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© Structural and Syntactic PR
@ Notions

© Syntactic PR
@ Relations
@ Formal Language Description
e Grammars
@ Finite-State Languages and Finite-State Automata
@ Syntactic Analysis
@ Grammar Inference

© Structural PR
@ Graph Matching

MI/MIE-ROZ 2023-2024 (OTiA] (TTia)
© Haindl MI-ROZ - 08 1/45 © Haindl MI-ROZ - 08 2/45
SPR N

PR based on symbolic data structures (strings, trees, graphs,

arrays ..)

PR made by parsing the pattern structure according to a given set

of syntax rules @ structural recognition - similarity measure between the input

_ _ ] o ] and number of prototype models
® objects described with primitives and relations
® recognition - comparison of symbolic object representation
with predefined object models
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@ structural recognition - similarity measure between the input
and number of prototype models

SPR N

Pattern representation

. 0,0 . . Input : L Segmentation et T"::-m‘. | S]_\-m.;:-c .\ Classification
@ syntactic recognition (analysis) - parser checks an input v Rt WL e ) T Gawcr it

whether it is generated from a grammar of a class
R_B:'o_cm[l_u.\r!_ >
Analysis

I g [ — i Primitive Grrammatical
w’ ~ G’ I = 1’ ctc K Sample 1 (and n:'l.“l;lOIﬂ !u:u‘:ucuuuh
H . H patterns selection inference
assign X into class w; if X € L(G)) : i o
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primitive - an elementary subpattern, cannot be further divided

tree - hierarchical pattern representation, subset of a relational

graph
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relational graph - consists from several related hierarchical trees
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© primitives |J () 1 I1
@ primitive - elementary pattern component
@ compact but adequate description
@ easily extractable,
e.g., chain code (Freeman)

CRNT AN

encoding of bruru_my lines
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® primitives |J () I I1

@ primitive - elementary pattern component
@ compact but adequate description,
@ easily extractable,
e.g., chain code (Freeman)
Nt /= N1V
number of primitives should be small
primitives must be able to represent all patterns
primitives should be easily segmentable and recognizable
primitives should correspond with significant natural
elements of the object
® alphabet - the set of all primitives
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© primitives J () I T1

@ primitive - elementary pattern component
@ compact but adequate description,
@ easily extractable,
e.g., chain code (Freeman)
Rt Ao N
number of primitives should be small
primitives must be able to represent all patterns
primitives should be easily segmentable and recognizable
primitives should correspond with significant natural
elements of the object
® alphabet - the set of all primitives
© object representation - symbolic (strings, trees, graphs, arrays)
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© primitives |J (O I I1

@ primitive - elementary pattern component

@ compact but adequate description,

@ easily extractable,

e.g., chain code (Freeman)

ERT /AN Y

number of primitives should be small

primitives must be able to represent all patterns

primitives should be easily segmentable and recognizable

primitives should correspond with significant natural

elements of the object

® alphabet - the set of all primitives

©® object representation - symbolic (strings, trees, graphs, arrays)

® word - chain of primitives, ——o
X F Y word Y directly derived from X 0TS

MI-ROZ - 08
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© define primitives and their possible relations

@ construct a description in the form of string of primitives for
each class prototype

© recognition - for each object extract primitives, construct a
descriptive string of primitives

© based on the string of primitives classify an object into a class
for which this string is the best match

© Haindl MI-ROZ - 08 8/45
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® grammar G =<V, V,,R, S >

@ G grammar - specifies the rules governing the
composition of primitives into patterns
V; a finite set of terminal symbols (alphabet)
V,, a finite set of nonterminal symbols V; NV, =0
V=V,UV;
V* a set of all finite-length strings of symbols from V
R a finite set of substitution rules R C V* x V*
S start symbol (initial shape) S €V,
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® grammar G =<V, V,,R,S >

@ G grammar - specifies the rules governing the
composition of primitives into patterns
V; a finite set of terminal symbols (alphabet)
V,, a finite set of nonterminal symbols V; NV, =0
V=V,UuV;
V* a set of all finite-length strings of symbols from V
R a finite set of substitution rules R C V* x V*
S start symbol (initial shape) S € V,

® relational structure - provides structural description of patterns

—— )
© learning - grammar inference [oTiA) © learning - grammar inference [oTiA)
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® grammar G =<V, V,,R,S >

@ G grammar - specifies the rules governing the
composition of primitives into patterns
V; a finite set of terminal symbols (alphabet)
V, a finite set of nonterminal symbols V; NV, =10
V=V,UV;
V* a set of all finite-length strings of symbols from V
R a finite set of substitution rules R C V* x V*
S start symbol (initial shape) S €V,

® relational structure - provides structural description of patterns

® L(G) language - provides structural description of patterns,
formal language set of words described by a grammar
language £(G) - finite X infinite a set of words,

——
© learning - grammar inference (oTiA]
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The dog barks furiously.

(oTiA]
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The dog barks furiously.
rewriting rules:

< sentence > — < noun phrase > < verb phrase >

SPR R FL G FLA SA GlI

The dog barks furiously.
rewriting rules:

< sentence > — < noun phrase > < verb phrase >

< noun phrase > — < article > < noun > < noun phrase > — < article > < noun >
< verb phrase > — < verb > < adverb > < verb phrase > — < verb > < adverb >
< article > — the < article > — the
< noun > — dog < noun > — dog
< verb > — barks < verb > — barks
< adverb > — furiously < adverb > — furiously
V, = {< sentence >, < noun phrase >, < verb phrase >, < article >,
< noun >, < verb >, < adverb >}
oA Vi: = {the, dog, barks, furiously} s
S = < sentence >
© Haindl MI-ROZ - 08 11/48 © Haindi MI-ROZ - 08 11/4
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@ define primitives and their possible relations

@ construct a description grammar (hand analysis / grammar
inference)

© recognition - for each object extract primitives, recognize
primitives classes, describe their mutual relations, construct a
description word representing an object

© based on the description word syntactic analysis classify an
object into a class for which its grammar can generate the
description word

(oTiA]
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grammar is a 4-tuple G = (V,, Vi, R, S)
@ V, is a finite set of nonterminal symbols
@ V; is a set of terminal symbols (primitive classes)
@ R is a finite subset of

V*V,V* x V*
V* denotes the set of all strings over (V,, U V;), An element

of (a, ) € R (a — ) is called a production
@ S is a start symbol from V,,

(oTiA]
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grammar is a 4-tuple G = (V,, Vi, R, S)
@ V, is a finite set of nonterminal symbols
@ V; is a set of terminal symbols (primitive classes)
@ R is a finite subset of
V*V,V* x V*

V* denotes the set of all strings over (V, U V;), An element
of (a, ) € R (v — B) is called a production
@ S is a start symbol from V,,

Language £(G) generated by a grammar G is the set of sentences
generated by G, i.e.

L(G)={w|we VFASSw)

where relation = on V* is defined: if afy € V* and f — d is a

SPR R FL G FLA SA Gl

relation - an association between sets of information
A n-ary relation M over the sets My, ..., M, is a subset of their
Cartesian product M C My x ... x M,

production (substitution) rule in R, then a8y = ad~v and [TiA) [TTiA)
= denotes the reflexive and transitive closure of =
© Haindl MI-ROZ - 08 13/49 © Haindl MI-ROZ - 08 14/4
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relation - an association between sets of information
A n-ary relation M over the sets My, ..., M, is a subset of their
Cartesian product M C My x ... x M,

unary (n = 1) relation M c M

Example M:

triangle A square a
circ @ product I
binary (n = 2) relation — McMxM

— is specified by a subset M defined on the cartesian product
ordered pair of objects < x,y > & —

(oTiA]
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Properties of Binary Relations x,y,ze M
o reflexive x — x
@ symmetric X — y = y — X
@ transitive x — y Ay —z > x—Z
@ antisymmetric x — y Ay — x > x =y

o irreflexive if < x,x >¢—, eg., <

Examples:
= identity x =y
~ equivalence - if is reflexive, symmetric, transitive
~ compatibility - if is reflexive, symmetric, e.g.,

M = {ball, bed, doll}
—={<x,y> x,y € MA
x ~— y if both share some common letter} (TTiA

© Haindl MI-ROZ - 08 15/4
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Properties of Binary Relations x,y,ze M

@ reflexive x — x

SPR R FL G FLA SA Gl

® symmetric x — y = y — X Properties of Binary Relations x,y,z € M
@ transitive X — y ANy —z =X — 2z o reflexive x — x
@ antisymmetric x — y A y — x > x =y o symmetric X — y = y — x
o irreflexive if < x,x >¢—, eg., < ® transitive X — y A y — Z — X — 2
Examples: @ antisymmetric x — y Ay — x - x=y
= identity x =y o irreflexive if < x,x>¢—, eg., <
~ equivalence - if is reflexive, symmetric, transitive :
~ compatibility - if is reflexive, symmetric, e.g., n—ary Relation — M C My x Mz x ... x M,
< <={<x,y><x,y>RXRAx<y}
= —eo— ={<x,y >: x touches y}
— —r={< x,y >: xis insidey} (gTiA) (gTiA)
© Haindl MI-ROZ - 08 15/48 © Haindi MI-ROZ - 08 15/4
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relational structure <M, F > relational structure <M, F >

M set of primitives
N ={n1,...,nm} set of relation names
F(n;) =—  function assigning a n—ary relation on M" Vn;

every n—ary relation can be specified as a set of binary relations

(oTiA]
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M set of primitives
N ={ny,...,nn} set of relation names

F(n;) =— function assigning a n—ary relation on M" Vn;
every n—ary relation can be specified as a set of binary relations
Example:
— ordering (relational structure)

O transitive

@ irreflexive

O Vx,y,xFZy <x,y>E—VIyx>E—
(< x,y >e— x is leftwards from y)
language theory studies these sequences

® every word from selected alphabet is relational structure
© every relational structure can be transformed to a word [TTia)
from a alphabet

© Haindl MI-ROZ - 08 16/4
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% a finite, non empty set - alphabet
word X a finite sequence of V' elements
() empty word
I(X) word length (# of elements)
X | Y word Y is derived from the word X
v a set of all words above V
L C V* language

L(G)={XeV]:SEX}
Gi = G; equivalent grammars if L£(G;) = L(G;)

© Haindl MI-ROZ - 08 17/48
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V ={a, b}
finite
L1 ={a, aa, aba}
Ly = {0}
infinite

L3 ={0,ab,aabb,...,a"b", ...}
L4 ={X € V¥|I(X) > 2, word starts and ends
with identical symbol }

o finite languages - possible specification through enumeration
e & syntactic analysis comparison with all £ words

© Haindl MI-ROZ - 08 18/4
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V = {a, b}
finite
L1 = {a, aa, aba}
Lo = {0}
infinite

L3 ={0,ab,aabb,...,a"b", ...}
L ={X € V*|I(X) > 2, word starts and ends
with identical symbol }

o finite languages - possible specification through enumeration
e infinite languages, e.g., set description
L3={0,a"b": n>1}
Example L3:

a— 0 rule;
V,=Ha}, Vi={ab}, S={a}, R: [OTiA]
=) == 112,10 {o} {a—)aab rule; UiiA
MI-ROZ - 08
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graph grammars - texture primitives represented by nodes, two
nodes are connected by an arc if no other primitive is in some
specified neighbourhood of both primitives = undirected planar

graph,

classification = graph recognition

© Haindl MI-ROZ - 08 19/4
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0 Unrestricted (General)

@ R no restrictions
@ © analysis undecidable, difficult

G =< Vt7 Vn,R,S >
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0 Unrestricted (General) G=<V,V,,R,S >

@ R no restrictions
@ © analysis undecidable, difficult

1 Context-Sensitive
o R: {X104X2 — X1 YXQ}

0X1,X2,Y€ % Y#(Z), a eV,
o /(o) <I(Y)
Example: £ ={0"1"0"|n=1,2,...}
© Haindl MI-ROZ - 08 20/49 © Haindl MI-ROZ - 08 20/4!
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0 Unrestricted (General) G=<V,V,,R,S >
. 1 Context-Sensitive
0 Unrethrlcted (G-en-eral) G=<VWV,V,,R,S > 5 ContextFree
° ~no rleSt_”Ct";"S_d e diffieu Example: G =< V;, V,,,R, S >
@ O ana ys.ls. undecidable, difficult V, ZI{S,OZ,B} V, = {a, b}
1 Context-Sensitive S af "
o R: {XloéXQ—)X1YX2} S — ba r
@ Xi,Xp,Y € V¥ Y #(, acV, <
o I(a) < I(Y) v 3
Example: £ ={0"1"0"|n=1,2,...} o, @ bew i@
2 Context-Free a—a s
o R: {a— Y} Y e V*\ ac 'V, B—obS 1o
() =1 B—afpf n
\ﬁ — b rs
el R L e e ot U714
© Haindl MI-ROZ - 08 20/49 © Haindl MI-ROZ - 08 20/4




SPR R FL G FLA SA Gl

0 Unrestricted (General)
1 Context-Sensitive
2 Context-Free

G =< Vt; Vn7R75 >
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0 Unrestricted (General) G=<V,V,,R,S >
1 Context-Sensitive
2 Context-Free

3 Regular (Finite-State)

. a—af n
3 Regular (Finite-State) ° R:
a—b n
T a—af n a,BEV, abeV,
a—b n @ note «, 3, a, b are single symbols
CY,BEV,” aabe Vt
@ note a, 3, a, b are single symbols Example : V,, = {S,a} Vi = {a, b}
S—an n
o _ min . —
Example : £={0"1": mn=1,2,...,} - i i
a— b r3
—s 1 2 2 3 —s
(OTiA] SQ)aaQ)aaaQ)aa aaQ)aaab (OTiA]
© Haindl MI-ROZ - 08 20/4 © Haindl MI-ROZ - 08 20/4
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substitution rules usage

@ deterministic

© Haindl MI-ROZ - 08 21/4¢

substitution rules usage
@ deterministic
@ stochastic < V4, V,,, R,p, S >

5 pifa) = 1
Example: V, ={S,a,5} Vi = {a, b}

(oz&)as rn

a&)b a1
p(.)

a—>a r3
R p(.)
B—>b5 ra
p(.)
B—afBB rs
p(.)
\5—>b 163
o consistent } yc () Pe(X) =1
Ps(X) = Zf.;l pi k no. of alternatives __,
o General, Context-Sensitive, Context-Free, Regular I_M

© Haindl MI-ROZ - 08 21/4!
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substitution rules usage
@ deterministic

@ stochastic < V4, V,,, R, p, S >

> pife) =1

e fuzzy p: R—<0;1> Yo Pila) #1
substitution rules usage
@ deterministic relations
@ stochastic < V4, V,,, R, p,S > Yoipi(e)=1 @ chain
e fuzzy p:R—<0;1> Yo bi(e) #1 @ n-ary
substitution rules types
e General
@ Context-Sensitive
@ Context-Free
(oTiA] @ Regular (oTia)
© Haindl MI-ROZ - 08 21/44 © Haindl MI-ROZ - 08 21/4
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G=<V,V,,R,S > V:{Ozl,...,ozk} Vt:{al,...,am} S=m
' 7 V, =15« Ve ={0,1
a,-piialal a;ﬂml " { ’ 76} t { 7 }
. 1 0.3
oz,-p"—>1’232a1 Szla 5?0
Pij R: a—08 p—1S
O j—>aj
R: 0.2
’ Pi k.l c a—1
aj—>a|0g
. Pi,m
Qj—>am
kS g ma
' mek S=1la= 103 = 100 p(100) =1 x 0.8 x 0.3 = 0.24
m m
IPIEIED LAY
j=1 /=1 =1 — Vit )
(TTiA] (OTiA)
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h

word x | p(x)
11 | 0.2
100 | 0.24

(101)"11 | 0.2 x (0.56)"
(101)7100 | 0.24 x (0.56)"

> p(x) =0.2+0.24 + i(o.z +0.24)(0.56)" = 1

SPR R FL G FLA SA Gl

@ Stochastic (Probabilistic) Grammar (p-grammar) (G, F)
- substitution rules are accompanied with corresponding
probabilities , F is a function assigning probabilities to the
production in P, usually unconditional, p-grammar can be of
0-3 type,

xeL n=1
© Haindl MI-ROZ - 08 22/48 © Haindi MI-ROZ - 08 23/4
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@ Stochastic (Probabilistic) Grammar (p-grammar) (G, F)
- substitution rules are accompanied with corresponding
probabilities , F is a function assigning probabilities to the
production in P, usually unconditional, p-grammar can be of
0-3 type,
@ Web Grammar (1D / 2D) finite-state (regular, G3) languages - weaker than context-free (Gy)
or context-sensitive (G;) languages
a— B, E
. . : simple primitives require more complex grammars and vice versa
generated sentences are directed graphs with symbols at their ple p q plex g
vertices ("webs"), a, B are webs, E is an embedding of S, if
card(V1) = 1 then all points have the same label and the
grammar is called the graph grammar,
context-sensitive web - if 3a € « such that o — {a} is a
subweb of 5 and all edges between points of the host web and
points of o — {a} are in E — —e
. UTIA UTIA
context-free web - if card(a) =1 T undl
© Haindl MI-ROZ - 08 23/41 © Haindl MI-ROZ - 08 24/4
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(
(

Deterministic Finite-State Automaton
A=<X,Q,0>

Deterministic Finite-State Automaton (enhanced)
A=<%2,Q,6S5 F>

Y a finite set of input symbols (alphabet)

Q a finite set of states

0: Q@ XX — @ mapping of Q X ¥ to a next state
S € Q the initial state

F C Q the set of final states F = {f}

Nondeterministic Finite-State Automaton (several possible

SPR R FL G FLA SA GlI

® V (nondeterministic) regular Gz 3 the non deterministic
finite-state automaton A

® V nondeterministic finite-state automata A 3 (non
deterministic) regular Gs

Gz — A Gz =<V, V,,R,S >

=V, Q=V,U{f} f&V, Sa=Sc F={f}
if S—0ecR then F={S,f} else F={f}
d (o, € Vpy xe V)

if (@ = xB) € R then B € (a,x)

if (@ = x) € R then f € d(a,x)

if (0 >0)€R then Sp="f

outputs)
grammar G is equivalent with the automaton A if similarly
—eo a finite-state nondeterministic A — Gz (regular grammar —e
£(G) = L(A) (UTia) (regular grammar) oA
context-free G, — pushdown automaton A
© Haindl MI-ROZ - 08 25/4 © Haindi MI-ROZ - 08 26/4
SPR R FL G FLA SA Gl SPR R FL G FLA SA Gl

syntactic recognition

@ matching - matching between the classified pattern and
prototype patterns
© no structural information recovered
very simple
@ syntactic analysis
complete pattern description
& complex

a finite language - SC can search all the words of the language
a regular grammar - SC a finite non-deterministic automaton
a context-free grammar - SC can use a stack automata

© Haindl MI-ROZ - 08 27/4¢

syntactic analysis (parsing)

@ top-down approach
start symbol S — substitution rules until analysed word is
generated
if a partial substitution creates a dead end — backtracking to
the nearest higher tree level and picking another applicable
rule or all possible combinations of substitution rules are
applied in parallel
if the whole process is unsuccessful the grammar does not
generate the pattern (does not belong to this class)

& less efficient, too many incorrect branches generated
tree pruning - prior knowledge consistency test to decrease
number of generated branches

(oTiA]
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assign X into class w; if X € L(G))
@ generate words X; from the start symbol using G;

@ if 3 X; that starts with identical terminal symbols with X cut
common parts and further process remaining chains

if X; starts with a non terminal symbols, use substitution rules

© 0

if remaining subchains X;, X are empty accept G; otherwise go
to 1.

© Haindl MI-ROZ - 08 29/41
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Gy: Vp,={S,a} Vi={ab,c,+,x} i€ {a,b,c}

X =a+bxc A sentence from Gy?
S -« n
S— S
R- ?H— r
o —> i r

a—>iXa n

© Haindl MI-ROZ - 08 30/4
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G: V,={S,a} Vi={a,b,c,+,x} ie{ab,c}

X =a+bxc A sentence from Gy?
(
o
S— n a+ S
S— S i
R : ?H— K& S+ hE
a— i r a+ S+ n (r+r)
a—iXa n abixa
a+SkFixa+$§
(OTiA]
© Haindl MI-ROZ - 08 30/4!
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Gy : Vpo={S,a} Vi={a,b,c,+,x} ie{ab,c}

X =a+bxc A sentence from Gy?
«
S—a n a+ S
R S—>(.Jz+5 rn S abk i
o | r3 at+ Sk rn (n+n)
a—iXa mn abkixa
\oz+5|—i><oz—|—5

bxc: Sktat rm (n+ra)

(oTiA]

© Haindl MI-ROZ - 08 30/4
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G: Vo,={S,a} Vi={a,b,c,+,x} ie{ab,c}
X =a+bxc A sentence from Gy?

SPR R FL G FLA SA Gl

.
o
S—a« r a+ S @ bottom-up approach
S—=a+S n alb i starts with the analysed word, which is reduced applying the
R: . Sk reverse substitution to the start symbol
a—> r3 a+ Sk n (n+n) . :
] L if the whole process is unsuccessful the grammar does not
et s CHmR T generate the pattern (does not belong to this class)
a+Skixa+$§
bxc: SFat ry (r1+ra)
C: a b ry = Xe G . .
(OTiA] (OTiA]
© Haindl MI-ROZ - 08 30/49 © Haindl MI-ROZ - 08 31/4!
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@ bottom-up approach
starts with the analysed word, which is reduced applying the
reverse substitution to the start symbol @ bottom-up approach
if the whole process is unsuccessful the grammar does not starts with the analysed word, which is reduced applying the
generate the pattern (does not belong to this class) reverse substitution to the start symbol
EEE if the whole process is unsuccessful the grammar does not
' generate the pattern (does not belong to this class)
@ relational structures matching
S+a n relational structure of the analysed object is matched with
S«—a+S r RS's of grammar examples
X = a+bxc R: ] 2
Qi r
BV SO Regular (s_tochast_lc) .
; s A . , easy using equivalent (stochastic) automaton
at+bxc F a+bxckFa+bxata+ala+SFE
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(

@ a grammar is expanded to cover all possible errors into its
production (distorted patterns), for string grammars the
substitution, deletion, and insertion errors are considered

@ the resulting covering grammar is used for parsing

© Haindl MI-ROZ - 08 32/4!
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grammar inference - grammar construction from training samples

given: training sets T;
7=y 7

i=1,...,K contain words of L(G;)

task:  G; (R) generating words T;
V: known (sometimes counter-examples V/*\ L)

stochastic G; T ={[X1, P1],- -, [Xn, Pa]}
G; generates not only T; but also similar words

© Haindl MI-ROZ - 08 33/4
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enumeration detects a grammar from the finite set of possible
grammars that can generate the whole training set
© difficult to construct this set of
grammars
& difficult to select one specific grammar

induction analysis of training set words and derivation of
substitution rules

© Haindl MI-ROZ - 08 34/4!
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© no general inference method, existing methods are more or
less heuristic,

© inference methods G; — T; only for regular grammars (3, no
class generalization) unsuitable for PR

© inferred grammars usually generates much larger language
than the minimum language — too complex syntactic analysis,

© increased descriptive power of language is paid with increased
syntax analysis complexity,

© training set is always finite and not sufficient to define an
infinite language unambiguously,

© a finite training set can be represented by an infinite set of
languages.

(oTiA]
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assumption: Ti={[Xi;rn,r . sy }
(a substitution rule sequence known for every training word)

e.g., X1 =Sk aabt aafbt aacb (2, context-free)
X1 = [a

© Haindl MI-ROZ - 08 36/44
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assumption: Ti={[Xir,ry. sy }
(a substitution rule sequence known for every training word)

e.g., X1 =St aabt aafbt aachb (2, context-free)
X1 = [aa

© Haindl MI-ROZ - 08 36/4
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assumption: T, ={[X;rn,r, ..oy }

(a substitution rule sequence known for every training word)

e.g., X1 =Sk aabt aafbt aacb (2, context-free)
X1 = [a[a[c]]b]

Example:

X1 = [b[[[a]b]b]b]

Xy = [b[b[b[a]]b]b]
X3 = [b[b[[[a]b]b]b]b]
Xq = [b[p[a]]b]
(oTiA]
© Haind| MI-ROZ - 08 36/41

SPR R FL G FLA SA Gl

© G; generating X1 = [b[[[a] b] b] b]

® find a subword Y being enclosed to the most brackets,

i.e., Y=a
@ create the rule < firstoymp(Y) v lastsymp(Y) > — Y,
ie., n:<aoawa>—a

© inverse substitution using (r1)

X, = [b[< a2 > blE]6]

© Haindl MI-ROZ - 08 37/4!
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@ G; generating X1 = [b[[[a] b]b]b]

@ find a subword Y being enclosed to the most brackets,

ie., Y=a
@ create the rule < firstomp(Y) v lasteymp(Y) > — Y,
ie., n:<aaa> —a

© inverse substitution using (ry)

X, = [bl[< aca > b]b]b]
O repeat steps in 1.

Y =<aaa> b firstsymp(Y) = a, lastsymp(Y) = b

rn:<aab>—<aaa>b X1 = [b[< aab > b]b]

SPR R FL G FLA SA Gl

O G; generating X1 = [b[[[a] b] b] b]

@ find a subword Y being enclosed to the most brackets,

i.e., Y =a
@ create the rule < firstsymp(Y) v lastsymp(Y) > — Y,
i.e., A:Lo@e> =&

© inverse substitution using (r1)
-1

X, = [bl[< ava > b]b]b]
@ repeat steps in 1.
Y =<aaa> b firstsymp(Y) = a, lastsymp(Y) = b

n:<aab>—<aaa>b X1 = [b[< aab > b]b]

r:<aab>—><aab>b Xi1=[b<aab> b

(OTiA]
© Haindl MI-ROZ - 08 37/44 © Haindl MI-ROZ - 08 37/4
SPR R FL G FLA SA GI SPR R FL G FLA SA Gl
O G; generating X1 = [b[[[a] b]b]b]
©® find a subword Y being enclosed to the most brackets,
ie., Y=a
@ create the rule < firstemp(Y) v lasteymp(Y) > — Y, Gy =< Vi1, Vp1,R1,S >
ie., n:<aaa>—a
© inverse substitution using (ry) Vii={a b}, Vhii={S,<aaa> <aab><bab>}
X, = [b][< aca > b]b]b] (<aca>—a n
@ repeat steps in 1. <aab>—<aaa> b rm
Y =<aaa> b firstsymp(Y) = a, lastgmp(Y) = b Ri: {<aab>—<aab> b n
rn:<aab>— <aaa> b X1 = [b[< aab > b]b] Shabz=b<sad>b
\5 —< bab > Iy
nR:<aab>— <aab>b Xi1=[b<aab>Db]
rp:<bab>— b<aab> b X1 =<bab>
r: S > <bab> . .
© repeat steps 1., 2. for remaining grammars (Xp, X3, Xa) [oTia] [o7ia]
© Haindl MI-ROZ - 08 37/4 © Haindl
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analogously Gy, G3, G4

G=<V,V,,R,S > - combination of Gi, Gy, G3, G4

Vt:{a,b},
Vp={S,<aaa><aab><bab><baa>}

<aaa>—a n
<aab>—<aaa> b rn
<aab>—<aab> b r3
R <bab>—b<aab>b n
S—><bab> rs

<bab>—b <bab>b r
<bab>—>b<baa>b r

\<baa>—>b <aaa> Is
& difficult for large T;

© Haindl MI-ROZ - 08 39/44
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O select the most frequent T; subwords

Q@ VX;c T; create G;j
rd T,'
o Gi:U}:il( ) Gij

reduction rules:

© Eliminate all but one multiple occurrences of a rule.

© Haindl MI-ROZ - 08 40/4
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O select the most frequent T; subwords
Q VX;c T; create G;j;

9 G = Ufirf(m Gij

reduction rules:
@ Eliminate all but one multiple occurrences of a rule.

@ Look for non terminal symbols which can be substituted by
another non terminal symbol such that the grammar will
contain multiple occurrences of some rules. Make the
substitution and apply 1.

© Haindl MI-ROZ - 08 40/41
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O select the most frequent T; subwords
Q@ VX;c T; create G;j

d(T;
o 6 -U" Gy

J:
reduction rules:
© Eliminate all but one multiple occurrences of a rule.

@ Look for non terminal symbols which can be substituted by
another non terminal symbol such that the grammar will
contain multiple occurrences of some rules. Make the
substitution and apply 1.

© Look for such a couple [o, a] that adding the rule « — a for
some «, a the grammar will contain multiple occurrences of

some rules. Apply 1. [Oia)

© Haindl MI-ROZ - 08 40/4
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trainee set: o
substitution rules:
X1 = caaab
n rn r3 ra
Xp = bbaab Gi: S — ca a— af B — ay v—ab
X3 = caab Gy: S — bbd 6 — ae € — ab
X, = bbab G3: S—cp Y — ay 1 — ab
X = cab G4: S — bby X — ab
X — bbb Gs: S—c t— ab
6 = Gs: S — bbp pw—b
X7 = cb Gr: S—cv v—b
the most frequent subwords ab, bb
© Haindl MI-ROZ - 08 41/4! © Haindi MI-ROZ - 08 42/4
SPR R FL G FLA SA GI SPR R FL G FLA SA Gl
substitution rules:
n ry rs ra substitution rules:
Gi: S— ca a — af B — ay v—ab reduction s - 13)
Gy: S — bbd 0 — ae € — ab n r rs "
Gs: S—cp w — ay Y — ab G: S— ca o — aB B — ay v—ab
Ga: S — bby X — ab Gy: S— bbs 5 — ae
Gs: S —c L — ab Gy: S—cyp o — a
G6:S—>bb,u u—)b G 5_>be
Gr: §S—cv v—b Gs: S—cu
Gs: S — bbu @w—b
reduction (s - 13) N, 6,0, Xy L —> Y [y V=S [ Gro S—cv
Xi: S(ian@caB@caav(ﬂcaaab 1712 UTiA
© Haindl MI-ROZ - 08 42/49 © Haindl MI-ROZ - 08 42/4!
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m

©Q reduction (15 - 13) Yy €W Xy L —> Y WV —> b
_ S—»ca S—bbs S—bby S—cvy
O reduction (s - 13) Yy €, XL — Y WV — 1 S—scp S—cp S—obbpy a—ap
S—wca S—bbé S—>bby S—cy B—ay y—ab 0 — ay = ay
S—»>cp S—cup S—obbuy a—ag p—b
B — ay v — ab 0 — avy Y — ay
©w—b @ reduction @3 — o) Q, hy P,y — O
S—ca S—bbéd S—bby S—co
S—>ca S—ca S — bbo o — ap
B — aa o — ab 0 — an o — aa
a—b
© Haindl MI-ROZ - 08 43/4! © Haindi MI-ROZ - 08 43/4
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O reduction (18 - 13) Y, €, Xy L —> Y UV —> L © reduction (18 - 13) Yy €, X, L —> Y Wy V= [
S—ca S—bbé S—>bby S—cy S—sca S—bbs§ S—>bby S—cvy
S—»cp S—cpup S—bbuy a—ap S—cp S—cu S—bbuy a—ap
B — ay v — ab 0 — avy Y — ay B — ay v — ab 0 — avy Y — ay
©w—b w—b
@ reduction (13 - 9) Q, b, Q, Y = Q @ reduction (13— 9) Q, h, P, Y — Q
S—ca S—bbd S—bbo a—ap S—ca S—bbd S—bbo a—af
o —b o — ab a—aa 3 — aa oa—b a — ab a—ax [ — an
d — aa 0 — an
@ reduction (9 - 5) 4,0 — « @ reduction (- 5) 0,8 — «
S—rear——5r—=hber==iyr—rra (p=py—ywl) S—recar——9—r=hhar=—rrg =gyl
o — ab A o — ab [oTiA
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SPR GM
A ———————
@ graph isomorphism
an exact match of two graphs, given two graphs G; = (V;, E;),
find one-to-one and onto mapping (an isomorphism) f
between Vi, V, such that for each edge E; connecting any
pair of nodes v, v € Vi, there is an edge in E, connecting
f(v), f(v); further if f(v), f(v) are connected in Gy, v, v are
connected in Gj.

final grammar:

S — ca
S — bba
a — aa
a— b

@ subgraph isomorphism

— finding an isomorphism between a graph G; and subgraphs of —.

(711 7] i UTiA
G, more difficult problem
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