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checking than classical model checking. Abstraction is an important means to tackle the state explosion problem, al
progress in applying to the field of stochastic models testing. This study focus on model abstraction for stochastic model
the problem of model abstraction is formally presented. Then, the advances in the research area are classified and summarized
the construction technology of abstraction model. At last, the various abstraction technologies are compared in regard to the effecti
of solving the model abstraction problem, and the future research topics for improvement in solving the model abstraction are
pointed out.
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TSNV AR B Uil i R 80, T L4553 H [ UF . [ B i e FAS N AESE I &8-S5 UL R 4
TEAR A T D KA 52 % AR 22 S B IR 31 R R IR T BE A LAT D R AE 2L IE SR R vy 43 0y 3 3K

(1) REAR GBS BEHLNE, Wt 2 57 5 LA 5775 (randomized algorithm) (144 H ;

(2) RGIBATHEL S A2, 35 5 2R G0 R 8] R FH o 2 1 2R IS A 3 ¥ JE 90 25 2k 5 B L e s 1) 5 2

W) PRISM ., i [F 7 28 Tk K22 (RWTH Aachen University)Katoen /& 41 ) MRMC F1

e Jﬁ%ﬁ%’l@?%ﬁ%iﬁ%@ﬁiﬁﬁ"]rﬁ%ﬁ:,ﬂx%Tﬁﬁﬁ"]ﬁ@,ﬁﬁi@ﬁﬁﬁ%ﬁ:ﬁ4:‘?%%
T
Hermanns #8021 ) PARAM 5. H 57, BEHUA LA 56 T FF 4a B A 20 R 52

A8 ] 5% /R 2% K 27 (Sdarland Univers

HT T B BURE RS 06 S0 45 G 06 S9N 2 5 e A SRk s e R SRS O L e S A B
NP SERINAIE = RIS 80 1 A A7 (bit) 1] B, T LUIR 25 H 1 1) 8 (state explosion problem)ft: b

HL 2R G, T 4] 2 PR DR 2 e 8L, BTSSR A 56 1 T b
0 RO WRT T I ) — AN T ZE Bk ik . 7E Turing Lecture 7, 18] R 221454 =
Clarke $00 41 i £ figf BEATUASE R4S 565 o (1R DR 25 R ghigfE 75 5 30 A SRATT T AR ) AN BT g ),

HlZ AR ISWE T N SRR 18 8 MR 50 P HRAS T BT IO ROR . 52 M R U7k
TEIRAT THR I FCAAR 22 S5 A, 476 5 o 2 (1) A (2 N RS RGBT BT I 50 UF L BT IR Gis
ATIREE I ARAG B M 3R L AR 2 B 1R R0 R A W5 A SORE LLZE R BE AT R 36 P R A B i)
BT BB T T G0 AT 73 2K R FNg

ARSCHS 1SS AR SO BT F 300 BEATLASE 2R A 50 1 AR ﬁ‘\ T B AL ASE 25 50 P A 20 ey ¢ i) R
FIREE 3 40T BB RS 56 PR A Al G R 73 SRR 40 58 4 1 El FRRT FRLBE 70 1 5 R I 418 H W) A8
T hh 5 bl 1) JL A A SR (R ATF 5 7 17

1 BEHUEERASIE BB AR S

R 4 38 Ty e AP BE 1 e R @ . B AT, P IR R I BE L R S A5 DTMC(discrete-ti
8] &y JR ] K4%). CTMC(continuous-time Markov chain, 3% £E 5[] 4 /R A K4%). MDP

W2 2 Petri W)IS], PTA(probabilistic timed automata, #f3% If [f] 5§ s H1)11e17], CTMDP(conti
SR IR [R) 5 JR ] % ph SR 3 A U191 IMC (interactive Markov chain, 38 5. 38 1 /R AJ R ) 1201485 H /)2

Table 1 Stochastic system model
F1 BEHLRGAER 2K
AR At +A R
BB 1) DTMC MDP, PA, NPPN
4 S I ) CTMC PTA, CTMDP, IMC
TEBEAL R AL DTMC,CTMC I MDP & 5 A 1 REHL R G 8, e AT 15 oA B AL R S i AL (0 oG R 18] 1
B, Hoe L r:
EX 1(DTMC). DTMC W] 5& XK M=(S,P,50,AP,L), FH 1,
o SEMHMARTRESE S R AP R LN HTA v REM B RE,
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o PSSS[0,1VETBMA KRB TVses, Y, Als,s) =1, RomPOE R GORES MR K4 (H;
o 5o PR

o APRRTaBMES;

o LiSo247 bR T B AL AT TR IR P R SR R R G VA AL TR B

PTA

WE/CEE )
/

NPPN
PA
AR 2 1k At e

ationship among stochastic system models

1 BEHLR GBI A 1R OC R

E X 2(CTMC). CTMC 1 5E X 50, AP,L),
o Sws0,APL FRIE X DT HABL;
o RSKSo R0 AEIB HIH Z (exit rate) B 4L
E X 3(MDP). MDP w] 5& Xl M=(S,Act,
o S50,4PL 5 DTMC & I SR
o Act FRNEME A, P.SxActxS—[0,11/E 1T
H 7, o7 56 UE 1) € 5 1 P 32 #5 A PCTL(probabili n tree logic, Mt # 1H 5 B 3 #5) . LTL+
probability bounds(linear temporal logic with probability boun F I 72 %) CSL(continuous
stochastic logic, % 42 f L€ ). PCTL*. PTCTL(probabilistic timed putation tree logic, Mf & I [a] T 5744 12
UL g BN 7 R4 30 E 5 i (1 aCSLP2),asCSLI32] aPCTH!'),asP )AL R 2.

Table 2 Quantitative temporal logic
x2 EENFIEHE

kA AN A 22 i ) B LR SRR

PCTL (0] DTMC, MDP
LTL+probability bounds Prob(s,'P) DTMC, MDP

CSL [ CTMC, CTMDP, IMC
PCTL* [ DTMC, MDP
PTCTL (0] PTA

aCSL ) CTMC+action
asCSL [} CTMC+action
aPCTL (0] NPPN
asPCTL ] NPPN

76 58 BN )78 o PCTL,LTL,PCTL* 1 CSL /2 3 A 1) 7 £ I /75 32 4, I Ath 58 i I )7 18 4R 35 T 7 4 2
A R SR, HE ST

EX 4PCTL). X TR TarlsES 4P 1) PCTL RE AR onf e L Hh

D::=true|a| DAD|=D|P,(P),

HA aeaP, VEBBE AR ~e {S,<,2= >} ,0e[0,1 12 M FBRAE;

PCTL 2 A X Wil 5@ XA

Y =X O| DD DD,

Hoh X(next)flu(until) 5 CTL #4248 B 458 XAH R, U™(bounded until) & U AR, B K 7 KIEB BN T 2 UGE
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D::=true|a| PAD|-~D| P-(P),
B WE KR AN ~e {S,<,2 >} pel0,1 12 BRI R,

V=@ YA PX ] YUY YUY,
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E X 1(CSL) K T 5 1 fir iy 4P (1) CSLREAR O & XK

s:=true|a| PAD| =D Py F)| S D),
Hd aeaP, VEBRZEN {<3 20,1128 5 5 IR AE
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V=X Q| DS D,
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Fig.2 Model abstraction for stochastic model checking
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% AR B FRE AE S BEIAE % N PRS2 W A & = 5 B R AR R AR RS B RS R 5
T FRAEAE 2 5 AR T A A5 B 25 2k, FIAR A58 780 il 5 5 AR 205 A2 DL 4% A2k

(1) HHBAETY Ao B0 BN T s B AR A7,

() MU D> M= D MU D—>MED.

P REIR G 56 56 Uk i S B 2
%&%iﬂhﬁ@}i%?
SMC [1] it

Ferp i A% M
iR I IE G R
3 REBKARAME

AATRAIZ HE MA4SMC 1178 () &N*ﬁiﬂ?ﬂi%‘iﬁ*i&ﬁ%%%%,%*ﬁﬁl?ﬁ&ﬁi?‘ﬁfﬂi%ﬁ*%#
(KR, v 3 L i B (5

3.1 BETHEMXANHR

311 DR HEL

S 5 AR 2 R kg W R AL EXT L transition system, {75 X% F 4¢) L (1) 9 FAR DL 33-341
(0 St i, B SR AR ROIR S B H A B AN 1 5 S SR, B M R R B M

EX SGREIRE#H). & M=(S,P.so,APLYE— Miﬂ@?iﬁ%%ﬁ*ﬁ?ﬂ%%? SN KA R,

S B T il 5 1 B AT TR R 06 75 92 PR O B, R R LS 8 1) L O~ ) 'L @ )

HXFTAR R (51,52) € &7 2 LR 41

1)  Z(s1)=L(s2);

2) MNTEANENE CeSRAn,O=Asn,0). M, As, )= ] A,

W (s1,52) € RR T M VIV RN AL WPIR A 0 1 50 B A SR A BRAC A s1~ar 82

£ CTMC L1y s B AL e L BS 55 B0 4R (2) % 1 R(s1, O)= , R(s,,C) Z R(s;50). 4E
MDP |- (¥ 58 M 26 B AR i S B0L 5 B0 A ARl s VG B I BIAE Aer AFAE— B E L5

S AR 6 AL VT A9 /D L AR R () bR A 2% T ik B 5 B 00, FH S S R AL

EX IGEL R EEIRET). 2 M=(S,LPso,AP,L)fE—> DTMC, A (¥ 58 % B A7

M~=(S P AP,s0,L"),

Horh §=85~={[s]-lseS}.[s]-RARE s IR AR BRI 2 ([s]-, O=L(5,0);.L ([5]-)=L(s).

FESCHR 371 2 Al b, SCBR[38] 8 45t T A 3 i 3 DTMC. A7 IR 5 2R BRI A0~ 53025, R 7,
RN Ry Y I

(1) AR5 X BRI AR BEATHILA K 7324 (81,85, S} R G 8 P IR AS W S AH ] 1R AR 5 1)

(2) HHTEREDSEHES S5 55 eS0T THES S,As.5)2A5 S0,

(3) S SKIGATFES MG FES FRAREHIE S E—3

4 ERIEQ). PEQE), B A RIS FREES N IE.

TH R 43K A S0 AT 15 B SRR (6 (coarsest) 5 A 2R B ARSLIL R L (B H AR T T 46 K1 23, B R T UG K143 I
HHE—MREES N LEREB A SB B HEM KR,

IR 3 fram, 2 T SR B BALL A5 A0 14 5, T M~ 7R Y P 1) 43 R AR S0 SR ) Je A A 2 R AR
A& AT R FE PCTL*/CSL P 5090, BV sof 1 b 8 8 ot i 2 BAE A G B R 4 14 (2), S BUAG 50 A0~15 B (¥ &5 S 5 B A
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B MAS B )85 S — B0 Bk mE i SRR ZS A ()3 K, HL A I il S ASE 2 ) I () 45 T e ol A A 6 LA
AR 18 IF ). Ay b, SCHR (401K FH 20 G 1R 5 325, 4 L AR (1 s e o4 EASCHUL 2 it Sk 7 0 A2 1) S e o3 B AL, 9P I
HF POTS(plain-old telephone system) ¥ 5& #& 73 #T; SCHR [41] & X FH 3E T MTBDD(multi-terminal binary decision
diagrams) (1) 545 5 5095 SEHLAY 3 DTMC 1 7 AR 28 JCAE B 7)1 R4 2K RRBOIR 285 2% 1A 38 3R I H T 3 4r A 34

k42 R 5K A% 2% (satisfiability modulo theories, & Fk SMT)M PRISM A5 55 15 15 4 3 f5 KEURE 1) B A
L7 g AT 2 T T A 3 AN BRI (IR 2 45 18] SCHR (43 1 LR R B S WL BENL R SR 70 58 LT

5873 SCH UL IR BRI b 25 T BB A SR R BB, S I ) S R AL B L AT AR
(7353 PCTL*' A B /N 1R R AR AR DL A

ablé3 Abstraction based on strong probabilistic bisimulation equivalence
R3O T MR BB AR S

CTMC MDP

i it CTMC M~ MDP M/~

Py 7 v BB AR Xl 43 - A S
I 1) 52 % 1 | M(log(|M))+ 4P log(IM)) A M H(log(IM))+log(|4)
GIESATREAT CSL PCTL*

312 §MEEE B
L 5 M % RO L, 59 M % B AR TV Dby RELRE R B0 G 2R, 1] DA B/ ) S i 2.
EX 10(FFHEEERLL). 4 M=(S,P.s, MC,7E M FIMESHER BRI T SIS KRR R,
B AL B (51,52) € R L LR 41
D) Z(s)=L(s2);

2) MNTEHAENE CeSIR CALs11a[s1]a R RIRE SDE>2 L B HLIR S W A L1 ]2 ASR PRS2 HL
N2 5 0] 23K [52]2 A AN BR 25, IF H A, O/(1-s1, 52, O/(1=L(s2,[5212)), IR P(s[5]2)<1,

~=1,2.
W (s1,2)eRR A& M LI FIHER TAILNPRES 51 F 52 %kjgﬁ%@yf

L5 5 M A LU AL MDP - 1 55 Mg 4 L ASEHD 430 1 55 W 4 A i
59 A EL AU AT CRFF A X(next) B 4218 FLAF (¥ PCTL* 4 57, BV, ISR 1 i

A ARIC N s1marse.
ORI 14946 5T 1 21

SCHR[47145 H T M3 i A 28 11 22 T s B 9.
3.1.3  GRMERAR

(match) AR AR 14 43 A 43 A7 IR M2 7] LA A R £ (weight function) 815k %1 .

EX NANERE). & Disd HRR K TRELS SWHTES 11 € Disd(.S),RSSS, Fe Dis(.S)
F R AL BRI, T B 2 UL &

(1)  Als,s)>(s,s)eR;

Q) )=, 55

B)  u(s)=) _ Flss).

G RAEAE () FT R B, I FRIE K ucand'.

EX 12GBHE R 4 M=(S,P,50,AP,L) A DTMC,RCSXS ST s ZAIL, W5 T F 5 (51,82) € R, ¥ A2 LA
T4

1) Z(s)=L(s2);

Q) A1, )CeP52%), A5, ¥) =Y. Ps,8).

ses
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W (s1,:)eRR 5T M LI SENE R AT PR A 51 F1 5o FR A SRR LA SN, ATARE A 513050

& CTMC b (1) 5 A ARA0) i SCISTIRE L6 2 1) 4% A2

(1) FHARA R DTMC i 2 58 HE 2R AL

TR s TEPRIR IR

(1) SRS AR AL i B0V X BEAN AR 7 1k B I BN AE At A7 AE — A B BT L0 2 4 1R (2).

AR R H LR A2 3PS R R GO Y AT PR R PCTL* H (1) 5 f %2 A TLAR M o, BVl A 2R AE e 2

AREAT(2) NV AL M= Dy 55 3 M HASHDLAH L, 045 21 1 Fl GBS (RS 78 ) 0 /0 AL 3 i B (1 B0 5

AR 6T DTMC Il CTMC, SCHR[S 1] T 28 IF B, 35S 0 BEI0L A6 15 i % L0 — 300y,

il A2 5 ZRALL T T MDP, B 38 A540L 7 7™ A% KEURE T R 28 ELBLOL R, HCAa it R0 I

U%iﬁﬂiﬁﬁﬁ/ rametric maximum flow algorithm)53] SCRR[52,54 1% S T — 28 ek T 4%

3.1.4  S9MEREL
55 ML 28 LD 5155112 B 4LIER FEURE I BE DL OC 3R, 8 SRR 38 R BE L IR 72 5 B O 400G AR 28 AL 59

N 2R AL TR A ) ) o e e A Rt G AR R A A/ AT AR FF AN LS X(next) #4218 545 1) PCTL* ) 58 1 %2

A FUAE T 5T, BT, 00k 28 1 5t A AT NI (2) K M — M= B IV ) 52 25% P8 1 452 i 92540 H i, 0%
B RREL RS UEPNEEITMISEUS: G

3.2 E TR LE AR

i A4, 17 156590 B T 9 R # A 1 4hA ;
GRS IRPIR S FIIT A 2 B DA R AR RN At 7 O 3% f
. E R\ AE, % 2 (ample set)S70N 1) {744, TR

JE 1 £E A 74K B8] 7 25 1 K AR JEAR 0 T MDP A7 WS 5,2 WD ample(s)cAcl(s),/R)q H
ample(s) KA, Aca( )R AR AL 17T 10 MDP 4747 L %E&i,—f 5N A7 = (8, Aet, Bsy, AP, D),

o,
o S8 BIEVIHIRE 5o FURE (42(5,4,0>0, s € S ,ac ampld YV,
o 1:5-2%

. P(s af)= {P(s a,l), ifae [zmp/e(s)‘
if @ & ample(s)
SR T SUIIT BRI A2 1R A% Atk D8 T A T 5 T e G A 2 T R B O 1) Y
it AR TR 7 95 5 ) N 1) B ATLARE R0 A 360 JL 1 6 MIDP 4 2 0 448 L (1 2 1 42 4% 1 57001 34T
Wi LT 5 A1
(1) BB LA RIN TAE— ses,Qrample(s)cdcA(s);
(2)  Wi(stutter) 44, B0, 15 s e § 3 B ample(s)y=Aci(s), 4 16 WEE acample(s)¥) K
(3) MBI N TRAHAL, o =s—2 o5 —2>..— 35— 5. ,5€ SIEHyKIBT a
—A e,y AF 1S are ample(s);

(4) LIRS RAAE HAEBIRY A7 (A K B (ZA) P AFAE—ANRES se T e ample(s)=Ac s

(5) 3 SCEHAT M AT SAE WL AR M P KR o =s— g — 2. — 25 —L 5 JH
i se 3',121,...an,yéamp/e(s)#ﬂy%*%$ K138 4 | ample(s)|=1.

HZSCHR[61]H B G A1 (4) 2 0T 48 ML 2 108 4R 45 1 (4) B 99 4K TR 8 L 2 08 B8 4 A0 P 45 4R (4) A I B 4 1 B0 ok
T M PR s— Ay — 2 — S5 = FEAE RS s A8 1S ample(s)=Acd(s). CHR[61]5E LI 25
AR S A O oA 7 U T il AR B D LA B ) O B8 2 W22 W 45 4 (probabilistic stutter equivalence), I frRFFA
M X ST RREE FLK LTL 5. SCRR[621 0088 T SCHR[61 1357 84 10 2 65 2 4 R (5) 5 A8 ot TAE IR se S,

i S

AR RGN [ 5 P AR AT B 7T L2 2R
P 2 1) FR Al e 2R 2R BT AR I ) 7 VR i P 4
T B ATURSE TR A 6 o PR R 4 52
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ample(sy=AcAs)BHE ample(s)& . I E FIEE STHR[6215E ST A 8 52 4 F 1 Ml e A6 17 5 O i S A 10 55 st L
PRI PR 5 2 02 56 4 1) T W A5 (complete forward simulation), A] {R$F 5 A M2 0] 15 (1) 58 f Mk BURIAS Y X 5
T IEAE S ) LTL P 53, 1% 05 % 47 L H LiQuorl®3I b 48 A A T B 25 VR BE AL 48 28 5725 on-the-fly 7= A2 AL fii 18
S SCHR[6418E — 25 IR T SCHR[6 1157 14 1R 08 4 4 11 (5), 3 A8 0 o0 THE R se S, WAL ample(s)=

1 ST AR 4 45 AFA O 7 A TR S5 110 i A 20 5 i EL AR 28 1) 50 R B9 M R LB G R, 7T
LTI PCTL* % .

ISR 5 HE 205 4 0 50 58 50 B 1 FITSE L 9 0 2
PN 5050 /525 052 4 0 ) S0 T

33 ET xR E MR
X PR AL T U477 R AR G AR 5
(7 Jeg P8 PR 28 0 K 1 (1 A 0 X FRAEAR 2 Bt
G55
EX BCRERFR). 4 M2 —4 DTMC,A: 5>

S Bk T B R AT A TR, A TR T A R A A A A
G BT ORI, an B AL A AR A PR ZE ) R

AT PA(S),A(S))=P(5,8"), 0] s FIT " J2 ST R

f£ CTMC L0 Bk 25 1) 52 S R 2 28 1R ek >

wpp L RERROR A S R
PRI 2R L A2 A ST 0 46 HQ
R
S

SR 78 A I B (IR A Tk B R 5 H 10,58 1 X R A 7 10 6 G

TEX 14(FFRE). 0T — 40 TARES SRSk 20 G R Y 5 1 DTMC R B 8 A e X
K (8, P) Jert, S RBERA orbit HH K AMERE, PG5 =3,
BE— AR s TR DI FIRE rep(s) € 5,5.5 € S.

J&F CTMC I MDP 5% FR B, AR 45 A . PR bR A 0 A o A 3.

BT B Ab 157 1) il 52 FH L R 8 i el A 2R 5 2R 5 Jir L A A R A R 6 AL
PCTL*5Y CSL 4 ¥, (A4 3 ] R 7 22 L by T Mk 2% ECRSEADL i T A 2 A0 A0 /1N SCHR[ 7814 Jig T
HH Bl T T R ) B LSS R 1 B AR ] 5 v AR FR AL T A MTBDD (#1555 5 % 4

s'eSlrep(s")=5"}

S T fR
754

25,974 FL7E PRSIM L R b sizB. SCHR[8619A by - B T~ A TE 35 110 PRI 24 R A2 7, A SCHR [781 AR R W
25 THT 4D B ATLASE 28 (0 6 R A 15 7 Y AR P T 5 A 284 )4 T R b, SRR (8619 e T SCRR[78] 1% TAE 48 8 T —Fr
21568 13 ) SPSL(symmetric probabilistic specification language) 5 H: 5 I 1) SR fift ik % 45 704 11 4% e 590, 9F
76 1. H GRIP " 5280, 5 3 J5 (A 28 | L B 82 ] PRISM T HL B8 IE . SCHR[871HE B AL i i i 4 5 v 5 TN B B xR
75 B RS B R 36, 3t — P A 50 4 00 8 T R Bk A 147 R BB B i 5 07 v 0 U T D RR IR A B K PSS 1B F
(probabilistic symmetric system language),il it S ECE]L 45 tH T B 3 K I PSS X FR 45 04 1 J7 325, A8 B I WL AV 0 Ry
HSR AR EVELS T A A UE 5 PSS SRR A 28 7 v, I ok 19 Pl [ A5 ik, wT LA AN PSS )3 KRR R AR Y.
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3.4 ETHERGI5 S UK

R B R AG B B A A T A0 A, B B AR RS = 8] 9 TG B SR gD, NS TG BROR AS B LR G
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