Decision problem on interactions
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MEER X, BHET 294 + EOIRBOE(L 2B T 2 GEXNIS 27 7D L TH 5. ITHF,
IRN-B -1 & W [1] WA 4 H [3] OFFZE T, HEEHE LRI 2 I 7 a7 LcH
LC. TR 2EMR O FFRIC B /2 Varadhan O 53 fEFEDREAN 5 2 & iz, THSHFETIE.
FHEAERA irreducibly quantified & W5 $&F 2723 Z L EETH 5. R TIE, HHARIE
EIERR O TIHDN TV o7, 26 OEEMHEA T % 2 87z RMEEEHOFIZS 2
% 7=z, MHEASEHD irreducibly quantified TH 2 Z 2 RHE T2 7403 ) X a%, A#ERO
MEICIRE X2 Z e TR L 7-.

1 A

TR ERRR 2 1%, < 7 o RIRERNRM S AR ZE I 7 0 RGN 2 RKHUSHE BL/EH R O #ikR
Y LTCERT 2BEMNFIED Z 8 THh 5. diBIINREITIZRIC BV TR, IR EMIR % GEH 3 % 12
HlzoT. I 7aBRKBRBHEERROET L L OREICKRIE LR EAN 2 7 7o —F 0
TH ol HE, —RDOETIICH L CEATE 2 N RHAZ R T 2R R EATY
. PlZE RN-BA-EAH [1] RN 4B [3] & —17% 2 7 ok KB EERRICN L
T ARSI MIR OFEEIIC B 572 Varadhan O 0 fEM DREAZ 5 2 72, 512, fl. IRN-1E4 H
[4] TiE. ELOMRCBWTRHEBMEEMERRZ AL TOIHEEER L FEZN 2 MR 2 — Bt 5
Z 2T, RA-BR-EAH (1] OO RIEREZF TV 5.

Definition 1.1. S 2 GRESL T2, H (S,¢) 23S LOMHEMERATH 21X, ¢ C (SXxS) x(§xS)
THoT, (SXS,¢) PUMER I 7 THBZrE0S. $hbb, EEDs,s’ € SITXLT,
(5,5) € pBBIX(s,5) € pDHIALT AHIETH5. £/, S ZZDHANEH (S, ¢) DIKFEZER &
NN

Example 1.2. « € Z>; Z[@EE3 5. §:={0,1,,..., Kk} rBL.

1. S9HEE deex € (SXS) X (SXS) %

oi

¢K—CX = {((.]’k)’(.]_ 1’k+1))’((]_ 1’k+1)’(.]9k)) | 0<] < K’OS k <K}

CEFRTDH. DL E, HEEH (S, drex) ZIRREZEM S D generalized exclusion interaction
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C IR,
2. WOEE dems C (SXS) X (SxS) &

Grems = {((J, k), (k,j)) |0 < j, k <k, j#k}
CERT S, 20 = HEMEH (S, drms) ZIREEZZR] S D multi species exclusion interaction
IR,
ZOMBNZEE L T, [2] 22X 0.
WET R OEGRICB VT, REELVWOMEPEETHS. Bigé: S - R PHEAMEH
(S, ) DRBERTHS LIk, EED ((s,0), (s,1)) € ¢ 1A LT,
E(s)+E() = E(s") +£(1) (D

Zii7zzs e zwd. TIT, EEOEBHBHBMIRFRTH 2 L ICERSI L. 20D,
Consv?(S) ZIRFED 5722 R-R7 MVZERMZEREETH SN 2R 7 FLVERTEH > THES
NBERT MVER L ERT 5. ]N-E-18 4 B-FA-ILA [2] T, HEEHORER 2 W70
Bz 52 T0na.

Example 1.3. S:={0,1,,...,«} EBL. EEDie SIMLT, &:S >R ZE&E()) =06 LER
35,

1. HHELEA (S, pr-ex) 1L T, Cosnv?ee(8) 1 Y5, & THRHN 3.
2. HEAEH (S, drms) 1HF LT, CosnvPms(S) 1 &1,...,& THELHNS.

RERIIMEEDEED ((5,1),(s,1) € p IR LT, R (1) 2l TRERDNIRBVDT, FER
BT & > T Consv?(S) DRIEFFHET 2 2 TE 3. K12, BB MU L2 RENEN S Z
CICHEEINZW.

RN-BA-E 4 H [1] R|RM-E 4 H [3] Tld. irreducibly quantified &\ 5 Z&EDSGEIICHET H -
Jz. £ Z T, T, irreducibly quantified ZZHHEAEHZERT 5. (EED (X, E) ZHREHFA M
77 RFR EITHLT, Bfféx : SX >R %

ex(m) = D £, 0= (1o)xex € S¥

xeX
TEHKRTS. ZIT, PpcSX¥xsX%
®p = {(n.7") € ¥ xS¥ | A,y € X, ((Nx.1y). (Wu1})) € 6, V2 £ x,ym, =7’}
CERT D,

Definition 1.4. #HHEF (S, ¢) 27 irreducibly quantified T % & 1&, RO EHZT 2 WS,
TROAREMENHERZ Z 7 (X,E) LT, EED n,n € SX PEBORTFR £ exfL T
Ex() =éx() B30, n 2y 32757 (8X,®p) BWTHEUHEHERDICE L TW5.



MIHAER (S, ¢) 3 irreducibly quantified TH % Z & 1X, (TEOHREFRE AR 7 (X,E) I
HLUT, (SX, ®p) OHERERTHZ DFERLTICEEN 2 HORFRICE o T, BRCHESLTY
22 ZERLTWS.

AR T HFRER D AT R ICB O TION TV B ETLDZ L IX, irreducibly quantified 72 #H A 1
HArLcidbxh s, #lziX. Kipnis-Landim-Olla [6] I THFZE X #1TW % generalized exclusion
interaction &, irreducibly quantified TH 2 Z & BSHIHNTW3S. £/, Nagahata [7] THbhHL T3
lattice gas with energy % irreducibly quantified ZZAHEAEFH DHITH 5.

Lemma 1.5 ([2, Example 2.10, Proposition 2.19]). Example 1.2 123 % generalized exclusion interaction
& multi species interaction &, ¥ $IZ irreducibly quantified T® 5. 7z, lattice gas with energy %
irreducibly quantified BHEAEHT®H 5.

T ZTC. BATHETREONT IR s HEFERHD S 5T, N-BE1E4 H [1] RIRA-E 4
H [3] OHEERICHEHAARERAIZETFE2 2 2E R0, 207DI1F. 520N MEEERD.
irreducibly quantified TH 205 xR HIET 273V X LHBBETH 5. [2, Proposition 2.19] T
¥, Lemma 1.5 IZZEF 7B DIZHIT S W K D DHEAEH A irreducibly quantified TH 2 Z & ZRL
TWBH, ZOAIIFEFNMCHRRIFE LIS > TE Y, —ROMEEMEAICH LT, irreducibly
quantified TH 205 2 HET 2 FENPEZTWVWHRTIERV. 22T, AFRETIE. 52oh
T EAER Y irreducibly quantified TH 205 02 HET 2703V XL ZHK L7z, AFKDE
FRRIEFRDEBHTH 5.

Theorem 1.6. 52 5N 7AHEAEH (S, ¢) 23 irreducibly quantified T& % 7 &\ 5 X, RERHE
TH5.

AT Ko T, EREEZ VS 2 & T IWN-BA- 4 [ [1] Y AN-1k 4 T [3] O HHER 508 Al HEZ
MHERZYZET 5 2 EBA[REIC R 272, RLKR— bORKRIC, S DV A XD 5 DIFAED irreducibly
quantified ZAHBEAMEHD Y X + Z2iHH L T\ 5.

2 FFADTATT

Z DT, Theorem 1.6 DFEHD 7 A4 F 7 I OWTIRIHT 5. ZD7=HIZ, exchangeable 72 HHH
YEF & separable R HAEHZEFKT 5.

Definition 2.1. (S,¢) ZMHAEHE T 5.

1. (S, ¢) 7% exchangeable TH % &%, fEED s5,5" € SITHL T, (s,8) & (s,5) BAMATZ 7
(SXS,¢) ITBWT, FALHEBERTICETENDE LWV,

2. (S, ¢) 7 separable TH 2 LI, [EED 5,5 € S, [EEORFR £ LT E(s) =&(s) &
7237201, s=s BRILTEZ 2.

MHEAER (s, ¢) 7 irreducibly quantified T3 % 72 51X, (S, ¢) 1 exchangeable 7> separable T
»H5. EE, BRESNHERNZZ 7 LT, Thzi, 2HEA, 1HEO DEEZ 2 LT,



irreducibly quantified T® % Z & 2° 5., exchangeable, separable TH 3 Z ¥ 23E»n 3. £7-. HEME
F (S, ¢) 7% exchangeable 72D separable TH % Z & 1%, IKAEZEM S AR TH 2 Z & 6. FHEKIC
o THEERTRE T H 5 Z L ICHER SNV, Lo T, IR TE. HEEH (S, ¢) 1& exchangeable
HD seprable TH % LE L TRW.

TZT, RD&E 5% n HEMHERZ 7 7

O€>0¢> - -+¢>0

BEZD. Ihbb, X, ={1,...,n},E={@,i+1),(i+1,i)|1<i<n} CTERINLZHWAIF7
(X,E) TH%. O &, EED (n,n)) e i, ie{l,....n=1} Z (i, nin1), 0ia1},,)) € ¢ &
W3 koIcE3 e,

n: (nl,""niani+19--',nn) - (771,---’77;’77;+1’-~-a7]n):7]/

EWVWH ML AME L. Lo T, EED s € SITH LT x, ZRIGT AN RER T2 L

(77, 77,) € q)E &i\

X X Xagey * " Xgy 7 Xy = Xl Xl e Xy,

CWIHEDEWE LR T2 N TE L. 22Ty KD K D 2ERE
M(S,$) = (x5, s € S| V((5,1),(s',1")) € @, x5 = Xgxpr)

REZBHIZLICTS. b L, HAER (S, ¢) 5 exchangeble TH % & X2k, ZOYBHIAIITH 2
DA =S¥ (VAN
i, MHAEHORFR LR ZBHEMN T 2. EREORGFE £ THNL T, GBRéy -

M(S,¢) >R %Z
fM(xsl -'-xsm) Z=§(S1)+"'+§(Sm)

LRERT B L. 2 well-defined 13HERTY &y, : M(S,¢) > R, THS. TZT. Ry ERICHER
HEY LTANZEHTHZ. ZOMIBICL > T, ROFERBIE LN 5.

Lemma 2.2 ([9, Lemma 3.4]). #HEAEH (S,¢) IR LT, EOXIG &€ &y 12K 0T, RN FIVZER-

¥ LTOFRA
{R1FE } = Hom(M(S, ¢),R)

HAEINS.

PlEDzZ e, Consv?(S) DEHRBARY M X 2EENENZ e 2BVl T . HEEH
(S, ¢) 7 irreducibly quantified TH % & =, {EED x,y € M(S, ¢) 25, [EEDHERT f: M(S,¢) > R
WX LT, f(x) = f(y) TR0 x =y BRILT D22 eBbrb. 2D id, AR
M(S, ¢) 73 cancellative /> power-cancellative TH % Z & L [FETH %,

Definition 2.3. FJ#2:HE M 23 cancellative TH 3 21X, (EED a e M IZOWT, fEED b,c e M IZ
WLT, ab=acZBiEb=cPBILT2IEWVS. £/, A[ELERE M 23 power-cancellative T»H
5203, FEDa,be MW LT, B2 ne€Z g DBHFELT. a"=b" R Xa=bWBHiT52,
AR N



Proposition 2.4 ([5, 11, Corollary 7.4]). AT 2 £/ R WA RRERATECEREE M 23 cancellative 7>
power-cancellative TH 2 Z v, HLEREOHERE f; M > N, i=1,...,m PFELT, (X
DILX,y € MITOWT, IEED i IZX LT, fi(x) = fi(y) Bl Ex=y 2RI T 5 ZLIZFMETD 5.

L7=23- T, HEEH (S,¢) 2 irreducibly quantified TH 2 Z & 55, AR M(S, ¢) 23
cancellative 22D power-cancellative TH % Z & DMED 23, Fid, TOHHILT 5.

Theorem 2.5 ([9, Theorem 3.7]). #HEAEH (S, ¢) 3 irreducibly quantified T®H % Z & &, RJH#EHHE
M(S, ¢) B3 cancellative 7>2 power-cancellative TH % Z L \Z[FfETD 5.

X512, BRFRAEYEE M 5 cancellative 7> power-cancellative TH % Z ¥ 1%, RER]REME
ThH 3. FE. XRO@MEIHSNTNS.

Theorem 2.6 ([8, Theorem 5.8]). HFRFRAJELERE M 25 cancellative T3 % 2 IREFIRET H 5.

¥ 7z, cancellative 72 FJ#ERIE 7 —_RAUFICHEH DAL Z e N TE S, 20D, 52Xohik
cancellative 72 A[ 22723 power-cancellative TH % 22X 5 »id, BTz WS Z ¥ ThEDH % Z
ETES. Doz ers, B2 oNMHELEH (S, ¢) 2 irreducibly quantified T2 2 22 EZRE A]
RETH2Zedbhrol.

3 MEFRADUIXL

RIRICIRAEZE] S DV A X35 THAMHAEEHD Y A+ Figure 1 252 %. 2OV A MTIE, [2]
DRFRIC KX ZHAFHDO I Ldi o T b,

Definition 3.1. ZODHEEEH (S,¢),(S',¢) PEFELVEIE, HEIEHS S =& BFEL T, FEX
N3 5% Map(S’,R) = Map(S,R) 23X 2% b LZ2R D[R Consv? (§7) = Consv?(S) ZHHET 2 2 ¢
AR

HHHEAEM (S, ¢) 23, irreducibly qunatified THBZHEEH L ELVWE LTH, (S,¢) HED
irreducibly quantified TH % LR S6R VW L REFESNAL V. LrAL, 2OV R MIHEi->TWEHH
HAEAIEX 3 X T irreucibly quantified TH D, (EEOIREZER DY 4 X235 O irreducibly quantified 72
MEEHIZ. 2OV R Figure 1 @5 500 FEL.

4 GHEE

AFUSFIORFGEY Y —F - 7Y oA MHEDO NTOMRTT,
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1: Irreducibly quantified interactions for S = {0, 1, 2, 3,4}.
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