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Abstract The timely response of network services is crucial to improving user experience. Taking search engine as a
typical example of network services, service providers need to ensure that the search response time is within one
second. In practice, the search response time can be affected by many service attributes, such as user browsers, ISPs,
and page loading methods. To optimize effectively, service providers need to identify the rules that cause high search
response time, which are combinations of the above attributes. However, existing work encounters three challenges.
First, the amount of search logs is large. Second, the search logs are unevenly distributed. Third, the rules with high
generality are needed. Therefore, we propose a framework called Miner (multi-dimensional extraction of rules). Miner
takes advantage of self-paced sampling to overcome the first and second challenges. To address the third challenge,
Miner employs Corels to generate rules with high generality and recall. Our experiments use search logs provided
from two top-tier search engine companies in China. The results show that Miner outperforms the state-of-the-art
methods in terms of generality and recall. Operators adopt rules generated by Miner and optimize the performance of
the search engine.
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Fig. 1 Correlation between image numbers and search response time
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Fig. 2 Correlation between categorical attribute dimension and search response time
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0 1R 0 A P FLRE S (19 He 0, 72 2B SR B B
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@ 2 ) SR R IR 728 M EE RE AR 1 15 H, HE I 25 30 1R
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size, W55 1AM R SR AE AR AR BT B0

num; = size X M,
Z:(hard[l]+a)
Horh, size 375 %\ 2 BUER R AF 19 SRR A KL num J2
8 DA A A SR AR Y Y, A R AR num 19 FIED
N size; hard[I1F 7R 55 [ AR P REA R F-24 hard (4.
3.6 HBRMHRAE
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it size 5T UAS | B AR AR VAR L BOHE i 4
A BE . BAIE o0 A AT AAE DL 4R OC, iR S B g
FEH, SRFEBCR R B0 R 1000, 75 023 5 0 A1) A
BRI, DT 552 e 484 2%z 55 o 7 B[] S 6 12
T 118 A A . A A 4 R IR 55 3 = R, n] DUAR A
55 H 0 Je B R IR o R FE R . BRI is 1T 28K
BCEAE 432 55 . Bk PR, A AR Y HT
T R REATT S — A B Uik 77 vk, 758 AR AR 48 4
IR IR BT . 2 R BE R R AE T4 L TR R
AEFNWT 7 v TSR X B2, g 48 R AR TR A 2D R
F B, TS R AN [ 3 B R AR 1 R AE L 1. 3%
ARG, 78 D BU5E il O [R5 B B R AR R R
.

B A SRR

B IR EAEE D, S RRRIE T 5L RN m, M
SIARELH K, RFEECE size, EARIREL P

il REMHAES

@© major_set«—D i ;B [8] 1E 5 1Y H s

@ minor_set—D H i I B B 3+ A9 H 7

@ hard—1K £ 5 major_set /R (1) 23 541 ;

@ fori=1toP

®  EHULEUE BRI

®  features—ii AUIH B/ NEY m A FEAE;

@  for fin features

Jjudge— R YR £ A 1Ay H) W T s

©) WA judge T major_set W) hard {8

end for

@  bin[1,2, -, k]<F¥ major_set RIE hard W){E
B A

@ 1,2, -, k]«bin BEHXS AR N hard {8;

in

® a= tanﬁ;

S§—2;

® forl=1tok

S.add(i B size x Zh(% LA

AR REAR);
@  end for
end for

S.add( L size 1~ H minor_set WEEA);

@ ik S,
3.2 MMAER
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17, GRSEH O FURE A R 2 4L 1 0T 15 B2 AT BRAY,
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A i A0 A 1 e AN PR TE B HE AR R Y 4y SO R
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E DU A XU oR 81 e /MELRY R BR. S 22, Corels iy 1]
i T ) R SRR P2 AL 1 B LR ARAIE. DG T Corels A H
12 298 10 D0 412 BBk B O 35, AR SO AE 4.4.3 715 48 I
il S 5 R AT 150 .

>4 Corels JC i $& HUH A7 250 0% 1 )07 B[] 3 < R0 D)
B, 4 23 J& Miner fESR Y55 1 M5 1R 550
3.3 REffE

5 30 A= B RN S, 7E 4G BCHE b 2 B R 0
I Vi SR o K A 4 R e 7 B ) H A, PR SRy 3 S o s
AN BE Ay U] A= A 7R it (48 3 %) 48 4% e i B i) 5 AH
CRFAIE, Pf B 3 SE B0 AN ) T4 A 72 fh 8.

JIT A HCAE v, R0 0 T A 4 2% e iy B[R] TE R Y
BARAE N T — 5 0] 06 B, 4R A B i 2.
FIL I 7 35 7 %k G 02 7 AR R U] Y A A, R O e Ao R AR
SRy S 1) G 3. 4 0 3 i A A O s A I, 2R B
C 2 2 BT A H & % mm Ry B ] 4R T, xR
Miner HEZE 155 2 A5 1E 55
34 REE

T R A Miner HEZ42, 7E53% 2 Hh 5] H Miner
1) P . Miner (1) 32 25 AR SR I B8 48 D, J In] i
T ) e KAC REX max_iter, VL K F A RAEF LR S 5L
R EAC T, M AP R AR IR A R I %L
PEREAS, 3R S % F Corels J5 ¥ A= g B8 ), S5z 1) i 1
FRLAE B B I ) A . SR A Uk R SRR A B iR R
ARUCEL, SR AR R R R 2 AR Bl A S AR s
T A AR Y RV B B A Miner F) i S
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T i 1 fe K HE IR EL max_iter;
e 1+ 5 R e 97 B ] o B A R A rules.
D rules—a;

© fori=1to max_iter

@  S,<SelfPacedSample(D, m, k, size, P);
@ new_rules<—Corels(S;);
®  ifnew rules =

® break;

@  endif

D = filter(new_rules, D);
©® ifD==0

break;

@  endif

@  rules.add(new rules);

@ end for

kY rules.
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£ BEA3IRTATHRMHAE, A& 7T ARE.

AR SCAHAR X 2 A48 2R 514 0 m) $2 Ak A 45 2 ey 7
B[] P 8 0] R A R A A 2R Tk 1, A S 0 5 ) TR 3R
L2y it — 2 o pT
4.2 ZfHb=xow
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S DB A 110 57 A 208 104 1E 5 DX J) 4% H 46 A 500 114
GYFL, SRR AR RR LT DA — S W 4. B
SR T T A PR ) W R 2 W, ELRT DL AR B AR

Y
2)HHH™ & —Fh BB ok, HAd T v 4k 2 1 )2

AL R JE B H ST ) S R At 3 . %5 1 )
L% A 19 2R i 7 1 8] 32 1.

3) FOCUS'™ == 2 1] JH R SR 330, ot T Wi i 1 ]
A BHR 25 VI ZR o S AT, 5 O A b B B SR A%
AR g i 2 A TSR B LI i e OT R R
22 R, R AR SO 1 A 5 8 4 2 i ) B 1]
LI TAE.

4)DeCaf” Ji— >3 T BEHL AR AR BEAL. & 1

JI2 B B AR 1 e SR A b A A A X — Ao 8L
Sk A5 e T RN IR A O R X BT T o BHE R
BB 30 e 125 1) TSS9, JECOK Rz R D A Ay g )
] 3 A

S)FDA"™ fifi FiJ 3¢ B¢ #1004 48 75 7% FP-Growth &
O B R AR AL G, 0 R T A R AR AL A
SRR R e MR 2 A5 TS O ik O e 5 2 0
R4 G 1 R L i A
43 ZXWIEE
431 FEEFA

AR SO YR 1Y BE 4 A A 2 A Generality F
13 1813 Recall, Generality=FL W41 5 (%) H 51750/ H &
ST, Recall=H W) 43 5 (48 28 me j B ) 2o < H 3K/
JIT A 1 2% o DAk K i B R, 82 A4 Y
H AT AR 147, FE LA SO A ) b 26 5 5 1)
15 508 Precision, B >N SCHK [6] W R T LN 2 W
FEOR BEAG 0 b 3 2 HE 430 1 48 2 g 7 B )3 < A H
A, MR 2 H AR R B T REAL R S B8R 18 0,
8 R 1) 1) 5% R W G2 A7 B0 N 4R 0 B B, H X s
I AN JR AR SCHE A OGOk I AK B BE AL S . AR SO
BORFEAT R i, Bl Miner 77 15 78 A [R] BOPE 12 FUAS [R] 5
TELEECT 13z 47 B[], b AR 4 525638 17 10 Y-
H{H.
432 BHEE

1) DBSherlock 15 %Y i) i Z: k. 43 IX £ # oy 100,
VA — Ak 2% (8 B (155 0.12, S B 25 B 5,
BEHLRAE L 1) 35 B M 0.01, 2SR A& R 100.

2)FOCUS ##4 ff) /8 S 4. 241k B ¥ E 0 0.01.

3) DeCaf f5 5 [f) 18 S 40 4381 B 5 e /INREAS Bk
B 0.01, FRAE SR AL B E N 0.6, P A Fik B
1 50.

4)FDA 5 B () 8 S50 I /D S2 R R E N 0.03
(E P 48 4) R 0.001 (B 55 B), $2TH B B (H I & N
1.1, 325 BRI % 8 1.1, Miner HE 2208 FH 19 2 54
2 JiR.

Table 2 Parameters Setting of Miner
%2 Miner SHIZE

HMBEL A A
m IRMARFHEFEE RN 5
SMERE M ALH 5

size RFEER 1500
P FA R A R 5
max_iter JR I i e B KA R 5
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Fig.4 Comparison of diagnostic effectiveness in dataset 4
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Table 3 Experiment Platform
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Fig. 6 Relationship of runtime and data sizes on Miner
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