10/12
10/19 @
10/26 &)
: 11/2 1)
Llsp 11/9 )
11/16
11/23
11/30 1)
12/7 2
12/14 Lisp
2 10:15-11:55, 12/21 RT
2 2F, 222 1/11
1/18 (€))]
1/25 )
2
[ ] "1
[ ]
L] ¥
L] n
. = ®  440Hz = (A) 1
- ] ON/OFF  0x61 2bit
L]
.
n
= while(1) {
[ ] e *
[ ] http://www.assoc.tron.org/jpn/seminar/index.html usleep.(SOO), / /
- tmp = inb(0x61);
- if (i++&1){tmp=tmp| 0x02;
] 30msec Jelse{ tmp = tmp & ~0x02;}
= CPU Web outb(tmp, 0x61);
}
u 0OS Windows, Linux
3 4
" usleep ®  play_sound(int hz, int time)
= usleep n hz time
] Linux 10msec
[ getimeofday busywait
] while
= gettimeofday usec int play_sound (int hz, int time) { // hz(Hz), time(msec)
n int tmp, i;
] ARTLinux
= ARTLinux for (i=0;i<hz*2*time / 1000; ++i) {

tmp = inb(0x61);
tmp = (i & 1) ? tmp | 0x02 : tmp & ~0x02;
outb(tmp, 0x61);

}

outb((inb(0x61) & ~0x02), Ox61);




m  usleep  gettimeofday B ART-Linux
int play_sound (int hz, int time) { // hz(Hz), time(msec)
:Zrl\guTnpt (;;- void play_sound (int hz, int time) { // hz(Hz), time(msec)
struct timeval tv[2]; mt," walit, ret, tmp;
struct timezone tz; wait = 500*1000/hz;
for (i=0;i<hz*2*time/ 1000; ++i
tmp = rtl_inb(0x61);
I tmp = (i & 1) ? tmp | 0x02 : tmp & ~0x02;
tmp = inb(0x61); rtl_outb(tmp, Ox61);
tmp = (i & 1) ? tmp | Ox02 : tmp & ~0x02; }
 cupme: OxeL): rtl_outb((inb(0x61) & ~0x02), OX61);
outh((inb(0x61) & ~0x02), 0x61); }
}
z 8
] Lightweight Language (LL)
n
L] -
. n
Lisp .
|}
L]
] (RP)
n
|
]
u = Perl(1987/Larry Wall), Python(1990/Guido van Rossum), Ruby(1995/
- )...
®  Lisp(1958/John McCarthy)
| |
|}
n
10
EusLisp EusLisp
u u
u B ART-Linux
u = art_enter(art_prio_t prio, art_flags_t flags, int usec)
n L] art_enter
[ ]
= art_wait(void)
] art_wait
= art_exit(void)
[ ] art_exit
m  EusLisp
= defforeign
m  EusLisp
11 12




EusLisp

m  defclass classname &key :super
object :slots (var*)
m  defmethod classname {(selector
lambda-list . body)}*
[ ] defclass
defmethod

(defclass a
ssuper object
:slots (data))
(defmethod a

(zinit (args)

(setq data args) self)

(:data () data))
(setq daa (instance a :init 10))
(send daa :data)

m  send object selsector {arg}*
[ ] selector arg

(defclass b
ssuper a
:slots )
(defmethod b
C:init (args)
(send-super :init args) self))
(setq daa (instance b :init 10))
(send daa :data)

(send dbb :methods)
(class-hierarchy a)

17

n [ ]
(setq a (load-foreign "art-eus.so")) -
(defforeign art-enter a "art_enter" () :integer) :
(defforeign art-wait a "art_wait" () :integer) -
(defforeign art-exit a "art_exit" () :integer) .
m EusLisp L] Lisp
(print "play sounds with art functions™)
(art-enter *art-prio-max* *art-task-periodic* (/ 500000 hz)) -
. . [ ]
(dotimes (i (* hz 5)) -
(art-wait) =
(sound-play)) . Lisp
(art-exit)
(exit)
13 14
Lisp EusLisp
] m 1996: mc68020
] CommonLisp ® 1987:Sun
- = 1988:
- ®m 1994:Solaris xwindow toolkit
- m 1995: Lisp
= 1996: Realtime GC
= = 1999: Windows, Cygwin
= 2003: Realtime GC
= 1986:
L = 1988:
L] = 1990:
m 1993:
. . . . m  1993-1998:Sun
: .dh. .go.jp/~t. . )
m http://www.dh.aist.go.jp/~t.matsui/eus/euslisp.html u 2002: Bvh
m 2003:
15 16

EusLisp

(coordinates) —
:locate points .,
:rotate theta axis e S

body } I
(make-cube x y z)
(make-prism points sweep) ' 3
(make-cylinder radius height)

(make-cone top bottom) .
(make-solid-of-revolution points)
(make-torus points)

(make-isosahedron radius)

body
(body+ body1 body?2)

(body- body1 body2)

18




EusLisp EusLisp (jskrbeu
u ] (JSK) EusLisp
®  XToolKit 1Y e T n i
window el¥]] GuI . O Euslib
) iy B [ " jsk
Xwindow [ pickview.|
[ ] L] galib.l
m  (sys:make-thread num) = neurolib.l
- [] kalmanlib.|
L] searchlib.| (from AIMA)
= (sys:free-threads) = viavoicelib.|
" i?ZZ?&TEiEEQT?a‘Em‘)’) = rbrain )
= (sys:thread func &rest args) St 3 = basicmodel|
" (dotimes (j i) (format t " ")) = robots.|
(func . args) (format t "~A~%" i) L] benet.|
®  (sys:thread-no-wait func &rest args) ))(“"'X:“S'EEP 100000) = statenet.
L] wait-thread $ (sys::thread-no-wait #°print-i 30) ®  eusbvh.l
$ (sys::thread-no-wait #°print-i 30)
m  (sys:wait-thread thread) 01
= sys:thread funcall 0
2
1
3 19
|
®  spot E
= handle
®  attention

handle attention
22




g8 21

ey T
GC
]
[}
= Cf.
m  C: malloc
®m  Pascal, C++, Java, Ruby, Python: new
= Lisp: cons
]
< (free, delete)
o -
]
n
u

bool do_delete = false;

class Mutator : public Thread

void Execute
while (loop)

yector<vector <int> %> * = new vector<vector <int> *>(;
muta

tor
for (int k= 0; Kk < 100; k++)
v->push_back(new Vector<int>(100000));

Vol sen) ()%{)op true;}

}
if (do_delete ) ( public void rung { o
for (Vector<vector <int> *>ziterator i = v->begin(); i 1= v->end(); i++) ) T v = neiw Vector(); public void run(){
delete (*i); whlle e (loop) { scramble();
delete v; r sort(arr);
public: ol \;ml =100k {
} vector<int> arr; e e
)) void Setup (f S class GCTest {
arr.resize(20000); public static vmd mamE)Slrmgl] args) {
int main(int argc char *argv[]){ } v.addElement(e); son sort =
ort *sort = n void Execute()( Mutator mutator = néw Mutator();
suulat&l{ *mu(alur = new Mutator(); scramble(garr); I Z?Ll(as:oarns(()lan():
mutator->Start(); sort(&arr); v =null; sort.join();
sort->Join(); } }
1 3 27 ) } 28

T

class Sort : public Thread {
void sort(vector<int> *a) {
for (int i = a->size()-1; ~i>=0; ) {
bool swapped = false;
for (int j = 0; j<i j++) {
it (("a)[i] > “a)li+1]) {
swap((*a)[il, (*a)[j+1]);
swapped = true;
}

if (tswapped) return;

T

class Sort extends Thread
static void sort(int a[l) throws Exception {
r (int i = a.lengtl 0;

swapped = true;
class Mutator extends Thread { 1
boolean loop = tr , 1 wapped) return;

T

= 1957 FORTRAN (IBM/

= 1960 COBOL

[ ] 1960 LISP MIT/

= 1964 BASIC

= 1969 Pascal /
= 1970 Smalltalk XEROX
= 1972C AT&T/

= 1983 C++

= 1987 Perl

= 1990 Python

= 1995 Ruby

= 1995 Delphi

= 1995 Java Sun

= 2002 C#

Heavyweight Language (HL)

&
Lightweight Language (LL)

T

=) B

30




(1969 Cheney)
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(1969 Cheney)
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8 pat 8 pat
(1960 Collins)
(Python)
(Java)
(Ruby)
a = b[0]
[ | | [0] [1]
=, |
T T
(1969 Cheney)
From To
To
From To
| = \ \ In \
\ E> \ \ :> \ "\ T
b .
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[ ey g8 21 [ g8 21
(1969 Cheney)
e B e Be ele
E@E E@% Eﬁ%ﬁ Eﬁﬁ%ﬁ
Bdd Edediddd Eed
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(1983 Lieberman and Hewitt) (1970 McCarthy)
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T ——— e rp——— i o T ——p——y——— i o
| ]
n
- [ |
:On-the—fly GC
. GC
mEusLisp GC
[ ] - GC
43
(1978 Baker)
[ [ ] Baker
m On-the-fly GC [ ]
[ ]
I -
n
® From
‘ 1
GC
45 46
—————— T T
On-the-fly GC (1978 Dijkstra)
[ ] [ ]
To u (mutator)
n From To (collector)
" To = mutator
- To = Collector A
= Mutator
= n
¥ ¥
®—0 ® E) @ oo @

a7

48




B

Dijkstra

= Collector

= Mutator

¥ v
0—0—@—0—® ) O—@—O—®

a0

§>

u
u
u
u
|
u
¥
0—0—@—0—® ) O—@—O—®

On-the-fly GC
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40 50
u
u
u
¥
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(1988 ) (1988 )
u
|

oo @ -0-® B

54




EusLisp
u
[ GC
m Euslisp
- GC or Eus
- . ] 100psec
i I ‘ i i ]
25 20}
( 2004)
]
]
=
—] —] = =
— > — e
GC
]
= =

59

60
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[T ———p—r———— i 1 S i 1
= L] HOAP-2
u [ ]
L]
L]
u GC L]
= K [/byte] "
= W(t): t [ R
= F(t): t = 2[msec] EusLisp
L]
u F()>W(t)/K
L]
| | [ ] 2[msec]
- [ ] EusLisp
2msec 20msec
" FFT "
[ ] 20[msec]
. n 20msec 2msec
31.0 |32.0 40
2 40.2 | 78.0 40
3 47.0 |197.0 43 lil
usec g1 62|
n n
m 20msec =
n u
[ ]
(setq av *i -pose-vector*)
(setq m 200) u
(dotimes (i (* m 3))
(setq c2 (/ (- (cos (/ (* i pi) m)) 1.0) -2.0))
(send *ns* :angle-vector
(v+ av
(float-vector 0.0 0.0 (* c2 -40) (* c2 80) (* c2 -40) 0.0
(* c2 -80) 0.0 0.0 0.0
0.0 0.0 (* c2 -40) (* c2 80) (* c2 -40) 0.0
(* c2 -80) 0 0.0 0.0
0.0 0 0)) 20))
63
] 287.3[msec] ] 623.6[msec]
n n
s / duration ti x s / duration ti x
. o e L m o o e i m
. 430 g = —. . a0 g
Bg 500 1 _g 4 B 500 [ 1 _g F:
32 ol e 24 3L 30 1% ¢4
&= el 10 2 - 2 110 3
i L iy ® 0 — L i L =
10 15 20 0 5 10 15 20
Isec] Isec]
joint angly (shoulder pitch) . Joint anghe {shoulder pitch) .
ol
;- L 4.247 . 4.246 1 g I:i 3.987 . 4.047 !
g it "3.087 ™3.086 ' | ] | 4.006 T a027 "
-30 { a0
a5 i i i | a5 L - |
o 5 10 15 20 o 5 10 15 20
[sex] Isec]
5] 56
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67

L] GC
L]
[ ] On-the-fly GC
[ ] GC
= EusLisp GC
[

L] GC

http://www.jsk.t.u-tokyo.ac.jp/~k-okada/realtime2006/
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