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Abstract: Automatic simulation vectors generation is an efficient method to accelerate digital system’s design
verification process. An algorithm that generates coverage metrics and simulation vectors for state-pair of
interacting FSM is presented in this paper. Compared with FSM (finite state machines) product method and the
method which treats the interacting FSM as a single FSM, this algorithm can generate accurate coverage metrics
and the shortest simulation vectors. Experimental results show that this algorithm is efficient in memory usage and
perfectly solves the states space exploration problem.
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FSM_TRAVERSAL(Init, T(s',s,i)){
Reached(s)=New(s)=Init(s)

While (New(s)#=0){
N(s")=IMAGE[New(s),T(s',s,i)]
New(s)=N(s'<s)—Reached(s)
Reached(s)=Reached(s)+New(s)

¥
}

Fig.2 Traditional state traversal algorithm
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STATE_PAIR TRAVERSAL(Init,,BDD(FSM),Init, BDD(FSM>)){
Reached Pair=CONSTRUCT _PAIR[Init, Init,]
115=01(A1(0"1,Inity,iy))

[1=0,(A2(0"2,Inity,i))

Reached (FSM)=New(FSM,)=Init,

Reached (FSMy)=New(FSM,)=Init,

While (New(FSM,)<>0||New(FSM,)<>0){
N(FSM)=IMAGE[New(FSM,),8,(s"1,51,i1)]
N(ESM)=N(FSM)A L
New(FSMy)=N(FSM,)-Reached(FSM,)
N(FSMy)=IMAGE_EXTEND[New(FSMy),8x(s'2,52,i2), N(FSM1)]
New(FSM»)=N(FSM,)—Reached(FSM,)

S1=CONSTRUCT _PAIR[Reached(FSM,),New(FSM,)]
S2=CONSTRUCT _PAIR[New(FSM,),Reached(FSM>)]
S3=CONSTRUCT _PAIR[New(FSM,),New(FSM)]
Reached_Pair=Reached_Pair+S1+52+S53
11:=01(A1(0"1,New(FSM1),i1))
11=0x(A2(0"2,New(FSM>),i2))
Reached(FSM,)=Reached(FSM,)+New(FSM,)
Reached(FSMs)=Reached(FSM,)+New(FSM>)
Fig.3 Coverage metric computation algorithm
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3 EBHREBEINERK
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H 2 BEYIURE N %728 78 53 R R0 oF 5100 145 B AR E LA 5T BLAE Pre-Tmage 1157
AT AR S E SRR E AR A 1 ] A A5 A ADL B E SR AN R A 6] iR 2l K S (RS0 390, 1 AS R AR Dl b 345K
ARZEXT.

0 VE BT R A R S v S A 5O R A U B0 T T bR A X 1 [ e A B o A, T L el T T e
PRAESE— RAEAR P 2B IR A 38 F T IR A8 6 A TR, A A 1) 7 o5 i A 2 S R I B BRI vk an L 4
Ji7s.

TE IMAGE[New(s),0(s",s,)] 45 F 00 & T UHPIRES . T —IRES LA B B BTN B T A2 BT 1 mT IR RS
AN IR A ZR A AR N AT DR A B R AR R i N B AR B 2 e X3 AN Trace &, — AN T-{RAF FSM, (1)
Trace {5 5, BT S8 PR A& Jo AN — IR 25 BE ZARAS B0 B 1% N, — A F T-OR 47 FSM, 1) Trace 5 5,58 3 M T
TRAEIRZS N B H B BTN, 2 ) Trace FSMy, Trace FSM, Ml Trace_Pair 375 AE V15 N(FSM)H! N(FSM>)
Z )G ATE Trace_FSM, F Trace_FSM, 32 BT PIR S J LR N 24 A2 OB RS X (57 1,8") I, 7E Trace_Pair
AT IR, T B AT IZOIR A 21T AR, 15 AR BN — IR 41 RAZCIR S AEAE WTE Trace_Pair
HRARE X2 BRI R L AT R AR AR A MR B R B TR AR R (51,90), WA BIAE Trace FSM, Fi
Trace FSM, PRI AL 518"y T sy—s'y FITRT PN B0 Z A0 AAE 5 RS X RN 3RS — i i
Trace_Pair 1, JFORAFHE ) oy — R &6 HIE S

KFEAE AR EST T E L5 RN 8T Trace_Pair, g8 24 TG 38R 285 28 il — 4 MHTIR AR S X HF 46 11
B35 A% 0 AR SAEAE [ ) BN B 2. R W 7 Trace Pair 0 A2 LA — RERPIR ST, BRI BE AR F
B 4% 78 15 A0 T SN 7 W A TR] RDIR A S5 A 1) 7 26 B 44 T K KT 48 Bl e i) BT DAy 5 — 25 RS9 31 3k 11 #48
SEFRAEX
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STATE PAIR_TEST GEN(Init,,BDD(FSM,),Init,,BDD(FSM>)){

Add(Pair_Trace_Table,[Init,,Init,])

Add(Trace_FSM,,Init,)

Add(Trace_FSM,,Init)

Reached Pair=CONSTRUCT _PAIR[Init,,Init,]]

1175=01(A1(0"1,Inity,iy))

11=0:(A2(0"2,Inity,i))

Reached (FSM)=New(FSM,)=Init

Reached (FSM>)=New(FSM,)=Init,

While (New(FSM,)<>0||New(FSM,)<>0){
N(FSM\)=IMAGE[New(FSM,),01(s"1,51,i1)]
N(FSM,)=N(FSM )\l
New(FSM,)=N(FSM,)—Reached(FSM,)
N(FSM>)=IMAGE _EXTEND[New(FSM,),5(s'2,52,i2),N(FSM)]
New(FSM>)=N(FSM>)—Reached(FSM,)
Add(Trace_FSM,,New(FSM,))
Add(Trace_FSM,,New(FSM>))
S1=CONSTRUCT PAIR[Reached(FSM,),New(FSM,),Trace_FSM,,Trace_ FSM,,Pair Trace_Table]
S2=CONSTRUCT _PAIR[New(FSM,),Reached(FSM>),Trace_FSM,,Trace_FSM,,Pair_Trace_Table]
S3=CONSTRUCT _PAIR[New(FSM,),New(FSM,),Trace_FSM,,Trace_FSM,,Pair_Trace_Table]
Reached Pair=Reached Pair+S1+S52+S3
1|2=O|(Z](O'[,NEW(FSM])J]))
1)1=05(12(0"2,New(FSM,),i))
Reached(FSM,)=Reached(FSM,)+New(FSM,)
Reached(FSM,)=Reached(FSM)+New(FSM>)

}

For each reached state-pair in Pair_Trace Table do
Gen_Test(state_pair)

}

Fig.4 Automatic simulation vector generation algorithm

B4 B R SR e
4 FKIWHER

JLF R R 2 K2 ROBDD #4E 5 CUDD FEUL {ERL Ol P4 1.4G,256MB (1) PC HL_ESZBL T eIk 24
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(6 /™ latch),write-back(8 4™ latch)Fl zero-out(6 4™ latch), IR A LA K one-hot g i, IXA¥, 24 2% Fe t AN IR S HLAL
FIAR AU, S Bl RSN N 6X5+6%6+6x8+6%x5+5x8+6x8=232 > AHJ2&, 1 T 32 FI M 1 18] &% H.A5 5 F 4L
[ % N RIS 20, S B (R AT IR AR AS S A IX A4 2 .38 1 J2 ] ROBDD 15 AT 0R A I, 55 74 85 IR A WL IR FR 1 T v 1)
PL#R 3 2 2 5 SCHRI6] K A8 TR AL g — ARV T A B B ) 45 5

26 PRSI SV (R S 45 SRR PIANIRASHL ROBDD 5 k& 15 B0R B K& BR 4% 5 82 0, DRk 7 553 v i
AR HLIY ROBDD A2 [) i 3 8K 1. A S50 25 S 0T LUt BRATT (R SR 0) 1) s R 4 A0 1) o 580 58 ok . A 4
A A A7 A LRI /> ROBDD 45 5 507 11,55 FSM AR 1) J7 A AH L, BDD die Kk 45 0 8501 44 s B /N b 9 i Jee Kk
FEHCN 65 A%, 1 35 K BR 4 s BT 28 A w20 135, 8 K8 80 £, 55 SCHk[6]H (17772 F 5 , BDD 33 K &5 i 4
T RN N 445, B KA HC SO %, T 35 KT IR 45 A 800 48 105 50/ b 1L A B K 65 4% 5 S e oK FiL i,
1 Miss-WB,Zero-WB 1 Fill-WB iX 3 MRS LA 800 N v 2.
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Table 1 Experimental results comparing with the FSM product method
F 1 LREVERBUT I AL

Interacting Reachable Reachable The method of this paper  FSM product based method Improvement
FSM state-pairs  state-pairs  Max BDD  Max active Max BDD Max active Max Active
in theory in fact nodes nodes nodes nodes nodes nodes
Zero-Miss 36 30 7154 2766 113 442 72 478 15 26
Zero-Fill 30 10 4088 1677 38 836 34 893 9 20
Zero-WB 48 48 13 286 10271 312732 306 460 23 29
Miss-Fill 30 30 7154 3161 76 650 69 236 10 21
Miss-WB 48 27 16 352 11755 385294 376 493 23 32
Fill-WB 40 40 13 286 10 666 863 590 855 260 65 80

Table 2 Experimental results comparing with the method that treats interacting FSM as a single FSM
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Interacting Reachable Reachal?le The method of this paper Single FSM method Improvement
FSM state-pairs  state-pairs Max BDD Max active ~ Max BDD Max active Max Active
in theory in fact nodes nodes nodes nodes nodes nodes
Zero-Miss 36 30 3066 1107 30 662 17712 10 16
Zero-Fill 30 10 2 044 612 12 265 7957 6 13
Zero-WB 48 48 4088 1684 61323 30 646 15 18
Miss-Fill 30 30 4088 1418 16 355 15601 4 11
Miss-WB 48 27 6132 2 475 85 849 61879 14 25
Fill-WB 40 40 4088 1980 204 403 128 700 50 65
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