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Convex & 1/O | Context = Supercomputer’ architecture

Bluewaters' Architecture

System Summary
m 288 cabinets
® 26,868 compute nodes / 396,032 cores
m 672 1/0O nodes

Network Topology
m 3D Torus: 24 x 24 x 24
m single, multi-purpose network
m 2 nodes per interconnection

m static routing (x, then y, then z)

R. Bleuse | Aussois 2016 3 /18



Co

ex & |1/O | Context | Supercomputer’ a

Bluewaters' Architecture
[/O nodes

R. Bleuse | Aussois 2016 / 18



Convex & 1/O | Context Jobs character

User Interaction

CommandLine When you connect to a resource, you are
Login : - on a login node shared by many users.

Commands for code execution,

l copy input files to scratch,...
Specify number/type of nodes,

Researcher Data @ @ Job length of run, output directory, ...

Store project files o Run jobs by submittil batch

Login NOdES un jobs by submitting your batcl

such as source g script to the compute nodes using

code, scripts, and Use for tasks such as file the “gsub” command.

small input data editing, code compilation, data

sets to your Home backup,

directory. and job submission.

Your job is submitted to a

i
' queue and will wait in line until

W Read/write data from nodes are available. Queues
compute nodes to your are managed by a job
Scratch directory. scheduler that enables jobs to
File System run efficiently.

Compute Nodes
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Convex & 1/O | Context =Convexity

Allocation example
snapshot of the 10 biggest jobs

[Enos et al., 2014]
m fragmentation hinders performances
m convexity improves overall performances

m convexity helps reducing variability in run time
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Problem Formalization
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Convex & 1/O | Problem Formalization

Properties recap.

m unique & multi-purpose interconnection network
m heterogeneous nodes (compute & others)

m convexity (w.r.t. topology) to reduce interferences

Formalization of ConvexlO

machine interconnection topology
2 independent sets of nodes: Sc & S0

distribution: mapping of the nodes on the topology

pj: processing time
gj: number of requested nodes in Sc
m rj: requested nodes in S/

|
|
|
tasks  m independent
|
]

objective minimizing Crax

constraints convex allocations
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Further insight on k;

rj: number of requested nodes in S0
User/System do not care which nodes are allocated:
m spare nodes

m in-situ analysis nodes

Kj: subset of Sj/0
User/System do care about allocated nodes:
m 1/O placement (data)
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Preliminary Results
m Complexity
m Approximation Algorithm
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NP-completeness

Theorem
ConvexIO is N'P-complete.

Proof.
by reduction to 2-Part
2-Part Given {a;}; such that > a; = A.
Find .A1,.,42 such that ZOCJ'E.Al aj = ZocjeAz Qj = é
ConvexlO  m 2 compute nodes + 3 I/O nodes.
m i T g =1,k = {2}, p = .
m forio € {1,3}, add Tyoy : gj = 1,k; = {io}, pj = é.
L]
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y Results | Complexity

Convex & 1/O | Pre
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Convex & 1/O | Preliminary Results | Approximation Algorithm

Approximation Algorithm on 1D topology

Setup
m 1D line/toric topology.
m Relates to P|fixj| Gnax and P|setj| Crax.

Eligible allocations of a task
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Approximation Algorithm on 1D topology

determine an allocation of nodes minimizing the overall load

derive a feasible schedule using Gergov's DSA
algorithm [Gergov, 1999]
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Approximation Algorithm on 1D topology

Allocation step: linear program

min £
st. L>1L; Vi

Li > ZXj,Slie[s,s-i-qj]pj Vi

J
Y xs=1Yj
S
Xjs VJ,s
+ 1/O pinning constraints
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Approximation Algorithm on 1D topology
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Li> ) Xislicfssrq)Pi Vi
j
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Approximation Algorithm on 1D topology

Allocation step: rounding

T
--0—0—0—0——{}+—0—0—0—0-
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Approximation Algorithm on 1D topology

Allocation step: rounding

=
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Convex & 1/O | Conclusion

Contributions
m model for HPC infrastructure

m approximation algorithm for ConvexlO on 1D topology

Directions
B improve approximation ratio
m formulation without linear programing

m extend topology dimension
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Questions?
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