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äóáëèðîâàíèÿ.
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ñ÷åò ïàðàëëåëüíîãî âûïîëíåíèÿ.
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Âû÷èñëèòåëüíûå ñåòè

Âû÷èñëèòåëüíàÿ ñåòü � ýòî ñîâîêóïíîñòü êîìïüþòåðîâ,
ñîåäèíåííûõ ìåæäó ñîáîé ïðè ïîìîùè ìåõàíèçìîâ
êîììóíèêàöèè, ïîçâîëÿþùèõ êîìïüþòåðàì ñåòè îáìåíèâàòüñÿ
èíôîðìàöèåé. Ýòîò îáìåí îñóùåñòâëÿåòñÿ ïóòåì îòïðàâëåíèÿ
è ïðèåìà ñîîáùåíèé .

Âû÷èñëèòåëüíûå ñåòè ìîãóò áûòü ãëîáàëüíûìè èëè
ëîêàëüíûìè .
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Âû÷èñëèòåëüíûå ñåòè

Ãëîáàëüíûå ñåòè
Óçëû ãëîáàëüíîé ñåòè îáû÷íî äàëåêî îòñòîÿò äðóã îò äðóãà.
Êàæäûé óçåë òàêîé ñåòè ïðåäñòàâëÿåò ñîáîé îòäåëüíóþ
âû÷èñëèòåëüíóþ óñòàíîâêó. Îñíîâíîå íàçíà÷åíèå ãëîáàëüíûõ
ñåòåé � îáåñïå÷èòü îáìåí èíôîðìàöèåé ìåæäó
ïîëüçîâàòåëÿìè â ðàçíûõ óçëàõ ñåòè.

Ëîêàëüíûå ñåòè
Óçëû ëîêàëüíîé ñåòè îáû÷íî íå ñëèøêîì óäàëåíû äðóã îò
äðóãà. Êàæäûé óçåë òàêîé ñåòè � ýòî íåáîëüøàÿ
ñïåöèàëèçèðîâàííàÿ ñòàíöèÿ. Ëîêàëüíûå ñåòåé ïðåäíàçíà÷åíû,
ïðåæäå âñåãî, äëÿ îáìåíà èíôîðìàöèåé è îáåñïå÷åíèÿ
ñîâìåñòíîãî èñïîëüçîâàíèÿ ðåñóðñîâ.
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ïîëüçîâàòåëÿìè â ðàçíûõ óçëàõ ñåòè.
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Âû÷èñëèòåëüíûå ñåòè

Îñíîâíûå îòëè÷èÿ ìåæäó ãëîáàëüíûìè è
ëîêàëüíûìè ñåòÿìè

1. Ïàðàìåòðû íàäåæíîñòè.

2. Âðåìÿ ñâÿçè.

3. Îäíîðîäíîñòü àïïàðàòóðû è

ïðîãðàììíîãî îáåñïå÷åíèÿ.

4. Âçàèìíîå äîâåðèå.
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Ãëîáàëüíûå ñåòè

Ãëîáàëüíûå ñåòè âñåãäà óñòðîåíû íà îñíîâå ïðèíöèïà
äâóõòî÷å÷íîãî ñîåäèíåíèÿ .
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Óçåë

Ðèñ.: Ïðèìåð ñåòè ñ äâóõòî÷å÷íûì ñîåäèíåíèåì.



Ãëîáàëüíûå ñåòè

Àëãîðèòìè÷åñêèå ïðîáëåìû äëÿ ãëîáàëüíûõ ñåòåé

1. Îáåñïå÷åíèå íàäåæíîãî îáìåíà äàííûìè ïî äâóõòî÷å÷íîé
ëèíèè ñâÿçè.

2. Âûáîð êàíàëîâ ñâÿçè � çàäà÷à ìàðøðóòèçàöèè ïàêåòîâ.

3. Óñòðàíåíèå ïåðåãðóçêè â ñåòè.

4. Ïðåäîòâðàùåíèå áëîêèðîâêè (òóïèêîâ) � çàäà÷à
íåáëîêèðóåìîé êîììóòàöèè.

5. Îáåñïå÷åíèå áåçîïàñíîñòè.

Êàêèå åùå àëãîðèòìè÷åñêèå ïðîáëåìû âîçíèêàþò äëÿ
ãëîáàëüíûõ ñåòåé?
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Ëîêàëüíûå ñåòè

Ñâÿçü ìåæäó óçëàìè ëîêàëüíîé ñåòè îáåñïå÷èâàåò åäèíûé
ìåõàíèçì � øèíà , � ê êîòîðîìó ïîäêëþ÷åíû âñå óçëû.

Êîììóíèêàöèîííàÿ ñèñòåìà

Óçëû

Ðèñ.: Ëîêàëüíàÿ ñåòü ñ øèííîé îðãàíèçàöèåé.



Ëîêàëüíûå ñåòè

Àëãîðèòìè÷åñêèå ïðîáëåìû äëÿ ëîêàëüíûõ ñåòåé

1. Øèðîêîâåùàòåëüíîå ðàñïðîñòðàíåíèå è ñèíõðîíèçàöèÿ.

2. Èçáðàíèå ëèäåðà.

3. Îáíàðóæåíèå çàâåðøåíèÿ.

4. Îáåñïå÷åíèå êîððåêòíîãî èñïîëüçîâàíèÿ ðåñóðñîâ.

5. Îáíàðóæåíèå è óñòðàíåíèå òóïèêîâ.

6. Ðàñïðåäåëåííîå îáñëóæèâàíèå ôàéëîâ.

Êàêèå åùå àëãîðèòìè÷åñêèå ïðîáëåìû âîçíèêàþò äëÿ
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Ëîêàëüíûå ñåòè

Àëãîðèòìè÷åñêèå ïðîáëåìû äëÿ ëîêàëüíûõ ñåòåé

1. Øèðîêîâåùàòåëüíîå ðàñïðîñòðàíåíèå è ñèíõðîíèçàöèÿ.

2. Èçáðàíèå ëèäåðà.

3. Îáíàðóæåíèå çàâåðøåíèÿ.
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Ìíîãîïðîöåññîðíûå êîìïüþòåðû

Ìíîãîïðîöåññîðíûé êîìïüþòåð � ýòî âû÷èñëèòåëüíàÿ
ìàøèíà, êîòîðàÿ ñîäåðæèò íåñêîëüêî ïðîöåññîðîâ,
ðàçìåùåííûõ â êîðïóñå îäíîãî óñòðîéñòâà.
Åñëè ìíîãîïðîöåññîðíûé êîìïüþòåð ïðåäíàçíà÷åí äëÿ
óñêîðåíèÿ âû÷èñëåíèé, òî åãî íàçûâàþò ïàðàëëåëüíûì
êîìïüþòåðîì .
À åñëè îí ïðåäíàçíà÷åí äëÿ ïîâûøåíèÿ íàäåæíîñòè
âû÷èñëåíèé, òî åãî íàçûâàþò âû÷èñëèòåëüíîé ñèñòåìîé ñ
äóáëèðîâàíèåì .

Â ïàðàëëåëüíîì êîìïüþòåðå âñÿêîå âû÷èñëåíèå ðàñïàäàåòñÿ íà
ïîäâû÷èñëåíèÿ, êàæäîå èç êîòîðûõ âûïîëíÿåòñÿ â îäíîì èç
åãî óçëîâ.

Â ñèñòåìå ñ äóáëèðîâàíèåì â êàæäîì óçëå âûïîëíÿåòñÿ âñå
âû÷èñëåíèå öåëèêîì; ïîñëå ýòîãî ïîëó÷åííûå ðåçóëüòàòû
ñðàâíèâàþòñÿ ìåæäó ñîáîé äëÿ òîãî, ÷òîáû îáíàðóæèòü è
èñïðàâèòü îøèáêè.



Ìíîãîïðîöåññîðíûå êîìïüþòåðû

Ìíîãîïðîöåññîðíûé êîìïüþòåð � ýòî âû÷èñëèòåëüíàÿ
ìàøèíà, êîòîðàÿ ñîäåðæèò íåñêîëüêî ïðîöåññîðîâ,
ðàçìåùåííûõ â êîðïóñå îäíîãî óñòðîéñòâà.
Åñëè ìíîãîïðîöåññîðíûé êîìïüþòåð ïðåäíàçíà÷åí äëÿ
óñêîðåíèÿ âû÷èñëåíèé, òî åãî íàçûâàþò ïàðàëëåëüíûì
êîìïüþòåðîì .
À åñëè îí ïðåäíàçíà÷åí äëÿ ïîâûøåíèÿ íàäåæíîñòè
âû÷èñëåíèé, òî åãî íàçûâàþò âû÷èñëèòåëüíîé ñèñòåìîé ñ
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Ìíîãîïðîöåññîðíûå êîìïüþòåðû

Êîììóíèêàöèÿ ìåæäó ïðîöåññîðàìè îñóùåñòâëÿåòñÿ ëèáî
÷åðåç øèíó, ëèáî ïîñðåäñòâîì äâóõòî÷å÷íîé ñâÿçè.
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Ðèñ.: Ñõåìà Transputer è ìàðøðóòèçàòîð.



Ìíîãîïðîöåññîðíûå êîìïüþòåðû

Àëãîðèòìè÷åñêèå ïðîáëåìû äëÿ
ìíîãîïðîöåññîðíûõ êîìïüþòåðîâ

1. Ðåàëèçàöèÿ ñèñòåìû ïåðåäà÷è ñîîáùåíèé �
ìàðøðóòèçàöèÿ, óñòðàíåíèå ïåðåãðóçêè è áëîêèðîâîê.

2. Ðåàëèçàöèÿ âèðòóàëüíîé ðàçäåëÿåìîé ïàìÿòè.

3. Óðàâíîâåøèâàíèå íàãðóçêè.

4. Óñòîé÷èâîñòü ê íåîáíàðóæèâàåìûì ñáîÿì.

Êàêèå åùå àëãîðèòìè÷åñêèå ïðîáëåìû âîçíèêàþò äëÿ
ìíîãîïðîöåññîðíûõ êîìïüþòåðîâ?
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Ìíîãîïðîöåññîðíûå êîìïüþòåðû
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1. Ðåàëèçàöèÿ ñèñòåìû ïåðåäà÷è ñîîáùåíèé �
ìàðøðóòèçàöèÿ, óñòðàíåíèå ïåðåãðóçêè è áëîêèðîâîê.
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Âçàèìîäåéñòâóþùèå ïðîöåññû

Äëÿ óïðîùåíèÿ ïðîåêòèðîâàíèÿ ñëîæíîãî ïðîãðàììíîãî
îáåñïå÷åíèÿ ìîæíî ïðåäñòàâèòü ïðîãðàììó â âèäå
ñîâîêóïíîñòè ïðîöåññîâ, êàæäûé èç êîòîðûõ âûïîëíÿåò ñòðîãî
î÷åð÷åííóþ ïðîñòóþ çàäà÷ó.

Åñëè â îñíîâó ïðîåêòà ïîëîæåíî ïðåäñòàâëåíèå ïðîãðàììû â
âèäå ñåìåéñòâà âçàèìîäåéñòâóþùèõ ïðîöåññîâ, òî ïîëó÷åííàÿ
â ðåçóëüòàòå ïðîãðàììíàÿ ñèñòåìà áóäåò ëîãè÷åñêè

ðàñïðåäåëåííîé, õîòÿ âïîëíå âîçìîæíî, ÷òî ïðîöåññû ïðè ýòîì
áóäóò âûïîëíÿòüñÿ íà îäíîì è òîì æå âû÷èñëèòåëüíîì
óñòðîéñòâå, è â ýòîì ñëó÷àå òàêàÿ ñèñòåìà íå áóäåò ôèçè÷åñêè

ðàñïðåäåëåííîé.



Âçàèìîäåéñòâóþùèå ïðîöåññû

Äëÿ óïðîùåíèÿ ïðîåêòèðîâàíèÿ ñëîæíîãî ïðîãðàììíîãî
îáåñïå÷åíèÿ ìîæíî ïðåäñòàâèòü ïðîãðàììó â âèäå
ñîâîêóïíîñòè ïðîöåññîâ, êàæäûé èç êîòîðûõ âûïîëíÿåò ñòðîãî
î÷åð÷åííóþ ïðîñòóþ çàäà÷ó.

Åñëè â îñíîâó ïðîåêòà ïîëîæåíî ïðåäñòàâëåíèå ïðîãðàììû â
âèäå ñåìåéñòâà âçàèìîäåéñòâóþùèõ ïðîöåññîâ, òî ïîëó÷åííàÿ
â ðåçóëüòàòå ïðîãðàììíàÿ ñèñòåìà áóäåò ëîãè÷åñêè

ðàñïðåäåëåííîé, õîòÿ âïîëíå âîçìîæíî, ÷òî ïðîöåññû ïðè ýòîì
áóäóò âûïîëíÿòüñÿ íà îäíîì è òîì æå âû÷èñëèòåëüíîì
óñòðîéñòâå, è â ýòîì ñëó÷àå òàêàÿ ñèñòåìà íå áóäåò ôèçè÷åñêè

ðàñïðåäåëåííîé.



Âçàèìîäåéñòâóþùèå ïðîöåññû

Àëãîðèòìè÷åñêèå ïðîáëåìû äëÿ ñèñòåì
âçàèìîäåéñòâóþùèõ ïðîöåññîâ

1. Àòîìàðíîñòü îïåðàöèé çàïèñè è ñ÷èòûâàíèÿ.

2. Ñèíõðîíèçàöèÿ ïðîöåññîâ.

3. Ñáîðêà ¾ìóñîðà¿.

4. Îáìåí ñîîáùåíèÿìè.

Êàêèå åùå àëãîðèòìè÷åñêèå ïðîáëåìû âîçíèêàþò äëÿ ñèñòåì
âçàèìîäåéñòâóþùèõ ïðîöåññîâ?



Âçàèìîäåéñòâóþùèå ïðîöåññû
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Àðõèòåêòóðîé ñåòè íàçûâàåòñÿ ñîâîêóïíîñòü âñåõ ìîäóëåé
(óðîâíåé), âìåñòå ñ îïðåäåëåíèÿìè ñîîòâåòñòâóþùèõ
èíòåðôåéñîâ è ïðîòîêîëîâ.

Íåîáõîäèìî îáåñïå÷èòü ñîâìåñòèìîñòü ïðîãðàììíîãî
îáåñïå÷åíèÿ óçëîâ ñåòè.

Ïîýòîìó áûëè ðàçðàáîòàíû ñòàíäàðòíûå ñåòåâûå àðõèòåêòóðû.

Äâà ñòàíäàðòà ïîëó÷èëè ¾îôèöèàëüíûé¿ ñòàòóñ:

I Ýòàëîííàÿ ìîäåëü Âçàèìîäåéñòâèÿ Îòêðûòûõ Ñèñòåì
(Open-Systems Interconnection), óòâåðæäåííàÿ
Ìåæäóíàðîäíîé Îðãàíèçàöèåé Ñòàíäàðòîâ, ISO.

I Ìîäåëü OSI äëÿ ëîêàëüíûõ ñåòåé: ñòàíäàðò IEEE,
óòâåðæäåííûé Èíñòèòóòîì èíæåíåðîâ ïî ýëåêòðîòåõíèêå è
ýëåêòðîíèêå, IEEE.

I Ñåìåéñòâî ïðîòîêîëîâ TCP/IP.
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Ýòàëîííàÿ ìîäåëü OSI

Ñàìûé íèçêèé óðîâåíü èåðàðõèè (óðîâåíü 0) � àïïàðàòíûé.
Â îïðåäåëåíèè óðîâíÿ 0 ïðèâîäÿòñÿ îïèñàíèÿ òèïîâ
èñïîëüçóåìûõ ïðîâîäîâ, íàïðÿæåíèÿ â öåïè, è ò.ä.
Â 0/1-èíòåðôåéñå îïèñàíû ïðîöåäóðû ïåðåäà÷è
íåïåðåðàáîòàííîé èíôîðìàöèè íà óðîâíå 1 ïî ïðîâîäàì ñâÿçè.

Ýòàëîííàÿ ìîäåëü OSI èìååò ñåìü óðîâíåé:

1. ôèçè÷åñêèé óðîâåíü,

2. óðîâåíü ïåðåäà÷è äàííûõ (êàíàëüíûé óðîâåíü),

3. ñåòåâîé óðîâåíü,

4. òðàíñïîðòíûé óðîâåíü,

5. ñåàíñîâûé óðîâåíü,

6. ïðåäñòàâèòåëüñêèé óðîâåíü,

7. ïðèêëàäíîé óðîâåíü.
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Ýòàëîííàÿ ìîäåëü OSI

1. Ôèçè÷åñêèé óðîâåíü

ïðåäíàçíà÷åí äëÿ ïåðåäà÷è ïîñëåäîâàòåëüíîñòåé áèòîâ ïî
êàíàëàì ñâÿçè. Â 1/2-èíòåðôåéñå óêàçûâàþòñÿ ïðîöåäóðû,
ïîñðåäñòâîì êîòîðûõ ñëåäóþùèé óðîâåíü îáðàùàåòñÿ ê
ñëóæåáíûì ôóíêöèÿì ôèçè÷åñêîãî óðîâíÿ. Ñëóæåáíûå
ôóíêöèè ôèçè÷åñêîãî óðîâíÿ íåíàäåæíû: ïðè ïåðåäà÷å ïîòîêà
äàííûõ â íåì ìîæåò âîçíèêíóòü áåñïîðÿäîê.

2. Êàíàëüíûé óðîâåíü

ïðåäíàçíà÷åí äëÿ èñïðàâëåíèÿ íåíàäåæíîñòè ôèçè÷åñêîãî
óðîâíÿ è ïðåäîñòàâëåíèÿ âûøåñòîÿùèì óðîâíÿì íàäåæíûõ
êàíàëîâ ïåðåäà÷è äàííûõ ìåæäó óçëàìè, íåïîñðåäñòâåííî
ñîåäèíåííûìè äðóã ñ äðóãîì.
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3. Ñåòåâîé óðîâåíü

ïðåäíàçíà÷åí äëÿ òîãî, ÷òîáû îáåñïå÷èòü ñâÿçü ìåæäó âñåìè
óçëàìè ñåòè, à íå òîëüêî òåìè, ìåæäó êîòîðûìè åñòü
ôèçè÷åñêèé êàíàë ñâÿçè. Íà ýòîì óðîâíå ïðîâîäèòñÿ âûáîð
ìàðøðóòîâ â ñåòè äëÿ ñîåäèíåíèÿ óäàëåííûõ äðóã îò äðóãà
óçëîâ, à òàêæå óïðàâëåíèå íàãðóçêîé ïî ïîòîêó ñîîáùåíèé â
êàæäîì óçëå è êàíàëå. Èç-çà ñáîåâ â ðàáîòå óçëîâ íåêîòîðûå
ñîîáùåíèÿ ìîãóò áûòü ïîòåðÿíû, äóáëèðîâàíû èëè
ïåðåìåøàíû.

4. Òðàíñïîðòíûé óðîâåíü

ïðåäíàçíà÷åí äëÿ òîãî, ÷òîáû èñïðàâèòü è òåì ñàìûì ñêðûòü
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Ñåòåâîé óðîâåíü ñòàíîâèòñÿ ïðàêòè÷åñêè íåíóæíûì.
Òðàíñïîðòíûé è ïðåäñòàâèòåëüñêèé óðîâíè óïðîùàþòñÿ,
ïîñêîëüêó øèíà ïî ñðàâíåíèþ ñ ñåòüþ ñ äâóõòî÷å÷íûì
ñîåäèíåíèåì îáëàäàåò îãðàíè÷åííîé íåîïðåäåëåííîñòüþ.

Ìîäåëè OSI èìåþò òðè îñíîâíûõ óðîâíÿ:

1. ôèçè÷åñêèé óðîâåíü,

2. ïîäóðîâåíü óïðàâëåíèÿ äîñòóïîì ê ñðåäå,

3. ïîäóðîâåíü óïðàâëåíèÿ ëîãè÷åñêîé ñâÿçüþ.



Ìîäåëè OSI äëÿ ëîêàëüíûõ ñåòåé

2.1. Ïîäóðîâåíü óïðàâëåíèÿ äîñòóïîì ê ñðåäå

ïðåäíàçíà÷åí äëÿ ðàçðåøåíèÿ òåõ êîíôëèêòîâ, êîòîðûå
âîçíèêàþò ìåæäó óçëàìè, èñïîëüçóþùèìè îáùóþ
êîììóíèêàöèîííóþ ñðåäó.

2.2. Ïîäóðîâåíü óïðàâëåíèÿ ëîãè÷åñêîé ñâÿçüþ

èìååò ïî÷òè òàêîå æå íàçíà÷åíèå, êàêîå èìååò óðîâåíü
ïåðåäà÷è äàííûõ (êàíàëüíûé óðîâåíü) â ìîäåëè OSI, � îí
ïðåäíàçíà÷åí äëÿ óïðàâëåíèÿ îáìåíîì äàííûìè ìåæäó
óçëàìè. Ýòîò óðîâåíü íóæåí äëÿ òîãî, ÷òîáû ñëåäèòü çà
îøèáêàìè è óïðàâëÿòü ïîòîêîì èíôîðìàöèè.
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Îñîáåííîñòè ÿçûêîâ ïðîãðàììèðîâàíèÿ

Ïàðàëëåëèçì.

×òîáû âûðàçèòü ïàðàëëåëèçì äîñòàòî÷íî îïðåäåëèòü íåñêîëüêî
ïðîöåññîâ , êàæäûé èç êîòîðûõ ÿâëÿåòñÿ ïîñëåäîâàòåëüíîé
ïðîöåäóðîé. Â ÿçûêå ìîãóò áûòü âîçìîæíîñòè äëÿ
ñòàòè÷åñêîãî è äëÿ äèíàìè÷åñêîãî îïðåäåëåíèÿ ïðîöåññîâ.

Êîììóíèêàöèÿ.

Êîììóíèêàöèÿ îñóùåñòâëÿåòñÿ ïîñðåäñòâîì îáìåíà
ñîîáùåíèÿìè (îáåñïå÷èâàåò êàê êîììóíèêàöèþ, òàê è
ñèíõðîíèçàöèþ) è/èëè ïðè ïîìîùè ñîâìåñòíî èñïîëüçóåìîé
ïàìÿòè (îáåñïå÷èâàåò òîëüêî êîììóíèêàöèþ).

Íåäåòåðìèíèçì.

Íåäåòåðìèíèçì âûðàæàåòñÿ ïðè ïîìîùè îõðàíÿåìûõ êîìàíä .
Îõðàíÿåìàÿ êîìàíäà � ýòî ñïèñîê îïåðàòîðîâ, êàæäîìó èç
êîòîðûõ ïðåäøåñòâóåò áóëåâî âûðàæåíèå (ïðåäîõðàíèòåëü).
Ïðîöåññ ìîæåò ïðîäîëæèòü ñâîå âûïîëíåíèå, âûáðàâ ëþáîé
îïåðàòîð, ïðåäîõðàíèòåëü êîòîðîãî ïðèíèìàåò çíà÷åíèå true.



Îñîáåííîñòè ÿçûêîâ ïðîãðàììèðîâàíèÿ

Ïàðàëëåëèçì.

×òîáû âûðàçèòü ïàðàëëåëèçì äîñòàòî÷íî îïðåäåëèòü íåñêîëüêî
ïðîöåññîâ , êàæäûé èç êîòîðûõ ÿâëÿåòñÿ ïîñëåäîâàòåëüíîé
ïðîöåäóðîé. Â ÿçûêå ìîãóò áûòü âîçìîæíîñòè äëÿ
ñòàòè÷åñêîãî è äëÿ äèíàìè÷åñêîãî îïðåäåëåíèÿ ïðîöåññîâ.

Êîììóíèêàöèÿ.

Êîììóíèêàöèÿ îñóùåñòâëÿåòñÿ ïîñðåäñòâîì îáìåíà
ñîîáùåíèÿìè (îáåñïå÷èâàåò êàê êîììóíèêàöèþ, òàê è
ñèíõðîíèçàöèþ) è/èëè ïðè ïîìîùè ñîâìåñòíî èñïîëüçóåìîé
ïàìÿòè (îáåñïå÷èâàåò òîëüêî êîììóíèêàöèþ).

Íåäåòåðìèíèçì.

Íåäåòåðìèíèçì âûðàæàåòñÿ ïðè ïîìîùè îõðàíÿåìûõ êîìàíä .
Îõðàíÿåìàÿ êîìàíäà � ýòî ñïèñîê îïåðàòîðîâ, êàæäîìó èç
êîòîðûõ ïðåäøåñòâóåò áóëåâî âûðàæåíèå (ïðåäîõðàíèòåëü).
Ïðîöåññ ìîæåò ïðîäîëæèòü ñâîå âûïîëíåíèå, âûáðàâ ëþáîé
îïåðàòîð, ïðåäîõðàíèòåëü êîòîðîãî ïðèíèìàåò çíà÷åíèå true.
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ñèíõðîíèçàöèþ) è/èëè ïðè ïîìîùè ñîâìåñòíî èñïîëüçóåìîé
ïàìÿòè (îáåñïå÷èâàåò òîëüêî êîììóíèêàöèþ).

Íåäåòåðìèíèçì.

Íåäåòåðìèíèçì âûðàæàåòñÿ ïðè ïîìîùè îõðàíÿåìûõ êîìàíä .
Îõðàíÿåìàÿ êîìàíäà � ýòî ñïèñîê îïåðàòîðîâ, êàæäîìó èç
êîòîðûõ ïðåäøåñòâóåò áóëåâî âûðàæåíèå (ïðåäîõðàíèòåëü).
Ïðîöåññ ìîæåò ïðîäîëæèòü ñâîå âûïîëíåíèå, âûáðàâ ëþáîé
îïåðàòîð, ïðåäîõðàíèòåëü êîòîðîãî ïðèíèìàåò çíà÷åíèå true.



Îñîáåííîñòè ðàñïðåäåëåííûõ àëãîðèòìîâ

1. Îòñóòñòâèå ñâåäåíèé î ãëîáàëüíîì ñîñòîÿíèè.

Óçëàì ðàñïðåäåëåííîé ñèñòåìû îòêðûò äîñòóï òîëüêî ê èõ
ñîáñòâåííûì ñîñòîÿíèÿì, à íå ê ñîñòîÿíèþ âñåé ñèñòåìû.
Ïîýòîìó íåëüçÿ óïðàâëÿòü âû÷èñëåíèåì, îñíîâûâàÿñü íà
èíôîðìàöèè î ãëîáàëüíîì ñîñòîÿíèè ñèñòåìû.

Óçëû ñèñòåìû íå ìîãóò îöåíèòü ñîñòîÿíèå êîììóíèêàöèîííîé
ïîäñèñòåìû, ïîñêîëüêó ñîäåðæèìîå êàíàëîâ ñâÿçè íå ïîääàåòñÿ
ïðÿìîìó íàáëþäåíèþ ñî ñòîðîíû óçëîâ.

2. Îòñóòñòâèå ãëîáàëüíîé øêàëû âðåìåíè.

Îòíîøåíèå ïðåäøåñòâîâàíèÿ ïî âðåìåíè, ââåäåííîå íà
ìíîæåñòâå ñîáûòèé, êîòîðûå âîçíèêàþò ïðè âûïîëíåíèè
ðàñïðåäåëåííîãî àëãîðèòìà, íå ÿâëÿåòñÿ òîòàëüíûì.
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Óçëû ñèñòåìû íå ìîãóò îöåíèòü ñîñòîÿíèå êîììóíèêàöèîííîé
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Îñîáåííîñòè ðàñïðåäåëåííûõ àëãîðèòìîâ

3. Íåäåòåðìèíèçì.

Âûïîëíåíèå ðàñïðåäåëåííîé ñèñòåìû, êàê ïðàâèëî,
îêàçûâàåòñÿ íåäåòåðìèíèðîâàííûì, ââèäó òîãî, ÷òî
áûñòðîäåéñòâèå ðàçëè÷íûõ êîìïîíåíòîâ ñèñòåìû îêàçûâàåòñÿ
ðàçíûì è ìîæåò èçìåíÿòüñÿ ñî âðåìåíåì.

Âñå ýòî âìåñòå âçÿòîå �

I îòñóòñòâèå ñâåäåíèé î ãëîáàëüíîì ñîñòîÿíèè,

I îòñóòñòâèå ãëîáàëüíîé øêàëû âðåìåíè,

I íåäåòåðìèíèçì.

� ïðèâîäèò ê òîìó, ÷òî çàäà÷à ïðîåêòèðîâàíèÿ
ðàñïðåäåëåííûõ àëãîðèòìîâ ñòàíîâèòñÿ âåñüìà çàìûñëîâàòîé.



Îñîáåííîñòè ðàñïðåäåëåííûõ àëãîðèòìîâ

3. Íåäåòåðìèíèçì.

Âûïîëíåíèå ðàñïðåäåëåííîé ñèñòåìû, êàê ïðàâèëî,
îêàçûâàåòñÿ íåäåòåðìèíèðîâàííûì, ââèäó òîãî, ÷òî
áûñòðîäåéñòâèå ðàçëè÷íûõ êîìïîíåíòîâ ñèñòåìû îêàçûâàåòñÿ
ðàçíûì è ìîæåò èçìåíÿòüñÿ ñî âðåìåíåì.

Âñå ýòî âìåñòå âçÿòîå �

I îòñóòñòâèå ñâåäåíèé î ãëîáàëüíîì ñîñòîÿíèè,

I îòñóòñòâèå ãëîáàëüíîé øêàëû âðåìåíè,

I íåäåòåðìèíèçì.

� ïðèâîäèò ê òîìó, ÷òî çàäà÷à ïðîåêòèðîâàíèÿ
ðàñïðåäåëåííûõ àëãîðèòìîâ ñòàíîâèòñÿ âåñüìà çàìûñëîâàòîé.



Ïðèìåð ñâÿçè ñ ïåðåäà÷åé îäíîãî ñîîáùåíèÿ

Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé ïî
íåíàäåæíîìó êàíàëó ñâÿçè.

Äâà ïðîöåññà a è b ñâÿçàíû äðóã ñ äðóãîì â íåêîòîðîé ñåòè,
êîòîðàÿ ïîçâîëÿåò ïåðåäàâàòü äàííûå îò îäíîãî ïðîöåññà ê
äðóãîìó. Ñîîáùåíèå ìîæåò áûòü äîñòàâëåíî ñêîëü óãîäíî
ïîçäíî ïîñëå ñâîåãî îòïðàâëåíèÿ, à ìîæåò è âîîáùå ïîòåðÿòüñÿ
â ñåòè.

Äëÿ ïåðåäà÷è è ïðèåìà ñîîáùåíèé èñïîëüçóþòñÿ ïðîöåäóðû
óïðàâëåíèÿ ñåòüþ (NCP), ïðè ïîìîùè êîòîðûõ ïðîöåññû a è b
ïîëó÷àþò äîñòóï ê ñåòè. Ïðîöåññ a íà÷èíàåò óñòàíàâëèâàòü
ñîåäèíåíèå, ïåðåäàâ îäíó åäèíèöó èíôîðìàöèè m ïðîöåäóðå A
. Âçàèìîäåéñòâèå ìåæäó ïðîöåäóðàìè óïðàâëåíèÿ ñåòüþ ÷åðåç
ñåòü ïåðåäà÷è äàííûõ DN äîëæíî áûòü îðãàíèçîâàíî òàê,
÷òîáû èíôîðìàöèÿ m áûëà äîñòàâëåíà ïðîöåññó b (ïðè
ïîñðåäíè÷åñòâå NCP B ), è ïîñëå ýòîãî ïðîöåññ a äîëæåí áûòü
îïîâåùåí îá ýòîé äîñòàâêå (ïðè ïîñðåäíè÷åñòâå NCP A ).



Ïðèìåð ñâÿçè ñ ïåðåäà÷åé îäíîãî ñîîáùåíèÿ
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â ñåòè.
Äëÿ ïåðåäà÷è è ïðèåìà ñîîáùåíèé èñïîëüçóþòñÿ ïðîöåäóðû
óïðàâëåíèÿ ñåòüþ (NCP), ïðè ïîìîùè êîòîðûõ ïðîöåññû a è b
ïîëó÷àþò äîñòóï ê ñåòè. Ïðîöåññ a íà÷èíàåò óñòàíàâëèâàòü
ñîåäèíåíèå, ïåðåäàâ îäíó åäèíèöó èíôîðìàöèè m ïðîöåäóðå A
. Âçàèìîäåéñòâèå ìåæäó ïðîöåäóðàìè óïðàâëåíèÿ ñåòüþ ÷åðåç
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Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé
Íåíàäåæíîñòü ñåòè âûíóæäàåò NCP A è B âñòóïèòü â äèàëîã.

Ïðàâèëà äèàëîãà.

I NCP ñîõðàíÿþò èíôîðìàöèþ î ñîñòîÿíèè äèàëîãà, íî
ïîñëå çàâåðøåíèÿ îáìåíà ñîîáùåíèÿìè âñÿ èíôîðìàöèÿ î
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íàçûâàåòñÿ îòêðûòèåì äèàëîãà.
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Íàäåæíàÿ ñâÿçü íåâîçìîæíà.

Äîïóñòèì NCP B âûõîäèò èç ñòðîÿ è ïåðåçàïóñêàåòñÿ â
çàêðûòîì ñîñòîÿíèè ïîñëå òîãî, êàê NCP A óæå îòïðàâèëà
ñîîáùåíèå m . Òîãäà íè NCP A , íè NCP B íå ìîãóò ñêàçàòü,
áûëà ëè èíôîðìàöèÿ m óæå äîñòàâëåíà â ìîìåíò ïîëîìêè
NCP B .

Ïðîöåäóðà A íå ìîæåò ýòîãî ñäåëàòü, ïîòîìó ÷òî îíà íå ìîæåò
ñóäèòü î òîì, êàêèå ñîáûòèÿ ïðîèçîøëè â NCP B (èç-çà
îòñóòñòâèÿ ñâåäåíèé î ãëîáàëüíîì ñîñòîÿíèè)
Ïðîöåäóðà B íå ìîæåò ýòîãî ñäåëàòü, ïîòîìó ÷òî îíà âûøëà èç
ñòðîÿ è áûëà ïåðåçàïóùåíà â çàêðûòîì ñîñòîÿíèè.
Åñëè NCP A âíîâü îòïðàâèò ñîîáùåíèå NCP B , è NCP B
äîñòàâèò ýòî ñîîáùåíèå, òî ïðîèçîéäåò äóáëèðîâàíèå
èíôîðìàöèè.
Åñëè ïîäòâåðæäåíèå a áóäåò îòïðàâëåíî, òîãäà êàê äîñòàâêà
èíôîðìàöèè m íå ñîñòîÿëàñü, òî ñëó÷èòñÿ ïîòåðÿ èíôîðìàöèè.
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îòêàçûâàåòñÿ äîñòàâèòü ñîîáùåíèå ïî íàçíà÷åíèþ, îäíàêî,
çäåñü íåò íèêàêîé âîçìîæíîñòè äëÿ äóáëèðîâàíèÿ ñîîáùåíèÿ.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ äâóìÿ ñîîáùåíèÿìè.
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Äèàëîã ñ äâóìÿ ñîîáùåíèÿìè.

Êðîìå òîãî, ïðè ïåðåäà÷å íåñêîëüêèõ ñîîáùåíèé âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
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6. NCP A : send 〈data,m2〉
7. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

8. NCP A : receive 〈ack〉 (øàã 2), notify, close

Çàìåäëåíèå ïåðåäà÷è ñîîáùåíèÿ îáíàðóæèòü íåâîçìîæíî,
ââèäó îòñóòñòâèÿ ãëîáàëüíîé øêàëû âðåìåíè.
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3. NCP A : timeout, send 〈data,m1〉
4. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
5. NCP A : receive 〈ack〉 (øàã 1), notify, close

6. NCP A : send 〈data,m2〉
7. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

8. NCP A : receive 〈ack〉 (øàã 2), notify, close

Çàìåäëåíèå ïåðåäà÷è ñîîáùåíèÿ îáíàðóæèòü íåâîçìîæíî,
ââèäó îòñóòñòâèÿ ãëîáàëüíîé øêàëû âðåìåíè.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ äâóìÿ ñîîáùåíèÿìè.

Êðîìå òîãî, ïðè ïåðåäà÷å íåñêîëüêèõ ñîîáùåíèé âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
3. NCP A : timeout, send 〈data,m1〉
4. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
5. NCP A : receive 〈ack〉 (øàã 1), notify, close

6. NCP A : send 〈data,m2〉
7. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

8. NCP A : receive 〈ack〉 (øàã 2), notify, close

Çàìåäëåíèå ïåðåäà÷è ñîîáùåíèÿ îáíàðóæèòü íåâîçìîæíî,
ââèäó îòñóòñòâèÿ ãëîáàëüíîé øêàëû âðåìåíè.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ äâóìÿ ñîîáùåíèÿìè.

Êðîìå òîãî, ïðè ïåðåäà÷å íåñêîëüêèõ ñîîáùåíèé âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
3. NCP A : timeout, send 〈data,m1〉
4. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉, close
5. NCP A : receive 〈ack〉 (øàã 1), notify, close

6. NCP A : send 〈data,m2〉
7. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

8. NCP A : receive 〈ack〉 (øàã 2), notify, close

Çàìåäëåíèå ïåðåäà÷è ñîîáùåíèÿ îáíàðóæèòü íåâîçìîæíî,
ââèäó îòñóòñòâèÿ ãëîáàëüíîé øêàëû âðåìåíè.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

1. NCP A : send 〈data,m〉
2. NCP B : receive 〈data,m〉, deliver m, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. NCP B : receive 〈close〉, close

Â ýòîì ñëó÷àå ïðåæíèå ñöåíàðèè, ïðèâîäÿùèå ê îøèáêàì, óæå
íåâîçìîæíû.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

1. NCP A : send 〈data,m〉
2. NCP B : receive 〈data,m〉, deliver m, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. NCP B : receive 〈close〉, close

Â ýòîì ñëó÷àå ïðåæíèå ñöåíàðèè, ïðèâîäÿùèå ê îøèáêàì, óæå
íåâîçìîæíû.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

1. NCP A : send 〈data,m〉
2. NCP B : receive 〈data,m〉, deliver m, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. NCP B : receive 〈close〉, close

Â ýòîì ñëó÷àå ïðåæíèå ñöåíàðèè, ïðèâîäÿùèå ê îøèáêàì, óæå
íåâîçìîæíû.



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉

2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉

3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close

4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉

6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close

9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè.

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíà
ïîòåðÿ ñîîáùåíèÿ.

1. NCP A : send 〈data,m1〉
2. NCP B : receive 〈data,m1〉, deliver m1, send 〈ack〉
3. NCP A : receive 〈ack〉, notify, send 〈close〉, close
4. DN 〈close〉 ïîòåðÿíî â ñåòè

5. NCP A : send 〈data,m2〉
6. DN 〈data,m2〉 ïîòåðÿíî â ñåòè

7. NCP B : timeout, retransmit 〈ack〉 (äëÿ øàãà 2)

8. NCP A : receive 〈ack〉, notify, send 〈close〉, close
9. NCP B : receive 〈close〉, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

1. NCP A : send 〈data,m, x〉
2. NCP B : receive 〈data,m, x〉, send 〈ack, x , y〉
3. NCP A : receive 〈ack, x , y〉, notify, send 〈close, x , y〉, close
4. NCP B : receive 〈close, x , y〉, deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉

2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉

3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉

4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close

5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉

7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉

8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,
deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ òðåìÿ ñîîáùåíèÿìè (èñïðàâëåííûé
âàðèàíò).

Îäíàêî è ýòîò ïðîòîêîë íå ÿâëÿåòñÿ íàäåæíûì: âîçìîæíî
äóáëèðîâàíèå ñîîáùåíèÿ.

1. NCP A : send 〈data,m, x〉
2. NCP A : timeout, retransmit 〈data,m, x〉
3. NCP B : receive 〈data,m, x〉 (íà øàãå 2), send 〈ack, x , y1〉
4. NCP A : receive 〈ack, x , y1〉, notify, send 〈close, x , y1〉, close
5. NCP B : receive 〈close, x , y1〉, deliver m, close

6. NCP B : receive 〈data,m, x〉 (íà øàãå 1), send 〈ack, x , y2〉
7. NCP A : receive 〈ack, x , y2〉, reply 〈nocon, x , y2〉
8. NCP B : receive 〈nocon, x , y2〉 â îòâåò íà 〈ack, x , y2〉,

deliver m, close



Çàäà÷à íàäåæíîãî îáìåíà èíôîðìàöèåé

Äèàëîã ñ ÷åòûðüìÿ ñîîáùåíèÿìè.

1. NCP A : send 〈data,m, x〉
2. NCP B : receive 〈data,m, x〉, send 〈open,m, x , y〉
3. NCP A : receive 〈open,m, x , y〉, send 〈agree,m, x , y〉
4. NCP B : receive 〈agree,m, x , y〉, deliver m, send 〈ack, x , y〉, close
5. NCP A : receive 〈ack, x , y〉, notify, close



Çàäà÷è äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

Çàäà÷à 1.

Ïîêàæèòå, ÷òî â ïðîòîêîëå ñ 4 ñîîáùåíèÿìè âîçìîæíî
äóáëèðîâàíèå èëè ïîòåðÿ ñîîáùåíèé ââèäó òîãî, ÷òî NCP A
âûíóæäåíà ñ÷èòàòüñÿ ñ âîçìîæíîñòüþ âûõîäà èç ñòðîÿ NCP B .
Â ýòîì ñëó÷àå äóáëèðîâàíèå èëè ïîòåðÿ ñîîáùåíèé âîçíèêàåò
äàæå â òîì ñëó÷àå, åñëè NCP B â äåéñòâèòåëüíîñòè èç ñòðîÿ íå
âûõîäèò.



Çàäà÷è äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

Çàäà÷à 2.

Ïîñòðîéòå ïðîòîêîë ñ äâóìÿ ñîîáùåíèÿìè, êîòîðûé íèêîãäà íå
äîïóñêàåò ïîòåðè ñîîáùåíèé (õîòÿ ìîæåò äóáëèðîâàòü
ñîîáùåíèÿ).

Ïîäñêàçêà: âîñïîëüçóéòåñü èäåíòèôèêàöèîííûìè íîìåðàìè
ñîîáùåíèé, êîòîðûå áûëè ââåäåíû â èñïðàâëåííîé âåðñèè
äèàëîãà ñ òðåìÿ ñîîáùåíèÿìè.

ÄÎÊÀÆÈÒÅ, ÷òî ïîñòðîåííûé ïðîòîêîë äåéñòâèòåëüíî íå
òåðÿåò íè îäíîãî ñîîáùåíèÿ.



Çàäà÷è äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

Çàäà÷à 2.

Ïîñòðîéòå ïðîòîêîë ñ äâóìÿ ñîîáùåíèÿìè, êîòîðûé íèêîãäà íå
äîïóñêàåò ïîòåðè ñîîáùåíèé (õîòÿ ìîæåò äóáëèðîâàòü
ñîîáùåíèÿ).

Ïîäñêàçêà: âîñïîëüçóéòåñü èäåíòèôèêàöèîííûìè íîìåðàìè
ñîîáùåíèé, êîòîðûå áûëè ââåäåíû â èñïðàâëåííîé âåðñèè
äèàëîãà ñ òðåìÿ ñîîáùåíèÿìè.

ÄÎÊÀÆÈÒÅ, ÷òî ïîñòðîåííûé ïðîòîêîë äåéñòâèòåëüíî íå
òåðÿåò íè îäíîãî ñîîáùåíèÿ.



Çàäà÷è äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

Çàäà÷à 2.

Ïîñòðîéòå ïðîòîêîë ñ äâóìÿ ñîîáùåíèÿìè, êîòîðûé íèêîãäà íå
äîïóñêàåò ïîòåðè ñîîáùåíèé (õîòÿ ìîæåò äóáëèðîâàòü
ñîîáùåíèÿ).

Ïîäñêàçêà: âîñïîëüçóéòåñü èäåíòèôèêàöèîííûìè íîìåðàìè
ñîîáùåíèé, êîòîðûå áûëè ââåäåíû â èñïðàâëåííîé âåðñèè
äèàëîãà ñ òðåìÿ ñîîáùåíèÿìè.

ÄÎÊÀÆÈÒÅ, ÷òî ïîñòðîåííûé ïðîòîêîë äåéñòâèòåëüíî íå
òåðÿåò íè îäíîãî ñîîáùåíèÿ.



Çàäà÷è äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

Çàäà÷à 3.

Ïîñòðîéòå ïðîòîêîë ñ ïÿòüþ ñîîáùåíèÿìè, êîòîðûé
ïðåäîòâðàùàåò ïîòåðþ èíôîðìàöèè è äîïóñêàåò äóáëèðîâàíèå
òîëüêî òîãäà, êîãäà îäíà èç NCP äåéñòâèòåëüíî âûõîäèò èç
ñòðîÿ.



ÊÎÍÅÖ ËÅÊÖÈÈ 1.


