Real-world MS/OR successes

Simulating a Burger King Restaurant


The major fast-food chains use simulation models of their restaurants to study ways to improve productivity and customer service.  Burger King’s experiences are a good example of the results.  Two operations researchers on the Burger King headquarters staff, William Swart and Luca Donno, developed a general-purpose simulation model used to study existing operations as well as design new restaurants.  The bottom line: the model generated new ideas worth at least $50 million per year in cash flow.


The model, programmed in GPSS, contains three related systems to simulate customers, production, and delivery.  In the customer system, arrival rates vary tremendously, sometimes as much as 1000 percent within a 30-minute period.  Order processing time depends on staffing, the products ordered, and how the order is placed (in-store or drive-thru).  Orders are transmitted via CRT to the kitchen where up to four production areas (drinks, fryers, main sandwich line, and specialty sandwich line) may respond.  Production action may replenish stocks of a standard product or prepare a custom product.  Simultaneously, in-process inventories of various items (drinks, preassembled sandwiches, mayonnaise, and so on) are checked since most products have a shelf life of only 10 minutes.  Concurrent with production, the delivery system is active in dealing with the customer, making change, and assembling the order.


Swart and Donno went to great lengths to validate their model and gain management acceptance of the model’s predictions.  For example, top managers and franchisees were invited to witness a live test in which a complete restaurant was assembled in warehouse and staffed with a crew members from nearby Burger Kings.  For two days, this facility was subjected to a variety of customer arrival patterns, with each pattern serviced by a variety of manning levels.  Customer service, production, and delivery operations were videotaped for comparison with actual operations.  The simulation model gave very accurate predictions of line lengths, waiting time, service time, inventory levels, and many other indicators of performance.  Today, virtually no operational decision is made without a model analysis.  On average, the model is run 3000 times per month to fine0tune Burger King operations.


Here are few examples for how management has used the simulation model to improve operations.:  New labor standards were developed that save more than $32 million annually.  Several efficient kitchen layouts for different ranges of sales volume were designed.  Productivity improvements over old designs save more than $3.4 million annually.  Many improvements were made in drive-thru window operations.  For example, the model showed that the “stack”, the distance between order station and pick-up window, should be lengthened to serve more customers during peak hours.  During the lunch hour alone, longer stacks generate additional $15 million in annual sales capacity.

	Random Simulation Models

	Using methods of creating random numbers, Mandy decided to find the probability of finding people with blond hair, brown hair, blue eyes, and brown eyes compared to a random sampling of 100 people. Each of the methods below assumes that there is an equal possibility of each combination occurring. 





	How many different possible combinations of hair and eye color can there be? What are they?

Brown Hair/Brown Eyes
Brown Hair/Blue Eyes
Blond Hair/Blue Eyes
Blond Hair/Brown Eyes

	What are some possible ways to randomly produce the answers to the situation? Die, Random Number Generator, Random Digit Tables, and Playing Cards.



 

	 

Die
Knowing there are 4 possible outcomes that have the same probability of occurring, a 20 sided die could be used as follows

1-5 Brown Hair/Brown Eyes
6-10 Brown Hair/Blue Eyes
11-15 Blond Hair/Blue Eyes
16-20 Blond Hair/Brown Eyes

After rolling the die 25 to 100 times, tabulate results.

	 

Random Number Generator
This is a program on any TI graphing calculator that will randomly produce numbers. 

1- Brown Hair/Brown Eyes
2- Brown Hair/Blue Eyes
3- Blond Hair/Blue Eyes
4- Blond Hair/Brown Eyes

To get the calculator to produce a random number generator follow these steps:
- Press Math
- Shift to the right to PRB
- Move down to RandInt(
- After the RandInt( type in the numbers that you need to range from 
using a comma. Ex. RandInt(1,4)
- Press enter as may times as needed for a random number to appear

After generating 25 to 100 values, tabulate results.
	 

 

 

 

Random Integer Screen on TI-83

[image: image1.jpg]randIntc14)





 

	 

Random Digit Tables
A Random Digit Table is the same as a Random Number Generator. The difference is with the RDT the numbers already shown on paper and laid out for you. With the table, you need to decide which number to use. You might decide to use the first, skip the zeros, and tabulate the results from 25 to 100 trials
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Playing Cards
In this case, a deck of cards would provide a perfect simulation because there are four different suits: hearts, spades, clubs, and diamonds. The four different suits would represent the 4 possible outcomes of hair and eye color. 

Hearts- Brown Hair/Brown Eyes
Spades- Brown Hair/Blue Eyes
Clubs- Blond Hair/Blue Eyes
Diamonds- Blond Hair/Brown Eyes

After drawing 25 to 100 cards tabulate results.
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Simulation

Example

: generate discrete r.v.

n

Suppose monthly demand follows the 

following distribution (

pmf

)

Demand

(x)

p(x)

5

0.10

20

0.40

30

0.30

50

0.20

We want to generate 12 random demands 

(may be for next 12 months). How?
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Simulation
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0.1

20

0.4

0.5
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Step 1:  Find CDF

Step 2:  Generate 

random number, u

Step 3:  Locate 

r.v. x 

Example

: generate discrete r.v.
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Simulation

n

The Inverse Transformation Method (Steps 2 & 

3) Essentially Establishes a Relationship 

between Random Number Range and 

Corresponding Demand

Example

: generate discrete r.v.

Demand

5

20

30

50

0

0.1

0.5

0.8

1

Rand 

#

•

What is the probability that a random number will be   

in range [0, 0.1], [0.1, 0.5], [0.5, 0.8], or [0.8, 1]?
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Simulation

Random number range

Demand (x)

   0 - 0.1
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0.1 - 0.5
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50
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Random numbers
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0.47831
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0.66928
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11

0.55519
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0.45593
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Simulation

n

First, find cumulative distribution of the r.v. 

n

Second, generate random numbers by 

“

RAND()

”

n

Finally, use VLOOKUP function

Generating Discrete r.v. in Excel
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Simulation

A

B

C

D

E

F

G

1

Generating discrete random variables with VLOOKUP function

2

3

Random number range

Demand

4
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0.1

5
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0.5

20

6

0.5

0.8

30

7

0.8

1

50

8

9

Random number 

Outcome

10

0.474424547

20

11

0.713128343

30

12

0.844783096

50

13

0.826109451

50

14

0.432246824

20

15

0.307382727

20

16

0.01709212

5

17

18

A

B

C
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9

Random number 

Outcome

10

=RAND()

=VLOOKUP(A10,TABLE,3)

11

=RAND()

=VLOOKUP(A11,TABLE,3)

12

=RAND()

=VLOOKUP(A12,TABLE,3)

13

=RAND()

=VLOOKUP(A13,TABLE,3)

14

=RAND()

=VLOOKUP(A14,TABLE,3)

15

=RAND()

=VLOOKUP(A15,TABLE,3)

16

=RAND()

=VLOOKUP(A16,TABLE,3)

17

18

*** TABLE in VLOOKUP is the range name for cell range A4:C7  

The range A4:C7 has been range

-

named TABLE

The second column in the TABLE 

range (A4:C7) is not necessary. 

Without it (only two columns in the 

TABLE range), the VLOOKUP function 

will be VLOOKUP(A10,TABLE,2)
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Simulation

Manual Simulation

n

Simulate Tossing A Fair Coin

If “head”, you win $1; If “tail”, you lose $1. After 

playing 10 times, how much can you win?

Game #

Random Number

Head/Tail

Cumulative Win/Loss

1
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9
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0.1034
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Simulation

Probability Distributions

n

Cumulative Distribution Function

(CDF)

•

CDF (F(x)) is the cumulative form of the 

pmf

or 

pdf

For any r.v. X, F(x) = P(X 

£

x)

Example: 

X = # of cars sold per day

x

p(x)

F(x)=P(X 

£

x)
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Simulation

Probability Distributions

n

probability mass function

(

pmf

)

—

p(x)

•

a list of all possible values of a r.v., X, and their 

associated probabilities, p(x) 

º

P(X = x), where x is a 

particular value the r.v. X may take.

•

Example: X = # of cars sold per day in a car shop
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Random number range Demand (x)


   0 - 0.1 5


0.1 - 0.5 20


0.5 - 0.8 30


0.8 - 1.0 50


ReplicationRandom numbers Demand


1 0.76269 30


2 0.93813 50


3 0.57897 30


4 0.25200 20


5 0.14009 20


6 0.98889 50


7 0.07436 5


8 0.47831 20


9 0.66928 30


10 0.19625 20


11 0.55519 30


12 0.45593 20
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The range A4:C7 has been range- named TABLE

The second column in the TABLE range (A4:C7) is not necessary. Without it (only two columns in the TABLE range), the VLOOKUP function will be VLOOKUP(A10,TABLE,2)





discrete_variate_VLOOKUP


			Generating discrete random variate with VLOOKUP function


			Random number range						Outcome


			0			0.1			5


			0.1			0.5			20


			0.5			0.8			30


			0.8			1			50


			Random number			Outcome


			0.3101437853			20


			0.448216031			20


			0.1409674772			20


			0.6529201277			30


			0.5399013526			30


			0.5825113188			30


			0.054988996			5


			0.2582565322			20


			0.5487294613			30


			0.2833666133			20


			0.154836054			20


			0.8562138032			50


			0.0870886286			5


			0.5087479982			30


			0.625417019			30


			0.4318709663			20


			0.6160868917			30


			0.8006900146			50


			0.7879603777			30


			0.7701963972			30








present


						A			B			C			D			E			F			G


			1			Generating discrete random variables with VLOOKUP function


			2


			3			Random number range						Demand


			4			0			0.1			5


			5			0.1			0.5			20


			6			0.5			0.8			30


			7			0.8			1			50


			8


			9			Random number			Outcome


			10			0.4744245471			20


			11			0.7131283429			30


			12			0.8447830957			50


			13			0.8261094512			50


			14			0.4322468237			20


			15			0.3073827273			20


			16			0.0170921202			5


			17


			18


						A			B			C			D			E			F			G


			9			Random number			Outcome


			10			=RAND()			=VLOOKUP(A10,TABLE,3)


			11			=RAND()			=VLOOKUP(A11,TABLE,3)


			12			=RAND()			=VLOOKUP(A12,TABLE,3)


			13			=RAND()			=VLOOKUP(A13,TABLE,3)


			14			=RAND()			=VLOOKUP(A14,TABLE,3)


			15			=RAND()			=VLOOKUP(A15,TABLE,3)


			16			=RAND()			=VLOOKUP(A16,TABLE,3)


			17


			18			*** TABLE in VLOOKUP is the range name for cell range A4:C7








direct_generator


			Outcome			Probability


			5			0.1


			20			0.4


			30			0.3


			50			0.2


			Replication			Outcome


			1			20


			2			20


			3			30


			4			50


			5			50


			6			50


			7			5


			8			20


			9			50


			10			20










A B C D E F G


1Generating discrete random variables with VLOOKUP function


2


3Random number range Demand


4 0 0.1 5


5 0.1 0.5 20


6 0.5 0.8 30


7 0.8 1 50


8


9Random number Outcome


10 0.474424547 20


11 0.713128343 30


12 0.844783096 50


13 0.826109451 50


14 0.432246824 20


15 0.307382727 20


16 0.01709212 5


17


18


A B C D E F G


9Random number Outcome


10=RAND() =VLOOKUP(A10,TABLE,3)


11=RAND() =VLOOKUP(A11,TABLE,3)


12=RAND() =VLOOKUP(A12,TABLE,3)


13=RAND() =VLOOKUP(A13,TABLE,3)


14=RAND() =VLOOKUP(A14,TABLE,3)


15=RAND() =VLOOKUP(A15,TABLE,3)


16=RAND() =VLOOKUP(A16,TABLE,3)


17


18*** TABLE in VLOOKUP is the range name for cell range A4:C7  
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Probability Distributions

		Cumulative Distribution Function (CDF) 



CDF (F(x)) is the cumulative form of the pmf or pdf

	For any r.v. X, F(x) = P(X  x)



Example: X = # of cars sold per day



			x	p(x)	F(x)=P(X  x)

		0	0.10	      0.10

		1	0.20	      0.30	

		2	0.30	      0.60

		3	0.20	      0.80

		4	0.10	      0.90

		5	0.10  	      1.00

				1.00
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Probability Distributions

		probability mass function (pmf) — p(x)



a list of all possible values of a r.v., X, and their associated probabilities, p(x)  P(X = x), where x is a particular value the r.v. X may take.

 Example: X = # of cars sold per day in a car shop

			x	p(x)

		0	0.10

		1	0.20

		2	0.30

		3	0.20

		4	0.10

		5	0.10  
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Manual Simulation

		Simulate Tossing A Fair Coin



If “head”, you win $1; If “tail”, you lose $1. After 

playing 10 times, how much can you win?
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Generating Discrete r.v. in Excel

		First, find cumulative distribution of the r.v. 

		Second, generate random numbers by “RAND()”

		Finally, use VLOOKUP function
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Example: generate discrete r.v.





Step 1:  Find CDF

Step 2:  Generate random number, u

Step 3:  Locate r.v. x 
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Example: generate discrete r.v.

		The Inverse Transformation Method (Steps 2 & 3) Essentially Establishes a Relationship between Random Number Range and Corresponding Demand



Demand

5

20

30

50

0

0.1

0.5

0.8

1

Rand #

		 What is the probability that a random number will be   



   in range [0, 0.1], [0.1, 0.5], [0.5, 0.8], or [0.8, 1]?
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Example: generate discrete r.v.

		Suppose monthly demand follows the following distribution (pmf)



Demand	 (x)	    p(x)		

		5		    0.10		

		20		    0.40		

		30		    0.30		

		50		    0.20

We want to generate 12 random demands 

(may be for next 12 months). How?














