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Rapid urbanization, particularly in megacities, poses complex
challenges for traffic management, energy consumption, and quality
of life. Key Performance Indicators (KPIs) are crucial for evaluating
urban systems, but their accurate calculation is challenging due to the
large volume of data and computational complexity involved. This
research presents a novel model-driven engineering approach that
automates KPI calculation through a domain-specific modeling
language (DSML) and a user-friendly graphical editor. This approach
simplifies the evaluation process by reducing computational
complexity, providing city managers with faster and more accurate
access to information. An evaluation of the proposed DSML, based on
maintainability, understandability, and extensibility, demonstrates its
advantages over existing methods. The results show a significant
improvement in the accuracy and efficiency of KPI evaluation,
enabling more informed and effective management decisions. The
features of DSML, including a structured metamodel and specialized
classifications, significantly reduce modeling time, minimize human
error, and enhance computational accuracy.
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~ & platform:/resource/TEHRAN_Citys%20MODEL/IRANCcitys.smartcitykpi
v < Smart City Root SmartCityROOT
~ < KPl Model
v <% Dimension Environment
» < Category Air Quality
> < Category Water and Sanitation
~ <= Category waste
< Solid Waste Treatment Solid Waste Treatment
» < Category Environmental Quality
> < Category Public Spaces and Nature
» < Category Energy
~ < Dimension Economy
» < Category ICT Infrastructure
> < Category Water and Sanitation
» < Category Electricity Supply
~ < Category Transport
<4 Traffic Monitoring Traffic Monitoring
< Public Sector EProcurement Public Sector EProcurement
» < Category Public Sector
> < Category Employment
~ < Dimension Society And Culture
> < Category Education
~ < Category Health
< Physicians Physicians
< Electronic Health Records Electronic Health Records
> < Category Culture
» < Category Housing
> < Category Social Inclusion
» < Category Citizen Participation
<+ Environment Concepts 500.0
< Economy Concepts 1255211.0
<+ Society And Culture Concepts 383509.0
Selection| Parent\ List|Tree|Table|Tree with Colurrms|

(<)




VPl oyladic) e ‘JJ-",’;"‘J':;”Q/J'J@"LV" Co pelo

YY#

Environment

Tel\ran Model

a
g8

[ T
|+ Noise Exposure  46.6405 (%)

4 Pusi

o * Flyed Broad hand subserl ptions

+ Solid Waste Treatiment 20.0 (%)

+ Protacted Natural Areas 36,9616 (%)

Q) Frstst Comaumption 884137 3

Environment
Economy

* Air pallution 500.0 (%)

+ Drinking Weter Quality 98.7432 (1)

(<)

Je (@) -8 35 Joe (A1) Y

cutrare S

Health B

ben partteipation B
o

Sociad mctuston & o

B energy

f-wwww»ds itation
-P alrcsgmmnmm

= Envgronment
i fGualdty

@i D+ ouse b
+Public Building Encray Consumption 350.0 fekWhy
Ve nempioment ke 34 06

- Veater and Samisdrion

6408 (%)

915766 ()

O~mm¢ Manitoring 446989 ()
+Smart Electricity Meters 40,2905 (%)
@ oy g 23300253

cess 519999 (%)

© Smart Water Meters 17439 (%)

[P .
(O ooman responsepenevaton 15334 00

J

dons  B2574.721 (Number)

el Qwatity

s 185678 (%)

s 23767 (Humber}

Ultural infrastructure $.2816 (Number)

ficient 0.36 (Number)

Saclety & Curlture

Society & Culture

@ s oo

#Student ICT Access 161364 {X)

ob) slxe (Y-F

oo Ob) ) clme (o ja3 (6l ol .>J§L..:— S Gla jest i (Gamls 0 g0 sa ((slwd e L (slime bl s
Lo 3l S (EOL) & skl e o5 0L los ST ookl (oal O ghos) g2l 0L (o 5 bl 45 (EOL) O sy
%ﬁmbdu@ﬁcob)¢|@lo.\ﬁf\kbd.\ﬁsjjuhmdawd\jS@\QM\U‘,%—)\?GL.;‘

(s 5000 52 GO 4 4t o S o ol B 50 _,**‘5%,,‘)#),‘5\?1};,.&,Qudm&@‘duw(ﬁ\,

ledde oyl 3 (5lyl8s 5 6 e 13 @ 15 065l edbe la S5 4 LT (o s 51,55 o5

el o3 S5 fos

Ol 1y galgii 3 Shes S (la o ls dmlos 4 by o 0ls Sl 3 &l Glods Y Jsd s

.MJGA

8 Klos (Suls” (sla el b ,BUi EOL &fgi ) Jsoo

EOL ws~

A .calculate().printin();

operation SmartCity!AirPollution calculate(){
"This is the AirPollution KPI calculation".printin();
var env = self.environmentconcepts;

var AirPollution= env.MeasuredConcetration/env.LegalLimit *100;

"unit-> m3".printin();
self.VValue= AirPollution;
return AirPollution;

var B=SmartCity! GHGEmissions.all.first();
B.calculate().printin();

operation SmartCity!GHGEmissions calculate(){

"This is the GHGEmissions KPI calculation".printin();

var env = self.environmentconcepts;

var ghgEmissions= env.Total GHGEmissions_TonneseCO2
/env.TotalNumCityInhabitants;

"unit-> Tonnes eCO2/capita".printin();

self.Value= GHGEmissions;

var A=SmartCity!AirPollution.all.first();

S Sos (Guuls” Ll

Air Pollution

198 ST Olse

GHG Emissions
Sl a8 Lel
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return ghgEmissions;}

var C=SmartCity!EMFExposure.all.first();
C.calculate().printin();

operation SmartCity!EMFExposure calculate(){
"This is the EMFExposure KPI calculation”.printIn();
var env = self.environmentconcepts; EMF Exposure

var EMFExposure= env.NumSitesComplying??WHO ebliae Olds 5 520 53
/env.TotalNumberSites*100;

"unit-> Percentage".printIn();

self.Value= EMFExposure;

return EMFEXxposure;}

Ll s s (GoilS” [l (65 52> w o 25 4 G 0 god Ol sioy ) gl 53 0kl 4t 5 ol 57 g 550 ¢l
S 1 0T wb G 5 8 WL EOL & ghal (03 05 53 o315 2 o+ (GHGEmMissions) $l6E ol
3 g oo 03l OT e Dl g a5 ) 50 w5 G151 3 (51 oS ankad Il Lot g3 0005 |l il 53 b 0l 5165 S
s 3 dmsn Sl I e 5 AS e Ol amlee g5,0 Gl Ll ol calculate s
P EE (P P G vl grome el L mb ) S e eslisel  environmentconcepts
Iy el ,luae (TotalNumCitylnhabitants) e oLS'Le JS sluss , (Total GHGEmissions_TonnesCO2)
s o3 Value Ol gea oddale Hldie g 358 o Ol (41,0 8CO2 -5) duloes doly s AS oo desloes
SIS o la b)) s Slaloee 5L)S5 55 (6l ko) 5 (o8 OL5 b odkiiiy o5 il 57 25 588 o0 ol 5L
Wlokd (65lwosly EOL p in gl 5550 S8 G b 5l ol 5 ol 5,8 on 13 ol 3 g0 dindi po g > Shes
oeedST Lios 53 EOL 43331 53 (63555 Olsea Jis A oo |l ol 6,108 5L Juibe (595 1) p3Y Slalons o
Ls x4 S plg ol s gn o5ls Gl aslip CONSOlE s 5 2om 55> Sloloms il 5 3550 ML
353 duwlous OSGl 5 dins o #1y) el ga g b Lad e s Shas (guldlS” la e la 51 Ll U550 ek yls olazs]
S350 LS o oS &\;J-’.ﬁ)bLhuaéu&)C)L:mburlad‘j‘m.w&rﬁbébbbubwOil@,w}

.QT@JJ}A}&)ch}&@x&uétﬁs456:)};3},“&)4{4.&@,5&6

st (O
Golwdds 0L L awslas 3 3 Ol b 3,50 andllas (Jyl 1wl ol rl?gsl SR 93 55 Ragh ol s gLyl
SciMark (g3ludas 0L (28" 5 C85 (o) 2 (Sopmnd () 31 3o ((Y+YY) LS 5 wSSl) MIKADO
oo 410 il alin (3lad e 0L S5 ) S 0T 08 BIE 5 Lo (ol iomad 5 (15 Ll 15 5o
5 ChS aslie 4 Y-8 i3 oS Sl 3 il oo il sresls b s Shas gllS sla e le o5yl s

Ssd asia O1 GBS gdoue 5 LB TP G syl Lelesl MIKADO (g5ledde 0L L sslgins 0L

(018 som) axllan 8590 dig0d (10
S el oS (61 (Bl G35 (Al Bl 5 sltel 4 4T (5 g 3 Shes ST (o e s G b5 g



’F'MFUMM»gjjgcff‘u;;‘ljbijygfxa YYA

93 BlodeT Cwsaty Ol g5 Ol (g,LeT SleSbl ailelu 5 7 HLT o o8 3 51 & abeia (g3de oy & 5L ek ya
b Dl 5 Gske b 8 s (YU ey b do ol ) aebons se b e JB
531, GHG Emissions 5> Sles S Lasle b 5 ) gws «Jls Ol gieds .Col 0ls o3lizw! Conditional Style
ol b b 84S S50 55 aayls OAd | 2l (6l 5 saimiin 03 9dme b 5 ol ) f‘ugjh S N SN Jod>
Sl e ls oyl ¢u¢m\,},ﬂe§;, L5b Jle s 5 Y748 51 S IS gl el Ol e sm (i ) 5
fy @u)b &)53}5’@ Jbeo Hlin bawy d> AL 0/0F Ls.§|‘~/\ e (Gdde ol Jﬂj)\-\ftﬂ&@)ﬂ)) L
o5 00/0 1 i @IS gla3E Lasl Ol gm AB 13, b b &S Sose 53 5 e e il 1S
Dy gr e e 3 lia (o Ly
09w 3l 3l 50 0wl oalawl agl Qb3 4 (o y Dlygaws Y Jgue
Conditional Style agl:self.value <= 3.99
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package Model[ [7) kpi ]

KpiModel «enumeration» Range
i Operation i fanges
1= ldimension -subject : String R HlCr /e -rangeName : String | 0..*
= - GET=0 -min : double
Dimension SUM =1 -max : double
attributes subdimension DIFF=2 -targetvalue : double
-name : String 0. AVG =3
1 h MIN =4 ranges (1.
MAX =5
1 DIV=6
category ' ' Kol AND =7 RangedValue
Category kpi P OR=8 >
1.7 = a attributes
- 1 o anrg{;‘{es XOR=9 izedvalue : String
P + Stri -hame : String MULT =10 o - Strii
name : String | belongs ~description : String SENT targetvalue : String
-unit: String
1.5 parameter 17T kpi
Parameter
7 CalculatedValue
attributes
-name : String 1 attributes
vallie value -calculatedBy : String
1 parameter Value p ValueType A
SingleValue
AggregatedValue
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