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googobooobooobboooboooobooboobboooboobbobbooboon

000000000 [12, 13, 20, 21]0

00 28(0000)000s00000 00000000 s=0000000000p=7,00
00000000000 gq=v(p#¢00000 (v,v €4{0,1H000000 p=v, = ¢ = v,0

goooooooooon

02120000000000000000000000 212(2)0e¢=00000000000
O0do0o0ooopdobode=1=4b=1000000000000000000O0CO0O0O00OO
000000000 212(b)0000 ANDOOUODODOOOUOOODDOODOOODODOOOOOO

000000000000000000000000000 «0 JO0O0O0O0O0O0OOOOOOOO0



18 020 00000000000000

O00000e000000d =0A0=00000¢0 100000000ae=1=b=10000

d=1A1=1000000000 «0J00000000000O0O0OOOOOOOOOO0O0O0

gooooboooboooo

()00E000000000 (MODDD0D0DO000000O0

0212000000

24 0000

gobooboobooooboboboboooboobooboooboooboobbobbooobooboDbon
gooboobooboooooooboooboboboboboboboboooobooooboo
goobooobobobobobooboboooobobobobobobobboboooboo

googboooboobooboobooboobooboo
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30 tUootubood

3.1 0000

goooboobooobooobboobooboobooboooooboooboooboogon
googooobobobobooobobbbbobbobboooooooobooboobooobooboooboobog
0000000000000000000000000000 [5,6,7,19000 50000000
gbooooboobooooooboboooobobobobobooboooobooooboooo
0000000000000000000 600000000000 00000UO0O0DUO0OOn
gooooobobobooooboboooboobobobobobobobbobobooooooo
googooooooboobon
goboboboogoboobboooboobobobooboobobooboobboobooboboon
gooboooboobobooogobooboobobobobobooooboooboooooooo
gooboooooobooboobbobobobobogoboobobobobooooobooooooo
gboogobboobooboobooboobboo
goobobooboobboooooobooboooboobooooobobobbooboon
goboobooobooooooobooobooooboobbooobooobooobooboboo
gooboboobooooboobobobobobuobobobobobobobbooooooooo
gogboboobooogooooobooobobbbobobobobobooooboobooooo
goboooobooooooobboooboobobooobooobooobooobooboboo
goobboboooboboogobobobobooobbooooobobobooooooooooo
googboobboooobobobooobobobobobooo
gooogoogbbobobooobooboooooooobobooobobooboooon
googooboobobobobobobobobobooobobobobobobooooboooog
goboooobooobooobgooobooobooobobobooobooobooboboo

googooo
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3.2 0OOO0OOOO

3.21 0000

gobogobooboooboboobboooboobooboobobooboobboobbooboon

gboooooobooobooboobon

00 3.1 (0000 (implicatioin procedure))
step(l) 0000000000000 ASSIGNOOOO

step(2) ASSIGNODUOO0O0O00U0O0O0O0 e=0v 00000000 ASSIGN O0DOOOO

step(3) 000 «00000000000000ODOO00OO00OO0OOO0OOOOOOOOOOOOOO
ooooooooooobobooboooooo ASsiGNOUoOoOoDbOooboDOoboooooon
googd

step(4) 000 « 000000000000 000O0000OO0O0OOOOOOOOOOOO
ooboooobooboboobobooooobobobDOoboobDoooD AsSIGNDOOOODOO
googoogoooooon

step(5) 000 « 0000000000000 00O0O0O0O0O0O0O0O0O0O »0000000O0O0O
ooooogooo AssiGNUO0OO0Ooooooooobooooooooo

step(6) 000 «000000000000000000OO00O0O0O0OO0O0O0OO»O000O00OO
oooooopooo AsSsiGNUOOOOOooooooooobobooooo

step(7) ASSIGN =¢0 00000000000 step(2) 0000

goooo,booobooboobooobobobobobobooobobooobooboboo
googobooobooo,oogoobobooooboooobobboboobobooboboo
000000000000000000000000000 (implication dictionary) 00000
00000000 e=0=¢=00000000000000000000000e=00000

ooooo00é=000000000000OCO00OODOOOODOOOOOCOD

00 3.2(000000000000 (implication procedure with implication dictionary))

gooooooooooooooo IMPpICcOOO.
step(1)-(6) (0O DOO0OU step(1) 00 step(6) 000D OODO)

step(7) IMPDICOU0 «=v0000000000000000000000O0OOCOOOOOO
ooooooopono AssiGgNDOOooon

step(8) ASSIGN =¢0 00000000000 step(2) 0000
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OO000a=v,=bb=9000000,00000000000=7=>a=7,000000
gogobooboboboboboobobooooboobooooobobobosigbonooooo
CO0000o0o00ooO0oooO00ooOooO0oDOoooOdd e=00000000000,d=0,

e=0,f=0,¢=10000000000000000000,4000000

c=0=>d=0,c=0=e=0,c=0=f=0,ce=0=>g=1 (3.1)

gboogobooobooooo obboobboobooboon

d=1=>c=le=1l=c=1,f=1=2c=1,g=0=c=1 (3.2)

gooooooboooo

gbooooobooooobooboooooboon
gboboooooooooooboooboboon
gogboooboooobbobboobboon

0000 3.100000d=1=c¢=1000

OO0d=1000000000000D0000

gbooobooobooobogooooooboo

031000000

goboooboooboooobooboobgoo

00000000,00000000000000000000000 [5]0

00 3.1 (0000 (learning criterion)) 00 0000000000000 @ = v, = b = v

(vg,vp €0,1} 0000000000 2000000000000000000000O0O0

1. 000000000 DOOCOOCOOOOOODOOOODOOOOODO.
2.0000000C000=w0000000,0000000000000CDOODOOOOO

googooooooo

0310000 0000c¢=0=f=000000000000000000O0O00DODODOOOO
o000 f=1=e¢=100000000000000000000O
OO00O0O0oDooDO0o0OoO0 320000000000 200fr000000DOOOOOOOO

goobooboolboboooooooboooboooooooooooboooboobobbooo
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000o0U00o0oo00o00o0oUo0o000o0o0oOO0O(6e0D)D0D00o0DOooDoUOoOO
googoboobooboooboobooobbooooboooboobbooboobuooonooss

googobooobooboobooboobbobobbooboobboboboobobooobooboo

static_learning(){

{

1

2

3 for(each signal line){

4 for(v € {0,1}){

5 assign line a to value v;
6 perform implication procedure with implication dictionary;
7 if(implication relation ¢ = v = b = u satisfies the learning criterion)
8 memorize b = U = ¢ = v in implication dictionary;

9

0}
1 }

g 3200000000000

3.22 0000

0000 (recursive learning) 00 0000000000000 O00OO0OOODOOOOOODOOO,
000000000000,0000000000000000000000000 [6]00 3300
O000O0O0DORUOODD HOOODODOD 10O0ODOOOOOOOODODODO0DO0DO0D0OD0O0O0O0O0O0O0DO0O0OO
00 f0¢00000000010000000000000O0O0O000O0O0f=10000000
0000000000000 0g=100000000000000000000000O0DO0O0ODO

000000000000 oooA=1000000000000000000f=100000

al
e e2
b bl ‘o]
oO—¢— el
s Dak
g h
a2 p d
b2

033000000
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00004000000000{el=1,e=1e2=1,¢=1}00000y=10000000010
000000000 {2=1,b=1bl=1e=1,e2=1el=1,d=1ad2=0,a=0,al =000
00000000000000000000{el=1,e=1,e2=1}00000000000000
000 A=1000000000000000000000

O000000 HOODOODOOOOOO000000000000000f=1000¢=1000
000000000000000000000000000000000000000 (unjustified
gate) 000000000000 f=10¢=1000000 (jusitification) 10000000

gogooogoooboobobobbobboo

00 3.2(0000000) 0000000000000 00DO0O0000000000OO0O00O00

odo00boobooobooooboobooobooboboooon

l.0b0gobooooobbbobooooboon

2.000001000000000000((@QOUO0O0O0O00 GO EXORODOOOODO)O

gbooobooobooboooobooboboboon

00 3.3(00000) 0000000000000000000000000000000000

googoboooboobooboon

034000000000000 recursive_learning O 0 O Orecursive_learning 00 00 O
goodoboobobor-0O0bb0000000000bOr.mee 00D D O
00000 r-»=00000000000000000000000OD 300)ID0OOOODOOOO
oo u,00000 400)000000,001000000000000000000000O00OO0
00o0ooooo0oo(7Oo0)0000000U000O00UO0OO0O0UDOO0D (YUD)Oro 1000
000000000000 (1000)0000000 recursivelearning 00000000000
gL Db UoDb o
00o0oo0o00ooooooooooooooo f;=v000 (12-1500)000000000
00000000 1(romer =1)00000000000000000O0OO0ODO 200000000

000000 recursive learning 00000000000
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1 recursive_learning(r,r_max)

2 |

3 perform implication procedure;

4 make a list Ujof unjustified gates;

5 if (r < romaz){

6 for(each gate G € Uj){

7 make list J of justification for unjustified gate g¢;
8 for(each ji € J){

9 make assignments contained in jg;

10 recursive learning(r + 1,7 _maz);
11 }
12 if (there is one or several signal lines f; in the circuit,
which assume the same logic value v; for all consistent justification j, € J)
13 Assign f; = vy;
14 Erase all other values assigned in level r;
15 }
16}
17 }

034 00000000000

h=1
ooo
O0000O0O0OH
oooooof 0D00000g=1
L elel oot et {g=1, d=1, a2=0, a=0, a1=0, b2=1, b=1, b1=1,
{C_ ,E_—,E_—,;} e_:l, 91:11 62:1}
ooo
DDDDfDDDE Oo0o0oO0O0OF
00000 00000 00000 00000
al=1 bl=1 c=1 c=0
{a=1, a2=1, d=0, g=0} {b=1, b2=1} {f=1} {f=0} ooo
0 35000

035003300000000A=10000000 (romexr =2)000000000000
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gobooobooooooooooobooobo 1ggboooboooboooboob 3boo
googboooboobooboobooboobboobbooboobboboboobobobooboobOog
googoboobobooboooooobob 2000b0b0obooobooboooboooooo
googbooob200bo0bbo0oobooboboobobooobooooboboooboon
googboobooobbooboooboi1boobooboobooboobobbooboon
gooboooboboboooboboboooobobobooooooooooooboboooo

gooboooboobboooboob1obbooboobooboobooboobooboo

3.3 UObOoobbooon

gooooobobooooooobobobobobooooo,boboobobobobon
gobooooboogoobobooboooboboobobooobobobooobooobooboboo
goobooobobooooooboobobobbooooobooboooooooboobobooo
gogobgoooobobo,ooboobobgoboboooooooobooboboooon
Oo000o0o00o0oooooooooooU0OoDoooOoOo0ooDUooooOooD 320 3000 for
gbogobobooooooboooobooos2bs0bobooooooboboooooo

googoboooboobobooo

g320000000000000000¢0
googobo,b0oooboo,booboooboo

gboooobooooboboobobooboboon

e Jgooooo0o,obbooobobogo

OO00O0AQ fO000DDODO cODOOODOO

OO00BOc¢cOODOOODOO fOOODDOO

g 36000000

OO0 AD f=100000000000,0

googoboooboobogo,bobbobbobbooboobobg e=10000000,0
OO00oo0oooood f=1=c¢=1000000000000000000BOOOOOe=1
oooooooopoooogd f=1=e¢=100000000000000D0O0O0D0O0OODOOO

f=10000000000000C00,0000000CODOO00ODODO0OOO0e=1,9g=000
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oo0oooooooOoooood f=1==y¢y=0000000000y¢y=1=f=00000000
oogo,00ob0bobo0oooooooobooob,ob0bobBObDO0O0oboOob0DADOODDODO

googbooobooboboobobobobooboboboobooboobooboosaboon

031000000

o0oo0oonD |oooooood

oood 1. f=1 oo
A 2. ¢=0 f=1=>c=1
oood 1. ¢=0 f=1=c¢c=1
B 2. f=1 g=1=f=0

g3ebgooooooobooboobo

obogos3ygooooOoobooobobooooon

gobooooooooogobogoooon

gobooboboooboobbooooon

goboooboboooooobooboboon

gobooboboooboobooooooon

gobooboboooogoobooboooon

@ start assignment vertex

gobooobobooooooobooboooon

lj: a=vg=>b=vp | implication relation vertex

00DD000000000000000000
00000000 0000000000000 037 00000000
000000000000000000000
0000000000000 L OODO0O0O000000 f=1000000000000000
L0D00D00D000000003700000000000000000000000000
00 (I, ., ;) 0000000000000000 (4, 5) 00000000000000000
0000000000000 00000000000000000000000000000000
0000000000000

0000000000000 0000000000000000,00000000000000
00000000000,000000000000000000000000000000000

gooooobooobboobboooboobbobbooobooobooobooobobbboo
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gboogbobobobooooobobbobooobooobobobooobobooonoodm
goooobooboooooobooboobob,boobooboobbobb mbOObODOO
DDDDDDDDDDDDDDDDDDD,WDDDD googboooboobooboo
gooo1g0oboobo1bo00boobooobogoo, obbogoooboobobooboboa
DDDDDDDDDDDDDDMT—_QDDDDDDDDDDDDDDDDDDDDDDDDDD

gooobooobooooboobogoo

34 0O0O0OO0OO

nO0000000D0CO0O0ODO n!O000D0C0O0OODOOO00O0,000000000DOOC0O0O
goobooooobboobobobobobooobobobooooooooooobooboooo
gooooo,b0boooboobooo0ob00oDbD FWO,oboobooobobobbooDbo BwO, 0o
oooooopooooboobD rbO,00000D0OO0DO0O0ODOO0bOO0OO BDOOODODODO.

goooboooboobo,oboobooboobooboobooboooon

00 34(000) 000 «0000,000000000 «00000000O0O0OOOOOOO0O
000000000 1000000 Li(e) D0DO0O0ODO0O0DDOO0OOO0O0OUO0 eO0DOOOOOODO

00000000000 00000D0OoO00000n Le(e) OO,

googooobooobobooobobooobobooobooog.

00 3.3 (0000 FWOOO0)
step(1) 0000 (000000)LO=¢0k=00000

step(2) Li(e)= k00000 «0000000O0O0O LOODOOOOODOOO
step(3) 000000 LoO00O0OOOO LoOoooOooOooOO
00000 k=k4+1000 step(2) OODO.
O000BWOODOOOO,000000 step(2) 0000000 «O0000O00OO Lo(a) =k

goooooooooon

00 3.4 (0000 FDOOOO)
step(1) 0000 (000000)LO =¢0000

step(2) D0 U0OD0D0O0O p0O 1000, p0000000000000O0O0O0OOOOODOOOO
roooofdooooOooooOooo Sopb0doeE=0000.
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step(3) e € S00 Li(e)=k00000 «000000O0O0ODO LOOUOODOOODO.

step(4) 00 SO00D0O00O0DO0OOOODO step()0 0
O0000 k=%k4+1000step(3)0000

step(b) DO 0OU0O0OD LOOODDOOO LOOODDOOO0OOODOOO step(l)000O0O

o000 BbO0OOoOOOoooooooobOo,bboobooobooobo,0bogbobbooooboo

O00,step(3) 0000 « 0000000 Lo(e)=k000000000OOOO

0/1

A O N 3/0
2/1 H

0/2

B ©O G
1/2

0/3

C o——
\ 2/0

E oL oI

(100D0)/(O000)

038 10000 o0o0no

038000000000000000D0000ODO0O0OO0O0O0OD0O0O0OD00O0O0O0O0O0OO0O0
0000004{4,B} 0000 AU BOOOODOUOOOOOOOOODOOOO FD,BDOOOOO
oooooooooooog.
FW: {A B,C,D E}; F;{G,I}; H
BW: {H,I};{G, A E};{B,F};{C,D}
FD: A;H;B;G;C; F; ;D E

BD: H; A;G; B, F;,C; D; I E

3.5 0000

PC (CPU: Pentium pro 150MHz, 00 0:128 M, OS: FreeBSD) O O, ISCAS’85 0000000
O0o0Odo ISCAS 0000000000000 o00odooooDoooooooooooOoa
gofdoooooooooooooobooooboog 320000 booooooo,oooad
000000000000 00o00oo0oo0oo0oD ("max”)000000O0O0OODOOO

goooobooboboboboboboboboooooobooobooboboboboboboooo



35. 0000 29

g32.0000000000000000000O0O00O0O

00000 0000000000000
Dog | FW | BW | FD | BD | max | FW | BW | FD | BD
432 66 57 57 57 66 1.00 | 0.86 | 0.86 | 0.86
¢499 40 40 40 40 40 1.00 | 1.00 | 1.00 | 1.00
¢880 85 85 85 85 85 1.00 | 1.00 | 1.00 | 1.00
1355 | 208 208 208 208 208 | 1.00 | 1.00 | 1.00 | 1.00
1908 | 1021 517 648 609 1024 | 1.00 | 050 | 0.63 | 0.59
2670 | 1171 843 908 905 1174 | 100 | 072 | 077 | 0.77

¢3540 4687 4063 4157 4466 4714 0.99 0.86 0.88 | 0.95
¢5315 2928 1429 1458 2025 2933 1.00 0.49 0.50 | 0.69
c6288 1027 663 678 1072 1081 0.95 0.61 0.63 | 0.99
c7552 9341 3633 4112 5475 9753 0.96 0.37 | 042 | 0.56
s9234 | 28596 19639 20964 26765 29593 0.97 0.66 0.71 | 0.90
s13207 | 100844 | 73470 74934 | 100520 | 102793 | 0.98 0.71 0.73 | 0.98
s15850 | 39901 24909 34943 40091 41854 0.95 0.60 0.83 | 0.96
535932 2811 2811 2811 2811 2811 1.00 1.00 1.00 | 1.00
s38417 | 20247 18618 18833 19753 20321 1.00 0.92 0.93 | 097
s38584 | 252420 | 239100 | 240397 | 249227 | 253374 | 1.00 094 | 095 | 0.98

gbooobobooooobooboooboboboobooooboobobobooobos2000
googooboogos3soboboobooboobbooo,gobooboobooboboobobo
O000000O0O00O00O00O0 1908, ¢5316, 7552, 00O, 000000000 O0O0OOO0O BW
goooosOooooboboobobooboorwgbooooooooobobooooooooboooo
goooooboooooboooobobogo,bboooobooooboooDoboboooboDo riWwpoooo
googoon

03300000boobooobooooboobooooboooo rwooooooooooooo
gooboooobbobobob320bgboboboboobobobobobobboobooboooooboo
Oo0,c200000000BWOOOODOODOOO0D0O0OOOOODOOoOoboOoogoD 0000
gbogooboobgoooogbooboboobobooooboboobooobo,oboobobbo
gobooooboooboooboooboooboobobobooobooobboobooboboo

googo,gbooobboobooooobooobg.
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.2 \v ’,
05 4 & N --®--FD
W —-A—-BD
0.4 X
0.3
N e} o o o (o] o
< (<2} © Lo ™ N Lo N N s} <t Lo
© 1 N (92} Yo} N P~ (o] o™ Lo Q o]
o o o o o o [} — — ™ o™
(%] (%] (%) (%)

o339 000bo0boobooboobooboooo

033 0000b00b00ooboobooboobbobooboon

00000000000 | 0000
000 | FW | BW | FD | BD | OO (sec)
c432 1| 2 | 2| 2 0.06
c499 1 1 1 1 0.17
c880 1| 2 1 1 0.16
1355 | 1 1 1 1 1.19
1908 | 2 | 7 | 6 | 4 1.24
2670 | 2 | 7 | 5 | 6 1.43
3540 | 2 | 4 | 4 | 3 6.92
5315 | 1 | 6 | 6 | 4 3.97
6288 | 2 | 2 | 2 | 2 3.19
7552 | 2 | 10 | 9 | 6 10.94
9234 | 2 | 4 | 4 | 3 31.83
s13207 | 2 | 2 | 3 | 2 220.60
s15850 | 2 | 3 | 3 | 2 67.25
s35932 | 1 1 1 1 414.26
38417 | 2 | 3 | 3 | 2 260.38
38584 | 2 | 4 | 4 | 3 | 1182.00

average | 1.62 | 3.68 | 3.43 | 268 | 147.04




35. 0000 31

goobiooooboooboobooboobooboooobooobooboobobooon
0310000000 10000000D00020000 A0BOOO0O0O0ODODADODOODOO
oooboobooobooooboooobooooobo, b BooooboboboobooobOooDooon
goobooooooboool1obooogobootoobob10obobOobODobDOobobOoUbD ADB
gooooooboobooooboobooobobboobobooooobooooooDOobDOoobD AD
pOdoOoooboOoOoOooOOobOobOoobooboOoo s40b00booobobbOobO,boo0oboOoobooo
goooobooboboobobooboobobobD0obobD AODOODO BOOoooobooooo
googobooboobooboooobo,oboobobooboboobobooooboboboo
go,go0booobobobooboobooboobooboobobboo,booboobDbo
googoobooooo,obooboobobobboboooobobooboboobooboo
orwooooooooooboooboooboboobooooboooooooobooooboooo

googoo.

O34 00000000
goggodn googogg
gog A B goo A B

c432 151 1.04] c6288 1.33 171
c499 1.02 1.30] c7552 2.01 1.83
c880 1.72 1.03] s9234 2.96 1.92
€1355 2.98 3.93] 513207 3.28 2.06
€1908 3.00 2.87] s15850 2.81 2.17
€2670 1.81 1.50] s35932 1.16 0.98
€3540 3.25 2.73] s38417 2.14 1.68
c5315 1.67 1.25] 538584 2.31 1.46

g 310 00ogobogoboo
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3.6 UQ0OOO

goog,googbbobooboboobooboboobobbboob,obooboon
googoooobooobobooobooobooboobobooooboooboooboobooooobon,
goooooobooooobooooooo rwgooboooooboooooooboooobooboooo
gooooobooobooobooobboooboooooobobboobooobooboboo
googboobooboo,boobooboboboobobooobobobooboboboo
googobo.obo,bobobo,0o0gb,gogboobooooooboob,oboobooboo

goooooooooon.
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4.1 0000

gobooboooboobboboboobooobooboobooboobboobooboobn
00000000000000000000000 [W[100000000000oooooon
goobooboobobobooboooboobobobooboooboobooboobobobobobo
0000000000000000000 [20-[13,22]00000000000000000000
000000000000000000000000000000000000 [21, 13)J00000
gooboobooboboobobobobobooooooooooboooooboobooboobo
goooooboboobbooobgooobbooobooobooooooobboboooboboo
goboooobogoooboboooobobooobooooooboooobooobboobboo
gon

googbooboobooboobooboobobooooobooboobooobooboobn
goobooobooooooooobooobooooboooooboboooboooboobobooo
gobooooboogbooobgooobooboboobbooobooobooobooboboo
gbgbooobooobooboboobooboobooboooobboboobobobobo
googobooboboboboooobobooooboooobobobbobooboooboooo
goooboobgbobbbobooooobobooboooooobboobooboooooooo
goobobooboboboboboooboobobobobobooooooobobboobon
gooobooooooon

gobooboobooobooboooboobooboobobbooboobboobbooboon
goboooobooobooobooobooobooobooobooobooobooboboo
googoboobobobobobooobooooobooboobobobobobooobooooooo
goobooooobboobobobobobobobobobooboooobooobooboboooo
gboogobooboboobooboboboobooooobooboboboboboooooooooo
gooboooboboooboboobbooboboobobobooboobobooobooboboooo

gboogoboooooooobooboboooobobobboboboboboooooooooo
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googooboooo

4.2 O0O0OOOOOOOO

gooooboobboboooooboooooobooobbboboooooooooooobooobon
000000000 000000 41(2) 00D0OO0DDU0DDODODU0DDODOOODODODOOOOOOOOO
¢e=0=h=00000000000000AhR=1=e¢=10000000000000000C0
000 G,000000 aq,b,e000004.1(b)0000000000O0ODO0OO0OOOOOOODO
cooOoooO0opoooooobodkR=1=e¢=10000000000000000 nOOOO
00000000 4.1(c) 000000000000 0UOOO0OUOOOAR=1=ae=100000
gooboooboboboobobobobobobbooobooooobboboobooooooo

gooobooobooboobon

@O0000 bhOOO0OG10000000 c)O00Daal0O0O00O0D0OD

041 00000000000000000O0

0420000000000000000000000D0000D00DADDODOOODOOO

gooooooooobooBbOb0OOOODODODODOOOOOOCUObOOObOODOO

gooooooooobooooooooobobobboobobAupBUobOboobOooobooDOoO

ooobpucCcoboboboooboobooboboobOoobobDOoobDOoOoobDOobooDboboOobo
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