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@ Good performance when heavy-tailed distribution
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Parallel-Servers System

Poisson

Bernoulli (Probabilistic) routing

@ No communication between dispatcher and servers

@ Good performance when heavy-tailed distribution
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Parallel-Servers System
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Size-based routing
@ No communication between dispatcher and servers v/

@ Good performance when heavy-tailed distribution v/
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Size Interval Task Assignment (SITA)
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= Incoming job size (service time requirement) is known

Size-based routing
@ No communication between dispatcher and servers v/

@ Good performance when heavy-tailed distribution v/

= Variability reduction provides good performance!
June 8, 2021 3/16
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More about SITA

Optimallity of SITA!

If servers are non-observable and job sizes are known, SITA with optimal
thresholds is the optimal routing policy (homogeneous and heterogeneous).J

Disadvantages

'Hanhua Feng, Vishal Misra, Dan Rubenstein. “Optimal state-free, size-aware

dispatching for heterogeneous M/G/-type systems”, Performance Evaluation, Volume
62, Issues 14, 2005
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More about SITA

Optimallity of SITA!

If servers are non-observable and job sizes are known, SITA with optimal
thresholds is the optimal routing policy (homogeneous and heterogeneous).J

Disadvantages

@ Job size knowlegde requirement

@ Optimal thresholds expression in a general setting: open problem

Alternative: SITA-E (equal load of servers)

/X:l xf(x)dx = /:2 xf(x)dx = -+ = /XXK1 xf (x)dx = /XXK xF(x)dx

1 K—2 K—1

'Hanhua Feng, Vishal Misra, Dan Rubenstein. “Optimal state-free, size-aware

dispatching for heterogeneous M/G/-type systems”, Performance Evaluation, Volume
62, Issues 14, 2005
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Overview

Part 1: Recent results on SITA
Part 2: Size-based policy for unknown job sizes
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Asymptotic Study: Homogeneous Servers
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Optimal performance (mean waiting time) SITA tends to that of SITA-E |

Idea of the proof: Optimal SITA Performance > SITA-E Performance
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Performance Degradation of Parallel-Server Systems
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Performance Degradation of Parallel-Server Systems
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Degradation Factor

D(K,n) = Mean waiting time with K/n servers and \/n arrival rate

Mean waiting time with K servers and A arrival rate

Josu Doncel (UPV/EHU) Size-Interval Routing to Parallel-Servers June 8, 2021 7/16



Performance Degradation of Parallel-Server Systems
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Degradation Factor

D(K,n) = Mean waiting time with K/n servers and \/n arrival rate

Mean waiting time with K servers and A arrival rate

Example: D(4,2)
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Degradation Analysis

D(K,n) > 1 and depends on the job size distribution
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Degradation Analysis

D(K,n) > 1 and depends on the job size distribution

Uniform distribution
D(K,n) <3

Bounded Pareto distribution
e when o =1, D(K, n) is unbounded from above

e when a # 1, D(K,n) < K al

Conclusion: degradation increases with variability of the distribution

Two points distribution

Small with prob p and large with prob 1 — p
= for fixed small and large job size, it maximizes the variance

@ For two servers, the degradation is unbounded from above
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Asymptotic Study: Heterogeneous case
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@ Optimal mapping
@ Optimal thresholds
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Asymptotic Study: Heterogeneous case
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Optimal SITA waiting time when K — oo:
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Proposition

Optimal SITA waiting time when K — oo: y that minimizes the mean
waiting time of two independent groups

® [Xm,y) = SITA-E to K/2 servers
o [y,xm] = SITA-E to K/2 servers
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Optimal SITA waiting time when K — oo: y that minimizes the mean
waiting time of two independent groups

® [Xm,y) = SITA-E to K/2 servers
o [y,xm] = SITA-E to K/2 servers

=- Computation of y: convex
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Asymptotic Study: Heterogeneous case

Optimal mapping

Definition

For a given mapping 7, F; is the optimal system mean waiting time
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For all m # 7/,

Fr = F

Josu Doncel (UPV/EHU) Size-Interval Routing to Parallel-Servers June 8, 2021 11/16



Overview

Part 1: Recent results on SITA

Part 2: Size-based policy for unknown job sizes
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TAGS Policy?
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TAGS Policy?
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Size-based routing
@ No communication between dispatcher and servers v/

@ Good performance when heavy-tailed distribution v/
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Comparing Size-Based Routing Policies
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Comparing Size-Based Routing Policies

SITA

TAGS
> — (58] 6 sed (5,8]
=R O e
\
Nl @zt IO es
A\ —

Which performs better?
SITA (job sizes are known)

largest job size
smallest job size

Let r =

Two queues, Bounded Pareto distribution with o =1 and A\r < 1
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Which performs better?

SITA (job sizes are known)

largest job size
smallest job size

Let r =

Two queues, Bounded Pareto distribution with o =1 and A\r < 1

E[WTAGS]

E[WSTTA]

The penalty for not knowing the job sizes is unbounded
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Part 2: Size-based policy for unknown job sizes
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