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IPDPS/JSSPP: Resource Elasticity

The Swiss National Supercomputing Centre (CSCS)

• A unit of the Swiss Federal Institute of 
Technology Zurich (ETH Zurich)

• Data centre based in Lugano

Our mission
We develop and operate a High-Performance 
Computing and data research infrastructure that 
supports world-class science in Switzerland.
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§ Alps is an HPE Cray EX supercomputer being our new 
flagship infrastructure

§ 1024 AMD Rome-7742 nodes 256/512GB
§ 144 Nvidia A100 GPU nodes
§ 24 AMD MI250x GPU nodes (LUMI1 type)
§ 128 AMD 4xMI300A GPU nodes
§ 2688 4xGrace-Hopper nodes, 10752 GH200, ~430 PF
§ Slingshot network (200 Gbps injection)
§ Two availability zones (HA, non-HA)
§ 100% liquid cooled
§ 100+10 PiB HDD
§ 5+1 PiB SSD (RAID10)
§ 100s of PiB tape library
§ ~10 MW (envelope for power and cooling)
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Alps heterogeneous hardware

Water cooled blades
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vCluster three layers concept

IPDPS/JSSPP: Resource Elasticity

Infrastructure tenant admin

4



Scientific platforms
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Elasticity requirements

§ Platforms limit the job size
§ A platform user might want to scale outside of 

the platform resources

§ Platforms limit the overall utilisation
§ HPC providers might want to maximize the 

system utilization

§ Platforms should provide specific QoS
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Need of elasticty 
among platforms, 

exchange of 
resources (nodes)
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Elastic service: concepts and implementation



vCluster three layers concept

IPDPS/JSSPP: Resource Elasticity

Infrastructure tenant admin

Elastic node-exchange service

8



Elastic node-exchange service
Identify exchange

IPDPS/JSSPP: Resource Elasticity 9

Central Elastic 
service

Compute nodes

Local Elastic service

Compute node service 
orchestrator

SLURM

vCluster A

Local Elastic service

Compute node service 
orchestrator
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vCluster B
Gather workload 
information from 

scheduler

1

2 Compute distribution
using elastic model

Nodes in a reservation



Elastic node-exchange service
Gather nodes
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4
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Elastic node-exchange service
Exchange nodes
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Central Elastic 
service

Compute nodes
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5 Service orchestrator 
remove services and 

unconfigure the 
nodes

6
Service orchestrator 

instructed to 
configure the nodes



Resource distribution model
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Predicate function for QoS
• Define a predicate for each vCluster:

• return True if the vCluster offers nodes
• return False if the vCluster requests nodes

• Number of nodes based on load and the largest pending job
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Resource distribution model

IPDPS/JSSPP: Resource Elasticity

0-1 knapsack model
• Competing for resources, how to choose which vCluster will get nodes?

• Weight in the bag = total offered resources
• Weight on the boxes = specific vCluster resource request
• Dollars on the boxes = priority among vCluster

• Priority is defined as the weighted sum of factors:
• Fixed value (artificially manipulate priority)
• Fair share factor
• Request factor: the proportion of a request against the total number of requested nodes

Maximize utilization 
• Remaining offered nodes are proportionally distributed based on the vClusters pending load
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Experiments and results



Setup and trace 
§ Developed the elastic service components

§ Use a Slurm-Replay[1] container for each vCluster
§ Allows to replay job submission with faster clock time (x16) and virtual nodes
§ Slurm is not modified, it is not a simulator!

§ Define 9 vClusters based on business relationship
§ 2 Capital expenditure (CE): predicate function based on quota
§ 3 Project allocation (PA): predicate function always return True
§ 4 Partner institution (PT): predicate function based on average waiting time

§ Different resource types depending on the vClusters
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[1] Martinasso, M., et al.: RM-Replay: A High-Fidelity Tuning, Optimization and Exploration Tool for Resource Management. In: SC18: 
International Conference for High Performance Computing, Networking, Storage and Analysis. pp. 320–332. IEEE, Dallas, TX, USA (Nov 2018). 
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Trace – Piz Daint

§ Use a real Piz Daint workload
§ 7 consecutive days
§ 43224 jobs using hybrid GPU nodes
§ 14886 jobs using multi-core nodes

§ Piz Daint has 2 resource types
§ 1630 nodes Multicore (MC)
§ 5699 nodes GPU

16



Example of logs
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Gather workloads

Compute distribution



Example of logs
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Transfer requests

Execution of requests and 
effective node transfers
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Utilisation GPU: 84.6% → 83.4% Utilisation MC: 73.2% → 72.8 % 6101 nodes exchanged per day
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QoS for Partnership vCluster
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Conclusion and future work

§ Resource elasticity is possible among vClusters
§ Lead to a good overall utilisation
§ Enable jobs to scale outside of tenant resources
§ More reliable QoS for vClusters

§ Explore improvements
§ Granularity of the number of nodes that can be exchange
§ Consider job runtime expectation in the model

§ Integration into Alps
§ Find the right paramaters of the model and predicates
§ Improve reconfiguration time (now in ~10 minutes, target is 1-2 minutes)
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Thank you for your attention.


