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The Golden Age of Compilers

in an era of Hardware/Software co-design

David Patterson

UC Berkeley and Google )
Chris Lattner
May 16, 2019 SiFive Inc
Full Turing Lecture: April 19, 2021

https://www.acm.org/hennessy-patterson-turing-lecture
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[1] Chris Lattner. The golden age of compilers: in an era of hardware/software co-design.
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Source: Chris Lattner. The architecture of open-source applications. LLVM Chapter.
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Source: Chris Lattner. MLIR: Multi-Level Intermediate Representation Compiler Infrastructure.
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MLIR: Compiler Infrastructure for the End of Moore’s Law

e Multi-Level
Intermediate Representation

e State of the art compiler technology

e Built on top of LLVM’s open, library
based philosophy

e Modular and extensible

e Originally created within Google for
compiling TensorFlow

e Sufficiently general to compile lots of
domains besides ML

https://mlir.llvm.orqg

Source: Mike Urbach. Applying Circuit IR Compilers and Tools (CIRCT) to ML Applications.


https://mlir.llvm.org

M LLVM ZI| MLIR (Con’t)

C, C++, ObjC,
CUDA, OpenCL, ... -
Swift =»

Rust =

Julia =»

Fortran =

WM ER IR
L/ IR AEat i T
EH IR 28tk
TH IR B BER

MLIR 22— Meta IR S 4RIFE5H
HAghE, ATLLAT: :C


https://llvm.org/devmtg/2015-10/#talk7
https://blog.rust-lang.org/2016/04/19/MIR.html
https://docs.julialang.org/en/v1/devdocs/ssair/index.html
http://llvm.org/devmtg/2019-10/talk-abstracts.html#tech19
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o HTFSSAM IR EXAXVRE
e Module/Function/Region/Block/Operation #1E R 4541
e Operation ATLLH—H #REHE T Region

func @testFunction(%arg@: i32) {
%x = call @thingToCall(%arg®@) : (i32) -> i32
br “bb1
Abb1:
%y = addi %x, %x : 132
return %y : 132

}

& B E X H Operation. Type.

Dialect .
Attribute Zpl A

Source: Chris Lattner. MLIR: Multi-Level Intermediate Representation Compiler Infrastructure.
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EF MLIR B94m1%13 %2 - LL TensorFlow Jg45i

Payload Structure

Tensor

Uity

Image source: https://llvm.discourse.group/t/codegen-dialect-overview/2723
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CIRCT: Compiler Infrastructure for the future of EDA

Source: Mike Urbach. Applying Circuit IR Compilers and Tools (CIRCT) to ML Applications.

Circuit Intermediate Representation
Compilers and Tools

Built using MLIR

LLVM incubator project

Composable toolchain for different
aspects of electronic design
automation (EDA) process

Common platform with clean interfaces
Tools for designing accelerators are
relevant for programming accelerators

https://circt.llvm.org
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FIRRTL Z%1¥35: FIRRTL Parser

module Foo:
clk: Clock
bus: {valid: UInt<1>, data: UInt<32>}

dataReg: UInt, clk

bus.valid:
dataReg <= bus.data

@ circt-translate -import-firrtl

firrtl.module @Foo(in %clk: !firrtl.clock, in %bus:
'firrtl.bundle<valid: uint<1>, data: uint<32>>) {
%dataReg = firrtl.reg %clk : (!firrtl.clock) -> !firrtl.uint

%0 = firrtl.subfield %bus("valid")
(!firrtl.bundle<valid: uint<1>, data: uint<32>>) -> Ifirrtl.uint<1>

firrtl.when %0 {
%1 = firrtl.subfield %bus("data")
('firrtl.bundle<valid: uint<1>, data: uint<32>>) -> !firrtl.uint<32>

firrtl.connect %dataReg, %1 : !firrtl.uint, !firrtl.uint<32>

P}

.mlir file

Chisel

FIRRTL

7
FIRRTL %
]

)

SV
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FIRRTL #m1¥%5: FIRRTL Dialect

firrtl.module @Foo(in %clk: !firrtl.clock, in %bus:
'firrtl.bundle<valid: uint<1>, data: uint<32>>) {
%dataReg = firrtl.reg %clk : (!firrtl.clock) -> !firrtl.uint

%0 = firrtl.subfield %bus("valid")
('firrtl.bundle<valid: uint<1>, data: uint<32>>) -> Ifirrtl.uint<1>

firrtl.when %0 {
%1 = firrtl.subfield %bus("data")
('firrtl.bundle<valid: uint<1>, data: uint<32>>) -> !firrtl.uint<32>

firrtl.connect %dataReg, %1 : !firrtl.uint, !firrtl.uint<32>

2 .mlir file: High FIRRTL

Chisel

FIRRTL

7
FIRRTL %
]

@circt-opt -firrtl-lower-types -firrtl-infer-widths -firrtl-expand-whens

firrtl.module @Foo(in %clk: !'firrtl.clock, in %bus_valid: !firrtl.uint<1>,

in %bus_data: !'firrtl.uint<32>) {

)

%dataReg = firrtl.reg %clk : (!firrtl.clock) -> !firrtl.uint<32> [

SV

%0 = firrtl.mux(%bus_valid, %bus_data, %dataReg)

(!'firrtl.uint<1>, !firrtl.uint<32>, !'firrtl.uint<32>) -> !firrtl.uint<32>

firrtl.connect %dataReg, %0 : !firrtl.uint<32>, !firrtl.uint<32>

.mlir file: Low FIRRTL

Verilator




FIRRTL ZmiEas: HW+SV+Comb Dialect

@ circt-opt -lower-firrtl-to-hw

hw.module @Foo(%clk: , %bus_valid: , %bus_data: ) {
%dataReg = sv.reg : !'hw.inout< >
sv.ifdef "SYNTHESIS" {
} else {
sv.initial {
sv.verbatim " INIT_RANDOM_PROLOG_"
sv.ifdef.procedural "RANDOMIZE_REG_INIT" {
%RANDOM = sv.verbatim.expr " RANDOM" : () ->
sv.bpassign %dataReg, %RANDOM :

sv.read_inout %dataReg : !'hw.inout< >
comb.mux %bus_valid, %bus_data, %0 :
.alwaysff(posedge %clk) {
sv.passign %dataReg, %1

}
hw.output

.mlir file: HW+SV+Comb

Chisel

FIRRTL

7
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]
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FIRRTL ZmiEas: HW+SV+Comb Dialect

HW Dialect
o IMRWEMHEBIRAIZEM, 5140 (Ext)Module/Instance, LA Chisel %
R ZEE 150 InOut. Array. Struct. Union |
e Module port RILAIZ ¥ Z# &, 520 SystemVerilog FIRRTL %
Interface, EFRTAFR EROEH BIERMER
o TLIEFR SV # Comb z 4 pyE fth Dialect #1T¢H& :
o ETFi#T IRMSHMLTH FRRTL |
SV Dialect
o %% SystemVerilog i&E rh# A BRI 454 [ W ]
o FTENZEMM SystemVerilog %t 34 [ - ] [ R ] C'.IE
Comb Dialect et
© RTREBETHHSIER Verilog %—» Verilator




FIRRTL #%1%3%%: Verilog Emitter

@ circt-translate -export-verilog

module Foo(
input clk, bus_valid,
input [31:0] bus_data);

[31:0] dataReg;

‘ifndef SYNTHESIS
initial begin
"INIT_RANDOM_PROLOG_
‘ifdef RANDOMIZE_REG_INIT
dataReg = “RANDOM;
“endif
end
“endif
[31:8] _T = bus_valid ? bus_data : dataReg;

always_ff @( clk)

dataReg <= _T;

endmodule

sV file

Chisel

FIRRTL
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]
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BRI AT 3 B TR Meta HDL

B Scala FIRRTL 4miF2889%THE

o 1! #LLF Scala FIRRTL 4%i%¥2%, CIRCT $#4R Chisel %
FRERAT 152518
o TWHA:®ELLE HW+SV+Comb RILIAFHIF v
{£4T Meta HDL, #H4TEER{LIEFD Verilog 4 B Edith (SWIft) FIRRTL %
R |
Edith [1] (e | p— ]
o ETF Swift WiEHmIRIES \ . 1 R\
e 1&jd Swift binding 7£ Swift H 4 Rk Edith IR Y v
a. Self-contained Edith Dialect: 288l F [ HW ]
FIRRTL Dialect, &] LABF{EZE| HW+SV+Comb
b. HW+SV+Comb+Edith: 1&id partial lowering [ SV ] [ Comb ]

1 Edith £ FARESRR, LLiFET Verilog B

R f
Verilog %—» Verilator

[1] Edith: https://github.com/circt/edith
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Handshake Dialect

Source: Hanchen Ye. Handshake-based HLS in CIRCT
[1] Polygeist: https://github.com/wsmoses/Polygeist

»

Processes communicate through stream
interfaces (e.g. AXl4-Stream)

C/C++ %

(1]

» Interfaces connected by single-reader single- L Standard )
writer FIFOs, which are logically unbounded
» Processes can access interfaces in any order f )
—— Handshake
» Provably deterministic if processes cannot test L y,
state of streams
- Elastic
- Latency Insensitive [ FIRRTL
A
/€ l
/5 |
Const Sink

Verilator



https://github.com/wsmoses/Polygeist

RIRIEFI AT B I%E: BE X Interface

hw.module @Sender(%clk: ) -> (%x: 'esi.channel<i4>, %y:

hw.module @ArrSender() -> (%x: !esi.channel<!hw.array<4x

hw.module @Reciever(%a: !esi.channel<i4>, %clk: )

ESI (Elastic Silicon Interface) Dialect
o ERTHEAEOMBEERS
o FRARLEMSH EHBEE
o TAILIFFIEE| SV interface
o  AJLASCEN A HE B AN URR B BE B
o XFHRHEMKEIHE

[1] Edith: https://github.com/circt/edith
[2] Polygeist: https://github.com/wsmoses/Polygeist

C/C++ %

(2]

Chisel % [ Standard
Edlth(SWIft). FIRRTL ( Handshake
mi |
Edith [ FIRRTL [ ESI
_______ “‘ | .
L ]

SV

Verilator



https://github.com/circt/edith
https://github.com/wsmoses/Polygeist
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LLHD (Low Level Hardware Description) Dialect

C/C++ %

(2]

o LTHRTHFHEMPERT . . .
e Z#F Verilog-to-LLHD parsing 18 R{AFE Chisel % | Skt
@ Verilog ﬂ | Edith (Swift) iy FIRRTL % Handshake
RN [ | | ,
e X ¥¥ Verilog-to-HW parsing RN V(
N K Edith ! FIRRTL [ ESI ]
o ¥ HW+SV+Comb {FE | L DL
e 3z behavioral., structural, ) N (\ e
1 netlist A& 4 IR LLFETT | HEl = [ HW ]
% = R E FRIGIE ) C
Simulator {--------- [ SV ] [ Comb ] CIRIZT
[1] Edith: https://github.com/circt/edith Verilog Verilator
[2] Polygeist: https://github.com/wsmoses/Polygeist z;

[3] Moore: https://github.com/fabianschuiki/moore
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Image source: Mike Urbach. Applying Circuit IR Compilers and Tools (CIRCT) to ML Applications.
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Image source: Mike Urbach. Applying Circuit IR Compilers and Tools (CIRCT) to ML Applications.
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Website: circt.llvm.org

GitHub: github.com/llvm/circt
Forums: CIRCT on LLVM Discourse
Chat: CIRCT on LLVM Discord



https://circt.llvm.org
https://github.com/llvm/circt
https://llvm.discourse.group/c/Projects-that-want-to-become-official-LLVM-Projects/circt/40
https://discord.gg/xS7Z362
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