Ch 4 Classic Parsing Algorithms

1, Pure bottom-up: CYK - chart parsing, 1960s

(Cocke, Younger, Kasami)
2, Pure top-down: Earley-parser, 1970s

(Earley, Stockle)

3, Recursiveliterative: Inside-outside algorithm, 1990s
(Lori, Young)

4, Heuristic: Best-first Chart Parsing, 2000s

(Chaniak, Johnson, Klein, Manning, et al)
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Chart Parsing in NLP

+ Motivation: General search methods are not best for syntactic parsing
because the same syntactic constituent may be rederived many times
as a part of larger constituents due to the local ambiguities of grammar.

 Basic idea of chart parsing: Don't throw away any information. Keep a
record --- a chart --- of all the structures we have found.

+ Two types of chart parsing
— Passive chart parsing: it is a bottom-up parsing
- Active chart parsing, by introducing the agenda, say, agenda-driven chart parsing
+ Bottom-up active chart parsing
+ Top-down active chart parsing
+ The agenda is used to prioritize constituents to be processed, implemented as
— astack to simulate depth-first search (DFS)
— aqueue to simulate breadth-first search (BFS)
— a priority queue to simulate best-first search (FoM)
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What is a chart?

+ Achartis a form of well-formed substring table [Partial parse graph],
— It plays the role of the memo-table as in DP.
— It keeps track of partial derivations so nothing has to be rederived

« Formally, charts are represented by directed graphs G =< V, E >

— For an input sentence with 7 words, V" = {0.1,2,--- .»n} , and the i-th word is
marked by two nodes in ¥, say, node ¢ — 1 and node ¢.

- Each edge ¢ € E characterizing a completed or partial constituent spanning a
group of words, say, e = (start, finish, label, found, tofound) € E
+ label is a nonterminal node in the grammar, say, LHS of a certain rule
+ found is a part of RHS of Zabef which explains words from start to finish
+ tofound is the remainder of beside the found part
- Active edge: tofeund is not empty
- Inactive edge (passive edge): tafound is empty
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The fundamental rule for combining active and passive edges

Anactiveedge e = WL VIOV NPT Anpassive etdge &z = (7. i NP DeEr ),
VP = DV .-NPPP NP — Det N-
i e v 2]
The fundamental rule ) We get an active edge
VP — DV Det N-PP ez = (1,5, VP, DV Det N, PP)
VP OV- \PPP NP = Det X- PF-)PNP

The fundamental rule

VP%BVDetNPNP
VP — DV Det N-PP PP = P NP

s = (i,1,VP,DV Det N PP,6)

We get an passive edge (terminal) (

[vpspv-xpPP NP Dt X- \{—\
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What is an agenda?

* Anagenda is a data structure that keeps track of the things we still have
to do. Simply put, it is a set of edges waiting to be added to the chart.

+ The agenda determines in what order edges are added to the chart
— Stack agenda for depth-first search
— Queue agenda for breadth-first search
— Priority queue agenda for best-first search

« The order of elements in agenda is decided by the figures of merit
(FOM) of elements, which is one of the keys to design an efficient
parsing algorithm.
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1, CYK algorithm: an example

CYK table

VP

VP PP
5 NP NP
NP V,VP|Det|N P Det|N

she|eats |a |fish with/a |fork

1

X = wry Ty
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Pure bottom-up parser: Cocke-Younger-Kasami (CYK) algorithm

+ CYK algorithm is a type of bottom-up passive chart parsing algorithm.

+ The goal: to determine whether a sentence can be generated by a given
context-free grammar (say, recognition) and, if so, how it can be
generated (say, parse tree construction) . The context-free grammar
must be in Chomsky normal form (CNF).

« The worst case running time of CYK is @{n*|GZ|) where n is the
length of input sentence and |G] is the size of grammar.

— The drawback of all known transformations into CNF is that they can lead to an
undesirable bloat in grammar size. Let # be the size of original grammar, the
size blow-up in the worst case may range from g to 2%¢, depending on the
used transformation algorithm.
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CYK algorithm
o INpUT"a Sentence A = wf - - -y, 7 h

— Letwy = wweyy - Wiy be the substring of X of length j starting with . Then, we

have X = i,
+  Output: verify whether .5 = X, if yes, construct all possible parse trees.

* The algorithm: for every w;; and every rule /2 € G , it determines if R = a;; and
the probability if necessary.
- Define a auxiliary 4-tuple variable for each rule By, € :
v = [k, prohabitity, pointer Le fi, pointer Riglit)
- CYKtable with the entries Vi, 7.1 <t i <. 1< 7 <% —i4 1 storing the auxiliary variables
of the rules which can explain substring "
- Start with substrings of length Liar;; = w0z, 1 < & < 1, Set
Vi, 1] = {wp = (k, Prob{fig|w;), NULL, NULEWRy = wy, By € G}
- Continue with substrings of length j — 2.3, -+« ;e —i+1
* Foray,, consider all possible two-part partiions we;; = 2., 8% 4y j—mee 1 < 72 < §SEL
Vi 4] = {uw = (&, Prob{Rylay;), vp o0, W8y = R, By By, = wi. B, =
Wi st By, R{‘T, Rg—,, € G}
+ The algorithm has three nested loops each of which has the range at most 1 to n.
With each loop, it check all the rules. So, the worst case of running time is
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2, Bottom-up passive chart parsing

+ Basic algorithm flow: Scan the input sentence left-to-right and make use
of CFG rules right-to-left to add more edges into the chart by using the
fundamental rule.

Grammar: [ excicon:
1.S—=NPVP
2. NP —-DETADJN ;e"'DiTDJ
3.NP —DETN £e--
can... AUX. N. V
4 NP —=ADIN hold NV
5.VP— AUX VNP a.t“ 1;1V
6. VP —V NP A
Sentence: y The  large 2 can 3 can 4 hold 5 the § water 7
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Bottom-up passive chart parsing o
NP2
V1
AUX1
LDUF;CT“['?:I’:‘L [DET1[ADJ1 [N1
9 e O the ! large
nE vIJD—'I.’\:J.I-'-‘(:l.:\P SApaen . 7“"'-'— —F_'%"\:'v V1 SNP
N ,.knz--.-r\g *HP1 VP ll"u'v = AUXT + VNP
NP1 -_—
NP2 vi_|ve
Vi V2

DETI[ADJ [NT [Nz IN3 —LLET'MD“ N1 |N2

— e e v
ey - e -
—_— s
e W e V2 oNE
VP -+ ALIXZ + VNP

WP e AUXI V2 < NP

NP1 E s
he2 vz [NP1 VP2
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DETi1[ADJ1 [N1_ [Nz [Na [DET2 E— uxi Az va [va

o 1 s 5 L3
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— e - L — e — B
Stat — _ NE - DET2 +N — At e T . — "T‘J

E— NP - DET2 -ADJ N T e Jlr
- — = - S
S v




3, Bottom-up active chart parsing

* Algorithm flow:
— (1) Initialize chart and agenda
Chart = empty, Agenda = {passive edges for all possible rules for all the words}
- (2) Repeat until agenda is empty
+ (a) Select an edge from agenda in terms of DFS, BFS or best-first search, etc.
e = (start, finish, label, found, tofound)
+ (b) Add the selected edge ¢ to the chart in position (start, fémish) if it is not
on the chart
* (c) Use the fundamental rule to combine the selected edge ¢ with other edges
from the chart, and then add all obtained edges on the agenda
+ (d) If the selected edge « is a PASSIVE one, say, tefound = @, then look for
grammar rules which have found as the first symbol on the RHS, say,
T — found Vi mumining - FOr €aCh 1; build active edge «’ and add it on the
agenda
e' = (start, start, v,8, found V. naining)
star 2228 sl mdaaEGRGA AL dhere is a passive edge € = (0, n, S, found, @) , where 5'igfhg,,
root node in the grammar.

S = NPVP
S = NEVE PP
i i Ve 1y Mia danced
An example of bottom-up active chart parsing %z#, Ma
PN — mic
v :c:’:!:’!!(‘fd
PN — mia . PN = mia . Py
0 mig | danced 2 . 5 0 mia 1 danced 2
Chart 0 mia 1 danced 2 LDJ pia L daneed 2 NP S L PN
- b V7 BV ( )
= (0,05 5 NEVP
1.{0, LPN — mia.) 1.0.0NF = . FN) 1.{0,LNP = PN ) 2 (0,0,5 — . NP VP FP)
2 (1,2, — danced ) 2 {L24V — danced .) 2 {L,2,0V — danced .) 3 (1,21V = danced )

5+ NEVEPP 5 NP_VE 5 NPV NP — PN

£

B 1 dumced 3 .
L L 0, it | a7 | — e

~ I dmend 2 g ¥
s{-+TRe e ¥ .\
Ao e © TR e S RPVP 1.(0.L5 = NP VP)
ALY LS - NELVERE 1, 10,05 ~ NP Ve P 2.{0.0,5 —+ .NF VP PP)
AV = e 2 (L2 — s 2 (L2~ dancnd 3 ALV —+ demend )
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S — NPVFP
5 5 NPVE PP
NF —+ PN

An example of top-down active chart parsing 434, Miadanced
PP—+ PNP
PN — mia
1V = danced
el BNy i |V danced . fr—] BN s iy, 1Vt dunced | e PRI [T T g — NE BN
Chart e e JTIARET P
o i 1 danced 2
0 i 1 danced 2 0 mi 1 el 2 i
miat ance s e ﬁs‘?®;‘? N I
1.{0,0,S = . NP VP) : L : By
: 1 (O.ONF -, BN} wr o g
D,0,5 — .NP VP PP g
2 {o,0, ) 2 (0.0,5 = .NPVPPP) s Y
2 {0,0,8 —+ NP VE PE) 2 (DOE < NEVEFR)
5 s NPV 54 NPVP oy gl 5 - NP VP
N
0 el L dewead 2| (— a,  mis £, el
o omk L ke s(Fpveve S s {ypve e S
! C\}u»u“f i NP PN NPT
i . ) : + IV} (LLVE = .1v)
1.{0.25 = NPVPY 1 ALIVP = 1V )} 1
LRRNEE 2 (D05 — NP VP FR) 2 (D08 -4 . NEVE RE) 210,05 — NP VP PR

. REVEEF
1 B8 o NEVE. P
2 (LLVF < 1Y)
3 MOAF PN
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3 mONF

1 ALLYP = vy
2 D.ONFP = . PN}

5= NEVP_ PP

o omia L

5 A TWpve ve 4

5 NPVPPP
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4, Top-down active chart parsing (Earley parser)

+ Top-down vs. Bottom-up active chart parsing

exactly once. Avoid duplication of effort!

the example shown in previous slide.

information in passive edges.

applied will be put

on the chart.

information in active edges.

Bottom-up chart parsing checks the input sentence and builds each constituent
But bottom-up chart parsing may build constituents that cannot be used legally, as

By working bottom up, the algorithm reads the rules right-to-left, and starts with the

Top-down chart parsing is highly predictive. Only grammar rules that can be legally

By working top-down, the algorithm reads the rules left-to-right and starts with the

Stat 232B Stat modeling and inference,
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Top-down active chart parsing (Earley parser)

+ Algorithm flow:
— (1) Initialize chart and agenda
Chart={passive edges for all possible rules for all words}, Agenda={root rules}
- (2) Repeat until agenda is empty
+ (a) Select an edge from agenda in terms of DFS, BFS or best-first search, etc.
e = (start, finish, label, found, tofound)

+ (b) Add the selected edge ¢ to the chart in position (start, fémish) if it is not
on the chart

* (c) Use the fundamental rule to combine the selected edge ¢ with other edges
from the chart, and then add all obtained edges on the agenda
+ (d) If the selected edge « is a ACTIVE one, say, & foud # ), then look for
grammar rules which have the forms = = fofound —+ Vi --- Vi,For each r,
build active edge " and add it on the agenda
€ = {[finish, finish,v,0, V7 --- Vi)
- (3) succeed if there is a passive edge € = (0, n, S, found,#) | where S is the
stat 2328 sl RAENPASIRLRE grammar. S.C.Zhu

Example of Early Parser

S->ABC * alb1c1

S->DEF * alb1c2
A->a1 A->a2 * alb2c1
B->b1 B->b2 * alb2c2
C->c1 C->c2 » a2b1c1
D->a1 D->a2 * a2b1c2
E->b1 E->b2 * a2b2c1
F->c1 F->c2 * a2b2c2
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Earley-Stolcke parsing algorithm

.S

Predicted
0S->.ABC
S->DEF

A->.al
A->.a2
oD->.a1
oD->.a2

Scanned
A->al.
oD->al.
Completed
S->A.BC
S->D.EF
Predicted
4B->.b1
1B->.b2
1E->.b1
1E->.b2

Scanned
4B->b1.
4E->b1.
Completed
0S->AB.C
S->DE.F
Predicted
,C->.c1
,C->.c2
SF->.c1
SF->.c2

The inputis alblcl

Scanned
,C->c1.
,F->c1.
Completed
0S->AB C.
S->DEF.

o->S.

Stat 232B Stat modeling and inference,
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Modifications of the Earley-Stolcke parsing algorithm

E1->A BC
A->al
A->a2
B->bl
B->b2
C->cl
C->c2

The inputis ald b2cl

E2->D
D->d

Stat 232B Stat modeling and inference,
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Modifications of the Earley-Stolcke parsing algorithm

o>-E1
Predicted
oE1->.ABC

A->.al
oA->.a2

o>-E2
Predicted

oE2->.D
oD->d

L EUL Dt UG Y W o

Modifications of the Earley-Stolcke parsing algorithm

o>-El
Predicted
oE1->.ABC

A->.al
oA->.a2

o>-E2
Predicted

oE2->.D
oD->d

Scanned
oA->al.
Completed
JE1->A.BC
Predicted
,B->.b1
1B->.b2

Shifted
;D->.d

Stat 232B Stat modeling and inference,
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Modifications of the Earley-Stolcke parsing algorithm

o>-El Scanned

Predicted oA->al.

oE1->.ABC Completed
JE1->A.BC

A->.al Predicted

A->.a2 ,B->.b1
1B->.b2

o>-E2

Predicted

oE2->.D Shifted

oD->d ;D->.d

Shifted
,B->.b1
,B->.b2

Scanned
,D->d.

Completed
oE2->D.
o>E2.

Stat 232B Stat modeling and inference,
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Modifications of the Earley-Stolcke parsing algorithm
o>-El Scanned Scanned
Predicted oA->al. ,B->b2.
oE1->.ABC Completed Completed
JE1->A.BC JE1->AB.C
A->.al Predicted Shifted Predicted
oA->.a2 ,B->.b1 ,B->.b1 3C->.cl
1B->.b2 ,B->.b2 3C->.c2
o>-E2 Scanned
Predicted ,D->d.
oE2->.D Shifted Completed
oD->d ;D->.d oE2->D.
o>E2.
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5, Grammars for Events

+ UsingWD—->ArriveWD UseWD LeaveWD
¢ ArriveWD~->arrivewd
+ UseWD->TakeWater
+ UseWD->TakeBucket
+ TakeWater->benddownl standup
+ TakeBucket->stretchhand drawbackhand
+ LeaveWD->leavewd
+ BendDown->Pickup
+ BendDown->TieString
* Pickup—>benddown2 standup
M. Pei, Y. Jia, and S.-C. Zhu, “Parsing Video Events with Goal

¢ Tlestrlng ->benddown2 standup inference and Intent Prediction,” Intl Conf. on Computer
Vision (ICCV), 2011.

Stat 232B Stat modeling and inference, S.C.Zhu

AOGs representation for Events

UsingWD

Event 1: And Node
Or Node
ArriveWD UseWD LeaveWD Leaf Node
TakeWater TakeBucket
Bend Stand  Stretch  Drawback
Downl Up Hand Hand
) bend stand stretch  drawback
arrivewd down1 up hand hand leavewd
Stat 232B Stat modeling and inference, S.C.Zhu
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AOGs for Events

Event 2: O And Node
[} 0Or Node
BendDown
0 |:| Leaf Node
J
Pi&k_%) TieString
Bend Stand Bend Stand
Do%nZ U? Do?nZ Ui
bend stand bend stand
down2 u? down2 u?
Stat 232B Stat modeling and inference, S.C.Zhu
The parsing process
UsingWD
BendDown
AriveWD UseWD LeaveWD L
-~ -7
(
PickUp TieString
TakeWater TakeBucket O O
Bend Stand Stetch  Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 |g:| down2 ﬁ
Stat 232B Stat modeling and inference, S.C.Zhu

13



The parsing process

UsingWD
BendDown
-~
ArriveWD UselNE) LeaveWD /‘
] /\
~N 7
PickUp TieString
TakeWater TakeBucket
Bend Stand  Stetch  Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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UsingWD
BendDown
~~N
ArriveWD UseWD LeaveWD o
- N /
] /\
~ 7
PickUp TieString
TakeWater TakeBucket
Bend Stand  Stetch  Drawback Bend Stand Bend Stand
en an
Doual Hand Hand Down2 U? Down2 Uf
. bend stand stretch  drawback bend stand bend stand
arivewd downl up hand  hand leavewd down2 u? down2 u?
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The parsing process

UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
] /\
S
/\ PickUp TieString
TakeWater TakeBucket
Bend Stand Slrel; Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
] /\
S
/\ PickUp TieString
TakeWater TakeBucket
Bend Stand Slrel; Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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The parsing process

UsingWD
v Bend[lov\vn
ArriveWD UselNE) LeaveWD /‘
: e
PickUp TieString
TakeWater TakeBucket ‘R &
Bend Stand S"elch Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 Uﬁ Down2
) v bend stand stretch drawback bend stand bend stand
arrivewd downl up hand hand leavewd down2 ? down2 U?
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The parsing process

UsingWD
v
ArriveWD UselNE) LeaveWD
|
<
TakeWater TakeBucket
Bend Stand Stretch Drawback
Doz;l f Hand Hand
v bend stand stretch drawback
arrivewd downl up hand hand leavewd

O O o oo bbb O

BendDown
-~ N

\

/

e

PickUp

>

Bend Stand

Down2 Uﬁ

bend stand

down2 |J:|

TieString

Bend Stand
Down2

bend stand
down2 u?

Stat 232B Stat modeling and inference,
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The parsing process

UsingWD
v Bend[lov\vn
ArriveWD UselNE) LeaveWD /‘
: e
PickUp TieString
TakeWater TakeBucket R &
Bend Stand S"elch Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 UE Down2 U:
) v bend stand stretch drawback bend stand bend stand
arrivewd downl up hand hand leavewd down2 ? dOWn2 ?
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The parsing process

UsingWD
v
ArriveWD UselNE) LeaveWD
|
<
TakeWater TakeBucket
Bend Stand Stretch Drawback
Doz;l : Hand Hand
v bend stand stretch drawback
arrivewd downl up hand hand leavewd

O oo okl

[

BendDown
-~ N

\

4

e

PickUp

B

Bend Stand

Down2 UE

bend stand

down2 ?

TieString

Bend Stand
Down2

bend stand
down2 u?

Stat 232B Stat modeling and inference,
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The parsing process

UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
“ N 4
{ ] /\
S 7
/\ PickUp TieString
TakeWater TakeBucket
Bend Stand Slrel; Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
] /\
S
/\ PickUp TieString
TakeWater TakeBucket
Bend Stand Slrel; Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
o & &
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The parsing process

UsingWD
v Bend[/)ov\vn
ArriveWD UseWD LeaveWD L
“ N 4
{ ] /\
~
/\ PickUp TieString
TakeWater TakeBucket
Bend Stand Stetch  Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 Down2
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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UsingWD
v Bend[’)ov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
] /\
~
PickUp TieString
TakeWater TakeBucket
5 dk stand Stret:%ack Bend Stand Bend Stand
en an
Downl Hand Hand Down2 Down2
v bend stand stretch  drawback bend stand bend stand
arrivewd downl hand hand leavewd down2 u? down2 u?

Stat 232B Stat modeling and inference,
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The parsing process

UsingWD
v Bendlzown
ArriveWD UseWD LeaveWD L)
A %
] /\
~
PickUp TieString
TakeWater TakeBucket
Bend Stand Stetch  Dranback Bend Stand Bend Stand
en an W
Do Hand Hand Down2 U? Down2 Uf
) v bend stand streich  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down2 u? down2 u?
Stat 232B Stat modeling and inference, S.C.Zhu
UsingWD
v Bend[’)ov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
] /\
~
PickUp TieString
TakeWater TakeBucket
Bend Stand Stetch  Dranback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 Uf
) v bend stand stretch  drawback bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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The parsing process

UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
' /\
~
PickUp TieString
TakeWater TakeBucket
Bend Stand  Stetch  Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 U?
) v bend stand stretch  drawback \L bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
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UsingWD
v Bend[lov\vn
ArriveWD UseWD LeaveWD L
-~ 7/
' /\
~
PickUp TieString
TakeWater TakeBucket
Bend Stand  Stetch  Drawback Bend Stand Bend Stand
en an
Downl Hand Hand Down2 U? Down2 U?
) v bend stand stretch  drawback \L bend stand bend stand
arrivewd downl up hand hand leavewd down?2 U? down2 U?
BEEEED
Stat 232B Stat modeling and inference, S.C.Zhu
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6, Best-first chart parsing

+ The agenda uses a priority queue to keep track of partial derivations.

+ The order of constituents in agenda is calculated based on some figures
of merit of constituents which measure the likelihood that the
constituents will appear in a correct parse, rather than simply popping
constituents off of a stack (which simulates DFS) or a queue (which
simulates BFS).

i Ideally, the objective is to pick the
constituent that maximizes the
conditional probability: P(N} o) .

0 .711. tk-frk !n_] . ) .
L The key to best-first chart parsing is how

Constituent V) 4. in a sentence #,,  t0 estimate it.

Stat 232B Stat modeling and inference, S.C.zZhu

|deal figures of merit

PING o t0,.)  PING 4ot 05 kot )

i —
PUNG o) = =553 Pltan)
_ plEo NG ot w )Pty 5 10,5 N5 1 oben)
7 Pto.m )
., Plioi Ni g tu (e el NG ) p™ (N} )™ (N )
~ Plto,n) p{to,n)

where the inside probabity - p™*(N% ) = p{t;.kl Nf 1)
and the outside probabily P*** (N} ;) = pltn ;. N} p.tr.n)

- i
i NS
TP O (T w o f B
0 J—{‘l\ i1 1 \0 . jj'j A I"*D
- - — -
Inside probability includes only words within the constituent Outside probability includes the entire context of the constituent
Stat 232B Stat modeling and inference, S.C.Zhu
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Simple designs for the figures of merit

(1) Straight inside probability: ™ (N ) = p(t; | N*) , which prefers shorter
constituents to longer ones, resulting in a “thrashing” effect due to omit
p™ (N} ;) and plton).

(2) Normalized per-word inside probability: { i'z,én(ﬁ:i&}

(3) Trigram estimate:
i o Fiﬁik:tﬂ;ﬂ}

p(Nj,fc |tﬂ,u) - F(iﬂm ? . _

_ plingte PN b0 te = )P0 NG 4ot itk )
Pt i e, =)p(tklta itk n)

~ p‘.}y;ﬂkItﬂ,j-:tk,n:'p%&(ﬁ;,k}
~ Pt xto, 5tk n)

Assume p{N , [to .t ) ~ p{INZ ) = p(N"} and use a trigram model

g -

for gults et . 2. = Pt alt 2.1} = TLZ) pltaltu—n, ta—n)We have,
o pNT)ETNG L)
T Pl etz di—1)

Stat 232B Stat modeling and inference, S.C.zZhu

7, FoM example: scene parsing

One terminal sub-template
--- a planar rectangle in 3-space

F.Hanand S.C.Zhu,  “Bottom-up/Top-down Image Parsing with Attribute
Graph Grammar,” IEEE Trans. on Pattern Analysis and Machine Intelligence ,
vol.31, no.1, pp 59-73, Jan. 2009.

Stat 232B Stat modeling and inference, S.C.Zhu
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Six grammar rules which can be used recursively

rq scene I's instance

rectangle

P .
. " " h "
line production rule nesting production rule cube production rule

Stat 232B Stat modeling and inference, S.C.Zhu

Two configuration examples

Stat 232B Stat modeling and inference, S.C.Zhu
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Bottom-up detection (proposal) of rectangles

Each rectangle consists of two pairs of line segments that share a vanish point.

independent rectangles

line segments in three groups

Stat 232B Stat modeling and inference, S.C.Zhu

Top-down / bottom-up inference
~
top-down
proposals
parsing graph
Red ones are in chart,
blue ones are in agenda
-~ bottom-up
proposals
onfiguration ':"ﬁf.i%?_> * A
Stat 232B Stat modeling and inference, S.C.Zhu
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Each grammar rule is an assembly line
and maintains an Open-list and Closed-list of particles

A particle is a production rule partially matched, its probability measures
an approximated posterior probability ratio.

Open-list or agenda

e - [ -
EErE ] e

AT T ITIT T

Stat 232B Stat modeling and inference, S.C.Zhu

w

Example of top-down / bottom-up inference

c) current state

(1)

T
:_E‘ ’i”'ﬂ'ﬁﬁ
TSI
d) proposed by rule 3 €) proposed by.rule 6 ) proposed by rule 4

Stat 232B Stat modeling and inference, S.C.Zhu
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Results

(Han and Zhu, 05)

Edge map

Rectangles inferred

Stat 232B Stat modeling and inference, S.C.Zhu

Likelihood model based on primal sketch

A = Ngk U Angks

_ N
Nsk = Up=1/\sk k

M
Ansk = Upn=1MNnsk,m>

Ansk,my N Ansk,my, = 0,m1 # ma

3 (I(z,y) ;ﬁk(m, y))z}

P(Isk k|C) x exp{—
(@,y) ENsk

N - _ - 2 M n
pac@) =ten-y  x @D BT s a0

k=1 (z.y)€Askk m=1i=1

Stat zazg@ptmyezm@i inference, S.C. Zhu
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Synthesis based on the parsing model

Stat 232B Stat modeling and inference, S.C.Zhu
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Synthesis based on the parsing model

Stat 232B Stat modeling and inference, S.C.Zhu

Parsing rectangular scenes by grammar

29



How much does top-down improve bottom-up?

In the rectangle experiments: Han and Zhu, 2005-07
1 T T ‘\ . ‘ T T T T
09 . ,+’ i
osl- /7 Py - channels 1

Detection Rate
o
@
T

B-channel

—{l— Using Bottom-Up Only
~ @ = Using Both Bottom-Up and Top-Dowi
L L L L L L Il Il Il
o 2 4 6 8 10 12 14 16 18 20
False Alarm Per Image
Stat 232B Stat modeling and inference, S.C.Zhu

8, Chart-agenda parsing with And-Or graphs

QO and-node
&> or-node

O leaf node

some graph configurations generated by the AndOr graph

- P4 ~
15 _[@
-~ v -
<B(~;\/’<CD7

o
o

Py

—~
©
<NT>

o] ———

Stat 232B Stat modeling and inference, S.C.Zhu

30



a, 3 and y computing processes in AoG

The And-Or graph is a recursive structure. So, consider a node A.
1, any node A terminate to leaf nodes at a coarse scale (ground).
2, any node A is connected to the root.

Starting the a/B/y channels when they are applicable ---an optimal scheduling problem

bt |t
open list (weighted particles for hypotheses)

Ll L_’ sornn (0@ @D @Y -

closed list (accepted instances)

Stat 232B Stat modeling and inference, S.C.Zhu

An example: human faces are computed in 3 channels

a—channel p—channel y—channel

31



Human faces in real scenarios

a-channel

[3-channel

y-channel

Stat 232B Stat modeling and inferenc v

Hierarchical modeling and o, 3 and y computing

Head-
shoulder

O And-node |:| terminate-node

V: p(face | p‘afeys)
2. How much does each channel

oL: p(face | compact image data) contribute?

—

1. Each node has its own o, B
and y computing processes.

[3: p(face | parts)

Stat 232B Stat modeling and inference, S.C.Zhu
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o processes for the face node

‘ a-channels: p(face | compact image data)

ead-
shoulder

Stat 232B Stht modeling and inference

v processes for the face node(when it's o and f3 is off)

‘ y-channels: p(face | parents), predicting ‘ ‘ a-channels of some parents are on }<—

ead-
shoulder

Stat 232B Stat modeling and inference, S.C.Zhu
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In general: recursive o, 3 and y channels

Modeling Computing (W.0.L.G. consider node A)

Stat 232B Stat modeling and inference, S.C.Zhu
Deriving the log-probabilities
pg* = arg ,max p(pg)p(1a,,|Pg) ,
py" = argmax{log p(A]0) + _ log p(X (C1)| X (4)
p(Ia,,|pg) il
p(La,,|pg) = q(Lay ) ——F—— ply,  [ta)
q(I""m) + log i Al
alla, )
a(A) process
2 pla, lte)
+ [Z log T’) +log p(X(C1), X(C-z)ﬂ
i—1 Aig, N———

binding model

a(te,) process

A(A) process
p(Ia,, lte)
[log———"——
a(la,,)
— —
T.F.Wuand S.C. Zhu, “A Numeric Study of the Bottom-up and Top-down a(P) process
Inference Processes in And-Or Graphs,” Int'l Journal of Computer
Vision, vol.93, no 2, p226-252, June 2011.

+logp(X(A)| X (P))]} (

prediction model

~(A) process

Stat 232B Stat modeling and inference, S.C.Zhu
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Deriving the log-probabilities

Log probabilities becomes the weights for each node:

wct —]O M
A g (IA,'A)
(I, Itc,)
3(6) fz og i ) +logp(X(Cy), X (C3))
Aig,

A(P) _ 1 PUAIP)

T e X (X (P)

Stat 232B Stat modeling and inference, S.C.Zhu

a—channel: head-shoulder

L,

! Head- ]
/(lelﬂder,

02 03 04 05 0B O7 0B 09

|
[ \
[k
Y
Stat 232B Stat modeling and inference, S.C.Zhu
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a—channel: head-shoulder

W
Head-
Shoulder,
e
¥
attaih

|
' -
Ll e dilld ¢ L R

\
Stat 232B Stat modeling and inference, S.C.Zhu

a—channel: head-shoulder

|
[ _ \
%ﬂﬂlﬂﬂﬂllmlﬂﬂﬁiﬂlﬂﬂ

Stat 232B Stat modeling and inference, S.C.Zhu
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o—channel: face

eye

Right*
Eye

Nose

Sheailder,

Mouth

Stat 232B Stat modeling and inference,

S.C.Zhu

o—channel: face

Head-
Shanildder,
F
@ :
[ 2
e/ n
& [ ] LY
Left Right " 3
Nose | (Mouth
eye Eye

Stat 232B Stat modeling and inference,

S.C.Zhu
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o—channel: face

1
Hemds
Shoulder,
¥
@ .
B \
=“A -
& ¥ h | L
Left Right* \ﬂ\r. Mouth
eve Eye
n‘l ﬂ"‘ n3% n‘l n‘a n‘ﬁ nJ'.v nf
|
[
Stat 232B Stat modeling and inference, S.C.Zhu

o—channel: eye

Hemls
Shoailder,
g
.’.
)
L N
i \ a
@j hoon' S0 e
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S.C.Zhu
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o—channel: eye

¥
2,

Human 4

Facx

(|7

L
1

Right
Eye

None

Sheailder,

.

a

Monih

o7 08
|
| \
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Hemds
Shoulder,
¥
.’.
Human 4
Facx
D :
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g \ 2
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|
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I
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a—channel: nose

T

N3 N3 N4 n& n&k a7

na na

]

Stat 232B Stat modeling and inference,

S.C.Zhu

a—channel: nose

01

N3 N3 N4 A&k n& A7

na na

Stat 232B Stat modeling and inference,

S.C.Zhu
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a—channel: nose

AT n? N3 N4 N& NR N7 RA A9

Stat 232B Stat modeling and inference, S.C.Zhu

ao—channel: mouth

o 01 02 03 04 05 06 07 0B 09

Stat 232B Stat modeling and inference, S.C.Zhu
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ao—channel: mouth

¥
»
Hum
Fa
-
”
» , .
v LT
Lt rl iy (g

2 03 04 05 06 07 0B 09

|
[
1 [olEeaE | -
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ao—channel: mouth

1
¥
»
Hum
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All oo channels

2 AR T T S -

Integrating «, f and y channels

_-ﬂ[ﬂ

v EU®
nference. 5.C.7hn
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Integrating a, f and y channels

th | fnference.

) | |
_ lil

S.C.Zhu

A
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Integrating «, f and y channels
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Integrating a, f and y channels

.
B & a8 I!!!I!EE!
., 9

nference _ S.C.Zhu

Integrating «, f and y channels

.
BE A I!!!I!EE!
., 9

nference. - S.C.Zhu

45



Integrating a, f and y channels

.
B B I!!!I!EE!
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nference
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Integrating «, f and y channels
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Integrating a, f and y channels

B
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Integrating o, p and y channels
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Integrating a, f and y channels
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Integrating «, f and y channels
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Integrating a, f and y channels
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Integrating «, f and y channels
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Integrating a, f and y channels
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Performance improvement
red for a, blue for a+p, green for a+y, cyan for a+p+y channels
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