ISSN 2354-0575

. HE THONG KHUYEN NGHI CONG TAC DUA TREN PHAN CUM
% BAN GIAM SAT MO VA UNG DUNG TRONG MANG HQP TAC KHOA HQC

Bui Thé Hong
Truong Dai hoc Su pham Ky thudt Hung Yén

Ngay toa soan nhan dugc bai bao: 02/07/2018
Ngay phan bién danh gia va sua chira: 02/08/2018
Ngay bai bao dugc duyét dang: 15/08/2018

Tom tat:
Bai todn khuyén nghi cong tac gitra cac nha nghién ciru ¢6 tiem ndng hién dang rat dwoc chii trong.

Hau hét cac nghién ciru hién tai déu giai quyét bai todn khuyén nghi cong tac dira trén phwo’ng phap phan
16p nhi phan c6 cong tdac va khong co cong tdc. T uy nhlen do mang hap tac khoa hoc rat thira dan dén tdp
dir liéu ding dé huan luyén thu’Ung gap phal vdn dé mat can bang dan dén hiéu quad phan I6p khong cao.

Bai bao nay dé xudt mot hé thong khuyén nghi cong tac dwa trén phin cum ban gidm sat mo dé khdc phuc
nhweoe diém ciia phiwong phdp phan cum nhi phdan doi véi nhitng dit liéu thira va khong can bang. Két qua
thuc nghiem doi véi he théng khuyén nghi cong tac da dé xuat dwoc thuc hién trén mot tap dir liéu thuc 1é
cho thay trong hau hét cdc truong hop hé thong khuyén nghi cong tac dira trén phan cum ban giam sdt mo

hiéu qua hon han so véi hé thong khuyén nghi cong tac dwa trén phin 16p nhi phan.

Tir khéa: Hé thong khuyén nghi cong tac, phan 16p, phdn cum ban gidm sat mo.

1. Gi6i thiéu

Ngay nay, v6i sy phat trién ciia mang xa hoi
lién quan dén thong tin c4 nhan cta nhiéu ngudi,
viéc goi v tu dong cho nguoi st dung cac thong
tin cling nhu cic san pham c6 thé ho muén mua
hodc quan tam, cac ca nhan c6 cung so thich hodc
cung linh vyc nghién ctru véi ho 1la mot viéc kha
thi va dem lai nhiéu loi ich cho con nguoi. Cac hé
khuyén nghi da duoc quan tim nghién ctru va phat
trién nhanh chong, dac biét cac hé khuyén nghi
trong thuong mai dién tir dem lai nhiéu loi nhuan
cho cac nha ban san pham. Bén canh cac hé khuyén
nghi trong thuong mai dién tr, cac hé khuyén nghi
lién quan dén khoa hoc k¥ thuat ciing dugc quan
tam nghién ctru. Vi dy, LinkedIn va ResearchGate
khuyén nghi céc cong viéc ma ai d6 (hodc nguoi
ding nao do) co thé g tuyén, thong béo cac thong
tin lién quan dén cac nha khoa hoc c6 céc cong trinh
nghién ctru dugc tham chiéu trong cac bai bao khoa
hoc, v.v. Tuy nhién, viéc khuyén nghi céc tac gia c6
cac nghién ctru lién quan dén nhau dé hop tac trong
tuwong lai con chua dugc dua vao trong cac mang xa
hoi nay. Pay ciing 1a nhitng khuyén nghi rit c6 gia
tri gitp cho cac nha nghién ctru tang cuong hop tac
dé tao ra cac cong trinh khoa hoc méi trong twong
lai.

Bai toan khuyén nghi cic nha nghién ctru c6
tiém niang hop tic con duoc goi vai tén 1a bai toan
khuyén nghi cong tac trong mang hop tac khoa hoc.
Trong bai bao nay, khai niém “khuyén nghi cong
tac” (“Collaborations Recommendation” dwoc st
dung trong [1]) mang ham y vé sy khuyén nghi hop
tac trong viéc xudt ban bai bao khoa hoc giita cac
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nha nghién ciru (tac gia). O day, mang hop tac khoa
hoc la m¢t mang xa hoi cod thé biéu dién dudi dang
mot db thi vo hudng, trong d6 cac dinh la cac nha
khoa hoc, cac canh 13 cac mdi cong tac khoa hoc
gitta cac nha khoa hoc.

Bai toan khuyén nghi cong tac trong mang
hop tac khoa hoc duogc phét biéu nhu sau:

Cho théng tin vé cdc tic gia da ting viét
chung bai bdo khoa hoc dén thoi diém t, véi mét
tac gid u ndo do, can tim ra mét danh sach tic gia
c6 tiém ndng cong tac (Collaboration) vdi tac gia u
trong tirong Zal (nf thoi diém t> ).

Céc van dé nghién ctru trong mang hop tac
khoa hoc luon thu vi boi tinh phtrc tap chung cua
bai toan khuyén nghi cong tac. Mit khac, viéc xay
dung duoc mot hé thong khuyén nghi cong tac ng-
hién ctru s& thiic ddy qua trinh giao luu va hop tac
trong nghién cuu khoa hoc.

Bai toan khuyén nghi cong tac duoc bt
ngudn tir bai toan dy doan lién két trong mang xa
hoi, trong d6 cac do do lién két gitra cac cap tac gia
giit vai trd quan trong, 1am co s dé xac dinh kha
nang hinh thanh lién két (hop tac) trong tuong lai
gilta cac cap tac gia. Huong tlep can pho bién 1a
chuyén bai toan du doan lién két vé bai toan phan
16p nhi phén [2] véi hai 16p 1a ¢6 lién két va khong
c6 lién két. Bai toan du bao lién két da duoc nhiéu
nghién ctru quan tam [3, 4, 5].

Céc nghién ctru trude day vé khuyén nghi
cong tac thuong su dung mot s6 d0 do lién két trong
sd nhu SZ [15], S%, [15], S% [17],..vv dd duoc dé
xudt trong mang xi hoi thong thuong dé xay dung
tap dac trung. Tuy nhién, mang hop tac khoa hoc la
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mot mang xa hoi co nhiéu dic trung riéng so véi cac
mang xa hdi néi chung. Vi du, mirc d6 cong tac gitra
hai tac gia cing viét chung cac bai bao phu thudc
vao sb luwong bai bao, ) luong tac gia, thur ty cua
céc tac gia va thoi gian cong bd cua cac bai bao ma
hai tac gia da viét chung. Ngoai ra, mot nhan to rat
quan trong c6 thé anh huong dén viée cong tac giita
c4c tac gia trong twong lai Ia sy twong ddng vé linh
vuc nghién ciru. Hai tac gia c6 thé nghién ciru nhidu
linh vue khac nhau va néu mét sé hudng nghién ctru
chinh ¢6 sy twong dong cao thi tiém ning cong tac
trong viéc viét chung cac bai bao khoa hoc trong
tuong lai cang 1on.

Trén thyc té, mdi nha nghién ctru khi cong
bd céc bai bao khoa hoc & cac tap chi hodc hoi thao
6 thé ¢ cach hanh van khac nhau, trong d6 mot sb
tir ngit dong nghia duogc sir dung co thé phan anh
¥ nghia twong tu nhau hodc cing ¢6 ham ¥y vé& mot
s6 chii dé nghién ctru nao do. Vi vay, trong nghién
clru [6] di dé xudt cach thirc x4c dinh mirc d6 twong
ddng giita cac tac gia dua trén ndi dung tom tit cua
bai bao, thong tin vé thir tu clia tac gia va thoi gian
cong bd cua bai bao.

Hau hét cic nghién ctru déu tiép can giai
quyét bai toan khuyén nghi cong tac dwa trén phan
16p nhi phan, véi hai 16p 1a co cong tac (nhan 1) va
khéng cong tac (nhan 0). Tuy nhién, do mang hop
tac khoa hoc rat thua din dén tap dir liéu dung dé
huin luyén thudng gap phai vin dé mit can bang
nhén, dan dén higu qua phan 16p khong cao. Dé giai
quyét van dé mat can bang nhin, trong bai béo nay,
chung t6i dé xuat hé thong khuyén nghi cong tac
dua trén hé théng phan cum ban gidm sat mo véi
dac trung 1a cac do do lién Kkét trong sb6 va do do
lién két dya trén ndi dung tom tit bai bao da dé xuat
trong [6].

2. Cac nghién ciru lién quan

Bai toan khuyén nghi truyén thdng, cha yéu
tap trung vao ba hudng tiép can chinh d6 la: (i)
hwong tié'p cdn dua trén loc cong tdac. Mot s6 thuat
toan hoc may khac nhau da dugc ap dung trong
huéng tiép can nay, chiang han nhu Naive Bayes [7]
va dua trén luat [8]. (ii) huéng tiép cdn dira trén ndi
dung [9, 10], y tuéng cha dao cua hudng tiép can
nay 1a dua ra khuyén nghi nhiing san pham tuong tyr
(trong ddng) v6i nhimg san phim ma ngudi ding
da thich (quan tam) trong qua khir s€ dugc xem xét.
Trong d6, d6 tuong ty gitra hai san phdm duoc tinh
toan dua trén nhung dic diém (dic trung) gan voi
nhitng san phim dugc so sanh. (iii) huang tiép cdn
lai (hybrzd) [11, 12], 1a mot cach két hop hai hodc
nhiéu phuong phap khuyen nghi nham dat duoc do
chinh xéc (hiéu suat) t6t hon so v6i khi 4p dung

Khoa hoc & Cong nghé - S6 19/Thang 9 - 2018

ISSN 2354-0575

riéng 1¢ phuong phép bat ky nao do.

Céac nghién ctru vé bai toan khuyén nghi
trong mang xa hoi néi chung va mang hop tac khoa
hoc néi riéng thuong tiép can giai quyét bai toan
theo hudng hoc khong giam sat. Tuc la tinh toan do
tuong ty gitra mot nut (tac gid) v voi cac nit Ging cir
dua trén thong tin cAu trac mang hodc dua trén nglr
nghia, sau d6 lya chon ra N nut c6 mtc do tuong tu
16n nhat véi nat v. Vi cach tiép can nay, viéc duara
danh sach khuyén nghi s& dugc thuc hién mot cach
don gian va nhanh chong.

Tuy nhién, gilra hai tac gia trong mang hop
tac khoa hoc c6 nhiéu dic trung, chang han nhiing
dac trung dua trén thong tin cau truc mang (cac do
do lién két trong mang), dua trén sy trong dong vé
linh vuc nghién ctru hay dua trén viéc cung tham
gia cac sy kién khoa hoc (chéng han bao cdo hoac
hoi nghi khoa hoc, ...). Viéc sir dung dong thoi
nhiéu dic trung dé dwa ra khuyén nghi theo hudng
tiép can hoc khong giam sat 1a khong dé va co thé
khong dat duge két qua khuyén nghi mong mudn.

Trong cic nghién ctru vé bai toan khuyén
nghi cong tac [2, 7, 8, 10], cac tac gia tiép can giai
bai toan khuyén nghi theo hudng hoc ¢6 giam sat,
cu thé 1a str dung cac phuong phap phan 16p. Thong
qua két qua thuc nghiém, phan nao di khang dinh
dugc tinh hiéu qua khi ap dung phuong phap phan
16p vao bai toan khuyén nghi cong tac trong mang
hop tac khoa hoc. Hinh 1 biéu dién mot hé thong
khuyén nghi cong tac dua trén phan 16p mot cach
khai quat thong qua cac nghién ctru [2, 7, 8, 10]. Chi
tiét cac budc thuc hién khuyén nghi cong tac duogc
mo ta nhu sau.

Bude 1: Tir dit liéu ban dau thu thap trong
mang hop tac khoa hoc, xac dinh danh sach cac tac
gia tng ctr duoc sit dung dé dua ra khuyén nghi
cOng tac cho mdt tac gia nao d6. Danh sach cac tac
gia ing cur la nhiing tac gia ma chua tirng cong tac
trude d6 va cé it nhat mot lang giéng chung véi tac
gia can duoc khuyén nghi.

Bud6e 2: Ap dung phuong phap phan tich
chu dé (LDA dé biéu dién mdi bai bao (thong qua
tén va ndi dung tom tit) dudi dang mot véc-to trong
khong gian K chiéu, cach thirc thyc hién gidng nhu
trong [6].

Buwére 3: Trong budce nay, tap cac véc-to dac
trung (mg v&i mdi cdp tac gia (cu thé 1a gitra tac gia
can duogc khuyén nghi voi cac tic gia ung cir trong
budce 1) s€ duge xac dinh dya trén cac do do lién két
(xem trong Bang 2).

Bude 4: Lua chon céc tac gia dung dé xay
dung tap dic trung huin luyén. Trong do, cac tac
gia nay khong duogce tring vai cac tac gia ung cir da
chon trong budc 1.
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1. Lyra chon cac
tAc gia g cir

3. Xéc dinh déc tneng |

4. Lya chon céc
tic gia huan luyén

2. Phén tich cac bai
béo theo X chi dé

A 4

7. Tién hanh phan 16p

r

5. X4c dinh dic
tnmg huén luyén

6. Xdy dymg mé hinh
huan luyén

"

h
8. Khuyén nghij cng
tac mai

Hinh 1. Hé thong khuyén nghi cong tac méi dwa trén phén lép

Buéde 5: Xac dinh dac trung huan luyén
(twong tu nhu budce 3, nhung chi xét voi tap tac gia
huin luyén trong budc 4).

Budc 6: Xay dung mo hinh huan luyén phan
16p dua trén tap dir liéu hudn luyén trong budc 5.
Trong budc nay, tac gia thu nghiém voi phuong
phap phan l6p SVM.

Buéc 7: Ap dung mo hinh phan 16p da thyuc
hién trong budc 6 voi tap cac véc-to dac trung nhan
dugc tir budc 3 dé tién hanh phan 16p cac cap tac
gia. Két qua phan 16p s& dugc s dung dé dua ra
khuyén nghi cong tic mai.

Buée 8: Tir két qua phan 16p sé xac dinh
duogc cdp tac gid nao thudc vao nhan 1 (c6 cong tac).
Dua vao d6 s& dua ra khuyén nghi cong tic méi cho
tac gia da duoc lya chon.

Ngoai huéng tiép can hoc c6 gidm sat, hudng
tiép can hoc ban giam sat da dugc nhiéu nghién ciru
quan tam. Hoc c6 giam sat 1a qua trinh hoc di kem
v6i mot tap mau huén luyén. Con hoc ban giam sat
1a hoc ¢6 mot s lugng nhé cac mau huén luyén st
dung dé diéu hudng qua trinh hoc. Trong bai bao
nay, cac phuong phap phan cum mo [13] va ban
giam sat mo [14] s& duge sir dung dé xay dung hé
thong khuyén nghi cong tac.

Niam 2007, Murata va Moriyasu [15] da dé
xuit ba do do lién két trong sb 1dy y tuong tir ba
do do lién két khong trong s6. Sau do, De Sa va
Prudéncio [16] da thyc nghiém cac d6 do lién két
trong sb trén mang hop tac khoa hoc dugc xay dung
tir DPLP. Géan day Giines va cong su [17] ciing di
thuc nghiém cac do lién két trong s6 trén mang hop
tac khoa hoc dugc xay dung tur tap cac bai bao thudc
linh vuc “theoretical high-energy physics” Hep-Th'.
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Dé thudn tién theo doi, cac do do lién két
trong s 4p dung trong mang hop tac khoa hoc duo’c
ky hiéu mot cach tong quat 1a S, , trong d6 chi s6
trén (type) ky hiéu dai dién cho kiéu trong s cong
tico, , chi s& duéri (metric) ky hiéu cho d6 do lién
két khong trong so dugc mo rong. Nhu vay, cac do
do lien két trong s6 duge mo rong tir cac dg do lién
két khong trong sd duoc phan biét boi kiéu trong sd
cong tac O

Trong nghién ciru [6], tac gia da dé xuat do
do lién két trong sO dua trén thir ty tac gia va thoi
gian cong bd cuia bai bao. Cac do do lién két trong
s6 1an luot duoc ky hiéu 1a S%,, S¥,, S¥. twong tng
v6i cdc cong thire (1, 2, 3) voi trong 6 lién két o
duoc xac dinh boi cong thuc (5) [23].

pt (U,Z) + a)pt (V,Z)

(LI V) Zzer (u)NT (v) 2 (1)
(@, (u,z) + @, (v,2))
V) =2, Crwnre 12L0g(Z, cr) @ (2,2))
(2)
(™ (u,z) + @, (v,2)
SE (u,v) = 2 erwnre 1 2Log(1+ 2,y @,(2,2"))
3)

Trong do, I (u) la tap cac tac gia da tung cong tac
voi tac gia u; o, (u.z) la s6 bai bdo ma hai tac gia u,
z da timg viét chung

Xét hai tac gia u, v trong danh sach cac tac
gia xuat hién trong mot bai bao va thir ty trong Gng
cua hai tac gid lad vad. Gia sa d > d va trong
mdi bai bao c6 nhiéu hon mét tac gia. Khi d6, mirc

https://arxiv.org/archive/hep-th/
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d6 lién két gitra hai tac gia u, v (DCL(u, v)) trong bai
bao dugc tinh theo céng thie (4).

;u FRAEUEE
DCL(d, d,) = % 2 ifd>31<d<3 (4
2 2
_+_
4 g T

Gia sir hai tac gia u va v viét chung P bai
bao. Khi d6 trong so lién két gitra hai tac gia dugc
tinh theo cong thirc (5).

P
@, (u,v) = 21 DCL(d},d})* k(t,) 5)
P
Trong d6, d? 1a thtr tu cla tac gia u trong bai bao
tht p, l, la thoi gian ma bai bao tht p dugc phan
I/
bién hodc chdp nhan ding va k(t,) = t—to voi
0
t, = thoi gian dAu tién ma hai tac gia nay da cong

tac - 1, ¢, 1a thoi gian hign tai.

Trong [6], nhdm nghién ciru da dé xuit mot
do do lién két dya trén ngi dung tom tit cua bai bao
(S, (wv)). Pé x4c dinh muc do twong dong giira
hai tac gia, c6 thé két hop mirc d6 twong dong giita
hai tap bai bao dugc cong bd boi hai tac gia u, v
(S(P,P)cod thé xem nhu 1a mutrc do trong dong vé
linh vuc nghién ctru) véi muc do tuong tu gitra hai
tap bai bao dugc viét chung boi hai tac gia (u, z) va
v 2) (S(P .~ P,) dua trén y tuong cia do do lién két
trong sb theo lang giéng chung (%,

SPLC(LI,V) -
1 1 1
! SR 8 IT@)nT )] X2cerunr ¢! mSPel)
(6)
Trong do, o
X, . X,
wst v = % 7
SELP) =X ™
— . 1 &
xu(/)—mg x'(), j=1:K (8)
X )C
wuz ot vz = VT 9
SCus ) = e [X ] ©)
— . )
xuz(]) = Elgl xi (/): J = lK (10)

X = {x{‘, X5, Z} X = {xf, Xg, .. x”} X_ =
{xl“’z, X35 “Z} lan luot 13 tap cic véc-to trong
khong gian K chiéu, biéu dién cac bai bao trong P,
,P,va P_tuong img; x, 1a véc-to trung binh tir tap
cac bai bao cua tac gia u; m, n 1an luot 1a sé luong
bai bao dugc cong b boi tac gia u, v; k, g lan luot
1a s6 bai bao dwoc viét chung boi tac gia u va z, va
vvaz.
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Dé danh gia sy hiéu qua cta bai toan khuyén
nghi cong tac, co thé sir dung tiéu chi danh gia do
bao phu (Recall) va F1-measure.

3. H¢ thong khuyén nghi cdng tac dua trén phan
cum ban giam sat mo

Hé thong khuyén nghi cong tic trong
mang hop tic khoa hoc cin lya chon ra mét tap
cac tac gia ma chua tirng cong tac voi mot tac gia
nao d6 trong quéa khir co tiém ning ning cong tic
v6i ho trong tuwong lai. Trén thuc té, voi mot tac gia
bat ky trong mang hop tac khoa hoc thi sé luong tac
gid ma chua ting ¢ cong tac voi tac gia d6 1a rat
nhiéu boi d6 thi bidu dién mang hop tac khoa hoc
1a rt thua. Do vay, dé han ché duoc tap cac tac gia
g ctr nghién chi xét nhiing cip tac gia co it nhat
mot lang giéng chung. Chi tiét h¢ théng khuyén
nghi cong tdc mai dya trén phan cum ban gidm sat
mo (SSSFC[19]) dugc trinh bay trong Hinh 2.

Su khac biét chinh ddi v6i khuyén nghi cong
tac dya trén phan cym ban giam sat mo so véi dua
trén phan 16p d6 1a sir dung dit liéu tap huin luyén
dé diéu hudng qua trinh phan cum (cac bude 6, 7,
8), bang viéc xac dinh tdm cum khai tao tir tip huin
luyén. Nham tao ra sy hi¢u qua phan cum va nang
cao chat luong khuyén nghi cong tac hon so voi
khuyén nghi cong tac dua trén phan 16p thuong hay
nhay cam voi sy mét can bang nhén trong tap huin
luyén.

Buéc 6: Tir mdi loai nhan cua tap dir liéu
huén luyén, xac dinh tm cac cum cho tirng nhan
thong qua véc-to trung binh chung cua cac véc-to
mang nhdn tuong mg trong tip hun luyén. Cac
tam cum dugc xac dinh trong qua trinh huén luyén
s& két hop véi dir liéu kiém tra dé xac dinh ma tran
d6 thude bd trg va ma tran nay la khoang cach Eu-
clid tir cac cdp tac gia dén tdm cum cia nhin trén
tong s6 khoang cach Euclid tir cac cap tac gia do
dén tam céc cum cua nhan.

Buwére 7: Xac dinh thong tin b tro, cu thé &
day la xac dinh ma tran d¢ thudc dua trén phuong
phép phan cum mo (FCM [18]).

Cu thé, dya trén tap dit liéu kiém tra, sir dung
phan cum mo (FCM) véi tdm cum khoi tao dugce
léy tor Budc 6. Tur do, s€ xac dinh dugc ma tran do
thudc bd trg va sir dung trong phan cum ban giam
sat SSSFC [19] trong Budc 7.

Buéc 8: Thudt toan phan cum ban giam sat
chuan SSSFC [19] v&i thong tin bd trg duge xéac
dinh ¢ budc 7 dugc thuc hién voi tap dac trung xac
dinh trong budc 3 voi s6 cum bang 2. Khi d6, phan
cum SSSFC xac dinh dugc ma tran d6 thudc cua cac
cap tac gia vao cac cum.
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Tap dit liéu
1. Lyra chon céc bai bao
- o ticgia li'mg cir
¥ 2. Phén tich cac bai [ r

béo theo K cha 4é 4. Lyra chon céac tac

bé trg

9. Khuyén nghj céng
tic mdi

R —
. 6

| 7. Xéc dinh thong tin :‘/‘:

1

L____,_,_.._____,_.,_:\-
O ————

gia huin layén

5. Xac dinh dac
trumg huén luyén

I
Xéc dinh tAm cym :

theo céc nhin \

8. Phan cum ban

1
;
gidm sat mo 1
1

Hinh 2. Hé thong khuyén nghi cong tdc méi dwa trén phan cum ban gidm sdt mo

4. Két qua thye nghiém

Dé so sanh hé thong khuyén nghi cong tac
moi dua trén SSSFC vai hé théng dua trén phan
16p. Nghién ciru s& tién hanh thyc nghiém trén mang
hop tac khoa hoc dugc xay dung dua trén tap cac
bai bao duoc cong bb trén tap chi BJ (Biophysical
Journal) tir nam 2006 dén 2017 va trén moi truong
Matlab. Dé kiém chimg hé thong khuyén nghi cong
tac moi, trong phan nay chung toi s& chia dir liéu
cac bai bao thanh bdn tap bai bao khac nhau (DI,
D2, D3 va D4) tng v6i cac khoang thoi gian 8 nam
lién tiép sau:

- D1: voi khoang thoi gian T1 tir ndm 2006
dén nam 2013,

- D2: véi khoang thoi gian T2 tir nam 2007
dén nam 2014,

- D3: véi khoang thoi gian T3 tir nam 2008
dén ndm 2015 va

- D4: véi khoang thoi gian T4 tir nam 2009
dén ndm 2016.

Trong méi tap dir liéu bai bao Dk (k =1, 2,
3, 4) st dung tap cac bai bao xudt hién trong 6 nim
déau dé xay dung mang hop tac khoa hoc va st dung
hai nam cudi dé gan nhan cho cic cip tac gia ing
clr da cong bd bai bao trong 6 nam dau. Tap huin
luyén va kiém tra duoc xdy dung theo cach sau ng
véi mdi tap Dk.

Bang 1. Thong ké cac tp dir liéu

Tap dir licu Khoang S bai béo trong S6 tac gia ding | SO tac gia dung
thoi gian 6 nam dau tién deé huan luyén de kiém tra
D1 2006 - 2013 2254 43 28
D2 2007 - 2014 1530 37 43
D3 2008 - 2015 1345 40 18
D4 2009 - 2016 1204 18 12
Bépg 2 liét ké cac dﬂ{) do lién két trong s0 3 Weight3 G g gt
va do do lién két md rong st dung d¢ thyc nghi¢ém CN> P Ab TJC
khuyén ngh] c@ng tac moi. 4 WeightliPiLDAcosin Sé%, Szg, S?g, SPLC
Bang 2. Tap cdc’ ddac trung trong thuc nghiém 5 |Weight2 P LDAcosin e S S Spre
khuyen nghi cong tac moi ) .
. y _ g cong — — 6 |Weight3_P_LDAcosin| S&. S S¥ S,
STT dgfil(l) tl(i)él:]q]?é' ¢ glis'cdgﬁdgl::lenl:z: Dbi v6i ba td hop dic trung Weightl P
: dic iru’n .hﬁgn cum LDAcosin, Weight2 P LDAcosin va Weightl P
: gp : LDAcosin dé xac dinh duoc sb luong chu dé tdi wu,
1 Weightl Ser St S nghién ctru da tién hanh chay thuc nghiém 1an luot
2 Weicht?2 §ra gna gna voi so lugng chu dé trong tap {5, 10, 20, 30, 40, 50,
£ e Ab e 60, 70, 80, 90, 100}.
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a. Két qua thuwe nghiém hé thong khuyén
nghi cong tac moi dwa trén phan lop
Bang 3. S6 chii dé toi wu irmg véi cdc 16 hop dic
trung trén cdc bo dir liéu

Tap dit| Weightl Weight2 Weight3
litu |P _LDAcosin|P _LDAcosin| P LDAcosin
D1 80 80 5

ISSN 2354-0575

D2 10 40 40
D3 50 100 40
D4 50 50 40

Bang 3 cho biét sb chu dé téi wu tmg véi
tung t6 hop dac trung trong moi tap dir lidu.

Bang 4. Gid tri chi s6 Recall trung binh iing véi cdc té hop ddc tring trén cac bé dir liéu

Tap dir liéu Weightl Weightl Weight2 Weight2 Weight3 Weight3
P_LDAcosin P_LDAcosin P_LDAcosin
Dl 0.3571 0.5714 0.3571 0.4464 0.4464 0.4464
D2 0.6337 0.6337 0.4205 0.5310 0.3140 0.3721
D3 0.5926 0.6481 0.3611 0.4722 0.6667 0.6667
D4 0.3194 0.4444 0.6944 0.6806 0.4444 0.4444
TBC 0.4757 0.5744 0.4583 0.5326 0.4679 0.4824
Béng 5. Gid tri chi s6 Fl-measure trung binh itng véi cdc t6 hop ddc trung trén cdc bé dir liéu
Tap dir liu Weightl Weightl Weight2 Weight2 Weight3 Weight3
P_LDAcosin P_LDAcosin P_LDAcosin
D1 0.2418 0.3954 0.2435 0.3054 0.3109 0.3466
D2 0.2883 0.3050 0.2434 0.3179 0.1997 0.2297
D3 0.3172 0.3529 0.1920 0.2549 0.3211 0.2836
D4 0.2056 0.2972 0.4278 0.3948 0.2671 0.3087
TBC 0.2632 0.3376 0.2767 0.3183 0.2747 0.2922

D6i voi khuyén nghi cong tac méi dua trén
phan 16p, quan sat Bang 4 va 5, dé nhan thay hau
hét gié tri trung binh cac chi s6 danh gia Recall va
Fl-measure twong (mg véi cic t6 hop dic trung
Weight# P_LDAcosin so voi Weight# déu cai thién
dang ké trong tat ca cac tap dir liéu D1 — D4 ngoai
trir t6 hop dic trung Weight2 P LDAcosin va
Weight3 P LDAcosin khong cai thi¢n hon so vdi
Weight2 va Weight3 lan lugt trong tap dit liéu D4 va
D3. Tuy nhién, néu xét trung binh chung (TBC) trén
bdn tap dir liéu (D1-D4) thi cac gia tri clia ca ba chi
sO danh gia ung véi to hop dic trung Weight# P
LDAcosin déu cao hon so v6i Weight#.

Béng 7. Gid tri chi s6 Recall trung binh img véi cdc t6 hop ddc trung trén cdc b dir liéu

b. Két qud thuc nghiém hé théng khuyén
nghi cpng tac moi dwa trén phdn cum bdan giam
sdat mo (SSSFC)

Bang 6 cho biét s6 chu dé téi wu ung véi
timg t6 hop dic trung (Weight# P_LDAcosin)
trong moi tap dir lidu.

Bang 6. S6 chii dé toi wu irng véi cdc 16 hop dic
trung trén cac bo dir lieu

Tap dir| Weightl Weight2 Weight3
liéu |P_LDAcosin|P_LDAcosin |P_LDAcosin
D1 5 50 30
D2 90 80 10
D3 80 20 90
D4 100 70 30

Tap dir lidu Weightl Weightl Weight2 Weight2 Weight3 Weight3
P_LDAcosin P _LDAcosin P_LDAcosin
DI 0.5714 0.6607 0.5714 0.6071 0.5000 0.5714
D2 0.5659 0.5833 0.4709 0.5291 0.4845 0.5911
D3 0.5648 0.6574 0.6019 0.6574 0.4630 0.6574
D4 0.6528 0.8194 0.5278 0.6944 0.6944 0.8056
TBC 0.5887 0.6802 0.5430 0.6220 0.5355 0.6564
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Bang 8. Gid tri chi sé Fl-measure trung binh itng véi cdc t6 hop ddc trung trén cdc bé dir liéu

Tap dir lidu Weightl Weightl Weight2 Weight2 Weight3 Weight3
P _LDAcosin P_LDAcosin P_LDAcosin
Dl 0.5714 0.6607 0.5714 0.6071 0.5000 0.5714
D2 0.5659 0.5833 0.4709 0.5291 0.4845 0.5911
D3 0.5648 0.6574 0.6019 0.6574 0.4630 0.6574
D4 0.6528 0.8194 0.5278 0.6944 0.6944 0.8056
TBC 0.5887 0.6802 0.5430 0.6220 0.5355 0.6564

Quan sat cac Bang 7 va 8, dé nhan thiy
gia tri trung binh cic chi s6 danh gia Recall va
Fl-measure twong ung voi cac to hop dic trung
Weight# P_LDAcosin so véi Weight# déu cai thién
dang ké trong tt ca cac tap dir liéu D1 — D4,

4000
.35000

3000
.25000
.2000
.15000
.1000

ée\% & Z}% $@\q0 $,\% &Q& &‘Z}Qo

Gi4 tri chi s6 danh gia F1-
measure TBC

Céc tb hop dic trumg dira trén d6 do lién két

mF1 TBC Classifir =~ mF1 TBC SSSFC

Hinh 3. So sanh gid tri chi s6 danh gid F1-measure

TBC giita khuyén nghi cong tac moi dwa trén phan
lop va SSSFC

Hinh 3 cho biét gié tri F1-measure theo trung
binh chung trén bdn tap dit liéu (D1-D4) tng vai
hai hé thong khuyén nghi cong tac méi dua trén
phan 16p va phan cum ban gidm sat mo. D& nhan

Tai liéu tham khao

thdy, gia tri ciia chi s6 danh gia trong tat ca cac to
hop didc trung, ing v&i khuyén nghi cong tac méi
duya trén phan cum ban giam sat md dé cao hon so
v6i dua trén phan 16p. Didu nay chimg to viéc ap
dung phuong phép phan cum ban giam sat mo vao
bai toan khuyén nghi cong tac mai hidu qua hon khi
st dung véi phuong phap phan 16p.

5. Két ludn

Trong bai bao nay, ching toi da tién hanh
thuc nghiém hé thong khuyén nghi cong tac méi
dua trén phan cum bam giam sat mo va cé so sanh
v6i hé théng khuyén nghi cong tac dua trén phan
16p. Thong qua két qua thuc nghiém, nhan thiy do
do lién két mo rong dua trén noi dung tom tat bai
bdo (SPLC) [6] khi két hop véi cac do do lién két
trong s6 déu cho ket qua cai thién dang ké so VO’I
céc t6 hop chi bao gdm céac d do lién két trong s6
trong 4 tap dir liéu D1 - D4 d6i v6i cai hai hé thong
khuyén nghi cong tic méi.

Ngoai ra, viéc ap dung hé thong phan cum
ban giam sat mo vao khuyén nghi cong tac méi cho
hi¢u qua khuyén nghi t6t hon so véi dya trén phan
16p. Piéu nay cho thay, phuong phéap phan cum ban
gidm mo ¢6 tiém nang p dung cho hé thong khuyén
nghi cong tac.
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COLLABORATIVE RECOMMENDATION SYSTEMS BASED ON SEMI-SUPERVISED FUZZY
CLUSTERING METHOD AND APPLING IN CO-AUTHOR NETWORKS

Abstract:

The collaborative recommendation problem among researchers is currently being emphasized. Most
of the existing reseaches deal with collaborative recommendation problems based on collaborative and non-
collaborative binary classification. However, due to the sparseness of the co-authors network, the data set
used for training is often subject to imbalance leading to low classification efficiency. This paper proposes
a collaboration recommendation system based on a fuzzy semi-supervised clustering to overcome the
disadvantages of binary clustering for sparse and unbalanced data. Experimental results for the proposed
collaborative recommendation system were empirically tested on a practical data set, suggesting that in
most cases a more effective fuzzy semi-observer clustering collaboration recommendations system would
be more effective compared with the binary classification system.

Keywords: collaborative recommendation, classification, fuzzy semi-supervised clustering.
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