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推荐系统存在的问题：
1冷启动
2数据稀疏
3不能推荐新项目，动态性
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Table 1 User-item ratings matrix

[ B I, I, L L. I,
' U, 4 3 ? | |
U, 3 2 2 4 4 2
U, 2 3 2
U, 4 3 3 5 2
Us 2 4 1 5

1.1.1 ATl d i+
ETFICICNEEREETUBEIRAS ORAHEVUEITE it 8 H P /T B 2 8§98 PR, #4848 !
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4 X3+3 X2

sm U, ,U;) = - = 0. 998
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7] 28 1] 1§
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Slm(IlgIz) = (. 919 Sim(Ilng) = (. 998 Szm(Ilqu,) = (. 974157,7?’1(11915) — 1351m(IlgIﬁ) = 0. 764
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# AR P8 AM 2 DLt Hr i A
o Py | y=m)P(x, | y=m)P(z,—y | y=m)P(y = m)

HA zoxp 0z, AR n—1AFAPEXT I B3 P(y=m|zx; 223 s 2,1 VIRINTE T1 9225 s Zum1 P 5 JE
P E LS m R RBERAF-TIERITES IR P (| y=m) MERER P(y=m) ,#MiH
R m EX N HEBER P(y=m|x1,2s s sa—1). RN N B KGR R m HENBRRNES. BE
BET, AP XEE VSRS A, A ZEERRE RGN ITEREE. (R P4 Z 87 72 5K
ok R BT, X B B R ERR MR T,

(2) T4 RIE R HERF 7 i

ETRHAHESRES, TTRAKERPAFEAH P2 EMNEETNER. & u= (2,22, ,2,) K
REP u it n ATHEBES BUE P XTE n+1 ATE IF4 2000, 2 p=(a1,a,,a) BARIEF R,
1) 2% M T 1 B ] R R A

-
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HbEE m BRMETRE ATETFHA-TEERE, M HEAFNSH. § TEREFEBEBENS AT
WEETHP-TEER, R ZEENTR . GESREZW, 2 ENERRA A RESEK. v, TR HE
ﬁn%ﬁﬂ%ﬁﬁ“”iﬁn’%ﬁEﬁﬁi“”—#ﬁﬁt THEIE AL PR EHE, IR M T X ER LS, NTTE—ERE
LR B R . T &R 5, Slope one BB —fE AW AT HEFRE,. ZEESE S, H
RE B0 PRl 7= A HE T 45 SR 1.

(3) BT ERPRIHEITE MDP K IEFR L

ft %58 fk 2 3J (reinforcement learning) B B A8, SCHK[ 15 ] $B#EFZ S R B E b MDP &tk K ) 7% , B
] 7= A — AN RE R R B P IR 25 ORI B 51 3. % TAE ¥ MDP B E Lo —1 4 SUH (S, AR, Pr), K H
SEIRBTBEFIMBRAREE,A FRIEE,. B ERMAPEERNT R R RARXNEMIRE/ZI1E

X R E, Pr R REFH B MR, LB M A MDP &R r] iR 40T .
V.(s) = R(s,m (s)) -|-rZPr(s,7r,-(s),5j)V,-(sJ) (1a)
T (5) = arg max[R(s,a) +r EPr(s a,s;)V,;(s; )] (1b)

Hr, s BARGHCRE, V(O RBERD s T%ﬂ%ﬁmﬁﬁﬁﬁﬁl&ﬂ i, m (DFRERE s HEBEHEK
5% 2 T DL IRAT BB AR, B ) A P #EE 1T B . AT 45 15 30 xo(s)—argGTax[R(s,a)].; 18, BN (1a) H

(b BEZEUWEL. AT =4 — R Kb ik 25 sy 37 B 1] 3R,

UL E AR Ah, 2 TEAR UR I AR R T B Gibbs ke 7 iRV B R A R DT
U FIAR K T U &, BT EEI N E S AR — R E LR TR WEER IR AR ERE
M EHEREERE LR BB FEEE R ITREITH K.
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1.3 ETEEZANEFEEZE
FH 7 -0 B 5 B ] @A — > Z 3P (bipartite graph) , K7 Qi F R A AP A H , 1385, P X5
WM. R TEEHWRNEEREE ST —BESHA H 5B ER.
EENEMERESESRE, XRBLIIEB TE T - HEEH 2 HER L, Z T EWEREIE N
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OviHE_HHE. EFREBET n TH P A E, 58P i RWEFB ., W4 a;,=1,FNS a; =
0, UM I KA — M E ntm A A ZHE
Q@ HEFEIEFEW. INH ; BWMA B’Jﬁiﬁ%ﬁﬁ?ﬁl B w; tHEWT -
w; = 1;;- ; s R (2)
Hp D, fARTET WE
Q% Xt 18 & ,F'm“;éi%ﬁ HHRIESE. 2 fi=(aasan,sa) TBARRP i X m 4T B B9 15 7 IR
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OB e EENR. % P ARENRFHEFER— T EET RS RAFELRME NI E R
Fh).
K1 RKR— SAMBEMINRAFHABMIEERS  EXM MY ZHRE P, 2 RARTE,y BRHP,
Y1 %7 ﬁ‘h ,F'-
() © : (%) (%)
D (7 (3
Bl 1 HEFE RGN ZEE
Fig.1 Bipartite graph of recommender system
A H, v BRIRERSE N £1=01,0,1,0,00T, HAR () A8 & 15 H 18] 69 % U8 43 B 4 1
(1/2 0 1/6 0 0 ]
o 1/3 1/9 1/6 0
w=1I[1/2 1/3 7/18 1/3 1/3
o 1/3 2/9 1/3 1/3
e o 1/9 1/6 1/3
HARAHP vy R RESENT .
1/2 0 1/6 0 0 (1) (2/3)
0 1/3 1/9 1/6 0 0 1/9
ffi=Wf = |1/2 1/3 7/18 1/3 1/3||1{= |8/9
o 1/3 2/9 1/3 1/3]|0 2/9
0o o 1/9 1/6 1/3jlo) l1/9!
NI A ERHAF v #HEFERITNEN (2,2, ,x5) (BRARE A EAIS T B BEVLHES)).
HERL32 R B AP —Fh i+ B W B B
wn = 3 ®
ELWEERRE,RAH QA F=EWEES R Fr i #ES I, e EEENERYE, TR G)
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Review of the Art of Recommendation Algorithms

YANG Bo'?,ZHAOQO Peng-fei'*?
(1. College of Computer Science and Technology , Jilin University ,Changchun 130012,China;
2. Key Laboratory of Symbolic Computation and Knowledge Engineering

of Ministry of Education, Jilin University ,Changchun 130012,China)

Abstract: Recommendation is one of primary ways to addressing the problem of Internet information over-
load, and has been applied to many areas including E-business. Although there exit different kinds of rec-
ommendation algorithms and systems, we are still faced some key challenges which have not been well
solved for constructing more intelligent and more robust recommender systems,and the involved research is
still the hot point of intelligent information processing. We describes the background and significance of the
studies of recommendation techniques,and then introduces main recommendation algorithms including col-
laborative filtering recommendation algorithms,content based recommendation algorithms, graph structure
based recommendation algorithms,and hybrid recommendation algorithms, moreover, discusses the advan-
tages and disadvantages of existing algorithms,and finally con¢ludes main evaluation methods and main is-
sues,improvements and future research directions.

Key words: information overload; recommender system; collaborative filtering; information retrieval; data

mining ; machine leaning
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