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r(α)-àëãîðèòì òà ïðîãðàìà ralgb5a

Ùî òàêå r-àëãîðèòìè?

r-Àëãîðèòìè ïðèçíà÷åíi äëÿ çíàõîäæåííÿ íàáëèæåííÿ
äî òî÷êè ìiíiìóìó îïóêëî¨ ôóíêöi¨ f(x), x ∈ Rn, òà
âèêîðèñòîâóþòü çíà÷åííÿ f(xk) òà ñóáãðàäi¹íòà gf (xk).

Âîíè îòðèìàëè òàêó íàçâó âiä ñëîâà "ðiçíèöÿ".

�õ íàçèâàþòü r-àëãîðèòìàìè Øîðà (1970), àáî
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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Iäåÿ r-àëãîðèòìiâ (çà ðèñ. iç êíèã Øîðà)

ßê çà äîïîìîãîþ îïåðàöi¨ ðîçòÿãó ïðîñòîðó

ïîáóäóâàòè ñóáãðàäi¹íòíi àëãîðèòìè � ìîíîòîííi
( ìàéæå ìîíîòîííi ) çà ôóíêöi¹þ, ùî ìiíiìiçó¹òüñÿ?
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Îá÷èñëþâàëüíà ñõåìà r(α)-àëãîðèòìó

Îçíà÷åííÿ. r(α)-Àëãîðèòìîì íàçèâà¹òüñÿ ïðîöåäóðà ïîáóäîâè
ïîñëiäîâíîñòåé {xk}∞k=0 òà {Bk}∞k=0 çà ïðàâèëîì:

xk+1 = xk − hkBkξk, 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 − hBkξk), (2)

ηk =
BT
k rk

‖BT
k rk‖

, rk = gf (xk+1)− gf (xk), β =
1

α
< 1. (3)

Òóò x0 � ñòàðòîâà òî÷êà, B0 = In � îäèíè÷íà n×n-ìàòðèöÿ,
hk � êðîêîâèé ìíîæíèê, α > 1 � êîåôiöi¹íò ðîçòÿãó ïðîñòîðó,

Rβ(η) = In + (β − 1)ηηT � îïåðàòîð ½ñòèñíåííÿ� ïðîñòîðó

ñóáãðàäi¹íòiâ â íîðìîâàíîìó íàïðÿìêó η ç êîåôiöi¹íòîì β < 1,

gf (xk), gf (xk+1) � ñóáãðàäi¹íòè ôóíêöi¨ f(x) â òî÷êàõ xk, xk+1.
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Äâà ñïîñîáè ðåãóëþâàííÿ êðîêó

1. Âåëè÷èíà hk âèáèðà¹òüñÿ ç óìîâè hk = h∗k (hk≈h∗k), ùî
îçíà÷à¹ òî÷íèé (íàáëèæåíèé) îäíîâèìiðíèé ïîøóê
ìiíiìóìó ôóíêöi¨ â íàïðÿìi ñïóñêó.

2. Âåëè÷èíà hk íàëàøòîâó¹òüñÿ (àäàïòó¹òüñÿ) â ïðîöåñi
âèêîíàííÿ îäíîâèìiðíîãî ïîøóêó ìiíiìóìó ôóíêöi¨.
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r(α)-àëãîðèòì ñ àäàïòèâíèì êðîêîì

âèÿâèâñÿ åôåêòèâíèì âàðiàíòîì r-àëãîðèòìiâ i
íà éîãî îñíîâi ðîçðîáëåíî ðÿä ïðîãðàìíèõ ðåàëiçàöié
(ÆóðáåíêîÌ.Ã., Êóíöåâè÷Î.Â., ËèõîâèäÎ.Ï. òà ií. )

Äëÿ r(α)-àëãîðèòìó ç àäàïòèâíèì êðîêîì ðîçðîáëåíî
Îctave-ôóíêöi¨: ralgb5 ( 2011, ÑòåöþêÏ.I. ), ralgb4 (2016),
ralgb5a (2017, ãðóäåíü 2020) � ñïðîùåíà âåðñiÿ ralgb5.

Ñòåöþê Ï.È. Òåîðèÿ è ïðîãðàììíûå ðåàëèçàöèè
r-àëãîðèòìîâ Øîðà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. �
2017. � �5. � Ñ. 43�57.
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Êîä Îctave-ôóíêöi¨ ralgb5a (ïî÷àòîê)

#
# Octave-function ralgb5a (Petro Stetsyuk, 02 December 2020) #rowc01
# Input parameters: #rowc02
# calcfg -- name of the function calcfg(x) for calculation #rowc03
# of f(x) and its subgradient g(x), #rowc04
# x -- starting point (it is modified in the program), x(1:n) #rowc05
# alpha -- coefficient of space dilation (alpha = 2:4) #rowc06
# h0, q1 -- parameters of the adaptive step adjustment, #rowc07
# recommend: h0=1, q1=1.0 - nonsmooth, q1=0.8:0.95 - smooth #rowc08
# epsx, epsg, maxitn -- stop parameters #rowc09
# intp -- print information for every intp iteration #rowc10
# Output parameters: #rowc11
# xr -- record point (with the best function value), xr(1:n) #rowc12
# fr -- the value of the function f at the point xr #rowc13
# itn -- the number of iterations #rowc14
# nfg -- the number of function calcfg calls #rowc15
# ist -- exit code: 2-epsg, 3-epsx, 4-maxitn, 5-warning #rowc16
# For more details see: Stetsyuk, P.I. Theory and Software #rowc17
# Implementations of Shor's r-Algorithms. Cybernetics and #rowc18
# Systems Analysis 53, 692-703 (2017) #rowc19
#
function [xr,fr,itn,nfg,ist] = ralgb5a(calcfg,x,alpha,h0,q1, #row001

epsg,epsx,maxitn,intp); #row002
itn = 0; B = eye(length(x)); hs = h0; lsa = 0; lsm = 0; #row003
xr = x; [fr,g0] = calcfg(xr); nfg = 1; #row004
if (intp>0) #row005

printf("itn %4d f%16.6e fr%16.6e nfg %4d\n",itn,fr,fr,nfg); #row006
endif #row007
if(norm(g0) < epsg) ist = 2; return; endif #row008
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Êîä octave-ôóíêöi¨ ralgb5a (ïðîäîâæåííÿ)

for (itn = 1:maxitn) #row009
dx = B * (g1 = B' * g0)/norm(g1); #row010
d = 1; ls = 0; ddx = 0; #row011
while (d > 0) #row012

x -= hs * dx; ddx += hs * norm(dx); #row013
[f, g1] = calcfg(x); nfg ++; #row014
if (f < fr) fr = f; xr = x; endif #row015
if(norm(g1) < epsg) ist = 2; return; endif #row016
ls ++; (mod(ls,3) == 0) && (hs *= 1.1); #row017
if(ls > 500) ist = 5; return; endif #row018
d = dx' * g1; #row019

endwhile #row020
(ls == 1) && (hs *= q1); lsa=lsa+ls; lsm=max(lsm,ls); #row021
if(mod(itn,intp)==0) #row022

if (intp>0) #row023
printf("itn %4d f %14.6e fr %14.6e", itn, f, fr); #row024
printf(" nfg %4d lsa %3d lsm %3d\n", nfg, lsa, lsm); #row025

endif #row026
lsa=0; lsm=0; #row027

endif #row028
if(ddx < epsx) ist = 3; return; endif #row029
xi = (dg = B' * (g1 - g0) )/norm(dg); #row030
B += (1 / alpha - 1) * B * xi * xi'; #row031
g0 = g1; #row032

endfor #row033
ist = 4; #row034
endfunction #row035
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Âèáið ïàðàìåòðiâ äëÿ ralgb5a

Äëÿ ìiíiìiçàöi¨ íåãëàäêèõ ôóíêöié ðåêîìåíäó¹òüñÿ:

α = 2÷ 4, h0 = 1.0, q1 = 1.0.

ßêùî âiäîìà îöiíêà âiäñòàíi âiä ñòàðòîâî¨ òî÷êè x0 äî òî÷êè
ìiíiìóìó x∗, òî ïî÷àòêîâèé êðîê h0 äîöiëüíî âèáèðàòè çãiäíî
óìîâè h0 ≈ ‖x0 − x∗‖.

Äëÿ ìiíiìiçàöi¨ ãëàäêèõ ôóíêöié ðåêîìåíäó¹òüñÿ

q1 = 0.8÷ 0.95.

Çà òàêîãî âèáîðó ïàðàìåòðiâ, ÿê ïðàâèëî, ñåðåäíÿ êiëüêiñòü
êðîêiâ çà íàïðÿìêîì ðiäêî ïåðåâèùó¹ äâà, à çà n iòåðàöié
òî÷íiñòü çà ôóíêöi¹þ ïîêðàùó¹òüñÿ â òðè-ï'ÿòü ðàçiâ.
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Ìîäåëü ëiíiéíî¨ ðåãðåñi¨ (m > n)

Íåõàé äëÿ îöiíêè n íåâiäîìèõ ïàðàìåòðiâ x1, . . . , xn
âèêîðèñòîâó¹òüñÿ m ñïîñòåðåæåíü y1, . . . , ym, òàêèõ ùî

yi =
n∑
j=1

aijxj + ui, i = 1, . . . ,m, (4)

äå aij � âiäîìi êîåôiöi¹íòè, ui � íåâiäîìi âèïàäêîâi âåëè÷èíè,

ùî ìàþòü (ïðèáëèçíî) îäíàêîâi ôóíêöi¨ ðîçïîäiëó.

Ðiâíÿííÿ (4) ìîæíà çàïèñàòè â ìàòðè÷íié ôîðìi:

y = Ax+ u, (4a)

äå y = (y1, . . . , ym)
T ∈ Rm, u = (u1, . . . , um)

T ∈ Rm,
A � m×n-ìàòðèöÿ, x = (x1, . . . , xn)

T ∈ Rn � âåêòîð

ïàðàìåòðiâ, ÿêi ïîòðiáíî îöiíèòè.
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Ìåòîä íàéìåíøèõ ìîäóëiâ â ñòåïåíi p

Çàäà÷à çíàõîäæåííÿ íåâiäîìîãî âåêòîðà x∗p çà êðèòåði¹ì
íàéìåíøèõ ìîäóëiâ â ñòåïåíi p, äå 1 ≤ p ≤ 2, ìà¹ âèãëÿä:

fLMP (x∗p)= min
x∈Rn

{
fLMP (x)=

m∑
i=1

∣∣∣yi − n∑
j=1

aijxj

∣∣∣p} , (5)

äå ôóíêöiÿ fLMP (x) ¹ íåãëàäêîþ, ÿêùî p = 1, òà fLMP (x)
¹ ãëàäêîþ, ÿêùî p > 1.

×àñòèííèìè âèïàäêàìè çàäà÷i (5) ¹ âiäîìi ìåòîäè:

Ìåòîä Íàéìåíøèõ Ìîäóëiâ (ÌÍÌ), ÿêùî p=1,

Ìåòîä Íàéìåíøèõ Êâàäðàòiâ (ÌÍÊ), ÿêùî p=2.
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Îïòèìiçàöiéíi çàäà÷i äëÿ ÌÍÌ òà ÌÍÊ

Äëÿ ÌÍÌ ìà¹ìî çàäà÷ó ëiíiéíîãî ïðîãðàìóâàííÿ: çíàéòè

f ∗LMM = min
x∈Rn,z≥0

m∑
i=1

zi (6)

ïðè îáìåæåííÿõ

yi−
n∑
j=1

aijxj ≤ zi, −yi +
n∑
j=1

aijxj ≤ zi, i = 1, . . . ,m. (7)

Äëÿ ÌÍÊ ìà¹ìî áåçóìîâíó çàäà÷ó ìiíiìiçàöi¨: çíàéòè

f ∗LSM = min
x∈Rn

{
m∑
i=1

( n∑
j=1

aijxj − yi
)2

= ‖Ax− y‖2
}
. (8)

ßêùî ðàíã ìàòðèöi A äîðiâíþ¹ n, òî x∗ = (ATA)−1Ay.
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Óçàãàëüíåíà ëiíiéíà ðåãðåñiÿ (1 ≤ p1, p2 ≤ 2)

ßêùî ðàíã ìàòðèöi A ìåíøèé íiæ n, òî çàäà÷ó (5) ìîæíà
çàìiíèòè çàäà÷åþ áåçóìîâíî¨ ìiíiìiçàöi¨ îïóêëî¨ ôóíêöi¨:

fp(x
∗
p) = min

x∈Rn

fp(x)=
m∑
i=1

∣∣∣yi− n∑
j=1

aijxj

∣∣∣p1+λ n∑
i=1

∣∣∣xi∣∣∣p2
 , (9)

äå λ ≥ 0 � ñêàëÿðíèé ïàðàìåòð ðåãóëÿðèçàöi¨.

Ôóíêöiÿ fp(x) ¹ íåãëàäêîþ, ÿêùî p1 = 1 àáî p2 = 1,
òà fp(x) ¹ ãëàäêîþ, ÿêùî p1 > 1 òà p2 > 1.
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Lasso- i ridge- ðåãðåñi¨ òà çàäà÷à (9)

×àñòèííèìè âèïàäêàìè çàäà÷i (9) ¹ âiäîìi çàäà÷i:

ìiíiìiçàöiÿ íåãëàäêî¨ ôóíêöi¨ (lasso-ðåãðåñiÿ):

f∗1 = f1(x
∗) = min

x∈Rn

{
f1(x) = ‖y −Ax‖2 + λ

n∑
i=1

|xi|

}
, (10)

ìiíiìiçàöiÿ ãëàäêî¨ ôóíêöi¨ (ridge-ðåãðåñiÿ):

f∗2 = f2(x
∗) = min

x∈Rn

{
f2(x) = ‖y −Ax‖2 + λ

n∑
i=1

x2i

}
. (11)

17/29 Ñòåöþê Ï.I, Âàêóëåíêî Ä.Â., Ñòåöþê Ì.Ã. r-Àëãîðèòì äëÿ íàâ÷àííÿ ìîäåëåé ëiíiéíî¨ ðåãðåñi¨
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Ôîðìóëà äëÿ ñóáãðàäi¹íòà fp(x) â çàäà÷i (9)

gfp(x̄) = p1


m∑
i=1

sign

(
n∑
j=1

aijx̄j − yi

)∣∣∣∣∣ n∑j=1

aijx̄j − yi

∣∣∣∣∣
p1−1

ai1

. . .

m∑
i=1

sign

(
n∑
j=1

aijx̄j − yi

)∣∣∣∣∣ n∑j=1

aijx̄j − yi

∣∣∣∣∣
p1−1

ain

+

+λp2


m∑
i=1

sign (x̄1) |x̄1|p2−1

. . .
m∑
i=1

sign (x̄n) |x̄n|p2−1

 .
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Îctave-ôóíêöiÿ ralmpr

Àëãîðèòì çíàõîäæåííÿ íàáëèæåííÿ äî òî÷êè x∗p â çàäà÷i (9)
ðåàëiçîâàíî octave ïðîãðàìîþ ralmpr (r-algorithm for least
moduli to the power of p with regularization), êîä ÿêî¨ ¹ íèæ÷å.

# Âõiäíi ïàðàìåòðè:
# A, y, p1, lambda, p2 � äàíi ïðî çàäà÷ó (9), 1 <= p1, p2 <= 2
# x0(n,1), alpha, h0, q1 � ñòàðòîâà òî÷êà òà ïàðàìåòðè r-àëãîðèòìó
# epsx, epsg, maxitn, intp � ïàðàìåòðè çóïèíêè òà iíòåðâàë äðóêó
# Âèõiäíi ïàðàìåòðè:
# xp(n,1), fp � ðåêîðäíà òî÷êà òà çíà÷åííÿ ôóíêöi¨ â íié
# itn, nfg � êiëüêîñòi iòåðàöié òà îá÷èñëåíü ôóíêöi¨ i ñóáãðàäi¹íòà
# ist � êîä çàâåðøåííÿ: 2-epsg, 3-epsx, 4-maxitn, 5-warning
function [xp,fp,itn,nfg,ist] = ralmpr(A,y,p1,lambda,p2,x0,alpha, #row01

h0,q1,epsg,epsx,maxitn,intp);
itn = 0; n=columns(A); B = eye(n); hs = h0; lsa = 0; lsm = 0; #row02
xr = x = x0; temp = A*x0 - y; fr = fp = sum(abs(temp).^p1); #row03
g0 = p1*A'*(sign(temp).*(abs(temp)).^(p1-1)); nfg = 1; #row04
fr = fp = fp + lambda*sum(abs(x).^p2); #row05
g0 = g0 + lambda*p2*(sign(x).*(abs(x)).^(p2-1)); #row06
if (intp>0) #row07

printf("itn %4d f%16.6e fr%16.6e nfg %4d\n",itn,fr,fr,nfg); #row08
endif #row09
if(norm(g0) < epsg) ist = 2; return; endif #row10
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Êîä octave-ôóíêöi¨ ralmpr (ïðîäîâæåííÿ)
for (itn = 1:maxitn) #row11

dx = B * (g1 = B' * g0)/norm(g1); #row12
d = 1; ls = 0; ddx = 0; #row12
while (d > 0) #row13

x -= hs * dx; ddx += hs * norm(dx); #row14
temp = A*x - y; f = sum(abs(temp).^p1); #row15
g1 = p1*A'*(sign(temp).*(abs(temp)).^(p1-1)); #row16
f = f + lambda*sum(abs(x).^p2); #row17
g1 = g1 + lambda*p2*(sign(x).*(abs(x)).^(p2-1)); #row18
nfg ++; #row19
if (f < fr) fr = fp = f; xr = xp = x; endif #row20
if(norm(g1) < epsg) ist = 2; return; endif #row21
ls ++; (mod(ls,3) == 0) && (hs *= 1.1); #row22
if(ls > 500) ist = 5; return; endif #row23
d = dx' * g1; #row24

endwhile #row25
(ls == 1) && (hs *= q1); lsa=lsa+ls; lsm=max(lsm,ls); #row26
if(mod(itn,intp)==0) #row27

if (intp>0) #row28
printf("itn %4d f %14.6e fr %14.6e", itn, f, fr); #row29
printf(" nfg %4d lsa %3d lsm %3d\n", nfg, lsa, lsm); #row30

endif #row31
lsa=0; lsm=0; #row32

endif #row33
if(ddx < epsx) ist = 3; return; endif #row34
xi = (dg = B' * (g1 - g0) )/norm(dg); #row35
B += (1 / alpha - 1) * B * xi * xi'; #row36
g0 = g1; #row37

endfor #row38
ist = 4; #row39
endfunction #row40
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Ïëàí äîïîâiäi

1 r(α)-àëãîðèòì òà ïðîãðàìà ralgb5a

2 Óçàãàëüíåíà ëiíiéíà ðåãðåñiÿ òà ïðîãðàìà ralmpr

3 Îá÷èñëþâàëüíi åêñïåðèìåíòè
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Ïðî äâi òåñòîâi çàäà÷i

Îá÷èñëþâàëüíi åêñïåðèìåíòè ïðîâîäèëèñÿ äëÿ äâîõ
òåñòîâèõ çàäà÷ (9). Äëÿ ïåðøî¨ çàäà÷i êiëüêiñòü íåâiäîìèõ
ïàðàìåòðiâ n = 200 òà êiëüêiñòü ñïîñòåðåæåíü m = 1000, à
äëÿ äðóãî¨ çàäà÷i êiëüêiñòü íåâiäîìèõ ïàðàìåòðiâ n = 1000
òà êiëüêiñòü ñïîñòåðåæåíü m = 200.

Ìåòà îáîõ åêñïåðèìåíòiâ � îöiíèòè ÷àñ ðîçâ'ÿçàííÿ çàäà÷i
(9) äëÿ âêàçàíèõ ïàðàìåòðiâ íà ïåðñîíàëüíîìó êîìï`þòåði
ç ïðîöåñîðîì Intel Core i5-9400f, 2.9 GHz, 16GB RAM, GNU
Octave âåðñiÿ 5.1.0.

22/29 Ñòåöþê Ï.I, Âàêóëåíêî Ä.Â., Ñòåöþê Ì.Ã. r-Àëãîðèòì äëÿ íàâ÷àííÿ ìîäåëåé ëiíiéíî¨ ðåãðåñi¨



Îá÷èñëþâàëüíi åêñïåðèìåíòè

Ïðî âõiäíi äàíi òåñòîâèõ çàäà÷

Äëÿ ïåðøîãî òà äðóãîãî åêñïåðèìåíòiâ ìàòðèöÿ A òà
âåêòîð y � âõiäíi äàíi äëÿ çàäà÷i (9) ãåíåðóâàëèñÿ
âèïàäêîâèì ÷èíîì ç ðiâíîìiðíèì ðîçïîäiëîì U(0, 1)
çà ôîðìóëàìè: A = 10*rand(m,n), y = A*xstar(n,1),
xstar(n,1)=round(10*rand(n,1)+0.5);
ñòàðòîâà òî÷êà x0(n,1)=round(5*rand(n,1));
ïàðàìåòðè r-àëãîðèòìó:
alpha = 2.0, h0 = 1.0, q1 = 1.0, epsg = 1.d-16,
epsx = 1.d-6, maxitn = 10000, intp = 500.
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Octave-êîä äëÿ äâîõ òåñòiâ (ïî÷àòîê)

# Test 1: ralmpr runnning time for n = 200 and m = 1000
# Test 2: ralmpr runnning time for n = 1000 and m = 200

n = 200, m = 1000, # Test 1
#n = 1000, m = 200, # Test 2
rand("seed", 2023); A = 10*rand(m,n);
xstar=round(10.0*rand(n,1)+0.5); y = A*xstar;

alpha = 2.0, h0 = 1.0, q1 = 1.0, epsg = 1.d-16, epsx = 1.d-6,
maxitn = 10000, intp = 500, x0 = round(5.0*rand(n,1));

printf("\n Test 1: ralmpr runnning time for n = 200 and m = 1000 \n");
#printf("\n Test 2: ralmpr runnning time for n = 1000 and m = 200 \n");

p1p2Lambda = [ 1.0 1.0 1.0; 1.0 1.0 0.0; 1.0 2.0 1.0; 1.0 2.0 0.0;
2.0 1.0 1.0; 2.0 1.0 0.0; 2.0 2.0 1.0; 2.0 2.0 0.0];
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Octave-êîä äëÿ äâîõ òåñòiâ (ïðîäîâæåííÿ)

table = [];
for i = 1:rows(p1p2Lambda)

p1 = p1p2Lambda(i,1), p2 = p1p2Lambda(i,2), lambda = p1p2Lambda(i,3),
time0 = time();
[xp,fp,itn,nfg,ist] = ralmpr(A,y,p1,lambda,p2,x0,alpha,h0,q1,epsg,epsx,maxitn,intp);
fp, itn, nfg, ist,
time1 = time() - time0,
dx = norm(xp-xstar);
na1 = 0; eps_na1 = 0.1;
na2 = 0; eps_na2 = 0.01;
for i = 1:n

if (abs(xp(i))>eps_na1) na1 = na1 +1; endif
if (abs(xp(i))>eps_na2) na2 = na2 +1; endif

endfor
table = [table; p1 p2 lambda time1 itn nfg na1 na2 fp dx];
n, na1, na2, m,
temp = A*xp - y; sumtemp = sum(abs(temp)),
sumxp = sum(abs(xp)),

endfor

printf(" epsx = %6.1e \n", epsx);
printf(" p1 p2 lambda time itn nfg na1 na2");
printf(" fp dx \n");
for (i = 1:rows(table))

printf(" %4.1f %4.1f %4.1f %4.2f %6d %5d %4d %4d %10.5e %10.1e\n", table(i,1:10))
endfor
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Ðåçóëüòàòè åêñïåðèìåíòiâ äëÿ äâîõ òåñòiâ

Ïåðøèé òåñò (n = 200, m = 1000)
p1 p2 lambda time itn nfg na1 na2 fp dx

1.0 1.0 1.0 6.99 4447 4497 200 200 1.12400e+03 4.3e-07
1.0 1.0 0.0 7.05 4445 4495 200 200 9.25158e-04 4.2e-07
1.0 2.0 1.0 7.27 4444 4494 200 200 8.02400e+03 4.4e-07
1.0 2.0 0.0 7.13 4445 4495 200 200 9.25158e-04 4.2e-07
2.0 1.0 1.0 8.47 4352 5291 200 200 1.12400e+03 2.2e-05
2.0 1.0 0.0 8.37 4342 5319 200 200 5.04195e-10 2.8e-07
2.0 2.0 1.0 8.51 4366 5396 200 200 8.02375e+03 6.8e-03
2.0 2.0 0.0 8.54 4342 5319 200 200 5.04195e-10 2.8e-07

Äðóãèé òåñò (n = 1000, m = 200)
p1 p2 lambda time itn nfg na1 na2 fp dx

1.0 1.0 1.0 80.08 10000 10057 199 232 5.17858e+03 4.6e+02
1.0 1.0 0.0 36.31 4524 4580 1000 1000 6.82137e-04 9.4e+01
1.0 2.0 1.0 82.72 10000 11410 1000 1000 3.15065e+04 8.4e+01
1.0 2.0 0.0 36.06 4524 4580 1000 1000 6.82137e-04 9.4e+01
2.0 1.0 1.0 80.55 10000 10247 199 209 5.17852e+03 4.6e+02
2.0 1.0 0.0 36.95 4372 5333 1000 1000 3.26497e-10 9.4e+01
2.0 2.0 1.0 83.72 10000 12427 1000 1000 3.15062e+04 8.4e+01
2.0 2.0 0.0 36.85 4372 5333 1000 1000 3.26497e-10 9.4e+01

Òåñòîâi çàäà÷i ïðîãðàìà ralmpr âèðiøó¹ çà 7�8 ñåêóíä, ÿêùî

n=200 òà m=1000, çà 80�83 ñåêóíäè, ÿêùî n=1000 òà m=200.

Ïðîöåñîð Intel Core i5-9400f, 2.9 GHz, 16GB RAM, Octave 5.1.0.
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Âèñíîâêè:

Äëÿ çíàõîäæåííÿ ïàðàìåòðiâ ëiíiéíî¨ ðåãðåñi¨ çà êðèòåði¹ì
íàéìåíøèõ ìîäóëiâ â ñòåïåíi p1 ç ðåãóëÿðèçàöi¹þ
ïàðàìåòðiâ çà êðèòåði¹ì íàéìåíøèõ ìîäóëiâ â ñòåïåíi p2
ðîçðîáëåíî Octave-ïðîãðàìó ralmpr (r-algorithm for least
moduli to the power of p with regularization), äå 1≤p1, p2≤2.

Ïðîãðàìà ralmpr äîçâîëÿ¹ íàëàøòîâóâàòè ñòåïåíi p1 òà p2
íà ïîøóê ïàðàìåòðiâ ëiíiéíî¨ ðåãðåñi¨ çà ïðàâèëàìè
ridge-ðåãðåñi¨ (p1=p2=2) òà lasso-ðåãðåñi¨ (p1=2, p2=1).
Îêðiì öüîãî, ïðîãðàìà äîçâîëÿ¹ çíàõîäèòè íàéêðàùi
ïàðàìåòðè ëiíiéíî¨ ðåãðåñi¨, ÿêi çàáåçïå÷óþòüñÿ
âèêîðèñòàííÿì iíøèõ çíà÷åíü ñòåïåíiâ p1, p2 ∈ [1, 2].

27/29 Ñòåöþê Ï.I, Âàêóëåíêî Ä.Â., Ñòåöþê Ì.Ã. r-Àëãîðèòì äëÿ íàâ÷àííÿ ìîäåëåé ëiíiéíî¨ ðåãðåñi¨



Îá÷èñëþâàëüíi åêñïåðèìåíòè

Ïîäÿêè

Ðîáîòó ïiäòðèìàíî ãðàíòàìè

Íàöiîíàëüíîãî ôîíäó äîñëiäæåíü Óêðà¨íè,
� 2021.01/0136,

Volkswagen Foundation, � 97775
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Çàïèòàííÿ?

ÄßÊÓÞ ÇÀ ÓÂÀÃÓ!
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