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MG DAU

1. Lich st van dé va Iy do chon dé tai

Mot nhiem vu hét sitc quan trong trong cong cudc chuan bi cho chién
tranh 13 xay dyng cac phuong an tac chién khac nhau cho nhiéu tinh hudng
chién su khac nhau cé thé xay ra trong tuong lai. Dé thuc hién duge nhiem
vu rat kho khan nay nguoi ta c6 nhiéu cach khac nhau.

Toan hoc 1a mot mon khoa hoc dude ing dung rong rai vao tat ca cac
linh viye hoat dong ctia con ngudi va xa hoi. Tt khi may tinh dién ti& ra doi
thi cac van dé phtc tap ciia toan hoc méi dude tng dung c6 hiéu qué va ¢
v nghia thyc tién. Ciing tu d6 dén nay, hang loat cadc bo mon toan hoc méi
ra doi dé phuc vu ting dung toan hoc nhu: toan hoc tinh toén (giai tich so,
phuong phép s, phuong phéap tinh toan khoa hoc, ...), mo hinh héa toan
hoc, mo phéng, v.v....

Cac bai toan dat ra trong hoat dong quan sy 1a rat nhiéu, rat phong phua
st dung nhiéu cong cu toan hoc khac nhau nhu mo6 hinh héa toan hoc, qui
hoach toan hoc, 1§ thuyét tro choi, diéu khién, diéu khién téi wu, so do mang,
mo phong,...

Khi xay dung cidc phuong an tic chién ngudi ta phai luon dua vao hoc
thuyét quan su ctia quoc gia, nghé thuat quan sy cling nhu lich st quan su
va két qua clia céc cudce chién da qua. Tuy nhién, khong thé c6 mot phuong
an mdi nao dudgc xay dung trung lap vdi cac phuong an da thyc hién trong
qué khit, vi don gién, chién tranh tuong lai khong giéng nhu cic cudc chién
da qua. Vi vay, dé kiém tra cac phuong an méi xay dung nguoi ta thuong to
chiic cac cudc tap tran véi qui moé mitc do phit hop. Nhung, viéc to chiic cac
cudc tap tran la vo cting ton kém vé mat kinh té ciing nhu cac phuong dién

khac nhu ky thuat, trang bi, con ngusi, v.v... Do vay, mot cach hiéu qua va



rat kinh té 1a “thiyc hién cic cuoc tap tran trén may tinh”. Day 14 mot linh
vite khong mdi ddi véi thé gidi nhung c6 18 rat méi mé véi nén quan sy nuée
nha. Nhu ching toi biét, trong Bo quoc phong ciing da c6 nhitng né lyc tim
kiém cac phuong phap 4p dung tri thic toan hoc, cong nghé thong tin vao
cac hoat dong quan sy nhung hau nhu chua dat duge nhitng két qua mong
muon dang ke.

Tt lich stt van dé duge phan tich trén ta thay, viéc nghién ctu xay dung,
khdo sat va mo phong cac cudc dau tranh vii trang bang cac mo hinh toan
hoc trén may tinh la ¢6 ¥ nghia khoa hoc, quan su to 16n va c¢é hiéu qua kinh
té cao. Ngoai ra nhiém vu nay luon luon 1 nhiém vu rat thoi sy ciia nén
qudc phong toan dan ciia ching ta.

Véi nhitng 1y do trén day ma ching toi chon dé tai “Nghién citu phat
trien mot sé6 mo hinh dang Lanchester trong mé phéng tran danh”

lam dé tai nghién cttu clia minh.

2. Muc tiéu nghién ciu
Trong luan &n nay, ching toi tap trung nghién ctu cac chii diem sau:

(i) Xay dung mo hinh toan hoc cho tran danh bat ddi xting v6i mot ben 1a
n Iyc luong tham chién c6 lye lugng 16n va c6 chia sé thong tin tinh bio
v6i mot bén 1a mot lyc luong c6 quan sd6 nhé. V6i mo hinh nay, ching
toi nghién citu bai toan diéu khién t6i wu véi ham muc tiéu 1a chi phi
cho tran danh ctia n luc lugng va céc bién diéu khién 14 mitc do thong

tin tinh bao va téc do bo sung quan sob.

(ii) Xay dung md hinh toan hoc cho tran danh ma mot bén ¢6 sy hd trg
clia cac luc luong khac, cac luc luong hod tro nay tuy khong truc tiép
tham chién nhung c6 anh huéng dén két cuc ctia tran danh. D6i véi cac
mo hinh nay, ching toi nghién citu bai toan phan bd héa lyc toi uu sao

cho quan s6 con lai ctia "bén ta" 1a 16n nhat tai moi thoi diém.



3. Poi tugng va pham vi nghién citu

Véi cac muc tieu dat ra nhu trén, déi tugng va pham vi nghién ctu trong

ludn an nay cia ching toi nhu sau:

D6i tugng nghién cttu: Mo hinh tran danh bat déi xing v cac mo
hinh tran danh kiéu NCW.

Pham vi nghién citu: Xay dung mo hinh, bai toan t6i wu chi phi, bai

toan phan bd hoa luc t6i wu, du bao dién bién va két cuc tran danh.

4. Phuong phap nghién ciu

Xuat phat tit muc tiéu ciia dé tai nghién citu, cidc phuong phap nghién
cttu duge sit dung nhu sau:

e St dung céc ly thuyét vé phuong trinh vi phan dé xay dung cac mo
hinh tran danh: Mo hinh Lanchester (n,1) bat ddi xting va Mo hinh
tran danh kicu NCW.

e Sit dung phuong phap téi uu Pontryagin dé nghién citu bai toan t6i uu
chi phi d6i v6i Mo hinh Lanchester bat déi xing.

e St dung cac phuong phap giai tich lien quan dén bai toan toi wu da
muc tiéu dé nghién citu bai toan t6i uu vé quan sé doéi véi Mo hinh tran
dénh kiéu NCW.

e Lap trinh gidi s va mo phéng mot sb6 tran danh ing véi cac mo hinh

trén.

5. Bo cuc cua luan an

Ngoai phan M§ dau, Két luan, Danh muc cong trinh khoa hoc ctia tac gia
lien quan dén luan an, Tai lieu tham khao va Phu luc, luan an c¢6 ba chuong.
Trong Chuong 1, phan dau tién ching toi gidi thieu khai quat cac mo

hinh quan sy va mo6 hinh toan ctia tran danh. Phan tiép theo clia chuong,



chiing toi trinh bay mot s6 kién thiic co sé vé 1y thuyét diéu khién t6i .
Phan cudi clia chuong 14 mot s6 kién thitc co ban vé bai toan t6i wu da muc
tieu va phuong phap vo huéng héa WM dé giai bai toan do.

Trong Chuong 2, chiing toi nghién ctu cac van dé lien quan dén Mo hinh
Lanchester phi tuyén bat déi xing. Trong phan dau, ching toi khao sat va
xay dung mo hinh Lanchester (n,1) bat ddi xiing, phat biéu bai toan t6i uu
chi phi v& stt dung Nguyén Iy cuc dai Pontryagin dé giai quyét bai toan. Trong
phan tiép theo, chting to6i thuc hien mot sd tinh toan sé6 minh hoa cho tinh
ding dan cla cac nghién ctu do.

Trong Chuong 3, ching toi danh cho nghién citu lién quan dén cac Mo
hinh tran danh dang NCW. Dau tién, ching toi sé xay dung cidc Mo hinh
tran danh nay dudi dang hé phuong trinh vi phan. Tiép theo chung t6i phat
bicu va giadi quyét bai toan phan bd hoéa luc téi wu nhim téi wu hoéa quan
s6 tai mot thai diem bat ky. Cudi cling 1a mot s6 tinh toan sé minh hoa cho

tinh dding dan clia cac két qua ma ching toi dua ra.



Chuong 1

Mot s6 kién thitc chuin bi

1.1 Mot s6 mo hinh toan hoc dong hoc trin danh

Muc nay trinh bay mot s6 mo hinh toan hoc ciia tran danh: Mo hinh Lanch-
ester (Mo hinh héa Iyc dinh huéng va Mo hinh héa lye khu vyce); Mot s6 mo
hinh tran danh bat ddi xting (Mo hinh tron, Mo hinh Deitchman, Mo hinh
Helmbold, Mo hinh Schreiber, M6 hinh KKS); M6 hinh ty suy gidm quan s6
va Mo hinh b6 sung quan s6 (Mo hinh Morse Kimball, M6 hinh Coleman);
Tac chién mang trung tam - M6 hinh tran danh NCW.

1.2 Mot s6 kién thiic vé 1y thuyét diéu khién t6i vu

Muc nay trinh bay bai toan diéu khién t6i wu va nguyeén 1y cuc dai Pontryagin
cho 04 bai toan diéu khién t6i wu: Bai todn diém cudi tu do, thoi gian co dinh;
Bai todn diém cudi c¢o dinh, thoi gian tu do; Nguyén Iy cuc dai vdi cic diéu

kién hoanh; Nguyén ly cuc dai vdi cac rang buoc trang thai.

1.3 Mot s6 kién thitc vé t6i wu da muc tiéu

Muc nay trinh bay bai toan t6i uwu da muc tiéu va phuong phap vo huéng
hoa trong s6 WM (Weighting Method) giai bai toan t6i wu da muc tieu.



Chuong 2

Mo hinh tran danh bat d6i xding

Trong Chuong nay, chiing toi xay dyng mo hinh téng quat Lanchester(n,1)
bat doi xiing va nghién cttu bai toan t6i wu chi phi lien quan dén mo hinh. Bén
canh do6, ching t6i ciing tién hanh khao sat tinh 6n dinh ctia cac trang thai,
trang thai on dinh trong ctia cac bén tham chién. Phan cudi ctia Chuong,
luan an trinh bay mot s6 tinh toin s6 nham minh hoa cho tinh ding dan cia
cac nghién cttu ma ching to6i dua ra.

Két qua nghién cttu ctia Chuong 2 duge duge cong bo trong 02 cong trinh
1, 2].

2.1 MG5 hinh va bai toan t6i wu chi phi

Gia st c¢6 n lyc luong véi quan s6 16n ciing tham gia chéong lai mot lyc
lugng véi quan s6 nhé. Tai thoi diém ¢ bat ky, n luc luong nay c6 quan sé 1a
Xq(t), Xo(t), ..., X,(t),(X; > 0,i=1,...,n), luc lugng d6i nghich c6 quan
s6 13 Y (t) (nam trong tong dan s6 P, khong mat tinh tong quat cé thé coi
P=1,0<Y <1). Ngoai ra, chung to6i ky hiéu:

® (v, (o, ..., : hitu qui tan cong cla luc luong Y len X, ..., X, tuong
ing.

® V1, Y2, ..., Yn : hiéu qua tan cong cia cac lyc luong X1, ..., X, doi vdi
Y.

e £ : miic do thong tin tinh béo ctia n luyc lugng X4, ..., X,,.

01, ..,0, : he 86 ty tieu hao cla Xi,..., X, (dao ngii, bénh tat ...);
0<6,....6,<1.



® 1,...,83,: tbc do bd sung quan so6 cta n luc lugng X, ..., X,,.

Khi do6, chiung ta ¢c6 moé hinh tran danh du6i dang hé phuong trinh vi
phan nhu sau:

;

X1 = —a1Y — Xy + B,
Xo = —Y — 03Xy + B,

I (2.1)
Xp=—a,Y —0,X,, + an

Y=—<é%&)W+O—MHU+W@,

\

trong d6, 6(C') 1a "hiéu tng con dao hai lugi" véi:

¢ = (Z %‘Xz'> (1 —p)(1=Y). (2.2)

Gia thiét them rang:

e Chi phi thu thap thong tin tinh bao 14 mot ham 16i nao d6 ctia p thoa
man:
I(0) =0, I'(u) >0, I"(u) >0, I(1) = 4o0. (2.3)

e Thiet hai do Iuc lugng Y gay ra cling 1a mot ham 161 D(Y') nao d6 cla

bién Y thdéa man:

D(0)=0,D'(Y) > 0,D"(Y) > 0. (2.4)

e Chi phi dé duy tri quan doi, ky hieu A;(X,),..., A,(X,), co thé gia

thiét 1a ham tuyén tinh ctia cic bién X1, ..., X, thoa man:
A1(0)=0,...,4,(0) =0, (2.5)
hoac 1a ham 16m cta céc bién X7, ..., X, thoa man:

A1(0) =0,..., Ay 0) =0,
ANXD) > 0,. ., AL(X,) > 0, (2.6)
A (X)) <0,..., A", (X,) <0,



e Chi phi dé bd sung quan s6, ky hieu K(5),..., K,.(3,), giéng nhu
trong cac bai toin vé quy hoach nguon nhan lyc, chi phi nay thuong

dugc gia thiét 1a cdc ham binh phuong ciia cac bién [, ..., B,.

Nhiém vu ctia n lyc luong Xy, ..., X, 1a giadi quyét bai toan:

min / e (DY) + I(u) + AX) + K(8))dt, (2.7)

trong do

A(X) = ZAi(Xi); K(ﬁ) = ZKZ(/BZ)

o) day, chung to6i lya chon thiét hai do luyc lugng Y gay ra la ham binh
phuong fTYQ (v6i f > 0), chi phi dé duy tri quan doi 13 cdc ham tuyén
tinh: ¢; X1, ..., c,X,, chi phi dé thu thap thong tin tinh bao 14 ham logarit:
—log(1 — p) va chi phi dé bd sung quan sb 1a ;, o ,%5 tuong ng, va
0(C) = 6C>.

2.2 Trang thai on dinh trong va tinh on dinh cta cac trang thai

Trang thai on dinh trong

Dinh 1y 2.1. V4i cdc gid thiét néu trén, dieu kién dé hé (2.1) ton tai trang
thdi on dinh trong la ¢; < 0,4 = 1,2,...,n. Khi dé thong tin tinh bdo toi
n

x
, trong do v X = > vX;, x =
(v X)(1=Y) i1

wu duge tinh boi p = 1 —
(vX) 1 —p)(1-Y).

Tinh on dinh cta cac trang thai

V6i diéu kién rang trang thai én dinh trong dude tim thay, ma tran Jaco-

Gy G
@ e o

bian tuong ting la:



trong do, i i
—(51 0 0 — Q1
0 —(52 0 — Q9
Gy = ,
0 0 -0, —Qy
i -7 72 - —n 0 ]
(1 0 0 |
0 1 0
GQ — ,
0 0 1 0
ox
0 0 0 (1+26
L ( * x) a)\n—i—l
i _ " _ne N 0 ]
(X" (X))’ (v.X)*
. Yo . 72 . Y2Vn 0
(v X)? (v X)? (vX)?
Gs = . ) ,
. Yn V1 . Yn V1 . 772L 0
(v X)? (vX)? (v.X)* ,
JA=Y) -1
0 0 5
i (1-Y)" |
[ T+ (51 0 0 Y1 |
0 r 4+ 09 0 Y2
Gy = :
0 0 r+90, Yn
(071 (%) Qy T
vOil
ox 1

a)\n-i-l )\TH—I \/)\?H—l — 89)\n+1 |

Béang cach nghién citu cdc phan thuyc clia cac gia tri riéng clia ma tran (2.8),

ta co thé suy ra tinh on dinh ciia cac trang thai.
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2.3 MGét vai minh hoa so

Dé c6 cai nhin sau hon vé mo hinh Lanchester (n,1), chiing toi dua ra
cac tinh toan s6 cho cdc mo hinh Lanchester (2,1) va Lanchester (3,1). Trong
cic md hinh nay, véi mot s bo tham s6 dau vao cho trude, ching toi sé
tinh toan dé dua ra cac trang thai on dinh trong va thong tin tinh béo
toi wu cho ting truong hop dong thoi so sanh két qua dat ducc véi két
qua cua Feichtinger va nhém tac gia dua ra trong bai bao: Feichtinger G.,
Novak A., Wrzaczek S. (2012), Optimizing counter-terroristic operations in
an asymmetric Lanchester model, IFAC Proceedings Volumes, 45 (25), pp.
27-32.

2.3.1 MO0 hinh Lanchester (2,1)

Trong bai bao trén cic tac gid chon cac tham so:
r=22;, a=223 0=0.34; y=1.19; 0 =1.86; ¢ = —2.3734; f =1.12.

Két qua tinh toan s6 nhu sau:

e Trang thai on dinh trong 1a X = 1.39523;Y = 0.16034.
e THc do bd sung quan so6 toi uu la A = B = 0.83193.

e Miic do thong tin tinh bao t6i vu la u = 0.48822.

Truong hop 1:

Dé so sanh, dau tién ching to6i sit dung lai cac tham sb trong bai béo clia
Feichtinger va nhém tac gia & trén cho mo hinh cta chung toi.
r=2201 =g = 223,86, = 0y = 0.34; 7, = o = 1.19; 0 = 1.86.

V6i cac tham s6 nay, chiing toi c6 két qua sd nhu sau:

e Trang thai on dinh trong 1a X; = X, = 0.294785; Y = 0.284383.
e THc do bd sung quan s6 toi uu la A\ = Xy = 0.7344.

e Miic do thong tin tinh bao t6i uu 1a u = 0.200107.

Két qua dude chi ra dusi Hinh 2.1.
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Hinh 2.1: M6 hinh Lanchester(2,1): Két qua cho truong hop 1.

Truong hop 2:
Chon mot bo tham s6 tuy ¥: 7 = 2.5; 1 = 2.0; a0 = 1.9;0; = 0.34; 09 =
037,71 =7 =131 =co = —2.5; f =1.2;0 = 1.86.

Véi cac tham s6 nay, ching toi c6 két qua sd nhu sau:

e Trang thaion dinh trongla X, = 0.355214; X, = 0.387704; Y =0.302679.
e THc do bd sung quan so toi wu la A\ = 0.726132; Ay = 0.718542.

e Miic do thong tin tinh bao t6i vu la u = 0.257162.

Két qua dugce chi ra duéi Hinh 2.2.

2.3.2 Mo hinh Lanchester (3,1)

Trudng hop 1:
r=2.5a1 =20,ay =1.9 a3 = 2.0;
5, = 0.34: 8, — 0.37, 85 — 0.32:
Y1 = 1.0,7% = 1.3,v3 = 1.1;
c1=cy=c3=—2.5;,f=1.2;0=1.86.
Két qua tinh toan nhu sau:

Trang thai on dinh trong:

X, = 0.14635; X = 0.18627; X5 = 0.19253; Y = 0.33134.
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Hinh 2.2: M6 hinh Lanchester(2,1): Két qua cho truong hop 2.

Thong tin tinh bdo toi wu: = 0.10393.

Truong hop 2: r =2.3;a1 = 2.2, a0 = 2.1, a3 = 2.3;
01 = 0.34; 05 = 0.37,03 = 0.32; 7, = 1.5, = 1.4,
v3=1.2;¢1 = —2.6,c0 = —2.4,c53 = —2.5; f = 1.2;60 = 1.86.
Két qua tinh toan cho Trudng hop 2 nhu sau:

Trang thas on dinh trong:
X1 =0.09208; Xy = 0.16590; X3 = 0.10893; Y = 0.29424.

Thong tin tinh bdo toi wu: p = 0.10729.

Cac trang thai on dinh trong la céc trang thai ma cac luc luong X1, Xo, ..., X,
va luc lugng Y kim ham 1an nhau. 0 nhitng trang thai nay, lyc lugng Y khong
thé mé rong hoat dong, con cac luc luong X, Xs, ..., X, thi giit nguyen.
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Chuong 3

Mo hinh tran danh kiéu NCW

Trong chuong nay, luan an xay dyng ba mo hinh tran danh kicu NCW
ma trong do6 luc luong X choéng lai mot hay nhiéu lyc lugng déi lap, cac luc
luong doi lap nay lai dude hé trg béi mot hay nhicu lyc luwong hoé trg. Cac luc
luong hoé tro nay tuy rang khong triyc tiép tham gia chién dau vé6i X nhung
tuy thudc vio mice do hd trg cho cac luc luong déi lap ma cé anh hudng truec
tiép dén dién bién cling nhu két cuc tran danh. Ngoai ra, trong cdc mo hinh
nay, mot phan bd hoa luc duge them vao cho luc lugng X, ding dé thé hien
chién thuat ctia X trong tran danh. Ro rang phan bd héa Iiyc nay ciing 4nh
hudng t6i dién bién va két qua tran danh. Két qua nghién citu cia Chuong 3
duge duge cong bd trong 03 cong trinh [3, 4, 5].

3.1 MG hinh tran danh kiéu NCW tong quat

Xét mot tran danh ma mot bén 1a luc luong X chéng lai mot bén gom
n luc luong Y;, © = 1,2,...,n, trong dé6 moi lyc lugng Y; duge ho trg béi
m; (m; € N) luc luong A; ., ..., Aim,. S0 do clia tran danh duge mo ta dudi
Hinh 3.1.

Ta ky hiéu:

e ry, (i=1,...,n): téc do tieu diet cia X ddi v6i Y;, (0 <7y, < 1).

o ry ., (j=1,..,m) : toc do ticu diet cia X doi véi A, j,
(0 < TA; <1).

o 0 : the do tieu diet clia Y; khi két ndi day dit voi A; ; déi vai X.
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Hinh 3.1: So do tran danh ctia mo6 hinh NCW tong quat.

Ai i A ~ [N PN 2 . ~ P £ Lo oo Z. Lo
e o, : toc do tieu diet ctia Y; khi khong c6 ket noi véi A; ; doi véi X,
A A
(0 < ay¥ <ap <1),

e X(0),4,,(0),Y;(0) : quan s6 ban dau ciua X, 4, ;,Y; tuong tng,
(X(0), 4i,5(0), Yi(0) = 0).

e fi; : ham ho tr¢g ctia A;; cho Y; danh X. 0 day chung toi xét ham
hd tro ctia A;; cho Y; danh X 1a mot ham tuyén tinh c6 dang f;; =

a?” + (&f“ — a?”) A—Z(JO) Trong truong hop A; ;(0) = 0, tic 1a luc
i,J

lugng Y; khong nhan duge sut ho trg ctia luce luong A; 5, hay Y; khi khong

c6 két néi voi A; j, khi d6 f;; = o). Truong hop Y; két ndi day di véi

N A
Ai,j thi fiJ = Q¢

,J

3.2 Mo hinh tran danh kiéu NCW thi nhat

3.2.1 Mo hinh

Xét mot tran danh ma mot beén 1a Iuc lugng X, déi dau véi bén con lai
gom hai Iyc luong Y; va Ys, trong d6 Y5 tac chién doc lap con Y ¢6 su hd
trg cta lyc luong A. Ky hi¢u mo hinh nay 1a (X vs (Y1, A), Y3). So do tran
danh ctia m6 hinh dugc mo ta trong Hinh 3.2.

Trong do:

+ Tboc do tieu diet ctia Y; déi v6i X phu thuoc vao ham hd tro ctia A cho
A
Y} danh X, ham nay c6 dang f = oz;? + (ozf — 0@4) m
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Hinh 3.2: So do tran danh ctia mé hinh NCW - tron.

+ Y5 1a don vi tac chién doc lap khong c6 e lugng hd trg, ching toi ky
hieu toc do tieu diet cta Yo doi voi X 1a vy,

+ (p1, p2, p3) 1a mot phan bo hoa hye ctia X doéi vé6i Yy, Ys, A tuong ting.

Ta ¢6 md hinh dudi dang hé phuong trinh vi phan:

—_— = — — — Y] — Y-

dt [&d + <Oéc ad) A(O)] 1 IYY2 2

dY]

d—tl:—pﬂ“le, 31
. (3.1
E__ 21'Y5 <\

dA

\ E:—pgrAX.

3.2.2 Phan b héa luc téi vu

Dat P = {(p1,p2,p3) : p1,p2,p3 € [0;1], p1 +p2 +p3 = 1} la tap céc
phan b6 hoa luc ctia X trong giai doan 1.
Tiép theo, chiing toi dua ra khai niem “heé s6 de doa”, 1a cac hé s6 by, bo, b3

duge tinh theo cac cong thiic sau:

ra(af — ag) Yi(0)
A(0)

A
by = a.ry,, by =Vy,Ty,, by =

Pinh 1y 3.1. Vdi py, pa, ps khong doi tai moi thoi diém t tuy ¢ trong gia
doan 1 cia tran danh, trong dé py, p2, p3 € [0,1] : (p1 +p2+p3 = 1), khi
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dé phan bo héa luc toi uu cia X trong giai doan 1 la:

(1,0,0) kht bl = max{bl,bg,bg},
P* = (O, 1, O) kht bg = max{bl, bg, bg},
(O, 0, 1) kht bg = max{bl, bg, bg}

Hé qua 3.1. Néu Yy = 0, ta c6 mo hinh tran danh (X vs (Y1, A)), mo hinh
nay mo ta dudi dang hé phuong trinh vi phan nhu sau:

((dX _ A A A A
dt - [ad + (ac CYd) A(O)]Y'h

S % = —erIX’ (3.2)
— = —(1-— X.

(&t ( p)TA

Phan b6 héa lic toi wu cia X doi vdi mo hinh (3.2) la:

(1,0) khi 2 (o — o) Y1(0)

< A
P A{) =M,
T4 (ozc —ozd)Yl(O) 4
1 > .

(0,1) khi A00) > ry, o

Heé qua 3.2. Néu A =0, ta c6 mé hinh tran danh (X vs(Y1,Y3)), mo hinh
nay mo ta dudi dang hé phuong trinh vi phan nhu sau:

(dX

% = —ozé‘Yl — M, Y2,
9 E‘tl = _pTY1X7 (3 3)
\ d_tQ =—(1—-p)ry, X.

Phan b6 héa lic toi wu ciia X doi vdi mo hinh (3.3) la:

P (1,0) khe ozé?ryl > Y, Ty,
(0,1) khi afry, < W,Ty,.

3.2.3 Mot vai minh hoa sb

Dé minh hoa, ching toi da dua ra mot vai két qua tinh toan sé cho ba

truong hop ctia Dinh 1y 3.1, cu thé 1a cac truong hgp: luc luong hd tro A bi
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danh trong giai doan 1, Y7 bi danh truéc trong giai doan 1 va Y5 bi danh
truée trong giai doan 1. Trong moi truong hop, ching to6i sé phan tich két
qua va dién tién clia tran danh trong truong hop phan bé hda luc téi uu,
dong thoi dua ra mot s6 phan bé hoéa Iuc khac dé so sanh. Dé ciing c6 khang
dinh ctia minh, ddi v6i méi truong hop, ching toi ciing tao ra 1000 phan bd
héa luc ngau nhién va khao sat dién bién ctia céc tran danh cho dén khi giai

doan dau tién cta tran danh két thuc.

3.3 Mo hinh tran danh kiéu NCW thi hai

3.3.1 Mo hinh

Xét mo hinh tran danh ma mot béen 1a lyc lugng X déi dau véi n lyc
lugng Yy, Y, ..., Y, trong d6 mdi luc lugng Y; (¢ = 1,2,...,n) lai ¢6 mot
don vi ho tr¢g A; tuong tng. R rang 1a cac don vi ho trg Ay, ..., A, tac
dong dén két qua cia tran chién bang cach anh hudng dén téc do tieu diét
cia Y7,...,Y, déi véi X. Khi quan s6 ctia né bi tieu diet hoan toan thi
cac tac dong nay cling khong con nita. Chang toi ky hiéu moé hinh nay la
(X vs (Y1, 41),...,(Yn, Ay))) . So do tran danh ctia mo hinh duge mo ta
trong Hinh 3.3.

D6i véi mo hinh nay chung toi stt dung céc ky hiéu:

+ry, (1=1,...,n): toc do tieu diet ctia X dbi véi A;.

+ o : tée do tieu diet ciia Y; khi két ndi day di véi A; ddi voi X.

+ aj : the do tieu diet ciia V; khi khong ¢6 két ndi véi A; doi véi X.

+ Tbc do tieu diet cta Y; ddi v6i X phu thuoc vao ham hd trg ctia A; cho
Y; danh X, ham nay c6 dang f; = Ozz?i + (ozf" — 042141') Aft?())

+ (P1,y---Pn, Pus1, - P2r) 12 moOt phan b6 hoa lye clia )Z( do6i vai Yy, ..., Yy,

Ay, ..., A, tuong tng.
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Hinh 3.3: So d6 tran danh ctia mo hinh (X vs (Y1, 41),..., (Ya, 42))).

Toc do suy gidm quan so ciia tat cad cac bén tham chién duge cho duéi

dang hé phuong trinh vi phan sau:

( n
dX _ A A; 4 A
% = —Zz:; [O&d + (Oéc — Oy ) AZ(O) )/;7
dY;
< = _pi/rYiX7 (7’ =1,... ,TL), (34)
dt
4,
\ dt

= —pujra, X, (J=1,...,n).

3.3.2 Phan b héa luc t6i vu

Dat:
b; = ozfiryi, (1=1,...,n),
— (ol = ") v;(0) . | (3.5)
n+j — sy J=4...,n).
" A;(0)

Chiing toi goi cac hing s6 nay 1a cic "hé so de doa". Ching dai dién cho
miuc do "de doa" ctia cac luyc luong Yy, ..., Y, cing véi cac don vi ho trg cho
ching doi véi Iyc luong X . Phan bo hoa lyc téi uu cia X duge chi ra trong
dinh ly sau.

Dinh 1y 3.2. Gid st rang phan bo héa luc cia X la tap

2n
P=A{(p1,---+Pn,---,P2m) : Dk € [0,1] la cdc hang so, k = 1,...,2n;2pk: 1}.
k=1
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Khi dé phan bo héa luc toi wu cia X la :

P*=10,..,0,_1 ,0,...,0 | trong dé k = argmax{b;} .
< \kf/ ) l:l,...,Qn{ }

Hé qua 3.3. Vdin =2, ta ¢c6 moé hinh (X vs (Y1, A1), (Ya, A2))), phan bo
héa lue toi vu cia X khi dé la:

(

1,0,0,0) néu by = max{by, by, b3, by},
0, 1, 0, 0) néu bg = max{bl, bg, bg, b4}, (3 6)
0,0,1,0) néu bg = max{bl,bg,b3,b4}, '

)

(
P = < (
(
(O, 0, O, 1 néu b4 = max{bl, bg, b3, b4}

\

Hé qua 3.4. Vdin =1, ta c6 mé hinh (X vs (Y1, A1), khi dé phan bo héa
lie toi vu cia X la:

P* - (1, 0) néu b1 Z bg, (3 7)
(0,1) néu by < b,. '

3.3.3 Mot vai minh hoa sé

Trong phan nay, chung toi da dua ra cic tinh toin s6 cho ba truong hop
tieu biéu ctia He qua 3.3. D6 1a cac truong hop: Y7 va Y, lan luot bi danh
truée; mot trong cac don vi hd trg bi danh trudce; cic don vi hd trg lan luot
bi danh truée. Ngoai ra, trong moi truong hgp ching t6i cling tao ra 1000
phan bd hda Iiic ngdu nhién va khao sat dién bién ciia cac tran danh cho dén

khi giai doan dau tién ctia tran danh két thuec.

3.4 M5 hinh tran danh kiéu NCW thi ba

3.4.1 Mo hinh

Trong phan nay, ching toi xét mo hinh tran danh ma mot bén 1a lyc
luong X doi dau véi mot ben 1a Iuc lugng Y, trong dé luc luong Y duge hd
tro bdi n don vi Ay, ..., A,. R0 rang 1a cdc don vi ho trg Ay, ..., A, tac dong
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dén két qud clia tran chién bang cach anh huéng dén téc do tieu diét cia
Y d6i v6i X. Khi quan s6 ciia cac luc luong ho trg bi tieu diét hoan toan
thi cac tac dong nay cling khong con ntta. Ching t6i ky hiéu mé hinh nay
la (X vs (Y, Aq,...,A,)). So do tran danh ctia mo hinh duge mo té& trong
Hinh 3.4.

Déi v6i mo hinh nay ching t6i stt dung cac ky hiéu:

+ 1y, (1=1,..,n): tdc do tieu diet ctia X doi véi A;.

+ ol : tée do tieu diet ctia Y khi két ndi day da véi A; d6i véi X.

+ oagli : toc do tieu diét ctia Y khi khong c6 két noi véi A; doéi voi X.

. ‘ N A
+ Ham ho tr¢ cia A; cho Y danh X 1a f; = 042141 + (af” — 046‘;11) T (ZO)
i
+ Tbc do tieu diét ctia Y déi véi X phu thude vao tong clia cac ham hd tro

) n n . . A
cia A; choY danh X, tong nay cé dang > f; = > (ozgll - <Ozfi — 0@41) " (ZO)> .
i=1 i=1 i
+ (po, p1, ---pn) 12 mot phan bd hoa Iyc ctia X déi v6i Y, Ay, ..., A, tuong

~

ting.

Hinh 3.4: So do tran danh ctia mo hinh (X vs (Y, Ay,..., A,)).

Mo hinh duge mo ta dwéi hé phuong trinh vi phan nhu sau:

( n
dX A A A A; ]
- i i i Y
dt ; [% i (&c a ) Ai(0)]
QY (3.8)
—_— = — X
dt PoTy A,
dA;
\ dt

=—pira, X, (1=1,2,...,n).
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3.4.2 Phan b héa luc tdi vu

Dat :
bo = (&241 + ...+t «

T4, (ozAi — ozz?i) Yo) (3.9)

Dinh 1y 3.3. Gid su rang tap cdc phan bo héa lic cia X la
P ={(po, P1,---,Pn) : pi € [0,1] la cdc hang so, i = 0,...,n;2p¢ =1},
i=0

khi dé phan bo héa luc toi wu cia X la trong giai doan 1 cia tran danh la:

P = (O,...,O, 1 ,O,...,O) d do i = argmax {b;}.

: 7=0,1,....n

Hé qua 3.5. Vdin =1, ta ¢c6 mo hinh (X vs (Y, A1), khi dé phan b6 héa
e toi wu cia X la:

1,0) néu by > by,
pr= B0 S (3.10)
(O, 1) neu bo S bl.
Hé qua 3.6. Vdin =2, ta c6 mo hinh (X vs (Y, A1, A3)), phan b6 héa lic
toi wu cia X doi véi mo hinh nay la:
(1,0,0) néu bo Z b1 va bo Z bg,
P*=4(0,1,0) néu by > by va by > by, (3.11)
(0,0, 1) néu bg Z b1 va bQ Z bo.

3.4.3 Mot vai minh hoa sb

Ching to6i tinh toan s6 cho ba truong hop cia He qua 3.6, trong d6 Y bi
danh trong giai doan 1, giai doan 2 va giai doan 3 tuong ting. Dé ciing cd
khang dinh ctia minh, déi véi méi truong hop, ching téi ciing tao ra 1000
phan b hoa Iiic ngau nhién va khio sat dién bién ctia cac tran danh cho dén
khi giai doan dau tién ctia tran danh két thtc. Hon nita, ching toi ciing tién

hanh mot thit nghiém cho truong hgp ba "hé s6 de doa" bang nhau.
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Két luan va kién nghi

1. Két qua dat dudc
Luan an da dat dugc nhiing két qua chinh sau day:

e Xay dung mot so6 mo hinh tran danh: M6 hinh Lanchester (n,1) bat dos
zing, Mo hinh NCW - tron (X vs(Yy, A), Ys), Mo hinh NCW
(X vs (Y1, A1), ..., (Ya, A2))), Mo hinh NCW (X ws (Y, Ay, Agy ..., Ay)).

o Dé zudt duoc phuong dn tinh bao va bo sung quan sé toi wu cho bai todn

toi wu chi phi doi véi mo hinh Lanchester(n,1) bat doi ziing.

o Chitng minh dugc phuong dn phan bo héa hic toi wu cho bai todn toi wu
quan s6 doi vdi 03 mo hinh kiéu NCW & trén.

o Xay dung mot so chuong trinh mo phong tinh todn so cho cdc bai todn

lien quan dén cdc mo hinh trén.
2. Mot sd6 huéng nghién ciu tiép theo
e Xay dung va khdo sat mo hinh Lanchester bat doi xing (n,m).

o Xay dung mo hinh tran danh bat doi xing gom nhieu hon hai bén tham
chién doc lap cing nhu nghién ciu cdc bai todn toi wu chi phi, toi wu

quan so dot véi mo hinh tong quat.

e Nghién ciu bai todn phan bo héa luc toi wu doi vdi cde mo hinh kiéu

NCW ma ham bo sung la phi tuyén.
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