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FP-CIM for High-accuracy AI Applications

n Recent AI tasks are becoming increasingly complex.
n Complex AI application requires FP-CIM for high accuracy.
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Limitation of Conventional FP Data Format

n If a bullet becomes longer, break it into two bullets
n Conventional FP cannot achieve high accuracy with low power.
Data Distribution Floating Point 16 Brain Float 16
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Principle of POSIT Data Format

n If a bullet becomes longer, break it into two bullets
n POSIT exploits dynamic bit to adapts to varied distributions. 
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Conventional FP VS. POSIT

n If a bullet becomes longer, break it into two bullets
n POSIT8 saves 27% energy with 0.4% accuracy loss than FP16.
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Challenge 1: Large Power in Regime Processing

n If a bullet becomes longer, break it into two bullets
n Dynamic regime increases 2.62× pre-processing energy.
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Challenge 2: Cell Under-utilization in CIM Array

n If a bullet becomes longer, break it into two bullets
n Dynamic mantissa introduces 41.3% CIM cell underutilization.
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Challenge 3: Redundant Toggle in Adder Tree

n If a bullet becomes longer, break it into two bullets
n Dynamic aligned accumulation incurs 66.8% power waste.
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Overall Architecture of POSIT CIM Macro

n BRPU replaces regime codec 
with Shift and OR logic to save 
regime pre-processing energy.

n CPCS CIM Array exploits spare 
bits to perform dual-bit MAC to 
increase CIM utilization.

n CASU simplifies addition logic 
to bit-wise OR operations to 
reduce accumulation power.
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Feature 1: Bi-directional Regime Processing 

n Step1: Regime extracting with leading 1/0 detector.
n Step2: Regime processing with codec and addition.   
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n If a bullet becomes longer, break it into two bullets
n BRPU replaces codec-addition with shift-or processing.

Feature 1: Bi-directional Regime Processing 
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Feature 1: Bi-directional Regime Processing 

n BRPU dynamically decodes small |RB| to shifts large |RA|.
n BRPU minimizes shift code to saves 40% of shift energy.



A 28nm 83.23TFLOPS/W POSIT-Based Compute-in-Memory Macro for High-Accuracy AI Applications 2025 MiM Webinar 17 of 38

Feature 1: Bi-directional Regime Processing 

n Different sign addition: logic shift to decrease 1’s/0’s counts.
n If shift code ≥ R’s effective bit-width, it introduces shift error.
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Feature 1: Bi-directional Regime Processing 

n BRPU dynamically decodes small |RB| to shifts large |RA|.
n BRPU avoids shift overflow to reduce 50% of shift logic. 
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n If a bullet becomes longer, break it into two bullets
n Dynamic mantissa bit-width introduces 48.9% cell waste. 

Feature 2: Critical-bit Pre-compute-and-store 
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n If a bullet becomes longer, break it into two bullets
n CPCS uses spare bits to achieve dual-bit MAC in each cycle.

Feature 2: Critical-bit Pre-compute-and-store 
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Feature 2: Critical-bit Pre-compute-and-store 
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Feature 2: Critical-bit Pre-compute-and-store 
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Feature 2: Critical-bit Pre-compute-and-store 

n If a bullet becomes longer, break it into two bullets
n Pre-computer only works one time before storing weight.
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n If a bullet becomes longer, break it into two bullets
n If A and B have no overlap bits, A + B is equal to A | B. 

Feature 3: Cyclically-alternating Scheduling
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n If a bullet becomes longer, break it into two bullets
n Even A0/A1 have 1 overlap bit, A0W0+A1W1 has to use adder. 

Feature 3: Cyclically-alternating Scheduling
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Feature 3: Cyclically-alternating Scheduling

n If a bullet becomes longer, break it into two bullets
n All cycles need adders for synchronous bit-serial computing.
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n If a bullet becomes longer, break it into two bullets
n CASU cyclically shifts A0 for asynchronous computing with A1.

Feature 3: Cyclically-alternating Scheduling
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n If a bullet becomes longer, break it into two bullets
n CASU eliminates overlap bits in former cycles of A0W0+A1W1.

Feature 3: Cyclically-alternating Scheduling
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n If a bullet becomes longer, break it into two bullets
n CASU saves 56.9% of accumulation energy for adder tree. 

Feature 3: Cyclically-alternating Scheduling
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Chip Photograph and Summary

One operation (OP) represents 
one multiplication or addition. 
1) Highest performance (lowest 
effiency) point, 1.0V, 419MHz
2) Highest efficiency point, 
0.65V, 78MHz, 50% input 
sparsity
3) The baseline is 69.76%
4) The baseline is 21.30
5) The baseline is 80.31%
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Area Breakdown Power Breakdown

Others
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n BRPU and CASU take limited area (22.5%) and power (21.8%)
n CIM Array takes most area (39.9%) and power (41.2%)

Area and Power Breakdown
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Training and Inference Performance 

n POSIT-CIM only incurs 0.14% of accuracy loss than FP32.
n It achieves 10.45TFLOPS/W of average energy efficiency.
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Performance Comparison
Comparison with SOTA FP CIM Macros
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Conclusion

A POSIT-Based CIM Macro with Bi-directional Regime Codec,
Critical-bit Pre-computing-Storing and Cyclically-alternating 

Scheduling Achieving 83.23TFOPS/W Energy Efficiency

n An Energy Efficient POSIT-Based CIM Macro
l Bi-directional Regime Processing Codec

ü Save Pre-processing Energy by Replacing Codec to Shift-OR
l Critical-bit Pre-compute-and-store CIM Array

ü Improve CIM Utilization by Using Spare Bit for Dual-bit MAC 
l Cyclically-alternating Scheduling Adder Tree

ü Reduce Accumulation Power by Simplifying Addition to OR 


