Appendix: NetLogo code

extensions [matrix]
breed [Agent]
globals [ abmi rate1 rate2 rnd sim asim isim counter sim1 sim2 sim0 asim1 isim1 beh1 beh2 beh0 bt br rnd1 rnd2 con1 con2 con3 con5  in con4 csex cgrade ctri tin ttri newcount tpc rnd3 nlink ilink tlink bmi-alter tcount t tf init fow t0 t1 t2 
  t3  average-bmi1 mbmi xbmi   bmirange1 ]

Agent-own[ bmi sex flag pc grade age income flag2 indegree outde ]
 

to setup
  __clear-all-and-reset-ticks
    random-seed (Seed)                                       ;define random seed
    set rate1   (rate-for-behavior + rate-for-network)       ;how many ticks the model will be run
    set rate2 random-poisson rate1
    creat-nodes                                              ;create the nodes (agents)
    creat-links                                              ;create the network
    update                                                   ;calculate the network statistics of the model
    set average-bmi1 (abmi / number-of-student)              ;calculate the average bmi  
end



to go 
 
 ifelse  ticks <= number-of-student *   rate2 

   [ set rnd1 random (number-of-student - 1)                 ;determine which agent will be select        
    
    ask turtle rnd1
    [ set rnd2 random-float 1                                ;possibility for behavior change
      ifelse rnd2 < rate-for-behavior / ( rate-for-behavior + rate-for-network )  ; behavior change
            [ set counter count out-link-neighbors                   ;calculate number of outdegree friends
              set sim bmi
              set sim1 0
              set sim2 0
              set sim0 0
              ifelse ( bmi > 13 ) and ( bmi < 46 )           ;behavior change for agents without extrem bmis (13 or 46)
              [ ifelse counter = 0                           ;check if agent has friends or not
                  [set beh1 exp(linear * (sim + 1 - average-bmi) + quadratic * (sim + 1 - average-bmi) ^ 2  )   ;behavior utility function value for increasing bmi by 1
                   set beh2 exp(linear * (sim - 1 - average-bmi) + quadratic * (sim - 1 - average-bmi) ^ 2   )  ;behavior utility function value for decreasing bmi by 1
                   set beh0 exp(linear * (sim   - average-bmi) + quadratic * (sim   - average-bmi) ^ 2 )]       ;behavior utility function value for not change bmi
                  [ ask out-link-neighbors                   ;behvior change for agent with normal bmi and having friends 
                    [ set sim1 (sim1 + 1 - abs (sim + 1 - bmi) / bmirange - sim-score)                          ;behavior similarity between agent and his friends when increasing bmi by 1
                      set sim2  (sim2 + 1 - abs (sim - 1 - bmi) / bmirange - sim-score)                         ;behavior similarity between agent and his friends when decreasing bmi by 1
                      set sim0  (sim0 + 1 - abs (sim  - bmi) / bmirange - sim-score)]                           ;behavior similarity between agent and his friends when not change bmi
                      set beh1 exp(linear * (sim + 1 - average-bmi) + quadratic * (sim + 1 - average-bmi) ^ 2 + bsimilarity * sim1 / counter)    ;behavior utility function value for increasing bmi by 1
                      set beh2 exp(linear * (sim - 1 - average-bmi) + quadratic * (sim - 1 - average-bmi) ^ 2 + bsimilarity * sim2 / counter)    ;behavior utility function value for decreasing bmi by 1
                      set beh0 exp(linear * (sim   - average-bmi) + quadratic * (sim   - average-bmi) ^ 2 + bsimilarity * sim0 / counter)]       ;behavior utility function value for not change bmi
        
              set bt (beh1 + beh2 + beh0)                   ;calculating possibilities of increasing,decreasing and keeping bmi
              set beh1 (beh1 / bt)
              set beh2 (beh2 / bt + beh1)
              set br random-float 1                         ;check if bmi will increase, decrease or keep the same
              ifelse br < beh1
                 [set bmi (bmi + 1)]
                 [if  br < beh2
                      [set bmi ( bmi - 1)]
           ] ]
       
              [ ifelse bmi = 13                             ;behavior change for agents with bmi 13, can only increase by 1 or no change
                    [ifelse counter = 0                     ;check if the agent has friends or not
                        [set beh1 exp(linear * (sim + 1 - average-bmi) + quadratic * (sim + 1 - average-bmi) ^ 2 )  ;behavior change for agents without friends
                         set beh0 exp(linear * (sim  - average-bmi) + quadratic * (sim  - average-bmi) ^ 2 )]
                        [ ask out-link-neighbors                                                                    ;behavior change for agents with frinds
                            [ set sim1 (sim1 + 1 - abs (sim + 1 - bmi) / bmirange - sim-score)
                              set sim0  (sim0 + 1 - abs (sim  - bmi) / bmirange - sim-score) ]
                              set beh1 exp(linear * (sim + 1 - average-bmi) + quadratic * (sim + 1 - average-bmi) ^ 2 + bsimilarity * sim1 / counter)
                              set beh0 exp(linear * (sim  - average-bmi) + quadratic * (sim - average-bmi) ^ 2 + bsimilarity * sim1 / counter)]
              set bt (beh1  + beh0)                         ;calculate possiblities for increasing or keeping no change
              set beh1 (beh1 / bt)
              set beh0 (beh0 / bt + beh1)
              set br random-float 1                                        
              if br < beh1                                  ;decide if the agent will increase bmi or not
                   [set bmi (bmi + 1)
                     ]
                               ]
                                                           ; behavior change for agents with bmi 46, can only decrease or no change
              [ifelse counter = 0                          ; behavior change for agents without friend             
                   [ set beh1 exp(linear * (sim - 1 - average-bmi) + quadratic * (sim - 1 - average-bmi) ^ 2    )
                     set beh0 exp(linear * (sim - average-bmi) + quadratic * (sim - average-bmi) ^ 2  )]
       
                   [ ask out-link-neighbors [ set sim1 (sim1 + 1 - abs (sim - bmi) / bmirange - sim-score)]
                     set beh1 exp(linear * (sim - 1 - average-bmi) + quadratic * (sim - 1 - average-bmi) ^ 2 + bsimilarity * sim1 / counter)
                     set beh0 exp(linear * (sim - average-bmi) + quadratic * (sim - average-bmi) ^ 2 + bsimilarity * sim1 / counter)]
        
               set bt (beh1 + beh0)
               set beh1 (beh1 / bt)  
               set beh0 (beh0 / bt + beh1)
               set br random-float 1
              if br < beh1
                 [set bmi (bmi - 1)
                 ]
        
                               ]]] 
                                                            ;network change
          [ set in 0 
            set csex 0
            set cgrade 0
            set sim bmi
            set ctri 0
            set sim1 0
            set asim age
            set isim income
            set asim1 0
            set isim1 0
            set con4 count out-link-neighbors
            set tpc 0
            set bmi-alter 0
                                                            ;calculate network utility function value for no network change
            ask out-link-neighbors
                 [if out-link-neighbor? turtle rnd1         ;calculate reciprocate dyads
                        [set in (in + 1)]
                  if sex = [sex] of turtle rnd1             ;calculate counts for same sex
                        [set csex (csex + 1)] 
                  if grade = [grade] of turtle rnd1         ;calculate counts for same grade
                        [set cgrade (cgrade + 1)]
           set sim1 (sim1 + 1 - abs (sim - bmi) / bmirange - sim-score)  ;calculate bmi similarity for network change 
           set asim1 (asim1 + 1 - abs (asim - age) / agerange - asim-score) ;calculate age similarity for network change
           set isim1 (isim1 + 1 - abs (isim - income) / incomerange - isim-score) ; calculate income similarity for network change
           set bmi-alter (bmi-alter + bmi - average-bmi)     ;calculate impact of alter's bmi
           ask in-link-neighbors                             ;calculate counts of transitive triads
                   [ if in-link-neighbor? turtle rnd1
                   [set ctri (ctri + 1)] 
                   ] ]
                  ;following is network change utility function value for agents without network change
     set pc exp(outdegree * con4 + reciprocity * in + transitive * ctri + samesex * csex  + samegrade * cgrade + alter * bmi-alter + ego * (sim - average-bmi) * con4 + nsimilarity * sim1 + agesimilarity * asim1 + incomesimilarity * isim1)
                                                      
     set flag 0                                         ;flag value for no network change
     set tpc ( tpc + pc)
     ;set pc tpc
;ask out-link-neighbors
     ask other turtles                              
     [ifelse in-link-neighbor? turtle rnd1           ;calculate netowrk change utility function value for deleting a tie (values stored in outdegree neighbors)
     [ask in-link-from turtle rnd1 [die ]           ;delete a tie
     
      ask turtle rnd1
       [ set in 0 
      set csex 0
       set cgrade 0
      set sim bmi
      set ctri 0
      set sim1 0
       set asim age
      set isim income
      set asim1 0
      set isim1 0
      set con4 count out-link-neighbors
       set bmi-alter 0
      ask out-link-neighbors
     [if out-link-neighbor? turtle rnd1
       [set in (in + 1)]                                        ;calculate reciprocate dyads
      if sex = [sex] of turtle rnd1                             ;calculate counts for same sex
      [set csex (csex + 1)] 
      if grade = [grade] of turtle rnd1                         ;calculate counts for same grade
      [set cgrade (cgrade + 1)]
      set sim1 (sim1 + 1 - abs (sim - bmi) / bmirange - sim-score)   ;calculate bmi similarity for network change
      set asim1 (asim1 + 1 - abs (asim - age) / agerange - asim-score) ;calculate age similarity for network change
      set isim1 (isim1 + 1 - abs (isim - income) / incomerange - isim-score) ;calculate income similarity for network change
      set bmi-alter (bmi-alter + bmi - average-bmi)                  ;calculate impact of alter's bmi in network change
      ask in-link-neighbors                                          ;calculate counts of transitive triads
      [ if in-link-neighbor? turtle rnd1
        [set ctri (ctri + 1)] 
       
      ]
       
       ] ] 
      create-link-from turtle rnd1                                   ; restore the deleted tie    
      
                  ;following is network change utility function value for agents deleting a tie    
       set pc exp(outdegree * con4 + reciprocity * in + transitive * ctri + samesex * csex + samegrade * cgrade + alter * bmi-alter + ego * (sim - average-bmi) * con4 + nsimilarity * sim1 + agesimilarity * asim1 + incomesimilarity * isim1)
       set tpc ( tpc + pc)
       set pc tpc
       set flag  (-1)                              ;flag value for deleting a tie
   
      ]

     [create-link-from turtle rnd1                  ;;calculate netowrk change utility function value for adding a tie (values stored in the selected agents)
       
       ask turtle rnd1
       [ set in 0 
      set csex 0
       set cgrade 0
      set sim bmi
      set ctri 0
      set sim1 0
       set asim age
      set isim income
      set asim1 0
      set isim1 0
      set con4 count out-link-neighbors
       set bmi-alter 0
      ask out-link-neighbors  
     [if out-link-neighbor? turtle rnd1              ;calculte counts of reciprocated dyads
       [set in (in + 1)]
      if sex = [sex] of turtle rnd1                  ;calculate coutns of same sex
      [set csex (csex + 1)] 
      if grade = [grade] of turtle rnd1              ;calculate coutns of same grade
      [set cgrade (cgrade + 1)]
      set sim1 (sim1 + 1 - abs (sim - bmi) / bmirange - sim-score)    ;calculate bmi similarity for network change
      set asim1 (asim1 + 1 - abs (asim - age) / agerange - asim-score)  ;calculate age similarity for network change
      set isim1 (isim1 + 1 - abs (isim - income) / incomerange - isim-score)  ;calculate income similarity for network change
      set bmi-alter (bmi-alter + bmi - average-bmi)           ;calculate impace of alter's bmi in network change
      ask in-link-neighbors                                    ;calculate counts of transitive triads
      [ if in-link-neighbor? turtle rnd1
        [set ctri (ctri + 1)] 
       
      ]
       
       ] ]              
                                          ;following is network change utility function value for agents adding a tie 
       set pc exp(outdegree * con4 + reciprocity * in + transitive * ctri + samesex * csex  + samegrade * cgrade + alter * bmi-alter + ego * (sim - average-bmi) * con4 + nsimilarity * sim1 + agesimilarity * asim1 + incomesimilarity * isim1)
       set tpc ( tpc + pc)
       set pc tpc
       set flag 1                                             ;flag for adding a tie
       ask in-link-from turtle rnd1 [die ]                    ;delete the tie added                 
 ]
     
     ]      
   
    
    ]
    
    
  ]
    
    if rnd2 > rate-for-behavior / ( rate-for-behavior + rate-for-network )   ;decide if the agent will add a tie, delete a tie or not change tie.
  [ask turtles
    [set pc ( pc / tpc )]  
      
    set rnd3 random-float 1
    ask min-one-of turtles with [pc > rnd3] [pc]
    [ ifelse flag = 1
      [create-link-from turtle rnd1
        set flag   0]
      [if flag = -1
        [ ask in-link-from turtle rnd1 [die ]
          set flag  0]] ] 
      
      ]
  
 update                                              ;update network parameters
 set average-bmi1 (abmi / number-of-student)         ;update average bmi
 ]
  [set init 0                                        ;calculate number of tie change
 
 set t3 0 
 set t2 0
 ;set t4 0
 set tf matrix:make-constant number-of-student number-of-student 0
 while [init < number-of-student]
 [ set fow 0
   while [fow < number-of-student]
   [ask turtle init
     [if out-link-neighbor? turtle fow
       [set tf matrix:set-and-report tf init fow 1]]
       set t0 matrix:get tf init fow
       set t1  matrix:get t init fow
        set t2 (t0 - t1)
       ; if t0 != 0
        ;[set t4 (t4 + 1)]
        if t2 != 0
        [set t3 (t3 + 1)]                  
        set fow (fow + 1)]
   set init (init + 1)]
 
     ask turtles 
 [set indegree count in-link-neighbors   ;calculate number of indegree friends
   set outde count out-link-neighbors]   ;calculate number of outdegree friends
    
    
    
    file-open "postripmargin1.csv"     ;output results
    file-print seed
        file-print tlink
        file-print ttri
        file-print t3
        file-print tin
        file-print con1
        file-print con2
        file-print con3
   file-close
        
set tcount 0
 while [tcount < number-of-student]
[ask turtle tcount
[ 
  file-open  "postripmargin2.csv"
      if tcount = 0
      [file-print seed]
      file-print  bmi  
  
      file-close
    
      
       ]
     ; ]
      set tcount (tcount + 1) ]
    
    stop]
  tick
     
end

to creat-nodes                                                  ; create agents
  ask patches [set pcolor white]
  
  file-open "bmi.txt"
 let b matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close
 
 file-open "sex.txt"
let s matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close
 
 file-open "grade.txt"
 let g matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close
 
 file-open "age.txt"
 let a matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close
 
 file-open "income.txt"
 let i matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close
 
 let m 0
 

while [ m < number-of-student  ]
 [ Create-Agent 1
   [set size 0.5
      setxy (random-xcor * 0.9 ) (random-ycor * 0.9 )
     set bmi matrix:get b  0 m
     set sex matrix:get s  0 m
     set grade matrix:get g  0 m
     set age matrix:get a  0 m
     set income matrix:get i  0 m
     set indegree 0
     set outde 0
     set flag 0
     set flag2 0
     set pc 0
     ifelse sex = 1
     [set shape "triangle"]
     [set shape "square"]
   ]
  
  set m (m + 1)]




end

to creat-links                         ; create ties
   file-open "new data.txt"
 set t matrix:from-row-list file-read
 ;set s matrix:from-row-list t
; set x matrix:get t 1 5
 file-close

let i 0
while [ i < number-of-student  ]
 [ let j 0
   while [ j < number-of-student ]
  [let pos matrix:get t i j 
    if  pos != 0
   [ask turtle i
  [  ;ifelse ( [bmi] of turtle i < 25 and [bmi] of turtle j >= 25)
    ;[   ]
    ;[create-link-to turtle (j)]
    
    create-link-to turtle (j)
    
    
    ]
  
   ]
  set j (j + 1)]
  set i (i + 1)]
; ask turtle 100
 ;[ ask out-link-to turtle 10 [die] ]
 ;ask links [ set color blue]
 ask turtles 
 [set indegree count in-link-neighbors
   set outde count out-link-neighbors]
 
; ask max-n-of 62 turtles [indegree] 
 
 
  repeat 30
  [
   layout-spring turtles links 1 (world-width / (sqrt number-of-student)) 2
    ; layout-tutte (turtles with [link-neighbors = 1]) links 11
  
  ]
  
  
  
  
  
  
end



to update      ; update network parameters
  set mbmi max [bmi] of turtles
    set xbmi min [bmi] of turtles
    set bmirange1 (mbmi - xbmi)
  set nlink 0
 ask turtles
[ 
  
  ifelse bmi < 25  
     [ set color  green ]
   
     [ifelse bmi  < 30 
     [set color  yellow ] 
     [set color  red ]
        ] 
     set ilink count out-link-neighbors
   set nlink (nlink + ilink)
      ]
    set con5 count turtles with [bmi < 20]
      set con1 count turtles with [color = green]
     set con2 count turtles with [color = yellow]
     set con3 count turtles with [color = red]
set tlink nlink
set newcount 0
set ttri 0
  set tin 0
  set abmi 0
while [newcount < number-of-student]
[ask turtle newcount
[ set abmi (abmi + bmi)
  ask out-link-neighbors
  [ if out-link-neighbor? turtle newcount
    [set tin (tin + 1 )]
  ask in-link-neighbors
      [ if in-link-neighbor?  turtle newcount
        [set ttri (ttri + 1)]
      ]]
]
set newcount (newcount + 1 )
]

end
