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NVM Technology and In-Memory Computing

PCM1
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Matrix Vector Multipication3
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• In-situ computation
• Extremely energy efficient
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Previous Work

• Previous works focused on mitigation of 
parasitics on the algorithmic level 

• DAC and ADC operations are time 
multiplexed

• Efficient  utilization of 3D ReRAM crossbars 
with more than three layers have not been 
explored



1 2

3 4

D
A
C

D
A
C

D
A
C

D
A
C

out a out b

out c out d

256x256 256x1
128x128

MVM

2D DPE

Shared ADC

a b

c d

in1

in1

in2

in2

out b

MVM in In-memory DPE

Hardware constraint:

Maximum Crossbar Dimension



3D DPE

Shared ADCSh
ar

e
d

 D
A

C
 1

Sh
ar

e
d

 D
A

C
 2

a

b

d

c

in1

in2

out c+ 
out d

out a+ 
out b

L1

L2

L3

L4

L5

L1
C1

C2

C3

C4



Overhead Comparison



Problem 1: Hardware Mapping 
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• Two adjacent crossbars in a 3D stack can share a set of DACs if the 
mapped matrix segments are in the same column i.e., to be 
multiplied with the same input vector

• The dot product output if two adjacent crossbars in a 3D stack can 
combined if the mapped matrix segments are in the same row i.e., 
contributing to the same output vector

Shareability Opportunity



Problem 2: Discovering In-memory 3D DPE Kernel 
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Application level

Problem:
• Matrix dimension 

might exceed 
crossbar dimension

Solution:
• Partitioning Matrix 

into segments
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Greedy Kernel Cover of Sparse System

Target:
• Covering non-zero blocks 

using the kernel library



Evaluation





Improvements: 
• Area by 2.02X
• Latency by 2.45X 
• Energy by 2.37X



Summary
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Thank You

Contact us:
rashed09@knights.ucf.edu

sumit.jha@utsa.edu

rickard.ewetz@ucf.edu
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