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r(α)-Àëãîðèòìè

Çàäà÷à áåçóìîâíî¨ ìiíiìiçàöi¨

Îïóêëà ôóíêöiÿ:

f(x), x ∈ En

Ìiíiìàëüíå çíà÷åííÿ ôóíêöi¨:

f ∗ = f(x∗), x∗ ∈ X∗

Ââàæà¹ìî:

lim
||x||→∞

f(x) = +∞

Êîåôiöi¹íò ðîçòÿãó:

α, α > 1
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r(α)-Àëãîðèòìè

r(α)-Àëãîðèòì

Iòåðàòèâíà ïðîöåäóðà äëÿ âèçíà÷åííÿ ïîñëiäîâíîñòåé
n-âèìiðíèõ âåêòîðiâ {xk}∞k=0 i n×n-ìàòðèöü {Bk}∞k=0:

xk+1 = xk − hkBkξ, Bk+1 = BkRβ(ηk), k = 0, 1, 2, ..., (1)

äå

ξk =
BT
k gf (xk)

||BT
k gf (xk)||

, hk ≥ h∗k = argmin
h≥0

f(xk − hkBkξk), (2)

ηk =
BT
k rk

||BT
k rk||

, rk = gf (xk+1)− gf (xk). (3)
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r(α)-Àëãîðèòìè

Ñóáãðàäi¹íòíèé ñïóñê

Ôîðìóëà (1) åêâiâàëåíòíà

yk+1 = Akxk+1 = Akxk − hkξk =

= yk − hk
BT
k gf (xk)

||BT
k gf (xk)||

= yk − hk
gϕ(yk)

||gϕ(yk)||
. (4)

Äå, îïóêëà ôóíêöiÿ ϕ(y) = f(Bky) âèçíà÷åíà â
ïåðåòâîðåíîìó ïðîñòîði çìiííèõ y = Akx, äå Ak = B−1k
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r(α)-Àëãîðèòìè

Ñêëàäíiñòü r(α)-àëãîðèòìó

Íà iòåðàöi¨ ïîòðiáíî 5n2 ìíîæåíü:

3n2 ìíîæåíü Bkξk, BT
k gf (xk), i B

T
k rk,

2n2 ìíîæåíü Bk+1 = BkRβk(ηk).

7/22 Ñòåöþê Ï.I., Ôåñþê Î.Â r-àëãîðèòì, ELD-çàäà÷à



r(α)-Àëãîðèòìè

Ñiìåéñòâî r(α)-àëãîðèòìiâ

Âèçíà÷à¹òüñÿ êîåôiöi¹íòîì ðîçòÿãó ïðîñòîðó α > 1 i
ïîñëiäîâíiñòþ âåëè÷èí êðîêiâ {hk}∞k=0.

�õ âèáið â ïî¹äíàííi ç êðèòåðiÿìè çóïèíêè âèçíà÷àþòü òîé
÷è iíøèé âàðiàíò r(α)-àëãîðèòìiâ.
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r(α)-Àëãîðèòì ç àäàïòèâíèì êðîêîì

r(α)-Àëãîðèòì ç àäàïòèâíèì êðîêîì

Âåëè÷èíà êðîêó hk íàëàøòîâó¹òüñÿ â ïðîöåñi âèêîíàííÿ
îäíîâèìiðíîãî ñïóñêó â íàïðÿìêó íîðìîâàíîãî
àíòèñóáãðàäi¹íòà â ïåðåòâîðåíîìó ïðîñòîði çìiííèõ çà
äîïîìîãîþ ïàðàìåòðiâ:

h0, h0 ∈ R � âåëè÷èíà ïî÷àòêîâîãî êðîêó,

q1, nh ∈ R, (q1 ≤ 1) � êîåôiöi¹íò çìåíøåííÿ êðîêó,

q2, nh ∈ R, (q2 ≥ 1) � êîåôiöi¹íò çáiëüøåííÿ êðîêó,

nh, nh ∈ N, (nh > 1) � çàäà¹ êiëüêiñòü çðîáëåíèõ
êðîêiâ îäíîâèìiðíîãî ñïóñêó, ïiñëÿ ÿêî¨ âåëè÷èíà
êðîêó çáiëüøó¹òüñÿ â q2 ðàç.

Óìîâà çàâåðøåííÿ ñïóñêó (xk+1 − xk)Tgf (xk+1) ≥ 0.

Ìîæíà âèêîíàòè, îñêiëüêè lim||x||→∞ f(x) = +∞.
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r(α)-Àëãîðèòì ç àäàïòèâíèì êðîêîì

Êðèòåði¨ çóïèíêè

εx, εg, maxitn

||xk+1 − xk|| ≤ εx � çà àðãóìåíòîì,

||gf (xk+1)|| ≤ εg � çà íîðìîþ ñóáãðàäi¹íòà,

ïåðåâèùåíî ìàêñèìàëüíó êiëüêiñòü iòåðàöié,

Ïåðåäáà÷åíà àâàðiéíà çóïèíêà, ÿêùî:

f(x) � íåîáìåæåíà çíèçó,

h0 � çàíàäòî ìàëèé.
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r(α)-Àëãîðèòì ç àäàïòèâíèì êðîêîì

Ðåêîìåíäîâàíi ïàðàìåòðè:

α = 2÷ 4,

h0 = 10, (ðiâíèé ||x0 − x∗||),
q1 = 0.8÷ 0.95,

q2 = 1.1÷ 1.2,

nh = 2÷ 3.
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ELD-çàäà÷i
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ELD-çàäà÷i

ÎÅÑ Óêðà¨íè

Çàâàíòàæåííÿ ÎÅÑ Óêðà¨íè
ñòàíîì íà 06.11.2016 ð.

1. ÄÏ ÍÅÊ ¾Óêðåíåðãî¿:

Äèñïåò÷åðñüêå óïðàâëiííÿ
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http://www.ukrenergo.energy.gov.ua/pages/ua/ipsoperation.aspx


ELD-çàäà÷i

Êâàäðàòè÷íà çàäà÷à

Çíàéòè

f ∗ = f(x∗) = min
T∑
t=1

N∑
i=1

(aix
2
i,t + bixi,t + ci), (5)

ïðè ëiíiéíèõ îáìåæåííÿõ

N∑
i=1

xi,t = Et, t = 1, ..., T, (6)

xi,t − xi,t−1 ≤ URi, t = 2, ..., T, i = 1, ..., N, (7)

xi,t−1 − xi,t ≤ DRi, t = 2, ..., T, i = 1, ..., N, (8)

P low
i ≤ xi,t ≤ P up

i , i = 1, ..., N, t = 1, ..., T, (9)
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ELD-çàäà÷i

Çàäà÷à áåçóìîâíî¨ ìiíiìiçàöi¨

Íåãëàäêà îïóêëà ôóíêöiÿ

F (x) =
N∑
i=1

T∑
t=1

(aix
2
i,t + bixi,t + ci) +Q1

T∑
t=1

|
N∑
i=1

xi,t − Et|+,

+Q2

T∑
t=2

N∑
i=1

max{0, xi,t − xi,t−1 − URi, xi,t−1 − xi,t −DRi}+,

+Q3

T∑
t=1

N∑
i=1

max{0, xi,t − P up
i , P low

i − xi,t}. (10)
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ELD-çàäà÷i

Ïðîãðàìíà ðåàëiçàöiÿ:

Ñåðåäîâèùå ðåàëiçàöi¨ � GNU Octave [2],

Äëÿ ìiíiìiçàöi¨ ôóíêöi¨ (10) âèêîðèñòîâó¹òüñÿ
ïðîãðàìà ralgb5,

calcfg(x) îá÷èñëþ¹ çíà÷åííÿ íåãëàäêî¨ ôóíêöi¨ (10)
òà ¨¨ ãðàäi¹íò äëÿ ralgb5.

2. GNU Octave � Scienti�c Programming Language
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https://www.gnu.org/software/octave/
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Òåñòîâi ðîçðàõóíêè

Ïàðàìåòðè

Ìàøèíà t1:

AMD FX-8350 Eight-Core Processor|4 ÃÃö, Ubuntu 16.04,
Octave 4.0.3.

Ìàøèíà t2:

AMD Athlon X2 Dual-Core QL-64x2|2.1 ÃÃö, Ubuntu 14.04,
Octave 4.0.3.

r(α)-Àëãîðèòì:

Q1 = Q2 = Q3 = 1000,
α = 4,
h0 = 500,
q1 = 0.95, q2 = 1.1,
εg = 10−6, εx ∈ {10−6, 10−5, 10−4}.
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Òåñòîâi ðîçðàõóíêè

Ðåçóëüòàòè ðîçðàõóíêiâ äëÿ (10)

n = N × T f(x∗k) εx k∗ calls t1 t2

240 = 10× 24 420540
1.e− 6 4427 9198 6.73 17.1
1.e− 5 3879 8063 5.87 14.9
1.e− 4 3248 6719 4.96 12.6

288 = 12× 24 463391
1.e− 6 5150 10475 10 25.4
1.e− 5 3944 8155 7.56 19.2
1.e− 4 3420 7062 6.54 16.6

960 = 40× 24 3021209
1.e− 6 13437 26272 180 456.8
1.e− 5 13313 26038 178.7 445
1.e− 4 12446 24380 164.5 417.9
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Âèñíîâîê

Âèñíîâîê

r(α)-àëãîðèòì äëÿ ELD-çàäà÷:
ïðèéíÿòíèé ÷àñ ïîøóêó ðîçâ'ÿçêó,

äîñÿãà¹òüñÿ íåîáõiäíà òî÷íiñòü,

çíàõîäèòüñÿ îïòèìàëüíèé ïëàí çàâàíòàæåííÿ

åíåðãîáëîêiâ.

ïðîãðàìà ralgb5 ¹ åôåêòèâíîþ äëÿ çàäà÷:
24 ïåðiîäè,

10-12 åíåðãîáëîêiâ � 10, 25 ñåêóíä (ìàøèíè t1 òà t2),
40 � äî òðüîõ õâèëèí (t1),
ïðèøâèäøó¹òüñÿ:

íà 30-50% � âèáið ïàðàìåòðiâ,

â 10-12 ðàçiâ � ðåàëiçàöiÿ ç äîïîìîãîþ CUDA.
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Êiíåöü

Çàïèòàííÿ?

ÄßÊÓÞ ÇÀ ÓÂÀÃÓ!
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