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Èäåÿ r-àëãîðèòìîâ
Ïî÷åìó r-àëãîðèòìû?

r-aëãîðèòìû ïîëó÷èëè íàçâàíèå îò ñëîâà "ðàçíîñòü".
Èõ íàçûâàþò r-àëãîðèòìàìè Øîðà (1970), ëèáî
r-àëãîðèòìàìè Øîðà�Æóðáåíêî (1971).

Øîð Í.Ç. Ìåòîäû ìèíèìèçàöèè íåäèôôåðåíöèðóåìûõ
ôóíêöèé è èõ ïðèëîæåíèÿ. � Äîêò. äèñcåðò., Êèåâ, 1970.
Øîð Í.Ç., Æóðáåíêî Í.Ã. Ìåòîä ìèíèìèçàöèè,
èñïîëüçóþùèé îïåðàöèþ ðàñòÿæåíèÿ ïðîñòðàíñòâà â
íàïðàâëåíèè ðàçíîñòè äâóõ ïîñëåäîâàòåëüíûõ ãðàäèåíòîâ
// Êèáåðíåòèêà. � 1971. � �3. � Ñ. 51�59.
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Èäåÿ r-àëãîðèòìîâ
Èäåÿ r-àëãîðèòìîâ (ïî ðèñ. èç êíèã Øîðà)

Êàê ñ ïîìîùüþ îïåðàöèè ðàñòÿæåíèÿ ïðîñòðàíñòâà
ïîñòðîèòü ñóáãðàäèåíòíûå àëãîðèòìû � ìîíîòîííûå
( ïî÷òè ìîíîòîííûå ) ïî ìèíèìèçèðóåìîé ôóíêöèè?
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Èäåÿ r-àëãîðèòìîâ
Òðè ñòàòüè Øîðà (î ñõîäèìîñòè r-àëãîðèòìîâ)

Øîð Í.Ç., Æóðáåíêî Í.Ã. Ìåòîä ìèíèìèçàöèè,
èñïîëüçóþùèé îïåðàöèþ ðàñòÿæåíèÿ ïðîñòðàíñòâà â
íàïðàâëåíèè ðàçíîñòè äâóõ ïîñëåäîâàòåëüíûõ ãðàäèåíòîâ
// Êèáåðíåòèêà. � 1971. � �3. � Ñ. 51�59.

Øîð Í.Ç. Èññëåäîâàíèå ñõîäèìîñòè ìåòîäà ãðàäèåíòíîãî
òèïà ñ ðàñòÿæåíèåì ïðîñòðàíñòâà â íàïðàâëåíèè ðàçíîñòè
äâóõ ïîñëåäîâàòåëüíûõ ãðàäèåíòîâ // Êèáåðíåòèêà. � 1975.
� �4. � Ñ. 48-53.
Øîð Í.Ç. Ìîíîòîííûå ìîäèôèêàöèè r-àëãîðèòìîâ è èõ
ïðèëîæåíèÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. � 2002. �
�6. � Ñ. 74�96.
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r(α)-àëãîðèòìû
Âû÷èñëèòåëüíàÿ ñõåìà

r(α)-Àëãîðèòìîì íàçûâàåòñÿ ïðîöåäóðà ïîñòðîåíèÿ
ïîñëåäîâàòåëüíîñòåé {xk}∞k=0 è {Bk}∞k=0 ïî ïðàâèëó:

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

ãäå ξk =
BT

k gf (xk)
‖BT

k gf (xk)‖
, hk ≥ h?

k = argmin
h≥0

f(xk − hBkξk), (2)

ηk =
BT

k rk

‖BT
k rk‖

, rk = gf (xk+1)− gf (xk), β =
1
α

< 1. (3)

Çäåñü x0 � íà÷àëüíîå ïðèáëèæåíèå, B0 = In � åäèíè÷íàÿ
n×n-ìàòðèöà, hk � øàãîâûé ìíîæèòåëü, α > 1 � êîýôôèöèåíò
ðàñòÿæåíèÿ ïðîñòðàíñòâà, Rβ(η) = In + (β − 1)ηηT � îïåðàòîð
½ñæàòèÿ“ ïðîñòðàíñòâà ñóáãðàäèåíòîâ â íîðìèðîâàííîì
íàïðàâëåíèè η ñ êîýôôèöèåíòîì β < 1, gf (xk) è gf (xk+1) �
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r(α)-àëãîðèòìû
Äâà ñïîñîáà ðåãóëèðîâêè øàãà

1. Âåëè÷èíà hk âûáèðàåòñÿ èç óñëîâèÿ hk = h∗k (hk≈h∗k),
÷òî îçíà÷àåò òî÷íûé (ïðèáëèæåííûé) îäíîìåðíûé ïîèñê
ìèíèìóìà ôóíêöèè â íàïðàâëåíèè ñïóñêà.

2. Âåëè÷èíà hk íàñòðàèâàåòñÿ (àäàïòèðóåòñÿ) â ïðîöåññå
âûïîëíåíèÿ îäíîìåðíîãî ïîèñêà ìèíèìóìà ôóíêöèè.
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r(α)-àëãîðèòìû
r(α)-àëãîðèòì ñ àäàïòèâíûì øàãîì

îêàçàëñÿ ýôôåêòèâíûì âàðèàíòîì r-àëãîðèòìîâ è
íà åãî îñíîâå ðàçðàáîòàíî ðÿä ïðîãðàììíûõ ðåàëèçàöèé
(ÆóðáåíêîÍ.Ã., Êóíöåâè÷À.Â., ËèõîâèäÀ.Ï. è äð. )

Äëÿ r(α)-àëãîðèòìà ñ àäàïòèâíûì øàãîì ðàçðàáîòàíû
Îctave-ôóíêöèè: ralgb5 ( 2011, ÑòåöþêÏ.È. ), ralgb4 (2016),
ralgb5a (àâãóñò, 2017) � óïðîùåííàÿ âåðñèÿ ralgb5.

Ñòåöþê Ï.È. Òåîðèÿ è ïðîãðàììíûå ðåàëèçàöèè
r-àëãîðèòìîâ Øîðà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. �
2017. � �5. � Ñ. 43�57.
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Îctave-ôóíêöèÿ ralgb5a
Êîììåíòàðèè ê Îctave-ôóíêöèè ralgb5a

# ralgb5a for Shor's r-algorithm (P.Stetsyuk, August 18, 2017)
# Input parameters:# calcfg - name of the function calcfg(x) for calculation of f and g# x - the starting point, x0(1:n) (it is modified in the program)# alpha - the value of coefficient of space dilation# h0, q1 - parameters of the adaptive step adjustment# epsx, epsg, maxitn - stop parameters# intp - print information every intp iteration
# Output parameters:# xr - a minimum point, which was found by the program, xr(1:n)# fr - the value of the function f at the point xr# itn - the number of iterations used by the program# nfg - the number of function calcfg calls# istop - exit code (2 = epsg, 3 = epsx, 4 = maxitn, 5 = error)
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Îctave-ôóíêöèÿ ralgb5a
Êîä octave-ôóíêöèè ralgb5a

function [xr,fr,itn,nfg,istop] = ralgb5a(calcfg,x,alpha,h0,q1, # row001epsg,epsx,maxitn,intp);itn = 0; B = eye(length(x)); hs = h0; lsa = 0; lsm = 0; # row002xr = x; [fr,g0] = calcfg(xr); nfg = 1; # row003printf("itn %4d f%15.6e fr%15.6e nfg %4d\n",itn,fr,fr,nfg); # row004if(norm(g0) < epsg) istop = 2; return; endif # row005for (itn = 1:maxitn) # row006dx = B * (g1 = B' * g0)/norm(g1); # row007d = 1; ls = 0; ddx = 0; # row008while (d > 0) # row009x -= hs * dx; ddx += hs * norm(dx); # row010[f, g1] = calcfg(x); nfg ++; # row011if (f < fr) fr = f; xr = x; endif # row012if(norm(g1) < epsg) istop = 2; return; endif # row013ls ++; (mod(ls,3) == 0) && (hs *= 1.1); # row014if(ls > 500) istop = 5; return; endif # row015d = dx' * g1; # row016endwhile # row017(ls == 1) && (hs *= q1); lsa=lsa+ls; lsm=max(lsm,ls); # row018if(mod(itn,intp)==0) # row019printf("itn %4d f %14.6e fr %14.6e", itn, f, fr); # row020printf(" nfg %4d lsa %3d lsm %3d\n", nfg, lsa, lsm); # row021lsa=0; lsm=0; # row022endif # row023if(ddx < epsx) istop = 3; return; endif # row024xi = (dg = B' * (g1 - g0) )/norm(dg); # row025B += (1 / alpha - 1) * B * xi * xi'; # row026g0 = g1; # row027endfor # row028istop = 4; # row029endfunction # row030
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Îctave-ôóíêöèÿ ralgb5a
Âûáîð ïàðàìåòðîâ äëÿ ralgb5a

Ïðè ìèíèìèçàöèè íåãëàäêèõ ôóíêöèé ðåêîìåíäóåòñÿ:
α = 2÷ 4, h0 = 1.0, q1 = 1.0.

Åñëè èçâåñòíà îöåíêà ðàññòîÿíèÿ îò íà÷àëüíîé òî÷êè x0 äî
òî÷êè ìèíèìóìà x∗, òî íà÷àëüíûé øàã h0 öåëåñîîáðàçíî
âûáèðàòü èç óñëîâèÿ h0 ≈ ‖x0 − x∗‖.
Ïðè ìèíèìèçàöèè ãëàäêèõ ôóíêöèé ðåêîìåíäóåòñÿ

q1 = 0.8÷ 0.95.

Ïðè òàêîì âûáîðå ïàðàìåòðîâ, êàê ïðàâèëî, ñðåäíåå ÷èñëî
øàãîâ ïî íàïðàâëåíèþ ðåäêî ïðåâîñõîäèò äâà, à çà n èòåðàöèé
òî÷íîñòü ïî ôóíêöèè óëó÷øàåòñÿ â òðè-ïÿòü ðàç.
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Òåñòîâûé ïðèìåð
Îâðàæíàÿ êóñî÷íî-ëèíåéíàÿ ôóíêöèÿ

èìååò ñëåäóþùèé âèä

f(x) =
100∑
i=1

(1.2)i−1|xi − 1|, f ∗ = 0, x∗ = (1, 1, . . . , 1)T .

Êîýôôèöèåíòû ïðè |xi − 1|, i = 1, . . . , 100, îáðàçóþò
ãåîìåòðè÷åñêóþ ïðîãðåññèþ ñ ïîêàçàòåëåì q = 1.2,
ãäå ìèíèìàëüíûé êîýôôèöèåíò ðàâåí (1.2)0 = 1,
à ìàêñèìàëüíûé êîýôôèöèåíò ðàâåí (1.2)99 ≈ 6.9015e+07.
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Òåñòîâûé ïðèìåð
Òåñòîâûé ðàñ÷åò

Êîä ïðîãðàììû
function [f,g] = sabs(x)global wtemp=x-ones(length(x),1); f=sum(abs(w.*temp)); g=w.*sign(temp);endfunctionglobal wn=100; temp=[0:(n-1)]'; w=1.2.**temp; # w(1,1), w(100,1),x = zeros(n,1); alpha = 4.0, h0 = 10.0, q1 = 1.0,epsx = 1.e-10, epsg = 1.e-12, maxitn = 5000, intp=500;[xr,fr,itn,nfg,istop] = ralgb5a(@sabs,x,alpha,h0,q1,epsg,epsx,maxitn,intp);printf("itn %4d fr %23.15e istop %d nfg %4d\n", itn, fr, istop,nfg);dx = norm(xr-ones(n,1)),
Ïðîòîêîë ðàáîòû ïðîãðàììû ïðè intp=500
alpha = 4 h0 = 10 q1 = 1epsx = 1.0000e-008 epsg = 1.0000e-012 maxitn = 5000itn 0 f 4.140899e+008 fr 4.140899e+008 nfg 1itn 500 f 1.718525e+003 fr 1.273433e+003 nfg 532 lsa 531 lsm 4itn 1000 f 1.409472e+000 fr 1.192802e+000 nfg 1032 lsa 500 lsm 1itn 1500 f 1.258921e-003 fr 1.258921e-003 nfg 1532 lsa 500 lsm 1itn 2000 f 1.422859e-006 fr 1.224438e-006 nfg 2032 lsa 500 lsm 1itn 2046 fr 6.340398755873688e-007 istop 3 nfg 2078dx = 1.9497e-008
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Òåñòîâûé ïðèìåð
Çàêëþ÷åíèå

Ïðîãðàììà ralgb5a ìîæåò áûòü èñïîëüçîâàíà äëÿ ïîèñêà
òî÷åê ìèíèìóìà ãëàäêèõ è íåãëàäêèõ âûïóêëûõ ôóíêöèé.

Â äàëüíåéøåì åå ïëàíèðóåòñÿ óñîâåðøåíñòâîâàòü òàê,
÷òîáû åå ìîæíî áûëî èñïîëüçîâàòü äëÿ ïîèñêà òî÷åê
ðàâíîâåñèÿ, âêëþ÷àÿ îáîáùåííûå ðàâíîâåñèÿ Íýøà, à
òàêæå äëÿ ðåøåíèÿ ñèñòåì íåëèíåéíûõ óðàâíåíèé ñ
îãðàíè÷åíèÿìè, âàðèàöèîííûõ íåðàâåíñòâ è
êîìïëåìåíòàðíûõ çàäà÷.
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Òåñòîâûé ïðèìåð
Áëàãîäàðíîñòè

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå
Volkswagen Foundation, ãðàíò No 90 306
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Òåñòîâûé ïðèìåð
Âîïðîñû?

ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ!
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