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TOM TAT - Ky thudt loc cong tac (Collaborative Filtering - CF) ld mét ky thudt goi ¥ phé bién nhdt diege sir dung nhiéu
trong cdc hé thong goi ¥ di dugc tich hop trong cdc website thuong mai dién tir (chdng han nhir amazon.com, barnesandnoble.com,
Yahoo! news, TripAdvisor.com). Ky thudt CF dua trén gid thiét rang nhitng nguoi dimg (user) ¢é cing sé thich thi sé quan tam mgt
tap item tuong tw. Phuwong phdp phdn cum loc cong tac (Iterative Clustered CF - ICCF) va lap cong tdc 161 wu trong s6 sir dung
thudt toan PSO (PSO-Feature Weighted) thé hién tinh hiéu qud cho hé goi y ma gid tri danh gid thugc trong tdp {1, 2,..., 5}. Tuy
nhién, cac ky thudt dé khong lhe truee tiép dp dung cho cdc hé thong goi ¥ trong thue té ma gia tri danh gia trong tap {0, 1} Do vy,
bai bdo ndy dé xudt viéc cai tién hai phirong phdap ICCF va PSO—Feature Weighted dé c6 thé dp dung digc cho cdc hé goi y ma gid
tri danh gid thuéc tap {0, I}. Két qua thiee nghiém ciia hai phwong phdp ma ching t6i dua ra dp dung trén bo dir liéu hé goi Y cong
viéc cho thdy d chinh xdc mé hinh diw dodn cé cdi thién ré rét so véi phweong phdp CF truyén thong dong thoi ciing gidi quyét duwoc
van dé dit liéu thira ma phirong phép CF thirong gdp phdi.

Tir khoa - Hé thdng go1 Y, ky thudt loc cong tac dwa trén Item, ky thudt loc céng tac dwa trén User, phan cum loc cong tac,
toi uu trong so loc cong tdc, thudt todn toi wu bay dan, phan cum Spectral, thudt toan k-mean.

I. GIOI THIEU

Hé thong goi ¥ [1, 2] phan tich thong tin vé so thich ctia user vé cac item dé cung cap cac khuyen nghi dbi véi
céc item ma phu hop nhit v6i mong mudn va sé thich ctia ngudi dung. Trén thuc té, hé théng goi ¥ ¢b géng thu thap
nhitng so thich clia user va mo hinh héa sy twong tac giira user va item.

Trong k¥ thuat loc cong tac (Collaborative Filtering — CF), viéc dua ra nhimg khuyén nghi vé cac item ddi voi
user dugc xac dinh dya trén nhitng quan diém cia nhimg user c6 cuing so thich vé6i user d6. Hé thong loc cong tac biéu
din user dua trén nhimg danh gia ciia ho ddi voi tap cac item. Hé thdng s& Iya chon nhitng user cing s¢ thich tiiy
thuoc vao do do twong ty hodc trong quan. Sau d6, dwa ra nhimng du doan déi voi nhimg item chwa timg dugc user
danh gi4 hodc quan tim. Cudi cing hé thng s& goi ¥ nhitng item nao véi mirc do du doan cao nhét cho user muc tiéu.
K thuat CF da dwoc khing dinh sy thanh cong boi rit nhidu nghién ciru va thuc nghiém trong nhiéu g dung thuc té
[2, 3, 4].

Nhin chung, chit luong cua hé théng goi ¥ cOng tac co thé duoc tang cuong bang céach cai thién do6 do tuong ty
va viée lwa chon tap lang giéng. Mot s6 han ché chinh ctua CF nhu 14 van dé dit lidu thua, kha nang mo rong va thleu
dir liéu [5, 6] c6 anh huong l6n den chat lwong goi y. Méc du co nhiéu nha nghién ctru da c6 gang giai quyét van dé
nay, k¥ thuat loc cong tac van can duogc cai tién nhiéu hon dé cai thién do chinh xac mé hinh goi y. Vi ky thuat loc
cong tac dua trén nhimg quan diém cua tap lang giéng nhimg user ¢6 cung s thich véi user muc tiéu, nén didu quan
trong 1a phai chon tap lang giéng chinh xac. B¢ do muc d6 twong tu cang dugc cai thién, thi viéc lya chon lang giéng
cang chinh x4c va goi ¥ cang dung dan hon.

Hién tai, c6 nhiéu phuong phap da duoc dé xuat dé cai thién do do twong tu, nhimg phuong thirc bao gdm do do
PIP (Proximity-Impact-Popularity)[7], d0 twong tu Union [8], Random walk counting [9], d6 twong tu dua trén phan
16p user (users—lass similarity) [10], va thu tuc ldp message passing [11]; nhimg phuong phap nay deu ¢6 diém manh
riéng va hd tro cac tinh huéng khac nhau. Tuy nhién, da s6 cac phuong phap déu tap trung trén mot van dé cu thé va bi
anh huéng boi mot vai han ché. Chang han, PIP de xudt giai quyét van dé cold-start nhung lai bi han ché béi viée tinh
toan do tuong ty loc cong tac dua trén user truyen thong. Do tuong ty dua trén phan 16p user chi st dung dugc trong
truong hop 16p thong tin ¢6 san va khong nhan dugce két qua y nghia ddi voi tap dit liéu 16n cling nhu viée cap nhat do
do tuong ty dugc thuc hién nhiéu 14n. Union duoc sir dung voi dit liéu thua nhung khong c6 kha nang mé rong.

Trong [12] mot hé thong goi y phan cum ldp cong tac (Iterative Clustered CF - ICCF) dugc dé xut. Trong do,
phuong phap phan cum spectral dugc sir dung 1ap lai trong ca hai hudng tiép can loc cong tic dwa trén user (user-
based) va dua trén item (item-based) dé du doan nhimng danh gia chwa biét. Vi thé, ICCF d thanh cong trong viéc gidi
quyét van dé dir liéu thua va cold—start. Tuy nhién tat ca user va item déu c6 mirc dd anh huéng nhu nhau khi tinh toan
d6 tuong tu trong khi d6 d6 do twong tu can phan anh mirc d6 quan trong ciia cac dic trung khac nhau.

Mot sb nghién ctru dua ra su cai thién d6 chinh xéac khi nhimg dac trung duoc gan trong s6 trong trudng hop
tinh toan khoang cach [13]. Trong CF, phuong phap trong s6 didc trung gan mot trong sé dén moi mot dic trung (user
hodc item) dé do murc do _quan trong cua dac trung nhu thé nao trong toan bo do tuwong ty. ‘Breese va cong su [14]
phong theo y tudng cua tan sd van ban nguoc (inverse document frequency) dé gan trong sb dic trung trong CF. Y
tuong chinh cua tiép can ndy, goi 13 tin sb user nguoc (inverse user freqency), d6 1a nhitng item phd bién thi khong
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cung cép nhiéu thong tin vé so thich thuc su ctia user. Vi thé trong sb ctia nhitng item pho bién dugc danh gia can phai
giam. Cung v6i ¥ tudng giam trong s6 d6i véi nhing item phd bién dugc nhiéu ngudi biét dén dugc thyc hién bang
cach st dung phuong sai trong so6 [15]. O day, nhiing item c6 phuong sai l6n hon sé€ ho trg tot trong viéc phan biét s&
thich cua user, do d6, n6 s& nhan trong sd 16n hon. Tuy nhién, céc tac gia ciing cho rang phuong phap nay cling giam
dang ké trung binh 16i tuyét dbi (Mean Squared Error-MAE) so v6i truong hop khong gan trong s0. Yu va cong su
[16], gidi thiéu tiép can Iy thuyet thong tin dbi voi gan trong sé dic _trung. Ho cho rang nhing thong tin c6 tac dong
qua lai s& nhan duoc két qua tot hon. Tac gia trong [17] cling biéu dlen mot lwoc dd gan trong s tu dong khac dm voi
hé thong g(n y CF. Phuong phap nay da c6 gang tim nhung trong sb gan v6i cac item khac nhau dé 1am cho mdi user
gan hon véi nhitng nguoi lang giéng cia ho va xa hon véi nhimng ngudi khong tuong dong. Phuong phép st dung y
tuong tiép can dua trén md hinh (model-based approaches) va l1am giam trung binh 16i tuyét d6i. Ngoai ra, S. H. Min
va I. Han [18] d3 dé xuit mé hinh GA-CF giéng nhu lugc d trong sé dic trung trong k¥ thudt loc cong tac dwa trén
user truyén thong.

Bén canh do, tat ca cac phuong phap gén trong s6 dic trung, dugc de xuat dén nay ¢ gang nang cao viéc tinh
toan murc d6 twong ddng ma khong xem xét dén nhimg han ché cia CF, yéu té anh hudng nhiéu dén hiéu nang cua hé
thdng goi ¥.

Tir quan diém toan hoc, trong s6 dic trung c6 thé xem nhu mot van dé tdi uu khong 16i phi tuyén véi tdi thiéu
da cuc bo dia phuong (multi local) [19]. K§ thuat tdi wu bay dan (Particle Swarm Optimization - PSO) ¢6 thé tim ra gia
tri t6i wu toan cuc véi thiét 1ap didu kién khoi tao don gian. Vi né chi sir dung cac phép toan nguyén thiy do do tiét
kiém chi phi tinh toan vé bd nhé luu trit va toe do xu 1y [20].

Phuong phap PSO-Feature Weighted do Abdelwahab va cong su [27] dé xuit st dung thuét toan PSO dé tim ra
mot bd trong s6 téi vu @ (dai dién cho murc d§ quan trong cua user) va o' (dai dién cho muc d§ quan trong cua item)
trong viéc tinh toan mirc d6 twong ddng giita cac user va giita cac item, didu nay quyét dinh 16n dén mirc d6 chinh xac
cia m6 hinh dy doan. Phuong phap nay lam tang cuong qua trinh phan cum theo user va item khong chi dya trén thong
tin phan hdi tuong minh cua user dugc biéu dién qua ma tran danh gia R,,, (m- s6 lwong user, n- sé lugng item), ma
con su dung cac trong s6 thé hién cho muc do quan trong cua mdi user va item. Vi vay, né cai thién duogc tap lang
giéng. Ngoai ra, mé hinh du doan duoc lip lai nhiéu 1an dé ngoai suy cac gia tri danh gia chua biét trong ma tran R, két
qua ngoai suy budc trude duge st dung lam dir ligu dau vao cho budc tiép theo cho dén khi nhan dugc ma tran R tdi uu
day hon va tir d6 giup nang cao d6 chinh x4c cho mé hinh goi y.

Han ché déng ké ciia hai phuong phap ICCF va PSO-Feature Weighted la ching khong ap dung dugc voi hé goi
¥ ma ma tran danh gia R chi nhan gia tri nhi phan, chiang han nhu trong h¢ thong goi ¥ viéc 1am thi nguoi xin viée s&
lwa chon nhirng cong viéc dé ing tuyén, hodc trong hé thong goi ¥ bai bao khoa hoc thi ngudi dung s€ lua chon cac bai
bao quan tdm vao trong thu vién riéng cua ho. Vi vay, trong bai bao nay ching t6i s& dé xuét cai tién cho hai phuong
phap ICCF va PSO-Feature Weighted nhiam ap dung d6i voi bai toan goi ¥ ma ma tran danh gia R nhan gia tri dang nhi
phan, dong thoi chung t6i ciing diéu chinh cach thirc uoc lugng gia tri r; chua biét trong ma tran R dé phu hop voi bai
todn goi y cong vi€c; ngoai ra, ching t6i tién hanh xac dinh céc trong s6 khi lai ghép tuyén tinh phuong phap loc cong
tac dua trén user va dua trén item (a)’ Fva a)UF) cung voi qua trinh tim ra bg trong s6 tdi wu dai dién cho murc do quan
trong ciia cac user va item trong viéc tinh toan do twong dong (@” va «f) v6i mong mudn khai thac hiéu qua phuong
phap lai ghép giira k¥ thuat loc cong tac dua trén user va duya trén item nhdm nang cao chat lugng ciia hé thong goi ¥.

I1. GIOI THIEU CAC KIEN THU'C LIEN QUAN
2.1. Phwong phap phan cum Spectral

Phuong phép ICCF ngoai suy ra cic danh gia chua biét trong ma tran R thong qua qua trinh 1ap. Trong k§y thuét
nay, mo6 hinh du doan str dung phuong phap phan cum spectral [22] trong ca hai hudng ti€p can loc cong tac dua trén
user va dua trén item [21] va phuong phap phan cum spectral dugc thuc hién theo thu tuc sau day:

Budc 1: Tinh d6 twong ddng gitra cac user va giira cac item.
> S (12
S.—F _||xi—xj|| )
i = BXP 2x0?

Trong do6 X; va X; 1a cic véc to twong ung v4i hang thir i va j trong ma tran R dai dién cho user i, j khi tinh d¢
twong dong gitra user 7, j (va khi tinh d§ twong dong gitra hai item 7, j thi twong ung véi cft thu i va j trong ma tran R)
va ola tham s6 diéu chinh d¢ 16n cua tdp lang giéng. Néu o nho s€ thu dugc mot cau hinh dia phuong tot hon doi véi
tap lang giéng. Tuy nhién néu o qua nho thi cac diém s& bi phan tach (xa nhau). Do d6, gi4 tri thich hgp nhit cua o

duoc tinh theo cong thire sau [23]
1 n
o= — X Z minj¢id2 (.Q_C)l,.?_C)J) (2)
n i=1

Trong d6 d 1a khoang gitra X; va X; va n 1a s6 cac user hodc so cac item
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Budre 2: Ma tran D (diagonal degree matrix) 1a ma tran duong chéo chinh, trong d6 cac phan tir dugc tinh toan theo

cong thue dudi day: .
:Z}” 3)
j=1

Buwée 3: Dya trén ma tran tuong ty S, thuat toan phan cum Spectral xay dyng mot dd thi tuong déng va tinh toan ma
tran laplace L twong ung ctia n6 nhu sau:

1 1
L=D2x(D—-S)xD: 4)

Buwée 4: Sau khi tinh todn ma tran L, thudt todn phan cum Spectral s€ dua trén &k véc to riéng (vy, vy,..., Vi) Ung voi k tri
riéng 16n nhét dau tién thoa man biéu thirc (5)

LXV=AXxDXV )
Buwére 5: Xay dyng mot ma tran moéi Ve R"™* véi cac véc to riéng (vy, va,..., ) trong tng véi cac ¢Ot ciia ma tran
Budrc 6: Goi y,€R" twong tmg 13 cic véc to hang ciia ma tran V
Budc 7: Str dung phwong phap phan cum k-means dé phan cac diém (v); -1 5, vao k cum (C), Cs,..., Cp)
Buéc 8: Gan cac diém dix liéu ban dau (x))i=1,2,... theo cac cum C; tuong Gmg v6i cum cua cic diém ODdi=12..m

2.2. Phuong phap tdi wu bﬁy dan (Particle Swarm Optimization - PSO)

Phuong phéap ti uu bay dan 1a mot trong nhing thudt toan xay dyng dya trén khai niém tri tué béy dan dé tim
kiém 10i giai cho cac bai toan tbi uu hoa trén mot khong gian tim kiém nao do. Phuong phap t6i uru by dan 1a mot
dang cua cac thuat toan tién hoa quan thé, véi su twong tic giita cac ca thé trong mot quan thé dé kham pha mot khong
gian tim kiém. PSO 14 két qua ctia sy md hinh héa viéc dan chim bay di tim kiém thirc an cho nén né thuong duge xép
vao cac loai thuat toan cé st dung tri tu¢ bﬁy dan, dugc gidi thiéu vao nam 1995 tai mot hdi nghi ctia IEEE bdi James
Kennedy va Russell C. Eberhart [20]. Thuét toan nay da dugc 4p dung thanh cong trong nhiéu linh vire. Mot img dung
hiéu qua vé sinh hoc 4p dung PSO dugc trinh bay trong [25].

PSO [26] duoc khdi tao bing mot nhom c4 thé ngdu nhién va sau d6 tim nghiém t6i uu bang cach cip nhat cac
thé hé. Trong mdi thé hé, mdi ca thé dwgc cap nhat theo hai vi tri tot nhat. Gia tri thir nhat 13 vi tri tt nhat ma né da
ting dat duoc cho tai thoi diém hién tai, goi la Py, MOt nghiém tbi uu khac ma ca thé nay bam theo 1a nghiém t6i wu
toan cuc. Ghpes, 36 12 i tri tot nhét trong tat ca qua trinh tim kiém ca quan thé tir trude t6i th01 diém hién tai. No6i cach
khac, mdi céa thé trong quan thé cap nhat vi tri ciia nd theo vi tri t6t nhét ciia nd va ciia ca quan thé tinh t: thoi diém
hién tai (Hinh 1)

A 4

Hinh 1. So dd mét diém tim kiém bang phwong phap PSO
Trong do:
X5 Vi trf ca thé th i tai thé hé tha k
V' Van toc ca thé thi i tai thé hé tha &
X} Vi tri ca thé thi i tai thé hé tha A+1
V1 Van tdc ¢4 thé thi i tai thé hé thi k+1
Ppeos: Vi tri tot nhit cua ca thé thi i
Gres: V1 tri tbt nhat trong guﬁn thé . ]
Van toc va vi tri cta ca thé trong quan thé dugc tinh nhu sau:

Vit = wx Vi + ¢ XT1><(Pbest_sz)+Cz XrZX(Gbest_Xik) (6)

XER = Xy )
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Trong do:
@. 12 hé s6 quan tinh
¢, ¢y: Cac hé sb gia tdc, nhan giatritr 1.5 dén2.5
71, rp: Céc s6 ngau nhién nhan gia trj trong khoang [0, 1]
Gi4 tri cia trong s6 quan tinh @ s& giam tuyén tinh tir 1 dén 0 tiy thudc vao s lan lip xac dinh trudc.

Céc nha nghién ctru da tim ra gia tri cia @ 16n cho phép cac ca thé thuc hién mo rong pham vi tim kiém, gia tri
cua wnho lam tang sy thay ddi dé nhan duoc gia tri tdi wu dia phuong. Boi vay, nguoi ta da nhan théy rﬁ“mg hiéu nang
t6t nhit co thé dat dwoc khi sir dung gia tri @ 16n (ching han 0.9) ¢ thoi diém bat ddu va sau d6 giam dan dan cho dén
khi dua ra dugc gia tri khac nho cua .

Thuét toan PSO
1. Khéi tao quan thé:
(a) Thiét 1ap cac héng sb: Knaxs C1, Co.
(b) Khéi tao ngdu nhién vi tri ¢4 thé x,’ thude mién D trong tap IR" v6ii=1,2, ..., s.

max

(c) Khoi tao ngau nhién van tbe cathé : 0 <vy' <vy"“véii=1,..,s.
(d)batk=1;

2. Tbi wu hoa:

(a) Panh gia ham f;’ béng toa do clia x; tinh toan dugc trong khong gian tim kiém.
(b) N fi'Sfrest thi fres! = fil va pi = xi'

(€) N&Ufi'Sfoes® thi fres® = fil va pi = i

(d) Néu thoa mén tiéu chuan hoi tu thi dung lai rdi thuc hién budc 3.
(e) Cap nhét tat ca cac van toe v va vi tri x;’

(f) Tang i. Néu i > s thidati=1, ting k

(g) Quay trd lai tir budc 2(a).

3. Két thic.

Vi kipgla s6 1an 1p tdi da.

2.3. Phuong phap lip cong tac toi wu trong sé dua trén thuit toan PSO

Muc dich chinh cua phuong phap PSO-Feature Weighted 1a nham giai quyét van dé dir lidu thua va thiéu dir
lidu @i véi phuong phap loc cong tac truyén thdng. Nhimg trong s0 tuong ung vdi user va item dugc xac dinh béng
cach sir dung thuat toan tdi uu bay dan, nhimg trong sé nay cho blet tam quan trong ctia mdi user va mdi item khi tinh
toan do twong dong s dung trong qua trinh goi y. Nhitng trong s6 téi vu duoc sir dung dé tang cuong do do tuong
ddng giita nhing user va giita nhing item va nd sé cai thién dang ké qua trinh lya chon lang giéng trong bai toan phan
cum. Phuong phap nay da tich hop viée t6i wu cac trong sb trong thuat toan phan cum ldp cong tac dé nang cao do
chinh xac ctia hé thong goi ¥.

Két qua thyc nghiém khi ap dung phuong phap nay trong hé thdng goi v (sir dung dir liéu MovieLens va Book -
crossing) da cho thay chat luong goi y di duoc cai thién dang ké so véi cac phuong phép hién tai, ddng thoi ciing khic
phuc mot s6 han ché ciia nhitng phuong phép nay.

III. CAI TIEN PHUONG PHAP ICCF VA PSO-FEATURE WEIGHTED
AP DUNG CHO HE THONG GQI Y CONG VIEC

Phuong phap PSO-Feature Weighted dya trén phuong phap loc cong tac, do vy, khi 4p dung phuong phéap nay
d6i v6i bai toan goi ¥ cong viée chung t6i chi quan tim dén thong tin lién quan dén nguoi ding di timg tng tuyen cong
viéc nao apply(useid, jobid). Trong ma tran danh gia R,..,= (r,j)mm thi r; = 1 khi nguoi dung i da timg Gng tuyén cong
viée j, v6i m, n 1an luot 14 s6 luong nguoi dung va cong viée, nhu vay mdi ngudi ding duge biéu dién thong qua mot
véc to hang cta ma tran R, mdi cong viée duoc bidu dién thong quan mot véc to cdt ciia ma tran R. Trong phan nay
chung t6i trinh bay su cai tién hai phuong phap ICCF va PSO-Feature Weighted dé c6 thé 4p dung cho bai toén goi y
cong viéc.

3.1. Phuong phap ICCF cii tién (ICCF-Improved)

Phuong phap ICCF do Abdelwahab va cong sy dé xuat da st dung qua trinh lip dé noi suy ra nhiing gia tri
re {1,2,3,4,5} chua biét trong ma tran R véi muc dich giai quyét van dé dir lidu thura. Tuy nhién, d6i véi bai toan
goi y cong viéc thi ma trén R 1a ma trdn dang nhi phan, boi vy, khong thé udc lugng truc tlep gi4 tri chua biét trong
ma tran R, do d6 chung t6i da dé xuét cong thirc dé tinh mic do quan tim cia ngudi ding i ddi v6i cong viée j ky hiéu
1a p; sau d6 dua trén gia tri cua p; chung t6i chi lya chon ra nhiing cap (ngudi dung - cong viéc) ma c6 mue d6 quan
tam 16n hon mot ngudng cho trude dé woc luong nhimng gia tri 7; chua biét trong ma tran R. Cu thé thuat toan ICCF—
Improved dugc trinh bay nhu sau:
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(1) Xac dinh cum nguoi ding va cong viéc dwa trén phiwong phdp phan cum spectral da trinh bay trong 2.1
(2) Xac dinh mirc dé quan tam cua nguoi dung den cong viéc dva trén cum nguoi dung (user-based CF)
Mtc d6 quan tdm cia ngudi dung i doi voi cong viée j (pf} ) duogc udc lugng boi cong thuc sau:

1
Pl = - % Z SimY(i, 1) ©)
U
l

Trong d6, I 1a chi sb cta cac nguoi dung trong cing cum véi ngudi dung i ma di ung tuyén cong viée j,
SimY(i,1) 1a d6 twong dong giira ngudi dung i va ngudi dung /; Ny 1a tong s6 ngudi dung trong cling cum véi ngudi
dung i ma da ung tuyén cong viéc ;.

(3) Xdc dinh mirc @6 quan tém ciia nguwoi ding dén cong viéc duwa trén cum cong viéc (item-based CF)
Mirc d6 quan tim ctia nguoi dung i doi v6i cong viée j (p! ;) duge udce lugng boi cong thire (9)

I 1 . I .
pij = ﬁ,xzsml ()] 9
T

Trong d6, k 1a chi s0 cua cac cong viée trong cung cum véi cong viée j ma dad dugce tng tuyen boi ngudi dung i,
Sim!(k, j) 1a 6 tuong dong giita cong viéc k va cdng viée j; N; 1a tong s cong viée ciing trong cum v6i cong viée j ma
da dugc tng tuyén bdi ngudi dung i.

(4) Xac dinh mirc do quan tam cua nguoi dung déen cong viéc

Két hop mirc do quan tam p! o pf} tir hai tiép cén phan cum Spectral dua trén nguoi dung va dya trén cong viéc,

mirc d§ quan tdm cua ngudi dung i va cong viéc j cudi cung p; dugc tinh nhu sau:

, Pij = pij +pij (10)
(5) Ubc luong cac gid tri chua biét trong ma trdn R dya trén mirc dg quan tdm cita nguoi diing véi cong viéc
rg:1néupij>pai (11)

Gia tri p,; chiing t6i chon duya trén mutrc d6 quan tdm trung binh ciia timg ngudi dung voi tat ca cac cong vide ma
ho da tng tuyén, cu thé dugc tinh theo cong thirc (12) nhu sau:

1
Pai = 51 % Yker; Pik (12)

Trong do, R; 1a tép cac cong viéc da duge ung tuyén boi nguoi ding i. Trong phwong phap nay, ching toi st
dung d6 cosin dé tinh d twong dong gitra hai nguoi dung, gitta hai cong viéc.

[ - |

v

1 cong viéc

: i)
[ e/ [ /
y v

trén rén
1g p

Sai

Diéu kién
dung

—

Hinh 2. Thuat toan ICCF-Improved




HE THONG GOI Y SU DUNG THUAT TOAN TOI UU BAY PAN 291

3.2. Phuong phap PSO - Feature Weighted cii tién (PSO-FW Improved)

Trong phan nay, chung t6i dé xuat mot cai tién cho phuwong phap PSO-Feature Weighted (dé cho gon, chung toi
s€ goi 1a PSO-FW Improved) trén co s¢ phuong phap ICCF-Improved da trinh bay ¢ phan trén, trong d6 tap trung vao
viéc diéu chinh cach thuc dé woc lucmg céc gia tri chua biét trong ma tran R dong thoi chung t6i cung dé xuét viéc xac
dinh dinh cac trong s6 @/ va " trong cong thirc (17) thong qua thuat todn PSO. Hinh 4 cho biét thuat toan bat dau
v&i viée lwa chon céc céa thé chinh 1a cac trong ) tuong Gng (a)', o', o, " ). Mdi gia tri trong ca thé thé hién murc do
quan trong cuia dic trung twong tng. Gié tri bang 1 cho biét mirc d9 quan trong nhat, trong khi gia trj 0 c6 nghia dic
trung 1a khong quan trong va s& khong duoc sir dung trong budc tinh toan mirc do twong ty (trong dong).

3.2.1 CAu hinh thuit toin PSO

Cic ca thé PSO dugc x4y dung nhu  hinh 3  dugc biéu dién  nhu
{w!, W}, @i, ..., 0L oY, W), of,.. 0l a)IF,a)UF} trong do, w}, j =1, 2..., n, vaw{, i=1, 2,..., m tuong img la cac
trong sb ctia cong viée va ngudi ding; w'F, wUF 1a cac trong s6 tucmg ung Voi mirc d6 uu tién cua ky thuét goi y user-
based CF va item-based CF st dung phan cum spectral trong mot cach két hop lai mot cach tuyen tinh dé dua ra két
qua goi y cudi cung ctia mo hinh va cac trong sd nay nhan gia trj thyc trong khoang [0, 1]. Quan thé khoi tao 1a mot tap
ngau nhién cdc ca thé dai dién boi cac tri bat ky trong khong gian tim kiém cac nghiém tng ctr trong bai toan t01 uu.
Céc tham s6 cua thuat toan dugc dua ra trong bang 1. Nhimg tham sd nay diéu khién tc d6 udc lugng cac trong sb t6i
wu ciia thuat toan va can bang giita viéc tim kiém cuc bd va toan cuc.

w! w} w¥ wY wY w'f wYF
1 0 0.5 0.7 1 0.3 0.7
Trong s ciia céc ang viéc dugc str Trong sb ctia nguoi dﬁn! dugce st dung trong ma Trong Xé turong
dung trong ma trén twong dong ngudi tran tuong dong cong viée umg v6i mire d¢ uu
ding tién cua hai ky
thuat goi y
Hinh 3: Vi du vé biéu dién c4 thé cho thuat toan PSO
Kich thude quan thé (s6 ca thé) 15
S6 budc lap tdi da (s6 thé hé cia quan thé) 100
Hé s6 gia tdc cuc bo (cl) 2
Heé s gia toc toan cuc (c2) 2
Heé s6 quan tinh khoi tao 0.9
Heé sb quén tinh két thuc 0.4
Bude lap khi hé sb quan tinh dat gia tri cudi 80

Bing 1. Ciu hinh tham s6 ctia thudt toan PSO
3.2.2 M6 hinh dyw doan va ham fitness ctia thuit toan PSO sit dung trong PSO-FW Improved

Trong phan nay, chung t6i st dung mot mé hinh du doén trong do6 céc trong sb dic trung @ chinh 13 cac ca thé
cua thuat toan PSO. Trong mé hinh nay, cac trong s6 duoc su dung dé cap nhét d6 tuong ty cosin nhuw biéu thirc (13)
twong tu nhu [27] dudi day.
wsim(en, %) = 2 W; X Xgi X Wi X Xp; (13)
Vi w? X x2,/% 0? X xE,
M0 hinh dy doan st dung trong PSO-FW Improved duoc ap dung theo thu tuc sau:
(1) Phan cum nguoi dung va cong viéc sit dung phwong phap Spectral

Khi xay dyng ma tran tuong déng giita cac nguoi dung, thi ca gia tri danh gid va trong sb ctia cong viée duoc
sir dung dé tinh toan mirc d6 twong dong giita cac ngudi dung. Va cling twong tu nhu khi xy dung ma trdn d¢ tuong
dong giita cac cong viéc, gia tri danh gia va trong s ciia nguoi dung ciing dugc st dung dé tinh toan mirc d6 twong
dong giira cac cong viée theo cong thirc sau:

- — 2
5, = Exp <_ M) (14)

202

Trong d6 wX; = (W X Xj1, Wy X Xiz, ey Oy X Xin )
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Sau d6 chung ta chuyén dén budc tiép theo cua thudt toan phan cum Spectral nhu di dé cap ¢ muyc 2.1, nhan
duoc cac cum tuong tng voi nguoi dung va cong viée

(2) Ap dung phuong phdp user-based CF dwa trén phan cum Spectral

Khi 4p dung thuat toan phan cum duya trén nguoi dung, mirc d6 quan tAm cta ngudi ding i ddi v6i cong viéce j
(pg ) dugc ude lugng boi cong thic sau:

pl = L xZwSimU(i B} (15)
ij N ’
voT

Trong d6, [ 1a chi sb ciia cac ngudi dung trong cing cum vé6i ngudi ding i ma di Gmg tuyén cong viée j,
wSimY (i, 1) 1a do twong dong giita nguoi dung i va ngudi dung /; Ny 1a tong s6 ngudi ding trong cing cum voi ngudi
dung i ma di ung tuyén cong viéc /.

(3) Ap dung phwong phdp item-based CF dua trén phin cum Spectral

Khi 4p dung thuat todn phan cum cong viéc dya trén Spectral thi mirc 6 quan tim cia nguoi dung i dbi voi

cong viée j (p! ;) dugc udce lugng boi cong thire sau:

ply= Ny x ) wsim' (k. ) (16)
k

Trong do, k 1a chi so cua cac cong viéc trong cung cum voi cong viée j ma da dugce Gng tuyén boi nguoi dung i,
wSim!(k, j) 1a do twong dong giita cong viéc k va cong viéc j; N; 1 tong so cdng viée clng trong cum véi cong viéce j
ma da dugc ung tuyén boi ngudi dung .

(4) Xdc dinh mirc d quan tam ciia nguoi ding i doi véi cong viéc j
Két hop muc d6 quan tam p! s pil} tir hai ti€p can item-based CF va user-based CF dya trén phan cum Spectral,
mirc d6 quan tim ciia ngudi dung i va cong viée j cubi ciing pj; duge tinh nhu sau:
pij = o x pl;+ o xpf (17)

Trong d6, 0 < w!F, wYF< 1 duge x4c dinh qua thuc nghiém khi 4p dung thuat toan PSO.

(5) Ubc lwong cdc gid tri chua biét trong ma trdn R diea trén mire d¢ quan tém cia nguoi ding véi cong viéc theo
cong thue (11)
(6) Tinh do phit hop (fitness) ciia méi cd thé trong thudt todn PSO
Khi ap dung phuong phap PSO-FW Improvedcho hé thong goi ¥ cong viée thi do fitness ciia mdi ca thé trong
thuét toan PSO s€ dugc tinh dya trén mire d6 hoi tu ciia ma tran udc lugng R™ tai budc thir k, tire 1a néu ma tran RY va
ma tran R*? ¢6 su khai khac cang it thi d9 fitness cang nho; theo d6 d¢ fitness cia mdi ca thé duoc tinh theo cong thure
sau:

card(|R*&D — R®|)
card(R%-1)

(18)

fitness =

Trong d6, card (R™) 1a sb cac phan tir ;=1 trong ma tran R®.

Gié tri ciia ham fitness cho biét khoang cach giira vi tri hién tai cua ca thé va vi tri toi wu. Tai mdi buédc lip,
thudt toan s€ co gang gidm khoang cich nay. Bdi vay, thuat toan tré thanh qua trinh cuc tiu hda trong d6 moi cé thé co
gang giam khoang cach gitta vi tri hién tai va vi tri toi wu. Vi the, n€u gia tri fitness bang 0 thi vi tri hién tai cla ca thé
1a to1 vu.

3.2.3. Cdc budc toi wu trong so va duw dodn gid tri rij chwa biét

Day 14 phan quan trong cua thuat todn PSO-FW Improved, bao gdm cac budc sau:

Buwéc 1: Ubc heong nhitng gid tri chuwa biét 1y trong ma trdn R theo hai khia canh: dira trén nguoi ding va dia trén
cong viéc.

1 1
Ty = g% Z wSimY(i, 1) + N X Z wSim! (k, j) (19)
v %

Trong do, N, la téng cong viéc do nguoi dung i da ung cu; N; téng sd ngudi dung da ing tuyén cong viéc /.

Budc 2: Cau hinh cdc tham so cho thudt toan PSO nhu trong muc 3.2.1

Buwée 3: Véi mbi cd thé, thue hién cac cong viéc sau

a. Ap dung mé hinh goi y dd mé ta trong muc 3.2.2 dé udc lugng cac danh gia chwa biét va tinh do fimess cho ca thé;
b. Cap nhat vi tri tot nhat cua ca thé (Pbest) theo thuat toan PSO dd mé ta trong muyc 2.2
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Buoc 4: Cap nhdt vi tri {6t nhdt ctia toan bo qudn thé (Gbest) theo thudt toan PSO da mé ta trong muc 2.2

Budc 5: Cdp nhat van toc va vi tri ciia moi cd thé theo cong thirc (6) va (7)

Buwéc 6: Thiét ldp ma trdn déanh gid R sir dung vi tri tot nhdt ciia cd bdy dan trong mé hinh goi ¥ va ma trdn vira thiét
lap dwoc swr dung lam dir liéu dau vao cho budc tié}) theo

Buwéc 7: Néu diéu kién dirng théa man (dat dwoc sé buéce lap t6i da hodc do fitness khong thay doi) thi chuyén sang
bwoc 8, nguoc lai quay lai bwoc 3

Budc 8: Nhin duoc trong 56 t6i uu (0", o, &, @) va ma trén danh gia R day hon.

i Trong ) o, o, ff,

Gia tri fitness
<€

W
Sai Pidu kie bing ma
1€u kKien 3 L
dung

Hinh 4. Luu dd thuét toan PSO — FW Improved
3.3. Thue nghiém

3.3.1 Chuén bi dit li¢u thwe nghi¢m

Chung tdi thi nghiém phwong phap dé xuat trén bo dir liéu vé cong Vlec , bao gdom 1054 nguoi dung va 1682
cong vie, trong d6 moi nguoi dung da tung ng ctr it nhit mét cong viéc, mdi cong viée duoc Gmg ctr boi it nhat mot
nguoi dung; dir liéu nay duoc biéu didn bai ma tran ngudi dung—cong viée R v6i 1054 hang va 1682 cot.

Dir lidu duoc chia thanh hai tap hudn luyén va tap kiém tra; trong d6 tap dit liéu ban dau dugc chia thinh 5 phan
dua trén nhimg c@p (nguoi dung, cong viée ing tuyén) trong ma tran R. Sau d6 lan luot chon 1 phan bt ky lam tap
kiém tra, nhimg phan con lai lam tap hudn luyén.

! http://www kaggle.com/c/job-recommendation
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Ngoai ra, bai bao con xem xét dén muc do thua cua tap dir liéu. Trong d6 mirc do thua cua tap dir li¢u ddi voi
ma tran X dugc tinh nhu sau:

T6ng sé cip (ngudi dung, céong viéc tng tuyén)

Mirc d¢ thua (R) =1- (20)

=0.9848. Voi tap dix

Téng s6 cip (ngudi dung, cong viéc)
26868

Nhu véy, muc d6 thua cua tap dir liéu dugc biéu hién thong quamatran R =1 - Tosaxices

liéu nay mtrc d6 thua 1a kha cao.
3.3.2 Panh gia d¢ chinh xac mé hinh goi y

Pé danh gia do chinh xac ciia mo hinh ggi ¥ chung ta co thé su dung d6 do Precision hoac Recall hoac la két
hop gitra hai d9 do trén.

Precision = #TP /(#TP+#FP) (21)
Recall (True Positive Rate)= #TP/(#TP+#FN) (22)
F-Measure = 2x (PrecisionxRecall)/(Precision + Recall) (23)

Trong d6 #TP 1a s6 cong viéc du doan dung, #FP s6 cong viéc du doan khong dung, #FN sb cong viéc khong
duoc du doan.

Trong ma tran R, gia trj 7;; = 0 noi 1én rang hodc ngudi dung khong tng tuyén cong viéc hodc ho khong biét vé
cong viéc do. Picu nay gay kho khan cho viéc tinh toan do chinh xac (Precision) cia md hinh dy doan. Thay vao do6,
gid tri 7;; = 1 cho biét chic chin ngudi dung da Gmg tuyén cong viée, vi vay chiing ta s& sir dung d phi dé danh gia
murc d chinh xac ciia md hinh dy doan. Theo d6, cong thirc vé d9 phu Recall@ N dugc tinh nhu sau:
56 cac cong viéc nguwdi dung da ¢ng tuyén trong top N
i tdng s6 cong viéc ngwoi dung da Gng tuyén i

beé danh gia toan bo mo hinh goi y chiing t6i sir dung gia tri trung binh cua Recall@N tuong Gng vai 5 tap kiem
tra, trong mdi mot tap kiém tra do phu ctia mo hinh goi ¥ 1a d6 phu trung binh cua tit ca ngudi dung va gia tri ndy cang
gan 1 thi m6 hinh ggi y c6 d¢ chinh x4c cang cao.

Recall@N = (24)

3.3.3 Két qua thuc nghiém

1
0.9 —
0.8 -
0.7
0.6 g ——CF
0.5
0.4
0.3
0.2
0.1

0

== ]CCF -Improved
PSO - FW Improved

Recall

Hinh 5. Két qua thuc nghiém so sanh két qua giita cic phuong phap CF, ICCF-Improved va PSO-FW Improved

di voi hé théng goi y cong viée

Trong phan nay chiing t6i s& tién hanh thuc nghiém dit liéu cta bai toan goi y cong viée v6i cac phuong phap
g0oi ¥ loc cong tac truyén théng, phuong phap ICCF-Improved va phuong phap PSO-FW Improved. Chung t6i da thuc
nghiém véi dit liéu goi y cong viéc nhur ¢ mo ta trong phan trén.

Hinh 5 bidu dién do hoi twong twong ing voi cac phuong phép CF truyén théng, va hai phuong phap do chung
t6i dé xuat 1a ICCF-Improved va PSO-FW Improved lan luot voi sé lugng cong viée duoc lua chon dé dua ra goi ¥
(TopN) 14 5, 10, 15, 20, 25, va 30. Thong qua d6 thi biéu dién trong hinh 5, ching t6i nhan thy rang phuong phap CF
truyén théng do chinh xéc thﬁp hon hén so v6i hai phuong phap ICCF-Improved va PSO-FW Improved ngay ca khi gi4
tri TopN duoc tang 1én 30. Ngoai ra, dbi v6i phuong phap ICCF-Improved mic du do chinh xac da dugc cai thién dang
ké so voi phuong phap CF nhung van thap hon so vdi phuong phap PSO-FW Improved trng v6i cac gia tri TopN khac
nhau. RS rang sy cai tién trong phuong phap PSO-FW Improved da cho két qua t6t hon han s0 voi hai phuong phap
con lai trong toan b cac s6 lugng cong viée dugce lwa chon dé dua ra goi y. Pay 1a mot két qua rat dang cha y.
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IV.KET LUAN

Phuong phap ICCF va PSO-Feature Weighted da giai quyét kha t6t cho hé goi ¥ ma gia tri danh gia la cac 50
trong tap {1, 2,..., 5}. Rét tiéc no khong ap dung truc tiép duoc cho nhiéu hé goi v chang han nhu h¢ thdng goi y bai
bao, goi y viéc lam va goi ¥ tin tirc; ma ¢ d6 mién dénh gia nhan gia tri nhi phan. Dé giai quyét van dé nay, bai bao da
¢6 hai dong gop.

Thir nhét, ching t6i diéu chinh cach thirc dé udc luong gia tri danh gia chua blet () trong ma trdn R trong ca
hai phuong phap ICCF va PSO-Feature Weighted dé ap dung cho bai toan goi y ¢6 mién danh gia nhi phan. Thi hai,
chung t6i dua ra cach tién hanh xéac dlnh trong s6 khi lai ghép tuyén tinh phuong phap user-based CF va item-based CF
dua trén phan cum spectral (/" va @”") cing voi qua trinh tim ra bd trong s t6i wu dai dién cho mirc d6 quan trong
clia cac ngudi dung va cong viée trong viéce tinh toan do twong dong (a0 va «f). Biang cach nhu vay, chung t6i mong
mubn khai thac hiéu qua phuong phap lai ghép giita user-based CF va item-based CF nham nang cao chat lugng ciia hé
goiy.

Chung t6i s& tiép tuc nghién ctru dé cai thién phuong phap da dé xuat nhiam khai thac thém théng tin mo ta cua
céc cong viéc khic phuc van dé cong viéc méi tie 1a nhimng cong viéc chua timg dugc ai ing tuyén va nang cao chat
luong goi y.
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RECOMMENDATION SYSTEMS USING SWARM OPTIMIZATION
ALGORITHM

Pham Minh Chuan, Le Thanh Huong, Tran Dinh Khang, Nguyen Van Hau

ABSTRACT - The Collaborative Filtering (CF), one of the most commonly used techniques of Recommendations Systems, has been
integrated in e—commerce sites (such as, amazon.com, barneandnoble.com, Yahoo! news, TripAdvisor.com). The CF approach
based on the underlying assumption in which if one person, namely X, has the same opinion as another person, namely Y, on a
particular issue, then X has a similar opinion with B on another issue than with another person which was chosen randomly. The
Iterative Clustered CF (ICCF) and the Feature - Weighted ICCF using particle swarm optimization (PSO) methods demonstrate the
effectiveness for the recommendation systems in which the assessed values are in a set of {1, 2, ..., 5}. However, such techniques
can’t be directly applied to the recommendation systems in which the rating values belong in the set {0, 1}. To deal with this issue,
this paper proposes some improvements to ICCF and PSO - Feature Weighted, so that these proposed methods can be applied to the
recommendation systems in which the rating value are in a set of {0,1}. By using these proposed for the job recommender system,
experimental results show that accuracy of predictive models has considerably improved compared with the traditional CF method,
and one often issue of CF, sparse problems, has been mostly solved.



