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PAPI

* Library that provides a consistent interface (and methodology) for hardware performance counters,
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power.

* PAPI enables SW engineers to see, in near real time, the relation between
SW performance and HW events across the entire compute system.
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PAPI

Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power.

1999 - 2009

TRV IV
Low-Level APl  High-Level API

N WV
Deve,lop,e( API

PAP| Component

PAPI enables SW engineers to see, in near real time, the relation between S0
SW performance and HW events across the entire compute system.

SUPPORTED ARCHITECTURES: AM D a

e AMD up to Zen3 AR M

* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support

* IBM Blue Gene Series ?
* IBM Power Series, PCP for POWER9-nest ===
 Intel Sandy|Ivy Bridge, Haswell, Broadwell, Skylake, Kaby-, Cascade-, Ice-lake, KNC, KNL, KNM
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2009 -2018
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Low-Level APl  High-Level API

PAPI

Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power.

A e
Developer AP Devg@:p&rAPl

OS + Kernel Ext.

SW performance and HW events across the entire compute system. T

SUPPORTED ARCHITECTURES: AMD I
e AMD up to Zen3 AR M

¢ AMD GPUs MI50, M160, MI100 = ﬁ\f‘"
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support :
* CRAY: Gemini and Aries interconnects, power/energy

* IBM Blue Gene Series, Q: 5D-Torus, I/0 system

* IBM Power Series, PCP for POWER9-nest
 Intel Sandy|Ivy Bridge, Haswell, Broadwell, Skylake, Kaby-, Cascade-, Ice-lake, KNC, KNL, KNM

N . . . PAPI Component API Compone
PAPI enables SW engineers to see, in near real time, the relation between CPUs

F

THE SUPERCOMPUTER COMPANY

.|l|

* Intel GPUs .
* InfiniBand a8 . .
.+ Lustre FS lystre. Hb intel
* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs INFINIBAND'

* NVIDIA: support for NVLink

NWUDUA.
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2009 - 2018 |

k PAPI T

|
Low-Level APl  High-Level API

PAPI

* Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. Develaper APl Developer AP
. . . . PAPI Component API Compone
* PAPI enables SW engineers to see, in near real time, the relation between = GPUS

SW performance and HW events across the entire compute system. T

|
SUPPORTED ARCHITECTURES: AMD I « . ‘»
* AMD up to Zen3, power for Fam17h AR M
 AMD GPUs MI50, MI60, MI100, power, temperature, fan N
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support ==A
* CRAY: Gemini and Aries interconnects, power/energy
* IBM Blue Gene Series, Q: 5D-Torus, I/0O system, EMON power/energy
* IBM Power Series, PCP for POWER9-nest, power monitoring & capping on POWER9
 Intel Sandy|Ivy Bridge, Haswell, Broadwell, Skylake, Kaby-, Cascade-, Ice-lake, KNC, KNL, KNM
* Intel RAPL (power/energy), power capping
* Intel GPUs
e InfiniBand

* Lustre FS Jystre. ﬁ‘ in te I ®

* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs INFINIBAND'
* NVIDIA: support for NVLink

* NVIDIA NVML (power/energy); power capping
* Virtual Environments: VMware, KVM
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2018 - now |

\ PAPI e

SDE API

Low-Level APl  High-Level API

PAPI
PORTABLE LAYER

. . . . PAPI
* Library that provides a consistent interface (and methodology) for hardware performance counters, -:- "\ -

found across the system: i.e.,, CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. Developer APl Developer APl Developer AP
. . . . PAPI Component | PAPI Component APl Compon
* PAPI enables SW engineers to see, in near real time, the relation between SDEs cPUs GPUS

SW performance and@ events across the entire compute system. gt S8 | Pt ot

|
SUPPORTED ARCHITECTURES: AMD I « . ‘»
* AMD up to Zen3, power for Fam17h AR M
 AMD GPUs MI50, MI60, MI100, power, temperature, fan N
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support ==A
* CRAY: Gemini and Aries interconnects, power/energy
* IBM Blue Gene Series, Q: 5D-Torus, I/0O system, EMON power/energy
* IBM Power Series, PCP for POWER9-nest, power monitoring & capping on POWER9
 Intel Sandy|Ivy Bridge, Haswell, Broadwell, Skylake, Kaby-, Cascade-, Ice-lake, KNC, KNL, KNM
* Intel RAPL (power/energy), power capping
* Intel GPUs
e InfiniBand

* Lustre FS Jystre. ﬁ‘ in te I ®

* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs INFINIBAND'
* NVIDIA: support for NVLink

* NVIDIA NVML (power/energy); power capping
* Virtual Environments: VMware, KVM

* Software-defined Event (SDE) Support
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Intel GPU Support
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Intel GPUs

Support for monitoring Intel GPUs on Aurora Early Access (Iris & Florentia).

* GPU hardware events
* Memory performance metrics (bytes read /written/transferred from/to LLC)

\ N\ \ LN
Low-Level API High-Level API

PAPI
PORTABLE LAYER

Developer API Developer API

AN AN

PAPI Intel GPU
Component

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

£I0L




Intel GPUs

Support for monitoring Intel GPUs on Aurora Early Access (Iris & Florentia).

* GPU hardware events
* Memory performance metrics (bytes read /written/transferred from/to LLC)

|\ A |V A
Low-Level API High-Level API

PAPI
PORTABLE LAYER

Developer API Developer API

NN AN

PAPI Intel GPU
Component

Two different collection modes
supported by PAPI component
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Intel GPUs

Support for monitoring Intel GPUs on Aurora Early Access (Iris & Florentia).

* GPU hardware events
* Memory performance metrlcs (bytes read /written/transferred from/to LLC)

(Tlme-based Collection Mode:

* Read data at snapshot
* Aggregated performance metrics Low-Level AP High-Level APT
* Metrics available at any time,

even during kernel execution. PAPI
PORTABLE LAYER

> Developer API Developer API
NN\ NI\

PAPI Intel GPU
> Component
A

Kernel 73

) :
. 'Time

read() read()

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

£ICL



s e 1 4

S Intel GPUs

GPU hardware events

Support for monitoring Intel GPUs on Aurora Early Access (Iris & Florentia).

Memory performance metrlcs (bytes read /written/transferred from/ to LLC)

(Tlme-based Collection Mode:

* Read data at snapshot

» Aggregated performance metrics

* Metrics available at any time,
even during kernel execution.

Kernel 3
T >
i 'Time
' read() read() '
PAPI_ PAPI_
start() stop()

Low-Level API High-Level API

PAPI
PORTABLE LAYER

Developer API
NI\

Developer API
NN

PAPI Intel GPU
Component

Kernel based Collection Mode: W

* Get per-kernel metrics

* Level-Zero AP| uses BARRIERs!!!

* Metrics only available after kernel
completion.

<Kernel 2> execution
gets pushed out

T T >

[ : Time

PAPI_ PAPI_
start() stop()

g ch . THE UNIVERSITY OF
KNOXV]LLE
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AMD GPU Support
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\ ROC Profiler Counter Semantics (Profiling Modes)

® ROC Profiler supports two profiling modes: sampling and intercept
¢ Sampling: GPU-wide hardware performance counter monitoring

® Intercept: per-kernel hardware performance counter monitoring

S

ROC Profiler Sampling Mode ROC Profile_r Intercept Mode: |
Kernels are serialized by the GPU runtime

\ IcL EEEEEEEEEEEEEEE f :
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ROC Profiler Counter Semantics (Granularity)

ROC Profiler Intercept Mode:
Kernels are serialized by the GPU runtime

e KEI'NEl Begin
Start Counters
/ r nter -
SIalt COUNIES Kernel Begin
a"';f

oo
Y
Kernel End \
L

Kernel End
o~ Kernel End

ROC Profiler Sampling Mode

Kernel Begin

Stop Counters

Kernel End

| Kernel Begin |

TTTTTTTTTTTTTTT
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\ Counter Sampling

f?:.:_; ® The PAPI ROCm component also supports
" counter sampling

® Tools can register a callback, which gets
invoked when a counter overtlows, using
PAPI_overtlow

® ROC Profiler does not support counter
overflow in hardware, thus PAPI emulates
overflow using timers

® Only makes sense when ROC Profiler is

configured in ROC profiler “sampling mode”

Threshold

User Callback

% @ PAPI_overflow




SR

k AMD GPU power monitoring & capping

. Support for AMD GPUs power manipulation for GPUs on Frontier EAS

PAPI ROCm-smi component enables developers to change run profiles to reduce energy cost

* Power: monitoring and power capping.

* Temperature: current temp., max critical value, temporary

emergency temp erature. Tulip MI60 ROCM_SMI Report
hipblas sgemm MNK=16384

g

* Busy percent: % of time device is busy doing any processing.

* Fan: fan speed in RPM, max speed, read / write speed. _ aw
* Memory: Total VRAM, Visible VRAM, GTT usage of VRAM, %z
usage of VIS VRAM. F 10
 PCI: Throughput sent, received, max packet size. % o
o i o
g 5 o

869
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TAU: ParaProf Manager (on dopamine.icl.utk.edu) X! TAU: ParaProf: fhome/gcongiu/papifsrc/components/rocm/tests/.tau/tests/dopamine-ro...
File Options Help File Options Windows Help
@ ~pplications e 4 MetricField Walue Metric: TIME
¢ [CJstandard Applications ‘|Name PAPI MATIVE rocrn smi:power average:... |||Value: Exclusive
% [ Default App ;' Application 1D [4]
# (] Default Exp |Experiment ID 0 std, Dev. |
¢ @ O/dopamine-rocm_example-power_meas/tests/.tautestsirocmico izl 1 0 . .
@ PAPI_MATIVE rocm_smi:power average:device=0:sensor=0] | ‘[etric 1o 0 Mean
@ TIME M
Min
LTS ———— [ ———— I —— I I B e |
4 Il
AU: ParaProf: node 0 ome/gcongiu/pap ompone 0 e au/te dopa e-ro example-powe eas/0 (on do AU: ParaPro ome/gcongiu/pap ompone 2 e au/te dopa e-ro
File Options Windows Help File Options ‘Windows Help
Metric: PAPI_MATIVE_rocm_smi::power_average:device=Mh:sensor=0 Metric: PAPI_MATIVE_rocm_smi:: power_average:device=0:sensor=0
Sorted By: Exclusive Value: Exclusive
Units: counts
Std. Dew. |
Mean o el sl el [ [ ] bkl ol
4Total Counts Exclusive Inclusive ycalle #child calle Inclusive/Call  Hame Man B el e el | [ | el el
L e — D [ B N e |
e ——— Fy ——— [ —— [ AN N N [ e |
100.0 3.4E8 3.4E8 1 o 3486 18U applicacion node 0
20.0 B.BET B.BET z a 3.4E7 [SAMPLE] UNRESOLWED [opt/rocm-4.3 0/rochblas/lik
20.0 6.8E7 6.8E7 z ] 3.4E7 . IAU applicarion =» [COWIEXT] .TAU spplication
20.0 6.8E7 6.8E7 1 ] 6.BET
20.0 6.8E7 6.8E7 1 ] 6.8E7 . IAU application =» [CONIEXT] .TAT application
20.0 6.8E7 6.8E7 z ] 3,487  [SAMFLE] _ memcop_seed_1 [I1 101]
20.0 6.8E7 6.8E7 z ] 3.4E7 . TAU application => [COWIEXI] .IAU applicacion
10.0 3.4E7 3.4E7 1 a 3.4E7  [SAMPLE] __=randd_r [I1 101]
10.0 3,467 3,467 1 a 3.4E7 . IAU spplication => [COWIEXT] .TAU spplicatien
10.0 3.4E7 3.4E7 1 ] 3.4E7  [SAMPLE] _ GI__ libc_free [I| (01]
10.0 3.4E7 3.4E7 1 ] 3.4E7 . IAU applicarion =» [COWIEXT] .TAU application
10.0 3.4E7 3.4E7 1 ] 3.4E7  [SBMFLE] UNRESCLWED /opt/rocm-4.5.0/1ibb4/liban
10.0 3.4E7 3.4E7 1 a 3.4E7
10.0 3.4E7 3.4E7 1 a 3.4ET  [SAMFLE] UNRESOLWED /fusr/libfd4/libstdct+.=o.6.0)
10.0 3.4E7 3.4E7 1 a 3.4E7
100.0 ] 3.4E% ] ] 3.7778E7  [CONTEXT] .TAU application
100.0 0 3.4E8 9 ] 3.7778E7 . TAU application =» [CONIEXT] ,TAU spplicatien
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PAPI Software Defined Events (SDEs)

" | Support for Events that originate in Software Layers

B z e
ry information as if it came from hardware counters

Arguments passed to functions, residuals, tasks stolen, hash-table collisions, messages
sent, memory consumption, size of internal data structures, ...
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PAPI Software Defined Events (SDEs)

| Support for Events that originate in Software Layers

I rt arbitrary information as if it came from hardware counters

PRODUCTION
RUN

( Application.c wmbSomeProject.sa

ﬁibsde.so} | f

£I0L
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/F PAPI Software Defined Events (SDEs)

" | Support for Events that originate in Software Layers

i3 -yers to export arbitrary information as if it came from hardware counters

PERFORMANCE ANALYSIS

read

( Application.c WﬁbSomeProject.sa ﬁibpapi.scﬂ
ﬁibsde.so} '

export

£I0L
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/F PAPI Software Defined Events (SDEs)

" | Support for Events that originate in Software Layers

i3 -yers to export arbitrary information as if it came from hardware counters

PERFORMANCE ANALYSIS

read

( Application.c WGbSomeProject.sa ﬁibpapi.scﬂ
ﬁibsde.so{APl'

export

£I0L
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Key Concepts

Create a set of micro-benchmarks for illustrating details in hardware events
and how they relate to the behavior of the micro-architecture

* Target audience:

* Performance conscious application developers

| * PAPI developers working on new architectures (think preset events)
* Developers interested in validating hardware event counters

|

\

£I0L
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global var2 += 2;
}
BRNG();
iter_count++;
twhile(iter_count<size);

CAT kernel example for Branch Events

50% Taken

50% Taken

50% Mispredicted

i / 0% Mispredicted
[ do{ do{

if ( iter_count < (size/2) ){

100% Taken
0% Mispredicted

i1ter_count++;

BUSY WORK():;

BRNG();

if ( (result % 2) == 0 ){
global_vari1+=2;

}

twhile(iter_count<size);

&ICcL i
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g do{

Jwhile(iter_count<size);

if ( iter_count < (size/2) ){
global_var2 += 2;
}

BRNG();
iter_count++;

1.5 Branches

do{

Jwhile(iter_count<size);

ilter_count++;
BUSY WORK();
BRNG();

if ( (result % 2) == 0 ){

if( (global varl % 2) !'= 0 ){

global_var2++;

}
global vari1l+=2;

BUSY_WORK() ;
}

CAT kernel example for Branch Events

do{
iter_count++;
BUSY_WORK();
BRNG();
if ( (result % 2) == 0 ){
global_varl+=2;
}

twhile(iter_count<size);

100% Direct

do{
BRNG() ;

ri+=2;

BRNG() ;
iter_count++;
BRNG() ;

Jwhile(iter_count<size);
il

Z727:

< global _var2 ){
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-~ Expected Behavior Table

bl b2 b3 b4 bda bdb b5 b5a bS5b b6 b7
ALLBR 2 2 2 2 25 25 2 25 25 3 1

_; o Y
TN\ T
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Expected Behavior Table

bl b2 b3 b4 bda bdb b5 b5a bS5b b6 b7

ALLBR 2 2 2 2 25 25 2 25 25 3 1
Misp 0 0 O O5 05 05 05 05 05 0 O
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"Native Branch Events Have Unique Responses

3 | | | | | | | |

5 25| -

© @

9 |

20 ® m i

()] :

Q |

=

E 1 5 [\ oy ----------- [\ - —

8 :

S :

n :

8 1 - ad A=

= |

c §

C|>J :

o 0.5 O l l L -
Y - .
bl b2 b3 b4 bda b4b b5 b5a b5b b6 b7

- Micro-Benchmark

D B . . A A Ay
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> Unique Responses Reveal Mapping to Preset Events

3

[ [ [
ALL BRANCHES —@—
COND. TAKEN —&— | | | | | |
| MISPREDICTED —#— f SR Y o\

N
U

N
.

Event Measurement per Iteration
-
9))
i
¢
Fi
L
|

O
9]
|

|
L/,

P .
- T—

bl b2 b3 b4 bda  bdb b5 b5a

b7 [
) IVERSITY OF ]/
- Micro-Benchmark NESSEE B
- ] } X
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Pointer Chasing

Min Buffer Size < Cache Size

SETUP ( ) { 44/)\\~;
p = (uintptr_t =x) sarray(01; | © ues . - actual
for (i = random( ) ) { ‘/\/\ L., cache
next = &array[i]; | | | | E::j R0
* = DexE;
p = (uintptr_t =*%) next; \EE:::ji_,~
}
} /////—\\//A\
| | | | | | L]
MEASURE ( ) { __
start_measurement () ; \\\\\~— ----- a
P = (uintptr_t ) +p; T 1 T 1 ||
} \—// e S
| stop_measurement () ;

—

Max Buffer Size > Cache Size

OICL [y TENNESSEE
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Pointer Chasing

SETURP L ) |

p = (uintptr_t =xx)

for (i = random( ) ) {
next = &arrayl[i];
D = nexi;
p = (uintptis € %)

}

}

MEASURE ( ) {
start_measurement () ;
fTor (=) 9

P = (uintptr_t =x)
}

stop_measurement () ;

}

&array[0];

next;

ADy

Block Size
Min Buﬁeﬁhe Size
lf pagesiz{ _ \ actual
NN | e o
| | | | L]
&/ B
---- " Access Pattern
Ve
| | | /| | | L]
&/ /
| S | @ 7| =
\—//4 — S
-

Max Buffer Size > Cache Size

£I0L
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L2 Hits, Intel Cascade Lake

MEM _LOAD_RETIRED:L2 HIT -- Intel Cascade Lake

1.0

0.6

0.4 -

Event Count per Access

0.0 868686806866 11| Lol L ,
10000 100000 le+06 le+07

Buffer Size
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L2 Hits, Intel Cascade Lake

MEM LOAD_RETIRED:L2 HIT -- Intel Cascade Lake
1.0

PPB=16 —¥—
PPB=32 —B—

0.6

0.4

0.2

Event Count per Access

'L?ﬁﬁifﬁj_- | [ I NN |
10000 100000 le+06 le+07

Buffer Size
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L2 Hits, Intel Cascade Lake

MEM LOAD_RETIRED:L2 HIT -- Intel Cascade Lake

1.0 e
PPB=16 —¥—

08 - PPB=32 —B— |
PPB=64 —O—

0.6 F e v

0.4

0.2

Event Count per Access

oo ] L1 OIS —V-V_V_V V.V vy

10000 100000 le+06 le+07

Buffer Size
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L2 Hits, Intel Ice Lake

MEM LOAD_ RETIRED:L2 HIT -- Intel Ice Lake

1-0 ||||III| T T T 171
&8 PPB=16 =—¥—
S 08 L PPB=64 —O&—
O 0.
<
SR e o m—
| c
| 3 0.4
i O
| S 0.2 r
D
"l:.ﬁlﬁl ....... Loy L Lo ! R I L L1
1000 100000 1le+06 le+07 : ﬁ
Buffer Size 5’;
/-




LD DN AR Y

L2 Hits, Intel Ice Lake

Event Count per Access

1.0

0.8

0.6

0.4

0.2

0.0

MEM LOAD_ RETIRED:L2 HIT -- Intel Ice Lake

T T —— 1
PPB=10 —¥—
- PPB=64 —O— _
PPB=128 —&—
I - >
N\
Ll L Lo a1l §
10000 100000 1e+06 le+07 }

/

Buffer Size

IS

S\
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\ L2 Hits

L1, L2 L3 L1, L2 L3 L1, L2 (L3 L1, L2 L3 L1, L2 L3I |L1I L2 IL3I
12 L L2 HIT —=—
|
Q
O §
Q
< 08}
(D)
o
S 06
S “ |
o T ‘
o 04
>
L
0.2 ’I F
0 40 80 120 160

Measurement Index
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> L3 Hits & Misses

Ll L2 13 L1 12 13 L1 L2413 L1123 L1 L2 13 L1 L2 L3,

L3 HIT ——

1.2 - L3 MISS ——
1 -
0.8

0.4

Event Count per Access

W\ \\

o
N
|

0) 40 80 120 160 200 240 a0

IVERSITY OF [ |

Measurement Index

LE
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> L3 Hits + L3 Misses = L2 Misses

L1, L2 L3 L1, L2 L3 L1, L2 (L3 L1, L2 L3 L1, L2 }L3I |L1I L2 IL3I
L3 HIT ——
1.2 - L3 MISS ——
L2 MISS ——
o 1r
a
@)
@)
< 08}
a
o
S 06 F é
(@)
o ﬁ g
> é
LIJ
0.2 s/{
?j
0 40 80 120 160 200 240 (7

IVERSITY OF [ |

Measurement Index

LE
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> Non-obvious results/naming

L1, L2 L3 L1, L2 L3 L1, L2 (L3 I|_1I L2 IL3I I|_1I L2 }L3I I|_1I L2 IL3I
L2 LINES OUT:NON SILENT ——
2 .
g 1
Q
o 15
<
: \
o
= l
§ 1 F q ﬂ
o | [
5 L ﬁ
&
0.5 -

0 40 80 120 160 200 240

Measurement Index
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> Non-obvious results/naming

papi_native avail L1 L2 L3 L1 L2 13, 11 12 13 11 12 13 L1 L2 13
— — ] | | | ] | | | ] | | |
Modified cache lines that are evicted by L2 cache L2 LINES OUT:NON SILENT —e—

when triggered by an L2 cache fill.
; i
Q
O 1.5 F
<
GLJ \
o
= [
S [ [T]
= | [
5 L ﬁ
e
0.5 -

0 40 80 120 160 200 240

Measurement Index
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> Surprising results (AMD Zen3: EPYC 7413)

X
f

g L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

f
L
1 J

THHE-E
|

T | e

0.6 [ i (RS [ . |SEIEEEEE | _____ ______ _____ _______ _____ :

Event count per data access

o2l b ]

™12 Read (min) —— |
] | | |

Measurement index

D i .\ i VA D i &
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> Surprising results (AMD Zen3: EPYC 7413)

L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

Event count per data access

&
4
X

T2 Read (min) —— |
| L2 Read (avg) —— |
| | |

S — q:'
—~—
-

Measurement index
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> Surprising results (AMD Zen3: EPYC 7413)

L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

Event count per data access

, : , , , , , , , , : , L2 Reéd (avg). —-—.
E : E E E E E E E E : E | Latency (avg) —— |

| I 1 |
0 | | | | | | | | | I i I | |

. VERSITY OF / .‘}n
Measurement index \ESSEE  §§
o R | | o A o e > f‘ﬂ
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Sysdetect component
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k Available information example

CPU NVIDIA GPU AMD GPU

ID ID ID
Name UID UID
Family/model/stepping Name Name
Sockets Warp size Wavefront size
Numas Max threads per block Simd per compute unit
Cores Max blocks per multiproc. Max threads per workgroup
Cache Size/Line Size/Lines/Assoc. Max shm per block Max waves per compute unit
Memory per numa Max shm per multiproc. Max shm per workgroup
Thread numa affinity Block dims Max workgroup dims
- Grid dims Max grid dims
- Multiprocessor count Compute unit count
- Multiple kernels per context Compute capability

- Can map host memory -
- Can overlap compute and data xfer -

- Compute capability -

$ICL Ry TENNESSEE



> 3 1

|
> Command line utility: papi_hardware_avail

bash~$ utils/papi_hardware_avail

Device Summary

Vendor DevCount
] ‘ GenuinelIntel (1)
\-> Status: Device Initialized
H@Eﬂ NVIDIA (2)
\-> Status: Device Initialized

AMD/ATI (0)
\-> Status: ROCm not configured, no ROCm device available

Device Information

Vendor : GenuineIntel

Id 1 0

Name : Intel(R) Xeon(R) CPU E5-2650 v3 @ 2.30GHz

CPUID : Family/Model/Stepping 6/63/2 0x06/0x3f/0x02

Sockets

Numa regions

Cores per socket
Cores per NUMA region
SMT threads per core

Vendor

Id

Name

Warp size

Max threads per block

Max blocks per multiprocessor
Max shared memory per block

2
2
10
PAC)
2

NVIDIA
(0]

: Tesla K80

32
1024
16

i 49152
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> Summary

e PAPI 7.0 coming soon!

* Support for GPU counters/metrics across vendors.

* Support for power management on CPUs & GPUs.
* Software Defined Events as a standalone library.
* Counter Analysis Toolkit provides hardware insights.

* API & utility for detecting available hardware

s
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