
171 
 

 

 

 

A Proposal to Estimate an Appropriate Metro Headway 

Through Weekly Passengers’ Flow Data 

A.A. Mohammed
1
, H.S. Riad

2 
, M.Y.Mohsen

3 
 

     (1) Civil Engineer. 

(2) Associate Professor of Railway Engineering Public Works Department Faculty of Engineering Ain 

Shams University. 

(3) Assistant professor of Railway Engineering Public Works Department Faculty of Engineering 

Benisuef University. 

 

 اٌٍّخض اٌؼشثٟ:
 

ِزشٚ أٔفبق اٌمب٘شح اٌىجشٜ ٘ٛ أٚي خؾ ِزشٚ فٟ اٌٛؽٓ اٌؼشثٟ ٚلبسح أفش٠م١ب ٠ٚؼزجش ٚاؽذ ا ِٓ أُ٘ ٚعبئً إٌمً فٟ 

عذٚي اٌزشغ١ً اٌؾبٌٟ أؽ١بٔ ب  اٌّذ٠ٕخ، فٙٛ ٠ٛفش ٚع١ٍخ عش٠ؼخ ٚفؼبٌخ ٌٍزٕمً ٌّلا١٠ٓ اٌشوبة ١ِٛ٠ ب. ِٚغ رٌه، ٠ظٙش

ٚ  ػذَ رٛافمٗ ِغ رمٍجبد اٌشوبة، ِّب ٠ئدٞ  اٌٝ الاوزظبظ ٚاٌزؤخ١ش. ثبلإػبفخ اٌٝ رٌه، لا ٠زٛصع اٌشوبة ثشىً ِزغب

ػٍٝ ؽٛي اٌشط١ف أٚ داخً ػشثبد اٌّزشٚ، ِّب ٠ّىٓ أْ ٠ض١ش ِخبٚف اٌغلاِخ. ٠ٙذف ٘زا اٌجؾش اٌٝ رمذ٠ش فزشح 

آٌخ اٌجطبلبد ص١ِٕخ ِٕبعجخ ٌزمبؽش اٌّزشٚ ِٓ خلاي ث١بٔبد رذفك اٌشوبة الأعجٛػ١خ اٌزٟ رُ اٌؾظٛي ػ١ٍٙب ِٓ 

فٟ ٘زا اٌجؾش، لّٕب ثطشػ ٚع١ٍخ ِجزىشح لإٔشبء ِظفٛفخ الأطً ٚاٌٛعٙخ ٌشجىخ اٌّزشٚ، ٚاٌزٟ ِٓ خلاٌٙب  اٌزٍمبئ١خ.

 رّىٕٕب ِٓ ِؼشفخ وضبفخ اٌشوبة فٟ اٌؾبلاد اٌزب١ٌخ )ػٍٝ اٌشط١ف، ػٕذ الأثٛاة، داخً ػشثبد لطبس اٌّزشٚ(.
 ا٢ر١خ: ٚثبٌزبٌٟ رّىٕٕب اٌزؤوذ ِٓ رؾم١ك اٌششٚؽ

 ساوت / اٌّزش اٌطٌٟٛ. 2وضبفخ اٌشوبة ػٍٝ اٌشط١ف لا رض٠ذ ػٓ  -

 صب١ٔٗ. 30صِٓ اٌزٛلف لا ٠ض٠ذ ػٓ  -

 ساوت / اٌّزش اٌّشثغ . 3ساوت/اٌّزش اٌّشثغ ٚلا رمً ػٓ  7وضبفخ اٌشوبة داخً ػشثبد لطبس اٌّزشٚ لا رض٠ذ ػٓ  -

ي ػٍٝ فزشح ص١ِٕخ ِٕبعجخ ٌزمبؽش اٌّزشٚ رزٕبعت ِغ اٌطٍت ِٚٓ خلاي رؾم١ك الاشزشاؽبد اٌغبثمخ رّىٕٕب ِٓ اٌؾظٛ

 اٌّغزّش ٚاٌّزضا٠ذ ِٓ اٌشوبة.

 اٌىٍّبد اٌّفزبؽ١خ:
، ػذد اٌشوبة فٟ وً سؽٍخ، ؽش٠مخ ّٔٛرط خاٌشوبة الأعجٛػ١ث١بٔبد اٌّزشٚ، آٌخ اٌززاوش الأٚرِٛبر١ى١خ، صِٓ رمبؽش 

 أثٛاة اٌّزشٚ، ٚداخً ػشثبد اٌّزشٚ(. أِبَ، ٌشط١ف)ا[، وضبفخ اٌشوبة ػٍٝ O-Dاٌغبرث١خ، ِظفٛفخ اٌشوبة ]

 

Abstract: 

The Greater Cairo Underground Metro is one of the most important modes of 

transportation in the city, providing a fast and efficient means of travel for millions of 

passengers every day. However, the current schedule doesn‘t always comply with the 

passengers' fluctuations, leading to overcrowding and delays. In addition, passengers 

are not uniformly distributed along the platform or into the metro cars, which can lead 

to safety concerns. To address these issues, this research paper aims to estimate a 

suitable metro headway through the weekly passengers‘ flow data which obtained from 

the automatic ticket machine. In this research we proposed an innovative way to create 

an origin destination [OD] matrix for the metro network, through which it is possible to 

obtain an appropriate metro headway commensurate with the continuous and increasing 

demand for passengers. 
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Introduction: 

 

Due to its multiple advantages, the Underground Metro is considered one of the 

most attractive means of transportation for passengers, therefore, it has a huge 

crowdedness specially at peak hours, for that it requires a lot of research and 

studies namely in large heavily populated cities. From this point of view, it‘s 

important to investigate the Optimal Operation of Greater Cairo Underground 

Metro (GCUM) taking into consideration safety and economy. 

 

The research is driven by four key questions: 

1. Estimating a suitable headway: Using detailed passenger flow data, we aim to 

establish a dynamic headway system that adapts to fluctuations in ridership 

throughout the week and across different times of day, ensuring efficient service 

while minimizing wait times. 

2. Adapting to rising passenger numbers: The current schedule often falls short of 

accommodating the rapid surge in ridership. We explore solutions for optimizing 

existing infrastructure and scheduling to keep pace with this ongoing growth. 

3. Prioritizing passenger safety: In crowded stations and trains, safety concerns 

become paramount. This research investigates measures to enhance passenger 

security and minimize risks associated with increased traffic. 

4.Balancing economics and passenger needs: Achieving a financially sustainable 

Metro operation is crucial. We analyze how headway adjustments can contribute 

to economic feasibility while still prioritizing passenger comfort and safety. 

 

Our hypotheses provide the foundation for our investigation: 

-The proportionality of headway to passenger numbers suggests a dynamic 

approach to scheduling based on real-time demand. 

-The gravity model helps us understand passenger distribution patterns across 

stations, informing platform design and resource allocation. 

-Variations in platform and train car densities highlight the need for targeted 

solutions to optimize passenger flow and minimize congestion. 

-Passenger behavior has a significant impact on operational efficiency. We assess 

strategies for mitigating behavioral delays and ensuring smooth platform and train 

movement. 

 

Cairo is the most extensive city in both Africa and the Middle East, has been the 

capital of Egypt for more than a millennium. It stands as a crucial political and 

cultural focal point within the region [1] , which suffers from unplanned growth 
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due to the high rate of both birth [2] and internal immigration [3],[4]. The present 

Greater Cairo metro network (GCUM) consists of three lines with a total length of 

about 96 km [5]. It is considered as the rapid transit system in Greater Cairo, Egypt 

[6]. It was the first of two full-fledged metro systems in Africa and four in the 

Arab world [7] . 

This research paper is structured as follows: the second section is the literature 

review, we focused on previous studies, where we presented some local and 

international studies that closely related. In the third section, we reviewed the 

methodology and the case study, which is the peak hour scenario. This section was 

divided into three subsections: data collection, solution model, and finally analysis 

& results. Following that the fourth section was dedicated to extracting the 

conclusions. 

 

Literature Review: 

Eldeeb et al., 2018 [8] proposes a study on optimal metro operation that deals with 

optimizing optimal operation interaction for GCUM 1st and 2nd lines by 

proposing a methodology based on a field survey of travel time, actual 

headway, passenger waiting time, alighting, and boarding passengers. There are 

some shortages for the field survey as the data are collected during only one trip by 

counting the passengers who boarded or alighted from only one door for only one car, 

Accordingly, these records cannot be precisely utilized as a method to analyze the 

metro operation. 

 

Another study reports by Eldeeb et al., 2019 [9] the results based on only one-day 

records. This can't be considered as a general case to be applied as they could cause 

misconceptions as regards the variations from day to another. Hence, it becomes crucial 

to consider the outputs of the Automatic Ticket Machine, capturing weekly, and daily 

passenger traffic from entry to exit at all stations. These accurate results will provide 

indispensable data for conducting an in-depth analysis of the phenomena and drawing 

appropriate conclusions regarding the optimal headway and important predictive 

recommendations.  

 

For international studies: Wang et al., 2017 [10] This research investigates the use of 

metro smart card data to model the location choice of after-work activities for metro 

commuters in Shanghai. The study develops a gravity model based on smart card data 

and analyzes the influence of travel time, travel cost, and station characteristics on 

after-work activity location choices. Smart card data was collected from the Shanghai 

Metro, including passenger tap-in and tap-out timestamps, station information, and 

travel times. The data was preprocessed to clean and prepare it for further analysis. 

This included handling missing values, removing outliers, and correcting 

inconsistencies. A gravity model was developed to estimate the probability of an 

individual choosing a specific location for their after-work activity based on travel 

time, travel cost, and station characteristics. The gravity model was estimated using 
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preprocessed smart card data, allowing for the quantification of the impact of each 

factor on location choice. The model's predictive accuracy was evaluated using a 

holdout sample of the data, demonstrating its effectiveness in replicating actual location 

choice patterns. The study concluded that: Smart card data can be effectively utilized to 

model the location choice of after-work activities for metro commuters. Travel time, 

travel cost, and station characteristics play significant roles in influencing location 

choices. The findings contribute to a better understanding of commuter behavior and 

provide valuable insights for urban planning and transportation system optimization. 

 

Ekowicaksono et al., 2016 [11] uses the gravity model to estimate the number of trips 

between different zones in the city. The research concludes that the gravity model can 

be used to estimate the O-D matrix with reasonable accuracy, and it can be used to 

improve the transportation planning and management in the city. 

 

Fang et al., 2019 [12] analyses the distribution of the passengers on the platform 

according to the boarding passengers‘ choice.  The author develops a model, taking 

into consideration the origin-destination of the passengers, their waiting time and the 

station platform layouts where the passengers‘ boarding and alighting. The author 

calibrates the model by using the passengers‘ weight for the London Underground 

Hammersmith-City (H&C) line , an airbag-based suspension system uses to obtain an 

accurate weight of the train, which is called load-weigh to calculate the number of 

passengers on each car of the train on the H&C line the load-weigh Divides by the 

standard  average of passengers‘ weight, which mentions in the Health Survey for  

England 2015. This study proposes two strategies. The first strategy is called the 

origin-based choice which demonstrates the behavior of boarding passengers who 

prefer the minimum platform walking distance where they board at the station, as well 

as a less congested area to stand. While the second one called the destination-based 

choice which demonstrates the behavior of alighting passengers who prefer the 

minimum walking distance of the interchange pathways where they alight, or platform 

exits at the station. The author recommended designing more than an entrance for the 

platform to ensure uniformly passenger distribution. The developed model presents 

good interpretation in predicting the distribution of passengers on the platform. This 

method estimates the number of passengers by weighing each train car, then dividing it 

by the average weight of the passenger. It‘s considered more accurate than the smart 

card data method for several reasons, including that it gives us the number of 

passengers in each car, thus we can determine where passengers are crowded on the 

platform and in any car accurately. While the smart card data method estimates the 

number of passengers in all the train cars, which is assumed to be a similar distribution 

of passengers on the platform and in each train car, which is difficult to achieve in 

reality because we cannot control passengers' behavior and choices. 

 

Lam et al., 1999 [13] divided the platform into six blocks, and noticed that the most 

congested block was the second-closest one to the entrance. studied the stopping time, 
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considering it a pivotal parameter for evaluating system performance, service 

reliability, and quality. The research attributed the main reason for the variations in 

dwell time to the boarding and alighting passengers. 

Puong 2000 [14] The data collection process involved measuring stopping time, 

tracking passenger movements through entrances and exits, and assessing congestion 

levels from the platform, particularly focusing on the most crowded train cars. To 

gather the required data, four individuals were enlisted, each responsible for specific 

tasks, such as counting passenger movements through turnstiles. Notably, to enhance 

accuracy, it's advisable to conduct passenger counts at a car level rather than at the 

entrance/exit level, whenever sufficient labor resources are available. A mathematical 

model had been developed. It also highlights the influence of on-board congestion on 

boarding times for the non-Park Street Stations of the MBTA Red Line. The study's 

findings emphasize the consequential impact of dwell time's sensitivity to ridership 

variations, signifying the potential for inconsistent headways and running times, which 

could compromise service quality and capacity. The model introduced in this study 

establishes a fundamental framework for identifying critical stations necessary for 

supporting high-frequency service during peak hours. 

 

Seriani et al., 2016 [15] This study introduces a groundbreaking framework for 

evaluating passenger interactions at platform-train interfaces (PTIs), with the primary 

objective of understanding and quantifying the influence of various factors on 

passenger flow, safety, and comfort. The author employes a multifaceted approach to 

gather data on passenger movement patterns, interactions, and behavior. This includes 

video surveillance, passenger surveys, and sensor data. Mathematical models are then 

developed to represent passenger flow, safety hazards, and comfort indicators. The data 

collection and mathematical modeling components are seamlessly integrated into a 

comprehensive framework for evaluating PTI performance. Scenario analysis is 

conducted to systematically assess the impact of different factors, such as train 

scheduling, platform layout, and passenger demand, on PTI performance. The study 

Concluded that: The proposed framework presents a holistic approach to evaluating 

passenger interactions at PTIs. Its application holds immense potential for optimizing 

station designs, improving train scheduling, and enhancing passenger experience across 

various rail systems. 

 

Luangboriboon et al., 2021 [16] This research undertakes an examination of how the 

density inside a train carriage influences the passenger boarding rate, offering valuable 

insights for optimizing boarding strategies and minimizing congestion. The research 

effectively illustrates a non-linear relationship between density and boarding rate, 

pinpointing an optimal density range for maximizing boarding efficiency. These 

findings offer valuable insights for refining boarding strategies, managing passenger 

flow effectively, and mitigating congestion in metro systems. This research contributes 

to the enhancement of metro system operations, fostering a more efficient and seamless 

travel experience for passengers. 
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Methodology & case study: 

a- Data collections: 
Table (1) Total Passenger Fluctuations during a week (From 1/3/2021 to 7/3/2021) 

a)  b)  c)  
Source: Greater Cairo Underground Metro Authorities. 

 

d) Table (2) The five official schedule operating times for the 3 lines. 

e)  
 

Total trips / direction

Departure time 5.15 5.35 5.40 18.55 19.00 24.00

Trips / Direction

Departure time 5.15 6.00 6.05 23.45 23.50 24.30

Trips / Direction

Departure time 5.15 6.32 6.37 21.28 21.33 24.43

Trips / Direction

Departure time 5.15 5.45

Trips / Direction

Departure time 5.15 6.00

Trips / Direction

Departure time 5.15 8.27

Trips / Direction
149

Off Peak Morning  Peak Off Peak Evening

190
6.10 24.30

1864

21

24.138.34

128

5.55 24.09
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f)  
g) Figure (1) the underground metro platform dimension for line 1, and lines 2,3  

h) (L = 200m for 1st line  L = 180m for 2nd and 3rd lines) 

i) Source: Greater Cairo Underground Metro Authorities. 

 

j) Table (3) rolling stock characteristics for the three lines. 

k)  
Source: Youssef M. 

l)  

m)  

Where: 

(MC): motor with a driving cabin. 

(T): slip carriage (trailer) with longitudinal seats  

(M): motor coach without a driving cabin (tapered end). 

(N1): An intermediate motor car with one semi-permanent coupler at each end and with 

third rail collectors. 

(N2): Intermediate motor car with a semi - permanent coupler at front end, fully automatic 

coupler at rear end, and with third rail collectors. The rear end is provided with an 

auxiliary driving cab. 

Each car has 4 doors: two for alighting and two for boarding. 

b- Solution model: 

- Construction of [O-D] Matrix 

Step (1): we converted the weekly passengers‘ data (𝑃 ) Entry & Exit table ( 1)  into 

passengers per trip (𝑃𝑡𝑖&𝑃𝑡𝑗) during a specific period. This was achieved by establishing a 

relationship with the official timetable shown in table ( 2), which divides normal days into 

three periods (off-peak morning, peak, and off-peak evening), and weekends into two 

periods (peak and off-peak). The total number of passengers during the week is calculated 

as follows:                    𝑃  =  𝑑* 𝑃 𝑑 + 𝑃 𝑒 .... ( 1)  Where: 

𝑃 =Total passengers during the week. 
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 𝑑  = The total number of normal days of the week. 

𝑃 𝑑 = Passengers on normal days during off peak morning, peak, and off-peak evening. 

𝑃 𝑒= Passengers on weekends during peak and off-peak. 

As the headway must be inversely proportional to the passengers' traffic, so it is easy to 

calculate the average corresponding headway for the five official schedules  𝑖=(1 2 3 4 5) 

,Where: {( 𝑖=1) is for (off-peak morning), ( 𝑖=2) is for (peak) ( 𝑖=3) is for off-peak 

evening} for normal days & {( 𝑖=4) is for (peak), ( 𝑖=5) is for (off-peak)} for weekend 

day. 

𝐻𝑖 =
𝐷𝑖

𝑁𝑡 
   (min./trip) .... ( 2)   

Where: 

𝐻𝑖 = Headway for 𝑖  = (1 2 3 4 5) 

𝐷𝑖 = Duration for 𝑖 = (1 2 3 4 5) 

 𝑡𝑖 = Number of trips per direction 𝑖= (1 2 3 4 5) 

For line 1: 

𝐻 =
𝐷 

𝑁𝑡 
=

5:35;5: 5

3
= 6.667min./trip      𝐻2 =

𝐷2

𝑁𝑡2
 =
( 8:55);(5:40)

 94
= 4.098 min./trip 

𝐻3 =
𝐷3

𝑁𝑡3
 = 

(24:0);( 9:0)

43
= 6.977min./trip  𝐻4 =

𝐷4

𝑁𝑡4
 = 

(5: 5);(5:45)

3
= 5.850 min./trip 

𝐻5 =
𝐷5

𝑁𝑡5
 =
(24:09);(5:55)

 87
= 10 min./trip 

According to the official timetable, we have five periods, resulting in five values for 

headway: (off peak morning, peak, and off-peak evening) for normal days and (peak & off 

peak) for weekends. To reduce the number of unknowns, we created the ratio between the 

peak headway and the headway for the remaining periods. This ratio is equal to one for the 

peak hour and less than one for the other periods. 

𝑅𝑖 =
𝐻2

𝐻 
  where  𝑖 = (1 2 3 4 5).… ( 3)   

Where: 

(𝑅𝑖) is the ratio between the headway at peak hour (𝐷2) to any headway (𝐻𝑖). 

𝑅 =
𝐻2

𝐻 
  = 0.615, 𝑅2 =

𝐻2

𝐻2
 = 1,  𝑅3 =

𝐻2

𝐻3
  = 0.587,  𝑅4 =

𝐻2

𝐻4
 = 0.701   𝑅5 =

𝐻2

𝐻5
 = 0.41 

Then: 

𝑃𝑡(𝑖 𝑗)  * 𝑑   𝛴(𝑅  *  𝑡  + 𝑅2 *  𝑡2 + 𝑅3 *  𝑡3 ) + (𝑅4 *  𝑡4 + 𝑅5*  𝑡5)+ = 𝑃 (𝑖 𝑗) ... ( 4) 

Where:  

𝑃𝑡(𝑖)  = entry for passengers per trip at peak hour. 

𝑃𝑡(𝑗)= exit for passengers per trip at peak hour. 

𝑃 (𝑖)= entry for passengers per week. 

𝑃 (𝑗) = exit for passengers per week. 

 𝑑  = The total number of normal days of the week. 

 𝑡(𝑖) = Number of trips per direction for the five official schedules…. 𝑖 = (1 2 3 4 5) 

𝑃𝑡(𝑖 𝑗) =
𝑃 (𝑖 𝑗)

6  𝛴(𝑅   𝑡 + 𝑅2   𝑡2 + 𝑅3   𝑡3 ) + (𝑅4   𝑡4 + 𝑅5   𝑡5) 
 

𝑃𝑡(𝑖 𝑗) =
𝑃 (𝑖 𝑗)

1405.289 
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Applying the same way for the second and third lines. 

 

In this research, we chose the peak hour as the case study. 

 
Table (4) Passengers per train per direction at peak hour for line 1,2 &3. 

t)  u)  v)  

 

Step (2): we employed an inventive method to establish the [OD] matrix for metro stations. 

Each row in the matrix was meticulously crafted by multiplying the volume of passenger 

entries at a given station by a calculated percentage, aptly termed the station's importance 

factor. This percentage, derived from the gravity model, inherently encapsulates the 

station's pivotal role in attracting a substantial number of passengers. 

𝑃𝑟(𝑖) =
𝑁𝑝( )

𝑇 
 100%.… (5), Where: 

𝑃𝑟(𝑖) = Percentage of total ridership for a station i 

 𝑝(𝑖) = Number of passengers at station i 

𝑇  = Total number of passengers for all the metro stations 

Then: 

𝑃𝑡(𝑖𝑗)  = 𝑃𝑡(𝑖)*  𝑃𝑟(𝑖) .… (6),  

Where: 

𝑃𝑡(𝑖𝑗) = origin passengers per trip from the station (i) traveling to the station (j) at any case 

of the above five official scheduled. 

This systematic approach was systematically applied to all stations across the three metro 

lines, totaling 74 stations. The outcome was a comprehensive square matrix [74*74] can be 

derivative into 9 smaller matrices. 

n)                                       

o) For 

line 2: 

p)  𝑃𝑡(𝑖 𝑗) =
𝑃𝑤(   )

2059.794 
 

q)  

r) For 

line 3: 

s) 𝑃𝑡(𝑖 𝑗) =
𝑃𝑤(   )

 275.392 
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Figure (2) represents a part [35-35] of the whole [O-D] matrix which contains 9 parts of matrices. 

 

 
Figure (3) "First Line Matrix" a part [35-35] of the whole [O-D] matrix which contains 9 parts of matrices. 

0 2 4 1 3 2 0 2 1 1 7 5 6 4 1 3 5 4 3 7 2 7 6 3 4 5 1 4 4 5 4 6 10 7 10 5 4 1 1 1 2 2 4 7 3 1 1 3 5 4 2 3 1 1 3 1 0 0 0 1 1 1 2 1 1 1 3 1 1 3 1 1 2 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 1 0 0 2 1 0 1 1 1 4 3 4 2 1 2 3 2 2 4 1 4 3 2 2 3 1 2 2 3 2 4 6 4 6 3 2 1 1 1 1 1 2 4 2 1 0 2 3 2 1 1 1 1 2 1 0 0 0 0 1 1 1 0 0 1 1 1 1 2 1 0 1 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 2 0 0 1 0 1 0 1 3 2 3 2 0 1 2 1 1 3 1 3 2 1 1 2 0 1 2 2 2 3 4 3 4 2 2 0 1 0 1 1 2 3 1 0 0 1 2 2 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 1

2 0 1 0 1 0 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 3 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 2 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 1 1 1 1 0 1 1 1 1 2 3 2 2 1 1 0 0 0 1 0 1 2 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

6 1 4 1 2 2 0 1 1 1 0 5 6 4 1 2 4 3 2 6 2 6 5 3 3 5 1 3 3 5 4 6 9 6 9 5 4 1 1 1 2 2 4 6 3 1 1 3 4 4 2 2 1 1 3 1 0 0 0 1 1 1 1 1 1 1 2 1 1 2 1 1 1 1

5 1 3 1 2 2 0 1 1 1 5 0 5 3 1 2 4 3 2 5 1 5 4 3 3 4 1 3 3 4 3 5 8 5 7 4 3 1 1 1 2 1 3 5 2 1 0 3 3 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 0 1 1

6 1 3 1 2 2 0 1 1 1 6 4 0 3 1 2 4 3 2 6 2 6 5 3 3 4 1 3 3 5 3 5 9 6 8 5 4 1 1 1 2 2 3 6 3 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

4 1 3 0 2 1 0 1 1 1 4 3 4 0 1 2 3 2 2 5 1 4 4 2 2 3 1 2 2 3 2 4 7 4 6 3 3 1 1 1 1 1 3 4 2 1 0 2 3 3 2 2 1 1 2 1 0 0 0 0 1 1 1 0 0 1 2 1 1 2 1 0 1 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 2 0 1 1 0 1 0 1 3 2 2 2 0 0 2 1 1 3 1 3 2 1 1 2 0 1 1 2 1 2 4 3 4 2 2 0 0 0 1 1 2 3 1 0 0 1 2 2 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0

5 1 3 0 2 1 0 1 1 1 4 3 4 3 1 2 0 2 2 5 1 4 4 2 2 3 1 2 2 3 3 4 7 4 6 3 3 1 1 1 1 1 3 4 2 1 0 2 3 3 2 2 1 1 2 1 0 0 0 0 1 1 1 0 0 1 2 1 1 2 1 0 1 1

4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 2 0 1 4 1 3 3 2 2 3 0 2 2 3 2 3 5 3 5 3 2 1 1 1 1 1 2 3 2 1 0 2 2 2 1 1 1 1 2 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

3 1 1 0 1 1 0 1 0 1 2 2 2 2 0 1 2 1 0 3 1 2 2 1 1 2 0 1 1 2 1 2 4 3 4 2 2 0 0 0 1 1 1 3 1 0 0 1 2 2 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0

7 1 4 1 2 2 0 2 1 1 6 5 6 4 1 3 5 3 2 0 2 6 5 3 3 5 1 3 4 5 4 6 10 7 9 5 4 1 1 1 2 2 4 7 3 1 1 3 4 4 2 2 1 1 3 1 0 0 0 1 1 1 1 1 1 1 2 1 1 2 1 1 2 1

2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 2 1 1 1 0 1 1 2 1 2 3 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 0 5 3 3 4 1 3 3 4 3 5 8 6 8 4 3 1 1 1 2 1 3 6 2 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 5 0 3 3 4 1 3 3 4 3 5 8 5 8 4 3 1 1 1 2 1 3 5 2 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

4 1 2 0 1 1 0 1 1 1 4 3 3 2 0 1 3 2 1 4 1 4 3 0 2 3 1 2 2 3 2 3 5 4 5 3 2 1 1 1 1 1 2 4 2 1 0 2 2 2 1 1 1 1 2 1 0 0 0 0 0 1 1 0 0 1 1 0 1 1 1 0 1 1

3 1 2 0 1 1 0 1 1 1 3 2 3 2 0 1 2 2 1 3 1 3 3 2 0 2 0 2 2 2 2 3 5 3 4 2 2 1 1 0 1 1 2 3 1 0 0 2 2 2 1 1 1 1 2 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

5 1 3 0 2 2 0 1 1 1 5 4 4 3 1 2 3 3 2 5 1 5 4 2 3 0 1 2 3 4 3 4 7 5 7 4 3 1 1 1 1 1 3 5 2 1 0 2 3 3 2 2 1 1 2 1 0 0 0 0 1 1 1 1 0 1 2 1 1 2 1 0 1 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 2 0 1 1 0 1 1 1 3 2 3 2 0 1 2 2 1 3 1 3 3 2 2 2 0 0 2 2 2 3 5 3 4 2 2 1 1 0 1 1 2 3 1 0 0 2 2 2 1 1 1 1 2 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 3 2 1 4 1 3 3 2 2 3 1 2 0 3 2 3 5 4 5 3 2 1 1 1 1 1 2 4 2 1 0 2 2 2 1 1 1 1 2 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

5 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 5 1 5 4 3 3 4 1 3 3 0 3 5 8 5 7 4 3 1 1 1 2 1 3 5 2 1 0 3 3 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 0 1 1

4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 2 2 1 4 1 3 3 2 2 3 0 2 2 3 0 3 5 3 5 3 2 1 1 1 1 1 2 3 2 1 0 2 2 2 1 1 1 1 2 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

6 1 3 1 2 2 0 1 1 1 6 4 5 3 1 2 4 3 2 6 1 6 5 3 3 4 1 3 3 5 3 0 9 6 8 5 4 1 1 1 2 2 3 6 3 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

10 2 6 1 4 3 0 2 2 2 9 7 9 6 1 4 7 5 4 10 2 9 8 5 5 7 1 5 5 8 5 9 0 10 13 8 6 2 2 2 3 3 6 10 4 1 1 5 6 6 3 4 2 2 5 1 1 1 1 1 1 1 2 1 1 2 3 1 1 4 2 1 2 2

6 1 4 1 2 2 0 1 1 1 6 5 6 4 1 2 4 3 2 6 2 6 5 3 3 5 1 3 3 5 4 6 9 0 9 5 4 1 1 1 2 2 4 6 3 1 1 3 4 4 2 2 1 1 3 1 0 0 0 1 1 1 1 1 1 1 2 1 1 2 1 1 1 1

9 2 5 1 3 3 0 2 2 2 9 7 8 5 1 4 6 5 3 9 2 9 7 4 5 7 1 5 5 7 5 8 13 9 0 7 6 2 2 1 3 2 5 9 4 1 1 4 6 5 3 3 2 2 4 1 1 1 1 1 1 1 2 1 1 2 3 1 1 3 2 1 2 2

6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 5 4 3 3 4 1 3 3 4 3 5 8 5 7 0 3 1 1 1 2 1 3 5 2 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

4 1 2 0 2 1 0 1 1 1 4 3 4 2 1 2 3 2 2 4 1 4 3 2 2 3 1 2 2 3 2 4 6 4 6 3 0 1 1 1 1 1 2 4 2 1 0 2 3 2 1 2 1 1 2 1 0 0 0 0 1 1 1 0 0 1 2 1 1 2 1 0 1 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 1 1 1 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 2 1 1 1 0 1 1 1 1 2 3 2 3 1 1 0 0 0 0 1 1 2 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 1 1 1 1 0 1 1 1 1 2 2 2 2 1 1 0 0 0 1 0 1 2 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

4 1 2 0 1 1 0 1 1 1 4 3 3 2 0 2 3 2 1 4 1 4 3 2 2 3 1 2 2 3 2 4 6 4 5 3 2 1 1 1 1 1 0 4 2 1 0 2 3 2 1 1 1 1 2 1 0 0 0 0 1 1 1 0 0 1 1 0 1 1 1 0 1 1

6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 5 5 3 3 4 1 3 3 4 3 5 8 6 8 4 3 1 1 1 2 2 3 0 2 1 1 3 4 3 2 2 1 1 3 1 0 0 0 1 1 1 1 1 0 1 2 1 1 2 1 1 1 1

3 1 2 0 1 1 0 1 0 1 3 2 2 2 0 1 2 1 1 3 1 3 2 1 1 2 0 1 1 2 2 2 4 3 4 2 2 0 0 0 1 1 2 3 0 0 0 1 2 2 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 2 0 1 1 0 1 1 1 3 2 3 2 0 1 2 2 1 3 1 3 3 2 2 2 0 2 2 2 2 3 5 3 4 2 2 1 1 0 1 1 2 3 1 0 0 0 2 2 1 1 1 1 2 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

4 1 2 0 1 1 0 1 1 1 4 3 4 2 0 2 3 2 1 4 1 4 3 2 2 3 1 2 2 3 2 4 6 4 5 3 2 1 1 1 1 1 2 4 2 1 0 2 0 2 1 1 1 1 2 1 0 0 0 0 1 1 1 0 0 1 1 0 1 1 1 0 1 1

4 1 2 0 1 1 0 1 1 1 4 3 3 2 0 1 3 2 1 4 1 4 3 2 2 3 1 2 2 3 2 3 6 4 5 3 2 1 1 1 1 1 2 4 2 1 0 2 3 0 1 1 1 1 2 1 0 0 0 0 1 1 1 0 0 1 1 0 1 1 1 0 1 1

2 1 1 0 1 1 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 4 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 2 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0

2 0 1 0 1 1 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 3 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 2 2 1 3 1 3 3 2 2 3 0 2 2 3 2 3 5 3 5 3 2 1 1 1 1 1 2 3 1 1 0 2 2 2 1 1 1 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 1 0 1 1 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 3 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 2 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 1 0 1 1 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 3 2 3 2 1 0 0 0 1 1 1 2 1 0 0 1 2 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0

1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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1 Helwan  0 2 4 1 3 2 0 2 1 1 7 5 6 4 1 3 5 4 3 7 2 7 6 3 4 5 1 4 4 5 4 6 10 7 10

2 Ain Helwan  1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2

3 Helwan University 4 1 0 0 2 1 0 1 1 1 4 3 4 2 1 2 3 2 2 4 1 4 3 2 2 3 1 2 2 3 2 4 6 4 6

4 Wadi Hof 1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1

5 Hadayek Helwan 3 1 2 0 0 1 0 1 0 1 3 2 3 2 0 1 2 1 1 3 1 3 2 1 1 2 0 1 2 2 2 3 4 3 4

6 El-Maasara  2 0 1 0 1 0 0 1 0 0 2 2 2 1 0 1 2 1 1 2 1 2 2 1 1 2 0 1 1 2 1 2 3 2 3

7 Tora El-Asmant  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 Kozzika  2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 1 1 1 1 0 1 1 1 1 2 3 2 2

9 Tora El-Balad  1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2

10 Sakanat El-Maadi  1 0 1 0 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2

11 Maadi 6 1 4 1 2 2 0 1 1 1 0 5 6 4 1 2 4 3 2 6 2 6 5 3 3 5 1 3 3 5 4 6 9 6 9

12 Hadayek El-Maadi 5 1 3 1 2 2 0 1 1 1 5 0 5 3 1 2 4 3 2 5 1 5 4 3 3 4 1 3 3 4 3 5 8 5 7

13 Dar El-Salam 6 1 3 1 2 2 0 1 1 1 6 4 0 3 1 2 4 3 2 6 2 6 5 3 3 4 1 3 3 5 3 5 9 6 8

14 El-Zahraa 4 1 3 0 2 1 0 1 1 1 4 3 4 0 1 2 3 2 2 5 1 4 4 2 2 3 1 2 2 3 2 4 7 4 6

15 Mar Girgis 1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 0 1 1 0 0 1 1 1 1 1 1 1

16 El-Malek El-Saleh 3 1 2 0 1 1 0 1 0 1 3 2 2 2 0 0 2 1 1 3 1 3 2 1 1 2 0 1 1 2 1 2 4 3 4

17 Al-Sayeda Zeinab 5 1 3 0 2 1 0 1 1 1 4 3 4 3 1 2 0 2 2 5 1 4 4 2 2 3 1 2 2 3 3 4 7 4 6

18 Saad Zaghloul 4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 2 0 1 4 1 3 3 2 2 3 0 2 2 3 2 3 5 3 5

19 Sadat 3 1 1 0 1 1 0 1 0 1 2 2 2 2 0 1 2 1 0 3 1 2 2 1 1 2 0 1 1 2 1 2 4 3 4

20 Nasser  7 1 4 1 2 2 0 2 1 1 6 5 6 4 1 3 5 3 2 0 2 6 5 3 3 5 1 3 4 5 4 6 10 7 9

21 Orabi  2 0 1 0 1 1 0 0 0 0 2 1 2 1 0 1 1 1 1 2 0 2 2 1 1 1 0 1 1 2 1 2 3 2 3

22 Al-Shohadaa 6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 0 5 3 3 4 1 3 3 4 3 5 8 6 8

23 Ghamra 6 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 6 1 5 0 3 3 4 1 3 3 4 3 5 8 5 8

24 El-Demerdash 4 1 2 0 1 1 0 1 1 1 4 3 3 2 0 1 3 2 1 4 1 4 3 0 2 3 1 2 2 3 2 3 5 4 5

25 Manshiet El-Sadr  3 1 2 0 1 1 0 1 1 1 3 2 3 2 0 1 2 2 1 3 1 3 3 2 0 2 0 2 2 2 2 3 5 3 4

26 Kobri El-Qobba 5 1 3 0 2 2 0 1 1 1 5 4 4 3 1 2 3 3 2 5 1 5 4 2 3 0 1 2 3 4 3 4 7 5 7

27 Hammamat El-Qobba 1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 2

28 Saray El-Qobba 3 1 2 0 1 1 0 1 1 1 3 2 3 2 0 1 2 2 1 3 1 3 3 2 2 2 0 0 2 2 2 3 5 3 4

29 Hadayeq El-Zaitoun 4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 3 2 1 4 1 3 3 2 2 3 1 2 0 3 2 3 5 4 5

30 Helmeyet El-Zaitoun 5 1 3 1 2 2 0 1 1 1 5 4 5 3 1 2 4 3 2 5 1 5 4 3 3 4 1 3 3 0 3 5 8 5 7

31 El-Matareyya 4 1 2 0 1 1 0 1 1 1 3 3 3 2 0 1 2 2 1 4 1 3 3 2 2 3 0 2 2 3 0 3 5 3 5

32 Ain Shams 6 1 3 1 2 2 0 1 1 1 6 4 5 3 1 2 4 3 2 6 1 6 5 3 3 4 1 3 3 5 3 0 9 6 8

33 Ezbet El-Nakhl  10 2 6 1 4 3 0 2 2 2 9 7 9 6 1 4 7 5 4 10 2 9 8 5 5 7 1 5 5 8 5 9 0 10 13

34 El-Marg 6 1 4 1 2 2 0 1 1 1 6 5 6 4 1 2 4 3 2 6 2 6 5 3 3 5 1 3 3 5 4 6 9 0 9

35 New El-Marg 9 2 5 1 3 3 0 2 2 2 9 7 8 5 1 4 6 5 3 9 2 9 7 4 5 7 1 5 5 7 5 8 13 9 0
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In this research, we conducted a study on the initial matrix in the first row from the left, 

representing passengers on the first line of the Greater Cairo Metro, and we will refer to it 

as the "First Line Matrix". 

 

To study the First Line Matrix, we created a model using Microsoft Excel, naming it the 

"Modified Matrix." in this matrix we changed the diagonal to the entry numbers of 

passengers (𝑃𝑡𝑖 ).  Then we created a new row in front of each station name, placed below 

the original row of the matrix . 

In this configuration, each station name has two rows associated with it: the upper row, 

which represents the original matrix and indicates the numbers of passengers alighting in 

both down and up directions, and the lower row, which contains the numbers of passengers 

between two consecutive stations who are still inside the train cars in both down and up 

directions, (it can be obtained by subtracting the entry numbers of passengers from the 

upper row). 

Furthermore, we added a new cell above each element of the top row of the matrix, 

coloring it orange. This configuration makes the diagonal contains three cells or elements 

stacked on top of each other. 

The middle element, colored gray, represents the total number of passengers entering the 

station, while the lower element, colored green, signifies the number of passengers 

boarding in the up direction. The upper element represents the number of passengers 

boarding in the down direction. 
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Figure (4) shows the proposed modified matrix. 

216 38 122 26 83 67 5 50 36 40 171 138 152 112 25 66 108 82 50 121 37 55 50 31 25 36 8 21 22 27 16 23 23 8 0

0 2 5 1 5 5 0 4 3 4 22 22 31 24 6 18 33 27 281 60 17 508 60 39 42 65 13 45 52 76 58 97 166 121 178

0 214 248 368 390 467 534 535 582 614 632 781 888 1016 1122 1130 1162 1243 1044 1035 1139 668 661 672 661 621 645 607 577 522 491 411 267 169 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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C - Analysis & results: 
 

By analyzing the elements of the modified matrix model, we can determine the numbers of 

passengers in both up and down directions. We represented the passengers in the down 

direction with orange and those in the up direction with green. Similarly, we represented 

the alighting passengers in both down and up directions with dark blue, and boarding 

passengers with light blue. Passengers who still inside the train car between two 

consecutive stations represented with yellow for the down direction and red for the up 

direction. To calculate these numbers for each station, we performed the following steps: 

 

1. From the diagonal of the matrix, we can determine the direction of passengers in the 

metro. If the upper triangle represents the down direction (Helwan - Marg), and the lower 

triangle represents the up direction (Marg - Helwan). 

 

2. We conducted vertical summation for each station to reach the diagonal in both 

directions. This was done to obtain the total count for passengers, alighting passengers, 

and passengers who are still inside the train car between two consecutive stations. 

Through the results obtained from the vertical aggregation, we can determine the 

passenger density in the following scenarios: on the platform, at the doors, and inside the 

metro train cars. Consequently, we can ensure the fulfillment of the following conditions: 

 

-Interaction between Passenger and Platform: Passenger density on the platform ≤ 2 

passenger 𝑚2. 

𝑃𝑙 𝑡𝑓𝑜𝑟𝑚 𝑑𝑒𝑛𝑠𝑖𝑡𝑦  =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑠𝑠𝑒 𝑔𝑒𝑟𝑠 𝑏𝑜𝑎𝑟𝑑𝑖 𝑔

(𝐿 2.5)
  (𝑝 𝑚2)… (7) 

 

-Interaction between passenger and metro doors, stopping time and train frequency 

(Headway): the Stopping time(t) ≤30(sec.). 

(𝑡) =
(𝑃𝑡 :𝑃𝑡 )  0.5

4 𝑑𝑜𝑜𝑟𝑠 𝑝𝑒𝑟 𝑐𝑎𝑟 ( )
+ 3(𝑜𝑝𝑒𝑛𝑖𝑛𝑔&𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑑𝑜𝑜𝑟)(sec.)… (8) 

Where: n= 9 cars for 1st line, and 8 for 2nd and 3rd lines. 

 

-Interaction between Passenger and Train: Passenger density inside metro train cars < 7 

passenger 𝑚2 and ≤ 3 passenger 𝑚2. 

𝑃𝑖 =
( :𝑜𝑝𝑡𝑖𝑚𝑢𝑚 𝑝𝑒𝑎𝑘 𝑜𝑢𝑟 𝑓𝑎𝑐𝑡𝑜𝑟) 𝑃𝑡𝑏 – (48 9)

(6 33.93:3 34.7)
   (𝑝 𝑚2)… (9) 

 

When compensating in equations (7, 8, and 9), we multiplied by a correction factor of 

(3.5). This is because the data obtained from the Metro Authority represents only 

passengers using smart cards, which account for approximately one million passengers out 

of a total of 3.5 million passengers served daily through the Greater Cairo Metro network. 

The reason for this difference is attributed to the use of subscription cards, as mentioned in 

the official article [17] and also in the Cairo Metro website [18] . Additionally, when 

calculating passenger density on the platform, we multiplied by a safety factor of 2.5, and 
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for stopping time, we multiplied by a safety factor of 2, due to the irregular distribution of 

passengers observed through field monitoring of metro stations, and it also raised in the 

previous researches mentioned in the literature review. 

 

After obtaining the results from the previous equations, we were able to calculate the 

headway time by assuming that the headway time is inversely proportional to passenger 

density, which is logical because as the number of passengers increases, more trains are 

needed, thus reducing the required headway time: 

 

1. In the case of passenger density on the platform ≤ 2 passenger 𝑚2. During the peak 

hours, we can use the following relationship to obtain the headway time: 

 

Required Headway = 𝐻𝑖  
Standard Rate of  latform  assenger Density

Actual  latform  assenger Density
… . (10) 

 Where:  𝐻𝑖 = Actual Headway Time (according to the official schedule). 

 

2. In the case of passenger density at the doors, where the standard rate of the stopping 

time(t) ≤30(sec.), we can use the following relationship to obtain the headway time: 

Required Headway = 𝐻𝑖  
Standard Rate of Stopping Time 

Actual Stopping Time
    . . . . (11) 

 

3. In the case of passenger density inside metro train cars < 7 passenger 𝑚2 during the 

peak hours, we can use the following relationship to obtain the headway time: 

Required Headway = 𝐻𝑖  
Standard Rate of  assenger Density inside Metro Cars 

Actual  assenger Density inside Metro  Cars
  . … (12) 

 

Thus, we obtained three values for the headway time, and we took the minimum value 

since we are working under peak conditions. 
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Table (7) shows the results & conclusions. 

 
 

Note:  

Basic assumptions are : The effect of subscription factor = 3.5 , the irregularity factor of 

passenger density on platform = 2.5 , the irregularity factor of passenger density at doors = 

2 , the irregularity factor of passenger density inside metro cars = 1.    

            

  

Conclusions: 
 

This research has revealed significant discrepancies between the current Greater Cairo 

Metro operation and the dynamic needs of its ridership. The official timetable's rigidity 

fails to adapt to passenger fluctuations, leading to overcrowding and inefficiencies. 

Uneven passenger distribution across platforms and trains further exacerbates the issue, 

highlighting the need for improved flow management strategies within stations. 

Additionally, the lack of dedicated boarding and alighting doors, coupled with illegal 

passenger behavior, contributes to increased stopping times and operational disruptions. 

To address these challenges, this research proposes an innovative methodology for 

optimizing metro operations. By developing dynamic headway models that cater to 

varying passenger volumes and circumstances, this approach ensures efficient service 

provision while minimizing passenger wait times. Furthermore, optimizing station design 

through strategic modifications to the six key components can significantly improve 

passenger flow and reduce congestion. Additionally, analyzing the impact of potential 

station a b c h Recommendation a b c h Recommendation

1 Helwan  - 7 - 7/2=3.5 stopping a train of two ones 4 5 - 4 The irregularity factor of passenger density is taken 1.5 instead of 2.5

2 Ain Helwan  366 21 309 21/5=4  stopping a train of five ones 12 17 28 12/3= 4  stopping a train of three ones

3 Helwan University 94 11 82 11/2=5.5 stopping a train of two ones 4 8 20 4 Basic assumptions 

4 Wadi Hof 297 28 25 25/5=5 stopping a train of five ones 18 21 10 10/2=5 stopping a train of two ones

5 Hadayek Helwan 87 15 23 15/3=5 stopping a train of three ones 6 10 4 4 The irregularity factor of passenger density is taken 2 instead of 1

6 El-Maasara  89 17 17 17/4=4.25 stopping a train of four ones 7 12 7 7/2=3.5 stopping a train of two ones

7 Tora El-Asmant  932 37 14 14/3=5 stopping a train of three ones 85 34 6 6/2=3 stopping a train of two ones

8 Kozzika  103 20 14 14/3=5 stopping a train of three ones 9 14 6 6/2=3 stopping a train of two ones

9 Tora El-Balad  131 23 12 12/3=4 stopping a train of three ones 13 18 5 5 Basic assumptions 

10 Sakanat El-Maadi  112 21 11 11/2=5.5 stopping a train of two ones 12 17 5 5 Basic assumptions 

11 Maadi 23 8 11 11/2=5.5 stopping a train of two ones 3 6 5 3 Basic assumptions 

12 Hadayek El-Maadi 22 9 8 8/2=4 stopping a train of two ones 3 6 4 3 Basic assumptions 

13 Dar El-Salam 16 8 7 7/2=3.5 stopping a train of two ones 3 6 3 3 Basic assumptions 

14 El-Zahraa 18 11 6 6/2=3 stopping a train of two ones 4 7 3 3 Basic assumptions 

15 Mar Girgis 73 25 5 5 Basic assumptions 18 20 3 3 Basic assumptions 

16 El-Malek El-Saleh 27 15 5 5 Basic assumptions 7 11 3 3 Basic assumptions 

17 Al-Sayeda Zeinab 15 10 5 5 Basic assumptions 4 7 3 3 The effect of subscribtion factor is taken 3 instead of 3.5

18 Saad Zaghloul 18 13 5 5 Basic assumptions 6 9 3 3 The effect of subscribtion factor is taken 3 instead of 3.5

19 Sadat 23 4 5 4 Basic assumptions 9 4 3 3 Basic assumptions 

20 Nasser  6 7 4 4 Basic assumptions 4 6 3 3 Basic assumptions 

21 Orabi  19 17 3 3 Basic assumptions 13 15 3 3 The effect of subscribtion factor is taken 3 instead of 3.5

22 Al-Shohadaa 7 3 4 3 Basic assumptions 8 4 5 4 Basic assumptions 

23 Ghamra 4 6 3 3 The effect of subscribtion factor is taken 3 instead of 3.5 9 9 5 5 Basic assumptions 

24 El-Demerdash 6 9 3 3 The effect of subscribtion factor is taken 3 instead of 3.5 15 12 5 5 Basic assumptions 

25 Manshiet El-Sadr  7 10 3 3 The effect of subscribtion factor is taken 3 instead of 3.5 19 13 5 5 Basic assumptions 

26 Kobri El-Qobba 4 7 3 3 Basic assumptions 13 9 5 5 Basic assumptions 

27 Hammamat El-Qobba 17 19 3 3 Basic assumptions 60 24 5 5 Basic assumptions 

28 Saray El-Qobba 6 9 3 3 Basic assumptions 22 13 5 5 Basic assumptions 

29 Hadayeq El-Zaitoun 5 9 3 3 Basic assumptions 21 12 6 6/2=3 stopping a train of two ones

30 Helmeyet El-Zaitoun 4 7 3 3 Basic assumptions 17 9 6 6/2=3 stopping a train of two ones

31 El-Matareyya 5 9 4 4 Basic assumptions 29 12 7 7/2=3.5 stopping a train of two ones

32 Ain Shams 3 6 5 3 Basic assumptions 21 8 9 9/2=4.5 stopping a train of two ones

33 Ezbet El-Nakhl  3 4 8 3 The irregularity factor of passenger density is taken 1.5 instead of 2.5 21 6 18 6/2=3 stopping a train of two ones

34 El-Marg 3 5 6 3 Basic assumptions 55 8 12 8/2=4 stopping a train of two ones

35 New El-Marg 3 4 - 3 The irregularity factor of passenger density is taken 1.5 instead of 2.5 - 6 - 6/2=3 stopping a train of two ones

Up Down
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ticket price adjustments and new infrastructure on ridership patterns can provide valuable 

insights for informed decision-making. 

 

By implementing the proposed methodology, the Greater Cairo Metro can achieve optimal 

operation, characterized by efficient service provision, improved passenger experience, 

and enhanced safety. This will not only contribute to a more sustainable and efficient 

transportation system but also foster a positive impact on the city's overall economic and 

social well-being. The future of the Greater Cairo Metro lies in embracing dynamic 

solutions that adapt to the ever-evolving needs of its passengers, and this research serves as 

a crucial step towards achieving that goal. 

 

References: 
 

[1] ―Cairo.pdf.‖ Accessed: Dec. 20, 2023. [Online].Available: https://www.ucl.ac.uk/dpu-

projects/Global_Report/pdfs/Cairo.pdf 

[2] ―Egypt: total population by governorate 2022,‖ Statista. Accessed: Dec. 20, 2023. 

[Online]. Available: https://www.statista.com/statistics/1229759/total-population-of-

egypt-by-governorate/ 

[3] ―Internal Migration and Factors in Egypt - Free Essay Example at GrabMyEssay.‖ 

AccessedDec.202023 [Online].Available: 

https://www.grabmyessay.com/samples/internal-migration-and-factors-in-egypt 

[4] ―Internal migration and education: findings from Egypt - UNESCO Digital Library.‖ 

Accessed:Dec.20,2023Online].Available: 

https://unesdoc.unesco.org/ark:/48223/pf0000371512 

[5] ―Cairo Metro Wikipedia,‖ Wikipedia. Dec. 04, 2023. Accessed: Dec. 20, 2023. 

[OnlineAvailable: 

https://en.wikipedia.org/w/index.php?title=Cairo_Metro&oldid=1188356536 

[6] ―Cairo Metro Egypt - Inclusive Infrastructure.‖ Accessed: Dec. 20, 2023. [Online]. 

Available: https://inclusiveinfra.gihub.org/case-studies/cairo-metro-egypt/ 

[7] ―National Authority for Tunnels.‖ Accessed: Dec. 20, 2023. [Online]. Available: 

http://www.nat.gov.eg/Location.aspx?id=30 

[8] M. M. Eldeeb, A. S. Qotb, H. S. Riad, and A. M. Ashour, ―Optimal operation 

interaction (passenger/train/platform) for Greater Cairo Underground metro (GCUM) 

1st and 2nd line,‖ Ain Shams Engineering Journal, vol. 9, no. 4, pp. 3067–3076, Dec. 

2018, doi: 10.1016/j.asej.2018.08.003. 

[9] Civil Department, Higher Technological Institute 10th of Ramadan city, Egypt (Ph.D. 

Ain Shams university faculty of engineering) et al., ―Proposed Methodology to 

Investigate the Metro Operation, Socio-Economic Impact, and its Revenue Using 

Automatic Ticket Machine Outputs,‖ IJITEE, vol. 8, no. 11, pp. 396–402, Sep. 2019, 

doi: 10.35940/ijitee.K1362.0981119. 

[10] Y. Wang, G. H. de A. Correia, E. de Romph, and H. J. P. Timmermans, ―Using metro 

smart card data to model location choice of after-work activities: An application to 

Shanghai,‖ Journal of Transport Geography, vol. 63, pp. 40–47, Jul. 2017, doi: 



187 
 

10.1016/j.jtrangeo.2017.06.010. 

[11] I. Ekowicaksono, F. Bukhari, and A. Aman, ―Estimating Origin-Destination Matrix of 

Bogor City Using Gravity Model,‖ IOP Conf. Ser.: Earth Environ. Sci., vol. 31, no. 1, 

p. 012021, Jan. 2016, doi: 10.1088/1755-1315/31/1/012021. 

[12] J. Fang, T. Fujiyama, and H. Wong, ―Modelling passenger distribution on metro 

platforms based on passengers‘ choices for boarding cars,‖ Transportation Planning 

and Technology, vol. 42, no. 5, pp 442–458, Jul. 2019,doi: 

10.1080/03081060.2019.1609218. 

[13] W. H. K. Lam, C.-Y. Cheung, and C. F. Lam, ―A study of crowding effects at the 

Hong Kong light rail transit stations,‖ Transportation Research Part A: Policy and 

Practice, vol. 33, no. 5, pp. 401–415, 1999. 

[14] A. Puong, ―Dwell Time Model and Analysis for the MBTA Red Line‖. 

[15] S. Seriani, T. Fujiyama, and G. De Ana Rodriguez, ―A New Framework to Evaluate 

Passenger Interactions at Platform Train Interfaces,‖ International Journal of Railway 

Technology, vol. 5, no. 4, Art. no. 4, Sep. 2016, Accessed: Nov. 21, 2023. [Online]. 

Available: http://dx.doi.org/10.4203/ijrt.5.4.1 

[16] N. Luangboriboon, S. Seriani, and T. Fujiyama, ―The influence of the density inside a 

train carriage on passenger boarding rate,‖ International Journal of Rail 

Transportation, vol. 9, no. 5, pp. 445–460, Sep. 2021, doi: 

10.1080/23248378.2020.1846633. 

[17] ―Metro: One million passengers take the three lines daily using subscriptions.‖ 

Accessed: Nov. 20, 2023. [Online]. Available: https://2u.pw/mgtRkcR 

[18] ―Cairo Metro,‖ Railway Technology. Accessed: Nov. 20, 2023. [Online]. Available: 

https://www.railway-technology.com/projects/cairo-metro . 

 

 

 

 

 

 

 

 

 

 

 

 

 




