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Ïîèñê âåêòîðà x

∗ = {x
j

}|
j=0,...D−1

, ìèíèìèçèðóþùåãî öåëåâóþ

�óíêöèþ f (x):

f (x∗) 6 f (x), ∀x ∈ Ω,

ãäå Ω � îáëàñòü ïîèñêà.

¾Îòÿã÷àþùèå¿ îñîáåííîñòè íåêîòîðûõ çàäà÷:

Îãðàíè÷åíèÿ íà ïàðàìåòðû ϕ(x) < 0

Ìíîãîïàðàìåòðè÷åñêèå çàäà÷è D = 10 . . . 100

Ìíîãîìîäàëüíûå öåëåâûå �óíêöèè

Íåäè��åðåíöèðóåìûå öåëåâûå �óíêöèè

Öåëåâûå �óíêöèè, òðåáóþùèå çíà÷èòåëüíûõ âû÷èñëåíèé
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Äè��åðåíöèàëüíàÿ ýâîëþöèÿ (ÄÝ) � ýâîëþöèîííûé

àëãîðèòì ñî ñïåöè�è÷åñêèì îïåðàòîðîì ìóòàöèè

�àçðàáîòàí �. Øòîðíîì è Ê.Â. Ïðàéñîì â 1995

[K. Pri
e, R. Storn// J. Global of Optimization 11 (1997) 341℄

Îïåðèðóåò ïîïóëÿöèåé âåêòîðîâ ðàçìåðîì N

p

Êàæäûé ÷ëåí ïîïóëÿöèè � âåêòîð â ïðîñòðàíñòâå

ïàðàìåòðîâ Ω = R

D

[K. Pri
e, R. Storn, J.A. Lampinen "Di�erential evolution � A Pra
ti
al

Approa
h to Global Optimization�, Springer, 2005℄

[S. Das, P.N. Suganthan// IEEE Trans. Evol. Comp. 15 (2011) 4℄
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Êëàññè÷åñêàÿ ÄÝ: Àëãîðèòì

// èíèöèàëèçàöèÿ ïîïóëÿöèè {x
i ,g=0

}|
i=0,...N

p

−1

, x

i ,g
= {x

i ,j,g
}|

j=0,...D−1

do {

for (i = 0; i < N

p

; i = i + 1) {

// Ìóòàöèÿ:

v

i ,g
= x

r ,g
+ F (x

p,g
− x

q,g
) // ìóò. âåêòîð, r 6= p 6= q � ñë. èíäåêñû

// Êðîññîâåð (ðåêîìáèíàöèÿ):

for (j = 0; j < D; j = j + 1)

u

i ,j
=

{

v

i ,j
rand(0, 1) < C

r

or j = j

rand

x

i ,j,g
èíà÷å

// ïðîáíûé âåêòîð

// Îòáîð:

x

i ,g+1

=

{

u

i

if (f (u
i

) < f (x
i ,g

))

x

i ,g
èíà÷å

} g = g + 1; // ïåðåõîä ê ñëåäóþùåìó ïîêîëåíèþ

} while (ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè);
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Êëàññè÷åñêàÿ ÄÝ: ñèíõðîííûé àëãîðèòì

// èíèöèàëèçàöèÿ ïîïóëÿöèè {x
i ,g=0

}|
i=0,...N

p

−1

, x

i ,g
= {x

i ,j,g
}|

j=0,...D−1

do {

for (i = 0; i < N

p

; i = i + 1) {

// Ìóòàöèÿ:

v

i ,g
= x

r ,g
+ F (x

p,g
− x

q,g
) // ìóò. âåêòîð, r 6= p 6= q � ñë. èíäåêñû
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u

i ,j
=

{

v

i ,j
rand(0, 1) < C

r

or j = j

rand

x

i ,j,g
èíà÷å

// ïðîáíûé âåêòîð

// Îòáîð:

x

i ,g+1

=

{

u

i

if (f (u
i

) < f (x
i ,g

))

x

i ,g
èíà÷å
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// èíèöèàëèçàöèÿ ïîïóëÿöèè {x
i

}|
i=0,...N

p

−1

, x

i

= {x
i ,j
}|

j=0,...D−1

do {

i = 
hoose_target_ve
tor(); // âûáîð öåëåâîãî âåêòîðà i

// Ìóòàöèÿ:

v

i

= x

r

+ F (x
p

− x

q

); // ìóò. âåêòîð, r 6= p 6= q � ñë. èíäåêñû

// Êðîññîâåð (ðåêîìáèíàöèÿ):

for (j = 0; j < D; j = j + 1)

u

i ,j
=

{

v

i ,j
rand(0, 1) < C

r

or j = j

rand

x

i ,j
èíà÷å

// ïðîáíûé âåêòîð

// Îòáîð:

if (f (u
i

) < f (x
i

))

x

i

= u

i

;

} while (ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè);

[E. Zhabitskaya, M. Zhabitsky// LNCS 7125, 328, 2012℄
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Àäàïòàöèÿ ðàçìåðà ïîïóëÿöèè N

p

Ïàðàìåòðû àëãîðèòìà: F , C

r

; N

p

ìàëûé N

p

áîëüøîé N

p

Âåðîÿòíîñòü ñõîäèìîñòè − +

Ñêîðîñòü ñõîäèìîñòè + −

Àëãîðèòì ÀÄÝ ñ ðåñòàðòîì:

Ìàëûé ðàçìåð íà÷àëüíîé ïîïóëÿöèè N

p

�åñòàðò ñ óâåëè÷åííûì N

p

, åñëè äèàãíîñòèðîâàíà

ñòàãíàöèÿ ñõîäèìîñòè (äëèòåëüíîå îòñóòñòâèå ïðîãðåññà

èëè âûðîæäåíèå ïîïóëÿöèè)

Àäàïòàöèÿ ðàçìåðà ïîïóëÿöèè â ñîîòâåòñòâèè ñî ñëîæíîñòüþ

ðåøàåìîé ïðîáëåìû!
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Àñèíõðîííàÿ ÄÝ: êëàññè�èêàöèÿ àëãîðèòìîâ

ìóòàöèÿ: v

i

= x

r

+ F (x
p

− x

q

)

x

i

� öåëåâîé âåêòîð;

x

r

� áàçîâûé âåêòîð

(x
p

− x

q

) � äè��åðåíöèàëüíûé âåêòîð

DE/w/x/y/z â ñîîòâåòñòâèè ñ îïåðàòîðàìè Ìóòàöèè è

Êðîññîâåðà:

w îòâå÷àåò çàìåíÿåìîìó öåëåâîìó âåêòîðó;

x îòâå÷àåò áàçîâîìó âåêòîðó;

y � ÷èñëî äè��åðåíöèàëüíûõ âåêòîðîâ;

z � òèï êðîññîâåðà (áèíîìèàëüíûé èëè ýêñïîíåíöèàëüíûé).

rand/rand/1/bin v

rand

= x

rand

+ F (x
p

− x

q

)
rand/best/1/bin v

rand

= x

best

+ F (x
p

− x

q

)
worst/best/bin v

worst

= x

best

+ F (x
p

− x

q

)
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Àñèíõðîííàÿ Äè��. ýâîëþöèÿ: pros and 
ons

Ïðåèìóùåñòâà:

Íàéäåííûé "óëó÷øåííûé" âåêòîð ñðàçó æå ïðèíèìàåò

ó÷àñòèå â ýâîëþöèè

Íîâûå òèïû ñòðàòåãèé

Îòñóòñòâóåò áàðüåðíàÿ ñèíõðîíèçàöèÿ, òèïè÷íàÿ äëÿ ÊÄÝ

ïðè ñìåíå ïîêîëåíèé

Íåäîñòàòêè:

Á�oëüøàÿ âåðîÿòíîñòü âûðîæäåíèÿ (ïîòåðÿ ïîïóëÿöèîííîãî

ðàçíîîáðàçèÿ) [E. Zhabitskaya// LNCS 7125, 322, 2012℄

Íåîáõîäèìî ñðàâíèòü:

Ñêîðîñòü è âåðîÿòíîñòü ñõîäèìîñòè

Óñêîðåíèå ïðè ïàðàëëåëüíûõ âû÷èñëåíèÿõ
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âû÷èñëèòåëüíûõ ñèñòåìàõ (ÊÄÝ)

Óçåë 1

✛

x

i

✲

f (x
i

)

Óçåë N

pro


✛

x

j

✲

f (x
j

)

. . .

Ìàñòåð

îïòèìèçàöèè

(MPI)

✲

f (x
j

)

✛

x

i

Á

ó

�

å

ð ✲

f (G )

✛

G

ÊÄÝ

Óçåë 0

[J. Lampinen, 1999℄

Master/Slave ìîäåëü

Ïîòåðè âû÷. âðåìåíè èç-çà áàðüåðíîé ñèíõðîíèçàöèè
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Ïàðàëëåëüíûå ðàñ÷åòû íà ðàñïðåäåëåííûõ

âû÷èñëèòåëüíûõ ñèñòåìàõ (ÀÄÝ)

Óçåë 1

✛

x

i

✲

f (x
i

)

Óçåë N

pro


✛

x

j

✲

f (x
j

)

. . .

Ìàñòåð

îïòèìèçàöèè

(MPI)

✲

f (x
j

)

✛

x

i

ÀÄÝ

Óçåë 0

Master/Slave ìîäåëü

Ïîëíàÿ è ý��åêòèâíàÿ! çàãðóçêà âû÷èñëèòåëüíûõ óçëîâ

Ìàñòåð îïòèìèçàöèè â ñòàíäàðòå MPI (MPICH2)
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Óñêîðåíèå ïðè ïàðàëëåëüíûõ âû÷èñëåíèÿõ

Óñêîðåíèå ïðè ïàðàëëåëüíûõ âû÷èñëåíèÿõ I

Ñìåùåííàÿ �óíêöèÿ �îçåíáðîêà

f

6

(x) =

D−1

X

j=1

`

100

`

z

2

j

− z

2

j+1

´

+ (z
j

− 1)2
´

+ f

bias

,
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Àëãîðèòì Àñèíõðîííîé Äè��åðåíöèàëüíîé ýâîëþöèè

Õàðàêòåðèñòèêè Àñèíõðîííîé ÄÝ

�åçóëüòàòû

Ïàðàëëåëüíûå ðàñ÷åòû íà ðàñïðåäåëåííûõ ñèñòåìàõ

Óñêîðåíèå ïðè ïàðàëëåëüíûõ âû÷èñëåíèÿõ

Óñêîðåíèå ïðè ïàðàëëåëüíûõ âû÷èñëåíèÿõ II

Öåëåâûå �óíêöèè, òðåáóþùèå çíà÷èòåëüíûõ âû÷èñëåíèé
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ñëó÷àéíûé âðåìåííîé èíòåðâàë t

k

= N(1, 0.2)

D = 10, N

p

= 40

speed-up(N
pro


) =
〈T (N

pro


= 1)〉

〈T (N
pro


)〉

procN
1 10 100

<T
>,

 N
fe

va
l

un
its

2
10

3
10

4
10

rand/rand/1/bin

rand/best/1/bin

rand/1/bin

best/1/bin

procN
0 50 100 150 200 250

sp
ee

d-
up

50

100

150

200

250
procspeed-up=N

rand/rand/1/bin

rand/best/1/bin

rand/1/bin

best/1/bin

Å. Æàáèöêàÿ, M. Æàáèöêèé ÀÄÝ íà ðàñïðåäåëåííûõ ñèñòåìàõ
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Õàðàêòåðèñòèêè Àñèíõðîííîé ÄÝ

�åçóëüòàòû

�åçóëüòàòû

Ñ�îðìóëèðîâàí àëãîðèòì Àñèíõðîííîé

Äè��åðåíöèàëüíîé ýâîëþöèè

Àâòîìàòè÷åñêèé ïîäáîð ðàçìåðà ïîïóëÿöèè â ñîîòâåòñòâèè

ñî ñëîæíîñòüþ ðåøàåìîé ïðîáëåìû

Ëó÷øàÿ ïàðàëëåëüíîñòü ïî ñðàâíåíèþ ñ êëàññè÷åñêîé

Äè��åðåíöèàëüíîé ýâîëþöèåé

�åøåíèå ðåàëüíûõ çàäà÷
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