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Query-doc Relation Mining Based on User Search Behavior

ZHU Liang!? LU Jing-Ya':?2 ZUO Wan-Li% 2

Abstract The relationship between queries and docs is a valuable type of information that search engines hope to obtain.
An exact correlation analysis between queries and docs is not only helpful for ranking search result, but also important
for building a bridge between queries and docs to allow information transfer between related queries and docs, which is
beneficial to a deep understanding of queries and to a series of applications. This paper presents a query-doc relation
mining algorithm based on user search behavior. Initially, we collect and analyze users’ search log data to build a bipartite
graph between queries and docs. Next we model the bipartite data using a Markov random walk model, and then mine
the click-through data and session data from the bi-partite graph. Eventually, we can obtain doc data that the user did
not click in the click-through data and predict the implied relationship between queries and docs. Besides, we can also
take advantage of the algorithm to get the potential relationship between queries and queries. Based on the theoretical
foundation described above, we construct a complete log data mining system. Through a large number of experimental
contrasts, the system shows outstanding performance on many aspects, such as increasing relevance up to 71.23 %, which
indicates that the theory and algorithms proposed in this paper can solve the problem of mining implicit relationships
between queries and docs effectively. Our approach provides a good basis for increasing recall of search results, optimizing
query recommendation and clustering retrieved results.
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BRI Q 5 D, Q BIEERT query 5 doc A1)
KELKR AR, D ARE T doc 5 query [H] IR,
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21
M. data
Wd. M
1 for all input data do
2 confidence := calculate_confidence();
3 cutting_data(con fidence);

4 end for

5 s := calculate_retention_probability(data);
6 graph := generate_click_graph(data);

7 Matrix m := generate_matrix(graph);

8 Matrix M := m; INT idz=2;

9 while m is not convergent do

10 if s == 0 then

11 M := M xm;

12 else
idx .

13 M= Cé“sk(l — s)(ldz_k)midx,s >0
k=0

14 idr = idx + 1

15 end if

16 end while
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17 M := add_confidence(M);
18 M := post_cutting_data(M)
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IR B R N BEAR B . PAL R TAE R H 3
PR T G A S [N sk 2D v TR) A A7 i A s
IS Th).

OO B 1 T2 B T AR w2 0 Fds AT By A, BBy
Fmg EEAFELL T = A BB 1 Y doc, Kk
% query ] doc, LW 35 71 www.sina.com.cn;
# B query, KL £ doc 1) query (127K query);
FRZRINIR ORI AR R B, — R R
T—E{E M query; 8y query-doc pair, T E 451
A1 B R R AT 1L NI query-doc pair %), 5K
Wb g B s 22 W K.

F 1 SEE BB S HE R
Table 1  The number of experimental data comparison

before and after cutting

Xof b 13 A query doc query-doc
BB 25.31 72.92 197.12
B )G 4.551 10.37 21.82

QQ #Hy 0.25 0.631 0.8

QD #:3Y 0.31 0.943 2.74

L1 AT ARSI HAE W B AR H, bRk
BY R IR0 4 2 R 0k A HE I S 4 B s, 8T S 12
P e I A 3 BT SRS AR Y 5 1. QQ B R
(P & FH T2 3.2.2 715X query-query #EAT4E T
AT AR B, QD B Bos £ 2 A T

3.2.2 X query-doc BEATGE V4B BT A8 1 2 .
3.1.3 SLIGINE

ARSI SER PR 1200 £ Dell k25 #% 41
) Hadoop SEHE /3 A Nis 4T M5, b &5 ik %
ZRlic 25 4 W 8 #% Intel Xeon 7500 AbFEE, W17
32 GB. M i A2 6251 24 PB. Hadoop 41 i
A 600 map FEL7ECR 600 reduce FEA K.

Uil TR AR, ANRERERE 3 AN B
B IS [R] () o e, W7 EE AL 1 R B LR I A
o Bl 14 p i Nk ke, DL s P B ) i
ATH.
32 SRIER
321 AEIERXEEIF M

KEMFE M evkia Has b i 2 980, Dtk S
5o b, FRATER XA [F) R IE A B TS i 25 R AT T
XL, DA AR LSS 15 5 Bk IR R 25 . DR R AR S
FEH M EE R T 1A 28 1Y, S IF AN 77 BERE
g g, KB B 45 R B ATTAT LA sZ 1) sk vl LA,
T SIS RN, A L bR I o IR AN T B AR
HARWE, PALEERR]—E B K, 855102 710
AN, AR BE AR VE )95 N 56 4T LA ANt

R 2 AFEARE FR AL R A L

Table 2  The overall results comparison of
different iterations
IEREL query-query query-doc
1 0.510013 0.120115
2 0.343429 0.001037
3 0.116822 0.000813
4 0.010449 0.000001
5 0.009314 0.000121
6 0.007113 0.000731
7 0.008511 0.000413
8 0.007111 0.000133
9 0.004423 0.000002

2 G5 TR RN A Rk AR EN, &5 R 22
FEACER, 4 R R kAR Sk
AR TF 545 1 45 RUE P X 2248, A T7e i, it
T HEATT 10000 11 query-query 5% query-doc X
B H R AR YGRS I ZE1E, PSR (E
R T o . i s T AW A B, Bk
i 3~ 4 S HI AT 13 2R B SR VEO N R PTHUE, 78
SYEMUET 55 2.3.1 W es N 218 7ESEpr s o
TEANTE BEEACTH S ek, 92 B B H i AR ik
BOmH &: query-doc %A 3 IX; query-query 24X
4 U TXFERITA] LUORIE A ] 5 3CRT DA il RGBS, (] A
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THEL AR, 3R LR [R] S5 40 5 IR 32 (K 1 B0 1 3k

P I 2
3.2.2 SCEGERHR

ASCHE T H AR A Ead k)
query-doc KELR RIZIH L, KH LR ] KB
Uire G AR 0 B s AT R, kA E 1S
query-doc [AIF RS RIBEC R, AN, BRI 246, &
2193 query-query, doc-query Fl doc-doc — 2%
A, W HE P2 query-query [H SRR R, Xt
A WHE R DL B S S EE A A s 7 AR YR Y
M.

3N T HET HEEIEASEE query-
query [AIFRISCIEOC 2R, AR S B0 N SR H 1) B ds 46 2
b A 5 3BT, R E R AT T 1 2 Ak
i A EA query ML 2.5 12, doc 1M4106.3 12,
Riihi pair 4 8 14, £ L— BT & L
BEIH 3.5 /N

*K 3 query-query KICRIZHMLE R

Table 3 The query-query relation mining result

Rank Kk query AU
1 (1 0.191827
2 sina 0.132450
3 B T 0.054581
4 B 0.051091
5 sina fil# 0.031500
6 weibo 0.029929
7 BrIRIEHT 0.021058
8 xinlang 0.017145
9 i 0.015981
10 BHRARE 0.015113
11 wWww.sina.com 0.014001
12 BRI 2 0.009878
13 e 0.008697
14 sina B4 0.008490
15 www.sina.com.cn 0.008295
16 sina A& 0.005700
17 BRI 0.005185
18 B M 0.004652
19 BHR T 0.004477
20 BHR E L 0.004401
21 ZS=goi] 0.003759
22 sian 0.002605
23 BT 5 i 0.002345

K4 BRTERETAS B ML HARW
query-doc [H] IR F SGIEIC 2R, AR S 56K H (1 50 dl
LR 2L S # )RR, PR aEE query
¥ H 3.1 1, doc ¥t H 9.4 12, Miidi pair $tH 27.4
.. £ E—" L BMET 6 EEF K 4.5

N
K 4 query-doc KIEKLRIZHL R
Table 4 The query-doc relation mining result
Rank Kk URL I
1 http://www.sina.com.cn/ 0.468695
2 http://t.sina.com.cn/ 0.311185
3 http://sports.sina.com.cn/ 0.063119
4 http://news.sina.com.cn/ 0.052557
5 http://mail.sina.com.cn/ 0.039044
6 http://finance.sina.com.cn/ 0.015114
7 http://blog.sina.com.cn/ 0.006403
8 http://finance.sina.com.cn/stock/ 0.004468
9 http://news.qq.com/ 0.003445
10 http://t.qq.com/ 0.003215
11 http://sports.sohu.com/ 0.002247
12 http://mail.sina.com.cn/cnmail / 0.002086
13 http://sports.qq.com/ 0.002017
14 http://www.chinanews.com/ 0.001750
15  http://baike.baidu.com/view/1567099.htm 0.001648
16 http://baike.baidu.com/view/2410.htm  0.001450
17 http://book.sina.com.cn/ 0.001140
18 http://news.sohu.com/ 0.001098
19 http://video.sina.com.cn/ 0.000995
20 http://news.ifeng.com/ 0.000906
21 http://i.blog.sina.com.cn/ 0.000836
22 http://mil.news.sina.com.cn/ 0.000787
23 http://ent.sina.com.cn/ 0.000690

M 3 ] LA H, A SRR 5 <
BONFHOG, WARFT A& HE B RIT N, K25
NAET W) Wi 2 Ja, #as 25 iy “Hrikfdid” m
B W, T S A SO AR R CHR 5
“TUT Z A2 DI 2.

AL query-doc #EWIE 5 query-query
HER A2 M I 25 AEAN ] pairs 20 H FIE DL T, 58
K. 2 RIPECA A KER I Lok e iy, 18 4 5
5 43 e T PR R OCHER, 2 R REA KRN
HARMZ R, Hor, sz rboe Ol id — @ BEM pair
oIk, B, AT GEvl iz SR AN SR A ¢
EPcH

Kl 4 R T query-doc JRERAZHE S 1% L
SEIG R, FRATTAN GG R b B AL B 0 s, 2R AT
P, Horb, aROCIRG: V2 ORI ANSCIBRIN LU AR e 7
31:61:8. bl W, ASCHYSHIL RN HER o424
ZRBECR. [FEL, B 5 /R T query-query KK
PESLIG NT B, Srh ) BROCHE: 2 ORHE: AR LE
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Fig.4 The accuracy comparison of

query-doc relation mining
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Fig.5 The accuracy comparison of query-query

relation mining

FH S5 30 5008 28 V1493 HS A SRV IR 4 [R] 2R A AH 2 mf
W, 7E query-doc KIBZHSZEH, B4 query K
) doc 2, 240 5129 5 M te il & 1.2:32; 7&
query-query FECIZIESLLH, BEAS query SKRIBEIT
query %, #2407 51288 5 LB g 10: 121, Hrp
IX R A AU 1 B ORHE.
3.2.3 FEE3RIE
3.2.3.1 =#AREB query-doc BI&E % LLES

RIS T =R 505 query-doe 2 [H] 1)
KELFRRE, 430l Bl 48 i 55 T 5 JRm SR B AL
ERAI) RW 542, SimRank Fl SimRank++. &
6 A 73 R IR = VR AT IR S 5 2 G LL
AT DU A, RW SyE R IR, EAR A
[l L T Y AT SRAG G (R 45 R

K54G Ts=05s#£0 WS FHEE
IEAR T SAS 2 A HEAf B L A9 S5 43 [ 2R LA 6 b o,
Hrh s B AR, N AR &5 R 5
H (pair #0). i A LesLgtny DAfS o DR B2 4h
®: {F query-doc LR RN s = 0 NSRS, I
HubE R, s > 0 WX F A NS KA 1Y H
HOAH DG FR PR T A K.

R BT, A SCHE ) 3E T 5 R mT R BE AL E
FERLTUI query-doc KR EK IR R 290 5 VE7E % 7
(1) 1 e AR e % ik B bR, AEAR KRS BB 2L T

SimRank M1 SimRank-++ 502, 1 HAZ 5% R N E
e 14 query-query, doc-query A% doc-doc 2
[F) R ORI G JR, IR 2B 25 BL A3 il e Byl . A f ek
5 SR query RN LA RS R 45 R R ARG TN,
M BAEZEWEN. L RS T sd
S RS S, 18 query-doc FIRIEE R T
DRGSR e n] WL A SO H g R
WHAISLREW IR IF MR ¥R query AT doc 2 [A]FIR& S
KERIZI I, AR5 25 Ry R E ] A
17 UL SR R 45 R AR IR A H N H (W SE I B8 1 LAl

RW, SimRank & SimRank++

0.

— RW
-=- SimRank
-+ SimRank++
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Fig.6 SimRank f! SimRank+-+ &y5AE & X EE
Fig.6 The accuracy comparison between SimRank and
SimRank++ algorithm

x5 s=015s#0 MHERE S A [EER LI L
Table 5 The accuracy and recall rate comparison

between s =0 and s # 0

CiENRP A N Vot 1 RN Vo) = &1

query-doc 31:61:8 1.2:32 s=0& N = 1000
query-doc 33:60:9 1.2:34 s> 0& N = 1000
query-query  24:170:6 10:121 s=0& N = 1000
query-query  27:168:7 11:120 s> 0& N =1000
query-doc 31:65:9 1.2:32 s=0& N = 2000
query-doc 31:62:8 1.2:33 s> 0& N = 2000
query-query  24:171:6 10:119 s=0& N = 2000
query-query 24:170:17 11:121 s>0& N = 2000
query-doc 31:60:8 1.2:32 s=0& N = 3000
query-doc 31:61:8 1.2:33 s>0& N = 3000
query-query  24:179:7 10:122 s=0& N = 3000
query-query  24:178:7 11:123 s> 0& N = 3000

3.2.3.2 query-query &R T &R
AIHEH I query-doc JCERAZ IR 32 1] DL R
238 query-query [A] R AR I OGIBOC R, XA ORI
KATHT query #i#E. e A mHERE 71, F-ATIE 1%
JES UL R PRM O A 6T EE: 1) SimSearch, %77
VEAESCHR (1] Tha 300, fet 40 i) A ey Sk,
A DLSRAS B = (R VR, P RE 4T 2) CompSearch,
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VR ITIEAESCHR [1] AR S SR o 4 A, i v
S P S H S query IRIUAE BBEAT &g HE
1.
FEAR S SR se A, AR T 1 7N Tk
U I BRUER) query-query pair SEATIARK, [F] >R H
360 R 515 3 RINAEA A query BEAT B HELRE.
FATVAE LA 0 VEI T P Rh £ i, — Bl R bR E
query-query pair FEAT K], Gt vk AN [A) 1) 25 1 4 47 5
VRS A AR N AR HEE PR SR TP IF) query; 26
A&, WX 3 ORI query BEAT IR SR VRAL, X 2]
HERERA T IONBEINR, Zevh F P s 2, o0 a2
S5 AE R AR A 7 R AL — AN IR R 1 25
=.
# 6 AFEMHEAFEIER L LT
Table 6

recommendation algorithm results

The comparison of different query

EAGS Az IR UV PF43
SimSearch 82.03 % 0.531396
CompSearch 89.21 % 0.562331
QQSearch 97.75% 0.710018

K6 25 A AR (1) B AR SR A SE B
g EMRAmRCR, HA s =4 QQSearch Hi2%:
TR HHH query-doc JEEIZ i VA AE B HERE
EWNH. B RIEIRPELE 1 A UE query-query
pair W, FVESE R A AN S S 8B A L
AL UV P43, fa B2’ AR TN T 3 R
query MIEWHERE b, Fovh 2 i s, Nk
B, HIH—K 0~ 1 Z A2 R, hk 6 Fid
A DU A H, ARSCEH T query-doc KRERIZ I &
VEN TR v, nr LB S o A 4 1 A 4
TERCRL, (e & EAR AR G0 10 A i HERE 5L T LU
TR,
3.2.3.3 query-query ZERBATEBEL

ARSI query-doc KRIBRIZHE G VL, THH 4
2|1 query-query H3snT LU T 77 2 A 2R 2R 5T
BENH, ik, FM1GH TEEEH TERRRES
48 1) K-means J7 5T &M RS HERE S5 3%
XS L.

FATVELXT 12 12 query BEATIRE, 240 8 14 query
H—2K, 4 4 14 query FilERHF £/ 2 &L E
query.

AP HE DS K-means HE4T 1 ) 81 6t
e, XL vkt 1) M K-means (145 5 il b
40 I, 4L 250 £ 7 query; 2) XiXLE query, FH
R EIR T R G R .

i, 1) 7R E T AH R S8 00
query 50 £ Jj; 2) X} T4E K-means )25+ A

TEIXTA SRR RI SR AL, KRB LR OL: T 1Xid
RPN LR AN, XA T A kil 43, e tn AR 4R
PR AT 4K 2B 5 IR AR R PR TR PR B A
XA query:

F—NERCUT query

HASIRPE R A 2 Re2= ik 2.0

FASIRPE BT 2K R AT LAz 2.0

HASIRPE R T 20 RBE ik 2.0

FAERLUR query R

PESIRPER EMIRE A 2.0

PIESIRPEE E R 2.0

PESIRPEE B pIRAEME S 2.0

3) EH T I IR ZR SN SCAS TR AH AL B A4l B
JEATE: SC—FERIBERI 73 BIANF SR L2 7. X 2K 4
T, —BOERAE R AR AHAR;

4) K-means 59558 K] B EAH ARSI T VE L
LI = /(I = (I S R B PORE B o = NN WSY S R N I
EEPREE = INYNE €=

HI—A> query 7:

S R p Bt NN Y o e 2.0
S R p o o NN SR/ o 5 4.0
Ja—/~ query:

H A S R DA BAAORT R 4 2.0
S S ROER = INUNG € g 203.0
o [ 2D 4 S e A B R 42 T3 4.0
Hh ] /DA S e A AR 44 2.0
H ] A 5 e DA AR 4 2R 2.0
H ] A 5 e DA AR 4 A0 5.0
H /A 56 R DA AR R 45 4 3.0

Fre sk, ANSCHE 7 1R N H i) R
s

FiAh, ALK 250 J7 N EE query 19200
—3A 540 J7 query, EFRHHIIL A 140 TT, 4
400 J query, AHXFTE, Ui WA R E LX)
K-means [FERBLRA .
3.2.3.4 query-doc ERATHRRLERMNTHZ

AT query-doc KEBEFZ A2 query-
doc [F] [ IR R I — AN T2 8 FH a2 B LA T4
RERH A, LG R G R 7L L % e
P 1] 5 SCRY ) IR AL S5 R 3%, AR D EL TP A&
ZIEH P SR 1A B s, T L,
IR AR EME— g5 . FRATLL 360 48 %R 51445 Kl
W, B R P AT B DA, RIACERN S 1 0L B A
R FAH AT, IR, FATGeE H P e PR
7 F, A query FOHH TR R, AT, [F)
WPk P Rl T3 — DU R &5 M. FRATTR
T 3 KW 2 (kA WA SE47 VR, 75 21 45 58
=7 PR



1664 H ]|

¥ {1

40 %

# 7 query-doc Il TNASHT S Gt P HERe X H
Table 7

ranking and traditional ranking by using query-doc data

The performance comparison between dynamic

AR Ty 5 (WIS YNSRI
BRUTERAE KL 2013814 1213089
RUhE TR 132000 000 189000 000

i 7 A CUE H, 7R A query-doe %
BRIz L E A N 1 — NS H N EE, |
VU AT B LT, A, 0 R A R S vk
DX FE AR, AR SCHR W TR AR R R 4 A O
(M REFETH T TH b A7 25 R A, AR L, AT
B SCHFR 7 R ST A 2 P RE AR THE 4
J VAL F1 VAL2, S 0PEREEAS A i #2448, Bl
(VAL1+VAL2)/2.

R SR R X 2 42 query HEATVRM, %
7 IR IR RATR A T ANEN query Ha ik
TR, 2563 B 4 B AR TE Re 3 T 21 71.23 %.
X784 EIIE T A SCHE HH I S92 10 A 285k

3.3 SKIGFAXIAAA

DRI A SR FH 1) 4t B SEAR DK, SR 56 v A a8 21
TARBRT 1 )l BCKE A O LU B R

L 32 B AR KK B A7 A S L T
XA KM, ASCHATpE R R 2w =

1) X Jgdn A s YR B AT 3 BY, b X &5 e AR
BT 0 (1050 23 B3R, R sk S N B s . DR s i
FTRR, ARSCHESE 2.3.4 VP fai s A48 7 SR FH I BY A 5
gt

2) ARSCAETHE A, SRR /ANEFERZEE, Q
5 D, mAr R AR A 317,

3) DA BEIE B T8, A SCEIEIA T EIE
U H R WSA 15, RFFEIT 3~ 4 YUl LA
RN BRI A R, Ho, LI WoR, s A4 0 I
P& RABIFRAEHEMLT s 0 WEEE, mH s A~
0 B, BRI R, AR SCE R s=0
(NG TEREAT R TT. RIS, b 7 3 HAT — etk ASCHE
B Cage T HAERHR s A% 0 B
ALV STk, TR BRI T KA B IE 5
T H T Aoy B4 G I H s =0 B4R,

Wt CL b = AR S v e, B s
WA/, FERVEW] G 5880 Ja 1 b A7 2 U5 R A
SR K. BRI R AT I 5 B T B v
Pk, X35> 5 A SCHFFT I R AR, AR SCHE
RAATEH query-doc RERIZHR I H L, HA LK &
RUBHER B E S 5 i L, M eA S, U2
FERN T ACAETHE R, Z ISR PR =, TR

R £ e i, A SO SEERIFEA R, S B
FVF, ATUAR M AT SR, X TS T
15T A query-doc KRERIZHE, IF2% 1& & 15 1] LA
SINAL G2 I S AR ST M A, FFit—
AN R etz SR R HE— 9T H R 2R,
TEASCH R RS TR TR, A il 2 R I ie.

4 HERIE

FE G AR R 51 I ARHR L T P R okl 5
SRS Z ) PR OGP SR $ Z a5 R AT HE e, I
A2 AR PN R e T R E
D7 IR 2R #B5r SEIL T shaSHET, HH R 4
TAH O 5 AR R 1 SR A AN T4 w5, 38 1
TR g T 2 RS E A A RE N RS R
R EIFTR, Rk, W3 s R g 1 A R AR DG
PLSAH SR B4 KA R 450 4 H 2

N T R R R, AR S T — R T
HWRAT I query Fl doc KR RIZIEFIE, %7
EFRD G T H P BRI AT A, XA B
sl s AT R, SEU6 P ST ) URL 3h4
WAL, AT A R 4 R R Ak, Rl R S v T4
R RHER B, ZEEE e PR A HE
oh R R AT A B S A0 T, R I, PR SR
L IR BRI Bt ML AE A AR AT A, ¥4 5 H & A
(1) i 5 B, session $di, f 4540 i H A&
F P 3 s s B A G (R — query, HA I
KRIEAT i AH G doe il ), MTTTTI Y query 1
doc [ [FBEE RBEOR ZR, [AIIthn] DLA R 1S
F| query F query R R, T UL EFER
A, BATEILT —E 5Bz RS, Wil K&
SEEORT L, A R GAE S T AT T ARG R, I
OO R 3R &5 A DG I R 4 T mT LA B 71.23 %,
IX 784y 2 B, A SC T4 H ) BE AR RN AV e 8 AR U Hb
iRt query 1 doc Z [H] IR a5 ¢ R A2 4 o) L, Ky 48
ROVER SR KA MR, SCI AR D R
SERIRRFH LN H ML BOE T R A fe L.

A I IIF 9 TAE & ZALHE DL Y 0K H 1 Ran-
dom walk #7754 FEMEEEAT Bk gt 501k, wit
T SR RESE, FE3E o = B LA R, BT A
SO FH P B N 008 I AT AT TAR B nT ey R A
o R AN ), R, e SRR AR AR
X query AT IH—1k, FFL4L query-doc BUE 115
D7k, AFR AR, AR E MR, 1 1k
FHIE IR query, tHnl L3 w78 55 %, A it 2 HIX AR
query [RIFERS 0N HARTE 5 AL B EARAE A =0,
TXFEA B ME 20 B0 1F it e 7 55 38 AN A2 11 i) L.
P AT WL, AR S S ST T AEAT F M .
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B X

A:(lfs)x{ 0 Cog]Jrst

D
A2:(1—s)2><[QOD DOQ}—i—Q(l—s)sx
{0 Q]+52><I
D 0
A3=(1fs)3><[ 0 QDQ}Jrs(lfs)QX
DQD 0
{QD 0 ]+2(1—5)25><{QD 0 }4—
0 DQ 0 D@

2(1 — 5)s° x { l(; §}+(1—s)52><

{O Q]+83XI=
D 0

(1-s)%x { 0 @bQ ] +35(1 — 5)°x
DQD 0

{QD 0 ]+3(1—s)52><{0 Q}—!—
0 D@ D 0

$2x T

At =(1—s)* x [ QDOQD DQODQ } +s(1—5)°x

{ 0 @be ] +3s(1 —5)°x
DOD 0

{ 0 QDQ]+3§O—Q2X{QD 0]
DQD 0 0 DQ

3s%(1 —5)% x { QOD DOQ } +35°(1 — s)x

{0 Q]—i—ss(l—s)x{o Q}—l—szlx.f:
D 0 D 0

(1—5)* x Ay +4s(1 — 5)® x Az + 65(1 — 5)°x
A2+4s3(1—5)><A1+s4><[:

4
D Cist (1 —s)' Ay (A1)
k=0
o,
DQDQD 0
Ay = [ QDQD 0 :| c R(n+m)x(n+m)
0 DQDQ

A3 _ [ 0 QDQ :| c R(n+m)><(n+m)
| DOD
Ay = [ QD 0 :| c R(n+m)><(n+m)
L 0 D@
Al _ [0 Q :| e R(n+m)><(n+m)
LD O
AO =Je€ R(n+m)><(n+m) (A2)
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