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A New Golden Age for Computer Architecture: History, Challenges and Opportunities
https://www.youtube.com/watch?v=kFT54hO [ X8M

David Patterson - A New Golden Age for Computer Architecture: History, Challenges

and Opportunities
- eroprocessor Exoluton TR« SR

@ UBC Computer Science

Abstract: In the 1980s, Mead and Conway democratized chip design and high-level language programming surpassed assembly ...

ﬁ Turing Awards | What is Computer Architecture | IBM System360 | Semiconductors | Microprocessor... 44 &Y v/
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The Golden Age of Compiler Design in an Era of HW/SW Co-design
https://www.youtube.com/watch?v=4HgShra-KnY

ASPLOS Keynote: The Golden Age of Compiler Design in an Era of HW/SW Co-
The Golden Age of Compilers design by Dr. Chris Lattner

27RZRNE - 15ER

in an era of Hardware/Software co-design

International Conference on @ SiFivelnc
Architectural Support for Programming Languages and
Operating Systems (ASPLOS 2021)

This week at the ASPLOS 2021 conference, Dr. Chris Lattner gave the keynote address to open the event with a discussion of the ...
Chris Lattner
SiFive, Inc.

April 19, 2021

;v;| A New Golden Age for Computer Architecture John L. Hennessy, David A. Patterson June 2018 End o... 22 7" &Y v
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Hardware is getting harder

Modern compute acceleration platforms are multi-level and explicit:

scalar, Vector, Multi-core, Multi-package, Multi-rack, et. al.

None-coherent memory subsystems increase efficiency

Heterogenous compute incorporating domain-specific accelerators

Standard in high-end SoCs, domain-specific hard blocks in FPGA:s.

Many Accelerator IPs are configurable:

Optional extensions, tile count, memory hierarchy, etc.
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Hardware is getting harder

* How can developers write Software for this in the first place?

* How can developers afford to build generation-specific Software!?

www.hiascend.com
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Next-Gen compilers are needed!

What we need:
Hardware abstraction spanning diverse accelerators.
Support for heterogeneous compute platforms.
Domain specific languages and programming models.

Quality, reliability and scalability of infrastructure.
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C Compilers leading into the early 90s
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Source

Code
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Three Phase Compiler Stage

— Frontend —_—

Optimizer

Huawei Confidential. Ascend & MindSpore
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LLVM Enables Collaboration & Reuse

C >

Fortran =

Haskell =

Clang C/C++/0bjC
Frontend

llvm-gcc Frontend

—

GHC Frontend
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LLVM
Optimizer

LLVM IR

LLVM IR

LLVM
X86 Backend

—» X86

LLVM
PowerPC Backend

—» PowerPC

LLVM
ARM Backend

—» ARM
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lt's happening!

CPU, etc.

GPGPU, etc.

TPU, NPU, etc.

FPGA, etc.

ASIC

Programmable XPUs
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Los of players!

CPU, etc.

intel.
AMD 1

arm

GPGPU, etc.
<A NVIDIA
AMD 1

intel.

TPU, NPU, etc.

arm
& XILINX
Google

A Ascend

[Cambricon
E = £

FPGA, etc.

& XILINX
AMD 1

intel.

@ MICROCHIP

PRIIGBIT

ASIC

g asics.

Qualcommn

intel.

SAMSUNG
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How do we compile for this?

<A NVIDIA. L

CUDA.

cadence

1

oneAPI

eploidML

ﬁMB?:m SYCL.
Smivm

Menior ;
A amatt nGraph V|T|S_l \/l\/ADO

= Not very compatible, inconsistent quality and scope
e ..anddon’t share much code
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How do accelerators work?

Control Processor / “Sequencer”

Parallel
Compute
Unit

Control Processor / Sequencer
e Executes commands by the host driver app
e Handles booting and other housekeeping
e Diagnostics, security, debug, other functions

Some accelerators may do significantly more!

Ratio of control to parallel compute vary, as do the internal arch’s of both
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Add a system interface

| Control Processor / "Sequencer”

Parallel
Compute
Unit

aoepaju) sng / Aowapy

Communicate w other parts of the SoC, or to off-chip resources

Including DDR, HBM, ... AMBA, PCl, CXL, etc depending on integration level
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“Oops we need some software”

Hardware Software
2 | | control Processor / “Sequencer” |
g aralicl | Programming Model + Userspace API
§ Compute
“ Unit

Device Kernels

Control Proc Assembler + Kernel Driver

The SW people are called in after the accelerator is defined to “make it work”
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Larger accelerators go multicore/SIMT...

Hardware Software
= | [[]¢ Programming Model + Userspace API
g [| Control Processor / “Sequencer”
3 Parallel
3|5 Compute
8| :
= Unit

Parallel Device Kernels

Control Proc Assembler + Kernel Driver

Use of more HW area is desired, requiring parallel control logic
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Tiling and heterogeneity for generality

19

Hardware

| Co - ~ |

ateal Procassor / “Seauencer” I [

ntral Processor { “Seauencer”

Control Processor / “Sequencer”

Conta

Control Processor / “Sequencer”

aoeuau| sng / Alowsapy

Parallel Parallel
|| || Compute || || | Compute
= Unit ol — Unit
L pr——— | [——
[ Control Processor / “Sequencer” [ Control Processor / “Sequencer”
Parallel Parallel
|| | Compute || | | Compute
- Unit B Unit

Software

Programming Model + Userspace API

Multistream Mgmt / Interop Parallelism
Memory + Communication Optimization
Heterogenous Device + Host fallback

Parallel Device Kernels

Control Proc Assembler + Kernel Driver

= Also, hierarchical compute at the board, rack, and datacenter level
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Pro & Cons of hand written kernels

Benefits:
e Easy to get started, ability to get peak performance, hackability

Problem: hand written kernels don’t scale
e Expensive to maintain a library of 100’s to 1000's of kernels
e Don't scale to configurable IPs, not even memory hierarchy dimensions
e Don't scale to device families, or evolving parch’s over time
e Eventually end up limiting HW design space exploration / evolution

Often addressed with metaprogramming (aka “mini compilers”)
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“DSA Compilers” to the rescue

Hardware

I

nteal Processar [ “Seauencer”

Co

ntral Pracessar / *Seauencer”™ r

Cor

Conto

aoepau| sng / Aowapy

Co

I
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Parallel Parallel
Compute || || | Compute
=l Unit [kl5]  Unit
e—— | | p—
1 Control Processor / “Sequencer” ™ Control Processor / “Sequencer”
Parallel Parallel
Compute || | | Compute
5 Unit 15 Unit

Software

Programming Model + Userspace API

Accelerator Kernel Compiler

Multistream Mgmt / Interop Parallelism
Memory + Communication Optimization
Heterogenous Device + Host fallback
Kernel Code Generation

Control Proc Assembler + Kernel Driver
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This is Hard!

... And we keep reinventing it over and over again.

... at the expense of usability and quality.
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Standardize your base Software

RISC-V Control Processor

Parallel
Compute
Unit

@oeu8)U| plepuels

Write your kernels in C or LLVM IR!
e Use existing code generators
e Use existing simulators
e Step through them in a debugger

RISC-V Compiler + Kernel Drivers
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The next frontier: DSA Compilers?

“No one size fits all” compiler! Accelerator Kernel Compiler

=

. Multistream Mgmt / Interop Parallelism
Shape of the problem is the same... Memory + Communication Optimization

... but the accel details always vary Heterogenous Device + Host fallback
Kernel Code Generation

How do we get reuse?
RISC-V Software Ecosystem
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RISC-V+MLIR: Uniting an Industry

CPU, etc. GPGPU, etc. TPU, NPU, etc. FPGA, CPLD, etc. ASIC
& XILINX e el
MicrRocHIP i ettt

[{ 4 RISC j intel intel

Programmable xPUs Custom Hardware

=\
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Deep Learning

is widely use
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Al Framework Problem

295
Fir i
MindSpore
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Al Framework Problem

H o Softmax )
/ Convolution / Activgtion /] Max Pooling /,‘( Add & Normalize )\ ( 3 B____, % Ye & Yrz % _______ Yea
/1 /] Function A . : 3 [y C LIReAF D) a,, a,, a,,
/ / / 1 operat'on H ( Feed Forward ) ( Feed Forward ) L Vi T + Via +
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Thinking Machines

Al &2

MindSpore

28  Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

The Gap Between SW and HW is hugel

. £ Softmax
/ Max Pooling C T S\ C e D
// Operation : 3 3 C m:;. D)
// : C scwr: vvvvv ) Cret l:rw D)
A C T i DI
......... i C Self-Attention D)
y o 1/ I froemeeeee i
.......... e Add & Normalize ) i
H [ 4 *
4 P G Crestrona)
v v  wvvg = [ STy 3
Y NG Normalize )
/ : : ;
Y e St Attenton )
Input Output Activated Pooled = ——y é """""""""" é
Image feature map feature map  feature map .

U] &2 1F TensorFlow

MindSpore

O 55 K% O PyTorch

ONEFLOW
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C Compilers leading into the early 90s
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Challenge

MBS FHEFHRIRY  BFETA. 4R, UL TIEEREE LT ;
TRINES F R RSEUERE R BB R I —FNIEE |
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Challenge: Operator

R EZ IR R  EFENHA. 4P, UHFINIR TIEEEE LT -
IR T | BEHAMYEESL , FREESFEPH TSR | RER S RIEFEHEEE. LA
Convolution IZE Il , FTZEFE Convolution #{Fi&iR /N GEMM FEf43R% , EIAFTIRHFTH Swish BEF
, RIS Swish XFMZSEHN,
RN RSB A RIUCE (%0 MKL-DNN #] CuDNN ) , (EEXTEHREH , EERMAL
FBIRAE | MUSEINAER AN, FENTIE TSI TKEET EB A BT Bt s HEe
1.

32 Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

Challenge: Optimization

TRINECHIEASE4sEnI B E R /I —FFNIFE
K2 NPU £/ ASIC , FEHEMRIZRIIITTE. FHEFEERE M7 ERINES A | 61537 Al
RAHNHEREFHERE | 20 NVIDIA E5AF/9 GPGPU , (B2 DGX RFIRMHE AR Tensor Code,
AEJ B4 XPU B9 ISA ( Instruction Set Architecture ) FETRE , —IKER=40 GCC. LLVM &5miR T
BfE , (515513 CPU #1 GPUEBHIILHEFEFIFTINES R Pass IRMEFRHATZIEEI NPU L,
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https://link.zhihu.com/%3Ftarget=https%253A/en.wikipedia.org/wiki/Instruction_set_architecture%2523%253A~%253Atext%253DIn%252520computer%252520science%25252C%252520an%252520instruction%252C%2529%25252C%252520is%252520called%252520an%252520implementation
https://link.zhihu.com/%3Ftarget=https%253A/gcc.gnu.org/
https://link.zhihu.com/%3Ftarget=https%253A/llvm.org/

ZoPRAVE IS PRAYAE D

LER LIRS
FE R tkirlin

185 HIREH
(RIRFASR TR ?
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RISC-V+MLIR: Uniting an Industry

CPU, etc. GPGPU, etc. TPU, NPU, etc. FPGA, CPLD, etc. ASIC
& XILINX e el
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[{ 4 RISC j intel intel

Programmable xPUs Custom Hardware
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(S dmiFEass
AlZm1%38

Al RSB e RmiFRR BT AXRINE ?
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Likewise

BintER : B BTV TIERF U CREER , MR A EIEMERIFT O
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ARIFRRRTERIRITRS : AURIFEEERT Graph IR BTG | BRAEH IR FEIRAEFRRIF
2% R, B/EKEE S miEest it TR ERL,
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Difference

C >

Fortran =

Haskell =

Clang C/C++/0bjC
Frontend

llvm-gcc Frontend

—

GHC Frontend
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LLVM
X86 Backend

—» X86

LLVM
PowerPC Backend

—» PowerPC

LLVM
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—» ARM
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Difference

: Computation
C/C++/0bjC Graph
Tradition Compiler Al Compiler

: :

Executables/

Machine Code

Machine Code

WmASNMEShHERES BMAITEE/&T , mbERES

www.hiascend.com
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Difference

C/C++/0bjC

Computation

Graph

:

Tradition Compiler

—r—

Al Compiler

:

Machine Code

:

Executables/

Machine Code

FE RS ERIEERE
HIRZIAERFTERE
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Difference

C/C++/0bjC Python
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: AR EOMIE |, || soc#fE || schedule opt :
| € — — — Backend Backend — — — =P -
: KBmE Firaaolc : : DSL fi#iR kernel tiling :
S Sl Pl a I el a
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H .

ardward www.hiascend.com
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Difference

IR Z% : Al miEesY IR S{ERHRmIFESSHIIRFTRS HRAIBESFIR N FHAERE.,
AlRIEEE—HRSH high-level IR , FARSERREZIREEFFHZEE | 20 : Convolution, Matmul £,
EZE0=8 Transformer TR BRI,

1?%%#3%*@19‘@% low-level IR , BFHIAERIESIZE |, W load, store &, BT high-level IR , AR
ERRAREZ IEESE DSL EING1E.
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Difference

(RALTRES : Al fRiZesmERAIGUE, , LIRS INEZWTBIFERIR , MTTHITE high-level , B/
aggressive LFER. 40 :
AlYRIESSTE high-level IR FUTEFRIS | (EHRMmIFFHITRIUL loop fusion BY& , EEENRST. REZE
A B SEUFTHAITE DRI ;
ARIEER AT BT ERSE | thilineg, fplé, bfléE , AAREZINTEREAIBABER., BERR

BT T R KT AL,
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BUILDING A BETTER CONNECTED WORLD
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