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ABSTRACT

As web 2.0 applications_are_more and ‘more successful, social network is no
longer a concept;, but a real social structure established in the internet. There are many
kinds of social networks exist in the real world. However, most of the social network
applications, such as Facebook; Twitter, Google+; are-constructed based on friendship.
There is no academic network for researchers to explore the research society and get
acquainted with other researchers. In this thesis,“we focus on constructing an
academic network of computer science researchers in Taiwan. First, we collect 16,981
paper titles of 266 researchers. Then we use the context of computer science
categories of Wikipedia as training corpus to establish an LSA classifier. This LSA
classifier can help us classify paper titles into 68 predefined categories. Then we
identify the relation of research area, research cooperation and research organization
between researchers. In the end, we combine the three relations as the connection

strength of the academic network.
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Mathematical foundations

Theory of computation

Algorithms and data structures

Programming languages and Compilers
Concurrent, Parallel, and Distributed systems
Software engineering

System architecture
Telecommunication & Networking

Databases
Artificial intelligence

Computer graphics

Human-computer interaction

Scientific computing
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Major fields of computer science

[hice]
Mathematical logic - Set theory - Number theory - Graph theory - Type theory - Category theory - Numerical analysis -
Information theory

Automata theory - Computability theory - Computational complexity theory - Quantum computing theory
Analysis of algerithms - Algorithm design - Computational geometry

Parsers - Interpreters - Procedural programming - Object-oriented programming - Functional programming - Logic programming -
Programming paradigms

Multiprocessing - Grid computing - Concurrency control

Requirements analysis - Software design - Computer programming + Formal methods + Software testing -
Software development process

Computer architecture - Computer organization - Operating systems
Computer audio - Routing - Network topology - Cryptegraphy
Database management systems - Relational databases - SQL - Transactions - Database indexes - Data mining

Automated reasoning + Computational linguistics - Computer vision - Evolutionary computation - Expert systems -
Machine leaming - Natural language processing - Robotics

Visualization - Computer animation - Image processing
Computer accessibility - User interfaces - Wearable computing - Ubiquitous computing - Virtual reality

Avrtificial life - Bioinformatics - Cognifive science + Computational chemistry - Computational neuroscience - Computational physics -
Numerical algorithms - Symbolic mathematics

Note: Computer science can also be split up into different topics or fields according to the ACM Computing Classification System.
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Current events
Random arice Natural language processing (NLP) is a field of computer science and linguistics concemed with the interactions between computers and human (natural) languages. i theory, naturaklanguage
processing s a very afiractive method of human-computer interaction. Natural language understanding s sometimes referred to as an Al-complete problem, because natural-anguage recognition seems to

require extensive knowledge about the outside world and the ability to manipulate it

Hep NLP has significant overlap with the field of computational inguistics, and is often considered a sub-field of artificial intelligence.
s Modern NLP algorithms are grounded in maching learning, especially stafistical maching leaming. Research into modem statistical NLP algorithms reguires an understanding of a number of disparate fields,
Community porta A e o ' ) } e ' " )

including linguistics, computer science, and statistics. For a discussion of the types of algorithms currently used in NLP, see the article on pattem recagnition.
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% o s ig » Stopwords T LR (£ 571 3 :ﬁ)ﬁifééfr*ﬁ PER RS N
HMAFAN B2 & 5 101,917 B3 Jruf iR L 10,739 Bid 0
% 16,981 ¥ ivg ¢ » 29 & 3 118,926 B ;}r“Tﬁ—f_ﬁf; a7 13,368 @
PR oo IR ArE 3T o
# B Bl
) Fk N E R AR Bk
AN 2 (68 ) 101,917 10,739

® ftp://ftp.s.cornell.edu/pub/smart/english.stop
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v 2(16,981 £) 118,926 13,368

FERRIL P DA HET PR R HRiRer A s AAR R AR R o b
ﬁr'stemmmg stemmer ~ stemmed = i 3 & 37 i?;’rﬁ H_stem o iR R EF AL 1S AF’K
€A A T A PERo AR * Porter stemmlng algorithm[Porter,1980] &2 757 F° & ©
Bt padpfp o829 2 7 101,917 B :}r“f'é“w #a+ 3 10,672
Bia o 1% 1698l ¥ it & HY ¢ 7 118,926 B3 a‘r"ér‘#.“,;'_é‘_ MR E T
10,126 B3 % o #IFAILE S 404 4 b’“rfr °

% 4&3?%@'—1%%

5 R B R LA B
HAFHN (68 5) 101,917 10,672
¥ v %(16,981 &) 118,926 10,126
Gl ﬁ‘ﬁ@ﬂw DA B b B A RN 2 B 44 102,652 B4
¢ P~ 101,917 B3R - 46 R A 0.7%5 TR g £ 0 T 7 £47 R ¢ #-10,781

Bog o B2 10,612 B gode i R ALO% AR E S M 16,981 ¥ 14 &

H ¢ 4% 150,088 54 ¢ B~ 41 118,926 B+ % ir*f}ﬁwﬂ&zsz%nn%uf*
7 EAie R Y 13,078 B3R ¢ Bl 10126 B3R g 0 do'f R A 22.6%:70 &
F o HF AT L ok B o

#5HEF0 8 AILES
5 JaJ2 2 1
AT A R B E 102,652 101,917
R A £45 0 B | 10,781 10,672
¥ith ¢ 3k RE S 159,088 118,926
@R E4F B | 13,078 10,126
Bofs o gd W B RIS 0§ 5249%hF TR Lo WR BEAN A I ABF -
ARFYR Lo Z A g Blched 6477 o
6% Th Lania Bk
PR B ¥k ¢k v)
<4 444(0.03%)
5 1,375(8.10%)
6 2,555(15.05%)
7 3,265(19.23%)
8 3,092(18.21%)
9 2,509(14.78%)
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10 1,677(9.88%)
11 1,051(5.98%)
>12 1,049(6.18%)

312 2@ 3

ey ’rﬁﬁz%—“-’aﬁ_k’ﬁ N2 s ¥FivE 40 41 Stanford parser’s~ ) 513 ¢t
753 o i Stanford parser ezt ikie ~ wHR B P B~ (NP) o
mJ.Intent Boundary Detection in Search Query Logs.

#4153z Intent/NNP Boundary/NNP Detection/NNP in/IN Search/NNP
Query/NNP Logs/NNPS /.
#t & 4(ROOT
(NP
(NP (NNP Intent) (NNP Boundary) (NNP Detection))
(PP (IN in)
(NP (NNP Search) (NNP Query) (NNPS Logs)))
()

FE it il AR A B 408 B 43P S dntent Boundary Detection 14 %
Search Query Logs -

Mg LA B AR AR 2 FEE LR BN LY E R
B%drd T Hrw o

+ . = 4L
% I :\;’ B 5 = “'-‘?—'"L

57 ] R Bk LT EA LA B
MATF AR 49,324 25,697

¥ith ¢ 66,777 31,273

AR FRR ¢+ X5 d Stanford parser B~ L3 B E s o F ARE S FhFFR
LEF 2R B LS F cFEFRR L8 5Nt E Bk 8957 o
2 8 L0 P EcE S

PR TR B =2 3 4 5 =6

¥vh thik 927 5,794 6,739 2,817 704

) (5.46%) | (34.12%) | (39.69%) | (16.59%) | (4.15%)

* http://nlp.stanford.edu/software/lex-parser.shtml
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FEFE LB AR AR EDF TR AR BEF TR LV RS
a?ﬁgﬁﬁﬁﬁﬁ_ww koo GFT G AR AN 0 B PR P e
PR FEdm IR T LATP e O F AR 7T c APRF TR FEFY
FHERD BRT PTG 2 S N R AR 8 4T

NS

Natural Language Processmg Laboratory

| $6B 1 Advisor | BB Group Members | ;% Courses | F% /58 Research Directions | FIZEE Achievements | & Resources | 3485 Student Recruiting |

Year 2002 + E-mail: hhchen@ntu.edu.tw

Year 2001 it - -

Year 2000 + Homepage: hitp://nla.csie.ntu.edu.tw/advisor.html

Year 1999 + Lab: http://nlg.csie.ntu.edu.tw
+ Other Professional Activities
* International Invited Talks ETOP
« BERH -

O Research Interests

+ Human Langauge Technologies

+ Information Retrieval and Extraction
+ Web Mining

+ Social Computing

« Artificial Intelligence

TAE LG w8 mJ2is > L5 d LSA A3
B4 FALY T G A AT e i
FH E*‘A'\‘Pmﬁﬂ Mo i =
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eAE F AL
TapE
\ 4
LSA 4 A

] 8: é?ﬁt’%n Fd v AL B
Deerwesteret al.[1990]#74% 1 57 LSA .= f % 31 2 ;% LSAH#so o= # ¥ &
FIEAZR TR 4 “,%b%!%léﬂé'f_?};ﬁﬂ&‘l SRR o B fS A * B & R TR ok 2

B 8 < A Bl % o
A il AT B AE AR 2 A L B gy 10672 BE T -
)f;,_@ﬁu PR TF-IDF» * B & B it A2 f P enE L 12« TF % 439
R RN REIER O IDF Ek 5§ R et T[;sv‘;}g%;c‘ AT & 7R
TR AR B F o TRIDF 40258 20 Nij 2 7 @@ i MR A2 ) =i D
2T AR TR AENBRA A TR
DJ]‘(ZkN_N) log e (2)

Ed P AN v E R - B 68 x10,672 B Mo d 3N GH ¢
?4?ﬁ%”ﬁ”iﬁ*@?°ﬁ¥%ﬁiME@$m%ﬁn%ﬁﬁpﬁ?
A AP AR R PR c BESVD Y c RS EN 5192 BEa o HME T S
ZREEipR > o3 LT oo
M=UXSXV, 3)

Aqpind TR EJE 1 ﬁv%f’r;{; LR TR DR ELV AR ELV,
5 i”?;ﬁ-ﬁ'f,@; FlAEE M ¢ 2@ =t i o z\‘]‘sl(r"’ S L

Vo =Ny @
Bois o BB VpHBETELM P o o585 9T .
P=V§><U><S‘1 ®)

| % AR AR IR PR AV B B AP o do 38 6 Ao o Brdl B
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AP R B G E TR LT o
T8 W xW;;

/ 2 [y w2
2 WX | X Wij

Sim(P,D,) = (6)

>

\
\
—

itk z:Learning a Merge Model for Multilingual Information Retrieval
" ¥ /2 {4 :learn merg model multilingu inform retriev
iR H % :49,7,50,26,13,33,64,30,56,62,..
tdwu&ﬁﬁﬂ Ekm&anﬁww&%w;;;ﬁ J KB 5 o
> 35 %% % (/] %8):Machine learning
72 5% (= 27):Artificial intelligence
g%krf,,,@54w§i*2Awémp;wopuwua<§¢%%ﬁaap

drk 9 157 o %épﬂﬁmgmﬁ TARE O TP R R = B &
3 ARk 5 Data mining ~ Network topology ~ Natural language processing - H 4
ABT AR FRIERETF o A TFREATy G LR LG P g e

O R BB T AR S

A7 3P b
Data mining 23.00%
Network topology 14.67%
Natural language processing 11.85%
Database management systems 9.74%
Information theory 9.04%
# fer 7 f,’ﬁa(research) I P FF R AEG RS & Py
F'&%ﬁﬂ TR T E N R G R ST T o P& TR H D
FiTpE s £ o 4ok 10 #757 Plkz\»mF,L —?5 IEhF it w27 & kK3 o
N(P, = ﬁ);& 7 Py 1B A0 I 01 e -
research (P, » F) =3 (M Semeehn ) e TR o) @)
a=N(P, =P )—k 8)
FEHES ek KPR A7 2B G X aw § 246 o
Fb o I KRR LE ;’<%(ﬁb?+kpz%ﬁ)$u%%(ﬁLWwﬁp
TR BENTE RN T E AR A AR S E“%’F’S’Fs@l‘ﬁ g R A% EE
F o B TRAR3E 2\71‘/?52"?]2 B3 AT E BT TARR o gk 7o B Th5e B ARSS >
AL X2 T E AR TAIRARD o
% 10: 8 jit=F7 7 M Gt 5 f |
FixApE e g | T, T, T, T,
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— 0.7 0.2 0.1 0

Pi

— 0.6 0 0.3 0.1
P,

_ 0.5 0 0.3 0.2
Pk

— 0.2 0 0.3 0.5
R

R=0.7, 0.2, 0.1, 0% 7% % i #FE BT, -T,ant & 5 705

20% ~ 10% ~ 0% -

PP LAY ABITET  F RBLP #iF P AR AT,

PP=2e

5] =)
T2 ~ T3l;/__‘ T4 s AP

EHEVEUE}050

PUP|~4 - &Pt P 32 5

—_—

P &P, z”ﬁﬁng‘T3ﬁT4’%‘Eﬂ€‘: E)i)'l;‘P T AT AR

P, ¢ P £ 42

AT T T P.OR]/BUR]-1

piupj‘zgo &P, &P MGHE S

Gy b B @R AR ek [ S
112 Ay A Bt

B %5 B ¢ h_ = _
R P P R

_ 1 0.5 0.5 0.5

R

- 0.5 1 1 1

Pj

— 0.5 1 1 1

P

_ 0.5 1 1 1

R

—

MR - 27 G2 FATAIRY o P v P P & FIRGHERILAS o
d’#bﬂ ) Efﬁﬁ‘ﬁ‘s FARR T AR 0 R AT B R T
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FARE o P, s BB A AW AT, T, T, 0 P~ B Rkt sk cn o

BoREPTR AR AR AT, TR, 0 P R ik AR &

I

SRR PP HNFIART A AR RE K2 ALY

e
'

BT, o S ts 5 ATRT, o TP P, b 55 RARIRIE  fIT T A AN E

FLE M G R

(Fl ) F]) _ N(P,k:P,k)xzk(N(P,k:P,k)—k)cos Py xP,) » if P,k=P,k><[1—| P,k—P,k” (9)

min{|P,| - [B,[}

P, &2 P et AR = B 3T~ Ty 8T, #NP, =R, ) =3 °

J
k=0:(3-0)x(0.6x0.5)=0.9
k=1:(3-1)x(0.3x0.3)=0.18
k=2:(3-2)x(0.1x0.2) = 0.02

(PJ P )=

wlw

0.9+0.1840.02

\/3>< 0.6 +2x(0.37+1x (0:1)2 x4/3x(0.5)2 +2x(0.3)° +1x (0.2)2
x(1- (0.6 ~0.5)x (1- (03 0.3)) x (1= (0.2 2 0.1)
~0.908

PP G AR IA LR S - AT, 40k » NP, =P )=l ¢

k=0:(1—0)x(0.3x0.3) = 0.09

(. F)-5
9 0.09
\/1>< (0.3) x \/1>< 0.3y
x(1—-(0.3-0.3))
= 0.333
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(1—0)x (0.7 x 0.6)

\/1><(O 7) X \/1><(O 6)2
x(1—(0.7-0.6))
=0.3

(1—0)x (0.7 0.5)

\/lx(O 7) x\/lx(O 5)2
x (1—(0.7—0.5))
=0.267

(1—-0)x(0.3x0.3)
\/lx 0.3y x\/lx(O 3)°
x(1-(0.3-0.3))
= 0.333
HEMINL o Y SARRKIE ] -

B (5B

2z
e

gk A2 o

£ 12: 0 R

B %56 - — — —
P P P, P
— | 0.3 0. 267 0
Pi
— 0.3 | 0.908 0. 333
PJ
— 0. 267 0.908 1 0. 333
Pk
— 0 0.333 0. 333 |
P
BEFERFEABE LS FP NP B P P B P s R M RGP 2
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FEFAFLIWE AT FLTT NG ARS8 EW)F 5 (4)
ﬁgf‘«o ¢ wﬂmgiwmzz}mﬁ o PR FBILL R R AR
AR ¥/ Y 28y ?—“‘mié{:?ﬁa YRR RARE o a2 2 gt PR AR T o

P 4B % organization( R, P, ) @ i A2 40 T

H:?—*ﬁ i B E L ELEZ PRIE =

Pl H b3 =2 L F R RBE =

1 #Pg&P L £k B T RTTATF S
A organization( P ;P; )=2

2. ¥ P& P 2R F SRR AR A

7] organization( P, P;)=1

SN AT 5 266 i X AN Bl H 0 66 SR N b < B P RIS Y > 5
e §§i46w,iaﬂgg&75w,¢¥<§§ﬂ4sa,$ﬁ455ﬁ31
o Pk B FE BB ¢ AT B 86

3 5) M'u "P%}{-@;w

EESUES SRRk S e S S LU RN AL O S TR ¥l
(research) ~ § j#= & i¥(co-work) 4 2 4 B = (organization) = § i gt o do o 3
1022 F g2 bl oy F2 FARGH GE 2N Fiery > Bil5F
FLARE > BV UERER: AR LB -

%leiﬁi‘:
= W E T ot N hEF2
&y 63. 84 & 9.87 ¥ @ 3. 96 4f 39.56 i~

relation(P, » B)) = W, x research(P, » P) + W x cowork(P, * PB) + W, x organization(P, > P)
(10)

22



research(P, » 7)) — 1 <N(ﬁ;=ﬁk)xzk(ast (P xBy)) » if Py =P X[1-| Py —P )] |F.nF,|> (11)

2 min{[P,] - [P[} [PLUB|

1 co_author(Pi ’ Pj) advisor(Pi ’ P]-)
COWOl"k(Pi ’ P]) T2 [MAX{co_author(Pi ' P;)}  MAX{advisor(P; - P;)} (12)
1> # P& PE £ 30 ipk F1Y JRT4p e ﬁﬁ’fﬁ
organization(P, > B) =< 0.5 % P P& ¥ 4p I & & PRI e Ll 2 (13)
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v
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b BER o
#’ [E
—*g“ itk % :Learning a Merge Model for Multilingual Information Retrieval
> 2p % % 49,7,50..
R 437 Learning to merge; Merge model; MLIR
s 5% 49,50,33...
/] #¢ :Machine learning
~ #g:Artificial intelligence
g,g,.] iR YR FE (TR LU 0 ERiE %% Machine learning(49) o 3 5 B 430 A %E )
e1% % 7 L Machine learning(49) ¢ Flit 2| &% FAp ke o Bofd » 2 PR F 4T
Z 15 #757 o

Z 10: xRS %

£t 1 #(68) < #5(13)
FEF 61. 88 68. 47%
L 39. 15% 43. 40%

LSA ¥ 113 *z@“’ ErF AP KA IR R ERE LI E
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4o 16 #777 ©
% 16:16, 981 f ¥ Ty B

4 3 bk Al
Algorithms, data structures 3, 187 18. 7%
Mathematical foundations 2,244 13. 21%
Artificial intelligence 1,843 10. 85%
Telecommunication, networking 1,803 10. 62%
System architecture 1, 491 8. 78%
Scientific computing 1, 361 8. 01%
Computer graphics 1,264 7. 44%
Software engineering 1, 025 6. 04%
Programming language, compilers 776 4.5T%
Databases 172 4.55%
Human-computer interaction 478 2.81%
Theory of computation 398 2.34%
Concurrent, parallel, distributed systems | 339 2. 00%
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#. 20:STOPWORDS

a,a's,able,about,above,according,accordingly,across,actually,after,afterwards,again,
against,ain't,all,allow,allows,almost,alone,along,already,also,although,always,am,
among,amongst,an,and,another,any,anybody,anyhow,anyone,anything,anyway,
anyways,anywhere,apart,appear,appreciate,appropriate,are,aren't,around,as,aside,

ask,asking,associated,at,available,away,awfully

b,be,became,because,become,becomes,becoming,been,before,beforehand,behind
being,believe,below,beside,besides,best,better,between,beyond,both,brief,but,by

¢,c'mon,c's,came,can,can't,cannot,cant,cause,causes,certain,certainly,changes,clearly
co,com,come,comes,concerning,consequently,consider,considering,contain

containing,contains,corresponding,could,couldn't,course,currently

d,definitely,described,despite,did,didn't,different,do,does,doesn't,doing,don't,done

down,downwards,during

e,each,edu,eg,eight,either,else,elsewhere,enough,entirely,especially,et,etc,even,ever
every,everybody,everyone,everything,everywhere,ex,exactly,example,except

f,far,few, fifth;first,five,followed,following,follows,for,former,formerly,forth,four,from
further,furthermore

g,get,gets;getting,given,gives,go,goes,going,gone,got,gotten,greetings

h,had,hadn't,happens,hardly,has,hasn't,have,haven't,having,he he's,hello,help,
hence,her,here,here's,hereafter,hereby,herein,hereupon,hers;herself,hi,him,

himself,his,hither,hopefully,how,howbeit,however

i,i'd,i'll,i'm,i've,ie,if,ignored,immediate,in,inasmuch,inc;indeed,indicate,indicated

Indicates,inner,insofar,instead;into,inward,is,isn't,it,it'd,it'll,it's,its,itself

j,just

k, keep,keeps, kept,know,knows,known

l,last,lately,later,latter, latterly,least,less, lest, let,let's, like, liked, likely, little,look
Looking,looks,Itd

m, mainly,many,may,maybe,me,mean,meanwhile,merely,might,more,moreover

most,mostly,much,must,my,myself

n,name,namely,nd,near,nearly,necessary,need,needs,neither,never,nevertheless
new,next,nine,no,nobody,non,none,no one,nor,normally,not,nothing,novel,now

nowhere

o,obviously,of,off,often,oh,ok,okay,old,on,once,one,ones,only,onto,or,other,others

otherwise,ought,our,ours,ourselves,out,outside,over,overall,own

p,particular,particularly,per,perhaps,placed,please,plus,possible,presumably

probably,provides

q,que,quite,qv
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r | rrather,rd,re,really,reasonably,regarding,regardless,regards,relatively,respectively
right

s | s,said,same,saw,say,saying,says,second,secondly,see,seeing,seem,seemed,seeming
seems,seen,self,selves,sensible,sent,serious,seriously,seven,several,shall,she,should
shouldn't,since,six,so,some,somebody,somehow,someone,something,sometime
sometimes,somewhat,somewhere,soon,specified,specify,specifying,still,sub,such

sup,sure

t | t,t's,take,taken,tell,tends,th,than,thank,thanks,thanx,that,that's,that’s,the,their,theirs
them,themselves,then,thence,there,there's,thereafter,thereby,therefore,therein
theres,thereupon,these,they,they'd,they'll,they're,they've,think,third,this,thorough
thoroughly,those,though,three,through,throughout,thru,thus,to,together,too,took
toward,towards,tried,tries,truly,try,trying,twice,two

u | u,un,under,unfortunately,unless,unlikely,until,unto,up,upon,us,use,used,useful

uses,using,usually,uucp

v | v,value,various,very,via,viz,vs

w | w,want,wants;was,wasn't,way,we,we'd,we'll, we're,we've,welcome,well,went,were
weren't,what,what's,whatever,when,whence,whenever,where,where's,whereafter
whereas,whereby,wherein,whereupon,wherever,whether,which,while,whither,who
who's,whoever,whole,whom,whose,why,will,willing,wish,with,within,without,won't

wonder,would,would,wouldn't

X X

y | y,yes,yet,you,you'd,you'll,you're,you've,your,yours,yourself,yourselves

z | z,zero

4 20.1SA 144
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Mathematical logic | logic, axiom, firstord, theori, proof, hilbert, godel, mathemat,
zermelo, cardin, recurs, theorem, der, intuitionist, axiomat,
formal, ed, edit, foundat, reprint

Set theory theori, cardin, axiom, cantor, member, zermelo, set, zfc,
axiomat, determinaci, edit, paradox, mathemat, zf, udayana,
antinomi, invari, infin, infinit, membership

Number theory prime, diophantin, theori, integ, equat, fermat, edit, arithmet,
conjectur, quadrat, theorem, euler, indetermin, number, proof,
pell, legendr, ibn, gauss, isbn

Graph theory graph, subgraph, edg, edit, vertex, theori, vertic, color, matrix,
adjac, incid, cayley, draw, weight, minor, harari, graphtheoret,
induc, conjectur, enumer

43




Type theory

russel, theori, axiom, type, quin, st, frege, edit, commentari,
heijenoort, van, wiki, ramifi, cf, proposit, croppedsvg, church,
variabl, introduct, logic

Category theory

morphism, functor, categori, theori, arrow, higherdimension,
lane, topolog, algebra, isomorph, transform, eilenberg, commut,
mathemat, edit, press, categor, topo, covari, mac

Numerical analysis

numer, equat, differenti, edit, iter, interpol, babylonian, error,
decomposit, analysi, x1, x3, approxim, linear, method, lemonad,
wellpos, discret, fX, sqrt2

Information theory

entropi, channel, mutual, shannon, theori, px, isbn, inform,
compress, edit; bit, probabl, transmiss, code, capac, york, joint,
ixi, hxi, transmit

Automata theory

automaton, automata, finit, transit, symbaol, recogniz, word,
nondeterminist, input, accept, q0, nondeterministicdeterminist,
state, jump, languag, gn, gi, infinit, determinist, recogn

Computability
theory

recurs, ture,.enumer, degre, manyon, halt, post, prioriti, reduc,
oracl, automorph, theori, arithmet, set, noncomput, soar,
truthtabl, reduct, theorem, infinit

Computational
complexity theory

ture, np, problem, class, npcomplet, complex; reduct, fn, tn,
decis, input; machin, integ, graph, polynomi, instanc,
nondeterminist, bound, solv; determinist

Quantum
computing theory

guantum;qubit, decoher, classic, probabl, threebit, grover, trap,
shor, bgp, superposit, polynomi, spin, gate, algorithm, error,
coefficli, string, speedup,-suspect

Analysis of
algorithms

ns, runtim, loop, run, growth, algorithm, size, step, rate,
consum, t1t7, constant, on2, nanosecond, notat, worstcas, input,
estim, outer, asymptot

Algorithm design

algorithm, sort, pli, kruskal, depthfirst, breadthfirst, editnot,
decor, brook, dijkstra, quicksort, design, internet, packet, steven,
son, algol, cobol, repositori, wiley

Computational

geometri, queri, geometr, polygon, point, closest, computeraid,

geometry hull, space, search, convex, problem, curv, smallest,
combinatori, dynam, partit, distanc, aircraft, triangul

Parsers parser, pars, grammar, contextfre, topdown, token, Ir, leftmost,
lexic, rightmost, Il, dog, bottomup, linguist, sentenc, ambigu,
bite, accommod, languag, syntact

Interpreters compil, interpret, bytecod, ast, execut, code, justintim, runtim,

jit, nativ, disadvantag, sourc, run, tree, translat, syntax, convert,
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card, intermedi, overhead

Procedural
programming

procedur, imper, program, bn, b1, editcomparison, modular,
subroutin, objectori, execut, showsolv, variabl, languag,
argument, comparison, function, invoc, style, reus, paradigm

Obiject-oriented
programming

oop, objectori, inherit, pattern, simula, subtyp, object, smalltalk,
lisp, vbnet, oo, decoupl, class, reusabl, languag, polymorph,
program, objectrel, rdbmss, prototypebas

Functional
programming

imper, nonstrict, evalu, fibonacci, function, recurs, lambda,
higherord, pure, languag, lazi, firstclass, program, argument,
haskel, style, side, monad, fibrecurr, lisp

Logic
programming

prolog, logic, claus, negat, kowalski, colmerau, predic,
thearemprov, horn, planner, declar, failur, concurr, procedur,
program, edinburgh, bn, b1, abduct, subgoal

Programming
paradigms

paradigm, languag, multiparadigm, 0z, objectori, efficaci,
program,.assembl, procedur, programm, support, oop, disallow,
advoc, subroutin, smalltalk, pascal, algol, declar, lowlevel

Multiprocessing

multiprocess, mimd, processor, tightlycoupl, simd, misd,
looselycoupl, instruct, cpu, smp, thread, stream, symmetri,
multipl, multiprocessor, singl, cluster, xeon, sisd, opteron

Grid computing

grid, middlewar, infrastructur, saa, escienc, supercomput,
resourc, servic, america, project, scaveng, ege, boinc, node,
network, market, european, distribut, volunt, latin

Concurrency
control

transact; serializ, concurr, abort, recover, ss2pl, commit,
schedul, databas; distribut; optimist, recoveri, deadlock, lock,
violat, global, correct, control, twophas, disappear

Requirements
analysis

stakehold, elicit, requir, prototyp, interview, busi, session,
nonfunct, analyst, user, jrd, crossfunct, analysi, document,
mission, editstakehold, editrequir, endus, feasibl, engin

Software design

softwar, design, modul, compon, editdesign, stepwis, languag,
architectur, plan, partit, usabl, packag, hierarchi, pattern, uml,
decompos, horizont, concept, structur, user

Computer
programming

punch, card, languag, programm, program, debug, readabl,
instruct, highlevel, tabul, plugboard, loom, code, sourc, craft,
lowlevel, debat, compil, assembl, invent

Formal methods

formal, proof, semant, lightweight, checker, vdm, backu,
propon, notat, verifi, verif, critic, undetect, undertaken,
postcondit, highintegr, csp, autom, correct, specif

Software testing

test, tester, box, defect, softwar, nonfunct, regress, assur, white,
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coverag, fault, team, sqa, qualiti, load, code, verifi, black, certif,
target

Software spiral, waterfal, risk, softwar, phase, agil, iso, cmmi, mainten,
development lifecycl, deploy, project, increment, document, iter, model, team,
process formal, test, develop

Computer isa, architectur, microarchitectur, instruct, processor, cpu, cach,

architecture

latenc, clock, pin, uisa, macroarchitectur, consumpt, brake,
hardwar, regist, editcomput, organ, brook, memori

Computer
organization

pipelin, microarchitectur, instruct, cach, cpu, processor, stall,
regist, multithread, isa, execut, risc, semiconductor, superscalar,
fetch, cisc, architectur, branch, circuitri, decod

Operating systems

kernel, unix, os, window, interrupt, bsd, file, oper, multitask,
mac, ghulinux, driver, mode, linux, appl, devic, unixlik, server,
protect, run

Computer audio

music, improvis, composit, compos, musician, score,
computergener, xenaki, koenig, synthesi, live, style, sound,
midi, ircam, csirac, computeraid; soundtrack, omax, mozart

Routing

rout, node, path, destin, protocol, network, router, isp, linkstat,
vector, distanc, editrout, distancevector, autonom, latenc, tabl,
neighbor, ms, hop, advertis

Network topology

topolog, node, star, network; pointtopoint, hub; bu, transmiss,
mesh, ring, cabl, physic, central, connect, peripher, endpoint,
spoke, medium, layout, signal

Cryptography cipher, cryptographi,.encrypt, cryptograph, cryptosystem, attack,
cryptanalysi, secur, publickey, key, plaintext, secret, hash,
messag, rsa, decrypt, export, signatur, symmetrickey, diffi

Database dbm, databas, codasyl, data, attribut, sgl, dbmss, ingr, codd,

management manag, queri, record, user, store, navig, file, im, access, transact,

systems updat

Relational tupl, attribut, databas, join, referenc, sql, relat, key, tabl,

databases watermark, foreign, relvar, codd, constraint, queri, uniqu, store,
normal, indic, surrog

SQL sgl, null, queri, row, claus, mytabl, tabl, sqlpsm, column, isoiec,

vendor, databas, join, xml, transact, threevalu, statement, dbm,
standard, sqlcli

Transactions

transact, transactionprocess, deadlock, commit, databas, restor,
cic, portion, cancel, rollback, bank, roll, backup, rollforward,
nl, jta, debit, acid, fail, compens
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Database indexes

index, nonclust, row, tabl, indic, bitmap, cluster, column,
emailaddress, pointer, databas, sql, key, block, file,
reverseemailaddress, lastnam, editindex, dens, btree

Data mining mine, data, miner, geograph, pattern, spatial, discoveri, datamin,
privaci, custom, subjectbas, learnt, ethic, surveil, knowledg,
email, associ, tap, supermarket, spss

Automated autom, proof, theorem, prover, reason, light, principia,

reasoning whitehead, mathematica, russel, newel, shaw, logic, prove,

deduct, tptp, suttner, sutcliff, ngthm, It

Computational
linguistics

linguist, subdivis, translat, grammar, languag, tagger, deal,
scientist, intellig, spoken, interdisciplinari, cognit, speech,
devot, artifici, expert, lexicon, partofspeech, anthropologist,
semiot

Computer vision

vision, imag, scene, vehicl, 3d, camera, sensor, autonom, medic,
missil, motion, nois, detect, recognit, extract, robot, rover,
signal, restor, task

Evolutionary
computation

evolutionari, evolut, genet, rechenberg, ingo, recombin, optimis,
mutat, surviv, schwefel, hanspaul, editevolutionari, popul, fit,
nineti, artifici, algorithm, swarm, selforgan, chanc

Expert systems

expert, rule; confid, conclus, rulebas, knowledg, frog, infer,
fritz, green, tax, claus, expertis, probabl, conclud, segment,
confirm, cf, hop, certainti

Machine learning

learn, learner, neural, reinforc, cluster, train, netflix, network,
unsupervis, prize;.algorithm, confer, supervis, machin, input,
observ, bayesian, acycl, svm, reward

Natural language

nlp, speech, evalu, sentenc, word, capit, tagger, linguist, text,

processing task, corpora, chunk, campaign, learn, po, languag, recognit,
handwritten, statist, rule

Robotics robot, actuat, walk, motor, facial, leg, kinemat, wheel, human,
unemploy, effector, apek, humanoid, muscl, fiction, balanc,
snake, gripper, job, sensor

Visualization visual, scientif, draw, graph, graphic, analyt, ptolemi, diagram,

(computer anim, transfer, knowledg, editvisu, imag, chart, concentr, tuft,

graphics) napoleon, minard, isosurfac, geographia

Computer anim, movi, frame, render, film, facial, pyramid, avar,

animation photorealist, motion, 3d, wall, charact, skelet, keyfram,

computeranim, cgi, 2d, imag, goat

Image processing

imag, color, optic, recognit, composit, photograph,
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nonphotorealist, align, morph, bright, affin, departur, enlarg,
registr, twodimension, photo, hash, lane, warn, raw

Computer
accessibility

impair, disabl, access, hear, msaa, web, keyboard, sever, dexter,
font, feedback, microsoft, peopl, reader, blind, illiteraci, caption,
assessor, assess, motor

User interfaces

interfac, user, modal, hmi, mode, command, input, output, usabl,
mmi, humanmachin, graphic, human, humancomput, gestur, gui,
automobil, ergonom, batch, vehicl

Wearable wearabl, eye, wrist, chord, brick, display, keyboard, radio,
computing warwick, watch, xybernaut, symposium, panason, palmtop,
mann, bankruptci, privat, wristwatch, mellon, carnegi
Ubiquitous ubiquit, weiser, devic, pervas, mem, ubicomp, castel, everyday,
computing parc, ambient, humancomput, tab, display, smart, wearabl, chief,

dust, paradigm, food, network

Virtual reality

virtual, realiti, vr, immers, 3d, stori, fiction, recreat, therapi,
therapeut, laurel, lanier, heritag, glove, exposur, brenda,
archaeolog, world, museum, movi

Artificial life

alif, life, dna, artifici, synthet, creatur, wet, simul, evolutionari,
net, biolog, leg, agent; soft, tierra, hardwarebas, breve,
biochemicalbas,aliv, organ

Bioinformatics

genom, protein, gene, bioinformat, sequenc, dna, biolog,
microarray, proteinprotein, homolog, align, molecular,
nucleotid, highthroughput, predict, cancer, acid, evolutionari,
motif, dock

Cognitive science

cognit, brain, mind, psycholog, linguist, neurosci, intellig,
percept, behavior, studi, spatial, neuron, human, neural, blood,
innat, resolut, mental, acquir, scienc

Computational
chemistry

chemistri, molecular, molecul, energi, initio, ab, semiempir,
orbit, quantum, schroding, nuclei, hartre, chemic, stationari,
electron, approxim, empir, densiti, wave, calcul

Computational
neuroscience

neuron, neurosci, synaps, neural, brain, synapt, biophys, axon,
biolog, dendrit, sensori, network, lapicqu, huxley, hodgkin,
discrimin, hypothesi, plastic, oscil, psycholog

Computational

physic, plasma, solid, equat, fluid, eigenvalu, quantum, lattic,

physics solv, gaug, astrophys, initio, condens, tune, eigenvector,
differenti, ab, subdisciplin, chemist, theori

Numerical numer, equat, differenti, interpol, error, iter, decomposit,

algorithms babylonian, wellpos, approxim, linear, discret, extrapol, finit,
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guess, km, analysi, method, solut, fx

Symbolic symbol, checker, algebra, manipul, simplif, proof,
mathematics symbolicnumer, prover, noncomput, computerassist, substitut,
express, quantiti, differenti, oppos, equat, theorem, approxim,
mathemat, autom
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