Appendix B  Implementation code

rstartruns: runs clear: clearunits run: rununits

| i creatorArray delayerArray workOrder1Array w1r1Array termArray

  mArray aSimResultStorage aCalendarCollection clearTime endTime

  linelength optimum time simStartTime simEndTime thru simResults

  avgThru varThru df|

linelength:= distArray size.

aSimResultStorage:= SimResultCollection new.

mArray:= Array new: (linelength).

    "Initialize the model:"

    aCalendarCollection:= OrderedCollection new.

    delayerArray:= Array new:(runs).

    mArray:= Array new: (linelength).

    1 to: linelength do:

    [:i|  mArray at: i put: (Array new:(runs))].

    termArray:= Array new: (runs).

    w1r1Array:= Array new: (runs).

    workOrder1Array:= Array new: (runs).

    WorkOrder setWorkOrderNumber: 1.

    creatorArray:= Array new: (runs).

    1 to: (runs) do:

    [:i|aCalendarCollection addLast: Calendar new.

        delayerArray at: i put: (Delayer newWithName: 'Selects entry delay').

        (mArray at: 1) at: i put: (MQueueMServerProc newWithName: 'Machine 1'

                                                     andServers: 1

                                                     andQueues: 1

                                                     andQLimit: #(50)

                                                     andMeasureLevel:1

                                                     andIntelligenceLevel:0

                                                     allowedCapacityBuffer: 0).

 2 to: linelength do:

[:j|(mArray at: j) at: i put: (MQueueMServerProc newWithName: 'Machine2-n'

                                                           andServers: 1

                                                           andQueues: 1

                                                           andQLimit: (bufferArray at: (j - 1))

                                                           andMeasureLevel:1

                                                           andIntelligenceLevel:0

                                                           allowedCapacityBuffer: 0)

].

                    termArray at: i put: (Terminator newWithName: 'Terminator').

                     w1r1Array at: i put: (Routing new).

                    (w1r1Array at: i) addOperation: (delayerArray at: i)

                                        key: nil

                                        processingTime: [:rg | rg uniformHigh: (self distArraygetmin)

                                                                          low: (self distArraygetmin)]

                                        setupTime: nil.

         1 to: linelength do:

                    [:j|(w1r1Array at: i) addOperation: ((mArray at: j) at: i)

                                        key: 1

                             processingTime: (self addProcessingTime: j)

                                  setupTime: nil.

                    ].

        (w1r1Array at: i) addOperation: (termArray at: i)

                                        key: nil.

                    workOrder1Array at: i put: (WorkOrder newWorkOrderType: 'Circuit Code 1').

                    (workOrder1Array at: i) addComponentWFI: 'selects'

                                            andSize: 10000

                                            andCWFIRouting: (w1r1Array at: i)

                                            andCWFIDueDate: 10000.

                     creatorArray at: i put: (WOCreator newWithWorkOrder: (workOrder1Array at: i)

                                                        timeBetweenCreationsGenerator:

                                                        (Uniform newHigh: (self distArraygetmin)

                                                                     low: (self distArraygetmin))

                                                        andMeasureLevel: 1

                                                        andIntelligenceLevel:0).

                     (aCalendarCollection at: i) addToListOfCreators: (creatorArray at: i).

                     (aCalendarCollection at: i) addToListOfSystemElements: (delayerArray at: i).

                     1 to: linelength do:

                     [ :j| (aCalendarCollection at: i) addToListOfSystemElements: ((mArray at: j) at: i)].

                    ]. "End of to:do:"

 thru:=OrderedCollection new.

 avgThru:=0.

   1 to: runs do:

     [:i|(aCalendarCollection at: i) schedule: [(creatorArray at: i) create] at: 0.

         SimObject setCalens: (aCalendarCollection at: i).

         thru add: ((rununits)/((aCalendarCollection at: i)

         eventInitiatorclear:clearunits run:rununits)).

         avgThru:=(avgThru + (thru at:i))

                    ].

 avgThru:= (avgThru / (thru size)).

 varThru:=0.

 1 to: (thru size) do:

 [:i|varThru:=(varThru +((thru at:i) - (avgThru))squared)].

 ((thru size) > 1)

 ifTrue:[varThru:= ( varThru / ((thru size) - 1))].

 df:=(runs - 1).

 optimum:=OrderedCollection new.

 optimum add: (Array new: linelength + 3).

 1 to: (linelength - 1) do:

 [:i|(optimum at:1)at:i put:((bufferArray at:i)at:1)].

 (optimum at:1)at:linelength put:avgThru.

 (optimum at:1)at:(linelength + 1) put:varThru.

 (optimum at:1)at:(linelength + 2) put:df.

^optimum.! !

exhaustiveSearch:buffer

|optimum|

self complexity:buffer.

self createBufferArray.

symmetry:= self distArrayIsSymmetrical.

(buffer = 0)

ifTrue:

    [1 to: bufferArray size do:

        [:i|(bufferArray at:i)at:1 put:0.].

     optimum:= self rstartruns: 7 clear: 200 run: 800.

     RandomGenerator resetLastSeed.

     Transcript saveAs: outputFile.

    ]

ifFalse:

    [optimum:= self recursiveSearch: 1 with: buffer.].

Transcript

    cr;

    nextPutAll:'Results first iteration';

    cr;

    nextPutAll:'Date and Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

self printOptimum: optimum.

Transcript cr.

Transcript saveAs: outputFile.

((optimum size) > 1)

ifTrue:

[optimum:=(self extensiveSearch: optimum runs: 10 rununits: 2000).

 Transcript

    cr;

    nextPutAll:'Results second iteration';

    cr;

    nextPutAll:'Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

 self printOptimum: optimum.

 Transcript cr.

 Transcript saveAs: outputFile.

 ].

((optimum size) > 1)

ifTrue:

[optimum:=(self extensiveSearch: optimum runs: 15 rununits: 5000).

 Transcript

    cr;

    nextPutAll:'Results third iteration';

    cr;

    nextPutAll:'Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

 self printOptimum: optimum.

 Transcript cr.

 Transcript saveAs: outputFile.

 ].

((optimum size) > 1)

ifTrue:

[optimum:=(self extensiveSearch: optimum runs: 20 rununits: 10000).

 Transcript

    cr;

    nextPutAll:'Results fourth iteration';

    cr;

    nextPutAll:'Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

 self printOptimum: optimum.

 Transcript cr.

Transcript saveAs: outputFile.

 ].! !

extensiveSearch: optimum runs: runs rununits: runUnits

|currentEl newOptimum linelength counter sortedOptimum

 bArray bestThru bestEl pooledDf pooledVar tCalc|

linelength:=(distArray size).

sortedOptimum:= OrderedCollection new.

newOptimum:= OrderedCollection new.

[(optimum size) > 0]

whileTrue:

[bestThru:=0.

 bestEl:=nil.

 1 to: (optimum size) do:

 [:i|(((optimum at:i)at:linelength) > bestThru)

     ifTrue:

     [bestThru:=((optimum at:i)at:linelength).

      bestEl:=i

     ].

 ].

 sortedOptimum add:(optimum at:bestEl).

 optimum removeIndex:bestEl.

].

[(sortedOptimum size)>0]

whileTrue:

[currentEl:=(sortedOptimum at:1).

 sortedOptimum removeFirst.

 bArray:=Array new:(linelength - 1).

 1 to: (linelength - 1) do:[:i|bArray at:i put:(currentEl at:i)].

 self setBufferArray:bArray.

 currentEl:=((self rstartruns: runs clear: 200 run: runUnits)at:1).

 ((newOptimum size) = 0)

 ifTrue:[newOptimum add:currentEl.]

 ifFalse:

 [counter:=1.

  [counter >(newOptimum size)]

   whileFalse:

     [pooledDf:=((currentEl at:(linelength + 2))+

                ((newOptimum at:counter)at:(linelength + 2))).

      pooledVar:=((((currentEl at:(linelength + 1))*

                    (currentEl at:(linelength + 2)))+

                  (((newOptimum at:counter)at:(linelength + 1))*

                   ((newOptimum at:counter)at:(linelength + 2))))/

                         pooledDf).

      tCalc:=((((currentEl at:linelength) -

               ((newOptimum at:counter)at:linelength))abs)/

               ((pooledVar*((1 / ((currentEl at:(linelength +2)) + 1))+

                (1 /(((newOptimum at:counter)at:(linelength + 2)) + 1))))sqrt)).

      (tCalc > (self studentDf: pooledDf Alpha: 0.025))

      ifFalse:[(newOptimum includes:currentEl)

                ifFalse:

                [newOptimum add:currentEl.].

              ]

      ifTrue:[((currentEl at:linelength) >

              ((newOptimum at:counter)at:linelength))

              ifTrue:

              [newOptimum removeIndex:counter.

               counter:=(counter - 1).

               (newOptimum includes:currentEl)

               ifFalse:

               [newOptimum add:currentEl].

              ].

             ].

        counter:=(counter + 1).

 ].

 counter:=1.

 [counter >(sortedOptimum size)]

  whileFalse:

  [pooledDf:=((currentEl at:(linelength + 2))+

               ((sortedOptimum at:counter)at:(linelength + 2))).

     pooledVar:=((((currentEl at:(linelength + 1))*

                   (currentEl at:(linelength + 2)))+

                 (((sortedOptimum at:counter)at:(linelength + 1))*

                  ((sortedOptimum at:counter)at:(linelength + 2))))/

                        pooledDf).

     tCalc:=((((currentEl at:linelength) -

              ((sortedOptimum at:counter)at:linelength))abs)/

              ((pooledVar*((1 / ((currentEl at:(linelength +2)) + 1))+

               (1 / (((sortedOptimum at:counter)at:(linelength + 2)) + 1))))sqrt)).

     (tCalc > (self studentDf: pooledDf Alpha: 0.025))

     ifTrue:[((currentEl at:linelength) >

             ((sortedOptimum at:counter)at:linelength))

             ifTrue:

             [sortedOptimum removeIndex:counter.

              counter:=(counter - 1).

             ].

            ].

        counter:=(counter + 1).

 ]

].

].

^newOptimum! !

recursiveSearch: position with: buffers

|optimum last linelength i bufferMax bufferDif

 mirrorBufferArray bArray pooledVar pooledDf tCalc counter|

linelength:=(distArray size).

(position = (linelength - 1))

ifTrue:

[(bufferArray at:position)at:1 put:buffers.

mirrorBufferArray:= Array new: (linelength - 1).

 bArray:= Array new: (linelength - 1).

1 to: (linelength - 1) do:

[:i|bArray at:i put:((bufferArray at:i)at:1).

    mirrorBufferArray at:i put:

    ((bufferArray at:(linelength - i))at:1)].

((memory includes:mirrorBufferArray)

and:[self distArrayIsSymmetrical])

ifFalse:

 [memory add:bArray.

  bufferMax:=SortedCollection new:(bufferArray size).

  1 to:(bufferArray size) do:

     [:n|bufferMax add:((bufferArray at:n)at:1)].

  bufferDif:=((bufferMax at:(bufferMax size)) -

              (bufferMax at:((bufferMax size) - 1))).

 (bufferDif > 1)

  ifTrue: [optimum:=(self rstartruns:5 clear: 200 run: 400)]

  ifFalse:[optimum:=(self rstartruns:7 clear: 200 run: 800)].

  RandomGenerator resetLastSeed.

  ^optimum

 ].

]

ifFalse:

[0 to:buffers do:

 [:k|(bufferArray at:position)at:1 put:k.

  last:= (self recursiveSearch:(position + 1) with: (buffers - k)).

  (last = nil)

  ifFalse:

  [(optimum = nil)

    ifTrue:[optimum:=last]

    ifFalse:

    [1 to:(last size) do:

      [:i|counter:=1.

          [counter > (optimum size)]

          whileFalse:

       [pooledDf:=(((last at:i)at:(linelength + 2))+

                      ((optimum at:counter)at:(linelength + 2))).

           pooledVar:=(((((last at:i)at:(linelength + 1))*

                        ((last at:i)at:(linelength + 2)))+

                       (((optimum at:counter)at:(linelength + 1))*

                        ((optimum at:counter)at:(linelength + 2))))/

                        pooledDf).

           tCalc:=(((((last at:i)at:linelength) -

                  ((optimum at:counter)at:linelength))abs)/

                  ((pooledVar*((1 / (((last at:i) at:(linelength +2)) + 1))+

                  (1 / (((optimum at:counter)at:(linelength + 2)) + 1))))sqrt)).

           (tCalc > (self studentDf: pooledDf Alpha: 0.025))

           ifFalse:[(optimum includes:(last at:i))

                    ifFalse:

                      [optimum add:(last at:i).].

                   ]

           ifTrue:[(((last at:i)at:linelength) >

                    ((optimum at:counter)at:linelength))

                   ifTrue:

                    [optimum removeIndex:counter.

                     counter:=(counter - 1).

                     (optimum includes:(last at:i))

                    ifFalse:

                      [optimum add:(last at:i).].

                    ]

                  ].

            counter:=(counter + 1).

       ].

      ].

    ].

  ].

 ].

].

^optimum! !

geneticAlgorithmRunUnits: runUnits

  SimRuns:  runs

  Populsize:populsize

  MinGen: minGen

  Pc: pc

  Buffer: buffer

  SimConfig: simConfig

|optimum bufferarray bufferDif bufferMax|

optimum:= self geneticAlgorithmRunUnits: runUnits

                               SimRuns:  runs

                               Populsize:populsize

                               MinGen: minGen

                               Pc: pc

                               Buffer: buffer.

1 to: (optimum size) do:

[:i|bufferarray:= Array new:((distArray size) - 1).

    1 to: (bufferarray size) do:

        [:j|bufferarray at:j put: ((optimum at:i)at:j).].

    self setBufferArray: bufferarray.

    RandomGenerator setLastSeed:11.

    (simConfig = 1)ifTrue:

        [bufferMax:=SortedCollection new:(bufferArray size).

         1 to:(bufferArray size) do:

            [:n|bufferMax add:((bufferArray at:n)at:1)].

         bufferDif:=((bufferMax at:(bufferMax size)) - (bufferMax at:((bufferMax size) - 1))).

         (bufferDif > 1)

         ifTrue: [Transcript nextPutAll: 'Configuration 1';cr.

                  self printOptimum:(self rstartruns:5 clear: 200 run: 400)

                 ]

         ifFalse:[Transcript nextPutAll: 'Configuration 1';cr.

                  self printOptimum:(self rstartruns:7 clear: 200 run: 800)

                 ].

        ].

    (simConfig = 2)ifTrue:[Transcript nextPutAll: 'Configuration 2';cr.

                           self printOptimum:(self rstartruns: 10 clear: 200 run: 2000)

                          ].

    (simConfig = 3)ifTrue:[Transcript nextPutAll: 'Configuration 3';cr.

                           self printOptimum:(self rstartruns: 15 clear: 200 run: 15)

                          ].

    (simConfig = 4)ifTrue:[Transcript nextPutAll: 'Configuration 4';cr.

                           self printOptimum:(self rstartruns: 20 clear: 200 run: 10000)].

].

Transcript

    cr;

    nextPutAll:'Date and Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

Transcript saveAs: outputFile.

geneticAlgorithmRunUnits: runUnits

                SimRuns:  runs

                Populsize:populsize

                MinGen: minGen

                Pc: pc

                Buffer: buffer

| linelength gen jmax jdeviation e randomnr counter cumprob bitArray

  element generation rg position boolean newElement worst randomnr2 optimum

  termination simresult indiv randomnr3 pm mingen|

Transcript

    cr;

    nextPutAll:'Date and Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

mingen:= minGen + 1.

pm:=(1 - pc).

self initializeMemory.

indiv:= Array new:2.

linelength:= (distArray size).

e:= 0.001.

gen:= 1.

rg:=RandomGenerator new.

bitArray := OrderedCollection new.

element:= Array new:5.

generation:= OrderedCollection new.

generation add: (Array new:(populsize+1)).

1 to: (populsize+1) do:

[:i|(generation at:1)at:i put: (Array new:(linelength+1))].

"Creation of initial population"

i:= 1.

counter:=1.

[i <= populsize] whileTrue:

[1 to: (linelength - 1) do:

    [:j|((generation at:1)at:i)at:j put: 0].

    1 to: buffer do:

    [:j|rg initializeSeed.

     position:= (rg discreteUniformHigh: (linelength - 1) low: 1).

     ((((generation at:1)at:i)at:position)=nil)

     ifTrue: [((generation at:1)at:i)at:position put:1]

     ifFalse:[((generation at:1)at:i)at:position put:

              ((((generation at:1)at:i)at:position)+1)].

    ].

    "Check that the buffer distribution has not been generated yet"

    counter:=counter+1.

    boolean:=false.

    1 to: (i - 1) do:

    [:j|boolean:= (boolean or:

        [Array compareArray: ((generation at:1)at:i) from: 1 to: (linelength - 1)

                       with: ((generation at:1)at:j) from: 1 to: (linelength - 1)])

    ].

    (boolean and:[((linelength - 1) * buffer) >= populsize ])

    ifFalse: [i:=i + 1].

].

"Evaluate initial random population"

(generation at:1)at:(populsize+1) put: ((generation at:1)at:1).

1 to: populsize do:

[:i| self initializeBufferArray.

     1 to: (linelength - 1) do:

     [:j|(bufferArray at:j)at:1 put:(((generation at:1)at:i)at:j)].

     RandomGenerator setLastSeed:11.

     simresult:= (self rstartgenruns: runs clear: 200 run: runUnits).

     indiv:= Array new:2.

     indiv at:1 put: bufferArray.

     indiv at:2 put: simresult.

     memory addLast: indiv.

    ((generation at:1)at:i) at: linelength put:simresult.

        (((((generation at:1)at:(populsize+1))at:linelength) = nil)

    or:

    [((((generation at:1)at:i)at:linelength) <

    (((generation at:1)at:(populsize+1))at:linelength))])

    ifTrue:[(generation at:1)at:(populsize +1) put: ((generation at:1) at:i)].

].

"Best element of initial population is in (generation at:1)at:(populasize+1)"

"Evaluate Fitness of initial population"

"Find maximum mean time"

jmax:= (generation at:gen)at:1.

2 to: populsize do:

  [:i|((((generation at:gen)at:i) at:linelength) > (jmax at:linelength))

      ifTrue: [jmax:=((generation at:gen)at:i)].

  ].

jdeviation:= (populsize*(jmax at:linelength)).

1 to: populsize do:

  [:i|jdeviation:=(jdeviation - (((generation at:gen)at:i)at:linelength))].

(jdeviation < e)            "Assignment of Fitness values"

ifTrue:

  [1 to: populsize do:

    [:i|((generation at:gen)at:i)at:(linelength + 1) put: (1 / populsize)].

  ]

ifFalse:

  [1 to:populsize do:

    [:i|((generation at:gen)at:i)at:(linelength+1)put:

        (((jmax at:linelength) - (((generation at:gen)at:i)at:linelength))

        / jdeviation)

    ].

  ].

termination:=false.

[termination]

whileFalse:

[ generation addLast: (Array new:(populsize+1)).

  1 to: (populsize+1) do:

  [:i|(generation at:(gen+1))at:i put: (Array new:(linelength+1))].

  "Reproduction"

  1 to: populsize do:

  [:i|rg initializeSeed.

      randomnr:= rg zeroOneUniformRV.

      counter:=1.

      cumprob:=((generation at:gen)at:1)at:(linelength+1).

      [randomnr > cumprob] whileTrue:

      [counter:=counter+1.

       cumprob:=cumprob + (((generation at:gen)at:counter)at:(linelength+1)).

      ].

      (generation at:(gen+1))at:i put:((generation at:gen)at:counter).

      (((((generation at:(gen+1))at:(populsize+1))at:linelength)=nil) or:

      [((((generation at:(gen+1))at:i)at:linelength) <

        (((generation at:(gen+1))at:(populsize+1))at:linelength))])

      ifTrue:

      [(generation at:(gen+1))at:(populsize+1) put:((generation at:(gen+1))at:i)].

  ].

  "If best element of generation gen is not in generation (gen+1) then replace

   the worst element in generation (gen+1) by the best element in generation gen"

  boolean:=false.

  1 to: populsize do:

  [:i|boolean:=(boolean or:

      [(Array

        compareArray: ((generation at:(gen + 1))at:i)  from: 1 to: linelength

        with: ((generation at:gen)at:(populsize + 1)) from: 1 to: linelength)

      ]).

  ].

  (boolean) ifFalse:

  [jmax:=((generation at:(gen+1))at:1).      "Find worst element in (gen+1)"

   counter:=1.

   2 to: populsize do:

    [:i|((((generation at:(gen+1))at:i)at:linelength) > (jmax at:linelength))

        ifTrue: [jmax:=((generation at:(gen+1))at:i). counter:=i].

    ].

   (generation at:(gen+1))at:counter put:((generation at:gen)at:(populsize+1))

  ].

  gen:=gen + 1.

  populsize timesRepeat:

  [rg initializeSeed.

    randomnr3:= rg zeroOneUniformRV.

   (randomnr3 <= pc) ifTrue:                                  "Crossover"

   [1 to: 5 do: [:j|element at:j put: nil].

     [(element at:4) = nil] whileTrue:       "Select alpha, beta"

         [rg initializeSeed.

          randomnr:= rg zeroOneUniformRV.

          counter:=1.

          cumprob:=((generation at:gen)at:1)at:(linelength+1).

          [randomnr > cumprob] whileTrue:

             [counter:=counter+1.

              cumprob:=cumprob + (((generation at:gen)at:counter)at:(linelength+1)).

             ].

          ((element at:1) = nil)

          ifTrue:

             [ element at:1 put: ((generation at:gen)at:counter).

               element at:2 put: counter]

          ifFalse:

             [ element at:3 put: ((generation at:gen)at:counter).

               element at:4 put: counter].

         ].

     element at:5 put: (Array new:(linelength+1)).

     1 to: (linelength - 1) do:

     [:j|(element at:5)at:j put:

         ((((element at:1)at:j) + ((element at: 3)at:j)) / 2)].

     "Truncation of the offspring"

     1 to: (linelength - 1) do:

     [:j|(((element at:5)at:j)isInteger)

         ifFalse:

         [bitArray add:(Array new:2).

          (bitArray at:(bitArray size))at:1 put:((element at:5)at:j).

          (bitArray at:(bitArray size))at:2 put:j.

         ].

     ].

     [(bitArray size) > 0]

     whileTrue:

     [rg initializeSeed.

      randomnr:= (rg discreteUniformHigh: (bitArray size) low: 1).

      ( element at:5)at:((bitArray at:randomnr)at:2) put:

      ((((element at:5)at:((bitArray at:randomnr)at:2)) - 0.5)asInteger).

      bitArray removeIndex: randomnr.

      rg initializeSeed.

      randomnr:= (rg discreteUniformHigh: (bitArray size) low: 1).

      ( element at:5)at:((bitArray at:randomnr)at:2) put:

      ((((element at:5)at:((bitArray at:randomnr)at:2)) + 0.5)asInteger).

      bitArray removeIndex: randomnr.

     ].

     self initializeBufferArray.

     1 to: (linelength  - 1) do:

     [:j|(bufferArray at:j)at:1 put:((element at:5)at:j)].

     "Evaluation of the offspring"

      simresult:=0.

      1 to: (memory size) do:

      [:i|(bufferArray = ((memory at:i)at:1))

          ifTrue:

          [simresult:= ((memory at:i)at:2)].

      ].

      (simresult = 0)

      ifTrue:

      [RandomGenerator setLastSeed:11.

       simresult:= (self rstartgenruns: runs clear: 200 run: runUnits).

       indiv:= Array new:2.

       indiv at:1 put: bufferArray.

       indiv at:2 put: simresult.

       memory add: indiv.

      ].

      (element at:5) at:linelength put: simresult.

     "if the offspring is better than one off its parents, substitute the

      worse of both parents in the population"

      newElement:= nil.

      worst:= (((element at:1)at:linelength) max:(((element at:3)at:linelength))).

      (((element at:5)at:linelength) < worst)

      ifTrue:

      [(((element at:1)at:linelength) = worst)

       ifTrue: [element at:1 put:(element at:5).

                newElement:= 2 ]

       ifFalse:[element at:1 put:(element at:3).

                newElement:= 4 ].

       (generation at:gen)at:(element at:newElement) put:(element at:(newElement - 1)).

       newElement:=(element at:newElement).

      ].

   ].

   "END Crossover"

   ((randomnr3 > pc) and: [randomnr3 <= (pc+pm)]) ifTrue:      "Mutation"

   ["Select one individual based on fitness"

    rg initializeSeed.

    randomnr:= rg zeroOneUniformRV.

    counter:=1.

    cumprob:=((generation at:gen)at:1)at:(linelength+1).

    [randomnr > cumprob] whileTrue:

       [counter:=counter+1.

        cumprob:=cumprob + (((generation at:gen)at:counter)at:(linelength+1)).

       ].

    element at:1 put: ((generation at:gen)at:counter).

    element at:2 put: counter.

    rg initializeSeed.

    randomnr:= (rg discreteUniformHigh: (linelength - 1) low: 1).

    randomnr2:= randomnr.

    [randomnr = randomnr2]

    whileTrue:

    [rg initializeSeed.

     randomnr2:= (rg discreteUniformHigh: (linelength - 1) low: 1)].

    element at:3 put:((element at:1)copy).

    "element at:3 put: (Array new:(linelength + 1)).

    1 to: (linelength - 1) do:

    [:j|(element at:3) at:j put:((element at:1)at:j)].

    "

    (((element at:3)at:randomnr) > 0)

    ifTrue:

       [(element at:3)at:randomnr  put:(((element at:3)at:randomnr)  - 1).

        (element at:3)at:randomnr2 put:(((element at:3)at:randomnr2) + 1)].

    ((((element at:3)at:randomnr) = 0) and: [((element at:3)at:randomnr2) > 0])

    ifTrue:

       [(element at:3)at:randomnr  put:(((element at:3)at:randomnr)  + 1).

        (element at:3)at:randomnr2 put:(((element at:3)at:randomnr2) - 1)].

    ((((element at:3)at:randomnr) = 0) and: [((element at:3)at:randomnr2) = 0])

    ifTrue:

       [(element at:3)at:randomnr  put: 0.

        (element at:3)at:randomnr2 put: 0].

     self initializeBufferArray.

     1 to: (linelength  - 1) do:

     [:j|(bufferArray at:j)at:1 put:((element at:3)at:j)].

     simresult:=0.

     1 to: (memory size) do:

     [:i|(bufferArray = ((memory at:i)at:1))

         ifTrue:

         [simresult:= ((memory at:i)at:2)].

     ].

     (simresult = 0)

     ifTrue:

     [RandomGenerator setLastSeed:11.

      simresult:= (self rstartgenruns: runs clear: 200 run: runUnits).

      indiv:= Array new:2.

      indiv at:1 put: bufferArray.

      indiv at:2 put: simresult.

      memory add: indiv.

     ].

     (element at:3)at:linelength put: simresult.

    newElement:=nil.

    (((element at:1)at:linelength) > ((element at: 3)at:linelength))

    ifTrue:

       [newElement:=(element at:2).

        (generation at:gen)at: newElement put:(element at:3)].

   ].

      "END Mutation"

      (newElement = nil)

      ifFalse:

      ["Update fitness values"

       ((((generation at:gen)at: newElement)at:linelength) > (jmax at:linelength))

       ifTrue: [jmax:=((generation at:gen)at:newElement)].

       jdeviation:= (populsize*(jmax at:linelength)).

       1 to: populsize do:

         [:i|jdeviation:=(jdeviation - (((generation at:gen)at:i)at:linelength))].

       (jdeviation < e)

       ifTrue:

         [1 to: populsize do:

             [:i|((generation at:gen)at:i)at:(linelength + 1) put: (1 / populsize)].

         ]

       ifFalse:

         [1 to:populsize do:

              [:i|((generation at:gen)at:i)at:(linelength+1)put:

                 (((jmax at:linelength) - (((generation at:gen)at:i)at:linelength))

                 / jdeviation)

             ].

         ].

        "Ubdate best element"

        ((((generation at:gen)at: newElement  )at: linelength) <

        (((generation at:gen)at:(populsize+1))at: linelength))

        ifTrue:

        [(generation at:gen) at:(populsize+1) put:

         ((generation at:gen)at:(newElement))].

      ].

  ].

(gen >= mingen)

 ifTrue:

 [termination:=true.

  (gen - mingen + 1) to: (gen - 1) do:

     [:j|termination:= (termination and:

                        [(((generation at:j  )at:(populsize + 1))at:linelength) =

                          (((generation at:gen)at:(populsize + 1))at:linelength)])

     ].

 ]

 ifFalse:

 [termination:= false].

].

optimum:=OrderedCollection new.

1 to: populsize do:

[:i|((((generation at:gen)at:i)at:linelength) =

     (((generation at:gen)at:(populsize+1))at:linelength))

    ifTrue:

    [((optimum size) = 0)

     ifTrue:

     [optimum add:((generation at:gen)at:i)]

     ifFalse:

     [boolean:=false.

      1 to: (optimum size) do:

      [:j|boolean:= (boolean or:[((optimum at:j) = ((generation at:gen)at:i))])].

      (boolean) ifFalse:

      [optimum add:((generation at:gen)at:i)].

     ].

    ].

].

permutations:=(((linelength + buffer - 2)factorial)/

                ((buffer factorial)*((linelength - 2)factorial))).

Transcript

    cr;

    nextPutAll:'Date and Time:   ';

    show:(Time dateAndTimeNow)printString;

    cr.

self printOptimum2:optimum.

Transcript

    nextPutAll:'  Total number of permutations    :  ';

    show: permutations printString;

    cr;

    nextPutAll:'  Evaluated number of permutations:  ';

    show: (memory size) printString;

    cr.

^optimum

printOptimum: anOrderedCollection

(SimResultCollection getPrintWindow)

                        cr;

                         nextPutAll: '  processing time distributions: '.

                        1 to: (distArray size) do:

                        [:i|(SimResultCollection getPrintWindow)

                             nextPutAll: '(';

                             nextPutAll: (((distArray at: i) at: 1)printString);

                             nextPutAll: ';';

                             nextPutAll: (((distArray at: i) at: 2)printString);

                             nextPutAll: ')';

                             nextPutAll: ' '.].

1 to: (anOrderedCollection size) do:

[:i| Transcript

        cr;

        nextPutAll: '  buffer distribution: '.

     1 to: (distArray size - 1) do:

     [:j|Transcript

         show: (((anOrderedCollection at: i) at: j)printString);

         nextPutAll: '  '.

     ].

     Transcript

        cr;

        nextPutAll: '  Optimal Throughput: ';

        show:(((anOrderedCollection at: i) at: (distArray size))printString);

        cr;

        nextPutAll: '  Throughput Variance: ';

        show:(((anOrderedCollection at: i) at: (distArray size + 1))printString);

        cr.

].! !




