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We have developed an algorithm that derives an executable program from a
given specification of a distribute system, which is defined by a mapping from a simplicial complex
(i.e., a combinatorially-constructed geometric object of higher dimension) to another simplicial
complex. Inspired by topological perspective, we have also redesigned the immediate snapshot, the
core distributed protocol that characterizes the standard model of distributed computing, by
multiple steps of simpler distributed computation. A program optimization method has been proposed
for this topologically refined snapshot algorithm. Furthermore, we have studied the topological
properties of distributed computing models other than the standard model and we have also worked out

a novel proof for the impossibility of certain distributed tasks, making use of epistemic logic, i.
e., a formal logic of knowledge held by the processes in a distributed system.



B X C—-19, F—-19-1, Z—-19 (&)

L. WHERasn S W D5 5

WATHERY AT b2, EBOWAT U CHET 2 70 ANHE W T— X220 S L Caf
BERTTDEVATLATH S, WHHBMY AT LB WTIEEN T 7 02 2D FTAIREN I THhh
5728, WRBZEFGIEROMEEE2TRTERTIBENDHD, ZOLIBRVATLRELL TUT T
IVITEDR, BT HEANSRDEFIRY AT L EHANTREBIZH LV, LSS AT LTI
i e, T 72bhb —HDO T ANEREIEL TRBE LR Lo GBICEMIET 5 Z L b HEEI N
%, WATEATIEFHIEHOAMAPHBEREET VIS AT AL L > THRATHY, ZOX D RERLH
RBIZEDLETTRT I IV %2T5DIF—BHETDH 5.

DX S ITUMATHEY AT LIRS D723, EFIT 8 o TWATES AT L DFELT 2 G
(combinatorial topology) & XJi& & & Tifid 2 AIHF% (topological method)[1] 23 EH L 7= Z &1
L0, TOWHEOHMBENIKRESEATVS, BAWFEEZHNS Z LIZL > T, WITHHY AT L DHR
BOEMAERMTETMMEL, VAT LOMEZMEERMOMBE LTI TREBL & <HEiMmd 2
ZeNTESL, ZNIZE o TELKDEELMENMRONTWVWS, 2L, 25 DERDE < INif74
HGTR O EATREMEICET 2 DI o T W,

2. MEEOHM

MEERMET VL, S E I ERUMATETIET OHE S RCHEREETIVICHRLT, IEIER
WITDE S AT L DIREEVEZFHE IR TR Z A TH S, 2D ens, BAWFIEIIFHER
ATREVEIE D D T, WATAHS AT LAIC KB EEZREICER LD, ERINEHEZED LS IC
UCTHEBT NI DOVWTERTE20DL->00 & UHGRNEE2FOEE L LTHAHMTARETH S
ZeBIREE NS,

AWFEDO I, WATHEY AT ADMAERTE T VICHET AMECTEBMINTE MR Z2EMT
52 LIZ&o T, WTHEH T 0 s T OIS % BARINER (FLE TR S Wiz @ooIg) 255
DHKERANDE R UTEMAMIZEER L, I SFTHEER 7025 024K T 5 TFik2525
e THotz, TNIZE-T, BARBUTHRIAT LB 2HENEEHEICEREL, ThiHE
132700 RAZEZDZENTED LE AT,

3. WD Ak

(1) BARERDERIZ LD Ty T LB
M TFIE TR, DEGHRZ 221, A% £ HARREERD S 1)) % £ 3 ARREERAN OB &
ULTEHEIND, ZOI=DDHREEEAPDOMADME DR S K I mE D KRELRBEEKKERZ
BENZHER L. Z DT A OBKKERD S H ) O BARIERA & BRI ER S 271 T Y
ALEZGFT B, TNk, DBGIREXAIPERTE 70T T 6528 T 5,

(2) HIfAF v F¥ay 70 b )L OBAMRIRE 7125 Akt
TEHER 72 W47 43 BGEH L€ TV (wait-free 72 READ-WRITE A5 A €V EF V) &, BT
FHIA Sy 7> a3y h7a b 2z &6 AT EEOMY EATEHREIBICHY) & Mo ST E
1R S RN OB (ARG G, WATEHEMR L& 702 ADF RIS 2853 12HY) ©
MTRIHTEDZZEBHONT VD, 2] ZOHIKEAF Y T3y bOTILITV XA L%, BB
DS EHE OWATEHEOMETICHML., Zhs L BRGEHROEGRICET 2 70 s T Ll 217
S FIEEIRET 5,

(3) FEFEHERNGAT A E 7L D Euler FEL
BEHER 72 AT D BEHE O BMAIE T DWW TR, FIROHIRAF Yy Y ay hTFr barizksd
M e UT SRS NEEPHEA TVD, —FH, THUUNDIFERZE TV OV TIE, 7r
7T WEIFHRHKIERIZ TR 2B 2BEISHGLTE D, L2EZORBEXRTLTHNIED



HIEEXTDY AT LZEVERREN 2RO Z A BRI SN T WS, i~ DIFFEHENLRET IV
D BN 2B ATHEE (2 D W CTIFE@ED 2 L 1IE S AT, T DSIEERER 22 € TOWICEI U CXifT 8K
SHEOMARED S T 07T L EEET HEEOREME o> T3,

BRI 722 JEEEHER E TOLIZ B 1) B BRI IZ DO WT, ZDORDOKEZZHBREDVOEDTH S
Buler SN T DI LICE > CRHHERNEZRAET 22 L 2ilA 5,
BRI\ 0 72 & 0 — 2R R 7L T O 4 BGEHEAS AT REVE AT

ERED & 5 BRIEHER R E TV D (ROKE XD & 5 72) ISR TEE 2 . BARNZRE T
BAREIAD S D T 025 LEHIE, ZORHIRL NV DBEVDEDH E VMR LA L RV E W
S EHBEDERIZONTHIHL TE /2,

ZOMBIZN T 20 DDOMREKE U T, BuliRE S N BN EL 2 W= F1k [9) Z VT,
£ — NIRRT T TORRGTEA TR OMGE 2 il A 5, Rl E2 W2 Ak, ZnZ
TOZRMPFEL D L 0flir HMETHBRRWERDEFMEIZOWTERTHIENTE, 20D
FHEOWEZBL THIL— F TLUPDOHMNIEDIL TN TELZDTR BRI EE R T2,

. WHEEER

Carrier kL T DA LD T 0TI LEBHTVTY X4 ([3])

WAT DR A7 DEZED S carrier HK L XN 2 BAKEARZ NSERREC L > TEEL, 7
B b IVELMEOREN Z O carrier AN TOWMY) R EARE R ATREEICRETE S Z L 2R
Utzo F7z. TD XD LW % b 2 FEEBFEN LR RFEN TR 72007V T XL %ZHFEL 72,
D& BRERHKARENE D 2E— BN IFIREARARETH D720, RELEZTIV TV ZLITHES
TRHEHREETIER, (BRI HESNEZGERIERETSI TH LN, BRARETH->TH T
SHE I N VAREMNED D B, ) 72, METWICIIMMOBREMPIEFIZRE LS LY L TEHERE
BEERLZLPTV, TO7zd, BRNEEREZ Z e EfMiz hypergraph TR U, Z U BEF DM
TN TY ZALZEHT 5 Z LIZ &> THROGERER % KIFICHHR I 2 FEEMHAE L2, T
FoTHERBENS LT A (4<5VWET) OBRAZIZE U TIEBIFEMN 225 I T
EERITAD I L ERMER LT,

Schlegel ¥ & UTORIAF Y 7> ay b &E3FHbIC & 2 &b ([4])

HIRgAF Y 7Y ay MEEET 2400 7))V TV X LT R (RARER ORI 7) & DRI
PUARET 222 5 7278, Kozlov([s] 12 & > CTHIFF A F v 7 3 v M & BHIIEIGEHR D 5 S DB
Her 72 Schlegel B L M DRV KL TR TE S Z e RS TWiz, HIEAFy T ay
DTN TV X L% Schlegel KIZ & DM DMEDIRL LHIET 2 LD ICHHEKT I TEBEZ
EERUT,

o, ZOEIEHBREINZHEAFY TV ay b7 LT AL LT, BT TEE
WHT B LIk oT, AT 07T LOREAL Z MR FHRETITS ZEAHBTHEI LD
mU7z, BHRIIZIE, AT 0 I L0FETICEENIMRLIEEAEV T 7 A2 0TI LD
FATRNTHEMAIZIN D FRIF 2 Z & 2R U 72,

Euler 802 & 5 k-1 70 b 2V OEMREE DY ([6, 7), KFFEAE & OILFEHFLE)
BARIEARIZ R Z B 5 Z e 2V A)BE7R, R ARG RET VOO L D TH 5 k-WMiFIET (F~4 k
D7 H L ZA L THUATL T T b AVEFETARE) ET IV (8] IZDWT, Z DM AEDE MR
& Z OBTIRBIZ DWW TR 24T 5 72, BARIIZIE, A EIFHAS SRR THY S 15 R
% W THRARERIZE £ N5 Z OO BROME B Z EMEICEA LIF2 2212k, k-iFETD
BARIEARE TV D Euler B O — M 282 U7z, (Euler BEEUIZ & - T, BARIERD IR D
FEiz2boRBERETEILNTES, ) ZOMRIL, HEGIHELMAEmIIBE T 2L W
5 5Tz D DB DOEIN LB Z RIB L T WD,

([10], R2Bek & oL FEWFSE)

A Goubault & [9] 12K o TH 2 IZIRE S N BERFEGREL O MM A Z W FEZ HWT,
IRHGIEY AT LB 2EERMEOO LD TH S k EGAEMEOEA RN, fEHER



IRIRBEE TV TH B wait-free ET V2T TR L K D — D adversary €T WVIZBIL TR U7z,
ARG 2 W2 FIE L Goubault HIZ X > TEFERESNZH DD, £ D ERRLEHIZDWT
BHEOHIVRINT VAo, KFFRIZEDEMEYIZ G X2 F Tl kL EEGEREMEDE
BATRENED, — D EIRIT DL AR R 5 MIEE T IV U TR — AR BB R 12 & - T
BEINEZLERLULEZEVWI HTEZRENDDTH 5,

E7-. bk EBEAEMEOFREA TR BRI TR L 2B OKRTIED 52, £ OFEHF
W E o7 BB HDTH S, BMTIEC L3Il (Nover HBED) SO TS N7
FERZRHZIXEAT 2 BN D o 72h, FRFRGRE 2 W 72 T C IRk B X o M (2 BE 3 5 IR
FHER G 2 A G DE BT TIHIHT E 5,

ZOFERIE. F o7z <H L WD S DAFID S AT LD RGO IR Z LT 22D TH Y,
FRD X0 —EoRENRNIHHTE S,

<BIRXHED

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

[2] Maurice Herlihy and Nir Shavit, The Topological Structure of Asynchronous Computability.
Journal of the ACM, vol. 4(6), pp. 858-923, 1999.

[3] Susumu Nishimura. Carrier Complex: A Poset Topology for Finding Distributed Protocols.
Dagstuhl Seminar 16282, Topological Methods in Distributed Computing, 2016.

[4] Susumu Nishimura. Schlegel diagram and optimizable immediate snapshot protocol. In
OPODIS 2017, pages 22:1-22:16, 2017.

[5] Dmitry N. Kozlov. Topology of the immediate snapshot complezes. Topology and its Applica-
tions, vol. 178, pp. 160-184, 2014.

[6] PERf . B EITIC K2 0HGIREOMAEY MR Y — KRB, G, & BB AR ES
(ALGI29), 2018.

[7] PR . ERRIR Ay TYay hOBZ EFHASLEHRE 14 B HHEAET—27Ya v 7,
2018.

[8] Eli Gafni, Yuan He, Petr Kuznetsov, and Thibault Rieutord. Read-Write Memory and k-Set
Consensus as an Affine Task. In OPODIS 2016, pages 6:1-6:17, 2016.

[9] Eric Goubault, J érémy Ledent, and Sergio Rajsbaum. A simplicial complex model for dynamic
epistemic logic to study distributed task computability. In GandALF 2018, volume 277 of
EPTCS, pages 73-87, 2018.

[10] Koki Yagi and Susumu Nishimura. Logical Obstruction to Set Agreement Tasks for Superset-
Closed Adversaries. 2020. Preprint available from https://arxiv.org/abs/2011.13630



Susumu Nishimura

95

Schlegel Diagram and Optimizable Immediate Snapshot Protocol

2018

21st International Conference on Principles of Distributed Systems (OPODIS 2017)

22:1--22:16

DOl
10.4230/L1P1cs.0OPODIS.2017.22

37 (SLACS2020)
2020
. . ALGI29
2018
14

2018




Schlegel

, , (ALGI 2017)

2017

13

2017

Susumu Nishimura

Schlegel Diagram and Optimizable Immediate Snapshot Protocol

21st International Conference on Principles of Distributed Systems (OPODIS 2017)

2017

Susumu Nishimura

Carrier Complex: A Poset Topology for Finding Distributed Protocols

Dagstuhl Seminar 16282 Topological Methods in Distributed Computing

2016




ALGI2016:

2016




