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What is Dynamic Resource Management (DRM)?

Node 0 Node 1 Node 2 Node 3 Node 0 Node 1 Node 2 Node 3
App A App A Ide  Idle App A App A App A App A
Core 0 Core 0 Core 0 Core 0 Core 0 Core 0 Core 0 Core 0
Core 1 Core 1 Core 1 Core 1 Core 1 Core 1 Core 1 Core 1
Core 2 Core 2 Core 2 Core 2 Core 2 Core 2 Core 2 Core 2
Core 4 Core 4 Core 4 Core 4 Core 4 Core 4 Core 4 Core 4

Execution time for 7
| iterations |

Parallel
o | w2 It3 4|1 N o
xecution time!
of 1 iteration H
I e | I [ [ i Dynamic
It0 ‘ It1 ‘ PG | Dataredistribution | [t2 | I3 ‘ 1t4 ‘ It5 ‘ 1t6 ’ version
2 Nodes -> 4 Nodes Expect.ed
saved time

Process
PG Generation

UJ| UNIVERSITAT  Dynamic Resources (1)

JAUME |




Basics

Types of jobs g Computing
yp J Waiting . Nodes
Capable t . Who decides resource allocation e _ Dynar;'ic:' SAware u Rﬂnging
apable to resize Dynamic Dynamic \ o 0Ds
User @ RMS s ot " Poiy .
No Rigid (Static) | Moldable (Static) o - T——" [ fing
- - -
Yes Evolutive Dynamic ;
Y Launch.sh Launch.sh AL
Rigid Moldable )
Running
Run 1 1x Run 1 1%
Min requirements: -

Fun2 u Funz 4x - RMS capable of

adding/removing resources
Evolutive Dynamic from running jObS

i | w | mmt o] o - Jobs capable of adapting to
— new amount of resources
Run 2 1x 2x Run2 | 4x 1x 2x during exeCUtion
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Benefits - Why using it?

Optimization objective:
- Increase system throughput
- Increase resource utilization

Example for reducing job running time

Idle Node
- Reduce workflow completion time
R d . b . t Idle Node
- Reduce job running time — B ool
- Reduce job turnaround time (wait galn mors
speedup from
+ running tlme) these resources?
9000 ™ alﬁ)i:t:t?(l)n Speedup = 2.4x Speedup = 4.3x Speedup = 3.1x Speedup = 0x
,00x
8000 Dynamic Dynamic Dynamic Waiting
o 7000 1,24x 1,25x Job 1 Job 2 Job 3 Job
< 6000
@
£ 5000 App1 Appz2 ApP3 App4
& 4000
8
& ;ggg Resourcesq Resourcesy Resources3 None
1000 Futur
0 all:c:ti%n Speedup = ?? Speedup = ?? Speedup = ?? Speedup = ??

Static DynRes Baseline  DynRes Merge
Resource Management
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Challenges

- Scheduler requires collaboration from Example for reducing job running time
jobs to make informed decisions
- Applications require modifications to Idle Node
introduce reconfigurations Idle Node
Idle Node VebiEkvioh il
gain more

speedup from
these resources?

Sources Ito It1 Reconfiguration End App Actual
ctua
‘ < Speedup = 2.4x Speedup = 4.3x Speedup = 3.1x Speedup = 0x
allocation pestip i poedlp peaclr
Dynamic Dynamic Dynamic Waiting
Job 1 Job 2 Job 3 Job
App1 App2 Apps App4
Communicate Data
with RMS Spev Redistribution
Resourcesq Resourcesy Resources3 None
/ / Fuwr.e Speedup = ?? Speedup = ?? Speedup = ?? Speedup = ??
Start Data allocation

Targets Processes Redistribution
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Proteo Overview

e Framework to emulate real
applications as dynamic.
e Composed of two modules:

o  SAM: Takes care of
emulation.

o  MaM: Takes care of
reconfiguring the
application.

e Requires a configuration file
which describes how to emulate
the real application.

Related article

UNIVERSITAT
JAUME | Proteo
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Configuration_
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SAM
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‘ Manager ‘

\
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Data
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https://link.springer.com/article/10.1007/s11227-024-06277-5

Goal 1: Check dynamic resources benefits

\o(\
. 00
Parallel Scientific Convert to Dynamic Parallel Q\\
Application [T 7T > Scientific Application N R
Tasks to ‘b\ O
perform ; Q.Q' ,5@
Implement a v >
resize technique Dynamic
¢ Performance? | performance
Implement data
redistribution A
User . L Task to :
Complex Modify application perform '
—_—> acordin v , | Proteo I D
tasks aly : ‘5',1
S User  |Configuration |
Pa?gglliggt';’r“m'c Y ™S z .)l Emulator ‘L—| Dynamic Module |
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Reduce reconfiguration costs

UJI

Execution time for 7

iterations

1{0] It1 It2 It3 1t4 It5 It6
xecution time : '
of 1 iteration . .

Data redistribution

It0 KINNPR 17 2 1t3 | It4 | It5 | It6

2 Processes -> 4 Processes | PR Procel\sﬂs(atshzzwning
Data redistribution
It It1  pRofPAasedsliouion) 1o | 13 | 1t4 | It5 | It6
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Goal 3: Create dynamic workflows

( Rigid job 1 \

Parallel app.

Input file

N
( Rigid job 2 \

Parallel app.

Input file

S —
(" Rigidjob3 )

Parallel app.

Input file

Nt——— ]

uJ

Create
files

\

l’%

( Dynamicjob1

Proteo

>

Configuration \

( Dynamicjob2 )

Proteo /

>

Configuration

( Dynamicjob3

Proteo

>

Configuration

N———
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Parallel Scientific
Application

Convert to

Tasks to

User

Complex
tasks

—

UJI

perform

Dynamic Parallel
Scientific Application

Implement a
resize technique

Implement data
redistribution

Modify application
acordingly
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Goal 4: Help convert real applications into dynamic

Help

user
—_—

Implement a
resize technique

Implement data
redistribution

Tasks
performed
by Proteo

Parallel Scientific
Application

Convert to

Tasks to

User

perform

Dynamic Parallel
Scientific Application

Modify application
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Modules

Framework to emulate real
applications as dynamic.
Composed of two modules:

o  SAM: Takes care of
emulation.

o  MaM: Takes care of
reconfiguring the
application.

Requires a configuration file

which describes how to emulate

the real application.

Repository Proteo

L J{ UNIVERSTAT proteo
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https://lorca.act.uji.es/gitlab/martini/malleability_benchmark/-/tree/dev

Proteo - Synthetic Application Module (SAM)

Iterative Application

Application as a set of iterations ——>{

It0 It... | It... |It... 1t99
Emulate each iteration with the
same sequence of stages | | |
S0 s1 52 s3 S0 | s1 &2l s3
Stage types: \ /
e Computation
e Communication The cost of the stage Sx is Each stage can
constant between iterations have a different
cost

Related article
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https://ieeexplore.ieee.org/document/10137315

SAM - Computation methods

Stage time
T st
Computation
method time _» FOF1 F2 F3 FA F5 F6 F7 F8
T < >
(1) Total operations per stage FO F1 F2 F3 F4 F5

(T _st)/(T _op)
Computation methods: \

- Compute-bound: Montecarlo method to calculate PI
- Memory-bound: Matrix-vector multiplication

UJ| UNIVERSITAT  proteo (VII) - SAM
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SAM - Communication methods

Communication methods: SO S1 S2

- Point to point (MPI_Send/Recv)

- Collective one to all (MPI_Bcast)

- Collective all to all (MPI_Allgatherv)

- Reduction (MPI_Reduce) ]

- Reduction all to all (MPI_Allreduce) FO|F1{F2 FO|F1(F2 | F3 Comm

Total operations per stage Single operation of
, . N bytes
- Point to point All to all
bvies  Protocol protocol 1dO
IdO | 1d1 | Id2 | Id3 Id0 d1 d2 Id3 One to all
N/4

N/16

bytes +“bytes protocol

N/4 N/4
bytes bytes

u J ' UNIVERSITAT  proteo (VIII) - SAM
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MaM Overview

MaM
Interface

3 Sources Ito It1 Reconfiguration End App

Manager Monitoring

/

Data
Management

= AE

) Physical —
Spawn ‘ Zombies Distribution Redistribution Data Storage | / /

Start Data

‘ MPI Targets Processes Redistribution
Library

MaM

A4

Process
Management

Data
Redistribution

C icat
e s spawn >

Configuration
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Spawn Phase

MaM Method Strategy

.‘l
Interface "
MaM Manager Monnonng YR I s | ‘

/""{I 7-2““\ / AN
( Baseline ) [ Merge ; ( Threadlng . | Connectlon ) ( Intercomm |
i & B X8 o/ N NG 4
Process Data
Managemem Management l l l
/ \\ / \ /’lt . \
/ < \ / : \ / lterative
/\ /\ ( Single ) ( Multiple ) ( : |

) & \\lefussmn/ J

Redistribution Data Storage e = ——

Conﬁguratlon

Physical
Distribution

V.

MPI

Zombies

Spawn ‘

UNIVERSITAT
UJ| e Proteo - MaM (l1)


https://journals.sagepub.com/doi/10.1177/10943420231176527

Baseline Method Expand

Sources
2 Methods t_o spawn processes: #0 It0 Spw
- Baseline > # 10 Spw Targets
- Merge :
Spw it1 | ... | #0
Spw ] .. | #
MPI_COMM_WORLD MPI_COMM_WORLD Spw | It1 ] .. | #2
- . Spw ] .. ] #3
‘ Group Group Sh”nk F‘ZE:ort\if:g:ratlﬁ
. Parents Children
‘ Sources
Intercommunicator #0 ﬂ Spw
— #1110 | Spw
Group Group
\_ Parents Children w2 SR Targets
#3 ItO Spw
¥ .
// y Spw It1 _ #0
Obtained from Obtained from Spw It1 | #1
MPI_Comm_spawn MPI_Comm_get_parent 2 : :
Reconfiguration
= time >

LI Jf SRVERITAT Proteo - MaM (1il)
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Merge Method - Expand

2 Methods to spawn processes: Sources Targets
- Baseline #[ 10 | spw [Mrg| It | .. ] #0
- Merge P

#| 1It0 Spw Mrg| It1 | .. | #1
MPI_COMM_WORLD MPI_COMM_WORLD Spw | Mrg | Iti ‘ |#2
/" Group Group Spw Mrg| It1 | ... | #3
\_ Parents Children Reconfiguration
<— time —>
Intercommunicator Intracommunicator
Group Group Merge ~ Group
\_ Parents | Children g All
/" l
Obtained fro/n/1 S.B’tained from Obtained from
MPI_Comm_spawn MPI_Comm_get parent MPI_Comm_merge

u Jl UNIVERSITAT - proteo - MaM (1V)
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Merge Method - Shrink

Sources Targets
2 Methods to spawn processes: #0 10 | Mrg it | .. [#0
- Baseline #1) 1t0 Mrg ] .. ]#
- Merge : — > #2| It0 Mrg
Suspend in
Initial SigUsr2 #3‘ It0 Mrg
processes = : z
—= T No Reconfiguration
€— time —¥
Group v
Sources y:
/All processes™, e
= e reszrjs:es | i MPI_Finalize
| MP1_comm_spit "\ Zombies? T
MERGE : Yes _
reduction ngl 5|gr;a|
Final No (Sigusr2)
processes v /
/ Aresome . Yes
e Zombies Work —» zombies :
S0 . asleep?
.| Add Zombies to
£ list
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JAUME |




Strateg ies MPI_COMM_WORLD MPI_COMM_WORLD

ér;u; : — — = Group
Sources (\S:_:;';:gm;. it targets
5 Strategies to spawn processes: TR SRS f i
e Single L /" Root

Comm_get_parent

Threading i

[ ] : /
e Multiple S i
e lterative Diffusion M) COMM. SELE process

}

MPI_Open_port
Y l
Recv(port_name) |s+cseseecas Send(port_name)
A 4 N N N
MPI_Comm_connect MPI_Comm_accept
e ... l ........... o o
ér;up 7 ‘ Group
. . . sources targets
Goal: Reduce involved processes during spawn operations =

Intercomm 2

UJl UNIVERSITAT  proteo - MaM (VI)
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i y Auxiliary
Strateg 1es | Main Threads | Thigads |
’ #50.0 #51.0 I |
5 Strategies to spawn processes: i : s A
e Single Create Create ;
e Threading Aux Thread Aux Thread | ' #T1
PY 1 H H p—— |
MUltlple . ] | Compute | | Compute |
e |terative Diffusion -
~ Check spawn Spawn Spawn
completion Init
(MPI_Alireduce)
Goal: Allow computation and reconfiguration to overlap |
Execution time | Compute | | Compute |
Lof 1 iteration Set spawn as
5 ) completed
o ynamic ) y
It0 It1 PR | Data redistribution | It2 | It3 | It4 | It5 | It6 synchronous Check spawn
' completion
2 Processes -> 4 Processes (MPI_Allreduce)
Dynamic :( ; Compute
It0 It1 It2 It3 It4 SR | It5 | It6 | asynchronous n(:. En(:_ .
' execution execution i
PR Asypchronpus ’ PR Process Synchronous v 4
redistribution Spawning redistribution

UNIVERSITAT
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Process management results

e  Which combination of
methods/strategies perform better?

e Executed application is Conjugate
Gradient (CG)

Preferred methods

Merge single - Asynchronous (7)
Merge - Asynchronous (6)

Merge single (5)

Merge (4)

Baseline single - Asynchronous (3)
Baseline - Asynchronous (2)
Baseline single (1)

Baseline (0)

L URNERSTAT proteo - MaM (Vi)
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Expansion times

RTs(s)
NP|NC Baseline Ba‘selme Merge I\"lerge
single single
10| 0316 0.313] 0,284] 0,289
20| 0861 1,035} 0,716, 0,721
1[40 0861 0995 0,799 0,809
80| 098 1,075 0,932] 1211
[120]770912] 1,029 0,992] 1,023
20| 1286 1.654] 0477 0,486
wE 1213 1,635| 0,766 0,743
30 1,293|  1,693| 0,861 0,888
1120 1.315] 1.636| 0,891 0915
40 1304] 1991] 0,790| 0,821
2080 1.407| 1932| 0,864 0958
[120] 1,413| 1,870| 1,089 1,071
40 |50 14291 2022708941 0,877
120) 1526 2.113| 0,923 0,942
80 (120 1522 2316] 0,906] 0996

Shrinking times

RTs(s)
e Baseline Ba.selme Merge
single
10 | 1 0,200 0,205 [ 0,001
20 1 0,400 0,427 0,001
10 0,933 1,220 0,001
1 0,400 0,423 0,030
40 | 10 0,883 1,165| 0,025
20 1271 1,740 0,116
1 0,388 0418 0,217
30 10 0,881 1,189 0,181
20 1,262 1,826 [ 0,149
40 1,415 2,039( 0,148
1 0,375 0,424 0,231
10 0,953 1,251 0,148
120| 20 1,229 1,776 | 0,178
40 1,300 2,102 0,351
80 1,529 2,235( 0,156

Related article



https://journals.sagepub.com/doi/10.1177/10943420231176527

Strategies

o Strategies to spawn processes: Goal: Remove MPI Comm World limitation for removing ranks
e Single
e Threading
. spawn_comm 1
e Multiple > comm_world 1 Node 1 gomm.worid:2
e [terative Diffusion !
Node O
Rank O spawn_comm 2
Node 0O
comm_world 3
DRk Node 2 |
Node O
Rank 2
Node O
comm_world 4
Rank 3 Node 3 2

u J' UNIVERSITAT  proteo - MaM (IX)
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Strategies

5 Strategies to spawn processes: \ comm_world 2 Example: 1 cpu per node
o Single / Node ! Obj: Get to 64 nodes
e Threading Node 0 }
® MUItlpIe m“ spawn_comm2 Node's comm_world 3
. . . < > ode
e lterative Diffusion ———» | Rank1
Node 0
(WIP) Rank 2 SDaW,,\COmm
I;:gﬁ g Node's comm_world 4
® Stepo Example: 2 cpu per node
e Obj: Get to 64 nodes
o

Twist / e T/
’

UNIVERSITAT _
UJ| JAUME | Proteo - MaM (X)




Redistribution Phase

Method Strategy
MaM (Asynchronous)
Interface e
V4 [ T
Manager Monnonng e o ___I_\ ——
Pomt to pomt /Collectives\ / Non Blockmg
/\ "\.\ (P2P) / 'v.\.\ (CoL) /J ". Threadlng H . MPI
P
Man:);:nsizm ST ‘ Manggfment /-""'7 l “’"\\ /-""r l u"’-«\
= (RMA-Lock )  (RMA - Lockall)
/ \ /\ & J & ~d P P~ o=~
: —r e ———— o /. _\‘ / .\\,'
; (Sources wait) ( Targets wait
Spawn ‘ Zombies D::;Tr)i(;:f(iaclm Redistribution Data Storage N _,// l\\ " g
MPI
\ Library

UNIVERSITAT
UJ| JAUME | Proteo - MaM (XI)



https://dl.acm.org/doi/10.1145/3624062.3624110

Baseline - Steps

Sources Targets 0 25 S0 75 100
7N U LLEL AL ' : ' ! ' : ' '
b RN IRERY 'S0 ! ST 1 S2 ¢ ' S3
P I P teeeeeee et H ‘ : ' ' : ? ?

o e T R T e B U e Vs 5 1 ' H H 1 R J J

TR AT

AR NNy
Yy ¥y vy PYVEFFEY PV

TO|T1 (T2 ||T3|T4|T5|T6|T7|T8|T9

MPiBoast [ o 0/10 20 30 40 50 60 70 80 90 100
- —r—’

100 element distribution from 4
sources to 10 targets.

Malloc data

structures S 0
| S —

Calculate send Calculate

arra i 1 O 5 . . .
receive array 10 Element distribution
5 | 4 from source 0 to
: R o T0 T1 T2 targets 0, 1 and 2
Communicate )
Send data Receive data
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Merge - Steps

Sources Targets O 25 50 75 1 OO
£t L E S E H ' H 5 T - T i
Ed B g £d Ed SO 81 82 83
T Uil bisilons b : ; ; ; : :
[ TOEY Y LY Y
b otk o TR W i ' : . :
Y ¥y ¥V Yv¥Y V¥ V¥V V¥V V H H H : H H
E ] TO|T1|T2|T3|T4|T5
o MPI_Bcast - 0/ 10 20 30 40 50 60 70 80 90 100
end sizes » Receive sizes
— — 100 element distribution from 4
: sources to 10 targets
Malloc data Malloc data
structures structures SO
K—I_J
——
Calcqlate send/ Ca}culate 1 0 5
reav-amy recelve array 10 ' Element distribution
| | from source 0 to
—_— 4 — SO St S2 targets 0, 1 and 2
Send/Recy datal COMMUNICAte | poceive data
—

UNIVERSITAT

JAUME | Proteo - MaM (XII1)
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MaM Data Storage

Data are divided into: / Data Storage \ / Entry 0 N

e Replicated

° Distributed B Pointer.adjjress
(void *)

\ 4

Data are also classified into: count
] Variable S (size_t)
e Constant

Entry 2 MPI_Datatype

Sent in blocking calls

MaM Class
(int)

Sent either with (]

blocking or .
non-blocking calls \ / \ /

Ll J{ SANVERSTAT Proteo - MaM (XIV)
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User function - Semiautomatic Data Redistribution

MaM

User Code Code

Main Code
Check reconfiguration

»

g Start automatic e
reconfiguration ®

User i

redistribution

g End °
Return control to user reconfiguration
°

Function created
by the user

> [
l Main Code I

u J ' UNIVERSITAT  proteo - MaM (XV)
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Spawn ranks
Asynchronous comm

Synchronous comm
Remove ranks




Strategies

Execution time

3 Strategies to redistribute data: ol 1 teration
e Non-Blocking S Dynamic
o Sources Wait It0 It1 PR | Data redistribution | 1t2 | It3 | 1t4 | It5 | It6 synchronous
o Targets Wait 2 Processes -> 4 Processes :
e Threading : :
! Dynamic
It0 It1 1t2 1t3 It4 SR | It5 | It6 . asynchronous
PR Asynchronous ‘ PR Process R Synchronous
redistribution Spawning redistribution

®

u_" UNIVERSITAT  proteo - MaM (XVI)
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Strategies

N

3 Strategies to redistribute data:
. . Wait Wait
e Non-Blocking - Sources Wait Sources Targets
. . Sources Targets Sources Targets
® NO“'BIOCklng - Targets Walt group group group group
e Threading — . . ——
Asynchronous Asyncrhonous : : Asynchronous Asyncrhonous
Start | send receive | Start Start | send receive | Start
The user can: AR : { M AR } { AR
e Use neither | g g | [VPLibarrer]
e Use one of them it ! :
| | MPI_Test |
e Use both Q ] i : ‘,es : MPI_Waitall
MPI_Test : E MPI_Waitall ! E
x O 5 MPI_Test '
1
MPI_Test '
Start SR Start SR Start

uJ UNIVERSITAT  proteo - MaM (1)
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Data redistribution results

e  Which combination of Shrlnklng times
methods/strategies perform better?

e Executed application is Conjugate =¥ Baseline -P2PS Basgllfie « R2PT A,
. 1.10 -®- Merge - COLS —A— Merge - COLA 4 A
Gradient (CG) ® Merge-P2PS - Merge - COLT P / m 350
—®— Baseline-COLA - ¥ Merge - P2PA .;:‘_‘n\ / /,/:/»_,«I
. ~4- Baseline - COLT ®- Merge - P2PT B AN -
§ 1.05; Baseline - P2PA_ —— Baseline - COLS .~ - 5 / — *i 3003
© A (V]
m - 1S
o 1 =
3 1.00 250.&
. =
=) a
S ©
o 200@
&0.95]
150
0.90
~ =) =) o o =)
d — o ﬁ: [ee] o
© o o o o 3
] © © © © )
~ — — — — (o)
= = = = La/
(NS,NT)

UJ| UNIVERSITAT  proteo - MaM (XVII)

JAUME |




Data redistribution results

e  Which combination of Expansion times

methods/strategies perform better?

. . . . ~¥- Baseline - P2PS Baseline - P2PT y
e Executed application is Conjugate 1.20) g\ Merge-COLS ~ —a Merge - COLA )
. ®- Merge - P2PS e Merge - COLT
Gradient (CG) 1.15  ® Baseline-COLA ¥ Merge - P2PA ;'/: =20

-4~ Baseline - COLT W Merge - P2PT 7
Baseline - P2PA —e— Baseline - COLS A g

w
o
1)
(

=
=
o
N
[0,
. O .
Baseline Time(s)

SpeedUp over Baseline
=
o
(6]

0 200
0.95
150
0.90
=) =) =) =) =) =)
© © © © © ©
— — - — — —
N o o =) o =)
~ — o~ < 00 o
= = = = =
(NS,NT)
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Data redistribution results

e  Which combination of
methods/strategies perform better? Preferred methods

e Executed application is Conjugate
Gradient (CG)

Merge - P2PT (11)
Merge - P2PA (10)
Merge - COLT (9)
Merge - COLA (8)
Baseline - P2PT (7)
Baseline - P2PA (6)
Baseline - COLT (5)
Baseline - COLA (4)
Merge - P2PS (3)
Merge - COLS (2)
Baseline - P2PS (1)
Baseline - COLS (0)

u .' UNIVERSITAT  proteo - MaM (XVII)
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Data redistribution results

e  Which combination of RMA Testing
methods/strategies perform better?
L Executed application iS Conjugate 10 —s— COL -¥- RMA-lock -M- RMA-Lockall
Gradient (CG) o
8
5 7
£
= 6
5
4
3

O © o © © © ©o ©o o o o o

¥ ©®© © N ® © N ¥ © N ¥ ©

o o ) o ) o ) o o

~N N o <  O©o © ® o © U ©

- - = = & - - o — — —
(NS,NT)
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Workflow results

e What happens when a fully dynamic Resource utilization
workflow is executed?
e Executed application is MPDATA3D n0l | n02 | n03 | n04 | n05 | n06 | n07 | n08

Static|89.19%|89.19%|89.19%|89.19% |87.64%|87.64%|87.64% |87.64%
DynRes Baseline|93.18%93.10%|93.02%193.94%|91.88%91.83%91.38%|91.56%
DynRes Merge|93.01%|93.33%|94.01%|93.56%(91.38%(91.31%(91.80%91.81%

Workflow completion times
o000 Job metrics

8000 1,00x

7000 1.24x 1.25x . Execution Mean Time Waltlngr Mean Time|Completion Mean Time
% 6000 Static 14.67 s. 3,356.32 s. 3,370.99 s.

@ DynRes Baseline 23.52 s. 2,516.51 s. 2,540.03 s.
DynRes Merge 23.51 s. 2,541.13 s. 2,564.64 s.

£ 5000
Static DynRes Baseline  DynRes Merge
Resource Management

= 4000

«

2 3000
2000
1000

0
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https://link.springer.com/chapter/10.1007/978-3-031-85697-6_19
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Dynamic implementation flowchart

| StartApp —>» MPL_Init

l 'Start compute| » Work E—
- TYes
Init App e .
,'/ \\.
No :
J |End compute |« lterate? «—
Show results / Main compute / s
Free memory loop

L MPI_Finalize ——» EndApp |
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Dynamic implementation flowchart

Start App ——» MPI_Init ———»/ MAM_Init ‘

 Mam
| Start compute Work 4{ Checkpoint

Y

4
Y \ Yes
. No y A\ P
Init App <« 4ls a target? > y ; &
N / \ D %
) ’ No :
) 4 |End compute |« lterate? -« Reconfigured?

Yes \ 3

Show results / Main compute Data Y
Free memory © loop redistribution l es

: Data .
Py 9 MaM Commit redistribution ‘

MAM_Finalize ’—» MPI_Finalize —»« End App \

A
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Similar interfaces

MaM ‘ Scientific Applications
Interface
, ) DynPsets
MaM Manager Monitoring J |

A S MRS, /\ MPI Library

£ e contgurton | R g
" ] = PaN
2|g PRRTE DPP
g2 DP! P tionmpl MM li Physical )
3|5 | Spawn ‘ Zombies. iiratbon Redistribution | | Data Storage
2|3
L BNl O P
ElS MPI
sl Resource Manager System e
3 (Slurm, Flux, OAR...) irary,
Resource Manager System
(DynRM....)
DMR_INITIALIZE( initialize(...), redistribution(...) ): . ) > i
DMR_RECONFIGURE( redistribution (...) ): dyn_pset_init(user_data, redistribution(...)):
DMR_FINALIZE( finalize(...) ): dyn_pset_adapt(state):
dyn_pset_finalize():
MAM_Init(user_function(...), user_args);
MAM_Checkpoint (state, user_function(...), user_args):

MAM_Commit (state);
MAM_Finalize ()
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LibADR

e Awesome Dynamic Resources (ADR)

e Motivation: Reduce complexity for
converting applications into dynamic

e Key: Able of capturing performance
metrics and convert them into
meaningful information for the RMS

HOW STANDARDS PROUFERATE
(465 AVC OHARGERS, CHARACIER ENCODINGS, INSTANT MESSAGNG, £TC)

M?! RIDICULOVLS!

WE NEED To DEVELOP
SITUATON: || v emeae | | STUATON:
THERE ARE USE CPSES. ey Hi THERE ARE
4 COMPETING ‘O ) I5 COMPETING
STANDARDS. STANDARDS.

)

Ask for known

metrics/constraints
User Send meaningful
?g::ilgse data to perform P
Dynamic Parallel decisions
Scientific Application Sl B
Check for

redimensions

Take care of
redimension
Reconfiguration
Library
(Dyn_psets,
MaM...)

ADR_init_pset ()
ADR_adapt_check(state):
ADR_commit(state);
ADR_finalize_pset():
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https://gitlab.inria.fr/dynres/libadr
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Dynamic resources can improve HPC
systems metrics, but has many challenges to
overcome

Proteo can be used to study the impact of
dynamic techniques in applications and
create dynamic workflows

LibADR as a meaningful interface to reduce
complexity and provide information to RMS
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