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 ABSTRACT 

 W�th  the  �nvolvement  of  IoT  �n  urban  plann�ng,  smart  c�t�es  �ncrease  the  qual�ty  of  l�fe 
 and  contr�bute  to  the  susta�nable  env�ronment  �n  �ssues  such  as  waste  management,  a�r 
 qual�ty,  transportat�on  �ntegrat�on  and  healthy  l�v�ng.  Thus,  �t  �s  also  �mportant  for  people 
 to  evaluate  smart  c�t�es  that  w�ll  �ncrease  the�r  l�v�ng  standards.  Th�s  study  evaluates 
 smart  c�t�es  by  �ntegrat�ng  c�rcular  �ntu�t�on�st�c  fuzzy  sets  (C-IFS),  wh�ch  �s  newly 
 �ntroduced  to  the  l�terature,  �nto  the  Analyt�c  H�erarchy  Process  (AHP)  approach. 
 Alternat�ve  c�t�es  to  smart  waste  management,  a�r  pollut�on  control,  transportat�on 
 �ntegrat�on  and  smart  energy  consumpt�on  systems  are  ranked  w�th�n  the  scope  of  smart 
 c�t�es. 

 Keywords:  C�rcular  Intu�t�on�st�c  Fuzzy  Sets,  Analyt�c  H�erarchy  Process,  IoT  BASED 
 SMART CITIES , Fuzzy Mult� Cr�ter�a Dec�s�on Mak�ng. 

 1.  Introduction 
 W�th  the  �ncrease  �n  urban�zat�on,  the  commun�cat�on  of  each  un�t  �n  crowded  soc�et�es 

 �ncreases  the  qual�ty  of  l�fe.  The  Internet  of  th�ngs  (IoT)  has  an  �mportant  place  �n 
 prov�d�ng  commun�cat�on  from  the  control  of  small  household  appl�ances  to  the 
 commun�cat�on  of  large  bu�ld�ngs  �n  the  c�ty  (Hamm�  et  al.,  2018).  The  remote  control  of 
 the  goods  and  the  ab�l�ty  to  transm�t  �nstant  �nformat�on  accelerated  the  success�ve 
 events.  Thus,  by  us�ng  smart  solut�ons  �n  c�t�es,  �t  �s  ensured  that  the  soc�ety  can 
 commun�cate  qu�ckly  and  take  act�on  �n  many  large  areas  such  as  transportat�on,  a�r 
 qual�ty  and  waste  management  (Alam,  2021).  Smart  c�t�es  are  develop�ng  day  by  day  for 
 a  susta�nable  env�ronment  and  healthy  l�fe.  The  fact  that  c�t�es  �ncrease  the  qual�ty  of  l�fe 
 along  w�th  the  �mportance  they  g�ve  to  smart  solut�ons  also  affects  the�r  preferab�l�ty 
 (Bell�n�, 2021). 

 In  th�s  study,  a  new  fuzzy  AHP  approach  �s  appl�ed  �n  the  evaluat�on  of  smart  c�t�es  �n 
 l�ne  w�th  the  l�ngu�st�c  express�ons  of  the  experts.  Extend�ng  Zadeh's  concept  of  fuzzy 
 numbers  (Zadeh,  1965)  as  Intu�t�on�st�c  fuzzy  numbers  (IF)  (Atanassov,  1986),  Atanassov 
 proposed  a  new  fuzzy  number  for  the  use  of  IF  numbers.  C�rcular  �ntu�t�on�st�c  fuzzy  set 
 (Atanassov,  2020)  �s  the  extens�on  of  the  IFS  and  d�ffers  from  IFS  by  �nclud�ng  a  c�rcle  of 
 the  number  cons�st�ng  of  membersh�p  and  non-membersh�p  degrees  (Kahraman  &  Alkan, 
 2021).  S�nce  the  C-IFS  concept  �s  relat�vely  new,  there  are  few  appl�cat�ons  conta�n�ng 
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 C-IFS  and  MCDM  methods  �n  the  l�terature.  Appl�cat�ons  of  C-IFS  MCDM 
 methodolog�es  �nclude  suppl�er  select�on  (Otay  &  Kahraman,  2022),  s�te  select�on  ( 
 Kahraman  &  Otay,  2021;  Çakır  et  al.,  2021),  health  tour�sm  center  appra�sement  (Çakır  & 
 Taş, 2021), and �ndustr�al symb�os�s evaluat�on (Çakır et al., 2022). 

 Th�s  paper  contr�butes  to  the  l�terature  by  recommend�ng  the  use  of  C-IFS  on  the  AHP 
 procedure.  C-IFS  �s  �n  a  format  su�table  for  comb�n�ng  v�ewpo�nts  �n  group  dec�s�on 
 mak�ng.  In  add�t�on  to  the  appl�cat�ons  of  AHP,  wh�ch  �s  a  mult�-cr�ter�a  dec�s�on-mak�ng 
 techn�que,  �n  fuzzy  env�ronments,  a  new  �ntegrat�on  has  been  carr�ed  out.  Alternat�ves  are 
 evaluated  us�ng  the  dec�s�on  makers'  fuzzy  l�ngu�st�c  IFS  dec�s�ons  and  the  C-IFS 
 structure.  The  proposed  approach  �s  used  �n  a  rank�ng  of  several  c�t�es  to  assess  the�r  IoT 
 feature to be smart. 

 2.  Methodology 
 The c�rcular �ntu�t�on�st�c fuzzy AHP (C-IFS AHP) methodology �s g�ven step by step as follows: 

 Step  1:  Def�ne  the  case,  determ�ne  the  dec�s�on  makers  “  ”  and  construct  𝐷 = { 𝐷 
 1 
,  𝐷 

 2 
,  … ,  𝐷 

 𝑘 
}

 the  h�erarch�cal  structure  by  determ�n�ng  the  levels.  For  a  three-level  h�erarchy,  Level  1  �s  the  best 
 opt�on  for  the  problem  accord�ng  to  the  score.  Level  2  cons�sts  of  sub-cr�ter�a  by  def�n�ng  the  set  “ 

 ”  for  any  cr�ter�on  C.  In  the  Level  3,  alternat�ves  are  placed  at  the  bottom  of  𝐶 = { 𝐶 
 1 
,  𝐶 

 2 
,  … ,  𝐶 

 𝑛 
}

 the h�erarchy by def�n�ng the set “  ”.  𝐴 = { 𝐴 
 1 
,  𝐴 

 2 
,  … ,  𝐴 

 𝑚 
}

 For each level repeat from Step 2 to Step 6 to obta�n we�ghts. 
 Step  2:  Construct  �ntu�t�on�st�c  fuzzy  dec�s�on  matr�x  from  dec�s�on-makers  us�ng  ||  𝐷𝑀  || 

 l�ngu�st�c scales �n Table 1 (Efe & Efe, 2018). 

 Table 1.  Intu�t�on�st�c fuzzy l�ngu�st�c terms 

 L�ngu�st�c Terms  Code  IFS  L�ngu�st�c Terms  Code  IFS 
 Very Low  VL  <0.05,0.95>  Med�um  M  <0.5,0.4> 

 Low  L  <0.25,0.65>  H�gh  H  <0.75,0.15> 
 Equal  E  <0.5,0.5>  Very H�gh  VH  <0.95,0.05> 

 Step  3:  Check  the  cons�stency  of  IFS  dec�s�on  matr�x  by  experts.  The  cons�stency  test  of  IFS 
 judgements  �s  carr�ed  out  accord�ng  to  the  Algo�rthm  I  on  the  study  (Xu  &  L�ao,  2013)  ex�st  �n  the 
 l�terature.  The  threshold  of  cons�stency  �s  0.1.  If  th�s  threshold  �s  exceeded,  experts  should 
 recons�der the�r dec�s�ons based on Algor�thm II on the study (Xu & L�ao, 2013). 

 Step  4:  Obta�n  the  aggregated  IF  dec�s�on  matr�x  us�ng  IFWA  operator  Eq.  (1).  ||  𝐷𝑀 
 𝑎𝑔𝑔𝑟 

 || 

 These values are also the center of each aggregated dec�s�on. 

 (1)  𝐶 
 𝑖 

=  𝐼𝐹𝑊𝐴 
 𝑊 

 𝑖 

<  𝑚 
 𝑖 , 1 

,  𝑛 
 𝑖 , 1 

>, <  𝑚 
 𝑖 , 2 

,  𝑛 
 𝑖 , 2 

>,  … ( ) =<  1 −
 𝑗 = 1 

 𝑛 

∏  1 −  𝑚 
 𝑖 , 𝑗 ( ) 𝑤 

 𝑖 , 𝑗 ,
 𝑗 = 1 

 𝑛 

∏  𝑛 
 𝑖 , 𝑗 

 𝑤 
 𝑖 , 𝑗 >

 Step  5:  Calculate  the  max�mum  rad�us  lengths  of  each  aggregated  dec�s�on  by  Eq.  ||  𝐷𝑀 
 𝑎𝑔𝑔𝑟 

 || 

 (2) from IF dec�s�on matr�x  and rev�se the aggregated dec�s�on  w�th rad�us (C-IFS).  ||  𝐷𝑀  ||  ||  𝐷𝑀  || 

 (2)  𝑟 
 𝑖 

=
 1≤  𝑗  ≤  𝑘 

 𝑖 

max  𝑢 
 𝐶 

 𝐶 
 𝑖 ( ) −  𝑚 

 𝑖 , 𝑗 ( ) 2 +  𝑣 
 𝐶 

 𝐶 
 𝑖 ( ) −  𝑛 

 𝑖 , 𝑗 ( ) 2 

 Step  6:  The  pr�or�ty  vector  “  ”  of  each  C-IFS  preference  relat�on  by  Eq.(3)  𝑤 = { 𝑤 
 1 
,  𝑤 

 2 
,  … ,  𝑤 

 𝑘 
}

 as follows: 
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 (3)  𝑤 
 𝑖 

=  𝑘 = 1 

 𝑛 

∑ µ
 𝑖𝑘 

 𝑖 = 1 

 𝑛 

∑
 𝑘 = 1 

 𝑛 

∑  1 − 𝑣 
 𝑖𝑘 ( )

,     𝑘 = 1 

 𝑛 

∑  1 − 𝑣 
 𝑖𝑘 ( )

 𝑖 = 1 

 𝑛 

∑
 𝑘 = 1 

 𝑛 

∑ µ
 𝑖𝑘 

;  𝑚𝑎𝑥    ( 𝑟 
 𝑖𝑘 

)⎛

⎝

⎞

⎠
 The  �dea  us�ng  the  �n  calculat�on  of  we�ght  comes  from  a  C-IF  number  of  c�rcles  of  𝑚𝑎𝑥    ( 𝑟 

 𝑖𝑘 
)

 rad�us  r  has  at  least  one  element  around  �t,  and  �ts  rad�us  must  not  be  smaller  to  take  th�s  dec�s�on 
 �nto account. 

 Step  7:  Comb�ne  the  calculated  we�ghts  at  all  levels  of  the  h�erarchy  from  Level  n  to  Level  1. 
 The  f�nal  matr�x  cons�sts  ent�rely  of  C-IFS  numbers.  F�rst,  defuzz�fy  only  the  cr�ter�on  we�ghts  by 
 score  funct�on.  The  rev�sed  IFWA  operator  for  C-IFS  (called  C-IFWA)  �s  used  as  �n  Eq.  (4)  to 
 obta�n values for alternat�ve order. 

 (4)  𝐶 −  𝐼𝐹𝑊𝐴 
 𝑊 

 𝑖 

<  𝑚 
 𝑖 , 1 

,  𝑛 
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>, <  𝑚 
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 𝑗 = 1 

 𝑛 

∏  1 −  𝑚 
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 𝑛 

∏  𝑛 
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 𝑖 , 𝑗 ;  𝑚𝑎𝑥    ( 𝑟 
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 Scores  of  these  values  �s  obta�n  by  where  and  then  𝑆 ( 𝑤 
 𝑖 
) =

 𝑢 
 𝑐 
− 𝑣 

 𝑐 
+  2  𝑟 + 3 

 6  𝑊 
 𝐶 

 𝑖 

 ∈ [ 0 ,  1 ]

 normal�ze.  (We  recommend  here  to  set  unless  you  have  a  spec�al  po�nt  of  v�ew  on  λ =  0 .  5 
 Eq.(5-6)) 

 where  (5)  𝑆 
 𝐶 − 𝐼𝐹𝑆 

 𝑐 ( ) =
 𝑢 

 𝑐 
− 𝑣 

 𝑐 
+  2  𝑟 ( 2λ − 1 )

 3  𝑆 
 𝐶 − 𝐼𝐹𝑆 

 𝑐 ( ) ∈ [−  1 ,  1 ]

 where  (6)  𝐻 
 𝐶 − 𝐼𝐹𝑆 

 𝑐 ( ) =  𝑢 
 𝑐 

+  𝑣 
 𝑐 

 𝐻 
 𝐶 − 𝐼𝐹𝑆 

 𝑐 ( ) ∈ [ 0 ,  1 ]

 Step  8:  Rank  the  score  of  alternat�ves  and  the  alternat�ve  w�th  the  h�ghest  score  �s  the  best 
 opt�on. 

 3.  Case Study 
 The  C-IFS  AHP  method  proposed  �n  th�s  study  was  used  to  evaluate  adaptat�on  to  smart  systems 
 for  four  c�t�es  �n  Turkey.  A1,A2,A3  and  A4  c�t�es  are  evaluated  accord�ng  to  the  cr�ter�a  C1:  Smart 
 waste  management,  C2:  A�r  pollut�on  control,  C3:  Transportat�on  �ntegrat�on,  C4:  Smart  energy 
 consumpt�on system. The h�erarch�cal structure of the case �s shown �n F�gure 1. 

 F�g. 1.  The h�erarchy process of the case study. 

 Table 2.  F�nal Matr�x of comb�ned we�ghts of levels 
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 C1 
 SwC1=0. 
 235 

 C2 
 SwC2=0. 
 272 

 C3 
 SwC3=0.2 

 50 

 C4 
 SwC4=0. 
 243 

 Ranking Value  Score  Norm. 
 Score 

 A1  <0.297,0.342 
 ;0.218> 

 <0.203,0.243; 
 0.365> 

 <0.295,0.341; 
 0.410> 

 <0.240,0.281 
 ;0.467> 

 <0.258,0.297; 
 0.467> 

 0.649  0.233 

 A2  <0.229,0.262 
 ;0.144> 

 <0.305,0.349; 
 0.431> 

 <0.247,0.293; 
 0.406> 

 <0.203,0.250 
 ;0.532> 

 <0.255,0.288; 
 0.532> 

 0.672  0.241 

 A3  <0.147,0.185 
 ;0.254> 

 <0.205,0.255; 
 0.221> 

 <0.215,0.255; 
 0.467> 

 <0.210,0.249 
 ;0.631> 

 <0.197,0.235; 
 0.631> 

 0.704  0.252 

 A4  <0.254,0.291 
 ;0.280> 

 <0.205,0.242; 
 0.431> 

 <0.162,0.199; 
 0.436> 

 <0.267,0.307 
 ;0.810> 

 <0.223,0.255; 
 0.810> 

 0.765  0.274 

 4.  Limitations 
 The  m�ss�ng  aspect  of  th�s  method  �s  that  there  may  be  d�fferent  approaches  �n  the 
 aggregat�on  express�on  of  the  newly  developed  c�rcular  �ntu�t�on�st�c  fuzzy  number. 
 C-IFS  cons�sts  of  �ntu�t�on�st�c  numbers,  �t  does  not  g�ve  the  exact  equ�valent  of  l�ngu�st�c 
 express�on.  Therefore,  fuzzy  l�ngu�st�c  express�ons  should  be  expressed  as  �ntu�t�on�st�c 
 numbers,  and  these  express�on  sets  should  be  grouped.  Wh�le  creat�ng  a  c�rcular 
 �ntu�t�on�st�c  number,  d�fferent  methods  should  be  tr�ed  to  determ�ne  the  center  and 
 rad�us.  L�kew�se,  new  suggest�ons  and  compar�sons  can  be  made  for  the 
 defuzz�f�cat�on/score funct�on. 

 5.  Conclusions 
 Th�s  study  evaluated  IoT-based  smart  c�t�es,  wh�ch  have  been  extens�vely  researched  �n 
 recent  years,  w�th  the  proposed  C-IFS  AHP  approach.  As  an  alternat�ve  to  group  dec�s�on 
 mak�ng  approaches,  C-IFS  developed  by  Atanassov  �s  used  �n  the  express�on  of  IF  group 
 dec�s�ons.  The  evaluat�ons  g�ven  by  each  of  the  dec�s�on  makers  to  the  cr�ter�on  (or 
 alternat�ve)  pa�r  form  the  group  dec�s�on  for  that  pa�r.  Thus,  IF  dec�s�ons  become  C-IFS. 
 Subsequently,  th�s  paper  contr�butes  to  the  l�terature  by  propos�ng  new  formulas  and 
 algor�thm  for  C-IFS  to  �mplement  the  necessary  steps  for  the  AHP  procedure.  The 
 proposed  model  was  successfully  �mplemented,  and  as  a  result  of  the  three-stage 
 h�erarch�cal  structure  used  �n  the  IoT-based  smart  c�ty  evaluat�on,  the  c�ty  a3  was 
 evaluated as the c�ty w�th the best score on the bas�s of cr�ter�a. 
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