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Abstract

This paper studies an application of Boolean Grobner bases to the verification of distributed
programs. In the topological theory of distributed computing, distributed programs are modeled as a
composition of topological maps over simplicial complexes. This leads to a declarative programming
style, wherein the topological maps are defined as functions over simplicial complexes. However, the
resulting function must be checked for its topological consistency. This consistency checking process
corresponds to solving certain set constraints, due to the combinatorial nature of the simplicial
complex model of distributed computing. In this paper, we present a consistency checking procedure
that detects possible inconsistencies by employing Inoue’s singleton set constraint solving algorithm
for boolean polynomial rings with singleton parameters. We have also implemented a prototype
consistency checker and discuss certain optimization methods to achieve better efficiency.
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2 WMITHHIATLOEGE FROS—HmEEHETOI 0T
2.1 WITHEH AT LOEEE FROS—5H

WATHS AT L DOMAERE PR Y =GOV T, ARICHEEST 2802 5. X DRIV TIE
[HKR13] Z BB X720,

n+ 1EONAT T O AP SR DMITAMS AT L E2EZ L. FAfT TR 3zhTh BRIt
il FCXBIE R, RSN FOEEE{0,...,n} THB TS, LINTE, Zhbdn+ 1ol m
£ 273 Read-Write A DWA TV ZN LTI ZAMEREZITS 2 212k > TEET & % wait-free 723l
587 AT Y XL [GKIS) DAEEZ 5.

MEERMNCET 2 (HF) BARNERIE, V2ERAORESL L EUTO XS IGHEEERINS.

B d+ 1 ADOTHRDES {vo,...,va} CV & (d XT) HHkE WS, Tk o DXITL% dim(o) TET.

B/IE WADOHRES C C 2V Tho THEEDEUBRBRICOVWT RIHLTW2 b0, T4bb oeChD
o' Co bR o €CTHZHDEMAKLVS.Y HIKC ODXILE dim(C) = maxyec dim(o) TED
%. d+ 1 ADEMADES {vo,...,v4} CV % (d X0T) AL WS, V(C) = U, cc0 TCAELIER
DELGERT.

Hifk o € CHC DWAIREUK (T7bb, reChDoCribiEr=0)THELE, cRCDTTHEY
kw3,

BEA v N LTHET 2 7B R0#HT% ¢(v) TRIZ Lz E, y(v) ZTHR v D2 LW,
X:V—={0,...,n} ZEEEK L VS, TR0 TR —ETHEIers, FEOH K BIUZD
HR u,v € 0 122WVWT, y(u)=x(0) BolEu=vThd. ZOMWEEHLTHED Z & 2O KL W
5. O EHKD B 572 2 8K 2 it KL W, 2DEEEE (C) = Uyec x(0) TED S, Tz,
CODITRTDT7 7y bORILH—HT 5L %=, Cldpure BEAKTHE 20,

WATHELS AT LDET UL, pure 78 n ottt EEERTEZ Hhd. 22T, HARE v 2DR
HEIZ, n ZOTHURIZ n+1 70 ZMATHRS AT LD H 5 0L DDIITIRIEIS, EIKIZAATHS 2T 4
DIEPEMEITIRE (AT LD DIRZIRETRNTOES) BT 5. F7z, #HIKD pure 222 n KT
BfNETHL Z i, WITHHS AT LDOIERENZIREBDO O 20 o 7T at X5l CcXialEhiz
n+ 1EDINT 7ot ADIRETEE S Z e extibs 5. L&, Ik 5 21X pure % n IoTtfT KD
ZexfETrd 5.

MIROEBIX, WITOMS AT LOMER RO Y —wTh o dPEMNAFER LTHIONTVWSEH
KThH5.

FH 1 (Asynchronous Computability Theorem (ACT)[HS99])

B BAATHRGEHEDS, WATHHES AT 2TBNT wait-free KBAIRER Z L &, Z OMATHEGEHREAEHER
&MY Chr™ 1 7 - Cle™ T BEY S FHUKE § - V(Cr™ I) — V(0) D322 DK LDOFHRD
B 6o Chr™ TREITEZ 2L LIFFAATH 2.

Chr™ AR T ZREDHETHMA T 58E% m OEDIR L CHoh 2 BIEERTEHRTH S, H
KEAR § 1B THS v € V(Che™ ) % §(v) € V(0) WETHMIZ Che™ T 2 5 HAHEIK O NDEM&T, HK
BIUOazEfET200, ThbE TBD o c Ct™Z BXU v € V(Chr™ ) IZ2WVWT §(o) € O 2D
x(06(v)) =x(v) Z2AHETHDTH 5.

e} 2 M %, MUFOMAERE L OMEBERTHRES I oN 5.

Dz oWz, WIHHMS AT LD T at 2L TY A7 a0 58T 2T HEMEA D 2 Z LIS T 243, AFITIZ S 1
E AWBEIZOVWTEEZ R L TRV,




EIE 2 ([Kozl2])

IR C OEHEMLT &5 Che™ C D% 7 7k » b, {0,...,n} @ ordered set partition [Sy;...; S, & 1XF
1 OXEBIRE RO, 72720 2 2T, ordered set partition [Sy;...;S,.] ¥i&, U_,; Si ={0,...,n} Z&A
T&£5%{0,...,n} DIEERILAES S1,..., S DHWVICHERSY| (FOIHZXTZ) DI TH 5.

27w A (LIRGE) D54 37t A Qo) 0BG

[{0}:A13]  [O.13]  [{1}:40}]
O O L ]

1 FREOA S OBl

BEE AT Z M0 % 1 2008 L O 2 ZOtOHFRIH LT3 2 &, K 1IORTHICERZN 3
B LT 13D 7 7y Ml I 3.

2.2 #HEE FROS-HICESCERBLETIRTIOISZI>T

EFLICED, TRTD wait-free FEIRTAER AT 0 HGEHISEHEON FH{15) Che™ 3 X UEA = BIKE
6 DEWMTEES. D55, EEAN XM/ E immediate snapshot ¥ MEEAL 2 REE DT/ T 1
b aic X BEIEFR X [GKIS) THRHTE 3. (2 LAMTIE, m=1DHE0AWDLS. ) Lizhio
T, HHEATEIMG0d 0L LT, RYoMNEHAEKEGR s 2 Tn s3I0 7352ickoTH
&3 2 MATIHGEHRZERT 2T 5.

WK TBIZZ DO D I TH 255, N0y S I v Je BB WE £ 605, $7-, HUk

b5 7 78y PADTRE LTI L TOHHIIZIER L 722 T Ao TWS. ZoHHL, 77k
I & ordered set partition 23 1 Xf 1 XI5 TH 2 2 & (EH 2) kb, M TS I v I TcEHIh B R
R—r~y FRECERHAL TR ERT LI T5. BB TOREIERD & —r~= v FHEX

| A7 7€y FD,8&Z—2, ordered set partition DS —> -> H /17 7 b

Z 1 ED BN THE T

il LT 2 7ut AD 2l quasi-consensus MED 71275 2 > 7 %FEF %2 X 5. quasi-consensus fHE &
X, 372070 ARNEFNETNTF WINLDOHEEA I T2 &, HEMRR LTH et bFH—
DE(THLLIEF) ZHNe 350, HOLUDEDLNT—HDTRELANT, b5 —H2F 2N (¥
FEEDRBW) 2NN T2 L5008 Twro70%252 % 2W0WI3bDTH 5.

Z OMHEE BRINER DB LTRIT 2 LA NORRICR 5.
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R _Agree(F
+—o— —,‘/ [{13:£0}] ‘F—Cﬁ
) [« [{0.1}] Disagree

Chr > ‘——o—+‘\ [{03:413] 6 > $Ag_ree(_T%

ChrZ @)

ANER T X2 5D F 0 AHHIC 2 FEHDEEZ A &5 2 A[REVED H 2 DTHABTH 5. THhDER
HE(f Z {5 Chr Z W 3PNUE DK% 3 DIXilr Lz d Dicie 5. MK O 3O ED SitD%E —AR
Frwiz 3ok 2Wad T ThH 5.

quasi-consensus ZFH 3 2 BIKER § 13X — 2 v FHXEHWTUND X517 m 5 IV 7/ T&E 5.

let § = function

| INCF,F), [.] -> Agree(F)

| INCF,T), [-] -> Disagree

| INCT,T), [-] -> Agree(T)

| INCT,F), [{1};{0}] -> Agree(F)

| IN(T,F), [{0,1}] -> Disagree

| INCT,F), [{0};{1}] -> Agree(T)

Bz, 70T L 2fTHD X — UL INGF,F) DL RTAIEE I 07 72y + (WAEO -
) DT, N&EZ— [ IZEBT 5 ordered set partition IZXET 2 7 7y & INF,F) BMHELRT
HAEKO D7 7y b (MaDFD L) KBTI EERL TS, ZOHE, Z—r [1HMEED
ordered set partition IZEHT 2D T, ML B3007 7y MITRTERUHNZ 7y MZEXH
5. 782955711, INGE,F) PEULRTANERI D7 7ty b (WAFOLAHELD) O % Zhz
NEDHN 7 7y MCETPZERLTVS. ML 23007 7y ME, KHD LS ordered
set partition [{1};{0}1, [{0,1}1, [{0};{1}1 AMIEL, ZhZzhM N7 7ty b D 1l Agree(F), #iEid
Disagree, Nl Agree(T) IZHXN 5.

1:
2
3
4:
5
6
7

2.2.1 HETOY S LOKAMNESHERMY

TRy Z ATERT SFHR X, UT ORISR 22 L TuRdhudm sz,
BEREROBANEESERM 514 6: V(C) —» V(0) PEAEEHR e L TEMINTEELTWa 21, MR
Rl T e 2V,
ERDCDT77EY b 01,00 IZDWT,x(01 Noz) C x(6(a1) N(02)). (2.1)

bbb, 530077y MM DHEELETZLE, BRIk ZENLT7 72y POBD
Fith o OIERZLE L TORITIUER S0,

Tl T APBELE RN L TWA LIRS WD, R0 7 n 7T AMERMNES SO
PRETH S, (GAbNT0l T AHREEENE AT L TWRWES, EI LIGEAS & 2D W7o
AT L TOEBAREIRIES LRV, LR D7 E quasi-consensus 71 77 L3 d 5 A ARG L% A4
7LTW30DT, FEARETHS. )

7B, BEMEMTIMA TEBR S BT RTOAT (CODTRTDT 7y b)) KOWTERINTVWE I
2UAET 2720, 05 ATHZ BN & - VIEGPHRNTH 5 (YOAND VI NHD X — 1T
XvFTS) Ze Rl T SREND B, T OMFENEORELICOWTIIARTIEERT 5. (MRS, %
RS e ARk, ATV E LR L 2% Boolean Grobner ZEEK TN T 2 Z & THRAERIRETH 5. )



3 Boolean Grobner BEIC Kk 2 BcE SR HE

WM CHALZTO ST I V7 STt &N T 0T T 22D\ T, Z ORMEREE % M
LW, BMETFEL LT, EEANZHNICEIZTRTDT 72y FOMICOWTHREENREI SRV L
BRMI D THREL TW L ENNRAEDE Z 55D, ZOHEFEENTERY. 8k s, n— 100
HARDEHEQN ZHINIC X > TEAM IS 7 7 £ v P DEIE Fubini 2 ($ % W& ordered Bell ) F,, T
EZoN3 e T0aD, ZOWLRRIE F, = 0.5n!/(log2)"+! + O((0.16)"n!) [Wil90] TH b,
KW Iy =3, F3 =13, Fy = 541, Fy = 102247563, ... D X S ICAM T 2 72D B HEER T —1T v 7
L7z,

AT & D EEWNZBEEERE R I T 5 51k LT, Boolean Grobner LK% 5 L 72 &4 il fi
HWOTFEERHT 2. FAEHTHRT 2 L5, 7870l T L ORMNESHESMIEEHINE LTX
FTZEMTE S, AHITIE, Boolean Grobner #JEIC & 2 EEHIRIDMN 7 L3V X 22 DOWTHEHIT 5.

3.1 Boolean ZIAXIC LK 2 EEFIHIRIR

(B,+,%,0,1) 2 B2BEAL T2 7—ARET S, BIBREEROLEMX = X,..., X,, DZIERR
BIX] 122WT, A F7 A (X2 + X1,..., X2 + X)) CEBRARIELT—ARTHE. ZheT—L
ZHERRE WO B(X) TES. 417711 CBX) BMEEHRO LR, a1,... a4, € BHFELT, FEOD
F(X)eTZoWT f(@)=0THBI %WV,

FHCBIRE B 2B 2AOHMEE L Lz &, + Z/ARIS+T = (S\T)U(T\S), x ZHEER ST = SNT,
FLEEEL 0= ) BIOHIT 1 2R2EALTH2I0EoT (B, +,%,0,1) 37— LB 5. MR
Aficix, B=20m 332,

A=Ay, A %X RRs, BTEEDLEHIA—RL Lz E, (B(A)(X) 37— NZIHR
B B(A) ISRz (BB X 0) 7-AZEABRTH 2. (B(A)(X) DAFTAIH (RFA—X Ao
W) Wt AR E RO vk

381,y S € 200 gy g € ({0}, {n}},VF(X,A) e I, f(S,d) =0
BAHET LRV,
EEICET 284 IR E (B(A)(X) DZIHR (BHITE SR ER O Y 5 0) THEET 2 2 A TE
%. [SMS91, SISt11]
(FHS=T)S+T (B& SCT) ST+ S (Fi)&E a € S) {a}S + {a}
(JEFE a ¢ S) {a}S (JE% S £0) AS + A

3.2 BEaKSHsEET7ILIUX LA

ZIER f1,..., fs CE o TRINEEEHIIOMEE2121E, (B(A)(X) DERERA F7N (f1,..., fs)
DHITHEESIRE RDIUT LWV, ZD XD Bk, 77— AZEAICBW TIRRER & U8 [SIST11] 23
K HIDZ e EFIALT, Boolean Grobner FHEE AWV RO LS5 K7 ATV XL THET 2 Z T
=%, (FEMIX [SIST11, Inol2] #BEE X. )

AN ZHEAXOHRES F c (B(A)(X)
HH BTREROFER (BEG D 0LE I Ro—fl, KL 0%EIE L 2iKT)
1: procedure SingSolve(F)
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G1 + (F) @ Boolean Grobner £EJE [SIST11]

Gy + Gy NB(A)

if Gy DHICHEAIRE YITEAMRT LTV X 4 [Inol2) 12 & D FERKY then
return JiyTE A D

else

N T N

return |

Z ZTInoue i k% 703V X A4 [Inol2] &, almost solution & PRI % HUTHEGIRD —T (£ 721327)
2 REMNTHUS L, Z D almost solution % /1 2 T Boolean Grobner ZEEKDEHEEEDIRT Z iz &k b BT
EEBRORIAEITS 7ATV RLTHS. LFOWTNhDOEMA 2T %, B(A) OBRERA F7 L
(1, ., fs) 1F almost solution A; + {m} (A; € 4,0 <m <n) ZFDOL 3.

o {m}f; ={m}A; +{m} 2% fi BFETS LI
o RO M €{0,...,n} \{m}ZDOWT, {m'}fi={m'}A; 723 fi (1 <i<s) BPFETS.

almost solution DEFRIFBEETH 5729, T X > THORREEGHRILTE R EERZ V. 7L, &
12 almost solution DSTEET 2 L IXR 53, TAE LR WEEIITITIRE T X — ZIZIH 3 2 RFEIIERR D4
Frindl, %3 LHMERPERIITR S LIFRORWZ L ICHERENIBETH 5.

4 BREANBEEREDI-HDESHIKIER

T ANTT 7y bS5 T 7y bADOBI Y LTER SN BUREG § 2SRMIAE SIS (2.1)
27z g hE 5 h%, WEEMRMTHICT 2 LKA Z AL, Z Dl 3 HiT/R L7z Boolean Grébner
HIKOFHHZEA L TRAIST 3 FikErRd.

G OBRANILAL T D 2 FEE O REE O FIREMIC T TIT72 5.
1. BHEAT RIS K 20 OO TR L TNESDVEL 255

TRICRT LD, ANERI O CieZ D220D7 7y b 01,00 IDWT, v € 0y N oy DIFTE

LT, x(v) € x(6(o1) Nd(o2))

g1
J2

ChrZ @)

2. FEAN EMORTO 7 7 £y PHET 28R LOTHAICBE L THRREDAET 255

TRNZRT D12, AJIKTI DRL220D7 72y b 1, IZDOWT, v € Chr (rN7m) BEELT, H
5Chrr D77ty oy BEUEChra D77ty b 02 IZDWT o € 01No2 1223, x(v) € x(6(o1)N(72))
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WINROEED, Tl aHOETOARR—YOHUCODWTL TOFE 2R LTS 2 TES
MDOREZITS.

1. BEHH @ &, EX—VDPREETHILETBELIUVEDLEICROTEAREL 2 L5 W ENT S

2. HEHK @ %2 (B(A)(X) OZHERXES {f1,..., f} KHIRT 3

3. {f1,. .., fo} DETESEER LBV 2, 3.2Hi0NTESM 7 L2V X 4 SingSolve T %

ETDARX— Y DRI OWTIHEITFE LR FIUIT T 0 7S MIBENTH . EAnDEDDARR—Y
DI ONTHEMFETIE, 7Tu7 7 03T EETHY, ZOMREITEEGOHEBERT.

4.1 NE=2DT77€y MIRYFTR-HOEEFIN

LR 2FHONESRE, WIThroZ—YiiwyF L7 7y N OMIRANRES &2 A&
ROV ZIHHINEIREDDTH D, RX—=UDBT7 7y MIxvFT5IL%, ordered set partition
BT B RGN X o TRET 2.

AR TIX, ordered set partition D XX — > ZLLROWTFR DO Ttk s 5.2

o 45 r D ordered set partition I&v v FF 588 — ¥ [set1;...;set,] T, 4% set; &ilid 6 i liHD
partition I2% v F3 5.

o F[ZEJED ordered set partition 2% v FF 588 — > [sety;. .. sety; - seth;...; sety] (u,t > 0) T,
R&r>u+t 2LED partition 12K LT, % set; [ZATH u D partition 12, #% set’; 138 ¢ fHD
partition IZ~¥ v F 3 5. _1ZZ0Nb 2 2iPiEnzkX 0 L LD partition DRI~ v FF 5.

BIZIE & —> [{1}; 5 {0}] YR X 3 D partition [Sy;S2; 53] &~ v FF 272D DEATIKINE, [S1;S2; 53]
% ordered set partition T»H % 72 DilFN I IE 3 5 ZHA

o % S; MZETIN — S;A; + A; (1 <1<3, A 1% fresh)
° 51,52753 Z‘JS‘ELW:%fSiSj (]. §Z<] S?))
[ ] 517 SQ, Sd Z’ﬁ partition — Sl + SQ + 53 +1

W2 T, 4 partition 23&7z TR EHFNCXEFT 2 ZHE LT, 1 partition Sy \&DWTIX S + {1},
5 3 partition S3 \ZDWTIE S5 + {0} ZAEMKT 5. 5 2 partition IZIF KX —Y vy F L, TONEIEZ
i TH LVDTZAUCE L T B HFYZMZ 2. B L ordered set partition DE XA KX — > 2 B L
WA, FTRRAATRERZIEN 1 BT 5.

LUK, 2D X 512,8% = pat 23 partition [Sy;...;S,.] & ® v F T 57200EEHNERTZHAOES
% Match(pat, [S1;...;S,]) &KL T 5.

DA TIIERT 525, THED X HICTMABRRZ —VFikd 7 — A BN X > TRBEARETH 5.




102

4.2 WHRREBOTERICET ZFBEERHDIHDEAHH

BADEEEN EMIICE 2 22007 71y PHBHERERICH 5 2 2id, T & 5 KA IR
DFohs ZeBHoNTVS.

B 3 ([Koz12])
dZICHK o (d > 0) OIFHEEN S5 Chro DHEIRZ 20D 7 7y b, m A1 d— 1 IoTHIZ AL T
BHELTWS (Tbb #(nNn)=d) 2k, Ihd 220077ty EBZRZRLLRD 22D ordered

set partition
(S (018 Sm] BEC (S0 5{b}U S-S
EXET S EAETHS. 2O E, y(nNn)=x(0)\{b} TH%.

ZOFHEMTIc & D, N OAREEEHMET 2FREEZ 7 LIV IL 1 DL ITHKT 2 2N TE
5. ZO7NLNITYVRLE, COANT 7Ly bOFEENN EMSIC X 28532 7 7y ORISR
ETROVZ RIS 2T 2525, 7TV RLIE, REZ—VOM, B r, BHi(1<i<r<n)
WOWTD3EL—T (B 1,4,517H) THREINTED, SL—T7TlE, 22008 —rhzhzhmiE 3
DEI17 71y b OBHERRICNET 2 ordered set partition DFH [Sy;-- ;A4 + S;;Si41; -+ Sm] BED
[Si;- ;AU SiSiq1;- - SpPic~y 755 (56, 717H) B, Thon7rty bAHALLWEHSOM
WE A RZ—r=yFOHIMBIE LR WTEOMES Q (5 21TH) WREAW RV L 2T 5.
Q WEELEDHE (B 3TH) IAREFEZ D BR0wDT, EEHRIOREIIThRV. Q MHITES (b}
D E (HITTH), An{b} =0 MR IAEGHIDMEROLEREEL 5. —F, QM2 DL LY
ENoRDHZLEFRIOLIILAREMZ L TH LWV, B8RS, 20D 38— 36 3 DEK TR S

TV XL 1 IO RESHHM 7 LTV X 4
AN RE—=VEE t, paty = uy |- | tr, paty, — ug
A MWL BENTHEIE T, 25 TRIFNIREE LR —FlEiKT
1: for each ji, js € {0,...,n} do
Q< (tj, =t;, D EDA{0,...,n}\ x(uj, Nuj,)) <HI7 7y FAEELRWHROBES
if Q # 0 then

2:
3
4 for r =1 ton do

5 for i =1 to r do

6: let Si,...,S,,U; € X, Ac A < fresh 228

7 F « Match(pat; ,[S1--+;Si—1; A+ Si; Siy1;-+550])

8 F+ FU Match(patj2, [S1---;58im1; 45858415+ 55r])

9: if Q={b} then F «+ FU{{b}A} <& An{b} =0
10: Sol + SingSolve(F)

11: if Sol # 1 then return Sol
12: end for

13: end for

14: end for

15: return T

DA M 31TBT 2 HITHES (b} KHIST 5. £z, [S1;--34;9:8i11; - - Sm] 25 ordered set partition TH2 Z ¥ &b
ANS; # 0 '65575’5, A+ S;lZAUS; rELWL.
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3277kvy bMeeyFTireE, ANTHETAHADOEL n THLDII L THATHEINZTHESD
Bldn+1-#Q<n kD, HIIFEEELLTHS.

4.3 77ty FMEREDERICET Z3FESRHEDOI-HDEEHKY

ATERI D200 7 7ty b HZDER L CHEEONEMMC I THAZHET 521X, @E 31
RUTBESRME XD, MTFO XS5 IcHERNCREST 6N 5.

%4

220 dRITHAK (d > 0) 01, 00 DIEHEMAS X7 Chr o1, Chr 0o PHEEDTHA ZF5D (F74bH5 V(Chroy)N
V(Chros) #0) Z& ¥, #i5 Chroy,Chroy ZNENDT7 7y b 1, PFEELT, ZThHEPEZX 20D
(Fl—72 )ordered set partition [S1; So] WHHIEL T S C x(mi Nme) THB Z LIXFMETH 5.

ZOMERNRENT LD, 772y MERA LOREEEMET2FHERZ T LIV L 20 X 512H
KT BZENTESL., FEREX—VOMIIOWT (B 117) PEANZ 7ty bBUET2HAOOES (5B
217), QA7 7y FHAHALAVEHEAOBEES FE317) &35, A7 7ty FOER L oEHES
MEMAPIC X BEAP A INDGHE, T4IED INLDHADBERIZE X 2 O partition [S1;5:] I
MIST 2 EEEEMN EMTICL D 2007 72y FOHERS, ThbE S KEEND. koT, MADS
R—Y P [S1;8:) 1=y F L (BB 54T) poHBEH S, C P, QNS #0 (55 617) BEEROHE, TES
ERAIT .

FIWIAUVIL 2 771y FER EORBEERAT7 V) X4
AN RE—=UHREE ty, paty —uy |- | tr, paty, — ug
A 77ty MERLICELTESHNTHIUI T, 25 TRINEITES R —H%RT

1: for each ji,j2 € {0,...,n} do

2 P x(t;, Ntjy) SANT7 7y v HIHAT IHADOOES
3 Q«{0,...,n}\ x(uj, Nuy,) AHH 7 7y PR LBRVWHKROOES
4 let S, S eX, AcA < fresh 72254

5 F < Match(pat;, ,[S1; S2]) U Match(pat,,, [S1; Sa])

6 F+ FU{PS +5,Q8A+A} <«HEHN S CP, QNS #0

7 Sol + SingSolve(F)

8: if Sol # 1 then return Sol
9: end for

10: return T

5 BAMBERORE

RIETCOR L 2FRCHE W, T8 T 02T A OMEMMBRO 70 b X 4 TRERIT- 72, %
A, IR = B S OCaml[OCa) TH 5.

FCRER T TAB L, HIffiORUAFREHEMICZOE FREL LI TRV MR E oIk
WZehbdrolk., (HlN=Yarora x4 7T, 22 TRLE2 7 BE D 2 i quasi-consensus
MEO 7077 M T 2BEUBREICH 1 9BREERE L. (175 MacOS/Apple M1)) Mg DHE
ITRMZRE L2 24, UTD &S RERDWRILRE DT & 7o T,

(]



104

o ZINABEB I EN D EHRPHITTHEE VT X — X DIEARDZ .
FRCHITRG T X — X DI R 513 Y, Inoue 743V X A [Inol2] T almost solution 53145
IR E ORIFRNERRPIT DN GBIV Z A D, FITIROETCH IO ERTVWEEZ 6N S.

o BT B IBAHIKNCEHEEL D Z.

HAETROLRZRAHEHIOED 1275 &, &R CHKHmBANCEE L RN ERESnTLES 2
ERBHY, THOEMNIATHIRICKESHET 22 e0H 5.

e Boolean Grobner BB X OBEITEESMO 7 LY X252 71 2Y XL 1R 2DL—F 1 [AHIZHT
1ERITT 2 2 BEPIRETOEKE o T3,

MEofiggk b, URD &S Mt ot 217 o 72.

e Boolean Grobner £JEIC X 3 HEESHIFIDMEICOWT, BHSDIEIZNE b b K5 BRRIZOW
TOMEFAF v 795 2T, Grobner ZEERDFH 2 AR GITREZRFCIE L TITS K51 L7
Thbb, & — 2 ordered set partition 127 v F LIV (28X — Y DEX ¥ partition DE X 2H
BUW - EEOBEBBHIEH LR VE) ¥ %L Grobner KOG EE AT 2 X5 Lz

o FEHLEEGHIVEER LRV & S IR E TRo72. HIZIE, 73V X4 1 THERS L EATHIRY
Match(pat; ,[S1--- 5Si1; A + Si; Siy1;---55:]) & Match(pat,,, [S1---;Si-15 A; 855 Sita15- -+ ;5]
WAZZENZEAL[S1--+ 5 Si—1; A+ Si; Siva; - ;5] & [S1+++58i-15 45 8i; Sia; -+ 3 Sr] 2% ordered set
partition TH % W HIIMBEZEN B, HIFICET 3 ZDHFNI%REDZNHEhN 5 DTEE

THIEHNTES.

o X5IZ, AMPHMNC T L2 RATHY IR T 2 & 5 ok 2k o 72, Bz, LA X £ 0,
2e X ZEDEL LS. ZOE X £LPEDS5 /0N 2e X 26BINZDTHIRTE 2. %
WWZDHE, X # 01 fresh RETTEEG TR —R AZEGOZHENAX + A T2 2ehs, B
TCEANRTRXA—RE 1 DEOT I TE, LD Inoue 713 X 4 [nol2] ICB 1T % MFEMERR
DR EROT I TEL L WS ETHMNTH 5.

25 DRGEIIC & D KIERAIRSEGEZERT 2 Z e TER. BRI, 2.2 Hi0 2 8 quasi-consensus
D 3 7'a - RLGRIRIC TS 2 MED 1 AR TR T T2 £ 5 12ko7. 2D Z iE, Boolean Grébner
BEDS, WATHEEHH OB SR E B ELEATRIEEHOTFIEL LTAMTH 2 2 Z/RLT VS,

6 Fr&HCHRFE

WATHEGEIE 7 1 2T o ORISR 2 £ S5 HRERE & L TR L, Boolean Grobner JEJEK%
HOWBETREAHN 7 LIV X6 2HHAT2 2 THAET 2 FEZHRE L. ZOTFHRICWL 90 DiRH
fEZHT ko T, HENRREANTREMMELZITS 28 TE]Z. 2D Z &I, Boolean Grébner
HEDSWATEGEI R OBEMME AN R TFIETH L Z e ZRLTWVA.

AWFFEIE, Boolean Grébner ZEEDFEHNNATHBETE OB EEHMREICHEMGETH L %
RTBDTHEH, T aLRBHBREVGEESE, LDBRENZT TS LT LTHEDL 5WVH)
BRINHEARETH 202 HET 2 Z 2 35BROMETH 5. IR LI oR IS Sk WiEEIE,
& 574 38 L (Boolean Grobner FEE T L3V X A FARD TG D EFE0) ICOWTHRETT 2 HED D 572
55, ¥, SEOWATIHT 02T 2500 1 FOFHEGCN T DA ER->TWED, ThEEKEO
MAETT IO LGS DOARFIEOEMEICOVWT O RIEDNETH 5.



105

A2 JSPS BHFLE 20K11678 DB #3217 7-% DTF.

2 £ X M

[GK18] Rachid Guerraoui and Petr Kuznetsov. Algorithms for Concurrent Systems. EPFL press, 2018.

[GLR21] Eric Goubault, Jérémy Ledent, and Sergio Rajsbaum. A simplicial complex model for dy-
namic epistemic logic to study distributed task computability. Information and Computation,
278:104597, 2021. An earlier version appeared in Proc. of 9th International Symposium on
Games, Automata, Logics, and Formal Verification, Gand ALF 2018.

[HKR13] Maurice Herlihy, Dmitry N. Kozlov, and Sergio Rajsbaum. Distributed Computing Through
Combinatorial Topology. Morgan Kaufmann, 2013.

[HS99] Maurice Herlihy and Nir Shavit. The topological structure of asynchronous computability.
Journal of the ACM, 46(6):858-923, 1999.

[Inol2]  Shutaro Inoue. Efficient singleton set constraint solving by boolean Grébner bases. Communi-
cations of JSSAC, 1:27-37, 2012.

[Koz12] Dmitry N. Kozlov. Chromatic subdivision of a simplicial complex. Homology, Homotopy and
Applications, 14(2):197-209, 2012.

[OCa] OCaml homepage. https://ocaml.org/.

[SIST11] Yosuke Sato, Shutaro Inoue, Akira Suzuki, Katsusuke Nabeshima, and Ko Sakai. Boolean
Grobner bases. Journal of Symbolic Computation, 46:622—632, 2011.

[SMS91] Yosuke Sato, Satoshi Menju, and Ko Sakai. Solving constraints over sets by boolean Groébner
bases. ICOT Tehcnical Report TR-680, Institute for New Generation Computer Technology,
1991.

[Wil90] Herbert S. Wilf. generatingfunctionology. Academic Press, 1990. https://www2.math.upenn.
edu/~wilf/DownldGF .html.



