55340 L N L Vol. 52 No.3
2024 43 A ACTA ELECTRONICA SINICA Mar. 2024

5T Amdahl @ I 5248 22 DAL PR A%
RERURR AT 5

F B RRE VKRR, aLE
(R SR A B TR, T M 450000)

W OE: NGITERAEN IR Z BRRRIE B AR R B R (N X A% R 1 A AR 1) R BB A M
TR, AH S 1 B2 AH G 1) 54 2 A BB AT 5T . AR SCEE TR Amdahl B A, 51 A SRS B IFHRRIE A 2 A5 |
BRI B] L S0 245 H AT A 26 R 28 KA R 02 TR O ROIR S, 28 7 S 4 2 A% 3 i A B 88 () RE SRS Y . MATLAB
15 B2 S I B0 v A B R]  H /N 109% BE, X RE 314 7 TAT 52 0 IR T 6 5 361 5 R P, A3 200 2 ) BESIUTEL K /D 5
AbFRAR A2 IR BRAEAE LA N BERIUER R . 4249 I, e S A%, IRV A A i 5 3 AT 55 e R R4 T B AH S B RE A%
THEK , e SR BT BRI AR (b S8 BAS 2 5 2R SR AT I, Jik 5 90 & T8 R T RESE A 2 — 20
T&. 2R A PR AR R A R S R B, () 045 S 5 SR A 56 R BT 1, 305 i S 8 3 v % B [ R
SR RS P2 A5 T 5 07 LA BT B AR — B, B0E T BT B RERUR T ) A R . 1% SCTE S MGE BRI R
LA PLAR S | BEA BT R A — a2 1 BRIS Z B Atk 5 A L

KR AL Z LA BEEE s T s Amdahl SE HE ; AERAR T

HEEWMB: EFARPAHES (No.61404175) ; TG4 BHE M 6T H (No.202102210116)

FE4ZES:  TN492;TP309.7 XEARIRAED: A XERS: 0372-2112(2024)03-0849-14

L F %3 URL:http://www.ejournal.org.cn DOI1:10.12263/DZXB.20220839

Amdahl’s Law-Based Energy-Efficient Model for Heterogeneous
Multicore Crypto-Processor

LI Wei, LANG Jun-hao’, CHEN Tao, NAN Long-mei
(PLA Information Engineering University , Zhengzhou, Henan 450000, China)

Abstract: The resource constraints of Edge Computing security and application of new cryptography technologies re-
quire the high energy efficiency and heterogeneity of multi-core cryptoprocessors, but there is still a lack of energy-efficient
model. Based on extending Amdahl’ s law, this paper introduces the feature of cipher, heterogeneous multicore structure, da-
ta preparation time, dynamic voltage and frequency scaling, divides cores into idle and active states, then builds the energy-
efficient model of heterogeneous multicore cryptoprocessor. MATLAB simulations show that the negative impact on ener-
gy efficiency is considerably reduced when the data preparation time is less than 10%. Fixed voltage and frequency scaling
can affect the value of energy efficiency. The smaller the idle/active energy ratio of the processor core, the larger the energy
efficiency value. On the architecture side, when the number of homogeneous cores is equal to the maximum parallelism of
the cryptograph task, the energy efficiency value is largest when the number of heterogeneous cores is fixed, and the opti-
mal number of heterogeneous cores can be simulated by varying the parameters of the model. In the execution of multi-task
scheduling, pipelines and concurrent execution are beneficial to further increase the energy efficiency value. Board-level
test results show that the correlation coefficient between simulation results and chip test data is close to 1, and the influence
of measured data preparation time, voltage frequency scaling and other factors is essentially consistent with the simulation
analysis, which verifies the effectiveness of the proposed energy efficiency model. In this paper, we focus on the factors af-
fecting the energy efficiency trend and provide some theoretical analytical grounds and recommendations for heterogeneous

and energy efficient design of multicore cryptographic processors.
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