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ob0oo0O0ob0o0ooob0obo0o0oboobooogn ByteDODOOODO 1ByteOOOOOOOODOOOOO

22 00000OO

gbooboooobooboboobooboooooboobooboooooooboobOoobooooag
bobooboooboooobobobobooooooooooobooooooboboooboooooooon
ob0oobOobo0oobobodbsize0 00000000000 ODOOODOOOOOROOOO0OOOOOO
OO00000000000D00O000000D0O0C0000000DO0 sletd element000O00O0DOOOOO
gbooobOoboooobooon

ooooooeOOOOOOOOOOOOOMSBO 2000 mO bOOOCOOCOOODODODOOODODODOO
obooooOoboooooboobooooboobooon

merk0O00003000000000000000000O000D0O0OO0OOOODOODOOOOOOOOOOd
000000000000 0000#«=0#n#00 0000000000000 Jcopy-object 000000
0000000000000 0DbD0ObemtOO00000DOO0O0ODODO0OO0ODOOODOOODOOODODO pointer,
bit, character, byte, integer, float, foreign-stringd U0 1000000000 0OOODOOOO
000000emtO0O0D00D0O0O0DOODOOO0OODOOOODOODOODOODOODOOODOOOOOODOOOOOd
000000000 md00 0000000000000 0DO0D0000310000000O01eMBOODOOO
0000000 5000000000000 shortword (16000)0000000 (cid) 00000000
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googodbgoboboooboboobobooboboobooooboobobooboboobooo
OIDOODOOO0O Lisp0D0 tagOD 0000000000 CcidODO800O0O0O0DOOODODOO8OOO
gboooboobOobooobOoooobooo26eb0oboobobooboboooboooobooooooo
U0000000000D EwsLisp000000000D00OGR6OO0O0O0O0O00O000O0O0O0O0ODO0O0OO

23 00000

gobobgbooboboooboobobobbooboboboooboboobobooboboooba
O000O00OEwsLispO0O0000OD0O0O0OO0O0OOO0O0OO0OBR00O00ODO0O0OOODO0OOOODOOOODOOO
OO000D000000O0DOclass-hierarchy 00D 00000D00O0000D0O00O0O0DOOOOO0ODODOOOO
O object OO EusLispO0 00000000000 ODOOOO0ODOOOOOOOO0ODOOOODODOOODOOOO
gbooboodaboooboobobooboaoboan

O0000OdefclassO000 defstruct 0000000000

(defclass class-name &key :super class
:slots O
:metaclass metaclass

:element-type t
:size -1
)
(defstruct struct-name slots...)
(defstruct (struct-name [struct-options ...])
(slot-namel [slot-option...])
(slot-name2 [slot-option...])
L)

O00000Odefmethod D0O00000O0Odefmethod 0000000000000 O00D0OO0ODOO
ooooogd

(defmethod class-name

(:method-namel (parameter...) . bodyl)

(:method-name2 (parameter...) . body2)
L)

000000000 field00O0000O00ODO=*eusdirx/c/eus.h000000000000OC0OCO

00000 @escribe) 0000000000000 00000000000O0O0O0O00O0O0O0O00O00O
Oo00ooooooooboobo0oOoooobooOoOo0o00ooooDoOoO00oOoDOC0O00O0O0O0O0n0D objectd
obooobOobo0oooobobooob0obooooobo NILOooo

(defclass object :super NIL :slots ()
(defclass cons :super object :slots (car cdr))

(defclass propertied-object :super object
:slots (plist)) ;property list



2.0000 10

(defclass symbol :super propertied-object

:slots (value ;specially bound value
vtype ;const (0) ,var(1) ,special(2)
function ;global func def
pname ;print name string
homepkg) ) ;home package

(defclass foreign-pod :super symbol

:slots (podcode ;entry code
paramtypes ;type of arguments
resulttype))

(defclass package :super propertied-object

:slots (names ;list of package name and nicknames
uses ;spread use-package list
symvector ;hashed obvector
symcount ;number of interned symbols
intsymvector ;hashed obvector of internal symbols
intsymcount ;number of interned internal symbols
shadows ;shadowed symbols
used-by)) ;packages using this package

(defclass stream :super propertied-object

:slots (direction ; :input or :output, nil if closed
buffer ;buffer string
count ;current character index
tail)) ;last character index

(defclass file-stream :super stream
:slots (£d ;file descriptor (integer)

fname)) ;file name str; qid for msgq

(defclass broadcast-stream :super stream

:slots (destinations)) ;Streams to which output is e livered

(defclass io-stream :super propertied-object

:slots (instream outstream))

(defclass socket-stream :super io-stream

:slots (address)) ; socket address

(defclass read-table :super propertied-object

:slots (syntax ; byte vector representing character types
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macro

dispat

; O:illegal, l:white, 2:comment, 3:macro

; 4:constituent, 5:single_escape

; 6:multi_escape, 7:termmacro, 8:nonterm_macro
;character macro expansion function

ch-macro))

(defclass array :super propertied-object

:slots (entity ;simple vector storing array entity

rank
fillpo
offset

;anumber of dimensions: 0-7
inter ;pointer to push next element

;offset for displaced array

dim0,diml1,dim2,dim3,dim4,dim5,dim6)) ;dimensions

(defclass metaclass :super propertied-object

(defclass

(defclass

(defclass

(defclass

(defclass

(defclass

:slots (name
super
cix
vars

types
forwar

;class name symbol

;super class

;class id

;var name vector including inherited vars
;type vector of object variables

ds ;components to which messages are forwarded

methods)) ;method list

vectorclass :super metaclass

:slots (element-type ;vector element type 0-7

size))

;vector size; O if unspecified

cstructclass :super vectorclass

:slots (slotli

st)) ;cstruct slot descriptors

vector :super object :slots (size))

float-vector :super vector :element-type :float)

string :super vector :element-type :char)

hash-table :supe
:slots (lisp::
value
size
count
lisp::
lisp::
lisp::
lisp::

r propertied-object
key ;hashed key vector
; value vector
; the size of the hash table
; number of elements entered in the table
hash-function
test-function
rehash-size

empty lisp::deleted ))

11
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(defclass queue :super cons)

(defclass pathname :super propertied-object

:slots (lisp::host device ; not used
directory ; list of directories
name ; file name before the last "."
type ; type field after the last "."
lisp::version)) ; not used
(defclass label-reference ;for reading #n=, #n# objects

:super object

:slots (label value unsolved next))

(defclass compiled-code :super object

:slots (codevector

quotevector
type ;0=func, 1=macro, 2=special
entry)) ;entry offset

(defclass closure :super compiled-code

:slots (envl env2));environment

(defclass foreign-code :super compiled-code
:slots (paramtypes ;list of parameter types

resulttype)) ;function result type

(defclass load-module :super compiled-code
:slots (symbol-table ;hashtable of symbols defined
object-file ;name of the object file loaded, needed for unloadin

handle)) ;file handle returned by ’’dlopen’’

24 000

FEuslisp OOdeftype 00 0000000000000 0O0OOODOODOODOO0ODOODOODOODOOOOOO
000000000DO0D00D0DO0OOcoerce, map, concatenate, make-array 0 00000000000
(concatenate comns "ab" "cd") = (97 98 99 100) DU 0OO0OODOODOOUOOODOODOODODOODOO
O 0 Common LispO0 cons 00000 (quote 1list) DO OO0OO

FuslispO0 OO0 OO0OD0OODOOO0OO00OO0D0DODODOOO00000O0O0O0OODOO0O0O0O0O0ODODODO0OOO0O:integer,
integer, :int, fixnum, 0000 :fixnum O 0000000000000 00O0:float0000 floatO0 OO0
0000000000000 0Omake-array O element-type 000000000000 ODO0ODOO :character,
character, :byte 00 byte 0 O 0 0O O O defcstruct, sys:peek 0 sys:poke D0 0000000 DOOOO
OO0000D0D00ODOO000 .character, character, :byte 0 000 byte 0O 0O Oshort word 0 00 OO
OO00000:short 0000 short 00 D00 O0O0O0ODO0ODOOO00ODDODOOO0OO pnamed 000000
Olispd000000 symbol DOOOOOODOO
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3 oo

3.1 000 (atom)

consUO0O00O00O000O0O00O0O0DOODOO0O0O0ODOO0O0O0ODbO00bO0bO0D0 astomOO0O0O0OO0OOO
OO0000000000000NILO atomO000000D0 atomOOsymbolOO0O0O00O0DO0OODOOOO
OO00000000000000 Common LispO000000000atomO0000000D000CCOOOO
ooo

3.2 0O0O0OO

0000 symbolOO0OO00O0DOO0OOOOsymbol 0000000000000 DOOOOOODODDODO
oboooogo2000000000000000DO000DO000O00O00O0O0O0O0O0OOO0DbOOOO0O0OO
00000000000000000000000 lambdaO0O0O00 letO let*000000000 special
gbooobooobooooboobooboobooboobooooboobooboooooobooobooon
ooboooooOoooboooobobOooboooobooboobooobObo 10b0bb0obooOoobbooooOoooDn
gboooooboo200000000000100000DO0000O00DO0OOO0OD 1DO0DO0OODOODOOO
goooooooboooboooobooboooboooobooboooobObooDooboobbooDOobb
OO0000000000D0000000DO000O0 special 00000000 ODOOOOODODODOOO
OO0000O000O0O00000000000Common Lisp0000000O0O0O0DOOOODOOCOOOOOO
gbooooboobooooobooooooo

go0o0ooooO00oO0oooOoo0O00O0oDOO000OoOOCO0O000ODODO000DDOO special0 O
OO00000000000O0symbol-valueDOOD0OOO0D0OO0O00O0O0D special 00000000
OO000D000000Dset00D0000000DOOO00DOODDODOOOOspecilD000DOODOOO
OO00O0OlambdaO let 000000000 OCOOODOOOODOOOOODO

(let ((x 1))
(declare (special x))
(Tetx ((x (+ x x)) (y x))
(letx ((y (+ 3y y)) (z (+ x x)))
(declare (special x))
(format t "x="S y="s z="s"%" xy z) ) ) )
-=> x=1 y=4 z=2

symbol 0 Odefconstant 0 0000000000000 OO0O0O0ODOOOO0OOOOOOOOOODOOOO
OO000000ooooooooooooooooooooobo symbol0O000OOOCOOOOOOOOOOO
0000000000000 000ONILO TOOODDODOOODOOOO0OO0ODOkeyword DO 0000 symbol
Oo0000o0oooooobooooDDODODODOO0O000000Odefvar 0 defparameter 000000000
OO00000O symbolOOOOOOdefvarO0symbol D0 O0DOOO0O0O0OO0O0O0ODODOOODOOOOOOO
OO000000000O0O0000O00000O0O000D0OO00Odefparameter 000000000 DOOOO

symbol OO OO Osymbol OO ODODOOOOODOODODOOODOOOOOO specialD0O0DOOODOOOO
OO00000000 special 0000000000 DOOOO0ODODOOOunbound variable0O0O0O0O00O00O0O

3.3 0Ouogn

gobgobogobooboooboobooobobgoobobobooboboobobobbobobOoonobo
OO00000000000000D02000000000access0 updateJOODO00O0OOO00OO00OO
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000000000000 000 2000000000000000000 EusLisp 00O Common Lisp
gboooboooboooboooobooboobooobooboobooobooooooooboobooboooon
gboooooboooobooobOoboboobooobooooboooobooooOoOoboooboooboooOoon
Oo0ooopooooooo0ooooooooooDooOoOo0O00o00setftdgooooooooOoOg
O00000000000caxr 00000000000 OOCODODOOO (setf (car ’(a b)) ’c) OO0 setf
OO000000O0(car x) 0 x0 cxr 00000000000 O0DOOOODOOOODOOOODO

gbboooboboooboooboboooobooobooooboooooboooooobooobooobooooboog
OO00000O0O0DDDODD accessO update 000000000000 O0ODODOOOOOOOOOOOOO
O00000DoO0O0000000oo0oooOoOoO00000ooDoOOo0O0bDO0d Dceons O car O (cons-car
’(ab ) DODOOODOOOOODO

(defclass person :super object :slots (name age))
(defclass programmer :super person :slots (language machine))
(setq x (instantiate programmer))
(setf (programmer-name x) "MATSUI"
(person-age x) 30)
(incf (programmer-age x))
(programmer-age x) --> 31
(setf (programmer-language x) ’EUSLISP

(programmer-machine x) °’SUN4)
gooopopoooooooooooooooooo

(setq a (make-array ’(3 3) :element-type :float))
(setf (aref a 0 0) 1.0 (aref a 1 1) 1.0 (aref a 2 2) 1.0)
a --> #2f((1.0 0.0 0.0) (0.0 1.0 0.0) (0.0 0.0 1.0))

(setq b (instantiate bit-vector 10)) --> #%x0000000000
(setf (bit b 5) 1)
b --> #%*0000010000

O00O0O00OO0oOoOoOOO setfO00O0O0O0OD0ODOODODODODO defsetf00000O0O0OOOOO

(defsetf symbol-value set)
(defsetf get (sym prop) (val) ‘(putprop ,sym ,val ,prop))

3.4 0000

0000000000 RO00O00O0OO0OODOmacrolet, compiler-let, ] progv 0000000 0OOO0O
0000000000000 00oo000o0ooo0ooo00oooooooooooooooooooooog
00000000 00oooo00o0o0oDoo0o00o0Doo00o0o0oDoo00oooDoOoo0ooooDoOoOOg
oo0oooodooopooUoooo0oU0oooO00ooDoo0oDoO0UoDoO0oOOooDooOoOoDoOO

3.5 000U

gooooooboooobobooboooobooobobooobooboooobobooboooDbooboooog
gbooobooboooooboobooboobooobooboOoooOoobooobooooooOobOoooboooon
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0 2: EusLispO0 0000

and flet quote

block function return-from
catch go setq

cond if tagbody
declare labels the

defmacro  let throw
defmethod let* unwind-protect
defun progn while
eval-when or

gbooobooobooboooobooobooooboooobooboooobooboOobooooboon
OO000000000Omacroexpand 00000000000 O00DOOOOODOOOOOO

gboobooooboooboobooobooooobooobooboobobooobobooboooboOooonoog
gooooooboooooooboooooboooobooboooooooboooDoobooboooDoLb
O0000000000D000000evalO000 apply00000000DODOOOOO0OODODOOOO
oooooOoooooobooog

3.6 0O

0000000000 000000 lambdaOO0OO0O0 lambdaOOOOO0O0OO0OO0O0DDOOO lambda
OO00 defun 0000 symbol 00000000000 DOOCOOOOOO0ODOOOOODOOO]lambdad
gooooobooooogon

(lambda ({var}x*
[&optional {var | (var [initform])}*]
[&rest form]
[&key {var | (var [initform]) | ((:keyword var) [initform]) }*
[&allow-other-keys]]
[kaux {var | (var [initform])}*1)
{declaration}*

{form}*)

000 EXPR,LEXPR,FEXPROOOOOOODODOOOOOOOOOOOOOOOOOOOOOODOOO
OO000000D0O0D0OC0OO000O0lambda-list 00000000 OOOlambda-list 0 OlambdaO00O0 OO0
ooooooobooooo

&optional, &rest, &key O&aux D000 0 Olambda-list 000 00000000000 0OOOOO
Osymbol0OODO0OODOO0OO0ODODODOOOOO&optional 0 &key 000000 supplied-pd 0000
oooooooooono

lambda OO OO0OO0O0ODOOO0O0OODOOOOO0O0OO0OO0O0OO0OfunctionD 0000000 OO0OO0OOOOO
0000000000000000000000000000 Mfunction0000000000000O0O

ICLtL-2 00000000 lambda 000000000000000000000000000O00O0
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gooooooooooboobooboooobooooboobooooooobOoooDobobOoboooobO
OO000D00O000000000000000DO0O000D000011etd sum0 lambdaOOOO0OODOOO
obooooOoooooobooooobooboooogooboon

(let ((x ’(1 2 3)) (sum 0))
(mapc ’ (lambda (x) (setq sum (+ sum x))) x))

gobgoooboooobooboobooboobooooobo

(let ((x ’(1 2 3)) (sum 0))
(mapc #’(lambda (x) (setq sum (+ sum x))) x ))

# O0function 00000000000 O#° (lambda (x) x) O (function (lambda (x) x)) O OO0
OO000000Ofwmarg00000D0OOOOODOODO

(defun mapvector (f v)
(do ((1 0 (1+ 1)))
((>= i (length v)))
(funcall £ (aref v i))))
(defun vector-sum (v)
(et ((1 0))
(mapvector #’(lambda (x) (setq i (+ i x))) V)
i))
(vector-sum #(1 2 3 4)) --> 10

EusLispO closure 000000000000 DOOCOOOOO0DOODOOclosure000000O0O0O0OO0O
000000000000 0O00O000 closured’generators’ 000000000 OOOOOOOOOODOO
Oo0oooooooooooooooon

(proclaim ’(special gen))
(let ((index 0))

(setq gen #’(lambda () (setq index (1+ index)))))
(funcall gen)

gobobooooboboobobooobobooboboobobooboboobobobonobo
gboboobOobooooboboooobooboooo

(defclass generator object (index))

(defmethod generator

(:next () (setq index (1+ index)))

(:init (&optional (start 0)) (setq index start) self))
(defvar gen (instance generator :init 0))

(send gen :next)
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4 0000

4.1 000

and,or 000 cond 00 Common LispO0 0000000000000 DOO0OCOOEwLispd0O0OD0OOOOO
gboogobooobooboobobboobooboon

and &rest forms [OO]
formOONILOOODOOOOOOOODOOOOODOOOO0OOOOOO0 non-NILOOOODOOOODO
gogoobobbooooon

or Hrest forms CO]
formOOnon-NILOOOODOOODOOODOOODOODOODOODDOOODOOODOOOODOODODOO
OO0 NILOOOOOOOOODOOONILOODOO

if test then Eoptional else [00O)]
if00000 thend else 0000000000000 O0OO0O0O0O0O0O0O0O0O0O0O0O0OOOO prognO
oboooboboooboobooooonod

when test &rest forms [0oo)
f0000O0OwhenO unless000000000000O000000O¢test0000 non-NILOODODO
whenOOOOOOO0O0O0NILOOOOwnlessOOOOOO0O0OO0OO0O0O0O0O0O0O0O0CCCOO elsedO
gboooboobooboboon

unless test &rest forms [0o0o]
(when (not test) . forms) JOODO0OODO

cond &rest (test Erest forms) [OO]
0000000000 conddD00OD0O0O0O0ODOOODOOOODOODOODOODOODOODOODOODOONO test
0000000000 non-NILOODOODOOOOOOODOODODODODOOOODOOODODOOOOO
U00000000000O¢test000000D0OO0O0DOO00ODOOO¢testDO0000O0OO¢test0OO0OO
OO0b0000000 testd non-NILOOOOOOOOOOOOOODOOOOOOOOOOODOOOODOO
0000000000000 Ocondd NILODOOO

case key Erest (label Erest forms) [0o0o]
keyd label 0D O0DO0DO000O000O0frmO00000000000D00O0O00OEkeyO labelODOOO
O00eqO000 memqOO0OOOequal 00000

4.2 00000 Let

progl forml1 Erest forms [00O)
form1O formsO0O00000000OO0formiO00O000000 proglOO0D0OODOOODOO

progn &rest forms [00O)
formOO0000D0000D0O0DO formO000D00O00Oprogn000000O0O0O0ODOOODOOODOO
godbooodboooodoiouoboboboooooooobOob oL oL ULOUoOoba
000000000000 000000000 defund defmethod 0000000000 ODODOO
gooobboboooooobobobooooo
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setf &rest forms [0oo)
forms000 form 0 0000000000000 O0O0OCOOOOOOOOCOOOO

let (€rest (var Eoptional value)) Erest forms [00O)
0000000000000 000 vaeleOOO0DOODOO0OO0wer00000D0OOO0OO0OODOO (1et
((a 1)) (Qet ((a (1+ a)) (b a)) (Qist a b)) D000 (21)0000

let* (Erest (var Eoptional value)) Erest forms [00O)
000000000 00D00D00 vaeleOOOO0D0O0O0O0OO0werD00O00D0OO0O0OODOOODOO(Let ((a
1)) (let* ((a (1+ a)) (b a)) (list a B)))O D00 (22)0000

4.3 000000

flet (&rest (fname lambda-list Erest body)) Erest forms [0O]
gooooooooooo

labels (&rest (fname lambda-list Erest body)) Erest forms (0O
OO00000D0DOCODOO0O0000D0DOCODOOCletd labelsOOO0OOOflet000ODOODOOOOOOO
0000000000000 00O0000000labels00000000DOOOO

4.4 00000 Exit

block tag érest forms [OO]
return-from 0000000000000 00000O0O0Oteg000C0O00O0O0ODOOCOOOOODOOO
good

return-from tag &optional value [OO]

tag00O0D0OD0OO00DODOOO0OO0OOOreturn-fromO0000000000C00O0O0OODOOOOO
gboboobobooboobooboobobooboobboobooboobooboboooboobo
uboooboboobooboooood

return &optional value (mpupny
(return x) 00 (return-from nil x) 0000 00O Oloop, while, do, dolist, dotimes 0 00 00
ONILOOOOOODOOOOOOOOOoOobOoOoooOOoOoobOoOoooDoobogobooOooobooobo

catch tag &rest forms [OO]
throwO0O0O0O0OO0O0OO0OO0O0O0O0O0O0O0O00O0O0O0O0O0O000000O0teg0 000000

00000 catchO tagUd O sys:1list-all-catchers DO O 0ODOO0OO0O0OD0ODO

throw tag value 0O]
catch 00000000000 valueOOOO tagD value0 OO OO00ODO

unwind-protect protected-form €rest cleanup-forms [00O)]
protected-form 00 0000000 cleanup-form 00 0000 O unwind-protect 000000000
OO0 catchOOOODOOOOOOOOODO
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return-from 0 throw D00 0000000000000 O0O0O0OOO protected-formO0 0000
O0000cleanup-formO0 0000000000000 OO00OOO0OOCO0OQO protected-formO 00000
O0000000D00000000 cleanup-formO000 reset 0000000000

4.5 000

while test érest forms [00O]
testO non-NILOOOOOOODOOO formO0OO00000D0O0O0OwhileOO formO0000O NILO
0000000000000 0000000C0000000return0 00000000000 O0OOO
000000000000 0O0ODO0O00000000C00O0ODOD0O00000d tagbodyd goO O OO
godg:

(setq cnt 0)
(while
(< cnt 10)
(tagbody while-top
(incf cnt)
(when (eq (mod cnt 3) 0)
(go while-top)) ;; jump to next iteraction
(print cnt)
)) ;5 1, 2, 4,5, 7,8, 10
tagbody &rest tag-or-statement [00O)
tag00go0 0000000000 tagbody 0000 go0 000000000 DOO

go tag 0o
000000000000 tagbody0OODOOD tegy00DO0O00D0OO0D0O0OO0O0DOODODODOO
00000000 tagbody O tag0 000000000000 00O0O

prog varlist &rest tag-or-statement
list & ggo
progU000O0O0OOODOOOOOODOOODO

(block nil (let warlist (tagbody tag-or-statement)))

do (&rest (var Eoptional optional init next)) (endtest Eoptional result) Erest forms [DOoO)
var00000000000C0D000 ver004nat0000000D00O0O0O0O00O00OCOODODOendtest
000000000000 do resut 000D (00000 OOOONILOODO) OO endtestd NIL O
000000000000 formO00000000000C00000C0ORext000000C00000OOO
Ub0Ower0D000000O0O0O0COOODOOO

do* (&rest (var Eoptional optional init next)) (endtest Eoptional result) Erest forms [0o0]
do*O 0O init0d next 0000 0ver 0000 0000000000000 000O0do0O0O0OOOO

dotimes (var count &optional result) Erest forms [0o0]
formsOO0O0O countO00 00 count 0000000000000 0O0OOC0ODO00O00O0wer 00000
000 count-10000000

dolist (var list &optional result) Erest forms [DOoO)
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Lst00D00000000wer00000000OO000ODO0O0O formsOCO000O0DOOOQOODOOOOO
dolist 00000000000 D0OO00O0D00OO0O00DOmapcar000000000D00O0OOOOOO
OO0Odolist 00O closwre 0000000000000 DODOODOOOODOODOOOOOOODODODO
ooooog

until condition &rest forms [0o0o]
condition0O0O00D0O0O0O00ODO formsO0OOOOO

loop érest forms [0OO]
forms0O00D000O00DOOCOOODODOOODOOOQO return-from, throw 000 goO formsO OO0
gooobobbooooon

4.6 00

Common Lisp O typep O subtypep 0 0000 O subclassp O derivedp 0000000000

eq objl obj2 [00O]
obj1d obj20 00000000000 ODOOCCOO0OO0O00OOODDO TOOOODOODO:(eq ’a ’a)
O TO(eq 1 1) 0 TOC(eq 1. 1.0) 0 NILO (eq "a" "a") O NILOODOO

eql obj1 obj2 [00O)
EusLispO O OO O0DO0D0O0DOD0DOODO0OOO0OOeqO eqOODOODOO0O

equal obj1 obj2 [00O)]
booobooboboooooboboooboooboobooboooooboobooooooboobooooonoag
00000000000 0DO0O00000DO0O00000DyI0 o200 000D0O0OOOO0ODODO
O00Oequal0000OOOOOO

superequal 0bj1 0bj2 [OO]
superequal 0 000000000000 DOO0O0DOOODODODOODOOODOOOOOOO

null object [OO]
object0 NILOOOOTODODOO (eq object nil) OO DODODOO

not object [00O)
not 00nullO0O0D00OO

atom object [00O)
0000000 consO000000O0D0OO0OO0ODONILOOOO (atom nil) = (atom >()) = T)
O O :vectors, strings, read-table, hash-table 00 0000000000000 ODOOOOOOODOOO
000000 atomOd TOOOO

every pred Erest args [OO]
000 argsO pred00 00 TOOOOOODO TOOOOeveryOOpredODOOO argsOO00OOOO0
oooooooooooooooooooo

some pred &rest args [00O)
args000000 100 pred0000 TOODOOODO TOODODOsomeOdOpredd args00O0O0D0O0O
Oo000ooooooDooooooooooooon

functionp object [00O)
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object apply 0 funcal 000000000 OCOO0OOOOOODO TOOODO

O00:0000 apply 0 funcal 0000000000 COO OO functionp O O object O O type=0 0 0 O
O0000O0DOO0O0OO0OO0DOO0 symbol O Olambda-form 00 00O lambda-closure 00O O0O0O0OT
00 00Examples: (functionp ’car) = T, (functionp ’do) = NIL

compiled-function-p object [OO]
object 00O O0DOODODOODOODOOOOOODOODOOOTOOOOOOOOODODOOODOODOO
Uboboooboboooobobobuobobdftype0 D O0DOD0OO0O0O0OO0DODOO function
Owmacro0000000DOO0OOOODONO



5. ygbopobopboboboboobo 22

5 uobobuoboooobobibd

0000000ooDooo000oo0ooooooooooooooonndefelassd 000 defmethod O
O000000000000O0defclass0 0 0000000000000 OOOOOOOOOODOOOOOO
0000000000000 0000000000000000defmethod 000000000 O00OO0O0O
000000000000 0D00000000DoOOOsymbol00D00O0OO00ODOODOODOODOODOO
Common Lisp O sutructured counter 0 000000000000 ODOOOOCODOODOO setftd0O0O
OOdefclass 0000 000000000000 O0ODOOOOOOO

00000000 000000 metaclass0O0O0 00000 Ometaclass00000000000O00O vector-
class 000 00000000O0O0DOODODOOOOUOclass-variables 0 class-methods 0 00 000 0O O Ometa-
class 0000000000000 O0OD0ODDODDODODODOODDODODODODOOOO: :mmetaclassO00O0ODODOOO
defclass OO O OO OO0

OO0000D00D00D record-like 0000000000000 O0OO0ODODODOOOOOOODODODOOO
OO0000D0O0000O0OOrecord-like 0000000000000 O0OOOO0OO0ODOOEwLispOOOO0O
OOOOrecord-like 0000000000000 OO0ODOOOODOOOODO

00O000000oooooooO0C0OoO0000ooooooD defelass00000O0OOOOOCCOO
O00000000000 intvec50000 integer 000000000000 ODOOO0OOOOOODOOOO
goooooooooobooooboobooooboobooboobooobobOooDooboobboOoDobo
gboooboboooooboooooaoo

(defclass intvecb :super vector :element-type :integer :size 5)

(setq x (instantiate intvecb)) --> #i(0 0 0 0 0)

gobobooobooooobooobboooboobooobooooboooobooooOooobooobooboOooobog
gbooooOoboooobooboooboboooboOobooooobobobobooboooooboooobOoooo
gooooboobooooboooboooooboooboooboooobooboooobbOoDbboOoDbOooo
UO0O0O00:momethod O OOOOO0ODOOOOOOODOOOOOOODOODOOOOOOODOODOOOOO
OO00000O00O000ODO :telephone U :mail person OO OO OOOOOODOODOO secretary 0
gboboobodbodibdd go-home DO UOOU chauffeur DU OO OMN

(defclass president :super object
:slots ((name :type string)
(age :type :integer)
(secretary :type person
:forward (:telephone :mail))

(chauffeur :forward (:go-home))))

0000000oo2000000000class0 self 000000000000 OO0O0OO0O0OODDOOO
OOo0o0O0O0O00DOOOO0O000000000000000000Osend-super 0 send self 100000
ooooo

5.1 UOO00gooood

defclass [0o0]
classname Ekey (super object)

slots ; (var &optional type &rest forward selectors)*
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(metaclass metaclass)

(element-type t)

(size -1)
gobooobooooboobobbooobuoobboobbobobboobboobboobbog

gboboobooboobobooobooobooooboboboboooobooboooooboobooboooooon
oooooooo

defmethod classname Erest (selector lambda-list Erest body) [00O)
classnamed 1000000000000 O00O00O0DOODOO selector0000D000O0 symbolOODOODOO
godd

defclassmethod classname Erest (selector lambda-list Erest body) [0o0o]

classp object [OO]

object 00 DDO0ODOODOOOOOOTOLOOOOOOODOOOODODOOO metaclass0O0O0000OO
oooooooooogoo

subclassp class super [0O]
cassO super 00 D000 O0OOO0OODOOODOOO

vector-class-p [OO]
z00vector-class 0000000000000 TOOODO

delete-method class method-name [OO]
method-name 00000000 classOOO0OO

find-method object selector [OO]
selectorO0 000000000 object DODODOOOOOOOOOOOOOOOOOO0OONOD object
O0selector 000 0O000DOO0OOODOOOOODOODOOOOODOO

class-hierarchy class [0O]
cass000000O0OOOOOO

system:list-all-classes [00O]
gogoobbbboooooobobbbooooon

system::method-cache &optional flag [0O]
000000000000 0o000o0D0o0oooDO0o0D 200000000000000 flagd NIL
00000000 00000000000000 non-NILO fleag0OOOO0ODOOOCODOOOOCOOO
gooooobooboooooon

5.2 UU0OOOOOd

send object selector €rest args [00O)
object O selectord arg 00000000000 D0O00OOOyect0 0000000 OODOOODOOO
selector 000 000DOO0OOODOODOOODOODOOOO

send-message target search selector €rest args [00O)
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send-super 00 0000000000 0OODOOO

send* object selector &rest msg-list [0o0]
send*0 00000000 send-message 00 000 Osend O send*0 0 0 0 0O funcall O apply O
000 listO list*OOOOOOooo

send-all receivers selector &rest mesg [OO]
OO0 recervers 000000000000 O0O0DO0O0OOO0DOOCOOOO0C

send-super selector érest msgs [0o0]
msgs self 00000000000 0OOO00OO0O0OOOOO0OOO0O0OOO0OO0OOOOOO0OOOOn
O0000D00000 send-super 00000000000 DOOO0O00ODODOOOODODOOOODOO

send-super* selector &rest msg-list [0o0]

send-super*0 0 send-super 0 apply D0 00O

5.3 UOOobooOoOd

instantiate class &optional size [00O)]
classO00000000O00O0O0O0O0O0O0O0O0O0DOOOOOO0O classO vector-class 00 0O O sized O
oogoooooo

instance class &rest message [0o0]
U000bO0000b00000 messaged 00000

make-instance class &rest var-val-pairs [00O)
class0 000000000000 O0O0O00O0OQO wvar-val-pairs0000000000000O (make-instance
cons :car 1 :cdr 2) OO <(cons 1 2) 00O0OO0OODO

copy-object object [00O)
copy-object 000 O0D00OODOOOOOODOOODOOOOOODODOOODOOODOODOOODOOODO
OOcopy-object 0000000000000 symbolOOOODOOODOOOOobject0OODOODONO
0000000000000 00O0Ocopy-object 10000000 DOODOODOOOOO 2000000
loobooobooboobooboboboobooobooboobooobboobOobobOobDbOOobOobobOon
0000000000O00D0O0O 10000 20000000copy-objectd copy-seqOOO0O0O0O0O0O
Jooobbbobo0oououbibOlcopy-seq ] copy-tree0 U000 OOOOO

become object class [OO]
object 00000 cless0O0DOD0OCODODODOOOOOO0OOODODOODOOOOOOOOOOOOOOO
boboooooobobooooooooooboobobobooooooooboobobooooon
obooobOooboooooboooooon

replace-object dest src [00O)
dest00sc0000000000DODODOOOODOOOODOO

class object oO]
object 000 00DDOO000DDODODOOU0ODODOO0ODOOOODOOOODOOOOO :named OO0
oooo

derivedp object class [00O)
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derivedp O O object 0 class 00 000000000000 DOO0OOOOOOOOOODOODOOOO
OOsubclassp O derivedp U0 00000000000 OO0O0OOOO0OOOOODOOOOODO
gboooooooobooog

slot object class idex-or-name [00O)
oboooboooboobooboobog

setslot object class index-or-name value [00O)
setslot 000000000000 ODOOOOODO0ODOOOOOsetfO slot0O000OO0OOOOOO

54 UO0O0O0OO

object OO0]
:super

:slots

object OO DDDOODOODODOODOOOOODODODOOOODOODODUODOODODODOO
O000D000OOobject 00000000 OODOOODOOOOOO

:prinl &optional stream Erest mesg [Do00O)
gbooobooobooobooooboobooooboooobooobooobooobooooboooboaoon
U0b000b00o0obO00bO0o0obObO00bO00bObbO0o0b0000bO00bO0000 mesgOODODO
000000 send-super 000000000000 DOO0ODOODOOOOODOODOOODOOOOOON
gogobbbooooobbtooodbb# bbb obbbooo o
0000000000 LspOOD0OOOO0OOODODO>000000000000000000D0000O00
O00O0O0ODobject 000000000000 D0OOO0O0ODOOO0MsymbolOOOOOODODO
00000000000 00O0symbold setq0 000000000000 O0DOOOODODOOODOOODO
gooobbbboooooobbobbooooooobbbooooooo

:slots [0ooo)
gboogboboobobooooboboobobooooboboooboboon assocd
goooooooodoooooooooboooooboooooooooooooooooooonon

:methods &optional subname D000
0000000000000 00000DO0O00000D00Dsuwbneme0 00000000 OOOOO
obooobOoboooobooboon

:get-val variable-name [Do00O)
variable-name 00 0000000000 OCO0OO0ODOOOOODOODOOOODOODOOOODO

:set-val variable-name value [Do0O)
variable-name OO0 00000000 vweD 0000000 ODOOO0ODOODOOOOODOOOODOOO

propertied-object O0oo]
:super object

:slots plist
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property-list 0000000000000 00O0O00O Common Lisp 0000 OEusLisp 000 0O O Osymbol
000000000 Oproperty-list 0 0 0O propertied-object 0 0000000000000 ODODOOOO

:plist &optional plist [Do0O)
OO0 pList0 0000000000 00000000 plist00000000O0OOODODOOOOO plist
00000000 plstO0 ((indicatorl . valuel) (indicator2 . value2) ...) 0000000
000000000 indicator D 0eqUO 00000000 OO0DOODOODOO ispOO00OOOODOO
symbol [0 indicator 000000000000 ODOODOODODOOOODOODOODOOOODOOOODOO
O000D0O000DoO0o00ooog0nD:plist0 000 plistO000O0O

:get indicator [Do000O)
plist 0000 indicator D00 0O00O0O0O00OO(send x :get :y) == (cdr (assoc :y (send x :plist)))

:put indicator value [Do0O)
plist 00000 value O indicator 00 OO OO0

:remprop indicator [Do0O)
plist 00 indicatord value OO O ODOODOOOOODO:get 0000 valueODOO NILOOOO

:name &optional name [DoOoO)
plist0000O:mmame 0000000000 O0COOODOOOOODOOOOOOODOOO

:prinl &optional stream Erest mesg [DoOooO)
gobooboboooboobboooobooobooooboooobobmame000O0OO0OOODOOOO
boooboooobooboooobooooon

metaclass OO0]
:super propertied-object

:slots name super cix vars types forwards methods

metaclass 00 000000000000 0O0O0OOOO0O0OOOOOOOOOOOOOOOOOOO
O000 metaclass OO0 000000 0O0O0OO

:new [0o0oo)
ooooboobooboOobooooooobooooboobo NILOoogooooooooo

:super [DoOoo)
goobogboobooboobobooboobboboobooboobobooboobobobo
oooooao

:methods [DooO]

gboooobooboobooooboobooboooboooobooooobooobOoooooboaoon
obooooOoboooooboboooooboboooogon

:method name D000
neme 00000000000 DOODO0ODOOOOOOOOOOODOONILODOOO

:method-names subname [Do00O)
000000000 suwbneme0OOODOOODOOOOOODOOOOODODOOODOOOODOODOOOO
ooooogooo

:all-methods [Dooo)
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gobogboobooboobboobooboobobooboobooboobooboobobobo
booobobooobooboboooboobooooboboobooboobooooboooboon

:all-method-names subname [DooO]
subname 00000000000 DDOOO00O0ODOO00000DOOOODOOOO0OD objectDOODO
oood

:slots [Do0O)

oooobooooooboon

:name [Do000O)
000000 symbolODOOOO

:cid [Do0O)
gobogoboooboboboobooboboboobobooboobOobDooboobobobooboobo
gogbododooooooooobboboooboboobobbbidooooooobboboobobbooboobooog
gooobobbboooooooo

:subclasses [Dooo)
ggoobbbboooooobobbbuoooon

:hierarchy [Dooo)
goobooooooobbooooobbboooooobobboobobb oo bbouooa
O0000000class-hierarchy 00000000

find-method object selector [00O)]
object 00D OO0O0D0O0ODOOO0OD0OO0OOO0ODOSselector00 000000000 0ODOOOOODODO
object DO DODODOODODOOODDO object O0ODDOOODODOOODOOOOOOODODOODODOOODO
oooooooo
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6 Qg

6.1 DOOOoO

most-positive-fixnum [00O)
Hx1iff=536,870,9110 integer 000 00 00

most-negative-fixnum [00O)
-#x20000000= -536,870,9120 integer OO OO OO

short-float-epsilon [00O)
IEEE0O00O0O00OO000O0O0D fleat0021 00000000 (00000 1000)0 70000
00 (00000 1000)0000000000000000000000 0 2721 =4.768368 x 1077
good

single-float-epsilon [0O]
short-float-epsilon 00 00 27210000

long-float-epsilon [0O]
Euslisp 0 0 O double O long float 0 0 O O O O short-float-epsilon 0000 2721 0000

pi (mpuy
70 0000 3.14159203 0 0 3.14159265 0 0000

2pi (mpuy
2 xwd

pi/2 oo
/20

-3.141592030

-2pi (mpuy
—2 x 7wl

-pi/2 [O0O]
—7/20

6.2 0OOOOOO

numberp object 0O]
object ] integer [ float DI DO TOOOODOOOOODODOOOOODOOOOODOODOODOO

integerp object [OO]
object 0 integer 00O T O OO0 float U round, trunc O 00O ceiling D0 0 integer 00 OO
ooo

floatp object [OO]

object 0 float 00O T ODOOO integer O float D00 float OO OO ODODO



6. 0000 29

zerop number OO]
number 0 integer OO O DODODO floatd 0.0000 TOODO

plusp number oO]
number 00 (00O0OD0O0)000O0TOOOO

minusp number OO]
number 000 0O00TODOOO

oddp integer OO]
integer OO OO00OOTOOOOODDO integer 00O ODO0O

evenp integer 0O]
integer OO OO0OOTOOOOODO integer 0O ODO0O

/= numl num2 Erest more-numbers [00O)]
numl O num20 more-numbers 000 20 000000000000TOOOOOOO0O0O NILOO
00 numlIO num20 more-numbers 0000000000000 O0OO0OOO

= numl num?2 Erest more-numbers [OO]
numl O num20 more-numbers 000 000000O0TOOOOnumlO num20 more-numbers 0 0O O
00000000o0oboo0oOoooon

> numl num? Erest more-numbers [OO]
numlIO num20 more-numbers 0 0 0000000 DDODODOOOOOOOTOOOOnun! O num20
more-numbers 10 0 0000000000000 0O0O00O0O0DOOOODOOOO0O0ODOO0O0OmMmO0OO
00000000eps>0000000O

< numl num?2 Erest more-numbers [00O)]
numIO num20 more-numbers 0 0 000000000 DODO0OOOOOOTOOOOnun! O num2O
more-numbers 00 00000000000 D0DO0O0OOOODODOODOOOODOOODODOOOM@O0O0
U000b0O0d0OD0eps<OOOOooonO

>= numl num2 Erest more-numbers [OO]
numI0 num20 more-numbers 00 0000000000000 O0ODOOOTOOOO numl O numO
more-numbers 10 0 0000000000000 0O0O00O0O0DOO0OODO0ODO0O0O0ODOODO0OmMmO0OO
0000000OO0eps>=0000000

<= numl numf &rest more-numbers [0O]
numId num20 more-numbers 10 0000000000000 O0O0O0O0O0TOOOO numi O num2O
more-numbers 00 0000000000000 OCO0O0DOOO0ODOOO0ODO0OO0DOOO0ODODOM@ODO
OO00000OOeps<=0000000O

6.3 UODUUOOobObOObOOOoOn

Ubo0o0O00b0000000 integerOO0O0O

mod dividend divisor Oo]
dividend O divisor 0000000000 (mod 6 5)=1, (mod -6 5)=-1, (mod 6 -5)=1, (mod -6
-5)=-1.
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1- number Oo]
number —1 0000

1+ number [00O)
number +1 0000

logand &rest integers [OO]
integers O O0ODODOOOOO

logior &rest integers [O0O]
ntegers U0 OO DOODOOO

logxor &rest integers [O0O]
mtegers O O0ODODOOOOO

logeqv &rest integers [00O)]
logeqv O (lognot (logxor ...)) O ODOOOOO

lognand &rest integers [O0O]
mtegers U0 O0OODODODOOO0O

lognor &rest integers [OO]
mtegers O OODOOOOOO

lognot integer [OO]
mteger 1O 00000

logtest integer! integer2 [00O)]
(logand integerl integer2) DO O DOODOOO TOODODO

logbitp index integer OO]
integer O NILODOOOOLSBOOOOO imdex0000000 1000 TOODOO

ash integer count [0O]
Uo00bDobobodn countO0O00O0mteger 0000000000 count DO O0OODO integer
O |countf D0DD0O00ODO0DOD

Idb target position Eoptional (width 8) [00O)
LoaD Byte. Idb O dpb U ByteOOUO EusLispO0 00000000 200 integer 00 00O O target
O LSBODO position0 000000 MSBO width 0000000000 ODOOOONO (1db #x1234 4
4) 030000

dpb wvalue target position Eoptional (width 8) (00O
DePosit Byte. target 0 LSB OO position 000000 valued width OO ODOODOOOO

6.4 0O0OO0OOO

+ &rest numbers [00O)
numbers 000000

- num 8rest more-numbers [00O)
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OO0 more-numbers DO ODUO0O0O00OnemDO00000D00000O00Rum OO00O000O0O0OOO

* Erest numbers [00O]

numbers 0 00000

/ num Erest more-numbers [00O]
num O O more-numbers D000 000num 000000000100 nemO0OO0O0O0000000OO
U integer D0 U0 integer DU UODOUOODN 1000 floatDODOOOODOOfloatOOMO

abs number [OO]
number 00000000

round number O0O]
number D000 10000000 integer DO OO (round 1.5)=2, (round -1.5)=-2.

floor number O0O]
number 000000000 (floor 1.5)=1, (floor -1.5)=-2.

ceiling number [0O]
number 00O 0O0ODOO0OOO (ceiling 1.5)=2, (ceiling -1.5)=-1.

truncate number OO]
number 000000000000 0O0O0ODOOO0O0O (truncate 1.5)=1, (truncate -1.5)=-1.

float number O0O]
number ] float OO O OO0

max num érest more-numbers [00O]
num O more-numbers 0 0 00000000000

min num érest more-numbers [00O]
num 0 more-numbers 00D 0 O0D00ODOOOOOO

make-random-state &optional (state *random-state*) (0O

random 0 O 0O randstate 0 0 00 random-state 000000000000 state d random-state d O
0000000000000 0000Osteted TOOODODODODODOOOOODOOOOODOOODOOOO
000000000000000 *rendom-state* 00000000

random range &optional (state *random-state™) [00O)
ooO0O00o0.000 range0 0000000000 range 0 integer DO 0O UOinteger OO OODO
000000000 Ofleat D000 ODOODOO state 000DOOO0DO0ODO0ODOODOOOrandstate O
gooobbobboooo20bbb0do0 bbbbooooooboboo

incf variable &optional (increment 1) [0o0o]
variable 000000000 O variable O O increment 000 00 00 variable 000000

decf variable &optional (decrement 1) [0O0O]
variable 000000000 O variable O O decrement 00 00 0 0 O varieble 0 00000

reduce func seq [OO]
200000 funcO0000000seqO0000000O0OO0OO0DOOOODOOOO (reduce #’expt (2
3 4)) = (expt (expt 2 3) 4)=4096.

rad2deg radian 0O]
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O0000D 0Dooo0ooboo0oD#R0ODODO0O0ODO0O0ODEwLispO00O00O0OO0OOO0OOOOn

OO0OEwLisp000000D00O0O00DOOOODOOOOODOOOOODO

deg2rad degree
000000000000000000 #D000O0O0O0O0O0O

6.5 0OO0OUOU

sin theta
thete 00000000 DOO float O Osin(theta) D000

cos theta
thete 0000000000 float OO cos(theta) D000

tan theta
thete 0000000000 float U0 tan(theta) D00 OO

sinh z

e _e~®

<" npoooo

hyperbolic sineld

cosh z
. . Tye—®
hyperbolic cosinel] <==— 000000

tanh z
eT e~

et+e T

gbooood

hyperbolic tangent[]

asin z

arc sine.

acos T

arc cosine.

atan y &optional z

Oo]

OO]

atan 0 1000000000 ODarctangent 00 000020000000 0atan(y/z) 000000

asinh z

hyperbolic arc sine.

acosh z

hyperbolic arc cosine.

atanh z

hyperbolic arc tangent.

sqrt number
number 00000000

log number Eoptional base
number D00 000000bese000000Obased000 number0O0OO0O0O0O

exp

OO]

OO]
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e 0onoo

expt a z
a®* 0000

6.6 LUOUUOOUOO

ratio
:super extended-number

:slots (numerator denominator)

ooooboooo

:init num denom
0000000 0000000 numO0O denomO0O0O0O0O0QOOOO

complex
:super extended-number

:slots (real imaginary)

oooobooooo

:init re im
O0O0O0O00O0O00000nonO 00 ymO00000O00O0OO

33

Oo]

Oooo]

0ooo]

Ooo]

oooo]
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7 symbol0OODOO

7.1 symbol

symbol 000000000 ODOOOOO0OODOODOOOOOOOOODIOOOOODOOOOOO0OO
000 symbol0OOO0OO print-name 000000000000 OsymbolOO0D0OO0OD0OOOOOOOOO
symbol 000000000 0OO0symbol 0D OD0O0DO0ODOODOODODOO1I00O0OODOODOO0OOODO
oo00o0o0o0o0O0oooO00oo0o0o0o0oU00gooUoooo0o00oooooooooooooooDogogg
O000000000000000OsymbolO lisp:*package* 10 0000000000000 0OCOOO0O
Osymbol0O0100000000000000D00O0D0O symbolDOODOOO0ODOODODOODOOOOO
000D00D000000000 symbolOOODOOO0ODOODOODOODO symbol OO gensym [1 make-symbol
000000000000 000000000”#:”’00000000000000 symbolOOOODOOOO
000000000200 symbolOODO print-name 000 0000000000000 OO0OOOO

O000lispO0000 symbolOOO0OO0O00O00O0O00O0O0OO symbold print-name0 00000000
O000000000o000 (symbol-name ’car) 00000000 0OEusLispO0"car"O O OO "CAR"
0000 (make-symbol "car") OUcar 0 CAROOOO |car| 0000000000000 O0OOO symbol
0000o00o0o0ooooo\DO |...|000000000o0oo0oooo

symbolp object OO]
object 00D D0 symbol D0 DDODOODODDOODODODODDODODODDDODOOTOOOD

symbol-value symbol [0O]
symbolUO O ODOODOOOOODOODOOOOODODODOOODOODOObOODODOO

symbol-function symbol [0O]
symbolUOD O ODODOOOOODOOOOOOODOOOODOODOODOOODOO

symbol-package sym 0O]
sym 00000000000 0C0OO0O0O0O

symbol-name sym [00O]
sym O print-name 0 O 0 0 symbol-name O Ostring 00000000000 Opname 00000
O00OO0COOCOOCOOO0OOO0O0 symbolr-nameOODOOO0O0O0O0O0O0O0O0O0O0O symbolOOOODODO
gooooooooooooooooo

symbol-plist sym [00O)
sym O property-list(plist) 0 0 O 0 EusLisp O plist 000 00 0 O O association-list0 0000000
0000000000000 o000ooDo0o0o0DOooDoo0o00ooo0b0dnCommon LispdOO0O0
000 plistU 00000000000 000000000OEusLispO0000OOplistd symbolOOOONO
000000 propertied-object 0000000 0O0OO0DOOODOOODOODOODO O property-list
0000000000 propertied-object 0000000 plist 00000000000 0DOOODOO
0 Opropertied-object-plist 0 0 00 Osymbol-plist 000 0000000000000 O0OOOO0NO
get putprop 00 00O0OOOODOOOONO

boundp symbol [0O]
symbol U0 O ODOODOOOOODOOOOODOODOOODOOD
ooO:000000000000O00O00O00O00000 symbolOOOOOOOOODODOOODO boundp
cooooOoooooboooooooOooooooobooboOono

fboundp symbol [00O)
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symbol U0 O ODOODOOOOODOOOOODOODOODOODOOO

makunbound symbol 0O]
symbol 0 MO0 00000000 0ODO0O0O0ODO wboundDO0O000O0O00O0ODODOODOODOOODOO
0000 makunbound 0O 000

get sym attribute [00O)]
symO plist 0O 0 attribute 0 00000000 O0O0O(cdr (assoc attribute (symbol-plist sym)))
ooooooo

putprop sym val attribute [00O)

putprop O 0setf0 get 0000000000 DOODOOODOO

remprop sym attr [00O)
000 (attr) O sym O OO property-list 0000000

setq Erest forms [00O)
formsO0O0O form 0000000000 symbolOOOOOO0ODDOOOO0OODOOOOOOOOO
gobooboobooboobooobooboobUoooDboobooboboobooboooo
Ospecial 0000000 DOOODOODO

set sym val [0O]
vel0 sym OO0 00000000 0O0O0O0set0000000DOOO0ODOOOODOOOODOOODOO
gooood

defun symbol lambda-list Erest body [OO]

symbol0 O DO 000000000 DObdyODOOOO string 0000 O documentation 0 0 0O 0O
0000000000000 0D0O00000DfletO labelsDOO0OOO0OO

defmacro symbol lambda-list Erest body [OO]
00000000 0OD0O0O0OO00OEwsLisp0000OO0O0ODOO0OOCODODOOODOODOOOODOn

defvar var &optional (init nil) doc [0o0]
OO0 wer000000000000Odefvar 000000000 vard unbound 00O 0O O special 00O
Oo0000nmitDOQ0O0OOOQCOOCODOOO

defparameter var init &optional doc [DOoO)
defparameter 0 Jvard special OO0 O00OD0DwerOO0D00D0O000O0OO0OD00OD0OmtO00O0O0O
gogoooooo

defconstant sym val &optional doc [0o0o]
defconstant 0O vald sym 000000000 0OQO O defvar, defparameter 0 setq 00000
000 defconstant 0000 000000000000 000O0OODOO0OOOD0OOOOO symbol OO
0000000000000 0Doo00ooo00oDOOdefconstant 000000000000
O00o0oooooDooooooDoooooooon

keywordp obj [00O)
00 opj0 symbol OO ODOOOOODOODODO KEYWORDOODO TOODOO

constantp symbol [00O)
00 symbol 0 defconstant 0000000 OD0OOOOO0OODO TOODOO

documentation sym &optional type [00O)
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symO0 00000000 (documentation string) 000000

gensym &optional x [00O]
gool OO DOOOOODOOUODOODOOODOOOOODOOODbOOODOoOoDg symbolOODOOOODOO
O00 symbolOOsymbol 00D OO0O0O00DOOOO0O0ODODOOOO0OODOOO4O0000#:
OO0000 symbolOOOOD0ODO symbolOOODOOOODOOOO symbolOOOOOODOOOOODODO
0000z000000000000000 (prefix) 000000000 (suffix) DO0000O00O0OOO

gentemp &optional (prefic 7T”) (pkg *package™) [OO]
pkg0 00000000 symbolOOOOOOO0ODODOCOOOOOOO0ODODOgensym [0 gentemp
000000000000 0000000 symbolOOOOODO0ODOODOOOOODOODOODOOOO
gooooooo

7.2 00000

O00000O0symbol0O00OOO0D0OOOO0ODOODOOOODOOOODOOODOOODOOOODOOOODO
OOo0o0O0oooOoo0o0ooooooOOo0oooDoObo0o0oooDOobOsymbold0O0ODOOOOOOO
OO000O00D0O0O000000 Common LispO0O0O0O0O000DOOODOOOO0OOOOOOOODOOODDOO
OO0 symbol OO0 symbol 0D DOOOO0DOO0OOOOO symbolDODDOOODOOOODODDOO symbol OO
Oexport 000000000000 symbolOOODODOOODOOOODODOOODOOOOO symbolOO
symbol 10000000000 0UDO (()00000000O0O0O00O0O0000O00O0O0OOx:*display*
0000000000000 symbolJOODO0ODO0O0OOOsys::free-threads 0000000000 (i) 0O
O000000oooOD0O0O00000D0O0O000000D0000import 0000000 0OD use-package
000000000000 000000D0 symbold import 00ODOODO OO Osymbol O export 0000
import 00 000000000000 0O0O0O00 symbolODODODO print-named0 00000000 Osymbol
00000000000 00O0OshadowOOOOO0OO0OO0O symbolOOOOODOOOOODOOOOOO
OO0 symbolOODOOO0O symbol 0ODOOO0ODOOOODO

EuslispO000 80000O0O0O0OOOODO

lisp: 000 lisp00000O0O00O0OOO

keyword: 0 00O 00O symbol

unix: UNIXOOOOOOOOODOOOOO

system: 00 00000000DOQOOO; nicknames=sys,si
compiler: EusLisp O 0 0O O O ; nicknames=comp

user: 0O OOO0O

geometry: U UO0OO0OOOODOO

xwindow: X-window O 0O 00O OO O ; nickname=x

00000000 0OO0O0O0O0O000UC0DDODO0O0O00000 packagellist 0O O DODODODODODOOOOOlist-
all-packages U0 0000000000000 D00OO00000D00O0O0O0O00DO symbolODODOODODO
000002000000000000000000000000000000 (string 0 00 symbol) O nick
name 00 000000000000 0000O00O0O0OO00OO0O0OO0O0O0OO*package* 00000000
0000000000000000000000000000 *package*d user:0 000000 top-level O
O00000000000000000000 mypkg:eus$O 0D OODOO0DOOO
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*lisp-package* oO]
LispODOOODO0O

*user-package* [00O)
gooobooobaon

*unix-package* OO]
UNIXOOOOOO

*system-package* [00O)]
gooobooobgon

*keyword-package* OO]
dooooooooon

find-symbol string &optional (package *package*®) [00O)]
package 0 000 print-name 000 string0d0 00 symbol D 000000000 DOOOOOODO symbol
O00000o00oooooNILOOoOoooo

make-symbol string [00O)
sting0 0000000000 0O0O0ODOO0O0OO symbolOOOO

intern string &optional (package *package*) (klass symbol) [00O)
string 0 O 0O print-name 0 symbol 0 0000000000 ODOOODOOODDOOD symbolOO OO
O0000D0O0ODO0O0dstring0 00 print-name 000 symbol 00000 OO O package 00000
oo

list-all-packages [OO]
godoobbbbooooobbbbooooooo

find-package name [OO]
00000000000 nicknamed nameO0O000O0O0O0OO

make-package name &key nicknames (use ’(lisp)) (00O
neme 0000000000000 0O0D0C0O0O0O0namedOstring0000 symbolOOOOOOODO
gogoobbbboooobobbbboooooooboobo

in-package pkg &key nicknames (uses ’(lisp)) [00O]
00000000 (*pacakge*O O )0 pkg0OO0 D000

package-name pkg [00O]
pkg0 0000000 ODOODOODODOO

package-nicknames pkg [0O]
pkg O nickname 00000000

rename-package pkg new-name Eoptional new-nicknames [0O]
pkg0 000 new-named 000000 nickname O new-nicknames 0000000000 Osymbol O
string 000 symbol O string0 00000000000 O00OO

package-use-list pkg [00O)]
pkg0000000000O0O0OOOODOO

packagep pkg 0O]
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OO0 pkg0O0ODOODOOODO TOHDODO

use-package pkg &optional (curpkg *package*) [00O)]
pkg O curpkgD use-list 000 000000000000 pkgD00O00 symbolOOODOODOOODOO
000 curpkg0D0O00D0O0O0DOOODOO

unuse-package pkg &optional (curpkg *package*) [00O)]
curpkg O use-list 00 pkg 0O O OO0

shadow sym &optional(pkg *package*) [00O)]
0000 sym 0000000000 pkg0 000 symbol 0000

export sym Eoptional (pkg *package*) [00O)]
sym O Osymbol O symbol D0 OO0 00Oexport D0 sym OO0 O00000O0000ONO symbol OO
00000000000 0000symO00pkg00 0000 symbolOOOODOOOOODOO symbol O
export 000000000 O0DOODOODO singlecolon”:’00000000O0OOODOOOOOOO
O0Oexport 000000 symbol 0 double colon 7::” 0000000 OOOOexport 00O symbol
OOuse-package 0000000000000 import 1000000 DOODODOONONOsymbol O
export 00000000000 0D0O0O symbolJOOOODOOOODOOOOOOODOOOODOOOO
000000O0Osymbold 100000000000 0000O0O0OODO0O0OOOexportddpkgdO0O
00000000000000 symbolO0O sym 000000000000 DOODOOOOO0O symO0O
O print name 00 0O symbol OO 00 OO OO ”symbol conflict’0 000000000

unexport sym Eoptional pkg [00O)
00 symO pkgO 00 symbol DO OO OODO Ounexport 00000 symbol OO OO

import sym &optional (pkg *package*) [00O)]
symO Osymbol OO0 symbol DO OOD00Oimport 0D O0OO0OOOOODOOODN symbol O
pkgDO0OD0DO0OO0DOODOOOODOO symbolOOODODOODODOODODOO symOd0ODO print-name
0000 symbolOOODOOODOONO”name conflict”0 000000000

do-symbols (var pkg Eoptional result) Erest forms [0OO]
pkgU D00 DOODOODOOOOsymbol 0ODOOO0OD0OD0OODOOODOODOODO formsO0O0O00O0O0O0
oo

do-external-symbols (var pkg Eoptional result) Erest forms [0oo]

pkg0 000000 symbolOOOOODOOO0OODODOOOODODO formsO00D0O0O0O0ODOO

do-all-symbols (var &optional result) Erest forms [0o0o]
O0000000000O0OsymbolJO0O0ODOOCOOOOOOODOOOO forms00000DOOCDOO
00100000000000000 symbol00000000frms001000000000
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8 Uuubobognd
81 000

0000 (10000)00000000000000000 (string) 0000 (character) 000000
goooooo

map, concatenate [l coerce 10 0000000000000 00O0O0O0O0OO0O0O0OOONO symbol OO
oboboo0obboo0obOoO0oO0nbd cons, string, integer-vector, float-vector U U DO OO
symbol 0 OO0

elt sequence pos [0O]
elt 0O sequence 000 pos0 00000000000 (setf0000)00000000000O0O0ODO
UO0D0Osequence U0 D OUODDOOODOOODOOOODiIt, char, integer, float O OODOO
O00elt0D0OO0DOODOOODOOODOOODO

length sequence [00O)
sequence 0 D00 O0000D0O0O00DOO0OO0lengthO0000000DOOOO0ODODOOODOOOODOO
OO0O0000oooOo0OoooDoOoOUlengthODO0OO0O00OO0ODOOOOOODOOOOOOODODO
OO00D000 list-lengthO 000000000 DO sequence d fill-pointer 0 0000 00O Olength O
O000000O0oooOooOo0OOO fill-peinter 10000000000 OOCOOOOOODOOCOO
array-total-size 00000000

subseq sequence start &optional end [00O)
sequence J start 0000 (end—1) 0000000000000 0O0OO0O0OOend00O0OOOOODO
00 sequence 00O ODOOMO

copy-seq sequence [OO]
sequence 1000000 0ODO0ODOOOODOOOOOsequence0 00 000D 0OODOOOOODOODODOO
000000000000 copy-tree 100000000 OOOOOOOODOOODO copy-object O
googo

reverse sequence [ODO]
sequence D0 OO OO0 OOsequence 00D ODDODOOOOODOO

nreverse sequence [O0O]
nreverse [ Oreverse 0 00 (destructive) 0000000 Oreverse 000000000 Onreverse
ooooo

concatenate result-type Erest sequences [00O)

000 sequence 0O D0 DOOO0DOO0DOO0O sequence0 0000000000 Dappendd 0O OOO
0000000000000 0000000AO result-type d O cons, string,vector,float-vector [
oo0ooooooo

coerce sequence result-type [00O)]
sequence1 00 00000O00DOO(coerce ’(a b ¢c) vector) = #(a b ¢) 0 (coerce "ABC" cons)
= (abc)U00DOvresult-type OO0 O O0O0O0DOO00OOOsequence0000000O0OO0OODOOOOOO
O O result-type 0 O vector, integer-vector, float-vector, bit-vector, string, cons 000
0000 10000000000000000D00D0 10000 0coerce Osequenced 00O result-type
0ood0ooopoooooooon
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map result-type function seq érest more-seqs [00O)
functionO O seq 0 more-seqs 000000 NOO (N=0,1,---)00000000000O0OOOO
00000000 result-type 00000000 OO0DOODOOO (map float-vector #’(lambda (x) (*
x x)) (float-vector 1 2 3)) 00O OOODO

fill sequence item Ekey (start 0) (end (length sequence)) (00O
sequence 0 start00 00 (end—1) 0000 0denO0O0000

replace dest source &key startl endl start2 end?2 (00O
dest0000 start100 end1 0000000 source0000 start200 end20000000000
O00QOstarti0 stert2000000000000endI 0 end20000000000000CC0C0ODO
00000000000 0000000000000end0 000000000000 O0COOOCOO

sort sequence compare Eoptional key [00O)
sequence 0 O Unix 0 quick-sort 0000000000000 (destructively) 000000 Okeyd O
0000000000000 00oDo0ooo0oo0o0oooooDooooooooooooDo
000000000000O0O0@Goert ’(1 1) #>)00000O0DO0O0DOO0O10O0100000000O00
gddoddodoboooouoouoooooooouood#w>=0#’<=00000000000

merge result-type seql seq? pred Ekey (key #’identity) [00O)]
0000 seqi 0 seqg20 0 result-type 00 000000000000 O0O0OO0O pred0000ODO0O0O
gooooo

merge-list list! list2 pred key [00O)

00000000000 OOmerge00000D00O0ODOODOOODOOOODOODQODOmerge-list O
merge 000000

00000010000 000-f0-f-not 0 0000000000000 0O0O0ODO0O0ODOO0O00OO0 item O
sequence 00 00O0OOsequence 0D O000O0DO0D0OO tem 0000000 D0O0O0O0O0OOOOOODOO
0000000000000 000Do00d0item 00000000 O0OO0ODOODQO predicate 0 sequence O
O00000Osequence 100000000 predicate 000 0000 predicate 0 non-NILO OO OO O (-if
version)0 OO0 NILOOOOODO (-if-not version) 0000000

position item seq &key start end test test-not key (count 1) [OO]
seq0 000 wtemO00000000O00O0C000O0O:count0O000000O0O00O0O0DOOOCOODOOO
Ub00000stertD00O000O0D0O000O0O00DO0O0O0O0DO0ODOOO0ODO0O0O00O0O0OOO0eq1 OO
OoOO00ODO¢testd test-not OO0 O0O0O00ODOOOOO

position-if predicate seq Ekey start end key [00O)
position-if-not predicate seq &key start end key [00O)
find item seq &key start end test test-not key (count 1) [OO]

seg0 00 startDO0O00000:end00000000000D000O0000D000O0O0O00O0DADO :count
U00000oob00b0O00000 testd itest-notU#’eql OO DOOOO0OOO0OOOO0ODOOO dtemO
oooooooo

find-if predicate seq &key start end key (count 1) (0o
seq0 00000 predicated non-NILOOOOOOOO:count0OOO0OOOOO
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find-if-not predicate seq Ekey start end key [00O)

count item seq &key start end test test-not key [OO]
seq000:stert0000:end00000000 stem0000000000O

count-if predicate seq Ekey start end key [OO]
predicate 0 non-NIL OO0 seq0 000000000

count-if-not predicate seq Ekey start end key [0O]

remove item seq Ekey start end test test-not key count [00O)
seq0 00 :start0000:end 000000000000 #em OO00000000O0O :count0O0000O0
00000000 OOOO0O0ObOO0ObOO0bObDbOObOOemOD DO OODOODOODODO
00000000 00obDouobgoubUbeecount=1000o0ooogon

remove-if predicate seq Ekey start end key count [OO]
remove-if-not predicate seq Ekey start end key count [OO]
remove-duplicates seq &key start end key test test-not count [00O)

seqO000000D000 temO 0000000 100000000000000OO

delete item seq Ekey start end test test-not key count [00O)
delete 0 Oseq0 0 0000000000000 DODODODOODOOO0Oremove 100000000 dtemO
0000000000000 000000D00000O0000000000:count=100000000

delete-if predicate seq Ekey start end key count [OO]

delete-if-not predicate seq Ekey start end key count [OO]
remove [ delete 0 :count 0000000 0OL,00000000000000000000000O000OO
0000000000 :cuntD 10000000000

substitute newitem olditem seq &key start end test test-not key count [0O]
seq0 00 :count000000 olditemO newitem 00000000000 O0O0O0DOCOOOOOOO
00 olditemO 000000

(substitute #\Space #\_ "Euslisp_euslisp") ;; => "Euslisp euslisp"

substitute-if newitem predicate seq Ekey start end key count [00O)
substitute-if-not newitem predicate seq Ekey start end key count [00O)
nsubstitute newitem olditem seq Ekey start end test test-not key count [OO]

seq0 00 count0O 0000 olditemO newitem OO OD0O00000 seq0O0000O0ODOODOOO0O
00 olditemODOOOODOO

nsubstitute-if newitem predicate seq Ekey start end key count [00O)
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nsubstitute-if-not newitem predicate seq Ekey start end key count

42

Oo]
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82 00U

listp object [00O)
0000000 consOO0OO0ODOODOOODOONILDOOOTOODOO

consp object [00O)
(not (atom object)) DODOOODOO (consp O) O NILODOOO

car list [00O)
stOOOOOOO0OOONILO car0 NILOOOOatomd car00000000O C(car (1 2 3)) =
1

cdr list [OO]

kstOO0D0OO0O0D00OO0O0000O000000ONILO edreO NILOOODOatomO edre00OOO
000 (cdr °(1 2 3)) = (2 3)

cadr list [0O]
(cadr 1list) (car (cdr list))

cddr list [0O]
(cddr 1list) (cdr (cdr 1list))

cdar list [0O]
(cdar 1list) (cdr (car list))

caar list [OO]

(caar list)

(car (car list))

caddr list [OO]
(caddr list) (car (cdr (cdr 1list)))

caadr list [OO]
(caadr list) = (car (car (cdr list)))

cadar list [OO]
(cadar 1list) = (car (cdr (car list)))

caaar list [OO]
(caaar list) = (car (car (car list)))
cdadr list [OO]

(cdadr 1list) = (cdr (car (cdr list)))

cdaar list [OO]
(cdaar list) = (cdr (car (car list)))

cdddr list [00O)
(cdddr 1list) = (cdr (cdr (cdr list)))

cddar list [00O)
(cddar 1list) = (cdr (cdr (car list)))

first list [00O)
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Lst00000000DOODODOsecond, third, fourth, fifth, sixth, seventh, eighth 0000 00O
O0000 (first 1list) = (car list)

nth count list OO]
listO00 count D00 0O00D0OO (nth 1 1list) OO (second list) DO OO (elt 1list 1) OO0
ogooo

nthedr count list [00O)

listd edr 0 countDO0O00D00OO0O00O0OOOO

last list [00O)
Lst0OOOOD0OODOOOODOO consO0OO0O

butlast list &optional (n 1) [00O)
Lhst0O0O0O0 nO0OOODOODOOOOODODOOO

cons car cdr [00O)
car 0 card cdr 0 ¢dr 000000000 consO0O000O

list &rest elements OO]

makes a list of elements.

list™* Erest elements [00O)
element 00000000000 CO0OOCODODOODO0O0OO consO0000D0atomDOOO0OOOOO
O0000D0@istx 123 °(45)) =(12345 0000

list-length list [00O)
LstDODOO0OOO0ODLstODODOODOOODOODOO

make-list size &key initial-element [00O)
size0 000000 DO snitial-element 00000000

rplaca cons a [00O)
consO card «000000OOsetfd car0 00000000 (rplaca cons a) = (setf (car cons)
a)

rplacd cons d [0O]
consO cdr0 dOO00OD00O0Osetfd edr0 00000000 (rplacd cons d) = (setf (cdr cons)
d)

memgq item list OO]

member 0000000000000 0O0 eqOOODO

member item list Ekey key (test #’eq) test-not (0O
Lst0O00OO0000D00000000D0LstODO0DO0 item00000test0000000O000OOOOO0
ONLOOOODOOOOobDOoooooobooooobooboooboooobobboooooooo
O000000:estUD0000OO0O#eq0 000 (member ’a ’(g (ay) badgeay)=(adg
e avy)

assq item alist [OO]

assoc item alist Ekey key (test #’eq) test-not [OO]



. gnboooboon 45

aistO000 car0 4est 000 0000000000000 00O0O0OOONILOOO0O:testOOOO
O00O#’eq0 000 (assoc ’2 (1 dty)2ght)(Bexg)=(2ght)

rassoc item alist [OO]
cdrO item 0000 st 000000000000

pairlis 1 12 &optional alist [OO]
10 pOO0O00OO0OCOOO0O0O0OO0OO0O0O0O0O0O0O000000 ekst0 0000000000 200000
cooooocoooboocoooo

acons key val alist [00O)
alistd key volJOOO0O0O00OODO (cons (cons key val) alist) JOOODOODO

append &rest list [00O)
O0oo0oooooDoboo0 kstODOO0O0000O00O0OoOoOooODOOLstDODOOO0OOO00OoO
googooo

nconc &rest list [OO]

00000 kst0O000 edr 000000000000 LstOOO0OO (destructively) 00000

subst new old tree [OO]
tree0 000000 oldd new OO ODODOOO

flatten complez-list [00O)
atom 000000000000 0O00 complez-list 0000000000000 O0DOODOODOOOO
complez-list 000 00000000000 O0DOOO (flatten ’(a (b (c d) e))) = (ab c d e)

push item place [0OO]
place 000000000000 (OOO)O dtemOO00O

pop stack [0OO]
stack0 000000000 0D0OO0O0OOOOODO stackOO (NIL)OOOONILOOOO

pushnew item place Ekey test test-not key [0OO]
00 dtem O place 00 O0D0O0D0OO0O00OOplace0000 dtem 0000 :test, :test-not 0 :key O O 00O
member OO0 O0O00O000O0

adjoin item list 0O]
00 ditemD kst OO0DO0D0D0000Lst00O00D0OODOOOO

union list! list2 Ekey (test #’eq) test-not (key #’identity) [0O]
2000 0000000000

subsetp list! list2 Ekey (test #’eq) test-not (key #’identity) [0O]
Lst10 Lst20000000000000000Est1 000000000 kst200000000000
gooooo

intersection list1 list2 Ekey (test #’eq) test-not (key #’identity) [00O)

200000 Lst10 Lst2OD0ODDOOOO

set-difference list1 list2 Ekey (test #’eq) test-not (key #’identity) [00O)]
Lst100000000D0 Lst20000000000O00000O0O00ODO0O0OOO

set-exclusive-or list! list2 Ekey (test #’eq) test-not (key #’identity) [00O)]
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Lst1000 Lst200000000DO0OOOODOOOOO

list-insert item pos list [0O]
listd pos0 0000000 stemD0D000000000D00D0ODOMOODOO pesO LstOOOODOO
O00000Odem 0000 nconcO0 000 (list-insert ’x 2 ’(abcd)) = (abxcd)

copy-tree tree [O0D]
000000000 tree00000D0O0CDODODOOO0OO0O0DODOOO0OOO0O00O0DOODOOCcopy-object
000000000000 copy-treel] (subst t t tree) DO0O0OOO0O0OO

mapc func arg-list €rest more-arg-lists [00O)
arg-list O more-arg-lists 00000 NOO (N =0,1,---) 00000000000 func00000O
0000000000 ag-list0 00000

mapcar func 8rest arg-list [OO]
arg-list000000000 funcD map0O0000000000000000O0DCDOO(mapcar #’(lambda
x) (xxx))’(123))0000000mapcar000000dolist00000O0

mapcan func arg-list &rest more-arg-lists [0O]
arg-ist 000000000 funcO map 00O nconc0000000000O0O0O0DOODOODOnconc
ONILOODODOOODODODOOOmapcanO0erg-ist 00 000000000000 O0OOOODOODO
ooodo
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83 DUuuggobno

gooobooooobooboooooooooobooboobooboooboobooboDoooooog
gboooboooobooboobobooobooooboobooboobooboOobooboobooboooboDbo
OO0000 fil-pointer 000000000000 ODOOOOOOOOOOODOOOOOOODDOOOO
oooooooo

O00000O00O0aref000D0D0OODODODODODDaref0000 setf0000ODODODODODODODODODOODO
0000000000000 000000000O000000OsvrefJ00000000O0O0Ochar O schar
OO0000O000DoO00oDoOo@mbpbitdsbit0DODOO0O00DODOO0O0O0OO0O00DOOOO00OOO0O000O0O0OO0
oOooooo0ooooOo0oooDboOd imlinedDO0OO0O00DOOOO0ODODODOOODOOOODO

goooooooooooooooboboooooooooodoooooobooooosoooooo
U0O000b00Db0ODOvector, string, float-vector, integer-vector [ bit-vectorJUO OO ODOO
O00000000000Omake-arrayO00O0OOO0OOODODO :integer, :bit, :character, :float,
:foreign 0000000000 O0DOO0OOODOOODOODOODOOODOODOOOOODOOAO sinitial-element O
anitial-contents 0000000000000 DO0O0O0DOODOODOOODOOOOO

array-rank-limit [00O)
ooobooobooooo

array-dimension-limit [00O)
#0000 0000000000000 DO0O00000O0O0O0O0000OO00O0oOoOoDoOoOon
oooobooboobobooboa

vectorp object [OO]
OO0O00DO0ODODOO0O0O0000000Oobjectd vector, integer-vector, float-vector, string,
bit-vector 000 000D DOOO0O0OO0O0OODODODODO TOODOO

vector &rest elements [0O]
elements 10 0000000000000

make-array [0O]
dims Ekey (element-type vector)
initial-contents
initial-element
fill-pointer
displaced-to
displaced-index-offset 0)

adjustable
000000000 0DdmsO000000D00DO0ODOO0ODO aemsOO0D00O0ODOODOODOOODOOO
oog
svref vector pos [00O)

vectord posOO0 00000 OOwector 000000 0D0O0O0O0OOOODODOOOOO0O

aref vector &rest indices [OO]
vectorO indices0 0 D000 0O0O00O00ODO0ODOOOOOndicesD000000Owector0000O0
O000000aref000 00000000000 DOwector000000000DOODOOODOOODOO
oo oo o b ooooooooooo
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vector-push val array [00O)
array 0 fill-pointer 00000000 ve!00000Oarrey0 Ofill-pointer 000000000 OOO
O0wl00000O0Of-pointer 100000000000 100000000000 O0O0ODOO
gooooooooboooooooood

vector-push-extend val array [OO]
array 0 fill-pointer 0000000000 DOD0OO errey00000000DOOODODOOOODOO
vector-push 00O OO OO0

arrayp obj [OO]
OO0 opy000O0D00O0OD0D0O0ODO0ODOO0ODO0ODDOODDO TOODODO

array-total-size array [0O]
erray0 0000000000

fill-pointer array OO]
array O fill-pointer 0 0 OO fill-pointer 00 0000000 NILOOOO

array-rank array (mpuy
array 00000000

array-dimensions array [0O]
erray00000000O00O0OO0OOO

array-dimension array axis [0O]
array-dimension OO array 0 axis 00000000 ems00000000O

bit bitvec index [OO]
bitvecO index0 000000000 OCO0O0O0O0OODOOOO0O0ODODsetf0 bitOOOOODOODO

bit-and bits1 bits2 Eoptional result (00O
bit-ior bits! bits2 &optional result (00O
bit-xor bits1 bits2 Eoptional result (00O
bit-eqv bits1 bits2 Eoptional result (0o
bit-nand bits! bits2 Eoptional result (0o
bit-nor bits! bits2 Eoptional result (00O
bit-not bits! &optional result [00O)

00000 bits10 bits2000000000000000O0O0O0O0O and, inclusive-or, exclusive-or, O
0O, not-and, not-or 0 not 0000000000
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84 0LUU4oonO

EusLispOOOO00OD0O0OO0O000O0O0ODOiInteger 00 000000DO0O0O0O0OO0O0DOODOOOODODOOO
OO00000EmOO00D00000 pathnameOD0OO0O00ODO

digit-char-p ch 0O]
OO0 chO#\0O#\90O O TOODOO

alpha-char-p ch OO]
00 chO#\AO#$\Z2000#\a0#\z000T 0000

upper-case-p ch [0O]
00 chO#\AD#¥\Zz0D0O0OTODOO0O

lower-case-p ch [00O)
00 chO#\aO#\zOOOTOOOO

alphanumericp ch [0O]
00 chO#\00#\90#\AD#\Z20 0 0#\a0#\z000T0O000

char-upcase ch [OO]
chO0OOOODOOOO

char-downcase ch [OO]
chODOOOO0DOOOO

char string index [OO]
string0 index 000000000

schar string index [OO]
string0000000000string0 0000000000000 O00O0OOCOOODOOODOOOschar O
goooo

stringp object OO]

object 0000 (2560 00000000)00000DO0OOTOOOO

string-upcase str &key start end (0O
stroggoopobbbogooobobobboooooogd

string-downcase str &key start end (0O
stroggoobobobbooooobobobboooooogd

nstring-upcase str [0O]
str0 0000000000000 0O0O0O0O00O0O0O

nstring-downcase str &key start end (00O
strudgogobobbbogoooooooog

string= strl str2 &key startl endl start2 end2 (00O
00 stri0 str20000000TOO0O0OOstring=000000000000000

string-equal str! str2 Ekey startl endl start2 end2 [OO]
stri0 str200000000000Ostring-equal 0000000000 OOODOOO
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string object [00O)
object DO D OODOOOOODN object DO DOOODO0bject 00 OODOOOO objectd symbol O OO
OO0 pname 0000000 O0DO0O0O (equal (string ’a) (symbol-pname ’a))==TO 0000 (eq
(string ’a) (symbol-pname ’a))==NILOOOO00 object DOODOOOOO0OOOOODOOOOO
0000 (000 Common Lisp000000D0) 00000000000 DO0O0OO0OOOOUOOOD
0000000000 NILOOD format 000000000

string< stri str2 [00O)
string<= strl str2 [00O)
string> stril str2 [00O)
string>= strl str2 [00O)
string-left-trim bag str [OO]
string-right-trim bag str [00O)]

strO00D000000000000 ey OOOODODOOOOOOOODODODODOOOOOODOO
bag OO OODOOOOO0DOOOODOOOODODOOOODOOstr00ooOO0OOoOoD

string-trim bag str [00O)
bogUOOO0ODOOO0ODOOOOOOD g OOODODOOODODOOO ser000DOOODOODOOOO

substringp sub string [00O)
sub0000 string0 000000000 DODOOOTOOOOODOOODOOODOOODOOOO

84.1 0O0O0OOO0OOO

euslispO0 000000000000 0O0O0O0 UTF-8O0DO0OO0ODOOO

000 concatenate U0 00 0000000000000 0O0OOO00O0O0O0ODO0OROSOODOOODOOO
0000000000000 0Dbo0o0oDobOoOstring00D000O0O0DOOOODOOOODOO

(concatenate string "0” 7?07 0”707 7’07) - 000007
0o0o0ooo00oo0o0ooOo0ooo0o0ooo0o0oo0o0oooooo0oooo0n

(reduce #’(lambda (vall val2) (concatenate string vall val2)) (list 707 0”7 7?07 0”707 ?0” 0" 7”7
|:| ” 77D ” ”D ki ?’D ” 77|:] ” 77|:| 77))

- ’000000000D00oono”

coerce 00 U00DOO0OOODODOODOOODOOO

(coerce (append (coerce ’00 00 007 cons) (coerce ’0 0 007 cons)) string)
- ’00000000oag”
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8.5 Foreign String

foreign-string 0 O EusLispO0 0000000000000 0O01000000000O0O0COCO0O0O0OO
OO0000O0O0OOoOoODoODDDOOOforeign-string0 0000000 OCCDOOOOO0OOODOQOO O foreign-
string000000000000000D00CO0000000D0000000000Olength0arefl] replacel

subseq 0 copy-seq 0 0O 0 foreign-string 0 00 000000000000 O0OO0ODO0OOOOOOOOOO
oono

foreign-string 0 O /dev/a??7d??(??0 320000 16)0000000000000 [OOOOO0O0OOOO
00000000000000000000000001/00000000000000000 replaced
000000000000000000000 largechank0000000000000000000000
00m

make-foreign-string address length [00O)]
address0 0000 length0 000 foreign-string0 0000000000000 DO(make-foreign-string
(unix:malloc 32) 32) D0 EuwsLisp0 000000000 320000000000000000O00O
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86 UUUOUUooO

hash-table 000 0000000000000 O0O0OCOO0O0O0OOOassoc00O000OOOO0ODOOOODOO
O00OOhash-tabled assoc 0 00O 0O0OO0O00ODOOOOOOODOOOOOOODOOOOOOODOOOOOO
OO00DD0OO0000000O0Ohash-tabled 1000000000000000000DOCO0ODOOOODO assoc
ooooooooon

hash-table 000 OOO0O0O0O0DDO rehash-size OO0 00000000000 COODODDOODODDOOOOO
OO0000000oooooooooooooooo00O0OsxhashO 0000000000000 OOOO
000000000000000000000000 (equa) 000000000000 O0ODOODOOOOOO
hash-table 000000000 00000 sxhashOOOOOOODOOO0OO0O00000O00O0OOsxhashOODO
Uoboo00b0odboO e 00000000 DOOO0OO0DOOOOODOOODODOOOOOOOOODO
0000000000000 00OD0DO000ODOO0000000C0DO00O0DO0OD0ODOO000O0OOOhash-table
O :hash-function OO UODOOO0OD0OOD0OOO0OO0O0ODOODOO0OO0DODOODO# sxhash 0 #’sys:address
OO00000D00C0EwsLisp00000000DO0COO00O00O0DDOOO00O0000O#’sys:addressd00
coooooooo

sxhash obj [00O)
obj 00000000000 0equald 2000000000000000C0000O0C0O0O0O0OOO
O0000OsymbolOOOO0O pname 00000000000 O0O0number00000 integer D00
OO0Llst000O0O0O0000DOCOO0000DOOO000D0Ostring00000O0DODOOOODOO
0000000000000000000000O000000O0O0sxhash 0000000000000
0000o00000oOo00ooO0o0ooooooooon

make-hash-table &key (size 30) (test #’eq) (rehash-size 2.0) [00O)
hash-table 0000000

gethash key htab [00O)
hteb D000 keyODOODODODOOODOOgethashOOsetf 00000000000 keyOOOOO
O000000000OCOOhash-table 00 0000000000000 DOODOODOOOODOOOOOO
1/rehash-size D00 00O Ohash-table 00000 2000000000000

remhash key htab [0O]
htedb OO OO keyOOOOODOOOOODODOOODOODO

maphash function htab [0O]
htab 00O D000 functionO map 000

hash-table-p z [OO]
00 z0O hash-table 000000 OO0ODOOOOTOOOO

hash-table ooo)
:super object
:slots (key value count
hash-function test-function

rehash-size empty deleted)

hash-table OO0 OO Okeyd value OO0 0000000000 O0O000D0O0QC countD O keyd valueO
00000000000 hash-functionD 000000 sxhash 000 O test-function 0000000 eq
O000OemptyO deleted 00 keyDOOODODD0O0O0O00O00O0OO00O0O0OO0OO symbol(OOOOODO



. gnboooboon 53

gbooobgobooobgn

:hash-function newhash [Dooo]
00 hash-table 00000000 newhashO O 0000 newhashD D01 00000000 integer 00O
0000000000000 newhashd 10000000 sys:address0 000
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87 00O

queue O FIFO(first-in first-out) 000 0000000000000 00000O0O00OOOcar 0 queue 00
0000000 quene 00000000 qOO00OO0O00O0OO (print (carq)) 0000000cedr D000
O000oo0o0o0oooooooo

queue 0o0)
.super cons

:slots (car cdr)
FIFO quene 00O OO0

:init [Do0O)
quene 100 0O00O0OO

:enqueue val [DooO]
OO queved xOOOOOOOOOOOOOO

:dequeue &optional (error-p nil) D000
U0 queve D0 0000000000000 OOquened00000OOqueue 0000 error-p U
NILOOOOOODOOOOODOOooOOoooooDOooo NILoood

:empty?
pty? [Do0O)
U0 quene 0O OOOOTOODOO

:length [Do0O)
OO0 quene 00O 0OOOO

strim s [Do000O)
O0 quene 0000000 0O0O0OOOOOquene 000 sO0O0O0O

:search item &optional (test #’equal) [Do00O)
O0 queued item OO0 O0000D0OO0OODOODOOONILOODOO

:delete item E&optional (test #’equal) (count 1) [Do00O)
OO0 quene 00 item OO0 00000000 :count DO ODODOODOOOOOOO

first [Doo0]
U0 quene 0O O0O00O0O0OOO0ODOOOOODODOODOOODOOOO

:last [DooO]
OO0 quene 000000000000 O0O0OO0OOOOOOO
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9

9.1

ooooboognd

gobooo

0000000000 000000D00O0echo-stream O concatenated-stream OO0 OO0 00 OO

*standard-input* 0000 stdin fd=0

*standard-output* 00 00O stdout fd=1

*error-output* 0000000 stderr fd=2 bufsize=1

*terminal-io* *standard-input*0 *standard-output* 0000000000000

streamp object [OO]

object 0 stream, io-stream 0 0000000000000 OOO0O TOODOO

input-stream-p object [OO]

object OO ODDODOOODOODOOODOODOOTDOOOD

output-stream-p object [OO]

object OO ODODOOOODODOOOOOOOTOOOD

io-stream-p object (mpuy

open

object 0O OODDODOOODODODOOODOODOOTDOOOD

path &key (direction :input)
(if-exists :new-version)
(if-does-not-exist *default)
(permission #0644)
(buffer-size 512)

open00path 00000000000 DOODOOOO0OODOOOO0OpethD0C0O0OOODDOOOOO
:direction0 O :input, :output 000 :ioc0 000 10000000000000DCOC0O opendOOon
O :append, :new-version, :overwrite, :error U NILO siferists000000000000OOO0O
O0D00DODO0O0ODO0O0DO «directionD :input 0O OO0 OO OO O sif-does-not-exist 0 O O :error,
:create NILOODOO 100000 :new-version, :rename [ :supersede U0 OO0 O0OOOOOO
O0000 directionD :output U :i0 00 000000000000 000O00O00O00O0DO0DODO :input
000000000000 0O00000000O00000000000000000Oprobe-filedO0O
OO000000 :buffer-size 00000000 5120000 :permission 0000000 0#06440000
SunOS400000 600000000 OODOOOOODOO

with-open-file (svar path €rest open-options) Erest forms [0OO]

close

pathO0 0000000000 open-options 0000 000000000000 swerDO00O0OOO0OO
0000 forms00000000O000000forms0000000000O throw, return-from 0O
00000000000DO0D000D00ODO0OOwith-open-file 0 0 unwind-protect 00 O O close
00o00bOo0o0O0obO0obOoOooOOobOobooboOooDOoDbo

stream [00O)
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streem D0 00000000000 TOOOOstreemOO0OODOD0OOO0OO0OOOODOONILODOO

gooooOoooooooooooooOoOoOoooooooooooooOooGecooooooooo
ooooooo

make-string-input-stream string [00O)
string0 0 00000O0O0O0OO0O0O

make-string-output-stream &optional size [00O)
size 000000000000 0O0O0ODOODODODOO0O0O0O0OODOODODOO0O0OOODODOODOOsized
gddbooouoboodobooooboooon

get-output-stream-string string-stream [OO]
string-streaem 0 0 00000000

make-broadcast-stream &rest output-streams (00O

00 (broadcast) 00 000000000000 O0O0O0O00OOO0O0OOOOOOOO output-streams
gboogogao
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9.2 000 (reader)

gboooobooooogd

*read-base* 00 000000000000 10

*readtable* reader 0000000000 OO0OO0DOOOOODO

Reader OO OOODOOOODOO

( ooooogoo

” opoooooo

’ goooooood

# opoooo

H oood

back-quote

list-time eval

Q oo

% cooooooooood

-

gobooooon

\ 000000000
... 0O000o00000

o0DOo0oDO0o0b00OsymbolDOOOOO0OOOODOOOOOOOOODODDOOODOOODOODOODO
0000000 symbolDOOOO0OO0O0ODODODOOCOabcd’ABCODODO symbolJOOODOOOOOCDO
0000000000000 000000’|ABC|,’ABCO’abc0000000O0O |Jabel O’abe 00 0O symbol
O00000000oo0o0oDooD0o0 symbolDDOOOOOOO00O0D0OO symbolOOODODDODODO EusLisp
gbooobooboooooboobooboooboooooooboobooobooobooobooobOoooboooon
0000 :UPCASE O *print-case*0 0000000000 0OOOOO

100000 1w00000000000 10000000 000000O0C0O0O0O0COODOOOGOOOOOG
O0’|g:peubel 0000 symbol 00O 000D 0O0OO0O0O0OOOOOOD0ODOOOOOO0OOOOOOOOODO
0000 000000000000000000000C00 letter00000000O0O0O0O0OOOOOOO
O00000000000000000000 (hardwired)J 00 00 OO copy-readtable 0 O 0 O readtable
0000 00set-syntax-from-char 0 00 000000000000000O00O0O0O0O0OO0OO0OOOO
000o00o00ooO00oO0o0oooo00ooO0ooOo0ooOOo0ooOo0DoooO0ooOOoOooOooooOo
O000000000000000000000000O00000000O0#xe 0000000000000
ooooo

%0 0EusLisp 000 read-macro 000 000000000000 CO0O00O0O0OODOOO%000000
0do0oooooooD isp000000000O0ODODDOOODODOOOY% +2*«3/74.000 (+1 ¢ (x2
3) 4.0)) 000000000 2.50000COO00O00O0D0O0OO0ODOOONLEspO0D00O0OOODOOOOOO
%(sin(x) + al1]1) 0O (+ (sin x) (aref a 1)) 0000000O0DO10D0000DO0OODCOOO 20000
OO000Ofunc(abc ...)0aryl1 23 ... 100000000 func(a,b,c) 0 ary[11(2]1[3]1 0000
0000000000000 00000000000000000%(a < )0 (<« ab)dOOOo0O%lo]
= b[0] * c[0]) O (setf (aref a 0) (x (aref b 0) (aref c 0))) DODDODOOOODODODOOOODOO



9. 00bOooboon 58

OoO0D0oDooboooOobooobooboobOoDOond%@sin(x) + cos(x) / sin(x)) O (let* ((temp (sin
x))) (+ temp (/ (cos x) temp))) DO OOOOOOODO

O00000#0000000000000 (integer) 000O0#000000000000OOOOOOOO
o0oOoooo (0..9000000000000000000000O0O0OU0ODOOOUDODOOOoDUOOoOOO
ooooog

#nA(..) OO

#B 200

# [0]00 [000D0]0000; #DI180 = 3.14
#F(...) DOOOOO

#F((..)) 0000; #2F((..) (..)) is matrix
#I(...) ODOOOOO

#nI((...)) O00ODO

#J(...) DO0O0ODOO0O #J(myclass ....); 0000
#0 800

#P OO

#R [0DD0O0]00 [0]0000; #R3.14 = 180.0
#S(classname slotnamel vall slotname2 val2 ...) OO0 (DO0OO0OOOOOOO)
#V(...) 0000 #V(vectorclass ...)

#X 16 00

#(...) 0D0OO

#n# OO OO0

#n= 00O QOO0

#> 00; 000000000000 lambda-closure
#\ 00

#, UODDOOOOOO

#+ 000000 (positive)

#- 000000 (negative)

#* Jgooooo

#: JOODDOODO symbol

#...# D000;00000
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000000000000 eof-error-p, eof-valueD recursive-p 000000000000 00O0O0O 2000
OO000000000 end-of-file00 0000000000000 Oeoferror-p00000000C0TOOOO
O00O0eof 00000000000 Oeof 0000000000 OOSnatchcontrol0000000O0O0OO0
0O00000Oeof-error-p0 NILOODOODOODOOOODOOOODOOO eof00000000O0O0OO0O
OO0000000000 eofwalued D00 eof-walue0 000000 ONILOOOODOOOOOOODO NILO
OO00000ef000000D0OO0O00ODOOOO0ODOOO0ODODOOO0OODOOOOODDODOOODOOO
00000000000 00000000000000000consd gensymOOO00000O0O

recursive-p J Oread-macro 0 00 0000000000000 O0DOOO0ODOOOO0OOOOO recursive-pd
non-NILOOOOOOOODO0DO0DO0D00000000#n=0#n#00000000000000O0ODOODOO
gbooobooobuooboobobboboobooboobooobo

read &optional stream (eof-error-p t) (eof-value nil) recursive-p [OO]
sO00gd 1000000

read-delimited-list delim-char &optional stream recursive-p (00O
delim-char 00000 sO0000D0000O0D0O0UOOOODOOOODOOO#KN]OOODOOOOO
O00ooo0ooooooooo

read-line &optional stream (eof-error-p t) (eof-value nil) [00O)]
#\newline(U0)JDO0OUD 1000000000000 0LUDOO0O0ODOOUOOOOODOOOODO

read-char &optional stream (eof-error-p t) (eof-value nil) [00O)]
100ddooooooooooooo

read-from-string string &optional (eof-error-p t) (eof-value nil) [0O]
string0 0 sUOO0O0O0O0O0O0O0OD sO0D00OD00O00O0O0DO0O00O0ODO0O0O0O0O0 sObO0Db0Od string
0000000000000 00000OO0O0O0Omake-string-input-stream 00 0 00 string-stream
oogooooo

unread-char char &optional stream [OO]
streamO char 00 0010000000000 O0DOOOOODOODO

peek-char &optional stream (eof-error-p t) (eof-value nil) [00O)
streemO00 100000000Ostreem 0000000000000 O0COO0O0O0QOO read-char O
O00 unread-char 000000000 OO00ODO

y-or-n-p &optional format-string Erest args [OO]
format-string0 args 000000000 0 n0”00000000 <000 £« 0000000
000000ob00yOO TOODOD nODONILOOOOD OODOODOOOOOOO

yes-or-no-p &optional stream [0O]
format-stringd args 000000000 “es0 no07 00000000 “yes” 00O “no” 0000
O000000000yesOO TOOOD noOONILOOOD ODOOOODDOOOODO

00000 readtable 00000000 DOreadtable 00O 0OO00O0ODO0OO0OODODOOO *readtable*0 O O
ogad

readtablep z [00O)
z 0 readtable OO0 O0TOOODO

copy-readtable &optional from-readtable to-readtable [00O)
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to-readtable 0000000000 ODODOO readtable O 0O O O from-readtable 0 0000000 to-
readtable 1000000 0O0ODOODO OO syntax table, read-macro table O dispatch-macro table O O O
002600000000

set-syntax-from-char from-char to-char &optional to-readtable from-readtable [00O)
from-readtable 0 O O from-char O syntax O read-macro 0 O O to-readtable 0 O O to-chard 0O OO
aon

set-macro-character char func &optional non-teminating-p readtable [OO]

charO read-macro0 0000 funcO00O0OO0O

get-macro-character char &optional readtable (00O
char read-macro00000O0O

set-dispatch-macro-character dispchar char func &optional readtable [OO]
dispchar 0 charO0 000 00O dispatch read-macro0 0000 funcO0O 0000

get-dispatch-macro-character dispchar char &optional readtable [OO]
dispchar 0 charO0 000 00O dispatch read-macro0 00000
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9.3 0000 (printer)

gbobooooobooooobobooobooboobooboboobooonoa

*print-case* 00 000 :downcase JJ O OO0 symbol DO ODO0O00O0OOOOOOsymbolO00O0OO
Oo0oooooooooooooon

*print-circle* 00 0000000000000 OO0ODOOOO
*print-object* 0000000000000 OOOO
*print-structure* #0000 000000000C0000O000O
*print-level* 000000000

*print-length* 000000000

*print-escape* 000 OJ000O0O0O0O

*print-pretty* 00000000000

*print-base* D0 00000000000 1000

0000000000000000000000000000000O00000O*print-circle*d *print-
structure*0 00 TOOOOUOOOOOOOOOOODOOOOODODOOOOODOOOOOOOOOOOOO
cooooO0oooooo0ooooOooooOoO,0o0000oOo00oOD00DOoO00DbD000O dump
gbobooboooobooooboooobooboobooooboooobOobooobOobooboOooboog
000000000000 00D00 symbolOOOODOOOOODOOOO

print obj &optional stream [00O]
prinl0000 terprid 000

prinl obj &optional stream [0O]
000000 sO000 100000000000 0read000000000OO0OOOOODOODOO
googbdoooobooboobooboooboobo

princ obj &optional stream [00O)]
O0000OOescape0 00 000quote0000 (add) DO0O00000000print000000Oprine
00000000000 00D0O00000000D000 (princ ’abc) OOO00ODO (princ "abe") O
goobooooooboboooooobooooobooooooon

terpri &optional stream [OO]
#\newline(OD O )OO OOOOstreem 000000

finish-output &optional stream (00O
00 streemO00000O0O0

princ-to-string = &optional (1 16) [OO]

prinl-to-string = &optional (1 16) [OO]
0000000000000 000-000000000£0 get-output-stream-stringd000000

format stream format-string €rest args [00O)
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~A(ascii), ~S(S-00), ~D(1000), ~X(1600), ~O800), ~C(00), ~F(OO00), ~E(0 D00
0), ~G(general float), ~V(dynamic number parameter), ~T(00) 0 ~% (00 )00000000O0O
oooooooo

(format t ""s s “a “a ~10,3f7%" "abc" ’a#b "abc" ’a#b 1.2)
-—-> "abc" |A#B| abc a#b 1.200

pprint obj &optional (stream *standard-output®) (tab 0) (platen 75) [OO]
obj000D000DOODOODOOOOODODOOO.

print-functions file &rest fns [OO]
fileD fnisO0000007defun”00000O0O0O0

write-byte integer stream [00O)
write-word integer stream [00O)
write-long integer stream [00O)

integer] 1,2000 4000000000

spaces n &optional stream [00O)
obod 000000

pf func Eoptional stream *standard-output™) [0o0]
00 func00D000D0O00DODDOODOOODOOODOOODOODOO

pp-method class selector &optional (stream *standard-output™) [00O)
class00000000000 selector000000000OCDO

tprint obj tab &optional (indent 0) (platen 79) (cpos 0) [00O)
0000 opy0ODOODO

print-size obj [O0D]
000000 opjODOCOOOOODOO
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94 0OUOO0O0O0bOOOOOOODOOD

EuwlLisp 004000 IPCO0O0ODOOO00OO0, 00000000, FIFOOODODDODODOOOOOOMPOO
oobooobooooooboooooobobooooobooobboobooooooooooo@OobOoooooon
gobooobooobooobooboobobooooboooooooo0obDooDbo0boUnixOODOODOO
gooooboooboo

94.1 0O0O0O0O0O

Euslisp O O Systemb 0 shmem 000 00SunOS 0 mmap OO0 0000000000 O0OODOODOOOO
O0Omap-fileD0O0O0000000O0Omap-fileO0OEuwsLisp0 000000000000 OODOOOOOO
foreign-string 0 000000000000 0OO0ODO foreign-string0 0000000000 OCOOOOOO
00000000 00o0ooo000o0oooo0o0oooDooo0ooo0Doo0ooDoDoooooooooog
000D0000000:share0 00000000 NILOOOOODOODOOODO:privated TOOOOODO
000ooo0o0oo0o0ooOo00oO0o0LOoOOo00 (DOo0)0o0O0U0OO0O0DoOoOOO0UbOOOn
00000000000 0D00000000O0:share0 0000000 TOOOD2000000000
00000000 00o0oDooOo0000Doo0000oDoOo0000o0DoO000o0DoOo00ooooDoOoDOg
SunOSO 00000000000 000000D00D00O000000D00DO0DOoooOooDOoooooOon

640000000000 200 EwsLispOO0OO0O0O0OODOOOOODODOOO

;; 6400000000000

(with-open-file (f "afile" :direction :output) (princ (make-string 64) f))
;; 0oOod

(setq shared-stringl (map-file "afile" :direction :io))

;; DO0O0O0O0DOOO

(setq shared-string2 (map-file "afile" :direction :io))

00 0Oshared-stringl 000000000000 shared-string2 0 0 0 0O Oforeign string 0 00 0 O
OO0Oreplaced setf0 aref OO0 0000 OOOOOOOOOO

map-file filename Ekey (direction -input) length (offset 0) (share t) (address 0) [00O)
filename OO 000000000 OO0O00OODOODOOfilenemeO0OOD0OOOOOOOONFSOOOO
00000000O00D0O00DbOO0OO/devOODOOODOODOOODOOOODOODOODOODODOO
000 foreign-string 00000000000 Daref 0000000000000 Omap-fileO0 OO0
:direction=:input 00000000000 foreign-string0 00000000 OO O Osegmentation fault
googogad

9.4.2 0O000O0DOOO FIFO

00000000 00Omake-msgqg-input-stream [0 make-msgqg-output-stream 00000000000
00000000 0o0oooo0o0ooooDoO0000DoO00000DoOD000oOoODDOooO0oDoOoDOO
0000000 00oo0Doo0oo0oDo0Doo00DooO00Do00oDD0o000D0d fnamed0 000000
OO00OkeyOOOOODOO

2UNIXODO0O0D00000000000000000000fork’ 000000000000000000FEusLisp 00300
0000 piped-fork 000000000
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FIFOOODOOOOOOODOOOOODOOOO0O uniximknod D00 02000000 mode=#010000 O
gooooOrlFrO0OO0OO0O0OOCOOOOOOOOOOOOOOOOOOOODOOOO0OOO FIFOOODO
obooooOobooooboobooooboboooooboboooooboon

gooooooogo riFOCOOOOODOOOOOODOOOOOODOOOOOODODOOOOODOD
OO0000unixmsgetl O ipcrm 00000000000

make-msgq-input-stream key &optional (buffer-size 128) [00O)
key0OOOODO0ODODOOO0OODOOOODOOOODOOOODOODO

make-msgqg-output-stream key &optional (buffer-size 128) [00O)
keyOODDODODOOODOOODOODOODODODODDOODOODOO

9.4.3 0O0O0O

JdopoDooooooo0oooooooOo0ooooDoodoooDoO00ooDoUNIXOOOooooooood
0000000000000 o00o0oo0oo0oo0ooDoooooo0ooDooooooooooon
(SOCK.STREAM) D0OUOOUUOOOOOO (SOCK.DGRAM)O 200000000000 0O0OO0OOO
0 make-socket-address 10 000 0000000000000 DOOO0DOODOOODOOODOmake-socket-
address [0 Osocket-address 1000000000 0OUNIXOOOODDODOOOOODOO UNIXOOOO
0000000000000 oDo0ood0o0oDo0oDo0Do0o0ooooooooooooooon
0000000000000 00000000D000O000 /ete/services0OODOOOODOO Oservice O
OO00000000 symbolOOOO0DOOOD DO O unix:getservbyname 0 00 symbol 0 00O 0O service O
0000000000000 0000o0ooD1024000000000000reot00000000ODOODO
000000000000 000010240000000000000000O0000DOOOODOOOOODOAO
ooo

gboboooboboooboobooboooboobooooboobooobOOoo0oooboobooooooboooooon
goboboooboboooboooooboobooooobooboooobOooboboobobOoobOoboobDOoon
(service access point) 0000000000000 Omake-socket-port 00 0000000000000
O0Osocket-port 000D O0ODOOOOOOODOOODOOOOODODOONODOUOmake-server-socket-stream
OOO0O000o0ooooooDoOOOOO000000ooooboooDDDOOUdmake-server-socket-stream
goooooooooobooboobooobooboooboooooooboooobboooDbooDobobooDo
OO00000D0000000D0OO00O0 make-client-socket-stream 00 000000000000 O00O0O
goooo

;55 an example of IPC through a socket stream:

;33 server side

(setq saddr (make-socket-address :domain af_inet :host "etlic2" :port 2000))
(setq sport (make-socket-port saddr))

(setq sstream (make-server-socket-stream sport))

;33 client side

(setq caddr (make-socket-address :domain af_inet :host "etlic2" :port 2000))

(setq cstream (make-client-socket-stream caddr))

0000000000000 oDooooooooDo0ooDooooooooooD1ooooooood
000000000 multiple connection serviced D0 000000000000 0ODOOOOODODODOOOO
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open-server 1000000000000 000O0DOO0O0000O0O0DDODOOOOOOO0O0OOO open-
server 0000000000000 O00OODO (service access point) 0000000000 O0OOOOOO
open-server 1 1000000000000 00O0O0O0O0O0O0O0COOOO EwlispO0O0O0O00O0O0O0OCOO
ooO0ooooO0O00 o0ooooOo0O0o0oooOooOo0O0ooObOO0O00boOO0O000B00000 open-server
20000000o0ooOoOooOoOoOooooooOooOoOoOoOoOoObOOOOOOOOOOOOOOOOOOOOO
gosoooooooooooboooooooooooooboOooooooooooOoooooooooOoga
ooo

;3 server side
(defun server-func (s)
(case (read s) ... ;do appropriate jobs according to inputs
(open-server 3000 #’server-func)
. do other jobs in parallel
;; client-1 through client-N
(setq s (connect-server "etlmmd" 3000))
(format s "..." ...) (finish-output s) ;issue a command to the server

(read s) ;receive response

gboooooobobooobooboooobOo obobooooooboobobO ooobooboobooooa
gbooooooboobooooboooboooooooboobobobooboobobobobobOoboOobOooooon
o0 bobooooooooboobOoboboobobooboUooboobDUobOobOoDoboDobooboDoboooDoo
gboboobooooobooboooooboobooboboobooboooooboooboooooboooboooon
ooooo

O00000000000000000000000000000DO0 00 unix:sendto 0 unix:recvirom [0
oooooooog

;33 receiver side
(setq saddr (make-socket-address :domain af_inet :host "etlic2" :port 2001))
(setq sock  (make-dgram-socket saddr))
(unix:recvfrom sock)
;33 client side
(setq caddr (make-socket-address :domain af_inet :host "etlic2" :port 2001))
(setq sock (unix:socket (send caddr :domain) 2 0))
(unix:sendto sock caddr "this is a message")
;3; how to use echo service which is registered in /etc/services.
(setq caddr (make-socket-address :domain af_inet :host "etlic2"
:port (car (unix:getservbyname "echo"))))
(setq echosock (unix:socket (send caddr :domain) 2 0))
(unix:sendto echosock caddr "this is a message")

(unix:recvfrom echosock) --> "this is a messge"

make-socket-address &key domain pathname host port proto service [00O)
odoooDooooooooooooog

make-socket-port sockaddr [00O)
oobooobooooboobooooobbooooboobbooooboooboooboooobooobooon
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make-server-socket-stream sockport &optional (size 100) [OO]
oboobooooboboooooboooobobooobooono

make-client-socket-stream sockaddr &optional (timeout 5) (size 512) [00O)
gbogbuooboobuobobuoobobbobooooo

open-server port remote-func [00O)]
gobooboobooboobooobo pert0b0O00OO0OO00OO0ODOOODOOODOOOOOOOOOOOOOn
oboboooooobOoboboboooooooooboobobooooooooooobooboooon
OO0O00D0O0O0oO0oDoOodOremote-func00000000DODOOOODOOOOODOOOO

connect-server host port [OO]
make-socket-address [0 make-client-socket-stream 0000 0000000000000 0O0OO0O
hostd port 0000000000000 DODODOOODOODODOODOODODOODOOOOOO
00000000000 ooU0oooDo0ooooobDoooooooooooooon

9.5 0OUOOoon

select-stream stream-list timeout [00O)]
streem-list 0 00 00000000000D0000C0O000000000D0DDO0O0O0OOtmeouwt0DO0O
0000000000000 0O000O000DONILOOOOselect-streaemO000000000O
ggodogoobobootodoooooooooobbooboboooooobobbobobobog
U0000tmeowt DO D DO0O0D0OO0DO0O0O0OO0D0OODO0O0DOO00O0OO0ODOO0O0OO témeout
000000000 00D0O0000D0O0000DO0O0000D00 select-streaeam 00000000
O0tmeout 0000000000000 00O0ODDOOCOODODOOOOSselect-stream 0000 NIL
good

def-async stream function [0OO]
streem0000000COCOCOO0O0O0O0O0OO functionODDODDDOOstreem DO0O000O0OOCOCOODODO
gooobobooboooboobobobobuooboboob bbb bbobboobo
Oo0O0O0O0O0O0O0O0O0O0ODODODODOOODOOOOOO functionODDODODDODOODODOOODODOOOSIGIO
0000000000000 00000000000000000000000000 functionO OO
0000000000 streen 0000000000000 OQOODOO SIGIOOODOOODOO stream O
000 wix:fnctl 0000000
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9.6 00U

gooooosSOoodooOodobOo0o0oooDdobooOdoboOoooOooooooooooooooog
00000000000000000000000000000000 host:device/directoryl/.../directory-
n/name.type.versiond Euslisp 0 O UNIX O OO OOOO0O0OO0O0O0O0D0OO0OO0O0O0OO0OO0O0OO0OOOOOOO
O0Opathname 000 0000000000000 00OO0DOOOO0OO0OOODOOOOOOOOOOOO
OO00O0#P00000000000DOO0OO0ODOO

pathnamep name [00O)
OO0 neme000O00000OO0O0TOOOO

pathname name [OO]
ngme 10 0000000000000000COO0OO0O0O0O000000O0O0O0O0O0O00000 name
0000”/7000000000000000000 namestring0000000

pathname-directory path [00O)
path0 000000000000 O0OOOY/’0000000:ROOTOOOOOOOpathO0ODOOOO
gooooooood

pathname-name path [OO]
path 00000000 O0DOOOCDpethODOO0O0ODOOCOOODODODOOOO

pathname-type path [OO]
pathDO0O0D0O000O0O0O0O0O0DOO0OOpeth0D0OO0D0OO0OOO0DOOODOOO

make-pathname &key host device directory name type version defaults [0O]
directiory,name 0 type 00 0000000000 UNIXOODOOODOOOODOOODOODOODOO

merge-pathnames name &optional (defaults *default-pathname-defaults™) [OO]

namestring path [OO]
path 0000000000

parse-namestring name [OO]

truename path [00O)
path00000000DOO00OOODOOODOOOODOODOOO
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9.7 UDLOOO0OOOOOODOODOOD

probe-file path 0O]
path000000000DDODODODOOOOOOOOOOO0

file-size path OO]
path 0000000000000 OCOOOOOOOO

directory-p path [00O)]
path 00000000000 TOODODODOOOOOODOOODpeth OO OODOOODOOODOOODOO
NILOOOO

find-executable file [OO]

file0 0000 UNIXOOODODOOOOOOODODOOQOO find-executable 000 00O path-list 0O
000000000000 UNIXO whichOOOOODOOOOOODOOOOO

file-write-date file [00O)
fileDO0O00OO0O0OOO0ODOOO0ODOOO0ODOOODOO (unix:asctime (unix:localtime (file-write-date
file))) DO0UOOOODOOOO

file-newer new old [OO]
O00OnrewOOO0OD0 od0D0O0O0O00DOOCOOODOOOOODOOOOTOOOO

object-file-p file [OO]
O00fle00000000000O0 magicnumber 100000000000 O0ODOODOOODOOOO
oooToooOo

directory &optional (path 7.”) OO]
pathO0O0O0O0000O0O0DODOOOOOODOO

dir &optional (dir ”.”) [00O]
dir0OO0O0D0O0000O00O0OO0DODODODOOOOODOOODOOO0
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10 OO

10.1 DOd4dd

00000000 (signal) 000000000000 OO0OO0OOOOOOOOOOOO *error-handler*®
O *signal-handler* 00 0000000000000 0000O00000OO0O0O0OOOOOOO0ODOOOOO
O00OO0Oreset 0000000000000 throw O0OO00O0OO0O0OD0OO0O0OODOOOOEuwslispOOO0O0O
000 o0D000O00O0 catch frame0 00000000 Oreset 00O (throw O NIL) DDOOOOODO

0000000000 code msgl form Eoptional (msg2) 000 300000 4000000000000
0000000000000 cde0 0000000000000 0ODOOOO0O0ODOOOOOO0O0O0O14070
0000000’'0130’'00000000000’00000000000O”¢/eus.h”0000000O00O0O0O
msgl 0 msg20 0 0000000000000 0000O0fermO0000000O00O00OO sOODOOOO

O000000000O0sig0 code0 2000000000000000000000000000sig0ODO
100 300000000000000cde000000DODO0O0OODO0OOODOOOODOO

00000000 D(end-of-file) DOEuslisp 0000000000 0O0O0Ewlisp000O0O0O0O00OOO
obooooobooooobooog

eval-dynamic 0 Olet 0 lambda 00O O0O0O0O0O0O symbolOOOOOOOOOOOOOOOOOOO
gbooobooboobooo

identity obj [0O]
obj000000idnetity 0 quote 1000000000 ODOIdentity 00000000000 quote
000000 (special form) 0000000000 (identity ’abc) O abc 000000 OO (quote
’abc) == (quote (quote abc)) O’abc0 0000 0Oidentity UOOOOODODOODODO :keyOOOO
gooooOooooOoOoOoOoOoOoOoOoOoOoOO

eval form &optional environment [00O)
formO00000000O00O0O0ODOOO*evalhook*O formO environment 00000000000
O00O0hook00OOOOOOOOOOOOOOOOOOO

apply func Erest args [OO]
argsd funcO000000 funcO000O00O symbol O lambda OO0 closure 00O O0O0O0O0ODOOOOO
00000 (special form) 00000000 args0000000000 args00000000OOOODO
0000000000000000000000000egs0000NILOODOOOOOapplydO
000 funcal 0000000 0OOOapply D funcall 00 10000000CO00O0O0OODOOCO
(apply #’max 2 5 3 ’(8 2)) --> 8.

funcall func &rest args (0o
argsO funcO000000args0000func0000000OCO0O00ODODO0OOODOOOODOODOOOO

quote obj [OO]
obj D0 O0DODODOOO

function func [00O)
closure 00 00OD00O0Q0OO funcO symbol OO OOOODOOOOODOODOOO

evalhook hookfunc form Eoptional env [00O)
hookfun 0 *evalhook*0 U 000000 formO00000000O0

eval-dynamic variable [00O)
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0000000 wariable(symbol) 0000 OO

macroexpand form [0O]

OO00formO000 calDODO0ODO0OO00ODOOO0ODOOCO0ODDOO0ODODOO0OOOO0ODO callODDO
0000000000 cdlOOOODOOOODOOOOODOOOO

eval-when situation &rest forms [00O)]
situation O compile, load, eval DO OO0O0OOOfrmO000000O0O0O0 situationO0 000
000000000 DO0eval-whenOOOOOODOODOOODDODOODOOODODOODOOODODOOOOO
O00compile 00000000 0OOformO00000000O0OODOODOOODOOODOOOOOOON
00000000000 DOoo0DO00bDd0Odefmacro0 0000000000 callOOODOOODOO
000000000000 000000000O1oad 0 situation00 00000000 O0OONO form
OlbadO0O load 0000000000000 O0OO0O0O0OO0OO0OO0OOOlcad000O0OO0OO0OOOOO
0000000000000 000o00o0doo0oDo0ooDOd0lead000DOODOODOODOO

0000000000000 0Oevald situationDOO0O0000D00OOOOO0O0O0OformO000000
OO0 lbad0O0O00D0OO0OODOODO

the type form 0O]
form O type OO0 0000 OO type OO :integer, :fixnum, :float 00000000 O0O0OOOO
ooooogooo

declare &rest declarations [00O)

0000 declaration000O0000D00OC0O0O00O0DO symbolOOOOOO0OODDOODOOOOOOO
gooobooboooooboboobooogooboo

special D OO0 O0O0O0O00O0OO

typeOOOO0ODOOOOO; (type integer count); DO OOOODODO integer, rinteger, fiznum, :float
O flat0 00000000 DODOO0OODOOOOOODOOOOODtypeC00O0OOOOOOO
00000000 (integer count) 00000 0OOOOO float-vector,integer-vector 1 0 0 0 0 0 O
0000000000000 (type float-vector vecl) DOODO type OO OODOOOOODOOO

ftype 00 O00OOOOODOODOOO

optimize 0 0 0 0O 0 O *optimize*0 0O 0000 (0-3) 000000
safety 000000 *safety* 0 D OO0 OO (0-3) 000000
space 000000 *space* 0000000 (0-3) 000000
inline 000000

not-inline 000000

proclaim proclamation [OO]
ooooooooOOO0O0OO0OO0OO0OO0OO0OO0O0O0O00000000000O0declare0100000000O0O
oooOOO0OO0OO0OO0OO0OO0OO0D0OOODOproclaimO001000000000000O0O0O0O0O0OOOO

warn format-string €rest args [00O)

format-string0 args 000000000000 QOO *error-output*J 00000

error format-string Erest args [00O)
*error-handler* 0 0000000000000 DO00O0D0O00O0OO000O0OODOOOOOOOO0OO eu-
serror’ 0 *error-output*0 0 00000 format-stringd args0 format 0000000000000
O00000000000000D (session) 0000000000000 O0O0ODOOOOOOOOO
throw 0000000000 0OODOODO0ODOOO0DODOODOOOOOODOOODOOODOO
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J000000 Ewlisp0 0000000000000 O0OOOOOOOO *error-handler*0 00000
000000000000 D00000000D000D00D000D000 Euslisp O install-error-handler [0 O
O00000o00oooo0oooo0oooo00ooo0ooooooooooooooOooooogog

lisp::install-error-handler handler [OO]
handler 0000000000000 00000O0O0O0O0O0O0O0O0O000O
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10.2 0OOO0O0OoOO0Od

EuwsLisp 00 0000000000000 00D0O0O0O00O (loop) O0eustop 00D OD0OO0O0OOOO
euwslispO00000000D0Oeustop0 000000000000 . eusrc"0000000D0DO0ODOO EUSRC
OO0000DO0O00O0O00DO0O0DO00DOO00DO0O0CeuslispO00O0O0OO0OOOOODOOOODODOO
0000000000000 0000Oeustop0 00000000000 (session) 01000

*standard-input*0 00000 TTYOOOOOOOO O eustop O O *prompt-string*0 0 0 0 0 0 O
O0'"eus$"0 0D OJODOO0O0O0O00D0O0O0O0O0O0000O0000000OOCO*erminal-io*O00OO0OO0O0O0O
0000000000000 0DO00D0000D0DO00D0DOOeval00O0OO lisp0OO00OO0DOOODOO0O
O0000O0DOdOsymbol0ODOOO0OOODOODOOOODOODOOOODOODODOOODOODODOOOO
0000000000000 0000000000 (special value) 00000000000 DO0OOO0OOOO
OO0 symbol D00 ODD0OO0D0OO0ODOOODOOO0OODO UNIXOOOOOOOOsh(Bourn’sshel)DOOOOO
O00shOOO0ODO0 UNIXOOODOOOODODOOO”command unrecognized’0 00000000 OCOODO0O
O0000D0Oeustopd lispO0 0000000000 UNIXOOOOOODOODODOOOOOOOD UNIXOO
0000000000000 00000000’,0000000000000000 (interpretive execution)
0000000000000 0O00000000000O00Ewlisp0000000O00O0O (lexical scope) O
00DO00D000D0DOO00DOO00O0O0 specil 00 O0O00DOOOD0OO0OODDOODOOODOOOODOOODOOO
goood

0000000000000 00*history* 0 0O0O0D0O0O0000OeshOOOODDOOONOO0OO0OO0OOOO
O00000000O0O00000000000esh00O00O0ODOOOMIOO0O0COODOONMO0O0ODO0O0OODO
gbbo0obOoobooooooobobooboboobbooboboobboUdemacsOO0000O0O0O0O0OOOOOOOO
ooooo

O0-D (EOF)0 Ewlisp0 0000000000 (00O esh)D0O00DOOO0OOODOOOOOOOOOO
OO00000000 exitOOOODOOOO

eustop O OSIGINT O SIGPIPEOODOOOOO0OOOOOO0OODOOOOOOOODODOOOO catch
O000O00OO00OOSIGTERMO SIGQUITOOOOOOOOD Ewlisp00000O0O00O0OCCOOOOOO
OO00000000 catchOOOOO0ODuwnixssignal 000000000000 COO0OOCOOOOOOO
ooooo

- [O0O]
goooo

+ [00O)
goooo

++ [00O)
gooooo

4+ oo]
gooooo

* [OO]
goooo

k% [DD]
gooooo

skkk [DD]

gooood
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*prompt-string* [00O)
eustopU 0 O0O0O0O0O0OODOOOO

*program-name* [ODO]
00 EuslispO0O0O00D0O0O0D0OOOODO eus,eusx,eusxviewO0O000O00O0O euslispdOO

eustop Hrest argu [00O)]
ooooboooooao

eussig sig code [00O)]
SIGPIPEOOOO000O0O0O0O0O0OD0O00OOOeussighOSIGPIPEODOOODOOOOOOOODOOOO
obooobOoboobooboooonod

sigint-handler sig code [00O)
SIGINT(control-C) 0000000 O0OO0OOU0OOUOOUOOUOOOODOOOOOOOOOUOOOODO

euserror code message Erest arg [00O)
U000b00obOoobobbodOmessaqged 0000000 O0ODOOODOOODOODOO

reset [OO]
U000b00bOobobOobbOnb ewstopd 00000000

exit &optional termination-code [OO]
Euwlisp0 0000000000000 D00O0O00DO0 termination-code (0..255) 0000

*top-selector* [OO]
000000000000 0000000D000000 port-selector 0000000

*history*0 OO O OOO0OODO0O0OO0OO0OODO0O0O0OO0OO0ODOOO0ODOOOOOO

! &optional (seq 0) [00O)]
000 seqqDO0O0O0OOOOOODODOOOsgqO0 OODOOOOOOOOODOODOOOOOOOOOOOO
seqq0O00000O0COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO0O0O0O0
0000000000000000000000000000000control-H (backspace) O control-B
000000 dcontrol-F O contro-k KOO OOODOOcontrollADDOODOODOODOOOD control-L OO
O00000000control-COO0O0D0O0O00O0O0ODOODO DO control-M (carriage-return) O control-J
(line-feed) DO OD0OODOOO0OO0DO0O0OO0DO0OOODOOOseqq000O0O0O symbolOOOOODO
oooooOooOoOOODODOODOOOOOOOOOsymbolO0O0O0O0O0OOOCOOCOOOOOODODO

new-history depth [OO]
depth 000000000 *history*D DO OOOOdepth 00O OOOO00O0OOO *history*O OO0
gooooooooobooooa
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10.3 0OO0O0OO0O

Euwslisp 0000000 LispO0 000000000 OC0OO00ODODOOOODOOOODOOOSBO0300000
goooooboooobobooooboboooooboboboooobooo

euscomp 000000 O00D00OO0O0O0DOODOOOOODOOODOODOOODOOOO0OOOOObDO0ODbOn
gboooboobooooboooooao

compile-function 001 0000000000000 Ocompile-file 00000000000 0O0OOO0O
O0O00OOUOcompile-file 000000000000 O0OOO0ODOODOOOOODOODOOOOOODODOOOO
OO0 EwlispO0000D00O0O00DODOQCOOdefparameter 0 symbol 000000000 ODOQO defund
000000000000 oo0oooodoo0oo0o0oooooooo0ooooooooooon
O0compile00O00O0O evallwhen OO OOOOOeuscomp 000000 ODOODOODOODOOOODOOO
goooooo

euscomp  UNIXOODOODOOOOOD easO000000O0O0OODOO0O0O0ODOOOOOODODOOODOOO
doo0O0-O000D0 COD0DDOoDnDOooDOonD-01,-02,-0300000 EwslispOO0dOoOOOdoOd
OO0000000DO00000 (eptimize 1 or 2 or 3) JOODOOOOODODOOODO-S0,-S1,-S2,-S300
compiler:*safety*0 0,1,230 0000000 *safety*0 2000000000000000000000O0O
000000000000 00000000000000000000000000000 0 *safety*d 00
dooooooooooooooooo-voooooooooooooooooooooooo-cOoooag
cc0000 forkOODOO-DO0*eatures* 0 00 0000000000000 0000000O0O#-0#+ 0O
Jooooboobboooooooobboooooooooo

000000'xxx 1’00000 Ewlisp000000O0OOOO COOODOOODOOxxx.c? OOODOO
O000’xx.h’00000000000CO0O000000000xxx.0"00000000000007xxx.c”
O’xxx.h”’O0OOO00O0O00000000000O0000O00o0oo0oooooooooooooood
O000OD00O0OUNIXODOO ecO0’xxx.c’O0000O0OO0OOOOOOOODOOODOOODOODODOODOOO
O00'(load "xxx")’'0000 EuwslispOOOOOOOO

000000000000 eush’O0000000D0DOCO0O00O0ODOCODO0OOOx*eusdirx/c00000O
Uo0o00boobobio0bO0D*eusdirx0 JEUSDIRO OO 0000000000000 O00OO0OOO
00 /usr/local/eus/0 00000000000 OO0OOOOOO

goooopoUoOooopooOoUo ccooUoUooooUUooQoUOUOoOooOOoOooOooOoooooOooooo
1,161 00 lisp00000O”]/common.”0 08,194 0 0 ”1/common.c”’0 544 0 O ”1/common.h”0 0000
colo000 lispO0000D0OOCOO0OODOOOOOOODOOOO000000 cOOoOoDooOod
00000000000 00oUo0 (D0)00D00Do0O00D0O000D0D000O0D000D0O00O0OD00DOO0OO0
000000000000 0000000O0O00oU0oOooOO/var/tmpO0O00OO00DOO0ODOOOOOOOOO
gdoDdooooboogoboooccoooooooTveDIROOO0OOO0ODODOOODOOOOOODOOOOODOO
goooboboobood

obobo0oooob0obo0oobDobUobb0bbdbessObobboooboobobobooboD o
gooooQoOoOopoQoOoOOO0O00O0O00O0O0OOOOUOUOUOUOOLOOOODOUD ADBOxIPODOODOODO
OAOBOODOUOOOOOODDOOOOD > I’0D000C0OO0O0.0’0000000O0 BOOODOOOOO
A0O0O0O0O0OO0OOOOO0O0O0O0OBOOO gD O ODOOOOOO0DO0 BOOODODODODDOOODOOOOOO
oooO0O0O0000 A00O0O0000O00000 BOOOOOOOO ADOOQOQOQOOoOOoOoOOooOADOO
Oo00o0oo0o0oooooBOooooooOoOooCoAdOOO BOOOOOOOoOooooooooOOooOO
goOoOoOoOCOCOOCOCOOOCOCOOOUDACOOOOOOOOUOOOOO o’ 0000000000 ADDODO
o000 BOOOOODOOOODOODO

000000ooooo0o00ooooooo0oonn defund defmethodDOOOOO0O00O0ODOOCO
gbooooooboooboooobooboooobooboobooboobooooooobooooboooon
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O00000oooooooooo0oooooooooooo000oooooooooooooooooo0gg
OO00O0O0O0O0O0O0OO0ODODODODODODODOOO0O0O000000000000000004d basename0 00000
O000000000ooO b ’0000000000O0O0O0O0O0O0O0O7b.’ 00000000007 ib(...)7
0000000 oooooooooooooooograb.oc’000O”ab’0 00000000000 0O0O0O0
000 UnixO7cc’0”1d”0000000000DO0CO0ODODOOODOOCOOOOODOOOODOOOODOOO
0000000000000 o0o0gooo cooooooooooonon”int”, ?struct”, ”union”, "register”,
Pextern’0 00 07c/eus.h’0 0000000000000 O0O0OOOOOO”pointer”, ”cons”, ”makeint” [
0000000000000 00oooooo00ooooo00Uoooo00UooDooooooDooooOg
0000000000000 0DooOd0eentry0D0000O0OODOOOO

closure 0000000 OOOOclosure 0 00 return-from 0 0 0 0 0 unwind-protect O O O clean-up
OO00oo0ooooooooooooooooooon

disassemble 00 000000000000 O0O0ODOOOO0ODOOOODODOOODOOOODO COOOOOOO
OO00000 adbOOOODOO

euscomp &rest filename (UNIXOOOO]
EwlispO0O0OO0OO0OCODOOO

compile-file [OO]
srcfile &key (verbose nil)
(optimize 2);(opiptiinazéoh) lésalety 1)
(pic t) ; position independent code
(cc t) ; run ¢ compiler

(entry (pathname-name file))

O0000O0OoOooooo”rg sefle0D0000O0O00OOO0OODO0O:werbosed TOOOODODO
go0d0ooOOoOooOoooOdbooOOoboO0dbOo0ooO0obOOoooobooOOoboOoboooboOoooOoon
roptimize, :c-optimize O :safety 000 0000000000000 0000OOCOOO0DO EuslispO0O0O
oooobOOobOooboobobooOodpie00TOODOOODOODOO

compile funcname [OO]
Oo000000000O0compile00000000000O0O0O0O0OO0O0O0OOOOOCOOOOOOO
OO0compile-file 00 0000000000000 O0load00000000O0C0O0O0OO0CODOOOO
ooooooo

compile-file-if-src-newer srcfile Ekey compiler-options [00O)
srefile00 0000000000000 O0OO0OOOOOOOOOOOOO0OO0O0O0O0O0O0O0O0O00O0O0O
doo00ooooooooorodonoooooooonoooood

compiler:*optimize* [OO]
gogoobbboooooboboboobod

compiler:*verbose* [OO]
non-NILOODOOOOOOOOOOODOOODOOOOOOOO0ODOO0OO0DO000O00O00bO00o00o0On
googod

compiler:*safety* [00O]

gboogboooboboo
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10.4 0OO0OO0OO0OOOOO

load [00O)

fname Ekey (verbose *load-verbose*)

(package *package®)

(entry (pathname-name fname))

(symbol-input nil)

(symbol-output ””)

(print nil)

(ld-option ””)

loadd 0O0ODOODOOOOOCOCOOODOODOOOODOODODOOOOOD EwslispOOOoOooOonOonO
000000000 fMmeme 000000 OCODODDDOO0OOOOOEwslisp00000O00O0O0DDOO
0000000000000 0000D00Omagic number 100000000000 DOOO0O0OO
0o0oooooooooooooooon’y 0000000 DODODDOD0D0DO0O0ODOoO0OOoODOoDOooOoOoo
gobooooooooooboooboboo’rooocooboobDOobOoO0obOobDoobDboOoboDOo
000000000 000o0oUooooO0”/’000000000000000000O0]lead OO
00000 0O=x*xloead-pathx0 0 000D 0OOOOOODOODOOOOO0ODLODODODODOODLDODO
*load-path* ("/user/eus/" "/usr/lisp/") D000 frame0 00 "11ib/math" 000000000
load O "/user/eus/1lib/math.o", "/usr/lisp/llib/math.o", "/user/eus/llib/math.1l","/usr/lisp/1:
ooooboobbooobooboobooboobobbooooooo

entry0 0000000000 DODOOO0OOOO0O0O0O0O0O0O00000000000O00O:entry " myfunc"
00000 myfunc OO0 OO0OO0OO0OO0OOD0OOD0O0DOO0D0OOOOOODO0DO0DO0ODM30O0O0OO0
O0000D0O000000D0000000 basenameJO00D00D0OO00O00O0ODODO :ld-option OO
O00O0000ooOoOOOo0O0oooDObDO0OO0Osuncore 10000000000 OOODODODO
0000000 :ld-option 0O "-lsuncore -lsunwindow -lpixrect -lm -lc" 000000 OOOO
Solaris 00O O00OOOOO00OOOOOO0O0ODODOOCOOO O 2000000000DOCOCOOOOO
oooo20000000000000000DO0OO0OO

:symbol-input O :symbol-output 00 00000000000 ODOOODOOOODOODOOODOOOOO
00000000ooO000ooO0o0ooO00 200000000000000000ABOOOODODOO
0000000000, BO AOOOOODOOCOO0O symbolOODOOOOOOODODO :symbol-output
='a.out"J 000000000 ADOODOOOOODDOODODODOOOOD symbolOOOOa.out
O000000o0o0o0o0oo0 BOOOOOODDOOOBOD ADDOOOOOOO :symbol-input =
"acout"ODOOOOODOOOOODO

Solaris2 OSOO0OO0OO0O000OOOOO00DOOOOO0O0ODOOOOOODOOOO dlependO0D00ODOOO
OO0000D0O0O0Odlepen 00000000000 ODODOOOOODODOOOOOOOODODOOOOO
OO00000O0O0000D0O000007-Kpic’OOOOO0OO0OD0O0OO0O0000DOdlepen00000O0D0O 20
OO0000O0o000OO00OoDoO0o0OoDoo0o0oDo0o0OoDoOoOOoDOdlcdese0DOO0OODODO

load-files &rest files [O0O]
:verbose 0 TOOOOOfilesOOOOOODOOOODO

*modules* OO]
O00o0o0ooooooooooobooooooooooano

provide module-name Erest version-info [OO]

module-name 0 wversion-infod cons 0000000000000 D0OODODODOODO *modules*
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00000 module-name 0 symbol 000 0000000000000 require00000000O0O
ooooob0ooooOo0oooooOooooo0oooboooOoooon

require module-name &rest load-arg [00O)
*modules*[] 00O module-name 0000000000 OO module-name O load-arg 0 00000000
0000000000000 000O0provideO require 0000000000000 O0OO0OOOO
00000 2200000000000D00000D010D000000O0DO”A’0 20000000007B”
0’Cc’oodoooo”’prg’Cc’dodoodoooo’A’0000DnDOoooDOooDoooooooooo
O000provide 00O OO00O0O0OO0OO0DOA’O00000O0O0OO0O0DOODOO0OODODOOOODOO
00000 require 000000 O”B’O7C’O00 providedOOOOOO0O (require "A" "a.o")
O00000000’B’00000000O=*modules*x0 0 07A”000000000%a.0"000000
xmodules*] "A”’0”B’00000000000D0DOODOOOOOC’ODODODODOOOOOO”A’000OO
O0000D0000”C’O*modulesx0 00000000000

system:binload [0O]
opath gpath Eoptional (entry (pathname-name opath))
(symfile ” /usr/local /bin/eus”)
(symout "a.out”)
(Idopt 77)
ggoobobobbooooobobooboobog

system::txtload fname [0O]
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10.5 OOO0oOonO

describe obj &optional (stream *standard-output™) [00O]
describe 00000000 slot 00 O00OO0OO0DOOONO

describe-list list &optional (stream *standard-output™®) [0O]
Lhst0O00OO0O000D00O0O describeO0O00OO00O0O

inspect obj [0ooj
inspect 0 describe 000000000000 OC0O00ODODOOOslet00000CO0O0ODOOOOOO
O0000Oslet000000000O0O000O0O0O00O0Oslot00000O000O0’7000000000
ooooooooooogo

more &rest forms [00O)
*standard-output*J U0 0000000000000 O forms00000000000O00O00O0O0O
000 UNIX O’'more’ 00 00000 *standard-output*0 0 0 0 0 Omore 0 describe 00 000
gooooooooboooooobouoooooog

break &optional (prompt ”:: ”) [00O]
break 000D 0000000000000 DO0OODODOODOODOODOODOOOOY, 0000000
O0000D00OD0O00000O00O0O0Obreak00000OOOOOcontrol-DOOODOOO

help topic OO]
help OO topic 0000000000000 OtepicO0 000000 symbolOOODOODOO KCLODO
0000000000000 000nD Ewlispd 000000000 DOOOODOOOOOO

apropos strng Eoptional pack [00O)
apropos U 0000000 0O0OOODOO0DDOOO0O0ODOO0ODODDODOO0ODOOOOODOOOODODDOOOO
OO000O0Osymbollname 0000000000 strng0 000000 symbolOOOODO DO pack D
goooooooooboooooobooooooooooao

apropos-list strng &optional pack [00O]
apropos 10000 0O0OODOO0OOOOOOOOOODODOOOOOO

constants &optional (string ””) (pkg *package™) (0O
pkg00D0O0000O0O00ODO string0 00 symbolOOOODOOOOODOODO

variables &optional (string ””) (pkg *package*) [0O]
pkg0 000000000 OD0ODOOODOO string0 00 symbolDODOOOOODOODOOO

functions &optional (string ””) (pkg *package*) [0O]
pkg0 0000000 0DODOODODO string0 00 symbolOOOODOODOOOOODO

btrace &optional (depth 10) (00O
depth0O00000O00DOOOOODODO

step-hook form env [OO]

step form [OO]
stepU trace U0 D000 UO0O0O0O0OOOO0OODOOOOOO0O0O0OODODOO
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trace &rest functions [OO]
functionsDOOOO0O0O0O00DOfunctions000000000000000000O00O00C00C0O0O0OO

untrace &rest functions [OO]
oooooooooo

timing count &rest forms [0o0]
formsO countOO 00O forms0 10000000000 0ODOO0OOO

time function [0oo)]
function0O0O0O0O0O0O0O0D0O00O0O0COOOO

sys:list-all-catchers [OO]
0000 catchOOOO000O

sys:list-all-instances aclass &optional scan-sub [00O)]
O0O000000D000 aclass000D00D00O0O0O0ODO0ODOO0OO0ODO0ODODOODOOQO scan-subO
NILOOOaclassOOOOOOOODOOODOOODOOOODOOOOGcleassDOODODOOODOOO
ooooboooboooa

sys:list-all-bindings [OO]
ooooboooobooboooooboooooobooboooobooobooa

sys:list-all-special-bindings [00O)
0o0oooboobooooooooboooooon
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106 OUOOoOoOooOoOOd

EuwsLispO0OOODOOOOO0ODOOOOO0OODOOOOODOOOOODOOOOODOODOOOODODOO
ooob00oooobOob0booooDoob0b0bob0o0b0obo0ob00b0bO0Ob0000*print-circlexld
xprint-objectx TOOOOOOOOODOOOOOOOOOODODOOODOOOOOOOOD TOOODOO
ocoooooooooobooooooooooboooooooOoo0ooooObO0oooDbOOoooooOoOoOoo 3bOod
oboocooobooooooboon

dump-object file &rest objects 0O]

dump-structure file &rest objects [OO]
O000000O0D00O0OO0OOO0OO fileO objectsODOOODOODO

dump-loadable-structure file &rest symbols [0O]
symbol 000000000 DOOOODODO fileODODDODOODOODOO fileDO0O0O0ODOOOODDOOOOO
obooooobooog

(setq a (make-cube 1 2 3))

;; sample for dump-object
(dump-object "a-cube.l" a)
(with-open-file
(f "a-cube.l" :direction :input)
(setq a (read £)))
(print a)

;; sample for dump-structure
(dump-structure "a-cube.l" a)
(with-open-file
(f "a-cube.l" :direction :input)
(setq a (read £)))
(print a)

;; sample for dump-loadable-structure
(dump-loadable-structure "a-cube.l" a)
(load "a-cube.l")

(print a)

10.7 OOoOoOoboobOoOood
00000 OOO0O0OO0O0O000Selaris 10000000000 OOCODOOCOOOOSolaris20 Euslisp OO
OO000DO0O0CO000DODCSolaris 00000000 DO0OCOO0OO0DODO0O0O0O0 sbrkO0O0O0O0DDODOOO

gbooobooogao

sys:save path Eoptional (symbol-file 77) starter [00O)
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save 10000 EuwslispO OO0 OOOOO0O0O00O0DOODOOOOOOODOOOOO UNIXOOOOOO
00000 ooooobooooD sterter D00 000O0O0OO0ODODODOODODOODOOODODOOODOO
0000000000000 DO000D0000000 Euwslispd000O00O0O0DOODOODOODOOOO
O sterter 0000000000000 O0O0OOOOOODO *standard-input*0 *standard-output*
gobooobooobuoooboobboooboobboobooubbobbooboobboobo
0000000000000 0mmap0 000000000000 mmap00000000O0OO0
0000000 00DOOO00DOO000DODOoO00o0oOSwmmOd0O000000O000O00O0DOQO host-by-name
0000 NISOODDODOoOoooooooOooDoooooooooooooooooooooooooo
goodooobbobobbobododoooooobobobobbobddoooooooobboboboog
0000000 XwindowOOOOODOOOODOODOODODOODOOOO XserverOODOOODOODOO
goboooooooboooooooodg

10.8 OUOgogoooogoooon

Euslisp0 UNIXOOOOOOOODOOOO*toplevel* 100 000000000000O0OOOOOOOO
U0000000Oeus0O0ODO eustopl eusxU 00 xtopUO0O0Osaved 3000000000000OO
ocooooo0ooooo0oooooOoooooOoooooo

gboobooooooboobooobooobooooobooobooboobooobooobooboooboOooonoag
gooooooooooobooboobooboooobooboooboobooobOooooobUobobooDOooo
boboobobooooboooobob20000b0000b00bOb0O0ooOoOoboOoon

(defun pprint-copy (infile outfile)
(with-open-file (in infile)
(with-open-file (out outfile :direction :output)
(let ((eof (cons nil nil)) (exp))
(while (not (eq (setq exp (read in nil eof)) eof))
(pprint exp out))))))
(defun pprint-copy-top (&rest argv)
(when (= (length argv) 2)
(pprint-copy (first argv) (second argv))))

000000000 EuwslispO0O00D00O0OOODO (save "ppcopy" "" ’pprint-copy-top) O ppcopy O O
OO0 UNXOODODDOOOODOoOooo

Solaris 0O Euslisp 00 0O00Osave 000000000 O0ODOODOOOOOOOODOOCOODOOOOOO
O00000000000000000000 lib/eusrt. 100000 *toplevel* 000000000000
lib/eusrt. 1000 Euwslisp000000000O0O0D0OCOO0O0DOOOO0ODOO

109 OUOOOoOoO

lisp-implementation-type [00O)
"EusLisp"O DO OO

lisp-implementation-version [00O)
OO0 Ewlisp0000000OO0O00OOODOO0ODOOO0OOOO0ODOODOODOOOOOOQO"MT-EusLisp
7.50 X 1.2 for Solaris Sat Jan 7 11:13:28 1995"
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0110
EusLisp [

11 OOoogad

11.1 0Ooggno

doo0o0O000000000o0oo0oo0o0o0ooDO0DO0DOooooDoDooo0O0nEwslispOOdonod
0000000000000 00oo0ooDO0o0o0o0oDo0odoDO0oOdo0D0Dd0chunkOOdDOO
000000000000 DO00000O00DOO00O00DO0O0DO0DOO0DOO00ODODOo0bOOoO0ooOOooOoooad
OO0000O0O00D0O00OOchunk 00000 symbol, cons, string, float-vector DO OOOODOOOO
0000000000 oD0oO0DO0DO00o0oDOoDoO000o0000 chunkODOODODOODOODOODOchunk OO
0000000000000 000000000000000000000000D0EwsLispO00O0O0OO0O
O0chunkOO0ODOO0OO0O0O0O0OOOD0OO UNIXOODOD chunkOOOOOOODOOOODOOODOODOO
0000000000000 00000000D000000000 system:allocOO0O00O0O0O0O0OOO0O
0000000000000 000000000000000000000000000 25%0000000
O00Osys:*ge-margin*0 00000 0100 090 0000000000000 0OOOOOOOOOOO

0000000000000 000000Omark-and-sweep 0000000000 OOO (GC)OOODOO
gobooooooobooooooooooooboboooboooboooboooobooOooboooboOooonon
OO0000DO0O000000 free-llistsI00D00O0O0OGCODOOOOOOODOOOOOODODOOOOO
0000000000000 0000o0O0o0oooD free00000O0OOO00O0ODODOOODODOOOO
gboobooobOooooboobooboooboooboobooooobooobooooooobOoooboooon
ob0oooOoboobooooobOobobo0oooob0obOob consOO000O0O0O0OO0OO0OO0OOODOOOOOO
0000000000000 DOOO0000000O0Euwslispd consO00000O0O0O0O0OO0ODOOOOO
00000000000000000000000000 Osys:*ge-merge*00000000000000O0
0000000000 03000 0sys:*ge-merge*0 0000000000000 OOOOOO0OOO0OOO
OO000000000cons00D00000DO0ODbuddy-cellD00O00D00O0O00O0O000O0consO0OOOO
gobooboooboobo3goooooboooooooboooooooooooooooooobbooooDooDo

sys;gcUUOOO0OODOOOOO0O0OO0ODOODODOOOODOOOOOOODOO0OOO0ObOObOOOO0bODbOn
gboboobobooooboboooobo 2000000000000

00000004 fatal error: stack overflow”’0 0000000000000 000D0OOOOOOOOOOOO
00000000000 Osys:mewstackO Lisp0 0000000000 O0O0OODOODOOOOsys:newstack
0000000 0O0Oreset 000000000000 O0O0ODO0OODODOOODOOOODOONO unwind-protect O
ooooooo0ooooboooooOoboooooboooooDoooo

gboooboboboobooooboboooboboobooboooboboobooboOooboOoboobooonoa
OO0000D0O0000D016Kword OO OO0 LispO0OO0O0OO0O0OO0OO0O0OOODOODOODODODOOOOODOO
oboobogooboobooboobooboooobo0obooboboboboooboboooboobobobooon
O 0 ”segmentation fault”0 000 0000000000000 0O0OOOO0ODOOO0ODOOOOOO0ODOOO
OO000D00eshOO0DOO 1imit000000000DOO0OO0O00ODOOOO0ODODOOOO0O0O0DODOOO
oood

sys:reclaim [0 sys:reclaim-tree 0 00 0000000000000 OO0OODOOODOOOOOOOOOO
O00000ooooooooooo0oooooo0oooooo00oooo0UooDooooooDooog
oo0oooo0oUo0oopo0ooooo0o0ooo0ooooooooDoooooDoog

memory-report 0 room J 00000 DO0OOOOOOOOOOOODOODODOOODOOOOOOOOOO
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googo

address0 000000000 DOODOOOO0O0OODOOOOOODOOOOOODOOOOOODDOOOOO
gbooobOoboooobobooooobooooboobooooboon

peek poke 0 0000000000000 OOO0OOOOOOOOOODOOOODODOODO :char, :byte,
:short, :long, :integer, :float, :double 00000000 OOOOODOODO(SYS:PEEK (+ 2 (SYS:ADDRESS
’(ab))) :short) J0cons 000000 IDOOOOODOOOOOOODO

list-all’ 0000000000000 0OOCO0ODOOO000OOO00DOOO00ODODOOOOOODOOO0ODO
gbobooboboooooboooobooooog

sys:gc [0O]
googooboooobobooboooobbbdoooubb oo bbb bbuooo
oboooboooboo

sys:*gc-hook* [OO]
oboobooooboobooooboobooooboooooboo

sys:gctime [00O)]
sudoboooodoobooloooodooooooodo2ooggooooooooooooon
00000100000 1/600003000000000000000000000000000O0OO
oood

sys:alloc size [OO]
000000000 swelOOOOODODOOOOOOOOOOOOOOOOOODOO

sys:newstack size [00O)
000000000000 sized000bO0O0bOoOoboboboonoOg

sys:*gc-merge* [00O)
OO0000000000d0*ge-merge*0 JGCUUOODOO0ODOO0ODOOOOOOOOOOODOO
ddddddddddodooobobobD cons 00 0O0O0OD0O0OOOOOOOOOOOOOOOOOOO.3
00000000 0400000000000000D0000000000 40%000000000cons
ooooooboooooobobobbooooobobObboooooDoboObo0oooUoDoboboo

sys:*gc-margin* [00O)
0000000000000 *ge-margin*000000000000000000OCOCOODOOOO
O0000UNIXOOOODOODOooDoOooOoooooooooooooooobooooobobooooo
0250000GCOOO2%000000000000000000000

sys:reclaim object [OO]
00000 object 000000 O0ODOODODOODOODOOODOOODOODOOODOOODODOOODOOO
goooboboboboooooooo

sys:reclaim-tree object [0O]
object DO DOUODODO symbolOODOODOOOOODOODOOOOODOODOO

sys::bktrace num [0O]
LspO0OUODOO0O nemOO0D0O0OO0O0OOODOOOOODOOOOOO

sys:memory-report &optional strm [00O]
dooooooooobooooooobooooon strmooooooooon



11. 000000 84

sys:room output-stream [OO]
ooooboooooooooooooooon

sys:address object [OO]
O0000000000000 object0 0O OOOOODO

sys:peek [vector] address type [00O)]
address0 0000000000000 O0O0DOOO0DOOO0DOOODOOODOQOO typeO O :char, :byte,
:short, :long, :float, :double 00000000000 Owector 00000000 0ODOODO0OODOODO
O00UNIXOOOOOOOOOoOoOoOoOoOoO0O0OSwmm 0000 aouwt000000#x200000000
000 (sys:peek #x2000 :short) U magic number0d O 0 O 0O #0403) 0 0 0O Solaris2 0 O ELF O O
OOO#10000000000 (sys:peek #x10000 :long) O”ELF’O00000O000ODOOO #xff454c46
O00000DOwvector 0000000000000 foreign-string0 00000000 wectordO0O0O
O00000000000000O0 (sys:peek "123456" 2 :short) 00734”7000 00 short word O
000 (#x3334(13108) 00O 0)

Ubdbobobob0obobO0obO00OUshort, integer, long. float, double wordU D OO
00000000000 ”bus ercror’d0 000

sys:poke value [vector] address value-type [00O)
valued address0 000 0000000000000 0OO0OOO00ODODOOOOOOOODODOOOOOO
0000d0000oooooooooOOooODOoODOO000000000000004d04d ”segmentation fault”
OO0O0O00O0Oshort, integer, long. float, double word DO DO OOOOOOOOOOOOO”bus
error’0 00000

sys:list-all-chunks [00O]
0000000000000 chunkOOOOODOOO0OOODOODOODOODOOOOOO

sys:object-size obj [0O]
oy 00 00000OODOOOOO0O0O0O0O0O0OOCOODe0O0OOOOOOOOOOOOOOODODOO
oo00b00o0o30b000ooobooooooloooboooooo2000000000000000
ocooooOOoOO0OO0OO0O0O000000000O0O0O0OCOOOOOOODOOOmM300000000
ooooOooOOO0O0O0O000O0O00000000000000000000000000000symbol
O00000DO0O0D0DOproperty-list OO0 print-name string 0000 symbol DD O OD DO
ocooooooooOOoOOOOOoOoo
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11.2 UNIXOOOOOOO

EusLispO0OUNIXOODOOOOODOODOOODOOOoDOoOOoooooooooooooooooooooooo
O00000000000000000000000OUNIX system interface (2) 00 U 0 O O O *xunix-package*
000000000000 000000O000O00DO0DO0000000DO00DOO00DO00O0O0oOooOOooOOoooad
000000000000 0000000000 Ounix:socket, unix:bind, unix:connect 0O OO OO
0@00oooooopo IpCODO0OO0DOoDOOn

11.2.1 00O

unix:ptimes [0O]
gogogobooooooboboooooboooooob bbb boooUbbbbUuuoo
O5000000000000000000000000 unix:getrusage 00000000

unix:runtime [00O)]
DDDDDDDDDDDDDDDDDDDDDDDDDDDI/6ODDDDD

unix:localtime [00O)]
oooooooodoooooooooogooooobooooooooboooooooooomao
glooooooobooooooooobooeodboooooooooooonooooooooon
cooooOooooobooooooooOoooooOoooon

ex.) unix:localtime => #(10 27 12 8 10 116 2 312 nil (¢¢JST’’ ¢¢JST’’))

unix:asctime tm_intvector [00O]
0000000000000 00D000000000000000 (unix:asctime (unix:localtime))
O000ob0ooOoOo0o0ooooooooooon

11.2.2 0000

unix:getpid [OO]
0000o0ooooo Ib@e00OUioOo)ooOoO

unix:getppid [OO]
oooooboooo Ibogod

unix:getpgrp oo]
ododDOooooooIboooon

unix:setpgrp [OO]
0dooobbooooo Iboooooo

unix:getuid [00O)
goooboooboob iIbobog

unix:geteuid [00O)
obooboobobobobooobo iboooo

unix:getgid [00O)
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ooooboooobobooooIbobooog

unix:getegid [00O)]
oooobooboobooboooboooobo Ibobgoobo

unix:setuid integer OO]
O000o0ooooooooooo Iboooooon

unix:setgid integer [0O]
00od0obo0oboboboboboobooooo Ibobbooooo

unix:fork [0O]
00 Ewlisp0 0000000000 O0DOOODODOODOODO forkODODOO0ODO pidOOO
000000000000 0000000000000003300000000 system:piped-fork [

gooooboo

unix:vfork [OO]
OO0 EuwslispO fork OO00O0O0OO Euwslisp0O0O0OO0OO0OO0OOOOODOOCQCOODOOOOODOOO
ooo

unix:exec path [OO]

Euwlisp000O000DCOOODOOOO

unix:wait [00O)
0booboobobobobooobuooboobo

unix::exit code [00O)
O000D00OOcde000DO0O0OO00ODOOOOOODOODOODOODODOO

sys:*exit-hook* [00O)
obooboobobobobooobooboobon

unix:getpriority which who [00O)
0000000000000 0000000whichOOO(DOODO0)01(COODOOOOO)O20000)
godol1ooooaa

unix:setpriority which who priority [0O]
whichO whoDOOODOOODOOOOODOOODOO prierity000000whichd00,1,2000 1000
O00whoO00OwhichDOOODODOOODOOO (which=00000000000which=1000000
O000000Owhich=20000000ID0O0O0O)0who0 000000000 O0OOOOOOOO
0000000000000 Ewlisp00000000DOODOOODOOO0DOODOOODOOOODODOO
0000000000 000000D0DD (unix:setpriority 0 0 10) 0000000 10000000

unix:getrusage who [OO]
who0OOOODODOOODOOOODOOODOOOODOOODOOODOOODOOODODOOOODODOO
0000000000000 Olisp:rusage0 000000

float ru_utime (sec.) /* user time used */
float ru_stime (sec.) /* system time used */

int ru_maxrss; /* maximum resident set size */
int ru_ixrss; /* currently 0 */
int ru_idrss; /* integral resident set size */
int ru_isrss; /* currently 0 */

int ru_minflt; /* page faults without physical I/0 */
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int ru_majflt; /* page faults with physical I/0 */
int ru_nswap; /* number of swaps */
int ru_inblock; /* block input operations */
int ru_oublock; /* block output operations */
int ru_msgsnd; /* messages sent */
int ru_msgrcv; /* messages received */
int ru_nsignals; /* signals received */
int ru_nvcsw; /* voluntary context switches */
int ru_nivcsw; /* involuntary context switches */
unix:system &optional command [OO]

000000 commandd 00000 commandd OBourn-shell 00 O0O00000O0O0O0O0OOOOOO

unix:getenv env-var [O0O]
env-var QOO0 00000000

unix:putenv env [OO]
0000000000000 eno000000 envd 0 "VARIABLE=value"OOOOOOOOOODOO
ooooooogo

unix:sleep time [OO]
tmed D 0OOD0O0OOO0OOODOO0ODOOODOOO

unix:usleep time OO]
time0 000000000000 0O0O0O0OOO0OO(uOO0O0O0O0O0O00O00O0OO) usleep OO Solaris20
00000 Systemb 000000 OD0OODOOOOODOOO

11.2.3 00000O0O0ODO0O0OO0

unix:uread stream E&optional buffer size [00O)
streem 00 size OO DOO0OO0OOstreem DOOD0DO0O00OO0O0OO0OOOOOOOODOOODOOOO
0 (fd))J0000000000000Wwffer 0000000000000 OOOO0OOODOOOOOO
0000000 streem 000000000000 0DO0OC0ODOCODO0O streamO fdOO00 buffer0000
O000000000uwnixiuread 0000000000000 0000Ounix:uread 000000
oooooooboooooo

unix:write stream string &optional size [00O)
stream O stringd size 0000000000 Osi2e000000000O0strmng0 00000000
godd

unix:fentl stream command argument [OO]

unix:ioctl stream command buffer [OO]

unix:ioctl_ stream commandl command?2 [OO]

unix:ioctl_R stream commandl command?2 buffer &optional size [OO]

unix:ioctl_ W stream commandl command? buffer &optional size [OO]
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unix:ioctl WR. stream commandl command?2 buffer &optional size [0O]

unix:uclose fd [00O]
fA00D00000D00000D0O00O000

unix:dup fd [0O]
fA00000000000C0DO00000O0DOO0ODOODOO

unix:pipe [0O]
ggoobbbtooooobobbbboooooubobon

unix:lseek stream position &optional (whence 0) (0O
streem 0000000000 whence O position0 00000000

unix:link path1 path?2 (00O
hard 0O O OOODO

unix:unlink path [OO]
pathODO0O0O0O00OOCOOO0OC hardOODOOODODOOOODOOOODOOOOODODOOODOOOOODOO
googo

unix:mknod path mode [0O]

000000000 inode0000Opath0Opathname 0000000000000 DODODODODODOOOO

unix:mkdir path mode OO]
000000000000 0000000path0Opathname 000000000000 000O00O0O0O
good

unix:access path mode [OO]

path0 00000000000 0ODODO

unix:stat path OO]
pathd inode 00000000000 OOOOOOOOOO

st_ctime ; file last status change time
st_mtime ; file last modify time

st_atime ; file last access time

st_size ; total size of file, in bytes
st_gid ; group ID of owne

st_uid ; user ID of owner

st_nlink ; number of hard links to the file
st_rdev ; the device identifier (special files only)
st_dev ; device file resides on

st_ino ; the file serial number

st_mode ; file mode

unix:chdir path [00O)
0000000000 pethOODOODOO

unix:getwd [00O)
oboooboooboooooo

unix:chmod path integer [00O)
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path0 0000000 (permission) 000000

unix:chown path integer OO]
pathD 00000000 DOODODOODO

unix:isatty stream-or-fd Oo]
00 0stream-or-fd0 TTYOOOOOO (OODODODODOOO0OOOOOO TTY)ODOOOO0OOOOOOT
good

unix:msgget key mode [00O)]

keyDODOOOODODOOOODOOOODOOOODOOOODOO

unix:msgsnd qid buf &optional msize mtype flag [00O)
unix:msgrev qid buf &optional mtype flag [00O)]
unix:socket domain type &optional proto [00O)]

domain0 000000000000 type0000000000000 D000 Otyped 01 (SOCK.STREAM),
2 (SOCK_DGRAM), 3 (SOCK_RAW), 4 (SOCK_RDM), 5 (SOCK_SEQPACKET) 000 100000

unix:bind socket name OO]
namel socket OO0 0000000000000 UNIXOOODOOOOODOOODOODOOnameO OUNIX
ooo0ooooboooooo

unix:connect socket addr [00O)
socketO addr0000000DOO0OOODOODOOOO

unix:listen socket &optional backlog [OO]
socket 00 DO0OO0OODOOOOODOGcklog0 0 O0DOODOOOOODOODOODOODOOOODOO

unix:accept socket [00O)
socket 00 DOO000OO0ODOOO0OOODOODOOOOODOOOODODOOOODODOOODOO

unix:recvfrom socket Eoptional mesg from flag [00O)
socket 00 0000000000000 00000000000Ounix:xbindOOOOO0OO0OO0O0OO0O
gobboodbbddmesg UUO0D0O0O0DLOOODDOOO0DOOOODLOOOODLDOODLDODOmesgd
000000000 uwnixirecvirom D0 0000000000000 00D00D0O0OO0DOODOODOODOO
0000000000000000000D0O0D0DODODOO0

unix:sendto socket addr mesg Eoptional len flag [00O)]
addr 0000000000000 O00O0DODOOODOOOO00OO0O00ODO0O0OOSsecketD0ODO0OODOO
0000000000000 00000D000000000D0Omesg000O0O0DOOO0DOODODOOIen
gddboodobooooboboouobooboboooob oo bobOUOobLDooOoo

unix:getservbyname servicename [0O]
/etc/services O OO NISOOOODOOOOODOOOO servicename 00000000000

unix:gethostbyname hostname [OO]
hostname 0 ip0 0 0000000000000 0OO(COOOOO AFINET==2).

unix:syserrlist errno [OO]
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errno0 000000000000 O0OOO0OOOODOOODOOODOO

11.24 0000

unix:signal signal func &optional option [00O)
signal0 000000000000 func000000D00O0O0O0BSD4.20000000000000O0OO
gooboouodbobooooooouobobooooooouoUobDoboLO oo UoLoUoOoba
goobboooobbboooobbooobbbooobDbboooubboodnoption=200
000000000000 0dssystem-500000000000000OO0O0DOOOOODODOOOOODOO
goooo

unix:kill pid signal [00O)
pid000000000D00ODO0 signalCO0O0O0

unix:pause [00O)
gooobooboboboboobooboobooboboo

unix:alarm time [00O)
time 0000000000000 (SIGALRM 14) 0000 time=00 unix:alarm 00000000
ubodabggogoooboan

unix:ualarm time [OO]
ttme0 0 0000000000000 00 unixtalarm OO OO0 O Oualarm OO0 Solaris200 00
Systemb 00000000000 ODOOO0O

unix:getitimer timer OO]
timer 0 00 (ITIMER REAL), 1 (ITIMER_VIRTUAL), 2(ITIMER PROF) 00 0000000000000
(timer) 00O (interval) 0 200000000000000O

unix:setitimer timer value interval [OO]
timerd valueO interval0 00 OO O¢merd 00 (ITIMER-REAL), 1 (ITIMER_VIRTUAL), 2(ITIMER_PROF)
O0000O0O0OO0OO0OITIMERREAL O Jwalue0 00000 OOSIGALRMOOOOOO ITIMER-VIRTUAL
OO0SIGVTALRM OOO0O O ITIMER PROF OO SIGPROFOOOOOO

unix:select inlist outlist exceptlist timeout [OO]
inlist, outlistO exceptlist 00000000000 DODODODODODOOOOOOOOOOOOOOOODOOOOO
0000000000000 00000000000000000000d 4nlist=#001100 outlist=#b100
O exceptlist=NILOOOOOOfd=10000 fd=2000000000000 (d=200000000O
O00000000000D0timeoutD Ounix:select 0000000000000 00O00OOnmEstOO
0000000000 10000000000000000 owthkstDODOOODOODOOO 100000
00000000000 exeeptlist 00D OD 000000 1000000000O00O000O0QO unix:select
O O inlist, outlist, exceptlist 0000000000000 O000DOOOO0ODOOOO0OOODOOOOO
obooooOobooooboooon

unix:select-read-fd read-fdset timeout [00O)
000000000000 00DO0O00D0O0O000DOOdunix:select-read-fd 0 Oselect fdset nil
nil timeout O OO0 OO0 read-fdset 00000000000 OOODOOOOODOODO (dOOODO
goooooo
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11.2.5 0000000

gbooooboooobobooobooboooooboooob1oooooboobooobo10bbO0nDog
O Eslisp0000000000000O0O0OSolaris200000000000000O00O0O0O0O0OOOOO
gooooood

unix:thr-self [0O]
00000000000 ooo ID(o)o0ooo

unix:thr-getprio id [0O]
W(dO000000000000D0O00000O00O0

unix:thr-setprio id newprio [OO]
(00000000000 0000000 newprio0 00000 newprioD OO0 OO0O0DOOOOOO
00000000 00DOO0O000D0Orewprio0 00000000 DODOOOODOODOCPUODODOO
gboboooooobooboboboooobooooobooboboboooobooobooboobobooooon
oooooooo

unix:thr-getconcurrency [00O)
0000000000000 0O00U000O0U0UO0O (Do)oooo

unix:thr-setconcurrency concurrency [00O)
concurrency U0 00000000 IWPOOODOOOOOcconcurrensyd 000000 100000
gd0d0oo0ooO00o0O0bOo0oobOoooOOo0ooDOoooooOOooD 100 WpOOoOoOoooOooOO
000000000 D0o0o0ooooDooD0oo0DoooOoDoooooD ceUODODUOODDODDOOD
concurrency] 100 0000000000000 DOO0O0OCconcurrency00000000O00O0O00O0OOO
000000000000 DO0O0DO0O00O000DO0O000d concurrencyd100000O00O0ODOOODOO
00ooooopDooooo

unix:thr-create func arg-list &optional (size 64%1024) [OO]
size0000 lisp0000000OsizeD 000 COODODOODOODODDOODOOODOODOODOO
000 aerg-listd func0 0000000000000 0OOCOOODOOO0OOOOODOODOOOOOO
ooooooboboooo

11.2.6 00O0O0OO0OO0OOODO

unix:malloc integer [OO]
Euwlisp00O0O0O00DOOCOOOODOCOOODOO

unix:free integer [OO]
unix:mallocOOOOO0O00O0O000DOCOOODOO
unix:valloc integer [00O)

unix:mmap address length protection share stream offset [00O)

unix:munmap address length [00O)
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unix:vadvise integer 0O]

11.2.7 IOCTL

UnixOO0OOOD0OO0OOO00O iectlO 200000000000 00000DOOODOOODOOODOOODOO
EuwslispOOOOD0OOOO0ODOOO0ODOO0ODOOOO0ODOO0OO00O0O00OO00DOO0O0DOO0O0OO0O0DO
OO00000000D0Unix0O termio000O0O00D0OO0OODOOO

000000O0O0oO0O0o0ooooTIOC*D TC*OUOO 2000000000000 O0OOOUOOOOOO
00000000000000000000000000000000000OoOBSDOO TIOC*OOOO
O000000Systemb 00 TC*OOODOOOOOOO

SunOS 4.1 TIOC*O TC*OOOOOODO
Solaris2 TC*O OO O OO

mips, ultrix? TIOC*0 00000

unix:tiocgetp stream Eoptional sgttybuf [0O]
goooooooao

unix:tiocsetp stream sgttybuf [OO]
gooooooooon

unix:tiocsetn stream Eoptional sgttybuf [OO]
unix:tiocgetd stream Eoptional sgttybuf [OO]
unix:tiocflush stream [OO]

gbogbgobooboab

unix:tiocgpgrp stream integer [OO]
ooooooooo Iibogooa

unix:tiocspgrp stream integer [OO]
oo0ooooooo Iboooogo

unix:tiocoutq stream integer [OO]
unix:fionread stream integer [00O)
unix:tiocsetc stream buf [00O)

unix:tioclbis stream buf [00O)
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unix:tioclbic stream buf OO]
unix:tioclset stream buf Oo]
unix:tioclget stream buf [0O]
unix:tcseta stream buffer [0O]

gbooboobobboobooboon

unix:tcsets stream buffer [0O]
gogoobbobooooooooboo

unix:tcsetsw stream buffer [OO]
ggooboobboooooooboobobtbooooubobbboooooobbboboga

unix:tcsetsf stream buffer [OO]
gogogoobooooooboboooooobobooodubbboooobbbooooLbbuouo g
gooobobobobood

unix:tiocsetc stream buffer [0O]
unix:tcsetaf stream buffer [0O]
unix:tcsetaw stream buffer (00O
unix:tcgeta stream buffer [0O]
unix:tcgets stream buffer [0O]
unix:tcgetattr stream buffer [0O]
unix:tcsetattr stream buffer [OO]

11.2.8 0O000000000OO0OOO

00 UNIXOOOOoooooooooooooooooOo demOO0O00 ndbm 00000000000
ocoooooooooooooOoooooOooooOooOoOoOooOoboO0OoOooOOoOoOoOoOoDOobOOoOOoDOon
OoO0OO0OO0OO0OO0O0000Oclib/ndem.c000000000SunO0000O0O0O0O0OOOOOCcc -c -Dsun4d
-BstaticOODOUOODOODO (load "clib/ndbm" :1ld-option "-1c") O EuslispO0O00000O00DO
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dbm-open dbname mode flag [00O)
dbm-open 0 0000000000000 D00OO0DOO0O0DOOO0ODOOOOODOOOOOODOOODODO
0000000000000 000000O0dneme00000000000000O000O0O0Ondbm
manager [ ".pag"0".dir"0000000 2000000000000 medeC00000D00OOOOO
0000000oo0o0o0o00O0O0O0O00l1000000002000000000000000000O0
O000000000O#20000000000000flag00chmod000000000000O0O0OO
O0#o666 00 O#0664 00 flag0 00 0000dbm-open 0000000000000 0O0O0OO
0000000000000 dmO00O0000000D000OOODOODOO0ODOOODOOOOO0OO
000000000000 00000000000000000

dbm-store db key datum mode [00O)]
keyd datum OO00O0000 0000004 O00000000DO0OOO0O0OO00O00O0ODOEkeyO
datum 00 00000Omoded 0(00)0000 1(D0O0OO0)O0OOOOOOODO

dbm-fetch db key [OO]
000 keyOODOOOODOODOODOODODOO
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11.3 UNIXOOOO

FuslispO O UNIXOOOOODOOO unix:system 000000000 0Opiped-fork 000000000
0000000000 Eeslisp0000000000000OO0O0ODOOOOOODOOQDOO0Opiped-fork 00
Oo0ooooooooooodoO0o"we"oOOoooooooooooooooooDooooooooood
ood

(defun count-lines (file) (read (piped-fork "wc" file)))

O0000oooooobDoOooDDretlic0’000O ews0 000000 0OO0O0OODOOODOOOOOODOO
good

(setq icOeus (piped-fork "rsh" "etlicO" "eus"))
(format icOeus "(1list 1 2 3)~%")
(read icOeus) --> (1 2 3)

O00000D0O00OC0D0U0ODOEwlisp00 ezODOODOOOODOODODOOO0OODODOOD ezO O
OO00000000000 Euwslisp0000000000D0 ez00D000 EuwslispO00D00OOO00DOODOOO
O0ezUO ezOUODOODOODOODOODODOODODODOODOOOezOOO esc-POO0OO esc-MOODOODO
00000000000 000DoC0O0Ewslisp000D0O0CCOOOODOO0O0O0OODDOODODOOOOOOOO
gbbooboboobooboobooobooboooboobobooobOdbemacs0000 M-X run-lisp00O
gbooobOooooooobo

cd &optional (dir (uniz:getenv "HOME?”)) [oo]
oddooooobooooood

ez Eoptional key [0O]
ez0O0ODO0ODO0ODOODOOODOOO LispOO00DOO0ObOOonoooog

piped-fork &optional (exec) Erest args [0O]
00000 fork 00000000000 EwslispO0O00O00O0OD0OOOOOO

rusage [0O]
gogoobobbooooobobbobbooooon
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114 000000 LispO0O0O0O0O

godooOooOo0ocOoopooOoDO0OooDDOO0o000ooOoDO00000oDODODOO0000 O Euslisp
goooooOoOo0OO0O0 CcOO0O0O0O0oOoOOOoOoOOOOOODODOODOO00O0O00OOO0OEwsLIspOOC
gbooobOobooooboboooooboooooono

OO0 CODODO Ewlispd 000000000 D0ODOEwlispO0000O00OO0O COODOOODOODOO
0o00d00dooooooooooooDooDO0D0oDo0o0oDoDo0o0oDO0oDOoo0oOooogn ispdonOod
0000000003 0000000000000c¢/eus.h0000000O0O0O0DOODODOODOO0OOctx, n,
argv 1000000000000 COOOOOOONO*eusdir*/c/eus.h 0 include0000000000O0O
0000000000 00DOO000O0oDo0o0Oo0o0DbOOoo0oOOooOo0obOo0ooOOoooooDoDoooboOooooonoa
000 basename DD OO0 O0OOOOOOO

g00o00ooo00oDOoO0O0DoOo cO00 AVERAGEDODODOUODOODOUOOOOOOOOOooOoooo
gooooOoOoQOQOQCO0O0O0O0O0O000000O0000LO0LUL0O0O0O0OOO AVERAGEDDDDOD
OO0000000000000 avedDOO0 symbol0OODOOOOODOOOCOODOODO >cc -c -Dsun4d
-DSolaris2 -K pic’ 000000 00O0CDOOO0OOODOc/eus. h00000O0CDOOOOOODOOO-Dsund
U-DSolaris2 U O OOOD-K picUODO0OO0ODODOODOOOOOODOO0OODOOODOOODOODOO
cOoooooOOoO0O0O0opooOo0OO0o000ooUUoOOooOoUoOooooOoDOoOD’. 00000 EwslispOOnO
OO00000D0O0O0D0OOO0D0OO0OO=*eusdirx/clib/*.c000000O00O0O0O0OOCOODOOOODOOO
gbooobooboobooobon

/* ave.c */
/* (average &rest numbers) */
#include "/usr/local/eus/c/eus.h"
static pointer AVESYM;
pointer AVERAGE(ctx,n,argv)
context *ctx;
int n;
pointer argv[];
{ register int i;
float sum=0.0, a, av;
pointer result;
numunion nu;
for (i=0; i<n; i++) {
a=ckfltval (argv[il);
sum += a;} /*get floating value from argsx/
av=sum/n;
result=makeflt(av);
AVESYM->c.sym.speval=result; /+*kindly set the result in symbolx*/

return(result) ;}

ave(ctx,n,argv)

context *ctx;

int n;

pointer argv[];

{ char *p;
p="AVERAGE" ;
defun(ctx,p,argv[0],AVERAGE) ;
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AVESYM=intern(ctx,p,strlen(p) ,userpkg); /* make a new symbolx*/
}

11.5 Ooggoooogod

EuwslispO00000000D0O0O0OCODOOO Ewslisp000000O0DOOO0O0OO0ODOOOODOOOOO
000000000000 0000000 load-foreignO0 000000000 0O0COOOODOOOOforeign-
module 00000000000 O0OOOOOOOOOODO symbolOOODOOOOODOOOOODOO
OO000ODO0O0ODOOOdefforeign 0 OEuslisp0 00000000 COO0O0OOOOOQOOOOOODOO
OOO0COCOOQOdefun-ccallable0OCOOOODOODOODO lisp00000000O0O0O0O0OOO COOO
OO000D0DDODOO0O0OO0O00 Euwslisp000000000000 pod-code0D0O00D0O0OOOOOOOOO
pod-address U000 0000D0COCO0O0ODOCOOOOOO0ODOOOOO CODOOOOODOOOOOOOOO

O00o0cCcOOoU0OopoOoOoOOoDoD EwslispO0O000DOOO0OODOODOOOO

/* C program named cfunc.cx*/

static int (*g) (); /* variable to store Lisp function entry */

double sync(x)
double x;
{ extern double sin();

return(sin(x)/x);}

char *upperstring(s)
char x*s;
{ char *ss=s;
while (*s) { if (islower(*s)) *s=toupper (*s); s++;}

return(ss);}

int setlfunc(f) /* remember the argument in g just to see */

int (x£) (); /* how Lisp function can be called from C */

{ g=f;}

int callfunc(x) /* apply the Lisp function saved in g to the arg.*/
int x;

{ return((xg) (x));}

;333 Example program for EusLisp’s foreign language interface
;55 make foreign-module

(setq m (load-foreign "cfunc.o"))

;; define foreign functions so that they can be callable from lisp
(defforeign sync m "sync" (:float) :float)

(defforeign toupper m "upperstring" (:string) :string)

(defforeign setlfunc m "setlfunc" (:integer) :integer)

(defforeign callfunc m "callfunc" (:integer) :integer)
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;3 call them
(sync 1.0) --> 0.841471
(print (toupper "abc123")) --> "ABC123"

;; define a test function which is callable from C.
(defun-c-callable TEST ((a :integer)) :integer

(format t "TEST is called, arg="s"%" a)

(*x a a)) ;; return the square of the arg
;3 call it from C
; ;setlfunc remembers the entry address of Lisp TEST function.
(setlfunc (pod-address (intern "TEST")))
(callfunc 12) --> TEST is called, arg=12 144

EuwlispOOOOOO0OOOO0O0O0OO0O0O0O0COOOOOOOOOO0OOOEwLispd 30000000000
000000000000000DO00O000 CU0000O000oO30000000000000 (double) O
gooooobbboooobobboooboooooboooooobbooobooooobooooboobooboooooDo
ooooobo0oobooboboobobboobboobbooboboUbEwslispdnD200000000O0ODOOnO
O0200000000000000000000001000000000000000000array-entity
O0000O0O00O000000200000 FORTRANOOOOOOOOOODODOOFORTRANOOOODO
gooobooboooooboooooboboboooobooooboboboooboDooooo

000 Ewlisp0000000000O0O0O0O0O0O0O0O0COOOOOOOOOOOOOOOOCOO0O0O000O0
0 O double2float O float2double D00 00 00O clib/double.c 00 000000000000 D0OO 3x3
coooooooOocCcroOOOOcCOOOoOOOOOoOOOOODOOOOOOOOOOOOO0O0O000O
ooooooo

(setq mat (make-matrix 3 3))
(CF (float2double (array-entity mat)))

COO0000Odefstruct 0000000000000 OO0OOOdefstruct0 0000000000000
00000 struct-name 0 00000

(defcstruct <struct-name>
{(<field> <type> [*] [size])}*)

Oo0OO0O0OO0O0O0O0O0O0OD0OD0ODDOOOOD0OO0 defstruct 0000000000

/* C definition */
struct example {
char al2];
short b;
long *c;
float *d[2];3};

/* equivalent EusLisp definition */
(defcstruct example

(a :char 2)

(b :short)

(c :long *)
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(d :float * 2))

load-foreign objfile &key symbol-input symbol-output (symbol-file objfile) ld-option) [Do0]
Euwslisp 00 0000000000000 000000OO0000O00O0ODOSolaris20000 Oload-foreign
O:entry0 00000 il 0000000 load0000000OD0OO0ODOOOOOO0OODODODOOODOOO
0000000000000 defforeign 000000000000 00000OO0ODOOODOOOOO0O0O
00000000 0000ooooog ld-option0 00000000000 ODOOOOOOOODOO
00000000 symbolOOOOOOO symboloutput 0000000000 0DOOOOOOODOO
OO0000D00OC0O0000D0D Euwlispd000D00D0COOOsymbol-outputd symbol-file 0 00 0O O
000000000000 MO00ebjle00000000O0ODO0O0OOODOOOOOODOOODOOOO
O00load-foreign 000000000000 0OO0OOOOOOOOO objfiled EuslispOO00O0O
0000000000 O0D0O0D0O00 symbol-output0 0O DO ODOODOOODO symbol-file 0 OO symbol
000000000000 0D000000000000000 symbol-file0 000000 objfile0 OO
00000 symbol-file 0000000000 0bjfile0 0000000 symbolOOODODOONODO objfiled
00000000 00000000000000000D000Olead-foreign0O000000O0DOOO
000000000000 (000000)symbol00O0000O0OOOOOOOOODOOOOOOOO
O 000 symbol-output O symbol-file 0 00O D0O00O0ODOOOO0ODOCOOOODOOOOODO

OO0OO0OO0OO0OOOOOO0OO0OO0O0 symbolOOOODO wnix:unlinkO0OOOOOO0O0OOOOOOODOO
000000000000 000oO0o00o0O000000oO0o00ooO0oO0o0O0ooOo0oooo0oo
20000000000symbol-output0 0000000000000 000O0O00O0OODODAO” linpack.a”
O00000000000000000D0linpack.a’0000000000000000CO”linapp.o”00
00000000000 O000000 load-foreign 000 0O OO ”euslinpack”d unlink 0000000
000000000 (load-foreign "linapp.o" :symbol-input "euslinpack")[ load-foreign [
defforeign 0000000000 *eusdir*/11ib/linpack.1 0000000000

(setq linpack-module
(load-foreign "/usr/local/eus/clib/linpackref.o"
:1d-option "-L/usr/local/lib -llinpack -1F77 -1lm -1lc"
:symbol-output "euslinpack"
:symbol-file "euslinpack"
)

(unix:unlink "euslinpack")

defforeign funcname module cname paramspec resulttype [0o0]
00000Dooooooooooooogddfuncnamed OEuslisp 00000 symbol 0 0 O Omodule
O0Oload-foreign 1 00 0000000000000 0OO000ODODOCOO0O0O0O00Ocname0OD0O0O
0000000oo0o00ooooD cooooooooooooooo” myfunc’000000O0O000OO
paramspec 000 0000000000000 0OD0O0O0O0O0OOEwsispO00 COODOODOOOOOOO
000000000000 (coercion) 0000000000 DO0OOO0O0OOODDOOOOOOOOODO
000000000000 paramspecd NILOOOOODO :integer, :float, :string, (:string n)
000000 resulttype 00 000000000000 :integer JO0C O OO O char,short,int(long) O
OO0OO00ODODDODODODODOO0O0:fleoat00000O0 float0000 doubleDOODODOOODODO :string
OO0CO0D0string0 000000000000 0O00OOEwlspO Euslisp000000000O00O0O
string 0 long-word D0 00000000 D0O0O0DODODOO strlen000000O0OO0OOSstring00
Ooo0oooOo0o00oDoooOo00ooDOoO000DOD000DODO0000DOO0d (string
n 0000000000000 0n000000 EwslispO0 00000000 OODOOCOOOODOO
000000000 000000O00 (sstring 49 0000000COO0OO0ODOO COOOOOOO



11. 000000 100

OCOOFORTRANODOOOOOFORTRANOOOOODOOUOODOODOOOODOOOODAO call-by-
refference 000 0000000000000 O0O0O0O0O0O0O0O0O0O0100000000000000O
000 FORTRANOOOOOOOOODOODOODODODOOOOOOOOOOOOOOOOOOOOO

defun-c-callable funcname paramspec resulttype Erest body [0o0]
OO000O0O0O0OO0ODOO0ODODODODODODDODOO Ewlisp000000000funcnamed OEuslisp00000
OOOODOOOO symbolOOO O paramspec J Odefforeign 0 000000 0OOOOOOOdefforeign
O paramspec O 0 0 O defun-c-callable 00 paramspec 0 0000000000000 COOOO0OOO
000000000000 :integer O Oint,char,sshort 00000000000 ODODOO :floatd0O
float O double 0O 0 00O O resulttype D O Lisp 0O D0 O0000Oresulttype 0000000000000
000000000000 0000000000000000000000kdy0 000000 CODO
O000000D00D00D0OO0 lisp000000Odefun-c-callable 000000000000 LispO0O
0000000000000 00defun-c-callable O funcname 000000000 O Osymbol 00O
00000000000 0Osymbol0O0OD0OOOOO0O foreign-pod 00000000000

pod-address funcname [OO]

defun-c-callable 000000 COOOO0OO0DOQO LispO0 funcname DO OO0 OO0D0QO Euslisp O
gobobooobooobooboboboboooooooboooboob00D Lisp0OoooOoDOoOO
ooooboooo

array-entity array-of-more-than-one-dimension [0o0]
goodoboobooooobobooooobbobbobooob bbb bbboogo
JoodoobobobooooobobobbooooooobDbobbooooooo

float2double float-vector Eoptional doublevector [OO]

float-vector OO OOOO0OO0OOOOOOOOOOODOOfloat-vectorOOOOOOOODOOO
oooobooooooooon

double2float doublevector &optional float-vector [OO]
000000000000 float-vector OO ODOOMO
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11.6 VxWorks

0000 VxWorks 0000000 ”vxworks/vxweus. 1”0 000000000000 VxWorks OO vxwserv
OO0000000000000CO00000 EuwsLispO0 vxwservOOOOOOOOOOOvxwsOOOOO
ooooooOO0OO0OO0OO0O0O0000O0VxWorks0OOOOO0O0O0000O0O0O00000000000000O

VxWorks 00000 Sun0 c 000000000000 DOODOOCO0ODOO0OO0DOODOO sun3, sund,
VME47OOODOOO0ODOO0OO00DOO0OOvwwsOOOODODOOOODOOOODOOOOOOOOO0O0DO

11.6.1 VxWorksO O QOGO

VxWorks 0 0 00 00O ”*eusdir®/vxworks/vxwserv.o’0 0000000000 vxwserv 0000 spawn
OO00vxwservd VxWorks 00 220000000 listen 00022000 0000000002201, 2202, ... 0
000000 bindOODODODODODODODOOOOOO

% rlogin asvx0 (0 O0ODO etlic2000O0ODOY% tip asvx[01] O0OO)
-> cd "atom:/usr/share/src/eus/vxworks"

-> 1d <vxwserv.o

—> Sp VXwserv

port 2200 is bound.

VxWorks 0 i000000Ovxwserv OO O O0D0O00D0D0O00D0O00OO00OO00ODO0OOeusdOODOODOO
O VxWorks OO DO O0OO00 VxWorkks OOODOOO0OOO0OODOOEuwslispd VxWorkks DODOODOOOOODO
OO0000vxwservO OOO0O TTYOOODOOOOOOOOOODODOOOODOO

CLIENT accepted: sock=9 port = 1129: family = 2: addr = c01fccl0:
VxWserv started with 16394 byte buffer

11.6.2 0000000

000000000 ews00000O”vxworks/vxweus”0 00 0 00O Oconnect-vxw 000000 vxwserv
0000000000000 000o0od*vxw-stream*000000000000000000DO0OOOO
000000 VxWorks OO sin, vadd OO O euslisp 000 VSINVADOOOOOOOGODOO

(load "vxworks/vxweus")

(setq s (connect-vxw :host "asvx0" :port 2200 :buffer-size 1024))
(defvxw VSIN "_sin" (theta) :float)

(defvxw VAD "_vadd" (vl v2) (float-vector 3))

VxWorks 0000000000 O0vxwsOOOOOOOOOOOOOOOODOODOOOOODOOOOO
goo

1. 00003200000000000000000000000000 connect-vxw O :buffer-size 0 0 O
gooobooogo

2.struct D0 0000000000 struct OODOO0OD0O0DOO0ODOODO
3. 0000int, float, double 00 000000000000 0O0O00O00O
4. 0000000DO0O000DOOOO0O0DOOOO0O0ODOOOOODOOOODOOOOODO
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connect-vxw [00O)

&key (host ”asvx0”)

(port 2200)

(buffer-size 16384)

(priority 1280)

(option #x1c)
chostOODOO vxwsJOOOOOOODOOOODOODOODOODODODOOOOODODOOOOODOO
O0:hest00DDOOO0O0DDOOODOO VxWorksDOOOOOOOOOOOODOOOODOOO :port
O00VxWorks OO vxwserv D O OO0 O0O0O000D0OO00O0OODOOO0OOCODOODOOODOODOOOO
0000000000000 0000000O0 :eption000000000O0OVxWorks OO spawn 00O
gboogbuooboobobboobooboobuoooba

VXW vaw-stream entry result-type args [00O)
vxw OO vzw-streem OO0 000000 VxWorksOODO entry0 0000000000000 argsO
000 result-type DO OO0 OOD0OODOOOvew-streem 00 O connect-vxw OO OO0 OO0O0OO0OO
O0000000entry000VxWorks 000000000 DOODOOOOOOODOODOODOOODOOO
0000000000000 DO0oDOooOoognvVxWorks O findsymbol 000000000 ODOODO
0000000000000 000entry0000000D00O0VxWorksOOOOODOOODOOOO
000000000 result-type0 000000000 (:integer D00 :float)000000O0OO0O
Uboboboooboooobo0ibOidfloat-vector, integer-vector, string 0000000
00 0Ogeneral vector(lisp0 000000000000 DO0DO0O0OO)000000O0OO0O0OOOODO
O0000 VxWorksOODOOOOODODOOOO0ODOOOO0OOOagsODOOentryOOOODODOOOODOO
O00000000 EusLispd 000 Ointeger, float, string, integer-vector, float-vector,
integer-matrix, float-matrixU 0000000000000 C0O000OO0O00COOOOO0O0OOCOOO
gboboobboboboobobobodbvwwservODOOOooOoooobooooooooobOoo
VxWorks 00000000 7sin”"0 00000000000 00O0D0QC0O0O0DDOO (vxw *vxw-stream*
"sin" :float 1.0)

defvxw eus-func-name entry args Eoptional (resull-type :integer) [0OO]
defvxw 00 O findsymbol D000 vxw OO OOOOOVxWorks 00 OOD0OOOOOOOOOOOO
O00000000VxWorksOOO entry0000000QO Euslisp000 eus-func-name 000000
00000000000 eus-func-name 00000000000 VxWorksDOOODOOOOOOOOO
0000000000000 U0UUUoUoouooooO*vxw-stream* 0000000000000
VxWorks 00 0000000000000 D0OOOODOOO0DOODOODOODOODOOODOOOOOOOd
O00O0OeuwsO0O0Odefvxw O ODOODODODODOODODOO0D0ODO0O0O0O0ODOOODOODOODOODOODOO
gooooo
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12 OJO0o0ooon

000000000 SolarisO00O00O0QCOOOOOO0O0OOOOODOOOOOODOOODOOOOOO
gbuodgbdbogobobuoobobuooboobuoobooboobobooboboobuobboobaooa
goooboobooboobooboobobbooboobooboobooboobooboobooo
gboboobOoboooobooooboobooooboobooooaon

12,1 0000000 EuwslispdO0
12.1.1 Solaris 2 000000000000 O0D0O00O0O0OO

0000000 Ewlisp(MT-Eus) 00000000000 000 Solaris200000000000000
O000OSolaris OO0 0O00OOCO O0O0OCOODOOOCODOOOOODOODOOO UNIXODODOO cpUOO
OO000D00O0O0000DO0OSolarisOSOO0O0O00DOOOOOO0OODOOOOOODOOOOOODOOOO
0000 LWP(light weight process) 000 0000000000000 000O000O0OO0O0OOUNIXOODO
oooo0o0ooooooooooooooooooooooooooOoooooooocCceUD LWPOODO
Oo00O0O0O0B00O0OO0COOLWPO CPUDODOOOOOOOOOOOCCOEwlisp0000O0O0OOO0O
obooooOoboooobooboooobooooobooboooooboobooooooon

12.1.2 Context Separation

MT-EwsOOOUODOOOOOO0OOODOOODOOOOOOOODOOODOODO0ODOOODODOODOODOOO
OO0000000D0O00OOsymbolO consO000000D000000O0O0D0DO EwlispO000O00O0OOO
OO00000O000D00OO0O000DDODlock labelD catch tagOD OO O0O00DOOO0OO0OOOOOOODOOO
gbooboboobobooboboobuobooboboboobooboboobobooboboooa
goooboobooboobobbooboobooboooboon

000 C-stack O binding-stack 0 0 O lambda, block, catch, let, flet 00O 0OO0OOOOOOOOO
0dodoo0o0oo0o00oooo0oooooooo0oDo0ooooooooooooooooon
0do0d0oo0d0o00o0U0oO0DoU0od0o0DO00DO00DO00DOODODO00ODO0OLOODODOoODOooOO
Jd0o0d0o0o0000o0Do0oo0oO00oO0U0o0DOo0oDO00oO0oOo0ooDO0o0ooOooOooOooon
000000000 o0oooooo0oD0oooooooooooooooon

12.1.3 00000

EuwsLispO0OO0O0OO0OOOOO0O0ODOOOOODOOOOODOOOOODOODOOOODODOOOOODODODOOO
gbooooboooobooboooboboobooboobooobooooboooboobboobooobbooboooooo
gooooooobooooboboobooboobooobooboooooOoobOoooobbOoDoboboOoDo
O0000000000000000 1001%00000000000000000000000000000O
obooooob200000000000000C0O0O00OO0O0O0O0O0OOO0OO0DOObOOObOObOOOn
gooooooobooooobooooooooboooboooooboobooboobobooobOObOooDbobO
ceud0O0OoOOOOOOCOOOO0O00000OO0OOOOOOOOCOOOOOO0OOOOOoOoOoOooooO
goooooboooooon

00000000000 0O000000 allocO0OO0ODODOOOO0OOOOOAlloc 0O mutex-locking0 00O
gbogbdbogobobooboboobobooboboobooboboooobobbooboooa
googbobooboboobobooboboobobooboobobooboboobobooobo
gbooooboooboooobooboooobooboooobooboooOobooboooboooboooon
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gooooooobooooooooooobooooboobooboobooobOooDooboobDOoooDOobO
gbooooocoooobooobooooboboboboooboobooboboboboboboobooboooooon
gbooobooobOoooobooboobOooooobooboOoooobooobooooooobooooon
ooooooooboo

0p00000000C0O000 forkODODODOOOO0O0ODOCODOOOOO markingd OO sweeping 00O
gboboooobooboobooooobooboooboobooobooobooobooobooooobooobooooboooon
gbooobooobooooboobobobooooboboobooboOooooboooOoooOoboooboooon
oooooooooboono

12.2 ODUOO0O0O0obobOoOOoooobboooooobobod
12.2.1 0O0000O0O0O0O0OOCOOOOO

Solaris 0 O 0000000000 OODOOOOOO00OODODOOOOOOOODOOODOODOCODOOO
gboooboooboooobooboobooooboobooooobooboOooboooboobOooboon
gbooooooooboooobooboooooboobooboOoboooboooobooobOoooboooDon
gbgbobdabouobobouoobaobuoobobuoobobooboboooboobobooboaoboooa
OO0 Ewlisp000000O00O0OCO00O0OODOO0ODOOOO0ODOOO0ODOODOOODOOOOODOOOO
goboobooobooobbooboboooboobodo0ubOd make-thread0O00O0O0O0O0OO0OOOOOO
gbooboobOoooOooooboobOoobooOobooboobOOoooobo0ooooooobooobon
gboooooooboo Iboooobooboobooooboboooobooobooboboboooooboboooon
googobooboobgoobooooboo

12.2.2 000000000

gboooooboobooooboobobooobobooooboobobooooboboooooboooooboobooot
goooobooobooboobooooooboooooooboooob0nobDobO0obDooooobobOoOooDoob
gboboooooooooobooooooboobooboboboboobooooobooooooboooboooobooon
ocooooooo0oooooooOooooobOoo0o0oobOOob0o00oboDferkO0DOOOOOODODOO
Ubobo0bDbDO wait-thread DU OO0 0O0plist 00000000 O0O0O0OO0O0OO00OO0O0O0OO0O0OO0O
gboodbdb0plist000000DOO0O0OO0OO0ODLO00O0ODOO0ODOOO0ODO0ObOODbObODDbOODbODbnOO
gbooobOobooooboboooboooboon

12.2.3 00004

MT-Eus 0 Omutex lock, condition variable, 100000000 3000000000000 0 Omutex
lockOOOOOOO0OO0ODOOOOO0ODOOOOOOODDOOODO condition variable 000000000
O0000000000 mutex-lock OO0 000000 true0 00000000000 OOOOOODOOO
000D00000o00ooO0ooO00o0O00o00oO000o00D00Do00oD00DO0O0DOODnDOdSolaris O
OCO0000oo00o000oooo0o0o0ooo0o0oooo00ooooo0ooooooooooooooOog
oo0oooooooooooooooooooogo

12.2.4 0000

barrier-synch D00 0000000000000000O0O00O00ODOO (0 B)O0OO0OUOOOU Obarrier
gboooboobooooboooooboobooboooboOoboooboooboOoobooobOoobooobooon
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O0D0000 barrier 0000000 :wait0O0OOOO0OD0OO0OOOODOOOODOODOODOOOODOODO
O0000D0D00000:waitO0ODODODOOOOOO0O0DOOODOOOO0O00000DODO0O0O00000TOOO
OOO0D0QObarrier-sync0 000000000000 OO0O0DOOCOOOOOOODOOOODOOOOOOO
ooo

12.2.5 00000000

00000000 (synch-memory-port) 0000000000000 0O0000OO0 100000000
00 (0 j0o0000000000000oo0Oo0ooo0oO0oooOUoO0oooOO0 100000 OOoOoDO
oboobOoobOooooboooboobooooooboooOoooobooooboooobooooboooooon
gboooooobooooboooboboboobooobooobooboooboooobooboobooboooDoooo
oooooooooboooboobobobobooboboboobobooooobooboooooooDoDbobOoDt
bboobobooooobooooboobooooboo 2000000000 O0obO0bO0ooboOn

12.2.6 0O0O0OO

gbocobooooobooooobooobooobooboobooboobooboooobobooboobooooa
O0000000 EwsLispO00Unix 0000000000000 O0OOC0OOCOOOOO0OO0O0OO0DOOOOOO
gooobooooobooboooobooOMT-Ews000000DOO00DOO0O0OO0ODOOODOOOO0O0OO
OO0D000000 mutex-lock OO O O0D0D00000O00O00DOO0DOO0DOOO0OO0OO0D0OOO eval DO
gboooooooooooboooobooboboboooOoooooboobobOoboboboobooOooon
MT-Eus 00000000000 000 (signal-notification) 0 0000000000000 OOOOOOOO
goooooooooogoboooobooobooboooboobooboobobooboboobboobobooDobo
gbobooboooboooooboooobobooooooboo

gobooooboOoooboOoooobDOoU0ooOobOoUoo0obOooOoobOoUoOOobOOo0obDOooOoOoobDoobooo
0000000000000 Osamp-imaged033msec0 000000 samp-sem 000000000000
000000000020000000 thread-port 000 00000000O0ODOOOfilter-image0000000O
oooooobooooboobooooboooboooo

(make-threads 8)
(defun samp-image (p)
(let ((samp-sem (make-semaphore)))
(periodic-sema-post 0.03 samp-sem)
(loop (sema-wait samp-sem)
(send p :write (read-image))))
(defun filter-image (p)
(let (img)
(loop (setf img (send p :read))
(plist (filter-up-half img)
(filter-low-half img)))))
(setf port (make-thread-port))
(setf sampler (thread #’samp-image port))
(setf filter (thread #’filter-image port))
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U3 000b000o0oobooocoboobooooboon

processors 1 2 4 8 | GC (ratio)
(a) compiled Fibonacci 1.0 20| 40| 7.8 0

(b) interpreted Fibonacci | 1.0 | 1.7 | 2.7 | 44 0

(c) copy-seq 1.0 | 1.31]0.76 | 0.71 0.15
(d) make-cube 1.0 | 0.91 | 0.40 | 0.39 0.15
(e) interference-check 1.0 | 0.88 | 0.55 | 0.34 0.21

12.3 0OO0O00O0OO

0BO0O320PUDODODODODOO Cray Superserver 000000000000 OC0OOOODOOOOOOOOO
gbobooboabbooboobbooboooboobbooboobboobooboboabboada
gbobobobboboooboobobobobobobooboboooooooDoboobDoboboo
gboboobOobooooboboooboobooooboboooooboobooooboboboobOobooon
gboobooobOoooobooboooboooooboobooobooooboooobooooooboooooon
gbogbobooobobooboboliboobobobooboboooboboboboobaobaoooa
gooobooboobooobbobooboobooboobooobo

124 000000

g0ooooooooooooooooDboo0D lispO0 0000000000 O0ODODDOOEwslispO0O0O00O
OOthread 0000000000000 000O0O00O0O0O0O0O0O00O00O0OOOOO0O0O0O0OO0OO0OO0O
oobooobooooobooooooobooooooboooboboooooobooboobooOoooOoooDn

sys:make-thread num &optional (Isize 32%1024) (csize lsize) [00O)
lsize0 000 lispO000O00 csize D000 C-O0D000DOODOO0OODO nemOO0ODODOOO
000000000000 00000000000000000000Osys:*threads* 0000000
make-thread 0000000000000 O0ODOthread 0000000000000 ODOOODOOO
goodoooboboboboboooodooobobobobobbodddoobDbbboboog
googobooboobobbooboooboobuooboobobobooboo

sys:*threads* [ODO]
make-thread 000000000 O0OO0OOOOOOODOOOOODOODO

sys::free-threads [OO]
ooo0000000oooooOo0O0oO0oO0o0ooOoooOooooooOoNILOOOO0OO00O0000000
OooooooooooooooooooOOO0OC0OCOO0O0000000000 make-thread 00O
gbogbooboobobbooboaoboabuooboood

sys:thread func &rest args [OO]
00000000000000000 1000000 (func. args) 00000000000 OOOOO
sysithread 0 O args 000000000 func0000000O00OO0OD0OODODOOOOODOODOO
000 funcall DO 0D OD0OO0ODO0OO0OO0OOOsys:thread O funcal 000000000 OOOO
0000000000000 D000 sysstwait-thread 00000 OO0 OOOOOOOO

(defun compute-pi (digits) ...)
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(setq trd (sys:thread \#’compute-pi 1000)) ;assign compute-pi to a thread
;; other computation

(sys:wait-thread trd) ;get the result of (compute-pi 1000)

sys:thread-no-wait func &rest args [OO]
00000000 1000000000 0000000O0wait-thread 00000000 O0OD0OOO0O
googobbbboooooboooboog

sys:wait-thread thread [0O]
thread 0 sys:thread D0 000000000 funcalO0 00000000 DODOODOODODOOO
0000000000000 syssthread 0000000 O0OO0D0ODOOODOODOsys:wait-thread OO
0000000 00DoO0o00Dooo00o0ooo0oooDooooDoooo0Dooooooooon

sys:plist &rest forms [0o0]
000000000000 00 forms0000D00DO0O0O0DOODOOODODODOODOODOODOODOOO
O0sys:plist 0000000000000 formO0000000O0O0O0O0ODOONODO parallel-list O
goooboboboogo

12.5 00U

Solaris OO 0000000000000 ODODODOOOODODOOOOOOO0O0O04000000000dEuslisp
0 O mutex-lock O condition variable OO0 00000000 OO Oreader-writer lock OO0 OO OOOOO0O0O0O
0J0000ooo0ODO0o000U0ooOo0ObOo0O000o0UooDoOLODbOOo00oUoUoD LD oODLDO0o0oUoooDoOD

sys:make-mutex-lock [00O)
mutex-lock DO OOO0O0OOmutex-lock 0 06000000000000O0O0OOOOOODOOO

sys:mutex-lock mlock [00O)
mutex-lock 0 mlock OO0 OOO0O0O0OmleckD0 0000000000 OO0O0O0O0OOO0OOOmMutex-
lockOOOOOOOOOOOODOO

sys:mutex-unlock mlock [OO]
mlock0DO0D0O0O00O0O0ODOO0OOODOODOOODOODOOOOODOODOOODOODOODOO

sys:mutex mlock &rest forms [0ooj
mutex-lock 0 mutex-unlock 000 00000000000 0000OmutexO000000O0O0OOOO
000000000000 mleckD000D000 forms000000000000O0DO0OOODOOOODOO
0000000000 0000o0o00ooooooooOd progn form OO0 00O 0O Ounwind-protect
O0forms00000000DOO0O0OOOOODOOODODOOOODOOODOODOOODOOODOODO
gooooo

(progn
(sys:mutex-lock mlock)
(unwind-protect
(progn . forms)

(sys:mutex-unlock mlock)))

sys:make-cond [00O)
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4000000000000000D0 condition variable D0 00 O 0O OO O O O condition variable O O
00000000000 0000O0000000

sys:cond-wait condvar mlock [00O)
condvar000000000D0000O0DDcondvar00D000O0DO0O0OODOOOOO0OOOOOOO
O0mlockDOO0O0DOcondvar0000000000O0O0OO

sys:cond-signal condvar [00O)
condvar 00000 condition variable 1000000

sys:make-semaphore [00O)
2000000000000 DO0ODOO0ObODOO0ObDOO0ODbD0OODbDOObOoOobOobDO

sys:sema-post sem [00O)
semO0 000000

sys:sema-wait sem [00O)
semO0 0000000000

sys:barrier-synch 0oOo]
:super propertied-object
:slots threads n-threads count barrier-cond threads-lock count-lock

0000000000000 00000000000000000thread-lock0 00000000000
thread 00000 Obarrier-synch 0 0000000000000 Ocount0000000000DOOOO
0000000000:add0000000000O0000O¢threads00000000000O barrier-synch
0000000 :waitOOOOOOOcount0 00O O0D0OD0OO00OO0OO0ODOO0O0OODOO0ODOOODOOODOO
O0000D0threads 000000000000 :waitODOOODOOOOOOO0OO0ODOODOODOODOOO
00000000000 00000000 count-lockd mutex-lock O barrier-cond 0 condition-variable
oooooooooooooood

:init D000
00 barrier-synch 000 O0000000DODO200 mutex-lockd 100 condition-variable 0 O 0O O
ood

:add thr [Do0O)

threadsOO 0000 ¢thr000O00D0OOOOO

:remove thr [Do0O)
threads0 000000 thrOODOOOODOOO

rwait [Do0O)
threads 0000000000 0OO0O0OO:waitOOODOOOOODOO

sys:synch-memory-port O0oo]
:super propertied-object

:slots sema-in sema-out buf empty lock

lgb0goboobgobooboboobobobobooboboboobobooboboboo20
ubooobooooboobobooobooboooooboooobooboooon

:read [DoOoo)
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00 synch-memory-port 0 0000000000000 O00D0OOCO0OOOOO0ODOOOOOOOO
U0:read0 00000

:write datum Ooo0]
00000 determO000000100000000O000DOOOO0ODOOOOODOOOOODOOOOO
00000000000 00D000D0 :write0:read0000000O0O0OO0OOO0DOOODOOODOO

:init [Do0O)
00 sync-memory-port 0 0000000000 2000000000000 :writed0O0OODOO
ooooboooog
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13 0ooon

13.1 DOOO0OO0O0O0O (float-vector)

float-vector OO0 0000000 10000000000Ofocat-vector0 0000000 OOO0OO resultd
O0000000000000000000 resultd float-vector OO OOOOO0O

float-vector &rest numbers [OO]
numbers 0 00000 float-vector OO OO OO (float-vector 1 2 3) O#F(1 2 3) 0 000O0O0O
ooooooboOoOOobOo0O00000o0ooooooooooOooOooo0o0oooooooooooooon
ogoooo

float-vector-p obj [0O]
obj O float-vector 00 OO0 O0O0OTOODODO

v+ fltvecl fltvec2 Eoptional result [OO]
200 float-vector 0 O 0 OO

v- fltvecl Eoptional fltvec? result [OO]
200 float-vector OO0 000000 fitvec20 00000000000 fitvec 00O0D0OO0ODOODOO

v. fltvecl fltvec2 (00O
200 float-vector 100 O0O0O0O0O00O

v* fltvecl fltvec2 Eoptional result [OO]
200 float-vector OO0 OO ODOOO

v.* fltvecl fltvec2 fltvec3 [OO]
0000300000000 C(v.*x A B C)=(V. A (Vx B C))=(V. (Vx A B) C)

v= fltvecl fltvec2 (0o
OO00fitvee1 0000 fihee20 0000000000000 0O0O0OTOOODO

v< fltvecl fltvec? (00O
O00fltvee1 0000 fiwhee20 0000000000000 O0ODOTOODOO

v> fltvecl fltvec2 [OO]
O00fltvec1 0000 fitvec20000000000O00OOO0OOODOTOOOO

vmin &rest fltvec [00O)
flleeOOOOOODOOOOOO0ODODOOOOOODODOOOOO float-vector 100000 Ovmin O vmax
000000000000 minimal-box 00000000 O0O0OOO0O

vmax Erest fltvec [OO]
fltkeeDOODOOOODODOOOODDOOOODOOOOODOOO float-vector DO OOOOO

minimal-box v-list minvec mazvec Eoptional err (00O
00000 v-list0000 minimal bounding box DO O OOOO0OODO minvecd mazvec D OO0
0000000 er00000000000Ominimal boxO0O0O0000O0O00D0O00O0C00O0O00ODOO
O err00.010000minvec000000000 minvecd mazvecD0000 1%000000000
mazvec 00000000 1%00 00 O minimal-box O O minvec O mazvec0 0000000

scale number fltvec Eoptional result [OO]
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fllveeODOOO0O0O0D0O00O0O numberd 000

norm fltvec 0O]
fltveeD O DO 0OO00OO | fltvec|

norm?2 fitvec OO]
fitvee 00D 000DDOO0OO0 || fltvec||?=(v. fltvec fltvec)

normalize-vector fltvec &optional result (0O
fltec0 0000 1000000000D000O0O

distance fitvecl fltvec2 (0O
200 float-vector 00 00 0 OO |fltvec — fltvec2|

distance2 fitvecl fltvec2 [0O]
200 float-vector 0000 200000 |fltvec — fltvec2|?

homo2normal homovec &optional normalvec (00O
000000 homovee DO ODODOOOODOODO

homogenize normalvec &optional homovec (00O
000000 normaelvec00O00D00OOO0ODOO

midpoint p p1 p2 &optional result [OO]
pO00000p1,p200000 float-vector DO O Opl—p20 p: (1—p) 000000000 (1—p)-pl+p-p2
agood

rotate-vector fltvec theta axis Eoptional result [0O]

2000000 3000 fitveeO azrisO000 theta 000000000 aris0O0 :x, 2y, 22, 0, 1, 2,00
ONLOOOOOOOOOaeisO NILOOODO fitveeD 200000000003000000000
000000000 DOO0O0OD0O0OO0O0OOrotation-matrix 0000000000 ODOOOOODOOO
gog

13.2 00000

goooooobbobobooo0 20000000000 0000DODDODODODOD0D0D00000O0OOooOoDOOO
O Ov*, v.* euler-angle, rpy-angle 1000 3000000000000 0O0O0O0O transform, m*0
transpose ] J 000 0000000000000 n*mO000000000O00OO

result 00000000000 O0DOCOOODOOO0ODOOOOO0ODOOOOODODOOODOOOOODO
gboboobooboooobooooboboooobobooooboooooboaon

rpy-angle 0000000000000 0O0000DOD 2yxO0OOO 30000000000 Oeuler-angle
OO0 rpy-angle 000 0000000000000 0O0DOOOO0 zyz000000000000D0000
000000oo00o0oDoooooD 20000000

; Mat is a 3X3 rotation matrix.
(setq rots (rpy-angle mat))

(setq r (unit-matrix 3))
(rotate-matrix r (car rots) :x t r)
(rotate-matrix r (cadr rots) :y t r)

(rotate-matrix r (caddr rots) :z t r)
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;——> resulted r is equivalent to mat

300000000000000000000EB3 2000000000 coordinates 0 cascaded-coords
ooooooooooon

matrix &rest elements [OO]
elements00 00000000 ORow x Col = (elementsO0) x (0DO0O element 00 0) elements
0000000 ((list 123)0 (vector 1 2 3) 0 (float-vector 12 3)) 0000000000 0OO0OODO
odooooooooooooon

make-matrix rowsize columnsize &optional init [OO]
rowsize X columnsize 000000000 OO

matrixp obj oO]
00000 0000000000000 20000000000000000000TOOOO

matrix-row mat row-index [OO]
00 matO0 row-index0000000000000OO0OOmatrix-row00setf 000000000
00000000000 0000oO0bo00o0o0o0ooOoooooaoao

matrix-column mat column-indez [00O)
00 matO0O coloumn-indexD 0000000000000 0OOmatrix-columnOOsetf00000O0
goddoooooooooooooooooooooooooooon

m* matrizl matriz? Eoptional result (00O
matrizl 0 matriz2 000000

transpose matriz optional result (00O
matriz DO 000000000000 metree 0000000000

unit-matrix dim [OO]
dim x dimO000000000O

replace-matrix dest src [OO]
OO0 dest00D0OO0O0O0DOOODODOD sce0D00OO0OOO

scale-matrix scalar mat [00O)
mat00000000 scaler00D000

copy-matrix matriz [00O)
matriz00000000O

transform matriz fltvector &optional result [OO]
00 matriz0 0000 fllvectorOO0O0D0OO00O0OO

transform fltvector matriz &optional result [OO]
00 matriz0 0000 fltvectorDOO0D0OODO0O0O

rotate-matrix matriz theta azis &optional world-p result [OO]
rotate-matrix 000 maetrizc000000D00ODO0O0OOO:x, :y, :z000 0,1,20000000000
00000000000 000CO000000C000C0D0world-p0 NILOOODOODOOOOOOOOO
000000000000 0000000000000000000 Jworld-p0 non-NILOOOOODO
OoooooooooooOoOOoO0OO0o0o0O0O0O0OCO0OO0000000D0ersO NILOOODOODODODO
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OO0 matrz0 200000000world-p00000000OO 200000000000000O

rotation-matrix theta azxis &optional result [0O]
ers 0000 2000000 30000000000000 x,:y,:2,0,1,230 000000000 NIL
0000000020 00000000000as0 NILOODOOOODOO

rotation-angle rotation-matriz [OO]
rotation-matriz 0 00 000000000000 0O0O0O0O float-vector 0 0 O 0O O O O O rotation-matrix
0000000 D0ONILOODODOO0O0OO00000000000000000000dA0 retation-matriz
020000001 00000000000

rpy-matrix ang-z ang-y ang-z [OO]
gdobobobogooobbbibooooobbbbooooobbbuodu xbdod eng-z00om
goboboobddydobb eng-y0 00O O0O0O0O0O0OO eng-z000000O0O0OODOODODOO
gooobobobooooooboooog

rpy-angle matrix [ODO]
matrizd 20000000000000000000O

Euler-matrix ang-z ang-y ang2-z [00O)]
oo bbbbbbb z0000 eng-z0000000 y
0000 eng-y O0ODOO0ODODODO z0000 ang2-z00000000000000O0O000000OOO
gooog

Euler-angle matriz [OO]
matriz00 20000000000000

13.3 LUOO

lu-decompose [0 lu-solve 00000000000 OO0O0O0OO0DOOO0DOODDOODOOODOlu-decompose
0000000000000 0000D0oDOoDOo0o00o00DO0o0Ondlu-decomposed NILOOOODO
O00000Olu-solve OO OODOOO0OOOOOODOOOOu-solvelOOOOOODOOODOODOOODO LU
O000oooo0o0oooooo0o0ooooo0o0ooooo00ooooo00oooDooooooooog
O000000000simultaneous-equation 0010 000000000000 00O00O0OOOOOOOO0O
lu-determinant 00 LUDOOOOO0OD0OO0DOOOODOOinverse-matrix 0 0 0O 0 lu-decompose [
100 lu-solve 0 n 0000000000003 0000000000 4msO0000

lu-decompose matriz &optional result [0O]
matriz0 LUODOOODOOOO

lu-solve lu-mat perm-vector bvector Eoptional result [0O]
LuoOoooO0 10000000000 perm-vectord 0lu-decompose 000000000000
0000

lu-determinant lu-mat perm-vector [0O]

Lvoooooooooooooooo

simultaneous-equation mat vec [0O]
000 met0D0O0O00Ovec0DO0OO0O0 10000000000
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inverse-matrix mat
0000 metOO0O0OOOCOOOO

pseudo-inverse mat
Ooooooooooooooooooo

114

Oo]
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13.4 00O

000000000 0Ocoordinates 10000000004 000000000000 0Euwslisp000
000000000000000 33000000300000000000000000O

coordinates oo
:super propertied-object
:slots (pos :type float-vector

rot :type array)

obooobOob x300boooooboooooobooon

coordinates-p obj [00O)
objd coordinates 10000 O0O0O0OOO0OOODOOOOODOODOOOOOTOODOO

:rot [Do0O)
oob00obO0 3x30b00000o0n

:pos [Do0O)
oboooboo3oboooooooooon

:newcoords newrot &optional newpos [Doo0]
newrotd newpos OO0 D0 O0O000O0O0O0OnewposO0O0OO0O0OODO newrotd O coordinates 0 O O
g0oo000OO0oo0ooOdbOdbOOoO0oOoO0oOOoOdoOOobOdbOOdbOOooOoOU0oDOOooDOobDOobOOoboooooon
O0000O0O000DOoO00O0DoO000DOO000DO000DOO000DOO:updated 0 OO0
ooood

:replace-coords newrot &optional newpos [DoOoO)
mewcoordsOODOOODOOOOOO rotO posOO0ODOO0ODOOOOnewposO OO DOODOOO newrot
00 coordinates 0 0O OO ODOOODOO0O

:coords [Doo0]

:copy-coords &optional dest D000
OO0 dest00000D0OO00OO0DOOO:copy-coords 000 rotd pos 00 OO0DOOOODOOODOOOO
O0000000O0dest0 000000 OOdest00000D000O0O rot0 posOOO0O0OONO

:reset-coords [Do0O)
gbooboobobobobooobouoobooboobobobobooooo

:worldpos [Do0O)
:worldrot [Do0O)
:worldcoords [Do000O)

JddddbOodoooooooooooooooooogiddgdi000ooogoooooooag
0000000000000 00000D00000000000000000 posU rotU self0000
000000000000000 cascaded-coords 0000000000 OOOOOcascaded-coords
ododooooooooooooooooon
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:copy-worldcoords &optional dest [DooO]
O000000000000000Odest00D0000000DDOdest0D000000DODOOOO0OO
coordinates 1 000000000

:rotate-vector vec [Do0O)
00o0oboobobobooboOvecdobooboobobobooboobooboobobDbOon
gooobbobbooooobobobbooooobbobbooooobbbbooooo

:transform-vector vec [Dooo)
gdoobbobbdddeecbdgooobobbbooooonon

:inverse-transform-vector vec [Dooo)
gooobbbbdddeecbgooobbbbooooonbn

stransform trans &optional (wrt :local) [DoOoo)
wrtO0OO0O0O00000 trensO000000000O000O00¢wensO00000000O0O0OODOO0O
OO0wrtO :1local, :parent, :worldJOJOOOOOOOO coordinates 00000000000 ODO
00000 wrtd :local U0 0O Otrans 000000000 OOOOOOO0O wrtl :world, :parent
O000OtrensOD0000000000O0 wrtO coordinates 00000000 wrtO0D0O00O0O0ODO0O trans
0o000oodoooooooDooooooooooooon

:move-to trans &optional (wrt :local) [Dooo)
wrtO0O0O0000 trensU 000000 rotd pos DOOOOONO

itranslate p &optional (wrt :local) [Dooo)
ooooboboooboob wtOOOO0OO0OO0O0O000O00

:locate p &optional (wrt :local) [Dooo)
000000000 wtODO0ODOO0OO00000000D0wrtD :local 00000 :translate 1000
gooooo

rrotate theta awxis Eoptional (wrt :local) [0oOoo)

aris0000 thete 0000000000000 D00O0000000as00000000 (:x, :y,
:2) 0000000 float-vector D000 ars 0 wrt DO D O00D0D0D0000O0OOOODOOOOOO
O wrtO:local U axis0:z000000000000000O000O0 2000000000000 wrt
O:world, :parent U0 000000000000 zOOOODOOOOOOODOOCOOOOOO wrtO
:localU00OO0OO0O0O0O0O0DOOOOOOOOO0O0O0O0DOOOOOCOO wrtO :worldOOUOO :parent
Ooooooboobooooooo0ddwrtO :worldO OO0 :parent 00000000000 posO0O
oooOO0OO0O0O0O00000000000000000000000000000C00C00C00 coordinates
OOO0O0O0O0000O0DOgransformO00000000O0O0O0O0O00O0OO

:orient theta axis Eoptional (wrt :local) [DoOoo)
rot 00000000 O:wrotateJ 0O OO OOOOOODONO

:inverse-transformation [Dooo)
oooobooooobooboooooboooon

stransformation coords (wrt :local) [Dooo)
OO00000000000000 coordsDO0O0O0D00O00000O00wrtO :local OODODOOODODO
0000000000000 00000000 stransformation 0000 :itransform 0000000
wrt=:1local OO O00OOD0OODOOOOODOO coordsOO0DOOODOODOOOOODOO
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:Euler az! ay az2 [DooO]
00000 (azl, ay, az2) 00000000000 rot 000000

:roll-pitch-yaw roll pitch yaw [Do0O)
ooboobobooobooboooobobounb ret00ooonO

:4x4 Eoptional matl4 [Do00O)
O00maet44 000 4x4000000000003x3000003000000000000O00O0O00O0
0000000 maet44 00000000000 0O0O0O0O0OODOD 4x400000000000000O0

:init [Do0O)
&ley (pos #£(0 0 0))
(rot #2{((100) (010) (00 1)))

rpy ; roll pitch yaw

euler ; az ay az2

axis ; rotation-axis

angle ; rotation-angle

4X4 ; 4x4 matrix

coords ; another coordinates
properties ; list of (ind . value) pair
name ; name property

00 coordinates 1 0000000000 Orot 0 posO000DO0OO0OODODOOODOOOODOOOO
goooboooobooo

:dimension 20000 3 (000000 3)

:;pos D0D0D0D0D00 (DO0DO0D0 #£000))

ot 000000000 (COOOODOOOOO)

euler 00000000 30000000000

apy UD0ODOD0O0O0O0O0O0ODOODOO 300000oooooo

:axis 000 (:x,:y,:z0000000 float-vector)

:angle 000 (razis000000O)

'wrt J00000000 (000000 :local)

:4X4 4X4 00 (posU rot OO0 OO)

:coords coords 00 rotd pos 0O 0ODOOO

:name :name J 000000

cangle0 :axis 000 0000000000000 0OD0000:wtO0000000000wrtODOODOO
O:Fuler000000C0ODO0O0OOODOOOOODOOOGG21, ayO e20000000000000 srpy0O
00000000 90 000000000000 :rot, :Fuler, :rpy, :axis, :4X4 000000000
0000000000000 00000D000000DO000D0O00O00000 azisO :angle00 00O
oo oo bbb oo oooooog

Uboooooooogb:pproperties1 0000000000 OO0OOOOODOODOOOODOOOOOO
Oplist0000000O0O
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13.5 0OO0O0gn

cascaded-coords Ooo]
super coordinates
:slots (parent descendants worldcoords manager changed)

00000000000 000cascaded-coords 000000 cascoords 0000

:inheritance [Dooo)
00 cascaded-coords U0 00000000000 tree0 000000000 a0 0000000
000000 cO a000000000((a (c)) (b))ODOoa

:assoc childcoords Eoptional relative-coords [0oOoo)
childcoords 1000000000 DO0O0ODOODOOODODOOAN childcoords] 0000 cascaded-coords
0 assoc 00000000 childecoords 0 00000 cascaded-coords 0 1000000000000
Odissoc0 0000000 ODOOOOODO childeoords 00 O00D00OO0OD0OOOOOOODOO

:dissoc childcoords [Do0O)
0000000000000 childeoordsODOOOD0OODOODOOODOODO childcoordsOOO0OOOO
goggooboobbogd

:changed [Dooo)
gogoggooboooooboboooooboboboooobbbooobLbboooobbbbuuoa
gooobbbbooooobobbboooooooo

:update [DoOoo)
O000Db0o0o0oboO0obooooobdOd:worldecoords OO OODOODOOMO

:worldcoords [Dooo)
goodoboobooooobobbdooooobbodooob bbb bbbooo
O0000D00 coordinates D0 000000000000 O0DDOOOO0OODOOOOOODOO
obooooOoboooooboboooooboboooogon

:worldpos [Do000O)
0000b00o0bo0obuo0obuoobOo rotboogd

:worldrot [Do0O)
0000bO0o0bOo0obo0obOoOobg pesboogd

stransform-vector vec [Do0O)
veeJO00O0O0O0OD0OOO0ODOODOOODOOODOODOODOODODOOODOODOO

:inverse-transform-vector vec D000
U000bO00obOobobdbwecOObOOobooobOoobOooboboboOon

:inverse-transformation [DooO]
O0000000000000 coordinatesI 00O OOO0O0OOO

stransform trans &optional (wrt :local) [DooO]

:translate fltvec Eoptional (wrt :local) [DooO]
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:locate fltvec &optional (wrt :local) [Do0O)
rrotate theta axis &optional (wrt :local) [Do0O)
:orient theta axis &optional (wrt :local) [Do00O)

coordinates 1 0 000000000000

make-coords &key pos rot rpy Euler angle axis 4X/ coords name [00O)
make-cascoords &key pos rot rpy Euler angle axis 4X/ coords name [00O)
coords &key pos rot rpy Euler angle axis 4X/ coords name [00O)]
cascoords &key pos rot rpy Euler angle axis 41X/ coords name [00O)]

00000000000 coordinates 000 cascaded-coords 000 000O000000O00O0O0O0O
O00000O0O0Ocoordinates 000 0:nit 0000000000

transform-coords coords! coords2 Eoptional (coords3 (coords)) [00O)
coords1 0 coords2000000000000O0O0O0O0O00 coordss0000000O0

transform-coords* &rest coords [OO]
coords 0000000000000 O00000O0O0O0O0O0O0OOOCOCOOOOO coordinates 000
oooooooo

wrt coords vec [00O)
vecd coords000000000O0O00OO0O0OO0O (send coords :transform-vector wec) 00O 0O
oood
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13.6 0O O0O0O0O0O coordinates classd O 00O

0000 TO4x4000000000000000D0O0O0O0O0OOOOCcoordinatesd10000O00O00OOOO

R
T — T PT
0 1

Rr03x3000pr03x100 (eusO 00000000 30 float-vector) 00 000 EusLispO0000
coordinates 0000 RO 3x3 000000 3000000000000 0O0O00O000O0O0O0O0O0OOO rot
OposOOOODOOR,Opryr 000000

gbooobooboooobooon

coordinates class 00 0000000000 OODO RO pOOOOOOO
O00TO coordinate 00000000 OOOOOO

(send T :rot)
= Rr

(send T :pos)
= Pr

gboooboooooooobo

o0O0OvO 30000000000

(send T :rotate-vector v)

= Rpv

(send T :inverse-rotate-vector v)

= VTRT
(send T :transform-vector v)

= Rrv+pr
0000000 TOOODODODODODODOOOOOOLOODODOUOO0OoUOOoDODoDoODOOOoOoOo

(send T :inverse-transform-vector v)
= R;' (v —-pr)
ooodoooboobobobobooobooobo0o Toboooobooooooog

0000000000 (Cooooooono)

(send T :inverse-transformation)
= 71

googoooo

71 _ (Re' —Ry'pr
0 1
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(send T :transformation A (&optional (wrt :local)))
wrt == :local 00007 tA 000

wrt == :world D000 AT-1 00O
wrt == W (coordinates class) D0 OO W 1AT-'W 000

gooobooobooooo

O0OO0AO coordinates 0000000000 0OODOO

< QogboooobobooboboooooobooboobooobooboobooboobooooOoooOooooboDbooDbn
obooooOobooooooboboooboobooooono

«~—Q0ooooooo

(send T :newcoords A)
RT ~ RA

Pr < PA
(send T :newcoords R p)

Rr< R

pr < p
(send T :move-to A (&optional (wrt :local)))

wrt ==:local OOOOT «+TA

wrt == :world D000T < A

wrt == W (coordinates class) D00 OT < WA
(send T :translate v (&optional (wrt :local)))

wrt == :local DO O O pyr < pr + Ryv

wrt == :world DO OO pr < pr+v

wrt == W (coordinates class) 0 00 O ppr < pr + Rwv
(send T :locate v (&optional (wrt :local)))

wrt == :local 0O 0O 0O pr < pr + Rpv

wrt == :world OO OO pp + v

wrt == (coordinates class) 0 0 O 0O pr «+ pw + Rwv
(send T :transform A (&optional (wrt :local)))

wrt ==:ocal 0000 T <+ TA

wrt == :world D000 T« AT

wrt == W (coordinates class) D00 0T « (WAW) ' T
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14 000000000

Euslisp 0O DO DOOOO0D0OO0O0OODOODOOOODO BrepUDODODOOODOODDOOOBrepOOOQOn
edge, plane, polygon, face, hole, ] body 0000000000000 ONO bodyUOOODOO body O
gooobboooobbboooobbooooobbooooboooobDb bbb oooooo
00000 d *edge-class*, *face-class*[] *body-class* 0 00000000000 000OCOO0OOOOO
good

14.1 0OO0O0OOO0Od

vplus vector-list [00O)
vector-ist 0 0 00000000 O0OO0DOOO0OOODOOOOODOODO0ODOOOv+OO00O0O0OwvplusO 2
ggogoboobobbooooooboobboooooobobbboooobbbobog

vector-mean vector-list [OO]
vector-list 00 OO OO0O0O0OO0O

triangle a b ¢ &optional (normal #f(0 0 1)) (00O
a, b, c 00200000 3000000000000 0n0ormael00a,b,c0000000O00O0OCOO
O0000Otriangled @,b,c 0000000000000 2000000000n0rmel0000000
00000 ab,c00000000D00000O¢triangle000000000000D0DOO triangle O
O000D0c¢O0 «-b00000D0OD0O0O0OODODODO a-cOOODOODOOOOOOO

triangle-normal a b ¢ [00O)
¢bcO00D0000O0ODOODODOODOODOODOODODOODOODODOO

vector-angle v1 v2 &optional (normal (v¥ vl v2)) [OO]
20000000000DO0O0O0DOO0O0OO0DOO0O0D0ODO atan(normal-(vixv2), vi-v2)dwvl,v2
Onormal0000000000000000Onoermel000000000O001,v2000000000
googobboboboooooobobobb obbo~ODbObO0O0O0OD0ODDODDODOOOUOUODDDDOO
O000OO0Onrnoermel00O0O00OOOOOOODOO

face-normal-vector vertices [O0O]
oooobooooooooooboooooooooooooooooon

farthest p points OO]
30000000000 pemts0 000 pOO0OOCOOODOOOO

farthest-pair points [00O)]
J0000000b00n pemtsdDO0O0O0OO0OOOOOODOO

maxindex 3D-floatvec [OO]
3D-floatvec 0 3000000000000000000O0COOO

random-vector &optional (range 1.0) [0O]
jooboobooboboooooboboooobooooooboooon

random-normalized-vector &optional (range 1.0) [0O]
Jubuogoboobooboobobon
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random-vectors count range [OO]
range0 0000000000000 count0000000O0O0O0O0OOO

line-intersection p1 p2 p3 p/ [00O)
pl, p2 p3, p40 0000 2000000000000000p1-p20 ps-p400000 2000000
000000 Oline-intersection 000000 20000000000000000000O0O00O0O0OO
000000000 2000000000030000000000p1, p2, p3, p4000000000
goooooad

collinear-p p1 p2 p3 Eoptional tolerance [00O]
pl, p2 ps00000 30000000000 30000000000 0collinear-p0 000 ||((p2—p1) x (p3—p1)’
O *coplanar-thresholdxU 0 OO0 0O 0OpI-p30 00000 p2000000OO00OOOOOOODOOO
OO0odoooooNILODOD

find-coplanar-vertices p! p2 p3 vlist [00O)
pl, p2, p30 030 000000000000 3000000000000000O0O0O0Ofind-coplanar-
vertices 1000000000 O0OwhistDOODOOO0O

find-connecting-edge vertex edgelist [OO]
vertec0 00000 edgelist 00D O00OO0O00OOOO

make-vertex-edge-htab bodfacs [0O]
bodfacs 0 Obody 00 00O face IO O 0000 0O make-vertex-edge-htab 0 O bodfacs 1 00 00O O
gogoobbbbooooobbbbboooooubbbboouooobo

left-points points p1 p2 normal [00O]
points, p1, p20 00000000 normel 00D O000000O0O0O0O0O0ODOO]left-points OO
pl, p20000000O00O00O0O0O0O0O0O0O0O peintsD 00000 OODOOO

right-points points p1 p2 normal [00O)]
points, pl, p20 00000000 normel 00000000000 D0OOODODO0ODOr right-points
O0Opt,p20 000000000000000 pesnts0 0000000000

left-most-point points p1 p2 normal [00O)
points, p1, p20 00000000 normael0J 0000000000 OOO00O0DODDODOOleft-most-points
O0pt,p200000000000000000000 peintsO00000D00O00O0ODODOOOOODOO
agood

right-most-point points p1 p2 normal [0O]
points, p1, p20 00000000 normal 000000000000 0OODOODOOODO right-most-
points 00 p?, p20 00 0000000000000 0O00O0 points0 0000000 ODOOODOO
goooooo

eps= numl num?2 Eoptional (tolerance *epsilon*™) [00O)
20000 numIOd num200000Otorelance0000000O00OODODODODOOOODOO

eps< numl num?2 Eoptional (tolerance *epsilon*) [00O)
numI 00000 nuym20 0000000 TOOOODOOODO Onumnl<num2-tolerance 0O O[O

eps<= numl num?2 &optional (tolerance *epsilon*) [00O)
numlO0O0 nuem200000000000000000 TOODODDOOO Onuml<num2+tolerance
good
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eps> numl num2 &optional (tolerance *epsilon*®) [00O)
numI 00000 nuem20 0000000 TOOOODOOODOOnuml>num2+tolerance 00 00O

eps>= numl num?2 &optional (tolerance *epsilon*) [00O)
numIO0O0 nem200000000000000D0D0D0 TOOODOOOOOnuml>num2-tolerance
good

bounding-box Oo0]

:super object
:slots (minpoint maxpoint)

xy-yz-O zx-0 00 0000000000000 000O0O00O0O0OODbounding-boxO0000000O0O
000000000000000000000000000000OObounding-box [0 Osurrounding-box
Oo0oooooooooo

:box [Do0O)
00 bounding-box 00 O0O0D0OOO0D0ODOOO

:volume [Doo0]
00 bounding-box OO OOO0OO

:grow rate 0o000]
00 bounding-box 0000 rete 000000000000 Oreted 0.0100001%000000

:inner point [Do000O)
point0 00 bounding-box 00000 TOODOODOODODOOO NILOODOO

:intersection boz2 &optional tolerance D000
OO0 bounding-box O boz20 00O bounding-box 0O OOOOOtorelance 100 D0 DODDOOOODO
OboxOOOOOOOOOOOOOOOOOOOOOOOOONILOODOO

:union boz2 [DooO]
OO0 bounding-box 0 boz20 0O 00O bounding-box 00 OO

:intersectionp box2 D000
00 bounding-box U box20 00000000000 TOOODODOODODODOOO NILOODOOOO
O00000OO:intersection 00000000 O00O0O0OO bounding-boxOOODOOOOOOODOO
gooooad

:extreme-point direction [0oOoo)
00 bounding-box 000000000 Odirection0 000000000 OOODO

:corners [Dooo)
00 bounding-box 0000000000 DOOOOOOOOOO boxO 2000000040000
gbooobos3gbooooosbobooog

:below box2 &optional (direction #(0 0 1) [DoOooO)
00 bounding-box O box20 000 directiton 0 00000000 DODOOOOO TOOOODODO
boundign-box O direction 00 0000000000200 boxOODODOOOODOOOODODOOOOO
oo0oooooo0oo0o00

:body [Dooo)
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00 bounding-box 00000000000 DCOOOODO bodyODODO

:init olist Eoptional tolerance [Do0oo)
minpoint 0 maxpoint 00000 olist00 0000 O0 O Otorelance0 0000000000 bounding-

boxODOOOOOOOOOO

make-bounding-box points &optional tolerance [OO]
pornts 000000000000 OO0O0O0O00C0ODODODbounding-boxO0OOOO0OOOODO0O

bounding-box-union bozes &optional (tolerance *contact-threshold*) [00O)
boxesO O OODOOODODO bounding-box 000 O0O0D0D0OOO0OODDOOODO toleranced O O0O0ONO
good

bounding-box-intersection bozes &optional (tolerance *contact-threshold™) [00O)

boxesOOOODOOODODOO bounding-box OO0 O0OD0DOOO0O0OODODOODOO tolerance0O0000
ooooo
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14.2 00000

goo0o0O0ooOo00oDOoOoooOdOboedy00o0ooooooooooooooooooboooooon
pvertex ] nvertex [ pfacel nface U Upface 0O DODOOODOODODOOODOOODOOOODOpvertex
U0 nvertexOUOOOOOOOODOOOOODOO

line ooo]
:super propertied-object

:slots ((pvert :type float-vector) (nvert :type float-vector))

pvert D nvert 00 0000000000000 0Opvert00 noert000000000O0O¢t - pvert
+(1-t)nvert

:vertices [Do0O)
pvert O nvert DO OO0 OOMO

:point p [Do0O)
0000DO0O0 pOO0O0OODODOOODOOD3O0000DO0ODO0OOOP - pvert + (1-p)nvert

:parameter point [Do0O)
0000000 point0 0000000 OCOOODOO0OOODOO:point0000D0O0OO0OOOOODOO

:direction [Do000O)
prert U0 nvert OO OO OOOOOOODOO0OO

:end-point v [Do0O)
000000000000 bo0obo0bO vd pvert U0 0000 Onvert 000000 vU nvert
O00000O0Opvert UOODODOOODOOOOONILOOOO

:box [Dooo)
00000 bounding-box O OO0 OODOMO

:boxtest box [Dooo)
box 000000 bounding-box 0O OOOOOOOOOOO

:length [Do00o)
ooooboooboooa

:distance point-or-line [Do00O)
00000 point-or-line0 00000000000 0OOOCOOOCOOOOOOOOOOO pvert O nvert
goooooooooooo0oooooooooooDooobooOoOooOoooDoobD20000O0DOO
oooooooooobobooooo2000000000000000DOO0O0ODAO

:foot point [Dooo]
point0 0000000000000 0ODOO0DOO0O0DOO0ODLODOOODOOOn

:common-perpendicular [ [Dooo]
goooo/boob0oobooooo20030bb00bbooboooDooooo200oD0booOoo
Ooo0oo000oo0oo0o0o000000dd :parallel 0000

:project plane D000
planed pvert D nvert 00000 200000000000
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:collinear-point point &optional (tolerance *coplanar-threshold*) [Do00O)
collinear-p 0000 torelance DO OO0 O0ODO point 0000000000 OODOOODOOODOOOO
obodbodUdOpemt0 00000000 O0O0OOOOO0OO0OODODOOOODOODODODbDOODODOOOO
0o0oooooNILOOoono

:on-line-point point &optional (tolerance *coplanar-threshold™) [Dooo)
pornt 0000000000000 0pvert D nvert U DO DODODOUOO0O0OOOOOOODOO

:collinear-line In &optional (tolerance *coplanar-threshold™®) [Dooo)
mhOOOOODOODOODOODOODOODOODOO WOODOODODOODODOOO TODOOODOODOO
oooNILODOOO

:coplanar In &optional (tolerance *coplanar-threshold*) [DoOoo)
mMOO0O0000000000000O0O0O00O0O00000O0000O00O0O0O000O ImO 100000000
00000 O0ODOO00MOOOODOOOO0O000O0OO0DOODOTOOOOOOOOOODOONILODODOO

:intersection In [DooO]
InO0O00O0O0O0O0O0O000000000O0O:intersection1 0000 200000000000 20
coooboooobooooboooooOoOooOoOoo0OO0 10000000 OOOObOOCOODOOOODn
oboooboboo200000000000NILOODOO

:intersect-line [n [Dooo)
mOO00ODO0O0OO0C0DOO0O0OO0CDOOOOODO0O0000OD :parallel, :collinear[] :intersect
goooboobooboobooboonog

edge ooo]
:super line
:slots (pface nface
(angle :type float)
(flags :type integer))

2000000000000 000DO0O0O0DOO0ODLOOODODOOpfacell nfaceOOODOOOODOOO
bobooooooobooboboboboboooboobooboobobobOobobooo0gn pvert
O0nvert OO0000D0D0OO0O0000OOpface0 000 pface0 00000000 DODODOO::pface
nface 0000000000000 0O0O0O0OpvertD nvert 0000000 O0O0O0D0OCOOOO

make-line point! point2 (0o
pointl O pvert DO 0 point20 nvert 000 line00O0O00D00OOOODO

:pvertex pf [Dooo)
pf0 000000 pface OO OO pvertexd O OO

:nvertex face [Do0o0O)
faceODOOODOODO pface0OO OO nvertexOO OO

:body [Do0O)
0000000000 bodyOOOOOQOODOO

:pface pv nv [Do00O)
0000 pv0 noO0O00D00O0 pvert 0 nvert 00000000 pfaced D OO

:nface pv nv [Do0O)
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0000 pvd 0000000 pvert 0 nvert 00000000 nface0 000

:binormal aface [Dooo]
000000 aefece0000000O0OCO0OOOOOOODOOOODOODO

:angle [Dooo)
gooobbobboouo 2000b0bbbbooogo

:set-angle [Dooo)
gbooboobobob2000000000000000D0 angle 0000000

:dinvert [Dooo)

:set-face pv nv f [Dooo)
fO pfaceO0O0Opv0 pvertex DO 0O nvd nvertex D0 000000000000 ODOOOOOOO
pface 0000 nfaceJOODODOODOOODOOODOOO

:contourp viewpoint Dooo]
Oooo0odooooobooooboodoboooooodoiniod pface0000 nfaceOOOOO
O wvewpornt 000000000 0OO0O0O0C0O0O0 TOODOO

:approximated-p [DooO]
gooooooooobobooooooooooboooooooooooooooooTooobooogn
coooooooooocooboobocOoooooo

:set-approximated-flag &optional (threshold 0.7) [DooO]
EuwlispO00OO0O0OO0OOODOOOOODOOOOODOOODOf1lagsd LSBOOOODOOODOODOOO
gogoobobbboooobobbobbooooo

0002000000000 thresholdd O OO0 OO 0O :set-approximated-lag 00000000 T
oooooo

:dinit &key pface nface pvertex nvertex [Dooo)
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14.3 0OOOUO

plane 0 00000000000 DOOOO0ODOOOOO0ODOOOOOODOOOODODOODODOD2000
O00oobooOobOoOd plane0000000O0D0OOO0OOO1I0DO00DO0OODO0OOO0ODOODO1O0DO0O0OO
gbooobOoboooooboooobooooonog

plane ooo]
:super propertied-object
:slots ((normal :type float-vector)
(distance :float))

oboobOobooboobobooooobbooooobobooooOobooon

:normal [Do0O)
oboooboobooboobogo

:distance point [Do00O)
O00dbpomt00O0000O0OOOOOO

:coplanar-point point [Do0O)
O00point000000D00O0O0O0O0OOODODO TOOOO

:coplanar-line line [Do000O)
O00me0O0DOODOOOODODOODOODTOOOO

:intersection point! point2 [Do00O)
pointl 0 pont20 0000000000 0O0O0OOO0OO0OODOO0OOOO0ODOOOODODbDOODbDDbDOO
gogoobboobbobbdoououbbbbuduudn sparallel OO0

:intersection-edge edge [Dooo)
00000 peint10 pont200 0000000000000 O00O00OO00O0COO0OOO0OO

:foot point [Dooo)
000000 pesntO000000O00OOOO0OCOOODOOOOODOO

:init normal point [Do0o0O)
point000 normal 000000000000 CO0D0O0O0O0O00RermalD000O00D0OOOODOO
000000|normal| =1

polygon ooo)
:super plane
:slots (convexp edges vertices
(model-normal float-vector)
(model-distance :float))

polygon 0O U0O0O0ODOOODOOODOOconvexp OO DOOODOOODOOOOODOOODOODOOO
UO00O0OedgesUOOOOODOOODOOO0OO0ODOOOO verticesOUOOOODOOOOOOOODOOODO

:box &optional tolerance [DooO]
000000000 bounding-box 0000
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:boxtest box2 &optional tolerance [Do0O)
000000000 bounding-box OO OOOODO boundign-box O beox20 0000000000
0O0O00DbOo0o0OOoDbDOoooOoNILODOOoO

:edges [Do0O)
goboboooboobooboboooobooboboboobooboobobObobDoobobobo
gogodoogoobooooboobobobooooooooboboobobbobdoooobobobbbobog
goodooobbobobobobbtboddooooobbbbbobodoooobDbbboboog
goooobooboobboobuoobooboboobooboobbobDboLobooboobo
dooobdooboobobobobooobuoobooboobooboooo

:edge n [Do0O)
U000 nO00b0ObObOObOO

:vertices [Do0O)
gobobooobooboobobuooboobOobDboOobOboo0obUoobobooboUobobobo
ggodooobobooboobobooodoooooooobobooboobbboboooooobobobbbobobog
gooobbobbooooobbbbbdooouoobbbboooooobo

ivertex n [Dooo]
b 000000000

:insidep point Eoptional (tolerance *epsilon*) [Do0oo)
000000000 U pemmt0000000O0OO :inside,:outside U U 00 :border U
godd

:intersect-point-vector point vnorm [Do00O)

port0000000000O0 vnermO 00000000000 OO0ODOOOOOOOO

:intersect-line p1 p2 [DooO]
pl0 p200000000000000O0O0O0OC0O0O0O0O0O0OOCOOOOONILOOOOCOOOOO
cooooocoooboboooooobooooooo

:intersect-edge edge [Do00O)
edge 0 000000OO0ODOOODOODOOOOODOOODOOOOONILOOODODOODOOO
ooooboooboobuooboobo

:intersect-face aregion [Dooo)
00000000 eregron 0000000 O0O0O0TOOODO

:transform-normal [Dooo)

:reset-normal [Do00o)
O00000000 verticesOODUODODUOUOODOODODOODOOODOODODO

:sinvert [Do0O)

:area [Do0O)
oboooboooboooo

:init &key vertices edges normal distance [Do0O)
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face 0oo]
:super polygon

:slots (holes mbody primitive-face id)

000000000 000mbodyd typeOOODO bodyd bodyOOOODODO (:top, :bottom, :side)

oooooo
:all-edges [Dooo)
:all-vertices [Do00o)

00000000 00000DODOO00000b0DOODO000b0DOO0O0 :edges O :verticiesO OO
gooooobooogoboboooogoooo

:insidep point [Dooo)
point0 00000000000 O00O00OO000000 peet0000000O0OOO0O0O0OOOOOOO
gboooboboobooboooooobooogn

:area [0o0oo)
gboobgooboooboobooboobobboboobooboobuooboobon

:centroid &optional point [Dooo]
gbooboboopooooobobobobuobooboboodbbpemt0DO0DO0OODOODODO
Ooooboooooooooooo20o00000o000bo0ooooooooooonoondpointd
cooobodooboboooboooOoooOoOooooOobooOoOoOoOooOoOoOoOooOoOoOoOooOooOoOoOOOoOoDnn
uboooboodg

:sinvert [Dooo)
ggooboobbodoodoobooooboobobbodoooobbbbooooobbbbuooobL b

:enter-hole hole [Dooo)
00000 heleOODODO

:primitive-body [Dooo)
0000000000 bodyOQd OO

:id [Dooo)
(:bottom), (:top) 0 (:side seq-no.) 00O 100000

:face-id [Dooo)
OO0 body OODUODOODOOOOOODOOODODOODODOOOD ((:cylinder radius height
segments) :side <d) OO0

:body-type [Dooo)
0000000000 bodyOGQo OO

:init &key normal distance edges vertices holes [Dooo)

hole ooo)
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:super polygon

:slots (myface)

000000000000 0000000000face0 00000000000 holesOOOOOODO
hole OO OODOOOOODDO

:face

0ooo]
00 holeDDOOOODDONO

:enter-face face [DooO]

O0 holeOOODOOODO faceUODDOODOOODODOOOOOOfaced OO0 :enter-hole0 000
goooooboobooooo

:init &key normal distance edges vertices face [Do0O)
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14.4 00O (body)

body ooo]
:super cascaded-coords

:slots (faces edges vertices model-vertices box convexp evertedp csg)

oooooobooog

:magnify rate [Do000O)
OO0 bodyOOODODO rete0000000OO0O0OOcsgO0O0DOODOOOODOO

stranslate-vertices vector [Do0O)
000000 b0O0bO0dbD0wector D000 O00OODOO0OO0OOOO0ODOODOOODODO csghld
gooooooo

:rotate-vertices angle azis [Dooo)
0000000 awisO00D00 angle0O00D0O0O00D00OO00O0O0 csgOO0OO0OOODOOO

:reset-model-vertices [Dooo)

:newcoords rot &optional pos [DooO]
0000 rotd posO0O000000O0OpesO0O00O0DOOO newrotdO coordinates 1000000
goooo

:vertices [DOooo)

OO0 bodyOOODOOOOODDOOOODOO

:edges [Dooo)
OO0 body OO0OODOOODOODOODOOO

:faces [Dooo)
OO0 body 00OOO0ODOODOOOOODOODOO

:box [Dooo)
00 body O bounding-box 0000

:Euler [Dooo)
OO0 body UDODODODOODOOOODOODO faces+vertices—edges—2—holes 0O OO0 OOO
—2rings 00 0000000OO0ODO

:perimeter [Dooo)
gdoobbobbooooooboboo

:volume Hoptional (reference-point #f(0 0 0)) [0oOoo)
OO0 bodyOOQOQOOODO

:centroid &optional (point #f(0 0 0) [0o0oo)
OO0 body 00ODOO0OOOOODOODODODODO

:possibly-interfering-faces box [DOooo)
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:common-box body [DooO]
OO0 bodyOOO bodyOO0OO0O0O0O0 boxOOOOOOO200 bodyOOOOOOOOOOOOO
oooOO0OO0O0O000boxOOOOOOOOOOOOO

:insidep point [Do0O)
O0Opoint000 bodyOOODOOOO:inside 000000 Opoint000 bodyOODODOOODOO
O0:border U0 00O0O0O0O0OMOO :outsided 0 OO

:intersect-face face [Dooo)
00000 bodyOOO face OO0ODOOODOODOODOTOOOO

:intersectp body [Dooo)
00 body OO0 bodyOODOODOODOOODOOO

:evert [Dooo)
0000000000000 000Do0bOOooDOooOdO bodyOOOOOOOoOOOO

:faces-intersect-with-point-vector point direction [Dooo)
point 00 directionO0000O0OOOCOOOOOOOOOOOOOOOOOO

:distance target [Dooo)
target 0 0000000000000 00000O0ODOOQO:distance000000Otargetd 00000
gooobooobbbboouoooboobo

:csg [Dooo)
body DOOODOOOOOOD csgO0ODOODOODO

:primitive-body [Dooo)
00 body O0OOOOOO bodyOOOOOOOO

:primitive-body-p [Dooo)
00000 body0 @30O0000O0O0OO0ODOO 1000000000 bodyOoOooooTOODOO

:creation-form [Dooo)
00 body OOODOOO LispdOOODOO

:body-type [Dooo)
00000 bodyOOO body OOODOOO bodyODOOODOODOOODOOOOOObodyODOOOOO
gooooooooooo

:primitive-groups [Dooo)
20000000000000000000000O0 bodyOOOODODOOOO (body+)00000
body 00D 0DODOOODOODOODOODODODOO bodyOOOOOOODO

:get-face &optional body face id [DoOooO)
bodyO OO0 bodyOOOODOOO bodyOOOOOODOOODOOOO bodyODO 1000000000
:cube, :prism, :cone, :solid-of-resolutionU000O0OO0O NILOOODOOOO faceO id0DO0O
O0000000bdy0 00000000 0OODO0ODODOfece00D0D00O0DODOODOOODOOOOODOO
OO0O0OD0DOOfacedO:top,:bottom [ :side0 00 100000000C0C0OQO (send abody :get-face
:cylinder :top) O0abody 0D OOOODOOOOODODOOOOOOO faced :side0 00000
OO0OO0O0O0OD0ODODODDODODODODOO (send abody nil :side 2) D00 0000000 0O Oabody
00000 bodyOOODOOOODOOODOODOODOO
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:init &key faces edges vertices [Do00O)
JacesOO OO bodyOOOOOODO faces0ODOO0OO0O0OOONOND :faces, edges O :vertices 1 0 O O
0000000000000 ooobooooboooDoboooo
0000000000000 0000000000body 0000000 3IOOOO0O0OO0OO body
000000 @M@B0O0 bodyDOOOOOODOOODO

:constraint b [Dooo]
OO0 body O 00000 0ODOOO0O0OO bodyUDODODODODOODOOOOODODODOD MBO

goooooobo
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14.5 OO0 bodyO oo

make-plane &key normal point distance [OO]
point0000normal 0000000 plane 0000000000 pommt0000000 distance 0O

gbooobgooobon

*xy-plane* [O00O]

*yz-plane* [0O]

*zx-plane* [0O]

make-cube zsize ysize zsize Ekey name color (0O
x,y,z 000000000 wxsize,ysize,zsize 00 0000000000000 O000O0OO bodyOOOOOd
ooooo

make-prism bottom-points sweep-vector Ekey name color [00O)]

sweep-vector 10 00O bottom-points 10 0000000000000 0OOOOODOOODOOOODOOO
sweep-vector 00 0000000000 DOO0ODO00D00000DO0O000ODOODO bottom-points
0000 body OODOOOOOOOOODOODODOOOODOODODOODOO (make-prism *(#£(1 1
0) #f(1 -1 0) #f(-1 -1 0) #£f(-1 1 0)) 2.0) D000 20000000000

make-cylinder radius height &key (segments 12) name color [0O]
OO0 radius 000 height 00 0000000000000 Oxy-00000O0O00ODODOOOODOOO

ooooboooo

make-cone top bottom Ekey (segments 16) color name [00O)]
000 teopO OO0 bottom OO0 OOD0OOOOOtep0 03000000000 bottemO0 00O gn
000000000000 00DOO00000O00DO0000D0O0ODO0O000 (make-cone #£(0 O
10) (list #£(10 0 O) #£(0 10 0) #£f(-10 0 O) #£(0 -10 0))) 0O OOOOOOOODODOOODO
ggd

make-solid-of-revolution points &key (segments 16) name color [00O]
ponts00zO0 0000000000000 0O0OOOOpents0 0000 200000 z0000000
000000000000000000 (make-solid-of-revolution ’(#£(0 0 1) #£(1 0 0))) OO
000000 (make-solid-of-revolution ’(#f(1 0 1) #£(1 0 0))) ODOODOODOOpoints0 00O
oooobobobodz0000000D0000000DO0ODODDODOOo0OOOoOO

make-torus points &key (segments 16) name color (0o
000000000 torus00000Opommts00000000O0O0OOOOOO

make-icosahedron &optional (radius 1.0) [OO]
0200000000b000b0o0oboobobooboo

make-dodecahedron &optional (radius 1.0) [OO]
0120000000000000bO0O0b00Ob0bOOn

make-gdome abody [00O)
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abody0 0000 40000000000000000000000C0000O0abedy0000O0O 2000
0000000000000 make-gdome0OOOO00OOO make-gdomeOODOODODOOOOOOO
g000ooO0o0obOO0bOO0obO0obO0obO0O0D40000bO0ODbDOODnd?20, 80,320, 1280, 512000

goodd
(setq g0 (make-icosahedron 1.0)) ; 20 facets
(setq gl (make-gdome g0)) ; 80 facets
(setq g2 (make-gdome gl)) ; 320 facets
grahamhull vertices &optional (normal #f(0 0 1)) [OO]

Graham OO OO0OD0OOOO0O0DO2000000000000000quickhull00OO0O00O

quickhull vertices &optional (normal #f(0 0 1)) [OO]
200000000 20000000 bDODbDODOO

convex-hull-3d vertices [00O)
gift-wrapping 0 0000 3000000000000000

make-body-from-vertices vertices-list [00O)
O0000O00O0O00O0bOO00CO0DO0bOoU0ODOO0DOOobDOoOobOOnD bodyo oo

14.6 bodyUO O OODO

face+ facel face2 [OO]

face* facel face2 [OO]
facelO face20030000000000O00DOface+0 0000000 0ODOOOO0ODOODOODOO
00000000000000000000000 2000000000face*0 0000000000
00000000000 oDo0oooOooNILOODO

cut-body body cutting-plane [OO]
body O cutting-plane 0000000000000 O0ODOODODOODOOO0O

body+ body! body2 &rest more-bodies [00O)]
body- body! body2 [00O]
body* body! body2 [0O]

20000000000 bodyOOO0OOOOOODODOOOOOOOOO bodyO0Obody+, body-,
body*U O 0O0ODOD0O0O0ODO0OOOOD bodyUUDOODODOODOOObodyODDODOODODOOO
goobObOO0000obooObbO00o0oboobObbO000000O0b0000 *coplanar-threshold*,*contact-thres
OO00D0O0OO000O0O0b0200 bodyODODOOOOOODOOOODOOODOODOOOODODOOODO
O0000DbOo0oogobDOd bodyOOODOO bodyUDODODODODOOOOODOODOOODOODOOOO
gooood
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body/ body plane [00O)
make-plane 00000 plane 0000000000000 planed bodyO OO DO OODOOODOO0O

O bodyOOGQOOODO

body-interference &rest bodies [OO]
bodiesO000 10 100000000000 DODOO0ODODOODOODOOODO 200 bodydOoOoooOo
ggg

14.7 0O0O0O

coordinates-axes U0 000000000000 300000000000000000D z0D0000
OO000line0 000000000000 OO0DOOOOOCcascaded-coordsO000000000O0O00OOO
O00000000DO0body0DDOODODOO cascaded-coords 1000000000000 O0ODOODOOOO
oo0oo0oobodO0Obody OO oooboOoooobobOoOooobooboobooDboo

coordinates-axes O0oo]
:super cascaded-coords
:slots (size model-points points lines)

gboogb3gpobooboooboon
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14.8 0OUOO0O0OO0OOOOO

0000000000000000000000D00000000Ocontact/model2const.l, contact/in-

equalities.l, contact/drawconst.l

constrained-motion ¢ [OO]
ugd cO0oooooobbbooooog

constrained-force m [0O]
0000000 bodyOODOODOODOO bodyJOODOOOOOOmODDO constrained-motion 00 O
gooooooooboooa

draw-constraint ¢ [0O]
oo c000g
draw-motion m a b [0O]

o0 bO000D00OO0O0DODOODOODOOODOOODOOOOODODODOOODOOODODOOOO

Example

M peg in a hole with 6 contact points
(in-package "GEOMETRY")

(load "view")

(load "../model2const.l" :package "GEOMETRY")
(load "../inequalities.l" :package "GEOMETRY")
(load "../drawconst.l" :package "GEOMETRY")

(setq x (make-prism ’(#£(50 50 0) #£(50 -50 0) #£f(-50 -50 0) #£(-50 50 0))
#£(0 0 200)))

(setq x1 (copy-object x))

(send x1 :translate #f(0 0 -100))

(send x1 :worldcoords)

(setq al (make-prism ’ (#f(100 100 -150) #£f(100 -100 -150)

#£(-100 -100 -150) #£f(-100 100 -150))

#£(0 0 150)))

(setq ana (body- al x1))

(send x :translate #f(0 -18.30127 -18.30127))

(send x :rotate -0.523599 :x)

(send x :worldcoords)

(setq ¢ (list (send x :constraint ana)))
(setq m (constrained-motion c))

(setq £ (constrained-force m))

(hidd x ana)

(draw-constraint c)
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(draw-motion m)
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MSB 31

2

1

0 LSB

pointer / ingeger / float

| F .

00 pointer
o1 float

10 integer
11 not used

141
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object

vector

header

header

142

header

31 30 29 27 26 24 23 16 15

slot 1

size

m|b| mark|elmt | bid cid

slot 2

element 1

element 2

m: memory bit for buddy

b: buddy bit for buddy

mark(3bit): GC, copy and print
elmt(3bits): type of vector elements
bid(8bits): buddy id (1..31)
cid(16bits): class id (0..255)
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object
cons
queue
propertied-object

symbol  ---—-—- foreign-pod

package
stream
file-stream

broadcast-stream

io-stream ---- socket-stream

metaclass
vectorclass

cstructclass

read-table

array

thread
barrier-synch
synch-memory-port
coordinates

cascaded-coords

body
sphere
viewing

projection
viewing2d
parallel-viewing
perspective-viewing
coordinates-axes

viewport

line --- edge --- winged-edge

plane
polygon
face
hole
semi-space
viewer
viewsurface -----
compiled-code
foreign-code
closure
load-module
label-reference
vector
float-vector
integer-vector
string
socket-address
cstruct
bit-vector
foreign-string
socket-port
pathname
hash-table
surrounding-box
stereo-viewing

tektro-viewsurface

04 0000000000

143
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physical logical
CPU pool CPU

pool

scheduled scheduled

by kernel by library

signal
stack stack

process

shared
memory

05 Solaris 00000000 OOOOOOO0O0O0O0O0O

144
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mutex_lo
blOCkEd blocked
i fork
p ing r
thread s
/ fork
blocked
mutex_unlock

O 6 0000000000O0O0OO0OO0O0ODODOOOODOOOOO
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write

post request
thread-1 [—— \ sema
requester

N~twait

parameter

\ done
rehd sema

thread-object

wait

\; thread-2

rite

free-thread

&= thread-d
B e
SRR

> thread-3

=2

list

|

146

Or7noob0obO0ooooooobooboboobooooboboboboobobooboooobobooooon

gboooboooobooog
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thrl  thr2 thr3 ... thr- _
! ! ! N thread-1 mt;rgscry thread-2
l Y:wait *wait ‘ write ]
s wait ) & wait L read
barri
artier read & wait *
:wait !:wait !:wait write
barrier . * || *

running (b) Synchronized-

(a) Barrier-synch *
memory port

I idle

O & ubooooooboooo
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body face edge
face-normal prertex
minimal-box edge-list nvertex
face-list vertex-list pface
edge-list hole-list nface
vertex-list convexp angle
convexp primitive-body flags

osg face-type

oo o0ooboooooogon

148
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cub1=(make-cube x y z) (make-torus point-list)
z
‘g t z v2 v3
vi v4
y\\ % X
v6 v5

cyl1=(make-cylinder radius height) . . .
(make-solid-of-revolution points)

< i
/ ) v3— v4

height
v2
vi v5
X
v7 v6
(make-prism points sweep) (make-icosahedron radius)

(ﬂ}‘ radius
- &

=

(make-gdome ico-or-gdome)

\ (make-cone top bottom)

vi

vd s v2

) (body+ cubd cyl)

cyll

v cubl

0 10: OO body
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gobooboobobobobooboobobboboobooboobo

0 11: Constraints for a peg in a hole.
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goboboooboobobooboboobootboboobooboobobooboboobobooo
goo

O 12: Possible motions of a peg in a hole
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14.9 O 0O0O0O Voronoi Diagram

00 : Philippe PIGNON, 000000000

000000000 Common LispO00O00D0O0O0O”A sweepline algorithm for Voronoi diagrams”, Pro-
ceedings of the 2nd Annual ACM symposium on computational geometry, 1986, 313-322. 00000000 0O
0000000000ooooo0o0o000000000o0o0oooo000000oo0oooooooDoO0ooo
ETLO Euwslisp0 0000000000000 O000O0ODOOOO0ODOOOOOO Common LispO00000O
0o0ooooobobb0utilities. 10 000000O0OOOOOOOOOOOOOODOODODODODODOOOOOO
O000000O0D00D0D0OD0ODOD0O0O000000000

OO0: 0000000 voronoi diagram 0000000000000 0OO0O00DOOOO00OOO0O0O0OOOO
obooobooooboobooooobooooobooboooon

gb: 00b0o0oooboobooooboobooooobooboo

DATA= (
(x11 y11 x12 y12 %13 y13 ...) first polygon,
counterclocwise enumeration of vertices
(x21 y21 x22 y22 x23 y23 ...) second polygon

(xn1 ynl xn2 yn2 xn3 yn3 ...) nth polygon

(xf1 yf1 xf2 yf2 xf3 yf3 xf4 yf4) enclosing frame

OCO0O000ODATADOOOOOOOODOOOOOODODODOOOOOOOOODOODOOOOODOD
goboooooooboobobobooooooooobobobooboooooooboDOoboboooboon
boooboboobooboooooboobooooboboooboooban

00: *diagram*:200000000000000000 (utilities 1000000 0)0000000OOOOO
OO00Osymbol0OOOOOO0DOOOO field D00 property-list 0000000

(start <pointer to a vertex>)
(end <pointer to a vertex>)
(pred <pointer to an edge>)
(succ <pointer to an edge>)
(left <pointer to a site>)
(right <pointer to a site>)
(type <:endpoint or :point-point or :segment-segment or :point-segment>)
(outflag <t or nil>)

verter 0 Osymbol O "pos”field 0 O O property-list 0 00000 field 0 Ocons(z,y) 0 0 0 O vertex 0 O
O0000O0Opredd succ field00decl 0000000000000 OO0O0OO0O0OOOOO (Shamos
O Preparata O, Computational Geometry: An introduction, 1985, pp 15-17 O O O )0 site O symbol
0000000000000 property-list 00 0site 00000000000 0ODO0ODOOOOOOOO
0000 point OOOOD0ODOOO0ODODOONO segment 1000

type002000000000000C0C0O0O00 siteDDDODODDOOOOOOOOOOOOOO start-end
OO00O0OD0OO0O0O0O0OOvoronoi diagram 0 02000000000000000000000O00O0O outflag
000000 outflagOOCOOODO
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googd: 0boobboobooboobooboobooboobobboboboobooboon

l. 0obOoboooooboooobooboooog

utilities.] 0000000000000 eusxOOOOQOO4d
polygonalvoronoi.l OOOOOOO
testdata.l oo0ooooooooogo

2. O00EuwlispO000000000O0DOO0OO0ODOD utilities.10000O0OO”compatibility pack-
age’0 0000

3. 0003000000000 00o0bOoOoOO00000oo0bOobObOoOoO0oOoOoooooooag
utilities.l

polygonalvoronoi.l
testdata.l ooooooooooooooooooon

4. (pv demoworld) 00 0000000000000 OO0OOOOOOOOODO*diagram*0 00
voronoi diagram 0 200000000000

eusx(Xwindow 00000000000 Ewslisp) 000000000000 diagram 0000000000
gooooooboo

(make-display) ;;Initializes the *display* window object
(dps demoworld *thick#*) ;; Shows original data in thick lines
(dbs *diagramx*) ;; Shows the result
pv data [0O]

0000000000 dateDDOOOODO voronoi diagram 000000
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0 13: viewing OGO OQOOOO

15 Oooogooood

15.1 00O (viewing)

viewing 0O OOODOOOOviewing O OOOOOODOOOOOODOOOOODOOOODOOOODOOO0ODOOO-2
0000000000000 D00D0OxyOOOOODOODOO0OOviewingO cascaded-coords 000000
0000 O:translate O :rotate O :transform 0000000000000 O0OO0O0O0ODOOODO Ocascaded-
coords 000000000 DO0DOU0OOOOODUODODOOOOUOOUODODOOOOOODODOODOO
0000000000000 00viewingOOOOODOOODODODODODOODOOODOOODOOOOOOOOOO
0000000000000 oo0oo0oo0oo0Do0o0oooDoo0Dooooooooooon
0000000000000 0oo0oo0oDOo0DOo00DOOnviewing O viewcoords OO O OO OODO
0000000000000 0000000OviewingODOOOOOOOODOOODOO

viewing Ooo]
:super cascaded-coords

:slots (viewcoords)

viewing O OO QooOoOd

:viewpoint [Dooo)
00 viewingOOOOOOOODOODOOOO

:view-direction [Dooo)
viewing 0O OOOOOODOODOODOOODOODOOOOOODOOviewingODOOO zOOOOODOO
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:view-up 0O000]
0000000000000 viewingd yOOOOOOOOOyOOOviewport0OOOOODO

:view-right D000
0000000000000 viewingO xOOOOOOOOOxOOOviewport 0OOOO0OOOOO

:look from &optional (to #£(0 0 0)) [Do00O)
dlook 000000 from000000000t 00000000000 viewingODOOOOOOOO

:init [Do0O)

&key (target #£(0 0 0))

(view-direction nil)

(view-up #£(0.0 0.0 1.0))

(view-right nil)

&allow-other-keys
viewing 0 [0 cascaded-coords 0 0 0000 00O :pos O :rot O reuler O :rpy 000 4nit 000000
J000dviewingOOOODOODDODODDODODDODDODODDODODDODOOODOODDODODOAO viewing O ranait O
000000000000 ooboboboo0000twrget 0000 0OD0O0O0ODODDOD0OOOOODODOOOO
target 00000000000 wiew-rght 0000000000000 xyOODODOOxOODOOO
000 :view-direction O :target OO0 0 000000000000 O0ODO0OOOO0ODNO :view-up OO0
wiew-reght D0 0 0 OO target 00 0 O view-direction 0000 0000O00D0O3000000000O
gooooboboboooooooooooa

15.2 00

parallel-projection 0 perspective-projection 000 0000000000000 DOODOO 4X4000
00000000 CO0D0ODOO 300000000000 bOOOprojection0d00OOO0O0OODOOODOO
000000000000 0DO0O00DOOviewingOODOOOOOODOODOD2000000000000R0O
OO0 viewingOODOOOOOOOODOOOOODODOODODDOODOODOODO3DOODOOO :project30 000
000000 00O0O0Db00bO0oboo0o040b00o0o0ogbotlhome2normal 0 O000OOO0OOOO
00000000000 000000000000O000L00O000DU0DO0ODUOoOOO (NDC)ODOOO
00o0o0dbOoO00oO00ooOo0bOoOOoooooooDoooooOooooDOo0DO xyz000000-1001
0000000000000 000D0O0000C000D0O0O0000000D0OOO0Operspective-projection
0 parallel-projection 0 000000 OO OO perspective-projection 0 000000000 O0OO00O0O
OO00O0O0Oscreenx screeny 0000000000000 viewingOOODODO windowOOOOOOOOO
0000000000000 Oviewdistance 00000 viewO O OOODOOOODOOODOOOODODOODOO
OO0 0Oviewdistance U0 00000 0OviewO OO windowODODOOOOOOOOODhitherD yonOOOO
gobO0oOoOoO0obOoOobOooO0obOOo0obOo0o0ooOOoobOobOOo 20000000 DOO0OOOOODOOODO
0000000000 0DbO00O0DoDO0oooogDog viewport 0O OOOO0OOODOOODOODODOO

projection ooo]
:super viewing

:slots (screenx screeny hither yon projection-matrix)

4x400000000000DO0O00O000O00O0

:projection &optional pmat [Do00O)
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O00pmatO0000D00O0ODOOprojection-matrix 00000000000 :projectiond 000
04400000000

:project vec D000
vec0 0400000 3000000000000wec00000000O0O0O00O0O0OODOOOOOO
obooooOobooooooooon

:project3 vec [Do0O)
veeJ 0000 3DO0O0O0O0Ovec0O000OODOOODOOODOODOOODOOODOODOOODOODOO
gogoobobbuoooonon

rview vec [Dooo)
vecl viewingO OO UOUOQODOODOODOOODOOOOOOOOODOLOODOOoOoboooobooooooo

:screen zsize (Eoptional (ysize xsize)) [Dooo)
viewingOOOOOOOOOOOOOOOOOOO viewdOOGOOO

:hither depth-to-front-clip-plane [Dooo)
0doooboooooobobbooogooobbodooooDoobObo0oooooDobooooon
goooooooo

:yon depth-to-back-clip-plane [Dooo)
oo b bbb oooooobooooo
goooobooobo

:aspect &optional ratio [Doo0]
000000 Oscreen-y O screen-x D0 00000000 reteo0 00 0000O0OO0OOO0OOOOO
00 000Oscreen-y O screen-x * ratio 00000 00:aspect 000000000 0OOOOO

:init [0ooo]
&key (hither 100.0)
(yon 1000.0)
(aspect 1.0)
(screen 100.0)
(screen-x screen)
(screen-y (* screen-x aspect))

&allow-other-keys
viewing [0 projection 0000000

parallel-viewing ooo)
:super projection

:slots

O000000000hd(DO0O00OO0)0D00000O0O0OOOOOODOOO

:make-projection [Doo0]

perspective-viewing Oo0o]

:super projection
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:slots (viewdistance)

ogboooboobooog

:make-projection [Dooo)

rray u v [Dooo)
000000000000oo (ww)DOOODODODOO0OO0DOOOOO

:viewdistance &optional vd [Dooo)
viewdistance 0000000000000 O0DO0ODOwWdO000O0O00DOOODO viewdistance OO
O000Oviewdistance U000 000D 0D0O0DDO0OO0OOWOIODODOODOODODOODOOOOO
view DO O0O0OD0O0ODO0O:viewdistance 0 0000 viewdistance DO OO

:view-angle &optional ang [Doo0]
0000000000000 eng0 0000000000 0O0DOO0OO0DOODOO0200 (0D 04000
0)00500 (0 090000)0000000000O0viewOOODOOODOOOOODOOOOODO
O0000O0viewdOOOOOODOOOOOOOOOOO (OO0)viewingOOOOOOO viewOOOOGO
OOwiew-angle 000000000000 OOCOOO0OODODOOOODOO

:zoom Eoptional scale [0o0oo)
O00Oscale 0000000000000 scale0 0000000000000 O0ODOOODOOO viewdistance
0000000 0O0Osceled 0500000000000 viewDOO 2000 viewOODOODOO:zoom
oooooobbooooooooo

:lookaround alfa beta [Do0O)
000000 0obbbbb000U0UUU nither 0O ym OO OoooooooooO
viewingD OO DOOOOOOOODOO z0000 fe0000000000O0O000OOOO xOO00O beta
0000000000O0:lookaround O0viewing 0 OO OO0 00O00000O0OD0O0OOOO0OOOO
good

:look-body bodies [Do0O)
000000000000 hither/yon 00000 bodiesD 0000 viewport 00000000000
O00000000DD0O0O00D0 bodiesd bounding boxDO0O0OO0O0O0O0D0OOOODOODO

:dinit &key (viewdistance 100.0) &allow-other-keys [DooO]

15.3 Viewport

viewport 00 000000000000 (NDC)ODODO 300 viewport 00 OOO0OO0OOOOODOOODO
000000000000 0DOO00O0Oviewport 100000000 OO0ODOOOODOOODOOOviewport
000000000x00yODODODODODOOOOO:init0000000O0OO :width O :height DO 00000
JooobobDO0O0OdU meenterd :ycenter D OO Oviewport U0 D0 ODO0O0O0O0O0ODOOOOOOODOO
oobooboboobooboobooboobooboobOb0 4014000b00bO0o0ObO0O0ObDOODOO
000000000000 20000000000000000O00DO00DOO0OO0DOOOODODOn
000000 windowODOOODOODOOD XwindowOOOODOODODODODOODODOOOOODODODOOODOO
viewport U0 O O0O0ODO viewport 0000000000 OOODOOO0OOCODOODOOOOOODOODOOOO
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gooobooobooboobooboobooom

viewport D00 D0ODD0OO0OO0 viewport 000000 D0OOO0O00000yO0O0O0OODOOOOO
OO00o0000000O00 windowDOOOOODOOOODOOOODOOOODOODOOODOyOOOOOOO
OO000ooO0o000ooO0o00oooOboOo0ooboOdbhRegtDOOOODOOOODOOOODO

homo-viewport-clip v v2 [00O)]
v1002004000000000000000030000000000000000O000O00OO
r=-l,z=1,y=-1,y=1,2=0,,=1000000000000000020000000000
000000000000 viewport 0OO0ODOO0O0O0OODOOOOODOOONILOOOO

viewport 0oo]
:super coordinates

:slots

viewport 00 0000000000000 00O0NDCOOOOOOOOOOCOOOODOOcoordinates
000000000000 Oviewport 00000 0DDOOOODOOOODOOOO

:xcenter &optional xcenter [Doo0]
00 viewport 0 xOOODOOOOOOOODxecenter 000000000 OODOOODOO

:ycenter &optional ycenter D000
00 viewport 0 yO O OO OQODOO

:size Eoptional size Coog]
OO viewport 0 xO0O yOOOOOOOOOOOOOOO

swidth optional width [DooO]
00 viewport 000 width OO OODOO

:height &optional height [Do0O)
00 viewport 0000 herght 0O OO OO

:screen-point-to-ndc p [DooO]
p0000000000000O000O00O0OO0O0O0OO0U0OUPLOOODOOODO0ODOO (NDC)ODO
oooooooooon

:ndc-point-to-screen p [Do00O)
00 viewport 0 NDCODOOOO p0O0000O0O00O0ODOOOOO

:ndc-line-to-screen p1 p2 &optional (do-clip t) [Doo0]
2003000000 p10 p200NDCOOOODOOO0ODOO0ODDOO 200000000000
OO000D00000D00O0do-clip0 non-NILOOODOOOOODODOOOODODOO

:dinit &key (zecenter 100) (ycenter 100) (size 100) (width 100) (height 100) [0oOoo)
000 viewport 00O OO0OOOOO

15.4 Viewer

goooobooooOo0o0ooo40boboboobo0ooooobooloo0ooooobobooOon200 viewing
000000000000 viewingd300O NDCOOOOOOOOODOOODOO viewportd NDCOOODO
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000000000004 000000000000000000000000000 viewsurfacell viewer
00000000 viewing O viewport 0 viewsurface 0 0000000000000 0OOOOOOOO
0030000000 drawD hidOOO viewer UOOO00O00OODOOODOO

viewer 0o0)
:super object
:slots (eye :type viewint)
(port :type viewport)

(surface :type viewsurface)

viewing 0 O viewport 0 0 0 O O viewsurface 0 0 0 Cascaded Coordinates 0 00000000

wviewing &rest msg [Dooo]
O0O0Omsg0O00000000OmsgO viewing(eye) 00000000000 OCOOOOODODODO
viewing(eye) DO OOOOOOOOODO

:viewport &rest msg [DooO]
O00msgDO0O0O0O000O0O0O0msgO viewport(port) 00000000000 O0O00O0OO00OO
viewport(port) DODOO0OOOOODOOO

:viewsurface &rest msg [DooO]
O00OmsgO0O0OO0O0O0DODOOmsgO viewsurface(surface) 1000000000 OO0ODOODOO
0 00O viewsurface(surface) 00000000 ODOOO

:adjust-viewport [Dooo)
viewsurface 1000000000000 :adjust-viewport 0 port 00000000 O0OOO0O
000 viewport 00O OO O0OO

:resize width height (npupuiny
viewsurface :resize 10000000 Oviewportd :size000 0000000000 viewsurface
ooooooogo

:draw-line-ndc p! p2 &optional (do-clip t) [Do00O)
NDCOOODOODODO 20000 pt,p200000000

:draw-polyline-ndc polylines E&optional color [DoOooO)
NDCOODOODODODODODOoOODooOoooog

:draw-star-ndc center &optional (size 0.01) color [Doo0]
NDCOOOOOOOOOO0o0o

:draw-box-ndc low-left up-right &optional color [DoOoO)
NDCOOOOoDooonog

:draw-arc-ndc point width height anglel angle2 €optional color [0ooo)
NDCODOODOODOOO0d viewerJOODOO viewsurface 000000 O:@arcO00O0O0O00O0O
oooooooboooo

:draw-fill-arc-ndc point width height anglel angle2 Eoptional color D000
NDCOOOODOOOOoogo

:draw-string-ndc position string &optional color [DooO]
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NDCOOOODOOOO position O string 00 00

:draw-image-string-ndc position string Eoptional color [0oOoo)
:draw-rectangle-ndc position width height €optional color [Dooo)
:draw-fill-rectangle-ndc point width height &optional color [Dooo)
:draw-line p1 p2 &optional (do-clip t) [0oOoo)

gboooboobooboob 20000 pLL,p200000000

:draw-star position &optional (size 0.01) color [0oOoo)
Uboooboon pesitton 00 0OO00O0O0O0OO

:draw-polyline vlist Eoptional color [Dooo)
00000000 kst 00000000000

:draw-box center &optional (size 0.01) [Dooo)
Uboodgboodn eenter OO0 DOOO0

:draw-arrow pl p2 [Dooo)
plO0O p2000000O0OOO0OO

:draw-edge edge [Dooo)
:draw-edge-image edge-image [Dooo)
:draw-faces face-list Eoptional (normal-clip nil) [DoOoo)
:draw-body body &optional (normal-clip nil) [Dooo)
:draw-axis coordinates &optional size [DooO]

coordinates 00000000 sizeQ0O0O0OOO

:draw &rest things [Do00O)
30f0oo0oO0o0o0o0oo0oOo0oO0O00oOoo0Oo0030000000000000000000
OoOo000odoooOosoooooooOCOOOoDOOo0oOoDDOOOO000OthingD (drawd 000
o0oboobooboboboviewerJOOOOOOOODOODODODOODODODODOODOOODOOO
rdrawners 0000000000000 0:drawO000000 :drawners 000000000 1ine,
edge, polygon, face OO O body OO OOOOOviewer 10000000 :draw-xxx(xxx 0 00
00000000000000)0000000000o0O0

:erase rest things [Dooo)
0000 thingsOO OO

:@init &key viewing viewport viewsurface [Dooo)

viewing, viewport 1 0 O wviewsurface 1 0 0 viewer 00000 eye, port O surface DO O OODO
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view [00O)
Ekey (size 500) (width size) (height size)

x 100) (y 100)

title ”eusx”)

border-width 3)

background 0)

viewpoint #£(300 200 100)) (target #£(0 0 0))

viewdistance 5.0) (hither 100.0) (yon 10000.0)

screen 1.0) (screen-x screen) (screen-y screen)

xcenter 500) (ycenter 400)

000 viewer 0000 *viewer*0 OO O OO0

~ o~ o~ o~ o~ o~ o~ o~
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15.5 00U

draw &optional viewer Erest thing [00O]
viewerd thing DO OO thing DO O DO000DO00DO00DO0O0ODOOOO0O2000000000000
O000D00O00O0 (progn (view) (draw (make-cube 10 20 30))) O0xwindowO OO ODOODOO

draw-axis &optional viewer size Erest thing [0O]
viewer U0 0O thingOUOOOOOO sizeD000000theng0 0000000000 O0O0O0O0DOOOO
oooooogo

raw-arrow pl p
d 1p2 gd
*viewer*( p/ 00 p20000000000

hid &optional viewer Erest thing [00O)
viewer DO O0O0O000O0DO0O0OODOthingdOfaceOOO bodyOOODOODOO

hidd &optional viewer Erest thing [OO]
O0O00D0O0O0O0O00OODOO0O0OhidODOODOOOO

hid2 body-list viewing oO]
edge-image 100 0000000000000 00O0O0O0O0O0O0O0O0O0O00O*hid*0 00000

render &key bodies faces (viewer *viewer*) (lights *light-sources*)

(colormap *render-colormap®) (y 1.0) [OO]
bodiesO facesOODOODO0OODODOOOOODOODOOOODODOODOOviewing, viewport OO
O viewsurface O O viewer D 00 0 0 0O O lights 0 0 light-source0 00 0000000O0O0O0ODO
000 colormap 0 0 Xwindow O colormap 000000000000 DOOO bodiesd faces OO O
00000000 DO0O0ODO0O0ODODUOO0DO0OOOcelormep0000O0O0O0OODOO LUTOOOO
:color 00000000 DOO0ODOOODOOODOODOOODODODOOODOOODOOOXibOODODOODOO
OO demo/renderdemo. 10000000000 O0OODOCODO

make-light-source pos &optional (intensity 1.0) (00O
posUOO0OO0O0O0O00DO0O00DO0OOmtenssty0 0000000000 OOOOOODOOODOODO
Ubdo0oboboo0obobob0boonOb-intensity0 000000000

tektro file Erest forms [0oo]
xtektro-portx0 00000000 file00D0O000O0formsO00000000O0OtektroO0OOONO
000 fle000000O0OOOOOOOO

kdraw file &rest forms [0o0]
kdraw O Okdraw OO0 idraw 000000000000 00C0OO0O0COOOOOOCOOOOGOOO
OO00kdraw OO :output 0000 fileOODOO0OD0O*viewerx0 0000000 DO kdraw-viewsurface
O viewport D000 forms 00000000000 formsO0draw 0 hidOOODOOOOOOODOO
0000000000 forms00000000000OO0Okdraw-viewsurface 0000000000
000 idraw 0 kdraw 0 0000000000000 O00OO0OOOOOOOOOOOOOOOOfleO
O0000idraw0D 00 kdraw 000000 file000OD00OO00OCDODO O EusViewer window 000 O
gogooboobbbbbodooououobouoobbbibidaraw 00D O O0OD0OOO0OOODDODDOO
00000 epsfile 0000000000 MIXOOOOODOOOOOOODOOOOOODODODODO
O0”lib/kdraw. 1’0 0000000000 0OCOO
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pictdraw file &rest forms [0o0]
pictdraw 00 OMacintosh 0 PICTOOOO0OCOOOO0OO0O0ODOOO00OO00OO0O0OODOOOD Opictdraw
00 filed :output OO0 O0OODO OO DO pictdraw-viewsurface 0 0 O O *viewer*[ viewport 0O OO
O0forms000000forms000000 drawO 000 KidO000O0O0O0OD00OODOOOOODOODO
00000000000 0000000D00D00Okdraw-viewsurface OO O0ODOOOOOPICT
00000000 0ooOoOooooog, fileb000D0CO0O0O PICTOOODDOOOOMacintosh O
macdraw [J teachtext 0O OQOOOOOOOO

hls2rgb hue lightness saturation Eoptional (range 255) [OO]
HLS(Hue, Lightness, Saturation) D0 O00OO0O0O0OORGBOOOOOOOOHLSOODOOOO HSLO
00000000 hue O Orainbow circle(0 00 360) 0000000000000 45000 120000
240000 27000000 36000000000 !lLghtness0 00000 0100000000000C0O0
000000000 lghtnessO 00D0O00O0Ohueld saturationD0O0O00000D0O0ODOODOOO lightness
010000000000saturation000.000 1.0000000000000000O00O00 saturation
0000000000000 0000000000D000D00000000Brenge00RGBOOOODO
ooooooooooooOosboobooooooooooooooooooooooOo0oOoo0ooooOn00n
ranged 2556 000 00000000ORGBO 1600000000000000000C00C0O Xwindow
O0OO0O0OO0COOO0OOOrnged 65536 00 000000HSVO HLSOOOOOOOOOOOOHLSO
00000 (rainbow) 00 lightness=0.5000000000

rgb2hls red green blue Eoptional (range 255) [0O]
RGBOOOODOOHLSOOOOOODOO

15.6 0O0OOOOOO

EwsLispOUOUOUOO0OOO0OODOOOOOOOOOODODOOOOOOODOODOOOOOODOODOOOOOO
gboboobooboooooobobooboobobooboobobooobooboooobobooobOoboob 10
gboboobOobooooobobooobooboo 200000000000 100000O00bO00O00bO0O0OOn
OO000D0 Xwindow pixmap 00000000 1000000000000 00O0O0ODOOOOODODOODOOO
gooooooboboooooooboobobooboobobobooooobbobooboboboobboooDoo X
secver UODOOOO0O0O0O0O0O0O0DOO0OO0O0OO0O0O0OOO0O0DOOO0OOOO00OOO0O00OO0O0ODOOOOOODAO
gbooooOooooooboooooboobooooooboo

0000000000000 000000000000*iewer*00OOOOOOO0OOOOOOOOOOO
0 00000pixmap-animation DO count 0000000000 DO0O00OOCO0O00OOO0O0OODOOOOOOO
O0D0000Xwindow OO OODODO viewsurface DO OODOODO0OOODOO Xwindow pixmap 0O OO0 O
000000 pixmap O O playback-pixmap 0000000 OO O OO hid-lines-animation 0 hid 0 0 O
000000000000 000O00000000D000D0O0Oplayback-hid-linesO00000000OO0O0O

0000000007 Nib/animation.”’000 000 0O 0O ”llib/animdemo.]’0 000 ETA3 000000
000000000 hid-lines-animation 00 0000000000000 OCO0O0ODOOO0OODOOO

pixmap-animation count &rest forms [0o0]
formsO 0 count0 0000000000 O0O0O0OOx*viewsurfacexOOOOOOO pixmapO0 0000
O0OcountO0 pixmap 000000000000

playback-pixmaps pizmaps &optional (surf *viewsurface*) [OO]
pizmaps 0000000 pixmap 0000 0surfO0O00OOOOOODOO
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hid-lines-animation count &rest forms [0o0]
hidO0OOOOOOO0OO formsO count00 0000000000000 0O*hid*000 hidOOOO
oboooboboooboo20000000000000000count00000O0O0OODOOO

playback-hid-lines lines &optional (view *viewer*) [OO]
nes00200000000000wew0 000000000 0ODO0ODODO pixmap0000000OOO
dooobooboobooboboboboooboUo 20bobbbooboboboooog

list-visible-segments hid-result [OO]
hid-result0 edge 000000000 OO0OOOOOODO
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16 Xwindow 0O OOODOOO

Euslisp 00 Xwindow OO0 0000000 eusx’ OO0OO00D0 EuslispO00000000OO0ODOOOO
000 Feusx 1000000000 7DISPLAY’"00000 Xserver 1000000000000 Xsever 00
OOO07DISPLAY’O0 000000000 DOOOOODOOOO

EuslispO0 0000 3000000 XwindowOOOOOOOOOOOOOOOOO(1) XlibOO, (2) Xlib
0000 (3) XToolKit 0O O0ODDO0OO0ODOO0O0O0O XToolKit OOODOOODOOOOUOOOO Xwindow OO
0O0"’X’000oooboo0oo0oooo0ooo0oooooboooDo Xliboooooooo”X0oooooo
000000000000 b0o0ob00ob0obOoOb0On0O XdefaultGC O X:DEFAULTGC U OO ODOOODOODO
X:XDEFAULTGC U O OO O

XibOOOOXwindowOOOOOOODODOOOOODOODOOOOOforeign 00000000 DOODOOOO
oo0oXibOOOOOODOOoOOOooOOooooOoooooooooooooboooooooobooooooo
0000000000000 00000000000XibOODODOOOO000O0 XserverOODOOOOOOOO
OO0 x:xdisplayx0 00 0000000O0DO0O0O0O0OO0O0OODOOCOXibODODOOOOOOOOOOOO
goooooobooboooboobooobooboboooboobobooboooboDobooboo200bDO0b0OOO
O00ooooooo Xlibogooooooooooooooooo 200000000000 000000
OO0000O0XToolKitOOOOODOOOOODODOD XwindowOODOOOOODOOOODOOOODO

gbobooobooboooooboboooooboboooboOobooon

propertied-object
viewsurface
x:xobject
x:gcontext
x:xdrawable
X :Xpixmap
x:xwindow

colormap

16.1 XlibOOOOOOOODOOOOOoO

x:*display* [OO]
X O display IDO O 0O 17

x:*root* O0O]
000000 root windowOOQOOOOO

x:*screen® O0O]
000000 screen IDO OO M

x:*visual* [00O)]

000000 visual IDO OO [T

x:*blackpixel* [00O]
000 pixel D =1

x:*whitepixel* [00O]

Seusx J0eus 000000000 OODOOOO
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000 pixel =0

x:*fg-pixel*
window D0 0000000000 ODOODOODO pixelOOOODO *blackpixel*O

x:*bg-pixel*
window 000000000 0D0OO pixel DO OO O *whitepixell

x:*color-map*
goooooooooboooooo

x:*default GC*
pixmap 00D 0D0ODOO0OOOOOOO geontextl

x:*whitegc*
UdoobObO gecontextU

x:*blackgc*
UododbOO gecontextU

*gray-pixmap*

(make-gray-pixmap 0.5) 0000

*gray25-pixmap*
1/4000000*fg-pixel*0 0 00 3/4 O *bg-pixel*d 00 16x16 O pixmap[

*gray50-pixmap*
1/2000000*fg-pixel*d 00 16x16 O pixmap[

*gray75-pixmap*
3/400000000000 16x16 O pixmapO

*gray25-gc*
*xgray25-pixmap*(0 0 00 25%0 000 GCO

*gray50-gc*
*gray50-pixmap*( 0 00 50%0 000 GCO

*gray75-gc*
*gray75-pixmap*x] 000 75%0 000 GCO

*gray*
"#b0bOb0O"

*bisquel*
"#ffedcd"

*bisque2*

"#eedbb7"

*bisque3*

"#cdb79e"

*lightblue2*

166
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"#b2dfee"

*lightpink1*
"#ffaeb9"

*maroon*
"#b03060"

*max-intensity*

65535

font-cour8
(font-id

font-courl0
(font-id

font-courl?2
(font-id

font-courl4
(font-id

font-courl8
(font-id

font-courb12
(font-id

font-courbl4
(font-id

font-courb18
(font-id

"x—courier-medium-r-*-8-x*")

"x—courier-medium-r—-*-10-*")

"x—courier-medium-r—*-12-*")

"x—courier-medium-r—*-14-x*")

"x—courier-medium-r-*-18-*")

"x—courier-bold-r-*-12-x*")

"x—courier-bold-r-*-14-x*")

"x-courier-bold-r-*-18-%")

font-helvetica-12

(font-id "*-Helvetica-Medium-R-Normal-*-12-*")

font-lucidasans-bold-12

(font-id

"lucidasans-bold-12")

font-lucidasans-bold-14

(font-id

"lucidasans-bold-14")

font-helvetica-bold-12

(font-id "*-Helvetica-Bold-R-Normal-*-12-")

font-al4

(font-id "*-fixed-medium-r-normal-*-14-%")

x:*xwindows*

Euslisp0000 window OO0 00000 windowOOOODOOOODO

x:*xwindow-hash-tab*

167
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drawable IDO 0 xwindow O OO OOO0O0O0O0OO0O0O0O000O00O0DOOx:nextevent OO OOOO0O
00000 window IDODOOUOOOx:window-main-loop0 OO0 O0OO0D0OOODOOOODOO xwindow
000000000000 x:event-window O OO OO0

xflush [00O)
XibOOOOOOODOOODOOOOODOOUODOOO XserverDOODOXbOOOOO Xserver O OO
0000OXserver 0000000 0OO0O0O0OO0O0ODODODODOOODOODODOODOOODDODODODOOO
goboouobooboooboooboobooobobobbouboobboobboboobog
000000000 0xflushO00O00OO00OD000O0:AlushOO000O0 xwindowOOOOOODOOODO

find-xwindow subname [OO]
*xwindows* D OO OO0D000O subname 0000000000000

16.2 Xwindow

Xobject ooo)
:super geometry:viewsurface

:slots

D000 XwindowOOOOODODOOOOOO0O0ODOOOOO000O00O00000O0O0O0OODDOO

oooooogd
Xdrawable O0oo]
:super Xobject
:slots (drawable ; drawable 1D
gcon ; this drawable’s default graphic context object
bg-color ; background color
width height ; horizontal and vertical dimensions in dots

Xdrawable 00000000 OOO0OOCOCOOOOOOCOOOOOOOOOOOOOOOOODOODOO
Xdrawable 0 O xwindow O xpixmap 0 000000000000 O0O000OOCOOOODOOOO
uboooboooobooboooboobooooono

:init id [DoOooO)
id0 000 drawable 0 IDO OO drawable 0000000000000 GC(graphic context) O O
000000 drawable000000000000 GCOOO geonOOOOOOO

:drawable [Doo0]
drawable ID 0O OO

:flush [Do00O)
XlibO0OOOOOooOOoOoOOoOooOooOoOooooooo

:geometry 0O000]
r0000000000000000000000root-window-id, xO00,y00,0,00,0000,
visual 0000000

:height [Do0O)
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01400000

00 Xdrawable D00 0yOO0O0O00OO0O00O0O0O0OO

:width [Doo0]
00 Xdrawable 00 O0xO000000000O0000O

:gc Erest newge [DoOoo)
O00Onewge 000000000 O0ODO GCOOOOOOOOOOOODO newged gecontext 000
000000000 Xdrawabled gcO0 0000000000 0OOORewgce000000OO0OOOOO
O00gcOOOOODO

:pos [Dooo)
00 Xdrawable 1000 0000000000000 0O00 windowOOOOOOQOOOOOOOOd
O0window OO ODDOOOD0OOD0OO00O0O00O windowdODOODOO windowOODOODOODOO window OO
000 window D OOOOODODOOO0OODOOOOO windowOQOQOQOOOGQOOoQ

X [DoO0O)
00 XdrawableOO window OO OODO0OO0O0O0O xOOO0OO0OO

1y [DoOoO)
00 XdrawableOO window O OO ODOOO00O0O yOOOOoOOO

:copy-from drw [DooO]
drw0 000 drawable 0 0 0000 (Xwindow O 0 0 pixmap) D00 OdrwO0 00000 Xdrawable
00000000

:point z y &optional (gc gecon) [Do0O)
(z,y) 0000000000 ¢e00D0000

:line z1 yI 22 y2 &optional (gc geon) D000
(x1,y1)00 (224y2) 0000000 ¢e0000000000g1, y1, 22, y20000000000000

:rectangle z y width height &optional (ge gcon) D000
(z,y) D00 000 widthOOO height 0000000000000

:arc ¢ y width height anglel angle2 &optional (gec gcon) [Do00O)
(z,y) D000 O0O0 widthOOO height 000 0000000000000 0O0000OOangle100
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O000b0b000angle200000000ODO0O0OOOODOOOOOODODOOODOODO

fill-rectangle = y width height &optional (gc gcon) [DoOoo)
oooooooon

fill-arc x y width height anglel angle2 &optional (ge geon) [Dooo)
oooooooon

string x y str &optional (g geon) [Dooo)
(z,y) DODOOOODOO ser0000000000DOO0OOO

:image-string z y str &optional (gc gcon) [0oOoo)
oo strdgggoobbbogooobobbboda

:getimage &key x y width height (mask Zffffffff) (format 2) [Dooo)
server U0 ximage OO0 0000000000000 DO0ODO0OODOserver DO00OO0OO0OO0OOOOO
D000 XlibD ximage D0 O0D000000000000D00OO00000DDOximageODOOODO
U00000000 :getimageJ 000000000000 DOpixel-image0O0O0O0000O0O0O0OO
coo?»?000oOo000ooO0 ppmO000DOOO0O0ODODOOODOOOOODODODOO

:putimage image &key src-x src-y dst-x dst-y width height (gc geon) [Dooo)
00 XdrawableOOOOOOOOO dmage000000mage000000000O0 ximageO OOO
goooooooooboo

:draw-line from to [Dooo)
Hdine0000000000O00O0O0O viewsurface JO0O00OO00D0O0O0OO0OOOOO

:line-width &optional dots [DoOoo)
00 Xdrawable 000000 GCOOOOOOOODODO :ge :line-widthOOODOOOOOODODO
ooo

:line-style &optional dash [Dooo]

00 Xdrawable 000000 GCOOOOOOOOOOOD :ge :line-style0O0O0O0O0OO0OODO

:color Hoptional ¢ (mpupuny
00 XdrawableOOOOOOO0O

:clear [DoOoo)
O00O000000000000 :clear-area OO0 OO

:clear-area &key = y width height gc [Dooo)
fill-rectangle 0 000000000000 0OOOO0O

Xpixmap Oooo]
:super Xdrawable

:slots

pixmap 0000000000 COCOOOODODOODOODOOOODOO0OO0O0O drawableD OO Oxwindow
O000O0xwindowODODOODOOOOO pixmap00000000000D00Opixmap000D0000O
oooooooo

:init id [Dooo)
00 pixmap 00 Q00O OOO
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:create &key (width 500) (height 500) (depth 1) (gc *defaultge™) [Do00O)
00000 GCOOO:ge00DO O widthx height O pixmap 000000

:create-from-bitmap-file frname [DooO]
fileD0O0DOOO0O bitmap OO OO OO pixmap 0000

:write-to-bitmap-file fname [Do00O)
00 pixmap0 000 fneme0 00000 bitmapO OO O 0OO0OO0OO0OO0OO0OO0DOOOOOOO:create-from-
bitmap-file 0000 pixmap OO0 0O000D0OOO0ODOODOOO

:destroy [Do000O)
00 pixmap 00000 X resource 100000

Xwindow O0oo]
:super Xdrawable

:slots (parent subwindows backing-pixmap event-forward)

Xwindow O OO0 O000O000000O00O0O00O00O0O0Otext-windowOOOOOOOOOOOOO
000000 canvas D0 0000window OO OOOOOO0O0ODOODOOOO0OODOOOOODODOO
000 panel-item O scroll-bars 000000000

:create [DooO]
&key (parent *root*)
0) (y 0) (size 256) (width size) (height size) (border-width 2)
save-under nil) (backing-store :always) (backing-pixmap nil)
border *fg-pixel*) (background *bg-pixel*)
map T) (gravity :northwest)
title ”WINDOW?”) (name title)
font)
event-mask (:key :button :enterLeave :configure :motion)
xwindow OO0 00000000 :parent0 0000000000 window O :parent d 0 window O O O
00000 :parent 0 subwindows 0000000000 :w, :y, :size, :width, :height O :border-width 0 O
U0 window D0 O0D0OO0DOODOO :save-under O :backing-store D Owindow D O O OOO0OODODO
0000 Xserver HO0ODOODOODOO :backing-store O :notUseful, :WhenMapped, :Always 00O 00O
O00D000:save-underd TOOODO NILOOODO :backing-pizmaep 0 TOOODOO DO window OO OO
000 pixmapd EuslispO0O0O0O00D0O0OOO Xserver O backing-store 0000000 O0O0ODODO
0 O backing-store D 0 00 00 0O O O :border O :background O 0 border_pixel [0 background pixel
0000000000000 D0Opanel 000 panel-button 00000000000 window OO
000000000000 windowOOODOOOOOOOCOOOOOOOOOOO:mmepO NILODO
0000000000000 :tktleDJ0window 00000000000 window OODOODOOOOO
mame D000 window O plist 000000 window DO OOOOOOODOOOOODOOOOODOODO
000000 window OO XOOOOOODO:event-mask 000000000 COCODOCCOCOODOO
000 event-mask 00000000000 symbolOOOOOOOO :key, :button, :enterlLeave,
mmotion O :configure0 0000000000000 0O0C0D0O0O00 symbol0OOOOOOODOOODO
000000000 :keyPress, :keyRelease, :ButtonPress, :ButtonRelease, :EnterWindow,

(x
(
(
(
(
(

:LeaveWindow, :PointerMotion, :PointerMotionHint, :ButtonMotion, :KeyMapState,
:Exposure, :VisibilityChange, :StructureNotify, :ResezeRedirect, :SubstructureNotify,
:SubstructureRedirect, :FocusChange, :PropertyChange, :ColormapChange [
:OwnerGrabButtonl:key U U:keyPress [ :KeyRelease U O OO OO OO:button [:ButtonPress
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0 :ButtonRelease DO 000000 OOOOO0O0O0OOOOOOOOOODDOOODOwindow-main-
loopd0O00O0O0O0O0ODOOOOODOO :KeyPress, :KeyRelease, :buttonPress, :ButtonRelease,
:EnterNotify, :LeaveNotify, :MotionNotify, :ConfigureNotify UOOOOODOODOODOOOO
000 windowd O OGO

:ma Oo0a0no
p [
00 Xwindow OO OO window OO OQOGOGOOO

runmap [Dooo)
00 Xwindow OO OO0 windowOOOOOQOOOOO

:selectinput event-mask [Dooo)
event-mask 0000 00000CO00D0CO symbolOOOODOOOOOOODODOOODODODOOO
000 event-mask D0 DO 00000000 0OD0O0ODOOODOODOO0OO windowdDOGOOOGOO

:destroy [Dooo)
00 Xwindow D0 000X resource D000 0O0Owindow OO DODODOODODO0ODOOOOOOO
0000 O *xwindow*[d *xwindow-hash-tabx0 0 000000000000 O0OODOOODOO window
O:destroy000000000D00OO0OOO window OO window OO windowOODOGOOOOODO
O00OdrawablelD OONILOOOOODOO

:parent [Dooo)
O windowOOOOOOOODOO

:subwindows [Dooo)
0000 windowOOOOOOOOO windowOOOOOOOOOOOOOOOOOOOOOOOOO
00 windowOOOOO windowOOOODODDOOOO windowOO windowOOOOQOOOOO

:associate child [Dooo)
00 window O O window 0 0 0O child window OO DO 00O

:dissociate child [Dooo)
0 window OO O OO0 childwindow OO DOOOO

stitle title [Dooo)
00 window OO0 000000 OOODODOOODODDODO XserverJOOOOOOOOOOOOOO
window manager 0 000000000

:attributes [DoOoo)
O0 windowOOOOOOOOODOOOOODOODO

:visual [0o0oo)
00 Xwindow O visual resource ID O 0O 00O

:screen [0o0oo)
00 Xwindow O screen resource ID 0000

:root [DoOoo)
root window ID O O OO

:location [Dooo)
OO0 window xO yOOOOOOO 20000000000000
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:depth D000
00 windowODODO (ODODOOOODOO)000OO

:size [DooO]
00 windowOOOO (DOO0OD)000O0O

:colormap [Doo0]
00O window O colormap resource ID O 0 OO

:move newr newy [DoOoO)
00 window OO OO (newznewy) 00000000000 windowOODOOOOOOOOOO

:resize width height CooO]
OO0 windowOOOOOOODODOOOOOOODOOOOOO0ODOOOOOODOOOOO XlibOOOOOQO
00000000 :resize 0000 :geometry 100 0000000000000 DODOOOOO

:raise [Do0O)
00 windowOODOGOOOODOODO

:lower [Doo0]
00 window OO QO QOGOQODO

:background pizel D000
000000000000 0D0ODO00DO000D000 pizelDO0D0O0O pizel00Obg-color0d 0O
O0000000D0:clear 0000000000 OODOO0O pizeldDOODO

:background-pixmap pizmap [Do00O)
000 pixmap 00O pizmaep 000000

:border pizel [Do0O)
00 windowOODOOODO pizelOO0O0OOO

:set-colormap cmap [Do0O)
colormap 0 OO0 OO

:clear D000
00 Xwindow OO OQOOQOOOO

:clear-area &key x y width height [Do00O)
00 Xwindow 00000000 O0OOOOOOOO

make-xwindow &rest args [00O)
000 args00000 Xwindow OO0 00

init-xwindow &optional (display (getenv "DISPLAY?”)) [00O)
eusx 1000000000 O0DOOO0DOOODOONODOOinit-xwindow O Odisplayd 00000 Xserver
O000D0m@mIT0O0O00000000000000000000dinit-xwindow 000000000
0000000000000 00000D00O0OD00O00font-courbl2, lucidasans-bold-120 00000 O
0000o0o00oo0o0ooo0U0ooO0oo000oooDoooooUoDoOOoooOOooOoDOooooUDo
0’*000000000000000000000000000000000000
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16.3 Graphic Context

gcontext [OoO]
:super Xobject
:slots (gcid GCValues)

graphic context(GC) DOOOUOOEuwslisp 0000000 windowOOOOODO GCOOOOOOO

:create [Dooo)
&key (drawable defaultRootWindow)
(foreground *fg-pixel*) (background *bg-pixel*)
function plane-mask
line-width line-style cap-style join-style
font dash
00000000 GCOO0OO0OOOdreweble0 0D D0D0D00OO0D0O0OO0O0O0ODOO XserverdOOOOO
000000 GCO0D00D0O0DODDODOOOnDO drawableD OO0 DOODOOO

:gc [Dooo)
XgoGgCIboodo

:free [Dooo)
oo GCcoooooo

:copy [Dooo)
oo GCcoOOooooooo

:foreground &optional color [0oOoo)
O0Ocolor 000000000 O0O0ODOQO color0000O0Ocolor00O0O00DOODOOO

:background &optional color [Do0oo)
O0Ocolor 000000000 OO0ODOQO color0000O0Ocolor00O0O00O0ODOOO

:foreback fore back [Dooo)
gogoobbobbooooooobn

:planemask &optional plane-mask [Dooo)
planemask 0O OO0 00

:function z [Dooo)
oooboboodbz000000000000000000O0 1000000=Clear, 1=And, 2=AndReverse,
3=Copy, 4=AndInverted, 5=NoOp, 6=Xor, 7=0r, 8=Nor, 9=Equiv, 10=Invert,
11=XorReverse, 12=CopyInverted, 13=0OrInverted, 14=Nand, 15=Set, :clear, :and,
:andReverse, :copy, :andInverted, :NoOp, :Xor, :0r, :Nor, :Equiv, :Invert, :XorReverse,

:CopyInverted, :0rInverted, :Nand, :Set

:font z [Dooo)
oo GcgCObOoOO0bOoOO0oOoOooOOb0000000DO000DO00DOO0 IDODOODOOODOzOOOO
000000000000 000font 00000 IDOODOODOOO x:LoadQueryFont 100000
O0O00000O0DO0O0000"no such font ..."00000000002z0 NILODODDOOOODODO
oooooboo GcooooooooIbooogoo

:line-width z [Do0O)
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gboooboob 000000

:line-style z [DooO]
00000 (00o0ooo0)0ooooo

:dash Hrest x [OooOo]
00000000000 00000dash 0000000000000 0OO0OOOOO

:tile pizmap [0o0oo)
pizmep 000 GCOODOOOOODOOOOODO

:stipple pizmap [Dooo)
pizmap 000 GCOODOODODOODOO

:get-attribute atir [Dooo)
000000 0Oattrdd:function, :plane-mask, :foreground, :background, :line-width, :line-style
:cap-style, :join-style, :fill-style, :fill-rule, :fontU 0000000 OOOODOODOO
oogooooo

:change-attributes [DooO]
&key function plane-mask foreground background

line-width line-style cap-style join-style font dash
ooooooOOoOOOODOOODOOOOOOOOOOOO

font-id fontname [OO]
OO0 fontname 0000000000000 IDOOOOCOODOOODODOG fontnamed 00O
O00000x:LoadQueryFont 00 000000000000 O0OOOOO IDOODOO fontname
0000000000000 00000024000000000000000A0 "s-courier-24-*"[J
0000000000000 000000000Ocan’t load fontOOOOOOOOO

textdots str font-id [00O)
strO0000 ascent descent width O OO0 OO0OOO00 3000000000000

16.4 O0OOOOOOO

colormap [0oO0]
:super object

:slots (cmapid planes pixels LUT-list)

Xwindow OO O0O0DO0O0O0O0OO0O00ODOOO0OOOOO0ODOOOOODO0OO0ODOOOOODOOO0OO
OO0 RGBOOOOOOOODOOOOoOOOGR3 00000000000 0000DO0O0O8SOO00O0DOO
obooobOoboooboobooo2sb00b000oonoononono

gbooooboboboobobooboobobooobooboo2ebobooooboobooboboonod
gbooboobOooooboobooboooboobooboooboOoboooboOoooOooooboooooon
gboooooobooooobooobobobooboooboooboobooobooboooDooobooobooobDoon
oooooboobooooobooooboooobooboooobooobOoooobobOoDoboboUobb
gbooobooooboobobobobobobobooooooooooobOobOobobooooooooon
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oooobooobooooobog26b0db0oooobooob0oobooobbooboboobbOobooooob
window OO 0000000000000 O0ODO0OO0O0windowODODOOOOOOOOOODDOOOOO
00 window manager 0000000000

0000000000 000D000 eusxO0OO0O00O0O00O x:colormap00000000O0O0O0O0O
O 0x:*color-map*0 0 000 00000000000000OO0ODDO0O0O00O0Ox:colormap00000
O000000000000D00D00OxserverJ0000D0 colormapO0000000000O0DDOOOO
Ub0o0000b000 ecmapidd 0000000

0000000000000 000000U0000U00O0000000000U0O0O0UOO0O0OO (read-
only) D0 Euslisp 0000000000000 (read-write) 00000000000 0’0000007000
goooooooboooooboooboooooobooobooooboobOoobobOooDoooOobDbOooDUoLb
oooooooooroooooo”00ooooooooooooooooDODObODbODODODbO0O0O0O0ObObO00o
coooooooobooooooobor’ooooogoroogoooo"oboboooo’go’obooooo”0boboOoOd
gobooobobooooobooooooooobooooooboboooog

colormap0000000OOcolor IDOD RGBOOOOOODOOOOODOOOODOODOODODDOOO
OO0000Decolor IDOOODODODOOOOOO0OODOOOOO0OO0O0O0OODODODOOOOOODODODODOOOO
OO0000000D0O0C0O00O0DOcolor IDOOOODOpixel’ 00O0O0DOOO0O0ODOOODOODOOODOOOO
ooooooooooXlibdooooooooooooooooooooooooogooooooooag
googbdobgooobobooboboobobooboobobooboboobobbooboboo
gboooobOOobOoOobOoboobooboooonoobo

gbooboobooooboobooobooboboboobooboooooboooooobooboooonoag
cooooooooooogooooooboooo0o0ooooDoobooOoOooHLSOoOoooooooobooOog
goooboobooooboboooogoboooooobooooobooon

0000000000000 Ewisp00000000O0O00O0O0O0OOO (LUT) D0O0O0O0D0O0OOO
OO000D0O0O000000000000000D00O0000DLUTOODO000symbolDO0O000ODOOOO
OO000000ODO LUTOOoOO00ODOO00000000000LUTOOXserver 0 O0O00O0OOODODOOOOOO
gbooooobooooboboooooboobooboboboooboboooobooboOobOoDbn

:id [Do000O)
cmapid 0 O OO

:query pix 0O000]
00000000000 RGBOOOOO

:alloc rg b ooooj
0000000D:store nil r g b000000000000D0D0O0000O0O0DODOOOODOOO0O0O
00000 RGBOODOOOODOOO

:store piz r g b [Do0O)
piz00000000D0RGBOODOOOOO

:store pix color-name [Do000O)
sstore 1000000000 ODOOOODODODODOODOODOOOOOODOODOODORGBOO OO
65535000 0000000000000000 red” O”navy-blue”0 00000000 0OO0ODOOO
OOcolor-name 0000 0ONILOODOOODOOODOOODDODOOODODOOOOOOOONILOODOO
o000obo0obOOobOOoOooOO0OoOoobDOobOOoOobDOobobOOoDOOoOobo NILODODOODOoooOoDbooo
0000bO0o0oboobuoobdsstorel 00000000 0OOODO0ODOODOODOODOO

:store-hls piz hue lightness saturation [Do0oO)
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HLS(Hue, Lightness and Saturation) 0 0000000000000 pie0000000000D0 pix
ONLOOOOOOOOOOOOO0O0000000000000O:store-hlsO00000000000O0
Oo0o000000000000

:destroy [Do0O)
OO0 colormap 000000000 D0ODO0DOODO

:pixel LUT-name id [Do0O)
LUTODOOO 0000000 CO00O00D0000LUT-name0 O :define-LUTHOOOODOOODODO
ggoobbbboooooon

:allocate-private-colors num [DOoo)
gdoobbbodd nem0doobbooooonO

:allocate-colors rgb-list Eoptional private [Dooo)
rgb-list 000000000 0Ored,green,blue0 0000000000 0O00O00O0OOOOO RGBOOO
goooooooooboooooobooooooobooo

:define-LUT LUT-name rgb-list &optional private [0oOoo)
rgb-ist 000000000000 0O000D0OLUTO LUT-neame000000D0D0OOO0OOOODOOO
O000DO0O000DoOoO0000prwated TOODOOOODO

:define-gray-scale-LUT LUT-name levels &optional private [Doo0]
000000000000000000D0 levelsD0O0O00O0O0OOO0O0OOOOLUTOOOOOOOO
(send x:*color-map* :define-gray-scale-LUT ’gray8 8) UOOUOOODOOOOOOODOOOOO
00000000000000000#i(29 30 31 48 49 50 51 0)00000000000O000O0OO
O000000:pixel000D00000O0O0OOO000O0DODOOOODOD (send x:*color-map* :pixel
’gray8 2) 00310000

:define-rgb-LUT LUT-name red green blue Eoptional private [Doo0]
RGBOOOODOOD LUTODOOODOO00DODOOred=green=blue=20000000000 227242 =
20=64000000000

:define-hls-LUT LUT-name count hue low-brightness high-brightness saturation Eoptional private [O
oo0gj
HLSOOOOO count00000000O00OOO hAue (0..360),saturation (0..1),low-brightness O high-
brightness 0 00 000000000000 OOO0OOLUT-neme0 000000 LUTOODOODOO

:define-rainbow-LUT LUT-name &optional (count 32) (hue-start 0) (hue-end 360) (brightness 0.5) (sat-
uration 1.0) private [O
ooo)
HLSOOOOOOO count00D 000 OO brightness (0..1) O saturation (0..1) O, hue-startD hue-end
000000 hweOOOOOODOODODOODOOOOOLUT-neame0 000000 LUTOOOOOOO

:LUT-list [Dooo)
oobooooobooobooooooo LurooooboooobooooooooobooooobooLuT
gooobobbboooooon

:LUT-names [Dooo)
0000b00o0ob0obob0o LUTOooDOooboooboog

:LUT name [Dooo)
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name 000000000000 (LUT)ODOOO

:size LUT [Dooo]
Lroooogooo

:planes [Dooo)
ggoobbobboooooobobooboo

:set-window zwin [0oOoo)

000000000 azwinD windkowOODOOOOOODOOOOO0D0OO0O000zwinO0DOOOODOOOO
goooooobo

:free pizel-or-LUT [Doo0]
pizel000000000O0O0OOOOOOOOOO LUTOOOOOO0O000O

:init &optional cmapid [DoOooO)
000000000 emapid000000000O000 LUTOOOOODOOOOD

:create &key (planes 0) (colors 1) (visual *visual®) contiguous [DoOoo)
gbogbooobooboboobod

XColor Oooo]

:super cstruct

:slots ((pixel :integer)
(red :short)
(green :short)
(blue :short)
(flags :byte)
(pad :byte))

RGBOOOOOOOOOOODOOOOODOOUOODOOOODOOOODDOOsetfDOO0OORGBO
gooooboobooboo -1gbooboo

:;red [0o0oo)
00 XColorOOOOooooO

:blue [DoOoo)
00 XColorOOOOooooO

:green [Dooo)
00 XColorOOOOoooooOo

:rgb [Dooo)
00 XColorO RGBOODOOOOODOO

:dinit piz R G B &optional (f 7) [0o0oo)
XColor OO OOOODO

find-visual type depth &optional (screen 0) (00O
typed depthOD OO OO0 visual-IDOO OO O Otyped O:StaticGray, :GrayScale, :StaticColor,

:pseudoColor, :TrueColor OO OO :DirectColorJO0OODOOODODOOOOdepthd 1,8000 24
ooogao
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17 XToolKit

XToolKit 0D DO0OOODODDOOOOOODOOOOO windowOODO GUIDOOOOOO GUI (Graphical
User Interface) 00 0000000000000 0O00O0O XwindowOOOOOOOOOOOOXlbOOOO
OO00000D00XToolKit O Xserver OO OO0 Xevent 00000000000 OO0O0O0ODOOOOOO
OO00000000000 windowOOOOOOOODOOODOOOOOOOOXToolKitOOOODOOO
gbooooobooooooboon

xwindow
panel
menubar-panel
menu-panel
filepanel
textviewpanel
confirmpanel
panel-item
button-item
menu-button-item
bitmap-button-item
menu-item
text-item
slider-item
choice-item
joystick-item
canvas
textwindow
buffertextwindow
scrolltextwindow
textedit
scroll-bar

horizontal-scroll-bar

00000 xwindowO DO OO XToolKitO 50000000000 Opanel, panel-item, canvas, textWindow
O scroll-barUmenubar-panel [0 menu-panel [0 Jpanel OO0 O000000000C0O0O000O0O0O window
ooooooooogoboooooooooooooooooooooogooon

1. 0000000000000 0 00000000000 windowOOXToolKitOOOOOOOOOODO
panel 0000000000 DODOOOODOOOOODOO

2.00000000000 OO0O0O0OO0O0ODOOOOO0ODOOOOODOOOObOO0OODOOOOODbOODOO
000000000000 00O00DbO0O0DbOO000000DO0O00O0O00D0O0O000OO0DO panel-item
obooobOobooooobobooobooboooooooDn

3. 00000000 OD0OUOmenubar-panel 00000000 OOODOOODODO windowOUOOOOOOO
UO0D00O0000 :create-menubar U0 OO0 0OOO0OO0O0OOOOO0OOODOOODNODO Omenu-panel
0000 menu-panel OO 0O OO menu-button-item 0O OO0 O0OO00O0OOOOOO

4. 00000O0O00ODODO pbutton-item, text-item, slider-itemJ 00000000 OOOODODO(send-super
:create-item class label object method) 0D DOOODO0OODOOOOOOOODOOODOODOO
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goooddgooooo0ogoooooooooooooOOoDOCOOOOO00gOobObOOoUUoo
window OO OO :create 0000000000000 DODOOOO0ODODOOOOOODOOOOOODOO
U000 quitO0 0000000000000 000D00OD0 textWindowd canvas U0 :locate-item
O0000O0O000DOoO00oooOd windowODODOOOODOOOOODO

5. window 0O OD0OD0 :create 000000000000 O0O0O0O0ODODODDODODQOwindow D XToolKit
OO0000O0O0o00Do0o00DooO0od windowO OOGOGOO

6. 000000000 XserverOOOOODODODODODOOODODO windowODODODODO OO Owindow-main-loop
O000D0000OSeolaris2 0000000000000 OODOOODOODOOODOO window-main-thread
000000window-main-thread 0 0000000000 ODOOOOOO window-main-thread [J
gooobobboooooono

171 XOOOO

gbooboobooobooboooobooobooooooo2sb00000b000bO000obO0obooobooon
goobooooobooooboooboobooobooboobobooobooboboo20b00obDO00oOo0bOoOoDOobO
gbooobooboooooboooooao

window-main-loop DO Xserver 0 0000000000000 DOOOOOOOOOOO window O
ooooooooooo

event [00O)]
gbooboobobobobboob20b00b00o0nboOon

next-event [00O]
event 1000000000000 DOOOO0ODODODOOO0ODODODOOOOODOOOOOODLODOOOO
NILOOOO

event-type event [OO]

event 00000000000 OOOO symbolDOODOOOOODODOOOODOD :KeyPress (2),
:KeyRelease (3), :ButtonPress (4), :ButtonRelease (5), :MotionNotify (6), :EnterNotify (7),
:LeaveNotify (8), :FocusIn (9), :FocusOut (0), :KeymapNotify (1), :Expose (12), :GraphicsExpose
(13), :NoExpose (14), :VisibilityNotify (15), :CreateNotify (16), :DestroyNotify (17),
:UnmapNotify (18), :MapNotify (19), :MapRequest (20), :ConfigureNotify (22), :ConfigureRequest
(23), :GravityNotify (24), :ResizeRequest (25), :CirculateNotify (26), :CirculateRequest (27),
:PropertyNotify (28), :SelectionClear (29), :SelectionRequest (30), :SelectionNotify (31),
:ColormapNotify (32), :ClientMessage (33), :MappingNotify (34), :LASTEvent (35) 00 00O

event-window event O0O]
event0 0000 windowOOOOOOOGOGQOO

event-x event [DD]
event O O000OO000O00OO0O0OO xIZIIZIDDDDDD(DDDDDwindowDDDDDDDDDDDD
O00ooooooon)

event-y event oO]
event 0000000000000 yOOOOOUODOO(ODOOOOwindowOOOOODODOOOODO
O000ooOooooon)

event-width event [00O)
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:configureNotify OO DOUODOOO0OOOOOO00O00O0 ewent0O00O0OODOOOO

event-height event 0O]
:configureNotify OO DOOOOO0O0OOO0OO00O00O0 eventl 8000000 OO

event-state event [00O]
0000000000000 oOoooOooDoDO0DDO00DO00DO00DoDO00oO0DoODOd :shift,
:control, :meta, :left, :middleU :right 00000000000 OO0OO0OOOOOOOOOO
OO0000OD000DODO0O00O C:shift :left) JODODOOO

display-events [00O)
xmextevent 0 00000000000 xwindowOOOOOOOOOOControl-COOOOOOOO
godoooooooooon

window-main-loop &rest forms [0ooj
Xevent 0000000000000 window OOOOOODOOODODOOODOOOOOODOOO
:KeyPress, :KeyRelease, :ButtonPress, :ButtonRelease, :MotionNotify, :EnterNotify, :LeaveNot:
O :ConfigureNotify OODODOODO windowODOODOOOODOO event 000000 ODOODOODO
O0Oforms0000D000D0O0O0DOODODOODOOODOOOO0ODOOODOOODOODOODOOODOO

window-main-thread [00O)
0000000000000 window-main-loop 0000000 0O 0 window-main-thread 0O O So-
laris20 0000000 O 0 O window-main-thread 0 Oread-eval-print 00 00000000000
oo ooooooog

17.2 00O

panel ooo)
:super xwindow
:slots (pos items fontid
rows columns ;total number of rows and columns
next-x next-y
item-width item-height)

panel 000000000000 panel 0000000 xwindow OO O DOOODO OO xwindow OO OO
panel U0 00000 Opanel 00O O0O0O0OOOOOOOOOOOODOOODOOODODOOODOOODOO
0000000 windowOOpanel DOODOO0OO0O0OOOOODOODOOOCOODOO

:create [Dooo)
&rest args &key (item-height 30) (item-width 50)
(font font-lucidasans-bold-12) ((:background color) *bisquel*)
&allow-other-keys
panel 0 0000000000000 OO00ODOO ::create0 00000000 O0xwindow O0OOOO
00000000000 :uedth, :height, :border-urndth 0 0 00 00O OO O sitem-height O item-width O O
gboogbooboobobboobooboobooon

:items [DooO]
ooooooooooooooooaon
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.....

wwwwwwwwwwwwwwww

O 15: panel 000 0O0OO0D00OO

:locate-item item Eoptional z y D000
item O Oxwindow D0 000000000000 DO0OO00O0O0DOODO00 «0yDO0OO0OO00DDODOOO
Oo0o0oDbOoOoO0ooooo0ooooboO00oDdenDOOO000ODOOOODOOOOODODOOODODODO
gooooogdpoooOoOo00 @oooooooOoOooooopooopooooooboooDooboobobo
slocate-item 0 000 items 0 subwindows OO 00 itemO0000:map 00000000 OOOO
ooooo

:create-item [DooO]
klass label receiver method &rest args
&key (font fontid)
&allow-other-keys
kless0ODOO0OD0OO0O000O0DOO0O0DOO0O0OO00OOOOObutton-item, menu-button-item, slider-item,
joystick-item 00 ), 00000000000 :1locate-itemO 000 panel 000000000 args
O0klassO :create 0000000000 Wbel D00 O000OO0ODOOOOODOODOOOOODOODOOOO
recetverd method 00000000000 ODOOO0OOCODOOOOOOODOOODOO

:delete-items [Do0O)
obooboobobobobooo

:create-menubar [Do00O)
&rest args
&key (font fontid)
&allow-other-keys

menubar-panel D000 Opanel 00000000

000000000000 000000D000000000 panel0 00000 OO”subclass’s responsibility”
000000000 00Do0000DoO00000DoOo0000DoOo000o0DDODoOo0o0ooOoDoOoDOg
ooooooooooo

:quit &rest a [DooO]
window-main-loop 0 :quit 00000000000 OOOOOOOODOO
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:KeyPress event [DooO]
NILODOO

:KeyRelease event [DooO]
NILODOO

:ButtonPress event [Do00O)
NILODOO

:ButtonRelease event [DoOooO)
NILODOO

:MotionNotify event [Doo0]
NILODOO

:EnterNotify event [Doo0]
NILODOO

:LeaveNotify event Dooo]
NILODOO

17.2.1 00000 (DOOOODOOOOOO)

menu-panel 0o0]
super panel
:slots (items item-dots item-height
charwidth charheight
height-offset
highlight-item
color-pixels

active-color)

menu-panel [0 O panel-button U menu-item D 000 000000000000 O0OCOOOpanel O
UO0O0Omenu-panel OO0 O0O0OOOOmenu-panel O OO0 button-item OO0 OOOOO
OO0D0O0OO0Omenu-panel 0000000000000 O0O0CODOOODOOOCODOOODODOO
O000000000 menu-item 00000000000 DOOCOOO0ODOOOOODODOOOOODODOO
O00 menu-button 000000000 DOmenu-panel OO O0O00D0O0O00O00OO0O00O0OOO0ODO
button-item 0 000 0 0O 0 O O menu-button-item 0 panel 0 0 0O O O 0O menubar O 0O O :menu 0 O
0000 menu-panel J OO OODOODOOO

:create [0o0oo)
&rest args &keyitems (border-width 0) (font font-courb12)
(width 100) (height-offset 15) (color *bisquel™) (active *bisque2*)
&allow-other-keys
menu-panel window 00000000 windowOOOOOOOOO menu-item 0000000000
oood

:add-item label name Eoptional (receiver self) Erest mesg [DooO]
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load| cd| go-up| view| remove| print
cancel | compile| Fmlimma ]

[cwa: [usr/Localseusydocsi I

0 16: 0000000 window

00 menu-panel window OO0 menu 0000000000 OOOOOOOOOCOODOOOOOOO
O000000D000b0000Orecerwver 000000 mesgOODOOMO

menubar-panel ooo]
:super panel

:slots

menubar-panel D00 panel 00000000 DOOOOOOOO0O0O0O00ODODOOOOOOOOODOOO
O0000000Omenu-button-item d 0000 00O OO Omenubar-panel O O panel 0 : create-menubar
Ooooooooooood

17.2.2 0000000

FilePanel 0000000000 0DOCO0O0O0DOOCOO0O0ODOOO00DODO0OO windowOOOOcdO go-up
obobooo0oboOo0oooobOOoooobOooboooboobboobboobb0oobOo0O0n scrollTextWindow O
0000000000000 00000000000000000D00D000000 window(TextViewPanel)
gboboobooooboooooboooobooooboooobooooboobooobOoboobOooog
OO000000oooooOoO0O0O0O0000000ooD0o0000oooo00DDa2ps file | 1prdddQd
OfokO0OOOOODOOOOODOOOOO

17.2.3 00000O0OOO0ODO

TextViewPanel 0 000 0000000000000 00D00O00O00OO windowOOOOOO (O )0
0000000000000 0D000000000000 window OOOQOOODOOOOODODODOOOO
O00ODO:create 000000000 quit0000 find0ODO0DO0D0DOO0OODODODOODOODOODOOO
0000 text-item OO0 00O Oview-window OO0 000000000000 DO0O0O0OODOOODOOODOOO
ScrollTextWindow 0 O 0 O TextViewPanel 0 Owindow D 000000000000 ODOODOO window OO
O0000000 view-window OOODOOOOODOODO :ConfigureNotify OO ODOODOOODOO
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quit| find| [find:

(name

(defclass ohject :super mil :slots nil)
(defclass cons :super object :slots (car cdr))
(defclass queue :super cons :slots (lisp::backward))
(defelass propertied-ohject :super object :slote (pl
(defclass symhol :super
propertied-object
:slots

(value vtype function pname homepkg))
(defclass foreign-pod :super symbol :slots (podcode
(defclass package :super

propertied-object

:slots
mes use symvector symcount intsymvector ints:
(defclass stream :super

propertied-object

:slots

(direction buffer count tail))
(defclass file-stream :super stream :slots (fd fname
(defclass lisp::broadcast-stream :super stream :slot:
(defclass x: textwindowstream :super stream :slots (x
(defclass io-stream :super propertied-object :slots
(defclass socket-stream :super io-stream :slots (Lis
(defclass metaclass :super

propertied-object

islots

super cix vars types forwards methods))
(defclass vectorclass :super metaclass :slots (elemer
(defclass cstructclass isuper vectorclass :islots (li
(defclass readtable :super

017000000000 window

(defclass TextViewPanel :super panel

:slots (quit-button find-button find-text view-window))

(defmethod TextViewPanel
(:create (file &rest args &key (width 400) &allow-other-keys)

(send-super* :create :width width args)

(setq quit-button

(send self :create-item panel-button "quit" self :quit))

(setq find-button

(send self :create-item panel-button "find" self :find))

(setq find-text

(send self

(setq view-window

(send self :locate-item

:create-item text-item "find:

(instance ScrollTextWindow :create
:width (setq width (- (send self :width) 10))

theight (- (setq height (send self :height)) 38)

" self :find))

:scroll-bar t :horizontal-scroll-bar t

:map nil :parent self)))

(send view-window :read-file file))

(:quit (event)

(:find (event)
(let ((findstr (send find-text

(send self :destroy))

:value)) (found)

(nlines (send view-window :nlines)))
(do (4 0 (1+ i)))

((or (>= i nlines) found))

(if (substringp findstr (send view-window :line i)) (setq found i)))

(when found

(send view-window :display-selection found)

(send view-window :locate found))))

185
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(:resize (w h)
(setq width w height h)
(send view-window :resize (- w 10) (- h 38)))
(:configureNotify (event)
(let ((newwidth (send self :width))
(newheight (send self :height)))
(when (or (/= newwidth width) (/= newheight height))

(send self :resize newwidth newheight))) ) )
17.3 OO0OO0OOOO

panel-item ooo)
:super xwindow

:slots (pos notify-object notify-method fontid label labeldots)

panel-item 000000000 windowODODOOOOOOOODOOO0OODODOOOOOOOO0OOO
0000 notify-object O notify-method U OO DOOODOOODOOODOOOO

:notify Erest args [Do0O)
notify-object O notify-method 1000 0OOODODO D notify-method 1000 D0 DD D
gogoobobbbooooonon

button-item 0000000 button-item 000000 D0O0O0O0OCODOO button-item 000000
googd

menu-button-item 0000000000000 0O0O0O0OO0OOmenu-button-item 0000000
ooad

choice-item 00000000000 O000O00O0OOOchoice-itemO0000000000000OO
ooo

text-item 00 000000000000 CO0O0O0O0D0O0Otext-item 0000000000 COO
goooogd

slider-item OO0 000000000 0O0D0OCOO0ODOCOOODOOslder-itemO000000O0O0OO
googo

joystick-item 0000000000000 O000DOCOO00O0DOQOO slider-temd00000O00O
OxO0yOOoooono

:create [Dooo)
name reciever method &rest args
&key (width 100) (height 100) (font font-courbl2)
&allow-other-keys
obobobooooooobobobobobooooboboboboooobooDooDobDoboboo
O send-super OO OO0D0OODOOOOOOOOO

button-item ooo)
:super panel-item

:slots
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button-item D0 000000000000 COObutton-tem 0000000000000 OCOOOO
OO0000O00D00000000DOObutton-item O panel-item D00 00000000000DO
notify-object 0 notify-method DD O OOMO

:draw-label &optional (state :top) (color bg-color) (border 2) offset [DooO]
button-item OO0 O0O0O0OO

:create [Doo0]
label revciever method &rest args

&keywidth height (font (send parent :gc :font))
(background (send parent :gc :background))
(border-width 0)

(state :top)

&allow-other-keys

button-item OO0 00000000 CO0O0O0O0DOOCOOOO0DODOOOOOOOODODOOOOOOOO
0000000000 0DO0bO0O0oo0D0obO0oooOoDOoOon sborder-width DO ODOODO OODODO
0000000000000 000000000O000000000 window(DOOO Opanel) 000
obooooobooooooobooon

:ButtonPress event [Do0o0O)
oboooboobobobobooobuoobooo

:ButtonRelease event [Do00O)
event0 0 00O000OO0O0OOO0OO

menu-button-item 0oo]
:super button-item
:slots (items item-dots item-labels

charwidth charheight

menu-window window-pos high-light)

00000000000 DODOOmenu-button-item 0 Obutton-item ] 00 000 0 Omenu-button-
itemO000000O0O00CO menu-panel 000000 O Onotify-object OO0 ODODOOODOOO
0o000d0oDoD0o0oD0ddoo0DoDdDbOOo0o00ooooDooooDoooooooooooooo
ooooooooooo

:create [0ooo)
label reciever method

&rest args
&key menu items (state :flat)

&allow-other-keys
O0000000D00000000 recetverd method OO OO ODOOOOOOOO

:ButtonPress event [Dooo]
O000b0o0o0O0ooo0o00o0Do0b0o0o0o0b0bO0OO0n menu-panel DO OO0

:ButtonRelease event [0oOoo)
00000000 menu-panel 0O 0000000 D0OO0D0ODOO0O

bitmap-button-item ooo]
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:super button-item

:slots (pixmap-id bitmap-width bitmap-height)

bitmap-button-item 0 0 0 0 O button-item 000000000000 OOOODO button-item O
00000000000 000000000000000Obitmap-button-item 0000000000
0000 bitmap OO ODOODOODOOODOO pixmapd OO0

:create [Dooo)

bitmap-file reciever method &rest args
&key width height
&allow-other-keys)

bitmap-button-item OO0 0000000000 bitmap-fileD Obutton-item d label DO OO0 OO0
oo0oooooo

:draw-label &optional (state :flat) (color bg-color) (border 2) [DoOooO)
000000 bitmap O pixmap OO OO

:create-bitmap-from-file fname

0ooo]
frame00000 bitmap OO0 0000 pixmap 0000 pixmap-id0 00 IDOOODODO
choice-item ooo]
:super button-item
:slots (choice-list active-choice transient-choice

choice-dots choice-pos button-size)

choice-item O 000000000 DOOO0ODOOOOODOOOODOOOODOOOOOODOOOO
0000000000000 00O0OCchoice-item 00000000000 O0O0OOOOOOO

:create [Doo0]

label reciever method &rest args

&key (choices ’(70” ”1”)) (initial-choice 0)
(font (send parent :gc :font))
(button-size 13)
(border-width 0)

choice-item-button D0 0000000000 0O0D00ODO :button-size 00O D000 O0O0O0O0O0O0OO

O0D00O0DOO0O0DOO0OOD0OOnotify-object O notify-method O choice-item O OO OODOOODODO

OO0o0oo0ooOoO0o0ooDOboOoOoooDooboooooDo
wvalue &optional new-choice invocation [Do000O)
OO0Onew-choice 0D OO0OO0O0DODOODOOOOODOOOOODODOOOOOODODDODOOOOO
0000 wnvocatton0 000000000 Onotify-object U notify-methodJ O OO DO OO O :value
o0o0ooOoOo00opooOoOoooooooooooooDo

:draw-active-button &optional (old-choice active-choice) (new-choice active-choice) [Dooo)
gogooboboboooogo

:ButtonPress event [Dooo)

gbgbobobooboboboobobobuoobdbuobdbdolbd transient-choice U0 U
gboobooboobobbooboobooboobobobonboo
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:ButtonRelease event [Do0O)
gobboooboooobOoooboobooboobboobobooboboobO0odbOactive-choiced

OO0 Onotify-object U notify-method DO DO ODOOO

slider-item Oo0]
:super panel-item
:slots (min-value max-value value
minlabel maxlabel valueformat
bar-x bar-y bar-width bar-height valuedots label-base
nob-x nob-moving
charwidth)

choice-item 000000000000 ODODOOODOOOslider-item O min-value 0 max-value O
0000000000000 0000000000O0O00000000d¢slider-item D O000O0ODOO
0000000000000 notify-object O notify-method DO O ODOOONO

:create [Do0O)
label reciever method &rest args
&key (min 0.0) (max 1.0) parent
(min-label ””) (max-label ””) (value-format ” 4,2{”)

(font font-courbl2) (span 100) (border-width 0) (initial-value min)

slider-item 00 000000000000 000OOCO0DOOO0OOOOOO0OOOOOOOOOODOO
min000000000:mex0000000000000O0:spen00000000OCOOOODODOO
svalue-format O slider-item OO0 000000

:value &optional newval invocation [Dooo)
O00Onrewval 0000000000000 ODOOO0OO0OOOODOODODODOOODOODOODOO

O O tnvocationd non NILODO O OO OOODOOOnotify-object O notify-method OO O DO ODODO
:value OO OOODOQOOOOOOODOO

joystick-item Ooo]
:super panel-item
:slots (stick-size min-x min-y max-x max-y
center-x center-y stick-x stick-y
value-x value-y
stick-return stick-grabbed

fraction-x fraction-y)

joystick-item 002000 slider-item 000 000000000020 0000000000000O
000000000000000000000000O0 (0 @O

:create [0o0oo)

name reciever method &rest args
&key (stick-size 5) return
(min-x -1.0) (max-x 1.0)
(min-y -1.0) (max-y 1.0)
&allow-other-keys
;stick-size0 00 0000000000000 O00OODOOO0OOODOOODOADO joystick-item window O
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0 18: panel 00O OO0 0O panel-item

0000000000000 000000 retwrn0 non NILOOOOODDOOOOOO0OODODODO
obooobOoboooooboboooboOobooooobooooboOooboobooboobooooon

:value Hoptional newz newy invocation [Do0o0O)
O0O0OrewzU newyO0 0000000000000 O0O0DOOOOCOCOOOOOOODOOOOOODODODOOO
OO00000000o000invocationd non NILOOOOOODOO O Onotify-object U notify-method
O0joystick-item DO 00000 x,yOODODODOOOODODOOO00D0OO0O :valueJOOODOODO
oooobooooboon

000000000000 panel-item 00000000000 DCO00 @OOOODOOOOOODOO
gbooobooboooobooon

(in-package "X")
(defclass testPanel :super panel
:slots (quit joy choi sli))
(defmethod testPanel
(:create (&rest args)
(send-super* :create :width 210 :height 180
:font font-courbl2 args)
(send-super :create-item button-item "quit" self :quit :font font-courbl4d)
(send-super :create-item choice-item "choice" self :choice
:choices (" A" "B""C™")
:font font-courbl2)
(send-super :create-item slider-item "slider" self :slider
:span 90)
(send-super :create-item joystick-item "joy" self :joy)
self)
(:choice (obj c) (format t "choice: "S ~d~%" obj c))
(:slider (obj val) (format t "slider: “S “s7%" obj val))
(:joy (obj x y) (format t "joy: "S "s "s7%" obj x y)) )
(instance testPanel :create)

(window-main-thread)

text-item ooo]
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:super panel-item

:slots (textwin)

text-item 000000000000 000000O000C0000O0O000O000000O000Otext-item
ooOoooOO0O0000oO0O00000000 windowOOOOOOOOOO windowOODOOOOO
ooooooooooooooooo0oOooooooooOoOoOOO0O0C0COO0b000000 window O
000000000 0O0control-FU control-BUOO0OOOO0O0OOdelI0OOO0OO0OOO0O
O000Ocontrol-DOOOOOOOOOODOOOO0O0O0OO0O0O0O0O0O0O0O0O0O0O0O0O0O0OOO0DO0C
boodooooooooooobooooobooooooooooooboo0ooobod0enterd 000
ubodbuoboodbodboobdui0ibdDl notify-object U notify-method D OO DO OO

:create [Dooo)
label revciever method &rest args

&key (font font-courbl2) (columns 20) initial-value (border-width 0)
&allow-other-keys

text-item 0000000000 windowOOOODOOOOOODOOOOODOOOOODDOOOOODOO
O columns OO O0O000O0O0O0OO0O

:getstring [DoOoo)
gboogbooooboooboooon

174 00000

canvas Ooo]
:super xwindow
:slots (topleft bottomright)

canvas U 000000000000 XwindowODOOODOOODOOOOODOOODOOOODOOBut-
tonPress 00000000 canvas 0 0000000000000 O0O00O0DODOOOOOOOO0OOO
000000 ButtonRelease O O O O notify-object 0 notify-method D 0O OO O canvas 00 OO
OO000D00000 XdrawableDOOODOOOOODOOO

17.5 0000 window

TextWindow [0 BufferTextWidnow [0 ScrollTextWindow DD OO0 00 OO window OO OO

text Window O0oo]
:super xwindow
:slots (fontid
charwidth charheight charascent dots
win-row-max win-col-max
win-row win-col ;physical current position in window
Xy
charbuf ; for charcode conversion
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keybuf keycount ;for key input
echo

show-cursor cursor-on ;boolean

kill delete ;control character

notify-object notify-method

)

uobooboobooobooboobooboboooboobooboooboooboooooboOoooOoon
TextWindow 0 000000000000 O00000D00CO00000O00O00OO T TextWindow 0000
ubbogbobooboobooboobobooboobooboobboobooboobboooboaono
gboogbooboobooboooboobobboboobooboobooboobooboonoo

init id oooo]
id0000000 window 0 ODOOODOO

:create [DooO]
&rest args
&key width height (font font-courbl4) rows columns
show-cursor notify-object notify-method

&allow-other-keys

text-window 0 0 0 0 0 Owindow O 0 0 O 0O O :width O :height 0 00 0 0O :rows O :columns D0 00 0O
0000000 motify-object O :notify-method 00000000000 COOODOCOOOODOO

:cursor flag [Dooo]
flagO O :on, :off, :toggle I OODODOOO0O0OOOOO0OOOODODOOwin-rowd win-col OO
O00000000flegD :on0000000000000000O00Oflag0:0££0000000000
O0flagO toggle 10O OOOO0O0O0O0OO0DOOO0O0O0O0O0DOO0O0O0O0O0O0OCOODOOOOOOOO
coooooooooooooooon

:clear [Dooo)
0000 windowOOOQODOODO

:clear-eol &optional (r win-row) (¢ win-col) (csr :on) [Dooo)
r cO0000000O0DODOO0O0O0O0O0OODOOOO0O0O0O0O0ODLDOLODbOOUOOOOUL b

:clear-lines lines &optional (r win-row) [DoOoo)
rgo0ooooooogoooobo

:clear-eos &optional (7 win-row) (¢ win-col) [Dooo)
r0 cO0000O0O0O0O0O0O0OO0O0OC0ODOOOOOOOOO0O0

:win-row-max [Dooo)
OO0 windowODODOOOODOOOODDODO

:win-col-max [Do00o)
OO0 windowOOOGODOOODOODOODOOO

:xy Eoptional (T win-row) (¢ win-col) [Do00O)
r0 cO000O000OD0O0O0DOO0ODOOO0ODOODOOODOOn

:goto r ¢ &optional (cursor :on) [Do00O)
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r00000 cO00000D00O0DO0O00O0O0O0O

:goback &optional (csr :on) [Dooo]
gbooobooobooo

:advance &optional (n 1) [DoOoo)
n0 000000000000

:scroll &optional (n 1) [0o0oo)
n0000000000D0 windowOOOOOOOOO

:horizontal-scroll &optional (n 1) [0oOoo)
nO00000000O0O00000oobobobOoOg

:newline [Dooo)
gogoobbbooooobobobod

:putch ch [Dooo)
0000DoO00ooOd echODODOODOOOOODOODOOODODOODODOODOO

:putstring str Eoptional (e (length str)) [Dooo)
uboogbdad serobgg

:event-row event [Dooo)

:event-col event [Dooo)
event U0 O0O0OOO0O0OO0OOOOOOOO0OOO

:KeyPress event [Dooo)
obOobOobooo0obOOobOo0o0o0ob00ob0ob0obOobOOo0oO000000Onotify-object 000
ggd

textWindowStream ooo]

:super stream
:slots (textwin)

TextWindowStreamJ OTextWdinow 0 0 0000000 D0DOOOO0OO Oprint, format, write-byte
0000000000000 0000000000000 TextWdindow OOOQOOOOOOOODOO
O0000o0ODOoOo00o0oooooOoooooOoooooon

:flush [Dooo)
0000000000000 0000000 TextWindow J OO Ofinish-output 100000000
ubooobobooboobobooooobooooooboon

make-text-window-stream zwin [0O]
text-window-stream 0 0 0000000000000 COO0OOO

BufferText Window 0o0)
:super TextWindow

:slots (linebuf expbuf max-line-length row col)
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TextWindow D 0000000000000 0000DOlinebuf 000000000 OODOexbuf OO
000000000000 000windowOOOOOOOOOOODOOOOBufferTextWindow 0 O
0000000000000 D0000D00000o0D000000ODOOtext-itemO0 00000
000000000 BufferTextWindow 0O O 00

:line n [Dooo)
n00000000o0b0o000gaoo

:nlines [Dooo)
linebuf OO OOOO

:all-lines [Dooo)
gdoobboboddd linebuf 0O OO

:refresh-line &optional (r win-row) (¢ win-col) [Dooo)
rgooon cogbbobbuogooboooo

:refresh &optional (start 0) [DoOoo)
start 000000000 O0O00O0OOCOOO0

:insert-string string [Dooo)
oo0o0oo000 strmgd0OO0OOO

:insert ch [Do00o)
obooboobobobobooo

:delete n [Do0O)
00o0obdod nO0bOOobOon

expand-tab src &optional (offset 0) [OO]
se0J000000OO0O0O0O0ODOOOOODOODOODODOOODOODOODDOODbDO8UUDbDOOO
goggobbobbooooobobooboobog

ScrollText Window [0oO0]
:super BufferText Window
:slots (top-row top-col ;display-starting position
scroll-bar-window
horizontal-scroll-bar-window

selected-line)

ScrollTextWindow 0 0000000000000 O00DOOCOO0DOCOOONO BufferTextWindow 00
O000ScrollTextWindow D 000000000000 windkowODOODODODOOOOOOOODDO
O0000000000000::configureNotifyOOOOOOOOOOOOOO0OOOOOOOOOO
ugboobuogooobogboaboo

:create &rest args Ekey scroll-bar horizontal-scroll-bar €allow-other-keys [Dooo)
0000000000000 0o0oOo00o0oDoDo0oDoOo00 TOOOOOO

:locate n [Dooo)
window 0000 nO0000C0O000D0ODO0OO0OODOOOODOOOOO

:display-selection selection [Dooo)



17. XToolKit 195

selection0 0 0000000000 0OOOODOOOOODOODOOOOODOOOODOODO

:selection [DoOoo)
gboogoooooobooon

:read-file fname [DoOoo)
freme00000000000000C0 linebuf 000000000000 OwindowOODODODOODODO
gbooobooooboobooon

:display-string strings [DoOooO)
strings0 0000000000000 stringsd01linebuf 000000 0Owindow OOOOOOO

:scroll n [DooO]
nO000000000000

:horizontal-scroll n [Doo0]
nO000000000000

:buttonRelease event Dooo]
OoO00O0O0OO000O0o0o0o0ooO0ooo0oo0ddddwindowOOO0O0O00000 notificationO
OO000000000C0Onotify-object U notify-method DO OOODOONO

:resize w h [DooO]
window OOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOO0O
coooooooooocoooon
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O IO

irteus [ [

18 DOOoOoooood

18.1 UOUUOoUooobbbbooodad
18.1.1 O00O00000O0OOO0OOOO0

gobogbgboobobooboboobobooboboobobooboboboobaobaoooa
googooon

e (a)J00I00D0OUDODUODLDLOOOOD

e (h)IDDODODUOOODUDDOODDODOOODODO

0000000000000 00000000000(UO0O0DO0DODO00DO00LOO0DDOODOOoUOOoUD
gboooboobOooooboobooooobooobooooobooobooboobOoooboOoobooooboon
goooooo

gbboobooooooobooboobooboooboooboobooobooboooboooboooooooboooonoag
obooooobooooboboooobooboobooobooboooobobooonDo

oooooo0oooooo0oooooo0o0odooo0ooooooooooooooong ;000000
boooooo0oooooooodnae;, X, 0000 000000000000 ¢;0000

o000 ¥;000000000000000

; e b
T; =
000 1
dooooooood

0000e%% 0000000000000 000000D0000000000000 Rodrignesd10000
0000000000 «000 wtfred) 000000000000 0O0DO0O0O0OODO0O0OOOOO

e*t = E + asin(wt) + a*(1 — cos(wt))

oooDoooooD p, R, O00D00000D0X, 00000000

‘ Ri  pi
" loo0 1
0000000000000
T; =T "T;

gbodgboboobobooobobuoobobuoooobooboboobuooboboobobooona
gbooobooboobooboobobooboobooboobooboobooboo

18.1.2 EusLispO0OO00O0O0O0OO0O0DOOOO

Euslisp0 000000000 0O0COO0OO (body)DO0OObodyDOOOODOOOOOO (bodyset) OO

oo0300000000
gboooobobooooobooooboboooboobooooobooboo
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(setq
(send
(send
(send

cl
cl
cl
cl

(objects

(setq
(send

(send

c2
c2

(make-cube 100 100 100))
:locate #£(0 0 50))
:rotate (deg2rad 30) :x)
:set-color :yellow)
(list c1))

(make-cylinder 50 100))
:move-to

(make-coords

:pos #£f(20 30 40)

:rpy (float-vector 0 O (deg2rad 90)))
:world)

c2

(objects

(setq
(setq
(setq

c3
cé4
chb

:set-color :green)
(list c1 c2))

(body+ c1 c2))
(body- c1 c2))
(body* c1 c2))

bodyset O irteus 0000000000 O0D0OOObodyO0ODOOO0O0O0O0O0O0ODODODOOOOOOOO
oood

(setq
(send
(setq
(send
(send
(setq

cl
cl
c2
c2
cl
b1l

(objects

(make-cube 100 100 100))
:set-color :red)
(make-cylinder 30 100))
:set-color :green)
:assoc c2) ;5; 000000000
(instance bodyset :init
(make-cascoords)
:bodies (list cl c2)))
(1ist bl))

18.1.3 U00OO0O0OO0OO0OO0OO0ODOOOOOOOOOOOODbOOO

(setq
(setq
(send
(send
(send
(send

cl
c2
cl
c2
c2
cl

(objects
(do-until-key

(send cl :rotate (deg2rad 5) :z)

(send *irtviewer* :draw-objects)
(x::window-main-one) ;; process window event

)

(make-cube 100 100 100))
(make-cube 50 50 50))
:set-color :red)
:set-color :blue)
:locate #£(300 0 0))
:assoc c2)

(1ist cl c¢2))

18.1.4 Dbodyset-link 0 joint 00 000000000000 OO0ODODOOO

irteuss 000000000000 0OO00O0OOOOO bodyset-link(irtmodell) 00 0O0OOOOOOOOO
U0b0bO0obO00obO0o0obO0oobO0ooobOoobO0oobO0ooboooboOo0ooOooboOo0oobOO0jointOO
obooooobooooobooog

(defclass bodyset-link
:super bodyset
:slots (joint parent-link child-links analysis-level default-coords

weight acentroid inertia-tensor
angular-velocity angular-acceleration
spacial-velocity spacial-acceleration
momentum-velocity angular-momentum-velocity
momentum angular-momentum

force moment ext-force ext-moment))
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0000000000000000 joint OO0 (irtmodel) 0000 0joit 0000000000 OOOO
0 O 0O rotational-joint, linear-joint 00O 000 Ojoint 0000000 O0ODODOO0OADO :joint-angle IO 0O O
o0o0ooOobOoooooobooon

(defclass joint
:super propertied-object
:slots (parent-link child-link joint-angle min-angle max-angle
default-coords))
(defmethod joint
(:init (&key name
((:child-link clink)) ((:parent-link plink))
(min -90) (max 90) &allow-other-keys)
(send self :name name)
(setq parent-link plink child-link clink
min-angle min max-angle max)
self))

(defclass rotational-joint
:super joint
:slots (axis))
(defmethod rotational-joint
(:init (&rest args &key ((:axis ax) :z) &allow-other-keys)
(setq axis ax joint-angle 0.0)
(send-super* :init args)
self)
(:joint-angle
(&optional v)
(when v
(setq relang (- v joint-angle) joint-angle v)
(send child-link :rotate (deg2rad relang) axis)))
joint-angle))

00 00 O joint, parent-link, child-links, defualt-coords 0 0 O 0O O O
0000000 00o0o0o0oooooooDooooooooon

(defun make-servo nil
(let (bl b2)

(setq bl (make-cube 35 20 46))
(send bl :locate #£(9.5 0 0))
(setq b2 (make-cylinder 3 60))
(send b2 :locate #£(0 0 -30))
(setq bl (body+ bl b2))
(send bl :set-color :gray20)
b1))

(defun make-hinji nil
(let ((b2 (make-cube 22 16 58))
(b1 (make-cube 26 20 54)))
(send b2 :locate #f(-4 0 0))
(setq b2 (body- b2 bl))
(send bl :set-color :gray80)
b2))

(setq hl (instance bodyset-link :init (make-cascoords) :bodies (list (make-hinji)))
(setq sl (instance bodyset-link :init (make-cascoords) :bodies (list (make-servo)))
(setq j1 (instance rotational-joint :init :parent-link hl :child-link sl :axis :z))
;3 instance cascaded coords

(setq r (instance cascaded-link :init))

(send r :assoc hl)

(send hl :assoc s1)

(setq (r . links) (list hl s1))

(setq (r . joint-list) (list j1))

(send r :init-ending)

)
)

oooo
U0000Onh10s1 000 bodyset-1inkJUj1 000 rotational-joint DO OO OOOOU cascaded-link
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0000000000000 00000000000 cascaded-1ink [ cascaded-coords OO OO0 OO
O000Or (cascaded-1link)0h10s1 0000000000 :assoc0000000O00O0O0O0O0O

(r . links) OO0OO0OO0OO0 r000COCOOOOOCOCOOCOOCOOOOOOOOOOO1inksOOCOOO
OO00D00000O0O1inks 000 joint-list 000 OO0D0DOOODODO (send r :init-ending) 00O OO
O00oooooooooo

gbobrgb0bO2000000000000O0000O0O10O0O000O0O0O0ODODODO0O0ODDOOODLOOO0
(objects (list h1l s1)) OO OODO (objects (list r)) OO0ODODOOO0O0O0OO0O00DOOCOO0DOOO0OOO

(send r :locate #£(100 0 0)) O000O0O00O0O0OOOOOO
cascaded-1link 000000000000 O00O0O00D00D :joint-1istU :1inksUJ OO
: r

uoboobooooooboobooboobo0OOoooO00oboob0odn0n0n -angle-vecto
goooobooooboooboooobooobooooboobooooooboobbooobooobogoo
gboobOoboooobobooobooboooobobooooobobooooboOoobooon

$ (objects (list r))

(#<servo-model #X628abbO0 0.0 0.0 0.0 / 0.0 0.0 0.0>)
;; useful cascaded-link methods

$ (send r :joint-list)

(#<rotational-joint #X6062990 :joint101067152>)

$ (send r :links)

(#<bodyset-link #X62ccbl0 :bodyset103598864
#<bodyset-link #X6305830 :bodyset103831600
$ (send r :angle-vector)

#£(0.0)

$ (send r :angle-vector (float-vector 30))
#£(30.0)

0 0.0/ 0.0 >
0 0.0/ 0.5

0.0 0. 0.0 0.0
0.0 0. .524 0.0 0.0>)

18.1.5 cascaded-link 000000000000 OCOOODOOOOO

O00O0O0O0O0O0O0O0O0O0O0O0O0O0O00D0D00AO0 cascaded-link 0000000 OOOOOOOUO]inks, joint-
list 00000000 O00D0O0D00OOO bodyset-link, 0000 joint 0000000000000 O0O0ODOO
O000000DOOcascaded-1ink 00 0000000000000 DOO0ODOOOOO0OODOOODOOODOO
oooooooooogo

(defclass cascaded-link
:super cascaded-coords
:slots (links joint-list bodies collision-avoidance-links))

(defmethod cascaded-link
(:init (&rest args &key name &allow-other-keys)
(send-super-lexpr :init args)
self)
(:init-ending
O
(setq bodies (flatten (send-all links :bodies)))
(dolist (j joint-list)
(send (send j :child-link) :add-joint j)
(send (send j :child-link) :add-parent-link (send j :parent-link))
(send (send j :parent-link) :add-child-links (send j :child-1ink)))
(send self :update-descendants))

)

(defclass servo-model
:super cascaded-link
:slots (hl sl j1))
(defmethod servo-model
(:init Q)
(let O
(send-super :init)
(setq hl (instance bodyset-link :init (make-cascoords) :bodies (list (make-hinji))
(setq sl (instance bodyset-link :init (make-cascoords) :bodies (list (make-servo))

N

)
)
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(setq j1 (instance rotational-joint :init :parent-link hl :child-link s1 :axis :z))

;; instance cascaded coords
(setq links (1list hl s1))
(setq joint-list (list j1))

(send self :assoc hl)
(send h1l :assoc s1)

(send self :init-ending)
self))

;; (send r :j1 :joint-angle 30)
(:j1 (&rest args) (forward-message-to jl args))
)

(setq r (instance servo-model :init))

O000O0O0DO0O0O0ODOO (setq r (instance servo-model :init)) DO OODOOOOODOODOO
goooooooUOooooU0U0OooooU000OooOoOoU000o0ooooOoUO0OoDoOooOOoUOooDoooo
(:j1 (&rest args) (forward-message-to jl args)) 00 0000000000000 OOOOOOOO
goooooOOoOoOoOoO0oO00oOoOoOoOoooooooOoO0O0OOOoOOOOOODDOOOOOOOOOO00O
000000000 (send r :jl :joint-angle) O (send r :jl1 :joint-angle 30) DO O ODOOODODO
gogooobbobbooooobbbbboooooboo

(objects (list r))

(dotimes (i 300)
(send r :angle-vector (float-vector (* 90 (sin (/ i 100.0)))))
(send *irtviewer* :draw-objects))

gboobgoooo

(setq i 0)

(do-until-key
(send r :angle-vector (float-vector (* 90 (sin (/ i 100.0)))))
(send *irtviewer* :draw-objects)
(incf 1))

oo0oobOoooobobooooobooooboboooboOoobooon

oooooooooooobooooboooooooboooooboooobobobboOo0O0OO000gnd:joint-
angle 000000044000 000000000000000OO0OO0OOOOOOOOOOOOOOOOO
goo

(defclass hinji-servo-robot
:super cascaded-link)
(defmethod hinji-servo-robot
(:init
O
(let (h1 s1 h2 s2 11 12 13)
(send-super :init)
(setq hl (make-hinji))
(setq s1 (make-servo))
(setq h2 (make-hinji))
(setq s2 (make-servo))
(send h2 :locate #£(42 0 0))
(send sl :assoc h2)
(setq 11 (instance bodyset-link :init (make-cascoords) :bodies (list h1)))
(setq 12 (instance bodyset-link :init (make-cascoords) :bodies (list sl h2)))
(setq 13 (instance bodyset-link :init (make-cascoords) :bodies (list s2)))
(send 13 :locate #£(42 0 0))

(send self :assoc 11)
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(send 11 :assoc 12)
(send 12 :assoc 13)

(setq joint-list
(1ist
(instance rotational-joint
:init :parent-link 11 :child-link 12
raxis :z)
(instance rotational-joint
:init :parent-link 12 :child-link 13
raxis :2)))
(setq links (list 11 12 13))
(send self :init-ending)
)))

(setq r (instance hinji-servo-robot :init))
(objects (list r))

(dotimes (i 10000)
(send r :angle-vector (float-vector (¥ 90 (sin (/ i 500.0))) (* 90 (sin (/ i 1000.0)))))
(send *irtviewer* :draw-objects))

18.1.6 EFEusLispOOOOODOOOOO

OO0000O0DODOO0OO0 0O cascaded-corods, bodyset, bodyset-link D0 O0O0O0O0OOODO :worldcoords O
OO0000000O0:worldeoords 0000000000 DODODOOOOOOOOOOODODOOOOD DOOOO
O changed 0 nil 0000000000 O0O0OCCOOOO0O0O0O0O0OOOO0O0O0OOOOODODOOOOOO
OO0 wworldcoords 00O OOOOOOOOODODODODOOOOOOOOOOOOOOOO changed O nil O
OOoO00DODOoODOD0OC0DODOD worldecoords HO0O0OOO0O0ODOOODODOOOOOOODODOODOOO
0000000000000 000000000000000000

0 0 Obodyset-link 0000 :worldcoords OO0 OO, level 0000000000 O0O0OO :coords OO0
O0000000000 bodiesJ0ODODO0D0DO00O00OO0O0O00O00OOOObodies0 00000000000
faceset 000 O00OO00ODODOOO0OO0CODODOOOOO0OOODOOOOOOODOOOOOOOOODOOOOOO
OO00000Olevel 0000000000 DODOOO analysis-level 000000000 00O0O00OCQO bodies
00000000 DO0ObO000000Db0b0000O0OD0OO0 10000 (send 1 :analysis-level :coords)
ooooooo

(defmethod bodyset-link
(:worldcoords
(&optional (level analysis-level))

(case

level

(:coords (send-message self cascaded-coords :worldcoords))
(t (send-super :worldcoords)))

))

(defmethod bodyset
(:worldcoords
O
(when changed
(send-super :worldcoords)
(dolist (b bodies) (send b :worldcoords)))
worldcoords))

(defmethod cascaded-coords

(:worldcoords () ;calculate rot and pos in the world
(when changed
(if parent
(transform-coords (send parent :worldcoords) self
worldcoords)

(send worldcoords :replace-coords self))
(send self :update)
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(setf changed nil))
worldcoords))
18.2 OJUO0OOOOODOO
18.2.1 0O0O0OO

000000000,00000000000000%HO0000DODODDODODDOOOOO0 6 =
(01,02,...0,)T 000DO.

oo, 0jdgobuogobobood 00000 ooooooa
r = f(0) (1)
O0O000. Equation IZ2Z10 0 Equation IZ21 O0000000,000000000000.
0=r"(r) (2)

0000 f'0000000000000.000000+t00000000000,0000

of .
50 0)0 (3)
= J(0)6 (4)

oo00.0oo,J@0mxnO00O00O0O0OODOD0. mOOOOO»000,n000006000000. 7
ooooooobooooooon.

0000000000000000 J(®~'000000000000000000000000DO0O0OO0
go.

60=J) (5)
goo,dobbbbbodoooobobbo,boooubobooboog J#(B)DDDDDD (Equation B ).

A~ (m =n=rankA)
A* = AT (AATY Y (n > m = rankA) (6)
(ATA)"TAT (m > n = rankA)

EquationB O0Om >nU0000 Equation@ O0On >=m0O000 Equation8 000000 O0OOOOOO
goooooooo,ooon.

min (’r - J(o)é)T (r - J(e)é) (7)
min 0T0 (8)
)
st. 7 =J(0)0

gbooooooboooooo

0 = J*(0)i + (En - J#(e)J(e)) 2 9)



gooobooooboogo 203

000000, Equation8 0000000000, 00000 J(@)00000000O0O0OOOO0OOO0ODO
D,’Q‘DDDDDDDDDDDDDDDDD.DDD,Nakamuraetal.D SR-Inverse® 0000000, 00
oooooooao.

0000000000000000 J#6)00000, EquationmM@ 000 J*@) 0000,
70)=J" (107 4 eB,) (10)
000, Equation 00000, Equationm 0000000000 0O0O0O0OOOOOOO0OOOODOOOO.
min{8' 9+ e (7 - J(@)é)T (# - 7(0)8)} (11)
0
00000 J)D00000000000000000000 (0000000 (Equation [2).
x(0) =/ J(0)J(6) (12)

000000000000000000000000°%0000000000000000000,000
gboboobOobooooboooooboobooooobobooooboobooon.

18.2.2 0OOO0ODOOODO

00000000000000D000000000000000000%000000000000000.
Oo00ooo0o00b j000000000000O000000 J;0

a;

0
J;= (13)

a; X (pend 7pj)

a;

if linear joint

if rotational joint

uoobbb. e;Up; 000000 jO00000D0O0O0O0DODOOOOODOOO0OG, p,,00000000
goboooboooobobobooooboooooobo. bbooo1boooooooooooOooboboOoooDo
gboooboooboooboboooboobOooooboooboOoooobooboooooboooOooobooon
gboooooobo200b00b00000b0oobooooobooobooooboboobooooooDooo
gbooobo30b00boboobo200b0ooboooooooboobooooobooboobooobooon
gboboooooobooobooooobbooboobooboosoboooboooboobOooooooboOoobooboon

18.2.3 0OU0O0OOO0ODODODOODOOOO

gbooooooboboooooboboo,b0boobooobooboboobooooboboooooona
000000.0000,00%*0000000000000,00000000000000000000
oooo.

4 Inverse kinematic solutions with singularity robustness for robot manipulator control: Y.Nakamura and H. Hanafusa,
Journal of Dynamic Systems, Measurement, and Control, vol. 108, pp 163-171, 1986

5000000000000, 0000,000000000, vol. 2, no. 1, pp. 63-67, 1984.

6 Hybrid Position/Force Control: A Correct Formuration, William D. Fisher, M. Shahid Mujtaba, The Internationaltional
Journal of Robotics Research, vol. 11, no. 4, pp. 299-311, 1992.

7 A unified approach for motion and force control of robot manipulators: The operational space formulation, O. Khatib,
IEEE Journal of Robotics and Automation, vol. 3, no. 1, pp. 43-53, 1987.

8 Exploiting Task Intervals for Whole Body Robot Control, Michael Gienger and Herbert Jansen and Christian Goeric In
Proceedings of the 2006 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS’06), pp. 2484 - 2490,
2006

9 A weighted least-norm solution based scheme for avoiding jointlimits for redundant joint manipulators, Tan Fung Chan
and Dubey R.V., Robotics and Automation, IEEE Transactions on, pp. 286-292,1995
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gobooboooobobooboooo.

(é‘W —\Vé'wé (14)

000,WO W e R 000,0000000000000000000000. 00WwWOOOO,
Jw. .0y 00000000000,

Jw =JW ™2 6y = W26 (15)

00 Jy.6y 0000,0000000.

= JwOw (16)
. T .
‘G’W — \/Owoy (17)

00000000000000°000000000000.
. -1
oy =W LJ" (JW_lJT) 7 (18)

0000000000 640000000 Oimax,smin 0000000000000 O0DOO0OODOOOOO
H@ODDODOOooooo™).

1 (92 max 91 min)2
H(O)=) - : : (19)
i—1 4 (ei,max - 91)(91 - ei,min)
00 EquationP0 000000 nxnOOODOOOOWDOOODO.
wy 0 o - 0
0O wy O --- 0
W = (20)
0 0 0 W,
ood w; O
OH (0)
i =1 21
w + ’ 26, ‘ (21)
oono.
000 Equationm@ OO OooOOoQoog.
aH(e) o (gi,max - ei,min)2(29i - gi,max - ei,min) (22)

891' 4(0i7max - Hi)Q(ei - ei,min)Q

gboooboobooobooboooobooooooboobooboooobobooooboobooooona
O, 0000000000D00DO.

oH@©)| ..|oH @)
w; = 1+‘ 26 ‘ o e 20 (23)
' 1 if|2H O

00w, 000 WODOOOOODOOOOOOOO00oDOoO0ooooooooooooo.

10 Efficient gradient projection optimization for manipulators withmultiple degrees of redundancy, Zghal H., Dubey R.V.,
Euler J.A., 1990 IEEE International Conference on Robotics and Automation, pp. 1006-1011, 1990.
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18.24 0D0O0ODOO0ODODODOO

gbbooobooobooboooooooboobooooboobooboboooboobooboooboag
O00.0000 Sugivraetal. 00000000000000O0D0OOOO®®20000000000000.
OO00D000 Sugiuwraetal. 000000,00000000 NullSpaceOOOODOOOODOOOOODOOO
OO000000000D0000 SR-Inverse 0000000 OCO0O0ODOOCDOO0ODOODOOOOODOOODODO.

18.25 O000OOOO0OOOOOOOOOO

g00o0O0oOo0o0oo00oO0o0oo00O0o0DOO00O0oU0DoLoO00O0OO blendingdODOOODOO
go.0o00obo,0o00obo0obooboooooooooboobooboooo0oobooobooDn
gboboobOobooooboboooobobooooobobobooboOoboooboobO.ooboobooboooon
0000 Equation2 00 00OD0. 0000 c« OOO0OO0O00ODODODOOOO00ODOD,teskO0000OOO
gbooooobooooobooboooooo.

é:f(d)éca+(1_f(d)) étask (24)
blending 00O f(d)0,000000d00O0O d,04, 00000000000 (Equation B3 ).

f(d):{w—da)/(db—da) ifd < da 25)
0 otherwise

d, 0000000000000 Od (yellowzonem)lj[llj,dbDDDDDDDDDDDDDDDDDDDD
0 (orange zone™) 00 0.

gobogobdob 20b000boboooboboo0boboobuobooboooobobboobon 20
oooobooobooboobuooboobooboooo.

200000000000 00DO0OO0UOUOD pOUODOO 2000000000000 DOOO0OODO Equa-
tionPd O0O0O.

0 ] > d,g
o — if ol (26)
(do/ Pl —1)p else
0000doobobooooodd EquationZa O00O0O.
éca = Jzakjointéw + (En - J:asthask)JZaknulléw (27)

kjointOknu 0 0000000000000000C00O NullSpaceOOOOOO0O0O0O0O00O00O0O0O0OO
gooo.

18.2.6 LOO0OOOODOO

gboobooooobooooobobooboobooobooooob. ooboo,0o0o0o0o00ob0ooo,od
00000000000000,000000000 PQP(A Proximity Query Package) B0000.

11 Real-Time Self Collision Avoidance for Humanoids by means of Nullspace Criteria and Task Intervals, H. Sugiura, M.
Gienger, H. Janssen, C. Goerick, Proceedings of the 2006 IEEE-RAS International Conference on Humanoid Robots, pp.
575-580, 2006.

12 Real-time collision avoidance with whole body motion control for humanoid robots, Hisashi Sugiura, Michael Gienger,
Herbert Janssen, Christian Goerick, In Proceedings of the 2007 IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS’07), pp. 2053 - 2068, 2007

13 Fast distance queries with rectangular swept sphere volumes, Larsen E., Gottschalk S., Lin M.C., Manocha D, Proceedings
of The 2000 IEEE International Conference on Robotics and Automation, pp. 3719-3726, 2000.
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Fig.ld 00 d, = 200[mm],dy = 0.1 % d, = 20[mm], kjoini = kpuy =1.000000.
0000000000,000000000000

1. 0000000 n,, 00O
2. 000000O0O0O0O0O0O0O0OOoOoooo0o00 ,,,C000

. 000booboob,obooboobobbobbooboan

goooboooboooboooboon.

Fegem@OOOOOOODOOOOODOOOOOOODOOMoooobmooooomoooobooo 40
goooooo.0oooo, ., 000000000000 0000000000o0,0ggooogoon
ooo-0o0o0oobomooboobo-boo00oooOmobooobo-0obooooo3oooon.

Figd O 3000 (0 10,020)0000000000000000OO0O00OOO0OOOOOOOOOO

g.bogboboooboobbooboooboobooo,bboboboobobooboobboooboon
gooooooao.

0 19: Example of Collision Avoidance

18.2.7 0000000 ODODOOOODODOOOOOD

00000000000000000000000,000000000000000000000000
0 (Fig.em )0

ooboobooooobooooooaa,

e JOOOOODOODOODODO
Ub00o00o0o0o0bo0b0ob0ob0 Equation B0 0000000000000, O0O0O,00000
0000000 (0000000000000 U0Oo0)0D0o0DoDOoUOoODoOoUoOOoooo.

e JOOOOODODODODO
gbooooooobooboobo,0cobooboobobobooooooooobooboboo.ooao,oon
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0 20: Duplicate Link Sequence

oboooooo,0ob0obooboooboobobooboooooboobooooooboobooboooo,ooon
gooooobooo,0ooboboboooobooooooobooooobooo.

gbooobooobooooboobooboooobooboobooboobooobooobooooobooobooon
000000 (0000000000000 0O000o0O0DUoOoOooDooOoOoUoooOn).

18.2.8 0000000 O0OOOOOOOOOOOOOOODO
ooboobooooboobooooooboon.

e JOO0ODOODODLDOO LO

ooooo ND

00000000000 0000000000 [€2,...,¢61 7

T

00000000000 [ .., 6z_1 |7

0oooooooo S={0,...,N—1}
000,0000000400000 8000050 S=8U...uS,,0000.

e SOODDDOODODOOODN [bo,...,0n 1]

ooo.
0000000 Equation2ZB00000O0O.

=1 g, : : (28)

&1 Jr—io ... Jr-in—1 On_1

000 J,; 0000000000,
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7 J; if j-th joint € i-th link array (29)
" 0 otherwise (30)

0D000J; 0 Equation @@ 000 O

EquationEBR 0000000000000 0O0OOO00OO0OO00O SR-InverseJ000000O0OO00OOOOO
gooo.

000000000000000000000,00000000000000®00000000000
goooooboooobobooooobooooogoD.

18.2.9 ULU0O0OU0O0OObOOO0bOOObOObOOOOObLOOObOOO00nOd

oboooooo NOODODOOOOOoOooOoooOoooOooooooooooooooooooooooboooa
oobood N+6000O0DO0ODOODOOOOOOOOOOODOOODOOODOOODOObOOObOOODO
0000000™00000,00000000000000000000™0000000000.

gobobobbooooooooboooboooobooob 3booobouooob 3oboobooboooonoag
000000000000 0O00UO0o0U (Figew). DO0O0OO0DO0ODO0 6000000000 UOOOOOOO
goooooobooooob.oboboobobobooobobooooboboboobooboboboboboooon
ooooooob,boo0,bo0oooboboboooobooooboboooooDo.

O 21: Concept of the Virtual Joint of the Base Link
(Left figure) Overview of the Robot Model
(Right figure) Skeleton Figure of Robot Model with the Virtual Joint

MY OooOoO0O000000000000000,00 0,00 00,000000000, vol. 13, no. 7, pp. 994-1005, 1995.

15 0poo0o0000000000000000000000000000, 00 00,00 00,000000000, vol. 4, no.
7, pp. 63-73, 1989.

16 Control of Free-Floating Humanoid Robots Through Task Prioritization, Luis Sentis and Oussama Khatib, Proceedings of
The 2005 IEEE International Conference on Robotics and Automation, pp. 1718-1723, 2005
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18.2.10 0OUO0ODLDOO0ODOOOODOODOOD

0000000000000 00000000000000000 (Equation@ ) 0000000000
zUy02000000000000 «0y02000000000000000006x6000000000
g, 0b0o0obooboobooboobooooboboooooboooooboboooooboooooa.

E. —4
Jpy = [ 03 P ‘| (31)

pp, 0O000O0OCOOOOOOOI/ODO0O0O0O0OOODOOODODODODODOODDOO

18.2.11 0DUO0ODOOODOODO

00000000000000000000000000000000 [Maew, Crew, Inew) 1000000
0000000000000

[Mnews Cnews Lnew] = AddMassProperty(lma, c1, I1), ..., [mk,cx, Ik]) (32)

gbooobooboobooo

Mpew = m;

> my (33)

j=1

K

1
Chnew = m;c; 34
Mnew ng 7 ( )
K

Lew=Y_(I; +m;D(c; — cnew)) (35)

D000D@E) =+#+"+0000

18.2.12 0OO0OO0O0OO0ODOOOOOOOO

gboobooogobooboooobooboobobooboobobooobooooooooboooa
gboboobOoboooooboooobooboooooboooooboobooog

O;00000000¢; 0000000000000 10000000000

p. a;f; x (&] —p;)m;  if rotational joint (36)
! a;0;m; if linear joint
I - ¢;P;+ jjajéj if rotational joint (37)
T 0 if linear joint

DDDD[mj,éj,jj]D AddMassProperty 0000 j0000000CCOOOOOOOOOOOOOOOO
EI[II]DDEIDDDDDDDDDDDDDDDDDDEDDDDD@DDDDDDDDDDDDDDDDDD
goooog

a; X (¢; —p;)m; if rotational joint
mj:{ j % (¢ — p;)m; if rotational join (38)

a;m; if linear joint

17 Resolved Momentum Control:Humanoid Motion Planning based on the Linear and Angular Momentum, S.Kajita,
F.Kanehiro, K.Kaneko, K.Fujiwara, K.Harada, K.Yokoi,H.Hirukawa, In Proceedings of the 2003 IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS’03), pp. 1644-1650, 2003
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hy — ¢ X mj + jjaj if rotational joint (39)
0 if linear joint
oo0ooooooooooooooooon
Maz[mlv'“umN] (40)
Iigzz[hlw..7hN}——ﬁGA49 (41)

OO000000000NDOOOODOOOODOOOO0ODOO «0y0-000000 20y000000
oooooobooooooon

MB _ MTE3 *MTﬁB%G (42)
Hp 0 I

gboboobobooooobooooboboooooboooon

Mp Mg || &5 (43)
Hp H, 0

P
L

ooooooooooobooo M,00000 po,00000D0ODO ID000000000000000000
goooooo

[M,,pq, I = AddMassProperty([my,c1,I1],...,[mn,en, IN]) (44)

18.2.13 0OO0ODOODO

gbocobooboooooboobooobooobooobooobooooooooboooboooboOooobooooag
gbooboobooobobobebOobOOObOObOOObOOODOOOOODOOODOOOOOObOOODOOnOn
cooooooooooooOoooOoOoOooo0oOoooOooooOoOooooOoDOobOOO00D MpODOOOODOOO

googobooon M'ODDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

1

Jo=1p

[ My M), } (45)

18.3 UUUUopoobbbboooooad
18.3.1 0000000 O0ODOOOOCOOODOOOOODOO0ODOO

Jo0obooooboooobooboooooobooooobooooDoDbo
gbooooboooooogooboo

(defclass 3dof-robot
:super cascaded-link
:slots (end-coords 11 12 13 14 j1 j2 j3))
(defmethod 3dof-robot
(:init Q)
(let (b)
(send-super :init)

(setq b (make-cube 10 10 20))

(send b :locate #£(0 0 10))

(send b :set-color :red)

(setq 14 (instance bodyset-link :init (make-cascoords) :bodies (list b) :name ’14))
(setq end-coords (make-cascoords :pos #f£(0 0 20)))
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(send 14 :assoc end-coords)
(send 14 :locate #£(0 0 100))

(setq b (make-cube 10 10 100))

(send b :locate #£(0 0 50))

(send b :set-color :green)

(setq 13 (instance bodyset-link :init (make-cascoords) :bodies (list b) :name ’13))
(send 13 :assoc 14)

(send 13 :locate #£(0 0 100))

(setq b (make-cube 10 10 100))

(send b :locate #f£(0 0 50))

(send b :set-color :blue)

(setq 12 (instance bodyset-link :init (make-cascoords) :bodies (list b) :name ’12))
(send 12 :assoc 13)

(send 12 :locate #£(0 0 20))

(setq b (body+ (make-cube 10 10 20 :pos #£(0 0 10)) (make-cube 300 300 2)))

(send b :set-color :white)

(setq 11 (instance bodyset-link :init (make-cascoords) :bodies (list b) :name ’11))
(send 11 :assoc 12)

(setq j1 (instance rotational-joint :init :name ’j1
:parent-link 11 :child-link 12 :axis :y :min -100 :max 100)
j2 (instance rotational-joint :init :name ’j2
:parent-link 12 :child-link 13 :axis :y :min -100 :max 100)
j3 (instance rotational-joint :init :name ’j3
:parent-link 13 :child-link 14 :axis :y :min -100 :max 100))

(setq links (list 11 12 13 14))
(setq joint-list (list j1 j2 j3))
(send self :init-ending)
self))
(:end-coords (&rest args) (forward-message-to end-coords args))

)

U000000000D00000 end-coords 0000000000 ODOOODOOOOOOOODOOODOO

goooooboooooon
ooooboooo

(setq r (instance 3dof-robot :init))

(objects (list r))
(send r :angle-vector #f(30 30 30))

0000000000000 b0OOO0000ooooOooboooooOoooon
(send (send r :end-coords) :draw-on :flush t)

0000000000 end-coords(0 000000000000 OODOODOOOOOOOODOOOOOOO
od0oooooooooboooooa

(objects (list r (send r :end-coords)))

goooogoo
ooboobobooobooboooooboooooboboooonoo

(send r :link-list (send r :end-coords :parent))

gobobooobooboooboobooboobooooooooboooboobooooboobooonoag
oboooboooono

:calc-jacobian-from-link-list U U O 0OUOOUOO00OOO000O0O0OO0O0OO0O0O0OO0O00O00O000O0O00OO
gboboobOoboobooboooob0oboonoobouboOobOln :move-targetUOOOOOOOOO
oooooodooooooooobooooooooooooooooooooogon
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(dotimes (i 100)

(setq j (send r :calc-jacobian-from-link-list
(send r :link-list (send r :end-coords :parent))
:move-target (send r :end-coords)
:rotation-axis t
:translation-axis t))

(setq j# (sr-inverse j))

(setq da (transform j# #£(1 0 0 0 0 0)))

;; (setq da (transform j# #£(0 0 0 0 -1 0)))

(send r :angle-vector (v+ (send r :angle-vector) da))

(send *irtviewer* :draw-objects)

)

000000000000000000003000060 30000000 (;)0000000000O0
00 (j»00000000060000000000O0O0O (#0000 0))00000000O0ODOOODO
0000 (da) DUOO0OOUOOOOODOOOUODODOOOOOO ((v+ (send r :angle-vector) da))d

gobooooooooobObOOOOObOOO0OO0O000b0000000000000OOOOOOOOODOOO0
UO0O0:calc-jacobian-from-1ink-1ist DO U OUOUOOOOODODN :rotation-axis, :translation-axis
gobobooooboooboboooboooobooobb+sb0obob0dnil000ooooooon  :x, iy, :z000
oooooodgoo

(setq translation-axis t)
(setq rotation-axis nil)
(dotimes (i 2000)
(setq j (send r :calc-jacobian-from-link-list
(send r :link-list (send r :end-coords :parent))
:move-target (send r :end-coords)
:rotation-axis rotation-axis
:translation-axis translation-axis))
(setq j# (sr-inverse j))
(setq ¢ (make-cascoords :pos (float-vector (* 100 (sin (/ i 500.0))) 0 200)))
(setq dif-pos (send (send r :end-coords) :difference-position c))
(setq da (transform j# dif-pos))
(send r :angle-vector (v+ (send r :angle-vector) da))
(send *irtviewer* :draw-objects :flush nil)
(send c :draw-on :flush t)

)

gboboobobooboboo3g3bgboobobooobobobooboboobobonoba
gbooobOoooooobooog
(send *irtviewer* :draw-objects :flush nil)

O00=*irtviewerx0 00 000000000000 OO0O0O0O0O0OOODOOOOOOOOOOODOOOO
goooo

(send c :draw-on :flush t)

gboboobooobooooobooogobooon

ooon

O0000000000000000 :inverse-kinematics0O0O00OOO00O00O0OO0O0O0O0O0O0OO
gobooboboooooood U :move-target, :translation-axis, :rotation-axis U0
ooon O O
O

oood
:debug-viewOD OO OOOO0O tO000O000O00OO0O0OO0OOOO0OOOO0ODOOOOOOOO

(setq ¢ (make-cascoords :pos #f(100 0 0) :rpy (float-vector O pi 0)))
(send r :inverse-kinematics ¢
:link-1ist (send r :link-list (send r :end-coords :parent))
:move-target (send r :end-coords)
:translation-axis t
:rotation-axis t
:debug-view t)

gobobobobooboboooobobooooboooobooboooo
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(dotimes (i 400)
(setq ¢ (make-cascoords
:pos (float-vector (+ 100 (x 80 (sin (/ i 100.0)))) 0 0)
:rpy (float-vector 0 pi 0)))
(send r :inverse-kinematics c
:link-1ist (send r :link-list (send r :end-coords :parent))
:move-target (send r :end-coords) :translation-axis t :rotation-axis t)
(x::window-main-one)
(send *irtviewer* :draw-objects :flush nil)
(send c¢ :draw-on :flush t)

)
gboooobooboooooboooobooboooooan

;; inverse-kinematics failed.

;; dif-pos : #£(11.7826 0.0 0.008449)/(11.7826/1)

;; dif-rot : #f(0.0 2.686130e-05 0.0)/(2.686130e-05/0.017453)

;; coords : #<coordinates #X4bcccbO 0.0 0.0 0.0 / 0.0 0.0 0.0>

;5 angles : (14.9993 150 15.0006)

HH args : ((#<cascaded-coords #X4b668a0 39.982 0.0 0.0 / 3.142 1.225e-16 3.14
2>) :1link-list (#<bodyset-link #X4cf8e60 12 0.0 0.0 20.0 / 0.0 0.262 0.0> #<body
set-link #X4cc8008 13 25.866 0.0 116.597 / 3.142 0.262 3.142> #<bodyset-link #X4
c7a0d0 14 51.764 0.0 20.009 / 3.142 2.686e-05 3.142>) :move-target;; #<cascaded-
coords #X4c93640 51.764 0.0 0.009 / 3.142 2.686e-05 3.142> :translation-axis t :
rotation-axis t)

gbobobobobobobobooboooooboooboooooooooooobooooooooboooooon
000000000000 00b00000000Db00000A0 :rotation-axis nilOOO0000O000O00OO

O00O:thre0 :rthre 00 0000000000000 0O0O0OOOO0OOOCOOOOOOOOOOO
CO0000O0O00DOOO00D00O0O00DODO0000O0O00DO0O0O0 1, (deg2rad 1)OOODODOOODOOOO
goooo

gooboobboooooobbioooooobooooooobboboooooobbboooooOn:revert-if-fail
OoooooooooOqnlobooooooooobo0oooooooooooooooooDobOoooooo
oo00oO0o0O0b0o0ooobobboOobod:stopO00000OO0obOO0O0OO0ODOOOOOOODOO

(setq ¢ (make-cascoords :pos #f(300 0 0) :rpy (float-vector O pi 0)))
(send r :inverse-kinematics c
:link-1ist (send r :link-list (send r :end-coords :parent))
:move-target (send r :end-coords)
:translation-axis t
:rotation-axis nil
:revert-if-fail nil)

18.3.2 irteusO0000O0O0OO0OOOODOOOO
cascaded-coords 0 0 0 00O
o (:link-list (to &optional form))
e (:calc-jacobian-from-link-list (link-list &key move-target (rotation-axis nil)))

gbooobooboobooobon

goooooboboboboboooboboboboboboobobobobbooboobobobobn
gboboobO0bo0oboobO0oboO0b0OOmove-target OO0 OO0O0OO0OO0O0OO0OOOOOCOODOO

concatenate result-type a b0 abO 000 result-type 0000 000Oscaleab 00000 bOOODO
0000000 aD00Omatrix-log0000000000O0O00OO

(if (not (boundp ’*irtviewer*)) (make-irtviewer))
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(load "irteus/demo/sample-arm-model.l")

(setq *sarm* (instance sarmclass :init))

(send *sarm* :reset-pose)

(setq *target* (make-coords :pos #f(350 200 400)))
(objects (list *sarm* *target*))

(do-until-key
;; step 3
(setq ¢ (send *sarm* :end-coords))
(send c :draw-on :flush t)
;; step 4
;; step 4
(setq dp (scale 0.001 (v- (send *target* :worldpos) (send c :worldpos))) ;; mm->m
dw (matrix-log (m* (transpose (send c :worldrot)) (send *target* :worldrot))))
(format t "dp = “7,3f “7,3f “7,3f, dw = ~7,3f ~7,3f “7,3f7%"
(elt dp 0) (elt dp 1) (elt dp 2)
(elt dw 0) (elt dw 1) (elt dw 2))
;; step 5
(when (< (+ (norm dp) (norm dw)) 0.01) (return))
;; step 6
(setq 11 (send *sarm* :link-list (send *sarm* :end-coords :parent)))
(setq j (send *sarm* :calc-jacobian-from-link-list
11 :move-target (send *sarm* :end-coords)
:trnaslation-axis t :rotation-axis t))
(setq q (scale 1.0 (transform (pseudo-inverse j) (concatenate float-vector dp dw))))
;; step 7
(dotimes (i (length 11))
(send (send (elt 11 i) :joint) :joint-angle (elt q i) :relative t))
;3 draw
(send *irtviewer* :draw-objects)
(x::window-main-one))

00000000000 DO: inverse-kinematics 00000000000 OO0OOODOOOOODODOOOO
gboooboobooboobobbooboobooboobon

18.3.3 U0O0OO0OO0ODOODOO

gobobobobooboboooobobooooboooobooboooo

000000000000000000000000000000000000$EUSDIR/models00000O0
0000000000000 0000Do0oO0o0o0o0o0Do0DO000o0oDO0nOd (room73b2) O (W7)
00000000000000000000000000000000 (robot-model) [ irtrobot.1 0000
UO000000D0DOcascaded-1ink 000000000000 00OO0O0O00ODO0O larm,rarm,lleg,rleg,head
0000000000000 D00000D00D0O0000 (send *robot* :larm) O (send *robot* :head) O
000000000 (limb)DOO0O0O00O000OO00OO0OO0OO0OO0O0OO0OOO0O0OOOOOOO0O0OOOOOOO
good

(load "models/room73b2-scene.l")
(load "models/h7-robot.1l")

(setq *room* (room73b2))

(setq *robot* (h7))

(objects (list *robot* *room*))

00000 :reset-pose 000000000 O0OO0O0OOO0OOO0O0DOO0ODOO0OO

(send *robot* :reset-pose)

0000000000000 0O0OOC0OO0000000O0D0O0OO00 (send *room* :spots) O OO0
0000000000000 00000D0DO0ODO000000DDOD::spet0 0000000 ODDOOOO
O000D00D0O0DO prog/jskeus/irteus/irtscene.1 000



goooboooobooon 215

(defmethod scene-model
(:spots
(&optional name)
(append
(mapcan
#’ (lambda(x) (if (derivedp x scene-model) (send x :spots name) nil))
objs)
(mapcan #’(lambda (o)
(if (and (eq (class o) cascaded-coords)
(or (null name) (string= name (send o :name))))
(list 0)))
objs)))
(:spot
(name)
(let ((r (send self :spots name)))
(case (length r)
(0 (warning-message 1 "could not found spot(~A)" name) nil)
(1 (car r))
(t (warning-message 1 "found multiple spot “A for given name("A)" r name) (car r)))))

goooobgn

OO000000 coordinatesO0U0 000000000 :move-to OO DOOODOOOOOOOOOODOOO
gbobooboodoboodgbogboobuoibibd:lecated O ooooaonood

(send *robot* :move-to (send *room* :spot "cook-spot") :world)
(send *robot* :locate #f(0 0 550))

O000O=+irtviewerx0 0 00000000000 OCOO0OCODOOOOOODOOODOOOCOOOOOOOO
goooboobooooobooog

(send *irtviewer* :look-all
(geo: :make-bounding-box
(flatten (send-all (send *robot* :bodies) :vertices))))

O0000000000D0DDO0O000 :objectD000OO0O0O0OOOODOOO::spots, :spot 00000
O0000000000000000000D0RD0 (send-all (send *room* :objects) :name) DO OODO
UO000000room73b2-kettle U U0 room73b2-mug-cup [l room73b2-knife IO O OO OOOONO

(setq *kettlex (send *room* :object "room73b2-kettle"))

U0b00boo0Ooboooobobb assoc000O000OO0OO0ODOODOOODOODOOOOODOOODOO
gooooobooooobobooooboboooon

(if (send *kettle* :parent) (send (send *kettlex :parent) :dissoc *kettlex))
0000000000000 000000000000000000000O00™

(send *robot* :head :look-at (send *kettle* :worldpos))

0000000000000 00000000000000000 :nandle000000O00O0OOOCOOOO
0000000000000 00000O0000000 (car (send *kettlex :handle)) J0OOOOODOOOO
O000000000000000000000O000000 (send (car (send *kettlex :handle)) :draw-on :flusl

goooooo
ooboobooooboobooooooo

(send *robot* :larm :inverse-kinematics
(car (send *kettlex :handle))
:link-1ist (send *robot* :link-list (send *robot* :larm :end-coords :parent))
:move-target (send *robot* :larm :end-coords)
:rotation-axis :z
:debug-view t)

oood
goboboooobooooboobooooboon
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(send *robot* :larm :end-coords :assoc *kettlex)
0000000000000 100mm)0000000O00OO0O0O

(send *robot* :larm :move-end-pos #f(0 0 100) :world
:debug-view t :look-at-target t)

:look-at-target U U D OO0 O0ODO0ODOO0DOO0ODOODOOODOOODOODOODOO

18.3.4 inverse-kinematics [0 target-coords 000000000

0 22: Example of Dual Arm InverseKinematics

:inverse-kinematics 0 O 0 target-coords 0 coordinates DO OO OO coordinates 000000 ODOO
000000000000 0o0oDooo0000D 2000000000000000DOOOOUOODODOO
(Fig.22 )0

(load "irteus/demo/sample-robot-model.l")
(setq *robot* (instance sample-robot :init))
(setq *obj* (make-cylinder 20 100))

(send *obj* :set-color #f(1 1 0))

(send *robot* :reset-pose)

(objects (list *robot* *obj*))

(send *robot* :inverse-kinematics

(1ist (make-coords :pos #£f(400 0 0)))

:move-target

(list (send *robot* :larm :end-coords))

:1link-list

(list (send *robot* :link-list
(send (send *robot* :larm :end-coords) :parent)
(car (send *robot* :larm :1links))))

:translation-axis (list t)

:rotation-axis (list nil))

(letx ((cnt 0.0))
(do-until-key
(incf cnt 0.1)
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(send *robot* :inverse-kinematics
(1ist (make-coords :pos (float-vector (+ 400 (* 100 (sin cnt))) (* 50 (cos cnt)) 0))
#’ (lambda ()
(send (send (send *robot* :larm :end-coords) :copy-worldcoords)
:translate #f(0 O 100) :local)))
:move-target
(list (send *robot* :larm :end-coords)
(send *robot* :rarm :end-coords))
:1link-list
(1ist (send *robot* :link-list
(send (send *robot* :larm :end-coords) :parent)
(car (send *robot* :larm :links)))
(send *robot* :link-list
(send (send *robot* :rarm :end-coords) :parent)
(car (send *robot* :rarm :links))))
:translation-axis (list :z t)
:rotation-axis (list nil :z))
(send *obj* :newcoords (send (send *robot* :larm :end-coords) :copy-worldcoords))
(send *irtviewer* :draw-objects)))

(1ist (make-coords :pos (float-vector (+ 400 (* 100 (sin cnt))) (* 50 (cos cnt)) 0))
#’ (lambda ()

(send (send (send *robot* :larm :end-coords) :copy-worldcoords)
:translate #£(0 O 100) :local)))

O000O0D target-coords OO O0OO0OO0OOODOOODODOOOOOOOOODODOOODOOOODOO
000000000 :translation-axis :z, :rotation-axis nilJ 00000000 zO0000000OO
00o0000DO0000oD0obOO0ooD0ooDO0oD0oO00o00ooDoOO0oDODO0oooOOooDOoooOooooODOon
00000 lecalDODOOODO zOOD 100000000D00O00D0OO0DO0OCODO0ODOODOODOODOO
0 :translation-axis t, :rotation-axis :zUOUOUOOOO0OO0O zOOOODOOOOOOOOOOOOOO
gooooo0obOOoO0ooOdobo0ooOOo0ooOdbOOoobOO00ooOobOo0ooOoobOOoooDOoooOOooOoOooDOooo
0000000000 target-coords 100D O00ODO0OOODOOOOOO

18.3.5 00OODOOOODO fullbody-inverse-kinematics 0 0

O 23: Example of InverseKinematics with root link virtual joint
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:fullbody-inverse-kinemati
oooooOooOoOoOoood
gooooooooOoOoOODOO

Oof
oog
oogd
oogd
Ooog
oo
oo
OO
.
i
OO
oo
OO
OO
OO
oo
-
OO
i
oo
OO
i
i
oo
oo
OO
OO
i
=
oo
OO
OO
oo
oo

g
O
g

ood

O
O

(load "irteus/demo/sample-robot-model.l")
(setq *robot* (instance sample-robot :init))
(send *robot* :reset-pose)

(setq *obj* (make-cylinder 10 600))

(send *obj* :rotate pi :x)

(send *obj* :set-color #f(1 1 0))

(objects (list *robot* *obj*))

(let* ((rleg-coords (send *robot* :rleg :end-coords :copy-worldcoords))
(1leg-coords (send *robot* :1lleg :end-coords :copy-worldcoords)))
(send *robot* :torso :waist-p :joint-angle 10)
(send *robot* :fullbody-inverse-kinematics
(list rleg-coords
lleg-coords
(make-coords :pos (float-vector 400 100 -600)))
:move-target
(list (send *robot* :rleg :end-coords)
(send *robot* :lleg :end-coords)
(send *robot* :larm :end-coords))
:1link-list
(list (send *robot* :link-list (send *robot* :rleg :end-coords :parent))
(send *robot* :link-list (send *robot* :lleg :end-coords :parent))
(send *robot* :link-list (send *robot* :larm :end-coords :parent)))
:translation-axis (list t t t)
:rotation-axis (list t t nil)
:target-centroid-pos (midpoint 0.5
(send *robot* :rleg :end-coords :worldpos)
(send *robot* :lleg :end-coords :worldpos))
:cog-translation-axis :z)
(send *obj* :locate (send *robot* :centroid) :world)
(send *irtviewer* :draw-objects))

(1ist rleg-coords
1lleg-coords
(make-coords :pos (float-vector 400 100 -600)))

000 target-coords 000 0000000000000 0O0OO0O0O0OO0O0O0O0O0OODOO0OOODOOODOOO
000000000 000000D0000000O:translation-axis (list t t t), :rotation-axis (list t t ni
O0000ooo00oooooo0o0ooDooo0ooDoooo00ooooo0oooDooDooo0oooog
ocooooo

:target-centroid-pos (midpoint 0.5 (send *robot* :rleg :end-coords :worldpos)
(send *robot* :lleg :end-coords :worldpos))
:cog-translation-axis :z)

U0b0000b0O0000000000D00 :cog-translation-axis :z0 zO0OOOOOOOOOOOOO
00 :target-centroid-pos U O OO OO0O0O0O0OO0O0O0O0O0O0D0OO0O0O0O0O0O0OO0OOODOOOOO xyOO
gbogboobobbooboobobobobooboboboboobooboboobooboboono
gbooobooboobooo

18.3.6 00000000 fullbody-inverse-kinematics 000 0O

gobooooboooobooobOobOoobOooooboobooboooobooOooboooOoobooo
gbogbobobobdoboboboooobobobobobobobbobooooooobobobaba
goooboobobooboobobooboobobobobooboobobbobooboobobooDbo
gooooooooon
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0 24: Example of InverseKinematics with external force

(load "irteus/demo/sample-robot-model.l")
(setq *robot* (instance sample-robot :init))
(send *robot* :reset-pose)

(setq *obj* (make-cylinder 10 600))

(objects (list *robot*))

(let* ((force-list > (#f(-20 0 0) #£f(-20 0 0)))
(moment-list ’(#£f(10 0 0) #£(10 0 0))))

(send *robot* :fullbody-inverse-kinematics
(list (send *robot* :rleg :end-coords :copy-worldcoords)
(send *robot* :lleg :end-coords :copy-worldcoords)
(make-coords :pos #f (400 -300 0))
(make-coords :pos #£ (400 300 0)))
:move-target (mapcar #’(lambda (x)
(send *robot* x :end-coords))
(1ist :rleg :lleg :rarm :larm))
:link-1ist (mapcar #’(lambda (x)
(send *robot* :link-list (send *robot* x :end-coords :parent)))
(list :rleg :lleg :rarm :larm))
:centroid-offset-func #’(lambda () (send *robot* :calc-static-balance-point
:force-list force-list
:moment-1list moment-list))
:target-centroid-pos (midpoint 0.5 (send *robot* :rleg :end-coords :worldpos)
(send *robot* :lleg :end-coords :worldpos))
:cog-translation-axis :2)
(send *irtviewer* :draw-objects)

;; draw force
(mapcar
#’ (lambda (f cc)
(let* ((prev-color (send *viewer* :viewsurface :color))
(prev-width (send *viewer* :viewsurface :line-width)))
(send *viewer* :viewsurface :color #F(1 0.3 1))
(send *viewer* :viewsurface :line-width 5)
(send *irtviewer* :viewer :draw-arrow
(send cc :worldpos)
(v+ (send cc :worldpos) (scale 10 £)))
(send *viewer* :viewsurface :color prev-color)
(send *viewer* :viewsurface :line-width prev-width)))
force-list
(list (send *robot* :rarm :end-coords)
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(send *robot* :larm :end-coords)))
(send *irtviewer* :viewer :viewsurface :flush)

)
gboooog

:centroid-offset-func #’(lambda () (send *robot* :calc-static-balance-point
:force-list force-list
:moment-1list moment-list))

0000000000 0DO00D0O000O0Oforece-list 00D O0O00OOO0OOOOOOOOOOODODODO
OOforce-llist 0000000 ODOOOOODOOOOOODOODOOODOODOOOODOOOODOOOO
O [N]O [Nm] O OO O :cale-static-balance-point 0 000 0000000000000 00OO0OOOOOOO
O0O00000oo0ooO0000oo0ooO0o00oooooO0O0O0Oooo0OOOdO centroid-offset-funce O
float-vector OO OO0 OOO0OOOOO0OOODOOOOODOODOOOOODOOOOODOODOOOOOOO
UobodbooooooboobOoOoidO0Odd :cog-translation-axis :z0 z00O0O00OO000O00OO
000D :target-centroid-pos DO DO ODODOOOOO0O0OOOODOODOODOODOODOOCOODOO :centroid-
offset-func 000000000 OOOOOOOOOOCOCOCOCOOOxyOOOOOOODODOOODOODROODO
oboooooooooon

18.4 O 0O0OO0OOOO

obob00oooo0o0o0o0o0obOo00bO00ob0o0bO0o000000 bodyset-1ink [ jointOOOOOOO
gboboobboooboobuoobooibbodbibdibDd cascaded-1link U0 OOOOOO0OOO0OO0O
googoooo

U000 joint 0OODODOOOOD rotational-joint,linear-joint, wheel-joint,omniwheel-joint,
sphere-joint 0000 O0OOOOO0OOOOOOODODN cascaded-link OO OO robot-model DO OO
ooooo

joint ooo]

:super propertied-object

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
:init [method]

&key (name (intern (format nil joint A (system:address self)) KEYWORD))
(:child-link clink))

(:parent-link plink))

min -90)

max 90)

max-joint-velocity mjv))

max-joint-torque mjt))

m~ o~ o~ o~ o~ o~ o~ o~

(
(
(:joint-min-max-table mm-table))
(:joint-min-max-target mm-target))
&allow-other-keys
abstract class of joint, users need to use rotational-joint, linear-joint, sphere-joint, 6dof-joint, wheel-
joint or omniwheel-joint.
use :parent-link/:child-link for specifying links that this joint connect to and :min/:min for range of

joint angle in degree.
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:min-angle &optional v [Do0O)
If v is set, it updates min-angle of this instance. :min-angle returns minimal angle of this joint in
degree.

:max-angle &optional v [DooO]
If v is set, it updates max-angle of this instance. :max-angle returns maximum angle of this joint in
degree.

:parent-link &rest args [Dooo)

Returns parent link of this joint. if any arguments is set, it is passed to the parent-link.

:child-link &rest args [DoOoo)
Returns child link of this joint. if any arguments is set, it is passed to the child-link.

:joint-dof [Dooo)
Returns Degree of Freedom of this joint.

:speed-to-angle &rest args [Dooo)
Returns values in deg/mm unit of input value in SI(rad/m) unit.

:angle-to-speed &rest args [Dooo)

Returns values in SI(rad/m) unit of input value in deg/mm unit.

:joint-velocity &optional ju [Do00o)
If jv is set, it updates joint-velocity of this instance. :joint-velocity returns velocity of this joint in
SI(m/s, rad/s) unit.

:joint-acceleration &optional ja [Dooo)
If ja is set, it updates joint-acceleration of this instance. :joint-acceleration returns acceleration of this

joint in SI(m/s?, rad/s?) unit.

;joint-torque &optional jt [0ooo)
If jt is set, it updates joint-torque of this instance. :joint-torque returns torque of this joint in SI(N,
Nm) unit.

:max-joint-velocity &optional mjv [Do0O)

If mjv is set, it updates min-joint-velocity of this instance. :min-joint-velocity returns velocity of this

joint in SI(m/s, rad/s) unit.

:max-joint-torque &optional mjt [Do00O)
If mjt is set, it updates min-joint-torque of this instance. :min-joint-torque returns velocity of this joint
in SI(N, Nm) unit.

:calc-dav-gain dav i periodic-time [Do00O]
:calc-jacobian &rest args [OOoO0O0]
:joint-min-max-table &optional mm-table [0ooo0]
;joint-min-max-target &optional mm-target [Do00]

:joint-min-max-table-angle-interpolate target-angle min-or-mazx [OOoO0]
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:joint-min-max-table-min-angle &optional (target-angle (send joint-min-maz-target :joint-angle)) [OOO0]
:joint-min-max-table-max-angle &optional (target-angle (send joint-min-maz-target :joint-angle)) [0oo0]
:max-joint-torque &optional mjt [Dooo)

If mjt is set, it updates min-joint-torque of this instance. :min-joint-torque returns velocity of this joint
in SI(N, Nm) unit.

:max-joint-velocity &optional mjv [Dooo)
If mjv is set, it updates min-joint-velocity of this instance. :min-joint-velocity returns velocity of this

joint in SI(m/s, rad/s) unit.

:joint-torque &optional jt [DoOooO)
If jt is set, it updates joint-torque of this instance. :joint-torque returns torque of this joint in SI(N,
Nm) unit.

:joint-acceleration &optional ja D000

If ja is set, it updates joint-acceleration of this instance. :joint-acceleration returns acceleration of this

joint in SI(m/s?, rad/s?) unit.

;joint-velocity &optional ju [Dooo)
If jv is set, it updates joint-velocity of this instance. :joint-velocity returns velocity of this joint in
SI(m/s, rad/s) unit.

:angle-to-speed &rest args [DOooo)

Returns values in SI(rad/m) unit of input value in deg/mm unit.

:speed-to-angle &rest args [Dooo)

Returns values in deg/mm unit of input value in SI(rad/m) unit.

:joint-dof [Dooo)
Returns Degree of Freedom of this joint.

:child-link &rest args [Dooo)
Returns child link of this joint. if any arguments is set, it is passed to the child-link.

:parent-link &rest args [Do0oo)
Returns parent link of this joint. if any arguments is set, it is passed to the parent-link.

:max-angle &optional v [DoOoo)
If v is set, it updates max-angle of this instance. :max-angle returns maximum angle of this joint in
degree.

:min-angle &optional v [0oOoo)
If v is set, it updates min-angle of this instance. :min-angle returns minimal angle of this joint in
degree.

:init [method]

&key (name (intern (format nil joint A (system:address self)) KEYWORD))
((:child-link clink))

((:parent-link plink))
(min -90)

(max 90)
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((:max-joint-velocity mjv))
((:max-joint-torque mjt))
((:joint-min-max-table mm-table))
((:joint-min-max-target mm-target))
&allow-other-keys
abstract class of joint, users need to use rotational-joint, linear-joint, sphere-joint, 6dof-joint, wheel-
joint or omniwheel-joint.
use :parent-link/:child-link for specifying links that this joint connect to and :min/:min for range of

joint angle in degree.

:joint-min-max-table-max-angle &optional (target-angle (send joint-min-maz-target :joint-angle)) [DoO00O]
:joint-min-max-table-min-angle &optional (target-angle (send joint-min-maz-target :joint-angle)) [OoOoOg]
:joint-min-max-table-angle-interpolate target-angle min-or-mazx [0oo0]
;joint-min-max-target &optional mm-target [Doo00O]
:joint-min-max-table &optional mm-table [OOoO0]
:calc-jacobian &rest args [0oo0]
:calc-dav-gain dav i periodic-time [Doo0O]
rotational-joint Co0)
:super joint
:slots axis
:init [method]

Erest args Ekey ((:axis ax) :z)
((:max-joint-velocity mjv) 5)
((:max-joint-torque mjt) 100)
&allow-other-keys
create instance of rotational-joint. :axis is either (:x, :y, :z) or vector. :min-angle and :max-angle takes

in radius, but velocity and torque are given in SI units.

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

Return joint-angle if v is not set, if v is given, set joint angle. v is rotational value in degree.

:joint-dof [DooO]
Returns DOF of rotational joint, 1.

:speed-to-angle v [Do0O)

Returns degree of given input in radian

:angle-to-speed v [Do0O)

Returns radian of given input in degree
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:calc-angle-speed-gain dav i periodic-time [OOO0]
:calc-jacobian &rest args [0oo0]
:angle-to-speed v [Dooo)

Returns radian of given input in degree

:speed-to-angle v [Dooo)

Returns degree of given input in radian

:joint-dof [Dooo)
Returns DOF of rotational joint, 1.

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

Return joint-angle if v is not set, if v is given, set joint angle. v is rotational value in degree.

:init [method]
Erest args Ekey ((:axis ax) :z)
((:max-joint-velocity mjv) 5)
((:max-joint-torque mjt) 100)
&allow-other-keys
create instance of rotational-joint. :axis is either (:x, :y, :z) or vector. :min-angle and :max-angle takes

in radius, but velocity and torque are given in SI units.

:calc-jacobian &rest args [OOoOog]
:calc-angle-speed-gain dav i periodic-time [OOoO0]
linear-joint ooo]
:super joint
:slots axis
:init [method]

&rest args Ekey ((:axis ax) :z)
((:max-joint-velocity mjv) (/ pi 4))
((:max-joint-torque mjt) 100)
&allow-other-keys
Create instance of linear-joint. :axis is either (:x, :y, :z) or vector. :min-angle and :max-angle takes in

[mm], but velocity and torque are given in SI units.

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

return joint-angle if v is not set, if v is given, set joint angle. v is linear value in [mm).

:joint-dof [Dooo)
Returns DOF of linear joint, 1.
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:speed-to-angle v

Returns [mm] of given input in [m]
:angle-to-speed v
Returns [m] of given input in [mm]

:calc-angle-speed-gain dav i periodic-time

:calc-jacobian &rest args

:angle-to-speed v

Returns [m] of given input in [mm]

:speed-to-angle v

Returns [mm] of given input in [m]

:joint-dof
Returns DOF of linear joint, 1.

:joint-angle
Eoptional v Ekey relative
&allow-other-keys

return joint-angle if v is not set, if v is given, set joint angle. v is linear value in [mm).

:init
Erest args Ekey ((:axis ax) :z)
((:max-joint-velocity mjv) (/ pi 4))
((:max-joint-torque mjt) 100)
&allow-other-keys
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0ooo]

0ooo]

moooj]

[oooo)

oooo]

oooo]

oooo]

[method]

[method]

Create instance of linear-joint. :axis is either (:x, :y, :z) or vector. :min-angle and :max-angle takes in

[mm], but velocity and torque are given in SI units.

:calc-jacobian &rest args

:calc-angle-speed-gain dav i periodic-time

wheel-joint
:super joint

:slots axis

:init
&rest args €key (min (float-vector x-infxx-infx))

(max (float-vector *infxxinfx))

((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ pi 4)))

((:max-joint-torque mjt) (float-vector 100 100))
&allow-other-keys

Create instance of wheel-joint.

:joint-angle

optional v Ekey relative

[oooo]

[oooo)

Oooo]

[method]

[method]
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&allow-other-keys
return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is (float-vector

translation-x[mm] rotation-z[deg])

:joint-dof [DooO]
Returns DOF of linear joint, 2.

:speed-to-angle dv [DoOooO)

Returns [mm/deg] of given input in ST unit [m/rad]

:angle-to-speed dv [DoOooO)

Returns ST unit [m/rad] of given input in [mm/deg]

:calc-angle-speed-gain dav i periodic-time [oooo)

:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-azis tmp-v0 tmp-vl tmp-v2 tmp-v8 tmp-v3a tmp-v3b tmp-m33 o
ooo]
:angle-to-speed dv [Do00O)

Returns ST unit [m/rad] of given input in [mm/deg]

:speed-to-angle dv [Do0O)

Returns [mm/deg] of given input in ST unit [m/rad]

:joint-dof [Do000O)
Returns DOF of linear joint, 2.

:joint-angle [method]
&optional v Ekey relative
&allow-other-keys

return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is (float-vector

translation-x[mm] rotation-z[deg])

:init [method]
&rest args €key (min (float-vector x-infxx-infx))
(max (float-vector *infxxinfx))
((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ pi 4)))
((:max-joint-torque mjt) (float-vector 100 100))
&allow-other-keys

Create instance of wheel-joint.

:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

axis translation-azis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 [a

0oog]

:calc-angle-speed-gain dav i periodic-time [oooo)

omniwheel-joint 0o0]
:super joint

:slots axis
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:init [method]
&rest args €key (min (float-vector x-infxx-infxx-infx))
(max (float-vector sinfxxinfsxinfx))
((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ 0.08 0.05) (/ pi 4)))
((:max-joint-torque mjt) (float-vector 100 100 100))
&allow-other-keys

create instance of omniwheel-joint.

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is (float-vector

translation-x[mm)] translation-y[mm] rotation-z[deg])

:joint-dof [Do0O)
Returns DOF of linear joint, 3.

:speed-to-angle dv [Do00O)
Returns [mm/deg] of given input in ST unit [m/rad]

:angle-to-speed dv D000
Returns SI unit [m/rad] of given input in [mm/deg]

:calc-angle-speed-gain dav i periodic-time [oooo]

:calc-jacobian fik row column joint pazis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 O
ooo]
:angle-to-speed dv [Dooo)

Returns ST unit [m/rad] of given input in [mm/deg]

:speed-to-angle dv [Dooo)

Returns [mm/deg] of given input in ST unit [m/rad]

:joint-dof [Dooo)
Returns DOF of linear joint, 3.

:joint-angle [method]
&optional v Ekey relative
&allow-other-keys
return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is (float-vector

translation-x[mm] translation-y[mm]| rotation-z[deg])

:init [method]
&rest args Ekey (min (float-vector #-infrk-infrx-infx))
(max (float-vector sinfxxinfxxinfx))
((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ 0.08 0.05) (/ pi 4)))
((:max-joint-torque mjt) (float-vector 100 100 100))
&allow-other-keys

create instance of omniwheel-joint.
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:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-Mm33 o
0oo)
:calc-angle-speed-gain dav i periodic-time [0ooo]
sphere-joint Oo0]
:super joint
:slots axis
:init [method]

&rest args Ekey (min (float-vector s-infx*-infik-infx))

(max (float-vector sinfxxinfs+infsx))

((:max-joint-velocity mjv) (float-vector (/ pi 4) (/ pi4) (/ pi4)))
((:max-joint-torque mjt) (float-vector 100 100 100))
&allow-other-keys

Create instance of sphere-joint. min/max are defind as a region of angular velocity in degree.

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys
return joint-angle if v is not set, if v is given, set joint angle.
v is joint-angle vector [deg] by axis-angle representation, i.e (scale rotation-angle-from-default-coords[deg]

axis-unit-vector)

;joint-angle-rpy &optional v Ekey relative [DoOoo)
Return joint-angle if v is not set, if v is given, set joint-angle vector by RPY representation, i.e.

(float-vector yaw[deg] roll[deg] pitch[deg])

:joint-dof [Do0O)
Returns DOF of linear joint, 3.

:speed-to-angle dv [Do00O)

Returns degree of given input in radian

:angle-to-speed dv D000

Returns radian of given input in degree

:joint-euler-angle [method]
&key (axis-order ’(:z :y :x))
((:child-rot m) (send child-link :rot))
Return joint-angle if v is not set, if v is given, set joint-angle vector by euler representation.

:calc-angle-speed-gain dav ¢ periodic-time [OoDoOo)

:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 o
000
:joint-euler-angle [method]

&key (axis-order '(:z :y :x))
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((:child-rot m) (send child-link :rot))

Return joint-angle if v is not set, if v is given, set joint-angle vector by euler representation.

:angle-to-speed dv [Dooo)

Returns radian of given input in degree

:speed-to-angle dv [Dooo)
Returns degree of given input in radian

:joint-dof [Dooo)
Returns DOF of linear joint, 3.

;joint-angle-rpy &optional v Ekey relative [Dooo)
Return joint-angle if v is not set, if v is given, set joint-angle vector by RPY representation, i.e.

(float-vector yaw[deg] roll[deg] pitch[deg])

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys
return joint-angle if v is not set, if v is given, set joint angle.
v is joint-angle vector [deg] by axis-angle representation, i.e (scale rotation-angle-from-default-coords[deg]

axis-unit-vector)

:init [method]
&rest args Ekey (min (float-vector s-infx*-infix-infx))
(max (float-vector *infssinfsxinfs))
((:max-joint-velocity mjv) (float-vector (/ pi 4) (/ pi 4) (/ pi4)))
((:max-joint-torque mjt) (float-vector 100 100 100))
&allow-other-keys

Create instance of sphere-joint. min/max are defind as a region of angular velocity in degree.

:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-azis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 o
0oog]
:calc-angle-speed-gain dav i periodic-time [oooo)
6dof-joint O0oo]
:super joint
:slots axis
:init [method]

Erest args Ekey (min (float-vector s-infxx-infrx-infrr-infrx-infrx-infx))

(max (float-vector *infxxinfssinfxxinfxxinfx+infx))

((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ 0.08 0.05) (/ 0.08 0.05) (/ pi4) (/ pi4) (/ pi4)))

((:max-joint-mjt mjt) (float-vector 100 100 100 100 100 100))
(absolute-p nil)
&allow-other-keys

Create instance of 6dof-joint.
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:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

Return joint-angle if v is not set, if v is given, set joint angle vector, which is 6D vector of 3D
translation[mm] and 3D rotation[deg], i.e. (find-if #’(lambda (x) (eq (send (car x) :name) ’sphere-

joint)) (documentation :joint-angle))

;joint-angle-rpy &optional v Ekey relative [Dooo)
Return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is 6D vector
of 3D translation[mm] and 3D rotation[deg], for rotation, please see (find-if #’(lambda (x) (eq (send

(car x) :name) ’sphere-joint)) (documentation :joint-angle-rpy))

:joint-dof [Do000O)
Returns DOF of linear joint, 6.

:speed-to-angle dv [Do00O)
Returns [mm/deg] of given input in ST unit [m/rad]

:angle-to-speed dv [Do00O)

Returns SI unit [m/rad] of given input in [mm/deg]

:calc-angle-speed-gain dav i periodic-time [oooo]

:calc-jacobian fik row column joint pazis child-link world-default-coords child-reverse move-target transform-coords rotation-

axis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-Mm33 O
ooo]
:angle-to-speed dv [Dooo)

Returns ST unit [m/rad] of given input in [mm/deg]

:speed-to-angle dv [Dooo)

Returns [mm/deg] of given input in ST unit [m/rad]

:joint-dof [Dooo)
Returns DOF of linear joint, 6.

;joint-angle-rpy &optional v Ekey relative [Dooo)
Return joint-angle if v is not set, if v is given, set joint angle. v is joint-angle vector, which is 6D vector
of 3D translation[mm] and 3D rotation[deg], for rotation, please see (find-if #’(lambda (x) (eq (send

(car x) :name) ’sphere-joint)) (documentation :joint-angle-rpy))

:joint-angle [method]
Eoptional v Ekey relative
&allow-other-keys

Return joint-angle if v is not set, if v is given, set joint angle vector, which is 6D vector of 3D
translationmm] and 3D rotation[deg], i.e. (find-if #’(lambda (x) (eq (send (car x) :mame) ’sphere-

joint)) (documentation :joint-angle))

:init [method]
&rest args Ekey (min (float-vector s-infxx-infsx-infxx-infrs-infsr-infx))
(max (float-vector *infxxinfssinfxxinfxxinfx+infx))
((:max-joint-velocity mjv) (float-vector (/ 0.08 0.05) (/ 0.08 0.05) (/ 0.08 0.05) (/ pi 4) (/ pi4) (/ pi4)))
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((:max-joint-mjt mjt) (float-vector 100 100 100 100 100 100))
(absolute-p nil)
&allow-other-keys

Create instance of 6dof-joint.

:calc-jacobian fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords rotation-

azis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 o
ooo)
:calc-angle-speed-gain dav i periodic-time [0ooo0]
bodyset-link Oo0]

:super bodyset

:slots joint parent-link child-links analysis-level default-coords weight acentroid inertia-tense
:init [method]

coords Erest args Ekey ((:analysis-level level) :body)
((:weight w) 1)

((:centroid ¢) #£(0.0 0.0 0.0))

((:inertia-tensor i) (unit-matrix 3))

&allow-other-keys
Create instance of bodyset-link.
:worldcoords &optional (level analysis-level) [Dooo)

Returns a coordinates object which represents this coord in the world by concatenating all the cascoords

from the root to this coords.

:analysis-level &optional v [Dooo]

Change analysis level :coords only changes kinematics level and :body changes geometry too.

rweight &optional w [DoOoo)

Returns a weight of the link. If w is given, set weight.

:centroid &optional ¢ [0o0oo)

Returns a centroid of the link. If ¢ is given, set new centroid.

:inertia-tensor &optional i [0oOoo)

Returns a inertia tensor of the link. If c is given, set new intertia tensor.

joint &rest args [Dooo)

Returns a joint associated with this link. If args is given, args are forward to the joint.

:add-joint j [Dooo)
Set j as joint of this link
:del-joint [Dooo)

Remove current joint of this link

:parent-link [Dooo)

Returns parent link
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:child-links
Returns child links

:add-child-links [
Add 1 to child links

:add-parent-link [
Set | as parent link

:del-child-link [
Delete 1 from child links

:del-parent-link

Delete parent link
:default-coords &optional c
:del-parent-link

Delete parent link

:del-child-link !
Delete 1 from child links

:add-parent-link /
Set | as parent link

:add-child-links [
Add 1 to child links

:child-links
Returns child links

:parent-link

Returns parent link

:del-joint

Remove current joint of this link

:add-joint j
Set j as joint of this link

joint Erest args

Returns a joint associated with this link. If args is given, args are forward to the joint.

:inertia-tensor &optional i

Returns a inertia tensor of the link. If c is given, set new intertia tensor.

:centroid &optional ¢

Returns a centroid of the link. If ¢ is given, set new centroid.

:weight &optional w

Returns a weight of the link. If w is given, set weight.

:analysis-level &optional v

232

0ooo]

0ooo]

0ooo]

oooo]

oooo]

Oooo]

oooo]

0ooo]

0ooo]

0ooo]

0ooo]

oooo]

oooo]

oooo]

oooo]

oooo]

oooo]

oooo]

[0ooO0)

Change analysis level :coords only changes kinematics level and :body changes geometry too.
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:worldcoords &optional (level analysis-level) [DooO]
Returns a coordinates object which represents this coord in the world by concatenating all the cascoords

from the root to this coords.

:init [method]
coords Erest args Ekey ((:analysis-level level) :body)
((:weight w) 1)
((:centroid c¢) #£(0.0 0.0 0.0))
((:inertia-tensor i) (unit-matrix 3))
&allow-other-keys

Create instance of bodyset-link.

:default-coords &optional ¢ [OoOo0]
cascaded-link ooo]
:super cascaded-coords
:slots links joint-list bodies collision-avoidance-links end-coords-list
:init [method]

Erest args Ekey name
&allow-other-keys

Create cascaded-link.

:init-ending [DoOoo)
This method is to called finalize the instantiation of the cascaded-link. This update bodies and child-

link and parent link from joint-list

:links &rest args [DooO]

Returns links, or args is passed to links

:joint-list Erest args [DoOoo)

Returns joint list, or args is passed to joints

:link name [DoOoO)

Return a link with given name.

:joint name [DooO]

Return a joint with given name.

:end-coords name [Dooo]

Returns end-coords with given name

:bodies Hrest args [0ooo)
Return bodies of this object. If args is given it passed to all bodies

:faces [0o0oo)

Return faces of this object.

:angle-vector &optional vec (angle-vector (instantiate float-vector (calc-target-joint-dimension joint-list)))
0oOoOo)]

Returns angle-vector of this object, if vec is given, it updates angles of all joint. If given angle-vector
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violate min/max range, the value is modified.

:link-list to &optional from [Dooo]
Find link list from to link to from link.

:plot-joint-min-max-table joint0 jointl [DoOoo)

Plot joint min max table on Euslisp window.

:calc-jacobian-from-link-list [method]

link-list érest args €key move-target
transform-coords move-target)
rotation-axis (cond ((atom move-target) nil) (t (make-list (length move-target)))
translation-axis (cond ((atom move-target) t) (¢t (make-list (length move-target)
col-offset 0)
dim (send self :calc-target-axis-dimension rotation-axis translation-axis))

(
(
(
(
(
(

fik-len (send self :calc-target-joint-dimension link-list))
fik

(tmp-v0 (instantiate float-vector 0))
(tmp-v1 (instantiate float-vector 1))
(tmp-v2 (instantiate float-vector 2))
(tmp-v3 (instantiate float-vector 3))
(tmp-v3a (instantiate float-vector 3))
(tmp-v3b (instantiate float-vector 3))
(tmp-m33 (make-matrix 3 3))

&allow-other-keys

Calculate jacobian matrix from link-list and move-target. Jacobian is represented in :transform-coords.
Unit system is [m] or [rad], not [mm] or [deg].

Joint order for this jacobian matrix follows link-list order. Joint torque[Nm] order is also the same.
Ex1. One-Arm

(setq *rarm-link-list+(send *robot*:link-list (send *robotx:rarm :end-coords :parent)))

(send-all xrarm-link-list«:joint)

Ex2. Two-Arm

(setq *xarms-link-list«(mapcar #’(lambda (1) (send srobotx:link-list (send srobotxl :end-coords :par-
ent))) '(crarm :larm)))

(send-all (send srobotx:calc-union-link-list xarms-link-listx) :joint)

:move-joints-avoidance [method]
union-vel Erest args Ekey union-link-list
link-list
fik-len (send self :calc-target-joint-dimension union-link-list))
weight (fill (instantiate float-vector fik-len) 1))
null-space)

avoid-nspace-gain 0.01)

avoid-collision-distance 200)

(
(
(
(
(avoid-weight-gain 1.0)
(
(avoid-collision-null-gain 1.0)
(

avoid-collision-joint-gain 1.0)
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((:collision-avoidance-link-pair pair-list) (send self :collision-avoidance-link-pair-from-lin
(cog-gain 0.0)

(target-centroid-pos)

(centroid-offset-func)

(cog-translation-axis :z)

(cog-null-space nil)

(additional-weight-list)
(additional-nspace-list)

(tmp-len (instantiate float-vector fik-len))
(tmp-len2 (instantiate float-vector fik-len))
(tmp-weight (instantiate float-vector fik-len))
(tmp-nspace (instantiate float-vector fik-len))
(tmp-mcc (make-matrix fik-len fik-len))
(tmp-mcc2 (make-matrix fik-len fik-len))
(debug-view)

(jacobi)

&allow-other-keys

:move-joints-avoidance is called in :inverse-kinematics-loop. In this method, calculation of joint position
difference are executed and joint positon are moved.
Optional arguments:

:weight

float-vector of inverse weight of velocity of each joint or a function which returns the float-vector
or a list which returns the float-vector. Length of the float-vector should be same as the number of
columns of the jacobian. If :weight is a function or a list, it is called in each IK loop as (funcall weight
union-link-list) or (eval weight). :weight is used in calculation of weighted norm of joint velocity for
sr-inverse. Default is the float-vector filled with 1.

:null-space

float-vector of joint velocity or a function which returns the float-vector or a list which returns the
float-vector. Length of the float-vector should be same as the number of columns of the jacobian. If
:null-space is a function or a list, it is called in each IK loop as (funcall null-space) or (eval null-space).
This joint velocity is applied in null space of main task in each IK loop. Default is nil.

:avoid-nspace-gain

gain of joint velocity to avoid joint limit applied in null space of main task in each IK loop. The
avoiding velocity is calculated as (((t-max + t-min)/2 —t)/((t-maz — t-min)/2))?. Default is 0.01.

:avoid-weight-gain

gain of dH/dt in calcuration of avoiding joint limits weight. :weight is devided by this avoiding joint
limits weight. Default is 1.0.

If :avoid-nspace-gain is 0, :weight is multipled by :weight instead.

:avoid-collision-distance

yellow zone. 0.1lavoid-collision-distance is regarded as orange zone.

If :avoid-collision-joint-gain is smaller than or equal to 0.0, yellow zone and orange zone become
inactive. Default is 200[mm].

:avoid-collision-null-gain

k_null. Default is 1.0.

:avoid-collision-joint-gain

k_joint. Default is 1.0.
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:collision-avoidance-link-pair
(list (list linkl link2) (list link3 link4) ...) with any length. Collision between paired links is
cared. Default is (send self :collision-avoidance-link-pair-from-link-list link-list :obstacles (cadr (memq
:obstacles args))).
:additional-weight-list
(list (list target-linkl additional-weightl) (list target-link2 additional-weight2) ...) with any length.
The component of :weight corresponding to the parent joint of target-link is scaled by additional-
weight. additional-weight should be float (if 1 dof), float-vector with length of the joint dof, or a
function which returns the float or float-vector. if additional-weight is a function, it is called in each
IK loop as (funcall additional-weight). Default is nil.
:additional-nspace-list
(list (list target-linkl varl) (list target-link2 var2) ...) with any length. In each IK loop, the parent
joint of target-link is moved by the amount of var in null space of main task. var should be float (if
1dof), float-vector with the same length of the target joint dof, or a function which returns the float
or float-vector.If var is float-vector, it is called in each IK loop as (funcall var). Default is nil.
other-keys
:manipulability-limit
If manipulability of jacobian is smaller than manipulability-limit, diagonal matrix is added in
calculation of sr-inverse. Default is 0.1.
:manipulability-gain
Weight of diagonal matrix in calculation of sr-inverse. Weight is calculated as (xmanipulability-gain
(expt (- 1.0 (/ manipulability manipulability-limit)) 2)). Default is 0.001.
:collision-distance-limit
Threshold for collision detection. If collision is detected, the distance between the colliding links is
considered to be :collision-distance-limit instead of actual distance. Default is 10[mm].
:move-joints-hook
A function which is called right after joints are moved in each IK loop as (funcall move-joints-hook).

Default is nil.

:inverse-kinematics-loop [method]
dif-pos dif-rot €rest args Ekey (stop 1)
(loop 0)
link-list
move-target
rotation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial:
translation-axis (cond ((atom move-target) t) (¢t (make-list (length move-target) :init

thre (cond ((atom move-target) 1) (t (make-list (length move-target) :initial-element

dif-pos-ratio 1.0)
dif-rot-ratio 1.0)

union-link-list

(
(
(
(rthre (cond ((atom move-target) (deg2rad 1)) (t (make-list (length move-target) :init
(
(

target-coords
(jacobi)
(additional-check)
(additional-jacobi)
(additional-vel)
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centroid-thre 1.0)
target-centroid-pos)

centroid-offset-func)

(

(

(

(cog-translation-axis :z)
(cog-null-space nil)
(cog-gain 1.0)
(min-loop (/ stop 10))
debug-view
ik-args
&allow-other-keys

:inverse-kinematics-loop is one loop calculation for :inverse-kinematics.
In this method, joint position difference satisfying workspace difference (dif-pos, dif-rot) are calculated
and euslisp model joint angles are updated.
Optional arguments:
:dif-pos-ratio
Ratio of spacial velocity used in calculation of joint position difference to workspace difference (after
:p-limit applied). Default is 1.0.
:dif-rot-ratio
Ratio of angular velocity used in calculation of joint position difference to workspace difference (after
:r-limit applied). Default is 1.0.
:jacobi
A jacobian of all move-target or a function that returns the jacobian. When a function is given, It is
called in every IK loop as (funcall jacobi link-list move-target translation-axis rotation-axis). Default is
(sendsxself :calc-jacobian-from-link-list link-list :translation-axis translation-axis :rotation-axis rotation-
axis :move-target move-target method-args).
:additional-check
This argument is to add optional best-effort convergence conditions. Default is nil (no additional
check). :additional-check should be function or lambda.
best-effort =>
In :inverse-kinematics-loop, ’success’ is overwritten by ’(and success additional-check)’
In :inverse-kinematics, ’success is not overwritten.
So, :inverse-kinematics-loop wait until :additional-check’ becomes ’'t’ as possible,
but ’:additional-check’ is neglected in the final :inverse-kinematics return.
:cog-gain
Ratio of centroid velocity used in calculation of joint position difference to centroid position difference.
max 1.0. Default is 1.0.
:min-loop
Minimam loop count. Defalt (/ stop 10).
If integer is specified, :inverse-kinematics-loop does returns :ik-continues and continuing solving IK.
If min-loop is nil, do not consider loop counting for IK convergence.
other-keys
:move-joints-avoidance is internally called and args are passed to it. See the explanation of :move-
joints-avoidance.
:p-limit
Maximum spacial velocity of each move-target in one IK loop. Default is 100.0[mm].

:r-limit
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Maximum angular velocity of each move-target in one IK loop. Default is 0.5[rad].

:inverse-kinematics [method]
target-coords Erest args Ekey (stop 50)
link-list)
move-target)
debug-view)
warnp t)
revert-if-fail t)
rotation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial-eleme
translation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial-ele
joint-args)
thre (cond ((atom move-target) 1) (t (make-list (length move-target) :initial-element 1))))
rthre (cond ((atom move-target) (deg2rad 1)) (¢t (make-list (length move-target) :initial-ele

(

(

(

(

(

(

(

(

(

(
(union-link-list)
(centroid-thre 1.0)
(target-centroid-pos)
(centroid-offset-func)
(cog-translation-axis :z)
(cog-null-space nil)
(dump-command :fail-only)
(periodic-time 0.5)
(check-collision)
(additional-jacobi)
(additional-vel)

&allow-other-keys

Move move-target to target-coords.
;; target-coords, link-list and move-target need to be given.
;; target-coords, move-target, rotation-axis, translation-axis, link-list
;; ->both list and atom OK.
target-coords
The coordinate of the target, or a function that returns coordinates. When a function is given, it
is called in every IK loop as (funcall target-coords). Use a list of targets to solve the IK relative to
multiple end links simultaneously.
:stop
Maximum number for IK iteration. Default is 50.
Jink-list
List of links to control. When the target-coords is list, this should be a list of lists.
:move-target
Specify end-effector coordinate. When the target-coords is list, this should be list too.
:debug-view
Set t to show debug message and visualization. Use :no-message to just show the irtview image.
Default is nil.
‘warnp
Set nil to not display debug message when the IK failed. Default is t.

:revert-if-fail
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Set nil to keep the angle posture of IK solve iteration. Default is t, which return to original position
when IK fails.
:rotation-axis
Use nil for position only IK. :x, :y, :z for the constraint around axis with plus direction, :-x :-y :-z for
axis with minus direction. :zz :yy :zz for direction free axis. :xm :ym :zm for allowing rotation with
respect to mirror direction. When the target-coords is list, this should be list too. Default is t.
‘translation-axis
:x 1y :z for constraint along the x, y, z axis. :xy :yz :zx for plane. Default is t.
:joint-args
Arguments passed to joint as (sendxjoint :joint-angle angle :relative t joint-args). Default nil.
:thre
Threshold for position error to terminate IK iteration. Default is 1 [mm].
:rthre
Threshold for rotation error to terminate IK iteration. Default is 0.017453 [rad] (1 deg).
:union-link-list
a function that returns union of link-list called as (funcall union-link-list link-list). Default is (send
self :calc-union-link-list link-list).
:centroid-thre
Threshold for centroid position error to terminate IK iteration. Default is 1 [mm].
:target-centroid-pos
The float-vector of the target centroid position. Default is nil.
:centroid-offset-func
A function that returns centroid position. This function is called in each IK loop as (funcall centroid-
offset-func). Default is (send self :centroid).
:cog-translation-axis
:x 1y :z for constraint along the x, y, z axis. :xy :yz :zx for plane. t for point. Default is :z.
:cog-null-space
t: centroid position task is solved in null space of the main task. Default is nil.
:dump-command
should be t, nil, :always, :fail-only, :always-with-debug-log, or :fail-only-with-debug-log. Log are
success/fail log and ik debug information log.
t or :always : dump log both in success and fail (for success/fail log).
:always-with-debug-log : dump log both in success and fail (for success/fail log and ik debug
information log).
:fail-only : dump log only in fail (for success/fail log).
:always-with-debug-log : dump log only in fail (for success/fail log and ik debug information log).
nil : do not dump log.
:periodic-time
The amount of joint angle modification in each IK loop is scaled not to violate joint velocity limit
times :periodic-time. Default is 0.5[s].
:check-collision
Set t to return false when self collision occurs at found IK solution. Default is nil. To avoid collision
within IK loop, use set links to collision-avoidance-links slot of cascaded-link.
:additional-jacobi
The jacobian of the additional main task, or a function that returns the jacobian. When a function is
given, it is called in every IK loop as (funcall additional-jacobi link-list). Use a list of additional-jacobi
to solve the IK for multiple additional task. Default is nil.
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:additional-vel

The velocity of additional main task, or a function that returns the velocity. When a function is
given, it is called in every IK loop as (funcall additional-vel link-list). The velocity should be expressed
in the same coordinates as corresponding additional-jacobi. When the additional-jacobi is list, this
should be a list of same length. Default is nil.
other-keys

function :inverse-kinematics-loop is internally called and args are passed to it. See the explanation

of :inverse-kinematics-loop.

:calc-grasp-matrix [method]

contact-points Ekey (ret (make-matrix 6 (x6 (length contact-points))))
(contact-rots (mapcar #’(lambda (r) (unit-matrix 3)) contact-points))

Calc grasp matrix.

Grasp matrix is defined as

—E30E30.. —

— plxE3p2xE3 .. —

Arguments:

contact-points is list of contact points[mm].

contact-rots is list of contact coords rotation[rad].

If contact-rots is specified, grasp matrix as follow:

—R10R20.. —

— plxR1 R1p2xR2R2 ... —

:inverse-kinematics-for-closed-loop-forward-kinematics [method]
target-coords Erest args Ekey (move-target)

link-list)

move-joints-hook)

additional-weight-list)

constrained-joint-list)

constrained-joint-angle-list)

o~ o~ o~ o~ o~ o~

min-loop 2)
&allow-other-keys

Solve inverse-kinematics for closed loop forward kinematics.

Move move-target to target-coords with link-list.

link-list loop should be close when move-target reaches target-coords.

constrained-joint-list is list of joints specified given joint angles in closed loop.

constrained-joint-angle-list is list of joint-angle for constrained-joint-list.

:calc-jacobian-for-interlocking-joints link-list &key (interlocking-joint-pairs (send self :interlocking-joint-

pairs)) [O
ooo)

Calculate jacobian to keep interlocking joint velocity same.

dtheta_0 = dtheta_.1 =>[... 010 ... 0-10 .... ][...dtheta_0...dtheta_1...]

:calc-vel-for-interlocking-joints link-list &key (interlocking-joint-pairs (send self :interlocking-joint-pairs))
[Do0O)

Calculate 0 velocity for keeping interlocking joint at the same joint angle.

:set-midpoint-for-interlocking-joints &key (interlocking-joint-pairs (send self :interlocking-joint-pairs))
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0ooo]

Set interlocking joints at mid point of each joint angle.

:interlocking-joint-pairs [DooO]
Interlocking joint pairs.
pairs are (list (cons joint0 jointl) ... )

If users want to use interlocking joints, please overwrite this method.

:check-interlocking-joint-angle-validity [method]
&key (angle-thre 0.001)
(interlocking-joint-pairs (send self :interlocking-joint-pairs))
Check if all interlocking joint pairs are same values.

:update-descendants &rest args [Oooo)
:find-link-route to &optional from [oooo]

:make-joint-min-max-table 10 I1 joint0 jointl E&key (fat 0) (fat2 nil) (debug nil) (margin 0.0) (overwrite-collision-model
nil) [Oooo)

:make-min-max-table-using-collision-check 10 11 joint0 jointl joint-range0 joint-rangel min-joint0 min-jointl fat fat2

debug margin [OoDoOo)
:plot-joint-min-max-table-common joint0 joint1 [oooo)
:calc-target-axis-dimension rotation-azis translation-azis [0ooo]
:calc-union-link-list link-list [OoOoo)
:calc-target-joint-dimension link-list [oooo)

:calc-inverse-jacobian jacobi &rest args &key ((:manipulability-limit ml) 0.1) ((:manipulability-gain mg) 0.001) weight debug-

view ret wmat tmat umat umat2 mat-tmp mat-tmp-rc tmp-mrr tmp-mrr2 €allow-other-keys o
ooo)
:calc-gradh-from-link-list link-list &optional (res (instantiate float-vector (length link-list))) [oooo)

:calc-joint-angle-speed union-vel &rest args €key angle-speed (angle-speed-blending 0.5) jacobi jacobi# null-space i-j#j

debug-view weight wmat tmp-len tmp-len2 fik-len &allow-other-keys [0ooo]
:calc-joint-angle-speed-gain union-link-list dav periodic-time [oooo)
:collision-avoidance-links &optional [oooo)

:collision-avoidance-link-pair-from-link-list link-lists &key obstacles ((:collision-avoidance-links collision-links) collision-
avoidance-links) debug o
0oo)

:collision-avoidance-calc-distance &rest args Ekey union-link-list (warnp t) ((:collision-avoidance-link-pair pair-list)) ((:collision-
distance-limit distance-limit) 10) &allow-other-keys
ooo)

:collision-avoidance-args pair link-list [oooo)
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:collision-avoidance &rest args €key avoid-collision-distance avoid-collision-joint-gain avoid-collision-null-gain ((:collision-
avoidance-link-pair pair-list)) (union-link-list) (link-list) (weight) (fik-len (send self :calc-target-joint-dimension union-link-
list)) debug-view Eallow-other-keys O
0oo]

:move-joints union-vel &rest args Ekey union-link-list (periodic-time 0.05) (joint-args) (debug-view nil) (move-joints-hook)

&allow-other-keys [Oooo)
:find-joint-angle-limit-weight-old-from-union-link-list union-link-list [oooo)
:reset-joint-angle-limit-weight-old union-link-list [OoDoOo)
:calc-\]iveight-from-joint-limit avoid-weight-gain fik-len link-list union-link-list debug-view weight tmp-weight tmp-len O
ood

:calc-inverse-kinematics-weight-from-link-list link-list &key (avoid-weight-gain 1.0) (union-link-list (send self :calc-union-
link-list link-list)) (fik-len (send self :calc-target-joint-dimension union-link-list)) (weight (fill (instantiate float-vector fik-len)
1)) (additional-weight-list) (debug-view) (tmp-weight (instantiate float-vector fik-len)) (tmp-len (instantiate float-vector fik-

len)) (]
ooo]
:calc-nspace-from-joint-limit avoid-nspace-gain union-link-list weight debug-view tmp-nspace [ODoOoOo)

:calc-inverse-kinematics-nspace-from-link-list link-list &key (avoid-nspace-gain 0.01) (union-link-list (send self :calc-
unson-link-list link-list)) (fik-len (send self :calc-target-joint-dimension union-link-list)) (null-space) (debug-view) (additional-
nspace-list) (cog-gain 0.0) (target-centroid-pos) (centroid-offset-func) (cog-translation-azis :z) (cog-null-space nil) (weight (fill
(instantiate float-vector fik-len) 1.0)) (update-mass-properties t) (tmp-nspace (instantiate float-vector fik-len)) [oooo)

:inverse-kinematics-args &rest args €key union-link-list rotation-azis translation-axis additional-jacobi-dimension &allow-

other-keys o
0o0o]
:draw-collision-debug-view [Oooo)

:ik-convergence-check success dif-pos dif-rot rotation-axis translation-azxis thre rthre centroid-thre target-centroid-pos centroid-
offset-func cog-translation-axis €key (update-mass-properties t) o
ooo)

:calc-vel-from-pos dif-pos translation-azis &rest args &key (p-limit 100.0) (tmp-v0 (instantiate float-vector 0)) (tmp-vl
(instantiate float-vector 1)) (tmp-v2 (instantiate float-vector 2)) (tmp-v8 (instantiate float-vector 3)) &allow-other-keys [0
000]

:calc-vel-from-rot dif-rot rotation-azis &rest args Ekey (r-limit 0.5) (tmp-v0 (instantiate float-vector 0)) (tmp-vl (instantiate
float-vector 1)) (tmp-v2 (instantiate float-vector 2)) (tmp-v3 (instantiate float-vector 3)) &allow-other-keys [oooo)

:collision-check-pairs &key ((:links ls) (cons (car links) (all-child-links (car links)))) [oooo]

:self-collision-check &key (mode :all) (pairs (send self :collision-check-pairs)) (collision-func ’collision-check) [0oOoo)

:plot-joint-min-max-table joint0 jointl [0oOoo)

Plot joint min max table on Euslisp window.

:link-list to &optional from [0oOoo)
Find link list from to link to from link.

:angle-vector &optional vec (angle-vector (instantiate float-vector (calc-target-joint-dimension joint-list)))
DooOo)

Returns angle-vector of this object, if vec is given, it updates angles of all joint. If given angle-vector
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violate min/max range, the value is modified.

:faces [DoOoo)

Return faces of this object.

:bodies érest args [DoOoo)
Return bodies of this object. If args is given it passed to all bodies

:end-coords name [0o0oo)

Returns end-coords with given name

:joint name [Dooo)

Return a joint with given name.

:link name [Dooo)

Return a link with given name.

:joint-list Erest args [DoOoo)

Returns joint list, or args is passed to joints

:links &rest args [Dooo)
Returns links, or args is passed to links

:init-ending [Dooo)
This method is to called finalize the instantiation of the cascaded-link. This update bodies and child-

link and parent link from joint-list

:init [method]
Erest args Ekey name
&allow-other-keys

Create cascaded-link.

:plot-joint-min-max-table-common joint0 joint! [OOoO00]

:make-min-max-table-using-collision-check 10 11 joint0 jointl joint-range0 joint-rangel min-joint0 min-jointl fat fat2
debug margin [Doo00O]

:make-joint-min-max-table [0 11 joint0 jointl Ekey (fat 0) (fat2 nil) (debug nil) (margin 0.0) (overwrite-collision-model

nil) (=i=)=ls)|
:find-link-route to &optional from [OoOog]
:update-descendants &rest args [oDooogj
:check-interlocking-joint-angle-validity [method]

&key (angle-thre 0.001)
(interlocking-joint-pairs (send self :interlocking-joint-pairs))

Check if all interlocking joint pairs are same values.

:interlocking-joint-pairs [Doo0]
Interlocking joint pairs.
pairs are (list (cons joint0 jointl) ... )

If users want to use interlocking joints, please overwrite this method.
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:set-midpoint-for-interlocking-joints &key (interlocking-joint-pairs (send self :interlocking-joint-pairs))
Dooo)

Set interlocking joints at mid point of each joint angle.

:calc-vel-for-interlocking-joints link-list &key (interlocking-joint-pairs (send self :interlocking-joint-pairs))
[Dooo)

Calculate 0 velocity for keeping interlocking joint at the same joint angle.

:calc-jacobian-for-interlocking-joints link-list &key (interlocking-joint-pairs (send self :interlocking-joint-

pairs)) [O
ooo)

Calculate jacobian to keep interlocking joint velocity same.

dtheta 0 = dtheta_l =>[... 010 ... 0-10 .... ][...dtheta_0...dtheta_1...]
:inverse-kinematics-for-closed-loop-forward-kinematics [method]

target-coords Erest args Ekey (move-target)
(link-list)

(move-joints-hook)

(additional-weight-list)
(constrained-joint-list)
(constrained-joint-angle-list)

(min-loop 2)

&allow-other-keys

Solve inverse-kinematics for closed loop forward kinematics.

Move move-target to target-coords with link-list.

link-list loop should be close when move-target reaches target-coords.
constrained-joint-list is list of joints specified given joint angles in closed loop.

constrained-joint-angle-list is list of joint-angle for constrained-joint-list.

:calc-grasp-matrix [method]
contact-points Ekey (ret (make-matrix 6 (%6 (length contact-points))))

(contact-rots (mapcar #’(lambda (r) (unit-matrix 3)) contact-points))

Calc grasp matrix.

Grasp matrix is defined as

—E30E30.. —

—plxE3p2x E3 ... —

Arguments:

contact-points is list of contact points[mm].
contact-rots is list of contact coords rotation[rad].
If contact-rots is specified, grasp matrix as follow:
—R10R20.. —

— plxR1 R1 p2xR2 R2 ... —

:inverse-kinematics [method]
target-coords Erest args Ekey (stop 50)
(link-list)
(move-target)

(debug-view)
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(warnp t)
(revert-if-fail t)
(rotation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial-eleme
(translation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial-ele
(joint-args)

(thre (cond ((atom move-target) 1) (t (make-list (length move-target) :initial-element 1))))
(rthre (cond ((atom move-target) (deg2rad 1)) (t (make-list (length move-target) :initial-ele
(union-link-list)
(centroid-thre 1.0)
(target-centroid-pos)
(centroid-offset-func)
(cog-translation-axis :z)
(cog-null-space nil)
(dump-command :fail-only)
(periodic-time 0.5)
(check-collision)
(additional-jacobi)
(additional-vel)
&allow-other-keys

Move move-target to target-coords.
;; target-coords, link-list and move-target need to be given.
;; target-coords, move-target, rotation-axis, translation-axis, link-list
;; ->both list and atom OK.
target-coords

The coordinate of the target, or a function that returns coordinates. When a function is given, it
is called in every IK loop as (funcall target-coords). Use a list of targets to solve the IK relative to
multiple end links simultaneously.
:stop

Maximum number for IK iteration. Default is 50.
Jink-list

List of links to control. When the target-coords is list, this should be a list of lists.
:move-target

Specify end-effector coordinate. When the target-coords is list, this should be list too.
:debug-view

Set t to show debug message and visualization. Use :no-message to just show the irtview image.
Default is nil.
:warnp

Set nil to not display debug message when the IK failed. Default is t.
:revert-if-fail

Set nil to keep the angle posture of IK solve iteration. Default is t, which return to original position
when IK fails.
:rotation-axis

Use nil for position only IK. :x, :y, :z for the constraint around axis with plus direction, :-x :-y :-z for
axis with minus direction. :zz :yy :zz for direction free axis. :xm :ym :zm for allowing rotation with
respect to mirror direction. When the target-coords is list, this should be list too. Default is t.

:translation-axis
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:x :y :z for constraint along the x, y, z axis. :xy :yz :zx for plane. Default is t.
:joint-args
Arguments passed to joint as (sendxjoint :joint-angle angle :relative t joint-args). Default nil.
‘thre
Threshold for position error to terminate IK iteration. Default is 1 [mm].
:rthre
Threshold for rotation error to terminate IK iteration. Default is 0.017453 [rad] (1 deg).
:union-link-list
a function that returns union of link-list called as (funcall union-link-list link-list). Default is (send
self :calc-union-link-list link-list).
:centroid-thre
Threshold for centroid position error to terminate IK iteration. Default is 1 [mm].
‘target-centroid-pos
The float-vector of the target centroid position. Default is nil.
:centroid-offset-func
A function that returns centroid position. This function is called in each IK loop as (funcall centroid-
offset-func). Default is (send self :centroid).
:cog-translation-axis
:x 1y :z for constraint along the x, y, z axis. :xy :yz :zx for plane. t for point. Default is :z.
:cog-null-space
t: centroid position task is solved in null space of the main task. Default is nil.
:dump-command
should be t, nil, :always, :fail-only, :always-with-debug-log, or :fail-only-with-debug-log. Log are
success/fail log and ik debug information log.
t or :always : dump log both in success and fail (for success/fail log).
:always-with-debug-log : dump log both in success and fail (for success/fail log and ik debug
information log).
:fail-only : dump log only in fail (for success/fail log).
:always-with-debug-log : dump log only in fail (for success/fail log and ik debug information log).
nil : do not dump log.
:periodic-time
The amount of joint angle modification in each IK loop is scaled not to violate joint velocity limit
times :periodic-time. Default is 0.5[s].
:check-collision
Set t to return false when self collision occurs at found IK solution. Default is nil. To avoid collision
within IK loop, use set links to collision-avoidance-links slot of cascaded-link.
:additional-jacobi
The jacobian of the additional main task, or a function that returns the jacobian. When a function is
given, it is called in every IK loop as (funcall additional-jacobi link-list). Use a list of additional-jacobi
to solve the IK for multiple additional task. Default is nil.
:additional-vel
The velocity of additional main task, or a function that returns the velocity. When a function is
given, it is called in every IK loop as (funcall additional-vel link-list). The velocity should be expressed
in the same coordinates as corresponding additional-jacobi. When the additional-jacobi is list, this
should be a list of same length. Default is nil.
other-keys

function :inverse-kinematics-loop is internally called and args are passed to it. See the explanation
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of :inverse-kinematics-loop.

:inverse-kinematics-loop [method]

dif-pos dif-rot Erest args Ekey (stop 1)

(loop 0)

link-list

move-target
rotation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :initial
translation-axis (cond ((atom move-target) t) (t (make-list (length move-target) :init
thre (cond ((atom move-target) 1) (t (make-list (length move-target) :initial-element
rthre (cond ((atom move-target) (deg2rad 1)) (t (make-list (length move-target) :init
dif-pos-ratio 1.0)
dif-rot-ratio 1.0)

union-link-list

P

target-coords
(jacobi)
(additional-check)
(additional-jacobi)
(additional-vel)
(centroid-thre 1.0)
(target-centroid-pos)
(centroid-offset-func)
(cog-translation-axis :z)
(cog-null-space nil)
(cog-gain 1.0)
(min-loop (/ stop 10))
debug-view

ik-args

&allow-other-keys

:inverse-kinematics-loop is one loop calculation for :inverse-kinematics.
In this method, joint position difference satisfying workspace difference (dif-pos, dif-rot) are calculated
and euslisp model joint angles are updated.
Optional arguments:

:dif-pos-ratio

Ratio of spacial velocity used in calculation of joint position difference to workspace difference (after
:p-limit applied). Default is 1.0.

:dif-rot-ratio

Ratio of angular velocity used in calculation of joint position difference to workspace difference (after
:r-limit applied). Default is 1.0.

:jacobi

A jacobian of all move-target or a function that returns the jacobian. When a function is given, It is
called in every IK loop as (funcall jacobi link-list move-target translation-axis rotation-axis). Default is
(sendsxself :calc-jacobian-from-link-list link-list :translation-axis translation-axis :rotation-axis rotation-
axis :move-target move-target method-args).

:additional-check

This argument is to add optional best-effort convergence conditions. Default is nil (no additional

check). :additional-check should be function or lambda.
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best-effort =>
In :inverse-kinematics-loop, ’success’ is overwritten by ’(and success additional-check)’
In :inverse-kinematics, ’success is not overwritten.
So, :inverse-kinematics-loop wait until :additional-check’ becomes ’'t’ as possible,
but :additional-check’ is neglected in the final :inverse-kinematics return.
:cog-gain
Ratio of centroid velocity used in calculation of joint position difference to centroid position difference.
max 1.0. Default is 1.0.
:min-loop
Minimam loop count. Defalt (/ stop 10).
If integer is specified, :inverse-kinematics-loop does returns :ik-continues and continuing solving IK.
If min-loop is nil, do not consider loop counting for IK convergence.
other-keys
:move-joints-avoidance is internally called and args are passed to it. See the explanation of :move-
joints-avoidance.
:p-limit
Maximum spacial velocity of each move-target in one IK loop. Default is 100.0[mm].
:r-limit

Maximum angular velocity of each move-target in one IK loop. Default is 0.5[rad].

:move-joints-avoidance [method]

union-vel Erest args Ekey union-link-list

link-list

fik-len (send self :calc-target-joint-dimension union-link-list))

weight (fill (instantiate float-vector fik-len) 1))

null-space)

avoid-nspace-gain 0.01)

avoid-weight-gain 1.0)

avoid-collision-distance 200)

avoid-collision-null-gain 1.0)

avoid-collision-joint-gain 1.0)

(:collision-avoidance-link-pair pair-list) (send self :collision-avoidance-link-pair-from-lin
cog-gain 0.0)

target-centroid-pos)

cog-translation-axis :z)

cog-null-space nil)

additional-weight-list)
additional-nspace-list)

tmp-len (instantiate float-vector fik-len))
tmp-len2 (instantiate float-vector fik-len))
tmp-weight (instantiate float-vector fik-len))
tmp-nspace (instantiate float-vector fik-len))
tmp-mcc (make-matrix fik-len fik-len))
tmp-mcc2 (make-matrix fik-len fik-len))

(
(
(
(
(
(
(
(
(
(
(
(centroid-offset-func)
(
(
(
(
(
(
(
(
(
(
(

debug-view)
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(jacobi)
&allow-other-keys

:move-joints-avoidance is called in :inverse-kinematics-loop. In this method, calculation of joint position
difference are executed and joint positon are moved.
Optional arguments:
:weight
float-vector of inverse weight of velocity of each joint or a function which returns the float-vector
or a list which returns the float-vector. Length of the float-vector should be same as the number of
columns of the jacobian. If :weight is a function or a list, it is called in each IK loop as (funcall weight
union-link-list) or (eval weight). :weight is used in calculation of weighted norm of joint velocity for
sr-inverse. Default is the float-vector filled with 1.
:null-space
float-vector of joint velocity or a function which returns the float-vector or a list which returns the
float-vector. Length of the float-vector should be same as the number of columns of the jacobian. If
:null-space is a function or a list, it is called in each IK loop as (funcall null-space) or (eval null-space).
This joint velocity is applied in null space of main task in each IK loop. Default is nil.
:avoid-nspace-gain
gain of joint velocity to avoid joint limit applied in null space of main task in each IK loop. The
avoiding velocity is calculated as (((t-max + t-min)/2 —t)/((t-maz — t-min)/2))?. Default is 0.01.
:avoid-weight-gain
gain of dH/dt in calcuration of avoiding joint limits weight. :weight is devided by this avoiding joint
limits weight. Default is 1.0.
If :avoid-nspace-gain is 0, :weight is multipled by :weight instead.
:avoid-collision-distance
yellow zone. 0.1lavoid-collision-distance is regarded as orange zone.
If :avoid-collision-joint-gain is smaller than or equal to 0.0, yellow zone and orange zone become
inactive. Default is 200[mm].
:avoid-collision-null-gain
k_null. Default is 1.0.
:avoid-collision-joint-gain
k_joint. Default is 1.0.
:collision-avoidance-link-pair
(list (list linkl link2) (list link3 link4) ...) with any length. Collision between paired links is
cared. Default is (send self :collision-avoidance-link-pair-from-link-list link-list :obstacles (cadr (memq
:obstacles args))).
:additional-weight-list
(list (list target-linkl additional-weight1) (list target-link2 additional-weight2) ...) with any length.
The component of :weight corresponding to the parent joint of target-link is scaled by additional-
weight. additional-weight should be float (if 1 dof), float-vector with length of the joint dof, or a
function which returns the float or float-vector. if additional-weight is a function, it is called in each
IK loop as (funcall additional-weight). Default is nil.
:additional-nspace-list
(list (list target-linkl varl) (list target-link2 var2) ...) with any length. In each IK loop, the parent
joint of target-link is moved by the amount of var in null space of main task. var should be float (if
1dof), float-vector with the same length of the target joint dof, or a function which returns the float

or float-vector.If var is float-vector, it is called in each IK loop as (funcall var). Default is nil.
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other-keys
:manipulability-limit
If manipulability of jacobian is smaller than manipulability-limit, diagonal matrix is added in
calculation of sr-inverse. Default is 0.1.
:manipulability-gain
Weight of diagonal matrix in calculation of sr-inverse. Weight is calculated as (xmanipulability-gain
(expt (- 1.0 (/ manipulability manipulability-limit)) 2)). Default is 0.001.
:collision-distance-limit
Threshold for collision detection. If collision is detected, the distance between the colliding links is
considered to be :collision-distance-limit instead of actual distance. Default is 10[mm].
:move-joints-hook
A function which is called right after joints are moved in each IK loop as (funcall move-joints-hook).

Default is nil.

:calc-jacobian-from-link-list [method]

link-list €rest args Ekey move-target
transform-coords move-target)
rotation-axis (cond ((atom move-target) nil) (t (make-list (length move-target)))
translation-axis (cond ((atom move-target) t) (¢t (make-list (length move-target)
col-offset 0)
dim (send self :calc-target-axis-dimension rotation-axis translation-axis))

(
(
(
(
(
(fik-len (send self :calc-target-joint-dimension link-list))
fik

tmp-v0 (instantiate float-vector 0

( )
tmp-vl (instantiate float-vector 1))
tmp-v2 (instantiate float-vector 2))

( )

(
(
(
(tmp-v3 (instantiate float-vector 3
(tmp-v3a (instantiate float-vector 3))
(tmp-v3b (instantiate float-vector 3))
(tmp-m33 (make-matrix 3 3))

&allow-other-keys

Calculate jacobian matrix from link-list and move-target. Jacobian is represented in :transform-coords.
Unit system is [m] or [rad], not [mm] or [deg].

Joint order for this jacobian matrix follows link-list order. Joint torque[Nm] order is also the same.
Ex1. One-Arm

(setq *rarm-link-list+(send *robot*:link-list (send *robotx:rarm :end-coords :parent)))

(send-all xrarm-link-list«:joint)

Ex2. Two-Arm

(setq *karms-link-list«(mapcar #’(lambda (1) (send srobotx:link-list (send srobotxl :end-coords :par-
ent))) '(crarm :larm)))

(send-all (send srobotx:calc-union-link-list *arms-link-listx) :joint)

:self-collision-check &key (mode :all) (pairs (send self :collision-check-pairs)) (collision-func ’collision-check) [Oooo)

:collision-check-pairs &key ((:links ls) (cons (car links) (all-child-links (car links)))) [oooo)



goooboooobooon 251

:calc-vel-from-rot dif-rot rotation-axis Erest args Ekey (r-limit 0.5) (tmp-v0 (instantiate float-vector 0)) (tmp-vl (instantiate
float-vector 1)) (tmp-v2 (instantiate float-vector 2)) (tmp-v3 (instantiate float-vector 3)) &allow-other-keys [oooo)

:calc-vel-from-pos dif-pos translation-azis &rest args Ekey (p-limit 100.0) (tmp-v0 (instantiate float-vector 0)) (tmp-vl
(instantiate float-vector 1)) (tmp-v2 (instantiate float-vector 2)) (tmp-v3 (instantiate float-vector 3)) &allow-other-keys [0
0oo)

:ik-convergence-check success dif-pos dif-rot rotation-axis translation-azxis thre rthre centroid-thre target-centroid-pos centroid-

offset-func cog-translation-axis €key (update-mass-properties t) o
ooo)
:draw-collision-debug-view [oooo)

:inverse-kinematics-args &rest args €key union-link-list rotation-azis translation-axis additional-jacobi-dimension &allow-
other-keys O
ooo]

:calc-inverse-kinematics-nspace-from-link-list link-list &key (avoid-nspace-gain 0.01) (union-link-list (send self :calc-
unson-link-list link-list)) (fik-len (send self :calc-target-joint-dimension union-link-list)) (null-space) (debug-view) (additional-
nspace-list) (cog-gain 0.0) (target-centroid-pos) (centroid-offset-func) (cog-translation-azis :z) (cog-null-space nil) (weight (fill
(instantiate float-vector fik-len) 1.0)) (update-mass-properties t) (tmp-nspace (instantiate float-vector fik-len)) [oooo)

:calc-nspace-from-joint-limit avoid-nspace-gain union-link-list weight debug-view tmp-nspace [0ooo]

:calc-inverse-kinematics-weight-from-link-list link-list &key (avoid-weight-gain 1.0) (union-link-list (send self :calc-union-
link-list link-list)) (fik-len (send self :calc-target-joint-dimension union-link-list)) (weight (fill (instantiate float-vector fik-len)
1)) (additional-weight-list) (debug-view) (tmp-weight (instantiate float-vector fik-len)) (tmp-len (instantiate float-vector fik-

len)) O
ooo]
:calc-weight-from-joint-limit avoid-weight-gain fik-len link-list union-link-list debug-view weight tmp-weight tmp-len o
000
:reset-joint-angle-limit-weight-old union-link-list [0ooo]
:find-joint-angle-limit-weight-old-from-union-link-list union-link-list [OoOoo)

:move-joints union-vel &rest args Ekey union-link-list (periodic-time 0.05) (joint-args) (debug-view nil) (move-joints-hook)
&allow-other-keys [oooo]

:collision-avoidance &rest args &key avoid-collision-distance avoid-collision-joint-gain avoid-collision-null-gain ((:collision-
avoidance-link-pair pair-list)) (union-link-list) (link-list) (weight) (fik-len (send self :calc-target-joint-dimension union-link-

list)) debug-view Eallow-other-keys [O
0oo)
:collision-avoidance-args pair link-list [oooo]

:collision-avoidance-calc-distance &rest args Ekey union-link-list (warnp t) ((:collision-avoidance-link-pair pair-list)) ((:collision-
distance-limit distance-limit) 10) &allow-other-keys
0o0]

:collision-avoidance-link-pair-from-link-list link-lists &key obstacles ((:collision-avoidance-links collision-links) collision-

avoidance-links) debug o
ooo)
:collision-avoidance-links &optional [ [Oooo)

:calc-joint-angle-speed-gain union-link-list dav periodic-time [oooo]
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:calc-joint-angle-speed union-vel &rest args €key angle-speed (angle-speed-blending 0.5) jacobi jacobi# null-space i-j#j
debug-view weight wmat tmp-len tmp-len2 fik-len €allow-other-keys [oooo]

:calc-gradh-from-link-list link-list &optional (res (instantiate float-vector (length link-list))) [oooo)

:calc-inverse-jacobian jacobi &rest args Ekey ((»manipulability-limit ml) 0.1) ((:manipulability-gain mg) 0.001) weight debug-

view ret wmat tmat umat umat2 mat-tmp mat-tmp-re tmp-mrr tmp-mrr2 Eallow-other-keys o
000

:calc-target-joint-dimension link-list [oooo)
:calc-union-link-list link-list [oooo)
:calc-target-axis-dimension rotation-azis translation-azis [ODoOoOo)
eusmodel-validity-check robot [0O]

Check if the robot model is validate

calc-jacobian-default-rotate-vector pazis world-default-coords child-reverse transform-coords tmp-v3 tmp-m33 [Ooo]

calc-jacobian-rotational fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords
rotation-azis translation-axis tmp-v0 tmp-vl tmp-v2 tmp-v3 tmp-v3a tmp-v3b tmp-m33 OO

calc-jacobian-linear fik row column joint paxis child-link world-default-coords child-reverse move-target transform-coords

rotation-axis translation-azxis tmp-v0 tmp-vl tmp-v2 tmp-v8 tmp-v3a tmp-v3b tmp-m33 0o
calc-angle-speed-gain-scalar j dav i periodic-time OO
calc-angle-speed-gain-vector j dav ¢ periodic-time [oo]
all-child-links s &optional (pred #’identity) [ooj
calc-dif-with-axis dif azis &optional tmp-v0 tmp-vl tmp-v2 0o
calc-target-joint-dimension joint-list OO
calc-joint-angle-min-max-for-limit-calculation j kk jamm [oo]
joint-angle-limit-weight j-I &optional (res (instantiate float-vector (calc-target-joint-dimension j-1))) [ooj
joint-angle-limit-nspace j-l &optional (res (instantiate float-vector (calc-target-joint-dimension j-1))) 0o

calc-jacobian-from-link-list-including-robot-and-obj-virtual-joint link-list move-target obj-move-target robot &key (rotation-
azis ’(t t)) (translation-azis '(t t)) (fik (make-matriz (send robot :calc-target-azis-dimension rotation-azis translation-azis)

(send robot :calc-target-joint-dimension link-list))) 0o
append-obj-virtual-joint link-list target-coords &key (joint-class 6dof-joint) (joint-args) (vplink) (vplink-coords) (vclink-
coords) [oo]
append-multiple-obj-virtual-joint link-list target-coords &key (joint-class ’(6dof-joint)) (joint-args ’(nil)) (vplink) (vplink-
coords) (vclink-coords) [oo]
eusmodel-validity-check-one robot oo
line 0o0]
:super propertied-object
:slots pvert nvert
:worldcoords [Dooo)
Return a coordinates on the midpoint of the end points
coordinates Oooo]
:super propertied-object

:slots rot pos
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:difference-rotation coords &key (geometry::rotation-azis t)

253

0ooo]

return difference in rotation of given coords, rotation-axis can take (:x, :y, :z, XX, :yy, :zz, :Xm, :ym,

:z1m)

:difference-position coords &key (geometry::translation-azxis t)

oooo]

return difference in position of given coords, translation-axis can take (:x, :y, :z, :Xy, :yz, :2X).

raxis geometry::axis

coordinates
:super propertied-object

:slots rot pos

:move-coords geometry::target geometry::at

fix ’at’ coords on ’self’ to ’target’

stransform geometry::c &optional (geometry::wrt :local)
:transformation geometry::c2 &optional (geometry::wrt :local)

:move-to geometry::c &optional (geometry::wrt :local) Eaur geometry::cc

cascaded-coords

:super coordinates

:slots rot pos parent descendants worldcoords manager changed

:move-to geometry::c &optional (geometry::wrt :local) &aur geometry::cc
stransform geometry::c &optional (geometry::wrt :local)
stransformation geometry::c2 &optional (geometry::wrt :local)

:worldcoords

coordinates
:super propertied-object

:slots rot pos

:inverse-rotate-vector geometry::v €optional geometry::r

:rotate-vector geometry::v &optional geometry::r

cascaded-coords
:super coordinates
:slots rot pos parent descendants worldcoords manager changed

:inverse-rotate-vector geometry::v €optional geometry::r

[oooo)

Oooo]

0ooo]

[oooo)
oooo)

[oooo)

Oooo]

oooo)
[oooo)
[oooo)

[mooo]

O0oo]

[oooo)

Oooo]

O0oo]

[oooo)
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:rotate-vector geometry::v &optional geometry::r [OOoO0]
coordinates ooo]
:super propertied-object
:slots rot pos
:inverse-transform-vector geometry::vec &optional geometry::v3a geometry::v8b geometry::m33 [DooO]
cascaded-coords ooo]
:super coordinates
:slots rot pos parent descendants worldcoords manager changed
:inverse-transform-vector geometry::v &optional geometry::v3a geometry::v3b geometry:: m33 [0oo0]
bodyset O0oO0]
:super cascaded-coords
:slots (geometry::bodies :type cons)
:init [method]

coords Erest args Ekey (name (intern (format nil bodyset A (system:address self)) KEYWORD))
((:bodies geometry::bs))
&allow-other-keys

Create bodyset object

:bodies &rest args [Ooog]
:faces [Do00O]
:worldcoords [OOO0]
:draw-on &rest args [0oo0]
:init [method]

coords Erest args Ekey (name (intern (format nil bodyset A (system:address self)) KEYWORD))
((:bodies geometry::bs))
&allow-other-keys

Create bodyset object

:draw-on &rest args [0oo0]
:worldcoords [Doo00O]
:faces [0DooOg]
:bodies Yrest args [0oo0]

midcoords geometry::p geometry::c1 geometry::c2 [00O)
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Returns mid (or p) coordinates of given two cooridnates cl and c2

orient-coords-to-axis geometry::target-coords geometry::v Eoptional (geometry::axis :z) (geometry::eps xep-
silon) [ODO]
orient ’axis’ in ’target-coords’ to the direction specified by 'v’ destructively.

v’ must be non-zero vector.

geometry::face-to-triangle-aux geometry::f [D O ]

triangulate the face.

geometry::face-to-triangle geometry::f [oo]

convert face to set of triangles.

geometry::face-to-tessel-triangle geometry::f geometry::num Eoptional (xepsilonx1.000000e-10) [0 0]

return polygon if triangable, return nil if it is not.

body-to-faces geometry::abody [00O)

return triangled faces of given body

make-sphere geometry::r Erest args [00O)

make sphere of given r

make-ring geometry::ring-radius geometry::pipe-radius &rest args Ekey (geometry::segments 16) [00O)

make ring of given ring and pipe radius

make-fan-cylinder [function)]
geometry::radius geometry::height Erest args Ekey (geometry::segments 12)
(angle 2pi)
(geometry::mid-angle (/ angle 2.0))
make a cylinder whose base face is a fan. the angle of fan

is defined by :angle keyword. and, the csg of the returned body is

(:cylinder radius height segments angle)

x-of-cube geometry::cub [00O)

return x of cube.

y-of-cube geometry::cub [00O)

return y of cube.

z-of-cube geometry::cub [00O)

return z of cube.

height-of-cylinder geometry::cyl [00O)
return height of cylinder.

radius-of-cylinder geometry::cyl [00O)

return radius of cylinder.

radius-of-sphere geometry::sp [00O)

return radius of shape.

geometry::make-faceset-from-vertices geometry::vs [00O)

create faceset from vertices.
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matrix-to-euler-angle geometry::m geometry::axis-order [00O)

return euler angle from matrix.

geometry::quaternion-from-two-vectors geometry::a geometry::b [00O)
Comupute quaternion which rotate vector a into b.

transform-coords geometry::c1 geometry::c2 Eoptional (geometry::c3 (let ((geometry::dim (send geometry::c1 :dimension)))

(instance coordinates :newcoords (unit-matriz geometry::dim) (instantiate float-vector geometry::dim)))) [OO]
geometry::face-to-triangle-rest-polygon geometry::f geometry::num geometry::edgs [Ooo]
geometry::face-to-triangle-make-simple geometry::f [ooj
body-to-triangles geometry::abody Eoptional (geometry::limit 50) 0o
geometry::triangle-to-triangle geometry::aface &optional (geometry::limit 50) OO
robot-model ooo)

:super cascaded-link

:slots larm-end-coords rarm-end-coords lleg-end-coords rleg-end-coords head-end-coords tor
icamera sensor-name D000

Returns camera with given name

:force-sensor sensor-name [Do0O)

Returns force sensor with given name

:imu-sensor sensor-name D000

Returns imu sensor of given name

:force-sensors [Doo0]

Returns force sensors.

:imu-sensors [Doo0]

Returns imu sensors.

:cameras [Doo0]

Returns camera sensors.

:look-at-hand I/r [Doo0]

look at hand position, 1/r supports :rarm, :larm, :arms, and ’(:rarm :larm)

:inverse-kinematics [method]
target-coords Erest args Ekey look-at-target
(move-target)
(link-list (if (atom move-target) (send self :link-list (send move-target :parent)) (mapcar #’

&allow-other-keys

solve inverse kinematics, move move-target to target-coords
target-coords and move-target should be given.
link-list is set by default based on move-target ->root link link-list
:look-at-target
target head looks at. This task is best-effort and only head joints are used. :look-at-target supports
t, nil, float-vector, coords, list of float-vector, list of coords.

other-keys
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:inverse-kinematics internally calls :inverse-kinematics of cascaded-cords class and args are passed to

it. See the explanation of :inverse-kinematics of cascaded-cords class.

:inverse-kinematics-loop [method]

dif-pos dif-rot Erest args Ekey target-coords
debug-view
look-at-target
(move-target)
(link-list (if (atom move-target) (send self :link-list (send move-target :parent)) (mapc
&allow-other-keys

move move-target using dif-pos and dif-rot,

look-at-target suppots t, nil, float-vector, coords, list of float-vector, list of coords

link-list is set by default based on move-target ->root link link-list

:inverse-kinematics-loop internally calls :inverse-kinematics-loop function of cascaded-coords class. See

the explanation of :inverse-kinematics-loop in cascaded-coords class.

:look-at-target look-at-target &key (target-coords) [DoOooO)
move robot head to look at targets, look-at-target support t/nil float-vector coordinates, center of list

of float-vector or list of coordinates

:init-pose [Doo0]

Set robot to initial posture.

:torque-vector [method]
Ekey (force-list)

moment-list)

target-coords)

debug-view nil)

calc-statics-p t)

dt 0.005)

av (send self :angle-vector))

root-coords (send (car (send self :links)) :copy-worldcoords))

P~ o~ o~ o~ o~ o~ o~ o~

calc-torque-buffer-args (send self :calc-torque-buffer-args))

(distribute-total-wrench-to-torque-method (if (and (not (every #'null (send self :legs))) (not (anc

Returns torque vector

:calc-force-from-joint-torque [method]
limb all-torque &key (move-target (send self limb :end-coords))

(use-torso)

Calculates end-effector force and moment from joint torques.

:fullbody-inverse-kinematics [method]
target-coords Erest args Ekey (move-target)

link-list)

min (float-vector -500 -500 -500 -20 -20 -10))

max (float-vector 500 500 25 20 20 10))

root-link-virtual-joint-weight #£(0.1 0.1 0.1 0.1 0.5 0.5))

target-centroid-pos (apply # midpoint 0.5 (send self :legs :end-coords :worldpos

~ o~ o~ o~ o~ o~

cog-gain 1.0)
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(cog-translation-axis :z)
(centroid-offset-func nil)
(centroid-thre 5.0)
(additional-weight-list)
(joint-args nil)

(
(

&allow-other-keys

cog-null-space nil)

min-loop 2)

fullbody inverse kinematics for legged robot.
necessary args : target-coords, move-target, and link-list must include legs’ (or leg’s) parameters
ex. (send srobotx*:fullbody-inverse-kinematics (list rarm-tc rleg-tc lleg-tc) :move-target (list rarm-mt
rleg-mt lleg-mt) :link-list (list rarm-11 rleg-11 lleg-11))
‘min

lower position limit of root link virtual joint (x y z roll pitch yaw). Default is #£(-500[mm] -500[mm]
-500[mm)] -20[deg] -20[deg] -10[deg]).
‘max

upper position limit of root link virtual joint (x y z roll pitch yaw). Default is #£(500[mm] 500[mm]
25[mm] 20[deg] 20[deg] 10[deg]).
:root-link-virtual-joint-weight

float-vector of inverse weight of velocity of root link virtual joint or a function which returns the
float-vector (x y z roll pitch yaw). This works in the same way as :additional-weight-list in cascaded-
coords::inverse-kinematics. Default is #£(0.1 0.1 0.1 0.1 0.5 0.5).
:joint-args

list of other arguments passed to :init function of root link virtual joint (6dof-joint class).

‘max-joint-velocity

limit of velocity of root link virtual joint (x y z roll pitch yaw). Default is #£((/ 0.08 0.05)[m/s] (/

0.08 0.05)[m/s] (/ 0.08 0.05)[m/s] (/ pi 4)[rad/s] (/ pi 4)[rad/s] (/ pi 4)[rad/s]))
other-keys

:fullbody-inverse-kinematics internally calls :inverse-kinematics and args are passed to it. See the

explanation of :inverse-kinematics.

:print-vector-for-robot-limb vec [Dooo)
Print angle vector with limb alingment and limb indent.
For example, if robot is rarm, larm, and torso, print result is:
#1(
rarm-jo ... rarm-jN
larm-jO ... larm-jN

torso-jO0 ... torso-jN

)

:calc-zmp-from-forces-moments [method]
forces moments Ekey (wrt :world)
(limbs (if (send self :force-sensors) (remove nil (mapcar #’(lambda (fs) (find-i
(force-sensors (mapcar #’(lambda (1) (send self :force-sensor 1)) limbs))
(cop-coords (mapcar #’(lambda (1) (send self 1 :end-coords)) limbs))
(fz-thre 0.001)
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(limb-cop-fz-list (mapcar #’(lambda (fs f m cc) (let ((fsp (scale 0.001 (send f

Calculate zmp[mm] from sensor local forces and moments
If force_z is large, zmp can be defined and returns 3D zmp.

Otherwise, zmp cannot be defined and returns nil.

:foot-midcoords &optional (mid 0.5) [DoO0O)
Calculate midcoords of :rleg and :lleg end-coords.

In the following codes, leged robot is assumed.

:fix-leg-to-coords [method]
fiz-coords Eoptional (1/r :both) Ekey (mid 0.5)
&allow-other-keys
Fix robot’s legs to a coords

In the following codes, leged robot is assumed.

:move-centroid-on-foot [method]
leg fiz-limbs Erest args Ekey (thre (mapcar #’(lambda (x) (if (memq x ’(:rleg :lleg)) 1
(rthre (mapcar #’(lambda (x) (deg2rad (if (memq x ’(:rleg :lleg)) 1 5))) fix-limbs))
(mid 0.5)
(target-centroid-pos (if (eq leg :both) (apply #’'midpoint mid (mapcar #’(lambda (tmp
(fix-limbs-target-coords (mapcar #’(lambda (x) (send self x :end-coords :copy-worldcoc
(root-link-virtual-joint-weight #£(0.1 0.1 0.0 0.0 0.0 0.5))
&allow-other-keys
Move robot COG to change centroid-on-foot location,
leg : legs for target of robot’s centroid, which should be :both, :rleg, and :lleg.

fix-limbs : limb names which are fixed in this IK.

:calc-walk-pattern-from-footstep-list [method]
footstep-list Ekey (default-step-height 50)
dt 0.1)
default-step-time 1.0)
solve-angle-vector-args)
debug-view nil)

:all-limbs al) (if (send self :force-sensors) (remove nil (mapcar #’(lamt

-

:default-zmp-offsets dzo) (mapcan #’(lambda (x) (list x (float-vector (

start-with-double-support t)
end-with-double-support t)
ik-thre 1)

-rthre (deg2rad 1))
q 1.0)
r 1.000000e-06)
(calc-zmp t)

(
(
(
(
(
(
(init-pose-function #’(lambda nil (send self :move-centroid-on-foot :bot]
(
(
(
(ik
(
(

Calculate walking pattern from foot step list and return pattern list as a list of angle-vector, root-
coords, time, and so on.
footstep-list should be given.
:footstep-list
(list footstepl footstep?2 ...). :footstep-list can be any length. Each footstep indicates the destinations
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of swing legs in each step.
footstep should be list of coordinate whose :name is identical with one swing leg and whose coords is
the destination of that leg. If number of swing legs in a step is one, the footstep can be a coordinate.
footstepl is only for intialization and not executed.
:default-step-height
Height of swing leg cycloid trajectories. Default is 50[mm].
:dt
Sampling time of preview control and output walk pattern. Default is 0.1[s].
:default-step-time
Reference time of each step. The first 10 percent and the last 10 percent of default-step-time is double
support phase. Default is 1.0]s].
:solve-angle-vector-args
:move-centroid-on-foot is used to solve IK in :calc-walk-pattern-from-footstep-list. :solve-angle-vector-
args is passed to :move-centroid-on-foot in the form of (sendsself :move-centroid-on-foot ... solve-angle-
vector-args). Default is nil.
:debug-view
Set t to show visualization. Default is nil.
:all-limbs
list of limb names. In each walking step, limbs in :all-limbs but not assigned as swing legs by :footstep-
list are considered to be support legs. Default is ’(:rleg :lleg) sorted in force-sensors order.
:default-zmp-offsets
(list limbnamel offsetl limbname2 offset2 ...). :default-zmp-offsets should include every limb in :all-
limbs. offset is a float-vector[mm]| and local offset of reference zmp position from end-coords. Default
offset is #F(0 0 0)[mm).
:init-pose-function
A function which initialize robot’s pose. Walking pattern is generated from this initial pose. :init-
pose-function is called once at the start of walking pattern generation in the form of (funcall init-pose-
function). Default is #’(lambda () (send self :move-centroid-on-foot :both ’(:rleg :lleg))).
:start-with-double-support
At the start of walking pattern generation, the initial position of reference zmp is
t: midpoint of all-limbs.
nil: midpoint of swing legs of footstepl.
Default is t.
:end-with-double-support
At the end of walking pattern generation, the final position of reference zmp is
t: midpoint of all-limbs.
nil: midpoint of support legs of the last footstep.
Default is t.
:ik-thre
Threshold for position error to terminate IK iteration. Default is 1[mm].
sik-rthre
Threshold for rotation error to terminate IK iteration. Default is (deg2rad 1)[rad].
:q
Weight Q of the cost function of preview control. Default is 1.0.
T
Weight R of the cost function of preview control. Default is le-6.

:calc-zmp
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Set t to calculate resultant ZMP after IK. The calculated ZMP is visualized if :debug-view is t, and

stored as czmp in return value. Default is t.

:gen-footstep-parameter &key (ratio 1.0) [DooO]

Generate footstep parameter

:go-pos-params->footstep-list [method]
xz yy th Ekey ((:footstep-parameter prm) (send self :footstep-parameter))
((:default-half-offset defp) (cadr (memq :default-half-offset prm)))
((:forward-offset-length xx-max) (cadr (memgq :forward-offset-length prm)))
((:outside-offset-length yy-max) (cadr (memq :outside-offset-length prm)))
((:rotate-rad th-max) (abs (rad2deg (cadr (memgq :rotate-rad prm)))))
(gen-go-pos-step-node-func #’(lambda (mc leg leg-translate-pos) (let ((cc (send

Calculate foot step list from goal x position [mm], goal y position [mm], and goal yaw orientation [deg].

:go-pos-quadruped-params->footstep-list zz yy th &key (type :crawl) [DoOooO)
Calculate foot step list for quadruped walking from goal x position [mm], goal y position [mm], and

goal yaw orientation [deg].

:support-polygons [Do0O)
Return support polygons.

:support-polygon name [Do0O)
Return support polygon.
If name is list, return convex hull of all polygons.

Otherwise, return polygon with given name

:make-default-linear-link-joint-between-attach-coords attach-coords-0 attach-coords-1 end-coords-name
linear-joint-name [DoOooO)
Make default linear arctuator module such as muscle and cylinder and append lins and joint-list.
Module includes parent-link =>(j0) =>10 =>(j1) =>11 (linear actuator) =>(j2) =>12 =>end-coords.
attach-coords-0 is root side coords which linear actulator is attached to.
attach-coords-1 is end side coords which linear actulator is attached to.
end-coords-name is the name of end-coords.

linear-joint-name is the name of linear actuator.

:calc-static-balance-point [method]

Ekey (target-points (mapcar #’(lambda (tmp-arm) (send (send self tmp-arm :end-cc
(force-list (make-list (length target-points) :initial-element (float-vector 0 0 0)))
(moment-list (make-list (length target-points) :initial-element (float-vector 0 0 0)))
(static-balance-point-height (elt (apply # midpoint 0.5 (send self :legs :end-coords :w
(update-mass-properties t)

Calculate static balance point which is equivalent to static extended ZMP.

The output is expressed by the world coordinates.

target-points are end-effector points on which force-list and moment-list apply.

force-list [N] and moment-list [Nm] are list of force and moment that robot receives at target-points.

static-balance-point-height is height of static balance point [mm].

:init-ending [OOo0O0O0]
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:rarm-end-coords

:larm-end-coords

:rleg-end-coords

:lleg-end-coords

:head-end-coords

:torso-end-coords

:rarm-root-link

:larm-root-link

:rleg-root-link

:lleg-root-link

:head-root-link

:torso-root-link

limb limb method Erest args

:inverse-kinematics-loop-for-look-at limb &rest args

:gripper limb &rest args

:get-sensor-method sensor-type sensor-name

:get-sensors-method-by-limb sensors-type limb

:larm &rest args

:rarm rest args

:lleg Erest args

irleg Erest args

thead &rest args

:torso &rest args

:arms &rest args

:legs Erest args

:distribute-total-wrench-to-torque-method-default

262

oooo]

[Dooo)

[Cooo)

Oooo]

[Dooo)

[oooo)

oooo]

[pooo]

[Dooo)

[oooo)

Oooo]

[Dooo)

[Dooo)

oooo]

[Dooo)

[Cooo)

oooo]

[oooj

[Dooo)

oooo]

[poooj

[Dooo)

[oooo)

oooo]

[Dooo)

[Cooo)
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:joint-angle-limit-nspace-for-6dof &key (avoid-nspace-gain 0.01) (limbs *(:rleg :lleg)) [OOoO0]
:joint-order limb &optional jname-list [0oo0]
:draw-gg-debug-view end-coords-list contact-state rz cog pz czmp dt [Doo0O]
:footstep-parameter [OOoO0O0]
:make-support-polygons [OoOoOg]
:make-sole-polygon name [0oo0]
:calc-zmp-from-forces-moments [method]

forces moments Ekey (wrt :world)

limbs (if (send self :force-sensors) (remove nil (mapcar #’(lambda (fs) (find-

cop-coords (mapcar #’(lambda (1) (send self 1 :end-coords)) limbs))
fz-thre 0.001)
(limb-cop-fz-list (mapcar #’(lambda (fs f m cc) (let ((fsp (scale 0.001 (send fs

Calculate zmp[mm] from sensor local forces and moments

(
(force-sensors (mapcar #’(lambda (1) (send self :force-sensor 1)) limbs))
(
(

If force_z is large, zmp can be defined and returns 3D zmp.

Otherwise, zmp cannot be defined and returns nil.

:print-vector-for-robot-limb vec [Do0O)
Print angle vector with limb alingment and limb indent.
For example, if robot is rarm, larm, and torso, print result is:
1
rarm-jo ... rarm-jN
larm-jO ... larm-jN

torso-jO ... torso-jN

)

:fullbody-inverse-kinematics [method]
target-coords Erest args Ekey (move-target)

link-list)

min (float-vector -500 -500 -500 -20 -20 -10))

max (float-vector 500 500 25 20 20 10))

root-link-virtual-joint-weight #£(0.1 0.1 0.1 0.1 0.5 0.5))

target-centroid-pos (apply # midpoint 0.5 (send self :legs :end-coords :worldpos

cog-gain 1.0)

cog-translation-axis :z)

centroid-offset-func nil)

centroid-thre 5.0)

additional-weight-list)

(
(mi
(
(
(
(
(
(
(
(

(joint-args nil)
(
(

&allow-other-keys

cog-null-space nil)

min-loop 2)
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fullbody inverse kinematics for legged robot.
necessary args : target-coords, move-target, and link-list must include legs’ (or leg’s) parameters
ex. (send xrobotx*:fullbody-inverse-kinematics (list rarm-tc rleg-tc lleg-tc) :move-target (list rarm-mt
rleg-mt lleg-mt) :link-list (list rarm-11 rleg-11 lleg-11))
‘min

lower position limit of root link virtual joint (x y z roll pitch yaw). Default is #£(-500[mm] -500[mm]
-500[mm)] -20[deg] -20[deg] -10[deg]).
:max

upper position limit of root link virtual joint (x y z roll pitch yaw). Default is #£(500[mm] 500[mm]
25[mm]| 20[deg] 20[deg] 10[deg]).
:root-link-virtual-joint-weight

float-vector of inverse weight of velocity of root link virtual joint or a function which returns the
float-vector (x y z roll pitch yaw). This works in the same way as :additional-weight-list in cascaded-
coords::inverse-kinematics. Default is #£(0.1 0.1 0.1 0.1 0.5 0.5).
:joint-args

list of other arguments passed to :init function of root link virtual joint (6dof-joint class).

‘max-joint-velocity

limit of velocity of root link virtual joint (x y z roll pitch yaw). Default is #£((/ 0.08 0.05)[m/s] (/

0.08 0.05)[m/s] (/ 0.08 0.05)[m/s] (/ pi 4)[rad/s] (/ pi 4)[rad/s] (/ pi 4)[rad/s]))
other-keys

:fullbody-inverse-kinematics internally calls :inverse-kinematics and args are passed to it. See the

explanation of :inverse-kinematics.

:calc-force-from-joint-torque [method]
limb all-torque &key (move-target (send self limb :end-coords))
(use-torso)

Calculates end-effector force and moment from joint torques.

:torque-vector [method]
Ekey (force-list)

moment-list)

target-coords)

debug-view nil)

calc-statics-p t)

dt 0.005)

av (send self :angle-vector))

root-coords (send (car (send self :links)) :copy-worldcoords))

o~ o~ o~ o~ o~ o~ o~ o~

calc-torque-buffer-args (send self :calc-torque-buffer-args))
(distribute-total-wrench-to-torque-method (if (and (not (every #'null (send self :legs))) (not (anc

Returns torque vector

:init-pose [Do00o)

Set robot to initial posture.

:look-at-target look-at-target Ekey (target-coords) [DooO]
move robot head to look at targets, look-at-target support t/nil float-vector coordinates, center of list

of float-vector or list of coordinates
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:inverse-kinematics-loop [method]
dif-pos dif-rot Erest args Ekey target-coords
debug-view
look-at-target
(move-target)
(link-list (if (atom move-target) (send self :link-list (send move-target :parent)) (mapc

&allow-other-keys

move move-target using dif-pos and dif-rot,

look-at-target suppots t, nil, float-vector, coords, list of float-vector, list of coords

link-list is set by default based on move-target ->root link link-list

:inverse-kinematics-loop internally calls :inverse-kinematics-loop function of cascaded-coords class. See

the explanation of :inverse-kinematics-loop in cascaded-coords class.

:inverse-kinematics [method]
target-coords €rest args Ekey look-at-target
(move-target)
(link-list (if (atom move-target) (send self :link-list (send move-target :parent)) (mapcar #’

&allow-other-keys

solve inverse kinematics, move move-target to target-coords
target-coords and move-target should be given.
link-list is set by default based on move-target ->root link link-list
:look-at-target
target head looks at. This task is best-effort and only head joints are used. :look-at-target supports
t, nil, float-vector, coords, list of float-vector, list of coords.
other-keys
:inverse-kinematics internally calls :inverse-kinematics of cascaded-cords class and args are passed to

it. See the explanation of :inverse-kinematics of cascaded-cords class.

:look-at-hand I/r [Doo0]

look at hand position, 1/r supports :rarm, :larm, :arms, and ’(:rarm :larm)

:cameras [Doo0]

Returns camera sensors.

:imu-sensors [Dooo)

Returns imu sensors.

:force-sensors [0ooo)

Returns force sensors.

:imu-sensor sensor-name [Dooo]

Returns imu sensor of given name

:force-sensor sensor-name [Dooo]

Returns force sensor with given name

:camera sensor-name [DoOoo)

Returns camera with given name

:joint-order limb &optional jname-list [OOo0O0O0]
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:joint-angle-limit-nspace-for-6dof &key (avoid-nspace-gain 0.01) (limbs ’(:rleg :lleg)) [oooo)
:distribute-total-wrench-to-torque-method-default [oooo]
:legs &rest args [oooo)
:arms 8rest args [oooo)
itorso &rest args [oooo]
:head &rest args [OoOoo)
:irleg Erest args [oooo)
:lleg &rest args [0ooo]
:rarm &rest args [oooo)
:larm &rest args [ODoOoOo)
:get-sensors-method-by-limb sensors-type limb [oooo)
:get-sensor-method sensor-type sensor-name [oooo)
:gripper limb Erest args [OoDoOo)
:inverse-kinematics-loop-for-look-at limb &rest args [oooo)
limb limb method Erest args [0ooo]
:torso-root-link [OoOoOo)
:head-root-link [oooo)
:lleg-root-link [0ooo]
:rleg-root-link [oooo)
:larm-root-link [oooo)
:rarm-root-link [Oooo)
:torso-end-coords [oooo)
:head-end-coords [ODoOoOo)
:lleg-end-coords [Oooo)
:rleg-end-coords [oooo]

:larm-end-coords [oooo)
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:rrarm-end-coords [Oooogj
:init-ending [0oo0]
:calc-static-balance-point [method]

&key (target-points (mapcar #’(lambda (tmp-arm) (send (send self tmp-arm :end-cc
(force-list (make-list (length target-points) :initial-element (float-vector 0 0 0)))
(moment-list (make-list (length target-points) :initial-element (float-vector 0 0 0)))
(static-balance-point-height (elt (apply # 'midpoint 0.5 (send self :legs :end-coords :v
(update-mass-properties t)

Calculate static balance point which is equivalent to static extended ZMP.

The output is expressed by the world coordinates.

target-points are end-effector points on which force-list and moment-list apply.

force-list [N] and moment-list [Nm] are list of force and moment that robot receives at target-points.

static-balance-point-height is height of static balance point [mm].

:make-default-linear-link-joint-between-attach-coords attach-coords-0 attach-coords-1 end-coords-name
linear-joint-name [DoOooO)
Make default linear arctuator module such as muscle and cylinder and append lins and joint-list.
Module includes parent-link =>(j0) =>10 =>(j1) =>11 (linear actuator) =>(j2) =>12 =>end-coords.
attach-coords-0 is root side coords which linear actulator is attached to.
attach-coords-1 is end side coords which linear actulator is attached to.
end-coords-name is the name of end-coords.

linear-joint-name is the name of linear actuator.

:support-polygon name [DoOoO)
Return support polygon.
If name is list, return convex hull of all polygons.

Otherwise, return polygon with given name

:support-polygons [DoOoo)
Return support polygons.

:go-pos-quadruped-params->footstep-list zz yy th Ekey (type :crawl) [Dooo)
Calculate foot step list for quadruped walking from goal x position [mm], goal y position [mm], and

goal yaw orientation [deg].

:go-pos-params->footstep-list [method]
xz yy th Ekey ((:footstep-parameter prm) (send self :footstep-parameter))
((:default-half-offset defp) (cadr (memq :default-half-offset prm)))
((:forward-offset-length xx-max) (cadr (memq :forward-offset-length prm)))
((:outside-offset-length yy-max) (cadr (memq :outside-offset-length prm)))
((:rotate-rad th-max) (abs (rad2deg (cadr (memgq :rotate-rad prm)))))
(gen-go-pos-step-node-func #’(lambda (mc leg leg-translate-pos) (let ((cc (send

Calculate foot step list from goal x position [mm], goal y position [mm]|, and goal yaw orientation [deg].

:gen-footstep-parameter &key (ratio 1.0) [Dooo)
Generate footstep parameter
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:calc-walk-pattern-from-footstep-list [method]
footstep-list Ekey (default-step-height 50)
(dt 0.1)
(default-step-time 1.0)
(solve-angle-vector-args)
(debug-view nil)
((:all-limbs al) (if (send self :force-sensors) (remove nil (mapcar #’(lam!
((:default-zmp-offsets dzo) (mapcan #’(lambda (x) (list x (float-vector
(init-pose-function #’(lambda nil (send self :move-centroid-on-foot :botl
(start-with-double-support t)
(end-with-double-support t)
(ik-thre 1)
(ik-rthre (deg2rad 1))
(q 1.0)
(r 1.000000e-06)
(calc-zmp t)
Calculate walking pattern from foot step list and return pattern list as a list of angle-vector, root-
coords, time, and so on.
footstep-list should be given.
:footstep-list
(list footstepl footstep?2 ...). :footstep-list can be any length. Each footstep indicates the destinations
of swing legs in each step.
footstep should be list of coordinate whose :name is identical with one swing leg and whose coords is
the destination of that leg. If number of swing legs in a step is one, the footstep can be a coordinate.
footstepl is only for intialization and not executed.
:default-step-height
Height of swing leg cycloid trajectories. Default is 50[mm].
:dt
Sampling time of preview control and output walk pattern. Default is 0.1[s].
:default-step-time
Reference time of each step. The first 10 percent and the last 10 percent of default-step-time is double
support phase. Default is 1.0]s].
:solve-angle-vector-args
:move-centroid-on-foot is used to solve IK in :calc-walk-pattern-from-footstep-list. :solve-angle-vector-
args is passed to :move-centroid-on-foot in the form of (sendsself :move-centroid-on-foot ... solve-angle-
vector-args). Default is nil.
:debug-view
Set t to show visualization. Default is nil.
:all-limbs
list of limb names. In each walking step, limbs in :all-limbs but not assigned as swing legs by :footstep-
list are considered to be support legs. Default is ’(:rleg :lleg) sorted in force-sensors order.
:default-zmp-offsets
(list limbnamel offsetl limbname2 offset2 ...). :default-zmp-offsets should include every limb in :all-
limbs. offset is a float-vector[mm]| and local offset of reference zmp position from end-coords. Default
offset is #F(0 0 0)[mm)].

:init-pose-function
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A function which initialize robot’s pose. Walking pattern is generated from this initial pose. :init-
pose-function is called once at the start of walking pattern generation in the form of (funcall init-pose-
function). Default is #’(lambda () (send self :move-centroid-on-foot :both ’(:rleg :lleg))).
:start-with-double-support

At the start of walking pattern generation, the initial position of reference zmp is

t: midpoint of all-limbs.

nil: midpoint of swing legs of footstepl.

Default is t.

:end-with-double-support

At the end of walking pattern generation, the final position of reference zmp is

t: midpoint of all-limbs.

nil: midpoint of support legs of the last footstep.

Default is t.

:ik-thre
Threshold for position error to terminate IK iteration. Default is 1[mm].
:ik-rthre
Threshold for rotation error to terminate IK iteration. Default is (deg2rad 1)[rad].
:q
Weight Q of the cost function of preview control. Default is 1.0.
T
Weight R of the cost function of preview control. Default is 1e-6.
:calc-zmp
Set t to calculate resultant ZMP after IK. The calculated ZMP is visualized if :debug-view is t, and

stored as czmp in return value. Default is t.

:move-centroid-on-foot [method]

leg fiz-limbs Erest args Ekey (thre (mapcar #’(lambda (x) (if (memq x ’(:rleg :lleg)) 1
(rthre (mapcar #’(lambda (x) (deg2rad (if (memq x ’(:rleg :lleg)) 1 5))) fix-limbs))
(mid 0.5)
(target-centroid-pos (if (eq leg :both) (apply # 'midpoint mid (mapcar #’(lambda (tmp
(fix-limbs-target-coords (mapcar #’(lambda (x) (send self x :end-coords :copy-worldcoc
(root-link-virtual-joint-weight #£(0.1 0.1 0.0 0.0 0.0 0.5))

&allow-other-keys
Move robot COG to change centroid-on-foot location,

leg : legs for target of robot’s centroid, which should be :both, :rleg, and :lleg.
fix-limbs : limb names which are fixed in this IK.

:fix-leg-to-coords [method]
fiz-coords Eoptional (/1 :both) Ekey (mid 0.5)
&allow-other-keys
Fix robot’s legs to a coords

In the following codes, leged robot is assumed.

:foot-midcoords &optional (mid 0.5) [DooO]
Calculate midcoords of :rleg and :lleg end-coords.

In the following codes, leged robot is assumed.
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:make-sole-polygon name [OOO0]
:make-support-polygons [0oo0]
:footstep-parameter [Doo00O]
:draw-gg-debug-view end-coords-list contact-state rz cog pz czmp dt [OOoO0]
make-default-robot-link len radius azis name Eoptional extbody 00O

18,5 LOUOgon

sensor-model Ooo]
:super body
:slots data profile
:profile &optional p [Do00O]
:signal rawinfo ooooj
:simulate model [0ooO]
:read [Do00O]
:draw-sensor v ooooj
:init shape &key name €allow-other-keys [0ooo0]
:init shape &key name Eallow-other-keys [DooO]
:draw-sensor v [ODooOg]
:read ooooj
:simulate model [0oo0]
:signal rawinfo [Do00O]
:profile &optional p [OOO0]
bumper-model 0oo)
super sensor-model
:slots bumper-threshold
:init [method]

b Erest args Ekey ((:bumper-threshold bt) 20)

name
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Create bumper model, b is the shape of an object and bt is the threshold in distance[mm)].

:simulate objs [Dooo]
Simulate bumper, with given objects, return 1 if the sensor detects an object and 0 if not.

:draw vwer [0DooOg]

:draw-sensor vwer [0oo0]

:simulate objs [Do00O)

Simulate bumper, with given objects, return 1 if the sensor detects an object and 0 if not.

:init [method]
b Erest args Ekey ((:bumper-threshold bt) 20)

name

Create bumper model, b is the shape of an object and bt is the threshold in distance[mm)].

:draw-sensor vwer [0ooo0]
:draw vwer [Doo0O]
camera-model 0oOo)]

:super sensor-model

:slots (vwing :forward (:projection :newprojection :screen :view :viewpoint :view-direction :y
:init [method]

b Erest args Ekey ((:width pw) 320)
((:height ph) 240)

(view-up #£(0.0 1.0 0.0))
(viewdistance 100.0)

(hither 100.0)

(yon 10000.0)

&allow-other-keys

Create camera model. b is the shape of an object

:create-viewer &optional cv Ekey (no-window nil) [Do00O)

Create camera viewer, or set viewer

swidth [Do0O)

Returns width of the camera in pixel.

:height [Doo0]

Returns height of the camera in pixel.

:fovy [Do00O)

Returns field of view in degree

:cx D000

Returns center x.

ey D000

Returns center y.
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fx D000

Returns focal length of x.

:fy D000
Returns focal length of y.

:screen-point pos [Doo0]

Returns point in screen corresponds to the given pos.

:3d-point z y d [DooO]

Returns 3d position

rray ry [DooO]

Returns ray vector of given x and y.

:draw-on [method]
Erest args Ekey ((:viewer vwer) sviewers)
&allow-other-keys

Draw camera raw in irtviewer, ex (send cam :draw-on :flush t)

:draw-objects objs [Do00O)

Draw objects in camera viewer, expected type of objs is list of objects

:get-image [method]
&key (with-points)
(with-colors)

Get image objects you need to call :draw-objects before calling this function

:select-drawmode mode objs [Dooo)
Change drawmode for drawing with :draw-objects methods. mode is symbol of mode, "hid is symbol

for hidden line mode, the other symbols indicate default mode. objs is the same objects using :draw-

objects.
rviewing rest args [0oo0]
:image-viewer &rest args [OoOog]
:draw-sensor vwer &key flush (width 1) (color (float-vector 1 1 1)) [OOoO0O0]
:draw-objects-raw vwr objs [0oo0]
:get-image-raw vwr &key (points) (colors) [ooog]
:select-drawmode mode objs [DOooo)

Change drawmode for drawing with :draw-objects methods. mode is symbol of mode, "hid is symbol
for hidden line mode, the other symbols indicate default mode. objs is the same objects using :draw-

objects.

:get-image [method]
&key (with-points)
(with-colors)

Get image objects you need to call :draw-objects before calling this function
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:draw-objects objs

Draw objects in camera viewer, expected type of objs is list of objects

:draw-on
Erest args Ekey ((:viewer vwer) sviewers)
&allow-other-keys

Draw camera raw in irtviewer, ex (send cam :draw-on :flush t)

rray z y
Returns ray vector of given x and y.

:3d-point z y d

Returns 3d position

:screen-point pos

Returns point in screen corresponds to the given pos.

:fy
Returns focal length of y.

Ho'e

Returns focal length of x.

Ho%
Returns center y.

:CX

Returns center x.

fovy

Returns field of view in degree

:height

Returns height of the camera in pixel.

:width

Returns width of the camera in pixel.

:create-viewer &optional cv Ekey (no-window nil)

Create camera viewer, or set viewer

:init
b Erest args Ekey ((:width pw) 320)
((:height ph) 240)
(view-up #£(0.0 1.0 0.0))
(viewdistance 100.0)
(hither 100.0)
(yon 10000.0)

&allow-other-keys

Create camera model. b is the shape of an object

:get-image-raw vwr &key (points) (colors)

273

0ooo]

[method]

oooo]

oooo]

0ooo]

0ooo]

0ooo]

0ooo]

oooo]

oooo]

oooo]

0ooo]

oooo]

[method]

[oooo)
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:draw-objects-raw vwr objs
:draw-sensor vwer &key flush (width 1) (color (float-vector 1 1 1))
:image-viewer &rest args

:viewing rest args

make-camera-from-param
Ekey pwidth
pheight
fx
fy
cxX
cy
(tx 0)
(ty 0)
parent-coords
name
create-viewer
(no-window nil)

Create camera object from given parameters.

18.6 LUOUOO0OOO

scene-model
:super cascaded-coords

:slots name objs

:init
&rest args Ekey ((:name n) scene)
((:objects 0))
((:remove-wall w))

&allow-other-keys

Create scene model

:objects

Returns objects in the scene.

:add-objects objects

Add objects to scene with identifiable names. Returns all objects.

:add-object obj

Add object to scene with identifiable name. Returns all objects.

:remove-objects objs-or-names

274

[Cooo)
[oooo)
[oooo)

Oooo]

[function]

O0oo]

[method]

oooo]

oooo]

oooo]

oooo]
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Remove objects or objects with given names from scene. Returns removed objects.

:remove-object obj-or-name [Dooo]

Remove object or object with given name from scene. Returns removed object.

:find-object name [DoOoo)

Returns objects with given name.

:add-spots spots [0oOoo)
Add spots to scene with identifiable names. All spots will be :assoc with this scene. Returns T if added

spots successfly, otherwise returns NIL.

:add-spot spot [DoOooO)
Add spot to scene with identifiable name. The spot will be :assoc with this scene. Returns T if spot

is added successfly, otherwise returns NIL.

:remove-spots spots [Do00O)

Remove spots from this scene. All spots will be :dissoc with this scene. Returns removed spots.

:remove-spot spot D000

Remove spot from scene. the spot will be :dissoc with this scene. Returns removed spot.

:spots [DooO]

Return all spots in the scene.

:object name [DooO]

Return an object of given name.

:spot name D000
Return a spot of given name.

:bodies [Dooag]

:spot name [Do000O)

Return a spot of given name.

:object name [Do0O)

Return an object of given name.

:spots [Do0O)

Return all spots in the scene.

:remove-spot spot D000

Remove spot from scene. the spot will be :dissoc with this scene. Returns removed spot.

:remove-spots spots [Do000O)

Remove spots from this scene. All spots will be :dissoc with this scene. Returns removed spots.

:add-spot spot [Do0O)
Add spot to scene with identifiable name. The spot will be :assoc with this scene. Returns T if spot

is added successfly, otherwise returns NIL.

:add-spots spots [Do00O)
Add spots to scene with identifiable names. All spots will be :assoc with this scene. Returns T if added

spots successfly, otherwise returns NIL.



goooboooobooon 276

:find-object name D000

Returns objects with given name.

:remove-object obj-or-name [Do0O)

Remove object or object with given name from scene. Returns removed object.

:remove-objects objs-or-names [Do00O)

Remove objects or objects with given names from scene. Returns removed objects.

:add-object obj [DoOoO)

Add object to scene with identifiable name. Returns all objects.

:add-objects objects [DoOooO)

Add objects to scene with identifiable names. Returns all objects.

:objects [DoOooO)
Returns objects in the scene.
:init [method]
&rest args Ekey ((:name n) scene)
((:objects 0))

((:remove-wall w))

&allow-other-keys
Create scene model

:bodies [OoOoo)

18.7 DOOOOOOOOOOO0

18.7.1 0O0ODOOOO
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gooooo
Tpy1 = Axp + buy, (46)
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Z(kAt)
1 At A?)2 At3/6
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0 0 1 At
x00000000000.000000000000 (jerk)UpO ZMPOOOO
ggoggobbboooooouobbbboooonon
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T = win{ Qi — pu)?* + RAu} + I (50)
ooooJM*0o00O00o0oon
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000000 zT0000000000O
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18.7.2 O0OODOOOOO

279

O 25: Example of walk pattern generation

robot-model 00000000000 OOODODOOOOOOODODODODDO O :cale-walk-pattern-from-footstep-
list00 0000000000000 1000000000000ooooooooozZMPOODOOOOOoOO
00D0D000D000D000D00O00000D0000DO00DDOOd0OdAO :cale-walk-pattern-from-footstep-list O
000000000000 00000d (Figea)O

(load "irteus/demo/sample-robot-model.l")
(setq *robot* (instance sample-robot :init))

(send *robot* :reset-pose)

(send *robot* :fix-leg-to-coords (make-coords))

(objects (list *robot*))
(let ((footstep-list
(list (make-coords
(make-coords
(make-coords
(make-coords

(make-coords

(make-coords

:coords
:coords

:coords

:coords

:coords

:coords

(send *robot* :rleg :end-coords :copy-worldcoords) :name :rleg)

(send (send *robot* :lleg :end-coords :copy-worldcoords)
:translate #£(100 O 0)) :name :1lleg)

(send (send *robot* :rleg :end-coords :copy-worldcoords)
:translate #£(200 O 0)) :name :rleg)

(send (send *robot* :lleg :end-coords :copy-worldcoords)
:translate #£(300 O 0)) :name :lleg)

(send (send *robot* :rleg :end-coords :copy-worldcoords)
:translate #f(400 O 0)) :name :rleg)

(send (send *robot* :lleg :end-coords :copy-worldcoords)
:translate #f(400 O 0)) :name :1leg))))

(objects (append (list *robot*) footstep-list))

(send *robot* :calc-walk-pattern-from-footstep-list

footstep-list

:default-step-height 50
:default-step-time 1.0

:dt 0.1
:debug-view t)

00 footstep-list 0D OO0DODODOOODOODOONDO O :cale-walk-pattern-from-footstep-list 0 O O O
UODOfootstep-1list OO D00 :mmame 0000000000 OO0DO0O0OODODOfootstep-1ist U OO
cboooooooobooooobooboooooouooboooooooobooooonoooooooaond
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00 :default-step-height 50 D0 00000000000 OOOOOOOO 50mm| 00000000
:default-step-time 1.00000000000 1000000000 :dt 0.1000000000000O
O000000000000000.1s)]0 0000000000 default-step-height[:default-step-timel]

dtgpbogboogboodgbooboobooboboobooaobooboobooobgooo

U00000b00b0b0o0o0oo00obuobOobOn footstep-list U0 UODOOOOOOOO0OO0OOO
ooooooo

(load "irteus/demo/sample-robot-model.l")
(setq *robot* (instance sample-robot :init))
(send *robot* :reset-pose)
(send *robot* :fix-leg-to-coords (make-coords))
(objects (list *robot*
(apply #’midcoords 0.5 (send *robot* :legs :end-coords))
(send (send (apply #’midcoords 0.5 (send *robot* :legs :end-coords))
:translate #F(500 150 0)) :rotate (deg2rad 45) :2)))

(send *robot* :calc-walk-pattern-from-footstep-list
(send *robot* :go-pos-params->footstep-list
500 150 45) ;; x[mm] y[mm] thldeg]
:debug-view t

)

footstep-list O[O (send *robot* :go-pos-params->footstep-list 500 150 45) 0000000
00000000 :calc-walk-pattern-from-footstep-list 0 OO OO0OOO0OOOO00OO

:go-pos-params—>footstep-list U U 0200 00000000000 00O0O00O0O0O0O0OOOODOOO0O

O00000000000000 footstep-list U0 DD O0DODDUOOOODOOO 500imm]O000 150[mm]
000000 45[deg) 0000000 O0OO footstep-list00OIOO0OOO

joint ooo]

:super propertied-object

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
:calc-inertia-matrix &rest args [0ooo]
rotational-joint ooo)

:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi

:calc-inertia-matrix mat row column paxis m-til c-til i-til axis-for-angular world-default-coords translation-axis rotation-axis

tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [0oo0]
linear-joint ooo)

:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi

:calc-inertia-matrix mat row column paxis m-til c-til i-til axis-for-angular world-default-coords translation-axis rotation-axis

tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [DooO]
omniwheel-joint 0oO0]
:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
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:calc-inertia-matrix mat row column paxis m-til c-til i-til axis-for-angular world-default-coords translation-axis rotation-axis

tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [oooo]
sphere-joint Oo0]

:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi

:calc-inertia-matrix mat row column paxis m-til c-til i-til axis-for-angular world-default-coords translation-axis rotation-axis
tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [oooo)

6dof-joint ooo)
:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi

:calc-inertia-matrix mat row column paxis m-til c-til i-til axis-for-angular world-default-coords translation-axis rotation-axis
tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [oooo)

bodyset-link ooo)
:super bodyset
:slots rot pos parent descendants worldcoords manager changed geometry::bodies joint pare

:calc-inertia-matrix-column column &rest args Ekey (rotation-axis nil) (translation-azis t) ((:inertia-matriz 1m)) (axis-
for-angular (float-vector 0 0 0)) (tmp-v0 (instantiate float-vector 0)) (tmp-vl1 (instantiate float-vector 1)) (tmp-v2 (instantiate
float-vector 2)) (tmp-va (instantiate float-vector 3)) (tmp-vb (instantiate float-vector 8)) (tmp-vc (instantiate float-vector 3))
(tmp-vd (instantiate float-vector 8)) (tmp-ma (make-matriz 3 3)) €allow-other-keys [oooo]

:propagate-mass-properties &key (debug-view nil) (tmp-va (instantiate float-vector 3)) (tmp-vb (instantiate float-vector 8))
(tmp-ma (make-matriz 8 3)) (tmp-mb (make-matriz 3 3)) (tmp-mc (make-matriz 3 3)) [oooo)

:append-mass-properties additional-links &key (update t) (tmp-va (float-vector 0 0 0)) (tmp-vb (float-vector 0 0 0)) (tmp-ma
(make-matriz 3 8)) (tmp-mb (make-matriz 8 3)) (tmp-mc (make-matriz 3 8)) (tmp-md (make-matriz 3 8)) (additional-weights
(send-all additional-links :weight)) (additional-centroids (send-all additional-links :centroid)) (additional-inertias (mapcar #’(lambda
(z) (mx(mx(send x :worldrot) (send z :inertia-tensor) tmp-ma) (transpose (send z :worldrot) tmp-mb))) additional-links)) (self-
centroid (send self :centroid)) o
0DO0]

:append-inertia-no-update additional-weights additional-centroids additional-inertias self-centroid new-centroid &key (tmp-
ma (make-matriz 3 8)) (tmp-mb (make-matriz 3 8)) (tmp-mc (make-matriz 3 8)) (tmp-md (make-matriz 8 3)) (tmp-va (float-
vector 0 0 0)) (len (length additional-weights)) O
ooo)

:append-centroid-no-update additional-weights additional-centroids self-centroid new-weight &key (tmp-va (float-vector 0

00)) (tmp-vb (float-vector 0 0 0)) (len (length additional-weights)) [oooo)

:append-weight-no-update additional-weights &key (len (length additional-weights)) [oooo]

cascaded-link Oo0]
:super cascaded-coords

:slots rot pos parent descendants worldcoords manager changed links joint-list bodies collisi
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:cog-convergence-check centroid-thre target-centroid-pos Ekey (centroid-offset-func) (translation-azis :z) (update-mass-properties
t) [0ooo]

:difference-cog-position target-centroid-pos &key (centroid-offset-func) (translation-azis :z) (add-draw-on-param) (update-

mass-properties t)
0oo)

:calc-vel-for-cog cog-gain translation-azis target-centroid-pos &key (centroid-offset-func) (update-mass-properties t) O
ooo)

:cog-jacobian-balance-nspace link-list &rest args &key (cog-gain 1.0) (translation-azis :z) (target-centroid-pos) (centroid-
offset-func) (update-mass-properties t) &allow-other-keys o
0oo]

:calc-cog-jacobian-from-link-list &rest args &key (link-list (send-all joint-list :child-link)) (rotation-azis nil) (translation-
azxis t) (axis-dim (send self :calc-target-axis-dimension rotation-azis translation-axis)) (inertia-matriz (make-matriz azis-dim
(send self :calc-target-joint-dimension link-list))) (update-mass-properties t) &allow-other-keys [oooo)

:calc-inertia-matrix-from-link-list &rest args &key (link-list (send-all joint-list :child-link)) (rotation-azis nil) (translation-
azis t) (axis-dim (send self :calc-target-axis-dimension rotation-azis translation-axis)) (inertia-matriz (make-matriz axis-dim
(send self :calc-target-joint-dimension link-list))) (update-mass-properties t) (azis-for-angular) (tmp-v0 (instantiate float-vector
0)) (tmp-vl (instantiate float-vector 1)) (tmp-v2 (instantiate float-vector 2)) (tmp-va (instantiate float-vector 3)) (tmp-vb
(instantiate float-vector 3)) (tmp-vc (instantiate float-vector 8)) (tmp-vd (instantiate float-vector 3)) (tmp-ma (make-matric
8 8)) (tmp-mb (make-matriz 8 8)) (tmp-mc (make-matriz 8 8)) Eallow-other-keys [0ooo]

:update-mass-properties &key (tmp-va (instantiate float-vector 3)) (tmp-vb (instantiate float-vector 3)) (tmp-ma (make-
matriz 3 3)) (tmp-mb (make-matriz 3 8)) (tmp-mc (make-matriz 8 3)) a

ooo)
joint O0O0]

:super propertied-object

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
:calc-angular-acceleration-jacobian &rest args [oooo)
:calc-spacial-acceleration-jacobian &rest args [0ooo]
:calc-angular-velocity-jacobian &rest args [OoOoo)
:calc-spacial-velocity-jacobian &rest args [oooo)
rotational-joint ooo]

:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
:calc-angular-acceleration-jacobian avj tmp-va [Oooo)
:calc-spacial-acceleration-jacobian svj avj tmp-va tmp-vb [oooo)
:calc-angular-velocity-jacobian azx tmp-va [0ooo]

:calc-spacial-velocity-jacobian az tmp-va tmp-vb [oooo)
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linear-joint ooo]

:super joint

:slots parent-link child-link joint-angle min-angle max-angle default-coords joint-velocity joi
:calc-angular-acceleration-jacobian avj tmp-va [0oo0]
:calc-spacial-acceleration-jacobian svj avj tmp-va tmp-vb [DooO]
:calc-angular-velocity-jacobian az tmp-va [DO0D00O]
:calc-spacial-velocity-jacobian az tmp-va tmp-vb [OoOoOg]
bodyset-link Ooo]

:super bodyset

:slots rot pos parent descendants worldcoords manager changed geometry::bodies joint pare

:inverse-dynamics &key (debug-view nil) (tmp-va (float-vector 0 0 0)) (tmp-vb (float-vector 0 0 0)) (tmp-ve (float-vector 0 0
0)) (tmp-ma (make-matriz 8 8)) (tmp-mb (make-matriz 8 8)) (tmp-mc (make-matriz 8 8)) (tmp-md (make-matriz 3 3)) [0
0onOo)

:forward-all-kinematics &key (debug-view nil) (tmp-va (float-vector 0 0 0)) [OOoO0O0]
:ext-moment &optional m [0oo0]
:ext-force &optional f [Doog]
:moment [OOoO0O0]
:force ooooj
:spacial-acceleration &optional sa [0ooo]
:spacial-velocity &optional aa [DoD00O]
:angular-acceleration &optional aa [OoOo0]
:angular-velocity &optional aa [0oo0]
:reset-dynamics [Doo0]
cascaded-link ooo]

:super cascaded-coords

:slots rot pos parent descendants worldcoords manager changed links joint-list bodies collisi
:sinertia-tensor &optional (update-mass-properties t) [Do00O)

Calculate total robot inertia tensor [g mm?] around total robot centroid in euslisp world coordinates.

If update-mass-properties argument is t, propagate total mass prop calculation for all links and returns
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total robot inertia tensor.

Otherwise, do not calculate total mass prop, just returns pre-computed total robot inertia tensor.

:centroid &optional (update-mass-properties t) D000
Calculate total robot centroid (Center Of Gravity, COG) [mm] in euslisp world coordinates.
If update-mass-properties argument is t, propagate total mass prop calculation for all links and returns
total robot centroid.

Otherwise, do not calculate total mass prop, just returns pre-computed total robot centroid.

sweight &optional (update-mass-properties t) [0ooo)
Calculate total robot weight [g].
If update-mass-properties argument is t, propagate total mass prop calculation for all links and returns
total robot weight.

Otherwise, do not calculate total weight, just returns pre-computed total robot weight.

:calc-zmp [method]
Eoptional (av (send self :angle-vector)) (root-coords (send (car (send self :links)) :copy-worldcoords))
(dt 0.005)
(update t)
(debug-view)
(calc-torque-buffer-args (send self :calc-torque-buffer-args))
Calculate Zero Moment Point based on Inverse Dynamics.
The output is expressed by the world coordinates,
and depends on historical robot states of the past 3 steps. Step is incremented when this method is
called.
After solving Inverse Dynamics, ZMP is calculated from total root-link force and moment.
necessary arguments ->av and root-coords.
If update is t, call inverse dynamics, otherwise, just return zmp from total root-link force and moment.
dt [s] is time step used only when update is t.
pZMPz is ZMP height [mm].
After this method, (send robot :get :zmp) is ZMP and (send robot :get :zmp-moment) is moment
around ZMP.

:preview-control-dynamics-filter dt avs &key (preview-controller-class preview-controller) (cog-method :move-base-pos)
(delay 0.8) [oooo]

:draw-torque vwer &key flush (width 2) (size 100) (color (float-vector 1 0.3 0)) (warning-color (float-vector 1 0 0)) (torque-
threshold nil) (torque-vector (send self :torque-vector)) ((:joint-list jlist) (send self :joint-list)) 0
0o0]

:calc-contact-wrenches-from-total-wrench target-pos-list &key (total-wrench) (weight (fill (instantiate float-vector (x6

(length target-pos-list))) 1)) [0ooo]
:wrench-list->wrench-vector wrench-list [oooo)
:wrench-vector->wrench-list wrench-vector [OooOo)
:calc-cop-from-force-moment force moment sensor-coords cop-coords &key (fz-thre 1) (return-all-values) [Oooo)

:calc-torque-from-ext-wrenches &key (force-list) (moment-list) (target-coords) ((:jacobi tmp-jacobi)) [oooo)
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:calc-av-vel-acc-from-pos dt av [oooo)

:calc-root-coords-vel-acc-from-pos dt root-coords [oooo]

:cale-torque-from-vel-acc &key (debug-view nil) (juv (instantiate float-vector (length joint-list))) (jav (instantiate float-
vector (length joint-list))) (root-spacial-velocity (float-vector 0 0 0)) (root-angular-velocity (float-vector 0 0 0)) (root-spacial-
acceleration (float-vector 0 0 0)) (root-angular-acceleration (float-vector 0 0 0)) (calc-torque-buffer-args (send self :calc-torque-
buffer-args)) O
000]

:cale-torque-without-ext-wrench &key (debug-view nil) (calc-statics-p t) (dt 0.005) (av (send self :angle-vector)) (root-
coords (send (car (send self :links)) :copy-worldcoords)) (calc-torque-buffer-args (send self :calc-torque-buffer-args)) o
0DOo]

:calc-torque &key (debug-view nil) (calc-statics-p t) (dt 0.005) (av (send self :angle-vector)) (root-coords (send (car (send
self :links)) :copy-worldcoords)) (force-list) (moment-list) (target-coords) (calc-torque-buffer-args (send self :calc-torque-buffer-

args)) o

ooo]

:calc-torque-buffer-args [oooo)

:torque-ratio-vector &rest args Ekey (torque (sendxself :torque-vector args)) [ODoOoOo)

:max-torque-vector [oooo)

riccati-equation 0oo)
:super propertied-object

:slots abcpqrka-bkt r+btpb-1

:init aa bb cc qq [OoDoOo)
:solve [oooo)
:solve [oooo]
:init aa bb cc qq [OoOoo)
preview-controller ooo]
:super riccati-equation
:slots xk uk delay f1-n yl-n queue-index initialize-queue-p additional-data-queue finishedp i
:init [method]
dt &key (q)
(r)
((:delay d))
((a -a))
((:b b))
(e <))
(
(
(
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(init-xk (instantiate float-vector (array-dimension _a 0)))
(init-uk (make-matrix (array-dimension _b 1) 1))

((:initialize-queue-p igp))

Initialize preview-controller.

Q is weighting of output error and R is weighting of input.
dt is sampling time [s].

delay is preview time [s].

init-xk is initial state value.

A, B, C are state eq matrices.

286

If initialize-queue-p is t, fill all queue by the first input at the begenning, otherwise, do not fill queue

at the first.

:update-xk p &optional (add-data)
Update xk by inputting reference output.

Return value : nil (initializing) =>return values (middle) =>nil (finished)

oooo]

If p is nil, automatically the last value in queue is used as input and preview controller starts finishing.

:finishedp

Finished or not.

:last-reference-output-vector
Last value of reference output queue vector (y_k+N_ref).

Last value is latest future value.

:current-reference-output-vector
First value of reference output queue vector (y_k_ref).

First value is oldest future value and it can be used as current reference value.

:current-state-vector

Current state value (xk).

:current-output-vector

Current output value (yk).

:current-additional-data
Current additional data value.

First value of additional-data-queue.

:pass-preview-controller reference-output-vector-list

Get preview controller results from reference-output-vector-list and returns list.

:cale-f
:calc-u

:calc-xk

:pass-preview-controller reference-output-vector-list

Get preview controller results from reference-output-vector-list and returns list.

:current-additional-data

Current additional data value.

oooo]

oooo]

oooo]

0ooo]

0ooo]

0ooo]

oooo]

[oooo)
[oooo)

Oooo]

0ooo]

0ooo]
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First value of additional-data-queue.

:current-output-vector

Current output value (yk).

:current-state-vector

Current state value (xk).

:current-reference-output-vector
First value of reference output queue vector (y_k_ref).

First value is oldest future value and it can be used as current reference value.

:last-reference-output-vector
Last value of reference output queue vector (y_k+N_ref).

Last value is latest future value.

:finishedp

Finished or not.

:update-xk p &optional (add-data)
Update xk by inputting reference output.

Return value : nil (initializing) =>return values (middle) =>nil (finished)
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oooo]

[0ooO0)

oooo]

oooo]

oooo]

oooo]

If p is nil, automatically the last value in queue is used as input and preview controller starts finishing.

:init

(

(

(

(

((:

(state-dim (array-dimension _a 0))

((:output-dim odim) (array-dimension _c 0))

((:input-dim idim) (array-dimension _b 1))

(init-xk (instantiate float-vector (array-dimension _a 0)))

(init-uk (make-matrix (array-dimension _b 1) 1))
((:initialize-queue-p iqp))

Initialize preview-controller.

Q is weighting of output error and R is weighting of input.

dt is sampling time [s].

delay is preview time [s].

init-xk is initial state value.

A, B, C are state eq matrices.

[method]

If initialize-queue-p is t, fill all queue by the first input at the begenning, otherwise, do not fill queue

at the first.

:calc-xk

:calc-u

:cale-f

[oooo)

Oooo]

[oooo)
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extended-preview-controller
:super preview-controller

:slots orga orgb orgc xkx

:init

dt &key (q)
)
(:delay d))
(a orga))
(:b _orgb))
(s orge))
init-xk (instantiate float-vector (array-dimension _orga 0)))
init-uk (make-matrix (array-dimension _orgb 1) 1))
state-dim (array-dimension _orga 0))

(r
(
(
(
(
(i
(i
(
(

(:initialize-queue-p igp))
(g-mat)

Initialize preview-controller in extended system (error system).

Q is weighting of output error and R is weighting of input.
dt is sampling time [s].
delay is preview time [s].

init-xk is initial state value.

288

O0oo]

[method]

A, B, C are state eq matrices for original system and slot variables A,B,C are used for error system

matrices.

If initialize-queue-p is t, fill all queue by the first input at the begenning, otherwise, do not fill queue

at the first.

:current-output-vector
Current additional data value.

First value of additional-data-queue.

:calc-f

:calc-u

:calc-xk

:current-output-vector
Current additional data value.

First value of additional-data-queue.

:init

oooo]

[oooo)
[oooo)

[oooo)

oooo]

[method]
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init-xk (instantiate float-vector (array-dimension _orga 0)))

(
(init-uk (make-matrix (array-dimension _orgb 1) 1))
(state-dim (array-dimension _orga 0))
((:initialize-queue-p iqp))
(gq-mat)
Initialize preview-controller in extended system (error system).
Q is weighting of output error and R is weighting of input.
dt is sampling time [s].
delay is preview time [s].

init-xk is initial state value.
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A, B, C are state eq matrices for original system and slot variables A,B,C are used for error system

matrices.

If initialize-queue-p is t, fill all queue by the first input at the begenning, otherwise, do not fill queue

at the first.

:calc-xk
:calc-u

:cale-f

preview-control-cart-table-cog-trajectory-generator
:super propertied-object

:slots pcs cog-z zmp-z

:init
dt _zc Ekey (q 1)
r 1.000000e-06)
(:delay d) 1.6)
init-xk (float-vector 0 0 0))
a _a) (make-matrix 3 3 (list (list 1 dt (0.5 dt dt)) (list 0 1 dt) (list 0 0 1))))
b _
¢ _¢) (make-matrix 1 3 (list (list 1.0 0.0 (- (/ -zc (elt xg-vecx2)))))))

initialize-queue-p igp))

(:
(:
(:
(:

~ o~ o~ o~ o~ o~ o~ o~

preview-controller-class extended-preview-controller)

b) (make-matrix 3 1 (list (list (+(/ 1.0 6.0) dt dt dt)) (list (x0.5 dt dt)) (List dt))))

[oooo)
[oooo)

Oooo]

[0oo)

[method]

COG (xy) trajectory generator using preview-control convert reference ZMP from reference COG.

dt ->sampling time[s], -zc is height of COG [mm].

preview-controller-class is preview controller class (extended-preview-controller by default).

For other arguments, please see preview-controller and extended-preview-controller :init documenta-

tion.

:refcog
Reference COG [mm)].

:cart-zmp

Cart-table system ZMP[mm] as an output variable.

:last-refzmp

oooo]

oooo]

oooo]
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Reference zmp at the last of queue.

:current-refzmp

Current reference zmp at the first of queue.

:update-xk p Hoptional (add-data)

Update xk and returns zmp and cog values.

For arguments, please see preview-controller and extended-preview-controller :update-xk.

:finishedp

Finished or not.

:current-additional-data

Current additional data value.

:pass-preview-controller reference-output-vector-list

Get preview controller results from reference-output-vector-list and returns list.
:COg-Z

COG Z [mm].
:update-cog-z zc
:COg-Z

COG Z [mm].

:pass-preview-controller reference-output-vector-list

Get preview controller results from reference-output-vector-list and returns list.

:current-additional-data

Current additional data value.

:finishedp

Finished or not.

:update-xk p &optional (add-data)

Update xk and returns zmp and cog values.

For arguments, please see preview-controller and extended-preview-controller :update-xk.

:current-refzmp

Current reference zmp at the first of queue.

:last-refzmp

Reference zmp at the last of queue.

:cart-zmp

Cart-table system ZMP[mm)] as an output variable.

:refcog
Reference COG [mm)].

:init
dt _zc Ekey (q 1)
(r 1.000000e-06)
((:delay d) 1.6)
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oooo]

[0ooO0)

oooo]

oooo]

oooo]

0ooo]

Oooo]

0ooo]

0ooo]

0ooo]

oooo]

oooo]

oooo]

oooo]

0ooo]

0ooo]

[method]
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(init-xk (float-vector 0 0 0))

((:a _a) (make-matrix 3 3 (list (list 1 dt (x0.5 dt dt)) (list 0 1 dt) (list 0 0 1))))

((:b _b) (make-matrix 3 1 (list (list (x(/ 1.0 6.0) dt dt dt)) (list (x0.5 dt dt)) (list dt))))

((:c —¢) (make-matrix 1 3 (list (list 1.0 0.0 (- (/ —zc (elt xg-vecx2)))))))

((:initialize-queue-p igp))

(preview-controller-class extended-preview-controller)

COG (xy) trajectory generator using preview-control convert reference ZMP from reference COG.
dt ->sampling timels], _zc is height of COG [mm)].

preview-controller-class is preview controller class (extended-preview-controller by default).

For other arguments, please see preview-controller and extended-preview-controller :init documenta-

tion.
:update-cog-z zc [oooo)
gait-generator O0oo]
:super propertied-object
:slots robot dt footstep-node-list support-leg-list support-leg-coords-list swing-leg-dst-coord:
:init 76 _dt [OoDoOo)
:get-footstep-limbs fs [oooo)
:get-counter-footstep-limbs fs [0ooo]
:get-limbs-zmp-list limb-coords limb-names [OoOoo)
:get-limbs-zmp limb-coords limb-names [oooo)
:get-swing-limbs limbs [oooo]

:initialize-gait-parameter fsl time cog &key ((:default-step-height dsh) 50) ((:default-double-support-ratio ddsr) 0.2) (delay
1.6) ((:all-limbs al) '(:rleg :lleg)) ((:default-zmp-offsets dzo) (mapcan #’(lambda (z) (list z (float-vector 0 0 0))) al)) (q 1.0)

(r 1.000000e-06) (thre 1) (rthre (deg2rad 1)) (start-with-double-support t) ((:end-with-double-support ewds) t) [oooo)
:finalize-gait-parameter [OoDoOo)
:make-gait-parameter [oooo)
:calc-hoffarbib-pos-vel-acc tmp-remain-time tmp-goal old-acc old-vel old-pos [0ooo]
:calc-current-swing-leg-coords ratio src dst &key (type :shuffling) (step-height default-step-height) [OoOoo)
:calc-ratio-from-double-support-ratio [oooo)
:calc-current-refzmp prev cur next [oooo]
:calc-one-tick-gait-parameter type [OoOoo]

:proc-one-tick &key (type :shuffling) (solve-angle-vector :solve-av-by-move-centroid-on-foot) (solve-angle-vector-args) (debug
nil) [moooj
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:update-current-gait-parameter [oooo)

:solve-angle-vector support-leg support-leg-coords swing-leg-coords cog Ekey (solve-angle-vector :solve-av-by-move-centroid-
on-foot) (solve-angle-vector-args) o
0oo)

:solve-av-by-move-centroid-on-foot support-leg support-leg-coords swing-leg-coords cog robot &rest args Ekey (cog-gain 3.5)

(stop 100) (additional-nspace-list) &allow-other-keys [oooo)
:cycloid-midpoint ratio start goal height &key (top-ratio 0.5) [oooo)
:cycloid-midcoords ratio start goal height &key (top-ratio 0.5) (rot-ratio ratio) [oooo)
:cycloid-midcoords ratio start goal height &key (top-ratio 0.5) (rot-ratio ratio) [oooo)
:cycloid-midpoint ratio start goal height €key (top-ratio 0.5) [oooo)

:solve-av-by-move-centroid-on-foot support-leg support-leg-coords swing-leg-coords cog robot &rest args Ekey (cog-gain 3.5)
(stop 100) (additional-nspace-list) &allow-other-keys [OoDoOo)

:solve-angle-vector support-leg support-leg-coords swing-leg-coords cog €key (solve-angle-vector :solve-av-by-move-centroid-

on-foot) (solve-angle-vector-args) o
ooo)
:update-current-gait-parameter [0ooo]

:proc-one-tick &key (type :shuffling) (solve-angle-vector :solve-av-by-move-centroid-on-foot) (solve-angle-vector-args) (debug

nil) [Oooo)]
:calc-one-tick-gait-parameter type [oooo]
:calc-current-refzmp prev cur next [OoOoo)
:calc-ratio-from-double-support-ratio [oooo)
:calc-current-swing-leg-coords ratio src dst &key (type :shuffling) (step-height default-step-height) [oooo]
:calc-hoffarbib-pos-vel-acc tmp-remain-time tmp-goal old-acc old-vel old-pos [0ooo)
:make-gait-parameter [0oOoOo)
:finalize-gait-parameter [Oooo)

:initialize-gait-parameter fsl time cog &key ((:default-step-height dsh) 50) ((:default-double-support-ratio ddsr) 0.2) (delay
1.6) ((:all-limbs al) ’(:rleg :lleg)) ((:default-zmp-offsets dzo) (mapcan #’(lambda (z) (list = (float-vector 0 0 0))) al)) (q 1.0)

(r 1.000000e-06) (thre 1) (rthre (deg2rad 1)) (start-with-double-support t) ((:end-with-double-support ewds) t) [oooo]
:get-swing-limbs limbs [OoOoo)
:get-limbs-zmp limb-coords limb-names [Oooo)

:get-limbs-zmp-list limb-coords limb-names [oooo]
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:get-counter-footstep-limbs fs [OOO0]
:get-footstep-limbs fs [0oo0]
:init b _dt [Doo00O]

calc-inertia-matrix-rotational mat row column paxis m-til c-til i-til azis-for-angular child-link world-default-coords translation-
axis rotation-axis tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m 0o

calc-inertia-matrix-linear mat row column paxis m-til c-til i-til axis-for-angular child-link world-default-coords translation-
azis rotation-axis tmp-v0 tmp-vl tmp-v2 tmp-va tmp-vb tmp-ve tmp-vd tmp-m [ooj

19 0D0O0O0Ooooadg
000000 Irtviewer 00000 (Figkm )O

(make-irtviewer)

O 26: Default irtviewer

Irtviewer 0000 00xy0OOOO0OOOOOOOO (Figka)O

(make-irtviewer)
(send *irtviewer* :draw-floor 100)

(send *irtviewer* :draw-objects)
Intviewer 0000000000000 O0xy0OODOOOO0OODOO0O0O0OOO (Figky)O

(make-irtviewer)

(send *irtviewer* :change-background (float-vector 1 1 1))
(send *irtviewerx :draw-floor 100)

(send *irtviewer* :floor-color #f(0 0 0))

(send *irtviewer* :draw-objects)
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O 27: Irtviewer with floor grid

O 28: Irtviewer with white background and floor grid

viewer ooo]
:super propertied-object
:slots geometry::eye geometry::port geometry::surface

:draw-objects &rest args [Ooog]

:draw-circle z::c &key (z::radius 50) (z:flush nil) (z::arrow nil) (z::arc 2pi) (z::arrow-scale #f(1.0 1.0)) [OO0O00]
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X:iirtviewer ooo]

:super x:panel

:slots x::viewer x::objects x::draw-things x::previous-cursor-pos x::left-right-angle x::up-down
:draw-origin &optional (v::tmp-draw-origin :null) [DooO]

get/set draw-origin

:draw-floor &optional (z::tmp-draw-floor :null) D000
get/set draw-floor

:floor-color &optional (x::tmp-floor-color null) [Doo0]

get/set floor-color

:logging &optional (x::flag :on) [DoOooO)
start/stop logging
:clear Clear log
:start Start logging
restart Stop and restart logging
:stop Stop logging

:save-mpeg [method]

&ley (fname anim.mpg)
(x::delay 5)
(delete t)

":save-mpeg’ saves logged images as mpeg.

To start image log, run ":logging :start’ and to stop log, run ’:logging :stop’.

Note that ":logging :stop’ did not clear the logged sequence, so you need to run

:logging :clear’.

:save-anmigif’ did not stop nor clear the image sequence, so you have to run them manuualy

:save-animgif [method]

Ekey (fname anim.gif)
(x::delay 5)
(x::transparent t)
(loop t)
(delete t)

:save-anmigif’ saves logged images as animation gif.

To start image log, run ":logging :start’ and to stop log, run ’:logging :stop’.

Note that ":logging :stop’ did not clear the logged sequence, so you need to run

logging :clear’.

:save-anmigif’ did not stop nor clear the image sequence, so you have to run them manuualy

:save-image x::filename [Do00O)
save curent view to image, supported formats are jpg/png/pnm

:create &rest args Ekey (x::title IRT viewer) (x::view-name (gensym title)) (z::hither 200.0) (x::yon 50000.0) (z::width 500)
(z::height 500) ((:draw-origin do) 150) ((:draw-floor z::df) nil) ((:floor-color z::fc) #f(1.0 1.0 1.0)) (z::call-super t) &allow-
other-keys [a
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0oo)

:viewer &rest args

:redraw

iexpose z:event

iresize z::newwidth x::newheight

:configurenotify z:event

:viewtarget &optional z::p

:viewpoint &optional x::p

:lookl &optional (z::vt z::viewtarget) (z::lra z::left-right-angle) (z::uda z::up-down-angle)

:look-all &optional z::bbox

:move-viewing-around-viewtarget z:event x::x x::y x::dx x::dy x::vwr

:set-cursor-pos-event z:event

:move-coords-event z:event

:draw-event z:event

:draw-objects &rest args

:objects &rest args

:select-drawmode z::mode

:flush

:change-background z::col

:clear-log

:push-image

:clear-image-sequence

:image-sequence

:floor-color &optional (z::tmp-floor-color :null)

get/set floor-color

:draw-floor &optional (x::tmp-draw-floor :null)

get/set draw-floor
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:draw-origin &optional (z::tmp-draw-origin :null) [Do0O)
get/set draw-origin
:change-background z::col [0ooo]
:flush [oooo)
:select-drawmode z::mode [oooo)
:objects &rest args [oooo)
:draw-objects &rest args [oooo)
:draw-event z:event [OoDoOo)
:move-coords-event z:event [oooo)
:set-cursor-pos-event z:event [0ooo]
:move-viewing-around-viewtarget z:event x::x x::y x::dx x::dy x::vwr [OoOoo)
:look-all &optional z::bbox [oooo)
:lookl &optional (z::vt x::viewtarget) (x::lra z::left-right-angle) (z::uda z::up-down-angle) [0ooo]
:viewpoint &optional x::p [oooo)
:viewtarget &optional z::p [oooo)
:configurenotify z:event [oooo)
resize z::newwidth z::newheight [oooo)
:expose z:event [ODoOoOo)
:redraw [Oooo)
rviewer &rest args [oooo]

:create &rest args Ekey (x::title IRT viewer) (z::view-name (gensym title)) (z::hither 200.0) (z::yon 50000.0) (z::width 500)
(z::height 500) ((:draw-origin do) 150) ((:draw-floor z::df) nil) ((:floor-color x::fc) #f(1.0 1.0 1.0)) (z::call-super t) &allow-

other-keys o
ooo)
:save-image z::filename [Do0O)

save curent view to image, supported formats are jpg/png/pnm

:save-animgif [method]
&ley (fname anim.gif)
(x::delay b)
(x::transparent t)
(loop t)
(delete t)
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":save-anmigif’ saves logged images as animation gif.

To start image log, run ’:logging :start’ and to stop log, run ":logging :stop’.
Note that ":logging :stop’ did not clear the logged sequence, so you need to run
":logging :clear’.

:save-anmigif’ did not stop nor clear the image sequence, so you have to run them manuualy

:save-animgif [method]

&key (fname anim.gif)
(x::delay 5)
(x::transparent t)
(loop t)
(delete t)

":save-anmigif’ saves logged images as animation gif.

To start image log, run ’:logging :start’ and to stop log, run ":logging :stop’.

Note that ":logging :stop’ did not clear the logged sequence, so you need to run

":logging :clear’.

:save-anmigif’ did not stop nor clear the image sequence, so you have to run them manuualy

:save-mpeg [method]

&key (fname anim.mpg)
(x::delay 5)
(delete t)

":save-mpeg’ saves logged images as mpeg.

To start image log, run ’:logging :start’ and to stop log, run ":logging :stop’.

Note that ’:logging :stop’ did not clear the logged sequence, so you need to run

":logging :clear’.

:save-anmigif’ did not stop nor clear the image sequence, so you have to run them manuualy

:logging &optional (x::flag :on) [DoOoo)
start /stop logging
:clear Clear log
:start Start logging
restart Stop and restart logging
:stop Stop logging

:image-sequence [0ooo]

:clear-image-sequence [oooo)

:push-image [ODoDoOo)

:clear-log [Oooo)

viewing Ooo]
:super cascaded-coords

:slots rot pos parent descendants worldcoords manager changed geometry::viewcoords
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:look geometry::from Eoptional (geometry::to (float-vector 0 0 0)) (geometry::view-up (float-vector 0 0 1))

viewer-dummy
:super

:slots

:nomethod &rest args

:nomethod &rest args

irtviewer-dummy
:super
:slots

:objects &rest args

:nomethod &rest args

:nomethod &rest args

:objects &rest args

propertied-object

nil

propertied-object
objects draw-things

irtviewer-no-window

:super

:slots

:init &rest args

:create &rest args

:resize newwidth newheight

:nomethod &rest args

:nomethod &rest args

:resize newwidth newheight

:create 8rest args

:init &rest args

make-irtviewer rest args

Create irtviewer

:view-name title

propertied-object

irtviewer

:hither near cropping plane

:yon far cropping plane

:width width of the window
:height height of the window

:draw-origin size of origin arrow, use nil to disable it
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:draw-floor use t to view floor
:floor-color floor color. default is #£(1 1 1), i.e. white.

x::make-Ir-ud-coords z::lra z::uda 0o
x::make-mpeg-from-images z::mpgfile x::images &key (delete t) (x::delay 1) 0o
x::make-animgif-from-images z::giffile z::images &key (delete t) x::transparent (loop t) (z::delay 10) (z::background 000000)
Oo]

x::draw-things z::0bjs [Ooo]
objects &optional (objs t) vw OO
make-irtviewer-dummy &rest args [oo)
geometry::default-pixmapsurface &rest args [oo]
make-irtviewer-no-window &rest args [Ooo]
20 0OOOUd4d

20,1 0ODOOOOoOoO

gbocobooboooobooboobooooobooboooboooooboobooboobOoooag
oood

e 1J00DUDDODDUOOUDOOOODO (collision-check O0)

e 10000 UIODODUIDDOODOOOODODO (collision-distance 00 )

irteus0 0000000000000 DOOO0ODOOOO0OODOOOOODOOOOOOOOOODOOOO
0000000 00PQPO Bullet DO ODO0O0O0O0ODOOODOO0ODOOO0ODOO PQPOOOODOOOODOO
0 O O O select-collision-algorithm O OO0 0000000 O0OO0OO0OOOOODOOODOOODOOO

(select—collision—algorithm *collision—algorithm—pq_p*) ;; use PQP
(select-collision-algorithm *collision-algorithm-bullet*) ;; use Bullet

gboboobooboooboboooboobooboooboooboooboobOoobOooooobooobooboooona
0000 http://gamma.cs.unc.edu/research/collision/0 0 00 000000000000 00O0O0OOOO
Bullet 0ODOOOOOMD

cascaded-coords Oo0]
:super coordinates
:slots rot pos parent descendants worldcoords manager changed
:make-collisionmodel &rest args Ekey Eallow-other-keys [Dooo)

Make collision model and save pointer.
collision-distance modell model2 Erest args Ekey Eallow-other-keys [OO]

Calculate collision distance between modell and model2.

Return value is (list [distance] [nearest point on modell] [nearest point on model2]).

collision-check modell model2 Erest args [00O]
Check collision between modell and model2.
If return value is 0, no collision.

Otherwise (return value is 1), collision.

collision-check-objects 0bjI 0bj2 Erest args Ekey Eallow-other-keys [00O)
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Check collision between objl and obj2.
objl and obj2 should be list of models.
If return value is nil, no collision.

Otherwise (return value is t), collision.

select-collision-algorithm alg [OO]
Select collision algorithm.

:pgp and :bullet are supported.

20.1.1 00OOO0OOO0ODOODOObDOO

0 O O O collision-check O collision-distance 0 0000000000 ODO0O0OODOOOOOOOODOOO
0000000000000 000000000000D00000 collision-distance D O0O0O0OOOOOOOO
PQPO Bullet 000 DOOO0D0OOO0OODOOD BulleteODOOODOOODOOO
;5 Make models
(setq *b0* (make-cube 100 100 100))

(setq *blx (make-cube 100 100 100))
;; Case 1 : no collision
(send *bO* :newcoords (make-coords :pos #f(100 100 -100)
:rpy (list (deg2rad 10) (deg2rad -20) (deg2rad 30))))
(objects (list *bO* *blx))
(print (collision-check *bO* *blx)) ;; Check collision
(let ((ret (collision-distance *bO* *bl*))) ;; Check distance and nearest points

(print (car ret)) ;; distance

(send (cadr ret) :draw-on :flush nil :size 20 :color #f(1 O 0)) ;; nearest point on *b0*

(send (caddr ret) :draw-on :flush nil :size 20 :color #f(1 0 0)) ;; nearest point on *blx

(send *irtviewerx :viewer :draw-line (cadr ret) (caddr ret))

(send *irtviewer* :viewer :viewsurface :flush))

;; Case 2 : collision
(send *b0* :newcoords (make-coords :pos #f(50 50 -50)
:rpy (list (deg2rad 10) (deg2rad -20) (deg2rad 30))))
(objects (list *bO* *blx))
(print (collision-check *bO* *blx)) ;; Check collision
(let ((ret (collision-distance *bO* *bl*))) ;; Check distance and nearest points

(print (car ret)) ;; distance

;3 In case of collision, nearest points are insignificant values.

(send (cadr ret) :draw-on :flush nil :size 20 :color #f(1 0 0)) ;; nearest point on *bOx

(send (caddr ret) :draw-on :flush nil :size 20 :color #f(1 0 0)) ;; nearest point on *bilx

(send *irtviewer* :viewer :draw-line (cadr ret) (caddr ret))
(send *irtviewer* :viewer :viewsurface :flush))

20.1.2 00O0O0oOgooooaoo

goboboooboobooobooooboobooobooooobooooooooooboobooonoag
gboocobOoboooobooboooobooooooboOooooboobooooooon

(load "irteus/demo/sample-arm-model.l")
(setq *sarm* (instance sarmclass :init))
(send *sarm* :reset-pose)

(setq a 42)

(send *sarm* :move-fingers a)

(setq *target* (make-cube 30 30 30))

(send *target* :translate #f (350 200 400))
(objects (list *sarm* *targetx))

(send *sarm* :inverse-kinematics *target* :move-target (send *sarm* :end-coords) :debug-view t)
(while (> a 0)
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0 29: Collision detection

(if (collision-check-objects

(list (send *sarm* :joint-fr :child-link)
(send *sarmx :joint-fl :child-link))

(list *targetx*))
(return))

(decf a 0.1)

(send *irtviewer* :draw-objects)

(send *sarm* :move-fingers a))

(send *sarm* :end-coords :assoc *targetx)

(dotimes (i 100)
(send *sarm* :jointO :joint-angle 1 :relative t)
(send *irtviewer* :draw-objects))

(send *sarm* :end-coords :dissoc *target*)

(dotimes (i 100)
(send *sarm* :jointO :joint-angle -1 :relative t)
(send *irtviewer* :draw-objects))

0000000 ”irteus/demo/sample-arm-model.1”0 0 O O O :open-hand, :close-hand 000000000
goooood

20.2 pPQPUOOODOODOO

PQPOOOOCCOOOODOOOO LinO0O0O0O0O0O0O0O0OOCCOOODOODOOO0O0O0O0O0O0O0O0000OPQPO
O000000000000000 irteus/PQP/README.txt 00 0O 0 0O OO irteus/PQP/sre/PQP.L O 0 O

obooooobooooooboon

irteus0 PQPOOOO0OOOODOONO CPQP.C,euspgp.c, pqp.l 00000000000 O0OOOOODO
oo0oooooooooooon

(defun pgp-collision-check (modell model2
&optional (flag PQP_FIRST_CONTACT) &key (fat 0) (fat2 nil))
(let ((ml1 (get modell :pgpmodel)) (m2 (get model2 :pgpmodel))
(r1 (send modell :worldrot)) (tl1 (send modell :worldpos))
(r2 (send model2 :worldrot)) (t2 (send model2 :worldpos)))
(if (null fat2) (setq fat2 fat))
(if (null m1) (setq ml (send modell :make-pgpmodel :fat fat)))
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(if (null m2) (setq m2 (send model2 :make-pgpmodel :fat fat2)))
(pgpcollide rl t1 ml r2 t2 m2 flag)))

000000000r,rlr241000000000000000000O00000O0(get modell :pgpmodel)

OpPQPUIOOOOOOCODOCOO0OOOODOOOODDOOOOO make-pgpmodel 00 O0O0O0OOOODOOO
goooog

(defmethod cascaded-coords
(:make-pgpmodel
(&key (fat 0))
(let ((m (pgpmakemodel))
vs vl v2 v3 (id 0))
(setf (get self :pgpmodel) m)
(pgpbeginmodel m)
(dolist (f (send self :faces))
(dolist (poly (face-to-triangle-aux f))
(setq vs (send poly :vertices)
vl (send self :inverse-transform-vector (first vs))
v2 (send self :inverse-transform-vector (second vs))
v3 (send self :inverse-transform-vector (third vs)))
(when (not (= fat 0))
(setq vl (v+ vl (scale fat (normalize-vector v1)))
v2 (v+ v2 (scale fat (normalize-vector v2)))
v3 (v+ v3 (scale fat (normalize-vector v3)))))
(pgpaddtri m vl v2 v3 id)
(incf id)))
(pgpendmodel m)
m)))

0000000 (pgpmakemodel) 0000000000 pgpmakemodel 0000 Oeugpqp.cO000000O0
oood

pointer PQPMAKEMODEL(register context *ctx, int n, register pointer *argv)

{
int addr = PQP_MakeModel();
return makeint(addr);

00000DO0oooooooocPQP.CO
PQP\_Model *PQP_MakeModel ()
{

return new PQP_Model();

O0000000PQP-Model() O PQPLhODOIDOOOOOUDOOOOOODOODN ewslispO0000OO0
000 PQPOO0OOUOODOOOOUOOOOUOO (pgpbeginmodel m) 0 PQPOOOOOOOOOOOO
000000 (pgpaddtrim vl v2v3id) 000000000 0O0O0OO

cascaded-coords Ooo]
:super coordinates
:slots rot pos parent descendants worldcoords manager changed
:make-pgpmodel &key (geometry::fat 0) ((:faces geometry::fs) (send self :faces)) [DoD00O]
pap-collision-check [function]

geometry::modell geometry::model2 Eoptional (geometry::flag geometry::pgp_first_contact) €
(geometry::fat2 nil)

Check collision between modell and model2 using PQP.

If return value is 0, no collision.

Otherwise (return value is 1), collision.
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pqgp-collision-distance [function]
geometry::modell geometry::model2 E&key (geometry::fat 0)
(geometry::fat2 nil)
(geometry::qsize 2)
Calculate collision distance between modell and model2 using PQP.
Return value is (list [distance] [nearest point on modell] [nearest point on model2]).

If collision occurs, [distance] is 0 and nearest points are insignificant values.

pgp-collision-check-objects geometry::obj1 geometry::0bj2 Ekey (geometry::fat 0.2) [OO]

return nil or t

20.3 BulletOODOOODOO

Bullet DO0DOO0OOOOOODOOOOOODOOODOOODOOOOODOODOOOIrteusd Bullet OO O
00000000 CBULLET.cpp, eusbullet.c, bullet.1 OO0 O0O0O0O0OCOOO0O0O00000 PQPOCCODO
ooo

PQPO Bullet 0O DOOOOODOOOODO

e 10OO0OOOOOODO collisiondistance 0 OO OPQPOOOOOODOOOOOOOOOOOODOOO
000000000000 Bullet00000000000O00O0O0O0O0OO0O0O0OOOOODO (penetration
depth00000)0000000000O0OO0O0OOU0OOU0OOD0OOOOOOOOODOOOOOOODOO

e PQPOOOODODDODOODOOOOODODOOOOODOOOOBUetDODOOOOODODOOOOOO
oooooooooogo

cascaded-coords ooo]
:super coordinates
:slots rot pos parent descendants worldcoords manager changed

:make-btmodel [method]

&key (geometry::fat 0)
((:faces geometry::fs))

Make bullet model and save pointer of the bullet model.
geometry::bt-make-model-from-body [function]

geometry::b Ekey (csg (send geometry::b :csg))
(geometry::margin 0)

Make bullet model from body.

bt-collision-distance [function]
geometry::modell geometry::model2 Ekey (geometry::fat 0)
(geometry::fat2 nil)
(geometry::qsize)
Calculate collision distance between modell and model2 using Bullet.
Return value is (list [distance] [nearest point on modell] [nearest point on model2]).

gsize argument is not used, just for compatibility with pgp-collision-distance.
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bt-collision-check

geometry::modell geometry::model2 E&key (geometry::fat 0)

(geometry::fat2 nil)

Check collision between modell and model2 using Bullet.
If return value is 0, no collision.

Otherwise (return value is 1), collision.

21 BVHOOO

bvh-link

:super bodyset-link
:slots type offset channels neutral

:init name typ offst chs parent children

create link for bvh model

:type
:offset

:channels

:init name typ offst chs parent children

create link for bvh model

:channels
:offset

:type
bvh-sphere-joint

:super sphere-joint

:slots axis-order bvh-offset-rotation

:init
Erest args Ekey (order (list :z :x :y))
((:bvh-offset-rotation bvh-rotation) (unit-matrix 3))
&allow-other-keys

create joint for bvh model

:;joint-angle-bvh &optional v
:joint-angle-bvh-offset &optional v

:joint-angle-bvh-impl v bvh-offset
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:axis-order [Oooo)
:bvh-offset-rotation [0ooo]
:init [method]

&rest args Ekey (order (list :z :x :y))
((:bvh-offset-rotation bvh-rotation) (unit-matrix 3))

&allow-other-keys

create joint for bvh model

:bvh-offset-rotation [Oooo)
:axis-order [0ooo]
:joint-angle-bvh-impl v bvh-offset [OoOoOo)
:joint-angle-bvh-offset &optional v [oooo)
:joint-angle-bvh &optional v [0ooo]
bvh-6dof-joint moo]

:super 6dof-joint

:slots scale axis-order bvh-offset-rotation

:init &rest args Ekey (order (list :x :y :z :z :x :y)) ((:scale scl)) ((:bvh-offset-rotation bvh-rotation) (unit-matriz 3)) €allow-

other-keys 0
0oo)

:joint-angle-bvh &optional v [oooo)
:joint-angle-bvh-offset &optional v [0ooo]
:joint-angle-bvh-impl v bvh-offset [OoOoOo)
:axis-order [Oooo)
:bvh-offset-rotation [0ooo]
:bvh-offset-rotation [oooo)
:axis-order [ODoOoOo)
:joint-angle-bvh-impl v bvh-offset [oooo)
:joint-angle-bvh-offset &optional v [oooo]
:joint-angle-bvh &optional v [oooo)

:init &rest args Ekey (order (list :x :y :z :z :x ry)) ((:scale scl)) ((:bvh-offset-rotation bvh-rotation) (unit-matriz 3)) €allow-
other-keys [a
ooo)
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bvh-robot-model
:super robot-model
:slots nil

:init

Erest args Ekey tree
coords
((:scale scl))

create robot model for bvh model

:make-bvh-link tree &key parent ((:scale scl))

:angle-vector &optional vec (angle-vector (instantiate float-vector (calc-target-joint-dimension joint-list)))

:dump-joints links €key (depth 0) (strm *standard-outputx)

:dump-hierarchy &optional (strm xstandard-outputx)
:dump-motion &optional (strm xstandard-outputs)
:copy-state-to robot

fix-joint-angle i limb joint-name joint-order a
fix-joint-order jo limb

:bvh-offset-rotate name

:init-end-coords

:init-root-link
:init
Erest args Ekey tree

coords
((:scale scl))

create robot model for bvh model

:bvh-offset-rotate name

fix-joint-order jo limb

fix-joint-angle i limb joint-name joint-order a
:copy-state-to robot

:dump-motion &optional (strm xstandard-outputx)

:dump-hierarchy &optional (strm xstandard-output*)
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:dump-joints links &key (depth 0) (strm xstandard-outputs)

:angle-vector &optional vec (angle-vector (instantiate float-vector (calc-target-joint-dimension joint-list)))

:make-bvh-link tree &key parent ((:scale scl))

motion-capture-data

:super propertied-object

:slots frame model animation

:dinit fname &key (coords (make-coords)) ((:scale scl))

:model &rest args

:animation &rest args

:frame &optional f

:frame-length

:animate &rest args &key (start 0) (step 1) (end (send self :frame-length)) (interval 20) Eallow-other-keys
:animate &rest args Ekey (start 0) (step 1) (end (send self :frame-length)) (interval 20) €allow-other-keys

:frame-length
:frame &optional f
:animation &rest args
:model &rest args

:init fname &key (coords (make-coords)) ((:scale scl))

:init-root-link

:init-end-coords

rikiya-bvh-robot-model
:super bvh-robot-model

:slots nil

:init Erest args
:larm-collar &rest args
:larm-shoulder &rest args

:larm-elbow &rest args
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:slarm-wrist &rest args [Oooo)
:rarm-collar &rest args [oooo]
:rrarm-shoulder &rest args [oooo)
:rarm-elbow &rest args [oooo)
rrarm-wrist &rest args [oooo]
:lleg-crotch &rest args [oooo)
:lleg-knee &rest args [Oooo)
:lleg-ankle &rest args [0ooo]
:rleg-crotch &rest args [oooo)
:rleg-knee &rest args [oooo)
:rleg-ankle &rest args [oooo)
:torso-chest &rest args [oooo)
:head-neck &rest args [oooo)
:copy-joint-to robot limb joint Eoptional (sign 1) [oooo)
:copy-state-to robot [0ooo]
:copy-state-to robot [OoOoo]
:copy-joint-to robot limb joint &optional (sign 1) [oooo)
:head-neck &rest args [oooo]
:torso-chest &rest args [oooo)
:rleg-ankle &rest args [oooo)
:rleg-knee 8rest args [oooo)
:rleg-crotch &rest args [oooo]
:lleg-ankle &rest args [oooo)
:lleg-knee &rest args [oooo)
:lleg-crotch &rest args [oooo]

rrarm-wrist &rest args [oooo)
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:rarm-elbow &rest args
:rarm-shoulder &rest args
:rarm-collar &rest args
:larm-wrist &rest args
:larm-elbow &rest args
:larm-shoulder &rest args
:larm-collar &rest args

:init &rest args

tum-bvh-robot-model
:super bvh-robot-model

:slots nil

:init Erest args

:init &rest args

cmu-bvh-robot-model
:super bvh-robot-model

:slots nil

:init Erest args

:init &rest args

read-bvh fname &key scale
read bvh file

bvh2eus

fname Erest args Ekey ((:objects obj) nil)

&allow-other-keys

read bvh file and anmiate robot model in the viewer

for Supported bvh data, such as

- CMU motion capture database

(https://sites.google.com/a/cgspeed.com/cgspeed /motion-capture/cmu-bvh-conversion)

- The TUM Kitchen Data Set

(http://ias.cs.tum.edu/download /kitchen-activity-data)

Use
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(tum-bvh2eus ” Take 005.bvh”) ;; tum
(rikiya-bvh2eus ” A01.bvh”) ;; rikiya
(cmu-bvh2eus ”01_.01.bvh”) ;; cmu

Other Sites are:
(http://www.mocapdata.com/page.cgi?p=free_motions)
(http://www.motekentertainment.com/)

(http://www.mocapclub.com/Pages/Library.htm)

(bvh2eus ”poses.bvh”)

load-mcd [function]
fname Ekey (scale)
(coords)
(bvh-robot-model-class bvh-robot-model)
&allow-other-keys

load motion capture data

rikiya-bvh2eus fname érest args [0O]
read rikiya bvh file and anmiate robot model in the viewer
(rikiya-bvh2eus ” A01.bvh”)

cmu-bvh2eus fname &rest args [00O)

read cmu bvh file and anmiate robot model in the viewer

CMU motion capture database

(https://sites.google.com/a/cgspeed.com/cgspeed /motion-capture/cmu-bvh-conversion)

(cmu-bvh2eus ”01_01.bvh” :scale 100.0)

tum-bvh2eus fname &rest args [0O]

read tum file and anmiate robot model in the viewer

The TUM Kitchen Data Set
(http://ias.cs.tum.edu/download/kitchen-activity-data)

(tum-bvh2eus ” Take 005.bvh” :scale 10.0)

parse-bvh-sexp src &key ((:scale scl)) [ooj
make-bvh-robot-model bvh-data Erest args [oo]
rikiya-file &key (num 1) (cls 'a) [Ooo]
tum-kitchen-file &key (num 1) (cls 0) 0o

cmu-mocap-file &key (num 1) (cls 1) [ooj
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22 Colladal OO

collada::eusmodel-description collada::model

convert a ‘model’ to eusmodel-description

collada::eusmodel-link-specs collada::links

convert ‘links’ to <link-specs>

collada::eusmodel-joint-specs collada::joints

convert ‘joints’ to <joint-specs>

collada::eusmodel-description->collada name collada::description Ekey (scale 0.001)

convert eusmodel-descrption to collada sxml

collada::matrix->collada-rotate-vector collada::mat

convert a rotation matrix to axis-angle.
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Oo]

Oo]

convert-irtmodel-to-collada collada::model-file &optional (collada::output-full-dir (send (truename ./)

:namestring)) (collada::model-name) (collada::exit-p t)

Co]

convert irtmodel to collada model. (convert-irtmodel-to-collada irtmodel-file-path &optional (output-

full-dir (send (truename ”./”) mmamestring)) (model-name))

collada::symbol->string collada::sym

collada::->string collada::val

collada::string-append &rest args

collada::make-attr collada::l collada::ac

collada::make-xml collada::x collada::bef collada::aft

collada::sxml->xml collada::szml
collada::xml-output-to-string-stream collada::ss collada::1
collada::cat-normal collada::l collada::s

collada::cat-clark collada::l collada::s collada::i
collada::verificate-unique-strings names

collada::eusmodel-link-spec collada::link

collada::eusmodel-mesh-spec collada::link collada::rt-cds
collada::eusmodel-joint-spec collada::_joint
collada::eusmodel-limit-spec collada::_joint
collada::eusmodel-endcoords-specs collada::model
collada::eusmodel-link-description collada::description
collada::eusmodel-joint-description collada::description
collada::eusmodel-endcoords-description collada::description
collada::setup-collada-filesystem collada::obj-name collada::base-dir
collada::range2 collada::n

eus2collada collada::0bj collada::full-root-dir &key (scale 0.001) (collada::file-suffiz .dae)
collada::collada-node-id collada::link-descrption
collada::collada-node-name collada::link-descrption
collada::links-description->collada-library-materials collada::links-desc
collada::link-description->collada-materials collada::link-desc
collada::mesh-description->collada-material collada::mat collada::effect
collada::links-description->collada-library-effects collada::links-desc
collada::link-description->collada-effects collada::link-desc
collada::mesh-description->collada-effect collada::mesh id

collada::matrix->collada-string collada::mat

Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
Oo]
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collada::find-parent-liks-from-link-description collada::target-link collada::desc 0o
collada::eusmodel-description->collada-node-transformations collada::target-link collada::desc OO
collada::eusmodel-description->collada-node collada::target-link collada::desc oo
collada::eusmodel-description->collada-library-visual-scenes name collada::desc [oagj
collada::mesh-description->instance-material collada::s [OoO]
collada::link-description->collada-bind-material collada::link OO
collada::eusmodel-description->collada-library-kinematics-scenes name collada::desc oo
collada::eusmodel-description->collada-library-kinematics-models name collada::desc [0o]
collada::eusmodel-description->collada-kinematics-model name collada::desc [OoO]
collada::eusmodel-description->collada-library-physics-scenes name collada::desc OO
collada::eusmodel-description->collada-library-physics-models name collada::desc [Ooo]
collada::find-root-link-from-joints-description collada::joints-description [0o]
collada::find-link-from-links-description name collada::links-description 0o
collada::eusmodel-description->collada-links collada::description OO
collada::find-joint-from-link-description collada::target collada::joints [Ooo]
collada::find-child-link-descriptions collada::parent collada::links collada::joints 0o
collada::eusmodel-description->collada-library-articulated-systems collada::desc name 0o
collada::eusmodel-endcoords-description->openrave-manipulator collada::end-coords collada::description OO
collada::eusmodel-description->collada-links-tree collada::target collada::links collada::joints [oo)
collada::joints-description->collada-instance-joints collada::joints-desc 0o
collada::joint-description->collada-instance-joint collada::joint-desc 0o
collada::eusmodel-description->collada-library-joints collada::description OO
collada::joints-description->collada-joints collada::joints-description [Ooo]
collada::collada-joint-id collada::joint-description 0o
collada::joint-description->collada-joint collada::joint-description 0o
collada::linear-joint-description->collada-joint collada::joint-description OO
collada::rotational-joint-description->collada-joint collada::joint-description [oo]
collada::eusmodel-description->collada-scene collada::description 0o
collada::eusmodel-description->collada-library-geometries collada::description 0o
collada::collada-geometry-id-base collada::link-descrption OO
collada::collada-geometry-name-base collada::link-descrption [oo]
collada::links-description->collada-geometries collada::links-description 0o
collada::mesh-object->collada-mesh collada::mesh id 0o
collada::link-description->collada-geometry collada::link-description OO
collada::mesh->collada-indices collada::mesh [oo)
collada::mesh-vertices->collada-string collada::mesh [oagj
collada::mesh-normals->collada-string collada::mesh 0o
collada::float-vector->collada-string collada::v OO
collada::enum-integer-list collada::n [oo)
collada::search-minimum-rotation-matrix collada::mat [oo]
collada::estimate-class-name collada::model-file [Ooo]
collada::remove-directory-name fname OO

23 OUooooooobod

pointcloud ooo]
:super cascaded-coords

:slots parray carray narray curvature pcolor psize awidth asize box height width view-coord
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:init
Erest args Ekey ((:points mat))
colors cary))

normals nary))

height ht))
width wd))
point-color (float-vector 0 1 0))

(:
(:
(:curvatures curv))
(:
(:

point-size 2.0)
fill)
arrow-width 2.0)

(arrow-size 0.0)

(
(
(
(
(
(
(
(
(

Create point cloud object

:size-change &optional wd ht

change width and height, this method does not change points data

:points &optional pts wd ht

replace points, pts should be list of points or ntimes matrix

:colors &optional cls

replace colors, cls should be list of points or ntimes matrix

:normals &optional nmls

replace normals by, nmls should be list of points or ntimes3 matrix

:point-list &optional (remove-nan)

return list of points

:color-list

return list of colors

:normal-list

return list of normals

:centroid

retrun centroid of this point cloud

:append point-list &key (create t)
append point cloud list to this point cloud.

if :create is true, return appended point cloud and original point cloud does not change.

filter
Erest args Ekey create
&allow-other-keys

this method can take the same keywords with :filter-with-indices method.

if :create is true, return filtered point cloud and original point cloud does not change.
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filter-with-indices [method]
idz-lst Ekey (create)
(negative)

filter point cloud with list of index (points which are indicated by indices will remain).
if :create is true, return filtered point cloud and original point cloud does not change.

if :negative is true, points which are indicated by indices will be removed.

:filtered-indices [method]
Ekey key
ckey
nkey
pckey
pnkey
pcnkey
negative
&allow-other-keys

create list of index where filter function retrun true.

key, ckey, nkey are filter function for points, colors, normals. They are expected to take one argument

and return t or nil.

pckey, pnkey are filter function for points and colors, points and normals. They are expected to take

two arguments and return t or nil.

penkey is filter function for points, colors and normals. It is expected to take three arguments and

return t or nil.

:step [method]
step Ekey (fixsize)
(create)

downsample points with step

:copy-from pc [DooO]
update object by pc

:transform-points coords &key (create) [DooO]

transform points and normals with coords.

if :create is true, return transformed point cloud and original point cloud does not change.

:convert-to-world &key (create) [Dooo)
transform points and normals with self coords. converted points data should be at the same position
as displayed

:move-origin-to neworigin &key (create) [Dooo]
origin of point cloud is moved to neworigin. moved points data should be at the same position as

displayed
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:reset-box

:box

:vertices

:size

:width

:height

:view-coords &optional ve

:curvatures &optional curv

:curvature-list

:set-color col &optional (_transparent)

:point-color &optional pc

:point-size &optional ps

:axis-length &optional al

raxis-width &optional aw

:clear-color

:clear-normal

:nfilter &rest args

:viewangle-inlier &key (min-z 0.0) (hangle 44.0) (vangle 35.0)
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oooo]

[oooj

:image-position-inlier &key (ipkey) (height 144) (width 176) (cy (/ (float (- height 1)) 2)) (cz (/ (float (- width 1)) 2))

negative

oooo]

:image-circle-filter dist &key (height 144) (width 176) (cy (/ (float (- height 1)) 2)) (cx (/ (float (- width 1)) 2)) create

negative

:step-inlier step offr offy

[Dooo)

oooo]

:generate-color-histogram-hs &key (h-step 9) (s-step 7) (hlimits (cons 360.0 0.0)) (vlimits (cons 1.0 0.15)) (slimits (cons

1.0 0.25)) (rotate-hue) (color-scale 255.0) (sizelimits 1)

:set-offset cds &key (create)

:drawnormalmode &optional mode

stransparent &optional trs

[oooo)

oooo]

[Dooo)

[Cooo)
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:draw vwer [Oooogj

:move-origin-to neworigin &key (create) D000
origin of point cloud is moved to neworigin. moved points data should be at the same position as

displayed

:convert-to-world &key (create) [Doo0]
transform points and normals with self coords. converted points data should be at the same position

as displayed

:transform-points coords &key (create) [DoOoo)

transform points and normals with coords.

if :create is true, return transformed point cloud and original point cloud does not change.

:copy-from pc [DooO]
update object by pc

:step [method]
step Ekey (fixsize)

(create)

downsample points with step

:filtered-indices [method]
Ekey key
ckey
nkey
pckey
pnkey
penkey
negative

&allow-other-keys

create list of index where filter function retrun true.

key, ckey, nkey are filter function for points, colors, normals. They are expected to take one argument

and return t or nil.

pckey, pnkey are filter function for points and colors, points and normals. They are expected to take

two arguments and return t or nil.

penkey is filter function for points, colors and normals. It is expected to take three arguments and

return t or nil.

filter-with-indices [method]
idz-lst Ekey (create)
(negative)

filter point cloud with list of index (points which are indicated by indices will remain).
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if :create is true, return filtered point cloud and original point cloud does not change.

if :negative is true, points which are indicated by indices will be removed.

filter
&rest args Ekey create
&allow-other-keys

this method can take the same keywords with :filter-with-indices method.

if :create is true, return filtered point cloud and original point cloud does not change.

:append point-list &key (create t)
append point cloud list to this point cloud.

if :create is true, return appended point cloud and original point cloud does not change.

:centroid

retrun centroid of this point cloud

:normal-list

return list of normals

:color-list

return list of colors

:point-list &optional (remove-nan)

return list of points

:normals &optional nmls

replace normals by, nmls should be list of points or ntimes3 matrix

:colors &optional cls

replace colors, cls should be list of points or ntimes matrix

:points &optional pts wd ht

replace points, pts should be list of points or ntimes matrix

:size-change &optional wd ht

change width and height, this method does not change points data

:init
Erest args Ekey ((:points mat))
colors cary))

normals nary))

height ht))
width wd))
point-color (float-vector 0 1 0))

(:
(:
(:curvatures curv))
(:
(:

point-size 2.0)

(
(
(
(
(
(
(
(fill)
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(arrow-width 2.0)

(arrow-size 0.0)

Create point cloud object

:draw vwer [oooo]
itransparent &optional trs [oooo)
:drawnormalmode &optional mode [oooo)
:set-offset cds &key (create) [0ooo]

:generate-color-histogram-hs &key (h-step 9) (s-step 7) (hlimits (cons 360.0 0.0)) (vlimits (cons 1.0 0.15)) (slimits (cons
1.0 0.25)) (rotate-hue) (color-scale 255.0) (sizelimits 1) [oooo)

:step-inlier step offz offy [oooo]

:image-circle-filter dist &key (height 144) (width 176) (cy (/ (float (- height 1)) 2)) (cx (/ (float (- width 1)) 2)) create
negative [oooo)

:image-position-inlier &key (ipkey) (height 144) (width 176) (cy (/ (float (- height 1)) 2)) (cx (/ (float (- width 1)) 2))

negative [OoDoOo)
:viewangle-inlier &key (min-z 0.0) (hangle 44.0) (vangle 35.0) [oooo)
:nfilter &rest args [0ooo]
:clear-normal [OoOoo)
:clear-color [Oooo)
:axis-width &optional aw [oooo]
:axis-length &optional al [oooo)
:point-size &optional ps [oooo)
:point-color &optional pc [oooo]
:set-color col &optional (_transparent) [0ooo)
:curvature-list [0oOoOo)
:curvatures &optional curv [Oooo)
:view-coords &optional ve [oooo]
:height [OoOoOo)
:width [Oooo)

:size [oooo]
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:vertices

:box

:reset-box

make-random-pointcloud &key (num 1000) (with-color) (with-normal) (scale 100.0)

24 0OJ0O0O0OO
node
:super
:slots

:init n &optional image

:arc-list

isuccessors

:add-arc a

‘remove-arc a

:remove-all-arcs

:unlink n

:image &optional im

:add-neighbor n &optional a

:neighbors &optional args

:image &optional im

:unlink n

:remove-all-arcs

i:remove-arc a

:add-arc a

isuccessors

:arc-list

propertied-object

arc-list image
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:init n &optional image

arc

:super propertied-object

:slots from to

:init from_ to_

:from

:to

:prinl &optional (strm t) Erest msgs

:prinl &optional (strm t) Erest msgs

:to

:from

:init from_ to_

directed-graph

:super propertied-object

:slots nodes

:write-to-dot-stream &optional (strm *standard-output) result-path (title output)

write graph structure to stream as dot(graphviz) style

Args:

strm: stream class for output

result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

:write-to-dot fname &optional result-path (title output)

write graph structure to dot(graphviz) file

Args:

fname: filename for output

result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

swrite-to-file basename &optional result-path title (type pdf)

write graph structure to various type of file

Args:

basename: basename for output (output filename is ’basename.type’)
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph
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type: type of output

swrite-to-pdf fname &optional result-path (title (string-right-trim .pdf fname))
write graph structure to pdf
Args:
fname: filename for output
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

roriginal-draw-mode

change draw-mode to original mode

:current-draw-mode

change draw-mode to latest mode

:draw-both-arc &optional (bothg :both)

change draw-mode, if true is set, draw bidirectional arc as two arcs

:draw-arc-label &optional (writeq :write)

change draw-mode, if true is set, draw label(name) of arcs

:draw-merged-result &optional (mergeq :merge)
change draw-mode, if true is set, draw result arc as red. if not, draw red arc independently

:init

:successors node &rest args
:node name

:nodes &optional arg
:add-node n
:remove-node n
:clear-nodes
:add-arc-from-to from to
:remove-arc arc
:adjacency-matrix

:adjacency-list

:adjacency-list
:adjacency-matrix

‘remove-arc arc
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:add-arc-from-to from to
:clear-nodes
:remove-node n
:add-node n

:nodes &optional arg
:node name

:successors node &rest args
:init

costed-arc
.super arc

:slots cost

:init from to ¢

:cost

:cost

:init from to ¢

costed-graph
:super directed-graph

:slots nil

:add-arc from to cost &key (both nil)
:add-arc-from-to from to cost &key (both nil)

:path-cost from arc to

:path-cost from arc to
:add-arc-from-to from to cost &key (both nil)

:add-arc from to cost &key (both nil)

graph
:super costed-graph

:slots start-state goal-state
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:goal-test gs [oooo)
:path-cost from arc to [oooo]
:start-state &optional arg [oooo)
:goal-state &optional arg [oooo)
:add-arc from to &key (both nil) [oooo]
:add-arc-from-to from to &key (both nil) [oooo)
:add-arc-from-to from to &key (both nil) [Oooo)
:add-arc from to &key (both nil) [Oooo)
:goal-state &optional arg [oooo)
:start-state &optional arg [oooo)
:path-cost from arc to [oooo)
:goal-test gs [oooo]
:draw-merged-result &optional (mergeq :merge) [Dooo)

change draw-mode, if true is set, draw result arc as red. if not, draw red arc independently

:draw-arc-label &optional (writeq :write) [Dooo)

change draw-mode, if true is set, draw label(name) of arcs

:draw-both-arc &optional (bothg :both) [Do0o0O)

change draw-mode, if true is set, draw bidirectional arc as two arcs

:current-draw-mode [Do0O)

change draw-mode to latest mode

:original-draw-mode [Do0O)

change draw-mode to original mode

swrite-to-pdf fname &optional result-path (title (string-right-trim .pdf fname)) [Do0O)
write graph structure to pdf
Args:
fname: filename for output
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

:write-to-file basename &optional result-path title (type pdf) [Dooo)
write graph structure to various type of file
Args:
basename: basename for output (output filename is ’basename.type’)
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph
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type: type of output

swrite-to-dot fname Eoptional result-path (title output) [Do00O)
write graph structure to dot(graphviz) file
Args:
fname: filename for output
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

:write-to-dot-stream &optional (strm *standard-output) result-path (title output) [DooO]
write graph structure to stream as dot(graphviz) style
Args:
strm: stream class for output
result-path: list of solver-node, it’s result of (send solver :solve graph)

title: title of graph

:neighbors &optional args [DoD00O]
:add-neighbor n &optional a [ODoooj
arced-node 0oo)
:super node
:slots nil
:init &key name [Doo0O]
:find-action n [oDooogj
:neighbor-action-alist [0ooo0]
:neighbor-action-alist [DooO]
:find-action n [OOoO0O0]
:init &key name ooooj
solver-node O0oo]
:super propertied-object
:slots state cost parent action memorized-path
:init st &key ((:cost ¢) 0) ((:parent p) nil) ((-action a) nil) [DoD00O]
:path &optional (prev nil) [OoOo0]
:expand prblm Erest args [0oo0]

:state Hoptional arg [Doo0]
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:cost &optional arg
:parent &optional arg

:action &optional arg

:action &optional arg
:parent &optional arg
:cost &optional arg
:state &optional arg
:expand prblm Erest args
:path &optional (prev nil)

:init st &key ((:cost ¢) 0) ((:parent p) nil) ((-action a) nil)

solver
:super propertied-object

:slots nil

:init
:solve prblm

:solve-by-name prblm s g &key (verbose nil)

:solve-by-name prblm s g Ekey (verbose nil)
:solve prblm
:init

graph-search-solver
super solver

:slots open-list close-list

:solve-init prblm
:find-node-in-close-list n
:solve prblm &key (verbose nil)
:add-to-open-list obj/list

:null-open-list?
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[0ooo)

[oooo)
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:clear-open-list

:add-list-to-open-list Ist

:add-object-to-open-list Ist

:pop-from-open-list &key (debug)

:open-list &optional arg

:close-list &optional arg

:close-list &optional arg

:open-list &optional arg

:pop-from-open-list &key (debug)

:add-object-to-open-list Ist

:add-list-to-open-list Ist

:clear-open-list

:null-open-list?

:add-to-open-list obj/list

:solve prblm Ekey (verbose nil)

:find-node-in-close-list n

:solve-init prblm

breadth-first-graph-search-solver

:super

:slots

:init

:clear-open-list

:add-list-to-open-list Ist

:add-object-to-open-list obj

:pop-from-open-list &key (debug)
:pop-from-open-list &key (debug)

:add-object-to-open-list obj

graph-search-solver

nil
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:add-list-to-open-list Ist

:clear-open-list

:init

depth-first-graph-search-solver
:super graph-search-solver
:slots nil

:init

:clear-open-list

:add-list-to-open-list st

:add-object-to-open-list obj

:pop-from-open-list &key (debug)
:pop-from-open-list &key (debug)

:add-object-to-open-list obj
:add-list-to-open-list Ist
:clear-open-list

:init

best-first-graph-search-solver
:super graph-search-solver

:slots aproblem

:init p

:clear-open-list
:add-list-to-open-list Ist
:add-object-to-open-list obj
:pop-from-open-list &key (debug nil)

(fnnp
:fnnp

:pop-from-open-list &key (debug nil)
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:add-object-to-open-list obj [DooOo)
:add-list-to-open-list Ist oooo)
:clear-open-list [ooOo)
:init p [DooOo)
ax-graph-search-solver 0o0o]

:super best-first-graph-search-solver

:slots nil
:init p [OooOo)
fn n p Ekey (debug nil) [0ooDo)
gnnop [0oo0]
sthn n p [ooOo)
thn n p [DooOo)
ign n p [DooOo)
o n p key (debug nil) [OooO0)
:init p [ooOo)

25 irteus [

25.1 GL/X0O0O

polygon (auf=}
:super plane
:slots normal distance convexp edges vertices model-normal model-distance
:draw-on &key ((:viewer gl::vwer) xviewers) gl::flush (gl::width 1) (gl::color #f(1.0 1.0 1.0)) [0oo0]
line [0o0]
:super propertied-object
:slots pvert nvert
:draw-on &key ((:viewer gl::vwer) xviewers) gl::flush (gl::width 1) (gl::color #f(1.0 1.0 1.0)) [OoOo0]
faceset ooo]

:super cascaded-coords
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:slots rot pos parent descendants worldcoords manager changed box faces edges vertices mo

:set-color gl::color &optional (gl::transparent) [DoOoo)

Set color of given color name, color sample and color name are referenced from http://en.wikipedia.org/wiki/X11_

:paste-texture-to-face gl::aface Ekey gl::file gl::image (gl::tex-coords (list (float-vector 0 0) (float-vector 0 1) (float-vector 1

1) (float-vector 1 0))) [0oo0]
:draw-on &key ((:viewer gl::vwer) xviewers) gl::flush (gl::width 1) (gl::color #f(1.0 1.0 1.0)) [ooog]
coordinates [0oO0]

:super propertied-object

:slots rot pos

:draw-on &key ((viewer gl::vwer) xviewerx) gl::flush (gl::width (get self :width)) (gl::color (get self :color)) (size (get self

:size)) [DooO]
:vertices [DO0D00O]
float-vector ooo]
:super vector
:slots nil
:draw-on &key ((:viewer gl::vwer) xviewers) gl::flush (gl::width 1) (gl::color #f(1.0 1.0 1.0)) (size 50) [ooog]
:vertices [DoO00O]
gl::glvertices (aluf=y
:super cascaded-coords

:slots gl::mesh-list gl::filename gl::bbox

:set-color gl::color Eoptional (gl::transparent) [Do0O)

set color as float vector of 3 elements, and transparent as float, all values are betwenn 0 to 1

:actual-vertices D000

return list of vertices(float-vector), it returns all vertices of this object

:calc-bounding-box [Do000O)

calculate and set bounding box of this object

:vertices [DooO]

return list of vertices(float-vector), it returns vertices of bounding box of this object

:reset-offset-from-parent [DooO]
move vertices in this object using self transformation, this method change values of vertices. coordi-

nates’s method such as :transform just change view of this object
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:expand-vertices [DooO]

expand vertices number as same number of indices, it enable to set individual normal to every vertices

:use-flat-shader [DooO]
use flat shader mode, use opengl function of glShadeModel(GL_FLAT)

:use-smooth-shader [Doo0]
use smooth shader mode, use opengl function of glShadeModel(GL.SMOOTH) default

:calc-normals &optional (gl::force nil) (gl::expand t) (gl::flat t) [DoOooO)
normal calculation
if force option is true, clear current normalset.
if exapnd option is ture, do :expand-vertices.

if flat option is true, use-flat-shader

:mirror-axis [method]
&key (gl::create t)
(gl::invert-faces t)
(gl::axis :y)
creating mirror vertices respect to :axis

:convert-to-faces [method]
&rest args Ekey (gl::wrt :local)
&allow-other-keys

create list of faces using vertices of this object

:convert-to-faceset &rest args [DooO]

create faceset using vertices of this object

:set-offset gl::cds Ekey (gl::create) [Do00O)
move vertices in this object using given coordinates, this method change values of vertices. coordinates’s

method such as :transform just change view of this object

:convert-to-world &key (gi::create) [DooO]
move vertices in this object using self’s coordinates. vertices data should be moved as the same as
displayed

:glvertices &optional (name) (gl::test #’string=) [Dooo)

create individual glvertices objects from mesh-list. if name is given, search mesh has the same name

:append-glvertices gl::glv-Ist [Dooo)
append list of glvertices to this object

:dinit gl::mlist Erest args Ekey ((:filename gl::fn)) Eallow-other-keys [Doo0]

filename &optional gl::nm [OOoO0O0]

:get-meshinfo gl::key Eoptional (pos -1) [0ooo0]

:set-meshinfo gl::key gl::info &optional (pos -1) [Ooog]

:get-material &optional (pos -1) [OOo0O0O0]
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:set-material gl::mat &optional (pos -1) [oooo)
:expand-vertices-info gl::minfo [oooo]
:faces [oooo)
:draw-on &key ((:viewer gl::vwer) xviewers) [oooo)
:draw gl::vwr 8rest args [oooo]
:collision-check-objects &rest args [oooo)
:box [oooo)
:make-pgpmodel &key (gl::fat 0) [0ooo]
:append-glvertices gl::glv-Ist [Do0O)

append list of glvertices to this object

:glvertices &optional (name) (gl::test #’string=) [Do000O)

create individual glvertices objects from mesh-list. if name is given, search mesh has the same name

:convert-to-world &key (gl::create) [Do00O)
move vertices in this object using self’s coordinates. vertices data should be moved as the same as
displayed

:set-offset gl::cds Ekey (gl::create) [DoOoo)

move vertices in this object using given coordinates, this method change values of vertices. coordinates’s

method such as :transform just change view of this object

:convert-to-faceset &rest args [0oOoo)

create faceset using vertices of this object

:convert-to-faces [method]
Erest args Ekey (gl::wrt :local)
&allow-other-keys

create list of faces using vertices of this object

:mirror-axis [method]
Ekey (gl::create t)
(gl::invert-faces t)
(gl::axis :y)

creating mirror vertices respect to :axis

:calc-normals &optional (gl::force nil) (gl::expand t) (gli::flat t) [Do0O)
normal calculation
if force option is true, clear current normalset.
if exapnd option is ture, do :expand-vertices.

if flat option is true, use-flat-shader

:use-smooth-shader [DooO]
use smooth shader mode, use opengl function of glShadeModel(GL.SMOOTH) default
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:use-flat-shader [DooO]
use flat shader mode, use opengl function of glShadeModel(GL_FLAT)

:expand-vertices [DooO]

expand vertices number as same number of indices, it enable to set individual normal to every vertices

:reset-offset-from-parent [Doo0]
move vertices in this object using self transformation, this method change values of vertices. coordi-

nates’s method such as :transform just change view of this object

:vertices [Do000O)

return list of vertices(float-vector), it returns vertices of bounding box of this object

:calc-bounding-box [Do0O)

calculate and set bounding box of this object

:actual-vertices [Doo0]

return list of vertices(float-vector), it returns all vertices of this object

:set-color gl::color Eoptional (gl::transparent) D000
set color as float vector of 3 elements, and transparent as float, all values are betwenn 0 to 1
:make-pgpmodel &key (gl::fat 0) [oooo]
:box [OoOoo]
:collision-check-objects &rest args [Oooo)
:draw gl::vwr Erest args [oooo]
:draw-on &key ((viewer gl::vwer) xviewerk) [0ooo)
:faces [0oOoOo)
:expand-vertices-info gl::minfo [oooo)
:set-material gl::mat &optional (pos -1) [oooo]
:get-material &optional (pos -1) [oooo)
:set-meshinfo gl::key gl::info Eoptional (pos -1) [oooo)
:get-meshinfo gl::key €optional (pos -1) [oooo]
filename &optional gl::nm [OoOoo)
:init gl::mlst Erest args Ekey ((:filename gl::fn)) Eallow-other-keys [oooo)
gl::glbody Doo]

:super body

:slots gl::aglvertices
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:glvertices &rest args Cooo0]
:draw gl::vwr [Cooo]
:set-color &rest args [OOoOo0g]
:set-color &rest args [Cooo)]
:draw gl::vwr Cooo]
:glvertices &rest args [Ooog]
gl::find-color ¢l::color [O0O]

returns color vector of given color name, the name is defined in https://github.com/euslisp/jskeus/blob/master /ir

gl::transparent gl::abody gl::param [OO]

Set abody to transparent with param

gl::make-glvertices-from-faceset gl::fs &key (gl::material) [OO]
returns glvertices instance

fs is geomatry::faceset

gl::make-glvertices-from-faces gl::fist &key (gl::material) [00O)]
returns glvertices instance

flst is list of geomatry::face

gl::write-wrl-from-glvertices fname gl::glv &rest args [00O)

write .wrl file from instance of glvertices

gl::set-stereo-gl-attribute [oo]
gl::reset-gl-attribute [Ooo]
gl::delete-displaylist-id gl::dllst OO
gl::transpose-image-rows gl::img &optional gl::ret [oo)
gl::draw-globjects gl::vwr gl::draw-things Ekey (gl::clear t) (gl::flush t) (gl::draw-origin 150) (gl::draw-floor nil) (gl::floor-
color #£(1.0 1.0 1.0)) [oogj
gl::draw-glbody gl::vwr gl::abody [oo]
gl::_dump-wrl-shape gl::strm gl::mesh E&key ((:scale gl::scl) 1.0) (gl::use_ambient nil) (gl::use_normal nil) (gl::use_texture
nil) &allow-other-keys OO
x:xwindow ooo]

:super x:xdrawable

:slots x::display x::drawable x::gcon x::bg-color x::width x::height x::parent x::subwindows x
:buttonpress z:event [0oo0]
:motionnotify z:event [Doo0]
:buttonrelease z:event [DoD00O]
:set-event-proc type z::method x::receiver [OOO0]

:clientmessage z:event [0ooo]



goooboooobooon 335

:quit Erest z::a [OOO0]
:event-notify type z:event [0oo0]
:create &rest args [OOoOo0g]
x:panel CDoo]

:super x:xwindow

:slots x::display x::drawable x::gcon x::bg-color x::width x::height x::parent x::subwindows x
:quit Erest args [0ooo0]
x:xscroll-bar (fals)

:super x:xwindow

:slots x::display x::drawable x::gcon x::bg-color x::width x::height x::parent x::subwindows x
:redraw [0DooOg]

::tabbed-panel ooo]

:super x:panel

:slots x::tabbed-buttons x::tabbed-panels x::selected-tabbed-panel
:create &rest args [Doog]
:add-tabbed-panel name [DOoD00O]
:change-tabbed-panel z::0bj [OoOoOg]
:tabbed-button name &rest args [DoooO]
:tabbed-panel name &rest args [OoOo0]
:resize z::w h oDoooj
resize z::w h [0ooo0]
:tabbed-panel name &rest args [Ooog]
:tabbed-button name &rest args [0Doo0g]
:change-tabbed-panel z::0bj [0oo0]
:add-tabbed-panel name [Doo0O]
:create &rest args [OoOo0]

::panel-tab-button-item ooo]

super x:button-item
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:slots nil
:draw-label &optional (z::state :up) (z::0ffset 0) [OoOo0]
:draw-label &optional (z::state :up) (z::offset 0) [OoOoOg]
x::window-main-one &optional fd 0o
x::event-far z::e [OoO]
x::event-near z::e OO

25.2 OOOOOOOOO

mtimer 0oO0]
:super object
:slots buf

:init oooo]

Initialize timer object.

:start [Dooo)

Start timer.

:stop [Dooo)

Stop timer and returns elapsed time in seconds.
:stop [Dooo)

Stop timer and returns elapsed time in seconds.

:start [Dooo)

Start timer.

:init [Dooo)
Initialize timer object.
interpolator 0oo]
:super propertied-object
:slots (position-list :type cons) (time-list :type cons) (position :type float-vector) (time :type
:init 0ooO0]

Abstract class of interpolator

:reset [method]
Erest args Ekey ((:position-list pl) (send self :position-list))
((:time-list t1) (send self :time-list))
&allow-other-keys
Initialize interpolator
position-list: list of control point

time-list: list of time from start for each control point, time in first contrall point is zero, so length of
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this list is length of control point minus 1

:position-list

returns position list

:position

returns current position

stime-list

returns time list

:time

returns current time

:segment-time

returns time[sec] with in each segment

:segment

returns index of segment which is currently processing

:segment-num

returns number of total segment

:interpolatingp

returns if it is currently processing

:start-interpolation

start interpolation

:stop-interpolation

stop interpolation

:pass-time dt

process interpolation for dt[sec]
:pass-time dt

process interpolation for dt[sec]

:stop-interpolation

stop interpolation

:start-interpolation

start interpolation

:interpolatingp

returns if it is currently processing

:segment-num

returns number of total segment

:segment

returns index of segment which is currently processing

:segment-time

returns time[sec] with in each segment
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:time D000

returns current time

:time-list [DooO]

returns time list

:position [Do000O)

returns current position

:position-list [DooO]

returns position list

:reset [method]
&rest args Ekey ((:position-list pl) (send self :position-list))
((:time-list tl) (send self :time-list))
&allow-other-keys

Initialize interpolator
position-list: list of control point
time-list: list of time from start for each control point, time in first contrall point is zero, so length of

this list is length of control point minus 1

:init 0ooo]
Abstract class of interpolator
linear-interpolator ooo]
:super interpolator
:slots nil
:interpolation D000
Linear interpolator
:interpolation [DooO]
Linear interpolator
minjerk-interpolator ooo]
:super interpolator
:slots velocity acceleration velocity-list acceleration-list
:velocity [Do00O)

returns current velocity

:velocity-list [Do0O)

returns velocity list

:acceleration [Do0O)

returns current acceleration

:acceleration-list D000

returns acceleration list

:reset [method]
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Erest args Ekey ((:velocity-list v1) (send self :velocity-list))
((:acceleration-list al) (send self :acceleration-list))

&allow-other-keys

minjerk interopolator
position-list : list of control point
velocity-list : list of velocity in each control point

acceleration-list : list of acceleration in each control point

:interpolation [Do0O)
Minjerk interpolator, a.k.a Hoff & Arbib

Example code is:

(setq 1 (instance minjerk-interpolator :init))

(send 1 :reset :position-list (list #£(1 2 3) #£(3 4 5) #£(1 2 3)) :time-list (list 0.1 0.18))
(send 1 :start-interpolation)
(

while (send 1 :interpolatingp) (send 1 :pass-time 0.02) (print (send | :position)))

:interpolation D000
Minjerk interpolator, a.k.a Hoff & Arbib

Example code is:

(setq 1 (instance minjerk-interpolator :init))

(send 1 :reset :position-list (list #£(1 2 3) #£(3 4 5) #£(1 2 3)) :time-list (list 0.1 0.18))
(send 1 :start-interpolation)
(

while (send 1 :interpolatingp) (send 1 :pass-time 0.02) (print (send ! :position)))

:reset [method]
&rest args Ekey ((:velocity-list vl) (send self :velocity-list))
((zacceleration-list al) (send self :acceleration-list))
&allow-other-keys
minjerk interopolator
position-list : list of control point
velocity-list : list of velocity in each control point

acceleration-list : list of acceleration in each control point

:acceleration-list [Dooo)

returns acceleration list

:acceleration [Dooo)

returns current acceleration

:velocity-list [Dooo)

returns velocity list

:velocity [DOooo)
returns current velocity
forward-message-to to args [OO]

forward _args_ message to _to_ object
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forward-message-to-all to args

forward _args_ message to all _to_ object

permutation Ist n

Returns permutation of given list

combination [st n

Returns combination of given list

find-extreams
datum &key (key #’identity)
(identity #'=)
(bigger #7>)

Returns the elements of datum which maximizes key function

eus-server &optional (port 6666) Ekey (host (unix:gethostname))

Create euslisp interpreter server, data sent to socket is evaluated as lisp expression

connect-server-until-success
host port &key (max-port (+ port 20))

(return-with-port nil)

Connect euslisp interpreter server until success

format-array arr &optional (header ) (in 7) (fl 3) (strm xerror-outputx) (use-line-break t)

print formatted array

his2rgb h &optional (i 1.0) (s 1.0) ret
convert his to rgb (0 <=h <= 360, 0.0 <=1i <= 1.0, 0.0 <=s <= 1.0)

hvs2rgb h &optional (i 1.0) (s 1.0) ret
convert hvs to rgh (0 <= h <= 360, 0.0 <=1 <= 1.0, 0.0 <=s <= 1.0)

rgb2his r &optional g b ret
convert rgb to his (0 <= r,g,b <= 255)

rgb2hvs r &optional g b ret
convert rt to hvs (0 <= r,g,b <= 255)

color-category10 i

Choose good color from 10 colors

color-category20 1

Choose good color from 20 colors

kbhit

[function]

O0]

[function]

Co]

Oo]

Co]

Co]

Oo]

Checks the console for a keystroke. returns keycode value if a key has been pressed, otherwise it returns

nil. Note that this does not work well on Emacs Shell mode, run EusLisp program from terminal shell.

piped-fork-returns-list cmd &optional args

piped fork returning result as list

make-robot-model-from-name name &rest args

make a robot model from string: (make-robot-model ”pr2”)

Oo]

Oo]
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mapjoin expr seql seq2 [Ooo]
need-thread n &optional (Isize (x512 1024)) (csize lsize) [oogj
termios-c_iflag lisp::s [OO]
set-termios-c_iflag lisp::s lisp::val [O0DO]
termios-c_oflag lisp::s [Ooo]
set-termios-c_oflag lisp::s lisp::val 0o
termios-c_cflag lisp::s [OO]
set-termios-c_cflag lisp::s lisp::val OO
termios-c_lflag lisp::s oo
set-termios-c_lflag lisp::s lisp::val 0o
termios-c_line lisp::s OO
set-termios-c_line lisp::s lisp::val OO
termios-c_cc lisp::s Eoptional lisp::i [ooj
set-termios-c_cc lisp::s lisp::i €rest lisp::val 0o
termios-c_ispeed lisp::s OO
set-termios-c_ispeed lisp::s lisp::val OO
termios-c_ospeed lisp::s oo
set-termios-c_ospeed lisp::s lisp::val 0o
gnuplot (spmpmy
:super propertied-object
:slots strm data data-length last-command debug
:init [method]

host &key (clear t)
((:debug _debug))

Initialize gnuplot interface object with given host name

:clear [Dooo)
Clear graph

:draw &rest vs [DoOoo)
Draw graph with given float vectors,
range, :xrange, :yrange, : range of each axis
;title : title of graph
:line-width : line width
:direction : direction of the graph (:right, :left)
:xscale, :xoffset : scale and offset for data
:y2tics : list variable to specify when y2 range is used
:y2range : set y2 tics and specify range

:type : specify type of the graph (:lines, :2dmap)

:save f Ekey (type postscript eps color ”Times-Roman” 24) [DoOoo)

save graph as eps file

:replot [Oooo)

:reset [oooo]
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:command msg [Oooo)
:quit [0ooo]
:proc-length &optional n [oooo)
:proc-clear [oooo)
:proc-one vs &rest args [oooo)
:save [ &key (type postscript eps color ” Times-Roman” 24) [Do00O)

save graph as eps file

:draw &rest vs [Do00O)
Draw graph with given float vectors,
range, :xrange, :yrange, : range of each axis
:title : title of graph
:line-width : line width
:direction : direction of the graph (:right, :left)
:xscale, :xoffset : scale and offset for data
:y2tics : list variable to specify when y2 range is used
:y2range : set y2 tics and specify range

:type : specify type of the graph (:lines, :2dmap)

:clear [Dooo)
Clear graph

:init [method]
host &key (clear t)
((:debug _debug))

Initialize gnuplot interface object with given host name

:proc-one vs Erest args [oooo)
:proc-clear [oooo)
:proc-length &optional n [0ooo]
:quit [oooo)
:command msg [oooo)
:reset [Oooo)
:replot [oooo)
gnuplot &key (host (uniz:gethostname)) [OO]

Returns gnuplot interface instance
ex)

(setq xg+(gnuplot))
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(send xgx:draw #£(0 123 4 5) #£(54 321 0) :xrange (0 10) :yrange ’(0 10) :title ’("datal” ”data2”))

see irteus/gnuplotlib.l for more info

graph-view [function]
ordinate-list &optional (abscissa-list (let ((idx -1)) (mapcar #’(lambda (z) (incf idz)) (make-list (ler

xlabel X)

ylabel Y)

zlabel Z)

dump-graph nil)

graph-fname (format nil A.eps (substitute 95 (elt 0) title)))

mode lines)

A~ I~ Y~~~

keylist
xXrange
yrange
zrange
x11
additional-func
no-dump
((:graph-instance gp) (if (boundp "*xgp=) *gp*(setq *gp*(gnuplot))))
(fname (format nil data A (system:address gp)))
plot function for 2d or 3d plot
ordinate-list : list of data for ordinate axis
2D = (list (list y0O0 yO1 ... yOn), ... (list ymO yml ... ymn))
3D = (list (list z00 z01 ... zOn), ... (list zm0 zml ... zmn))
abscissa-list : list of data for abscissa axes
2D = (list x0 x1 ... xn)
3D = (list xylist0 ... xylistn) ;; xylist = (list x y)
:title : title of graph
:xlabel, :ylabel, zlabel : label for each axis
:keylist : legend of each data
:xrange, :yrange, :zrange : range of each axis

:mode : ”lines” or ”points”

25,3 0O0O0OO

inverse-matrix mat [00O)

returns inverse matrix of mat

inverse-matrix-complex cmat [00O)

returns inverse matrix of complex square matrix

ms-complex cmat! cmat2 [00O)

returns complex matrix 1 *complex matrix 2
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diagonal v
make diagonal matrix from given vecgtor, diagonal #£(1 2) ->#2f((1 0)(0 2))

minor-matrix m ic jc

return a matrix removing ic row and jc col elements from m

atan2 y z

returns atan2 of y and x (atan (/ y x))

outer-product-matrix v &optional (ret (unit-matriz 3))

returns outer product matrix of given v

matrix(a) v = a *v
0 w2 wl
w2 0 -wO

-wl wO O

matrix2quaternion m

returns quaternion (w x y z) of given matrix

quaternion2matrix ¢

returns matrix of given quaternion (w x y z)

matrix-log m

returns matrix log of given m, it returns [-pi, pi]

matrix-exponent omega &optional (p 1.0)

returns exponent of given omega

midrot p r1 72

returns mid (or p) rotation matrix of given two matrix rl and r2

pseudo-inverse mat &optional weight-vector ret wmat mat-tmp

returns pseudo inverse of given mat

O0]

sr-inverse mat &optional (k 1.0) weight-vector ret wmat tmat umat umat? mat-tmp mat-tmp-rc mat-tmp-rr

mat-tmp-rr2

returns sr-inverse of given mat

manipulability jacobi &optional tmp-mrr tmp-mer

return manipulability of given matrix

random-gauss &optional (m 0) (s 1)

make random gauss, m:mean s:standard-deviation

gaussian-random dim Eoptional (m 0) (s 1)

Co]

Co]
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make random gauss vector, replacement for quasi-random defined in matlib.c

eigen-decompose-complex m [00O]

returns eigen decomposition from real square matrix

solve-non-zero-vector-from-det0-matrix m [00O]

solves non-zero-vector v from real square determinant-zero-matrix mat, when mat+v=0 and det(mat)=0

concatenate-matrix-column &rest args [0O]

Concatenate matrix in column direction.

concatenate-matrix-row &rest args [0O]

Concatenate matrix in row direction.

concatenate-matrix-diagonal &rest args (0O

Concatenate matrix in diagonal.

vector-variance vector-list [OO]
returns vector, each element represents variance of elements in the same index of vector within vector-
list

covariance-matrix vector-list [0O]

make covariance matrix of given input vector-list

normalize-vector v &optional r (eps 1.000000e-20) [0O]
calculate normalize-vector #£(0 0 0)->#£(0 0 0).

pseudo-inverse-org m &optional ret winv mat-tmp-cr [Ooo]
sr-inverse-org mat &optional (k 1) me mat-tmp-cr mat-tmp-rr [oagj
eigen-decompose m 0o
lms point-list OO
Ims-estimate res point- [oo]
Ims-error result point-list 0o
Imeds point-list &key (num 5) (err-rate 0.3) (iteration) (ransac-threshold) (Ims-func #’lms) (Imeds-error-func #’lmeds-error)
(Ims-estimate-func #’lms-estimate) [Ooo]
Imeds-error result point-list &key (Ims-estimate-func #’lms-estimate) [ooj
Imeds-error-mat result mat &key (Ims-estimate-func #’lms-estimate) 0o
254 0000

read-image-file fname [OO]

read image of given fname. It returns instance of grayscale-image or color-image24.
write-image-file fname image::img [00O)

write img to given fname

read-png-file fname [OO]

write-png-file fname image::img [0o]
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