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( 4 5%1 #

5#

1# 5
( 4 %
1* #

V={a,b,c,d,e}

E={(a,b).(a,c),(a,d),
(b.e).(c,d).(c.e),
(d.e)}
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6%07 %
- 6 7 3
- 6%07 6 7
8 %9
- 6 3 % 7 3 6
- 8 6%79 6 7
* $
' *
— * $
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Sod®
1 1G,1 1

‘@) in:1, out: 1

directed graph
in-degree _
out-degree in: 1, out: 2

in: 1, out: O

HLT/NAACL 2006




%8 & &
. 3 &
(&) ()@ (b)
a |VaN
(@) (&) )
abedc bedc
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- l & ’
#
bec
# % * *
*
a b
acda
d} \ €
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&1

® connected graplany two vertices are connected by some path

****************************

____________________________

connected not connected
$ # %
# * $ &1& &%
$ > &
N o Y = Y \
! |
! |
! |
! |
| E ; C)/(i] Cz S 3} |
! |
! |
1 I
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/ 2
(
% 6907 4 Y»
(
% 8 69079 ?4 8 909
______________ ‘
i |
| i tail head
| I
| |
| |
| |
! |
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1 ] : |
YT = Y |
weighted unweighted
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345- . 6 (
45%1 $ &
: 3 *
$ % 3@
%3 1 % 3@ ABA3B47
1 % 3@ ABA3B46
, 3 *
3 *
$
I # 3 %
. H®
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Examples of Adjacency Matrices

(@
)

(&)
(7)0 0

1 001 00O00O
1 001 00O00O0
01100000
000O0O0O1IO00O0

(0)
£
®
01100

1101
1110

G

symmetric

00001 O010

00000101

undirected: A2
directed: A

00000O0110O0

Gs

15
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1 Aol 2[4+ 3N
2 B@-{ol3-A 113+ 3N

(D
<2§ §j> &)
(®

@

o {1172

M e IN

3.%%{@ 3 B-1-2N

c 4 IE-{5N

] FEIN H 5 BE-{41+-[6]
N SERENG
__ 2 EY
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(
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)
<4
(
)
(O
) <4
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D
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D E
D $ E
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)

destination

C |DFsonc| D CallDFSon D
B [DFSonB | B B Return to call on B
A [DFSonA| A A A

G | CallDFSonG found destination - done

D path is implicitly stored in DFS recursion
B

A

pathis: A, B, D, G

HLT/NAACL 2006 25

destination
rear front rear front rear front rear front
A B DC D

Initial call to BFS on A Dequeue A Dequeue B Dequeue C
Add A to queue Add B Add C, D Nothing to add

rear front

G found destination - done
Dequeue D path must be stored separately
Add G

HLT/NAACL 2006 26
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%
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G
1* #
— 1 ' &&% %
1 E % E3
— / !
1 E ! % E
3
#
_ *
- E
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-/ % 36
-, #H
_ * ® ® ® ®
E #  ®
- # T # £
- # " 1 # 4E
- "1 EH # f(uv)=f(uV)=0,or
viv
f(v,u)=f(V,u)=0
viv
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6(_)
) e

# o ffl= fsv)=f(sV)=f(V.1)

viVv

Find a flow of maximum value.
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- %
! 9 6%
#
= £
— ! 0% $
( G
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7 7>
Ford-Fulkerson  (G,s,t)
1 initialize flow f to O everywhere
2 while there is an augmenting path p do
3 augment flow f along p
4 return f
HLT/NAACL 2006 40




- #

# 9 6l

Compute residual network:

HLT/NAACL 2006 41

What is the residual capacity of the
path (s,a,b,t)?
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7 7> &)

Ford-Fulkerson  (G,s,t)

1 for eachedge(uv) 1G.E do
2 fluyv)=fiv,uy=0
3 while $ path p from s to tin residual network G ¢ do
4 ¢, =min{c ((uV): (uyV) 1p}
5 for each edge (u,v)inp do
6 f(u,v) =f(u,v) + ¢ ¢
7 flv,u) = -f(u,v)
8 return f
$
>&
HLT/NAACL 2006 43
7 7> & (
13
15
14
11
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( % , T %1 &

-, %, #
ue) = ulv,w).
eout of S (vwjl E
Vit S, wil T
# &
/'T\ ’ T\
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9 :T\
10, 15 15 10
5 8 \+ o
1 | ° \i:,/ [
\‘él 30 > _
/T\ i ?\
10, 15 15 10
- 4 N 15 10
S [Capacity =25 |
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7)

7% $ % %,$ &, %

&
f(e)- fe) = fle) = |f]
eout of S eintoS eout of s
6
9 >
RN
15 15 0 10
) \+ .
8 > 10
6 e 10
[Valie=74] ig\/
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6(7) 6
& $ % %, $ & FF4
% , % * % , &

=
o

GI—\ ©©O
©

o oo
AZH
(6)]
o
[ =
0\7

|% * 1

&
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- H I1T20H % I1:
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|
& $ ®
- $ (1 0o
- $ %
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F5F* F)F% F1F FF% # &/ &

% J
%
-1 J
— J% $ %
&
# % %
&
- %
* &
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; 4 ( ;  $ ( A5%
; J4 0 7 $ J O A&

- ( $ ( Y0K%( 0 J$ 0 J0K%&

(- K%( (

0 ,%K%0 0

: # (4 0 4
- * 0 $

(+ 0 4 98

- ( 4H ( F $ ( 4
- 0 4H O F $ 0 4

- F( FFOF%  #
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) SO#
-/ # $ b5L
-/ #
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-1 #

5
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$ &
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$ &
( M N
# % #
— 1 '
- "3
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) >
[ "L #
- 6
5288 8:-8:89
) $& 0% 6G
J #
- 1646
-1 47
— 1* 4PQ *7=PQ *<7% 68*8
- % P $ '
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I $ &
! 46%
# 47&
L ; #
~o _
N°u=u,+u, =0
,  #
kN?u =u,
% ;
&
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-/ &
- * $ &
-( 3 &
- (3 $ $ &
- &
- -! &
- $3
* &
1
E $
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det@- /1)=0
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1* #
-1 3
A= A- /Il =
2 0
I (I 47 1Q1I1 >Q<46
, # |=I<R46C | A<C | 4>

| ,=2:

e A

-1-/
2

-/
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From Doyle and Snell 2000

#
7 6& 1* #
N
3
*
# $,47&
$% %
4
% 4 &
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0 ) > ) >
1
c ’ %
C 1
— Xy = =
1 Q& 10 ny - CX Cx , ny CXY ny
& abecd b
11 W=Fw 2
a =050 p2aoo 22 171
= boo 5?2 3
3 3 14
7, \ gl 11 4
19% 05Q 4 4 2 14
422 El
5 5 5 14
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0 , (**)
12
IXYRW
n %
1 .
E== i
2 "y xnyy
: * #
fo =" T y fy=0forytab

1 :
(Wa_ Wb)JaZE (Wx_ Wy)ny
X,y
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= (**)

n #
: 1 .
2 — 2
IxyReff _E Ixnyy
X,y
: $
446 47 &,
$ $
, L!
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6 >
Graph G (V,E) Transition matrix
7|<|>|U|O|R|T|S
- -
7
7 7
@ 7

wilHd|om|o|C|V AN
~
~
~
~
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&
| 4 ; % % K% &
) 4 +Q
, $93 $
$$ &
4 ) 4 % % &
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1,
1 1
A +' 7VSVB
$ #
- $
- (
- $
1* #! 'AO 7VVSB#

M N
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(S—
1
—_—> 0.9
g t=0
o7
06
5
€ o5
g o4
03
02
: %

This graph G has a second graph G’

(not drawn) superimposed on it:
G’ is a uniform transition graph.

HLT/NAACL 2006 71
Solution for the function PowerStatDis{G):
stationary distribution begin

p@=u; (orp©®=[1,0,...0])
p=G'p o
repeat
T\ A — () = ETp(i-1)
1-G")p=0 pl = ETp
(I-GHp L = [pO-pe;
i=i+1;
until L< e
return p®
end
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PageRank
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JUNG Demo: Ranking Demo - Mozilla Firefox
Fle Edt ¥ew Go Bookmarks Tools  Help [*]
<“z| = L‘L) & @ \__:\ @ |u http:/fiung.sourceforge .net/appletirankingdema. html | @ s [[CLhes
L3 . rNode Sige————————— -
vige 3 e v V191 '
N \gasvm Vi ) Dey
Y 9 ™Y v - ree
vaoo o a7 VBO @ * e o
ViEd -* 165 g, s L i
(o vM’jzm a7 "211 ® PageRank with Prior
® s = R L ..vzm ViPyis o
.VZE . ® .‘53 (] .' ‘ rFilter nodes
® g V280 W . v 92” vma‘fﬂ;wgn i
Vm\/d!\”,ﬂi V132 Vﬁﬁ.. gq 4 . V?" % V1 7 [weenness:
V26 V12 Vida \,54
. V192 . ) .
viars L Vi heveres \kﬁg& | Reuoayout
T Jz.vzeo e ® g ]
. bl ., VW » Vii7 B vie
® 0 3 Vel é
i V238
» Y . V218
V257 o V8 V&2 vugw » \)'59 .vw ik
ey V2 % viio & o
V130 i
L LE o viza
v e'6939 ngg Y233 .v135 ‘9 .\/251 »
0 "2 v121'\m‘ 1633 o
. . a5 St
i ‘01 \/1‘5‘55 V% e
., Vﬁ v179 # Frd 4 40 L
., Sivos B
*ny T e Vi ‘m?w :P L0\ Sve
1y V30 % iaa v1;‘v7,v155u’v1\9 ‘fﬁyi, ® i3
® i ynie o ®
v vzaa L
.Vﬁzs\ﬂ“J.v\&/ "Eﬂ;mu. . "Uﬁa \"Z\IE
. S . VR e o8 wH
L] .vsvsi. AN . 0 o % 3 bt e
oo VETvinE g g ® vam vaaa gl ..ma g el
i Vg~ a7 1379 & Vo \E V102
s . viot o VIS g o VISVIST Byge %
V180 vig e
. & va.m g‘.\&. .%355
V208 V246 ;l
|| ppiet samples.graph RankingDemoDriver started [T Foxyt(r & | 1w DOlD D9 9l e [ e [R5
78

HLT/NAACL 2006




) JUNG Demo: Ranking Demo - Mozilla Firefox

Elle  Edt ¥ew Go Bookmarks Tools  Help

=] B3

o3y
@ - - [ F ) &) [ hepifingsourcsforgs.net{appletirankingdemo bt

=] @ [Clrs

V.
L] » Vﬁﬁa

9 120
‘%35

'v‘ﬂ@“

rNode Sizp——MM——— o
) Degree
vioo LA

® PageRank with Prior
= —————

rFilter nodes:
Betweenness:

Redo layout

| &pplet samples. araph RankingDemoDriver skarted
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Honda

Ford

vw

Car and Driver
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- $

é:GTh b':Ga
' $

1 #
a=mG'G) h=mGG") P=w(G)
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0p| 6&<S6S

$ |6&>RS<

6&<S6S

" |6&0>UU

| |6&6666

6&0>UU
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, $
$ &
- &
-2 % %
$
)
—Ex: “chaif’ — furniture or person
—Ex: “child” — young person or human offspring
/
“Sit on a chair” “Take a seat on this chair”
“The chair of the Math Department” “The chair of the meeting”
HLT/NAACL 2006 91
1 *1/
D _ '
0 M N
- $ % $
*
s LR CS
/ $ + " (-

carnivore

fissiped mamal, fissipedcanine, canid feline, felid bear

wolf

dingo

wild dog dog hyena
hyena dog h/uman dog

dachshund terrier
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1 1 .6
#
n #
1& &, (-
o Path(C,,C
Similarity (C,,C,) = - log Path(C,,C,)
2D
where D is the taxonomy depth
- 1&& % 46&R6 % 4
6&U<
n #
B +  (-0.+
(--/.
- $
+10 "Lt (-
- $
i +2 (--0.
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( *1/
( $ .
* 43 " x4 (. +3 " "3 (-56.
N2 I 7 "
"ot & |
Il " N
( * e
7& xg
%
&
<&: % %
%$
$ %
&
>& % cC %
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A very longtrain traveling along therails with a constantelocity v in a
certaindirection ...

. 1
train—r> #1: public transport #1 change locationt# 2: a bar of steel for trairjs

#2: order set of things

#3: piece of cloth

travel J—» #2: undergo transportation

rail T #1: a barrier
L #3: a small bird
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( *1/
* *
- D
$ $
*
1 #
-+ "18 o9m * U .
R<&6V[
— #1119 G|
R6[
* M N
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Two U.S. soldlers and an unknown number of civiliar

® OO cle e
cont@ptors are unaccounted for after a fuel conway
S OETD Q

attacked near the Baghdad International Airporayod
SO 00 @ QO QO

a senior Pentagon official said. One U.S. soldier an

QLYY
Iraqi driver were kllled in the incident.
sfeRie
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( #!

- % * '+ O %

+

< #( $

*

C # $
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Size(words) Random  Lesk TextRank TextRank+Lesk
SemCor
law 825 37.12% 39.62% 46.42% 49.36%
sports 808 29.95% 33.00% 40.59% 46.18%
education 898 37.63% 41.33% 46.88% 52.00%
debates 799 40.17% 42.38% 47.80% 50.52%
entertainment 802 39.27% 43.05% 43.89% 49.31%
Avg. 826 36.82% 39.87% 45.11% 49.47%
Senseval-2
doo 471 28.97% 43.94% 43.94% 47.77%
dol 784 45.47% 52.65% 54.46% 57.39%
do2 514 39.24% 49.61% 54.28% 56.42%
Avg. 590 37.89% 48.73% 50.89% 53.86%
Average (all) 740 37.22% 43.19% 47.27% 51.16%
“uninformed” (no sense order)
HLT/NAACL 2006 105
0
Size(words) MFS Lesk TextRank TextRank+Lesk
SemCor
law 825 69.09% 72.65% 73.21% 73.97%
sports 808 57.30% 64.21% 68.31% 68.31%
education 898 64.03% 69.33% 71.65% 71.53%
debates 799 66.33% 70.07% 71.14% 71.67%
entertainment 802 59.72% 64.98% 66.02% 66.16%
Avg. 826 63.24% 68.24% 70.06% 70.32%
Senseval-2
doo 471 51.70% 53.07% 58.17% 57.74%
do1 784 60.80% 64.28% 67.85% 68.11%
do2 514 55.97% 62.84% 63.81% 64.39%
Avg. 590 56.15% 60.06% 63.27% 63.41%
Average (all) 740 60.58% 65.17% 67.51% 67.72%
“informed” (sense order integrated)
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#
-
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1 $ $
( #
- 1& & + % ,-/:
+3 < 9"0.
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Name 10% | 20% | 30% | 40% | S0% | 60% | 70% | 80% | 90% | 100%

AL Gupta 501 1513 [ 510 510 | 525 | 507 | 51.2 | 501 50.8 53.9

A Kuma 556 | 546 | 382 Jele | 557 ] 630 | 634 | 626 [ 645 ] 643

C. Chen 504 ) 452 | 433 | 468 | 456 | 463 | 458 | 470 | 473 | 50.6

D.Johnson [ 660 [70.0 [ eeo T eol 70424720 331 7re ] 79.0

1. Lee 56.1 2.2 | 531 517 ] 538 | e | 560 | 6.4 56.2

J. Martin 820 | 7 T3 | 83 | 89T | 903 | 92.6 | 911 9.8 96.8
J. Robinson | 682 | 56.0 | 624 | 604 | 554 | 593 | se2 | 476 | 47.5 39.2
1. Smuth 677 | 708 | Toe | 25 | T35 | VAT 72| 779 | 70 774

K. Tanaka 638 | 627 [ 624 | 621 | 677 | 639 [ 567 | 698 2.5 50.8

M. Brown 630 | 685 | 671 | 802 | TRY | T35 | 81O | 87 B6.0 87.0

M. Jones 710 | 668 | 763 | Yed | Fo0 | 680 | Y4 | 773 [ Yee | 0.6

L Mller 665 | 672 | TR VAN [ a9 | ees | eRy | ool [ 674 ] 674

S Lee 534 1 492 | 469 | 489 | 485 | 485 | 493 | 498 [ 511 50.4
Y. Chen A6.1 | 43.6 | 460 | 442 | 462 | 459 | 478 | 464 | 473 | 455
Mean 615 | 396 [ 609 | 635 | 625 | 627 [ 642 | 647 | 646 | 635

Std 9.4 9.9 110 ] 132 ] 130 24 | 140 | 149 | 147 16.8

)% b
— 77MY& N#SU&T[' TO&U[
— 7TOMY&( N#T7&<[' RT&<[
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7& 1* /
/ "
&
Transport. To carry or bear from one ! $ # $
place to another;... ' %
% %
% %
$$
% %
%
* %
&
head word #
Y#
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3 A5
<& u$
. Ps/lay
e= —
Pt
1 target node ) #
S source node
**************** FF $
|ag| outgoing arcs
m ps / |as| For more than 1
rs,t = — edge (m) between
e=1 [Z)t sandt
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U& ( # % % %

0& '( #
H6&V% 6&TO% 6&TO% 6&TO% 6&R% 6&0% K& % 6&71
H7% <% <% <% K| ; ' '
H7% <% <% <% >% KI $ '
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%$ % %K

- 1&&A:D B
— 1 *
1& &M $ N
- %$
1& &M $ NwnM N% M
$ NwnM $ N% M$
pear
__—apple
orange
banana

strawberry —

N% M
$ N

- (
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Eyeing the huge market
potential, currently led by
Google, Yahoo took over
search company Overture
Services Inc last year

Applications to:

Information Retrieval (IR)
Comparable Documents (CD)
Reading Comprehension (RC)

Yahoo acquired Overture

Question Answering (QA)
Information Extraction (IE)
Machine Translation (MT)
Paraphrase Acquisition (PP)
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subjective positive or negative
. i ? » ;
n-sentence review sentence: m-sentence extract review?
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(DUC cluster d1003t)

1

1 (d1s1) Iraqi Vice President Taha Yassin Ramadan announced today, Sundesy tfedtises to back down from its decision to stop
cooperating with disarmament inspectors before its demands are met.

2 (d2s1) Iraqi Vice president Taha Yassin Ramadan announced today, Thuvat&pctrejects cooperating with the United Nations
except on the issue of lifting the blockade imposed upon it since the year 1990.

3 (d2s2) Ramadan told reporters in Baghdad that "Iraq cannot deal positivelyhwiever represents the Security Council unless there
a clear stance on the issue of lifting the blockade off of it.

4 (d2s3) Baghdad had decided late last October to completely cease @ogpéthtthe inspectors of the United Nations Special
Commission (UNSCOM), in charge of disarming Iraq's weapons, and whose warkéeery limited since the fifth of August, and
announced it will not resume its cooperation with the Commission even if itswbjected to a military operation.

5 (d3s1) The Russian Foreign Minister, Igor Ivanov, warned today, Wednesitest agang force against Irag, which will destroy,
according to him, seven years of difficult diplomatic work and will comitiae regional situation in the area.

6 (d3s2) Ivanov contended that carrying out air strikes against Iraq, who refuseperate with the United Nations inspectors, ““will end
the tremendous work achieved by the international group during the pastyseve and will complicate the situation in the region."

7 (d3s3) Nevertheless, Ivanov stressed that Baghdad must resume wathitigevpecial Commission in charge of disarming the Iragi
weapons of mass destruction (UNSCOM).

8 (d4s1) The Special Representative of the United Nations SecretaeyaBie Baghdad, Prakash Shah, announced today, Wednesday,|
after meeting with the Iragi Deputy Prime Minister Tariq Azizt thaq refuses to back down from its decision to cut off cooperation witl
the disarmament inspectors.

9 (d5s1) British Prime Minister Tony Blair said today, Sunday, that teis drétween the international community and Iraq “did not end
and that Britain is still ““ready, prepared, and able to strike Irag."

10 (d5s2) In a gathering with the press held at the Prime Minister's,d@liir contended that the crisis with Irag ““will not end until Iraq
has absolutely and unconditionally respected its commitments" towardsited Nations.

11 (d5s3) A spokesman for Tony Blair had indicated that the British Prime &figave permission to British Air Force Tornado planes
stationed in Kuwait to join the aerial bombardment against Irag.
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Sentences vote for the most central sentence!
Need to worry about diversity reranking.
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Example from
Zhu et al. 2003
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Pierre Vinken , 61 years old , will join the board as a nonexecutive director Nov. 29. Mr. Vinken is chairman of
Elsevier N.V. , the Dutch publishing group. Rudolph Agnew , 55 years old and former chairman of
Consolidated Gold Fields PLC , was named a nonexecutive director of this British industrial conglomerate.

A form of asbestos once used to make Kent cigarette filters has caused a high percentage of cancer deaths
among a group of workers exposed to it more than 30 years ago , researchers reported . The asbestos fiber ,
crocidolite , is unusually resilient once it enters the lungs , with even brief exposures to it causing symptoms
that show up decades later , researchers said . Lorillard Inc. , the unit of New York-based Loews Corp. that
makes Kent cigarettes , stopped using crocidolite in its Micronite cigarette filters in 1956 . Although
preliminary findings were reported more than a year ago , the latest results appear in today 's New England
Journal of Medicine , a forum likely to bring new attention to the problem .

J &

V  x02_join x01_board x0_as x11_director

N x02_is x01_chairman x0_of x11_entitynam

N x02_name x01_director x0_of x11_conglomer

N x02_caus x01_percentag x0_of x11_death

V  x02_us x01_crocidolit x0_in x11_filter

V  x02_bring x01_attent x0_to x11_problem
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reported earnings for quarter 5
]
reported loss  for quarter G
postea loss for quarter G
I
% posted loss of quarter G
L |
posted loss of million
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. reported earnings for quarter

posteﬁ earnings for qyarter

N"‘ﬁiosted loss of million
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This example is slightly modified from the original
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Compatibility of systems of linear constraints othes set of natural numbers
Criteria of compatibility of a system of linear ioantine equations, strict
inequations, and nonstrict inequations are consdeitUpper bounds for TextRank
components of a minimal set of solutions and atgors of construction of b 1.46
minimal generating sets of solutions for all typésystems are given. .num er.s (1.46)
These criteria and the corresponding algorithmsdonstructing a minimal inequations (1.45)
supporting set of solutions can be used in solaihthe considered types of linear (1.29)
systems and systems of mixed types. diophantine (1.28)
- SyStems™———compatibility——— upper (0.99)
types linear —_system el criteria bounds (0.99)
: diophantine  natural strict (0.77)
constraints equations p ————number
solutions ( non-strict Frequency
) strict ~ UPPET S —hounds systems (4)
algorithms Wuations _) types (4)
: components
sets\/minimal __construction solutions (3)
- _ ] ) ) minimal (3)
Keywords by TextRank: linear constraints, linear diophantine equations, linear (2)
natural numbers, non-strict inequations, strictgmations, upper bounds ) -
Keywords by human annotators:linear constraints, linear diophantine inequations (2)
equations, non-strict inequations, set of natunainters, strict inequations, algorithms (2)
upper bounds
174
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e Evaluation:
— 500 INSPEC abstracts

— collection previously used in keyphrase extraction
[Hulth 2003]

* Various settings. Here:
— nouns and adjectives
— select top N/3

* Evaluation in previous work
— mostly supervised learning
— training/development/test : 1000/500/500 abstracts
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Assigned Correct
Method Total Mean Total Mean Precision Recall F-measure
Ngramwith tag 7815 156 1973 39 252 517 339
NP-chunks with tag 4,788 9.6 1421 28 29.7 37.2 33
Pattern with tag 7,012 140 1523 31 21.7 39.9 28.1
TextRank 6,784 13.7 2116 42 312 431 36.2

(Hulth, 2003)
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