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Peak Hardware Performance
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Peak Hardware Performance

Peak Application Performance

(due to data type, used arithmetic functions, data dependencies, ...)
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Analytical Performance Modeling

= What is the best performance my code can achieve?

= \What are the relevant hardware bottlenecks?

= Apply simplified model of underlying hardware,
consisting of

Attainable GFlops/sec

" I n = CO re exe C u tl 0 n ;perational Inter:sity (Flops/Byte)
= Data transfer

LD L1-L2 | L2-L3 L3-MEM
ST
MUL
ADD
> t[cy]
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

= b[i] + s * c[1]

..B2.42:
vmovups %rl4, ,8), %$zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd $zmml, (%rl2, ,8)
addg $8,
cmpqgq %rsi,
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

LOAD 5 cy
= b[i] + s * c[i]

..B2.42:
vmovups %rl4, ,8), %$zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd $zmml, (%rl2, ,8)
addg $8,
cmpqgq %rsi,
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

LOAD 5cy
= b[i] + s * c[1]
..B2.42:
vmovups %rl4, ,8), %$zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd %$zmml, (%rl2, ,8)
addg $8,
cmpqgq %rsi,
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

LOAD 5cy
= b[i] + s * c[1]
..B2.42:
vmovups %rl4, ,8), %$zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd %$zmml, (%rl2, ,8)
addg $8,
cmpqgq %rsi,
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

LOAD -5ey-
= b[i] + s * c[1]
..B2.42:

vmovups (%rl4, ,8), %zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd gzmml, (%rl2, ,8) 1 Cy/LD
addgq $8,
cmpqgq %rsi,
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

STREAM TRIAD

LOAD —5ey-
= b[1] + s * c[1]
..B2.42:
vmovups (%rl4, ,8), %$zmml
vfmadd213pd (%rl5, ,8), %$zmm2, %$zmml
vmovupd Szmml, (%rl2, ,8) _:I._Cy'ﬂ:B‘
addgq $8,
cmpqgq %rsi,
jb ..B2.42

0.5 cy/LD
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD QlALUl [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] §LEr| [INT INT| [er |
g INT AVX
< | AvX DIV ALU
WAL | raux
. .B2.42: ALU
vmovups %$rld ,%rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, %zmml
vmovupd %$zmml, (%rl2,%rdx, 8)
addg $8, %rdx
cmpqgq %$rsi, %rdx
ib ..B2.42
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD QlALUl [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] SLBR] [ INT i A
g INT AVX
< | AvX DIV ALU
WAL | raux
. .B2.42: ALU
vmovups %$rld,%$rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, %zmml
vmovupd %$zmml, (%rl2,%rdx,8) . . .. -------------- . | | | | |
addq $8 , %rdx | | | i:-"""""":i
cmpqgq %$rsi, %rdx | | | | |
jb ..B2.42
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD }BlALul [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] SLBR] [ INT i A
g INT AVX
< | AvX DIV ALU
WAL | raux
..B2.42: ALU
vmovups %$rld,%$rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml
vmovupd %$zmml, (%rl2,%rdx,8) . . .. -------------- . | | | | |
addq $8, %rdx i uassssassssas, | pnsnassnsanenn | U g
cmpq brsi, brdx LFVA B S LD |
jb ..B2.42 | | | | |

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD }BlALul [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] SLBR] [ INT i A
g INT AVX
2 [ AvX DIV ALU
WA | rzux
..B2.42: ALU
vmovups %$rld,%$rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8) """"""" . . . . .
addq $8, %rdx i uassssassssas, | pnsnassnsanenn | U g
cmpq brsi, brdx | FviA BRI R L0 |
jb ..B2.42 | | | | |
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD }BlALul [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] SLBR] [ INT i A
2 = T
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups %$rld ,%rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, %zmml
vmovupd $zmml, (%rl2,%rdx,8)
addq $8, %rdx R s eseseen """"""" i i g g
cmpq %rsi, %rdx | FMA |
ib ..B2.42 i
' ' ADD '
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD }BlALul [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | ASGTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
a[i] = b[i] + s * c[i] §LEr| [INT i (N
3 [sHFT] e T
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups %$rld ,%rdx,8), %zmml DIV FMA
vfmadd213pd (%rl5,%rdx,8), %zmm2, %zmml
vmovupd $zmml, (%rl2,%rdx,8) | | aa;
addg $8, %rdx i R s eseseen | paay i
cmpq %rsi, %rdx | FMA
jb ..B2.42 | |
' ' ADD '

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD 9|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
al[i] = b[i] + s * c[1i] §| BR | I\'A'\:JTL |\I/|NUT|_ L BR |
3 [sHFT] e T
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups %rld,%rdx,8), %$zmml

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

ol FVA L | 1D f D] | ADD | : : |
addq $8, %$rdx | | | | | é é i i i
cmpq 3rsi, %rdx : : : : : : : : : :
jb ..B2.42 [ [ [ [ [ [ [ !
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD Q|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
al[i] = b[i] + s * c[1i] §| BR | ,\'A'\:JTL |\I/|NUT|_ L BR |
3 [sHFT] e o
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups $rl4,%rdx,8), %zmml FMA

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

o S SN v~ [ 0 | (0 {STRY ADD HEESS ACUHSTR
Zmp: %r;ifr%rdx It x+2 ADD
jb ..B2.42 ! ! g ;
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD Q|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
al[i] = b[i] + s * c[1i] §| BR | ,\'A'\:JTL |\I/|NUT|_ L BR |
3 [sHFT] e o
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups $rl4,%rdx,8), %zmml FMA

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

o S SN v~ [ 0 | (0 {STRY ADD HEESS ACUHSTR
Zmp: %r;ifr%rdx It x+2 ADD
jb ..B2.42 ! ! g ;
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD Q|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
al[i] = b[i] + s * c[1i] S LER ,\'A'\:JTL |\I/|NUT|_ L BR |
3 [sHFT] e T
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups $rl4,%rdx,8), %zmml FMA

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

tx+1 Iy | | | |
addq $8, %$rdx
cmpq $rsi, %rdx It x+2 aa i;
] ADD |

jb ..B2.42 It x+3
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD Q|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
al[i] = b[i] + s * c[1i] S LER ,\'A'\:JTL |\I/|NUT|_ L BR |
3 [sHFT] e T
L ['Aavx DIV ALU
WLAW T ravx
..B2.42: ALU
vmovups $rl4,%rdx,8), %zmml FMA

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

tx+1 Iy | | | |
addq $8, %$rdx
cmpq $rsi, %rdx It x+2 aa i;
] ADD |

jb ..B2.42 It x+3
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STREAM TRIAD on Intel Ice Lake

PO P1 P2 P3 P4 P5 P6 P7 P8 P9
STREAM TRIAD 9|ALU| [Alu| [ D | | tD ]| [ sT| [AU]| [ALU | AS(»BTU | sT | ASGTU
§|LEA||LEA||AGU||AGU| [ LEA | [ LEA |
af[i] = b[i] + s * c[1i] §| BR | ,\'A'\:JTL I\I/INU-II-_ L BR |
3 [sHFT] e T
L ['Aavx DIV ALU
WAL | raux
..B2.42: ALU
vmovups %$rld,%$rdx,8), %zmml DIV FMA

vfmadd213pd (%rl5,%rdx,8), %zmm2, $zmml

jb ..B2.42 It x+3

Tl FVA | | { ADD | | | .
addq $8, %$rdx i i i
cmpg $rsi, %$rdx It X+2 { ADD
' i ADD

1cy/8it
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OSACA

= Open Source Architecture Code Analyzer

= Static in-core code analysis for x86 and ARM p-archs
Assumptions

= Steady-state execution (no warm-up/cool-down)
= All data in L1

= Perfect out-of-order scheduling

= (currently) no front-end, i.e., no limit in instruction fetching, decoding, etc...
= Architecture specific model for each p-arch

= Python module

pip install osaca
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Workflow

X86

arm

Marked assembly

# OSACA-BEGIN
.B2.42:

vmovups (%rl4,%rdx,8) ,%zmml

vfmadd213pd (%rl5,%rdx,8) ,%zmm2, Szmml

vmovupd %zmml, ($rl2,%rdx, 8)
addg $8,%rdx

cmpq %rsi, srdx

jne ..B2.42

# OSACA-END

// OSACA-BEGIN
.L18:

1ldr g2, [x20, xO0]

1dr g1, [x21, xO0]

fmla v1.2d, v2.2d, v0.2d
str g1, [x19, xO0]

add x0, x0, #16

cmp %22, x0

bne .L18

// OSACA-END

Machine file / database

load latency: {gpr: 5, xmm: 5, ymm: 5, zmm: 5}
load throughput default: [[1,"23"], [1,["2D","3D"]]]
store_throughput default: [[1,"79"], [1,"48"]]

- # ...
- name: vfmadd213pd
operands:

- class: register
name: zmm
source: True
destination: False
- class: register
name: zmm
source: True
destination: False
- class: register
name: zmm
source: True
destination: Frue
throughput: 0.5
latency: 4 # 1*p05
port pressure: [[1,"05"]]
- #
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Workflow — Creation of machine file

”)
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Workflow — Creation of machine file

ibench

”)

YA
ML
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Workflow — Creation of machine file

ibench asmbench

2.4 8 6 “vfmadd213pd
{src:<4 x double>:x}, {src:<4 x double>:x},
{srcdst:<4 x double>:x}”

YA
ML
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Workflow — Creation of machine file

ibench asmbench

2.4 8 6 “vfmadd213pd
{src:<4 x double>:x}, {src:<4 x double>:x},
{srcdst:<4 x double>:x}”
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Workflow — Creation of machine file

ibench asmbench

2.4 8 6 “vfmadd213pd

{src:<4 x double>:x}, {src:<4 x double>:x},
{srcdst:<4 x double>:x}”

vendor documentation

INICL D4 MINU IA-3< FRULEIOURK AKLMII CL

2.:3.1 Golden Cove Microarchitecture Overview
he basic pipeline functionality of the Golden Cove microarchitecture is depicted in Figure 2-1.

ITLB + 32KB Instruction Cache BPU
L
[ MSROM | { Decode '—| yop Cache I
] 1 1
| pop Queue I

Allocate/ Rename/Move Elimination/Zero idiom |

.
Scheduler / Reservation Station |

PO H P1 P5 “ P6 ” P10 | P2 P3 | P11 ‘ P4 P9 P7 | p8
. AGU || Acu || Asu || sto || st || AGu | Acu
T r + ¥ + + 3
[ AW AW ] AW AW AL ‘ Load Buffer | Store Buffer ‘
ea |[ e | eea ][ ea ][ e sc2s6
INT 3 2612
snft |[ mur ][ Mk ][ snin
L LD DTLE o STADTLB
Jmp DIV ] Jmp o
| A FMA || Fmas12
- : | 48 KBDCU ‘
AL AL AL
VEC | shift Shift AMX
- l 1.25 MB Client / 2MB Server MLC
| fpoiv || shuffie || shutfie
FastADD VFQSU['D soc

Finura 2.1 Draraccnr Fara Dinalina Fiinrtinnalitu nf tha Naldan Fave Mirrnarchitartira
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Workflow — Creation of machine file

ibench asmbench

2.4 8 6 “vfmadd213pd
{src:<4 x double>:x}, {src:<4 x double>:x},

{srcdst:<4 x double>:x}”

vendor documentation

INICL D4 MINU IA-3< FRULEIOURK AKLMII CL

2.:3.1 Golden Cove Microarchitecture Overview
he basic pipeline functionality of the Golden Cove microarchitecture is depicted in Figure 2-1.

U O pS . I nfO | ITLB + 32KB Instruction Cache k [ e |

Latency & Throughput & Number of Uops & Port Usage [ MSTM | ‘ Dec?de uop i‘”"e I

Conroe LW Sandy Bridge  Ivy Bridge | |Haswell | | Broadwell _Skylake  Skyla, ‘ 4o Quews I
_Kaby Lake  Coffee Lake I Cannon Lake — Cascade Lake ®Ice Lake [ Tiger Lake | Rocket Lake [ Alder Lake-P -
Bonnell _Airmont | Goldmont _ Goldmont Plus (I Tremont _ Alder Lake-E Zen+ _Zen2 Zen3 (1Zen4 *
Allocate/ Rename/Move Elimination/Zero idiom |
Measurements 1 IACA2.1 "'IACA2.2 "'IACA2.3 [IACA3.0 " Documentation
-
@ Base | |AES [ |AVX AVX2 BAVX512 1BMI IFMA [ MMX ISSE ' 1X87 | Others Scheduler / Reservation Station |
earch: [vimadd Show 100 v | entries Hide empty rows Copy | [ CSV | [ Excel || PDF | Print | [ URL PO H P1 P5 H 6 H P10 | P2 P3 |[ P11 ‘ P4 P9 P7 | P8
. AGU || AGu || AGu || stD || sTD || AGU | AGu
Ice Lake T r + ¥ + + +
[ AW AW ] AW AW AL ‘ Load Buffer | | Store Buffer ‘
Instruction - Measurements LEA LEA J LEA LEA LEA s
INT i 2612
Lat ™ Uops Ports [ st |[ mue ][ mumn [ snir = -l
[ ez
AVX512EVEX mp_|[ ov_| K0P
VEMADD132PD (XMM, K, XMM, M128) [4:511) 0.50/0.50 172 1°p01+1°p23 A || eva || Fvsssz
; b | 48 KBDCU ‘
VEMADD132PD (XMM. K, XMM, M64_1t02) [4:511) 0.50/ 0.50 1/2 1°p01+1°p23 AL ALU AW
VEMADD132PD (XMM. K. XMM, XMM) 4 0.50/0,50 1/1 1°p01 VEC | st || snit || Awx l 1.25 MB Client / 2MB Server MLC ‘
VEMADD132PD (YMM. K. YMM, M256) [4:512) 0.50/0.50 1/2 1°p01+1°p23 | fobly. |} Shafle: |{ Sheffie
VEMADD132PD (YMM. K. YMM, M64_1tod) [4:512) 0.50 / 0.50 1/2 1'p01+1°p23 e | e soc
\DD132PD (YMM. K, YMM, YMM 4 0.50/0.50 171 T'p01
e e R SRRl Fintra 2.1 Draraccnr Cara Dinalina Fiinrtinnalitu nf tha Galdan Fave Mirrnarchitartira
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Triad on ICX with OSACA

[Ppo| [P ] [pP2]| P3| [Pa][Ps]|[Ps]| [P7] [Ps]]Po]
[A] [Aaw] [ ] [ ] [sT] [Aw] [Aw] [ ST ST ST
[LEA] [LEA] [AcU] [AeU] AcU AU

Z

5
b4
=]

= Recap: Manual analysis resulted in 1 cy/8 1t

SHFT

=
=
-

Execution Units
>
[y

] B o
Z ENEEEIE:
>1> =X =
> >
EI!

2=
<4

_n
=
>

M
FMA ADD
06/19/2023
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Triad on ICX with OSACA

= Recap: Manual analysis resulted in 1 cy/8 it

osaca --arch triad.s
Open Source Architecture Code Analyzer (OSACA) - 0.4.9
Architecture: ICX

* - Instruction micro-ops not bound to a port
X - No throughput/latency information for this instruction in data file

Port pressure in cycles

0.50 0.50 . vmovups (%rld,%rdx,8) ,%zmml
0.50 0.50 . . vfmadd213pd (%rl5, %rdx,8) ,%$zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8)
addg $8, %rdx
cmpqgq $rsi, %rdx
* jb ..B2.42

Loop-Carried Dependencies Analysis Report
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Triad on ICX with OSACA

= Recap: Manual analysis resulted in 1 cy/8 it

osaca --arch triad.s
Open Source Architecture Code Analyzer (OSACA) - 0.4.9
Architecture: ICX

Port pressure in cycles

0.50 0.50 . vmovups (%rl4d,%rdx,8) , $zmml
0.50 0.50 . . vfmadd213pd (%rl5, %rdx,8) ,%$zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8)
addg $8, %rdx
cmpqgq $rsi, %rdx
* jb ..B2.42

1.00 1.00

Loop-Carried Dependencies Analysis Report
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Triad on ICX with OSACA

= Recap: Manual analysis resulted in 1 cy/8 it

osaca --arch triad.s
Open Source Architecture Code Analyzer (OSACA) - 0.4.9

Architecture: ICX .
Critical Path
analysis

Port pressure in cycles

0.50 0.50 . vmovups (%rl4d,%rdx,8) , $zmml
0.50 0.50 . . vfmadd213pd (%rl5, %rdx,8) ,%$zmm2, $zmml
. . . vmovupd $zmml, (%rl2,%rdx,8)

addg $8, %rdx
$rsi, %rdx
..B2.42

1.00 1.00

Loop-Carried Dependencies Analysis Report
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Triad on ICX with OSACA

= Recap: Manual analysis resulted in 1 cy/8 it

osaca --arch triad.s
Open Source Architecture Code Analyzer (OSACA) - 0.4.9
Architecture: ICX

Critical Path
analysis

Port pressure in cycles

..B2.42:
0.50 0.50 . vmovups (%rl4d,%rdx,8) , $zmml
0.50 0.50 . . vfmadd213pd (%rl5, %rdx,8) ,%$zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8)
addg $8, %rdx
cmpqgq $rsi, %rdx
* jb ..B2.42

1.00 1.00

Loop-Carried Dependencies Analysis Report
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Triad on ICX with OSACA

= Recap: Manual analysis resulted in 1 cy/8 it

osaca --arch triad.s
Open Source Architecture Code Analyzer (OSACA) - 0.4.9

Architecture: ICX
Port pressure in cycles

0.50 0.50
0.50 0.50

1.00 1.00 1.00 1.00

Loop-Carried Dependencies Analysis Report

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023

vmovups (%rld,%rdx,8) ,%zmml
vfmadd213pd (%rl5, %rdx,8) ,%$zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8)
addg $8, %rdx

$rsi, %rdx

..B2.42
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Useful gimmicks

Marker insertion
Dependency graph creation
Compiler Explorer integration




Marking the region of interest

- # Execution count [8.00e-01]: Infreq
osaca icx movq $rcx, (%rl4d,%rbx,8) #34.5

movqg  %rax, (%rl2,%rbx,8) #35.5 ..Bl1.21: # Preds ..Bl1.21 ..B1.20
incq %rbx #33.3 # Execution count [8.00e-01]: Infreq
. . . cm $r9, $rbx #33.3 vmovupd  %ymml, (%rl4,%r9,8) #34.
Blocks found in assembly file: P i 16 prob 815 #33.3 i ) (e D0 ) el
vmovupd $ymml, 32(%rl4,%r9,8) #34.
vmovupd $ymm0, 32(%rl2,%r9,8) #35.
vmovupd $ymml, 64 (%rl4,%r9,8) #34.
vmovupd $ymm0, 64 (%rl2,%r9,8) #35.
vmovupd $ymml, 96 (%rl4,b%r9,8) #34.
vmovupd $ymmO, 96 (%rl2,%r9,8) #35.
addgq $16, %r9 #33.
cmpgq $rax, %r9 #33.
jb ..Bl.21 # Prob 81% #33.

WWwwuuoououououum

..B1.46: # Preds ..B1.44 ..Bl.46
# Execution count [2.22e+01]: Infreq
vmovsd (%rbx,%rsi,8), %$xmm3 #53.24
vfmadd231sd (%rl4,%rsi,8),%xmm3,%xmm0 #53.9
incq $rsi #52.7
cmpqg %rdi, %rsi #52.7
jb ..Bl.46 # Prob 82% #52.7

Possible blocks to be marked:

..B1.49: # Preds ..B1.49 ..B1.48

# Execution count [2.22e+01]: Infreq

vmovupd (%rbx,%rdi,8), %$ymmé6 #53.24

vmovupd 32 (%rbx,%rdi,8), $ymm7 #53.24

vmovupd 64 (%rbx,%rdi,8) , %$ymm8 #53.24

vmovupd 96 (%rbx,%rdi,8) , %ymm9 #53.24

vfmadd231pd (%$rl4,%rdi,8), %ymmé6, %$ymm2 #53.24

vfmadd231pd 32 (%rl4,%rdi,8), %ymm7, %ymm5 #53.24

vfmadd231pd 64 (%rl4,%rdi,8), %ymm8, %ymm4 #53.24
] 5 l vfmadd231lpd 96 ($rl4,%rdi,8), %ymm9, %ymm3 #53.24
addq $16, %rdi #52.7
cmpg $rsi, %rdi #52.7

will be marked with byte markers, i.e.: 3b ..B1.49 # prob 823 #52.7
movl $111,%ebx; .byte 100,103,144; (x86) Selects all inner-most loops and

movl $222,%ebx; .byte 100,103,144; suggest the one with the most SIMD instructions

Choose block to be marked |
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Dependency graph creation

Port pressure in cycles

vmovups (%rld,%rdx,8) ,%zmml
vifmadd213pd (%rl5, $rdx,8) ,%$zmm2, $zmml
vmovupd $zmml, (%rl2,%rdx,8)
Eolole $8, %rdx
cmpqg %$rsi, %rdx

* jb ..B2.42

Loop-Carried Dependencies Analysis Report

osaca icx dependencies.dot triad.s
dot pdf dependencies.dot dep graph.pdf
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Dependency graph creation

Port pressure in cycles

vmovups (%rl4d,%rdx,8) ,$zmml
vfmadd213pd (%rl5,%rdx,8) ,%zmm2, $zmml

%$rsi, %rdx
..B2.42

I
[
I
| 1.00
I
I
[

1.00

Loop-Carried Dependencies Analysis Report

7:jb 1:label 2: vmovups 3-L0AD 5:addq
5 5 1
. . . 3: vfmadd213pd 6: com
osaca icx dependencies.dot triad.s P .
dot pdf dependencies.dot dep graph.pdf
4
4: vmovupd
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Compiler Explorer integration

= Add.. ~ lore = Templates Other ~
EXPLORER © i b
C++source #1 & X O X | x86-64 icc 2021.7.1 (Editor #1) # X o X
A B +- v B @ C++ e x86-64 icc 2021.7.1 v @ @ -Ofast-qopenmp-simd -qopt-zmm-usage=low -xICELAKE-SERVER -fargument-noalias -funroll-loops -fno-builtin -diag-disable=10441 -
qop! P qop El 9 P 9
19
28 int main(int argc, char® argv) { A~ RQOutput.~ WFilter.~ BLibraries / Overrides + Add new..~ o Add tool...™
21 ux vpouuu E . 5 mi.
2 double wet start,uct end: 62 vevtdg2pd Exmm21, Zymml7 #11.12
. int s - e 63 vevtdq2pd ¥xmm26, ymm22 #41.12
2; dDth; cize: 64 vaddpd %ymmo, %ymm4, %ymm1@ #41.16
25 double s - ; OF 65 vaddpd Rymme, Symmd, Hymml3 #41.16
2; double *a !é.’ 66 vpaddd  %xmm7, %xmm26, ¥xmmé #41.5
- o 67 vaddpd ymmi7, ¥ymmd, Xymmig #41.16
zé if (arge 1= 2) { 68 vaddpd Kymm22, Xymmd, Xymm23 #41.16
= <) 6 /
20 ‘ printf(“"Usage: %s <#elements»\n",argv[e]); &e i B e Lot
2 exit(1); 7@ vmulpd fymm13, Xymm5, Hymmld #41.23
1 ‘ N ’ 71 vmulpd fymml8, %ymm5, Hymml19 #11.23
e l"l atof (argv[1]); 72 vmulpd %ymm23, Xymm5, %ymm24 #11.23
= )
13 double déltg . 7'1 N 73 vfmadd213pd Symm2, Hymmil, Hymmll #42.28
3; double xi Cohe 74 vfmadd213pd %ymm2, %ymml4, Xymmld #42.28
- ’ 75 vfmadd213pd %ymm2, Zymm19, Zymml9 #42.28
3; // time measurement 76 vfmadd213pd %ymm2, Xymm24, Xymm24 #42.28 i
. ;w‘ct st;rt - etT;m;Stam 0 77 vdivpd Fymmil, %ymm2, Xymmi2 #42.28 FE.
Bé Py =8 pQ): L L 78 vdivpd %ymmid, Xymm2, Xymmls #42.28 E
30 // benchmark loop C B Output (0/0) x86-64 icc 202171 | - 2897ms (545218 ~2063 i =d |= Compiler License
T
j? fo:(mf ‘;;G+ 2,(2; T OSACA (0.5.0) x86-64 Icc 2021.7.1 (Editor #1, Compiler #1) # X o x
a2 S+ (4.8 / (1.8 + x * ;)); A~ [OWraplines >_ Arguments =]
43 ]
44 // end of benchmark loop --arch icx --lines 55-86
45 /I :::; - - — — 78 | 1.00 8.00 | | | | | | | | | Il 13.2 | | vdivpd  %ymmld, %ymm2, %ymmis -
6 LIEE ST = g?tTl'"ﬁStan("’ 79 | 1.88 s.e0 | [ | | | | | | | I | | vdivpd  %ymm19, %ymm2, ¥ynm2e
47 if{s<@.) printf("%1lf", s); . ~
42 80 | 1.ee 8.0 | | | | | | | | | il | | wvdivpd Symm24, Hymm2, FHymm25
20 double pi = s * delta x; 81 | 0.00 | 1.8 | | | | | | | | il | | vfmadd231pd Hymm3, %ymm12, Xymme
5o printf("PT = %.15F\n", pi); 82 | e.e@ | 1.e8 | | | | | | | | || 4.8 | 4.0 | vfmadd23ipd Xymm3, %ymmlS, Xymmg
51 printf("%d elements\n”, N); 83 | @.e8 | 1.e8 | | | | | I | I I | | vfmadd231pd %ymm3, %ymm2@, ¥ymme
52 rintf("Cycles per high-level iteration: Cannot be determ 84 6.80 1.88 4.9 4.0 vfmadd231pd %ymm3, ¥ymm25, %ymm3
B Y B g [F) =47 3 Y
Executor x86-64 icc 20471 (G+ Editor #1) # X o x 85 | 0.e0 | e.ee | | | | e.ee | 1.80 | | | il | |  empl Sedx, %eax
86 * jb ..B1.7 # Prob 82%
A~ [OWrap lines B F %% > =+ [ c I | I | I I | | | | I | | ]
¥86-64 icc 2021.7.1 v [ @ -Ofast -qopenmp-simd -qopt-zmm-us B L B0 g.08  2.89 4 8.8
1000000
Program returned: @
[PRTErD SERETE Loop-Carried Dependencies Analysis Report I -
PI = 3.14159265358958@
1eeepae clements L
Cycles per high-level iteration: Cannot be determined via godbolt.org =5 | [Rp=ddd By S S S5 B2 & Gl GF)
Totsl walltime: 9.203778 57 | 1.0 | addl $16, %eax #18.3| [57]
81 | 8 | vfmadd231pd %ymm3, S%ymm12, Zymma #42.5| [81, 83]
82| 8 | vfmadd231pd %ymm3, ¥ymml5, Zymmg #42.5| [82, 84]

= Try it yourself: https://godbolt.org/z/GveaKe3v1l '.EI
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Compiler Explorer integration

=, EXPLORER Add..~ More~ Templates
C++source #1 & X O x
A~ B +- v £ # BC++ -
28 int main(int argc, char** argv) {
21
22 double wct_start,wct_end;
23 int N;
24 double size;
s double s = 8.8;
26 double *a, *b;
27
28 if (argc != 2) {
20 printf("Usage: ¥s <#elements>\n",argv[e]);
38 exit(1);
31 1
32 N = atof(argv[1]);
33 double delta_x = 1./N;
34 double x;
35
36 /f time measurement
37 wct_start = getTimeStamp();
38 /i ==== === ===
Els) // benchmark loop
48 for(int i=8; i<N; ++i) {
41 X = (i + 8.5) * delta_x;
42 s += (4.8 / (1.8 + x * x));
43 }
44 // end of benchmark loop
5 ff ==== —— ——
46 wct_end = getTimeStamp();
47 if{s<@.) printf("%1lf", s);
48
49 double pi = 5 * delta_x;
58 printf("PI = %.15f\n", pi);
51 printf("%d elements\n", M});
52 printf("Cycles per high-level iteration: Cannot be determ

= Try it yourself: https://godbolt.org/z/GveaKe3v1l '.EI
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Compiler Explorer integration

=, EXPLORER Add..~ More~ Templates
C++source #1 & X O x
A~ B +- v £ # BC++ -
28 int main(int argc, char** argv) {
21
22 double wct_start,wct_end;
23 int N;
24 double size;
s double s = 8.8;
26 double *a, *b;
27
28 if (argc != 2) {
20 printf("Usage: ¥s <#elements>\n",argv[e]);
38 exit(1);
31 1
32 N = atof(argv[1]);
33 double delta_x = 1./N;
34 double x;
35
36 /f time measurement
37 wct_start = getTimeStamp();
38 /] ==== === ===
30 |77 penchmark 1cop
48 for(int i=8; i<N; ++i) {
41 X = (i + 8.5) * delta_x;
42 s += (4.8 / (1.8 + x * x));
43 3
14 //f end of benchmark Loop
5 ff ==== —— ——
46 wct_end = getTimeStamp();
47 if{s<@.) printf("%1lf", s);
48
49 double pi = 5 * delta_x;
58 printf("PI = %.15f\n", pi);
51 printf("%d elements\n", M});
52 printf("Cycles per high-level iteration: Cannot be determ

= Try it yourself: https://godbolt.org/z/GveaKe3v1l '.EI
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Compiler Explorer integration

=, EXPLORER Add..~ More~ Templates
C++source #1 & X O x
A~ B +- v £ # BC++ -
28 int main(int argc, char** argv) {
21
22 double wct_start,wct_end;
23 int N;
24 double size;
s double s = 8.8;
26 double *a, *b;
27
28 if (argc != 2) {
20 printf("Usage: ¥s <#elements>\n",argv[e]);
38 exit(1);
31 1
32 N = atof(argv[1]);
33 double delta_x = 1./N;
34 double x;
35
36 /f time measurement
37 wct_start = getTimeStamp();
38 /] ==== === ===
30 |77 penchmark 1cop
48 for(int i=8; i<N; ++i) {
41 X = (i + 8.5) * delta_x;
42 s += (4.8 / (1.8 + x * x));
43 3
14 //f end of benchmark Loop
5 ff ==== —— ——
46 wct_end = getTimeStamp();
47 if{s<@.) printf("%1lf", s);
48
49 double pi = 5 * delta_x;
58 printf("PI = %.15f\n", pi);
51 printf("%d elements\n", M});
52 printf("Cycles per high-level iteration: Cannot be determ

= Try it yourself: https://godbolt.org/z/GveaKe3v1l '.EI
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Compiler Explorer integration

COMPILER .0 - worer Templates
EXPLORER A9 Aore emplat Other
C++source #1 & X O X | x86-64 icc 2021.7.1 (Editor #1) # X o X
A B +- v B @ Gc++ e x86-64 icc 2021.7.1 v @ @ -Ofast-qopenmp-simd -qopt-zmm-usage=low -xICELAKE-SERVER -fargument-noalias -funroll-loops -fno-builtin -diag-disable=10441 B
;B int main(int argc, char** argy) | A~ RQOutput. v WFilter..~ B Libraries / Overrides + Add new..~ 4 Add tool... ™
ux e e T
i; double wct_start,uct_end; 62 vevtdg2pd Exmm21, Zymml7 #11.12
23 int N3 - - 63 vevtdg2pd Exmm26, Xymm22 #11.12
- vaddpd %ymm9, Zymmd, Zymm1@ #11.16
24 double size;
- double s — 0.8; 5 vaddpd Rymme, Symmd, Hymml3 #41.16
28 double *a, *b; 66 vpaddd %xmm7, Hxmm26, Xxmmé #41.5
27 67 vaddpd Hymml7, %ymmd, Zymmis #41.16
6
L st
29 ‘ printf("Usage: ¥s <#elements>\n",argv[e]); - vmup ymmie, cymms, eymn :
0 exit(1); 7@ vmulpd fymm13, Xymm5, Hymmld #41.23
™ ‘ \ 71 vmulpd fymml8, %ymm5, Hymml19 #11.23
32 r"l - atof(argv[1]); ?3 vmulpd Fymm23, %ymms,.%ymmlél. #11.23
33 double delta x = 1./N; 73 vfmadd213pd Symm2, Hymmil, Hymmll #42.28
S double x; - L 74 vfmadd213pd %ymm2, Xymmi4, Fymmld #42.,28
- 75 vfmadd213pd %ymm2, Zymm19, Zymml9 #42.28
36 /7 time measurement 7? VFr!wadd213pd fymm2, Xymm24, Xymm24 #42.28 3
37 wct_start = getTimeStamp(); ;; Vd?\’pd Eymnll, %ymn2, %ymmi; 4228 g i -
28 1] —mem - — L—wdiwerSoanld Serd. dor 2ed A ]
. m ﬂutput (0/0) x86-64icc 202171 § - 2899ms (545318) ~2063 lines fiered |2 Compiler License
48 for(int i=8; i<N; ++i) { =
41 ‘ X = (i + 8.5) * delta_x;
42 s += (4.8 / (1.8 + x * x));
43 1
44 //f end of benchmark Loop
Y ‘./"f ==== === ===
46 wct_end = getTimeStamp();
47 if{s<@.) printf("%1lf", s);
48
49 double pi = 5 * delta_x;
58 printf("PI = %.15f\n", pi);
51 printf("%d elementsin”, M);
52 ‘ printf("Cycles per high-level iteration: Cannot be determ

X ¢

= Try it yourself: https://godbolt.org/z/GveaKe3v1l '.EI
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Compiler Explorer integration

COMPILER .\ . cr Temolates e
EXPLORER "“°~ emplat -
C++source #1 & X O X | x86-64 icc 2021.7.1 (Editor #1) # X o X
A B +- v B @ Gc++ v x86-64 icc 2021.7.1 > [ @ -Ofast-gopenmp-simd -qopt-zmm-usage=low -xICELAKE-SERVER -fargument-noalias -funroll-loops -fno-builtin -diag-disable=10441 D

T
28 int main(int argc, char® argv) { A~ RQOutput. v WFilter..~ B Libraries / Overrides + Add new..~ 4 Add tool... ™
21 ux e e T —|
2 double wet start,uct end: 62 vevtdg2pd Exmm21, Zymml7 #11.12
. int s - e 63 vevtdq2pd ¥xmm26, ymm22 #41.12
2; duubl; cize: vaddpd %ymmo, %ymm4, %ymm1@ #41.16
- double s - ; OF 5 vaddpd Rymme, Symmd, Hymml3 #41.16
zg double *a !é.’ 66 vpaddd  %xmm7, %xmm26, ¥xmmé #41.5
- o 67 vaddpd ymmi7, ¥ymmd, Xymmig #41.16
zé if (arge 1= 2) { 63 vaddpd Kymm22, Xymmd, Xymm23 #41.16
1= 2) 6
20 ‘ printf(“"Usage: %s <#elements»\n",argv[e]); &e i B e Lot
2 exit(1); 7@ vmulpd fymm13, Xymm5, Hymmld #41.23
1 ‘ N ’ 71 vmulpd fymml8, %ymm5, Hymml19 #11.23
3 l"l atof(argv1]); 72 vmulpd fymm23, Xymm5, Xymm24 #11.23
S ( )
13 double déltg . 7'1 N 73 vfmadd213pd Symm2, Hymmil, Hymmll #42.28
3; double xi Cohe 74 vfmadd213pd %ymm2, %ymml4, Xymmld #42.28
- ’ 75 vfmadd213pd %ymm2, Zymm19, Zymml9 #42.28
Sé /7 time measurement 76 vfmadd213pd %ymm2, Xymm24, Xymm24 #42.28 i
37 wct_start = getTimestamp(); 77 vdivpd Hymmll, Xymm2, Xymml2 #42.28 " S B
| s . 78 N dlipd SN B2 s 242,23
30 ‘ 7 benchmar oop c utput (0/0) x86-64 icc 2021.7.1 ] - 2897ms (545318) ~2063 lines firered |2 Compiler License
O ————T—
j? fo:(mf ‘;;@; 2,(2; T ACA (0.5.0) X86-64 icc 2021.7.1 (Editor #1, Compiler #1) # X o x
2 S 4= (4.8 / (1.8 + x * x)); e =
43 ]
44 ‘ 7 end ot benchmark Loop --arch icx —lines 55-86
5 I - - K 73 | 1.e8 3.88 | | | | | | | | | || 13.8 | | wdivpd Hymmld, Fymm2, FymmlS -
| AT = EEEAESE ) f 79 | 1.08 8.00 | | | \ \ | | | | I \ | vdivpd  %ymm19, %ymm2, %ymm2e
47 if{s<@.) printf("%1lf", s); i
42 80 | 1.ee 8.0 | | | | | | | | | il | | wvdivpd Symm24, Hymm2, FHymm25
20 ‘ double pi = s * delta x; 81 | 0.00 | 1.8 | | | | | | | | il | | vfmadd231pd Hymm3, %ymm12, Xymme
5o printf("PT = %.15F\n", pi); 82 | e.e@ | 1.e8 | | | | | | | | || 4.8 | 4.0 | vfmadd23ipd Xymm3, %ymmlS, Xymmg
51 printf("%d elements\n”, N); 83 | 0.80 | 1.e8 | | | | | | | | | | |  vfmadd23ipd %ymm3, %ymm2@, %ymm@
52 ‘ printf("Cycles per high-level iteration: Cannct be determ 84 | 0.00 | 1.e8 | | | | | | | | || 4.8 | 4.8 | vfmadd23ipd %ymm3, %ymm25, %ymmg
X 85 | 0.e0 | e.ee | | | | e.ee | 1.80 | | | il | |  empl Sedx, %eax
86 | | | | | | | | | | I | | * jb ..BL.7 # Prob 82%
12.0 32.@ 12.8 8.ee 2.80 41 8.0
Loop-Carried Dependencies Analysis Report
o ~ . 56 | 4.8 | vpaddd %xmm7, Exmm6, Exmmlé #41.5| [56, 59, 61, 66]
) 57 | 1.8 | addl $16, %eax #4a.3| [57]
81 | 8.0 | vfmadd231pd %ymm3, %ymm12, Symme #42.5| [81, 83]
82 | 8.9 | vfmadd231pd Xymm3, %ymmlS, Xymmg #42.5| [82, 84]
=
I y y u I l p [} q u q
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Compiler Explorer integration

Live demo: https://hpc-mover.rrze.uni-erlangen.de/compiler-explorer/z/va3zxe
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Supported micro-architectures so far

* Intel x86:
Sandy Bridge, Ivy Bridge, Haswell, Broadwell,
Skylake X, Cascade Lake X, Ice Lake Server

= AMD x86:
enl, Zen 2, Zen 3

= AArcho64:
Marvell ThunderX2, ARM Neoverse N1, ARM Cortex A72,
Fujitsu A64FX, HiSilicon TaiShan v110
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There Is not just THE one code analyzer

= OSACA: https://github.com/RRZE-HPC/OSACA

= uiCA: https://www.uops.info/uiCA.html

= LLVM-MCA: https://llvm.org/docs/CommandGuide/llvm-mca.html

= |ACA (EolL):
https://www.intel.com/content/www/us/en/developer/articles/tool/architectur
e-code-analyzer.html

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023


https://github.com/RRZE-HPC/OSACA
https://www.uops.info/uiCA.html
https://llvm.org/docs/CommandGuide/llvm-mca.html
https://www.intel.com/content/www/us/en/developer/articles/tool/architecture-code-analyzer.html
https://www.intel.com/content/www/us/en/developer/articles/tool/architecture-code-analyzer.html

Accuracy

= Comparison LLVM-MCA vs OSACA for Zen3

LLVM-MCA for ZENZ

£
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< 1D 0.5 0.0 05 10
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Accuracy
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Friedrich-Alexander-Universitat
FAU Erlangen-Nirnberg

Case Study: Domain Wall (DW) Kernel

from Quantum Chromodynamics (QCD)

Based on:

C. Alappat, N. Meyer, J. Laukemann, T. Gruber, G. Hager, G. Wellein, and T. Wettig:
ECM modeling and performance tuning of SpMV and Lattice QCD on AG64FX.
Concurrency and Computation: Practice and Experience, e6512 (2021).

DOI:



https://doi.org/10.1002/cpe.6512

Context

= Lattice QCD simulates the strong interaction
= |terative multigrid techniques on regular (4D or 5D) lattices
= Core component: Apply Dirac operator D to quark-field vector ¥

= Domain Wall (DW) formulation: quark field lives on 4D boundary of a 5D
space-time volume V, X L

(Dy)(n, 8)y, =

> X AU+ 1)+ s 5)gy + U 01 = (1= 7,000 = o, 5|

u=1 p=1 b=1

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



DW stencil kernel (simplified)

#define
#define
#define

xpl

X m2

yp 3
#pragma
for{t,z,y,x} =
{ for (int s=0; s<Ls;

{ O[t] [z] [y] [x][s] =

++s)

R(x_p)
R(x _m)
R(y_p)
R(y_m)
R(z_p)
R(z_m)
R(t_p)
R(t _m)

omp parallel for schedule(static)
1:{Lt-2,Lz-2,Ly-2,Lx-2}

- Ulx_pl[t]l[z] [y][x]
- Ulx m] [t] [z] [y] [x]
- Uly_pl[t]l[z] [y] [x]
- Uly_m] [t][z] [y] [x]
- Ulz_pl[t]l[z] [y] [x]
- Ulz_m] [t] [z] [y] [x]
- Ult_pl[t]l[z] [y][x]
- Ult_m] [t][z] [y] [x]

« “Grid” lattice QCD framework
» Uses SVE intrinsics
« Data type: double complex

- P(x_p)
- P(x_m)
- P(y_p)
- P(y_m)
- P(z_p)
- P(z_m)
- P(t_p)
- P(t_m)

- [Tltl[z] [yl [x+1] [s]
- |[Iltl[z] [yl [x-1][s]
- |[Ilt]l[z] [y+1] [x] [s]
~|[Iltl[z] [y-1][x][s]
- |[T[t] [z+1] [y] [x] [s]
- |[T[tl1[z-1]1[y] [x][s]
- |[TIt+11[z] [y] [x] [s]
-|[TIt-111[z] [yl [x] [s]|;

+ 4+ + + + + +
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Complex numbers data layout choice

AoS (standard) |R|I|R I|R I R I R I -
A0SOA RIR RIRIRIRRR I I I 1 1 1]|I
\ J
Y

vector length
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Observed performance

= Starting point: AoS layout, ACLE intrinsics, GCC/FCC

= 1320 flops/LUP (theoretical) byte
B. = 1.14y—

= Measured code balance: 1500 byte/LUP flop

= A64FX (FX1000): B,,, = 0.25% -> expect memory bound
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In-core analysis (complex-AoS)

osaca --arch a64fx riri-base-gcc.s

[...]

Combined Analysis Report

Port pressure in cycles
- 5D cp LCD|

1sl w2, wl3, 3

1d1d zl6.d, p0/z, [x11]

add x18, sp, 160

1d1d z18.d, p0/z, [x11l, #-4, mul vl]
sxtw x2, w2

1d1d z19.d, p0/z, [x11, #-3, mul vl]

stld z2.d, p0, [x0, #4, mul vl]
. . stld z13.d, pO0, [x0, #5, mul vl]
0.00 1.00 cmp wl4, wil3
bne .1L41

680 500 30 30 118.5 98.5 118.5 98.5

Loop-Carried Dependencies Analysis Report

add wl3, wl3, | [1360]
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In-core analysis (complex-AoS)

Operation type

m complex arithmetic ®mload mstore mprefix ops ® FP arithmetic © INT arithmetic ®mpermutations ®m Compare/Branch
1]
add x18, sp, 160
0.50 0.50 0.50 0.50 1d1d z18.d, p0/z, [x11l, #-4, mul vl]
sxtw x2, w2
0.50 0.50 0.50 0.50 1dld z19.d, p0/z, [x11, #-3, mul vl]

1.00 stld z2.d, p0, [x0, #4, mul vl]
1.00 stld z13.d, pO0, [x0, #5, mul vl]
cmp wl4, wil3
bne .L41

I
I
1.00 |
I
680 500 30 118.5 98.5 118.5 98.5

Loop-Carried Dependencies Analysis Report

add wl3, wl3, | [1360]

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



In-core analysis (complex-AoS)

Operation type

m complex arithmetic ®mload mstore mprefix ops ® FP arithmetic © INT arithmetic ®mpermutations ®m Compare/Branch

FCMLA Zd, Pg, 42n, Zm, cC 2cy on PO, 1lcy on P2
FCADD 7Zd, Pg, 4n, Zm, cC lcy on PO, 1lcy on P2

1369]| . |
1370]| |
680 118.5 98.5 118.5 98.5

add wl3, wl3, | [1360]
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In-core analysis (complex-AoS)

Operation type

m complex arithmetic ®mload mstore mprefix ops ® FP arithmetic © INT arithmetic ®mpermutations ®m Compare/Branch

FCMLA Zd, Pg, 4n, Zm, 2cy on PO, 1lcy on P2
FCADD 7d, Pg, 24n, Zm, lcy on PO, 1lcy on P2

1369]| . |
1370]| |
680 - 8.5 118.5 98.5

add w13, wl3, | [1360] FMLA 7d, Pg, Zn, lcy on PO OR P2
FADD 7d, Pg, Zn, lcy on PO OR P2
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In-core analysis (complex-AoSoA)

osaca --arch a64fx rrii-ol-gcc.s

[...]

Combined Analysis Report

Port pressure in cycles
- 5D

madd x0, x1, x0, x19
str x0, [sp, 1896]
add x1, x1, xO0

str x1, [sp, 1936]
cmp x0, x1

0.00 0.00 1.00 1.00 1dr x0, [sp, 1784]
0.00 0 ]0) prfd pldl2strm, poO,

b .L64
.L38:

0.00 . 0.50 0.50 add x1, x1, 1

0.00 . 0.00 1.00 mov x19, O
b .L66

567 . 247 247 488.5 275.5 488.5 275.5

Loop-Carried Dependencies Analysis Report

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023
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In-core analysis (complex-AoSoA)

Port utilization

x1l, x0, x19
1896]

1936]
mAO0S

HA0SOA

Active cycles for one
iteration across all ports

3000

2000

1000
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Port utilization

x1l, x0, x19
1896]

1936]
mAO0S

HA0SOA

Active cycles for one
iteration across all ports

3000
~2X

2000

1000
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In-core analysis (complex-AoSoA)

Port utilization

Perfor@nce gain

x1l, x0, x19

6 P6D

1896]
1936]

mA0S

= A0SOA

Active cycles for one
iteration across all ports
I I ~2X
] N I I I
PO P1 P2 P3 P4 P5 P5D P
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DW kernel optimizations

DW kernel

Performance [Gflop/s]
e o i o))
o N EEN o o o

o N B~ OO @

GCC

® A0S baseline  ®mAQS prefetch+O1  ® AoSoA prefetch+01
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Summary

= static in-core analysis of assembly basic blocks
-> no compilable asm necessary!

= runtime prediction based on throughput, latency, and loop-carried
dependency

= supports various Intel, AMD, and ARM p-architectures

= Python based and available in the Compiler Explorer

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



Outlook

= Continuously expanding list of supported p-archs
(Zen4 and SPR in the pipeline)

= Consideration of p-arch frontends
(decode, dispatch, retire, reg files, LSB, ...)

= Support for Intel asm syntax

= Support for IBM Power

OSACA - Open-Source Architecture Code Analyzer | Scalable Tools Workshop 2023 06/19/2023



Friedrich-Alexander-Universitat
FAU Erlangen-Nirnberg

Thank you! Questions? |

OSACA:

PIPY © pip install -u osaca %

Check out our other tools:

MachineState
//l i\ A ‘““ w\ N



https://github.com/RRZE-HPC/osaca
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