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John Z2M&BERAT Jane # B T

AWRIEKERR T, SM6FPEISIESRT UBFRRNT .

WRpHIEq,WAr, FEr,p,BEi,q,
EZERANLERF, RIDFAXLCEHNEERTHTARR, MESRELBREH., YR, 7
& LA AR, BANELSHRAHE W,

1.1 HEiER

ATHRBEISIE, RITBEFEZ—-MIES, FAXMESEANBEQATURBLESR
G, RNABEBH/IEFTHH, X T 6B (propositions ) 5 #| W7 iF 4] ( declarative
sentences) , IPFEN LA LUGIER N ERBHIERN, TEARHMAHHTF.

(D3M5 BHZFS,

(2)Jane %t Jack By#5 5 iz or 8 R .

)EITKFLHBERBEF I RENH,

(DFEXBRABBERALED L BHEXHEE.



(5) Albert Camus était un écrivain francais® .

(6) Die Wiirde des Menschen ist unantastbar,

XEFAMEAYE, BHEMNEMNERTLUAEHEL "R R, F0(1) T LES
BAREAFZ(UEBEHERE: AR THERAMIARFERR)MURIE, E60(2)4
HEFEE, ATHRBU-NEE, RIOELE Jane M Jack BAFA, BIFEER -
B BEENTEMR, FIMERN L, mRBIAISHEGT P, BED Jane #I¥ AR K,
EHSEEREIRET ., BHC)(EANTEEHBR)BLEEEEN., BR, XFHAEL
FeHRARKDERAN, RERBN, HE, RESAXAMNBEETG)EENE, B
BEERAN, UABERSHRALEERN T ERIEH., £TiH, KB LEE<EmN L
AUBREIEMRENER, TEXTEERERBTHERENRENIERERES, B4 (4)
PP HLEEH, ERATTUG: Rk EAFEN L LB, BAFEKEAERE HEE
BrERBERAEY, REFER, (NWRKEARELE, ATEHXMEMREHE, BN
BHRE 2 BN AKNFAEEE, IMEVRAM)SZ, RABHNTS, E00)#©
ALAH BT R . Etalors, qu'est-ce qu'on pense des phrases(5)et(6)? MBRE I E— S BEEM
®E, ERG)MIEM6) BRI, T, HMBGTURAEMYEARESSATESHE,

FHARERIEFSER, K. '

o HILEELRITFG?

o BB, W&, M

o WARMIEZETFE.

RATEER LA XL R G B2 F 0k B8 00 1 W7 4 B Tk 2K 38 4, (XA A7 3 338
REEA, MARABFECHNBFARERLTHELHONE., FL, RNBERRE—Frik
HER, AFRIMACHNTRBE(LD: 2NRLHTE)BHEE. NRFEANES
MREK, MAGRBMNZREN. TREZN S UREREME, — M HEEEZHEEL.
EMHENBFN—MEBEEUR, ETEGRAMAXMBEREBENBIE, LY FRAE
HFEEWRT L EAHIRTA (3) BRR7EHE BHELE Py 38 BT T I 3 R B 0 36 S BT E

BRI RBB AR5 ¢ (symbolic) . AT IIIEH 5 i 5 4 1105 4 oy —
RAKXKFEBMEFRFSFE, FHAMONSTEREN . BERRZLNEHB, FRIEL
ERARERIENE, X—SRIEFEERN, BT ILR L8 55 7 5 R i 2 ) 5
BFFL. #EM, ERIAT XML LB TRYE, MESLERTENR FHRNE
ﬁgoﬁmmﬁﬁﬁﬁﬁ%%ﬁmﬁﬁ%%ﬁmm@,ﬁ*?%ﬁ%UMWmmmﬂd,ﬁ%@

“5 REE

BMNHBNEFEART AR ES p, ¢, r, -, HEGHp,, py, py, -, R
J& BT LA$ B8 - A%, 89 ( compositional ) FF R M EEH 0B, S, BAEFES

p: “LRABPTR.

q: “WET—kEH.

€ G%(Mﬁ@ﬁﬂﬁ&%ﬂﬁ%oﬁ%ﬁﬁ%ﬂﬁﬁ%m%@%%¢%ﬁ%$,5%&%%%5%%0%7
HRAXRG L, WARFFEXRE, —FFR

S EE%%ﬂ*,ﬁ—%ﬁ%%ﬂXﬁﬁ%ﬁ):Eﬁ%ﬂ¢ﬁ§ﬂﬁ$PﬁEBﬂﬁmWﬂE¢,ﬂ%%&%
—¢ﬁ§ﬂﬁ§o%ﬁ&mPﬁEﬁﬁﬁ%ﬂ%,ﬁ%ﬁl%%ﬁQﬁEﬁFé&Eﬁﬁ%ﬁ~ﬁﬁ?ﬁmm
FRATERBERBIEZH,



» H iF 4% 3

e “RPTHAMNEERE,

WRETHIHN, RATTLUHRER & EH

i p BF K (negation) , iLfE—p, RA“LARRATR”, RERAEMEN LARFERREMN.”

vV BARpHr P ESH-AREHFR: “LRABRTE, sif, FARFTHEIRL."RITEXA
HIBAIEN p v r, HFRIEN p A r B4 B (disjunction) ©

A pArRRp M- (Y FIER SR (conjunction) : “ ERARPTEMEL LK,

—: BE—NRN, BEEAERBAREENMN, B ORELARPTE, BARET —HKEE %
BT p Mg ZIEK—F 5% (implication) , i ¢ £ p W— 1T BHER. RITA pog BRE—K®, #H%Kop
£ p—q #183% (assumption) , T ¢ H % # (conclusion) ,

HR, BRITTUES XS E SO, A, oUERGME

prg—Trvyg
EEKRE: “MRpHq, BadkrHe”, EHEGFERD, EREXMEANAE —FBE
BIEMIE. AATTRREREXMEANSH N R p WEE, TANRe, W27, —&it
BNSERBARES, N
(prg) = ((—r)vyg)
ITHEBREE TR S, AT, RINAXSIFESHEZ BRI, ShERIIN Xk
BRHESXASEABRAEWER,

HRE1.3 ~LVAAAEENEELER, MVAL-AEBHNRESR. B %

god. B pogor IREXFER po(g—r),

1.2 ARARE

T R T AR R, MR ) 1.1 A 1.2 A B R
HE, RNTEA AN, K8 - £BAFRMNEFEHHRTBI 158,

EARWES, AXHE—LEYP RN (proof rules) . X Lo HM A RAT i H A2 K40 oy
(infer) h BT AR o BT HRNFAX LN, RATHT L — AT BWTH — A58 .

BARE XTI . BEH — LR RS (premises) HAR ¢,, ¢, &5, -,
b, EARZ—AFFH ## (conclusion) A wo ¥l B9 ML GE FH FRTHE, RATAEEESE

© MAM(OWBARNKLEARBTEW BRI RE - RE " (citheror) MUMIRE, AR, o
ﬁ%%i?—&,Kﬁﬂﬂﬁﬁ?ﬁ%i,E%%ﬁﬁ¢%ﬁ*%%ﬂ—¢&ﬁo

© “HMR-BA-"(ifthen ) HRBEFBRUESHRAMBEBE LR EAEMNALL A (BRELLRYT
f6). R, AEHWZREIRFAN: AT ABRILROREY, TEBEMERLE, MM, “mB
Pif S #2 €, W Bob Dole ARt M REMGE.” B— M HiEE, BEABOTESSERNOERE [R

HEAWERXE,
© EBTH-MEREAZBETR. MNEFRATEAAR, AEFBATERARSS. HAR - HBEM
HERMFBRIES.
- N x5
¢  phi ®  Phi
¢ psi v Psi
X chi r Gamma
n eta A Delta
a alpha
B beta
y gamma



4 ) F1¥

HELHEMAR, FEEELHIETAMNATXEARX, REABILSE, RITELERICH
¢,y b, F A
R ARIKAFHR & 5] (sequent) , R LUIRBEMIER, FRULKFI DA MM (valid) , #) 1.1
Bl 1.2 FERFIE p Amgor, 2, phgo WEBEXHKNIEFRE -TURAGIEMENET, &
REB&E, ATRIAFTTFNOSS, NABERN, DEEBAAKRTNHARLERHERN,
WAk, REZATEM RN, BT AE IR BAE M IER R, B, RIIFER
REIEBIH RS p, gFpA—go tl, ERpREXERERE”, ¢ RE“BEELRE", Ml
BN ELAMNZAFRNH SREBMERESR”
RAERSFIEHMN, SIHAF 154, BRIOIBE-FHEEDHN, REESHRBMLEELE,

1.2.1 BHARSEAN

RN BTN EBAN (A ARIIA XTRNEC B HEBHLER ¢
My WETRT, BIHEL 6 A ¢ BXPMHRUE N,
¥ .,
b Ay
B&H EERZANMEANME, BRNTERER (XS UTFEREBMEIENRE
Hik, HTHRIARKNGEL, TEEFENAEZHAN) ., EELNEHTE T TN K
B, AEBCRERIIAT . EERRM(ESRP)IHT A, MHAT(ETRS)BRA,
MFETERREH, BE-AREIATFIHEHAN, UE-IREMEFHEE
BN, X T 6 BN Z BN A B .
AN
¢
MM~ ey Rin: MRAT ¢~y WIED, &5 FAZANATLUBE ¢ W—NEH, HAA e,
BAMRMERE, ERAFESHEL y. FEXEMMOHLE: ZRX(1-D)HE— R
e, 2t ¢ BAERATROE - ERT, WHE BT ¢ MM RIS RH L8,
BEATAMRARALT RF: it ¢ BAERTRNOE -SRI ¢, T ¢ TUREEL
Ko FERFAIESMU AT, BRI TR 2REEY,
B4 BOEAXEMWERp A g, rhgnrr BERN, FHETHE, REQF—
B, FEEER.

AR (1-1)

Ney Ae,

I
prg
gnr
WRIER RS BRI —RILEL0ENMN, ERMTRSERMNSE, fehms, %
ne ATH—AHR, @Bl g, RBKA AT qHE AR, B gAr. XETH
AR T EH, RIVEFTANTIFE LTS, RERE—F0EE, FE&AH.

1 pPArg [:E:3
2 r ELE3
3 q A eyl
4 gnrr ~A13,2

ﬂ&ﬁ%ﬂ&%ﬁﬁa%ﬁ%@AﬂAnSAHWASEﬁﬁW,u%%ﬁﬁﬁa%@@ﬂ



# H F # 5

TERAEF, R AUSE ¢ M ¢ AT LR R F3E A LS 640 (R AR H 8 F
BpMq), MATUERAEGEM. TE, h(prgrr, BANAA e, ¥ ¢ LHHLIp A
g, T ¢ EHAR r, BATTLUHESE p A g0
MR RATZ 7 A X LA M, A4 LRUEVI LR ER— B qgar, MR
p A gl r B8, INF TR
PNg

/\(-32

q r

Al

qnr
BE, MRAEREFRA-FRERR, ROFTHEAES, DLERNEITHE4F, X8
BHERMNEBEF RN ZENERR, EXBF, RITERAKFHHF R ERIEH,
XA TR AT LA SR E N R PR AT IR BIE I, WA R B 0 e — MR M 48 0 M) I e
—&K L,

MR—ADRIIABREHE, TUEREAFRNTRNEIEH, Hit, mBEREES %I
HfgSHAKBIELE, TTRBRLERAR. AT, (£ NKIERETGESD TR
BiERIEHE: AR EE—THFH, RIESMEMMATHREFERMNNEENA, AT
—REEREEN,

DEEERY HRHE, MRS E5HREFRZ - ZEBEEYN: -~ ¢ FiE
BHBEAL ¢ X B HARLHEL, BAFTHAREN " FAER“FH T " H—F KB
Wk, RZ, ME“THT”, RERE, RITTLA b X R EH 234507 R R EGR
XNHEL, TR, RINBATATNESEHHEMIIAFN .

Rk S SR
¢ 4
(FHEMNEEEEXRTRES EARGHHN,) \

B11.5 TFEXEIp, ~—(gAr)b-——pAr @IEBMEA T 2 B8R 10116 B A B BGE

BRI

1 p g
2 (g Ar) L3
3 op =il
4 gnAT el
5 r Ne, 4
6 TTpATr Ai3.5

Bi1.6 BMERTDRIER E—F#EEHTEHORIN(pAg)Ar, sAthqnrs, BH
HC W5 T A g,

1 (prg) Ar :[E
2 sAt B8
3 pAhg rnel
4 q Ae,3
5 s ne 2
6 gAs . /\i~4,5
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WHEBERAW AH—ASHHAM-M—AHERN, FERVESBNBRELORNZ
—, REFRNH B AR (BT X modus ponens) , FBH, RITAXIMRLHE “HBMH " RK
W (H R AEE) . XTANER, CHo ko By, RITUERBED ¢, 7
WESH, HHLHNE .

I el N
¥

BATEIL A — L3 Wi 4 p A g BOEBIVERIX A AN A Y, B

p FRMWT

P MBETHWT , MAHERBE .,
B, ¢ RR“HEREN. NE, L+RARIMNONETFTEWT, MANEF WA E LT,
MARMITUMBEAERESERBE“HERTRBNXMER, HL, —eNMAH
WAL RRARIR, BES A REQHT.
pBFHMAMRE - BE,
p— q: BB R AME— NI, IRA B — AR,
A, RIMTUEXEEEELE - BEHALR: NELBEF-IERHEA, EoF
HE—AHRERH, R, EEMEART. p WHAN TR AL NBENE A%
Mo B, BETEMBIFEMEpog, BEFABEp(HNBEBAT—I8), 2R
A BEHE S H q.
WMHEELBEN, —e WEREHK ¢ M ¢ TUREMAEM(REEEH)RIHL:

€

1 pAg G
2 TpAg—TrVop ﬁﬁ%
3 raTp —e2,1

R, RO REOBERERRN, B, B p, pog M p—(g—r), RATH
EAHEDSTH re

1 p—(g—r) e
2 pP—q UE:
3 p L
4 q—r —el,3
5 q —e2,3
6 r —e4,5

EFRIT R ARG AZRT, RIELEBE-MBEMN, KH T4 5N modus tollens (7
RN o AW —e, XMHUWHE—NEE, BEHpogH—g, WAL p R, TUURN
M—e BBl gz, TR, RIVREH ¢ Fo— g WYL, XRRWM, Hir, RITTLUHRE
tp BARBE, MXRERE-p REN, RITKHHEE KL N RERLNC (MT) .

e L.
~¢

©  EERAIFT LA AL HE T XA, oAb 3] R N E B R AT B — S48 % R 05 B B, A, #
PR AR — M ERBK P08, B0 S8 A 42 5 3 AR a0 EAS W s 3,



& iF H 7

RINERE - NMEHRBEFTERT E XA B F
REMET - AKARERLBA, F2EE—AEAA, THEF - hERLENA, B
HERRLEREEA,
B1.7 EMRIAKX p—>(gor), p, ~rb- g WTFFREEF, ROVEM BTN #
LA HLI -

1 p—(g—r) Hi 2
2 P [:E;
3 —r IR
4 q—r —el, 2
5 -g MT4, 3

B1.8 #HMTHMNUE - e R~ i AWM RAKEN. —MEFKFIR - poy,
gk p RAKMK.

1 “p—gq ' HI#2
2 mgq Arig
3 -=p MT 1,2
4 p el
A—MERARFIR p>—q, qF-— p WA HE:
1 p— g A&
2 q A&
3 g oi2
4 -p MT 1,3

ER: EXRAFT R, MANESEMMTANMNKERRAN, IAKEREEE
B B R 4 B R 5 R 5 M BT IR B B

WHESINBM A MT ERANIB UL KRS pog, ~gb-p BAHRK, HEF
P g p AR EERBREAGEN, MNERMBEXEY, XFARHEMER—
PFEAR. B, BRI, RATE A AR H AR B07E IE O R AR P A 20 1O
WOEWEM%MEwaﬁﬁﬂ%ﬂM§EE%,ﬂ%§¢®ﬁﬁo@ﬁﬁrw,%%
WBSE - g BROL, RATA LR MT W H - p, TR, BE poqg, RATAT LHEH - ¢ WK
T, MRIMHEERFHRERRHN - go-p, B2, RITRBT pogr-go-pl—4
Wik :

1 P—4q GIES
2 —q B’
3 -p MT 1,2
4 Tg—Tp —1i2-3

A FHERERT I BE - g WA, EFES0EER: RITBE - X T B
—&, fIFFERAENK - ¢ BT M. R, IR LR AR B - po (H 3R MR
MAKETBE - ¢, WBMEEVENET. BIF, RIESITNH—i, XHERAIE B
T p, MRSEAEEMTEE ¢ ¥ ERRBES FTEMOBEBILE. “MEAEEE
A, MABRBMA " XA EHEBRAKBTFEMARLST IEEA, B, RIS 0
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— ¢ p BHEEBIERSNL,

MBERITE pog AN BFHEY, FPREBERRER. flM, p TRAREKERF
B TBHERA «, Tiq TEARXBFEE-HBRMEy EXEH, BE, pog A
BT —BRE-RIEESE: MARRAREYR, B2WBRH/RME, HWARRERE
KELT, I— I RFITETEL - SRAHYRNATERTRAART, KX HEE
. B, ERAMM—iEH p—q FRR % B4 3 (type checking) , ZAWEH X MRBIES
B4 ikasit, XBEAE - TERNRE,

FE, BIPEAN i ERBE 20T :

Ll

e

RARMER: HER ooy, BERKOERE ¢, REEH ¢ EEY ¢ KIBP, TLUEH
Mo, UREMIEMAR, BWRAYHELBIANKNE LSS, ENTULERES
A, REERAKEBEXME XATHFERIE, B4 — 5500 5 5 355 76 5 B o A9 B
EUBAUFABEAR, —MEYH, E—IEALENIERAY, REEAR ¢ £ FHM
B, MHHR 6 WEREBRELANERT, ATUEHALR 6.

RREXMMGEVESBNTLASERAZELESRN M ARG LRI ER, Bt
HWSIATE, XERE, WR-MERENE—ILRE 6, BRE—IT2R Wy, BAE
BRTEZIETEHE 5 E AT AR oo ﬁiﬂ])&“ﬁﬁ@]ﬁ&ﬁﬂﬂﬁﬂﬁﬁ/\ﬁﬂﬂfﬂﬂﬂ Efld
HERMUAIHEIT R,

B1.9 XREA-i WA —IBF, BiEATRII- g pFpo—— g RIERHE.

1 “g—"p GLES
21 p B
3 -op o2
4| -y MT 1,3

5 p—>"Tg —12-4
HER: ROTTLOEAN MT AT HAEEREARE LHAR: B84, Q88168
BITHEBERE XA,
RE, ZRIEW pFp T HIRATRIERMBAE B
I p  HIi#E
MM ooy R0 FBA R 6 Fy AW, WEBTULOLY p. Hik,
R UK LR IER R R

1] » B |
2 p—p —i1-1
RATAE p—p TR p—p B9 BB A R TF AT AT BT
X110 HEBHRARX ¢ REERKEKII- ¢, Mko R,
1.1 TERESEN BT, HIEWMHAT R B ED 30k BN .




> M iEH 9

1 qg—r R

2 " g—Tp ‘iz

3 p 1153244

4 -=p —=i3
5 - MT 2,4
6 q , ~—es
7 r —el,6
8 p—r —13-7
9 (mg—-p)—>(p—r) —i2-8
10 (g—r)—>(~g—>—p)>(p—>r)) —il-9

B1-1 2K(g-r)—((mg>7p)—(p—r) ) I EH,
BT A E G54 I 5 s A B R 25

Wik, RIIE(g—r)—((~ g~ p)—>(p—r) ) BREREK, EH(¢g—r)—((~g——p)—
(p—r) ) RE I EH,

WE1.12 B E, XANEITFHRG, TUK G, ¢, v, &, ¢ BIEIEHESRY
EH .

Fé— (b= (¢ = (= (P, > ¢))))

B — M ERA: BB i KT b, vy =, &, X n 7 E BA B A B E
e,

BI1 11 REERA IR ERERER R T — X, @AM EAN, R0 EN
BiZ, REIAMMNHABBEANSE D, ERENEHTUS RAETA RO,



10 ° #F1¥

RIMNEXANTBEMNREREDE TR, RITZEALHHA 1 11EAK? —HIHCH
MARGEHHZ, HUORIBERAAERE, BRE 11 BRYBREW (¢—r) (7 ¢~
mp)—(por)) . ARBHRRE—AHE, BH-RE1-1 PRER. HEWBEBRKE T
EREAARN -, B, RNFEZEARBR(E 1), ERER(FEI1T). WREBH
BX—K, REBBE 10 FHIENH. B L, ERFFEHEN, XEBINERHE T,
Hit, &R EH, F1.IMOTELHAXNEGAHRE., BRARNEREERRET1~9, #
2, BABITR—IE®, Hit, RE—FMFTHIENE. BRRMEESR 21, FRXIEHE
BATEISNIL; AT, HOTAMN-i AR, H8THWAKX por RSN —HE®W. Hik, RN
MET3 HREEp, FBERTHIEN r, TRIFEBITHMEMNSER,

REMTHRER: B4R 1~3783 MRBGEN ro XREXIER K EHEE
. ERI1THAB ¢—r, FAMERER ¢, WAHRE r(FER—e). WA, TAaHE g7
2. IFTERRBEMT MUEX, N, EHESFTBEB-—g; FEAAMNY - e G LBE
£ 61T qo HRE, AR LA MTHX, BAER -~ g g, ERLUES47ETS
~CiRERBH,

XM REHAAKEBEWRERRINFERXRT A TRRNIEASH, HE—E/EB
RIVEREFAFEEERIERARS . EERXTFARANX -2, BEILMHTFCXE
B REERAM)

1113 @EAAMA L, WRHEBIRT p A gor b p—(g—r) BRI :

1 prgor A g

2 p iz

3 q 554

4 pPAgq AN12,3

5 r —el,d

6 q—r _ —13-5

7 p—>(g—r) —12-6
BI1.14 ERHEERMA e, re,, HWATLIER LR RT3 695 BH .

1 p—(g—r) Hi 2

2 prg BB

3 p Ne 2

4 q Ae,2

5 q—r —el,3

6 r —e5,4

7 pAg—T —i2-6

pArgoTEpo (g M po(g—or)Fp A gor ABEREXFE N AKXESHNE, BIA
P —MEB S —4, EXFERRR N
pAqg—r-dkp— (g—r)
HEFWEARMR—NAR, MRS A-XRHALR,
B11.15 BRI pogbpArsgrr AR, ZHTFERTERKEIAFNYE
H



# M iZ # 11

1 pP—q Rii 2
2 pAT &R

3 p Ne, 2
4 r Ne,2
5 q —el1,3
6 gAT NS4
7 pAT—gAT —12-6

AR FERANER EARTERAN, SRFEERBEBEN:. EXEH I Ay,
HEHIEN ¢ MIEH ¢ 456, BiAAA . MTHREREE, WREHIATZEHHEEEESS,
Hitk, BATENBHNY i, MV i, NBTHR ¢ R oy Br, BNEH 6 Rz, T
AW ¢ WEBHEERESL. FE, mRNHEy, TR e X " Wiz, Ko, #
Wizt & MAEEHEREHRIL . XHE, RITAIEHMM .

¢ Vi 4 Vi
ovy 1 dvy 7

R p TR “ Agassi 7£ 1996 F B —HEM” . g Fmn “Agassi £ 1996 EHRBTEM I
F, MapveBar, BhpHar, A EqRBHEL, AR, HERNHBEKBTEES
FIBILATE p B g WRE,

BAE % B BN £ (or-elimination) , BEREEHFFEAAR ¢ v ¢ B2 RIS EN
RIEBRRS B AEAER, UEATHREPRISIE, BEHPENEL., BEETHE &
@X,Bﬁﬁﬁ¢vwo%ﬁ$ﬂﬁ¢ﬁ¢w~¢ﬁﬁﬁ,%ﬁ%&ﬁéiﬁ%ﬁ%,ﬁ%
AWM,

L. B5%, BRSO BEM, BHXx WiEH.,

2. Bk, Bty REN, ABRSESHXY KIEH.,

3. BRMETMAMNMES, LA o vy HEERY NE, BRI LENSHRELER,

Hit, BIHEHMY e B

iIII
vy x| | ve
X

BRER: MR vy BEN, FERROER ¢, RITEHTLUBEIX 8IEH, WX ERT
B TEHHEpVelqvp BIREBMIEN,

1 pPVyg IS
2 P 5824
3 qvp vi,2
4 q 554
S qVvp vi 4
6 qVvp vel,2-3,4-5
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THRMAY e ANFEICHEN—BE L,

s HALH BB EE NG RN F X)L EER —AR,

s FIFMIERENEHEBY e MULSEE,

o R EERAEERLAFEE FHEBE, RERBEENERECLRHIERT .

*EOATHHMMY e MEMAT =L, HHAES L ITHFRARMHEEOE M ERENSLET2~3

UEFT4~5),

MRERBDHEH & v EXNBITRATER, WMABEELFEELR: BMoRy, AR
FEW— ARSI X, RIVBBIFEMATEYE ¢ R y; IMFALUTREERFESHH
CASE B, IF i5AIRIFT N

Bl11.16 HWHAERBEHN—AFERNBF. IEBTKRF) gortp v g—p v r BB,

1 q—r AR

2 pVyg B

3 D &g

4 pvr vi 3

5 q B’ig

6 r , —el,5

7 pVvr Vi, 6

8 pvr ve?2,3-4,5-7
9 pvqg—pVr —i2-8

EE4. 7. STPHABREMREY, HIt, ve WRARSEN,

THEEILMZHANY e, Vi, vi, WBIF.

117 EBRII(pvg)vrbpVv(gVvr)WERERE, HFRBEZR, BXERM
Friisae, ERHEERME(p v g)vr ﬁﬁﬁﬁ#ﬁﬁﬁﬁ p, q Fir, BB AR B AR
pv(gvr),

1 (pvg)vr HU$E

2 (pVvaq) - Bk

3 P i

4 pv(gvr) vi 3

5 q @i&_

6 qVvr vi 5

7 pv(qvr) Vi, 6

8 pv(gVvr) vVe2,3-4,5-7
9 r 53

10 qVvr ‘ vi,9
11 pVvi(gvr) vi, 10
12 pvigvr) vel,2-8,9-11

BI1.18  FEA/RABER BRI A, BTN A O R A B, PR AT LGE R A
RBEETHR RS, ERWMT .



& & F # 13

1 pAr(gvr) Hij 12

2 P ‘ Nnel

3 gnr Ae,d

4 q B

5 pNg Ai2.4

6 (prg) v(pAar) vVi5

7 r 824

8 pAT A12)7

9 (prg) vipar) vi,8

10 (prg)vipar) ve3,4-6,7-9

RS p A(grr)E(p AV (p Ar) AR, HFREFEHEH " (p~q)v(p Ak
pA(g v BB '

BERESIAHANESTERMNEAMHIEHDELSHIANAR KGR —-MERIET
TWEM. BRI p—(q—p) WERME, HEHNT:

1 P 54

2 q i

3 P Bl
4 q—p —12-3
5 p— (qg—p) —il-4

“HHl” (copy) AN AAFRMNEEFHECINAR., EXNMAFHIRMNEBEFHAXIAANY,
B —i BEREAEFUp LR, BEHHANAFRMNEFATEEALHAR, Bixs
ARBBTELXAWERENIGER B, REFLAREE, HEXA M0 605 W E 8R4
TR R — WA F A 88 S AT “ /T " AR A B v B AT — NN,

FERM ROCLBIHU-—ifl-—e, HEREBE L IEMAE—-ITBENHEA
FE AN o X LR K F /& (contradiction) HE &, XBEEBEFREEN, HHBIFRX
FHER, HEERFEMHE, X, FHEELH o0, HEEE- ¢,

X119 FEREMS AR ¢ ¢ HRER, Hb ¢ BEELAR,

XBEETFEGFALURr A=, (pog) A~ (poq), BB (rVvs—ag)A(rVvsog), FE
REETEFEENES, MBRICOWEMBTS, EMNBELSMNE, IRMNEBTEHTEHLAR

“(rvs—oq) A(rvs—q) A-(p—gq) A= (p—q) (1-2)
AR, BAAXFWABRETE, ENATEANLETLHEBEZXMAR, AR LAEFE,

HEE, FEAUBEBRETE, FEATUESBEAAR, X—A8W5AER,; A
m, M ARMNEEZ W p A—pF g B? HeF '

p:ARHSETERHE.

q: RERBA B L BE,
FZEIABMNMEENORSHBRARNYEREXR, RELE, IMEZUPMETLE, K
m, HRWEFWHE, BPERESHIEMAR, U, EREHEAERN., BEE, W
RAREFER, RORXOWEREM A, BLAAXAFERE L E, F0TUEREMBRA]
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BRENGR, XELPATFIMMAA: FAUSEHEXBBRNETFEXEEWEKAERMICE:
MAFAMRITERE L, WBAGRBLIHERK”. 3, XARFMHEZ— ()

REREEH—AH,
¥k, HE-IEE (bottom-elimination) IEBIFN , L (F /&) BT UIE B 38 3E 0 A4 4E 1] 4

BAK:

L Le
¢
LA B R 1 JE 15 2 (not- elimination ) iF B # W 45 75 ) — 4~ F )&
| ¢I¢ﬁe
Bl1.20 RAXEMAUEAEH - p v gt p—g BREHM.
1 WAL
2 - TP I q I
3 p iz P &%
4 1 -e3,2 q i 2
5 q led p—q — 13-4
6 pP—q —13-5
7 p—q vel,2-6

BEEXMEFA, ve MIEREBERELLAFN, MALZETFT., RAGBHFLEXLES,
A ABGIAGER? BEEHESTERENMBE, BLOMIE, BLXMEIZFEE
RERN, HEESFEBE ., X E SRR TSN - i fER.

N

- ¢
B11.21 SEBRERAXEHN, IEBKH poq, po-ogh—p BERW.
1 pP—q IE:
2 p— g E; ]
3 p Bz
4 q —el,3
5 g —e2,3
6 1 ~e4,5
7 -p —-1,3-6

3~6TTESTHU - i KL EEe, TERZE-/MIF, HRFBEARENE—RITER, iF
BR3) p——-pb—p BE M.

] p—>7p GIE
2 p BiZ
3 -p —el,2
4 4 —~e2,3
5 -p -1i,2-4
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Bi1.22 AR MT, K p—>(g—r), p, “rH— g BAERE:

1

p—>(g—r) EE:3
p A2
- IS
q B
q—T —el,2
r —e5,4
1 —1¢6,3
- gq —14-7

B11.23 BEBRMNBEERBBRRI p A~ g,

2
3
4
5
6
7
8
HABHEER N
1
2
3
4
5
6
7
8
9
1.2.2 RERW

—r, pHg 8B 11 FB L2 BBEE,

pAT g [iE:3
o ;E: S
P A2
g B
pATgq Ai3,4
r —el,5
4 —e6,2
——g —1i4-7
q ——e8

TEHIR FEM R (MT) B, RATRIX MR R B RBE BN, o LUK — 23

A ALY A 3R o T TR X AL

BT, B e, e IR i:

1

“» AW

6

ol
s MT

¢—y :E S
¢ AU
¢ &%

v —el,3
1 —ed4,2
- ¢ —i3-5

RELEX —FF AN MT MIEBAARN e, e UE-ikEHR, HE, B MT X4

MERSEGE,
CIE W

¢
"¢

WS, EFLUMAM -~ i - e 88, #EWT:
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1 ¢ COE S

2 - ¢ &z

3 L -el, 2
4 - -i2-3

BRAVREE HFZ (BERED RBEMIRERN . R, BLERFEGTEERTALH, —%
SERELE IR ZIERN AR I B/NES, EAMZ AT, XEARRBOXM5EREE LK
Meio TEHENMARHRMRERVHELEEAA. TUENR, ZEREENIEESEFERE
i1, Eit, HEBATIIREAWENN, X8, NIHREFHENEICHESREBREE,

FB— MM AP T A& reductio ad absurdum, & X £ “HJEF # B ” ( reduction to
absurdity) , FA1# FR 4 B_3E ik (proof by contradiction, PBC), MM K. MEH - ¢ B HE
HFE, AT LLHIE & BT

"¢

PBC

ETANERRG i KM, RTEETHRAERRNE . X8R NI B B0 H %
BB PBC AR, BERMA—TA- ¢ BILMIEN, B—i, TTRHEXMEHBELN - ¢—
LE— e, JEWTF

1 - L B &

2 —¢ Ty

3 4 —el,2
4 -— ¢ -i2-3

5 b e 4

XiEH PBC ATLIH—i, —i, —e Hl—— e S, :

X—FWHEERRE—~TRAERNETHFREAOAN, B TFENESESKILS
Z, HEREREETUY AN EMSE N, BB TiESLR terttium non datur, EIHES4 (law
of excluded middle, LEM), H##ii, MR v ¢ BEW: AT S BH4, E—FLHY
RERBK. 5o REH, ¢ REMN. BABZFHERL(EREKIHEFE): KIF$vo
o REBK . EHARMRRBEH, S, RITEBFESHE (B, if B {C,] else
LGB B V- BRHEXMHL(BHM-BAERLFEMVE), TARLGRBEPNEAY
UE B 150 000 1 HE P 4 — NIEBR .

1 (g V) Bz

2 ¢ 15924

3 bV vi 2
4 1 —~e3, 1
5 - ¢ ' -i2-4
6 bV o vi,5

7 L —eb, 1
8 " (d V) —i1-7
9 ¢V e 8
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B 1.24 {Hf LEM, iEBlp—>gb—pVv g BAMHK:

1 p—9q EOE:

2 - pVvp LEM

3 -p f&Ri%

4 - pVyg vi 3

5 p iz

6 q —el,5

7 S pVyg Vi, 6

8 “pVyg vVe?l2,3-4,5-7

FEUEBR P R A E I B LEM & #) FiE BB EM . WREEA ¢ v— p /EM LEM E M I
i B F 1g 7

1.2.3 BERRERE

ARWEIEHMN BEERE 1-2 P, BERNIE, RIS GBRBAR A 5 Xeh; R
MTAXFEREREGRGARRZREG—TANFBANE. HE, EERMEAXLERAN,
SRAREEIR T LEALKER; AUNTURFAURNTAERE, .

* AiFR: HTEH ¢ Ay, BHFEEFIER ¢ M ¢ REEARNA i

* Aoy RF: KTEHR ¢, XRER Ay, REZAAMA e,c INERFR—MREWBRR, B
HUER & Ay FTRRILRMIEN ¢ ERE. BT, KEER Ay ELHRT, HEXTHNESRH
M. HEEHIL15,

o Vi FR: ATEH ¢ vy, REEYN ¢ — KB, iEV ¢ BER ¢ v o Bk, Hit, AR
HEERAT ¢ 8, ZARNALBAM. B, RNBEHqb-pve, FEMEBEFAMY i,
ERF SRRV i,

* Ve A-TEHEXRNBELNME, EETR: WRELAE ¢ vy, BIEHRIX, BAREKK
H ¢ Al g TSI XCHMAIL FIEDI R, W DA A 3T 4R o

o K, —iRW: MREUEY ¢y, REM S(URIMBABR) thRIEY ¢,

* TR ATHEH ¢, N (LIRIHAMABITR) i RIEH L.

HRB R AR A N .
3IA W&
A :A'{;’/\l d,:;l/j/\ d’/w\‘/l/\ez
i il
¢ ¥ oVy x| |x
Y eV vy h x Ve
il
- L4 ; ¢ ¢—y
oy v ¢

B1-2 SEZEMEARNELN
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51A £

il

4
. i s

1é ! I
L (LBASIARM) +Le

— Rt AL
b—v o
¢ T ki) !

~¢

=3 PBC LEM

s Rr

M12 (%)

FEUE B B9 AT B BEAR WT DUST PSR TR AR, B — ME MR RS AEM AR, IE
MRMEIY, ARWEEAERELHBZOHEE. Y5A—- BB, —MERIERT
o RFEKHEH MW AERERBERBSE., BT FERERBREEREH
Mo 22, RBIEARNGHEX, ~RFRELRLAXEEHE,

H#E, BNXKE LmMiag—1iER?

HE-NMRIK, BEAEMEEERD, SREERS. ASREHAXSTARS, A
FIBRTR (SR MW CREBEREDNE),

HREL R, WRELREX o—y, MAMAHM i, WEMERE, ¢ EENTR
B, ¢ AR, Hib, FRMEHERMT .

HES
¢—y
REHERL:
g
¢ Bt
/]
o—y — i

@ BREWEp-(9—=—r), pha>—r, HEHER e TBE—F K BA9ER,
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RIPRBEEAL ¢ My ZAMZR, BRERE MBS AXTLER, AR
THREBEME .

WA - i 51 REMK, SREERFTRENOER, BRMET A% M7 R 5
gt

FEUERA AT BT BY, JULFH SN AR T DARE o 78 BL FAE FT AL 2 B, 50 i AT LARY A B 4L
W, 3% AN X EREN, RIOIRA -1 5-i BEEFEAS, TURHEH,
i, AATRES R A TN, B R A J7 3 20 0 ] o I AR AR 0] 5 388 %6 AR 0 280 A8 1 B

MR,
1.2.4 BHEM

EX1.25 oMy BMEZBOARN, BRITE & A ¢ £Z 4% #H (provably
equivalent) i), HHXYKFIKX oy Fy - o HEHAUE; BIATUMN o HEIEH ¢, RZ
R, EMBTEERN, RITA ¢ -y R o My BEBENT,

EE, FE L 128, BEE XK ¢ - ¢ BEERIIR (0—y) A (y—d) REBM;
EEXTRHEMES, —LZBENAKXBETHT .

“(pAg)AF—gqgVvTp “(pVvg)dk—gr—p
p—>qik—mg——p p—>qgik—pvyg
prg—pdFrv-r prqg—r-dkp—(g—r)

RH N ZRES A A REEBERIEHAXANT SN K,
1.2.5 Mig: RiE&

AR BMNAEEEAHC AN BRMEERT RS HITER, W, SZEE1-2 PHERE
GRGE, ROITLUCERIEEES: Fia, S

~¢

L
¢
SR RATERLI - ¢ B ST ERIES ¢ RE"ZIBRER LHLAHKE, B —%
P R EXERER" NN HTIUEH ¢, BHEEEY, TARERRIEN - ¢ BRT
REM . ZHUBIER S B E SGE B RAES 5L 0 05t R — B
5vg EM 3 ¢ e
HERELEBERNY, BREH S Vo, BIUEN ¢ RE - ¢o MR HBFEBIE
W, WANTBMBEERF G E. HEEXEELES e, EHRIE SRR
BB E SE BT 832 B MRAEB] LEM 1 PBC, 76 37 M, BRARULOE M4 B3+ X8
B¥ R 4% PBC,
RANE W RSB ESIR B KB, SEHORT W0 23. 547 21 XBEMITR 20K, K
A — 2RI 23. 138 592 748 500 123 950 734X R TR K IETEH /DB
MoMIEXB o M- ARMS, TLOIE o' a R DK, HK, 2°=2-2=4, 2° =
2°2-2=8%%, HbNLMM, HBEL ' WT. 4o =1, WFEBHEM b/n( 4

PBC
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n#0), 4 av et KR TEREE Y =x KM yo BISAMT, RATEEEMTE b Ha

Bl A SRS ko, ky/n,, - HiBHE . T4, BATEN o® BEE an, o, - BB
BOSTRE (ZEBUBLSM o, TTRIERE AR of B0 — A, JFEM T FEERSRE) . i
BN, MB—ASBREE Rk /n BTBR, BN ERH, KB kAo BEE, Hnr0, £

B, BORRAEE R 4 V2 R B .

B, RIUBEREANIERRMIAEL B X TLRWOETIER (TUHE 2 ERE
REE, BB YAREFHIEY)., RNEBEHHELR.,

EHE1.26 FAAEK aFob, BB AHEEX,

R %% b 4V2, BEMNAMERHSFRIER ' EEEK, RERLE, (FL£, R
TR EBH 2 Xt LEM &9 SEBEE Y eo)

(DBE L RAEEK. WX MEPRES, HAoJLEETEEK o f b BH/2, X6 o RE D, T
BELEE L REEAK,

GBI REER. MAMMRE—THE, £F 22 7. BELE, ARG NER, «£E
B, BRINME L REEB(XENFEHPRTE; DIEHHIERES). Bk, c MIFLEEY,
FHEBATR() =27,

@ = (T =B LD =2
REBEK.

B EEAAEELRRE (Y REELHEY, REAR), WIFrHTEHE, O

EMEHSESRGEEY, WHBERN—BEESAXERRIE, EEMER TR
WK T LEM MR A, FEIEARRNANRE & REEYK, REFL, X—AF
HA-BHLANEBHHT . BERNESTEPHTHELER Wb, fi o' EHER X =,
ERMELFHANHEX T EEORXT G ERFEEE, WE LT T EN = 6%
(a, YRWKZ, ¥2), TR (2 7, V2)7 BRI BA S IFRATE N 60— £ IF 5 10
#; REBEMN+TZL8 -1 HEEH,

XF, AREXERTEZE 12 FAHBIAFBEERN, TMIESEZHN - e f
WA . B ESCEBEETEIB L PE —BSROME, 5 ESRBEREY Y
BUTTHANXRENREHTEE, BEXE, RNBBOSFARNG . 28 F
BalEE,

1.3 EABRAEETHHTIZE

M—WEITRERFRBURARTFHENREL R BEBARMOTE., 3ANFREE
EAN, BRRMOEREEBNRERARRENN ORBILE, BR, NXEBA N
MR RO EMAXBEENN, RECISHMMNFERGEXELR, A, £FE
HIBERA A, R A UE B H 0 —e ;

1 P—9q GIE:S
2 p AR
3 q —el,2

MREpApv-rRE, ¢ Hrop %, EHRERERY.
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1 pvor— (r—p) [iE:=
2 pv—r [:E
3 r—p —el,2

EREITARMNARET-BMLARANFEFERAXHOAM, AT, REMZEELE
“BEMBEMARARBAEERNENET ., BNENFEEABEER(1-3)PIAERL
KWARWTBERR, — B, RINTERAAKEIRAWNNWET@Ep, q, r, -, REp,, Ps»
ps, v, BALABEXLRENIIENFSWHEL, REBDBHR - EIBFREE
FREMGE, HEEREIMIFENFESTHAERERBEEN TR, XTUSELFELEET
REHBREETHLER: BEREHRNRBATEIREZA, BEXRNE(E—4&H., BlF—
WHHE, WREIL., #—1TBEAL), RITBRAAEREAAXENETF.

WEEBTHARX—ERFEEIp, ¢, r, 1 Ulp, Py by, - 1ULD, A, v, -,
(D ERRESH, IXHBRERE, i, (DOVvpe>RERFERENFESR, B
RRBRIMBETHROCHMEEZERY, ERAEHABEYL, Bit, SF™BEXRITHEZ WA
KEPLEFS B, XHEMAR I ERE (well-formed) ,

EBX1.27 aEZENEXA X EENEREERKEA FTHHERYFEINEG
B,

BT BNaBEF p, q, r, < Hp,, Py by, ~BRERAR,

- R e BRERAR, MA(- o) BRERAR,

A TR Y BRERARX, B4 o~y EESRAR,

v: MR My BERXAR, 4 o vy HRERAR,

—: MR oMy BERAR, B4 ooy HLRERARE,

WX AN E CRITTEVUT R A X — QB X, THEHRITRA M — 4 & ae
ER TR

HE AT, BINR—ETHEITEI TS, ROKBARESRY B0 S
il EERE BT,

WH, ERLEEEXPHAGRERE”, R THARM AR XA M,
FikE e B8 e ARMITHE L L% UE NGB Backus Naur {5 (BNF) B R 2
Ho FRAXMER, EENEXTUEEEHME Y,

¢i=pl ()1 (pAd)l (VD) (&) (1-3)
HbpREEBERFHE, =FHAN o HE—RHABEREMNEBMETFHAR,
A, IMTEHA—-IMFESHR—-AEXARE? S, STUTERK &, BELEI 42
(((mp)~rg) = (prlgVv(—r)))) (1-4)
K (1-3) By IB MW 2 4 # R & (inversion principle), XMHLF XM BB AR B4, B
BEAEHBRAR.: REBEAUNTUEHEM AR ERNETELZNAR(1-3) P E
TFA—EBRFLEEANE - T, HFLEANAR, BE—1EBESENTHN—
TR, ¢ B—1EHE, HBRE(-p)Ag, HLR(pA(gV(—1))) o MBS BB E
B, ZARZ(CCp) Mg NER. BIFENRU3)PHE -1 Fap RER, B4 TFaEH
(P REX. BARKKEE, FERAGR, XMk, HIBEBREHABLEL(pA(q v
(7)), HREBEAR, 82, A1) EEKX.
MARKR, LBEESRBHBOER. RITBEFSNEENLEARRELAE — MRS
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., RERNERAREFRRREN, B 13 BERAR(1-4) 6 WBESHH, HE,
fE XA B R B IS S, [ 5 M 60 B R4 S T AR b A BT A T M
U AR BN & BT, X B4 S 4 A
PR B BT L R — A AR,

W, ERIEHHS § FAARE? NEE
K, BELLT, WNRMOSANE Kl (S %
FETHY 2 L F 9B B, AR AT L A
(=) (v pg—sa SCFTLLRZE B M3 R VBT E
BEBB(~) OV pg ~E-), Ti-FER—I 2
IS ATEPAp SR ORI OB GRS 0
IR 5 AR RATIR )" MBI A RS
AR (RRREF RN, B~ R RER () (@) O,
B)o X, (M OVp—>RRERAR,

BVER AR ¢ BBERARARMRE
7R 4 L B S BT . B A v T O
DREBAR (1) RAR, 78 1-3 5, BRAR  B13 28— ® AL b
R RRE >, e BT R .
(BRI, XML S BT RBEAR. EXE, RIMLSFHG
RE, BARRARAR, B, — AR A R K 457 5 00 30 2 K T4 2 48 (i
X RM L), RERE, v, A, B HE-WEET, SA IR R T
Bo fEv, ARoWBET, —SHBRTH, SR TRBEAR, B8 Y 5
PEVNEY

BB E S, L BV 1A ok 6 A, BUA0F A X (subformula ) 60 HE4 .
B EEELHARAR ¢, BIOTARBE 1-3 dHEFEESFROFR, B, 217
ATLAS) A 80 BT AR F p. g (HIRBIR) A ro BB (= p) A
((~p) A FE—WETFR, T(-r), (qv(~r)BE((pA
(Gv(~ N - METH, SR GBRETASNTR. 5
B, TSI & BB AT AR,

D

q9
r

(—~p)

((—p) rg)

(—r)

(gv(—r))

((pAlgv(—r))))

(((=p)Ag) = (pA(gVv(—1))))

IERMBEE 1-4 98, HHL2EER—I AW W14 B4, —8E; k.

EHRAHFREGERET (p WK, ¢ flr), A5 HeERBRARY
CREBEER(-BR, A, VR, FAMTHEER, Tt KR T
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MBRAEMH(— P FEAH BTN, ROkt FEEERETR) . ERBAXIAR
MEERRR? MRRMNBBES, B4, BB TRXER AL P A (in-order) TR K
ARART, IPMERARE((~(p Vg~ (—~p)))) AT,

HEHE1-21 AARR-TERLR, FRAFHAS. $—, GEKE TR F (M
BT N BN F )RR RFHE, IBARBREEN, MERMEE, TiE
GRME. EFRER, RS -NRERRAN, p EARR—IHTF, B —BTH,
&R - MRICERNER—TZEAR, ERBRAEBUN., Hit, XERRERR—1
R

1.4 GEAEBRMIEFEY
1.4.1 SHERAHETN
ERRRBEZN, RORBRTIERERI ¢, ¢, -, ¢, -y BRO—FHHEERE, B

MBI &5 ¢, -, ¢, ATUBBELR g,
EEYS, ROBEHR 6, 6., -, ¢, MER ¢y ZHLRN B MR, ¥ TS5
ERIRFIHFTXT L, BAITEX—MHHXE, iBK:
bi5¢2,0 0, F

XFHMRAETHRMESPHEFARNEM”, VLR 2 88 i e B wa s s B, —
THBEDMEN ) BN >2 HBARKRERNERN” WEEEH 492 Bi1mE, H
BEARTALHE, URERMNEFHDFRHR, REEMBOGTEIER, RBIH
BRMBEN - FL, IFNELHERREEL (LM (true)), REAEL (B
(false) ), :

MRLAIWER p Ml g FBRELER, PIMAAEESRERE, Baprg HETEEXH
E: pRIEME, g WEMMANE L, ABIELR: MENY p A1 g #% 0 pPAgREM;
B p g REBE. X, ERAFRLH, ABREREp Mg RENE, TIRLEEp Al g
LR EBRERLTHARN 4, KW BB EERAG R —R, XK ARG DOE A
AFHEFHENEERTEAREBYER,

EX1.28 1. AEEAGES TMFHATE, HPT RAR“H”, FER“®",

2. AKX ¢ W— B AE B AL A (valuation or model ) £ ¥} dFHBINREEFHEE -4
HiH,

B11.29 ¥ THIRL g, FIHRS p WS R pv-g
M— P RE. HFHX ARG ARE,

THUEAHEXERANEROEY; S/ FRE—
THE, SRR HME. EXMBRCR—1F, &K
HeBAMA, WE1-5, E—FFEN ¢, 5 HFHE ¢
MBTA A BB EME, JhRE, SIS EE A £, HRRA] B1-5 BEEZRAASR)
DBRERH—MAR g, Hib, ¢ ¢ 892 E M0 54 8k RREH

| l6 Ay

o o e e
oo o e
oo o e3>

© P BONFIRM I T H W A & (preordering) F1 5 A s ( postordering) HE—-BREN RS EEME X
BB AW R YRS,
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HEWHK2-2=4, HE, HIHS & My KX EEBRE T BT A TREYE(TT, TF, FT fl FF),
B3FUFIH TIRE o My MAMEBIK ¢ Ay WER, Bilk, HE1T, oMy MET, HR
Wi T, EREMT, FRAERF, BB ¢ My ZLEF—TREF,

R 1-6 7, JLUERRARSZHERANAMER, EE, BTERF, RZHFR,
WRXBRTHMF, MAVBRESRYER, WLHANY _FHE FHBURF, EU(=Z2
A—TBRTERIT. BENTHARB2EN. YREAZABRERSF LM, LR
B, BRRMNA: YT-FRARKGEE, BAINEMHEAERHBBROENL. Bk, &
Y BIAESINBE _TET F. TEHR, T-T BREREN, BX F-T, FoF WEVERGE
Hify, BRE—NE, HEROBREREN, HLBAHABERRE,

¢ | v |ore ¢ | v love

T T T T T T -

T F F T F T

F T F F T T

F F F F F F
¢ | v |o—w ¢ |9 T 1
T T T T F T F
T F F F T
F T T
F F T

B 1-6 HAALITedME 28R ANEEE

WRERBRIBEBX(=F)AERE, PARKANECHELRHT, BIFE oy B
BREAX-¢Vy WBEEERY; XFIMAREGELETSAAN, ARAESHRETNE
BRAFER . BREAXT-MVHEER, TUBASANY-¢ vy BEK -y RE
Ko XHEBH >y M- vy RELEFHH ( semantically equivalent), T £ i it &
FL5H,

B—AEREBEFp, ps -, P, AR S, ELTUNER LHBEMES, BESES
R, RERA2F, 8—1T&p, p,, -, p, REN—ATHRAS, X nZ2—NMRKH
Bet, IMTAERRNTRERE. RIWERER M RRBREN n 6, HEx2" TH ¢
MEE, FIME1-3, XEF=AHEBRTF(n=3), BHEZR2 -8 f#iFR,

AERPIBHITHERENGH T, HpREDF, ¢ MrBREN T, B4, ~prgopa
(g v-rBERMA? HATHIE R R 2Z A7 F & £ 4 &K 4 (compositional ) , 11 B 418 F
AR pAgHIpA(gVv-NIEX, WMAKRBEHRMEEST - WHNITRED o WE, BHN e
BRXANFAKXMEE, Hik, TELX 6 A TE IR 40 B R B T 1S
Ro METFMBp. ¢ M r #ITRMA, CREXNHFHTRE, HHp WS XET, Brll-p
RF, BEGRF, MFAFRHEREF, X, EROWETFHREF, X F-046TFH,
rfRET, FU-rAF, ANt qWEXETF, BTUAF fIF MITEERF, BR%SENF, BEit
BESBENTHp AR, BNTHFHEEREF, M-MEFREESXRF, BF,
HOeWEX, HBF-F, B3 T, @1-7 WHTEAELEp . ¢ M r & Xot, AMEEM
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A1-7 EHERET—TERAKXMRE

i RS BR, AAIAR ¢ WEME.

RERFEERBUBEERAAMNAAEAR. B1-8 EAR(po—q)—(qVvp) WEM
Ro HTHEMES, BRAFIL p H g WA RASHE. BEERFIHE - p f— g WK
B, ERXMS, S p>—gfMgv-p. Kk, BE—FIRENUSIERBE, 8 p—
" g BTERS, B, EE-AT, pRT, g RF, Hilt, M8 XNEX, po- g HER
ToF =F, XM, TRUAEERF S HMOT AL, K, THEE 65, Xt
RATBREH 2, 3FMEIBATEY,

| _—» |

p q —q [p—*"q l qvVTp | (p—>q)—(gVv—p)
T T F F F T T
T F F T T F F
F T T F T T T
F F T T T T T

H1-8 EEAEBAXKAMRNHT
BRE-MEERMANB S HMEB 65, BB T IINER,

1.4.2 H¥RAMNE

XERBMERERRHNS /MEARERY —EE, B MEREEEHFRE D (KRR
%Eﬂ,%%m%%m&m#ﬁ&lﬂummE%ﬁZﬁo&gmMEnﬁ*ﬁ%mTE%
BRS5050, BETMAEIT, BIR/EAMKIE? o A8 HTA I E R % n,©

ni(n +1)

1+2+3+4+---+n=—T— (1-5)

© HASN—FHERL+2+ - +100 ZF, BREERR 100 +99 + - +1 2/, HXB AN, B8 101 +
101 + - +101(100 k), B3 10100, HNRIVEX EAME FHII, BFEABR I 2 BB %K 5050, %7 g8 H
TREAT®,: ARMEFTHRITNRFPARGHRNE, CTESHFE  S0HE,
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B, B n=100, ST UBRESBHE:

1+2+3+4+---+1oo=1—°°—;‘ﬂ=5050

BTN REIE B %R (1-5) WER M n BSE, E—M, JATW LHES AT A B A KR
WREEMER, BRAEMRITAN A BRERSI MR M, id M(5) IHEXM S BR
B, %, BEXFHEM, TEHMEERAL:

1 BRMR: ARWIAMEM, BH M(1) KIER,

2. AW ME 2 REAMNBREERE M) WERY, WA, TLUEH n+1 HHEEJEM(n+1); B
B M(n)— M(n+1)BEH,

EX1.30 HEHMNAFEEERRND, EFLEIFIMELE, SMERB - HBEHR
M(n), HY2 TP RRBE M(n)FR )2 £ #83% (induction hypothesis) .

A AXANRER? MEEEREE, MREFFEF, BaBEAER, tAHRE
M(1), HBERRL, &N, ERBEAEE, Ra=1, B3 2=1+1 FHRMQ2), BRHRA
MEEEX 1 FER, BHAN —e, B2 AWK, FRARENEUELE, Rno=2, 13
3SAME M), BEER n=k(RE1-9), Hilt, RMZERXETHRABKOBFEITHEH
B .

k}’® &\x\\
W W& /g@&\ &:‘&
&S &
o ,9”?3‘ P Q\x\\
/‘h /v‘t‘k \\\’Q A
\*Q J ‘t‘@ ‘@ \\6&‘5 ‘}‘@
& N Q & &
& » W » »
P M & &
O OO e e -0
1 2 3 n n+l

B 1-9 BFRMRTHREE, AFEHBENFL: M), AXNBR(MELYRK)SH n,
M(n)— M(n+1), RATLLBBXMNENARE L & Mk)

EBRHEHHF, ROWS: HHEFEAREn, 1+2+3+4 4+ +n ZHEFn -
(n+1)72,

BE1.31 HFHABKRKEN, 14243 +4++nZfmEFn- (n+1)/2,

iR ERB¥FAMNE. ITRE—NFRIERLSH, FLHES, EREER 1+2+3 +
4+ +n, RHS, RiR n(n+1)/2, X#, BEEH: X FHA n=1, LHS, =RHS,,

BAEMR: #Fn=1, W LHS, R 1(HA—TBMB), EFETF RHS, =1(1+1)/2,

BHALM: B LHS, =RHS,, RidBX I THERIEHNBEG,; XLEXBMRE, TEBEF
BILHS,,, =RHS,,,, IEKMA 1 +2+3+4+ -+ (n+ D EF(n+ 1) ((n+1) +1)/2, LEHWELM
1424344+ + (n+ DIERFEIEINB( +2 43 44+ +0) + (n+ DA, B—TREFHE RN,
EEBEH, 1424344+ +n BT n(n+1)2, ERBEFABFERBX T, X8, HE
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LHS ,, =1 +2+3 +4+ - +(n+1)

n+l

= LHS, + (n +1) X EHHA
= RHS, + (n +1) W 0 o 18 iR
= L‘_(_"_zﬁ +(n+1)
_n(n+1) 2(n+1) .
N A
_(n+2)-(n+1) R
- . A
=(<n+1)+21>~(n+1) A
= RHS»+]
ERARIME SR iER 7T EAREREMSHL TR, dBFANE, e ER e Rt
BB B n B, O

Lhrb, XNFEBRATUFHEERM, B, ATUEINBEEZELRR n=0, BaEERSN
FERY, G0, FEMERENKTRENE, W33 M EABBL. X, WHELRL
MK n=4, BEALSEARE(IBHEXEFF). BFAREPXTFHE M(n) WER
Bd A LR (BIm 120, K REN), 1.1 HEEGG)EH— TN ENH
i M(n), ARRRMEABEBNE,

${i93£p§(Course—of—valué induction) , AN EN —-IPTAELTFHNBIEE, BIE
MM+ DARATEM(n), MATEEBM)AM2)rAM(n), FRXFPAEFRHIEH R
iYL, XMBFEABEAATRERIERRELN, FiA 0 TIESHTUERNEBRTER,

I AXHERAATERIEEAFEALAR? FEAERRFABACEESERNLEPT, %
Br=3REE: HALEERM)AM2)AM3)>M4), BEXEn=1: HHASEE
BIRM(1)—> M(2), n=0 HIFERR? W, -HEIFZANAR, Bk, RISFAN—F
FRARUERR M(1) ., AALBEERLHEH M), REEHAM SE R ERE 1-9 Bk
LE:Riilo

B4, EREANERY, EABEAEAHGRY, BRAEHPAEENX— &S5
BERETHINVEE. GEEREBHEOTEANAPEEHBEDIX— A

EHAENB RS, 2B EABEEMARSEH, G, ZEEH. BEAXHS, BRIZ
ERBEAXNMEHHE b, flin, EX 12T WERAREXERMER: £
EARXPES“(C"HIMEETES)"HIN. BRIONWTUERXTAREB R ZANEX
AR~ A, FEEEGRLAREARBK IRk,

EX1.32 HBE-NEGALN ¢, EXEHWHAN I MEERBEESINPELEKZ
:98:;- 38

Blan, %BE1-3, &1-4 fE 1-10 FHERAR . MTHBEESHES,. 6 f15, £E1-3
F, BRKEBENSEIA, Blv, Bl-, B3, BOKERN4, B, SFERF4+1=5, &
B, ETHRER1+0=1, BB NEXAXBEEAREE, RNTUMNESRARNE
BE1E IR AR R E B 6 R . X P T5 % $R 0 4 #9J3 43 3% (structural induction) , X8
PLBHE P RERENERE R, FHEEMMRNEEXARE, RONME, SHAREES
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1-10 ®BEN 5 MR LA HTH

1893 98 3% B — B

EE1.33 AHITRAENAGXDK, AHSHIMRFTAEETHOMR,

ER MEAARX o WHEMARERNE, S M)RTF HEREN n HARNE
FEERSEHESHME . BEMENE < n, MHREL, BEH M) R BAR ¢ B
BEN n,

CSEAMR: n=1, B¢ RAMRT, Bk, BALRAEES, 05F0,

cREBMSH: n > 1, FTAXARX ¢, ¢ WERSHWHR—FR-, -, VERA, BERE,
AS=ZMMREATHER. B4 6 R(6,0d,), Kb ¢, fl b, RARAR(YR, EAFHRRNERT
WL, ARERR) . MWK, ¢ Mo, WHEFRAT o, GRABKBE, RITEBD¢, W&, HHEIK
M, REX &, WRL. B (6,—,), RIEMTEANFESC M), KB, ¢ FHBM“(" )"
O GilR 0

AR (p—(g A7) ) BB AR B A R B0 % R B R A E I FE S,
BRAAAMBER4, CHARTHORES IR M3, X8, RABEHNEEY3 04
FRBL, B3 EFR AR,

143 wEZEMAEN

HARWEMN A UM I MBTR 6, ¢,, -, &, HEBBLR ¢ XHEMRE, 3t
RARE, RITEES 6., ¢,, -, ¢, F v BERN,

BEH S, ¢, -, b, FYWIEY, REATHREA-IRE, REFAHE 6,
bys v, b, REM, Ty BREBM? EHEE, ZIFMFRASHIA, X— %50 EEHE.
BREARBEN S, BN RTFEI ¢, ¢, ~, &, F o BERKES, RIVEEE
B WTHARE b, b,y -, &, BERTHRE, ¢ HREWNIZR T,

EX1.34 EMEFERE 6, ¢, -, o, BBEN T O —WRME, ¢ GRENT,
%,

b1y, F oy
BSL, FREJ8 L3R § £ % (semantic entailment relation) ,,
THEX MR/ — 7,
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L prgbEp gy RNLFBEp MqMHAARERE, FEMES. REREYpAq¢RATH, p

WEEM, ML p Mg REM, prgAT, BitlprgkEp i,
2. XEpVeEpRAA? AZFMRBEMFEpVveHT, B, ERX=MFLp LHAHE, HE, MR

WTRESq, FPRESpE, pveRT, p BEM. XB, pVvekp R

3. MRBHRLEERNAXFNq, pveFEp, HRIM EF, RIVAFTERLY - gMpveRENT
BESL. XER g BB, WNIT, p —ERAN. HIt, ~q, pveEp R,

4. B, REFNAABRAHAELLANETHRE, pEqv - g,

g EEmAihe, ROVDVABIGHEE R ERRIES: &F o, b,, -, o, -y BEHN,
mud’n by, o, ¢, t:‘//}ﬁ—‘_zo

EE1.35(REE) Ko, b, v, b, Y REFEIRNK, £ ¢, ¢, -, b, F
Y RAKE, Mo, b, v, b FY BRI,

W HHR S, b, v, b FY REYE, FIUFE—IHETR 6, ¢,, =, ¢, B
Y BUEH . RERITZM— N AT TAE, BPxt AN 6E 90 65 K B 48 A & 3 02 o sk E 47 3
H, N KERREZIEATRMOTHR. B, LHHREBEIERMt 4, EXtERE L F S
H ISR RAEBA R B M (k) -

“SHERAKBEAEGHAELRI &, &y, -, ¢, Fy(n=0) kL, b, by, e, b EY AL
HWEBEMEETIE, K3 p A gor b p—(g—r) HIMTHIER
1 prg—or LES
2 p B’
3 q i
4 pPAg ~i2,3
5 r —el,4
6 q—r —13-5
7 p—(qg—r) —1i2-6

B2, MREMBE—TRILT, B, $RBR—DIEH, EYRIENEL RS
o MREFBIT—ATUSK RN EEREN B BRRE AR, BEA— 22 m0iEmn.

1 pAg—oT G

2 P IS

3 q B

4 pPAg Ai2,3

5 r —el,4
6 q—r —13-5

RRRI p A qor, pkgor 9—MEH, FHBRIE p A g—r, pE gor BT BRI
REMEH p A gor E p—(g—or) R, Hft4r
LR NIBEHATIANEIES . BB ENE <k, H MK'), RATZRIEH M(k),
AAWL: RA—THER, FEBKEER 1(k=1), WE—SREMTERIH.
: 1 ¢ HES
EHPH A ANBE BRI 1T, XRB =1, ¢, ¢ HBETF ¢ WIFR, DRIIFIHEL
%%WE¢F¢O§%,%ﬁ¢ﬂﬁﬁT,&¢m%To?%,M%MﬁM§%%#,¢h%
PEAKTR: BEKI b, by -, b, by WIEFKER k, X F/ATF bk HFEHK,
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WEB R AR RS . MEIA T E S

1 ¢, [:1E7
2 ¢, GIE S
n b, GO S
k o H

XEAERMERRIMNATE, $—, ERAZERETHA? =, 85N A AR H
47 WBE—fTHEHEA 4?7 B IMAHERERMNALL; XEHBFHANERER K
fB. BRI MAIRFTEWL, —Mt, BRRNANBERENATHLAN, Hit, &
BRET AR,

L BEBRERMEA G BA, gy HER ¢, A¢, B, BETHBROERLEAERTLNR o, My,, ¢
EREMWER, BEXWITRE Mk, BhE ML NFE FUFERAIKESTERET ¢,

$:s b E Y H b, by, o, b, g BIER, EATTSr BIZEBEORE B BORT K, FIRT K, 7. BIAEIR, 8
B, ¢, -, by b, ¢y o, b FE o, B, XF A RXRRBBERH b5 by s b, E W Ay,
B, Rftar

2. MRER g FEEARAY e, B2~ FEE-FHFERIERT . BRIXSHEENAR 9, v, #
AR, Kbk <k, BLITOERRY e, X, BERFE-IKI ¢, ¢, =, b bn vV, WESG
BUER, XA MESTRESEETFWEBESE TR BRRENTREEIN, BEMKITE, Avel
WRAFRBARIN 6,5 b2, 5 b0y mFUH Sy, by s b, 7 by WIEB., hAHEE, BAXE

by b2y v G EM VN, b by, b, i EY G, by, v, b, mEY BT, REAXKREAE
*EBE G, ¢, v, b Ey BRI, A4l

3. REMGALBITEMERKBSRBRRQETEKTERAN, BLEHERBEANEEX LS
HERRME B, RICEVERET, g

i RE 8 A E A RIE —~ MR ERFINIE R A £ RIER A RN, BIEW 6,, ¢, -,
b, by RAEME, BEREAZNBRARN . B2 FIWRF B X R0 TEHR? B A X
HEEH, TTRARRRAR ., MY TR—RE, FE 6 ORENT, o WRENF,
W4, REEHEXL, BH ¢, ¢,, b, Fy. HEHEY, Wl ¢, 6,, -, ¢, F ¢y KL
AR, B, XARFIBAER, R LIZE B P %I XA H ik,

1.4.4 GEEHENEEHY

EX—/NT, RMNEIRGEEZENEREENNELE 4. WRE S, ¢, -,
b, Fy ML, BEERI &, ¢y, v, b, F Y H—TEARBEER, BEW— N FHAE
tER, RIEE

HEMNE ¢y, ¢y, b, F BRI, b0, b, F o BEHM,

XEERATLL A AR BRI o . HEEER B IEY X R b i —F R X B
RETBAE-NEFRERZEN) . H—AFEBELTZH %% (logic programming) T
942 9 3 & (proof search) , 3 =77 ¥ 1 0 3 38 o5 8 MLAE 2 o) B 00 A LU A B0 0 9 20
N RAER . XFIF 7% —RORRAEAL B, B X509 A 20 T FI T Fh O oAb 3B 3B 5 1R B
GERTELAR,
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X—-FHHABLEFITEMR 60, ¢y, -, b FY L, BA S, ¢y, -, S F Y
RABM, BE S, ¢, -, &, Fy B, WROG=HHEFT:

BT WEHE ¢~ (d— (D= (- (b, =) ) ) ) BILo

SE2: EWF ¢~ (d,— (b= (d,—9) ) )) RABM

SBI: BT, EH 6., b, o, b, Fw REKM,

E—ME=SLRBAGH, HEEMNWTHAELE S,

4 B

EN1.36 —AEBRAR ¢ KN E T X (tautology) , M HNLEEHE&FRER
RTHRBRMERE T, BYENLYFy,

B, ¢, -, ¢, Fy BL, RIVEIEH ¢, — (¢, (dy— (- (P, —¢) ) ) HaZR
—TEEFRX, BHE— AR MRENER, FTUREE 6, 6, =, ¢, BREHRT,
yREANFH, EAREF, LEIL-U HEESHR. BX5 6, ¢, =, ¢, Fy RALF
&, T&, Fé—(d,—> (= (- (d,—¢) ) ) ) AL,

B 1-11 ZMERMHEREN FRE—FRX, AZABRTR 6, ¢,, -, &, WIBESWR,
RAVFEARLENHATRLEH

TR|2.

EE1.37 FEnAZ, Mg RAKN, #TZ, T AETX, UnRiE,

ENERABZESA . BiE g BL. BE 2 H o MARWREETF by pry ) po
RINAME, W2 THEMBERD, 9 WEBE T, (8—F5H 50— RE.) EREA
EAMEEWE —DRT n —MEWR? AHLFLT, RATTUELWIE » WEKEH
MEHBAG L, EXBELTALMEIE - MEHKGE— Tk, LEOFELE » WE
EROE 7 RWE” BRI, WEX 2" MRIIGIESR, &B—1 5 0iEH,

W 1.38 RoR-ADX, ®Mp, p,, v, p, ARLHGPHEETF, RIRSHA
AT —MMERATS o AHA Isisn, Zp, WP IFRAT, WAP, $Fp, TUAp &
Fpo MEAMNAK .

1. 268 RLFRAT, Bp, p,, ~, p.F b ATk
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2. X REITRF, Up,, p,, =, pF ¢ RTIEH

i AR ¢ AEHEMESTIES, X ¢ KBRS IR REBRRERNE,

L R ¢ RAMRET p, BEEHpFp Moph—po BENRRE—THIES. -

2 MR OHMBRAR ¢, RABREXBHAEL. Bk, Bk RENT. W ¢ RENF, EH

¢ 5 o HMANET M. Xt ¢, EHMABEE, BHp, 5., 5, F 6, T~ ¢ RE S, FUKE
Lo , &

HK, R o RIEHF, B4, RENT, HAM, Hp,, pr, > by - b0 HAAN i, T RIE
B, Pas s a6 HPs Py s P b by WO G, SRR ¢, FUAERER M,

HAMBOAEZERANTAR: 0BT é0 ¢, Hio B>, ARV, EFEXEHEL
T, Bitg, -, o Bo WMERETF, r, -, B o, WRBETF. M2a—EFH g, -,
qtUlr, -, nt=1p,, p,, =, p,to Bk, REq, -, ¢y, M, —, by, BE
B, FRUEMMA LR, By poy ) P by, A g, REREK. XETLUFEHANEEZ, 34
BERBIXTEBMIEN, XHEEBRITTLHEHYEER ¢8R ¢ 0, BITRENS LRI,

3.NTHESE, BROE 6~ MESRENTF, MARNDE 6, RENT, &, BENF, HESK

BB, HG, o G R, o, fb Ty, AL B By s Bu b by AT 6,0 BEERR,, 5y,
P T (G o) s ERUHD, v oy Pk &) AT by, RETERRI ¢, A0 ¢, b (0,—0,), BM
%3,

WESMERT, MAHZMEHR., F—, WR ¢, Mo, MRMF, T4, dEABE, 4., , ¢F
Sy HIr, o, BE Ty B, By, By L P b G AT by B—KRBEEAKI ¢, A,
b=, B#EES, B, MR ¢, RIEF, ¢, RET, HEABER, BED,, 5, 0 g é Adyo &b
BUEH~ ¢, A, ¢ >¢,, BMET., B=, R ¢, Mo, HWRMAT, EHAKNER, BBp,, 5, -,
Pt Ay, BEIEH ¢, A, - d,—d,, TREMET,

4 MRS RER ¢, A ¢, BEWNRMAFL, B—, MR o, Mo, BRAET, wANESR, B, -
Qb b MRS b by, BB, 5y, o, P b Ady RSL, BT, MR, REF, ¢, RET, 5
4, ERARABBRURN ERWA L BEP, 5y, o, b d, A by BEEHA ¢, Ad, F(d, A

¢,), BEHET, B=, MR o, Mo, MEF, WAk ANBBURBUA L, BEP,, p,, =, b Fo 6, A
T B, JEFBEEH G A0 F(d Ady)o B, WE S, RET, ¢, RETF, hEHNEE,

ﬁgjl;\l; I;\zy Tty i,. '_(bl A—'d)zy %?ﬁﬂﬂ ¢, /\_'(bz "_—‘(4)1 Ad’z); gﬁf(%z{o
5. BfR, MRS RYTM, v, NANMERL. E—, MR, Mo, MRAF, F2mhHNERNR

Wi, BB, by =, b E b ATy, BEER -, A b, (b, ve,), BMET. B—, WE
¢ Mo, MRET, WA, EHANBERBEED,, p,, ~, b F b Abyo BEEH S, Ads b vy, B
W% =, MR ¢ MEF, ¢, RET, WAHENBE, B, 5y, -, p.bod A by, BEW
HobAdbd Ve, BMET, B, WRo RET, ¢, REF, BAmEBABROER, &5,
Prs s Pk 6, AT Gy, BEEH ¢, And o, v b, BHMET, a

KX FTEBABARE ¢, (> (d;— (- (b)) ~))) o HAER—-ITEFTH,
HEMEERY 2" THE—THRRMEN T, X8, FTENGELST 2" NRFp,, pyy
P BREW, XHE—FMIER, 5.2 p, B p,. REFELMANIEHERET n 03 miF
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W, MBAEMETR. AEFRp 2 q—p B0, REHERLEXTE,
AKp A qop ERAGBIEF p M g ALEMMAE, ATLRET @ NA R KE—4

A —AUEH

P, qFpArg—p
-p, qkpArg—p
J “gkpArg—p

p, TgqkpArg—op
BJ5, @3 EERIGEAMEFRKE—R, FHp A qop. XFE, BRI L HEHHEA
RINEDWER. XTENERS r, BAHEFRrvor, NFANGEETFCIEL p A
q), (I LEM, RIGEIHEAY e, 4 R HA K AEH . VA L TSR B Y I AN E B
HEFERAAMY e, HEBHFMANR. RIVEIN/IMIBRAREZSREE,

1 pPY™p LEM
2 P Bix op Bi&
3 gVv—g LEM qgVv—yg LEM
4 q BRi&| |~ q B q Bi&i| ¢ &’
5 e P :l M

6

7 pPAg—p prAg—p PAg—p prAg—p

8 PAg—p Ve pPAg—p Ve
9 PAg—Dp Ve

REBHBEXTEHRATFREESEWEN, REAREE n A ARRFHERES G
WE, MR, AXAKNEIERIENp A q—p BIEH, Bif, EAHTHREE-IESR
nEHK— MR-, RECHELE %,

SWM3: BE, BER—16,, ¢, =, ¢, F ¢ WIFH, RALE2 BRIEHE ¢, —
(¢2_’(¢3“’((¢n"’¢))))5ﬁ]ﬁE%>{% 1, by, o, O, FERETR, Xﬂ'ﬁ_‘/l\ﬁﬁﬁ(bk ¢,
Fih, BE ¢, FF)NA n Koe, XRBRLS Y, BHEF b5 b2y o, b Y
iR,

BIL1.39(AHEMEMEEY) Bk e, o, -, ¢, Y RFBERNK, M2, 58
R& by by s S FYRARY, &, &, -, b EyY R,

1.5 W|{X

LA T R RIS REXE 1-6 WARAMRE R ABHAZEH, CE:
R, BETREREL, RRRIEUH 4, SHBEE—IETREL, FEIBE, NAxX
PERER—NRINGH —MEH: BARIESR 6,, 6,, -, ¢, FREMEL LW ¢; BB
AREUBRERS 6., ¢,, -, &, FyY BAEY, REHALEFRINER. REXRSE
X ERABE, WaBRWEENHHLH T L 0OEY, XAERRATAT U E B
(F)FMEX®R(F) L Ah#R,

EHARRERE-WOROIABERE G B TR —F . EIH 1. 2.6 FERS H—
PERER, WROKRIIIES RS, EdEENAE Y 1.34 BEFH—-IRH, REH
Edis by v, b FYRBRIHEEHEZ —, BERE IS by by v, b F YR
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MEKERMTE, IETEETEXELHEEIEALNENN" AKX, REELARELRE
EEXENRXAEE, XEEAFEWRFERSHAXMBIE L,

1.5.1 EXEH., HEEREIHN

BITRARX o My BEMH, WREMNAREN T, SMREEENHN, TEH
Wik, B, pog E5-p Vv ARBENEAR; MpMeWTHMFRFANMAEG, —EH
BEARENGR, “HEXR-BARURBERMNOBE, ARprgop S5 rv-rii%RW
fa? MBEEREK, ENEAEHLRAE, ARARANETFARXMARNBESERA, HHpArgop il
HEXRAWT, Mrv-or AT, BR, OAMAXBEEN, XERRIELEEXAR
My KWEMKE: MRS BEXLHESR y, HARZHR, BAXFHIARRBIVFLLONE
&S E—HFN,

EX1.40 BRiTo My BHAEBEAR, RITHE & M ¢ 255U F # 49 (semantically
equivalent) YH{N M o Fy Sy Ed BT, idR o=y, St—2#, WRE o WL, BRITKR S B
HHH,

EE, WiLEX o=y BRIKF(¢—y) " (y—¢)RIL; XMEX S LEHE LR B
Ho #83E, MTFAEMEMTELNY, ELEM5E 8% % (provably equivalent) B —B iy (& X
1.25) ., EMAaX0HF2

p—g9="1qg—>"p

p—q9= "pVyg
pAg—p=rv-or
prgor=p—(g—r)

RIVFE, MEE 8L, BLKEARX » RESR, Bk, ESRNLHEREERAR,
T 5] BB B 2K R ST R R R R R KN R

SIE1.41 CoaedMEROXIK b, ¢, , ¢, Ty, S HREE b, (d,— (P, —-
—(d,m¥))) KL, ¢, &,, =, b, E P BRI,

R HRERE ¢ (6= (d— = (¢, —¢))) R, WR b,, ¢,, -, & EE
MRETHE, B4y ERBENBETERE, 50, F¢i—(d, (> = (d,—y)))
AR (5E1-11 M) . BK, R ¢, 6, -, 6, Eo BRY, HREHIEANS 15
HEF ¢, —(d,— (s —(d,—¢) ) ) BT, O

A, RIOEARBUEIZEAEEoNBR, FAANVERERRNRR S, X
AUHERERES . TLLES U FHFELH.

L EAEM d>y=— ¢ vy BHRARPHANFE

2. EBRAVRREH - N EERE B S ARER— % X (normal form) GERBA ), XEEH BN
KBRBES.

AR, ROIDFEEBHAXBRE “MHEH” (normal) . HH , AFEXHNES,
X—WH, RONREIFHHEENER,

BX1.42 XFLRERFETp, RERFEFNEEp. AR CHMBEREFFHHL
B, MR —A4&83E X (conjunctive normal form, CNF), M&E4 14 D 23X FRIFTE .
L:i=pl-p
D::=LILvD (1-6)
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C::=DlIDnAC

ABERERHAARE:

()(mqvpvr)ya(-pvr)rg (i(pvr) A(mpVvr)ya(pv—r)
EFE—AHBFE, E=ALKBDWYFH: ~gqvpvr, ~pVvrflg, AX(1-6)FE—-&KTH
BN, ERRE-ITXENTH. B8, RIVBERFHAAVRESE, Hov(ygvy)=
(dvyg)vyHoer(grn)=(dry)ry, EBAERT —EBES, AX(~(gvp)vr)a
(gqvr)RRCNF, HHqvp RAERE—-TXF,

It AFEBARK ¢ B CNFERR? K- TFEHEBESGRBEMNNERE, SUE
BEREARPEFIBEMIERK, #ln, HEEE CNFERBAR: (ngvpvr)a(-pvV
r)ng. B, BHABEX, BXEFE(~gqVvpVv)A(mpVvr)Ag R Y HNEHFEH=4
XER:

Fogvpvr Fopvr Fgq
L. BRENXEARXEXFHFIREE, RITATHEHATIHE,

S1¥1.43 XF8HBRL VL, vvL RAKHGLEENEELLI<i, js<m, BB L £
=L,

MR WRLET-L, WA, NFHREHBEME, L, vL vV BRET, Hl, pvev
rvo g KIEARBH.

ATHRARZMHRY, BRBEXFELEL VL, vV PAE-ILREEE. B4
XTIk, Isksn, MR L RFEF, WAL FHRAL; WRL BEFHEE, BT
HBIKS L. Blm, B@LHEIRFApMr, TIHRSA q, TR -gvpVvrRBK, O

Hit, MR ¢ R CNFH, A—PMEEESNREHEE o R FE; BE ¢ WA
AER Y, IRy, PRTAXBMNET, HEMNNEERIE ¢, P, WRHTANTBREBLE
HRBXHEWILE, A, RiIAF S, FMNHLAHEIE, ¢ FREBB, X, AR
(mgVvpVvrA(TpVvr)rg ARRAEMK, B8, ERBHERT g, b, LREHTFLHAR
B, AAHA LRAERNTFE, ¥—TEENAR o, MREEHEETHWESL CNFERN
EMak e, HitEAMEERRH,

HEEIEFTREENGBMERZMN, A BSHEREBUHLN S II—ITES,

EX1.44 BR—AGEEELAN o, WREF-TREFEHRENT, B2L2K o H
7 #% & &9 ( satisfiable) ,

glan, AXpveop RUHEH, BNBRIETHERS p, SHRMENT, HEMH, pv
gop ARFABM, B, IHEHE— I EBHNES, HAYHEX, 8—1PERAXET
WREK, HRZAR, A, IR MESERBLAOESR, TETRESE.

WH1.45 BROAPMIENX, FLORATHROEANRE ¢ REFRKEY,

WM Bk, BROEBUIMEN. HEX, BE—1 ¢ WM, 8 ¢ RMENT; B
o XEBEHREN F, XH, ¢ FRAEBN.

HK, BR-o ARAEHM, WBo—FH—1— ¢ WRE, HETHRMENYF, X8,
SRENT, WMo BRAMEN., (EE, ¢ WRERITFE - ¢ WRME.) ]

EXNTERBREREAN, BNEAFRLEAEERBLATFIR RSO D REBFEPT,
B, RATRA—DHBRBIEMN ¢ RARWEFE P, BXiEP: 25— ¢ BHHN,
RBEA-NMXTUARERHNRRBEF. NRELER, B2 o FEAHEN,; BN o BTHE
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Ao R, RATFTLUUEX TR EENREBEHEI X TERENIERTF ., A BRITE
BIX B

BRTEHWZEREMER, BAEEASNITE CNFERANENARXM T E. i,
ERE 1-8 h A (p—>—q)—> (g v p)WEERE, ME—-Tpo—g)—(gvp)REFH
TRE—-ITCFHIER, BRXBERNITRE T, FURE—-IEBT ¢, BEMNSEREE
—NXFRNR, GEXF -p Mg, BB, XFRHFREAEREPH—FTAENHER: XBp
BT, ¢RF, X, CNFEAMNGRAXE ~pve, EWELRCNFREAEK, FHENTF
(p——¢)—(gVv—p),

A AHEMAK ¢, XMFTHRBRTITHR? BAXBEHBEHARXRBRHLENLE
LE-ATERIy, BB, XERRXHE ¢, HFERREREF, FRABEERR: ¢, v
S Vv, =7(d Ad, A A ), RITBAREXFAEBTEHNR—EEEN, X
B, ¢ IFHENARFRENEESE,

ERA—NHT, o WEMBRN:

I R e e e
ORI I IR R R )

I R R I
H oMo o - w5 e

HE, XIMREFER ¢ WUH; EHEEERRMNEGEL ¢ BHART, BBk
BRIOEWFTH B2, BHEEXRAOITRMEN F, REWEELAEERIT ¢, (1 <i < 4),
MERBE g, FIHFARNRTIR, WRETERTEEN, WESZET.

Y Empvogvr (H2f) ¢, Epvogvr(855)

g =pvogvr & b =pv v
B, CNFERM ¢ K.
(mpvogvr) A(pv=ogVv=r) A(pVvogvr) A(pvgv—r)
MRABRMNAME - ELEMEMEE, BAE 6 WEW, B2, RINEBETELAE ONF
WA ¢ RER, ¢ WAMERS CNFERANSNARRRINLLNERBTS, TN
- UELMHFE, RECNFEXMVAXEmMEEHET.

1.5.2 SREAMNFHY

HKMNEBREANES B ERERATEARERE ., Hlt, BEMNEREEE AR
MEBRAN CNFEROFH AR, RENF—AHESE., B8, BN 1.40, AAREY
MOLENHCHENARREHA ., RIVIEHWAET AR ¢ BN EER/LI T
MERLAKX y=¢ WHHE, Kby B CONFERM, B3I 1.43, MWy BEEARN,
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EBRXITBFZH, FENENTEEMEHALARE —N—BHERE, 554, 7
BREENCETRXIFTEANERNFE, HUFEEZNFETREEFGZEROE S,
=¢ My, =¢, —MAREE ¢, 5 ¢, HFA, By, 5y, HRCNFERW, Him, ¢=
Pe 0 =p, Y, Zpa(pvq); MA—FH d=y, RiL. HTEMHGRURQRE—H,
¢ WB/PN A (“HBATURGERE N, X o MIBESTHEEES) KM CNF B8 R
FABEERLEREE, XS 6 EBEITISMEE, XB, RITH — 1 % & # (deterministic)
BE, INF-1TCHEA ¢, SRES TR 1 CNF,

EXANEERN CNF, NiZHETFTEHOESR.

(1) HFHREEIBAQREERAR, CNF i UKL,

(2) HFH—IHA, CNFBE—IERAR;

(3) Bi% i CNF i3 (% th# 2 CNF X,

MR -ANHEERAXMENW AT CNF, M(DBIEEHREXIE, B(2), MHE g,
WiRy=¢d, XH, B)RIEy 2 6 WENMCNF, Hlt, ¢ BEERWKENY v EHKH.
FEROREMN Ty HEERESN,

CNF R PCRBUAT AR 7 ELAMNFTEMNEF EN G EEE AR ERN R, X
BWHHITHE CNFRBFMNZEXM AR ¢ SWENE, #in, WR e BER 6, Ao, TUHE
o, (i=1, 2)MEBBIER »,, Bk, 9, A7, BEMT 6 WABRER, By =9¢.(i=1, 2),
XA BN ¢ (F LM ITMNIFER CNF %2 FR1(1-3),

HE-PRALK ¢, FBM—FH L 2 (preprocessing) . H5EH ¢ PTHWEHER y—oq
WEBH -y vy BR, XTLIHFN IMPL. FREE(ZEBRBH) WBRFHEH, 8, X/ 8
FABRRIEFR, HRy Ry BTBERERE,

IMPL_ FREE IR AT RELAH WM ARENESE, FEENE, SENEERER
Tk #lm, ARXpr-(prA ) BEMNEER pAq. BIBHKARLETHRHBN ¢ @
CNFit8 - ¢ i) CNF, ERLIFRAAMBEER, S - o BANRASETFETZNEN

CARKEBXANFE, REEETHARKAF L L X (negation normal form, NNF), X B
WIEF NNF (4895 5 Bk, IMPL_ FREE J B M T ERKELMERSE, Hit, WLENS
ZABrB, Xt IMPL_ FREE # {8 NNF, B3 —4 NNFERHSEMHLAR.

SERTHAEBLAHEZE, RITBE—-IMAR ¢/, TEEE NNF(IMPL_ FREE(¢) ) fy 45
R, B8, HAWANEESEARERENBR, Filo' =¢. HF o' BA—, ALK
S FPREFTFRBEN, HILEF CNF HEESMH=MENR . XF. SBRAFER,

*HF ¢ ——AXF, B CNF E X, Bk CNF#H 6, ‘

‘MR b=¢, A¢,, MEN, FEAMIECNF, HRBEME n, BSEIBA ¢ HEN CNF g

BWH 9 A,
CMRb=d, Ve, MEMEN, HHRGEM CNF, SIBBIMH 1, {5 FERE 2HE E 5, v
n,, BAXDPAREER ERRE CNFBRK, Bk g, Mg, BEEXE,

B, BRER EEREELORFR? RAOITLLMHERE, A4 R ER
PSR, AT, XTMERERE CNFERN, EEHH, XHBRNTR R A& CFE,
BRI — AR, ZRBETE 6, v ¢, FAUL R 4 Btk X8 FR A DISTR
BMLBBERSER . X, WA (n,, n,) A DISTR, BHEEMNLEE,

BERIMELET IMPL. FREE, NNF # DISTR §9/0F%, BZE LIS CNF 9515 .
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function CNF (¢):
/* RIB &M 0 BEWBEE I AR NNF ER + /
/% JSB &M CNF (0)HH ¢ %M CNF =+ /
begin function
case
¢ RILF :returng
¢ & ¢, A ¢, raturn CNF (¢, ) A CNF (¢, )
¢ & ¢, V¢, return DISTR (CNF (¢, ) ,CNF {$, ))
end case

end function

HEH, DISTR MFAMARERITHE ¢, M ¢, AWK, HIFE DISTR ¥ 1, f 0, /4%
AZH, FEATBZERART SR, MWEFHAIABMALARXESE I ESM, DISTR £ Hnff
We? BAXF CNF R MM A 5, M 5, A DISTR, HEEHH o, M 9, BXF, R XFHH
B, XH, 5, v, & CNFERHN,

B, n Mg, PELHF-NMAREER. BN EBRBSERE, WRERIAR
MBS, LAHEEHLHE - E]T, Bk CNF RBEMEN, Bk, Bty 25ER
N Ne, BLAHZERE, & MY m=n,Y 1)A(N,VY 9,). BRAR M~ N Mg, HE
CNF BB, TLIBWRX AR (n,y, 2,) F(n,, n,)#F DISTR, REMEBER TN
AB XX R DISTR W EE £ 58,

5o, RAMA, WEHRAXMARE, fE3FAM DISTR WEAHHZENK 9, v = (n, V 1,) A
(m V) BRE, HH g, =y A 9y,

function DISTR (5, ,7,):
/% WREN o, Mg, B CONFHBR » /
/G R :DISTR (5, 9, ) iy, Vi, BYCNF + /
begin function
Casge
n, & 5,; A9, :return DISTR (11 M, )A DISTR(5,, 1, )
12 & 721 A 9,, :xeturn DISTR (5, V 7,, )A DISTR (g, V Naz)
B (= BHEAM) :return g, V 7,
end case
end function

BEEEAFAMATE TR T, #—%, WEg Mg, BELHR, KBRS
ZRRRRANSET. DEEENLEFOREBTE T X, B4 Fakmnm
DISTR,

ELFAULH T HI7 CNF f1 DISTR, # TFRBES I %% IMPL_ FREE 1 NNF, s
L% IMPL_ FREE #E 547 , R NNF A58 AL i — M B E-BHAR N — P SN 5
FEMAK. NNFERMUAARBFR.

14 -p
“pA(pArg) T pA(p—gq)
BRBRIIFELBRE —LRHAR, BHARFH >, F-NFERNARHFR--p A
“(pArg),

Ao, BRXBALRK ¢ QHEHYIHRSFRIEHE NNF B, - T8RS 0545 T
RXLEFANREANTRER. HTHE-- ¢ B NNF, ABEHE ¢ # NNF, Z£ 145
RIS, EH M-~ ¢ RELFHIG. MBS BT (o, A ¢,), HABERE- (o,
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$)="9¢, Vo o, EXMIEHR, NNF N REXWHAAAS. NEM, WRo R (o, v
4’2), g*ﬁﬁﬁ%“/l\igg*ﬁ%—'(dh v d’z =7 ¢| AT ¢2o ﬁﬂﬁtﬁﬁﬁmﬁiﬁm, Eﬁ*ﬂ
NNF W B FAR, RIERE, FAXFEE NNF BER MK, NNF @Y.

-function NNF (¢):
/+ RR&KME:0 RXBEH * /
/% JGR&ME NNF (6)3H 5 & B NNF x /
begin function
case
¢ R—ITXF
¢ -1 ¢, :xreturn NNF (¢, )
¢ &£ $, N ¢, :xreturn NNF (¢, ) A NNF (¢, )
¢ R &, N ¢, :return NNF (¢, ) A NNF (¢, )
¢ R, Ad,):return NNF (1 ¢, )}V NNF (71 g, )
¢ B (P, V) :return NNF (™1 ¢, )A NNF (T ¢, )
end case

end function

BE, BTEENNERASER, AR EENHOERRTHRG. 85— HEzs
AKX o, #EFAA CNF(NNF(IMPL_ FREE(¢))), LA ¢ ¥t H M6 CNF, I E
B, ERMRUEH:.

o FRA M 0N I vk M5 A 5 AT B A& H R et 2k

® CNF(NNF(IMPL_ FREE(¢)) )4 £ CNF A ;

s HRY ¢ RiBENEMB,

RIVEEL 4 EERXNEENEE, B iRm0 EFE,

B — S R 3 F U8 LR AR F B, %3+ CNF(NNF(IMPL_ FREE( - p A ¢—
pA(r—g)))) o RIVEAXMHBENFTARY, Bt S FRORBNZBR AT LE,
%4, i+E IMPL_ FREE(¢4) :

IMPL_ FREE($) = — IMPL_ FREE(— p A q) v IMPL_ FREE(p A(r —g))
= ~((IMPL_ FREE - p) A(IMPL_ FREE ¢)) v IMPL_ FREE(p A(r —q))
= =((=p) A IMPL_ FREE q) v IMPL_ FREE(p A(r— g¢))
= ~(—pAg) vIMPL_ FREE(p A(r—q))
= =(—pAgq) V((IMPL_ FREE p) A IMPL_ FREE(r — ¢))
= (7 parg) v(pAIMPL_ FREE(r—gq))
~(=p~g) v(p A(~(IMPL_ FREE r) v(IMPL_ FREEg)))
=(~p~rg) v(pA(—rv(IMPL_ FREE ¢)))
=7 ("prg) vV(par(—rvy))
KK, 1% NNF(IMPL_ FREE¢) :
NNF(IMPL_ FREE¢) = NNF(—(—=pAg)) VNNF(pAr(—rvyq))
NNF(=(=p) v g) VNNF(p A(—rVyg))
= (NNF(—==p)) V(NNF(—¢) vNNF(p A(—rVg))
(p V(NNF(—g))) VNNF(p A(—rvg))
=(pv7gq) VNNF(pA(—rvyg))
= (p V™ q) V((NNF p) A(NNF(—rvygq)))
=(pV7q) V(p A(NNF(~rvyq)))

L}

it
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(pv—q) v(p A((NNF(—r)) V(NNF q)))
(pv—q) v{pAr(—rvVv(NNF q)))
(pv—q) vipr(—rvyg))

£=, BARKLER.

CNF(NNF(IMPL_ FREE¢)) = CNF((pVv—gq) V(pA(—~rVvg)))
DISTR(CNF(p v—¢) ,CNF(p A(— 1V q)))
DISTR(p v~ q,CNF(p A(—rVv q)))

DISTR(p v=g,pA(~rVg))
DISTR(p v~ q,p) A DISTR(p V=g, rV q)
(pv—qVvp) ~DISTR(pv—q,m1Vyq)
(pv=gvp) rlpvogvorvyg)
XH, AR (pv-gvp)r(pvogvrvg)REA CNF(NNF(IMPL_ FREE ¢)) M4
R, SFHEGBRER, BN T ¢. =8, CRUMBEN(XE ) BEMN), BERREEHN (&%
Fp BN, (BREM). BHENTERMAMNABER p v q. MEIZE L REMI 5
e, Bk, BE-RMARABERTEL . S5, TUREBRROARBERLML, it
BAHIEHREARBI BN,
REZNRBITES A CNF(p V- @) HICNF(p A(—rv @) ) B, BB TILAMHES R, T
AERGHEN, BAKRHBMACLZESRER,
EREZABITF, B8 6= (s (1 rsor)), HE:
IMPL_ FREE(¢) = —(IMPL_ FREE r) v IMPL_ FREE(s — (t A s—r))
= 7rvVIMPL_ FREE(s > (t As—>7r))
= =7 v(—(IMPL_ FREE 5) v IMPL_ FREE(: A s — 7))
= 7rv(~sVvIMPL_ FREE(tVvs—r))
= 7rv(—-sv(—-(IMPL_ FREE(¢t ~s)) v IMPL_ FREE r))
= =7 rv(—>sVv(~((IMPL_ FREE t) A(IMPL_ FREE s5)) v
IMPL_ FREE r))
= = rv(—sv(—(tA(IMPL_ FREE s)) v(IMPL_ FREE r)))
= =rv(=sv(=(tas)) v(IMPL_ FREE r))
=7rv(osv(~(tAas)) vr)
NNF(—rv(—=sva(tas) vr))
(NNF —r) VNNF(=sv=(tAs) vr)
“rVNNF(—sva(tArs)vr)
~r V(NNF(—s) VNNF(=(tAs) vr))
= 2r V(2 sVNNF(~(tA(s) vr))
= 7rv(>sV(NNF(=(tAs)) vNNFr))
—“rv(7sVv(NNF(=¢tv-s)) v NNF r)
= rv(=sV((NNF(=t) v NNF(—s)) v NNF r))
“rv(osv((~tv NNF(—s)) v NNF r))
“rv(msv((—tvos) VNNFr))
Trv(Tsv((mtvos) vr))

T/EHCT LR CNFERS, FERARK, Bl r & — L,

NNF(IMPL_ FREE¢)
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1.5.3 EBRFRAMTERY

HIE R I — 2B A X E RSN E CNF ZM BT ERN. E—RARABES
HOEREMAERE, B BRORRTHESRER. TENE, LHREA—TEABEE
B AT LUE A ROt H e T8 T o B . — DX BB F 2 & & A X (Homn formulas) 2 ;
ATFEBRETER¥K A Hom, THAHEX, FHFAHBRBAIWEHHEE,

EMZZBER L(RD)MT(T)SMERATHENAXMEST K,

EX1.46 EEXXBWEBEAR ¢, MRECWLUATIEEREN HELH 4.

Pi:=11Tlp

A::=P| PrA

C:=z=A-P (1-7)
H:=C! C~AH

CHRB—IEPHRINERTE,

BRAAREBRFANER, BRTHR—IEHE, bﬁ&fi ’—AHKEH P HGE

A8, ENGLBREEXB P, EBARWHATLE:
(prgnrs—p) A(gAar—p) rA(pArs—s)
(prgrs— L) A(gAarT—p) A(T —5s)
(P Aps Aps—pi) A(T —ps) Al(ps Apy — L)
FARBRALXKEFR:
(prgnrs——p)ar(gnrr—p) AlpArs—s)
(prgAas—> L) A(mgArr—p) A(T —>s)
(py A ps A ps =P APpy) A(T —ps) A(ps Apy, — L)
(p, APs APs — Py A DPy) A(T ‘*Ps) A(ps A py VL)

%—‘/N/_\\iﬁz%%ﬁ'ﬂ/\iﬁ HAAKBE N EBNER - p ARLKB P, B-ALR
WAR, BENE N ARBAENEIR g A rT%fE? LHTHER. F=AAKXFEE
BAK, Bh&E— /ﬁéﬁﬁﬁﬂﬁﬂtﬁPls/‘PnTﬁﬁﬂ P, BEMHANARNBERRREBBELAR,
ERAERAREARHN AR,

KNG HAW— T BEBLR o AIWERNEE, CES o PLABPHHAER, AF
I -

1L MREHRE S+, #5728 T,

2. MR SGWEBRP, AP, A n P,—P'HRFHM P(1<j<sk,)MBIRIT, WAHiZ P, EE 2. 50

(=BHEBP, AP, A~ PP HEFHM P, BARIE), 253,

3. MRLEAIE, RHBREAR s RRTHEN", &1k, B0, %4,

4 W ERARETHERN”, &1k,

EXSHEST, AXNMFCHBRAR PR AR A L MIER LR S5k, B, @
EEBEN, —BIRIET p,, MAFETERME B p, WEARIT. £ DR TE T = b 134 BA
XMER.

function HORN (¢)

/x IREMG ¢ REBAR »/

/% JER KM HORN () HIWi & T R4 * /

begin function
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R EE S PHEANT ; -
whilep PEM P, AP, AL AP PHIFTA P, MBFICT P EAE BARICH , do BRiC P’
-end while

1f | #4712 then return“ AR A E K" else return Al ¥ B 1"

end function

RIMNBEIHEENWANFTAREBLR o &1k, BB (=ERHHN) BREHN,

BE1.47 F A HORN ¥ ERAXMTHRAMAM RS, H LA whileiZdF, i
O FHRFHAn, MAMAKRRE n+1 K, HA, HORN &2 5t 5 64 A4S,

R HAEEBEFKIENE, &, while BARICHRERM AR THAFIDWN P
#HATRIE. ERAXMITICR S ¢ PHBRMITA P, HiL, while iBAHMEHRLL ¢ PRET
BEE—K,

HARBRIEBFLL, CEUEHES HORN AHWE AR RERK, B, BRT
WICRBEER . 2R L3, HRic P RENRAR o RAMEN, AP —TREN, B
W5 VA 9 v E B FE BT SEAE B K _E T B while B4 )5,

‘T o RERT WA RME, FARCH P REKN” (1-8)
L. BABRRFRNIT, XRAEBEEHA while 1B4], MR RIFIETHAHBEH T,
HATHHAERREHRRERN, FrUX(1-8) R,

FEHGEE, BEHAT kR while B3FER, R(1-8) Rr, WBABEIEHM £ +1 KIE
WEWFARIC P, ARAKME. WRHEAS L+1 KIEK, while BAHEGF—SREH,
XFE, FHESHWERP, AP, A AP, P, CHTE P, MEFICH. Biko 2 o HEHN
ERRE. dRABRE, RONME, MRE», FENP, REK, HIL, P, AP, AA P,
R N, MBE v, P, AP, AAP, > PEREK, Eit, MRE, PREKN.

HBFEANE, R IEARY while BAEHFB0K, R(1-8) BT,

Bjn, MERYLEK (EASEAHERKEL, &%, WRELERD, HA, ¢ —
EEAMP, AP, ~AP — L, BHFA P, BHFIE, MR(1-8), REY ¢ REK, ¢ 1
FRBET-F=F, BXYXERTEY, FURS“RRETHEN"RERKN. XK, mMEL
Aobric, M4, HEW TRELSFENFCET, FRELFETHORFEET, HPEE
Y, ¢ M TFHRIARME—EREN,

M%¢Em¢mﬁTxiEm,%ZEm%mﬂA&AmAhﬁPL%Eﬁ%omﬁ
Em%x,ﬁ—ﬁiwmﬁ%&ﬂﬁw,mPﬁﬁ%ommﬁm%X,ﬁmﬁﬁ%E%ﬁ
iEH, Bk, P, AP, AAP, o PR GH—NEE, B while AT EFE—K, TL,
PARGEH. BAHLARGIEN, FFUP —ERTREANET. WEE—MHBER, &
K(1-8) , ABRAK, FIE. O

EE, FEEAPREOFEERREEMLER, CHEBITEEMER, EXxetap
EXROPF, FEETHLESENELTHELCB L EARES,

1.6 SAT R##l

BERAXMRCHRRM A EAR N EWREHTIICRME N, Bk (1-8), Ff
HERERETFXERIRNRELFREY, BIHEAR, ROTLUT BXABEE — iy
WAX ¢, LR, Mo RANFARE, ¢ HBEFREREMEM.
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“XF ¢ BAER T WA BRE, A MRic T ARERENRCHE” (1-9)
EXMELT, HMiCETFHESERIEFR; “EHAEE 8RR Rid, R,
KR(-NDER I —IEERNER, UREIEHENERENRER,

1.6.1 £R{ER\H

BRAVEX AKX KIEE TR BTXMRCERE, RIS, BRITHEEAXBERISEW
A B
d=pl (7)1 (1) (1-10)
REFXFZEESTHOILRE TR, EMEN— A% m X3 B (directed, acyclic graph,
DAG), #IAHE SGX R4k .
T(p) =p T(—~¢) = " T(¢)
T(d, ~¢,) = T(¢;) AT(,) T(d, vV d,) = 7 (= T(d,) r—T(¢,))
T(d, = ¢,) = ~(T(d,) A~ T(¢,))

BA(1-3)PAEMARBEANER(1-10) FEMARMBER: ¢ M T(o) BiBLZEME,
FEARENGERT. Hit, ¢ RATHENSANY T(o) BAIWEN; FEF 6 NEM
BMESESETET(O) NENRMEES ., FERIEMET T(d) i SAT R 20 3 E R AR
¢ BRAEBNN . I8 HERKRIEF XN,

B1.48 MFREKXHp A~ (gvp)WAR &, HEH T(P) = pa-—(—gAr--p),
BESFRAM T(6) K DAC BER 1-12 &1,

N\
¢ <
|

/ N
OO
OO

(®

B 1-12 8] 1.48 ARMEE PR () A MERE(H) .
B p HRRELER
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B p A~ (mgr-p) HEMBME—EIE THIRSE 1-12 P8y DAG & LKA
R, BIMRETE p MR FEM -Z8. AREN TS, BB 1-BHTLAKE
&, HPNEEL:"EXr NAXTFXEARMERERNRF; XPKRF—BREKE

—Bgo
LT A
\ 2T
- 3:F
//\ 4:T
5T - AT
- 3:F
2T p 6F ¢

Bl 1-13  pi DAG FR i 23 30 7T W6 12 ok (0 TE 45

B 1-14 FrRsg Mg AR BB AR K MNERES. MNABRREEE S (-, ARE
F)o EEMBBIE M- RRE R EANARBENEWNBEICHTEE, B2
o MMAM—DAGELH T AR TN TLEE; WM, AcRRIE— AL SR —
TTHRIE, MBEHFDFELEER MR MU AHAGERI—A F ARBI AL, 4
REMEBRTERE AN FH, AMAafAa BERT M. MREALEE—4 F 45k, H}H
EM— T THERA TAR, ok Feakm—1F 4R,

RREINE 1-13 PR FTA L FUER R d X S M= 4 19, 7E DAG Aiig— 4% S 2K/ —
RT3 508 R BEIE B X R X4 DAG FoR AR RO TT o B M — M IEE . oAb B B
MEARFIID, IF AL AKKE 7R E A A SRR, 1 4 WS4
PIRBTIES . RABRLIRE S HENMLE, 4R~ EE, RIEVME 1-13 X EE
BAL o

HATATLARL Y SAT RBILKIGE — D RIIBBHH i, K5 p A qgor b pog—r B
AR Y HRL (p A gor) > pogor B—ANEE(HH A7) Y ENY ¢ = “((pAgor)—
P=qoT) RATTHRM . T($)H DAG I 1-15 i, B 17 SR FBRLe 4 & AR = s
FAX. B, XHM DAG 7T LB A K A _E 89 2R THHRATFaARFARME,
BB SN TFHE, :

SATRFOLATZ B 1-16, RBHIE EHESEREZR (1 -9) AT T # Fo X



M iE H 45

- T - F
ﬂ H ARG EER
Tt °F.
° F ° T
; ;
Atel / /\\ At / \
NG N\
REABGEGHREHA RESBEHIHAN

F F

A
An: 4/7 As: R\b CEREe: LT
F/\ /\F

o o o [+

F ’ F
A A\
ANE \ Nt /
AR AR
///\\xF F{//\\\ EHEAR
T —/—> &&——T

B 114 ARE DAG AT WAM ., /NEB RS (—, ARET).
PRI A, A 1A SR A o B 1840 506 Hy B0

HET EARAE L DAC BREXAMEBKFTAAR T(6) FRTHEN . B, FEXHEMN ¢
RATHER . X4 SAT RBHLIKNBITHE X F T($) 8 DAG K/DREHR, HIFXAK
MRS HIRKERRERE—HA T ARREERIF—SAT RBILKEAHREETFAR
KERGHN . XIMEBEERHRNE: RUERBIHEL-(9, A ¢,) WHFHLARIBEH,

1.6.2 =ZRKR\EH

TERLFIZR T SAT RIBULET, BRHWATHLER. RELNFBEAE, H%RAh DAG
FRMARRAWEHN (FIME 1-16); REBEMMSARIFAL S, EXHEET,
FRABIX DAG RRMARFRUMBEN, IELRBHERE(WmE 1-13), BN
B, DA FTENRNARELERHEAR, BRRFA NS SBEAER. RIT
E2RAXMBERATLL (b, A d,) HARS KA, ‘

E{Z—TF, R# CNFBRAMARNARERBRRBES K, RITSBHHLBR CNF &
YROTHESRBRERN. BT HAXAFE, %8 —4%F[Papd4] 4] 4.2 # CNF
R

I
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- 1:T
_’| 2:F
|
“S =g LA , A 3F
“qr=37 " g /
“3=pAg—r 7 Z
gy aiy ‘ 4T
“V’=g—r A ‘
/ S:F =
2[ 6T A
A HAMRE 7T -
\ MAwFBEIF - 4T
T “3” - E\:?ig*u/\ti 8:F —
l BHT—
g 7 P A SF
)//\ A
9:T
A
/ ~ A . 10:T
A\ | / N\
p/ q r 7T p 10T ¢ r 1LF
®|1-15 “((p A gor)—opog—r) i E1-16 RIFTE 1-15 ¥ DAG SRR, EFRRES
DAG, IRid“1"ERTWELE X BHEMFBEAR —BEEBWHEAEL: T RFBEXH,

REBEF AR TR, X1 DAG FRRFHARRRAIHEH

((pVv(gVvr)) ~A((pv=g) A((gVv=r) A((rv=p) A(mpV(—gVvr))))))
(1-11)

HERHE, IMAXAETHRN, R(-1DWE—MREFRXEHAp, ¢ MrhELH
—TREN, F-TRAN., REWEAESBRTFREAp. ¢ M r BAREMOEME, x4
AEAARABRER . — N FH SAT RBIERZAX - ATMABELMERZENTH. K
EFHR, RESATRBILMAEREFAMFARURETEFEEANYR, B1-17 4
HTY T(H)BIDAGHE, R ¢ R (1-11) A, HEH SATABER. BERARHE
WAR, HFERRFEHEABBIANR, $5H, BREEFBI— RS Ba, &
AR ASHTIE? RATAT LIS LEM (46 FI R it SAT SRABHLAOME, XP Fanmm 1-17
WHATICH DAG, Bkl BA BAR ISR &S n, RIEHBBFEAN MM ERR B G
K on:

LR 1-17, @33 AR o 8000 T 4RI e 502 3520 08 470 B 3R 4 10 5

2. X 1-17, B R 0 B—RKH N FARIE K §0 52 B2 4 8 (temporary ) 47 102 BB 5110,
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B 117 R(A-1D)PHAREAN DAC, EH—IMKENINAY, ERENTROSE,
EHRESITBRIEE: FIANBRHNARBHME,
BEILNER, BEFAENRETHRIELRLY

MRPMEEBEGATELOR, BAFEEL, RE T(ORFUABEH. U, X5
MERHRARERCHTE S REZHRNREAEN A AT BAXERENREBE
A 1-17 MiRERE :

HRRMTEE—-SRBRFCHER, HBRATBERAARD, B— %N
LR (FRLERBHAERID), REAR T TERBTHA BN RFIENE KR
AERREMICERRIT, RAER —MER, RIRAEH DACERNARETTHREN,
ST ELE .

Bi1.49 HEE 117, HHEBTEE. BR—1 %8, FiITHERERRDT WS
Ro B1-18 M TAHMMER. B, B1-198HTHEIAFBERCF WER, By
WHEEMAHTFE, FEglt, Bk, R(-1D)BHOARERTHREN.
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MRS S by
M THRIE 5
g S

c:T P gF q caTr

A1-18 A THICEFBERCHES, BROBEDHFNAE. SFRHX M RBITE
FEFEAR. FRANEFEF 2" SRR I RIS

BRI ELIR

BB, BRI =K SAT RIBVLM AR A A . BRSTHEHER DAC &
ANOERAKHRE) WL, ~MEHEEEHAES M REEE SR K SAT RBRILZ4E,
BAHRHLHARB BN RFTHEATTIA, BHEIMFRHAARGIESREERE—K
REPTA GRIFCHE S, BEBELE=IHEE.

BIABBEA RV =K SAT REHL, EEMBERBREALRETSERESHYS
B, WTFRRXKA EE

L“SAARREAWER"

2. “WARRETIRMET - RATHEH”

BAREHRHNY. HEXL, BEMEERRXMNAE, RABHBTHESE RERK.
BIIWERNRA I ERN G e, THSREEERTELHLH, THRT—MRE
SR ERIBRIRICRERE, %E—1 DAG HRE,
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HIRES mALRY
KRR FARIC ;
Ef ey

HFHALHF B

eF 4 gF r

S

cF

B 1-19 HFHRICRBERRFICE S, BROEBIRFHAR,
BB R BRI CH BT E AR

L IMSRA R A B b W E MBRIE T A T AR, TLREFAMIER T, AT MR RS
AARARIERBRINGE S B, WRA LT B o RICES p, BAKBIA—PARIRIZT, Kb Ts=
F, F=T; &l

2 MRRARAMBELRFICAA OLR, REXLITDMENTH RN —MEE, KIEH%.

MR XEERBARENA, BATERNE, BEHIRBHLEREHIKATIL.

B11.50 pTHAXLERRAPH—-DATRRERTETR, BIBE 1-20 i DAG, MHE
CRIOATRERCHEG R, BATETFBEAR. EAEMATHREIERE—ERL MERRE
MR, HHERBRET, X, TLUKAMIERRIC F B A, X4 DAG, B
B — P BRAACFBRERY, BF PR RILSERNEEEZR M EERFCR—HER
FJE . SLJ7 SAT RFHLIX A DAG RNEIEH,
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FTHIIEAE A T / \/\
B9 1 K AR bR /\ y

A1-20 REATIRCRBCFEARNE R, LA FKABRERNE S
R, BEUPAEREXDS DACHIAIHREY, WERARNKL

1.7 3@
%311

L @A, -, rAfiv, BTHEEREGRT HEEEE, 61 58355 H N8R T

P, 9%,

“(a) RS R, WAPHXERSHEHE,

(b) Robert $&%* Yvonne, ¥ fhi1EEANEF

()MBRSETMHE, WARRETH, RETF,

(DWMRE-NEE, BAaRERARPEE, REHFEHRID,
(e)BIEKREEE A, BRIEBBRIABEMERIGITTBIELZ,
(DMRFELEFH, WALHNHE TR,

(g) SR Smith ZET hRzsif, WAMELE THHERBAE bR,
(WA XREATWELHLWHE, BEREWERKE.,

"(i) MR Dick EXBBT Jane, MMIEALA—EBMHE, EABNEBR#E,
(HEAE, BENK, BERSE.

(D RHERE—-TNEAEE,

2. THHMEZEARBRARAET |3 NEEBLERASTHREEHTFE. RELEFHEA
RUTEIES , RBKRTELWAMEAE, Hi, Hprgor, B KFERNLE
g, MEARXKER(pAg)—r,

“(a)"pAgor
(b) (p—g) A= (r v p—q)
() (p—g)—(r—osvi)
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(d)pv(—g—opnAr)
‘(e)pvgrTpAr

(Hpvp—>—g

(@) AHAREKpvarr RAERBEK?

%>1.2

1. EHTFFIR I B A R
(a)(prg)rr, sAathqgns
(b)prghkqgnrp
(e)(prg)rrkpa(gar)
(d)p—(p—q), pFgq
“(e)g—(p—r), ~r, gF—p
(OF(pArg)—p
(g)pFg—(prg)

"(h)pH(p—g)— ¢

() (por)n(g—r)Fp A gor

*(i)g—r E(p—q)—(p—r)

(k)p —=(g—r), p—qt por

"(Dp—gq, roskEpvirogvs
(m)pvgbr—(pvag)rr
"(n)(pVv(g—p))nrghp

‘(o)p—q, roskpAr—gnas
(P)p—=gF((prg)—=p)r(p—(prq))
(@) F g—=(p—=(p—(q—p)))

“(r)p—q A r=(p—q) A(p—or)

() (p—=g) A (p—r)bkpognr
(OF(p—=) > ((ros)>(p Ar—g As)) s URETRL“DEFR 6 FA) B 80 6 S B i iE B .
(u)p—gbF—g—o—p
"(pvpArgtp

(w)r, p=>(r—q)Fp—>(grr)
*(x)p—(gvr), g—os, r—stkp—s
(A V(par)kEpa(gvr)

2. XATHEMKS], MEHBR RA R, R RN,
“(a)=p—>— gt gop
“(b)=pvogk—(pnryg)

“(e)™p, pVvetyg

‘(d)pvg, "gvrkpvr

“(e)p—(gVvr), —q, ~rt—p REH MT R
"(f)mpArmgk—(pvy)

(g)p A p o (r—gq) A(r—q)
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(h)p—q, s—mtbEpVvs—ognt

(i)~ (~pVvgtrp

. YE B R R 3 A B
(a)=p—phkp
(b)~ptp—yq
(e)pvg, "qbtp
()~ p—(p—(p—9q))

(e}~ (p—q)F g—p

()p—qbF—-pvyg

(g)F=p Vv g—(p—q)

(h)p—(gvr), g, ~rk—p
(D(crn)—>t, haos, ha-(sve)—opk(nAa—t)—op
(j) HBAERX(1-2) WE D RF)

(K)gF(p A q@)v(—p A @)/ LEM N
(D-(prg)F—pv—yg

(m)p A g—rE(p—r)Vv(g—r)
"(n)prgk—(—pVv—ygq)

(o)~ (~pVvmg)kpnrg

(p)p—qbF—p v q BEAMHA] LEM #0002

"(q)F(p—q) v(g—r) I LEM HL1
(r)p—q, 2 p—or, "g—>"rkg
(s)p—q, r——t, g>rkp—o—t
() (p—q)—>r, s>p, t, "sAt>qbr
(u) (s—p) vV (t—q) F(s—q) v (1—p)

(V(prg)—>r, ros, gr-sk—p

4. BRAN AHKEB¥F 0 R IHEHMY PBC,

CUER TN ER R .

“(a) ((p—9)— q)—((g—p)— p) .

(b) SR KIEN, REEX ((g—p)— p)—((p—g)— q) B H—MRBKITIEE?
(e} ((p—g) A (g—p))—=((pV g)—(prgq))

“(d) (p—=g)—>((—~ p—g)— q)

- HRESARGMEZETTRHRANE—NERXIEWER, IFEE, BT EREEER
RAKI b, ¢, -, $,(n=0), XHE, WF—EYH, BUTRRSHT, £EKS
AU TFy, EXMEE, RIVBE—-IFRKEHES, SEBLEREANBEHR
RIVEAM, B, MBRHE—-NRFT, ¢ WIEH, FARLARUN—i, BHTF oo
¥ B — A EB . FE B FRR K S 2 18 895X A HE B

robty _ .
¢ —y¢

MR F AR

pre BH
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EPRTSR RS M. FROEE I R 28,

(a) FIXBEBTE R BRI 1-2 O ATEBI MM, (3B — BB A] B4 R 1k — A BTdE.)
(DB ATEXIMFNRERT - ¢ KIEREH IR REW, P T -y EIR,
()TEFWIERRGER, WEHp v(p A q)F po

7. MR RA . BAFERIEN . BR2ZESB L, k, 120 BBEK, WEATEY,
BE2=K/I, RESEMM, B2/ =, TUBEIMIC2EETHEE2 HAEK, 6
W2LPH—ARETE EK2 8 HHLAXR—FE, FHEEHHE?

8. H— MM BENGTHRYE, TUNGEBSEERNEZEN -, Lo LBEN 6. HR
H, XHMEHAKEEENAREEAN, BdHo— LB - ¢, BEAELLANIEHN
MAEGT N~ i, —e, ——e M= i HEL?

9. SIARBIRE R doy ERABERE (d—y) A(y—d) o MoMEBB AR EHM, mE
£ ooy BRR(d—y) A(y—d), IEHENTRSHIN ,

%31.3

HNTHGHEMXEIE, BREBEAET, BERAHERESAF 1.3 -5,
Lo TFIAS, AR B E SR
(a)p
"(b)prg
(e)pr—g——p
(d)p A(7g——p)
(e)p—=(— g Vv(g—p))
(D2 ((mgA(por))r(r—q))
(g)~pVv(p—q)
(W) (pArg)—(~rv(gor))
(D ((sv(=p))—>(—p))
(DGV(~p)=(=p)))
(k) (((s=(rv D) V((mg)Aar))—((~(p—rs))—r))
(D= A(~r—>(gVv(—par)))
2. ¥ TFTHMEBNAR, FIHEHFHE TR,
(a)p=>(—pVv(—mg—(prg)))
(b) (s—>rv ) V(mgAar)—(—(p—s)—r)
() (p—=g)A(—r—(gVv(=p~Arr)))
3. B THEMEEEAR ¢ HiBESFH .
()~ MNAEBEHEE
(b) B4 BRI AR 12 & BUA BT B
(o) BBRHEE,
4 XPTFEENAR, BT REES VRIS AT
(a) 2 (s—=(~(p—(gVv—3s))))
(B)((p>=q)V(pAr)—s)vor
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B1-21 RBRESAALHR

5. X TE 1-22 WIRRSR, SHERSKEERARN,

A 1-22 —AEEHEBHER TR

6. XI T FHMH, SHEMNNREERR, HEECNRETYHFERAR:
(a)H® 1-10 g%
(b)) 1-23 B#%,
7. EHTEHER-NEARARNBEEINR
(a) o7 LAE T B — AR LR TR R BRI B AR AR M
(D) EXATRKBEN; MENEET ABARIN—-1T4RAR,
8. B REEEMTHREAB T ARBERES LR,
(a)p A= (p Vv q)—(r—s) .
(b)p A= (p Vv gns)—(r—s)
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B 1-23 B-AHFEBEERMIEESTN

(e)p 2~ (pVvrs)—(ros)

EEREARSAAT, HELA LB ABAESHTARERE XL

%31.4

1.

2.

4.

By-pveWEMER, EHES poe WEBER -, (“—H"HEMEXRP TR F EX
HIFIARTE ) :
HEAANTELHMER:

“(a) ((p—g)—p)—p

(b)) HE 1-3 BE RS M BRRH AR,

(e)pv(~(gr(r—q)))

(d)(prg)—(pvyq)
(e)((p—>mqg)—"p)—gq

() (p—qg)v(p——4q)

(8) ((p—q)—p)—p

(W) ((pVv q)—> r)—>((p>r)v(g—r))
(D) (p—g)—>(—p>—yq)

- BREAREM—AARWEESTR, HEARMNZRENEE(NE 1-7 WA E

MER), BESTRIT.

()E1-10WBRER g M r RERT, p RN F;

(b)E 1-4, g BRERT, pfr BRENF;
(c)B1-23, HppET, ¢gRF, rET;
(B 1-23, HhpRF, ¢RT, r£F,
HEAXBEE WO EME, HHEERDHERNTHE:

(a)p MIEHNF, BENT, AL p—(—qV(g—op))
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(DARER-((~gr(p—r))A(r—q)), pIENF, ¢BERNT, r RENT,
S A ARXBRARYYENYEN TENFARETCHRRENT;, ERUBEMNYHNYED
—ANREEBEHRMEN T, B1-10 BiZESHEOAREE R RO ENG?
6. B+ B—IMHWEBEBXARE, WRp+¢ AR YENLp Mg HWEBW, REHE
HW,
()5 pxg MEMBERX,
()BHi(p*p) *x(g*xq) MEME.
()P EMBERSE1-6 H—PFR—BG? MR-, 2B/
(d) PRAEAE B BRI « fERBHEIT? RME, CSHEKRELA?
7. BB RG ST FERABFPNEHTIEN, EAHEREAFRNENEE, KA
TR AR B0 BN R A A R %
(a)Xt nzl, AEFAMEIEH
(2:1-1)+(2:2-1) +(2+3=-1) ++((2-n-1) =n’
(b)k M IRERE., RIELREW I BR, WEFEE—TAREp, i k=p [, fim,
15 fEB 3 BER, HH15=5 -3, @ANEAMNE, EHXMARK =1, 11" -4" 53
TRE,
(o) MABFEIEANE, EHMARE = 1,
2 _n-(n+1)-(2n+1)
6
()X TA n=4 MERE, 2"2n+12, XEWEARERE n =4, FEXEM n <4
RS G 7
(e) RBMEH AL 2 ¢ FI3 ¢ RBREL, EBIAEMT 2 ¢ B A MR SO R BB H 4 F 5 S g
Rf. B X BARFIEAME, B e RIRE, 77995 B o & 5 A
RE: B—, neMTURB2¢ R, £, fTne EREDMA—H3 ¢ HEE,
(DEH: M THEZRBNETERLRNNE, ERENIMEATETHESHAK,
8 BWIBMAR T AU KR RBAMN., WF =2, X F 21, R
F,.=F +F ., B, F,22F +F, =1+1=2%, FREIAMEEES, Sz, “F,
REHER, XMEWMERFESF,, F,, F,, - AhEKHR,
9. ZBEH rank, F K
rank(p) &
rank (— ¢) =14 rank(¢)
rank(¢ o ¢) =1 + max(rank (@) ,rank(y))
Hbp REBET, celo, v, Al, 1R n=m, max(n, m)Bn, B2H m, EVIN
AMBEBRE EX 1.32) 0 0 ¢ BB B RIBE M, iEY rank ($) 7 £ 589 i £ 5
AEERAR ¢ WEE,
10, THER-MEARERNE T IH 2B EANERERNO T, RN,
“MAE =1, ¥a' +52+1 BEK
(a) IEBAE BT R N T,
(b) UEBH A BLA T o

1242 43% 4+ - +n
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11.

12.

13.

14.

15.

16.

17.

(c)MEBABIE M R4S 1o

() FRABFEPNEIES, ez 1, n® +52+1 B2HFH,

XfEF 1,35 B A& BEMEERE

() BRRT AR RABF PN, MLF R FREBRNE,

(b)) SFHIEAT TR A A" ER,

(e) 5E LB S IO Fi UE B 30 00 A 4 35 195 0 40 47 %?El 2HHRARMEERS, HEWiF
HEBREHZER, FEWTIES HHN -

BEAETFTINAKXFTHRE - ARE, FERFOEHRT, MAEHEF REH FEHHRIA
RAYMK :

(a)=pVv(g—p)F—p~Arg

(b)=r—>(pvyq), ramghkrog

*(e)p—(g—r)k p—(r—q)

(d)=p, pvgk—gq

(e)p—>(—gqvr), ~rk—g—o—p

MFFEEMERERS, FHARESPHNEGOAT, EPEFRp. ¢ M r, {8
HIRAE, WLt IR,

“(a)pvgkpng

(b)—~po>—gk—g—>—p

(e)p—>gFpvyg

(d)p—(g v r)k(p—q) r(p—>r)

BT RATKRFp. ¢ MrWAEEBAR ¢, RHEYp Mg BBH, R g A(pvr)
REME, ZAXEEM,

Xt RBFERRE, EHEE((, A(dy A A $.) ) =) = (> (d,—( (b, —
¥)=))))e

R THRERRGESE TS R LT BN,

(a) @, Ao by B (¢ —d,)

(b)—'(bl AT Gy, di—,

(¢)— b, N, ¢, —d,

(d)¢l ¢, I"d’l_’d’z

(e)—‘¢l AN, F (o, Aoy)

(f)— b, Ao, '_—'(4’1 Aey)

(g)(b‘l AT P, '__'(¢1 ne,)

(h)- b, Ao, }_ﬂ(d’l vVé,)

(1)¢1 A 4’2 |_ ¢l v ¢2

(j)-ﬂ(bl N, F o v é,

(k)¢l AT g, @y v o,

MFTEE ¢, = o ML §IFBH R i 7 2%,

(a) (p—q) v (g—r)

"(b) ((g—(p v(g—p))) Vv (p—q))>p
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%>]1.5

L ALK ¢ BERWLEANE T=¢, HPFTRLEM WEBp v-p WES,

2. THIHRLEAAEXEFEMTF p—(gvr)?

(a)gv(—pvVr)

"(b)g A rop
(e)prr—og
(d)=gArmr—mp, :

3. M EEENEERLERAEREES I AEEBARBE - MR ARESTHERER
MENLARX. i, £45{~, VIR IHESHENEEKERNE, B ERAWEMA
MBI URSEN R dov=—d Ve Mo ry=—("¢ vy)REH,

(B~ AL {0, 2 fll—, LIEREZEBNEERERE. (XNEH, BLE
R ¥ BB 1A .

(B)IEH: R CC{—, A, v, -, LIEGEEZBNZEKEERAE, B4, ~cCH
LelC, (B/n: BRCEFEEERUEL, ¢ BRé CHBELRAKNBHAR, Xt
BNMEFHEBRET, L8 6 WHEBY.)

(e)le, I BRERNG? EHERKEL,

4 EHEHEBMEEY, EWRI 6, ¢, -, b P HE—PEBHLENY ¢, —>d,——
¢~y REFX,

5. IEIXR=£
(a) HRW: d=0¢ MEFTAK ¢ R ;

(b)XHREI: o=y B y=6¢;

()EBE: o=y My=nZAB d=1,

6. WA XF=,

(a) AFIVERZK.

Lord=d
.o Vvo=d
(b)) AFIV R 8 :
RN
LéVy=yve

() AFMVELERH:

Lo r(grn)=(dry)rn

HLéVv(g vy =(dVvy)vy
(d) AfIv R .

Lo A(dvy)=¢

Lo Vv(drng)=o¢

(e)AFIVESBH .
Ler(yvy)=(org)viedry)

'ii.¢V(¢An)E(¢v¢)A(¢V7’)
(D=WMENEETE: ¢=——¢, FH



& M EH® ' 59

(g) AV EBEERAR.
i ~(ery)=-¢Vvy
i (pvg)=Td Ay
7. BT THERNRMER, WE CNFREINAR.
"(a)

oo T =3 |
Mo o3 -]

= = o=

“(b)

Ng

I T T I R R g
ST T T T T R VS
R I I
o= M om =3 o

(e)

&

T T T R R R R
T T TR R R
T T T QSRR | PN
T I R

8. Bl H K% IMPL_ FREE, BERWA-NTHELARN(NWBEESIFER), HHENETER
AR, FE case IBHFBEL AL FH? BIZE X 1.27,
*9. 35 CNF(NNF(IMPL_ FREE —~(p—(~(g A(~p—¢)))))),
10. 3§ CNF J& 3 A9 2> X35 35 6 P 45 #0154 354 B 76 8 FF§ DISTR B, © otherwise’ 1 T &9 Jaf Fi %%
Eﬁlg T # N2 ﬂ%ﬁ(l‘6)ﬂg;§ﬂ D,
1. Xf ¢ 097 BE 6 A 1T 4 BE I 8 CNF(NNF(IMPL_ FREE$) )& E ¢ BZ5 &1, 0



12.
13.

14.

15.

16.

17.

RIGHER CNF AR,

Jft 4 BG40 CNF A1 DISTR {£4# NNF A%, At 4aX— S E2EEHN?

iR B AN ¢, WA CNF(NNF(IMPL_ FREE(¢))), BRI A

(a)$ih B & CNF ERXK

(b)BWHIEXENT ¢

(c)AHBREZILL,

W LS. 2 WHRHMWFTAERMERERA ST E &GRS EELIL, 1R RETE X AL AR B
WIEN? HE, BEAENENMMSEARXBTRAMAAE &, fi, BA CNF(e, v ¢,)
% T VM DISTR(CNF(¢,), CNF(¢,)), Ti CNF(¢,) AIfELL &, HERKBEE., N4
XA —A~ [ R W 2

Xt BB AR B B HORN:

(a)(prgrw =)A= L) A(r=p) A(Tor) A(Tog) A(u—rs) A(T—u)
(b)(pAgrw—L)A(t>L)A(r—p) A(Tor) AT og) A (r A u—w) A(u—s) A(T —u)
(e)(prgns—p)a(gnrr—p)a(pAs—s)

(d)(pAgArs—>L)A(gAT—p)A(T—os)
() (ps=pu) A(py Ay A ps—pis) AT —ps ) A(ps A pyy—L)
(DT A (Tos)A(woL)A(p A gAs—>L)A(v—s) A(T—r)A(rop)

() (T2 A (Tos)AMw—T)A(p A g As—v) A(v—s) A(T—r)A(r—p)
MARMNBALEBAKANEE, WG EPFANP:=LI1 Tipl ~pht, MBNHF4
HORN B3R GE IE #1535 77
XTERBAKXM CNF IREBEA 47 KB, N THEET I ENNEBRLAR, Rk
UL CNF A1 G 7 REBEIEFE R RN — M REERD B - ERBR AL
g7

#>1.6

1.

XHA(1-3) K &, RABEITHEUER .
(a)T(¢)REMA(1-10) 74,

(b)T(¢p) 5 ¢ AMRIMMEES,

()¢ AEMMEEES T(¢) HEMMIEL AT,

2 WA 114 GATA LIRS B WANARENFICHER(1-9) FER, B4,

SRR b AL R Y 2 3R A B — AN 0 B AR Tt R ST

- EE 16 1, RV THREI p A gor b pogor R F B, FIL M SAT RAEHL

SRR T RIE R R I (p—q) v (r—p) RERM ., (XBARE, BHEAHRES

", FIEWIALI LEM (B8 B0 S T B T X M. £k M SAT sRAEHLR FH AT T 1S

o) )

BRI p v g, porbro BERARTHEMK DAC S HN S XA KFRAE KK, F
T,”iC DAG MARE R, M ERMFAREIH, 53 DAC WA E M — MERE, £EH

X EMBXMNEREITUEN p v g, por b r REAHM

5. ERMEBEX EMBX - EHABNTURAEARETE SR SAT REHE AR,

X (1-10) K ¢, REM T(d) B DAG 3K ¢ g9
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7. BEREFIRE DAG ML EAH“L: F,"RiCBR ., EXHELT,
(a)BRFARARSHENG? MER, HAFLE,
(b) X F DAG iR BMARKEEHEA 27 WE
i METFBEAKR,
i. TSN SHAEBRRARE,
8. KE—-MEBRERAR ¢, WEIELH SATRBILLIFAE T(¢) SHRICEEN AT 6.
WIS B RR 7 s A R AR F
9. %EE 1-20, JEH.
() BRI FBEAR,
(DAEREHABH TN B R R E, BRI =K B2 0577 3% B M,
10. MERHIE 1-17 ) DAG WL R — KB T(o) M, B ¢ BAR(1-11),
L = ELBE AR RS B Z K SAT RBYL S RTTRKBR A RIF IS ARG HE 1-14
LU B RRBRIK T o 45 HE B SRALEIEIE , SR AF 4 40 07 45 5L 5 4 050 B B YR U
12 —AAK ¢, 8= SAT RBHLRGEHE T(d) ITTHE B
13. #—$HE: Al 1.6.2 Fw= m&wﬁ@m%mé%ﬁﬁ$ WM%&&X#&A
K NMZBEZ(SIDWEY., A ES s 1HE T(¢) B DAG; HIFF—4 =K%
MT*@MOE%%ﬁ@ﬁ%ﬁ%mFﬁﬁ\uﬁﬂﬁmko
14, MEBX — W #5385 =k SAT sREHL .
(a) X BT A ) IE 5 B B0 A BB IF
(D) EF—-NRARICEHEEFATRER(1-9);
()X FRA MAAMRICHEFER(1-9);
(d) B3 E 58 B AT 3% B4R
() BERM“RAIHEN" LS,
(DEL6.2 THRK I EAFIMRBETHAREROH MR FRERY,

1.8 XWiITE

BREAFBAKIE, A LGEY B 2000 4587, HABL RIS BABEHB B
B 64 o BB 8 B9 ELH R LRANTE K2 160 4EBTH G. Boole [BooS4 | REAMY . fi/REEAFE +
- REFRSEH,

HARBEZH G. Genizen [Gen69]fF % B, 3£/ D. Prawitz [Pra65 )it — 2 kB, TEHZ Y
FEHMAIEE RS, HETEENESIALBABUES &AL (modus ponens) ( FRH—e) il
QE%%OE%EQQ#QAEﬂ%¢%®E;#Hﬂﬁ—ﬁ%%mﬁ%ﬁ%,%maﬂﬁo
X FE SRR B LB BRI . Gentzen 42 D FE (i 0 —i, — i fv e Bt 6 FR 6 ) 1B 3 3 43 )
Ab B FTA B BR 45 1R B B A B T X R

&m%%ﬁﬁE&MT*%mE&mmﬁﬁ&ﬁ%ﬂ%ﬁm,MMmk%MTiﬁm
BARBMEERNEH,

ﬁ*i%ﬁi&ﬁUﬁﬁ@%?ﬁ%ﬁﬁﬁﬁﬂﬁﬁ%ﬂﬁ%%ﬂﬂﬁ%2ﬁ%%%i
MIERFRE . MEERMBELERNNT BTSE Weids ],
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2.1 BRMNBEEFEMES

EE1ES, ROIAEATAAETETHEEZE, X=Z1AELHE: EHR(BR
WUHE) . AE(ARXERRER) X GXELAXNERET L) AX=THERREGE
ZHERMHEEA, PXTRAELHALCARNE N REIEIRNELHERE, YHEEH,

RAVE LI L AAE BN AMNENRE AN RBREFEX—E, wEZRALEE
AR REENME. . A f- Mo, RETHSAWBENSER, BAFESHXFE
BEWMZ, RMNwMLEns L. , B e R : N ¥, FIRA g mAEEEAE RS
BRI ERE, RIOFEEREHB 8 42 8 (predicate logic) kK XHFIWTIEH), IBiEEE b
RN — B 1% 3 (first- order logic) ,

iERATIE BT E e R WiE ]

FEANAFEARLBHEAET SR, (2-1)

EaBLERS, RIBEXMEMUAGEIRF p. R, EHXERBRFEGEMEH
HIEBEH, XMBEANSXERALA? ERRTFR—A%F4L, R—AEFHMUEAAESE
BHEBRR, SHEEH2BER, Bk, RMNFEF I XEXBZELXERHEHEXHEY
L,

RAERMNERFAREBXNBW. B, A S(andy) FR Andy B—1%4, [(paul)
R Paul B— G180, KM, A Y(andy, paul)FiR Andy W paul 5, 5 S, [ Y FK
HEWE, HRBINVFBRCMNHEL, MY BATEERE - MALE—IMAER, BHR
78 0 0 b R X S RF S MR A X

HATHBAXEHLBTR, BRINKABTER LR RR“LHAEH"HEQEIE R,
B8R, XMEAHEBTHRENFARAD KNG ME, WHEFRMIRERMBEGKRE, XA
WA RN TR RERWE %4, BAERERNO W, XA %4 WX 20
F£58,

XFRER R UAERIMTREEN (-1 WET N, FXLE, RIOIAHE S(- )P - B
BIFAEHNEFREBINEZOHRE HR, KM, SRMRE X FEBRE N HRATHBN,
MBEHHBEIENMERBE TREE—GERRANERE, ik, BESALTIHNES, T
BicHhu, v, w, 2, 5, z, =R, 5, us, =, ROITLIE IR K LERME (0— R 2
H—RFKRE) 8 & 424 (place holder) , FIAZRIE, RN UFE BN HiE8 S, 1l
Y B & X

S(x): r B4
I(x): x B~ &P
Y(x, y): zlyHER

B, ZRNEAFHIHAEE, REELFTXF -BULGAXETRELHT. BRITHT

P T BRENE LEE:
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I(y): y B— &I
REMHEE:
I(z): z B—{EF
TRIERBNRE ST, TRAFHRALEIGE ERAGHER. RITBEEL
“FANEEcBUENEN y SR IBMEIXERAL R, XERNIFBESIARRY (k.
XEFTAR) AT (RE: FESMED), ENEEERTEHA, Vs (MFH )X 3z
(FRE:RH2), RERMNZLAFSHERE B R FA.
Va (S(%) = (3 y(I(y) A Y(x, ¥))))
BHELE, IMABAREGN —MER, ZHAP, B ERAERXMAMESEFH L
Sk Bl
ik x, BrR—AFA, WAEEESy, y R—BEF, RFxky 5.

ARBIEFETTUEARAEN BN ER, BEA ST RE -1 ER(FRN—1i84), g
YRENNER(RA=ARA), FiFHESES, THRIREEERNTRIIFIA,

THEHESI—=MEAHF . : A

FRRFTAH G EGERT AT,

SN ERNEE—LBHBMF, TEBERN

B(z): s B—HE
F(x): 2 AT LAIRA

BRI ANRITA B SE AT L AT L4 R
“(Vx(B(x)—>F(x)))

HEXE: "RERSRTLCH, IMFLRERRLH. BaiEHE, FaiEaTusg

B '
Jx(B(x) A~ F(x))

Bl: “FE—1=, «BE, BREY, EE, H—FMERFEL LANIESSHE YR

B, BERMNALEFOHIF, IFIMAXBUZBREN T, AIULBESHERS K, &G

Z, RITART XEARE - BIELTERENEL, RITEERBIH 2 L RBAARE

Br bR 3E LS M,

ERFAZES, LU FREANEREL RO IEELAEBEEN, HWESEAH UML
ARG RITRERLBBRENER RV S, FELAEEEEREMEE, RHXMHE
B-2%R, RIOMEEARMAMREAR P EEWHLEE AT DM () HiE L
(F)HS,

E23HH, BRIV AGMESHPOARBEEE, G GESES 88 b2
BAX, EaXfrR, RITUWELE 1 B—H, BLBIEHES ¢, ¢, -, ¢, Ly B
B,

2.4, RIS | HRETLHE B YNOEEES . LHATHHR, £
HRFEAKXTURAMREY, TUEGEXES ¢, &, -, ¢, Eg.

FEGINR, EEBSEREEG, MR b, ¢, -, &, R, Wy EX PR G
WA, EXFHHERET, RIMNE v Th o, ¢, -, ¢, H X5 1 ¥ ( semantically
entailed) , REXBHENERFHNE X SHESBPOE N 1.34 FHHE, BEELEEA
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(MO, FEAZEAXMRKATBANGTEEZBEPHNEETEREAFAN., RITHE2.4
AR,
IEHAZEDTHRESEEN TENHSFNEEEMEEEEE TABHER, X
BARMER, MELEXMEREENAXKR, &
¢s &, v, by HHNE ¢, ¢, , b, FY
XA HLEE — N IER B BB EK K Godel K,
HITEHOF LI ERNBERR? TR — &R, RIOZETENISIE:
BARRAG, ARZH, HRARA ALK,
BAVEFER B LR
B(x): x &1
G(x): x BRAEH
D(x): x Rin)#
RER, RIMBEREY -EIEWUMBERESHNEL, UBESNESTERISAXKNE
B
= 32 (B(x) 7 G(x)),¥x(D(x) > B(x)) F— Ix(D(x) » G(x))
7 32 (B(x) AG(%)),¥x(D(x) = B(x)) F— Fx(D(x) A G(x))
REEU EFSERAWRINRET FENKR. BiREEMGEEROYT TRAMUERE
Bia@5IA, W HRRIES — DR % B F (function symbols) &, 3 & F [ Ky ¥ W7 47 .
HEABTHREAFTFS2,
FBEIRIA R
VaVy(C(x) AM(y,x) — Y(x,y))
HFC()RM s B—NDDNE, M(x, P)FER2 By WEE, Y(x, )RRty ER(ESE,
RINAM(y, )Fny B2 8F, MARM(x, v)). REF, BABHE LN MHEH
BT« MTTMERERy, s by £8, B2 WEBE-IBE" FLBXR, BHBRMMH
H, B~ AFAAE—-MEEC, ETEXMIFH, SRR STy —4 8
REEEMHE, XETHAF:
Andy #v Paul 7 £ Fl ¢4 788
RMA AR a Fl p 53 5CFE Andy F1 Paul, —TilE M FRT, FEMNAIFHRBEE
VaVyVuVo(M(x,y) AM (y,a) A M (u,v) AM(v,p) >x = u)
RN TR Fy Mo 5 R Andy 1 Paul 923, B fMlu XHHE y Mo W
(BN, 5r512 Andy A1 Paul f38), W x f1u BFE—PA, HE, X B HR)E W2 e P —
WIBAAFGEE =), BR—A LB, CRENTERITE, MEAMERRFRNE, &
BREEERZE, MARBENE; MRIE», y HEER v =y, WAL = (x, ¥)o
HEZB P HRBF SN T RI—F 8% - AL BTN %, WA LRAE
HEOTARTy WRER", EHA 2 By WEFE N, RIIAE M(x, y), MAm(y) %
Ry HBEE B8 m B BEFE:. TH-ITHK, HEMERXMFRBEEFE, HH
m, EEMAEF AR M A E 5 SRR .
Va(C(x)—>Y(x, m(x)))

O BMNBERATRER, FEEXRG. #E%,
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ERAEBINBETFHREESEFR., 28, RFE-IMARFEANER, F/ Andy fil Paul
Bl —/HE, RERET, BEE.

m(m(a)) =m(m(p))
XARBXEHHEM U T Andy F94 81 Paul B9 B EF—1 A,

BMNATUAHREA S, MEHTRATS, /W, GHRKAESETRELFN, BN
HRIMNBHTERENRL. AIBRBEFENATFEE-NAMNRMEE, ELRERDHF
KBOBELR: BPARBEE—KEE, FUSRITRE » 08 ENRSE M8 Xk
B(Blms BESERERIREE), BTH, BRAOFBAREFE (- )ER“RE". B
BEMS ()RR« WARRBARYY, BR s THEE AR B EEETA RS, B
W R REEH —iEiARN,

ATH—-BBFRARX— K, RITE: & Mary HILASLH, WK “Ann B3k Mary &
JLET BB X RBI T . A ATRE Ann B3R Mary 9— ¥, RITEEE Y.

dx(B(x, m)A L(a, x))
HFBMLARRRRIF"MERK", o M m4>H)FER Ann # Mary, HAKS XE, 7
FE Mary BJL3% 2, Ann B 2, 545F, % Ann Bk Mary FiA MRS, SR,

Vx(B(x, m)>L(a, x))

HE MR Ann B3R Mary R ERS «. BN HRBERMN LS XN RE KO 5BE
BEME, FEFRAEER,

AR RBASTUERRM R AR, YRERUTUEE ATE, RyE$.
BE) o M p S HIRXT Andy fl Paul R B, 70 R B4 U R AMAT7E R R R BS54 %
REREF, TUGHAAHANAZRBN TEREF S 2( -, - ): g(x, y)HMOR%4 4
ERE y BB E

2.2 EARXEBEENRREE

H—WHREHELARIT— LR, WNAH - EORBNEREENAR, &%
BT EARE B M 45 ¢ B B A R 0B B TR E Ak RIARES,
ENEFLAEEHEENEE,

BAREER, BHAZBARTBRAENEY, B—FERIMNKBONE . B0 af
p(48 Andy #1 Paul ) X BEHME, LIRS x o A E RYEF S BRBITREI R —F Y
H: Bl m(a)Fg(x, y) HENS, £iFFESE D, ARBRMBHRERXKR N HA
(terms) ,

BHZETHS - FERREME, XBERXIREAX,: HW V(s m(x)) BRARK, RE
x. m(x)ERREI,

WEIATCH =M E AR BARSEP, BRASEFMEESSSC, BMEEFS
MEBHFSHE—T, HHAFS MR EREENTREIN, HEE, HE/FSTUMR
ABHEMERMREA S (RINBEELHIRTRNES), B, BESUAAL R
“HIE" R BYUBTEEF, I HERR, NBER, BMNEFHHELFSEC, BEMES
EX 056, BIE A (nullary) BE%,
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2.2.1 1

EENTHETER. ¥EFSLUREHARE LN RBWR. BBTURE, W m(m(x))K
g(m(a), ¢): F/~ Andy MEFRAERE c BB .

EBX 2.1 HEXLWT:

o EfIEREET,

o FeeFRETERE, WcRM,

o Wiy, by, oo, t, BRI, HfeFHT >0, Wf(t,, t,, -, t,) R,

o WA HMIEANT,

i Backus Naur {8, Al E .

tii=xl el f(e, 1)
Hep s BUER— M ZEBMES var, c B FIHELTEBAS, fBGRFPHIT >0 B E,

HBREM— LT,

o WMME—HMWBIANERY F(ZLHEH)MLE; :

o TS SR LR M AT 0 TS LT SO VS B BOE B R B 28 B

s NIMMERKBTELGTF, WRRTETF, YT THHNES.

B2.2 Rikn, (MgHRRET. —TM _JLEREFE, Wa(f(n), n)H f(g(n,
f) )BT, He(n)Mf(f(n), Y FR(SHTHFH), B0, 1, -RETEHK, s £
—JURRE, +. -H xR TIOLEE, W - (2, +(s(x), ¥)) , BRI, ERIEESITN
WA 2-14 fiR, BERRT, ZAFSURBMENBER LM, BRZF—BE Y2 -
(s(x) +y)) *x,

2.2.2 AKX

HIAEPHRBFSEFNEE S MNARNEBROANBTRE, B, MBEBELE— 4
KFRBRZIXRGBERE, FTUEEP=(M, F, S, D}, TIHHNERL I, L4k,
R LF, Rkl BRM, FAIME—TEA(RAE—IZE), DMSE
ZRER(ARANER) . KB, TUEXRKESF =R FE, £ HRE],

RERMNEGMEFLIMNE L. H7TXEME, RTUE VEIEBALT,

BX 2.3 RAMEEXNFETMES, BIEME X (F, P) ERARENT

e BPcPRnzl TMIBAKE, 1, t,, -, t, RFEWT, WP, 1, -, 1) BAR,

s HoRAX, M(—~p)RLAR,

s HoMyRAK, WM(dAy). (¢ V) RM(d—y)BREAR,

e HoRAR, x BEFE, W(V)f(Ixp) BHEBAR,

s BARMERNAR,

HE, HAMNEREET, X—SEHEEHEY BNF b ho 53,

¢:=P(ty, &y, o, )L (T ) (dAd) I (V) (¢—) | (V) | (Jxd) (2-2)
HeopePR =l THIBRAKS, 1, RFEWT, + B8, 1= WMEA, ¢ 8RR
A ERMMHE B ERNIRELAR (B TERAFENERELF L)

HE2.4 HHERRL, RIMRBEEANE 1.3 —BWBEMER, H¥ MYy, Vy 5
Iy 5~AMERNEERER. Bk, KEIHFR.

o T VyMIAyHERKEERE;
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o HWAVvHIA;
s RER—-, TRELEEW.

REFHGIEBEY, RITEFEREXTRIANE S, _
BRAZEAXNTUABES TR ER, S, B2-1 WM ERLARV((P(2)—

Q(x))A S(x, ¥))o

A2-1 —NEEEEARMIEELS TR

B12.5 ¥ FmEiEABFERIEAEEARL.
BUAFEHBPMILFHEROILSE,
MU —#, BEEFEXE" ERR—-NMEARR— P BBFE,
LERN—NEE. ABREm XA R”, B, m £, #TEEERAL(S, F, B, K
S(x, y): s By WILF
F(x, y): s By IRXE
B(x, y): s Ry B R%
IREFHERBIFE
VaV¥Vy(F(x,m) AS(y,x) = B(y,m)) (2-3)
ERETNR: “HHEsMy, 2R mOTE, yRAWILF, MyRmMRE,”

2 AP BB REm, SHBELE B, AfER—IERNEN, BREERZTRBHLE,
HE, IRBEREALEFELE—, FUBER - R, AR — %R,

ERENEHFERBES

Vx(8(x,m)) — B(x,m)) (2-4)
EWEXR: MFAM, BEaRmWRXENILT, M B m RS, HAAERBR TR, FURE
R(2-3)W2BE R,

%ﬁﬂ?‘]%%’?ﬁﬁﬁﬁi%ﬂiﬁ(domain-speciﬁc knowledge) , 4 & KN1Z % FEeK X %K
ML, BT T KT RE S W — S it A A SR S IR Y IR BB A 4 ok 4 i,
RQ-3NMRQ-HNBELHRERMN, B« flm WEHSE LM R i 4% % R FE
AMRFHIERIR, ﬂgﬁ:’?%ﬁfﬁﬁx’%ﬁiﬂﬁl—‘/ﬁ)\*ﬁﬁﬁﬂﬁﬁaﬂgﬂa%o TR, R(2-3) M
K(2-4)HERLEFH!
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2.2.3 EHTRMARER

BRMBAKGIAERIIAT LRI A AMELRKE L, AWM, BIEHV20(2) RN
H, Y TH « FMEMATERBRERARE, Bl O W8 - MXBEMRABR L. 2%
CHTHEMEEERER. HRRNEX. B, RN R A BN RESF SR UK
FX, WEMNF—-IHRY, FATUARNEXMEERUPAXREENEL, fln, 12K
R—AEHEBEROT ARG, Ba, ROBAEESEVRBEAEARN, KK, A6
ABTERIERENAKN A ARBBIE, EEXTER  HLARP()AVy(P(y)—
Q(x))—0(c) BR, TRHFEMAAFKER, INMAKXBNZEELN, ARXNEKE =
BEXE23FIHEHAR,

BEHE, MREE-MRERUPERMEXLARXNE, WERE S, wEHEF
T, RMNIR—PEL, TURRFERIEAXEHFRTEUPRER LT ENEF., &
5, RMNTEEBUARTXEAMNER., ZEARX.

Va((P(x)—>0(x)) A S(x, y))

S ARXKER -, B ARNBEERSITR, EF5 TR A,

* BEIVx M Iy MG S, MAMEE 8, I8—BTH. ’

o XMW P, 1, o, ) WIBRXRR, UHES PHEI—IGEH, BREPE - BTHR, BIH
s By e, t, BOEBETR .

Wik, £ EEMRFRIESLT, FEME 2-1 FRKIEEMN . LRI & & 7R
MAFBAE: $—, FRY M I 0455, RENERRAY R IEHE; SHEKNL S
BEHA-RTH, Ba&TXNRENERES.,

ZREAK S - IRECL T Ewta s, HLBRNES, WEMREMIEEL
HAwE, XFEHBHAER.

LW 2-1 BURMBITH, HEIMEAx HRMAHE S WEB - HER LR, HoADE
FVr, XHHRE« MHALIREZB T VMR, HIlk, ENERRINET « 694168 THAL,

2 FE R E B, Ry BRI -RITR VY, B Ay RAEMEMER; « My BFEA
AREE SRR FRUEXNMARE, y RO bo, XEKRETHHEBTE SLWMEBAERE. f,
FHEEMAR,

EX2.6 B RBABEPHAR, o FR—WHHEAMM, ME LK
BRSPS R, MEREANG S v B Ve & 3 9 ERZ, B, K x
HMBMBAHI, XV xdp FIxd, RIVIRBRE ¢ KIEMBI Y ap ok Toyp 0 FARE & 4 B
Ve X I WEREHE,

XA, R« HUEAR &, YHNY xRNV B I« WEREEASEARY,
BURAHE, NERSTNAEE, RiAKEREERERAN SRS EAEES
Ax EEBFH. G, Ve ARV (P(x)>I320(x)) WERBEE P(x), 5 R
ERAXPHHATEREREARN, BRZARN, ZEARX,

(Vx(P(x) 2 Q(x))) = (- P(x) v Q(y))
ERERESHRME 2-2 R, £V WTRPHAD x 4 SRAFREIK, BNENEY
HEFERA, BEMATR S, HES s BA b, EhXE x ;75§
Ve Ix WIERTE M. A, EEAIHSEEAERBANERGERN, B4 RE,

t
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AR EMHARERABN, RERRARN, AURERNEHHOXEZAERN,

S WE  Hd
B2-2 — M EAERARMEESR, RUEERNA G HRMYRS R

2.2.4 Kk

RRARSMA, FURNBIAAELKNERBRE, ELEFEMS L, NBEEMA
BERYE, RNEHEBEMA DRI ¢ MBI ERBHLEE 2, AT, X s
HABRAERT, FEREARER, REEARMAR, BH « LR EASS 0T (X8
ERSHAERBIN), MEBESFR S, HiALERE— R (RE L 2.1 MK (2-2)
MEE) . A cRBea i, BHBFRELLYRGER 2, BHENLELIVoR Io i
ERBEZA, 451FR ke 8Ra R A 6GHE,

Y27 BEZRs TiMAR ¢, BXS[/zI A e RE ¢ PAR » NEE
HEMAEB AR,

BE—LETFREGERTRASR. RIBZTENGS, ¢ BNE2-1 FimBEEAH
RO ARC Wi, )RM, T L5, v)/s1KRRE ¢ IMEREERN, BK ¢ A
* M BMB AR, EHHEN YA A — Rk,

RELBE2-2 WEXFITHOLR o WM, ¢ PR B HB R, FrUM
fla, y) BRI HRRBIRA B M 4505 =, BEIE 2-3 FiR IiEE A, ERE, 4%

i = A REX D RETIHFRAZREW, KTUBAREIBLEEEY, BERRBAE

A2 Eh AT ER,
RTIESHWRE: o[/ LIRBIREN ¢ LHEH [1/2] RS BAR, FEREEVE, #F
SH (/AR BRBAR, MR ¢ HEEAR, F4, HERR—-IAK,
BEHR, TRABRESEBNZIOBIER, X8R Sle/x] M, e AT R
BEERy, Kb+ ¢ FHABSEIALTF o P Vy X Iy WERBEA, AT R Sl 1/x]
B, IREELW AR EFXRE vy, BAVy R Iy WERBE, XFARZBT ETF
Xy RAEEREE, Bhy BRR XL EHBE RIS, XFHBNZI RS
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B 2-3 mZEHAREERSTR

2T o] B SR Y

EX2.8 HEF: BB MAKX ¢, R XTFoPW+RZAMK, WRMHIAE P
MEMZRy, ¢ PREBHPHER L TVyH Iy WEARBEZH.

RAENALES NRF IEBRMNEESVTHNAELFRE ., 8F 6 Mt KBRS
w, o LHRBR[/2]BBRK ¢[e/x], EREEMBEMTME, FR 6 PHREAHHA
WSS BB BB TR BT, “c X ¢ P2 BRABMM EKRE: EI8 ¢ WIBEBMN
WANERMHEQBARFEREERSTWK (o] ki, HAERFRIHH, fim, %
BE2-3F6x, M, MeXomi s RAMM, EHMHMESR s Fy SREBRE
B8y NEMBRKNEAGEZA.

B12-9 HEME2-4 FRKBEESTRIAR ¢, F4 1Ry, v)o s ¢ FHEAK
HRLHEABM. HRERLRMN » TUBNARSR, BIEAEAARANERBEZRN;
EREBEROHLEN 2 KA REFER y, TBVy FAE, Bl Ay, )5 ¢ &
B AEHBH, :

(M)

OO
OO
XA AR,
mropes () @

. xABEHB
OO

B 2-4 FAHRKRERN—RBELSFTH
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MRS FRAEBHHBASMAR? BE W oM RAHKNEX. RITE,
EXMHERT, FH o Fxt« MEAHK, BAREFAHEER 2 £ F ¢ HIBHRSHTHH
MENBEANERBEZA, FUELHERR 6[v/2]0f, ERBROMEHFLS S B A,
HR, AXMELT, olv/2]8E ¢,

KXt o ha RAMK SHEARRIBREENNER MU BERAETNK, %E?E
HERFERTE olv/x], BEVFERTUAT; BR A B0 58 B IR 5
FHIALTRE XN ¢+ REHEN, NWRAR, FEAFARNLETRHFFTES
&, UBRFEENERME.

2.3 BiRiZiEAIERAS
2.3.1 BEAEEMN

HHZET ARWEFHEANIEARS | EMEESBEMUN, BRI, BEERMG
BB, A FAEBIRMMERS, oREPE, AT R S A S i 97 v A % 503 51 40
Ao BWEHU, B 1 ENIERRUFEAEETHEEARKRAE N (RIBWE Lt
BERTEZRAXMUERAN) , SEMEZE PO ARBEAN —#, 380858 H
PRI & AR RPIE S B . B AHL A 5 M0

HEMERAYN HERRHSNEAAN, XEHERLEXRANENHS, T
RITHERNOEE. EXMHEXT, EAF  LAMEEAGHE, XERVHEHEA
.

= ‘ - (2-5)

BE-AABEAEFRERMTAR) . E&, 4 HWat, XAAMNA2H%EH,
&ﬂ]ﬂﬁ%_gziﬁﬁﬁlﬁ"imﬁmﬂfﬂgo

BWERL, IMAUEEGEY, BELASHA LR, RITBE—AT LR S HAES
B, B, BRy* (w+2)EFyrw+yx2, B4 zzyx (w+2) A LAHEH 22y *
wry*2, RZIFR, TR XM BER I <.

t, =t ¢[i1/x]
$lt,/x]

ERE, LRSI AN =e, ER:, M, Mo FWsREHMG, ﬁ%ﬁﬂﬂfﬂmﬂﬁﬂil##
(side condition) B — 4~ F

HE2.10 EX—Td, BRM ¢[o/x] 8RB, BE X o P BAHEK, ilﬂ%EJ:
—THEIHWN, BELEYE, RERREE XK,

=e

11748 B)EH
I (x+1) = (1 +x) g
2 (x+1>1)>(x+1>0) 0]
3 1+x2>1)—>(1+x>0) =el,2
WET FTHIRFIBA B

£+l =1+2%, (x+1 >1) - (x+1 >0)F(1+2) >1—(1+x) >0
ERXMEHEAD, ¢, B(x+1), 4, B(1+x), ¢ B(x>1)—(x >0), RIIEAT & =
e, BONE R B B0 S B iV . a3 dLe, /xR AH e, o, ¥, WX =1,
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PRES, IR TSEOARBAN, ERBE, M, 8%, RIE o[, /2]H ¢1,/2] BE
|y SUHEKR,

AN =e BEXT, REFENEAERERN, SHN =1 F5EE, RAFRIE
B & 3

t, =t et =t (2-6)
6, =t, &, =t Ft =t (2-7)
R (2-6) By—AEB T .
1 ¢ =1, B
2t =t =i
3 0, =t =el,2
HboRa=t,, R(2-T)MIEHRN:
1 t, =t HIR
2 L, =t ﬁﬁﬁ
3 4, =1, =el,2
Hb o o=x, BHit, EB2HH ¢l1,/x], HHANW =e RPRE 1 T 5E2 BRI
dle/x], R, BRITAILARRM T AR =e,

SRM =i M =e WITRHHMERE § LM (reflexive) (2-5), 47 # ( symmetric )
(2-6) Fl 4% i 1 (transitive) (2-7) , REEBBAE ARG B () L) HEBSHWEBMLE
B, MHASKITS AL -BE, TAREIHSRIEMIEHAN,

SHREANIERRLY VAHEAWDT .

SloiTY e
ERENE: HVxd BREAK, LUK ¢ P« FIEMT : RS (RBAGCHME, ¢ £
ToTR«RAMK), FATUBE ¢z HBEN, HAMNER FHEBEHLERSTH
T

EHZ—TF, ol/x]REAIE o FHA AR BN « B e RBBIW, TUK MR« 6
— P EXEKE L4l (instance) o FHARIBET ¢ X HA « WREHLEKN, W ¢ T/
a5« B R AN, .

BI2.11 HTUH X ¢ P2 BABKOX—FENLEE, ZREF: ¢ £Iy(x<y),
RARAE « ARy, BEADT RERRLTFROEE, WV SR, HFAH
Bon, BRFERNE 0 KOE m, X NBWXERBALEBRERY, KT, 6ly/x] 8
AXIy(y<y), BERE-ITBUEFE R, ZRFREHM., RITFEHE XEQITEHRM,
ERNEXERMARESHBEERNAE, BR, SRWEHRE. RS RS, vy &
BT RARMZER; y3t ¢ P« ARAHK. HiL, 8 Vo 8] ¢[o/2 ] MBE, SFm
WBIRME, Bl eX ¢ TR x REMM: Xy, EA—FLREYE 6, A, dz(x<z), R
EXARBA /2], BRAARK 20y <2],

RUY «i EF RS, SAGMEERTELBINARKERM, SHEVE, FRRAY
RX YR FRALE MR "%, WERBE, TARRBROEREE. B0 Y Sk,
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dlx,/x]
Vaxp
EREXR: MRA-IFER x, TR, BBIEPHHE 2, HAOR ¢lxy/x], WATLUERH Vrd
(BHx RHEE), MERN KR+, RETR, IMFERBRBAENGEMFHB; R
TIHERIEET, HAXT x, RAEMAR, FEHMLE EATUREMAZ, HRERRY 1,

RIFREILLE EREFAX NN, BAXTMUEERLFRN & #5515 515 3
— AT Y ado x, 7 H BETEHE S0 a9 AE 17 2 07 0 548 B % 1 (1 18 TR AT BB 5 ST BRI 5T B ( A6 3
B—-M—FEE),

ATERX—K, BETEHOEE, WEBEATUEIHENFXBFEPHEERE
R, RATLBE: “BR-ITEER, REVTER", RE, AFK—1TEER, KERTE.
BE, EAXAUERMNMERTUEL XM IR ET—PERRERB? 4R, Rk
LA G EERIBAR, XWABRGHRTUERR? F6, AEEREERGEIMEERE
—MERMRBEHL 8, BE—SEREKR, RERBL BEHFN"R; XEUERIIM
B AT LGB X R BT — A ERBRER ! ROTROMR UL, 05 4% 5T LLHE 9 3 8 oA 4
TREBRPE RS %o, & REH, MAWREBBIEH, MEEN +, ¢ REN,

BAAEER, AAERE - MERAS xENERTROFTRBE ¢, B2, Ao 3
Vap IEHLZBA REHM . ML x 0 H bt A BRI XA « 0T 4%, Hlw,
B bid(2) 8« AP T SHABREZ A", IBERMNALARTRIER LT « WHA
WE, RERARDLEN—MERAREH, MARRMTEEIMEMAZE,

BEFE-THT, HHXEERRN, XB—IHRIIV(P(x)—0Q(x)), VaP(x)F
VxQ(x) BUERA

V i

1 Vx(P(x)—Q(x)) A2
2 Yx P(x) E:S
31 % P(x)—Q(x,) Vxel
4 P(x,) Vxe2
5 Q(xy) —e3, 4
6 Vx Q(x) Vzxi3-5

EMEPREHETELR IS VRARX —FxL, ¥THALE, RNSEHH
Vi, Bk, RIMWE—NEBAEREN «, WEHGE, EANTHERBIURN: B
B Q%) RUEBIV2Q(x) o HTIEBEH, RIUEH P(x,) Fl P(x,)—0(x,), TENEL
RN L B (BT x, (Y xe HAED)) ., HF, RIVEUSREELET SHAHE
RS — T 3,

TER—AER Vae MEEH F: iEAMERET ¢, K5 P(1), Va(P(x)—
Q) Q) REHE

1 P(1) GIES
2 Vx (P(x) — — Q(x)) GIE]
3 P(t) =~ Q(¢) Vxe2
4 = Q(¢) — €3,1
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R, BITHSHEIZ P b —RER S ¢ BAMM Y xe, HEX y RN Y ze, BE
P(y)——Q(y), MEALRERERE, M—By 5 AR, HEERBAERXT., Bk, Vze
R A # 4 X (scheme) , RXTET ¢(d Pt B B—MUA, BATNHAE BB
RICEHR FEHEE, 5, FEAFATF 2, HHN Vi Ve, S50,
Vyi, Vye %%, YZAXEHAN, TALEBEMIERBNERAN, TUEEEVi fiVe,

AREREE, REFESRTHBEAMNVYi MVe i B8, {8704 AN
B, EMHAER, HERE, RITTHRERESHBEERGRSE, XU, HEk
Sl/x]MENE: BRAR ¢, BESXNAMERNTR B i RHBT. HEL, T o £
P(x, y)—Q(y, z), HARM ¢la/y], WEXMBZE, ¢ BH P(x, a)—0(a, 2),

HRSHBEARME—PMER T RBLBEY AR, £ FYHANEEMHEL £
EFAMAMBE; AREFEIEGBRT, VERRAREZNMARNEBR(EIMAREETH
AROMRBELH), B, ~iEHDETER, T Vi WETRE ¢(2,/x), v, BTRx 05—
ATRERR{E . K, SE-WERAUMN oA ¢ HIBEK ¢ My, TR0 M
Vap % ¢l1/x], RERBFENEMT(SR « LA RBBEM), RAER, HiEH
Vg, BFXENEEBE v, EH dlx,/2]; FiriRRRTIEH & A by, BAIEH ¢,
SHg—A4~i=1, 2,

FERAMNERERY XFVYMANOFETUET B IAMY; ESAEARY LEHH
FRBNFERRGEBEFTE, RMNEETUREAM VAN FERIXT IO, 5
m, RAOBEFBREIARMESRIEEMUEGIE; HTREAX—K, RIVETIISHE.

$ 1 ¢
¢, oeve, F
Hep k dJBRETUR 1R 2, Eilt, EALHWERMBER, 7T S8 HEE-BA
M —E £

dle/x] o .
Jx¢ s

MRERERN, WA, REXRA , A élvx], Ba, ROTURS =6 AR
i, BON MBI X o PR 1 RE ).

WHEABEE, RN Tid, ARG/ QT Ivp EEHEL. FEULRE
% x RN EREERRLI; T o[e/2] %7 « B—MER. RITAE, HESERLFR
TERRS, R, 29 (/2] 23 REM, BHERNER B—EE, TEBERAR
¢ EHRERK, I, B STy W, EBy/xIRy =y, WATLRH. ¢ 7T
RBEMEL, Mo=sBMr=y, Eit, Jod REUTHERHXLE o,

BIAMVZEMXR, BV e, TLBE Ie AN

I IENZT

dx¢ X
X
EKlFve, XEBR—-MEES. HHMT . BATHE I« REW, EHilk ¢ Z%
— A WURET RN TR A TREMEREGIEST, T x, 554 TR —/—

de
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BEE . HBRE Sl2/ /2 RBIEHREANRB K 2, HWEX, WA, AE x BEME ¢[x/5]H
H, X EERN, IR Je AFRINMERZN, MR, L x, REEHBAETEHEZ SO
FH(H, 50, ERBEIAEX ), XMEERT », WHEBEMBE o2,/ ] HTH,
BV e BiE, N ¢, v o, B, BAR o, WHPZ KSR, Fl e RmizA Ind BH
TR AT BB Sl xo/x [ HHER . R e HB—FFRE . WRAE Jxd, ATLIMN o2, /2]
FEANX, MEIS—-TERNFENEYHE, TUEDY, B2, PERELAXIENEL,
RIMNWATUHEHX(BIMX R REF %) o
HMW Fxe Five ERMBLEREMY, MEMNERRLESIEEHBRRARNFA
KEEEMN , FHRUESD H AT LB 0 H M BT A 1 5 M E A XA F 2 X B & (subformula
property) © . MItEAEY, XMERERT, BIEAKRBIATIEANERSE, BIBY
£, JzellRkve, HBRESIHHE,
RAVER — LB FEBR—TX LA, SR, BZERRS V- Id BIE R,
1 Vxé  HIE
2 o¢[ax/x] Vaxel
3 dx¢  Ixi2
AT Vae M Jai, B R 2(ERE, o PH s RAKK, oo/ ]HERERE ),
EHRIIV2(P(x)—0(x)), T2P(x)F F2Q(x) WAERMEEE Je—sk,

1 Va(P(x)—Q(x)) IR

2 Jx P(x) AU

3 | % P(x) &%

4 P(%,)—Q(x,) Vael

5 Q(x,) —ed, 3

6 Jx Q(x) Jxi5

7 Ix Q(x) dx €2, 3-6

MRS 3 T BHEER M ERR 2P (») PN HFHERIAK S, B8, SR PwIBE

EEASIA, WEXFNSEOBE. 56 TPHAR I20(x) BY 8N T e hLHIL, BH
x BB, BRELERTLAH BUAEAESM SR 7 4T, FER SHIEIESRILPARR BIEE“ER",

1 Va (P(x)—Q(x)) :E>

2 Ix P(x) IES

3 jx P(x,) Big

4l P(3)—0(x) Vel

5 Q(x,) . —ed, 3

6 Q(x,) Jx e2, 3-5
7 Ix Q(x) Jxi6

BOTIL— TR SR« BT », NEMABEE. XERALEY, BEHEI—IHF, K
RS 4 2 R 5 S G B ML M SR & T IS 8
— MR R IE S B TR

© XM Ve, IATEHK[1/2], BRK ¢ WBREH,
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V2(Q(x) > R(x)), Tx(P(x) A Q(x))F Fx(P(x) AR(x))
X ERGBIE R
W RAAGNECHARMAAER, BASEAELRENM TS, NLHFHEM
LREFE R,
— A R A GE B SRR BB P(x,) A Q(x,), BAH V2(Q(2)—>R(x))BEELMHQ(x,)—
R(x,), REFAAe,, BBERNBEN 0(5,), BG5BT e B R(x,):
1 V2(Q(x)—R(x)) GIE:S

2 Fx(P(x)~ Q(%)) Hi$2

3 | %, P(x)~ Q(x) BRix

4 Q(%,)—R(x,) Vel

5 Q(xy) A e,3

6 R(=x,) —ed, 5

7 P(x,) ne3

8 P(x,) A R(x,) AiT, 6

9 dx(P(x)A R(%x)) Jdxi8

10 Fx(P(x)A R(x)) Jxe2, 3-9

EE, XMEARERIEFHENNE. FOWRREMNA Jre BIE L ER A RIEER.
ETHER, 3 ~9ITHFRETIENHE, FANAHFTRE v, HIEEH Ix(P(x)AR(x)),
BEXMAXBARIEVEENRE—-MAR(BF), HEAWSRAAMAY ve F i 210,

MM YiflJe BAMBI A, BIWEAS B R B8 B $0 00 0 AR Sh 3 . MR X WG A5 &
HEARBERIOF AT (P y,), XLEHNETLUHRESEH, S, BEEF JxP(x),
VaVy(P(2)—Q(2)) - YyQ(y), URMERE, FE_IHELBREBYN, EAEEN, y, &
P(x) s, W Q(x) M. XEHRE, MBEHFEANRE P WEENSR, WHENSBEHEK
Q) ERIEMIT . BUERH 5o, M Q(y,) o XHEBMEHENEANxHE P, AT ELL
BANERMNEE Yy HE Q:

1 Jx P(x) AT

2 Va Vy(P(x)—Q(y) IE:S

3 Yo

4 %, P(x,) B

5 Vy (P(%)—Q(y)) Vxe2

6 P(x,)—0(y,) Vyes

7 Q(y,) —eb, 4

8 Q(y,) Ix el, 4-7
9 Yy Q(y) Vyi3-8

TR AR Y « A J o A% v, AENMEAE R4S, WIZERC ARSI Yy F0 3y A 26 4% 4, /0N
WARY, BAEMAARKEN, IEGRARNTETER., TEBRHERIEHMNER, BL
RUERARTVy WAK, BEEAVy, IBEFBE—MEPE(B3~81F), XM FHER
TEWRIERSHRLH 0(y,) o ELREVEFEAMARNE I«P(x), Hl, XES4~7
IR TIEBIRE, R, TE9 8 1TH Q) B T 2, BHMBEIE.
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FTEREREMN—S2: FAERAAN Je fVi B, WEAFRARGEH A TIIEH HEEE
zZhhe A—1BlFRHERABFXNEB&G, EVRSHE. FREREKT I5P(x),
Va(P(x)—Q(2))F VyQ(y) o (BXNMERINSH—PRFIELE, B RESLKTIFE,
ERATX P B WAL RRES 0.) XBEE— XA RMEHTHRUIERE “IEHR” .

1 Jx P(x) B4R

2 Va (P(x)—Q(x)) Hi#2

3 %y

4 | |z, P(x,) B

5 P(x,)—Q(x,) Vaxe2

6 Q(=,) —e5, 4

7 Q(x,) dx el, 4-6
8 Yy Q(y) Yyi3-7

BUE—#5IAVy A, EREHN, HMENRENE S, BEIRN Jre kS
Qx)EET » FRERFTEMEEAEXMEBRMF. KTULKARMBFERERA" XK
5, BERAE-MEAFTH(BREEESOIEHRZRAHEN, FT-FEEXXIEL),
FEXTHBRM, TLER REA A« WEKE P, WFTEM « B%EXMER" . B
BR—5H2RBHIEXHBEH

2.3.2 BABMEH

HNELRILER L RBIAE R Z EFENELSH, WAEH b — 5% WS KM
BREASHEHERERA, EENLYFEAHY—BLBR TR E—ITROE R, FHit,
X RS 3R R LA ik 2 RUAG 1Y) B TR E B 00 B — R 45T
B, KX VaVyd BZENTFVyVad, I _HES XERM « Fly KA HE, o
BILo MA(Vad) (V) FIVa(d A g)MXER? RINDERTUNBESIHE X thE
AR, MREZDEGBAR UYL FLB? MRE - RELTEMB(Vrd) A ¥, B5
V(o A y) BHRYE? XERMBERINL, Ay PEOHE, MATAD
Va(d A ) PHERZARBT .
B2.12 RAATUBE“FRFENIES KRB Y- Va(B(x) >F(x))8®#&
A2(B(x) A~ F(x)) . BIEHNERLRBRAATFRENEWENRE, HESE5HEAE
BEMN. BRASHTUBHRITWEF L£" AR, B UHRANERR.
R BB T HHEREHORIASN. MB 1 J—8, RITE 6, Fo, Mo, Fo, A
MEEHN ¢, d,0
EE2.13 Ry RFHAIHAX, LA TEHEH.
L ()= VxodF Iz ¢
(b)m3x ¢4 Vo ¢

2 B« Ty PAEREHK, 4.
() VrdpAy-d-Va(dpAy)®
(b)Vx o Vy-d-VYa(odvy)
(e)Ixp Ay Fx(dAry)

© REHBERER, Vb Ay BEBEESH(Vro)A g,
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(d) Ixp vyt Tx(d V)
(e)Vx(¢yp—d)d-y—Va o
() x(d—¢)F Yz o>y
(g) Vx(d—y ) 2 ooy
(h) 3x(g—d)HFy—dx ¢
3. (ad)Vxd AV Va(d Ay)
(b) Iz ¢ vIxydk Fx(d V)
4. (a)VaVyodd-VyVz o
(b) 3xJyp—t- Iydx ¢

ERA AR XX LR FY h KA A HE, R THIEHREEEN, BR%EI. B
f2—TF, RNANBALEREEFE,

L{a)RIAMMNIEABR M RRINENHEFEXRAIMIBIE, BER(p, Ap)-—p, Vop, HEK
BY«P(x)- Tz P(x), EAE—ART, —FTHEITERAMVZENXE; B—FEELRY
MIZMEXE, BEERARTTEp, Mp, BHBA, Bp ARE LREM P(x), EHX N RE K
WEENRIEAE M HRAZBARSEHRBLR. ERF—-IMRIMNERE, ERRNECAE IS
MARBN—TRRIEE (6 =P(x)MEE), L, EXRINEFBERNOEN, NEESS. H4, RIIF
RIEH .

1 —(p, Apy) :E: S
2 | ~(=p,v7p,) BB
3.0 ~p Rt P, B
4 TPV P Vi3 TPV TP Vi3
5 L —e4, 2 1 —e4d,2
6 P, PBC3-5 Pa PBC 3-5
7 Py AP, ANiG, 6
8 L —e7, 1
9 - p, VT p, PBC 2-8

RNEF 1 ERTXFHBRKNITE, XR—NBEAFKE. - e LEM 3050 E BH 84 B T (X Bk Bk
FESER=ZAHAMNNEARRERSEARE, LREVRATEN), EXLF, ULEHBET =
% PBC,

BERMNERBBIEBARFI S VaP(2)F Jx - P(x) AR, B A W2 RATH A B AN ARV IE
B, MAEXETVHIHEN, ’

1 Yz P(x) ;)

2 —Jx - P(x) i

3 x, .

4 = P(x,) ‘i
5 Jdx - P(x) dxi4

6 1 —el5, 2
7 P(x,) PBC4-6

8 Vax P(x) Vxi3-7
9 1 —e8, 1
10 Jx - P(x) PBC2-9

FE Lt [6) AR X MBI R QK BTSRRI B8 ) X4 1 A SR E T R R A T B . B S
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H—THUGERIER, REEEGECRIEHRBIERN) .
THEHIEARI - Vad - Tz o BB

1 Vx EIE; ]

2 =~ Jx ¢ B

3 %,

4 =l x,/x] B

5 dx— ¢ dxi4

6 L —e5, 2
7 & 5y/%] PBC4-6
8 Vx o Vxi3-7
9 1 —~e8, 1
10 Jx-¢ PBC2-9

WEAZE s~ b -V WERBEERE, BAERBRFE. —— e 5l LEM S0, SWEERAR, Hits
H—PEREZEE CET LR OMEEY . ROTWHT LHES — M HNRAERS], EXBETEMET .,

1 dx ¢ GLES
2 Vxé Bt
3 %,
4 2 blx,/x) ’i%
5 dlx, /%] Vaxe2
6 1 —e5, 4
7 L dxel, 3-6
8 —Yxp —i2-7
2.(a) RNV ap Ay - V(o Ag) BB RPERT LU TFIEN
1 (Vxp)ry G
2 Vx ¢ A el
3 ] A el
4 |z
5 Pl /%] Vze2
6 ENZIEY ~Ai5, 3
7 (o ~Ay)[x,/x] 56 MR, Ry FAREHK
8 Va(d ~ o) Vxid-7
DAY A B TR DU RE RS . -
1 Vz(d A o) A8
2 | x
3 (o ~y)[x,/%] Vael
4] dlasxlng 53R, BY o« 7 ¢ PR
5 1 Ae,3
6 dlx,/x] Ae 3
7 Vi Vxi2-6
8 (Vad)ry AT, 5
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F2¥

HE, BT i ANKEARTITH, B¢ TLUEESE 1 TAXKEMEFALEE, REXRIE
AR ATATRSRABIFELER,
3.(b)FERY e MMIEBIRI(ad) v (Fay) b Fx(d V) AR, FRAMHERREE, 5L

BN I i

1

W N N L hWN

(32 ¢)v(Ixy) S
Ix ¢ EET B’z

v Glre/x] o Plaen] i
bl x,/x]v Pl /x] dla/x]V Plx,/%] vi3
(¢ Vv ) [5/x] (¢ Vv ) [x/5] {2 [F]
EEICAL')) Jx(d v y) dxi5
Jx(¢ v y) Jx(d Vv ) Jxe?2, 3-6
3x(dp Vv y) vel, 2-7

BRI Ix(d v ) ERRTR, U, IMEAEANRE - THUE Tre. IMMUBEL SV ¢
TN tGe B8, B AERBRA(T2d) vV(Tap) . MR, Bk oV, BEM—RIFEE TR

1 x(¢ vy) Aif 32

2 g (& V) [x,/x] i

3 _Slx/x]v ¢lx/x] NG

4 bl x,/%] Ulx,/x] B

5 dx ¢ A xp dAxid

6 dx ¢ vIAx Y| Txd v Iy vi$s

7 Jx¢vIxy ve3, 4-6
8 JxpvIxy dxel, 2-7

4. (D) BRME =y, BIREMA Ixe M Iye, MTHRE Ty Ixd, MM, &FMF M E MY

%ity ﬁu—F'

O 0N M B W N

Axdy ¢ g
g (Jy d)l=x/2] BRZ
Ay(dlxr/2]) BRE, Bdh=x, y EARHSE
Yo &lx/z](y,/y] BB
dlyo/y1lx/2] fHF, BH«, y, 5, y, EFFAHTE
3% lye/y] Vzi$5
Iy Ixd Vyié6
dyIxd dye3, 4-7
JyIaé Jxel, 2-8

ARG Ay WL R, FAIFIAE #05 B AT LUGE B 06 %6 51 MO 4 2
2.4 WRBW/AIEN

HE S EE RN AREE TR AE RS, RER— TIBALBBEKIE R
ERMEN, SHEBEPHEL R, BUBARE— T, (B 5 R 5 4 i — g
B2E, B M SRERAN S NRRRNFRRE X, B, Eit Rtz LR
BREL EELEE, RIYBALRUEBEZRGTA, BT “ M7, 7 LGES &
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MEBEEME&YE, EMAEMEERDHIMN K. (Z2FE AN K& B8 %M & EKiIE
AAREEBIHEHEZA) |

R ZBEE L, WRMNEIFHABE - TIEXSIEHBZRIMEEX T,
EEHLF, EEANEREME-NMERA, RINTE—ELR ¢, ¢,, -, ¢, BEHRNT, T
RATHEHET Hy BRAYMK, REAR- AT H ¢ WIEH, RAMEHIEH ¢ RET B#%
RERE? AR LV, IERETLE, EREARALEHECHERR? ROEFERENT
RB“SE"HIEY, BRAECTEFNRENIEN., Mk, EHERARTEEN -1 “ETG"
ZE; EREMT g BERKXHORIRETREWOIERE, BREMEIHBMT Fy
REBE”BSK AN TRE N T1 .

AFB—MBEY, BXNERTRARMEN, ¥l ¢ RRATHRSLERREBES"
£ R—-HA, 8o RAK, Hy HEH, ME—FHE, THy RTHHESER, &
B LR EBREER, XamEE, REEWESEMEISE o RBANBREFTESROET 4
BRTHRME), By hE. NRRERERE, ITTERBEEREN. AW, ERMN
ERFAZRE T, SRAAFELSRLFEIRAEALR(WIgmBamws), H
M, EEXFR, AZBNEERE. RABLIBIT 2" (v FET FHAEARNIEX
BI)ESH BB T Fy Bl (v ETHIEXHS)FHL, BEHNEABESR
—AHRE, MEETEFESRBXFEIMHE,

RAGREFRIN A S HIIERRMEXNEES, S, WEFERFTEHy FET
WEXERER, aRFL, HRAFARE—TFTIEASER, EREEZEHT =y WERE.
MRAEBRB —MEH, BTGy BT HRIER. NRZRDEN, W2 EE2R
EHNLEBESME - RO LR, SANGOR, BABE, FHLAELES
ey, EHAERE —FERAEETEANER, SN FEHESEARR.

2.4.1 WA

EMZ BATTR ey % 6 BE 2 48 P B A R, Bldn, AR (p v gq)—(g—p) WREE
TREMRME(p M BRRME), EANECHEEE(TR F)BH, I3 BARKFRAR
(PVv= )~ (g—p) WEERE-THHE, RAETABRTEANAXRER? Hm.

Vx3y((P(x) v2Q(y)) — (Q(x) — P(y)))
RAAAR EENGEZEAREE", RITEEEMBIER P(x). 0(x). 0(y) M P(H
HME, FRUMRAETHEMED? ¥AXBEMUNARAR, BXRNBERBE BV
3y & X, BIEATHAR X (dependences) Ml P 55 Q LRSS, AR VaIyR(x, y) i
EX—BEARXIyVaR(x, y) & XRRE, FftAW? FMEETERERL LRI B RS
REER SR IHEOEILEREM—FRE, 24, 8K HF. WS RBRF
%%,

WRBBAR Ty b, REIR y WFESTH CEARKE) B ¢ 3y B B SE BT
TR T (BIAFTE y B — BRS¢ BST), W 39y WM T, B (AFLE y HEAS R
EATUSER ¢), BHREERF, SEMLE, ¥V BB g3 B B A T B B AR R
A To MRXBMEBINE, WV BRE T; BN (BIFPEE « (X AMEM ¢ HHEBF), TR
BEMENF, SR, IRMARRERE - MEEHLEKELR, EHRERMNERR AW
WH. Hi, B R — A3 B T 18 0 SC R s B RO BT 5 R A S R 2



82 E2#

X, HHEECMNHELTEL,

METERABERMNMEL, TURE-IMEF. IITEFETARMARNRE. Z2AR ¢
BREREA, v, -, TUSE 1 B0 —#, S3HENNERREERHYEMERN
MBI BERTFHOREFRATE, BHAR s WEME, EREHEER, EEHOH
RTEBRLHAXMENWER., X#, RITTENEERIAEANS P(EAEEBEPE—
MRFEE, EAERTHENLR), XENEATE TR, W%, 1, ~, t,, B
b, REBBIEM P, 1, -, ) WARBREME.

AKX P, 4, 1), BELGESEBERMEL. Fn=2, HAPTURES
Wy HEHMEDNTRE T, FEHOE B, ERMETMNS X2, AeEgst
PREAM, RIFE-TEEIARKMEAFSHOMEY, fln, Fa RSk, WP N
RREHESG LW NTETFTXE,

EX2.14 BEFRERBFASHES, PREARSHNES, S/ SHEENTRA
HERBEN. HEX(F, P)H—MEEMETENRIEESHER.

L 5B ARRGKEANSE;

2. M EANFTREB fe F, AP — P EETE M,

3. XMBITEN >0 feF, NEGALn BB A BAKNEKER . A"—4;

4. BN n>0 B PeP, A L n TFEPMCA,

XAf5M, PP REVNEEN, FMPNEZFETD, W PM R FRRE
BMHBE—BEERE(RTR)MER,

Bl2.15 &r=|i), PEIR, Fly Bt i REHE, F R—P—ZBAKES, MRE=
LHARS, SEAMUSHAEEERTENES A, EWMRERETEIBFEAORSES, WM,
R™ 1 FM ﬂ'l«'}'ﬁﬁﬂﬁ%%ﬁﬁ%mﬁﬁ%?&%, REIBXRANBARS(TESZH)NES,
B, 4

Ai-eila,b,c} , M ga, RM g{ (a,a),(a,b),(a,c),(b,e),(c,c)}, FM —d—iib,c}

Xf X A BERYIE T 2 A W — e iE A B A R
L 2
JyR(i,y)
HAXBRGFEAMBREBRE RSN IB, £ MER P S REM, AAFENDERE a BIRE o, b
M,
2. A
- F(i)
BRANHRERRTEZHBERSE. EXMEBE, THLEMN, BARF M c RBEARE, MiaeR
REBRE
3. &K
VaVyVz(R(x,y) AR(x,2) -y = z)
ERTRAMRS, & CRRAZEMTHERLH R, BTFEM—-TRENFETIBRELH — R
BUITRA-IMREFHERFLETB) . X MEHEEY, Hha TUEBE b A C,
4. AR
Vx3y R(x,y)
HE YR EBRFEEEYRE . EMREBTEIBARARS, EXMEBE, LY. a UER
Blao, bMec; bMcTUTFHH c,
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§12.16 SF=le, - |, PE(<|, Kb R¥E, - RIRRY, <WR—IHE
MAEEAER. RINEBRAPEFESER - A<, H, (4, )< 1),

REMBNESARFAFERI0, 1| THAR-HWFHFRAR, A8SME, Ae
KR, e BB MEZF oo - WER - "RFHHE, H, o110 - ¥1110 HF
01101110, —#%, Z-#H MW B R a,a,--a, F1 bbb, HH a,, b,e {0, 1}, W a,a,

“b,byb, BF a0y bbb BB, RATE<MEHTFONBR. MBEEEEH
Fosy, s M, BFs,, BRs, £, WETE, Hw, 011 £ 011001 1011 FIBIZ, 010
AR, Bk, sMBESI(s,, s,) | s, Bs, WRIR] ., TEESHE B8R RN,

L SRS, AR

' Va((x €x-e)A(xre<x))

HEURAESZFHRBEMITRT, EMFHRECEAENNE, R2dn, BREX /M ENBEIXLEY, K
K- MekRE s, BIFHECE ST,

2. RS, AR

dy Vx(y < x)

BARFE—TFs, ETUREMAMFOMNE. XREK, FRTLIRE - IXHNF(EIHBERTY
k),

3. EMAEA, AR
Yo 3y(y < x)
BABITFHENR. XRERW, —MEAT, y WEBERE—, SHEBT ~.
4. FEEEP, AR

Ve Vy Va((x€y) > (x-2<y+2))
AXRE, MEIFs, REFs, Bs, NAH, Wss BDRE s,s WHTH. XBRAFLEN. M, Bs A
01, s, F 011, sk O,
5. EERG, AR
T3 Vy({a=y) > (ysa))

BXRAFERRNT s, REsBA—NFs, IR, Ws, SR WiH, SLEN, ENRLREER
BE s, HMAER, BEFEXE—IFs, s BRE 0 WIS, HROHNEE s RTE, BH 0Lk
£,

BAUERICHERERHE RN, BRI —SRHELEN, BB -1 ESE£44, i
EREALYUA P RMBAUUREARNRENLR, SUNERNBESSMGATE, o
RERNFRNE-RERE A LM R EEMERIENBEEWX RS, LR RN
TE,

R, ERIHE - MEMEETEREHE, R RER, EAN R ER
BAMRH— P EEHEBNZR, MSHAN, UHSESTEHOY EHSE(ZsE),

B, By —NREXROBIEE, ¥ fother-of (v, Y)BBI s By WL IL"E 1B
BRTR, AEEE, RITORLSEE TR 7, ANEXAEBE, £5UE
BB E IR TR o MR HE R i B0 48 B U b BRI A4 A

XA BPAFEAIN(F, P), BE—-MEEM, RIAEBM TAELA FERH
WRRERA(F, P)WEBEMEASSHERNER P ARNESN, £4 - AEEE
o BMARY2¢ &K Ixp, ENFIRIE ¢ REMEREFTH YRS EANE « R, RTX
REMEMBEE, RITVAEHENEEAFERIIIEL: —BRIERTF, ARo s EHRE
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HAE; ola/x]RIFHMRBMTRIIVER, EHENBEEE, BV olax]REZEARX, H
Ha RE—ADI, MEEMPH—-PTE,

Hi, X383 1A1748 25— A 2735 (relative to an environment) BEAR . TTUMNFRFRFE
REEBIAE, ALY, ENEMAERNEANR; SIMEIRSINEE« STEESER SR
I BRRERK, HITLIE, FREERENTRE var BIHAEBEPENLEBES 4
HIRREl: var—A, HEXHE—-ITEBE, TURKREEIFELAR., AW, MXHiTEH
HKIRENE, RITFESERAER,

EX2.17 MHEKEKBHA, ~ N EHRRIFEHEWRNTRE var 3] A EE 1
var—A, XIXHER L, A ilx— o] RAK v BB o FEKHMTE y 023 I(y) 9T HE,

Bja, ATUARIBREZEARMEN T, MaBEakdt, RIESEEZEHRIITX—
Ho B, WBAHL2BATHEITRESET,

EX2.18 HEXTMW(F, PYREBMMAAE [, T (F, P) LHBINEHAR 6,
WX ¢ WEHWHENEX MR ERMED, BEMED BiSr, MKEEBMEB, M F
W, o WRMEN T,

P: W ¢ WERA PGy, 1, o, 1), WEEGAPK ., b, -, 1, BRY, RFAEEBRIEIN
ERE. AxFIR, MERCGER fe HHB a,, a,, -, o W, HPEMBHEE fe Fl KR
Bo MEMEP(G,, b, -, t VB YBANY(a,, a,, =, a,) e PM,

Va: REME Vap BRI Y HN Y MEpamay MHFE acd #R 7.

Fx: XHEH, ME, Twp B BN S ME sy MEA a4 BT

—: RREME, m ¢ B Y BRSME . RET -

Ve REMEY, Ay, BOLHBUYMEy, BIBME W, BT,

A REMEW, Ay, B S AREMEy, HIME W, HE

—: RERMEW, —~¢, B S HNYRBEMEY, Bor, WMEy, BT,

AR RITAME S FRMEIG REAL,

MaRWEESHROEE, F—PHENERIEH, BMEd RSB YMErd
B, REISUVRMAMTRE EWNHMHEIRE, S50, 02 6 BRARE 8 h
B, RiTFR o B—1Ea., W ALEIRE | %k, TUEEMEd RYBART, B
W, JiEA ¢ R, BIIZLHEALL BEBSME S, BAIXNLENRIET, SHE I
B HEHE T X

B2.19 FASS—AHEKHTRAE—F LEOE, 47 alma}, P2 loves|
Hob alma B~ , loves REAZRMIFIE, RBEHUMEENEE AL q, b, of,
HREN alma™ <L o, %1 loves™ <1 (a, a), (b, a), (¢, a)} (Im loves™ FRE R
B, ARIER). RITBESWEMMET L.

alma A HEABE —1Z alma,
B, RNTFEERAZHPREAXMEN(BFEEFSAHE), THERERNSHB(IEMN
B&TiedN, AREZESNMREETEER) .
VaVy(loves(x,alma) A loves(y,x) — — loves(y,alma)) (2-8)

BEMBREINARG? YRAWE., RIITUR Na, By N b, EH¥(a, a) B
B loves™ i, JFH (b, o) WIELSE loves™ B, RINBEENEERLARTIN, BHEL
loves(y, alma) @8 ; HXRREIH,
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MBERNGR—TFTHEE, BMIEIM', HERFA M alma™ 145, EHE X loves KIf#
B loves® 2L (b, a), (c, b)), BWHRLSREMENR? XNBFEH—/ alma BHF A KHE
Ac; B cRE alma @AM — R, B, EEBM B, AR(2-8) BRI,

2.4.2 {NHES

EREEEY, EXER S, b, . b, Fy B YENRNEHE &), b,y -, ¢, HR
HATH, AX ¢ BRET, FEIAME RA—HREEFRICH, B4, SEREBHER
~R, BIVEHEXHE—NESR?

EX2.20 BT AEFAZEPHARNES(THELRES), ¢y RIBRZEAR,

LBNHSTEy R YANS A MERMAEAERL WHEWD del, MEd BRI, W
ME g BRI

2. AR g R EMY BAUSIEER MR MATFE |, EEMEy R,

3. AR ¢ RERMYBMERTBSRE ¢ WHTEREMMFE L, MEyY RL.

4 HATR-BNETRENYANYFEE P EBMA—IFE L, EENFEHAR deT,
MEb B,

FERAZES, FEFAELZHNTN: CERERRN“ME ¢” MiBXLES ¢,
by, b Fyo NITRAEYW, XENENCERTREEGRAHUA, 5%, BIME ¢
A&, WREVEEEMXATE, R%MB@EW@B@%&&A%%F&E@_, werg
B, EXMELT, ERMBAVay(HbPsEy PRABKW), ERENEBETE o
BUEME (ooa1p BB

B, BAFEMNE, ZRBIES,, ¢, -, ¢, Fy BEMRST, REFKMAA TR
A, XBHARRTERNSH(IXLEERANBRABESZHERMNTERD)., X
MMEFSRVBRATRTERN. INESHEEEPHNEEERS L, BRAENEMSE T
BERYZBEX N XRIER,

R, ARAUEHFEEEEEESRARN . LB IER — R TG 2
BREAARERER, YAXAMEEETRIOEREN, BERXBENREFAEAXLE, X
BERINEEEARBEER I BT, TEHRE -LLTiELHIHHTF.

#2221 EYHRS

Vx(P(x) > Q(x)) E Vx P(x) > Vax Q(x)
MBIENT: BMEBEV(P(x)—Q(x)) HEER, TEEFMBIELR VP(x) > V1Q(x),
MBEME Y, WEL, MUBH, MRERREMNFATEREE P, B2 ERER
To BN, SMTEBHE P, HE, HTFMBREVL(P(2)0(x)), FEBEL FHBK
DEREMLRERE 0. SALRNFAEE(IMBENFETERBLE P, RERZ),
BATEHT MBERV2P(2) >V 20(x) o '

ERBEERSE B B

Vr P(x) —» Vx Q(x) E Va(P(x) — Q(x))
REBARR? ZILFERATREHN! BEM BHEVP(x) V20 (x) FEE, R x A e
MEHEXERR A, PR Q" BAMMTF P 0 RE, MM'EYaPx) >V 2Q(2) R, &
PYSF A, MO MEF A, KW, & PYFEF A, WRIEFBEENRRT (KY -
LRI, BEF- - =T), EXMHERT, MEBM EHEFAE, EXEHER, W
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def

B REEERBEST. 4 4'={a, b}, P*<={a} M Q"Z{b}, MM'EVsP(z)—>
V2Q(x) L, BMEY2(P(x)—0(x)) FRL.

2.4.3 HEMHIENX

RICZHH TIHASHELNERG ST, 2F - REFSEFMEAREPER
HHZEEN, REE— LS4, URAKNERSETE M, (BXfeF) MAKR
B PY (X PeP), BNEABLFSHEEHTEHER, BEREKNE, WABSHMA,
HP R RSE ARNBE, EEXES (b, é,, -, ¢, F o) LhERBKETF
ATHOGRA, HER - F XA MLERE AR,

B, WAL BTG SO SN A, B, T4 K HF 46 6 B S M 2 A 1 S 4
BAE — AR RRE? MR RN AR SRR 2 60 D7 40 55 5 A8 A 2 b, 4 e S 0k
BN R T SR T — 88k, A, XEH/NGTEE DB X AT S8 R %
MR, EIFTEEE, ARSI R XA R B

R, XBE—NELBRB . AMMEEREXREITNESR, BEH—MERA B =
FARAGEAE(EI2.3. 1 4); SHBANER, 1=, RENSNE: Ty, M, GHEHH
BAER, R 231 WARBERHMTE T SRIEHAN.

MEXAEER, MIXEARHES EE2EB PSR ER. BERK =" NLTER
MEIEE A ERIERMEXR, Hik, (a, H)BFES =" SH{ Yo M b EEL A FIA
R, B0, BEAS]a, b, o}, HWEWRBE ="BRE{(a, a), (b, b), (c, c)}.
B, HMEHTESOERYE, BHE SR LS TR,

2.5 RiFBHEEAHEMSE

RSB FHABBFN— SR EOER, AEIET, BEAR 6, TOEN |
RAOTATLAHSE R ¢ RERSL: & 6 A n METHE, W4 ¢ WEMEE 2 1; £ o Ry Y
BOCKEMERPMMT & WIE—FI(KER2)HET, '

BBHR, EHAERE, IR ELR ¢ BERMIRABEF LR E RN, B
TR 48 XA B EE R — BRI, REERBTH B — RN (RTHEE R
() M

¥U%’fﬂﬁ\i§iﬂi§ﬁ/&iﬁ%§ﬁﬁ%m@%ﬁﬁil;lfgi(decision problem ) , 3|5 [a] &5 (¥ %
R—ABF (A Java, CRIMBBETTHET) : HRERTOENBA, 0 E2AE L
B, PSR B IR . XA M U, B AR E
BRIEAR ¢, BUBALREERN, WHAH R, RZ, WRHS", RABRELE
E#8. T8, MFHAARBA, REHENEORFBIRTLILH, B 8k 5
ERC BRI T, BUA § 2 (R AT xR 1)

WHAZRGHBM, B BAZRY A THRAK ¢, Fd RIXRAL?

&m&&%&%%¢@@%$ﬂﬁ%:%WK%E$N%ﬁ&£¢ﬂEﬁ%Cﬁhm
Eﬁo%ﬁ%ﬁm%ﬁ%ﬂﬁﬁ+ﬁiﬁmoE%,ﬁ—%ﬁﬁ%%&%ﬁﬁ%ﬁﬁ¢;%
—&ﬁ@%%&%%ﬁmo%ﬁﬁﬁ—%&ﬁ¢,#Kﬁ%%&?ﬁ%ﬁﬁ%ﬁ%%ﬁmo
ﬁ%tﬁ,W%ﬁ§ﬁ$ﬁﬁ$%%%,ﬁ¢&ﬁ¢ﬂﬂUﬁﬁﬁﬁﬁ$%ﬁﬁm5%%
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M, HEMHAEN ¢, REE—NR— AR HBETFREBEHE ¢ REAR.
RAVAFR K 191 88 92 £4 3 (problem reduction) M) F Z L ARKIEH, B, HHES IR
ANV fg B0 () BB, R FE R B AE W) R A T A L B R AR T A . IXEEARXHIE B LI - 4,
e MEEMA, BARMAMAEHELIERFTHAERBERANTRHN, '
EL 50 3% A7 4% 5 & 19 # ( The Post correspondence problem) B ARNT M, A BIEHE AR,
MHEEEXRSHEEZBRERELR,

R4 = AR &#%‘Fﬁﬁ‘ﬁ]ﬂ(ﬁ’ t,), (s, ), =, (ser 8), F P B A
s;, LAMAERKEH _HHNFRSE, REHEETHEAAN I, i,, -, i,(n=1), 2HFH
$ﬂ{’$ﬁsilsi2"'sim%{-tilti2“.tim?

F TR 0 B B B TR AR A — AN SR . B B X R H@*Mcﬁ StFF C==((1, 101),
(10, 00), (011, 11)), F&
=1 5210 s5,2o11
22101 6,200 ¢, <L11
BREEE—BETHFI(L, 3, 2, 3), BEH 55,8, F £yttt EF 101110011, iF
W LU X A o) B S0 J T R Y, H e {E— Aﬁﬁﬁﬁﬁ%~A?u*ﬁ%£ﬁ#ﬂ@%
BiF. MERMNBTEIAN(THEN)EE, HHROCLSTEBEET
5, =001 5,201 5,201 5,210
H=0 1,011 2101 4, o001
BREERAFARE HXNMEHRRBENEF,

HE, ETHFNE, AENBEZTULKRER, RRES—-IHFERE3 HRTHK.
RERERMNELBABERSARERG . XUIFLTRMNELER. IMRELATHE
Mo RMAXRBE, ROREABIERXARE, THEEENIESHB¥EK A Church £,

EHE2.22 FEAZRTPHARBAZAMERTHESN: REEMIEEL TG ¢, H
EEGRFRIGEA,

iR WETATA, BRERNZEMNARERTHEN, B RECRTHEKN) B 5iE
MR, B xR Esses C.

Sy 80008,

Lytyeety
RNBFEEFROZAMEEE, WEMFALAR BN EHEEAR ¢, F8E 6 R
S, HHAVK K AR RNE CH—1ME,

EHRBHS, BFENERe, URFAIMEE—NEATENERBES, fif, e W
HNEMFRBEF, ,,Mf, FHRES0 M1 P, FLL, & bbb, B - HENMWER
B, BERBEHIIL, L, U, (h (D)) =)o HEE, XM RBENBEIE R G5 1,
ﬂ‘]TE?BﬂﬁﬁB%/A\ﬁ, )}é}fb,(fb,_,"'(sz(f;l(t)))“‘)ﬁgjbﬂ,bz"'bl(t)o

RERE-NTARNZEERNBIEAFE P, P(s, ) BERENSXEELEREAN THFH
CGiyo dyy vy i), BB s BB 5,5, s, T, ¢ RFTR 0, 1,1, M0, HM, s Tt 4,
{0 T R B T AR SR SUMIAE t— 3 AR s ﬁﬁjs i ¢ B 1,0

B O H - THEBEW ¢, A ¢, H,
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6 =N\ PUL(0) f ()

@ngVMPuw%»APmpOLWD)

b, &3, P(z,z)
WWIE & BoL, 24 E AT % 04 = A 5 C AR o

HHEBEE ¢ L, RITKEBEIR—1 ¢ R, B3I WEREX M EHRERN ¢
S L, AT LA B R B R C AR, MR LKA A R A A R
WENES(AFEN e WEH),

Kl e RE M RSB o, f, WEBR - TEN S, SXEREL TN BEEN—
AE, B ()05 K, ()5l BATHMMEFEM L, PEMENBRBEENR
BT s B TR HE

P (s, o) | FRAESRBRRFR (i, 0y, o, 0,), BB s BT 5,5, s, t BT bt |
Heps Ml ROSEHIE, Ts, e, REEHHXNAE C PRKE, ZHHSEX(s, )BT
P X BAL S AR FARRETI Gy, iy, o, 0,), s F1 e S BUFAMBIEG s, A ¢, Sr4248 3],

BNE ¢ Rz, TUBHME ¢ R, RIMHEME ¢, R, KEXY: RE
(s, DBFPY, WFi=1, 2, -, k, B (ss, ) WRTF P*(TLLELZE PM 52X
RBIE) o (s, 1) e P BREFEERNFFCG,, 6y, -, i), BB s BF s, s, ¢
%F ttot o RITABEB—-IFBFENG,, i, =, i,, i), BHs s, &F 8,8, 8,
ve, FETF e t, Bk, EEHAME ¢, BB (CHHAME ¢, BIL?)

BAME ¢, A d,—d; FIME G, A b, DL, Bk, ME ¢, R, BIE ¢, 71 PM RIE
X, EAFLEFRRITTE C HEM,

Rz, BREFENNEE CER, WTHFERNG,, i, -, i), BE, RIDHE
H: EMEEHER S, BA—TREL ALY, URZITHE PV &R, NEb
BWR o HR 6 WIBEMTRIBEEE—~TEBELR, FUBTEME ¢ 2L hixa
FA.. REXMEXL, MBMES, BM'E,, MEABBRME, Bk, HERENESEE
EME S Ad,, EXMELEBEEFHME ¢, XBERIRMAEEBM WEES A KRS
REARK HHE. IN—ARERESEDS -MESHRBENAEER RN, XA MR
TRl L — N 7E A R = ) 0 4 M T 5 0 IR 3K inmterpret ST :

interpret( s )~L M

interpret(s0)=< £ ( interpret(s) )

interpret(s1)== £ (interpret(s))
HER, interpret(s)%t s MKBERAE L. A ERRE—F, INMRBENTAESN. HNES
B 0100110 B £ (F (A (B U (B (R (™)) R interpret (5,5, ---b,) =
Sl B G (@) )N ER AR L () I, Heps &F bb,--b,o FFX—EMEL
MEd,, BB, Xti=1, 2, -, k, (interpret(s,), interpret(s,)) e P*, 2{iis, BN
MEd,, BATHMIE, XMFAH(s, t)eP™, i=1, 2, -, k, A (interpret(ss,), interpret(s,))
eP", FIRAXFAIEE, M(s, ¢) =(s,, ¢,) IR, REGREEXUE, 83
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(interpret(s; s, ---s, ) ,interpret(z ¢, ¢, )) € M (2-9)
BH s, s, s, Mot —RIERT CHW—18, FRUEMNEHE%H., Hilk interpret(s, s, -
s;,) Ml interpret(¢, ¢, ¢, ) B A'FRIHFER, FAHFANANBBHERMFANER, L
KQ-DIEHTHEM' S, I2P(z, z), FRM'E ¢5. O

RERNMETUERESRBAWNNETELER. AT, 2N o R THRH, B
FEENBEBMMFE [ FBRME ¢ RL. XTMERFEELRBIM. AKX I« (P(2)A
"P(x))BREATHEN. EASBNERIMELINEHRD: ¢ RAUMENHHNY -
RABH, Mo TR ABRMERRYL., REFEME ~ ¢ EXFAMNEELERE. TR
MARHEARE, BRI BT R,

HANAHERERK AT EHEAREE XN ENIE 28NS BN &,

F ¢ L, HHEMN L (2-10)
ABRMEER . XK (2-10), AEEHEAHRE, BT REH E T 424 (provability) , BATN
BMRENBEERAFNBR, WREBI - NREMNEETHE — T LYR ™ 4 R 5
—NEEAXMIES, B4, IRRMFHER. R, MRBBAIE -5 ARBE, XA
RERAER . BRCXNTAERANBRBBITITH, EEHBKAEHIRERK,

2.6 WMNBBAIRZES

WHEZEEAEERAERNREES, THER. BEFSNBRAZS ., XHB AN
RO RUBHA RN, THEEMTIEAEORTHE IRMNE. Rfi, FHEEXLT
BB AKKI R LR ; X R B0 SQL 2 M XML SCA4# XQuery #8214 I 3% Fh 32
I BIF o

AR, IR NEGRBF N RTERS BT A [ EESR MR, R AR
MBREXEREREHEAE A LW ZITIEA R KRB,

B12.23 BEREEE A=1{s0, 51, 5, 51, SR BEE(s, ), (515 5), (s,
$1)5 (s, 82, (525 80) 5 (35 80), (83, 5,) b0 B 2-5 Bk 897 ] I 450 X AR A,
HEME (s, s') eRY, FE—FNGEE s BIGE . EXFHERT, BEIOH s—s',

So 53

5 $2

B2-5 —MERE, RANTSBROFAKNS R HEEM, —MEEX (n, n') 7 R GEERY
HANYEFHE - AEE n DGR ' B ()

WE N BB BERIEAN— 7 RERBBE RS, T8 H“IR”
H& BB TFHITEMAE, P, —MERETUR - PBHERR, W (y-1), B
TP HLBWHR—KN 10 WA oo — M HFRSURTFELZLME, WEXIBRERD
BURZEME 11, SBCRBOS" . ZFREH, HBF—MIRERT LB Y — MR
R 8 B o 9 T i b (reachability) [6] 5,

Al GEAMETHEE n f ', BEREM n B n' A B K EREBERZ?
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HEE2-5 9, WRE s, thE, s, BAXK, BELREE s;—s,—s,. ACBMREHAE
KEAEZHWBREIERIEER G, AW, REs, Ms, BAFTEMN, s, HE, RARE 5. 5
Ms, RAERN, TRXMMSHNHBEENZE, EEEERZE P ERE BRI BR?
EEEREERHREEANEZER, UDBRTERATHEN. X EREERRL. 6
BRI v Mo ANEHHTRMBEZEBAR ¢ MIXEN_THAZS R, FHoTH
FMERRY S ENEEREPEE—-FZNS v« RS EBS o WSS SN BE, 6
m, BAITUERE .

u=vVv Ix(R(u, 2)AR(x, v))vIx, Ax,(R(u, %, )A R(x,, %,)AR(x,, v)) V-
XN ARBBAERLE, FUERAR-NERAR: MEET:. EERIVEAHREHE
AAR?

SAEHRKR, XRATTN. ATIEHX—M, FELZ—MERAEBEANERE
HH—TEBEEHIE,

BE2.24(RHMEE) RTRBAZHG N EGES, ZTHAEARTERL
THRM, MTARTHEY,

ER ARUERER: BT RAAHEN, MABNHSTELRY, AORAHER
AN e T HIE, HESM, XBRERFITFIEEHW, (&, XEAATXT
RIVWE— RS, TULHELRENATE, SEAMSEEKANE ) EL, £AR
BWES, XNRIE—-MEWH; AERETXH - ERAER, ABERAT dERAGE
FEA BRAFIGBEARK, Hilt, B, AAFL, BREEES5THHAERT
RBRABENTE, . a

HXNER, TURHE—SEHAN K. RITNB—MRETS KEREEOE R,

EH 2.25(Lowenheim-Skolem EE) # y RBAZHG—ANEG, HETHRK

nzl, AEYHESHE o AAFOEY, Wy FRBALEGHR, .
iEHH /L\\it ¢n ga“ﬁ 3x2"' 3-’!6,, Alsiqs:u_'(x,- =xl)i}ﬁﬂ}§§/}‘ﬁ n /l\j_ﬁio %‘Iﬁ%/ﬂ%é

Tyl Ui, n2l), FBARKEE—AERTEE, BES1HR: MFEE 6, <A B
n, n<k, AHNE—-TEERHRMN, FLUELREE, HBE, (v, ¢, BTHLH,; H
XMBH nsk, ¢, BEKK (HH 47, Hit, AGETHEN., ERMTHER. &
MEREMBET; B3, MEy BT, BIMFTHE n=l, MBERE 6., FUMFTREISE
ERATE. O

AR LESR, "kt FHigiAERRERTERMN,

EHE2.26 TEAMMBHAZHRRRTREAN: RAEERAufo b O HEEAMAE—
AZAREHFET RGFHAZTHEAK ¢, RESEAARTRILSAREGAGR P AE &

W BRFE-NAKX ¢, WEFE—FNS u HENSEDS o MRS SN S
Bo BeMcRER, #6é, RAR, REFE—FM B HKER n HBZ. RITEX
$o He=c', ¢, R R(c, ¢'), H¥tn>1, X
cb"gﬂxl---flxn_,(li(c, 2 )N R(x,, x,)AAR(x,_,, ¢'))
PA={"¢;1i20lUl¢lc/u]llc/n]}, AFHFHEARBEEME ARKRTHREN, B
R ARFABAN AR ERRREEREN O, 1. - HMFRIEW ¢ MR BRI 'Y
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BRHBR, BEE—FN B NAERBRE, BX lc/u]llcdn]INE,
KR, AMBIMERTEBEITHEN, BAFEERERKMEE, B, & B3
EH, AFRGRAWEN, XB—INFE, Bk, FEEXRHAR ¢, a

2.6.1 FHEXZ-HiZ# .

WRBEEB AR AT AN, IRABHEAERER? U2 RN R? RIS
RIFAZBRO—FY R, BEHXITEERE, MARNBHBEY —E2FMNEE. EX
MIEHR, BXAX—&, TUELKBEARNULATER, WANATEASS, WA
nzl MEERWEENSS P, ZEEW

drP¢ (2-11)
MAR, Kb o BHHFRPH—TBEAEEAR. SRERNARBELLA _HZs
(existential second-order logic) A RK . — P T ILHIFTFE.
AP Yx Vy Vz2(C, A C, A C, A C,) (2-12)
H ¢, REBRTHC.
C, L p(x,%)
C, gP(oé,y) AP(y,z) > P(x,z)

def

C,=P(u,n) - L
C, = R(x,y) — P(x,y)
M%ERﬁPE&%§%L%%¢&$%§,%za%ﬁX%E%Rﬁﬂ%Pm,Qm%
%P%EEW,Q%&P%%ﬁ%,WQ@ETKﬁﬁMﬁuﬁ%%%ﬁQSvm%%%
R PR,
%%—&&ﬁM,ﬂ%ﬁ@dn¢¢%ﬁ€&ﬁ5ﬁﬁﬁ%,%Pu%,QWM%E—
¢&ﬂ,%MTP%—¢ﬁﬁTQHAOWﬂ“ﬂzwwﬁﬁﬁﬁﬁh 3P BIIE LK
ME IP¢ HHY HWENATCAxA, M, Fd (2-13)
%227i&ﬂ%%ﬁﬁ@JH,%%%ZBﬂEZJ%ﬁﬁMO&l%~¢§W%,
WR U(u) =5y M U(v) =5,, ME, AP BIING? R, FTEPHMBMBTICAXA, FEBM,k
VaVyVa(C, AC,ACy A C)RIo B FER-TEHRANEBXE TCAxA, A5
Wﬂ@K@@m,moﬁ%ﬁTgH&NMMXMS#%HHUN%Hﬁ%ﬁ#%ﬂ
Bk, ME 3P Ba7,
E%E*%*%ﬁ%ﬁﬁ&JﬂﬁﬁWE¢&i,%ﬂﬁ%ﬁ@¢$ﬁEM%ﬁKw
AR I —KAERBRE. Hib, XAMAREHE TR k%,

2.6.2 £HRA_MiBE

HR, RIMTTUBER(2-12), IFHBMME - R T AET
VP Jx3IyIz(~C, v G, vaC, v () (2-14)
X JE— A X = F-i% # (universal second- order logic) AR, ZAREE T kM,
BHE2.28 HAM=(A, R*)REERD, UAXQ-4)EMP SRl FAL, 58

© BREE: EFARTFFARBAMBEFHBEREHERTA,
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REEMP, Ril(u)BE, ()R RTHEE,

ik A

1. &%, BN PRFERET, ME,323y32(~C, v—C, v C, v C )R, 4, X RY &
AR, EaHamBamy. B34S T, LEME - C B, WM E 323yT2(~C, v, v
C, v COME, MHEMFH- C. (i) BRMBH. BXEREM,EP(u, o) BFWL, FL, (I(u),
I(v)) e T ML, BMAEFEM I(u) Bl 1(v) A RIS,

2. B2, BEMP, Ki(u)HE, I(v) R RATKEN,

o 3t PIEMIERR . FEBRRRGE RY WREET, £FEMFE,I23yI(=C, v=C, v=C, v C,)
Rz, BR THFH—C, - C & C, BT,

e F_MARKE: TREASR WAHR. E3XF, WTES R WERERAE. hRE,
(Wuy, o) EZHAP., Al, EEANX I THBBTH, - C, HE, &, M,k 323532
(mC, v C, v €, v CHRT,

BZ, MEEMBETCAXA, MF, 3x3y32(~C, v C, v C, v C)BRTL. HiL, ME
VPIx3yIz(—C, v C, v C v C) R o (W
IEHA X HEEAALEX _HBERABHTRAHNER, HERIZRRIWN, BERF
EXATHZBRATE TESHA (M FAIHENAR IPS, BREEHEEI_MEBHIAR
30, FHEHEENENTHENTE) R— N EHENRBRAE,
WMRAFF —AARPHFEMNLHEBIAFATHRAZSS, BB My —
Wi, s
APYOQ(VaVy(Q(x,y) = Q(y,2)) > YuVo(Q(u,0) > P(u,p)))  (2-15)
APV OQ(VYaVy(Q(x, y)—=Q(y, ))=>VuVo(Q(u, v)—>P(u, v))) 3L, YENYELE
AT, WHE U, BEM) EV2Vy(Q(x, ) —>Q(y, x))>VuV¥o(Q(u, v) =P (u,
v))o FER—MEBBTH—MEERGR,
MRMXRMXRREF, REIN=HEE, %, BMZERHTERRIEI .
BREEUMEBEXHNRYERTHBRARER Y., FEREMNE, — M ENSYEE
FETZ B R (meta-level) FRTRER MBI, HXHWEEEAEESS PO L2 ML, Hlw,
HEKER"ABXIMWERUERGERI N TENES X I TENT:
AZ{X] X ¢ X} , (2-16)
FHERMNAHABNESR, BERE, FEERIEHEREFELEKB TSN E8H
B,

2.7 HHNRBER

PIHRIALE, RITRBHEANSPOESE.

* B AR (model checking) : AEIFABHM— AR ¢ M— MHLRMERM, BEME ¢ RBERY;

® # X4k § (semantic entailment) : HEFAEBIH—PARET, BETE S RBFEXK?

TE R G AN #0147 P X S 7 X E USRS, T RO A X — Tk
BT R LI ETARR, T TLUMERR T WAL BRSO HF, X, EY
BT SR NE MU RIFHICRE, Rd—BERET, XERTHEN, b FERGN R
WHES, HAAREHTETRREBABBMS, RERIME ¢ 17 3 Fi 4k 38 i 3 >
RAET: B FBHEL M EROERM, BTSSR RARTHGAT WRIT T,
RUHHE, BEAERXIANBESTEREXNSR., AXIMREE, EURSTHE, K
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REAFNARMSEEFHANFRNER,

BATFR—F B IESGES BB N AR LR E—BHOFE., NERPHBSEM
B /NERL, R ATTE R BT EAE B B IR o R R R U R A A AU R W A4 5 Ab B
t, ME—HEM/NM)BEMYEE#TAGTRMNEBEERPRBENSEBNFRME,

X 4b S AE —Fh A Alloy (3R B D. Jackson) (9 T EBH TLH, AEEIBAREE
At BT 156 64 B 14 4 4 A ( micromodels)

2.7.1 BREHN

HHEEHG 2. ISKMBXFH L, EHNEEESHEF= il MP= (R, FINRAZN
(state machines) , Hi i B¥ &, FE—TIHAFS, RE-THAZSS, — (B BR
MBTERTERNES A—CTURHBHIBEFRENES, BB M cA, RMcA+A Rl
FM CA 53 5308 H— N5 E WATHRR A . REIBXRM—PRIE(TEZ)REE, BR
MEREY, BABAH2KRBEHONE, SFEHRIME ¢ BERTHER.: R,
RERBAL

LT, RIDEREFLOYE R REWFAEREMER, TIBTREER
HREWEFHPEL, i, ROTERNEREGTELIRE; ELHPALIH AR
WK, FEIBRWEN, AMESLE, RIVIREIMKERENFTEELTH M(lel)®
— P HRM, BEFZNMMTEEER ¢, WRITEDE .

o (3 Bf ¥ A (assertion checking) ) 7EffH BYSCH M e M9, y BER; BF

* (A8& M4 M (consistency checking) ) ZER AT M, e MAF, ¢ BRERL.

g, BMEERREVKFTEBERERNES ., — AT RERIE MR ¢ B K IER
BRAERMBRE" . HAKGW ¢ 09— 0T 2. HFE—TREHN, BESELKILERE
BERE” .

MBTEE R RS, EMEFARSIKES, WEIERERRATHEORE, T4
RMELIAEFRE . FEMIUE — MR AR, A I o oK R T e 9 B— R R
NI XERIEH— KRR FREVT RSB, 35 00 H 00 A0 M s
— T EFRNEEES RO MERE R, FFHG T 5 2 T SR B X b MR R BT A M Y R
LR AT % R R,

* MABATENER, RIBLSME LU REFTGER BB . WA, ERARYEWHY, B

ATEFENAE A RO ERNER, BER0T, §EERUERNET—BEL,
°* MRBATETMER, WRIRATMPEHFMIEN—MER, Wi, RNAERHENER, 3#
A A3 28 o) R b AR B

D. Jackson §J )~ 5& B 48 3% (small scope hypothesis ) 3 BY . EEERBTOEHAAE/PE

B, IEMTRMNBEEGEEENEL. KB Alloy ERXTRENBTERM:

sig State {}

sig StateMachine {
A : set State,
i: A,

F : set A,

R:A->a4

}

XA GLBI I K8 (signatures) , B3 State RETHE, WA NILEH, e, REKE
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ERZRRSRATREEAREN, B Alloy FHEHMR T, 5 _1Hif stateMachine HK
BEALEW, METRENA-PREE A, KA AKTHERS 1 ARE A WA IEREES
F, UR—PREN A->A KWEBXER R, HH>BBIERILR <, BITEZAIEHATEN
A RH 2. 15 IR ENEWER . REVKEARY R RN stateMachine K& 4], HEEN
HESRAAN, FENTRERERNELS, STREA LERNERTERARRASEN,

Sy XKLL BL, T AR BT E HEAT G T AU

assert FinalNotInitial {
all M : StateMachine | no M.i & M.F
} check FinalNotIntial for 3 but i StateMachine

XBABAEMNET — 4 4N FinalNotInitial WM =, H TR B 8. XK AR
Statemachine T AR M, HinoM i &« MF REM, ¥ &« BMENESHWA, H no
S(SAFIE)BMN LG SHE", Aoy TR a MR SKE o] ZF, XN EESXERY
KU, XRBER, FROTUGFRRENGATES: M1 EMEOTHRRES, MTMF L2
HEERSE, 5%, FHh, FEKX no M i & MFHRHE: “MBPMBRERSEMEY
KIERE "B, check #4EHA Alloy #7882 F KW S FinalNotInitial —4
RH, ME MEACREAE=ZANTE, RTBREH - ILEMN StateMachine,

Alloy Wi 5B 25 RN 2-7 Fim . XMATMAER T RITIBY 1 M F HHERY
HREML RS, Whit, TBXRBRNFCE, MARE - PEBEE (M state_
0 E%) state_ 0), FEIF: XEWF FinalNotInitial FE$5E KR A M —M R,
Alloy ) GUI o FRMHMAIERE (X ERERB), B ENIEENE,

KL, RATH UGACRESV SR GHE R Alloy X8I fun BRMAEHR
®(&RE2-6), Blm.

fun AGuidedSimulation(M : StateMachine, s : M.A) {
no s.(M.R)
not s in M.F
# M.A=3

} run AGiudedSimulation for 3 but 1 StateMachine

module AboutStateMachines

sig State {} -- simple states
sig StateMachine { -- composite state machines
A : set State, -- set of states of a state machine
i: A, -- initial state of a state machine
F : set A, -- set of final states of a state machine
R:A->A -- transition relation of a state machine
}

-- Claim that final states are never initial: false.
assert FinalNotInitial {

all M : StateMachine | no M.i & M.F
} check FinalNotInitial for 3 but 1 StateMachine

-- Is there a three-state machine with a non-final deadlock? True
fun AGuidedSimulation(M : StateMachine, s : M.A) {

no s.(M.R)

not s in M.F

#MA=3
} run AGuidedSimulation for 3 but i StateMachine

Pl 2-6 b — W7 35 0 — N H A B R A LB B B 528 1 Alloy AR Bk,
BIRRAF " R [d] 1T N BB
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i &) &

F2-7 Alloy pWBERENTWENIRRENER(RE 1 E8), HAEKS
FinalNotInitial H{&: #I#HRA State_ 2 Hh B RIERSA

XMMBF M ALK AGuidedsimulation, HGHESE / REMKEREX, B
—NBEEHKR K StateMachine I M, B - RAKE K M A s, Bl s & MEB—1R
Bo AR FARBEAR (AR =1, IHAREERSHEN)NERE, EXHE
ET, ERI-ARESE MM s WELHHER, F18 s 2 v HIERIFREA, A2 not
sinMFMERRGEE s : MA; MEARFHEM s HEKNTHE, F—1%% no s. (M R),

EERBEH-BHBB., XBIT o FR“THELE”; XEREVATES s. (LR),
FRs. (MRPEAER. AAMREMKIBXE, EETH . (M R) IAHE /4
o T, sEMAW—IITE, EMREEBIMA > ma, B, BROTUERKE
TR sWES, FEFEMN s B s MRIR; XREES s (MR), B/ ARIPES
MBHE=TRE: 7 Alloy F, #5 = k FHES s FIAGAE k ML E,

run I[HLBARMELZ - PMRENAMZELZ=ZIRE, B AGuidedSimulation BHZ
5 Alloy B2 447 2538 B & 2-8 PR B 4E (AL B — A0 F) . W HIEX AN IEE R B 46
BEHRMG A AR, WHEKEWHBEN,

OXCOEL

R

Bl 2-8 Ally MAoWMEEEEXEAIHR—TREVEE, FEHSHERN
AGuideSimulation £EHK: FHE—TEXERLRA, X B state_ 2

XAARAUOREN N EZLERNERER 2-6 b, X B & F Module
AboutStateMachines LQSUTJXAE#E%_'E@WH(J&EQM XA S E Y Alloy B — M
ﬁ%ﬁtﬂ?@*ﬂﬁ*ﬁy

2.7.2 AlmaEW

EIBH 2. 19 R, HF=ATE, MARHEAR(2-8), RERITTLLA Alloy 5 —
B, RIRKE R FTA & B LR R (2-8) . RBEE 2-9 “Pé%tﬂo BWa
THS AboutaAlma, FHEX T — KB person MR HEE, RS, © FHTRE
SoapOpera(MBREI), H—1 cast (EH)—4 K ¥ person WL, %B‘J cast g
Bt alma, MURKHEN cast-> cast BXE loves, RITEELZEHIANT L — FB AE B
RIS BN Of Lovers, HMTEMERRER (2-8) AT kiR A& WA E 74
b



96 g2

module AboutAlma
sig Person {}

sig SoapOpera {
cast : set Person,
alma : cast,
loves : cast -> cast

}

assert OfLovers {
all S : SoapQOpera |
with § {
all x, y : cast |
alma in x.loves & x in y.loves => not alma in y.loves
}
}
check OfLovers for 2 but 1 SoapOpera

A 2-9 FERXMEHRF, ofLoves WAMRBMREHE - <2 PARI<I
A BRBE, #8X(2-8)WinEZEH

LERallx: T | FRORKAMBERI THHIAELH x, 2R FHE. KF: SHEESE s,
with s {-- | BRHMK, :
2. KA with s {| R—FHENIES, REELEESH, A loves Ml cast HRRBLHM

S. loves Hi1 S. cast,

3. HEWK-PRKE: MsWERFTHAMN« My, FxFalma, y B s, B4, FE=>KREE:
y A% alma,

Alloy I3 # FHRX AN B F O — 5B, ME2-10 frx, ER—RH, EHR alma £
wECKEA, Hik, BRBMBANEAZ—. RELE, RIFRAFMEFER. B8
MEEHETRETROBIZ: BB MBI T TSR, HERITE Alloy £k,
FEAHBAE. HTHRIXNRE, TUAERME 4 fact (FXL), BELHLFE, M
BB ATREAMBRIE S . RN BRI 4 A S0 B R AT 0T S A AR,
=LEF

Person |

(s, aa loves ~ { Person 0

B 2-10  Alloy 5rH7 8% FRAR(2-8) M—T K H: Alma RIVCEMERRE, MABMAES

fact NoSelfLove {

all S : SoapOpera, p : S.cast | not p in p.(S.loves)
}

MBI Aboutalna, BHEMELHNERRAMABEAC. BEHHN LIS, 44
BEFRINRAAM . XBREN 2. 19 WHAETRBRHAGHRTERE M, BHE
ZHEE, [EH check HATH2 BN 3, RBI—NEH, HRER2-11 &, KEBHE
At AR —RFIG?
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loves

Person_2
(cast)

loves

A 2-11 Aloy HHT#8FHRAKXQ2-8) M-I RHF, WEEF 3 ~EHH NoselfLove HF,
M 5k F|R Person_ 1 & Person_ 2, RZHFAR

2.7.3 BHFHMEY

BIHBT ML, RAVEA Alloy A —BrBEBEAKIH, BRA-NEBARXNEBEINE
HRFEAR, B Alloy RRHARSHHENAT T ERNES: BEEKGBRSE., A
ROGERBENSLE:

L. EEXHEERSANIENREEMEHEE;

2. B LIBRAE A W25 W/ A A

3. ERMHAH, Bk, Al - MEENIEYE &S EE S

4. BB RIATFAAEHSAMNBSHIEZTEARKERENGEL

BEAL, PEBEEAE =5 LR T — T 4 M 8 49 (reliability contract) , AR Z K
HEREB N SEHAERE, FENEHERALNENNT. (R, SEEEHEEHE
B, xFARIEEHEM.)

AT AR A — Pl 2 1k 1% #1 & % (software package dependency system ) , 4423 3% FF 4% 8
HanERXMAL. REANEUESHGEEANESEETHLE, KECARKBALENE
RAREEN, MAZEOTEVAPFAEN, ARIBETELRLHER, M, 8%
AU FT BB R B AR B AR A MO S BE R (B A e T I AR A S 3 B SR L TT BB 2 P Ik B AT

RUEOKRBARGEHTEMITEI RS P, W Red Hat Linux, . NET'# Global Assembly
Cache Mi}fh, AP LWH B EKBRENNMEHARFBEEDBE, RALFHEATS, £
MFHROEBERERAFE—NARXTHMERAMTHTOER, FENARGEFRER
I 33 2 HF S FL % A B A 1) BB B T LASR B o

ERMNOER S, NWHBVVEANGZ L, A EMAFRERS . RETURBLE
%, i, BRETUR-IMFR(BFRBHERAFER), -1 FEHR, RF 168,
i, MENRBFRITEST P RMOKR, 80, AGERBAREHBHAGNR
Fo MBERLEV, ZMBARSBRTAGAFTERRNSE, FHETHE, 4405
F, WAUE - MEERRSES, BRI “main”,
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e Alloy ", MBIy — AT

sig Component {

name: Name, -- name of the component

main: option Service, -- component may bave a ‘main’ service
export: set Service, -- services the component exports
import: set Service, -- services the component imports
version: Number —— version number of the component

H no import & export }

MEREEMM S, BiF service Ml Name AEEEMESEN ., HiF Nunber UELEF
— 1. AR Component M—ASLHF, HIA —1 name, BRHEA HALA 1R S &
& export, UREHTFEMNRALMAFHARSENES inport, BE(BEBEFRRE
8, —THBH A S version, HE LR KB set M option MIEM.,

AL set SEKRE i BREASH—IT4H; WA L. option s MER i BE
FSHWESA-—AAEMNFE, TR, option FRITTUBE - TE, S LHA(E
THEAE), WAUAHI(EES). SHRLR—FHEFERANES. BF, A8 1. s &
RTiRSHBFES-AMALENTE;, XLFEEEET ILEY s WEBRTE, B
K Alloy ¥ CK a 5E 4 (ol M,

MPGESR L c IMARERESH, MHFEH CHERANRESHAETAE, FEE
Component X H ff, H# ¢ R4 H no import & export, # . 1E BB A
import 5 export WA (&) &2 M (no),

RO KB RS (PDS) 44 components PR AT/E BB 150 BY B Ab 25 # 4 1 -

sig PDS {
components : set Component

}i‘components.import in components.export }
PDS d EE KR H MBS LR A R ¢ (coherent) : ZEFFA BT %I, B HAMNFA
WAFLATE % PDS WHR &, Xt PDS Wy FF A L], 83t ¥ 43 components. import in
components. export MIANEN, XFMFREB TMHE, XH, components BHME
4, i Alloy ¥ component. import WENEX NFHESL c. import W ¥#, Hep c B
components —PIELE., HiL, TFRPA: X components HFFH M ¢, c FHHE R
A R% Ll components FEIEANHMARE, XBIFRRITFEER PDS HIH B E S K%
BUHAR. ERAXIMBERIFBAHESHBNEAGREBHRS; NLAAEFHS, XE—4
MELIRERZ IR B A1

RERXFEEEAR, RATTLURE—4 PDS F A AMEE(MA) FIEG, TEESE
PDS Y R M. XBRATREM, B W X LB ENIBEE B, 5 L% PDS WMEHNHE
components MR G, ATME N AddComponent M= SR — BB fun B R

e — A 14 0 A B —4> PDS,
fun AddComponent (P, P’: PDS, c: Component) {
not ¢ in P.components
P’.components = P.components + ¢
} run AddComponent for 3

Beab P RER A T BARIEPATH PDS, PYEIRAT G BEME PDS, T o I ERAS 75 v il 9 48
o XNTBEHSBAR addComponent BEEH FBM— 1 “RE" BB — 1 RE” GBI M
PDS P iR 2% c S8 2]) B#fE, AddComponent i EKRUA T HAMAHE, BEFMEE, F
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2, XMRECERTAMN c A7 PDS HFE A +H (not ¢ in P. components; # & &4
W— N6 F), MR PDS UEMT c MAELREMHEMAM (P'. components =
P. components + c¢; ERXZ&HHN—IHF)BIHFE.,

HATRSBTRGRENE REMER, FERBITHBRERBERSE, BH Pps M
ALBIMEANRNUAMES. XWERENMEFFHOEE, ME—-DPHET"H. HHREBH
PDS HAEANRKREZE AT RITSHIEMATT URE KA REOHEG! BHit, ®RIT6
BN OEENEERE, BLF, IERAEEN - ITEENH,

HAFMBRAA S AddCcomponent JEH AL

fun RemoveComponent(P, P’: PDS, c: Component) {
¢ in P.components
P’.components = P.components - ¢

} run RemoveComponent for 3

RHIRET: BAERERMAFER c ZEMBRATA PDS WHMAES T, MR E&MGHEI PDS £ T
A c, BRAFMBEZEMEMEALF, FER S - T ORI s b, BRET PITE",

BTRESZMR pos EiF, FE=AMIMER,

1. X & schedule EIRHE G4 PDS H 4 R AL A RS, % PDS 4R HEI% T IR % 8 — 4~ 4 4,

2. i schedule B, BF PDSHAMBZRM X R requires, BEIKTXEH 42 & TF schedule
BIHRE L R .

3. &5, X PDS M A %41, MAMRIE schedule #l requires BY52 87 7 iF &b 38 49 2 5k,

PDS W E B AL .

sig PDS {
components : set Component,
schedule : components -> Service ->7 components,
requires  : components -> components

}

HEM P . PDS, FiX R P. schedule %E\‘%@ﬂ.ﬂy P. components -> Service ->?
P. components )X R .7 BR— N EHH K, ZRPDSHENAHANEINREE S5 - Aup
XK. XWRIEFABERFRBEN, Wi AEEEHEE—am, HE-NSRPHHMS
ARERSE . 7 Alloy h, RHEEHIFIR? ER“BIF—1", UR +R/RR—IPTREZ”,
AHBARHRER “FAEEL”, Fli, requires BHFEHTBRIANS X,

WP 2-12 fR, M fact B —F AR A PDS LM FIMBE., 4% SoundpDSs
HIBSLXT PDS M BT A LI AT BI04k (all P . PDS | ), A with P{--} R
R P. e MIFMEAXRKMEA, ZELHEERIHHILE-1 F-2,

fact SoundPDSs {

all P : PDS |
with P {
all c : components, s : Service | --1

let ¢’ = c.schedule(s] {
(some ¢’ iff s in c.import) &% (some c’ => s in c’.export)
}

all ¢ : compoments | c.requires = c.schedule[Service] --2

}

B 2-12 —AN4HT A PDS MR A ST
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1 M let x = Ef {0 let REXPFHRTWANAR, XHFE—I let RAXFH
xFEIHPRHFEARHARET E. BRI IRASHER . WARBRRRNERBOES, &

s. (c. schedule) & c. schedule[s |KIBEBEER,
o EE-TART, A c H—ITRF sRHET B —1T4M c'MEH(some " HEYHNYES

FINHENY s EHRE cHWBAESD, REHMLBHRSE!
o EE_AARS, F cRHEN c BEME s, W s 7 cWBBED, DeEiEE BRI EHRS WAL
-2 Fl schedule £ X requires: — MM c FEALHN  c WEEFIR S AHMH
KT PDS W5E# Alloy BN 2-13 FiR . FIA Alley AR 88, RAITRIEXiZ
WA funiBf], SLHEST PDS MiBR My ind o e, REBBHEEN,

module PDS

open std/ord -- opens specification template for linear order

8ig Component {
name: Name,
main: option Service,
export: set Service,
import: set Service,
version: Number

H po import & export }

sig PDS {
components: set Component,
schedule: components -> Service ->? components,
requires: comp ts -> p ts

H components.import in components.export }

fact SoundPDSs {

all P : PDS |
with P {
all ¢ : components, s : Service | --1

let ¢’ = c.schedulels] {
(some c’ iff s in c.import) && (some ¢’ => s ip c’.export) }
all ¢ : components | c.requires = c.schedule([Service]l } --2

}

sig Name, Number, Service {}

fun AddComponent(P, P’: PDS, c: Component) {
not ¢ in P.components :
P’ .comp ts = P.comp ts + C

} run AddComponent for 3 but 2 PDS

fun RemoveComponent(P, P’: PDS, ¢ : Component) {
¢ in P.components
P’.comp ts = P.comp ts - ¢

} run RemoveComponent for 3 but 2 PDS

fun HighestVersionPolicy(P: PDS) {

with P {
all 8 : Service, ¢ : components, c’ : c.schedule{s],
¢'’ : components - ¢’ {

8 in c’’.export &k c¢’’.name = ¢’.name =>
¢’’.version in c¢’.version."(Ord[Number].prev) } }
} run HighestVersionPolicy for 3 but 1 PDS

fun AGuidedSimulation(P,P’,P’’ : PDS, ci1, c2 : Component) {

AddComponent (P,P’,c1) RemoveComponent (P,P*?,c2)

HighestVersionPolicy (P) HighestVersionPolicy(P?’) HighestVersionPolicy(P*’)
} run AGuidedSimulation for 3

assert AddingIsFunctionalForPDSs {
all P, P, P’’: PDS, c: Component {
AddComponent (P,P?,c) &&
AddComponent (P,P*’,c) => P’ = P73 }
} check AddinglsFunctionalForPDSs for 3

Bl 2-13 PDS i) Alloy 5y
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Wi % AddingIsFunctionalForPDSs Ffk: [— PDS ¥l 41 £ 48 4F 9 $h 75 7= Ak o
— M4 PDS, Alloy AT B AX AN ERIR—IEH, Ebhp BEHNS, TUBH2H
ERXTEEEN; MH pAl P Ll component _ 2 INAMAML, Bzl p b, XA Y
AHREE PDS Fhb e HBAE R,

HA oM e BREKEE, XEAWER-MRAR? BXEN, RNEBE3 ABTH
tr, #(PDS = {PDS_0, PDS_1, PDS_2}, H Alloy %% PDS_ 0 ¥4 P, PDS_ 1 ¥k P',
PDS_ 2 fEX P, BNEER PDS FE 3 MK, Ally“INA" EMNBRERMREIN., XEiFiA
EHRAMBHMESHNAERE, B8, XERTENR— LA 6 4 484 (structural equality of
types) : ERIEFM—PNHGE B —EEHHE—/ PDS, fun i&4a) T AR IBHLEHHES .

fun StructurallyEqual(P, P’ : PDS) {
P.components = P’.components
P.schedule = P’.schedule
P.requires = P’.requires

} run StructurallyEqual for 2

R, RATE AdditionIsFunctional B A EERX StructurallyEqual
(p', PORBREKX p'=pP", HENSHHERMD 7, EBUEYN, HEHFIFEES.
CWFS AR, fEARE, BIIERBE—NEBHEAAMH component _ 0 fl component _ 1
PDS_ 0, ffi§ component_ 0. import = {Service_ 2} H component_ 1.import =
{Service_ 1}, B Service_ 2 & £ component _ 2.export S BUR |
component_ 2, AUBBMIMENARMNEEERES, BNEERAERFLRRE, £ p'
1, H5 pps_ 0 MHFAAELH ., P A{HK Component_ 0 i Component _ 2 , Rt
Service_ 2; fMH Component_ 0 iFE} Component_ 1 4t Service_ 1, X4
R BMAGANEFEERSUE TS, AHF0—E(FEL), B FRe—&(Hm
W EeH), :

BUMBRENAEUTET, SEXASONELNEETELREHSNES, X540 Y
SEH I UE R e MR, @it A R BUOR B R X — &, BB RS PDS MR E A
#, EEERTFRLHIEERA PDS bl e BB A A4, B, RITEE, XA
BB X TEXMNTRERMBN, XFFEREREXER, i B a5 7 8 i %2
HEMRSE, NABRFALTE. T tun EAELEFRZNEMfE D, BHEEES
BEAA T ARBERA AN .

fun HighestVersionPolicy(P: PDS) {

with P {
all s : Service, ¢ : components, ¢’ : c.schedule{s],
c’’ : components - ¢’ {

s in ¢’’.export &% c’’.name = ¢’.name =>
¢’’.version in c’.version." (Ord[Number].prev)
}
1
} run HighestVersionPolicy for 3 but 1 PDS
xixK
lc’.version.‘(Ord[Number].prev;]
WEMBE: . version R WA S, &Y Nunber lI— P TLE, S TUHF—
ERRr: T -> 7T, FHTHAHUBRET >T, HER WA BMa, F, TEF




102 . F2¥

Number, r Z-F Ord[ Number]. prev, .
BE, E—-TRAIXNZEHEABRE? BEEREEES Open std/ord, XITHTERAE
B std XM ord. als PR —-PMERPERAE, ZTEREFUXWETRAISEROLZ N
ord HIEH, BR % 44 (polymorphic) , FiAX Ord[ Number ] FiE# Number Yy RIAF &
HTLHME. RRARAREZEMOERAXR prev, K prev £ std ord PR BLEH
Fo BHEBERX Number I T —MRHF, BBXTFESF, nprev £ n HHT—4 T
Ko Hit, nprevi i TRXFEFTHA L n MOTE, HFEHMIE—T tuniFaE
®, RETHRTHEREINE X,
AR fun HEMAXSHIHH#HTAM, T LUETF HighestVersionPolicy B H FF i
B
fun AGuidedSimulation(P,P’,P’’ : PDS, ¢1, ¢2 : Component) {
AddComponent (P,P’,c1)  RemoveComponent(P,P’’,c2)
HighestVersionPolicy(P)

HighestVersionPolicy(P’) HighestVersionPolicy(P’’)
} run AGuidedSimulation for 3

Aolly I BN X MR AR~ HE, HUTED P PSR ERAEMGRE, #FF
HZ5H =4 PDS # HighestVersionPolicy #iFHE ., KEFH IH ABLERHA
M cl M c2 g7

AER XD ROIFFTZE, RITIEE Alloy RED W RO BB, b TRGHHAMEE
B SAT RBHIERSITSIE, RERRSEFTHFH IR tun BA(MENFESE, ©
MPEEEFERAR) TRNHEERARLHX -HEBAR., M, ROEZFERN
R BFIE Addcomponent Bj—ANSLH], HEBILLREEK PDS, —FIFEMEEEBRE R T
g HovB DB Ed, A Ally RIFHEBHENNREST US4 PDS p LH K
P. components U FHERARTREMN . X MR A FHERBEA T2, MEXFHE
BRERDGIETTRLAE A EEIENE, B—FE, Alloy NEEEIAGRINBIER
A RE R BUF R R LU R AT BB R B, SRR T LA SR WHR 3 RO TR AR, A T B iR 89 7]
£k,

2.8 W
#3211
1. ff AR
A(x,y): x JRE y
B(x,y): sy
P(x): xR—N¥E
S(x): v B—RB¥EE
MEILEEFS (FE)
m : Mary
12T T B R s A f

(a)Mary IR B8 £,
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(BRARV2A(m, P(x)),)

(b) A HBIKHE Mary,

(c)Mary REHE

(DBEEAEHETHRIR,

() AREBREFTAELERHBE,

2. FMABRAHE

B(x,y): xiFHMy
F(x): x B—(ERX) BB
Q(x,y): =R yMEST
L(x,y): %%y

MEEAFS
C: ﬁ?ﬁ
J nEE
T A FBiER I REEEA

(a) BN HRAHE —-LWAT,
(D) EHEFHENG MM, WRFEABEHLSE BRI,
() BPA AT M T — X i W S 3 A BA I BRBA .
3. FREENFRALEAL, B TIEAHFRIGAEE.
() T4 EYRBEETE,
W RAFaaYREETE,
()BABERIEXERAKMBIY
(B EBBE—TBERT
()T BERBTE ML,

4. BF(x, y)RF By WLE; M(x, y)ER s By WF%E, K0H, H(x, y). S(x, y)
M B(x, y)3HIRA x By WX R/AAKR/ S, KRBT LIEREBRIEME, HW“Ed”
H“Patsy” . R, AAFERLRFRIGEMEMAFEREES ., B FTHHEANBFRIGA
pLk -

() BMABE —ITHF,

(b)) BMAEE - PRXEM—IRE,
(c) ittt a ABAH - LEM—MEEE,
(d)Ed B—AHAL,

(e) T FEMELS,
(DAL REBLEME,

() BARLEME,

(h) Fr A B EBR LA R,

() BAAHHES R ABRLE,
(i) Ed #l Patsy X RHMFEFT,

(k) Carl & Monique BJ/MLF,

5. T3iE4A)BL 8 Internet Taskforce Document (BB P 4E 45 384 ) RFC3157 “ Securely Available
Credentials- Requirements” (A AR 2UEH: FTR) . BT E LM ERLS, AERESE
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R TG E .

() HEZEFTLUERS BEERET —KRIBER, IEIHNERAREE,

(b) Bt F W A IR % 4% L A ES .

()FERPHBABEBMARSL T

(d) BASTFFEB KBS HEANREL,

(e) tr i 8 3f A BB 58 i IE 5 LA SUR R i AR TR A WA WER |,
(DHNBALF—EBENEBEE, GEMNHFMIENFERE, BIIFEEMN MACE®%,
(ERBALAFNERT A TR, RETFTREXNTHF ZRIAER T IHE,

(M AFKERAFEETUAT TR, LAREHRMRNIESE,

%3]2.2

L ®FHRId, f, gf, HY dREE, (REOZTREMNS, s RETEBAS,
(a) THFAF B BREL B 7 b B2 Ky i B 2 T B 7 4 58 5 vk 0 B A 081 1 3
1. g(d, d)
i f (%, g(y, z), d)
‘il g(x, f(y, 2), d)
iv.g(x, h(y, 2z), d) :
v.f(f(eld, %), fleg(d, %), v, g(y, d)), g(d, d)), g(f(d, d, %), d), z)
(DFETHKERERFHBRAMNEE, KA AESNESHHEER. fil,
fx, gly, z), )BRKEN 13, FIKFLHARE/NT 10 TR KT,
() WEX 132 fprk, FEFMBEEEX N1 NELEES TR P BRKBROEE, 5
HFERABENT4HTERNT,
2. BHI(2-s(x)) + (y*2) MIBRSWW, EBEXITR, -, + M« 2UHRER
HBRE . SROBSE 2-14 FiRNEBEESTR BT,

W 2-14  FR—HE AR HE 8497 8

3. FAFHES, BLRENERPOAR MBERE, REEG,; WEL, HELEE
ST
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(a)Bm BRER, FR—TLEREFS, SHBE_THEANS:
i.S(m, x)
ii. B(m, f(m))
iii. f (m)
iv. B(B(m, x), y)
v.S(B(m), z)
vi. (B(x, y)—(3z58(z, ¥)))
vii. (8(=x, ¥)—>S(y, f(f(%))))
viii. (B(x)—B(B(x)))
()BT cMdEFR, (R—TTRENS, ¢ 2= m&&ﬁ% h RETERPHS, A5,
P QR=JCIHEMNE:
i Vx P(f(d), h(g(e, %), d, ¥))
ii. Va P(f(d), h(P(x, y), d, ¥))
iii. V2 Q(g(h(x, f(d), x), g(x, 2)), h(x, %, ), c)
iv. 3z (Q(z, z, z)—P(z))
v. Vx Vy (g(x, y)—>P(x, ¥y, x))
vi. Q(c, d, ¢)
4. T o R IAx (P(y, )A(Vy (—~Qy, x)vP(y, 2)))), P, QR -TIHAKS.
“(a) B ¢ RIEESW.
(DR s PHAEBHTRMARTEY,
() MEBFERAHEAXAREANER?
()FERw (wR—DER), f () Fely, 2), HPf, e FHR—TH _TTEREHS .
LB elw /2], olw/y], 6Lf (2)/ y1F ble(y, 2)/ 2],
ii.w, f(x)Mg(y, 2) PRBEXTF o HHx BHHKN?
i w, f(x) M g(y, 2) PHBLEITF ¢ 8y RBAHK?
(e) = 1E ¢ FHIBHRA 47
TDBERK & HHI(P(y, )A(V2(~Q(x, 2)V P(x,2)))), B, Ix7E ¢ PHHE
BEAA?
5. ()@ PR3 TIHAMNES, Btk =-(Va((IyP(x, v, 2))A(Yz(P(x, y, 2)))) &
EESR
() FEHZBESTRPHEHTREMAETE,
()FIHHEPHFABH EAREANTR,
(DB le/ 2], yle/ yIMyle /2], P i=g(f (g(y, ¥)), y)o t BT ¢ HE =,
y, z RBHKG?
6. EarAbl2. 9 AR, FRERNARNy 5 o WEXHRA, Hf (y, )XFF ¢ Fi« £
HH®,

#%3]2.3

L AARN =i f=e, IEHTIHEINMGHEE. X = WEBRMA, — B H B L PH
d)\ tl ﬂtz %'ﬂ‘/z\o
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(a)(y=0)A(y=%)F0=x
(b)t,=t, H(t +t,) =(t + ¢,)
(e)(x=0)v((x + 2) >0)F(y=(x + x))—=((y >0)v(y=(0 + x)))
. BBRERMTAER S, =RATEEAHHEE, FRAKX IxIy(~(x=9)A(Vz((z2=x)V
(z=9)))). HWEEAHBHEFTRHAXPTARHET NG
- BEEH—MEREEES, HXE-MEBEPEREY, BERYZER(H)E
()R F=ARFETE
(L EZE=AFFRTEK
() NAERNARETE
XS BR — IR B MBI, VR A A R Rk SR R & ) A 7
- (a) il (g9, A ¢.) F(d—g,) A (d—q,) I— A (AEZ B TEH .
(b) #th >V 2Q(2) Y 2($—Q(x) ) I— A GERBEN)EY, RE % ¢ HRRH
H .
(7R : RERERM—T(FEER)EHFERT AN, B2 GHEZE)IEHDRE
AVYHEN,)
()i V5 (P(2)—>Q(2) ) -V 2P(x) = V 2Q(x) BI— P EH ,
(B %%ﬁ(l’l—"h)/\(l’z_’qz)l_l’l APy—q AN g,)
- RHENRF Iz~ FVad H— I REEEES, EHZAR,
6. iEBTFHIRF .
(a)Va P(x)FYy P(y); LAV x P(x) NETHR, YREGIEBILHLLY i MRS HE, %
RABEAR P(y,)o
(b) Vx (P(2)—Q(2))F(Vx = Q(x))>(VYx - P(x)),
() Vx (P(x)—==Q(x))F=(F=x(P(x)A Q(x))),
- FHIRFIBREERZW, HEFHXEREYSTE S, A LAB AR AR B IE B AR 0 ] ik
3 458 A Gk B KRB «
"(a)VaVy P(x, y)F Yu Vo P(u, v)
(b)3x Iy F(x, y)F Ju v F(u, v)
*(e)Ix Vy P(x, y)F Vy Iz P(x, y)
- EARGI S, RERMARFEEHMN, B8P A (R S ) £ e
PIWERH,
(a) UEBIEH 2. 13 i 2(b) ~ (h),
(b)MERAER 2. 13 1 1(b)— A FF: —~Jap VYV~ oo
()UEBEH 2. 13 Fi13(a): (Vad)A(Vap) A V(o Ay); BBHRLTEHFHA L
MAGUERA :
()EBIZEH2. 13 F 4(a) AT : VaVyd 4-VyVad,
- EHBEZE P TIIRIMGH R, HFF. 6, PMQWTEN1, SHTHNIO (“&
BEF”):
"(a) 3x(5—Q(x))F S— T Q(x)
(b)S—>3x Q(x)F Jx (S—0Q(x))
(¢) Jx P(x) >SSt Yz (P(x)—S)
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*(d) V% P(x)—SH Jx (P(x)—S)

(e)Vx (P(x)v Q(x))F Vx P(x)v Jx Q(x)
(HVx Ay (P(x)v Q(y))F Ty Vx(P(x)V Q(y))
(g)Vx (~P(x)A Q(2))F Ya (P(x)—0Q(x))

(h) Vx (P(x)A Q(2))F Y (P(x)—0Q(x))

(i) Ax (~ P(x) A= Q(x))F Tx(~(P(x)A Q(x)))
(j) x (" P(x) V. Q(x))F Fx(—~(P(x) 2™ Q(x)))

*(k)Vx (P(x)A Q(x))F Vx P(x)A Vi Q(x)
"(DVaxP(x)v Va Q(x)F Va (P(x)Vv Q(x))
*(m) dx (P(x)~ Q(x))F Fx P(x)A Jx Q(x)
*(n)3x F(x)v 2 G(x)F dx (F(x)V G(x))

() Vx Vy (Q(y)—F(2))F Jy Q(y) >V F(x)

*(p)~Vx 2 P(x)F Jx P(x)
(Q) Va2 P(x)F = 3x P(x)
(1) Jx P(x)F Yo - P(x)

10.

11.

12.
13.

e EEE g RABEFIEY, XFiAEE, ALBELUSHNEFREILH., RBMNERE

R e AMMIERH., EX5GEEHEPR—HK.:

(a)iEBlp vk ~(—p A~ ) BREMEESH., RIEHZ,

(b)UEBH Jx P(x)F 2V = P(x) BAEMK

()= (~pAr- )k p Ve WAEKREREE, LALEEREH ~(pve), REMNA
e H, RIEBHZ,

(D) EFRR LRI, F8pMeR—TiBH, BRNMNRXBEHLKREIR, i
HEAME,

TIIRFIKERLSE THEMRRNIEHAN, RITE (d—y) A (y—d) BE R ooy,

W T A RFIHUEDA

“(a)P(b) Y= (x=b—P(x))

(b)P(b), Yx Vy (P(x)r P(y)—x=y)F Va (P(x)ox=5)

"(e)3x Iy (H(x, y)v H(y, ), ~Ax H(x, z)F Ix Ty ~(x=y)

() Va(P(x)ox=b)F P(b)A YaVy(P(x)A P(y)—x=y)

HEH S—Va Q(x)F Vax (S—Q(2))MAEHME, HFSROTH(“GEEF"),

WA BRBWEE, W T FIRF6A B

"(a)Vx P(a, x, x), Ya Vy Vz(P(x, y, 2)>P(f(x), v, f(2)))F P(f (a), a,
f(a))

"(b)Vx P(a, x, ), Va Vy Yz (P(x, vy, 2)>P(f (%), v, f(2)))F 3z P(f(a),
z, f(f(a)))

(e)Vy Q(b, ¥), Va Vy (Q(=x, y) >0 (s(x), s(y)))F Iz (Q(b, z) A Q(z,
s(s(b))))

(D Vx Vy Vz(S(x, y)A S(y, 2)—>S(x, 2)), Vo S(x, 2)F ¥Vx Vy (S(x, y)—
- S(y, %))

(e)Vx (P(x)v Q(x)), Iz~ Q(x), Yx (R(x)>~P(x))F Jx = R(x)
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14.

15.

() Vx (P(x)—(Q(x)V R(x))), ~3x (P(x)~ R(x))FVx (P(x)—0Q(x))
(g)3x Iy (S(=x, y)Vv S(y, »))F 3= Iy S(=, y)
(h) 3z (P(x)~ Q(x)), V& (P(x)—>R(x))F Jx(R(2)» Q(x))
FHAENEREHFEE, BTHHEREMANBAZEPHET .
MEFABAN, BAFABRIERBENBA. MEFRER, WAFHABA
HEZBER. Hit, WRAABNEEZER, WHAHRARBEEER.
BES L EFEZENX D RIINIER,
WE—TEH2 BHNENMUER—TBENRR, AT ¢, ZEEHBAEBILARKN
BEISHRER TN, E585RE ¢, RERE o My ZEHIERE SRR S

%3124

1.

EERAR G=Va VyQg(x, v), gly, ¥), 2), H QMg @B HES 2, Hih
SRAERE LM VB MER MM, FEBMES, BME.d .

BREM ¢=Vx Iy 3z (P(x, y)A(P(z, y)A(P(x, 2)—P(z, 5)))o FHIMEE B
PMERABE ¢7

(a)BRMB ARBEMR, HEPY“Z{(m, n) | m < nl,

(D) BEM B ARKEWR, BEPY={(m, 2 +m) | mBHARK,

()EBIM"B HRBEMR, BE P El(m, n)| m <n + 1},

BPRICIEE, REWEEAVr - P(x, »)B—MER,; FRE—ARH RO,

4. BRE\EBAVx (Jy P(x, A (T2 P(z, ©)>Vy Plx, ). TERFEFGEB AR

RPEURIETHRE, YREHEXROE X FARBRMEN, XE—THHEENR
R AR AR — BRI K AR 89

. B REBEBAVL Vy 32 (R(x, y)>R(y, 2)), EFREB—A-TBABE,
"(D®A={a, b, ¢, d}, R"E{(b, ¢), (b, b), (b, a)}. BEAME 67 Tit R

FrigoL, WAHER,

"(B)BA=a, b, o}, RME((b, o), (a, b), (c, b) |, BREHME ¢7 TR

HoL, HAHEH,

6. BB =4kiEA]:

¢, = Vx P(x,x)
¢, = Vz Vy (P(x,y) — P(y,x))

¢, = V2 Yy Va((P(2,5) A P(y,2) — P(2,2)))
EMAMRIET ZCHEA P RAR . SFRAMEBN . Bk bR X —
BEZWRXFMEA, ERW RS = EA, YK L A R 8 — A EOR B i BB
AERFHR—ER/LE, BRERBSA TR, B4R R XL F b
BB

CEEER Y mdF T b REERHE Y ~ ¢ BIE B, 21 PS5 b

WR-Tx ¢ B . REEURMT 2.4.2 WHHFAFTREM,

CEHEX RV P(x)v V2 Q(x)EVx (P(x)Vv Q(x)),
9. Wd. ¢y My RiFEEHEE,
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(a)E Yy B GIEBNTH, My BE—EREH - IEXRH?
"WEYyHOIANIEXSH, y RE—FTHOEXNFHAETHnEXRFH?
()EYH B IBLRE, y BE—FAH 6V niEXTRH?
(d)y TH ¢ B R Y ENY o—y BABH, BREH,
10. Vx (P(x)v Q(x))F VaxP(x)v Vx Q(»)RIERESE? WRHELAHHEH,
11. S FHNENAXE, EHENRHEERN:
(a) Vx = S(x, 2), Fx P(x), Vv Ay S(x, y), Vx (P(x)— Iy S(y, %))
*(b)Va - S(x, x), Vx Iy S(x, y),
Va Vy Vz ((S(x, y)A S(y, 2))—>S(x, 2))
(e)(Vx (P(x)Vv Q(x)))—3Ty R(y), Yz (R(x)—Q(x)), Ty (m Q(y)AP(y))
"(d)dx S(x, %), Yx Vy (S(x, y)—>(x=y))
12. X FHEMEREHAR, REAHEECHER, SEEHERAHN.
(a)(Vx Vy (S(%, y)—=S(y, 2)))—>(Vx ~ S(x, 2))
(b)) 3y ((Vx P(x))—P(y))
(e)(Vx (P(2x)—3y Q(x)))—=(Vx Ty (P(x)—0(¥)))
(d)(Vx Jy (P(x)—Q(y)))—=>(Vx (P(x)—> 3y Q(y)))
(e)Va Vy (S(x, y)—>( 3Tz (S(x, 2)A S(z, ¥))))
(D (Vx Vy (S(x, y)—=(x=y)))—>(Vz5(z, z))
"(g)(Vax Jy (S(x, y)A((S(x, y)AS(y, 2))—=(x=y))))—(~3Tz Vw (S(z, w)))
(W) VaVy((P(x)—P(y))A(P(y)—>P(x)))
(D (Vx ((P(x)>Q(x)) A Q(x)—=P(x))))—=((Vx P(x))—>(Vx Q(x)))
(D(VaP(2)) (Y Q(x)))=>(Vx ((P(x)—Q(x))A(Q(x)—P(x))))
(k)(Vx Jy (P(2)—=Q(y)))—( Ty Vx (P(x)—Q(y))) ()

%325

L RIZHEEEMIEAREESHEN (AT 2.583), BN TAESERFIHRE — 1
B, fB-EANTELARNBRERNT, MHEHKE—ARXRMERF, BHNEITENE
ARUM (BB MR IEIEAAFENER) . .
(a) Va (P(x)v Q(x))F Va P(x)vVzx Q(x)

(b)) Vx (P(x)—>R(x)), Vx (Q(x)—R(x))F Jx (P(z)A Q(x))
(e)(Vx P(x))—>LE Vx (P(x)—L), HP LEOTH

"()Vzx Iy S(x, y)F Ty Vx S(x, ¥)
(e)dx P(x), Iy Q(y)F Jz (P(2)~ Q(z))

(D) Ax (~P(x)AQ(x))F YV (P(x)—>Q(x))

"(g) x (7 P(x)Y = Q(x))F Va (P(x)Vv Q(x))

2. BELE—GBEMND, FXETE BAENATEN, HAEE, NAF BT H &8
Y ZGE B BRI R P L A S T I M R R R T K E Y -

3.NTIENHERZEHARBENNN AN, AENLEFEETY.: REFRANESYE,
JUJSIE B AL 0 B 85 40t L o A B R ) R Y ol WP R B I A9 BT 2 AR BSR4
RIUEH & BN E KT NRIEE?
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%326

1. T 2.27, HIWETIEME, MF ,3P6 BRERL?
*(a)l(u) =s,, U(v) =5,;
(b)l(u) =s,, Uv) =5,
VLR B
2. EBIME (AP Vx Vy Vz (Cn Con Con CBNE, HEMNEEBREBMP, WRE I(v)
HERTERE I(v), Hb €, B (2-12) v +4],
3. MRAAT O BEEEARTHRBEFS, €M 2.26 BEFEHENARRL?
4 HEE2-S WARES, Ms, HRAEZDRBEWIX 5,7
5. BPHMRE2 GHIANS, EHE N IPY NEER _HEZEBAR, HERAREM =
(A, R™) MR p i, HENY:
() REF—1THRMMHEELR;
(MRBE—-TEMXE;
() FE—KREBRTF M ZESMNE S —KEY R BRE, XHENBRBHRIWBHTMEES;
(DRTAUTHEI - FMRER: FEENMEMXERT, WERVCT;
() RE“FE—FRKHN2HRBERIZEN,
6. EEA M K (2-16) FHT RIFR: AMFRE, MXRERAH—ITE,
7. EH228EANE TR TESL: HE_ XA RESE— I RALXBMNAREEXEAT
B, M TWEE ROEREEAE, IEHKER,
8. Xt 2.23 FIA 2-5 hAER, HETHIMEBERGMARY, HAHEH.
"(a) 3P Vx Yy (P(x, y)>= Py, x))AYu Vo (R(u, 0)—P(v, u)));
(b)YP (3x Iy Fz2(P(x, y)AP(y, 2)A"P(x, 2))—>Vu Vo(R(u, »)>P(u, v)));
(¢)VP (Vx " P(x, x)vVu Yo(R(u, v)—=P(u, v))),
9. MRATRERIIE, MEFEEH,. 2R -NEERFER _HEBBEXX T - TXERY
TR
() FEXMHRE R R RBAUE R, REBEEMEE,
(D) ELERMEEL - REIR L,
()FE—TEERK. HHRHBRDPLER,
(DFE—-TEERK. BRHB/DIEER,
()RR REB-NMBRREMELR: RESENER; HERFEEGLS RHENLE,

%327

Lo(a) BB AE2-11 HEABIFEE L NoSelfLove HBM BT F R OfLovers 1 —4
ﬁmjo
(D REEBRH 2. 19 FES e, b, | 5E2-11 hBEALEFRER, FXH MERLE
g LMK SLHEH,
()RR MBER, AT AREATER(2-8) MHL NoselfLove . D F 3 A TEH
A,
2. [ Alloy #EHE T 3 H B
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module AboutGraphs
sig Element {}

sig Graph {
nodes : set Element,
edges : nodes -> nodes

}
HAFTIEEES:

(a) EfZ%: 2.4 6 RHZE3 MEH, Ho P(x, y) RAFE—FN Bl y W1, %
BNEABE - IHAEERN, BTFER—1EER, ZZERP, HEGRR, W
FHIHANER R A, 18 Alloy PXTEHH#FT . EXMSRRIIIFENEY, B
MU 47

“(b)(MMZRER#4s=nBPAEEG SH n M E) A Alloy A F—MNEEB T AMEENE,
BB ETURBARABRE LN S M A(RLEHERKN S M4 8) .

()= MKEInMEBE  MEENESUR—FEBELEIMER. BFBEMER TR —
MERBBER, A—PNKERN4 QO EK,

3. =AM EMEFE - TEAEEMANES, BIAEBFNES, REXEHEHFM

F 1,

(a) VABERTIHSR ] h iy Alloy B3k, Hltn, HWIME XM fact R“HEH"XHE,

(b)) H i — A MM S BB e, SRR Alloy BTG ) RAR B 53 BT BU1E O o

4 =N ECEE M ERES . GRZEAN AN MR EXR(A) URIENEEAHER

—MBERRBTHR . XTRBWEAR.: H4EEAEL—KDHEXE, WENEAR

R B,

(a) HXFPEHFXEAHEE —2F AboutColoredGraphs,

(D)E—4 fun iHA], EAB—TMERNHE2 HEAECHNE, IRNER2 TERKN,

()X k=3f4, BE—4 funifif], EEAR—IMERTHIHBCERNE, BEKE
XEMBEHFART. IENERFTEAHN,

(d) FE— M EEHR R X =1 R

(e)AEFEE—4 funifif], BER—I13AECHE, BEERAE2TUEAN, Alloy B
Q) E# 3% (model builder) &4 H A AME? ki fun FAKESTHEFESEHGT
FERBIALEINAR, AKECETRTHAZE., FEXA -_NEBRLHX %
E8,

°5. Kripke BRI —NREW, BREESHPHRELES init, KAERSHEFB M85
prop (AT EHEMLRES THEEHEIE), —MRETEELE next, URKIFRA

MBS final (RABERENRE) . ik KripkeModel ;

(a) i # i stateMachine PR — MR BUX R G5 FX S AR A B 5L,

(b)E—4* fun i5H] Reaches, LLREHNBE IS8, URSEENE A28, &
BENSEHEF 12BN IEVHERATANRSE, B8, ST XBEH
r: T ->7, REBEFrr WRBBRET->T7, MEEE r WAREREHL,

(e)EH T3 fun iFa), AW EMEEH.

i. DeadlockFree(m: StateMachine), # m BRI KR SP, (XA X final IR
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AT LIFESL;
ii. Deterministic(m: StateMachine), ZTE m WIFE W ERE L, TRXERH
EW: BIMREBERE TR,
iii. Reachability(m: StateMachine, p: Prop), EFEBH p HEMNMREE m
Hral ik ;
iv. Liveness(m; StateMachine, p: Prop), XL m BEEMMRE, BT
MZREH R, BlE—ME p B BRE;
(d)i. E—WF Implies, BH: RBERZIXF—-MERAWE Liveness, MERX
ZMEF B E Reachability,
. EREFENTEEAST RSN . XM, REBEBHA AL
(e)E—1WiF converse, BEHAR—-IMHFEE Reachability W Liveness, TF
3HEBANHITON. BTG R, KRBEMAAEIE?
(DB —4 fun i, #T0H0e, EE—1F 2 M08 3 MREGREN, FEEWH

R 2-15 TR B A BR R
State_0 "
prop:Prop_1 fiex

next

State_2
prop:Prop_0

B2-15 — A EBEERSUORE, K EMERLXREBARRITL,
FH AW R RERERRES

6. HMREREBFFHNRAER, Y@ A PUTTY, Secure Socket Layers Zthill it , BEi&E IFE BB
WTETFER S, BR—-AN=ZTH(G, %, 1), Hbx: CxCCRER—/1EH, Hled,
Gl XMEN2eC, BEFENyeC, i axy=yxx=1 (FEMXBEHN y RY « ) ;
G2XFiF x, v, 26 G, BRATH s *x(y*z) = (xxy)*z;

G3 XM xeC, BB x*1=1*xx=2x,
(a) X TR —EE, EZTAXMINERLARK,
(b)E—4> fun iEH] AGroup, BEBR—ITHSATEHME,
()E— BT~ E Inverse, 7 5 WHBE N EHTHM, REKNER,
NGB R 42
(i BN EHARAREZHRNE S Commutative, —AE?EB'C#&E}‘J 4 HAUY X H
FRETTEx My, HBaxy=y*x,
i S MBEBEAKRBM T Commutative, HMEKRMWER, PEBEEZEHT
4
ii. 6 WEENNEH QMM F commutative, FiERF TR TABT LK #
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B, X MEMEERT 47
()Xt ERBHMWE, REBKNBEND 1 BELL? 7 Alloy F 0T #BIX — &7
7. 7 Alloy ff, RIS TR, Flan, RATTLUEH

sig Program extends PDS {
m : components -—- initial main of PDS

}
X Program AR KA N PDS, EEAEE —PHEMNLZ I n WAME, BE, £ n:

components # B components BT SH —NBF (R —4 PDS®) gy 4 £ 4

Ho TEXNEI P, ERFRBRE 2-13 &9 Alloy &k, :

() BE -4 LR EF Program, MA—MEHEZ, EHRABRFRBAGHE —4
main J7¥k; MHEXAERF, H components E4RHEMATFHIBAME N FHXER
requires W B REEMAME, Alloy Fixr i0XE r WA RIEERAE,

(O)E—ARmEH, MRMEE, ©=4HF3 1 PDS WA, I FHE—IREF., &
BEANANHEE, SEREN n, BFERAERSEXATE TN AHG. /4
Alloy AT B AWK BRI 5 AT H FAZHAB R EHAMITE

()RR —TBRFWHEX T BT LRI (garbage) , WEM m ¥ main REHE, &
if requires MEZHABRER XTMRS. MR PM P HSHARNER,
AddComponent Ml RemoveComponent HRFHIRBE ZWA M “JEW”, 0L
2, BREMAHIA,

8. B 2.6 WHMNEFEAMERR M BEB/NITIE. REWRE2-13 i fun BH MM
RIGH . MARETA, Alloy BdBESH—MARESMIEMNEY, REEHEEOTEE
RREB—MER. BFERNEE; K fun B0k, HFF2EEMUEERAL, e
TRENFHARX, ABENESTURRN—NES8. FERXA N EERLKA K
B8,

9. [EIBL2.7%, Alloy SABKBBMME ¢ MAKERW TE ¢ , HiTieXHELERIH 4
RE?

2.9 UWER

EREZBNERAR T, FERTRECLURNS RFRANER R, £H 5
M it 2 RBA X R B RS, ABFHTFEHTHIETUERRE, BRI
HIRFEBIATF Gottlob Frege 75 1879 4F B FE 4, ENRA JL [ Fre03], 75 [ Hod83] s, M
W. Hodges Bir'5 i — B A RIJLIT, RATRI AR B8 2 JBAE H o 28 1 TR 0035 2 Eofb A
R R

WEHRE T 2 SOEE BT RV, RATX X &SRR A 89 R 2% (0 4
Bio EH[SA91], [vD8O]AI[Gal87 1M A THABE LM, MELTEE, B8
HE, RBEMENTES KRG, [Fio6 | RAT XETFHZ S BIEN 04Ty, o
[Ham78 ] 71 Hod83 ] 7E P4 i SUAR 1% 4 ML BF 55 7 3EHAB 48 A0 30 7 T A9 A5, 403 B B 5 1 =2
BEUN—BERMORSE &,

© ERBHEMMBMIETT, M Java, extends BIRF LT, & Alloy 2.0 M1 2.1/, BRI KBKMFE,
MARARFH AR, Lo FHAAKMEH, ARERERER I .
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RUEZEEFHRRBIBNBTRARBEEZIMGIERARSE, MABREMHGRESG. R
FHAHZAGHN TAEFERFEFTRBEMAKRMEL, BEEERHHEIREEENE
BHh, HRBRAWEFLENIF AL, [BEKVI4]REAMFS, BEEKRSI#HTRIMNXEHT
KX TFTRIFAKIEFEN, — KR Jape WHRBEEFEHIEFARC LT R H K, EHF A
A LABCAE ] SR, AT LA E H A,

£ FAH BRI R RS % AR [ BIS0] . 75184 Tay98 ] ol B3k B P A5 460 i
BT A E VR UE B o B 307 4 X R (5] R A 58 AL BB E [ Sch92], [ EN94 ] R % FH k&
REEMK—EE. NRERNBESHBEI AU ZAELHENBER, RITRNEDEK
SR [ Pap94], H 2.6 WHITILERKEBE L& TiXE X,

FEPHATER Alloy BB KBERB( T/HETF Alloy2.0 2.1 F), MUKE Alloy3.0 38
FHFEABTLUER SRR “MHBI AR R R3], PDS BRI B T 2002 Bk BH C475 % 4
TAERERE, LR R H Susan Eisenbach MAFBE —EHX SIEVEEEN; & . NET i Global
Assembly Cache 5241 B9 TE 2% t KBUI t BUAE[ EJCO3 |, SEBGR T Alloy A KA/ 504 b7 58
[JSSO1 1/t D. Jackson B4 & fs 22 K 24 58 T2 I+ 00 BB 2% 5 0 5 ) Bk £ % i1 41 ( Software
Design Group) k9. XM LTHA —NEITHFEMUL Alloy. mit. edu,

RFRUARHZEEHEBRFELEENMBIENN AW ELSE, A7 F. Plenning %
FHAEMKENERER® LRB,

© www. comlab. ox. ac. uk/oucl/users/bemard. sufrin/ ‘jape. htmli

© www. 2. cs. cmu. edu/ ~ fp/courses/comp-ded/
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3.1 WiIEMZIN

EERITHANLRE(FRENEELE, KUREAENES) WEREEERAMLE.,
TE 3 4 M % (safety-critical) 88 R4, XL BN R, E4E R T 7 LM% 0 RS GE
WMABRAFGR), URESMKLRAS%E, BT, BPRBIEFEETY EABEEER,
B, EEENFXMERE NS U AAMERBERK, EEAER T &+, RITEE
B 48 7E 10 U 2 ML 2R G0 BB P 10 TE 6 ) O 10 7 0 8L o

T RAL K R T B AR = 84 4R«

e AITAKAMMER, BEKNRE -RINHRIES;

e HTFHAFRKIrERKMAESET;

o XM AREHAREHREATENREF &,

X TF®iEA AR LA RAREUTHENRSH.

EFEMSETFHEY, #EFIEVMNLED, REBRR—GGELNBEIK) AR
T, RGER AR ¢ BIFHFEREXERIIT Ho WIEKH, My, XBERS
Ik & P69 AR,

EEFRBMGLES, RAHELEBHMAMER, ABUOHAR ¢ BR, HRIE
FEHTEEMMETHR 6(EIME Q). HARERTS, SHHEESRA
i,

1 ENEEF, RITTUEE, ZRENRALYRABAREN, W Fo(T
W) R SENYTE ¢(BEXRS) R, FEEXWMT: MHFEEEM, mEX—
Yel, BEME Y, BAME ¢, FERNBD, TR 77 k870 40 b2 T35 80 7 1%
EMA, BAEETFE —HAM, MAREF K TRAL,

B MEE, EASNCBENE, MRIENARALEREEREN; BEROERES
LHMUMELTS. FEHENRB T ELTREZA,

RLRIESHBERIE, MUTEHRRENE MK, BTERNRELMME, SEK
RIERNBRERHN.

BRI AR, TR AR, HFNRIF RN, RNNREILN, %5, —4
R RGRIM BB TGRS, B FEREL (AW, RERS, BARES
FH BTN

FENERER. ERAFRIBHNEPSIHRIELHARAGL, EREERED R
REIR, HEMAERGRD, (B, Inel AF%TMEFELE G FDIV &8 R4
EHEFET,) ,

2 88 3 PE— 1 G4 2 4 3] (model checking) BOME B . HREE DL F 4036, 48 R I 2
—FEN. BTG, HRRIELEFE, XM TERNAT ALY, ASXEE, B
VMREN—FMHFREFELHRL, FREEEFRMANKS 2 (EHREFIEEHRE
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B BERRMERZY, EREMEm FATHERBIA B L rER, ML
BB AMKI X BERMEMERZEEFEMER,

B2 ERHAMN Alley REWR—F AN, BEFEAMMEREELE, A, FHE
BRI XNHARE . Alloy FIRIE B P BT HGE W B0 I FIBL R, SERUE 3 A P BT # 58  #E
IR, RAGRAAPHEHRENZERNESTAR . MBI, B L=4 h AT 80E B
R B, Alloy FIBE R Z H 5 — N EHR, AL (% Alley) HFI L X ERS
s0): P i 5 1 N A

MR, $4EHR-FEFTFRNBIERAR ., KELRDPFREN, ER—FET
MR, TENLEEERRIEAE, HEATRNAEESKREHEFEERHNBTFH
ik,

PR 4G W BE T 8 & 3% 48 (temporal logic) , AZHEMNBME. ZE— MBS, ARAWE
SBRAR# &, MEMBEEIERZHEPOMNL, RARZ, ISEENENGQSE
FTRE, M—M2KXATUERERETHE, AHAREST IR, Bk, #5EAMBESE S
SEABEHRBA, XTXMHESEES, 2XTUBAREKRSHATRELEMG, FEY
Bg, WAME LB £ % (transition systems) , MK ¢ B SBBAR, I TRIE—4
REWRE—NHR, RIMLFTM=1FH.

o EAMARMBNBALES N REATES, B —MMERM;

e AMABMBNANBEENHRATRD, PE - HEEBRAR ¢;

o DIMA ¢ A, BITHEERME,

WRME ¢, BRIK T BREHEE “yes”, HMHH “no”; HHE—MERT, KEHH
HRERBLESTERBRBMORET AL, XM “PEEE" WASERERARITS5HE
BAW—PTEETH, .

HTRAUGME A TRYMNAB(BREBENEAHBSLEN), AKAS5EHE
AR, BABEXLHEEBIELER(TE ) BIERIB(TH) EMEE - EARKER
) BMEAARWENES, MEBAMARXZEKBEXLRE(ME ),

MIEHFREHEFPREMEFONSERBE-MERWREE, SERBEXRER
& 2 TR X B 1] O 46 B W SR AT A L R, ZMwE BB EREBRBRHE
&, WA BER Rt ] BEEE 89— AN S, 4 % 8t 1A (branching time ) 3% 38 41 B [H] R R R B,
LA R ] AR [ KR4y X o 4 X R B RRERKOAB TS BEME T, WS —
MEFRREHEERRELORE SR, WRFRERTEN, WHEENE, Xt F [F
M4 NS 4R 1) F )5 & -

HSZBAHEHHE, BVE—MES, ARXNWEAF AR EIEE1ESRGE
ZRPRFERESH, MRKE TERABKNRLE, EREFH, BATH T — Fh et B R 2Rt
HIZH, FRR & MW A iE 4 (Linear-time Temporal Logic, LTL), DAR%S —FrotiE 249 1 a8
$#, B3t X 4418 3 (Computation Tree Logic, CTL), ERIEFEGAEFD P, X&BHE
SVIEARIER BAHBRREN, AMEEFHH AT RA ORI, 2% 05k 25 @ EmmM,
sEOREBERIITEERMNSRE, b o £ UTL 5 CTL Fg— 4 A=, MEBIRZEBRRGEN—
MELER, s BEERKY—MRE, FEBREXE,

BMBXBERER RN ZS5EROYE R GEHEE. BRERBRERES ¢ HBME XK
BREMLFRFEATR . LB FHEMMALPIHMOME, BE, RITRLEL, 2 £
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HE, T AEELE. SBHMREHEN, AFRIEEREFERIROLBERL,

3.2 ZMHMTER

BMuMSER(KLTL) HHAFRNES KRG ERA, EHRREBRENFY,
EREMBIRR . XTREFIERBEATEBE (HARBR) . —BEH, RERERH
EH, BERINERE THRE, REFRAOATRKRR, EM—MBTHELHMN LK
M,

RNEE—-TEFAX(BMWp, ¢, r, -, Fp,, po, ) HES Atons, FEFFR
RALARBLKETHEHE, BN IR QS &, RERBIIBKHER", RE“F4S
R1 &G AEREME 6", AT HRREEY BKE TRITEALHEMNRE NI NE,

3.2.1 LTLWiE=x

EX 3.1 LS ER(LTL) A T3 Backus Naur {45 H BB :
Su=T I Lipl (21 (bag)l (6v )| (6 )
(X)) I (FP)I (Cd) I (¢ UP) ! (¢ W) (¢ R¢) (3-1)

Hep %ﬂﬁ%ﬁ?% Atoms WAERMEFF.

TR, F5THLELTL AKX, BAEIIHE Acons FRFF; WE ¢ £ LTL A
A, Ba-o LR LTLAR, &%, ##iHX, F, G, U, R F1 W #R & o & 3% 42 34 (temporal
connectives) o X BH“ T —1RAE” (neXt), F BN “HERFERAE” (Future), G ZEN“Fif *
¥ARZE” (Globally) . TR =AHHERA U, RAW AHERI“HEI” (Until), “BHK”
(Release) f1“55-H #|” (Weak-until) , RITHET —FRBEFAXLERAMEHS YL, &
ERIMNEEENEPTFHIEE,

X LTL A — 547

* (((Fp)A(Gg))—(pWr))

* (F(p=(Gr))v((~q)Up)), B 3-1 FiIRHIRZEARMIBEE WK,

B 3-1 (F(p—Gr)v((—g)Up)) KiBESHIH
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* (pW(gWr))

®* ((G(Fp))—(F(qgVvs)))o
HEHAAEESRE—HHRANSE, HFAFEXEARMUREEE, ERIBEXHETRT, REHE
SRATUEME; B, (p—(F q))TULE XHE N p—F qo R, A#AE X, Hit
—HESRUTH, ATHAR—KES, RIVLILWERAEE T - L 5wB 2B 0E
ALEE AU EM LR

HES. 2 —nEHR(EBFE-ANSEZRAX, FRMGC)AREREHER. BTERERX
BU, RMW; RERAHYV, BEE—.

XFEEMRERATFRINERSIEBE XHHRT ZHE-BES, ERHAFITLUENR:

e FpAGqgopWr

e F(p—»Gr)yv—qUp

* pW(gWr)

®* GFp—oF(gvs),
FREMESRAITEBAE 3.2 PHEMRER, ERNT HERIZAE FTA (B #5601
X B, mMRRELAERES, BN ERFp-Grv-qUp, SHRFHE3-2 fin
RIESESIR, XEMYAREN.

Bl3-2 FpoGrvogUp MERSHN, BEHERAES 2 HWBERER

FHARREERAR:

e Ur: A UR_TH, FR—TH

* pGgq: BHGCE—TH, REZTH,

EX3.3 LTLAR ¢ KMFARREZAR ¢, HiBHEAMNWE ¢ HIBEVRE TR,
B, pW(qUrMFARXEDP, ¢, 1, qUrfipW(qUr),

3.2.2 LTLAIEN

HAFTBNBHTHLIL AT RIENREXTUATBRAREE, TBRAEL R
S(BEEW) MEH (FEHEN) RBEETB RS . BB
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EX3.4 —NIBREEM=(S, -, L)R—-IPREESS, $HTBLE(S LI
TREER), FEENseSHEN S, R s, UR—MIRICEK L: S—
P(Atoms) .

AER, THREMERIRN, FHit, —MEEETREES, XE-(EHRLEEM
AR~ NREER S —MRE), URMEIRE s AR THENES L(s) (TEXER
RETHE) . RITAP(Atons) FiR Atons WIEE, BETHRE., MW, {p, ¢ WREE
BID, {pt, lal, {p, gl BELO—-AFFREEETERENFEEFHEN— K
R, WAEERNEY —R (BRI —RE) ., AENENRRINERR —ARE,
B XA RERE T REFLHRS s: L)BITERS s FREKFARETF,

RIOTUFERAAMERE N (ER)EBREMYFTEEE, BHZS(FRIR
B)RETHEZRS THEAMNFARTHE. S MRRIMWEZERE=IARE s, s,
s REZMLBEHTEREBR so—s,, s9—s,, 5,7, 5,5, Ms,—s,, EL(s,) =1p, ql,
L(s;) =lq, rifL(s,) = {r}, FRARATA LU A X1 BIRBRIE 3-3 b, QEA4,
BATH I F IR % R B R

2L
. @,A‘

E3-3 BBREM=(S, -, DENERENREER. B DR « YAKY leL(s)

EX3AFEREN seSELH N s'eS, HB s BRERE L RE, X2
AEAR LW, Ehl, EFRRRMTUREYREWEMEEORY ., WR—FE4%
WAL, BATUSI— MRBFEMBIMRE s,, SHBPRE s 1 EHHEB sos, (7
FERERETRICH), U s,—s,0 B 3-4 RXBEH—IHTF,

So
s
RN 1 s

82 53

R
2 53
S4
3-4 BEEERRES, REs, BAEME—-S0TR., £EEP, B— Y RE s, TRERS,
ERRAFLURE ., MR, ROBMAB“TEL"RE s, 5 Rk R4 b B FE SR XT R

B35 BBM=(S, -, L)PH—KBRES FREGTRES s, , S35 83,
Xd‘ﬁjlkl 21, ;E‘S,-—MSHIO &ﬁ]"@ﬁ%%ﬁgﬁ L 7 S S
FERERE v=5>s—> . ERREANH—ITHEK. EREHEERS s, RIEAER
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s, WILEE, BIOA« BRMs, FHHER, Bl o’ B s,os— 0

MEERS s FHRMFAETRITEBRRTRML, FIBRERIT I —NERITER R
HAHRAN. o, mERIITEEOIFHRES s, ¥E 3-3 WREERAF, WEBAE 3-S5 iR
KRN, ZEIBRFEMSAMRS, EEMITITHRESARERERHE,

Bl 3-5 HE 3-3 MIRGRIFE— A REE R IF 14 80 BT A HH 98 B 42 1 T BR AR

EX3.6 WM=(S, -, DE—-ITHE, m=5,> BMPW—-KBE, n EFWHE
—MLTL A, AR X REEXWTF .

LakET

2. wEL

3 nEpHHEMNY peL(s)

4 k¢ BHNY 7wk

S5mF ¢, A, HENY k¢ Aok,

6mEG Ve, YANE k¢ Rk b,

TaE¢—d, YANYNE ak ¢, BE vk o,

8. mEX o HANY 1’k ¢

9.mkEG ¢ YHMNYXHFH =1, o'k ¢

10.7=F ¢ HANSHFER iz, B Ee

Nank¢Uy YANYFEEREAN iz, GE@ v Fy HAMFE =1, ~, i-1, ErES

2.7nF¢ Wy GERYFHERD =1, E8 ' Fy AMFHREM =1, ~, i-1, B ES, REX
k=1, v Ed

B.orE¢Ry BEMUSREFERN =], BB Ed, HAMFH =1, ~, i, HoEy; REN

FE k=1, o Ey,

HAIM2ERTENE, LARBRMESE, 403 ~7 SRAEAS:ESR BN
ﬁm%@%%mo%@8M%ﬁ¢$%%~¢%§,ﬁT@E~%%?“F~F%%:¢)
REMBEE,

Eﬁ%m3ﬁ%%ﬁ%%%ﬁ%%%%%%~¢%§?ﬁﬁﬁo%W,ﬁ#Kﬁ%ﬁ&
mﬁumﬁﬁ¢m%ﬁﬁ¥%%m%%%%—¢&ﬁom%EMﬂT~¢N§ﬁ&ﬁ%ﬁ
EMWMW,EG@~Xw¢),ﬂﬁ@ﬁﬁﬁ%&ﬂ%%ﬁ%%%ﬁ%,ﬁ%?wé%%
BRFEHE-ITRE,
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BEREZZAE o SEBEFRMIER 11 ~13, UE Unil) BEEHPRHE LK —1,
AR o, U, E—RBHEERSL, ME o, ESMRT H2 ¢, BT, W, ¢, U ¢, THFELE
BER b, EENRRREAEZHIL. LE3-6 FHIRE. BEARHBE, s, Bl s, HEMR
SEMHEEp Uq, Bs, Bls, RIEE,

A J q

~

p

E3‘6 LTL%X[P Uﬂlll(ﬁﬁ])ﬁ')‘(ﬂgﬁﬁo @-&PE(HRE)%’ Sgs S5y Sgs 87, Sg fﬁﬁlﬁ,
g HE(BRE)s, AR, MAWEFABBERAE s, Bls, B pUgq

AN IUE R W (F Weak-until) il R(fLF Release), Weak-until 5 U #94&,
REOWY AHEREFTEERHBZ y BAEHE, MXE 6 Uy FERK, BRREU
Xt B, SRYFMT (o U—y), RI“BHBEIEN B3HE ¢ BDHFRE N
H, HEOGIHEE)E o EHEMHZ (B XML ; ¢“BH "y, R A W LB 3k
HEM, ZHNETENKHRT 6 My WAG, MTEXT WHIEANF -1, MRE i, KR
ENAM, M AR BBER? RIDIAFTERS; MERINEER, SNETUHEE
XKy, R, WMAEHRBEEEH. REFARENELU MXE, T WAHHARBENERU
M—fEER,

EE, TRE untl BREA(UV)BRFEE (W), HEAERKIE until SR G FE4
WIEAEE. X5ARBEFP—BXT util WABRMER, BN, I F“BEMEIR 22
", MURBAXNA—-EREE 22 %, Wi BRI XA F BRI A AM 22 % ABA
RIFEAEERT . X505 EBEP uniil B XRRAEHE, RITTLOEDH U S5HiGERER
GERREZXNRTRMME D, S, BiFsUGAGCs)MBHE, Hbs BR“RB
W, tRRE22 87,

WES7 HE, ELEMEAI~13d, RELET S, XERESBAITEEHF
AHRRRE" R, RITHLYBTCREMEN - RRRESCQETHR. EFIEMARTEY
o EN—G, RATLUEERFR - RENCHE L/ LTL fiA, RAXMERGS
HAAZH—NERE, AR Gpop, poq Up Ml p—F p LHANMEHHBIRE THRE.

BIHBIAIE, RITEXTHREMLUIL AR Z AN —IHEREXER, R, RTEIERS,
RIVRTHWE LTL ARMBERE N BAERS, REERNS — &0 M0 IIT 22 2
B, BRI

EX3.8 BM=(S, -, )B—1HHE, seS, Ho B—4 LTL AR, WREMME
BRETsWPITHBRE =, BF 7E ¢, RINTHM, sk ¢,

WRAETXEMEBEREN, RITTLUKBM, sEdBRsE ¢, BHUB, RITEE N
THIBROERXER A THRE: BF 6. MHs, BBM, sE dRERY, AEFHEHR
MEERLAXMITENE L, BE, RITREXE3-3 f1E 3-5 TR R G AT R
B+
M, s EpAgHBIL, BAETFRHS p Mg SEREE s, P MEHRU s, FHRIBE 7, mEpAg,
M, s B rBOL, BABETHS r REELE S s, Fo
CHEX, M, s, ETHB.,

S M s EX AL, BAM s FEBTABEL s, R s, ERR T —RE, MENREBEE r,

BOWOR -
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5. M, s, EX(gAr) RIS, BRERS-SH, BAANTEER s,—s,—os,—2s BB ISR s,
a8 r, HREE ¢

6. M, ss EG(pAr)B, BHBTFs WIAHBEBRERBEGC ~(pAr), BIFZBEAES MR
ETHMHEE-(pAn, ERE—TRET GBI, BANUMNAETRETENFAERET, ¢ B,

7. ETRHENFER, M, , ECrBy(FEEs, s, fLE),

8. MIMBMEMREs, AM, sEF(mgAr)-FGr, X MRETF s NEMBE v HE—-THE
(mgAnERE, BABBE s HWEFGr, BLIXRAM, MEEBEE -TREHME(—gnrr), B4
(AR ERELRE s, ZBBE—EWR FGr. FRFCr XTHREFTENHE: BE, REEZBBH .

9. AR Chp R ERMBHHBE, p ERERMEE, ANBY, ERFKBEERBEELT(XEC
KED), KBRSRAMNE p EREGXR F D). B, BEs,—s,—s,—s—HEGFp, BER
Sg—rS, =S, s, RIE R,

10. ERTIOER S, MR —KB T s, BB EELRD p, MKBBLER sy—s,—sg—s, -, T
BEm B thBEXRESr, 8M, s EGFp—GFr, BHR—THHNERRRT! M, s, EGF roGFp
A, BRTURBBT s, NEBEHEXREA r, BRE—1p,

3.2.3 MEMXFRBNX

A LTL 2> NEEG A0 S MR 26 SE B A E W PE TR R ? BRATFI B LA RBER, BRIEEF#HR
A& — B busy (1) F requested (R ) XHEMHE, RITATUBERLFEHNREEAUT—
Lo R

o 7E started 3B TE ready RSB, A REBLARE .

G —( started A= ready)
BAMARANEERIBIAXHE - IRER TG, EXREEBRE(rE o) LHTBRBET AN,
WRMRE(s F ¢) LHATHE, RIIFEBH S XM TS, HAIXTEHRE, RINXEXEH
BHFEYE; LAAXNNTERT: AANBERADERE MRS,
o SHLMARE, WR—ADCIREITRE) HR (request) K4, A EHBABHIA (acknowledged) :
G (requested—F acknowledged) ,
s ER—ZAITEEBRL, —MEELBEH “{FHE" (enabled) TR LK .
G F enabled,
* REREMHAWHR, — TSR BAY KA (deadlock) :
F G deadlock,
* MAZIBRBHEHIRK, WEESTEREK:
G F enabled—G F running,
s MRAREREERRE, — M EITWEBESE RREE N
G(floor2 A directionup A ButtonPressed5—s ( directionup U floorS) ) ,
Ak, BRPHREMRETBMENM/REER, KN o2,

R, FLUHFER LTL R AERK R, — R RE 00 FH R W0 5 B2 R 177 1 B
B, WT X,

¢ METREBME, BTRIEE — A (restart) RZ (B ; MEERE B R BEE—ZBRIA—4

WA restart BRA) o
* BB TANBEE=ZERFIE: NMETFEZREHREHE, BEABR, BEXKBEHE
BER) . :

LTL ARERZXLHFR, BAERABEENEXEBRBNFEE, £3.4 %, RIE2

BIHERZR(CTL), EWMAXNBRATRIALNE T, FILAT 5 X W F,
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3.24 LTLARZEANEBEEZH

EXN3.9 BAEAENTLILAR ¢ My BIEXSFENH(KAREEENH)HEN 6=
¢, MRMNFEEBMUBRMPHFERZEm:mE ¢ BN 7wk ¢,

Py EMBEERE S MY FEXL ELETUERN, R 6 BEEANAERHARXY —4
FaX, Hoé=¢, WA, TUEXPE s BRI g MARTEXHEN, EGEEZESTER
B AMVEEMMEN, BERMBKREARKE -, EMERY, RZBHRT:

~(dryg)="9¢dVvy (dVy)="éry
(HTARMVEZTH, B— " EBERTFTMAEPH - EBEELSTRPUEIINESE WM
BME,)
K, FAGCEEMAMEN, M X SHASWNE.
~GC¢p=F-¢ -F¢p=G-¢ -Xé=X-¢
UM R BEFTHENEN:
(¢Uy)=—¢R-y —(¢Ry)="9¢6Uy
BTN Z S BXEEN BRI, BEMRES, RBAREENSET ., MBI i,
WA - E, WRIRERE, TUEH—4, BHARERENTL2, REXTENX
BB FRHER—NFES, RN, IHEMEFALREL,
FXFvVv, GRFAMAEEBIN, 0.
F(évy)=Fé¢VvFy
C(dry) =GdpArGy

KBS 2.3.2 WhHWBRIASNHE, BEFIAFTESRMN, XE®REHFEE— MR,
BB —FBETLUKS F(dAy) MF o AF ¢ (EEAN ¢ My). B, NE3-3HES
FBBEAE so—s,—sp—s, >, EWEFpAFr, BREREF(pAr),

XBERLTLPHBHIEMEER .

Fo=TUo Go=_L1LR¢
'%—f%m%%TmMR§%W#$%:%:¢ﬁﬁ¢%ﬁ@ﬁﬁ;ﬂﬁﬂ%ﬁﬁi,%
—MARXTUHHEL . Bk, MBRIIHE-IPARRMYE", EREBETERE —4
AR, RERFHFERM, (AR TREFRMAHE” (no constraint) , WEERIF TR
M, ATMEME, ERAKNREXLAR, ERBEELT, LER“FAAR” (every
constraint) , JIRFRIL LWL, LAWK EFENFEAR, WIRERTEK.,)

FZAAKGCd=L R ¢ WTLLEIHE N EM OB RETEM E—, I 5 5 x50 5
RE. 5—MEARKITRREB B (release) & X : LB ¢, HLKERSNE,
Hit, ¢ RATREAR BB,

7 5b—3F 4 5 Until MIRARAFEFARA (U A1 W) ML, 38 until 7T LAWK 59 until In |
B BALIRE LR AR .

dUy=¢WynrFy ' (3-2)
ATERAFHAG-2), BER-KBEBE 6 Uy, R, HiBNLL, HizlfiaEy,
BXPAj=1, -, i-1, Ho k¢, BEMI2, XIEHT ¢ W y; FhiE4a 10, JEMH

Fyo TR, OARET, WRnEUy, BAnES WY AFy, NG, B
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HE B R Z B SE
mUGH WHETRK: WREU, ERlfrimtgEnnlfet.
dGWy=6UyvGe : (3-3)
EAFEMEE 12N IBATURARM W BEFEUN. ZHNETEMNXRTSRE M
yHAE, BEXTFWHEGRE -1, MXTFTRA i Hit, ENTUOTHRATLRRNEAL
AET
¢Wy=y¢yR(bdVY) ' (3-4)
dRy =y W(dry) (3-5)

3.2.5 LTLRIELERERAE

BB ¢=y R, YANLERMIBRET, HE ¢ WEMBREHKE ¢, RZIF
Ko MEEER, H—LERNEEA, O, £5 1 SFRNELED, £81L1, A,
BR—MELNEEARS, BHRMEEAY, >, TERTHX=IES,

7 LTL s b 7E/NOE Y A A . T RRM Y 0 — B4

* X 5HthZE #1758 2 IE X (orthogonal) , AR P, EHHIAN FRMERFANWHEE XBFLMAE
Byo WhSh, X tiRGEk R EEANEMASTH,

e HARAIU, X1V R, X} W, XIMEBLMH, HFAX—K, RITEER
—HWEIRyYy="("¢ U y) UERAZMBBHNENR(3-4), EXHNHUEXRAW,
—HWBOUYy="(2 o R ) MEHAR(G3-4), BAFHHREX VMW,

— HENAGC-SHMENXG-5) RHOMB O Uy=—(-¢ R y)BEH WEXRMU,

A FRFKB T TASENE S ERARCRAAN, FREIBRARTE N T
WRMHRGH LMFE, EFEHRS, Fih5EHSHEHTFAERT (B EiERL
SR SR IE) o WA, STTFRA X MK, DT RS A RIS M, T4 TFE
JdEMmt: {U, RI, |U, W, U, G|, |R, Fl. [R, GIMIW, G| RRESM, &
B, RERIU, FIZX G, WREMIR, CIRIW, GIkEXF,

BRRIEURIHEH — D XTF U M FS5H .

EE3.10 AHALTLAX dFy, FHoUyp=—(—yg U(mdr~y))rFy KRi,

WM PR A BUE BB 5,5, —s,—

B, BB E Uy ML, BnRfls, Fy RUMBDK. JHEHH—EHE, Bl
SEQUy, Ma, MENk<n, s, F ¢ RITIHH s, EFy, Bk, RFHRBEIEN
S E(mg U(m ¢ Amy)), MEHERBFF, EHERL.

(¥ )X i>0, Hs Fdry, MEERAj<i, WEs F oo

EBHER s Endp Am g B i>0; i>n, MRS n, FRA s Ey.

RZ, BB s Eo(m g U(m ¢ A= y))AF g BSL; RITES s F ¢ Uy EH s, E
Fy, MBTE—4, H— BN ne RATE, MEM i<n, Hs, Edo BEs Ed, BHHn
B, BRIV s Eoy, Bi(#), FERENj<i<n, WEs Ey, X5n BMAFE, O

3.3 HIRN: R4, TEMMER
3.31 #l: 5EF

B, BRIMEFE—H LTL XKRBIEWERFF, 5Z K (mutual exclusion) L, Y EHHRE



1 if A A 4 ;) i T B GE 125

FE BRI E RSO R — A BR ET) BE, A B R E A2 R XA B
B BADEARER TA R R 4w ¥8 [/ — 30

BHit, AT SN HEBA KR E X 4 & (critical sections ), FHFREME—/H A
— I HBAETRBET, XIPTRBENEGENEBZRENFAE TR (REBERLENH
FRRE, BRI/ o AT i &Y IR AR 3R B — 4> 3 (protocol ) , DAHEE ZEAT A B
B, @A HEBRAFFARLCEE, —BRATRIVARZRN, B4RV EREALER
L0 BT S R B M OR B0 ESX R TR, LT MR

Zat(Safety): AEMBZ, RA-MHELTFXBE,

RAEEXAMETRY, BARFARBRBAZHFHA BBV BN EKR LS, BHR4 4
Ao Bk, BNLEX:

W (Liveness) : REAMH#RERANLXBE, CRAUFRFHN,

7 M # (Non-blocking) : — M #BETUFRR#AANAXBER,

FEMER b, — oA LR BB ORI AT AE T, Xt B M #7083, HE4
HBRFHAALRBE . ARFLHEBRE R EL R B ORK BT, R4, K
BARIE B LA MR

3 7 48 WU 1 ( No strict sequencing) : HEH 7R 75 5 ™ 4% B0 IBLFF HE A L 6 BR .

F-RERER RGN HABREE, S MHRLTHEXRERES (1), REREH
ARXRREG), BRELFHXBRE () o B RMEHBREERIEIF not—con—
7%, ERPTHEBREERERIT. HRHE3-7 PRHTIBREMFLHEMEHIN, (W,
HHER s B pypypn BR Py by o, P BIE s HARNEKEFRE,) A HBEM
HIEXBBEIE (LRHRE 50) o RE s RAVE R8RS, AEREHHAANIFIE. BIE,
BIARBTEENHZXEANRE, B—KRAAGFRP - RETB(FF 28
(asynchronous interleaving) ) . 7E®—2, #A —4 (KR E M) 8 BB ¥ P 5T B4 722 77 A
AT, B, FFFEM s, Bl s, Fls, WXEBE L. Mos, (BPEERE 1 2R, HB 2k XR)FHH
AT RAE: #R1 BRENGEAS,), NEHB2 B (HEAs), B8, ARG
HBREEBERESTHRYTUBS ., fln, #8 1 7ERS s, FES, BYEIABE2BHHE
KEERZHET, R R AR KRE,

Bl3-7 XTEFREEMNE K2R
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TR RGN EE, SEEHRINEZHAR, BBYE, EMNFAYTH
LTL AR KRR, RITEE—FE,

okl IAMETALILETRN G (¢, re)o B, Go(e A EMIERERK
EH(EREEFARSTHHER),

EH IMERETERE: G(t,»F ). KT, ERNWBREFTHE, BHATUR
AN MERAHRNBE, PERABEARS s, EBRA, t, A E, BAERATS
WEER, ¢, 1 BRo FIRWERRE sy, 08,08, 05,0s,0s,, EREREL, ¢ XA EB,

LB RAERERL, ENEXMAMEAREER: XEIFR 0, RS, FEHL ¢,
WESRES, BRWE, XTREWXNFAERBRA(FE-NEL, HRE-")ELTH
LTL kit ETHAERCIL X%, RINKAET ¥ HR(FAHNEZTELE3.43%),

B RNTULREEREIN: FE—4BE, BABEANBE ¢, WTER
A, BEREFHZAAARSEARNMER, AW, RN A XZZ“FE-LFEEL”, Bk,
WA RIANMARANH, IARE: HLLthe, UM ALCE, RARAZN A TR
BA o K& BRNMEREN: Cle,=e, W(ne Ao, We))o B, BFREREHRN R
A, BERAKLETHE, AFLERT N, RA, BEAZXHAHAT, F2EFHH o, R
A, REEEZENFEH -, RS

TALARRBE, WHER sy—s5—8, s, 558, s, il R, B, RELTHWF
BHRBEHLERE— BB HE,

TEH-BFBEBERKH T ZET, XTFH LTL Rk HA— BTN 2B NN, a&AE
RS, RZTRELMWER, RORRTRERABBFENRIE, MR, L
METABEMER. R, RATTLUERKGN, FRRhdlEER, WRMEREBN, B
RV EERREMN, LRZIFR,

ERFEWEAIH 2 EREATHEENRAGEHAR? B L: Bln, RENFTEBRET U R
BRG] o RE ., 2HRBIEAMAEERAYERARLNBHITE, EETHRIFEERETRE
FERE, Hib, BAMERR EER— 2 REERF, 7/ LTL R E£k, HEFHMH R
TEHHRKGE, BAMER—BRBEAF 25D,

RIMEBERAFF. ENERBEMNE - RERXRTHBREENEERE . EHctExk
FETRIEEMRY N HBETH A #E, RERRE s, REEG X BB 4 &
ARZIRRE . BATT LUE LW s, 50 BRBARE MR PeX A4 R

ForgEER E3-8FHEANAREs, M, BN TRMNE—BEEZRPHIRE s, .
EfHERTEAHEBRLTHERRE, B, BERITRTRYHAB 1, s, TREFH
B2, HE, REs, Ms, BRICH 0,1, TBRENE OB XAIFR . RITHT %R
RAARERR—BHE LKA BT ' RX S s, f s,

WES 1 E3-8 BRI R LM TEE . 0 BE A T PR T 5 A
(B EARERN S EHRE MM, RITABIERR BRI E,)

EE_KBEEZRD, RITWIBRANRE AL THE, BRRMNBREAEMSHSE
VESHNBBE - ARANRS(BRAIHRARSHIS), RINTCHFEBETES T
PR ZAEEERERENER, HE, WEETMs, R, ASNGEL, RIINESES
MR, F£3.6.2 WHENTHAER" M, XA BEKEEDBE,
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K3-8 ERBENEKRER. HAERNSER L, BRE, B, Ms,

3.3.2 NuSMV #54 & 38

BIEATCAIE, AENAMERHMRE, AV 2 EHNEHHKRRMM, R, LFREAL
WS ABBNEFEZ—R: BRE—NTLHOBE, EABLAAETRMNER, THRE
WALPHERRELG, AFTRITHEE NuSMV BRI K%, NuSMV {3 “New Symbolic Model
Verifier” (# # 5 KA #H M B ), NuSMV B—PNFHBEBR=S, SHESER, 5100
WA FEE, WTREXNTERNES T SERZLE RN STREE,

NuSMV (4 i iR SMV) Bt — M iR — A E R EENERNIES, MEEPXEER
ATLE#R M LTL( 3 CTL) ARA A KM SMV IHE BRI 5972 5 Fl— B B35 (i A 1B 48 40
RVEBBXFER A HERBERL, EFEHHE”, SUNER—AE, B2 %
TERFRENNERZIEEEK,

SMV BFH — 1T HE MR, WBFIESF C | Java —#, HP— MEHRDFR N
main, MRAUFALEFRME. REBXLSHTRMYWHEME initial, HEF—4
next HEXTEBYMENRER, XN RZRTUERHEN GEE— BB B0 K
X, BRARRE) . FHEHATEEFRENHS.

Wt — R AT A R T SRS 4 A4 SMV .

MODULE main
VAR
request : boolean;
status : {ready,busy};
ASSIGN
init(status) := ready;
next(status) := case
request : busy;
1 : {ready,busy};
esac;
LTLSPEC
G(request -> F status=busy)

BIFAEW TR, Hi/K boolean B Y request MM A R | ready, busy} B status: 0
REM®”, 1 RE“H", TR request MR EMBEEEEX M BFEPRRABEN . X5
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FHHEBEAIRFERENE, 3 request MXFHMBEHARER status WEHERRIHE
o HPEE ready; Y4 request FEA A busy, WP request I, status B F—
MERAHE ,

TR, case 1 'R —FBRINEE, &K case R BT m FRAME . SR : AABE FRX
AAE, MAXMMN FHE -, BTRNERIRNNGSRERT. Bk, ERBFHH
B39 FrRIBRAANNMRE, BMREMEFEN_CEBHTREME, &, B
¥ status =busy G “busy”, M¥“request HE"HE X “req”,

FHSMV HIEEURER & AT EILLRE, BN ER request BIENXMEREIF
HEEFRBEER, BHBFMIBREBERALH. PF—-PRE"FEW—F LH,
EfTETF status T HKRETHBHR HB . Bl —ME request 45 R B E MG 2k
RE. B, RE— req, busy” ATUBHEUMRE(EBHMEMB=A),

LTL Blig th X887 LTLSPEC 5l A, WX AR LTL A, &, SMVAHH &, |,
> M RRRA, v, -, BRNEMNERERSERTHEG, RITTUES I IFER
main BFLAEXTE 3-9 A BRI R T .

Bl 3-9 XtpFIESCH SMV 85 H

SMV mghilisk B MM IER R, SMV X - RAHRSBRET
Bk, H—NARFEHUBHRE HARE, BRSO, XEXT —HTR, SHEREA P
RIRAE R — A ETEABE SMV ZA MBI F b, B =48 — 6+ 58 R 69 M 000
B BEREEHAICHSE. B counter_ cell B4 bit0, bitl il bit2 EH =
Wo HEMBERAE MRS M carry_ in, B bit0 PRILERME N 1; FELH bicl
Fk bit0.carry_ out, B, #H bitl i carry_ in B bit0 ) carry_ out,
R, Enov PRGOS VAR n FHER v, XANCEWET Alloy (45 2 )M
ABREFESATUHRCRENFHNFBRM RN T %, X817 DEFINE I FHE KR
Value & carry  inBIEH/FHS carry  out (XMENMNMNER S LR EE A S ELY
—fAR)

MODULE main
VAR
bit0 : counter_cell(1);
bitl : counter.cell(bit0.carry_out);
bit2 : counter_cell(bitl.carry_out);
LTLSPEC
G F bit2.carry_out
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.MODULE counter_cell(carry_in)
VAR

value : boolean;
ASSIGN

init(value) := 0;

next(value) := (value + carry_in) mod 2;
DEFINE

carry_out := value & carry_in;

DEF INE 4] FBCR A& o 75 U — B B It Rk 2 -
VAR

carry_out : boolean;
ASSIGN

carry_out := value & carry_in;

BE, EXTMRMET, TENSTHCBRE. CEXHNFSEERETETE, BHIENMNFH
FEBASHEMRESM, Rii, BENAEEERSHRE, HAENMNNSEBS —4~%
P72 9

RAFHEeREBRPEH TRIABHET, SMVIRKRERT SR, XEREHEE—
MEF/Es, SEE—-T, 8MEEIHITHNAT. @A process X@E, WATLURSE
ARER, W, BEMUARK“EE" IR HEET. BHERE—T, —AMERER
WEBEEFIT— MY, M THAREGHN. REaBEmEmstES 2R RREE R
A5, P XEERRERAN,

FEMAMITTESBERER, M FEMERAZEMBULABFREREFE.

3.3.3 i=1T NuSMV

NuSMV i IE % {# Fi &2 M\ Unix shell 3% 5 Windows iy & 48R UMM BELET, &
A
N TTNuSMV counter3.smv
e 4347 X counter3. smv PR, HFREEHTSHME, AT LK E HIE T NuSMV,
R, 41T

NuSMV -int counter3d.smv
HA NuSMV B ST ERTF. FBEASHITANGS, AFHFHR. BTAE8EN,
URHEERFIERIFRBEEMSE . EEHEHSE vusMv A P~ 4,

NuSMV 1 3 ¥ & R4 & 44 1] (bounded model checking) , #iT 4 %M -bme F@EH, &
RERBRHERDIUF I RIS, AKELMRBAFR, RERE2, £%, 5314 EH
BE(RAK10), BE, FREMRURAZEN . RAIRAHAEHRERA, RER
FEZRBEMKE., HAMEXHER, % aAlloy MHEA RS T8 XA 5 &G 6
e, TR, RETKESEER(WE Nusmv KRBT —PRHB, BAEREABRN), i
HEBMUARTT, ARERRWASE IR 3.9 W XmEicHRE ., 5@, RINEEH
AR ERR T RUEH — A ERFRME

3.3.4 HIEER

E3-10 T —MEFHIK SMV B, IMBEEBMIRBR, 958 nain fl
prc, iR main HAR turn, MBER M ABRRAMNRBHA L LBE, ZTBRHEXLER
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MODULE main
VAR
prl: process prc(pr2.st, turn, 0);
pr2: process prc(pril.st, turn, 1);

turn: boolean;

ASSIGN
init(turn) := 0;
-- safety
LTLSPEC G!((prl.st = c) & (pr2.st = c¢))
== liveness

LTLSPEC G((prl.st = t) -> F (pri.st = ¢))
LTLSPEC G((pr2.st = t) -> F (pr2.st = c))
-~ ‘negation’ of strict sequencing (desired to be false)
LTLSPEC G(pri.st=c -> ( G pri.st=c | (pri.st=c U
(Ipri.st=c & G !pri.st=c | ((ipri.st=c) U pr2.st=c)))))

MODULE prc(other-st, turn, myturn)
VAR
st: {n, t, c};
ASSIGN
init(st) := n;

next (st) :

case

(st
(st
(st
(st

n) : {t,n};
t) & (other-st = n) -H
t) & (other-st = t) & (turn = myturn): c;
<) : {e,n};

1 . st
esac;
next (turn) :=
case
turn = myturn & st = ¢ : !turn;
1 : turn;
esac;
FATIRNESS running

FAIRNESS !(st = c¢)

B 3-10 HfFpg SMV RRiB, mT SMV RXE W, WAEHSHR(3-3)
WETRIFARER—-1MEH. BEKNB R UHAR

BHEHA(EMZ 3.3. 1 R LTRE s, Fs, BITH) .
Bk main 8% prc WRAMEG ., EEBILH, st R-NHBHRS(EHEESL
FTREERLE T ERRE), M other-st BEMMBMRAE (HBEE nain WESIFME
utr, ERWMMEN—-IMBEEEN),
st WESH—VH#RK FREL: YER b, STHEE RBD . YL
W, MEF—ITRn, BEEED c, MBF MR, THAcZH, THERERK. K
I, HER R, ATUBE n, orc HEMTHERBLBEE, BB T — A LBEK
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WEBH 7 —1TEH,

SMV {j— AN EERERTUEENBRNBHINTHR, BEXRBR, XFRE
HEEHRARX ¢ ERERINE. HTXLHATEEMNBEN A FiHE, FUKLAE
&%iﬂﬁm%mm%Mﬂ,%ﬂm%%ﬂFMME%ﬁA@@%FMM@%¢%$&E%
HEBRMNE ¢ 6, SMV KR ¢ 8T R L W5 B AT B 42,

ERR pred, BEAKMBREZE st ERBRAEF c WiTEBR L, XEE MR
AFREHEBEEEL R, DRFES - EESEAB RIS, WEHARE 2 4oEE
BERXRE L, WiHE 1 KEREEA. A, RO IZEEXLEME, By AE
— T HEBAKELTFRBEERARRATLH, RIVEIRAEOEMD MR (B RIS,
e FRFE, RATRET AFPHAE! (st =c),

MR BEBERAXET process #ITHEH, BABRUNBBNINE, £5 4 0E
ﬁ:,WV%%ﬁiﬁmﬁﬁﬁﬁﬁ%&ﬁoﬁﬂﬂ%%%@%ﬁ#—%%%,ﬁi%—
¢&ﬂﬁﬂ%§ﬂﬂ%ﬁ@oﬁ%?nmmwﬂﬁﬁﬂ¥ﬁ%ﬁ¢ﬁ§—¢&ﬁ:
FAIRNESS running R FHRATXRER R, WX 5K B2 H P00 He g gt 5 3T
TREK, ,

Epm¢,ﬁM%mﬁ?ﬁ#%%%,Eﬁ&ﬁﬁﬁmﬁ,w%mw%$%Miﬁﬁ
BUAT, RESSEHARMEMER., RITBSAEBFEEA TN, BEHAF A FAIRNESS
%@%%@oEﬂ%?@?ﬁ%ﬁ@,ﬁﬁ%&?—%@ﬂﬁﬂﬁ%ﬁ%ﬂﬁ%Z%%%
o] B

W NuSMV hZTRXMRF, F— F SRR .

MBFXNBFOEEREME3-11 Fin, SMREBRERNME; M, o EHE
1ﬂﬁﬁ2ﬁ%ﬂ?%%&ﬁ%ﬁ&\WEMM=1%%§OE%£%ﬁEEﬁ%¢ﬁE&
ﬁ%&ﬁo—ﬁ,§¢%§ﬁ%¥¢ﬁﬁ,%%ﬁﬁTﬁﬁlﬁﬁ,ﬁ%%%ﬁﬁ?ﬁﬁ2
B3,

A 3-11 MR 3-10 1 SMV R EB R L. B EWHRICERBAERE,
PRIEL, 2 RN HBEA LB



132 £34

XARB SR EAEE 3-8 P UM ERERE SRR, REERA .

s ATEE3-8F, ATXPRE s, M sy, ABMIIHEM/KER turn, REMR ST LIGTRIERH
R RAE (B, o0 Metl), RN, WRNEBIARENIES, IERBEATXSK, Hit,
ENREARMTREER curn ) LTL AKX, RS REEELL S KK 5.

o WAVHERT M 3-8 PR AFKNAE, EBRMNEBEAHBRHE—-TREBLIBI 1K
RRS(AFERSEEAZINTH). EE-N F, AFSIRZIVHAHNTHE, BF T8
BEEHERT, HE—ERAENHE, BRBHBHEXBER. YR, IHMSSIHXE— K
7, HEM—THBBERXERL, BMBERDFATPHEARKHERIENEE,

3.3.5 ZREEME

RATERICB B A — MR, I, BOEMRBERN—H, BRELTHE
— B LT . WMBREFRHFE—W, MR ETTREEGSETRENGS W, TEHEZ
B 45 R '

ISHE I E -V P

2. WEFR

MRBETERREMEMPEBAT, BRAED S B LI E? X~ X948
(planning problem) , {HW] i AR MK M, RITHMBR—MTBRES, HPRERE A
VMK EA . REFRAMBRERE, BRRSESTTE: HRSHEE—EZATBR
SHEHERE, ZBRELAE - TREEFARYBENENS -0, MAEERXMRETE
A8, BYASLFRELEhEZE?

BATK A A RERAT R (BB R BOPRMIT ) B R — 4 NuSMV B (& 3-12), &4
RYMMBRT R EREREE. OREZYREMBEE, 1 REEBHTE, B,
ferryman =0 EHKREMREMBITA, ferryman =1 ERMEBRME, XFoe
goat, cabbage fl wolf &I RADUEY.

AR carry ITBUNMER R RIERHRELE, BOE. B, REHLABEER, next
(carry) ENHFTMT . ERFHEN, BHEREHEFOREESHM K., X
BUEHE, HBE& 0, ME ferryman = goat (BIEAIERMFE), 4 g & next
(carry) AR A HFH—R., BLEABRNERLRLLH, TR, & ferryman = goat =
wolf s cabbage, WiZHEARlg, w, 0}, M ferryman WF—MERIEREN . M7
Ui A A, {22 goat, cabbage Ml wolf I F—MERBEN, BHTIILT
BHEBRBMRKEEICE, B carry WIERERRER TR, X B0 BIEHE R OER,

FERMARTRMAET —RESHREBNM . SMV GIRBIE— LB W, X F—
MMEMAERRBME . (TREMTRMYERN, Ao, BETHE, NuSMV 2 #4805 5R
WEME, JREAH CMU-SMV EX FEEMNR IE—8,)

BT NUSMV. RMNFR—KWE o Uy MBE, Hby BERKBRRE, Wi ¢ B5
R (MBLERNELCERRE—E, BABEZGE, UELRTNGTY). T2,
BIERHABBEHRE (o Uy), B: BEBEHE S Uy, RNEEFLEMN, I H NuSMV
SHE—FWME o Uy WRBIEE, BELE, 247 NuSMV BH T — K& 3-13 ST B B
7, BERRTHEZN— MR,

ERBMBERNITFRRET XA BB SR BEH B LESE, K5 ERRELE,
AT REHUEMBLERE R, XIBLEHFENR, REE FR, BRERMBLEDE
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i 1 B A A W) AT E 4
MODULE main
VAR
ferryman : boolean;
goat : boolean;
cabbage : boolean;
wolf : boolean;
carry : {g,c,w,0};
ASSIGN
init(ferryman) := 0; init(goat) 1= 0;
init(cabbage) := 0; init(wolf) :=0;
init(carry) = 0;
next (ferryman) := 0,1;
next(carry) := case
ferryman=goat : g;
1 ' H
esac union
case
ferryman=cabbage : c;
1 HE'H
esac union
case
ferryman=wolf : w;
1 H
esac union 0;
next(goat) := case
ferryman=goat & next(carry)=g : next(ferryman);
1 i goat;
esac;
next (cabbage) := case
ferrynan=cabbage & next(carry)=c : next(ferryman);
1 : cabbage;
esac;
next(wolf) := case
ferryman=wolf & next(carry)=w : next (ferryman) ;
1 : wolf;
esac;
LTLSPEC !((  (goat=cabbage | goat=wolf) -> goat=ferryman)
U (cabbage & goat & wolf & ferryman))

B 3-12 EEHHREEE NuSMV {455

HEART, REEEEXHERELEEIR, RERIFEARS L9, £XRET, =
HERRTES, TUHFFRB—TF T, HEEMEXSE, RE 110 3 1. 15 FHMEEY L
BATIETR; BERBLE, RERR, BERAY, #BYE, FEXEELZEIRS
LO MRS SR T, BAEERS 111 HATEBNSER,

WEHET? KR, HAEBRAE. NuSMV A4 — 2 ERBRE, XABRZESEF
WE 1S DREBHF . HEIREREE, BREETREETHRY (LL2H) W, RS
B(AEREM) R, REBBHELHERL 6 Uy, EHETHNNKREHZ S, fEL X3
ZREEMGADBEEMBES, RAFER, AEERERN; CHE 6 U vy REAER
B8)o WREAMBUBRAEMNZ, 56 Uy BEXE,
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acws-01167 nusmv ferryman.smv

*+x This is NuSMV 2.1.2 (compiled 2002-11-22 12:00:00)

*+* For more information of NuSMV see <http://musmv.irst.itc.it>

**% or email to <nusmv-users®irst.itc.it>.

**+ Please report bugs to <nusmv-users@irst.itc.it>.

- specification !(((goat = cabbage | goat = wolf) -> goat = ferryman)
U (((cabbage & goat) & wolf) & ferryman)) is false

~- as demonstrated by the following execution sequence

~- loop starts here ——

-> State 1.1 <-
ferryman = 0
goat = 0
cabbage = 0
wolf = O
carry = 0

~> State 1.2 <~
ferryman ~ 1
goat = 1
carry = g

~> State 1.3 <-
ferryman = 0
carry = 0

-> State 1.4 <-
ferryman = {
cabbage = 1
carry = ¢

-> State 1.5 <-
ferryman = 0
goat = 0
carry = g

-> State 1.6 <-
ferryman = 1
wolf = 1
carry = w

-> State 1.7 <-

-> State 1.8 <-
ferryman = 1
goat = 1
carry = g

-> State 1.9 <-

-> State 1.10 <~
ferryman = 0
cabbage = 0
carry = ¢

-> State 1.11 <~
ferryman = 1
carry = 0

-> State 1.12 <-
ferryman = 0
wolf = O
carry = w

~> State 1.13 <~
ferryman = 1
carry = 0

-> State 1.14 <-
ferryman = 0
goat = 0
carry = g

-> State 1.15 <~
carry = 0

ferryman = 0
carry = 0

B3-13 BEEREN - PRB\ER, SROBRELE, § A% R0 T84 5 8 i e

FRAARRER A=A SEHERROBETERR, KT, TEFRTERNRA
LIS 1.8, ERRIMWMIABHRE. AW, HYEABE NuSMV -bmc -bme _
length 7 ferryman. smv REZER G, LTL AR, XBERBERAGEELS T TAE
BHR,

MIEHFFERIERETFES R LN ZRAEN R, X LGESEY LTL AR %z
o REHNAEFRRE ¢ Uy HIBR, RZUIBRHER (S U ¢) A G(goat—G goat)
KR, XB ¢ % T (goat = cabbage v goat = wolf) —goat = ferryman, ¢y % F
cabbage A goat A wolf A ferryman, ARKBE— M. —BI%d TW, fKsk
SERFFAW; B, LEHES=KER, NuSMV BETXNMMANBTEREN, AT
ATERAEXHEER.

3.3.6 TW|AIHMN

44 AL ( The Alternating Bit Protocol , ABP) R~ AT “RHELXKR " EHELH D
W, XMEETEERREFHEE. AELBAELTRENEA, BT AR R % E
BREZFEHEBAREEBRY . (RITAFRBELAREHEE, HHREHRANE, B
A IPEARUEHE — 40T RE S IR IS B B0 B B BT MU A5 8 . )
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ABP THEWIF, AN RXEF. BRF. HEAGHEMBIAGEE. Z&F
HHEWE—-Ha, EFR“BH M —BRX, WEBRFRBATHEERCZOHNEL,
EEAHAGERZ O, REFWEXITHING, EXET-IMHEQ, EREHMC 1, 0
REWFRBIXEHE, TEALHIAMSERE 1 URHIN, Blassar, BlRymEE
HATUBIEE B MEEMEZER(HEMNZBSHEFTPERHALANE),

MREXEFTEABIBHNHIA, CHEELEHRLABEE, HIBIAT®R., NEBEKY
BAKRIWATRMERMNELS, THSEE R LN,

X F ABP R, AVHEUREEN, XEAN, BRARIMNEEREEETHELNA
XNEL, RIMIAFERE, DREBZRMEE—FBE, BREEIK, H4ai585, =
HABRERERBELFT . WRRBRMAMX MBI, MAFETRELTAENE, XEK
W, ABP R&EEM.

AN SMV WAKERF B X — S, RITATUBBREREZENO AR S RAPHIEL,
WAFFH# % 3% . BB messagel RIEFEXR XM BN YBTML, T message2 RE I, Mk
sender MG XFEE 3-14 p A, X MEIH KL RIFIE B st =sending b, HY -
BRI FRIFZ BN ERCORIAERAN, EAGEMHET st - sent, T&
messagel Ml message2 SFHINRMFE XN LREBAME A, HX RN, HEHRBET
— T ERERFHBIFERE st = sending, M messagel B IEHEME B K (B d KB
F183]); message2 WERHMMA, BRI L FATRNESS running, B %% 0408 ik
BEXREWEST, LTLSPEC WRRATERERII M R L RN E ., wE 315, FAXMWF
AKX receiver #HITHRE,

MODULE sender (ack)
VAR
st : {sending,sent};
messagel : boolean;
message2 : boolean;
ASSIGN
init(st) := sending;
next(st) := case
ack = message2 & !(st=sent) : sent;
1 : sending;
esac;
next (messagel) :=
case
st = gent : {0,1};
1 : messagel;
esac;
next(message2) :=
case

st = sent : !message2;
1 . message2;
esac;
FAIRNESS running
LTLSPEC G F st=sent

Bl 3-14 K SMV KB ABP K& ¥
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MODULE receiver(messagel,message2)
VAR
st : {receiving,received};
ack : boolean;
expected : boolean;
ASSIGN
init(st) := receiving;
next(st) := case
message2=expected & !(st=received) : received;
1 : receiving;
esac;
next(ack) :=
case
st = received : message2;
1 : ack;
esac;
next (expected) :=
case
st = received : !expected;
1 : expected;
esac;
FAIRNESS running
LTLSPEC G F st=received

K 3-15 F SMV 4B ABP K ¥

BNEREHBRWANMMEE, WE3-16, HIAEER FHEMN—A{5H one-bit-chan i
LBl EHBFERIE B X forget MMMEB KM, input (5% %L output, BRI
forget B H., AITREZEMBHILI/EHE two-bit-chan REMIM, W ELE forget
MRAXRBELRULRETER. HENHIRSBRIIEE, REFABFARI (BREE
AEEER) .

RIEHATPHYE, ARBEEXENESE. RESETUELANL, ERIMEETUE
RAEHBEEHE, (BRERAEXMEL, BARINMRARI — P 5EHEWENTBEL
B, B, BE-KBE, NEIHZMTRENYEEBES,)

HBHREBDATHARTRK! forget” FREUIEM M BEM T, RETHaME
BEMKEZHE, IRBHEIEE(HFR)ERFARO LTMAXFAE 1 5, XRENH
LAEAERNATHARNEE, —RREAFHN“THRK p HEERK ¢” 890 F 424
R, BMERXRARSEREL, HSMVERRIFK.

BE, BRAVAER main BITEXLHEE R (K 3-17), SHREMRRE RSN RS
BRERR, FERASHERMUNME, BXNE—MEHMRO, RATWH RN EMELN 0,
BWOTRL AR | ERBINE R IT IS, HEZEEMBEH 2, sender Aok
FAMHBERBANEE . FE, EHENSEWBRLY 1,

X T ABP t4 38, RA1HI SMV B B TR .

Ket: DRELM I ERAFREERNAA, WBKF LHRERE A1,

G (S.st =sent & S.messagel =1 -> msg_ chan.outputl =1)

B HERARARI, TR, AEERES, VRFE-AUNHECBELH £ %
K& E#%k sender F, RNBHMHY GF st =sent, (AxMHkw, ALK T
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MODULE one-bit-chan(input)
VAR
output : boolean;
forget : boolean;

ASSIGN
next (output) := case
forget : outfut;
1: input;
esac;

FAIRNESS running
FAIRNESS input & !forget
FAIRNESS !input & !forget

MODULE two-bit-chan(input1,input2)
VAR

forget : boolean;

outputl : boolean;

output? : boolean;

ASSIGN
next (outputl) := case
forget : outputl;
1: inputi;
esac;
next (output2) := case
forget : output2;
1: input2;
esac;

FAIRNESS running

FAIRNESS inputl & !forget
FAIRNESS !inputl & !forget
FAIRNESS input2 & !forget
FAIRNESS !input2 & !forget

B 3-16 F SMV R E KB4~ ABP {51 B ik

MODULE main
VAR
s : process sender(ack_chan.output);
r : process receiver(msg_chan.outputl,msg_chan.output2);
msg_chan : process two-bit-chan(s.messagel,s.message2);
ack_chan : process one-bit-chan(r.ack);
ASSIGN
init(s.message2) 0;
init(r.expected) 0;
init(r.ack) =1
init(msg_chan.output2) := 1;
init (ack_chan.output) := 1;

LTLSPEC ' G (s.st=sent & s.messagel=1 -> msg_chan.outputi=1)

B 3-17 ABP ik

EHHEHCF S st =sent,)
KB, RAFRERARERS, EHH receiver ¥, #1415 G F st =received,
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3.4 HXHEiELE

TERTE AT PXF LTL(ZR MR SER) Watid, BMNEES LTL AXEAER 2 ERE
Bo BMNEXRGEH— T REBRE-NLIL AR, MRHAERSEEZWTAREHRER
E. TR, LTLREENFTAREMEKREBFERE, B, s —{BREFENEREARER
LTL Rk, BLdEREETHRNEEIHNARBLER, TUBIBBRXANRE, I TH
WREFE—FNs HEHBRE LTL AKX ¢ BB, RURBTHRARREEE - ¢; x4
FEEEE E BB REXNTREBNEEEE, RZIFR. TERT— 5 i 4057 2 8 & 8 e 3 A
BT, AT, ENMRIIELERS, BAGHATSRAFERZBANTR —BA
BERILX M OT AT RIARR, BAMARMRBAEHLHRANEERT,

3 32 it (6] 2 888 o B W b A 1 FHBS R B A R DX N, AT BB —Fhit a3 4
( Computation Tree Logic, CTL), #£ CTL+#f, BRTH LTL dESEF U, F, G M X 4p, &
MEFRIFAME, SHREMHABR N FE—KBR . S, RITTUE.

o FE—ATEREWE q: XTLUEN EF ¢,

o XMEAWE p WATRRE, TUESMERp, HINE-IHE ¢ WRE, XTUE N AG(p—

ElpUql),
* REMEp RERTEN, RETUKEEZEFHEN ¢: AG(p—EG ¢),
o FE—NAERE, MHHENFETEREHMEE p: EF AC p,

3.4.1 CTL®iEZ

HERER(RERCTL) B—F o A S8, UM EERE - MRRER, |
PRREAGEN . KRARRKER, HPREM— TR LM LR BR,

MURT—#, RIVEE—-MWETFARN/MROES (WM p, q, r, —Kp,, pyy o

EN3.12 fn LTL —#¢, 3Eit Backus-Naur X IT 44 5% X CTL N

=Ll TIpl(md)I (drd)l (V)| (¢ )| AX Pl EX ¢ |
AF$| EF 1 AG$I EC 1 Al¢ U] | E[¢ U ¢]

At p BUB IR FARNES

FE, @ACTLﬁxﬁﬁﬂ%ﬁ% Pag s R= XT“FB‘J% MRARE, AR“WFRER
B(A—#0), EMTNRBED(FE)—LBE(TH), HEXHRBE -/ 4E2L
X FLGRU, §XHHT—RE", “BEARRRSE”, “HARERS (LB MK
2", B, E[¢, U, ] PRIBMEXREU, 7 CTL &, R EU XENZEMERATNM. &
BAUMEUR-TM, S X, F, CMUAENBERESE ARE RO T ABBRE M, %
iy, A AR E LFIEREE X, F, GER U Z—HB,

BEE CTL P REEHH-EB(W) B (R), BEEMRETUSHK (3. 4.5%),

HE3.13 Xt CTL %W, BE SamEEMigaEsh kMU0 SEheR, — oKk
Bin (LE M 5% #ER AG, EG, AF, EF, AX Al Ex)ﬁﬁggﬂ@%ﬁ HEKEAMV;
RER-—, AU K EU,

R, RIVTUMHES 28X 8K ER, AT HBIES, *E‘*%Aiﬁ CTL A3 H
FEXCTLARMBIT. Bikp, ¢ MrREFAR, THE—&4K CTL AR

* AG(g—EGr), BEES AG ¢—EG r F—#, BNREYE 3.13, E—FfAXHE
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(AG g)— (EGr)
e EFE[rUq]
e A[p UEFr]
EF EG p—AF r, REFBEHNHESHEN(EF EG p)—»AF r, A& EF(EG p—>AF 1)
Bk EF EG(p—AF r)
A[Pl U A[Pz UP3]]
E[A[p, Up,]1U p,]
AG(p—A[pU(—pArA[-pUq])]),

{HS 7L — i} (8] B B 5 MR 4047 Ao iF M v e A R o 'FEE‘JEQ%T%A:‘K/\E%

e EFGr

s A-G—p

* F[rUgq]

e EF(rUgq)

e AEF r

s Af(rUg)r(pUnN],

FHERERORIH AEEANA R FWEXAR, U EF(rUq) R, X/,MFHEH
FEET USRS ARE R, EXESFRMERN, N THXA B R H— /QAEE
CTL AR, RBEBEEFE[rUg¢]mk EF A[r U q],

HE, i—‘éE AR ERERMHETFR UN, FRAFES, ﬁ#!&a‘?&‘ﬁﬁ&ﬁ%ﬂ%ﬂ
Mo ATLIAERMEES R, R, XEEDFAMNBDEARX(BEARIEESSHRT
HMEMEAFESHNE), FRFESHNE - EER
SMV — B RReX A

AlGUPApUN]ITRRERARNWEERRBELER
RVFHARERR(FIA) HEEME Al ]RE[ ]h, A
BREMBALMEREG, F, XHUZ—HH, WP U
REEIHA, —ERAlOUyWER, B My 7T
AEEA, BHEMBEEAR, Bk, A[(prq)U
(mrog) IR—1TERAR,

HERAUMEU RBARFEAPBANRICEN T
Bid, AP RIER, NIKE ¢, AU 6,, %
HETRER, BMEZE AU(d,, ¢,)0

REMERESHE, WHiHE, BEARLARW
BESHTHERBERMN. A[AX ~p UE[EX(p A q)
U - p] 1B IR0 & 3-18 R, B 3-18 —AEPRITEH CTL

BY3.14 —ACTLAR ¢ WTFARBXBEHAR ARMEEITH
¥, HEESTRE ¢ KiEEIIR TR,

3.4.2 HHHBHHIEN
CTL AXNEEBRECEN3.4) EHFRE, ®BM =(S, —, LYR—NHER, se8, ¢
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BR—ACTL AR, M, sE¢ BREBRIHEXRK o WEWIITERE, TURBEFNT .
o HORETH, MEXREH LHBE,
e X oWMTIREHF(MEME ¢ WEXRFNMWFRUIENEZEF) B REER(A, v, -,
T%), WEERBHEEMEAERELUE ¢ BT —2BEkEL,

o ZWMAHEKZAR T AFHRNET, WHEXRRY, WRN s BENFAREHWMEBEFS
AGFEBIMLTL AR,

o K, EWREERAFBRTE, MHRERER Y, WRN s HRWEIRBRREBERSERH
BBEWLTL AR,

EEWMIEE, BX ARE WERTHBHF AR LTL AR, EIHTHEETRGR
WEAARE, R, X5 EEhBITkRAE,

M, skE ¢ HMERENE SED:

EX3.15 BEM=(S, -, DREFCTLH—HE, sBTFS, ¢ B—1 CTL A=K,
KEM, sk o I & WEWEHRE L.

LM, sETHM, skEL

2. M, sEpXEHENYpel(s)

3.M, sE- ¢ HHMEM, sE

4 M, sk Ad, HEUYSM, sE ¢, HM, sk ¢,

S5bPM, sE ¢, vV, BAREM, sE S, HEM, sk ¢,

6. M, sEd,—¢, HHNHM, sk, EBEM, sE o,

T M, sEAX ¢ SHMNYXHAEMEE s—s, Bs,, AM, s, Edo TR, AXEXHN“EFEF—

8. M, sEEX ¢ HHMYXMENME s—s, Bs,, M, s, Ed. TR, EXTLHEESAT—R
B L.E5AME, SHAEBFISYNEAERLTEE .

9 M, sFAC S B YBMNYTFHRAEME s, =s KR s, s, s, >, RINEBB LKA, &
M, ssE¢o TEIEK: NFAU s FHROHEBE, R o 2RBMT. T8 “BRBRB" GBEBEH
MRS s,

10. M, sFEG¢ R MANYUFE—KRBERE s, =s WBKE sy, s, R EBEENEFE s,
AM, ssE¢o HEILK: BFE—HKUs FHROBEZ, HELERBR, ¢ 2RMBRT.

1. M, sF AF ¢ B S BANYXT FHRAWRR s, =s B s,—s,— -, BEA s, BHBM, s, Edo 7
EitZ: MFHALU s FROTHEBRE, BEEIRBREM ¢ Br.

122. M, sFEF ¢ B BN EFE—RKE s, =s R s, s, o5, —~, FABEBRBEERLS s,
ERM, s oo HEICI: BE—KUs FROHERE, §8 ¢ EENERRS TR,

B M, sEAl Ud, IR Y AL FHARE s, =s BB s, —s, s, BBBHE O, Ud,,
HEEZBBEFERA s, BBM, s, Edé,, AMFELj<i, M, s, E¢,o HEITL: FALs FhE
HRBEHE o, H3 ¢, EH R,

14.M, sEE[¢, U, ML YHMLFE-KWE s, =s BB s, 5,5, 0, DEBRHE 6, U
b W 13 HRIRE . FEICK: FE-KUs FHROHEBEHELE ¢, B ¢, ZHERT.

LEMEA I~ 14 HBHETHBBGITERZ, B, MNAERES s R B FTA T RERY
HERETRARIEREE BN, RALUKTIBRREREFBI I ERITEN, BHEL 3t
FRHE®” . H3-19 ~ B 3-22 WEB MR ER T HBRESHI%EAR EF ¢, EC o,
AG ¢ MIAF ¢ IR, MR, ATUEXEERBHEM—IRMELEY ¢, FHHUMRREW R X
R, REX ACGELRBMHATERMNT., REREBRBTHEARKN BN FR,
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F3-19 WMEHREHE EF ¢ H—PRE B 3-20 WEREWE EC ¢ BI—TRE

B 3-21 FHRREWE AC ¢ -1 RE B 3-22 MHREHE AT ¢ 9~ REG

BIMZE 3-3 HIEERBES s, WEB RS, E3-5 EXERMUE, RALE 8L TX
MRERK BT,

LM, ssEprglor, BREFRSp Ml g BEHEs, AT,

2 M, s, EnrlisL, BARFRE rRASEs, &A%,

.HEN, M, sy ETH,

4 M, s EEX(gAr) oL, BAKEI-S PREAMHERS s,—s,—s, >, ERE A EEs, 8
FeHMr,

5. M, s, Fo AX(g AT, BEAE S-S FEBRAENHHEBE sy, o505, CHEB -/
Hs, LB&r, REE ¢,

6. M, sy FDEF(p Ar) L, BARTFEL s, FROHEBRZREGEEIEp A r R —TRE, X
AR REREXANRGE R AL p fl r B0F RS R ES

T M, s, FEGrB5r, HAFE KU s, FRETHERER s,—s,—s,— -, 18 r 3 FZBE - RH
ARRRESIHAL; R s, FHRMME—HHEEES, BIM, s, £ AG r ST,

8. M, s FAF r 0L, BRXUL s, FFEGM A HHBER, RESID—AME r U MRE (s, R s,) o
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9. M, s, EE[(p AU r]iisz, BAKE3I-S RRAEAMITEHER sy, s —s o, REZAE
Hs(i=1) KEr, BENEMFALEB(RAE =0, BER ) HR P A g

10. M, s, EA[pUrI@ar, BhptEs, Bx, Brs, MM BESRRERML, BpUriids,
FHROFEITEREEENE (BRI URESE TRETER i=1),

1. M, s EAG(pVv gV r—EFEGr) sz, EXNEMs, TAHBEp v qVvrBIARE(MKEREHFT
ARB)T, RETLUGEE MR EG r BRE(HAEAIRE s,) .

3.4.3 MEHETEHER

FEAXK—LBYH 75 LTL3. 2.3 W) WELBERREEFAN. BERERTRR
35 — 2034 2 busy F requested X FEAYA

o TILLBK— A started BR3L, {H ready AL AR . EF(started A0 ready) , HHEEARTREY, R
REFEXNMAKX,

o SHEMRE, MRGIEMPFEL ) request 3L, AT RLKSHHIA:

AG(requested— AF acknowledged) ,

s MRABPHEREMEK, MATKEBEFTERER, XMEFA CTL BEATREN., #3508, &R
BE#IR K AG AF enabled—AG AF running, sl ERHHM A s EHAMM LTL A=, FHAHE
CTLAXREKE: MRFEABBULRERGEE, RANABBEIREBREED; XLHSH
FREERKEENBRBETELRERETEREE,

o —IREABENAITEEE LB TR EWMEE: AG(AF enabled)

* NEREHA, —MEEHBBRAMKAFEY: AF(AG deadlock)

o WAEMPRZE H RERFTBEX B — N ERA : AG(EF restart) ,

o —METHBTERE _BERAREIE, WREREREELR.

A G(floor2 A directionup A ButtonPressed5—A[ directionup U floor5 ] )
WE B R T 1R R o R ROV AR ZAR, #HI0, floor2,

e MBALIEE=ZXEHRIFRE.

AG(floor3 A idle A doorclosed—EG (floor3 A idle A doorclosed) ) o

o — MBS UFRRFEARXEER, XA LTLRRTRER, FHE3-8 HAE, TUHCILEY
AG(n,—EXt)),

* HBREBETMIBFHARLLBE, XOAEHLIL R, RERMNYBALIRFE, CTLAKFHE
BWHRENR: EF(c, AE[U(= e, AE[-c,Ue,D]),

3.4.4 CTLAREWEEZH

EX3.16 A CTL AR ¢ # ¢ HHNEXENE, MBEEMERPREMRE, RE
WEHF -4, MBES—1. RIEH o=y,
RICELERHARXTHENLHER, ERMBNAERA, B, CAF LR
— M RRBE EREWLHMAERE, STXBHE, RN CNZEAEEMS - B E IR
ARAFT:
“AF¢ =EG— ¢
“EF¢ = AG— ¢ (3-6)
~AX ¢ =EX ¢
RITEH S M
AF¢ =A[T U ¢] EF¢ =E[T U ¢]
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X5 LTL MR K EMRENUN,
3.4.5 CTLERRANENE

S4B LTL —8, CTL #ERPA -8l fl, F8H AXTJUER - EX 7,
i AG, AF, EGHMEF AL AUMEUBHMNT: &%, AR(3-6)% AG ¢ B~ EF —
¢, EGOBER~AF ¢, RIEFAF¢=A[ T US]MEF$=E[ T Uo], Bk, AU, EUM
EX R SEZEWHN— M ESEES.
EG, EUMEX WER— T EHES, HAIRNMNEEHR
Alp Uyl =—(E[~yp U(—¢pAr"¢)] VEGy) (3-7)
ZEMEIEBITE .

Al¢ Uyl =A[~(~yp U(~¢pAmy)) AFy]
=-E-~[~(~ygU(~¢dpAry)) AFy]
="E[(m¢gU(m¢dpry)) vGy]
=" (E["¢ U(~¢dpAr"y)] VEG~¢)

FE—TERESHE 10, HANNHERRERSD, (XMEHABR—%5 CTLEEE R
WAAER S EARX, R, EET—PTHAIAANWCIL FEPRARN)FE -, B
1% .

EHE3.17 CTLY#H—AMASRALLRE S, SHREEE Y04 ]AX, EX|
vz~ |{EG, AF, AU} ¥ — & EU,

XTEREAERBHXREICPFHSEN—BREXAETIEN, P, E#R
EU 2345 MER, HA5E-EB W fIBHR R #HARE CTL BFEIE(E X 3.12) , NEEER
AR, ER, AW fl EW 7£ CTL h# 27 & X1 :

* Al¢Ryl=—E[¢U—y]

* E[¢ Ryl="A[¢ U—y]

e Al Wyl=Aly R(6Vy)], REALENE %R

* E[¢ Wyl =E[yR(¢Vy)], ABHLENE -/1%5R.
X E U AT 3.2.4 TA13.2.5 999 8 LTL &4 3RiEH . CTL pHAb— S HBEE
FEMIT .

AG ¢ = ¢ AAX AG ¢
EG ¢ = ¢ A~ EX EG ¢
AF ¢ = ¢ v AX AF ¢
EF ¢ = ¢ v EX EF ¢

Al¢ Uyl =4 Vv(dAAX Al Uy])

E[¢ Uy] =y V(6 AEXE[¢ Uy])
g, BEAFMMERNT: ATE-MERRETH AF ¢, ¢ UHAEBERSFHREG
FIABE LRI RAE . FEBIX—A, RERE(EYIRET)s RIE; REHR
AR, MWE, EHRET RELAHE AF o HE, XNMENTES AX F AF 5 5 X AF i
R, XBRE—MERE L, FE L, XEEMA LI MR RA AX A
EX SRE LA AN EER . XFRR CTL ARSI R, ERRBRITEZES. 6.1 HHFF LM
BRUR 3 vk B B AR, R (3.7 ) B A R
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3.5 CTL"ELTL# CTL f9RE8EH

CTL B R XA FHRE, EXHE, MRMFERN, B LILFERIRSE
feh. R, EARVRAE LTL B, EdALAMBREFE - IT"BEEB., XTI F
|, LTLEARARS, i, TUR“SEHAXHENERE, HRBEREpNEERE ¢, X
AR LTL RN K Fp—oFq. HTFRBIFAF LHHEEE - ARXE FHANLYR, H CTL
REEERATMREN, AXAF p-AF g BREXLHYAFRNERE. - MREEFEBRESR
p, MAWERARBREE ¢". AIBEH AG(p—AF q), BERERE, BAECRRTHER
BREMD p BEALBY ¢ WFR, BEXVRBEAHED FpF ¢ E XL,

CTL" 2% LTL f1 CTL M RARE N L &I E CTL MEANSEF(X, U, F, G) UM
5E—BERE(A, E)FEEANARREIN—-MEZE, EATFEIUTERNAR:

* Al(pUnNV(qUr)]: WHEKR, BEA4pREAMNES r, E4 ¢ REANETD r.

¢ A[XpVvXXpl: BFEBR, pEFT-IREAEBT - TRERZEN, BRE-MHERMRT.

* E[GFp]: HE—LKE, HEEC) ERBRIE,

XEAXHERPHNEMTF A[(pvq)Ur], AXpv AX AX p M1 EG EF p, "TLUEBHHE P
ME-TTER(EFLKNCILAR, BE_MHE=ANBESZEME CTL AR,

CTL' Wi B A AR .

® kAKX (state formulas) , PRSI .

¢:i=Tlpl (7¢)! (pArd) | Ala) ) E[a]
ik p RAEMETAR, o REEBBBAR; UR
® %422 X (path formulas) , ¥ B2 R{H
at=¢l (M)l (ara)l (aUa)l (Ga)l (Fa)l (X a)
Mak & RAFREAR, XRMEH Z i#93 (mutually recursive) TG E XWHIF: BARARE
EXRB TS —RKHEL, HEXRBHEp MT,

LTLMCTLEACTL F# BRLTLWEEFAEE AME, HLTL HiEXMEE
ZRIARE. Hilt, LTLAR a EHF CTL" AR Ale]. F2, LTL A MY CTL® &
T,

CTLt R CTL W F5&, BATREBABAXBH I W THERM CTL" A6 .

a:=(dUd)I (Go) I (FP)| (X )

Bl3-23 B/RT CTL, LTL #l CTL' R ZRENZ MK X R, XERZEFERHENSF
EPARM—H T,

CTL®

B 3-23 CTL, LTL 1 CTL" ke H



1 11 e B A ] AT R E 145

£ CTL wfEF& LTL % ¢, ZAGEF p, T &%: RHEHBE, RMNLTUHE A
Bp hHMRA, REBHA, ABEBLEIRAYL.

AGEFp ALTLF T RAMUEHA M T, ¢ E—ALTL AR, # A[o] % F AG EF p,
EhETEHAEY, M, sEAGEFp, HM, sEA[¢)l, HERM EBFF. M' ¥
AsHEWBBEMENs HENEBTE, HAM', skA[o]. AT, M', sEAGEFp
FRBRL; RE-AFE,

M ! S@
-p p -pP

ECTL' ¥, B FT& CTL # 4 F%& LTL % 4, L E[GFp], 2FHE—AHERS p
42,

HAXANMARACTLA T R E ML E R, TUAEASE R T F HH H E. A Emerson f
RUASHENAXERE, (FHARLILEXTREH?)

A LTL # 8 R % CTL % : ¢, == A[GF p—F q], H4 X R: MEBALEHLR S p,
WqHA—K, XR-ARGREEEHANER, lin, ¥EATHRAXABRIER
Bkl RE R RAAELAN

% LTL #a CTL % ; ¢, <= AG(p—AF q) % CTL ¥, R# G(p—F q)& LTL % : 247 p &
KBBE— qo '

Wit 3.18 RIMAEE, BLLEIHAEBETFREN— A, E&CREFA)LIL A
KA #HY CTL AR, E—AEBHIH T, LTL AR G(p—F ¢) EMHF CTL AR AC(p—
AF ¢), RAITEWRHEAREHHIT

o FGpfMAF AG p A%E#H, HAETHEMSEED, FCpRBMEM, M AF AGp R L.,

SR E_Y

p P p
B3k, AF AG p P##3 T FG p,
* RELTLAKXXFp M FX p REME, TEHEMEHTF CTIL AR AX AF p, BEf]S AF AX p A%
fro REFHBER &, MAAHYFENBELCGRFREREEE),

WE3. 19 HAEK I X WA FZBNS XN EERHSTTER, LTH—FE
B EH " HWCLFILTAY20E, RINELER, ENNEIENRRTHEY, CTL" LE
RN HERRIAES, BRETE EARNEBE(NES 6 FHHERK), 7 LTL #
CTL 22 18] By SE B4 T PRI RE A0 A3, LTL 8 Z CTL fi & g9 k2 &3, 7 CTL
B> LTL M AROR I R R RN, REEZATWS, LTL MEES BN

H, mEEERIE, B AF AX p XHH CTL A RERKMRHME,

3.5.1 CTLHMEAXNBERAS

5 CTL  Mith, CTLIEREMANAFTEZEAMRM: ERAUBBARNH/RASL; HFRA
WHERSHEX, FMGCKKE, XHEE, RIOCLEHTH CIL FTEANEZES AR
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ERHTF, Pl EEHAR ¢, My,

F¥Hdh, RIVEBEINE—-TBRERRREN. RITENABRBARARAASHARILET
CTL FHENH AR, BEENABRBEAXAREASWEM CTL AXNBAR RS XLHAEK
CTL A, #lan, RATEBEH E[FpAF q]l=EF[p AEF q]v EF[q A EF p], EH IR
B, AFpArFq, Map LHHBFEq 2T, RERZ, MM FHAKTMTERR(WRp
g FIEHB, WFAHAMTRERHNE),

HAUSFHUNAEERNE -1 2E8BMNESR), RITRATESH.

E[(p,Ug,) ~(p,Uq,)] =E[(p, ~p,)U(q, ~E[p,Ug,])]
VE[(p, Ap,)U(g, AE[p, Ugq,])]
M CTL %M Alp Ugql="(E[~qU(~pArnq)IVEG~q)(REH3. 10), RATALUEE
E[-(pU@]=E[-qU(~pAr=q)]VEG g, INMHAPRMNBENHMESERCE
E[~Xp]=EX ~p,

3.5.2 LTLEEHETF

BIHAATALE, RIVFBEANNSETX, U, FERESELX, AHRITEHBR L
SRR, . “REqHH, BALEBLEEN P, IHI—&, BROTLURME
FY, S, 0, H, Ef15540F yesterday (¥ X ), since ( G ), once (¥ 2) XA historically
(mx), MEAHE X, U, F, G g E%K, FE, FENTZRALARXRTUE R
G(¢g—0p),

NuSMV 32#f LTL it X EF, RATH AT LI CTL tn At £ 8 F (AF, ES &), {8
NuSMV AR HXEE T,

SEB TR LTL MREE S, XBLE5HEME, BREH, $HIEETF
MENT LTL AN AT LUENHENR TS LEBEFHAR., LEMNRALARTER -p W g,
RELZEBRAW, HATUEMBERN~(~qU(pr—qg)). XIMERELSARIFN, HY
BB RIS XL R RF M PRI R R R KRG B EARRE S, R, FA1ic4 LTL
FHRELEREN: ERFHMARATHRSHANBEEELIEE, 3B FASBERR
AT, BERBIRHEAMATTUIRME, SZHRIL, 4 CTL ¥ Mt £8 FHRE
WmERXES, BB TAGFEER LYMRENITRATEANRS,

3.6 HEEMKWM N E

EI2HM3 4 FAiAHE LTL A CTLIEXE X AT RIS T REN T HBRE LS %
B LTL 3 CTL 2K, XRBBMEGMOEARL, — M, ABOTHREESE KRR
B, MRIFBMBHOFBMAXTHRENK, Bit, SRITRERBEERES BB,

RMNELERS, REMBBRITAR —BELBMFR LTL, BRI M CTL &R W
Frif, BRENBEERERE,

3.6.1 CTLHMERNHE

MITTREEHR, RFHEE - MARSEEAEF REER SRR EAS S, |
AR, AN BAMERW TN, AT, NAMATEN L TRERRRE, &
EREBEBRARTRERN, RIOBEX A RBBEHWETRN, HFXMEHE, B
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DF RSB CTLEL PR HEE, XAHERAKBEBE N T REN R RRE T ERM.
BEM, seSH ¢, HEM, sEd BRERYL. HEOARENERT, XNEIEATHHR,
PAERGEMN —RLRBRE(=E1F), BIEHMAEHL ¢, XH, RIMATLHELERXRS
#iafTiE% & MIEERARRLG

A &R R AE LT )8R A e R

,
M, s ’:d’

B, FLEEBM, AR ¢ FRE s ERNBA, REPHE AT R “yes” (M, 5, E ¢ IR
M)HE“n0" (M, s, Fd RRI)WEAL, K&, MARBMA G, T REHMHEE 6
BIPT AR s

FERGBRE A NEREEEEAS L, XELAHALE-IEAENR, BYRER
W s, RENMHESFHTE, 4

FiENE RIMNBH—AEE, CO—AHEM—/ CTL AR, ZEEHEBEAR
BRI FTERS, ZEEEERRMBAR CTL WEA S8, BARMNELED, 48
EEAL, “MABRENES; AF, EUMEX BREAESAELNES, SFE/ CIL
ﬁﬁ¢,ﬁT%ﬁ%ﬁ%ﬂ%Aﬁﬁgﬁ%m%ﬁ,&MTUW¢ﬂﬁﬁ$ﬁﬂﬂ,%Fﬁ
AMBKGEEYE, FTERRXME®.

BAN: —ANCTLERAM=(S, -, L)Yft—/ CTL AR ¢,

Wil BE ¢ HMRKRAES

B, m¢1mnmmmnuw%$m wﬁmﬁﬁ@%mm%mﬁ¢mﬁﬁﬂAF
EU, EX, A, “HILEFR. HK, N o WBRNAFARFHE, Ao WEHENFARERID
MR, B RENEET R 6o

BEy £ oH—NFAR, AHE y WA LB TARNRSHE 2 BIFID. BIE
B SHT R E L R A o BRIE. MR ¢ B

o | . MBEBHRESHLIFC.

e p: Fpel(s), MHA pIFiC 5o

Y, Ay, HsBERY, My, iRid, Ws By, Ay, Fid,

o vy HsEBERy, Bid, MA- ¢, i85

® AF y,:

— HEMRE s By, IRiCT, WH AF ¢, HicE.
— HE: FAAFy, HICEMRE, MEHFEFRRERH AF ¢, 7id, APABLEE%F, B 3-24

TWHRTXNEE,
<D Car>
D COREICD e D
<D Carn)
- HEIARRERE.

B 3-24 MW AF ¢, BF AR ICREIBHERS B
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e E['/’l U ¢2]3
— HEMRE s A ¢, t5ic, WA Ely, Uy, IFLE, {
— EH: AE[y, Uy, IFFEEMRS, WRERER ¢, g, FARBFHERSHPELF-TH
E(y, Uy, 1852, HIAABRERTE, BI-25SHHATR MR,

@y @0y
G —C O = Gumd—C D
D D

B 3-25 REREY, Uy, R FARFICRESIBRMENRS R

* EX ¢, : HEX ¢, RiZEMRE, WMAREHZ—H ¢, i,
Xt ¢ KA TFARRE ¢ &5) THRRCE, BLRich 6 BRE,
BMEERNREER OGS V- (V+E)), A FRAXBTEZERANNE, VERREA
B, M ERIBHNM. BERRXTFARNK/PREMEN, X FHEBEKK/DEZKE,
HELEEG FHEABRNDERAZSYES, WU VHMEZATHUNAE,
b, BHRMFERR. AW, BTN ACHECEE—MSEMEBRBERRNTE, F
HR—-ERLEEG ¢, HER.
* EGy,:
— HEGy, IiEH B RS,
— ERE s xA ¢, Bid, MRAFICEC ¢,
— EH: MEMPRAEMBRITICEC ¢, , MRBRANITE )G %A LA FHEC ¢, $7it; BRRERENRE.
XE8, HIMTATARKEC ¢, IFIEHARE, RAGHREXMRICES, MAEYM EU Fiig
HAHE, N—HFHAFHRRY, Thl, RBRAERTE, XFECy WX TBRS5HHE
WHh— AF -y J5EM, MEZRIHBEEFENED,
—TERHNER EIEA-NEREOLE EC W, LR ICE 0K
Fo AMEM EX, EU I AF & M4 4, MWRZ % EX, EU M EG, % EX f1 EU, Eff
WA —#(EEERES R0 ERER BT ERERER, XIMERSE S EMLE A
BX) . XFEG ¢ MIFEE.
o WARHMBAKE ¢ RS, MEBRITEEARERETES;
o HEIMABA MBS & (strongly connected components, SCCs); ENIRRESHMWBR AKX K, EEK
BHEMREBEXRPHREHMARSHER (= F—KARBB).
o MERBAE LNAR A ER BRI R R BT UBR 4 SCC WERRA, WE 3-26,

IR YIRS

j FEGY @

B 3-26 4EEGH—~IMEFFE
BRABENEREN O - (V+E)), BATFHBAARM R THER L,
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$13.20 RITERABEMARE[ -, U INATERNE MER, BE 3-27,
TEH IR, BEME[—c, Uc, IFFICHE ¢, WHARS. XFIET s, Ms,. EH2 HrE,
BERICTARHRE ¢, FEAERRBECLFIFIELHNRAERS. XFIETRE s, M 5,0
EEIHB, RIMFICs,, BRAERWE c,, MEBELFICHERRE(s,) . HEBEXK
1k, BAELBRATERICHEMBRET: ARG IEHREEARE ¢, BABVFETX
BE— RSB ERIZHRE,

B3-27 HIUEREXTERNE-AMBEATFARE o, Uc, JMEHFRM

CTLEBRANENHRE BRNAHEXRFCEENOHRB, TEK sAT(ERW
R")¥ CTL ARAERMA . BF sAT 8 MBI T X 3. 12 WiB sk IS M CTL AR 5
EERTTRERRA, XFMPERMTXT AT BHREREN I BENT L &4, Hi,
BFXEM X(TAEF p) M ARERAEEREEMS, BIXRE—4 CTL A%,

% SAT BRI A AR C R Java RIBH B, fA#ALBT return MEK, Bk
TR RECH IR E R, RITUEH ARIESHRX ¢ RIEES W bR 5 5 R 5447 .
local var FHl— A3 TR BB F KN YBTEM, HRAWHH AR, T repeat until
BEBITHENGS, EBKGENE, B, BRAXFESEZE (IS, HELs)
B —LBEHILS, EHET, ARFEMRBELE, URLTREEEMNLR, BEH
BAIOU SAT FR ML HBER . BABE WM (ERAERNY) TREATLULS 6 &
W5, B SAT WLAVIRBRIB BT MRS : S, AL, %5iM, RITZM saT ERHE
MR MAXNHL, MEBBR AT EAELTMNEA F EREBME, B8, Sar
R ¢ BB EEMELENSN LAY,

HEBRIERE3-28 h, HPRBOUZER 3-29 ~ B 3-31 t, FREBAREREES K
BEFZREX, Y, VA W, SAT B0 B840 58 5 51550, 45 B8 5L 2% B 1% 00 1% 33 40 49 5%
R, WmEHENFRELSFEH sAT, R B BT TR BB .

pres(Y) = {s e S! s ,(s—>s' Hs' e Y)}
prey (Y) = {s e S| XMFH s, (s >s' HMs e V)
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function SAT (¢)

/* determines the set of states satisfying ¢ */

begin

case

¢is T : return S
¢ is L : return §
¢ is atomic: return {s € S| ¢ € L(s)}
¢ is ~¢; : return S — SAT (¢1)
@ is ¢1 A ¢z : return SAT (¢1) N SAT (¢2)
¢ is ¢1 V ¢ : return SAT (¢;) U SAT (¢2)
¢ is ¢1 — ¢2 : return SAT (~¢; V ¢2)
¢ is AX ¢; : return SAT (-EX ~¢)
¢ is EX ¢ : return SATex(¢1)

¢ is Alpr U ¢2] : return SAT(=(E{~¢2 U (=¢1 A ~2)] V EG =¢3))

¢ is E[¢1 U ¢] : return SATgy(¢1, ¢2)
¢ is EF ¢ : return SAT (E(T U ¢,))
¢ is EG ¢y : return SAT(—AF —¢;)
¢ is AF ¢ : return SATyr (¢y)
¢ is AG ¢; : return SAT (-EF —¢)
end case
end function

function SATgy (¢)

local var X,Y
begin
X = SAT (¢);
Y := pres(X);
return Y
end

/* determines the set of states satisfying EX ¢ */

Bi3-28 MR SAT. ¥ CTLARENMAFBREWEZLARMRSES, & EX, EUK AF £
BABESITREAR, ©o8BAEY SAT,,, SAT, M SaT,,

Bl3-29 ¥ SAT.,. EEIWA SAT HERE ¢ MRE. RIE, TH-HEIRBE EX ¢ HRE

function SATyr (¢)

local var XY
begin
X:=5;
Y := SAT (¢);
repeat until X =Y
begin
X:=Y;
Y :=Y Uprey(Y)
end
return YV
end

/* determines the set of states satisfying AF o */

B 3-30 WR¥SAT, . EREM SAT HEWME ¢ MRS, R, HBRICEE D FH®0
FHAKW R AF ¢ RS RBE—B
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function SATgy (¢, %)
/* determines the set of states satisfying E[¢ U ¢] */
local var W, X, Y
begin
W := SAT (¢);
X = 85;
Y := SAT (v);
repeat until X =Y
begin
X :=Y;
Y =Y U (W Npreg(Y))
end
return Y
end

Bl 3-31 BR¥SAT,, B sATHEWRE ¢ WRE. RE, BRFCEEHFTHRK
FAHMEE[¢ Uyl MRERBE—E

“Pre” RAMEBRAREERS . HMEECTERESEASWEMB . BB pre; (SAT, 1 SAT,,
FRIPLED) U—MREFE Y EREA, HEREATEBHA Y WRSES, HLE sar,, F
HIRH pre, MR YERMAI HIREI R B#H Y RS ES, B&, pre, AT LA
pre; FIRA T .
prey (Y) =S - pre; (S -7Y) (3-8)
XEWAEY FHFAE seSWESBRS-Y,
XA OBACH LA R AU W Bk i IE B PR E 3.7 it
“REBE"HE RERCER(URRHMNLABECHIR) X FREENIE NS
HE, REBHE, BEAMBEAGERXTERMNRURHG RN AEAGMKE R
K. IBKRE: L, WRERBFHEN—H/RERE, WERHERBIENS
W s,
R R E W KR TR A K & B M (state explosion) [ E, 9 T 8 H 35 X A (4]
BH T T KRBT, AL LR B 5
* HRMBBEEMKRIAF =7 & £ B (ordered binary decision diagrams, OBDD), EHERRELLT
ARBARE. RIS 6 EFMBII XL, SMV 52 ODBB LHM,
o HR: RIMNTLUMBH, —BHRELT MBS RBE - HRE,
e RMFHYA: HFRLRE, RERMARXMBEHTE, —LHEXAMAGDTITERSNG, X
LF BB B 4 W R A W 1) A A B :
o AA: HARAE R U LU 1 R G0 AR K 3 22 % VT LU 18 3o 44 30 B A 0 0 e B A S B
* BE: BRIFREMEBEE T E R/ ANRIERE,
BENANFEBH TABWEE, BERELERESTIARIALNSEZ R,

3.6.2 RAEAFHMCTLHIMEN

BNBEHMA AT RARALNRE RO LRRE T EERSRENTY, FUX
M, so FSMBIETRESEY. fl, EEFNEE, RiNEZL:. RESEE, #8 prc
ST LUE BAER KRB (st = c) b RATHE 3558 5 I8 A6 X s e A



152 #£3%

next(st) :=
case

(st = ¢) : {c,n};

esac;

AT, MBERMEMAEFAE 2 MAFESREHLRE, ROH ARG, SHEEY
HAG(1,—AF ¢,) o, MBEHE 2 KEHERLLBE, 1, TUNE, BB BN,

RATTUZR X AKAE, DRITTUREAEEE, #RRTURELLRE, HER
BAERMEE, ThAFEELRE,

% LTL F, ATLLERRIER FC - o, IHMARKBBX—&, XB ¢ REFEE
RIENAR, BIARWFWE - o, EREWHFTH B RUHE . AT, 7 CTL PRATM
FEX— &, EHNLECIL &, RIVFMEEBEMFC ~ ;¢ WAR, CTLEBBRA BN
RABEH RV AT BeAE, BARMHRE 2 AT URAEIF L L RBE B,

ERBTFRAEE, SMV VA F 0o kMBS FHRNESRENTN, XuE
EHR A EAARBFEHEBRBERER L, RIVKXLBE N AT # E B2 (fair
computation paths) o 24 -HE 25K B H BUR K E , M MAH B9 CTL AXREER, EH A
FEAUELA FRER RBUE,

B, RIME! st =c BRANEZXMALHRAE, ZBKE, FEXABLTFHAR
A, RRAIFE AT T HRBBRIORE . FMAA T4 5 AT 384 i (ABP) ,

4

BE S RBERA R
(Hh ¢ B—MREAR) WA PHATIRD N LA FHAR, KRB GELR .,
WRORBRERAL, L2y LABREKRAE,
SMV {1 SE4b BRI WAL BANTREL? S T B0 A IR, BoAT] o e b T ki B
HEERRMEE, GABEAME RBEEATITEBRE FRE. ‘

EX3.21 BC={yy, ¢, =, U I R MATHARNES . HEBR s, -
RTREATFARRATEY, LAWY FHA i, BEXREN), #8sEy, DEXB
BFH ¢, ERERNE. RITERHELTBELORT AMES N A, fE,

B, M, sok AG ¢ M LHHTHA VR LMNFTARS ¢ BRE. M AF, AU
FREMN. BEXLEHTFHHEBEBTALHHRE CHEE, RASSMEEU, EC
MEX BB —E SRR KT LURBA A FHL R (3. 4.4 ) 0025 25 237040 7 69 97
KIEB . RITEH

Eclé Uyl = E[¢ U(y AEG T)]

EX¢ =EX(¢ AE,GCT)
HTEGHX -, AEH-FIEHERATH, YENSENERERREATH, Wi,
AR EGC ¢ REFE—1HW,, IRMTFAZREHBELHNET EC HE 2,

° BERMEME ¢ KRS, ELEREAP, RIMEAENBERELEEALBE,

e RHBHFMEKRER S (SCC);

o HEXMEA Y, SCCRAETWE ¢, WRAE, MR X SCC, 4R SCC £AF SCC, P R B AT AT R A

AENEHENAERE,

o ERIR ST B S8 F 2 1R PR A B b W B350 SCC R
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R332, IAERNEREN O(n-f- (V+E)), BETFRBMARN R+ TRBEIN,
WE 6 RE

FE/G#

B3-32 HHAMEEGC S HRE. —TREWEEC S, HANUERNABEL ¢ WRBBANEH,
ANEREFHRN A LR, AFBESH—HA A SCC, RERKEET— WA
AL FARKRE; BT, CEFiv,, ¢, ¢,

R BB AT SMV B9 F FAIRNESS 5V & (U5} CTL A M B M BE W, 7
LTL 1T, BAT LK S A PH R RMA RN — 34 . i, MEFBE ¢ LR
ZRARHBETHRI LTL AR ¢, RITKRW GF ooy, XEWKE: WE ¢ ERBRNFA
BEUWME yo A CTLREXNMARXNBRAAEN . 54, 4 GF ¢y ¥ A & E M2
HTEABRBIESTPARMHARX, BN, ACAF ¢y MENER: EHAREELELATH,
Wy BUSE o AR BT o WP A AR ER R L .

3.6.3 LTLERLRE X

UELWHRHE CTLEAR B ERHYENHN: AE—IEEM—1 CTL A, %
BEABHEN AR FARBICRENRS, SHRAFICHAETELRSEN, BYA
REKRETUIAXMFARBRME, X LTL ERRXMERT: ARXWFARDT L H
REWBaRE, MARARESRME, Fik, LTL B0 5% F R R iS5,

XERPHGR T LR LTL BRI B s, REEMNEAY LAFRAR, HILEFEE
HARRB T ME M EARR, RITEERMBXNER, REF LA B,

BARE BM=(S, >, HE—IHHE, seS, ¢ B~ LTL AR, RITEHEL
BEM, sE¢, BIBEMBIN s MEMH AR, ¢ REWRE, JLTEFA K LTL A K058 5
MEELUT = #H#1T,

LOAAR ¢ Wt~ BB, 0 B R (tablean) . XF ¢ WEFBFRY A, TR, RIWE
Aoy B BIHLH — 14 % i (accepting a trace) B, 2 A E T MRMES . h—REENE,
USRI T WHEA I TR AR von kg SANY « WBN A, RS, BEZ, A%
HLA, ML g 1935,

B, RN ¢ FMEM BB A AR REEE— ¢ WFAD; MFERKE ¢ M.

2. WHHH A SRENRBMES, ZLEBNERFE N EBRE, LBARLEDH 0B
ARG B,

3 EGAMIBRETHT, BERTHAR s BHNRBBLWBE, WERE—&, TLEEY
MABY s FERBE 6 08— KB

WREA XM GBE, WEH Yes, M, sE¢”, BM, WRALXHGBE, BHNo, M,
SEQ”, FEIE—FHWIES, oK E 0B PR EUH R A

BAZERB—IBIF, WA 3-33 fFR, ZE%H SMV BELAER MR, HEAR
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“(a Ub) HAHFRMNFABRERBREAX(BIM, BE ¢, ., ¢, ~AWEE), BT
LU, BATHUHBR A IR A B 8 o

init(a) := 1; 7 %
init(b) := 0; @ e.
next(a) := case
'a : 0;
b :1;
1 {0,1};
esac;
next(b) := case e—e
a & next(a) : !'b; P @
ta : 1;
1 : {o,1};
esac;

B 3-33 —4SMVBFERTHBERM

BESE L, WE— A EEHL A, SHBBAERL QU bWk, (BH-(aUb)%
BF o Ub MBS, ) AN HSIBLIE 3-34 fim. MERIMAEEEOMWES;: B, R
IO R B A 2 2 B B B0 4 T L TAE

A W 3-34 B HSHURER, MBEHE— R B SHIEBE ©, 8.

E3-34 BEESHEG=aUbKADH., THLNTBTUNAES,
BRAGRZADNOBBRERTHRET o, 5BF

* T HTF-THBRE(HEE ¢ HRE);

s ERFANIMNIBRXE;

¢t R 5w WX RCRAMLE;

* KMEBRREMEEN BERAMN, WE3-34 WA, BIEEE. HBEEFR RS '

0, 4, HW,

Bitn, Bt tR ab, ab, ab, ab, ab, ab, ab, ab, -, BRAKTEEZERSE ab, R
B, BRIMERBE ¢, ;) 25 @ %y 000 @55 @50 0 Mg, FHh, BHE - ARSE
ab, B—AMHERE., RIVEFWT —RERTEYME v REQBE., i, £q, T—
TRER ob, IBAFEE ¢, B qso RITERE ¢, FAERKATER., XRBEEL R,
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B ¢ BB, MEXNEXHRFE—ZRER”., ELENBAFR, BEEAREEZE
14 B B 42 .

o Dlg,, ¢ FHANIEMBEARELFTREIBXRNENY,

o PREZ 935 935 935 945 945 915 435 93 R R BMALL q, Wﬁ%%ﬂi%%ﬁ:o

XA RSBRITERE, BNESY « EW2260, RERI—&HEAENE
BRBT,

M A 3-34 fEBSHVLBEIN TS THEWR? W THMX — &, NEINTHEBHREX
KoaeiBefE, B, MAAERME! ab, ab, ab, abl H—IRE, EXL L, MHRME SHFHAS
RE, x| ab, ab, ab| MBI BE—-TRAEBEN, BENXEREBRET «UbdRBR
o HETE ab, a UbWEERNBBIE, Hilk, DFLEFHHER. 6 =a UbE—TRE

HBULH . BRIV & BHE, RENNBBE., Mo HRNAEHY ¢, HAWEH
BEE. AV IBEBN ¢ HERMNE—~FXREBR b, BB ¢, Rq.. BUZI, T
BAZIK, AAFREREEREE. ¢, ¢, ¢ WE-THTEBAEERE, BT
—ElR g, ¢;, RERMNFHABREFRER N —IHA, BREHEAFCARE, BTAEHR
E g, FEFHMIBEBRSIL, RIEa U b BH b HIFERAHE.

ERXA AL A, T2 E 2, AW AN A,, 5K 3-33 RN REEBME S,
TERR, AERWMNMEIAN ¢, EEM, LE3-352, XE—MENESG. BEHA q, BT
HE R EHERE ¢, R g;, BLBER MRS BHFEMNGEL, BT RTFRNTH RN
E A b, HESEZENENIH, NMGHEE 3-35b NS RA.

a) R BRI 2 I & E & 3-33 M R GEM b) ITRIMEA S
A 3-35

SRIEZEGHAFNINPREFE—FN ¢ BRWER? RITUSH, S4E%E DA
LB 2aE 7, (4., qs,).qz: g, Mg, 2, (g3, q4)° 93, 9, 95 95 7, ﬁqﬂ(‘h’
) IENZH, &L, o, REIL ¢, ¢, ¢, . % TR, RELES, WHB NI
B, EREREMTHFERERERE - (a Ub),

REAH ROFFMEE - TOAHEENN. AT LTLAR ¢, ZEHE—
THELA,, HA, RFERREM ¢ ER BRI WERT. BE & (LESHAEZR UM
X; LB AR S BRI T L XA IR E R,

EXAK ¢ B & (closure) C($)H ¢ REMMFARMBNES, K- vy Sy R
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%R, B, C(aUb)=la, b, ~a, ~b, aUb, = (aUb}, A, KREGEN ¢, ¢'%
FI)RWRLT &HBRC(O)MBRTE:
MNFHRE(EBE)N yel(P), pyeqBiEyeq, BZERERBBIL,

e Y, Vi,eq B, BHMNHE ¢, Vi, cC(P)HE ¢ eqgBE ¢, eq0

o Hm/RAGWREREMN,

e Zo,Ud,eq, My,cqB i, eq.

s B (g, Ud,)eq, M-y, eq.

EWMMPE, XEAGERA, BRESBBUH 6 BT ARNE,

A, BTHRRERGE ¢ HBLRE, XF A4, WIEBXES, BH(q, ¢') s, HHMXY
TR A S AFER L

e HXyeq, Myeq';

s B Xgeq, Moyeq';

* Hy,Uy,eqHy,eq, My, Uy,eq’;

e H -, Uy,)eqB iy, eq, M—(y, Uy,) eq’s

JE WA A B & BEPE T i T I 6953 00 e AR A

U, Uy, = ¥, V(ll’l A X(‘/’l U ‘/’2))
(¢, Uy,) = g, Ay Vx_'('lfl Uy,))
R, EMRERERMRSEAE ¢, Uy, BEORERES ¢, REEIIAEE ¢,,

BIEAI AL, RITPTEXH A, HAREN A, WA BEEERE & B4 M2
LHEMHREAR ¢, Uy, BN BRATENE"y, A, FEAEEZERE ¢, HRATR
BHER g, EZXTE 3-34 XTF o U b 1 E S, ?ﬁmﬂ%TﬁﬂﬁdJm%EﬁéKU 95

9, HERNEZRMG,

A, NERFMHRIBEXN, RIEATENARX Uy WA REBRLSBH—/1
FYHRE BOUy, -, Uy, BC() FEEXMERMTAEFAR. RITHAETFH
BREMN: MRMER 1<i<kWFE i, RETEXTREIREBE -G U y,)v ¥, W—
TEATRTEZN, W TEMXMRGIH2LZBTYRE, BREARIHEE. BE
A1, REEREMREBRE -G Uy,) vy, BIFEXERMRE, RXEFH
BR, RREARSHEAME-~-XGUy) vy, BHRAREEHREN Uy )A- g, XBFELE
RATEM EZHIFETT . .

MRXHWERE UL &, BRWE3-34 FiRM AN, E3-36 7B —I0F,
KXFARGPUOV(—pUg), AHHZEARERA U FAR, %ﬁ%fﬁFqﬂl)@%TﬁA%A
BIWRE p UgREMBEE~p U g IRE,

WA NuSMV e85 LTL S8R M 7R E0JLYF, RITHER T LTL AR &0 89—
ME®. BALTL AR ¢, REM, UERMB—IRE S, BEHWEBHA,, BM5K
R, HEGRNRETRMBTHE KR A NEREAHNER, RATAT LU WM,
skF o BEMM:.

M CTL AV W AT LA SE BB — R BE AR R I, X 352 F 3K B NuSMV B A9 T 48,
BRMBREM xA_, R KN NuSMV o £ i 8 5046 I B9 & % i FE R AR EC T,
TR, RIVEXHFME. SENERERTHABE, A HEZ RGBS TR XA CTL
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q
B3-36 BIFEZHES=(p U@ V(—pUQWER AN, BHLNTBRNEAR.
BRZREAGHSHABTLAEIRE 0, ¢, 6, 05, 6 BREBK,
X‘f%‘%{q“ qzy ‘13’ qSy qs}mﬂyuﬂt

BRI B A &G, AMEER, IHYTFHAEC(S) PHRHELARX Uy,
Wi “FAIRNESS ~(X U y) v ¢”

3.7 CTL MR AISE

w36 1%d, HHT—AEE, CHACILAR ¢ MIERMM=(S, -, L), HEBEHL
PHREseSHES. BEEABEN[[o]]. XTEEXN 6 HWEWEHBNYAH. Y TEHE
RU(L, THEHp)BWAR ¢, [[¢]ITUEETE, HEAXBE I FARBEDL CTL B
WA, Flin, ME SRy, vy, RTHRE[[y, ve,]], ZEETEES [y, ]]
Flly,]], REHFEW TR RES (N, Bd8H),

HAEEW EXy BB RN EETHARN, 2HAEABHNEN. BEHHEES
[[e]), RABRHEB[ ¢ 1P T RENIBHFERSES., XM EXy HiE XH—B
M, sEFEXy HHMUEFEFERE s, R s—s'BM, s'E ¢,

MAREPXEZHE T, TUESHEEITS, ZEENMRINFTFEWIBETE, R
i, X EU, AF M1 EG W1FE, HEEXRRAB2HE T (KNBELER - MEENIRICE
%, HEERE). FPHFERELEXWE THIE LRLE, RHIEBEHRA I MEREN—
NEEIEW ., HEE 3-28 PHHE, XWLBFAPHREHATEBE CTLHEXHMTHE
MIEHKFEE. #lin, HRA ¢,—¢, A saT i, BRX—T BBt 4,

AAHE B RAUE B SAT,, M SAT, MR IEHMEHME, BL L, ROXKEHTE
SAT  FHEHH A LA ERMHES, B 3-37 HHd8 sar,,, £F3.6.1 HhBHHEMW.

© 3.6.1 WEDILEG ¢ i AF 7 ¢ RABEC, HELHHS, TUHELAE EG,
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R, MRBRGHREWIRIC, MRIGICHEERBIFCESSERICESHRESR
G R

function SATgG (@)
/* determines the set of states satisfying EG ¢ */
local var X,Y
begin
Y := SAT (¢);
X =0
repeat until X =Y
begin
X:=Y;
Y :=Y Npreg(Y)
end
return Y
end

M 3-37 sat MHHRB

EG ByiE it so F EG JSL, HHANEFLE—RITEBRE sy—s,—s, >, HHHE
120, s, F oML, RINBATURZIMT: EG ¢ R3L, WE ¢ Bir, H EC ¢ EHRTRE
R —TIERREBL . KRBT HEMEC o=¢ AEXEG ¢, BEHARIENECXTURS
HWIER '

MEL[EX y]] =prey ([[¢]]), RIMNBHNLENSENTUER[[EC ¢1]1=[[¢]]N
pre; ([[EG ¢]]). ZRBERABAEIHEC o (H R, BANTHESREY, RNE
BHE EG ¢ RBHR, FE—FMITERIRSATE, TUEEXANREEREROBER,
MXRETHEE,

3.71 B AHRY

EN3.22 HSE-NREE, F: P(S)>P(S) B2 NI S R I 1R,

L RFTEFRBER, SENYM SHFEFEXAMY, XCYHE F(X)CF(Y).,

LSHTREXRAFH—IAREA, XXX FX) =X,

B, ®S=ls,, s,}, X SHWIFATEY, F(Y)ZL YU s}, BN YCYHEE YU
ol CY'Uls}, RIES FREEW, FORSHERSHEASs, WFETE, TR, FB
FARBR, BA s Filsy, s,o BB, FA-PBMN(= {s]) ) M—ABK(= s, 5,])
RENAH,

e BPRY G — BT, B GC: P(S)>P(S)ENAT :

G(Y) iy = {so}then{sl}else{so}
BOCH s | B s, |, TR ARIESBRE |5}, BB CRRBEME, H¥is,|Cls,,
sl BE(seh) =15, ) RR G({sy, 5,1) = [} T, R, CHRAEARE A,

TEAER SAT EB TR B F BRI P(S) b iy 3 s B Ty 2

L BRREEH - B/IAEB KRS,

2.EG, AF M EU 8 AT LS 305853 P(S) L3 i@ mMima i, BRI EER;

3. XERFEAUESHHE;

4. BF SAT. il SAT, HBELX MW ARZ SiHE, MHBES 2 &%, REBKB,



i 1 B B A ) B AT B A 159

iB83.28 F(OMERR
F(F(-F(X)-))

279

FR, @R F RRFHERI K,

B, FEEF(Y=YUs,}, RITEBE F(¥Y) =F(F(Y)) = (YU {s,}) U {s,} =
YU (s} =F(Y), XFERT, F*=F, B Fifi=1, F =F, %5 (F, F*, F*, -
FARRBURFHFRBETF R, P, MLEELWERC, FRERALEE(RET
3378 1(d)) s THRIFEELR -PMEALEL (REIRN Knaster- Tarski EH ) RS

EE3.24 ZSAHn+1 4\7’57%%%%{%, Si, =y S,o BF: P(S)-P(S) A%
R, WF(O)RFHEIRDE, M F'' (SR FHEARHE,

R BEKROCF(Q), BB F(Q)CF(F(D)), MF(Q)CF(Q), AN F L%
Wi, BieE, FLURBCEEMEIEN: W i1,

F'(@) C F(g) C FF(g) C - C F(@)

BRI, Mi=n+1, RITBFEULH I ZRR P (O)BEZERFORSHH, B,
FUOREZELAT-ARE(BHOAF(D))., AE, F(S)BESSLEFHATLE, K
HELTW F (D)Ko BEXMGE, RITEL F(Q)VMELEE n+2 TR, KR
Bel, BN SHUA n+1 TR, Bk, WEAO<sksn+1, & F(F(Q)) =F(Q), XBR
WP ()R F— AR, .

WIEBBEX R F WS A Raha, BilEW /M (SR XWFR, BL, HFOCX,
BAVBHLEL F(S)CF(X) =X, HN FRAFEN, HXRFRRA, fARE, R4
BB MPH i=0, F(P)CX, HMFi=n+1, RAES F'(J)CX,

KXFBARREHWHFRIER S EREHRSEN, IEFADERC, ASERY, “F
N BBCERT, |

XFHRFERBF: P(S)>P(S) M B/NF B AR5 S 275 1 X4 2 BR (L0 = X hE i
AR, MARRE— N ERBHERSHEML T, B, BHE FORARS S,
FREMI MR FIERBSEOE, & F RmERRSR L, HEASREFROERT
BARER K. FEHOEEHE—SFEET X IIBE &L, Wb, B SHn+1 A5
E, ROTATLAZERIRE R FREXA RS L B ER KR E— 1 FRn+1,

3.7.2 sar, WEHN

EE—THKRE, RITBEBI[EC 1] =[[¢]]Npre; ([[EC ¢]1]), XK EC ¢ BEK
F(X) =[{¢]]1nprey (X)W~ ARehE, BLE, FRAAN, ECoREBARH A, B
WA A EH 3. 24 i1 E EG ¢,

TEH3.25 EFENdet, SHn+l Ak, WNFRA%AM, [[ECH]IAFHEX
&, A[[EG¢]]=F""(S),

iE BA

LOAIER FREWE, RSHESHITEXAY, SBXCY, BEIEH FORF(YTE, &
SE sy, BRFEREN s, cXWE sy—>s,, YRE s,—s,, HPs, eV, BHXE YHFE. TR, RIEH
T opre; (X) Cprey (V), MULEHBE F(X) =[[¢]]1Npres (X)C[[¢]]Nprey (¥) =F(Y),

2. RELBFIEC ¢ IR FHRSH, NERERBARNA, NBEHHE F(X) =X MIEBES X
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VAT [EC ¢ 1o, Milks, REB— MRS X FHTR. BEIEY s, WE[EC 61, Nk, FAHE
o€ X = F(X) = [[$]] N prey (X)
i s,e[[¢]], BXEAs, X, sy—s0 BHs, XA, UM s, eX=F(X)=[[¢]]Npreg (X) RN
HRAMRIE, TEB s e[[6]], BEME s, e X, 5,>5,, BHERZHRE, TUHE—2TRBER
sg—rs s, s, =, WBXETA 20, s, [[¢]]. BIIEC ¢]IMEN, XRS5, e [[EC ¢]].
3. BT, BE - AHRTHNENSSMEEI. 24 BB, O
RAERNTUBEBLE SAT MRHBIEH, MBETLIE, 845, EELR sar,, (E3-37)
FHFT Y =YNpres (Y)ATLIME Y:= SAT($) Npre; (Y), MAKRERFMNEE, HTED
X—R, EE—KBEHE, Y £ SAT() EHEHWEHR D, YCsar(e), KA YFAR
SAT(P) X LK EEC, ATRIMKE, BR SAT, REHBE FNBAAZ S, Hit, &
EMmtEh e 3.25 83,

3.7.3 saT, WEHM

UEY SAT, MIIEBIPER MM F IR, RIMEREME[ (¢ Uyll=y V(¢ AEXE[[¢ U

w11, HBHER[E[o Uyll]l=[[¢]IU([[é]1Npre,[[E[d Uylll). EEHRRINT
((E(o Uyl 1RBH G(X) =[[¢]IU([[¢]]Npre; (X)) WIRBN K, MBTH—8E, AL
MR RBR RN, FRRAIE[¢ Uy IRER I RHA, BHK AT, Lk F 2%
BEME3. 24 HHFRITE,

FEHE3.26 HCEXHL, SHa+1 ALk, MCALAY, [[E(pUyY)]IRCH
Kb xRFHE, B[[E(dUy)]]=6""(D),

iE AR

L RIVET/IEYH XCYHBG(X)CG(Y); MXEX FRIERRT R —FM, EHE X By
pre; (X) MR BUR RN, I G MM AR REMAES SHRES[[¢) 1A [¢] 1 095AH,

2 ESHn+ 1 TR, WHEH3.24, CRHBMFHEET (D), Bit, AREAXIRLZ

© MRGAPFTHE, REHHMY,, ¥,, ¥, -, HDY, 7 YV KIEFRRSHE, EREZHT, BFHENT:
Y, =SAT(¢)
Y, =¥, N prey (¥y)
Y, =Y, Nprey(Y,)
=Y, N preg (¥y) N preg (Y, N prey (¥,))
=Y, N preg (Y, N preg (¥y))
BE—-NERX i pre; WAEHEAD,
Y; =Y, N pre3 (Y,;)
=¥, N pre3 (Y, N pre3 (¥,)) N preg (¥, N pre3 (Y, N pre; (Y,)))
=Y, N preg (¥, N prey (¥, N pre3 (Y,))
BE—"SANAHRAREE. AAEBERTREZE, BRRT 244,
Y, =SAT(4)
Y, =SAT(¢) N pre; (¥,)
=Y, N pre; (¥,)
Y, =Y, N pre; (V,)
Y; =Y, N pre3 (Y,)
=Y, N preg (Y, N pre;(Y,))
X UEBAT i 57 IR 8B,
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F[E(pUy)]], HABUR—-THCEEHEAESES FEBIMFLARERTT: (D) =[[y]]
ULLe1TNpre, ([[@]11)) =[[411U([[¢11n@D) =[[¢]IUB =[[¢]], ERFALHRSE s, e [[E($
Uy)1l, HALRATIRGE Unil Mik# i=0, B

G (D) =[[¢llu ([[4]] N pres(6'(D)))
C(D)RTERERIEE i<1 M, c[[EPUy)]], AEFHNE, RIIED ' (D)BRHERS s, WE
&, ATRIEs, e [[E(o Uy)]], RITERE i<k, BAXXEFA kB, RITBED((E(S Uy) ] IRTREFTH
£E G (D)W (HF E20), BEN (D) E CRATE, RITBIAXMERE (D), O

SAT,, RS EHHEIE AT SAT, MFR . ¥FF Y:'=YU (WNprey (Y)) X Y:= SAT
(Y)U(WNprey (Y)), AMEBXH AR TLBNER, BNBE—BEF, ¥ £ saT(y).
BT Y BRBN, B YR SAT(W)BOFRAENF AT, MTXIRERE, BR SAT, A
P E T 3. 24 HHEM C MEB/INRE A,

RIVEZ— M FREAXFERFAMCH ERER, LRE3-BHWESL, NitBE
4 [[EFp]1JFth. MEFMEX, XRME[[E(TUp) )], BH 6, =TH ¢, =p, hE3-38
BE[[p]] =15}, YRF[[T1) =S, FR, LRBEHGCEF G(X) ={s,} Uprey (X), &
HIE(TUPIIEF CHBENFHE, TENCRARMIERGC, HAXITBREENIE,
B, 6'(D) =1s,} Upre; (@) =1{s,] 0 H&, (D) =6G(C' (D)) =1{sy} Upres ({s,})
=ls, s;te BZ, (D) =6(6 (D)) = 15,1 Upreg ({s,, s31) =150, 51, 52, 8310 B
W, G'(D) =G(G (D)) =1Is,} Upres (Isy, 515 835 851) = 150, 81, 83, 8510 BB, {5y,
Sis 82, SR GHIB/NRSIE, MER3.20, EEF([E(T Up)ll, HXHBREBI[[E(T
Up)]]=[[EFpl],

RINEFRANS - BIFRHBEES[[ECq]], HEH3.25, BESR FRRYK F 1Y
BAREA, Kb ¢ =g, M 3-38, RITEB[[q]] =15y, 5.}, & F(X) =[[q]] N
pre3 (X) ={s,, s, Nprey(X), EH[[EGe]IEF FHBARE L, BEX SEMRERF,
HAXMEBBET R, B, F'(S) =1s, s} Npre;(S) = {s,, s,} NS, EHFH s HBE
RA S, WRsos's TR, F'(S) =15y, s3]0

B 3-38 —1 %4, HEEXFTE

ﬁ(k9 Fz(s) =F(F1(S))={soy 34}nprea({soy 54})={50’ 34}0 EIJH:’ {So, 34'%1?
BBRRASE, HEM3.25, BEF[[ECq]],

3.8 IJ&@m
%331
L FEFRERARE2.7H, HHEE, RERES I HHEUOBRTERSLEN, ¥
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Alloy BRI AR ST a8 BT 22K
2. PFREIERIMRIEES, $RRBIGERE (AR BTk . REHRE 3.1 W%,

#%33.2

1. B T3 LTL AKX B EE SR
(a)FprGqgopWr
(b)F(p—Gr)v-qUp
(c)p W(gWr)

(d)G F p—F(q Vs)

2. ZBE3-39 WKL, SHFIFELR o
(a)G a
(b)aUb
(¢)a UX(arb)

()X bAG(—av—h)
(e)X(aAb)AF(—an—b)
(DHE—FHWHRE ¢, BRIFWE ¢ HBE,

q, q2

qs3 q4
B 3-39 — B A

G BEM, g, F b RERL.
3. FHREX 3.6 hEEAHER T AISMH
bUY=¢WynrFy
SWY=¢UyvGd
$Wy=yR($VyY)
SRy =y W(pny)
4 B Uy=y R(¢Vy)AFy,
5. FIH LTL AR~ p U(F r v G = g—q W — 1) BT A FAR.,
6. MEX" EYF, BB W H— B, BEEA URNZEH 4, RAEETFEA & LM
B FRNCHE— S,
7 ERNMFARBNTARRE T, nEo WY AFY BB k¢ Uy, BEHSHR(3-2)H
BTk,
8. EIE1.S HWHE S, NNF, EHEMEERARNBENR, HHE LT B LTL, BEY
MBI R X, F, CUR U, RA W BB E, X8 a0 T 5 7 A 4 o 48

© www. afm. sbu. ac. uk #l www. cs. indiana. edu/formal- methods- education/
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HiE L
%353.3

1. ZEE3-9 hBER,
"(a) Wik G(req ->F busy) A MHRET B,
(D EZERPHFTAEMHERET, ~(requ ~ busy) BEI?
()BT next(v), NuSMV BB ESE - NMEHAR vIIT—ME. ZEBHE3-9FH
BAEERE! req &« busy LR EERABBEHER, #H NuSMV B4 H next ()%
XME R M AREME G(req ->F busy) W—1 NuSMV BF, REBITE,
2. BiFIFE 3. 11,
3. EithH ABPBFRHRANIBRSA, :
WE: ABP BIFH 28 MRS, (FRAEF, TUBIIXLREH I MR BT
i#, Bl Ss.st, S.messagel, S.message2, R.st, R.ack, R.expected, msg_
chan.outputl, msg_ chan.output2 fl ack_ chan.output, K, BiH 2° =
512 4RE, R, HP (A 28 MEAMIBREHRE, B —KERKERR,)
WMEFAHEE KAWL S. messagel fl msg_ chan.outputl BRHEH
0), MAMNA 2 ARRE, XREEREKEHHERES,

#%3)3.4

1. EH T3 CTL ARBEE Dkt
*(a)EG r
*(b)AG(¢g—EG r)

*(c)A[p UEF r]

*(d)EF EG p—>AF r, EFHZAE 3. 13
(e)A[pUA[qUTr]]
(fYE[A[p Ugq]U ]
(8)AG(p—A[p U(—prA[-pUgD)]),

2. BRBAFATHRTFARER CTL AR
*(a)F G r ‘

()X X r

(c)A—~G=p
(d)F[r U q]

(e)EX X r

*(f) AEF r
"(R)AF[(rUg)n(pUN)],

3. IRTHMUFHBRER CTL AR, W FRESR CTL AR, HHEESHN., SF
MEARERAKXNRT, HBEEH,
(a)=(—p)v(ras)

(b)X ¢
“(e)m AX ¢
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(d)p U(AX 1)

*(e)E[(AX )U(~(~p)V(TAs))]

*(f)(Fr)~(AG q)

(g) ~(AG ¢)V(EG ¢),
‘4. HIHAR AG(p—A[p U(~pArA[~p Uq) DHKREFAR,
5. E 3-9 FEAKNFTAEMBRET, AKX E[req U ~ busy ]REMIL?
6. XEE 3-40 P ELKM,

B 3-40 AF4ANREHBR

(a) AR s, THIR, MRERITHERKM, HEHKER 4 B ATERR( =%
WRETIR) . '
(D)HREM, s, F & FIM, s, F ¢ BREROL, HHMRKIES, 1AL ¢ B LTL 5% CTL A
(1)~ por
(ii)F¢
*(iii)" EG r
(iv)E[t U ¢]
(V)Eq
(vi)EF ¢
(vii)EG r
(vii)G(r v q)
7. BM=(S, -, DR CTLWERBER, H{[¢]]EBREBM; sEoMFTHseSHE
Ao BUNEEE N3 15 MigF, EHTHEEGER,
“(a)[[T]]=5
(LH[L]]1=0
(e)I[—¢ll=5-[[d]]
(d)[[d’lA¢2]]=[[¢1]]n[[¢2]]
(e)[[d, Ve, 11=[[d,1]Ul[[s,]]
TDO[[¢i—¢.11=(S-[[d, 11 U[[,]]
"(g)[[AX ¢]1] =S -[[EX = ¢]]
(h)[[A(d’sz)z)]}=[[ﬁ(E(_'¢1U(_'¢1A_'d’z))VEC-'d’z)]]o
8. HIRE 3-41 FinBBM, MTFH CTLAR ¢, BEM, s, Ed HIM, s, F ¢ REBL:
(a)AF ¢
(b)AG(EF(p v r))
(c)EX(EX r)
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‘9.

10.

11.

12.
13.
*14.

e _@)”

N

3-41 BT HANTREHER

(d)AG(AF q),
LTLHHNAEFF, CGA UMK CTL PR AR T AU, EU, AG, EG, AF f1 EF &
XER“RERIERK", Bltn, EF p XF—PREREN, R p XTFERSCLEH
e MIEZEREMNNMETFHEERERCIHR, R34 HHBEENSEEER,
FESCXFERI (ST BRI R CTLF S HE T,
T3 CTL AKX LR EM M7 W RERENH AR, AH MR, FHREER
AKX R, ERES —-XARXMER,
(a)EF ¢ M EG ¢
"(b)EF ¢ vV EF ¢y f1 EF(¢ Vv ¢)
"(c)AF ¢ v AF ¢ F1 AF (¢ v ¢)
(d)AF - ¢ M1~ EG ¢
"(e)EF — ¢ i AF¢
(DAL, UALS, U ¢, 11T A[A[ S, U $,1U ¢,], B : BRBRINA —KBRHER,
I RE S A B MR s Lk,
(g) THl AG ¢—EG ¢
"(h) THI EG ¢—AG ¢
BB WET, FETIENRT.
"(a)AG(d A ) =AG ¢? AG y
(b)EF = ¢=-77 ¢,
BB BRIR 3. 4.5 1@ UK AR St B RNE XL,
WEBH 3. 4.4 FHEMA(3-6),
5 1338 )3 sR % TRANSLATE F)f9%, KRB LIMERE CTL AR SERWA, FEMEIGSH
RBE-MEFHBRETFEEIL, —, A, AF, EU, EX} %M CTL AR ¢,

%335

1.

REWRE, #THIMEM CTIL A LTL kR, MR RXF AT, 228 CTL
ik

() REp FHMHE ((EHRSZRE), WEKHA—A“RKE", EZEXAERE r, H

B HH,

(EFAHEBREL, FhpHTFs M, (KTUENR, AHEXIHABHETTLE
5i,)

(c) HpZJR, ¢ XKRHHE. (s, XNMNRERENHTHEHBEER.,)

(d) EHEMqgfr ZE, Ffp kRRE,



166 £3%

(e)EIHE p WRENIBBREEEWK,
(D —RBERFAS - RE, BEp BE,

2. BB A3 2 M3 A FRXTERAEERN LTL M CTL ARIETHEAES
Bk 09 e R MR E A

3. BE LTL/CTL AXMEEGF={F p>F q, AF p—AF g, AG(p—AF ¢) !,

() REFE R, R ha AR -
(D)XMFE deF, REFHE-NMHER, 8 o RADHERER KM —AR?
() FHR—MER, FHEZERG, FPROREARBARART .

4. BB CTL 2K AG(p—AF(s A AX(AF £))), BEHEMp, s M MEENT, BBTHE
EHIREH S L,

5 B LS HHAMEEEARNTERRAMN NNF B3P RS CTL, H¥ CTL 2@ FAE
BHCREAXMBEARL) EXN, XERIME NNF A B MRA, B35
WET A i CTL B R A F X E A,

6. WHAREX HITF CTL" AR MTEHR RS, HEBAEIIAEZME.

(a) AF G p Fil AF AG p

*(b)AG Fp 1 AG EF p
()A[(pURNV(gUNIMA[(pVvg)Ur]
"(DHA[XpVvXXp]H AX p v AX AX p
(e)E[G F p]#1 EG EF p,

7. E3S I WIHAMMBEBRARNEE R /RASBEE CTL AN ERERZEN., KT

&S W E CTL AR .

"(a)E[FpA(qUr)]

"(b)E[FpArGgq],

Bxmi, ROVMBEFEBME 6 A AR, BME[¢ vy HMARTUEENE
[6]VE[y], M A[GITUBRNE[~¢]. AAXIMHERETIHIARSR CTL A,
(c)EL(pUg)ArFp]

"(d)A[(pUqg)AGp]

"(e)A[F p—F q]

8 ENGIMBMEBIENERE -V REBFAMMXT AW BT, M A[p W q) =
—“E[-qU—(pve)]l,

(a)iEBH F 3 LTL /\it%%‘%!téﬁ(EBEE%&@WEHR*T%&%EB‘J)
()=qU(~prmg)>—Gp
(i)G~gAF-pos—qU(=par-yg),

(b) FERERMLIL S~ (¢ Uy)=(—yU(~ d A~ ¢))v- F ¢y BIF~((p U q)v Gplo

(e) BIAARBRIFFI L EBFL (D) A(i), EH-((pUg)vGp)=—qU—(pa q), ¥
FCIEBILL B/ AW B TFRIEHM

#£33.6

LB -1 ERSHNTERE, BIE3.3.1 FARMR L, B, TEE. 3B
AR ENTFH—AHERE 3-10 a9 SMV 2R 5 T4 R & ¢
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X 3-10 9 SMV B ¥, 25— CTL AR, #18 T R FIE T 3 B A 3 M8 5
T,
ﬁjﬁﬁ*’iiﬂﬁ&ﬁmu@ 3'7 *ﬁﬁﬁﬂ*mﬁﬁ ¢1’ d)z’ ¢3 *ﬂ ¢40

4 FABRAERRNE 3-8 PERERPHAR ¢,, ¢,, ¢, 1 ¢,0
5. AR (3-8) I AMB T IR, RMIEHRBERMFERS s, BEEEIRE s,

W s—s'?
EEMRBENEL, MBNREEMARp A p AT (TEER, FERE)S %4
fta?

- BIE3.6 WH) SAT . K AG ¢, E—MEHHRE, MARARMBARESE,

8. BT 3.6 1 WHHHKXFMBRATRNIER, B sar, HHhH,

10

“11.

12.

13.

14.

15
%

1.

B~ RFEFHEIERGE, RERA RGN A LR, W 6, X
VI EER A R

- ERARES CTLARZHEREX, BRI A sk AC AF ¢ BHEWL s FHHFH
BB, ¢ TREKRIE,

BB CTL AX ¢ TE—RITEHER so—s, o5, FINEREMRAE T HE, X4 HER Y%
& n=0, BHEFEAN m=n, HBs, o,

MLl FIEfT NuSMV R4, REHRELRMB R LA FHRYE, NETHF, WK
NuSMV A i KB, NuSMV JEH B 5iEF,

E—fifRED, AREIASTPHAR, TUBHE YA - WER. & running ML AR
ZHEFA—=As", RETUKKAR—SH ", HEZAREHARE I —4,
—ROt, B—WATFHEAR G, A d, And, in AAFHRAE S, by, -, ¢, ZMHE
MEH? BH—MHELSFHAER a & b iy SMV B, ERENTFHEIMAFEHAR a #
bo (AT LAFIMEFT SMV SEER 3K — &)
RRATRISBATEHETHEALLBENAR 6, KHE, EREEBTRS
R ¢, B HEL? .

- BRI FEAR G E 3-10 FRMARBLA S, HEE3-11 8 EC THig,

33.7

% B E

H , H,, H: P({1, 2, 3, 4, 5,6, 7, 8,9, 10})—-P(|{1, 2,3,4,5,6, 17, 8,
9, 10}),

METH YC{1,2,3,4,5,6,7,8,9, 10}, EfI48E XY
H(Y)=Y-{1,4,7}

H,(Y) ={2,5,9} - ¥
H,(Y)={1,2,3,4,5| N ({2,4,8} U Y)

() RERBPLR B EE, MR ¥FEEE, LB EROEE,
Tb)RFi=1,2, -, SRR H REE3.24, HE H, HE/NABARE S,

© FE: KHPEERAFMPR, BRR3.6 FXTHEC HAE? 47
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(c)H, REBRHK?
(d) EMZIN T2 X G: P(1so, 5,1)>P(1se, 5,1

G(Y) Hify = {s,]then]s, }else]s,}
FABCE N RIER . SFE AR =1, ¢ 5F 6, BRI, ¢ BI4BTF?
WAMBESHRATE, HF: P(S)>P(S)RAHES, IEH.
(a)F,: P(S)—P(S) BB, Hbh F (Y)=ANF(Y);
(b)F,: PUS) —P(S) REAM, K F,(Y)=A4U(BNF(Y)),

.- PRI H3.25 F13.26 R TIIE G (BB LR 3-42 H1) .

(a)[[EF p]]
(b)[[EG q]]

342 B4 R%, HERFER

REFARE F(X) =[[d]]Upre, (X)IEBH[[AF ]I R F WB/INR A, HILCIESR
SAT, RIEFH K& LM,

WAL EHETE AG o ER AR K, EREHE H: P(S)—>P(S), H(X) =[[¢4]]N
prey (X)), iEBA H RBFM, H[[AGH] IR HHBRRZHE, FAXITBEBRE—1 IR
SAT

AG©

- KU, EN IR, HEHE Alo, U], AK: P(S)-P(S), e K(X) =

[[é.JJU(lld,]1]1Npre, (X)), MEH K RAFEY, A[Al), U, 111 R KHB/NIAS)
Ro BRXANBHE IR sar,,, HAHZARE, RELEF W AF ¢ WFTERA?
EH[Ale, U, ]]1]1=[[¢, v(d, ~ AX(A[d, U ,1))]11,

8. iEAA[[AG ¢]1] =[[¢ ~ AX(AG ¢) 11,
9. JEM SAT, M SAT MARBPHMANERENERL LN, FHAXAMHELIERARER. 3t

w

—WHBE cTL AK ¢, FBF saT HK L, EE, —EFH(METF AV) AEERH
AXBEMEA saT. HFAXREMA L

L9 XWEE
B BT R A Prior 76 20 #4260 FER KA ; MAER SRAITIAFT A LTL

AL, A AN I TR F AT 09 YOt A. Prueli[ Pru81 1% i, CTL B4 f E. Clarke
Ml E. A. Emerson (7E 20 it 42 80 SE{S R HH) Fr #4544, CTL® £ E. A. Emerson 1 J. Halpern ( £
1986 4E) Xy 48— CTL i LTL [0k -8

CTL X845 i h E. Clarke F1 E. A. Emerson[ CE81] LA} J. Quielle I J. Sifakis [ QS81 ] &

o FATPTHIRE) LTL AR 7 #5 B1 M. Vardi F1 P. Wolper[ VW84 1 BF 44 1, i 2 FB AR ¥y —
LA T CCLI3 ] M CCPI9 ] 4R B, X TF CTL % 4 173E X 4 i & B R 78 [ Mar01 ] FiF
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B ,
JR i 9 SMV R4 £ e K. McMillan[ McM93 1 529, M RTR 2 - # e K 2° AT KB A

S, NuSMVER—ANEHSH, H Trento fJ A. Cimatti #] M. Roveri B FF %, BWE T &4l
MATY B, 7R A EATRIRFIL T NuSMV R IR, NuSMV FX M REHRIEBES S
CMU SMV BEA E#HFE, HEA—-THHNAPBEOURMEEZRRE, i, CMU SMV
Hik CTL #75, M NuSMV 32 # LTL # CTL, NuSMV LB T H ALK [ BCCZ99 ],
Cadence SMVE R &#H MBI, EALETAEEREANHSE RN EICRS B ERER
T, EWRH K McMillan F R K, H#ERHIES SFEHBK SMV L, BEREY B,

M. Dwyer, G . Avrunin, J. Corbett fI L. Dillon 4% — R 5®, TETLEFHAELR
LT (% CTL, LTL PR IEM&RER) RBER,

HARE WY RRECHE: ¥ TERORESBERENER, REERBS . SHEME
ME G5 CGLI4, Lon83, Dam96],

EARLRGMH A MB KW 28 Spin 2 F ot 4858 LTL, 7 LAZE Spin BIRI35® L7,
—N 3 T HRAR CSP BFR N FDR2 MR B 28k BTN,

% T # Concurrency Workbench® #1dt £ % sk 44 i Concurrency Workbench® B i T3 & &
KBTI RURAE TR, — A FHRERARE AT 2 5 BT B 508 U R R W AE
B H B F £ Bogor®,

XKTFERMBRERIESEHFSHFH, RIOTHEIHE[MPIL, MP5, Ros97, Hol90], A
F ) SMV AL T] LM www. cs. bham. ac. uk/research/lics/ F %,

www. cs. cmu. edu/ ~ modelcheck/

nusmy. irst. itc. it

www-cad. eecs. berkeley. edu/ ~ kenmemil/
patterns. projects. cis. ksu. edu/

netlib. bell-labs. com/netlib/spin/whatispin. html
www. fsel. com. fdr2_ download. html

www. des. ed. ac. uk/home/cwb

www. cs. sunysb. edu/ ~ cwb

@0 OB OO

http: //bogor. projects. cis. ksu. edu/
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A—ENTEES TRIEEFHEENRE, IMRETRHETZERNE, BERAEEHK
B, RINMKEHNBELRIE(MRER) RELFARG KRS, ¥ TBTTFENLEE LK
MARA(XRFENEE), SBEBRERTHWN. EXEFET, BFTUREETLE
#, —HAFRKENEYR. RENHER, RITRIAT AL L RRES MR

R E—BF BN AHRNOBIETEIL, KAEHH LR

EFERN, RNF2B/BEARNEAHFRABRBRAATUSNNFARS, £ &
BFXBTUAEARINXELENERLT, IHNGFERBRESTRN, RARX, RAIIE
R RANEREHRETEERY AN LR, XEE2FFMENEMN, FA -
WK, BEKEN - DRAWAERY, LARB- N FASHLAREWTR S
oy 14

FHIW, RELTH-IMEFHEAARR TS RARSSBRENMRSY, EHAEL
FRYR-BEARE, FRATANEREE, pROEFAN, SEHFWEREER
WHEFAXRIEHES ., TEN-—FWXL2 0 HLBRT i,

EEERN. R —F %, RONRBREFUER, TRERBEAANELAAE.

HRAGE, xFHRARBEMFERERF. “MF EAEBRRFEAEL A
BREL, AHEHRFE, "RR"RERFHRB-—IEN, BH-BHEF, HEEF4
—AMMHERAL, B, Java P AR T R BEREIXBREERY, REN—FHatn
WEBERREHRMW, EHFTRHLL, TESHREHERHFTRE,

FEB/fEe ERFERTRA(EREZTRAAN)ESHNEFABRB YR b T
UERAFWNT %, RAFNTETATAR O R T B A EEE,

4.1 AHAEMEMEIESRD

AL IERBLEANRBMARTFROARRAN T, MERELE, XBHBIF
HIEELE T ESE .
° X#: XHMEBFABWEEHMMNS, BF XL RAT LR HRRREE RS, AN
BREH. SR—-FELYHBENAR, ~BEATELREHEARRT WAL B P EIKS
B,
o WIHHME: EMXNBRRARE, RN BREEHEN, BT BU 2% 27T K555
Wio 2BRY, HARKMEKAESTRIE, TUETRINBEERKEIEBRAENBERES
TRSTHIAEFB R EEH , AT B 35 3 R A 9K 1 IF 2 0 48 P e IR
¢ M#7(Refactoring) : 2E UMBHMBIES M KEE RS T, BRRITN TR 150 0T,
° WEWIT: REUXHHBNRE—MBANRNRERARMEBERBOEH, EREKME
B R RE A AL A A FIE . B MO B F GE RT3 s i) BER %
B2 Ao Bef DL 2 AR E TE K 0 P A E R O BAAT o TR PR R LA T AR R — A R,
B ok A SE 2450 G 4 5% o B AR5 0 25 AL AR T4 7 BT B RO A 0 F LU R A T 2 B 41
Abo BEEWIESARMBE, MATE T, BEE R 2R RIS E AR 1 B R 7 48
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B, XFEAEBEMER, Hit, RITATUMBIAERRILHEE, BIEX T M EZER
SYGII, BAKRFNEAR AME—-FERNENFXAREDERTFRIE. WAMEHR
BMERLE TEX,

MR, B2 R EBA A E SO 8 A RS, 8 X AR DL E B Y B
HAREIRE, URABBMAHER, ¥RMHLRE: REEicRFeikesBBRNS
BFRCEETFR LM, REREAELWHANEMEK, XBERFAN. EHNTEEKN
BRIt 5LBLE, 2000 F A ENR—MIFo RERIENXHNTRBH—LHEH,

4.2 MHEBIERH—FERE

BEGRN—FKMGARTHE, EFRAEATRIEXNERATHENEF, AR
M, RGP R—MIRES, fl, —KLWAF. LR EEES Y ZIEFE
HT—AEBRANf#ER. EXMERLT, EFTUR— B TFRPABEEGFENED, 4
EHRATRERNA, MANNEKERE., ZrRSFS. B FXEEERBRTBESHREZ
g, BAIFBOCERKAAM R FROBIT GG, BrLCE BER R0 B R MTE B RES N
A XEEAMEBEF REALHROARRE N LRI ER, TR, mAEXEH
HAFH) —MERTLLR

* MR AGRFRROFELAMAE R BUBREHFEZET SN~ AR o

s ERMATRMNRAFKREFFFENRBAES, HE IR ¢, WEF P;

o ERBRFPHELAR ¢po

MR RA SRR . B0, LSRR LUR 8 0 MR R R A SRR s, BT K
BHS, MM HA”, WERMARME”, BESRE X REEF T EIE KBS
ARN—FMEFHTREM. TURD, RN —RAEHEETESR. BIW, EI—IBRE
5, MRERGHE—DAR ¢, BHARMERROALMERE — S TR, AEREHE, X
ASSERMARE, HERMNKEEAMELRWHR2ZE BT EN, I, BEEBR
BRREWREFPNBFRZMEMZRMA LR, TiREBRIL R TUFEE S 24K
B, AmxE R #FTEIT,

BEHARFRE“RIE" B XFR R 5H XHR ¢, ZHETEM, FUEERRSHRH
RHIBZ A REFEERLER, RENARESHFBOBELRB T AR RN ETHE
WHEM—BARER LK, 2HFETHRARCREE, 5—HEH, BEAR ¢, WEGE
WX de BIRESTWHETEREN, AEHOEY. SEMEAN TSN, ==
X T5 BT

TR, IRRHEGEWERNL ¢, WIBEERNALC, SRS 6, M0
RERFMANAR ., EMENR, TR REERFME, BEX BT b 55
B 2B RAMYSHNBE. B, SR ASRNER> BN, SROBEREL
BN BARERXBLE, BEFRT, XABrBR % H % 5 5 28074 TR Ex i
R, REBLHRLVER. AEHF, BE—AMABERERSBETR, BRVZEERIT
ELBETHEEH,

ﬁ#%ﬁﬁ%%?—¢%&ﬁ&%ﬁﬁ$P,EE%%E—@E%E%ﬁPﬁﬁmoﬁ
B, SEERLBRALL, RIGERDRS FEL, ENEHPHE ¢, SHELEN P 2%
RITBITIRAY o B 5 4072 16 (R0 R B BT LA S 50 4 7 RS, AR I T A3 S
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4.2.1 —MBELEFEITES

RIMNEEMRVBFRITEERRZEGLBRBBESHRBBLES ., WREBTA
KBS, B HJE Pascal, C, C++ Ml Java BF 4. BATHNIE F 0I5 %8 BOE A /R 25
BEBRME. if F4) . while IBMAMFEAGR. B C Ml Java IEW AR ESHENFAEH®
RRARMMYETIHE, BRUVWHFRELAFTE, BHNEALEEMNMNE. 38, SBXBAK
EBEH, RES2TRBHVEFSHE, EERRAKHAE, HEAFRIMTEITEHESED
FEABFRIESRE L. RIKIBESTHTRE ST UAERRER FSH, XIRETERER
Bl XEFEFAENESTHRRES, REENSERANE, B X8 E R FE Rt
BATXRREOIEAFEBHTIEELY . 55, TENSISHBABFRIEFERET
ME, AXBHTABYHERE, ‘

RIMOWBLEFT A SRIBESE: BEERERX. HREZEXAGL, RINEEEAINE
Fo BRRZALBAH T AH LR, v, 2z, -, TFO, 1,2, -, -1, -2, -, P
B+ )M« ) XBEMERZEREkR, B

5

X

4+ (x-3)

x+ (xx(y-(5+2)))
HESEMBEERIR, EREEESNIELR

E:=n|x|(-E)|(E+E)|(E-E)|(E*E) D

Hpni-, -2, -1,0, 1,2, | hHEEBRTE, « BAELE, BE, EHE"th
BITEREE N2 -3, MARNOBOESNER2 *3,

BE41 ELRBEERP, IS -WBEHRERLTRYE « &, MRELRE - M
®+8,

B if A while BAIRFEH KL, FURMNEBBEMRELRNWIBEEL R B, %8
¥ F Backus Naur iR ER K

B:: = true|false((!B)|(B&B)|(B|B)|(E < E) (4-2)
R! BRAEE, « RRAW, | FRFR. XMEETURE FREXNETFA R K,
wm,mﬁw%%mua,mumzwuwnm(&<EJ%ﬁDR§ﬁ@,—&ﬁmﬁ
BiES. RIVEHR! (E, ==E,)BER(E,| =E,), RIIFBEAE 1.3 FHERNLTFE®
ﬁ?%ﬁ#%%ﬁ%ﬁoﬁ%%ﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁZi,@%ﬁMQNW%E—¢%@
RETEEEEL,

ATREMAGRRERNE, TUEXRSNIEELR, ANGd Bt HRERSH
%m%Eﬁ$%ﬁé%EML,%u%wu%ﬁ%ﬁ&i%%&ﬁo&Mﬁﬁéﬁ&m%
7.y

© HCHIwaBHE—#, RIAENFS < RARE, NEFS == £ RS, 1 Pascal J A 15 J118 &
M= FRRE, WA = RRME. FHTH, CRHEBBETUHRAXANE. HREKYE, =R—4AF
GRS, RERRETRME: MBERNE -y MEHIRE, WeERy, WLy Bk FR—EH, &
B, MBRBRBAE, W=y My=s B—EF, = boPH & HBREEH LR — R0 R 1A
AR O M FW R AT, B MR = AR, AR AT MR T,
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C:=x=E!lC;Cl| if B{Clelse{C} | while B{C} (4-3)

Hp$E5 [} AEtric if f1 while IBA) PR TERE, 7E C M Java BEF P —H, MEZK
WHAE-FiEA, HETUAK, BFEENERS XIT .

L BFR4 x=ERBHNOREE, CEYNEMRS THERKRAR E/E, REHARHEN
SERA ST » PIYRTES ‘

2 AMAE C. C, B C, M C, MIFFS M. TFA%EYMZHRATFRT ¢, BRAFLIE, W
WA C, MERFOEMRETRG C,. BN, WR C, HRATRLIL, B C,, C, WRKE., FFER
Brs s — T, BAERR T E RS P — A R,

3.5 —AEMBHE LL(B)(C lelse|C, ], BHAEEMUMNAMREFHBERREAR B, HERY
H, WA C; #BRTENE, WG C,.

4. PEABHEH while BICl ARRMNBEBERGTHED, HELH:

a EYFFHRE FHERREAR B IWIHE;

b. % BiHENME, WM&,

. BURITHS C. HBHHTLL, WHAEEFNEERS FERHEN B EEKMAS B (a) F 1.

while HAMEAET, REHHS BOENE, REZRITASL C. MEBAARNBRE C H9—K
PATRLLL, W while BART LKL . ERITOBORBIEST T, while 552 JE 7 % 4 000E — K IE R,

Bl4.2 ARB BT HAME LR

01=1
(n+1)1=(n + 1) - nl (4-4)

B, 3ok 4 MBIFXAENL, BH4124-31=-24-3-2-1-01=24, FHEF
Facl BIEITE «» MRS, HWERAEMAEy .

2ol

vhile (z != x) {

z=2z+1;

Y=y *z;

}
TEAEMEHIES Facl BSCREMBIX L,

4.2.2 EBR=3THA

HR4-3)ERNEF B RE— MR RE FERF. T —2HEE, STk
ko WMRMHMM, MWERES—1. BERTEAKRSE., BYRINOHBEESBEEMT
BRRHAR, PLESKCRE" TR B RR HRF h AT A R R,

MBFFE RGP do, ROTBIZA M ARMEETR? B0 IR TR 0 2B K
Wi, BEMEAFRMIBEBFRFRORESTHER, GRAET, 1 -27HE, <
RANT. WER=WEH, EHRBP, CERREKS., EEBART, SREMAZ, W
EREFABDHE 5l ==,

B, mREFRFR R BEHRRIIBZ.

Ry, XFPHDFHA =,

WA EEHMIETLUR yxy <o HEHA 2 £ -4 SUTR? B RHEH —MRGFEF AT

© WEEAKXA =y SREBx! =y ZHMEH: WERWHRETFy, MEZRE x AET .
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B, Frik, RulRERE K — XA T aed AR THEMNBET . mBERMIELRE A HH
XAEE, ZRBATRBRNETFRATRBFXNERTUTE, B, ZP46TTIERERR
K, BARENFTERR:

FHRA 2 RERCHE-TFFHDT « I
XEREMUBBRBBFETEHRE, FEXEEFBEAHTHRES., B, BHOKSE
=, BAEKETWN

CleDP(y]) (4-5)
H(RHE) BERE:
HEERFPE—TMHE ¢ WRATET,MIIT PHEERSEHE ¢

BE, HEPH/NF 2 WEHEF PHATEEERERXNT ;

(|x>0')P(ly-y<x|) (4-6)
ERRE: HEERE >0 MRETET P, MERRESERy - y<r, EHBEEHRINE
WRr<OMRETETPLERENA, BEPAWIEEMN BEREER, FL, EXMEET,
BERTUEE. REBRFE x>0 REEEMR T/, BMFEE <O ZA“RR”, L
A

TH, RITENFMERXEES,

EN 4.3

LSS (o )PC|y )BT RFR N EIR (Hoare) =I04, UHBH B2 C. A. R. Hoare M4 F 4% .

2. A 4-5)h, AR oI PHIRIBEG, o RY PREB&M,

L BLEFHN - NFERRERN SN TR BRI B () EK L,

4 MHERRBHS - (—xM), +, -f* (ZaW) AR THEIFE <1 = igRAEEL D ¢, B
MERE IHE ¢, RE IR ORE, BMIES, YHMY2.4.1 WHMEP Ry, P IBY 4=
R, BEMUNEEBAENES A, HAFEFRBEBRIERAMEARS,

5. MA(4-5)PMBE/R=TH, ER ¢ My PHRIARARKHNAERF P hER,

Bla.a SR I(x) = -2, I(y) =5, I(z) = -1 YIEBRES I, 2%

LIE- (x+y<2)Bor, MAx+yitERH -2+5=3, :HHBRHI(2) = -1, Mm3ARARE™HBNT -1,

2IEy-xxz <z NS, WAZEAMFARTHERS - (-2) - (-1) =3, i3 REPHEATF I(z) = -1,

3 IFYuly<u—ysz<usxz) RM, ARYud 7, IFy<ular, BlEy*z<uxz RS,

G, RIFEIRREMTMAR, RITAFE. TRBEMARESFE, 2R
&ﬂﬂﬁ&woﬂﬁ,%E%#ﬂ&ﬁT,wuﬁﬁﬁ,ﬁﬁﬁﬁﬁﬁﬁﬁTﬁﬁﬁwﬁﬁo

Eﬁﬁ%ﬂ¢%£iﬁ#$%ﬂﬁ%~%ﬁ?Pﬁ%—%ﬁ%o%m,Eﬁy=0%
BREWRZAE, BXHO0 -0/ NFHEMER, TERFWERZNE.

‘};hil(e),(y *y <x){

y=y+1
}

y=y- 1
ﬁ¢ﬁﬁ&$¥ﬁ¢?x%%iyoﬁ¢wﬁbﬁﬁﬁ%ﬁﬁﬁﬁﬁ%,@%ZEth%ﬁ
ZRBETX—A.°

R, XRMEFARRNGEE, 6im, & 222, $—MBEFHES =0, TH—

© RAIATLUAZLT 4.1 83 [f) repeat BH X BEXFRER,
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MR y =4, EFEEHH LML

BETRERRE-MIEANSS, IEWARSF PHER@-S) THITERTF ¢ EBEERMG ¢
Frg i, SICBRMNELNGEZEAFRAZBLRETIENESE, EHTRELHR
FUEA KGR B, X TIEHER ¢y, DHBE ¢ HBRKEIEW ¢, RIGIEH
AT A BB R -5 A BIE B A SE R . BATESERRKEH HBEBBERUN B, HS5U
Rt BB AR, HARIEANZTHRHMEAFATHE: EBAKX oMy §—
BAURS Po EWE B MAUE G BE—RKEL. RIVKRSRFLENIEV RN, A ARY
BAERXT PRSI AZRK. B8, EXTENRIETIR-TEENRE, KiH
REELTELZ MR b, EREEHSNERETRBEXARINVERE, TR, K
HMAFEATLLR AR T A AL R A RERGNTEF, EdREXETREFHRERASHM
W, RETUSBRFRNSITZIERE. 2545 WhRITEFKIXNMEE .

4.2.3 WHEHRHENMET2ERE

BATM=TASDP Y DRAINRIMFEBEBAEMN ., 3%, SRAEINE
PREILBRINTLBI A%ie. BELE, HRMFHELEXMER. 5 42 ERFRIT
RERBFXIL, MidEZeciaml, RITREBEERREL L,

EX4S5(MOEMYE) WEMHE 6 WFTERES, REPZEAIL, hiF PIEMS
RREMWRBEERM ¢, RIVE=THoDP(yDERSERBEXTHE, Hif, %
REw([0DP(¢]) B, BITHRE. WA ERERHEE LR,

FE, WEBF P —IHE & WRALKIER, RIA RSy EERRETHE, 2
SEBUR-MHYBHER, BREAAKIEHBFHEEENTE, Hn, B

while true { x = 0; }

TR PEIR AL, WEFAME, FHAMHSERE LR RBEL M BFE L,

H—HE, HEHBEE—RE, T4 EARERBFLIL,

EXA46(REEMME) RIVE=ZTH(|SDP(|yDEZLEHRBXTHE, WRHE
WRMERMSF 6 WITARSTHRITEREP, PEELIL, MALERAHEEERA Gy, K
B, BITHEXRF(|ODP(lY )R, HHRFaHITLERENBELE,

ERLEERENBEXT, MFEEWAKEBHR WBRFAEEZEMAE, BR, 24
ERELHIEREEAR, Hik, BELSEBRNTALREIABIERYE., FHELER
PR AT B SR IE AR R . RIS TR IERE ., T, RERMNEEMITEHZLER
PEEOGHER , (B 28 A B A AT LUK MR 3R IE S M AT R B A S B 0IE R, Al
KBS AR EETHASFEREIE, HES 4.4 FhSEFL RS,

ERANBSEHENT R ERSR T ABREENIEHEEZE, CREMLH— %
A7 B8 BT O M 2 A (0 B L )

% 4.7

1. % Succ £ABF

a=x+1;

if (a-1==0) {
y=1

} else {
y = a;

}
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BRE Succ ERSERUNZL2ERBENBELFHERE(| T |Isuce(|y=(x+1)]), Hilt, EH
s HABA, yMAHE, W suss HAEBHER., EEXMRBERERBMKLN. FXE, ERERSHS
P —FHSEIEN T, REERE, RIWIEVRNBZERSIENX BTN,

2. RE x Bwdesant, #4.2 FRBF Facl A&, FH A7 2R FHFEBIEY Facl B
e

BRIV EEIERE..(|x=20)Facl(|y=x! ) M¥. RE 220, W Facl LR y=x! &Ik, R,
FRMBAREL( | T |)Facl(ly=s! ) BRIMERRATERN, HHA3FHAE <, Facl REIE,

RFWEEFRME, BhE.(|2=0)Fact(|y=x!)AIE,. (| T |)Faci(|y=x!|) MU ZRTIEHN,
B R B .

EX4.8

LFZCASDP(ly|) WA EFRETUHAEFFROE > EREREFEH, WRIKE
Feu({dDPCly ) RAZR,

2. %, BEETACSDP(lYyDWRLERUTUALESFF RO L EREREFIER, WR
IR (le Py D RESKN.,

TR, HEPEBIEHRN, WEwm([dDP(yl)BL, Tikw(le)P(ly|)H 5% Ek
FHEARMNOPEA TS P EBYEHRN, ERRECTHEERTEHRN, MEZEK
ERBERIGOBEETLLEHERIEHRHL,

WRBIMOEEAFL, BAXE . MiZASEE. D! ERYBERELEL 2,
WMRABESRRMNEGEE TS, MAXEFRRTHE, Bk, MEHEFRITBHE
EAREIUES, MAEREAEY. BAMY, ROK-..2AHY, WEXMFE 6, ¢
fipP,

RERuw (o DPy|) BHUEW )P y]) B
K, K BEGHEEK, WEXNFHE 6, ¢ P,

REFW(|¢DP(y]) BBLUE(|$]DP(|y]) BT
RIMNE—FHEREEY, NRTHEBTURNEANFTEEE, B L, F.22%0, W
RYFH ¢, ¢ fP,

HEEwW (¢ DPy|) B Mbwu( | ]) Py |) BE
XFFaBIEREEREMM,

FEH 1 FEME 28D, RIVEAEEANER U, B8R 0918 502 & I8 80U &9
R UM FHARMM UL, B—HE, BAMRMTESE, BT TiE s
MENESHHEIME, MEAEFIANBFEERENHERKRRT. Br2EER TR
BEKEERAAIN, RET 4403, MATHHEN) CEETRE, HEHEBTESS
N,

4.2.4 BEFTRMZETE

FIARHNIL, ROKBIANSRIERFFHTRRIEFEE, TINGTLHAENS
WRTE R RR BT A, BTHANE, FEFEHRHAERF PHELMER,
Bl4.9

L BrRBEFHS —FEATURNTH Fac2;
y=1
while (x != Q) {

y=y*x;

X=x-1;

}
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50—BARE, BRFNE WAz, REME, BHRAEERDHE « OB F, HBEEEBE P,
MRIMEHHBERHBRETH, R, BRER(|x=20)Fac2(|y=x«! N AR FEE, WRBFL
1k, x¥H0, Ty s WHBEKBR,

RIBWE—F T EIDE « WWHRE, UNNETUEBFERXAFE, BRERETFEMT: &8
B |x=2, Ax20[)Fac2(|y=x,1 ), » RBETE, WEHUIBEWEA G PHLHKBATY K, K
M, EAAMEHE LR MFTEER =, MR ETFx, »20, BEFRBEFLL, B4, EEREHL y
BF x, o XFMTHBEEA, BHHx, RHUBME Fac2 P, FUEREHE Fac2 FiE¥.

2. ZEBEF sum:

z=0;
while (x > 0) {
seaoti
}
RABFHA « N BB, HEEREME 2P, TR, (|x=3])sun(|z=6]), (|x=8]) sum
(12=36)%%. HEE 131 RITME, WFHH 220, 142+ +x=2(x+1)72, BHEFKIEA 2 %
% (2 +1)72, Kbz B 2 MWBHE, ROFEABREZAAREEINIER. TR, RNE
(|x =2, Axz=0])sum( |z = %, (% +1)/721)
XERFHR s, XENTERUBERLEE, BHENAHRAENRTBERAGRSESRE
MEBRBAXT, MAHRAERRIENRB ., REXNREIENNBFETRL —E, B2
BERNAR, BETREMNEASE 2ETETVi AN e M HMARKEM,
X410 MFEEZTA(SDP(ly]), HBEBTBHYESRE ¢ Ry FHHER

HWHRAEPPRTE,
4.3 MHYEBUEMITAEN

BATRER L HIEH W B TE BB R. Floyd A C. A R. Hoare, ZEF—/ 1, 4
FAERIE A G HAE AL o AT AT LA gk Sk B B 6 X S LN, {E S0 R R — R
EEAWEEROARE R (FRAEAF T, proof tableaux) KEMHFE, X RIEREIE —
EMeE,

4.3.1 EHAMRN

E4-1 50T RENESRRN, MZBBIARFNEN6D)P(w|) Bm5ms it
BIEAREEHAN. REMNE - AH, BATEANE. IAERINESHE 8=
JUA, MEIEHISkEE, TRAESRM, WE4-2 KETF,

Ue DG aD (aDG(y])
CleDCsC (g

=24

(T4lE/x] Da = B[]

UonBDC (gD ([6A=BDG(|y]
(loif BiC lelselCl (y¢])
(g ABDCy])

(|gwhile BICI( |y A— B])

bard’'— ¢ (1o DCy]) Farg — ¢’
e Dty D

If £ 4]

4 while

-

Bl 4-1 /R =504 84 1F 51 5 E B9 L)
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e, REBFREC MC, WA, i
e DCnD M nDCCy])
K C WEEFRMHEREC, NIBAM, 41X FIFESMIERRN SRS E X
FC5 C, — A, B
(ldDCsC([y])
TR, MRMEC ¥ o REEH o RE, C, ¥ nRELH ¢ RS, WAWFET C, f
C,, ¥ & REEH ¢ RE,

. BERFRIET AR 4-1 GIEHARE, 28 8 R R, Fi, HTHEHCS])C,
C(lyl), MERB—-DEER 9, HEH S C,(|9])Fi( D C,(lyl). mE C,; ¢, 3
WR ¢ MMASTHEREERRTREEMEHER ¢, TF2RNTEEEZ R E 4 RFEA 5 5
RUEM. C, PITRE, B MR » OFEHE, BHEER C, WHRA, NZBI—AHE ¢
ittt . RATEK 7 4 F 14 & 4 (midcondition) ,

WAL, BMEMMUEANR, BHERIEEPH—&AHE, MEABIFEHERME x =
EZEHPRET ¢ BRor, BOERERMER o[ E/x 1R, ¢ E/x]8E X 2.2.4 %, ek ¢
FETH H BB« #H EBBRMATINARX, RITEHSEE RS, TR, vE/x]B
RAERE By, ATEHRINMANGBEFREE @B,

°* MAEER, XTHUMPFRREMBN . AMTRYEE: Sy E—TRETHRY, BEKRETLH
BEx=E, WELRRET ¢[E/x]ERR, B HE RS », XEBEW. REx=EF B4 «
ENHRETHEMERET, BHABREBEXLTNHRRESN— L4 T » WHIEH E R %,

B, Ry Rx=6BHEHS, M(|yDx=5(|¢[+EI)RMT: BF 4+ ZF 6 R
B, WITx=5, PE-T 2 EFSHRE, By[/EIRAR5=6, TEMRE FHERET .

HEREAWHERTRAREENTIEN ¢ EERRETFTRY, XTFHERESLFAEEH4
%o HT—MELT, ¢ SHEH X« HHFH, ERXTHRERORAHABLHRE, BNES
RRET+MENE, TR, AERB (B¢ XF« A 2KRBEHFE) M ¢ EYERET BB
HhE, :

s ERENET, RAMALAB(|Y[E/x]Dx=E(|g ) ERNAEFBEL, MR, ZHHE g
HBBRAGEB(1¢Dx=E( [y VW SMES. ABMBS ¢ B y[E/x]., HE, mEHE ¢ 34
REGEB(oDs=E(ly DBy, WBARSHHFEBE - EEH ¢, LA X4 i g 3% i B
B, SRS A MU X R R B R R EE . RN R P R B IF 8k M B,

o BRNTBXAR TR AKX, WHNATLEIREN . &0 R &85, X ERET L
HEYRM . BEOE, XHREHTFHRERM ., B4, while BRI HREES LA,
By, EXHIEASESD, HENBE HBESRIBEE - HRRA], HWIMREARMRIH, W
ERETEQEHRNSBELABRFR,

* WMEH Y HEY[E/x)0t, RIVBHBRT x 7y FHFH S HEH, WH2.9, REHBk R H AR
LA ) REWEFHFPLEAMTHEARKATIRE S, HTHEWHES, #EETRS
R

i 4.11

L BEPRBEF x=2, UTEREAEHLH,

a. ([2=2])P(|x=2])

b.(|2=4|)P(|x=4])

e (12=y)P(|x=y])

d. ([2>0)P(|x>0])
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XEENBREERKBRR, REbE, RIOIZACMHELL:
a HHERAFRMEx=2)Fx=2, MLFAEBENE]LZI2=2, 4R, 2%T2, WEHENEKF&

A amE,
b HERIEARMEG v =4, FRETENNETER2=4; BXRRYL. E—MfH, XEME My,

(L )s=ECly BRI FHA2

c. EHIUFHERMESE x=y, BEEAERMEN 2=y,

d BTIEH >0, BRITPZRBREFHF2>0,

2. BEPRx=x+1, ANEBELHEEAN, SARMBEAEOLFEHM.

a (|x+1=2DP(|zx=2])

b.(|a+1=y)P(|x=y])

c.(|2+1+5=yDP(|x+5=y])

d (|2+1>0Ay>0)P(|x>0Ay>0]),

ERELEMARFT BN ELAGEETUMNL. FELTRABMERAN R FXMEL, B
BAGEIALBEFEM®, SHEOLETEEEN,

if 36, if FAIEUE M i RATERTE 0

(|¢]) if BiC,} else {CHC )
=T, B HSMEAAN=0d, SN T BHENEMBRNF iR, ABERT,
FBERG ¢ BAERBINLTARESIR B RENEMEE, BRIV FLEFHER,
EEFFHRHEAMRET BRHE, MBATC,, Bk C, BF% ¢ RETH I ¢ RE; B—fiE
LRk, HBAB, MIIT C, 3 €, RMXTT/E, FTL, RINLFIEH([oAB|)C,
(le DA A~ BNC,(lyl). TR, BIBRMSBH B REMBHTRFTHE, 2R
HEHBHFIER, XTHNERLERXEN,

while 34, B 4-1 i while IBEAMMNERRBE 48, FEEAERIINIES
while BAERBRERGHWE, ERNANER" &S, PHITH-BRABETFK, ki, &
0 Java B F H Y for 4], —MBAIARETA while IEABEF LR, REBR R R EHE
EREBTUZIL,

XTS5 while IEFAMM P X BEEL“RER"y, — i, 44 while(B) (C|HE
ik C 2B EFTRERERIE; (BARTEHER T C MTMHIT T HRSE R 28952 B
—PRR. EXMEBHBMWSP, 9y FETXIATR, MWBTER (o ABC(|y]) Sk
EEVITCZH, y MIBHE, B CEIE, NHFTIE v HE., 84 while WELEY, Tip
BFE CHITEDK, MBFHN ¢ HE, H while AL, BAEHEM ¢ (10 E, I
sh, BN while IBEREIT, B ¥ RIE.

B, FHTHIREENRE —MHNAR 4-1 WEHRAN, ERITER T ( [ eP(lyl), T
BE—1TEHE ¢ AR ¢, URB—1 ¢ BRBBRMKAR ¢, WA W EH([6])
P”Wbo%ﬂhwﬁWEﬁﬁW,%ﬁﬁ%ﬁﬂmﬁﬂﬁﬁ%ﬁﬁﬁ%ﬁgﬁWWWW
—¢ﬁ%,ﬁ*¢ﬁﬁ&%*%¢%%ﬁ&%ﬂvaxm»onoﬁﬁ,ﬁﬁﬂmﬁﬁmg
%#HM@O?%,ﬂuﬁﬁﬁﬁimﬁﬁ),ﬁﬁﬁ%#&ﬁ%(%&ﬁﬁﬂ%%%m%@
ﬂmwﬂow%ﬁMﬁ@ﬁ@ﬁ%ﬁ,Wﬁ%%ﬁ%#ﬁMﬁEﬁ%#,%zﬁM%ﬁﬂx
ERMEL—NET 4.3 89(a),

!ﬁﬂﬂ&ﬁﬁ&ﬁﬂ@ﬁ&ﬁm—ﬁﬁ%#ﬁt@@ﬂ?ﬁﬁwmoEﬁﬁ%m%ﬁ
ﬁ*ﬁ¢$%#ﬁﬁ%C%Tﬁﬁﬁ%ﬁﬁ%ﬁﬂﬁﬁﬁﬁw)ﬁﬁ&ﬁ¢mﬁ%$A,ﬁ
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ZHABFEBPFHIER,
4.3.2 EAHE

A4-1 GHAEHAMMEXELFATREARRFEAETS . HRAX—H, B4-29%
BT —MEBHKH T, ER=ZTA(] T [)Facl ([y==![)@—MEH, Hb Facl £
Bla.2 PHEKBFRESF . IMEAFRETHNE, AR TREAMNOEZNLEHK, URHA
AAMPTANAHETEaIRS], RITEBAEHEERERLUACERIEFKEL, Hit
HELAUMARE 4-1 FRANRERZIEAFHFTARNLHARLET RGN, RS SH
BOREBAH LA,

BRIMPAKIEHAEHERBER. EHRLTBRE, FEEBN—FEHBT—
7o FIXMATHRMEMN Facl ERMBFHERKEEFER, B FREMEE, £5 1. 2,
5EH, BRIV MNEHKNRR. NFESRNBIT —/RREFSBIESE N EKRh
B, FRNIEY A F (proof tableaux) , WATAI LK L HEESNEMNBREER —MFF

Cl;
C,;

Cu
Hb@d CHBARENEFNES, WLAFA C RELREIEFN, RERL (BQRE
while iF4], MR, AWK fEAM while EAEBENES,

BPREBRF C5 C5 5 C, 5 Co BEBUEN: WHBEM ¢, FERM 6., &
Slbo (1| )P (1, 1) B, M4, TUKKENESREIYHE, 2RIRAR
¢,(0<j<n), WA i=0, 1, -, n-1, Fu(ld;)Cohy Cldb, | ) AR BRATR FRH—
MIEHRE, BB ARESRBHLRRBEE (o )P, ) BI—AEHE, TR,

(1)
C;

(lé:. 1) justification
Gy

Cléai D justification
C.;

Cleé. D justification

HMBIAR, Bh—1 =, XEARKRREE, T, FHARHEFABSAR
G, ROV ¥ &4, EEACINGE ERZRT .
BAEB
Cle. D
Chl

i D
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# 5 R

o]

TP T L0260 Toed MR AW v H

(liz=A){zeh = £ T4z = 2} (X =] 2Z) OTTUM !0 = 2 ] = &1

2
(it=A){zek = £ ‘T4z = 2} (x =} 2) eTrua(j0 =2V 1 = f|)

1
A_Hﬂn<muua_vﬁnah =4 T4z = 2} (x = 2) eTtgAa(|iz = £])
m

(liz="R)zek = £ ‘142 = z(Je#2Viz=£])

(liz =fi)zek = &(jz=2-£)) (liz=z-A))14z = z(|z £ 2V iz = £)])
2

(liz=2-8) 1+z = 2(Ji(1+72) = (1 +2) - A])

(lo=zvi=4))o =2z {1 = £(]1])

2
(lo=zvi=4£)o = 2(lt=4)) (It = Al = &(IL])
3 :
(lo=zvi=£ho = z(lo=0ovi=4) (1=4)1 = £(|1=1])
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HEABIE 41 50—, BRT C, BB, i EATR while Fhl, EB, KM
92 B P 4- 1 o A VE AU R B B B |
REFAMTFRAFAR ¢, 987 B E, BIFALUN 6 8, B C, BE ¢, M
AT AT, TFREAWREAEREAN, B, Mo, FREESFLENE, K
fiC,BE 6, B%,
EX 412 W C, F ¢, BE &, MEBIRYBEEBAM 6., HEC. WRFNE
Kk WHEN, FRESERBOAR, SEFEIFT C. HHIEURE ¢,,,°,
(FUSDCs =5 Gy MERBRMRBMENT . W5 BEH ¢ Fth, Bt
CHIE LM, MERC,,, —, HEERTRHA-AR o' BEWKTF, A% 'R
RORE g ML BFNBAN, MREAEF Ci G 5 C,; C, WIFBELL. R,
RERFERAN ¢ RERHEANWHNBEM ¢ B2, T2, ROFE4-1 FREFAN,
TR 24 while FAMNFERZA, %5%K—TREM i B, BHROMHEE

MBS R B &R,
B, MEABERESUBNERERARNER, TR, RITEEAER.
ClylE/%]])
x = K
Cly D R AE

bR ¢ TR, —BEREHESR, RIFERESRRE. WES SRR M
T, HaxmrXAEREABESMEM,

B, MBRAWABANAFRNELAR ¢, THEEEES —MAR ¢,, HEBRE
U, REERII-wd —~d, HHNBXT ¢, B ¢, TR, ERANEE THERKE
HEZRSRFERAZONER, XR— S ARFMAROFE, B0 EREIEHRER
—TRERSE, EREELEFEAANS S —MEREEED,

AEMNERETRFEE, HEAEBMN, 8% E8RH S 872 8 208 0 i
. REHHELT, RIVBIMARERBBEESBIE.,

BORALIN 2% T 4k i R A BT A AR . BRI RABFRE B -
MUMRSFSMERE o MR B P AE TN . A7 7 %5 H0E 9 2 5 B9 B
BERMEMBF[ERM . RITRE — LU R R 05T,

1 4.13
L RATEA e ([y=5Dx=y+1([x=6)REKM.
(ly =5]
(ly+1=6]) w
X =y +1;
(lz =6]) BE

WEBTER I B N([x=6]) Ik, WAMMAE, Bt x=y+1 M LR, XEKE ~ 9FA B AR
Py +IR%, PESR([y+1=6]). Bk, BHESEANHBEMA(|y=5S) L. EMMONERENE
RELS+1=6HWME, BERTIEH,

© SHYBEREEMARERELY KW WITZRE, ¢ Hy FER: Kb pyoo BERN, RIVEER
BHAX, BARNFENNENRBRURABLOAR, ERERRT, BIESE while BAKER,
BIFRABMBHZRERBULR. ROABE-IESBHAR, ERIIETRTFLMERART T
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REUEFLARKE EMER, BREAMEETECEREL., - TEABRS 7, MBEETHE T
A HEHRER T, :
2. RAHEH L ([y <3 Dy =y +1( |y <4 D AEHH#.

(ly <3])
(ly+1<4)) #HE
y=y +1;
(ly <4]) BAE

EE, ABBRSXXRREON—T. WHERIL, BFEROEY —BRELTRAHZRER: B
~ B S R CNRAETE ) A X ES AN, B RRRER GRS (R 1, 2 ERIELRER
PG EHREL, M, y<I BBy +E<3+1=4,

AT —EESERBELXROEE, TLTERGERAEREBERA R4 6 B ¢ FURGE
%M 6o EERATH, ¢ Ry<3, EFEBOAR 'Ry +1 <4 Kl <3)=(y+1 <) HHW
BB T X TR B LR X WRF < W— B, 58 AT ) 7 24 R T 20 S0 5 2 4
ESHA WK, WESRLWIE, XERNIHE, BAFEESAETHELBRBMEY,

3. 3T REE A H0FE &

Z = X,
z=z+y;
u=2z;
RMNGERZEYN: EX I REFIILLE, v HHE-S5Sy WA, APERRLARE, T£, EiEH
Feue () T DPClu=5+7])s
BNTFFRAMEEN: NEBEB u=c+y TR, BHARNKFE, GRRESN, % HE R HE D
.
— B u=z ELEBRE u WA : R, BABRz=2+y, T£, HEUR
(lz=x+y])
us= z;
(Jlu=x+y]) BE
—Ed zz+yWr=x+y BB RE BBz vy, BRERzry=2+y,
—Eid 2 =x WHERE L RSB B, BEER v ry=x+y, RETHWTF
(lx+y =x+y))

(lz+y=x+y|) K&
zZ=2z +Yy;

(lz=x+y)]) BE
u= 2z;

(u=x+y]) Rl
TRUANBFHNEAMR s +y=x+y, DAREXTHEMNONBERGTEE, BRERERIERE T W
AREWHE v +y=s+y, T, FFERSHBHET, BUBLx+y=x+y, B, KA T (s +y=
x+ ) REAMK,

BEEREGIEHMT .

aTh

(lx+y=2x+y|) ZHE

z = x;

(|z+y=x+y|) Eﬁ
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Z=2Z +Y;
(Jz=x+y]) A8
(Ju=x+y]) i
RERNMTLLN EETE
WE A FE KN ARG, BATWMREAEECAIESRMBE AR, o683 BB
o BEBUENHE T
(Jz+1t =x+1])
X=x+1;

(Jx =2 +1]) W

EARERBERTREMY, LEBREABNEABRRE g DHRs=2+1, REXER+1, H
YlE/x1Rx+1=x+1, R, ¢[E/x]RBLIWH » E ¢y FHFEHABRSEHRR EBBN, TL,

UE/x 1T EFa+1=a+1+1, Hilk, EHHNIEHNRN.
(Jx+1 =x+14+1])
X=xX+1;
(|x=x+1|) BE
HEAF W (|2+l=x+1+1])x=x+1(|a=2+1 ) RBEHH.

MEH A, XPMERNWIERARBEH, BETAFE-TRETFT x+1=(x+1) +1 &>z,
HPTRME x =x +1 F&iE, WERMREBR x=2+1; HE, BHWERMF s+ +1=x+1+1%

EARRE, XM =ZTHBEFERRNXTFREQEMEANEL.

* AEHMEAHBMMBEEHANKNS —FHTARE Y[EAIMx=EZAAFHRERNORME, METH

“YEH]” o
(Jx+2 =y+1])
y =y +1000001;
X =X +2;

(lz=y+1]) BH

EARBERNKIEREA, BAE2THAT - ERORE, EHFES 4 TFHEBERKLE
BEZA. MR EFX M EEEEAREGE. B2TRET yWYHE, B 1 TN FBRESS
RANME. BR, v+2=y+1 REIHE, Hlt, REENERMG y(E/x]5RE x=E Z@EBH KM

REBEE, 7 8B4 R 18 00 SE A AR

If &4, RERNBBMAEEBERZFEL K i BAH L. BEEM— &4y F

BFERi£(B){C lelselCl, RIFEITERTWN ¢, 5
(1p[)if(B){C,lelse{C,i([y])
XA ATLLHENT .

L@ C oy m b, RERND ¢, (R, EXC, TRERMASIFS, LW REMINERA,

ECAEA—FER, WX—HH R if EQRWKRBRFA",)
2. HKfpld, B C, By mLEE, BRERN 6,0
3. 4 ¢ R(B—¢ ) A (1 B—d,),

Bl4.14 RAVRBXMEFAU TEFREHTA HAXT suce WIERMRDG LHHE

o THERXMMUG:
a=x+1;
if (a-1==0) {
y=1
} else {
y = a;

}
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BB (| T ) Suce(ly=x+1) BREHN, EEXNBFEREM f BAKNIRFES.
TR, REBI-TEEN PR, REE MEAMREZE,

W EARWNXEEERG y=x+1 [ L, B3

o b Bl=x+l;

e b, Ra=x+1;

& B F If 38 40 50 0 B9 — B 30OAS R B9 R A

(e DECyD) (o, DE(y])
([(B—d) A(=B—¢,)[)if BiC lelselC,l(|y])

BREPEHEBH(e-1=0o1=x+1)A(~(a-1=0)>a=x+1),

R, XMMUATHBEHEEL TS HERRUSH, REI4389(c), B
T, MAUEHABERWT .

If i 4] (4-7)

(Th
Cl?h ?
a=x+1;
(l(a—1=0—>1=x+l)/\(—'(a—1=0)—>a=x+1)|) ?
if(a-1==0){
(I1=x+1]) if 4]
y=1;
(ly=z+1]) | R
lelse]
(la=x+1]) if iF 4]
Y =a;
(ly=x+1}) A8
!
(ly=x+1]) ]

SEEXAFT, KB FEAKARE S RE N, 83
(x+l—l=0—>1=x+1)/\(ﬂ(x+l—l=0)—>x+1=x+1) (4-8)
BNBEEHCARE WM BRAMTHIER, NEEEMRETHRNE, FXE, BER(48)
Y
(2 =01 =x+1)A(~(x=0) >x+1 =x+1)

MAANERE, BREMNOARXBRBEEHEE., AE FHOEHT2RGT

(ITh
([(#+1-1=2001=x+1)A(=(x+1-1=20)>x+1=2+1) ) R
a=x+1;
(I(a—l=0——>1=x+1)/\(—|(a—-1=0)—>a=x+1)|) o]
if(a-1==0)]
(l11=x+1]) if 4]
y=1;
(ly=x+1]) BRE

lelsef
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(le=2+1]) if 4]
y =a;
(ly=x+1]) : W 1E
f
(ly=2+1]) if 5 4]

while R %61, [FIBIA 4-1 F @) while 74 ) #8 4> 1E 5 ¥ iF B AW 2 2UF 518 R %R
B, AR g Ay

(|77’\B|)C(|17|) _ "
(|g|)whileB{C}( |y A= B|) 43> while (4-9)

BT FER AR RRESH while 2877, EXABEEXMEVRANESHEME, 2
K 0 #EH while BHHBFR CHARTR: REGRIRXBIE, EECHBEZH » HE,
HC#®IE, NBFEUNE, XREME(|nABDC(In)ERXNHER,

BAEMRE while BHN—MHE » HREFHPIT R TLILHEFT, BHR(4-9) WET
®S .

o BRAVIFHET while IBHE B HB, W CBARRT, BAHRERE » EERITMBEE, 5 while

BRI g A- BER,
o HIFHIBAT while BHAIR B HE, WHAT C. MR (4-9) FHMMWIR, ERFECE, n HE.
—E BB KB, #LFnroB,
—#FBXE, BYITC, »n EFW L. HEXHFR, TiPIT C 20K, BK CUFELE, n HLE
BLo XA while BAKIE, HENYE CPITTHRK(AEOKR)E, B HE, SHERT, &1
AT B,

XBEWARRY: B4 while X TR FHUENBLEXEARSHEN, ZBLEMHE LY
MEMEFHBEELN, R, WHERR, EREAFEHE W (|y|)while (B) {C}
(Inr- BRI, WEEAHANERGS-BHERMARN=TH, BEMEIRS
ERTMXEBN & Fl gy, RITEEH

(|¢|)while(B){C}(|y]|) (4-10)
EXHMGE, WAE AR5 while 182

ERELARI—-ANEEN , #18

1. Fard—n

2. b A B>y

3. Foar (| p|)while (B) [C} (|5 A B)

HEABH, MABE—E %4 while FHEBIA ., RJ5, i 2H N 1R (4-10) £ —
ME BT E =04,

B, RENXEERBGEHALR p, B THALESH while IEHMA, XE— 0
BMEE, —MBEFEMQEN. X5 il iBAMBREEHS N E R REEM ., 52
EXRREABRIMY, HEARTR LBAS, HABEAAERNEL,

R SERAERTEFHEE while BAEEMEM 42, BLLE, XSS HEHIA
¥ &K E. Dijkstra % i3, M@ while i5 M54 F T #H % T while HHRNEMME &GS
BERXHENATE, ‘

ﬁ%@ﬁ*¢%ﬁ%$@§ﬂﬂﬁﬁﬁﬁ&MM%@ﬁim%ﬁ%ﬁHEﬂﬁﬁﬁﬁ
ﬁi%ﬂ%mﬁ%oﬁﬁﬁﬂ,%&ﬁ%iﬁ,%¢ﬁ%ﬂ%$ﬁ%oﬁm%xﬁﬁﬁﬁk
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FRFR WA IFIREN.

EX 4.15 while B4 while(B) {ClWAREREFEBEWL(|nAB)C(|n|) R i—
ARy BMNFERS], EqMBEITHE, HCHARS I FRIFTIHELE, NELE
REF»MHE,

EE, FCHIGFTIR, n AURFERE, —MERT, SRS —HEHRWE. RITHK
BEMNLE: HEERGT CZHERE, MW(ME)YS CRIENEHRE,

M4 E R while iIBRRMAELE T AEE, BN, 44 while B4], TR—-FRER, L
B, BNERE LABNE, W-"WAEABRY, FUKARYE, AR -BH
while(B)do{ClH— I ARER; HEXERERPHASEMNRIBEEM, BNEIR
KT ard—n Fbarn A— By BERK—ANAARER 5, HF ¢ My 2 while B4 08T
BREMGESME, E%, XENFETHNATE(REEEHEMN) PPk H—1

—NHARAREREXT while BANBRFRFBEMNTRZAN —FER, HLEY
BERKHTHRE, RETEASRETRSEE, AT RS 7 E I H5S 4T i
while 5] #9325 e 2], ‘

Bla.16 £E 421 HEBRF Facl, IHEITE, RITEBRTRERES.

y=1;
z = 0;
11: while (z != x) {
z=2+1;
y=Y *z;
12: }
BEBF M« HF 6 WRETFAHAT. SBFEUALE 11 H$—YBE while H AR,
EFOHy ST, B4 VEABRFERBERT. BEEME 12, 28F1, y£F1

BARDRNI A, SRFRXBHIAT, X mr Rokek, B2 FHm®.

AR |27 11 KA1 |y 78 11 ALROME | B 7E 11 AbA0MH

1
1
2
6
24

120

0
1
2
3
4
5
6 720

L Y N S =
o om o m m n m

SR DRAERBE, BFE LT,

BEHBEHX NI THATR Iy =21, K while BABRFREREZTE, XPMEL
ﬁﬁﬁ,WﬁyﬂZWﬁﬂB%ﬁEo%%,ﬁ¢$@§ﬁﬁ%¥%ﬁﬁoﬁ%ﬁﬁﬁ:

* E@5, LUEME while BNMMERMFFER, EFNRREANEAML 0121, RIBREE

B while B M ERGER y=1A2=0,
c BHEBE, SHRKPANBTE—E, ARSELEMGFy=21",
W, K5
Far(y =172 =0) > (y =2z1) HI Far(y = 20Ax =2) — (y = x]) (4-11)
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RABM .

mEHFR, - EENATREEELEREER N EREHMEAR. B4-2RE
FERX M AZRAN T MR FHARERKTEBIEH,

e UE B Am B o ey 6 A while SLR 987 |REZ BB B G B &M ¢ #id while iE4]
F L, HEWEMBRG 6. TEE:

L AKX, FEER-IMEENRER,

2. ZWIEHA vy A~ By Rl and—n BERK, Kb BR while BHNHRIR, EFAIEHARRE
mT, %33, EUNEEPFE-MEAEYK), BF 1,

3. it while iIBMMBFE CHE g R E#; XBREARMBRN(H CHERRE), BHAHLARG
ZHhn,

4. ZRIEHE A By BRERW. XEW » NALALTE., EARYT, %85, sUER 1,

5. RE, Ewhile i BAMEEEY », Z9MWEEEH ¢, BFB2 5P oy AREHRIES,
B EALAER 7. £FHFER!

B4.17 RIOVBKENTABFo ¥ y=«! Fxd while B4 10 FRBIARWHEH, FL,
BiEBE y=:! B—IFAEENT:

y=1;
z=0;
(ly=z1]) ?
while(z! =x){
(ly=21 ~nz#x]) AZBRBIEATR
(ly-(z+1) =(z+1)1]) B
z=2z+1;
(ly-z=z21]) : W8
Y=Y *2;
(ly=z1]) B8
f
(ly==!]) ?

y=z! BRENGENAERKET =431,

* SEHERINAER, My=z! By (z+1) =(z+1)1, WL, REEy =z KREHL
RLLz+1, FRBTFH4.2 P8 (z+1) ! BESE BT, ‘

° RBIEY 9 E¥R, SHRIANTE - BERSELM, XURT, AR y=2 M=z AWK
y=xl,

° RN » EBH, 880 while IBMZ M RMITHYL . XERRITABHLERE T while B2 B
69 HEBTIE A .

gk, Wit z=0#y=z BRALKERy=0!, Bdy=1HHy=0! BH1=01, 5%

EFRHRETHRRL, EHO! EXH1, HEHITHEAR; RITWTEIEHL.

CITh

(l1=01]) HR
y =1;

(ly=01]) 8

z=0;
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(ly=21]) B
while(z! =x){
(ly=z! nz#x|) REBBIEADRK
(ly - (z+1) =(z+1)1]) E R
z=2z+1;
(ly-z=21]) X
Y =y * z;
(ly=z!]) mAE
!
(ly=z! Am(z#x)]) E 4> while
(ly==1]) 8 ¥

4.3.3 EHIWE: B/AAOEE

B RIEHEEERAB/NNBRBROEF, RITERER while FHAMIEHEAN, KX
e, RIOMABRKBAT AROBFRINES®, S, TUSEEA.

int aln];

EWEZFNa, MAAFTHal0], al1], -, a[n-1]9E, Hbn BEMEH, —M
#, ROIAFAEAERESR EHBERAERS, Walel, HEHEHERNOESERSA
R HRBEF T,

EX 418 ®al0], -, aln-1]RHH a WBHME. a HBRBEE-ITELENAR
alil,, aljl, HPO<isj<n, RME S;RREXPHBEM: ali] +ali+1] + -
+aljl. BANBBE a WEBB alil, -, o[j], HBEBREYMS, NFRET a WEM
HABB a[i'], -, a[j/ 1R S,

Bla.19 RBBOBA( -1, 3,15, -6, 4, -SIAMAHRBXLEES. (3, 15, -6]H
[ -6]#R#|MEL, H[3, -6, 4]FR, ENENT 15, X MEHRKHK — M B/PBRER
[-6,4, -51, HAKN-7; wit, ERNEHRNMRE,

—BERT, BAMREALHE—, fln, F4(1, -1, 3, -1, 1] ERIRDAR
Bl1, -11m( -1, 11, 8/f#E 0,

BAETMATE L :

o HSBNMAY ROBUHBETHRE I BF Min_ sun, SHESERANRNBREGT,

o BEFEHERABR (I —EFTELAH) BHRNLTEE Min_ Sun 17 HWERMME;

o GBS EWEERREIEY Min_ sum W ERBBRAE, AETKLE,

F-THENBFTUMXTETE: SIHATRANFETENRE, R5EHXER
BRIFIR, HEES I MEBEON, HELHINENNREE—NEELE D, Uka( -1,
3, 210, EROBEIIERN:

[-11,[-1,3],[-1,3, -2],[3],(3, -2],[~2]
BRMNBARARF—MRE[ -2] =48I -2, ITBRATURES ARINOBLHE
EFEHTRD, BEA - ERKE: AEREN n 54, EBBRAES n WEFRE

© FEBFEMRERF Min_ sum i, RAMABE P ERKE. ARAHEARKELH RIS 0EE, By—1 %
TRAUAILABE LRAGLHF, X E050 08B F%E,
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o RERMELIGTEFRAEBRENH, BARMNMWESEBRABFETHONEIRZE R -
nf=n’s WITEWSE, EMHARN KGR, U, RINXEFHABEEXIEE, F
R & GBI EiF s,

BARBRIGERIHA -, RTLUHS n BUIE W B E -5 H BT A BB B/ F?
HELER, SUPFREME, R EIRHANNFHELTENSIN, HFRPTESED
—HRIEH, BIEWTFSBELIUEHANELERAENIS. fla, BERAR

[-8,3, -65,20,45, - 100, - 8,17, -4, - 14]
BATRI Z R -8 +3 -65 |, BEXEF A - 100 BEFR? 04 BT HAERFHa—
Wo EXMHIFH, BMHARSHB/MNKBRE, HEMRMEE L — 8T 0T 88008 5 %4
— WL AT LABR I 35X — A5 o .

oy RE N A AR AE: BERTY IR RBNEDNAM(UTEESN ) UE
BIHRONIE R BB AR AP YR BEL R ARBRN R/ DM (THEHS ). FTRNEFEE
E R — .

k=1;

t = al0];

s = alo0];

while (k != n) {

t = min(t + afk], alk]);
s = min(s,t);
k=k+1;

}

HP min BHERTSBE/MENEE, RET 4.3 010 i, 58« BURKARZ
SIFEE, Ll o[ ERMBBAR/INA, HERF KBS F 5 138 1 while B 1
RRER. BERE—FE, BEABENBYMTHNRIL, BAREHFB—IHRE
BEENKM, B s FHRBBMNEFANNRN; EHEDBMNIIEFERNE—5H
B/MERERLUSATY RS RARBR /A,

WEFR, NERLE, XMBFEHRIFAHE, AR, ERGEEETHEERA 2
RIE. R, HTHREFAER, WHLNAFRUREFEREY, BEORSHEXA,
BEERAFLTHRETEHSNMRE, Hik, RIT206HAZET A KR4 IE
BRIEHE,

BITE BT RERXMLIHIMEC, ERER=74.

SL (| T[)Min_ sum(|Vij(0<i<j<n—oss< S )1

CRPE: ERFELE, s TFTREFRANEARE WA, $&, i R BHT
B, ThEIRFEZEHA,

$2. (| T DMin_sum([3ij(0<i<j<nas=5)],

CHREFE-NERE, K s,

ERE—TAN x WBBRTEBRERL s MR, W s MR B/NAMBBGA, S1F
S2 H“ BB AHBIEEMMRE, ‘

RAVEIEH S1. NIRABHRBRBITH, 0%, FEROTIIRTLELHNES.

* AEBBRTRXHMEIL: BIEA NI H while B8 F LM MR RERY.

© BV, jRYI VMBS, £T 3, jRELM,
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o BuFIM, AR GHEA while HAKIEEAEHHRNER.
o RERMRAT while iBAFFRIENTRZ AN —FER, SRR while FHUMBFE, XeTRE
SWER,
e, - EENAERMTFRE
Invi(s,k)= Vi, j(0<i<j<k—s<S,) (4-12)

HHEY s DTHRFTHYRHENBE (B ERT) N IEMEBNB/IM, T2, E5HEN
EEFMF—HEIER. RIOA R, BN EREHER . EEEARX Al SRFAG
AR, BHEMESEER, MLEBRFLEE. XUHATIEE Invi(s, k) WM, T3
HTAXREENEHEREANBT TR s, k, KB FH2 & Alley 9 fun BHE
R,

WRAXNTAERFHFELERFR, BRELAACTERABRIEUERT T, &
MEE, BREBMT M. 8T RIFE o kI BTE RN RENR/M, XA
BEFERHEBTRXEN, BXTIYMHERBE I THRE—SENATERE

Inv2(6,k) = Vi(0<i<kot<S,,) (4-13)
BR  ART alk - 1] ERMEMBBRHM, RIOTWATRHEIEARKAER, B
Invl(s,k) A~ Inv2(¢,k) (4-14)

Bl 4-3 G TRT Min_ Sum i S1 B R, XMERENT S BHE.
* MAREAERA(4-14) MBRFAER. XBREHET while BANBRF AN L, FIEHNBR
HE AKX A ERNARIABE, XA T LG RIEREL 4. 20 gOUES o F LU,
* EUAXBREHRLAMNTELUERRTNERAM. SREVHARIHRE I 2E.
* EHAERM while BAMMABIE. ABELEL S AWHERMED L, HRTFLERQYLR
AL AT B AR (ALY T ) BB M

c(rrh
(| Invi(a[0], 1)AInv2(a[0], np E:-%C ]
k=1;
(| 1nvi(a[0], k)aInv2(a[0], k) |) WRAE
t=af0];
(| Inv1(al0], E)AInv2(t, k) |) W1
s=a[0];
(| Inv1i(s, k)aInv2 (e, 130D BB
while(k! =n)]
(| Iovi(s, kE)AInv2(s, k)aks%n|) AERBERADR
( lInvl(min(s, min(t+alk], alk])), kE+1)AInv2 (min(t+a[k],
alk]), k+1) ) - 4N (513 4.20)
t=min(t +alk], alk]);
(| Invi(min(s, ¢), E+1)AInv2(z, k+1)|) B
s =min(s, t);
(] Invi(s, k+1)A Inv2(s, E+1) ) Ry
k=k+l;
(| Invi(s, k)aInv2(s, YD W
J
(] Inva (s, E)AInv2(t, E)A——(k=n) |) 4> while
(I1nvi(s, n)|) %]

Fl4-3 XF Min_ sum @#H S1 #5745 2 iE e
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EMEIEA A R, BFF—HE2EHARNMAR., RITUVFTIERAE - ANEES
. ANXERESKN, AMATEEARTHAR. i, 5B THK Invl(a[0],
1)A Inv2(al0], 1): R Invi(ae[0], k)F Inv2(a[0], k)M BENE, kX 18
i, JH RO, EXERERLGRWIE, R, EHATRMBIZERA while 1518 54 BT
HEHWWERMX —EFHRTHEFWEREMAEE, REEHTEERESE.

513 4.20 s, tREEEH, n AK Mo KE, REARBALEO<k<n Peo &4
#E3l, M Invi(s, k)AInv2 (s, E)Ak#=n B

1. Invl(min(s, min(t+alk], alk])), E+1)F

2. Inv2(min(t+al k], alk]), k+1)

iERA

1 TR Osi<k+1 8, ¥iE®H min(t +a(k], alk])=<S,,. %i<k,‘ WS, =S, +alk], &t
BAE min(t +alk], a[k])<S,, , +a[k], RATHWHE t<S,,.,, FFURAMEL o[ (IRBBTHER, FW, i
=k, S, =alk], BMERBL, ‘ :

2. ERWEOsi<j<k+1 M4, j, IEH min(s, t+alk], alk]) =S, Hisj<k, ZERREEWN. &
Wisj=k, ZERESIBME-FHED, J

4.4 E2EBEMNIERRR

ELE—FF, RNERTEA=ZTA(|oDP(ly )RS ERER—FHEE, EX)
ERG, ERHEE SR E: REBF PRAXIEN, Fuo(lo)P(|y]) BIER A B
HERBRMNZPITH —BFER., HEPAHRERIER", B ERMEREEATMAE, x5
B, BATERS ERENIERSTY £, GZUTUERBELLE, -, BRIIBEL
B RAIBEME while BICl &3IRRIEHRENK, .

Beb, BT while &%, TAERRERZRANHARAUNS S Hr EARERRES
A,

while i /5] 89 52 2 IE 58 ¥ UE B3 s A 3B A MO AR . BB 4> IE A 00 E B8 L 2 48 58 while B4 AT &
ILBIUER . B, BIEHBOEREENMFEE, ERXQY REK - 6F B R4 25 59 12
o MR, MFLEBFRU, S EREEREILEREINE, %I 4.481(d)
A FF,

RILMEHBEEEFUTER, BI—DNEREXRX, 7 LEE S RITFiTE 5 while
BHUNBRFRZE, HESSA, BREERK, ERIITRIGEZ B4 FHERR,
BAEMR B while IBA—E L ILMGE, BIXNMRERET RO ZREERERK, &
HREEOMRARMYMEZ A RAH BN EHE,

AR BERORE AR N & 4K (variant) . DB 4.2 B Facl N6, BHHEEKE « -2,
BWHAT while BRHBFHE, KRERXWEHLBL . YT N0 R, while BAKIE,

RATATLE XM ERL SR TIRLSERESN S, BB T % T while B4 AFLI .

(InABAO<E=E/C(|pr0<E<E])

- ([p~r0< E|)while B{C}(|yAr-B|)
Eﬁ¢ﬂm¢,E%ﬁ%ﬁﬁwcmﬁ&mﬁﬁﬁ¢%%ﬁﬁoﬁﬁm%:%Ecﬁﬁﬁ,
ﬁﬁ%?ﬁﬁ@i&%ﬁ,mmﬁﬁﬁﬁmm?%,Kﬁ?%%#ﬁoﬁu%—#,n%
AZEHE,

TEAT B 52 & while SL 977 R 58 % while 2501, {H 2 1 2 B8 0 00 5 E B 4
W Fik C ¥ E

E4 while (4-15)
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(IpABAO<E=E|[)C(|nr0<E<E,]|)
HBAME n AO<E<E E@dBFKE LN, SHTFHTEHRAOARXNI nABAO<E=
E, R, THEHEA while EMMNEBHNERMF(BAKEAZLE)R 1A 0<E,

LU0 (|220])Facl(|y =«! DAERABRBAX I, ML Facl disil4.2 B
W
y=14
z=0;
while (x != z) {
z2=2z+1;
y=y %z

HEHEZL#RIL, » - B— P REMEEK. B ERMEEARFER (y =) (HEE, RAT

BT ERMEMN T3 5ERIEH .
(|z=01)
(|1=01r0<x-0]) 75 ¥R
y=1;
(ly=01r0<x-0]) R (A
z=0;
(ly=2170sx-z]) W {EL
while(x! =z)| :
(ly=21rz# z2A0<0-2=E,]) AERBITEA TR
(ly- (z+41) =(z+1)1AO<x-(2+1) <E,|) ¥R
zZ=2z2+1;
(|y°z=z!/\0Sx—z<E0|) V(A
Y=Y *z;
(ly=21 A0Sz -2<E,]) {8
}
(ly=ztrzx=z]) 554 while
(ly==211]) 2R

B, Ful|520()Fact(|y=x!|) RAMA . T T
o HH, HRIERIFAE while BAWTH O<r -2 X MEL, WEAM >0 RXRN, CHETIEN
P B MR R A 1201 AO<x-0, JIXE, & B HAK, M Facl R L,
o while IHAMBFHENRBEORARERY, BXRETHATHRIRANEANTL, XM NTFE
BI7E% F while BRI H 4SRN ERMEE S, HBHE while 154785 /K TR,
BMNTRENEREFEIRE -IBE, 4F—1 while REMMETEREEIBA,
R LU E BT while BAMNPIRREHENE RGN A ETHLIE ., o EHR
FEIHNBF, SURRTHAZERE WA MREARELH, #xBhititn kg
BB0H 33X 26 3 38 JB) £ — B¢, RERBERA BN RN EERRRNETRN, B, F#
ALEERMEEKER - ARESME. ERALRAOENSETHE,
BATH B— IR BIHERFE Collatz, EERHEIREEL LT E 0T H IS 6
B .
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Sh:f.f;(c 1= 1) {
if (c%2==0) {c=c/ 2}
else { ¢ = 3*c + 1; }
! .
XMEFH x WIREICRLE c B, RFEE—Ai(EF, HE(WR)c WEST 1, if iE4
WK c BRENBBE(TH 2 BR) . HRAR, c FHYMNER 2 RENE; ERARBE, <&
i HREA =MF0 17, RER c/2 FRBHEER, 112 HERES, 510/2 —#,
AERB BB LR, BE x WERS HOPITHE: c BN 516842

1o H5—HIF: & x WFRER 172, c HHELE
172 86 43 130 65 196 98 49 148 74 37 112 56 28 14 7 22
11 34 17 52 26 13 40 20 10 5 16 8 4 2 1

ABXEIERE (c KHESFT DBEEENIT 32 K while 54, #&, XM BR WAL S
B, MXBEITHASE, FRS5 MR x KA,

X x BV {E 123456789, F + (HLIETE else 53 XA 38H0) A1 - (FLAETE if 23X HEAD)
MEH c HBHEL:

—————— L e T Tl L T S VO
e A R T T T Ty + - -+
B B i L T T T P S S A,
A i e i e I T A I S I
L i T i Tl T S AU

L + - - - -

wﬁuz@mwg while BAITFERMN 177 K. BRPVGBRIEFLEBFRIL, HERSEEM
HE + A - R HES Collatz Xt x NIEMMEEM A RATHT L L Bigk Ik
WHEXE(RERRARTEY)

BiE, BRITFE DA ES XK.
32498723462509735034567279652376420563047563456356347563\\
96598734085384756074086560785607840745067340563457640875\\
62984573756306537856405634056245634578692825623542135761\\
9519765129854122965424895465956457

BAE W\ BB FRERE, REXHHE— T ER KB, 8 collatz B HE 4940 K&
BT AR, SRR, BAAMBEERTFIER(|0<x|)collatz( | T | ) A%
BFNGEEK. ERATHEREAHBATRER S TARLLERA I RNER,
RAVHERKE, BBAEAMEMN Collatz REILK x XF 0 MWWBE, BL L, HE
HREBERNEMY: FE collatz FA— IR F c WARAMNAEEZ AL 3 «
c+l, MBFATRAKIL, REWEMNELRMH0<x; RET 4416,

4.5 B/FRHKRE

MARHRIE(1ODPY ), ZFACSDP(|¢|) TUBEEBRFE P WREE S
REZEEESR. BREUEKERERERE LBAEHRL 6 WURRETERE P, WA, HEtE
R EREBITRRAREWE o WEREI([6DP(y]), BEHMHRIEREHT
BT S,

MFWESARE, BRZTAMNARIETRE N F R BiEmAS RmA, S,
TRy BB

int factorial (x: int) { ... return y; }

BB Facl WLUR - o 07 ¥k AR TS T LU L & 90 MR 0 4 0 O T 8 g iFLE S,
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EZEETH (W0 Eiffel iIF5), XBEEBRTHATIHTBRILER, B4-4 58T HE
factorial &K —FFa] BERE .

method name: factorial
input: x ofType int
assumes: 0 <= x
guarantees: y =x!
output: ofType int
modifies only: y

B 4-4 ¥ factorial —&

KB assumes PR T T A RTBE R, X8 guarantees SIMIA G B &M, Xig
] modifies only A FBRPT IR P PBEBEFART A HME,

RITEBNH AN FASE M. BERNGERLKS — ¢ﬁ§()%ﬁ& ()&

ﬁwﬁkhéﬁéﬁm—¢%ﬁ,mm,v()%%Mﬁﬁw¢ﬁ¢ﬂ¢ﬁﬁ6¢%%
SIS, R ZRE S TR

(3= o (4-16)

WAL, F¥s factorial REHAF(E 4-4) AT HRBEREE . MAR(4-16), RTLURRE

H— ey, ﬁu(2)=5!/(2! .31 =10, (16°)=1, u&(6)_13983816 RiE, KRE—4

F ¥ choose, WA factorial ik, B, HRTUE,

int choose(n : int, k : int) {
return factorial(n) / (factorial(k) * factorial (n - k));

}
XA HEEALE —A return IBAWE, ©=RIEA factorial FiE, REHER(4-16)3

BHER, FHMN LAY, fEAHéﬁETﬁZ SERFEAEX, EXAS5EBRFNAREAE
Ko choose WBARFE, FIMHELARK, REEALSF, HENELRM (assunes) HIEE
%M (guarantees)EAIE?

ELMMBORAE RN, URBREFEENNEFE FEAAREEC NGBS, &
EXAMBITH, BIAIRAAT factorial, HIfBERG I EMWHMAMEIESR, B, TR a,
k, n-kBMRIEGHK ., FHEYH n DTk,

choose HF ERMMMAIR? HR T EEBEFHRHER, R result FRiEEA4

ﬁ&%ﬁ@ﬁoﬁﬁﬁﬁﬂﬁm%f%mx%$(j,@ﬂwmﬁ%#OshOsnﬂksn
ME, RERKFTR4-16) BEHK, HIL, X%F choose B‘JAFD@

method name: choose

input: n ofType int, k ofType int
assumes: 0 <=k, 0<=n, k<=n
guarantees: result = ‘n choose k’
output: ofType int

modifies only local