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Variable latency L1 data cache architecture design in multi—core processor

under process variation

Joonho Kong *

Abstract

In this paper, we propose a new variable latency L1 data cache architecture for multi-core

processors. Our proposed architecture extends the traditional variable latency cache to be geared

toward the multi-core processors. We added a specialized data structure for recording the latency of

the L1 data cache. Depending on the added latency to the L1 data cache, the value stored to the

data structure is determined. It also tracks the remaining cycles of the L1 data cache which notifies

data arrival to the reservation station in the core. As in the variable latency cache of the single-core

architecture, our proposed architecture flexibly extends the cache access cycles considering process

variation. The proposed cache architecture can reduce yield losses incurred by L1 cache access time

failures to nearly 0%. Moreover, we quantitatively evaluate performance, power, energy consumption,

power—delay product, and energy—delay product when increasing the number of cache access cycles.

» Keyword : Process variation, Variable

latency cache architecture,

Cache access time failure,

Processor vyield loss, Multi-core architecture

[. Introduction

VL Al ol
o Qe ¥4

Moore's law) =

N ofl
ﬂ

L A 32 T 9171] af
T E9th Ay o ol b A
5 5
gy, 34 7)4 24 (process technology shrink): &
A o] (process variation)?] A3}leh= ¥

o
$4 Wole WAl A% A ouA ge 4

T

of JEE 2, B aAEel teEd JRe Fol 7}

2R AeRlEs} BEEel REAES A0 oleld 2
W5 wEe P 24 T vuy e G Fof 29

7 mEAAY, SRR e e T4 A4 ARE o

T He]ARIRAA F& CPUY AAl % At
3 %le% i Qi) wolZelel 22 AAH Z2AX ] 3
ol Al A& (critical path) A1 AlZke] 54 &
g 40]3 A 7r (clock cycle time)S WEEA71A] Bat 79
IR AM7} AR AL (specification) S THEA 71X E3lo]
Azd ZEAN Je WA He 8ol BAgth ol 7&
=21 (yield loss) ©|2Fal 3}l & £4o] Wold45 L 24
A AAAZ SR 0]Q) FRAEtAY &4o] AXA HL.
ZZAM SrollME L1 74 w22l (cache memory)7} &
3] 34 Wold FHekgk Ao R AdelA Ql=wl, L olfr= A4
HEEE FAsHE mxe] &2 6T A4 o] A w=e
(Static Random Access Memory: SRAM)Z o]Fo#] 317]
wjto|th, 6T SRAM A& 374 WolZ <ls] o7 7[x Ag

* First Author: Joonho Kong,
*Joonho Kong (joonho.kong@knu.ac.kr),

* Corresponding Author: Joonho Kong
School of Electronics Engineering, Kyungpook National University

* Received: 2015. 06. 15, Revised: 2015. 07. 05, Accepted: 2015. 08. 24.



2 Journal of The Korea Society of Computer and Information

IF DE ISSUE

EX/MEM |

WB COMMIT

Increased cache access latency due to process variation

(a) In the case of an yield loss because wrong data would be loaded/stored to the L1 caches

IF DE ISSUE

EX/MEM1 | EX/MEM2 |

WB COMMIT

Increased cache access latency due to process variation

(b) In the case of saving a chip from an yield loss by employing variable latency L1 data cache

Fig. 1. Comparison of processor pipeline stages between the cases with and without variable latency cache
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Fig. 2. Proposed architecture for variable latency L1 data cache in multi-core processors
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Table 1. Evaluation parameters

Category Value
CPU architecture Intel Atom [19]
The number of CPU core 8
Process node 22nm
Clock frequency 2.4GHz
L1 data cache size 24KB
L1 instruction cache size 32KB
L1 data cache access cycle 4 clock cycle
L2 cache size 1MB = 4 = 4MB
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