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An LUT-based Multiple Error Diagnosis Technique
Extended for Single Line Errors

HirosHI INOUE, 1t NOBUTAKA KUROKI,* MASAHIRO NUMAT
and KEISUKE YAMAMOTO

This paper presents an approach to rectify multiple logic design errors including single line
errors in LUT-based combinational circuits. Single line errors are classified into missing-line
errors and extra-line errors. Although the conventional technique called EXLtvy is able to
rectify extra-line errors only by correcting LUT contents, but is not applicable to missing-line
errors. Rectification of missing-line errors requires both correcting LUT contents and finding
a line to be connected to the LUT. Since the condition to be satisfied with the missing-line de-
pends on the LUT contents at the error location, rectification of missing lines is very difficult.
The proposed algorithm introduces the condition derived from the characteristic function to
represent Boolean relation among the primary input variables and the truth variables assigned
to each entry of LUT. Since the characteristic function implicitly represents the condition for
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any possible assignment of truth variables, every solution is obtained.
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Fig.1 Rectification of complex error types using LUT-
based circuit model.
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Fig.2 Rectification of design errors including single line errors.
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Fig.4 Example of rectification of a single line error.

iny iny in3 | out
: 00 0 [y 43.2 000000000000
e 0 0 I LUTOD0O000D00O00000000000000
X, —iny out —— 0 1 0 vy
4 I 0oOo0O00000000000000
===~ in3 1 0 0 |vig
— 1o 1 | 000y, 00000000 wy, 0000000
1 -
TR 0000 (100000000000 ¢c0000000

@) KEANER pa OEIET  (b) EERELHOHNST DDDDDDDDDDDDDDEFDDDDZMLD
L s N2LOLLLLOLLOLD 000000000 2000 o™ 00000000

Fig.5 Variable assignment for N2. oooooooo DLﬂL(i) gdooooooooo
000 " o0o0ooo0oo0oooooooooooon
do0oooooooo LurTooobooooooo 000 cO00O0O0O0O0OODOODDOODODOOODOOO

000000000 v, =270 000000000 v =t" 00000 yy, 000000000000
0000000 w,0 sro0000000 000000 0000 100000000000
00000000000000000 N2000 oooo
00000 w0 N20000OO0O0 ¢, 0000 Fo™ Vo Iyaw : oz, o™, yar) = 1 (13)
00000D000D000000 4(c)0000000 & Fo" Vo Sy =1 (14)
w=E60 OROODO0O0D000O0D0OD0O0O0O 000000000 100000000 (14)00
t, =(0,1,1,1,1,1,1,1) 0000000 smrn(v™) = CoSyyc Z0 (15)
000000000 (1)00000000000 00000000 sy, 0000000000000
000D000000000000000000000 00000 +"00000000000000000

g LIIVIL(D:{NQ}DEIDDDDDDDDDDDD gooooooooobooooooooboobooobooo
0000000 00oo0ooooooooDDoDbDO00 N2 00000 wa, 0 LUTOO GOOOOCOOO

000000000000000000000000 veVO00D00000000000000000
00000000 Ly, ={N2}) 00000000 000000 (15 000000000000000
0000000000000004320000000 0000

Ly 0000000000000000000 0 400000su. = (v12 + v1,3)(v1a +

Lgroooboooooooboboooooooonoon vis)(vie+vi,7) 200000000000000
Ooo0LUTOoO0O0O000000000000000 gobooboobooooooooooo s 0OOOO

oo0oOooOooOooooOoooooo(2)oooo gooooooooooooo
0000ooooooooooo4(yoooooooo 4.3.3 O0OOOOOOOOCOOO

OE5S0 N200000O0O0O0O0OOO0O0DCDODOOOO oooooooooboooooooobobooooo
Es000000000000000N20000D0O goboooooooooooooooooobooooo
ooooo0 =0z, 0000000000 O0O0ODO gooooobooooooooobobobobooobooobo

goooboOoO00oDO000OD0O00EIDE20E30E4D ooog



Vol. 44 No. 5

001 0000000000000
002 0000000O0000000000000

00D0000000O000O0O0000

00100000000000000000000
000000000000 000000000000
000200000000000 ;0000000
000000000000000000000000
00000000 ¢, 00000000000000
00000000000000000 TFO(x;) 00O
000000000000000000000000
0000000000 20000 TFO(z;) 000
000000000000000000000000
000000000000 guy(e,v™)000000™
0000 ¢t 000000000000000000
ESMIO Essential Support for Missing LinedO O O
0oo0ooo0ooooon

D00v™ =¢" 000000000000 gw|,,
0000000000000 ESML(t™) 00000
O0D0O0OESML(#™) 0000000000 O0OO0
DDDDngLmDDDDxﬁﬁw@MLJDD
0Oz 00000O000DO

0 (10)00 v™ =¢" 000000000 Oepm =
¢|,m = yML - T, + UM - Cat,,, 0000000
00020000 &g, 0%, 00

-

= e (16)

YML

Cu0

tm

Cul | =G
tm YML

gooooooooooooob yw 0O 10000
jdboooooooooobooooooboooooan
DDDDDDDDDDDDDDDDDDDDDcuO|tm
O0ymr =000c¢u tml:l yL =10000000
goooooooobooooobocobooboooooon
goboooooooboo g OOOOOCOOOO
ooooo ¢o0o000ooooOooooooo

v < [et] e, (1)

oooo
ESML(t™)000000000000000000
002 3000000 fi(x)0 fo(x)0g(x) O

g=<[fi, 0000 g<|[f, i]O000OO00O

filg fol,, + £l fal 20
= x; € sup(g) (19)

oooooo O
00000000 fi(e)dfo(e)dg(z) DOO0OD0

g<[f1,f2]DDDEID

gooooooooo Luroooooo 1221

f1|ESg|x_¢§E

hl, <4, <k
0000000 (20000 f|_<g|_00 (2)00
f|, <g oooooo

hl fl,, <9l--9l,, (22)

T

T

DD0000000 (20000 fof <3
D0 fi|, <g|, DODOOO
hl,, - fol <3l -9l (23)

00000000000 (22)0000 (23)0000
0oooooo

Al fl, + 5, fl-

_00 (21)

000000000000 (24)00
Ogﬂz®gu (25)
000000000
9l #4l,, (26)

00000000 €suplg) D000
0000 fi(@)0 fa(e)0gl@) 0Og < [fo, fi] O
0000000000000 O
00200 (18)0000000

* Cul

mo.
tMax;

Cu0 * Cul ~+ cuo
i

tmTy tmg tmzy

= € sup(gMLitm) (27)
000000008, cw00ca 0O00O0O0O

Sz;Cu0 = Cu0|xi + Cuoix_i (28)

Cul = Ts - Cul‘xi + 75 cu1’W (29)

000000000 Sgcuw-cur 00O
SxiCuD'Cul

~ (el eul, ) + T ewl,, - el)
1 1

7 Tq

(30)
goobobobooobobooo
Szicuoitm'culhmio
& 2 € BSML(t™) (31)

oooo
0400000000000000000 ¢ =
(0,1,1,1,1,1,1,1) 000000 20000000

fl = Cul

m Trmawszal f2 = cCuol,, =



1222 goooooooo

1+ 22+ 2304 =T122(T3+Z2) D00 00210 24

DDDDDDDDDﬁ%,MM+ﬁu-MEDD
000000000000
f1|ﬁlf2‘zl +f1‘ x] ’1'1 =0 (32)
Pl P+ A,

2

T1 T2T4 §é 0

f1 E.f2|x3 +f1‘

T3

| =
DDDDESMMOLLllll)

f1|_'f2| +f1i =T1T223 Z0
{1‘3,1‘4} O
ooo

oooot" 0D000oo0DooDoDOoooooooon
ESMLOOOOOESMLOOOO0D syu(t™) =1
000oUoUoOoO ¢ oU000x, € ESML(t™)
00000 2, 000000000000 (31)000

VE"s.t. smL(t™) =1 3@ 1 Sy, cuo-cu1 = 1(33)
000000 0x;, e ESMLODOOOO

Sz (Sa;cu0 - Cu1) > ML < x; € ESML  (34)
oood
0400000000000000DOO00O00OOO
1000000 EsO0000000OO000ODO 200
0000 EIODE20E30E40 000000

4.3.4 0O0OOOOOOO

43200000000 cOO0OOOODOODODOO
gooooboooooooooo LﬁL(i)DDDDD
000 wv, OOO0DO0OOOOOODOODOOOOO
00o00000obOoDo0oobOOoooboobooo
000 LuToooooooa

yv 000000000 wv, 0000 gui(z,v™)
goob4310000000000D0ODODOO
oooooooooouog gun(z,v™)00oooO
Owyr0O0OOOOOO0OOODOOOOO0OO cO
000 ywmL =9, 00000000 OOODDOOO
DDDDDDDDDDLML()DDDDDDDDDD
oooo o™m=t"0oouood

clz, t™, guL(z,t™)) =1 (35)
0000000 0wyr, OO0O0O0OODODOODOOOO
T = (Lt wn) 000000 1000
pooooboobboobobooooboobo

" Ve e(z,v™, gur(z,v™)) =1 (36)
gooooooo
emL(v"™) = Coc(,v™, gur(z,0™))  (37)

00000 l1000o0oog 3600
CML(’Um);_éO (38)
gooobooob empOOOO0OOODOODOOO
gooobooboooooboobobooooooooboDbo
0 wv 0000 emu(#™)=1000000000

May 2003

01 ISCAS’8s00D00O000O

Table 1 ISCAS’85 benchmark circuits.
Circuit | #Gate | #LUT | #PI | #PO
C432 160 129 36 7
C499 202 132 41 32
C880 383 234 60 26
C1355 546 180 41 32
C1908 880 467 33 25
C3540 1,669 921 50 22
C5315 2,307 1,386 178 123
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03 000000000000 [s]
Table 3 Processing times [s].

Ave. Max.
oo m =1 m =2 m =3 m=1 m =2 m =3
C432 0.5 1.0 6.5 3.7 5.4 603
C499 11.4 80.9 518.2 29.6 | 4,091.0 132,480
C880 4.5 6.1 9.3 349.2 422.3 258
C1355 9.9 48.5 159.1 23.8 | 7,275.8 50,727
C1908 3.5 11.2 150.2 26.2 75.4 8,354
C3540 26.4 42.1 109.4 109.5 248.7 26,112
C5315 4.4 5.7 21.4 15.6 57.6 3,417
Ave. 5.2 13.0 56.1 32.8 256.3 6,945
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Table 2 Numbers of error location sets. Table 4 Numbers of missing line candidates.
T
m Total aft#Screening Final #E:Fn m O DDDDDDDDDDDD — ESML O Dooo
1 330 3.0 1.5 15.6 Total | i opppoo |ooooooo | PO0T
2 | 5.4 x10° 6.4 1.8 30.2 2,662 2,492 206 6.4
3 | 6.0x 108 17.2 2.0 59.8 6,000 5,362 305 7.2
3 | 38,748 32,931 2,511 9.4
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