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Objective: 

- Fast Matrix Multiplication 
- Tensor Native
- Scalable



Dataflow
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Matrix Core & Vector Core 

- Software-managed Cache
- 2-Diagonal Cache Read/Write

  (max systolic array utilization) 

- Linear Instruction Flow

- Heterogeneous ISA

  (fine-grained hardware control) 

- NUMA 

- Message-passing Intercore Communication 

- Motivation:  
- Compilers have more knowledge  
  about computation than hardware
- DRAM is slower than on-chip  
  communication 

- Objective:  



Mat Mult
Single Core

Mat Mult
Four Cores

- Divide input into
submats with width  
equals to hw width

- Accelerate submat
mult with 
systolic arrays

- Mat addition done 
using vector cores, 
must send/recv

- Temporal locality:
submat of A is reused
in the innermost loop

- Assume no need to 
distribute input to cores, 
no need to gather output
to a single core

- Ops in dotted rectangles are
run in parallel

- Time complexity in CPU time:
 2 * [ 2 * (N / 2)3 + (N / 2)2 ]
 = (N3 / 2) + N2 / 2 

(excluding communication cost
and systolic array speedups)
Naive single-core: 2 * N3



Matrix Mult Benchmark - Single-core vs Four-core
Multi-core effective on large mats, not perfect because N3 / 2 + N2 / 2

<- communication

<- computation

<- load & store     
(memory access) 

Assuming sufficient cache size, 
communication becomes  
bottleneck for large inputs  
due to the send/recv to/from  
vector cores for matix addition  

Workload distribution  in the  
multi-core processor is balanced 



Matrix Mult Benchmark - Sensitivity Analysis
Larger cache size -> smaller cycles, smaller load store ratio

Larger HW width -> smaller cycles, same usage ratio

input: (512, 512)  
* (512, 512)

input: (64, 64)  
* (64, 64)

input: (128, 128)  
* (128, 128)

input: (512, 512)  
* (512, 512)



Orchestrator

Orchestrator::MatCoreState

Orchestrator::VecCoreState

- Processor State- Matrix State

- Internal Representation for Multi-core Matrix Data Operation 

- Instruction Memory
- Data Memory
- Free Registers 

- Shape (2D Matrix) 
- Core ID 
- Matrix of Registers
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- IR Operation (MatMult/Relu/Transpose) Compiler

Code
Generation 

Cycle
Simulator

Instruction  
Memory

IR
Operation

- Operates on matrix handles 
- Intelligent Code Generation from Simulation Results

Which cores
are available?

Allocated Registers

Free Registers

ONNX IR
(Tensor, Gemm)

Compiler IR
(Matrix, MatMult)

Binary
Instructions

(Register Ops)



Simulation

- Synopsys VCS

- Cycle Simulator

- ONNX Simulator

MatControl

Instruction
Decoder

FSM,
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VecControl

Instruction
Decoder FSM 

- Accurate Prediction on Cycle Count (No Branch Instruction) 
- Feedback Loop for Compiler and Orchestrator

- Hardware Design Correctness
- Compiler Correctness (But Slow)

- Reference Output After Each Node

VecCoreSimEngineMatCoreSimEngine SwitchSimEngine

Send/Recv
FSM



             

