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Introduction

Efficient use of computing clusters is crucial in large-scale data centers: even small gains in utilization can save millions of dollars. However, as the number of
microsecond-scale tasks increases, using a CPU to schedule tasks becomes inefficient. Today, applications typically depend on low-latency tasks that require service times
of a microsecond or less [1]. These tasks are inherently latency-sensitive and non-optimal scheduling placement can significantly impact performance. Therefore, efficient
scheduling in large-scale clusters is becoming increasingly more important. At the same time, efficient resource utilization can significantly reduce expenditure and
operational costs. A standard method used today to address this problem is to deploy a centralized scheduler that can monitor all cluster nodes and be able to make
high-quality placement decisions [2]. However, in practice, scheduling a large number of tasks as short as 1us can overwhelm centralized schedulers.
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How can we reduce the scheduling overhead of short tasks and increase scheduling throughput of Kubernetes clusters?

P4-K8s-Scheduler is a network-accelerated scheduler for Kubernetes that runs as a P4 program on a @) Kubernetes Control Plane Node A
programmable switch (shown in Figure. 1), or on Infrastructure/Data Processing Unit (IPU/DPU) _ a a @
attached to the Kubernetes Control Plane. Ciunr;mzr pod pod pod
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Design

P4-K8s-Scheduler is designed to address two main problems for achieving high-performance:

APl Server

e Reduce the scheduling overhead for short tasks with service times of a microsecond or less.
e Increase scheduling throughput of large-scale Kubernetes clusters.

Controller Manager

Figure 2 illustrates a comparison of the Pod scheduling workflow with standard Kubernetes scheduler
(kube-scheduler) and P4-K8s-Scheduler.
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Figure 1: Network-Accelerated Kubernetes Scheduler.

Network Protocol. The Kubernetes API Server has been extended with support for a communication protocol that allows to i) register nodes and ii) send scheduling
requests to the P4-K8s-Scheduler. These packets use UDP headers to enable processing with standard networking hardware.

Node Registration. Cluster nodes are registered with using registration packets with resource information. The scheduler then updates the stateful registers and sends the
packet to the runtime controller to update the match-action tables used for filtering and scoring.

Pod Scheduling. Similar to node registration, the AP| Server sends scheduling request packets where each packet contains requirements for number of CPUs, amount of
memory, storage, required/preferred affinity and scoring strategy.

- N = ™~
i APl Server etcd kube-scheduler | | kubelet CRO ntginer i APl Server etcd | [P1-K8s-Scheduler| | kubelet Contqiner Resu Its
untime Runtime

' create Pod o i i i | create Pod ! i i i i P4-K8s-Scheduler achieves median task

L>|: write ) | | | i T write T | | ! placement latency of ~50us with 1,000-machine

: D | : : : R C T | ! : : ~

: " watch (new Pod) ! : : : ! | schedule Pod ! : scale, a.nd 170ms total delay for .1 ,000

| | i B " | | ! ' update Pod status g run ! scheduling requests. The scheduling overhead

i e i : : i write ! v — has been reduced by an order of magnitude

: DR L i i : , *T:] »é, -------------- L i compared to state-of-the-art Kubernetes

i . "watch (bound Pod) Corun i : | : : : schedulers [2], and by up to 50% compared to

: J update Pod status ] 4'[:] : : ! i ! ! other network-accelerated schedulers [3].

l write . : : l : : : : : \_ Y,

!. ---.‘::::::::::.LT _____________ T | I ! | | ' ~ . R
_ Figure 2: Pod scheduling workflow comparison between kube-scheduler and P4-K8s-Scheduler. y AnalySIS

- 1\ | The preliminary results demonstrate that

Register P4-K8s-Scheduler can reduce task scheduling
Node? overheads by an order of magnitude compared
False to state-of-the-art Kubernetes schedulers.

Ingress Parser Update registers — Send to Controller

N /
CPU filter Memory filter Storage filter Scoring Forwarding
>chedule Key | Data | Key | Data | Key | Data = K Data | K Dat @ )
Sod? y | Data ey | Data ey | Data ey ata ey ata CO“C'USiOﬂ
' <CPU>bitmap| |<Mem>bitmap| |<Disk>|bitmap <SS> <bitmap>|Node ID| |<Node ID>Port|IP
False
P4-K8s-Scheduler is a network-accelerated
L3 Forwarding = cluster scheduler for Kubernetes. It runs on a

high-performance programmable network
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