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Background and MotivationsBackground and Motivations
•• Finite Automata ImplementationsFinite Automata Implementations

–– Traditionally uses tableTraditionally uses table--driven approachdriven approach
•• Memory load problemsMemory load problems
•• Limited capacity of data cache  Limited capacity of data cache  

–– Alternative approach: Alternative approach: HardcodingHardcoding
•• Suggested by:Suggested by:

–– Thompson  (Regular expressions, 1968 )Thompson  (Regular expressions, 1968 )
–– Knuth (Pattern Matching, 1977)Knuth (Pattern Matching, 1977)

•• Instructions load problemsInstructions load problems
•• Limited capacity of instruction cache  Limited capacity of instruction cache  
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Background and MotivationsBackground and Motivations
•• Need to improve processing performance byNeed to improve processing performance by

–– Exploiting hardware’s capabilities with emphasis onExploiting hardware’s capabilities with emphasis on
•• Cache memoryCache memory

–– Faster than main memoryFaster than main memory
–– Data movements from cache to CPU are inexpensiveData movements from cache to CPU are inexpensive
–– Miss penalties avoidance for data already present in Miss penalties avoidance for data already present in 

cache through:cache through:
•• Temporal locality of referenceTemporal locality of reference
•• Spatial locality of referenceSpatial locality of reference

•• Our algorithm exploits spatial localityOur algorithm exploits spatial locality
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The TableThe Table--driven algorithmdriven algorithm
ProcProc tdRecognizer(table,inStringtdRecognizer(table,inString))
;;state,indexstate,index := 0,0:= 0,0

dodo (index<(index<inString.length())inString.length())∧∧(state(state ≥≥ 0) 0) →→
state := state := table[state][inString[indextable[state][inString[index]]]]
index := index+1index := index+1

odod
•• Time complexity Time complexity O(|inStringO(|inString|)|)
•• The table is unorderedThe table is unordered

–– Spatial locality problem:Spatial locality problem:
•• High probability of cache missesHigh probability of cache misses



6/40School of ComputingSchool of Computing

The State Reordering algorithmThe State Reordering algorithm
•• Parameters:Parameters:

–– tabletable, , inStringinString: transition table, input string: transition table, input string
–– srTablesrTable is a dynamic twois a dynamic two--dimensional arraydimensional array

•• Begins at address Begins at address startstart
•• Each block holds Each block holds sizesize bytes bytes 

–– Auxiliary array Auxiliary array srMapsrMap holds the position (holds the position (pospos) of each state in ) of each state in 
srTablesrTable

–– nextBnextB holds the next memory address to be allocated to holds the next memory address to be allocated to 
srTable[possrTable[pos]]..

–– n,an,a total number of states, alphabet sizetotal number of states, alphabet size
–– m = m = strTable[i][jstrTable[i][j] ] 

•• m < n m < n ⇔⇔ the state the state mm is not reorderedis not reordered
•• m m ≥≥ n n ⇔⇔ the state at the state at srTable[msrTable[m--nn]] is reordered is reordered 
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The State Reordering algorithmThe State Reordering algorithm
{assume {assume nn is the number of states and is the number of states and aa is alphabet size}is alphabet size}

ProcProc srRecognizer(table,inString,start,sizesrRecognizer(table,inString,start,size))

;srMap[0..n;srMap[0..n--1] := 1] := --11

;;nextBnextB := start:= start

;state := 0;state := 0

;index := 0;index := 0

;pos := 0;pos := 0
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dodo (index < (index < inString.lengthinString.length()()∧∧ state state ≥≥ 00 ) ) →→
ifif state < n state < n →→

;;srMap[state],srTable[possrMap[state],srTable[pos] := ] := pos,malloc(nextB,sizepos,malloc(nextB,size))
;srTable[pos][0..a;srTable[pos][0..a--1],k,j := table[state][0..a1],k,j := table[state][0..a--1],0,01],0,0

dodo k k ≤≤ pos pos →→
dodo j j ≤≤ a a →→
;m := ;m := srTable[k][jsrTable[k][j]  ]  
ifif m < n m < n ∧∧ srMap[msrMap[m]] < 0< 0 →→ skip {skip {m m ∉∉ visited(indexvisited(index))}}

| | m < n m < n ∧∧ srMap[msrMap[m]] ≥≥ 0 0 →→ srTable[k][jsrTable[k][j] := ] := srMap[m]+nsrMap[m]+n

|| m m ≥≥ n n →→ skip {skip {m m already updatedalready updated}}
fifi
; j := j+1; j := j+1

odod
; k := k+1; k := k+1

odod
state,pos,nextBstate,pos,nextB := srTable[pos][inString[index]],pos+1,nextB+size:= srTable[pos][inString[index]],pos+1,nextB+size

|| state state ≥≥ n n →→ state := state := srTable[statesrTable[state--n][inString[indexn][inString[index]]]]
fifi
;index := index+1;index := index+1

odod
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Illustrative exampleIllustrative example
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Illustrative exampleIllustrative example
• String: abcbaabcba
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Illustrative exampleIllustrative example
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4521
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tabletable
•• String: String: abcbaabcbaabcbaabcba
•• Initial phase:Initial phase:

–– srTablesrTable does not existdoes not exist

-1-1-1-1-1-1-1srMapsrMap::

0state
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Illustrative exampleIllustrative example
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•• Iteration 1:Iteration 1:

–– abcbaabcbaabcbaabcba
-1-1-1-1-1-10srMapsrMap::

srTablesrTable::
136 No change by updateNo change by update

0state
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Illustrative exampleIllustrative example
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•• Iteration 1:Iteration 1:

–– aabcbaabcbabcbaabcba
-1-1-1-1-1-10srMapsrMap::

srTablesrTable::
136

6state
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Illustrative exampleIllustrative example
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•• Iteration 2:Iteration 2:

–– aabcbaabcbabcbaabcba
1-1-1-1-1-10srMapsrMap::

srTablesrTable::
136

531

State 6 to be updated to State 6 to be updated to 11+7 = 8+7 = 8

6state
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Illustrative exampleIllustrative example
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•• Iteration 2:Iteration 2:

–– aabcbaabcbabcbaabcba
1-1-1-1-1-10srMapsrMap::

srTablesrTable::
138

531

6state
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Illustrative exampleIllustrative example
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•• Iteration 2:Iteration 2:

–– ababcbaabcbacbaabcba
1-1-1-1-1-10srMapsrMap::

srTablesrTable::
138

531

3state
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Illustrative exampleIllustrative example
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•• Iteration 3:Iteration 3:

–– ababcbaabcbacbaabcba
1-1-12-1-10srMapsrMap::

srTablesrTable::
138

531

123

Already visited states must be Already visited states must be 
updatedupdated

State 3 must be updated to State 3 must be updated to 22+7=9+7=9

3state
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Illustrative exampleIllustrative example
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•• Iteration 3:Iteration 3:

–– ababcbaabcbacbaabcba
1-1-12-1-10srMapsrMap::

srTablesrTable::
198

591

129

3state
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Illustrative exampleIllustrative example
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•• Iteration 3:Iteration 3:

–– abcabcbaabcbabaabcba
1-1-12-1-10srMapsrMap::

srTablesrTable::
198

591

129

1state
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Illustrative exampleIllustrative example
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•• Iteration 4:Iteration 4:

–– abcabcbaabcbabaabcba
1-1-12-130srMapsrMap::

srTablesrTable::
198

591

129

452

Already visited states must be Already visited states must be 
updatedupdated

State 1 must be update to State 1 must be update to 33+7 = 10+7 = 10

1state
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Illustrative exampleIllustrative example
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•• Iteration 4:Iteration 4:

–– abcabcbaabcbabaabcba
1-1-12-130srMapsrMap::

srTablesrTable::
1098
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1029

452

1state
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Illustrative exampleIllustrative example
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•• Iteration 4:Iteration 4:

–– abcbabcbaabcbaaabcba
1-1-12-130srMapsrMap::

srTablesrTable::
1098

5910

1029

452

5state
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Illustrative exampleIllustrative example
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•• Iteration 5:Iteration 5:

–– abcbabcbaabcbaaabcba
14-12-130srMapsrMap::

srTablesrTable::
1098

5910

1029

452

310

Already visited states must be Already visited states must be 
updatedupdated

State 5 update to State 5 update to 44+7 = 11+7 = 11

State 1 updated to State 1 updated to 33+7 = 10+7 = 10

State 3 updated to State 3 updated to 22+7 = 9+7 = 9

State 0 updated to State 0 updated to 00+7 = 7+7 = 7
5state
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Illustrative exampleIllustrative example
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•• Iteration 5:Iteration 5:

–– abcbabcbaabcbaaabcba
14-12-130srMapsrMap::

srTablesrTable::
1098
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Illustrative exampleIllustrative example
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•• Iteration 5:Iteration 5:

–– abcbaabcbaabcbaabcba
14-12-130srMapsrMap::
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Illustrative exampleIllustrative example
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•• Iteration 6:Iteration 6:

–– abcbaabcbaabcbaabcba
14-12-130srMapsrMap::

srTablesrTable::
1098

11910

1029

4112

9107

state = 7 @ srTable[state = 7 @ srTable[77--7] 7] ieie pos = 0 pos = 0 

7state
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Illustrative exampleIllustrative example
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•• Iteration 6:Iteration 6:

–– abcbaaabcbaabcbabcba
14-12-130srMapsrMap::

srTablesrTable::
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Illustrative exampleIllustrative example
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•• Iteration 7:Iteration 7:

–– abcbaaabcbaabcbabcba
14-12-130srMapsrMap::
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state = 8 @ srTable[state = 8 @ srTable[88--7] 7] ieie pos = 1 pos = 1 
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Illustrative exampleIllustrative example
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•• Iteration 7:Iteration 7:
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Illustrative exampleIllustrative example
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•• Iteration 8:Iteration 8:

–– abcbaababcbaabcbacba
14-12-130srMapsrMap::

srTablesrTable::
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state = 9 @ srTable[state = 9 @ srTable[99--7] 7] ieie pos = 2pos = 2

9state
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Illustrative exampleIllustrative example
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•• Iteration 8:Iteration 8:

–– abcbaabcabcbaabcbaba
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Illustrative exampleIllustrative example
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•• Iteration 9:Iteration 9:

–– abcbaabcabcbaabcbaba
14-12-130srMapsrMap::
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state = 10 @ srTable[state = 10 @ srTable[1010--7] 7] ieie pos = 3pos = 3
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Illustrative exampleIllustrative example

5316

3105

0644

1233

2112

4521

1360

cba

tabletable
•• Iteration 9:Iteration 9:

–– abcbaabcbabcbaabcbaa
14-12-130srMapsrMap::
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Illustrative exampleIllustrative example
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•• Iteration 10:Iteration 10:

–– abcbaabcbabcbaabcbaa
14-12-130srMapsrMap::
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state = 11 @ srTable[state = 11 @ srTable[1111--7] 7] ieie pos = 4pos = 4

11state
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Illustrative exampleIllustrative example
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•• Iteration 10:Iteration 10:
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Illustrative exampleIllustrative example
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•• Iteration 11:Iteration 11:

–– abcbaabcbaabcbaabcba
14-12-130srMapsrMap::

srTablesrTable::
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9107

7state

Final State, no more symbolsFinal State, no more symbols
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Theoretical assessment Theoretical assessment 
•• Time complexity: Time complexity: O(|inString|O(|inString|xxnnxxaa))

–– Cost for reordering: Cost for reordering: O(nO(nxxaa))
–– At hotAt hot--spot, time complexity: spot, time complexity: O(|inStringO(|inString|)|)

•• Suitable for strings made of long sequencesSuitable for strings made of long sequences
–– Visiting a limited number of statesVisiting a limited number of states
–– At hotAt hot--spot:spot:

•• Enjoys Spatial locality of referenceEnjoys Spatial locality of reference
•• Low probability of cache missesLow probability of cache misses
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Experimental ResultsExperimental Results
•• Strings of the form Strings of the form S = SS = S00kSkS00k, Sk, S00= s= s11ss22……ssmm

–– k k triggers a transition back to the final state triggers a transition back to the final state 00
–– |S| = 2n|S| = 2n

–– Without reordering cost Without reordering cost 

0

500000

1000000

1500000

2000000

2500000

3000000

12
5

87
5

16
25

23
75

31
25

38
75

46
25

53
75

61
25

68
75

76
25

83
75

91
25

98
75

10
62

5

11
37

5

12
12

5

TD

SR



39/40School of ComputingSchool of Computing

Experimental ResultsExperimental Results
•• Strings of the form Strings of the form S = SS = S00kSkS00kSkS00kSkS00k, Sk, S00= s= s11ss22……ssmm, , 
k k triggers a transition back to the final state triggers a transition back to the final state 00
–– |S| = 4n|S| = 4n

–– With reordering costWith reordering cost
•• Optimized TD and SROptimized TD and SR
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Conclusion & Future WorkConclusion & Future Work
•• SR outperforms TD for strings made of long SR outperforms TD for strings made of long 

sequencessequences
–– Due to spatial locality of referenceDue to spatial locality of reference

•• Application on real life data:Application on real life data:
–– Network Intrusion Detection SystemsNetwork Intrusion Detection Systems
–– Tandem Repeat / DNA AnalyzersTandem Repeat / DNA Analyzers

•• Many variations of string recognizers to exploreMany variations of string recognizers to explore
–– Framework for the dynamic implementation of Framework for the dynamic implementation of FAsFAs


