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Motivation
Energy Crisis

Global data centre electricity consumption, by equipment — Base Case, 2020-2030
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Source: IEA (2025), Energy and Al special report (Figure 2.11). Licence: CC BY 4.0.
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Motivation
Performance-Oriented Objective

Performance-Oriented Goal

Minimize TTFT / TBT
Maximize Throughput

Optimal
Configuration

Latency

Control Knobs
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Motivation
Energy-Oriented Objective

Energy-Oriented Goal

Minimize Energy Usage
Adhere to TTFT/TBT SLO

SLO Adhering Range :
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Control Knob
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Motivation
Energy usage of GPU workloads

Compute

GPU Workload
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Motivation
Energy usage of GPU workloads
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Motivation
Energy usage of GPU workloads

1050Mhz -> 1400MHz
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Motivation
Energy usage of GPU workloads
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GPU Workload
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Motivation
Energy usage of GPU workloads

Latency
GPU Workload [Ltotal = max(Lcompute: Lmemory) +C ]
Compute (FLOPs)
Memory Movement (Bytes) idle En ergy
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[Etotal — Ecompute + Ememory +C J
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Motivation
Energy usage of GPU workloads

Latency
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Motivation
Energy usage of GPU workloads

GPU Workload

Compute (FLOPs)
Memory Movement (Bytes) idle En ergy
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Motivation
Energy usage of GPU workloads

Latency
GPU Workload [Ltotal — max(Lcomputer Lmemory) +C J
Memory Movement (Bytes) idle En ergy

Time

>
[Etotal — Ecompute + Ememory +C J

Workload composition determines performance-energy landscape
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Motivation
DVFS : Dynamic Voltage Frequency Scaling

1400 MHz _ Energy = Power x Time
~ Comp High .
536
Q
i
30
510 750 990 1230 1410
Clock Freq. (MHz)
+125.0
E
o 88.5
C
9
3 50
510 750 990 1230 1410
- > Clock Freq. (MHz)
Time

KAIST

, KAIST
: ‘Computer Architecture
5 / & Syst ab



Motivation
DVFS : Dynamic Voltage Frequency Scaling

Energy = Power x Time
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Motivation
DVFS : Dynamic Voltage Frequency Scaling

Energy = Power x Time
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Motivation
DVFS : Dynamic Voltage Frequency Scaling

1400 MHz Energy = Power x Time
~ Comp High .
|| Memory Power =
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Workload balance x DVFS defines Perf-Energy landscape
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Opportunity

Batching
A B . A B
\ 4 \ 4 I A\ 4 \ 4
Comp.A Comp.B : Comp.A Comp.B
Weight Load Weight Load : Weight Load Weight Load
» | B
Time Time

Workload balance x DVFS defines Perf-Energy landscape
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Opportunity

Batching
A B A B
: | Batch A+B
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Opportunity

Batching
A B I A B
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Opportunity
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Batching
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Opportunity
Batching x DVFS

Decrease
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Opportunity
Batching x DVFS

Increase
'1' B Clock
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Opportunity
Batching x DVFS

A B I A B
t ¥ : l Accumulation
Comp.A > Comp.B > | Delay
Weight Load Weight Load : Weight Load
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Time Time
DVFS : Reduce Clock ¢, DVFS : Increase Clock ¢,
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B | I B o | I
Latency L Latency ; '
Batching and DVFS must be co-optimized
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Opportunity

Batch-related control knobs

[ Chunked Prefill J

[ Micro Batching }

KAIST
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Opportunity
Control Knob 1 : Chunked Prefill

Processing Prefill of Size 1024

Chunk Size : 1024 Chunk Size : 256
D 1024 token Prefill D256 [D[256 [D[256 [D[256
Timeline V Timeline
Decode Decodes
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Opportunity
Control Knob 1 : Chunked Prefill

Chunk Size : 1024 Chunk Size : 256
D 1024 token Prefill (D256 D256 |D|256 |DI256
: Timeline : i i Timeline
P K === »

: TBT @ 1024 I TBT @ 256
 Lower TBT
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Opportunity

Control Knob 1 : Chunked Prefill

Compute

Mem

Workload Visualization
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Opportunity

Control Knob 1 : Chunked Prefill

Compute

Mem

Workload Visualization
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Opportunity
Control Knob 2 : Pipeline Parallel Microbatch #

4 requests at once
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Opportunity
Control Knob 2 : Pipeline Parallel Microbatch #

4 requests at once

1 req fest each
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Opportunity
Control Knob 2 : Pipeline Parallel Microbatch #

4 requests at once

1 request each
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Opportunity
Control Knob 2 : Pipeline Parallel Microbatch #
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Micro batching impacts performance-energy landscape




BEAM : Batch Energy Aware Manager

Overview

Goal : Minimize energy usage under SLO constraints
Control Knobs

Chunk-Size Microbatch # GPU Clock Co-optimize
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BEAM : Batch Energy Aware Manager

Overview
Goal : Minimize energy usage under SLO constraints

Challenge : Navigate Performance-Energy Landscape

Request Rate

Input Length ~\
Performance TTFT
Environment Energy ——>{ TBT
Model Energy Usage
Chunk-Size y
Microbatch #
GPU Clock

Control Knobs
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BEAM : Batch Energy Aware Manager

Overview

Goal : Minimize energy usage under SLO constraints

Challenge : Navigate Performance-Energy Landscape

Request Rate
Input Length

Performance
Energy
Model

TTFT
TBT
Energy Usage

Environment

Chunk-Size —
Microbatch # Optimize
GPU Clock

Parameter
Search
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BEAM : Batch Energy Aware Manager

Overview

Goal : Minimize energy usage under SLO constraints

Control Knobs

Chunk-Size Microbatch # GPU Clock Co-optimize

Design Principles

[ P1 : Component Based Modelling with Emulation ]
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Design

P1 : Component-Based Modelling

Offline Profiling

Single Model Forward
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Design
Co-optimization Method

Search Space

Event
« New prefill arrives (1500 tokens)
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Design
Co-optimization Method

Search Space Emulation given (Clock, Chunk Size)
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Design
Co-optimization Method

Search Space
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Design
Co-optimization Method
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Design
Co-optimization Method

Search Space
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Design
Co-optimization Method

Search Space
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Design
Co-optimization Method

Search Space
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Design
System Overview

1 2
( ) VLLM ( ) BEAM
Prefill Chunk Size Event S1 2 = —
S S
Num Micro-batches S & Lookup
Apply Chunk Size #Microbatch

GPU Driver

(3)

(1)State Monitor Hook
(2)Search and Optimization
(3)Knob application
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Evaluation
Evaluation Overview

Evaluation Settings

e Hardware:

e DGX A100x8 Server
e Model:
e |lLama-3 70B Instruct PP4xTP2
e Serving Trace
o Alibaba ServeGen Trace (E2E)
o Synthetic (Others)
e SLO :
e TTFT 1s, TBT 0.2s

KAIST 14 /23

Baselines
e Vanilla vLLM

e Window-DVFS

e BEAM

? KAIST
A : Computer Architecture
& System Lab



Evaluation
End-to-end Analysis — Energy Usage

1 vLLM B Window-DVFS N BEAM

Lower Is Better

KAIST

Experiment Settings

e 1h on ServeGen

(19:00 ~ 20:00)
e Mean 1800 TPS
P90 2800 TPS

Energy (kJ)
0 2500 5000 7500
100%

70%
49%
°

e Beam uses 70% energy compared to SOTA
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Evaluation
End-to-end Analysis — SLO Adherence

0 vllM B Window-DVFS N BEAM
4 100 100
qk.) ~~ ~~
- I £
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< E s (o =S o) o
) © ©
T 2 Z
0 ' 0
1000ms TTFT SLO 200ms TBT SLO

e BEAM Adheres to TTFT/ TBT SLO
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Evaluation
Sensitivity to burst

vLLM —— Window-DVFS — BEAM  ----- SLO
2000

TTFT(mS) 1000

Low: 1000 TPS

TBT(ms)
High:4800 TPS

100
3000

Power(W) 2000
1000

<+« [ ower Is Better
N
S

Low Energy
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e BEAM rapidly reacts to burst scenarios
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Evaluation
Sensitivity to burst : Control knob view

Insufficient Clock S/ow Recovery
!
vLLM  —— Wlndow/DVFS —— BEAM -4--- SLO
125 7
Clock(MHz) o - \,_,I/M

\+ Low: 1000 TPS

Chunk-Size ggg M High:4800 TPS
1.

#Microbatch 1.00

0.95 20 40 60 80 100 120 140

Time (s)

e BEAM rapidly reacts to burst scenarios
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Evaluation
Sensitivity to burst : Control knob view

Multiple Control Instant Reaction
Knobs
vLLM — Window:\]VFS —— BEAM  ---- SLO
_ 2™ =~
\'-“\\‘l\ v
1.25 ]
Clock(MHz) | s ~ < VNG

N—' Jow: 1000 TPS

1 Chunksize 360 o~ SN~ High:4800 TPS

1
| i3
#Microbatch 1.00
_ 0.95 20 40 60 80 100 120 140

Time (s)

e BEAM rapidly reacts to burst scenarios
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Conclusion

Goal
e Minimize energy under SLO constraints
Method

e Co-optimizes DVFS with Batching
e By scheduling Chunk-Size, #Microbatch, Clock
e Scheduler emulation to navigate complex landscape

Results
e Energy usage 50% of vanilla vLLM, 70% of SOTA
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Thank You

Paper PDF Artifact Github

Contact : hjlee@casys.kaist.ac.kr
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