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An f/1.23 three-mirror design with 
primary and tertiary on one glass 
corrects aberrations
across the full 3.5° field, delivering 
atmosphere-limited seeing of 0.7 
arcsec.



M49 / Virgo – 1185 images; 10.5hrs; 7 nights; 10 million galaxies
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GridPP UK WLCG sites 

Multiple sites with GPUs in production 



Which CPU-Era Assumptions Fail First?
The classic Grid model assumes fungible compute slots
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The Grid called everything a “slot” 



Which CPU-Era Assumptions Fail First?
The classic Grid model assumes fungible compute slots
- GPU resources are non-fungible and break uniform slot assumptions.
- Sharing modes change performance and isolation.
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The Grid called everything a “slot” , GPUs arrived with a legal team !!



Which CPU-Era Assumptions Fail First?
The classic Grid model assumes fungible compute slots
- GPU resources are non-fungible and break uniform slot assumptions.
- Sharing modes change performance and isolation.
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The GPU Workload Spectrum
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- Whole GPU
- Multi-GPU island
- GPU slice
- vGPU or interactive VM



From CPU-Centric to Accelerator-Aware
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One accelerator strategy is not enough



From physical GPU to schedulable partitioned service
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• MIG is hardware partitioning with isolated memory slices, SM slices, and engines.
• A GPU Instance defines the memory QoS boundary; Compute Instances subdivide compute inside it.



From CPU-Centric to Accelerator-Aware
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- Vendor terms, supported GPU families and software stack anchors 



Interactive vs batch lane 
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Interactive vs batch lane 
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Monitoring and 
Accounting 
needs to evolve 
accordingly



Scheduling Policy by Workload Class
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What HTCondor Already Gives Us

- Explicit GPU 
requests and 
property-aware 
matching

- Partitionable 
and dynamic 
slots

- Interactive job 
support

- Container 
execution 
environments
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GPU resources at RAL 
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GPU Vendor GPU Model Infrastructure* Intended Use
Number of 
Physical Cards 

NVidia Quadro RTX4000 STFC Cloud Interactive Workloads 232

NVidia RTX A4000 STFC Cloud Interactive Workloads 176

NVidia A16 STFCCloud vGPU Intereactive Workloads 44

NVidia TESLA V100 PCIe 32GB STFC Cloud Compute Workloads 124

NVidia A100 PCIe 40GB STFC Cloud Compute Workloads 112

NVidia A100 PCIe 80GB STFC Cloud Compute Workloads 156

NVidia A100 SXM 40GB*** STFC Cloud Compute Workloads 100

NVidia H200 NVL STFC Cloud Compute Workloads 4

AMD Radeon PRO W6600 STFC Cloud Test GPU 4

Intel Arc A770 16GB STFC Cloud Test GPU 4

NVidia
RTX PRO 6000 Blackwell Server 
Edition RAL Tier 1 MIG 4

Nvidia TITAN X (Pascal) RALPP-Tier2 Interactive/batch 1

Nvidia Tesla P100-SXM2-16GB RALPP-Tier2 Interactive/batch 4

Nvidia TITAN RTX RALPP-Tier2 Interactive/batch 4

Nvidia A100-PCIE-40GB RALPP-Tier2 Interactive/batch 1

AMD Instinct MI210 RALPP-Tier2 Interactive/batch 2

NVidia A100 PCIe 80GB RALPP-Tier2 Interactive/batch 4

Production 
queues at several 
other GridPP 
sites,e.g 
Manchester, 
QMUL, …… 
 



Industry GPU roadmap
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Possible roadmap for architecture aware grid 
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• Our software stack growingly supporting GPUs (Generation, simulation, reconstruction, user analysis)
• The challenge is no longer whether WLCG can attach GPUs in batch queues.
• The challenge is whether WLCG can schedule, share, account for, and operate them at the right 

granularity. 
• AI native WLCG will need to get this right. 

• Whole GPUs remain essential
• Partitioned GPUs expand usable capacity
• Interactive usage deserve policy support 

• (unless if we think lxplus-gpu and institutional interactive access is enough for community)
• GridPP is working towards commissioning this roadmap 

• vGPU  instances are in production
• MIG instances have been tested in the GRID queues for CMS and ATLAS, being commissioned for 

production.
• Interactive access available to GridPP users  

Executive summary



Thank you

Executive summary
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Fair-Share Versus Opportunism in Multi-VO Environments: 
The Complexity of Job Slot Allocation at the RAL Tier-1



RAL-LCG2 farm occupancy: last one year
- In this beautiful snapshot:

- Full occupancy during last year using 63K cores 
- Serving 24 VOs, meeting pledges and beyond 



RAL-LCG2 farm occupancy: last 30 days

- In this beautiful snapshot:
- Full occupancy during last year using 63K cores 
- Serving 24 Vos

Copy.fail fix
Farm taken 

over by CMS - Let’s take a close look at the last month 



RAL-LCG2 farm occupancy: last 30 days

- In this plot
- Despite downtime and disruptive activity,  batch farm is fully occupied with minimal impact.

- Interplay of fair share dynamics as well as difference in the submission logic of different VOs 
becomes crucial

- Ability of certain VOs to be able to scale quickly and occupy the farm is an important reason why 
we see such a good overall occupancy. 

- However, that also means that in the aftermath 
of events such as rolling updates and farm 
restarts, submission logic of VOs manages to 
dominate over the fair share logic of the farm. 



The problem

- Fair-share policy and observed occupancy are not the same thing.

- The main operational target is: guarantee baseline shares for major VOs, avoid starvation for smaller 
communities, and still harvest idle capacity opportunistically.

- In practice, the critical question is not only who gets resources, but how quickly the system adapts when 
demand changes.



The problem

- In multi-VO environment  HTCondor fairness is not one knob; it is a stack of controls 
spanning accounting, quotas, preemption, slot weighting, and negotiation timing.

- HTCondor gives central-manager controls for this through the negotiator, plus 
supporting controls in the startd and schedd.

- Before we take a look at some of these configuration knobs, let’s understand few 
things 



How HTCondor Actually Enforces Fairness

• RUP remembers recent usage; EUP decides allocation order.

• The negotiator sorts submitters by EUP, computes a 
nominal slice from inverse EUP ratios, matches jobs, then 
respins.



How HTCondor Actually Enforces Fairness
- Fairness acts at negotiation time; recovery of already occupied slots depends on turnover or preemption.
- Ordering comes from EUP; slice size comes from inverse EUP ratios.



Why PRIORITY_HALFLIFE Matters

The half-life h is set by PRIORITY_HALFLIFE 
• Short half-life: faster correction after a demand swing.
• Long half-life: more stable, slower to forgive past heavy usage.

This knob changes how quickly the central manager notices unfairness, not how 
quickly long-lived pilots disappear.

“Shorter half-life makes yesterday's 
occupancy fade faster, so the 
negotiator reacts more quickly after a 
restart or demand swing.



The Tier-1 batch farm control surface

• Accounting and quotas 
define guaranteed 
share.

• Preemption and reclaim 
define how quickly 
share can be recovered.

• Packing, slot weights, 
and negotiation 
cadence shape how 
efficiently the pool 
implements policy.

• VO-side refill pressure is 
part of the same control 
loop.



Why there are differences in the VO refills 
Transient occupancy depends on refill semantics, not only on nominal share targets 

CMS Refills First (behaves like persistent pressure)
• CMS keeps deep queue pressure via glideinWMS frontend plus WMAgent, Tier-0, and CRAB.
• `idle_glideins_per_entry` and related limits keep pilot demand close to the ceiling. 
• When slots reappear, CMS can usually present runnable pilots immediately.

ATLAS PanDA brokerage filters nuclei and queues before assigning work. behaves like filtered, weighted 
brokerage.

LHCb DIRAC submits 
pilots with explicit 
bounds from waiting 
jobs, waiting pilots, 
and CE slots. (Behaves 
like controlled 
replenishment.)



ATLAS PanDA Brokerage: why refill can be more filtered



What Happens after disruptive event 

Why nominal fair-share and observed occupancy can diverge for several days 

Capacity itself returns gradually.

- CMS fills recovered slots early.

- HTCondor notices unfairness over 
later cycles.

- ATLAS and smaller VOs recover as 
pilots expire or preemption becomes 
effective.



How The Toy Model Is Built



The Observed Transient In A Toy Model
The same farm-recovery event is shown under different HTCondor or site-side configurations.
• The panels are: current policy, faster accounting, earlier reclaim, stronger reclaim, shorter claim 

persistence, and the combined tuned policy.
• Filled colors are actual occupancy; dashed colored boundaries are the pledge-based target stack.
• Those target bands are based on the converted core shares: ATLAS 30.5%, ALICE 2.8%, CMS 8.1%, 

LHCb 27.0%, Others 31.6%.

• The goal is qualitative: 
show which pathology 
delays recovery and which 
combination of controls 
helps.



The Observed Transient In A Toy Model
The same farm-recovery event is shown under different HTCondor or site-side configurations.
• The panels are: current policy, faster accounting, earlier reclaim, stronger reclaim, shorter claim 

persistence, and the combined tuned policy.
• Filled colors are actual occupancy; dashed colored boundaries are the pledge-based target stack.
• Those target bands are based on the converted core shares: ATLAS 30.5%, ALICE 2.8%, CMS 8.1%, 

LHCb 27.0%, Others 31.6%.

• The goal is qualitative: 
show which pathology 
delays recovery and 
which combination of 
controls helps.



Which Knobs Are Tuned In The Scenario Suit
• Pledge target row in the landscape figure maps to quota structure: `GROUP_QUOTA_*`, 

`GROUP_QUOTA_DYNAMIC_*`, `GROUP_ACCEPT_SURPLUS*`, `GROUP_AUTOREGROUP*`.
• Accounting-memory row maps to `PRIORITY_HALFLIFE`, `DEFAULT_PRIO_FACTOR`, and 

`GROUP_PRIO_FACTOR_*`.
• Reclaim-timing row maps mainly to `NEGOTIATOR_CONSIDER_EARLY_PREEMPTION` and the policy 

logic around when over-target correction is allowed to start.
• Reclaim-strength row maps mainly to `PREEMPTION_REQUIREMENTS`, `PREEMPTION_RANK`, 

`MAXJOBRETIREMENTTIME`, and `MachineMaxVacateTime`.
• Claim-persistence row maps to `CLAIM_WORKLIFE` and `WANT_VACATE`.
• Match-efficiency row maps to `NEGOTIATE_ALL_JOBS_IN_CLUSTER`, `NEGOTIATOR_INTERVAL`, and 

job-selection or packing settings that help under-target work refill freed slots.
• In the toy model those appear respectively as fair-share target policy, half-life, reclaim start time, 

reclaim strength, claim persistence, and under-target refill efficiency.
• CMS stays high in the baseline because the early VO refill race is fixed while the HTCondor correction 

layer is too weak.
• The tuned case reduces that persistence without changing VO behavior: it combines faster 

accounting, earlier reclaim, stronger reclaim, shorter claim persistence, and better refill of under-
target work so the farm stays near full while CMS moves toward pledge.



Heatmap View of The Same Knobs



Practical Tier-1 Takeaway

• Fair-share targets alone do not determine post-restart behavior.
• Recovery time is jointly set by HTCondor policy, pilot lifetime, and VO 

submission semantics.
• The operational tuning order is: quotas, decay, reclaim policy, then 

efficiency tuning.





Thank you
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