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Introduction

* Data-intensive applications with irregular memory access

* Applications Memory
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¢ Common irregular memory access patterns!l!
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* Poor utilization of bus bandwidth '
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* Challenges to processors i ' H \
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State-of-art Solutions

e Core-side stream ISA extensions
* Decouple computing and memory access
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e Drawbacks
* |gnore downstream interconnects and memory systems
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* Inherent inefficiency of narrow bus accesses r Defore cache access
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* Memory-side extensions —
. . Main Memory [2]
* Prefetch and pack irregular elements on the memory side ¥
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Proposal

* AXI-PACK: on-chip protocol for high bandwidth irregular access T
* Extension of Advance eXtensible Interface4 (AXI4) on-chip protocol Core J - h_
* In AXI-Pack: F H

* Core-side issues pattern-aware requests
* Memory-side response densely packed data stream
* Connect core-side and memory-side extensions
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Grzsasenr

e AXI-PACK Novelties

* End-to-end irregular memory streaming

..........
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* Process-In-Memory protocol el

* Bus-packing enables high bus utilization

* Based on standard protocol
* Backward compatibility and transparency
* Scalable for multi-master, multi-slave
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Desigh Work & Results

] AX14 AXI-Pack ——
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* Design an AXI-Pack adapter for banked . e D 1 M
Memory } 2087 Jl strided read s
Tone L-1 ] converter
|masku] sldu) visu n
et o | | e =
b ReSUItS [sequencer} load it} | = g-n i
. et x
* Speedup irregular workloads (—*—\ : 2 g. ~§@ sk |
. . . dispatcher .vm'.u"m-";-r*._'*..* Q. o
* 5.4x (stride) and 2.4x (indirect) [:TL] |, s g S/ N _converter s
. . SRR o Tl o g| 8 31 2| —
* light-weight and scalable ATa coprocases 5 3 il P s £ 1 f 11 O
* 6.2% area of RSIC-V vector processor B g st S @ e —
| g 3 g
 Save energy |Avafrontend || | 8 & 2 3 base AXI4 =
, I CVA6 Core (=] 5 £ 2 it
* 5.3x (stride) and 2.1x (indirect) energy g3 51 converter —
efficiency o~
(= (L__Jmodifications AXI Pack to banked
. AXI Pack .~ jnew instruction adapter memory
B ——

20 April 2023 Chi Zhang / ETH Zurich 5



