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Overhead of CPU operations gLLM

O Current LLM inference framework expect to maximize the
utilization of GPU



oLLM

Overhead of CPU operations

O Overhead of operations on CPU like schedule and output
process are nonneglectable

O About 25% of the time is spent on CPU operations

Offline latency breakdown
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oLLM

Overhead of CPU operations

[0 Reduce overhead of CPU opearations can improve performance

Offline latency breakdown Offline Throughput Comparison
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Pipeline Schedule

0 Baseline schedule will serialize the execution of schedule, model
forward and output process

Baseline Schedule Schedule Model Forward Output Process  Schedule Model Forward Output Process



Pipeline Schedule

O Motivated by pipeline parallelism, pipeline schedule is
Introduced to overlap the execution between model forward and
other procedure

Baseline Schedule Schedule Model Forward Output Process  Schedule Model Forward Output Process

Schedule0 Model Forward O Model Forward 1 Model Forward O

Pipeline Schedule
Schedulel Output Process 0 ScheduleO Output Process 1 Schedule1



Problems in Pipeline Schedule

O Simultaneously schedule 2 batches of requests that can be
processed by GPU
»> prefill-prefill, prefill-decode, decode-decode



Problems in Pipeline Schedule

O Careful orchestration addresses dependencies between
execution phases

» schedule => model forward => output process => schedule



Problems in Pipeline Schedule

O Launch multi-process to implement execution overlaps
» Master process: schedule and output process
» Worker process: model forward



SiImultaneously Batching

OO0 There are three types of simultaneously batching
> prefill-prefill
» prefill-decode
» decode-decode



SiImultaneously Batching

[ wait queue J

prefill
O As the prefill only relys on wait queue, 'l'
. . . . decod
prefill-prefill and prefill-decode acts like [ ST A
decode

serial schedule




SiImultaneously Batching

[ wait queue J

lprefill

[decode queue
decode

[0 Decode-decode may exhibit unbalanced batching: one schedule
225 seqs and the other schedule 31 seqgs




SiImultaneously Batching

[ wait queue J

lprefill

[decode queue
decode

O Delay scheduling is proposed to merge two unbalanced schedule




Dependency Control

0 We can use three queues to

control dependency
» Schedule outputs
» Run outputs
» Control schedule

Queue

r scheduler <—| —
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Dependency Control

output

r scheduler <—| — process 7

Queue

syndino unu

O Each module get an element
from the queue
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» model forward



Dependency Control

Queue

0 The module is blocked when
there isn’'t any element in the queue

r scheduler <—| —
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Multi-process

0 Master process

» Generate schedule outputs
» Process model outputs

Master output
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process process
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Multi-process

OO0 Worker process
» Generate model outputs

Master output
— scheduler €«— — P
process process
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Multi-process

O Inter-process communication
» Schedule outputs
» Model outputs

Master output
— scheduler €«— — P
process process
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Fvaulated Result

O We implement pipeline schedule in gLLM

O We use shareGPT to benchmark online serving performance
between vLLM, gLLM w/o pipeline schedule and gLLM on L20
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