
A RISC-V Vector Extension for 
Multi-word Arithmetic 
Yunhao Lan, Larry Tang, Naifeng Zhang, Youngjin Eum, 
James Hoe, Franz Franchetti

RISCV-HPC 
Nov. 17 2025
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Great Data Security Comes at a High Cost

Cost: Prohibitive overhead dominated by multi-word arithmetic
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Multi-Word Arithmetic in HPC

Figure 1: A 128-bit multi-word sum using two 64-bit words. 
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Multi-Word Arithmetic in HPC

Figure 2: An 8-point 128-bit NTT kernel with multi-word arithmetic on 64-bit systems. 
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User-Defined Mask Register

In RVV1.0, mask is only provided by v0. 
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User-Defined Mask Register

In RVV1.0, mask is only provided by v0. 
Encode the mask register field into the 
instruction.
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Unified Vector Carry Arithmetic

In RVV1.0, two instructions are used to 
compute result and carry separately from 
the same set of operands. 

Sum 
Carry
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Unified Vector Carry Arithmetic

In RVV1.0, two instructions are used to 
compute result and carry separately from 
the same operands. 

Output result and carry at the same time. 

Sum 
Carry

Sum Carry
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Fused Bitwise Operation and Comparison

From analyzing SPIRAL NTTX-generated kernels, we find the NTT consistently lowers to 
long dependency chains with two fundamental templates, as follows: 

1) Bitwise operation after having paralleled comparison/shifting, e.g., (𝑎 > 𝑏)&(𝑐 == 𝑑);

2) Stacked bitwise, e.g., ∼ (𝑐| (∼ (𝑏|𝑎))).
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Proposed ISE and Encoding

7



Example: Double-Word Addition
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We intentionally create a v0 conflict around this 
double-word addition by inserting mask and load 
operations.
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Evaluation: Testing Platform
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Performance Models 
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Performance Models  
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, where Cycle (𝜍), scaled cycle (𝜍′ ), VLEN (𝜈), scaled VLEN (𝜈′), DLEN (𝛿), scaled DLEN (𝛿′), fraction of the 
parallel compute instruction (𝑓), fraction of parallel compute cycles contributing to the arithmetic (𝜌).

Datapath Width (DLEN) Model: 

Vector Register Length (VLEN) Model:

3D Model Combining DLEN and VLEN:
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PISA: Performance Projection with Proxy ISA

Mapping each extended instruction to the most structurally similar RVV instruction.

Zhang, N., Fu, S., & Franchetti, F. (2025). Towards Closing the Performance Gap for Cryptographic Kernels Between CPUs and Specialized Hardware. In Proceedings of 
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Performance Results: Scaling DLEN
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Performance Results: Scaling VLEN
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Takeaways 

● Even with RVV’s existing support for a global mask register to propagate carry masks, 
additional architectural extensions can further saturate the pipeline for HPC 
benchmarks.

● Performance gain is limited by different bottlenecks across different architectural 
configurations, making it worth studying how to maintain it.
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