B dmem_store

t=3,351,900.00 ps

Power 137.85 mW Utilization 77%
-requency 51 MHz Std Cell Count 76,669
Die Area 2.27 mm? Transistor Count 278,850
Core Area 1.75 mm? Setup Slack 0.362 ns
Pad Ring Area 0.44 mm? Hold Slack 0.030 ns
MiniDICE GEMM CTA 0 Timeline
0.0 cyc 4,415.0 cyc 8,830.0 cyc 13,245.0 cyc 17,660.0 cyc
B host_csr_program |
mfetch 1 1 I 1 1 1 1 © [ 1| 1 |
B bsfetch nm 1 1 1 1 1 1 1 1 1 1 1 |
cgra_program
B cgra_exec | 1 [ 1 1 1 1 1 [ 1 1 | ||
B dmem load i il i i ) X i j

t=3,351,900.00 ps
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« General-purpose GPUs implement parallel computing through single- -
instruction, multiple thread (SIMT) execution, but the underlying single- MiniDICE CGRA Processor
instruction, multiple-data (SIMD) execution spends a large fraction of its
energy on register-file traffic. -rontend Backend
. I\/IiniDIFZE replaces the SIMD backgnd With a 4>.<4 coarse-grained | AV P HB;igT:r I Dispatcher
reconfigurable array (CGRA) fabric while keeping the SIMT execution model,
supporting up to 16 threads. l I GFG MEM
- Instead of repeatedly accessing large register files, MiniDICE enables direct v J, Y
data movement between neighboring processing elements (PEs) within the Scheduler [—| f— Decode .
CGRA fabrlc | | f Register CGRA R
- GEMM is used as a representative workload to evaluate how effectively TX/RX CTA Flle
MiniDICE maps dense computation onto the CGRA fabric. adapter|" L
A
! ' T e
S Oftw are FI oW X p-graph Controller N Fetch Load store unit —
B IR
=7 {| CGRA p 14 0
CUDA L NVCC + DICE | il p-graph CGRA : bitstream Metadata Bitstream Data
program‘sy p-graph compiler ||| metadata mapper binary fetch | fetch | fetch
binary : 7
mmTTmT oo | > AXI| Crossbar
Y Y e l T CSR Fetch and Store
next Fetch . .
Fetch Bitstream & Execute Wait Mem
p-graph —>| p-graph —>| Decode [ . —> - : CSRs
Logic Metadata Reconfigure CGRA p-graph | & Retire
3 (x number of threads)
Hardware Execution Stages
| - Cadence Genus converts a high-level hardware
description into an optimized gate-level circuit that
=@y can be physically implemented on silicon.
¥y . Cadence Innovus physically implements the
Input from SB Register Flle P syr_1the5|zed n.etllst.by placing standard ce! s on the
chip and routing wires between them, while
v T meeting timing, power, area, and design-rule
- - sl ] constraints.
il - Cadence Tempus performs static timing analysis
PE PE to verify timing closure on the post-layout design
- - - ] before tape-out
= - Cadence Conformal uses formal verification to
PE PE LDST =1 check RTL-to-netlist equivalence
—| Unit 5 - Siemens Calibre performs physical verification:
> 2 > 8 DRC checks that the layout follows fabrication
PE PE design rules by TSMC, while LVS confirms that the
Cache layout electrically matches the schematic or netlist.
S S Hg A
PE PE
S S Sl o Testing the Chlp with an AMD ZCU102 [l Wang, J., Lu, A. D., Zeng, Z., & Li, A. DICE: Enabling Efficient General-
T -|J I f fFabri : Purpose SIMT Execution with Statically Scheduled Coarse-Grained
4x5 | FPGA after tabrication Reconfigurable Arrays. ArXiv:2605.05496, 2026. To appear in ISCA 2026.
> /| A MME]IH . Taplng out full DICE in TSMC 28nm [2] M. Taylor, “BaseJump STL: SystemVerilog Needs a Standard Template
:_S_B_ - f_________________ __J_ :;, CGRACOHﬁgUFEItiOH Memory emaory . Explore further applications with a for Hardware Design,” in Proc. 55th Annual Design Automation

CGRA fabric

Conference (DAC 18), Article 73, 6 pp., 2018..

MiniDICE GEMM Power Breakdown
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MiniDICE Area Breakdown
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0.60%
0.43%
0.51%
4.29%
4.62%
9.62%
53.23%
5.91%
1.97%
0.19%
3.14%
2.11%
2.73%
4.40%
6.77%

2.94%
1.84%
0.72%
1.67%
43.59%
7.56%
7.95%
1.20%
5.60%
3.00%
3.48%
19.39%
1.06%

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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