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1. Tinh cip thiét
Céc bai todn t6i vu t& hgp (Combinatorial Optimization — CO) hinh thanh tif nhu cau
lua chon phuong 4n tbi uu trong cic hoat dong kinh té, k§ thuat va doi séng xa hoi.
Trong ky nguyén tri tué nhan tao, CO déng vai trd trung tim trong nhiéu tng dung
khoa hoc dif liéu nhu t6i da héa anh hudng, tom tat thong tin, hé thdng khuyén nghi
va t6i da héa doanh thu. Nhiéu bai toan CO c6 thé dudc md hinh héa trén tip hop,
trong d6 ham muc tiéu hoic rang budc mang tinh submodular. Tinh chit nay, con goi
12 lgi nhudn bién gidm dan, cho phép xay dung cac thuat todn hiéu qua véi bdo ddm
ly thuyét vé chét lugng nghiém. Lép bai todn nay dudc goi chung la tdi wu submodular
(Submodular Optimization — SO), dac biét phu hgp v6i cac ung dung di li€u quy mo
16n. Dué6i dang tdng quat nhit, bai toan SO dudc phat biéu nhu sau: Cho tap nén hitu han
V = {e1,e2,...,e,}, v6i ham muc tiéu f : 2V — R ¢c6 tinh chit submodular, nghia la
v6imoi A C B CV vamoiphantiu € V,tacéd f(AU{u})— f(A) > f(BU{u}) — f(B).
Bai toan SO yéu cau tim tip con S C V théa min rang budc € cho trudc sao cho gid tri
cla f 1a cuc dai hodc cuc tiéu.

Bai toan SO thudc 16p bai toan NP-kho. Dudi goc do hoc thuat, vi 16p bai toan
SO tuong d6i rong, cac nha nghién cifu chia bai toan nay thanh hai dang cu thé nhu sau
(Xem hinh[0.1).
Bai todn 1: Bai toan pht submodular véi chi phi ti thiu (MCSC). Mdiphan ti e € V
¢6 mot chi phi c(e) > 0. V6i ham muc tiéu 1a tdng chi phi f(S) = Y ees cle), cho trudc
mot ngudng 7' > 0 va mot ham danh gid g : 2" — R, c6 tinh chit submodular, tic 1a
g(AU{e}) — g(A) > g(BU{e}) — ¢(B), bai toan yéu cau tim

arg min £(5),

théa man: ¢(S) > T.

Bai todn 2: Bai toan t6i da héa ham submodular véi rang budc (SM). V6i rang rang

budc C cho truée, bai todn yéu ciu tim

sey 1)

thdaman: S e C.

Dang bai todn nay bao trim nhiéu bai todn dién hinh trong phan tich dit liéu va hoc may,

chang han nhu tdi da héa anh hudng trong mang xa hoi, lua chon dic trung trong hoc

12V Tap tét ca cdc tap con ctia V bao gdm tap rong.



mdy, tdi da héa doanh thu trong mang xa hoi , bai toan dit cam bién, va lua chon tap dai
dién nham tdi da héa lugng thong tin thu dudc dudi cac rang budc tai nguyén, v.v. Cac
rang budc trong C thudng gip trong cic bai todn t6i vu t& hgp bao gom: rang budc kich
thudc (cardinality constraint), rang budc ba 16 (knapsack constraint), rang budc matroid

(matroid constraint), v.v. Tuy da dat dudc nhiéu két qua quan trong, 16p cac bai toan SO

SO
Baitoan 1 Bai toan 2
Pht Submodular vdi chi phi t8i thiéu (MCSC) T6i da héa ham submodular vdi
> Poéng gép cuia LA: Thuat toan song song rang buéc (SMC)
héa dam bao ty (& x8p xi tiéu chuan kép

Bai toan SMFC

Bai todn KSC T6i da h6a ham submodula]r véirang budc
chi phicéng bang

> Péng gop cuia LA: Thuat toan xap xi

M& rong clia bai Bai toan 1
> Pong gop chia LA: Thuat toan xap xi tiéu chuan kép

Hinh 0.1: Cac dang cua bai toan SO va dong gép cua Luén an.

van dbi mit v6i nhiéu thach thifc ca vé phuong dién mo hinh héa 14n thiét ké thuat to4,
nhu sau:

Thit nhdt, sy gia tdng nhanh chong ciia quy mé dit liéu trong cdc hé thong hién dai
ddit ra yéu cdu cdp thiét déi véi cdc thudt todn vita dam bdo chdt luong 1oi gidi, vita co
khd néng xit Iy trong thoi gian phit hop vdi yéu cau thuc té.

Thit hai, trong thicc té vdn ton tai nhiéu bién thé ciia bai todn mang tinh iing dung
cao nhung chua co thudt todn hiéu qud Cac bai toan thuc té thudng di kém véi nhiéu loai
rang budc phtc tap nhu yéu cau cong bang gitta cac nhém ddi tuong, gii han tai nguyén
da chiéu, hoic cic ciu tric phu thudc giita cdc phan td, khién cho cdc mo hinh chuin
hién nay chua thé phan anh day di yéu cau clia ting dung. Do d6, viéc md rong mo hinh
va xay dung céc thuat toan hiéu qua cho céc bién thé méi van 12 mot huéng nghién ciu
quan trong va con nhiéu tiém ning phat trién.

2. Muc tiéu cua luan an
Luén 4n tap trung nghién gii quyét nhitng thach thiic trén véi cdc muc tiéu sau: 1. Trong
khuon kho luan 4n, luan 4n nghién cifu bai toan Bai toan 1 (MCSC) va Bai toan 2 (SM)

vGi cac rang budc C co tinh thoi su.



2. Bé xuit va phan tich céc thuat toan xip xi hiéu qua trong bdi canh ndi ma viéc

tim nghiém t5i vu chinh xdc thudng khong kha thi do do phiic tap tinh toan cao.
3. Két qua dat duoc
V6i muc dich trén, lun 4n da dat dudc cac két qua sau:

Lun 4n nghién ctiu Bai toan 1 (MCSC) va dé xuit mot thuit todn song song hiéu
qua dat dudgc ty 1& tiém can v6i thut toan xap xi tot nhat hién nay nhung gidm rat dang
ké d6 phiic tap song song vé ca phuong dién 1y thuyét va thuc nghiém.

Lu4n 4n nghién cttu bai toan Phii k-Submodular véi chi phi tbi thiéu (kSC), 12 mot
md rong clia bai toan MCSC. Luén 4n dé xult cac thuat todn xAp xi tiéu chi kép hiéu qua
hon cic phuong phédp hién c6 vé ca ly thuyét va thuc nghiém.

D6i v6i Bai toan 2, luan 4n nghién ctiu bai todn Toi da héa ham submodular véi
rang budc chi phi céng bdang (MCFA) va dé xuét cac thuit toan xAp xi hiéu qua cho bai
toan nay.

4. B6 cuc ctia luéin an
Ngoai phan mé dau va két luan, luan 4n chia thanh bdn chuong nhu sau
Chuong 1 trinh bay tdng quan vé cac bai toan tbi wu t& hdp va vai trd clia ching trong
cac ung dung phan tich du li€u hién dai.

Chuong 2 trinh bay két qua nghién ctiu bai toan Phi submodular véi chi phi ti thiéu
(MCSCQ).

Chuong 3 trinh bay két qui nghién cifu bai toan Phti k-Submodular véi chi phi t6i thiéu
(kSC).

Chuong 4 trinh bay két qua nghién cifu bai toan Toi da ham Submodular véi rang budc
chi phi cong bang (SMFC).



4

CHUONG 1
TONG QUAN VE CAC BAI TOAN TOI UU SUBMODULAR

1.1. BAI TOAN TOI UU SUBMODULAR

Duéi géc do mo hinh hoéa toan hoc, bai toan SO thutng dudc dinh nghia dua trén
cac khai niém sau:
-Tdp nén'V = {ey,ea,...,e,}: tap hitu han gdm n phan ti hitu han, trong d6 mdi phan
ti e; dai dién cho mot ddi tuong ing vién can dudc lua chon.
- Rang budc C: Nham mo hinh héa céc yéu cau va han ché trong thuc té.
- Ho cdc tdp con 2"': Tap hop tat ca cdc tip con c6 thé cla tip V.
- Khong gian 16i gidi hgp 1&: © = {S C V : S thda man C}.
- Ham muc tiéu f, ddnh gid g: Trén khong gian nay, ta xac dinh ham muc ti€u, rang budc
nhan gia tri thuc khong am: f,¢ : 2V — R, trong d6 f do ludng chit luong hoic 1gi
ich ctia mdi tap con va muc thda man rang budc € clia 13i gidi. Ham f : 2V — R thoa
min tinh chit submodular, tic 13 v6i moi cip tip con A C B C V va véi moi phan ti

e € V \ B, diéu kién sau dugc théa man:

f(Au{e}) — f(A) = f(BU{e}) — f(B).

Ngoai ra, mot ham submodular f dudc goi la don diéu néu f(A) < f(B),YAC BC V.
Mot s khai niém quan trong:

- Loi gidi hop 1é (feasible solution): Mot tip con S C Q dudc goi 1a mot 15i gidi chip
nhan dudc.

- Loi gidi toi uu (optimal solution): Mot 13i gidi chip nhan dudc O € Q dudc goi 1a 19i

.....

giai tdi vu néu O € arg maxgeq f(S) (hodc O € argmingeq f(5)).
1.1.1. Mot s6 bai toan cu thé

Dudi day 1a mot s6 bai toan tiéu bi€u thudc 16p céac bai toan SO thudng gip trong
thuc té.

Pinh nghia 1.1 (Bai toan tdi da 4nh hudng (Influence maximization—IM)). Cho mot dd
thi ¢6 huéng G' = (V, E) md hinh héa mdt mang xa hoi va mot mo hinh lan truyén thong
tin c6 dinh M. Bai todn t6i da 4nh hudng dit muc tiéu x4c dinh mot tip nit khéi tao
(hay con goi 1a tap hat gidng) S C V sao cho miic dd anh hudng lan truyén tir S 1én toan
bd mang, dugc do ludng thong qua ham anh huéng f(S), dat gia tri 16n nhét.

Pinh nghia 1.2 (Bai toin Anh hudng ngudng [1]). Cho mot mang xa hoi G = (V, E),

modt moé hinh lan truyén thong tin M, v mot ngudng 7. Muc tiéu 1a tim mot tap hat



gibng S C V sao cho f(S) > T. véi lugng ngan sach 1a ti thiéu, chang han nhu s6 lugng
tap hat gidng |S| hodc tong chi phibora y~, o c(v).

1.1.2. D6 phitc tap caa thuét toan

Pinh nghia 1.3 (D6 phuc tap thdi gian cua thuat toan). Xét mot thuat toan A giai mot
bai toan véi dit liéu dau vao c6 kich thude n. D6 phic tap thdi gian ctia thuit toan A, ky
hiéu T4 (n), dudc dinh nghia 1a sé buéc tinh todn co ban nhiéu nhit ma thuit toin can

thuc hién dé€ xtt Iy moi di liéu dau vao c6 kich thuéc khong vugt qua n.

Dinh nghia 1.4 (D9 phiic tap truy vin (Query complexity)). Xét mot thuat todn A giai
mot bai toan vé6i dit liéu dau vao cé kich thude n. Gia st ¢6 thé truy vén t6i ham muc
tiéu thong qua mot phuong phap cho trude (goi 12 black-box). Do phtc tap truy van cia
thuat toan A, ky hiéu Q4 (n), dudc dinh nghia Ia truy vin dé ham f thong qua phuong
phap d6 (hay s6 1an goi ham muc tiéu f) nhiéu nhit ma thuét toan can thuc hién d6i véi

moi dif liéu dau vao c6 kich thude khong vudt qua n.

DPinh nghia 1.5 (D§ phuc tap song song). V6i mot ham muc ti€u f, dd phuc tap song
song ctia mot thuat toan 1a sé vong 1ip t6i thi€u can thiét sao cho trong mdi vong lip,
thuat todn thuc hién O(poly(n)) truy vin doc 1ap dén ham muc tiéu, trong d6 » 1a kich

thudc dif liéu dau vao cta thuit toan.

1.1.3. Dinh nghia thuit toan xap xi

Dinh nghia 1.6 (Thuat todn xép xi [2]). Cho bai toan ti wu P véi ham muc tiéu f, véi
kich thuéc dit liéu dau vao 1a n, trong d6 muc tiéu c6 thé 1a tim gia tri cuc dai hodc cuc
tiéu. Mot thuat todn A dudc goi 1a thuit todn xAp xi cho bai todn P véi hé sd xap xi p(n)
néu: (i) Thuat toan A chay trong thdi gian da thiic theo kich thuéc dau vao n; (i) Ludn
tra vé 15i giai hop 1& cho bai toan, goi 18i gidi 1a S. Goi S* 19i gidi t6i uu, ta co:

p < p < 1) Dbi véi bai toan tim cuc dai
f(S) < p(n)- f(57),(p=1

)
) Dbi véi bai todn tim cuc tiéu
Néi cach khac, nghiém ctia thuat toan khong 1éch khdi nghiém t6i vu qua mot hé sd p(n).

Dinh nghia 1.7 (Thuit toan xAp xi tiéu chuin kép [3]]). Véi bai todn MCSC, mot thuét
toan dudc goi 12 thudt todn xdp xi tiéu chudn kép, hay thuat toan («, 5)-x4p xi, néu trong
thdi gian da thic theo kich thudc dit liéu dau vao n, né tim dugec mot nghiém S sao cho
gi4 tri ctia hAm rang budc chi vi pham nhiéu nhiat mot hé s6 «, va dat dudc ty 1& xap xi
B, tiic 1a: g(S) < aC; £(S) > Bf(S*) véi S* 1a nghiém tbi uu va C' = ¢(S*).
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CHUONG 2
BAI TOAN PHU SUBMODULAR VOI CHI PHI TOI THIEU

2.1. PINH NGHIA BAI TOAN VA PONG GOP CUA LUAN AN

Xét mot tp nén hitu han V = {e;, ..., e,} va mot ham tién ich g : 2" — R* dung
dé do ludng chat lugng clia mot tap con S C V thda man g 1a submodular va don diéu
(tdng), tic 1a g(A) > ¢g(B). Bén canh d6, cho mot ham chi phi ¢ : 2 — R, trong d6
¢ V6i ¢(S) = 3" g cle). Bai toan Phii Submodular vdi chi phi t6i thiéu (MCSC) yéu cau
tim tdp S C V sao cho ¢(S) > T v6i chi phi nhd nhit.

Nghién citu Ty 1é xap xi Truy vAn Do phiic tap song song
Bai toan Phu Submodular (MCSC)
(@] 1+ log(mxecs 9()) Q(n|S)) Q(/S))
(5] (1+1logT,1—¢) Q(nS]) Q(S0)
06l H(min{m?:eg&s g(e),T}) O(nlog(nT) log(T>(€12g T +log log(nT))) O(log(nT) log(T)(lgf T +log log(nT)))
0 n? log?(n/e) log(%) O( o) log(1/X)
LA (14 +In3),1-X) hoiic O((nlog(m ifgign/e) lo)gm) hoiic (O(logzii) 120g<1jx>)

€

Phii submodular véi chi phi dong nhét

(7l O(logT) O(nlog(nlogT)logT) O(log(nlogT)logT)
n? log?(n) log(4) log(n) log(1/))
o(eein)loslx )y O(leem) 1o/
LA (1+e)(14+In$),1-A) 2 log3 (n) log( L 2
A hoiic O( log (;;1 g( )\)) hoiic O(logz(n)€120g(1/>\))

Bang 2.1: Bang so sanh cac thuat toan hién c6 cho bai toan MCSC va SC. Ky hiéu (o, )
tuong ting vé6i thuit toan xap xi song tiéu chi («, ). Luu y rang cic thuit toan dudc dé

xuét trong [7, 6] chi 4p dung cho ham ¢ nhan gia tri nguyén.

Péng gép cta ludn an ddi véi bai toan MCSC va thao luin vé két qua. Xuét phat
tif cac han ché va khoang tréng nghién ddi véi cac nghién ciu lién quan (xem Bang 2. 1)).
So vdi thut toan c6 do phiic tap song song thap t6t nhit, thuit toan dé xuit loai bé hoan

toan sy phu thudc vao tham s0 log 7' va dong théi 1am gidm déng k€ sy phu thude vao 1.
2.2. THUAT TOAN SONG SONG AdaptMCSC

Vé mit ky thuat, thuat todn AdaptMCSC két hop ky thuat ldy mdu tudn tw [8] va
chién lugc tham lam theo ngudng dudc gidi thiéu trong [9]. D& hién thuc héa y tudng
nay, LA dé xut mot thd tuc con ky hiéu 12 THRESHSEQ, c6 nhiém vu lua chon mot tap
phan ti thda min mot ngudng mét do 1di ich cho trudc nham lua chon céc tap phan ti
c6 gia tri vao tap 18i gidi. Trong thuit toan chinh, thut to4n diéu chinh chién lugc tham
lam theo ngudng trong [9] theo huéng chi thuc hién mot s6 vong lip tuan tu hing sb. Tai
mdi vong, thuit todn goi THRESHSEQ nhu mot thii tuc con dé€ Iya chon mdt tip phan ti
c6 mat do 1¢i ich khong nhé hon mot ngudng thich hgp. Cubi cuing, LA sit dung k§ thuat



phan hoach tip nén V nham khong ché ti 1& Cmax/ Cmin, tU dO suy ra cac can chdt cho do
phtic tap truy van va do phiic tap song song ctia thuat toan.

a. Mo ta thuit toan

Dua trén y tudng trén, thuat toan AdaptMCSC chia lam 2 pha nhu sau

Pha 1: Tim 10i giai hop 1€ véi chin chi phi t6i uu

Trong pha dau tién, thuat todn x 1y ty 18 cpax /Cmin Va phan chia tap nén V thanh
tap V1 Vp va V’/ ddm béo ring moi nghiém tbi uu déu khong chita phan tif thudc V;, trong
khi tap Vj c6 thé dudc dua truc tiép vao nghiém cudi cuing véi chi phi nhd.

Pha 2: Giai cac bai toan con

Trong pha thi hai, thut toan gidi bai todn con trén thé€ hién (gy,, V', T — g(Vp)),
trong do gy, (S) = g(VoUS) — g(95) bing cach goi thuit todn AdaptMCSCopt (mot thi tuc
phu ctia thuat toan khi da biét uéc lugng tdi vu) nhiéu 1an, tuong tGng vdi cac gid tri uéc
lugng khac nhau ctia chi phi t6i wu. Goi opt’ 1a chi phi ctia nghiém t6i uu cho bai toan

/
max’

dudc xac dinh duéi dang v; = (f/fi:)i. V6i moi gia tri v;, thuat toan AdaptMCSCopt dugc
goi dé tim ra mot nghiém dng vién. Trong sd cac nghiém tng vién thu dudc, thuét toan
Iuia chon nghiém ¢6 chi phi nhé nhat S théa méan g(S) > (1 — A)(T — g(Vp)). Cudi cing,

thuat toan AdaptMCSC tra vé nghiém S U 1 1am nghiém dau ra cho bai toan MCSC ban

con nay. Do ta c6 ¢/, < opt’ < nc .., nén mot day céc ude lugng hgp Iy cho opt’ c6 thé

dau. Toan bo cac bube clia thuit toan chinh AdaptMCSC dudc mo t chi tiét trong Thuat
toan

Pinh ly 2.1. Vdi 6 € (0,1) va e € (0,1/2), Thudt todn trd vé mét nghiém S théa

, 1
madn cdc tinh chdt sau ¢(S) > T(1 = A),E[¢(S)] < (1 + ) (1 +1n (%))Opt véi d phitc

(
g
tap truy vén: O (Z—; log(%) log? (%)) va do phuc tap song song (adaptive complexity):

0 (l log (%) log (@) ) .
2.3. THU NGHIEM VA KET QUA

LA tién hanh céc thuc nghiém danh gia thuat todn d& xuét vdi cac thuit toan méi
nhat (Bang trén bai toan Anh hudng ngudng (IT) vé céc tiéu chi: (1) Chat luong 15i
giai, dugc do bang tng chi phi cla tap 16i giai thu dugc dé€ dat ngudng anh hudng yéu
cau; (2) Do phiic tap song song (adaptive complexity), phan anh s vong truy cap dif
liéu theo mo hinh song song cua thuit toan; (3) Thoi gian thuc hién cta thuat toan trong
cac thi nghiém thuc t&. LA st dung thu vién OpenMP dé song song héa cic thut todn.
Céc thuat todn dudc viét bdi ngdn ngit C++. Cac thuc nghiém trén mdy tinh hiéu ning
cao (HPC) v6i céc thong sb: partition=large, #threads(CPU)=64, node=2, max memory
= 3,073 GB. ¢ = 0.1 cho tét ca thuat toan. Tir cac két qua thuc nghiém, c6 thé riit ra rang



Thuat toan 2.1: Thuat toan AdaptMCSC

10.

11.

12.

13.

Input: (9, V,T),e € (0,1/2),0 € (0,1).
Output: A subset S
S0, € « 4¢/23
Sort V' = {uy,uz,...,uy} in decreasing cost order
j —min{i : g({ur,u,...,u;}) > T}
Cnin = €€(Uz) /1 g < Je(u;)
Voe—{ueVicu) <d,.}
Vi A{ueV:clu) > duo,}
Vi VAN (WUuW), T« T = g(V), ¢'() < 9w ()
for i = 0 1o [logy /1y (n?/€')] in parallel do
vi=d, . [(1—¢)
S(i) + AdaptMCSCopt(V', ¢/, T", €, X\, v;)
end
S+ argmin{c(S(4)) : g(S(i)) > T'(1 = N),i =
Stinal < SUV

return Sy,

- [logy e (n?/€)1}

cac thuat toan MINSMC va AdaptMCSC khong chi duy tri dugc chat lugng 10i giai tuong
duong v6i phuong phap tham lam ma con gidm ding ké s6 vong ldp tuan tu can thiét.
Pic biét, thuat todn AdaptMCSC do tac gia dé xuat thudng dat s6 vong lip tuan tu nhd
nhat trong hau hét cac thiét 1ap thuc nghiém va vudt trdi vé mit thdi gian thuc thi, dic
biét trén cac bo dit lidu c6 quy mo 16n. Két qua nay phu hop véi cac phan tich 1y thuyét

Bang 2.2: Bang thong ké cac dif liéu dudc st dung

Tén mang Ngudn S6 dinh (n)

S6 canh (m)

EmailEuCore SNAP 1,005
EgoFacebook SNAP 4,039
NetHEPT SNAP 15,233

25,571
88,234
62,774

cua thuat toan
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CHUONG 3
BAI TOAN PHU :-SUBMODULAR VGI CHI PHI TOI THIEU

3.1. PAT VAN DE VA PHAT BIEU BAI TOAN

Trong nhiéu ting dung thuc tién, viéc chi thém mot phan ti vao 15i gidi S 1a chua
di d€ mo hinh héa day dii ban chit ciia bai todn. Chang han, trong bai toan lan truyén
4nh hudng theo ngudng, mdi ngudi dung c6 thé bat dau chiu anh hudng tif nhitng chi dé
khéc nhau. Tuong tu, trong bai todn bd tri cdm bién, mdi loai cdm bién c6 chiic ning do
ludng céc dai lugng khac nhau nhu nhiét do, 4nh sang, do am, v.v.

Do d6, @€ md hinh héa cac tinh hudng nay mot cach tu nhién va linh hoat hon, can
st dung 16p ham k-submodular, cho phép mdi phan tii c6 thé dudc gan vio mot trong k
trang thai hodac nhan khac nhau.

Cho tipnén V = {eq, es,...,e,} vamot s6 nguyén k. Ky hiéu [k] = {1,2,... k} va
dat

(k+ 1)V ={(Vi,Va,...,Vi) | Vi CV, Vi€ [k], VinV; =0, Vi # j}

12 ho céc bd gdm k tap con do6i mot rdi nhau clia V, dugce goi 1a mot k-tap (k-set). Véi
X = (X1, Xo,...,X3) € (k+ 1)V, ta dinh nghia supp;(x) = X;, supp(x) = Uz‘e[k] X;. Tap
X; dudc goi 12 tap thit i ctia x. Ngoai ra, ky hiéu 0 = (0, ..., 0) 1a k-tap réng. Néu e € X;
thi ta viét X(e) = ¢ va néi rang i 12 vi tri cia phan i e trong x; ngudc lai, néu e ¢ supp(X)
thi x(e) = 0. Viéc thém mot phan ti e ¢ supp(x) vao tap X; dudc ky hiéu bdi x U (e, ).

Ta ciing c6 thé biéu dién
X = {(617i1)7 (627 i?)? e (et77;t)}7

trong do e; € supp(X) vai; = X(e;) v0i moi 1 < j < ¢. Trong truong hop X; = {e} va
X; =0 v6i moi j # i, khi d6 x dudc ky hiéu gon la (e, 7).

V6i hai k-tap X = (X1, Xo, ..., X;) vay = (Y1,Ys,...,Y}) trong (k+1)V, taky hiéu
x C y néu va chi néu X; C Y; v6i moi i € [k].

DE don gian, ta gia st rang ham ¢ 1a khong am, tiic 1a g(x) > 0 véi moix € (k+1)Y,
va dudc chuén hod, nghia 1a ¢g(0) = 0. Mot ham ¢ : (k + 1)V — R, dudc goi la k-
submodular néu véi moi x = (X1, Xo,...,X;) vay = (Y1,Yas,...,Y;) trong (k+ 1)V, ta
c6

g(x) +g(y) > gxny)+g(xuy),

trong do
XOy=(X1NY,..., XpNYy)
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vGi
XUy =(Z1,...Z),  Zi=X;uy;\|JX;uUYj).
J#i
Gia stt mdi phan tli e € V dugc gan mot chi phi duong c(e), khi d6 tong chi phi clia mot
nghiém x dugc xac dinh bdi ¢(x) = Zle > ecx, cle). Trong chuong nay, LA nghién ctu
bai toan Bao phu k-Submodular (kSC), dudc dinh nghia nhu sau.

Pinh nghia 3.1 (Phu £-Submodular (kSC)). Cho mdt ngudng 7' > 0, bai toan kSC yéu
cau tim mot nghiém x = (X7, Xa,..., X;) € (k + 1)V ¢6 tng chi phi nhd nhét ¢(x) sao
cho g(x) > T.

Bai todn kSC c6 nhiéu ing dung trong lan truyén thong tin trén mang xa hoi, ti da
doanh thu dugc mo ta cu thé nhu sau:
Ung dung 1: Anh huéng nguéng véi & chi dé (ITk). Trong cdc kich ban marketing
lan truyén va goi y san pham, mot doanh nghiép c6 thé mong mudn trién khai mot chién
dich quang cdo gdm & nhém san phdm khac nhau va tidc dong dén it nhit 7' ngudi ding
trong mang xa hoi. D€ giam thiéu tdng ngan sach, doanh nghiép can lua chon mot tip
cic ngudi dung c6 anh hudng 16n, di kha ning tao ra mic lan téa mong mudn. M6 hinh
nay 13 st md rong tu nhién clia cic mo hinh lan truyén thong tin c6 dién cho trudng hop
mot chii dé (k = 1), dong thdi md rong bai todn ngudng anh hudng dudc nghién ciu
rong rai.
I’J'ng dung 2: Nguong doanh thu véi chi phi t6i thi€u (Revenue Threshold-RT) Cho
do thi G = (V, E), trong d6 V 1a tap cac dinh dai dién cho khach hang v mdi canh
(u,v) € E ¢6 trong sb wy,, > 0 biéu dién mic do lién hé gitta hai khach hang u va v.
Muc tiéu 12 phan b3 k loai san pham cho khich hang bing cich xdc dinh mot k-tap
s = (S1,59,...,8;), trong d6 S; C V la tap khach hang dudc phan bd san phim loai
i, VA cac tap Si,...,S; ddi mot rdi nhau (tic 12 mdi khach hang dugc gan nhiéu nhit
mot loai sdn pham). Ham doanh thu ctia mot phuong 4n phan bd S dudc dinh nghia bdi
g(s) - Zuev Zf:l (Zve& wu”)au,i ’
Dong gop cua Luin an. Luin dn tip trung nghién cttu bai todn kSC trong hai trutng
hop chinh: (1) chi phi dong nhét (uniform-cost) va (2) chi phi tdng quat (general-cost).
a. Truong hop bai todn Phii k-Submodular dong nhdt.

Déi véi trudng hop chi phi dong nhat, luan 4n dé xuét thut toan FBiU va phan tich
cac dam bao ly thuyét ctia thuit toan xdp x7 tiéu chi kép. Cu thé, thuit todn tra vé mot
nghiém s sao cho kich thuéc nghiém dugc khdng ché so v6i nghiém tdi uu va dong thai

gi4 tri ham muc tiéu dat dudc mot ty 1& nhit dinh so véi ngudng yéu cau.
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Bang trinh bay so sdnh gilfa thuat toan FBiU dudc dé xuat trong ludn 4n va
thuat toan ludng da ducc gidi thidu trudc d6 trong [10]. Két qua cho thiy thuit toan
FBiU dat dudc dam bao xAp xi tiéu chi kép manh hon dang ké. Dic biét, khi dit § = e,
thuat toan dam béo nghiém thu dugc c6 kich thudc [supp(s)| < (1+¢€)(1 +1In(})) , dong
thoi dat gia tri ham muc tiéu g(s) > 5¢

So v6i thuat todn ludng trudc day, két qua nay cai thién dang ké cac dam bao ly thuyét
trong khi van duy tri do phtc tap truy van da thic.

Bang 3.1: Céc thuit todn cho bai todn kSC. B6 (z,%) bi€u dién ty 1& xAp xi tiéu chi kép
(z,7) cia mot thuat todn, tifc 1a thuat todn tra vé nghiém s sao cho |supp(s)| < y - opt va
g(s) > x - T, véi 2,y > 0. So vdi thuat todn ludng trong [10], thuat toan FBiU duodc dé

xuat trong luan 4n dat dudc dam bao xap xi tiéu chi kép manh hon dang ké.

Tai liéu 18 x4p x Do phikc tap truy van
FBiU (Thuat toén@ LA) < FOUTIn(h).157) O(EEEw oy (x))
Thuét toan ludng [10] < - ) 0 (n k 10gé(ﬂ)>

b. Truong hop bai todn Phii k-Submodular tong qudt D6i v6i trudng hop chi phi
tong quat, ludn 4n dé xult hai thuat toan xAp xi tiéu chi kép xdc dinh cho bai todn kSC
trong thoi gian da thifc, bao gdm thuat todn Extended Greedy va thuit toan FBi. Cic
thuat toan nay dudc thiét ké nham dong thdi cai thién cdc dam bao ly thuyét vé chit
luong nghiém va gidm do6 phiic tap truy vin so v6i cdc phuong phap hién c6 trong tai
liéu.

Cu thé, thut todn Extended Greedy dat do phiic tap truy van O(n%k) va didm béo
ty 18 xap xi tiéu chi kép (3 (In(1) + 1), 15¢) dbi véi trudng hop ham 1gi ich g 1a don

€
diéu, va (3 (In(2) + 2=£) , 15¢) ddi véi trudng hop g khong don diéu.

Bén canh d6, luan 4n dé xuit thuat toan FBi cho trudng hop ham 1gi ich don diéu,
v6i d0 phuic tap truy van O(4 log(%)), dong thoi dat ty 1& xap xi tiéu chi kép gan tuong
duong véi Extended Greedy.

Bang trinh bay so sanh giiia cac thuat toan dugc dé xuat trong ludn 4n véi cac
thudt todn tién tién hién nay cho bai todn kSC. C6 thé thiy rang cac thuit toan cia luin
4n dat dudc dam béo tot hon vé chi phi nghiém so vdi cdc thuat toan ludng trong [11],

dong thdi gidm dang ké do phic tap truy van tif dang khong da thiic xudng con da thiic.
3.2. THUAT TOAN CHO TRUONG HOP CHI PHI PONG NHAT

Thuat toan FBIiU (Thuit toan cho trudng hop chi phi dong nhat dugc mo ta
trong thudt toans Thuat todn FBiU truée hét xay dung tip ting vién
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Thuét todn Ty 1é xap xi Db phiic tap truy vin Loai thuit toan

Ham don diéu

Tham lam m& rong (LA) (%(log(%) + Liey, 1;) O(n?k)
FBiLa) (30 +90n(3) + 55, 5°) 0%k loa(2))
q 1o Smin .
Thuét todn 2 [[11]] (26?_—5) , 15‘) O(nk%) Ludng
og(e max ; e,i))) "t N
Thuat todn 3 [11] (Z55.5) O (npp BT eevac g 90900 ) Luing
Ham khong don diéu
Tham lam m& rong (LA) (%(log(%) + 2oy, 1;6) O(n?k)
log(-Smin N
Thudt todn 2 [L1] (5. 5) O(nk 5 sz Ludng
A P —e —e log(eT' (B max, ekl 9((e,d -1 N
Thuat toan 3 [[11] (46%175)7 13 > O(nk og(cT (B ma 102‘(/ife[§] 9((e:4))) )> Ludng

Bang 3.2: Céc thuit toan cho bai toan kSC. BO (z, %) biéu dién ty 1& xap xi tiéu chi kép
(z,y). Cac thut toan dugc dé xuit trong luin 4n (Extended Greedy va FBi) 1a cdc thuat
to4n offline, tic 1a gia dinh c6 quyén truy cip diy di vao tap nén. Nguoc lai, cac thuat
todn ctia Wang et al. (2023) 1a cac thuat toan ludng, xt Iy cc phan ti tuan tu v6i bd nhé

va s0 lan duyét han che.

Thuat toan 3.1: Thuit toan FBiU
Input: Mot thé hién (V, g, k, T), trong d6 f 12 ham don diéu, € € (0,1/2), § > 0.
Output: Mot nghi€m s.

1 O={veN:1<(1+¢e!<n}

2. foreach v € O do

s | s, FBIUOPt(V.g, k,v.0)

4: end

s s < argmax{g(sy) : [supp(s,)| < vlog(1), v € O}

6: return s
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O={(1+ e)i 1< (1+ e)i <n, i€ N}

cac gid tri v. V6i mdi v € O, thuat toan goi thi tuc con FBiOpt(V, f, k,v, ) d€ tinh
mot nghiém wng vién s,. Sau khi sinh ra toan bd cac nghiém tng vién, FBiU lua chon
nghiém c6 gi tri ham muc tiéu 16n nhét trong s6 cic nghiém théa min rang budc kich

thude |supp(s,)| < vlog(L) (Dong[5). Cudi cung, thuat todn xuét ra nghiém dudc chon s.

Dinh ly 3.1. Vdi €, 6 € (0,1), vdi xdc sudt it nhdt 1 — 5, Thudt todn trd vé mot nghiém
xdp xi tiéu chi kép ((1 +€) log(%), 17_6> va co do phiic tap truy vin O (M log(%))

3.2.1. Thuc nghiém

LA tién hanh so sanh thuc nghiém thuat toan FBiU véi hai phuong phap co s tién
tién hién nay. Viéc danh gia dugc thuc hién dua trén ba tiéu chi chinh: (i) chat lugng 10i
giai (s6 luong phan ti trong 15i gii) (ii) s6 luong truy vAn ham, va (iii) thoi gian chay
thuat toan.

Cac thi nghiém dudc thuc hién trén bai toan ung dung k-type Product Revenue
Cover trén cac bo dit liéu chuan[!|

Céac két qua thuc nghiém cho thay FBiU vuot troi vé chit lugng 10i gidi va nhanh

hon déng k€ so vdi cdc thuat todn con lai.
3.3. THUAT TOAN CHO BAI TOAN PHU £-SUBMODULAR TONG QUAT

Trong phan nay, luan dn dé xuét c4c thuat todn cho bai todn kSC trong trudng hop
tong quat, bao gom: (i) thuat toan tham lam md rong, va (ii) thuét toan FBi cai tién thoi

gian chay cua tham lam md rong véi truong hdp ham don diéu.
3.3.1. Thuét toan tham lam mé rong

Y tudng ctia thuit todn nay dudc ké thira tit thudt toan tham lam cd dién cho bai
toan va dudc téng quat héa dé xi 1y ham muc tiéu k-submodular. Chi tiét dugc mo ta
trong thudt toans

Pinh ly 3.2. Vdi moi € € (0,1), thudt todn c6 do phiic tap truy vin O(n’k) va dat
dugc cdc 1y 1é xdp xi tiéu chi kép sau:
- Néu g la ham don diéu, thudt todn dat ty ¢ xdp xi (3 (In (1) + =€) 15€)

€ €

- Néu g la ham khong don diéu, thudt todn dat ty 1é xdp xi (% (1n (%) + h) , %) .

'https://snap.stanford.edu/data
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Thuat toan 3.2: Thuit toan tham lam md& rong (Extended Greedy) cho bai

toan kSC
Input: Thé hién (V, g, k, T), tham s € € (0,1)

Output: Nghiém s

,  neu g don diéu,
LS+ 0; o+

[SU] N N

., néu g khong don diéu
2: Pinh nghia A : (k + 1)V — R, béi f(-) « min{g(-), T}
3. while h(s) < a(l —€)T do

4: (e,1) < arg MaXec v\ supp(s), ic[k] A(%)@;L(S)
5. S < sLl(e, )

6: end

7: return s

3.3.2. Thuét toan xép xi nhanh FBi

Thuét todn nay gdm 2 Pha nhuu sau: Pha 1 (trich chon tap con): Tut V, thuit todn
xdy dung hai tip con Vy va V' d€ ddm béo tim kiém nghiém mot cach kha thi ciing nhu
chin dugc do phic tap phu thudc va ciax/Cmin. Pha 2 (im nghiém ting vién va chon tot
nhat): Thuat toan két hop goi FBiOpt (thii tuc con dudc dé xuét véi gia dinh biét 16i gii
t6i uu) nhiéu 1an trén mién V' véi cac gia tri doan v;, thu dudc cac nghiém ting vién s; va

trd vé nghiém két hop véi x tot nhat.

Pinh ly 3.3. Vi moi ¢ € (0,1/2) va 6 € (0,1), gid sit g la mot ham don diéu va k-
submodular. Khi do, Thudt todn|3.3|trd vé mot nghiém dat ty 1é xdp xi tiéu chi kép

(v u)+2) 12)

va c6 do phitc tap truy vdn

3.3.3. Thuc nghiém

Dé dénh gid hiéu qué cla cac thuat todn dé xuat trong luan 4n, bao gdm Tham lam
md rong va FBi, LA tién hanh so sdnh cdc phuong phap niy vé6i cac thuat toan tién tién
hién c6 dugc liét ké trong Bang Viéc so sanh dudc thuc hién theo ba ti€u chi quan
trong: (i) chét lugng 15i giai thu dudc, (ii) s6 luong truy van t6i ham muc tiéu g, phan

anh chi phi tinh todn ctia thudt toan, va (iii) thoi gian chay thuc té.
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Thuat toan 3.3: Thuét toan FBi (Fast Bicriteria)

10:

12:

13:

14:

15:

17:

18:

Input: Thé hién (V, g, k, T), g don diéu; € € (0,1/2), 5 € (0,1)
Output: Nghiém s

X+ 0; €<+ ¢€/8 X9+ 0

X + nghiém ctia uksS trén (g, V, k) bang thuat toan xp xi 1/2 trong [12]
foreach e € V' \ supp(x) do

‘ chon ngdu nhién i € [k] va X + X U (e, 1)
end
Sap xép céc phan tif trong supp(x) = {ey,...,e,} theo thif tu chi phi khong gidm

j < min {z - g({ler,x(en), . (e, X(er)}) > T}
cm < €clej)/ny  ep + jele))
Vo{eeV:cle)<cm}; Vie{ecV:cn<cle) <cuy}

Xo < nghiém clia uksS trén (g, Vo, k) bang thuat toan xap xi 1/2 trong [12]

. Tp < g(Xp); dinh nghia ¢/(-) + g(xo U ) — g(Xo)

T+ T—T()/Oé
for i =0to ’710g1/ (]gzﬂ do

Vi 4 /(1 =€)’

s; + két qua cta FBiOpt véi dau vao (V', ¢/, k, T, €, 8, v;)
end
S < argmin {c(si) cg(siUxg) > (1 — 5)T/2}

return s LI Xy
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3.3.3.1. Thiét lap thuc nghiém

Luén 4n tién hanh thuc nghiém so sanh hai thuit toan dé xuat 1a Tham lam md rong
va FBi v6i cdc phuong phdp tién tién hién c6 trén hai ting dung tiéu biéu ctia bai toan
kSC, bao gdm: (i) bai toan dnh hudng ngudng k chi dé-IT va (ii) bai toan Ngudng doanh
thu -RT. Cac thuét todn dudc sit dung dé so sanh dugc lua chon dua trén cac phuong phap
tot nhét da dudc cong bd trong tai lidu (xem Bang . Trong toan bo cac thi nghiém, cac
tham s6 dudc ¢ dinh & miic e = 0.1 vd § = 0.1 vdi cdc thiét 1ap chuin theo cdc nghién
ctfu lién quan Trong phan thuc nghiém, LA st dung bén bd dit liéu chuin vé mang xa
hoi tai SNAP

3.3.3.2. Két qua thuc nghiém

Céac két qua trén nhiéu bo dit liéu thuc va tdng hop cho thy cac thuit todn dé xuat
ludn duy tri chat luong 15i gidi tuong duong vdi cdc thuit toan tién tién hién c6. Pong
thdi, cidc phuong phap cta luin 4n giam dang ké s6 lugng truy van va thdi gian chay so
véi cdc thut toan cia Wang, qua d6 cho thiy hiéu qua tinh todn vuot trdi va tiém ning

ap dung cao trén cac bai toan quy mo 16n.

https://snap.stanford.edu
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CHUONG 4
BAI TOAN TOI PA HAM SUBMODULAR VOI RANG BUOC CHI PHI CONG
BANG

4.1. PHAT BIEU BAI TOAN VA PONG GOP CUA LUAN AN

Trong nhiéu ting dung thuc té, dic biét 1a bai todn t6i da dnh hudng trong mang xd
hoi, cac phan tif trong tip nén c6 thé dudc phan chia thanh cidc nhém ngudi dung khac
nhau, phén anh céc dic di€ém nhu khu vuc dia ly, s& thich hodc nhan khau hoc. Khi do,
viéc lua chon tap hat gidng khong chi chiu rang budc ngan sach tong ma con can dam
bao tinh cong bing gitta ciac nhém. Bai toan téi da ham submodular véi rang budc chi

phi cong bang (SMFC), dudc dinh nghia nhu sau:

Dinh nghia 4.1. Cho truéc mot tip nén V, mot ham submodular don diéu f : 2V — R,
mot ngan sach téng B, mot tip gdm K nhém C4, Cy, ..., Cx v6i C; C V, va mot ty 1&
cong bang « € (0,1). Mbi phan ti v € V ¢6 mot chi phi duong ¢(u). Muc tiéu 1a tim mot

tap S C V sao cho gid tri f(.5) 1a 16n nhét, dong thsi thod man céc rang budc sau:
1. Tong chi phi cac phan ti dudc chon trong méi nhém khong vudt qui aB, tic 1a

c(SNC;) <aB,Vie€ [K]

2. Tong chi phi cta tap dudc chon khong vudt qua ngan sach tdng, tic 1a

c¢(S)<B

Ung dung trong t6i da anh huéng. Trong nhiéu dng dung thuc té ciia marketing
lan truyén va phd bién thong tin trén mang xa hoi, cdc ngudi ding trong mang thudng
dugc phan chia thanh nhiéu nhém khéc nhau, phan 4nh céc dic diém nhu khu vuc dia ly,
do tudi, s& thich hodc nhan khau hoc. Trong cic chién dich quing ba hoic truyén thong
cong dong, ngoai muc tiéu tdi da héa pham vi lan truyén ciia thong tin, cdc nha t& chiic
con mong mudn dam bao ring chién dich dudc phin bd mot cach cong bang giiia cac
nhém ngudi dung khac nhau.

Do d6, bai todn dit ra 12 Iva chon mot tap hat gidng c6 kha niing tao ra mic lan
truyén thong tin 16n nhét trong mang xa hoi, dong thdi dam bio ngan sach dudc phan bd
hop ly gitta cac nhom ngudi dung.

Dong gop cua Luin an. LA nghién citu bai toan SMFC trong hai trudng hop: (i) chi phi
déng nhdt, trong d6 chi phi ciia mdi phan ti déu bang 1, va (ii) chi phi tong qudt, trong
d6 mdi phan ti c6 thé c6 mot chi phi duong bat ky.
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Bang 4.1: Tém tit cdc két qua chinh ctia luan 4dn cho bai toan 76i da ham Submodular

vdi rang budc chi phi cong bdang (SMFC)

Thuat toan Truong hgp Hé s6 x4p xi Do phifc tap
TGFast Chi phi dong nhit (c(e) = 1) 1/2 —¢ O (% log %)
Threshold Greedy Fast ~Chi phi tong quat (c(e) > 0) S —c O(nlogn)

Trong béang trén, n = |V/| 1a kich thudc tap nén, k 1a ngan sdch trong trudng hop chi phi dong nhat,
a € (0,1) la ty 1é cong bing gitta cdc nhém, va € > 0 1a tham sb chinh xdc diéu khién sy dénh d&i giita

chét Iugng nghiém va thdi gian chay clia thudt todn.

4.2. THUAT TOAN DE XUAT
4.2.1. Thuit toan cho truong hgp dic biét khi chi phi dong nhit

D6i v6i thiét 1ap nay, luan an dé xuat thuat toan Threshold Greedy, ky hiéu 1a
TGFast. Thuat todn TGFast ké thita va diéu chinh y tudng cta phuong phap tham lam
ngudng. nham Iwa chon cdc phan ti c6 dong goép 16n, ddng thdi bao dam khong vi pham
céc rang budc phan bd theo nhém, dudc md hinh hoa dudi dang rang budc matroid. Gia
ma chi tiét cla thuat todn TGFast dudc trinh bay trong Thuat toan

Pinh ly 4.1. Thudt todn co do phiic tap thoi gian O(% log %) va trd vé mot nghiém
o 1y 1é xdp xi 1/2 — € cho bai todn MCFA.

4.2.2. Thuat toan cho trudng hgp tong quat

Lu4n dn dé xudt thudt todn TGFast v6i 1& xip xi % — ¢, trong d6 € € (0,1) 1a mot
hing sb tuy y nho. Y tudng ctia thuat toan TGFast mé rong thudt todn cho trudng hop chi
phi dong nhit TGFastU vdi tiéu chi lua chon phan ti dua trén ¢y I mdt dé (density ratio),
tic 1a ty 1€ gitta do ting bién ctia ham muc tiéu va chi phi ctia phan ti. Cach tiép can nay
cho phép lua chon cic phan ti ¢ dong gép 16n trong khi vAn ddm bio khong vi pham
céc rang budc vé chi phi tdng va chi phi theo nhém trong mdi vong lip.

Thuat toan khéi tao tap nghiém S = () va truSc hét tim mot phan t e =
arg maxecy f(e) ¢6 gia tri don 1€ 16n nhat, dong thdi dit M = f(emax). Phan chinh
cua thuat toan dugc thuc hién trong mot vong 1ap ngoai, trong d6 mdt ngudng 6 dugc st
dung dé€ kiém soat viéc chon phan ti. Ban dau, 6 dudc dit ti 18 v6i M va sau mdi vong
13p ngoai, gia tri nay dudc gidm theo hé s6 (1 — ¢).

Tai mbi vong ldp, thuét todn duyét qua cdc phan ti trong V \ S. Mot phan tif e
dugc thém vao tap S néu viéc thém e khong vi pham rang budc ngin sich tdng, khong

vi pham rang budc chi phi theo nhém, va dong thdi thod man diéu kién ty 1& mat do
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Thuat toan 4.1: Thuit toan TGFastU
Input: Him submodular f, tap cidc nhém C = {C, Cy, ..., Ck}, ty 1& cong bing

o € (0,1), ngan sach k, tham s6 chinh x4c € > 0

Output: Tap nghiém S

.S« 0

2 M+ maxeey f({e});

3 0+ M;

4. while 0 > eM/k do

5: foreach e € V do

6: if |SNC(e)| < ak and |S| < k then
7: if f(SU{e})— f(S) > 6 then
5 S Sufek

9: end

10: end
11: end
12: 0+ (1—¢€)0,;

13: end

14: return S;

f(e] S)/c(e) > 6. Thuat todn duiing khi ngudng ¢ nhd hon mot gia tri bién duge xac dinh
trude. Cudi cling, thuat toan tra vé nghiém tot hon gitta tap S thu dudc va nghiém don
phan tif {eax }-

Dinh ly 4.2. Thudt tocinco’ do phiic tap truy van O(2 log(n%t2)) va trd vé mot nghiém
hop 1é co ty 1é xdp xi o4 — € cho bai todn SMFC, trong do o € (0,1) la hé s cong bang

ctia bai todn va e la tham s chinh xdc cua thugt todn théa man S > e.

4.3. THUC NGHIEM VA KET QUA

Trong phan nay, LA tién hanh cdc thi nghiém nham danh gi4 hiéu ning cla thuat
toan dé& xuAt TGFastU va TGFast cho bai todn SMFC trén ting dung Toi da anh hudng.
Cu thé, céc thi nghiém dudc thiét 1ap d€ so sanh thuit todn dé xuét véi cac phuong phap
hién c6 trén hai tiéu chi chinh: (i) chdt lwong l0i gidi, dugc do bang gid tri lan truyén anh

hudng dat dudc, va (ii) thoi gian chay cia thuat toan.
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Thuat toan 4.2: Thuat toan TGFast

Input: Tap nén V, ham submodular f : 2" — R, tip cdc nhém
C={C1,...,Ck}, ty1& cong bing o € (0, 1), ngan sach téng B, tham sd
chinh xac e > 0
Output: Tap nghiém S C V
.S« 0
2 emax ¢ argmaxcev f(€);
32 M < f(emax);

. a .
4 [ 355

. nM .
50 0+ 25,

6: while 0 > i—]\g do

7: foreache € V' \ S do

8: if ¢(S) + ¢(e) < B then

9: if c(SNC(e)) +c(e) < aB then
10; if /EHD=IE) > g then

11: ‘ S« SuU{e};

12: end

13: end

14: end

15: end

16: 0« (1—¢€)0,;

17: end

18: 5" 4~ argmaxy (g et (X))

19: return S’
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4.3.1. Thiét lap thuc nghiém

Céc thi nghiém dudc thiét 1ap nham so sanh hiéu ning cia thuit todn dé xuét véi
thuat todn tién tién nhat hién nay 12 OPIM, cho bai toan T6i da anh hudng (IM). Viéc so
sanh dudc thuc hién trén hai tiéu chi chinh: chdt luong 1oi gidi (gia tri lan truyén anh
hudng) va thoi gian chay. LA st dung cac tap di liéu mang xa hoi cong khai tu SNA

4.3.2. Két qua thuc nghiém

Trong truong hop chi phi dong nhat, thuat toan OPIM dat gid tri lan truyén anh
hudng cao hon mét chit so véi cac thuat toan con lai nhung muc chénh 1€ch nay 1a kha
nhd so véi thuat toan TGFastU.Tuy nhién TGFastU duy tri thdi gian thyc thi thip va ting
gan nhu tuyén tinh theo ngan sach, nhé hon rat nhiéu so v6i OPIM.

Trong trudng hop chi phi tong quat, thuit toan TGFastU thudng dat gi tri ham
muc tiéu cao nhit. Thoi gian thuc thi cia TGFast gan nhu khong thay ddi dang ké khi
ngan sich ting va ludn thip hon dang k€ so véi OPIM. Céc két qua thuc nghiém cho thiy
thuat toan dé xuat dat dudc chat luong 15i giai tot nhét trong khi van duy tri thdi gian
chay canh tranh. Dic biét, 10i thé clia TGFast trd nén 16 rét hon khi kich thuéc tap dit liéu
tdng 1én. Su cai thién nay chii yéu dén tif hiéu qua ctia thuat todn TGFast dudc tich hop
trong TGFast , von c6 tdc do nhanh hon cac phuong phap tham lam hién co.

Thttps://snap.stanford.edu/data/
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KET LUAN VA KIEN NGHI

Luan an tap trung nghién ctu 16p bai toan SO bao ba bai toan: (1) Phi submodular
v6i chi phi tdi thi€u (MCSC), (2) Phi k-Submodular véi chi phi tbi thiéu (kSC) va (3) Toi
da h6a ham submodular dudi rang budc chi phi cong biang (SMFC). Day 1a mot 16p bai
todn c6 kha ning mod hinh héa linh hoat nhiéu ting dung thuc tién, bao gom tbi da héa
4nh hudng trén mang xa hoi, lya chon dic trung, hé thdng khuyén nghi, phan b3 ngin
sach tiép thi, cling nhu cac bai toan phan bd tai nguyén dudi cac rang budc cong bang.
Viéc nghién cifu cac md hinh nay khong chi c¢6 y nghia vé mit ly thuyét ma con dong
vai tro nén tang trong thiét ké cdc hé théng phan tich dit liéu hién dai. Trong khuén khé

ludn 4n, cac két qua chinh dat dudc bao gom:

1. Poi véi bai toan MCSC: Luan an dé xuit mot thuat todn song song hiéu qua
cho bai toan phii submodular véi chi phi tdi thi€u. Thuat toan dat ty 1& xap xi tiém cén
véi cac két qua tot nhat hién nay, dong thdi cdi thién ding ké do phuc tap thich nghi va
khé ning song song héa. Cac phan tich ly thuyét chiing minh chét lugng nghiém ctia
thuat toan, trong khi cdc thuc nghiém trén dit liéu thuc cho thdy vu thé 16 rét vé thoi
gian thuc thi va kha ning mé rong. Két qua nay gép phan thu hep khoang cich gitia

cac dam bao ly thuyét va yéu cau trién khai trong thuc té.

2. Doi voi bai toan kSC: Luan 4n md rong md hinh phd submodular sang mién
k-submodular va dé xuit cic thuat toan x4p xi tiéu chudn kép cho ca trudng hop chi
phi dong nhit va chi phi tdng quat. Cac thuit todn dat dudc hé sd xap xi t6t hon cac
két qua trudc day, dong thdi giam dang ké do phiic tap truy vin ham muc tiéu. Két qua
thuc nghiém cho thiy cic phuong phap dé xuit duy tri dugc chit luong nghiém cao
trong khi giam dang ké chi phi tinh toan, qua d6 nang cao kha ning ing dung dbi véi

cac bai toan du liéu 16n.

3. P6i v6i bai toan SMFC: Luan 4n nghién ctiu mdt md hinh t6i wu méi két hop
gitfa hiéu qua tdi vu va yéu cau cong bang trong phan bd chi phi. Hai thudt toan xAp
xi dugc dé xuét tuong tng vé6i trudng hop chi phi dong nhét va chi phi téng quat, kem
theo cdc bdo dam ly thuyét vé hé sd x4p xi. Cac két qua dat dudc md rong pham vi
nghién ctiu ctia tdi uu submodular sang cac hé théng c6 rang budc cong bing, gép
phan giai quyét cdc yéu cau ngly cang quan trong trong cac ng dung di liéu va mang
xa hoi hién dai.

Mic du da dat dudc cac két qua ly thuyét va thuc nghiém quan trong, cdc nghién ctu

trong luan 4n van con mot sd han ché nhit dinh. C4c thuit toan dudc dé xuit chd yéu
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dudc nghién cidu trong cac mo hinh tdi vu tinh va chua xem xét day du cc dic trung ctia
dit liéu quy mo rét 16n hoic dif liéu thay ddi theo thdi gian. Bén canh d6, cac md hinh
dudc khao sat mdi tap trung vao mdt s6 dang rang budc chi phi va cong bang co ban,
trong khi nhiéu ing dung thuc té thudng doi hdi cac rang budc phiic tap hon. Trong thdi
gian t6i, cdc két qua ctia luan an c6 thé dudc mé rong theo mot s6 huéng nghién ciu
chinh sau.

Thit nhét, phat trién cac thuat toan t6i vu submodular va k-submodular trong cc
mo hinh xt ly dif liéu quy mo 16n nhu moé hinh ludng (streaming), song song va phan
tan. Pong thoi, nghién ciu cac k§ thuat gidm sb 1an truy vin ham muc tiéu nhiam nang
cao kha ning 4p dung ddi vdi céc tap dit liéu c6 kich thude rat 16n.

Thi hai, mé rong cdc mod hinh tbi uu hién tai sang cac dang rang budc phiic tap
hon, chang han nhu nhiéu rang budc ngan sach dong thdi, cac yéu ciu cong bing da miic
hoic céc rang budc két hop phat sinh trong céc bai toan thuc té.

Thit ba, nghién ctiu cdc bai toan tbi wu trong moi trudng dong va bat dinh, noi dit
liéu, chi phi hodc cac tham sd ctia hé thong c6 thé thay ddi theo thdi gian. Pay 12 huéng
nghién ctiu c6 tiém ning ing dung cao trong cac hé thong mang xa hoi, hé thong khuyén

nghi va cac nén tang di li€u hién dai.
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