Appendix
Algorithm pseudo‑code
In this appendix, we present the pseudo-code for the algorithm, structured into several distinct procedures. Note that some procedures are included without modifications necessary for running different scenarios. Procedures related to information gathering are not included.
• The Sub-Algorithm 1 “Setup” Initializes the agents include Retailers, Producers, Customers and connect producers and retailers
• The Sub-Algorithm 2 “Go”
• The Sub-Sub-Algorithm 3 “Preference Shift” modifies customers’ preferences over time.
• The Sub-Sub-Algorithm 4 “Manufacturing Goods” creates goods based on target production estimations.
• The Sub-Sub-Algorithm 5 “Retailer Purchasing Goods from Producers”. Retailers interact with connected producers to acquire goods for their Unsold items.
• The Sub-Algorithm 6 “Customers Purchasing Goods from Retailers”. Customers decide whether to purchase goods based on their preferences and budget.
• The Sub-Sub-Algorithm 7 “Retailer Feedback to Producers”. Retailers provide information about sold goods to the connected producers.
	Agents and their variables

	globals [Total-Sold-Goods ;; Quantity of goods sold
               Total-Unsold-Goods ;;Quantity of goods not sold
               Total-Sold-Goods-A ;;Quantity of A goods sold
               Total-Sold-Goods-B;;Quantity of B goods sold]
;; Create producers (individual firms)
breed [producers producer]
producers-own [
  sizep  ;; Small, medium, or large
  quality  ;; Low or high
  design  ;; Type A or type B
  production  ;; Quantity of goods produced
  target-production-A ;;Quantity of design-"A" goods for next tick
  target-production-B ;;Quantity of design-"A" goods for next tick
  my-retailers;;The connected retailers whom the producer sell his goods to
  Producers-Sale-E-h;; Quantity of goods sold by connected electronic retailers
  Producers-Sale-A-R-E;; Quantity of design-"A" goods sold by connected electronic retailers and satisfy customers
  Producers-Sale-B-R-E;; Quantity of design-"B" goods sold by connected electronic retailers and satisfy customers
  Producers-Sale-C-h;; Quantity of goods sold by connected classic retailers
  Producers-Sale-A-R-C;; Quantity of design-"A" goods sold by connected classic retailers and satisfy customers
  Producers-Sale-B-R-C;; Quantity of design-"B" goods sold by connected classic retailers and satisfy customers
  Producers-UN-Sale-A-R-E;; Quantity of design-"A" goods sold by connected electronic retailers and don’t satisfy customers
  Producers-UN-Sale-B-R-E ;; Quantity of design-"B" goods sold by connected electronic retailers and don’t satisfy customers]
;; Create retailers
breed [retailers retailer]
retailers-own [stock-capacity ;; retailer capacity
retailer-type;; Classic or Electric
chosen-producers;; List of producers that retailer are connected with
sold-goods-re;; The amount of A goods sold by a retailer]
;; Create customers
breed [customers customer]
customers-own [
  budget  ;; Customer's budget
  preferred-design  ;; "A" or "B"
  preferred-quality  ;; "high" or "low"
  age-threshold  ;; Ticks after which goods become available again
  preferred-retailer-type ;; classic or electronic
  satisfactory ;;Satisfaction from buying]
;; Create goods (products)
breed [goods good]
goods-own [
  producer-id  ;; ID of the producing firm
  quality  ;; Quality of the goods
  design  ;; Design type (A or B)
  retailer-id  ;; ID of the retailer
  price  ;; Price of the goods
  purchased? ;; Check if the goods is purchased
  design-satisfied; If the bought good design is satisfactory
  retailer-type ; If the good is assigned to a classic or electronic retailer]




	• The Sub-Algorithm 1 “Setup”

	  to setup
  clear-all
  reset-ticks
   random-seed timer
  ;; Create producers, retailers, goods, and customers
  create-producers 6 [
    setxy random-xcor random-ycor
    let a random-float 1
    ifelse a < 0.5 [set sizep "small"][ifelse a < 0.8[set sizep "medium"][set sizep "large"]]
    ifelse sizep = "small" [set shape "arrow"
      set production 80 + random 50
      set color blue
      set quality one-of ["low" "high"]
      ifelse random-float 1 < 0.3 [set design "A" set target-production-A production / 2 set target-production-B production / 2][set design "B" set target-production-A production / 2 set  target-production-B production / 2]
    ] [
      ifelse sizep = "medium" [set shape "arrow"
        set production 100 + random 100
        set color red
        set quality one-of ["low" "high"]
         ifelse random-float 1 < 0.5 [set design "A" set target-production-A production / 2 set  target-production-B production / 2]
                                      [set design "B" set target-production-A production / 2 set  target-production-B production / 2]
      ] [set shape "arrow"
        set production 300 + random 300
        set color green
        ;; Larger firms have a higher probability of changing design
        ifelse random-float 1.0 < 0.5 [
          set design "A" set target-production-A production / 2 set  target-production-B production / 2
        ][set design "B" set target-production-A production / 2 set  target-production-B production / 2]
        ;; Quality improvement probability
        ifelse random-float 1.0 < 0.7 [
          set quality "high"
        ][set quality "low"]]]
    set Producers-Sale production
    set my-retailers []
    set Design-A-Sale-List (list target-production-A)
    set Design-B-Sale-List (list target-production-B) ]
  create-retailers 20 [setxy random-xcor random-ycor
                           set stock-capacity 60 + random 20  set retailer-type "classic" ]
 ask n-of classic-electronic-ratio retailers [  set retailer-type "electronic" ]
 ask retailers[ set chosen-producers sort n-of 6 producers
 foreach chosen-producers [a-producer -> create-link-with a-producer]]
 ask producers [   set my-retailers []]
create-customers 1000 [set shape "person"
    setxy random-xcor random-ycor
    set budget 2000 + random 100 
    set satisfactory "unsatisfied"
   ifelse random-float 1.0 < 0.5 [set preferred-design “A"][set preferred-design  "B" ]
    set preferred-quality "high"
    let c random-float 1
    ifelse c < 0.3 [set age-threshold 2][ifelse c < 0.5[set age-threshold 1][set age-threshold 0]]]
end



	• The Sub-Algorithm 2 “Go”

	to go
if ticks >= 50 [stop]
 preference-shift
  Produce-goods
  purchase-goods-from-producers
  purchase-goods-from-retailers
  make-update-plots
 retailer-feedback-to-producers
  count-and-remove-goods
  tick
end



	• The Sub-Sub-Algorithm 3 “Preference Shift”

	to preference-shift
  let percent-preference 0.5 - 0.01 * ticks ;0.5  - 0.5 * sin (ticks * 90 / 50)
  ;let aa 0.5 - 0.01 * ticks
  ;let max (list 0 aa);   percent-preference 0.5 ;
  ;ifelse ticks < 10 [set percent-preference 0.5 ][ifelse ticks < 30[set percent-preference 0.3][set percent-preference 0.1]];0.5 + 0.5 * sin (ticks / 5)
   ask customers [ifelse random-float 1.0 < percent-preference [
          set preferred-design "A"
  ][set preferred-design  "B" ]]

end



	• The Sub-Sub-Algorithm 4 “Manufacturing Goods”

	to Produce-goods
ask producers [let total-production (target-production-A + target-production-B)
    if total-production > 0 [hatch-goods target-production-A [
        setxy random-xcor random-ycor
        set shape "circle"
        set producer-id [who] of myself
        set quality [quality] of myself
        set design "A"
        set purchased? false
        set design-satisfied "no"
        set retailer-type "nobody"]
      hatch-goods target-production-B [setxy random-xcor random-ycor
        set shape "circle"
        set producer-id [who] of myself
        set quality [quality] of myself
        set design "B"
        set purchased? false
        set design-satisfied "no"
        set retailer-type "nobody"]]]
  ask goods [set retailer-id  nobody 
ifelse quality = "high" [set price 5 + random 10][set price 2 + random 10] set hidden? false]
end



	• The Sub-Sub-Algorithm 5 “Retailer Purchasing Goods from Producers”.

	to retailer-feedback-to-producers
ask producers [ set my-retailers []]
ask retailers [;; Select connected producers
let remaining-capacity stock-capacity
let connected-producers [other-end] of my-out-links
let a count my-out-links
foreach connected-producers [[target-producer] ->
let available-goods sort goods with [producer-id = [who] of target-producer and retailer-id = nobody] 
let count-available-goods length available-goods
let num-to-purchase min (list remaining-capacity count-available-goods)
if num-to-purchase > 0 [ask target-producer [set my-retailers lput myself my-retailers ]]
    repeat num-to-purchase [let chosen-good one-of available-goods
          ask chosen-good [
          set retailer-id [who] of myself ; Assign retailer ID
          set retailer-type [retailer-type] of myself
          set purchased? false
          set design-satisfied "no"]
        set remaining-capacity remaining-capacity - 1
        set available-goods remove chosen-good available-goods]]]
end



	• The Sub-Sub-Algorithm 6 “Customers Purchasing Goods from Retailers”.

	to purchase-goods-from-retailers
  ask customers [ ifelse age-threshold <= 0 [
      let nearest-retailers retailers in-radius 100 with [retailer-type = "classic"]
      let who-nearest-retailers [who] of nearest-retailers
      let total-satisfactory-goods goods with [member? retailer-id who-nearest-retailers and
       purchased? = false and
       design = [preferred-design] of myself
       and price <= [budget] of myself and
       quality = "high"]
      let design-satisfactory-goods goods with [
       member? retailer-id who-nearest-retailers and
       purchased? = false and
       quality = "low" and
       design = [preferred-design] of myself and
       price <= [budget] of myself ]
      let quality-satisfactory-goods goods with [
        member? retailer-id who-nearest-retailers and
        purchased? = false and
        quality = "high" and
        design != [preferred-design] of myself and
        price <= [budget] of myself ]
      let price-satisfactory-goods goods with [
        member? retailer-id who-nearest-retailers and
        purchased? = false and
        quality = "low" and
        design != [preferred-design] of myself and
        price <= [budget] of myself]
      ifelse any? total-satisfactory-goods[let chosen-good one-of total-satisfactory-goods
                                             set label [who] of chosen-good
                                              set satisfactory "total-satisfied"  
                                              set age-threshold 2
                                              ask chosen-good [set purchased? true set design-satisfied "yes"]]
                       [ifelse any? design-satisfactory-goods [let chosen-good one-of design-satisfactory-goods
                                                                                      set label [who] of chosen-good
                                                                                      set satisfactory   "design-satisfied"
                                                                                      set age-threshold 2
                                                                  ask chosen-good [set purchased? true set design-satisfied "yes" ]]
  [ifelse any? quality-satisfactory-goods [let chosen-good one-of quality-satisfactory-goods
                                                                set label [who] of chosen-good
                                                                set satisfactory "quality-satisfied"
                                                                set age-threshold 2
                                                               ask chosen-good [set purchased? true set design-satisfied "no"]] [ifelse any? price-satisfactory-goods[let chosen-good one-of price-satisfactory-goods  set label [who] of chosen-good  set satisfactory  "price-satisfied"
set age-threshold 2 ask chosen-good [set purchased? true set design-satisfied "no"]]
                                                [set satisfactory "unsatisfied"]]]]
 let nearest-retailers2 retailers in-radius 100 with [retailer-type = "electronic"]
      let who-neasrest-retailers2 [who] of nearest-retailers2
      let total-satisfactory-goods2 goods with [
        member? retailer-id who-neasrest-retailers2 and 
        purchased? = false and
        design = [preferred-design] of myself and
        price <= [budget] of myself
        and quality = "high" ]
        let design-satisfactory-goods2 goods with [
       member? retailer-id who-neasrest-retailers2 and 
        purchased? = false and
        quality = "low" and
        design = [preferred-design] of myself and
        price <= [budget] of myself]
        let quality-satisfactory-goods2 goods with [
        member? retailer-id who-neasrest-retailers2 and 
        purchased? = false and
        quality = "high" and
        design != [preferred-design] of myself and
        price <= [budget] of myself]
      let pice-satisfactory-goods2 goods with [
        member? retailer-id who-neasrest-retailers2 and
        purchased? = false and
        quality != "high" and
        design != [preferred-design] of myself and
        price <= [budget] of myself]
      ifelse any? total-satisfactory-goods2 [let chosen-good one-of total-satisfactory-goods2
                             set label [who] of chosen-good
                             set satisfactory "total-satisfied" 
                             set age-threshold 2 
       ask chosen-good [set purchased? true set design-satisfied "yes"]]
       [ifelse any? design-satisfactory-goods2 [let chosen-good one-of design-satisfactory-goods2
        set label [who] of chosen-good      set satisfactory   "design-satisfied" 
        set age-threshold 2 ask chosen-good [set purchased? true set design-satisfied "yes"]]
       [ifelse any? quality-satisfactory-goods2 [let chosen-good one-of quality-satisfactory-goods2  
          set satisfactory "quality-satisfied"  
          set age-threshold 2 
           ask chosen-good [set purchased? true 
          set design-satisfied "no"]]
[ifelse any? pice-satisfactory-goods2[let chosen-good one-of pice-satisfactory-goods2     
set satisfactory    "price-satisfied" 
set age-threshold 2 
ask chosen-good [set purchased? true set design-satisfied "no"]] [set satisfactory "unsatisfied"]]]]]
 [set age-threshold age-threshold - 1]]
end



	• The Sub-Sub-Algorithm 7 “Retailer Feedback to Producers”.

	to retailer-feedback-to-producers
ask producers[
    Set Producers-Sale-E-h goods with[producer-id = [who] of myself and retailer-type = "electronic" and purchased? = true]
    set Producers-Sale-A-R-E count Producers-Sale-E-h with[design = "A" and  design-satisfied = "yes" ]
    set Producers-UN-Sale-A-R-E count Producers-Sale-E-h with[design = "A" and  design-satisfied = "no" ]
    set Producers-Sale-B-R-E count Producers-Sale-E-h with[design = "B" and  design-satisfied = "yes" ]
    set Producers-UN-Sale-B-R-E count Producers-Sale-E-h with[design = "B" and  design-satisfied = "no"]
 Set Producers-Sale-C-h goods with[producer-id = [who] of myself and retailer-type = "classic" and purchased? = true]
    set Producers-Sale-A-R-C count Producers-Sale-C-h with[ design = "A" ] 
    set Producers-Sale-B-R-C count Producers-Sale-C-h with[design = "B" ] 
    let satisfied-from-A Producers-Sale-A-R-E + Producers-Sale-A-R-C + Producers-UN-Sale-B-R-E
    let satisfied-from-B Producers-Sale-B-R-E + Producers-Sale-B-R-C + Producers-UN-Sale-A-R-E
    set Design-A-Sale-List lput satisfied-from-A  Design-A-Sale-List
    set Design-B-Sale-List lput satisfied-from-B  Design-B-Sale-List
    if length Design-A-Sale-List > 5 [set Design-A-Sale-List butfirst Design-A-Sale-List]
    if length Design-B-Sale-List > 5 [set Design-B-Sale-List butfirst Design-B-Sale-List]
                           let window-size 3 ; Adjust the window size as needed
                           let available-sales length Design-A-Sale-List
                           let start-calc-sale available-sales - window-size
    let sale-A-design-h 0
ifelse start-calc-sale > 0 [
let mean-sale-A mean sublist Design-A-Sale-List (start-calc-sale - 1 ) (available-sales - 1 )
        set sale-A-design-h  mean-sale-A] [ let mean-sale-A mean Design-A-Sale-List set sale-A-design-h  mean-sale-A]
let sale-B-design-h 0
ifelse start-calc-sale > 0 [
let mean-sale-B mean sublist Design-B-Sale-List (start-calc-sale - 1 ) (available-sales - 1 )
        set sale-B-design-h  mean-sale-B] [let mean-sale-B mean Design-B-Sale-List
        set sale-B-design-h  mean-sale-B]
  let sale-A-design-p sale-A-design-h
  let sale-B-design-p sale-B-design-h
  set target-production-A floor sale-A-design-p + 1
  set target-production-B floor sale-B-design-p + 1]
end






