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Test Generation for Multiple Target States Using Path Constraint Solving
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Abstract  In this paper, we propose a test generation method to cover multiple hard-to-reach
states, which operates in an abstraction-guided simulation framework. An evaluation function,
which considers the global abstract distance information for one state to different target states, is
used to evaluate the potentiality of each candidate next state to targets and guide the simulation
processes to cover multiple target states. In addition, a path constraint solving based test generation
method which combines concrete simulation and symbolic simulation is used. Symbolic simulation
walks in the design following the concrete path and extracts the corresponding symbolic expressions
of the branch conditions in the path as path constraints. The test generation engine can generate
valid input vectors through constraint mutation and solving, and it helps to search state in the
design state space in a balanced manner. Experimental results show that our approach is effective

in covering multiple target states.
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module(inp, reset, clk, outp);
input[2:0] inp; input reset, clk;
output[2:0] outp; reg[2:0] state;
parameter S0=0, S1=1, S2=2, S3=3,54=4;
always@(posedge clk)
if (reset) begin
state< =S0; outp<<=0; end
else begin
case(state)
S0: begin
if(inp==1) begin

state<<=S2; outp<<=1; end
else begin
state<<=SI; outp<<=2; end end \
S1: begin state<<=S0; outp<<=3; end ‘@ @

S2: begin state<<=S3; outp<<=4; end

S3: begin state<<=S4; outp<<=5; end

S4: begin state<<=S0; outp<<=6; end

endcase end inp
endmodule

(a) (b)
Bl 4 —A RTL # it /R 6 (a) & A B DDG(b)

module(inp, reset, clk);
input[2:0] inp; input reset, clk;
reg[2:0] state;

parameter S0=0, S1=1, S2=2;

parameter S3=3, S4=4; S N
always@(posedge clk ) m ;zﬁi‘é[%j /§£7‘\ S3 4
if (reset) state<<=S0;
Jse begi 000 (S0) 2 3
else begin
case(state) 001 (S1) 3 4
S0: if (inp==1) state<<=S82; 010 (S2) 1 2
else state<< =Sl -
Sl: state<<=580; 011 S3) 0 1
S2: state<<=S3; 100 (S4) 3 0
S3: state<< =S4; 101
S4: state<< =S0; 110 3 1
endcase end 111
endmodule
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B, fg s e F) 5 Hrh— A HAx.

XD P FRATAT LU 274 Fom B A AR
Pk HARIRES § BOME S B (R3O B4 S A
ZA~ HARR A B Ay LR 3 Ak 5 e 3 ) S AR SR R
HORVEAL 42 JR 115 0 3% Fh 7 3 8 55 47 1 X 43 1
WILFE O R A G 4k RS I 4 . 18 SRS 1 ik
e Y HAR RS TE ] — A7 B A2 1 i ok by =k
RARWI B e 022 AR [F] — 25 B AR B, W AROIRZS
AZIHPR el PR LIRS B 28] c1 g B I8 4
ABH 2 WA B gt &%t Bk 3 Fh g
S 1RGO X R B0 T AR N e B A
RS 4k B2 1] HiT A AL

g5 R AR SCHR 0 TEA R BRE 5 X £ B bR
B R A BRI SRS
3.3 BETREAFRKENHR LK

AR PACOST 4 1 Yy 56 B8 428 24 oK
fiff 1)l A B 2 X R O A T B AR
SRR R L BEAE AT RLCH AR B A1)

PF 5 A4y i 2 — i g R ) 2 O XAk 58I
s BN T TG DB E . SR AR R
FH i A A 2R 728 AR A R X H B BT R A T
L K B0 UE AT IR (BT & 20 755 9. i TR A
5 AT S E AR BAR (AT AL R — IR AT 5
B 2 F BT — A AR K K 4 L W] DL AE —
AR T 9 58 A% e RSN T 1 2 A A B A e o8
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AT 5. T 17 a8 5 i 2% (Register Transfer Level,
RTL) W4 5 B0 30 1 %t 5 140 A 2E 47 8 25 4 Hr
2B, SCHRL10-11 Jrp p 2y st o 49 5 A 400 AL A4 A5
A&y RTL it 56 0k ™ A= A R f A ) &
AT 325 B0 A v 00 8 o 238 A SO ik b A S R
A HARBE AR 48 IUCH 23 3085 A 5 R ik X
H IR 2R,

BEAR e — A R E A R SRR A
R AU 2 B S O R BT B0 R ) R AR A
(Control Flow Graph., CFG) # & 7. DL % Bh 29 o 42
IR R AR BAE BRI L i e i — B P Y
B A1) BER BT REAT R AR CFG Al SR R A H
KRB AR, FF ST 5 CFG w1 ix 4% FLR Bk 4208 4
A3 3CHE RTS8 PR ICH DR VR O 29 R AR A
(guard) , 1 B84 b T A7 1 29 RS A 1) 5 SBORE) B0 7
(9 B AR 2 . HYBRO™ J& — W Pobs 3031 i T [
AR 1 SEx B AT R E A B E R BE LA AL
A F R B B AR 4 TR G o 2 RS A Y O R B
B 53 3. B A 2 S8 i R AE D L B TR AR R
FER TR, HYBRO REA2 T /Y & 18 H AR A BR A
RE L 5 I R A T A 3 R 28 B R X A [
PACOST #2145 & H A A4 5 8400 1) ik T
AR 249 SRS fik X 3 R AR B A T U A R
RRAUL A R v BRI — A T S 1 e A 2 o, R i 4
PR (R BB A0 M98 AL A 0l o 3% 2 R A0 20
BRAETE R 0 JE A0 B 38 o i R 28 2 ) 2R A7 45
F I 2 5 B IR R BR A ME B RS A SCR A
U 7= A U s 5 PACOST H il — 3. H B Ar 2 7
BT BT P A 2 MER RS R — PP R
SOt HAR IR AN A 0 AR 2 O 5 2 R AR A Y
2tz 55 SR Ak 7 A O O e 1B RS L AR S ) DEAl e R
Xf A AR ZS HEAT PEA L 8 T AR S R 2 5 S AL
TF AR B g 2 e I B R TR TR 1 2 M

PRAR LR H AR BR AR BT 4R SR (AR
FHOFRIEAXE WA . 5 PACOST h—Z, A3
T AR 20 o AL 5 AR A A G Y
Oy SR SR SR AR AR IR LU 3 A B3R
O BT P a8y i CFG; @ #0819 H.
PRBLALL 5 O 5 5 B 100 5 % A2 20 i, 1 T FR AT 4 4>
i BARA G X LA BR.

(D FEBIT st s -t & CFG

RTL Ay FF 5 A5 00 i e 0 B AR 47 20 47
et CFG kL. CFG ik it VRM

575 (verilog RTL model) H #2 L, Hidr, — > 45 5
XF N — 25 B IR AL X R EE— A CFG 45 50, il —1
7 e R R H B0 7 ” (Data Flow Graph, DFG) &
B R RO I ) A 2L TR I R A
YEHR CFG ) —#43. T HE CFG Hrid s B AR g% A%
FATEE ] perl IAAE BT B 19 B — A>3 KA IE
A Ja T BAS o A Dy HL AR 0L A5 5 1 4L B e
TH. RS TR AR i YR — DR DA
SABCH T AR, ZE— BN UG DRSS e S -
— AR IEAT XS L, A SRR A 3G 0, 278 AR R 1Y 43 3
BEHAT T 5 AF S BDUIN B2 IR 32 53 Sk A o 5 DK %
53 3 A UG A B A8 29 5 .

P 4 Ca) BT &5 7 M1 58 11 5 i 3 508 ) 1 e &
IR CFG &l 6 Fr7s. B 6 (a) Hy &I 46 1 It (8
B AR IS I R L 68 R L 6 Ch) H i A

module(inp, reset, clk, outp);
input[2:0] inp; input reset, clk;
output[2:0] outp; reg[2:0] state;
parameter S0=0, S1=1, S2=2, S3=3, 4=4;
integer 10, i1, 12, 13, i4, 15, 16, 17, i8;
always@(posedge clk )
if (reset) begin i0<<=i0+1;
state<<=S0; outp<=0; end
else begin il<<=il+1;
case(state)
S0: begin i2<=i2+1;
if(inp==1) begin 13<=i3+1;

state<< =S2; outp<~=1; end
else begin i4<<=i4+1;
stat¢'~ii€:SI; outp<<=2; end end

Sl: begin i5<=i5+1;
e

outp<-=3; end
=i6+ 1;
outp<<=4; end
=i7+1;
outp<-=5; end
i8<=i8+1;
state<<=3S0; outp<=6;end
endcase end ‘
endmodule

(a) (b)

Bl 6 B EESE BR BB (B () B AR CFGE (b))

(2) FJE 1 9 HAR LA

TERR UL BR b 1 e AR — F B AL A 1)
. g Rkt BRI Z )5 (e CFG _EARIC
ML BARPAT A2 X5 T 4 () et s BB 2
WA state= S0 BEHL™ A= 9 55 AN reset =0,
inp=101 I8 A K5 7% 5 1 B AR AT B A2 an &1 7
(a) HPITHLER 25 R

(3) 755 B L $1 B A2 249 3R

CFG HpRic ok iy H 1 i 48 94T 5 B 0O 42
SRS S A% AR IOE P 9 1 2% 119 2 3K A D A 2R
FAF R BRI A — DR AR BT
A LR A R B X A PO KT B AR R X T
K7 Ca) B B LR B A s AR SR BB B4 5 Rk

v

exit




Hl

i 2016 4F

AL
-

1836 it "
N reset=0 Astate=SO N (inp==1).
LA X
!(inpvv::D z’npgil
state=S0 state=S80
reset=0 reset=0
(b) (c)

\ exit |

(a)

CFG iy B 42 (& Ca)) B AR ;1
AR L AR T (B) L (e))

B U GRS ) — A 25 A, mT R AR A —
OB BEAR LI AR S5 P 2 SR A A R AT R A 2R
%2 R AT Y U RE SR i A 21— R A 1] i OR
TE 29 A Hh ) D e i A8 i AR (L B PIL A 80 11 )
MRS T EL G5 3 — MRS 2
1 A 2R R A A2 SRR TR RS B L L X AR o Y
FEBEAL AL RS MR H 5 A Ak h 29 R %
AR50 H A ). e 3 24 SRR fifg 7™ A B o e R 25 T8 BE
Xof B AR 2 A5 8] Y AS [RDIR 2

i B R AR A SO R R B R
PRI T B A N B AR A IR — AN AR R R
H H TR 25 A7 2 o SCHY & DU TR 3 00 33 A 24 B 55 1 1) BB
IR EAE b — D RUL R v i (R 552 X Se 2y TR
AATATIER A L2 U2 1 3 3o [ 38 3] 5 o ] 2 A
i E SCHHLTT » TR SR A 7E 3. 4 R PRI 4.

BT Ml 50 o L 8 0 1) 2 o B LA AL 5
TIE 2 7 B ATLAS UL 3o A v e i — 5 1) 2 o ol A TR
2y o AR B BEHLAL 1 3l o B LB AR R B B AR 1Y
Jily 5 22 bV A TR AT G R ) DI B 2 B LA
P st 15 3 T RE A 2 R 1 2R L BE LR (A 2 R
BEIE N LR e A% (B UTERSE DL 8% b SR 7 A 5 125
8 AV . 7E 24 SRR AL SE 00 05 0 b L 2 A
Xof i A 5 BC(EL S ] s DX ) 40 A E 23 1 29 3R, B
LI Wr 5 (System Verilog Assertion, SVA) 8¢ J& 4
(Property Specification Language, PSL) 1§ £ & &
SO e 8 v 1] A28 e B 24 B 3 26 24 T B HIE N B
XPBHAR T T Z )5 LN 4R B g 29 i 7 X
B IE - G b AR I B 8 — R

AN TF] T 29 R B AILASE AP 1Y) 5 ¥ AR SO 1 0 — A
g5 S 128 A6 T ¥ a) BL B 3 A2 iU € 1 1)
iy NVl VA 15 BT R HE SRR AL AR SR B 2
s i BLAPAT B AR b A S 2R A (AR 25 1) 23k
2B O 8 R AE B 2 7 b B S B U T AN
SRR 5 1 — 8 4 EOE B HUR 4 52 29 0K
CEA SRR figp i b 7 T READLA ) 7 A 1) i A 0 B 1 3
JIF %t (Design Under Verification, DUV) A 47 %
L. 2R I 1ok B A ET BT iR, B S AE DUV AT
BEPLEL L, 7 CFG Hric s AR 1 S0 T 86 42 L 4 5 A
FINT A H A AR 48 W03 S % PR A AR B AR 20 . 3l 5
LA B SR 7 AR BT Y O | A% 3 45
MR & AT RS 3 30 T Y B A 4 S SRR T
Z AL TS e IR 2. AR5 A 4l G BE B 45 80 X
BOPR A HEAT VP AL T L 18 AL
3.4 KREE£EFRSR

AR E RS A VAL R BOTH A B 2 SR 2 R
BIH merge_dis SR VEAG A IR 25, I DL ok 28 5
RS FEBE T A H bR, PEAS R 8RB IR T
— RSB E H b5 AR 2 0 3l 8 B E L PR BN
F RS BB FA B ARIR S S 7 I 2k 24 H br
ARG BE. 70 G ARSI A5 QRS b 2R
AN JE AR B & A H AR RSB LB 5 B 4
AN EARAR T I PF Al eR BT B 0 320K 25 X g Y
merge_dis {8623 Hb A J5 46 R 38 /9 K, 32os Ik
SR AR SR 25 B2 5y B3k H bR B 74—
B0 R v AR A 16 15 4 A 29 SfOSR A 7 A 1 JLAS
PEIRAS b e B — VP Al bR B (B B R AR TR — 2 A
N TP

TE B — 2B BN T A ) L 2 8 M HPRAS G —40 8
reset ZJ5 HARZS) . 77 A — AR LI B 72 B AR Bt
RSB A RS IR BT CFG Al
S AT BRAR IR 5 R AT 5 AU T 125 N HL AR
R B AR A BRI R — D YR R
fiff g SR 22 J5 A%t — A ) s TR AR AR [ ) Y
FPIR 2 B 77 A — B s e R 28 2R A N
MY WG ER N L SRR 3] N A1 A s 8 IR
B ARG FIH merge_dis {H R 33X 264 18 AR 28 47 P
i s N £ mmerge_dis {H 5 K IF AR G5 A 1 194K
BAERNT — LS. SEDSAREWE SRS .0
RIXAH IR ARG B merge_dis (R T HIRREH
BN E BRI HARRZE BT — A AR R Z 1]
A L) IR RS T I 1 — 2% B8 A0 B A RIIX P A
HARRS AL T 7] A2 b 58 A 7E N 2035 19 H bR
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R AR (] A Hh TR S 10 5% 7% 30 T DA o )R 25
FIF —A H AR 2 HOA I e IRZS 21 H AR i A2 S D
DA AP 3o K DG A B B8 Y H AR A 4k 22 51T 5
5 6 24 /i 2 23K 9 H AR 5 HA R 2k 1 H
PRAR SR AL T WD B0 AR 25T 46 0 SRS AN [R] B 42 L
PRI IHE 0 M) AR 285 BT O 8 40— 258 1Y B A% LA
B AR BB S Y A HARIRS. R B S R HE
B F) BT A1 H AR IR A ) Gk B E A R UL I )
EBR.

3.4.1 IR B 4Ca) 1) Z H bR A BT AR

FATH I 4 Ca) HR BT 45 19 BE TR U W AR 3CT7
PSR A G AR, e 1 PR, fRT RO L, e Ab 2
FRW A HARVIRE state=S3 Fl state =S4 fE KR
. e BT BRI RS R state=0, reset {7 5 1E57
— AR R I Ry 1L TE S Sk AL o
{ELA 0. g 3 G 29 ROSR At i 58 AT BEA $2 I case T
A 2R AR S YRR A B A s reset R SRR B
SO A R

x 1 RONHZTE 4 R £ BT 2

ALK CHETES merge_dis  BaHLA  RIREEE AR R AR WA REIRE merge_dis Wi
1 0/0 010 i0 Null Null 80/0. 375 S0
2 80/0. 375 101 il-i2-i4 Vnp==1  inp==1 001 S81/0.1875,52/0. 75 S2
3 $2/0.75 011 i1-i6 Null Null $3/0.5,80/0. 375 S3
4 $3/0.5 000 i1-i7 Null Null S4/1 St

N 1 ] LA Y 3 e A% 24 SR HR 1 S R
S5 SRAR S AT LAARAS — A7 04 A Sl 5 o] 22 i A
TG RE I 7 1] — 1~ 2Z /0 %A 1 7 2 RIS, 7R X
A HAE S QA BUD SR A SR U PR AR 2
HZAEE 1 TR RS SO BB REML ™= 4 — 4%
AT (10D MG 3fAg— ek S1.9f 78 CFG
B g s BARPUAT Bk % 11-i2-14, G0l 7 Ca) v TR
o B 5 B AR B R PR IO B AR A Ginp = =
1) 8K 538 32 29 5 25 1 1) B e (OO AT DA 3R A% 8 1Y
PRAZ AR Cinp = = 1), ¥ I SMT (Satisfiability
Modulo Theory) £ T 3K fif #% 3K fift 5 38 4% 85 04 i A
Wph 001, fe I 1ol BZ AU A 19 TF b iR A& SO 3
FHB ) i A0 )5 A5 31 ) — S R A S2. R —
ASBEIAE TR L FH 5 () R g S i B 15 B Rl (D
FE7R I merge_dis A6 11577 6 K PEAL 3 IR 25 A
HEE PR merge_dis {8 i KI5 AR A AE S YA (R
T B Y FT ) . 7E 5 @ A LR A Y 5 A i
VAR S1 fi S2 v, S2 B merge_dis {H B K, P HH
HPE S2 0T — 25 L T b bR 25 K RE PR i) 3
ik EARIRAS 5, S2 4358 R 55 O 25 B 480 1 IF B IR
BAEEOMERAL TR, HFRRA S3 )3k, LT
B S S3 5 reset ARA SO BY merge_dis H . o {H
BRI FAHPRES BT — A B R S BT, gk
hR — ALY 2 A B R RS Y fE R e 5
PR A S3 1S4 WARAS P H1 Ry S0-S2-S3-S4 , X Jif 7
A (3R 51 R {010,001 ,011,000}.

FE X A, ali B ALY 7 AR 25 5 B A H R
A S0 ST # AR R Z by B FE B A © R A
ARAS SO BLARAS ST B MR K (7/8). x4

TR DA 5 24 H bobk 25 M 5 B 7E ) — A AR
(trace) I} SR AR SC 2 H A [W] 6 B3 55 19 07 16 7] LA
RPE 55 2 24 HARRAS.

3.4.2 FEHA [FARZS B [m] o SR

5 H Al S 5 208 X0 — R AR SO ik
AT I 8 — > B 222 0] R0 K A [ PR 285 1) . |y 2%
VAT 4 i G AR A 5 b T 22 8] A7 FE i 5
2%, PR E AE A [R] [n) AN A kB il 42 S PR b o Xk
TR EAT A I R A B T i 2 AR S TR T 4 B
B EBEA IR — AR AR BT P R AR AN A e 5
B 06 Z 1A RS TE A G AL hnT RE S5 51 AT I 1
RS LR I 80T SEHI R [ AU B B Tl
BRI E R i 5T A (43 Bk it v B 3 bR AR i
PG SR 785 1 A G RS b Bl A b B B H AR AR T
MM FERE LAY 3 B 4R AR IE R 1 48 5, S BUR A
AR R — & 258 HRR A B4R, oy 1
I AR B ABE A [FAR 25 5 R A 5, AT R A
TR [ AR R 3 2o 7 A D IR P % KR ]
(1413 bR 285 ok 2% A 69 () [7]

(1) BRSO Y FieR &S 5 R
merge_dis {H , TEAEER S P RERHA K merge_dis
8 IF BB B U7 0] 3 R SR B — 2P B I 4R
RS MR merge_dis Hi RFREA 24
B AL B — A

(2) R 2. e S AR A ) merge_dis {8
5 e e RS P 1 d5 R merge _dis B W0 R s 3k R3S
K I merge_dis {HARAS 24 /R 25 19 L TR
[e] 1) 4 bR 285 T B A A B R A AR S ik b ik e
CN-R/ €8 & R/ 08
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ASCR R R S 5 PACOST g4 H A
AR Z Ak s AR SO B HR) 2 2 R A e R A 1Y
merge_dis {H .1 PACOST A %5 1) 2 il 52 I 2 {A.

4 SRIGFOSHT

R T BEA SCHE M ) 22 B AR G R Y ROR AR
HEA CH+ g ih 5 H 4 2 1 (Direct Pro-
gramming Interface, DPI) , VCS 4 #% DL}z CVC3®
LY FOR i A AT L. TR AL - (1) TTCO9 H
I 4 © i B AT 43 B 5 (2) NandFlash®, — 30T
P SoC ith v iy NAND B (A £7- 2 ] 25 45 B, 2
RE A 5E A NandFlash 1) 54 32 5 #24E 5 (3) write_
controller, & B Tl A TR H A — A5 £ 6 Bt
e, H E B AR 4 IR AT 3 ZH AR B Bp I (Serial
Advanced Technology Attachment, SATA) & il 1%
AT AE SATA Pl o )2 i S il 1 52 3
BHE A7 i R b HE I SR 1 P BE L O SRR e R A b
(Programming Input/Output, PIO) 5 & # N F i
[a] (Direct Memory Access, DMA) Wt TAVERE R, #%
HRACHR i e A R/ B Sl A ] AR i s 4
SRR ST S AL 55 4 58 U IR 55 s 1) A 1 T
I CPU N 4 # Intel Xeon, Ei N 3. 00 GHz, 4
1l 6 GB,#:4E 24 & Redhat Enterprise 4.

SIS FEL I P R AE R A0 3R 2 PR A B A
PR AKCE VB H UG B T R 9 A g AL AL
DL Al RS AL vp i 2 A 2 5 b bl12word 28
ITC9 H iy b12 BEHF—A b Al 4 29 &
12 37 50T 5 007 T X A X B2 L B S OR T M kR
S HE A AR B L W] 3 b13word S22 8 b13 By — A L 4

® 2 LW EKEEERMIR

T Rl mas
H, 6 44 B LA QI TR BAEBRL IR
b01 2 2 5 3
b02 1 1 4 3
b03 4 4 30 22
b06 2 6 9 3
b08 9 4 21 5
b10 11 6 17 8
bl1 7 6 31 4
b12 5 6 121 27
bl12word 17 6 121 27
b13 10 10 53 28
bl3word 25 10 53 28
bl5 36 70 447 8
b17 37 97 1415 18
NandFlash 72 40 94 20
write_controller 153 225 383 127

A — LY RN 16 437 3G KT MEIROIR S 1 B ¥ TR
J&. NandFlash Fll write_controller 4 # A i 56~ 32
AL 1) i A2 g 4 A kA .

SR, FRATT BT v e 5 N R R A T 1w
IR 3 SO0 AR S AR A e IR B AR AR, FEAS SO
BEHLBLAAE 500 JT 402 N ASRE T 55 2 1Y 70 SR N
HETRI) 3.

4.1 EHMFEN LR

T HA T R AT R /N R B S b
FRE N AR . S — R EE b A —A4
HARIRAS. S ol A SO i 5 A T REPLA 4 51 =
TE AL T CREHL AGS™) L 2o B LR 5 35 LU
LI A AL I ik —FR A8 B K I (Bounded Model
Checking, BMC) #E47 X B o X LG 39, 5 e 2848 R 5|
AN e RS 3 3k H ARAR S B 00 e 91 KR L e
P B RS []. SERG &5 R 3 i . B — 1T BRI E5 R
W10 YR X 285 3 A A T AS ] B4 BE AL AR 1.

BEHL AGS J&FRATXE 22 SCHR L1 i) B A SR AR AE
ZRE) S SCHRLLrb s T T — o AR 2 ) A e 4%
IS 7 2 %5 B 5 H bR RS A0 A A BB A OC
RS T B I R A Al R AR B L AR R R |
AR FHR I ARG R s 5 R e T
o DY RDIRZS T4 S BEAIL ™ A= — 2H g A ) St A AT A5
L, 8K 5 ) FH i 5 B 0 5 X A 400 5k 2 v g ) 38 11
RIS AT IPAR L e 5 H b 3l R I8 /D RDIR S AE
T P RS A6 B IX A o R B B A E)
HR. R 7288 L AR SCXT b 52 55 vh 52 81 Y Rl L
AGS J5 iR A SO 0 23 A7 2 g 07 ik
A LG T SCHRLT b A He i il 5 0 v 25 7 A B i
SORLEE S AN, BEAE AR A5 SO 0 7Y il G B DA T Ay B
Lo A P i SRS AR Y 51 =

Xof L 3T o 114 249 SR BE AL 4D 5 ik 2 Tl B T Y
LI UE 5 7% . BMC 45 21 2 2 R B 8 Xk
A T H VIS i 556 45 1.

# 3 A 1A RoR H bR Bt SR g H AR RS
G5 (TEHE5 7R 5 2 S RIEE 3 9 RORA ST
LI A R 58 4 BIFNES 5 51 FRRBENL AGS ik
S g 25 A L5656 B RIER 7 51 & 24 o E ML 4y 12
FY 25 58 B )5 1 BMC RS2 58 45 2%, 2211 (47 %)
1) 2 i 248 B W9 WU e A BB L A i (U

@ CVC3 Homepage. http://www. cs. nyu. edu/acsys/cve3/
doc/index. html
http://www. cerc. utexas. edu/itc99-benchmarks/bench.
html

@ http://bbs. eetop. cn/thread-329826-1-1. html
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R3 SEMAENERILE

H b ARSIy B ML AGSH 2y o B AL BMC
8 JF A K B i8] /s J¥ 3 K i [/ /s 75K i E] /s JEAK i E] /s
bo1(pD) 5 0.02 5 <0.01 5 <0.01 5 <0.01
b02(pD) 5 0.01 5 <0.01 21 <0.01 5 <0.01
b03(pl) 31 0.02 33 0.01 148 0.01 5 <0.01
b06(pl) 5 0.02 5 <0.01 17 <0.01 5 <0.01
b08(pl) 19 0. 04 19 0.01 23 0.01 19 0.1
b10(pD) 21 0.05 34 0. 06 45 0.01 8 0.1
b11(pD 10 0.02 14 0.01 22 <0.01 4 <0.01
b11(p2) 24 0.02 31 0.01 61 0.01 6 <0.01
b12(pl) 109 1.87 TO TO TO TO — —
b12(p2) 33148 54.22 TO TO TO TO — —
bl2word(pl) 109 1.92 TO TO TO TO — —
b13(pD) 1073 2.28 1073 1.16 TO TO — —
b13(p2) 2139 5.15 2139 2. 68 TO TO — —
bl3word(pl) 1081 3.04 21202 3.53 TO TO — —
bl3word(p2) 2147 7.34 44587 9. 64 TO TO — —
b15(pD) 25 0.11 37 0.02 95 <0.01 6 2.4
b15(p2) 21 0.06 65 0. 04 TO TO 6 1.6
b17(pD) 67 2.05 93 0.12 283 0.02 8 8.5
b17(p2) 17 0. 36 TO TO TO TO 11 10. 3
NandFlash(pl) 107 0.58 TO TO TO TO 38 0.2
NandFlash(p2) 164 1.17 TO TO TO TO 72 0.2
write_controller(pl) 1114 1.16 TO TO TO TO
write_controller(p2) 1217 1.25 TO TO TO TO — —
1 : Time-out (TO) : FK/ARHH FIMZ NI AL R 7 RRW TR VIS iy BMC JLikab 2.

077 J2& BB ], TO =R 7E 500 J7 471 (24 1000s)
ZNTE A NS R (HRTE B ERRIE 5]
F1R) R T8 RS WO A I TR R 2R T X AN EUEAE
TO Frfe) . R AR WO A Y e 26 H w2 ™ 4R
— S NI IR AR S 2 B AR S 0 Bl P 5 s A
FEBS PR BE EOTHa R3S Can b12 iy HR p2) 2 4
B BRI P IR T AR AE 500 T Z A
AEH 3k H AR W AT LI AR ME R 3] — & 25k H
FRIGEEAR T . 36 3 AR SO ¥ S FEAIL AGS J5 ik 0 45
AR R T R SRS 1 (5L g 45

S 25 B WY A S5 VA AT DABE 55 B i A Bk
) HARR S 1 HA B R A — 28 HAR A e i 3.
i % bl2.bl2word. bl3word DL} NandFlash #l
write_controller () 5250 25 S 3 47 43 #r . AT A L
MR SR RO A R BT R 2 AR g R
A e TR A5 1) 5 R ROR WY AN T B AL 7™ A= i e IR 25 11
J5 s I PR 2 45 1 AR A 02 AR B R L2 )
SR T BE AL Y D7 AR ME BT 5 3 73X 28 43 SO0 Y
AR AT RE 2 B H PRk A BOE FARES. Bl X 2 4 A
LT A BE AL 2 B T 0K L8 S B A R A 4
BRRAR. T AR 3L % AT LA 3k 24 o ek AR R Y
AR 5 3 o B aX 2807 3.

M BMC 156 5 45 R vh ml DLFE Y X T BB ¢
ANBYBE T LA B B R BE S R ) H A & A% BMC 5 7k

REA% PR 2] 35 H b bR 25 5 77 A B i i A2 e 51 4R
T 6 5 R BE R TR ) v i BMC I el T8 ik
T T I 1 PR 285 22 ] 8 0 1) i) AT I v A 3 Cn b12
b13 DA &z write_controller f H 5 J& ) , A& X J7
2 A DL 56 kI 28 H AR AR A

AR EAE b1, b02,b06 Fl b08 L (1 52 B 3k
R R A 3 2 3 T A A 0N 45 A% 1R AR
B T2 FOR AR AR TR AR SO i As AT B TR
THEHL AGS, H BE 7™ A B0 1 BURD 7 51 b13 9 Jt
AU AR LU S A o (H AR SCT7 2577 A 1 P 9 K
AL AGS —#F . J5 P 2 42 1) 25 14 v 24 0 2 15 B Y
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Background

Test generation for hard-to-reach states is one of the
hardest tasks in functional verification and it is difficult to
generate effective test cases for these states. Semi-formal
methods, which combine the scalability of simulation and the
completeness of formal methods while mitigate their weak-
nesses, have been proposed in recent years. Among them,
the abstraction-guided simulation (AGS) is quite promising.
in which abstract distances are acquired from an abstract
model by formal analysis to direct the simulation towards a
target state.

The work proposed by Shyam S in 2006 is the pioneering
work of AGS. Many other researchers have made a great
number of works to improve the efficiency of AGS. Nanshi K
utilizes abstraction refinement, while Paula F M D proposes a
more advanced guidance strategy. Wu Weixin and Zhang Tao

introduce cultural algorithm and Markov model to improve
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the efficiency of test generation respectively. The former
works generally focus on one target state. This paper proposes
an AGS approach based on path constraint solving to cover
multiple target states simultaneously. We use an evaluation
function, which considers the abstract distances for one state
to different target states, to evaluate the candidate next
states and guide the simulation process to cover multiple
target states.
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