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• General-purpose GPUs implement parallel computing through single-

instruction, multiple thread (SIMT) execution, but the underlying single-

instruction, multiple-data (SIMD) execution spends a large fraction of its 

energy on register-file traffic.

• MiniDICE replaces the SIMD backend with a 4x4 coarse-grained 

reconfigurable array (CGRA) fabric while keeping the SIMT execution model, 

supporting up to 16 threads.

• Instead of repeatedly accessing large register files, MiniDICE enables direct 

data movement between neighboring processing elements (PEs) within the 

CGRA fabric

• GEMM is used as a representative workload to evaluate how effectively 

MiniDICE maps dense computation onto the CGRA fabric.

Introduction

Backend Flow

• Testing the chip with an AMD ZCU102 

FPGA after fabrication

• Taping out full DICE in TSMC 28nm

• Explore further applications with a 

CGRA fabric

• Cadence Genus converts a high-level hardware 
description into an optimized gate-level circuit that 
can be physically implemented on silicon.

• Cadence Innovus physically implements the 
synthesized netlist by placing standard cells on the 
chip and routing wires between them, while 
meeting timing, power, area, and design-rule 
constraints.

• Cadence Tempus performs static timing analysis 
to verify timing closure on the post-layout design 
before tape-out

• Cadence Conformal uses formal verification to 
check RTL-to-netlist equivalence

• Siemens Calibre performs physical verification: 
DRC checks that the layout follows fabrication 
design rules by TSMC, while LVS confirms that the 
layout electrically matches the schematic or netlist.

Architecture
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Design Insights:

• Programmability + spatial: 
Keeps SIMT execution model 
while using a CGRA fabric for 
parallel computing.

• CGRA-based computation: 
Most useful work happens 
inside the CGRA, where PEs 
communicate through SBs

• Complete backend flow: The 
design is synthesized, placed, 
routed, timing-checked, and 
verified using ASIC flow

• GEMM stresses data 
movement: Matrix 
multiplication repeatedly 
moves operands across the 
fabric, making interconnect 
activity a major power cost.

• Datapath dominates 
overhead: Results show that 
area are concentrated in 
compute, memory, and routing 
structures rather than control 
logic.
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