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Reliability evaluation of approximate arithmetic circuit based on
probabilistic gate model

Zhang Youzhi Wang Zhen
(College of Computer Science and Technology, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: With the increased availability of approximate computing circuit approaches, evaluating their reliability
becomes highly necessary. This paper proposes an accurate and efficient approximate circuit reliability assessment
method based on the probabilistic gate model (PGM). This method conducts targeted reliability analysis on the input
vector. Firstly, the circuit is transformed into a probabilistic polynomial using the probabilistic gate model. It reduces
the circuit variables causing correlation issues at the fan-out end gates to eliminate such problems. The method evaluates
the reliability of the approximate circuit by considering the impact of result accuracy. Experimental results demonstrate
that this approach is significantly faster than the Monte Carlo method by five orders of magnitude and 50% faster than
the other method. It ensures high accuracy at a comparable speed in large-scale circuits. Furthermore, a genetic
algorithm is employed based on the proposed method to search for the reliability bounds of approximate circuits, assisting
designers in evaluating the applicability of these circuits. In response to the issues addressed in this article, the genetic
algorithm has been enhanced. Experiments results show that the improved genetic algorithm yields better results,
demonstrating the effectiveness of the method proposed in this paper for approximate circuit reliability calculation and
reliability boundary search.

Keywords: approximate circuits; reliability estimation; probabilistic gate model; circuit acceptable output

T PR R [ S AR T A R RE A LA S
PRI . BT AEAR R 10 4F, 4 BR B o0 A 2GR die
it % 4 B P S BT ORI A2 R AE RSP 2R BRI 50 £, AL 2 B0 U K 10 £5 . — TR

il

75 B 89 :2023-10-12
TEEIWH BT H AR E S 4 (20ZR1455900) Y E B2 B b E A R UF ST T S ALK R S5 R E R T S S5 S T RO S
(CARCHAZ202005) 35 B %% Bl

— 48 — [EHAABRTMEHLA Hh BB O T



2024F 4 5

e 54365 5 418

2 T R i e T2 T R T D) — O TR R R TR AL B R 4 =X
TR A EHE S PRI AN AU S e v o A48 485 8 1 8 A L B R
14 o 2 X A iR R R SR T S A T Ml g MR A T iR e 3 A
MESARA A By Iy B 2 Bt B et i aE L
565 1 o SELAEU AR 2 A 0 B 5 ) R A B =2 TR SR A
U3 A LA 2 EB 0o B A AN R IR R S AR 50 o A
HREE X DU kK R B, 5k E R, AR
25 4% G N NG 2 107 AT L 4 5 0 0 22 8 4 204 T L
AL B R A 1T RO Ay BT AR R 8 A5 30 A
HL B AT R I A )

Bt o 3T UL F 086 100 2 S R, R T S TP AG A 1 1% %% )
SETEN S H AT 3 ARl L B AT SE M PR AN B 5T R B R A
UTRLHL B2 BRI . SCHRCO RN T —Fh B TSR R IK
AE IR B3 AL FEL S S 23 A T 3 (MACACO) R B 5% 2%
A, SCERL10J#E S T iR Z 5 % (error distance, ED) 3
1% 22 15 B (mean error distance, MED) Fll )7 — 4k i &5
(normalized mean error distance, NMED) 3 ™48 #5353 ¥
ARV ANE s 04 AT R A A R, SCRRC1T 4RI T — A
BT i A RS T TR O BN i 25 1 25 R
(error rate, ER) AR 22 ME 85, SCBR[ 1248 T —Fh
R 23R JO S R R, TR — SIS BN U 4 9 1R 2 R R 25 R
BHEAT A BT . b R T AR S B I D) R B 1 R 25
P AN BE B H T T VP4 O 0L e 1 AT S

I B, A2 55 F B 100 T PR PP A T IR AN BE ELIE ] TR A
H, B 1) T PR TP A PR D X T A e v I SR UL L B 48 0
A BAUE —A> E B i 5 22 % 05 0 DL B T
A [ 7 FH B 22 48 s B R X F— A A AT LA —
DB AT W X TR O A A — S SCRY
BT . SCHRLT4 D8R YT 0l i T 4B 5 B B S B (probabi-
listic transfer matrix, PTM) R IT ) 0 2= 4% 7T 58 M PE 4G
5 X PR T IR BRI XIRE B, (H B T PTM A58 8 1 JR)
FR L A3 32 5 e X LA e 3 ek H s b, OF By 1k
A2 R b R R WA G M ) . SCER(15 148
T — AR TI A PTM BB % AT 5 P 374k 7 ik i 7 ik
M5 T B B T A5 Y AE DG 1 e R AT DA e B AL R
RFEAE DA, If 4 HA 5 Bk PTM A
AT I B H 1 T S PR A L 2 AR PTM B8] LSS
TR TR AT AL . SCIRC16 42 1T 3 Az el
BEAT SR PEITAL O 1k, 5B 1 M BRI R B RS S A G M Y 5
Wil JfF AAS B 00 45 FORG BE AR (0B M B A 5 2 A
B AL BT F A DGR AT SR 1% 22 L (HIN H) O 20 P BE A
T B RGN, R AR BRI 5 3 R I R AT PR
MRS, AR A B 2 8 (HAE B LA 2 R A R AR .

3R AR R A X i AR SR ) R AT AT SRR AT L O
HEA % BB W5 R BR X T i B it s, &1 XA
A A 1] 2 O] SEPERT ST L OF TG L B T R R A B T
FL B T T 4T 402 P B T M A T A b A A I R b

Hh B O T

g 9 D&

P 6 T AN TR FR D LB AR AR SCHR T — PR AR
B4 35 F A 2 A AU (probabilistic gate model, PGM) i
R FEL B A [ et ] 5 B TPAL O 1 AR SO VA O AL R B A
38 S Xof ROz 1) M 25 22 T2, DAV B T AR B 1 O SR TE 3
SRR MERE ARG HE T AR Oy ik, 1 s AR R R T
F, 6 T A BE AR .

1 &EIE

1.1 R EEZHH

5518 55 Hi i 1) T R PR AS [ LSl (PR B T LR S
— NGB A DGR Y 2 A IR BRT E A2 1
W Sl EEzE A E L.

1) W] #2232 4 300 DR B A 100 FH SR i o

2) I L% Y Capproximate output, AO) , JG # & T {2
HL I 1 i

3K W i Cexact output, EOQ) . 3T L) H, §% AH X 1 1) J6
e I A% 55 oL B 1) A

D AT AZ i R 45 A 1) TR R ) AT B2 A7 i
S L

5) AT ARk BEBR 30 b1 B gt A /N AT AR B

A% 30 3 LA RN ¥ e A AR X 4R L KR4 3 AU I vk
R BT LIRS B L B oM R RN 1 L BT LA AO T EO L
B A R R A S e R T A . R T
Z 4 E S N [min(AO. EO) , max(AO,EO)], *f
TICAF SRR 2 7 22 0 BB T LAY T 45 58 A
)i s 0D F R AR B R AO PR B EO =2
(B2 W] 252 B9 o AT R — 3 0k % InXA2MY (| 1) KM
N AE BN R A B3R 1 FToR, M5 ACH abC,, =011 i,
A C,.S=11, % R A&E 8 Ik s dw b C,.S =10, dEkeE
Ui AT 42232 i 10 00 B o (10, 110, 24 e 3% 52 20 s it e %
PR B M R AN A I, U A T A2 A S R N I A RB A E R
ST A 5 o ORI SR A5 HL B T SR B

Af
B Y/
('vl/l

B 1 R — Ak gy InXA2
Approximate one-bit adder InXA2

Fig. 1

1.2 PGM f&#

PGM A HIN R — B 3k T R W] 5232 85 171 A9 1] 9 rL
AR L . 78 PGM LRI v T H B 1 A R AR 5
Bl N MR R L T A 1) P B 7 5 ) s T T 2 A A R
HIMESR R e, 854 17T FL I DR AN 30 LA e AL B B o AT AR
BEATTHRBR T 1A 0 R, EZETTHA®
WMHBMESMENGES HEE 1 WBE, TR

EAARFMEEAR  — 49 —



Big 5 B &

F1 EC—AIINEEE InXA2 REEEBHINESEEE
Table 1 Truth of approximate one-bit adder INXA2

and its corresponding accurate adder
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. . InXA2 A B0 2

Cou S Cou S
0 0 0 0 0 0 0
0 0 1 0 1 0 1
0 1 0 0 1 0 1
0 1 1 1 1 1 0
1 0 0 0 1 0 1
1 0 1 1 1 1 0
1 1 0 1 0 1 0
1 1 1 1 1 1 1
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Table 2 Logic function for basic logic gate output signals
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Simple fanout reconvergence circuit

Fig. 2
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Table 3 Experimental comparison of the proposed method with the methods in references [ 16] and the MC method
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Table 4 Comparison of the proposed method with the method in reference [ 15]
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Table S Comparison of reliability boundary search results
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