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Algorithm to Solve the Cold-Start Problem in New Item Recommendations

YU Hong, LI Jun-Hua

(Chongging Key Laboratory of Computational Intelligence (Chongging University of Posts & Telecommunications), Chongging 400065,
China)

Abstract: As one of the effective methods to ease the information overload problem, recommender systems have become extremely
popular in social media. However, recommender methods suffer from the cold-start problems in new item recommendations and new user
recommendations. To combat the cold-start problems in new item recommendations, the concept of user time weights is proposed to
characterize the time interval between the user evaluating time and item distributing time. According to the weights, it can determine
whether the user is a positive user or a negative user, and the degree of the user’s preference for new items. Tripartite graphs are used to
picture relations among user-item-tag, and user-item-attribute. Combing information among users, tags, attributes of items and time
weights, functions for predicting the rating are defined and a new personalized recommendation algorithm is constructed. Overall
experimental results show that the proposed method not only brings satisfied personalized items but also pleasantly surprises different
users with different preferences. Comparative experiments illustrate the proposed method is much higher in accuracy and novelty.
Cross-validation experiments demonstrate that the new method is effective to solve the cold-start problem in new item recommendations.
Key words: recommender system; collaborative filtering; cold-start; personalization; tag
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Table 1 Users-ltems rate matrix
FT 1 M/ -UH Vo R R

lij i

=

[ i3

flry

U 2 0 4 0
U 0 3 1 0
U 5 0 2 0

I S AR TN PP 43 22 2K (2) VA 21 H s - X 350 0 F5000 D 234, S I HE T
Z Sim(U,V)X (rvi _Tv)

P =T + veNBS, @)

! > sim(u,v)

veNBS,

A0, Py R u X IUE TR PE o E, TR, 2o s HL u A v TR P e R
XFIUH i BPFsr NBS, K os F F u LS EE S
22 TEREY. MEHZESHAANEER

T JE A AL pxn B B J& 1R - 20 H AR RE R s, b {a, 0, 8} & p NMBPERI SR {inio,... i3 ROR n
AT E ARG hy AR R I H 25 B &2 E M 2 45 T 8 - 200 F A ] 1

PRZEXT I H AR AR BT gxn B IIFRZE-I00 B bR R R R OR3P {tut, . PR g MRS,
{iniz ..., in} o8 n ANTUE RS by 2RI H B PR FRE B IEL 2 3 47 T hR2E-T00 B i A0 4 1.

Table 2 Attributes-Items matrix Table 3 Tags-ltems dimension matrix
R 2 JENE-TUH RERE T3 AREE-IUH ARvEAEE
hij iy iz is i bjj iy iz is i
a 1 0 1 0 ty 2 3 0 0
a 1 1 1 0 ty 0 3 1 0
a 1 0 1 1 ts 1 0 0 0
a 0 1 0 1 t 0 2 1 0
as 0 1 0 1 ts 0 0 2 0

3 ZHMMENEEFERE

3.1 ARFEEINE

TSI A 3 v A P 2 O RV B A, AT S P S AR A B P e e LR e 2 K
HCAARZ H PR i S, AT TR X S W A P S AR R 7 S it A AT TP 2 H e I ) 55 3 H
JRATT (BT T3] ) 5 — AR 2 AR 605 0t ¥ AR P P SR gt A AT P AN T 0 B W) 5 T 8% A 140 BF (1] 1] 8% 3 AR R R A —
MUK, AEHERE B T H (0 B e AU P R AR B s A A, TR 2 0 S I B B I H HEAE A R L
T AR SRR I AU R DN B2 B2 v 8 e M Rk P YA R B )

T A B TR R E 2 SR R R, 1 5 s O P I TR A

EX LA ARERE). HA 05 E KRS - S (6 A7 508 i IR 5 300 E AR BT 1 15 £
1) LA

X S sum Ron H 7 u VRN I H BS B timey RoR S u PR IUE i 19N (8] date; FRARIUH i (KR AT
UL P u I (RIS wy o AN

sum
Wy Sgm— @)

> (time,, —date;)

i=1
X (3) T, (timeyi—date;) FREDESE /N wiy AB8OK, 27 FH P A ST A IR 8] 5 250 A A B8 I ) e 8, i W 12
JURRRING, B AR 2 SR B S, S 2, DY 3 (timeyi—dates) A (EBROK w80, B W12 T P BLABSGI A, 3 25 GTE B 48
AR Z P SGE slvP i i A 0 23 3 (3) S e 1 i 52 VP47 A A 10 (1 35 FE

© PERREERSMROT  httpy/ www. jos. org. cn



Fit PRI B A B P AL I Bk 1399

B R R FATLUH P g, U5 P H iy 91K i PP e D RCTEEAS JR. Hep time 0% FL P PR35 7
INf ), date &7 J & A R IR 8], I 1) B0y 2k 45, F P SRR 300 E I I )45 2 L3R 4.
Table 4  User appraisal schedule
x4 P VEOTI TR

Ujp Uy Uz
Time Date | Time Date | Time Date
iy 2006 1991 | 2008 1991 | 2002 1991
i 2006 2003 | 2008 2003 | 2009 2003
i 2005 2005 | 2009 2005 | 2006 2000

Item

i 0 2002 | 0 2002 0 2002
LA 4 R, R F A K (3) T 545 B AR H P 10 B TR A R A wy, B
Wu1 = sum > B 15 33 O :0'17’
> (time,; — date;) L
=
w, = all! -3 o1
- 17+5+4

> (time, ; — date,)
&1

X sum 3

W = = =
u3 sum
> (time, —date;) 11+6+6

i=1
WA LTS A R w, > w, > w  FRATATR T ug ARG up A ug Skt S8 0 5 VP BT A O B0 H i
FA P ug R ug T b4 s 22 PP Bl QT IR 4 L 2 g Ho A A P G s D2 RATIR AT H
3.2 APHMTESE
X FRATMEE CUH 7 u 506 5240 0 FH P -0 B P 23 50 R R A5 2L, AT RAAR 2 7 u PRI E AN EoR I
H j s P0 x8.4 rg 2o u B IFHIE j,1 RRPN L0 FoR B TR IC K os kPR
135 H AN EUC R L RIVEAT I H j i = AN IR 4 AR FH P 330 H RV 2345 5 A R = PR T AN SOr
I E A PSP 0 RO L AT BLE SCHET I PP 45 L I TIP3 E, AN T 42 S A AT 2 TR G R
EX 2(E T BTN 2 FNTESE). 25T 50 H VP35 B I er o (i o5 A X 1) u) Wk
. LU R Y
H)=3 3 4
S0y Y @
AR, £ (u) R o XTI H T AEL R u X IH T PR r=1 ) 22 =00 R
FP KR E AT PR, U rg=1; 5 2, rg=0. 23 B 10 H - Ja P RE R R 45 B T LA BT E R AR PEAS BRI LR
BATEME VT E A E0hy 2RI H j 25 BA RN 1,1 25 54,0 LA BATAC Fos i B j B AT R & A
HGIAC) Kon LR A B IE | Mt B AN 2 AR H P e B J M vF o5 B i E R e E e, E RS
J T AN B DA B S WA PR T AN B0 B, BT DA SO T I H R AR R T VR 8, N T i AT 2
M LEI K &,
EX I(ETIHEBEMESHTNIESE). 3150 H & M ST ve o i 5 A K ) W r:
i _ p 1 n ruj'hlj
vo=3 e 5)
ARG, £ (u) RoRIETBYER S u I H BT a0 R u I T PR ry=1; 0%
Z,rujZO.QD%Iﬁ H J /E\‘ﬁﬁﬁ: I,m'J h|j:1;fiZ,h|j:0.
S3 M I H -FR 2R SRS R, AT LR B I B bR RS HRE B OCEFIAR A g BRiE S H 1A $ 4 by RORARAE
g e AR H j,1 Rabridid, 0 R ARARE TC SRR H j # AR AR N 4G ITCy R RAR2E g drid: I H

0.13.

© PERREERSMROT  httpy/ www. jos. org. cn



1400 Journal of Software #kfF34% Vol.26, No.6, June 2015

B 2 R P X E B VP R B AR I E FAR AR B T E AR bR 1 TR B LA B AR 2 b i T H
(AN B005 S TT LA SC3EF 00 H bR 2851 J2 0 TOUDN T 38, AN T 32 9 Al 71 2 TR RO 9B A 1R 2% R
EX AETHEFEESHAMITENME). 2T 00 H P25 BB a5 A £ u) wr:
: a1 b
f‘J(u):gzlchg ,Z; +C»gj
ARG) T, f)(u) RARIEF IR u T H BT ME a0 R u xS T PR ry=1; 0%
Zry=0 AR RS g ARvE T IH 0 bgi=1; [ 2 ,bgi=0.
h T HEIF R A S 4). ARG AN(G), X 1. % 2 Ak 3 hRAS . B HHBEIARZSER
S A AN =4 E R S OR R R, e LRI 2 Fios 2B L AT 2 Hhou RoR A RORIIH a ROk H [
JEME R R u VR TIE LW u 5I0H 02 M A AT E R, B RE P u kI
H i MVEAETE | Sh% tRIH § S5JE Mk a 2 108 R B J0 i i, A3 H B Z 50 H AT - oF
W A7 B LD B AR R bR v £ L

(6)

Fig.1 Users-ltems-Tags information Fig.2 Users-lItems-Attributes information
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recommendation algorithm,fii# CURA); 2 a0, 520,y=0 W}, K 3% f&H ' 97 /(8 5 AR S AR i v BUE ) 3AT i P Tl
DU A3 v 550, B 2% 18 R 7 P 23 5 bR 28 b 0 U JE AN PR A HE 45 55923 (consider user-rating and tag-number
personalized recommendation algorithm, fij # CURTN).
() &AM Ay WHENES I EACE S B AR ok BB B P bRAE . BE JEES
FH Pk (A A EE AR B 1975 52925 (consider user,tag,item-attribute and time personalized recommendation algorithm,
THIFR CUTATIme), A, 007 7318 v 57 A = an
bre. :{ax fui(u)+ﬂx fiu)+yx fi(u)UC; %0, a#0,5%0,y %0 (9)
U w, + (), uc, =0 (10)
o UG Ron LRV T E I AN wy 0 B u B TRBCE. R T H AT H L UC=0; )k 2., UC;=0.
B3 AN AR E S AE T P PN P A A S R A A S T A L g S T I JE AT
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VR T 7 T, A 9 S L MV i O 00 2 B 11 50 B TR 53— 7 T JE 7 i
AT (2 16 PR V43 I 50 5 350 28 A B 0 e 5 060, 5 50 T2 765 2 35 00 U 6 3R (EL P ) B D T
S ST LN 34— A f T3 0 50 B0 e P DR AR SO R B 3 B BB 9. CUTATime: A
A4 7 0 A TN L AR T 95 0 9 0 3 0 L 0 2R 122 2 S0, 110 5 e 45
BRI TIX A5 16
3.4 EEEEE S AL IEE B R
eSO T AL S 3 T FRATT LA HE . bR . SR 5 P N R £ 4
7 50V (CUTATIme) 191 4 3 ik A P A HE A7 S0 1 S B 7
o R KRR T VP S PR P VP I A BRI B O 0 7O 3 T 4
{35 L T 4
o VMR RR - 0 A5 R bR b I T A9 BRI F b 25 B £ VB 3T T 5 e
{35 L OO 408
o SRJT KRR - A 2 BT LA A R L 6 R R 50 £/ B 345 A 5 U
P S T 0
o T S AT IO I 0 I 05, B A I WA £, 4 A ST P £ K T 4
{1, 50 AR5 S5 1 TR 6 (A T 50 £ L O T 430, S B 77
R bR TR PR PR N DA T L A AL 4 75 529 (CUTATime) i ik ) R
S FH BRI P U EBARIUE P -0 EVF AT Ry, J8 <350 B Ry, B350 HHLBE Rgen, P2 UF
Y0 L F69 ) timey, 55 %% 7 91 1) datey;
st FURREL P u a0 H R FIE 43 Pre,
Step L. 4545 1350 VP23 B Roen, SR 0 2 (A) VLT F VP45 L1 FROOUAE 518 1) (U)
Step 2. KA 5T KR Ry, S 24 2% (5) H 62 T390 F1 B8 1 L ORI P48 £ (U)
Step 3. A4 52551 AR R, 1T 28 70 (6) 13051 BRI TOME A0 £ (u)
Step 4. A4 FIT VP T30 1 (0ERF1) timey VIS0 L A (9 ) dlatey, SR 1T 4 @) AL U (O FIALTE w;
Step 5. 454 T I H VF AT B TUIIT A £,)(u) « T35 1 Rk G5 S0 US98 £ u) o T35
FRA 2 LI TOIE A £ (U) RO/ U 9 I 0BT we, ST 24 2R Q)R 28 38 (L0) #8 F B/ u % 550
H j HO B4 1 Prey.
BRRGA m A n ABH . p ATH R q ABRSE S CUTATIme sb 3 1 553 3 [ ]
53 2% 43 1 J O(mn),O(pn) AT O(qn); 2538 4 T 50 ) n AN Fl (0 £33 25 8 5 (10 TR R AN, LB FRL P 6 57
FE) LI F 41 Preyg 752 1 I 111 52 2 g O(min)+O(pn)+O(qn)+O(n). SR 0 F AR S A 2 WK 2 T I
52 2% B 58
B RSB 0 B BT VP A3 SR 25 B 0 I, 5 77 R M K 2 S R
. 5 335 I, A 8L AR 0 A b M L 9577 T 8 4 b 02 2 2 W B PO B85, 5 4 S
25 A5 R 285 3 S 10 2 7 2 A 038 1 90 P, TS J2 26 N SR A1 mcn 11 %5 )
AT, 7 DA% R ST FE 7 B 50 A0 B 25 43 W7 T 0 TAUAL B, T 0 M0 40 T D B 07 A B 0 7 28 4 75
SE SR,

4 FRERSH

41 BUREMLESESERE
SEUG R s A2 2011 AR 2R 2 Jm [E PR R AT & A A Movielens iﬁﬁ%[m],Movielens Ko 4E
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i1 2 E Minnesota k2% 1) GroupLens A F0/NA G g -4 97 i Bl SR A5 T 1 W S TEA B R
PEAF B LA R I AR 2 M
P T TR 4R A0 B 1R 2 (1 W 2 B0, GV A S 56 v T A T, AT 1 2 I A 4R o L P D A B ) 5 R

WP G A B H s & A 1 992 AN . 3 310 E e R TR A AR Ik B S 3 310 HR LR KT B R BR 2
15 SR e A S 22 0 T A B T S R K 4 Sk I R AR AT, L b UITZRAE |7 50%, Ml SE | 500%.

AR SR 77 1 55 07 008 A Ay S e b M 8 E A T A A Sk A A A A B R T N A
(Top-N)fE#7 45 H Aw 1 2R Top-N #7741 3% i ANl 7 000 H H DA T 58 H AR T B X 4 (test) U2 9
AR T AN I R P2 528 Kk precision=Hit/N.X L precision & 77 vER £, Hit % 715 Top-N 4 5 41 %t 1
HELF 0 H A4

EX S(FFAE). A4y HAR T Top-N HE#7 512 b 4055 OB H AN H by 4 157 1) 32 b 0ot H A e,
AW

novelty=Num/N.

3 novelty 278 F 8 E Num 278 Top-N #4541 3 74355 1357 100 H AS3L.
42 KBWEREHIT

AT I UE A SR 7 AT RO RATTBEAT T 4 SRS 1 S B A SO 3.3 AR H I 2 R A AL HERE ST
T R AR B EAT T X0 L 52 6 SRS A58 22 Bl AN kA HE 35 S v 58 A BT 0L (¥ JE 1) il K AT AR AT
TR LS B S TR ATTHR R e vA FR B [n] BB IR Pk REHEAT TN Ll S 56 0 S, SR F 2SSOSR UE 52 58 R
TEA SR H AN PR A A7 SR s )3 B il 1 A R

SCER[10]HP 4 H 1 H T4 )3 3l i) I AN PEAL HER SR B T L P L A28 BN SR T =40 BB
SRHEIR P T H SR = 2 0 00 R L8 BN AR S £ 2 AR H 248 YA 3 2 inl B i v vk R,
J5 SCIZE R SR T SCER[10] b 1 SR AR b b B B9 T ik U5 0, RAAR SCHER[10] P I S CUT, R R % 18
P bR2EAE BB A HE AR Sk

SCHG 1. AN RN S A A HE A BE XS LE.

TG B R A A H I 22 RS PR AL HE SR SRR 5 SCBR[10] v (R 437 S B AT T HE7 A R 005 Ll 7 ik, AT
AN P HE 27 5535k LA SCRIR [10] 0 A 48 7 5530 o0 1 2 8 o, SR y B AN RV UL 5 45 00 1, 0 3 48 A H0 ok
5,10,15,20,30 I HLI; M HEAT T 2 4L SE 80 T8, % 5 Rar i T 8 S Hr I =l

Table 5 Parameters
R5 WHSEI
SRR

é =}
A afy___ ayhfap
1 0.1,0.4,0.5 0.1,0.9
2 0.1,0.8,0.1 0.2,0.8
3 0.5,0.2,0.3 1,0
4 0.5,0.4,0.1 0.6,0.4
5 0.6,0.3,0.1 0.1,0.9
6 0.7,0.2,0.1 0.2,0.8
7 0.8,0.1,0.1 1,0
8 0.8,0.1,0.1 0.6,0.4

IS L CUTA, CURTNA B3 95 18 3R ATTEL 6 S 4 o, BRI 36 P AL A 1 DUREAT T S5 50 W 5¢ 52 B 45 2R
B2 oA B A /0N IR HE 5 HE A SE L 8 K (EL I AT I B 2 5 S5 418 5 14 6 5 9 JC WA S 3% il B 2, =011,
$=0.8,7=0.1 5 ¢=0.1,5=0.1,=0.8 1% P 41 52 55 45 AL ABANH 0 5 W) FIHER HERA FE 23 2 o8 0.743,0.745.5: 56 1
A58 2 B AEAR ) 2 BB 1S 0 N, CUTA SLVEAE HEAEMET B L8 T CURTNA 53%.

FOAth U 5000 O 2 BN S8 A B2 AR S B 52 56 45 SR I T 5 i ik S0 25 SRR I 4
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24 (L LA /NI A R 0 JEE LK S 36 5 R W A AN 25 FEOBT U H T DL £ S B (R L A5/ I 4
A AR JSEARDGH SR KC, 0 P 4 2 4 i J3E 100 38 W0 DXL 3 v TP £ SR BT o B LA/ I LA A A 2 5 AE AN TR 4L 5 155
RO R L AR A AN, T W AR ST H () S50 00 25 A P AN .

PE R, B B &5 th T AESE L4155 241, 55 4 41, 55 7 411X 4 ASHN,6 PhETE SIEAEAN R 48 A Hfy
DUN SRS RO 16 B 3K LR S OB DU A 3 T RS SR I s 15 DL B CUTA SR fe i 16— 241
SCIG 5 R S LA ZHCE 3 TP /NEIZE T CUTA SAAEIX 4 1S5 00 R i 900 45 1.

Fig.3 Precisions for different recommendation algorithms

B3 AN [l 17 Sk R ME A X B

WELHE 3 WA SCER 2 LS . WR%8 5 I00 H i VAR R R A T A A 50025 1 45 v A S A T SCR[20]
W) CUT SR0vk, FLHER MEAf 5 f v BRI, 7E 82 TSR IS4 b FRATTR T CUTA #ERE RE R UL HiEAE R G 19 0 H
)8 8l .

S 2. fEGRYA S Bl il AN [ A B T v AR S R AR o L

TR0 0 H ¥4 )8 B il R T P AR I H AT VAR, B 4R RO AE A T P VR (5 R B AR R R, AT
T % &I H JE YRR SRR VRS I AR S PSR B R I H R HERE IR

T E AR 1 AT S K AR AR P B AL 160 NI H AR I H I ZREE I 160 NI H 1RV
I E R ARZEAE WEN 04K 5 A3 T AL 1S 1R I 54 R0 4R HEAT 5236, 37 55 SOk [10] Fb R4 45 S0V E 0647 % L,
R S o, SRR W28 1 3% A A A1 DU EAT S48, B i, CUTA F1 CUTATIme Hikth 2 BlEAT T
36 415540 &l 4 AN 5 Al sk T AN R AN EU O+ 3 NS 3. S5 4. BB edl. B8 A
IARL G 00 B A T RUR RS R T 6 B2 P-4 3 U 2 B3 (L 17 90 I R A 5 77 e AN S0 [ o 2 155 2.

WEE S0 25 ORI R AR o I B AR 2 I P 5 R o B A SR LU ZE T AR L T30 1 ki, ik
I P 45 AL = 0.5 I, 4 ME A I 2 LA 2 BRI /010 MR A 2L 5 6o 9 2 v i 58 TG 11 A8 36 T 3 A 52 36 46
5 BRATTAEAR P I3 5l 1n) ISR BRI SRS A2 — B0, R, 385 25 % FH P o T 16 DG e R P R 45 Bl sz B

53 BT S5 45 LR 0 — U7 T AR SO HE ) CUTA 2 55095 1R 4 47 ME A J5E 65 v T SCRIR[10] 7P 1) CUT HERE 5%,
AR CUTATIme HEFESVE A AEUT 20N 5 B #2551~ SCR[20] 7 (19 CUT #E 80vdk (R 2 i 40 B I A i
I, 55 SCHR[10] 9 ) CUT 95 S92 1A 4 YR 0 28 2 B8F 1) 90 1) 2wl AR 32 1905 59 — U7 1 AR SO HE 1Y) CUTA R4
VAR CUTATIme #4551k A HE 47 8 005 6 322 = 1 SCHR[L0] P Y CUT HE#E 5590 45 7l /& CUTATIme #EE LK)
A0 S A Fe v JU L 2, SCAR (L1000 19 5V AN BB L 10 A W I I O () L, i AL A 2 0.8 5 5 18,
ASCHE Y CUTATIme HE 37 5075 A8 AL BT I H ¥4 T 20 1) 0 4 45 250 SR S
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\ : 0.8 ‘ ; ; ; -
0.7 ——CUTATime | K_
: CUTA 06! 1
——CuT ‘ —4— CUTATime
= 06 1= CUTA
= = 04f
& &l ——CuT
0.5t 0.2
0.4 . . . 0.0 L
5 10 15 20 25 30 5 10 15 20 25 30
HEFEA KL HEAEA B
Fig.4 Precisions of algorithms solving Fig.5 Novelties of algorithms solving
cold-start problem cold-start problem

K4 i ok JE 2y e S 5595 (R HEAf 20 EE B 5 il kv J5 Bl i) RN S35 PR B BURE X bl

SCHG 2 oh R I H 2 A U AR BE AL IR, T8 S 5 AT AT e 2 32 B BL 228 BOECHE 1) s e IR e, o T
HE— 2B M LE B A S Y CUTA HE#Z SR CUTATIme HE 77 5095 0 HE 22 250 R, AT AT 17 525 3.

SEHG 3. YA ) In) A SO ) CUTA S F1 CUTATIme 5125 ) 1 VA 5 J32 0 00 800 182 ) L

5 ARG 1A E AT SE G (RS T BEA LA 300 4 500 />, 700 AN 1 000 NI AR KA S #TIH
NZREE T R 300 4~ 500 A~ 700 4~y 1000 M35 H T 37 & B bn 2845 HAK B 0348 5 A H A 28 )5 1)
PR RMLRIERT CUTA HEFEEVER CUTATIme HERE 505 73 JI3EAT S5 50 R b, 35 43 52 46 &5 Fd sk 7E 3% 6 AN
F 7 v Hoh Prec e R vHEAff B Nove 27 5T #IU% .

Table 6 Precisions and novelties for CUTA algorithm to solving cold-start problem
F 6 CUTA HIE I HER S RIH 8%

AR A A PEAGHERE 5005 CUTA
o 160 300 500 700 1000
FIH AH (0.1,0.3,0.6) (0.1,0.3,0.6) (0.1,0.3,0.6) (0.1,0.3,0.6) (0.1,0.3,0.6)
(a:fp.7) Prec Nove Prec Nove Prec Nove Prec Nove Prec Nove
5 0.670 0.209 | 0.672 0.215 | 0.658 0.213 | 0.658 0.234 | 0.612 0.294
10 0.596 0.103 | 0.597 0.112 | 0.578 0.122 | 0.575 0.141 | 0.540 0.189
15 0.557 0.071 | 0.558 0.082 | 0.538 0.089 | 0.535 0.109 | 0.503 0.150
20 0.529 0.055 | 0.529 0.064 | 0.512 0.073 | 0.509 0.091 | 0.437 0.128
30 0.486 0.041 | 0.486 0.049 | 0.470 0.056 | 0.464 0.073 | 0.437 0.103

Table 7 Precisions and novelties for CUTATime algorithm to solving cold-start problem

R 7 CUTATIme SLL VM R R

A4 A A HERE 5175 CUTATIme
" A 160 300 500 700 1000
FHIH A2 (0.8,0.1,0.1) (0.8,0.1,0.1) (0.8,0.1,0.1) (0.8,0.1,0.1) (0.8,0.1,0.1)
(a:fp.7) Prec Nove Prec Nove Prec Nove Prec Nove Prec Nove
5 0.734 0.801 | 0.709 0.811 | 0.664 0.777 | 0.673 0.802 | 0.624 0.824
10 0.633 0.724 | 0.617 0.734 | 0.576 0.705 | 0.574 0.733 | 0.518 0.763
15 0.578 0.694 | 0.560 0.703 | 0.525 0.685 | 0.513 0.706 | 0.466 0.731
20 0.537 0.679 | 0.517 0.688 | 0.488 0.670 | 0.470 0.691 | 0.427 0.711
30 0.476 0.649 | 0.458 0.664 | 0.430 0.658 | 0.410 0.676 | 0.375 0.696

MEEL 6 MK 7 ATAIASAR K CUTA HEFE SARIMEAA HEM S CUTATIme 7 FEMZE AL (H 2
CUTATIme 77 5% KU AL gl i CUTA #2505 SR B I8 S0 2 MIsiie 3,UEW] T A SCHR H 1
CUTATIme #4753 A AE BT I H ¥ )3 2y il 2E HE 17 28OR e

SR 4. A XRAEASCRE ) CUTATIme ANMMEALHETE 5%

N T e IS UEAR SCHR K] CUTATIme #4750 1 HE A2 R, AN 52 Bt s H R BEATLAE (10 52 i, AT TE S5 1
AT S DR AR T BEHLZE R T 10 1605 300 MBI H A B SR EAT S R AR 3 FRATTAN AT A 36 Al ANIH]
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SHEUERE LR 3 AT T 5256, PR TR 06, 3% 8 FUR4 T (e,8,)=(0.7,0.1,0.2) I () — &1 5246 45

Oy TSR 45 R nT R A SCHR Y CUTATIme 42 5035 1 4 2 2850 R 5 S5 3 B B AT LA A R K 11 5% 1 4 4
I AT S R 37 300 1 9 B S TRl A 0.05 LA P, ) A 52 3 Jo AR YR S 56 (¥ A8 S IE, B 1 — 25 B U8 W AR ST R )
CUTATIme i 47 15 AE L T ¥ JA 3 i) 8.

Table 8 Precisions and novelties for CUTATime algorithm by cross validation method
F 8 T XU iiF CUTATIme 45035 (¥ Aff 5 70 37 35

WA KL AP AERE HLJ CUTATIme
" ¥ 300_1 300_2 300_3 300_4 300_5
HIH A2 (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2)
(a:f.7) Prec Nove Prec Nove Prec Prec Nove Prec Nove Prec
5 0.691 0.807 | 0.646 0.807 | 0.650 0.832 [ 0.679 0.793 | 0.654 0.811
10 0.691 0.748 | 0.552 0.735 | 0.557 0.768 | 0.569 0.723 | 0.561 0.737
15 0.530 0.722 | 0.506 0.714 | 0.493 0.739 | 0.509 0.704 | 0.503 0.714
20 0.486 0.701 | 0.468 0.699 | 0.448 0.728 | 0.466 0.698 | 0.466 0.697
30 0.424 0.682 | 0.412 0.675 | 0.388 0.707 | 0.407 0.681 | 0.412 0.683
300_6 300_7 300_8 300_9 300_10
FH A (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2) (0.7,0.1,0.2)
(af) Prec Nove Prec Nove Prec Nove Prec Nove Prec Nove
5 0.546 0.743 | 0.555 0.757 | 0.562 0.745 | 0.544 0.735 | 0.554 0.753
10 0.499 0.716 | 0.497 0.734 | 0.506 0.723 | 0.493 0.708 | 0.501 0.727
15 0.462 0.698 | 0.457 0.711 | 0.467 0.709 | 0.455 0.695 | 0.461 0.709
20 0411 0.678 | 0.404 0.683 | 0.414 0.686 | 0.400 0.678 | 0.405 0.686
30 0.643 0.803 | 0.659 0.814 | 0.674 0.803 | 0.639 0.800 | 0.656 0.812

5 B &

n =

M T IR BERS L 80 2 5 245 5 A A5 9 28 A5 6 S In = £ it A ) AR, A 19 ) 4545
S 28 10 52 8 % FEBIE T 1) SR TR I 1 D AT 8 A R e 2 ) R A PR HE R BOR th A5 2 T IR
I AR A MEAHEDE SEIL AT SR T I A VF 22 PRt 19 A SEI P B Mgt itk o ¥4 I 2l 45 ) R

ASSCWRFC T HERE S BB T ¥ 3 3 1)l ¥ G A2 S0 A TP PR O3 . I bR s 0 H Jis R AR S 1 2k At B
SE SCT TP AR L TR PE 206D 3 T 300 H AR R AR G0 T 0 2 (B0 000 H A A5 S B0 IO P 2 (PR o
SR8 3 AN T i 22 Aol AN A A 7 S0 DA i 07 28 8 PR 4 07 R 82 DR BEAT T 40 W 5 S SR B0 11 AR 45 4
U PEAT P PR I TR S 3 Hh A BT 00 H ¥4 )R 3l i AU CUTATIme MR ARHERE 5L, I, 1 H s vk R
PR I A5 S DR D 1387 50 H TF A6 I I ASTE AL VE 23 FUbR 2845 Rk B, 9 ELRT L 53 40— A 1 B2 4% S e
JURE IS FR) i S R B, SRR AN R < AN TR i PR P A 3 77 i G e 2 241 S5 36 0] LA A2 SCH IE, 2 W] AR S
S 7 CUTATIme AN A HEFE SR AN A 7 v A 2 v 1y HL A R4t it R 1097 300 V& ) 2l i) i

FEZMF I AR, 2 SR RE S B 2 M 2% RE A0 A T H 17055 F¥ 7 VP I 1) 5 350 R A I TR) PR 22 4, 23 SE 4
S B R s 1 BRI (RT LA JRE BRI ) (60 i 4 K AT AR T P X BR AR AR T A () 3 7 B A, ey 5 1 A
538 1 4 B Sk AR A8 S (HEAT) R T HERE R G0 S Ik AR A A RRAE 1 T P IR B A D B Y K AT
By T A2 1R ) 7 . 53— 7 180, FRAT Tl LAE ek 234 P 22 1) 3 2 2 A A A S 5 MR T P 22 T I 2R e R
JUREAT AR D 23 R A DX P RO XK 30T A2 2 T N 380 DX FRDT T St et A S o BT
7 JR B e
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