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•The average size of  a file retrieved per request is 20KBytes. 
•The average disk service time per KByte accessed is 10 msec.
• 40% of the files are on disk 1 and 60% on disk 2.
•The speed of the link connecting the server to the Internet is

1.5 Mbps (a T1 link).
•The CPU processing time per request is 2 msec + 0.05 msec 

per KByte accessed.
•The average size of an HTTP request is 200 bytes.
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•The average size of  a file retrieved per request is 20KBytes. 
•The average disk service time per KByte accessed is 10 msec.
• 40% of the files are on disk 1 and 60% on disk 2.

Ddisk1= 0.4*10 msec/Kbyte * 20KBytes = 80 msec = 0.080 sec

Ddisk2= 0.6*10 msec/Kbyte * 20KBytes = 120 msec = 0.120 sec
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•The average size of  a file retrieved per request is 20KBytes. 
•The CPU processing time per request is 2 msec + 0.05 msec 

per KByte accessed.

Dcpu = 2 msec + 0.05 msec/KByte * 20 Kbyte 
= 3 msec = 0.003 sec
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• The speed of the link connecting the server to the Internet is
1.5 Mbps (a T1 link).

•The average size of an HTTP request is 200 bytes.

DIncLink =  200 * 8  bits / 1,500,000 bps = 0.00107 sec
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•The average size of  a file retrieved per request is 20KBytes. 
•The speed of the link connecting the server to the Internet is

1.5 Mbps (a T1 link).

DOutLink =  20 * 1024 * 8  bits / 1,500,000 bps = 0.109 sec
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0.109 sec
0.00107 sec

0.003 sec

0.08 sec

0.12 sec

Service demands do not include any queuing time! It is just
service time.
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Waiting times depend on the load (arrival rate of requests) 
and on the service demands.
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D

•n transactions seen, on the avg, by arriving request J.
•Each of the n requests found by J need D sec of total service.
•So, J has to wait for n * D seconds before being served.
•If we add J’s total service time D we get J’s residence
time  R at the resource:

J

n

R

R = D + n*D

From Little’s Law: n = R * λ

So, R = D + R * λ * D 

R = D / (1 - λ * D )
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Resource

Service  
Dem and 

(sec) Utiliza tion
Residence  
Tim e (sec)

Inc. Link 0.00107 0.54% 0.00108

CPU 0.00300 1.50% 0.00305

Disk 1 0.08000 40.00% 0.13333

Disk 2 0.12000 60.00% 0.30000

Out. Link 0.10900 54.50% 0.23956

0.31307 0.67702

Average Response Time
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Class
Avg. File  
Size  (KB) % Requests

Tim e  per 
HTTP 

request 
(sec)

1 5.0 25% 0.00645

2 10.0 30% 0.00816

3 38.5 19% 0.01955

4 350.0 1% 0.14262

5 1.0 25% 0.35000
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   Open Multiclass Queuing Networks
            This wokbook comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 3
No. of Classes: 2

Classes →
Arrival Rates: 5 2

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓  
(LI/D/MPn) 1 2

1 LI 0.100 0.150
2 LI 0.080 0.200
3 LI 0.070 0.100
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   Open Multiclass Queuing Networks - Residence Times
                                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ Text Image
CPU 0.500 0.750
Disk 1 0.400 1.000
Disk 2 0.156 0.222
Total 1.056 1.972
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   Open Multiclass Queuing Networks - Utilizations
                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                       by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 Total

1 0.500 0.300 0.800
2 0.400 0.400 0.800
3 0.350 0.200 0.550
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Class
Avg. File 
Size (KB) % requests

CPU time per 
HTTP 

requests 
(sec)

1 5.0 35 0.00645
2 10.0 50 0.00816
3 38.5 14 0.01955
4 350.0 1 0.14262
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   Open Multiclass Queuing Networks
            This wokbook comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 3
No. of Classes: 2

Classes →
Arrival Rates: 5 2

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓  
(LI/D/MPn) 1 2

1 LI 0.100 0.150
2 LI 0.080 0.200
3 LI 0.070 0.100
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   Open Multiclass Queuing Networks - Residence Times
                                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ Text Image
CPU 0.500 0.750
Disk 1 0.400 1.000
Disk 2 0.156 0.222
Total 1.056 1.972
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   Open Multiclass Queuing Networks - Utilizations
                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                       by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 Total

1 0.500 0.300 0.800
2 0.400 0.400 0.800
3 0.350 0.200 0.550
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                                      Server Side Model
                                     This wokbook comes with the book "Capacity Planning for Web Performance",

                                                 by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Parameters:
Lan Bandwidth (Mbps): 10
Max. LAN PDU (bytes): 1518
LAN Frame Overhead (bytes): 18
Router Latency (microseconds/packet): 50
Internet Link Bandwidth (Kbps) 1500
Average Size of HTTP requests (bytes): 100
Number of Classes of Documents: 4
Average Document Size (Kbytes): 15.64
Total Arrival Rate of HTTP requests (req/sec): 8
CPU time per HHTP request (sec): 0.00645 0.00816 0.01955 0.14262
Average Disk Service Time/Kbyte (msec) 6
Number of Web Servers 1   
Number of Disks at File Server 0   (use 0 if no file server is used)
CPU time at the File Server Request per Kbyte (sec): 0.00100
Row for Document Sizes 21
Document Sizes per Class (Kbytes): 5 10 38.5 350
Percent of Documents per Class: 0.35 0.5 0.14 0.01
Class Arrival Rates: 2.10 3.00 0.84 0.06
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Classes:
Service Demands (sec): 1 2 3 4
LAN 0.0044 0.0085 0.0325 0.2942
Router 0.0006 0.0007 0.0017 0.0124
Outgoing Link 0.0269 0.0535 0.2055 1.8679
Incoming Link 0.0016 0.0016 0.0016 0.0016
Web Server CPU (per web server) 0.0064 0.0082 0.0196 0.1426
Web Server Disk (per web server) 0.0300 0.0600 0.2310 2.1000
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   Open Multiclass Queuing Networks
            This wokbook comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 6
No. of Classes: 4

Classes →
Arrival Rates: 2.10 3.00 0.84 0.06

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓  
(LI/D/MPn) 1 2 3 4

LAN LI 0.0044 0.0085 0.0325 0.2942
Router LI 0.0006 0.0007 0.0017 0.0124
Outgoing Link LI 0.0269 0.0535 0.2055 1.8679
Incoming Link LI 0.0016 0.0016 0.0016 0.0016
Web Server CPU (per web server) LI 0.0064 0.0082 0.0196 0.1426
Web Server Disk (per web server) LI 0.0300 0.0600 0.2310 2.1000
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   Open Multiclass Queuing Networks - Utilizations
                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                       by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4 Total
LAN 0.009 0.026 0.027 0.018 0.080
Router 0.001 0.002 0.001 0.001 0.005
Outgoing Link 0.056 0.161 0.173 0.112 0.502
Incoming Link 0.003 0.005 0.001 0.000 0.009
Web Server CPU (per web server) 0.014 0.024 0.016 0.009 0.063
Web Server Disk (per web server) 0.063 0.180 0.194 0.126 0.563



23

 1999 Menascé. All Rights Reserved. 45

(�"�.��������+-��	���/��
�0�1

   Open Multiclass Queuing Networks - Queue Lengths
                                   This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4 Total
LAN 0.010 0.028 0.030 0.019 0.087
Router 0.001 0.002 0.001 0.001 0.005
Outgoing Link 0.113 0.322 0.347 0.225 1.007
Incoming Link 0.003 0.005 0.001 0.000 0.009
Web Server CPU (per web server) 0.014 0.026 0.018 0.009 0.067
Web Server Disk (per web server) 0.144 0.412 0.444 0.288 1.289

 1999 Menascé. All Rights Reserved. 46

major contribution
to response time 

(�"�.��������+-��	���/��
�0�1

   Open Multiclass Queuing Networks - Residence Times
                                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4
LAN 0.005 0.009 0.035 0.320
Router 0.001 0.001 0.002 0.012
Outgoing Link 0.054 0.107 0.413 3.749
Incoming Link 0.002 0.002 0.002 0.002
Web Server CPU (per web server) 0.007 0.009 0.021 0.152
Web Server Disk (per web server) 0.069 0.137 0.529 4.806
Total 0.136 0.265 1.001 9.041
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n Rcpu Rdisk Ro Xo ncpu ndisk
0 0.000 0.000 0.000 0.000
1 3.000 10.000 13.000 0.077 0.231 0.769
2 3.692 17.692 21.385 0.094 0.345 1.655
3 4.036 26.547 30.583 0.098 0.396 2.604
4 4.188 36.041 40.229 0.099 0.416 3.584
5 4.249 45.836 50.085 0.100 0.424 4.576
6 4.273 55.758 60.031 0.100 0.427 5.573
7 4.281 65.730 70.011 0.100 0.428 6.572
8 4.284 75.720 80.004 0.100 0.428 7.572
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   Open Multiclass Queuing Networks
            This wokbook comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 3
No. of Classes: 2

Classes →
Arrival Rates: 5 2

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓  
(LI/D/MPn) 1 2

1 LI 0.100 0.150
2 LI 0.080 0.200
3 LI 0.070 0.100
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   Open Multiclass Queuing Networks - Residence Times
                                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ Text Image
CPU 0.500 0.750
Disk 1 0.400 1.000
Disk 2 0.156 0.222
Total 1.056 1.972
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   Open Multiclass Queuing Networks - Utilizations
                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                       by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 Total

1 0.500 0.300 0.800
2 0.400 0.400 0.800
3 0.350 0.200 0.550
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                                      Server Side Model
                                     This wokbook comes with the book "Capacity Planning for Web Performance",

                                                 by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Parameters:
Lan Bandwidth (Mbps): 10
Max. LAN PDU (bytes): 1518
LAN Frame Overhead (bytes): 18
Router Latency (microseconds/packet): 50
Internet Link Bandwidth (Kbps) 1500
Average Size of HTTP requests (bytes): 100
Number of Classes of Documents: 4
Average Document Size (Kbytes): 15.64
Total Arrival Rate of HTTP requests (req/sec): 8
CPU time per HHTP request (sec): 0.00645 0.00816 0.01955 0.14262
Average Disk Service Time/Kbyte (msec) 6
Number of Web Servers 1   
Number of Disks at File Server 0   (use 0 if no file server is used)
CPU time at the File Server Request per Kbyte (sec): 0.00100
Row for Document Sizes 21
Document Sizes per Class (Kbytes): 5 10 38.5 350
Percent of Documents per Class: 0.35 0.5 0.14 0.01
Class Arrival Rates: 2.10 3.00 0.84 0.06
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Classes:
Service Demands (sec): 1 2 3 4
LAN 0.0044 0.0085 0.0325 0.2942
Router 0.0006 0.0007 0.0017 0.0124
Outgoing Link 0.0269 0.0535 0.2055 1.8679
Incoming Link 0.0016 0.0016 0.0016 0.0016
Web Server CPU (per web server) 0.0064 0.0082 0.0196 0.1426
Web Server Disk (per web server) 0.0300 0.0600 0.2310 2.1000
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   Open Multiclass Queuing Networks
            This wokbook comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 6
No. of Classes: 4

Classes →
Arrival Rates: 2.10 3.00 0.84 0.06

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓  
(LI/D/MPn) 1 2 3 4

LAN LI 0.0044 0.0085 0.0325 0.2942
Router LI 0.0006 0.0007 0.0017 0.0124
Outgoing Link LI 0.0269 0.0535 0.2055 1.8679
Incoming Link LI 0.0016 0.0016 0.0016 0.0016
Web Server CPU (per web server) LI 0.0064 0.0082 0.0196 0.1426
Web Server Disk (per web server) LI 0.0300 0.0600 0.2310 2.1000
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   Open Multiclass Queuing Networks - Utilizations
                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                       by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4 Total
LAN 0.009 0.026 0.027 0.018 0.080
Router 0.001 0.002 0.001 0.001 0.005
Outgoing Link 0.056 0.161 0.173 0.112 0.502
Incoming Link 0.003 0.005 0.001 0.000 0.009
Web Server CPU (per web server) 0.014 0.024 0.016 0.009 0.063
Web Server Disk (per web server) 0.063 0.180 0.194 0.126 0.563
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   Open Multiclass Queuing Networks - Queue Lengths
                                   This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4 Total
LAN 0.010 0.028 0.030 0.019 0.087
Router 0.001 0.002 0.001 0.001 0.005
Outgoing Link 0.113 0.322 0.347 0.225 1.007
Incoming Link 0.003 0.005 0.001 0.000 0.009
Web Server CPU (per web server) 0.014 0.026 0.018 0.009 0.067
Web Server Disk (per web server) 0.144 0.412 0.444 0.288 1.289
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   Open Multiclass Queuing Networks - Residence Times
                                            This wokbook comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1 2 3 4
LAN 0.005 0.009 0.035 0.320
Router 0.001 0.001 0.002 0.012
Outgoing Link 0.054 0.107 0.413 3.749
Incoming Link 0.002 0.002 0.002 0.002
Web Server CPU (per web server) 0.007 0.009 0.021 0.152
Web Server Disk (per web server) 0.069 0.137 0.529 4.806
Total 0.136 0.265 1.001 9.041
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                           Client Side Model - Proxy Case
                                     This wokbook comes with the book "Capacity Planning for Web Performance",

                                                 by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Parameters: Service Demands (sec):
Lan Bandwidth (Mbps): 10 Client 3.33333
Max. LAN PDU (bytes): 1518 LAN 0.01546
LAN Frame Overhead (bytes): 18 Router 0.00040
Router Latency (microseconds/packet): 50 Outgoing Link 0.02093
Internet Link Bandwidth (Kbps) 56 Internet 0.37692
Internet Round Trip Time (msec): 100 Incoming Link 0.86542
Internet Data Transfer Rate (Kbytes/sec): 20 Proxy CPU 0.00038
Browser Rate (HTTPops/sec): 0.3 Proxy Disk 0.07246
Number of Clients: 150
Percent of Active Clients: 0.1
Average Size of HTTP requests (bytes): 100
Number of Classes of Documents: 4
Average Document Size (Kbytes): 12.0768
Proxy Cache Hit Ratio (0..1) 0.5
Proxy CPU Time in case of Hit (sec) 0.00025
Proxy CPU Time in case of Miss (sec) 0.00050
Average Disk Service Time/Kbyte (msec) 6
Document Sizes per Class (Kbytes): 0.8 5.5 80 800
Percent of Documents per Class: 0.35 0.5 0.14 0.01
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  Closed Multiclass Queuing Networks
            This spreadsheet comes with the book "Capacity Planning for Web Performance",

                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

No. Queues: 8 Tolerance: 0.0005
No. of Classes: 1

Classes →
No. Requests per Class: 15
Throughput per Class: 1.12273049

Service Demand Matrix
Classes →

Queues ↓ 
Type ↓   
(LI/D/MPn) 1

Client D 3.33333
LAN LI 0.01546
Router D 0.00040
Outgoing Link LI 0.02093
Internet LI 0.37692
Incoming Link LI 0.86542
Proxy CPU LI 0.00038
Proxy Disk LI 0.07246

No. Iterations Error
13 0.00039182

largest service demand

throughput in HTTP req/sec
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   Closed Multiclass Queuing Networks - Residence Times
                                This spreadsheet comes with the book "Capacity Planning for Web Performance",

                                                      by D. A. Menascé and V. A. F. Almeida, Prentice Hall, 1998.

Classes →
Queues ↓ 1

1 3.333  This is think time (not pat of response time)
2 0.016
3 0.000
4 0.021
5 0.623
6 9.288
7 0.000
8 0.078
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Link 
Bandwidth 

(Kbps)

Throughput 
(HTTP 

req/sec)

Resp. 
Time 
(sec) Bottleneck

56 1.125 9.996 Link to ISP
128 2.393 2.935 ISP+Internet+External Web Server
256 3.475 0.984 ISP+Internet+External Web Server

1500 3.883 0.530 ISP+Internet+External Web Server
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a= 6.7/2.43 = 2.76
b = 12/27= 0.44  

Burstiness Parameters a and b
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