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TOM TAT: Phdn b6 nguon nhén luc di an la qua trinh can déi lai cdc ngudn lyc trong thoi gian thuc hién d dn, dwgc thuc hién
thueong xuyén va chinh xdc nham gidi quyét cac van dé xung dgt cia dy an, van dé xay ra véi nguon lyc di an anh hudng t6i tat cd
cdc cong viée cua dy dn. Chinh vi sy quan trong nhu vdy nén cdc vdn dé néi tai ciia Phdan bé nguén lic dang dwoc dem ra cdn nhdc
va tim cdch gidi quyét. Muc tiéu ciia nghién ciru ndy nham duwa ra mé hinh todn hoc hiéu qua cho bai todn phin bé nguon liuc dudi
dang Iy thuyét tro choi théng qua viéc tim diém cdn bang Nash. Tir mé hinh do, ta dua ra phan bé xdc sudt ciia cde chién hroe hira
chon duoc dua ra trong qud trinh phdn bé nguon hee. Tir cdac $6 liéu ds, cdc t6 chire, cong ty cé thé sir dung , tham khdo dé qud
trinh phdn b6 nguon lyc dzen ra hiéu qua. Chiing t6i dé xuat mét phirong dn mé réng thudt todn Fictitious Play dé phii hop véi md
hinh bdi todn phdn bé nguén liwc ciing nhuw néu 1én mét s6 khé khan ciia hiedng di nay voi bg dir liéu Iém

Tir khéa: Thudt toan Fictitious Play, Cin bang Nash, Phdn b6 nguén lwc, Thudt todn CFR, Thudt todan CFR Plus, Ly thuyét
tro choi.

I. GIOI THIEU

Phén bd ngudn nhan lyc 14 qua trinh can dbi lai cac ngudn luc trong sudt quéa trinh mot to chirc ton tai va phat
trién. N6 1a mot trong cac ndi dung quan trong va la didu kién cin thiét d& dam bao tinh can ddi. Phan tich ngudn lyc 1a
ndi dung quan trong trong quan tri chién lugc. Phan bd nguén luc hop ly 14 co s¢ dé thuc hién cac muc tiéu chién lugc
m&t cach cé hi¢u qua. D@)ng thoi véi d6, viéc phan bd nguén lue can duge thue hién mot cach cong béng truée nhu ciu
clia cac bén. Phan phbi ngudn luc mot cach ngdu hing, thiéu cin cir khoa hoc s& dan dén tinh trang lang phi, kém hiéu
qua trong viéc st dung cac nguén luc va diéu nay s& dan dén viéc thuc hién thét bai cc muc tiéu di dé ra. Chinh vi tAm
quan trong nhu vy, bai toan t6i wu hoa phan bd ngudn lyc thuong xuyén duge dat ra va viée giai quyét n6 mot cach tot
nhit dong mot vai tro quyét dinh trong hoat dong cua t6 chirc. Ly vi du, cac nguon lyc trong mot cong ty c6 thé duge
ké dén nhu: thong tin, tai chinh, nhan su, co s& vat chat, khach hang, nha cung cap, cong nghé st dung, nang luc quan
tri, ndng luc kinh doanh, thuong hi€u, uy tin,... Trong bai bao nay, ching t6i phén tich va giai quyét van dé thong qua
viéc dam bao loi ich can bang giita cac bén trong qué trinh phan bo nguén luc.

Bai toan phan bo ngudn Iuc c6 thé duge giai quyét bang cach sir dung cac md hinh trong 1y thuyét trd choi.
Trong do, cac thanh ph.'?m cua to chire dong vai tro nhu nguoi choi, con nguén lyc ma ho dugc phan b thé hién gia tri
loi ich ma ho thu dwoc. Mdi thanh phan déu cb ging gianh dwoc nhiéu loi ich nhét c6 thé va vi thé c6 thé xay ra canh
tranh 1an nhau.

Thuat toan Fictitious Play, dugc gidi thiéu 1An d4u bai Brown (1951), 1a mot mod hinh hoc phé) bién trong ly thuyét
tro choi [1, 2]. Trong thuat toan, hai ngudi choi thay phién nhau thuc hién cac hanh dong trong trd choi, tai mdi vong lap,
moi ngudi choi s& chon hanh dong dem lai loi ich 16n nhét dya trén tap cac hanh dong trude d6 cua dbi thu. Trung binh
cua day cac chién luge, duoc lya chon, ciia mdi nguoi choi s€ hoi ty vé diém can béng Nash [2]. Tuy nhién, thuat toan
Fictitious Play c6 mot s6 han ché: thir nhét thudt toan bo sung cac chién lwoc méi khong tan dung diy du thong tin sau
mdi vong lap, theo d6 vai trd cia chién luge mang lai nhiéu loi ich va it loi ich 1a khong khac biét; thir hai thuét toan chi
hd trg cho mo hinh hai nguoi choi, véi sy ¢ mét ciia ngudi choi thi ba, thudt toan khong thé str dung duorc.

Han ché thir nhat dugc khéc phuc bang cac bién thé CFR va CFR+, dugc cai tién tir thuat toan Fictitious Play
gbe [6, 7]. Trong d6, mot ma tran bo sung dé luu trir thong tin qua mdi vong ldp va danh gia anh huéng tur mdi ch1en
thudt ma nguoi choi chon. Tu do, tdc dd hoi tu cua thult toan duge day nhanh. Tuy nhién ca hai bién thé nay van
khong thé giai quyét dugc han ché thir hai. D& d6i mat v6i han ché d6, nhom chiing 61 dé xuit mé hinh méi, dya trén
ba thuat toan néu trén, Fictitious Play, CFR, CFR+. Trong mé hinh dé xuét, sé ngudi choi tham gia dwoc nang Ién
n(n>2).

Qué trinh cap nhat day chién thuat duoc thyc hién trén mot ma tran payoff, thé hién sy tuong tac cia tirng chién
thuat vai toan bo n — 1 nguoi choi con lai.

Trong bai bao nay, ching tdi trinh bay mot huéng tlep c4n bai toan phan bd ngudn lyc thong qua mé hinh diém
can bang Nash ctia 1y thuyét tro choi, dong thoi gidi quyét van dé nay thong qua viéc m¢ rong thudt toan Fictitious Play
cing nhu Fictitious Play sir dung ma tr4n CFR va CFR+ (cdc ban cai tién hiéu qua cua thudt toan nguyén ban). Trong
huéng tiép can trén, ching t61 mo rong thuat toan Fictitious Play va cac bién thé CFR, CFR+, bang cach ting s6 luong
ngudi choi tham gia. Chi tiét vé mé hinh mé rong s& duoc trinh bay trong muc C. Dya vao dit liéu thu duoc trong qua
trinh thuc nghiém, chung t6i danh gia va so sanh két qua cua thuat toan Fictitious Play v6i hai bién thé twong tng 1a
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CFR va CFR+. Mot danh gia khéc ciing dugc dua ra vé toe do hoi tu cta thuat toan theo s6 chién luoc co s6 ctia ngudi
choi. Toan bg phan déanh gia s& dugc trinh bay cu thé trong muc D. Muc E s& téng hop lai thanh tyu thu dugc tir hudng
mé rong, dua ra mot s6 kho khin con vudng mic va phuong hudng khic phuyc trong tuong lai.

11. MO HINH HOA BAI TOAN PHAN BO NGUON LUC

2.1. Bai toan xung ddt phan b ngudn luc

Trong quan ly du an, cac nguon lc c6 thé 1a: tién, nhan sy, may moc thiét bi, co s vat chit can duoc phan ph01
cho cac nhém, bo phan khac nhau dé thyc hién cong viée du 4n. Trong viéc phan bo tiéu chi phu thudc vao dé xuat tir
cac bd phan, sy can nhéc cua quan ly dy an, tinh hinh dy an hoac nhiéu nhan t6 khac. Vay nén c6 nhitng tranh cai,
xung d6t trong viéc doi hoi nhiéu tai nguyén hon tir nhidu bo phan.

Viée xédc dinh céc tiéu chi va dwa ra phuong an t6t dé phan chia nguon lyc 1a mot cong vige can thiét cho quan
ly du an hd trg trong viéc ra quyét dinh. Véi dic thi cac xung dot trong dw an, noi ma timg bd phan van c6 thé sdng sot
va tiép tuc thyc hién nghia vu ctia minh vé&i nhiéu mirc do tai nguyén cung cép, nhung r6 rang la v6i cac két qua chat
lwong khac nhau, ¢6 nghia 14 timg bo phan - ngudi choi trong game - ¢6 nhiing chién lugc riéng trong thuc hién game.

Dé giai quyét bai toan, ching ta phai dinh nghia dic thu cia timg bo phén, cac tiéu chi dé danh gia trong viéc
gitip ngudi choi lwa chon chién luge cua minh - cach tai nguyén dugc phan phdi. Khi do, sé d& hon xac dinh 1 Nash
Equilibria bé‘mg 1 thuét toan t6i wvu da muc tiéu. Fictitious Play 1a mét thuat toan dya trén nén tang toan hoc, mdi vong
cua thuat toan, cac nguoi choi sé quyét dinh chién lvgc ciia minh dya theo cc dit liéu vé cac budce di trude cla céac
ngudi choi khac, véi diéu kién tién quyét 1a cac chién luge ciia ngudi choi duge xac dinh trude va khong thay doi trong
qua trinh choi. Piéu nay 1 pht hop véi bai toan duge giao va c6 kha ning thuc thi dugc.

2.2. Dau vao bai toan

Péu vao cia bai toan 1a cac nguén luc can duge phan bd trong dy an nhu: tién, nhan su, may moc thiét bi, co s
vat chat. Thong qua céac chién lugc cua cac nhom, sy canh tranh va céac yéu td lién qua, ching ta c6 thé thiét lap duoc
céc ham mang tinh twong d6i dé thé hién sy twong quan giita chién thuat ciia cac nhom. Tir d6, chung ta s& dua ra dugc
ma trén payoff. V&i truong hop tong quat, véi mdi ngudi choi, ma tran payoff s& co n chiéu & d6 mdi chiéu 1a mot
trong sb cac chién thuat kha thi ctia timg nhom.

2.3. Mb hinh hoa bai toan

Déi v6i bai toan phan bd ngudn luc, gia sir rang t chirc T ¢6 m ngudn lyc cin phan bd ay, ay, ..., a, cho n dbi
tuong by, by, ..., b,. Khi d6, chiing ta ¢c6 mé hinh bai toan trong 1y thuyét tro choi nhu sau:

Bai toan gdm n ngudi choi by, by, ..., b,. V&6i mdi b; vé6i i = 1,k (k 1a s chién thuat c6 thé cua mdi ngudi
choi. Vi mdi by, ta dinh nghia P; = (pyq, Diz, -, Pire) 12 vector xac suit ctia chién thuat ma ngudi choi b; sir dung.
Théng qua ma tran payoff M duoc xay dung dua trén S;; j va cac nguén luc ay, ay, ..., a,, dé giai quyét bai todn can
bang ngudn luc, chiing ta can tim ra cac bo P; thoa man dlem can bang Nash cta bai toan - 1a b cac vector P; sao cho
dbi véi timg ngudi choi day 1a chién thuat dem lai loi ich tot nhét cho ho cho du nhitng ngudi choi con lai thuc hién bét
ky chién thuat nao [1].

I11. GIAI PHAP DE XUAT

Thuét toan Fictitious Play nguyén ban dugc sir dung aé gidi quyét cac bai trd choi - 2 ngudi nhim dé tim ra
diém can bang Nash. Tuy nhién trong thyc té, bai toan phén b6 ngudn lyc co nhleu thanh phan hon. D6 1a @ong luc cho
nhém chung t6i nghién ctru, tim kiém huéng phat trién dé giai quyét van dé khi sé ngudi choi 16n hon hai. Dya vao ¥
tuong cbt 161 cia thuat toan, ching t6i dé xudt giai thuat mo rong cta thudt toan Fictitious Play cho n nguoi choi dé
gidi quyét bai toan phan bd ngudn lyc.

3.1. Giai thuat Fictitious Play mé rgng cho n ngudi choi

Thuét toan Fictitious Play nguyén ban [3, 4] dugc su dung dé giai quyét cac bai tro choi c6 2 ngudi nham dé tim
ra diém can bang Nash. Tuy nhién trong thyuc té, bai toan phan b6 nguon lyc co nhiéu thanh phan hon. D6 1a dong luc
cho nhém chiing t6i nghién ctru, im kiém hudng phat trién dé giai quyét van d& khi s6 nguoi choi 1on hon hai. Dya
vao y tuong cot 15i clia thuat toan, chung toi dé xuét giai thuat mo rong cia thuat toan Fictitious Play cho n nguoi choi
dé giai quyét bai toan phan bd ngudn luc.

Fictitious Play

Trong phan nay, ching t6i ¢4 y tuéng mé rong thudt toan Fictitious Play cho n ngudi choi. Thuét toan dugc
trinh bay trong Thuét toan 1 trong do:
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= Mang payofflplayer][i][si] ... [Sn—1] biéu thi gi4 tri loi ich ciia ngudi choi (player) & chién thuat khi cac
nguoi choi (player + i) sir dung cac chién thuat s;;

= Mang Strategy[player][bestAction] 1a mang thé hién s6 cac lan dugc chon cia timg chién thuét qua cac
thé hé da qua;

= Mang Ns[player][i] duoc ldy thong qua ham getNormalizeStrategy() thé hién xac suit duoc lya chon
ctia chién thuat i ciia ngudi choi player sau cac thé hé di qua.

Thudt todn 1: Fictitious Play Algorithm

Input: n (§6 ngudi choi), player (ngudi choi), k (s6 chién thuat cia mbdi ngudi choi)

Khoi tao maxSUm = —oo, bestAction = —1
ns[ ][] = getNormalizeStrategy()()
for 1to k do

sum = Y([I17(ns[player + i][s;] * payofflplayer][i][s] ... [sn-1])
if sum > maxSum do
maxSum = sum
bestAction = i
end for
. Strategy|player][bestAction] += 1
Do phirc tap 0((n — 1)*)

oNoohRwhRE

Fictitious Play s dung ky thuat CFR
Bén canh thuit toan nguyén ban, Fictitious Play thuong dugc biét dén voi mot phién ban cai tién hon khi st
dung ma tran CFR [5] (Counterfactual Regret Minimization) - mot ki thuat dé giai quyét cac tro choi dang mé rong
véi thong tin khong hoan hao. Thudt toan dugc trinh bay trong Thuat toan 3 trong do:
= Mang payoff vs strategy giéng nhu phan 1.a;
=  Mang cs [ ][ ] dugc x@y dung dya trén mang strategy|[ ] vs cfr[ ] s€ dugce trinh bay trong Thuit toan 2.

Thugt todn 2: Xay dung mang cs [ ][ ]
Input: n (§6 ngudi choi), k (S8 chién thuat ctia mbi nguwdi choi)

1: Khoitaoces [][]
2: Forltondo

3 sum = ¥¥_(Max( 0, cfr[i][j])
4: End for

5. Ifsum > 0do
6 CS[l][]] — Max (0 ,cfr[i][j])
7

8

sum
else cs[i][j] = ;—
return cs

Do phuc tap 0 (k™)

Fictitious Play sw dung ky thudt CFR+

K¥ thudt CFR+ duogc gidi thiéu trong bai bao “Solving Large Imperfect Information Games Using CFR+” cua
Oskari Tammelin nam 2014 [6] nhu mot bién thé t&t hon cua k¥ thudt CFR. Thuat toan s€ dugc trinh bay cu thé trong
Thuit toan 4, trong do:

= Mang payoff vs strategy giéng nhu phan 1.a;
=  Mang cs [ ][ ] dugc x@y dung dya trén mang strategy|[ ] vs cfr[ ] s€ dugce trinh bay trong Thuit toan 2.

Thudt todn 3: Fictitious Play - CFR
Input: n ( S6 nguwdi choi ), k (SO chién thuit ), player( ngwdi choi thwe hién thuit toan)

1. Khoitao maxSum = —oo, bestAction = —1
2: ns[][] = getCurrentStrategy ()()
3: for1ltok:



300 MOT HUGNG TIEP CAN CUA THUAT TOAN FICTITIOUS PLAY POI VOI BAI TOAN PHAN BO NGUON LUC

cfriplayer][i]l += cfuli] — ev
strategy [player][i] += cs[player][i]
10: end for

Do phirc tap 0((n — 1)*)

Thudt todn 4: Fictitious Play - CFR+

4: cfuli] = R(IIF "(ns[(player + )% n][s;]) * payoff[player][i][s] ... [sn-1])
5: ev += cs[player][i] * cfuli]

6: end for

7. forltok:

8:

9:

Input: n (S6 ngudi choi), k (SO chién thuit), player (nguwdi choi thwe hién thuit toan)

1. Khoitao maxSum = —oo, bestAction = —1

2: ns[][] = getCurrentStrategy ()()

3: forltok:

4: cfuli] = X(IIF  (ns[(player + )% n][s;]) * payoff[player][i][s] ... [sn-1])
5: ev += cs[player][i] * cfuli]

6: end for

7: forltok:

8: cfriplayer][i] = Max (0, cfr[player][i] + cfuli] — ev
9: end for
10: if iterationCount > delay do
11: w = 2wmode
12: else w=0
13: for 1tok do

14: strategy [player][i] += cs[player][i] * w
Do phuc tap 0((n — 1)¥)

Trong thuat toan d& xuét trén, chdng t6i sir dung ma tran payoff n chiéu véi n 1a sé ngudi choi tham gia, thay vi
ma tran hai chi€u. Ma trén nay cho phép stt dung mi€u ta day du gia tri nhan dugc cia mot ngudi choi nhan dugc tuong
ung véi moi hanh ddng cu thé cia cac nguodi choi con lai.

Thuét toan 2 1a bude cap nhat chién thuat méi va chi xuat hién trong thuat todn CFR va CFR+. Trong thuét toan
nay, mang cs dong vai trd nhu thanh phan dé bd sung vao diy chién luoc trude d6 va duoc tinh toan dwa trén ma trdn
payoff cia nguoi choi tuong tng. Thudt toan cho thay, gia tri loi ich dat duoc tir mot chién luge ty 18 thuan véi dong
gdp cuia né trong 1an cp nhat tiép theo.

3.2. Phuong 4n lya chon chién thuit

D6i voi truong truong hop bai toan co n ngudi choi va ¢6 k chién thuat, khi d6, & mdi vong lap budc ¢ thuat
toan, thuat toan thyuc hién téi thiéu k.n. k™ budc 1am do d6 do phuc tap cua thuat toan tdi thiéu s& 14 0(n. k™). Vi do
phtic tap 0 (n. k™).), néu k 16n, toc do ciia thuat toan s& vo cing cham, tham chi vuot quéa kha nang xir ly dir liéu cua
cac may tinh. Do d6, viéc han ché k, thong qua cac chién lugc lwa chon chién thuat 1a can thiét dé cai thién kha nang
xu ly cta thuat toan.

Gia str c6 m ngudn tai nguyén 14 ay, a,, ..., @y, €0 k chién thuat sy, s,, ..., s,. Khi d6 gia sir chién thuat s; c6 gia
tri tai nguyén la a;[i] v6i tai nguyén a;. Khi d6 dat valueli] = f(a, [{], a,[i], ..., ax[i]) 1a ham biéu thi gia tri cua chién
thuat s;. Chién lugc lya chon cac chién thuat thuc hién theo thuat toan 5 sau trong d6 delta[i] 1a gia tri do léch cua
value[i] véi gi tri trung binh, rank[i] 1a xép hang ciia chién thuat s; theo gia tri delta, x 14 s luong chién thuat ching
ta mudn chon.

Thudt todan 5:

1: Khoitao rankli] = i
ST (waluelj])

value =
m

A= |value[i] — value |
Cap nhat rank[] theo mang A
Loai bo céc chién thuat s, néu rank[k] > x
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Thuat toan 5 tinh todn nhiing gia tri loi ich ma mot chién lugc mang lai cho ngudi choi khi ma chua xem xét
dén tuong tac vdi cac nguoi choi con lai. Muc dich nham du doan céc chién luge ma khong ¢6 loi cho qua trinh tim
kiém 10i giai.

Thuét toan trén loai bo nhitng chién luge ma gia tri, ndm cua chuing ndm qua xa so voi gia tri trung binh va vi
thé khong dem lai hiéu qua trong viéc tim kiém 101 giai bai toan. Bang cach khong xem xét nhimg chién lugc nay, kich
thudc khong gian tim kiém giam xudng nhanh chong.

IV. THUC NGHIEM VA PANH GIA

4.1. Dir liéu thuc nghiém

Trong bai bao nay, chung t6i thuc nghiém vdi cac phuong an thuc nghiém sau: voi bd dit 1iéu ¢ bang 1, 2 va cac
tham s6 dau vao trong thuat toan ¢ bang 3.

Béang 1. Dt li¢u nhan su ctia du an

STT Tén Ning luc Luwong( triéu) KV néng
1 Ha Quang Minh 1 17,0 PHP, JavaScript ,Python
2 Bui Tuin Anh 1 15,0 MySQL, C++, C#
3 Vii Minh Tuin 2 15,0 Python, Java, C++
4 Tran Quang Diic 2 9,5 Java, C#
5 Nguyén Thi Tuyét Nhung 3 95 PHP, JavaScript
6 Nguyén Thi Hai Yén 4 95 MySQL, C#
7 Kiéu Thanh Hai 5 9 MySQL, C++
8 Ha Vinh Lang 6 9 Java, C++
9 Kiéu Xuén Viét 7 9 JavaScript, Python
Béang 2. Yéu ciu k¥ nang cua tung dy an
Du an Yéu ciu ky ning (cin mét trong so cic k¥ ning)
1 PHP, MySQL, JavaScript
2 JavaScript, Python, Java
3 Java, C++, C#
Bing 3. Cac tham sé du vao
Tham s6 Gia tri
S6 ngudi choi (n) 3
S chién thuét 5, 20
wmode 0
delay 0
epsilon(e) 0,0001
time (t) 0,40(s)

4.2. Mé6i truong thue nghiém

= H¢ diéu hanh: MacOS Sierra 10.12.6;
= Chip: 2.2 GHz Intel Core i7;
= Mday: Macbook Pro Mid 2015.

4.3. Két qua thuc nghiém

Két qua thyc nghiém duge thyc hién & trong bang 4, bang 5. Bang 4 biéu dién két qua so sanh giita 3 thuat toan
két qua dugc ghi nhéan khi gié tri epsilon dat ngudng 0.0001 va s lwong chién thuat dugc gidi han bang 5. Két qua cho
thay thuat toan CFR+ c6 toc d6 hoi tu nhanh vuot troi, trong khi thudt toan Fictitious Play 14 toi nhit. Didu nay 1a hé
qua cua su khac biét trong qué trinh cip nhat day chién thuat tir cac dit liéu sau mdi vong 1ap. CFR+ tan dung tdi da
thong tin thu dugc dya vao anh hudng cla ting chién thuat 1én ting nguoi choi cho va cho tdc d6 hoi tu nhanh nhat.

Béng 5 ghi nhan két qua tai thoi diém 0,40 s, danh gia gia tri epsilon giira cic thudt toan va giita hai mirc gioi
han s6 luong chién thuat 12 5 va 20. Viéc tang sb lwong chién thuét kha di cho nguoi choi dan dén dit liéu can tinh toan
16n hon. Do d6, thoi gian dé hoan thanh vong 1ap ciing ting theo va két qua 13 tc do hoi tu cua thuat toan vi nhu vay
ma giam di dang ké.
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Bing 4. Bang két qua thuc nghiém

Fictitious Play CFR CFR +
S6 vong lip t(s) epsilon t(s) epsilon t(s) Epsilon
1 0,00 0,70685 0,00 0,27692 0,00 0,27692
100 0,01 0,03049 0,01 0,01579 0,01 0,01802
200 0,02 0,01516 0,02 0,00775 0,02 0,00913
300 0,02 0,01010 0,02 0,00513 0,02 0,00579
400 0,02 0,00977 0,02 0,00384 0,02 0,00443
500 0,03 0,00764 0,03 0,00306 0,03 0,00385
1000 0,04 0,00364 0,04 0,00233 0,04 0,00192
5000 0,06 0,00085 0,06 0,00074 0,09 0,00049
10000 0,08 0,00053 0,08 0,00047 0,11 0,00026
20000 0,11 0,00035 0,13 0,00027 0,14 0,00015
30000 0,14 0,00025 0,17 0,00021 0,19 0,00011
32814 X X X X 0,20 0,00010
40000 0,17 0,00020 0,21 0,00019 X X
50000 0,19 0,00018 0,26 0,00019 X X
79453 X X 0,36 0,00010 X X
100000 0,32 0,00010 X X X X
100995 0,32 0,00010 X X X X
Bing 5. Bang két qua thuc nghiém gi6i han thoi gian chay 12 0,4 s

S6 chién thuat | Fictitious Play CFR CFR +

lya chon t(s) epsilon t(s) epsilon t(s) epsilon

5 0,4 0,00010 0,4 0,00008 0,4 0,00009

20 0,4 0,02565 0,4 0,04491 0,4 0,02777

4.4. Panh gia

Tir bang két qua thuc nghiém, ching ta thiy vé6i ca ba thuat toan tdc d6 hoi tu kha nhanh véi truong hop cac
chién thuat dugc danh gia va thu gon lai vé 5. Trong do, thuét toan CFR+ ¢ tdc d6 hoi tu nhanh nhit sau d6 dén
Fictitious Play va CFR. Déi vé6i truong hop sb luong chién thuat duoc gitr nguyén (liy toan bd cac bo chién thuat co
thé c6) thudt toan cho thay su hoi tu twong ddi cham khi tra ra két qua khong duoc tot.

V. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay, chung t6i di dé xuat ra mot mo hinh mo rong thuat toan Fictitious Play va cac bién thé dé
giai quyét bai toan phan bd ngudn luc. Trong thuét toan nguyén ban, Fictitious Play dwgc ap dung cho bai todn tro choi
voi hai nguoi, tuy vy ap dung cho bai toan phan b6 nguf)n luc (khi ma sb nguoi choi 16n), thuét toan mo rong lay tu
tuong chi dao tir thuat toan nguyén ban, van cho thdy sy hiéu qua trong qua trinh giai quyét bai toan vai bo dir ligu
khong qua lon. Tuy vay, voi truong hop dir liéu lon khi t6 hop cac chién thuét nhiéu, thuat toan c6 do phure tap tuong
dbi cao, cling nhu téc do hoi tu tuong dbi thap, do d6 thuét toan can két hop st dung mét chién luoc két hop dé danh
gia va riit gon sb lwong cac chién thuat mét cach hop 1y.

Mic du huéng tiép can nay cho thiy tiém nang phat trién nhung van con nhidu khé khan can dugc giai quyét.
Khi sé lwong ngudi choi gia ting ciing nhu bd dir liéu dau vao 16n, thuat toan co do phirc tap cling nhu thoi gian tinh
toan ting nhanh (cip sb mil theo sb ngudi choi) do kich thudce 16n cia ma trén payoff. Do d6 viéc dé ra chién lugc dé
khéng ché kich thuée cta ma tran payoff la can thiét dé dam bao tdc do cling nhu Kkét qua cuda thuat toan. Bén canh do,
van dé xay dung ma trin payoff ciing cin dugc quan tim va nghién ciru dé dam bao tinh chinh xac tuong di ciia ma
tran payoff so véi thuc té. Viéc xdy dung ma tran payoff can dugc can nhic va tinh toan trong timg trudng hop cu thé
dé dam bao d6 chinh xéac cua thuét toan.

VI. TAI LIEU THAM KHAO
[1] Martin J. Osborne (2003). “An Introduction to Game Theory”. Oxford University Press; 1st edition, ISBN-13:
978-0195128956, 560 pages.

[2] Johannes Heinrich, Marc Lanctot, David Silver (2015). “Fictitious Self-Playing Extensive-Form Games”.
Proceedings of the 32 nd International Conference on Machine Learning, Lille, France, 2015. JMLR: W&CP
volume 37.



Trinh Bao Ngoc, Huynh Quyét Théng, Lé Cong Thanh, Lé Ba Truong Giang, Tran Quang Huy 303

[3] Enrico H. Gerding, Zinovi Rabinovich Andrew Byde, Edith Elkind (2008). “Approximating Mixed Nash
Equilibria using Smooth Fictitious Play in Simultaneous Auctions”. In Proceedings of the 7th international joint
conference on Autonomous agents and multiagent systems, Volume 3, pp.1577-1580.

[4] Theodore J. Lambert 11l, Marina A. Epelman, Robert. Smith (2005). “A fictitious play approach to large-scale
optimization”. Journal of Operations Research, Volume 53 Issue 3, May 2005, pp.477-489.

[5] Andrew Gilpin, Samid Hoda, Javier Pena, and Tuomas Sandholm (2007). “Gradient-based Algorithms for Finding
Nash Equilibria in Extensive Form Games”. In: Deng X., Graham F. C. (eds) Internet and Network Economics.
WINE 2007. Lecture Notes in Computer Science, vol 4858. Springer, Berlin, Heidelberg.

[6] Oskari Tammelin (2014). “Solving Large Imperfect Information Games Using CFR+”. CoRR abs/1407.5042.

[7]1 Dohmatob E. (2015). A simple and efficient algorithm for computing approximate Nash equilibria in two-person
zero-sum sequential games with imcomplete information. CoRR, abs/1507.07901.

[8] Elvis Dohmatob (2016). A simple algorithm for computing Nash-equilibria in incomplete information games. In
OPT2016 - NIPS workshop on optimization for machine learning, Dec 2016, Barcelona, Spain. 2016.

A NEW FICTITIOUS PLAY ALGORITHM APPROACH FOR RESOURCES
ALLOCATION

Trinh Bao Ngoc, Huynh Quyet Thang, Le Cong Thanh, Le Ba Truong Giang, Tran Quang Huy

ABSTRACT: Resources allocation in a project is the process of balancing available project resources among teams in project
organization, this process must perform regularly, precisely to keep project on the right track, conflicts in resources allocation may
cause lots of issues to all project activities. That is the reason why, the problem in resources allocation need to take into account
appropriately. The purpose of this research aims to propose the suitable mathematical model to the problem of resources allocation
which is to be consider as a game in Game Theory, and then, finding Nash Equilibria for this game as a solution for the problem. In
this model, we will find sampling of probability distribution in selected strategies of players in the game of allotting resources.
Project managers and their teams can take advantage of this strategies to make a right decision. We introduce a new approach of
Fictitious Play algorithm in resources allocation problem and analyze pros and cons of this method when dealing with a large
amount of data of game.

Kyewords: Fictitious Play Algorithm, Nash Equilibria, Resources allocation, CFR Algorithm, CFR Plus Algorithm, Game theory.



