User Manual and Experiments Instruction

1 Environment requirements 

Java Virtual Machine installed with JDK1.4 or up.

Memory has 256MB or up. 

2 Startup 

There are two ways to startup LBSim:

1. Open an IDE and run up LBSim

2. Or, in a Dos command window, under the home directory, e.g. C:\LBSimToolkit1.0\, setup classpath: set classpath=jsim.jar;.;

then start up the program: java lbSim.GUI.MyGUI

If it is for a heavy loaded run, need to extend the default memory size used by JVM by adding the JVM parameters: -Xms200M  –Xmx300M. E.g.

Java -Xms200M –Xmx300M lbSim.GUI.MyGUI

3 GUI of LBSim
There are three major panels for the GUI of LBSim: Configuration Panel, Control Panel and Performance Panel.

3.1 Configuration Panel

The Configuration Panel consists of four minor panels: Network Panel (Figure 1), Node Panel (Figure 2), Workload Panel and Algorithm Panel. The configuration order should conform to the order stated above in each simulation run. Workload Panel includes two sub-panels: Synthetic Workload Configuration Panel (Figure 3) and Real Trace Workload Configuration Panel (Figure 4). Algorithm Panel consists of three sub-panels: No Load-Balancing Algorithm Configuration Panel (Figure 5), Policies Combination Algorithm Configuration Panel (Figure 6), and Algorithm From Profile Panel (Figure 7).
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Figure 1 Network Configuration Panel in LBSim
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Figure 2 Node Configuration Panel in LBSim
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Figure 3 Synthetic Workload Configuration Panel in LBSim

[image: image4.png]5] LBSIm Version 1.0

&
Configuration |(.Control || Performance |
Network | Node | Workload |/ Aigorithm |
Real Trace Data

Fie D File Name File Owner File Date Parser Name
o Harchol Trace Data 04103 WorkioadPareser0?
02 (Gan's Application fornferdependency 2004105 WorkloadPareser2i
03 (Gan's Application for Independency 2004105 WorkloadPareser23

Applications Number Confirm





Figure 4 Real Trace Workload Configuration Panel in LBSim
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Figure 5 No Load-Balancing Algorithm Configuration
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Figure 6 Policies Combination Algorithm Configuration Panel in LBSim
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Figure 7 Algorithm From Profile Configuration Panel in LBSim

Please note that there are some selections that are only used in some special cases. It is not necessary to configure all the options. Therefore users just need to follow the instructions as provided later.

Also, it is not necessary to reconfigure the items in all the minor panels for each simulation run, especially when only small number of parameters changed for another simulation run.  But if some parameters in a front panel are reconfigured, the back panels containing other required parameters should also be configured. E.g. If the items in Network Panel is configured, then the items in Node Panel, Workload Panel and Algorithm Panel, if there are any, should be reconfigured as well.

The “*” attached with the item means that this item is mandatory to be configured. Other items without “*” are optional, which users can just keep the default values for.

There is rich set of options in the Configuration Panel. A user who has good knowledge of load-balancing algorithms should understand the options by reading the intuitive names of the options. The detailed use of the configuration is illustrated in the section of experiment instruction. 

3.2 Control Panel
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Figure 8 Control Panel in LBSim
Figure 8 shows the following components controlling a simulation run:

· Simulation Speed

If the speed is set to the highest, the simulation run can be completed the fastest. If the speed is set to lower speed, the generated events can be monitored more easily.

· Debug

If it is set to yes, there will be output on the screen to shows the events generated and the corresponding behaviors and status of the simulated system.  If it is set to no, there will not be printout but LBSim can be run faster with less system resources.

· Log File

If it is set to yes, the printout mentioned above will be recorded as a text log file for the purpose of further examination. Similarly to the “Debug” option, if it is set to no, LBSim can be run faster with less overheads.

· Start, Pause and Stop

The simulation run can be started by pressing “Start” and be stopped with “Stop”. Users can press “Pause” to suspend the run and press the same button again to resume it. The “Pause” and “Stop” options work well when the simulation is running at a lower speed when the users’ control actions can be caught and processed in time.

3.3 Performance Panel
The Performance Panel (Figure 9) shows the performance indexes after or within a simulation run. Two parts comprise the Performance Panel: “System Overall Performance” and “Individual Node Performance”. They show the similar set of performance from the perspective of the whole simulated system and an individual simulated node. 
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Figure 9 Performance Panel in LBSim

In the “Individual Node Performance”, users can view the performance indexes of a selected node by choosing a node ID in the spinner. Even within a simulation run, users can retrieve the updated performance information by clicking the “Refresh” button. 

4 Experiment Instruction
4.1 Experiment 1: Operational Validation using Five Algorithms with Real Trace Data
· Network Panel

Configure “Node Number”, “System Type”, “Communication Cost”, “Architecture” as specified below; Click “Confirm”. 

· System Type: Homogeneous

· Communication cost:   

· Load information request:  send=0.002s    receive=0.001s

· Load information reply:  send=0.002s    receive=0.001s

· Job Transfer: Constant    send=0.01s    receive=0.01s

· Architecture: peer-to-peer

· Node Panel

Click “Reset”; Select “Round Robin” for “Dispatching Policy”; Input 500 into “Job in This Node”. 

· Workload Panel

Select “Real Trace Data”; Select the trace files with “File ID” as “01”; Click “Confirm”.

· Algorithm Panel

Select “Policies Combination”; Select one of the following policies combinations for each tested algorithm:

	Policies\Algorithm
	GLOBAL
	CENTRAL
	RANDOM
	LOWEST
	RESERVE

	Load Information Management
	Centralized
	Centralized
	Distributed
	Distributed
	Distributed

	Decision Maker
	Distributed
	Centralized
	Distributed
	Distributed
	Distributed

	Initiation Policy
	Sender
	Sender
	Sender
	Sender
	Receiver

	Information Policy
	Periodic
	Periodic
	None
	Demand-driven
	Demand-driven

	Selection Policy
	Most Recently Arriving Job
	Most Recently Arriving Job
	Most Recently Arriving Job
	Most Recently Arriving Job
	Most Recently Arriving Job

	Location Policy
	All Nodes
	All Nodes
	One Node Chosen Randomly
	Number of Nodes Polled
	Node Having Reservation

	Acceptance Policy
	Node with Lightest Load and Load Difference at least
	Node with Lightest Load and Load Difference at least
	First Light Node
	Node with Lightest Load
	Node Made The Most Recent Reservation

	Gang Scheduling Policy
	None
	None
	None
	None
	None



For all the algorithms tested in this experiment, it is mandatory to configure the values of both “Threshold of Load” and “Threshold of CPU Time Demand”. 

Please refer to the next part of this manual for the specific values of the “Threshold of Load”, “Threshold of CPU Time Demand”, “Number of Nodes Polled”, “Reservation Limit”, and “Load Difference”. 

· Test Data and Figures

Note: the red data unlined are from paper [Zhou 1988]. 

Test 1: Algorithms comparison

	Parameters for Best Performance with GLOBAL


	 

	 

	 

	 

	 

	
	Node Count

	P

	Tload
	Tcpu
	Δ

	
	2

	0.5

	2

	0.25

	2

	
	4

	0.5

	2

	0.25

	1

	
	6

	1

	2

	0.25

	1

	
	7

	2

	2

	0.5

	1

	
	14

	3

	2

	0.5

	1

	
	21

	3

	2

	0.5

	1

	
	28

	3

	2

	1

	1

	
	35

	3

	2

	1

	1

	
	42

	3

	2

	1

	1

	
	49

	3.5

	2

	1

	1

	

	


	Parameters for Best Performance with CENTRAL

	 
	 
	 
	 
	
	

	Node Count
	P
	Tload
	Tcpu
	
	

	2
	0.5
	4
	0.25
	
	

	4
	0.5
	2
	0.25
	
	

	6
	1
	2
	0.5
	
	

	7
	3
	2
	0.5
	
	

	14
	3.5
	2
	0.5
	
	

	21
	4
	2
	1
	
	

	28
	4
	2
	1
	
	

	35
	5
	2
	1
	
	

	42
	6
	2
	1
	
	

	49
	6
	2
	1
	
	


	Parameters for Best Performance with RANDOM

	 
	 
	 
	
	
	

	Node Count
	Tload
	Tcpu
	
	
	

	2
	4
	1
	
	
	

	4
	2
	1
	
	
	

	6
	2
	1
	
	
	

	7
	2
	1
	
	
	

	14
	2
	1
	
	
	

	21
	2
	1
	
	
	

	28
	2
	1
	
	
	

	35
	2
	1
	
	
	

	42
	2
	1
	
	
	

	49
	2
	1
	
	
	


	Node Count
	NoLB
	
	GLOBAL
	
	CENTRAL
	
	RANDOM
	

	
	RTNoLB
	
	RTGLOBAL
	PGLOGAL=RTGLOBAL / RTNoLB
	P'GLOGAL=RT’GLOBAL / RT’NoLB
	RTCENTRAL
	PCENTRAL=RTCENTRAL / RTNoLB
	P'CENTRAL=RT’CENTRAL / RT’NoLB
	RTRANDOM
	PRANDOM=RTRANDOM / RTNoLB
	P'RANDOM=RT’RANDOM / RT’NoLB

	1
	6.48
	
	
	
	
	
	
	
	
	
	

	2
	4.76
	
	4.00
	84%
	91%
	3.95
	83%
	93%
	3.80
	80%
	93%

	4
	4.87
	
	3.58
	74%
	69%
	3.56
	73%
	69%
	3.70
	76%
	79%

	6
	5.84
	
	3.73
	64%
	61%
	3.79
	65%
	61%
	4.06
	70%
	72%

	7
	5.48
	
	3.39
	62%
	57%
	3.40
	62%
	58%
	3.68
	67%
	66%

	14
	5.63
	
	3.17
	56%
	53%
	3.19
	57%
	53%
	3.53
	63%
	64%

	21
	5.73
	
	3.23
	56%
	53%
	3.10
	54%
	52%
	3.59
	63%
	64%

	28
	6.04
	
	3.29
	54%
	52%
	3.03
	50%
	49%
	3.61
	60%
	61%

	35
	6.60
	
	3.45
	52%
	52%
	3.08
	47%
	48%
	3.96
	60%
	61%

	42
	6.67
	
	3.59
	54%
	52%
	3.09
	46%
	49%
	3.95
	59%
	60%

	49
	6.98
	
	3.80
	54%
	51%
	3.14
	45%
	48%
	4.09
	59%
	60%


	Parameters for Best Performance with LOWEST

	
	
	
	
	
	

	Node Count
	Tload
	Tcpu
	Lp
	
	

	2
	3
	2
	1
	
	

	4
	2
	0.25
	3
	
	

	6
	2
	0.25
	5
	
	

	7
	1
	0.25
	5
	
	

	14
	1
	1
	6
	
	

	21
	2
	0.25
	11
	
	

	28
	2
	0.25
	11
	
	

	35
	2
	0.25
	11
	
	

	42
	2
	0.25
	11
	
	

	49
	2
	0.25
	12
	
	


	Parameters for Best Performance with RESERVE

	
	
	
	
	
	

	Node Count
	Tload
	Tcpu
	R
	
	

	2
	4
	1
	1
	
	

	4
	2
	1
	3
	
	

	6
	2
	0.5
	3
	
	

	7
	2
	0.5
	5
	
	

	14
	2
	0.5
	7
	
	

	21
	2
	0.5
	8
	
	

	28
	2
	0.5
	9
	
	

	35
	2
	0.5
	11
	
	

	42
	2
	0.5
	11
	
	

	49
	2
	0.5
	11
	
	


	Node Count
	NoLB
	
	LOWEST
	
	RESERVE
	
	

	
	RTNoLB
	
	RTLOWEST
	PLOWEST=RTLOWEST / RTNoLB
	P'LOWEST=RT’LOWEST / RT’NoLB
	RTRESERVE
	PRESERVE=RTRESERVE / RTNoLB
	P'RESERVE=RT’RESERVE / RT’NoLB

	1
	6.48
	
	
	
	
	
	
	
	

	2
	4.76
	
	3.73
	78%
	83%
	3.79
	80%
	89%
	

	4
	4.87
	
	3.33
	68%
	69%
	3.38
	69%
	75%
	

	6
	5.84
	
	3.69
	63%
	60%
	3.78
	65%
	65%
	

	7
	5.48
	
	3.13
	57%
	57%
	3.44
	63%
	63%
	

	14
	5.63
	
	2.98
	53%
	53%
	3.33
	59%
	58%
	

	21
	5.73
	
	3.05
	53%
	53%
	3.36
	59%
	56%
	

	28
	6.04
	
	2.98
	49%
	51%
	3.48
	58%
	54%
	

	35
	6.60
	
	3.02
	46%
	49%
	3.77
	57%
	53%
	

	42
	6.67
	
	3.06
	46%
	51%
	3.79
	57%
	53%
	

	49
	6.98
	
	3.11
	45%
	49%
	3.97
	57%
	53%
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Test 2: Effect of system load

	Effect of System Load
	
	
	
	
	
	

	CPU Utilization
	NoLB
	GLOBAL
	LOWEST
	
	
	

	50%
	4.38
	3.20
	3.15
	
	
	

	60%
	5.43
	3.39
	3.40
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70%
	7.21
	4.49
	4.30
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Node Count: 7
	
	
	
	
	
	

	
	
	
	
	
	
	


Parameters for GLOBAL:  P=2, Tload =2, Tcpu =0.5,  Δ=1

Parameters for LOWEST:  Tload =2, Tcpu =0.25, Lp=6

Workload parser used: In class lbSim.Workload.TraceWorkloadGen.java, change 

“WorkloadParser07” to “WorkloadParser09”.

In class trace.WorkloadParser09.java, choose “factorFor50”, “factorFor60”, “factorFor70” as the value of “selectedFactor”, for the testing of simulated system load under 50%, 60%, and 70% respectively.

Test 3: Parameter sensitivity

	Tcpu
	P
	

	
	1
	2
	3
	4
	5
	6
	

	0.25
	3.40
	3.39
	3.50
	3.50
	3.52
	3.54
	

	1.00
	3.41
	3.38
	3.51
	3.51
	3.52
	3.62
	

	3.00
	3.53
	3.51
	3.56
	3.56
	3.64
	3.66
	

	NoLB
	5.48
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	Node Count: 7
	
	
	
	
	
	

	System Load: 62%
	
	
	
	
	
	

	Algorithm:GLOBAL
	
	
	
	
	
	

	WorkloadParser07 (default)
	
	
	
	
	


Test 4: Effect of immobile jobs
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	Immobile Ratio
	LOWEST
	NoLB
	
	
	
	
	
	
	

	0%
	3.33
	4.87
	
	
	
	
	
	
	

	20%
	3.49
	4.87
	
	
	
	
	
	
	

	40%
	3.58
	4.87
	
	
	
	
	
	
	

	60%
	3.70
	4.87
	
	
	
	
	
	
	

	80%
	4.05
	4.87
	
	
	
	
	
	
	

	100%
	4.87
	4.87
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Node Count: 4
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Parameters for LOWEST: Tload =2, Tcpu =0.25, Lp=6

Workload parser used: In class lbSim.Worklaod.TraceWorkloadGen.java, change 

“WorkloadParser07” to “WorkloadParser08”.

In class trace.WorkloadParser08, set the value of “immobileRatio” as 0, 0.2, 0.4, 0.6, 0.8, and 1, respectively.

   Test 5: Impact on individual nodes

It should be noted that in this two parts of testing, the response times measured are actually for the jobs that originated at a particular node, rather than for those that were executed at the node. I.e. the response times here are TURN-AROUND times. 

Test 5.1
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	Node ID
	CPU Utilization
	
	
	
	
	

	0
	50%
	
	
	
	
	

	1
	53%
	
	
	
	
	

	2
	57%
	
	
	
	
	

	3
	63%
	
	
	
	
	

	4
	67%
	
	
	
	
	

	5
	70%
	
	
	
	
	

	6
	75%
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	NoLB: 4.51
	
	
	
	
	
	

	System Load: 55%
	
	
	
	
	
	

	
	
	
	


Workload parser used: In class lbSim.Worklaod.TraceWorkloadGen.java, change 

“WorkloadParser07” to “WorkloadParser11”.
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	Node ID
	RTNoLB
	RTLOWEST
	
	
	
	

	1
	3.11
	2.48
	
	
	
	

	0
	3.93
	3.39
	
	
	
	

	5
	3.95
	2.88
	
	
	
	

	2
	4.38
	3.08
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	5.16
	2.64
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	5.40
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	Node ID
	SDRTNoLB
	SDRTLOWEST
	
	
	
	

	1
	11
	9
	
	
	
	

	0
	18
	16
	
	
	
	

	5
	19
	13
	
	
	
	

	2
	20
	14
	
	
	
	

	4
	20
	8
	
	
	
	

	3
	22
	10
	
	
	
	

	6
	22
	9
	
	
	
	

	
	
	
	
	
	
	

	Small Range of SD: 

	From 11 (11-22)  changed to 8 (8-16)
	

	
	
	
	
	
	
	


    Test 5.2

	Node ID
	CPU Utilization
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	4
	38%
	
	
	
	
	

	1
	47%
	
	
	
	
	

	3
	51%
	
	
	
	
	

	5
	55%
	
	
	
	
	

	0
	57%
	
	
	
	
	

	2
	73%
	
	
	
	
	

	6
	82%
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	NoLB: 4.46
	
	
	
	
	
	

	System  Load: 58%
	
	
	
	
	
	

	
	
	
	


Workload parser used: In class lbSim.Worklaod.TraceWorkloadGen.java, change 

“WorkloadParser07” to “WorkloadParser13”.

	Node ID
	RTNoLB
	RTLOWEST
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	1
	2.98
	2.34
	
	
	
	

	4
	3.01
	2.30
	
	
	
	

	5
	3.43
	2.66
	
	
	
	

	0
	4.23
	3.32
	
	
	
	

	3
	4.61
	3.01
	
	
	
	

	6
	5.92
	2.57
	
	
	
	

	2
	7.06
	3.22
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	Node ID
	SDRTNoLB
	SDRTLOWEST
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	1
	11
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	0
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4.2 Experiment 2: Operational Validation with Hybrid and Eager Algorithms
· Network Panel

Input “Node Number” as needed; Select “Homogeneous” for “System Type”; Select “Client/Server” for “Architecture”; Click “Confirm”.

For the test of increased number of applications, use value of 4 for “Node Number”. 

· Workload Panel

Select “Real Trace Data”; Select the trace files with “File ID” as “02” or “03 as needed; Assign 20 and 150 in “Application Number” for the test of interdependent jobs and the test of independent jobs respectively; Click “Confirm”.

· Algorithm Panel

Select “From Profile”; Select “Hybrid” or “Eager” algorithm as needed; Click “Confirm”.

For the performance index, i.e. execution time, please refer to the command window. Due to the simplicity of the output, the performance index is not displayed in the performance panel.

When change to another algorithm with the same parameter setting, just select the algorithm from the algorithm panel then start the simulation run again. Don’t need to reconfigure all the parameters in network panel and workload panel. 

· Tests Data and Figure

Test 1: Performance Comparison for Interdependent Jobs

	Node Count
	Eager
	Hybrid
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Test 2: Performance Comparison for Independent Jobs
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Test 3: Performance Comparison for Increased Number of Applications

	Application Count
	Eager
	Hybrid
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4.3 Experiment 3: Operational Validation with Gang Scheduling Algorithms

· Network Panel

Configure the following items: 

· Node Number: 16

· System Type: Homogeneous

· Architecture: Client/Server

· Processor Failure: Yes, Poisson : Mean=0.0015

· Processor Repair: Yes, Exponential: Mean=66.67 (when φ=0.1) or 33.33 (when φ=0.05)

· Multiprogramming Degree: 16 or 24 or 32

· Jobs for One Class in System: 20000

· Other Processors Blocked when One Failed: Yes or No

· Workload Panel

Select “Synthetic Workload with Probability Distribution”; Configure the following items:

· CPU Time: Exponential: Mean=1, or HyperExponential: Mean=1, SD=2 or 4

· I/O Time: Exponential: Mean=0.531

· Other Time: Constant: 0

· Migration Cost: Constant: 0

· Inter Arrival Time: Constant: 0

· Migration Limit: Constant: 1

· Immobile Ratio: Constant: 0

· Processes per Job: select “Time-Varying”, then a small panel of time-varying parameter displayed. In this small panel, configure the following:

· Interval: Exponential: Mean=10 or 20 or 30

· Distribution1: Uniform: Minimum=1, Maximum=16

· Distribution2: Normal: Mean=8.5, SD=2.125

Then click “Confirm” in this small panel. Come back to the original Workload Panel, click “Confirm” in this panel.

· Algorithm Panel

Select “Policies Combination”; Select “Adaptive First-Come-First-Served” or “Largest-Gang-First-Served”; Click “Confirm”.

· Performance Panel

Collect the data of “System Throughput” and/or “Average Response Time” from “System Overall Performance”.

· Sample Test Data and Figures

Note: 

· Due to the stochastic processes, the result data cannot be the same as below even with the same parameter setting. What are presented below are just some examples of possible result data. 

· For collecting the whole data in a table, do NOT change any parameter in the Workload Panel. Just need to change the parameters or algorithm options in other panels and start a new simulation run to get new data. 

· For each configuration of parameters, run the simulation three times and calculate the average as the final data. 

Test 1: parameters: d=30, C=1, φ=0.10 (α=0.0015, 1/β=66.67)

	N
	16
	24
	32

	AFCFS(B)
	1.137
	1.135
	1.125

	
	1.113
	1.105
	1.132

	
	1.111
	1.136
	1.134

	Average
	1.120
	1.125
	1.130

	
	
	
	

	AFCFS
	1.160
	1.190
	1.199

	
	1.164
	1.184
	1.205

	
	1.165
	1.186
	1.200

	average
	1.163
	1.187
	1.201

	
	
	
	

	LGFS(B)
	1.127
	1.180
	1.194

	
	1.171
	1.183
	1.195

	
	1.154
	1.181
	1.197

	average
	1.151
	1.181
	1.195

	
	
	
	

	LGFS
	1.213
	1.251
	1.279

	
	1.214
	1.249
	1.269

	
	1.215
	1.244
	1.266

	average
	1.214
	1.248
	1.271

	
	
	
	

	system throughput improvement
	
	
	

	LGFS(B) v. AFCFS(B)
	2.7%
	5.0%
	5.8%

	AFCFS v. AFCFS(B)
	3.8%
	5.5%
	6.3%

	LGFS v. AFCFS(B)
	8.4%
	10.9%
	12.5%

	
	
	
	

	system throughput improvement
	
	
	

	AFCFS v. AFCFS(B)
	3.8%
	5.5%
	6.3%

	LGFS v. LGFS(B)
	5.5%
	5.6%
	6.4%
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	N
	16
	24
	32

	AFCFS(B)
	14.06
	21.13
	28.42

	
	14.37
	21.71
	28.24

	
	14.40
	21.10
	28.20

	average
	14.28
	21.31
	28.29

	
	
	
	

	AFCFS
	13.79
	20.19
	26.66

	
	13.74
	20.26
	26.53

	
	13.72
	20.23
	26.64

	average
	13.75
	20.25
	26.61

	
	
	
	

	LGFS(B)
	14.19
	20.58
	26.79

	
	13.66
	20.54
	26.76

	
	13.86
	20.56
	26.69

	average
	13.90
	20.56
	26.75

	
	
	
	

	LGFS
	13.12
	19.29
	25.07

	
	13.09
	19.20
	25.19

	
	13.07
	19.28
	25.25

	average
	13.09
	19.26
	25.17

	
	
	
	

	response time decrease
	
	
	

	LGFS(B) v. AFCFS(B)
	2.6%
	3.5%
	5.4%

	AFCFS v. AFCFS(B)
	3.7%
	5.0%
	5.9%

	LGFS v. AFCFS(B)
	8.3%
	9.6%
	11.0%
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Test 2: parameters: d=30, C=4, φ=0.10(α=0.0015, 1/β=66.67)

	N
	16
	24
	32

	AFCFS(B)
	1.176
	1.204
	1.228

	
	1.146
	1.209
	1.240

	
	1.164
	1.215
	1.241

	average
	1.162
	1.209
	1.236

	
	
	
	

	AFCFS
	1.184
	1.261
	1.296

	
	1.210
	1.265
	1.290

	
	1.194
	1.255
	1.282

	average
	1.196
	1.260
	1.289

	
	
	
	

	LGFS(B)
	1.182
	1.215
	1.283

	
	1.183
	1.238
	1.263

	
	1.175
	1.233
	1.270

	average
	1.180
	1.229
	1.272

	
	
	
	

	LGFS
	1.221
	1.265
	1.321

	
	1.217
	1.287
	1.332

	
	1.223
	1.294
	1.344

	average
	1.220
	1.282
	1.332

	
	
	
	

	system throughput improvement
	
	
	

	LGFS(B) v. AFCFS(B)
	1.5%
	1.6%
	2.9%

	AFCFS v. AFCFS(B)
	2.9%
	4.2%
	4.3%

	LGFS v. AFCFS(B)
	5.0%
	6.0%
	7.8%

	
	
	
	

	system throughput improvement
	
	
	

	AFCFS v. AFCFS(B)
	2.9%
	4.2%
	4.3%

	LGFS v. LGFS(B)
	3.4%
	4.3%
	4.7%
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	N
	16
	24
	32

	AFCFS(B)
	13.60
	20.24
	26.77

	
	13.96
	20.12
	26.65

	
	13.75
	20.10
	25.63

	average
	13.77
	20.15
	26.35

	
	
	
	

	AFCFS
	13.50
	19.03
	24.68

	
	13.22
	18.96
	24.79

	
	13.39
	19.11
	24.95

	average
	13.37
	19.03
	24.81

	
	
	
	

	LGFS(B)
	13.53
	19.75
	24.93

	
	13.52
	19.38
	25.32

	
	13.61
	19.45
	25.18

	average
	13.55
	19.53
	25.14

	
	
	
	

	LGFS
	13.10
	18.96
	24.22

	
	13.15
	18.64
	24.01

	
	13.08
	18.54
	23.80

	average
	13.11
	18.71
	24.01

	
	
	
	

	response time decrease
	
	
	

	LGFS(B) v. AFCFS(B)
	1.6%
	3.1%
	4.6%

	AFCFS v. AFCFS(B)
	2.9%
	5.6%
	5.9%

	LGFS v. AFCFS(B)
	4.8%
	7.1%
	8.9%
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Test 3: parameters: d=10, C=2, φ=0.10(α=0.0015, 1/β=66.67)

	N
	16
	24
	32

	AFCFS(B)
	1.088
	1.119
	1.131

	
	1.090
	1.115
	1.120

	
	1.112
	1.097
	1.110

	average
	1.097
	1.110
	1.120

	
	
	
	

	AFCFS
	1.140
	1.160
	1.186

	
	1.145
	1.159
	1.189

	
	1.143
	1.164
	1.185

	average
	1.143
	1.161
	1.187

	
	
	
	

	LGFS(B)
	1.123
	1.147
	1.189

	
	1.111
	1.133
	1.171

	
	1.094
	1.135
	1.160

	average
	1.109
	1.138
	1.173

	
	
	
	

	LGFS
	1.179
	1.203
	1.233

	
	1.182
	1.201
	1.226

	
	1.171
	1.208
	1.225

	average
	1.177
	1.204
	1.228

	
	
	
	

	system throughput improvement
	
	
	

	LGFS(B) v. AFCFS(B)
	1.2%
	2.5%
	4.7%

	AFCFS v. AFCFS(B)
	4.2%
	4.6%
	5.9%

	LGFS v. AFCFS(B)
	7.4%
	8.4%
	9.6%


[image: image17.emf]Dr versus N, d=10, C=2, φ=0.10, Time-Varying 

Distribution in Test

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

16 24 32

N

Dr

LGFS(B) v. AFCFS(B)

AFCFS v. AFCFS(B)

LGFS v. AFCFS(B)


Test 4: parameters: d=20, C=2, φ=0.10(α=0.0015, 1/β=66.67)

	N
	16
	24
	32

	AFCFS(B)
	1.098
	1.137
	1.139

	
	1.100
	1.126
	1.137

	
	1.117
	1.132
	1.115

	average
	1.105
	1.132
	1.130

	
	
	
	

	AFCFS
	1.158
	1.180
	1.183

	
	1.156
	1.185
	1.208

	
	1.157
	1.196
	1.185

	average
	1.157
	1.187
	1.192

	
	
	
	

	LGFS(B)
	1.095
	1.157
	1.184

	
	1.157
	1.166
	1.220

	
	1.135
	1.180
	1.198

	average
	1.129
	1.168
	1.201

	
	
	
	

	LGFS
	1.192
	1.232
	1.249

	
	1.146
	1.226
	1.230

	
	1.148
	1.225
	1.250

	average
	1.162
	1.228
	1.243

	
	
	
	

	system throughput improvement
	
	
	

	LGFS(B) v. AFCFS(B)
	2.2%
	3.2%
	6.2%

	AFCFS v. AFCFS(B)
	4.7%
	4.9%
	5.5%

	LGFS v. AFCFS(B)
	5.2%
	8.5%
	10.0%
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Test 5: parameters: d=20, C=2, φ=0.05(α=0.0015, 1/β=33.33)

	N
	16
	24
	32

	AFCFS(B)
	1.244
	1.279
	1.302

	
	1.250
	1.264
	1.296

	
	1.231
	1.278
	1.301

	average
	1.242
	1.274
	1.300

	
	
	
	

	AFCFS
	1.268
	1.307
	1.331

	
	1.270
	1.308
	1.334

	
	1.277
	1.303
	1.335

	average
	1.272
	1.306
	1.333

	
	
	
	

	LGFS(B)
	1.288
	1.330
	1.366

	
	1.276
	1.358
	1.372

	
	1.275
	1.327
	1.369

	average
	1.280
	1.338
	1.369

	
	
	
	

	LGFS
	1.314
	1.358
	1.406

	
	1.319
	1.365
	1.408

	
	1.318
	1.367
	1.405

	average
	1.317
	1.363
	1.406

	
	
	
	

	system throughput improvement
	
	
	

	LGFS(B) v. AFCFS(B)
	3.1%
	5.1%
	5.3%

	AFCFS v. AFCFS(B)
	2.4%
	2.5%
	2.6%

	LGFS v. AFCFS(B)
	6.1%
	7.0%
	8.2%
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4.4 Experiment 4: Case Study of Testing Two Algorithms

· Network Panel

Configure the following items: 

· Node Number: 8

· System Type: Heterogeneous

· Architecture: Client/Server

· Jobs for One Class in System: 1000(Test 1), or 1000/2000/3000(Test 2)

· Job Classes: 2

· Node Panel

Click “Reset”, Configure the following items for each Node

Node ID      LinPack (MFPS) 
                       

0 1

1 1

2 1

3 1

4 2

5 2

6 2

7 2

· Workload Panel

Select “Synthetic Workload with Probability Distribution”. Configure the following items:

· CPU Time: Exponential: Mean=2

· I/O Time: Constant: 0

· Other Time: Constant: 0

· Migration Cost: Uniform, Minimum=0.09, Maximum=0.11

· Inter Arrival Time: Exponential, Mean values are set according to the Job Class

In Test 1: 

Job Class                  Mean

1 0.26/0.28/0.30

2 0.13/0.14/0.15

In Test 2: 

Job Class                  Mean

1                          0.26

2                          0.13

· Migration Limit: Constant: 0

· Immobile Ratio: Constant: 0

· Processes per Job: Constant: 1

· Immobile Ratio (%): 0

· Algorithm Panel

Select “From Profile”; Select the LERT-MW or DNT algorithm; Click “Confirm”.

· Performance Panel

Collect the data of “Average Response Time” from “System Overall Performance”.

· Sample Test Data and Figures

Note: 

· Due to the stochastic processes, the result data cannot be the same as below even with the same parameter setting. What are presented below are just some examples of possible result data. 

· With each configuration of the simulated system and the workload, run LERT-MW and DNT once, respectively. 

Test1: Mean Response Time of All Jobs with the Increased Inter-Arrival Time
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Test 2:  Mean Response Time of All Jobs with the Increased Number of Jobs
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