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2-1
2-1-1

^d:@(DAon##i^l'#D(^Ld:d\ ^-cmo$^^{&TO#!o]^^L-CV'
6o ^?%<Dj#^m$n, 1980^ft<D1.2%KML, 90^Rd^0.5%y2000^^#n-7<XXK^f6 6lD? 
#d:fT^^yi^ (^2'1» Do 4##^
K^O^dHSTf 6. #2 ' 1 * 2 Z $ K^d#O^#AAnni960^(D4,511AAd^l980^K5,650 
AA-\j#^Ld:d\ 4#nj#^$^#T^^^d^l990^K6,350AA, 2000^K6,6G3AAK#f6 6?# 
^fi-tl'&o 80^ft^l.2%^^l'^90^W##(X#T'f6o

W±OZ $Ci)^S(D^#lAAP^4'#g:M%K#[X^#E<kKfT< C6d:?^M^A,6d\ 
T6^#D(Dg8gK%A#i#{b^?#^K6o
#0#&d%STD ^##<D'> = <hd^$6C6-C^6« ^2 - 1 » 2K^^A,6Z$K, ^#AAo 
KA&515-44^^<D lb$ni980^<D63%d^2000^K53%^6#TT6. #K|W|^#<D^?-Ko^7: n, 
1980^d^2000^Kd^y o - L60^W±(D^^r##<Dlt$n 9 %d^l4%-x 6 #

o^K, f p ' ^o ^2 ' 1 » 3nW#0###Kjs(t&##B!&#
A##=-^Lf:%O-C&&0

&%d'-t\ #m6L-C^#^#Ad^ML'Cl'6^6d^d^o 1980^ (%^55^) O^Mm#^m84^A 
Ko#&d\ %$owm^&5^m<bL-ci'%o

#B#%<!:(0##-Ci%<%:.3"Cl'%o CiiP)(DT-^n, 
#K^^A#(D^#<Dj: ^#A#$od^W5K##T&%d'T%%:
^MT%^6^^L^l'6o C(D#^Kn, i##@{b^AD(Di%^<k6*K, 
<7*^^<^(D^bd^6o Lftcd^y, ^#A#^0#CXd^#9^K#B{b'f6%:d^''e,

6 ^ 6d^?m$^6o

%o co^Ad^AT, AK^^A^BA^^oi^^^^^Ao^ogEibn, ^oAd^aoj^^A##^ 
0, 6d:&K^#$#rKJ: %A#^lm]A(D^d^^A^6 6i'AZ

D
Ad#n^^j^^^ftKA#A##(DA- h / ->/a v^#K#^26'Ci%l#^j^g:^^^L'C^d:d\

2-1-2
m##f;m, wm##d^<DA^<D#^&iDc&nA^o^A^ 

^#^0—3A&&d\ ^Hff#±#^###O^<bKZ0#^A#d^±%#[q]^A^-Cl'6o #^-C^.

-C^2 - 1 - 4K#:#4BW±(0^#^)|±%^^L"Cl'6o mc^3A&Z$K^D##^mcoi'-[A
6 6^^^^#A<D#lm]K^)%d\ ##%"s-tf:&#O###3;WC##Lyi'&0 ^2 » 1 » 5n^#^.#
KZ6^##^Bm€,m#^LA%o'e^6o imm^3"fd'%Dm'at#
$^^Lf^d\ @#50^ftKADa#(D^L°-nt^^2%g#}O%#'emi#A:%OK%^-C^yi^o - 
<DC ^#<D_k#d^# 7 %##t'±#L-Cl'6 C ^-^^##<DA#A:^:^%#KAA6

mmK±#LTl'%C6^$d^d:^%o ^#m#<DA^0A^6' 
^###<Dim]±^ mmgm<DmomLy%am^±d'b:wwz%b%i'#m'f&&d\

^#^<D[m]A^nd^A#6 Lyn^a^TXp -7-d'^6#A6K%d\ % ^ 6 %^A8t)^A#<D 
^#fF#4=m##fF#^#m{bf%C6KZDA^^C^P)<Di±#d^#mf%C6-e&6o 

h(D^#M^--X#g#-eC(D@(D##n]#l'^^A#^##Lyi'6o
7 vx - h * $:#fp#<Dg#<bKMT%##d:% -3 «h %

i#il'#]#jM&^LTl'&o CiL^)(D###fP#(D@#/fkn, ^#8tK#d^Ll'##^'&6d\ CA^#5% 
T& C 6Kn, ^#(Dfo]±(k#^^l#A^^^^-f'%±d^% <ki'A5o
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*2-1-1
1980% 1998% 2*00#. 2010% 2020% 2030% 2040% 2050%

<* to>
0-I4& 27.546 23.327 21.180 22.210 19.482 17.588 17.865 15.960

ir-64* 78; MO 86.325 86.880 82.842 78.343 25.747 68.578 64.465
ssesai 10.580 14.609 21.174 28 084 31.029 23.479 29.530 28.87Z

to *
«wut>

116.916 124.261 129.234 132.116 128.774 82.814 116.033 109.297

(H4« 23.6 18.8 18.4 16.8 15.1 143 15.4 M.6

IS-648S 67.4 #8.5 67.2 62.8 60.8 61.7 59.1 $9.0

65««± 9.1 11.8 16.4 20.4 Z4.1 240 25.5 26.4

1980- 1990- 2000- 2010- 2020- 2030- 2040-
1990% 2000% 2010% 2020% 2030%. 2040%. 2050%

0-14® A 1.6 A 1.0 0.5 A 1.3 A 1.0 0.2 A 1.1
15-64® 0.9 0.1 A 0.5 A 0.6 A 0.3 A 1.0 A 0.6

65®tt± 3.3 3.8 2.4 1.4 A 0.5 0.0 A 0.2
IS R 1.1 0.4 0.2 A 0.3 A 0.5 A 0.6 A 0.6

(ho) rrcmimsragj

...............% N 7) A 0-_............. .............IM W R..............
1960% 1970% 1980% 1990% 2000% GO-70 70-80 80-90 90-00

(7 #) (7 m) (7 81) (7 SO

15-44* 3.101 3.582 3.531 : 3.649 3.500 481 A51 118 A 149
(68.7) (69.5) (62.5) (57.5) (52.5) ( 1.5) (A 0.1) ( 0.3) (A 0.4)

45—59 996 1.117 1.591 . 1.984 2.247 ' 121 474 393 263
(22.1) (21.7) (28.2) ■ (31.2) (33.7) < 1.2) (3.6) ( 2.2) ( 1.3)

60— 419 453 527 717 915 34 74 190 198
( 9.3) ( 8.8) ( 9.3) (11.3) (13.7) ( 0.8) ( 1.5) (3.1) ( 2.5)

it 4.511 5.153 5.650 6.350 6.663 642 497 700 313
( 1.3) (0.9) ( 1.2) ( 0.5)

(E) *maAa<OA7 3mu. f n^nroitic»?*flt)Stt. manna7 3%%vtwW
(W) r*#W)MBMM5j______________

*2-1-2 E^*AO(7)#»(#^As
AK#)

cfxi - -f x , %;
83(040% | 45% 1 50% f 51% | 52% | 53% | 54% | 55%

A- 1.797 1.837 779 794 779 629 816 637
(21.7) (19.8) ( 8.0) ( 8.4) ( 8.3) ( 6.7) ( 6.6) ( 9.0)

208 149 17 21 13 10 IS 24
(10.8) ( 6.0) ( 0.8) ( U) ( 0.6) ( 0.5) ( 0.6) ( 1.3)

413 371 78 69 70 50 70 77
(17.9) (15.2) ( 3.6) ( 3.5) ( 3.4) ( 2.6) ( 3.4) ( 4.0)

515 473 177 168 ITS 128 186 177
(25.9) (22.7) ( 8.3) (8.2) (6.4) ( 6.4) ( 9.0) ( 8.1)

J- A 662 844 507 S3S .. 520 441 545 556
(33.6) (37.0) • 05.3) (15.6) (16.7) (12.3) (16.6) (16.8)

^ $ 24 14 5 4 5 5 6 7
(11.3) ( 8.7) (4.6) ( 3.8) ( 5.0) ( 5.6) ( 6.3) ( 7.8)A *•« * 226 329 171 196 199 225 256 222
(30.6) (31.7) (1U) (12.9) (13.3) (13.9) (17.7) (15.5)

1.379 1.294 506 510 488 332 447 506
(22.0) (19.0) < 7.6) ( 8.0) ( 7.7) ( 5.5) (7.3) ( 8.2)

120 124 64 to 66 to 73 61

# (14.3) (12:1) ( 5.7) ( 4.6) ( 5.9) ( 3.8) ( 5.9) ( 4.6)
2 2 1 1 1 0 1 0

( 3.7) ( 3.0) ( 1.7) ( 1.2) ( 0.9) ( 0.5) ( 0.8) ( 0.6)
46 75 32 34 25 16 32 40

* (31.3) (35.4) (H.8) (13.3) (9.0) ( 5.6) nu) (16.2)
1 7V ZV? 2

0
f 2 | 00

*2

7 —

1 • 3
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##, 4=^o#oA#mm#o&&*A

^ 1 v^^MKj#±L-C^yt:o ^^^#:M^O#fTKZ D, ma^O^k:- nt^^xn-^<>7 
LT^i'% too, ^ h ^ ^0j#^6^!##0#^6t;^:^3#KZ 0 ^K^O%^^Ao#####oi^^) 
% / < VT^-V^3^ 1^##K1#±L'C'C&%0 4#iSD K#M^^^##K#1'ZK#K#X.^^L^6 L 

h y^oj#^q^#< c<LK%0, ^^6g#^!^<!:tK^iLO/< VT^-V^3^ l^P^&^K±#

oBF5K&;i' t ^MBc^o Artiik# 6 t L-C^#o6 ^ ^ 11' %« #K,

%t##Ao^ <VT^-x^3^h o^^^A#i'9 ^ < h %6#&otiA##'T&6/5\ ^og;^^#$ 
ibf A^o##K^i'^^ Di#gog#{kv/^T

2-1-4 A#8###:0#o--X
##^##ao^#A$"\o^^y^7yy^g#K#&p)ii-c#^^\ co#@ 

W#%8o####^#&##]%g&^f;:<k;^§f:K:%:g^<k%c'ti'&o ^OB#K

< C i-r^) D, C 6^&6o

#^i#^g#<k##^#O^K#OM^Of^6 t ^:b&-tg^%%#J&j8<)''Cl'&0 1960^W#,
=; t)##^#o^#wom<bA^-cA^o 4#
nmmo-^T% 7/i/^v r v * h p^o^m@#{k#mKic
-c##=&#om#^^mibT6#ftKA^^6#xL^ii%o #$, ^K#^#-e^':o#o^-x^<,

m mikmmofijm ^ »r Ao^m 6 ^

&&, mfA^#o^#tm##m#om:#^o^&A^om#^%#^m!i^^^6o co^&K, etK
#g, ## ' ##^6'^#^fF#0^%Ki#^0@#<b##^^6 $it%0

K^MK^ u-v^^±(f%^%K^A#A<kO7yp-^^*^iLi:^0, i#gg#{k#%oM#o^

{bmm^#^"TAofm&^'3i:^6o ###80##;##"% co#ct@i#g,

2-2 #ma#{k#mo^-x^
^ vy- l#go#Ff#^^t 6KP ^ y 1 ^TA%IJ:&j:Cf###CfTc%--X#^#K

y y ^ - h m^-e p ^ v h u11^ i # ^ utao# u-cmmo?#:^^
K%2fLf:o ^r0^^#a#bl^^244m:0 6#J^, #a#Mm"em63fj=^4#!l6^^-Cl'%o



*2-1-4 BW±)
(ima A)

WRISI* 52 * 53 '•% 54 <t ss a
**fl
4T&* 333.311 345.293 348.826 340.231 335.206

( 3.345) ( 3.302) ( 3.326) ( 3.022) ( 3.009)

#&* 118.723 118.038 113.159 108.234 106.481
( 669) ( 209) ( 650) < 594) ( 589)

4tf 9.121 9.221 9.613 9.043 8.422
( 120) ( 180) ( 135) ( 149) ( 105)

4*iS* 103.683 111.026 118.568 116.482 112.286
( MSI) ( 1.464) ( 1.583) ( 1.404) ( 1.324)

4.812 5.025 4.865 4.569 4.626
(81) (22) (41) (43) (52)

*4&# 23.401 23.442 23:521 22.632 21.802
( 290) ( 222) ( 262) ( 288) ( 261)

6.518 5.833 4.282 4.365 4.103
(S3) (49) (41) (60) (55)

12.689 13.293 13.040 12.654 12.490
( 136) ( 131) ( 135) ( 115) ( 112)

S4.364 58.860 61.223 62.242 64.931
( 495) ( 425) ( 429) ( 424) ( 456)

RflitiflS #»* r#»K»>3ttr-5>-ffiJ
(tt) ( ) muKcsa.

*2-1-5 m#±-

_
* R «W4Sff 1 SI* | 52ft | 53* | 54* 1 55<t

ff 0.88 0.36 0. 42 0.35 0.36 0.32
* $ 1.20 1.34 1.56 1.28 1.45 0.82
4t $ 2.22 3.44 4.95 299 4.32 2.58
6#* 2.13 0.52 1.26 0.64 0.32 0.64

0.C6 0.28 0.33 0.30 0.29 0.22
0.61 0.32 0,32 0.28 0.28 0.45

$k 4& 0.42 0.28 0.23 0.25 0.19 0.30
*. * 0.34 0.08 0.13 0.06 0.04 0.05

1.60 0.99 1.12 1.23 1.04 1.08
* * 1.08 0. 24 0.83 0.52 0.41 0.41
/A/f. i& 1.22 0.43 0.52 0.69 0.54 0.41

0.40 0.18 oiz8 0.35 0.12 0. 13
4K f 0.59 0.22 0.32 0.20 0.21 0.38

%>%. 0.66 0.40 0.24 0.15 0.14 0.19
xcu 0.59 0.19 0.25 0.31 0.22 0.36

0. 20 0.28 0.11 0.11 0.56 0.49
%$ 0.95 0.53 0.62 . 0.32 0.51 0.64
4% 1.40 0.36 0.60 0.52 0.49 0.38
***#, 0.90 0.39 0.38 0.34 0.25 0.23

1.13 0.32 0.51 0.42 0.35 0.42
0.56 0.31 0.22 0.13 0.32 0. 12

%&** 0.24 0.08 0.15 0.11 0.15 0.02
0.81 0.33 0.36 0.31 0.34 0.26

***** 0.25 0.02 0.08 0.02 0.06 0.12
X, * 4@, 0.36 0.30 0.23 0.22 0.31 0.23
a#-*# 0.96 0.41 0.42 0.34 0.34 0.34

0.56 0.11 0.19 0.32 0.19 0.13

-4"- tf%* 0.25 0.35 0.31 0.41 0.29 0.29
( 0.29 )

mnavK ww* r%m*«iwwKj
(tt> tssvtii. i.oooK%agc33c9<n#Mxa#%m(cz&%Ri!i%Ba

2-2-1 v' 7s y A — — X
7 vy- v 1 ^X%A
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-C'& 0, ^ it ^ ^#ia# x: Am^ a #{k#md om# K -c & & o

5).

m^, ##, v-<v hfrt), #: r-e^, ^

6^r(D#lE,

z%A;m^&, me, em

6). #&fF#

Lt, me, em, m^Ai^fTA^f^#^^^L-ci'%o 
(d'<ofF#$5#KA& — — X^^V'o

i^A^@#KA-?-cA"tV'%o #A^LSli=A##T^<<x.#o^^K#"cm^y"; ^py(D##AXp 
-k x K i % A ^ @## A APlS&^'&ia^A 5 ^I')6\ ###^#^ L t LAB %ff#K#^ ^ D
^< <Dfp#^^LO%@K^x.j&A,-e^6, fF##KA-A%e=#iAmi##K, #A{b&BmfFA#m?)± 
^'OA#-A^#KA^-Cl'6fF#-e&6o LSIom3A7 < y<D#T'%ef^##<D40%^#P)^^^&^

$ 'LKAtK'c < ct L^
< #fUKM@A& 6#x_ Wi&o 
A#^A--X6L't, IC, ^##9=/'-, g#j 

g^±(fLii'-CioD, LO^<€)fF##KZ6B%fF^ 
ALit6o

Apm&a##a#& L"c@em^#o#%&&d% 
/^, y <, y9it,

K L <D#$, f" z. y ^ ZC#^#

LgB^,,
m & i' 5 - -XK3#

Ly^
^#A, y?, mK 6M:, 6tre)A^##AAPm^,
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m 2 2-10 P tf'-y h x (g^ : %)
■nmii f <n%

2 4. 1 8. 0 4 5.1 17.9 1
15.5 4 2.4 2 0.6 3. 8 1 3. 4
3 3.3 2 2.. 2 8. 3 1 3 1 3
1 6. 7 2 6. 7 3 3.3 1 1. 1 4. 4

i 18.5 4 4.4 2 4. 1 9. 3 3. 7
2 3.2 7. 7 3 3.3 2 5 2 . 6 2. 6
3 1.5 I 6. 7 4 0.7 9. 3 1 . 9

to# 2 6.5 2 0.6 3 9.7 10.3 1 . 5 1 .
2 1.4 2 6.5 3 1.2 10.1 7. 1 3. 8

#2-2-11 p#v : %)

f
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zc7P-7'6^mEK#BL, $5K^O^#^^7T7V7/m

f- — — 7 t OOM^A'frE)KFll'j: P p -t - 7 a 7##-p^yh 0##t&"##Ki" % OK#

#K##t'$6o

4) 7 7f-^.^-7^a#^

(D 7^r y^77'f--^BMOt^-/lx{b^:l'LHlC{b^ZU(^^6^^^<7-7< y^-7/#^- (Mx.l'f

MOS —FET) t ^li.^-'a — '-F -t '-7 ^ 0
® #^$IJ#^Z<^#^###ib7/^p' V XA&7 7 - A9^7 6 L-C#mL-Cl'&-7< p

® #l#<b$Fl^#@f--^^--70#±K77y7-7'>7j''%:'#'6v<77-^-Bzc.>/3-^^ 7p-bf^

7-7, ^T77a7-7#07^-K^<y7-k7f-(!:^^#0^${bo
® IC7^(X-7°7P77 70rF7<y)-ca#$#"T#%16m, 8#^^c;K##0@/J#2#[R]^l

W^ifXS X Xj-S' X P y h 7 31 y 7 #o

(B ^##M#K^<,-7<p7^S##JW'e#-%p-7!;^-^^o

(E) 5 - 7 6 7 ^ y 7 "k 7"^ <*:0#'&7-(z 7 7'/ix-C'7 - 7'/i% 7 < -V^#L
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3-2-4 t2 '*£ y b

1) gm,

a%.6%o.
2) ##±o%#

3) ##&# 
a) #4;,
4)
a)

5)

b) #jS##KK&^AK#7cT&##
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3-3 em-mma 
3-3-1

mo#$Op^y
^3 - 3 ' 1OZ ^ K^%o

mm, mm, ^m,

rej^tS • rWilBitEtt
/j# - mm

'o^ozsK^a,
1) mm$j#
2) mimm
3) |^@$IJ#
4) m@k#U#
5) mo#

^3 ' 3 " lK^L^%^Op^y $l#0i@5g{bK#:]^o%0
T& i), mo##n

m#

rlifell, t#^A:

1) #'b5) ^:#g69K#%^^T6$#^WTK±6^)%o

( 1) ##$J#

Hi-#K7-A^iAt'3bD,
#{b#%-cit, ±EoA^KZ%m.iz:-cfP#oz 
#Wi2*bU:0%B6%:9, ^^^mmo#^7-Ao#|^fF#,

1 ) 2 AfkOt^Hk %m o' p 4^ v b ofSrlH
2) 2f@ci7^f - # tc £ %) s* # — v ^St^fSI^SUSP

3) mmKia^^o^^^
4) V^k:'V%-^aV#K^(f6m#0^[g#mimP^yb
5) mm7 - A
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FTP

w]-^7'o ^7

a:

%7"o

1%7'oy 7

3-3-1 mmm o ^ v h
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K%63%±,

(2) mmm

yf-oON, OFF, TV^i-
y;t/i/04a#A%6'0####0 U t- h =, y h e #^g#<b##T

w^A%L

1)
2) ## p ^ ^ h
3 ) #f# P ^ y h
4)
s) p ^ y HD ^

(3) &MWM
yx-TAO^#{|/K#o'C,

^ % A ^ T A $ in: H % i#5g @ #{k#

-C<%6#XL^^%o
1) 2Mp^yHD^fr$m, -7^f-pyhp-7KZ6^#$m,
2) #jglJp^yHD#^-^XTA/fk
3) 2 n'l^±0 p y b t WMM'M i_bfi p v tH — # b Of — P S^H

±E<0Z5K:, #m#IH\

(4) . ^mmu#
^^TA^#o±#{b^Z6$J#o%#i«sm{b(L, LSl##oi@sm<bK± %-?< ^ p = yt°a.-f o/F# 

ib, #pxh#mKz^-c, #mmo^
< %o

amgmmmR-c^

1) 5i^W±0-7/i/^ye-ty-MCZa##$|#
2) ^#p^yHD###^^^yK7p-v/fbL,

(5) ^<D#
.U±<D#:Mc,

2) —
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3-3-2 ^0###
p^y HD#mib<D@XrO^

(i)
u-c, a##y p y ^ Ao#%M^^m^

fit t' & o #K, ## 6 ##0^0^%, 6 -%:<D >/ % % A ^ l' 6 ^
tM, mm#m6L-coPROLOG^6'o^m^%#gKi:^6o #@

(2)

03 vL°z,-^ tT/i/og##5%^frD ^^%AoW#%

(3)

(4) ^o#o#m

4##,

3-3-3 p ^ -y h ##
p^v h<Off#E%|\&fT5e^y hW#&L'C#EK@^Oy-;/lxO##^#^$K,

6o

y<y^7 = -^6L-CO#l'#$6l^^6^##{[6^cl:L'6o

(1) #fpi/-;/L
-^a y^oVAL^l-co^-^^L-C,

<vyp4z^'4:VfKZ%m
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6

(2)
n ^ v h 7-7 o^% - ^ ^ %o±^cAD^^ % A &uA#^ % A o

^0777A^H, CADcLo^eKZiX
l)(D±rtl^|o]±^^lP)l'6$^6o -77'-777<v^7 = -7.0^#0@K^l'X%, 3%%fx^yi/

(3) fF#7-</y
^07-</y##6 L"C^, AKfF#^T60«k|W]l:@^0##$'C'#A6C

(4) ^rO#

3-3-4
(1)

Xp-kyT", y7h7^7^:<i:K^^$ii6o
1 ) #5?
GaAs-icmm^mm^^m^m-c^D, #f^$UK

6 o
2 ) 7° p -k yif-

$J#M%9 2 0msm:, k'vh# 3 2 - 4 8 0#^7°P4:y7-^#^%#6^^-CV'6. ^A^TC-cv

3) 7 7 h 7 = 7
^^7c-kyf-m#o^-v9^ vmmM

@7/1x3' i; XA^#^^#6^ci:l'%o
4 ) — — X
A^om^p^vK rnfAy^vnomm^p^^K &&w:\ 7-7.0

^gp^y b^6'o$moA%,
-tl'&o

(2) m^imm
XP4:y-7, 7 7^7 = 7, 3oj:U\

1 ) 7° P -k y 7"
^ & ^g^& ux, ^#7G-t7-7##omm@x

p-ky-7^#^LM#6^:c»''Ci'6o
2) y 7 h 7 = 7

^^7C-k7T-##0±7 9< 7#^!j7 
/lx3'!;XA^#^E^|-#6$iL-Cl^o ^<A.^^7V77''^7.TAOZ$^:#^:TP^yhO#

^ 6 ±if-Ci'6o

^7 K V 7y^-c^%##nT#%:p 4; y h^g#(!:L'tl'6oX:Op^y

3) ^-X
h0^^i±#6LXI'i, ^[go-—X#gO(#C#^Wi;%:;6'ol%:o
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(3)

^r<D#Q,
1)

^p ^ ^ h ai^/C^^lz-T 4 V/.^^TA4=, ^<A.^ZL7VV/.^^TA/D1^

2)

3) ^r<D#

4 ) - -X

§##0#3aZC@K^o(t%#^#.]j[^'fT/^^)'4±6 p y h * 3 V k° a: ^ ^3j--<

(4) ^r(D#

-7^3VKj:6ABSi#Ao^t|^iJ6ABR:$!j#, -?<3
VKZ6A#:0#4'Vk°-Xy^,^0^m6p^v

jg?^X7^HD,^#p^y
#0

##^#oA:a#gm7<yK^(f6^x^±€»^&op^y g#$o#a
^.AZ:K^if%#paO##oo^4'^.3Apo^<D#g6Do^(D#M#J#^fT^:X.6P^y 

fl"Cl,'%o ^OA%CD^-V7'fy'T —
##^^1'"%:^, ^Ao^#^0o#g^fr^^p^y ha^x.^fu-c^'x 

T6##o

3-3-5 p ^ v h $tJ#PA^f)#m 
( 1 ) S^LjfiSJfSP V 7 h^zT*'V" — ^

133'3 ' IK^fZ^Kp^iy h^yK^^AI^^#AF^#^T^6^#A%o

5A&K, K^6^o^<K, 3
A, #0#6AVtm^f6o gPt), ^vK<D##-^I-^D->V->A-^F6l^,^^j7:'ft^L, ^

3 - 1 (0^0 Z 5 %X? 7^6%#P)ii6o #M#(L %, ^^PxDX p y h
X/'K$,'i^o X7 7^ID, DV, VA, AF<D4E^K^#JL, ^A6#At^g6^^g^0,

^ 5T& &, 4^, 3^
^(DZ^KL"C, ^

#M#@KL|rf@'^'#;5:b(f'Czb6o

i'6i'6^%A^dZ'#"C'3b%o $f, 7-Agr,3y7/f^zLi/-^3v 
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#T6o 7-A€»3V7x4rzLi/-^3VKM#^:<^ g#

7-A g#Og^O##n,1t-^n±#'^%###^^|#'#'fog^O##t 7-AO»y y 7y y-
^aVKZ^-C^iki-%0 7-A(D3X7^^a.l/-^ay^#-XL6^iL^,

g#0##%##L#%o 3^:, 7-A^g^#aK%^-C#)6^^a60^#mh/i/^%,
^O^q3g^Oy/f-Ky^7-K##nZ'p,

—ggn#o#J^^##^K%&F)^L7ZktiLn^F)^l'o

6f%o Pn,^Kf^T6llF«k, 6'C<D^#h/ix^Tfn6oM#^, #3%-C#x_F)fi&o 
Tfn= (TnxF) • Pn n= 1 ~ 6

7-AOggO##^^ -1- V-k^T6^%(D h /i%^ H^^-e#;LP)^L6o

6

Tgn= — 2 (Tnixmiy ) • Pn
i = n

T^L, mini#go V y ^ O^#, g' ng^O-<^ h TninB##n^^ V y ^io#,5-^M6Eg#"<^ h
^-C^6o h /i/f Tfn6TgnO#K^6#K^J#LT^^^, 7-AO^gO##^#fKL^ ^

7 y^B%fF#KJC5^f-6^<!:^#x.%o^ y y^^lg^f %:A:&Kn,#K^ yy^KZ^
-c^±%%.#n%^R^@m#

Ftn^^-T:'# x. F) ii, & o 
Ft = ft • Rx = Ph — Pc = /IPh — Pci
p ^ y h 7-±^KZ D ^ y y ^ ^

oy'py^^|g|^|g|3*3'4K$6&%o

03*3*1 f$<7)M$jui<7)i+il
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®3 • 3 » 2 Wi&M'fflbfrtii 7 7 h 0

®3 • 3 • 3 hJlsfrtfrm

®3 - 3 » 4

% 6 #E% ^
-ftfo HctiWB#d^#2:b&o-C\ p^v

Tit,
6i'5A-oK:,

6U'(L^o##^wTKmmT6mgy
y 7 h 9 ^ 7-^-^T^)%0

e!l6LT, g!3 " 3 ' 5 ^OfF#K^|g|3 - 3 ' 5K^f#K@:^#
Ahi,h2,h3^mf%o 4, m
^Ltim^^#<Dmom#Hhl,h2,h3#0^#'C#^it6o

^0#K^:6o
H = J^+^C6»

±z%6, c^^h^T-e^T)
T = AJ_1H + ^TD^+Tc

«k^6o ^C-C'A^B^e^oiK^-zh V v^y., MH<WKMf&-F:]k'7:/-c&&o TcltggKZ^ 
B##, (2), (3) 0^6|W)#C#^TjTmf^6^T#'6o

^6^T^%<DT, #=L^%$^6tKj7t)#^a6o
Lt:^^-C±^('t

T = AJ'H
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F=H

3-3-6 ^ 6KZ D, 6^0
03 - 3 -

OBsKV 7 h ^ ^ 7KZ ^ 6##^^%.
(4) -3:0#
^0#^^#J#%rE#K#mT6^&K, &6g##^3:0 K^L-C##L"C^i:,

^ - K,< y 7$l#f 6 ^ iKZ

W»L, 4#^ #3Ah{b^#t;K'CiL't,

il&n7"097Ar;

AJ”
mpNu

03-3-6 tl>*-XA

03-3-5

3-3-6 p^y hW^(D##
( 1 ) AL ( a 7 y "7 * — h ~j\ AI y 4^)

ALU, $$&#7%e4<yhmi#zK#W#6L't#%#<#&$i!, #^K<yyV7l/h$^^##-e^

{'i ) Algolf 'i 7 0 7"p 7" 7 t L, 7° p / 7 A 5 ^@BS 5H

-Cl'&, ^L^OT4rAh-77P##^3yy<^^^^.^/L"t\ ^#%^^7l/^^7'/ix^ypy7<
LTl'&o
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T^-efr^o #u#^±#€»TS±"e^ip,
(^) fF#FtimiomfT^AK#a^K^bL''ci'<\

i"T — f "< — 7.0##^##^^^-#^: < fr ^ f^&K, -t-7 v% /f y 7 f&AFFIX, UNFIX & i'

—#%^-77p$^^7<y9V6L"c#^^f2yp/7)!)\6,

(-^) 2^:W±O^O#fFO|n|^^fT^E%&f%^%oC0BEGIN, C0END-<7, ##^#=PRERE-
QUISITEoE^&f# Lfcf- 7 f 7 7 om^<D g##U#^ 7° p -k 7.fmo|#im% 6 6^&oEVENT,

SIGNAL, WAIT#^#ALi:%#^#fF^E^^^mKT6o
(1) =y,<<7'r^%2:b:A:3-K&#fT't&o0BO#-#(Oy7h9 =

ALKZ^yp/yA^^iJL-C, ##oEi&6#ffoE%6a'b%:&o

%o mTK, gis *
3 * 7 0#KgRDD^@g#^^'Cl'6 6#', BEAMccBRACKET^B0LT^±%%ft$O^26O, AL0 7°e 
y 7 A^IJ%"|g| 3*3*8 —|EI 3*3*10 K^'t'o

^3*3*7

FRAME beam, beamjiole;

FRAME bracket, bracket_ho1e, bracket_grasp;

FRAME bolt;

beam -e- FRAME(R0T(Z,90*DEG),VECT0R(10,6,0)); 

beam_hole <- beam*TRANS(ROT(X,-90*0EG).VECTOR(3,0,7));

AFFIX beam_hole TO beam;

ASSERT F0RM(DEPR0ACH,beam_hole,TRANS(NIlR0T,VECT0R(0,0,-3)); 

bracket 4- FRAME(R0T{Z,45*0EG) ,VECT0R(20,T4,0)); 

brackethole <- bracket*TRANS(R0T(180*DEG),VECT0R(3,3,0)); 

AFFIX bracket_hole TO bracket;

bracket_grasp <- bracket*TRANS(ROT(X,180*DEG) ,VECT0P.(O,3,3)); 

AFFIX bracket_jrasp TO bracket RIGIDLY;

bolt -*- FRAME(ROT(Z,90*0EG)*ROT(X,18O*DEG),VECTOR(16,3C,5));

@3*3*8 A L tc 4b' tt ^> <7>
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example:BEGIN

"world model description here"

OPERATE YFINGERS WITH 0PENING=»3*CM; 
MOVE YELLOW TO bracket grasp;
CENTER YELLOW; ...................... ...
bracket_grasp <- YELLOW; i , .
AFFIX bracket TO YELLOW; J
MOVE bracket_hole TO beam hole; 
OPERATE BFINGERS WITH 0PENING=3*CM; 
MOVE BLUE TO bolt;
CENTER BLUE; 
bolt <- BLUE;
AFFIX bolt TO BLUE;

— (/f) 
(a)

MOVE bolt TO beam_hole + VECT0R(0,0,-5.3) VIRT beam hole; 
. WITH F0RCE=0 ALONG X,Y OF BLUE , “

ON FORCE(Z WRT BLUE) > 60*0Z DO STOP BLUE; (M 
OPERATE YFINGERS WITH OPEMIMG=3*CM; ,
UNFIX bracket FROM YELLOW; l ------- (t \
AFFIX bracket TO beam; I

MOVE YELLOW TO YPARK;
OPERATE BFINGERS WITH 0PENING=3*CM;
UNFIX bolt FROM BLUE;
AFFIX bolt TO beam;
MOVE BLUE TO BPAP.K; 
WRITE("Finished"); 

END example;

H13 • 3 • 9 A L izi £"7 A $](*£> 1)

examp Te2rB EG EN( '

"world model description here"

COBEGIN
ypickup:BEGIN

grasp(object=bracket,grasp_point=bracket_<irasp.opening for approach=3*CM);
MOVE bracket_hole TO beam hole + VECT0R(0,0,-3) WRT beam hole;
MOVE YELLOW TO @ + VECTORTo.O.6) WRT beam hole 

ON FORCE (Z WRT beam_hole) > 50*0Z DO STOP YELLOW 
ON ARRIVAL DO ABORT("!ERROR! bracket went too far");

END ypickup; 
bpickuptBEGIN

grasp(the_arm=BLUE,the_object=bolt,grasp_point=bolt,opening for approach=3*CM); 
END bpickup;

COEND;
MOVE bolt TO beam_hole + VECT0R(0,0,-5.3) WRT beam hole;
normal_search(BLUE,0.2*CM,T.6*CM,60*0Z,9);
MOVE BLUE TO 0 * FRAME(R0T(Z,99*DEG).VECTOR{0,0.4))

ON FORCE (Z WRT BLUE) > 60*0Z DO STOP BLUE;
COBEGIN 

parky:BEGIN
release(the_object=bracket,the opening=3*CM,the new parent=beam);
MOVE YELLOW TO YPARK; ~ ~

END parky; 
parkb:BEGIN

release(the_arm=BLUE,the object=bolt,the opening=3*CM,the new oarent=beam);
MOVE BLUE TO BPARK; “ ~ “

END parkb;
COEND;

END example2;

m3 • 3 • 10 A Li::J:SfES70n^7AW*<7)2)

(2) AUTOPASS (IBM,
AUTOmated Parts ASsembly System<7)%#t:' & 6^
AUTOPASSf ^

AUTOPASS=y,M9tt,

AUTOPASS^6'/b^^^^^O#m-C^6^^^fA%^, g|3'3"l
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1 ,
AUTOPASS^i#zK#^T-h/vHD#^:^|E|3-3-12K$<L%%o

1. OPERATE nutfceder WITH car-ret-tab-nut AT fixture.nest
2. PLACE bracket IN fixture'SUCH THAT bracket.bottom

CONTACTS car-ret-tab-nut.top
AND bracket.hole IS ALIGNED WITH fixture.nest

3. PLACE interlock ON bracket SUCH THAT
interlock.hole IS ALIGNED WITH bracket.hole 
AND interlock.base CONTACTS bracket.top

4. DRIVE IN car-ret-intlk-stud INTO car-ret-tab-nut
AT interlock.hole
SUCH THAT TORQUE IS EQ 12.0 IN-LBS USING air-driver 
ATTACHING bracket AND interlock

5. NAME bracket interlock car-ret-intlk-stud car-ret-tab-nut
ASSEMBLY support-bracket

m3 • 3 • 11 A U TO P A S SlcJrSfNHyn^AtDflJ

State change statement

PLACE object! ON object2 gm>ping fatnaZ-condltLoiu, contains the.ii-ho Id 
INSERT object IN receptor position acnaoi then-hold 
EXTRACT object diAtancc &ene>0A 
LIFT object distance
LOWER object ONTO surface acmoa then-hold
LOWER object distance 6eru>oti then-hold
SLIDE object ON surface slide-termination then-hold
PUSH object diaectlon UNTIL final-condition then-hold
ORIENT object SUCH THAT positional-condition ientoa then-hold
TURN rotor turning-condition a.otation-aicii tiien-hold
GRASP object grasp-position hand-poiition gnai>pirig-(lon.ce
MOVE spatial-&eatutie final-condition
MOVE ipatiaZ-^eatuAe TO position final -condition
MOVE i>patiaZ-ieatufie motion-specification final-condition
RELEASE

Tool statement'

OPERATE tool load-liht tangeZ-po&iLion attachment
final-conditiOn''ttiol-paAdmeteA.-li&t then-hold 

CLAMP locking-device SUCH THAT final-condition 
UNCLAMP locking-device SUCH THAT final-condition 
LOAD tool load-ti&t 
UNLOAD tool load-HU 
FETCH tool Aom-holdeA 
REPLACE tool to-holdea 
SWITCH tool ON/OFF 
LOCK locking-device attachment 
UNLOCK locking-device neleate

Fastener statement

ATTACH fastener iecond-iattenea TO target-position 4 ide-attachment 
final-condition

DRIVE IN drive-fastener target-position final-condition 
tiding-daioeA. attachment dAiocA-panametCA-lidt 

RIVET object-tl&t target-position didc-attachmeni
FASTEN objectl TO object2 moAC-objectd WITH fastener tasiget-posttion 

£i not-condition
UNFASTEN fastener-list douace-podition Acleade taAget-poditi0n

Note: Any statements in the above three classes may be preceded by 
a qualifying hand specification. WITH hand-name.................

Miscellaneous statement (partial listing)

VERIFY inspection-condition inspection-action-list 
OPEN STATE OF locking-device IS final-condition-1ist 
NAME object-list ASSEMBLY assembly-name 
END

113-3 -12 A U T 0 P A S S<7)'>>$ yf*

(3) LAMA (MIT-AI?^)
Language for Automatic Mechanical Assembly
LAMAH,

LAMA^LISP-eeZofL-tisb, fl#WJ;Um3 - 3 - 1 30 3:
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LAMA#, ±^#^oWWom^K&6'&l'd\ AL^AUTOPASS#j±-<

(GRASP OBJ: [PISTON-PIN])
(PLACE-IN-VISE OBJ: [PISTON-PIN]

SUCH-THAT: (PARALLEL [PISTON-PIN] [TABLE]))
(UNGRASP OBJ: [PISTON-PIN])
(GRASP OBJ: [PISTON]

SUCH-THAT: (FACING* ([PISTON] TOP) DOWN))
(INSERT OBJ1: [PISTON-PIN]

OBJ2: [PISTON PIN-HOLE]
SUCH-THAT: (PARTLY (FITS-IN OBJ! OBJ2) 0.25))

(UNGRASP OBJ: [PISTON])
(GRASP OBJ: [PISTON-ROD]

SUCH-THAT: (FACING* ([ROD-BAR] TOP) UP))
(INSERT 0BJ1: [PISTON-PIN]

OBJ2: [PISTON-ROD SMALL-END-HOLE])
(UNGRASP OBJ: [PISTON-ROD])
(GRASP OBJ: [PISTON])
(REHOVE-FROM-VISE OBJ: [PISTON])
(PUSH-INTO OBJ: [PISTON-PIN]

SUCH-THAT: (AND (FITS-IN [PISTON-PIN] [PISTON PIN-HOLE])
(FITS-IH [PISTON-PIN] [PISTON-ROD SMALL-END])))

(UNGRASP OBJ: [PISTON])

@3 • 3 • 13 L AMAdct $#^17 n ^'7 Ac7)tf!l

c 4) ALL
(2 CD####]# P ^ y 1 ^ ^ T /!/ — 7 6 L"C#@^ $ % CD"C^ V

03.3.I4 (CALL CD y y 7 -y 7 x tfc03 • 3 • 15 tcALLco 7° p 7" y A# t Tjs't'0

[PROGRAM EXZ
(DECLARE INITIAL-POINT COORDINATES) 
(DECLARE FINAL-POINT COORDINATES) 
(DECLARE BOX PART)
(DECLARE BOX-GRASP COORDINATES) 
(ASSERT INITIAL-POINT 

LOCATE-AT 
(COORDINATES 

NILROT
(VECTOR 300 300 100))) 

(ASSERT FINAL-POINT 
LOCATE-AT 
(COORDINATES 

NILROT
(VECTOR 300 -300 100)))

(AFFIX BOX
INITIAL-POINT
NILTRANS
NONRIGIDLV)

(AFFIX BOX-GRASP 
BOX
(TRANS (ROTATION WAT 1*0) 

(VECTOR 10 10 5)) 
RIGIDLY)

(OPEN ARM 50)
(MOVE ARM

BOX-GRASP
(APPROACH (VECTOR 0 0 -10))) 

(CLOSE ARM 20)
(MOVE BOX

FINAL-POINT
(DEPARTURE (VECTOR 00 10)) 
(APPROACH (VECTOR 00 10))) 

(OPEN ARM 50)
(MOVE ARM 

PARK
(DEPARTURE (VECTOR 0 0 -10)) ))

03-3-15 A L LC7)7OP^"7A0IJ
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(program) = = = ( PROGRAM (name) (variable declaration) (body) X 

(variable declaration) » £{£(data type) {(variable)\ ... X) ... J_

(data type) -== SCALAR j VECTOR | ROT ( FRAME | TRAMS | EVENT | PLAN 

(body) «==» ^{(statement)} ... X

(assignment statement) ==•» ( SETQ (variable) (expression) X 

(if statement) XXL (condition) (then part) [(else part)] X 

(loop statement) ==» ( LOOP {(statement)] ... ]_

(exit statement) =«=» ( EXIT (condition) X

(parallel statement) =*=• ( PARALLEL {(process)] ... X

(process) ===• X ((statement)> ... 1

(signal statement) =” ( SIGNAL (event) X

(wait statement) === ( WAIT (event) X

(pause statement) ===■ ( PAUSE (expression) X

(procedure declaration) =»=- ( PROC (name) ^{(formal parameter)) ... X

(variable declaration) (body) X 

(formal parameter) === £ (data type) (variable) X 

(procedure call) ==- X <name> {(actual parameter)) ... X 

(affix statement) =»* ( AFFIX (frame) (frame) [(relation) [(expression)]] X 

(unfix statement) ===» ( UNFIX (frame) (frame) X

(move statement) === ( MOVE (frame) (destination) [^{(clause)} ... XI X 

(clause) = =»= (via clause)] (with clause) f(condition monitor)

(via clause) === ( VIA ({(frame)) ... ) [( VELOCITY (expression) X)

[( DURATION (expression) XI X 

(with clause) === ( WITH APPROACH (expression) X 

X WITH DEPARTURE (expression) X 

( WITH ( FORCE (direction)) (expression) X 

X WITH X TORQUE (direction)X (expression) X 

X WITH DURATION (expression) X 

(open statement) === ( OPEN (hand) (expression) X 

(close statement) === ( CLOSE (hand) (expression) X 

(center statement) === ( CENTER (arm) )

(stop statement) === ( STOP (arm) X

(condition monitor) === X ON [(label)] (condition) X{<statement>y ... XX
(enable statement) === ( ENABLE (label) X

(disable statement) === X DISABLE (label) X

(input statement) === ( INPUT{(variable)] ... X

(print statement) = = =■ ( PRINT (expression) X

(plan assignment statement) === ( “SETQ (variable) (expression) X 

(plan declare statement) === ( SDECL (identifier) (substitution) X 

(plan free statement) ==>=» ( tFREE (identifier) X

(macro declaration) =»*» ( MACRO (name) X[{(forma1 parameter)^ ... ]X

X[(<variable>) ... ]X (body) X 

(macro call) X (name) {(actual parameter)} ... X 

(plan if statement) =■-=• ( SIF (condition) (then part) (else part) X 

(plan loop statement) =*»» ( ILOOP {(statement)} ..-X 

(plan exit statement) ( IEXIT (condition) X

(plan assert statement) »■= ( 1ASSERT (harne) (slot) (facet) (datum) X

(plan form function) ( IFORM (name) (slot) [(facet)] X

(plan erase statement) » ( :ERASE (name) (slot) [(facet) [(datum)]] X

IU3 » 3 * 14 ALL -y ^ X

(5) VAL (a-—tXa:/)

(1) -(4)

1)
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#C#fN3\ —
VALoye/7A#|&|g|3 « 3 -16K^fo

2) yp/7A$ij#&#@##:
VALKH, ^#oyp/7A##^|W]CZ^K, ####, ^

oa^\ ^93#g6om#, <-<vh h v*\
3) m###

b) momm#Bf<D^{bo#Eo

d) -kV-V-##KZ^"C#fpO^#^@^#g{b$'e6o
cam #*##1-19 8 1^10^# P4 9-5 1)

REMARK SUBROUTINE PALLET
REMARK
REMARK PURPOSE: CALCULATE PALLET LOCATIONS
REMARK
REMARK INCREMENT COLUMN COUNTER
SETI COLUMN - COLUMN + 1
REMARK TEST FOR END OF ROW
IF COLUMN GT MAX.COL THEN 10
REMARK SHIFT ALONG ROW
SHIFT PICK BY 30.00, 0.00, 0.00
REMARK RETURN TO MAIN PROGRAM AND PROCESS NEXT OBJECT
RETURN 0
REMARK

10 REMARK ROW COMPLETED, INCREMENT ROW COUNTER
SET I ROW = ROW + 1
REMARK TEST FOR ALL ROWS DOME
IF ROW GT MAX. ROW THEM 20
REMARK SHIFT BACK TO START OF ROW, AMD DOWM TO ME XT ROW 
SHIFT PICK BY -330.00, 50.00, 0.00 
REMARK RESET COLUMN COUNTER 
SETI COLUMN =■ 1
REMARK RETURN TO MAIM PROGRAM AND PROCESS NEXT OBJECT
RETURN 0
REMARK

20 REMARK ALL PALLET POSITIONS HAVE BEEN USED, RETURN TO MAIM 
REMARK PROGRAM AND SKIP THE "GOTO" INSTRUCTION
RETURN 1
REMARK — END OF SUBROUTINE PALLET —

m3 • 3 • 16 V A Lc75 7°P^"vA0iJ

(6) ROBEX (7-^y%±)

ROBOt EXapt OHMFo

APT&&WiEXAPTfcmmL^###3e&#o:f 7 voye ^7 ; APT-

6|W|#KAPT/EXAPT<D#^#)KE^mm(D$ljm, APToCLDATAK*j^f6 
PCDATA^ROBEX^#^m^, ^K^^7hyp-V-yf--e^mL-C,
6\ APT/EXAPTo^^TA#^6[mEmm^m^iL-Cl'6o /

##226##-C\ p ^ v h (^ v K - < ^ 7 ^ ) 0#fF0^^fr^ 5 o 
gl3 * 3 * 1 7KROBEX(DM/7.TA##;|g^#kf6o WorldModelGene-rater6L-Cp^y fF#
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ROBEX SHORT REFERENCE

***** GEOMETRIC ELEMENTS *****
sc=CIRCLE/Center,sp,RADIOS,vr 
spn=PATERN/LINEAR,spl ,sp2,az 
spm=PATERN/TRAFO,spn1,soo2 
sPd=?ATER!I/MI?.ROR , si. spm

sv=VECTOR/vx,wy,vz 
spl=PLAHE/sp,vARLEL,spll 
3b=COBCID/spl ,r.p2,sp3 
scy=CTLNBP./s-), sv ,vr 
sph=SPHERE/CEHTER.s?,RADIOS.ur 
sco=CONE/sp,sv, vh
sbo=30DT/I!I, COB , saf. BASE,vz , LENGTH , ua 
spa=PART/ {sbo,} 1 to n
***** EXPLICIT MOTION COMMANDS *****
-- Definition of a safe oosition or surface--
SAFPOS/vx.vy.vz SAFPOS/vz SAFPOS/NOMORE

-- Go a specified distance---
GODLTA/dx.dy,dz{.EVENT,a(.ELSE,a))

***** SYNCHRONIZATION AND PROGRAM CONTROL COMMANDS ***** 
(PERFORMED BY THE ROBOT-HC)

DELAI/a !Wait for a seconds
WAIT/EVENT.a JWa.it for signal
ONSIG/EVENT.a,JMP.n !0n signal a juop to n
SWITCH/a,ON !Switch logical channel a

® 3 • 3 • 17 R 0 B E X<7)'>>2

(7) LM IMAG)
Language for Manipulation <D^%0

- y/i/K^^IMAG-C^^^iL^Pascal-likeo p ^ y h K C; ^
ROBEX|W]#, = "ATTACH^" (ALKjg(t

6AFFIX#^L|^I#, &
AL6|W|#K7L/ —

##<LL."03\ "recordingmodule"6L"C^ T —^-vy*7°i/

M-m#LL-OtLSIll/3 (6 4K BytesxlG Bit) -z

t£ < , hot. t~X:\ ARAProject(French National Robo-
ticProject), ^L"C^K^"<6RAPT^M^L-Cl'6^T/f
6o IEI3 * 3 * 1 81tLM?)yeyyA#-c&&o

PROCEDURE INSERT(PlN FRAME. HOLE FRAME. FZMAX REAL.EPS REAL, NMAX INTEGER) BOOLEAN; 
INTEGER «; VECTOR LATF; FRAME MOLE 1;
BEGIN

N:=0; HOLEl:rHOLE‘TRANSLATION(-VZ.10);
WHILE N<NMAX DO 
BEGINHOVE PIN BY TRANSF(PIH.H0LE1) UNTIL FZ(1)>FZHAX /;

IF OlSTANCE(PIN.HOLEXl THEN RETURN(TRUE)
ELSE
BEGIN

LATF:;VECT0R(FX(1).FY(1).0);
MOVE PIN BY TRANSLATION(LATT.EPS) /; -
EPS: rEPS/2; N:zN*l;

END
END;WRITE -INSERTION FAILED"; RE TURN(FALSE )

END

®3*3*18 L M(7)yn^"7A0lJ
(8) RAPT 
Robot ART
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%U^3'3'19K^T#^^ F% —y/i/Bl(7)_LR:$#B2:6S25 0J r% —7'/^o±@Fll
6#om@F21(!:^#L-C^0j, rT-y^O#@Fl26mo#mF226^M-"M±K&%J

W±^^#K, (Feature)
ALK^If6 7^-A6|W|#, ##

%- y^T^Tl-^El^Bl-^#B^B2^E2-l^T2-^T- 7'/^T
E2-Kfr^j^±jt#:^T)

^r^i^x.RAPT-eH#^^# (Symbolic—Algebra)
%o

^0#KLt 2 o<D)K#(D#6 L-C#fF^#mT6 C «k^T'#"6o 
im3'3'19%E^L^RAPTyey9A%|g|3'3'20R:^'fo 

RAPT^#(0p^yh##6#^ip,

&;%&&<!:^-ci'

(^C# ^--h/-^ay 27#4-# P27-31)

H3 • 3 *19 T —7'Vi/(7)±(:#*'Af:#C0^#
HI 3 • 3 *20

BLOCK-MACRO/3 X Y Z:
BODY/DP0 = P0III7?0.0.0;

P1-P0IKT/X.0.0: P2*P0I!IT/0.Y.0;
L1-LINE/P0.P1 :
BOTTCM=FACE/HORIZOHTAL.0,ZSMALL: 
TOP »FACE/H0RIZ0NTAL.Z.ZLARCE; 
SIDE -FACE/LI.YSMALL:TERBOD:

TERMAC:

CALL/BLOCK B-BOX.X-1. Y*1. Z-0.5: 
CALL/BLOCX B-TABLE. X»100. Y=100. Z=5:
ACAIKST/BOTTOM Or BOX. TOP OF TABLE: 
COPLANAP./SIDE OF BOX. SIDE OF TABLE;

R A P T 7° □ y 7 A <7)tflJ (y - 771/ ^ FI <7) M<M<7) 131$)

3-3-7
(1) ACRONYM

:/7*- r±#Al7d<c^, ndiy t##AL6gjm@#^^T^^meL-C, ACRONYM^^

hmmzK#wmt:'^6AL, #^>/XTA-c^6POINTY^m^'t,m^p^v h >/^TA 
HI3 » 3 * 2

(2) COSMOS
LISP^[p#6Ll:, hmi%7K##mALL,

3 h. yp/7 < yy.
HI3 ' 3 ' 2 2K^r<D#;i##5!(:|g|^^f-o
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lOoia Structures |

pixTpix

edge
MAPPER

LIBRARY

CONTEXT 
GRAPH •

1H3 • 3 • 21 ACRONYM«7P'^

m 3 ' 3 - 22

( 3 ) Integrated CAD/CAM

U y AGEOMAP^mm#^M^K -iiK, NCZfF##, S#7C#m

m3 ' 3 ' 2

CAD Input

Part
Model

Environment Model

for
Measuring

for
Machining

Integrated CAD/CAM System 
Subsystem for Assembling

3 -23
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(4)
^ y h off###0 4:T u v/i t- ^ ^ ^

60 406^6,
CAD^TA^e^y h^6^M

$^rP)it%%0<km^6o ms » 3 " 2 4K^<D#;e#mm^^To

Position
Calculation[Accomodatioi

Geometric
Editor

Structure

Constructor]Generated Image

' Command 
Interpreter

Superimpose Display

toeantf-y b cn t ->m< y-i>

H3 • 3 • 24 % V > % T A ^ %# o ^ v h
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4.

4-1

^ 2 3 2'$ %n#m#

XA##, ^
F^#O^Kl

=h

K^t'X, P#yFKl&fF#<0§#Jb, MAibK^f^ X^
±Am^m, mm, yu-^vx#,

T%- —Xll,

y MC#mbl:l'6o a6A6'f"<l:0

fF#p^y MC=%mf&##l, (D##, ®-7^^iLy-^3 V##, @4zy^yX%#, OH'O'T&^o

MK, y p ^>—6 L"t,(DAZMB,(E)-?:/^:y:/=: ; ^

— ’r — '7 2 ySSj, @z&^yi/^r—Su i>^$b%)o

#^Li:e@fF#p^v Mi, F F-e3b%o T

%$|$(0#^:%#^gL^(0fF#FBp^y F (#—#ftO##P^y F) K#L, -kVf- —Klo"C#

ftO##^p^y F r^0^:#J#p^y FJ MK, #^##B^mWLl:#H#ft<0##^p^y MO

6 6l'XLl %

^o6^go^AK#^blTp^'y F-<—y.%y / p^-—%„ ^op^y F-<—%%y y

€)##^^<%:l'}6^t)#@fF#p^y Ml^<#^:^'^^l'o'f^:i?i),^^5p^y F-<—7. 
%7 y p ^>—K#LXH, V/< 7—

5%i\,
6^6-e, ±^<Ol^^^-@fF#P4<y 0)6'iLA#^JOfF#P^y FK69&XLf#

y p &#Off#p # y F K F 7 77. 7 7—T6, (%)-;—y.% 

f / e >> ——^ y F 7.-7^7K^r<Of^##%0##g

±#2^#0$t), ^^-C'^l##<0]^#^(!:6o (&#Pd<y F)

LX, Fp^yh-<—y,-7^yj^m^T%o P^yF-<—x-?c/yJ:^l#@^

y.TA^^-j'^Pdiy F, F^T-TA^y |^j (Systematizes Robot)
^o^XTAP^y FO#±H#4SK^t'-CtA^#^$^"Ci'^:t'o ##OP4<y FBBA^##K^

^ p ^ y F 0#Lt'##^#^;'"C'2b6o

LO^T.%AP^y MO^—Xy F&LX#^^^^'^##Kg^K^:^X<6o #l&C)^-@fF# 

p^yFK&(f^^lJX%^F)^^l$K, ^il^<OfF#P4<y FH,

F-C&&0 f-Tli?!), F F^0#g##f^#p^y FJ X'&

^-L-c,

§3A#oB^6 Loi 5 ^g^##BofF#p ^ y F

&" r83%B&###fl#e#y FJ, $^&X Fg]A^#P^y FJ 6#T&o 4.1)

(^4 - 1 - 1#M)

4.1) 4##, @ilfF#p 4^ y F#^-^vi-^^#, Xi * ^XA 6 -A^O##6 p 4^ y F - (1982^

8^m±mm^)

%:W'& 1 $ ^g]5:f;#p ^ y F K^l, - kM 1/

aiiabo^gfcAZMB, 7—i^, M#T

y-7^/yp<a. — y — :7a:/P- — yF#'(o%:&0

%cX, P y F -<—X-7^y 6 L-CO^T-T A p 4^ y F ^mTO 6 ^- - y F ^#5%^-- y F i L"::#!), 

-06^- y D^afF^K^fG^^^^o^p^y FO^#SB#&o< D

A^L, -kW—C^-C^lft^6LX% 

^OAFf&CcMcL-Ci'&o 

txy.TAP47y F<OA#6%p^y F
A fj^lf/j p- — y F
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=*• — y y
C. - y b
D. ^ T xf a zz y b
E. ^ y b
F. -7 'S ~7 '>" V n ; a. — y---- '> 3 y 3- — y b

0 4*1*1 #SAL^Sj^So^>y h £ 6 lEfNS n ^ >y h

4-2 fv'Xr AP/t’y b J 0#^%^- — y b 
4-2-1 fAS)-3- — y 1

Al ^@##a_-y 1 ($#, M)
A2
A 3 - y 1

m^p^y HDZ^K±^^#gmLl:##T6^(D^6p^y KD####%, 2#: 
%89K4ri* ^ Al^M##^- y h —^
^ L-C##^ p 4; y 1 ^6'^ I/ —ipT(fT p ^ y 1 ^ i/—

(1) - y 1
#@##0^6 L"C^, (#fr) ^rO#K, ^-X—/y^^bOZ

A^-y bl±<D^6^#xL^iL6o

(b) ±fzH^O#^Al^K#fT"T#-C'&6C6o

(c) A^<D#^E@^ (2 m/sec)
(d) /J#*#mT'^6C(Lo (6#m#lM2m:, A#:mm 2 0 0 Kg^T)

(e) ^x^v/##6L-c, §##, m##, #mm±^6^#^*mmo^#-6^6.
(f) ^ybg#o##*^#<OjE%d'iA ^6A^«P, ^5S#0

v>/vy L, ^###07 ^ - KX y 6o

"C vy##g%#A6dZ^^^)6o
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1)

h<0##A5S6l'$Ad'-&b)E5<b,

####<om#^f%:i3t)P^v h<OfF###<om#Ko%AS&A%^\,' 
<o^\ %^<o$###<o##^i^^L%:^^, MK^r<o#4]^Ar1]K[o]±T6^^&6o 

^rC-e, WT<0 4A4r^)(f%o
(D 3^x:##m#<oM^

f6o

[#^] ^<o##mm#
® OM#
[#^] ##P^y

€) (OM#
[##] m^ih, |$##@#^fj^^&<04:vf—
%:^,±gS3,^<o#K####<ofo]±K^#:-k v-v-—c^L^^-cy-v—3- 

- V h (O^K^T %o
cm#] B#, ^-m, ^##, #jm3.^imf%^6<o-e#%4:y-y-y^T

2)
KO#fr####((:Lt2m#fj%^#xL^ii%^\ -mmc4mWT<o#fr#

%z^<oA,^,
%^<o^c6@]&f;#p^vMoj^6Li:n^^#^Ait%o L^^L, A^^#<o^—y./b^L

W±<o##Z

[##] AZMB, ^@^yf—<o#(f^#D6^6KZD, 6^##<omm'^{b, ^mib<o#^^fr
5 o
0 #fr<o#mm(o#^
[##] 2-4M##<o#^$j##S%^fr^o %&;, #fTK#^-c^g%:#@-t:yf—<oM^H, $##<o

3) mmm^yHoB#
W±<0##^^± X.-C, y h <D###^g^Z 0 —y V b 6 L"C$ 6, i^TK#

K:%:&0
O

#j^##6L-CH|g|4'2'10#K
(a)#a3:^-^2M#<o6mo
(bmmg; : $#^:o A:A^^#^T#o
(<=##, $J#oB : v b p—

w^e#t6*o ?m%<o^fr#K^, $#oa^KZDmm<oiq]±^n^^o

^#6%<06T6o
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® 4 • 2 • 1 v P

|W]l:<gl4 ' 2 ' 1<D#K 
k^ a y-k y f—

k" i/ a y -k y f"—
wmmm#, # %#m - v -v—% o

*#Ok"^a y-kyf—H, X—;y/pT#g'C'^)'3'C,

E#inT#B/0\ B6'-e^%o 
c^:07—Ao^yK^^KH, ^"4^iJOk^ay4zyf—

#, X—<yX, #%L #^E, ^ocook^ay-kyf—7—

-kyyyXm#6Lt^ (##, #,5###:
^0), (m^\ M^) cm^##),

HI, #-kyf-—^^60 7/f —^dE^'O^&Nc,

(2)

#fr#&^oLTA(Lighter Than Air)^<X&-sV3X^^
cdHTA (Heavier Than Air) $ 4 7° b ir*'h'hQ l'~fhO? 'i vKX £5c.-ii <£, p#'y Ho^ifjte

ihT6 ^ 6 ^ Ll'«
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y
###^$#:|*|Ki##l,-C^< C6%#x.l?iL%o
2 ) t 'i ^ b 7 7 t v K 7 r y^HTA^tf^SSSSIE^
[#^] 3^l'L4#(DHT#^^Tv KyTy^Ax.^^^####^^ ±@X^T@KfF#^7 —A, #
####^%o-c ^ % o -e,

^o#e7'7%v K7 7y^/J#(D^-^y7y^.
y^-y (yyb-^i/^y) K<D—#<Dg(c#&'!'i^'6C6%Rr#"C3b6^o

p^^bO^^####6L"Cd, C^bOtS/MC, #-/K 7" —7'/ix, ###KZ6##, ^^—7 7 
7 b <0 Z $ 7 y K#^KZ 6##^.U^P ^ y b#KZ

i) /j\# p ^ ^ h

%zK^i^#p ^ y

^T6zKmKi#X
y 7f

( 3 ) ZK^###^- y b

H0##a.-yhK^'f6M^#@2:L-CH, TE(0Z^^:%<O^%0
1) ^J5=.zK4####<oM#

6zK$f7 7^^^—y a y##&, #^o^<o^#^:@^:^[XK##<o^#^7 ^ — K 
6 &#/o-&X## t z/ ^ 5 o

2) i#^#zK^^###B3--yb<OM^
Ht, #±^#^^3 oKt (/ ^ b) mma-coj&n

a.—/* t: y % ^ ^ ^
— 7 ^ = v H X^t, 7 7 y ^.—^<07777 6Xr07T7 y y/##, ^gg^zK
M±o%%Ke^L, ±-<y—7X^p y b p —o-c$lJ#f ' $J#y7% A
#oM#%?r5o
3) zK4#m#o#%d^y3^yymi5
[##] -7-k.ny—7KZDzK4^f^#^fr^6#"K,

f:36<o^— < y/yyr A @3 0 d''c>^#&^%K'f%'oX&o#%$!j#y7

c:ii^ozK4:####^.^o$J#y7.yAH, -gRomE^frAtA zKm###p^y b^zK#, TzK
^#0^zK%K^(f%KXX^C, 3 0cm(O#t#7"—/t,<Oc#K#&^LX6#-j&^"C#XiX 79 y
^^6^-C<6%07yXA7^ —7, ^±^±/%:zK±, zK^(Of^#^fj^X0,
###, 5%##7y7, ±TzK^@7°7yh^:«k'0^:^fF^^fT5PH<yhKj^^'"e#'6o

( 4 ) %[###:=-- y b

p^v C<0^'#K^y'6 3p^y b^(0X%»(0#@^

i) $P^y h(0'?/L/9=-4^t'7k.° 7^####

2) cnao^^Ln#:mm^##L, bo^ms^x####
3) y-7'/i/#{^#X^m@#o#-3^#^o?L^,mTKMmT% p Kozc^y^vX- 7 y y y t-

4-2-2 tE,^3- — v b
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( 1 ) a. — X — -7 /V k" v- 3 y

m#m, 6Q#jgij, ±Amz^T-^^#6i=%o#Amm, ,<1/%^

n x-Aog##fF%m^^%o

(2) e — * /l^ k:A/ a V

h-e&D, i§fB3:h,&#W3#^$;h,%0 f6A%)K^-^Ozc^xy<—
fe % t" i> a v ^r(> t %c A A^p'dl't'A %>0 3 k!A/ a v (i\
#- T 1/ k: * 7 9 ml "#^^,6 k: >> a V {'1#3####'<DT 1/ k:7 7

e—*/l%L''^aV%^:fzL—/lAb$fL» 7 —AO^G^K^bC^AiLilb,

Kib,

(3) -b: y -7—Mf4
p^y h-;—x-7%yyo#o^A###i\ ####B, -7-k.ni/—^av##g-C'^i), AZ^o#,

yzto6T6(k, Afmo5#<omk ##:, ?mmL

#6##€»#K5# + ar€»##^#T%%0 6^6o #3$^'

ZO##^Z#KfF#f ^
a) m##T

#-kvf—H#A^Wf6 
%OT\ H^i, ZO%#6
TA##m#Kib##, ±%<OiBK ##<03#, %#, #W##^<?)f|#&fT:b

&d\ Aj^, %R, 3i:, *#, A#o^y
^-—ZO

^mz#^pz^ Ht, n zo

<k %o

b) mz###

^L%o

gZAZ#K^lf%p^v HiZfcigiK

b ^60



6^:60 /5'%:0<Og:

4-2-3 fFS3- - y b
fpm^ziy g^fF#p^v bo^m^L

^)%o
immmik, ^g^m<L mmML

^>%o b^'Hzc$^^—o#A{b, b^%/j#'#a
{bi"6^^^&6o g&fF#P^yb^OfF#^-vbO#^##^7 —A, U^b, ^^7b\ V—/]%'T:'^)

bc##m&igi4-2 .2K^To

@4-2.2 ##3.- v b##B@

(1) 7 —
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H, Vy.b, 7-Ao#jK##H^#:##,

ML ##ikT%^^^)6o %, 7—AA^Eof;#o#K^#A(D7—AKZt)#fr#

—A^y<7 —7 —A, ;-7 —A,
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_hE0#^0fuJ:'C&&o

(4) 7—/^0M^

7—;^H7 —A%^ 0 7 h ±fi#j
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$ft6o h0 7—/^K^, #^0#fj)K%^#J

(5)
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4 ) jE#^j"###0R!l%&'a KZ (P \ jS#A^r ^ 7 h p —/i/f-67Hz 7f-—6 7 K^\0 7 / — KX y 7:

5) %##
&b

0##^§^#L, -?-L°
lb

6) ~r — t° a y — 70

7 — 7 0##)^^^ g| L, #/J^7 7 h 7 < %i

4-2-4 7 tN s- — y b
3^^0P4<y A^-^##0BI^#:K3b^:%^T^0##^a6A/^#%$f7'Cl'%o i^B

6, ##0^T%#0@^2K.M#<-C&6 5o

giz:f^#p^y h^i,
t), #fM h ^(7) zc ^ ^ 0 T zf
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#A&mqL-cfT$, mL^<^A-xK%t)mf^&(D^

^ #@##A<DjR$A#z.o(D± #- %o

l mi
J:

X f

(i)

i)

y^^zLzc—
%o (##:m#^D07y h#, #
#Wh/kg"0^i?$iT%) (#<6S#^!)(D9y 1, ##W/kg-C#i?$^6) €>±#"7%:##^
#$^L%o -yf/i/-* K < C7A#^#,
zb %o

Wh/kg#u#-C'^)^^^\ ###:^(D##-t'4 0Wh/kg6%#, 4^#%
zc^/ix^—-k
- x- ^ c##fb, 6 ^ & $^-ci'&,

- .y y/x- * K ; 9 A###i#6#^#clt"<y m%l%gZA±# < , E^"C:

4r—'^6 L"C^l\ ±LH^^#T6#4-K- y y/x-* K ; C7 A##C%-C##&A&L Z ^ &T

12 owh/kg6^^/x^-%^^m<, 37^

%^"C##^K#T6KH@#6Ei?K6o
2)

!^T% ^ 6 7?^±$#

, Z 0 1 lx 4 L-Ti iftj ^ ^ 4r ^S^StZBIiSF'Il ;0^'
y y h v t A-m

yix
y 5-4 GWh/kg^m'g^Z 0l'<^A,ms#>-C2b%, y

£Aj
:(D-

6 73: ^ "C v^%,
##.

5 0Wh/kg6#^
W'L, l'±€»&^6##

y h U ^ A 3 0 0 Wh/kg6±#- < , D , Z

3 owh/kg6i^a,V f- C? A

1 3°C6#<, #^dZ#-e& *p, h v
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^^ 3 0 0Wh/kg6i^i'%^om9f^&%o mLK< l\ 3^%%#

3)

$ /!/4^—gRK^T 66 # D 5 l:6 f &<h u -c ^ y-
K C %0-C'^)6o

#-3-C, ^ir&T'O 1 #;#c#4= 2 #KW^^# 10 0 KW#!3<0#;f]
(W/kg) ^

T<*k73^ D , $$
&#m (#@m%:m) cmmmiw) m#@ cm, v

omi'), #fT^g%6'KZ^'t^<0@#K##2il-Cl'&o (#4 - 2 - 1)
^0$'bgiZ:Bp^vMD#^^6L'C, @^^#x.^K6t<D6L"C, zK#-#

4 ffa % ■fcfSfft m, # &4t: %

1̂
: ^ m 4

/ /k t. — m. /; ti V ^6 ;J<_ it S-1 $ ^ % - -tt4t

4k & #

(/?<?3)

ttfe t,5& 

®,ftfiftif

2 th“7 :Jy—tk ?]<_ 7g%b u. k 7 y > s ft - /oof
4'ff4E® ft-E

3 /9/-IU — S ft

'>L&
% 7%.

/9/-IU £ ft
/^o

^ 2^<?C
tX.S!tffl

4 9/L# ?K $ 
(g6#yr%)

£ ft

s fcfcikf. ik4t,^f •■£ &

6 SStAS.6-
ft- $.
-H4tS.f.

4 k
6"(90

FOO^T
%zz €4( 
f 5§L# t4*fctFfr

7 @4$tSl g/to M. -s: a
7f0
— /o6)0(:

^ z. #/f{

r/?9o)

#4-2-1 MWiffli

W/kg@^-C'^,6)6\ ^iL^MK±#<-f%##6L'C#ail;mm60^<yv v
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4) x^—yy^^y^yo?#^
X^ —y V//zcv^VH—#0^^#MO^V^V-C\ 18 1 6^X=» y h 7 y K<D%#P^<— h ' X^

^-C^^#L-CL^ ^yz^^O##^%om#KZ D ^7^yoj^#

m % #cf $ Hxi'%o

L^^L, 3%h, ###, 

ck

( 2 ) ^zr. ;]y if— 'JX X 7~ A ||f-j^§

■^* -a- ^— & C> iH ^ ^ A- ^r—^SES^BSS' 4 i tl (C^g- it $z%>0 

-^rO^$/d\ iu-EE'CxE^/c^S-S^c-^yv®C>yN 7 y y y {'C. Z %^^f — y x t ^ i>^^> 0
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,, Mi,
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^_yyyzcv^y^m6L-C#mL, #^/i-=f-%im&::6%#x_%:K&o (M4 - 2 - 3##)'

(B
&

/ft
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(3)

D k.ts.'Z) o

(4)
d\T/f ^- - y h LTH, -<—x#^#& L"CO#< -Cggl##6 L"CH,

7/1/ ; 'a ^{L7°7X7y7, ^"a##^C^:^^2bkflc'^L6o
hA#m6, -7/1/777^

%0
7/i/;'n^'^l'i'^^#A#Z[#0#g#Li:7—T/f'7—7-f, F3Q —3 0J 
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l'o #^P^y h^^fF#^<D6'16K##L'"CfT^^^ -^^"CA^K
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5.
5-1

^±#^^'56^:r)"C^frc#(OUMV#t|mi (Ultra Mobile Vehicle Project)

L"C^:^K± 6$ (*5 - 1 -
2)

7 9 77, @K<7^^^#A,l:'3b%o
*s - i - i, #s - i -

^g^ilSCAMPM-m, 7 9 77-eU:ARA=t@, @K<7^^HWC#t@^^6. 79770ARA
ggo^i o^K%^€»spARTAcusFtm^MK±m#<kL^%oT\ ^o#±o#mt, Aa<%

ow±o#^^^me^K#^#mLti'6AK&%o mr^-y^Hwcef

*5-1-1 %#(7)#%{sm^
JIRA Survey (1981)
UK :
omm# - mrwm#

p^y 10#A0A%0feasivilitystudy#^ (Consultancy studies) 050%##, 
1#A#025%##(##A# 1000)9^7 K 81^M)

W. Germamy :
®#"^### - m^A#

Humanization of Working Condition 
DM 2.77 Mio. ^3#M (1976-81)

7 9 vx :

©ANVAR - ^AA# (3,000#WT)
Inovation Aids 330 Mio. F (1979)

(Licensing, market study, 480 Mio. F (1980) 
experments, conception and realization of prototypes)

©%## - m^A#

10#? 9 y (500#M) (1981)
©%## - m^A#

Middle Term Inovator Loan 75Mio. F 2 — 7 years loan 
©%## 7977P^yl%#a 750T. F(1981)
©ADEPA - 1000# LIT O&&

(Agency for Automated Production Development) 
#*020%%## 25 Mio. F (1980)
60 Mio. F (1981)

©Agency de 1' 'Information 1000# LIT©AI
0!gO2O%## 11 Mio. F (1980)

©ARA (Automatisation et Robotique Avanc'ee)
National Project (1981A5§aE)
(1982^?# 5 #M)
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#5-1-2 

JIRA Survey (1981)

:

(DNSF ••• (Carnegie Melon1) SRI, U. of Rhode Island, Charles Draper Labs MSC,
MIT etc.)
A:L%mK #5%25. Mio-^35. Mio#^-e#A#K3^#

©NSF2) ••• Westing House (Programmable Assembly jlA 4 ©Teli $ 8 Mio. W. H. NSF
1.7$(B4#M ##)

©Dep. of Defense Air force ••• Mcdannel Douglas, General Dynamics

@|W|± ••• ICAM Project (Lockyed, Douglas #^0##19Mio. $ =44ftF3)
©Navy ••• San Diego Naval Air Facility.

^ $ 1 Mio.
©National Aeronautics & Space Adminstration ••• Langly, Semi Automated Space Maintenance {c

$ iMio.
cm i) (i98i^i2H#3%) 4 Mio. ##

^ ^ Generic Technology Center (1981##K#]A, 3 1 oltNSF
Br#) ^ LAK#$#T&^1980^10H^^^A)

2) National Project [APAS] IRs K £ Z>'I'M* — # %L±LX&W)4h'> x t

w. H K## (sm -
National Center For Productivity & Quality of Working Life ;6'T975©12H d%@©15#

< 4r V ^ :

©Science Research Council •••
p ^ v t Projects (1981-83) mO#M

(DSSS3) ••• National Engineering Lab. (APSft HU4^ L "C l' 6) tc & A -y b % K 2 ft R
(1981-83)

©lFl± - IRs #^^^025%##
3) g## - 1982^6H8BFMS##m4y^#m(?m#6000)9^vKm250mM)

4) APSM-g (%#g#fb#f@i (1976-) ^^#14Mio. ^56#M)
SCAMP (GOOGroupm###, BlSEM (1980-1982)

©#%###" - A#,m^

National Project [Humanization of Working Life] DM. 36.1 Mill. (1976—1983)
©##### - A#, ####,

-tv-f-, IRs #^2KDM. 12.2 Mill. (2#M)
(B) 4) National Project [Production Technology] DM. 35 Mio. (1978—80) Sibil###

4 ) Humanization of Working Life DM 304 Mio. (1974—80)
8iL#mm

4) FMS ••• 7 h" 7 r 7 }J—7 Stutlgart A#, 5 ^ y v A^ (E)60{SHM
#) gearbox #A30T:^^TA(B#.^g:E#^4<)

7 9 vx :

©DGRST(General Delegation for Technical and Scientific Resarch) ••• Js-PbL F380
Mio. moomn ($^^10#^ Robots#)

©ANVAR (National for Reserch Volorization) ••• ATA# (2,000AlVToAS) 1 B MF t T'iF
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^#025%## F150 Mio. msmMCbt)^ 4 Robo##)
(&) 5)CNRS({b#%##bSif -

(SPARTACUS project) lir.^ 81% 6 L/^Flexible Automation M^SOfSR

5-2 ^-x^^MAmmg#<bmmommmm .

%^ "C, mm @O 2b A#^^ % A 6 f 6 Z b 4-^ ^ T A 6

6< ^A&fzbA bo mm@#{k#MoM#^^^^A%ib $6LAM###^Ao
Z b M 6 26 AiiZ bo
1) mmo^#B^# (#ca:vf—K)

2) (mm, m^, m% *^#)
3)

!t#E#78&fbd\@;K A^A^K6o"CB^L<^:l'^#Og#{l:M^ 
^A^ggi'o ^OJ: b c# »

A\ c6LAofF#i, MiPAX^vh '^'MAy^yh 
%oa^i'0%##6i'AZbo

w±^$6%%6, mimfpmmp^v to^#6#
A3:bo /c^A^mmofF# (%m, m^m^6\), (kv^=vt:

5-3 >/—x^^M^mmg#ib##o^^#M
mm@#<b##oM#K^#^^a#^Ao 3@K$ 6%AiiZ bo

1) -kyf—Ao##mmK#om^

2) mmofF#^^mf6V6&o^*^XA6, A6i^#^:TA##oM^

%mm#T&&o ±/c, mm@#{b#%l:'^AO&%±, ####^"IAT^A6#AAKA^\ ##

< Xo-kVf-—6
/ * - x mm -m^-%T- %m

MKA mmg#<b#M^^$^6^&K^, A^o#fp# C^^-#) 60
3 ; - ^.y —^3 #@4zyf-—Zn6of##&$
^»TAT^6« #t##{b#0^-(!'AI^m^#6L"C#%$6i,t^6^\ AO%0Ofb

^Abo
U±o 3 p ^ y h ^,^o#p # y

t'A#^.^%#0#@j@^^XTA6L.'C0^E'^'##^^TA (supervisory system) ^^A#^c$6i3:bo

5-4 ^#
mm @ #fbm#o#±o 16 /c.

6tcf#wiA&am, 6&% 6WT

o 1 b CT^Ao
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tf^#ffTi?iL-Ci'%^\ k''/^ 3Vk'^-—h,
"%#%%##<?, (2r##€)@A'6%^#Kg#{b^^± ^iL-ci'6##6^c-Ci'6o 

(2) -kvif—«a##, y<^-XA.##, $l#P-###Lmo

^(D%6K±6%»P)^o
6L-C, i#g^0#gp^yh$#:6^E'o#@^^T^ (supervisory system)

' CO#f|gH±gS (2) 'rfB#L^#K#<OM^&#6L't#8%g;K 

L"C--- D€)@RB:P h^/^TAKt 6&&(f % C 6^nT#TZb%o

J^C^iK'a^S^^TA (supervisory system) ZnP)%:&o 
.#%y;tTAKL

$o^OA&(Dman-robot^%#^M(0^#K#^^) P)^6@EfF#K6 ^

wj2K$wLAAm#%#9E -

T
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