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MEMRISTIVE CROSSBAR
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• Explore using memristive crossbars to perform 
linear operator (MVM) in the analog domain
• Can deliver transformative energy efficiency vs systolic 

array

• In practice, requires careful crossbar sizing and 
mapping

• Need fast simulation tools to evaluate impact of 
electrical and device effects



MEMRISTIVE CROSSBAR
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MEMRISTIVE CROSSBAR
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𝐿1,2 = 𝐿2,1 = −𝐺𝑀𝑅(1,1)

𝐿1,3 = 𝐿3,1 = −𝐺𝑊𝐿

𝐿2,8 = 𝐿8,2 = −𝐺𝐵𝐿

SOLVER
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• Construct Laplacian matrix:
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𝑘≠𝑖

𝐺𝑖,𝑘 , 𝑖𝑓 𝑖 = 𝑗

−𝐺𝑖,𝑘 , 𝑖𝑓 𝑖 ≠ 𝑗 𝑎𝑛𝑑 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖 𝑎𝑛𝑑 𝑗

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐿1,1 = 𝐺𝑊𝐿 + 𝐺𝑀𝑅(1,1)

𝐿2,2 = 𝐺𝑀𝑅(1,1) + 𝐺𝐵𝐿

• Crossbar size: 𝑚 rows and 𝑛 columns

• Laplacian matrix size = 2𝑚𝑛 × 2𝑚𝑛



SOLVER

• Solve node voltages:

• 𝐺𝑉 = 𝐼

• Decompose: 𝐺 = 𝐿𝑈
• 𝐿𝑈𝑉 = 𝐼

• Set 𝑦 = 𝑈𝑉

• Forward substitution: solve 𝐿𝑦 = 𝐼

• Backsubstitution: solve 𝑈𝑉 = 𝑦
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𝐼2,…,6 = 𝐼7,…,12 = 𝐼14,…,18 = 0



BATCH SOLVING

• LU decompositive is expensive 
compared with forward/back 
substitution

• Neuroarchitecture search requires 
solving in batches
• LU decomposion performed once

• Amoratize LU decomposition cost over 
batch of solves
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FORWARD AND BACK- SUBSTITUTION
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PARTITIONING

• Pipeline forward and backsubstitution to process multiple solves in parallel
• Pipeline latency: depends on the critical path

• Pipeline throughput: can initiate pipeline every 2𝑚𝑛 cycles
• Required for reading 𝐼 vector and writing 𝑉 vector to off-chip memory

• L and U matrices are stored on-chip
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HARDWARE COST
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• For pipelined solvers, HLS compile time and resource usage scales poorly

• Largest practical pipelined solver is 8x8 (32x32 matrix)



PARTITIONING

11

• Partitioning needed to solve 

larger crossbars

• Store all partition matrices 

on chip

• Solve sequentially



PARTITIONING

• Star-mesh transform:
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6 nodes

5 resistors
5 nodes

10 resistors

3x3 crossbar

18x18 Laplacian

Upper 2x2 partition

8x8 Laplacian

Provides 𝑉1, … , 𝑉8



PARTITIONING PERFORMANCE
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PERFORMANCE RESULTS
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* Use 2x2 to minimize 

hardware requirement

*



CONCLUSIONS

• Decomposition-based solver for crossbar arrays
• Support for batching and partitioning

• FPGA-based implementation

• Objective: deploy as part of a FPGA-based whole-system 
emulator
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