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~f~::k$ . ~$~~ g:lif EE[f~::k~~ 
Yutaro Nishida 

Department Mathematics, Kyoto University 

::frmcgf•O)*_§_J}.13":b-ti" r ;j-;p :)-mfit [8] Ii, ${;$:i'f(J~f*'a". ffl\,'--C ::frmc::,, 7-. T 1' O)~!iil'a".*~T -5.::. t. --c:, 

::frmcgf•O)'l'i'il'.l'.Hil.JJ.-&l-:bii" r ;j-;p :)-mfit'a".ffl\,'--Cilmii!T-5. .::_;t1,/::: J; IJ' /JA :7 O)::f PJ/1flM11:HiES~T-5 h: 

lb 1::: Ii, ~fori'f(Jfllli'lt1 (topological obstruction) t. ~ti:ti-5, /J 7-. :7 O)AJ/1fli1•[1: t. * !§T -5 ~fori'f(Jt;d11:ft 'a:~"? 
It :til:f J; \,' t. \,' -5 .::. t. iJ!::friJ, '? --C \,' -5. L, TJ' L,, ~{oJi'f(Jfllli@'a". ~"?It -5 t:::. lb 1::: Ii, ${;$:i'f(J~{;j,:iJ!~{;j,: t. L, --C 

t."O) J; -5 t:i:~'a". L, --C It' -5 TJ' t. It' -5 .::. t. 'a'.l\ffll" -5 ~~iJ'ib IJ, -'c-:til::: li*il.JJ.13-:bii" r ;t; P :)-mfitO)-¥¥:t;iJ>it,~ 
t. tJ:-5. 

ill$, Goubault G li$f*i'f(J~f*Hf~lfflifJ:l!!.O)-r 7"';1,, t. L,--c ffl\,' -5.::. t. 1:, /J 7-. :7 PJ/1fli1•[1:0)illfflif H!/Ji'f(J~~ 

mii!J:11!.'a". m1,,--cfr-5 t:::.lbO)tti'*il.JJ.'a". ~ t., t:::. [6J. ~~miifJ:l!!.0)-1:7°'';1,,1::: li~m", :7 1J 7' 1T 7 v-1' t. ~li:ti-5 l}!l 
~1'i!J~'a".ffl\,,,5, Gaubault Gli:7 lJ 717"7 v-1'0)1ffit.lji{;j,:i'f(J~{;j,:O)lffiO)fl!lO)lffi[qj{@:'a".~L,, lji{,$:i'f(J~{,$:1::: 

J;-o!f~miifJ:11!.0)J&'.ilt:mii!'a".m!iffl l.d:::. • .::.:tit::: J; IJ Goubault G Ii, 13-l&'. (consensus) F"ili!! [4], test and set[S], 

equality negation[3] iJ!::f PJ/1fli11: .:b -5 t. \,'? $~/:::, i!Ji'f(J!f~miiff_!lH::: J; -5 5.lU~iES~ 'a'.-§'.-X. -5.::. t. /:::)¾:i;/J L, t:::.. 

Goubault G 0)1/iES~-¥¥!1i, fllli'lt1mii!J:i!!.A (logical obstruction) t. ~l:f:ti-5, PJ/1fli1•[1: t. *il!!T -5 mii!J:11!.A 'a:~«,: 
i'f(J/::: 1 "?~T t. It' -5 :t 0)1: ib ·::d:::.. Goubault G O)J:11!.lfflifli, /J 7-. :7 ::f PJ/1fli1•[1:0)1/iESm::: li*il.JJ.-&l-:bii" r ;t; P :)

lfflif0)-¥¥! 'a". ffl1t ,--c M!~i'f(JtJ:${;$:i'f(J~{;$:O)~{ii.Ji'f(J•f1:fi 'a". ~T ~~litJ: <, ~{;$:a{Jt;i:miiff!!A'a". 1 "?~-ti-1:f+::B

--c:.:b -5 t. 1,,? P!ti~•l'1E'a".~ L, --c1,, -5. L, TJ' L,, k--&l-;i%ili!! Ck-set agreement) O)[llli'lt1miiff_!l!A'a". ~"?It -5.::. t. Ii, 

k= 1 0)~13-1:.:b-o-&l-J&'.F"ili!!H,l's~, [4] 1:::B1,,--c*Ml'1/:"t:~~:ti--c1,,t:::.. 

:2j\:f!Wi--C: ti, k--&rl&'.F"iJi!!O)::f PJM•l'i 'a': ~Tfllli@mii!J:11!.A 'a': ~«,:fl(J1:::t.lJJ.x:T -5. ${;$:i'f(J~{,$:O)~foJi'f(JtJ:•1'11:it 'a': fU 

ffl L, t:::. k-13-l&'.F"iJi!!O)::f PJM•l'i0)1/iESmi [l, 10, 9] 1: Jr{/:::-§'.-x. G :ti Tit' -5 7J', .:: :ti G IH--&l-J&'.F"iJi!!1:::jtJ;t"t -5 
$f*i'f(J~{;$:iJ', r1'J O)<zg1t,t:::.~'a". t.,--c1,,,5 t_1,,-5;k~i'f(Jt;i:•!1:it'a".fUfflL,--C1,,,5, :2jl:fiwi1:li, lllli@mii!J:11!.A'a". 

~{;$:i'f(J/:::1'i!J)jX L,, {Im 1" 0) 7 7 ~ 'Y r O)m)pfii'f(JtJ:•11:fil= "? \, '--C O)Jj.lfflif1li£T-5 .::_ t. --C:, k--&l-gr"iJi!!O)::f PJM•l'i 'a: 

~T. 

2 !I!~~~ f* c iJ ~!f ~mfn~ 

2.1 ~{;t;;e{J~{* 

'.i'E'.R 2.1 (${;$:i'f(J~f*), ~13" s iJ'-§'.-x. G:tit:::.il'ff, s O)<zg--C:tJ:lt'~~U~::fr~-&l-0):fi'R c iJ'*f*a{J~f* (simplicial 
complex) 1:.:b -5 t. Ii, {f)&'.O) X EC /:::jt L, --C, X O)@--C:tJ:\,\{=f:~O)*~::fr~-&l- Y :t ;l; t:::. YE C t. fJ: -5.::. t. 'a: 
\,\ '). 

S O)nkil'iB t_ 1,,?. ${;$:i'f(J~{,$: C O)n;li*f* (simplex) t. ~l:f:h-5. ${,$:0) $--C:~;kt;i: :t 0), "? i IJ § 

~W,;$11-0)${;$:0)*~::fr~-&l-1:::t:i:GtJ:\,''f.>O)'a".77-t!'.!I t- (facet) t.1,,-5, ${;$:i'f(J~f*CO)JJ'iB0)~-;3-'a". P'(C), 

7 7~,;; J--0)~1:l''a". §(c) --c:*"t· $«,:x EC O)i'J(n; dim(X) 'a': 1x1-11:n:'.~T-o. $f*i'f(J~f*c O)i'J(n; 

dim(C)'a"., max{dim(X)IXEC}--C:n:'.~T-5. 
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~*-i 2.2. _ljif;fi:ll-(J~f;fi: c iJ!*J!i~ (pure) -Cilf, Qt Ii, 7 y t-:; r iJ!~--Cl'ill t.;?1Z5c-Cili, Q~'a'.~' -5. 

~~ 2.3. tfilN•i'r A iJHj.'A_ G:htc::~, '€9fs:t~ _lji{;fi:~~{;fi: (chromatic simplicial complex)(C,X) t Wli{;f;:il-(J~ 

{;$:C ttsmt¥~x: P'(C) ➔A L'ffi\'.J,x~:h. ,(fgO)_lji{:,$:X EC r::xtL,--c, X O)l][,~li~--CJ/,tj:Qig/::tj:Q 

({=f:gO) v,v' EX r::~L,--C, viv' t;i:G x(v) ix(v')) tO)'a'.~'-5. 

~~ 2.4. C t C' 'a'.1!i{;$:S,(_J~{;f;:t T Q. *W~ii (simplicial map)f: C ➔ C' t Ii, P'(C) iJ, G P'(C') A..O)'lj'. 
~-C, C O),(fg0)1ji{;fi:X l::~L,--C, f(X) iJ!C' 0)1ji{;fi:l::t.,:QtO)'a'.~'-5. 

(c,x) t (C',x') ;IJ!ig{,f ~ _lji{:,$:il-(J~{;fi:-C, _lji{;fi:'lj'.{i f: C ➔ C' ;1J!'€9 'a'.{*-:J ( ,(fgO) v E P'(C) 1::~ L, --C, 

x(v) = x'(f(v)) iJ!J,x fJ :l'z:-:::i) ~. f 'a'.isfs:t~ *Ws'.~ (chromatic simplicial map)!: (C,X) ➔ (C',x') t ~' -5. 

W. T-C::lr 'A.. QIS{'J ~ _ljif;fi:ll-(J~f;fi:li~--Ct<ti~-Cilf, fJ, -'f O)?JZ5cli'€9.i'r'a'. A t L, --c, IAI -1 -Cilf, Qt T Q. 

_:$,:ffii-Cli, [4] 1::i'B-:i --c~~M!J:!l!O)ff,\'.Jt 'a'.JE~ L,, _ljif;fi:ll-(J~f;fi:I:: J: Q g~M/'a'.i;!$A T Q. 

V 'a'.{il[O)p_J •• i'f, A 'a'.X.-1/.:r.1/ J--0)1'f~N-i'f, AP= {Pa,x I a EA,x E V} 'a'.~-f-M!J:!l!AO).€fC: L,, 

APa = {Pa,x I XE V} c'.~T. 

~~ 2.5 (ffi\'.Jt). g,lffl 2(A,AP) 'a'.PJTO) BNFllc$L''.iE~TQ. 

<p ::= P 1 •PI (<p/\<p) I Ka<p I EB<p I CB<p I DB<p 

tdi.L,, p EAP, a EA, B ~A -Cili,Q. 

~~:B--i'f B O)jcO){[jfil~iJ!j,,t;i:~,~ii, EB,DB,CB Ii B O)jc 'a: llftx.--Ci} < ::. t I:: T Q. WJJ'A..li, B = {a,b} 

t.,: G Eab,Dab,Cab 0) J: -5 r::,I <. 
~*-i2.6. *f;$:~'c7Jl,(simplicialmodel)M=(C,X,f'.) tli, t<fi~'€9{1~_lji{:,$:il-(J~{:,$:(C,X) C:7.,-;:;1,,mt 

f.: P'(C) ➔ &"(AP) O)*Jl.-Cili, fJ, f'. li{=f:gO) vE P'(C) l::~L,--C, f'.(v) ~APx(v) C:l';i:Q'lj'.~-Cili,Q. 

f'.M={p}O)J:-5~, 7.,-;;~~-~-i'fO)•i'f~, M1!iO)k~ffl~'a'.~•L,--cf.M=pt~"t::.t~"t 

Q. 7 yt-:; r X = {vo,VJ, ... ,vn} r::~L,, f'.(X) = Ui'=of'.(v;) t~T. 

~~ 2.7. M = (C,x,f'.), M' = (C',x',f'.') 'a'.1!if;fi:il-(J=c'f';J,, t T Q. '€9{1~ _lji{;fi:'lj'.~ f: (C,x) ➔ (C',x') ;1J!7.,-;: 

Jvmt'a'.{*-::i ({=f:gO)vEP'(C)t::xtL,--c, f'.'(f(v))=f'.(v)iJ!J,xfJ:l'[-:::i) ~. J'a'.*{;fi:'c7Jt,~iif:M ➔ M' 

t ~\ -5. 

Goubault G [4] Ii, :B-Wl:V 7-. 'T b.t::tolt Q 7Pt7-.'a'.lli~~J:!l!O).r.-1/ .:r.:.,, rt J}.t.,:"t::. t -C, _ljif;fi:il-(J'E 

'f'Jv'a'. m~,--c '1'0 t 7-.~0)Al±\1.J 'a:~$ L, --c~, Q. 

~J 2.8 (n-X.-1/ .:r. 1/ r, n-{il:B-Wl:V 7-. Tb.). A= {ao,a1, ... ,an-1}, AP = {pa,i I a E A,i E {O, 1, ... ,n -1}} t 
T Q. n-I-1/ .:r. 1/ r, n-f@O):frf,{V 7-. 'Tb. t::xtr,t,"t Q _lji{;f,:S,(_J=c 'f';v I= (C,X,f'.) 0) 7 7 t-:; r O).€f 'a'. 

ff(C) = {{(ao,bo), (a1,b1), ... , (an-1,bn-1)} I b; E {O, 1,, ... ,n -1}} -CJE~ Q. 7 y to/ Hi~X.-1/ .:r. 1/ r 

a; O),AJ]O)*Jl.t-~-~r,t,"t QO)-C, 7 7-t-:; r { (ao,bo), (a1 ,b1), ... , (an-I ,bn-1)} 'a: bob1 .. ·bn-1 (.AJJO){@:O) 

J}.'a'. ao,a1, ... ,an-I 0)/l[IH::[,',!Jg L,--cllftx.tc:: t 0)) t ['il]-f.laT Q. '€9t 7.,-;:;1,,{1/tli x(a;,b;) = a;, f'.(a;,b;) = Pa;,b; 

L''./E~Q. 

a EA I:~ l,--C, is{'J ~ lji{;fi:il-(J~{;fi: (C,X) 0) 7 7 to/ r J:0)=~00~ (l'ill{@:00~) ~a~ ff(C) x ff(C) 'a: 

~a= {(X,Y) E ff(C) X ff(C) I a E x(XnY)} 

L''.iE~T Q. x ~a Y Ii, 2 -:::iO)t!!:Jil x t Y iJ!.r.-1/ .:r.:.,, r a r:: t -:i --c IRZIJ-C ~ t.,:~,::. t 'a'.~T-

~ G 1:: B ~ A 1::xt L,--c, ~Es= UaEB ~a, ~vs= naEB ~a t L,, ~cs -C ~Es 0) &!tlt~il-(Jl~H!l. 'a: ~T::. t 
r::--t Q. 
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~B 2.9 (~ltUle). M = (C,X,l) :a:_lji,(;$:it(J'f:7';1,,, X E ff(C), p EAP, a EA, B ~A, <p, 1/f E ~(A,AP) t T Q. 

&'&.~~;!;;/fa (epistemic state) (M,X) r:: mt Q m/ul'l~OJ~ff.i,H/il~lt(Jr::n::~-t Q. 

M,Xp=p ~ pE£(X) 

M,X F •(/J ~ M,X ~ <p 

M,X F <pi\ 1/f ~ M,X F cp tr:J M,X F 1/f 

M,X p=Ka<p ~ {f;gO) y E ff(C) r::x"J-l..,-C, X ~a y 1;,.,; M,Y F (/J thx.ft 

M,Xp=Es<p ~ {f:gOJ YE ff(c) r::ttG-c, x ~EBY t.;.,; M,Y r= cp thtx.ft 

M,Xp=Ds<p ~ {f:gOJ YE ff(C) r::MG-c, x ~vB Y 1:t.,; M,Y F cp iJ,J,J;ft 

M,Xp=Cs<p ~ {f:gOJ YE ff(C) r::ttt..,-c, x ~cB Y t,;.,; M,Y F cp iJ,J,J;ft 

iJ:, {HJOJXEff(C)t::x"fl..,-C, M,Xp=<p~a;'JQ~, =E-r'JvM~cp/i~3 (valid) ~ili'iQt\,'\,\ Mp=<p 

t~T. 

~II 2.10. M = (C,X,l) t M' = (C',X',l') :a:_lji,(;$:it(J'f:7';1,,, f: M ----+M' 'a'.ljif;$:'f:-r'1v'¥~, X E ff(C), a EA 

t G, cp :a:JJR-f-wuJ:ll!~O)®:ITTJPJ7'!--r:::an:::a:i3t1:t.HlfilJ:ll!~t-tQ. =O)~, M'J(x) r= cp t.;.,; M,x r= cp 7J' 
),tt)ft-:J. 

ilJit(JNi!lffiwul'lli, .I.-y X.1/ r r::ffit;:t,;.•iff¥~7J'-9-X. i;ti,t;:~/.'.:.I.-y ::C.1/ r 0)~0ffi7J'~{i:'..T Q~-f-Hi!lffi 

wul'IOJ.tti<*.ll.ctj,0)9l~!tlm!T Q 'El O)~a;') Q . .I.-y X.1/ r O)~□ffiOJ~{l:'..Htlm!T Q f;:/;IJ(::/i, 7 71/ 3 1/tT 

1v:a:ffl1,,Q [2J. 7 7:,; 3 1/'f:-r'Mi~-=: 'J ~Q~ffiOJ~{l:'..t, ~ti,iJ,~-=: Q t;:/;IJOJITTJWi1k{tf::a:=E-r'1HI:'.. t.., 

t;: t, O)~a;') Q. -=: h/i, ::fr/j,c:,; AT A""-OJ!itffl r:: j:,1,,-c Ii, .I.-y X. 1/ r 7J'~{13H:r-::i tdFn:W:~= Q~DffiOJ 

~{l:'..:a: =E-r'1Hl:'..T Q f;:.lbl::ffl1,,,; ti,Q. 

:2f>:ili'i~li [4] l::i'fh-Clji{,$:lt(J~,(;$:1:: J:: Q 7 7:,; 3 1/=E-r'Jv'a'.n:'.~TQ. 

~B 2.11. D = (C,X: 'P'(C) ➔ A), D' = (C',X': 'P'(C') ➔ A) 'a: [l'iJ tl'JZ5t n OJ-€5{,J" ~ lji{,$:fl,(J~,(;$: t l..,, S: h 
'? 0) :t.J Jv-:r1/ J" 1/:M (cartesian product) t 1!>¥1:fhQ n l'JZ5tOJ-€5M~ lji,(;$:lt(]~{,$: D x D' = (C x C',x") 'a: n:'. 

~T Q. lji,(;$:lt(J~,(;$: C x C' O)lji,(;$:/il'JZOJ J:: -5 t::lll\'./,tT Q. l'JZ5t7J'~ l.., 1,, C O)lji{,$: X t C' O)lji,(;$: Y ~ 

x(x) = x'(Y) t t,;. Q 'El 0)/.'.:x"J-l..,-C, S: h '? 0)/,t:fr'a'. x(u;) = x'(v;) t t,;. Q J::? r:: X = {uo,u1, ... ,uk}, Y = 

{v0 , v1, ... , vk} t~~T Q-=: t 7J'~~ Q. ~ l..,-C x t Y OJ[l'i] t'€sOJ5tHU:: T Q-=: t t:: J:: -::i -c, ffi u,~-i§f 
X X Y = {(uo, vo), (u1, v1), ... , (uk, Vk)} 'a'.n;'.60Q. S: 0) J::? -/:t. X X Y -'f:.-CO)~-i§)-~, _iji,(;$:lt(J~,(;$: C X C' 'a'.n;'.~ 

"9Q. Ti:t.:bt, 

C X C' = {x X y IX E C,Y E c',dim(X) = dim(Y),x(X) = x(Y)} 

~ili'i t:>, -€5Mtt'¥~1i 

x": 'P'(CxC')----+A; (u,v)>-+X(u) (=x'(v)) 

~*-l 2.12. *f,l;:B'-JJ"?:., 3 1/'E7Jl, (simplicial action model) (T,x,pre) t Ii, ~;j,1/,-€5{1 ~ _lji,(;$:lt(J~,(;$: (T,X) 

tITTJWi1k{tf:ti!>¥/:fhQ'¥~pre: ff(T) ➔ ~(A,AP) OJ*.ll.~ili'iQ. 

*{;$:lt(JY 71/ 3 1/'ET Jv'a'. ffl1,,-c, IlPB\!r-A T •;, :1:., 3 •;, t- (immediate snapshot) [8] OJ=E-r'Jv'a'.n:'.~~ ~ Q. 

JlP~ AT '1/ 7°:,; 3 '1/ f' t ii, jp[l'i_]WJ::fr/j,c:,; AT Ar::$\, ,-c, ~~O).I.- Y X. 1/ f' 7J'\,' < '"'.)7J>O) !i'Jv- 7° r:: 71' 
iJ•h, ~O) 7" Jv- 7°4lj/::/11ui1::,!:/i1i .,( 'E 1) ""-OJlmctj,11 ~ H:r -5 NHl=E-r'Jv~a;') Q. tdi. l..,' 7";!,,-7°::fr/t 
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t•h=~~fi5m•~~~5E~~~*0, ~t~~-7~■90X-1/:r:.1/r~~MGt•h=~~fi 
5. '1-F~M?:t~1/ AT 1' (::: t:,1,,t, wait-free t;J:J!P~kf- o/ 7°1/ 3o/ r t, wait-free t.t. read-write ;;!tf'f ;,( 'f: lJ 
tT0 Jv/i, ITT~i'l~fJiJ>~.filli-Cib 7.,.: t iJ>~Q G h t1,, 7., [7]. t.t.B, wait-free -Cib 7., t ii, ~X-1/ :r:. 1/ r iJ>, 

fjgO)X-1/ :r:. 1/ rt O)~fil®V~r=~v GT, !0f'f'f~E!~FdlP3-Ci\la:!a!H tl:\fJ9 7-i.: t H\ 5. J!P~A T ,y 7 
::,, 3o/ r O)ll'p*lll'\"J"l#:~t.t.~~/::: -::Jt,,t Ii [7] ~~~~ ht::1,,. 

J!P~A To/ 7::,, 3o/ r O)~fili, ~~O)/l!j{ff5ttU (ordered set partition) /::: J:-:, t*ll.hi'tbitS<J/:::5E~-C 
~Q. 

,E'.ffi 2.13. ~-g. A= {ao,a1, ... ,an} 0)/l[l[iff?:tl!ru (ordered set partition) t Ii, A O),z;g-CtJ:.\,'1[1.,, /:::$t.t.$5t• 

-;"t0)7'j c =CJ, ... , Cm -C, LJc; = A ~rrl!Jf;: 9'E> 0) ~ 1.,, 5. 
/l[l[iff5tl'fLl c 1:::ML,t, Aviewa(c) ~. a E Cj t;i: G Ii Aviewa(c) = ui:<'.jCi -C5E~9 Q. 

C ii~X-1/ :r:.1/ r iJ>·h·~ ~fi-:, t::/1[[3~~ l.,tB 9, Aviewa(c) /iX-1/ :r:.1/ r a iJ>.h;l6h~fi-:, 
t::~~*-Cl:::;;!tf'f ;,( 'f: lJ 1=•~;i6h~fi-:,f;:X-1/:r:.1/ r (a iJ·GJil.~f;:X-1/:r:.1/ r) 0)--g-~~l.,t\,\ 
o. X-1/ :r:. 1/ r a ii, Aviewa(c) (:::'2!"*hoX-1/ :r:. 1/ r 0))-_jJfil[iJ> G t;i: 7-i•-a~ tl:\fJ9 Q. td!. l.,, .: 
0)/:l:\jJ~ho•-a~. ~X-1/:r:.1/r~O)}-_jJffi~-i~?:tt90~7r~-C~9=t~l.,,a~GJil,~t;i: 

~-:,kx-1/:r:./r0)~5t~~-c~~ 

-fjrJ~li, 8-X-1/:r:. 1/ r A= {ao,a1, ... ,a7} 1:::J: oJ!P~A To/ 71/ 3o/ r ~~~ t ho. X-1/:r:. 1/ r a; 0))-_ 

jJiJ> b; -Cib O t l.,, viewa;(~obi··h) -c, A 0)/l~ff:B-l'fLl C /:::t:,1,,t a; iJ> GJil.~t;:X-1/ X. 1/ r O)}-_jJ0)~7 r }v 

~~9- 1,,*, -fjrJ~li ao,a1,a2 iJ'>:!il'iWl:::JlP~A To/ 7"::,,3,y r ~~fi G, l';i{/::: a3 iJ'>~fi G, :!il'i1~1::: a4,as,a6,a1 

iJ'>~f'r l., t:: t 9 7-i. -::J * 9, l®tff?:tilfLl c = c1,c2,c3 Ii, CJ= {ao,a1,a2},c2 = {a3}, C3 = { a4,a5,a6,a1} -Cib 

-cibo. 

(0::; i::; 2) 

(i = 3) 

(4::; i::; 7) 

f?IJ 2.14 (J!P~A To/ 7°1/ 3o/ r ). fjrj 2.8 0) I= (c,x,£) ~ fflt,,t, n-X-1/ :r:. 1/ r A= {ao,a1, ... ,an-I} O)J!P 
~AT o/ 71/ 3o/ r /:::l't);t;9 Q 7 71/ 3 1/tT0 }V IS= (T,x',pre) ~JE~9 Q. viewa(~ob1···bn-l) -c, ~x-

1/:r:.1/ r ~ O)),_jJffi# ~ -C, A 0)0ff7tl1m# c O)~~. a~GJil.~kX-1/:r:./rO)J-.jJ0)~7r~~~ 
9. (r,x') 0)77t,y rO)•-a~;,x-cn::~90. 

ff(T) = { {\a;, viewa;(~obi ···bn-l)) Ii E {O, 1, ... ,n - 1}} I c: A O)/~ff?:t1!iLl,bob1 .. ·bn-1 E ff(C)} 

a EA 1:::M l., t' x'( (a, viewa(~ob, .. ·bn-l) l = a -Cib Q. frlj:£~{4/i pre( { (a;, viewa;(~ob, .. ·bn-l); I 

i E {O, 1, ... , n - 1}}) = f\?;;J Pa;,b;• 9;/;J:b t:, l,bob1 · · · bn-1 F pre( { (a;, viewa;(~ob, bn-l); I 
i E {O, 1, ... ,n-1}}) L'JE~9 o. 

{ (a;,viewa;(~ob, bn- 1)) Ii E {0,1, ... ,n-1}} E ff(T) Ii A O)jl~ff?:tl'fLl C t I 0)7 7t o/ r bob1 ···bn-1 0) 

*Jl. ~ob1···bn-1 t ~M~M);t;9 0 O)c.', f'iMiO)f;:i\b { (a;, viewa;(~ob1···bn-1)) Ii E {O, 1, ... ,n-1}} ~ ~ob1···bn-1 

c.'~9.:t/:::90. 

,E'.~ 2.15. lji{4>:~'f:-rJv M = (C,x,£) tlji#:~7 71/ 3 1/tT0 Jht' = (T,X',pre) /:::xsf'Gt, ~5i!ffi'E7Ji, 
(product update model) t i1'¥iihoiji#:S"J'E-r0 Jv M[d] = (C[d],x[d],£[d]) iJ>1}{0) J: 5 /:::5E~~ ho. M[d] 

O)"E,'O){s{1~ !jif4'~11l#: (C[d],x[d]) Ii, (c x T,x") = (c,x) x (T,x') O)Jr~5t11l#:-c, M,x F pre(Y) t;i: o 
7 7 to/ r X E ff(C),Y E ff(T) 7'J>Gli3%!;!$~ ho. 9f.t.b-f:, 

ff(C[d]) = {X x YE ff(C x T) I M,X F pre(Y)} 

C[d] = {x' x Y' c::x xY IX xY E ff(C[d]),X' xY' =f.0} 

x[d] = x"lr(C[dlJ 
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W-T-C-ii*7JM)[;R:filt "Ji l'J ~.I.-:)::i: 1/ I- t:::.1:>(l)J\.jJ~ 7 7t o/ I- ('.9-Q•{*fikJ'E'f'Jv I= (C,x,£) ~~JIM* 
f;t;;fi{J'E7Jv(initial simplicial model) t 11'¥,K I (1) 7 7t o/ I- (1)~-&'i'ii ff(C) = {{(ao,bo), (a1,b1), ... , (an,bn)} I 

b; E P'} t 1,,? ~-C-, 1S t 7 ~Jv/i X( (a;,b;)) =a;,£( (a;,b;)) = Pa;,b; "l'JE~9 Q. 

~ffi 3.1 (?? 7- 7). WM•{*flkJ'E 'f';v n::Jsj9 Q ?7 A? (task) .'Y t ii, i'X(1)~{4'~mt:::. '97 7 1/ 3 1/'ET Jv 

!Y = (T,x,pre) -C-iv.> -Q. ii', T (1)~ 7 7t o/ Hi { (ao,do), (a,,d,), ... , (an,dn)} C:::A x V t 1,,? ~~ t.,-c1,, 

-C, x( (a;,d;)) = a; -C-iv.> Q. "2E G 1:: .'Y (l)f:l::.(1) 7 7 to/ I- YE ff(T) 1::rt l.,-C, I,X F pre(Y) tfct Q J::? 
tn (1) 7 7 to/ I- X E ff(C) ;/J;',l,,t;i: < t t, 1 "Jf¥fr9 -Q. 

?? 7-7 !Y (l)JJ[,~ (a;,d;) ii, x-:) ::c 1/ I- t -'c (1)/±\jJ{@'.~* l., L o'-Q. "Ji l'J .'Y (1) 7 7 to/ I- (1)~-&'i'ii, 

~nt.i:/±\fJffl(l)Mh-&'i'btt~*t.,kt,(1)-C-iv.>-Q. 

ff)J 3.2. #f'i,JM?tffl(::,, 7- 7'" 1' 1:: i> it Q ,g-g (consensus) r"iJm t ii, :i:-C (1).I.-:) x:.., I- iJ;~ifil(l) 1 "J (1) x
:) ::c:.., I- (1)}\..jJ 1::-&r;@ l.,, -'f (1){@'.~ 1±\jJ L, t;i: iH1,i£t.i: G t;i:1,, t 1,,? t, (1)-C-ili) Q. W!J~ ii 3-.I.-:) ::c:.., 1-
A= {b,g,r}, 2-{@'.AP={Pa,;laEA,iE{0,I}} (J\.jJ;/J;Q;/J>l) (1):J:..,t:..,-lj-7-f"iJm~~~-QC, )tt/,t9-Q 

??7-7.'Y=(T,X,pre) (1)77t,y l-ii2"Jl.,;/J>tct\,'. 

ff(T) = { { (b,O), (r,O), (g,O)}, { (b, I), (r, I), (g, I)}} 

aEA,iE{0,1}/::)ttt.,-c, x(a,i)=a-C-iv.>-Q. ITTit>'l!~{4'ii, l "J(l){@'.~tf:\jJ9-Qf:::.&9/::ii, 1'tct< tt, l "J(l).I.

:) ::c 1/ )- iJ{-'f (1){@'. ~ J\.fJ9 -Q &l,~;IJ{ili) -Q (l)""C', i E {0, 1} (::)tt l., L, pre( { (b, i), (r, i), (g, i)}) = Pb,i V Pr,i V Pg,i 

-C-iv.>Q. 

))J T-C-ii, P; = VaEAPa,i C 9 Q • 

n-.I.-:) ::c:.., HFf'i,J:!tiJ5tffl(::,, 7- T 1' 1::i>tt Q (n,k)-,g-gr",im ((n,k)-set agreement) t ii, ~I.-:) ::c:.., I
/ix- :J x:.., 1- t:::. t, (1) J\.fJ (1) :it, 1 "J ~ /:f:\fJ9 Q (1) tiiJ;, :i:f;t;;-C-1±\fJ "2E :h,,Q ~tct-Q{@ii7"1il-7 k 11Uli-C-t.i: IHt 

iitct G tct 1.,, t 1,, :i t, (1) -c- iv.> Q. :. :hii-&'i';@F"~Jm ( W!J 3.2) (1)-~{~-c- iv.> l'J, -&'i';@F"iJmii (n, 1 )--&'i';@F"~Jml::ffi 

¥39-Q. 

ff)J 3.3 ((n,k)-'8-;@F"ilm). n-.I.-:) ::c 1/ I- A= {a0 ,a1, ... ,an-i} 1::)tt9 -Q (n,k)-,g-gr"iJm ((n,k)-set agreement) 

~. ?? 7-".'.7 .'Y = (T,X,pre) t l.,-CJE~9-Q. ~x-:)x 1/ I- iiJ\.jJ(l)? 1:> 1 "J~/:f:\jJ l.,, /±\fJ"2E:h,-Q(1)/i 

:i:f;t;;-C-7"1i-'-tkfUJ[(1){@'.-C-iv.>-Q. l.,f:::.iJL:i-C T (1)7 7t "J )-(1)~-&'i'ii 

ff(T) = {{(ao,do), (a1,d1), ... , (an-1,dn-1)} Id; E {O, 1, ... ,n- 1 }, l{do,d1, ... ,dn-dl :'S: k} 

t*tt-C, 'isii X( (a;,d;)) = a;, ITTil'R:~{4'ii pre( { (ao,do), (a1,d1), ... , (an-1,dn-1)}) = /\'!:-d Pa; "l'JE~"2E :f\,-Q. 

W-T-C-iim'(Wjl(l)~ L,t;i:1,,ilJ,l l'J, (k+ 1,k)-'8-;@F"iim~•i= k-,g-;@r"ilm (k-set agreement) t 11'¥,K (k+ 1)-.I.
:) ::i::.., ]-5tffl(::,,7-'j'-.L,. (,WIJ2.8 (l)n=k+I (1):f;!)l,g-) (l)ijif;t;;SkJ'E'J''Jvl= (c,x,£) /::jsj°9-Q??A7 !Y t l.,-C, 

k-'8-;@F"~Jm ~ ~ ~ Q. 

fft~'f/r'E'f'Jv![.'Y] (1)77t,y Hi, fY(1)77t,y I- {(ao,do),(a,,d,), ... ,(ak,dk)} t-'f(l)ITTJt>'l!~{4'~m 

t:::. 9 I (1) 7 7 to/ I- bob,··· bk= { (ao, ho), (a,, b1), ... , (ak, bk)} t (1)*£1. -C- iv.> -Q iJ;, :. :hii~x-:) ::c:.., I- (1) A 
1±\fJ-C--;@~JEi-Q(l)-C-, M•(l)k&9 

{ (ao, (bo,do)), (a1, (b1,d1)), ... , (ak, (bk,dk))} 
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~- 3.4 (?17- '.7"i'iJWM1E). I= (c,x,£) HJJM~f:21;:il-g=t:: 7';1,, t T Q. ?17-'.7 3'" ;o! d -Cf!ljltt Qt ti, ~f:21;:=t::7' 
Jv'¥~ 0: I[d]-+ I[.9"] ;ot(¥;f:£ L, L n; 0 0 = n1 ;o!Jfx. IJ lf.--;J (--;J * IJ' ))J t'"O)~;i:.\'.;'a'. "i'iJffi!t:::-t Q) IJ,!/'a'. 1,, '?. 

n1 t n; til/It~'a'. ~ l, "C 1,' Q. --;J 1 IJ n1 ti, n1: 't'( C[d]) -+ 't'(C) ; (i, u) >---+ i ;l;i: Q ~f:21;:=t::-r'Jv'¥~-C i.b Q. 

~-3AO)?l.7-'.7"i'iJMttt5tftttWO)fih~b~r~01/-•~~Q?i.A'.7"i'iJMtt~~~. ■nll{JaO) 

~Jitt;o,i::,~{iffi-Ci.li:>Q:. t;o!, Goubault Gr:~ IJ~~:h"Cv'Q [6]. :.:ti,t::~ IJ, :.:ti,;J;-C~IHaJll{Jt~•tit~'a'. 
,m1,,--c~n~ :h--C ~t::.?1 .7- '.7"i'iJM•~'a'., !t~nf.lMfJ!UffiiiJ, G~n-t Q:. t iJ!"i'iJ1J~t::t:i: Q. 

;;$:i/li-Cli k-~J&:r"i,l!JjO)::f"i'iJM•~'a'. ~Tilf~nll;i:.\'.;'a'. ~f:21;:ll{Jt::fflffx.T Q. 

$~ 4.1. I HJJM~f:21;:ll{J'f:-r·Jv, 3'" 'a: ?I 7-'.7, d 'a'.~f:21;:ll{J'f:-r·;vt T Q. }Jj-=f-nlf;i:.\'.;O)]ll[frJPJ7f.t::B~'a'. 
-;'l;1 t~1,,nlf;r.1:; <1> E .£'(A,AP) nt(¥;f:£ u --c. l[S'"J F <1> 1J'";i l[.01J F <1> t:i: G 1:f ?1 A '.7 g- ti .01 -cmit;1;i:1,,. -t 
t~bt,, I[.9"] O){f:~0)7 7-lz'Y r x-c I[.9"],X p<I>iJ!p_x; IJ lf.--;J;o!, I[d] O)i.li)Q 7 7-lz o/ r z-c I[d],ZF<I> 
t t~ Qt~ G t:f, ?17- '.7 3'" Ii d -cMttt~1,,. 

~{ara-gt;i:•~:W 'a: fUffl G f::.k-~l&'.F"i,l!JlO)::f"i'iJM•~O)~iESJm, 11'::J ;o!~1,, --c 1,, t;i: 1, ,~f:21;:ll{J~f:21;:;o, G 11'::J ;o! 
~1,,--c 1,, Q~{,$:ll{J~f:21;:t::'¥:ht~1,, t 1,, '5 ~n,:: ~ Q. :. 0) ~ '5 t::, ::f"i'iJM•~O);j'JH;& t t~ Q~{ara-gt~•tit~O) 

:. t 'a'.~{arll{J~l~ (topological obstruction) t 1,, '5 [8]. :.:ti,t::t~ G v', $,l!Jl 4.1 t::tJ tt Q <I> 'a'.~~n:Et:i:'C 
(logical obstruction) t 11>¥,.1~:. t t:: T Q. 

~- 4.2. 3'" 'a: (n,k)-~gFc!J,l!Jl?i .7-'.7, I 'a'.,WIJ 2.8 O)WM~{,$:ll{J=t::-r'Jv t T Q. :;g..:c.-1/ :r.:,, r a; 0) J...1JiJ! i 
-C i.b Q ~ '? ;l;i: I[ 3'"] O){f:)&'.O) 7 7 -lz o/ r 
X = { (ao, (O,do)), (a1, (l,d1)), ... , (an-I, (n- l,dn-1))} t::;r-J- l, "C, 

{) .. 1, ... ,).,,,,} = { d,." ... ,d,_,,.} (A1, ... ,).,,,, E {O, 1, ... ,n-1}, 1 <:_ m <:_ k) 

'a'.mt::. T .:c.-1/ :r. 1/ r O)ll'~5t~~ { a,." ... ,aAm} 'a: X 0)-tj--{? Jv~,3- (cyclic subset) t 1,, '5. 

+J--1 '.7 Jv~~t ti, --;J;j; IJ J...jJ{@:O)~~t tf:jjJ{@:O)~~;o!~Il(-t Q (J...tf:jjJ;o!ji'.ffi!O)~~l::i.li)Q) .:c.-1/:r. 

:,, r O)ll'~5t~~O):. t -ci.b Q. +r-1 '.7 ;1,,~~,::~-t Q.I.-1/ :r.1/ r Ii, +r-1 '.7 ;1,,~~r=~~ ;1;i:1,,.:c.-1/ :r.1/ 

H::--;J1,,--c ~ IJ ~ < O)•M!!ff¾;o!f~ G:hQ. t:iYi/ilt:i:~~-Cti, :k ~ ~ k O)+J--1 '.7 Jv~~I:: ti, kfi~O)tf:\jJ{@:'a'. "T 
:h-'f:hJ...jJ L, f::..I.-1/ :r.1/ r ;o!~--C-;'l;;l; ;hQ t::.ilb, "T:. 1::Jffl-t Q .I.-1/ :r.1/ r ;o!~~'a'.~b~:hl:f, "t":hPJ 
71-0):;g..:c.-1/ :r.:,, r tiMi"§ 5tt::. t, O)J...1J{@:O) '5 t, 1 --;J 'a: tf:\1JT Q:. t ;o!5t;o,Q ({91J~t:f, {a0 ,a1 , ..• ,ak-1} 

;o!+J--1 '.7 Jv~~'a'. t~T 7 7 -lz o/ r ,:: t:,1,,--c' Daoa,···ak-1 { V?::1 Ka; ( v1:iPj)} ;o!Jtf:: ;lj: Q) . 
I= (C,x,£) 'a'.-WU 2.8 O)WM~{,$:ll{J'f: 7·;1,,, 3'" 'a: (n,k)-~l&'.F"ili'!?l .7- '.7 t T Q. A= {ao,a1, ... ,an-1} t G, 

:k~~m (I<:_m<:_n-0 O)BcAt::.ir,J-G--cnil;i:.\'.; 

{ ( ) ( ( ) ) ( n-1 ( ) ) } m(n,m) _ v v v v v m(n,i) 
TB = DB 'Pa;,i V Ka; Pj V TBUE 

a;EA\B a;EA\B jE{ila;EB} i=m+I Ii~~~ 
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'a:JE~T7.:>. f::.f:!.G, n=k+l OJ~li, ffi'i~O)f;::i\b q,t,m) 'a:~/:: 'I''JJ t*"t-

(n,k)-€,'.@'.FPiJi!l!O)/f".JM•l'1!:'a:.ir-Tf::lbt::, l'J(t::ffi-tMJi!l!'a:fflv'7.:>. =OJMJi!l!ii•G, JW~_7..j-,;J7°1/3o/ 1--
0J~fi~t::.7.. j- o/ 7V 3o/ 1-- 'a::l&f&t::t:lii-::i t::::r:.- ::J :r:;.,, 1-- ii• G/IIIH::::r:.-::J :r:;.,, 1-- 'a: t:: i:'-::i -c v' ~, :!&~/:: 1 
-:JO)::r:.-::J :r:;.,, U:!..ttilt/(l-::i t::~, -f tl.DJ,jj-0) n- l ::r:.-::J :r:;.,, 1-- ii;~CTffi'a:€fbi±--C t, :1&1tOJ::r:.-::J :r:;.,, 

1-- ii;§ ~OJ{ii G ii•~ ;t -c v ,t;i: v ,OJ iis, -f? -r:t;i:v' OJ ii• (~3!1(.::!&1JH::.7.. To/ 7V 3 o/ 1-- Hlh t:: OJ ii\ -f? 
-r:t.r.v'OJii•) iJ{fU5}rJ-r:~ t;i:v, t v' :r; = t 'a:$< = t ii;-r:~ 7.:>. 

W.r, /[IS] 0J7Yto/ \-- bob1• 00 bn-1xc1'obi·"bn-l lic1'ob1"·bn-l t-J,.t-xtr,t-t7.:>0J-r:, ffi'j~O)f;::i\b~t= 

i:1'ob1 .. ·bn-l t*T = t_ /::"9 Q. 

MM 4.3. &12"•n-l 'a: I[IS] OJ{=fg0)7 yt o/ 1---r:, ~::r:.-::J:r:;.,, 1-- ai(O::; i :Sn-1) OJJ,..tJil; i t:d':>7.:> J:? 
t.r.tOJtG, c=c1c2 00 ·Cr(l:Sr:Sn) tt:><. =O)~, lcil=m(l:Sm:Sn-l)t.r.G, 

iJ{tJJZ .. n-l t::$v'-C~t::t.r_7.:, (=O)lffiij:E_!j_[;e\'.;/i'I'r\;1-m) O)DA\ci O)q::t~<:d':>7.:>) · 

IDE~Jl. m t:: 00-t 7.:> !k1HW11'!.:ffi"t. 

• m = l 0)~€,'a:.ir,T. c<JJZ .. •n-l 'a: c = CJC2 .. ·Cr, lei I= 1 ;'j: 7.:> /[IS] OJ{fgO) 7 7 to/ 1-- t T 7.:>. Jsj';flp['1!: 
J: tJ , CJ = {an-I} t G -C J: v' · &12"•n-l /:: $ v' -C, 

iJ{~t= ;/j: Q = t_ 'a:.ir,ii"li J: v'. ;j;; -r, an-I 0) J,..tJ Ii n- l ;/j:0)'3, 'Pan-1,n-l ti~t= t.r. t), 

viewan-l (&12"•n-l) = (..l..l .. · ..in - 1) <: d'J 7.:, = t ii• G, &12"•n-l li~-C 0) .I.- 1/ :r: 1/ 1-- ii; n - l 'a: J,..tJ 

1"7.:> J: ") tj:7 yt o/ 1-- tan-I -r:OO~G-cv,7.:,0).: K,,n-1 (v;:~Pj) t~t::t.r.7.:,. 

• m = 1,2, ... ,l(l :S l :S n-2) 0)~€,'a:{,&JE'. G-C, m = l + l 0)~€,'a:.ir-T. &12"•n-l 'a: c = c1c2 .. ·Cr, 

lei I = l + l t.r. Q /[IS] OJ{=fgO) 7 7 to/ 1-- t T Q. X'f~•['1!:J: tJ, CJ = { an-1-1,an-l, .. ,,an-!} t G-C J: 
v'. c<JJ2 .. ,n-11::t:,v,-c, 

( n-1 ) ( n-1 (n-1-2 )) (1 ( )) V V V V V q,(n,n-1-l+i) 
'Pa;,i V Ka, Pj V {ao, ... ,an-1-2}UE 

i=n-l-l i=n-1-l j=O i=l Ec{an-1-I,·:·,an-d 
[E[=1 

- &12"•n-l t::t:,v,-c, ~::r:.-::J:r: 1/ 1-- ai O)J,..tJli i t.r.OJ-r:, V7~L1-1'Pa,,i li~t::t.r.7.:,. 

- CJ = {an-1-l,an-1, .. ,,an-!} 1::~"t 7.:>{fgO)::r:.-::J :r: 1/ 1-- a; t::X't G-C, 
viewa,(&12"•n-l) = (.l_.l_ ... .l_n-l-l n-l ··· n-l) t:d':>7.:>0J<:, & 12 .. •n-l Ii, ~Jx.li 

ao,a1, .. ,,an-l-2 O)J,..tJiJ{~-C n- l t:d':> 7.:, J: 7 ;'j: 7 7 to/ \-- t an-1-1,ak-l, .. ,,an-I -r:oo~ U -C v' 

7.:,0).:, V7~L,-1Ka, (v'j:b-2Pj) li~t::t.r.7.:>. 

- c<JJ2 .. ,n-1 t::t:,v,-c, VI- (v q,(n,n-1-l+i) ) iJ{~t::t.r.7.:>=t'a:ffiT. {=fgOJiE 
z-1 Ec{an-I-l ,···,an-d {a0 , ... ,an-1-2}UE 

[E[=i 

{1,2, ... ,l} 1::X'f G-C, V Ec{a _1_1 ... a -l}q,{(n,n-l-l+i) }UE iJ{~/:: ;'j: Q = t 'a:.ir,i±"ii H'. )('sj'~•['1!:J: 
n , , n ao, ... ,an-l-2 

[E[=i 
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1J E={an-1-1,an-l,···,an-l+i-2} C:l.,-C (iE{l,2, ... ,l}), 

.,an-1+1-2 { (. nv _ •Paj,j) V ( _ n\./ _Kaj (n-1v-Z ph)) 
J=n-1-1+1 J=n- I -1+1 h=O 

V ( lv-i ( V q,(n,n-1-l+i+ j) ) ) } 
{ao,••·,an-l-2}UF 

j=I Fc{an-1-l+i,_-··,an-d 
IFl=1 

iJ!.f1.½f:fJ:.:5.: C: li:'.~itti+5:tc:d'J .:5. c~ = CJ \E = {an-1-l+i,an-z+i, ... ,an-I}, c; =E = {an-1-l,an-l, ... ,an-l+i-2} 

c'. B ~, ~ L, < /l[i{Jj;?:tl'fU d = c~ dzc2 · · · Cr It'. /E~9 Q. 2'°12 ·•n-l C: c'1012··•n-l Ii ao, ... , an-l+i-2 C: 

M-W: L, -c 1,, .:5. ~ G r:~;W3~0){J.zJE J; IJ 7 y-t o/ r 2012---n-1 r: j:,1,,-c 

( nv-1 ·) V ( nv-1 K (n-zv+i-2 P, ) ) V ( Iv-; ( V q,(n,n-l-z+i+ i) ) ) 
'Paj,J aj h {a0, ... ,an 1 2}UF 

j=n-1-l+i j=n-1-l+i h=O j=I Fc{an-1-l+i,_-··,an-d 
IFl=1 

iJ!.f1.½f:fJ:.:50)"c:, c°12···n-1 /:},1,,-c q,(n,n-l+i-1) /i.f1.½f:t.t.:5. 
{ ao, ... ,an-l-2,an-l- I ,an-l ···,an-l+i-2} 

l'XO)MJi!! 4.4 c:~~O) (n,k)-il-~Foili!!O) lftil:~1lifill1[5:t Ii:'. ~9. 

1'illlm 4.4. l'J(0)1ffiill1[5:t 

<t> = (nV •Pa,,i) v (v ( V 'Pk)) 
1=0 1=! BcA 

IBl=i 
til[.?"J O)f-f:Jllt0)7y-to/ t-c:J:!;1:1J:1J, 1[1sJ O)d'):577-t•;; rc:.f1.½1:1J::o. 

ilifSJl l'XO) 2 --:J;:\:~itti+5:tc:d'J.:5. 

(1) /[IS] 0) 7 7-t o/ r Z = { (a;, (i,O12- · ·n-1)) Ii E {O, 1, ... ,n-1}} 1:;B1,,-c, <I> 1i.f1.½1:t.t .:5. 

c2) 1[.?"J O){-f:~0)77-t·;; rc:<t>ti~1:1J::o. 

::ti', (1)/[/S],Z~<Pl!:'.~9- vr::l•Pa,,i C: V}=l (vscA'Pk)-fJtz1:;B1,,-c.f7.½1:t.t.:5.:c:li:'.~9-
IBl=i 

• z f:j:,1,,-c' ~::C-1/ :i: 1/ r a; 0) A1J{@:1i i fJ:O)c: V7::l •Pa;,i 1i.f1.½f: t.t Q. 

□ 

• {-f:)lltO) m E {1,2, ... ,k} 1:;tt L, -C, V BcA 'PJi iJ!.f1.½/:fJ: .:5.: C: l!:'.~9. B li:'.;k ~ ~ iJ! m C:d'J .:5 J; '? f.t, A 
IBl=m 

O){-f~O)J'r~5:t~-g- C: 9 .:5. Z 1: $1,' -C 

{( ) ( ( )) ( k ( ))} 'P7i = Ds V •Pa1,i V V Ka, V Pj V V V 'PkuE 
a;EA\B a;EA\B jE{ila;EB} i=m+I li~~1!, 

iJ!.f1.½f: t.t :0 .:_ C: I!'. ~itti J; 1,,, CJ =A \B,c2 = B c'. $ <. Mli!! 4.3 J; 1J, 7 7-t o/ r (c,,c2) 012··•n-l 1: 

j:,1,,-c' ( Va,EA\B"Pa,,i) V ( Va,EA\BKa, ( vjE{ila;EB}Pj)) V (v7:~+1 (v EcA\B q,rui)) iJ!.f1.½1: t.t Q. 
IEl=i-m 

q,rui O)JE~ J; IJ' .: O)IJs'f ( Va,EA\B •Pa,,i) V ( Va,EA\BKa, ( vjE{ila;EB}Pj)) 

V (v}=m+l (v EcA\B 'PkuE)) iJ!.f1.½f: t.t Q, Z Ii 7 7--1! o/ r (c, ,c2)012··•n-l c'. c2 = B 0)5cc:M-W: l., L 
IEl=1-m 

\,' .:5 0) c:, Z 1: $ \,, -C 'P'ff iJ!.f1.½ 1: t.t :5 .:. c: -/J!fjf -5 • 
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?;Rt::::., (2) I[.9"] O){l:gO) 7 7--t'. o/ r 1: <I> liJtt::::. t.r. -o::. 1:: :a:mT. ~::r::.-:J :r. 1/ r a; 0) J-..tJ-/J> i --r:t.r.v' 7 7 
-t'. o/ H::::.Bv'--C Vn~J•Pa·i iJ•Jf,!;t::::.t;i:-o. 

d') i:: ti~::r::.-:J
1

: 1/ i- ~i O)J-..tJ-tJ• i --c:21i, -o J:: -5 t.r. 7 7 --t'. o/ rt::::. Bv'--c v}=1 (v BcA 'Pk) -tJ•Jtt::::. 1;i: -o::. i:: 
IBl=i 

:a:mit/£.J;v,. U1,/i, 77--t'.o/ r-/J•~t'-lj-1''.'.?Jv~i,O):k~~t::::.OO-t-oiliHW1$t::::.J::-o. "tt;i::bt,, *~~ 

k+l-l (l<;l<;k) O)-lj-,j''.7Jv~i,:a:~t'77-t'.o/ H::::.Bv'--CV BcA '¥~+1- 1 -tJ•Jtt::::.t.r.-o.:.i:::a:, 11::::. 
IBl=k+l-1 

OOT -o !mi*fllr!--r:m-t. 

• z = 1 O)~il-:a:m-t. *~~ k O)-ij--17 Jv~i'i-:a:~V7 7--t'. o/ H::::.Bv'--c v BcA '¥1 iJ'Jtt::::.t.r.-o.:. i:: :a: 
IBl=k 

mitlfJ::v,. )("<tf/Ji•['!J:: IJ {ao,a1,, .. ,ak-l} 1J'-lj-1' 7 }v~i,:a:t;i:-t~:a:~;)U1,ti+,11:2li,-o. ,:_O)~ 

-/J>Jtt::::.t.r.-o. t.r.-lft.r.G, {ao,a,, ... ,ak_i}-fJ>-lj--17 }v~i,:a:t.r.-t{f:g0)77--t'.,y r t::::.Bv'L, ao,a,, .. ,,ak-1 

O)tf:\jJO)~i,ii {0,1, ... ,k-1} 1:af) IJ, tl:ltJ~:h-o{iiliiWi-'-<Ul~--r:21i,-o.:. 1::-/J·G ak,ak+l, ... ,an-1 Ii 
~T {O, 1, ... ,k-1} 0)5t :a: tl:ltJT-o. "tt;i::bt, V7=j Ka1 ( V}=J P;) iJ•Jtt::::.t;i:-o. 

• 1=1,2, ... ,m (1<:::m<:::k-1) O)~i,H5zJEl.,--C, l=m+lO)~i,'a'.mT. :k~~k-m0)-lj--17Jv 

~i,:a:~t'7 7--t'. o/ r t::::.;t:,\\--C V BcA '¥~-m -/J>Jtt::::.t.r.-o ::_ 1:: 'a'.mT. )("<tf/Ji•['!J:: 1J {ao,a1, .. ,,ak-m-l} 
IBl=k-m 

-/J>-lf-1 7 Jv~,&,-:a:t.r.-t~:a:~ .:z:riti+,11:21i, -o . .:. O)~ 

.,ak-m-1 { (. nv •Pa;,i) V (. nvl Ka; (k-:::f \)) 
z=k-m z=k-m J=O 

v ( Vm ( V 'Pk-m+i ) ) } {ao, ... ,ak-m-dUE 
i=I Ec{ak-m,ak-"!+1,···,ak} 

IEI=• 

-/J>Jtt::::. t;i: -o ,:_ 1:: 'a'.mT. ao,a,, .. ,,ak-m-1 -/J>-lj--1 7 }v~i,'a'. t.r.-t{f:gO) 7 7--t'. o/ r 1: (V?:Lm •Pa;,i) 

V ( V?:LmKa; ( v~=~-I Pj)) V (v'!'c1 (vEc{ak-m,ak-"!+1,···,ak} '¥t;-o7.~.~k-m-dUE)) -/J>Jtt::::.t.r. Q ,:_ /:: 'a'.mit 
IEI=• 

liJ:: v'. 

af) -o j E {k-m,k-m+ 1, ... ,n-1} t::::.)("<t l., --C, aj 0)7'.tJ-/J> j --C:f;i:\\ 7 7 -t'. o/ r 1:/i V?:Lm •Pa;,i -/J>J't 
t::::. t.r. -o. J::-::> --C .PJ T--C:ii{f:gO) j E {k-m,k-m+ 1, ... ,n-1} t::::.Jsj' l., --C, ai 0)7'.jJ-/J> j 1:af) -o~i,:a: 
~.:ZQ 

- ak-m,ak-m+l, .. ,,an-I 0)? 1:,, 9-'fS. < /:: '6 1 -::>O)::C-:) X. 1/ r 1J', -!j-,j' 7 }v~i,0)5t 

ao,a1, .. ,,ak-m-1 0) AtJ 'a: tl:ltJT-o i:: ~' V1:l-mKaj ( v::o-' P;) -/J>J,tt::::. t.r. Q. 

- ak-m,ak-m+l, .. ,,an-I -/J>-!j-,j' 7 }v~i,0)5t a□ ,a1, .. ,,ak-m-1 0)7'.tJ 'a: tf:ltJ l., f,r_\, /:: ~, 

ak-m,ak-m+1, .. ,,an-l 0)$1::k~~ r (l<;r<;m) O)-lj-,j''.7JJ.,,~i,1J>~--f{'PG:h-o. ;:O)~, t 
:hG i:: ao,a,, .. ,,ak-m-1 'a'.i'!-:bit--C, *~~ k-m+r 0)-lj-,j' 7 }v~i'i-iJ'f'P:h-o. ;:O)~, !mi~$ 
O){&JE1J' G V BcA '¥~-m+r -/J>J,tt::::. t,r. -0 • 

IBl=k-m+r 

.PJJ:: J:: IJ , !miffll3¥!-/J' G ;\r,'fllifu :a: 1~ -o. □ 

MJi!1l4.4 J:: IJ <I> 1J' (n,k)-,&,-gr.,iJi!1lt::::.l't-t-oil!f!:~lffiufl:t\i::?11J'-00)--C:, if/tJi!1l4.1 J:: IJ;\r,'fl/ifuiJ'f~G:h-o. 

JEfl 4.5. (n,k)-,&,-gr.,iJi!ll .9" ii IS --C:iiMttt.r.v'. 
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J:: ".) L' flfi)i!Ij 4.4 (J) n = k+ 1 (J)~~'a'.~~ -Q = ~ 1:, (vf~o•Pa;,i) V ( V7~, ( V ~f:i 'Pk)) iJ! k-~:@'.F"iJi!Il 

t:::StT 0 illii~~J'l:i:\ ~ f.riJ, IJ, "t" (l),f PJMt!:iJt{.tt -5. 
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