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| GPU and PIM (Processing-In-Memory)

« DRAM data movement
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CPU / GPU CPU / GPU
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| Data Movement between GPU and PIM

* GPU exploits channel-level parallelism
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Overall GPU architecture
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| Data Movement between GPU and PIM

* GPU exploits channel-level parallelism
* PIM exploits bank-level parallelism
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fChanneI 1 ]
" Channel 0 ‘
Bank O|Bank 1||Bank 2|Bank 3| |
PEO PE 1 -

Overall PIM architecture
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| Data Movement between GPU and PIM

* GPU exploits channel-level parallelism
* PIM exploits bank-level parallelism

Problem?

Differences in address mappings may cause
potential performance degradation.
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| Address Mapping — GPU
« Address Mapping: Ro(Ra)BaCoCh

Ro: row
Ra: rank
Ba: bank
Co: column
Ch: channel

Each unit is 32 Bytes. Bank 0 Bank 1
1|5 |9 |13|17]|21|25]|29
\ Matrix — ChO f
1] 9 |17]| 25 | .. /
\ 4 \ 4
> 110018 28| 2 | 6 |10|14]|/18| 22|26 | 30
—> Ch 1 l
3 |11 | 19 | 27
- v v
4 |12 |20 | 28 3 7/ 1a 15/ 19 | 23 | 27 | 31
—»> Ch 2 /
8 16 | 24 | 32 \ \ l
4 | 8121620 | 24| 28| 32

—»> Ch 3
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| Address Mapping — HBM-PIM

« Address mapping: (Ra)RoCoBaCh

« With this mapping, the elements within a matrix
are allocated across multiple channels

Ro: row
Ra: rank
Ba: bank

Ch: channel

« Data Is reallocated by tiling the matrix in software stack
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| Address Mapping — HBM-PIM

* The tile size depends on matrix size and hardware

configuration
fChanneI 3 | e \
Channel 2 | Bank interface
) fChanneI 1 . K 2 , | GRF B
Channel 0 -
4’ Control CRF, ALU
Bank 0|Bank 1||Bank 2|Bank 3|} [ SRF

PEO PE 1 — L A GRF_A

\ ) T T T === . J

Microarchitecture of HBM-PIM execution unit

S II.H |'_H U‘I-m 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.
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| Address Mapping — HBM-PIM

« Address Mapping: R 0nighB ahigh C 01rignROIew CN B 10w C 010w

Each unit is 32 Bytes. Bank O Bank 1
Matrix
npUt_tile. size L ChO 1| 2|9 |10]|17]| 18| 25| 26
AMm / / r
T 1|9 |17|25] .. / / /
© 3|4 |12]|12|/9|20]27] 28
S % 2 |10f18|26|..| | ~hq //
@ 3 |11 |19]27] ... / /
2 Blalelal S |/ RO: row
é ., Ch2 5 | 6 |13 14/ 21 | 22 | 29 | 30 Ra: rank
} /// //7 Ba: bank
8 | 16 | 24 | 32 .
M 7 | 8 15|16 | 23|24 |31 |32 Co: column
— Ch3 Ch: channel

o 12 0H %l
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| Address Mapping — HBM-PIM

« Address mapping: R 0nighB ahigh C 01rignROIew CN B 10w C 010w
* COwow: log, num_grfB
* Baow: log, num_bank —1 (1: odd/even bank)

* ROww: log, (column_size_of _matrix/out_tile_size) if column-major

Ro: row

Ra: rank
Ba: bank
Co: column
Ch: channel
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| Address Mapping — AiM o o

Ba: bank
» Address Mapping: RoChBaCo Co: column
« Runtime library may allocate data ch: channel
Each unit is 32 Bytes. Bank 0 Bank 1
\ Matrix — ChO 11213 4__5 6 | 7| 8
1|9 |17 |25 .. A”______,_———”’;‘————————_—
2 10 | 18 | 26 | ... . Ch1 9 (10 | 11 12__1»3 14 | 15 | 16
————

3 (111927 ..
4 |12 |20 | 28 | .. 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24
—> Ch 2 ——

25 |26 |27 | 28|29 |30 (31|32
—> Ch 3 —

—

SREA HH |'_H Ul'm Kwaon, 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
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| Address Mapping — Summary Ro-row
Ba: bank

 GPU: Ro(Ra)BaCoCh Co: column

Ch: channel

e HBM-PIM: ROnighBanighC Onign ROowChBaiowC0ow

« AIM: RoChBaCo

Channel-level parallelism?
GPU > HBM-PIM > AiM
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| Experiment — Methodology

 Simulation with GPGPU-SIm v4.2

Configuration
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GPU NVIDIA RTX 2060
SM count 34

L1/SM 64 KB

L2 cache/SM 4MB

DRAM GDDR6, 4 GB

# channels 16

# banks per channel | 16

Transaction size

512 B (32 B per channel)
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| Experiment — Methodology

« Transformer GEMV kernel — Q, K, V projection
* [Q,K,V] = input vector * W
W =[Wwe,wk,w"))

* In our experiments, d.,,,4.; follows the sizes of GPT-3

< 3 * dmodel >
< dmodel > Y < 3 * dmodel R
]_I Input vector | X we wk wVY § = Q K |74 I 1
Q
v
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| Experiment — Result

. IPC
GPU ®HBM-PIM mAIM
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HBM-PIM and AiM’s address mapping approach results in 4.5% and 13.4%
performance drop, respectively, compared to standard GPU addressing.
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| Experiment — Result
« Bandwidth
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HBM-PIM and AiM’s address mapping approach use 5.2% and 15.1% less
bandwidth, respectively, compared to standard GPU addressing.
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‘ Outline

« Conclusion
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| Conclusion

 Differences between GPU and PIM address mapping schemes
can cause performance degradation in GPU-PIM architecture.

« We found performance and bandwidth decreased when using
PIM’s address mapping approach for GPU using GEMV kernel.

« To optimize performance in GPU-PIM system,
further research is needed to resolve the performance overhead

by the address mapping schemes.
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