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Loi cam doan

Toi xin cam doan day la cong trinh nghién ctu cta to6i, dudi sy huéng dan
clia cac can bo trong tap thé huéng dan khoa hoc. Céac két qua viét chung véi
cac tac gid khac déu da duge sy nhat tri clia cac dong tac gid khi dua vao luan
an. Cac két qua trong luan an 13 hoan toan trung thuc va chua tiing duge cong
bé trong cong trinh clia cac tac gia khac. Cac tai lieu tham khao dugc trich dan
day du.

NCS. Nguyén Hong Nam
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Loi cam on

Ban luan an nay dugc hoan thanh tai Bo mon Toan, Khoa Cong nghé Thong
tin, Hoc vién Ky thuat Quan sy duéi sy huéng dan cua TS. Nguyén Hiu Mong
va TS. Dao Trong Quyét. Trong qua trinh hoc tap va nghién ctu, tac gid da nhan
dugc su dong vien, khuyén khich v chi bao rat tan tinh ctia tap thé gido vien
huéng dan. Cac thay da khong quan cong sic, danh rat nhicu thoi gian théao
luan, rén gitia va dinh huéng cho tro. Nghién citu sinh xin dugc bay t6 long biét
on chan thanh va sau sic t6i hai Thay.

Nghién citu sinh xin chan thanh cAm on cac thay co trong Bo mon Toan, Khoa
Cong nghe thong tin, Hoc vien K§ thuat Quan sy va cac thay co 6 Hoc vien Quoc
phong da quan tam gitp d6, dong vién va da cho nghién citu sinh nhiing ¥ kién
dong gop quy bau. Tac gid xin chan thanh cam on TS. Ta Ngoc Anh, TS. Hy
Dttc Manh, TS. Bui Van Dinh, TS. Vit Anh M§, TS. D6 Anh Tuan, cac anh chi
va ban beé dong nghiép da luon bén canh dong vién, chi day va giip dé nghien
cttu sinh trong qua trinh hoc tap va nghién ciu.

Nghién citu sinh tran trong gt 16i cAm on dén Ban Giam déc, Phong Sau dai
hoc, Ban Chu nhiém Khoa Céng nghé Thong tin, Hé quan 1y Hoc vién Sau dai
hoc, Hoc vien K¥ thuat Quan sy da luon gitp dé va tao diéu kién thuan 1gi cho
tac gia trong thoi gian lam nghién cttu sinh.

Tac gid thanh kinh dang tang moén qua tinh than nay dén gia dinh than yeu
ctia minh vé6i long biét on sau sdc. Ban luan an nay sé khong thé hoan thanh néu
khong c6 su cam thong va giup dé cia nhiing ngusi than trong gia dinh tac gia.

Tac gid
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M6 dau

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

Trong sudt toan bo lich st nhan loai, con ngudi chi séng khoang gan 300
nam trong diéu kién hoa binh, hay chi khoang 8% thoi gian chiéu dai lich sit [29].
Nhiing nha khoa hoc xa hoi da né hye do dac mic do thuong xuyén cia xung
dot quan su dé biét duge lieu mic do bao luc qubc té c6 dang tang, giam, hay
gitt nguyén qua thoi gian. Ho chia s6 xung dot vii trang trén toan thé gi6i theo
hai cach nhin: céch tht nhat nhin vao nhiing thay doi theo thap nién ké tit nam
1400; cach thi 2 nhin gan hon vao nhitng nam sau 1950 bang céch phan tich con
s6 hang nam ctia nhiing cudc xung dot vii trang dang dién ra. Nhitng théng ké
da chi ra mtc do thuong xuyén ctia nhitng xung dot v trang da tang 1én mot
cach dang ké trong hon 300 nam vita qua, véi thé ki 20 dac biet bao luc ([24],
Chuong 7). Mot s6 mau hinh xung dot vii trang da xuat hien ké tit sau Chién
tranh thé gidi 1an thit 2, gay nén nhitng tac dong cho tuong lai toan cau. Mac du
s6 Iugng tit vong trung binh da giam trong 20 nam vita qua, s6 qubc gia c6 lien
quan dén xung dot lai nhiéu hon bao gid hét trong hon 7 thap ki vita qua, tong
cong 231 cuoc xung dot vii trang da dién ra tit nam 1946 dén 2005 [30]. Vao dau
nam 2007, da c6 32 cuoc xung dot vii trang dién ra ¢ 23 noi trén thé gici [27].
Ding sau nhitng con s6 thong ké mic do thuong xuyén nay 1a nhitng xu hudéng

va ddc tinh chung ctia chién tranh sau day [24):

e SO luong cac quoc gia trén thé gisi dinh lfu t6i nhitng cudc chién tranh lien

quoc gia da gidm nhitng nam gan day.

e Dic biét, nhitng cudc chién gitta nhitng cuong quoc da gidm; tit nam 1945



thé gi6i ching kién mot giai doan hoa binh lau dai — mot giai doan kéo dai
lau nhat trong lich st thé gidi hien dai trong d6 khong c6 cuoc chién nao

xay ra gifta nhitng quoc gia manh nhat thé gidi.

e Hau hét cac cudc xung dot vil trang hién nay dién ra ¢ nhiing quoc gia c6
dan s6 dong, nhung thu nhap it va sé hitu nhitng chinh quyén kém on dinh

nhat.

e Dai da s6 cac cuoc xung dot vii trang nay 1a noi chién. Tt nam 1989 dén
2008, 94% clia 122 cudc xung dot vil trang thyc sy trén thé gisi 1a nhitng
cuoc noi chién, trong d6 gan 1/3 c6 sut can thieép quan sy tit cac thé Iic bén

ngoai [27].

e Do sut xung dot vé nhi¢u mat gitta cac quoc gia va cac to chiic (dac bist 1a
cac to chiic ton gido va sic toc), vién canh chién tranh bat déi xing, chién
tranh gitta mang ludi khiing bd va Iiie luong quan su clia cac chinh pht, sé

ngay cang phét trién.

Nhiing xu huéng nhu trén lam day lén nhitng cau hoi lien quan dén ban chat
ctia chién tranh duong dai. Tai sao nhiing chii thé qubc gia va phi qubc gia st
dung dén bao Iyc? Nhitng nhan t6 nao 1a nguyén nhan lam tang kha ning xay
ra xung dot vii trang? Ching c6 tuong tac v6i nhau qua mot chudi cac dién bién
khong ngiing von dan xuét hién qua thoi gian hay khong?

Mic dit loai ngusi da ngan chian duge kha nang buing nd Chién tranh thé gisi
lan thit 3 trong giai doan chay dua vii trang, nhung viéc ding vii khi dé gii
quyét cac tinh huéng xung dot van 14 mot nét dic trung cia thoi dai ngay nay.
Cho nén viéc nghién ctu tinh chat va dic diém céc cudc chién tranh cuc bo va
xung dot quan su, tit d6 rat ra nhing bai hoc can thiét dé phat trién chién lugc
va nghé thuat quan sy sé van 1a mot yéu cau cap thiét ctia thé ky XXI.

Véi tat ca cac dic tinh trén ctia chién tranh hién dai thi dau tranh vii trang
luon luon 1a nhiém vy séng con ciia mdi quoc gia. Khi ¢6 chién tranh thi nhiém

vu d6 1a hang dau, con khi chién tranh chua xay ra thi dé 1a nhiém vu chuan bi



san sang dé khi chién tranh xay ra thi c6 thé toi thiéu duge thiet hai va mat mat,
dong thoi dat dugc t6i da phan thang. C6 1& trén thé gidi rat it quoc gia ma quan
doi khong chuan bi sdn sang chién dau, con lai hau hét quan doi cac nuée déu 6
trang thai sin sang chién dau, thuong xuyén phét trién quan sb, trang thiét bi
quan su, vii khi, k¥ thuat quan su, dao tao, huan luyén va thinh thodng t6 chic
cac cudc tap tran 16n nhé khac nhau, pham vi qui mo khac nhau. Tat ca cac bién
phéap trén déu nham diat quan doi trong tu thé san sang chién dau. Tuy nhién,
dat dugc muc tieu d6 1a nhiem vu vo cling phtc tap, vo cing kho khan va tat
nhién 13 vo cting cap bach.

Mot nhiem vu hét siic quan trong trong cong cudc chuan bi cho chién tranh
14 xay dung cac phuong an tac chién khic nhau cho nhiéu tinh huéng chién sy
khéc nhau c6 thé xay ra trong tuong lai. Dé thuc hién duge nhiem vu rat kho
khan nay ngudi ta c6 nhiéu cach khac nhau.

Toan hoc 1a mot mon khoa hoc duge tng dung rong rai vao tat ca cac linh
vitc hoat dong ctia con ngusi va xa hoi. Tt khi may tinh dién tit ra doi thi cac
van dé phic tap cia toan hoc méi duge ting dung cé hiéu qua va cé ¥ nghia thice
tién. Ciing tit d6 dén nay, hang loat cadc bo mon toan hoc méi ra dsi dé phuc vu
ting dung toan hoc nhu: todn hoc tinh toan (giai tich s6, phuong phap s6, phuong
phéap tinh toan khoa hoc, ...), m6 hinh héa toan hoc, moé phong, v.v....

Heé théng hoat dong quan sit clia mot quoc gia bao gom nhiéu linh vite chuyén
mon khac nhau. Céc linh viuc hoat dong quan sy nhu xay dung liuc lugng, trang
bi, huan luyén, tac chién, v.v... déu rat phtc tap va chia trong né nhiéu yéu
t6 diic thit quan sy nhu: quyét liét, bién déi nhanh, pham vi rong, rii ro lén,
v.v...Nhitng dac thu nay mang tinh quyét dinh khi xay dung va nghién cttu cic
hé thong hoat dong quan si. Rat nhiéu linh viiec hoat dong quan sy can ap dung
ctia toan hoc dé giai quyét. Nhu cau nay xuat phat tit nhiéu khia canh khac nhau:
quan si, khoa hoc va kinh té. Vi nhu dé xay dung mot phuong an tac chién theo
mot chién luge quan sy ndo doé thi truyén thong 14 nguoi ta sau khi xay dung

xong heé théng thi tién hanh tap tran dé thit nghiem va rat ra két luan. Tuy nhieén,



cac két luan tit mot cudc tap tran thuong thiéu tinh khach quan, chua c6 tinh
qui luat. Dé rit ra duge két luan c6 tinh qui luat thi phai thuc hién tap tran rat
nhiéu lan véi cac dieu kién khac nhau, nhung viéc nay 1a bat kha thi vi nhiéu ly
do vé t6 chiic, trang thiét bi, thoi gian va kinh té. Mot giai phap don gian ma
hiéu qua va kinh té 13 mo6 phéng tac chién trén may tinh. Viéc mo phéng trén
may tinh c¢6 thé thuc hién bao nhiéu lan ciing duge, khong han ché thoi gian va
khong han ché su thay doéi cac diéu kien tac chién. Tt két qua mo phéng ta co
theé rat ra cac két luan cé tinh qui luat hon hin cac két luan tit két qua tap tran
(tinh pho bién khach quan).

Cac bai toan dat ra trong hoat dong quan sy 1a rat nhiéu, rat phong phu st
dung nhiéu cong cu toan hoc khac nhau nhu mo hinh héa toan hoc, qui hoach
toan hoc, 1y thuyét tro choi, diéu khién, diéu khién t6i wu, so do6 mang, mo phéng,
v.v... [1, 2]

Trén quan diém lich st thi mot trong cac tng dung dau tién ctia “van trit hoc”
la ting dung trong quan sit va la cach t6 chiic phong thii Sirakus ctia Archimet
[67]. Trong thoi dai chiing ta thi mai dén chién tranh thé giéi I mdi c6 mot sb
mo hinh don gidn ciia F. Lanchester [39] va dugce phét trien thém vao dau chién
tranh thé gici 11 [18, 48, 62, 63, 65, 68, 69, 74, 75].

Hién nay ngudi ta c6 thé mot cach hinh thitc chia cac moé hinh toan hoc ciia

cac hoat dong chién dau thanh 4 nhom:
e Mo hinh giai tich.
e M6 hinh moé phong.
e Mo hinh tdi wu.
e Mo hinh quyét dinh.

Cac mo hinh giai tich dira trén co sé phuong trinh vi phan, 1y thuyét xac suat,
quyét dinh thong ke, 1y thuyét do tin cay va phuc vu dam dong, 1y thuyét danh gia
chuyeén gia, phan tich dinh tinh va khao sat cac hé dong hoc [59, 60, 63, 70, 71, 75].



Cac mo hinh mo6 phong dua trén cac xich Markov, cac otomat hitu han va tri
tué nhan tao [19, 35, 68]. Ngoai ra phai ké dén cac tro choi quan su [18, 67, 72].
Hién tai c6 nhiéu he thong dang chay trén may tinh cho cac hoat dong ctia mot
s6 linh viic quan sy nhu hang khong hay hai quan [61, 64].

Céc mo hinh t6i wu ap dung cac phuong phap clia qui hoach toan hoc [9, 63,
75], Iy thuyét diéu khién t6i wu [12, 25, 63, 71, 75], t6i wu hod 16i rac [12, 66, 70, 71]
va Iy thuyét phuc vu dam dong va diéu khién du trit [63, 70, 71, 75].

Ly thuyét quyét dinh c6 thé chia mot cach tugng trung thanh quyét dinh cé
nhan va quyét dinh tap thé. Trong nhém tht nhat chi trong dén quyét dinh da
muc tiéu, con ¢ nhom thi hai cht trong dén ly thuyét tro choi — ra quyét dinh
trong cac diéu kien bat dinh ([63]).

Theo cach khac, ngudi ta cting phan loai cac mo6 hinh toan hoc trong quan sy
theo linh vyc hoat dong: luc quan, hai quan, khong quan, bién phong, v.v. ..

Khi xay duyng cac phuong an tac chién ngudi ta phai luon dya vao hoc thuyét
quan st ctia quoc gia, nghé thuat quan sy cling nhu lich st quan sy va két qua
clia cac cudc chién da qua. Tuy nhién, khong thé c6 mot phuong 4n méi ndo duge
xay dung trung lap véi cac phuong an da thuc hién trong qua khi, vi don gian,
chién tranh tuong lai khong giéng nhu cac cudc chién da qua. Vi vay, dé kiém
tra cdc phuong an mdéi xay dung nguoi ta thudng to chic céc cudc tap tran véi
qui mo mitc do phit hop. Nhung, viéc to chitc cac cudc tap tran la vo cling ton
kém vé mét kinh té cting nhu cac phuong dién khac nhu k§ thuat, trang bi, con
ngudi, v.v... Do vay, mot cach hiéu qua va rat kinh té 1a “thuc hién céc cuoc tap
tran trén may tinh”. Day la mot linh vitc khong mdéi déi véi thé gidi nhung c6 16
rat m6i mé véi neén quan sy nuée nha. Nhu ching toi biét, trong Bo qudc phong
ciing da c6 nhitng nd lyc tim kiém cac phuong phap ap dung tri thitc toan hoc,
cong nghé thong tin vao cic hoat dong quan sy nhung hau nhu chua dat duoge
nhitng két qua mong muén dang ke.

Thuyc hién cac cuodc tap tran trén may tinh 1a lam cac thi nghiém vé hoat

dong téc chién trén may tinh. Dé lam dugce viéc nay ta phai:
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bat bai toan.

Nghién cttu xay dung moé hinh.

Nghién citu xay dyng cac phuong phap giai (gidi tich va s6).

Mo phoéng theo céc tinh huéng khac nhau.

Phan tich cac két qua mo phong dat dugc.

Rit ra cac két luan tit phan tich dau ra.

Diéu chinh lai mo6 hinh trong dé c6 cac tham s6 dau vao.

Mo phong lai.

Ctt tiép tuc nhu vay cho dén khi dat duge két qua mong muoén.

Nhu vay, phuong phap thuc nghiem trén may tinh c6 cac uu diém sau:
e Thuc hien duge cho mo hinh tac chién bat ky.
e Déi v6i mot mo hinh c6 thé thuc hién nhiéu lan, bao nhiéu lan cling dugc.
e Chi phi cho méi cudc thi nghiem mé hinh 14 khong dang ké.

e Thoi gian thuc hien mot mo hinh c6 thé tinh bing gio, khong kéo dai nhu

mot cudc tap tran binh thuong.

Nguoi dau tién xay dyng mo hinh tran danh dudi dang gii tich 13 Lanchester
vao nam 1916 [39], mo hinh duge xay dung dudi dang mot hé phuong trinh vi
phan va duge goi la mé hinh Lanchester. Sau d6, mo hinh Lanchester dugc
nghién ctu vd mé rong hon véi nhidu bién thé khac nhau. Mo hinh tron do
Brackney dua ra vao nam 1959 [10], moé hinh tron sau d6 da duge Deitchman mé
rong vao nam 1962 [17] va Helmbold vao nam 1965 [28]. Nam 1968, Schreiber
[52] d&4 md rong mo hinh clia Deitchman bang cach dua vao yéu t6 thong tin tinh

béo. Tong quéat hon, nam 2005 va 2009 Kaplan, Kress va Szechtman xay dung
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mo hinh KKS ¢6 thong tin tinh bao va khai niém "hiéu ng con dao hai lugi" lién
quan dén mo6 hinh lan dau tién duge cac tac gia nghien cttu [35, 37]. Cac mo hinh
trén (tron, Deitchman, Helmbold, Schreiber, KKS) mo ta tran danh gita hai luc
luong trong d6 mot bén c6 quan s6 tham gia vugt troi so v6i bén con lai nén con
dugc goi 1a cac mo hinh tran danh bat déi xing. Trong mot tran danh, nhiéu ton
that ctia cac ben tham chién lai do chinh bén d6 gay ra (vi du nhu do tai nan,
do 6m dau,...), P. Morse va G. Kimball [44] dé xuat mo hinh ty suy gidm quan
s6 vao nam 1951. Nam 1976 Coleman [16] xay dyng mo hinh ma trong d6 ngoai
ton that lien quan dén chién dau va hoat dong, s6 luong chién binh tham gia vao
mot tran chién cling thay déi khi quan tiép vien duge dua dén hoic khi cac quan
s6 bi rit di, mé hinh nay con duge goi 1a mo hinh bo sung quan s6. Nam 2017,
Donghyun Kim va nhém tac gia da xay dung mo hinh tran danh trong dé ngoai
cac Iuyc lugng tryc tiép tham gia vao tran danh con cé cac lyc luong ho tro gian
tiép tham gia vao tran danh va goi d6 1a mo hinh NCW [36]. Cac mo hinh nay
déu dugc mo ta dudi dang hé phuong trinh vi phan va dugde goi chung 1a mo
hinh dang Lanchester [56].

Ngoai viéc xay dung mo hinh toan hoc cho mot tran danh thi trong nhiéu
nam qua cac nha khoa hoc da tién hanh nghién cttu cac van dé sau lien quan dén

mo hinh toan hoc cta tran danh:

e Nam 1948, Snow [53] 14 ngudi dau tién nghién citu ky ludng cac van deé
xay ra ngau nhién déi v6i mo hinh Lanchester. Theo d6, & trong mo hinh
Lanchester cac thong sd6 ngau nhién duge Snow nghién ctu 1a héa luc va

quan so.

e Nam 1956, Isbell va Marlow [34] da nghién cttu cac mo6 hinh ma lyc lugng
tham chién khong dong nhat, dong thoi nghién cttu sy phan bd héa luc cho

cac muc tiéu.

e Nam 1973, Howes va Thrall [32] da st dung 1y thuyét Perron-Frobenius vé

2 sz PN N z [N 2 . 4 4 R 2 [N 2 2
céc gia tri rieng va cac vector riéng de tinh trong s6 tong the (hiéu qua) cia
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mot luc luong khong dong nhéat. Trong s6 tong thé nay duge dinh nghia la
tong cac hiéu qua trung binh ctia hiéu qua ciia cac vii khi rieng 18, dugc lay
tit ma tran hiéu qua gitta cac vii khi. Cac ma tran nay la gia dinh va dugc

dwa ra trong nghién cttu cta ho.

Nam 1974, trong cac nghién ctu ctia minh, Taylor [54, 55] da sit dung ly
thuyét diéu khién t6i wu dé tim ra phan phoi hoa luc t6i wu cho cadc mo hinh
Lanchester. Sau d6, nam 2014, Lin va Mackay [41] md rong cac két qué cia

Taylor cho bai toan hoéa Iyc t6i uu theo thoi gian cho mo hinh Lanchester

(n,1).

Dé tim ra nghiem duéi dang giai tich ctia mot mo hinh tran danh kiéu
Lanchester nhiéu khi 14 khong thé. Khic phuc van dé nay, nam 1983, Taylor
[56] da st dung cdc phuong phap gidi s6 hé phuong trinh vi phan, nhu
phuong phap Euler-Cauchy, nham chting minh cho tinh ding dan clia cic

nghién citu vé mo hinh toan hoc ciia tran danh.

Nam 1989, Protopopescu va cac tac gia [51] da phat trién moét mo hinh tran
danh st dung cac phuong trinh dao ham riéng c6 cac tac dong cta sy phu
thuoc khong gian nham khac phuc mot s6 thiéu sét ciia phuong trinh dang
Lanchester. M6 hinh ctia ho ciing gi6i thieu mot s6 van dé thuc té khong

ton tai trong cac mo hinh Lanchester co dién.

Nam 1995, Hudges [33] da nghién citu vé hiéu qua tinh than clia sttc manh
chién dau nham kim ham cac hanh dong cia déi phuong. Dya trén nhan
xét rang nhitng tac dong ré rang clia sitc manh chién dau khong chi vé thé
chat ma con vé tinh than, ong da phat trien mot phuong phap dinh lugng
stt dung dinh luat binh phuong Lanchester dé minh hoa hiéu qua ngin chin

hoa Iiic clia déi phuong.

Nam 1999, Fowler [21] da thiét lap cac ki thuat dé tap hgp cdc mo hinh

Lanchester khong dong nhat véi hda liye dinh huéng thanh mot mo hinh
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Lanchester dong nhat.

e Nam 2012, Feichtinger va nhom tac gia [20] nghién cttu bai toan dicu khién
t61 tu cho mo6 hinh KKS v6i ham muc tiéu 1a chi phi cho tran danh véi cac

bién diéu khién la thong tin tinh bao va téc do bd sung quan sb.

e Nam 2016, Chuev V. U, Dubogray I. V [76] da nghién cttu tam quan trong
ctia don danh pht dau trong mo hinh tran danh "dugc to chic kém" c6

nhiéu Iic lugng tham gia.

e Nam 2017, Donghyun Kim va nhém tac gia [36] da xay dung mo hinh
Lanchester dang NCW (Network Centric Warfare) ma trong dé mot bén
c6 st dung ham bd sung l1a mot luc lugng bao gdom quan s6 ciing nhu céc
thong tin vé tran chién. Nhom tac giad ciing da dua ra mot s6 két qua toi

wu hoa lye trong truong hgp ham bo sung la tuyén tinh va phi tuyén.

e Nam 2020, Shimov va Korepanov [73] da nghién cttu mo hinh tran dénh
"tan cong - phong thi" ma trong dé cac yéu t6 sau duge xem xét dén: kinh
nghiém chi huy, kha nang phdi hop tac chién ctia cac don vi, kha nang trinh

sat, hoa Iy, kha nang co dong clia cac bén va kha nang hd trg tac chién.

O nuse ta, tir khi thanh lap Bo mon Toan ctia Hoc vién Ky thuat Quan su
va Trung tam tinh toan Bo qudc phong (nay 1a Vien Cong nghé thong tin thudc
Vién Khoa hoc cong nghé quan su) cac van dé vé ting dung toan hoc vao cac hoat
dong chién dau da dugc dé cap. Nhung dén nay, cac co6 gang nay van chua dat
duge nhitng két qua kha quan. N6i chung chua c¢6 nhiing két qua sau sic va c6
tinh tng dung cao, moi két qua mdi chi dimg lai & mot sb6 bai toan cu thé nhu:
bai toan van tai, hanh quan, tiét kiem vat liéu trang bi, t6 chiic kho bai, v.v...Vé
phuong dién mo hinh toan cho cac hoat dong chién dau, dic biet 14 dong hoc
tran danh, thi chua c6 mot két qua ndo, ngoai mot sé két qua clia nhém ching
to1 [3, 4, 5).

Tt lich stt van dé duge phan tich trén ta thiy, viec nghién cttu xay dung, khao
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sat va mo phong cac cuoc dau tranh vii trang bang cdc mo hinh toan hoc trén
mAay tinh 1a c¢6 ¥ nghia khoa hoc, quan sit to 16n va c¢6 hiéu qua kinh té cao. Ngoai
ra nhiém vu nay luon luén la nhiém vu rat thoi sy clia nén quéc phong toan dan
ctua ching ta.

V6i nhitng 1y do trén day ma ching t6i chon dé tai “Nghién citu phat trién
mot s6 md hinh dang Lanchester trong mé phéng tran danh” lam dé tai

nghién citu ctia minh.

2. Muc tiéu nghién ciu
Trong luan an nay, ching t6i tap trung nghién citu céc chi diém sau:

(i) Xay dung mo hinh toédn hoc cho tran danh bat ddi xing véi mot ben 1a
n lue luong tham chién c6 Iuc luwong 16n va c6 chia sé thong tin tinh bao
véi mot bén 1a mot Iye luong ¢6 quan sd nhd. Véi mo hinh nay, ching toi
nghién citu bai toan diéu khién t6i wu v6i ham muc tiéu l1a chi phi cho tran
danh ctia n luc luong va cac bién diéu khién la mic do thong tin tinh bao

va toc do bo sung quan so.

(ii) Xay dyng mo hinh toan hoc cho tran danh ma mot bén cé sy ho trg clia
cac Ie lugng khac, cac e lugng hd trg nay tuy khong truyc tiép tham chién
nhung c¢6 4nh hudng dén két cuc ciia tran danh. D6i véi cac mo hinh nay,
ching toi nghién citu bai toan phan b hoéa lyc t6i uu sao cho quan s6 con

lai ctia "béen ta" 1a 16n nhat tai moi thoi diém.
3. Poi tugng va pham vi nghién ciu

Véi cac muc tieu dat ra nhu trén, déi tuong va pham vi nghién citu trong

luan an nay cua ching t6i nhu sau:

P6i tuong nghién cu: Mo hinh tran danh bat déi xing va cdc mo hinh
tran danh kiéu NCW.



15

Pham vi nghién cttu: Xay duyng mo hinh, bai toan t6i wu chi phi, bai

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

4. Phuong phap nghién ciu

Xuat phat tit muc tiéu ciia dé tai nghién ctu, cdc phuong phap nghién citu

dugce st dung nhu sau:

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

e St dung phuong phéap t6i uu Pontryagin dé nghién ctu bai toan téi wu chi

phi ddi véi Mo hinh Lanchester bat déi xing.

e St dung cic phuong phap giai tich lien quan dén bai toan tdi uu da muc
tieu dé nghién ctu bai toan téi wu vé quan sé déi véi Mo hinh tran danh

kiéu NCW.

e Lap trinh giii s6 v mo phdéng mot s6 tran danh tng véi cac mo hinh trén.

5. Bo cuc cua ludn an

Ngoai phan Mé dau, Két luan, Danh muc cong trinh khoa hoc clia tac gia lien
quan dén luan an, Tai lieu tham khao va Phu luc, luan 4n c6 ba chuong.

Trong Chuong 1, phan dau tién ching to6i giéi thieu khai quat cdc mo hinh
quan sy va mo hinh toan ciia tran danh. Phan tiép theo ctia chuong, ching toi
trinh bay mot sb kién thic co sé vé 1y thuyét diéu khién t6i wu. Phan cubi cia
chuong 13 mot s6 kién thic co ban vé bai toan t6i uwu da muc tiéu va phuong
phap vo huéng héa WM dé giai bai toan do.

Trong Chuong 2, ching toi nghién citu cac van dé lien quan dén Mo hinh

Lanchester phi tuyén bat déi xting. Trong phan dau, ching toi khio sat va xay
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dyng mo hinh Lanchester (n,1) bat dbi xtng, phat bi¢u bai toan tdi wu chi phi
va stt dung Nguyén 1y cuc dai Pontryagin dé giai quyét bai toan. Trong phan tiép
theo, chting toi thuc hién mot s6 tinh toan sé6 minh hoa cho tinh ding dan cia
cac nghién citu do.

Trong Chuong 3, chting toi danh cho nghién ctu lién quan dén cac Mo hinh
tran danh dang NCW. Dau tién, ching toi sé xay dung cac Mo hinh tran danh
nay duéi dang hé phuong trinh vi phan. Tiép theo ching toi phat biéu va giai
quyét bai toan phan bd hoa luc t6i wu nham t6i wu héa quan sbé tai mot thoi
diém bat ky. Cudi ciing 13 mot s6 tinh toan s6 minh hoa cho tinh ding dan cta

cac két qua ma chung toi dua ra.
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Chuong 1

Mot s6 kién thitc chuin bi

Trong chuong nay, dau tién ching toi sé gi6i thieu khéai quat mot s6 mo hinh
toan hoc dong hoc ciia tran danh. Phan tiép theo ctia chuong, ching to6i trinh
bay mot s6 kién thiic co sé vé 1y thuyét dieu khién téi wu. Nhitng kién thic co s6
nay dude ching toi 4p dung nghién cttu bai toan diéu khién t6i wu nhim t6i wu
hoéa chi phi cho m6 hinh chéng khing b6 dugc trinh bay trong Chuong 2. Phan
cudi ctia chuong 1a mot s6 kién thiic co ban vé bai toan toi wu da muc tiéu va
phuong phép vo huéng hoéa dé gidi bai toan do. Trong Chuong 3, chiing toi sé st
dung nhitng kién thtc nay dé giai bai toan toi wu da muc tieu c6 lien quan dén

phan phdi hoéa luc ciia cdc mo hinh NCW kiéu Lanchester.

1.1 Mot s6 mé hinh toan hoc déng hoc tran dianh

Duéi day, ching t6i trinh bay mot s6 mo hinh tran danh dudi dang giai tich ma

tiéu bieu la cac mo hinh ciia Lanchester va cac mo hinh kiéu Lanchester.

1.1.1 M6 hinh Lanchester

Lanchester (1916) [7, 39] dé xuat sit dung hé phuong trinh vi phan véi hé s6
téc do tieu hao khong doi dé mo hinh héa mot tran danh. Cac mo hinh nay mo ta
st thay doi luc lugng ctia d6i thii theo thoi gian dusi dang mot hé phuong trinh
vi phan. M6 hinh Lanchester (LM: Lanchester Model) da dugc st dung dé thu
thap thong tin vé hanh vi chung ctia cac don vi va c6 thé 4p dung cho céc don vi

tong hgp lien quan dén sb luong cac chién binh. Trong mo hinh Lanchester, tran
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danh dugc gid dinh dién ra gitta hai lyc lugng dong nhat (mdi hyc lugng chi bao
gom mot loai chién binh hodc vii khi), v& hiéu ting tieu hao dugc phan anh véi he
s6 toc do titu hao (ARC: Attrition Rate Coefficient) khong doi. Lanchester dua

ra hai loai mo6 hinh: M6 hinh hoa lyc dinh huéng va moé hinh hoa lyc khu vie.

M6 hinh hoéa luc dinh huéng

Trong mo6 hinh héa Iic dinh huéng, khi cac chién binh tiép can va ban vao
mot muc tiéu xac dinh, sy tiéu hao chi phu thuoc vao kich thuée cua lyc lugng
d6i lap. Mo hinh héa lyc dinh huéng (DFM: Directed Fire Model) ¢6 dang hé

phuong trinh vi phan sau:

¢ dX
Al Ve
dt a5
dy
av _ 1.1
= —bX, (1.1)
| X (0) = X0, (0) = Vs,

Trong hé phuong trinh trén, X = X(t) va Y = Y () biéu thi quan s6 (hoac
vii khi) clia cac lyc lugng X va Y tai thoi diém ¢, trong khi a va b 1a céc hing s6
duong, thé hién cho téc do tieu diét hieu qua ctia mot don vi luc luong Y va X
tuong tng. Vi du, a dai dién cho quan s6 lyc lugng X bi tieu diet bdi mot don vi
Y trén mdi don vi thoi gian. Quan s6 ctia lc lugng X va Y ban dau, X va Yj,
Ia cac diéu kien ban dau cho hé phuong trinh nay. He (1.1) c¢6 thé gidi duge nhu
sau:

Lay dao ham phuong trinh thi nhat va thay Y’ tit phuong trinh thit hai ta
dugc:

X" —abX = 0.

Phuong trinh nay c6 nghiém téng quéit 1a: X = CreVat + Che=Valt | trong dé
C1, Oy 1 cac hing s6 tuy ¥.

Véi diéu kien ban dau X (0) = X, va Y (0) = Yj ta c6 thé tim duge nghiem

riéng ctia hé (1.1) nhu sau:



19

0= (50 20) 5 (5 ) ). N
L - (50 B+ (505 B) ) 20
Véi moi X (¢), Y(¢) la nghiém ctia hé (1.1), ta co:

(bX?% - aY?) = 20X X' — 2aYY' = 20X (—aY) — 2aY (—bX) = 0,

do do:
bX?% — aY? = constant = ng — aYb2 =K.

Biéu thic £(X;Y) = bX? — aY? = K dudc goi la luat bao toan ctia mo6 hinh.
Vay nén, mo hinh (1.1) con duge goi la mo hinh tuan theo luat binh phuong.
Ngoai ra, lien quan dén mo hinh Lanchester (1.1), ngudi ta con quan tam dén

cic van dé sau:
e Diéu kién dé mot bén nao do chién thing tran danh?
e Khi ndo tran danh két thic?
e Quan s6 con lai clia cac bén khi tran danh két thic?
Dé nghién ctu cac van dé trén, Lanchester da dua ra cac khai niem sau:

e Luc lugng X thing tran va luc luong Y thua tran néu ton tai mot thoi diém

T nao do6 sao cho X(T) >0 va Y (T)=0.

e Luc luong X thua tran va luc luong Y thing tran néu ton tai mot thoi diém

T nao d6 sao cho X(T) =0 va Y (T) > 0.

e Tran danh dugce coi nhu 1a hoa néu ton tai mot thai diém 7 nao doé sao cho

X(T) = Y(T) = 0.

T dugc goi 1a thoi diém két thic tran danh.
Tt biéu thiic nghiem (1.2) ta c6:
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- Néu k = Xo— \/gyo > 0, thi X(¢) > 0,V > 0 va ton tai mot thoi diém
T > 0 sao cho Y(T) = 0; gid tri T' thu dugc tit phuong trinh:

B )
Xo+\f Yo
Vab Xo—\f Yo

Trong truong hop nay thi X 1a bén thang tran, Y la bén thua tran, thoi

suy ra: T' =

gian kéo dai tran danh 1a 7, va thoi gian két thtc tran danh 13 hitu han.
Hon nita, khi d6: 6X2(T) —aY?(T) = bX?(T) = K, va do d6 quan s6 con lai
K

clia X khi tran danh két thac la X(T) = VT

- Néuk=Xy— \/%Yo <0, thi Y(¢) >0, V¢t > 0 va ton tai mot tho diém 7 > 0
sao cho X(T') = 0; gié tri 7' thu dugc tit phuong trinh:

) )
Ko+ \f Yo
In

1
2Vab Xo — \/7 Yo
Trong truong hop nay thi Y 1a bén thang tran, X la bén thua tran, thoi

suy ra: T' =

gian kéo dai tran danh 1a 7, va thoi gian két thtc tran danh 13 hitu han.
Hon nita, khi d6: bY2(T) — aX?(T) = bY?(T) = K, va do d6 quan s6 con lai

clia Y khi tran danh két thac 1a Y(T) = %

- Néu k= Xo— \/%YO — 0, khi d6 ta co:

X(t):%()(ﬁ\/%m) e(=Vabt) iy >,
=L /t(x 2y, ) eVl wp > 0.
y()_2 a 0+ b 0

Chu y rang trong truong hgp nay thi X(¢) > 0, Y(¢) > 0¥t > 0. Tuy nhien,
lim X (¢) = tlim Y (t) = 0; hon nita:
—00

X(t)_X_ a
-3y
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didu nay cé nghia la ty 1é quan s6 ciia hai luc lugng khong doi theo thoi
gian. Do d6, truong hgp nay tran danh duge goi la "hoa'", va thoi gian cua

tran danh la vo han.

M6 hinh hoéa luc khu vuc

Bén canh mo6 hinh héa luc xac dinh, Lanchester con dua ra moé hinh hoa luc

khu vie (AFM: Area Fire Model) du6i du6i dang hé phuong trinh vi phan nhu

sau: Cdx
T —aXY,
X % = —bXY, (1.3)
| X (0) = Xo,Y (0) = Y,

trong d6 a, b 14 cic hing s6 duong.
V6i moi X (), Y(¢) la nghiém ctia hé (1.3) théa man diéu kién ban dau X (0) =
X0, Y(0) = yp, ta co:

(bX —aY) =bX'—aY' = b(—aXY) — a(-bXY) =0,

do do:
bX — aY = constant = b Xy — aYy = K.

Biéu thiic L£(X;Y) = bX — aY = K duge goi la luat bdo toan ctia mo hinh.
Vay nén, mo hinh (1.3) con duge goi 1a mo hinh Lanchester tuan theo luat tuyén
tinh.

Hon nita, tit bX (t) — aY (t) = bXo — aYy = K ta co:

CbX - K bX — (bXg — aYp)

Y ;
a a

va thay Y vao phuong trinh dau ctia he (1.3) ta ¢6 phuong trinh vi phan déi véi

X nhu sau:
dX
= (bXo — aYp)X — X2 (1.4)
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Day 1a phuong trinh Bernoulli vi nghiém tdng quat ctia phuong trinh nay la:

_ Ko néu Xo_a
X(1) = 1+ 0Xot Yo b
Xo bXo — a¥y néu %o + e
bXo — aYye (bXo—aYo)t Yo ' b
Tuwong tu ta co:
Yy . Xo _a
ORE n
bXy — aYy ; Xo ,a
00y, = bXe®Xo—aYo)t new 32 #* 7

Diéu kien thang, thua déi v6i mo hinh nay nhu sau:

- Néu K = bXy —aYp > 0, thi X(¢), Y(¢) déu la cac ham duong, gidm thuec

su v6i moi ¢ > 0 va ta ¢6 lim X (¢) = Xy — “Yo; lim Y (t) = 0. Trong truong
t—o0 b t—o0

hop nay thi X 1a bén thang tran, Y 1a bén thua tran, thoi gian clia tran

danh la vo han.

- Néu K = bXg —aYp < 0, thi X(¢), Y(¢) déu la cac ham duong, gidm thuec
. : . b :
su v6i moi t > 0 va ta c6 lim Y (t) = Yy — —=Xo; lim X (¢) = 0. Trong trusng
t—o0 a t—o00
hop nay thi Y 1a bén thang tran, X 1a bén thua tran, thoi gian clia tran

danh la vo han.

- Néu K = bXy—aYp =0, thi X(¢), Y(¢) déu la cac ham duong, gidm thuc sy

v6i moi ¢t > 0 va ta ¢6 lim Y (¢) = lim X(¢) =0 va
t—o0 t—o0

diéu nay c6 nghia la ty lé quan sb ctia hai luc lugng khong doi theo thoi
gian. Do d6, truong hgp nay tran danh duge goi la "hoa'", va thoi gian cia

tran danh la vo han.
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1.1.2 Mot s6 mo hinh tran danh bat déi xing
M6 hinh tron

M5 hinh tron do Brackney dua ra vao nam 1959 [10], duéi dang hé phuong

trinh vi phan sau:
( dX

E = —CLAXVYV7

dy

o - 1.5

i bX, (1.5)
| X (0) = X0, (0) = Y.

Cac gia thuyét chinh ctia mo hinh la:

- Tran danh dién ra giita hai bén tham chién X va Y 1a bat ddi xing, tic 1a
gitta lyc lugng c6 quan s6 nhé X va Iie luong Y c6 quan sd6 vuot troi so véi

lye luwgng X.
- Hiéu qua tiéu diét clia Y va X lan lugt 1a cac hing s6 duong a va b.

- Luyc lugng X xac dinh ré muc tiéu nén hoéa lyc ctia X 1a hoa lyc xac dinh,
con luc lugng Y chua xac dinh ré muc tiéu nén hoa lyc cua Y 1a hoa luc

khu vue.
- Tran danh khong xét dén quan tang vien va su tu ton that ciia ca hai ben.

V6i moi X(t), Y(¢) 1a nghiém ctia hé (1.5) thdéa man diéu kien ban dau X (0) =
Xo, Y(0) =Yy, taco (=2bX+aY?) = —20X'+2aYY' = —2b(—aXY)+2aY (—bX) =
0, do do:

—2bX (t) + aY?(t) = constant = —2bXg + aY{ = K.

Biéu thitc £(X;Y) = —2bX +aY? = K dugc goi 1a luat bo toan cia mo hinh. Vay

nén, mo hinh (1.5) con duge goi la moé hinh tuan theo luat parabol Lanchester.
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Mo hinh Deitchman

M5 hinh tron da duge Deitchman mé rong vao nam 1962 [17] nhu sau:

(dX XY
- = _a/_7
dt Sx
Y x, (1.6)
dt
X (0) = X0,V (0) = Y,

\

6 day sx la mat do hoa luc ciua X.

M6 hinh Helmbold

Mb6 hinh nay phan dnh mot s6 van dé han ché bat nguon tit sy bat doi xing
gitta cac Iyc Iugng. Vi du nhu, néu ty 1e ; qué 16n, Iyc luong X sé khong thé lay
toan bo luc Iugng clia n6 dé danh lai Y do kha nang khong thé quan sat, cac han
ché vé chuyén doi muc tieu, v.v. Theo quan diém nay, nam 1965 Helmbold [28]

dua ra tran danh duéi dang hé phuong trinh vi phan kiéu Lanchester sau:
dX X\
ke il Y.
a <Y > ’
1—w
v
dt X

trong d6 w € [0,1] dai dién cho do hiéu qua cia luc lugng "l6n" so véi luc lugng

llnh6|| .

(1.7)

Truong hop khi w = 1, ta ¢6 mo6 hinh Lanchester v6i hoa luce dinh huéng. Khi
w= %, ta ¢6 mo6 hinh Lanchester vé6i hoa luc khu vue. Khi w = 0, ta ¢6 mo hinh

sau goi 1a mo hinh tu suy gidm quan s6 (do ddo ngi, benh tat,...) [49]:

ax = —alX,
ar (1.8)
= —bY.

At
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Mo hinh Schreiber

Nam 1968, Schreiber [52] da md rong mo hinh ctia Deitchman bang cach dua

vao yéu to thong tin tinh bao.

dX XY

— = —q ,

dt Xo—ey(Xo—X) (1 9>
dy XY ‘
dt Y()—ex(y()—Yy

trong do:
e X, Yy la quan s6 ban dau tuong tng ctia X, Y;
e a, b 1a cac hiang s6 duong;

e cx, ey € [0;1] 1a thong tin tinh béo tuong ting clia X, Y. Néu ey = ey =1
ta c6 mo hinh Lanchester héa luc xac dinh. Néu ex = ey = 0 ta thu ducc

mo hinh Lanchester hoa luc khu vue.

Mo hinh KKS

Mo hinh do Kaplan, Kress va Szechtman dwa ra trong cac bai bao nam 2005
va 2009 [35, 37] nén con duge goi 1a mo hinh KKS. Day 1a mo hinh duéi dang mo
hinh kiéu Lanchester c6 bao gom thong tin tinh béo giita mot bén 1a luc luong
quan doi chinh quy X ¢6 luc lugng vugt tréi so v6i bén con lai la mét nhéom co
quan sd6 nhé Y. Theo cac tac gid, lan dau tién thuat ngit hiéu ting “con dao hai
lw6i” duge dua ra va trong cac cong trinh nghién cttu clia minh céac tac gia ciing
giai thich vi sao luc lugng nhé Y khong thé bi tieu diét hoan toan. Tac dong cla
thong tin tinh bao lén két qua clia mot cudc chién gitta mot Iyc lugng quan chinh
quy va mot Iuc lugng nhé da duge Kaplan, Kress va Szechtman dua ra trong mot
mo hinh bat doi xiing. Mitc do tinh bao cang cao thi hoa lyc tiéu diét cang hieu
qua.

Xét hai bién trang thai, X va Y, biéu thi quy mo ciia luc luong chinh quy va

ciia lyc luong nhé déi lap. Gia st Y 1a mot nhém nhd phan tan trong tong dan
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s6 P. Do P dugc gia thiét 1a hing s6, c6 thé coi P =1, suyra 0 <Y < 1. Mo

hinh KKS dugc cho dudi dang hé phuong trinh vi phan sau:

X =—aY +8-6X,
. (1.10)
Y =X (u+ (1-p)Y)+0(C),

trong do:

e o va 7 1a cac hang s6 duong lan lugt 1& hieu qua ciia cac cudc tan cong ciia

luyc lugng ¥ va ciia quan doi chinh quy X.
e 3e(0,1] biéu thi t§ 1é bo sung ciia quan doi chinh quy.
e 0(C) biéu thi hieu ting con dao hai ludi néi trén, véi C = yX (1 —pu)(1-Y).

Luu § rang trong mot mo hinh ma thong tin tinh bao 1a hoan hao, p = 1,
dan dén mo hinh Lanchester v6i hoa luc x4c dinh, con trong truong hop khong

c6 thong tin tinh bao, p = 0, ching ta c6 md hinh tron.

1.1.3 M5 hinh ty suy giam quan sdé va M6 hinh boé sung

quan sb
M5 hinh tu suy giam quan s6 - M6 hinh Morse Kimball

Trong cdc mo hinh Lanchester vA mo hinh tron & trén thi téc do suy gidm
quan s6 cia hai bén tham chién déu do déi phuong tryc tiép gay ra. Tuy nhién,
nhiéu ton that clia cdc bén tham chién lai do chinh bén dé gay ra (vi du nhu do
tai nan, do dm dau,...). P. Morse va G. Kimball [7, 44] dua ra gid thuyét ring ton
that tit ca chién dau va cac hoat dong lién quan ciing gay ra ton that tong the.
Trong mo6 hinh nay thi ton that do céc hoat dong lién quan ctia mdi bén ty 1é véi
quan so6 cta chinh bén dé, trong khi ton that do chién dau ty lé v6i quy mo cla

ké thu.

% = —aY — X,

o (1.11)
== X —aY,

dt

trong do6 a, b, a, 8 > 0.
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M5 hinh b6 sung quan sé - M6 hinh Coleman

Mo hinh nay gidi thieu mot khia canh khéc ciia tran chién: quan tiép vien.
Ngoai ton that lien quan dén chién dau va hoat dong, s6 lugng chién binh tham
gia vao mot tran chién ciing thay doi khi quan tiép vien dugc dua dén hoic khi
cac quan s6 bi rat di. Nhu vay, mo hinh do Coleman [7, 16] trinh bay c¢6 them

mot thanh phan bo sung cho sut bién thién vé quan s6 ctia mdi luc lugng.

d—X = —aX—bY+ﬁX,
j{/ (1.12)
E = —CX—dY—f—ﬁY,

trong dé a, b, ¢, d > 0, con By, By c6 thé am, c6 thé duong.

1.1.4 Tac chién mang trung tam - M6 hinh tran danh NCW
Tac chién mang trung tam

Tac chién mang trung tam (NCW: Network Centric Warfare) bat dau duge
dinh hinh tt nam 1996 khi Do déc William Owens dua ra khai niéem "hé thong
clia cac hé thong" trong mot bai bao khoa hoc xuat ban bdi Vien Nghién citu
An ninh Quéc gia Hoa Ky [47]. Owens da mo ta sy tién hoa ngdu nhién clia mot
hé théng cac thiét bi trinh sat, hé théng chi huy va diéu khién, ciing cac loai
vil khi chinh x4c cao cho phép nang cao nhan thitc tinh hinh chién truong mot
cach kip thoi, danh gia muc tiéu nhanh chéng va phan cong khi tai. Tuy nhién,
phat bieu day du dau tién ctia khai niem xuat hién trong sach Network Centric
Warfare: Developing and Leveraging Information Superiority do David
S. Alberts, John Garstka and Frederick Stein viét va xuat ban bdi Command
and Control Research Program (CCRP) [6]. Theo d6, Network Centric Warfare
(NCW) 1a mot cach tiép can dé tién hanh chién tranh c6 dugc sitc manh tit sy
lien két hodc két ndi hiéu qua clia cac doéi tac tham chién. N6 duge dic trung bdi
kha nang ctia cac luc luong phan tan vé mat dia 17 dé tao ra mitc do cao vé nhan
thitc khong gian chién dau chung cé thé dudc khai thac thong qua tu dong bo

hoa va cac hoat dong tap trung vao mang khéac dé dat dude ¥ dinh ciia chi huy.
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Mot dinh nghia cu thé va day di hon vé NCW duge Cebrowski A. K dua ra
nam 2005 [15]: Tac chién mang trung tam la mot ly thuyét mdéi vé chién tranh
trong Thai dai thong tin (IA: Information Age). NCW mo ta su két hgp cia cac
chién lugc, chién dich, chién thuat va ky thuat. D6 1a sy két hop tat ca ciac hanh
vi clia con ngudi va t6 chitc tham chién. N6 cung cap cho khung khai niém méi
dé kiém tra cac nhiem vu, hoat dong va to chiic quan su. N6 tap trung vao stc
manh chién dau cé thé dugc tao ra tir lien két cac mang luéi clia cac thanh phan
tham chién trong chién tranh. N6 dugc minh hoa bang kha nang tao ra mic do
nhan thitc chung cao co thé dugc st dung thong qua ty dong bo héa va hoat dong
tap trung vao mang dé dat dugc muc tiéu ctia chi huy. Né hd trg cho téc do cua
truyen di clia ménh lénh, hé trg cho viéc xac dinh vi tri thong tin va chat lugng

ctia thong tin tot hon dé hanh dong.

M6 hinh tran danh NCW

Thuec té, trong mot tran danh gitta hai lyc lugng, ngoai quan chinh quy tham
chién thi Iuc lugng hd trg ciing rat quan trong va anh hudng tric tiép dén dién
bién ciing nhu két cuc tran danh. Xét mot tran danh ma mot bén 1a Iuc Iuong
X d6i dau vé6i bén 1a Iuc luong Y ma Y ¢6 sut hd trg ctia lue luong A. Nam 2017,
Donghyun Kim va nhém téac gid da xay dyng moé hinh tran danh kiéu nay va goi
d6 1a mo hinh NCW [36]. Trong mo hinh tran danh c6 dién sit dung hé phuong
trinh vi phan ma Lanchester dua ra, toc do gidm quan s ctia mot phe tham chién
duge tinh bdi quan s6 phe déi 1ap nhan v6i mot he s6 tieu diet. Trong mo hinh
NCW, heé s6 tieu diét ctia Y dude cho béi mot ham ciia quan s6 cia luc lugng ho
trg A va e lugng ho trg nay ciing ¢ thé bi tieu diet béi X. Cha ¥ ring trong
cac mo hinh Lanchester ¢6 dién, ngudi ta chua xét t6i luc luong hd trg ma mo
hinh chi gom cac lyc luong tac chién doc lap.

Ky hieu:

ry : toc do tieu diet clia X doi véi Y.

r4: toc do tieu diét ctia X doi véi A.
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fa(A) : ham b6 trg clia A cho Y danh X.

p¢ - phan bd hoa luc ctia X doéi véi Y tai thoi diém ¢.

o tde do tieu diet ctia Y khi két ndi day da véi A dbi véi X.
af : t6c do tieu diet cia Y khi khong c6 két néi véi A doi véi X.
(of < o).

So do ctia mo6 hinh duge mo ta trong Hinh 1.1.

Hinh 1.1: So do tran danh ctia md hinh NCW.

Ta ky hiéu mo hinh nay 1a (X vs (Y, A)). M6 hinh todn duéi dang hé phuong

trinh vi phan nhu sau:
(dX

& (A)Y,

X

dY

avo_ X 1.13
dA

L E = —<]_ —pt>7”AX.

1.2 Mot s6 kién thiic vé Iy thuyét diéu khién t6i uu

1.2.1 Bai toan diéu khién tbi vu

Xét phuong trinh vi phan thuong (ODE):

(1.14)
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§ day ¥ €e R*, f: R" — R" x: [0,00) — R" la bién trang thai ctia he.
Tong quat, gid st f : R” x R™ — R™ phu thudc vao tham sé diéu khién a,a €
x(t) = f(x(t),a),t > 0,
x(0) = 2°.
Téng quét hon, xét ham a : [0, 00) — A la mot bién diéu khién phu thuoc thoi

A c R™. Khi do6, v6i a € A ta cé hé dong luc tuong ting:

gian, ta xét ODE:
x(t) = f(x(),a(t)),t > 0,
() = £(x(1). (1) s
x(0) = ¥,
va nghién cttu qui dao x(+) ctia hé ting véi méi diéu khien a.

Ta ky hiéu

f*(w,a) z"(t) a™(t)

va A= {a:[0,00) = Ala(-) do dugc}. Muc dich clia ching ta la x4c dinh diéu

khién t6t nhat cho hé, do dé ching ta dinh nghia phiém ham muc tiéu nhu sau

T
Pla()] = /0 r(x(8), a(t))dt + g(x(T)), (1.16)

§ day x(-) 1a nghiém ctia (1.15) d6i v6i diéu khién a(-) vir : R* x A — R, g :
R” — R, T > 0 1a thoi diém cudi da cho. Chung ta goi r 1a running payoff va g 1a
terminal payoff.

Bai toan dat ra 1a tim diéu khién a*(+) lam cyc dai phiém ham muc tieu. Khi
d6, a*(-) dudc goi 1a diéu khién téi uu. O cac phan tiép theo dusi day ching toi
sé chi ra khi nao ton tai diéu khién t6i wu, dic trung ctia diéu khién t6i wu 1a gi

va xay dung diéu khién téi wu nhu thé nao?

1.2.2 Nguyén ly cuc dai Pontryagin

Viéc tim ra céac diéu kién can cho diéu khién t6i wu déng vai tro hét stc quan
trong vi né gitp cho ta dinh huéng dude trong viéc tim diéu khién t6i wu. Nam

1956, nha toan hoc nguoi Nga Pontryagin da dua ra gia thiét vé diéu kieén can
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clia cyc tri, sau d6 cac hoc tro clia 6ng da ching minh dugde cac gia thiét nay
(Gamkrelidze 1957 [22] va Boltyanski 1958 [11]).

*Bai todn diém cudi tu do, thoi gian co dinh

Cho truéc A ¢ R™ f : R" x A — R, 29 ¢ R”. Ta ky hiéu tap diéu khién chap
nhan dugc 1a

A={a(:):[0,00) = Ala(-) do dugc}
Khi d6, cho truée a(-) € A, ching ta giai phuong trinh trang thai

x(t) = f(x(t),a(t)),t >0,

(1.17)
x(0) = a9,

Ching ta xét phiém ham muc tiéu nhu sau:

Pla()] = /0 F(x(8), a(t))dt + g(x(T)), (1.18)

§ day thoi diém dau cudi T > 0, ham running payoff r : R" x A — R va ham
terminal payoff g : R™ — R cho trudec.

Bai toan dit ra la: tim dicu khién t6i wu o(-) lam cyc dai phiém ham muc
tieu.

D@ giai bai toan nay chiing ta can dinh nghia phiém ham Hamilton phit hop.
Dinh nghia 1.2.1. [/0] Phiém ham Hamilton la ham zdc dinh bdi
H(z,p,a) :=f(x,a) -p+r(z,a), x,peR" ac A.

Ky hiéu cac dao ham riéng ctia H la

oH oH
= HI‘) —_— =
Ox; " Op;

Vol = (Hy,, ... Hy,),VpH := (Hp,, ..., Hy,).

Nguyén ly cuc dai Pontryagin dudi day sé cho chung ta 16i giai bai toan trén.
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Dinh ly 1.2.2. (Nguyén ly cuc dai Pontryagin)([40], Pinh ly 4.3). Gia si a*(-)
la dieu khién toi wu doi vai (1.17), (1.18) va x*(-) la qui dao toi wu twong ing.

Khi dé, ton tai ham p* : [0;T] — R™ sao cho

xH(t) = vpH (7 (1), p"(t), @ (1)), (1.19)
p(t) = — Ve Hx'(1),p*(1), a7 (1)), (1.20)
H(x*(t),p*(t),a’(t)) = Iéleaj(H(x*(t),p*(t), a),0 <t <T. (1.21)

Hon nita, dnh za t — H(x*(t),p*(t),a*(t)) la hang so. Cudi cung, ta cé dicu kién
thoi diem dau cudi la

P (T) = vg(x"(T)). (1.22)

*Bai todn diém cudi ¢ dinh, thoi gian tu do
Tiép theo chiing ta phat biéu nguyén 1y cuc dai cho bai toan diém cudi ¢ dinh.
Tuong tu nhu phan trén, cho trude dicu khién a(-) € A, ching ta gidi phuong

trinh trang thai tuong ting

x(t) = f(x(t),alt)),t >0,

(1.23)
x(0) = a9,

Gia st diem dich 2! € R” da cho, chiing ta xét phiém ham muc tiéu nhu sau

Pla()] = /0 " (x(), (), (1.24)

d day r : R® x A — R 1a ham running payoff da cho va 7 = 7la(-)] < oo ky hiéu
I3 thoi diém dau tien nghiem ctia (1.23) cham vao diém dich z!.
Bai toan dat ra la tim diéu khién t6i wu o*(-) lam cyc dai phiém ham muc

tiéu.

Dinh ly 1.2.3. (Nguyén ly cuc dai Pontryagin)([40], Dinh ly 4.4). Gia si a*(+)
la dieu khién toi wu doi véi (1.23), (1.24) va x*(-) la qugj dao tuong wmg. Khi do,

ton tai ham p* : [0;7*] — R™ sao cho

X'(t) = vpH (x*(1),p" (1), a" (1)), (1.25)
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p'(t) = — vz H(x*(t),p" (1), @ (1)), (1.26)
H(x (1), p*(0), 0 (1)) = max H(x' (1), p"(1),0),0 < ¢ < 7° (1.27)

V4

H( (1), (1), a%(0) = 0,0 £ < 7,
¢ day 7 ki hieu la thoi diém dau tien qug dao x*(-) cham vao diém dich x*. Ching

ta goi x*(-) la trang thdi toi wu va p*(-) la dong trang thdi.

*Nguyén lyj cuc dai vdi cac dieu kién hoanh
Xét hé dong luc
x(t) = f(x(t),a(t)),t > 0. (1.28)

Trong phan nay ching ta sé thdo luan mot bai toan bién thé khac 1a: vi tri ban
dau dude rang budc ndm trong tap Xo € R” va vi tri diem cudi cling dude rang
buoc nam trong tap X; c R™.
Vi vay, trong mo6 hinh nay ta can chon diem bat dau zp € X dé lam cuc dai
phiém ham

Pla()] = / " (x(), (), (1.29)

0

§ day 7 = 7[a(-)] 1a thoi diém dau tien chiing cham vao X;. Chiing ta sé gia thiét
Xo, X1 1& cdc mit tron trong R” va ky hiéu mit phang tiép tuyén ctia Xo tai zg

la Tp, mat phang tiép tuyén ciia X tai 1 1a T1.
Dinh 1y 1.2.4. (Cdc dieu kién hoanh)([40], Dinh lj 4.5). Cho o*(-) va x*(-) la
nghiém cua bai toan trén vdi

20 =x*(0), 2! = x*(7%).
Khi dé, ton tai ham p*(-) : [0;7*] — R™ sao cho (1.28), (1.26) va (1.27) ding vdi
0 <t <7* Hon nta, ta co

(%) truc giao vdi 11,
p*(7*) truc g ] (L.30)
p*(0) truc giao vdi Ty.

Chiing ta goi (1.30) la cdc dieu kién hoanh.



34

*Nguyén ly cuc dai vdi cdc rang budc trang thdi
Xét hé dong luc
x(t) = f(x(t), a(t)),t > 0,
(1) = Flx(1).alr) a
x(0) = 29,

va xét phiém ham muc tiéu nhu sau

Pla()] = /0 " (x(t), ). (1.32)

§ day 7 = 7la()] 1a thoi diem dau tien dé z(r) = ='. Day 1a bai toan diem cubi
c6 dinh.

Bay gid ta xét bai toan phiic tap hon: Ta mudn x(-) phéi luon luon nam trong
mién da cho R ¢ R™ va gia thiét ring R c6 biéu dién hién

R = {z € R"g(x) < 0},

v6i ham g(-) : R" — R 1a ham kha vi cho trude.

Dat c(x,a) := g(x) - f(z,a), ta c6 dinh 1y sau:
Dinh ly 1.2.5. (Nguyén ly cuc dai cho cdc rang budc trang thdi)([40], Dinh lyj
4.6). Cho o*(-) va x*(-) la nghiém cia bai toan trén. Gia si x*(t) € OR vdi cdc
thoi diém sy <t < s1. Khi do, ton tai ham dong trang thdi p*(-) : [so; s1] — R sao

cho (1.31) ding va ton tai N*(-) : [so;s1] — R sao cho vdi moi so <t < sy ta c6

p(t) = = va Hx"(1),p*(1), 0" (1)) + A"(t) Va c(x*(1),@"(1)) (1.33)
H(x"(t),p" (1), @"(1)) = max{H (x*(t),p*(¢), a) c(x"(t), a) = O} (1.34)

1.3 Mot s6 kién thitc vé t6i wu da muc tiéu

Mot s6 lugng 16n cac bai toan ndy sinh trong nhiéu linh viic khac nhau nhu
trong khoa hoc ky thuat, kinh té, cong nghiép, v...v dan dén bai toan toi uwu
da muc tieu. Trong nhiéu truong hop, cdc muc tiéu nay xac dinh trén cac don

vi khac nhau va chiing thuong c6 do xung dot nhat dinh v6i nhau (ttc 14, mot
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muc tiéu sé khong thé duge cai thien néu khong giam it nhat mot trong sé cac
muc tiéu khac). Ching duge goi 1a Bai todn Toi wu Da muc tiéu (Multiobjective
Optimization Problems (MOP)). Trong phan nay dau tién ching toi sé gi6i thi¢u
mot s6 kién thiic lien quan dén bai toan téi wu da muc tiéu, tiép theo ching toi
sé gi6i thieu mot phuong phap thuong dude st dung dé gidi bai toan téi wu da

muc tiéu, dé la phuong phép vo huéng héa WM (Weighting Method).

1.3.1 Bai toan tbi uvu da muc tiéu

Dinh nghia 1.3.1. ([43], Muc 2.1.1).

Bai todn toi wu da muc tiéu la bai todn cé dang:
min{f(z): = € X}, (MOP)

trong dé X la tap con khdac rong cia R"™ duoc goi la tap cdic phuong dn cia bai

toan va

f(z) = (fi(z), fo(z), ..., fe(2)), fi: X =R, i=1,2,..k k>2.

Néu X la tap loi da dien va fi(z) = (c,z), ¢ € R i = 1,2,....k thi bai
toan (MOP) dugc goi 1a bai todn toi wu tuyén tinh da muc tieu (Multiobjective

Optimization Linear Problem: MOP) va duge viét duéi dang

Min Cx v6i diéu kien z € X, (MOLP)

trong d6 C' 1a ma tran cap p x n c6 cac hang 1a b, 2, ..., c¥.

Néu X 1a tap 16i trong R™ v fi, fo,..., fr 1& cac ham 16i tréen X thi bai
toan (MOP) dude goi 1a bai todn toi vu loi da muc tieu (Convexr Multiobjective

Opimization Problem: CMOP).

Dinh nghia 1.3.2. ([43], Dinh nghia 2.2.1).
Phuong dn z* € X duge goi la nghiém httu hiéu (hay nghiém Pareto) cia bai
toan (MOP) néu khong ton tai phuong an x € X sao cho fi(z) < fi(x*) vdi moi

i=1,2,...k va fj(z) < fj(z*) vdi it nhat mot chi so j.
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Dinh nghia 1.3.3. ([43], Dinh nghia 2.5.1).
Phuong dn z* € X dugc goi la nghiém hitu hieu yéu (hay nghiém Pareto yéu)
ctia bai todn (MOP) néu khong ton tai phuong dn x € X sao cho fi(x) < fi(z*)

vdi moti=1,2,... k.

Ki hieéu X, Xy tuong tng 1a tap nghiém hitu hiéu v hitu hieu yéu ctia bai

toan toi wu da muc tieu (MOP).

1.3.2 Phuong phap vé huéng héa trong s6 WM (Weighting
Method) giai bai toan t6i wu da muc tiéu

Phuong phap WM duge gisi thieu béi Gass, Saaty [23] va Zadeh [58]. Y tudng
ctia phuong phap 1a két hop moéi ham muc tiéu véi mot hé s6 goi 1a trong s6 va
cuc tiéu hoa tong trong sb clia cic muc titu. Theo dé, cac ham muc tieu dugc
chuyéen thanh mot ham muc tieu duy nhat. Gia st réing cac trong so w; 1a cac sd
thuc théa man w; > 0,Vi=1,...,k; zk: w; = 1. N6i chinh xac hon, bai toan tdi wu

i=1
héa da muc tieu duge dua vé bai toan sau, dude goi 1a bai toan trong so:

k
min {wa (z): x e X} , (1.35)

k
ddow, >0,Vi=1,... k> w =1
i=1
Sau day 1a mot s6 két qua 1y thuyét lien quan dén phuong phap vo huéng hoa

trong so.

Dinh 1y 1.3.4. ([43], Dinh lj 5.1.1).

Nghiém ciia bai todn trong so (1.85) la nghiém hiu hiéu yéu.

Dinh 1y 1.3.5. (/43], Dinh Iy 3.1.2).

Nghiem ciia bai todn trong so (1.35) la nghiém hitu hiéu néu cdc hé so trong so
la duong, nghia la w; >0,Vi=1,... k.

Dinh 1y 1.3.6. ([43), Dinh lj 3.1.3).

Nghiem duy nhat cia bai toan trong so (1.35) la nghiém hitu hiéu.
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Két luan Chuong 1

Chuong 1 ctia luan an trinh bay mot s6 mo hinh dong hoc tran danh tieu
biéu, trong d6 c6 mot sé6 mo hinh chién tranh bat déi xtng, mot trong nhiing
xu huéng clia chién tranh hién dai. Chuong 1 cfing dé cap va phan tich mo6 hinh
tac chién mang trung tam NCW, 14 mot mo hinh mdéi duge nghién citu va phat
trien trong thoi gian gan day. Hai mo hinh nay 1a co sé dé Chuong 2 va Chuong
3 di sau vao phan tich, danh gia cac khia canh lién quan dén mo hinh. Ngoai
ra, Chuong 1 con trinh bay céc kién thitc vé 1y thuyét diéu khién t6i wu va bai
toan t6i wu da muc tieu. Céc kién thic nay bo tro vé mit toan hoc cho ching
toi trong viéc nghién cttu cac bai toan lien quan dén tran danh déi v6i mo hinh
tran danh bat ddi xting va mo hinh tac chién mang trung tam dudc trinh bay &

nhitng chuwong sau cua luan an.
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Chuong 2

Mo hinh tran danh bat déi xing

Trong nhiéu cuoc xung dot quan sy gan day (vi du, cuoc xung dot vii trang
tai Bac Ireland tit ndm 1960 dén nam 1998 [57]; xung dot vii trang tai Colombia
tit nam 1958 dén nay [50]; cac cudc noi day ¢ Afghanistan [8] va Iraq [31] gan
day), céc lyc lugng quan doi chinh quy da phai d6i mat véi cac nhém nhd lye
luong do6i nghich rai rac trong dan ching. Thyc té, lyc luong déi nghich khong
thé sanh dudc v6i quan doi chinh quy, quan doi chinh quy thuong c6 quy mo
16n hon Iyc lugng doi nghich (tinh dén nam 2007 ¢6 hon 500.000 quan thudc hyc
luong Lién minh vA An ninh Iraq 6 Iraq, trong khi uéc tinh s6 quan ctia Iyc lugng
d6i nghich dao dong tir 15.000 dén 70.000 [46]). Ngoai ra, quan doi chinh quy
thuong dugc trang bi va huan luyén t6t hon luc luong déi nghich. Uu diém chinh
ctia luc lugng doéi nghich 1a kha ning an hién va khé ndm bit; quan chinh quy c6
phuong tién va kha ning quan su dé tan cong hieu qua cac muc tieu cta luc lugng
d6i nghich, nhung ho gap kho khin trong viéc tim kiém Iyc lugng nay. Do do,
thong tin tinh bao 14 thanh phan quan trong trong bat ky tinh hudng xung dot
nao, dac biet né rat quan trong trong cac hoat dong chéng lic lugng déi nghich.
Khong c6 thong tin tinh béo, khong chi luc lugng doéi nghich c6 thé tiép tuc cac
hanh dong chéng pha ctia ho, ma thiét hai gay ra cho quan doi chinh quy hay
dan ching do quan doi chinh quy nhidm muc tiéu kém c6 thé tao ra phan tng
bat 1gi chéng lai chinh pht, do dé tao ra su ung ho rong rai cho Iuc luong doi
nghich. St ing ho nay bién dan chiing chuyén thanh nhing lyc lugng méi tham

gia lyc lugng d6i nghich (xem [42], va [26]). Nham nghién cttu cdc tinh chat cta
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cac cuoc chién nay, mo hinh toan hoc Lanchester bat déi xiing duge Deitchman
dua ra dau tién vao nam 1962 [17] mo t4 mot cudce chién tranh du kich. Sau do,
dé phan dnh mot sé van dé han ché bat nguon tit su bat doi xting gitta cac luc
lugng, md hinh Deitchman duge phét trién bsi Helmbold [28] nam 1965. Nam
1968, Schreiber [52] dd md rong mo hinh ciia Deitchman béang cach dua vao yéu
t6 thong tin tinh bao. Trong céc cong trinh nghién ctu nam 2005 va 2009 cia
minh [35, 37|, Kaplan, Kress va Szechtman da xay dung mo hinh Lanchester (1,1)
bat doi xing hay con dudc goi 1a mo hinh KKS. Day 14 mo6 hinh duéi dang mo
hinh kiéu Lanchester c6 bao gom thong tin tinh bao va lan dau tien thuat ngi
hiéu tng “con dao hai lu6i” duge dua vao. Cac mo hinh nay da dugc ching toi
trinh bay trong Chuong 1.

Trong Chuong nay, chiing toi sé xay dung mo hinh tdng quat Lanchester(n,1)
bat doi xitng va nghién cttu bai toan t6i wu chi phi lien quan dén mo hinh. Bén
canh d6, chiing t6i ciing tién hanh khao sat tinh 6n dinh clia cac trang thai, trang
thai on dinh trong ciia cdc bén tham chién. Phan cudi ctia Chuong, luan an trinh
bay mot s6 tinh todn s6 nham minh hoa cho tinh ding dan ctia cidc nghién ctu
ma chung t6i dua ra.

Két qua nghién cttu ctia Chuong 2 dude duge cong bd trong 02 cong trinh
duéi day:

[CT1] Manh D. Hy, Nam H. Nguyen, , Anh N. Ta, Dinh V. Bui and My A.
Vu (2017), Optimizing in an Asymmetric Lanchester Model (2,1), Kv yéu Hoi
nghi quoc té vé ing dung todn hoc lan thi II - VIAMC 2017, pp 102-111.

[CT2] Manh D. Hy, My A. Vu, Nam H. Nguyen, Anh N. Ta and Dinh V.
Bui (2020), Optimization in an asymmetric Lanchester (n,1) model, Journal of
Defense Modeling and Simulation: Applications, Methodology, Technology, 17 (1),
pp 117-122, Scopus.
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2.1 MB5 hinh va bai toan t6i wu chi phi

Gia st c6 n lyc luong v6i quan s6 16n cing tham gia chong lai mot Iyc luong véi
quan s6 nhé. Tai thoi diém ¢ bat k¥, n Iuc lugng nay c6 quan s6 1a X1(t), Xa(t), ...,
X,(t),(X; > 0,i=1,...,n), luc lugng ddi nghich ¢6 quan s6 12 Y (¢) (ndm trong
tong dan s6 P, khong mat tinh tong quat c6 thé coi P =1, 0 <Y < 1). Ngoai ra,

ching t6i ky hiéu:
e 1,09, ..., : hitu qua tan cong ctia lyc lugng Y lén Xq, ..., X, tuong tng.
® Y1, Y2, ..., 7, : hitu qua tan cong clia cac lyc lugng X, ..., X, dbi véi Y.

e ;1 : muc do thong tin tinh bao cta n luc lugng X1, ..., X,, c¢6 nghia la n luc
luong X1, ..., X, co su chia sé thong tin tinh bao gitup xac dinh vi tri chinh
xac cla lyc lugng Y, trong khi d6 phan 1 — p 14 khong xac dinh dudc vi tri
ciaY. O day 0 < u < 1; v6i p = 0 c6 nghia la n lyc lugng Xy, ..., X,, khong
c6 thong tin gi vé Ic luong Y, con = 1 ¢6 nghia 1a n Iyc luong X1,..., X,
c6 day du thong tin vé Iiue lugng Y (thue té thi didu nay khong thé xay ra

([37]) nén ta ludn coi pu < 1).

e 01,...,0, : he s6 tu tieu hao clia Xi,..., X, (ddo ngfi, bénh tat ...); 0 <

e B1,...,0, : toc do bd sung quan sb cia n luc luong Xi, ..., X,.

Khi do6, chung ta ¢c6 mé hinh tran danh duéi dang hé phuong trinh vi phan

nhu sau: )

X1 =—Y — 6 X1 + A,
Xy = —agY — 6X5 + fo,

Xn = —anY — 0p Xy + ﬁna

y— (;m) (- (1= )Y)+0(C),

\
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trong do, #(C) 1a "hiéu ting con dao hai luai" vai:

C= (&&) (1-mw(1-Y). (2.2)

Dé nghién cttu va giai quyét bai toan t6i wu chi phi, chiing toi st dung cac gia

thiét nhu trong cac tai lieu [13, 14, 20, 45], cu thé la:
e Chi phi thu thap thong tin tinh bao 14 mot ham 16i ndo d6 ctia p théa méan:

I(0) =0, I'(u) >0, I"(p) >0, I(1) = 4o0. (2.3)

e Thigt hai do Iyc lugng Y gay ra cling 1a mot ham 161 D(Y) nao d6 clia 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 A1(X1),..., 4,(X,), c6 the gid thiét 1a

ham tuyén tinh ctia cac bién X1,..., X, thda man:
A1(0) =0,...,4,(0) =0, (2.5)
hoac 1a ham 16m ciia cac bién X7,..., X, thoéa man:

A1(0) =0,..., 4,(0) =0,
A (X1) > 0,... AW(X,) >0, (2.6)
A”l(Xl) <0,... ,A”n(Xn) <0.

e Chi phi dé bd sung quan sb, ky hieu K1(51),..., Kn(B,), gidng nhu trong
cac bai toan vé quy hoach nguon nhan lyc, chi phi nay thuong duge gia

thiét 14 cac ham binh phuong ciia cac bién B, ..., fn.

Nhiém vu ctia n Iyc lugng X7, ..., X, 1a gidi quyét bai toan:

o0

min / e (DY) + () + ACX) + K (8))dt, (2.7)
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trong do

A(X) = ZAi(Xi); K(B) = ZKz'(ﬁz’)-
i=1 i=1
0 day, chung toi lya chon thiét hai do luc lugng Y gay ra la ham binh
2
phuong Y (v6i f > 0), chi phi dé duy tri quan doi 13 cdc ham tuyén tinh:

2
c1X1,...,cnXn, (¢ €R,i=1...n), chi phi dé thu thap thong tin tinh bao la ham
? 2 z 2 2
logarit: —log(1 — p) va chi phi dé bo sung quan so la %, e 7” tuong ing, va

0(C) = 6C2.

Trong cac tai ligu [35, 37], v6i mo hinh KKS, cac tac gia chi ra rang lyc lugng
Y khoéng thé bi tieu diét hoan toan do cé hiéu tng "con dao hai lugi". Do dé,
ciing nhu cac nghién ciu truée do [20, 35, 37], nghién citu chinh xung quanh mo
hinh nay I tim trang thai 6n dinh trong ctia hé (2.1), tic 1a trang thai ma tai d6
quan s6 clia cac lyc lugng tham chién X;, (i = 1,...,n) va Y dugce duy tri. Ngoai
ra, cac nghién cttu vé quy dao clia cac bién trang thai nhu tinh 6n dinh, trang
thai on dinh bién ciing duge quan tam [20, 45].

Dé&i v6i mo hinh bat ddi xting tong quat Lanchester (n,1), chiing toi ciing di
tim trang thai on dinh trong, chi phi téi wu dé duy tri trang thai nay va nghien

cttu tinh 6n dinh ctia cac trang thai.

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

Dinh 1y 2.2.1. Vdi cdc gid thiét néu trén, diéu kien dé hé (2.1) ton tai trang

thdi on dinh trong la ¢; < 0,i=1,2,....,n. Khi dé thong tin tinh bdo t6i wu dugc

T n

tinh boi p=1— ——————, trong do vy X =>_ vX;, c=(X)(1—p) (1 =Y).
GX) (1) &

Ching minh. Stt dung nguyeén 1y cuc dai Pontryagin, ta c6 ham Hamilton:

n n

2 2
_%_ZciXi—{—log(l—,u)—Z%

=1 i=1

H = +

+ ) Ni(—aY = 6 Xi + i)+
i=1

e (S G (1= ) Y) 4 00X P - (1Y),
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n
VO A1, A2, ...y Apt1 1& cdc bién lien hop va vX = Y v X;.
i=1

Téc do bo sung quan sb t6i uu ciia cac luc lugng X1, Xo, ..., X, dudc xac dinh
it dieu kién:
0H
8/82 /B’L + T I
suy ra 3; =N, i =1,2,...,n.
Thong tin tinh béo t6i wu ctia cac luc luong X1, X, ..., X, dudc xac dinh tir
diéu kién:
OH -1
o "1 T [T -Y) - 20(vX)* (1 =) (1=Y)*| =0.

Néu A, 1 > 0 thi ham Hamilton don diéu gidam. Khi dé thong tin tinh bao t6i
uu 1a p =0, dieu nay 1a vo 1y. Do d6 A\,11 <0,
o0H

1
o 0« 202" +x+ ot 0, (2.8)

dday 2 = (7X) (1 —p) (1 —=Y). Nghiém ctia phuong trinh nay la:

80
—14+4/1—
= )\n—l—l
n 40 '
Viz <1 suyra
A = — 1 < — 1
T e (1 2600) T 1426
va thong tin tinh bao la
xr
=1-—. 2.9
P oY) 29

Cac bién lien hop thdéa man cac phuong trinh vi phan:

: 0H

)‘i :T)\Z'—a—)(i, 1 = 1,2,...,71
' OH
Antl =T Apg1 — a_Y

(2.10)
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Ta ¢6 cac phuong trinh lién hop:

[N
—~
o
|
>~<
~—
Y

M= (r401) M+ e = Apra[-7 (p+ (1= 1) V) + 207 (vX) (1 - p)
Ao = (r+02) Ao+ 2 = Apa[=2 (n+ (1= p) V) + 2072 (4X) (1 — )

[\
—~
o
|
>~<
~—
Y

A= (1 +60) A+ n = At [=7m (4 (1= 1) V) + 267, (7X) (1 — p)*(1 = V),

A1 = rAng1 + Y + Zzlaixi — A= (X)) (1= p) = 20(yX)*(1 = p)* (1 = V).

7

Cha ¥ rang:

—yi (4 (1= @) Y) + 207 (7X) (1= p)* (1 = ¥)* = —; {1 T m] ’

1

—(X) (1= w) =260 A=) (1=Y) = 5—7 5

2:—(7X)+x(1+0x).

= () (w+ (1= Y) + 00 X) (1= )" (1Y)
Cubi cung chung ta c6 hé bao gom cic phuong trinh trang thai va phuong

trinh lién hop:

X, = —aY —6Xi+ N, i=1,2,...n, (2.11)
Vi = —(vX)+a(1+062), (2.12)
A = (r+5i)/\i+ci—|—%)\n+1+7—;(, i=1,2,....n, (2.13)
7
. i 1
dns1 = r)\n+1+fY+;ozi)\i—ﬁ. (2.14)

Trang thai on dinh trong ctia hé théa man cac phuong trinh sau (biang cach

cho vé trai clia cac phuong trinh (2.11), (2.12),(2.13) bang 0):

X = z(1+6z), (2.15)
1 0~; )
i = ———= |G ,1=1,2,...,n,(2.1
A s <C+(1+0x)(1+29x)> ! n,(2.16)

Ozn(SiXi - Oéiéan = Ozi)\n - ozn)\i, 1= 1, 2, o, — 1. (217)
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Tit d6 ta c6 hé phuong trinh tuyén tinh:

(

X1+ 72Xo+ .+ Xy =2 (14 6x),
ano1 X1 — @10, X, = a1\, — apAl,

< Qn52X2 - 0425an = ag\p — Oén)\Qy (218)

L pOn—1Xn—1 — n_10, Xy = apn_1Ap — apAp_1.

Dinh thtic clia ma tran he s6 ctia he (2.18) la

il Y2 - Un—1 Tn
andr 0 .. 0 —a10p,
D= 0 oando ... 0 —aolp,
0 0 ... apdn-1 —Qn-10n

Khai trién theo hang thit nhat ctia dinh thic ta duge

0o .. 0 —a10y, oandy ... 0 —a10p,
andy ... 0 —a9ly, 0 0 —a9ly,
D=m — 2
0 ... apdp_1 —anp_10, 0 ... apdpn_1 —Qn_10n
andy 0 .. 0
0  apdy ... 0

+o A+ (1),

0 0 anén_l

Trong biéu thic trén, khai trién theo hang thi nhat ciia dinh thic thi nhat,

khai trién theo hang thi hai déi v6i dinh thic thi hai, v...v. Cubi cling ta c6
D= (—1)n+371a1042_2(52...5n—|—(—1)n+5’}/2052042_2(51(53...5n—|—...—l—(—l)gn_l”ynozlaz_l&...(5n,1

n—1 n—1
[T 6j —waw [T 9;
Jj=1 Jj=1
J#i

2 n—1
= (—am) —0n Y itk
i=1
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Dé thay, D > 0 néu n 1é va D < 0 néu n chén, vi vay hé c6 nghiém duy nhat

(X1, X2, ..., Xp). Tt (2.11) suy ra:

Y:iﬂifiizlaqu

67}
ViY e [0, 1], 5,’, X, a; > O, suy ra A > O, 1= 1,2, ey N Tu (216), dé t6n tai
trang thai on dinh trong can cé diéu kién ¢; < 0,i=1,2, ..., n.
n
Thay A, X;,Y vao phuong trinh 7,1+ fY + > a; )\

: 1Y
i=1
phuong trinh 1 bién F (z) = 0. Giai phuong trinh bién = nay, ta ¢ thé tinh toan

=0, ta thu dugc

dugc trang théai on dinh trong tuong tng. ]

Tinh 6n dinh ctia cic trang thai
V6i diéu kien rang trang thai 6n dinh trong duge tim thay, ma tran Jacobian

tuong ung la:

G, G
P (2.19)
Gy Gy
trong do, i i
-0 0 .. 0 -o
0 =6 ... 0 —o
Gi=1| ... .. . ,
0 0 —0, —Op
Ittt C I R U
(10 .. 0 0 ]
0 1 0 0
Go=| o o o . - ,
0 0 1 0
0 0 0 (1+202) 22
I " M1
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. _ 2 o 0
(vX)" Wg)z (vX)*
i 7271 . V2 . 2n 0
(vX)* (rx)* (vX)?
G3 - .. 9
O e 0
(X (X)) (XY )
0 0 0 fa=yy -1
_ (1-7)
r 4+ 01 0 0 Y1
0 T+ 09 ... 0 Y2
G4 - )
0 0 co T+ 0 Yn
o1 a9 Q- r
v6i
dr 1
a)\nJrl

>\n+1\/)\fl+1 — 80An41
Béng cach nghién cttu cac phan thyc clia céc gia tri riéng clia ma tran (2.19), ta

c6 thé suy ra tinh on dinh ciia cac trang thai.

2.3 Mot vai minh hoa s6

Dé c6 céi nhin sau hon vé mo hinh Lanchester (n,1), chiing t6i dwa ra cac tinh
toan s6 cho cdc mo hinh Lanchester (2,1) va Lanchester (3,1). Trong cdc mo hinh
nay, véi mot s6 bo tham sé dau vao cho trude, ching toi sé tinh toan dé dua ra
cac trang thai on dinh trong va thong tin tinh béo tdi wu cho ting trudng hgp
dong thoi so sanh két qua dat duge véi két qua clia Feichtinger va nhom tac gia

dua ra trong tai lieu [20].

2.3.1 M0 hinh Lanchester (2,1)

Trong tai ligu [20] cac tac gid chon céc tham so:

r=22 a=223 6§=034; y=119; § =1.86; c=-2.3734; f=1.12.
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Két qua tinh toan sé nhu sau:

e Trang thai 6n dinh trong la X = 1.39523;Y = 0.16034.
e T6c do bo sung quan so6 toi vu la A = 3 = 0.83193.

e Miic do thong tin tinh bao t6i wu 1a p = 0.48822.

Truong hop 1:

Dé so sanh, dau tién chiing toi sit dung lai cac tham s6 trong tai lieu [20] cho
mo hinh ciia ching toi.
r=22 a1 =ay=223;61 =6y =0.34;71 =1 = 1.19;6 = 1.86.

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

e Trang thai on dinh trong la X; = X, = 0.294785; Y = 0.284383.

e T6c do bo sung quan s6 toi uu la A = Ao = 0.7344; A3 = —0.998427.
e Miic do thong tin tinh bao t6i wu 1a x = 0.200107.

Két qua dugce chi ra duéi Hinh 2.1.

14
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Hinh 2.1: M6 hinh Lanchester(2,1): Két qua cho truong hop 1.

Theo két qué clia nhom téac gid trong tai lieu [20] thi:
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e Trang thai 6n dinh trong la X = 1.39523, Y = 0.16034
e Miic do thong tin tinh bao t6i wu 1a u = 0.48822.

So sanh két qua tinh toin clia ching toi v6i két qua clia nhom tac gid trong tai
lieu [20] ta thay dé duy tri trang thai on dinh trong thi két qua ctia chiing toi 16

rang toi wu hon:

e Quan s6 dé duy tri trang thai 6n dinh trong doi véi bén X gidm, trong khi
Y tang, nhu vay chi phi dé duy tri quan doi trong moé hinh ctia ching toi

thap hon két qué trong bai bao [20].

e Miic do thong tin tinh bao tdéi uu theo két qua ctia chtiing t6i nhé hon so
v6i trong bai bdo [20], diéu nay c6 nghia la chi phi cho viéc thu thap thong
tin tinh bdo trong mo hinh ctia ching toi 13 thap hon so véi két qua trong

bai béo [20].

Truong hop 2:
Chon mot bo tham s6 tuy ¥: r = 2.5;a1 = 2.0;00 = 1.9;61 = 0.34;6, =
037,71 =7 =13;c1 =co = —-2.5; f =1.2;6 = 1.86.

V6i cac tham s6 nay, ching toi c6 két qua sé nhu sau:
e Trang théi on dinh trong 14 X; = 0.355214; Xo = 0.387704;Y =0.302679; .

e Toc do bo sung quan sb toi wu 1a A\ = 0.726132; Ny = 0.718542; \3 =
—0.698659.

e Miic do thong tin tinh bao t6i wu 1a p = 0.257162.

Két qua dugce chi ra dudi Hinh 2.2.

2.3.2 M6 hinh Lanchester (3,1)

Truong hop 1:
r=25a; =20,a =19, a3 =2.0;
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Hinh 2.2: M6 hinh Lanchester(2,1): Két qua cho truong hop 2.

5y = 0.34: 55 = 0.37, 55 = 0.32:

v =1.0,7p = 1.3,75 = 1.1:

L=y —cy— —2.5 f—1.2:0— 1.86.
Két qua tinh toan nhu sau:

Trang thdi on dinh trong:
X1 =0.14635; X5 = 0.18627; X3 = 0.19253; Y = 0.33134.

Thong tin tinh bdo toi wu: p = 0.10393.

Truong hop 2: r =2.3;01 =2.2,a0 = 2.1, a3 = 2.3;
01 =0.34;00 =0.37,03 =0.32;71 = 1.5,72 = 1.4,
v3=12;¢1 = =2.6,c0 = —-24,c5=-2.5;f =1.2;0 = 1.86.
Két qua tinh toan cho Truong hgp 2 nhu sau:

Trang thdi on dinh trong:
X1 = 0.09208; X5 = 0.16590; X3 = 0.10893; Y = 0.29424.

Thong tin tinh bdo toi wu: p = 0.10729.

Céc trang thai 6n dinh trong la céc trang thai ma cac luc luong X1, Xo, ..., X,
va lyce lugng Y kim ham lan nhau. 0 nhiing trang thai nay, luc lugng Y khong
thé mé rong hoat dong, con cac luc luong X1, Xo, ..., X,, thi giit nguyen. Sau khi

tinh todn cho hai trudng hgp véi hai trang thai on dinh trong cho moé hinh
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Lanchester(3,1) nay va so sanh véi cac tinh toan cho cac truong hgp ciia mo hinh
KKS ma Feichtinger v nhém tac gid dua ra [20], 16 rang la tong ctia X; gidm
va Y tang khi n tang. Thyc té nay la mot lap luan cho ¥ tudng hop téc ciia cac
luc luong X1, Xo, ..., X,,. Tong ciia cac luc luong nay khong can qué nhiéu trong
khi Iyc Iugng Y khong can phai bi tieu diét hoan toan khi ma quy mo ctia ching
nho. Hon nita, o giam, ¢6 nghia la chi phi cho viéc thu thap thong tin tinh bao
c6 thé dugce cit giam. Nhitng thuc té nay cho thay ring cang c6 nhiéu bén lien

minh tham gia vio cudc chién, thi tong chi phi sé cang thap.
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Két luan Chuong 2

Trong chuong nay, luan 4n da dé xuat mo hinh Lanchester (n,1) bat doi xting.
Dura ra bai toan t6i wu héa chi phi cho mo hinh nay va st dung nguyén ly tdi wu
Pontryagin dé gidi quyét bai toan. Theo d6, tai trang thai on dinh trong, chi phi
cho bai toan duge dua ra 1a nhé nhat. Ngoai ra luan an ciing tién hanh thuyc hién
mot s6 tinh toan s6 dé minh hoa cho tinh ding dan ctia céc nghién ctu ching
toi da dua ra.

Dé két thic phan nay, ching toi sé dua ra mot vai binh luan vé cac bai béo
viét vé hudng nghien cttu trén. Dau tién 1a cac bai [35], [37], & day cac tac gia da
xay dung mo hinh Lanchester (1,1) bat doi xiing hay con goi 1a mo hinh KKS,
trong mo hinh nay cac tac gia da dua ra khai niém "hiéu ting con dao hai lugi"
va dya vao khai niem nay da chi ra tran chién gitta lyc lugng quan chinh quy X
va mot luc luong nhé Y nam trong dan ching khong bao gio két thic ma co the
chi duy tri trang thai can bang. Tiép theo, trong [20] céc tac gid nghien citu bai
toan t6i uu hoéa chi phi cho mo hinh KKS, do lyc luong Y khong bao gis bi tieu
diét hoan toan nén céac tac gia chi dua ra dudc chi phi ti wu cho trang thai on
dinh trong, tic la trang thai ma lyc luong X va lyc lugng Y kim ham 1an nhau,
khong c6 su gia tang hay gidm di vé quan s6 clia cac bén. So sanh cac két qua
tinh toan s6 do Feichtinger ciing nhom tac gid dua ra véi cic két qua tinh toan
s6 ching to6i da thuc hién c6 thé nhan thay ring néu cé sy tham gia ctia nhieu
luc luong thi chi phi bd ra dé duy tri trang thai can bing clia cac bén giam di

nhiéu so v6i néu chi c6 mot Iyc luong tham gia chéng lai Y.
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Chuong 3

Mo hinh tran danh kiéu NCW

Gan day, tac chién mang trung tam (NCW: Network Centric Warfare) duge
day manh nghién citu, trong dé thong tin déng vai trd quan trong hon trong chién
tranh truyén théng. Thuyc té, trong mot tran danh gitta hai hay nhiéu lyc lugng,
ngoai quan chinh quy tham chién thi lic lugng ho tro ciing déng vai tro rat quan
trong va anh hudéng trice tiép dén dién bién ciing nhu két cuc tran danh. Trong
mo6 hinh tran danh sit dung hé phuong trinh vi phan ma Lanchester dua ra, toc
do gidm quan s6 clia mot phe tham chién duge tinh béi quan s6 phe déi lap nhan
v6i mot heé s6 tieu diet. Cha y ring trong cac mo hinh Lanchester phi tuyén co
dién, ngudi ta chua xét t6i luc luong hé tro ma moé hinh chi gdm cac luc lugng
tac chién doc lap. Trong chuong nay, luan 4n xay duyng ba mo hinh tran danh
kiéu NCW ma trong dé luc luong X chéng lai mot hay nhiéu luc luong déi lap,
cac lyc lugng déi lap nay lai duge hd trg béi mot hay nhiéu hyc lugng hé trg. Cac
Iire Iuwong hé tro nay tuy rang khong trie tiép tham gia chién dau véi X nhung
tiy thuoc vao mic do ho trg cho cac lie luong ddi lap ma c6 anh hudng tric tiép
dén dién bién ciing nhu két cuc tran danh. Ngoai ra, trong cic mo hinh nay, mot
phan bé hoa luc duge thém vao cho luc luong X, ding dé thé hien chién thuat
ciia X trong tran danh. R6 rang phan b6 héa lic nay ciing anh hudng téi dién
bién va két qua tran danh.

Két qua nghién citu ctia Chuong 3 dudc duge cong bd trong 03 cong trinh
duéi day:

[CT3] Nam H. Nguyen, My A. Vu, Anh N. Ta, Manh D. Hy, Tuan A. Do
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(2021), Optimization in a non-linear Lanchester-type model involving supply
units, Journal of Applied and Industrial Mathematics, 15 (2), pp 315-325, Sco-
pus.

[CT4] Nam H. Nguyen, My A. Vu, Anh N. Ta, Manh D. Hy, Dinh V. Bui
(2021), Optimizing fire allocation in a NCW-type model, Journal of Defense
Modeling and Simulation: Applications, Methodology, Technology, Scopus,
https://doi.org/10.1177/15485129211022861.

[CT5] My A. Vu, Nam H. Nguyen, Hanh Le T. Nguyen, Anh N. Ta, Mong
H. Nguyen (2021), Optimal fire allocation in a combat model of mixed - NCW
type, Simulation: Transactions of the Society for Modeling and Simulation Inter-

national, Submitted.

3.1 Mo hinh tran danh kiéu NCW tong quat

Xét mot tran danh ma mot bén 13 Iyc luong X chong lai mot beén gom n luc
lugng Y;, i =1,2,...,n, trong d6 mdi lyc lugng Y; duge ho trg béi m; (m; € N) e

luong A mys -y Aim,. S0 d6 ctia tran danh duge mo ta dusi Hinh 3.1.

Q- NCH) - O )

)
Hinh 3.1: So do tran danh ctia mo6 hinh NCW tong quat.

Ta ky hieu:

ry,, (i=1,...,n) : toc do tieu diet cia X ddi v6i Y, (0 <ry, <1).

ra., (G =1,...,m;): toc do tieu diet cia X doi véi 4;;, (0 <ra,, < 1).
al : toe do tieu diet clia Y; khi két néi day di véi A;; dbi véi X.

™ - t6e do tieu diet ctia V; khi khong c6 két néi véi 4, ; d6i véi X.
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(0 <o <ol <1).

X(0), A;.;(0),Y;(0) : quan s6 ban dau ciia X, A; ;, Y; tuong ting, (X (0), A; ;(0), Y;(0)

0).
fi,j - ham ho trg ctia A; j cho Y; danh X. O day chiing toi x6t ham hé trg cla A j

cho V; danh X 13 mot ham tuyén tinh ¢6 dang f; ; = adAi’j + (af” — 04:;1"’]) AAZ(]O) )
Trong truong hop 4;;(0) = 0, tic la luc lugng Y; khong nhan duge su ho trl(; cua
luc lugng A; j, hay Y; khi khong ¢6 két ndi véi A, j, khi do f;; = af"j . Truong hop
Y; két néi day du véi A;jthi fi ;= af"’j.

Dé nghién cttu moé hinh nay, dau tién ching toi gia thiét rang luc lugng X 1a

dt 16n sao cho khi két thuc tran danh thi X > 0 va dua ra mot s6 khai niém sau.

Pinh nghia 3.1.1. Mot tran ddnh 1ing vdi mo hinh trén cé thé cé nhiéu giai
doan, giai doan 1 cua tran danh la giai doan tinh tu thoi diém bt dau tran danh
cho dén khi mot trong cdc luc luong Y;, A;j bi tieu diet hoan toan, giai doan 2
cua tran danh la giai doan tinh tu thoi diém két thic giai doan 1 cho dén khi mot

trong cdc hic ligng con lai trong so cdac luc lugng Y;, A; j bi tiéu diet hoan toan,...

Nhu vay mot tran danh déi véi mo hinh trén c6 thé dién ra trong nhiéu nhat
1a n+my +ma+ ... +my, giai doan, va it nhat n giai doan (ching toi sé giai thich

diéu nay ¢ phan sau ctia chuong nay).

Dinh nghia 3.1.2. Mot phan bo héa luc cia luc luong X doi vdi cac luc luong

Yi, Aij tuong ung la mot b SO (D1, ..., Pny Prtls s Prdmas o Pntmitmo-t..tmn) SQO

cho

0 S P1y--; Pns P41 -+ Pndmas -+ Pndmi+mo+...4+ma S 1
va
pi+ o +Pn F Pot1 F oo Doty oo Pty tmot4m, = L

N
Ky hiéu P = {(pl,...,pN) Y pi=1,0<p < 1}, v6i N =n+mj + ... + my,
=1

la tap tat ci cac phan bd hoa luc clia X.

>
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D6i v6i mo hinh nay chiing t6i sé nghién citu bai toan phan bo héa lyc t6i uu,
tic 1a bai toan tim phan b6 hoéa Iyc clia X trong mot giai doan ciia tran danh
sao cho tai moi thoi diém ctia giai doan dé luc Iugng X con lai 1 16n nhét.

Trong cac phan duéi day, ching toi sé xay dung va khao sat ba mo hinh cu

thé cho mo hinh NCW trén.

3.2 Mo hinh trin danh kiéu NCW thit nhét

Trong muc nay, ching t6i xay dung mo hinh tran danh gita hai bén tham
chién X do6i dau véi Yy va Ya, trong d6 Ys 1a mot Iuc lugng téc chién doc lap (tic
la Y5 khong ¢6 luc lugng ho trg, Y1 ¢6 su ho trg cia luc lugng A ma lye lugng nay
tuy ring khong tryc tiép danh X tuy nhién tuy vao mtc do hd trg cho Y7 ma c6
anh hudng tryc tiép dén dién bién ciing nhu két cuc tran danh. Mo hinh nay 1a
mot truong hgp rieng ctia moé hinh tong quat ¢ trén va ld mot mo hinh mé rong
hon so v6i mo6 hinh ma Donghyun Kim va nhém tac gia dé xuat trong tai lieu
[36]. Chuing toi gia st mitc do ho trg ciia lyc lugng A 1a mot ham tuyén tinh, va
goi mo hinh tran danh 14 mo hinh tran danh kiéu NCW - tron. Sau d6 chiing toi
nghién cttu va dua ra phan bd hoéa lyc clia X sao cho quan s6 con lai ciia X tai
thoi diém bat ky trong giai doan dau tién cfia tran danh la 16n nhat. Ngoai ra,
chiing toi cling tién hanh mot s6 két qua tinh toan cho thay cac két qua nghién
citu trong truong hop phan bd hoéa lyc t6i wu 1a hieu qua hon so véi cac truong
hop khac.

3.2.1 Mo hinh

Xét mot tran danh ma mot beén 1a luc luong X, déi dau v6i bén con lai gom
hai lyc luong Y; va Ys, trong dé Ys téc chién doc lap con Y; c6 su hd trg cia luc
lugng A. Ky hieu mo hinh nay 1a (X vs (Y, A), Y5). So do tran danh cia mo hinh

dugc mo ta trong Hinh 3.2.

Trong do:
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Hinh 3.2: So do tran danh ctia mé hinh NCW - tron.

+ Téc do tieu diet cta Y; doéi véi X phu thude vio ham hé trg ciia A cho Y3
A
) 5 N _ A A A
danh X, ham nay c6 dang f = o + (o — of) A0)
+ Y5 1a don vi tac chién doc lap khong c6 Iuyc luong ho trg, ching toi ky hiéu
toc do tieu diet cua Yo doi voi X 14 vy,
+ (p1,p2,p3) 1a mot phan bd hoa luc clia X ddi véi Yy, Ya, A tuong tng.

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

( dX A A A A
E = —[O{d + (O[C — O[d) m])/i - ’}/YQYQ,
dYq
Y = _p1TY1Xa

¥ (3.)

W = _erYQXJ
dA
& o paraX.

| p3ra

3.2.2 Phan b héa luc tdi vu

Sau day, chung toi sé nghién citu bai toan tim phan b6 hoa Iyc t6i wu ddi vdi
mo6 hinh NCW - tron 6 trén, tic 13 tim phan b hoa Iic ctia Iyie luong X sao cho
tai thoi diém ¢ bat ky trong giai doan 1 ctia tran danh thi quan s6 ctia X con lai
13 16n nhat (giai doan 1 ctia tran danh dugc tinh tit thoi diém bat dau tran danh
cho dén khi mot trong ba Iuic lugng A, Y7, Ya bi tieu diet hoan toan).

Dit P = {(p1,p2,p3) : p1,p2,p3 € [0;1], p1 + p2 + p3 = 1} 1a tap cac phan bo
hoa lyc ciia X trong giai doan 1.

Tiép theo, ching toi dua ra khai niem “hé s6 de doa”, 1a cac hé s6 by, bo, b3
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dugce tinh theo cac cong thic sau:

TA (0424 — 0@4) Y1(0)
A(0)

A
b1 = a;ry,, bo = Yy,Ty,, b3 =

Cac hé sd nay c6 thé hieu 1a cac hé s6 the hien "mic do nguy hiem" ma céc

luc lugng Vi, Ya, A tuong tng c6 thé gay ra doi véi luc lugng X. Phan b6 hoa luc

toi uu clia X duge chi ra trong dinh 1y sau.

Dinh 1y 3.2.1. Vdi p1, po, p3 khong doi tai moi thoi diém t tuy § trong giai doan

1 ciia trdgn danh, trong dé pi, p2, p3 € [0,1] : (p1 +p2 +p3 = 1), khi dé phan bo

héa luc toi wu cia X trong giai doan 1 la:

(1,0,0) khi b1 = max{bl,bg,bg},
P* =4 (0,1,0) khiby = max{by,b,b3},
(0,0, 1) khi b3 = maX{bl,bQ,bg}.

t
Chiing minh. Dat S (t) = [ X (s)ds =5 (t) = X (t)
0

A
= 8" (t) =X'(t) = — |of + (af — o) aq) | T
Co . .
[dvi=— [piry, X (s)ds = Yi (t) = V1 (0) = —p1r; S (t)
0 0
= Y1 = —piry, S (¢) + Y1(0).
Tuwong tu:

Yo = —pary, S (t) + YQ(O),
A= —p3raS (t) + A(0).

Thay Y1, Ya, A trong (3.3), (3.4), (3.5) vao (3.2) ta dugc:
S"(t) = —C1S%(t) + 028 (t) — Cs,

trong do

o = P1P3TY1TA (0424—04&4)
1 — A(O) ;

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)
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A A A
para (o —af) Y1(0) + piry, s A(0)
02 = ( d) (O) - + VY2P27Ys,

C3 = Oé?Y]_(O)‘i—")/YéYQ(O).

N

Nhan hai vé ctia (3.6) véi dS (t) roi lay tich phan 2 vé ta dugc:

S'(t) = X (1)

= \/—§0153 (t) + (0552 (t) — 2038 (t) + Cy,

& day, C1, Co, C3 1a cac gia tri khong am, C4 1& mot hang s6 tich phan. Do Cs
khong dbi nén dé tim diéu kién sao cho X (¢) 16n nhat ta sé tim diéu kien dé ¢4
nhé nhat dong thoi Cy 16n nhat (néu xay ra).
Nhu vay ta c6 bai toan:
mPin{Cl, —Ch}.

_ mira(od —ag)

A(0) ’

bai toan tré thanh:

rr%n{a:z:y, — (biz + boy + b32)},

e 4 0<z,9y,2<1,
v6i dieu kién
r+y+z=1

St dung phuong phap vo huéng hoa WM (xem [43]) va dat:
Fy(z,y,2) = XMazy) — (1 = X\) (bix + bay + b32) ,

ta dua ve bai toan:

min Fy (z,y, z),
0<z,y,2<1,
véi dicu kien § x4 y+2=1,
0<A<ZL
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hay:

min{A (1= y— =)y — (L= ) (br+ (b — bi)y + (bs — 1) 2)},
0<z,y,2<1,
v6i dieu kien ¢ 74y + 2 =1,
0<A<1
Xét cac truong hop:
Truong hop 1: by > bg > by.
DoA(1—-y—=z)ay >0
Suy ra
minFy > — (1 = X) (b1 + (b2 — b1) y + (b3 — b1) 2)
>—(1=X) (b1 4 (b2 —b1) (y + 2))
>—(1-=X)by=F(0,1,0).
Truong hop 2: by > by > bs.

Bai toan trd thanh:

min{\(1—y—2)ay+ (1 =X) (b1 —b3) 2 — (L = X) (b1 + (b2 — b1) )}

Tu d(), minF)\ > —(1 — )\)bg = F,\ (0,1,0)
Truong hop 3: bg > ba > by.

Ta co
minFy > — (1 = X) (b1 + (b3 — b1) (y + 2))

>—(1-=XN)bg=F\(0,0,1).
Truong hop 4: bs > by > bo.

Bai toan trd thanh:

min{\ (1 —y—z)ay+ (1 —=X) (b1 —b2)y — (L = X) (b+ (b3 — b) 2)}.

Suy ra minFy > —(1—)\>b3 :F)\(0,0,l).

by < by,
Truong hop 5:

b3 < by.
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Bai toan tré thanh:
min{A\(1 —y—2z)ay+ (1 = X) (b1 —b2)y+ (b1 —b3)z) — (L = X) by }.
Suy ra minFy > — (1 —X)b= F(1,0,0). O

Heé qua 3.2.2. Néu Yy =0, ta cé6 mé hinh tran dinh (X vs(Y1, A)), mé hinh nay

mo ta dudi dang hé phuong trinh vi phan nhu sau:

= [ + (ac @d) —A(O)]Yl’
{ % = —p/r’YlX’ (37)
= —(1—p)raX.

Phan b6 héa hic toi vu cia X doi vdi mo hinh (3.7) la:

alt — of) Y1(0)

(1,0) khi ral

< A
P = AQ) e
= A_ A
Cra(af —af) Y1(0)
(0,1) khi ( A(Oc)l) > ry, ol

Day la két qua ciia Donghyun Kim va nhém tac gid [36].

Heé qua 3.2.3. Néu A= 0, ta ¢c6 mo hinh tran danh (X vs(Y1,Y2)), mé hinh nay

mo ta dudi dang hé phuong trinh vi phan nhu sau:

= —aY1 — Y,
- _pTY1X7 (38)
= —(1 —p)?“sz.

aXx
i
&,
dt

Phan b6 héa luc toi wu cia X doi véi mo hinh (3.8) la:

P (1,0) khi ofry, > yv,ry,,
(0,1) khi ozz?ryl < M, Ty,

Day la két qua cta Lin va Mackay dugc trinh bay trong tai licu [41].

Vé co ban, tran danh c6 thé chia thanh 3 giai doan. Giai doan 1, X tap trung

toan bo hoa lyc danh mot trong ba luc lugng Y3, A, Yo. Khi mot trong ba lic
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lugng bi tiéu diét hoan toan X tap trung hoa lyc danh vao mot trong hai lyc
luong con lai. Dén khi lyc lugng thit hai bi tiéu diét thi tap trung danh lyc lugng
cudi ciing. Cac trudng hop ctia tran danh theo 3 giai doan c6 thé mé ta duéi dang
mot cay nhu Hinh 3.3. Tuy nhién, trén thyc té, néu Y; bi tiéu diét hoan toan
trude A thi X khong can danh A nita, va néu ngay khi két thac giai doan 2 ciia
tran danh ma luc lugng Y7 va Ys bi tiéu diét hoan toan thi lyc lugng X khong
gidm nita, nén ta cé theé coi tran danh két thic tai day. Cac trudng hop trén thuc

té c6 the xay ra ctia tran danh duge mo ta trong Hinh 3.4.

o)
(%) (%) (4)
(%) O ) (@) %) )
@ () @) ) (%) )

Hinh 3.3: Dién tién tran danh ctia mo hinh NCW - tron trén 1y thuyét.

Hinh 3.4: Dién tién tran danh ctia mo6 hinh NCW - tron trén thuc té.
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V6i két qua ctia chiing toi thi phan bo héa lyc téi uu duge ap dung trong giai
doan dau tién ctia tran danh. Tir giai doan th hai ctia tran danh tré di ta c6
thé ap dung két qua ctia Donghyun Kim va nhém tac gid [36] hosic két qua clia
Lin vd Mackay [41]. Trong trusng hop 1, vé mat chién thuat, dé B (¢) 16n nhat
thi trong giai doan 1 ta tap trung toan bo hoa luc danh A. Sau khi A bi tiéu diét
hoan toan thi khi d6 ta chuyén sang danh Y; hoiic Y5 theo Lin va Mackay. Truong
hop 2 chién thuat duge phan tich tuong tu nhu truong hop 1.

Trong trucng hop 3, trong giai doan 1 ta sé tap trung toan bo hoa luc danh
Y. Sau khi Y5 bi tieu diét hoan toan thi khi dé ta chuyén sang danh Y; hoac A
theo duya vao két qud nghién cttu ctia Donghyun Kim vA nhém tac gid. Truong
hop 4 chién thuat duge phan tich tuong tu nhu truong hop 3. Trong trudng hop
5, dé X (t) 16n nhat thi trong giai doan 1 ta tap trung toan bo hda lic danh Y;.
Dén khi Y7 bi tiéu diét hoan toan thi tap trung danh Ys, va khi Y5 bi tieu diét
hoan toan thi quan s6 cia X khong gidm nita va chinh 13 quan s6 16n nhat con

lai.

3.2.3 Mot vai minh hoa sb

Dé minh hoa, chiing toi sé gigi thieu mot vai két qua tinh toan sé cho ba
truong hop ctia Dinh 1y 3.2.1, cu thé 1a cac trusng hop: luc lugng hd tré A bi
danh trong giai doan 1, Y7 bi danh trudc trong giai doan 1 va Y3 bi danh truéce
trong giai doan 1. Trong mdi trudng hgp, chiing toi sé phan tich két qua va dién
tién ctia tran danh trong trudng hgp phan bé hoéa Iyc toéi wu, dong thoi dua ra
mot s6 phan bd hda luc khac dé so sanh. Dé ciing ¢6 khing dinh ctia minh, déi
v6i mdi truong hgp, ching to6i ciing tao ra 1000 phan b6 héa lic ngau nhién va
khao sat dién bién clia cac tran danh cho dén khi giai doan dau tién clia tran

danh két thic.

Truong hop 1: A bi danh truéc

Ta xét cac tham s6 dau vao cho duéi dang bang sau day:
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A A
c

« (67 d TYs | ™Yy A Y,

041015102105 |03]0.2

Bang 3.1: Cac tham s6 cho Truong hop 1.

cling véi cac dieu kien dau: X (0) = 170;Y1(0) = 120; A(0) = 20; Y2(0) = 50, thi
cac “hé s6 de doa” tinh dugc 1a: by = 0,2; by = 0,04; by = 0,45. Do b3 > by > by
nén phan bo hoa lyc toi vu trong ting giai doan ciia tran danh duge cho lan lugt

la

P* =(0,0,1) = (1,0,0) = (0,1,0).

N6i mot cach khac, chién thuat t6i wu ctia X 1a tap trung hoéa luc danh A, sau
khi A bi tiéu diét hoan toan thi tap trung hoa lyc danh Y; vi by > by va sau khi
Y} bi tieu diet thi tap trung danh Y dé két thdc cudc chién. Dé so sanh ching
toi stt dung mot phuong an chién thuat la P, = (1,0,0) — (0,1,0). Tic la X tap
trung héa Iyc danh Y7 truée sau do thi danh Ys. Két qua tinh toan cho thay du
X van chién thing nhung 1o rang quan s6 clia X tai moi thoi diem déu thap hon
so vdi khi st dung chién thuat t6i wu. Quan s6 clia X trong cic truong hop mo
phéng c6 thé xem trén Hinh 3.5.

Dé minh hoa ré hon cho khang dinh ctia Dinh 1y 3.2.1, tiép theo, ching t6i
tién hanh thi nghiem bang cach tao ra 1000 phan bd hoéa lyc ngau nhién va
nghién cttu anh hudng ciia ching dén két qua ctia tran danh. Theo tinh toan, s6

quan con lai ctia X khi két thac giai doan mot duge trinh bay trong bang sau:

X <0 (0,20] | (20,50] | (50,80] | (80,170]
S6 truong hop | 306 | 225 80 127 262

Quan s6 ctia X con lai t6i da trong s6 1000 truong hop la khoang 132 va
phan bd hoa luc tuong tng 1la P™ = (0.0126, 0.9478, 0.0396). Ddi véi phan bo
hoa luc nay, giai doan dau ctia tran chién két thic tai thoi diem ¢ ~ 0.3949. Véi
phan bo hoa e t61 wu P* = (0;0; 1), giai doan dau tien két thuc khi ¢} ~ 2.3014
va s6 quan con lai ctia X tai thoi diem dé xap xi 95. Tuy nhién, tai thoi diém

t1 ~ 0.3949, s6 quan con lai clia X néu st dung phan b6 hda lyc t6i wu 1a xap xi
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180
—P"=(0,0,1) — (1,0,0)— (0,1,0)
170 —P, =(1,0,0) - (0,1,0) |
160
150
< 140

130

120

110

100

Timet

Hinh 3.5: M6 phong tinh toan cho Truong hgp 1: A bi danh trude.

136. Két qua clia tran danh véi hai phan b hoéa luc nay dén thoi diém ¢ dudc

mo ta trong Hinh 3.6.

Truong hop 2: Y7 bi danh truéc

Gia st ta c6 tran danh tuong tng v6i mo hinh NCW - tron ma quan sé ban
dau céc ben la: X(0) = 170;Y1(0) = 120, A(0) = 50; Y2(0) = 50, cung véi cac

tham s6 dau vao nhu sau:

o | ol

Oéd P)/Yz TY1 TA TYQ

0410150210502 0.2

Bang 3.2: Cac tham s6 cho Truong hop 2.

Khi d6 cac “hé s6 de doa” tinh duge la: by = 0,2; by = 0,04; b3 = 0,12.

Do by > b3 > by nén phan bé hda lyc t6i wu ctia le luong X trong tran danh
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170 T T T T T T T
—  MAX_
165 P* =(0.0126, 0.9478, 0.0396) | |
=P =(0,0,1)
160 - _
155 - _
< 150 - _
145 _
140 - _
135 - _
130 . ! ! ! L ! I
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Time t

Hinh 3.6: Truong hop 1: Quan s6 con lai clia X trong khoang thoi gian [0,#].

la P* = (1,0,0) — (0,1,0), (sau khi két thic giai doan 1, Y3 bi tieu diét hoan
toan, luc luong X chuyén sang danh Y, luén vi A khong lam luc lugng X suy
gidm quan s). V6i 3 phuong an chiing toi chon dé so sanh thi chi c6 phuong an
Py = (0.7,0.1,0.2) — (0,0,1) cho két qua X chién thing, du vay quan s6 cia X
van thap hon trong truong hgp phan bo 1a t6i wu. V6i hai phuong an con lai thi
X tham chi con thua tran. Nhu vay c6 thé thay la phuong an P3 khac biét mot
chiit so véi phuong 4n t6i uu trong giai doan dau va gidng phuong an téi wu trong
giai doan sau da lam quan Xanh chién thang. Trong khi hai phuong an con lai
khong c6 su tuong dong véi phuong an to6i uu va dan t6i két cuc that bai. Dién
bién va két cuc ctia tran danh tuong ing véi phuong an t6i wu va cac phuong an
thit nghiém c6 thé xem trén Hinh 3.7.

Tiép theo, chting toi tién hanh thit nghiém bang cach tao ra 1000 phan bé hoa
liyc ngau nhién va nghién citu anh hudng ctia ching dén két qua ciia tran danh.
Theo tinh toan, s6 quan con lai cia X khi két thic giai doan mot dudge trinh bay

trong bang sau:

X <0 (0,20] | (20,50] | (50,80] | (80, 170]
S6 truong hop | 622 | 132 | 109 105 32

0.4
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180 - E;((t?)?): @oo)
160 —_— P2 =(0,1,0) — (1,0,0)
140 - — P3 =(0.7,0.2,0.1) — (0,0,1)
120
g100r
80 F
60
40 -
20 F
0 ‘
0 1 2 3 4 5 6 7 8

Hinh 3.7: M6 phéng tinh toan cho Truong hop 2: Y7 bi danh trude.

Quan s6 clia X con lai téi da trong s6 1000 truong hop 1a khodng 110 va
phan bo héa lyc tuong ting 1a Pme® = (0.9429, 0.0524, 0.0047). Ddi véi phan bod
hoéa luc nay, giai doan dau clia tran chién két thic tai thoi diém ¢y ~ 1.8009. Véi
phan bd hoa lye t61 uu P* = (1;0;0), giai doan dau tien két thuc khi t5* ~ 2.8255
va s6 quan con lai clia X tai thoi diem dé xap xi 85. Tuy nhién, tai thoi diém
to ~ 1.8009, s6 quan con lai cia X néu st dung phan bé hda lyc t6i wu 1a khodng
118. Két qua clia tran danh vé6i hai phan b6 hoéa luc nay dén thoi diém ¢y dudc

mo ta trong Hinh 3.8.

Truong hop 3: Y5 bi danh truéc

Ta xét mo hinh véi cdc tham sé dau vao nhu sau:
cting v6i cac didu kien dau X(0) = 170;¥1(0) = 120; A(0) = 60; ¥2(0) = 50, khi
d6 cac he s6 de doa tinh dugc 1a by = 0,2; by = 0,3; b3 = 0,08. Tt day ta co
phuong an phan bd hoa lyc t6i wu la P* = (0,1,0) — (1,0,0). V6i hai phan bd



68

170 T T T T T T T T T
= P"™®=(0.9429, 0.0524, 0.0047)
160 —P'=10,0) 1
150 - -
140 - 4
3

130 - .
120 - -
110 - .
100 | | | | | | | | |

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time t

Hinh 3.8: Truong hop 2: Quan s6 con lai clia X trong khoang thoi gian [0, ts).

A A
c

« ag | Vs | Tyr | TA | Ty

04]102]06({05]0.2]0.5

Bang 3.3: Cac tham s6 cho Trudng hop 3.

héa lyc diing dé so sanh 1a P, = (1,0,0) — (0,1,0); P> = (0,0,1) thi déi v6i
phuong an Py, X chién thang nhung quan s6 it hon so v6i phuong 4n tdi wu trong
suoét qua trinh dién ra tran danh. Con véi phuong an P thi khi chua tieu diét
hét quan s6 cta lue Iugng ho tro A thi quan so cia luce luong X da bi tieu diét
hét va thua tran. Ddi véi truong hgp thit ba nay, trong phan tiép theo, ching toi
ciing tién hanh thit nghiém biang cich tao ra 1000 phan bd hoéa lyc ngau nhién
va nghién cttu &nh hudng ciia ching dén két qua clia tran danh. Theo tinh toan,

s6 quan con lai ciia X khi két thuc giai doan mot dude trinh bay trong bang sau:

X <0 (0,20] | (20,50] | (50,80] | (80, 170]
S6 truong hop | 296 | 227 103 170 204

Quan s6 clia X con lai toi da trong s6 1000 truong hop 1a khoang 131 va phan
b6 hda lyc tuong tng la P = (0.0114, 0.9267, 0.0619). Ddi v6i phan bd hoa lue

nay, giai doan dau cta tran chién két thic tai thoi diém t3 ~ 0.6059. V6i phan
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200

—P"=(0,1,0) — (1,0, 0)
180 | —P,=(1,00 —~ (0,1,0)

P,=(0,01)

160 -

140 4

120 7

X
g

80 7

60 [ 7

40 1

20 7

Hinh 3.9: M6 phong tinh toan cho Truong hop 3: Y bi danh trude.

b6 hoa luc t6i uu P* = (0;1;0), giai doan dau tien két thac khi ¢4 ~ 0.5615 va
s6 quan con lai ctia X tai thoi diem do6 xap xi 134. Nhu vay, v6i phan b6 héa luc
t6i wu thi giai doan 1 clia tran danh sé két thic nhanh hon, quan s6 cia X con
lai khi két thic giai doan 1 14 16n hon so véi sit dung phuong an héa lyc P™e*.
Két qua ctia tran danh véi hai phan bé hoa luc nay dén thoi diém t3 duge mo ta

trong Hinh 3.10.

3.3 Mo hinh tran danh kiéu NCW thi hai

3.3.1 Mo hinh

Tiép theo, ching t6i xét mo6 hinh tran danh ma mot bén 1a lyc lugng X doi
dau véi n lye lugng Y7, Ya, ..., Y, trong d6 mdi luc lugng Y; (i = 1,2, ...,n) lai c6 mot
don vi ho trg A; tuong ting. Ro rang 1a cac don vi hd trg Aq, ..., A, tac dong dén
két qua clia tran chién bang cach anh huéng dén toc do tieu diet cia Yi,...,Y,
d6i véi X. Khi quan s6 ciia né bi tieu diet hoan toan thi cic tadc dong nay ciing

khong con nita. Ching t6i ky higu mo hinh nay 1a (X vs (Y1, 41),..., (Yo, 4n))) -
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170 T T T T T T

p™#=(0.0114, 0.9267, 0.0619
165 ( , , )| |

—P'=(0, 1, 0)

160 - .
155 n

€™

€ 150

T
|

145 - n

140 - n

135 n

130 I I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Time t
Hinh 3.10: Truong hgp 3: Quan s6 con lai clia X trong khoang thoi gian [0, t3).

So do6 tran danh ctia mo hinh duge mo ta trong Hinh 3.11.
D6i v6i mo hinh nay ching toi st dung cac ky hieu:
+ 74, (i=1,...,n): toc do tieu diet clia X ddi véi A;.
+ afi : tde do tieu diet clia Y; khi két nbi day dua véi A; ddi véi X.
+ o toc do tieu diet ctia ¥; khi khong 6 két ndi voi 4; doi véi X.

+ Tboc do tieu diet ctia Y; doi v6i X phu thudc vao ham hé trg ciia A; cho Y;
A;i(0)

+ (p1, --Pns Pt 15 -, P2n) 12 MmOt phan bo hoa luc clia X ddi v6i i, ..., Yy, A1, .., Ay

danh X, ham nay c6 dang f; = aﬁi + (afi — a;?

tuong ung.

Hinh 3.11: So do tran danh ctia mo hinh (X vs (Y1, A1), ..., (Ya, 42))).
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Toc do suy gidm quan s6 clia tat cd cac bén tham chién dude cho dué6i dang

hé phuong trinh vi phan sau:

p

n
=X ot et ety g
=1

dt A;(0)

| & =—piry. X, (i=1,...,n), (3.9)
dt
dA; .

\%—_pn—i—jTAan <j_]-a7n)

3.3.2 Phan b héa luc t6i vu

V6i mo hinh (3.9), chiing toi xét bai toan t6i uu quan s6 cua lyc lugng X
tai moi thdi diém ¢ trong giai doan 1 cia tran danh (giai doan 1 ctia tran danh
dugce tinh tit thoi diem bt dau tran danh cho dén khi mot trong céc luc luong

Y1, ., Yo, A1, ...y Ay bi tiéu diét hoan toan).

Dat:
bi = adiry, (i=1,...,n),
o (o) 50 a0
bt = A,0) ,(1=1,...,n).

Chiing toi goi cac hang s6 nay 1a cac "hé s6 de doa”. Ching dai dién cho mic
do "de doa" ctia cac luc luong Y, ..., Y, cing véi cac don vi ho trg cho ching déi

v6i Iue luong X. Phan b6 hda lyc t6i wu ctia X dude chi ra trong dinh 1y sau.
Dinh ly 3.3.1. Gid st rang phan bo héa luc cia X la tap
2n
P=A{(p1,.--,Pn,-,020) : 2& € [0,1] la cdc hing s6, k = 1,...,2n;2pk =1}
k=1
. Khi dé phan bo héa luc toi vu cia X la :
P = <O,...,0, 1 ,O,...,O) trong do k = argmax {b;} .

L =1,....2n

Chitng minh. Dit S(t) = [; X(s)ds. Ta c6 S'(t) = X(t) va

n

S"(t) = X'(t) = —Z loaé?i + (a — o) 30) Y;. (3.11)
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Mat khac

t t
/ vy = - / piry, X (s)ds = Yi(t) = Y1(0) = —piry; S(t).
0 0

Suy ra
Yi(t) = —p1ry, S(t) + Y1(0). (3.12)

Tinh toan tuong tu, ta nhan dugc

Yi(t) = —piry;S(¢) + Yi(0), (i =1,...,n), (3.13)

Aj(t) = —pugjra,S(t) + A;(0), (=1,...,n). (3.14)

Thay (3.13), (3.14) vao (3.11) ta ¢6

S"(t) = —C15%(t) + C25(t) — Cs, (3.15)
trong doé

O — i pipnriryra, (o — afi)

1 i=1 A4i(0) 7
o i Prira, (afi — &dAi) Yi(0) + piry,af A (0)

T i=1 4:(0) |
Cs = Z OZ?ZY;(O)

i=1

Nhan hai vé ctia (3.15) v6i dS(t) va tich phan hai vé ta thu duge

S'(t) = X (1)

_ \/—§0153(t) 4 CuS2(1) — 2035(1) + Ci,

§ d6 C4 la hing s tich phan. Vi C3 khong doi, trong khi €y, Cy > 0, do dé dé
B(t) 16n nhat, ching ta sé tim diéu kien dé C; nhé nhat dong thai Cy 16n nhat

(néu xdy ra). Tu do, ta c6 bai toan t6i uu da muc tiéu sau:
min{C7, —C5}. 3.16
min{Cy, —Co} (3.16)

Ky hiéu
ryra (ol — o)

400 C(i=1,....n). (3.17)

a; =
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Bai toan (3.16) tré thanh

n n n
min {Z a;TiYi, — (Z bizi + ) bn+jyj> }
=1 =1

j=1
0<apy<l:i,j=1,...,n, (3.18)
v6i diéu kien n n
w4+ Yy =1
i=1 i=1

Dé gidi bai toan (3.18), chiing toi sit dung phuong phap vo huéng hoa WM ([43]).
Theo d6, v6i v € [0.1] ta dinh nghia ham

n n n
F’y ('Tl) vy Ty Y1, e 7yn) = /yzazwlyl - (1 - /Y) <Z blxz + Zb’n—F]y]) )
i=1 i=1 j=1
va xét bai toan sau

min Fy (21, ..., Tn, Y1, - - -, Yn)

vl dieu kién n n

ZIZ‘ + Z y; = 1.
i=1 j=1

Thay =1 =1- > z; — > y; vao (3.19) ta thu dugc bai toan:
i=2 j=1

n n
min Fy(1 = > @i — >y, 22, Tn, Y1, Yn)
i=2 j=1

0<wmz,y<l:i=2....nj=1,...,n, (3.20)

v6i dieu kien n n
Yorit+ Yy <1
i=2 j=1

Khong mat tinh tong quat, gia st rang: by > ... > by, > byy1 > ... > by, Ta
xét cac truong hgp sau:
Truong hop 1: by = rlnin {b;}.
1= n

=1,...

Ta co

Fy =~ <a1y1 <1 — Z% — Zw) + Z aiOCi?Ji)
i=2 j=1 i=2
_ (1 — 'y) (bl —+ Z (bi — bl)xi + Z (bn+j — bl)yj> .
i=2 j=1
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n n n
Vivlayp (1=> zi— > yj | +D aiwiys | >0 nén
=2 7=1 =2
n n
IIliIlF,Y > — (1 — ’y) b1 + Z (bi — bl) T; + Z (bn+j — bl) yj>
=2 =1

> (1-7) b1+Z(bzbl)xi+Z(bel>yj>

== (1 =) | br+(b2—01) (Zxﬁzyy))

1=2

> — (1 —’7)(()1 + by —bl> = —(1 —’y)bg = Fw(O,l,O,...,O).

Truong hop 2: by = max {b;}.
i=1,....2n

Ta co

F,=x <a1y1 (1 — Z T; — Z yj> + Z aixigﬁ)
i—2 j=1 i=2
—(1=9) (bl + Z (bi —b1) @i + Z (bntj — 1) yj)
=2 =1
= (alyl (1 - Z T — Z yj) + Z az‘xﬁh‘)
=2 j=1 =2

+ (1 - 7) (i: (bl - bi) i + zn: (bl — anrj) yj> — (1 — ’y)bl.

1=

ol <a1y1 (1 — Zl’z — Z%) + Zaixiyi>
+(1—7) (Z (b1 — ;) zi + Z (b1 = bn+j) yj) >0,

i=2 j=1
suy ra min Fy, > —(1 — )b = F,(1,0,0,...,0).

Tru’dngh_dp 3: by > ... > b > b1 > bpy1 > ... > bay.
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3.1. Neu2<k<n,taco

A
|
2
-
)
=
N
—
N
—_
|
1 3
[\
&
|
.
Il 3
o
&
~__
+
T M S
[\
o
8
<
v

+(17)< (b1 —bi)ai+ ) (b bnﬂ)y])
i=k+1 7=1
k
—(1—7) <b1 +) (b bl):@)
i=2
Vi
Y (alyl (1 - > x— Z/j) + Zaixiyi>
i=2 =1 i=2
+(1-9) ( (b1 — bi) v + Z (b1 = bytj) Z/j) > 0,
i=k+1 j=1
suy ra

min F, > — (1 —~) (bl + Z (bi — bl)%‘)

>—(1—7) (b1 +b2—b1)

=—(1—-7)by=F,(0,1,0,...,0).

3.2. Néun <k < 2n, ta co:

n n n
Fy =y (alyl (1 - me - Zw) + aifBiyz‘)
i—2 =1 2

1=
n

+(1=N D> =ty

j=k+1

— (1 —*)/) <b1 +i(bi — bl)xi +Z(bn+j — bl)y]) .

¥ <a1y1 (1 - sz - Z%’) + Z aﬂ?i%)
j=1

i=2 1=2

n

+(1=y) [ D =ty | >0,

j=k+1
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n k
min F, > — (1 —~) <b1 + Z (b; — by) x; + Z (btj — b1) yj)
i=2 j=1

>—(1—’y)(b1+bg—bl)

= —(1—9)by=F,(0,1,0,...,0).
]

Heé qua 3.3.2. Vdin =2, ta c6 mé hinh (X vs (Y1, A1), (Ya, A2))), phan b6 héa

luc toi wu cia X khi dé la:

(

(1,0,0,0) néu bl = max{bl, bQ, b3,b4},

(0,1,0,0) néu by = max{by, bo, b3, by},
P = (3.21)

(O, O, 1, 0) néu bg = max{bl, bQ, b3, b4},

(0,0,0,1) néu by = max{by,bo, b3, by}

Thuc té, luc luong X dong thoi chong lai 4 luc luong Y, Ya, A1, Ay nén vé co
ban tran danh dugce chia thanh 4 giai doan. Cac truong hgp cua tran danh theo

4 giai doan c6 thé mo ta dusi dang 1 cay nhu Hinh 3.12.

Hinh 3.12: Dién tién tran danh ctia mo hinh (X ws ((Y1, A1), (Y2, A2))) trén ly
thuyét.

Tiy thuoce vao do 16n ciia cac "hé s6 de doa" ma lyc luong X lya chon danh

lyc lugng nao trude. Tuy nhién, chd ¥ rang néu Y; hodc Ys bi tieu diét hoan toan
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thi X sé khong can danh A; hodc Ay nita. Hon nita, néu ca Y; va Ys bi tieu diét
hoan toan thi tran danh sé két thuc (do lic nay luc lugng X khong bi gidm ve
quan sb). Do d6, trén thyc té tran danh c6 thé chi gom 2 hodc 3 giai doan. Ta c6

thé mo ta riat gon cac truong hop thuc té clia tran danh nhu Hinh 3.13.

(v, ) (1)
«/\\ /// SN TN
/ f & o w & ® W
NTONT NN
@ o HOOH GH® OHmE
] |
ORI ololo

Hinh 3.13: Dién tién tran danh ctia mo hinh (X ws ((Y1, A1), (Y2, A2))) trén thue

On

te.

Dic biét, d6i v6i mo hinh (X wvs ((Yi, A1), (Ya, A2))) ma Ag bi tieu diét hoan
toan dau tién, hosic ngay tit dau Yo khong c6 sy hd tro clia Ay thi He qua 3.3.2
nay chinh la Dinh 1y 3.2.1 da trinh bay & trén.

Heé qua 3.3.3. Vdin =1, ta ¢c6 mé hinh (X vs (Y1,41)), khi dé phan b6 héa lic

toi vu cia X la:

1,0) néu by > by,
P* = (1,0) (3.22)
(O, 1) néu b1 < by.

Két qua nay da dugc Donghyun Kim va nhém téc gia trinh bay trong [36].

3.3.3 Mot vai minh hoa sé

Trong phan nay, ching toi sé dua ra cac tinh toan s6 cho ba truong hop tieu

biéu ctia He qua 3.3.2.
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Trudng hop 1: Vi va Y, lan lugt bi danh trudc

Chung ta xét mo hinh (X wvs ((Y1, A1), (Ya, A2))) v6i cac tham s6 dau vao nhu

sau:

(O&Z?l, OZ?I) <a1d427 O‘/(/:b) (TYU TYsyTAyp, TAQ)

(0.4,0.8) | (0.5,0.7) | (0.4,0.35,0.3,0.4)

Bang 3.4: Cac tham s6 cho Truong hop 1.

cting v6i quan sd ban dau ctia cac bén:
X(0) = 350; Y1 (0) = 120; Y5(0) = 100; A;(0) = 50; As(0) = 60.
Véi cac tham s6 nay, cac "hé s6 de doa" dugce tinh toan nhu sau:
b = 0.32; by = 0.245; by = 0.288: by = 0.133.

Ap dung Hé qua 3.3.2, luc lugng X sé tap trung héa luc dé danh Y; trong
giai doan 1 ctia tran danh. Sau giai doan 1, khi ma Y7 bi tiéu diét hoan toan thi
khong can danh A;. Trong giai doan 2, 4p dung Hé qua 3.3.3, luc luong X sé tan
cong Ys. Néu Ys bi tieu diet hoan toan, tran danh sé két thic. Tong hop ca hai

giai doan, phan b6 hoéa Iic tdi wu cia X 1a:
P* = (1,0,0,0) = (0,1,0,0).

Ching t6i so sanh chién thuat st dung phan b6 héa lyc t6i wu véi hai chién

thuat sau:

P = (0,1,0,0) = (1,0,0,0),

P, =(0,0,1,0) — (0,1,0,0) — (1,0,0,0),

trong do, chién thuat P; 1a ngugc lai v6i P*.
Két qua ciia tran danh va quan s6 con lai clia X v6i 3 phan bo héa e trén
duge mo ta trong Hinh 3.14. Ta thay, v6i chién thuat trén thi lyc luong X luon

thang tran. Tuy nhién, néu dung phan b hoéa e t6i wu P* thi tran danh nhanh
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350 | ‘ ‘ :
\\ —P*=(1,0,0,0)— (0,1,0,0)
\ —P, =(0,1,0,0) — (1,0,0,0)
200 | \ P,=(0,0,1,0) —(0,1,0,0) — (1,0,0,0) |
250 |
3
200 |
150 |
100 ‘ ‘ ‘ ‘ ‘ | ‘

Time t
Hinh 3.14: M6 phéng tinh toan cho Truong hop 1: Y7 va Ys lan lugt bi danh trude.

chong két thic, va quan s6 con lai ciia bén X tai moi thoi diém clia tran danh
luon luon 16n nhat.

Tiép theo, v6i bo tham s6 dau vao nhu trén, ching toi tién hanh thit nghiem
do6i v6i 1000 phan bé hoéa luc ngau nhién. Quan s cta lyc luong X con lai khi

két thic giai doan 1 dudc tinh toan va théng ké trong bang sau:

X <0 (0,50] | (50,150] | (150,250] | (250, 350]
S6 truong hop | 43 86 489 375 7

Quan s6 clia X con lai téi da trong s6 1000 truong hop 1a khodng 272 va phan
b6 héa e tuong tng I Pme = (0.8045, 0.0202, 0.0485, 0.1268). Déi véi phan bd
hoa lic nay, giai doan dau ctia tran chién két thic tai thoi diem ¢ ~ 0.5085. Véi
phan b6 héa lyc t6i wu P* = (1,0,0,0), giai doan dau tién két thic khi ¢ ~ 1.0335
va s6 quan con lai ctia X tai thoi diem do xap xi 230. Tuy nhién, tai thoi diém
t1 ~ 0.5085, s6 quan con lai clia X néu st dung phan b6 hoa lyc t6i wu 1a xap xi
283. Két qua ctia tran danh véi hai phan bd héa lyc nay dén thoi diém ¢ duge

mo ta trong Hinh 3.15.
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350 1 1

P™M®*=(0.8045, 0.0202, 0.0485, 0.1268)
340 ——P’'=(1,0,0,0) —

330 .
320 .
a0t -
300 .
290 | .

280 - -

270 | | | | |

Time t

Hinh 3.15: Truong hop 1: Quan s6 con lai clia X trong khoang thoi gian [0,#1].

Trudng hop 2: Mot trong cac don vi hé trg bi danh truéc

Xét mo hinh (X wvs ((Y1, A1), (Ya, A2))) v6i tham s6 dau vao:

(o) | (a2, ad2) | (rvi ryesray, may)

(04,08) | (03,0.7) | (0.4,0.5,0.3,0.4)

Bang 3.5: Cac tham s6 cho Trudng hop 2.
cting v6i quan s6 ban dau ctia cac ben:
X(0) = 350; Yi(0) = 120; Ya(0) = 150; A1(0) = 50; As(0) = 40.
V6i cac tham s6 nay, cac "hé s6 de doa" duge tinh toan nhu sau:
by = 0.32: by — 0.35; by — 0.288: by = 0.6.

Theo Hée qua 3.3.2, trong giai doan 1 ctia tran danh, lyc lugng X sé tan cong
As trude. Sau giai doan 1, khi Ay bi tieu diét hoan toan, cac "hé s6 de doa" duogc
tinh lai nhu sau:

b1 = 0.32: by = 0.15; by = 0.288.
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T do, trong giai doan 2, luc lugng X sé tap trung hoa liyc danh Y. Khi ¥
bi tieu diet hoan toan thi X khong can danh A; va hién nhién 1a trong giai doan

3 luc luong X sé danh Ys. Tong két lai, phan bd hoa luc t6i wu cia X la:
P* = (0,0,0,1) = (1,0,0,0) — (0,1,0,0).

Chiing toi sé dung hai chién thuat phan b6 hoéa luc sau dé so sanh véi chién
thuat P* :
P = (1,0,0,0) = (0,1,0,0)

Py =(0,0,1,0) — (1,0,0,0).

Chién thuat Py gan giéng v6i P* nhung khong c6 giai doan danh A,. Trong
khi d6, v6i chién thuat P, thi lyc lugng X tap trung danh A; trong giai doan 1
roi danh Y7 trong giai doan tiép theo. Két qua clia tran danh dugc mo ta trong
Hinh 3.16. Trong hinh ta thay véi chién thuat P* va P; thi bén X sé chién thang
khi tran danh két thic, tuy nhién quan s6 ctia X khi stt dung phan bo héa luc
t61 wu luon 1a 16n nhat tai moi thoi diém, néu st dung chién thuat P, thi ben X
thua cuodc.

Tién hanh thit nghiem doéi véi 1000 phan bo héa lyc ngau nhién, ching toi
thu duge két qua nhu sau:

Quan sb ciia lire Iuong X con lai khi két thic giai doan 1 dude tinh toan va

thong ké trong bang

X <0 (0,50] | (50,150] | (150,250] | (250,350
S6 truong hop | 60 | 153 239 494 54

Quan s6 ctia X con lai toi da trong s6 1000 truong hop 1a khodng 297 va phan
b6 hoa lue tuong tng la Pmer — (0.0465, 0.0508, 0.0241, 0.8786). Déi véi phan
bé hoa luc nay, giai doan dau ctia tran chién két thic tai thoi diem ¢y ~ 0.3104.
V6i phan b héa lyc t6i wu P* = (0,0,0,1), giai doan dau tien két thuc khi

tht 2 0.2727 va sd quan con lai ctia X tai thoi diém d6 xap x{ 303. Nhu vay, so
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—PpP"=(0,0,0,1) — (1,0,0,0) — (0,1,0,0)
350 & —P, =(1,0,00) — (0,1,0,0)

P,=(00,1,0) - (1,0,00)

100 -

Hinh 3.16: M6 phéng tinh toan cho Trudng hgp 2: Mot trong cac don vi ho trg

bi danh truée.

sanh phuong an t6i wu P* va phuong an P™ ta thay néu sit dung phuong an
P* thi khi két thic giai doan 1 quan s6 ctia lyc lugng X con lai 16n hon, ngoai
ra thoi gian dé két thic giai doan 1 ctia tran danh ngdn hon. Két qua ctia tran

danh véi hai phan bd hoa lic nay dén thoi diém ¢, duge mo ta trong Hinh 3.17.

Truong hop 3: Cac don vi hd trg lan lugt bi danh truéc

Xét mo hinh (X wvs ((Y1, A1), (Ya, A2))) v6i tham s6 dau vao:

(Oé;;h? C“gh) (Oégb? agb) (TYD TYas T Ass 701‘12)

(0.4,0.8) | (0.3,0.7) | (0.2,0.5,0.3,0.4)

Bang 3.6: Cac tham s6 cho Truong hop 3.
ciing v6i quan s6 ban dau clia cic bén:

X(0) = 400; Y1 (0) = 120; Y2(0) = 150; A1(0) = 50; A2(0) = 40.
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350
P™®=(0.0465, 0.0508, 0.0241, 0.8786)
340 - —P'=(0,0,0, 1) 4
330 - -
<320 -
310 - -
300 - -
290 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Time t

Hinh 3.17: Truong hop 2: Quan s6 con lai clia X trong khoang thoi gian [0, ).

T (3.24), v6i cac tham s nay, cac "hé sé de doa" duge tinh todn nhu sau:
by = 0.16: by = 0.35: by = 0.288: by = 0.6.

Trong giai doan 1, e luong X sé tap trung danh A, trude. Két thic giai doan
1, khi A bi tieu diet hoan toan thi cac "hé sd de doa" dudge tinh toan lai nhu
sau:

b1 = 0.16: by = 0.15; by = 0.288.

Nhu vay, trong giai doan 2, luc lugng X sé tap trung danh A;. Sau giai doan
2, lyc luong X sé tap trung hoa luc vao Y; vi "hé s6 de doa" ctia Y; 16n hon ctia

Y. Tong két lai, phan bé hoa luc toi wu ctia X la:
P*=(0,0,0,1) — (0,0,1,0) — (1,0,0,0) — (0,1,0,0).

Dé so sanh véi chién thuat ding phan b héa Iuc t6i wu P*, ching toi dua ra

hai chién thuat stt dung phan bd héa lyc nhu sau:

Py =(0,0,1,0) = (1,0,0,0)
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P, =(0,0,0,1) — (0,1,0,0) — (0,0,1,0) — (1,0,0,0).

Két qua ctia cac chién thuat trong Truong hop 3 nay dudgc mo ta trong Hinh
3.18. Véi chién thuat P;, dau tién bén X sé tap trung danh A; trong giai doan
1, trong giai doan 2 bén X sé tap trung danh Y;. Trén hinh vé ta thiy bén X sé
nhanh chéng thua cuoc néu stt dung chién thuat nay. Trong chién thuat P, giai
doan 1 gidéng nhu giai doan 1 ctia P*, bén X tap trung danh A,. Trong céc giai
doan sau, chién thuat P, khac v6i P*, Iyc luong X sé tan cong lan lugt Ys, Ay, V7.
Trén hinh ta thay néu bén X st dung chién thuat P? hay P* thi X la bén thing
tran nhung 16 rang quan sé con lai ctia bén X tai thoi diém béat ky néu sit dung

chién thuat P* luon 16n hon.

—p'= (0,0,0,1) — (0,0,1,0) — (0,1,0,0)— (1,0,0,0)
—P, = (0,0,1,0) — (1,0,0,0)

P,= 0,0,0,1) — (0,1,0,0) — (0,0,1,0) — (1,0,0,0)| |

Hinh 3.18: M6 phéng tinh toan cho Truong hop 3: Cac don vi hé tro lan luct bi

danh truée.

Dudi day 1a két qua thit nghiém ciia chung toi khi tao ra 1000 phan b6 hoa
liyc ngau nhién nham minh hoa thém cho sy ding dan ctia dinh 1y.
Quan sb ciia le luong X con lai khi két thic giai doan 1 dude tinh toan va

thong ké trong bang
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X <0/ (0,50] | (50,150] | (150,250] | (250,400]

S6 truong hop | 27 49 97 379 448

Quan s6 clia X con lai toi da trong s6 1000 truong hop 1a khoang 349 va phan
b6 hoa Iyc tuong tng 1a P™* = (0.0590, 0.0886, 0.0599, 0.7924). Vi phan bo hoa
luic nay, giai doan dau clia tran danh két thic tai thoi diém ¢3 ~ 0.3011. V6i phan
b6 hoa luce t61 uu P* = (0,0,0, 1), giai doan dau tién két thic khi t§* ~ 0.2386 va
s6 quan con lai ctia X tai thoi diem dé xap xi 357. Ciing giéng nhu Trudng hop
2, so sanh phuong an t6i wu P* v phuong an P™ ta thay néu st dung phuong
an P* thi khi két thic giai doan 1 quan s6 cta lyc lugng X con lai 16n hon, ngoai
ra thoi gian dé két thic giai doan 1 cia tran danh ngan hon. Két qua cia tran

danh véi hai phan bé héa luc nay dén thoi diém t3 dude mo ta trong Hinh 3.19.

400
390 P™*=(0.0590, 0.0886, 0.0599, 0.7924) | _|
——P'=0,0,0,1)

380 - -
g3 -

360 [~ -

350 - -

340 | | | | | |

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Time t

Hinh 3.19: Truong hop 3: Quan s6 con lai clia X trong khoang thoi gian [0, #3].
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3.4 Mo hinh tran danh kiéu NCW thit ba

3.4.1 Mo hinh

Trong phan nay, chiing toi xét mo6 hinh tran danh ma mot beén la lyc lugng
X dbi dau v6i mot beén 1a lye luong Y, trong d6 Iuc luong Y duge hd tro béi n
don vi Ay, ..., A,. R6 rang la cac don vi ho tro Aq,..., A, tac dong dén két qua
clia tran chién bang cach anh huéng dén toc do tieu diet ctia Y déi v6i X. Khi
quan so clia cac lyc luong ho trg bi tiéu diet hoan toan thi cic tac dong nay ciing
khong con nita. Ching t6i ky hieu mo hinh nay 1a (X vs (Y, 41,...,4,)). So do
tran danh ctia mo6 hinh duge mo ta trong Hinh 3.20.

D6i v6i mo hinh nay ching toi st dung cac ky hieu:

+ 74, (i=1,....,n): toc do tieu diet clia X ddi véi A;.

+ afi : tde do tieu diet clia Y khi két ndi day du véi 4; ddi véi X.

+ aj : téc do tieu digt clia Y khi khong 6 két néi véi A; déi voi X.

A;

+ Toc do tiéu diét cia Y doi véi X phu thudce vao tong cia cac ham ho trg
ctia 4; cho Y danh X, tong nay c6 dang éfi = é (afi + (afi — aﬁi) %@) :

+ (po, p1,.--pn) 1& MOt phan bd hoa luz:—cﬁa XZ;iéi v6i Y, A1, ..., A, tuong ting.

+ Ham ho trg cua A; cho Y danh X 1a f; = ag‘i + (aAi — af")

C

Hinh 3.20: So do tran danh ctia mo hinh (X vs (Y, Ay,..., A,)).
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Mo hinh duge mo ta duwsi hé phuong trinh vi phan nhu sau:

(dx . | | N4
O Z laﬁl + (0‘241 - 04141) 4;(0) Y,

i=1
{ dY 3.23
% - _pOTYXa ( )
dA;

=-—pira, X, (i=1,2,...,n).

\ dt

3.4.2 Phan b héa luc tbi vu

bat :
by = (afl + ...+ 0424") ry
b A, (aélz _ aﬁz) Y(O) 1 ) (324)
1 AZ<O> ,(Z— sy, ).

Ciing nhu trén, ching t6i goi cac hing s6 nay 1a cac "hé s6 de doa". Ching
dai dién cho mitc do "de doa" clia cac luc lugng Y, Aq,..., A, dbi vé6i lyc luong

X. Phan b6 héa Iyc téi wu ctia X dude chi ra trong dinh 1y sau.

Dinh 1y 3.4.1. Gid s rang tdp cdc phan bé héa lic ciia X la P = {(po, p1, p2,---,pn)
n

pi € [0,1] la cdc hang s6,i = 1,...,n; > p; = 1}, khi dé phan b6 hda luc toi vu
i=0

cua X la trong giai doan 1 cua tran danh la:

P = (0,...,0, 1,0,...,0 Od022?£%7??§{bj}.

Chitng minh. Dat S(t) = fotX(s)ds. Suy ra S'(t) = X(t) va
S"(t) = X'(t
(1) = X'(t 55
=—(f'4+...+ /MY

Ta cling co6:

/t dy = — /tpo’r’yX(S)dS —Y(t) = Y(0) = —pory S(t).
0 0

Suy ra:
Y(t) = —poryS(t) + Y(O) (326)
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Tinh toan tuong tiy, ta nhan dugc
Ai(t) = —pira,S(t) + A;(0),i=1...n. (3.27)

Thay (3.26), (3.27) vao (3.25) ta nhan dugc:

S"(t) = —C1S2(t) + CoS(t) — Cs, (3.28)
trong do
O — zn: popiryra; (o — af")
1 — - AZ(O) )

n

Cy— Z DiT A, (ozfi — ozji) Y(O) —|—p0ryafiAi(())
=1

Cs=Y(0)> ol
=1

Nhan hai vé ctia (3.28) vdi dS (¢) roi lay tich phan 2 vé ta dugc:

S'(t) =X (1)

= \/—§0153 (t) + C252 (t) — 2035 (t) + Cy,
§ day, C1, Cy, C3 1a cac gia tri khong am, Cy 14 mot hang s6 tich phan. Do Cs
khong ddi nén dé tim diéu kién sao cho X (¢) 16n nhét ta sé tim diéu kien dé ¢,
nhé nhat dong thai Cz 16n nhat (néu xdy ra).

Ta c6 bai toan t6i uu da muc tieu: gli%{()l, —Ca}.
€

Dat
o ryra, (o — aﬁi) o
a; = ,(0) ,(i=1,2,...,n). (3.29)

Ap dung cac cong thitc (3.24) va (3.29), bai toan trd thanh:

min{(ajzx1 + ... + apzay), — (box + bix1 + ... + bpxy)}
o 0<zz;<1,(i=1,...,n), (3.30)
v6i dieu kién
r+x1+.. . +x, =1
St dung phuong phap vo huéng héa WM ([43]) va dit:

Fy(z,z1,...,2n) = {y (@121 + ... + apz.zy)

_ (1 — 7) (box + b1z + ... + bnxn)}7
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ta nhan dugc bai toan:

min F, (z, z1, ..., Tp)

0<z,x;<1,(i=1,...,n),

X (3.31)
v6i dieu kién: r+x1+ .. +x, =1,
0<~y<L
Thay z =1 — > x; vao bai toan (3.31) ta dua vé bai toan:
i=1
min F, (1 — > wi, a1, ,xn>
i=1
0<z;<1,(i=1,...,n), (3.32)

v6i dieu kien: 14tz =1,

0<y<1L

Khong mét tinh tong quét, gia st rang by > by ... > b,. Ta xét cac trudng hop
sau:
Truong hop 1: bp = min {b;}.
1=0,...,n

Ta co
(1 — iazl> iaixi - (1 —’y) <60+i<bi bO)$i> .
i=1 i=1

\/‘17(1—2:@) > ajz; > 0 nén

i=1 i=1

— (1 =) (bo + b1 — bo) = u v)by = F,(0,1,0,...,0).

Truong hgp 2: by = max {b;}.
1=0,....,n
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Ta c6
F, =~ (1 - le> Zaiiﬂi —(1—9) <b0+2(bi bo)fl’i)
i=1 i=1 i=1
i=1 i=1 i=1
Vi

7<1zn:xi>zn:aixi+(1’y) (bo—bi)xizo,

i=1 i=1 i=1
suy ra min F, > —(1 — )by = F,(1,0,0,...,0).

Truong hop 3: by > ... >bp > by > bpy1 > ... > by.

Ta co

E, =~ (12231) Zaia:i—(l—’y) <b0+2(bib0)$i>

i=1 i=1
— (1 _Z%) D ami+(1=79) Y (bo—b)w
i=1 i=1 i=k+1
k
_ (1 — 'y) (bo + Z (bi — b()) CL’Z>
i=1
V\l n
v (1 — Za@) Zaixi +(1—7) Z (bo — b;) z; > 0,
i=1 i=1 i=k+1
suy ra

min F, > — (1 —~) (bo + Z (bi — bo) 9Cz>

> — (1 —7) (bo + b1 — bo)
=—(1-9)by =F,(0,1,0,...,0).
]
Hé qua 3.4.2. Véin =1, ta c6 mo hinh (X vs (Y, Ay)), khi dé phan b6 héa lic
toi wu cia X la:

1,0) néu by > by,
pro | (10) néubo (3.33)

(0, 1) néu by < by.



91

Két qua nay da dugc trinh bay trong [36].
Heé qua 3.4.3. Vdin =2, ta c6 mé hinh (X vs (Y, A1, As)), phan b6 héa luc toi
wu ctia X doi vdi mo hinh nay la:

(

(17070) Tlél[, bO > bl v4Q b() > bg’
P* = 4(0,1,0) néu by > by va by > b, (3.34)

(0,0, 1) néu ba > b1 va by > by.

\

Trén thyc té, véi mo hinh nay thi tran danh dién ra ba giai doan. Trong giai
doan dau, luc lugng X sé tap trung hoa lic danh mot trong ba luc luong doi lap:
Y, A1, Ao. Ngay sau khi mot trong ba lyc lugng bi tiéu diét hoan toan, trong giai
doan 2, lyc lugng X sé tap trung danh mot trong hai lyc lugng con lai. Giai doan
cudi, Iye lugng X tap trung danh lyc lugng con lai. Tuy nhién, tity vao cac "hé
s6 de doa", chién thuat ctia luc lugng X sé dude lua chon, va tran danh cé thé
khong can trai qua ca ba giai doan. Néu nhu lyc luong Y bi tieu diét hoan toan
sau giai doan ndo dé thi tran danh sé két thic ngay vi ltc nay quan sb cia lyc
lugng X khong bi giam nita. Cac trudng hop cé thé xay ra ctia tran danh duge

mo ta trong Hinh 3.21.

()
(#) ) )
) () () &)
® ®

Hinh 3.21: Cac truong hop tran danh c6 thé dién ra theo Heé qua 3.4.3.
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3.4.3 Mot vai minh hoa sé

Trong phan nay, ching toi sé gidi thieu mot vai két qua tinh toan s6 cho ba
truong hgp ctia Hé qua 3.4.3, trong d6 Y bi danh trong giai doan 1, giai doan 2
va giai doan 3 tuong ting. Dé ciing ¢6 khang dinh ctia minh, déi v6i méi truong
hop, ching t6i ciing tao ra 1000 phan bd hda Iyc ngau nhién va khao sat dién
bién ciia cac tran danh cho dén khi giai doan dau tién ctia tran danh két thic.
Hon nita, ching toi cling tién hanh mot thit nghiém cho truong hgp ba "heé s6 de

doa" bing nhau.

Truong hop 1: Y bi tan céng trong giai doan 1

Gia st cac tham s6 dau vao nhu sau:

(oot [ (@) [ rvraora)

(0.15,0.4) | (0.1,0.3) | (0.5,0.3,0.2)

Cung véi quan s6 ban dau ctia cac beén:
Y(0) = 120; A1(0) = 30; Ao(0) = 20: X(0) = 160,
cac "hé s6 de doa" dugc tinh toan la:
bop = 0.35;b1 = 0.3; b2 = 0.24.

Do d6, phan bd hoéa Iic t6i wu cia lyc luong X trong giai doan 1 1a P* =
(1, 0, 0), nghia la, luc lugng X tap trung hoa luc vao Y, ma khong déanh cac don
vi hd trg. Bén canh phan bd héa lyc t6i wu, ching t6i dua ra hai phan bd héa
lite khac dé so sanh, d6 1a: P = (0.7, 0.2, 0.1) va P> = (0, 1, 0) — (1, 0 0). Phan
b6 hoéa lyc P, duge hiéu nhu sau: trong giai doan 1 lyc lugng X tap trung hoéa
lyc danh Ap, sau khi A; bi tiéu diét hoan toan, lyc lugng X sé tap trung hoa luc
danh Y. Két qua tinh toin dugc mo ta trong Hinh 3.22. Theo d6, v6i phan bo
héa Iyc t6i wu P* thi tran danh sé nhanh chéng két thic, va quan s6 con lai clia

X tai moi thoi diém ludn ludn la 16n nhat. Néu X st dung phan bd héa luc P
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200

150 [\

X(t)

—P’=(1, 0, 0)
—P,=(0.7,0.2,0.1)

P,=(0,1,0) — (1, 0,0)

Time' t

Hinh 3.22: M6 phoéng tinh toan cho Trudong hop 1: tan cong Y trong giai doan 1.

thi tuy rang X van thang tran nhung quan s6 con lai ctia X khong phai 16n nhat.

Con néu X st dung phan bé hoa e Py thi tham chi X con thua tran.

Tiép theo, ching toi tién hanh thi nghiém biang cach tao ra 1000 phan b6 hoa

lyc ngau nhién va nghién citu anh hudng cia ching dén két qua ctia tran chién.

Theo tinh toan, s6 quan con lai ctia X khi két thic giai doan mat dude trinh bay

trong bang sau:

X

<0

(0,20]

(20, 50]

(50, 80]

(80, 160]

S6 truong hop

306

104

203

263

124

Quan s6 clia X con lai toi da trong s6 1000 truong hop 1a khoang 104 va phan

b6 hoa lue tuong ting la P = (0.0163, 0.9021, 0.0815). Doi v6i phan bd hoa luce

nay, giai doan dau clia tran chién két thic tai thoi diém ¢; ~ 0.8353. Vi phan bo

hoa luc t6i wu (1;0;0), giai doan dau tien két thac khi #f* ~ 2.3014 va s6 quan

con lai clia X tai thoi diem dé xap xi 74. Tuy nhién, tai thoi diém ¢; ~ 0.8353,

s6 quan con lai cia X néu st dung phan b6 héa t6i uu la xap xi 107. Dé viéc
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minh hoa dugc rd rang hon, ching t6i cling mo ta dién bién tran danh véi phan
b6 hoa Iic Pt = (0,1,0), két qua ctia tran danh véi ba phan bo hoéa lyc nay dén

thoi diém ¢; dude mo ta trong Hinh 3.23.

160
—P’=(1,0,0)
— Max _
150 P1 = (0.016 ,0.902, 0.081)| |
—pl=(0, 1, 0)
140 - .
$ 130 .
120 - .
110 - .
100 : ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1
Time t

Hinh 3.23: Truong hgp 1: Quan s6 con lai clia X trong khoang thoi gian [0,#].

Trudng hop 2: Y bi tan céng trong giai doan 2

Cac tham s6 dau vao gia st nhu sau:

(042?1, agr) (0@427 af2) | (ry,ra,,ra,)

(0.15,0.4) | (0.1,0.3) | (0.5,0.15,0.4)

Quan s6 ban dau ctia cic bén nhu Truong hop 1 va cac "hé s6 de doa" dudc
tinh toan nhu sau:

bo = 0.35;b1 = 0.15; by = 0.48.

Dira theo cac hé s6 nay, phan bo hoéa Iyc toéi wu ciia X trong giai doan 1 13
P* = (0, 0, 1), titc 1a X sé tap trung hoéa lyc danh Ay. Khi giai doan 1 ctua tran

danh két thdc tai thoi diém ¢ = 0.7536, quan sd con lai ciia R va don vi ho tro
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A; khong ddi, trong khi quan s6 con lai ctia Iiye lugng X 14 X (t1) = 106.3. Toc do
tieu diet ctia Y khi khong c6 két noi va khi c6 két noéi véi day du véi A; doi véi

X dugce tinh toan lai nhu sau:
(a3, &) = (0.25, 0.5).

Céac heé s6 de doa ctia Y lic nay 1a: by = ary = 0.25, trong khi hé s6 de doa
ctia A; 1a khong doi by = 0.15. Nhu vay, trong giai doan 2 luc lugng X sé tap
trung hoa liyc danh Y. Sau khi Y bi tiéu diet hoan toan, tran danh sé két thic.

Do dé6, phan b6 héa liyc to6i wu trong Truong hop 2 nay sé la:
P*=(0,0,1)— (1, 0, 0).
Dé so sanh, ching t6i dua ra hai phan bo héa luc sau:

P =(1,0,0) va P, = (0, 1, 0).

200
—P"'=0,0,1) — (1,0, 0)
—P.=(1,0,0
150 ¢ 1= ) H
P_=(0,1,0)
< 100 r 1
50+ 1
O | | | |
0 0.5 1 1.5 2 2.5

Time t

Hinh 3.24: M6 phoéng tinh toan cho Trudng hop 2: tan cong Y trong giai doan 2.
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Hinh 3.24 mo t4 két qua ctia ba chién thuat trén. Trong ba phan bd héa luc,
néu st dung P* va P; thi lyc luong X sé chién thing, tuy nhién quan s6 con lai
ctia lue lugng X néu st dung P* tai moi thoi diem luon 16n hon. Luc lugng X sé
bi thua cudc néu st dung phan bé héa luc Ps.

Tiép theo, ching toi tién hanh thi nghiém bang cach tao ra 1000 phan b6 hoa
liyc ngau nhién va nghién citu dnh hudng cia ching dén két qua ctia tran chién.
Theo tinh toan, s6 quan con lai ctia X khi két thic giai doan mot duge thu thap

trong bang sau:

X <0 | (0,40] | (40,80] | (80,120] | (120, 160]
S6 truong hop | 145 | 121 | 172 424 138

Quan s6 clia X con lai toi da trong s6 1000 truong hop 1a khodng 136 va phan
b6 hoa luc tuong ting 1a Pye® = (0.0142, 0.0667, 0.9191). Ddi v6i phan b hoa luc
nay, giai doan dau ctia tran chién két thic tai thai diém ¢, ~ 0.3245. V6i phan b
hoa luc t6i wu (0;0;1), giai doan dau tien két thac khi #5* ~ 0.2983 va s6 quan
con lai clia X tai thoi diém do xap xi 138. Két qua ciia tran danh véi hai phan

bé hoéa luc nay dén thoi diém ¢ dude mo ta trong Hinh 3.25.

Trudng hop 3: Y bi tan cong trong giai doan 3

Céc tham s6 dau vao duge thay doi nhu sau

(o o) | (es02) [ Ovragra)

(0.15,0.4) | (0.1,0.3) | (0.5,0.3,0.4)

va quan s6 ban dau céc bén 1a
Y (0) = 120; 41(0) = 30; A9(0) = 20; X(0) = 200.
Do cac "hé s6 de doa" tinh toan dudc la
bp = 0.35, by = 0.3, by = 0.48,

nén trong giai doan 1 lyc lugng X sé tap trung hoa lyc danh A,. Khi giai doan

1 két thic, quan s6 con lai ctia Iyc Iugng X 1a 182. Toc do tieu diet ctia YV khi
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160 ‘
~P]"™ = (0.014, 0.066, 0.920)
155 | —P"=(0,0, 1) 1
150 |
<
145 t |
140 |
135 | | |
0 0.1 0.2 0.3 0.4

Time' t

Hinh 3.25: Truong hop 2: Quan s6 con lai clia X trong khoang thoi gian [0, 2.

khong c6 két noi va khi c6 két noéi véi day di véi Ay ddi véi X dude tinh toan lai
nhu sau:

(&3, &) = (0.25, 0.5).

Hé s6 de doa ctia Y ldc nay la by = a41ry = 0.25, trong khi hé s6 de doa ciia
Ay van khong doi va bing b = 0.3. Do d6, trong giai doan 2, luc Iugng X sé tap
trung danh A;. Va sau khi A; bi tiéu diét hoan toan, thi trong giai doan 3 lyc
luong X sé danh Y. Hinh 3.26 mo ta két qua cua tran danh khi st dung chién
thuat phan b6 hoa luc t6i wu P* = (0, 0, 1) — (0, 1, 0) — (1, 0, 0) va ¢6 so sdnh
v6i hai chién thuat sit dung cdc phan bo hoa lyce khéc.

Chung toi sé lap lai quy trinh da thyc hién nhu trong hai truong hgp tinh
toan s6 ¢ trén bang tao ra 1000 phan bd hoéa lyc ngau nhién va nghién citu két
qua ciia ching. Bang sau day trinh bay quan s6 con lai ctia X cho cidc phan bo

ngau nhién nay.

X <0 | (0,150] | (150,170] | (170,180] | (180,200]
S6 truong hop | 0 309 570 119 2
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200
—P'=(0, 0, 1) — (0, 1, 0) — (1, 0, 0)
180 Plz(l’ O, 0) _
—P_=(0.8,0.1,0.1)
< 160 :
140 1
120 | | | |
0 0.5 1 1.5 2 2.5
Time't

Hinh 3.26: M6 phong tinh toan cho Truong hop 3: tan cong Y trong giai doan 3.

Quan s6 clia X con lai téi da trong s6 1000 truong hop 1a khodng 181 va phan
b6 hoa lyc tuong tng la Py = (0.0456, 0.0143, 0.9401). D6i v6i phan bd hoa luc

nay, giai doan dau cilia tran chién két thic tai thoi diem t3 ~ 0.2538. Vi phan bo

hoa luc t6i uu (0;0;1), giai doan dau tien két thac khi 4% ~ 0.2386 va sO quan

con lai ctia X tai thoi diém do6 xap xi 183. Két qua clia tran danh véi hai phan

b6 hoa luc nay dén thoi diém t3 duge mo ta trong Hinh 3.27.

Truong hop 4: Truong hop ba hé s6 de doa bang nhau

Trong phan nay, ching to6i nghién cttu mot truong hop ma ba he sé de doa la

bang nhau, cac tham s6 dau vao dudc chiing to6i dua ra nhu sau:

Truong hgp 4

(ag"s ")

Ay A
(%2’0‘(:2

)

(rYa TAl ) TAQ)

(0.15,0.4)

(0.1,0.2)

(0.5,0.3,0.4)

ciing v6i quan s6 tham chién ban dau clia cac bén:

Y (0) = 120, A;(0) = 30, A5(0) = 16, X(0) = 160.
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200 |
_pgﬁax = (0.046, 0.014, 0.940)
—P'=(0,0, 1)
195+ |
<190+ |
185+ |
180 | 1 L L ! :

0 005 01 015 02 025 03 0.35
Time' t

Hinh 3.27: Truong hop 3: Quan s6 con lai clia X trong khoang thoi gian [0, #3].

Cac hé s6 de doa dudc tinh toan 1a by = by = by = 0,3. Theo Hée qua 3.4.3,
trong giai doan dau tién cla tran danh, ching ta c6 thé chon bat ky phan bd
hoa lyc nao trong so6 ba phan bd héa Iyc thuoc tap {(1,0,0), (0,1,0), (0,0,1)}.
Quan s6 con lai clia X cho dén khi két thic giai doan 1 ctia tran danh duge mo

ta trong Hinh 3.28.
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1605>-
» ‘\ * _
“r‘é -9-Pi (1,0,0)
0 -P-Pz =(0,1,0)
140 P,=(0,0,1)]
;{120 - 1
100 - ]
80 1 1 1 1
0 0.5 1 15 2

Time t
Hinh 3.28: Truong hop 4: Quan s6 X con lai cho dén khi két thac giai doan 1.
Két luan Chuong 3

Trong chuong nay, ching to6i da xay dung mot s6 mo hinh tran danh kiéu
NCW, mo hinh ma trong dé cac thanh phan tham chién c6 sy hd trg cia cac
e lugng khac. Dau tién, ching t6i xay dung moé hinh kicu NCW tong quét
(xem Phan 3.1), tiép theo ching toi xay dung cac mo hinh tran danh kicu
NCW - tron (X vs(Y1,A), Y2) (xem Phan 3.2), mo hinh tran danh kieu NCW
(X ws (Y1, 41),...,(Yy, An))) (xem Phan 3.3), vd mo hinh tran danh kieu NCW
(X vs (Y, A1, Ag, ..., Ay)) (xem Phan 3.4). Véi cdc mo hinh nay, ching toi nghien
citu bai toan phan b6 hoéa lire t6i wu cho le luong X va dua ra phuong an phan
bd hoéa e toi uu trong trudng hgp cac ham hd trg 1a tuyén tinh. Ngoai ra, ching
toi con thie hien mot s6 tinh toan s6 nham minh hoa cho tinh ding din cia
phuong an hoéa lire t6i wtu va mo ta tién trinh ciing nhu két qua clia mot s6 tran
danh gid dinh. Céac két qua nghién cttu clia chung t6i 1a mé rong so vé6i cac nghién

cttu trude do.
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Két ludn

1. Két qua dat dudc
Trong luan an nay, ching to6i tap trung nghién citu mot s6 van dé vé mo hinh

toan hoc trong quan sy. Luan an da dat dudc nhiing két qua chinh sau day:

e Xay dung mot s6 mo hinh tran danh: Mo hinh Lanchester (n,1) bat doi
zing, Mo hinh NCW - tron (X vs (Y1, A), Y2), Mo hinh NCW
(X vs (Y1,41),...,(Yn,4))), Mo hinh NCW (X wvs (Y, A1, Aa, ..., Ayp)).

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

wu chi phi doi véi moé hinh Lanchester(n,1) bat doi zing.

o Chitng minh dugc phuong dn phdan bo héa lic toi wu cho bai todn toi wu
quan s6 doi vdi 03 mo hinh kieu NCW ¢ tren.

o Xay dung mot so chuong trinh mo phéng tinh todn sé cho cdac bai todn lién

quan dén cac mo hinh trén.

Cac két qua chinh ctia luan an da dudc bio cao tai:
1. Xémina ctia B6 mon Toan, Khoa Cong nghé Thong tin, Hoc vién K§ thuat
Quan sur.
2. Xémina ctia Khoa Cong nghé Thong tin, Hoc vién Ky thuat Quan su.
3. Hoi nghi Quéc té vé Ung dung Toan hoc lan thi I (VIAMC 2017).

4. Hoi nghi Khoa hoc cac nha nghién cttu tré lan thi XIV (4/1/2018), Hoc vien
Ky thuat Quan su.
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5. Dai hoi Toan hoc Viet Nam lan thi IX (14-18/8/2018), Nha Trang.

2. M6t s6 huéng nghién citu tiép theo
Bén canh nhitng két qua da dat duge trong luan an, mot s6 van dé vé mo

hinh tran danh trong quan s can duge nghién cttu trong thoi gian tdéi.
e Xay dung va khdo sdt mo hinh Lanchester bat doi zimg (n,m).

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

s6 dua trén cdac nghién ciu trong [38].

e Nghien citu bai todn phan bé héa hic toi wu doi vdi cac mo hinh kiéu NCW

ma ham bo sung la phi tuyén.
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Phu luc

Chuong trinh tinh toan sé (sit dung phan mém MATLAB)
1. Phu luc 1: M6 hinh tran danh bat déi xing
1.1 Cac ham lién quan mo6 hinh

function y=bigai(x,c,r,alpha,delta,theta,gamma)

y=(-deltax(r+delta)*x*(1+theta*x) ~2* (1+2xtheta*x) -

ckgammax (1+theta*x)* (1+2*thetaxx) -gamma~2*theta)/. ..
(alpha*gamma* (r+delta) * (1+theta*x) * (1+2*theta*x)) ;

end

function y = bigai2(x,r,cl,c2,deltal,delta?2,

gammal,gamma?2,theta,alphal,alpha?2)

Gl=det ([x*(1l+theta*x), gamma2; alpha2*laml2(x,r,deltal,cl,gammal,theta)
—alphal*lam22(x,r,delta2,c2,gamma2,theta),
-alphal*delta2])/det([gammal, gamma2; alpha2*deltal, -alphal*delta2]);

y=(lam12(x,r,deltal,cl,gammal,theta)-deltal*Gl)/alphal;

end

function y=func(x,c,r,f,alpha,delta,theta,gamma)
y=r*lam2(x,theta)+f*bigai(x,c,r,alpha,delta,theta,gamma)
+alpha*laml(x,c,r,delta,theta,gamma)
-1/(1-bigai(x,c,r,alpha,delta,theta,gamma));

end



function y=func2(x,r,f,cl,c2,deltal,delta2,
gammal,gamma2,theta,alphal,alpha?2)
y=r*lam32(x,theta)
+f*bigai2(x,r,cl,c2,deltal,delta2,
gammal,gamma?2,theta,alphal,alpha?2)
+alphal*lam12(x,r,deltal,cl,gammal,theta )
+alpha2*lam22(x,r,delta2,c2,gamma2,theta )-...
1/(1-bigai2(x,r,cl,c2,deltal,delta2,
gammal,gamma?2,theta,alphal,alpha?));

end

function ham = funcfl(x)

r=2.2;

alpha=2.23;

deltal=0.34;

delta2=0.34;

gamal=1.19;

gama2=1.19;

theta=1.86;

c1=-2.3734;

c2=-2.3734;

£=1.12;

b=x*(1+theta*x) ;

lamda3=-1/(x*(1+2*thetax*x)) ;
lamdal=-(cl+gamal*lamda3+gamal/b)/(r+deltal);
lamda2=-(c2+gama2*lamda3+gama2/b)/(r+delta?2) ;
Gl1=(gama2*(lamdal-lamda2)+delta2*b)/(deltal*gama2+delta2*gamal) ;
G2=(gamal*(lamda2-lamdal)+deltal*b)/(deltal*gama2+delta2+*gamal) ;



I=(lamdal-deltal*G1l)/alpha;
mu=1-x/((gamal*Gl+gama2*G2)*(1-I));
ham=r*lamda3+f*I+alpha*(lamdal+lamda2)-1/(1-I);

end

function dy=funode(t,y,alphal,alpha2,f,r,cl,c2,
deltal,delta2,gammal,gamma2,theta)

x=(-1+sqrt (1-8*theta/y(6)))/(4*theta);

dy=zeros(6,1);

dy(1)=-alphal*y(3)-deltalx*y(1)+y(4);

dy (2)=-alpha2*y(3)-delta2x*y(2)+y(5) ;

dy (3)=-(gammalx*y (1) +gamma2x*y (2))+x* (1+theta*x) ;

dy(4)=(r+deltal) *y(4)+cl+gammalx*y(6)+gammal/ (gammalx*y (1) +gamma2x*y(2));

dy (6)=(r+delta2)*y(5)+c2+gamma2+y (6)+gamma2/ (gammal*y (1) +gamma2xy(2)) ;

dy (6)=r*y(6)+f*y(3)+alphal*y(4)+alpha2xy(5)-1/(1-y(3));

end

function j=jacobian2(x,lambda3,gammal,gamma?2,
G1,G2,f,I,r,deltal,delta2,alphal,alpha2,theta)

gg=(gammal*Gl+gamma2+*G2) ~2;

j=zeros(6,6);

j(1,1)=-deltal;

j(1,3)=-alphal;

j(1,4)=1;

j(2,2)=-delta2;

j(2,3)=-alpha2;

j(2,56)=1;

j(3,1)=-gammal;

j(3,2)=-gamma2;



j(3,6)=-(1+2*theta*x)/(lambda3*sqrt (lambda3~2-8*theta*lambda3)) ;
j(4,1)=-gammal~2/gg;
j(4,2)=-gammal*gamma?/gg;
j(4,4)=r+deltal;
j(4,6)=gammal;
j(5,1)=-gammal*gamma2/gg;
j(5,2)=-gamma2~2/gg;
j(5,5)=r+delta2;
j(5,6)=gamma2;
j(6,3)=f-1/(1-1)"2;
j(6,4)=alphal;
j(6,5)=alpha2;

j(6,6)=r;

end

function y=laml(x,c,r,delta,theta,gamma)
y=-c/(r+delta)-theta*gamma/ ((r+delta)* (1+2xtheta*x) * (1+theta*x)) ;

end

function y=lam2(x,theta)
y=-1/(x*(2*theta*x+1)) ;

end

function y = lam12(x,r,deltal,cl,gammal,theta )
y=-1/(r+deltal) * (cl+gammal*theta/((1+2*thetax*x)* (1+theta*x)));

end

function y = lam22(x,r,delta2,c2,gamma2,theta )

y=-1/(r+delta2) * (c2+gamma2*theta/ ((1+2*thetaxx) * (1+theta*x)));



end

function y=lam32(x,theta)
y=-1/(x* (1+2*theta*x)) ;

end

function dy=newfunode(t,y,alphal,alpha2,miu,
betal,beta2,deltal,delta2,gammal,gamma?,theta)

x=(gammalx*y (1) +gamma2*y (2))*(1-miu) * (1-y(3));

dy=zeros(3,1);

dy(1)=-alphal*y(3)-deltal*y(1)+betal;

dy (2)=-alpha2*y(3)-delta2x*y(2)+beta2;

dy (3)=-(gammalx*y (1) +gamma2x*y (2))+x* (1+theta*x) ;

end

1.2 Tim diém can bing

r=2.5; alphal=2.0;alpha2=1.9;deltal=0.34;delta2=0.37;

gammal=1.3; gamma2=1.3; cl1=-2.5; c2=-2.5;f=1.2;theta=1.86;

x=fzero(@(x) func2(x,r,f,cl,c2,
deltal,delta2,gammal,gamma2,theta,alphal,alpha2),1)

lambdal=lam12(x,r,deltal,cl,gammal,theta)

lambda2=1am22(x,r,delta2,c2,gamma2,theta)

lambda3=-1/(x* (1+2*theta*x))

Gl=det ([x*(1+theta*x), gamma2;
alpha2+*lam12(x,r,deltal,cl,gammal,theta)
-alphal*lam22(x,r,delta2,c2,gamma2,theta), -alphalxdelta2])/
det([gammal, gamma2; alpha2+deltal, -alphalxdelta2])

G2=(x* (1+theta*x)-gammal*Gl) /gamma?2

I=bigai2(x,r,cl,c2,deltal,delta2,gammal,gamma?,theta,alphal,alpha?)



miu=1-x/((1-I)*(gammal*Gl+gamma2+*G2))
1.3 Vé do thi

y(1)=1.2;y(2)=0.2;y(3)=0.5;

options = odeset(’RelTol’,le-4,’AbsTol’,le-6%ones(1,3));
betal=lambdal; beta2=1lambda2;

[t,yy] = oded45((t,y) newfunode(t,y,alphal,alpha2,miu,

betal,beta2,deltal,delta2,gammal,gamma2,theta), [0 80],y,options);

2. Phu luc 2: M6 hinh tran danh kiéu NCW thit nhét
2.1 M6 phéng hé phuong trinh vi phan

function f=hamvp(t,y,pai,alphalN,NO,betaX,gammal,A0)
f=zeros(size(y));
if NO<=0
f(3)=0; falphal=alphaN(1);
else
f(3)=-pai(2)*betaX(2)*xy(1);
falphal=alphaN(1) + (alphaN(2)-alphaN(1))*y(3)/NO;
end
if AO<=0
attA=0; f£(4)=0;
else
attA=1; f(4)=-pai(3)*betaX(3)*y(1);
end
f(1)=-y(2)*falphal-gammaA*attA*y(4);
f(2)=-pai(1)*betaB(1)*y(1);

2.2 M6 phong ngau nhién 1000 trudng hgp

2.2.1 Dém sb6 phuong an



function bangso=dem_pa(Xtroop)
bangso=zeros(1,5);
for i=1:length(Xtroop)
if Xtroop(i)<=5
bangso (1)=bangso(1)+1;
elseif Xtroop(i) <20
bangso (2)=bangso(2)+1;
elseif Xtroop(i) <50
bangso(3)= bangso(3) +1;
elseif Xtroop(i) < 80
bangso(4) = bangso(4) +1;
else bangso(5)=bangso(5)+1;
end

end
2.2.2 Két qua cho 1000 trudng hop

tspan=[0 10];
Xtroop=NaN*ones(1,1000) ;
fa=NaN*ones(1000,3) ;
for k=1:1000
pai=rand(1,3);
pai=pai/sum(pai);
fa(k, :)=pai;
[tv,yv]=o0ded5(Q(t,y)
hamvp(t,y,pai,alphal,A0,betaX,gamma¥2,Y20) ,tspan,y0);
write=true;
for i=1:size(yv,1)
for j=1:size(yv,2)
if yv(i,j)<0

if write==true



Xtroop(k)=yv(i-1,1);
end
write=false;
end
end
end

end

3. Phu luc 3: M6 hinh tran danh kiéu NCW thit hai
3.1 M6 phéng hé phuong trinh vi phan

function f=hamvp(t,y,pai,alphaAl,alphaA2,A01,A02,betaX,Y01,Y02)
f=zeros(size(y));
if A01<=0
f(4)=0; falphal=alphaA1(1);
else
f(4)=-pai(3)*betaX(3)*y(1);
falphal=alphaA1(1) + (alphaA1(2)-alphaAl(1))*y(4)/A01;
end
if A02<=0
f(5)=0; falpha2=alphaA2(1);
else
f(5)=-pai(4)*betaX(4)*xy(1);
falpha2=alphaA2(1) + (alphaA2(2)-alphaA2(1))*y(5)/A02;
end
if Y01<=0
£(2)=0;
else
f(2)=-pai(1)*betaX (1) *y(1);

end



if Y02<=0

£(3)=0;
else

f(3)=-pai(2)*betaX(2)*y(1);
end
f(1)=-(y(2)*falphal+y(3)*falpha?2);

end

3.2 M6 phéng ngau nhién 1000 trudng hop

3.2.1 Pém sbé phuong an

function bangso=dem_pa(Xtroop)
bangso=zeros(1,5);
for i=1:length(Xtroop)
if Xtroop(i)<=5
bangso (1)=bangso(1)+1;
elseif Xtroop(i) <50
bangso (2)=bangso(2)+1;
elseif Xtroop(i) <150
bangso(3)= bangso(3) +1;
elseif Xtroop(i) < 250
bangso(4) = bangso(4) +1;
else bangso(5)=bangso(5)+1;
end

end
3.2.2 Két qua cho 1000 trudng hop

tspan=[0 10];
Xtroop=NaN*ones(1,1000) ;
fa=NaN*ones(1000,4) ;

for k=1:1000



pai=rand(1,4); pai=pai/sum(pai);
fa(k,:)=pai;
[tv,yv]=0de45(@(t,y) hamvp(t,y,pai,alphalAl,alphaA?2,
A01,A02,betaX,Y01,Y02),tspan,y0);
write=true;
for i=1:size(yv,1)
for j=1:size(yv,2)
for 1=1:size(yv,3)
if yv(i,j,1)<0
if write==true
Xtroop(k)=yv(i-1,1);
end
write=false;
end
end
end
end

end

4. Phu luc 4: M6 hinh tran danh kiéu NCW th ba
4.1 Mo phong hé phuong trinh vi phan

function f=hamvp(t,y,pai,alphaAl,alphaA2,A01,A02,betaX,Y01,Y02)
f=zeros(size(y));
if A01<=0
f(4)=0; falphal=alphaA1(1);
else
f (4)=-pai(3)*betaX(3)*y(1);
falphal=alphaA1(1) + (alphaA1(2)-alphaA1(1))*y(4)/A01;

end



if A02<=0
£(5)=0; falpha2=alphaA2(1);
else
f(5)=-pai(4)*betaX(4)*y(1);
falpha2=alphaA2(1) + (alphaA2(2)-alphaA2(1))*y(5)/A02;
end
if RO1<=0
£(2)=0;
else
f(2)=-pai(1)*betaX (1) *y(1);
end
if R02<=0
£(3)=0;
else
f(3)=-pai(2)*betaX(2)*y(1);
end

f(1)=-(y(2)*falphal+y(3) *falpha?2) ;

4.2 M6 phoéng ngau nhién 1000 trudng hop
4.2.1 Dém s6 phuong an

function bangso=dem_pa(Xtroop)
bangso=zeros(1,5);
for i=1:length(Xtroop)
if Xtroop(i)<=5
bangso (1)=bangso(1)+1;
elseif Xtroop(i) <150
bangso (2)=bangso(2)+1;
elseif Xtroop(i) <170
bangso(3)= bangso(3) +1;
elseif Xtroop(i) < 180



bangso(4) = bangso(4) +1;
else bangso(5)=bangso(5)+1;
end

end
4.2.2 Két qua cho 1000 trudng hgp

tspan=[0 10];
Xtroop=NaN*ones(1,1000) ;
fa=NaN*ones (1000, 3) ;
for k=1:1000
pai=rand(1,3);
pai=pai/sum(pai) ;
fa(k,:)=pai;
[tv,yv]=o0ded5(Q(t,y)
hamvp(t,y,pai,alphaAl,alphaA2,A01,A02,betaX),tspan,yo0);
write=true;
for i=1:size(yv,1)
for j=1:size(yv,2)
if yv(i,j)<0
if write==true
Xtroop(k)=yv(i-1,1);
end
write=false;
end
end
end

end
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