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Äâóìåðíàÿ ìîäåëü ðàñïðîñòðàíåíèÿ ëàìèíàðíîãî ïëàìåíè ñ Le = 1
â ýíòàëüïèéíîé ïîñòàíîâêå:
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Θ - ýíòàëüïèÿ: T = Θ− Q
cp
η, T - òåìïåðàòóðà ãàçà, η - îòíîñèòåëü-

íàÿ êîíöåíòðàöèÿ ðåàãèðóþùåãî êîìïîíåíòà ãîðþ÷åé ñìåñè, cp -
óäåëüíàÿ òåïëîåìêîñòü ãàçà ïðè ïîñòîÿííîì äàâëåíèè, a - êîýô-
ôèöèåíò òåìïåðàòóðîïðîâîäíîñòè, Q - òåïëîâîé ýôôåêò ðåàêöèè,
ïðîõîäÿùåé â ñîîòâåòñòâèè ñ çàêîíîì Àððåíèóñà

W (T, η) = k0 η e
−E/RT (3)

k0 - ïðåäýêñïîíåíò, E - ýíåðãèÿ àêòèâàöèè, R - óíèâåðñàëüíàÿ ãà-
çîâàÿ ïîñòîÿííàÿ.
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, η = 1 (4)
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∂Θ

∂y
− α0

(
Θ−

Q

cp
η − T0

)
=
∂η

∂y
= 0 (6)
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� â ìîìåíò âðåìåíè t = 0

T = T 0(x, y) , η = η0(x, y) , Θ = T 0(x, y) +
Q

cp
η0(x, y) (8)
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Çàäà÷à Êîøè

M
dv

dt
+Av = f(v) , t > 0 (9)

v = v0 , t = 0 (10)
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Îáëàñòü ðåøåíèÿ

Ω = (0, L)× (0, l), l� L

Çíà÷åíèÿ ôèçè÷åñêèõ ïàðàìåòðîâ

T = 10−3, L = 0.1ì, l âàðüèðóåòñÿ, a = 8 · 10−5ì2/ñåê, T0 = 300Ê,
Tb = 1400Ê, k0 = 1012ñåê−1, E/R = 2 · 104Ê. α0 = αl = 0.1

Íà÷àëüíûå äàííûå

Θ0(x, y) ≡ Tb , η0(x, y) = 1 , x ≤ 0.09 , η0(x, y) = 0 , x > 0.09

Øàãè ïî ñåòêå è ïðîñòðàíñòâó

∆t = 2 · 10−5, p = 16, hbase = 0.002, hbase/hmin = 26
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Ïðîöåññîð: Intel R© Core. Îïåðàöèîííàÿ ñèñòåìà: Ubuntu
8.04(hardy)

Ñðàâíåíèå êîìïèëÿòîðîâ

Problem size 3899 5359 8264 14072 25688 48920 95384
g++ 4.2.1 -O3 2.99 4.71 8.21 15.54 31.51 68.31 162.5

icpc 10.1.015 -O3 2.66 4.26 7.57 14.35 29.6 66.32 161.9
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Ñðåäíåå çíà÷åíèå ðàçìåðíîñòè âåêòîðà ïðàâîé ÷àñòè

�rst step 854 1646 3230 6398 12734 25406 50750
last step 2844 4142 6708 11836 22092 42604 83628
average 1687 2775 4944 9281 17955 35304 70000

vector size, Mb 0.022 0.032 0.051 0.090 0.169 0.325 0.638
could take, Mb 3.150 6.276 12.53 25.03 50.04 100.1 200.1
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Âðåìÿ èñïîëíåíèÿ îòäåëüíûõ áëîêîâ ïðîãðàììû, ñ

size 1687 2775 4944 9281 17955 35304 70000
total 1.575 2.606 4.735 9.056 18.37 38.04 83.36

mesh rebuilding 0.030 0.068 0.146 0.348 0.930 2.829 9.551
multiplication 1.197 1.988 3.639 6.912 13.60 26.70 53.53

remain 0.318 0.534 0.904 1.706 3.640 7.975 18.58
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Ðåçóëüòàòû ïðèìåíåíèÿ MKL äëÿ óìíîæåíèÿ ìàòðèö(ôîðìàò
CSR), ñ

size 1687 2775 4944 9281 17955 35304 70000
without MKL 1.197 1.988 3.639 6.912 13.60 26.70 53.53
MKL 1 thread 0.150 0.251 0.444 0.836 1.654 3.412 7.319
MKL 2 threads 0.104 0.160 0.314 0.517 1.088 2.516 6.409
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Ðåçóëüòàòû ïðèìåíåíèÿ MKL ïîñëå íîðìèðîâêè

size 1687 2775 4944 9281 17955 35304 70000
without MKL 0.125 0.126 0.122 0.121 0.122 0.128 0.137
MKL 1 thread 1.000 1.000 1.000 1.000 1.000 1.000 1.000
MKL 2 threads 1.442 1.569 1.414 1.617 1.520 1.356 1.142
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Îáùåå óñêîðåíèå ðàáîòû ïðîãðàììû
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Ðåçóëüòàòû ïðèìåíåíèÿ MKL ïîñëå íîðìèðîâêè: 1, 2 è 4 ïîòîêà

0 10000 20000 30000 40000 50000 60000 70000 80000

0

0,5

1

1,5

2

2,5

3

3,5

4

1687 2775 4944 9281 17955 35304 70000

0,000

0,200

0,400

0,600

0,800

1,000

1,200

1,400

1,600

1,800

MKL 1 thread
MKL 2 threads
MKL 4 threads

11


