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OSACA modeling

= Remember the SpMV model?
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= Obviously, the code is not memory bound

= The assumption that P, IS insignificant may be wrong
- Pax, 1.€., In-core modeling required!
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Assumptions for in-core modeling

= Steady-state execution, i.e., no warm-up or cool-down phase

= All data comes from L1 cache
= Other tools (= Kerncraft) can be used for modeling beyond L1

= Architecture-specific hardware model (“port model”)
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Assumptions for in-core modeling

= Steady-state execution, i.e., no warm-up or cool-down phase
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In-core metrics

Three metrics to estimate the in-core runtime:
= Throughput (TP)

= Latency (LT)

= Loop-carried dependencies (LCD)

Simplified runtime estimation:  t. = max(TP,LCD)
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In-core metrics

= Exemplary port model:

= Six types of functional units (i.e., types of instructions): ‘ ‘ ‘ O . .

= Reciprocal throughput for each instruction: 1cy
= Latency for each instruction: 1cy
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No dependencies within loop
No intra-loop dependencies

TP prediction: 1cy
CP prediction: 1 cy
LCD prediction: -
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In-core metrics

= Exemplary port model:
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In-core metrics

= Exemplary port model:

= Six types of functional units (i.e., types of instructions): ‘ ‘ ‘ ‘ ‘ ‘

= Reciprocal throughput for each instruction: 1cy

= Latency for each instruction: 1cy
TP prediction: 1cy

T @0 DO
CP prediction: 3 cy

Dependencies within loop
LCD prediction: - : : : !

1 cylit

No intra-loop dependencies
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In-core metrics

= Exemplary port model:

= Six types of functional units (i.e., types of instructions): ‘ ‘ ‘ ‘ ‘ ‘

= Reciprocal throughput for each instruction: 1cy
= Latency for each instruction: 1cy

o @@ 90
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In-core metrics

= Exemplary port model:
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Dependencies within loop
Intra-loop dependencies

TP prediction: 1cy
CP prediction: 5 cy
LCD prediction: 3 cy
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In-core metrics

= Exemplary port model:

= Six types of functional units (i.e., types of instructions): ‘ ‘ ‘ ‘ ‘ ‘

= Reciprocal throughput for each instruction: 1cy
- Latency for each instruction: 1cy LCD CP

= Code: “\‘

Dependencies within loop
Intra-loop dependencies

3 cylit

TP prediction: 1cy
CP prediction: 5 cy
LCD prediction: 3 cy : : : : : : : o
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Port model for the A64FX

Fetch & Decode

Reservation
Stations (RSs)

Int ALU | Predicatg [Int ALU | [IntALU | [IntALU | [ AGU
FP arith] LMaNPY! | 1o MUL | [FP arith] [IntDIV] [ LD
FMA [ ntST | [ MUL |

FP DIV
Crypto Load / Store Units

vec - -

Execution Units

addr calc
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Port model for the A64FX

Frontend

Backend

uOP uoP uoP ulP p!P ﬂ u!P
| [BR |

Fetch & Decode

Reservation
Stations (RSs)

y
nt ALU | Predicatd [Int ALU | [IntALU | [IntALU | [ AGU | [ AGU

FP arith] LMaNPY!| 1o MUL ] [FParith] (niDiV] [ D | [ D |
FMA [ ntST | [ MUL |

FPDIV

Crypto Load / Store Units

vec - -

Execution Units

addr calc
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Port model for the A64FX

Frontend

Backend

L1 Instruction Cache

% . 32 byte/cy Instruction Buffer (48; 8x6 entries)
3 64 KiB, 4-Way
2 MOP MOP MOP MOP MOP MOP
S
E 4-Way Decode
\Decoder \ Decoder \ |Decoder \ \Decoder \
pOP pOP pOP pOP
=3
FE
§ _5 RSEO RSE1 RSAO RSA1 RSBR
&g 20 entries 20 entries 10 entries 10 entries 19 entries
nOP nOP nOP noP pOP pOP HOP nOP
FLA PR EXA FLB EXB EAGA EAGB BR
@ Int ALU Pr;eac;i;:adle [IntALU | [IntALU | [IntALU| [ AGU | [ AGU | [ BR
g PU[Int MUL] [FP arith| [IntDIV] [ LD | [ LD |
c [ IntST | [ MUL |
= FP DIV
é Load / Store Units
|
FP ST Store port Fetch port
VEC (24 entries) | | (40 entries)
addr calc
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB

STREAM TRIAD Int ALU | Predicatd [Int ALU | [IntALU | [IntALU | [ AGU | | AGU |

FP arith] L™@PY | o MUL] [FParth| iItbiv] [ 0 ] [ D ]
MA [IntST |[ MUL |

FP DIV

Crypto

FP ST

ldid z4.d, p5/z, [x21, x9, 1sl 3] VEC

1did z5.d, p5/z, [x20, x9, 1sl 3] addr calc

fmad z5.d, p5/m, z2.d, z4.d

stld z5.d, p5, [x19, x9, 1lsl 3]

add x8, x9, 8

whilelo p5.d, w8, w7

b.any .L18

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

.L18:

Execution Units
IIINIIIIII{
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Port model for the A64FX

PR

EXA

FLB

EXB

EAGA

EAGB

BR

Int ALU

BR

Predicatd [Int ALU | [Int ALU | [IntALU | [ AGU ] | AGU |

STREAM TRIAD

FP arith] L™@PY | o MUL] [FParth| iItbiv] [ 0 ] [ D ]
MA [IntST |[ MUL |
FP DIV
Crypto
.L18: FP ST
ldid z4.d, p5/z, [x21, x9, 1sl 3] VEC
1did z5.d, p5/z, [x20, x9, 1sl 3] addr calc
fmad z5.d, p5/m, z2.d, z4.d
stld z5.d, p5, [x19, x9, 1lsl 3]
add x8, x9, 8
whilelo p5.d, w8, w7
b.any .L18

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

Execution Units
L L
5
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB
nt redicate | Int nt nt
o LntALU |Predicat [IntALU | [IntALU | [IntALU| [ AGU ] [ AGU |
£ [FParith Manipul | (i MUL ] [FParith] [IntDiV] [ 0 ] [ D |
. . . | FMA | Int ST MUL
a[1] = b[l] + s k C[l] E _ | H |
§ FP DIV
9 Crypto
.L18: L FP ST
ldid z4.d, p5/z, [x21, x9, 1sl 3] VEC
1did z5.d, p5/z, [x20, x9, 1sl 3] addr calc
fmad z5.d, p5/m, z2.d, z4.d , , , , , | emeeennes o ,
stld z5.d, p5, [x19, x9, 1sl 3] i i i i i P P !
add X8’ X9’ 8 : : : : : : ------------ : E ----------- : :
whilelo p5.d, w8, w7 : : : : : : b :
b.any .L18 i i i i i i i i

OSACA

7/26/2021



Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
STREAM TRlAD o LIntALU Predipate||ntALU | [IntALU | [IntALU| [ AGU ] [ AGU | BR
£ [FParith Manipul{ (1t MUL | [FP arith| [IntDIV] [ D ] [ LD |
. . . c [ IntST |[ MUL |
a[i] = b[i] + s * c[i] S TR
3
9 Crypto
.L18: w FP ST
ldid z4.d, p5/z, [x21, x9, 1sl 3] VEC
1did z5.d, p5/z, [x20, x9, 1sl 3] addr calc
fmad z5.d, p5/m, z2.d, z4.d , , | emeeennes o ,
stld z5.d, p5, [x19, x9, 1sl 3] i i b i i
add x8, x9, 8 ; | QI e L
whilelo p5.d, w8, w7 ] n Do nd
b.any .L18 EFMLA P i
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Port model for the A64FX
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£ [FParith Manipul{ (1t MUL | [FP arith| [IntDIV] [ D ] [ LD |
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3
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Port model for the A64FX

STREAM TRIAD
a[i] = b[i] + s * c[i]

.L18:

1did z4.d, p5/z, [x21, x9, 1lsl 3]
1did z5.d, p5/z, [x20, x9, 1lsl 3]
fmad z5.d, p5/m, z2.d, z4.d

stld z5.d, p5, [x19, x9, 1lsl 3]
add x8, x9, 8

whilelo p5.d, w8, w7

b.any .L18

Execution Units

PR

EXA

FLB

EXB

EAGA

EAGB

BR

Int ALU
FP arith
FMA
FP DIV
Crypto
FP ST

L

addr calc

Predicate

manipul

[Int ALU | [Int ALU | [Int ALU |

AGU |

| AGU |

BR

[Int MUL | [FP arith] [Int DIV |

D |

LD

[ IntST |[ MUL |

ADD
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Port model for the A64FX

STREAM TRIAD
a[i] = b[i] + s * c[i]

.L18:

1did z4.d, p5/z, [x21, x9, 1lsl 3]
1did z5.d, p5/z, [x20, x9, 1lsl 3]
fmad z5.d, p5/m, z2.d, z4.d

stld z5.d, p5, [x19, x9, 1lsl 3]
add x8, x9, 8

whilelo p5.d, w8, w7

b.any .L18

Execution Units

PR

EXA

FLB

EXB

EAGA

EAGB

BR

Int ALU
FP arith
FMA
FP DIV
Crypto
FP ST

L

addr calc

Predicate

manipul

[Int ALU | [Int ALU | [Int ALU |

AGU |

| AGU |

BR

[Int MUL | [FP arith] [Int DIV |

D |

LD

[ IntST |[ MUL |

ADD
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Port model for the A64FX

STREAM TRIAD
a[i] = b[i] + s * c[i]

.L18:

1did z4.d, p5/z, [x21, x9, 1lsl 3]
1did z5.d, p5/z, [x20, x9, 1lsl 3]
fmad z5.d, p5/m, z2.d, z4.d

stld z5.d, p5, [x19, x9, 1lsl 3]
add x8, x9, 8

whilelo p5.d, w8, w7

b.any .L18

Execution Units

It x+1

FLA PR EXA FLB EXB EAGA EAGB BR
Int ALU | Predicaté [Int ALU | [IntALU | [IntALU| [ AGU | [ AGU | BR |
[FP arith] L™@MPU ({0t MUL | [FP arith] [IntDIV] [ LD | D |
[IntST |[ MUL |

VEC
addr calc
FMLA ADD

OSACA
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB
STREAM TRIAD » |IntALU | Predicatd [Int ALU ] [IntALU | [IntALU| [ AGU | [ AGU |
£ [FParith Manipul | fo MO [FParth] (Imtbv] [ 0 ] [ D ]
) ) . FMA [IntST | [ MUL |
a[i] = b[i] + s * c[i] 5
= FPDIV
9 Crypto
.L18: W [FPST
1did z4.d, p5/z, [x21, x9, 1lsl 3] VEC
1did z5.d, p5/z, [x20, x9, 1sl 3] addr calc
fmad z5.d, p5/m, z2.d, z4.d
stld z5.d, p5, [x19, x9, 1sl 3] |itx+1 | [GAdWy ADD
add x8, x9, 8
whilelo p5.d, w8, w7

b.any .L18

—
i%l
=
>

It x+2 ADD LD LD
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB
STREAM TRIAD » |IntALU | Predicatd [Int ALU ] [IntALU | [IntALU| [ AGU | [ AGU |
£ [FParith manipul | e MO [FParth ] (miDIV] [ 0 ] [ LD |
) . ) FM [ IntST | [ MUL |
= =+ * S

al[i] b[i] s * c[1] S [FPON

§ Crypto

.L18: L FP ST

1di1d z4. p5/z, [x21, x9, 1sl 3]

d,
1did z5.d, p5/z, [x20, x9, 1lsl 3]
fmad z5.d, p5/m, z2.d, z4.d

o
< BEE
— og =
> S

(@]

stid z5.d, ps, [x19, x9, 1sl 3] |itx+1 i |2 5 5 5 ¥ ~oD | 5
add x8, x9, 8 ; i i i i i i
whilelo p5.d, w8, w7 : ! ! ! ! ! !
b.any .L18 txr2 | [y | | | ¥ oD |
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB
STREAM TRIAD o [ItALU Predipat|e|lntALUHIntALUI\IntALU\ TAGU | [ AGU |
= [FP arith | LM@MPY (lnt MUL | [FParith] [IntDIV] [ D | [ LD |
a[i] = b[i] + s * c[i] o= — L
3
g
.L18: w
1did z4.d, p5/z, [x21, x9, 1lsl 3] VEC
ldid z5.d, p5/z, [x20, x9, 1lsl 3] addr calc
fmad z5.d, p5/m, z2.d, z4.d
stld z5.d, p5, [x19, x9, 1lsl 3] Itx+1 ' |EYIWA yA\D]D) LD LD
add x8, x9, 8
whilelo p5.d, w8, w7

b.any .L18 (eI F\VILA ADD (D) D
Itx+3 @ [V ADD LD LD

2cy/ VL
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Port model for the A64FX

STREAM TRIAD

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

osaca triad.s

Combined Analysis Report

Port pressure in cycles
5 - 5D

1dad z4.d, p5/z, [x21, x9, 1sl ]
1dad z5.d, p5/z, [x20, x9, 1sl ]
fmla z5.d, p5/m, z1.d, z2

stid z5.d, p5, [x19, x9, 1sl ]
add x8, X9,

whilelo p5.d, w8, w7

b.any

2
3
4
6
5
5
7
8

2.00 1.00 2.00 1.00

OSACA 7127/2021 46



Port model for the A64FX

FLA PR EXA FLB| |EXB EAGA EAGB
SPMV o [ItALU Predipat|e|lntALUHIntALUI\IntALU\ [AGU | [ AGU |
k= MANPY) [lnt MUL | [FP arith] [IntDIV | [ LD | D |
VIl = y[il + ALLI3] * X[3] & ey oM
=]
g
.L6: t
ldisw ze.d, po/z, [x6, x0, 1sl 2] VEC
ldid z2.d, po/z, [x20, x0, 1lsl 3] addr calg
ldid z3.d, po/z, [x18, z@.d, 1lsl 3] . . . . . . . .
add X0, x0, 8 ! ! ! ! i ! ! !
fmla z1.d, po/m, z3.d, z2.d : : : : : : : !
whilelo p@.d, x0, x17
b.any .L6 | | | | | | | |
faddv  d4, pil, zl.d : : : : : : : :
OSACA 7/26/2021 11



Port model for the A64FX

FLA PR EXA FLB| |EXB EAGA EAGB BR
SPMV o [ItALU PredipatlellntALUHIntALUI\IntALU\ [AGU | [ AGU | BR |
k= ManiPY (int MUL | [FParith| [IntDIV] [ D | [ LD |
yli] = y[i] + ALLD03] * x(3] B gy o
=]
g
.L6: W [ FPST|
ldisw ze.d, po/z, [x6, x0, 1sl 2] VEC
ldid z2.d, po/z, [x20, x0, 1sl 3] addr calg
ldid z3.d, po/z, [x18, z0.d, 1lsl 3] . . . . . . . .
add x0, x0, 8 ! ! ! ! i ! ! !
fmla z1.d, pe/m, z3.d, z2.d : : : : : : : :
whilelo p@.d, x0, x17
b.any .L6 | | | | | | | |
faddv  d4, p1, z1.d : : : : : : : :
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
Int ALU | Predicatd [Int ALU | [IntALU | [IntALU] [ AGU | [ AGU ] BR |
() 5
£ [FParith manipul| ([ MUL | [FParith] [IntDIV] [ D | [ D |
. . . . . c [ IntST |[ MUL |
yli] = y[i] + A[i][3] * x[J] & reppw
3
9 Crypto
.L6: W [FPST
ldisw ze.d, po/z, [x6, x0, 1sl 2] VEC
ldid z2.d, po/z, [x20, x0, 1sl 3] addr calg
ldad z3.d, po/z, [x18, z0.d, 1lsl 3] , , , , , | aeeeeeeeees , ,
add  x0, x0, 8 i i i i i | | |
fmla z1.d, po/m, z3.d, z2.d : : : : : : """""" : :
whilelo p@.d, x0, x17 : : : : : : : :
b.any .L6 i i i i i i i i
faddv  d4, p1, z1.d : : : : : : : :
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA FAGB BR
SPMV » [IntALU ] Predicatd [IntALU | [IntALU | [IntALU|] [ AGU | [ AGU | BR |
£ [FParith manipul | e MO [FParth ] (miDIV] [ 0 ] [ LD |
) ) . . - [ FMA [IntST |[ MUL |
y[i] = y[i] + A[i][J] * x[J] ¢
E FP DIV
9 Crypto
.L6: W [ FpsST
ldisw ze.d, pe/z, [x6, x0, 1sl 2] VEC
ldid z2.d, po/z, [x20, x0, 1sl 3] addr calg

ldad z3.d, po/z, [x18, z0.d, 1lsl 3]
add X0, x0, 8

fmla z1.d, po/m, z3.d, z2.d
whilelo p@.d, x0, x17

b.any .L6

faddv  d4, pl1, z1.d
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
SPMV » [IntALU ] Predicatd [IntALU | [IntALU | [IntALU|] [ AGU | [ AGU | BR |
E Manipul | (i MUL ] [FParith] [IntDiV] [ 0 ] [ D |
1 . C1rs1 % . c [ IntST |[ MUL ]
Y[l] y[l] + A[l][J] X[J] -%
g
.L6: w [ FpST
ldisw z@.d, po/z, [x6, x0, 1lsl 2] VEC
ldad z2.d, po/z, [x20, x0, 1lsl 3] addr calg
ldid z3.d, po/z, [x18, z0.d, 1lsl 3] , , , , , | seeeeeeens . ,
add  x0, x0, 8 i i i i i RN E |
fmla z1.d, pe/m, z3.d, z2.d : : : : : . E— | e s
whilelo p@.d, x0, x17 ; : : : ! ! N
b.any L6 8 GTH | | } GTH § BN GTH N GTH
faddv  d4, pl, z1.d | | | | | | | |
a a a a a N GTH e GTH
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Port model for the A64FX

PR EXA FLB EXB EAGA EAGB
SPMV Int ALU | Predicatd [Int ALU | [IntALU | [IntALU] [ AGU | [ AGU |
EP anth] LM@Y | (ot MUL ] [FPanth] (miDiv] [ @ ] [ D ]

FMA [ IntST | [ MUL |

y[i] = y[i] + A[i][3] * x[]] FPDIV

Crypto
.L6: FP ST
ldisw z@.d, po/z, [x6, x0, 1lsl 2]
ldad z2.d, po/z, [x20, x0, 1lsl 3]
ldad z3.d, po/z, [x18, z0.d, 1lsl 3]
add X0, x0, 8 It x+1
fmla z1.d, po/m, z3.d, z2.d
whilelo po.d, x0, x17
b.any .L6
faddv  d4, pl1, z1.d

I

D
GTH
GTH

i

D
GTH
GTH

Execution Units
a
S B z
T B 5
o

FMLA
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
SPMV o LIntALU Predicatd [Int ALU | [IntALU | [IntALU | [ AGU | [ AGU | BR ]
= manipul
E IntMUL | [FParith|[IntDIV] [ LD | [ LD |
. . s . FMA [Int ST | [ MUL |
Y[l] = y[l] + A[l][J] * X[J] -§
-
g
.L6: w FP ST
ldisw z@.d, po/z, [x6, x0, 1lsl 2] VEC
1d1id z2.d, po/z, [x20, x0, 1lsl 3] addr calg
ldid z3.d, po/z, [x18, z@.d, 1sl 3] , , , , , , , ,
fmla z1.d, p@/m, z3.d, z2.d : : : : : : : :
whilelo po.d, x0, x17 ! FMLA ! ! ! : : : :
b.any .L6 | | | | | a a a
faddv  d4, p1, z1.d E E E E E E E E
[ 5 5 i 5 . |
1 Ed Em
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
SPMV » |IntALU | Predicatd [Int ALU ] [IntALU | [IntALU| [ AGU | [ AGU | BR |
E [FP arith] L™@"PY| ({0t MUL | [FParth| [IntDIV] [ D ] [ LD ]
. . R . FMA [ IntST ][ MUL |
Y[l] = y[l] + A[l][J] * X[J] -§
=]
g
.L6: W [FpST
ldisw z@.d, po/z, [x6, x0, 1lsl 2] VEC
ldad z2.d, po/z, [x20, x0, 1lsl 3] addr calg
ldad z3.d, po/z, [x18, z0.d, 1lsl 3] , , , , , , , ,
AT R - 1 -1 - B -
fmla z1.d, po/m, z3.d, z2.d ; ; ; i i i i i
whilelo p@.d, x@, x17 ) i i | | ; ;
b.any .L6 | | | | | a a a
faddv  d4, pl, z1.d ! ! ! ! ! ! ! !
oL Al - N - ool > Bl o |8
B 5 5 | | | 5
é é é é : B GTH I GTH I
BcH GTH [ i e+ | ~op | i i
AFVLARE | | | B GTH I GTH
[ [ ]
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Port model for the A64FX

FLA PR EXA FLB EXB EAGA EAGB BR
SPMV » LIntALU | Predicatg [IntALU | [IntALU | [IntALU| [ AGU | [ AGU | BR |
= . manipul :
< [Int MUL | [FP arith| [IntDIV | [ LD ] LD |
. . AU . FMA [IntST | [ MUL |
Y[l] = y[l] + A[l][J] * X[J] -§
=]
g
.L6: W [FPST
ldisw z@.d, po/z, [x6, x0, 1lsl 2] VEC
1d1id z2.d, po/z, [x20, x0, 1lsl 3] addr calg
ldad z3.d, po/z, [x18, z0.d, 1lsl 3] , , , , , , , ,
fmla z1.d, po/m, z3.d, z2.d : E E E E E E E
whilelo p@.d, x@, x17 ) i i | | ; ;
b.any .L6 | | | | | a a a
faddv  d4, p1, z1.d : : : : : : : :
v d P 2 ST G- N - [ ool > BN o |
By i i ? | 5 |
é é é é : B GTH I GTH I
3cy/VL itx+3 | Negna] i e~ il o B |
MFVLAR ; ; : M GTH N GTH
I
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Port model for the A64FX

SPMV

y[i] = y[i] + A[i][3] * x[3]

Osaca spmv.s

Combined Analysis Report

Port pressure in cycles

0.50 0.50
0.50 0.50
2.00 2.00

1
2
3
4
5
6
7
8

3.00 3.00

0.50 0.50
0.50 0.50
2.00 2.00

3.00 3.00

1dlsw z0.d, po/z, [x6, x0, 1sl ]
1did z2.d, po/z, [x20, z0, 1sl ]
1did z3.d, po/z, [x18, z@.d, 1sl
add X0, X0,

fmla z1.d, po/m, z3.d, z2
whilelo p@.d, x@, x17

b.any

]
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Port model for the A64FX SPMV y[i] = y[i] + A[i][3] * x[]]

osaca spmv.s ./spmv-graph.dot

Combined Analysis Report

Port pressure in cycles

1dlsw z0.d, po/z, [x6, x0, 1sl ]
1did z2.d, po/z, [x20, z0, 1sl ]
1did z3.d, po/z, [x18, z@.d, 1sl ]
add X0, x0,

fmla z1l.d, po/m, z3.d, z2

whilelo p@.d, x@, x17

b.any

1
2
3
4
5
6
7
8

3.00 3.00 3.00 3.00

. 1
1: label 2: ld1sw 5: add 8: b.any
T N |
3:ldld | | 4. 1414
8 7: whilelo
11
6: fmla‘ 9
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Port model for the A64FX

SPMV

y[i] = y[i] + A[i][3] * x[]]

= Example from C code:

= Example from ASM snippet:

https://godbolt.org/z/8cb8aWaWr

https://godbolt.org/z/Kar309jjo
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Marker insertion

Byte marker

movl $111, %ebx #START MARKER
.byte 100,103,144 #START MARKER
.L22:

vmovapd @(%r13,%rax),%ymmo

vfmadd213pd (%rl4,%rax),%ymml,%ymmo

X86 vmovapd %ymm@, (%rl2,%rax)

addq $32,%rax

cmpq %rax,%srls

jne .L22
movl $222,%ebx #END MARKER
.byte 100,103,144 #END MARKER

mov  x1,#111 //START
.byte 213,3,32,31 //START
.L18:

ldr g2, [x20, x0]
ldr g1, [x21, xO@]
arMm  fm1a vi.2d, v2.2d, ve.2d
str g1, [x19, x0]
add x0, x0, #16
cmp x22, X0
bne .L18
mov x1,#222 //END
.byte 213,3,32,31 //END
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Marker insertion

Byte marker

movl $111,%ebx #START MARKER
.byte 100,103,144 #START MARKER
.L22:

vmovapd @(%r13,%rax),%ymmo

vfmadd213pd (%rl4,%rax),%ymml,%ymmo

X86 vmovapd %ymm@, (%rl2,%rax)

addq $32,%rax

cmpq %rax,%srls

jne .L22
movl $222,%ebx #END MARKER
.byte 100,103,144 #END MARKER

mov x1,#111 //START
.byte 213,3,32,31 //START
.L18:

ldr g2, [x20, x0]
ldr g1, [x21, xO@]
arMm  fm1a vi.2d, v2.2d, ve.2d
str g1, [x19, x0]
add x0, x0, #16
cmp x22, X0
bne .L18
mov x1,#222 //END
.byte 213,3,32,31 //END

Comment marker

# OSACA-BEGIN
olL223

vmovapd @(%r13,%rax),%ymmo
vfmadd213pd (%rl4,%rax),%ymml,%ymmo
vmovapd %ymm@, (%rl2,%rax)

addq $32,%rax

cmpq %rax,%rl5s

jne .L22

# OSACA-END

// OSACA-BEGIN
.L18:

ldr g2, [x20, x0]

ldr g1, [x21, xO]

fmla vi.2d, v2.2d, ve.2d
str g1, [x19, x0]

add x0, x0, #16

cmp x22, x0

bne .L18

// OSACA-END

OSACA
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Marker insertion

Byte marker Comment marker Insertion tool
movl $111,%ebx #START MARKER
.byte 100,103,144 #START MARKER # OSACA-BEGIN
.L22: .L22:
vmovapd 9(%rl3,%rax),%ymmo vmovapd 9(%rl3,%rax),%ymmo
vfmadd213pd (%ril4,%rax),%ymml,%ymmo vfmadd213pd (%ril4,%rax),%ymml,%ymmo
X86 vmovapd %ymm@, (%rl2,%rax) vmovapd %ymm@, (%rl2,%rax)
addq $32,%rax addq $32,%rax osaca --arch ARCH --insert-marker
cmpq %rax,%rls cmpq %rax,%rls
jne .L22 jne .L22 Blocks found in assembly file:
movl $222,%ebx #END MARKER # OSACA-END

.byte 100,103,144 #END MARKER

mov x1,#111 //START
.byte 213,3,32,31 //START // OSACA-BEGIN Possible blocks to be marked:
.L18: .L18:
ldr g2, [x20, x0] 1dr g2, [x20, x0]
ldr g1, [x21, x0] ldr g1, [x21, x0] Choose block to be marked [
arMm  fm1a vi.2d, v2.2d, ve.2d fmla vi.2d, v2.2d, ve.2d
str g1, [x19, x@] str g1, [x19, x@]
add x0, x0, #16 add x0, x0, #16
cmp x22, %0 cmp x22, x0
bne .L18 bne .L18
mov x1,#222 //END // OSACA-END

.byte 213,3,32,31 //END

OSACA 7/26/2021 16



Accuracy and related tools

OSACA LLVM-MCA |  IACA
v v v v

Throughput
Critical Path v v X X
Loop-Carried
Dependencies v v v X
Supported ISAs x86, arm64 Many x86 x86

I: , , , ) ] ] . .
Supported pArchs Ilnéf(; mg; 'Q/eil'.*irﬂz?mzslﬁvirssﬁ Many |-I|nstv?/| gg\?\/’,l\slsk Intel: 'XEI’_HSW’

N1, ThunderX2, A64FX

Speed S & ar G
Open Source v v X v
&

Future v v X

Development
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Getting started

ython’

Via PyP!: At
I‘d’ Index
g~

From source.: git clone https://github.com/RRZE-HPC/OSACA.git @

Webbased with Compiler Explorer: https://godbolt.org/
a) Choose “Analysis” as language
b) Add OSACA as tool to your compiler

. module load archiconda/3
OOKAMI mOdUIe source activate OSACA

OSACA 7127/2021
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Getting started

. thon”
Via PyP!; P
iig’ Index

From source.: git clone https://github.com/RRZE-HPC/OSACA.git @

Webbased with Compiler Explorer: https://godbolt.org/
a) Choose “Analysis” as language
b) Add OSACA as tool to your compiler

L

. module load archiconda/3
OOKAMI mOdUIe source activate OSACA

For questions,
Issues, and
feature requests

N oo KAMI

OSACA
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