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1 FL®IC

i 2o 7 21k, NHOHERKZ2AMWT S 7 TRELZEDOTH L. flif2 5 713 Venturini Zilli [3]
2 ko CafEN RS TN, ST 7T 20 OO FRENR I Nz, RS TIE Venturini
Zilli [3] DMER U 7z bottleneck & boundary DEBLE FRUZDOWTHGEEL, U252 2 Z L2 HKE 5.

2 M\NE

AHiTI, A EHEOWME % Barendregt [1] DEZIZHE - TBRS.

2.1 \NEDER
BNF 2V S 2 NHEIM FTO LS ITERTES.
& 1 (VH)

M,N,T.U == 2 | (MN) | (Az.M)

IITaBEBERL, MN,T,U X NEA2ETARERCTHS. (MN) 2BEGEH L TC, M) %
RIS & SN,

BBUHER Nz M) OFDTEM OFRIZER 2 Bin-2 &, o ZFHFINTVWDI 2 0). JHEEh TV EEE
DT e R IEEEB LY, fEI N TOWAWEREZ HHEREIER. NHM IZEEFNHHEROEEG
FV(M) &RT. NH .M OFBER ¢ 2H728EHy(F27Z 0y ¢ FV(M)) KEEHZ72IH \y.N %, It
DOREFA—FHL, ZNSZDiFafETHE WD, Ae. M & Ay N B alAETHEI L% Ae.M = \y.N
E&KT.

BBCERIXEREETH Y, (M My)Ms £ \0D NIEIE My MoMs D X 5125l & BT & 5. % 72 Ba%8UH
KOPERER D Ae.(\y. M) 20D NEIX ey M CEBRUTRETES. IOICUTOREEHA NS, Tk
TEHEBBOZE 2 R NH, QIFMFIELAVEIREZRITRENRNETH S, Q3 BEHEEZT L T2,
WEIZH 2 Ay DEAEEIZIEAN L TWLIHTH 5.

I=Xvx, A=) vax, Az = v.axe, Q= AA, Q3 = AzAs.

RIS NL AR K BT I S DB 2 2 726 D TH 5.
TARMZEIE JSPS BHFE JP17TK05343 DIk 2211 726D TH 5.



2.2 [ERN

Az M)N E WIS TEDEE BLT Y 7 AL ZFW, M OHIZHE2TRTOHMHER % N IZE SR 7218
Mz := N ZHEEMZ L5222 3MHEES. MDB M Zfiifidhde&E M -5 M &EL.
Heaml 2 W2 & SN E IO XS ITEETE .

TE 2 (5HIH)

Bet M —B M’ L
eta, L+ - Lam,
(Az.M)N —5 Mz := N| Ax. M —g Az M’
M —B M’ N —B N’
02 AppL, T AppR.
MN —; M'N PP MN —; MNP

BRI RFHBEGE Ss b KT, TOUE BN TERVEEZ L NHE g EHF L VS,

3 BWs>7

AHiTI% Barendregt [1] (2> THli# 2 7 7 2 & # T 5. £ LT Venturini Zilli [3] 235 A U 7221 &
boundary IZDWTHAR 3,
3.1 BRI/ I70ER

N HORNE—@EY 1T FE B2 DIT TR, —ITEY HEET 5. FIAE Avaz)((Ay.y)z) ZWVWI A
HO BERIZ, H1ITRT IS ICEREY OREIEIET 5.

FROADOHENREE ST LT D21 EONE. SIEAHK 2 o NHIZHEL, ArAD B i
HERLTVWDZEPHERTES., ZZTHVESD ANE Oz.ar)((Ay.y)z), HROIESD 3 ERlEE2&RL
TV, ZOXSWNEHEEIE LU BN EAMATERLEZS I 7277 7250, NET O
7% G(T) L£ELT 5.

(Ax. xx) ((/ly. V) Z)

i
(Qy.7)z)(y. y)ﬁ

; \ (Ax. xx)(2)

@ (Qy.»z) (»2)@
ZZ

1o R 2: G((\z.zx)(M\y.y)2))
Barendregt [1] 12 & 2 f##y2° 5 7 G(T) DEHEZ A TFIZRT.
& 3 (fits 7 7)
1 EEHES V(GT) N | T 55N} TH 5.

2. M,NeV(G(T) £35. M -5 NX®SIWE, HRAM»SEHRNIZEMNLZG <. BRHAEIHET
5BVTv A% BIHILT M - N 2752858, BLT Y27 ADEEITIEMR M »SIHM N AT
ADF NS,

BENOFRPFAI U THEE AL LTy 7 A0 HBIMNE TN L ZGE, WiE2 KT 57201/ 5 7
TRZEDE TS, £/ o FAEOBRIZHZESAZ—DOHESIZHE TS, 2ok whlz2M 31257,

2



(Ax.x) (()ly. y)z) (Ax.x) ((&y. y)z)

7 N T
=

Ay.v)z {Ax.xz (Ax.x)z
\\\ // |
Z Z

3: o [FME & 2 E I DB
3.2 FTHODER

A & 43 Venturini Zilli [3] 2PBAL & T, @07 7OHARAZRAMBEETAEHLZLDOTH 5.
SEHEOESZ S, FmFE+LOBREIRIZERS.
MNET,U B OFERELR ~ 2L T CTERT 5.

EHF 4 (T~U)

T~U&TSsUANU 55T

NET PET2RMEHEE T/~ & RT. Thbd, T/~={U|T~U}Ths. 7771280 T, T/~
BERT 2 8 CRER L HRADEETH L. FERIR ~ THES N FEER S 2 FiE LI, FHOE
R LER, P, FHEZ2RIXFELTABZHAVS.

DS PO o ZUTICEHT S, £72, oo ORSHHEBHEE o5 £ T 5.

EFE 5 (FED S LHEADOHY)

AosB ©IMec A INeB,M g NAM#EN

(G(T))~,0=) 12X 277 7%GUT) &KL, B2 T 7 LIPS @WOMKIZ Z 7 LKl 57
b, EHEN S T 7 TIRIEAE o TRT. Hl2 LT GAIA)) & GY°AIA)) 2K 41277

A(IA) IA(IA) {AUIA), IA(IA)}

{184}

AA IAA {An}

4: G(AIA)) X GO(AUIA))

3.3 bottleneck D EFH

GUT) =B 5¥HE A BIZDWT, Blx AD bottleneck THh2Z L EATFTEHEL, Bn(B,A) £&EL.

EF 6 (bottleneck)
Bn(B,A) & TRTOMec AN B, LecV(GT)) IZHl, M S5 LD N S5 Lo, M55 P 5y
Lt PeBWEET 5.

FHZ Bn(B, T/ ~) TH 2D L &, Bl G(T) D bottleneck TH 2B X\, K514 bottleneck DEFEEZ KL -
LEDTH5.



5: bottleneck DFE F

3.4 boundary DEZ

Venturini Zilli IZfERMOIELAZFHOMN TS 7128 WT, EREIOMNZME KLU ZHEIZH- S
boundary ZHA U7z [3]. EFEZLUTIIRT.

€% 7 (Ch(T) EOJEFEELR)
1. EEFESE (GY(T), 05) 1T B 1T 5 MIRFEHIF (w-Chain) D#E% Ch(T) L HL.

2. C,C" € Ch(T), 22T
CZAOO$A1 Oi)AQOQ

0/1600;81 OLBQ Oi)

7272 L
AO = BO ET/N

Ths. ZOrE, ROBEBREEHRT S.

C C C & Vndm A/~ o5 B/~
C ~ C' & CCC AC'CC.

X512, Cf~ ={C' | ' ~C}.

3. GO(T) = {C/~ | C € Ch(T)}.

GOUT) IZBINLH LWESRE, Thbb GOT)\ GYT) % boundary L IES.

4 TEEEFEBDORHA

Venturini Zilli IZEHEEH 2T 7 BV EEEOLEH2E85E, 77 7138k F 5 (SERIED bottleneck 73
52&) I, BB (AR LEHZEL 2 E) DOVWTNRELERTZ. TZTY I IDIRNRY HE2KR
95720, bottleneck & boundary DEEIZET 2 U FTOEHE 2R U 72 [3].

EHE 8 [3] GUT) MIEIRIZZ < D bottleneck #FD7 51, GO(T) @ boundary IZH—TH 5.
BURIZ Venturini Zilli 12 & 2 ¥ 8 OFEM [3] 2T

SEEA 9 [3] GO(T) WMER(ED bottleneck #FD &3 5. ZD & &, [LEOMEBMNIIIETD bottleneck %
WBET D, Ulzh o TEED boundary DEFHE C1,Cy € Ch(T) IZEREIEHEL, C,~Cy, THD. £oT
boundary ZH—TdH 5.



UL, ZOEHEIE—MIZIZR0 L2, ZE 9128 W0WT, ¢UT) EngToOMREKSIX GO(T) D
2T D bottleneck BT HLHHL T Wz, UDURDS, 2 DD bottleneck MIZEERE DV 233 % 15
&, E&TO bottleneck % 8 U 72 WEREGIFIDFET 5.

i@,TszDQAﬂgaﬁét&mﬁ%5m5 B 613 GYT) &KL, HIHRIZ « T bottleneck %
FLTHY, HEIRIZZ L D bottleneck EENTWS., —F, BTIEGVT) 2£#LTW5. Ch(T) DEHE
ELARICHIET 5.

Co : (Ax.D)QA3A5 o5 A 1)Q3A3A3 o (M. I)Q3A3A5 05 - -

C1 : (A.D)A3A5 o5 Ar.T)(Q3A3)A3A3 o (M. T)(Q3A3)A3A3 o5 -

Cy (/\.Z‘I)QgAgAg Oi> ()\1‘ I)(QgAgAg)AgAg O—> (/\CE I)(QgAgAg)AgAg O—>
Co : (A.D)Q3A3A3 o5 A\z.1)(QA3)A3A3 o (\z.1)(QA3A3)A3A3 05 -

QgAgAg Oi> IA3A3 Oi> IA3A3 Oi> s
523A3A3 Oi> IA3A3A3 Oi> IA3A3A3 Oi> te
QgAgAg Oi> IAgAgAgAg Oi> IAgAgAgAg Oi> e

Cor1 = (Qad
Cw+2 . (/\J:.I
Cw_;,_g : (/\3?[

~— — ~— ~—

Cw.2 . ()\xI)QgAgAg Oi> IAgAg Oi) IAgAgAg Oi) e

(Ax. D303 (Ax.D)(Q343)A38;  (Ax.D)(Q38343)A34;5  (Ax.1)(Q3A3A3A43)A3A5

3 ) £y

>®
IASAS A3A3 A3A3A3
6: go(()\xI)QgAgAg)
Co/= G/~ C/= GC3f= Col~ Cur1/~ Cosz/~ Cyra/~  Co2f/=

o —&—9o—©o - O—0—90 0 - O

T go((/\l'I)QgAgAg)

Clo, Copo I FIEBRIZIRDFH A L[5S G TH O, MOBERIZ—DOEHIZHE F VFild 205 Td
%. ZZTCy,Cua M boundary IZHIGELTHY, B 7HTIERIERIC « T boundary Z L TWS. PL
& Y bottleneck \ZIERIEGFIET 255, boundary 1% 2 fHEND 728, EHSDMHIL D,

7, DFoFELEINATWS

¥4 10 [3]
EHL 8 DM DAL D.



ZOFRIZHLTIE T = (Ao )Q3 25252 TREIVESNS. Ch(T) DEHFEELIFITRT.

Co (A1) 05 (A1) 05 (A T)S3 05 - - -

Cy (Az.D)Q3 05 (A1) (Q343) 0o (A\x.T)(Q3A3) o -

Cy (A1) o5 (Ae.1)(Q3A3A3) o Az ) (Q3A5A3) o - -
Cs Az o5 (A1) (Q3A30303) o (Az.T)(Q3A3A3A3) o

Co : (A3 o5 (Az.I)(QA3) o (Az.I)(Q3A5A5) o5
C’w+1 : ()\J?I)Qg Oi> I oi) I oi) e

C,, D3 boundary (RIS LTEHY, H—2rAh-oTWw5 (K9). UL bottleneck X 2fHTH 2728 (X
8), PRI IINTIRHIL LS.

(Ax.1)Q3 (Ax.1)(Q2343) (Ax.1)(Q34543) (Ax. 1) (Q3434343)

Y

L
Fl

8: GO((Ax.1)Qs3)

Co/~ Cy/= Cof~ Cs/~ Col~ Cyt1/~
® ® ® ® -

9: GY((Axz.1)Q3)

5 JEFE

Venturini Zilli [3] IZ¥KIZR S spectrum & FAWT ANHDNHFHZEFK U7z, L ONHFEA X HONEFE T
KEITE2h, 20O MBEIERMIRTDH O Intrigila & [4] 13 o RiOEROIEFBKRBITRETH 2 Z &
ZmU7z. ZOHITE Intrigila & [4] TR/ - T, HEFEROBEAEIZODVWTHELZZI 2D 5.
5.1 spectrum DEFE
EE 11 (Red(T) EOJEFRLR)
LANEHT »5HES TN TOERKOEROMHIFOES % Red(T) THT.

2. D1,Dy € Red(T), ZZT
Dy =T 5, TV 5, 7@ 4.



Do =T =5 T4V 5 TS =5 -

777U
Tl(o) =T= TQ(O)

THd. ZDrE, ROMKREELRT 5.
Dy <Dy & VnIm T g TM,
’Dll”Dz <:>’D1<D2/\'D2<’D1.
3. D ={D'|D' ~ D},Red(T) = {D|D € Red(T)} & HX.
51 <’52<:>’D1 <D2
E% 12 (Spec(T))
FIEFES (Red(T), <) & T D spectrum & Z\, Spec(T) LK.
e UT Qs D spectrum 2E 2 5. Q3 ORI ZYEETLL, IFDXDITR5.

" Dp_1 —3 QgAg (n > 1)

Dw = Qg —B QgAg —)5 QgAg —pB —)5 QgAg' —)5 e
3% & Red(T) = {Dy, D1, , D} £720, Spec(T) %M 10 12577
Dﬂ DO = QS
D, Dy =03 —p Q343
DZ DZ = Qg _>ﬁ Q3A3 _>,g .Q.BA%

I}g I)g = Qg _>’B QgAg _)ﬁ Q‘gdé _>,S QsA%

@ D, D,=9;-p0; 50303 —p -

10: Spec(£23)

5.2 EFE

NP 2 ZH R IR U 2R TH Y, 2IHFPREOLBIZHVO NS, IHFRIZEDHS XD /AT W
F B nEa s LTEREI NS, Tl ZxRT.

0 = o
1 = {0}

2 = {0,1}

w = {0,1,2,..}
1

w+l = {0,1,2,...,w}

Spec(T) BEARRIZ/E 2 2 =, (Red(T), <) RRIEFHEA L7425, EEORIEFHEA LD 2 IEFH & BIG%
S oNTHY, TOMEFHOZ L 2IEFME NS, Filx1E Spec(Qs) DEZEE {Dy, Dy, , Dy} THH,
JEFERE w+1 ThHD.



5.3 IERFREE

MNEHETIZEED g LTy 2 AWML U TENDS A, Spec(T) IZHBARAERNIFEL, HPHZE
BTERV., TO1d, BHEO B VT v I AVGFET DHE, —ADBLT Y 7 ADNIRIZMD g LT
IADMEIEST 2 RBENDH L. OIS RIBEER DO NHEGL720, UFOEAE2H W5 [4].

E# 13 (nf-representable)
a%zw EOIEFE, NZUTOATEXONS BIERE N OHEGLT 5.

N =XyyN;---Ng (k>0)

777U N IZHHEREZEET, Ny Ny X BEBETHS. yld N N CEENDEEEHB. b
% N, € N DMFFEL T Spec(N,O) DIEFIA o TH S L X, ol nf-representable TH2 LS. 727ZL
O =X\ryy TH 5.

B 14 (IEPE)
F ZIER 8 SIEFEAOBEE T 5. F 5 nf-representable TH D 21, AT %23 NHE PEET
52 &V,

1. FIZHMZERZR 7220 B IERETH 5.
2. &TD nf-representable RIMFE o B L O NIH N (2 UT, FNy =g Np(o) & BfRIZT NS,

X 1142, EFEEE N EOR )G RT.

MNH JIE %5
N, «
1
FNo =5 Np(a) F(a)

X 11: IEFPEEE L \ EHOXIG

K LIHANZIFRESE D5 [4].

# 1 B N IH
I e BE 4 AIH
Flo)=a+1 F = zy.y(ylzy)
Flo)=0+a+1 F =Xyy(yINgy) Auwvz.z(vu))yz
Fla)=a-w+1 F=MwyylHHy, H = Axyz.z(y(ylwy)zxy)

IEFREE Flo) = a - w+ 12K FIZxU Spec(FN,O) # R UL7=bDEM12IZRT. ZIZTH, =
Hlw:= N, TH5d. g8, BLTv I AN 2 HENSERPGFET S, Nllo LTy 7 2% 3k
Ut 2 R IEF o OFEELEIN, MMiZE BRENT2L2EE B LT Y 7 AN 20BN, Z ORFIENE
BRIz RS ND 72D, FIREFEH o - w+1 2RELTHS.

N1 ZIEFBE F(a) = acwt1 Z2EHT 2 2 Ny 2350, EEERRO KT Z 2T Nys 1, Nyagr - Ngngy

PEONDE., X512, EROIEFEB F Iz LT FY %

F¥(a) = :g{)} (Z F"(u))
=0



FN,0 =g (2y.yIH, Hy ¥)0 =g OIH H,0 —g [HyHa0

B Ha’.HaO 25 (&yz'z(y(lea:y)HaHay))o

a
~p 2.2(0(0IN,0)H,H,0) 1

Az.z(IH,H,0) - Az.z(H,H,0)

—p Az.z ((Ayzl. zl(y(yINay)HaHay))O)
a

—p Az.2(12,.2,(0(0IN,0)H,H,0)) 7
TBT_’B(%()) =g (Na0) —=p -

Az.z(Azy.z;(IH, H,0))

12: Spec(£N,O)

LRERT D, FYId nf-representable THH [4], THEHNVDE I LITLD Nywyy BESNS.
Intrigila 5 1% w* ¥ COMEFROMEALEEZRLTH O [4], UFOEMARR L.

n

EE 15 [4]
€o RIOIEREDIERE UL nf-representable TH 5.

IIZTe liE a=w Z2MEZTHRNDaDILTHE. ISHIZUTDOFREPBERSNTNS.

Fi8 16 [4]
€o 1% nf-representable TH 5.

5.4 GOT) & Spec(T) DX

32 HiT 7z GO(T) & 5 Hi T R7z Spec(T) FEFFEITH 2 Z L BHISNTWD [3]. EBE, G4
@ :Spec(T) — GO(T) ZUTFD XS IZEHZTNIXFABDIEFNFES NS,
D € Spec(T) & HX.

L. DOERIIDEE : D= My —5 My =g My =g My=T £BWVWT

o(D)=C/=, 27EL C: My/~ o M/~ o My/~ o5 .- .

2. DIERIIDGE : D= My —5 My =5 —p My, My =T £BWNT

o(D) =C/~, 12U C: My/~ o M/~ o5 05 M,/~ o5 M/~ o5 M,/~ -

Z LT GYT) & Spec(T) IZBL T, IROELENEZ 5N 5.

GO(T) 1=2B\WT, boundary \FEERMIFIZ My/~ o My/~ o3 My/~ o5 ... TH5B. 57T,
boundary \ZXIST % Spec(T) DEFRE MMRMHII £ 72 5. K5I Spec(T) B EIHFHEETH S L F, Spec(T)
DEHEZ/NSWIHIZ Do, Dy,, Dy -+ LIEFHZEID B TE L, o BMRIEFRHD & & D, % boundary 12K
B9 5.

U EXDY, Spec(T) DIERIN o 72 51E, GO(T) @ boundary i o AN OMBERIEF OB I FHET D &
I N5,



6 FTEHESRDRE

AAFFE T, Venturini Zilli[3] AR U 7z bottleneck & boundary DEIIZDOWT, KHlE G 272, TH
DMK TDE NS PRIZOVWTEKHlZ G272, T51Z, GO(T) & Spec(T) BRI TH 2 Z LIzHH
U, boundary OFEEIEFRLOWNIGIZ DOWTEE L 5 X 72,

Venturini Zilli[3] 23%% U 72O BEIZ DWT, GUT) ERAARTH % 2\ 5 FHIT D W T Intrigila
5 [5] EEINZMERL TWD. NHTRETE BIEFAUZ DWW T ORI, Intrigila & [4] 2 e Kl DIIE
B OMBEAIEEZR L. ¢ MEOHFHLRETETH D L PRINTH Y, SHOFMEL LT NHIZ
X2 e DEERDEITSNS.
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