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Figure 2. Normalization methods. Each subplot shows a feature map tensor, with N as the batch axis, C' as the channel axis, and (H, W)
as the spatial axes. The pixels in blue are normalized by the same mean and variance, computed by aggregating the values of these pixels.
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* Kautz, “Cellular Logic-in-Memory Arrays”, IEEE TC 1969

IEEE TRANSACTIONS ON COMPUTERS, VOL. C-18, NO. 8, AUGUST 1969

Cellular Logic-in-Memory Arrays
Startup plans to embed processors
in DRAM

WILLIAM H. KAUTZ, MEMBER, IEEE

October 13, 2016 // By Peter Clarke
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Reference: Prof. Onur Mutlu’s computer architecture course
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Control Interface »  DDR4 Interface
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Instruction |
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- ZUE(ENBEserial, parallelfI Rzt
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N & o

Table 4. Evaluated CPU, GPU, and UPMEM-based PIM System:s.

Process Processor Cores Memory
System = = TDP
Node Total Cores Frequency Peak Performance | Capacity Total Bandwidth
Intel Xeon E3-1225 v6 CPU [106] | 14 nm 4 (8 threads) 3.3 GHz 26.4 GFLOPS* 32GB 37.5 GB/s 73 W
NVIDIA Titan V GPU [192] 14 nm | 80 (5,120 SIMD lanes) 1.2 GHz 12,288.0 GFLOPS 12 GB 652.8 GB/s 250 W
2,556-DPU PIM System 2X nm 2,556’ 350 MHz 894.6 GOPS 159.75 GB 1.7 TB/s 383 W'
640-DPU PIM System 2X nm 640 267 MHz 170.9 GOPS 40 GB 333.75 GB/s 96 W'
*Estimated GFLOPS = 3.3 GHz X 4 cores X 2 instructions per cycle.
i ; _ Total DPUs .
Estimated TDP = #/chi[: x 1.2 W /chip [52].
mCPU  HIGPU 640DPUs 12556 DPUs | mcPU mGPU 620 DPUs
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Samsung’s PIM-HBM
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TABLE VI: Microbenchmark.

HBM

Name GEMYV Dim. Name ADD Dim.

GEMV1 1k x 4k ADD1 2M SIV-HBM

GEMV 2 2k x 4k ADD?2 4M i

GEMV3 4k x 8k ADD3 8M 0% 20% 40% 60% 80% 100% 120%

GEMV4 | 8k x 8k ADD4 | 16M ° ° ° ° ° ° °

@m Cell @m Decoder/LocalBus mDRAM die GlobalBus mBuffer die + External
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Hardware Architecture and Software Stack for PIM Based on Commercial DRAM Technology, ISCA 2021 <15>
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« MIT Vivienne SzefHA&ZZFFISCA 2023
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Tanner Andrulis et al., RAELLA: Reforming the Arithmetic for Efficient, Low-Resolution, and Low-Loss Analog PIM:
No Retraining Required!, ISCA 2023
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Tanner Andrulis et al., RAELLA: Reforming the Arithmetic for Efficient, Low-Resolution, and Low-Loss Analog PIM:
No Retraining Required!, ISCA 2023
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