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Obijective: Fast Micro-Kernels
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Compilers Lower IR in Phases ...

IR

Tiling

IR

Loop
Unrolling

Vectorization

IR

.asm



.. Making Choices at Multiple Levels ...
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... And Don’t Always Produce Optimal Code
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Expert Programmers Bypass The Compiler ...
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... Or Provide Schedules That Guide It
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Can We Automate The Schedule Per Kernel?
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Compilers Optimize for Best-Average-Case Performance

MatMul 16x16x16 0.6 0.8
MatMul 64x64x64 0.7 0.3
MatMul 64x16x128 0.5 0.2
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« Step 1: Generate Full Range of Lowerings
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Step 2: Evaluate Performance
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. Step 3: Take The Best
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How Do We Do This In Practice?
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Micro-Architecture-Aware Cost Models @ .2

ARM x86 RISC-V

llvm-mca llvm-mca Illvm-mca
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|JACA



UiCA - The uops.info Code Analyzer

Toop: . .

add rax, [rsil Execution Trace
adc rax, [rsi+rbx]

shld rex, rex, 1

shld rex, rdx, 2 E Predecoded
deq rls [@] Added to IDQ
jnz loop m Issued
[H Ready for dispatch
4 @ Dispatched
Syntax: @GNU as (Intel) OGNU as (AT&T) ONASM O Hex Code E Executed
[)Sandy Bridge (Jlvy Bridge [JHaswell []Broadwell B Retired
Microarchitecture(s): 3 Skylake []Skylake-X [1Kaby Lake []Coffee Lake 0 50
[JCascade Lake [Jice Lake []Tiger Lake [JRocket Lake Show iterations from/to:
Tools: MUCAZ [JIACA 3.0 [JIACA 2.3 [llivm-mca [JOSACA®Z [JCQAZ
UICA Options: ops Cycle
Alignment offset: [0 | Possible | Actual
HTML output: [ Trace Table 4 Graph [ Dependencies It. | Instruction Ports | Port
R 2.3} 2 [l
‘ Run! H Get URL l 2dd rax,guord ptr [rsil 0156 6 QI
- d d ptr [rsi+rbxsl] 23 s Qi
. adc_rax, qword ptr [rsi+rbxsl] 06 5 ol
shld rcx, rex, @x1 {0,6) 0 [l
shld rcx, rdx, @x2 {1} 1 1q |!
dec r15 {6} 6_|Q
inz OxFEFFFFFTfiffifec - -
{2,3} 2 Q|
add rax, qword ptr [rsil 056 s q
2,3} 3 q
, ade rax, qword ptr [rsisrbesd] — 'y o Q
y shld rex, rex, ox1 {06} 0 Q)
shld rcx, rdx, ox2 {1} 1 qQ
dec r15 {6} 6 Q|
- jnz oxfEEFFFFEFfifefec - -
) 2.3} 2 Q[ Ti
add rax, qword ptr [rsi] Bise] 1 QT
2,3) 3 a 1
) ade rex, aword ptr [rsisrbxsl] [— ot s QT
shld rcx, rex, oxi {0,6} 0 o 1T
shld rcx, rdx, 0x2 {1} 1 [ 1]
dec r15 {6} 6 o 1]
jnz OxFEFFFFFffffffec - -
add rax, qword ptr [rsi] (0%2?6) g g I:
. 2.3} 3 Q|1
ade rax, aword ptr [rsisrbxsd] [— 'y 9 QT
° ‘" o e ’"‘ o - shld rex, rex, Oxl {0,6} 0 Q) |
. hld rex. rdx. 0 ) 1 ol 1



https://www.uops.info/

Parameterizable Domain-Specific Passes +
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Tiling 128x128x128 MatMul by (16,16,16)

def matmul(A, B, C):
for i in range(128):
for j in range(128):
for k in range(128):
Ccli,jl += A[i,k] = B[k,]j]

def matmul(A, B, C):
for io in range(0, 128, 16):
for jo in range(0, 128, 16):
for ko in range(0, 128, 16):
for ii in range(16):
for ji in range(16):
for ki in range(16):
1 =10 + 11
j = jo + ji
k = ko + ki
cli,jl += A[i,k] = B[k,Jj]



Parameterizable Target-Specific Passes ?

Instruction Instruction Register
Selection Scheduling Allocation

?? ?? ??

21



Recursive Exploration
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Recursive Exploration
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Recursive Exploration
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Recursive Exploration
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Recursive Exploration
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Loop

Tiling Unrolling Vectorization
IR - = N v

IR

IR >

S 4
v .asm | 0.8
\ 4
@

I

IR

30



Recursive Exploration

Tiling

IR

Ny

"\

IR

Loop

Unrolling Vectorization

IR

v
, @Ry
) 4
®

31



A First Experiment in xDSL

Matrix Multiplication 2x2 * 2xN
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Earlier Compiler Passes Restrict Later Ones
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A Multi-Level RISC-V Backend

linalg
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... Making Choices at Multiple Levels ...

IR

Tiling

Loop

Unrolling Vectorization

IR

IR

IR

IR

.asm

36



IR

Tiling

IR

Schedule A

Loop
Unrolling

Vectorization

IR

FPU
Utilization

> .asm




IR

Tiling

IR

Schedule B

Loop
Unrolling

Vectorization

IR

FPU
Utilization

> .asm




