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No. Primitive Element Type
HE—BOoHBEY I =V - gRNEABLTW 1 N—inputs AND
BCNLOFEEERAKFE Y I = V- % EA 2 N-inputs NAND
LTwwd, chboOFEEHEMFLc Eic 3 | Ninputs Ap/Naw
IYVMENE L ELRBE Sy - voEKE 4| Viens &
OHIBIE A N, 5 N-inputs NOR
6 N-inputs Exclusive OR
2 o x= A = F ( N-inputs Exclusive NOR
8 Amp.
9 Amp. Inverter
Table 1 & ’ 2&&% YR e V- 2 TTHRIRA 10 Input Connector
BEAERRTFO—HEHTD 5, 79y 7 -7 11 Output Connector
vy 7,y YA - I 12 Test Pad
H-DdDhkEL, FTAREARFWLCRAM 13 Wired AND
, ROMZ EORRERT EMA T LI 14 Wired OR

Y 2V — Vg Via‘%%%ﬁi_ﬂi/<’97—~~‘/“01}7[\j< 15 D type flip-flop
Lkoe SHIE,hbLORERTOEKE, 16 | TFHitie-fo
LA OB R ENT T - ) T FRkg T T wee el

BOMBERICRETELCECE Y, cnp 0| FOe
DEEETEADRE > - S bBER | T
i _ 20 Random Access Memory
CHETE Zo 21 Read Only Memory
22 Content Addressable Memory
2.3 2ME& 3MEHE 23 Register File

mK9 60D i BE BB I T hZth 1 e b Table 1 Available primitive elements
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T, XL TEXKE®BE6E y F TRERFLFCEHAINSE, HWEEKEZO , 10
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LTYWAHEARARFOAMNYE Yy ECREI N, Sk LN EKE O H K 2T
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S; — s —h
ADDRES 1, m=2
S, DECODER —— T3 B=0
T4
Do j =1 10 2"
Tj =all 1
DO k=1TO0m
TRUTH TABLE IF kth bit of B =0
THEN Tj = Tj » Sy
Sp S1|T T, T3 T, _
ELSE Tj = Tj - Sk
o o1 O O O
END
o 110 1 0 O
B=B +1
1 0o 0o 1 O
END
1 1 o 0 O 1
Figure 1A  Address decoder and its truth table Figure 1B  Parallel evaluation routine for

address decoder
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When B =0 0 Py T1 - _S-z M §1
01 T, =S, + S,
b (1)
10 Ty = Sz - Sy
11 T, =8, - S,

Figure 1C & , Figure 1A THERIhAET Fv X 52 -2 QLW FHE Y I 2 v
— v a YHPITH B, GHEFHERETD D,

¢ o E B LB, P ld, S, S CHEOREE 5AT
P PR B EE TS 5, EWIE

I, AT (j=1~4) EKRD LN TW 5D,

50 1 0 0 Figure 1C An example of parallel fault simulation
for address decoder with two BCD inputs

and four outputs
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Sm Tn

Ty
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M words x n bits
ROM

Where

1 T0On

[ 8
1

all O

Do

j=1T02m

A=alll
DO k=1T0m
IF kth bit of B =0

THEN A = A - S

ELSE A = A - §

END

DO k=1T0n

Tk =Tk+A-Bj,k

END

B=3+1

END

i

DO

ij=1T0n

Tj:E‘FTj

END

Figure

8y ~ S, = Address Inputs,

E = Chip Select Inputs,
Ty ~ T, = Data Outputs.
INITIALIZATION

ADDRESS DECODING

OPERATION

READ OPERATION

OUTPUT ADJUSTMENT

OPERATION

2 Simplified evaluation routine for 2M words x n bits ROM
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3.3 Random Access Memory
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3. 4 Register
File

Figure 4 {C Regis-
ter File® 3 7 {E &
FmanRINTH
Ho BEHINTW
HFHEE , T TR
NbhkdOoDER
TH 5o

—Iny
P2 R -
! ¥ O—
_i{p 2™ words x m bits
n i
!
1
__Sl RAM i
1
152 !
) Fn O
sy
E VE
D0Oj=1T0n
’Fj:allo
END
B=20
W=E.¥WE
DO j = 1 TO 2™
A =a2alll

DOk=1TOm

IF kth bit of B = 0
THEN A = A + 5}
ELSE A = A - S

END

DOk=1TO0n

Bjrk = WeAeDy + WeA-Bj,y
F = P + A*Bj,i

END

B=B +1

END

o
o

o)
]

Figure 3

20 yords x n bits RAM
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Where Dy ~ D, = Data Inputs,

S3 ~ Sy = Address Inputs,

E = Chip Select Input,
VE = Write Enable Input,
¥y ~ F, = Data Outputs.
INITIALIZATION

ADDRESS DECODING OPERATION

WRITE OPERATION

READ OPERATION

OUTPUT ADJUSTMENT

OPERATION

Simplified evaluation routine for



i

Write Address Inputs,

m
Ry = Read Address Inputs,
D, = Data Inputs,
= Write Enable Input,
= Read Enable Inpyt,
Tp = Data Outputs.

WRITE OPERATION

READ OPERATION

OUTPUT ADJUSTMENT
OPERATION

—w Dy Dy Dn
— ¥ Ty~ Where W;
] T _—
: i
— Wy 2" words x n bits : Ry
t
D
— Bl Register File ! 1
. R 1 WE
1 Tl
+
L By RE
VE RE
7 ? Ty
DO j=1T02M
A = address mask bits pattern is
generated from the write
address inputs using address
decoding technique explained.
A=VE - A
DO k=1T0n
Bjyk = A'Dj + ArBj,k
END
END
DO j=1TC2m
A = mask bits pattern is generated
from the read address inputs
in the same manner used in
WRITE OPERATION.
DO k=1T0n
Ty = T + A - Bj’k
END
END
DO j=1TO0n
Tj = RE + Ty
END
Figure 5 Simplified evaluation routine for 2™ words x n bits

Register File



4. VY I a V- Ve rERLER

# 7% Flip-Flop, One-Shot, Content Addressable Memory® gt~ § = v
- Y aYFHEL, T TRCBITENINAD TERBLTCEETF L £,

BB~ I av -3, PL/AI-like a4 5 —EF LT v ey 75 -FF
EFBWTA 7Y Ay a3, 524K*xx352 42— - 2% —-% A3 5NEAC
2200¥Y Y —-—X+ary¥a— 2% -FFAT7T00 CHEZESHLTHLS,

Table 2 WHERF 2T THRE-Sy 7y - JOHEBEY S 2V - Y s YEREREI
nNtTwd, HEBALDLZ,BEZF 28I 20nAEFCEE2ERPEFDE D
5o 30fD 4 by 4 Register File Ll — 2 bR INTWAEIKF
KDONWT, BEYI 2V -Yas YEOAMUEAETLILAOOERY T o ko

F-a ld , Register File WY I =2 v - v 3 VERBERINLAERTH b ,
F-b L , % Register File # 4 — F &1 6 @ T # 4 7 Flip- Floplc BB L < #
Y I alV-VYaryrEflokhkBR T, CPUL A4 2aTHI0M, I = v -
Ve YERIETH2ME, REVYI Vv - vy ERMALTWLZERETEIN L,
COoFERE , BEZEFTOLELLILEOBEVWRE v r - vRE,BELCAHTH
59,

ZEPBEYI 2Vv - v vERHETLICD LD, BEEETFORTHER , R
BICREBETEZ2 % TH0KCIEELAZS THAE LA WV, ZE% L YEORE K EE
T 2B UCEELARZTOABNY LR L2 ZEINAVWO T, A Y v EOHE
TRETEZVWAHABEELCOWTH , vIaVv—-Ys Yy URELEAIN TV B
B TH b, COMBRONWTOSHOMAELTEELIL , WELTWE,

*1 . Functional {Faults |Vectors |[Faults CPU ¢t *2
Gates |Flip-Flops elements | simulated|simulated |detected time g iticiency
(No.) No.) (No.) (No.) (No.) (%) (sec.)
A 541 0 0 1307 647 91 200 4.23
B | 1156 32 0 3471 778 82 705 3.83
c 434 12 |IKROM:3| 1175 | 2431 90 975 2.93
D 586 32 |EBOM3 1646 | 2160 84 3043 1.17
E 446 11 1984 e 1428 676 94 840 1.15
al 527 12§ Bedister) 1597 90 572 1.23
F 372
b| 2099 | 492 0 8425 98 5340 0.59
G 161 o |1OFAa 8O3 842 92 1524 0.44

*1 Number of gates excluding flip-flops and functional elements.

Faults X Vectors
CPU Time (ms.)

*2 Efficiency =

Table 2 Simulation results of this fault simulator
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