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« 2uyvotnta Epedviong AéCewv
* O No6pog Tou Zipf
* O Népocg Tou Heaps
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[ patrTog AGyoc¢ - Keiuevo

Starting with hieroglyphs, the first written surfaces (stone, wood, animal skin,
papyrus and rice paper), and paper, text has been created everywhere, in many
forms and languages.
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2.TATIOTIKEG 1010TNTEC KelpEvou

* H ouxvornra sueavions twv Aé€swv, 11 KAaTavour aKoAou6ei;

» 1600 ypnyopa ucyaAwver 1o AeéIAOyio o€ oxéon e 10 UEYEBOC TNC
OUAAOYNC KEILEVWYV;

» [loio givail 10 UETO UNKOG TWV AEEEwV;

H yvwon Twv TTapatrdvw PTTopEi va aglotroindei otn oxediaon
OUOTNPATWY AVAKTNONG TTANPOPOPIWV.
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2uxvoTnTa AECewv

* Aiyeg AéCeig epgaviCovTal TTOAU ouyvd

— OTIG OUO TTIO OUXVA EPPAVICONEVEG AECEIG TNG ayYAIKNG (TTOU gival o1 AEEEIG
“the” ka1 “of”) avtioToixei 10 10% TWV epPavicewv AEGewv

* OI rePIooOTEPES AECEIC EPaviCovTal OTTAVIA
— O1 pio€g Trepitrou AECeIg epgavidovTal povo pia gopd! (hapax legomena)

AUTA n Katavour ouxva ovouddletal “heavy tailed” (dnAadn e ...
Bapid oupd)
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M Sample Word Frequency Data
(from B. Croft, UMass)

Frequent Number of Percentage
Word Occurrences of Total
the 7,398,934 5.9
of 3,893,790 3.1
Lo 3,364,653 2.7
and 3,320,687 2.6
in 2,311,785 1.8
is 1,559,147 1.2
for 1,313,561 1.0
The 1,144,860 0.9
that 1,066,503 0.8
said 1,027,713 0.8

Frequencies from 336,310 documents in the 1GB TREC Volume 3 Corpus
125,720,891 total word occurrences; 508,209 unique words
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O vouocg Tou Zipf

* Rank r of a word: The numerical position of the word in a list
sorted by decreasing frequency (f).

* Zipf (1949) “discovered” that: f.r=k (for constant k)

« [ly:
- f1*1=k
- f2*2=k
- f3*3=k

—fi*i=k
- =f1*1=f1 o f1= f1/i

H ocuyvornrta tnc i-th o ouxva suavilouevnc A&€nc gival 1/i @opEC
n ouxvornTa tnc 1o ouxvnc.

« [Tio akpiBéc: 1/i€ érrou 6 ueraéu 1.5 kai 2
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Sample Word Frequency Data (again)
(from B. Croft, UMass)

Frequent Number of Percentage
Word Occurrences of Total

the 7,398,934 3.9 *1%59=59
of 3,893,790 3.1 2*31=6.2
Lo 3,364,653 27 *3%2.7=8.1

and 3,320,687 2.6 *4*26=104
in 2,311,785 1.8 *5*1.8=9
is 1,559,147 1.2 6712=72
for 1,313,561 1.0 7*1=7

The 1,144,860 09 «8*0.9=7.2

that 1,066,503 0.8 *9*0.8=7.2

said 1,027,713 0.8

Frequencies from 336,310 documents in the 1GB TREC Volume 3 Corpus
125,720,891 total word occurrences; 508,209 unique words
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Nouog tou Zipf:
Emmrrwoeig otnv Avaktnon MNAnpogopiwv

 KaAd Néa: Or1 Aéceic attokAeiopou (stopwords) avTioToixouv o€

TTOAANEG EP@AVIOEIG, APA N ATTAAOIPr TOUG PEIWVEI OPACTIKA TO
MEYEDOG TOU gupeTnpPioU.

« Aoxnua NEa: [Na TIG TTEPIOTOTEPES AECEIC, N OUAAOYN ETTAPKWYV
0edOPEVWV VIO ao@AAR OTATIOTIKA avAAuon (TT.X. EVTOTTIONOG
OUVWVUNWYV AEEWV JEOW OUVEPQAVIONG) €ival UOKOAN OIOTI Ol
AECEIC auTEC epavidovTal TTOAU AiyeC QOpPEC.
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O vépoc Tou Zipf kai n Bapuvon Opwv
Zipf and Term Weighting

* Luhn (1958) suggested that both extremely common and extremely uncommon
words were not very useful for indexing.
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Does Real Data Fit Zipf's Law?

* Alaw of the form y = kx¢ is called a power law.
« Zipf's law (fi=f1/i) is a power law with ¢ = -1
* On alog-log plot, power laws give a straight line with slope c.

log(y) =logkx®) =logk +clog) = logk —log)

Zipf is quite accurate except for very high

and low rank.
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w Mandelbrot (1954) Correction

« Ziph’s Law: fi= 1/
« Mandelbrot correction: fi= f1*k/(c+i)?

— . parameter
— k: so that all frequencies add to N
— This formula fits better with the read texts

trotuency
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CS463 - Informatic Mandelbrot’s function on Brown corpus

Explanations for Zipf's Law

« Zipf's explanation was his “principle of least effort.” Balance
between speaker’s desire for a small vocabulary and hearer’s

desire for a large one.
— H emavaAnyn AéEewv gival EUKOAOTEPN ATTO TNV £TTIVONCH/XPMON VEWV

» Debate (1955-61) between Mandelbrot and H. Simon over
explanation.

« Mg em@uAagn:
— Li (1992) shows that just random typing of letters including a space will
generate “words” with a Zipfian distribution.

— (http://linkage.rockefeller.edu/wli/zipf/ )
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Avatrtuén AegiAoyiou kai o Nopog Ttou Heaps
(Vocabulary Growth and Heaps’ Law)

* [Mapatmpnon: To péyeBog Tou AegIAoyiou oTnv TTPAEN BEV gival paypEVO
(AOYW TWV KUPIWV OVOUATWY Kal TWV 0pBoypa@ikwy AaBwv).

« Epwrtnua: MNwg¢ avarrroooeral 1o uéygbog rou AgéiAoyiou (6nAadn to mAnbog
TWV OIaQOPETIKWYV Aé€swv) o€ oxéan IE TO MEYEBOC TNSC OUAAOYR S TWV
KEIUEVWV;

* Mia atravtnon pag €xel dwoel o Heaps

— TnyRA: Harold Stanley Heaps. Information Retrieval: Computational and Theoretical Aspects.
Academic Press, 1978.

* Heaps'law is proposed in Section 7.5 (pages 206-208).
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O Nopog Tou Heaps

* Ed&v Veival To uéyebog tou Aegihoyiou (dnAadn o apiBudc Twv
OIOPOPETIKWYV AECEWV) Kal N TO HEYEBOC TNG OUAAOYNAG KEINEVOU O€
ANECEIC, TOTE:

V =Kn” with constants K, 0< g <1

* 2ZXETIKA PE TIG 0TABEPEC K K B:
- K~ 10-100
— B=~0.4-0.6 (dnAadn TETPOAYWVIKN PICA)
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[MapaTtnpnoceig

» Explanation for Heaps’ Law

— Can be derived from Zipf's law by assuming documents are generated by
randomly sampling words from a Zipfian distribution

« Average Length of Words
— Why? To estimate the storage space needed for the vocabulary.
— Average word length in TREC-2 = 5 letters
— If we remove stopwords then average word length: 6-7 letters
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