Problem  Explanation 

The following is the explanation of how to build the simulation table for teller queue:

· We need a random number to generate time between two arrivals (r1). The random number for each arrival time is a number between 1 to 100, given in the following table (Table1):

	Time between car arrival (in min)
	Probability
	Random number 

	1
	.20
	1 to 20

	2
	.60
	21 to 80

	3
	.10
	81 to 90

	4
	.10
	91 to 100


· We need a random number to generate time of service per each customer (r2). This random number for customer is a number between 1 to 100, given in the following table (Table 2):

	Service time (min)
	Probability
	Random number 

	2
	.10
	1 to 10

	3
	.40
	11 to 50

	4
	.20
	51 to 70

	5
	.20
	71 to 90

	6
	.10
	91 to 100


The explanation of the simulation table is the following:

One teller system

· Customer 1 arrives, then r1 is not needed (or you can put 0) 

· Arrival interval is not needed (or you can put 0),

· Arrival clock is not needed (or you can put 0),

· Enter facility clock is 0,

· Waiting time is 0,

· We generate a random number for r2. Let it be 39, from table 2 the service time for random number 39 is 3,

· Time in the system is total of waiting time and service time which is 3 min.

· Duration time is the total time in the system and waiting time which is 3 min

· Time in the system is departure time minus arrival time which is 3-0 or 3

The first row of the table is:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	1
	-
	0
	0
	0
	0
	0
	39
	3
	3
	3


· The second raw is for customer 2

· We generate a random number for customer 2. Let it be 73. From table 1 we get the arrival interval which is 2.

· The arrival clock for customer two is the arrival time of customer 1 plus arrival interval of customer 2which is 2.

· The enter facility for customer 2 is the departure time of customer 1 which is 3,

· The waiting time for customer 2 is the difference between enter to facility for customer 2 and arrival clock for customer 2, which is (3-2) or 1,

· When customer 2 arrives there is no other customer in the queue, then queue length is 0,

· We generate a random number to represent service time for customer 2, let it be 72, from table 2 the service time for random number 72 is 5 min,

· The departure time for the customer 1 plus the service time of customer 2. Which is 5+3 or 8,

· Time in the system is the difference between departure time and arrival time, which is 8-2 or 6.

Then second raw is added to simulation table:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	1
	-
	0
	0
	0
	0
	0
	39
	3
	3
	3

	2
	73
	2
	2
	3
	1
	0
	72
	5
	8
	6


b.
Two teller model:
· Customer 1 arrives, then r1 is not needed (or you can put 0) 

· Arrival interval is not needed (or you can put 0),

· Arrival clock is not need (or you can put 0),

· Enter facility clock is 0,

· Waiting time is 0,

· We generate a random number for r2. Let it be 39, from table 2 the service time for random number 39 is 3,

· Time in the system is total of waiting time and service time which is 3 min.

· Duration time is the total time in the system and waiting time which is 3 min

· Time in the system is departure time minus arrival time which is 3-0 or 3

The first row of the table is:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	1
	-
	0
	0
	0
	0
	0
	39
	3
	3
	3


· The second customer arrives and goes to teller 2,

· We generate a random number for customer 2. Let it be 73. From table 1 we get the arrival interval which is 2.

· The arrival clock for customer two is the arrival interval of customer 2which is 2.

· The enter facility for customer 2 is the arrival time of customer 2 which is 2,

· The waiting time for customer 2 is 0,

· When customer 2 arrives there is no other customer in the queue, then queue length is 0,

· We generate a random number to represent service time for customer 2, let it be 72, from table 2 the service time for random number 72 is 5 min,

· The departure time for the customer 2 is total of arrival time plus waiting in the queue plus the service time of customer 2. Which is 5+2 +0 or 7,

· Time in the system is the difference between departure time and arrival time, which is 7-2 or 7.

Then first raw of table for second teller is:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	2
	73
	2
	2
	2
	0
	0
	72
	5
	7
	5


· The third customer arrives, to find arrival time we generate random number.

· We generate a random number for customer 3. Let it be 75. From table 1 we get the arrival interval which is 2.

· The arrival clock for customer three is the arrival interval of customer 3 plus arrival clock of customer 2 which is 2+2 or 4. Since departure time for customer 2 is 7 and customer 1 is 3, the teller one is available and customer 3 goes to teller 1.

· The enter facility for customer 3 is the arrival time of customer 3 which is 4,

· The waiting time for customer 2 is 0,

· When customer 3 arrives there is no other customer in the queue of teller 1, then queue length is 0,

· We generate a random number to represent service time for customer 3, let it be 37, from table 2 the service time for random number 37 is 3 min,

· The departure time for the customer 3 is total of arrival time plus waiting in the queue plus the service time of customer 2. Which is 4+0 +3 or 7,

· Time in the system is the difference between departure time and arrival time, which is 7-4 or 3.

Then second raw of table for first teller is:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	2
	73
	2
	2
	2
	0
	0
	72
	5
	7
	5

	3
	75
	2
	4
	4
	0
	0
	37
	3
	7
	3


· The fourth customer arrives and use random number to generate arrival interval. Let it be 02. The arrival interval is 1 then arrival clock is arrival clock of customer 3 plus arrival interval of customer 4 which is 4+1 or 5,

· At clock time 5, queue of both tellers are empty then He can go to any one. Let it go to teller 2.

· The enter facility for customer 4 is the largest of arrival time of customer 4 or departure customer 2 which is 7,

· The waiting time for customer 2 is difference between enter to system clock and arrival clock which is 7-5 or 2,

· When customer 4 arrives there is no other customer in the queue, then queue length is 0,

· We generate a random number to represent service time for customer 4, let it be 98, from table 2 the service time for random number 98 is 6 min,

· The departure time for the customer 4 is total of arrival time plus waiting in the queue plus the service time of customer 4. Which is 5+ 2+6 or 13,

· Time in the system is the difference between departure time and arrival time, which is 13-5 or 8.

Then second row of table for second teller is:

	Customer
	R1
	Arrival interval
	Arrival clock
	Enter facility clock
	Waiting time
	Length of queue
	R2
	Service time
	Departure time
	Time in system

	2
	73
	2
	2
	2
	0
	0
	72
	5
	7
	5

	4
	02
	1
	5
	7
	2
	0
	98
	6
	13
	8


The similar process continues for the customer 5 and beyond. Let the random number 10 which translate to arrival interval of 1 and adding this to arrival clock of customer 4 gives the arrival time of 6. At time 6 teller 1 is empty.

Problem 15

 The following is the explanation of how to build the simulation table for a rental car service:

· We need a random number to generate time between two arrival (r1). The random number for each arrival time is a number between 1 to 100, given in the following table (Table1):

	Customer /day
	Probability
	Random number 

	0
	.20
	1 to 20

	1
	.20
	21 to 40

	2
	.50
	41 to 90

	3
	.10
	91 to 100


· We need a random number to generate duration per each customer (r2). This random number for customer is a number between 1 to 100, given in the following table (Table 2):

	duration
	Probability
	Random number 

	1
	.10
	1 to 10

	2
	.30
	11 to40

	3
	.40
	41 to 80

	4
	.10
	81 to 90

	5
	.10
	91 to 100


The explanation of the simulation table is the following:

simulation system

· Day 1 there is no car in the lot and we use random number 1 to say how many customers come. Let it be 62. Then we have 2 customers on first day. 

· Then we use random generator 2 to generate two numbers which are 19 and 66. This means customer 1 keep car for 2 days and customer 2 keep his car for 3 days. Now we have two care left in lot and we will have one more after 2 days and another one after 3 days,

The first row of the table is:

	Day
	Available cars
	R1
	Customers
	R2
	Duration/car
	Car day available
	Cars in the lot
	Customer not  served 

	1
	
	62
	2
	19
	2
	3
	3
	0

	
	
	
	
	66
	3
	4
	2
	0


· Day 2 there are two cars in the lot and we use random number 1 to see how many customers come. Let it be 48. Then we have 2 customers on second day. 

· Then we use random generator 2 to generate two numbers which are 27 and43. This means customer 3 keeps car for 2 days and customer 4 keeps his car for 3 days. Now we have 0 car left in lot and we will have one more after 1 days and another two after 2 days and another one after  3 days.

The first row of the table is:

	Day
	Available cars
	R1
	Customers
	R2
	Duration/car
	Car day available
	Cars in the lot
	Customer not  served 

	1
	
	62
	2
	19
	2
	3
	3
	0

	
	
	
	
	66
	3
	4
	2
	0

	2
	2
	48
	2
	27
	2
	4
	1
	0

	
	
	
	
	43
	3
	5
	0
	0

	
	
	
	
	
	
	
	
	


· Day 3 there are 0 cars in the lot and we use random number 1 to say how many customers come. Let it be 96. Then we have 3 customers on second day. 

· Then we use random generator 2 to generate two numbers which is 20 and can not serve the other two customers.

The first row of the table is:

	Day
	Available cars
	R1
	Customers
	R2
	Duration/car
	Car day available
	Cars in the lot
	Customer not  served 

	1
	
	62
	2
	19
	2
	3
	3
	0

	
	
	
	
	66
	3
	4
	2
	0

	2
	2
	48
	2
	27
	2
	4
	1
	0

	
	
	
	
	43
	3
	5
	0
	0

	3
	1
	96
	3
	20
	2
	5
	0
	2


