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Next

'‘Compute VE and NPVE for the projects that are scheduled
772: Fori=1To NP
VE@{i)=0
NPVE@) =0
If TE(i) > 0 Then
VE(®) = VP(@®) * (1 - (3 * DE() / LP(@)) + (2 * (DE() "~ 2)) / (LP() " 2)))

'Compute Expected NPV

GEL@) = (4 * VP@) / (LP(1) ~ 2)

REK(i) = RPK(i) * (1 - (2 * (DE(i) / LP(i))))

GER() = REK(i) / (LP(i) / 2)

DFPGLEG) = (((1 + IR) * (LP() / 2) - DE(1))) - (IR * (LP(@) / 2) - DE(1))) -
/(IR *2)* ((1 +IR) * (LP@) / 2) - DE(1))))

DFPFLEQG) = (1 + IR) ~ -TE(i)

DFPARE(G) = (((1 + IR) A (LP@{)/2)) - 1)/ (AR * ((1 + IR) * (LP() / 2)))

DFPGREG) = (1 + IR) A (LP{) /2)) - IR * (LPG1)/2))- 1)/ (IR~ 2) *
(1 +IR)~ (LPG) /2))))

DFPFRE(G) = ((1 + IR) ~ (<(TL() + (LP@) / 2))))

NPVE(i) = GEL() * DFPGLE(i) * DFPFLE() + ((REK(i) * DFPARE()) -
(GER(i) * DFPGRE())) * DFPFRE()

End If
Next

'Compute Total Net Present Value Expected TNPVE
SUMNPVE =1
774: Forii=1To NP
SUMNPVE = SUMNPVE + NPVE(ii)
Next

'Compute Program Schedule Efficiency
776: PSE = SUMNPVE / SUMNPVP
ESMRCS(MR) =PSE

"Print results of Early Start Scheduling Method

'Resource Constrained Solution (RCS)

'Format Variables for printing, this preserves the original solution
790: IfMMR =0 Then 'Printonly if a single resource set is run

PSEO =PSE

SUMNPVEO = SUMNPVE

SUMNPVPO = SUMNPVP



Fori=1To NP
CPO(1) = CP(i)
BFO(i) = BF(i)
TEO(i) = TE(®)
DEO(i) = DE()
NPVEO(1) = NPVE()

Forj=1TolJT
DMO(, j) = DM(, j)
DLO(, j) = DL, j)
FJOG, j) =FJ(,j)
ESO(, j) = TESG, )
EFO(, j) = TEF(, j)
LSO, j) = TLSG, )
LFO(, j) = TLF(@, j)
STO(, j) = ST(, j)
FNO(, j) = FN@, j)
CTOG, j)=CT{, j)
TSOG, j) =TS, j)
FSO(G, j) =FS(, j)
WSO, j) = WS(1, j)
SCO(, j) = SC(, j)
LGO(G, j) =LG(, j)
AMIJO(, j) = AMI(, j)
AHJO(, j) = AHI(, j)

Fort=1To TP
AJTOG, j, t) = AJT(@, j, t)
Next
Next
Next

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

EndIf '790
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'Determine if this solution is best and save it
795: If ESMRCS(MR) > BRCS(MR) Then

BEST(MR) =3

BRCS(MR) = ESMRCS(MR) 'Becomes new best solution

Fori

=1 To NP

BCP(i) = CP(i)
BBF() = BF(i)
BTE() = TE(®)
BDE() = DE()
BNPVE() = NPVE(i)

Forj=1ToJT

BDM(, j) = DM, j)
BDL(, j) = DL, j)
BFJ(, j) = FIG, j)
BES(, j) = TES(, j)
BEF(, j) = TEF(, j)
BLS(, j) = TLS(, j)
BLF(, j) = TLF(, j)
BST(G, j) = ST(, j)
BEN(, j) = FN(, j)
BCT(, j) = CTG, )
BTS(, j) = TSG, j)
BFSG, j) = FSG, j)
BWS(, j) = WSG, j)
BSC(, j) = SC(, j)
BLG(, j) = LG@, j)
BAMIG, j) = AMIG, )
BAHI(, j) = AHI(, j)

Fort=1To TP

BAIJT(, j, t) = AJTG, j, )

Next
Next

Next
End If

799:  '"End 700-799 Early Scheduling Method

End Sub

795

Sub Level Scheduling Method()
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800:

801:

802:
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'"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).

'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 Total Slack

'Initialize Variables
SPSE=0

Fori=1 To NP
SCP(i)=0
SBF(i) =0
SBB(i) =0
SSS@{@)=0
STE(1) =0
SDE@)=0
SNPVE(@{) =0
SVE@(i)=0

Forj=1ToJT
TES@,j)=0
TEF(,j)=0
TLS(@G,j)=0
TLFG,j)=0
TTS3G,j)=0

SDM(i, j) = DM(, j)
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SDL(, j) = DL(, j)
SES(,j) =0
SEF(, )= 0
SLS(, () =0
SLF(, )= 0
SST(, ()= 0
SFNG, ) =0
STS(@, ) =0
SWS(, )= 0
SSCG, j) =0
SLG(, j) = 0
SAMI(, j) =0
SAHJG, j) =0

Fort=1To TP
SAJT(G,j,t)=0
Next
Next
Next

" For each task compute a new SDM and SDL if resource is a 1 or 3
805: Fori=1ToNP

Forj=2ToJT-1

m = BAMI(i, j)
h=HM(m, MR) 'skill level for task i,j

Ifh=1 Then
SDM(4, j) = (1 - Q1) * SDM(, j)
SDL(@, j) = (1 - Q1) * SDL(, j)
SAHJ(1,j)=h

End If

Ifh =2 Then
SAHJG,j)=h
End If

If h=3 Then
SDM(, j) = (1 + Q3) * SDM(, j)
SDL(, j) = (1 + Q3) * SDL(, j)
SAHI(,j)=h
End If
Next
Next
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'Critical Path Method
'Forward Pass to Determin SES, SEF
"Tnitialize SES(1) and SEF(1)
810: Fori=1To NP
SES@, 1) =0+ SLG(, 1)
SEF(, 1) = SES(, 1) + SDM(, 1)
Next

‘The earliest start (SES)for any task is equal to the maximum of the
‘earliest finish(SEF)of the immediate predecessors
811: Fori=1ToNP
For j =2 To JT 'start with task 2, search all rows in PRC for indicator
SES(@,j)=0
Forjr=1ToJT
If PRC(, jr, j) = 1 Then 'it is a predecessor
MAXEFPRC(i) = SEF(, jr) 'set it to the max constant
End If
If PRC(, jr, j) = 1 And MAXEFPRC(i) >= SES(, j) Then
SES(, j) = SEF(, jr) '+ SLG(, j)
SEF(, j) = SES(, j) + SDM(, j) + SLG(, j)
End If
Next
Next
Next

'Backward Pass to Determine SLF, SLS
'Initialize
812: Fori=1ToNP
SLF(, JT) = SEF(, JT)
SLS(@, JT) = SLF(@, JT) - SDM(, JT)
Next

"The latest finish (SLF) for any task is the smallest
'of the latest start(SLS) times of immediate successors
813: Fori=1ToNP
Forj=JT-1To 1 Step -1
SLF(, j) = SLS@, JT)
For jr=JT To 1 Step -1
If PRC(, j, jr) = 1 Then
MINLSSUC() = SLS(, jr)
End If
If PRC(, j, jr) = 1 And MINLSSUC(i) <= SLF(, j) Then
SLE(, j) = SLS(, jr) - LG(, jr)
SLS(, j) = SLF(, j) - SDM(, j)
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End If
Next
Next
Next

'Compute New Total Slack
'Total 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)
814: Fori=1ToNP
Forj=1ToJT
STS(, j) = SLF(, j) - SEF(, j)
SWS(, j) = STS(, j)
Next
Next

'Initialize temporary ES, EF, LS, LF for updates
815: Fori=1ToNP
Forj=1TolJT

TES(1, j) = SES(4, j)
TEF(, j) = SEF(, j)
TLS(, j) = SLS(, j)
TLF(, j) = SLF(, j)
TTS(, j) = STSG, j)
Next
Next

"Reschedule all projects using new SES, SEF, STS, and SDM
'Select Priority Order for Projects
824: Forn=1ToNP
If PP =0 Then 'PP=0 for Sequentially ordered projects
i=n
End If
If PP =1 Then 'PP=1 for PRI Productivity prioritized projects
i=PRI(n)
End If
If PP =2 Then 'PP=2 for NPVP Potential NPV prioritized projects
i=NPVPPRI(n)
End If
If PP =3 Then 'PP=3 for Random Project Order
i =RPRI(n)
End If
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'Assign tasks one at a time
825: Forj=2ToJT-1

'Initialize ST
SST(, j) = TESG, j) + 1

'Assign resource sequentially one at a time
826: Form=1To MR

'Checks for both Resource Type and Skill Level match
827: If FI(i, j) = GM(m, MR) And SAHI(, j) = HM(m, MR) Then

'Checks if resource m is avail during period
MAG,j)=0
For t = SST(, j) To SST(, j) + SDM(, j) - 1
Forii=1 To NP
Forjj=1ToJT
If SAJT(i, jj, t) = m Then
MA(, j) =1 'set to 1 if not avail
End If
Next
Next
Next

'If M equals O then assign to task j during required interval
If MA(, j) = 0 Then

SAMI(, j) = m 'Assign resource m to proj i task j
SFN(, j) = SST(, j) + SDM(4, j) - 1 'Update Finish Date

For t = SST(, j) To SST(, j) + SDM(, j) - 1
SAJT(, j, t) =m 'assign m to task i,j in period t
Next

GoTo LSNEXTTASK 'Redirect to next task

End If ,
End If '827 FI=GM
Next '826 All resources directly

'If not assigned, use slack if available to delay task
828: Do While MA(, j) =1 And SSC(, j) < STS(, j)

SSC(, j) = SSC@G, j) + 1
SWS(, j) = TTS(, j) - SSC(, j)
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SST(, j) = TESG, j) + SSC(, j)

'Assign resources one at a time
829: Form=1To MR

'Check for both Resource Type and Skill Level match
830: If FJ(i, j) = GM(m, MR) And SAHI(, j) = HM(m, MR) Then

'Check if resource is avail during period
MAG, j)=0
For t = SST(, j) To SST(, j) + SDM(, j) - 1
For iii=1 To NP
Forjjj=1ToJT

MA(, j)=1'set to 1 if not avail
End If

Next
Next
Next

'If m is available in required interval, assign to j
831: If MA(, j) = 0 Then

SAMI(, j) = m 'Assign resource m to proj i task j
SFN(, j) = SST(, j) + SDM(, j)

For t = SST(, j) To SST(, j) + SDM(, j) - 1
SAJT(, j, t) = m 'assign m to task k in period t
Next

'Forward Pass to Update TES and TEF
MAXEFPRC() =0
832: Forjj=j ToJT
TES(, jj) = SST(, jj) - 1
TEF(, jj) = TES(, jj) + SDM(, jj)
Forjr=1ToJT
If PRC(, jr, jj) = 1 Then it is a predecessor
MAXEFPRC(i) = TEF(, jr) 'set it to the max constant
End If
If PRC(, jr, jj) = 1 And MAXEFPRC(i) >= TES(i, jj) Then
TES(, jj) = TEF(, jr)
TEF(, jj) = TES(, jj) + SDM(, jj)
End If
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Next
Next

GoTo LSNEXTTASK 'Redirect to next task

EndIf '831
End If '830 Fl=DM
Next '829 All resources at each level of slack
Loop '828 While slack is available

'If still not assigned increment lag until a resource is free
835: Do While SAMIJ(,j)=0"

'Initialize
SLG(, j) =SLG(,j) +1
SST(, j) = TES(, j) + SSC(, j) + SLG(, j)

'Assign resource sequentially one at a time
836: Form=1To MR

'Check for both Resource Type and Skill Level match
837: IfFJ(, j) = GM(m, MR) And SAHI(, j) = HM(m, MR) Then

'Checks if resource m is avail during period
MA(G, j)=0
For t = SST(, j) To SST(, j) + SDM(4, j) - 1
Forii=1 To NP
Forjj=1ToJT
If SAJT(ii, jj, t) = m Then
MA(, j) =1 'set to 1 if not avail
End If
Next
Next
Next

'Tf M still O then m is available assign resource m to task j
838: IfMA(, j) =0 Then

SAMI(, j) = m 'Assign resource m to proj i task j

SEN(, j) = SST(, j) + SDM(, j)

For t = SST(, j) To SST(, j) + SDM(, j) - 1
SAJT(, j, t) = m 'assign m to task k in period t

Next

'Forward Pass to Update TES and TEF



MAXEFPRC() =0
839: Forjj=j TolJT
TES(, jj) = SST(, 3j) - 1
TEF(, jj) = TES(, jj) + SDM(, jj)
Forjr=1ToJT
If PRC(, jr, jj) = 1 Then 'it is a predecessor
MAXEFPRC(i) = TEF(I, jr) 'set it to the max constant
End If
If PRC(, jr, jj) = 1 And MAXEFPRC(i) >= TES(, jj) Then
TES(, jj) = TEF(, jr)
TEF(, jj) = TES(, jj) + SDM(, jj)
End If
Next
Next

GoTo LSNEXTTASK Redirect to next task

EndIf '838
End If '837 FJ = GM(1,j)
Next '836 Iterate next resource
Loop '835 While lag increases
LSNEXTTASK:
Next '825 Next task
Next '824 Next project

'Compute Square Root of Sum of Squares
840: Fori=1To NP
Forj=1ToJT
SSE(, j) = (SDL(, j) - SDM(, j)) * 2
Next
Next

Fori=1To NP
SV(@i)=0
Next

Fori=1 To NP
Forj=1ToJT
SV(i) = SV(@) + (SSE(, j))
SSS(1) = Sqr(SV(i))
Next
Next

"Last node has TES/TEF equal to largest of TEF of predecessors
Fori=1To NP
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MAXTEFPRC(i) =0
Forjr=1ToJT
If PRC(, jr, JT) = 1 And TEF(, jr) >= MAXTEFPRC(i) Then 'itis a
predecessor
MAXTEFPRC(i) = TEF(, jr) 'set it to the max constant
End If
Next
Next

'Complete Start and Finish of last node
842: Fori=1To NP ’
SST(@, JT) = MAXTEFPRC(i)) 'Last node start equals SES (updated)
SFN(, JT) = MAXTEFPRC() 'Last node finish equals SEF (updated)

"Forj=2ToJT-1
'If SAMI(, j) = 0 Then 'If not completely resourced, set schedule to null
'SST(@, JT)=0  'so that no value is attributed to that project
'SFN(@, JT) =0
'SBF(i) =0
'SDE@{)=0
'"End If
"Next
SCP(@) = SFN(, JT) 'Otherwise complete the schedule

Next

'Compute Buffer
844: Fori=1To NP
SBB(i) = 0.1 * SCP(i)
SBF(i) = SSS(i) + SBB(1)
Next

'Compute Critical Chain Duration, equals expected duration
846: Fori=1To NP

STE(i) = SCP(i) + SBF(i)
SDE() = STE() - TL(@)
If SDE(i) < 0 Then
SDE() =0
End If
Next

'Compute VE and NPVE for the projects that are scheduled
848: Fori=1To NP
SVE(i) =0
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SNPVE() = 0
If STE(i) > 0 Then

SVE() = VP() * (1 - (3 * SDE()) / LP()) + (2 * (SDE() * 2)) / (LP() * 2)))

'Compute Expected NPV

GEL@{) =4 * VP@1)) / (LPG) ~2)

REK() = RPK() * (1 - (2 * (SDE() / LP(1))))

GER() = REK() / (LP(1) / 2)

DFPGLEG) = (((1 + IR) ~ (LP(i) / 2) - SDE(i))) - (IR * ((LP(@)/ 2) - SDE())) -

D/ ({(AR"2) * ((1 +IR) ~ (LP(@{)/ 2) - SDE(1))))

DFPFLE() = (1 + IR) ~ -STE(i)
DFPARE() = (1 +IR) * (LP() / 2)) - 1) / (IR * ((1 + IR) ~ (LP(i) / 2)))
DFPGRE() = ((((1 + IR) * (LP() / 2)) - (IR * (LP(Q)/2)) - 1) / (IR~ 2) * (1 +

IR) * (LP(i) / 2))))

DFPFRE() = ((1 + IR) * («(TL() + (LPG) / 2))))
SNPVE(i) = GEL(i) * DFPGLE(i) * DFPFLE(i) + ((REK(i) * DFPARE()) -

(GER() * DFPGRE(i))) * DFPFRE()

850:

890:

End If
Next

'Compute Total Net Present Value Expected TNPVE
SUMNPVE =1

Forii =1 To NP
SUMNPVE = SUMNPVE + SNPVE(ii)

Next

'Compute Program Schedule Efficiency
SPSE = SUMNPVE / SUMNPVP

LCS(MR) = SPSE

'PRINT SKILL-LEVEL CONSTRAINED SOLUTION (SCS)
'Format Variables for printing, this preserves the original solution
IfMMR =0 Then 'Print only if a single resource set is run

PSEO = SPSE
SUMNPVEOQO = SUMNPVE
SUMNPVPO = SUMNPVP

Fori=1To NP
CPO(i) = SCP(i)
BFO(i) = SBF(i)
TEO(i) = STE()



DEO(i) = SDE()
NPVEO(i) = SNPVE()

Forj=1ToJT

DMO(, j) = SDM(, j)
DLO(G, j) = SDL(G, j)
FIOG, j) = FIG, j)
ESO(, j) = SES(G, j)
EFO(i, j) = SEF(, j)
LSO, j) = SLSG, )
LFO(, j) = SLFG, )
STO(, j) = SSTG, )
FNOG, j) = SFN(, j)
CTOG, j) = CTG, j)
TSO(G, j) = STSG, j)
FSO(G, j) = SFSG, j)
WSO, j) = SWS(, j)
SCO(, j) = SSCG, j)
LGO(G, j) = SLG(, j)

AMJO(, j) = SAMI(, j)

AHJO(, j) = SAHI(, j)

Fort=1To TP

AJTO(, j, t) = SAJTG, j, t)

Next

Next

Next

891: 'Print Results of the Level Scheduling Method

Row

= Resultsrow

Col = Excelcol

Worksheets("Results").Celis(Row, Col).Value = "800 - LEVEL SCHEDULING

METHOD (LSM)"

Worksheets("Results").Cells(Row + 1, Col).Value = "LEVEL CONSTRAINED

SOLUTION (LCS) RESULTS"

Row

=Row +2

Call Print_Results

EndIf '890

899: 'End 800-899 Early Scheduling Method

End Sub
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Sub Levell2_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 '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 hy As Integer 'Skill level of y

Dim my As Integer 'Resource number of x

Dim mx As Integer 'Resource number 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  'Total Sum of Program Expected Net Present Value

Dim TCP(6) As Integer  'Critical 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
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Dim TLF(6, 10) As Integer
Dim TTS(6, 10) As Integer
Dim TWS(6, 10) As Integer
Dim TSC(6, 10) As Integer
Dim TLG(6, 10) As Integer
Dim TCT(6, 10) As Integer
Dim TSE(6, 10) As Integer
Dim TST(6, 10) As Integer
Dim TFN(6, 10) As Integer

'Late Finish Time task j
"Total slack
"Working slack
'Slack counter
"Temporary lag
'Critical Path Task Indicator 1/0
'Square error
'Start Time for task j
'Finish Time for task j

Dim TAMI(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

Dim TEMPX As Integer
Dim TEMPY As Integer
Dim TEMPMX As Integer
Dim TEMPMY As Integer
Dim TEMPHX As Integer
Dim TEMPHY As Integer

"Initialize Solution Variables - Equal to Level Constrained Solution

UPSE = SPSE
SLAMI2(MR) = LCS(MR)

Fori=1 To NP

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

Forj=1TolJT

UDM(, j) = SDM(, j) 'From Skill Level Constrained Solution
UDL(, j) = SDL(,j) 'From Skill Level Constrained Solution

UES(, j) = SESG, )
UEF(, j) = SEF(, )
ULS(, i) = SLS(, j)
ULF(, j) = SLFG, j)
UST(, j) = SSTG, j)
UFN(, j) = SFN(G, )
UTSG, j) = STSG, j)

'Resource x Substitution

'Resource y Substitution
'"Resource x id substitution
'"Resource y id substitution
'Resource x Skill Level substitution
'Resource y Skill Level Substitution
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UWS(, j) = SWS(, j)
USC(, j) = SSCG, j)
ULG(, j) = SLG(, j)

UAMI(, j) = SAMI(, j)
UAHI(, j) = SAHI(, )

Fort=1To TP
UAJT(, j, t) = SAJT(@, j, t)
Next

Next
Next

903: 'Initialize Temporary Variables for Substitution Procedure

Fori=1 To NP
TCP(i)=0
TBF@G) =0
TBB()=0
TSSG) =0
TTEG@) =0
TDE@{) =0
TNPVE(@G) =0
TVE@G) =0

Forj=1ToJT
TDM(, j) = UDM(, j) 'From Skill Level Constrained Solution
TDL(, j) = UDL(, j) 'From Skill Level Constrained Solution
TES(G,j)=0 _
TEF(G,j)=0
TLS@G,1)=0
TLFG,j)=0
TST(@, j) = UST(, j)
TFN(, j) = UFN(, j)
TTSG,j)=0
TWS(@1,j)=0
TSC(3,j)=0
TLG(,j)=0

TAMI(, j) = UAMI(, j)
TAHI(, j) = UAHI(, j)

Fort=1To TP
TAJT(, j, t) = UAJT(, j, t)
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Next
Next
Next

'Counters for substitution
TRIAL12=0
SUB12=0

STARTOVER12:

'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
905: Forn=1 To NP

If PP =0 Then 'PP=0 for Sequentially ordered projects
iXx=n
iy=n

End If

IfPP =1 Then '"PP=1 for PRI Productivity prioritized projects
ix = PRI(n)
iy = PRI(n)

End If

If PP =2 Then 'PP=2 for NPVP Potential NPV prioritized projects
ix =NPVPPRI(n)
iy =NPVPPRI(n)

End If

If PP =3 Then 'PP=3 for Random Project Order
ix = RPRI(n)
iy = RPRI(n)

End If

'Check resource from task jx
906: Forjx=2TolT-1
mx = UAMIJ(ix, jx)
gx = GM(mx, MR)
hx = HM(mx, MR)

'Check if resource mx has Skill Level hx
907:  Ifhx=1 Then 'iftask ix,jx requires a level 1, then continue search

'Check resources on projects iy
908: For iy = 1 To NP 'Search all projects for a Level 2

'Check resources on task jy
909: Forjy=2ToJT-1
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my = UAMI(iy, jy) 'identify the resource for the task
gy = GM(my, MR)
hy = 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)

If gx = gy And hy =2 And (TST(ix, jx) <= TFN(y, jy) And TFN(ix, jx)

>=TST(iy, jy)) Then

TRIAL12 =TRIAL12 +1 'Count number of trials

912:

913:

"Trial solution alters durations and substitutes level of x and y tasks
TDM(ix, jx) = UDM(ix, jx) / (1 - Q1)
TDL(ix, jx) = UDL(ix, jx) / (1 - Q1)

TDM(iy, jy) = (1 - Q1) * UDM(y, jy)
TDL(iy, jy) = (1 - Q1) * UDL(iy, jy)

'Forward Pass to Determine ES, EF
'Initialize ES(1) and EF(1)
Fori=1 To NP

TES(@, 1) =0+ TLG(, 1)

TEF(, 1) = TDM(, 1) + TES(, 1)
Next

"The earliest start (TES)for any task is equal to the maximum of the
‘earliest finish(TEF)of the immediate predecessors
Fori=1To NP
Forj=2ToJT
TES(i,j)=0
Forjr=1ToJT
If PRC(, jr, j) = 1 Then it is a predecessor
MAXEFPRC(i) = TEF(, jr) 'set it to the max constant
End If
If PRC(, jr, j) = 1 And MAXEFPRC(i) >= TES(, j) Then
TES(, j) = TEF(, jr)
TEF(, j) = TES(, j) + TDM(, j)
End If
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Next
Next
Next

915: "Backward Pass to Determine TLF, TLS
"Initialize
Fori=1 To NP
TLF@, JT) = TEF(@, JT)
TLS(, JT) = TLF@, JT) - TDM(, JT)
Next

'The latest finish (TLF) for any task is the smallest
'of the latest start(TLS) times of immediate successors
Fori=1 To NP
Forj=JT-1To 1 Step -1
TLF(, j) = TLS@, JT)
For jr=JT To 1 Step -1
If PRC(, j, jr) = 1 Then
MINLSSUC() = TLS(, jr)
End If
If PRC(, j, jr) = 1 And MINLSSUC(i) <= TLF(i, j) Then
TLF(@, j) = TLS(, jr)
TLS(, j) = TLF(, j) - TDM(, j)
End If
Next
Next
Next

916: '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)
Fori=1To NP

Forj=1TolJT

TTS(, j) = TLF(, j) - TEF(, j)

Next

Next

920: 'Preassignment Process, Substitute and assign to specific tasks

'Initialize TAMJ, clear matrix except resource substituton in x and y
TEMPMX = UAMI(ix, jx)
TEMPMY = UAMI(iy, jy)
Fori=1To NP
Forj=1ToJT
TAMIG,j)=0
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Next
Next
TAMI(ix, jx) = TEMPMY
TAMI(iy, jy) = TEMPMX

'Assign TAHJ, retain skill levels for subtitution x and y
TEMPHX = UAHIJ(ix, jx)
TEMPHY = UAHI(y, jy)

TAHIJ(ix, jx) = TEMPHY
TAHJ(y, jy) = TEMPHX

"Pre-assign TAJT for x and y
Fori=1To NP
Forj=1ToJT
Fort=1To TP
TAJT(@, j, t) = 0 'reset TAJT on all tasks
Next
Ifi=ix And j = jx Then
For t = TST(, j) To TST(, j) + TDM(, j) - 1
TAJT(, j, t) = TAMI(X, jx)
Next

Elselfi=1iy And j =jy Then
For t = TST(, j) To TST(, j) + TDM(, j) - 1
TAJTG, j, t) = TAMIGy, jy)
Next
End If
Next
Next

‘Select Priority Order for Projects

Fornz=1 To NP

If PP =0 Then '"PP=0 for Sequentially ordered projects
i=nz

End If

If PP =1 Then 'PP=1 for PRI Productivity prioritized projects
i = PRI(nz)

End If

If PP =2 Then 'PP=2 for NPVP Potential NPV prioritized projects
i=NPVPPRI(nz)

End If

If PP =3 Then 'PP=3 for Random Project Order
i=RPRI(nz)
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End If
924: Forj=2ToJT-1
925: Ifi=1ix And j = jx Then 'Already assigned resource from y
GoTo Delayedtask3
Elselfi =iy And j =jy Then 'Already assigned resource from x
GoTo Delayedtask3
Else ' All other tasks to be assigned
'Initialize ST

TSTG, j) = TESG, j) + 1

"Try to directly assign a resource if available in required periods
926: Form =1 To MR 'Assign resource sequentially one at a time

'Check for both Resource Type and Skill Level match
928: If FIQ, j) = GM(m, MR) And TAHI(, j) = HM(m, MR) Then

'Checks if resource m is avail during period
MAG,j)=0
For t =TST(, j) To TST(, j) + TDM(, j) - 1
Forii=1 To NP
Forjj=1ToJT
If TAJT(i, jj, t) = m Then
MA(, j)=1"setto 1 if not avail
End If
Next
Next
Next

'If M equals 0 then assign to task j during required interval

If MA(, j) = 0 Then
TAMI(, j) = m 'Assign resource m to proj i task j
TFN(, j) = TST(, j) + TDM(, j) - 1 'Update Finish Date
Fort=TST(, j) To TST(, j) + TDM(, j) - 1

TAJT(, j, t) = m 'assign m to task k in period t

Next
GoTo Delayedtask3 'Redirect to next task

End If

End If '928
Next '926 Try to assign all resources directly

'If not assigned, use slack if available to delay task
930: Do While MA(, j) = 1 And TSC(, j) < TTS(, j) 'Use slack if it exists
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'Initialize

TSC(@, j) =TSC(G,j) + 1
TWS(@, j) = TTS(, j) - TSC(, j)
TST(, j) = TES(, j) + TSC(, j)

'Assign resources one at a time

931: Form=1To MR
'Check for both Resource Type and Skill Level match
932: IfFI(, j) = GM(m, MR) And AHI(, j) = HM(m, MR) Then
MA(, ))=0

For t =ST(, j) To ST(Q, j) + TDM(, j) - 1
Foriii=1 To NP
Forjjj=1ToJT

MA(, j) =1 'set to 1 if not avail
End If
Next
Next
Next

'If m is available in required interval, assign to j
933: If MA(, j) = 0 Then

TAMI(, j) = m 'Assign resource m to proj i task j
TFN(, j) = TST(@, j) + TDM(, j)

For t =TST(, j) To TST(, j) + TDM(, j) - 1
TAJT(, j, t) = m 'assign m to task k in period t
Next

'Forward Pass to Update TES and TEF
MAXEFPRC({) =0
Forjj=j TolT
TES(, jj) = TST(@, jj) - 1
TEF(, jj) = TES(, jj) + TDM(, jj)
Forjr=1ToJT
If PRC(, j1, jj) = 1 Then 'it is a predecessor
MAXEFPRC() = TEF(, jr) 'set it to the max constant
End If
If PRC(, j1, jj) = 1 And MAXEFPRC(i) >= TES(, jj)
Then
TES(, jj) = TEF(, jr)
TEF(, jj) = TES(, jj) + TDM(, jj)
End If
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Next

GoTo Delayedtask3 Redirect to next task
EndIf '933
End If '932 FI=DM
Next '931 try all resources at each level of slack

Loop '930 End loop to utilize slack

"If still not assigned increment lag until a resource is free
935: Do While TAMJ(4,j)=0

'Initialize
TLG(, j) = TLG(, j) + 1
TST(G, j) = TESG, j) + TSCG, j) + TLGG, j)

'Assign resource sequentially one at a time
936: Form =1 To MR

'Check for both Resource Type and Skili Level match
937: IfFJ(i, j) = GM(m, MR) And TAHIJ(i, j) = HM(m, MR) Then

'Checks if resource m is avail during period
MA@, j)=0
For t =TST(, j) To TST(, j) + TDM(, j) - 1
Forii=1 To NP
Forjj=1ToJT
If TAJT(j, jj, t) = m Then
MA(, j) =1 'set to 1 if not avail
End If

Next
Next
Next

'Tf M still 0 then m is-available assign resource m to task j
938: If MA(, j) =0 Then

TAMI(, j) = m 'Assign resource m to proj i task j
TFN(, j) = TSTQ, j) + TDM(, j)
For t =TST(, j) To TST(, j) + TDM(, j) - 1
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TAJT(, j, t) = m 'assign m to task k in period t
Next

'Forward Pass to Update TES and TEF
MAXEFPRC() =0
Forjj=j TolT
TES(, jj) = TSTG, jj) - 1
TEF(, jj) = TES(, jj) + TDM(, jj)
Forjr=1ToJT
If PRC(, jr, jj) = 1 Then 'it is a predecessor
MAXEFPRC() = TEF(, jr) 'set it to the max constant
End If
If PRC(, jr, jj) = 1 And MAXEFPRC(i) >= TES(, jj)
Then
TES(, jj) = TEF(, jr)
TEF(, jj) = TES(, jj) + TDM(, j;)
End If
Next
Next

GoTo Delayedtask3 'Redirect to next task
EndIf '938
End If '937 if FJ(i,j)not equal GM(1,j) go to next resource
Next '936 next resource
Loop '935 End lag loop
End If '925
Delayedtask3:

Next '924 Iterate next task

Next '922 Iterate next project

'‘Compute Square Root of Sum of Squares
940: Fori=1To NP
Forj=1ToJT
TSE(, j) = (TDL(, j) - TDM(, j)) * 2
Next
Next

Fori=1To NP
SV(@)=0
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Next
Fori=1 To NP
Forj=1ToJT

SV(i) = SV() + (TSE(, j))
TSS(@{) = Sqr(SV(i))
Next
Next

941: Fori=1 To NP
MAXTEFPRC(i) =0
Forjr=1TolJT
If PRC(, jr, JT) = 1 And TEF(, jr) >= MAXTEFPRC(i) Then 'itis a
predecessor
MAXTEFPRC(i) = TEF(, jr) 'set it to the max constant
End If
Next
Next

'Complete Sequential Scheduling Method - Resource Constrained Solution
942: Fori=1ToNP
TST(, JT) = MAXTEFPRC(i)  'Last node start equals SES (updated)
TFN(, JT) = MAXTEFPRC(i)  'Last node finish equals SEF (updated)

Forj=2ToJT-1
If TAMI(4, j) = 0 Then 'If not completely resourced, set schedule to null
TST(@,JT)=0  'so that no value is attributed to that project
TFNG, JT)=0
TBF(@{i)=0
TDE@G) =0
End If

Next
TCP(@) = TFN(, JT) 'Otherwise complete the schedule
TBB() = 0.1 * TCP(i)
TBF(@) = TSS(@) + TBB(1)
TTE@G) = TCP(i) + TBF(1)
TDE() = TTE() - TL(@)
If DE(i) < 0 Then
TDE(®i) =0
End If
Next
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'‘Compute VE and NPVE for the projects that are scheduled
943: Fori=1To NP
TVE@{)=0
TNPVE(@i) =0
If TTE(®i) > 0 Then

'Compute TVE
TVE(@) = VP(@) * (1 - ((3 * TDE(@)) / LP@i)) + (2 * (TDE() ~ 2)) / (LP(i) " 2)))

'Compute Expected NPV

GEL({1) =4 * VP@{))/ (LP() " 2)

REK(i) = RPK(i) * (1 - (2 * (TDE() / LP(i))))

GER(@) =REK(i) / (LP()/ 2)

DFPGLE(®) = (1 + IR) ~ (LP(i) / 2) - TDE())) - (IR * ((LP(i) / 2) - TDE(®))) -
D/ ((AR*2)* ((1 +IR) ~ ((LP@) / 2) - TDE(1))))

DFPFLE() = (1 + IR) * -TTE(i)

DFPARE() = (1 +IR)  (LPG) / 2)) - 1) / (IR * ((1 + IR) ~ (LP(i) / 2)))

DFPGRE() = (1 + IR) * (LP@{) / 2)) - AR * (LP@) /2)) - 1) / (IR~ 2) * ((1 +
IR) *(LP(i) / 2))))

DFPFRE() = ((1 + IR) ~ ((TLG) + (LP(1) / 2))))

TNPVE() = GEL(i) * DFPGLE(i) * DFPFLE() + (REK(i) * DFPARE()) -
(GER() * DFPGRE(i))) * DFPFRE(i)

End If
Next '775

'Compute Total Net Present Value Expected TNPVE
TSUMNPVE =0
Forii=1To NP
TSUMNPVE = TSUMNPVE + TNPVE(ii)
Next

'Compute Temporary Program Schedule Efficiency
TPSE = TSUMNPVE / SUMNPVP

' If TPSE > PSE then make the switch, else keep the original assignments
980: If TPSE > UPSE Then
UPSE = TPSE
USUMNPVE = TSUMNPVE
SLAM12(MR) = UPSE

SUB12 =SUBI12 +1

'make substitution of temporary assignments in solution
Fori=1To NP



UCP(i) = TCP()
UBF(i) = TBF()
UTE() = TTEG)
UDE() = TDE()
UNPVE() = TNPVE()

Forj=1ToJT
UDM(, j) = TDM(4, j)
UDL(, j) = TDL(, j)
UAMI(, j) = TAMIG, j)
UAHI(, j) = TAHI(, j)
UES(, j) = TESG, j)
UEF(, j) = TEF(, j)
ULS(, j) = TLS(@, j)
ULF(, j) = TLFQ, j)
UST(, j) = TST(, j)
UFN(, j) = TEN(, j)
UTS@, ) =TTSG, j)
UWS(, j) =TWS(, j)
USC(, j) = TSC(, J)
ULG(, j) = TLGG, j)

Fort=1To TP
UAJT(, j, t) = TAJTG, j, t)
Next
Next
Next

GoTo STARTOVERI12 'Start the search over
Else ' If no substitution,Set Trial solution back for both x and y tasks

TDM(ix, jx) = UDM(x, jx)

TDL(ix, jx) = UDL(ix, jx)

TAHI(ix, jx) =1

TDM(y, jy) = UDM(y, jy)

TDL(iy, jy) = UDL(iy, jy)

TAHI(y, jy) =2

Fori=1 To NP
Forj=1TolJT

TES(, j) = UES(, j)
TEF(, j) = UEF(, j)
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TLSG, j) = ULSG, j)
TLF(, j) = ULF(, j)
TSTG, j) = USTG, j)
TFN(@, j) = UFNG, j)
TCT(, j) = UCTG, j)
TTS(G, j) = UTSG, j)

TWS(G, j) = UWSG, j)
TSC(, j) = USC(, j)
TLG(, j) = ULGG, j)

TAMI(, j) = UAMI(, j)
TAHI(, j) = UAHI(, j)

Fort=1To TP
TAJTG, j, t) = UAJT(G, j, t)
Next
Next
Next

EndIf '980 End Trial Condition

End If '910 End Trial Solution

Next '909 Try Next task jy
Next '908 Try Next project iy
End If '907 End if hx
Next '906 Try Next task jx
Next '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: IfMMR =0Then 'Printonly if a single resource set is run

PSEO = UPSE
SUMNPVEO = USUMNPVE
SUMNPVPO = SUMNPVP



294

Fori=1 To NP
CPO() = UCP(G)
BFO(i) = UBF(i)
TEO(®) = UTE()
DEO() = UDE()
NPVEO(i) = UNPVE(G)

Forj=1ToJT
DMO(, j) = UDM(, j)
DLO(, j) = UDL(, j)
FIO(, j) = FI(, j)
ESO(, j) = UES(, j)
EFO(, j) = UEF(, j)
LSO, j) = ULS(, j)
LFO(, j) = ULF(, j)
STO(, j) = UST(@, j)
FNO(, j) = UFN(, j)
CTO(, j) = CT(@,))
TSO(, j) = UTS(, j)
FSO(, j) = UFS(, j)
WSO, j) = UWS(, j)
SCO(i, j) = USC(, j)
LGO(, j) = ULG(,j)
AMJO(, j) = UAMI(, j)
AHJO(, j) = UAHI(@, j)

Fort=1To TP
AJTO(, j, t) = UAJTG, j, t)
Next
Next
Next

991: 'Print Results of the Level Scheduling Method
Row = Resultsrow
Col = Excelcol
Worksheets("Results").Cells(Row, Col).Value = "900 - SKILL LEVEL
ASSIGNMENT METHOD (SLAM)" v
Worksheets("Results").Cells(Row + 1, Col).Value = "LEVEL 1:2 SUBSTITUTION
RESULTS"
Worksheets("Results").Cells(Row + 2, Col).Value = "1:2 Substitution Trials:"
Worksheets("Results").Cells(Row + 2, Col + 5).Value = TRIAL12
Worksheets("Results").Cells(Row + 3, Col).Value = "1:2 Substitutions:"
Worksheets("Results").Cells(Row + 3, Col + 5).Value = SUB12

Row=Row+4
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Call Print_Results

EndIf '990
999: 'End 900-999 Levell2 Assignment Method
End Sub
Sub Level23 Assignment Method()

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 Assignement 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 hy 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  '"Total Sum of Program Expected Net Present Value

Dim TCP(6) As Integer  'Critical 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
Dim TNPVE(6) As Single
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'Expected Value

'"Expected Net Present Value

Dim TDM(6, 10) As Integer 'Mean task duration estimates

Dim TDL(6, 10) As Integer
Dim TES(6, 10) As Integer
Dim TEF(6, 10) As Integer
Dim TLS(6, 10) As Integer
Dim TLF(6, 10) As Integer
Dim TTS(6, 10) As Integer
Dim TWS(6, 10) As Integer
Dim TSC(6, 10) As Integer
Dim TLG(6, 10) As Integer
Dim TCT(6, 10) As Integer
Dim TSE(6, 10) As Integer
Dim TST(6, 10) As Integer -
Dim TFN(6, 10) As Integer

"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

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

Dim TEMPX As Integer
Dim TEMPY As Integer
Dim TEMPMX As Integer
Dim TEMPMY As Integer
Dim TEMPHX As Integer
Dim TEMPHY As Integer

1002:
VPSE = UPSE

'"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

"Initialize Solution Variables V - Equal to Level 1:2 SLAM Solution U

SLAM23(MR) = SLAM12(MR)

Fori=1To NP

VCP(i) = UCP()
VBF(i) = UBF(i)
VBB(i) = UBB(i)
VSS(i) = USS(®)
VTE() = UTE(®)
VDE() = UDE(1)
VNPVE() = UNPVE(G)
VVE() = UVE()

Forj=1TolJT
VDM, j) = UDM(, j)
VDL, j) =UDL(, j)
VES(, j) = UES(, j)
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VEF(, j) = UEF(, j)
VLS(, i) = ULSG, j)
ULF(, j) = ULFG, j)
VST, j) = USTG, j)
VFN(, j) = UFN(, j)
VTS(, j) = UTSG, j)
VWS, j) = UWS(Q, j)
VSC(G, j) = USC(G, j)
VLG(, j) = ULG(, j)
VAMIG, j) = UAMI(, j)
VAHI(G, j) = UAHIG, j)

Fort=1To TP
VAJTG, j, t) = UAJTG, j, t)
Next
Next
Next

1003: 'Initialize Temporary Variables for Substitution Trials

Fori=1To NP
TCP(G1) =0
TBF(i)=0
TBB@{)=0
TSS({)=0
TTE@({) =0
TDE(i) =0
TNPVE@G) =0
TVE@{)=0

Forj=1ToJT
- TDM(, j) = VDM, j)

TDL(, j) = VDL, j)
TES@, j)=0
TEF@,j)=0
TLS@G, 1) =0
TLE@,j)=0
TST(, j) = VSTG, j)
TFNQ, j) = VFN(, j)
TTS@,j)=0
TWS(34,j)=0
TSC31,j)=0
TLG(G,j)=0

TAMI(, j) = VAMIG, j)
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TAHIG, j) = VAHI(, j)

Fort=1To TP
TAJT(, j, t) = VAIT(, j, t)
Next
Next
Next

Tnitialize Counters for substitution
TRIAL23 =0
SUB23 =0

STARTOVER23:

'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
1005: Forn=1 To NP

If PP =0 Then 'PP=0 for Sequentially ordered projects
iXx=n
iy=n
End If
If PP =1 Then 'PP=1 for PRI Productivity prioritized projects
ix = PRI(n)
iy = PRI(n)
End If
If PP =2 Then 'PP=2 for NPVP Potential NPV prioritized projects
ix = NPVPPRI(n)
iy = NPVPPRI(n)
End If
If PP =3 Then 'PP=3 for Random Project Order
ix = RPRI(n)
iy = RPRI(n)
End If

'Check resource at task jx
1006: Forjx=2TolJT-1
mx = UAMI(ix, jx)
gx = GM(mx, MR)
hx = HM(mx, MR)

'Check if resource mx has Skill level hx
1007:  Ifhx=2 Then 'iftask ix,jx requires a level 1, then continue search

'Check resources on projects iy
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