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Background Solutions Experiments Conclusions

Serverless Workflow Execution Model
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Host OS Scheduler

Each function runs as an independent
task (container/microVM) enqueued in
the OS runqueue.

Linux CFS (typical) allocates CPU without
workflow context.

- Gateway: Handles auth, validation, routing; forwards triggers to the workflow orchestrator.

« Orchestrator: Manages a DAG: nodes = functions, edges = data/control dependencies.

« Dispatches a function only when dependencies are satisfied; exploits parallel branches.
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Background Solutions Experiments Conclusions

Workflow-0OS Scheduling Mismatch (Case Study)

«  Workflow-agnostic scheduling:

Workflow #1,#2,#3 Structure  Workflow #4 Structure > Schedules functions independently, without
= [_] Non-critical Task (T1, T2, T3 workflow context
T2 HT3 [ Critical Path Task (C) _ -
WS Arives W A > Intra-workflow blocking: Critical-path tasks
g e TLATIVeS can be delayed by non-critical tasks within
CPU 1 |W1-T1|w2-T1|w3-T1 [w4-T1|w4-T2|Wa-T3] wa-C W°rkf'°"s";ﬁggglsi:g the same workflow
CPU 0 |W2-T2|W3-T2(W4-T1 [W1-T2| W2-C | W1-C | W3-C Avg WCT = 12.5 _ o
P EA L S S ET AT v > Inter-workflow blocking: _Crltlcal tasks may
A : also be blocked by functions from other
cPU 1 Wit Tz s T2lwa T e Workflow-Aware workflows competing for CPU
Scheduling
CPU 0 (W2-T1|W1-T2| W2-C (W4-T2|W3-T1 W4-TH W4-C Avg WCT =10 ) )
) W > Increased workflow completion time (WCT)

# / P 7
0% 203 4 5 6 778 910" 11712"13"14'15716 " Time

W1&W2 Arrive .
v « Workflow-aware scheduling:

Comparison of workflow-agnostic (up) and workflow-aware (down) > Prioritizes critical-path tasks within
scheduling for 4 concurrent workflows on a dual-core system. workflows

> Eliminates unnecessary blocking & reduces
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Related Work

« Existing research focuses on:
> Cold start latency reduction [SONIC(ATC’21), AlloyStack(EuroSys’25)... ]
> Elastic resource scaling [Jiffy(EuroSys’22), Faascale(SoCC’24)...]

> 1/0 optimization [SAND(ATC’18), SPRIGHT(SIGCOMM’2?2),
RMMap(EuroSys’24)...]

« Function-centric scheduling:
> Each function is treated independently [SFS(SC’22), ALPS(ATC’24)...]
» Workflow-level dependencies and objectives are overlooked

« Gap:
> Lack of workflow-aware schedulln? for end-to-end performance
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Background Solutions Experiments Conclusions

Problem Definition & Goals

 Problem:
« OS schedulers lack workflow awareness in serverless environments

« Critical-path tasks are often blocked, increasing workflow completion time
(WCT)

« Existing solutions require prior knowledge of workflow structures or task
durations

e (oals:

« Enable OS schedulers to optimize workflows as a whole, not just individual
functions

« Minimize end-to-end workflow latency

« Achieve non-clairvoyant scheduling—no need for prior workflow knowledge
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Background Solutions Experiments Conclusions

Key Insight: Workflow-Aware Least-Attained Service (WLAS)
:
s e | s s i@ | Pl e ae

User A User B User C User D
(a) Four serverless workflows, triggered by users A, B, C, and D, all arrive at t=0

CPU 1 | c2 A1 A2 | B2 . CPU 1 A1 pi | A3 3 B
CPUO |CH D1 C3 C4 A3 A4 CPUO B1 C1 B2 A2 Cc2 |A4| C4 o
0 1 2/3/4/5/6 7 8/9 10/11 12/13/14 15 16 17 18/19 8 / 1/2/3 4 5/6/7 8/9 10 11 12/13/14 15/16 17/1 19/20
(b) Oracle (clairvoyant, theoretical), average WCT: 12.5 ,r (e) Multi-level Feedback Queue (MLFQ), average WCT: 13.75
CPU1‘ A1 B2 A2 | C2 B3 | L CPU1| Bf B2 D1 A3 A4 ca |
CPUO B1 D1 A3 C3 A4 C4 - CPUO |C1|C3| C2 A1 A2 B3
/ / /7 7/ / 7/ éd / /7 Vdd
0 /2 3 5/6 8 9 10 1112 13 14 15 16 17/1 19 20 0 1 2 3/4 5/6 7/8 9 10 11 12 13 14 15/16 17/18/19 20
(c) First-Come First-Served (FCFS), average WCT: 13.75 (f) Shortest Job First (SJF), average WCT: 14.5
CPU1 |A1|C1 A1 02 D1 B1 D1 B2|/D1|A3|C4| A3 Ci A3 _Cf _| _______ CPU1|C1, A1 |D1|C3 D1 B2 |A3 C4 A3 A4}’
CPU O |B1/D1 B1 C3 A1 Cc2 A1 C4|A2 B2|A2 B2|/A2 B3 A4 B3 CPUO [B1, Di B1 A1 c2 B2 A2 B3
/// / A AV a4 77 /77/// Z 7 7777 T T
2 3 4 6 7 8 910 111213 1415 16 17 18 19 20 0 4 5 6 7 8 910 111213 1415 16 17 18 19 20
(d) Processor Sharing (PS), average WCT: 14.5 (g) Workflow-Level Attained Service (WLAS), average WCT: 13.5
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- MeTtis Design
F e mmimmmmooo g_ ............. Overview of Metis e Key Features of Metis .-

; —>» Execute Path - = =» Control Flow Core Scheduling « Workflow-aware scheduling'
| | nNBz—, ' [T [Time Slice @ « Dynamically adapts to workflow structures
O ! ) ey -1y [ Analysis and dependencies
: Fn Orchestrator e = — | | Critical Path
\ Workflow Tracing | Workflow #1 ¥ Identification « Non-clairvoyant design:
. (Sec§33) - - -p FNA1—>FnA2 —> |, | Profiler (Sec.§3.4)
e B = ' | * No need for prior knowledge of workflow
| User Space y System Call Crotledert v structure or tF;sk durationsg
N metis_execve() |---F---------- eBPF maps
Kernel Space METIS scheduler [o————— - Time slice & » Low-overhead deployment:

"N e e (Sec §3.5) Kernel hooks | ... EA S rdor
» Uses eBPF for lightweight, minimally

» Three main modules: invasive integration with the OS

«  Compatibility:

° MetriC CO||eCti0n—— Critical path eStimation e \Works with mainstream Operating Systems

and serverless platforms

« Workflow tracking—— Identity structure
« Scheduling decision——ebpf scheduling hints
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Self-Clocked Workflow-Aware Scheduling

METIS | User \| "' Kenrel |  Tick interrupts/preemptions...
Fn Profling '\space " Ls_;aa_t:e_ | o
B Schedule
Time Slice @ N — CFS main schedule() ——> - Workflow #2
Analysis eBPF e - Fn B2 @
Critical Path A\ : .
Identification maps METIS p:c’I; tg‘;’; 7 "'r”th
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Profiler (Sec §34) _______ I branch o Workil £ F A1
_______ —— orkflow n Al:
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| 'Fn B1 | Workflow #2 Fn B3:40 o Workflow #3 Fn B2:
l 00 " vw 2, vr 100

_______ . vw O, vr 1 ' o
Workfl #1 u
[t delfllioh | . Workflow #2 Fn B2:‘ Red-Black T
 FnA1 > FnA2 — |, vw 0, vr 50 ed-black free

Function scheduling lifecycle in Metis based on workflow-aware prioritization.
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Critical Path Estimation & Function Ordering.

® Critical Path:

» The longest path through the workflow's
Directed Acyclic Graph (DAG).

> Determines the minimum possible completion
time for the workflow. CP(w;) = max Z tf

. ] th PeG;
® Estimation Method: ba feP \

> Traverse the DAG to identify the path with the

. . : . function f's execution time,
maximum cumulative execution time.

Parent of B4 - .
Layer =0, .- p(fj) = max {p(fi)+ 1t} +y - Width(L;)
N Fn B4 } 77 fep(f)

Fn B1 —> Fn B2 Layer 2,

Parent of B2 V-. Widin =2 \
set of parent nodes of f;
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Solutions Experiments

Background

Simulation Results

® Baselines:

» Compared against Linux CFS, FIFO,
and ALPS[ATC’24] schedulers

® Evaluation methodology:

» Trace-driven simulations with
diverse workflow patterns and
scales

® Key results:

» Metis reduces average workflow
completion time (WCT) by 31.3%

> 95th percentile latency reduced by
14.3%

> Significant improvement in talil
latency (99th percentile
16th ACM %ympglsi&m on 8
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Synthetic Trace-driven Analysis
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End-to-End Workload
Performance Com par ison Key characteristics of selected SeBS-Flow benchmarks [EuroSys’25]

® Baselines: Workload # Func. MaxPar. DAGDepth Complexity
- - Video Analysis 21 16 3 * %k
» Compared ?galnst Linux CFS, SFS, anc HisERednss 3 0 y I
ALPS [ATC’24] schedulers Trip Booking 8 4 7 H ok A F
: ML Pipeline 11 8 2 *
® Experimental Setup:
> Four representative workflows
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> Metis reduces average WCT by 31.3% vs. ...,
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> 99th percentile latency reduced by up
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Background Solutions Experiments Conclusions

Conclusions

«  Workflow-centric serverless applications require both fair and efficient OS-level scheduling.

« Metis introduces a non-clairvoyant, workflow-aware scheduler leveraging the novel WLAS
algorithm to optimize latency and fairness.

« Comprehensive evaluation demonstrates that Metis consistently surpasses state-of-the-art
schedulers.

« Metis achieves up to 58.2% lower workflow completion time and 73.9% better tail latency across
diverse workloads.
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Thank you!
Any questions?

Email: tangwd1@chinatelecom.cn
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