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Tur oIV EEOEWR S B

ERIEAN
FUHR K R RATT BIF SE Pl

B =

Tar I IVIEHEOBEKR (Fur 7 ABKR) X, Tus 7 AoEREERIzE R -
HEMATHZIcLoTarva—&Y 7 by o 7T 2#MEEZMRT I 2HNE TS,
AV — XY ATV AD—HHTT, I Tk, SR RARKZOLEE L EbN 5B HN
ERICGHINTETE Y., SXBHKZ I Tu S I L ERGRE2ELIZ L IIR#EE VW ->THBE

TIEH Y FHA,

ZOEETIR, BinrHW7 07 ABEWRMOMEEHNMLDD, £ ZH 70T T LEK
HWIIROOSNIBELIWZED LS R DRDH, REEBRZOD, &\ ERERIZ, AR
IZBEZTHRIZVWEEBWET,

1 7AJSIVIESEOERME ILRICH

Tas S5 IV EEDERRE X, HMR T OS5 LDERIIH DEFENLEERE DS LD, O
THILIZEoT, 7T I LIEUTHED M OARBENRFEHZELS Z 2 2HNE T 5525 TT,
ZOIAELT, 7l L00RBURWEE. 7025 A0MEOKGEE, B0 THES T LD%H
1t - bR EDnBIFonET, UL, FLAEDHIZE->T, Bt WS DIEH £ 0 BIgAD
BRWEETRERZWALEWET L, %Mﬁﬁ?t8®i5mﬁ%?é®# T 52 NN
HNhEzHA, TIT, 3. THEFH 0T IIVIEEDERMEIZIED LS B RD MO
WTC, EAMRE ZADNSMHL TV EZVEEWET,

1.1 O35 LDEKE I

TasSIVIEEOTO ST AE,. AV A — RN E IEEEODOEREDRTENETH
b, @E, AREDORESDFELUTEZONET, LAL, EB5INITIZL OS5 RITHEA DK
fli> TVWEDLIITIEEHAAKRL, TRITILORET I E=7077 LOEK (semantics) 12

DWTI, FIZERTAIHELRDHDET, ZD, 777 LOERERFNIERETLHZ L, LU
* OHGR %aﬁﬁaw Lk, TOVZIVI/EEOENKMR (TO7 7 LEKR) LIWUET,

TurT IV FEOREERmIIINV OO H D £, TI TR, TOMEE, & THHHM
mIMTI IV EFEEANCE S THHL T,

ELASE HARMEZIRTS, CCoffifh BN TusI3IV /58 FBE2EAET L #
i LT, Z2EEHODTIHET x,y,2,... 2HONPULOHABRLTHEEET, FBO T s 7 Al B
TDESBEDTY,

1. Z2HEESEZFBO 025 L Th 5,

“EERRNTIIZEATES 38 [HIEEE AP ARG EERC AR Bk (2016 4 9 AEIE)
LB fA4E (Boolean) % 5 BAKUM (Functional) 7125 IV E5E, W52 0 THEYIIOT LT,
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5 TEFIXFBOT U I L ThD,

o
pa{lly

3. PRRNFBDO 77U I LTHBLE, (notP)IFFBDOTHU I I LTHD,
4. PLE P, RFBO 7RI LTHBEE, (Pland ) IZFBDO 7075 LATH 5,

5. x BEFGE., PLE PR FBOTHTILTHELE, (letzbePlin ) IdFBDTHT T A
Th 5,

6. LEDOHAITHESNEZEDE TN, FBOTOR S5 LTH5,

ZDEDIZ, EDESREEFNELWTO TS ATHE0E2EDHHAI=C1E (& F Ol
A) DI x, TUTI7IVIEFHEOENM (syntax) EEVET,
e ZIX, MR LS5 R EFIEFB O 70y 5 LA TY,

(letxbe (T andy) in ((notx) and F))
T I L POTORBINTVWRVWEYN (BHRAZH) 0L fu(P) %.
o fu(z) ={z} (272U z REWED)
o fu(T)=fo(F)=10
e fu((not P)) = fo(P), fo((P1and Py)) = fo(P1) U fo(P)
o fu((letzbePin Py)) = fu(Py) U (fu(Ps) — {z})

EED, fu(P)=0,722 %57 PO i2FALALTATILLMERZLIZLET, BHUEZ 0SS
LE. EBDPARHBREER W Ta 5.0 87, EH5ERX T,

FBOM U707 T ADRKIE, EEWIZIHIZZFEWPZ L EWE T, 22K a7 J 4 (P and )
X, P OFMEERE P, OFERRORMEBEZRKDOLEDTYT, £72. (letzbe P in )&, P D
BERZ PO 2 I2HTIED, REIBIZP, DHEZITIED, LEXTELIZAD ZHA,

1.2 BR{EMIEERER

EBNZTU Y5 I VI ESEDOUHERITT 5 T WD &S R EAKNREFEOHAIZ LT T u s 5 40
BikE 52 2HEIL. BENELER (operational semantics) & FHENF T, BIEMEWRR®EZ 5
Nde, AvEa—XETEET S0 I IVISHEONEREG A5 e (A &b FER
IZi3) TEHDT, BUETIE, BENERRIEZE, 70533V SHOEREGA2ENBTIEL A
mINTWET,

FB O#fERERmIEZ, ARO LS iIcEdonET, FALZ70 T I L Pz UL, DOETHERD
Ve{T,F}ThdIlrz, PV EEIZELIZLUET,

LTYTTHhd, £/, FUFTH 5,
2. P TS5 (notP) | FTHB, PUFZolX (notP) | TThH2,

3. P1iLTfJ‘“DPQUT@BCi‘(PlandPZ)UT’C“%5O P1UTﬁ‘OPQlLF@I66f(P1andP2)UF
THb, PLUFASIE (PlandPy) | FTH 3,

4, Plll‘/li?‘o PQ[.CL' = V1]@Vg@t%&i‘(letxbePlinPg)lLVg ThbH, ZIT. P[x = V] X, P
DEPD (HHZ) 2Bz 2T RXTVICESMATHRONSE BT I LTH 5,
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BHREZOHE (BEHEAR) 2ZHWTC, [Z2THa5] (X HBS5XZ2TH5] TXPOY R ZTH
5| %

. X XY
Z Z Z
LRET D &, BERERGRO AN
PUT PlF PyT BT
TUT FUF (notP)yF (notP)yT ((PrandPp) T
T PUF P F PLVi BPlz:=Vi] |V,

(Prand o) | F ((Prand P) || F (letxbe Pin Py) | Vs

LD ET, 22X Fu T L (letxbe (notF)in (xand F)) O#EAEREEIX, U FOE L ARTR
I, TOERMTHEIIF &4 £9,

FUF TJT FJF
(notF) 4 T (TandF) | F
(letxbe (not F)in (xand F)) |} F

ZhiE, Tul I L0—EEIEREEZEHZ TV, UTO LI REEATY T7OFHIZHIELTWET,

(letxbe (notF)in (xand F)) — (letxbe Tin(xandF)) — (TandF) — F

1.3 RTHELRR

—H. TRT I L%k, BARKRET AL EHNIZ, RA S D ORAM IR GG S B TRk E
DD, LWVWHMELHLET, Iz, RRHWEKS (denotational semantics) &IFUE 9,
FBD 707 J L POXRFRINERIZ, fo(P)CT THDEIBREBOELT LU FOHAITEE S
FAMEREE [P] - {0,1}F — {0,1} THASONET, 7L, {01} OEFEE2GHp: T — {0,1}
THRTZEIZULET, 72, RRWERROBEE T, [P)(p) % [P], £ELSZ&ITLET,

[=], = p(z)

[[T]]p =1

[Fl, =0

[(not P)], 1—[Pl,
[(P1 and PZ)]],D [[Pl]]p ) [[P2]]P
[[(Iet rbe P in PQ)]]p [[PQ]]p[z,_)[[Pl]]p]

R URBDITDALT, plz— o] 13, 2 BMADEEIZOWTIE p HAEDDEZID, 21220V TIE

v T B EHTT,
BIZ PO 7005 L, bbb fu(P) =0

SE1E. [P], DIEIET & p DELD HIZ & S50

DT, T =0, p 3EEAEERB LTS HIEE 254 LTHW St A, Z0BA. [P] =[P,

13{0,1} DERELFE—-HTEET,
7= & ZIE.

[(letx be (not F)in (xand F))]

70275 I (letxbe (not F)in (xand F)) D2 RAERIL,
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L0 £9, BN RN S IR T 5 &, SHREMRIZFAL (P V A2sX[P]=[V] T
TH, FORERROF RSB S U BIENERRAED SFHHRAT v TLEHIG L TWwWanZ &z
FERELTLEX N,

FB O (@3 2 HHAKEKD) Y0 s I A Ric, FAEBGR~ %

P~P s[P]=[P]

TEDET, HLZTB I L P, PIZDOWTIE, P~P ThbZ2e, Pk P OFEMAERN
TH5ZE (HBVIZODWTPIVHIrDOP || VEREZE) B—HLET,

BEREIRGR D 70 77 AOEBOEIMIHE I EDTHHDICH L, RAWERRIZ, Tos 5
LOHRALANE (FB 745 HiAEES &K OCFAMBEE) CEHLUET, Mgbd 28Iz, Yus 740
HDPWEHEAT Y THREDER2K[UTTIHEIH D FHA, FBOESREMIECINULEES
LESB DY ERAN, oMz, BHENLR TS5 IV IEEIIONVTIE. Tus 5 L08R
WO, FHZHID I2WERD 72 2 A P U T ETIZHMD FT I e N REEEII R >TEETH, F2
DRRVERROBIMKRE HEVWIRELIATT, THIITLOMEEDS B, 7RI IFLDIELID
MEERPWRIZENLT D -OICBE L LB o 2L L TR I, WS bIFTT, 51T, fiR
3228 T, 57077 IVIFEIIODVTRLNFEREZ, FUL G2 >0 70
FIVIERIIBILBELUCHHTE S L1245, AN - —HBMEd XRAWERRO R TY, Th
XU, BEREKGRIE. BERNTH 0D 212, T ULHAIZEE T 2720 T7u s I LOEKRN
KELEDoTUEIRHHNRVEVWIEEX - il S 2R >TWwWET, BIIED 707 J LEKR
. ERERTER G & R 2 BB EE S, WEOEMRE AN L THE - ISHI N THET,

1.4 RTFENBEKRH=FTEDOFLE

iz, FORMEIRGRD,. 700 7 LOMRNBENBEIZEHT 2D THS LikRNE LTz, TONE
DD FFIEEIXD 72D HHBEDTTA, BAKREATZ VRS > b & LT, #RRMUERRIEEDOFEST
DBFRIZBVWTAETHDEIITED D, WS Zenhh 7, & x1E. FB OBRIEREEKRD
T8 B FHA D EFE

(letxbe (notF)in (xand F)) — (letxbe Tin(xandF)) — (TandF) — F
RS L,
[(letx be (notF)in (xand F))] = [(letxbeTin(xandF))] = [(Tand F)] = [F]

& RRERIZEFEAT Y 7OHETEILL TWRWZ Db £7,

T4 BRIV VY - a3 AORT, TRAFEITE5EZ 5N EAHMEEHIET 2R
DEMMTAE LR OMEZMET 2FMTH L] LR, ¥a¥z, HIEOEROAL R ENILT
DHFEUTCREDOITE LTz, 7077 IV EHEOERRIZOVTE, 7714 VIRDORANETH
B Thse, MIEZATVWET, SQALILBIZFTLDERS, Tul I 08 =31HE%2ED
2DDENERFRTH O, —FH, TR T LOFHBEOMETAELREE =L R %2l 2 DNHRR
RO EIE E A £,

2O, RpWERR=FIAOARER L WS k., Tus 7 LAZKm LB RRTRMY) 280
M b X BB S 2 5 X CREMAITE A, RiF, Hfiics, a7 2B RARTHWS WS E
ARG D, KIROE R B Y — RHZAEOCH O ARZRIZE W THW S N2 B e ik & S5z
HLUTWAIZEHbhoTWET, ZOZLIZOWTIE, #EHZDOEDITS Thinznwe Bnwxd,
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1.5 ZDEEDHEK

WHOTH LTI IV SFHEOHGRDMEBTIZ, BRONK LR T0T T I VI SHEORS - Sk
DEHEEESHALHGZ, REPBICERMFOFBmZIXLOHFET, EEE FBIZOWTIK, BBLRZ
DEMZEEUTHHILE L, LAL, ZO#EHETIX, 571X, 7007 00 GHITIEE AR
WEH A, RAKOHMEIX, EGRoOFINL, K FRPEF LNV 28, TUT, (X
MOHEMERN S IEBMD 22T 5 LB NETD) MXGROKFIFHZ2DBHDLDLHBHIZE NS
ZeTY, BonzEHonrTlEEGHE AW 7075 AEKGKOAE (LRBES L) 2852
T 572017, HXGRIFIZIFHEL £,

£S5V D, UTO#HETIE, HAMICERNERGZ T 2V, BEREERRIZMN S Z 2 13d
F0HDERA, THIT, GRS 272012, BSGHIZERET 2 EERERGIZ OV TH
UCBZEDHLY, EWHZEEHD FTH, ATk D, BECED < ERiRE, RRUERRBOIZ
SNV EARMTH D, BIENERGRIC O W TERMIZHR U 5701218, FRIEKRR 2 0 12 Hfg
THZLEWARUMTHS, LWHHEHELHL £,

E7-. BRI T 00T LERG (FRRIERR) ORMIZOWTHELZ s e LV EHETTO
T, BWEIDEMZRDIAA, UTFDOESREDHFEZLZVWEEWET, 9| BN EKRD—
BRI IOV TEBI L £ 9, K58, I DDEERT —AZOWTHALET, 0&2ik 7
WTIV7 VB IHEN S EEICET AEETT, ik, T AXFREIFENSEREET LR, E
BT 7T IV IS5, SOICEHGIHREY AT LR EDBEKRD, - & b IEMR I
D7,

£E50EDIE, PU—A[FEE /A4 XVEICBET 258 TT, 26561k, BRI 87 7 L0EKR
X, HEEHORMEIFENIHEETVOEBEL 225D TTH, ERFEVCHOETFAZELEH
WEERDIH D T,

il L \EER T — 3L 4 H 0 FTH, (1) PHOMEEDOMTEEMENLASEBDSNT NS Z
. (2) ZRECHHARGON L RWZ ., ZLT (3) JHAPEERZ L, (4) #EZOFHOMN
HRIZRAEZ 2, LWHOBELRS INSITERTAZLIZLELE, (3BAA, AT >THREA
EWEEETHL VWS 2 RERMETT,)

CDFHEOMWE F, BEOMEIEEMRELRZVE WS DIV E FH A, EREGZERIZOW
Tk, BETIZERARMARLUTVEZVWERWET A, R, Zh7Z > TuhiE7z Ak
Lk, EWnHFLHERE (FERA) 2O TEEETDT, BFIZLTWEEITETEENWTT,

2 BEEmMAERR

2.1 FBOEK®RBEZE

FB Tlx. 707274 P OFRRNERIE, EAEBEEK
[P]:{0,1}" —{0,1}  (fo(P)CT)

EUTEDONTVWE U7z, EiF, £E{0, 1} IHMEEOEA X TESHMATHMED Y FEA ([T]
Y [F] 2RAT 2720101, Z722 EOBEEAROEATHIHEEH Y £T), £/, HHEK
DEA fu(P) IFERESTTOT, THEMREGL LTRL, 707 T L P ORRNEKRIK, B

[P]: X" — X

(Z2ZUn=T. $ab05T DERDOMEL) TLVEZXSNET,

IHIT, TIETELSMOBHRELTEE LAY, EDOLI A, [P &2, #YLE D@ Y LdR X
IZOWT, X" 5 X ~DH, ELUTLESTHMOELLADHD EHA, 7272, CALETHR
WEWI DT TR, AREMZROZ EHBETT,
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2.2 HBREEZFEDOHE

B CoOEREONESE X, X, DERIX, IR PEHm: P— X, (i=1,---,n) (FELEINH
£9) OfT. UTFOEMEEZRZTHDTT,

BEONRZ 8 f;Z — X; (i=1,---,n) TR L,
fiZWiOh (z':l,--~,n)
ERBHh:Z > PWREEOEDEET S,

WHR X, -, X, OERIE, FETUE AREZROCT-BIZEEVET (EHEH-TH, Tholdd
NTHWIARIZZD ), UFTIE, MCRIRTOAREMEZR2EDOL L. HR X, -, X,
DEMZ (AELZHEDDSIBERL) O EDEELTHR X x - x X, BEOTH m 0 Xy x---x X, = X
(i=1,---,n) DMTRITZLIZLET, TLT. R ZEH fi:Z - X, (i=1,---,n)ITHL,
fi=mioh(i=1,---,n) LR55 h %,

(froosfn) 1 Z = X1 x - x X,
TRITZLIZLET, 5L,
mio(fi, -, fa) =fi (mog,--,mmog)=g
(72720 g:Z = X1 x -+ x Xp) RO LB ET,

HES
e n=0DHEDEMENR I TERT L, FEONLZIZHL, Z256 1~DF () : Z — 12
—DFETAHI LI ET, TOLSR/RITEEREMFIENE T,
e W fi: X, =Y, (i=12,...n)ITHL, B fix..xf: Xix..xX,=>Vx...xY, %,
fix...xXfo={(fiom,...,fnom) CEDET, ZOERIZLD, AREFZFOECIZH

W, B (X, .., X)) = X1 X ... x Xy 0 (Ob(C))™ — Ob(C) 1& C™ 225 C ~DOFEFIZHLIR
INET,

2.3 FB OB#mIEKR

HREERZE OB TCFBOEKHzZzE5EATATILED, CEZAREREZ2E DB L., X 2 Coxf
RELUET, F/2, Bt ff:1 =X, not : X - X BEWand : X2 - X BMEEL.

notott = [ff not o ff tt
and o (tt, tt) = tt and o (tt, ff) = ff
and o (ff,tt) = ff and o (ff, [f) If

EH-THEDE UET,
FBO7UurSLPY, EVIRBEEZERDI xq,..., 2, ITDOWT, fo(P) DEZEN 2q,...,2, D
HFIZEENTVWELEE, [21,..., 2, F P]: X" > X ZUTFTOLIIZEDET,

[x1,...,2n F 2] =

[x1,. ..,z F T] = tto()

[z1,...,2n F F] = ffo()

[x1,...,2n F (not P)] = noto[zy,...,xn F PJ

[x1,...,2nF (Prand P5)] = ando ([z1,...,zn b Pi],[z1,..., 20 F Po])
[

Z1,...,2n - (letzbe P in Py)] =
[z1,...,zn,x = Po]o(my,..., 7, [21,..., 20 F Pi])

6
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7z 21E, a2 T L (letxbe (notF)in (xand F)) D CIZ B 2 &KL, UM TFDO LS ITkdonFEd,

[F (letxbe (notF)in(xandF))] = [xF (xandF)]o [ (notF)]
= ando ([xF x|, [xt F]) o not o [ F]
id, ff o ()) o noto ff
id,ff o ())ott
tt, ff o () o tt)
tt, ff)

= ando
= ando

= ando

o~~~ ——

= ando

= f

iz, C% Set. X % {0,1} & L. tt. ff+ not. and ZEYNTEDNIX, BTG A 72 FB OFREKR
. OB ERRO —HILRoT WA Z Db T, T4hbb, p(r) =v (i =1,2,...,n)
ThHhdLTDE, [Pl,=[x1,- 20 Pl(v1,...,0,) DD LH ET,

ERZERHOBEOH ERTHUEHRA RAWEKRTISHWSNDIE DO E DI, SiEIHF &S
(EMEZIZBUNGZ R D w-ZEEIHFES) OB Cpo2’d b £9, HIHFHES (X,C) W/NDEHE
ZRiH, X OERDO W HHFS

oCzxiCaxaCazC ...

PR | o 2RO L &, (X,0) ERHREEF A LN E T, SRR ES (X,0) ORI
B, LIZUIE Ly ERALUET, SEEFES (X,0) & (V,0)1KoWT, B& f: X — Y Al
ThHbH &L,

1. 21 Cae 785 f(x1) C f(x2)
2. AJHBHF 2o Ty Cae T...122WT  f( @) =1 fas)

MDD EZVWNET, Cpold, EMEIEPESZNSRE U, EHiEHRE2HICFROBTHI. A
IRERZ RS 9, BERIIZIK, ZMPEEFES ORI T, ERREBRLFHFE=FEIELARWEHEZ
HobULET, EBNARTO I IIVIFETIH, LEoR0nwIurI0%2EBI5ZHFEITETH
EHETT, FrZ, HR7e7 70 (A0BEE2FOCHT IS IcErNEZTB T T L) 2FFDOSEETIL,
JEEIEVE I TlIRENEEAD, Cpo ZHWVWT, ZDO LS LER AT 7 LADOEKRZIERHIZT
LAY MZHTZZBZEDAHETT, ZOFHEIZDOWTIK, F-EEMNET,

{0,1}, %, BHE%20,1, L2 L, X2 Cy & (z= Ly £72& v =y) TEZE 2 5%MFIEF
452 LET, FB OEGRNERR T, (C’?\_"Cpo\ X %2 {0,1}; & U. tt. ffv not. and Z#EYNIE
DX, Cpo lZH1T5 FB OXREZNENRRMIFONET, FB OFHEIXTRTEILT 52D T, Cpo
Z i S ﬂéiFB%@%@Lﬁbfi%biﬁhﬁ\FB%E%fuﬁ?A%%TiﬁK%%T%
. Cpo W= EKmVKIZILD £ 9,

BEREFEERETZIEF AREFEEZFHOECHELIUODIZOVWT, MFF:C - DLPEFREME
BETHIEIE, CONRX,..., X, DEB X x..xX, EZ0HEn : X1 x...x X, = X;
(i=1,...,n) THL, F(X1x...xX,) & F(m): F(X1 x...xX,) = F(X;) G=1,...,n) »,
DIZBIF B F(X1),...,F(X,) DEREIZZRSZLE2VWWET,

4. BIC(FB) ZLFO XS ITEDET ¢

o C(FB) DX RIFIEAREE0,1,2,...

o C(FB) 2B 2 m» 5 n ~OHX, HHEER 11,..., 0, TEENTWVWE LI BRTHT T A
Pi....P, D~ DOFEEEDHM ([P1],.. ., [Pa])(s

~~~~~ Tm)
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B 1: Bkx T u s 5 I v T EEEOREE L WSS 5 RIS D4

— BRI 0 T A BRERE % f5 D
PR T 1 7T L ANT VT v EARE
BIWERZLES T2 F L BRERZFEOE EOBES R
HE a2 A EIRIER % RO Lo A8 1
et R VT YT B
IRl T/ 1 X)VHE
FHEAEFH D 3 fv ML= EE 1 XIVE
% DT — X BFDIaMRE, BAREL BRI

o n LDEFEH X ([$1], R [xn])(an ..... )

° ([P1]7,[Pm])(g:1 .... ) ) b ([Ql],,[Qn])(ml ..... Tm) m—)no)é\)ﬂﬂi
([letzi be Prin ...letxy, be PyinQq], ..., [letz;be Prin ... letxy, be PyinQnl) @, 2
C(FB) iZAREMZF2ETT (my,..., DERIE M +...+m, TT), FEix. FREF%Z

%Ol@kﬁb<umﬂ#bcmwﬁﬁ%ﬁﬁ?é%$%5zé Llx, Cizslr2 FB OEK
EGxBZee, UolzbELTVWET, E50WHZ2ehend e, C(FB)OXR1%2HFTS
DUEE X LU, and % ([z1and 2]y, 4y)) 1 2 = 1 ZEIFTTEHEULE, BT Citbl
52 FBOEKW@wmZ[FL2ILNTESET L, HiZ, CItBIT2 FBOEWK@wR”® S, C(FB) 756 CAD
ERZ AT 5EFEHEKT S L BAERETT,

ZZETFBOERRIZOVWTHINAS RTEZ LN, EHROSHETENT S L, FB OFRRNE
iz 525 Z &id. C(FB) »SDEMERETIEFEE5A5Z it EA,

2.4 BERNENRm=WEZERET IEF

IDESIZ, FBOL S REMABEBI Y075 I Vv EEIIonWCE, AREMZEEE, A
IREREZ R T 2EFLRANERREZ 52T, ZIERTIERL, KO EMLRSIECOVTE,
FREDZ ENEZF T, 72770, SHEOMEEIL U T, HELZ D TR, IEIEnErHoBE.
ITNODOEEERRGETIETFEEZEZALELR DD T, Mgz W70 7 LB KRTIZ, TOX
D KEEEREL, G2 OB - MEZRET 2HEFOUEY AR ZTHARD Z L BAREWNTT,
112, E<HVvoNLHEEDH ZFZEL TAE LTz,

ZDH#HHEDED TIX, TOLI BEEOREHE LT, AVTFIVTVEHBEE N —AffEE /AKX
IWEIZ D WTHEHL £9,

3 ANTFTTUEHHBE
3.1 BNEZSASFHESEHRIOISIVY

DT TITIVIEETIE, TR ILET—REARTIENTEET, 2, Tur I
LETF—REUTRZITED, T 27075 5%2EL ZENAEETT, 612, [T0s T L% 08
TEHETOTITL] 2FERET—RE LU TRITWA LI B TOTILEEZIDLI N TEET, I
Bt & T LAXEEY (G BRI S0 I V7 35ETIE, 7% L o iZX L, 0 DT —
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REANNEL oy DT —2%2HNT25707 507 =28 (BI) 01 = oo PHEINTWET,
2, BEOT—2BEzint ThobT e, BELEOBEKEATTE L, BEaHihTs () B
BORIL (int — int) — int &80 7,

DX BEBHOERREGEXBDMN, ANVTYT VHETT,

3.2 ANTITUVEHHE

EREREZEODEONE X LY IZHL, XY DHEXIZ, R EEHec: Ex X Y OMT.
RO M %2235 DTT,

AREONRZ W f: Zx X 5 Y IZHU,
eo(hxidx)=f
B8 h: Z — ED72—D2FHT 5,
UTFTIE, ZOEIBNEEZ20EDBATYX ERHLL, fZxX s YIZHL—-EiZExd
h:Z —-YX%ZfToRTIZrizLxd, $5&, %X
ceo(fxidy) = f (f:ZxX—=Y)
co(hxidy) = h (h:Z—=YX)
AN I RVASE S IS
AREFEITARTOREELOEEZ, AILTOT7VRBEFUET,
7l

o RELEBRDE Set 13, WVT VT VHETY, EAX LY DR, HEAY X ={f: X >V}
B&UOe(f,z) = f(2) TEDONDIEM e : YIXX - Y ILEoTHZIONET, f: ZxX =Y
UL f:Z =YX (f(2)(2) = f(z,2) TEED £

o EEOECIZNL, BMTOB(C,Set] (LIZLIEMEOEEIMENET) EHLT V7 v
<.

o SElHEIEFES L HEB G4 OB Cpo AV TF VT VHETY, %MEEFEAS X = (X,0) &
Y =Y, 0) L, BuRiE, X 256 Y ~NOlEEREROES YX 12, FIEF

fCg & TRTDze X IZDOWT f(z) C g(z)
EANTZEDE, e(f,r) = f(z) TEDOLNDEGHe : YA Xx X YV ILEoTHEAONET,

o R MVEMDME Vect & HARKTRZ MIVEMOE Vectid 13, WIhbARERMZRS £
I (EMZEETEZoNET) B, TNSOBIXEZR-2WDT, AVTY T VHB TS
DERA.

BWMRNES ASEEDOERSR I TIREMICIIIOAD HAD, BHANESSLSHE N, &
XN BEHFARDID D £9, A 1&, FEMEIEIXN S FEFER R e AR Z 2RI TV,
TRTCOEBEBM 70275 IV VEEOHILLEVWIREEDTT, FB » o A REMZ R OE
C(FB) 2 LD L 2<AUHIMET. A\ 6. AVTIVT VB COL) 2HKT 2 Z N TE
F9, TLUT, FBOEALEBIC, WA E S AXFHEO VT Y7 VHE C 2B 5 RKEH
Bkinz, COL) 2o CANOHLVT Y7 VHEOHE2RETA2EFL L TERMETEZ MR TE
E
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4 ML—RAFZEE/AYILE

ZInoid, DLARITRIZZD IR TUVIVEP ML —ZA2FoBE, 20T 0T LEKR
B BIGHICOVWTHALET,

4.1 HBR7O75LDTEEEKR

Ta 7T LAERIZBIT N LEEETH 5. BRI 0TS LADFKRIERRIZOWT, A
Bz LIZHAL £9, BEE AT BEE B LT 5870 s T L

sum(z) = if =0 then 0 else x 4+ sum(z — 1)

EFEAEY, T, Tu7 I L0EE (=D4AD) THY (sum) 2FOHTHE B S S ATiko
TWVWEY, 722 21E, sum(3) DETIE, 3#0BDT3+sum(2) & sum HEZIFTH L, PARFRER
AT T34+ (24 (14+sum(0))) IZEBEL, sum(0) =072 DTHI3+ 2+ (14+0)) 23HLT6 2%
ZEUTERUET, sumDEIBFGETO ST Lk, ZOEITHEIEIET S LIERSBRNDT, ¥
B LB EEDET, £ LT, sum DED LI, MABEHERAED Lo (L) B

0 (x=0)
F(f)(z) = Sz+f(z—1) (z£0DD f(z — 1) BVEHRINTVWEHEH)
RAEH (% DAt DL E)

DOARE T UTHMATEET, sum IR ST, HIR 7027 T A DRREZERIK, WY 22 EE8O R E) K
LUTHEZZ2Z2NTEET, Bz AWARRUERR T, TOXIRHR T2 T LOE KR
WA ERAB R B EEE. AT L g nE T, AREMEZHFOECIZBWT, BLTO
G BT EEDRE () C(AXx X, X) 5 C(A,X) 2AVI T A RHEEEFLITOET :

o fiAXX 5 X h:A =5 AIZDOWT floh=(fo(hxidx)):A =X
o [1AXY = X, g: AxX 5 Y IZDPWT (folmax,g)l = folida,(go(may. f))T): A= X
¢ [PAXX XX 5 XIZ2OWT fIT = (fo(idaxAx)):A—= X

INSDEMIE, BRI AOARFREERGDIZLE AL TRTUIDWVWTHEILL TWET, REH
e LT, SefiEET S DB Cpo dIF 5N E T, Cpo Tl #HKEH f: (X,C) - (X,0)
ESSUNDEN = S SN o A = K== b |

LCALCEALELSWLE...

DER|| ML) THEASNET, LD sum 2FII2E 2L, PEIEF I3 LD B R 72T
SEEIER R A O EOEGEHRTH D, ZOH/NAE) UL sum DED 2Bz D £ A,
PAE TR AR 7 BRI 2 RE) SRR L. B8R 1 9 8 0FERF Iz i, BN E DT
3, 199 0FRIZAR>T, PL—ARMEE/ 1 XVEL WS BENAT FEERR BRI SN T
Do, ZODEORFIZEMANREL EF U, ZO#HEDOKD TIX. ZOBH L WERIZOWT,
W O FF 3 HiPH TR L £ 7

4.2 EF/AYIBENL—R

E/ATIVE T/ ATIVEHLWIEZTVYILVEBIC = (C,®,1,a,l,7) 21% BC&, ZIUIHET 2
TUYNWEEZIE/ AL ELIEINIEF @ : C?2 - C, BADTREIEEND COXNRI, TV

10
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IVBR & B R OFEAHE - AT AEY LY e NP A7z 3 AR HRE  ag g o (A®B)®C =
AR (BRC),Ia: I@A S ABLTry: AT S5 ADHOZEEVWET, a,l,r BT RTEE
WTHDEIRE/ A XIVEIL, BETHLLVWET, BT/ A XLVETIE, AR(BRC) &
(A B)@C IEZRA—DOXRTHH, AQI, IAL AIZDVWTHFHAKTT, [EEDE /1 XIVIEIX
BT ) A RV E (B A XIVEORE % & ITRFET 2BF2 A L) FAETYT (ae—L v
ZEH), TS, B/ A4 XNVEIZDOWTERT HEITIE, a,l,r DT LIXENT, H20H KR
E/ARXNVEEZRE>TWEEIIZARLULTHMED D FHA, UTFTH, o, l,r DT EIFEHL TR
ZHEDE T,

TLA R NSUR, WHtE €/ 1 XVET, &M CA,BRC = (idp ®CA,C) o (CA,B ® ido) BXO
C]Eé@C,A = (z'dB®ca1A) o(cg’lA®idc) iz ARE M cap: A B S BRAERDOED%E,
TLARNEE/ASIBEIFC, cldT LA REENET, 51T RZUYRAHEIVIEYSI R ML
IREN D A HAREH 0y A S ADFIEL T O = id; BE T Oagp =cpao(lp®04)ocap %
AT TUVA RNEE/ A XNVEE, NSVAMEE/ASIVBLETFTET, NTUVANEE/ AKX
BT, §=id (L7zD>Te=c!) BEOIDEDIX, WFHE/ A1 4B (symmetric monoidal
category) ZIEIXNE T,

ZARNYVIOER E/ A XVEOHE, BRICERTSIENTE (LIFLIER Y —AHAP A
MY VIR EEENET) . TNIEHOEGEN R ERIZZ WU TRANTY, ZOETIE, 4
fiAIRA®..QA, > B ®B®...0 B, %

A, B,
Ay f B,
Ay B4

EHODLLET, PFOEKRPT VYRR, ZNENOHPNIGT 5 MOES D% EL L ONiF] D72
ETHODLULET,

T -0 2 -

gof o

g

7V4Fq“yA®B—+B®Aﬁ§%j:X::tbf\i#qugB®A—m&®Biﬁﬁ%®

s X TeLThsbLET, TLA FOZMFRE, BFOLSKHRTE T,
C A C—\ A C /—A C /—A
e i e e
A T~ U NS ANB ALB

NITUAy: A= AR, AL 2-THo5HLLET, 0 BHHEDOALNL =TT, NTVADLK
HRLEUTOLSZHSbEET,

~ B B B
p—
=T

11
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PSSR B WK\%/4@»%KBH5WW%@W@%§Kti?O%/4ﬁw@®ﬁ%A
D () BREIE, HR A BEOH I > AQA L ey A QAT (%fn%‘fnc: D

THRLEY) T, &

i30T T, VRVEBEIX, TRTOUENPWUNZ2HH.

g:J_

DEONDEDBNTVAMNEE /A XNVETT, BB, dWe =1, c=c ' THELI%) YV
AUVEIE, LELiEaryn"y  EBE B FIENE T,

e zIE MK IZ2WT, K EOARRTEIEEM %2 MR, £ 55% 52 R 2B Vecttd
F. ARV R VE (Thbbar s NHE) T, 2054, TYVIREU oV IO
TUYVYNMEU @V, BANRIE K, 7V1 Ry RUQV 25 VU ~NOHBARAIES, N7
Y AREEFEHTH Y, U OB U* 1320 hom(U, K) 12 & b 52 50 E T,

LL7FITiE, ARPEE, HPEEOM DO _IHERTH H5E Rel D Y £9, Rel DIEES idy :
X — X (3EFEER {(v,2) |z e X}, $THBEBRR: X 5Y &5 Y 5 ZDAKSoR: X —» Z
W {(r,2) e X xZ|JyeY (x,y) € R, (y,2) € S} THAOGNET, TVVIHX QY ZEADE
BEX <Y, BAHRIE—SES 1T, £EE X ORI X HETY, Rel ik, FRENRFHEDE
THEULT, EFEMEHREOETVE LT, 7077 ABKRTESHVWSNTWSETT,

EFFAZELYRVE HOCHOM@mTIE. UTFDO LI 7% (AEDFohiz, BfFED) 22 7Lo
B Tangle #% 2 £73, Tangle DXRIX, (X7 NVDME2E£DLT) G5+ & - DERYITY, %
UTy (81,5 8m) 135 (8, ..., 80) ~OHHE, FTRIO K S572, + TRENSHIT, — TEANSEIC

MEMTONTZ, s1,..0,8m, 81, ..., sh ZUIRET BRIV D, #HEERIZEY 2 FAEE T,

- + +
= X = =X
(+,—+) — (—,+,+) (—+,+) — (+)

Tangle i, VARVETY, TNH, ZZDOVKRVETIERL, O D2OEN S HHEKRSI Y
RUBETY, Lo T, FEDVARVEICLZDONRZVDEDEIZILIZED, Tangle 25 C A
DY RVEOHERZRFETHEFREED., ZOEFILSXVINVOLREENOEDEONET, /-
LA, BEFEDNS, TORFOBEE LTV RVEEBKT SN TEET, I4hbb, &7
O, RV TIVOREEEMRT 2 ENTEEDIITT,

FAEDZ 213, a5 “HBEBROB Rel IZTOWTEHAHETT, Rl DHFTEFEHICHYTLHD
(DRVFEy 7RE) 2HEDOF, 207 RE” OB L UTIHENRZY RUBEZ2E 22X TEET,

NL—ZFEE/AYILE FL—AREE /A ZVEIZIE, ZOORMBMANIRD 9, —DId,
RN NV —RFHE T 2R TZNT VAMNEE ) A ZNVEE WS EDT, ZNH Joyal, Street, Verity
DFFRXIZBITEIERETEDH D ET, 52 FAUMXTEAZONTWVWARHEEMIZESE DT,
FNU—AfMEE /A ZVEIZ, BTHEVREDFRMEIE /A1 XIVEHIZR>TWS, 2W0WHH0
T, MV—AfFEE /A XNVETIE, HROIFIHT UEFAEL FHA, FEEHIZOWTIEE
TN sZ LizLT, £9. PL—AHE KRB I»S8HL £,

12
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2: L —ADNH

Triy p((k®idx)o fo(h®idx)) =koTryg(f)oh

_ 7

O+ Mo T o M
Tr))gX(cxx) o 9;(1 =idx = Tr))gx(c)}}x) ofx
__LX_ - = _J_//_

Trisaceslidc ® f) = ide ® Tr) g(f)

& b

NS UANEE I A XLVECHGZ5NTVWEEDELET, 20O X, CEOMNL—AHETL
¥, COHFCHEFNT SNLEGHBOETI p: C(A® X, B® X) — C(A,B) T, M2DM2D5
ffailiz9+DTY, ZIT, [AX > BX DMV —ATrig(f):A— B#%

G

Alf|B

TRRETAZ81Z0 %9, NU—RAHEETAHONS VAMNEE ) A XIVEE, NL—ZAFEE/ A
SIBLIFVET,

=2 EE A ZXNVEDHIE LT, B2 ) R VELPEFONET, AEDOYRVEIZ L —A
HRF 277708 DFb £9, ARKTEIBZEROXFRY R VB Vectld TIZ, b L — AEFFI08E
DL =R FTHIDORAF) ZRG A, BTNRIA=2{LEZHDTT, BFEOML—RFA=B=1
D, DY Tri: C(X,X) = C(I, 1) ICHYE L £, BFHORBOLT Y RVETIE, ML—
AHEBEFIE, BEFPLV—RLIEENDZED (DT A—=X1L) 12720 £T,

Rel Ti¥, MR R : Ax X - BXx X DMV —ATr{zR: A = Bl& {(a,b) € Ax
B | 3z((a,x), (b,x)) € R} T,

DRVETRWN L —AfF&EE /14 XIVEOHIE LTIX, Tangle DX % + OFZIFIZHIBR U 7=
Falii k7 B Tangle, 2% D £9, (Tangle, (&, O DO E» o HHEK I N b L —Aff&E
JAXNVETT), Rel bHIOT VYV ILEE (BBRMER) IZ2WT ML —AEHAE T 2D Z 2% 5
NTHEH, THE5F)RVETED ERA, (ZDOFL—RARBBTRRZMEMEHDOEMT LA

13
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WoNES,) iz, VR VBEOFRMRSE ) A ZLVEIX ML AN EE S A ZVETEH, i
TOMEEE D, RRZOHELKY LH £,

4.3 ML—REBRBR7OTS LDOREISEKG

FiX, IV A AHREE I PV RAEHETORMNRIGETH DL AT IENTEET,
AIRERZ R OBEIZ. BEZ2TVYLBEARTIEIZED, WFRE /1 XVEOHIZZ>TWET,
GIREMZ T VY IVBEEARUEZRATRE ) A ZVEIZBEWTIE, IV Y oA/ RE SR ML —2R
A ORI IE X — /a2 Z & B3, w%iﬁ¢ﬁ1\%%tHﬂwdﬂiofﬁjK?é%i
Uiz, 2OZ M5, Cpo/i¥, 7uZ S aBHEMTHOWSONTWEE L DED, Eix b L —2ff
EE/AXNVEIZR->TWEZeDbn) £9, MUCHOMmTHEL INDIENMHR Y RUETIE
HOEFADN, WY RVEOWED, Ta7 I AEERRIZEWT GRzsEIrNEZ k) i
<MAS5HAVSNT W, WS DOIFEIRENZ 72 BnE T,

COFERIZEISIZETE, EETRWT VY LEEZFOE /A ZVBEIZBWTS, @Y (7
0 LABERRTESHVOND K5 7R) FEEHEZTEDITEVWTIE, ML —ZAh 6 A8 SHHE T
EWETAZ2hbroTWET, TNE2AWVWT, R 707 I ABRRTIESHTE Rhr o7z,
KA 2 G T — 2 o AT I N5 HIFGHBEORKR 2 BT 5 Z L BAEETT,

4.4 HEHEFERDORMA

M —Z[MEE /A XNVEDE SV ODDRESITOS & e R AECHIZ. MTOLSRED
T9,

HFEDODRNL—ANEE /) ARILVECIZOVWT, CHOD ML —AFEE 1 XILVEOH
EREORGEEBRFRH B L5V R VB Int C WFEEL £

ZZTCHEET A Int B, FHEBRFZIIBVWTEVWATLRWEHEEZ5LELE, FhiE, Int
BRIz L0 /BoNE ) R VED, WAHOEHROR D &0 2445 5HE MEEH) OFWRE 5 X
5= DIZIER MR 2B D6 T,

Mo—2fFEE /A XNVECIZHLU, VAVEIntClE, CONROMENGRL L, IntCIZES
5 (X, U) 25 (V,V)~DOHIF, CIZBF3 XV oYU O LTEIoNET, HOE
%@ﬁf RO 2 A DIHEN V> DiR->TWE (KEIZR->TWD) ZEITERLTLZE

s It CIZBIBH f: (X, U) = (Y, V)& g:(Y,V) = (Z,W) DERHIE, UFDOXSIZF7VWET,

Q /V
/ N
WA |/ U

X Y Z

EroGADFEEZTNE, ML —ZAZ2HWTHERSENEHIHIZAERI NI EBIFELT WS
ZENBOPOWEEITBETL &0, GHERRZORETIE, ZndsXic TEhb) & TFO] O
IEHRIEAHAFT 2RI ER L TVET,

Int #RiE. Girard 7% 1980 FEARKRIZAILE U 72 85 M DGR 2 470 S SHEOHER CTH 2 EER D
4 (Geometry of Interaction) DELLTIZIERD S BIZHS5HLNTWVWE T, DBHIZ, Abramsky
SlE, Int Mk Z L UHBE/EAORMOFEREK e~z 52 % U7,

M I%. 40 4L ERTIZ Knuth 2 A U 72 BMESCGE L IEIEN S 3 v 8o 5 ETXXRE H S 55D Bk
DFLRIZHV O N B HEIED, Int HElZ HWTHIRICHEECE S Z L 2R L Uiz, BHGETIRY
0275 LDXRDIEIZIH > TUAMDHERDP D L DB RINEDOTTH, 2ITH ML —AF
EE/AXNVELE Int MRV EELKEZRZL T (TR,
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FESOR JEME IR b L — 20T & BIRIR

KRz, mosr—2 (Faz L) 2EMECHVSEESGEZ. V=2 ft&EE /1 XVEHE (£
A ZVHBEIEANVT VT VHBEOERE TV VNV —BE L7725 D) @O ED Int I & 0 HfET
EFE9, PL—AfMEE 1 ZVEHEC Tl IntC ~NOMDAADLGREEE T2/, Z0Z &n
5. mEEEEZHOCTHAROEHRES— HHOHRBICREINE I L 2HHTEET, Al
Cpo lZZD&>%Hl252%3, 7025031 IVEOREFETH S T s 5 LRI
BWTH, BHETLIFERIFONTVET,

5 BbHYIC

T 7 7 ABKRBIZBWTRTERAEE RO, & WS WIZNT 5, R TORDE 21K
DL FT 0TI LABEKROAREIX, 70l I IVIEBINETIHERRZ, TOD
&2 E T2 M2 52NN T2 IldH D, TOHMEERT S 720D FEOMMA L L TIE,
FRTIEBEGwR S 2L BHELTWVWE, | BRDPSHEVHHADBRWEZTTA, BEL LU TEm%
FioTERERMNS, THIEEHAL TlTvign e BnwE g,

Z2LEMUTWAE»>720TTH, FBO XS RHMAEER 705 IV ISFENLIELH T,
T LAREIR SR T 0 7S IV FEOERH, TUTCRL—AMEE ) A XIVEE AT
0277 ARG EMHE/ERAO®RM, &S ZoHEOmNIE, Eid, RESOMENINE THEAT
728 (DO—FBRKOVED) 12, FIFR-725D R >TVWET, HAPEELLEAS Z 2, HARIZH
BB R RZMANTEEED TV S725, WODEIZNI S H>TWELE, Boh
7R B TED D T, ZONHOHEAIZLDLD EHEBEURN>TW2E T 262 WTT,

SE NI, HAETKRIZFIZN > THEHITZ S REDEFIMIZEITTWET, FAEHERE VL
HLDOTI, B]AE -2 E —MOAAITTTA, TOFERBTIIMELSRVE VWD FHITIE, [1,2] %28
ﬁbw#t#ﬂ FEEVWET (WINEROR=IDBSX T a—RTEET), TS DHAIR
%ﬁt—%éﬁbfmi?oﬁ@%mﬁnm@ﬂﬁmﬁ%xmﬂﬁﬁrwr#xbfi\%k%iu
EERIEE[M DBDON, ZOHRBONELESCHELTWE T, WTNEEGIZRLUKEEIZHD
ONTVWETH, ZOHERDDHE THATADERAVDIPENNEEA, 3] VIEIN TS
ARIZIE, BAREEZED X > IOV OREIZET 2R3 [7] . BRIEAEDE S R EEHEARITEE T 5 i
6] BEDONTVET Bk - EE-ES-BROIECFER DR E X5 iIcH# I TVWET), 7
0277 LAERRIZ D WCTHAGE CTEPN AT, [10] DD £9, BEERIZOWTIE, Mac Lane D
HHL R BRLE (9] 2 0 £, BEDATIZHZE T D Leinster D AFTE [8] ARV E BV T,

S 3R

1] ERNEAN, B 70277 LAOEERRIZDOWT, BU# 59 (2007), 180-191.

2] BRINEAN, 70277 L8 Kiwe bAR0 Y — - fhw, HEEH, #50H, HAE S 2010 LK
FRE AR REREFEET 7 AN Z 2 b

3] BEANEA, 7025 Lfvk & B, B0k 545, HATRAL, 2015.
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[4] BEFEE, BIL 7 L XGHE &€ TV, BORMENTIF ST AP R BEERE, 2013.
[5] BEikEE, 02T I v U EFEO R . BRI AP ARG EE, 2007.
(6] Bt € N EEIRME, Biao& &) 585 &, HAGE L, 2015.

(7] BaARBEA BERERIR, & v 7V OWE, BimdA4 & 5 5 3 &, HAZE R, 2015.

8] T. Leinster, Basic Category Theory, Cambridge University Press, 2014.

[9] S. Mac Lane, Categories for the Working Mathematician, 2nd ed., Springer-Verlag, 1998 (#
R iz, AR GR)  BEROEMRE, 2T v — - Uy Ry 2005 ) EHK, 2012) .

[10] MEN'ESC, a2 T LG, 7 AR, 1994.

A BEROEEERE

ZIZTE, ZOEBTRELLIBEMDEEERHIZOVWTELOTVWET, EGHEDOZH, DX
XX (KREVE - /INIVWE, 22— 25%) [ZOWTIEEBHRIZLTEVTWETHY, Z0HEDOHIH
TIMEIEHD Y T A,

Al
T&E B C L.
o NKEDEE D 0b(C),
e % A, Bc Ob(C)IZHL. A5 BADHDEX D C(A,B).
o % Aec Ob(C)ITH L., Htidg € C(A, A).
o % A,B,Cc ObC)IzxL., G

o : C(B,C)x C(A,B) — C(A,C)
(g9, [) = gof

DT, G (hog)of=ho(gof) (feC(AB), g€ C(B,C), he C(C,D)) B XUOHNH
idgof=f=foida (feC(AB)) Zifi7zdHLDTT, idgy 2 (NEADSZD) BFFH. gof
R f L g DAERFEITFTET,

AR T & 5T C(4, B) % Home (A, B) £7213 812 Hom(A, B) £ &L ZedHh £9, %
7. fEC(AB)ThHoHILt%E, fiA-BR®ALBrrrb®ExT,
1

o MEMBHESE, HHESOMOBLTH 5 Set

o MEHES. BHELOBO TG TH 2E Rel (KSR

o MEMIK K EORY FVER, HAR2 b VEROBOMILEETH 5 Vect

o SEAE K EOFRKRTER 2 bIVER, $HR2 M LEHOROBILESRTH 5 HE Vectd

o KRB, HATEDOM DRI G4 TH 2 B Grp

o MEBTMLIEFESG, WA LT EE OO E4RTH 58 Cpo  (AXBI)
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HER

e BHCOH f: A— BPREABFTHLILIZ, HDg: B - ADPGFHELTCgof =idg BLY
fog=1ddg DRV NIDIEEVWNET, ZOLE, g% fOMEIEY, fFlThHhoblLET,
Fz, R AL BORICHEBREMFEET S E, AL BRRETHL LW, AZBLHS
bl ET,

o B CIzxtL., MIHE CP &%, Ob(C?) »DCP(A,B)=C(B,A) THb, C&[FUIEEL,
BLUOCOEBHZO K DELZEBS 225D TT,

e CLD%2BELTHLE CLDOEBEEC D &IE., 0b(C x D) = 0bC) x Ob(D) 2D
(CxD)((A,A"),(B,B") =C(A,B) xD(A',B') TH Y., MHEH id4 ) = (ida,ida) BEL
GBS (9,9 ) o (f, f') = (g0 f, g o f') ZRDHDTT,

A EIES

2
£ CrDiELTBLE CHODADEFEF:CoDLiE
o T Ay F(A) : Ob(C) — Ob(D)

iy

e %A Be Ob(C)IZHUL., 5B, fw— F(f) : C(A,B) = D(F(A),F(B))
DT, Flida) = idpay BEG F(go f) = F(g) o F(f) 2474 HDTT,

HEES
e ECIZXL. C LOEERBAF idc: C — C%. idc(A) = A, ide(f) = fITXDEDET, £z,
BFEF:CoDBLXUG:DEINL, EHEFGoF:C—>E%, (GoF)(A) =G(F(A))
BLXO(GoF)(f)=GF(f) TV EDET, Tholckb, WfzE, HrBEOMOFL
T5 (KER) BCat WEED 7.

e T F.C—DIik,

— %A Be€ Ob(C)IZDWTHEE fs F(f) : C(A,B) —» D(F(A),F(B)) ¥ Ths L
E, BETHBIEVVET,

— % A B Ob(C)IZD2WTER f s F(f) : C(A,B) = D(F(A),F(B)) B"&fThsL
T, BB THLEVVET,

o B CHEDDOEMABTH S &IE, 0b(C) C 0b(D) B2 A, B e 0b(C) iI22\WT C(A,B) C
D(A,B) THYH, DO COEEHBELCEGHMAEIDDOLDDHPLLoTVWBEI L E VN E
T, ZDE, CHroDANDEEHEFEMLZ N TEET, GEBETFIIFEICEETTI, &
WThHdHLIIRY VA, AEHEFEIARMELETHLLE (ThDER A B e 0b(C) 22\
TC(A,B)=D(A,B) TH52E) CEDORHBIBTHLLVVET,

4l

o A X ITHU X FIBE, B X o Y ISR U IR J(f) = {(z,y) € X x Y | f(z) = y)
EIEEEBHT T : Set — Rel 3, WETTHAWTESD D E A,

o EAXIIHNUFRMPIEFES X, 2. X, =XU{lx}. 2Cy & (z=1x Fzldz=y) &
i&b\ g{%f X =Y ﬂ:iﬁbﬁﬁg{%fj_ : XJ_ — YJ_ % f(.l‘) =X (.Z' S X), f(Lx) = J_Y ti
3L T, BT (—).:Set » Cpo BEFS5NET, FbH, BETIARIMTED Y £HA,

° Vectﬁ‘(i & Vectx O Ak E T,
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A.3 BARZT#

& BT FG:CoDIIHL, FRro G NOBRER o F - G id, CORRTHRFHI SN
7= D DH DI {OZA : F(A) — G(A)}AeOb(C) T, ’E’E%‘n\@%ﬂ‘f A — BT UL ap OF(f) = G(f) oQa
BT EOTT, ax: F(A) = GA) &. a® AED LITOET,

e FF:C—DIZDWVWT, F EOEEER idp : F — F &, (idp)a = idpa) (CXDEDE
T, ¥/ BFFRGH:CoDEAREM o F - GBLVB:G = HIZDOWT, ARE
¥aBoa:F—-H%, (foa)a=Lacas ICLXVEDET, INSIZED, CHH6DADEHF
Zxig, BEFOMOAREHEZH T 58 [C,D] CHck->TIEDY) 2EED 9, Z0H
., LR UVITEAFOBE LU ET,

o LA NHIG &2 HREHZ BARBRBRKF IO E T, ARFAME X, B [C,D] O
flizze b £HA, TP FG:Co>DIZDOWC, F & GOMIZARAME FETLILE, F &
GIZBERARTHL LV, FEXGEEZET,

e FHC,DIZDWVWT,

— GoF=idc BEUOFoG=idp b %5BFF:C—>D&G:D—CW»FEETDHLE,
CeDIFERTHELLEVVET,
— GoFY2ide BEIUPFoGXidp &B2BEAFF:C—oD&G:D—CHWFHETEHEE,
CeDIIFRME (BRE) THDEVWNET,
A4 FEHEF
E& BCDEEFF:CoDBIUOU:D—-CIZO20WT, BF
(C,D)— D(F(C),D):C x D — Set
e, BF

(C,D)— C(C,U(D)) : C? x D — Set
PHARRMTHS S, F2U OEMEMEREFE. Ui F OEREBEBFETHLEVNVET,

l

o CEEREMEROEELTILE, WRX,..., X, ZEM X x ... x X, CETHEFIX, AR
X ZnflofM (X, X,...,X) IZESTHARET A, : C— C" OLMAERETIZRD £7,

e CEAMNVTFYTVHEEL, X2CORRLLET, HRY 2Y x X2, B f: V1 Yo %
fxidy : Vi xX - Yox X IZETHEF () x X :C—Cldk WRZ%2 2512, Fg: 21 — 2o
%goc: Z{¥ —» ZF \WETHET (—)X : C — C OLEFEETFTT,

o T J:Set —» Rel 13, A X 2HBES 22X ICETHMEET 2L £T,

e Cpo DXR X % Int(Cpo) DXER (X, 1) 12, # f: X1 — Xo & [ x idy : (X1,1) = (X2, 1)
WZETEF J: Cpo — Int(Cpo) I&, (X,U) % XV IZETHBMEEF2RE £,
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