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Since its inception in 2011, RISC-V has experienced tremendous growth, resulting in numerous free and
open-source processors based on its instruction set. RISC-V Is increasingly used in various devices like loT,
wearables, and Al, creating a demand for multicore platforms built with RISC-V cores. While combining
different RISC-V cores for specific applications seems ideal, it's challenging because most open cores lack
features needed for efficient multicore design. This research proposes a hardware/software co-design
solution to overcome these bottlenecks, significantly improving performance of multicore system.

Multiple level cache system:

L2 Cache — External data cache.

 Shared Memory — Internal shared data/Thread info.

* Local Memory (LMEM) — Tightly coupled local memory.
Local switch: Allows LMEM's access without delay.

From RISC-V

* From tightly coupled accelerator (Accel.).

* From System Bus (SBUS).
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Figure 1 Proposed Thread-enabled Multicore RISC-V System
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Algorithm 1 Strassen’s algorithm (Divide-and-Conquer matrix multiplication) ° Th read InfO/ Shared data dle Sto red N Shared MemOry
nput: matrices Aand Bofsizep. * Maximize Local Memory Utilization.
utput: C is the result with the appropriate size.
1 Pardton matrix A ofsize p into A » Reduce shared resource usage (cache, bus).
, ,p/2— P
o  Reduce Local Memory replacement.
_ o - — 0 1
A = < Ap/2-1,0 Ap/2—-1,p/2-1 Ap/2—-1,p—-1 = {Az Ag} (O) AO Fetch Al Fetch A2 Fetch A‘L Fetch
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2: Partition matrix B of size p into: _
(b bo,p/2-1 bop1 ) (1) Aol Ao*Bo L Au| Ar*Ba A | Ar"Bo |As] As*B,| - (5)1A0f Ac*Br LA1] A5 | Ap ] Ao*By [As | As*B;
B=<bypo 10 + bppapp1 0 bypapp= B, B * _ * * - * * * *
. : : (2)%‘\0:80%‘\1:82%'&2:809 A3=Bz (6)%A0=81_/§AA1=B3_€LA2=81_§_3_A3=B3
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3: Partition matrix C of size p into:
_ JAox Bo+ Apx By Agx By +Arx By | JRo+ P Pt (3)[Ag[Po+P.[A A [P, +P[A (7)[Ag]P,+P5[A A, [P+P,[A
C_{Azx By + A3x By Axx By + Azx 33}_{P4+P5 P6+P7} p_o ° *}‘Pi j ‘ *_S'Pﬁ‘ ?0_ . *?p—l ‘p% ° ‘t?_ﬁs_
4: Parallel multiplication . - = .
5:.A4afA4ul(fb,140,Bo)
6: MatMul(Py,Aq,B
Frorr e o 0 iy
8: MatMul(Ps, A1, B3) é C'
9: MatMul(Py, As, By) 0 2 - -
10: MatMul(Ps, As, By) Figure 3 Dataflow for Strassen’s Matrix Multiplication Algorithm
11: MatMul(P6,A7_,B1) e
12: MatMul(P-, A5, B erative
13- Parallel addit(io; 3¢ 83) Size | Instruction Time (cycles) CPI Speed up
14: MatAdd(Cy, Py, P;) count Single-thread | Multi-thread | Single-thread | Multi-thread over single-thread
15 MatAdd(Cy, Py, P3) 8 6,444 32,324 7,578 5.02 1.17 127
16: MatAdd(Cy, Py, P5) 16 50,271 247,612 64,662 492 1.28 3.83
17. MatAdd(Cs, Py, Py) 32 496,942 2,036,081 485,057 4.09 0.98 419
__ 64 3,953,166 15,225,460 4,134,107 3.85 1.05 3.68
. _ : : Strassen
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64 3,966,614 17,820,396 3,202,560 4.49 0.81 5.56 1.29
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