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“IR is finding material (usually documents) of an unstructured nature(usually
text) that satisfies an information need from within large collections(usually stored

on computers."

ozl Aojof uwiz}, AHAMLS K] 4249 Al (reference librarians, paralegals,
similar professional searchers)?tQ] activity2 o AX 2ttt I2{u; o|A] AAtL HsHP 1L
4 o) 9ol Abgo] TjUT|Y W FAMARG olgsbit AALWE PAFo RN ARG

Zrosty o}, dR|= “search'® ©@oj7} "(information) retrieval'2 A5t At&E = 74
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HEAML oloA] Aolst 7 oleloz T C}2 E£209] HolElet JHIEAS T}2I]|
t}. “unstructured data(dg®st HlojE])"et Lojx ol oz WatelA ABEA i
7] o2l #+29] HolHE sttt o] WAY HlolEHo] A9 HEA AEQ] structured
data(F &3}t dolE])Q] ¥ltjo]n, product inventories?t personnel recordsS -§-X|2]s}
7] $fsto]  dRbAlegr  ARESh= HlojEolth.  dAAOA  OiRES  HolHe  AMA
“unstructured" sHA] Qr} CjEECQ] HAEL Autslo 2} ol Ao 21} 2x{0] headings,
paragraphs, footnotes®} #2 FARE 7HA|1L Tt HHEAME St titleo| Javas ZFSh
At bodyol threading & E35t1 9l= "semi-structured” BlAEZS EMASE ~u olrt
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BEAMOM = GFWE HHZS browsingstA U filteringstHy £= © Yol7tAl gt Al
EQo] HM OpFE Aot o] 84S A3ttt st HEQ] tiF7t FolA & o, clustering
ot ZEI=o] A5t thFE EFoH groupingst= AE TtTh oA A7HolA FA|
H2 M Hjdste AW vRsith 12ju A= o Ao HAET RojHS T, EFE=
717¥o] tf7t ojigt classesof|l &35t=7t5 ZA74sh= Lol



o|A] HBAMEA Q] 7rhst o2 AJASto] a term-document matrix®] ofo]t]ojet
inverted index data structureS AZ|sF T2, E2]oF A wolat E2joF HaS X 2]5}
+ o gis] Lotz g,
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st AMo] B}2 Shakespeare's Collected Works(AlAmo] A
T 3]0 “Brutus AND Caesar AND NOT Calpurnia”7}
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1) To process large document collection quickly.
Z2Ql doJE9] o] HAFEY £LohF w=rA FUbstal low, &
E= pR0 Hojso] BE AMAASH 2019 collectionsS FAYSEIL
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2) To allow more flexible matching operations.

o & 50l ‘grep’ WAo|A] Romans NEAR countrymen #H2|g5 AR8shs 72 HAE
Ao|ct. AukstH NEARE= “within 5 words' = "within the same sentence'2 % 2]5}7]
o]t

3) To allow ranked retrieval:
Chpo] 9o, of2lRe ofH Golst maE Be B4 B4 Fuaol ot 2o

= O o]=
siE= st

Helol WA HAES HYHoR Avdste 21 msts WHe ule 1 oFse A
Ol(index)dt= Zlolt}t. o] ZFoA]= Shakespeare's Collected WorksE hArO 2 Boolean
retrieval model®] 7|2 & A7fst7|2 stct 22|= AHlAmdojrt AFRSH RE Tho]E &4
a9 S43 B|BolA oW Wolst ABEIEAIS AZstThn sPgs] WA AT ol:
32,000709) A2 e Tols AgYeH. I ZAms uekd ol &= 119] binary
term-document incidence (ZAE) matrix o|th. of7]A £0of(terms)= indexed units(A
Aotk o] A5L 5 Tol(words)o|o K| 27| ofelRe 135S Tolzgh A7 %
of. A9 ARG = 5 5 oW A2 A Dol 2 FGEA] 947] g2, o]



2et @olg &olzt £&
olA] ofzfe] mEAO 2o} ZYPS AWEU, ofr|d mIH oFo 7o o
vectors & 4 UAAY, &ol5 ZdstL e 27| 4 vectorgs & 4 Sl

HJo

Antony  Julius The Hamlet Othello Macbeth ...

and Caesar Tempest
Cleopatra
Antony 1 1 0 0 0 1
Brutus 1 1 0 1 0 0
Caesar 1 1 ] 1 1 1
Calpurnia 0 1 0 0 0 0
Cleopatra 1 0 0 0 0 0
mercy 1 0 1 1 1 1
worser 1 0 1 1 1 0

* Figure 1.1 A term-document incidence matrix. Matrix element (¢,d) is 1 if the play
in column d contains the word in row £, and is 0 otherwise.

110100 AND 110111 AND 101111 = 100100
wt2ta ZAyt= 3] “Antony and Cleopatra”@t “Hamlet” & M o|r}.
Boolean retrieval model2 AHEZAML gdHo|r, 22
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20|59 Boolean

. ol a9k %A} AND, OR, NOT

information needst O]&AP} 47| Wsh= FA(topic)olH, queryets th=rth. Y|t
ol gx7t HuaTE Aejetr] jstel HWEE0] Yelsks oE Doolrt gl o] &AL} Al
Ot HuE ZIASL Qb A0 AASH: cherd, I AT Zolck AR A
8ol g3} HIHi.e. the quality of its search results)S ¢|sto], o] &A= Hz2]Q} A|AEIQ]
AMAuto] st & JHA] Z gt FA0] Histo] & Lotof st

1) Precision: What fraction of the returned results are relevant to the
information need?

2) Recall: What fraction of the relevant documents in the collection were
returned by the system?



Lo]l= tjRRQIo] term-document matrixs F&EoHA ¢S Zojth. 1 o]S8E= 500K x
IM matrixe= half-a-trillion®] 01} 1Z& Zt7] Wizol, Y& AA 2] AFEH dlo] A
gobxl gtk 2y g AL ol WEdAE )9 sparsesiths Aolth - 3
non-zero entries?} 9] Qith= Zloltt. o5 S0 10097h9] ohFotth 1,0007H419] o
2 203 9okw, 1 EYAL ©A| 109 49 lojg 0 S ZHAL A, 1 WS A4
g 99.8%= 022 Hojth gF 7HA] £2 Z1& 1 99 F85 T & Ao+ Aol

ol2{gk ofojtjoi7t vtz FHAMO] A A F ot 7IEd =A] AQl(inverted index)®]
siAlo] wloitt wxA|AQI(Wml & inverted file)2 AW Z3AM0] FZFo] o]t} Lx|AHQlo] 7] EA]
Q1 ofojtjoiz} ofzfje] = 1.3o] YEt} ot 2] 8o AM(dictionary of terms)Z& 7}A]
2 QEHmmi 2 E3F vocabulary T4+ lexiconolgt B2r}). o] ZofA = data structure
O 2+ dictionarysS, 22]i §0]% NEZC R vocabularyS ARSI ZF &0l HRI5H
A, f2le I ot UEY e o7t ol QXS 7|EstaL Qe YAES 2 Qi)
g YAE - oo et 8olF 7|55t i, U4El B I g9 YAE UEUI =
St - o e 4 UFse AeXHC=Z postingolgt §ECh mEbA o7l AES
postings list(fE= inverted list)2} ¥20{, 7 postings listol] 5] ZFE 0] Q= 2E AES
postingsg} F2c}, ofgfo] & 1.30] Q& dictionary= AFR£OC &, T postings list=
document IDZ & H(sorted)E o] it

[ Brutus | — [1] 2] 4| 113145173 | 174 |

[ Caesar | — [1] 2] 4] 5] 6[16] 57 [132 ] ... |

[ Calpurnia | — [2 | 31 | 54 | 101 |

"'lu_.v._ﬂ' iy _ =
Dictionary Postings

P Figure 1.2 The two parts of an inverted index. The dictionary is commonly kept in
memory, with pointers to each postings list, which is stored on disk.

1.2 A first take at building an inverted index
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1) Collect the documents to be indexed:



Friends, Romans, countrymen.

So let it be with Caesar

2) Tokenize the text, turning each document into a list of tokens:

Friends

Romans | | countrymen

So

3) Do linguistic preprocessing, producing a list of normalized tokens, which are the

indexing terms:

friend

roman

countryman | [ so

4) Index the documents that each term occurs in by creating an inverted index,

consisting of a dictionary and postings.

Doc 1

i’ the Capitol; Brutus killed me.

Doc 2
I did enact Julius Caesar: 1 was killed So let it be with Caesar. The noble Brutus

hath told you Caesar was ambitious:

term docID term docID

Id_id } be biti ; term doc. freq. — postings lists

enact 1 brutus 1 ambitious [ 1] — 2]

julius 1 brutus 2 be 1 - | 2 |

caesar 1 capitol 1 brutus — L—;E[

I 1 caesar 1 capitol — 1

was 1 caesar 2 |
caesar 2 1 2

killed 1 caesar 2 = [ 2 ] 4) :H

i 1 did 1 did -y

the 1 enact 1 enact —* |1 |

capitol 1 hath 1 hath — | 2]

brutus 1 I 1 1 1 — 1

killed 1 _I' 1 11 . I

oy z 2 — [EIT] - 2

let 2 julius 1 julius — |1

it 2 killed 1 killed — [1]

be 2 killed 1 let — El

with 2 let 2 me — 1 |

the 2 noble 2 noble - 2

noble 2 so 2 so — 2]

brutus 2 the 1 the - L"

hath 2 the 2 told — |2 |

told 2 told 2 you —  [2]

you 2 you 2 e AS . 1 _,

caesar 2 wWas 1 weith ?

was 2 was 2 _ —

ambitious 2 writh 2

tokensE =5 =E

Q12 APt

LS

= Figure 1.3

Building an index by sorting and grouping,. The sequence of terms in each
document, tagged by their documentlI? (left) is sorted alphabetically (middle). Instances
of the same term are then grouped by word and then by documentID. The terms and
documentIDs are then separated out (right). The dictionary stores the terms, and has
a pointer to the postings list for each term. It commonly also stores other summary
information such as, here, the document frequency of each term. We use this information
for improving query time efficiency and, later, for weighting in ranked retrieval models.
Each postings list stores the list of documents in which a term occurs, and may store other
information such as the term frequency (the frequency of each term in each document)
or the position({s) of the term in each document.
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document collectionof|A], ZF ttF= document identifier(doclD)etsl= GUsk AUH
52 /XL dttn sbgstal. MRS st ok Alze thEst A Uerd mot,
710 A&A0l HIE EFSIT}. indexinggd Y Q A(input)e= ZF 9] normalized
tokens9] list(termd}t doclDQ] pairsZ Elo] Qi 2]AE) o|t}. £Q3t indexing BA= &
o7} Almgol HES BAES PUst ok o] U, SAF RN FAT §ojrt 2
S22 DA, ST A (merge). 131 thgof] FLet
dictionary 2} postingso]] &2]A|7 Edstch ojd &
2, olejat dlojejo] AAe Aj9lo] @Az WA gtk dictionary E5t 7 §ojg m3l
9] ¥l x4 (document frequency)e} 22 Q
Sejor GAIQIslo] FRskAlL SIS, B Alo] RAlqlzlo] B2 FOIAl
0, AZolls W2 Afet gA 2RlolA AREE AL Sl postingsy docID
Mz APAZIozn, g4 HaALS 95t 22 A&t ol#st %k
£3] text search® A|Yst= o QoA 7Py &8AQl Taols, ojme AWy
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FEAor L= MIOA, f2]= dictionary®} postings list & ] AA&3tE Al
Istojof stch. SAE R ©f 322, dictionarys= L¥FR O 2 memory 40|, postings
list& disko] H=EIC],

Exercises.

1) thgo] ZMo| Ay =xMAL A5t
Doc 1 new home sales top forecasts
Doc 2 home sales rise in july
Doc 3 increase in home sales in july
Doc 4 July new home sales rise

2) &g =AE A7tel 2t
Doc 1 breakthrough drug for schizophrenia
Doc 2 new schizophrenia drug
Doc 3 new approach for tratment of schizophrenia

Doc 4 new hopes for schizophrenia patioents

3) the term-document incidence matrixg& ~AH’dstat
4) the inverted index& %h/dstet.

oAl 1.29] EHHAS 7= dsd 22 Y 2t FAJAE Helet

5) schizophrenia AND drug
b. for AND not(drug OR approach)



1.3 Processing Boolean queries

SRl 7]RAQl Bejoh A BEe ALgslo] HYE of@A Mejshiilr Jiukl
conjunctive query®] A=|utg-g Adzbs wA}L:

Brutus AND Calpurnia

oo] & 130]A4 BEMOR WolE TAMIL pA|nA. Lele
1. Locate Brutus in the Dictionary
2. Retrieve its postings
3. Locate Calpurnia in the Dictionary
4. Retrieve its postings
5. intersect the two postings, as shown in Figure 1.5.
g glintersection) = %23t 7oty Q2= & 7HA] 8o &5 mIol Qs OF
= A& g6ty sto] 8 &4 02 posting listg WA Al7Aof gtoj(o]2{gh @ ud|o]
He i 2 posting listS merging $tthal otz T Sto}).

219 = 1.39|A4 Brutus@t Calpurniz®] posting listsE wAgF A|I7|H 2 T 1.59
2k

Brutus —  [1]=[2]-[a {11 [ 31]-[45 [ 173 |[174]

Calpurnia  — [2][31]-[54][101]

Intersection — —r
Figure: 1.5
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(Brutus OR Caesar) AND NOT Calpurnia

p

Query optimizationo|=t A|AElof] oJ5] 3]
total work)?ts de= FHe| AAZ A st
olst st 7FX] £Q3F QAL posting listse] AL

A9 & FE314(the least amount of
diolt}, Boolean queries® Q& o|71&
=AM

otk WM shdl ol Ay
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(Calpurnia and Brutus) AND Caesar

o]7o] dictionaryd] &0]59] Yl=& ZIA[AOF sh= A WA HF4 oltt. o]
2]o|Al olH posting listsof] F1517] Aol in-memory datas +H=Z 4ot #e &
dot=s g

II. The extended Boolean model versus ranked retrieval

Boloh AR 121 WE Awo]A i 2o M AMRHe A2 thEsolrt

HE] AmolA QoA ALEAISL TIEE free text queriesE AFE3HChH  free text

querieszt 2] BAAL A7) ojstel QlAbrtel @7l S Qo2 Apgalr|ucke o

Mt 2 ool whojghe ALGEA YA HaAS Wtk ojeist HS YAt AlAY

M T HelE oMY BEAYIE R AT Adet A8 AR ot 4+ Y 5
) o

—

L Hwv o

ot} slax AT BISL, Beloh P RAL HEHT i A2HES WWWo] =9
HE 199090) 711 308 St )Y HAuALlA ABY £o T LHTHS AHgsl
itk 2AY oS AlAHE 927t oAtAl BAs) W 1WAl 2ok AMAHAND,

BN MRS

OR, NOT)utS 71x|1. QA= okofr}h DaxAo]l Ants Aafst= Eajot
oAl "By w2 A HolHE ARzl Wzl I AlA

operators®} @2 F7HAQl AAALS AREShs &7 22l AMRAS AR5

1. proximity operator



o}, ol2fgh 2 d(closeness)> &0l 7IYE 4 A= ©ojo] 25 At
oty I Z2 44 ©(structural unit)s Fxdozn, 549 5 ot

= NEAR

» FBY (Followed BY)
proximity operators: At& whg:
1) WA Aol deister
2) proximity operatorg& stz
3) gAlo] Afolo] Sl 4 9l Tolo] 49} tbIEES YAster

-

of]) sly near.6 fox
young fby.5 in love

2. Truncation ¥ wildcard operators

= % (asterisk) truncation operator: zero or more terminal characters in a search

term.

= ? (question) truncation operator: replace any character in a given search
term, regardless of position (as in gr?y, hono?r, ?nquiry or
gothic?).

3. Exact operators

The EXACT operator can be used to retrieve records that match your search
term precisely. Simply type the word or phrase enclosed within double quotation

marks.

4. parentheses with Boolean operators

Use parentheses to specify the order looks for any search terms in

parentheses first.

of]) (west indies NEAR pirates) OR (west indies NEAR bucaniers)



5. Relevance feedback

RF(relevance feedback)olst AM 7ol o] &ALS RFAAAAA, 2F ZAutsE 7NdAI7]=
olt}y. Eo], o] &A= AlY WA AM= Zh7ko] opFof tisto] AggS HHS LHEJ o2,
A2 A AE0] g]52] Blitk(feedback). 0]719] 712 A Q] Azt

1) ol §Ak: sty e Wl g Al

2) AXEOIAE A 20 AMANE HolFTt

3) ol gAte 7R chiol ohs) MgolRg moldTt

4) A2EOIAE ol gAte] MEWS 2AZ Bt U Fuepol BN AN
5) Alage 24E Ang wolict

RFO[A = ol2{st A& =Zo|g & Qltt. o]Z2 27t ofif Ado oish & x| =&
O v]5 A HE Adshs Zlo] oj¥hete, 543 A4S FUACR |Ush:s A2
o= ofoltjolE &85 Zolth. webs RF& of2fst d9] vie3 Foto 7|EQ Hs
JuwsHrefinement)gtty. RF= 3t o] &X7F AE8HA A7l(evolving)A 7|+ EQF1E =
Asted aAY & oy old OhFg H7Igo=M o] 8A= AMlEo] A= FEo ot
ols & FuItAlL 4 Q.



