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HE KHUYEN NGHI CONG TAC PONG TAC GIA

Tran Dinh Khang!, V6 Dic Quang?, Nguyén Ping Tuidn Anh!

ITrueong Pai hoc Bach khoa Ha Noi, S6 1 Pai C6 Viét, Ha Noi
2Truong Dai hoc Vinh

Tém tat: Mang dong téc gia 1a mang ludi hoc thuat gitta cac nha nghién ctu viét chung bai
béo khoa hoc va mtic d6 két hop dong tac gia c6 thé duoc déc trung boi cac d6 do lién két.
Dua trén cac dédc trung d6, c6 thé xdy dung nhiéu bai toan c6 y nghia, trong d6 ¢ khuyén
nghi cOng tac, goi y cac tac gia cd thé két hgp trong twong lai hodc taing cuwong hop tac. Bai
bdo nay dé xudt mot s6 dé do lién két méi duwa trén cong ddng tac gia, kich ban thiét 1ap
bang ting vién dong theo thoi gian va xay dung hé khuyén nghi dong tac gia st dung cac do
do do.

Tt khoa: mang dong tac gia, do do lién két, khuyén nghi cong tac

1  Datvan dé

Trong nghién ctru khoa hoc, cac nha khoa hoc tao ra san pham la cac bai bao khoa hoc,
trong d6 thuong cé nhiéu nguoi cung tham gia va ding tén dong tac gia. Mot nha nghién ctru
déng gop vao nhiéu cong trinh khoa hoc sé c6 nhiéu dong tac gia khac nhau ma miec d6 lién két
gitta ho c6 thé do duwoc bang s6 cac bai béo viét chung hodc cac thong tin khac nhu sw gan két
vé chuyén mon va nhém nghién cttu. M&i quan hé gitra cac tac gia va bai bao la quan hé nhiéu—
nhiéu, mot tac gia co thé tham gia viét nhiéu bai bao, mot bai bdo ¢ thé c6 mot hay nhiéu tac
gia ding tén tao ra mot mang lwdi hoc thuat goi la mang dong tac gia [2, 3, 8] vdi cac nat la cac
tdc gia, cac canh thé hién mdi lién két gitta hai tic gia. Theo cach bidu dién d6, thi c6 thé coi
mang dong tac gia la mdt mang xa hoi ddc biét ké thira nhiéu dac trung ctia mang xa hoi ndi
chung nhw quan hé 1an can chung va duong dan lién két, nhung ciing chtta dung cac dic trung

riéng vé chuyén mon, linh viee nghién cttu, cong dong nghién ctru, v.v...

Vi céac tinh chat nhu vay, viéc xdy dung mang dong tac gia va giai quyét cac bai toan dat
ra véi mang dong tac gia dang thu hut su quan tdm ctia nhiéu nhém nghién ctru. Vé cac bai
toan, c6 thé bidu dién mang dong tac gia nhu cac co so dit liéu d€ thyc hién cac truy van, im
kiém dong tac gia, nhung cling c6 thé thuc hién cac bai toan dan xut thong tin nhu du doan
lién két dong tac gia hay khuyén nghi lién két dong tac gia [1, 4, 7, 11]. Viéc dan xuat théng tin
xem hai nha khoa hoc c6 thé la dong tac gia trong twong lai hay khong la mot bai toan c6 y

nghia gitp cho nha khoa hoc mé rong méi quan hé hoc thuét cia minh va tim cac su cong tac
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phu hop trong twong lai. Cac tinh todn nhu vay sé dwa vao cac su lién két dong tac gia trong
qué khtt. Nguoi ta thwong luong héa mite d6 lién két gifta hai tac gia bang cac d6 do lién két
nhw d6 do lan can chung va d6 do Jaccard [5, 6, 9]. Ngoai cac d6 do thong dung cho mang xa
hoi con ¢d cac nghién cttu b6 sung cac do do ddc thu cho mang dong tac gia nhu vi tri tac gia
trong bai bao hodc linh viec chuyén moén [8, 10].

T&r mang dong tac gia ¢ thoi diém hién tai ¢ thé tinh todn dwgc cac cdp tac gia tiém nang
lién két trong tuong lai hay con goi la ting vién dong tac gia. Kem theo d6 la cac d6 do lién két
cuia cac cdp ing vién doé tao thanh bang ting vién dong tac gia. Xét mang dong tac gia trong mot
khoang thoi gian T1, thi bang ting vién dong tac gia c6 cac hang 1a cac tng vién dong tac gia xét
theo khoang thoi gian T1, cac cot 1a cac do do lién két tinh theo khoang thoi gian T1. Néu T2 la
khoang thoi gian xay ra sau T1, thi ¢ thé b6 sung thém cft nhan, c¢é gia tri la 1 néu cap tng
vién thuce su la dong tac gia trong khoang T2, va cé gid tri 1a -1 néu cap tng vién khong la dong
tac gia trong khoang T2. Khi d¢, cé thé st dung bang ting vién véi cac dd do va cdt nhan nhu
mot tdp dix liéu cho hoc mdy dé€ xay dung mo hinh vé méi quan hé gitra nhan véi cac do do lién
két. Bai toan khuyén nghi cong tac trd thanh bai toan hoc mo hinh va tinh toan nhan lién két
(1/-1) theo m6 hinh d6. Véi mang dong tac gia cd kich thudce 16n thi s6 lién két cing rat 16n,
theo binh phuong ctia s6 nut. Do d6, mot dac tinh cua bang ting vién dong tac gia 1a s6 ung
vién c¢é nhan -1 vuot trdi so véi sd ting vién cd nhan 1, tao ra sy mat can bﬁmg vé nhan.

Bai bao nay co6 cac déng gop:

— D@ xudt thém cac d6 do vé cdng dong nghién ctru, két hop véi cac dd do truyén thong

khac. Khao sat bfing thiec nghiém su anh huwong ctia cac d6 do véi hiéu qua ctia md
hinh d€ xac dinh tap d6 do lién két phu hop,

— Xay dung bang ting vién theo kich ban khoang thoi gian dong dé€ tan dung cac nhan

lién két 1 1am cho bang tng vién dong tac gia bét mat can bang hon,

— Xay dung hé khuyén nghi dong tac gia.

Bai bao duogc t6 chirc nhu sau: phan tiép theo trinh bay vé mang dong tac gia, cac do do
lién két va bang tng vién. Phan 3 trinh bay vé cac dd do lién két méi, kich ban cai tién thiét 1lap
bang ting vién va danh gid anh huong cac do do lién két dén hiéu qua du bao. Phan 4 gidi thiéu
vé hé khuyén nghi cong tac dong tac gia.

2 Mang dong tac gia

2.1  Dinh nghia mang dong tac gia

Mot mang dong tac gia cd thé duoc mo ta bf“mg ham G"=(V7,ET,PT,T), trong d6 T= {t1, f,...,
tx} 1a tap cdc nhan thoi gian; V= {vy, vz,...,} la tap cac dinh duogc tao trong thoi gian T, mdi nut

dai dién cho moét tac gia trong cong dong nghién ctru; P’= {py, ps,...,} la tdp cac bai bdo trong thoi
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gian T; E™= {(vij, p, tn)} 1a tap cac lién két gitra cac tac gia, thé hién trong thoi gian T, hai tac gia

(vi, vj) c6 viét chung bai bao pr tai nhan thoi gian tn.

Ngoai ra, tap dinh VT con c6 thé chita cac thudc tinh cta tiing nat twong tng véi thong
tin cd nhan cta cac tac gia nhue qudc tich, truong Dai hoc/ Vién Nghién cttu ma ho cong tac, cac
linh vuc chuyén nganh, v.v... Cac thudc tinh nay duwogc ky hiéu bang tap A™= {ai, a,...,n}, trong
dé a: 1a vector ddc trung chira thong tin cua tac gia/ dinh vi. Cac do do sy twong dong gitra hai

tac gia sé dwgc xay dung duwa trén thong tin ctia cac tap E7 va AT.

Cho truéc mot khoang thoi gian T thi GT 1a mang dong tac gia tuong tng véi lat cat thoi
gian d6. Bai toan khuyén nghi cong tac sé sit dung cac thong tin tit GTd€ dua ra cac khuyén
nghi cho mét tac gia vi lwa chon cac ting vién phu hgp dé€ cong tac dong tac gia ¢ thoi gian tiép

theo hodc khuyén nghi cho mot cap tac gia (vi, v)) ti€p tuc tang cuong cdng tac dong tac gia.

2.2 Céc dd do lién két gitra hai tac gia

Mtec d6 lién két ciia mot cdp tac gia trong mang dong tac gia thuong duoc lwgng hoa boi
cac do do lién két duoc trich xuat théng tin tir cac tdp ET, AT. Dudi day la mot s6 do do thong
dung. Cac d6 do lién két nay co thé ap dung trong nhiéu loai mang xa hoi khac nhau, khéng chi
riéng cho mang dong tac gia. Vi tinh chat phé bién ctia cdc d do nay, bai bao sé chi trinh bay so
luoc vé tén va ndi dung cta ting d6 do. Chi tiét vé y twong va ngudn goc cua ting dd do nguoi

doc c6 thé tham khao thém trong cac tai liéu lién quan [2, 5].

Vi mdi ntt v, ky hiéu T(v) chi tap cac ntt 1an can cta v trong mang dong tac gia G. Ta c6
thé chia cic d6 do lién két thanh hai nhém chinh: nhém d6 do dwa trén 1an can va nhém dd do

dua trén duong di.
a/ Nhém d6 do dua trén lian cian (neighbour-based metrics)

(i) D6 do Common Neighbour (CN): B6 do Common Neighbour gitta hai ntat u va v dwoc
tinh bang s& luong nit 1an can chung ctia u va v. S8 lugng 1an can chung cang cao thi d6 tuong
dong CN cang 16n, do d6 kha nang (u) c6 lién két trong tuong lai cang cao.

CN(u,v) = |T(w) NTW)] @

(i) Bo do Adamic Adar (AA): D6 do Adamic-Adar quan sat thém s6 luwong nut lan can

cua titng lan can chung. Véi z 1a lan can chung cta cad u va v thi 46 do Adamic-Adar ty 1&

nghich véi s6 luong lan can cua z tinh theo logarit.
1
AA(u,v) = ZzeT(u)nT(v)m )

(iif) D6 do Jaccard Coefficient (JC): Po do Jaccard Coefficient gitta hai nat u va v duoc

tinh bang ti 1& s6 luong 1an can chung trén téng s6 1an can ctia hai nut.
_1TWNTM |

JC(w,v) = = ®)

[ T(W) UT() |
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(iv) D6 do Preferential Attachment (PA): D6 do Preferential Attachment thé hién hai nut
cang c6 nhiéu 1an can (bac cang 16n) thi cang c6 co hdi lién két v6i nhau trong tuong lai.
PA,v)=1 @) x| (v)l 4)
(v) Bo do Resource Allocation (RA): P& do Resource Allocation cé cong thitc tuong tw
nhu Adamic Adar, chi c6 khac biét & phan mau s6 1a s6 lwong lan can cua z.

1
RA(W, v) = Xzeranre) i N

b/ Nhém d6 do dua trén dwong di (path-based metrics)

(i) D6 do ShortestPath: Do do ShortestPath dugc tinh bang nghich dao ctia khoang cach
ngan nhat gitta hai nat. Trong truong hop gitta hai nat khong c6 duong di thi do do c6 gia tri

bang 0.
1
d(u,v) (6)

ShortestPath(u,v) =

(il) D6 do Katz: Do do Katz duoc tinh dua trén viéc thong ké tat ca duong di gitra hai nat
u va v theo d¢ dai tang dan. Cac duong di cang dai thi anh huwong téi d6 do cang giam do chiu
tac dong ctia ham md.
Katz(u,v) = Y1, » B'|pathl,,| = BA + BAZ + A3 + --- (7)
trong d6, path'y 1a tap cac duong di d6 dai [ tir u d&én v; B 1a hang s6 tity chon. Khi f tién téi 0
thi d¢ do trd nén twong tu voi do do 1an can chung do cac duong di c6 dd dai 16n dong gop rat

it vao két qua cudi cung.

2.3 Bang tng vién dong tac gia

T&r mang dong tac gia ¢ thoi diém hién tai, ¢ thé tinh toan dwgc cac cap tac gia tiém
nang lién két trong tuong lai, hay con goi la ttng vién dong tac gia. Kem theo d6 la cac do do
lién két cua cac cdp Gng vién do6 tao nén bang ting vién dong tac gia. Xét mang dong tac gia
trong mot khoang thoi gian T1 thi bang ting vién dong tac gia c6 cac hang la cac ting vién dong
tac gia xét theo khoang thoi gian T1; cac cot 1a cac do do lién két tinh theo khoang thoi gian T1.
Néu T2 la khoang thoi gian xay ra sau T1 thi c6 thé bé sung thém cdt nhan, cé gia tri la 1 néu
cdp tng vién thuce sw la dong tac gia trong khoang T2 va ¢ gid tri la -1 néu cap tng vién khong
la dong tac gia trong khoang T2.

Bang 1. Bang tng vién dong tac gia

Cacdd dolién két ¢ | Nhan lién két =1 (hodc = -1), néu la dong tic gia (hodc
khoang thoi gian 1 | khéng phai dong téc gia) trong khoang thoi gian T>

Céc cip tng vién dong tac gia | Gia tri cdc dd do lién | Gid tri nhan
0 khoang thoi gian Tt két

Thi tuc 1: Xay dung bang ting vién dong tac gia tir mang dong tac gia G. Tinh cac d6 do
lién két trong khoang thoi gian T1, va gan nhan tir mang dong tac gia trong khoang thoi gian T2

(xay ra sau T1).
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— Budc 1:X4c dinh tap cac cdp tng vién dong tac gia; (1,0) la mot cap ting vién néu
IpeP™, teTl: (u,u,p,t) eE™hodc Ize V™, pip2e P, t1,t2€ T1: (u,z,p1,1), (z,0,p2,t2) €ET.
— Budc 2: Tinh cac d6 do lién két cta cac cdp tng vién trong khoang thoi gian T1.
— Budc 3: Gan nhan cho cac cdp tng vién; gan nhan 1 cho cdp (1,v) néu
IpeP™, teT2: (u,v,p,t) €E™ ngugc lai, gan nhan -1.

Khi d6, c6 thé st dung bang tng vién véi cac d6 do va cdt nhan nhue mot tap dit liéu cho

hoc may dé xay dung mo hinh vé méi quan hé gitra nhan véi cac do do lién két.

3  Cac dd do theo cong dong tac gia va thiét 1ap bang tng vién dong tac gia
3.1 XAy dung cac d6 do lién két dya trén cong dong tac gia

D¢ so sanh sy twong dong hay “gan gti” gitta hai tac gia, ngoai viéc sit dung cac dic
trung lién két cia mang, ching ta con cé thé khai thac cac thong tin nglt nghia cta tirng cad nhan
tac gia. Mot tac gia hay mot nha nghién ctru duoc ddc trung boi mot s6 thong tin nhw qudc tich,
noi lam viéc (truong Pai hoc / Vién nghién cttu) va linh viee chuyén moén ma ho wa thich. Cac
tac gia c6 chung qudc tich hodc noi lam viéc thuong c6 sw gan gii nhat dinh vé mat dia ly va
ngo6n ngtt, do d6 kha nang ho o lién két mai trong tuong lai cling cao hon so véi cdp tac gia
khong chung thong tin nay. Tuong tw véi cap tac gia cé cung linh viec chuyén mon wa thich, sy

twong dong gitra cac van dé nghién cttu ma ho quan tam sé dan dén xac suat hop tac 16n hon.

Ngoai ra, cac tac gia ¢6 chung qudc tich, noi lam viéc hodc linh viec chuyén mon thuong
c6 xu hudng hinh thanh mét cong dong trong mang lwdi hoc thuat. Cac thanh vién trong cong
dong nay thuong c6 mdi lién hé chdt ché véi nhau va c6 kha nang chia sé thong tin mét cach
nhanh chéng va dé dang hon. Xuat phat tir mdi lién hé trén, cac do do lién két moi sé dugc xay
dung dua trén thong tin tir nhiéu cong dong khac nhau, bao gom cong dong tac gia theo qudc

gia va cong dong tac gia theo linh virc chuyén mon.
a. B§ do cong dong tic gia theo quoc gia

Xét tap tac gia V = {v1, v, ..., vn}, trong d6 tac gia v: duoc ddc trung boi hai thudc tinh:
qudc tich va noi cong tac (treong Dai hoc/ Vién nghién cttu) ky hiéu bf?mg af filcounery (Vi) va
affiluniversity (171').

Ta c6 ham so sanh su giéng nhau vé noi cong tac va quoc tich gitra hai hodc nhiéu tac gia:

sim _work (vi, v, ... ,) =

2 if affiluniversity (v) = affiluniversity(vz) == affiluniversity(vn)
1 if affilcountry(vl) = affilcountry(vz) == affilcountry(vn) (8)
0 if otherwise

Do twong dong gitra hai tac gia u va v theo cong dong qudc gia duoc tinh theo cong thire
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CommCountry (u, v) = sim _work (4, V) +X er@nrw) Sim _work (z,u, v) 9)

Co thé thady dd do CommCountry sé quan sat sy twong dong vé noi cong tac gitta hai tac
gia, dong thoi tinh dén sy twong dong cta cac 1lan can chung trong cung mot cong dong qudc

gia hodc cdng dong truong dai hoc.
b. D6 do cong dong tic gia theo linh vic chuyén mon

Mbi tac gia trong mang lwdi hoc thuat con duoc dac trung boi cac linh viec chuyén moén
ma ho quan tdm. D€ tim ra c4c linh vuc chuyén moén nay cua moét tac gia ching ta c6 thé 1ay
thong tin tir ndi dung cac bai bao duoc cong bd trong qua khit cia ho. M6 hinh chu dé (Topic
model) [8] 1a mot trong nhitng phuwong phap c6 thé ap dung d€ phan tich cac chu dé tir mot tap
cac bai bdo dau vao. Két qua ctia m6 hinh chu dé cho ta biét xac sudt bai bao p sé thién vé chu
dé nao nam trong s6 lwong K cht d@é cho trude thé hién qua vector dic trung chu dé T = (¢, t,
.., tr). Tt két qua phan tich chu dé cac bai bao, ta c6 thé xac dinh danh sach cac cha dé ma mot
tac gia c6 kha nang quan tam theo phwong phap sau.

Goi (vi) = {pa, pa, ..., piv} la danh sach cac bai bao ma tac gia v: da cong bd trong qua khur.
Két qua phan tich chu dé cta cac bai bdo nay la paper_(vi) = {Tu, Te, ..., Tiv} voi Tiv 1a vector
gom K thanh phan tuong ting voi xac sudt bai bao piv thudc vé mét trong s6 K chu dé. Tt cac
thong tin trén, ta c6 vector ddc trung vé linh viec quan tdm cua tac gia vi dugc tinh theo cong
thiec

Toi=Yjz15n TL,],= (to, ti, ..., tik) (10)

Vector Tv gom K thanh phan thé hién sy quan tam ctia tac gia vi dén mét s6 linh vue (chu
d8) nhat dinh trong danh séch K linh viec chuyén mén. Bang viéc chon mot ngudng 6 thich hop,
ta cd thé€ loc ra danh sach céc linh vuee dwoc tac gia vi quan tam nhat:

Topics (vi))=1{j | je [1. K] Ati> 6} (11)

Mat khac, cac phan ti cua tap (vi) sé thé hién cac cong dong chuyén moén ma tac gia vi la
mot thanh vién. T thong tin ctia cac cdng dong nay, ta sé xay dung do do lién két gitra hai tac
gia (u, v) dua trén cdng dong tac gia theo linh viec chuyén mon nhu sau:

CommTopic(u, v) = | Topics(u) N Topics(v) 1+ X erqynrw)| Topics(z) N Topics(u) N Topics(v)| (12)

Cé thé thay véi do do CommTopic, hai tac gia cd cang nhiéu linh vuc chung thi cang c6
kha néng lién két v6i nhau trong twong lai. Hon nita, s6 lugng cac 1an can chung nam trong

cung cong dong chuyén mon ciing lam tang kha nang lién két gitra hai nguoi.

3.2 Kich ban thiét 1ap bang tng vién

D¢ thiét 1ap bang tng vién, co thé chia cac khoang thoi gian va tinh toan cac ¢ng vién, do

do va gan nhan nhu trinh bay ¢ Thu tuc 1. Pac trung ctia bang ting vién 1a s6 luong cac cap ting
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vién ¢6 nhan -1 16n hon rat nhiéu so véi s6 lwgng cap tng vién c6 nhan 1. Thuyec té€ la mot cap
ung vién (u,v) tit khoang thoi gian T1 c6 thé tré thanh dong tac gia thuc su sau nay, nhung néu
chi gan nhan trong khoang thoi gian T2 thi van 14y nhan -1 do chwa phai 1a dong tac gia o T2.

biéu nay c6 thé lam mat di nhiéu mau c6 nhan 1 néu xét theo cac khoang thoi gian cd dinh.

Bai bao dé xuat mdt kich ban cai tién méi phtt hop hon, trong d6 cac lién két méi xuat
hién ¢ thoi diém t duoc gan do do tir thong tin cia mang dong tac gia trong ca khoang thoi gian
truwde do6 [0, t+-1] hay mdc thoi gian phan chia giai doan thay d6i theo thoi diém quan sat. Cach
tiép can nay cé vu diém la tan dung duoc toan b thong tin vé lién két gitra cac tac gia trong
qua khtt, dong thoi khong bo sot lién két méi nao dé thiét lap bang ting vién. Hon nita, kich ban
nay ciing md phong chinh xac hon qua trinh xuat hién cac lién két mdi trong thuc t& dwoc ky

vong la sé giup tang hiéu qua khuyén nghi.

Thii tuc 2: Xay dung bang tGng vién dong tac gia tt mang dong tac gia G trong khoang
thoi gian T= {tyt2,...,tk}.

— Budc 1: Xac dinh tap cac cdp tng vién dong tac gia; (u,v) 1a mot cdp tng vién, néu

dpePT, teT: (wu,p,t) €ET, hodc IzeVT, pi,p2€PT, t,t2€T: (u,z,p1,11), (z,0,p2,t2) EET.
— Buwdc 2: Xét cac nhan thoi gian t, bat dau tir tdén t.
~ Véi mdi (u,0,p,t) ETthi tinh cac d6 do cho (u,v) trong khoang thoi gian [t1,fi-1], gan
nhan 1 cho (u,v), va tit bay gio khong tinh lai v6i cap (1,0) nay nixa.

— Budc 3: Vi cac cdp ting vién chuwa duoc gan nhan thi déu gan nhan -1.

Kich ban cai tién ¢ wu diém la tan dung duwoc cdc nhan 1. Sau day la thue nghiém véi cac
d@ liéu thu thap tir thu vién khoa hoc truc tuyén ScienceDirect (sciencedirect.com) gom cac bai
bao va tac gia thudc ba tap chi: Chemical Physics Letters, Journal of Molecular Biology va Biochemical

and Biophysical Research Communications [12, 13, 14]. C4c bai bdo duoc 18y ndm trong khoang thoi

gian ttr nam 2000 cho dén hét nam 2017. Thong tin vé sd bai, sO tac gia cé trong Bang 2.

Bang 2. Thong tin vé di liéu thir nghiém

Tén tap chi (tén bo d&t | ISSN S6 bai S6tac | SO bai bao trung | S6 qudc gia c6 bai bao
liéu) bao gia binh trong 1 nam | duoc xuat ban
Chemical Physics Let- 00092614 18 931 41 806 1113 114
ters (chem_letter)

Journal of Molecular 00222836 10 806 35217 635 97
Biology (mole_bio)

Biochemical and Bio- 0006291X 34 848 134 448 2049 128
physical Research

Comm. (biophy_chem)
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Tong cong ‘ 64 585 ‘ 211 471 ‘ 3797 176

Bang 3 trinh bay thong tin vé s§ luong nhan duong trong mdi bo dir liéu kiém tra tuong
ung voi cac kich ban truyén théng va kich ban cai tién. Co6 thé thay kich ban cai tién giap tan

dung duoc nhiéu nhan duwong hon trong cac bo dix liéu.

Béang 3. S6 mau dit liéu c6 nhan duong theo cac kich ban

Bo dit liéu \Kichban | Truyén théng Cai tién

chem_letter 1250 1460
mole_bio 780 910
biophy_chem 1780 2110

3.3 Danh gia s anh hwong cua cac 46 do

Phéan nay sé xem xét si anh huong cta cac d do thong qua thuc nghiémvdi dir liéu va
cac kich ban thiét lap bang ting vién nhw mo ta ¢ phéan trén. Bang ting vién duoc dua vao mot
tht tuc phan 16p dwa vao cac do do lién két dé€ phan 16p nhan. Chia bang dit liéu thanh b d
liéu huan luyén va bo dir liéu kiém tra. Danh gia hiéu qua phan 16p thong qua céc tiéu chi AUC
(Area Under Curve) va Fl-score. P do AUC dic trung cho xac suét chon ngﬁu nhién hai cap
tac gia thi xac suat dy bao (predict probability) cua cédp tac gia c6 lién két sé 16n hon cdp tac gia
khong c6 lién két. Néu AUC = 1 tuong tng vdi viéc du bao 1a t6t nhat, trong khi voi phuong
phap du bdo ngau nhién thi AUC =0,5. D§ do Fl-score =2 xPrecision/ (Precision + Recall).

Céac dd do lién két duoc thir nghiém bao gom cac do do truyén thdng dwoc trinh bay &
Phéan 2.2 va hai d6 do cong dong méi duoc trinh bay & Phan 3.1 la Community country va
Community topics. Cac thit nghiém so sanh hiéu qua phan 16p cac t6 hop do do theo kich ban
cai tién thiét lap bang tng vién. Két qua ¢ Bang 4 va Bang 5 theo cac d6 do AUC va F1-Score.

Bang 4. Két qua AUC ctia cac t6 hop dd do cdng dong méi + truyén thong

Do do
CN+Kat
C
5 dix Lia CN+JC o CN+Kat | CN#Kat | #+Com
B0 dit liéu Comm Comm Country + C z m
+AA+PA+ zti-om Topict
Country Topic Comm m +Comm opic
Katz . Comm
Topic Country | Topic
Country
chem_letter 0,7345 0,7540 0,7356 0,8341 0,8130 0,8033 0,8651
mole_bio 0,713 0,6929 0,6929 0,7625 0,7477 0,7012 0,7780
biophy_chem 0,8916 0,6845 0,8192 0,9279 0,9117 0,8363 0,9387
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Bang 5. Két qua F1-Score cua cac t6 hop d6 do cong dong mdi + truyén thong

Do do
CN+Katz+
Comm
e CN+JC CN+Katz+ | CN+Katz | Comm
B0 dit liéu Comm Comm Country + ,
, +AA+PA+ Comm +Comm Topic+
Country Topic Comm .
Katz Country Topic Comm
Topic
Country
chem_letter 0,6911 0,6800 0,6761 0,7623 0,7455 0,7294 0,8116
mole_bio 0,7009 0,6573 0,6221 0,7128 0,7112 0,6854 0,7223
biophy_chem 0,8244 0,6456 0,7742 0,8503 0,8335 0,7820 0,8710

Két qua cho thdy su cai thién déang ké vé hiéu qua dw bdo khi stt dung két hop cac d6 do
cong dong mai voi cac do do truyén thong. Ti 1é cai thién trung binh 1a 15%. Cac thir nghiém
trén dinh hudng cho viéc lira chon t6 hop cac do do lién két dong tac gia khi thiét lap bang ting

vién dong tac gia cho tinh toan cac khuyén nghi.

4 XAy dung hé khuyén nghi cong tic dong tac gia

Viéc xay dung hé khuyén nghi cong tac bao gom bagiai doan:
— Thu thap dix liéu, phén tich, t6 chirc dit liéu,

— Tinh todn cac do do lién két va thiét 1ap cac ban tng vién,
— Xay dung mo hinh khuyén nghi.

Hé théng khuyén nghi dong tac gia duoc xay dung véi muc dich gitp cac nha nghién
cttu 6 thé tim duoc danh sach nhiing nguoi c6 thé cdng tac hiéu qua trong twong lai mot cach
nhanh chéng va thuén tién nhat.

Dt liéu thir nghiém ctia hé thong 1a cac thong tin vé bai bao va tac gia (tiéu dé bai bao,
tom tit nodi dung, tit khda, thong tin tac gia, v.v...) tie 3 tap chi Chemical Physics Letters, Journal of
Molecular Biology, vaBiochemical and Biophysical Research Communications cua Sciencedirect trong
khoang thoi gian 2000-2017 thong qua API ctua Sciencedirect. Cac thong tin khoa hoc duoc
thiét ké to chirc lai thanh cac co s¢ dit liéu quan hé. Cu thé cac bang dit liéu: Journal, Country,
Subject, Institute, Author, Paper, PaperAuthor, CoAuthorship.Cac bang Country, Subject, Institute bG
sung thong tin cho Author, bang Journal bd sung thong tin choPaper, bang AuthorPaper cho biét
tac gia cua cac bai bdo cu thé. Tt d6 tinh dwgc CoAuthorship chira cac cdap dong tac gia.

Vi CSDL da ¢, tién hanh xay dung hoan thién bang ting vién véi kich ban thiét 1ap da
trinh bay (Phén 3.2) st dung cac phuong phép tinh toan cac dd do lién két (Phan 2.2 va 3.1). St
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dung phuong phap Tf-Idf d€ vector hda noi dung gom tiéu dé va tém tat ctia cac bai bao; sau
dé stt dung phuong phap NMF (Non-Negative Matrix Factorization) dé xac dinh vector ddc
trung chu dé. Cac tham sd dwgc st dung gom s6 topic n_topics = 40 va do dai vector Tf-Idf
n_length = 600. Tte d6, tinh toan dwgc cac do do lién két cho cac cdp ung vién. Chiic nang
khuyén nghi duoc xay dung dua trén mo hinh phan 16p Support Vector Machine (SVM) véi dit
liéu da gan nhan cta bang Gng vién bao gom hoc mo hinh tir dit liéu huén luyén la bang tng

vién da gan nhan, luu trit mo6 hinh va stt dung mo hinh dé tinh toan khuyén nghi dong tac gia.

Hinh 1. Giao dién ctia hé thong

Vé cong nghé, hé khuyén nghi dong tac gia duoc thiét ké theo m6 hinh MVC (Model-
View-Controller) stt dung hé quan tri CSDL MySQL, ngdn ngit 1ap trinh Python, thw vién Djan-
go Web Framework va thu vién ScikitLearn (Python) d€ cai ddt cac thanh phan chtrc ndng va
giao dién cta hé thong. Cac két qua thtt nghiém ¢ Phan 3.3 dugc chuong trinh cai ddt va thuce
thi trén may tinh chay hé diéu hanh Ubuntu 64bit, cau hinh i5 4200U@2.5Ghz, 8GB RAM.

Hé khuyén nghi dong tac gia cho phép dua ra top-N ting vién theo thit ti ¢6 kha nang
cong tac phu hgp nhat d6i véi mot tac gia bat ky. Ngoai ra, hé thong con xdy dung cac chire
nang bd sung nhu tim kiém, truy van va cp nhat thong tin tac gia, bai bao, tap chi, qudc gia, va

cho phép hién thi triec quan mang dong tac gia.
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Vi du vdi tac gia Wang Fengping, hé thong khuyén nghi top-5 cac ting vién tiém nang: Guo
Fugiang, Guan Xinxin, Wang Yanan, Liu Pu, Huang Qiuying. Theo giao dién nhu ¢ Hinh 1, ngwoi
dung cung cap thdéng tin vé khoang thoi gian, lwa chon cdc do do lién két va tén tac gia can
khuyén nghi. Hé thong sé thuc hién phan 16p theo md hinh da duwoc huan luyén dé chon ra cac
cdp ung vién nhan 1, trong d6 c6 mot thanh phan la tac gia d6. Top-N dong tac gia tiém nang

duoc 1ay ra tir thanh phén con lai trong cac cap vira duoc tinh.

5 Kétluan

Bai bdo da trinh bay va phén tich vé cac do do lién két trong mang dong tac gia, tir d6
phat trién thém cac dd do bd sung vé cong dong nghién ctru. Bai bdo ciing cai tién xay dung
bang ting vién theo kich ban khoang thoi gian dong d€ tan dung cac nhan lién két duwong, lam
cho bang ting vién dong tac gia b6t mat can bang hon. Céc khao sat thire nghiém cho thdy viéc
phoi hop cac d9 do co ban va dd do cdng dong mdi, két hop véi viéc st dung kich ban xay
dung bang ting vién cai tién da cho hiéu qua khuyén nghi chinh xac va hiéu qua hon. Dua trén
co so dir liéu vé thong tin bai bao hoc thuat thu thdp duoc, cac tac gia da xay dung mot hé
thong khuyén nghi cong tac kha hoan chinh vé chitc nang, dap tiing nhu cau tra cttu, tham khao

va ¢ nhiéu tiém nang phat trién mo rong.
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CO-AUTHORSHIP RECOMMENDATION SYSTEMS
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Abstract. A co-authorship network is an academic network amongresearchers who could
write a joint scientific paper, where the degree of co-authorship can be characterized
by linking measures. On the basis of these characteristics, many meaningful problems can
be created, including recommendations for collaboration, suggestions for future collabora-
tors or increased collaboration. This article proposes some new linking measures based on
the research community, a new time-dependent candidates set-up scenario, and the devel-
opment of a co-authorship recommendation system using those measures.

Keywords: co-authorship network, linking measure, co-authorship recommendation


https://www.sciencedirect.com/journal/chemical-physics-letters/
https://www.sciencedirect.com/journal/journal-of-molecular-biology
https://www.sciencedirect.com/journal/biochemical-and-biophysical-research-communications

