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Unknown job sizes

Hardware constraints

.

Metric other than E[T] {

( FCFS (first come, first served)

FB (foreground-background: least age)
SERPT (least expected remaining size)
Gittins (optimal!)

“Discrete” SRPT, FB, etc.

(preempt only at checkpoints)

“Bucketed” SRPT, FB, etc.

(limited number of priority levels)

Priority classes

RS (optimal for mean slowdown)
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Broad class of scheduling policies...

... with universal response time analysis




Outline



Outline

Part 1: defining SOAP policies



Outline

Part 1: defining SOAP policies

Part 2: analyzing SOAP policies



Outline

Part 1: defining SOAP policies

Part 2: analyzing SOAP policies

&

IS Part 3: policy design with SOAP

O

S )



Outline

Part 1: defining SOAP policies

Part 2: analyzing SOAP policies

&
IS Part 3: policy design with SOAP

[0 =9

S )

Part 4: optimality proofs with SOAP




Part 1:
. defining SOAP policies



Scheduling with



Scheduling with

FB
serve by least age

E
J U




Scheduling with

FB
serve by least age

E

0 0




Scheduling with

FB SRPT
serve by least age serve by least remaining size

E E

J 0 J U




Scheduling with

FB SRPT
serve by least age serve by least remaining size

io WG




Scheduling with

FB SRPT
serve by least age serve by least remaining size

E
J 0

Common theme: a job’s
(priority) depends on its age

10



Scheduling with

FB SRPT
serve by least age serve by least remaining size

0 N

N

lower is
better

»>dgc >dgcC

Common theme: a job’s
(priority) depends on its age



Scheduling with

FB SRPT
serve by least age serve by least remaining size

0 N

N

lower is
better

»>dgc >dgcC

Common theme: a job’s
(priority) depends on its age



Scheduling with Ranks

FB

serve by least age

rank
T

lower is
better

-»dgC

Common theme: a job’s rank
(priority) depends on its age

SRPT

serve by least remaining size

rank

large

medium

small

\N

-dgc

10



rank function with
one rule:

A SOAP policy is a
% e sunon
AN



A SOAP policy is a
L function with
AN

one rule:

always serve the job of
minimum
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L function with
AN

one rule:

always serve the job of
minimum

(break ties FCFS)
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Full SOAP Definition

A SOAP policy is any policy expressible by a
rank function of the form:

size, class, etc.

descriptor X age — rank

FB SRPT
ro(a) = a re(a) = x-a

Descriptor can be anything that:
* does not change while a job is in the system
» is i.i.d. for each job
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SOAP Insight #2:
Vacation Transformation

Replace recycled jobs with server vacations
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Vacation Transformation

X; = service a job receives in I;

- A E[X§]+E[X7]+E[X7]
ELUL71 =5 1— AE[X,]

(Fuhrmann and Cooper, 1985)

|0 wp.
|3 W.D.

10 wp.
|7 W.D.

Wl WIN WIN W[
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I.[w] = ith interval when r(a) <w
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f\

B

age

Detail: start with i = O iff first interval
contains age 0, else start with i = 1
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Two Design Problems

0

[O1
Bucketed SRPT Noisy Systems
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Bucketed SRPT
Gl

Question: given number of priority levels,
which job sizes go in which size buckets?
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X = bounded Pareto on [1,10°] with a = 1
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Q: What if we have noisy
age information?

A: Each age has rank range

Q: How do we analyze
resulting scheduling policy?

A: SOAP Bubble analysis
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SOAP Bubble Analysis

Idea: do tagged job analysis, but...
@ » I get worst possible

» Everyone else gets best possible

Noise could be
adversarial!

Theorem: this always gives
an upper bound on E[T]
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Shift-Flat Gittins

Problem:

I can jump up to
rank 9 before age 1
Solution: shift

Problem:
other jobs might
not reach rank

Solution: flatten
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Designing for Noisy Systems

Shift-Flat Gittins
Problem:
I can jump up to
rank 9 before age 1
Solution: shift

Problem:
other jobs might
not reach rank

Solution: flatten

1
E[ T of Shift-Flat Gittins with noise A]

= E[ T of Gittins without noise]+ O(A)

Theorem:

W= Wl Wl
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Gittins vs. SERPT

Gittins
E[min{X —a,A} | X > al
r(a) =sup

A>0 P[X—CZSA‘X>CI]

Al\/ﬁnimizes E[T], but can be intractable

SERPT
r(a)=E[X—a|X >da]
ASimple, but no E[T] guarantee

Question: is there a simple policy
with near-optimal E[T]?
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rank

age

1 w.p.
X = W.D.
14  w.p.

W= W= W=
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Monotonic SERPT

1 wp.
X =46 wp.
14 w.p.

c
1 6 14 48

M-SERPT is like SERPT, Theorem:
but never goes down

W= W= W=

E[ T of Gittins]

E[T of M-SERPT] _
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