Journal of Project Management 4 (2019) 213-216

Contents lists available at GrowingScience

Journal of Project Management

homepage: www.GrowingScience.com

A dynamic programming approach for resource allocation in oil and gas industry

M. R. Ghaeli**

“School of Management, New York Institute of Technology, 1700 - 701 W Georgia St.,Vancouver, BC V7Y 1K8 Canada

CHRONICLE ABSTRACT
Article history: Maintenance engineering plays an important role in management of oil and gas projects.
Received: January 4 2019 This paper presents a dynamic programming approach for resource allocation in oil and gas

Received in revised format: Jan-
uary 252019

Accepted: March 15 2019
Available online:

projects. The study presents a dynamic programming approach to allocate human resources
for repairment of oil and gas equipment. Many heavy equipment normally needs to be re-
paired on predetermined scheduled and the process normally takes days or even weeks. The
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1. Introduction

One of the primary concerns with most project based maintenance problems is to manage human
resource assignment. Assigning too many people to a particular task may increase the cost, on one
hand, and decrease the productivity of the task, on the other hand. Therefore, it is important to place
a trade-off between cost and time in heavy equipment repairment. Drexl (1991) is believed to be
one of the pioneers to use dynamic programming for resource allocation. He explained that a recur-
ring problem in project management could be dealt with the assignment of the resources to different
jobs in the project. In several circumstances including audit scheduling, the resources are corre-
sponded to individuals, which leads to an allocation project scheduling problem. Drexl (1991) in-
vestigated a non-preemptive type of a resource-constrained project job-assignment problem, where
duration of the job and costs reply on the assigned resources and solved the resulted model using
dynamic programming. To solve the problem of time-cost tradeoff in project management with
available models, Robinson (1975) implemented a dynamic-programming method to find the opti-
mal allocation for minimizing the duration of the project. One advantage of such approach is the
ability to detect the best allocation among various activities with a given cost-time functions. Chan
et al. (2007) used dynamic-programming to explain why companies vary in their research and de-
velopment (R&D) project-management policies and proposed a dynamic approach to handle such
issue.
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e Silva and Costa (2013) used dynamic programming for allocating human resources in information
system projects. They explained that Human resource allocation (HRA) could be considered as core
processes of the project management of information systems and presented a dynamic programming
approach to assign human resources to software development projects. Ruzhi et al. (2013) used
dynamic programming for the management of different risks associated in software technology.
Pang and Le (2014) provided weighted p-timed Petri nets and dynamic programming for total en-
ergy consumption management in flexible manufacturing systems using.

The due-dates of mould projects were hard to predict caused by different uncertain issues and there
are several major random factors in mould manufacturing to be analyzed and the multi-mode con-
cept has been considered by Wang et al. (2012). They presented a stochastic prediction model by
integrating dynamic workshop load control theory where the ongoing projects was performed by
integrating some priority rules and the mathematical distribution of due-date was computed. During
this process, they applied dynamic programming to determine the optimal strategies which mini-
mized penalty of project tardiness. They also proposed a project management module and imple-
mented in the evolution of a project group where they could determine the distribution of due-date
and optimal strategies. Sitek and Wikarek (2016) proposed a constraint-based method for modeling
and optimizing the resource-constrained scheduling problems. They also used dynamic program-
ming to solve the resulted problem formulation due to the complexity of the proposed model. There
are many cases in the literature that researchers propose a mathematical problem but use the art of
dynamic programing to solve the resulted problem (Lainati & Arena, 2010; Yeh & Kao, 2008; Qi
et al., 2007).

2. The proposed model

Consider an equipment which needs to be repaired on a regular basis. The operations starts with
disassembling the equipment, executing the repair and assembling the equipment. It is possible to
reduce the time of accomplishing each task through assigning more resources. However, the cost of
the operations will also increase. The objective of the paper is to finish the project on time 7 and it
is not desirable to either finishing the project sooner or later. In other words, early accomplishment
of the project does not create any advantage and it is not also desirable to finish the project late. The
implementation of the discrete dynamic programming requires us to define seven attributes as fol-
lows,

1. Stage (n): For the proposed case study of this paper, disassembles, repairment and assembly
are three stages.

2. State (i): At the beginning of each stage, we need to know how much resources are left to
be assigned to each task. For this case, stage can be defined as the number of days left to be
assigned to each task; namely, disassembles, repairment and assembly.

3. Action (k): Action is also defined to be the amount of resources assigned to each task. In
this paper, action can be defined as the number of days allocated to each task given the
number of days left.

4. Policy: Policy describes all possible choices we have for resource allocation.
5. Return (r(n,i,k)): The cost of assigning some resources, which are estimated upfront.

6. Transient function (f): This is an important part of dynamic programming which describes
the link between two stages. In this paper, the number of days left for the next stage is equal
to the number of days left at the beginning of the stage minus the number of days assigned
by each action, i.e. j=i-k.

7. Recursive function: f(n,i)= I}ji;l{r(n,i,k)+_f(n -1}
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2.1. Case study

The proposed study of this case study is involved with a regular repairment of some equipment. The
operations is expected to finish on time and for the case study of this paper we consider 7' = 10.
Table 1 demonstrates the cost of assigning a predetermined amount of time for each operation.

Table 1
The cost/time trade-off

Cost (thousand dollars)

Completion time (day) Disassembly Repair Assembly
2 25 50 30
4 20 40 25
6 15 30 20
8 10 20 15

According to Table 1, in case we plan to disassemble the equipment in 4 days, it will cost us $20,000
and also the repairment operation cost $40,000 if we wish to finish it in four days. The implemen-
tation of the dynamic programming can be considered in two forms of forward and backward. When
we solve a problem using backward approach, we first assume that all operations have been com-
pleted and start at the beginning of the last phase of the operation, which is Assembly. In this paper,
we start with assembly operation. In other words, we assume that two operations of disassembly
and repair have already been accomplished and we need to assign time to the last operation. Since
each operation needs at least two working days, there is only 6 days left at most. Table 2 demon-
strates all possible choices we may face,

Table 2

The result of the implementation of dynamic programming with n=1
i K 7 (L)
2 2 30
4 4 25
5 6 20

For the second stage of the operation, which is associated with repairment, we need to have between
4 to 8 days to repair the equipment. Table 3 presents details of the implementation of the dynamic
programming.

Table 3
The result of the implementation of dynamic programming with n=2

Qi) =min{r(2,i,k)+ £, )}

*
*

i k=2 k=4 k=6 f(2.) K, k
4 50+30 - - 80 2 2
6 50+25 40+30 - 70 4 2
8 50+20 40+25 30+30 60 6 2

Finally, during the last stage, we may handle the disassembly operation where we have ten days left
since it is the beginning of the operations but we can assign at most 6 days (See Table 4).

Table 3
The result of the implementation of dynamic programming with #=3
fG.)=min{r(3,i.,k)+ £ (2. )}
i k=2 k=4 k=6 3.0 ki K K

10 25+60 20+70 15+80 85 2

(o)
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According to the results of Table 3, we need to assign 2 days for each operation of disassembly and
assembly and 6 days for the repairment.

3. Discussion and conclusion

During the past few decades, there have been significant attempts to solve complicated problems
using the art of dynamic programming. Dynamic programming helps us split a complicated problem
into different stages which makes it possible to escape from the curse of dimensionality. In many
cases, it is not even possible to solve the original problem which is formulated as a combinatorial
optimization using a commercial software package. The reason is simply because the complexity
of many problems is either NP-complete or NP-hard. Therefore, as the size of the problem increases,
we may expect the complexity of the proposed method could increase drastically. The proposed
model of this paper has been formulated in a simple form of dynamic programming and it has been
demonstrated that we could reach the optimal solution in just three stages. For the case study of this
paper, we have assumed that the information of time and cost are determined precisely. However,
in most practical problems it is possible to consider the numbers in an uncertain values such as
fuzzy numbers and we leave it as a future studies for interested researchers.

References

Chan, T., Nickerson, J. A., & Owan, H. (2007). Strategic management of R&D pipelines with co-
specialized investments and technology markets. Management Science, 53(4), 667-682.

Drexl, A. (1991). Scheduling of project networks by job assignment. Management Science, 37(12),
1590-1602.

e Silva, L. C., & Costa, A. P. C. S. (2013). Decision model for allocating human resources in infor-
mation system projects. International Journal of Project Management, 31(1), 100-108.

Lainati, A., & Arena, M. (2010). Project management models for long product rolling mills.
In Proc., AISTech Iron and Steel Technology Conf., SM Mills, ed., Association for Iron and Steel
Technology, Warrendale, PA (pp. 661-668).

Pang, C. K., & Le, C. V. (2014). Optimization of total energy consumption in flexible manufactur-
ing systems using weighted p-timed Petri nets and dynamic programming. /[EEE Transactions
on Automation Science and Engineering, 11(4), 1083-1096.

Qi, J. X., Wang, Q., & Guo, X. Z. (2007, August). Improved particle swarm optimization for re-
source leveling problem. In 2007 International Conference on Machine Learning and Cybernet-
ics (Vol. 2, pp. 896-901). IEEE.

Robinson, D. R. (1975). A dynamic programming solution to cost-time tradeoff for CPM. Manage-
ment Science, 22(2), 158-166.

Ruzhi, X., Leqiu, Q., & Xinhai, J. (2003, October). CMM-based software risk control optimization.
In Proceedings Fifth IEEE Workshop on Mobile Computing Systems and Applications(pp. 499-
503). IEEE.

Sitek, P., & Wikarek, J. (2016, September). A constraint-based approach to modeling and solving
resource-constrained scheduling problems. In International Conference on Computational Col-
lective Intelligence (pp. 423-433). Springer, Cham.

Wang, X. M., Chen, Q. X., Mao, N., & Liu, J. J. (2012). Mould projects due-date forecast methods
under random environment. Computer Integrated Manufacturing Systems, 18(2), 405-414.

Yeh, D. H., & Kao, H. H. (2008). A CPM-Based Bidirectional Approach for Type-I Assembly Line
Balancing Problem. Journal of the Chinese Institute of Industrial Engineers, 25(6), 481-487.

© 2019 by the authors; licensee Growing Science, Canada. This is an open access
@ article distributed under the terms and conditions of the Creative Commons Attrib-

ution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


