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TOM TAT

Trong bdi canh x4 hoi phat trién & rat nhiéu linh vuc, con nguoi phai dbi mat va giai quyét nhleu
bai toan t6i wu héa véi ham muc tiéu ngdy cang phuc tap. Nbi bat trong s d6 1 ho cac bai toan tbi uu
héa ¢6 ham muc tiéu véi tinh chat loi nhuan hiéu suét giam dan, hay con goi 1a ham DR-submodular
(diminishing return submodular). Trong bai bio nay, nhom tac gia nghién ciru mot bai toan cu thé thugce
ho bai toan trén, d6 1a t6i da hoa tdm anh hudng cho viéc lan truyén tiép thi trén cac cong dong cia
mang x4 hoi. Nhom tac gia ap dung k¥ thuat duyét dir lidu theo ludng phat truc tiép (streaming) dé dé
xudt thuat toan DR-SubOptStream cho bai toan va thu dugc két qua kha quan cho ca dir liéu 16n. Trong
phan thyc nghiém, nhom téc gia phai phan tich va tién xur 1y dir liéu ctia mang xa hoi tir dang o thi lién
thong thong thuong thanh dang dir liéu do thi ludng cuc. Sau dé, thuat toan DR-SubOptStream dugc
chay voi mot s6 bo dit liéu mang x4 hoi dang ludng cuc da dugc tién xir ly. Két qua thuc nghiém cho
théy thuat toan dé xuat c6 ham muc tiéu dat gia tri chép nhén theo xép xi va d6 phtrc tap tot hon thuét
toan hién co6 cua dang bai toan nay.

Tir khéa: Ham DR-submodular, bai toan t6i uu, k¥ thuat luéng phat tryc tiép, dit liéu dd thi ludng cuc.
1. DAT VAN PE

Trén cac mang xa hoi (MXH), mdi tai khoan ngudi dung cd thé tham gia nhiéu nhom, mdi nhém
con duge goi la cong ddng. Mdi cong dong chira s0 tai khoan c6 méat do lién két “day dac” voi nhau.
Céc nha san xuit mudn quang ba san phim thong qua nén tang MXH, s€ co nhiéu chién lugc khac nhau.
Mot trong nhimg chién lugc 13 chon va phdn bé “chi phi” t6i thiéu cho cdc cong dong sao cho tic dong
lan truyén anh hwéng dén nhiéu tai khodn nguoi dimg nhat, hay con duoc goi 1a bai toan “t6i da héa
dnh huéng ciia lan truyén tiép thi trén cdc cong dong mang xd héi”. Dé giai quyét bai toan nay, cdt 15i
khong chi chon cac cong ddng c6 nhiéu thanh vién la du, ma con c¢6 nhiéu yéu t khac rang budc khac
nhu: chi phi, thoi gian chon lya cong ddng, cong ddng cb chira nhiéu tai khoan 1a d6i twong khach hang
clia san phdm quang ba hay khéng, su twong tic va anh huéng ciia ngudi dung trong cong dong,...
Nhom tac gia goi cac rang budc trén 1a “chi phi anh huong” cua cong ddng ma nha san xuét can bo ra
dé quang ba san pham t6i nguoi dung, nhung tong chi phi khong thé vuot mot ngudng cb dinh. Noi
cach khac, bai toan nay can tim cac cong dong ma c6 phan bo “chi phi anh huéng” nho nhét sao cho
tac dong lan truyén t&i nhiéu nguoi ding nhét, nghia 1a “lgi nhuan” dat toi da. Bai toan nay thuéc nhom
bai toan t6i wu hoa c6 ham muc tiéu thudc dang ham submodular, va dé giai bai toan, nhom tac gia dé
xudt thuat toan dua trén viéc t6i wu hoa ham DR-submodular trong luéi nguyén duwong.

Ham submodular 1a ham s6 ¢ tinh chat lgi nhuan hi¢u suat giam dan, dugc ap dung dé giai quyét
nhiéu bai toan t6i uu hda [1]. Pinh nghia ham submodular nhu sau:

Mot ham sé f:2V — R, dwoc goi la ham submodular néu va chi néu:

fA)+f(B)=f(AUB)+f(ANB) (1.1)
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VA,B €V va V la tdp nén hitu han. Ngoai ra, c6 mot dinh Iy twong dwong cho ham submodular, dé la
tinh chat lgi nhudn hiéu suat giam dan (diminishing return — DR) cua ham submodular f:

f(Auv)—f(A) =z f(BUv)—f(B) (1.2)
VA S B S Vvav € V\B.

Trong thoi gian qua, cac bai toan tdi wu héa c6 ham muyc tiéu thudc dang ham submodular da thu
hat nhiéu nhém nghién ciru, déc biét trong cac linh vuc thudc khoa hoc may tinh, kinh té [2]. Béi vi mo
hinh thyc té cua cac bai toan do c6 tinh hi¢u sut giam dan ctia ham muc tiéu. Vi du mot sd bai toan phd
blen nhu 1a: tom tét tai liéu [3,4], th1et 1ap vi tri cac cam bién [5], phan b chi phi, ngan sach [6,7], hay
t6i da hoa anh huong trong lan truyén tiép thi trén cac MXH [8, 9], thiét ké hé thong mang [10], va t6i
wu héa tam anh huong trong phan tich MXH [11].

Bai todn t6i wu héa ham submodular ¢6 muc tiéu la chon tdp con S cua tdp nénV sao cho gid tri
f(S) dat gia tri toi da [8].

Phan 16n cac nghién ciru ctia bai toan tdi wu héa nay tap trung vao cac ham submodular trén mot
tap hop. Nghia 13, ddu vao ctia ham muc tiéu 1a mot tip con ciia tip nén va két qua ham tra vé mot gia
tri xac dinh. Nhung trong thyc té, c6 nhiéu tinh hudng 1a khong chi xac dinh mét phan tir v € Vdugc
chon hay khong, ma con chon bao nhi€u ban sao cia phﬁn tir & ham muc tiéu dat tdi da. Noi cach khac,
bai toan xem xét cac ham submodular trén mot da tdp hgp (multiset), hodc con duge goi 1a ham
submodular trén mang luéi s6 nguyén (goi tit 13 ham submodular trén ludi nguyén) [12].

Mét ham f: 7" = R la ham submodular trén hedi nguyén néuvx,y € 7V :

fO)+f) 2 fxAy) +fxVy) (1.3)

V6i x Ny ham ¥ phép todn t6i thiéu va x V' 'y ham y phép todn t6i da theo toa d¢ ciia x vd y.
2. CAC NGHIEN CUU LIEN QUAN

~ Qua trinh khao sat cac nghién ctru lién quan cho thiy c6 nhiéu phuong phap dé giai quyét bai toan
t61 vu ham submodular nhung n6i bat trong so do 1a hai phuong phap dung ky thuét tham lam (greedy)
va ludng phat tryc tiép (streaming) [13].

Nhiéu nghién ctru cho thy k¥ thuat tham lam thuong duoc ap dung giai cac bai toan tbi wu hoa
vi két qua dau ra cua k¥ thuat nay tot hon cac k§y thuat khac do tinh chat hoat dong “tham lam”. That
vay, do k¥ thuat tham lam duyét tat ca dir liéu, c6 thé duyét nhiéu lan dé chon phﬁn ttr cho két qua tbt
nhit. Tuy nhién, day ciing 1a yéu diém cia ky thuat tham lam, n6 1am cho thuét toan chay rat lau, va do
d6 tham chi k¥ thuat tham lam khong thé 4p dung kha thi trén dit liéu 16n. Nguoc lai, k¥ thuat ludng
phat truc tiép chi duyét dit liéu mot 1an. Mdi phan tir trong dir liéu 1an luot duoc xét dén theo mot trinh
tr nao do (tily vao bai toan), k§ thuat ludng phat truc tiép phai quyét dinh phan tr nay dugc chon hoic
khong, trude khi xét dén phan tir tiép theo. Do d6, két qua ddu ra cua thuit toan ludng phat truc tiép c6
thé khong tot bang két qua cua k¥ thuat tham lam vi cac phan tir dwoc chon khong phai 14 tot nhit ma
chi thda diéu kién dé duoc chon. Nhung diém manh vuot troi cta ky thuat luéng phat truc tiép la thoi
gian thyc thi nhanh hon k¥ thuat tham lam rat nhiéu. Vi véy, k¥ thuat ludng phat truc tiép thudng phu
hop voi dir liéu 16n [14].

Thoi gian gin ddy ¢ nhidu nghién ctru dugc cong bd lién quan dén bai toan t&i uu hoa ham DR-
submodular trén ludi nguyén vé6i nhiéu rang budc khac nhau hodc duge xét trong ngit canh khac nhau.
Mot s cong trinh tiéu biéu c6 thé ké dén nhu sau:

Nam 2018, Soma va Yoshida phat trién thuat toan tham lam c6 nguong véi ky thuat liét ké mot
phan cac phan tir dé giai quyét bai toan tdi da hoa ham DR-submodular don diéu dudi rang budc “bai
toan ba-16” trén ludi nguyén [12]. Nam 2020, Gu va cong su dé xuét thuét toan dung k¥ thuat tham lam
d6i (double greedy algorithm) dé giai quyét bai toan tdi da hoa ham DR-submodular khong don diéu
[15]. Nam 2021, Liu va cong sur giai quyét bai toan tdi da hoa ham DR-submodular dudi rang budc “bai
toan ba-16” bang ky thuat luéng phat tryc tiép [16]. Cung ndgm 2021, Zhang va cac cong su dé xudt thuat
toan ludng phat truc tuyen dé giai bai toan t6i da hoa ham DR-submodular ting don diéu trén luGi
nguyén voi rang bude s6 luong cho tap chon phén tir [17]. Nam 2022, Gong va cong su nghién ctru bai
toan toi da hoa ham DR-submodular trén luéi nguyén dudi rang budc “bai toan ba-16”, va da dé& xuit
thudt toan dung k¥ thuat tham lam c6 ngudng khi xét duyét cac phan tir [18].
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Trong bai bao nay, nhom tac gia tap trung nghién ctru bai toan 10i da héa tam danh huong cua viéc
lan truyén tiép thi trén cdc céng dong ciia mang xd hoi dia trén bai todn 16i da héa ham DR-submodular
trén ludi nguyén dirong. Pay 1a mot bién thé thudc ho bai toan t6i wu héa ham DR-submodular trén ludi
nguyén [12]. Qua qua trinh khao sat cac nghién ctru lién quan, Zhang va cac cong su da xay dung thuat
toan méi dé giai quyet mdt dang bai toan cung ho v6i bai todn ma nhom tac gia nghién ciru trong bai
bao nay. B¢ la 16i da héa ham DR-submodular don diéu trén hedi nguyén dudi rang bugc vé s6 lrong
phan tr duoc chon. Thudt toan cia Zhang da st dung ky thudt luong phat tryc tuyén (Cardinality
constraint/DR-submodular, goi tit 1a CaDR-sub). D¢ phtc tap cia CaDR-sub 1a 0 (S (log k)z) [17].
Duya vao uu diém ciia k¥ thudt ludng phat tryc tiép, nhom téc gia dé xudt mot thudt toan moi, goi 1a thuat
toan DR-SubOptStream. Thuat todn nay cai tién dya trén k¥ thudt luong phat truc tuyén Sieve cho bai
toan néi trén [21]. Thudt toAn ma nhém tac gia dé xudt c6 do phic tap 1a 0 (g log e log Tmax) log k).
Dé kiém ching hiéu qua ciia thudt toan, nhém tac gia tién hanh thuc nghiém véi mot s6 dit ligu cuia cac
MXH da duoc tién xtr 1y, bang cach chuyén tir dir liéu dang do thi lién thong thong thuong sang dang

dir liéu ludng cyc cho pht hop véi viée img dung trong bai toan 16i da héa tam anh hwong ciia viéc lan
truyén tiép thi trén cdc cong dong ciia MXH.

Phan con lai cta bai bao duoc to chirc gdm nhimg n6i dung nhu sau: phan 3 trinh bay ly thuyet va
dinh nghia cta bai toan; phan 4 gidi thidu thuat toan dé xuét; phan 5 mo ta qua trinh xur ly chuyén dir
liéu dang do thi thong thudng sang dang d6 thi ludng cuc; phan 6 phan tich két qua thuc nghiém, va
cubi ciing phan 7 tong két noi dung bai bao.

3. TOIPA HOA HAM DR-SUBMODULAR TREN LUOGI NGUYEN DUONG
3.1 Mt sb ky hiéu
Bai bao nay sir dung mét s6 ky hiéu lién quan tap hop va khong gian véc-to trén tap hop cia mang

ludi s6 nguyén duong nhu sau [19]:

(1) Cho tap nén V = {vq,v,,...,v,}, quy udc x(i) la gia tri thanh phén i trong véc-to x, voi x €
ZY%, va Vv €V, quy udc vée-to don vi tai vi tri cua v 1a y,,(w), véi ¥,(w) = 1ncu v =u,
nguoc lai y,(u) = 0 néuu # v.

(2) [K]latap cac sb tu nhién tir 1 dén k.

(3) Cho vée-to X € ZY quy uée {¥}1a da tap hop ma phan tir V € Vo gia tri thanh phan tai ¥ 1a
x(V) »
lan.

(4) ChoA SV, X(A) = Y4eaX(@) ya Supp*(x) = {v € V|x(v) > 0},
(5) Theo khai niém chudn (norm) ciia véc-to, co cc ky hiéu nhu sau:
x| = max,eyx(v) va lIxlly = Tpevx(v).
(6) Cho 2 véc-to XY € ZY,
(6.1) x <ycoénghialavv eV, x(v) < y(v).
(6.2) (xAy)(v) =min{x(v),y(v)}
(6.3) (xVy)(w) = max{x(v),y(v)}

(6.4) x +y = {x + y}ladatap hop ma phan tir v € Vco gia trj thanh phan tai v 1a x(v) + y(v)
lan. T do, suyra:x —y = x+ (—y).

(6.5) Cho ham f:ZY - R,.f(x]y) = f(x+y)—f(¥) = f(2)
v6i z(v) = 0 néu két qua sau khi tinh f(x|y) cua z(v) < 0.

Ngoai ra, trong Bang 1, nhom tac gia gii thich y nghia thém cho mét s ky higu dugc dung trong
bai bao nay.
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Bdng 1. Y nghia cac ky hiéu dung trong bai béo.

Ky hi¢u M0 ta v nghia
V Tap nén, V = {vy,v,,...,0,}
n S6 phan tir cua tip nén V
2V Ho céc tip con ctia tap nén V
A,B Céc tap con bat ky cua V
Xy Céc véc-to bat ky thuoc khong gian Z¥
Yy Véc-to don vi tai toadd v, v €V
x) Pa tap hop chita cac phan tir v, v € V trong véc-to xva mdi phan tir v co thé duoc

chon nhiéu lan.
x(v),y(v) Gia tri toa d0 clia v trong véc-to x,y voiv EV

(V) Tong sé. phan tir (tinh s6 ban sao) ctia moi phan tir trong ¥ ma dugc chon vao véc-
to x, noi cach khac x(V) = Y ,cpx(V)
0 Véc-to 0 véigiatrio(v) =0,Vv eV
T Véc-to chin trén cla véc-to x trong bai todn dang xét (0 < x < T)
[E4|P Chuan v6 han (infinity norm) ciia véc-to x, ||x||., = max,cyx(v)
[1x]l4 Chuan 1 (taxicab norm) cua véc-to x, ||x|l; = Yperx(v)
T nax Chuén v6 han cta véc-to T, Tpay = Tl
Opt Gi4 tri t6i wu nhat (tdt nhét) ciia ham muc tiéu f
K Chin trén cua tong sd phan tir trong véc-to x trén ludi nguyén duong Z%, x(V) <
k

3.2 Dinh nghia bai toan

Pinh nghia 1. Him DR-submodular trén lwéi nguyén dwong

Cho ham 56 f:TY% — Rla ham don diéu néu Vx,y € Tva x <y thi f(x) < f(¥), vaf c6 tinh loi
nhudn hiéu suat giam dan cua ham submodular trén luoi nguyén dwong néu
fx+r)—f)2f+r)-fO) (1.4)

voi v € Vva y,la véc-to don vi, c¢o toa do cua v la 1 va cac phan tir khac la 0.

Dinh nghia 2. Bai toan t6i da h6a ham DR-submodular trén lwéi nguyén dwong (goi tit 13 bai toan
bPN2)

Cho f la ham DR-submodular trén heéi nguyén duong, véc-to T € IY la véc-to chdn trén,
Tonax = IT |l va s6 nguyén k > 0, bai toan PN2 can tim véc-to x € TY, théa diéu kién o0 < x < Tva
x(V) < k sao cho f(x) dat gid tri toi da.

Nhom tac gia ap dung bai toan DN2 vao mot bién thé thyc té cta nd, 13 16i da héa tam anh hiong
cua viéc lan truyén tiép thi trén cac cong dong ciia MXH.

Vi bai toan DN2 thyc hién trén mang ludi nguyén nén dir liéu thyc nghiém phai c6 dang dd thi
ludng cuc [19]. Hinh 1 minh hoa mét vi du vé d6 thi ludng cuec.

Tép dinh V,

Hinh 1. Db thi ludng cuc voi 2 tap nit Vico3 dinh mau xanh va V> ¢6 5 dinh mau do,
tap canh la cac canh noi gitra cac dinh thudc V; va
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Do thi lwong cwe (dé thi hai phia - bipartite graph): 1a do thi trong dé cdc dinh c6 thé dwoc chia thanh
hai tdp hop roi nhau sao cho tat ca cdc canh déu néi mét dinh trong tdp hop nay véi mét dinh trong tdp
hop khdc, khéng cé canh nao néi giita cdc dinh trong cdc tdp roi rac.[20]

Dién giai bai toan DN2 ¢ dang d6 thi cho viéc phan tich va thyc nghiém nhu sau:

Cho dd thi G dang ludng cuc thé hién dit liéu cia mot MXH, G (V; E) véi Vla tap cac dinh dugce chia
thanh 2 phan (V;; V2), Vi duoc dinh nghia 13 tap cac cong ddng cia MXH, > 1a tap cic nguoi ding trén
MXH; E €V, X V,la tap cac canh. Mdi nit v, € V;c6 mot gia tri Ty, € Z+the hién “chi phi tdi da” c6 thé
cap cho cong dong v;. Mdi canh v, v, € E dugc lién két c6 kém trong s p(v,v,) € [0; 1], c6 nghia la
khi chon cong ddng v, s& co xac suat p(v,v,) lan truyén anh huéng dén ngudi ding v,. Mdi cong dong
v; s& dugc phan bd mét chi phi x(v;) € {0,1,..., Ty, } 880 cho ¥, ey, X(v1) < k. Ham muc ti€u f'ctia bai
toan la tim x chira cac cong dong v, sao cho tac dong lan truyén dén s6 ngudi ding v, 1a t6i da theo cong
thire (1.5) da dugc chung minh trong nghién ctru ciia Soma va cdng sy [19], nhur sau:

fiZi > Rvéif(x) = 3 (1 - I (- p(l?ﬁz))"“’”) (1.5)

Vo€V, V1V2€E
4. PE XUAT THUAT TOAN

Dua vao y tudng cua thuat toan ludng phat truc tiép Sieve trong nghién ctru cua Badanidiyuru va
cac cOng sy trong nghién ctru [21], nhom tac gia cua bai bao nay dé xudt thuat toan ludng phat truc tiép
cai tién dé giai bai toan DN2, dugc goi 1a thuat toan DR-SubOptStream.

Y tuéng chinh cua thuat toan DR-SubOptStream 13: véi méi phan tir v khi dwoc duyét, tim tdp cdc
phuong an x*dua vao gid tri xap xi €, va tim tdp I chira cac gia tri ¢6 kha nang la so lwong ban sao
cua v chon vao x*dya vao € va T. Sau dé véi moi phuwong dn x*, dya vao I, tim sé6 luong ban sao nho
nhat k’ cua v dwa vao x*sao cho gida tri ham muc tiéu cia v thoa diéu kién xap xi € va chi phi k. Két
quad la f(x*) voif (x*) = argmaxyw yeo f (x*).

Trong thuat toan ndy, nhom téc gia cai tién so v6i phuong phép Sieve d6 1a tim trude tap I dyua theo
ngudng T va & dé thu nho pham vi tim gia tri s6 lugng ban sao dugc chon ciia v vdo x*. Cai tién nay
giup tiet kiém thoi gian tim kiém nhung van dam bao diéu kién xap xi € va chi phi &.

a. Thuit toan DR-SubOptStream
% Dauvao:ham £ T, k va e, voi € 1a xap xi tdi da cua két qua so véi Opt.

< Pau ra: mot véc-to ket qua x co xap xi theo &.

1. 0:=0,v6iOlataphop 0 = {(1+&)*|u € Z,}

2. x*=0Q,vue o, mf:=0

3. for v € Vdo {

4. mf:= max(mf, f (v,))

5. 0:={(14+e)*|u € Z,, mf < (1+&)* < 2k.mf}
6. J:={[T(v)(1-e)'|li € Z, sao cho 1 < T(v)(1-¢)' < T(v)}
7. L= {iy,iy..., i 61 iy < ip...<iy

8. for u € Odo {

9. Timk,,=min(i€1:f(i*yv|x“)<%)
10. I: = min(k,, k — ||x*||,)

11. if [ # 0 then

12. xt+= Ly,

13. else break;

14. }

15. 1}

16. return argmaxyu,co f(x*)
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b. Phan tich thuit toan

Dua theo chung minh Ve do phtre tap cua thuét toan luong phat truc tiép trong nghién ctru [21] cua
Badanidiyuru va cong su, mdi phan tir trong tdp ¥ chi can duyét mot 1an, nén Iénh for ¢ dong 3 thuc
hién # lan lap.

Goi 712 s6 phan tir cua O, t = |0], ta co:
t<-logk (1.6)
Dé tim k, trong mdi phuong an u cia ta co:

log|1] = 0 (log (2109 Tyax ) ). V6i Tax = ITll., = max,e, T(v) (17)

Nhu vay do phtc tap cua thuat toan nay la O (g log (% log Tmax) log k).

5. XU LY DU LIEU

Theo dién giai bai toan & trén, dit liéu dé thuc nghiém cho bai toan nay phai la dir liéu dang ludng
cuc cia MXH. Tuy nhién qua qua trinh khao sat, chua c¢6 b dir li¢u ludng cuc chuén nao cia MXH,
ma hau hét cac dir lidu chuan cia MXH déu & dang do thi thong thudng (c6 tap dinh va nat lién thong
nhau) [22]. Vi vay, nghién cru nay da thyc hién mot bude tién xur Iy dit li¢u trude khi thyc nghiém cho
bai toan nay. Do 1a xay dung dir liéu dd thi ludng cuc cho MHX tur bo dir licu dd thi thong thuong cta
n6. Cac b dit liéu cia MXH dugce nhom tac gia lay tir SNAP (Stanford Network Analysis Project — thur
vién khai thac dd thi va phén tich mang cia Jure Leskovec va cOng sy, thudc truong dai hoc Stanford,
Hoa Ky [22]).

Qué trinh thyc hién chuyén d thi thong thuong G, (V; Eg,) thanh d6 thi ludng cuc G, (Vye; Eqc)
(v6i V. = (V4; V,)) nhu sau:

Dimng thudt todn phdt hién cong dong (detecting communities) dé tim cdc cong dong trong do thi ciia MXH.
o Moi cong dong tim dwoc trong Gy chuyén thanh mét dinh v, trong trip V.
e Cidc dinh v € V4 chuyén thanh v, € V,

o Canh vV, € E, néu v, c6 thujc vé cong dong v;.

e , ) , A . _ degree(vy invy) ,.
® Trong so p(vlvz)' ciia canh vqv, duoc tinh theo céng thikc ?(vlvz) = —qu_degree v, VOl
degree(v,invy): so bdc cua v, trong v{; max_degree in vy: so bdc lon nhat trong v4. Cong
thure tinh p(v{v,)dugce dya theo nghién ciru cua Nicolas Dugu’e va Anthony Perez [23]. Hinh 2 minh
hoa qua trinh chuyén do6 thi thong thuong G, thanh do thi ludng cuc Gi.

Gic(ViciEie)

Get(Vet:Ett)

Tong dong v4

Hinh 2. Minh hoa chuyén db thi thong thudng G, thanh db thi ludng cuc Gi.

Trong qua trinh xir Iy dir liéu nay, nhom tac gia da nghién ctru va ap dung hai thudt toan phat hién
cong dong, d6 la Clauset-Newman-Moore greedy (goi tat la Greedy) [22] va Directed Louvain [23], d&
so sanh hiéu qua cua chung. Chi tiét cua két qua nay dugc trinh bay ¢ phan thuc nghiém.
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6. KET QUA THUC NGHIEM

6.1 Thuc nghiém chuyén dir li¢u tir dang d thi thong thwong sang do thi lwdng cuc

Bai bao nay chon ba b¢ dit liéu MXH ¢6 kich thudc s nat va sé canh khac nhau tir h¢ thong
SNAP. Céc thong tin cua dir li¢u trinh bay trong Bang 2, gom:

Email-Eu-core network: Mang dugc tao bang dir liéu email tir mot t6 chirc nghién ctru 16n &
chau Au, C6 mét canh (i, v) trong mang néu ngudi u giri cho nguoi v it nhit mot email. Céc e-mail chi

thé hién sy lién lac giira cac thanh vién ciia to chtic va tap dir liéu khong chira cac tin nhan dén hoic di
dén phan cac nguoi khong thudc mang [25].

Social circles- Facebook: Tap dir li¢u nay bao gém 'gianh sach ban bé' tir Facebook. Dir liéu
Facebook dugc thu thap tr nhimg nguoi tham gia khao sat bang ing dung Facebook. Tép dir liéu bao
gom cac tinh nang nat (ho so), vong két nodi trong danh sach ban bé [26].

Social circles-Twitter: Tap di liéu nay bao g6m 'danh sach ban bé' tir Twitter. Dir liéu Twitter duoc
thu thap tir cac nguon cong cdng. Tap dir liéu bao gdm cac tinh nang nut (ho so), vong két nodi [26].

Bdng 2. M6 ta dit lidu thuc nghiém va két qua sau khi chuyén thanh dd thi ludng cuc

_ . . S6 cong ddng phat hién duoc
Tén dit licu S6 nut SO canh - -
Greedy Directed Louvain
Email-Eu-core network 1.005 25.571 35 26
Social circles-Facebook 4.039 88.234 11 16
Social circles-Twitter 81.306 1.768.149 244 85
300
250
200
mS6 cong dong phat hién duoc
150 Greedy
100 S6 cong ddng phat hién dugc
Directed Louvain
50
0 4

email-Eu-core
network

Social circles:
Facebook

Social circles:
Twitter

Hinh 3. Két qua sé cong ddng duoc phat hién cua 3 bo dir lidu trong tng véi 2 ki thuat Greedy
va Directed Louvain
Sau qua trinh thyc hién tién xir 1y dir liéu, chuyén tir d6 thi thong thuong sang d6 thi ludng cuc
bang 2 k¥ thuat Greedy va Directed Louvain, két qua thu dugc nhu & Bang 2 va cac Hinh 3, 4, 5 va 6.

Louvain vs. Greedy Modularity

Community Index

Hinh 4. Két qua s cong ddng va mat do kich thude cong ddng phat hién duge cua bo dit liéu
email-Eu-core network

143



Nguyén Thj Bich Ngan, Nguyén Truong Phéat, D6 Thé Sang, Pham Nguyén Huy Phuong

Thong qua thyc nghiém chuyén d6i  dang dd thi (& Bang 2 vaHinh 3, 4, 5, 6), két qua co thé thay:
tuy theo ddc trung ctia moi dir liéu ma so cong dong duoc phat hién ctia mdi thuat toan s& khac nhau.
Nhin chung, Greedy thuong phat hién sb cong dong nhiéu hon va mat d¢ “day dac” cua cac cong dong
cao hon thut toan Directed Louvain. Diéu nay 1a hién nhién vi Greedy co tinh “tham lam” s€ phat hién
cong ddng, s6 thanh vién cung cong ddng sao cho nhleu nhit c6 thé, trong khi Directed Louvain chi can
phat hién cong dong c6 do “gan két” dat ngudng yéu cau la thuat toan dimg, dé chuyén tim cong dong
tiép theo. Panh ddi cho két qua do, Greedy thuong c6 thoi gian thuc thi 1au hon Directed Louvain. Vi
véy tily vao yéu cau cua dit liéu dau ra ma nguoi dung lya chon thuét toan cho phu hop.

Louvain vs. Greedy Modularity

10001 — Greedy

Community Index

Hinh 5. Két qua sb cong ddng va mat do kich thude cong ddng phat hién duge ctia bo dit liéu
Social circles-Facebook

Trong nghién ctru nay, nhom tac gia chay ca hai thuat toan va chon két qua nao phat hién dugc
nhiéu cong dong thi chuyén thanh dir liéu ludng cuc d¢ thuc nghiém cho bai todn DN2.

Louvain vs. Greedy Modularity
5000 { -
25000 — Greedy

Louvain

20000 {
15000 {
£ 10000 {

5000 { |

0 50 100 150 200 250
Community Index

Hinh 6. Két qua s cong ddng va mat do kich thudc cong ddng phat hién duoc cia bd dit lidu
Social circles-Twitter

6.2 Thiét 1ap tham s6 cho qua trinh thwe nghiém bai toan PN2

Nhiam kiém chimg hiéu qua ciia thuat toan d& xuat, nhom tac gia tién hanh thyc nghiém dé so sanh
két qua thuat toan DR-SubOptStream va CaDR-sub (Zhang va cong su [17]). Dé thyc nghiém dugc hiéu
qua, nhom tac gia chon két qua xu Iy tién dir liéu nao c6 sé cong dong phat hién duoc nhiéu hon va mat
do lién két trong cong dong van dam bao ngudng cho phép. Cac tham sb trong thuc nghiém dugc thlet
1ap nhu sau: € = 0.1, Ty,q = 5 cho ca 3 bo dit liéu; dua vao kich thudc s6 nit va so canh ciia mdi b
ma chon k € {20, 30,40, 50} cho by email-Eu-core network, k € {80,100, 120} cho bd Social circles-
Facebook, va k € {180, 190, 200,250,300} cho b Social circles Twitter.

6.3 Két qua thye nghiém

Phén nay thao ludn va danh gia cac két qua thuc nghiém dé lam rd nhitng wu diém va han ché cua
hai thuat todn DR-SubOptStream va CaDR-sub thong qua hai gia tri quan trong, 1a gia tri ham muyc tiéu
f(x) (tim anh hudng lan truyén - influence) va thoi gian thyc thi (time). Két qua thuc nghiém trén ba
bd dit li€u trinh bay rd trong cac Hinh 7, 8, 9.

Nhan xét tong thé, thuat toan CaDR-sub thu dwoc gié tri tim anh huéng nhidu hon thuat toan DR-
SubOptStream nhung danh ddi 1a thoi gian thyc thi 1au hon. Cu thé, riéng voi bd dir liu Social circles:
Facebook, co thé do céu truc cua dix liéu ma DR-SubOptStream chiém wu thé hoan toan, vira c6 thoi
gian thyc thi nhanh hon tir 1,11 dén 1,33 1an va tam anh huong 16n hon 1,03 lan.
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Hinh 7. Két qua thuc nghiém so sanh thoi gian va tim anh hudng cia 2 thuat toan
trén bd dit liéu email-Eu-core network

Ngoai ra, mot diéu co thé dé dang nhan théy, & ca ba b dir ligu, khi k cang tang thi d6 16n vé thoi
gian thuc thi cia CaDR-sub cang tang so voi DR-SubOptStream. Trong khi d6, khoang cach gid tri tim
anh huong ciia DR-SubOptStream cang dugc tiém can véi gia tri tam anh huong ciia CaDR-sub. Do do,
loi ich vé thoi gian cua thuat toan DR-SubOptStream 1 diém manh dang ké dé so sanh véi sy chénh
léch vé tdm anh huong.

Tmax=5 Tmax=5
<3 DR-SubOptStream A 4040 | (Bmmmmmmm—————— T 5]
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Hinh 8. Két qua thuc nghiém so sanh thoi gian va tAm anh hudng cua hai thuat toan trén bd dir liu
Social circles: Facebook
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Hinh 9. Két qua thuc nghiém so sanh thoi gian va tim anh huéng
cua hai thuét toan trén bo dir liéu Social circles: Twitter.

7. KET LUAN

Trong bai bao nay, nhom tac gia nghién ctru bai toan t6i da hoa ham DR-submodular trén ludi
nguyén duong va ng dung trong t6i da hoa tam anh huong cua viéc lan truyén tiép thi trén cac cong
dong ctia mang xa hoi. Pong thoi, nghién ctru nay ciing dé xuit mot quy trinh xu 1y dir lidu tir dang do
thi thong thuong sang dang do thi ludng cuc. Qua qué trinh thuc nghiém trén 3 bo dir lisu MXH, két
qué cho thdy wu diém ciia thudt todn dé xuat DR-SubOptStream c6 kha ning mé rong cho dit liéu 1on
khi dit liéu cang mé rong, chi phi cap cang ting thi tim anh hudng va thoi gian thyc thi cang thé hién
tinh vuot trdi khi so sanh véi thuat toan CaDR-sub.

Trong cong viéc nghién ciru tiép theo, nhom tac gia sé tap trung vao nghién ciru bai toan ti uu
héa ham DR-submodular don di¢u va khong don diéu trng dung trong cac bai toan hoc may, hodc trong
ngit canh ctia rang budc vé gii han thoi gian va chi phi.
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ABSTRACT

OPTIMIZING THE DR-SUBMODULAR FUNCTION ON THE INTEGER LATTICE
TO MAXIMIZE THE INFLUENCE OF VIRAL MARKETING ON COMMUNITIES
IN SOCIAL NETWORKS

Nguyen Thi Bich Ngan, Nguyen Truong Phat, Do The Sang, Pham Nguyen Huy Phuong
Ho Chi Minh City University of Industry and Trade
*Email: phuongpnh@huit.edu.vn

As society continues to develop, individuals encounter increasingly complex optimization problems

with multiple objectives to achieve. One such problem is optimizing a DR-submodular function,
characterized by diminishing returns. In this article, we focus on maximizing the influence of marketing
spread on social network communities, using a novel technique known as streaming data browsing. Our
proposed DR-SubOptStream algorithm yields positive results, achieving an acceptable approximation of
the objective function value and better complexity than existing algorithms. To conduct experiments, we
transform social network data from a connected graph form to bipartite data form and then run the
algorithm on preprocessed datasets. Overall, our findings demonstrate the effectiveness of our approach
in solving this type of problem.

Keywords: DR-submodular function, optimization problem, streaming algorithm, Sieve streaming
algorithm, bipartite graph.
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