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Automata/RegEx Processing Platforms

Finite automata are fundamentally limited in the kinds
and complexity of analyses they support

ASPEN is a new processor—inspired by automata
processing—that supports a richer computational model
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ASPEN Supports Richer Analyses

* Accelerated in-SRAM Pushdown ENgine

e Scalable processing engine that uses LLC slices to accelerate
Pushdown Automata computation

e Custom five-stage datapath using SRAM lookups can process up to
one byte per cycle

* Optimizing compiler supports existing grammars, packs states
efficiently, and reduces the number processing stalls

* Provides additional cache when not in use




Overview of this Talk

 Pushdown Automata Refresher
* Architectural Design of ASPEN
« Why LLC?
* Datapath innovation
e Optimizations

* Evaluation
* XML Parsing
* Subtree Mining
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Deterministic Pushdown Automata (DPDA) avoid
stack divergence, but still support parsing of most
common languages
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Recognizing Palindromes with a Middle Character

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
 J L 4
* L 4

STACK

€
1
Pop O
No Push

*
*

L 4
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

23



Recognizing Palindromes with a Middle Character
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Mapping DPDA Efficiently to Hardware

 ASPEN supports homogeneous DPDA

* All transitions to a state occur on the same input character, stack
comparison, and stack operation

e Similar in nature to homogeneous NFAs
 Equal expressive power as standard DPDA
e State increase is quadratic in the worst case with a fixed alphabet

 Allows for efficient mapping to hardware resources
* Transitions decoupled from input/stack matches




Five Steps of DPDA Execution Per Cycle
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Five Steps of DPDA Execution Per Cycle
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Implementing ASPEN in LLC

 ASPEN repurposes LLC slices for pushdown automata computation

* Location in LLC supports tighter coupling with CPU operations than
dedicated accelerator

* PDA often part of a larger workflow
* ASPEN similar to auxiliary functional unit in CPU (similar to FPU or vector

unit)
* SRAM arrays in LLC already support necessary operations for DPDA
execution
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Stack Match in SRAM
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ASPEN Datapath — 240 States per Two SRAM Arrays
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ASPEN Datapath — 240 States per Two SRAM Arrays
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Optimizations
Epsilon Merging
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Evaluation: Two Real-World Applications

* XML Parsing

« Common to many data analyses (needed to read input data)

* Step in a larger pipeline: Tokenization, Parsing, Validation, DOM
construction

* Pipelined with Cache Automaton for tokenization
* Single Large DPDA with Global Stack

* Frequent Subtree Mining

* Task of identifying subtrees occurring above a threshold frequency in a
corpus of trees

« Common in recommendation systems, packet routing, NLP, etc.
 Many Small DPDA with Local Stacks




Experimental Methodology

ASPEN 880 MHz 850 MHz
Cache Automaton 4 GHz 3.4 GHz

* Baseline Evaluation
« CPU: 2.6 GHz dual-socket Intel Xeon Eb-2697-v3 (28 cores total)
 GPU: NVIDIA TITAN Xp
* Performance and Power: PAPI, Intel RAPL, NVIDIA nvprof
 ASPEN Simulation:
 METIS graph partitioning framework
 VASIim modified for cycle-accurate DPDA simulation




XML Parsing: Parabix, Ximpleware, UW XML
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Frequent Subtree Mining
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