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Our Approach

I Tokenizeris a databasedrivenglyph recogniser

I Approximately5300LATEX symbols in 8 font sizes
I Boundingbox, baselineposition, relation to other glyphs,etc.

I Structural Analysisfor character and formula recognition
I GraphGrammar Parsing

I SemanticAnalysisfor validationand interfacingto other tools

I Domain speci�c plug-in
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GraphGrammar Parsing

I String grammar parsing | build parsetree by rewriting
patternsof symbols to a singlesymbol

I Graphgrammar parsing | build parsetree by rewriting
subgraphpatternsto a smallersubgraph,usuallya singlenode

I Graphconnectivity basedon spatial relationshipsof glyphsin
formula

I Problems
I Subgraphmatching is hard: easierif we reduceconnectivity

without losingcritical information
I Rulediscovery
I Rule interaction
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ProjectionPro�le Cutting

I Standard techniquein documentanalysisto identify
disconnectedcomponentsand their spatial relationships

I Scanimagehorizontally looking for vertical linesthat
partitions imagewithout cutting any component

I Scaneachpartition vertically looking for horizontal linesthat
further partitions eachsub-imagewithout cutting any
component

I repeat until only atomic componentsleft

I Top down rather than bottom up approach
I Reasonablysuccessfultechnique,but fails on enclosed

symbols:
�
p

a + b; Wt � f � V (pi ) � Wt



PPC in Our Context

I Glyphrecogniseralreadyidenti�es disconnectedcomponents
and absolutespatial locations,but not their relativespatial
relationships



PPC in Our Context

I Glyphrecogniseralreadyidenti�es disconnectedcomponents
and absolutespatial locations,but not their relativespatial
relationships

I UsePPC aspre-parsestep to guidesub-graphmatching
I UsePPC to optimisecharacter reconstructionfrom glyphs
I Useglyph recogniserinformation to guidePPC in enclosed

symbol handling
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PPC andenclosedsymbols

I PPC normally cannot handleenclosedsymbols:
I No vertical or horizontal partition possible
I No hint that sub-structureexists
I Specialprocessingnecessary for eachtype of enclosure

I Our context: glyph extraction tells us that sub-structureexists

I Genericsolution: peelo� enclosingglyph and generatenode in
parsetree
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GraphGrammar RewritingAims

I Framework for exploring rulesets
I Modular, extendiblerulesets
I Discoveryof rulesets
I Designingrulesetsfor character reconstructionfrom glyphs,

glyph reconstructionfrom broken glyphs
I Debuggingrulesets,identifying con
icting rules



Constructingthe Graph

I Line of Sight connectivity (rather than full or compasspoint
connectivity)

I Initial nodesare lazy lists of matchingglyphsin best match
order



Rules

I Rule is basedon a principal node:
I A rangeof spatial relationshipsbetweenthe principal node and

ancilliary nodescan be speci�ed.
I Ancilliary nodescan be speci�ed asnon-terminal(e.g.

RelationalOperator) or terminal symbols (e.g. \+")
I Any number of ancilliary node connectionscan be includedin

a rule
I Precedencebetweenrulesin a rulesetcan be speci�ed



Matcher

I Matcher exhaustivelychecksfor applicability of all rulesto all
possiblenodesandall permutationsof possibleancilliary nodes

I Identi�es rulesthat con
ict on the current graph
I Allows non-con
icting rulesto be appliedautomatically
I Allows automatic choiceof con
icting rulesin a sequencethat

minimisesthe number of �nal unconsumednodes.



FormulaReader

I Rulesetvisualisationand exploration tool
I Allows manualcontrol over the parseprocess
I Displays current state of the parseforest
I Draws boxesaround recognisedsub-formulas
I Draws connectionsbetweennodesthat havenot yet been

consumed
I Selectingin the graphwill select/highlight the corresponding

part of the parseforest and vice versa
I Current set of applicablerulesare displayed with con
icting

groupsidenti�ed
I Parsing can be executedin manualsteps: the default choices

are pre-selectedfor speed,but the usercan chooseany valid
alternative



FormulaReader



RuleBuilder

I A RuleBuilder interfaceallows the userto selecta group of
nodesat any time, constructa rule out of them and
dynamicallyadd the rule to the rule set



Finally...

I Conclusions
I New productivecombinationof glyph extractionand projection

pro�le cutting
I New solution to PPC problemof enclosedglyphs
I A new tool to explore and experiment with the designof graph

grammar rulesets
I Future work

I Rulede�nitions and matcherare too simple,althoughthe
Formula Readerand RuleBuilder tools haveprovenvery useful
in helpingus to visualiseand understandthe designchoicesin
rule set development:we intend to keepthe best ideasfrom
the tools but apply it to more generaltypesof graphrewrite
systems.

I Explore integration betweenPPC and graphgrammar rewrite
rules


