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Domain-Specific Hardware
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Domain-Specific Software Stack

Domain-Specific Language/Library

Domain-Specific Compiler
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Why Domain-Specific Architectures
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Figure 1.1.7:  Power breakdown of an 8 core server chip. Figure 1.1.8:  Energy efficiency of specialized processing, from [10].

Figure 1.1.9: Rough energy costs for various operations in 45nm 0.9V.
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Hardware in Industry

TPU

Inferentia
Trainium

FPGAs

Graviton
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Types of Hardware

Multicore CPUs SIMT GPUs

Fixed-Function ASICs

SIMD

Programmable

Streaming Dataflow

CGRA

RDA



Source: IBS, see https://www.extremetech.com/computing/272096-3nm-process-node  

6

Economics of Hardware
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Economics of Hardware

“That changed in 2013 when a projection showed people searching 
by voice for three minutes a day using speech recognition DNNs 
would double our datacenters’ computation demands, which would 
be very expensive using conventional CPUs.” 

In-Datacenter Performance Analysis of a Tensor Processing Unit, Jouppi et al., Google, 2017
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Hardware Design Considerations
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Figure 1.1.7:  Power breakdown of an 8 core server chip. Figure 1.1.8:  Energy efficiency of specialized processing, from [10].

Figure 1.1.9: Rough energy costs for various operations in 45nm 0.9V.
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Spatial Hardware (a.k.a. streaming dataflow hardware)
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von Neumann architecture

Memory

CPU

Memory

Memory

+

Memory

Memory

*

Streams

Values pushed 
from memories

Pipeline parallelism

(great locality)

Spatial architecture



Programmable 
Dataflow HardwareGPU
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Overview: Sparse Tensor Algebra Compilation

Fixed-Function

Hardware

Distributed

Machines

Data Structure

Specifications Compiler Schedules

Tensor Algebra

Autoschedulers

CPU + + ++
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Hardware design for general sparse tensor operations

Sparse tensor algebra accelerators must support:

1. Generality: arbitrary tensor algebra operations
2. Data Structures: dense and sparse data structures
3. Fusion: Fusion across operations
4. Reordering: Changing the order they process tensor dimensions



(0, 1, 3) 

((1), (0, 2), (1, 3)) 

((1), (2, 3), (4, 5)) 

Abstract tensor data model
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D, S0, 3, 1, 0 

D, S1, 3, 1, S0, 2, 0, S0, 1 

D, S1, 5, 4, S0, 3, 2, S0, 1 

Streams (Time)

Arrays (Space)

(0, 1, 3) 

((1), (0, 2), (1, 3)) 

((1), (2, 3), (4, 5)) 

Tensors on Wires
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Streaming dataflow abstract machine (for sparse tensor algebra)

Hierarchical Iteration
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Compiling to the streaming dataflow abstract machine

∀i
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Inner-product sparse matrix multiplication
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Inner-product sparse matrix multiplication
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Inner-product sparse matrix multiplication
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k

BikCkj

Level Scanner Bk

Level Writer Aj

Level Writer Ai

Intersection

Level Scanner Cj

Level Scanner Ck

Multiply

B Values C Values

A Values

Level Scanner Bi

Repeat

Repeat

Scalar Accumulate

repeater 

implements


broadcasting



17

Inner-product sparse matrix multiplication
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Level Scanner Bk
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Level Scanner Ck
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Gustafson sparse matrix multiplication
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asymptotically less work,

because intersection


occurs earlier

Level Scanner Bk

Intersection

Level Scanner Ck
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Gustafson sparse matrix multiplication
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A = B ⊙ (CD)
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Fused SDDMM
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TACO

Sparse Dataflow Compiler

Other
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Sparse Dataflow Compiler Overview


