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Background

Limited study on non-regular performance 
optimization
– Completion Time Variance (CTV)
Stabilized service
JIT philosophy
– Penalize both E & T. 

Applications
– Internet data packet dispatching
– Jitter (video/audio communication)
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Introduction to 1||CTV

The single machine CTV minimization problems were first proposed
for the computer file organization problem (Merten and Muller, 1972)
The goal is to provide jobs with a uniform or fair treatment
Computation of the overall CTV:

where    is the number of jobs,      is the completion time of the     job,            
and                   .

Example:
Job #:              1     2     3     4     5     6     7     8     9

Processing Time:  12,    1,    4,  20,  14,    8,    5,  16,    2
Completion Time:  12,  13,  17,  37,  51,  59,  64,  80,  82

CTV:            767.1111
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Lit. Review

1 || CTV is NP-hard (Kubiak, 1993)
Waiting Time Variance (WTV) is antithetical to 
Completion Time Variance (CTV) (Mertern & Muller, 
1972)
The longest jobs must be the first one to process 
(Schrage, 1975)
There exists one optimal sequence like 1st, 2nd….,3rd 

(Hall & Kubiak, 1991)
Optimal sequences are V-Shaped which means that 
the jobs before the shortest job are descending sorted 
while the jobs after are ascending sorted (Vani & 
Raghavachari, 1977)
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A different point of view

The 1 || CTV minimization problems are considered from the 
viewpoint of the system.
– In this point of view, jobs are assumed to be independent of 

each other, which is often not practical in the real world. 

– The system CTV performance measure may result in the 
dissatisfaction of a certain user with the service

It is necessary, therefore, to investigate CTV minimization 
problems from the viewpoint of users. The CB-CTV 
minimization problem arises accordingly.
– 1 || CB-CTV
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Introduction to 1 || CB-CTV

Definition of CB-CTV:

where  L is the number of classes, n is the total number of all jobs,      
ni is the number of jobs in the  ith class, and   CTVi is the CTV of 
jobs in the ith class.      CB-CTV is computed as follows:

where   Cij is the completion time of the jth job in the ith class and 
is the mean completion time of the jobs in the ith class.
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An illustration of 1||CB-CTV 

One Example:
Class I:  20, 5 ;     Class II:  14, 2, 12 ;     Class III:  8, 4, 1, 16

A possible schedule:  12,    1,    4, 20,  14,    8,    5,  16,    2

Class I           Class II              Class III
Completion Time:  37, 64;      51, 82, 12;     59, 17, 13,  80

CTV:             364.5;         1230.3;            1066.3

CB-CTV:    2/9*364.5 + 3/9*1230.3 + 4/9*1066.3 = 965
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Proof of Lemmas

Basic notations:
An illustration:
– qth class
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The relationship between CB-CTV & 
CTV

Theorem: A CB-CTV minimization problem can be transformed 
into a series of CTV minimization problems. That is, the 
following equation holds:

where    ,    , and                                 are respectively a schedule 
of all jobs of      classes, the schedule set composed of all 
possible    , and the CTV of the     class under the schedule   , 
while                    ,                      , and           are 
respectively a schedule of all jobs of the     class, the schedule 
set composed of all possible    , and the CTV of the     class under 
the schedule    .
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Balanced Spiral (BS) Algorithm*

•N. Ye, X. Li and T. Farley (2006) "Job Scheduling Methods for Reducing the Variance of Job Waiting 
Times on Computer Networks", to appear in Computer and Operations Research. 
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http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
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Verified Spiral (VS) Algorithm*
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•N. Ye, X. Li and T. Farley (2006) "Job Scheduling Methods for Reducing the Variance of Job Waiting 
Times on Computer Networks", to appear in Computer and Operations Research. 

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VC5-4HWX9YS-2-4V&_cdi=5945&_user=422010&_orig=search&_coverDate=12/27/2005&_sk=999999999&view=c&_alid=460502530&_rdoc=3&wchp=dGLbVlb-zSkzk&md5=1d7d888ec51951bdacee1ad8d70453b1&ie=/sdarticle.pdf
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Computational results (small-size)
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Computational results (large-size)
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In conclusion …

CB-CTV is closely related to service stability since it penalizes 
both earliness and tardiness, and it is further related to 
customer satisfaction because it takes into account customer 
preferences. 

CB-CTV minimization has wide applications in many areas 
such as packet scheduling for Internet communications and 
reservation systems, modern manufacturing systems, supply 
chain management, and others where it is desirable to achieve 
service stability while considering customer preference.
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Conclusion

A CB-CTV minimization problem can be transformed into a 
series of CTV minimization problems. This transformation 
dramatically simplifies the problem since there have been a lot 
of heuristics that can be used for CTV minimization problems.

There is a trade-off between the overall CTV and CB-CTV. 
However, the rate of the overall CTV performance sacrifice is 
much smaller than that of CB-CTV performance improvement. 
It indicates that CB-CTV is desirable.

X. Li, Y. Chen, Y. Sun and R. Sawhney (2006) "On the Minimization of Class-based
Completion Time Variance", to appear in International Journal of Operations Research.
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Q & A

Thanks!
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