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Overview of Lecture 2
� Propertiesof WordFrequency Distributions

� Measuresof MorphologicalProductivity andaCaseStudy

– MandarinRootCompounds:A CaseStudyin Productivity

� Measuresof Association

– ProbabilityEstimates

– (Speci�c) Mutual Information

– Frequency-WeightedMutual Information

– Pearson's

�

-Square

– Likelihoodratios

– ExtractingNon-BinaryCollocations
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Zipf's Law
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1995 AP Newswire
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Figure1: Rank(x) plottedagainstfrequency (y) on a log-log scalefor the1995
AssociatedPress.
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ROCLING Corpus (Characters)
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Figure2: Rank(x) plottedagainstfrequency (y) onalog-logscaleovercharacters
for the10Million characterROCLING corpus.
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Important Properties of Word-Frequency Distributions
� LargeNumberof RareEvents:

For the1995AssociatedPresscorpus40%of theword typesoccur
justonce.(In contrastamongthe10 Million characterROCLING
corpus,only 11%of thecharacters occuronce.)For a smaller
corpus,suchastheBrown corpus(1 Million words),theamountwill
becloserto 50%.

Corollary:wordsarenotnormallydistributed.Statisticalmeasures
thatdependonnormality(e.g.speci�c mutualinformation)are
suspect.

� Statisticalparameterschangewith samplesize:

For increasingcorpus� thesizeof thevocabulary

�

�

�

�

increases.
Sodoesthemeanfrequency �

�

�

�

�

.
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Change of Parameters of Vocabulary with Corpus Size
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Figure3: Vocabularysize

�

��� �

(PanelA) andmeanwordfrequency �

�

�

�

�

(Panel

B) asa functionof samplesize� in Alice in Wonderland, measuredat 20 equally
spacedintervals.From(Baayen2001),�gure andcaptionkindly providedby Har-

aldBaayen.
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Measures of Morphological Productivity

(2) Aronoff 's (1976)proposal:�

�

�

�

(3) Baayen's (1989)proposal:

�

�

�

�

�
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Intuition behind Good-Turing Measure

Figure4: A collectionof ballswhereall ball typeshave beenseen.

Sproat& Shih ChineseMorphologyandPhonology Lecture2: WordFrequency Distributions 8



Intuition behind Good-Turing Measure

Figure5: A collectionof ballswheremany ball typeshave notbeenseen.
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Some sample

�

scores from Dutch and English

(4) Morpheme Gloss

�

-ing `-ion, -ing' 0.038

-heid `-ity' 0.114

nouncompounds — 0.225

(5) Morpheme

�

-ness 0.0044

-ish 0.0034

-ation 0.0006

-ity 0.0007

simplex nouns 0.0001
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Some Measures from Mandarin

(6) Morpheme Gloss

�

�

-men nounplural ��

�

��

�

�

�

�
�

�
	




-gu�o experiential � ��

�


 
 


�

�
��

�

Seethe�rst lab exercisefor this segment.
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Mandarin Root Compounds (Sproat and Shih, 1996)

Somemorphologicaltheories,e.g.(Anderson,1992;Dai, 1992),have a
restrictive notionof whatcanbeacompound:only thosewordsformed
from two or moreotherwords.

(7)

�� �

hām��guā (Hamimelon)`cantaloupe'

(8)

��

xiāngcháng(fragrantintestine)̀ sausage'

Sproat& Shih ChineseMorphologyandPhonology Lecture2: WordFrequency Distributions 12



Mandarin Root Compounds

But boundrootsseemto beactive in Mandarinmorphology:

(9)

��

m�ay�� `ant'

�
�

gōngy�� `worker ant'

(10)

��

n�aozi `brain'

�� �

n�aoshu��zh�ong(brainwaterswelling)`hydrocephaly'

(11)

��

cāngý�ng `�y'

	 �
 �

d��zhōngh�aiý�ng `Mediterranean�y'

(12)

��

mógū `mushroom'

� 


gūs�an (mushroomumbrella)`pileus'
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Mandarin Root Compounds

Theseformationscannotbeaninstanceof af�xation

(13)

�

y��

� �

�
�

y��wáng`queenant' gōngy�� `worker ant'

�

n�ao

�� � � �

n�aoshu��zh�ong`hydrocephaly' h�oun�ao `hindbrain'

�

ý�ng

� � 	 � 
 �

ý�ngsh̄� `�y corpse' d��zhōngh�aiý�ng `Mediterranean�y'

�

gū

� 
 ��

gūs�an `pileus' j�̄ngū `goldenmushroom'

Absentanothercategory, thesepresumablymustbecompounds.(NB:
Packard(2000)callsthemboundrootwords)
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Mandarin Root Compounds
224

��

104

��

102

��

23

� �

16

� �

9

��

9

��

8

� �

8

��

8

��

7

�� �

6

	�

5
� 


4

� 


4

� �

4
�
 �

4

��

3

� � �

3

�� �

3

��

3

�� �

2

� �

2

� �

2

��

2

��

2

��

2

�� �

2

�� �

2

��

2

�� �

2

	� �

2
�

� ��

1

�  

1

� !

1

� "

1

� #

1

� $

1

� %

1

��

1

&�

1

'�

1

(�

1

#�

1

)� *

1

+�

1

��

1

, � �

1

-
�

1

. � �

1

/�

1

0�

Table1: Distribution for the Mandarinnominalroot gū `mushroom'collectedfrom a 40
million charactercorpus.
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Mandarin Root Compounds

Root WholeWord Meaning

�

�

�

�

�

�� �

�

	

sh́�

	


sh́�tou `rock' 75 583 147 57 0.129

�

hé

��

hézi `box' 82 1205 167 257 0.068

�

y��
��

m�ay�� `ant' 21 322 35 173 0.065

�

wā


 �

q̄�ngwā `frog' 22 407 49 199 0.054

�

gū�

� �

wūgū� `turtle' 21 414 46 137 0.051

�

ji �ao

��

ji �aozi `dumpling' 8 167 19 66 0.048

�

ý�ng

��

cāngý�ng `�y' 14 325 35 142 0.043

�

mián

��

miánhuā `cotton' 52 1283 138 147 0.041

�

gū

� �

mōgū `mushroom' 19 598 49 224 0.032

�

m�u

��

m�utou `wood' 265 8904 617 701 0.030

�

n�ao

��

n�aozi `brain' 34 1077 75 791 0.032

�

tuó

� �

lu�otuó `camel' 6 210 16 104 0.029

�

cháng

��

chángzi `intestine' 62 2268 148 373 0.027

�

fēng

� �

m��fēng `bee' 23 858 63 104 0.027

�

d�u

��

d�uzi `belly' 36 1434 83 734 0.025

Table 2: Productivity measuresof someMandarinnominal roots, measuredover a 40
million charactercorpus.
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Measures of Association
� Probabilityestimates

� Speci�c Mutual Information

� Frequency-WeightedMutual Information

� Pearson's

���

� Dunning's likelihoodratios

� Non-binarycollocations
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Probability Estimates

Basicmeasureof probabilityis themaximumlikelihoodestimate:

�

��� �

���

. This is quitereasonablefor frequentwords.

AP92 AP93 AP94

�

	

�

	

�

	

the 1,659,949 0.039 1,451,984 0.039 1,311,237 0.039

United 30,883 0.00072 28,336 0.00076 25,456 0.00075

country 21,225 0.00050 18,304 0.00050 15,919 0.00047

night 12,422 0.00029 10,328 0.00028 10,566 0.00031

dog 1,048 2.44e-05 1,045 2.80e-05 992 2.91e-05

Table 3: Maximum likelihood estimatesfor � ve commonwords from three

yearsof the AssociatedPress(1992–1994). 
 is 43,012,596,37,386,960,and
34,041,151,respectively, for thesethreeyears.
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Probability Estimates

Maximumlikelihoodestimatebecomeslessreliablefor infrequentwords,
sotypically somesmoothof thefrequency distribution is necessary.

(14) Good-Turing estimate:

�

�

�

�

�

�

�

�
�

���

�

	



�

�

�
�

�

�

Theestimates�

�
�

�

�

and�

�
�

�

	



�

canbemadein variousways,
includingusingtheempiricalvalues:

(15)

�

�

�

�

�

�

�

�

�

�

	



�

�

For frequenciesotherthanzerothiswill resultin a reestimation
downwards.Theprobabilitieswill thenbereestimatedas ���




, with the
probabilitymass�

�




reservedfor unseenitems.
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(Speci�c) Mutual Information

Mutual Informationwasoriginally proposedasaninformation-theoretic
measureof channelcapacity(Fano1961).

(16) �

���

�

�

�

�

�

�

�

�

�

�
�

	

�

�

�

��� �

�

�

�

�
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1995 AP Newswire Collocations
M.I. f(1,2) f(1) f(2) pair

18.3908 101 104 106 Picket Fences

18.3280 101 101 114 Highly Effective

18.2061 119 121 122 Ku Klux

18.1722 124 124 127 almamater

18.1574 115 124 119 SPACECENTER

18.1480 118 127 120 JUDGELANCE

18.1275 127 131 127 PhnomPenh

18.1266 124 126 129 VelikaKladusa

18.0901 95 103 124 Ginny Terzano

18.0627 134 136 135 NotoriousB.I.G

18.0580 116 119 134 SpiritualLaws

18.0486 123 134 127 DeepakChopra

18.0271 80 105 107 Myriam Sochacki

17.9417 147 149 147 TEL AVIV

17.8421 96 117 131 RebaMcEntire

17.7610 108 152 120 Dollar Spin

17.7551 117 124 160 SALT LAKE

Table4: Sampleof highly associatedadjacentword pairs from the 37 million wordsof
the1995AssociatedPress.Shown are,from left to right: themutualinformation(M.I.); the
frequency of the pair f(1,2); the frequency of the �rst word f(1) and the frequency of the
secondword f(2). Notethatf(1) andf(2) arebothgreaterthan100for thissample.
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1995 AP Newswire Non-Collocations

M.I. f(1,2) f(1) f(2) pair

-0.000104371 2 44293 1694 But 32

-0.000104371 12 44293 10164 But public

-0.000108717 1 5938 6318 big reports

-0.000122066 7 540363 486 in heroin

-0.000122066 7 486 540363 determinationin

-0.000123791 1 20716 1811 saysHall

-0.000135193 2 567 132335 Building from

-0.000135827 1 6639 5651 watergiven

-0.000135827 1 5651 6639 givenwater

-0.000137212 1 8365 4485 programsenough

-0.000137212 1 2275 16491 villagechildren

-0.000144883 2 5283 14203 studymost

-0.000151325 1 14452 2596 herincludes

-0.000163745 1 645 58167 Delawarethis

Table5: Sampleof poorlyassociatedadjacentwordpairsfrom the1995AssociatedPress.
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Problems with Mutual Information
� It is unreliablefor smallcounts.(But this is reallyaproblemwith the

MLE)

� Thesecond,andmoreseriousproblemis thatmutualinformation
relatesto estimatedprobabilityin a counterintuitive way:
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Frequency-Weighted Mutual Information

(17) �

���

���

�
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1995 AP Newswire Collocations
F.W.M.I. f(1,2) f(1) f(2) pair

469631 174742 708948 1435262 of the

341288 129132 540363 1435262 in the

184196 16797 16816 18733 AssociatedPress

182881 17287 24135 17564 UnitedStates

181021 66059 258389 1435262 to the

144801 31575 447529 110206 to be

140778 51336 200524 1435262 on the

136748 12956 24177 13364 New York

135747 19968 112171 60003 have been

135610 12452 17858 13778 All Rights

134177 28748 144059 294607 hesaid

133324 11684 13778 11684 RightsReserved

120476 17592 95448 60003 hasbeen

118810 50201 254405 1435262 for the

114737 17820 69930 110206 will be

109856 15576 261695 16816 TheAssociated

107843 36922 127433 1435262 at the

97455 9561 10928 28038 WhiteHouse

96982 15799 76338 110206 would be

Table6: Sampleof highly associatedadjacentword pairsfrom the 1995AssociatedPress.Shown are,from left to right: the frequency
weightedmutualinformation(F.W.M.I.); thefrequency of thepair f(1,2); thefrequency of the�rst word f(1) andthefrequency of thesecondword
f(2). Again, f(1) andf(2) arebothgreaterthan100for thissample.
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Problems with Frequency-Weighted Mutual Information

Main problemis thatit tendsto over-rewardfrequency.
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Pearson's

�

-Square
�

�

-squareprovidesacon�dencemeasurefor rejectinganassumption
of independencebetweenevents.

�

�

-squareappliesto tables:

�

���

new

�

�

�

� new

�

���

companies 8 4,667

(new companies) (e.g.old companies)

�

�

�

� companies 15,820 14,287,181

(new machines) (e.g.old machines)

Table7: A �

�

� tableshowing the distribution of bigramsin a corpus(from Manning
andScḧutze,1999,Table5.8, page169). Therewere8 instancesof new companies, 4,667
instancesof X companies, whereX is differentfrom new, 15,820instancesof new Y, where
Y is differentfrom companies, and14,287,181instancesof XY, whereX andY aredifferent,
respectively, from new andcompanies.
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Pearson's

�

-Square

Generalstatement:

(18)

�
�

�

�

�

�

���

�

���

�

�

�

�

�

�

�

�

Specialcasefor 2� 2 table:

(19)

�
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�
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1995 AP Newswire Collocations

�

� f(1,2) f(1) f(2) pair

999319 600 6262 2156 attorney general

996401 47 280 297 ConnieMack

993054 192 552 2522 20thcentury

991404 36 299 164 ORMUSIC

991243 306 818 4330 atomicbomb

990132 145 1709 466 loanguarantees

986765 18 113 109 GeographicExplorer

985647 375 2599 2058 CatholicChurch

985038 67 1540 111 racialslur

984217 84 1379 195 highly publicized

983361 147 284 2902 pleadguilty

982709 23 159 127 JusticesAntonin

975478 289 7415 433 SenArlen

972147 22 116 161 CelticJourney

970830 322 2808 1426 illegal immigrants

968693 126 2984 206 �ight attendant

968378 261 1571 1679 pleadedinnocent

968056 20 124 125 Joey Buttafuoco

967695 37 147 361 siliconeimplants

Table8: Sampleof highly associatedadjacentword pairsfrom the1995AssociatedPress,usingchi-square.Shown are,from left to right:
thechi squarevalue;thefrequency of thepair f(1,2); thefrequency of the�rst word f(1) andthefrequency of thesecondword f(2). Again, f(1) and
f(2) arebothgreaterthan100for thissample.
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Problems with

�

-Square
�

�

-squarestill assumesnormality, whichcanbeviolatedfor small
counts.

�

�

-squareis a symmetricmeasure:it doesnotdistinguishbetween
eventsthataremuchmorelikely thanchancefrom eventsthatare
muchlesslikely thanchance.

tape-recordedconversations— aplausiblecollocation— you �nd
thattape-recordedoccurs100times,conversations639times,and
thecollocation7 times,with a high

�

-squarevalueof 28,752.8.

Similarly for sickeningreminderthebreakdown is, 17 for sickening,
307for reminderand2 for thepair, with a

�

-squarevalueof
28,747.7.

However avery similar

�

-squarevalueis obtainedfor theof, where
theoccurs1,435,262times,of 708,948times,thepair exactly once
(dueto a typo in thedata),yieldinga

�

-squarevalueof 28,744.5.
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Dunning's (1993) Likelihood ratios
� Hypothesis1:
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�
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� Hypothesis2:
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1995 AP Newswire Collocations

�

��

�

�

�

f(1,2) f(1) f(2) pair

587215.02 174742 708948 1435262 of the

417624.29 129132 540363 1435262 in the

403795.56 16797 16816 18733 AssociatedPress

387423.99 17287 24135 17564 UnitedStates

281913.17 12956 24177 13364 New York

279548.21 12452 17858 13778 All Rights

230483.10 19968 112171 60003 have been

223206.08 66059 258389 1435262 to the

218798.60 31575 447529 110206 to be

211761.70 15576 261695 16816 TheAssociated

203728.79 17592 95448 60003 hasbeen

200819.84 28748 144059 294607 hesaid

192063.84 9561 10928 28038 WhiteHouse

190007.67 17820 69930 110206 will be

173072.45 51336 200524 1435262 on the

161027.74 194 1435262 1435262 thethe

157326.20 15799 76338 110206 would be

143998.60 9530 24496 40710 morethan

143592.45 10387 19586 89982 did not

142904.19 18933 1435262 24135 theUnited

Table9: Sampleof highly associatedadjacentword pairsfrom the1995AssociatedPress,usinglog likelihoodratios.Shown are,from left
to right: thevalueof�

��

�

�

�

(which is asymptotically

�

-squaredistributed;thefrequency of thepair f(1,2); thefrequency of the�rst word f(1)
andthefrequency of thesecondword f(2). Again, f(1) andf(2) arebothgreaterthan100for thissample.

Sproat& Shih ChineseMorphologyandPhonology Lecture2: WordFrequency Distributions 32



Problems with Likelihood Ratios

Shareswith
�

-squaretheproblemthatit is symmetric

�

��

�

�

�

f(1,2) f(1) f(2) pair

4988.08 340 14203 2247 mostpowerful

1959.01 420 607952 2247 apowerful

1336.07 131 24496 2247 morepowerful

1093.76 89 7967 2247 mostpowerful

532.11 57 14183 2247 verypowerful

527.49 36 2247 1410 powerful earthquake

438.62 285 1435262 2247 thepowerful

363.11 31 2247 3345 powerful lower

309.31 22 1053 2247 politically powerful

293.39 20 2247 776 powerful storms

249.88 30 10575 2247 sopowerful

237.09 1 2247 1435262 powerful the

225.00 31 15989 2247 aspowerful

Table10: Possiblecollocationsof powerful, alongwith their log likelihoodratios,from the1995AssociatedPress.
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Extracting Non-Binary Collocations
� Canextendapproachesfor thebinarycase.For example,mutual

informationcanbede�ned for triples(ChangandSu,1997):
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� Or, morecommonly, differentapproacheshave beenused.
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Smadja's 1993 Xtract
� Computea concordanceof all instancesof a givenword

�

in a
corpus.

� For each

�

�

foundin thecontext of

�

, apro�le is computedof how
ofteneach

�

�

occursin eachpositionin awindow rangingfrom � ve
to theleft to � ve to theright of

�

.
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Smadja's 1993 Xtract

-5 -4 -3 -2 -1 1 2 3 4 5

0
5

10
15

20

Figure6: Occurrencesof forecastin a window aroundweather, computedon the
the1995AssociatedPresscorpus.
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Smadja's 1993 Xtract
� Remove “uninteresting”wordsbasedonpropertyof pro�le. e.g.:the

pro�le mustshow at leastonepeak.A �at distributionsuggestsapair
of wordsthatis only semanticallyassociated,suchasdoctorand
nurse.

� Onceinterestingtwo-word collocatesarefound,computefurther
concordancesfor eachpair of wordsfoundin the�rst phase,for each
relative position.Recurringsequencesof wordsarekeptaspotential
collocates.For example,a collocationblue.. . stocksdiscovered
duringthe�rst phasewould bereplacedin thesecondphaseby blue
chip stocks, sincechip would occurfrequentlyin thiscontext.

� FungandWu (1994)have appliedtheXtract systemto Chinese.
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Readings for Lecture 2
� Baayen(2001):Chapter1.

� SproatandShih(1996).

� ManningandScḧutze(1999):Chapter5.

� FungandWu (1994).

Sproat& Shih ChineseMorphologyandPhonology Lecture2: Readings 38



Lab Assignment for Lecture 2

1. Usingthemeasure

�

introducedin this lecture,measurethe
productivity of thefollowing Mandarinaf�x es,usingthePenn
ChineseTreebank:

(a) -

�

-men

(b) -

�

-zi

(c) -

�

-l� ü

(d) -

�

-ji ā

(e) -

�

-le (perfective af�x)

(f) -

�

-gu�o (experientialaf�x)

(g) -

�

-ji �an (experientialaf�x)

(h) -

�

-xi�a (resultative af�x)
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2. Considerthefour associationmeasures:
� mutualinformation

�

�

-square

� weightedmutualinformation

� likelihoodratios

For eachmeasure,rateits ef�cacy atextractingreasonablebinary
termsfrom theROCLING corpus(10-million characters).It is
suggestedthat,for eachof thethreemeasures,youselectthetop
ranked� , where� is a reasonablenumbersuchas100.Thensimply
markeachexampleasto how muchit feelslike a word.
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