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Abstract As a new computing paradigm, processing in memory (PIM) allows the parallel
computation in both processors and memories, which drastically reduce the movements between
computation units and storage units. Therefore, PIM can be considered as an efficient technology to
somewhat address the shortcomings of the von neumann architecture. Compared with traditional
random access memories, racetrack memory has many merits including high density, non-volatility,
and low static power. Therefore, it can be used for efficient PIM computing. To address the shortages
of domain-wall based PIM, this paper proposes a novel PIM framework based on the Skyrmion
material. In this framework, we use Skyrmion-based racetrack memories to construct storage units,
and use Skyrmion-based logic gates to compose both adders and multipliers for the computation units.
Since our framework does not need CMOS (complementary metal oxide semiconductor) circuits to
assist the underlying computation unit construction, the design complexity is significantly reduced.
Meanwhile, based on our proposed optimization methods for read and write operations at the circuit
layer and address mapping mode of the memory at the system level, the performance of our framework
is drastically improved. Experimental results show that compared with domain-wall based PIM
framework, our approach can achieve 48. 1% time improvement and 42. 9% energy savings on

average.

Key words Skyrmion; non-volatile memory; processing in memory (PIM); racetrack memory;

address mapping
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Fig. 1 Skyrmion based nanowire device
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Fig. 2 The structure of PIM platform
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Fig. 3 Skyrmion nanowire-based XOR-logic
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Fig. 4 Skyrmion nanowire-based carry-logic
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Fig. 5

Skyrmion nanowire-based full adder
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Fig. 7 8-bit Skyrmion nanowire-based multiplier
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(b) Address mapping based on Skyrmion

Fig. 9 Address mapping based on Skyrmion
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Number of the Shift Operation:
3+3+3+3+2=14

Number of the Shift Operation:
0+0+0+0+0=0

(a) With AMBS

(b) Without AMBS
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Fig. 10 An example of using AMBS
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Table 1 Performance Comparison of Two
Computing Units
Fx1 WHITERTIERIER

Functional 8b Full Adder 8 b Multiplier
Unit Skyrmion DW Skyrmion DW
Speed/cycle 49 108 149 326
Energy/p] 28 40 196 308
Area/pm™? 2.0 2.6 16. 8 19.8
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Table 2 Configuration Parameters of Experiment

R2 IRHBEPXBSHUBE

Configuration Parameters
CPU 4 single x86 cores,out of order,3 GHz
L1 Cache 32 KB I-cache, 32 KB D-cache,4-way
L2 Cache 4 MB.8-way.line size-64 B
Mermory Domain-wall memory@1 000 MHz,8 GB

Skyrmion memory@ 1000 MHz,8 GB
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Fig. 11 The working process of image sharpening in PIM architecture
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Fig. 12 The impact of the read/write ports on the
shift operation compared with Base-16
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Fig. 13 Performance evaluation of PIM architecture

based on Skyrmion
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