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Introduction — context and challenge . a
nOCSOL

Parallel recognition of regular texts and its options

text bab aaa € L (DFA)

chunk 1 chunk 2
a, b

» several applications recognize texts by means of finite-state automata (FA — DFA/NFA)

» FAs may be designed directly, or derived from REs and other language description types b ' a b ' a
» recognition can be parallelized for speed on FPGA, SIMD, GPU and multi-core systems _> CA1 o o&o
Classical speculative data-parallel algorithm (CSDPA) a, b a, b

» the text is split into chunks to be analyzed in parallel by as many chunk automata (CA) b a b ot 05150851

—

> (0—>1—0———

» each CA is an instance of the recognizer DFA, where all the states are taken as initial 1 505150

» each CA (but the first) has to speculatively start a chunk run from every state — see |[2]

CA 2 has to speculatively start in every state a run for its chunk
after all runs are done, consecutive state-matching runs are joined
text is accepted if join reaches the final state of the original DFA

CSDPA challenge is to curb speculation overhead by reducing CA state number

- - @ 1. Reducing the number of initial states of the CA — Reduced Interface Device (RID)
a,c > = |/ b|ac » for most applications, the language is defined with a regular expression (RE) or an FA, often an NFA
Z b » REs can be turned into NFAs with well-known algorithms (Gluskov-McNaughton-Yamada and others)
a = _) » RID is built from NFA by applying the well-known powerset construction to each NFA state separately
b b » identical states produced by each powerset construction are shared, only the NFA states are initial
DFA (minimal) » RID is deterministic, but it may have two or more initial states, which are exactly those of the NFA
—> —>

RID i -called multi-entry DFA, d for having > 1 initial
NFA. equivalent powerset minimal DFA and RID IS @ so-called multi-entry , deterministic except tor having =~ 1 Initial states

2. How executing CSDPA with DFA or NFA or RID compares — states and transitions FA chunk 1 chunk 2 trans.
c a b
What changes when CSDPA uses as its CA the minimal DFA, an NFA or our novel RID min DEA 0o 1= 0l =0
- . . . - . . a a b - 1—0—1 02
» minimal DFA has as few states as possible with determinism, and one run per state classic 0=21=01=02 %, . e b 15
o method \\ 01 =01 — 01 — 02
» NFA often has fewer states than the minimal DFA, but two or more runs per state ~0251% 05 02
» RID combines DFA and NFA: has as few states as NFA, and only one run per state ¢ a0
S _0—1 b
. . . . . NFA §S - ~ 0
A two-chunk text analized with min. DFA, NFA and RID — number of state transitions A 0_61,_1?’0 b 7 a 1?:2 "
» minimal DFA performs worst with 15 transitions, since it has 4 states and 5 runs (chunks 1 and 2) Cpiimized a1 )
L : . : : : .. b c .a_ . ~0
» NFA performs better, yet it still loses with 14 transitions, since its 3 runs split by nondeterminism 1_"0_"1?.2
» RID performs best with 9 transitions, since it has 3 initial states (as NFA) but its runs do not split ———
» the join of consecutive matching runs is a fast operation (< 1% of total time) and does not matter iﬁem 0515 015 02 fi"’ Gj;_"‘ ?1 _1}22 )
—-0—-1—
02 includes 0

CSDPA can be implemented on multi-core computers — one RID-thread for each chunk
text IaabI IcabI — transitions with DFA, NFA and RID

RID used as CA can curb speculation overhead — few states and one run per state e i

name. : n. of NFAs n. of states max text length Speedup (RID vs FA) transition ratio text
(l)al:g(?::lglection of Il\g:ii that hf\igcgft(zeal'Zr%)purposes none execution time ratio g 7.0 |
- DFA  NFA DFA  NFA a |
bslirgn‘[i)ﬁﬁt:lynthetic NFA1 from a short r65gular expression 13 Mbyte benChma l’k RID RID RID RID (Mbyte) 2 gg | :
rfe%ee?lgf synthetig lflgﬁi\g,sthe DIQCA-: ;f \zvhilch grow exponenti:l)l)lf\,/[ f?gntle bigdata ceven 1.01 73.24 1.00 1.99 13.10 i 4.0
the well-known REs (a | b)*a (a | b)* with parameter k > 0 o 3.0 _ speedof RID _ .t f DFA
ot 1 v P T Mbyie regexp winning 6.31 56.56 126.99 14.68 6.00 -g 20 speedup = Speed of DFA — ff::iff::cc.ttlinn}lee?)fRII_)
HTML manuscript of The Holy Bible bible winning  3.07 84.23 8.73 4.19 4.00 8 1.0 i benchmark regexp (58 chunks & threads)
fa_sta*. 1 29 765 Kbyte e 00 |
tblo;::ilc data consm;mg ofvanousl[;I:A sequences — faSta even 094 3885 1.00 26.26 0.76 72} 1.0 20 3.0 40 5.0 6.0
raffic yte . . .
system log file of network traffic records traffic  even 0.97 109.56 1.00 174 11.20 text size in Mbytes (number of ASCII 7-bit chars)
performance evaluation benchmarks server with 64 cores and 58 RID-threads (= chunks) speedup of RID vs DFA with a state-explosive benchmark
Main claims demonstrated by artifact & benchmarks References
» RID is faster than DFA for the winner benchmarks, equally fast for the [1] Angelo Borsotti et al. Minimizing speculation overhead in a parallel recognizer for
even ones (within 10%), and is always much faster than NFA regular texts. 2024. DOI: https://doi.org/10.48550/arXiv.2412.14975.
» optimal speedup occurs when an NFA is smaller than its minimal DFA arXiv: 2412.14975 [cs.DC]. URL: https://arxiv.org/abs/2412.14975.
» a large collection of big NFAs meets condition NFA << DFA (Ondrik) 2] J. Holub and S. Stekr. “On parallel implementations of deterministic finite
> the t|me COSt to Construct RID (from an RE or an NFA) is moderate automata” . |n: C/AA 2009 DOI ].® . 1®®7/978_3_642_®2979_®_9 URL:
» the full paper is posted on arXiv with more theory and evaluation [1] https://dol.org/10.1007/978-3-642-02979-0_9.
Conclusions Artifact
RID is compatible with most other optimizations for FAs and it should be a » free SW tool to build DFA/NFA/RID (from RE) and run CSDPA with all FAs
useful addition for future parallel implementations of finite-state machines » coded in Java and available on https://zenodo.org/records/14219357
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