Nghién ciru khoa hoc cong nghé

MO HINH TOI UU PA MUC TIEU TRONG LAP KE HOACH TAC
CHIEN CHO LU'C LUQNG TAC CHIEN DIEN TU
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Tom tit: T rong giai dogn 16 chire chuan bi tdc chién chién dich, Chii nhiém tac chién
dién tw (TCDT) can phai lap ké hoach tdc chién cia lyc luong TCPT trong do, xdac dinh
cac nhi¢m vu cho cac don vi TCDT. Méi ké hoach tdc chién gom mot trinh tw cac nhigm
vu va phai théa man cdc yéu cau rang bugc. Mot ké hoach dwoc danh gid la 16t néu dong
thoi t6i wu cdc muc tiéu co ban gom: téng s6 thoi gian thuc hién la thap nhat, hiéu qua
thuc hi¢n la cao nhdt va ty sudt trung binh sir dung nguon lyc 1a thap nhat. Bai bdo de
xudt tiép cdn toi wu da muc tiéu dé mé hinh héa bai todn va dp dung giai thudt tién héa sir
dung mé hinh dai dién két hop kj thudt chi dan dé tim kiém loi gidi toi wu.

Tir khoa: K§ thuat chi ddn; M6 hinh dai dién; Téi vu da muc tidu; M-K-RVEA; M-CSEA.
1. PAT VAN BPE

TCPT c¢6 vai trd quan trong, nham bao vé, giir vitng thong tin chi huy lyc luong, diéu khién
vii khi cta ta; dong thoi pha thong tin chi huy, hiép dong, diéu khién vii khi ciia dich. Vi thanh
phén luc lugng tir cum, tiéu doan, bd phan TCDT cung hé théng thiét bi dinh vi vo tuyén, trinh
sat, gay nhiéu, luc lwong TCDT thudng tién hanh cic nhiém vu nhu: trinh sat dién tir, tién cong
dién tir, bao vé€ dién tu, phéi hop tac chién, bao dam tac chién,... Can ct vao quyét tam cua Tu
1énh chién dich, Chi nhiém TCDT s& lap ké hoach tac chién ciia lyc lugng TCDT. K& hoach hi¢u
qua la dam bao t6i wu vé thoi gian thyc hién, tinh hi€u qua va tdi wu trong stir dung nguén Iuc. Do
chinh la cadc muyc tiéu dét ra khi 14p ké hoach. Cac muc tiéu nay rang bugc va xung dot nhau, muc
tiéu ndo ciing quan trong, quyét dinh dén sy hoan thanh nhiém vu chung. Dé dap Gmg cing lic ca
ba muc tiéu trén 12 mot bai toan kho dit ra voi Cha nhiém TCDT. Béi viy, can c6 sy thoa hiép
giita cac muc tiéu va ddy 12 bai toan tdi wu da muc tiéu trong 14p ké hoach tac chién.

Trong linh vuc lap ké hoach st dung mo hinh tdi wu da muc tiéu, da c6 mot sé dé xuit nhu:
Nhom tac gia Ganguly S. dua ra cach tiép can quy hoach ddng cho bai toan lap ké hoach da muc
tiéu cho hé thong phan phdi dién voi hai muc tidu 1a chi phi thiét 1ap, hoat dong va chi phi gian
doan [1]. Tac gia Kuo T. C. ciing cong sy gi6i thiéu mé hinh da muc tiéu danh gia toi wu cac-bon
thip dé diéu chinh cdu trac san pham hodc mic tiéu thy nham phat trién san phim c6 lugng khi
thai cac-bon thip, giam chi phi nghién ctru, phat trién [2]. Nhom tac gia Hu X. di dé xuit mo
hinh 14p ké hoach da muc tiéu cho hé thong phan phdi ning lwong khong can bang sir dung thuat
toAn MOPSO-MCS dé t6i wu vi tri, kha ning ctia may phat dién va hé thong trir dién [3].

Trong pham vi bai bao, cac tac gia dé xuat mo hinh hoa bai toan lap ké hoach tac chién cho
luc lugng TCOT véi tiép can t6i wu da muc tidu va ing dung céc giai thuat tién hoa da muc tiéu
st dung mo hinh dai dién két hop chi dan dé giai.

2. MO HINH TOI UU PA MUC TIEU CHO BAI TOAN LAP KE HOACH TAC CHIEN
CHO LUC LUQNG TAC CHIEN PIEN TU

2.1. M ta bai toan

Bai toan lap ké hoach tac chién cho luc luong TCDT ¢6 ba muyc ti€u can tbi uu déng thoi la:
Cuc ti€u hoa tong thoi gian thuc hién; Cuc dai hda tong hiéu qua thuc hién; Cuc tiéu hda ty suat
trung binh st dung ngudn luc con nguoi. Cac rang budc cua bai toan la:

- Tai “m(:)i thoi diém c6 thé c6 mot hodc nhidu nhiém vu dong thoi dién ra, nhung mdi nhiém
vu ¢6 thé s€ chi dugc bat dau sau khi mot hoac mot so6 nhiém vu khac két thuc.

- Mbi nhiém vu s& can hai nguon luc 1a con nguoi va thiét bj TCDT va phai hoan thanh trong
mdt khoang thoi gian. Tai mdi thoi diém, tdng ngudn luc sir dung khong vuot qua tong ngudn
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liyc san c6 (khong vuot qua s6 nguoi va thiét bi duoc bién ché).

- Mdi nhiém vu s& duoc danh gia hiéu qua sau khi hoan thanh. Cang dugc bat dau sém va két
thiic sém thi hi¢u qué cang cao.
2.2. M0 hinh hoa bai toan
a) Véc-to bién

Ké hoach bao gém n nhiém vu khac nhau: a= {aj, ay, ... a,}; € Z".

MB&i ké hoach tac chién x gdm mét trinh tw cac nhiém vu 13 hoan vi cac phan tir ciia a.

X = {X3, Xa,... Xn}; X € A (A 1a tap tit ca cac hoan vi cua a).
b) Cdc théng sé chung

T 1a thoi gian tbi da dé thuc hién ké hoach; T € Z ™.

t 1a cac chu ky thoi gian (tinh theo ngay); t=1,2,... T.

R, Ry 1a téng sb con nguoi, téng $b trang thiét bi TCDT duogc bién ché; R,R, eZ".

ala h§ s6 diéu chinh hiéu qua cua nhiém vy; a = Q,l +0,5: néu nhiém vu hoan thanh sém, &
s& giup dieéu chinh ting hiéu qua; nguoc lai, s& giup dieu chinh giam hi¢u qua.

Céc thong s6 dau vao la t, Ry, R, va ¢ thong sd T duge tinh toan tir dau vao.
¢) Cdc thudc tinh cia nhiém vy x; (i = 1-n)

P, = {danh sach cac nhiém vu két thuc trudc khi x; bt dau}.

d; 1a thoi gian thyc hién x;; di € Z ™.

ri, My la yéu cau nguén lyc con nguoi va trang thiét bi dé thuc hién Xi; Iy, i € Z .

g 1a hiéu qua thyc hién x;; &; € R™: néu hoan thanh sém thi hé sé « sé& diéu chinh hiéu qua
tang lén, con hoan thanh mudn, hi¢u qua sé giam di.

hi tai thoi diém t, nhiém vu X; dang thuc hién hay khong?; h;, = 1 néu x; dang thyc hién tai t,
nguoc lai hy = 0.

st;, eti 1a thoi diém bat dau va két thic x;; st;, et; e Z*.

est; 1a thoi diém bat dau x; sém nhét c6 thé; est; e Z. ™.

Céc thudc tinh dau vao 1a P;, dj, Iy, i, €; cac thudc tinh con lai duoc tinh toan tir dau vao
hodc tinh toan trong giai thuat.
d) Cac ham muc tiéu

Ham muc tiéu 1: La tong thoi gian thyc hién ké hoach:

f, =max{et; |[i=1—>n} (€8]
Véi:
et; =st; +d, )
est =max{etj |je Pi} 3
st = min{t 1> 0y SR hy <Ryikeft,t+d; —1;t efest;, T —di]} ()
j=1 j=1

Ham muc tiéu 2: La téng hiéu qua thuc hién ké hoach:
n
est; —st;
f,=>e (l+a) (5)
i=1

Ham muc tiéu 3: La ty suét trung binh sir dung con ngudi:
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Z z rl| it (6)

t=1 i=1
max{et; |i =1— n}

3:

Trong do:
=34, )
max{et; | i =I7i—> n}<T (8
Zn: rh, <R V6V t=1-T (9)
in:l
Dy <R v6i V= 15T (10)
I:1esti <stjvoi Vi=1-n (11)

e) Bai toan dwoc moé hinh héa

minimize {f.(x), -f(X), fa(x)} (12)
béc thu cua bai toan nay 1a ham muc ti€u khong tinh dugce truc tiép ma phai chay nhiéu vong
lap dé xéac dinh gid tri trung gian, khong gian quyét dinh rong, cac rang budc tuong dbi phuc tap,
sO giai phap kha thi dat dugc co ty 18 rat nho. Vi vay, viéc tim kiém céc giai phap_ t6i wu can
nhiéu chi ph1 Pé tim ra tap giai phap tbt, can phai trai qua sd lugng 16n thé he, dan dén méat
nhleu thoi gian. Trong tac chién, 1ap ké hoach phai nhanh, kip thoi, néu khong s& mat di loi thé
vé thoi co tac chién. Véi dic thu cua hoat dong tac chién trong didu kién méi, c6 thé noi day 1a
mot bai toan chi phi 16n. Vi thé, viéc dé xuét phuong phap t6i wu da muyc tiéu dé mo hinh hoa va
giai bai toan 1a phu hop.

3. GIAI THUAT TIEN HOA PA MUC TIEU SU DUNG MO HINH DAI DIEN
KET HQP KY THUAT CHI DAN

Giai thuat tién hoa da muc tiéu sir dung mo hinh dai dién (SAEA) két hop duoc vu diém cua
nguyén 1y tién hoa va hiéu qua tinh toan ciia phuong phap md hinh dai dién. Vi vay, giai thuét
SAEA rét phu hop dé giai cac bai toan chi phi 1on.

Chi dan (guidance) 1a tir viéc phén tich thong tin tham chiéu tir cac ngudn nhu quan thé giai
phap, qua trinh tién héa, tap luu trir ngoai, gia tri do do, du bao, tir nguoi quyét dinh,... dé didu
chinh qua trinh tién hoa hudng t61 sy cai thién nao d6 (vi du cai thién kha nang tham do, khai
thac cia qua trinh tién hoa, cai thién chat luong cia qu?m thé). Viéc diéu chinh thuong duoc thuc
hién thong qua cic tham sb diéu khién, cai tién co ché tim kiém, uu tién thong tin chi din. Ky
thuat chi dan dugc chia lam hai loai chinh: Chi dan ty dong str dung cac thong tin dugc trich rit
tur quﬁn thé, tir trong qua trinh’tié'n héa; Chi dan thong qua tuwong tac sir dung thong tin tham
chiéu dugc dua ra tir nguoi quyét dinh.

Trong cong trinh [4], cac tic gia dd dé& xuét st dung k§1 thuat chi dan ty dong cho giai thuat
SAEA, tir d6 dé xuat hai giai thuat cai tién M-K-RVEA va M- CSEA. Giai thuit M-K-RVEA dya
trén K-RVEA [5], sir dung k¥ thuat chi dan tu dong v6i tham sb diéu khlen thich u’ng Winax d€ xéc
dinh thoi diém cép nhat mo hinh Kriging phu hop trong qué trinh tlen hoa. Con giai thudt M-
CSEA dua trén CSEA [6], ciing str dung chi dan ty dong voi tham sb diéu khién thich ung K dé
xac dinh sé giai phap tham chiéu phu hop tai mdi thoi diém trong qué trinh tién hoa. Cac giai
thuat cai tién da cai thién tinh hoi tu va da dang cua quin the giai phap. Trong phan tiép theo, bai
bao s& lya chon cac giai thuat cai tién cung voi giai thuat gdc dé thir nghiém giai bai toan 1ap ké
hoach tac chién.
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4. THU NGHIEM VA PANH GIA
4.1. Thiét 1ap thir nghiém
- Céc giai thuat cai tién M-K-RVEA, M-CSEA va giai thuat géc K-RVEA, CSEA duoc sir
dung dé thir nghiém bai toan.
- Mbi truong thir nghiém: Str dung phin mém Matlab 2020b, cong cu PlatEMO va may tinh
HP ProLiant DL380 (CPU: 2xIntel Xeon Silver 4110 Processor, 2.10 GHz; RAM: 4x31 GB
PC4-21300; HDD: 4x1 TB 7200 rpm SATA 6 Gb/s).

- Thiét 13p thong so thir nghiém: SO bién 12 hogc 30; S6 muc tiéu 1 3; Kich thuée quan thé 1a
100; So lan toi da danh gia boi ham goc 1a 1.000; SO 1an chay doc 1ap timg giai thuat: 10; Wpay 12
30 voi giai thuat K-RVEA; K 1a 6 voi giai thuat CSEA.

- Sir dung d¢ do: HV (Hypervolume) [7] dé so sanh dénh gié.

4.2. Bg dir ligu thir nghiém

Bo dit liéu 1: K& hoach gdm 12 nhiém vy, v&i cac théng s6: n = 12; R, = 80; R, = 20; = 0,1.
Gia tri cac thugc tinh cta cac nhiém vu a; (voi i = 1—->12) nhu trong bang 1.

Bdng 1. Dit liéu thir nghiém cua ké hoach g5m 12 nhiém vu.

a; di I I € Pi
1 16 24 3 3 0
2 4 56 12 5 0
3 12 30 5 8 0
4 10 15 10 6 0
5 8 25 2 4 1,2
6 13 36 6 7 2,3
7 15 12 8 9 3,4
8 6 22 10 5 4
9 14 16 4 10 56
10 9 32 9 3 6,7
11 7 18 11 8 7,8
12 11 28 7 6 8

B6 dit liéu 2: K& hoach gém 30 nhiém vy, véi cac thong $6: n=30; Ry = 120; R, = 25; a =
0,1. Gia tri cac thudc tinh ctia cdc nhiém vu a; (v6i i = 1—-30) nhu trong bang 2.
Bing 2. Dit liéu thir nghiém ciia ké hoach gom 30 nhiém vu.

a; d; I I € Pi
1 16 24 3 3 0
2 4 56 12 5 0
3 12 30 5 8 0
4 10 15 6 6 0
5 8 25 7 4 0
6 13 36 6 7 0
7 15 12 3 9 1
8 6 22 5 5 1
9 14 16 3 10 2,3
10 9 32 10 3 4,5
11 7 18 5 8 5
12 11 28 8 6 6
13 8 22 4 5 7
14 15 19 6 9 8,9
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a) Két qua thir nghiém cdc gidi thudt va cdc tdp gidi phéap dat dwoc
- Gi@i thuat M-K-RVEA, K-RVEA dugc thtr nghiém véi bai todn va tdp giai phap dat dugc
dugc thé hién trong khong gian myc tiéu trong hinh 1, hinh 2.

K-RVEA

M-K-RVEA

10
10
11,12
11
13,14
14
15,16
16
17
18
19
20
20,21
22,23
23
24

Hinh 1. Tdp gidi phdp dat dwoc véi K-RVEA, M-K-RVEA trén bé dir liéu 12 nhiém vu.

K-RVEA

M-K-RVEA

170 75

170 75

Hinh 2. Tap gidi phdp dat dwoc véi K-RVEA, M-K-RVEA trén bé dit liéu 30 nhiém vu.
- Giai thuat M-CSEA, CSEA dugc thir nghi€ém voi bai toan va tap giai phap dat dugc dugc

thé hién trong khong gian muc tiéu trong hinh 3, hinh 4.
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CSEA M-CSEA

Hinh 3. Tdp gidi phap dat dwoc voi CSEA, M-CSEA trén bé dit liéu 12 nhiém vu.

CSEA M-CSEA

-
a0 g5

=
. P
60 80

f2 170 70 I

150

f2

Hinh 4. Tap giai phdap dat duoc voi CSEA, M-CSEA trén bé dir liéu 30 nhiém vu.

- So sanh tryc quan trén cac hinh 1, 2, 3, 4, tap giai phap thu dugc tir cac giai thudt cai tién
trai rong va sat vé phia gdc toa do hon c¢6 chit luong hoi tu va da dang t6t hon so véi cac giai
thuat goc. Nhu vay, sau khi giai bai toan béng cac giai thuét cai tién, co nhiéu phuong 4n vé ké
hoglch tac chién co chﬁt luong tot dugc dua ra d¢€ Cha nhiém TCDT 11_Ia~ch(_>n. Cén ctr yéu cau cu
thé cia Tu 1énh chién dich va trinh d§ néng luc, kinh nghiém thyc tién cia minh, Chu nhiém
TCDT s& lua chon phuong an phu hop nhat tir tap giai phéap thu dugc.

Vi dy 1: Khi thir nghiém bd dir liéu 12 nhiém vu:

Vi du mét gidi phap thu duge tir gidi thudt M-K-RVEA: Véc-to muc tiu f = {49, 61.29,
62.12}; VéC—to‘bién x={2,1,3,4,7,8,5, 6, 11,9, 12, 10} va ke hoach tac chien the hién trong
VEC-to X bao gom trinh ty cac nhiém vu tur: s6 2, s0 1... dén so 12, s6 10.

Vi du mot giai phéap thu dugc tir gidi thuat K-RVEA: Véc-to muyc tiéu f = {49, 58.25, 62.12};
vg’:c-to })ién X= {1,,2, 4,,3, 7,8,5,6,10,12,9, 11} va va ké hoach gom trinh ty cac nhiém vu tur:
s01,s02,...déns09,s011.

So sanh hai giai phap trén thi giai phap cuia M-K-RVEA c6 chét luong tdt hon giai phap cua
K-RVEA.

Vi du 2: Khi thir nghiém bo dit li€u 30 nhiém vu:

Vi du mdt giai phap thu dugc tir giai thuat M-CSEA: Véc-to muc tiéu f = {73, 154.21, 91.48};
véc-to bienx = {6, 4,2,1,3,5,9, 12,11, 8, 10, 7, 18, 16, 13, 14, 15, 17, 21, 19, 23, 22, 20, 24,
30, 25, 29, 28, 26, 27} va k& hoach gom trinh ty cadc nhi€m vy tu: s0 6, s0 4... dén s0 26, so 27.

Vi du mét giai phdp thu dugc tir gidi thudt CSEA: Véc-to muc tiéu f= {73, 153.49, 91.48};
véc-to bienx ={5,6,2,3,1,4,9, 12,10, 8,7, 11, 14, 15, 17, 16, 18, 13, 23, 24, 22, 20, 19, 21,
25,26, 29,27, 30, 28} va ké hoach gom trinh ty cac nhi€ém vu tir: s0 5, s0 6... dén so 30, so 28.

So sanh hai giai phap trén thi giai phap cia M-CSEA c6 chat luong t6t hon giai phap ciia CSEA.

134  N. D. Pinh, N. Long, T. T. Kién, “Mé hinh t6i wu da muc tiéu ... luc lwong tic chién di¢n tir.”



Nghién ciru khoa hoc cong nghé

b) So sanh do do HV cac gidi thudt
Két qué gié tri d6 do HV duoc trinh bay trong bang 3. CAc gia tri do do nao t6t hon s& dugc in dam.
Bdng 3. Két qua thir nghiém cho bai toan lap ké hoach tac chién trén dé do HV.

So sanh M-K-RVEA va K-RVEA So sanh M-CSEA va CSEA

Lan chay K-RVEA | M-K-RVEA CSEA | M-CSEA

[ Bé di liéu 1: Ké hoach gom 12 nhiém vy, R;=80, R,=20
1 0,273 0,278 0,276 0,275
2 0,275 0,296 0,294 0,304
3 0,273 0,273 0,277 0,293
4 0,275 0,275 0,277 0,276
5 0,274 0,293 0,275 0,291
6 0,276 0,276 0,296 0,299
7 0,285 0,275 0,275 0,304
8 0,273 0,274 0,276 0,287
9 0,275 0,273 0,276 0,293
10 0,274 0,293 0,305 0,293

Gia tri trung binh 0,275 0,281 0,283 0,292
| Bo dir lieu 2: Ké hoach gém 30 nhiem vy, R1=120, R,=25
1 0,312 0,316 0,314 0,323
2 0,313 0,329 0,322 0,349
3 0,310 0,304 0,316 0,341
4 0,303 0,303 0,313 0,323
5 0,314 0,318 0,318 0,313
6 0,313 0,318 0,313 0,315
7 0,320 0,336 0,317 0,330
8 0,313 0,313 0,308 0,320
9 0,308 0,312 0,313 0,309
10 0,311 0,322 0,323 0,313

Gia tri trung binh 0,312 0,317 0,316 0,323

So sanh két qua trén d6 do HV giira K-RVEA vad M-K-RVEA khi giai bai toan lap ké hoach
tac chién thiy rang, M-K-RVEA c¢6 gid tri d6 do trung binh tot hon K-RVEA véi ca hai bo dit
lidu thir nghiém. So sanh giita CSEA va M-CSEA ciing cho thiy, M-CSEA c6 gia tri trung binh
t6t hon CSEA véi ca hai bd dir liéu. Néu so sanh ca bon giai thuat thi giai thuat M-CSEA cho két
quéa kha quan hon. Cac giai thuat cai tién wu diém hon céc giai thuat goc thé hién ¢ chat luong
hoi tu va da dang cia tap giai phap thu dugc t6t hon, gitp Chii nhiém TCDT c6 nhiéu phuong dn
ké hoach tét hon dé Iya chon.

5. KET LUAN

Bai bao dd md hinh hoa bai toan lap ké hoach tac chién cho luc lugng TCDT thanh bai toan
t6i wu da muyc tiéu. Bai toan c6 khéng gian rong, nhiéu rang budc phirc tap, sb giai phap kha thi
c6 ty 18 rat nho, dé tim ra cac giai phap toi wu can chi phi tinh toan 16n. Céc thir nghiém giai bai
toan béng cac giai thuat tién hoa da muc tiéu sir dung mo hinh dai dién déu cho két qua kha quan.

Théng qua cac két qua thir nghiém cho thay, cac giai thudt cai tién M-K-RVEA va M-CSEA
déu thu dugc tap giai phap t6i uu co su can bang tot hon giita tinh hdi tu va da dang so voi giai
thuat goc Tur cac so liéu thong ké vé két qua d6 do HV thu dugc tur cac thyc nghiém ddi véi bo
dir lidu vé ké hoach 12 nhiém vu va 30 nhiém vu thiy ring, cic giai thudt cai tién st dung k§
thuat chi dan duoc cai thién vé chat lugng, hi€u qua.
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Viéc ing dung céc giai thudt cai tién v6i phuong phap mé hinh dai dién va ki thuat chi dan ty
dong da giai quyét duoc bai toan dudi dang da muc ti€u, c6 chi phi tinh toan 16n, giip nhanh
chong tim ra dugc tap 101 giai, vira 6 hoi tu tot, vira da dang cho Cha nhiém TCPT c6 nhiéu lya
chon. Céc giai thuat cai tlen da giap viéc 1ap ké hoach tac chién cho lyc lwong TCDT hiéu qué va
kip thoi, dap img yéu cau nhiém vu cia luc lugng TCDT, gop phin nang cao hiéu qua tac chién
trong diéu kién méi.

Mo hinh bai toan co tiph té)ng quat, khong chi cho lyc lugng TCDT ma con ap dung dugc
trong 1ap ké hoach tac chién cho nhiéu binh ching, nganh khéac nhu thong tin, trinh séat k¥ thuat,
cong binh, hau can k¥ thuat,... cling nhu céc bai toan 1ap ke hoach trong linh vuc kinh té-xa hdi.
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ABSTRACT

MULTI-OBJECTIVE OPTIMIZATION APPROACH
TO OPERATIONAL PLANNING FOR THE ELECTRONIC WARFARE FORCE

In the stage of organizing and preparing for the campaign, the director of electronic
warfare prepares a operational plan of the force, which determines the tasks for electronic
warfare units. Tasks require the use of resources in terms of people and equipments. Tasks
can be performed in parallel but are bound to each other. A plan is considered good if it
simultaneously achieves optimal with basic objectives including: the shortest total
execution time, the highest implementation efficiency and the average rate of resource
used is the lowest. The paper proposes the multi-objective optimization approach to the
operational planning problem and applies surrogate-assisted evolutionary algorithms
with the adaptive guidance technique to find the optimal solutions.

Keywords: Guidance technique; Surrogate model; Multi-objective optimization; M-K-RVEA; M-CSEA.
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