Nguyén Thj Trang

TOI WU SO LUQONG THONG BAO TRONG
HE THONG KHUYEN NGHI TIN TUC NHO'
TOI UU RANG BUQC

Nguyén Thi Trang™
"Khoa Cdng nghé thdng tin, Hoc vién Cong nghé Buu chinh Vién thdng,
*Cong ty cb phan VCCorp

Tém tit: Chirc nang thong béo 1a mot chire nang quan
trong cua cac hé thong khuyén nghi. Chirc nang nay giup
tang cam két hoac duy tri hoat dong cia nguoi ding doi
v6i hé thdng. Tuy nhién, trong trudng hop giri quéa nhiéu
thong béo cd thé dan dén gay phién cho ngudi ding, tham
chi nguoi ding xo4 tai khoan trén hé théng. Trong bai bao
ndy, chiing toi tap trung vao bai toan tdi wu s6 lugng thong
bao gui dén ngudi dung trong hé théng khuyén nghi tin
tirc. Mdi ngudi dung cua hé thong sé duoc cung cap mot
ngan sach thdng bao trong mot thoi gian nhat dinh. Ap
dung tdi wu rang budc gilp can bang sé lwong tin gui di
dwa trén rang budc vé sé luong 4n vao bai viét (Click) cua
tap ngudi dung. Nghién ciru nay &p dung thuc té cho 2000
ngudi ding cua hé thong Lotus. Két qua chi ra sé luong
thong bao di giam dang ké trong khi van dam bao duoc
chi s6 CTR - Click Through Rate (Ti I& Click vao bai viét)
ctia h¢ thdng ciing nhur tot hon véi tap dung con lai cia hé
thong.

Tir khéa: Hé thong khuyén nghi giri thong bao, Tdi uu
rang budc da muc tiéu.

. MOPAU

‘Muc tiéu cua cac hé thong khuyén nghi ndi dung truc
tuyén 1a xac dinh dugc bai bao xu huong trong hang ngan
noi dung dugc dang tai 1én hang ngay. Nhiéu hé théng hién
tai lam viéc dya trén nhitng phan hoi cia nguoi dung, vi du
"CTR: Ti I& Click vao bai viét", muc dich 1a t6i da ti 16 nay
bang viéc dy doan nhiing ndi dung ¢0 khd néng nguol dung
tuong tic cao dya trén dyu doan chi s CTR cua cac bai biét
sau do lua chon nhiing bai thich hop dua téi nguoi
dung,[1].[2],[3]. [4] Tu nhitng ndm 2011, trong nghién cau
[5], D Agarwal va cac dong tac gia da de Xuét st dung ti
uu rang budc cho viéc t6i uru hoa thoi gian trai nghiém cua
nguoi dung dya trén thong tin lich su Click cho trang tin
tac Yahoo. Nghlen ctu chi ra rang van c6 nhtrng danh dol
dang ke giita cAc muc tiéu. Tuy nhién, nhém tac gia chi tiép

can t6i wu hoa theo timg nhom nguoi ding (user) vi vay
van chua giai quyét van dé ca nhan hoa toi ting nguorl
dung. Trong nghién cuu [6], nhom tac gia da lam vigc vei
Ham d6i ngau Lagrange dé co thé ca nhén hoa toi ting
nguoi dung. Tlep theo, D Agarwal va cac dong tac gia [7]
cing ap dung toi uu rang bugc cho trang 'HomePage™ cua
hé théng Linkedin bang cach ti wu cac cam két clia nguoi
dung nhu (Click, Share,..) két hop cac rang budc vé kinh té.
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Ngoai nhirng twong tac tich cyc, ngudi dung cling ¢ nhitng
tuong tac tiéu cuc vi vay nhom nghién cau cua Linkedin
[8] ciing ap dung ki thuat nay dé t&i wu hoa lwong thdng bao
email téi nguai dung dya trén théng tin rang budc tir nhitng
tuong tac tich cuc va tiéu cuc.

Lotus la mot trang mang xa hoi moi cua Viét Nam
vai cach tiép can noi dung Hién tai hang ngay co
khoang hon 20 nghin nguoi nguoi dung hoat dong. He
théng thong béo caa Lotus hoat dong dwa trén viéc gi
nhitng tin tac méi nhat va lién quan dén ngu’ol dung
hiang ngay. Viéc guri thong bao cho nguol dung gilp
tang trdi nghiém, khuyen khich nguoi ding vao h¢
thong Tuy nhién néu gui thong bao qua nhiéu, c6 thé
dan tsi gay phién cho nguo’l dung, tham chi khién ngudi
dung tat thong bao hodc xo4 app. Nhu vay dé giai quyet
van dé nay, nghién ciru nay deé Xuat mot giai phap gidp
ude luong duoc SO luong ngén sach tin dé gui thong
béo téi nguo’l dung mot cach hop 1y. Y tuong la co the
dung cac rang bugc dé téi vu duoc sb luong tin gui dén
ngudi ding dén mot ngudng nao d6 sao cho van dam
bao duoc ti 1€ CTR (click-through-rate) nhu mong
mudn.

Vi Vay trong nghién cau nay, toi tap trung vao tim
hiéu vé toi uu rang budc va ap dung nd vao giai quyét
tim ra ngan sach tin tic cho timg nguoi dung Lotus.
Phan I1 gidi thigu cac dinh nghla cac ham muc tiéu can
t61 uu cho bai toan t01 uu so lugng thong bao. Phan 111
trinh bay nhiing van d& co ban trong tdi wu co rang
budc, hon nira t6i o trinh bay ve bai toan Quy hoach
tuyén tinh (Linear Programing-LP), mét bai toan duoc
ap dung trong n,hiéu van de thyc té. Tiép theo la &p dung
LP dé giai quyét van dé Toi uu s6 lugng thdng bao cho
hé thong Lotus. Phan IV trinh bay qua trinh cai dat va
thur nghlem thuc té trén mot tap ngudi dung cua Lotus.
Cudi cuing la phan tich ket qua va dua ra van dé ton tai
ciing nhu hudng phét trién tuong lai.

. BINH NGHIA VAN BE

. Trong phan nay nghién cau gidi thi¢u V& Cac muyc tiéu
can téi vu trong van dé Téi vu da muc tiéu (multl objective
programming - MOPs). Tai nghién ctu nay xem xét hai
muc tiéu : (a) Tong so Click cua nguol dung khi nhan dugc
thdng bao va (b) Tong sb tin da gtn cho nguoi dung trén hé
thdng tin tirc. Nhitng muc tiéu nay con dugc coi la nhiing
thuge do twong tac chuén cho nhiéu hé théng tin tic, ching
dong mot vai tro quan trong trong su dinh hinh chién lugc
quang céo va do luong higu suat cho website. Hon nira vé
khia canh su hai long ctia nguoi dung, no ciing dong vai tro
quan trong, 1a budc tién dé dé c6 thém nhing tuong tac
khac vao néi dung sau khi Click nhu 1a Thich (Like), Chia
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s¢ (Share) hogc Binh luan (Comment). Trong mot h¢ thong
khuyén nghi tin tac, chirc nang thong bao la mot yeu to
quan trong dé duy tri hoat dong cua nguoi dung tuy nhién
n6 ciing thé gay phién nhiéu dan téi ngudi dung it vao h¢
thong hoac tham chi khong str dung khi so luong tin tc guri
qua nhiéu. Phuong thure tiep can theo MOPs glup tranh van
dé khong can bang sé luong tin giri t6i ngudi dung. Trong
nghlen chu nay, tac gia s& lam viéc véi ca hai thude do trén
de giai thich cho y tuéng chinh trén h¢ théng tin tic thyc
té.

Gia str ta c6 cac dinh nghia sau, N,thé hién s luong
nguoi dung duoc gui di thong bao trong khoang thoi t. Gia
st p;, thé hién ti 16 CTR vao thdng béo cua user i trong thoi
gian t. x; thé hién sé lugng ngan séch tin tic ban ¢ epoch
tiép theo cho user i . Trong nghién cau nay, chi giai quyét
cho tirng epoch riéng biét, vi vay ¢ cac cong thuc toi sé
khoéng cho t vao.

e Tong sb tin giri: Vi mdi user co mot ngan sach sb
tin toi da duoc giri 1a x;. Nhu vay tong so tin wéc
lugng dugc gui cho N user la:

TotalSends(x) = YN, x; ®

e Téng sb tin Click: Téng s tin dugc Click caa N
user sau khi nhan dugc théng bao trong epoch hién
tai.

TotalClicks(x) = YN, x; * p; 2

. MO HINH TOI LU

Trong phan nay, t6i s& trinh bay nhiing van dé co ban
trong t6i uu’da muyc tiéu hay t6i wu muc tiéu cé rang
budc, chi tiét co thé tham khao tai [9] va [10].

A. Cac khai niém co ban
Bai toan ti wu dang tong quat:

*

x* = argmin,fy(x)
st fi(x)<0,i = 1,2,..,m (3)
hi(x)=0,j=1,2,.,p
Phét biéu bang 10i: Tim gié tri cia bién x dé toi thicu
ham f,(x) trong s6 cac gia tri cua x thoa man dieu kién

rang bugc. Ta c6 bang cac khai niém va ki hi¢u trong bai
toan toi vu nhu trong Bang 1. Ngoai ra, khi:

e Khim = p = 0 bai toan trén duoc goi la bai
toan toi wu khong rang bugc

e D latép xac dinh, tic giao cua tat ca tap xéac
dinh cua moi ham sd xuét hién trong bai toan.
tap hop cac diém thoa man moi diéu kién rang
budc, thong thuong la maot tap con caa D duoc
goi la tap kha thi — (fea5|ble set) Khi tap kha
thi 1a mot tap rong thi ta ndi bai toan t6i uu
trén la vo nghiém. Néu mot diém nam trong
tap kha thi, ta goi diém do 1a d@iém kha thi.

e Giatri toi uu — Optimal value cua bai toan téi
uu trén dugc dinh nghia l1a:
p* =inf{fu(x) |f; x) <0,i=1,..,
=0,j=1,..,p}
Trong d6 inf 1a viét tit cia ham infimum. p*co thé
nhan cé&c gia tri +oo. Néu bai toan la vé nghiém, tac la

m; hy (x)
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khong c6 diém nao thoa man tit ca rang budc, ta coi p* =
+ co. Néu ham muc tiéu khdng bj chan dudi (unbounded
below) trong tap xac dinh, tacoi p* = — o

Bang I: Bang chu thich ki hiéu

Ki hiéu Y nghia
X ER" Bién t6i uu
fo:R" >R Ham muc tiéu
fitx) <0 Bat dang thirc rang
buoc
fi:R™ >R Ham bat dang thac
rang budc
hi(x) =0 Ping thirc rang busc
h;: R™ - R Ham bat dang thac
rang buoc
D=N{L, domf; N NY_, domh; Tap xac dinh

B. Diém t6i wru va cdc diém téi wu cuc bé

Mot diém x* = p* thudc tap xac dinh D dugc goi la
mot diém toi wu, hodc 1a nghiém cua bai toan néu x* 1a diém
kha thi va x* = p* . Tap hop hop tat ca céc diém t6i uu
dugc goi l1a tdp diém toi wu. Neu tap diém t6i uu la mot tap
khdng rong, ta noi bai toan trén la gla1 duge. Nguoc lai, néu
tap diém t6i wu 1a tap rong, ta ndi gia tri toi wu 1a khong thé
dat duoc.

Vi dy: Xét ham muyc tiéu f(x) == V(YI rang buoc x >

0. Giatri t6i vu cua bai toan nay lap* = 0 nhung tap diém
t6i wu 1a mot tap réng vi khong co gla tri ndo cua x dé ham
muc tiéu dat gia trj 0. Lic nay ta n6i gia tri toi uu 1a khong
dat dwotc.

. Voi ham mot bién, mot diém 12 cyc tiéu cua ham sb
neu tai do, ham so dat gia tri nho nhat trong mot lan can (va
lan can nay thugc tap xac dinh ciia ham s0). Trong khong
gian mot chiéu, 1an can ciia mot diém dwoc hiéu la tap cac
diém cach d6 mot khoang rat nho. Trong khéng gian nhiéu
chiéu, ta goi mot diém x 1a diém toi wu cuc bg néu ton tai
mot gid tri R > 0 sao cho:

fo ) =inf{f, @|fi(2)<0,i=1,..,m, (&)
hi(z)=0,j=1,..,p;llz—x|l, <R}

~ Néumot diém kha thi x thoa man f; (x) = 0 tan6i rang
bat dang thirc rang budc thir i: f;(x) = 0 la thod duoc. Néu
i: f;(x) < 0, tandirang budc nay la khdng thoa duoc tai x.

Mic du trong dinh nghia bai toan t6i tru (3) 1a cho bai
toan toi thiéu ham muc tiéu vai cac rang budce thoa man cac
diéu kién nho hon hodc bang 0, c4c bai toan ti wu voi tol
da ham muc tiéu va didu kién rang budc ¢ dang khac déu
c6 thé dua vé dugc dang nay:

max f,(x) © min — f,(x) (5)

i) <sgx) o fix) —gx) < 0 (6)

filx) =0 & —fi(x)< 0 ()
a<fix)<befifx)—b <0&a-fi(x) <0
©)

fix) <0 o filx)+ s,=0,s;,=0 9)

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 48



Nguyén Thj Trang

C. Bdi todn toi wu l6i
Trong bai toan t6i wu, ching ta dac biét quan tam téi
nhitng bai toan ma ham muc tiéu la ham 16i, va tap kha thi
cling 1a mot tap 16i. Mot bai toan toi wu Ioi - (convex
optimization problem) Ia maét bai toan t6i uu dang:
x* = argmin,fy(x) (10)
st fi(x)<0; i=12,...m
hi (x) = af x— b;

Trong d6 fo, fi, ..., fn |2 C4C hAM 16i. So vai bai toan toi
uu, bai toan toi wu 16i ¢6 thém ba diéu kién nira:

=0;j=1,..,p

e Ham muc tiéu 1a mot ham 15i.

e Cécham bét dang thuc rang budc f; 1a cac ham
6i.

e Ham ding thirc rang budc h; 1a affine.

Ta ¢6 vai nhan xét nhu sau:

e Tap hop céc diém thoa man h;(x) = 0 la mét
tap 16i vi nd c6 dang mot siéu phang.

e Khi f; lamot ham 16i thi tap hop cac diém thoa
mén f; (x) < 0 chinh la duong dong muc 0
cua f; valamot tap 16i.

Nhu vay, tap hop cac diém thoa man moi diéu kién
rang budc chinh la glao diém cua cac tap i, vi vay n6 la
mot tap |0I’ Turdotaco thé két luan rang trong bai toan t6i
uu 101, ta toi thieu mot ham muc tiéu 16i trén mot tap 16i.

Tinh chat quan trong nhét cua bai toan toi wu 16i chinh
lamoi diém toi wu cuc bo chinh la mot diem t6i uu toan cuc
(diém cyc tieu chinh la nghi¢m cua bai toan). Viéc nay
chting minh bang phan ching. Goi x, 1a mot diém cuc bo:

fo () = inf{fy (x)|x € Tap kha thi

Alx — x|l <R} (11)
~V6i R > 0nao d6. Gia sur x, khong phdi la mét diém
t6i wu toan cyc, tac ton tai mot diem kné thi y sao cho
f(¥) < f(x0) (hiennhién rang y khdng nam trong lan can
dang xét). Ta c6 the tim dwoc 6 € [0, 1] dui nho sao cho
z = (1-6)x, + 6 ynamtrong lan cancuax, tuc || z —
Xo [lz < R. Viécnay c6 dugc vi tap kha thi la mot tap

16i. Hon nita, vi ham muc tiéu f,, 1a mét ham 16i, ta co:

fo (2) = fo((l —0)x, + 9}’)
< (1-0)fo(xo) +0f,(¥)
< (1= 0)fo(xo) + 0f5(x0)
= fo(x0) 12)
Piéu ndy mau thuan véi gia thiét x, la mot diém cuc

tiéu. Vay gia sur sai, tic x, chinh 1 diém téi wu toan cyc,
ta c6 diéu phai chitng minh.

Piéu kién tdi wu cho ham muc tiéu kha vi: Néu ham
muc tiéu f, l1a kha vi, theo first-order condition, v&i moi
x,y € domf,, taco:

fo(®) = fo(xo) + Vfo(x)"(x — x4) (13)

Dit x la tap kha thi. Diéu ki¢n can va dii dé mot diém
xo € x ladiémtoi vu la:

Vio(xe)T(x —xy) =0,Vx € (14)

SO 02 (CS.01) 2024

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG

Diéu nay chi ra rang néu V£, (x,) = 0 thi x, chinh la
mot diém toi wu cua bai toan. Néu V £, (xo) # 0, nghiém
clia bai toan s& phai nam trén bién cla tap kha thi. That vay,
quan sat Hinh 1, diéu kién nay néi rang néu x, 1a mot diém
t6i wu thi véi V x € y, vector di tir ham muyc tiéu tai x, t6i
x hop véi vector —Vf, (x,) mét goc tu. Noi cach khac,
néu ta vé mat tlep tuyen ciia ham muc tiéu tai x, thi moi
diém kha thi nim v& mot phia so véi mit tiép tuyén nay.
Diéu nay chi ra rang x, phai nam trén bién cua tap kha thi
x. Hon nira, tap kha thi nam vé phia 1am cho ham muc tiéu
dat gia tri cao hon f;(x,). Mt tiép tuyén nay chinh la siéu
phang hd tro cua tap kha thi tai diém x,. Nhac lai rang khi
V& cac dudng dong mic, ching ta ding mau lam dé chi gia
tri nho, mau do dé chi gia tri I6n cua ham. Trong do6 siéu
phang hé tro 13 mot mat phang di qua mot diem trén bién
ctia mot tap hop sao cho moi diém trong tap hop do nam vé
mot phia (hogdc nam tren) s0 Vi miat phang d6. Néu mot tap
hop 16i, ton tai mot siéu phang hd tro tai moi diém trén bién
cua né.

Trong bai toan téi uu 16i c6 ba bai toan co ban: Quy
hogch tuyen tinh (Linear programing-LP), Quy hogch toan
phirong (Quadratic programing) va Quy hogch di truyéen
(geometric programing). Trong nghién cau nay, tac gia sé
di sau vao bai toan LP dé ap dung cho bai toan téi uu s
lugng théng béo cho hé thong dé xuat tin tic.

D. Dang quy hoach tuyén tinh-LP
Dang téng quat:Ta c6 dang tong quat cua Linear
programing nhu sau:

x* =agrmin,c'x +d (15)
st:Gx< h
Ax=Db

Trong d6 G € R™*™", h € R™, A€ RP*"™; ¢c,x € R" va
d € R.S6v6huéng d chi lam thay doi gia tri cia ham myc
tiéu ma khong lam thay d6i nghiém cua bai toan nén co thé
dugc lwoc bo. Nhac lai rang ki higu < nghia 1a mdi phan tur
trong vector ¢ Ve trai nho hon hodc bang phan tir tuong (tng
trong vector & vé phai. Chi y ring nhiéu bat dang thac dang
gix < h;, véi g; la cac vector hang, co the viet 90op duai
dang Gx < h trong d6 mdi hang cua G ung voéi mot g;,
mdi phan tir ciia h tuong (g véi mot h;

Dang tiéu chuan: Trong dang tiéu chuan (standard
form) LP, cac bt dang thac rang bugc chi 1a diéu kién cac
nghiém c6 thanh phan khéng am. Dang tiéu chuan s& c6
dang nhu coéng thirc dudi day:

x* = agrmin,cTx (16)
st:Ax = b
x>0

Dang téng quat & Cong thirc 15 ¢6 thé dugc dua vé dang
tiéu chuan (16) bang cach dat thém bién slack s.

x* = agrmingg ¢ x a7
st: Ax = b

Gx+s=h

s =0

Tiép theo néu ta biéu dién x dusi dang hi¢u cua hai
vector ma thanh phan cia né deu khong am, tic x = xt —
x~,VvGixT, x™ = 0. Taco thé viét lai cong thirc 17 nhu sau:
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X" = argming - c'xt — c'x~  (18)
sttAx* — Ax~ = b
Gxt—Gx +s=h

*20,x 205 >0

'Céc bai toan LP c6 thé duoc minh hoa nhu Hinh 1.
Diém x, chinh 1a diém lam cho ham muc tiéu dat gi4 tri
nho nhét, diém x; chinh 1a diém lam cho ham muc tiéu dat
gia tri I6n nhat. Nghiém cua bai toan LP, néu c6 thuong 1a
mot diém & dinh caa polyhedron feasible set hoic la mot
mat cia polyhedron dé (trong truong hop cac duong dong
mirc ciia ham muc tiéu song song va&i mat d6, ham muc tiéu
dat gié tri t6i wu)

level sets

Hinh 1: Biéu dién hinh hoc cua diéu kién tdi vu cho
ham muc tiéu khg vi. Cac dwong nét dit c6 mau turong
Umg voi cac level sets (dwong dong mirc)

E. T6i wu s6 heong thong bdo sir dung LP

Ly cam hung nghién ctu tr nghién cuu [5] da t01 uu
trai nghlem nguoi dung dya vao hai yeu t6 1a "Tong $6 lurot
Click" va "Tong so thoi gian trai nghi¢m". O nghién cau
nay, st dung LP giai quyet van dé& "g-MOP: Global
Constrained Optimization-Tai wu rang bugc toan cuc" theo
cbng thuc sau:

maximize Downstream(x) (19)
s.t: TotalClicks(x) = aTotalClicks*

Trong d6 Downstream(x) ¢ day chinh 1a yéu té "Thoi
gian trai nghiﬁ,ém" cua nguc‘yi dung va a€ [0,1]. Tty twéng
nay, tdi co thé &p dung vao bai toan t6i uu tin tirc théng bao
cho ngudi ding. Muc tiéu c6 thé phat biéu nhu sau: "Toi
thiéu hod leong tin tuc gui di dén nguoi dung sao cho
lwong Click van dat dwoc nguong cho phep diéu | nay co
thé tang trai nghiém nguoi dung khi nguol dung van nhan
dugc 1 luong thdng bao it nhat (tranh gay phién phuc khi
giri qua nhiéu tin dén) nhung van dam bao luong tong s6
lwgng Click. Bai toan ti wu lac nay co thé dugc md hinh
hoé ¢ cong thirc dudi day:

minimize: TotalSends(x) (20)
s.t: TotalClicks(x) = aTotalClicks*
TotalSends(x) < BTotalSends”
Xi = Nimin
X =< Nmax

~ Trong d6 TotalClicks*va TotalSends” lan luot 14
tong so luot Click vao théng béo va Tong s6 théng bao da
gtri di cua tdp nguoi dung x tai phién t — 1. x; chinh la
ngén sach théng bdo wéc luong giri cho ngudi dung i tai
phién thir t. N, Nmay 12 Iwong thong bao téi thiéu va toi
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da ctia mét nguoi dung nhan duoc tai phién t. a va g €
[0,1], & day chiing t6i mudn dam bao rang qué trinh t6i uu,
s6 luong Click khong bi giam qua (1 — a)va phan trim s6
luorng thong bao phai giam it nhat 3. bay ciing la hai tham
SO gilp can bang su déanh dbi khi glam S0 lugng tin tac
théng bao xuong. Phan tiép theo tac gia s& trinh bay thuc
nghiém va phan tich két qua thu dugc.
IV. KET QUA THU'C NGIEM VA DANH GIA
A. Cai dat va dit liéu

Lotus la mot trang mang xa hoi méi cua Vigt Nam véi
cach tiép can noi dung. Hién tai hang ngay c6 khoang hon
20 nghin nguoi ding hoat dong. Hé thong thong bao cua
Lotus hoat dong dya trén viéc gui nhiing tin tac méi nhét
valién quan dén nguc‘yi dung hang ngay. Viéc gui thong bao
cho nguoi dung gitp ting trai nghiém, khuyen khich nguoi
dung vao hé thong. Toi trién khai hé théng chay thir nghiém
cho 2 nghin nguoi dung st dung online trén ting dung mang
x4 hoi Lotus trong hai tuan. Dir ligu lich st ve So luong
théng bdo dwoc Qiri VA Sé lwong dn VAo tin tuc Click cua
nhitng nguoi dung nay duogc thu thap trong 1 tuan trude do
dé su dung cho qua trinh t6i wu. Cu thé dir liéu thu thap vé
bao gom nhitng théng tin sau:

- UserID: binh danh nguoi dung
- Time: Thoi gian

- ActionID: Trang thai hoat déng bao gém: Nhan
théng bao, Xem théng bao, Click thdng bao)

- PostID: M4 bai viét duoc guri t6i cho ngudi ding

Tur nhiing dit liéu ndy, toi tién xu 1y tao ra duoc dir lidu
duoc md ta nhu sau:

- Time: Thoi gian (theo ngay)

- UserID: Binh danh nguoi dung

= Npyusp: S6 thong béo nhan dugc

- e SO thong bao da dugc Click

Toi cling str dung thu vign CVXOPT trén ngon ngir 1ap
trinh python dé giai quyet bai toan LP. Tham so6 dugc toi
su dung dugc ghi chi tiét tai Bang I1.

Bang Il: Tham sé thuc nghiém

Tham so Giatri
a 0.98
B 1
Nomin | NGAY 10
Nmax! NGAY 30

B. Két qud va danh gid

Bang Il dua ra két qua theo ting tuan thuc hi¢n qua
trinh kiém nghiém. Nhu két qua ta c6 the thdy rang S6
luong tin gm cho 2000 nguoi ding 1 tuan true khi thuc
hién t&i wu vao khoang gan 48,5 nghin tin tic trong 1 ngay
khoang 340 nghin tin tac trong 1 tuan. Sau khi thyc hién
thir nghiém cho tuan dau tién, s6 tin gui di giam khoang
25% so véi trude do, CTR ting tir 5.8% lén 6.56%. Tuan
tiép theo CTR dat 7.63%. Diéu nay ching minh luong
thong béo da duoc giam di dang ké nhung van dam bao
duoc chi s6 CTR.
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Bang Ill: Téng quét cac chf sé theo cac giai doan, trong do
Send, Click, CTR lan lurot tng v6i sé lwong tin duwoc gin,
S0 lwong tin dwoc Click va Tilé Click

Session Send Click CTR
(tin/ngay) | (tin/ngay)
Truéc thi nghiém 48518 2686 5.8%
Thur nghiém 1 tuan 36542 2317 6.56%
Thur nghiém 2 tuan 29826 2203 7.63%

Bang IV thé hién cac chi s6 TB trén ting ngudi ding. Téng
so Click trung binh nhan tir 170 tin/tuan truge khi thir
nghiém giam xudng khoang 105 tin/tuan sau hai tuan thir
nghiém. CTR tang tir 3.05% |én khoang 3.53%.

Bang IV: Bang chi sb danh gia trén tirmng nguroi diing

Session Send Click CTR
(tin/ngay) | (tin/ngay)
Trudc thir nghiém 171 5.85 3.05%
Thir nghiém 1 tuan 129 4.74 3.25%
Thtr nghiém 2 tuan 105 4,30 7.00%

Tiép theo, chiing t6i ¢ thong ké cac chi sb trén cho toan
bo nguoi dung Lotus tai Bang V. Tai tuan thir 2, tuy so
lugng tin tirc duoc gui di ting khoang 10% so véi tuan 2
nhung tong sb lwong an vao tin tac (Click ) van giam, va
chi so CTR giam. Trong khi d6 nhém 2 nghin nguoi dung
st dung toi wu sb luorng tin giri ¢ chi so CTR tang. Mat
khéc Hinh 2, thé hién s6 lugng tin tic trung binh gui trong
1 ngay cua 2 nghin nguoi dung tai thoi diém trudc the
nghiém de dat so lugng click nhu thoi diém thir nghiém
duogc 1 tuan. Nhu Hinh 2 chira rang 2 nghin nguoi dung
trung binh 1 ngay can nhan 42 nghin tin dé dat duoc so
Click trung binh 1 ngay bang giai doan 1 (Tong 30 tin Trung
binh giri tai giai doan 1 la 36,5 nghin tin/ngay dé dat dugc
khoang 2,3 nghin Click - Bang IlI.

50000
40000
30000
20000

10000

hour
Hinh 2: Biéu db Click cdia nhém user trurée thie nghiém

Béng V: Chi'sé chung cua toan bé user trén Lotus véi
Send, Click, CTR l4n luot tmg v6i S6 luong tin duoc g,
Sé lwong tin dwoc Click va Tilé Click

Session Send Click CTR
Trudc thir nghiém | 16284327 28322 0.18%
Tha nghiém 1 tuan | 14498727 27987 0.20%
Thtr nghiém 2 tuan | 16088124 | 26528 0.18.%
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Mic du tir két qua caa thuc nghiém cho thay viéc giam
s6 lugng tin giri dén nguoi dung tdi wu theo chi s6 Click
lich str nguoi dung gitp can dbi duoc ngan séch hop 1y dén
tirng nguoi ding. Tuy nhién, s6 lugng Click phién tiép theo
van giam. Van dé nay c6 thé do h¢ thong chi giam s luong
tin gui trén toan cuc ma chua giai quyét duoc van dé "Bai
nao khdng nén gui?". Hon nita thyc nghiém van chua thuc
hién duoc trén nhiéu tham sé dé xac dinh dugc dau la

ngudng toi thiéu Mypindc t6i da MmaxCho timg ngudi ding.
Hudéng nghién ciru sap téi co thé giai quyet van dé t6i wu
cuc bo tai tlmg nguoi dung. Khong chi ti uru sb luong ngan
sach cho nguoi dung trén tong cac thé loai cua bai viét, ma
ta ¢ thé t6i wu sb lwong theo ting thé loai cua bai viét.

V. KET LUAN

Nghién ctiu nay tap trung tim hiéu Ve bai toan Tdi wu
rang bugc va ap dung LP trong t61 uu sb lugng thong bao
trong hé théng dé xuat tin tuc. Nghlen ctu cho thay, viéc
st dung twong tac Click nhu mot rang bugc cho so6 lugng
thong bao gui di la c6 y nghia, gitp cho hé théng diéu
hudng dung s0 lugng thong bao can thiét dén tap nguoi
dung ma khong lam phién nguol dung. Nghlen cuu chi ra,
so lugng tin tic gui di da gidm ddng ké va d&am bao duoc ti
I6 CTR cua hé théng. Tuy nhién, nghién cau nay chi ap
dung ¢ muc don gian, van chua gidi quyét mirc sdu hon dén
ting thé loai cua bai viét, dan den danh ddi dén sé lucmg
Click bi giam di. Huéng glal quyét ‘twong lai, t6i c6 thé ap
dung téi wu da muc tiéu va ham d6i ngau dé tiép can sau
hon nita, c4 nhan hoa dén timg nguoi dung.

LOI CAM ON

Trong nghién ctu nay, t6i cam on team DataMlnlng
cling nhu cong ty VCCorp da hd tro toi v& mit co so vat
chat ciing nhu dir liéu thyc té dé thyuc hién nghién cau nay.
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NOTIFICATION VOLUME OPTIMIZATION IN
RECOMENDATION SYSTEM USING LINEAR
PROGRAMING

Abstract: The notification function is a crucial
component of recommendation systems, as it can enhance
user engagement and sustain activity. However, excessive
notifications can irritate users and even lead to account
deletions. This paper addresses the challenge of
optimizing notification  frequency in a news
recommendation system. Each wuser is allocated a
notification budget for a specific period. By applying
optimal constraints, we aim to balance notification
frequency with user engagement metrics, such as click-
through rates (CTR). Our study, conducted with 2000
Lotus system users, demonstrates that while significantly
reducing the number of notifications, the CTR remains
strong and even surpasses that of other user groups within
the system.

Keywords:  Recomendation  system,  optimal
constrains, notification
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