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Scheduling 101

Job sizes
remaining are known
size
online I } attained
val |:> . service Fully
arrivals '
preemptible

--------------------------------------------------------------------------

response time, T

. Shortest Remaining Processing Time (SRPT)
Q: What scheduling ? ’

policy minimizes optimal in worst-casel ES

E[T]?

M/G/1 response time analysis - [Schrage 1966]




Scheduling 102 - Unknown job sizes

Job sizes unknown

But know job size

online ':D
arrivals

distribution

Pr{Size = x}

--------------------------------------------------------------------------

A
response time, T A J\J\
—» X

. Shortest Expected Remaining
Q: What scheduling ~ Processing Time (SERPT) ?
policy minimizes

E|T]? Run job with smallest:
E[Size — Size > a]




Scheduling 102 - Unknown job sizes

Job sizes unknown

But know job size
distribution

online :>
arrivals
Pr{Size = x}

- n
n n
. n
. L] ‘
--------------------------------------------------------------------------

response time, T A J\J\
—» X

Gittins Index Policy: Run job with highest index

P{Size <y | Size = a} P{Job finishes in next y — a}

Ind = vl =)
S )| i =




Scheduling 102 - Unknown job sizes

Job sizes unknown

But know job size

online ':D
arrivals

distribution

Pr{Size = x}
e teeuee et ee st st st bbb e st s st st e annannant A
response time, T A AJ\
—» X
Gittins Policy: - s s : :
[Gittins '89], [Gittins, Glazebrook, Weber 2011] Gittins Index Policy: highest index first

M/G/1 response time analysis:

- "SOAP” paper Index(a) = sup
[Scully, Harchol-Balter, Scheller-Wolf 2018] y>

P{Size <y | Size = a}
E|min(Size,y) —a | Size =




Scheduling 103 - M/G/k
/2
Poisson — I I_@_, Lk are known

process servers

: At all times run the k jobs with

Q: What scheduling N shortest remaining processing time
policy minimizes
E [T] ? _ | result when

job sizes
unknown!

Similar




Scheduling 103 - M/G/k

Job sizes
are known

Poisson I I—( :)—» -k
process::>

servers

n
----------------------------------------------------------------------

SRPT-k result: \ : At all times run the k jobs with
[Grosof, Scully, Harchol-Balter 2018] D-&J shortest remaining processing time
Gittins-k result: f;?d:?rwhen

[Grosof, Scully, Harchol-Balter 2020]

job sizes
unknown!
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Each job runsona

dBr'ief pr'imer' on scheduling ~ SINGLE server/core

——

d Scheduling TOdCly'S | Typical job runs on

. MULTIPLE cores
parallel speedup jobs J Simuitancously




A job runs on MANY cores simultaneously

Numbers from Google Borg 2020 trace
[Tirmazi et al., EUROSYS 2020]

# cores requested

=
o

)
p—

Fraction of jobs

*Numbers are normalized 10



Parallel Speedup Model

Malleable jobs

> Can run job on ANY number cores -
Can change job's allocation as it runs = ‘ ‘

7

»

|
(

f

» Execution time depends on
number of cores allocated

speedup s (k)
. 4 “elastic” o database queries
o machine learning jobs

o some scientific computing jobs

n

“inelastic

cores
11



Parallel Speedup Model

Each job i has: X3 Xp Xq /O_'
B inherent duration, x; — ‘ , ‘ 2 e
B speedup function s; (k) \Q_,

Assume throughout: Vi,

sl) =k it 0=k< response time, T’

SpeiduP Execution
5 - S3 (k) Time
g 1 s (k) :)/\r/\hle::\or;‘uen x; GOAL:
o S, (k) Minimize mean
15 ;i, i 5'3 > When run Xi response time
k cores on k cores s, (k)

12



Parallel Speedup Model

Each job i has: O

X3
B inherent duration, X; N ‘ ‘ ‘_

B speedup function s;(k)

D

|
(

x?_,

c . OQUTLINE:
xecution ..

time Minimize E|[T|
When run X 1) Single Speedup
on 1 core g Function

When run Xi 2) Multiple Speedup
on k cores S; (k) Functions
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All jobs have SAME speedup function

All present at time O
Speedup of all jobs:

speedup
A
5 4
g-- s(k) =k
2__
1'/
——+++> k cores
12345
favor maximize
shortest efficiency

D Y



All jobs have SAME speedup function

All present at time O
Speedup of all jobs:

speedup
A
5 4
T s (k) =Vk
2 —
1 4
——+—++> Kk cores
12345
Theorem (heSRPT): m(t) = #jobs attime ¢t
fClVOI" [Ber'g, veSiIO, Har‘ChOI‘BGH'er', Xy S X0 S Xa > o> X mGXimize
1 2 3 t
shortest Perf. Eval. 2020] m(t)

efficiency

to job i

Opt share _ (

m(t)
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All jobs have SAME speedup function

All present at time O

New work coming soon allowing any
concave speedup function
[Li, Ju, Eryilmaz, Shroff '26]

Speedup of all jobs:

speedup
A

Theorem (heSRPT): m(t) = #jobs attime ¢t

favor [Berg, Vesilo, Harchol-Balter,

X1 > Xy > X3 > > X(p) maximize
shortest Perf. Eval. 2020]

efficiency

to job i

Opt share (
m(t) 16




All jobs have SAME speedup function

jobs arrive over time
Speedup of all jobs:

speedup
A
54
i1 s =k
2—/
14
——+++> k cores
12345
favor maximize
shortest efficiency

More relevant More relevant
in light load in heavy load
Q: Tradeoff? .



MULTIPLE speedup functions

jobs arrive over time
speedup
A

Are these
g: >2 (k) enough? .
21 s1(k) : maximize
: avor iInstantaneous
——+—++> k cores shortest z
12345

efficiency
3-way
decision

Defer Parallelizable Work
(maximize future efficiency)
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MULTIPLE speedup functions: Simpler Job Sizes

jobs arrive over time
speedup
A

~ GREEDY class

| Sp(k) Sizes ~ Exp(w)
3 1 51 (k) < S maximize
Al 1 vor iInstantaneous
----- > k cores she. *est efficiency
' 3-way
decision /‘?
L Pick the GREEDY
/ policy that defers

Defer Parallelizable Work
[Berg, Dorsman, Harchol-Balter .. ..
Sigmetrics 2018] (maximize future efficiency)

the most parallelizable

Still not OPT, but close.
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MULTIPLE speedup functions: Simpler speedup fcns

jobs arrive over time

speedup
A
€3 1+ f---- Sg(k)
2+ /————- Sz(k) f nk ”Xil’!‘.zz.e
“ Z“““ s1 (k) ﬁvor insta’ . =neous
THM: In super-Non-Deg-Slowdown, f
o SERPT is opt. ?
o Least Parallelizable First is sub-opt o
THM: In sub-Halfin-Whitt,
o Least Parallelizable First is opt.
o SERPT is sub-opt
Bera. Wana, Mosel Defer Parallelizable Work
erg, Wang, Moseley, _ ..
Harchol-Balter, 2025 in submission] (maxnmlze future effncuency) 20



POP QUIZ

O ML Training jobs are l Z
Elastic & Large

O ML jobs are
Inelastic & Small

Q: Given a stream of fraining and

jobs, how should we
schedule them to minimize mean
response time?

me i zZe

favor

shortest 48
e : I-|C|en(,y

Defer Parallelizable Work
(maximize future efficiency)

A: Favor Inference Jobsl!

[Berg, Harchol, Moseley, Wang, Whitehouse SPAA 2020]

Insto: i« 2eous
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parallel speedup jobs J Simuitancously
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speedup

Conclusion: Parallel Speedup Jobs

Execution
time

When run

Xi
oh 1 core
When run Xi
on k cores

si(k)

favor maximize
shortest ™ IIINNNSSSSSS=. - nstantaneous
efficiency
load

Defer Parallelizable Work
(maximize future
efficiency)

Mor Harchol-Balter harchol@cs.cmu.edu
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