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THE GAP WHY THIS MATTERS THE PATH FORWARD

Our Position Four Benefits Heuristics Cannot Provide Principled Algorithms Already Working
Architecturally, LLM serving has changed enormously. Robustness LP for MoE balancing
AIgorithmicaIIy, It still runs on classical heuristics. Worst-case guarantees hold under workload drift, viral spikes, and DeepSeek LPLB
adversarial inputs. Per-batch token redistribution as an LP — = 100 pus per solve, well within decode
budget.
The field must develop mathematical models and algorithms with provable Hees
guarantees — tailored to LLM-specific structure: dynamically growing KV
memory, prefill-decode asymmetry, unknown output lengths, continuous ' ' i :
batchin)g/] pref y % p g Capacity Planning Online IP for DP routing

Closed-form stability conditions specify the minimum cluster size
before deployment.

Chen et al. 2026
Adversarial guarantee: imbalance reduced by Q(V(B log G)) vs. round-robin.

Today's Serving Stack Engineering Blueprint
LP duals & competitive bounds reveal which constraints bind and 3 Queueing for capacity
( _ _ R which objectives matter. Nie et al. 2025
Architectural Innovations — remarkable progress Closed-form stability: A <p with p=M / (b-E[g(s,0)]) — provision before
deployment.
: Paged fill- d ' Calibration
VLLM sGLang | |“Bltihing | | Attention Pisaggregatidn of Experts
Optimality lower bounds tell engineers when to stop tuning — and Cost-aware caching
L ) where 50% gains still hide. Zhu et al. 2023
- - Least-Expected-Cost eviction matches optimal regret — up to 50x cost
Algorithmic Cores — still classical heuristics reduction.
Scheduling DP Routing MoE Balance Cache Evict Provisioning Admission A HiStOI‘ical PPECEdel‘lt . Airline Revenue Mgmt-
FIFO JSQ / _ Auxiliary LRU Reactive Greed
(1960s) Eound-Roblj Loss Autoscale y
- - - - o~ - - Open Frontiers
- -~ ™) ~ p
o FORMULATE o ANALYZE o DEPLOY Scheduling under prediction uncertainty
e robustness - consistency - adversarial predictions
L. e Booking —» network LP Extract structural insight O(1l) accept/reject rule
F()ur DeCISI()n Pr()blems : hldlng LLM StruCture (maximize revenue, — LP duals give at runtime, informed by _ ] ] ]
capacity constraints) ‘bid prices’ per seat the theoretical insight Multl-ob]ectlve Paret() frontlers
TTFT - TPOT - throughput - fairness - energy
- Jy ’ :
American Airlines, 1980s — $1.4 B incremental revenue - Edelman Award 1991
MoE Expert Routing Data-Parallel Routing Theory of disaggregation
when does PD-disaggregation beat co-location?
m
Imbalanced experts - straggler GPUs Barrier sync - idle GPUs ] ] o
Seats on flights GPU memory & compute Algor_lthmlcs Of agentlc. lnference
Today: Today: branching - sub-requests - variable-length pauses
auxiliary-loss balancing round-robin + JSQ Booking requests Inference requests
N e———————————  \—————

Irrevocable seat use Sticky KV assignment

Call to Action

Scheduling & Capacity Cache Eviction OR & algorithms: engage deeply with systems — what binds in practice?
Systems: the OR toolkit reveals structure your heuristics can inherit.

Unknown future demand Unknown output length

Optimization-derived

iz pikess (b clizls) thresholds & policies

Unknown output, growing memory Heterogeneous sizes & re-encode costs

Today: Today: . . . .
Lesson: theory's role is not as a runtime solver — but as the analytical vehicle The intersection is a research frontier.

FIFO + reactive autoscale '
that reveals the structure of good algorithms. Let’s meet there.
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