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DE XUAT CAC PHUGNG PHAP TiNH DO TUONG TU DINH DUA TREN
XU HUGNG UNG DUNG CHO BAI TOAN KHUYEN NGHI CONG TAC

HUYNH NGOC TiN, HOANG VAN KIEM

Truong Dai Hoc Cong Nghé Thong Tin, DHQG TP HCM

Té6m tit. Khuyén nghi cong tac trong nghien cttu khoa hoc 1a bai toan tu dong liet ke nhing ngusi,
nhém nghién cttu cong tac tiém ning tng véi dau vao la mot ngudi, nhom nghién citu ndo d6. Day
13 bai toan dude quan tam bdi nhitng chuyén gia trong linh vifc nay trong thoi gian gan day. Tiép
can phd bién da v dang dudce cac nghién ciu nay 4p dung la duya vho phan tich mang xa hoi, cu
thé 1 phan tich cac mbi quan heé trong mang dong téc gia, cling nhu dnh hudng cia né déi véi viec
tim ra nhiing ngudi, nhém nghién cttu cong tac tiém ning. Tuy nhién, cAc phuong phap hién nay
déu chua quan tam dén thong tin vé xu huéng cong tac, mot yéu té quan trong trong viéc hinh
thanh cdc mbi quan hé cong tdc mdi. Bai bao nay dé xuit ba phuong phap méi dé tinh tuong tu
dinh trong mang dong tac gia: (1) Maximum Path based Relation Strength (M PRS); (2) Maximum
Path based Relation Strength Plus (M PRS+); va (3) Relation Strength Similarity Plus (RSS+).
Hai phuong phap M PRS+ va RSS+ c¢6 stt dung thong tin vé xu huéng cong tac dé cai tién viec
tinh toan mtc do quan hé clia nhitng ngudi nghién citu trong mang dong tac gid. Cac phuong phap
dé xuit ing dung vao bai toan khuyén nghi cong tic d mic ca nhan ngudi nghién citu. Thyc nghiem
duge tién hanh trén hai tap dit lieu khoa hoc: i) co sé dit ligu khoa hoc mé ‘Digital Bibliography &
Library Project’ (DBLP); ii) tap dit ligu do chiing t6i rut trich tit trang web ctia heé thong Microsoft
Academic Search (goi tat 14 MAS). Két qua thic nghiém cho thay cac phuong phap dé xuat cho két
qué tét hon cac phuong phép tuong tir dinh truyén théng va phd bién hién nay.

Tu khéa. He khuyén nghi (recommender system), cong tac nghién ctu (research collaboration),
khuyén nghi cong tac (collaboration recommendation), phan tich mang dong téc gid (co-author net-
work analysis), xu hudng cong tac (collaborative trend).

Abstract. Collaboration recommendation is a problem that automatically selects and provides a
list of potential researchers or research groups with respect to the input which is a researcher or a
research group. Recently, this problem has attracted a lot of attention of many researchers in this area.
A popular approach for collaboration recommendation problem is based on social network analysis,
specifically co-author network analysis. However, the current methods do not consider collaborative
trend in analyzing co-author network and the collaborative trend is one of the key factors for forming
new co-authorships. In this paper, we propose three new methods: (1) Maximum Path based Relation
Strength (MPRS); (2) Maximum Path based Relation Strength Plus (MPRS+); and (3) Relation
Strength Similarity Plus (RSS+), for modeling and calculating vertex similarity in the co-author
network. In our trend-based methods (MPRS+, RSS+), information of collaborative trend is used to
improve the calculation of relation strength for researchers in the co-author network. The proposed
methods are applied for researcher collaboration recommendation. Experiments are conducted on two
dataset: i) Digital Bibliography & Library Project (DBLP), one popular and public science database;
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ii) the dataset extracted from the Microsoft Academic Search website. The experiment results show
that our proposed methods are more effective than the existing vertex similarity methods in predicting
co-author collaboration.

Key words. Recommender system, research collaboration, collaboration recommendation, co-author
network analysis, collaborative trend.

1. GIOGI THIEU

Muc dich ctia nghién citu nay la phat trién cac phuong phap khuyén nghi cong tac trong
nghién citu khoa hoc. C6 nhiéu dinh nghia khac nhau cho cong téc, nhung nhin chung cong
tac 1a hanh dong hay qué trinh hai hay nhiéu ca nhan, to chic lam viéc ciing nhau dé thuc
hién mot muc dich chung [1]. Trong nghién citu khoa hoc, c6 thé quan niém cong téc nghién
ctu 1a qué trinh lam viéc ciing nhau ctia nhing ngudi nghién cttu dé dat duge mot muc dich
chung trong viéc tim ra cac tri thitc khoa hoc méi [2].

C6 thé noi ddi tac hay ngudi cong tac 1a mot trong nhitng yéu td then chét quyét dinh
chat luong, két qua dat dugce clia qua trinh cong tac. Cau hoi dit ra 1a lam thé nao c6 thé tim
duge nhitng ngudi cong tac phit hgp v6i mot muc dich cong viée cu thé? D6i véi cac sinh vien,
nhiing nguoi nghién ctu tré hay mot ngusi nghién cttu kinh nghiém di vao mot linh vyc mdéi
thi thong thuong rat kho co thé biét dugc ai sé 1a ngudi cong tac phit hop, vi ho thiéu thong
tin va tri thitc vé linh vigc quan tam. Bén canh d6, ngay ca nhitng ngudi nghién citu c¢6 kinh
nghiém chic chin ciing khong thé ndm hét tat ci thong tin vé nhitng nguoi thuoc linh vuc
ctia minh trong cong dong nghién citu trén toan thé gidi. Vi vay, viec nghién citu phét trién
cac hé thong khuyén nghi cong tac trong nghién citu khoa hoc 1a that sy can thiét.

Vé cac hé khuyén nghi trong nghién citu khoa hoc c6 thé ké dén céc nghien citu phét trién
trén cac he thong nhu CiteSeer [8], Microsoft Academic Search, ArtnetMinner [7]. Hau hét
cac nghién citu gan day clia cac nhém nay déu quan tam dén huéng phan tich mang xa hoi
(cu thé 1a mang dong tac gid) [3, 4]. Trong cdc nghién cttu gan day, thi tiép can phan tich
mang xa hoi da cho thay day 1a mot huéng tiép can tiém ning va budc dau kha thanh cong
trong viéc phat trién cdc phuong phap khuyén nghi trong nghién citu khoa hoc [3, 4, 12, 13,
14, 17, 21]. Tuy nhién, cac nghién citu lien quan ké trén déu chua quan tam dén yéu t6 xu
huéng cong tac khi phan tich cic moéi quan hé trong mang. Trong khi xu huéng cong tac co
anh hudng rat 16n dén viéc hinh thanh cidc mdi quan hé cong tac mdi. Vi vay, muc dich chinh
ctia nghién ctiu trong bai bao nay la dua vao xu huéng cong tac dé cai tién cac phuong phap
phan tich mang dong tac gia phd bién hieén nay, ing dung vao bai toan khuyén nghi cong tac
3 miuc ca4 nhan ngusi nghién ciu.

Tiép can trong bai bao nay duya trén gid thuyét la: “Xu huéng cong tac clia mot ngudi
trong qua khit gan sé 1a yéu to tac dong chinh dén cdc mdi quan hé cong tac trong tuong lai”.
Véi gid thuyét dua ra thi thong thuong trong tuong lai, xu huéng mot nguoi tiép tuc duy tri
cac moi quan hé cong tac véi nhitng ngudi da c6 quan hé cong tac trong qua khit gan 16n hon
1a cac moéi quan he cong tac qua lau trong qua khit (vi du trong hinh vé 1 thi kha ning Al
duy tri quan he cong tac v6i A3, A4 16n hon so véi A2). Dong thoi, xu huéng ma mot ngudi
hinh thanh cic quan hé cong tac mdi diya trén ‘viéc bac cau’ cidc moéi quan hé cong tac trong
qua khit gan 16n hon “viec bic cau” cac moéi quan hé cong tac trong qua khit xa. Ching han,
hinh vé 1 cho thay kh& ning A1l hinh thanh cidc moi quan hé méi véi A5, A6, A7 16n hon so
vl AS.
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Hinh 1. Anh huéng clia xu huéng cong tac trong qua khit dén cac cong tac trong tuong lai

Lam thé nao dé mo hinh héa, phan tich xu huéng cong téc, ciing nhu danh gia mic do
anh hudéng ctia n6 déi véi cac quan hé trong tuong lai? Trong nghién cttu ctia minh, nhém tac
gid da tim cach mo hinh héa va phan tich yéu t6 xu huéng va 4p dung cho bai toin khuyén
nghi cong tac trong nghién cttu khoa hoc.

Cac déng gép chinh ctia bai béo:

+ Tiép can duya trén xu huéng dé phan tich mang dong tac gia.

+ Dé xuit mot phuong phap dé moé hinh héa, phan tich xu huéng cong tac.

+ Khéo sat, thiyc nghiém, danh gia cac phuong phép dé xuat dya trén xu huéng véi cac
phuong phap phan tich mang dong tac gia phd bién khac.

+ Tién hanh thiec nghiém trén tap dit lieu khoa hoc DBLP, va mot tap do nhém tac gid thu
thap va rat trich tir website ctia he thong Microsoft Academic Search (MAS).

Phan con lai ctia bai bdo duge bd cuc nhu sau: Muc 2 sé 1a tom tat khio sat cac nghien
cttu lien quan; Muc 3 trinh bay vé cac phuong phéap tuong ty dinh pho bién ding trong phan
tich mang dong tac gid; Muc 4 trinh bay tiép can dya trén thong tin xu huéng va mot phuong
phap dé xuat dé mo hinh hoa, tinh todn xu huéng cong tac trong mang dong tac gid, ciing
nhu dé xuat cdc phuong phap tinh toin tuong tit tinh trong mang dong tac gia va iing dung
cho bai toan khuyén nghi cong tac; Muc 5 trinh bay két qua thiyc nghiém trén céac tap dit lieu
pho bién va mot s6 thao luan, ciing nhu nhan dinh vé két qua thyc nghiem. Va cudi ciing 1a
phan két luan va hudéng phat trién.



DE XUAT CAC PHUONG PHAP TINH DO TUONG TU DiNH DUA TREN XU HUONG 341

2. CAC NGHIEN CUU LIEN QUAN

Adomavicius va Tuzhilin da khéo sét tong quan vé hé khuyén nghi vi da phan chia cac
phuong phép khuyén nghi truyén théng thanh ba nhém chinh: (1) Loc dua trén noi dung
(Content-Based Filtering); (2) Loc cong tac (Collaborative Filtering - CF); (3) Cac phuong
phép két hop (Hybrid) [6].

(1) Céac phuong phap dya trén noi dung tim cich so khép va khuyén nghi céc items gan
va giong nhat véi cac items ma nguoi dung thich va quan tam trong qua khi. Céac items duge
so khdp tuong tir dya trén dic trung vé noi dung.

(2) Céc phuong phap loc cong tac (CF) sé tim cach loc ra nhiing ngudi dong s6 thich dya
vao nhitng items ma ho da quan tam. Va heé théng sé khuyén nghi nhiing items cho ngusi diing
dita vao cac items ctia nhitng ngudi dong sé thich.

(3) Cac phuong phap Hybrid 1a cic phuong phép két hop ca (1) va (2). C6 thé néi, cac
phuong phap tiép can truyen théng chua quan tam dén nhitng méi quan hé xa hoi clia ngusi
diing. Trong khi cdc mo6i quan hé xa hoi 1a yéu t6 quan trong anh hudng dén sé thich va hanh
vi clla cac ca nhan. Gan day, tiép can phan tich mang xa hoi da ching t6 duge nhitng thanh
cong trong viec phat trién cac he khuyén nghi [12, 13, 14].

Lién quan dén khuyén nghi trong nghién cttu khoa hoc néi chung, thi khuyén nghi cong tac
doéng vai tro quan trong va gan day da bat dau thu hit nhiéu quan tam. Chen va dong nghiép
da phét trién he théng tim kiém chuyeén gia cong tac CollabSeer dyta trén cau triic mang dong
tac gia [3]. Tang va dong nghiep da nghién citu dé xuat cadc phuong phap so khép chuyen gia
dua trén nhiéu rang buodc khac nhau va ting dung vao bai toan khuyén nghi chuyén gia phan
bién bai bao khoa hoc, khuyén nghi gidng vien cho mot mon hoc [11]. Trong mot nghién citu
khuyén nghi cong tac khac, Tang va dong nghiép dé xuat cac phuong phap khuyén nghi cong
tac cho céc chuyeén gia trong cac nghién citu lién nganh [5]. Bén canh d6 cac nghién ctu lién
quan dén bai toan tim kiém, so khép chuyén gia ciing cung cap cic phuong phap nén tang cho
khuyén nghi cong tac nghién cttu. Balog va dong nghiép, Gollapalli va dong nghiép da trinh
bay, thuc nghiem, danh gia cac phuong phap pho bién ma dung dé biéu dién thong tin va tinh
toan tuong tu gitta cdc chuyén gia [9, 10, 15].

Céc nghién ctiu dua trén tiép can phan tich mang xa hoi, cu thé la mang dong tac gia cho
cac bai toan khuyén nghi trong nghién ciiu khoa hoc da ching té duge kha ning tiém an va
wu diém clia n6 thong qua cic thue nghiem, danh gia [3, 12, 13, 14, 16]. Tuy nhién hau hét
cac nghién citu nay déu chua quan tam dén yéu t6 xu huéng nghién citu, cling nhu xu huéng
cong tac khi phét trién cac phuong phap khuyén nghi. Trong khi yéu t6 xu huéng quan hé
c6 anh hudng 16n dén viéc hinh thanh cdc mdi quan hé cong tac mdi. Trong bai bao nay, sé
dua vao thong tin xu huéng cong tac dé cai tién cac phuong phap phan tich mang dong tac
giad pho bién hien nay va tng dung cho bai toan khuyén nghi cong téc ¢ mic cé4 nhan ngudi
nghién cdu.

3. CAC PHUONG PHAP TUONG TU DiINH PHO BIEN

D6i v6i phan tich mang dong tac gia, thi viéc tinh toan tuong tit clia cac dinh 1a bude kha
quan trong gitp tién doan, kham pha nhing lién két tiém nang. Cac phuong phéap tinh toin
tuong tu dinh truyén théng cé thé chia thanh hai nhom: cac phuong phép dua trén cau tric
cuc bo va cac phuong phap dia trén ciu tric toan cuc clia mang.
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3.1. Tuong ty dinh dya trén ciu tric cuc bo

Cac phuong phap dua trén cau tric cuc bo diing thong tin lan can cuc bo dé tinh do tuong
tu ctia hai dinh bat k¥ trong mang. Y tudng chung ctia cac do do cuc bo 1a “Hai dinh cang
tuong t1r nhau néu ching c¢6 chung nhiéu lan can”. Tic chi c6 nhitng dinh 1an can triyec tiép cta
hai dinh duge xét dén khi tinh toan sy tuong ty, trong khi cidc dinh khac khong duge quan
tam xem xét. Mot s6 phuong phap tuong tu dinh cuc bo phd bién cé thé ké dén nhu Jaccard
[3], Cosine [3], Adamic-Adar [17].

3.2. Tuong tu dinh dua trén cau tric toan cuc

Cac phuong phap nay dua trén ciu tric toan cuc clia cd mang thay vi chi xét cau tric cuc
bo nhu céc phuong phap ké trén. Mot sé phuong phap toan cuc pho bién thuong ding nhu
SimRank [18], P-Rank [19]. Cac phuong phap nay dya trén ¥ tudng “Hai dinh cang giong nhau
néu nhu nhitng 1an can trigc tiép trong mang la tuong tu nhau”. Vi thé viéc tinh do tuong tu
dinh dung SimRank, P-Rank 14 mot qua trinh dé qui.

Ta hoan toan c6 thé ap dung céc phuong phép cuc bd 1an toan cuc ké trén cho viéc tinh
toan tuong tu dinh trong mang dong tac gid dé tim ra cac tng vien tiém ning cho khuyén
nghi cong téc. Tuy nhién, cac phuong phép ké trén déu chua quan tam dén yéu t6 xu hudng
khi lugng héa cac mdi quan hé. Vi vay, nhém nghién citu da dua vho thong tin xu huéng dé
céi tién cic phuong phap tuong tir dinh khi phan tich mang dong tac gia.

4. CAC PHUONG PHAP DE XUAT

Phan nay trinh bay céc phuong phép dé xuat dé tinh toan tuong tu dinh trong mang dong
tac gid. Cac phuong phap dé xuat duya trén sy két hop gitta Iy thuyét do thi va 1y thuyét xac
suat. RSS+ la phuong phap céi tién tit RSS (Relation Strength Similarity) [3]. RSS tinh miic
do quan hé ciia hai dinh X, Y bat ky trong mang bing tong trong sé cac duong di ¢ thé ti
X dén Y. MPRS (Maximum Path based Relation Strength) dya trén duong di c6 trong sd
cuc dai. Hai phuong phap RSS+ va MPRS+ dua vao xu huéng cong tac cho tinh toan tuong
tu dinh.

Vi du, trong hinh 2 bén dudi thi A c6 viét tong cong 10 bai bao. Trong d6 A viét chung
v6i B 1a 2 bai, va v6i C 1a 8 bai. Khi d6 trong s6 cac cung AB va AC trong mang dong tac
gia ¢6 thé gan lan luot 1a: 0.2, 0.8. Hinh vé bén canh minh hoa viéc tinh tuong ty dya trén
MPRS va RSS cho hai dinh A va D.

o Simurprs(A, D) = MAX((0.2 x 0.4), (0.8 x 0.3)) = 0.24

o SimRSS(A, D) = SUM((0.2 x 0.4), (0.8 x 0.3)) = 0.32

e D6i v6i cac phuong phap RSS+ va MPRS+ thi trong s6 ctia mot cung ndi trong mang
dong tac gia khong chi phu thuge vao s6 bai viét chung, ma con phu thudc vao thoi gian viét
chung bai dé la lic nao.

4.1. Tuong tu dinh dva trén dudng di cuc dai (MPRS)

Phuong phép tuong tu dinh dya trén “duong di ciie dai” gitta hai dinh X, Y bat ky trong
mang dong tac gia, goi tat 1a MPRS (Maximum Path based Relation Strength). Khi d6 do
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Hinh 2. Minh hoa cach tinh ctia cidc phuong phap tuong tuw dinh

tuong tu gitta X,Y goi 1a Simyprs(X,Y) c6 thé duge tinh theo cac bude sau:
Goi Direct Simpprs(X,Y) la trong s6 canh ndi gitta hai dinh X,Y bat ky. Khi d6

gXYf . néu X vaY c6 lien két truc tiép
Direct_Simpprs(X,Y) = VZENx i W
0, ngugc lai

trong do6, fxy 1a mot ham tinh s6 lan dong tac gid clia X va Y, Nx la tap cac dinh lan can
cia X.

Trong trusng hop X va Y khong c6 lién két tryc tiép. Néu trong mang c6 mot dudng di
don p tu X dén Y qua k dinh 1a Z1, Zy, Zs, ..., Zy, (v6i Z1 1a X, Z 12 Y), thi trong s6 duong
di ¢6 thé tinh nhu sau

k
WeightOf DirectPathy,(X,Y) = H Direct  Simprprs(Ziy Zit1). (2)

i=1

Trong truong hgp mang dang xét c6 m duong di don tit X dén Y 1 pq, po, ..., pym thi khi
dé mic do quan hé cia X va Y, tic Indirect  Simpyppys coO thé duge tinh nhu sau

Indirect _Simpprs(X,Y) = MAX;—1 . WeightOf _DirectPath,, (X,Y)

Trong nhitng mang kich thudc 16n thi viée tinh Indirect Simpprs(X,Y) c6 thé “qua
tai”. Dong thoi, do tuong tu dinh ctia hai dinh bat ky c6 thé it ¥ nghia va gia tri cla
WeightOf _DirectPath,(X,Y) tiem can 0 néu nhu dudng di don tit X dén Y qua qua
nhiéu dinh trung gian. Vi thé trong qué trinh thyc nghiém, da st dung mot gia tri ngudng
13 7 nhu mot thong s6 heuristic dé kiém soat qué trinh xac dinh va tinh trong s6 cac dudng
di don tit X dén Y trong nhitng mang kich thudc 16n. Tic 1a chi xem xét cac duong di
don tt X dén Y c¢6 “ban kinh” (s6 dinh trén duong di) nhé hon hay bang r. Nhu vay
WeightOf _DirectPathy,(X,Y) dugc tinh nhu sau

k-1

1 Direct_Si Zis Zis1), néu k <r,
WeightOf DirectPathy(X,v) = 1k Direct Simypns(Zi Zigy), new kv, )

0, ngugc lai.

Tém lai, tuong tu ciia hai dinh X,Y trong mang theo phuong phap M PRS c6 thé tinh
nhu sau
Simpyrprs(X,Y) = Indirect_ Simpyprs(X,Y).
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4.2. Tuong ty dinh dya trén dudng di cuc dai va yéu té xu huéng (M PRS+)

Tuong tu M PRS, nhung véi M PRS+ sé xem xét yéu t6 xu huéng cong tac dé lugng hoa
miic do quan hé ctia hai dinh trong mang dong tac gid. Do tuong ti gitta hai dinh bat k¥ theo
MPRS+ duge tinh nhu sau:

Goi Direct_Simprprs+ (X,Y) 1a trong s6 canh ndi gitta hai dinh X, Y bat ky. Khi d6

Jrend)xy néu X va Y c6 lien két truc tiép

Direct_SimMpRS+ (X, Y) = VZEZNX f(Trend)XZ (5)

0, ngugc lai

trong d6, f(rrendyxy 1& mot ham phu thuoc yéu t6 xu huéng cong tac, Ny la tap hop cic
dinh lan can cua X.

Vi ham f(ryend)xy > €6 thé ding he 6 k va thong s6 ¢ dé danh gia mic do anh hudng clia
cac quan he dong téc gia dya trén yéu t6 xu hudng. Ham firyepna)xy 6 thé dinh nghia nhu
sau

frrendyxy = f(t)xy = kxni(t) + (1 — k) * na(t), (6)
trong do, k 1a he s6 anh hudng dén xu huéng cong tac, ny(t) cho biét s6 1an ma X dong tac
giad v6i Y trong t nam gan day, na(t) cho biét s6 1an ma X dong tac gid v6i Y trude day hon
t nam.

Trong thuc nghiém, ta thay doi cac tham so k va ¢t dé danh gia hiéu ning ctia phuong
phéap dé xuat.

4.3. Tuong ty dinh diing phuong phap RSS+ (cai tién tir RSS)

Chen va dong nghiép da dé xuat mot phuong phap tuong tu dinh dya trén mic do quan
he gitta hai dinh bat k¥ trong mang dong tac gia, goi la RSS (Relation Strength Similarity)
[3]. RSS 1a mot do do bat do6i xting, 4p dung cho mang c6 trong s6. Chen va dong nghiép cling
da ding do do nay dé kham pha cic lien két tiem nang trong mang dong tac gia [4, 20]. Tuy
nhién, yéu t6 xu huéng thi chua duge ho quan tam trong RSS. O day, ta da dua xu hudéng
cong tac vao RSS va cai tién RSS thanh RSS+. V6i RSS+ thi do tuong tu dinh c¢6 thé duge
tinh nhu sau:

Goi Direct _Simpprs(X,Y) trong s6 canh ndi gitta hai dinh X, Y bat ky. Khi do,

Zf(Tr;nd)XY , néu X va 'Y c¢6 lien két truc tiép
Direct Simpgss+(X,Y) = = (Trend)XZ (7)

0, ngugc lai

trong do, f(prend)xy 18 mot ham phu thugce yéu t6 xu hudng cong tac, firrend)xy dude tinh
tuong tu nhuv phuong phap M PRS+, Nx la tap hgp cac dinh lan can cta X.

Trong truong hop X va Y khong c6 lién két tryc tiép. Néu trong mang c6 mot duong di
don p tu X dén Y qua k dinh 1a Z1, Zs, Zs, ..., Zy, (v6i Z1 1a X, Z; 14 Y), thi trong s6 dudng
di c6 thé tinh nhu sau

k
WeightOf _DirectPath,(X,Y) = H Direct  Simpgss+(Zi, Zit1). (8)
i=1
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Trong truong hop mang dang xét c6 m duong di don tit X dén Y 1a p1, pa, ..., pm thi khac
véi phuong phap M PRS 1a chon dudng di ¢6 trong sb cyc dai (duong di cong tac co tich xac
suat cong tac qua cic dinh trung gian 14 16n nhat). Véi phuong phéap RSS, cling nhu RSS+
mitc do quan hé ctia X va Y trong truong hop nay la tong clia cac phan bo xac suat cong tac
qua cic con dudng cong tac trung gian ¢ thé, tic Indirect  SimRSS+ c6 thé duge tinh nhu
sau

Indirect Simpss+(X,Y) = Z WeightOf _DirectPath,, (X,Y). 9)
1=1

Tuong ty nhu M PRS+, v6i nhitng mang ¢6 kich thuée 16n ta chi xem xét cac duong
di don tit X dén Y c¢6 “ban kinh” (sé dinh trén duong di) nh6é hon hay bang r. Nhu vay
WeightOf DirectPathrss+(X,Y) duge tinh nhu sau

k—1
Direct St Zi,Zit1), néu k <r,
WeightOf _DirectPath,(X,Y) = 1-1;11 irect_Simass-( +1), néu ' (10)

0, ngugc lai.

Tém lai, do do RSS+ ciia hai dinh X,Y bat ky trong mang c6 thé tinh nhu sau

Simpss+(X,Y) = Direct Simpss+(X,Y) + Indirect _ Simpss+(X,Y). (11)

5. THUC NGHIEM VA DANH GIA

Hién nay chua c6 tap dit lieu chuan dé danh gia cho bai toan khuyén nghi cong tac. Hau
hét cdc nhém nghién cttu déu tién hanh thiyc nghiém trén tap dit lieu do ho thu thap va xay
dung. Tang va cong su thic nghiém trén tap di liéu clia hé thong ArnetMiner cho bai toan
khuyén nghi cong tac lien nganh [5]. Chen va cong s trieén khai cac thiic nghieém ctia ho trén
tap dit lieu ctia CiteSeer cho bai todn khuyén nghi cong tac, ciing nhu kham phé cac lién két
tiém nang trén mang dong tac gia [2, 3, 20]. Cac nhém nghién citu ké trén chi dé cap dén s6
licu thiyc nghiém rat ra nhu thé nao, chi ho chua cong bé tap dit lieu. Véi tinh pho bién ciia
DBLP va hé thong tim kiém Microsoft Academic Search, trong nghién cttu ctia minh, nhém tac
gid da tién hanh thiyc nghiem trén tap DBLP va tap dit lieu rit trich tit website ctia Microsoft
Academic Search. Dit liu, ciing nhut ma nguon st dung trong thic nghiém ciia bai bao cé thé
tham khéo va download tai trang web <https://sites.google.com/site/tinhuynhuit/dataset> .

Vé phuong phap danh gia cho hé khuyén nghi, day 14 mot van dé van dang dugc nghién
citu. Dang tin cay nhat 1a khao sat ngusi dung, phan tich phan hoi ctia ngusi diing thong qua
hé théng, hoac lay y kién chuyén gia. Dé lam dugce diéu dé thi ta can phai c6 hé théng trién
khai st dung trén thic té. Bén canh d6, mot s6 nghién citu lién quan hién nay dung két qua
tien doan lien két dong tac gia dé danh gia hiéu nang ctia cac phuong phap khuyén nghi cong
tac [2, 3, 5, 20]. O day ciing dimg két qué tien dodn lien két dong tac gia dé danh gid, so sanh
hiéu niang cac phuong phap dé xuat véi cac phuong phap khac.

5.1. Thiét lap di liéu thyc nghiém cho DBLP va MAS

Trong nghién citu nay, ta stt dung dit lieu tir cdc bai bao cong bo nam 2001 dén nam 2011
dé tién hanh thic nghiem. Dt lieu 5 nam dau (2001-2005) duge ding dé xay dung mang huan
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luyén (training network). Dé khach quan, ta chia mang huan luyén thanh ba nhém bac khac
nhau: cao, trung binh va thap. Nhiing tac gid bac cao 1a nhiing tac gia c6 s6 bac thudoc nhoém
1/3 bac cao nhat clia tat cd cac bac, nhiing tac gid bac thap 1a nhitng tac gid c6 sé bac thugc
nhém 1/3 bac thap nhét clia tat ca cdc bac, con lai 1a nhiing tac gid thudoc nhom téc gia bac
trung binh. Véi méi loai nhém bac téc gia, ta chon ngdu nhién 100 tac gia dé tién hanh thue
nghiem. V6i méi tac gid, mic do tuong tu véi tat cd nhitng ngudi con lai trong mang dugc
tinh va Top — n nhitng ngudi tuong tu nhat dude tra vé theo cac phuong phap khac nhau. Do
chinh xac Precision cho tién doan lién két dong tac gid duge tinh diya vao mang dong tac gid
tuong lai gan (2006-2008) va mang dong tac gid trong tuong lai xa (2009-2011).

5.2. Két qua thuc nghiém

5.2.1. Khdo sdt tham s6 zu hudng k va t

Trong thic nghiém, ta wdc Iugng tham sd k va ¢t dya trén kinh nghiém va khao sat hiéu
ning clia phuong phap RSS+ khi thiec nghiém véi nhiéu k, ¢ khac nhau. Lan lugt ¢ nhan céc
khoang thoi gian 1a 1, 2, 3, 4 nam, va k lan luot duge thic nghiem véi 0.6, 0.7, 0.8 va 0.9. Két
qua t6t nhat thu duge véi k = 0.9 va t = 1 trong hau hét cac truong hop (Bang 1). Véi viec

Bdng 1. Khao sat he s6 k va nq(t) khi lugng héa yéu t6 xu hudéng
RSS+ khi lirgng h6a xu hwréng va tién do4n twong lai gin ([2006-2008])
n;(t) =1 (J2005]) n;(t) =2 ([2004-2005])
K |[Topl |[Top2 |Top3 |[Top4 |TopS5S |Topl [Top2 |Top3 |Top4 |TopS5S
0.6 | 0.7200 | 0.6745 | 0.6350 | 0.5998 | 0.5673 | 0.7200 | 0.6761 | 0.6350 | 0.6023 | 0.5747
0.7 | 0.7533 | 0.6878 | 0.6451 | 0.6158 | 0.5922 | 0.7333 | 0.6861 | 0.6496 | 0.6133 | 0.5922
0.8 | 0.7400 | 0.6928 | 0.6596 | 0.6284 | 0.6070 | 0.7433 | 0.6945 | 0.6496 | 0.6208 | 0.5915
0.9 | 0.7567 | 0.7045 | 0.6540 | 0.6225 | 0.5956 | 0.7400 | 0.6978 | 0.6440 | 0.6149 | 0.5983
n;(t) =3 ([2003-2005]) ni(t) =4 ([2002-2005])
K |[Topl |[Top2 |Top3 |Top4 |TopS |Topl [Top2 |Top3 |Top4 |TopS5S
0.6 | 0.7167 | 0.6661 | 0.6283 | 0.5931 | 0.5633 | 0.7033 | 0.6494 | 0.6127 | 0.5814 | 0.5545
0.7 | 0.7167 | 0.6811 | 0.6350 | 0.5973 | 0.5740 | 0.7033 | 0.6511 | 0.6138 | 0.5847 | 0.5579
0.8 | 0.7200 | 0.6895 | 0.6440 | 0.6023 | 0.5734 | 0.7000 | 0.6561 | 0.6205 | 0.5898 | 0.5612
0.9 10.7167 | 0.6878 | 0.6350 | 0.6040 | 0.5774 | 0.6933 | 0.6561 | 0.6239 | 0.5872 | 0.5606

udc lugng céc tham s6 k,t bang thuc nghiém cho ham xu huéng f(rrenq), ta duge két qua tot
nhat v6i k = 0.9 va t = 1. Nhu vay trong cic thuc nghiem ké tiép, thi ham xu huéng duge
chon la

frrenayxy = f(t)xy = 0.9%n1(1) + (1 —0.9) xna(1)

trong do6, n1(1) cho biét s6 1an ma X dong tac gid v6i Y trong 1 ndm gan day, na(1) cho biét
s6 lan ma X dong tac gid v6i Y trude day hon 1 nam.

5.2.2. Thuc nghiém trén tap DBLP

V6i viec thiét 1ap dit lieu thyc nghiem duge mo ta nhu trong muc 5.1 va ham f(Trend)
da chon trong muc 5.2.1, cho phép danh gia do chinh xéac tién doan lien két dong tac giad
(Precision) v6i Top-1, Top-2, Top-3, Top-4, Top-5 nhiing dinh tuong tu nhat duge tra ve. Véi
Top-5 nhitng dinh tuong tw nhat duge tra vé thi M PRS+, RSS+ c¢6 do chinh xéac (Precision)
lan lugt 1a 0.61, 0.60 cho tién dodn dong téc gid trong tuong lai gan (2006-2008) va lan lugt
12 0.33, 0.32 cho tién doan dong tac gia trong tuong lai xa (2009-2011). Trong khi cAc phuong
phép tuong tu dinh phd bién hién nay cao nhat la RSS chi dat 0.55 véi tien doan tuong lai
gan va 0.30 véi tien doan tuong lai xa (Bang 2, Hinh 3). Nhu vay, két qua thuc nghiem trén
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tap DBLP cho thay cac phuong phap dé xuat RSS+, MPRS, MPRS+ cho két qua tot hon
so v6i cac phuong phap tuong tit dinh pho bién hién nay.

Bdng 2. Két qua tién doan lién két dong tac gia trén tap thyc nghiem DBLP

Phuong fltrend)xy = f(1)xy = 0.9.n,(1) + (1-0.9).n5(1)
phap Mang kiém tra thir 1 (2006-2008) | Mang kiém tra thir 2 (2009-2011)
Tién do4n twong lai gin Tién doan twong lai xa
Top | Top | Top | Top | Top | Top | Top | Top | Top | Top
1 2 3 4 5 1 2 3 4 5
Cosine 047] 042] 039] 037] 035| 028 | 0.22| 0.21| 0.19| 0.18
Jaccard 052 ] 044 ] 041] 039] 037| 030| 0.24| 022 ] 0.21| 0.20
AdamicAdar 0.61] 0.55] 052 048] 0.44| 0.42| 0.35] 0.30| 0.27| 0.25
RSS 0.70 | 0.64 | 0.60 | 0.57| 0.55| 0.42| 0.36| 0.34| 0.32| 0.30
RSS+ 0.76 | 0.70 | 0.65| 0.62 | 0.60 | 0.48 | 0.40 | 0.37 | 0.34| 0.32
MPRS 0.70 | 0.64| 0.61| 058 | 0.55| 0.41| 035 0.34| 032 0.29
MPRS+ 077 071 | 0.67 | 0.64 | 0.61 | 047 | 042 | 0.38| 035 0.33
0.80 T
0.70 -
0.60 -
0.50 —&— Cosine
0.40 - ——Jaccard
030 —&— AdamicAdar
0.20
0.10 =>=RSS
Top | Top|Top| Top| Top| Top|Top|Top|Top|Top| =——=RSS+
1234 |5[1]2]3 4 —e—MPRS
Mang kiém tra thir 1 Mang kiém tra thi 2 MPRS*
(2006-2008) (2009-2011)
Tién doan tuong lai gan | Tién doan tuong lai xa

Hinh 8. Két qua tién doan lien két dong tac gia trén tap thyc nghiem DBLP

5.2.8. Thuc nghiém trén tap MAS

Tuong tu véi viee tién hanh thyc nghigm trén tap DBLP nhu mo ta ¢ trén (muc 5.2.2).
Phan nay trinh bay két qua thiyc nghiém trén mot tap di lieu khac duge rat trich tit trang
web ctia he thong Microsoft Academic Search (MAS). Véi Top-5 nhitng dinh tuong tu nhat
duge trd vé thi MPRS+, RSS+ ¢6 do chinh xac (Precision) lan lugt 1a 0.64, 0.63 cho tién
doan dong tac gid trong tuong lai gan (2006-2008) va lan lugt 1a 0.38, 0.38 cho tién doan dong
tac gid trong tuong lai xa (2009-2011). Trong khi cdc phuong phap tuong tu dinh phd bién
hién nay cao nhat 1a RSS chi dat 0.58 vdi tién doan tuong lai gan va 0.34 véi tien doan tuong
lai xa (bang 3, hinh 4).

Nhu vay, két qua thiyc nghiém trén ca hai tap dit lieu thyc nghiém la DBLP va MAS
(muc 5.2.2 va muc 5.2.3) déu cho thay céc phuong phap dé xuat RSS+, MPRS, MPRS+
cho két qua t6t hon so véi cac phuong phéap tuong tu dinh phd bién hién nay. Dac biet yéu td
xu huéng cong tac trong hai phuong phap M PRS+ va RSS+ da gitp cai tién dang ké két
qué dya trén danh gia tien doan lien két dong tac gia.
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Bdng 3. Két qua tién doan lién két dong tac gia trén tap thyc nghiem MAS

Phwong fttrend)xy = f(Dxy = 0.9.n;(1) + (1-0.9).n3(1)
phap Mang Kiém tra thit 1 (2006-2008) Mang Kiém tra thit 2 (2009-2011)
Tién dozn twong lai gin Tién doan twong lai xa
Top | Top | Top | Top | Top | Top | Top | Top | Top | Top
1 2 3 4 5 1 2 3 4 5
Cosine 0.59] 053] 049] 045| 044 | 033 | 0.28| 0.27] 0.24| 0.22
Jaccard 0.62| 056| 0.52| 0.49| 047| 0.38| 0.32| 0.29| 0.26| 0.25
AdamicAdar | 0.70| 0.63| 0.59| 0.56| 053] 045| 038| 035] 0.32| 0.30
RSS 0.73] 0.67| 0.64| 0.61| 0.58| 049 | 041 | 037] 035| 0.34
RSS+ 0.76 | 0.73| 0.68| 0.65| 0.63| 0.52| 0.46| 042 | 0.40| 0.38
MPRS 0.74| 0.67| 0.64| 061 | 059| 048 | 0.42| 038 | 0.36| 0.34
MPRS+ 0.79| 0.74| 070 | 0.67| 0.64| 054 | 047 | 043 | 041 | 0.38
0.80
0.70 -
0.60 - )
0.50 - =&—Cosine
0.40 - ~—Jaccard
030 ~#— AdamicAdar
0.20
Top|Top|Top|Top| Top|Top|Top|Top|Top|Top THERSS
123|451 [2|3]4]|5 ~=H=RSS+
) ) —0—MPRS
Mang kiém tra tha 1 | Mang kiém tra tha 2
(2006-2008) (2009-2011) MPRS+
Tién dodn tuwong lai |Tién doén twong lai xa
gan

Hinh 4. Két qua tien doan lien két dong tac gia trén tap thyc nghiem MAS

6. KET LUAN VA HUGNG PHAT TRIEN

Muc dich ctia nghién citu nay la tap trung phét trién phuong phap méi dya trén phan tich
mang dong tac gid. Cac phuong phap huéng dén tién dodn cac méi quan hé cong tac tiem
nang trong tuong lai dé khuyén nghi cho ngusi diing. Cac phuong phap dé xuit ctia bai bao
duya trén thong tin xu huéng két hop 1y thuyét do thi va xac suat khi phan tich mang dong
tac gid. Thite nghiém duge tién hanh trén cac tap dit lieu khoa hoc nhu: DBLP, tap download
tit Microsoft Academic Search. Két qua cho thay cac phuong phap duya trén yéu to6 xu huéng
dé xuét cho két qua tot hon han cac phuong phap khéc trong ca hai tap thuc nghiem. Véi
tap DBLP, do chinh xac tién doan dong tac gia trong tuong lai gan véi cac phuong phap dua
trén xu huwéng cho Top-5 1a 0.60 cho phuong phap RSS+, 0.61 cho phuong phap M PRS + .
Trong khi cadc phuong phap hién tai chi dat 0.55 (cao nhat) cho Top-5 véi phuong phap RSS
(Bang 2, Hinh 3).

Nham khai thac cdc mdi quan hé cong tac tiém ning, cong viéc tiép theo la cai tién cac
phuong phap hién c6 dya trén tiép can phan tich mang xa hoi, xem xét khai thac cac moi
quan hé trung gian khac nhu: quan hé ciia cic co quan, trudng, vien, quoc gia. D6 1a nhitng
yéu t6 anh hudng dén cdc moéi quan hé cong tac tiém ning trong nghién citu khoa hoc. Hién
nay, yéu té noi dung van chua duge xem xét, thic hién trong bai bao nay. Vi vay, can nhiing
nghién citu dé xuat, thic nghiem va so sanh véi cac phuong phép dya trén ndi dung, ciing
nhu cac phuong phap két hop ca noi dung va loc cong tac dua trén mang xa hoi.

L&i cAm on. Nghién cttu nay dudce tai trg boi Truong Dai hoc Cong nghé Thong tin, Dai hoc
Qudc gia Thanh phd Ho Chi Minh véi dé tai ma s6 C2012-07.
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