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The Beauty: Benefits of Dynamic Resources in the HPC

Dynamically adjusting resource allocations during job runtime!

More flexibility for Better support for
resource management applications with
software to optimize dynamically varying
various system metrics system resources resource requirements
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The Beast: Dynamic Resources in the HPC Software Stack
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The Dynamic HPC Software Stack
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Dynamic Processes with Process Sets (DPP)

- m out
1.Separation of concerns: |

* Dynamic Process Management (DPM) o o
i i ° PSetO >
* Dynamic Resource Allocation (DRA) o p o)
2. DPM based on PSets and PSetOps
3. DRA based on Collaborative Optimization Language (COL)

Design Principles of Dynamic Resource Management for High-Performance Parallel Programming Models
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The Dynamic HPC Software Stack
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Dynamic Applications and Libraries

LibPFASST [3]
Parallel numerical software library Data distribution for dynamicity and fault tolerance Parallel-in-time integration library
XBraid [4] MPDATA3D [12]
Adaptive Mesh Refinement library Multigrid parallel-in-time integration 3D semi-Lagrangian multiscale fluid solver
DMR-API [6] DPPInSitu [10]
Dynamic resources API for computational kernels Asynchronous Many-Task Runtime System Library for dynamic, asynchronous in-situ techniques

void main() {

DMR_INIT (user_init_data(), recv_expand()); ‘@ >

DMR_Set_parameter (MIN, MAX, SWEET_SPOT);

DMR_Inhibit_iter(n_iters); pset://add/0 pset://empty

for(it = 0; it < ITERATIONS; it++) { @@ @

DMR_RECONFIGURATION( send_expand(), ' GROINK GROINK

recv_expand (), 200> (e @ g (p2)(p3) (p3) [sus|
i:zs:zg;iﬁtgi)’ : pset://empty pset://main/0 pset://main/1 pset://main/2 pset://empty

1 pset://empty pset://sub/0

compute () ;
DMR_FINALIZE (user_free_data()); 3

Bridging the Gap Between Genericity and Programmability of Dynamic Resources in HPC
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The Dynamic HPC Software Stack
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Resource Manager Module

Submission Policy
Modules Modules

Topology
Modules

System Modules

System Representation

Task Graph PSet Graph

Topology Graph

Process Manager Module

g

HPC System

DynNnRM: A modular, dynamic resource manager

Given: System Graphs

® Giopo: System topology graph describing the system resources
e Giqsi: Task Graph describing jobs and their dependencies

e Gpser: PSet Graph describing resource access of tasks via processes

Optimization Problem

Find graph transformations for Gpse: that optimize the execution of Giask
on G'epe according to some given optimization objective.
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Graph-based, performance-aware dynamic scheduling

Edge Function: Contraint Function

Creates a finite set of possible instantiations of a PSetOp (output space).

(jSQHd(‘an(;SUb (;add ) s {‘/1

topo’ ~topo

Vi = Input vertices
Gfg%add = Topo vertices to be removed/added
Vi = i-th possible instantion of output vertices

out
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Graph-based, performance-aware dynamic scheduling

Edge Function: Contraint Function

Creates a finite set of possible instantiations of a PSetOp (output space). ] .
o PSety' PSeti"
Ot (Vins Gt G4 ) s (V2 Vi) = Vo

vali topo’ T topo outs
Vi = Input vertices (0 (o)
Gfg%add = Topo vertices to be removed/added (@) e Psetop > (o)
Vi = i-th possible instantion of output vertices
Vertex Function PSet Model PSet%’ PSGtOMUt
Describes the performance of a (mapped) PSet.
t, 4t
M), (v)=Y, YeR" eg., Sh)=-"—
to+ 2
— Pset Model Parameters can be inferred from monitoring data
16
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Graph-based, performance-aware dynamic scheduling

Edge Function: Contraint Function Edge Function: PSetOp Model

Creates a finite set of possible instantiations of a PSetOp (output space). Describes performance change when applying PSetOp e;.

e, sub add n . i ,Um iny |
Cvalid(vin'/ Gtopm Gtopo) - {Volut'/ B Vout} = Vout ]”pslet(vl )
Vi = Input vertices R
sub/add s UK (in
Géopo = .Topo ver‘tlces. to be ‘removed/added - M o (€5) = ME:yo (Vi Viout) = Moz ]\/{eﬁﬁt(vl‘, t) LYY € R
Vit = i-th possible instantion of output vertices Mot (V7)
Vertex Function PSet Model I M:SZ’;‘; (v9")
Describes the performance of a (mapped) PSet.
t, +t
M)i,(v)=Y, YeR", eg., Sh)=-"—"7
to+ 2
— Pset Model Parameters can be inferred from monitoring data PSetOp
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Graph-based, performance-aware dynamic scheduling

Edge Function: Contraint Function

Creates a finite set of possible instantiations of a PSetOp (output space).

i b dd
CSalid(V;n GingVG?Opo) - { out> Vnt} - VOUt
Vin = Input vertices
Gfg%add Topo vertices to be removed/added
o = i-th possible instantion of output vertices

Vertex Function PSet Model

Describes the performance of a (mapped) PSet.
t, +
ts +

-
&y

I;);et( ) Y7 Y e Rn, €.g., S(TL) =

kT

— Pset Model Parameters can be inferred from monitoring data
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Edge Function: PSetOp Model

Describes performance change when applying PSetOp e;.

[ M (i)

MO .
]‘/[peetop( ) I\Jpsetop(‘/in7 VOUt) ]\[pem‘op fset( t) - Y7 Y € R
Afpslet (’Uiu )

out

Afgset (’Ulout)_

Objective Function: Local

Objective Function to choose a PSetOp instantiation.

I‘I/l*aX flocal( ) Nlocal(wlopa] X Ajpsetop(v ‘/(:;lf))

out

Nioear = Local scalarization

wi.. = Local metric wheights
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Graph-based, performance-aware dynamic scheduling

Objective Function: Global

Global Objective Function for dynamic scheduler.

Ngiobat = Global scalarization 1’;"’5’%
= Global PSetOp wheights !/

2 / i i i -
w; Nglobal (M i (V , V t)) =,
psetop\"in’ ' ou g

- o
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Full paper
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Dynamic Resource Management in HPC systems using Dynamic Processes with PSets
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Performance Evalution: Test System

10G dedicated circuit
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Bare-metal deployment of the
Dynamic Software Stack using
NixOS-Compose

Is outcome satisfactory?

CPU
Nodes ¢ Memory ¢ Storage ¢ Network s

# Name ¢ | Cores ¢ | Architecture +

Intel

Xeon 18 cores/ . 480 GB SSD

124 1 x86_64 96 GiB 2 x 25 Gbps (SR-IOV)
Gold CPU + 960 GB SSD*
Experiment writing
¥g75ca3 S
N composition e,
7
Local development " Distributed deployment

@ ( dacker, VM ) i ASgrdet { gSk-ramdisk, gSk-imaga )
2 $12xdoB
0 #g75ed3 Fo750d3 #g75cd3
;E’ composition composition c?mpusition resources
g_ J ., K J, J.
2 Nix0S Compose phases '] | NiXOS Compose phases
a‘-‘j budled - start - connect build - stars - connect
o 1
S '
g results results
o
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Performa

nce Evalution: Reconfiguration Overhead
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Performance Evalution: Reconfiguration Overhead
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Performance Evalution: Scheduling

4.0 mmm Mksp s TurnTime @ * Feitelson Workload Model
. ' . 00 .
v 35 [ | Ei:im;e - Util% ;m,, Pt e 100 jObS
3 — & 100 nodes
S 3.0/
_925 1200 o
e . | mr_jacobi
D A 10009 ¥ 4 joniace
Z 20 N p4es_t
) o 8001 petsc
= 1.5 3B wne 3 § ?:r?idt
] nug o i ibpfass
EU §E§§§ 8 600 mpdata3d
¢ 1.0 i & 400+
0.5/ 2007 /Hf—r —
0.0 oL

0 250 500 750 1000
Number of processes

SC25 Doctoral Showcase | Taming the Beast of Dynamic Resource Management in HPC | D. Huber 24



TUTI

Performance Evalution: Scheduling
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Performance Evalution: Scheduling

4.0 mmm Mksp s TurnTime @ * Feitelson Workload Model
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Performance Evalution: Scheduling
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Performance Evalution: Scheduling
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Summary

We developed a new, generic DRM design, which:

is applicable to standard system software (MPI, PMIx, ..)
covers a divers set of HPC applications and libraries

Papers & Portfolio

Dominik Huber
domi.huber@tum.de

enables fine-grained performance-aware dynamic scheduling, and
achieves improvement of key system metrics, e.g. throughput and utilization

Dynamic Applications
Static

Repositories Applications
& Dynamic Libraries
4

Testbed

Open-MPI
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