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ADMIRt Performance Models in ADMIRE

malleable data solutions for HPC

ADMIRE global architecture: e —

|

® Intelligent controller acts as the main s Cony
component forwarding and processing . memTEmy L W2
data ' Startup

Ad-hoc Storage system monitoring

/O state

® Key aspects examined in the ADMIRE
project is job malleability

ADMIRE-enabled
applications + use
hints

iob . e
—lob gueue state + userhints _,, Intelligent Distributed g% g WP7
job malleability decision Controller Dahicbas. Control commands =] :% g Applications

System state

® Malleability manager needs:
® Current state of the system

® Jobs in the queue
. d \Y/[e1311(e1¢]y[s| Performance - WpPs
¢ User hints 0? manager (B Sensing and Profiling 8

System, storage, application states
Monitoring commands

Monitoring:
applications

Monitoring

Monitoring: LIME + Paratools TAU

¢ Scaling performance of an application

Objective: balance both compute and I/O resources
—>Performance models that cover the scaling behavior applications in both regards
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ADMIR= Performance Models in ADMIRE (cont’)

malleable data solutions for HPC

Generate performance models with Extra-P [~ oS Conlrl

® Components that directly influence or
interact with the performance models from Wp4
Extra-P are colored (in blue)

QoS Control

WP2
Ad-hoc Storage

I/0 malleability decision

Stanup'

1/O Scheduler

I/O state

HSM data flow
Back-end storage

Ad-hoc Storage system monitoring

® Data flow of the models is colored in green

t Distributed

job queue state + user hints > i
Intelligent Jrsiran

job malleability decision Controller Ic

So far, Extra-P focuses on modeling the
scaling behavior of computational and
communicational parts of an applications

\Y[e]gl1{6]7]sle| Performance

[ Extend Extra-P to model 1/O! ] s e

But before, let’s have a quick look at Extra-P
and performance models in general ...
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System, storage, application states
Monitoring commands

ADMIRE-enabled
applications + user

WP7
Applications

ADMIRE
application
manager

Control commands

Monitoring:
applications




ADMIRE Scaling your code can harbor performance surprises*...

malleable data solutions for HPC * .
Goldsmith et al., 2007
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ADMIP= Performance Models

malleable data solutions for HPC

Performance Model: Formula that expresses a relevant performance
metric as a function of one or more execution parameters

21 T T

Analytical (i.e., manual) creation
—> challenging for entire programs

18 -

15 |-

. < * Incomplete
= _ Identify coverage
N t — 3 . 10 4p2 -|— C kernels
67 | L]
» Laborious,
sl g Create difficult
models
- 29 210 211 2‘12 213

Processes
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ADMIR: Extra-P

malleable data solutions for HPC

Extra-P in a nutshell:

. . o= pat |Cor Value | I
® Automatic performance-modelling i e
t O O I X \_si: 1.894x10°% + 9315107 * a"" "I._ 9.180x10™°
® Generates empirical performance eo®
models that predict the scaling i e e T D
behavior of the different parts ofan  *® HEECEETRaRn

application
® Supports the user in identifying

<scalability bugs™

( ’https://github.com/extra-o/extrao

&3 YouTube " htips:/ivoutu.be/cvayRoMWeBM
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https://youtu.be/Cv2YRCMWqBM
https://github.com/extra-p/extrap

ADMIR= Extra-P in ADMIRE: Continuous Modeling

malleable data solutions for HPC

In ADMIRE: No human in the loop
—->Use Extra-P programming interface
Whenever new traces are available, just reinvoke Extra-P

( Y

data.jsonl Performance Models

- —>[ Extra-P ]—>

Performance models are generated
for the measurements this file stores

Storesfine graded I/O data in the JSONL file
- new profiles can be simply appended

Model fine graded I/O function up till metrics like total I/O time

python - modeler.py

extrap.entities.callpath i t Callpath
extrap.entities.metric Metric

extrap.fileio.file_reader.jsonlines_file_reader C read_jsonlines_file

extrap.modelers.model_generator import ModelGenerator
numpy np

experiment = read_jsonlines_file("./data.jsonl™)

model_generator = ModelGenerator(experiment)

model_generator.model_all()

cp@ = Callpath(“<root>"), Metric("<default>")
pm = model_generator.models[cp@].hypothesis.function

int(f"Model evaluated at x = 5 and y = 5:\n{pm.evaluate([5,5])}\n")

model in model_generator.models.values():

pts model.measurements
(f"Measurement points are:\n{pts}\n")

pred = model.predictions
int(f"Prediction points are:\n{pred}\n")

(f"Model is:\n{model.hypothesis.function}\n")

m = model.hypothesis.function.evaluate(
np.array([[1, 24, 58], [1, 29, 30]]))

int(f"Model evaluated at x = [1 24 58] and y = [1 29 30] is:\n{m}\n"

pm = model.hypothesis.function.evaluate([2, 3])
(f"Model evaluated at x = 2 and y = 3:\n{pm}\n\n")
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ADMIR= Monitoring Proxy: Application Side

malleable data solutions for HPC

Monitoring Proxy Captures traces at different levels for each application (example: IMB-IO)

88 General /ADMIRE vy <3

Transfer size Bandwidth Ratios

Ratios

Average job time

14.9 min compute tc

Node time 1/0 to total time Syscalls

5
5 min mpute (/0 free

hre nan

Aggregated time over ranks MPI functions
Total
/0 mpi_allreduce

mpi_barrier

mpi_file_write

*
* ok
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ADMIR= Tracing I/O: File System Side

malleable data solutions for HPC

File system side is also available, but currently not used for performance modeling (Ex: HACC-10)

Write Throughput

Max ~

400 MB/s 13.3 GB/s
0ST0041 391 MB/s

350 MB/s 0ST0034 363 MB/s
0ST002e 303 MB/s
300 MB/s OSTO01f 295 MB/s
0ST0043 285 MB/s
250 MB/s | | 0ST0025 261 MB/s
0ST003a 253 MB/s
200 MB/s . 0ST003c 252 MB/s
Y AN / / 0ST0039 250 MB/s

150 MB/s | / I ,‘ I Vi ‘ (i, - o 0ST0053 247 MB/s
A ol s i WM I 0ST0032 242 MB/s

100 MB/s 1 AL Shaie fan A\ AT ) Az | A OST0040 239 MB/s

0ST0038 237 MB/s

o s “.“ g % ‘r” 4 pit ‘ ! o :, | “ Qi " e 1 X7 N ﬁ $ OST0017 236 MB/s
If % ' l Ly \ e 3 0ST004d 235 MB/s

0B/s d SRR 4 - : 0ST0001 232 MB/s
17:38:00 17:39:00 17:40:00 17:41:00 17:43:00 17:44:00 17:45:00 46 17:48:00 17:49:00




ADMIR= Modeling I/0 With Extra-P

malleable data solutions for HPC

e Support for four new tools has been added
e TMIO (Tracing MPI-10)

* Darshan
* Tau metric proxy
* FTIO

Metric proxy: Graphical user interface

8 Original signal

7 ==Discrete signal
6 —3.2e-01cos(2m*0.04*t+2.52)

Source Key Advantage

TMIO Async I/O, I/0 requirements, flexibility % Z

Darshan Universal support ;ﬁg i

Metric proxy Very detailed traces, on-the-fly modeling To w o mome wmowe m ow e
FTIO Modeling I/O phases

FTIO: Frequency techniques for I/O

EuroHPC
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ADMIRz

malleable data solutions for HPC

* Metric proxy:
*  Provides traces at different levels

* Groups traces into a single profile
* Different methods for grouping exist

Flle View Plots Model Help
Selection

IMB-I

Model: | Default Model

Metric: | Size (8)

3.4x10"

An Value

6.035%10°% +

-4.279x10% + 6.34.

el
"mpl_f flle Iread shared"
"mpl_f ﬂle Iwrite”
"mpi_file_iwrite_at" 1.641x10°°
"mpl flle jwrite_shared”

"mpl_file_read_all"
"mpi_file_read_at"
"mpl file read at all"

1.244x107"* + 8.00....

123X10° + 1.7132....
4.177x10°° + 1.598...
1.362x10°" + 2.581...

6.830x10°° +3.454...
1.019x10°* + 3.480...
7.210x10° +3.388...

2.5x10"

@)

Line graph B

— "preadb4”
"mpi_file_read”

_—

Size (B)

roh

the complete story:

/extrap-model/

8.4x10°

0 138.2 276.5

4147 553.0
Processes

691.2

@@ Graph Limits

2:330x10"° X-axis

| Processes

- | max.|691,20

Extra-P and Tau Metric Proxy

Metric Proxy

Traces

e A
p
data.jsonl Performance Models
k . s,
—l — 5,
.

Nek5000

File View Plots Model Help
Selection
Line grapl
Model: [New Model N ]
Metric: | Time (5) B B
Se) Callpath An Value (=
~ tau_time_total H
~ function
| | "mpl_allre...  4658.490
| | "mpl_barr...  260.865
"mpl_bcast”  1.292 + 7.632x10™* * Processes®’* 1.3x10°
] "mpi_com...  121.124
[ "mpl_com...  4.488x10°° + 2.919x10™ * Processes*’* _
] "mpl_com...  8.665x10°° + 3.090x107® * Processes * | Time (s)
] 7.928x107 + 7.091x10°" * Processes>
] 0.017 + 7.380x107°° * Processes * logz(P -
[ | -255.841 + 34.784 * loga(Processes 8376.5 ~
50.558 +4.572x10™* * Processes * [ogz(
[ | 12.690 +0.015 * Processes>* * loga(Pro - -
| | -148.795 + 2.040x10™7 * Processes®/= * | -
I 6027.184 -
. -8.900 +1.094 * Processes
[ "mpl_init" 31.331 + 1.903x107° * Processes>** * log 4188.2 s
] "mpl_irecy”  0.532 +6.732x10™°> * Processes>’*
| | "mpl_Isend" 42.675 + 1.738x10™ * Processes®’*
I "mpl_recv" 9867.258
"mpl_scan” 111.947 /
"mpi_send" 16.636 + 1.375x10™° * Processes® * logz( |
[ | “mpLwalt” -0.154 +2.232x10™ * Processes*/> =
i ik 1025022 =
L | I 0 240.7 481.4 722.1 962.7 12034 1444.1 1684
[ Al - sShow model v! Show parameters Processes
Processes
color Info Graph Limits
2 =3 . Xaxis | Processes - | max. [1684,80

ADMIRE Users Day | December 12th 2023 | Extra-P | Dr. Ahmad Tarraf | TU Darmstadt

11



ADMIRt Extra-P and Darshan

malleable data solutions for HPC

HPC 10 ANALYSIS HOME GETTING INVOLVED TRACES UPLOAD

* Nekb5000 simulation from Mainz trace Website o
®* Generate a performance model from any R e

University of Mainz

Darshan File (with and without heatmap) . e B W = m

University of Mainz

Johannes
v NekSO0O (Turbuence Simstion) ComputationsiFluid Dynamics Gutenbery Mogoat wro Fase 1026 compaRE
Universityof Manz

Rows perpage 10+  1dofd

Eile View Plots Model Help UPDATE AVAILABLE
Selection @®
Line graph B
Model: | Default Model d oo Total Number of Operations Read/Write Histogram
Metric: | Time v ) J— i
l I total_f:on?_tlme @ Total (POSIX+sTDIO) O PosIX O MPI O STDIO @ Total (POSIX+STDIO) O POSIX O MPI (O STDIO
An Value R — total_io_time
-5.942x10% +6.93... 5. 8,000,000
0.000 0 000,
7,000,
-5.942x10°+693... 5| | 210" 6%%
1 / - 5,000,000
async_read_t 0. ~ g%g
async_read_b 0. 2' 000' 000
delta_t_ar_lost 0. Lex10= LK
async_write_t 0. : 1‘000'003 .
async_write_b 0.000 0. x %
delta’t aw_ ...  0.000 0 | Time Read Open Mmap Fsync
12q0* 1/0 Volume
@ Total (POSIXsSTDIO) O POSIX O MPI O STDIO
- : @ Total O Read O Write
R
L — -
5.9x107 = =
_— 32.60 GB
/ 27.94 GB
23.28GB
18.63 GB
< 13.97 GB
9.31GB
4.66 GB
- > 0 14043 2808.7 42130 5617.4 7021.7 8426.1 9830.4 0 Bytes ot o ' £ b b | i)
[All '] \v| show model | | Show parameters e prr— Time 0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 152 160 168
L Graph options \ Timeslot
N —= —
e 5@ Graph Limits e8|
B3 TR xes  |Tme | mox. (383040 il
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malleable data solutions for HPC
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Thank you for your attention!

Questions?
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