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Why In-memory Computing?

CPU Memory
Expensive

Data-

Transfer

Why not Compute In-memory!



Types of In-memory Computing?

Analog
Pro: energy efficient
Con: Low-precision 

Digital
Pro: high precision
Con: less efficient 

WRITE-based READ-based



Digital in-memory computing

WRITE-based READ-based



WRITE vs. READ Operation
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Motivation
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THE STREAM FRAMEWORK



LOGIC SYNTHESIS FOR STREAM-
BASED PEs



Technology Mapping
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Crossbar Mapping
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What if the logic is
larger than the

crossbar 
dimensions?



Spatial Partitioning

(b) (c)(a)

Trefethen_20

Input 
Matrix

Input 
Vector

Output 
Vector



Bit-wise Partitioning

a31a30 a1 a0 b31 b30 b1 b0

b31 b16 b15 b0a

b31 b16a 10 00 a b15 b0

Known Operand a Unknown Operand b

(i) Elementwise multiplication of two 32-bit operands

Bit-slicing

(ii) Bit-slicing operand b

(iii) Shift and add

Shifting



PE Architecture

          

       
     
     

           
     
    

                

          

                

        

      

   

   

      

   

  

  

  

EMB  - element-wise 
multiplication block
IR/OR  - Input/output 
register
sh  - shifter



Architectural overhead



Evaluation on ISCAS85 benchmarks



Evaluation on ISCAS85 benchmarks

• Latency improved by 139X 
• Power consumption improved by 14X 
• Area usage increases by 56X



Evaluation on SuitSparse Matrix 
Applications



Evaluation on SuitSparse Matrix 
Applications

• 2.2 X larger area
• 2.0 X lower power
• 2.4 X smaller latency



Summary



Thank You
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