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whoami

e Systems guy in HPC-DES

e Large-scale HPC system design

« At LANL since 2010




HPC Division Clusters:




Some are...




Some are




Some are...




Some are...




Some are




Some are...




Some are...




Some are...




Some are...




Some are




They all support




A Talk In Two Parts

ne: Scale




Part One: A Tour of




My Laptop

e One node

e Four processing cores







Gadget

e 24 compute nodes







e 32 compute nodes
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Kodlak

e 66 compute nodes
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Viewmaster3

/9 'compute”’ nodes

e 048 cores
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Thunder

e 167 compute nodes
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Capulin

e 175 compute nodes
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Trinitite

e 200 compute nodes
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Woodchuck

e 212 compute nodes
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Snow

e 368 nodes
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Badger

660 compute nodes
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Fire and lce

e 1,104 nodes each
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+ 39,744 cores each
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Cyclone

1118 compute nodes
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Grizzly

e 1490 nodes

e 53,640 cores
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Trinity
e ~9 400 Haswell Nodes

e ~9 800 Knights Landing Nodes

e ~970,000 cores total
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Plus testbeds!

» Stretch: ARM systems testbed

 Shasta: Cray systems testbed

* Kit: operating systems




Plus Incoming systems!

+ CTS-2: Follow-on to CTS-




Plus welird systems!

* Ising: 2000 qubit Dwave quantum computer




Jotals

e ~20,200 compute nodes




Part Two: Booting




Cluster Cage Match

Booting




The Problem Statement

e You have a cluster

e |t has 8 compute nodes

e Eaeh

compute node is diskless




Questions

 How will this cluster boot?

e Standard network boot

 How big is a node image?




The Problem Statement

e You have a cluster

* |t has 8 diskless compute nodes

e [t has one diskful master node




Cluster Design

master

switch




The Boot Process

 Fach compute node contacts the master node




Math Time

* One cluster image: 1GB in size

e Transferring one cluster image over a 1Gb network




The Next Problem Statement

e You have a cluster

e |t has 20,000 compute nodes




Cluster Design

master

node00001 node00002 ... node20000



Math Time

* One cluster image: 1GB in size

e Transferring one cluster image over a 1Gb network
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L et's Optimize

¢« 1GB OS image?!

e That's 8GB of duplicated memory wasted on the small
cluster

- That's 20TB of duplicated memory wasted on the big



Back to the Math

e (2o 1GBis) = (2Ghl/(1GH/S) =

e 8 node cluster:




How long do we have”

* \What's an acceptable boot time”

3.6.6 A complete system initialization should take no more than 30 minutes. The

Offeror shall describe the full system initialization sequence and timings.




Where Is the bottleneck”?

master

node00001 node00002 ... node20000




Hierarchical Design

master

switch

switch switch ... switch

sub-master! 8 node00001 | node20000

et



How many master nodes”?

* Or: How big should a scalable unit be”

* What if we have...




Even more math

e First, boot the sub-masters

e 100 sub-masters x 2s = 200s = 3m 20s

* Next, boot the compute nodes




O many more detalls

 How do you schedule 20,000 nodes”?

 How do you monitor 20,000 nodes”

 How do you add a new user to 20,000 nodes?




Why did we do all of this”

* Working on large systems requires thinking
about scale at all times

e This is true for all aspects: building the systems,




Scale
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Scale




1 7.158e+51

Cubic light-year US stick of butter

More info Feedback



Questions?

» Cory Lueninghoener

* cluening@Ilanl.gov
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