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Abstract Understanding user interests is the key to personalize service, User’s interests can be categorized into short-
term interests and long-term interests,and may evolve over time. Inspired by artificial immune system (AIS), we skill-
fully employed immune response process in user interests mining. By combining probability with time, we first intro-
duced the concept temporal dynamics to describe the degree that the user pays attention to a particular interest during a
specific time interval, Then, based on AIS, we built classifier to extract user interest tags. Finally,directing at incremen-
tally learning user interest, we built concept temporal dynamics for interest tags, which characterize the attention degree
since interests first appears,and on this basis judged whether interests have migrated or being forgotten and assigned
weights to each interest tag. The main contribution of this paper is that we creatively applied AlIS to user short-term in-
terests and long-term interests mining with incremental feature, which can gracefully reflect the migration of user’s in-
terests, It is a natural and complete model for learning user interests. Experimental result on practical dataset indicates
that the proposed learning model can effectively discover topics that user focuses on, with the average precision and re-
call of 79.5% and 74. 4% respectively, which is the most suitable user interest mining model.
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Algorithm Interest_tag extraction
Input; {Train_Ag},MC
Output: Interest_tag classifier
1. foreach(ag in Train_Ag)
2.do
3.  max_stim<0;

4. foreach(mc in MC)

5. do

6 stim<—Stimulation(ag, mc)
7. if(stim>>max_stim)
8 max_stim<—stim

9. done

10.  if(stim>threshold )

11. MCyyaech < MC

12. update mc. source

13. ARB=ARBUJ ARB_generation(mc. s stimulation)
14. else

15. MCpatch, <€

16. MC~-MCU (ag}

17. update mep,qp. SOUrce



18. ARB=ARBUJ ARB_generation(mcp » stimulation)
19. fi

20. done

21, allocate resources according the stimulation;

22, remove abs which do not have adequate resources,

23. sort ARB, evaluate items in ARB, determine if the item join in MC
24, cut<—Aff_ThresX para //para is pre-defined

25, foreach(ab in ARB, mc in MC)

26, do

27.  if(ab. stim>>mc. stim)

28. MC<«MCU {ab}

29. fi

30. if(affinity(ab, mc)<Ceut)

31 remove mc from MC
32. fi
33. done

34. return Interest_tag classifier
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K, n RAWNGHIRE IR, Af finity(x, ) FR ERE
PIA I GRPLIRAFAE [ B 2 o] A R L L1 BE Y .

Stimulation(x,y) =1—Af finity(x,y) 2)
N=Stimulation X Clone X Hypermutation (3)

A, Clone BARTLIEM FLEER , Hypermutaion FRBERE,
Wik 2 wREbE

Algorithm ARB_generation

Input; mc, stimulation

Output: ARB;

1. MU<Q

2. MU<MU | makeARB(mc)

3. N<—stimulation X Clone X Hypermutation
4, While(| MU|<<N)

5.do

flag<{false

MCjone *~MC

MCjgne - Mutate(mcyqne » flag)

© ® N

if(flag==true)
10. MU-<-MUU makeARB(mcg,
11, fi
12. done
13. ARB;<ARB; UMU
14. returnARB;
WiE3 FHARZXYHHETER
Algorithm: mutate
Input: me, flag, MC;
Output: ARB;
1. foreach(MC; in MC)
2.do
3. if(i==mec. )

flag<true

4
5. fi
6. foreach(me; in MC,))
7. do change<—random() // the function of random is generating
some random places in the feature of mc,me,
8. exchange mc, mc; in the specified location
9. add new items to ARB;
10. calculate average mutation
11. if(average mutation>>mutation_rate)
12. stop
13. fi
14. done
15. done
16. if (flag==true)
17.  return ARB;
18. fi
2.3 FAgKEIEMEFSIAPNE
AT RERGH LR BN TR, G RERY . &
B BRI S TR, REREFEEAEEmE 3
B . SRS EEBIEIRG ¥ GCITRIEW B
FHI“ SRR NER S, B S ITWHE SRS ik

037.



XTOMRVRT R, KA A RS, BRI A AR
GERPEGBNEDT . GO M R RR TR
IBIZHIE AR, T M@ B S B — MRS 22 T Fi
L8R, BHAA T RRERGENABE I B RS R

A,
RERE (BK)
Q e 2 O %
%t " %
2 BaABA %
# I____"_:.“..'T.'.A.-..‘...".t'.f.ﬁ,’.'..’,f‘..‘..ﬁﬁ.‘.?.’..f"l %
s et FH - ¥3 L ] i+
L I : - 3

B3 fEFesmsEX
2.3.1 SA&iRH

HERINMARRAAERINGE A HEDS, X—
AR 5P XMNEEETAN - MNEBREEEEEETRHR
FIXMBEPHEYE .

FBPN Y M 5T 4 03 AL B Z S5, 38 BRI SR L, R TT
B HFERE P={w ws, yw, ) TR, FIH Interest
_tag SIAEIE A W TR Bl — 1 IBARE term: [, 155
MBI Antigen=(wy ,wy s> wh s termy) , FI AR HE
BB AR ORI Stimulation, 3 HL BT S0
RG], ERIBEB T R & BHAREREY S Z T HUBE
BRI, DU R I 5 2 BT R VS BE i PR , X4 PL IR B
BERT RAENE G E TERK C BRI 4R G K8 N &
FRXPURBETES .

2.3.2 %HE%I

GEFEIRFTFENRENELR, YREREX—1
PRSI TR R B R, R R A S P HREERH TR
P KRB PR, MRS TR R TS, Ry
PFEMAB PR SERE TR, YHEMUNREFKR A
BB R, I R GBI ITIZE B T LI R SR,
BE A RGN, T AR AT AR R U TH
FHRaarER.

LR K B RIE B MBS R — N MBI R
BRAFER, XER[18] 4 TP —BE E W ERRR
TR, (B0 B P 783X — AT O TR BA v X 190 B ) o s e 2
— AR ARBEARHARRA P RTR. BT Eifm
BRSSO XERESHRIZ BN AR RERER
GiAk FHE S ARSI AR TR,

EX AGEESHFHD BERRSHEMESEATHER
F P ERAT R ARSI E SR K s e Rk
EREFFF] . D(c) = (P , Prssionz oue, Poon, ) LA, ¢ 7R
MBIRE, P BRI P AES | 4 session X4 ¢ HIFIETE
B FAROMEITIE  tat0s ot AT HEBRES
KB Rt RS . B S AHMER— B8 c 5
P, EBEE B m 4 session WIS H AR, EEZE
BIFEA™ session; F P BEA e o, ] P~ =0,

prsion; — mtf(term,Daz,-) 4

g}lt f(termy ,Day:)
o, 1 f(term, Day; ) FRFES | KUK B T Day: 534
AR term HBRAVIRE,

U http://baike. baidu, com/view/3891263. htm
. 38 L]

S 283 SR 45 B DU AT 3 — 25 FRAE R B, 41 %
MABITE term; BB FEHE BRI SHERNERR
BIHLIR AntibodyGEX 4) . BERVIR RN, WA D(zer-
m) = (P(term)) ; HER ZIRNE, MG E REFENBIRE
term; IR B F 3125 D™ (term:) , R W T 5 K AR & 0 30
AL A B session WHEZR BP AT, D (term;) = (D~ (term )
P(term;)) .,

X AR S AT 0T 3R E 3 MRIR, 45
RAFE BTGB IBMNE. KPP XBERN AP
MELIR S R EMK BN T IEXE BEXNBETE RS HEE
R B — Lo GBARAE , B AT REF N G, oF TTRERE |
MR ; TR R P B X X B IR EE— 4o B S B/ R &
e HAR P EIEHMME, 3 # 2B F L A (A i
MR E A, A 4 FiR.

B4 2B

FPXE EBEMEBMEXBZ AN FEXJET B
B A} PO B AT TR R 1 B A 3, BRI L AT R B B I s S IR
a3, 5 P, B HTEESE 5 1 session FIX6E 1.2.3
HEEE FEIE, B AT 1 BEAE - MRS EARESN
REE,HE—EHE PR RE. BERE AP
R GBI AHNA BB —K, B 248 1 1]
DIFRRF P& R )l 2 E— N AN E L BE
B  H i FHESF WA BR R4 B RBEIA I R P
P, TIHEIGER 2 VE AR I Ak SR AR s 2488 3 BARAE—AN
HESARENEE, BEEXEERK FE—-ENBA
T, B A R B 2 R B B

04 x\ <o JelR2
\

1 3
Sessionl ¥

Hs BMENFHEFRER

EM 5 Antibody={(C;W,,W,,---,W,; D(C) ; Source) ,
Hep C 2y ODP MBAE PRI DGBIRE W, W, W, 2 H
T1h TF-IDF {8 H45 55 B 4RAE 18], 33X L RRAE 18] 7T DL 3 40 2
IR, FERNULEA 28, D(O)  MBIR A WS T E)
75 Source T/ATUEFTHIH HIBTIREL.

L%t —A~ term; BITWERE k > session J& , J B 1k %8
AWM REFRKES, TR ERBHEXRES BHE term
B—AIGBETREYE . S8 5T L BR 2 R I, 7 — BB 1]
AP X AR XSEBE E ARG SEEE, H GE St
FEhAS MRS R — A term B— T 260A L A, EF S
FREERM S MNBL L RAOIEXE, BHRAARG
& term 5MABSEIGR LS F 3175 2 R B9 B2 IR B AH 56
REGE—BIERE Cons WER T IR R L m, ML term



ARIGBETTREM: LB . AR 7 S B s — AR 4 D4R
PREE S TR S R R E T

N N
XL 2

N L Z
Cons(IlJz):i;IlIZ_,_l ]{]AI / EH_(EKJI)

2
s {2k 5

AH I FR term ISR F AR, L, FRIJEXB M
2.3.3 SHgiTit
RBZEIMGEICIL R AR R AR E S L.
AT TR A B AL X F— R, REEE
Bl ab R E R BTt 3 TR A HHR, IR H Rz
TRICERFENRSS . fREICIZPaEHBERRICIZE AIS
X B FHAAF B LN EEREEZ —. BRRAXICIZERE
TR RG] X A PR BEIT HGRIR S, 8 TR 28
MR A WAL R (B RS A .
EIREAPMBIRPRER, — M MBEA LA EMHE
AFE, WERRR—-LHOREEES BEE2T—KE
BES T AEFHE NS FAENTEREHRTEF. N
TERIABEANE, FAREERE R EH HHEFZE I
AT AR XN [F— 288 C W= R 5TURE S8
WHIRRIUE, NTTITE SRS S KRR A ERE RIEE.
RERFERR T EERE— BT, XThbiikE
—BatE A HURAE, SR ERE NI SR,
T BH B P X I 28 ) b R R R 5 i 22 134 B RO o B Ak ) L
JRTEZREW/ , 00 B P X H e 1 B e R YR BR B A3
. Bl FERBIBFIBES . REREHE UK
WEFHPMNEE.
2.3.4 HAR PR
B Ea R e RGN EREET RBLR M
BOEAT ARIGBIRE , BT IR AT RHE SR B AR ERS S
SRS B P MR, e AN MBI T I ERE
EHRRUE, BURA—- M MBI SRR ENRE. 8 X
EEMNAEMEZERFEEZ . DE—BRNEINERET
JLG AT B 1k SR ER A ER ot 80 { 2 ST M R R Bk LR AR 2
YE R 48R 5 2) 76— B[] PR B 3R A B A /K S n AT , 255 SR 3 L P
179 55 iF [R]AH S B %5 A, R UT 244 BTN [ G5 ) BB SR T
B, REMWMBOEMBELEAOEL MR, £4 LEHA
HE, EX—NEEWE | FITBEXBHRERRE, LA
6).

ICterm) =a % 2 4 p % ‘D(;i”m
' N & TDGerm) |
efl'qu(“'db.i:) %

FHor, occur FoRTEFELEMEEH] N A session %t term: B
KR session B, B P R AT Dterm:) Fterm; i)
REEE T aIZS . B THEE B 8] A9 33T, B P W] BB X — 44T
BHRELBSH, BRI ABBET ¢ T %000, 4, %
BRI B TF 1R B A B ] s F Fm AT EAUE B9 B
[Bl, | RRBEESE L FREZL [ 4 session J5 , A XF— MR
FIXELXER—IMEK. a Mo AR, FHEHBE a+b=1,
RGBS PGB 268, A B 0] 4 AW
R, —F] LU R AR, 53 —Fh R R P e — e ) B
Xt B H AR, 4R AR i LA™ session (Y IREZ B ET LA
FK1S, T HA DGR N 75 E — BBt A (T BB T , KB

IS A 4 T R B R R R B B AT SR B
BREFIERE.

SRR S o B — L DGRAR R W R o R T — A
AR T R PR B PR B P 4R X B4 IR MR
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BIEEE U AR, R A ODP M#RA i %) , 3[R g 2
HARRLE P GEERL, AN 6 BIR. B Bk B TMEE
RRIARE B TER A R G Rift— SR D08 S I IE
] IR TR S AUE R R MBI R

B6 REEEE

3 LRHERSHW

A SR R TR — A TR P B %
WAL, B TR A SRS R, B s g
B EA AT B AIBIRE . AXFHNBEERLRE
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B BRI B SR FE B AR P IR A L HOBE S T B B
&, UEFHIEH REHETRTE,
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(a) MBAEME A

(c) MBA& C

B 7 @A
FEAKHE ODP 251 8 37 X A A BT, 8 BB 26 B RBOR
6], BT AR AR . A SCRSE R RIS ST 3 N
AR RGBS R AR 5 B AR ER DR B 53 26 2%, 43 B3 47 1
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HEMEBAE A, LU AR [ A5 ; (b) R TR %
KRG PR B B DGBAE B; (o) WA 3 BA Gtz
M MEBA K C,

Y% AIRS Bkt g 3 28, Xt M 47 BiAb B 2
Ji » 1 PR H B A B9 2 25 2845 I D B 5 B0 2 1k o A B G B AT
% b BRIPE, PN i b BRI B A R R A, i
BRI RIS, ERME R TRE £ ARG EZ AR
PHREARE. FREEGFN EE, EXFAISBIENES%,
RRDHK(8) sag_num FRTEZRNEWTEL, L9
RYEFT correct NYURIERH R KRB, wrong KRR RE
O o 70 R 47 400 YK L S PR D SR BR UK 2 O B R K,
FTRARLENTRE., W& 1T IAES, YBME & 50.7
B, B SBERRHEEN .,

find_corret=correct/ag_num )
find_wrong=wrong/num (8)
#F1 REIHE
k find_correct find_wrong

0.1 100% 42,5%

0.2 100% 41.6%

0.3 99.1% 34.5%

0.4 99.1% 30.5%

0.5 89.7% 28.7%

0.6 87. 4% 26.8%

0.7 85.6% 20.7%

0.8 82.1% 18.9%

0.9 68.3% 13.4%

1.0 60.7% 9.8%

F/E T EA N MR T A, SRR S AR B8
REFiik. 2 session ¥ Hit Bl —E B M ERA T, F
2R RBEX AR EMXBENXR, BRI,
STUREE m R 0. 8 8, AT LA I 3R 89 26 RUMR X4, AT IR 2
TRGHRIE, XIS MR AT I — 54T, HTEL
PR, fEHHEXBRER SNERN, a+b=1,%4
a=0.5.6=0.5 i, TN EELEFERHPITMNEBEXE
WRE.

£ 2 BRBHEXRBSHIEEN R

BR# _ 0.3<<c  0.5<c
mERke 0 % 05 <o

MXEE  FHX  KEX VEEX FWHEX BEAX meAX

AR B ZFE IO ETE EREMAF O RIER D
BEAFEEXLCHEE, ATHERRFERIGEREHE
B, 5 X FMTHE, 4 Bl B SR B HERR 28 (L3 (9)) FI %
BRI E RERLX10)), K Correct_Interest B RFIE
BRI SR AU NGB B, Interest B RIS K WM EH,
Exist_Interest £ P SERRAEE I B E R, X WA S K8
R Bt REFERA P& T R R, B XX 8
ARSI HT oAb E, 3 3—F 5 AR H TIREAR R
FEXLFHNR P MBHRBREGR.

Correct_Interest

0.8ec =10

(§2)]
Interest

Correct_Interest
_ it [@L0)]

Exist_Interest

o 40 o

23 RIENEARLR A SHBUT P 2E
gy MER PREX EARR  REHN

Tk  mEEH  WrmK  EK L R
1 1669 3 3 3 1.0 1.0
2 1694 6 5 6 0. 83 0. 83
3 1795 4 4 5 0.8 1.0
4 1926 7 5 6 0. 83 0.71
5 1852 7 6 8 0.75 0. 85
6 1764 5 4 4 1.0 0.8
7 1885 6 6 6 1.0 1.0
8 1893 8 7 8 0.875 0.875
9 1968 9 7 10 0.77 0.7
10 1687 4 4 4 1.0 1.0
F 4 IBNEAK BHBUR PGS
o, ARA BREE EARE RESH L
RH  EEAK WXEK AN
1 1669 11 9 11 0. 81 0, 81
2 1694 18 14 20 0.7 0,77
3 1795 15 12 16 0.8 0.75
4 1926 22 16 21 0.76 0.72
5 1852 21 16 22 0.72 0.76
6 1764 16 11 15 0.73 0. 68
7 1885 18 13 15 0. 86 0.72
8 1893 25 17 30 0. 56 0. 68
9 1968 27 19 25 0.76 0.7
10 1687 16 13 18 0.72 0. 81
5 IRIENEAK CHIBUT M 2
s WER BAEX EARE EEREH L
¥ AREK mrEK %Al
1 1669 17 13 15 0. 86 0.76
2 1694 22 16 23 0.69 0.72
3 1795 20 13 18 0.72 0.65
4 1926 27 19 26 Q.73 Q.70
5 1852 26 18 23 0.78 0.69
6 1764 20 14 19 0.73 0.7
7 1885 25 18 22 0. 81 0.72
8 1893 30 22 27 0. 81 0.73
9 1968 34 23 30 0.76 0.67
10 1687 23 16 21 0.76 0.69
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