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ᄔाᄔाᄔाᄔा 

ϩණԄسύǴᔠෳঁ๏ޑۓӄֽᡄᒠॊຒࢂցࣁǴࢂำԄ

ᅱෳᆶନᒱޑ୷ᘵǶҗୢܭᚒޑ௨ӈಔӝ܄፦Ǵᔠෳ܌Ԗޑӄֽރᄊ

࣬ਔǶҁЎගрΑፄӝރᄊ߄ޑҢБݤǴஒׇӈޑՉރᄊಔ

ӝଆٰǴ٠ЪीΑᅿԖਏޑᄽᆉݤǴёӧጕՉރᄊಔӝک

ॊຒᔠෳǶਥᏵރᄊಔӝೌמǴҁፕЎޑᄽᆉݤǴૈౢғ҅ዴޑᄽᆉ
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Abstract 

In a distributed system, detecting whether a given logical predicate is true 
on the global states is fundamental for testing and debugging the program. 
Detecting predicates by examining all global states is time consuming due 
to the combinatorial nature of the problem. This paper proposes the 
notion of composite state of which a sequence of execution states can be 
combined. An efficient algorithm is also developed in this paper to 
perform the state combination and predicate detection in an online 
manner. Based on the notion of composite state, the detection result can 
still be correct, and the performance of the new algorithm is improved as 
the number of states to be evaluated is reduced. 

Keywords: Distributed computing, Distributed monitoring and 

debugging, Global predicate detection. 
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ಃകಃകಃകಃക  ᙁϟᙁϟᙁϟᙁϟ 

ϩණԄسύӄֽॊຒ(global predicate) Φϐϣࢂҗόӕำׇ

ᄊѸᔠෳᡄᒠރ٤ՉࢌନᒱύǴکᅱෳޑಔԋǴӧำԄ܌ᡂኧޑ

ॊຒࢂցࣁǶӄֽॊຒᔠෳёаפрӧठӄֽރᄊޑϩණԄำׇ

ՉǴͅ Ǵݩؼόޑ㚊سကϩණԄۓҔٰࢂ[1]Ƕ೯தͅࣁցࢂ

ᡂǴ೯தำׇׯ܌ᄊᡂኧॶރҁӦޑᄊ㚊ރӵǴͅϐॶ߯җӄֽٯ

ϐΠЎॶᆶӄֽॊຒϐॶև҅࣬ᜢӛǶٯӵᕴکӄֽॊຒ 

ͅ = x1+ x2+…+ xn ≥ KǴ xi (1 ≤ i ≤ n)ཇεਔǴͅ൩ཇԖёૈࣁǴ

ҁЎᆀԜൂࣁ܄ፓ܄(monotonicity)Ƕ 

ҁЎගрΑፄӝރᄊ߄ޑҢБݤǴஒׇӈޑՉރᄊಔӝଆٰǴ

ϝฅёаౢғ҅ዴޑᔠෳ่ Ƕ݀ҁЎΨीΑᅿԖਏޑᄽᆉݤǴ

ёӧጕՉރᄊಔӝکॊຒᔠෳǶਥᏵԜೌמǴၸ෧Ͽ܌ຑޑ

Ꭹϩ่ᄬӵΠǴಃΒകϟځǶҁЎૈ܄ޑݤᄊኧҞǴёගϲᄽᆉރ

ಏङඳۓکကǴಃΟകϟಏϩණԄीᆉϐᅱෳǴಃѤകϟಏϩණԄᅱ

ෳϐރᄊᙁϯǴಃϖകϟಏჴᡍኳᔕǴಃϤക่ࣁፕǶ 
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ಃΒകಃΒകಃΒകಃΒക  ङඳۓکကङඳۓکကङඳۓکကङඳۓکက 

2.1  ϩණԄीᆉϩණԄीᆉϩණԄीᆉϩණԄीᆉ 

೯தϩණԄीᆉ߯ඔॊϩණԄำԄޑՉࣁǴ೭٤ϩණԄำԄ߾җ

ဂำׇ܌ՉǶׇӈำׇࢲޑࡌ߾ኳࣁՉسӈ٣ҹׇǴ

٣ҹёૈࢂϣޑঁำׇǴѝׯᡂҁӦރޑᄊǴΨёૈੋϷᆶќ

ঁำׇޑ೯ߞǴ೯߾ߞҗϰଛ٣৲ߞޑҹ send(m)ک receive(m)ֹ ԋǶ

ඤقϐǴջ٬ኧঁำׇวଌ࣬ӕޑኧᏵॶ๏ӕำׇǴߞ৲ҁيϝฅ

Ƕ೯த٣ҹޑൂࢂ send(m)߯ வঁΕӈ(enqueue)ߞ৲ mҗр

೯ၰᒡډҞޑำׇǶԶ٣ҹ receive(m)߾வঁрӈ(dequeue)ߞ৲

җΕ೯ၰᒡډҞޑำׇϐՉࣁǶฅԶ receive(m)٣ҹటӸӧܭ

ำׇ pύǴߞ৲ mѸၲډ pǴԶЪ pѸ࠹ѲѬᜫཀௗԏߞ৲Ƕց

ߞࣁᒨȐӢۯำׇ܈ำׇᗋؒԖྗഢӳȑࣁᒨȐӢۯ৲ߞࢂ൩߾

৲ؒԖၲܢȑǶ 

ԜȨߞ৲ሀȩޑ೯ߞᢀᗺӧ٣ҹቫભ(level)ёૈֹࢂӄόӕ

ϩණԄीᆉቫભǴ೭٤ଯቫԛޑॺᢀჸךቫǶՠӧسޑଯ׳дځܭ

 ௗԏ٣ҹǶکวଌޑǺӧჹჹำׇౢғϰଛࣁᙁϯᘜયߞ೯ޑ
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ำׇ pi ׇӈ٣ҹࢂҁӦᐕўǴӧीᆉύޑ hi = ei
1ei

2 …Ȑё

ૈคज़ӭঁȑǶ೭ᅿำׇ٣ҹޑǴᆀޑࠠڂࣁӈᖐޑࠠڂӈᖐޑࠠڂӈᖐޑࠠڂӈᖐ(canonical 

enumeration)ǴჹᔈܭҁӦ٣ҹՉׇϐӄׇᜢ߯Ƕ 

з hi
k = ei

1ei
2 …ei

kж߄ҁӦᐕў hi ύ k ঁ٣ҹǴځύ ei
ࣁ1

ಃ1ঁ٣ҹǴei
٩ԜᜪǴei,ಃ2ঁ٣ҹǾࣁ2

ӈǶׇޜࣁကۓ߾0

ӄֽᐕўޑीᆉࢂಔӝ H = h1ɶh2…ɶhnǴջх֖܌ځԖ٣ҹǶ 

ฅԶঁӄֽᐕў٠ؒԖ٣ۓࡰҹϐ໔࣬ޑჹਔ໔Ǵӧঁ౦

ϩණԄس㚊Ǵؒ Ԗӄֽਔ໔ਣޑӸӧǴ٣ҹϐीᆉׇё୷ܭȨচ

Ӣ่݀کȩۺཷޑǶךॺёаۓကӧ٣ҹޑঁΒϡᜢ߯ӵΠ[2]Ǻ 

 

eʈeȷǴऩЪऩ e ϐӢ݀ᜢ߯วғӧ eȷϐ ˇ Ԝᜢ߯֍ӝ

ΑךॺȨচӢ่݀کȩޔޑᢀཷۺǴฅԶѝԖӧϰଛޑวଌௗԏ٣ҹ

ΠωԖዴޑۓচӢ่݀کᜢ߯Ƕ 
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ӄֽᐕўύ٤٣ࢌޑҹჹΨёૈόӸӧӢ݀ᜢ߯ǶΨ൩ࢂჹ٤ࢌ

٣ҹ e ک eȷԶقǴԖёૈόӸӧӢ݀ᜢ߯ e ʈ eȷ܈ eȷʈeǴך

ॺᆀ೭ኬ٣ޑҹٳࣁวٳวٳวٳวȐconcurrentȑǴа e||eȷ߄ҢϐǶ 

ϩණԄीᆉԄࢂঁୃׇୃׇୃׇୃׇȐposetȑۓကࣁȐH,ʈȑǶ܌Ԗ

٣ҹҢѬॺࠠڂޑӈᖐǴฅԶӧ೯٣ߞҹύǴѬॺΨх֖

٣ҹӄׇӄׇӄׇӄׇȐtotal orderȑǴаϷวଌޑ಄ǶӢԜǴঁำׇ৲ߞޑ

ᗦ֖ӧࢂϰଛޑௗԏک H 㚊Ƕ 

2.2  ӄֽރᄊӄֽރᄊӄֽރᄊӄֽރᄊǴǴǴǴϪപکၮՉϪപکၮՉϪപکၮՉϪപکၮՉ 

͚i
0ж߄ pi ωՉҺՖ٣ҹǴ͚iࡕᄊǴฅރۈ߃ޑ

k߄Ңҁ

Ӧำׇ pi Չ٣ҹ ei
kޑࡕҥջރᄊǶำׇޑҁӦރᄊёૈхߞࡴ৲

ӵǺֽٯ ᡂኧॶǴаϷӧӚ೯ၰߞ৲วଌکௗԏำׇ٣ҹޑ Ƕׇ

ϩණԄीᆉޑӄֽރᄊӄֽރᄊӄֽރᄊӄֽރᄊ(global states)ࣁঁ nϡಔޑҁӦރᄊᕴکǺ

͂ = (͚1,Ǿ,͚n)Ǵځύж߄ঁำׇރޑᄊǶ 

ϩණԄीᆉޑঁϪപϪപϪപϪപ(cut)ځࢂӄֽᐕў H㚊ޑঁηǴх֖

ঁҁӦᐕўۈ߃ޑᆚ(initial prefix)ǶC = h1
c1

ɶh2
c2…ɶhn

cnǴ

  Ϫപܭԛ٣ҹЇǴх֖ޑঁำׇܭύ (c1, c2…,cn) ჹᔈځ

(c1, c2…,cn)ޑԛ٣ҹӝ (e1
c1,e2

c2…en
cn)ᆀࣁϪപϐ᎔᎔᎔᎔
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(frontier)ǶϪപϪപϪപϪപ(c1, c2…,cn)߾߾߾߾ჹᔈܭӄֽރᄊჹᔈܭӄֽރᄊჹᔈܭӄֽރᄊჹᔈܭӄֽރᄊ(σ1
c1, σ2

 c2…σn
 cn)ǴǴǴǴ

ӵკ  ҢǶ܌1

     όठޑϪപόठޑϪപόठޑϪപόठޑϪപ             ठޑϪപठޑϪപठޑϪപठޑϪപ 

 

კ 1: ϪപҢཀკ[3] 

ᗨฅϩණԄीᆉࢂঁୃׇǴՠჴሞՉਔǴ܌Ԗ٣ҹǴх֖

ӧόӕำׇϐ٣ҹǴӸӧࢌᅿӄׇᜢ Ƕ߯ࣁှϩණԄسޑՉǴ

ౢғΑၮՉၮՉၮՉၮՉ(run)ޑᢀۺǶϩණԄीᆉޑၮՉࢂх֖ӄֽᐕўύ܌Ԗ٣

ҹޑӄׇᜢ߯ RǴԶԜӄׇᜢ߯ᆶঁҁӦᐕў࣬ࢂ಄ठޑǶඤ

ϐǴჹঁำׇق pi ԶقǴ٣ځҹׇӧ hi ᆶ R Ƕॶளޑኬࢂ

ՉǴԶঁϩණԄीᆉΨёޑǴၮՉόሡा಄ӝҺՖёૈࢂޑཀݙ

ૈԖӭၮՉǴঁၮՉ࣬߾ܭঁόӕޑՉǶ 
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2.3  ӛໆӛໆӛໆӛໆਔដਔដਔដਔដ 

ำׇౢғޑঁ٣ҹǴځਔᘈջࣁ၀ำׇਔޑӛໆਔដॶǴᖄ

ᛠ٣ঁٿҹঁٿ܈ҁӦރᄊޑӛໆਔᘈǴךॺёа،ۓѬॺࢂցԖӢ

݀ᜢ߯Ӹӧ[4]Ƕ 

ำׇ Pi ֖Ԗኧӛໆ VCi[1…n] (ۈ߃ॶ [0,...,0])ǴԶځӛໆਔដ

 ӵΠ[5]Ǻ߾ೕسਔᘈޑ

ำׇ Piౢғ٣ҹ (send, receive, or internal)Ǵӛໆਔដ VCi[i]ቚу 

(VCi[i]: = VCi[i]+1 ) 。                                                        (4) 

ำׇ Pi วଌߞ৲Ǵځӛໆਔដ VCiϐॶ m.VC  Ƕ(5)৲ߞܭуߕ

ำׇ Pi ௗԏߞ৲Ǵځӛໆਔដ׳ཥࣁ VCi := max(VCi, m.VC)。  (6)                                

ӛໆਔដޑਔᘈس׳ཥӵკΒ܌ҢǶ 

 

კ 2: ӛໆਔដਔᘈ׳ཥҢཀკ 
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ӛໆਔដёᏤठޑӄֽރᄊǴ з٣ҹ eϐਔᘈࣁ TS(e)Ǵ

Pi ϐ٣ҹ eᆶ Pj ϐ٣ҹ eȷठޑచҹࣁǺ 

( )[ ] ( )[ ] ( )[ ] ( )[ ]ieTSieTSandjeTSjeTS ≤≤ '  '  

٣ঁٿҹठਔǴѬॺёឦܭठϪപޑ᎔ǴԶ٣ঁٿҹࡕ

ϐރᄊٳࣁ߾วǶ 

ӛໆਔដёҔٰᏤ٣ҹ໔วғӧӃ(happen before)ϐӢ݀ᜢ߯Ǵ

ӵำׇPiౢғ٣ҹٯ e (ਔᘈࣁ e.VC)ǴำׇPjౢғ٣ҹ f (ਔᘈࣁ f.VC)Ǵ

 ٣ҹӢ݀ᜢ߯ӵΠ[6]Ǻځ߾
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ಃΟകಃΟകಃΟകಃΟക  ϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳ 

3.1  ӄӄӄӄֽॊֽॊֽॊֽॊຒຑຒຑຒຑຒຑ(GPE :Global Predicate Evaluation)    

ॺёаҔך GPEٰຑॊຒ[7]Ǵॊຒ߾ж߄ϩණԄسӄֽރ

ᄊᕴޑکঁڄኧǶଷൂำׇ p0ᆀࣁȨᔠޣȩ(аΠᙁᆀ checker)

ॄೢຑ ΦǴԶ p0 ёаࢂ p1,…,pn ύϐسӕϩණԄ܈ύϐǴځ

ΠǴԖঁݩдीᆉำׇǶӧԜਸځ checkerǴёаஒှ،ӄֽ

ॊຒ Φୢޑᚒᙁϯࣁ p0 ᄬࡌঁӄֽރᄊޑ ΣीᆉǶᙁൂଆـǴଷ

 checkerж٣ޑ߄ҹՉࢂҗѦᅱෳǴЪ୷ҁ٠όׯᡂीᆉک

٣ҹࠠڂޑӈᖐǶ 

ऩp0௦ڗЬǴѬวଌ๏ঁำׇȨރᄊፓȩߞޑ৲Ƕำׇ

piԏډԜߞ৲ǴߡҥջӣൔځҁӦރᄊǶ܌ԖnঁำׇӣเΑǴ

p0ջёࡌᄬঁӄֽރᄊޑीᆉ (σ1,…,σn)Ƕp0ำׇௗԏޑډҁӦᐕў

 Ƕ(ᄊރջӄֽ)Ϫപࣁကۓ၌ёԖਏӦ

аΠᙁᆀठޑӄֽރᄊࣁӄֽރᄊǴঁՉ܌ޑԖӄֽރᄊ

ӝԋ܌ᒏ๎๎๎๎(lattice)ǴऩسҗՉ٣ҹǴёҗঁӄֽރᄊ

܌ᄊёҗᜐᜐᜐᜐ(edge)ރ೭Βঁӄֽޑ㚊य़๎߾ᄊǴރќঁӄֽډ

ೱௗǶ๎ۈ߃ޑӄֽރᄊ0,…,0>ࣁ>Ǵ๎㚊य़வۈ߃ӄֽރᄊ໒ޑۈ
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ၡ৩൩سࢂޑঁीᆉीᆉीᆉीᆉ(computation)Ƕ 

ำׇPiޑಃxঁ٣ҹᆀࣁei,xǴՉ٣ҹei,xࡕ(ՠӧei,x+1ϐ)ރޑᄊ

ᆀࣁsi,xǴኧҞxᆀࣁsi,xׇޑኧ(sequence number)Ǵკ3 ᇥܴΑϩණԄำ

ԄՉਔ٣ޑҹǵރᄊᆶ࣬ځჹᔈ๎ޑǶ 

 

კ 3: (a)ϩණԄำԄޑਔޜკ   (b)܌ځԖӄֽރᄊӝԋ๎ޑ 

ϩණԄำԄޑၮՉёຎ္๎ࣁय़ޑచၡ৩Ǵவۈ߃ᗺ(initial 

global state)рวډനಖᗺ(final global state)ࣁЗǶ 

Possibly(Φ)Ѹཛྷ൨ҺՖёૈᅈىΦϐރᄊǴሡჹ๎բӄำཛྷ

(exhaustive search)Ƕҭջவಃ0ቫ(level 0)ރۈ߃ޑᄊ໒ۈᔠෳډനࡕ

 З[8]ǶࣁᄊރΦϐىёૈᅈډᄊǴቫѸᔠෳǴཛྷ൨ރ
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Possibly(Φ)ϐຑёҗᅱෳำׇՉǴำׇӧՉঁ٣ҹ

ϐࡕǴߡวଌ٣ҹϐਔᘈǴаϷ࣬ᜢܭΦޑҁӦᡂኧॶ๏ᅱෳำׇǶ

ᄊǴ٠ރӄֽޑԖ܌(ෳ၂܈)ցԋҥǴᅱෳำׇሡೖࢂΑวΦࣁ

ճҔೖளޑډᡂኧॶٰຑΦǶ 

3.2  ϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳϩණԄीᆉϐᅱෳ 

ҁЎаঁձޑᔠޣำׇ(checker process)ٰԏᔈҔำׇӣൔ

ӛໆਔޑǶcheckerำׇᙖҗԏளٰӛໆਔដǴаՉำԄϩޑ

ដٰࡌᄬ๎ǶϩำԄਔǴcheckerำׇᐉຫ๎㚊य़ޑᗺǴڥ٠ћ

ᔠෳኳಔ(detection module)ǴٯӵନᒱำԄ܈೬ᡏᡍπڀǶՠҗܭ

๎่ᄬޑ୷ኧಔӝ܄፦Ǵाᐉຫ๎㚊य़܌ޑԖᗺ(ջᔠෳ܌Ԗޑӄ

 ᜤೀǶཱུߡᄊ)Ǵރֽ

ҁЎፕϐፄӝኳಔǴӧᔠෳኳಔϩǴаፄӝރᄊ߄ޑҢБ

ᄊಔӝଆٰǴԶᔠෳኳಔϝฅёаౢғ҅ރՉޑǴஒ໔ϣೱុݤ

ዴޑᔠෳ่݀ǴӵკѤ܌ҢǶ 
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კ 4Ǻፄӝኳಔ(Composition Module) 

(a)ޔௗڥћᔠෳኳಔϩ (b)ӃаፄӝኳಔჴՉރᄊᙁϯࡕϩ 

ҁЎΨаᅿԖਏޑᄽᆉݤǴёаӧጕՉރᄊಔӝکॊຒ

ᔠෳǶਥᏵԜೌמǴ෧Ͽ܌ຑރޑᄊኧҞǴёගϲᄽᆉૈ܄ޑݤǶ 
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ಃѤകಃѤകಃѤകಃѤക  ϩණԄᅱෳϐރᄊᙁϯϩණԄᅱෳϐރᄊᙁϯϩණԄᅱෳϐރᄊᙁϯϩණԄᅱෳϐރᄊᙁϯ 

4.1  ЍᗺރᄊЍᗺރᄊЍᗺރᄊЍᗺރᄊ(Pivot States) 

ჹӄֽॊຒ Φ = x1+ x2+…+ xn ≥ KǴ xi (1 ≤ i ≤ n) ཇεਔǴΦ

൩ཇԖёૈࣁ(ൂፓ܄)ǶӭϩණԄس㚊٬Ҕзจ(token)ٰ ж߄

ၗྍኧໆϷ٬ҔǴᔠෳسзจޑᕴໆࢂց಄ӝӄֽॊຒߚதჴҔǴ

εҽᜢܭзจޑᆉೌၮᆉޑӄֽॊຒᅈى೭ᅿൂፓ܄፦Ƕ 

ճҔൂፓ܄ǴҁЎஒኧঁҁӦރᄊಔӝԋࣁፄӝރᄊ (composite 

state)Ǵа໔ϣനεॶࣁЍᗺ(pivot)Ǵж߄Ԝ໔ϣӄֽॊຒനԖё

ૈԋҥޑݩǶঁ໔ϣϐനεॶ٬ள ΦόԋҥਔǴ໔ϣځ

дॶҭ٬ͅόԋҥǶӢԜǴঁ໔ѝሡᡍᆉЍᗺջёǶ 

ЍᗺࢂঁፄӝރᄊύڀԖനεॶރޑᄊǶϩࣁаΠٿᜪǺ 

ᄊ(Si,begin ,Ǿ, Si,end )Ǵό֖ԖރೱុࢤЍᗺ(Front Pivot)Ǻ �

send٣ҹǴԶЪಃঁރᄊ Si,beginڀԖനεॶǴ߾ Si,beginᆀ

 ЍᗺǶࣁ

ᄊ(Si,begin ,Ǿ, Si,end )Ǵό֖ԖރೱុࢤЍᗺ(Rear Pivot)Ǻࡕ �

receive٣ҹǴԶЪനރࡕᄊ Si,endڀԖനεॶǴ߾ Si,endᆀࣁ

 ЍᗺǶࡕ
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4.2  аፄӝރᄊуமޑᄽᆉݤаፄӝރᄊуமޑᄽᆉݤаፄӝރᄊуமޑᄽᆉݤаፄӝރᄊуமޑᄽᆉݤ 

ҁፕCM (Composition Module) ᄽᆉރۓ،ٰݤᄊׇӈޑၨ

٫ӝٳБԄǴCM ᄽᆉݤӵკ 5, 6, 7Ƕᄽᆉݤύ٬Ҕ Si,xж߄ำׇ Pi

ಃޑ x ᄊǴаރঁ d(Si,x) ж߄ Si,xޑᡂኧॶ (ҭջӄֽॊຒ Φޑᡂኧ

xi ӧރᄊ Si,xޑॶ)Ƕ 

კ ޑ5 Procedure F() ࢂ൨פำׇ Pi வಃ x ޑۈᄊ໒ރঁ

F-composition stateаϷ F-pivotǶ٩ׇࢂݤᔠຎಃ xǵx+1ǵx+2Ǿ

ډၶډޔᄊǴރ send٣ҹࣁЗǶ 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

კ 5Ǻ Front Pivotᄽᆉݤ 

  

fend = pivot = x; / /init ialize index
last ? the index of last  state in process Pi;

while (fend < last) and (e i,fend+1 is not a send event) do
fend ?  fend + 1;
if d(si,pivot) = d(si, fend) then

pivot ?  fend; / /update pivot
end if

end while

5 418 6 3

procedureF

f end

pivot

[v aria ble]

[index] 0 1 2 3 4 5

pivot

F(1) F(2)

fend fend fend fend fend
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კ ޑ6 Procedure R()ࢂ൨פ R-composition stateǴᆶ Procedure F()

ᜪ՟Ǵډޔၶډ receive٣ҹࣁЗǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 

კ 6 : Rear Pivotᄽᆉݤ 

  

rend = pivot = x; //initialize index
last ? the index of last state in process Pi;

while (rend < last) and (ei,rend+1 is not a receive event) do
rend ?  rend + 1;
if d(si,pivot) = d(si,rend) then

pivot ?  rend; //update pivot
end if

end while

541 8 63

rend

procedureR

pivot pivot pivot

[variable]

[index] 0 1 2 3 4 5

rend rend rend rend rend

R(1) R(2) R(3)
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๏ۓࢤ Si,beginډ Si,endϐ໔ރޑᄊׇӈǴԜׇӈёаԖٿࡕ܈

ᅿፄӝБԄǶךॺӕਔᔠෳٿᅿБԄǴ٠ᒧڗၨރޑߏᄊׇӈಔӝа

ቚуᓸᕭǴӵკ  ҢǶ܌ 7

 

 

კ 7ǺCM ᄽᆉݤ 
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ಃϖകಃϖകಃϖകಃϖക  ჴᡍჴᡍჴᡍჴᡍኳᔕኳᔕኳᔕኳᔕ 

5.1  OMNET ኳᔕᏔኳᔕᏔኳᔕᏔኳᔕᏔ 

аΠᙁᆀ)ݤᡍፄӝኳಔᄽᆉࣁ CM ᄽᆉࢂ(ݤԖਏޑБݤǴ

ॺ٬Ҕך Omnet++ᆛၡኳᔕำԄՉჴᡍ[9]Ƕӧ Omnet++ࢎᄬΠ

ঁኳᔕำԄёа่ӝӭኳಔǴځύᆛၡඔॊኳಔж߄ᆛၡ่ᄬǴ

omnetpp.iniࣁಔᄊଛᔞӝ܌ԖسୖኧǶำԄኗቪֹԋࡕҗጓ

ǵೱ่ౢғՉᔞǶOmnet ำԄޑՉ่݀Ǵӵკ  ҢǶ܌8

 

კ 8ǺኳᔕᏔޑՉฝय़ 
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5.2  ჴᡍ่݀ჴᡍ่݀ჴᡍ่݀ჴᡍ่݀ 

ᔈҔำׇ N0~N3ൔ๏ᔠޣำׇ Checkerޑӛໆਔᘈǵᡂኧǵ

٣ҹᜪࠠǵՑӈߞ৲ϣаϷ๎ᗺӵკ 9ǵ10܌ҢǶ 

Checker

N0

N1

N2

N3

[1,0,0,0]

[0,1,0,0]

[0,0,1,0]

[0,0,0,1]

[1,0,3,0]

[0,4,1,3]

[2,0,0,0]

0,2,0,0,0,0

0,0,2,0,0,1

0,3,1,0,0,2

0,0,0,2,1,1
0,4,1,1,8,2

2,0,0,0,9,1

1,0,3,0,4,2

Variable:
0~9

0:initial
1:send
2:receive

1,0,0,0,0,0

0,1,0,0,0,0

0,0,1,0,0,0

0,0,0,1,0,0

[0,5,1,1]

0,5,1,1,0,1

1,0,0,0,9,0

0,0,1,0,0,0

0,0,0,1,1,0

0,4,1,3,1,2

0,5,1,4,0,0

0,4,1,1,0,0

[0,4,1,1][0,2,0,0] [0,3,1,0]

[0,0,2,0]

[0,0,0,2]

 

კ 9ǺᔈҔำׇ٣ҹӣൔᔠޣำׇߞ৲ଌኳᔕ 

Checker

N0

N1

N2

N3

[1,0,0,0]

[0,1,0,0]

[0,0,1,0]

[0,0,0,1]

1,0,0,0,3,0

1,2,0,0,8,0

1,2,2,0,5,0

1,2,2,2,6,0

[1,2,0,0]

[1,2,2,0] [1,2,3,0]

[1,2,2,2] [1,2,2,3]

[1,3,0,0]

[2,0,0,0] [3,2,2,2]

2,0,0,0,3,1

0,2,0,0,1,2

1,3,0,0,8,1

1,2,2,0,7,2 1,2,3,0,5,1
1,2,2,2,0,2

1,2,2,3,6,1

3,2,2,3,9,2

Variable:0~9
0:initial
1:send
2:receive

 

კ 10ǺᔈҔำׇӣൔЍᗺ๏ᔠޣำׇ 
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CM ᄽᆉݤჴᡍளϐЍᗺϷՑӈߞ৲ϣӵკ  ҢǶ܌11

 

 

 

 

 

 

 

 

კ 11Ǻࡕ/Ѝᗺ Rᆶ FڗጄൎКၨεࢤٗޑ 

  

00 08 0 3

pivot

[variable]

[index] 0 1 2 3 4 5

pivot

F(1) F(2)Procedure F

00 08 0 3

pivot pivot pivot

[variable]

[index] 0 1 2 3 4 5

R(1) R(2) R(3)Procedure R

00 08 0 3

F(2)R(1)

[variable]

[index] 0 1 2 3 4 5

pivotpivot

F(1) R(3)

F(3)

6

8

6

8

F(4)

pivot pivot

6

8
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ಃϤകಃϤകಃϤകಃϤക  ่ፕ่ፕ่ፕ่ፕ 

S. AlagarکS. Venkatesan[10]٬Ҕ໔ٰቚуՉᡯޑᗭಈ܄Ǵ

ஒՉᡯҗঁำׇύޑঁ٣ҹǴቚуࣁׇӈ٣ҹ(໔)Ǵځ

ᄽᆉݤҗᔠঁӄֽ໔ǴڗжᔠঁӄֽރᄊᔠᗺǶ 

ҁЎаൂፓࣁ܄୷ᘵǴஒኧঁރᄊಔӝԋࣁፄӝރᄊǴ׳Զҗ

ᔠঁӄֽ໔ޑЍᗺǴٰڗжᔠঁӄֽ໔ǴନΑ෧Ͽ

ӄֽރᄊȨ๎ȩޑ୷ኧаѦǴճҔൂፓޑ܄ቻǴёόሡவᓐ໒ۈᐉ

ຫ๎㚊य़܌ޑԖᗺǴа׳ԖਏޑБԄѐೖᔈҔำԄ๎ޑǴٰᔠ

ෳӄֽॊຒǶ 

εҽᜢܭзจޑᆉೌၮᆉӄֽॊຒᅈىԜൂፓ܄፦Ǵޑ

ύᔠෳБԄǴᔈҔำׇѸӣൔ܌ځԖՉރᄊ๏ନᒱำׇǴҁЎ

ගрޑፄӝރᄊ߄ҢБݤǴஒׇӈՉރᄊಔӝଆٰǴ٠ीΑ

ᅿԖਏޑᄽᆉݤǴёӧጕՉރᄊಔӝکॊຒᔠෳǴ٠٩ฅૈౢ

ғ҅ዴ่݀ޑǶҁЎගрޑᄽᆉݤǴჹᔈҔำׇރᄊՉᓸᕭǴૈԖ

ਏӦ෧Ͽځӣൔߞ৲ኧໆǴ٠Զගϲᄽᆉૈ܄ޑݤǶ 
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