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ABSTRACT

Direct cache-to-cache transfer has been studied to reduce the latency and bandwidth consumption related to the
shared data in multiprocessor system. Even though these studies lead to meaningful results, they assume that caches
consist of SRAM. For example, if the system employs the non-volatile memory, the one of the most important parts
to consider is to decrease the number of write operations. This paper proposes a hybrid write avoidance cache
coherence protocol that considers the hybrid cache architecture. A new state is added to finely control what is stored
in the non-volatile memory area, and experimental results showed that the number of writes was reduced by about

36% compared to the existing schemes.
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Fig. 1. Cache request and response without direct cache-to-cache transfer.
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Fig. 2. Cache request and response with direct cache-to-cache transfer.
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Fig. 3. Cache request and response with direct cache-to-

cache transfer.
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Table 1. States and Descriptions

Signal Description
I(nvalid) The data in the cache is invalid
SS(hared with The data in the SRAM area is valid
SRAM area) and other private caches may have

valid data.

SN(Shared within | The data in the NVM area is invalid,
NVM area) but other private caches has valid data.
PN(rivate within | The data in the NVM area is invalid,
NVM area) but other private caches has valid data.
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Table 2. Processor configurations

Core Type x86, out-of-order, 2GHz, 4 cores
I-Cache /
D-Cache 32KB, 4-way, 64B, 2 cycles
L2 Cache 256KB, 8-way, 64B, 6 cycles
L3 Cache IMB(4-way SRAM and 12-way STT-
Config. RAM)
L3 Cache SRAM : 6/ 6 cycles
Latency STT-RAM : 6/23 cycles
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Fig. 4. Normalized Write Access.

n
N
rhu

=

ugpaA o] B e weksr] A 7] g
2 Zol7] 1 A7k A& Ee] YUtk of Fel4 Fag
ATA| F] SHiZ HIFY vmelot SRAME B
A StolHelE AA] o]tk o] oA 7]Ee]
A FEE R AN ABA LRSS Ao,
NVMSol gt 7] 3148 4ot 5h7] 91k shol
P 27] B3] X QB TREIHHWACOS Aotst
itk NVMeelo] Ak AL AnA oz 245 9)
o A2 e AehE F7shelom, AH AT 7120 Basline
Sl 2] 347} 3% Fol59)

B ATl 2IME WIS HHEARY JUoE
SATATE] AUS W 7| ZATAY AT UNRE-
2021R1G1A1004340).

1. B. Choi, et al., “DeNovo: Rethinking the memory
In 2011
International Conference on Parallel Architectures and

hierarchy for disciplined parallelism,”
Compilation Techniques, pp. 155-166, 2011.

2. D. Shuwen, et al., “Evaluation of cache attacks on arm
processors and secure caches,” IEEE Transactions on
Computers, vol. 71, no. 9, pp. 2248-2262, 2021.

3. G. Davide, M. Paolo, C. Luca, P., “Accelerators and
coherence: An SoC perspective,” IEEE Micro, vol. 38,
no. 6, pp. 3645, 2018.

4. A. Marjan, S. Hamid, “Introduction to non-volatile
memory technologies,” In: Advances in Computers, pp.
1-13, 2020.

5. W. Shin, et al. “Design of Asynchronous Nonvolatile
Memory Module using Self-diagnosis Function,”
Journal of the Semiconductor & Display Technology,
vol. 21, no. 1, pp. 85-90, 2022.

6. J. Choi. “Exploiting Memory Sequence Analysis to
Defense Wear-out Attack for Non-Volatile Memory,”
Journal of the Semiconductor & Display Technology,
vol. 21, no. 4, pp. 86-91, 2022.

7. M. Amir Mahdi Hosseini, et al., “CAST: content-aware
STT-MRAM cache write management for different
levels of approximation,” IEEE Transactions on
Computer-Aided Design of Integrated Circuits and
Systems, vol. 39, no. 12, pp. 4385-4398, 2020.

8. M. Sparsh, V. Jeffrey, S., “AYUSH: A technique for
extending lifetime of SRAM-NVM hybrid caches,”
IEEE Computer Architecture Letters, vol. 14, no. 2, pp.
115-118, 2014.

9. S. Ashley, “Introduction to AMBA® 4 ACE™ and big.
LITTLE™ Processing Technology,” ARM White Paper,
2011.

10. J. Choi, J. Kwak, C. Jhon, “Write Avoidance Cache
Coherence Protocol for Non-volatile Memory as Last-

IEICE
Transactions on Information and Systems, vol. 97, no. 8,
pp. 2166-2169, 2014.

11. C. Elham, et al. “TA-LRW: A replacement policy for
error rate reduction in STT-MRAM caches,” IEEE

Level Cache in Chip-Multiprocessor.”

Journal of KSDT Vol. 23, No. 1, 2024



70 23]

Transactions on Computers, vol. 68, no. 3, pp 455-470, 34-36, 2015.

2018. 14. C. Bienia, S. Kumar, J. P. Singh, and K. Li. "The
12. J. Choi, H. Park, “Exploiting bit-level write patterns to PARSEC benchmark suite: Characterization and

reduce energy consumption in hybrid cache architecture,” architectural implications," PACT'08, pp. 72-81, 2008.

IEICE Electronics Express, vol. 18, no. 22, pp.
20210327-20210327, 2021.

13.]. Power, J. Hestness, M. S. Orr, M. D. Hill, and D. A.
Wood, “gem5-gpu: A heterogeneous cpu-gpu simulator,”
IEEE Computer Architecture Letters, vol. 14, no. 1, pp.

H429: 20249 29 149, AAFY: 20249 39 199,
A A: 2024 34 20

vhER|E| 2 E o] 7| 458k] ) A3 AL, 2024





