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Agenda

= Performance modeling approaches

= The potential for automation in resource modeling

= What is missing
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Performance models and insights

Purely predictive
analytic model

!

Phenomenological
analytic model

Direct insight into
bottlenecks from
first principles

Model failures
challenge model
assumptions or
input data

Refinements lead
to better insights

!

Insight with some
“‘uncharted
territory”

Model failure
points to
inaccurate or
unsuitable
measurements

Curve-fitting
analytic model

Yields predictions

Model failure
indicates
shortcomings of
fitting approach

Refinements by
using more fit
parameters
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Analytical, Resource-Based, Firsg;PrincipIes Performance Model?

a.k.a. white-box models

A mathematical representation of hardware-software
Interaction based on simplified machine and
application models, which predicts the performance or
runtime of a program using hardware resource limits
and code requirements
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White box: moving a computing center

Copying
data over
the network

Using

trucks
filled with
tapes/disks

T, =1+—
transfer B

Source: Akademie Aktuell 02/2006

Source: LRZ Garching

Do the math.
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Examples for white-/gray-box models in computing

program speedup latency
/ serial fraction / msg. length

L
bandwidth
Tpep =T, + %

S(N) =
s + 4 c(N)
Amdahl’s Law with Hockney model for
communication message transmission
time
time for computation
/ time for data transfer
Texec = maX(TcaICr Tdata) non-overlapping execution
] / time for data transfer
Roofline model for
loop code execution Texec = f(Thors Taatar ToL)

time : :
overlapping execution

ECM model for loop
code execution time
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Motivation for black-box analytic modeling

= White-box models are based on strict
assumptions, e.g.:
= Full overlap of execution & data transfer
= Steady-state, I.e., ignore wind-up effects
= Hardware simplifications
= Black-box models have much fewer restrictions
= Anything that works is allowed
= Still some assumptions possible

= Black-box performance models
= Determine influencing factors
= Deliver target metric predictions for analysis of inaccessible parameter intervals
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$s  TECHNISCHE

Performance model normal form . eI
n ne N
_ . Al Jk <1
f(p)=Y ¢, p"-logl(p)
k=1 1,7CcQ
~—

¢, *log(p)
¢,* p-log(p)

n=1
1={0,1,2}
J ={0.1}

Extra-p
https://github.com/extra-p/extrap

© F. Wolf


https://github.com/extra-p/extrap

TECHNISCHE
UNIVERSITAT

Automated empirical modeling (2) UNIVERSITAT

Y Performance measurements (profiles)
main() { 1
foo()
bar()
compute() Instrumentation
} 7 + All functions

Automated

Input :
modeling
Output
| 1.foo
Ranking: 2. compute
+  Asymptotic 3. main
« Targetscalep, | 4. bar
[--]
L 4

© F. Wolf



TECHNISCHE
UNIVERSITAT
DARMSTADT

HOMME - Climate

Core of the Community Atmospheric Model (CAM)

= Spectral element dynamical core on a cubed

sphere grid

Kernel Model [s] Predlctlve error [%]
[3 of 194] t=1(p) =130k

roreararge 3.63:10% P €721 107 034
vlaplace_sphere_vk 24 4 428

compute_and_apply_rhs 49 09 0.83

© F. Wolf



Example: ECM modeling workflow for loops

core time

data delay

J. Hofmann, C. L. Alappat, G. H., D. Fey, G. Wellein, DOI: 10.14529/isfi200204 Arithmetic
application model Registers
problem size, etc. runtime contributions ) o
@ single-core prediction
1 instructi ; ; ;
oop instructions ™ > ms‘tructlonfexecutlon @ estimates for different
i el estimates T and T, > data-set sizes
macnine modae ore 12 L3
. . . data-transfer-time P P P L1
lnstructlor;‘fle-i(-ecutlon traffic estimates for estimates T, T, ... @
capabilities » adi ,
- . > 1d}a(;ent (tjche levels 3 + 2cy/CL 1
Memory fierarchy org. e 1A @ estimates for different
memory hierarchy data-set sizes and
bandwidth and latency core counts P, (n),... L2/L3
overlap properties multi-core prediction 4.3cy/CL
< INPUTS > < INTERMEDIATE PREDICTIONS » o (40GB/s @2.7GHz
Memory

Automating this workflow is possible in some cases:
J. Hammer, J. Eitzinger, G. H., G. Wellein, DOI: 10.1007/978-3-319-56702-0_1 (Kerncratft)
J. Laukemann, J. Hammer, G. H., G. Wellein, DOI: 10.1109/PMBS49563.2019.00006 (OSACA)
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Overlap assumptions

Intel
Intel AMD Epyc (Zen) AB4FX (FX1000)
Haswell Skylake

| | | |
 Reg-L1 | ﬁ. | !
wlw| 2! 5!
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£
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Model validation (FX1000, large pages)

10 ECM validation for in-memory data sets (single-core)
8
. =
21 =2 6
gl 2
@ o 4
2l g,
0
& 0 N /\Q‘

= ECM prediction = Measured
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Does it work for “real” code, too?

= Preconditioned matrix- free 750 T
conjugate-gradient solver
= Four systems =
= 500
= IBM Power9 =
= Cavium/Marvell TX2 §
- AMD Naples 5
S 250
= Intel Skylake =
Ay
= Yes it does. N T TR A T T T T

4 8 12 16 20 24 28 32

J. Hofmann et al., DOI: 10.14529/jsfi200204 )
Number of active cores
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How about energy modeling? Two approaches!

Based on energy quanta

Arithmetic

Registers 2.1nJ/ICL

!

L1

11.9 nJ/CL 1

L2 /L3

9.6 nJ/CL 1

Memory

J.W. Choi et al
DOI: 10.1109/IPDPS.2013.77

Based on power-frequency model

Pbase(funcore) — W(t))ase + Wlbase ‘funcore + Wgase ‘f&ncore
Peore (foore) = W§°'® + Wi° - feore + W3°'° 'fgore

= Need to determine fit parameters for
every loop/code

 E=P{fiHxT
- performance model requred!

J. Hofmann et al.
DOI: 10.1007/978-3-319-92040-5 2
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Beyond the node level: composite analytic models

Plausible assumption: T = Toyorc + Thexec

e.q.. e.g.,V
maX(TBWr Tflops) A+ E

\ Texec Tnexec Texec Tnexec

P, I
P, 1 ]

In practice, T # T,yer + Thexec @Nd it can go in either direction
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Example: computational waves in memory-bound programs

= Decaying idle wave leaves many
processes desynchronized

= |nter-process skew > automatic
potential communication overlap

= Computational wavefront == rank-
time location of all processes at a
given iteration

MPI rank

= Memory boundedness is a
prerequisite

Walltime A. Afzal et al.
DOI: 10.1007/978-3-030-50743-5 20
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Automated white-box modeling?

= We need “digital twins” of our parallel applications and clusters!

» (Semi-)automated modeling tools are a prerequisite for this
= Core-level modeling (code execution):

OSACA github.com/RRZE-HPC/OSACA Oslllaca
= Chip-level modeling (Roofline, ECM):
Kerncraft github.com/RRZE-HPC/Kerncraft “KERNCRAFT

= Cluster-level modeling (chip level + communication):
DisCostiC github.com/RRZE-HPC/DisCostiC-Sim

= Still missing: Automated energy modeling beyond curve fitting
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DisCostiC workflow

I—’ manual application skeletonization

D[ s s e o e, o = =
a5t grid 10 e DisCosTiC:iEvent recv, send, ° °
@ in I 10, .1 s+ initializatian o far lauto rank : Bn;tn;ht gamanqa(symnsmn { o~ 2
3 for” rm I—tartint y = sarty DisCosTiC->Rank_| ) )
ar. i DistosTic b © ©
VT T sty e
v — i iy e il ) ) N S
c n " :imau. T sdomin, Int gridoidst] = sr;lNW?;\s({,:\"\“-s)E?“[ snc ﬂwb e s dst\N] \Nl g g
9 it tnnnis;\ tommrank 1 < donain-scom_stzell | Sriiymiai] s Sl “‘“”' . 5““*“1"'“ )iy recv); = =
4&; WL Teesiere N < 1Yo L, W, NP oouBLE, to | I (rank + T = Systensize —S -S
MPI_COMM_WORLD, &r=qu=s:s\o]1 1 L
o L recutarid-rshost_cells : top, M, HFI_DOUBLE, int top = rank = P<}
— T_CONM_WORLD, 4 “mmm i send = ms(nsu: usena(wcuw — 1)aM], M8, MPI_DOUBLE, =3 S
= ) | L LoD, wrecuests 0] cong s 19 7
5 6 tdomusn—scomn_rank > 9 ( - - recy = Dlansanm:Ilr:ﬂc;:s;‘snrucLlé o, rlest n]nuau.s 5 5]
in e ans |— int ) —-conn, -1 tap, requests cony

g FEE R b s | 3: s ?22::?,.,,‘:?:‘?‘“: R . o <
g it i e [ |2 LS MR By -

N : — T :wumm erus-sls’lill ‘"'ﬂh 1;?..(_ :.:gk ; u(s- [TU— P m 50 3 5 55
8 HPL_hnitall(3, requests, MPL_STATUSES_IGNORE); } ek o LB iterations iterations

Int nain(int arse, char wargving 'I* m.un:“m;cn)n1:;;15:(x;ﬂl]ﬁgq:!:érg]r D?:nr‘;l

. o - p

or (in rations; ++1 1=

. \m;!gzlﬂmm o < ppieraions; wotter)( i r——— Real MPI Simulated MPI trace

i i S | , e e STREAM triad code

N STREAM triad code (Google Chrome
Original MPI parallel -,  Semi-automated Application skeleton (ITAC visualization) visualization)
program in any language static analysis in DSEL

describes the data access

A. Afzal et al.:

Link to performance models

input for the locates code loops, pattern, flop count, loop ;
automatic build of the communication, and structure and dependencies, SC24 Best Poster Candidate
application’s skeleton user-defined variables and communication volume,

mode and protocol

A. Afzal et al.:
@_—‘—\:é: ISC25 Best Research Poster Award

Sweep time is determined by using computation Communication time is determined by using Real MPI trace Simulated MPI trace Real MPI trace Simulated MPI trace
models that forecast memory and cache access, network models that forecast network latency, . ’
and instruction throughput and latency. bandwidth and overheads. H
g
Roofline ! Hockney | - 1 LogGP £

z o r I B P
g - iterations i iterations
g ” = P . o )
E W c‘\_P Compute-bound ! o
£ & AN\
H - », [ | C e

Intensity [F/8] time i time
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Conclusion: What is missing

= Accessible and accurate compiler-assisted code execution modeling

= More generic loop nest modeling for Roofline and ECM

Automatic application skeletonization

Integrate microbenchmarking for performance and energy

= We are looking for collaborators!
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