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Operations Research
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history

> Father of queueing theory: Anger Erlang (1878-1929)

» Originally used to model telephone exchange
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history

» Real queues
» Virtual queues

» Systems transformed into queues.
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Bank

Applications

HOLD-UPS —Please wait your turn ;
PEPOSH
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Amusement Parks

Applications
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Manufacturing Systems

Applications




ISE Summer Camp

Applications: Transformed Queues Efe

Yunan Liu

Inventory Systems

Applications
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Mathematical Queueing
Models

Applications
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Single-class queues

Queueing Models

—_— O Q O / departures
arrivals .
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abandonments

servers
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Multi-class queues

Queueing Models

class 1 class 2
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Re-entrant queues

external arrivals
revisiting revisiting
1-p
-
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Queueing Networks

Arrivals
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Queue -1
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Abandonment
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Queueing Models

Queue -2
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Abandonment
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Realistic Real-World Features

Queueing Models
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Random variables and processes

Realistic Features

Waiting Time

06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00
Time




Realistic Models Features

Time-varying arrivals

20

Calls per Hour

o Emnmam”
Hour of Day

call center

.,

012345678 91011121314151617 181920212223

Patients per hour
3 5 * > ®
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012345678 910111213 14151617 1813 20 212223
Hour of Day

emergence room
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Strange customer behavior

Abandonment rates

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Minutes
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Different service disciplines/policies

» first-come first-served (FCFS):

Realistic Features

v

last-come first-served (LCFS):

» processor sharing (PS):

v

Shortest job first (SJF):

v

Priority preemptive (PP):



Realistic Models Features

Different service disciplines/policies

>

first-come first-served (FCFS):
used in most service systems

last-come first-served (LCFS):
computer stack operations, inventory systems with perishable
products

processor sharing (PS):
computer systems

Shortest job first (SJF):
computer systems, CPU scheduling

Priority preemptive (PP):
emergency rooms, service systems with multiple classes
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Realistic Features



Analyze The Models and
Obtain Quantitative Results

> How? .......... (hereby omit 10,000 pages)

» The “......" part will be taught in our undergraduate/graduate
courses
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Help Make Decisions

Relieve human suffering of waiting
Minimize costs/maximize profits
Save lives!

What else?
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Realistic Features
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Design staffing and shifts Yunan L

Shift schedule Number of servers
T
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Decision Making
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Meet service level agreements
> P(waiting < 2 mins)>0.8
» E(wait) = 3 mins = 0.05 hr
» P(Abandonment)<0.02
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Bad staffing

Average delay
T

Decision Making

Good staffing
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Decision Making

Delay Ann cements

Time
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Delay:
20 mins, 25 mins,
30 mins???

Decision Making

5 minutes per customer
—_—

. — @ @ @ @ — 5 minutes per customer

e

new customer
2 servers
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Delay:
20 mins, 25 mins,
30 mins???

Decision Making

5 minutes per customer
e

. —_— @ @ @ @ & 5 minutes per customer

—_—

new customer
2 servers

Delay=6x5min/2 =15 minI
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Tools

» Data analysis: analyze data, test hypothesis, abstract
information, etc.

» Computer simulation: discussed earlier today Useful Tools

» Probability theory: model and predict random events

Y
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The pattern HTHH occurs at step 11, 14 and 22 in the sequence:
HHTHTTTHTHHTHHHTTTHTHHTTH. . ..

Now consider 4 patterns:

A=HH, B=HT, C=TT and D= TH. Useful Tools

Q: Which one “on average" appears in the smallest number of
flips?



ISE Summer Camp

Probability Exercise 1: Patterns Efe

Yunan Liu

The pattern HTHH occurs at step 11, 14 and 22 in the sequence:
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A=HH, B=HT, C=TT and D= TH. Useful Tools

Q: Which one “on average" appears in the smallest number of
flips?

» Ng= N, Ng = Np
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The pattern HTHH occurs at step 11, 14 and 22 in the sequence:

HHTHTTTHTHHTHHHTTTHTHHTTH ...

Now consider 4 patterns:

A=HH, B=HT, C=TT and D= TH. Useful Tools

Q: Which one “on average" appears in the smallest number of
flips?

> N_A:Nc,NB:NfD
> Ng < Nyg?or Ng > Ny?
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The pattern HTHH occurs at step 11, 14 and 22 in the sequence:

HHTHTTTHTHHTHHHTTTHTHHTTH ...

Now consider 4 patterns:

A=HH, B=HT, C=TT and D= TH. Useful Tools

Q: Which one “on average" appears in the smallest number of
flips?

> N_A:Nc, N = Np

> Ng < Nyg?or Ng > Ny?

» 4= Ng < Ny=6.



Probability Exercise 1: Patterns

The pattern HTHH occurs at step 11, 14 and 22 in the sequence:

HHTHTTTHTHHTHHHTTTHTHHTTH . ..

Now consider 4 patterns:
A=HH, B=HT, C=TT and D= TH.

o H Done!

Pattern HH: T oeeeee T H
“\u T Restart the whole thing!

!
Pattern HT: i TH/ T Done!

“x H Don't have to restart, still have an H

ISE Summer Camp
Queueing Theory

Yunan Liu

Useful Tools



Probability Exercise 2: NYC Subway Problem

Useful Tools
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v

Observe real-world systems and recognize potential problems

v

Construct mathematical models representing these systems

v

Analyze the models (performance analysis and decision
making)

Conclusion

v

Use the analysis to provide strategies, heuristics and insights

v

Solve real-world problems (connect theories and applications)

Theories Applications
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Conclusion

Thank You!
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