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MM2: One and Two queues
• Goal: Estimate the the diff(Queue-Wait-Time) in two systems with and

without CRN and Warmup (Replication: 5, Warmup: 1000)

System1-MM2 with one queue

System2-MM2 with two queues
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M/M/2 with One Queue: Analytical

Notations
• λ, µ: arrival rate, service rate

• L: Length (no. of people wait) in

system

• Lq : Length in queue

• W : Wait time in system

• Wq : Wait time in queue

• ρ =
λ

2µ

Analytical Solution

• E(L) =
2ρ

1−ρ2

• E(Lq) =
2ρ3

1−ρ2

• E(W) = E(L)/λ =
1

µ(1−ρ2)

• E(Wq) =
ρ2

µ(1−ρ2)
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M/M/2 with One Queue: Analytical

and Simulation

• The inter-arrival time in Source with: Weibull(0, 2, 1, 0)

• The process time in Processors: Weibull(0, 1, 1, 0)

• Use CRN for inter-arrival times and process times

• Experiment → Run to time: 3500 (Arrivals: 500), Replication: 5

Analytical
Mean

1Q E(Lq) 0.033

E(Wq) 0.067

Simulation
Mean SE

1Q Ê(Lq ) 0.038 0.0037

Ê(Wq ) 0.067 0.0075
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Output Analysis: Interval Estimation
• Goal: Estimate the diff(Queue-Wait-Time) in two systems with and without CRN

and Warmup (Replication: 5, Warmup: 1000)

• Interval Estimation
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FlexSim Model

W. M. Song 桑慧敏 Tsing Hua Univ. 清華大學 Common Random Numbers (CRN) May 21, 2016 6 / 28



Global Tables

• InitialValues: Sample Size, Warmup period

• RandomNumber: Record Random Number

• ArrivalTime: Record arrival times for each item

• WQtableCRN, Record Queue-Wait-Time with CRN

• WQtable, Record Queue-Wait-Time without CRN

• WQ, Record Queue-Wait-Time with and without CRN and Warmup

• IndexCheck, Check whether two systems are completed.

• StatisticDiffer, Record the diff(Queue-Wait-Time) in two systems with and without

CRN and Warmup
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Create Global Table-Random Number
• Tools → Global Tables → Add

• Table Name: RandomNumber , Row: 5000 , Columns: 4 , Clear on Reset
• Column 1 : Common Random Numbers for Source1, 2, 3

• Column 2 : Common Random Numbers for Processor1, 2, 3

• Column 3 : Common Random Numbers for Source4

• Column 4 : Common Random Numbers for Processor4

• Table Name: InitialValues , Row: 3 , Columns: 1
• Row 1 : Sample Size

• Row 2 : Start Customer With No Warmup Time

• Row 3 : Start Customer With Warmup Time
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Create Global Table-Record Arrival

Time
• Tools → Global Tables → Add

• Table Name: ArrivalTime , Row: 5000 , Columns: 4 , Clear on Reset
• Column 1 : Arrival Time of Source1

• Column 2 : Arrival Time of Source2

• Column 3 : Arrival Time of Source3

• Column 4 : Arrival Time of Source4

W. M. Song 桑慧敏 Tsing Hua Univ. 清華大學 Common Random Numbers (CRN) May 21, 2016 9 / 28



Create Global Table
• Tools → Global Tables → Add

• Table Name: WQtableCRN , Row: 5000 , Columns: 7 , Clear on Reset

• Table Name: WQtable , Row: 5000 , Columns: 7 , Clear on Reset
• Column 1 : The enter queue time in system 1 (1 Queue)

• Column 2 : The leave queue time in system 1 (1 Queue)

• Column 3 : The wait time in queue in system 1 (1 Queue)

• Column 4 : The enter queue time in system 2 (2 Queue)

• Column 5 : The leave queue time in system 2 (2 Queue)

• Column 6 : The wait time in queue in system 2 (2 Queue)

• Column 7 : The difference of wait time in queue (system 2 - system 1)

• Table Name: WQ , Row: 2 , Columns: 4 , Clear on Reset
• Row 1 : Average WQ With CRN

• Row 2 : Average WQ Without CRN
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Create Global Table-Warmup and Wait

Time
• Tools → Global Tables → Add

• Table Name: IndexCheck , Row: 2 , Columns: 1 , Clear on Reset
• Row 1 : Check 2 Systems With CRN

• Row 2 : Check 2 Systems Without CRN

• Table Name: StatisticDiffer , Row: 2 , Columns: 1 , Clear on Reset
• Row 1 : Average Difference of WQ for Each Customer With CRN

• Row 2 : Average Difference of WQ for Each Customer Without CRN

• Column 1 : Without Warmup

• Column 2 : With Warmup
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Create Global Variables
• Tools → Global Variables → Add

• Variable Name: SourceA , Type: Double , Value=1

• Variable Name: SourceB , Type: Double , Value=2

• Variable Name: ProcessorA , Type: Double , Value=1

• Variable Name: ProcessorB , Type: Double , Value=1

W. M. Song 桑慧敏 Tsing Hua Univ. 清華大學 Common Random Numbers (CRN) May 21, 2016 12 / 28



Create Random Numbers
• Source RandomNum → Source → Inter-Arrivaltime

• Source RandomNum → Triggers → OnExit
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Start System1 and System2

• Sink RandomNum → Triggers → OnEntry
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Inter-Arrivaltime of Source

With CRN
• Source1, Source2→ Source → Inter-Arrivaltime
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Inter-Arrivaltime of Source

Without CRN
• Source3, Source4 → Source → Inter-Arrivaltime
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Process Time of Processor

With CRN
• Processor1 1, Processor1 2 → Processor → Process Time

• Processor2 1, Processor2 2 → Processor → Process Time
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Process Time of Processor

Without CRN
• Processor3 1, Processor3 2 → Processor → Process Time

• Processor4 1, Processor4 2 → Processor → Process Time
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Close Output of Source
• Source1 → Triggers → OnReset → Close and Open Ports

• Source2 → Triggers → OnReset → Close and Open Ports

• Source3 → Triggers → OnReset → Close and Open Ports

• Source4 → Triggers → OnReset → Close and Open Ports
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Create Labels
• Source1 → Triggers → OnCreation → Create and Initialize Label

• Source2 → Triggers → OnCreation → Create and Initialize Label

• Source3 → Triggers → OnCreation → Create and Initialize Label

• Source4 → Triggers → OnCreation → Create and Initialize Label
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Record Arrival Time

With CRN
• Source1 → Triggers → OnExit

• Source2 → Triggers → OnExit
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Record Arrival Time

Without CRN
• Source1 → Triggers → OnExit

• Source2 → Triggers → OnExit
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Set Enter and Leave Time-System1
• Queue1, Queue4 → Triggers → OnEntry

• Queue1, Queue4 → Triggers → OnExit

• Record Enter Time, Leave Time in Global Table

With CRN Without CRN
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Set Enter and Leave Time-System2

• Queue2, Queue3, Queue5, Queue6 → Triggers → OnEntry

• Queue2, Queue3, Queue5, Queue6 → Triggers → OnExit

With CRN Without CRN
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Wait Time In Queue; With CRN
• Sink1 → Triggers → OnEntry
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Wait Time In Queue; With CRN
• Sink2 → Triggers → OnEntry
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Wait Time In Queue; Without CRN
• Sink3 → Triggers → OnEntry
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Wait Time In Queue: Without CRN
• Sink4 → Triggers → OnEntry
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