A SPECULATIVE PARALLEL DFA MEMBERSHIP TEST
FOR MULTICORE, SIMD AND CLOUD COMPUTING
ENVIRONMENT



Membership Test

0 DFA: Deterministic Finite Automaton

o Mathematical model of computation to test membership of the
regular languages

L = a*bc*
M = (Q;Z757 qo, {ql})

Q= {q0,q1}
¥ ={a,b,c}
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Applications of DFA

o Text editing, compiler front-ends, web browsers, scripting
languages, file-search, command-processors, databases,

internet search engines, computer security, DNA sequence
analysis aso...

o Why parallelization of DFA membership test is needed?
o Execution time is originated by transition of states
o Execution time is proportional to size of input
o Long inputin general

® 30,000,000,000 long input for DNA sequences analysis



Parallelization of
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Str=laaaaaaabbccc
Po - 4o
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Parallelization of

DFA MembershiB Test
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Parallelization of

DFA MembershiB Test
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Parallelization of

DFA MembershiB Test
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Optimization: Reverse Lookahead
12

o Not all the states are candidates of initial possible states.

Chkg
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Po - qo
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Optimization: Reverse Lookahead
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o Not all the states are candidates of initial possible states.
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Optimization: Reverse Lookahead

o Not all the states are candidates of initial possible states.

o More reverse lookahead symbols for smaller Z

do 4o 4o 4o ¢4
Str=|la a a a
Po - 4o

aaab
P11 4o

bccc
P2 g1

Satisfying:
Di=ZTlhL=TI, (Z=1)
2) lo+11+1 =12

3) 11 =l

lop =14
[h=1l=14

0 :4

qo 4o 90 40 41 :

1 e Ge e Ge : 4



Speculation

=e.
0 What is the expected number of possible initial states?

So =1{q1,02,93} Sp = {3}

Lnin = min(|Sa|, |Sp]|)

T . < IT<T
min = = “~max Trnaz = max(|Sq|, |Sp|)

Optimistic Speculation Safe Speculation



Speculation

16
0 What is the expected number of possible initial states?

qo 91 42 de Ge (e de Ge (e
a Stro=paabbaad:s3

Po - 4o
T={q,q9, 9} 7 = H{q3}]
Safe Speculation Optimistic Speculation
qo 91 92 Ge Ge e Ge - 6 o 91 92 Ge Ge - 4
Stro =la.a a bba Stro =la_a_a b
Po - 4o Po - 4o
G2 |2l aaea:6 3¢ @ qeqe -4
a d baaa

P1: 41 42,43 P1: g3



Speculation

=
0 What is the expected number of possible initial states?

do 41 42 qe e e e (e (e
Stri=laaaabbbbdl :8

Po - 4o
= {q1, 92, g3} 7 = {g3}|
Safe Speculation Optimistic Speculation
q0 91 92 Ge Ge e Ge - 6 qo 41 92 e Ge - 4
Stri=la aaabb Str1 =la a a a

I !
Po - 4o Po - 4o Failure!

q3 g3 q3 : 2 Q1 93 Qe e Ge || @2 93 Qe Qe Qe || 93 e qe q
b b bbbb

P1: g3 P1: 41,492,43




Merging Local End States

=
Li=lo,l1,- g1l

where 0 <i < |P|and [; € @ forall 0 < j < |Q]

do 490 9o 9o 90 4o 90

Str=laa aaad Lo =10, ¢, ¢
Po : 4o
9 9% 911 || @1 q1 9 qo
a b b [:1:[1,0,9’5]
P1 - qo,4q1
qQ e Ge Qe || @1 @1 @1 Qo
cCcC Lo =[9,0,¢]

P2 - qo,4q1



Merging Local End States

Li=[lo,l1,--lig|-1];
where 0 < ¢ < [P|and [; € Q forall 0 < j < |Q)|

o Sequential Merging

Q¥§4k+4k+4m-qe—q» |
Str=la a a a_a1 Loy =

Po_-—40
q0 q1 H d1 41 40 4o
abb Ly =
P1 - qo,q1
90 de 4 e || Y0 q0
ccc Lo =

P2 - qo,4q1



Merging Local End States
= 000
Li=[lo,l1,- - lig1-1],
where 0 < ¢ < [P|and [; € Q forall 0 < j < |Q)|

o Parallel Merging

do 490 9o 9o 90 4o 90
Str=[laaaaad Lo =1[0,0,¢]

£1,2 — [07 Qb, Qb]

P2 - qo,4q1



Merging Local End States

e
Li=lo,l1,- g1l

where 0 <i < |P|and [; € @ forall 0 < j < |Q]

o Parallel Merging

do 490 9o 9o 90 4o 90

Str=la a a a ad Lo =[0]o, ¢]
Po : 4o
9 9% 911 || @1 q1 9 qo
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P1 - qo,4q1 A4
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P2 - qo,4q1



Time Complexity
s 000

nm

O(
m —+p

)7

where n = |Str|, p = |P| and m is either |Q| or Z.



Experiments: H/W Overview
e

o Shared-memory multicore
o Intel Manycore Testing Lab (MTL) : 4CPUs X 10 cores/CPU = 40 cores

o SIMD (Single Instruction Multiple Data)

o AVX2 instruction set extension (8-fold vectorization)
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o Cluster Computing Environment
o Amazon Elastic Cluster Computing (EC2) Environment
o 288 cores



Experiments: Benchmarks

es
0 299 PCRE (Perl-compatible Regular Expression) RE patterns

o 110 PROSITE protein patterns

o 1MB long input
o Longer input results better performance!



Reverse Lookahead Symbols
= ...
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(a) PCRE (b) PROSITE

r 0 1 2 3 4

PCRE 100% | 33.7% | 26.4% | 23.7% | 21.7%
PROSITE | 100% | 47.2% | 29.2% | 20.5% | 16.0%




Shared-Memory Multicore
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(a) Speedup without optimization for (b) Speedup with optimization for PCRE
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Shared-Memory Multicore

ea

e

n w

[s] [+2]
1 1

100
Number of States

(a) Speedup over ScanProsite
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(b) Speedup over the UNIX grep utility



SIMD
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(a) Speedup without AVX2 on PCRE
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Cloud Computing Environment
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(a) Speedup without MPI communication (b) Speedup with MPI communication
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Thanks!



