
Ïðèìåíåíèå ìåõàíèçìîâ êîíòðîëÿ íàñûùåíèÿ(Congestion Control) äëÿ ðàçäåëåíèÿ ðåñóðñîâ íàðàñïðåäåëåííîé âû÷èñëèòåëüíîé ñðåäåÄ. À. ÑåðèêîâÍÈÈ Ìåõàíèêè Ì�Ó3 �åâðàëÿ 2010 ã.



Êëþ÷åâûå ïîíÿòèÿ�åñóðñ � ëîãè÷åñêàÿ èëè �èçè÷åñêàÿ ÷àñòüðàñïðåäåëåííîé âû÷èñëèòåëüíîé ñðåäû Grid, êîòîðàÿìîæåò áûòü âûäåëåíà ïîëüçîâàòåëþ.Çàäà÷à � ïðîãðàììíàÿ åäèíèöà äëÿ îáðàáîòêè âðàñïðåäåëåííîé âû÷èñëèòåëüíîé ñðåäå Grid.Äèñïåò÷åðèçàöèÿ çàäà÷ � àâòîìàòè÷åñêàÿ îáðàáîòêàíàáîðà çàäà÷, âêëþ÷àþùàÿ â ñåáÿ ïëàíèðîâàíèå ðåñóðñîâ,äîñòàâêó íåîáõîäèìûõ âõîäíûõ �àéëîâ íà ðåñóðñ, çàïóñê,óïðàâëåíèå è ìîíèòîðèíã âûïîëíåíèÿ çàäà÷, äîñòàâêóâûõîäíûõ �àéëîâ.Ïëàíèðîâàíèå ðåñóðñîâ � ðàñïðåäåëåíèå çàäà÷ ïîäîñòóïíûì ðåñóðñàì.



Ïëàí äîêëàäà
Ïîäõîäû ê äèñïåò÷åðèçàöèè çàäà÷ â GridÌàòåìàòè÷åñêîå ìîäåëèðîâàíèå äèñïåò÷åðèçàöèèÝêñïåðèìåíòàëüíîå ìîäåëèðîâàíèåÈìèòàöèîííîå ìîäåëèðîâàíèåÀëãîðèòì ïëàíèðîâàíèÿ ñ Congestion ControlÀëãîðèòìû Slow Start è Congestion Avoidan
e�åçóëüòàòû òåñòèðîâàíèÿ àëãîðèòìàÈìèòàöèîííîå ìîäåëèðîâàíèå àëãîðèòìà



Ïîäõîäû ê äèñïåò÷åðèçàöèè çàäà÷ â GridÖåíòðàëèçîâàííàÿ äèñïåò÷åðèçàöèÿ çàäà÷
Èåðàðõè÷åñêàÿ äèñïåò÷åðèçàöèÿ çàäà÷



Ïîäõîäû ê äèñïåò÷åðèçàöèè çàäà÷ â Grid
�àâíîïðàâíàÿ (äåöåíòðàëèçîâàííàÿ) äèñïåò÷åðèçàöèÿçàäà÷



Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå
Âõîäíûå äàííûå � ïàðàìåòðû äèñïåò÷åðà GridWay.Âûõîäíûå äàííûå � çíà÷åíèå �óíêöèè óòèëèçàöèèðåñóðñà.Â êà÷åñòâå âû÷èñëèòåëüíîãî ïðèëîæåíèÿ èñïîëüçîâàëàñüçàäà÷à äîêàçàòåëüñòâà íåíàäåæíîñòè êðèïòîàëãîðèòìàRC5 ïóòåì âçëîìà çàøè�ðîâàííîãî èì ñîîáùåíèÿ.



ÎïðåäåëåíèÿÎïðåäåëåíèåÂû÷èñëèòåëüíûé ðåñóðñ � ëîãè÷åñêàÿ èëè �èçè÷åñêàÿ ÷àñòüðàñïðåäåëåííîé âû÷èñëèòåëüíîé ñðåäû Grid, êîòîðàÿñîîòâåòñòâóåò îäíîé âû÷èñëèòåëüíîé ìàøèíå èëè êëàñòåðó.Âû÷èñëèòåëüíûé ðåñóðñ ìîæåò âêëþ÷àòü â ñåáÿ îäèí èëèíåñêîëüêî ïðîöåññîðîâ.ÎïðåäåëåíèåÔóíêöèÿ óòèëèçàöèè ïðîöåññîðà pj íà âðåìåííîì èíòåðâàëå
(t1; t2) îïðåäåëÿåòñÿ êàê îòíîøåíèå êîëè÷åñòâà òàêòîâïðîöåññîðà, ïîòðà÷åííûõ íà ïîëüçîâàòåëüñêèé ðåæèì íàâðåìåííîì èíòåðâàëå (t1; t2), ê îáùåìó ÷èñëó òàêòîâïðîöåññîðà íà ýòîì èíòåðâàëå

fj(t1, t2) =
Uj(t2)− Uj(t1)

Tj(t2)− Tj(t1)
.



ÎïðåäåëåíèÿÎïðåäåëåíèåÇàãðóçêà ïðîöåññîðà pj â ìîìåíò âðåìåíè t åñòü çíà÷åíèå�óíêöèè óòèëèçàöèè ïðîöåññîðà pj íà âðåìåííîì èíòåðâàëå
(t −∆t; t)

cj (t) = cj (t,∆t) =
Uj(t)− Uj(t −∆t)

kj∆t
,ãäå ∆t � �èêñèðîâàííûé îòðåçîê âðåìåíè.Ïðåäïîëîæèì, ÷òî t2 − t1 = n∆t, ãäå n � öåëîå, òîãäà �óíêöèÿóòèëèçàöèè äëÿ âû÷èñëèòåëüíîãî ðåñóðñà hi íà âðåìåííîìèíòåðâàëå (t1; t2) ðàññ÷èòûâàåòñÿ ïî �îðìóëå:

Fi (t1, t2) =
∆t

ni (t2 − t1)

∑

pj∈hi

n−1
∑

l=0

cj (t2 − l∆t)



Ïàðàìåòðû GridWay
SCHEDULING_INTERVAL (SI ) � ïåðèîä ìåæäó äâóìÿèòåðàöèÿìè ïëàíèðîâàíèÿ;
DISCOVERY_INTERVAL (DI ) � ïåðèîä ïîèñêà íîâûõõîñòîâ â Grid-ïîëèãîíå;
MONITORING_INTERVAL (MI ) � ïåðèîä îáíîâëåíèÿñâåäåíèé ïî êàæäîìó ðåñóðñó;
POLL_INTERVAL (PI ) � ïåðèîä îïðîñà î ñîñòîÿíèèçàäà÷;
DISPATCH_CHUNK (DC ) � ìàêñèìàëüíîå ÷èñëî çàäà÷,êîòîðûå áóäóò îáðàáîòàíû ïëàíèðîâùèêîì çà îäèí øàãïëàíèðîâàíèÿ;



Âû÷èñëåíèå �óíêöèè óòèëèçàöèèÏàðàìåòðû GridWay Óòèëèçàöèÿ ðåñóðñà, %
SI DI MI PI DC tp(2) gf(2) ime
(16) ss

(81)30 900 300 180 15 62.58 75.76 66.31 51.3615 900 300 180 15 65.82 81.00 75.99 53.3860 900 300 180 15 53.98 69.88 63.75 51.3130 450 300 180 15 66.70 80.36 61.18 45.5130 1800 300 180 15 62.50 70.80 74.22 53.4630 900 150 180 15 65.66 72.93 62.87 53.1730 900 600 180 15 53.75 81.90 68.07 49.9830 900 300 90 15 63.61 82.75 67.00 61.3430 900 300 360 15 56.91 75.42 60.10 42.1530 900 300 180 5 41.53 48.39 45.23 35.4930 900 300 180 30 69.33 79.34 68.36 53.24



Grid-ïîëèãîíÂ êà÷åñòâå èí�ðàñòðóêòóðíîé îñíîâû äëÿ èññëåäîâàíèé�óíêöèîíàëüíûõ âîçìîæíîñòåé è ý��åêòèâíîñòè ìåõàíèçìîâïëàíèðîâàíèÿ ðåñóðñîâ äëÿ ðåøåíèÿ âû÷èñëèòåëüíûõ çàäà÷ íàGrid-ñðåäå èñïîëüçîâàëñÿ ýêñïåðèìåíòàëüíûé Grid-ïîëèãîí,ðàçâåðíóòûé íà áàçå âûñîêîïðîèçâîäèòåëüíûõ âû÷èñëèòåëüíûõñèñòåì:Èíñòèòóòà ìåõàíèêè Ì�Ó (Ìîñêâà);Íàó÷íî-îáðàçîâàòåëüíîãî öåíòðà êîìïüþòåðíîãîìîäåëèðîâàíèÿ è áåçîïàñíûõ òåõíîëîãèé (ÍÎÖ ÊÌèÁÒ,Ìîñêâà),Èíñòèòóòà âû÷èñëèòåëüíîé ìàòåìàòèêè è ìàòåìàòè÷åñêîéãåî�èçèêè Ñèáèðñêîãî îòäåëåíèÿ �ÀÍ (ÈÂÌèÌ� ÑÎ �ÀÍ,Íîâîñèáèðñê)



Ìîäåëèðîâàíèå ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ(Èìèòàöèîííîå ìîäåëèðîâàíèå)Ïðîöåññ ïîñòóïëåíèÿÌåõàíèçì îáñëóæèâàíèÿÄèñöèïëèíà îáñëóæèâàíèÿÒðåáîâàíèÿ FIFOÒðåáîâàíèÿ LIFOÒðåáîâàíèÿ ñ ïðèîðèòåòîì



Äèñêðåòíî-ñîáûòèéíàÿ ìîäåëü ñèñòåìûäèñïåò÷åðèçàöèè çàäà÷, èñïîëüçóåìîé â GridWay1. Åñëè õîòÿ áû îäèí èç ðåñóðñîâ ñâîáîäåí, òî âûáîðêà çàäà÷èç î÷åðåäè è èõ îáñëóæèâàíèå íà÷èíàåòñÿ íå íåìåäëåííî,à â ìîìåíòû âðåìåíè, êðàòíûå ïàðàìåòðó SI , ãäå SI > 0 �ïàðàìåòð ñèñòåìû.2. Âåëè÷èíû N0,N1,N2, ... � íåçàâèñèìûå è îäèíàêîâîðàñïðåäåëåííûå, ïðåäñòàâëÿþùèå îáùåå êîëè÷åñòâîðåñóðñîâ ñèñòåìû â ìîìåíòû âðåìåíè 0,DI , 2DI , ..., ãäå
DI > 0 � ïàðàìåòð ñèñòåìû.3. Âåëè÷èíû M0,M1,M2, ... � íåçàâèñèìûå è îäèíàêîâîðàñïðåäåëåííûå, ïðåäñòàâëÿþùèå êîëè÷åñòâî ðåñóðñîâñèñòåìû, çàíÿòûõ ëîêàëüíûìè î÷åðåäÿìè ñîîòâåòñòâåííîâ ìîìåíòû âðåìåíè 0,MI , 2MI , ..., ãäå MI > 0 � ïàðàìåòðñèñòåìû.



Äèñêðåòíî-ñîáûòèéíàÿ ìîäåëü ñèñòåìûäèñïåò÷åðèçàöèè çàäà÷, èñïîëüçóåìîé â GridWay4. Åñëè îáñëóæèâàíèå çàäà÷è i íà÷àëîñü â ìîìåíò âðåìåíè
kSI (ïóíêò 1), òî ñîîòâåòñòâóþùèé ðåñóðñ îñâîáîäèòñÿ âìîìåíò âðåìåíè

PI

⌈

kSI + Si

PI

⌉

,ãäå PI > 0 � ïàðàìåòð ñèñòåìû.5. Çà îäèí øàã ïëàíèðîâàíèÿ, ñîîòâåòñòâóþùèé âûáîðêåçàäà÷ èç î÷åðåäè, èç íåå èçâëåêàåòñÿ íå áîëåå DC çàäà÷,ãäå DC > 0 � ïàðàìåòð ñèñòåìû.



Ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿGI/G/D/M(SI,DI,MI,PI,DC)ÎïðåäåëåíèåÑèñòåìà ñ ïåðå÷èñëåííûìè âûøå ñâîéñòâàìè 1�5 íàçûâàåòñÿñèñòåìîé ìàññîâîãî îáñëóæèâàíèÿ GI/G/D/M(SI,DI,MI,PI,DC).Ïðè ýòîì GI îòíîñèòñÿ ê ðàñïðåäåëåíèþ âåëè÷èí Ai , G � êðàñïðåäåëåíèþ âåëè÷èí Si , D è M � ê ðàñïðåäåëåíèþâåëè÷èí Ni è Mi , ñîîòâåòñòâåííî.Ïðè N0 = N1 = N2 = ... = N,M0 = M1 = M2 = ... = 0 ñèñòåìàìàññîâîãî îáñëóæèâàíèÿ GI/G/N ÿâëÿåòñÿ ïðåäåëüíûì ñëó÷àåìñèñòåìû GI/G/D/M(SI,DI,MI,PI,DC) ïðè SI ,PI → 0,DC → ∞.



Êðèòåðèè îöåíêè ðàáîòû ñèñòåìû äèñïåò÷åðèçàöèèçàäà÷, èñïîëüçóåìîé â GridWay
Di � âðåìÿ çàäåðæêè â î÷åðåäè çàäà÷è i

Q(t) � ÷èñëî çàäà÷ â î÷åðåäè â ìîìåíò âðåìåíè t

B(t) � ÷èñëî çàíÿòûõ ðåñóðñîâ
d = lim

n→∞

1

n

n
∑

i=1

Di� óñòàíîâèâøàÿñÿ ñðåäíÿÿ çàäåðæêà
Q = lim

T→∞

1

T

∫ T

0

Q(t) dt� óñòàíîâèâøååñÿ ñðåäíåå ïî âðåìåíè ÷èñëî çàäà÷ â î÷åðåäè
u = lim

T→∞

1

T

∫ T

0

B(t)dt� óñòàíîâèâøèéñÿ êîý��èöèåíò èñïîëüçîâàíèÿ ðåñóðñîâ



�åçóëüòàòû êîìïüþòåðíîãî ìîäåëèðîâàíèÿ
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Ïðåäïîñûëêà àëãîðèòìà
Ìåòàäèñïåò÷åð msh äëÿ èåðàðõè÷åñêîé äèñïåò÷åðèçàöèèÏëàíèðîâàíèå â ñðåäå ñ ¾îøèáî÷íîé¿ èí�îðìàöèåé îðåñóðñàõ



Àëãîðèòìû Slow Start è Congestion Avoidan
e (RFC 2581)
Ïåðåìåííûå àëãîðèòìîâðàçìåð îêíà íàñûùåíèÿ cwnd = cwndi ;àíîíñèðóåìîå óçëîì îêíî rwnd ;÷èñëî àêòèâíûõ çàäà÷ FlightSize;ïîðîã íàñûùåíèÿ ssthresh;øàã àëãîðèòìà SMSS ;òàéì-àóò RTO;Çà êàæäóþ èòåðàöèþ ïëàíèðîâàíèÿ íà ðåñóðñ ïîñûëàåòñÿ
min(cwnd , rwnd)− FlightSize çàäà÷



Àëãîðèòìû Slow Start è Congestion Avoidan
e
Slow StartÌåòàïëàíèðîâùèê óâåëè÷èâàåò ðàçìåð îêíà cwnd íà SMSSçàäà÷ äëÿ êàæäîãî óñïåøíîãî ïîäòâåðæäåíèÿ ñî ñòîðîíûóçëà EndJob, ïîäòâåðæäàþùåãî âûïîëíåíèå çàäà÷èCongestion Avoidan
eÄëÿ îáíîâëåíèÿ çíà÷åíèé cwnd âåäåòñÿ ïîäñ÷åò íîâûõçàäà÷, êîòîðûå áûëè ïîäòâåðæäåíû EndJob. Êîãäà ÷èñëîïîäòâåðæäåííûõ çàäà÷ äîñòèãíåò çíà÷åíèÿ cwnd , ðàçìåðîêíà cwnd ìîæåò áûòü óâåëè÷åí íà âåëè÷èíó SMSS çàäà÷.



Àëãîðèòìû Slow Start è Congestion Avoidan
e
Êîãäà ìåòàïëàíèðîâùèê îáíàðóæèâàåò ïîäòâåðæåíèåïîñëå âîçíèêíîâåíèÿ òàéì-àóòà RTO, äëÿ ïåðåìåííîé
ssthresh óñòàíàâëèâàåòñÿ çíà÷åíèå
max(FlightSize/2, 2 ∗ SMSS), à ðàçìåð îêíà íàñûùåíèÿ
cwnd óñòàíàâëèâàåòñÿ â çíà÷åíèå SMSSÏðè îáíàðóæåíèè íåóäà÷íîãî âûïîëíåíèÿ çàäà÷è, äëÿ
ssthresh óñòàíîâëèâàåòñÿ çíà÷åíèå
max(FlightSize/2, 2 ∗ SMSS), à äëÿ cwnd çíà÷åíèå
max(FlightSize/2, IW = cwnd0)



Òàéì-àóò RTO (RFC 793)
Ïîñëå ïîëó÷åíèÿ EndJob èçìåðÿåòñÿ âåëè÷èíà RTT , ðàíîåñóììå âðåìåíè, çàòðà÷åííîãî íà òðàíñïîðòèðîâêó çàäà÷è,âðåìåíè îæèäàíèÿ çàäà÷è è âðåìåíè âûïîëíåíèÿ çàäà÷è.
SRTT = (ALPHA ∗ SRTT ) + ((1− ALPHA) ∗ RTT )

RTO = min[UBOUND,max [LBOUND, (BETA ∗ SRTT )]]UBOUND çàäàåò âåðõíèé ïðåäåë çíà÷åíèÿ òàéì-àóòà(íàïðèìåð, 1 ÷àñ), LBOUND � íèæíèé ïðåäåë (íàïðèìåð,1 ìèíóòà), ALPHA � âåñîâîé �àêòîð (íàïðèìåð, 0.9), àBETA � êîý��èöèåíò âàðèàöèé çàäåðæêè (íàïðèìåð, 2.0).



Ñðàâíåíèå ñî ñòàíäàðòíûì àëãîðèòìîì GridWayÀëãîðèòì Âðåìÿ, ìèíGridWay (1600 çàäà÷ ïî 1 ñåê) 208CC (1600 çàäà÷ ïî 1 ñåê) 82GridWay (160 çàäà÷ ïî 15-20 ìèí) 196CC (160 çàäà÷ ïî 15-20 ìèí) 199GridWay (3200 çàäà÷ ïî 1 ñåê, 2 êëèåíòà) > 500CC (3200 çàäà÷ ïî 1 ñåê, 2 êëèåíòà) 124GridWay (320 çàäà÷ ïî 15-20 ìèí, 2 êëèåíòà) > 500CC (320 çàäà÷ ïî 15-20 ìèí, 2 êëèåíòà 343Òàáëèöà: Ñðàâíåíèå àëãîðèòìîâ ïëàíèðîâàíèÿ
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Ñèñòåìîé ìàññîâîãî îáñëóæèâàíèÿGI/G/M(SI,MI,PI,DC,D,C)1. Â ëþáîé ìîìåíò âðåìåíè îáùåå êîëè÷åñòâî ðåñóðñîâñèñòåìû ïîñòîÿííî, ÷òî ñîîòâåòñòâóåò Ni = D = const,
DI = 0. (Â ñëó÷àå â ss

 D = 166.)2. Çà îäíó èòåðàöèþ ïëàíèðîâàíèÿ SI (â ìîìåíò âðåìåííè
iSI ) èç î÷åðåäè èçâëåêàåòñÿ cwndi çàäà÷, ãäå cwndiîïðåäåëÿåòñÿ â ñîîòâåòñòâèè ñ àëãîðèòìîì ïëàíèðîâàíèÿ ñêîíòðîëåì íàñûùåíèÿ.3. Â ëþáîé ìîìåíò âðåìåíè ÷èñëî îáñëóæèâàåìûõ çàäà÷ íåïðåâûøàåò C . (Â ñëó÷àå â ss

 C = 5.)



Èìèòàöèîííàÿ ìîäåëü àëãîðèòìà (ALPHA = 0.9 è BETA= 2)
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Èìèòàöèîííàÿ ìîäåëü àëãîðèòìà (ALPHA = 0.9, BETA= 1.3)
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Ýêñïåðèìåíòàëüíàÿ ïðîâåðêà àëãîðèòìà (ALPHA = 0.9,BETA = 1.3)
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