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1 Probability Ranking Principle
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If an IR system’s response to each query is a ranking of the documents in the collection in order
to decreasing probability of relevance, the overall effectiveness of the system to its user will be

maximized.
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The probability ranking principle (PRP): If a reference retrieval system’s response to each request
is a ranking of the documents in the collections in order of decreasing probability of usefullness to
the user who submitted the request, where the probabilities are estimated as accurately as possible

on the basis of whatever data has been made available to the system for this purpose, then the
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overall effectiveness of the system to its users will be the best that is obtainable on the basis of

that data.

0000 relevance 00000 OO DO O Oprobability of usefullness 00 000000000000 OOOO
‘“00000oD0o00D0o0o00o0ooDoooooo” 000000 ooooooDooooooog [1}D
goboooo

00 Spérck Jones O [3] 000

If retrieved documents are ordered by decreasing probability of relevance on the data available,

then the system’s effectiveness is the best to be gotten for the data.
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What is the probability that this document is relevant to this query?
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3 Binary Independence Model
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Assumption T: Given relevence, terms are statistically independent
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Assumption Q: The presence of a term in a document depends on relevance only when that term

is present in the query.
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A document is said to be elite in term ¢ when it is somehow “about” the topic associated with

the term.
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5.2 Bookstein's Two-Poisson Model

00 p(Fy=f|r) D0000D00000D0O0O00DO0O0ODOBookstein000000 t0DO000OOOO
cooboboooooooooooooOooOooboOoobooOooooOooOoOoOOoO0oO0oOoOoobOoOoOobooOOn
oooboooooooooobooono

cooobooooooocoooooooboooooo pbooboo0ooooooooooooboooooon
coobooooobooooooooooOobooOobOoOobobooOoOobooOoOoOoOoOOoOoO0oOboOoOobOoOonoobooOOon
ooobooooooooooooooboooobobo0oooooooobooobooooDoboOooboOoOooooOOog
goobooooooocoooooobopwdobOOOO0OOOsOO000ODOOOOOOOODOOOODOOOO

googn
e Pu*

gl = (a1)

00000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000D000000000D0000000000000000000000000000000000
000000000BM25000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
0D00000000u >p:0000000000000000000 gq=p(elr)Dg=p(elf)00000

p(Fy = felr) = g(fespe) -+ g(fe, pe) - (1 = q) (42)
p(Fy = fi|r) = g(fes pe) - @+ 9(fe, pe) - (1 = q) (43)
Ogooooooo (37)DDDDDDD

oo )a + (o)1~ @) - (000, 1) + 900, pe) (1~ )
;k’g oo+ 9o sze)@—0) (90, pe)a + (0. ae) (1~ ) <44)

000000000 g(fi, pe)g(0, 1) 00O DD

$ g L1 B0~ 0)) (S5 + (1~ ) )
O,
m (2550 -2) (S - a)
oo0oooooooo
9(fe,pe) e_“éﬂgt _ pe—pe [ Me J
= T=c = (46)
g(fespe)  emreplt He



fi
DDDDue>ud]DDﬂ—mmDDDD(%) :ommmmﬁ%f%:ommmmmmm
0, pe _
g( 3/“ ) :eue He (47)
9(0, pue)

000fi—oo00000O (45)00000000000O0ODO0O0ODO

q(get= ™" + (1 - q))

log = 48
q(ger==re + (1 —q)) ()
000 (00 t0000000)00000000000000
OO0Oete—re 000O0O000000OO0OOO
q(1—q)
log ——~ (49)
q(1—q)

0000000000000 O00OD Robertson/Sparck Jones weighting formula 000000000000
q:p(e|7“)|]pt:p(Dt|r)DDDDDDDDDDDDDDD (26)D|:| (49)DDDDDD[IDDDDDDD

5.3 Two-Poisson Model O O O

DDDDGDDl:ll]DDDl:ll]p(6|7’)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000Robertson O Walker [9] O Otwo-Poisson 00 000000000000 0O0ODOO:

>l (50)
tea 1+ frd
ooo frq—ool000O000O (ki+1)w,0000000000D0O00ODO 45)000000O0D00O0ODOO
000000000000 1<k <200000000000000000000 k0000000
O0DO0DOTF-IDFOODOODO TFOOOOOOOOOODOOOOO (i.e.7TFZIOg(ft’d—f—l))DDDDDD
goooao (50)DDDDDDDDDDDDDDDDDDDDDDD

54 0O0O0OOOOOOO

0000000000000 000O00O0000O00O000OD (B0) 0000000 0O0ODO0ODODODO
oooboooooboooooooooobooooboobooboooooobooobooooDooOooboOoooboooOoo
goobooobooooboooooobooooooooogn:

k3 +q;
000 k30 k000000000000 O0O0D00D0OO0OO0O0OOCOO0O0O0O000d (50)DD|:|D|:|[ID
k 1 k 1
q(ks +1)  fra(ks + )_wt (52)

=t ks +q k1 + fra

oooo

goobodoboobooboobooobooboooboobboboboobboobUoobboobOoon
OO0k 000 /0000000000000 00000000 ks=0c0o00000000000k3 =000



oooood

ki+1
th.%.wt (53)
=l 1+ fra

O000D0000000000 BM15000000*0

6 DO00D0OO000000D0O: BM11O BM25

OO00000000000C0O0 BM25000000000Two-Poisson 00000000000 O0O0OO
ooobooooooooobooooooooooooooooobo0ooDbO0ooooOoOoOoooo
coooooooocoOoboooobooOooOooOooOoOoOOoOoOoObocOooboOoOooo

la
f.a( ,d (k1 +1)
;(h T W, (55)
goooood
S Sl D) o bl 59

ki + fr.allavg/1a) k1(la/lavg) + fra

t€q teq

oooooooBM1LIODOOODOODO
Robertson[9] 0 BM11 0 BM1500000000000000000O BM25000:

fra(ks +1)
g;% (L=0) + blaflaog)) + fra " (57)

00000000000 0<b<1000006=000000 (53)00000006=100000 (56)
0000000000000 (1-0)+b6(la/lawy,) 0000000000000 00000000D0O00O0
0000000000000 0000000000000000000 (i.e., (1 —b)(lavg/lavg + b(la/lavg)D
00000000000000000000000000000b=0.75000000000000

( Oono

PRPODOOOOOOODOOOOD BM25000000000000000000O0000O00O0O0O0O0OO
ooo

1. PRPOOCCOOOCOCOOOO

2.00000000000000000 (Basic Question) OLafferty 000000000000 D, R,
UODOooOOoooooo

3. 0000000000000 UUOUUOUOO0 binary independence assumption D 000000
00000000000 0Doooooo BIMDODOOoOooooQd

4. (0 0 0) Robertson/Spérck-Jones weighting formula 0 IDFOO0000000000000O

*00 (10000000000 BM15000000000000000000000000000

10



5. 00000000000000000000000O00OO0eliteness 0 two-Poisson 000000000
6. eliteness 0000000000000 ODOOOODODOOOOODOO
roooboooooOoOOOO0OOOCOCOOOOOOOOCOOOOOO0O0OOoOoOoooooooooooo

0000000000000000D000000O0OO0 (BM15)0

. two-Poisson 0000000000000 000O00000O00O0O00O0OOO0OO00OO0O0O0OOOO
00000000O00oOoooooo (BM11)O
.gobooobooooooboooooooooboooobo0obo0oboboooooooooOoOooDo
0000 00000 BMI1OBM150000000000O0 (BM25)0

OO0 eliteness 0 two-Poisson 00000000000 3000000000000 DOOODOOODOO
gboooooobooboboboooooooon

oo

[1] Stefan Biittcher, Charles L. A. Clarke, and Gordon V. Cormack, “Information Retrieval: Imple-
menting and Evaluating Search Engines”, MIT Press, 2010.

[2] S. E. Robertson, “The probability ranking principle in IR”, Journal of Documentation, vol.33,
pp-294-304, 1977.

[3] K. Spérck Jones, S. Walker, and S.E. Robertson, “A probabilistic model of information retrieval:

Development and comparative experiments — Part 17, Information Processing & Management,
vol.36(6), pp.779-808, 2000.

J. Lafferty and C. Zhai, “Probabilistic relevance models based on document and query generation”,
Language Modeling for Information Retrieval, Kluwer International Series on Information Retrieval,
Vol.13, 2003.

S. E. Robertson and K. Spéarck Jones, “Relevance weighting of search terms”, Journal of the Amer-
ican Society for Information Science, vol.27, pp.129-146, 1976.

W. B. Croft, and D. J. Harper, “Using probabilistic models of documents retrieval without relevance
information”, Journal of Documentations, vol.35, pp.285-296, 1979.

S. E. Robertson, and S. Walker, “On relevance weights with little relevance information”, In Proc.
SIGIR 97, pp.16-24, 1997.

A. Bookstein, and D. Kraft, “Probabilistic models for automatic indexing”, Jounal of the American
Society for Information Science, vol.25(5), pp.312-319, 1974.

S. E. Robertson, and S. Walker, “Some Simple Effective Approximations to the 2-Poisson Model for
Probabilistic Weighted Retrieval”, In Proc. SIGIR ’04, pp.232-241, 1994.

S. E. Robertson, S. Walker, S. Jones, M. Hancock-Beaulieu, M. Gatford, “Okapi at TREC-2", In
Proc. TREC-2, pp.21-34, 1993.

11



