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Abstract Processing-in-Memory (PIM) is an architectural approach that can overcome bandwidth
limitations between host processors and off-chip memory. PIM can improve data computation
performance by exploiting high internal bandwidth and parallel computations within a memory module.
Therefore, it is expected that PIMs can be paired with high-performance processors such as GPUs to
achieve overall performance improvements. However, due to differences in memory address mapping
schemes between PIM and GPU architectures, applying PIM's address mapping method directly to
GPUs may result in a decrease in overall performance. In this paper, we analyze the performance
impact of PIM's address mapping schemes on GPU using memory-intensive general matrix-vector
product (GEMV) kernels. Our evaluation results exhibit that PIM’s address mapping schemes degrade
performance and memory bandwidth on GPUs, indicating that differences in mapping schemes could
potentially cause performance degradation in GPU-PIM architectures.

Keywords: GPU, processing-in-memory, address mapping, general matrix—vector product (GEMV)
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Table 1 Simulation configuration of GPGPU-Sim

GPU configuration NVIDIA RTX2060
No. of SMs 34
L2 cache size 4 MB
DRAM GDDRS6, 4 GB
No. of DRAM channels 16
No. of DRAM banks / channel 16

g asi}

79 38 AM Fxel §% HeolE 99L dA=
BoZFH o] 7% RoChBaCo(H-Ad-Wa-g)e] =
& w19 AL o WAL Y] 7} o]
5UT AY Hol WIS HolHE Ik WA
@ Ade) mE W] @ del YA HelHE AW
%, e AGE dolr} e AQe wEw

urAlO) T2 GPU M 24

B AFE GPUO thdd F4 v W4s 283t
IPC(instructions per cycle)® Ho wEz] thygZs
Z|Eo® A%s vu M3t Ade GPU 7= Al
E#o]E1¢] GPGPU-Sim v4.2[11]5 7|¥kog A=)
omn A% Bl AHgHE AF FAHLE & 1o AAEY
itk HBM-PIM®]| #HA2E MesE A =79 A4
w2} /= At Aol AESE Aske %isﬁ_‘ﬂ
2E14]eA AMgEE FE-"EF At F A,
W Z2AM(query, key, value projection) —‘T'—-“\i—
o sk sid A4k e, 7], WR
Hol| Fafs Edxzr mdo] 2ol dFsE dpa
71 HMEE YPOo R Wl 3xdmea 2719 HEE
=907 APtk Aol AR dmeaa 7= GPT-3[15]
o] wi/lHSE FEst] T68FE 12283714 theFdt =
712 A=A

a8 45 F4 wjE o) mE

4. FA 4y
B

rSL' nllo

\_.I_E

modcli7] ‘g. GPU

EmGPU mHBM-PIM mAM

IPC

300
100
R R L m

1024 1536 2048 2560 4096 5140 12288
d_model

Y 4 F4 vy 4o wE IPC A% vl
Fig. 4 IPC performance under different address mapping
schemes

mGPU mHBM-PIM mAIM

1024 1536 2048 2560 4096 5140 12288

Bandwidth (normalized)
cococoocooo00
chRlahon<bkbodr

d_model

O9 5 F4 wjg e g dF 4% v
Fig. 5 Memory bandwidth under different address
mapping schemes

9] IPC W3lE ®oZEth HBM-PIM3 AiMe] F4 oj
< HEF A, 71E GPUS F4 o WA
Hlmsle] Adso] ZHZb WA o RZ 45%, 13.4%
2 Yeigth ol W3 £F ¥Egel ygE o
Hol PIMe EA4¢] GPUY Fxol& &
< Uehdth 53] Alg 2 BEAe]
w$e AIMS F4 WE PAE g o A% At ot
Z FEHAA YERRT O diuede©l 768°‘ A ¢
g dlolg e F =77} 3.37 MB2 GPU9| 1.2 7HA] a
718tk Zo} Aol Aolzk Ao JERA] ¢hshtt.
I 5% T4 w3 el @E dya’] 8 GPUY
fYZE GPU F4 vig W2e 7E0= st 2
HojFEoh PE-EF Aike vme Al 54
S ddZ Aol DHSA A=, udE wste}
IPC %ol vl#3 A3 2tk HBM-PIMY F4
) S A8 A9 ggFe] 7|EEY 52% Fa
39, AIMe] F4 3 WAolMe 151% Ta3HA
. ¢ IPC A9 vRANAR dpeaa®] 768Y€ Wl
tlele]l 7|7} Fol gjH e} Apolr} YA 3tk

ad

n[o tlo

=
=
A

5. ZE U &% o7

2 =EoAe dE-HEE diks 283t PIM T



GPU% PIM T+x9] Hl =&

zo| F2 wj%g Bao] GPU Aol mlAE TS A
How BASIIT AT A%, PIM WA T4 ulge
GPU H§3t9e o A% tgBo] mE s

A%e ngrh £ AT ¥ GPU-PIM oleAe]
A3 BN, T vhY P9 Tolol WE Y5 A
3] TS Tejsiol FE AT FF AFlAE
oleld A% AH3HE HA33b] s GPU-PIM ob1e)
Ao A= eole] wp Were BT oIk

References

[1] N. Vijaykumar, et al. "A case for Core-Assisted
Bottleneck Acceleration in GPUs: Enabling flexible
data compression with assist warps,” 2015
ACM/IEEE 42nd Annual International Symposium
on Computer Architecture (ISCA), Portland, OR,
USA, pp. 41-53, 2015.

[2] Elliott, "Computational RAM:
Implementing Processors in Memory.” IEEE Design
& Test of Computers, Vol. 16, No. 1, pp. 32 -41,
1999.

[3] Lee, Sukhan, et al. "Hardware Architecture and
Software Stack for PIM Based on Commercial
DRAM Technology: Industrial Product.” 2021
ACM/IEEE 48th Annual International Symposium
on Computer Architecture (ISCA). IEEE, 2021.

[4] He, Mingxuan, et al. "Newton: A DRAM-maker’s
accelerator-in-memory  (AiM)  architecture for
machine learning.” 2020 53rd Annual IEEE/ACM
International Symposium on Microarchitecture
(MICRO). IEEE, 2020.

[5] D. Kwon et al, "A lynm 1.25V 8Gb 16Gb/s/Pin
GDDR6-Based Accelerator-in-Memory Supporting
1TFLOPS MAC Operation and Various Activation
Functions for Deep Learning Application.” IEEE
Journal of Solid-State Circuits, Vol. 58, No. 1, pp.
291-302, Jan. 2023.

[6] Pattnaik, Ashutosh, et al. “Scheduling techniques
for GPU architectures with processing—in-memory
capabilities.” Proc. of the 2016 International
Conterence on Parallel Architectures and Compilation,
pp. 31-44, 2016.

[7]1 Hsieh, Kevin, et al.
mapping (TOM) enabling programmer-transparent
near-data processing in GPU systems.” ACM
SIGARCH Computer Architecture News 44.3, pp.
204-216, 2016.

[8] Zhang, Dongping, et al. “TOP-PIM: Throughput—
oriented programmable processing in memory.”
Proc. of the 23rd international symposium on
High-pertormance parallel and distributed computing,
pp. 85-98, 2014.

[9] Choi, Jungwoo, Hyuk-Jae Lee, and Chae Eun Rhee.
“ADC-PIM: Accelerating Convolution on the GPU

Duncan, et al

“Transparent offloading and

Fa ol PAo] WE YR-NEF A 4

4 473

off
S

via In-Memory Approximate Data Comparison.”
IEEE Journal on Emerging and Selected Topics
in Circuits and Systems 12.2, pp. 458-471, 2022.

[10] Wang, Tianyu, Zhaoyan Shen, and Zili Shao. “CNN
Acceleration with Joint Optimization of Practical
PIM and GPU on Embedded Devices.” 2022 IEEE
40th International Conféerence on Computer Design
(ICCD). 1IEEE, pp. 377-384, 2022.

[11] Khairy, Mahmoud, et al. "Accel-Sim: An extensible
simulation framework for validated GPU modeling.”
2020 ACM/IEEE  47th
Symposium on Computer Architecture (ISCA).
IEEE, 2020.

[12] K. Sohn et al. "A 1.2 V 20 nm 307 GB/s HBM
DRAM With At-Speed Wafer-Level IO Test Scheme
and Adaptive Refresh Considering Temperature
Distribution.” IEEE Journal of Solid-State Circuits,
Vol. 52, No. 1, pp. 250-260, Jan. 2017.

[13] Kwon, Yongkee, et al. "Memory-Centric Computing
with SK Hynix's Domain-Specific Memory.” 2023
IEEE Hot Chips 35 Symposium (HCS). IEEE
Computer Society, 2023.

[14] Vaswani, Ashish, et al. "Attention is all you need.”
Advances in neural information processing systems,
2017.

[15] Brown, Tom, et al. "Language models are few-shot

Annual  International

learners.” Proc. of the 34th International Conference
on Neural Information Processing Systems (NIPS

20), pp. 1877-1901, 2020.

A A g

2023~2025 aetistal HFES (MAD

{ 2016~2021 Sddistw AxA7]FsHE

- (8HAh). @A EORE GPU o184, PIM
(Processing -in-Memory)

T 2 A

2020~3A wEtw AR Lwse
2018~2020 Fojthstm AAA7)FEE
ZW 2003~2011 LGAA AT
W 2011~2018 University of Southern
California EE (814}, 2001 ~2003 A2
AFEFE (D). 1997~2001 ALhdtm
FARol= GPU F+=, 7157 =,

diga 7]
A7 FRE (3.
PIM, 2=E&# Al2#



	Analysis of GEMV Kernel Computations by Address Mapping Approaches Based on GPU and PIM Architectures
	요약
	Abstract
	1. 서론
	2. 배경
	3. GPU와 PIM의 주소 매핑 방식
	4. 주소 매핑 방식에 따른 GPU 성능 분석
	5. 결론 및 향후 연구
	References


