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A857RAC7 
Many pr10r eff0rt5 have 6een dev0ted t0 the 6a51c 1dea that data 
fu510n techn14ue5 can 1mpr0ve retr1eva1 effect1vene55. Recent 
w0rk 1n the area 5u99e5t5 that many appr0ache5, part1cu1ar1y 
mu1t1p1e-ev1dence c0m61nat10n5, can 6e a 5ucce55fu1 mean5 0f 
1mpr0v1n9 the effect1vene55 0f a 5y5tem. Unf0rtunate1y, the 
c0nd1t10n5 fav0ra61e t0 effect1vene55 1mpr0vement5 have n0t 6een 
made c1ear. We exam1ne p0pu1ar data fu510n techn14ue5 de519ned 
t0 ach1eve 1mpr0vement5 1n effect1vene55 and c1ar1fy the 
c0nd1t10n5 re4u1red f0r data fu510n t0 5h0w 1mpr0vement. We 
dem0n5trate that f0r fu510n t0 1mpr0ve effect1vene55, the re5u1t 
5et5 6e1n9 fu5ed mu5t c0nta1n a 519n1f1cant num6er 0f un14ue 
re1evant d0cument5. Furtherm0re, we 5h0w that f0r th15 
1mpr0vement t0 6e v15161e, the5e un14ue re1evant d0cument5 mu5t 
6e h19h1y ranked. 1n add1t10n, we pre5ent a c0mprehen51ve 
d15cu5510n 0n why prev10u5 a55umpt10n5 a60ut the effect1vene55 
0f mu1t1p1e-ev1dence techn14ue5 are m151ead1n9. Deta11ed 
emp1r1ca1 re5u1t5 and ana1y515 are pr0v1ded t0 5upp0rt 0ur 
c0nc1u510n5. 

Cate90r1e5 and 5u6ject De5cr1pt0r5 
H.3.3 [1nf0rmat10n 5t0ra9e and Retr1eva1]: 1nf0rmat10n 5earch 
and Retr1eva1 - Retr1eva1 m0de15. 
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1 1N7R0DUC710N 
1n recent year5, the cate90ry 0f w0rk kn0wn a5 data fu510n 
de5cr16ed a ran9e 0f techn14ue5 1n 1nf0rmat10n retr1eva1 where6y 
mu1t1p1e p1ece5 0f 1nf0rmat10n are c0m61ned t0 ach1eve 
1mpr0vement5 1n retr1eva1 effect1vene55. 7he5e p1ece5 0f 
1nf0rmat10n can take many f0rm5 1nc1ud1n9 d1fferent 4uery 
repre5entat10n5, d1fferent d0cument repre5entat10n5, and d1fferent 
retr1eva1 5trate91e5 u5ed t0 06ta1n a mea5ure 0f re1at10n5h1p 

Perm15510n t0 make d191ta1 0r hard c0p1e5 0f a11 0r part 0f th15 w0rk f0r 
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6etween a 4uery and a d0cument. 5evera1 re5earcher5 have u5ed 
c0m61nat10n5 0f d1fferent retr1eva1 5trate91e5 t0 vary1n9 de9ree5 0f 
5ucce55 1n the1r 5y5tem5 [2, 8]. 8e1k1n, et a1. exam1ned the effect5 
0f c0m61n1n9 5evera1 d1fferent 4uery repre5entat10n5 t0 ach1eve 
1mpr0vement5 1n effect1vene55 [3, 4]. Ch0wdhury and c011ea9ue5 
u5ed Query Len9th N0rma112at10n t0 max1m12e u5a9e 0f 51m11ar1ty 
5c0re5 taken fr0m mu1t1p1e 4uery repre5entat10n5 u51n9 a 51n91e 
en91ne [7]. Lee exam1ned the effect 0f u51n9 d1fferent we19ht1n9 
5cheme5 t0 retr1eve d1fferent 5et5 0f d0cument5 u51n9 a 51n91e 
4uery and d0cument repre5entat10n, and a 51n91e retr1eva1 5trate9y 
[10]. 

0ur 90a1 1n th15 5tudy wa5 t0 exam1ne data fu510n 0f h19h1y 
effect1ve 5trate91e5 1n an attempt t0 create a fu5ed re5u1t 5et that 
ha5 6etter mean avera9e prec1510n than the m05t effect1ve 51n91e 
5y5tem. 7h15 appr0ach d1ffer5 fr0m the u5ua1 90a1 0f data fu510n 
app11ed t0 meta5earch 0r d15tr16uted retr1eva1. 1n the5e ca5e5, 
fu510n 15 u5ed t0 determ1ne wh1ch re5u1t d0cument5 t0 5e1ect f0r 
an 1nte9rated re5u1t 5et. We are try1n9 t0 u5e fu510n 501e1y f0r 
1mpr0v1n9 retr1eva1 effect1vene55 w1th h19h1y effect1ve retr1eva1 
5trate91e5. 

When w0rk 0n data fu510n wa5 1n1t1a11y d0ne, there wa5 11tt1e 
under5tand1n9 a5 t0 why the techn14ue5 ment10ned a60ve he1ped 
t0 6r1n9 a60ut an 1mpr0vement 1n effect1vene55. 7h15 per515ted 
unt11 Lee perf0rmed an ana1y515 0fdata fu510n techn14ue5 [1 1]. 1n 
that w0rk, he exam1ned 5evera1 mu1t1p1e-ev1dence c0m61nat10n 
appr0ache5 and c0nc1uded that 1mpr0vement5 1n retr1eva1 
effect1vene55 due t0 fu510n were d1rect1y re1ated t0 the 1eve1 0f 
0ver1ap pre5ent 1n the re5u1t5 fr0m each appr0ach 6e1n9 c0m61ned. 
5pec1f1ca11y, Lee hyp0the512ed that f0r mu1t1p1e-ev1dence 
techn14ue5 t0 1mpr0ve effect1vene55, the retr1eved 5et5 fr0m each 
appr0ach mu5t have a h19her re1evant 0ver1ap than n0n-re1evant 
0ver1ap, a1th0u9h an 0pt1ma1 rat10 0f the5e 4uant1t1e5 15 n0t 
pr0v1ded. 7he f0rmu1a5 f0r ca1cu1at1n9 re1evant 0ver1ap and n0n- 
re1evant 0ver1ap are 5h0wn 1n E4uat10n 1. 7he exper1mentat10n 
pr0v1ded 6y Lee 5h0w5 519n1f1cant 1mpr0vement5 f0r fu5ed re5u1t 
5et5, thu5 appear1n9 t0 5upp0rt Lee•5 0r191na1 hyp0the515. 
Unf0rtunate1y, there are tw0 key p01nt5 that Lee d1d n0t acc0unt 
f0r, wh1ch 11m1t the c0nc1u510n5 that can 6e 5afe1y drawn fr0m h15 
w0rk. 1n h15 exper1ment5, Lee d1d n0t u5e the m05t effect1ve re5u1t 
5et5 ava11a61e, 6ut rather, 5e1ected h15 te5t 5et5 at rand0m. 
Furtherm0re, he u5ed re5u1t 5et5 fr0m ent1re1y d1fferent 
1nf0rmat10n retr1eva1 5y5tem5. 7h15 d0e5 n0t 51mp1y vary the 
retr1eva1 5trate9y u5ed f0r  the exper1ment5, 6ut a11 retr1eva1 
ut111t1e5 and 0ther 5y5tem1c d1fference5. 7he5e 1nc1ude th1n95 5uch 
a5 par51n9 ru1e5, 5temm1n9, phra5e pr0ce551n9, re1evance feed6ack 
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techn14ue5, etc. 7he fa11ure t0 acc0unt f0r the5e p01nt5 1n the 
exper1mentat10n make5 1t d1ff1cu1t t0 1501ate the fact0r5 that are 
d1rect1y c0ntr16ut1n9 t0 the effect1vene55 0f data fu510n 
techn14ue5. We have c0rrected f0r the am619u1t1e5 1n Lee•5 
exper1mentat10n 6y perf0rm1n9 fu510n 0n re5u1t 5et5 fr0m h19h1y 
effect1ve 5eparate 5y5tem5, and 0n re5u1t 5et5 fr0m h19h1y effect1ve 
retr1eva1 5trate91e5 1n51de the 5ame 5y5tem. We 5h0w that fu510n 
15 0n1y effect1ve when 1t cau5e5 an 1ncrea5e 1n reca11 0f h19h1y 
ranked d0cument5. 7h15 0ccur5 when the c0mp0nent re5u1t 5et5 
c0nta1n a 1ar9e num6er 0f re1evant d0cument5 that are un14ue 
acr055 the c0mp0nent 5et5, and th05e d0cument5 are h19h1y 
ranked. 7he rema1nder 0f th15 paper 15 0r9an12ed a5 f0110w5: 1n 
5ect10n 2, we 91ve a deta11ed d15cu5510n 0f pr10r w0rk and c1ar1fy 
the m0t1vat10n5 f0r 0ur hyp0the515. 1n 5ect10n 3 we d15cu55 0ur 
meth0d0109y. 1n 5ect10n 4 we pre5ent 0ur exper1menta1 re5u1t5 
and ana1y515. F1na11y, we 5ummar12e 0ur c0nc1u510n5 1n 5ect10n 5. 

R0ver1ap R c~ 5, n 5,... n 5, 
( R n 5 , ) u ( R n 5 2 ) w . . . ( R n 5  .) 

NR0ver1ap - NR ~ 5, n 55... n 5, 
(NR n 5~) w (NR c~ 52) u. . . (NR n 5,) 

E4uat10n 1: 0ver1ap (R = Re1evant, NR = N0t Re1evant) 

2 ANALY515 0 F  P R 1 0 R  A P P R 0 A C H E 5  
Pr10r t0 Lee•5 ana1y515, there wa5 a 9reat dea1 0f 5pecu1at10n a5 t0 
what c0nd1t10n5 m19ht 1ead t0 an 0pt1ma1 effect 0f fu510n 0n 
retr1eva1 effect1vene55. M05t n0ta61y, 8e1k1n and h15 c011ea9ue5 
were am0n9 the f1r5t t0 p05tu1ate that there 15 a re1at10n5h1p 
6etween re5u1t5 0ver1ap and 5ucce55 w1th fu510n. 8e1k1n 6a5ed h15 
ar9ument5 0n the prem15e that d1fferent1y-c0nf19ured exper1ment5 
(th05e u51n9 d1fferent 4uery 0r d0cument repre5entat10n5 0r 
d1fferent retr1eva1 5trate91e5) are 11ke1y t0 return d1fferent 5et5 0f 
re1evant d0cument5 and d1fferent 5et5 0f n0n-re1evant d0cument5. 
7he deve10pment 0f th15 rat10na1e 15 d15cu55ed 1n deta11 1n [11], 
a10n9 w1th further d15cu5510n that, when taken 1n c0njunct10n w1th 
7urt1e and Cr0ft•5 ana1y515 [ 14] 0f mu1t1p1e 4uery repre5entat10n5, 
1ead5 t0 a c0r011ary 0f 8e1k1n•5 0r191na1 p05tu1ate. Name1y, th15 
c0r011ary 5tate5 that 1mpr0vement5 m19ht 6e 5een fr0m fu510n 
even when the re5u1t 5et5 are 51m11ar, a5 10n9 a5 the d1fference 1n 
re1evant 0ver1ap 15 9reater than the d1fference 1n n0n-re1evant 
0ver1ap. 61ven th15, 1t 15 p055161e t0 de519n re5u1t 5et c0m61nat10n 
a190r1thm5 that 1ncrea5e the 5c0re 0f a d0cument 6a5ed 0n 
repeated ev1dence 0f 1t5 re1evance, a5 d0ne 6y F0x and 5haw 1n 
[8]. 0ne 0f the a190r1thm5 de519ned 6y F0x and 5haw, 
C0m6MN2, ha5 pr0ven t0 6e a 51mp1e, effect1ve meth0d f0r 
c0m61n1n9 re5u1t 5et5. 1t wa5 u5ed 6y Lee 1n h15 fu510n 
exper1ment5, and ha5 6ec0me the 5tandard 6y wh1ch new1y 
deve10ped re5u1t c0m61nat10n a190r1thm5 are jud9ed. M0re recent 
re5earch 1n the area 0f meta5earch en91ne5 ha5 1ed t0 the pr0p05a1 
0f 5evera1 new re5u1t c0m61nat10n a190r1thm5, mak1n9 u5e 0f 
tra1n1n9 data and techn14ue5 5uch a5 v0t1n9 a190r1thm5 and 
8aye51an 1nference [1, 13]. A1th0u9h the5e a190r1thm5 have 6een 
5h0wn t0 6ehave c0mpara61y and 0cca510na11y 5uper10r t0 
C0m6MN2, they d1d n0t ex15t when Lee perf0rmed h15 1n1t1a1 
exper1ment5, and 50 1n-depth ana1y515 0f the1r perf0rmance 15 1eft 
t0 the 5c0pe 0f future w0rk. 

A5 5tated a60ve, Lee 5h0wed 519n1f1cant 1mpr0vement5 when 
fu51n9 rand0m, heter09ene0u5 re5u1t 5et5 w1th c0mm0n data 
fu510n a190r1thm5. M0re recent w0rk 6y M0nta9ue, et a1., 
pr0v1de5 exper1mentat10n perf0rmed under 51m11ar c0nd1t10n5 t0 

Lee•5 w0rk, and 5h0w5 51m11ar re5u1t5 [12]. 61ven that re5u1t5 
5h0w1n9 fu510n t0 6e effect1ve ex15t, there 15 a 5urpr151n9 1ack 0f 
deta11 5urr0und1n9 the ana1y515 0f why 1t 15 effect1ve, 5ave f0r 
Lee•5 6a51c a55umpt10n5 a60ut 0ver1ap. 70 date, n0 deta11ed 
ana1y515 ex15t5 1n the 11terature 0f exact1y h0w fact0r5 5uch a5 
0ver1ap and 5y5tem1c d1fference5 affect the perf0rmance 0f fu510n. 

Hav1n9 rev1ewed the ev01ut10n 0f the pr10r w0rk and the 6a515 f0r 
Lee•5 a55umpt10n5, we mu5t exam1ne the key 11m1tat10n5 w1th 
Lee•5 exper1ment5 t0 tru1y 1nve5t19ate the rea50n5 6eh1nd fu510n•5 
rep0rted 6enef1t5. Lee•5 exper1ment5 pr0ceed under the 
a55umpt10n that a5 10n9 a5 re5u1t 5et5 1nv01ved 1n fu510n have 
9reater re1evance 0ver1ap than n0n-re1evance 0ver1ap, there w111 
6e an 1mpr0vement. 70 ju5t1fy th15, h15 exper1ment5u5ed a 5er1e5 
0fre5u1t 5et5 that had mere1y 15% 0ver1ap, and a 125% d1fference 
1n re1evant and n0n-re1evant 0ver1ap. 1n add1t10n, the re5u1t 5et5 
u5ed f0r the exper1ment5 were ch05en at rand0m, and were n0t the 
m05t-effect1ve re5u1t 5et5 fr0m the ava11a61e p001 (the th1rd 7ext 
Retr1eva1 C0nference). Lee•5 w0rk c0nta1ned n0 ana1y515 0f the 
re1at1ve effect1vene55 0f fu510n when u51n9 rand0m 5et5 ver5u5 
u51n9 the m05t effect1ve ava11a61e 5et5, and 1t c0nta1ned n0 
c0mpar150n 6etween the effect1vene55 0f h15 fu5ed re5u1t5 and the 
effect1vene55 0f the 6e5t 5y5tem at 7REC-3. A5 5tated a60ve, 
an0ther key 155ue w1th Lee•5 exper1menta1 env1r0nment 15 that h15 
exper1ment5 were perf0rmed v1a the fu510n 0f re5u1t 5et5 fr0m 
ent1re1y d1fferent 1nf0rmat10n retr1eva1 en91ne5. Perf0rm1n9 fu510n 
1n th15 way var1e5 1mp0rtant 5y5tem1c d1fference5, there6y 
1ntr0duc1n9 m0re than 0ne 1ndependent var1a61e and mak1n9 1t 
d1ff1cu1t t0 der1ve 50und c0nc1u510n5 fr0m the data. 70 tru1y 5tudy 
the effect5 0f fu51n9 retr1eva1 5trate91e5 a10ne, 5y5tem1c 
d1fference5 mu5t 6e he1d c0n5tant. Lee d1d n0t ana1y2e the effect 
0f var1ed 5y5tem1c d1fference5 0n fu510n•5 effect1vene55 1n h15 
w0rk. 61ven the5e p01nt5, 1t 15 d1ff1cu1t t0 9enera112e 6a5ed 0n 
Lee•5 exper1ment5, and 1t 15 c1ear that a fu11y c0ntr011ed 
env1r0nment w1th the 6e5t p055161e re5u1t 5et5 mu5t 6e u5ed t0 
fu11y eva1uate the effect1vene55 0f data fu510n techn14ue5. 

50me recent w0rk [16] ha5 f0cu5ed 0n ana1y21n9 the effect5 0f 
u51n9 avera9e 5y5tem5 v5. h19h1y effect1ve 5y5tem5 f0r fu510n. 
5060r0ff, et a1. deve10ped a 5y5tem t0 9enerate p5eud0-re1evance 
jud9ment5 f0r a d0cument c011ect10n 6a5ed 0n p0011n9 and 
u1t1mate1y f0und that a1th0u9h the1r m0de1 pr0ved effect1ve 1n 
pred1ct1n9 the 6ehav10r 0f avera9e retr1eva1 5y5tem5, 1t fared 4u1te 
p00r1y 1n pred1ct1n9 the 6ehav10r 0f very 900d retr1eva1 5y5tem5. 
7h15 tend5 t0 5u99e5t that h19h1y effect1ve retr1eva1 5trate91e5 
retr1eve d1fferent re1evant d0cument5. Ch0wdhury, et a1. [6] 
6e9an an 1nve5t19at10n 0f fu51n9 h19h1y effect1ve retr1eva1 
5trate91e5. Wh11e the1r data wa5 11m1ted, they f0rmed 1n1t1a1 
c0nc1u510n5 5u99e5t1n9 that fu510n 0f h19h1y effect1ve 5trate91e5 
d0e5 n0t tend t0 1mpr0ve effect1vene55. 7h15 5h0w5 m0t1vat10n 
f0r further w0rk 1n th15 area, and 1end5 mer1t t0 m0re deta11ed 
1nve5t19at10n 0f the cau5at1ve fact0r5 0f 1mpr0vement fr0m data 
fu510n. 

3 M E 7 H 0 D 0 L 0 6 Y  
7he f1r5t 5tep 1n a deta11ed ana1y515 0f why fu510n w0rk5 15 an 
exam1nat10n 0f Lee•5 key c1a1m that the effect1vene55 0f fu510n 15 
d1rect1y re1ated t0 the d1fference 6etween the re1evant and n0n- 
re1evant 0ver1ap 0f the c0mp0nent re5u1t 5et5. 5pec1f1ca11y, Lee 
1nd1cated that h19her d1fference5 6etween re1evant and n0n- 
re1evant 0ver1ap w0u1d 1ead t0 9reater effect1vene55 
1mpr0vement5. 70 exp10re th15 c1a1m, 1t 15 nece55ary t0 f1r5t 
en5ure that the exper1menta1 env1r0nment 15 pr0per1y c0ntr011ed. 
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We 1mp1emented 5evera1 h19h1y effect1ve retr1eva1 5trate91e5 f0r 
fu510n 1n the 5ame 5y5tem, there6y rem0v1n9 any 1nterference 
fr0m 5y5tem1c d1fference5, and a150 fu5ed the t0p three 5y5tem5 
0ver 5evera1 year5 0f the 7ext Retr1eva1 C0nference t0 9et a c1ear 
repre5entat10n 0f the 6ehav10r 0f fu510n 0n h19h1Y effect1ve re5u1t 
5et5. We perf0rmed an ana1y515 0f the d1fference 6etween the 
re1evant and n0n-re1evant 0ver1ap f0r the5e fu5ed 5et5 and f0und 
that, 1n fact, Lee•5 a55umpt10n d0e5 n0t h01d true. A 5ummary 0f 
the5e exper1ment5 15 pre5ented 1n deta11 1n 5ect10n 4. 

After fa111n9 t0 va11date Lee•5 pr1mary a55umpt10n a60ut•0ver1ap, 
we retumed t0 the pr1mary m0t1vat10n f0r perf0rm1n9 data fu510n: 
fu51n9 mu1t1p1e 5trate91e5 5h0u1d ena61e 1mpr0ved retr1eva1 
effect1vene55 0ver the 6e5t ava11a61e 51n91e-5y5tem. 601n9 6ack 
a9a1n t0 Lee•5 exper1ment5, 1t can 6e 5een that a1th0u9h he came 
c105e t0 the t0p 5y5tem, he fe11 5h0rt 0f exceed1n9 1t5 
effect1vene55. 7he rema1nder 0f 0ur 5tudy f0cu5ed 0n what 
c0nd1t10n5 mu5t ex15t t0 9et fu510n t0 e1evate effect1vene55 pa5t the 
1eve1 0fthe 6e5t appr0ach ava11a61e. 

7he next 5tep 1n 0ur 5tudy wa5 t0 expand 0n the 1mp11cat10n5 0f 
the w0rk d0ne 1n [16], name1y that h19h1y effect1ve retr1eva1 
5trate91e5 tend t0 return d1fferent re1evant d0cument5. 1f th15 15 
1ndeed true, we rea50ned that fu510n 0f h19h1y effect1ve retr1eva1 
5trate91e5 m19ht y1e1d 1mpr0vement 1f reca11 were 1mpr0ved, 
part1cu1ar1y f0r re1evant d0cument5 at the t0p 0f the c0mp0nent 
re5u1t 5et5 u5ed 1n fu510n. 1f a re1at1ve1y 1ar9e num6er 0f un14ue 
re1evant d0cument5 are f0und dur1n9 the fu510n pr0ce55, and 
ranked h19h1y 1n the fu5ed re5u1t 5et, 1t w0u1d ra15e avera9e 
prec1510n. 7he c0nver5e 0f th15 the0ry w0u1d a150 exp1a1n why 
mu1t1p1e-ev1dence c0m61nat10n5 0fretr1eva1 5trate91e5 that retr1eve 
many 0f the 5ame d0cument5 5h0w 11tt1e 1mpr0vement (a5 f0und 
1n the 5tudy 6y [6]). 1f the maj0r1ty 0f the d0cument5, re1evant 
and n0n-re1evant a11ke, are 5hared 6etween c0mp0nent re5u1t 5et5, 
then mu1t1p1e-ev1dence c0m61nat10n a190r1thm5 5uch a5 
C0m6MN2 w111 51mp1y 5ca1e the 5c0re5 0fm05t 0fthe d0cument5, 
wh1ch w111 n0t 1ead t0 an 1mpr0vement 1n effect1vene55. We 
de519ned 5evera1 exper1ment5 t0 pr0ve th15 hyp0the515; they are 
d15cu55ed 1n deta11 1n 5ect10n 4. 

4 R E 5 U L 7 5  AND ANALY515 
F0r 0ur exper1ment5, we 1mp1emented three m0dem retr1eva1 
5trate91e5 that were recent1y 5h0wn t0 6e h19h1Y effect1ve, 0ne 
Vect0r-5pace and tw0 Pr06a61115t1c (117 [5], 8M25 [15], 5e1f- 
Re1evance [9]). A 51n91e 1nf0rmat10n retr1eva1 en91ne wa5 then 
u5ed w1th each 0f the5e retr1eva1 5trate91e5 t0 eva1uate 4uery 
t0p1c5 fr0m the ad-h0c track at 7REC 6, 7, and 8, and a150 4uery 
t0p1c5 fr0m the we6 track at 7REC-9 and 7REC-10. A11 0f0ur 
exper1ment5 u5ed 0n1y the t1t1e f1e1d 0fthe 7REC t0p1c5. 

0ur f1r5t 5et 0f exper1ment5 were de519ned t0 determ1ne the 
va11d1ty 0f Lee•5 a55umpt10n a60ut 1mpr0vement5 1n effect1vene55 
due t0 fu510n 6e1n9 dependent 0n the d1fference 6etween re1evant 
and n0n-re1evant 0ver1ap. Acc0rd1n9 t0 Lee, the 1ar9er the 
d1fference 1n re1evant and n0n-re1evant 0ver1ap, the 9reater the 
1mpr0vement5 fr0m fu510n 5h0u1d 6e. 70 exam1ne th15, we f1r5t 
fu5ed each 0f 0ur three h19h1y effect1ve retr1eva1 5trate91e5 1n51de 
the 5ame 1nf0rmat10n retr1eva1 5y5tem, and c0mpared the 
effect1vene55 0f the5e fu5ed re5u1t 5et5 t0 the effect1vene55 0f the 
6e5t 0fthe three 5y5tem5. We 111u5trate th15 1n 7a61e 1. 

7a61e 1: 1mpr0vement 0f 5ame-5y5tem Retr1eva1 5trate91e5 

7ree6 7rec7 7ree8 7rec9 7rec10 

8e5t 0.1948 0.1770 0.2190 0.1847 0.1949 

Fu5ed 0.1911 0.1751 0.2168 0.1671 0.1935 

1mp18e5t -1.90% -1.07% -1.005 -9.53% -0.72% 

We then perf0rmed a deta11ed 0ver1ap ana1y515 0f the5e re5u1t5, 
5h0wn 1n 7a61e 2. 

7a61e 2: 0ver1ap 0f 5ame-5y5tem Retr1eva1 5trate91e5 

7rec6 7ree7 7ree8 7rec9 7rec10 

0ver1ap 62.76% 61.14% 59.42% 61.61% 59.17% 

R 0ver1ap 89.52% 89.90% 90.23% 88.61% 85.88% 

NR 0ver1ap 72.93% 72.82% 72.03% 71.49% 68.94% 

%D1ffR/NR 22.75% 23.46% 25.27% 23.95% 24.57% 

7he 5ec0nd 5et 0f exper1ment5 1n wh1ch we te5t Lee•5 0ver1ap 
c1a1m 1nv01ve5 fu51n9 the three 6e5t re5u1t 5et5 fr0m d15t1nct 7REC 
c0mpet1t0r5 f0r a11 year5 w1th t1t1e-0n1y re5u1t5 ava11a61e. 7he 
1mpr0vement and 0ver1ap ana1y515 are 5h0wn 1n 7a61e 3 and 7a61e 
4. 

7a61e 3: 1mpr0vement 0f 8e5t 7REC 5y5tem5 

7rec6 7rec7 7rec8 7rec9 7ree10 

8e5t 0.2876 0.2614 0.3063 0.2011 0.2226 

Fu5ed 0.3102 0.2732 0.3152 0.2258 0.2441 

1mp16e5t 7.86% 4.51% 2.91% 12.28% 9.66% 

7a61e 4: 0ver1ap 0f 8e5t 7REC 5y5tem5 

7ree6 7rec7 7ree8 7rec9 7ree10 

0ver1ap 34.43% 39.31% 42.49% 30.09% 33.75% 

Re1 0ver1ap 83.08% 80.84% 84.63% 85.85% 81.87% 

NRe1 0ver1ap 53.33% 56.36% 57.13% 51.26% 54.01% 

% d1ff R/NR 55.78% 43.44% 48.14% 67.48% 51.58% 

When fu51n9 5eparate 5y5tem5, we d0 5ee 5ma11 t0 m0derate 
1mpr0vement5 w1th fu510n, h0wever, 1fLee•5 c1a1m were true, 0ne 
w0u1d expect effect1vene55 1mpr0vement5 t0 1ncrea5e 
m0n0t0n1ca11y a5 d1fference 1n re1evant and n0n-re1evant 0ver1ap 
1ncrea5e5. 7h15 15 c1ear1y n0t the ca5e, a5 can 6e 5een fr0m 7a61e5 
1-4 a60ve. 6enera11y, 0ver1ap 15 10wer (30-43% - 5ee 7a61e 
47a61e 4) 1n ca5e5 where there 15 50me 1mpr0vement 0ver the 6e5t 
5y5tem (2.9-12.3% - 5ee 7a61e 3), a5 0pp05ed t0 ca5e5 where 11tt1e 
0r n0 1mpr0vement (and 0cca510na11y 1055) 15 065erved (59-63% - 
5ee 7a61e 1 and 7a61e 2). 

70 further the exam1nat10n 0f 0ur hyp0the515, we f1r5t dec1ded t0 
te5t 0ur 5upp051t10n that fu510n 0n1y y1e1d5 1mpr0vement when the 
c0mp0nent re5u1t 5et5 c0nta1n a re1at1ve1y 1ar9e num6er 0f un14ue 
re1evant d0cument5. 70 mea5ure th15, we t00k each c0mp0nent 
re5u1t 5et and mer9ed them 5uch that the t0p X d0cument5 were 
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exam1ned, and any d0cument appear1n9 1n m0re than 0ne re5u1t 
5et wa5 d15carded. 7h15 wa5 d0ne f0r var10u5 va1ue5 0f X 50 that 
we c0u1d 065erve the num6er 0f un14ue re1evant d0cument5 
pre5ent at d1fferent depth5 0f the c0mp0nent re5u1t 5et5. 7he 
a60ve exper1ment5 were d0ne 60th f0r fu510n 0f the 6e5t 7REC 
5y5tem5 and f0r the fu510n 0f the three h19h1y effect1ve retr1eva1 
5trate91e5 1n the 5ame 5y5tem. We p10tted 0ut the re5u1t5 1n a 
5er1e5 0f 9raph5, 0ne per 7REC-Year. Each 9raph 5h0w5 the 
percenta9e 0f un14ue1y re1evant d0cument5 pre5ent at var10u5 
depth5 0f exam1nat10n. 7w0 curve5 are 5h0wn 0n each 9raph: 0ne 
repre5ent1n9 the fu510n 0f the t0p three 7REC 5y5tem5 f0r that 
year (marked a5 ••6e5t••), and a 5ec0nd curve repre5ent1n9 the 
fu510n 0f the three h19h1y effect1ve 5trate91e5 1n the 5ame 
1nf0rmat10n retr1eva1 5y5tem. 

PerCenta9e 0f Un14ue Re1eVant D0Cument5 
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F19ure 1:7REC-6 Un14ue Re1evant D0cument Ana1y515 
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F19ure 2:7REC-7 Un14ue Re1evant D0cument Ana1y515 
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F19ure 3:7REC-8 Un14ue Re1evant D0cument Ana1y515 

7he5e 9raph5 a60ve c1ear1y 5h0w that f0r each 7REC year, the 
fu510n 0f the t0p three 5y5tem5 ha5 a h19her percenta9e 0f un14ue 
re1evant d0cument5 1n 1t5 re5u1t 5et f0r a 91ven depth X. 1t 15 
part1cu1ar1y 1ntere5t1n9 t0 n0te that the percenta9e 0f un14ue 
re1evant d0cument5 15 a1way5 9reate5t near the t0p 0f the re5u1t 
5et. 7h15 mean5 that reca11 15 1mpr0ved f0r the h19he5t ranked 
d0cument5. 1f 0ur hyp0the515 a60ut the re1at10n5h1p 6etween 
percenta9e 0f un14ue re1evant d0cument5 and effect1vene55 
1mpr0vement5 15 c0rrect, then acc0rd1n9 t0 the 9raph5 a60ve we 
w0u1d expect t0 5ee that the fu510n 0f the t0p 3 5y5tem5 a1way5 
y1e1d a 9reater 1mpr0vement 0ver the 6e5t 51n91e 5y5tem. 
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F19ure 4:7REC-9 Un14ue Re1evant D0cument Ana1y515 
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F19ure 5:7REC10 Un14ue Re1evant D0cument Ana1y515 

Referr1n9 6ack t0 7a61e 1 and 7a61e 3 5h0w5 u5 that 0ur data 
c0ncur5 w1th th15 expectat10n. 70 exp1a1n th15 we can f1r5t refer 
6ack t0 the ear11er 065ervat10n that the percenta9e 0f un14ue 
re1evant d0cument5 1n the re5u1t 5et wa5 a1way5 at 1t5 h19he5t 
when exam1n1n9 0n1y the t0p d0cument5 1n each c0mp0nent 5et. 
7heref0re, when th15 15 true, the pr06a6111ty 0f hav1n9 a n0t1cea61e 
effect 0n avera9e prec1510n 15 h19h 51nce fu510n 15 a110w1n9 reca11 
t0 1mpr0ve 6y mer91n9 1n d1fferent re1evant d0cument5 at the 
h19he5t ranked p051t10n5 1n the re5u1t 5et. 6reater c1ar1ty can 6e 
ach1eved 6y exam1n1n9 the avera9e num6er 0f un14ue (acr055 
c0mp0nent 5et5) re1evant and n0n-re1evant d0cument5 added t0 
the re5u1t 5et at var10u5 depth5 6y fu510n. 

7a61e 5: Av9. # Un14ue R • NR added 1n 5ame-5y5tem fu510n 

Depth R NR Rat10 

10 0 .72 3 .18  0 .23 

50 1.29 1 1.83 0.1 1 
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100 1.53 21.97 0.07 

500 1.60 89.84 0.02 

7a61e 6: Av9. # Un14ue R • NR added 1n 7REC-6e5t fu510n 

Depth R NR Rat10 

10 1.49 4.30 0.35 

50 3.46 19.77 0.17 

100 3.93 36.63 0.11 

500 3.19 157.61 0.02 

1t can 6e 5een fr0m the ta61e5 a60ve than 1n ca5e5 where fu510n 
5h0w51mpr0vement (7REC-6e5t), the avera9e num6er 0f re1evant 
d0cument5 added t0 the h19h1y ranked d0cument5 (depth = 10) 15 
r0u9h1y d0u61ed 0ver the 5ame-5y5tem ca5e, wh11e the avera9e 
num6er 0f n0n-re1evant d0cument5150n1y 1ncrea5ed 6y 25 %. 

1t 155t111 de51ra61e t0 exp1a1n why mu1t1p1e-ev1dence a10ne 15 n0t 
en0u9h t0 y1e1d 519n1f1cant 1mpr0vement f0r fu510n 0ver the 6e5t 
51n91e 5y5tem when fu51n9 h19h1y effect1ve 5y5tem50r retr1eva1 
5trate91e5. 7he rea50n f0r th151551mp1y 6ecau5e fu51n95et50f 
d0cument5 that are very h19h1y 51m11ar (1.e., they have h19h 
9enera10ver1ap), then mu1t1p1e-ev1dence techn14ue5 w11151mp1y 
5ca1e the 5c0re50fthe maj0r1ty 0fthe d0cument5 and w111 n0t he1p 
1n 5eparat1n9 re1evant d0cument5 fr0m n0n-re1evant 0ne5. 
C0n5e4uent1y, when 9enera10ver1ap 15 h19h, the num6er 0fun14ue 
(n0n-repeated) d0cument5 w1116e 10wer, and 1mpr0vement5 due t0 
fu510n w1116e very un11ke1y. 

5 C 0 N C L U 5 1 0 N 5  AND FU7URE W 0 R K  
We have exper1menta11y 5h0wn that mu1t1p1e-ev1dence a10ne 15 
n0t en0u9h t0 en5ure effect1vene551mpr0vement5 when fu51n9 
h19h1y effect1ve retr1eva15trate91e5. 1n 0rder t0 u5e data fu510n 
techn14ue5 f0r 1mpr0v1n9 effect1vene55, there mu5t 6e a 1ar9e 
percenta9e 0fun14ue re1evant d0cument5 added t0 the fu5ed 5et a5 
h19h1y ranked re5u1t5, n0t a 51mp1e d1fference 6etween re1evant 
and n0n-re1evant 0ver1ap a5 prev10u51y th0u9ht. We 1nve5t19ated 
and 1dent1f1ed the re1at10n5h1p 6etween 0ver1ap 0f re5u1t 5et5 and 
fu510n effect1vene55, dem0n5trat1n9 that fu51n9 re5u1t 5et5 w1th 
h19h 0ver1ap are far 1e5511ke1y t0 y1e1d a 1ar9e 1mpr0vement than 
fu51n9 th05e w1th 10w 0ver1ap, 1f the 5et56e1n9 fu5ed are h19h1y 
effect1ve. We a1501dent1f1ed that vary1n95y5tem1c d1fference5 
am0n95t re5u1t 5et5 tend5 t061a51mpr0vement5 that have 6een 
5een 1n fu510n exper1ment5 fr0m the pr10r w0rk, and 5h0wn that 
when the5e d1fference5 are rem0ved, cau5at10n fact0r50f fu510n 
are m0re ea511y 5tud1ed. F0r future w0rk, we p1an t01nve5t19ate 
the 5pec1f1c effect5 that var10u55y5tem1c var1at10n5 have 0n fu510n 
effect1vene55, and re5earch the deve10pment and perf0rmance 0f 
new and ex15t1n91nte1119ent data fu510n a190r1thm5 that m19ht 
0verc0me the 11m1tat10n50f th05e c0mm0n1y u5ed t0day. 
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