
'766
'764
'762 Increment to next resource
'760 End lag loop

'748 Iterate to next task
'746 Only reassign projects where RS(i) =1
'745 Iterate next project
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'Assign Start and End Dates to Last (Artificial) Task



'Compute VE and NPVE for the projects that are scheduled
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'Print results of Early_Start Scheduling Method
'Resource Constrained Solution (RCS)
'Format Variables for printing, this preserves the origina1 solution

If MMR = 0 Then 'Print only if a single resource set is run



791: Print Results of the Early Scheduling Methd (ESM-RCS)
Row = Resultsrow
Col = Excelcol
Worksheets("Results").Cells(Row, Col).Value = "700 - EARLY SCHEDULING

METHOD (ESM)"
Worksheets("Results").Cells(Row + 1, Col).Value = "RESOURCE

CONSTRAINED SOLUTION (RCS)"
Row = Row + 2

Call Print Results

End Tf 	 '71311
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'Determine if this solution is best and save it

'Becomes new best solution
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'End 700-799 Early Scheduling Method

End Sub

Sub Level_Scheduling_Method()



800: 'LEVEL SCHEDULING METHOD(LSM)
'All Constructive Schedules developed to this point assume that
'all resources are Level 2 thus using mean duration to develop
'the robust schedule.

'The Level Scheduling Method applies actual Skill Levels already
'assigned to each task and thus the duration of tasks are modified
'to reflect different work rate parameters of Q1 and Q3.
'An updated Critical Path/Critical Chain pass robust schedule is
'derived using the adjusted duration estimates.
'Once the durations are modified on a task that task essentially
'requires two modes for assignment; 1) Resource Type and 2) Skill level.
'Updated assignments/schedules result in a Level Constrained Solution (LCS).

801: 'Declare Local Variables

Dim TES(6, 10) As Integer 'Temp Early Start
Dim TEF(6, 10) As Integer 'Temp Early Finish
Dim TLS(6, 10) As Integer 'Temp Late Start
Dim TLF(6, 10) As Integer 'Temp Late Finish
Dim TTS(6, 10) As Integer 'Temp Tota1 Slack

802: 'Initialize Variables
SPSE = 0
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"' For each task compute a new SDM and SDL if resource is a 1 or 3
805: For i = 1 To NP
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'Critical Path Method
'Forward Pass to Determin SES, SEF
'Initialize SES(1) and SEF(1)

'The earliest start (SES)for any task is equal to the maximum of the
'earliest finish(SEF)of the immediate predecessors
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'Backward Pass to Determine SLF, SLS
'Initialize

'The latest finish (SLF) for any task is the smallest
'of the latest start(SLS) times of immediate successors

NP



'Compute New Total Slack
'Tota1 Slack of activity j is the difference between 'the latest finish SLF(J)
' and earliest finish SEF(J),or the difference between SLS(J) and SES(J)

'Initialize temporary ES, EF, LS, LF for updates
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'Reschedule all projects using new SES, SEF, STS, and SDM
'Select Priority Order for Projects

'PP=0 for Sequentially ordered projects

'PP=1 for PRI Productivity prioritized projects

'PP=2 for NPVP Potential NPV prioritized projects

'PP=3 for Random Project Order



'Assign tasks one at a time

'Assign resource sequentially one at a time

'Checks for both Resource Type and Skill Level match

'Checks if resource m is avail during period

272

'If M equals 0 then assign to task j during required interval
T C11 A 1: - 	 Then

GoTo LSNEXTTASK 'Redirect to next task

'If not assigned, use slack if available to delay task



'Assign resources one at a time

'Check for both Resource Type and Skill Level match
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'If m is available in required interval, assign to j



GoTo LSNEXTTASK 'Redirect to next task
'831
'830 FJ=DM
'829 All resources at each level of slack
'828 While slack is available

'If still not assigned increment lag until a resource is free
While c A M 11; 	 =

'Assign resource sequentially one at a time

'Check for both Resource Type and Skill Level match

'Checks if resource m is avail during period
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'If M still 0 then m is available assign resource m to task j

'Assign resource m to prof i task j

'Forward Pass to Update TES and TEF



'Last node has TES/TEF equal to largest of TEF of predecessors
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'Complete Start and Finish of last node

'Last node start equals SES (updated)
'Last node finish equals SEF (updated)

Then 'If not completely resourced, set schedule to null
'so that no value is attributed to that project

'Otherwise complete the schedule
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'Compute Critical Chain Duration, equals expected duration

'Compute VE and NPVE for the projects that are scheduled



'Compute Total Net Present Value Expected TNPVE

'Compute Program Schedule Efficiency
SPSE = SUMNPVE / SUMNPVP

'PRINT SKILL-LEVEL CONSTRAINED SOLUTION (SCS)
'Format Variables for printing, this preserves the origina1 solution

If MMR 0 Then 'Print only if a single resource set is run
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'Print Results of the Level Scheduling Method

Worksheets("Results").Cells(Row, Col).Value = "800 - LEVEL SCHEDULING
METHOD (LSM)"

Worksheets("Results").Cells(Row + 1, Col).Value = "LEVEL CONSTRAINED
SOLUTION (LCS) RESULTS"
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'End 800-899 Early Scheduling Method



Sub Level1 2 Assignment Method()

900: 'SKILL-LEVEL ASSIGNMENT METHOD (SLAM)
'This procedure iteratively completes trial solutions of schedules
'where resources of same type but differing levels are interchanged.
'This procedures specifically interchanges Level 1 and Level 2.
'The procedure identifies pairings, exchanges resources including work
'rates and then reassigns all other resources holding the pairing fixed.
'Trial solution Total NPV is compared with the best SLAM solution and
'updated if the results are improved.
'This procedure is intitialized with the results of the solutions
'from procedure(800) Level Constrained Solution.

901 'Declare Local Variables
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Dim ix As Integer
Dim jx As Integer
Dim iy As Integer
Dim jy As Integer
Dim nz As Integer
Dim hx As Integer
Dim by As Integer
Dim my As Integer
Dim mx As Integer
Dim gy As Integer
Dim gx As Integer

'Index of projects
'Index of tasks
'Index of projects
'Index of tasks
'Index of projects
'Skill level of x
'Skill level of y
'Resource number of x
'Resource number of y

'Resource type of x
'Resource type of y

Dim TPSE As Single	 'Program Schedule Efficiency
Dim TSUMNPVE As Single 'Tota1 Sum of Program Expected Net Present Value
Dim TCP(6) As Integer	 'Critica1 Path
Dim TBB(6) As Single	 'Bias Buffer
Dim TBF(6) As Single 	 'Total Buffer
Dim TCC(6) As Integer	 'Critical Chain Duration
Dim TTE(6) As Integer 	 'Expected project duration, equivalent to CCD
Dim TDE(6) As Integer 	 'Expected Delay between potential launch and expected

duration
Dim TSS(6) As Integer 	 'Sum of Square Errors
Dim TVE(6) As Variant 'Expected Value
Dim TNPVE(6) As Single 'Expected Net Present Value
Dim TDM(6, 10) As Integer 'Mean task duration estimates
Dim TDL(6, 10) As Integer 'Low risk task duration estimates
Dim TES(6, 10) As Integer 'Earliest Start Time task j
Dim TEF(6, 10) As Integer 'Earliest Finish Time task j
Dim TLS(6, 10) As Integer 'Late Start Time task j



Dim TLF(6, 10) As Integer 'Late Finish Time task j
Dim TTS(6, 10) As Integer 'Total slack
Dim TWS(6, 10) As Integer 'Working slack
Dim TSC(6, 10) As Integer 'Slack counter
Dim TLG(6, 10) As Integer 'Temporary lag
Dim TCT(6, 10) As Integer 'Critical Path Task Indicator 1/0
Dim TSE(6, 10) As Integer 'Square error
Dim TST(6, 10) As Integer 'Start Time for task j
Dim TFN(6, 10) As Integer 'Finish Time for task j
Dim TAMJ(6, 10) As Integer 'Resource assignment matrix
Dim TAHJ(6, 10) As Integer 'Skill level assignment matrix
Dim TAJT(6, 10, 800) As Integer 'Assignment schedule matrix
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Dim TEMPX As Integer
Dim TEMPY As Integer
Dim TEMPMX As Integer
Dim TEMPMY As Integer
Dim TEMPHX As Integer
Dim TEMPHY As Integer

'Resource x Substitution
'Resource y Substitution

'Resource x id substitution
'Resource y id substitution
'Resource x Skill Level substitution
'Resource y Skill Level Substitution

902: 'Initialize Solution Variables - Equa1 to Level Constrained Solution
UPSE = SPSE
SLAM12(MR) = LCS(MR)

For i = 1 To NP
UCP(i) = SCP(i)
UBF(i) = SBF(i)
UBB(i) = SBB(i)
USS(i) = SSS(i)
UTE(i) = STE(i)
UDE(i) = SDE(i)
UNPVE(i) = SNPVE(i)
UVE(i) = SVE(i)

For j = 1 To JT
UDM(i, j) = SDM(i, j) 'From Skill Level Constrained Solution
UDL(i, j) = SDL(i, j) 'From Skill Level Constrained Solution
UES(i, j) = SES(i, j)
UEF(i, j) = SEF(i, j)
ULS(i, i) = SLS(i, j)
ULF(i, j) = SLF(i, j)
UST(i, j) = SST(i, j)
UFN(i, j) = SFN(i, j)
UTS(i, j) = STS(i, j)



'Initialize Temporary Variables for Substitution Procedure
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'From Skill Level Constrained Solution
'From Skill Level Constrained Solution



'Starting at highest priority project and working to the lower priority projects
'search through tasks sequentially for a level 1 resource assigned to that task

'PP=0 for Sequentially ordered projects

'PP=1 for PRI Productivity prioritized projects

'PP=2 for NPVP Potential NPV prioritized projects

'PP=3 for Random Project Order

'Check resource from task jx

'Check if resource mx has Skill Level hx
'if task ix,jx requires a level 1, then continue search

'Check resources on projects iv
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'Check resources on task jy
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my = UAMJ(iy, jy) 'identify the resource for the task
gy = GM(my, MR)
by = HM(my, MR)

'Consider reassignment of x for y if
'1) Resource Type of x matches Resource Type of y
'2) Skill Level of x is 1 and Skill level of y is 2
'3) Task x and y occur in overlapping periods
' A fourth criteria may be considered later; TDM(x)< TDM(y)

'Trial solution alters durations and substitutes level of x and y tasks

'The earliest start (TES)for any task is equal to the maximum of the
'earliest finish(TEF)of the immediate predecessors



'Backward Pass to Determine TLF, TLS
'Initialize

'The latest finish (TLF) for any task is the smallest
'of the latest start(TLS) times of immediate successors
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'Compute New Total Slack
'Total Slack of activity j is the difference between 'the latest finish TLF(J)
'and earliest finish EF(J),or the difference between TLS(J) and TES(J)

'Preassignment Process, Substitute and assign to specific tasks

'Initialize TAMJ, clear matrix except resource substituton in x and y



'Select Priority Order for Projects

'PP=0 for Sequentially ordered projects

'PP=1 for PRI Productivity prioritized projects

'PP=2 for NPVP Potential NPV prioritized projects

'PP=3 for Random Project Order
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'Already assigned resource from y

r Then 'Already assigned resource from x

All other tasks to be assigned

'Try to directly assign a resource if available in required periods

'Check for both Resource Type and Skill Level match

'Checks if resource m is avail during period
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'If M equals 0 then assign to task j during required interva1

'If not assigned, use slack if available to delay task



'Assign resources one at a time
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'If m is available in required interval, assign to j



GoTo Delayedtask3 'Redirect to next task

'If still not assigned increment lag until a resource is free

'Assign resource sequentially one at a time

'Check for both Resource Type and Skill Level match
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'Checks if resource m is avail during period



Then

'938

'937 if FJ(i,j)not equal GM(i,j) go to next resource

'936 next resource

'935 End lag loop

'925

'924 Iterate next task

'922 Iterate next project

'Compute Square Root of Sum of Squares
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) 'set it to the max constant

'Complete Sequentia1 Scheduling Method - Resource Constrained Solution

'Last node start equals SES (updated)
'Last node finish equals SEF (updated)

Len 'If not completely resourced, set schedule to null
'so that no value is attributed to that project
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'Otherwise complete the schedule



'Compute Tota1 Net Present Value Expected TNPVE

'Compute Temporary Program Schedule Efficiency

hen make the switch, else keep the original assignments
E Then

'make substitution of temporary assignments in solution
T, 	i	 1 i_ 1, TT*
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Else ' If no substitution,Set Tria1 solution back for both x and y tasks
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'980 End Trial Condition

'910 End Trial Solution

'909 Try Next task jy

'908 Try Next project iy

'907 End if hx

'906 Try Next task jx

'905 Try Next project ix

'PRINT SKILL-LEVEL ASSIGNMENT METHOD (SLAM) - Level 1 : 2
Substitution

'Format Variables for printing, this preserves the original solution
990: If MMR = 0 Then 'Print only if a single resource set is run
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'Print Results of the Level Scheduling Method
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1000: 'SKILL LEVEL ASSIGNMENT METHOD (SLAM)
'This procedure iteratively completes trial solutions of schedules
'where resources of same type but differing levels are interchanged.
'This procedures specifically interchanges Level 2 and Level 3.
'The procedure identifies pairings, exchanges resources including work
'rates and then reassigns all other resources holding the pairing fixed.
'Trial solution Total NPV is compared with the best SLAM solution and
'updated if the results are improved.
'This procedure is intitialized with the results of the solutions
'from procedure(900) Level12 Assignment Method.

1001 'Declare Local Variables

Dim ix As Integer	 'Index of projects
Dim jx As Integer	 'Index of tasks
Dim iy As Integer	 'Index of projects
Dim jy As Integer	 'Index of tasks
Dim nz As Integer	 'Index of projects
Dim hx As Integer	 'Skill level of x
Dim by As Integer	 'Skill level of y
Dim my As Integer	 'Resource id of x
Dim mx As Integer	 'Resource id of y
Dim gy As Integer	 'Resource type of x
Dim gx As Integer	 'Resource type of y

Dim TPSE As Single	 'Program Schedule Efficiency
Dim TSUMNPVE As Single 'Tota1 Sum of Program Expected Net Present Value
Dim TCP(6) As Integer 	 'Critica1 Path
Dim TBB(6) As Single	 'Bias Buffer
Dim TBF(6) As Single	 'Total Buffer
Dim TCC(6) As Integer 	 'Critical Chain Duration
Dim TTE(6) As Integer	 'Expected project duration, equivalent to CCD
Dim TDE(6) As Integer 	 'Expected Delay between potential launch and expected

duration
Dim TSS(6) As Integer 'Sum of Square Errors
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Expected Value
'Expected Net Present Value
'Mean task duration estimates

'Low risk task duration estimates
Earliest Start Time task j
'Earliest Finish Time task j
'Late Start Time task j
'Late Finish Time task j
'Total slack
'Working slack

'Slack counter
'Lag
'Critical Path Task Indicator 1/0
'Square error
'Start Time for task j
'Finish Time for task j
'Resource assignment matrix
'Skill level assignment matrix

eger 'Assignment schedule matrix
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Dim TEMPX As Integer
Dim TEMPY As Integer
Dim TEMPMX As Integer
Dim TEMPMY As Integer
Dim TEMPHX As Integer
Dim TEMPHY As Integer

'Temp Value of X for sorting
'Temp Value of Y for sorting

'Resource x id substitution
'Resource y id for substitution
'Temporary Skill Level substitution
'Temporary Skill Level substitution

1002: 'Initialize Solution Variables V - Equal to Level 1:2 SLAM Solution U
VPSE = UPSE
SLAM23(MR) = SLAM12(MR)



'Initialize Temporary Variables for Substitution Trials
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'Starting at highest priority project and working to the lower priority projects
'search through tasks sequentially for a level 1 resource assigned to that task
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