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Today...

e What is the current course structure?

e How to apply the concepts taught in classroom.
e Connection with reality.

e How can we enrich our curriculum?

e Why engagement with society is important?

e Case Studies
e Analysing data. The census. The railway system. The
bus-depot.
e The Dharwad City Bus Depot

e Various steps and its connection with our curricula.
e Intermediate and final output.



What is the current course structure

and what is its connection to everyday problems?

e Asymptotic Notation

Sorting and Searching

Divide and Conquer

Greedy Algorithms

Graph Theory

Dynamic Programming

NP-completeness

and much more......



What is the current course structure

and what is its connection to everyday problems?

Asymptotic Notation
Sorting and Searching
Divide and Conquer
Greedy Algorithms
Graph Theory
Dynamic Programming
NP-completeness

and much more......

How to adapt them to everyday life?
Real Life Problems are manifold complex than standard textbook
problems!



What is being taught?

A rooted tree

Rooted Tree: T(V, E), ris a rooted tree iff (i) T is a tree and

r € V is a vertex (called the root, and (ii) there is a function call
level : V — Z such that (a) level(r) =0, (b) level(v) > 0, and (c)
each vertex v of level d = 0 is connected to exactly one vertex w of
level d — 1. Then w is called the parent of v and v the child of w.
A vertex with no children is called a leaf node.
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A tree with n vertices has exactly n — 1 edges.



What is being taught?
A rooted tree

Rooted Tree: T(V, E), ris a rooted tree iff (i) T is a tree and

r € Vis a vertex (called the root, and (ii) there is a function call
level : V — Z such that (a) level(r) =0, (b) level(v) > 0, and (c)
each vertex v of level d = 0 is connected to exactly one vertex w of
level d — 1. Then w is called the parent of v and v the child of w.
A vertex with no children is called a leaf node.
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A tree with n vertices has exactly n — 1 edges.

Too much abstraction!



And what is the reality ...




And what is the reality ...

Percentage of Rural Households with Primary ge of Rural Households cooking with 1)
Source more than 500m away (2011)

Data from Census 2011



Science

3

3
Test Hypothesis (falsify)

Evidence supports hypothesis

Scientific Theory

Inconsistent with hypothesis
Revise Hypothesis

Scientific Method Flow Chart



Engineering

The True Engineer

Design Modelling
Civil Analyse |- Identify
Problem \
Econo.
Maths. /
IT Synthesiz+ Deploy
Domain Creative Societal
Knowledge  Skills Skills
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Engineering v/s Science

e Scientist describes society, engineer wants to change it. So
how should the change be?

e Obviously which generates value, which is why we engineers
need to understand society and how it operates.

Ref: “Engineering Teaching and Research and its Impact on
India”, CURRENT SCIENCE, VOL. 102, NO. 11, 10 JUNE 2012
(https://www.cse.iitb.ac.in/ sohoni/RD.pdf)



Problem Statement

e How do we analyse a real-life situation?

e How to use our course-material to model real-life situations.



Solutions?

Students and Case Studies

Untapped resources of our country

Can work in teams with the government

Benefit of society

e Hands-on experience for students



Solutions?

Students and Case Studies
e Untapped resources of our country
e Can work in teams with the government
o Benefit of society
e Hands-on experience for students

Several development issues require good engineering methodology!



The South Western Railway Timetable

Hubballi Belagavi
Table No. Bengaluru City Miraj Jn
14 Arsikere
Bengaluru City - Hubballi - Miraj BG
Kochi- [ Yes | Yes | Ben- [ Mysuru|Puduch-| Tiru | Mysuru |Yesvant| Yes- | mysuru- | Baivap- |Hubballi
veli | vantpur | vantpur | galuru [-Talgup-| ery- |nelveli-| -Dadar | pur |vantpur | Varanasi | pana- | Loka-
Hubballi | Bikaner | Karwar | - Hub- [paTown| Dadar | Dadar |Sharavati| Shive- | Barmer | Express | halli | manya
TRAIN NAME | ewress | 81 | Bwpress | ban | intercity | express | express | Express | mogea Tata Ex- | Tilak m)
Weekly | via Jan- | Express Express | weekly press | Express
Express | Arsikere | Shatabdi Expross
Express
Train Number 12778 | 16587 | 16515 | 12079 | 16206 | 11006 | 11022 | 11036 | 16579 | 14805 | 16229 | 18112* | 17317
Clas of accommodstion e e Bl e Bl e o oot e L o I e
SLU | sLu| 251 . 500 | s, | osLoun| sk ' A E W
E::n:"‘::;’:lz: from T | sef | MowoR [ Daiy | Dait [ 4T IMThEl su | sasu | oM TuTh su | Daily
From Table No. sa 79 1 oA ) 154
km [ a 09.55
Bengaluru CityJn. | " | § 06.00 Toon
3| a
a | oaz 06.09 06.00 | 0435 | Mysura 10.20
Vesvantpur jn- ¢ | d | o130 | 0swo | om0 | os.10 06.30 | 06.30 | pept, | 09.00 | 1030 | 1022 | 1030
[ 70| @ | osas | 9603 | 0803 [ 0703 |Mywn | 07.30 | 07.30 | 06.05 [ 1003 | 1120 | 1LiE
d § 06.05 | 08.05 | 07.05 | Dep. | 07.32 | 0732 |viaHas-| 10.05 120 | 1120
Ammasandra 1n4] d 05.50 san
Tipur 1| a 09.22 0842 | 0842 1130
Arei o6 | @ | 07.15 | 0745 [ 0955 | 0830 | 0m43 | 090 | 0940 | 09.10 | 1205 | i%a0 [ 130 | idi0
reikere Jn. d | 0720 | 0750 | 10.05 | 0835 | 08.45 | 0915 | 0945 | 0945 | 1210 | 1315 | 1315 | 1345
Kadur 206 d " 09.50 | 0950 | 09.50 [ 1255 150 | 1350
a | osos e [ 0913 | 0933 | w03 | 1003 | 1003 | 13.08 1358
Birur Jn. 211 lore Jn.
d_| 0s.a0 . |0915 | 0935 | 1005 | 10.05 | 1005 | 1300 15,00

https://www.cse.iitb.ac.in/ cs213d/SWRTimeTable.pdf




The South Western Railway Timetable

Hubballi Belagavi
Table No. Bengaluru City
14 Arsikere
Bengaluru City - Hubballi - Miraj BG
Yo~ | Yor | Y- | Bon | Mysurs | Puduch| Tru | Mysurs |vesvant | Vs | nsra. | Baivep. |Ruboat]
Veil | vanipur | vantur | gaturs | Togu| ary - | neielr-| “Dadar | pur | varspur | Varanasi | pora: | Loka-
Hubbali| Bkaner | Karwar | ~Huis- | paTown | Dadar | Dacr |Shoravti| Shive- | Barmer | Express | hlli | manya
TRAIN NAME | &wress | 8 | Express | balli | intercity | Express | Express | Express | mogga | AC Tata Ex- | Tilak ()
weeky | via | | Bxpress Exprecs | weekty s | Express
Expross | Anikere |Shatabei Exprene
Exprens
Train Namber w278 | vesar | vesvs | 12079 | ve206 | 1wos | 1wz | vios | w657 | wawos | ez | wemas | 17wy
Clss of accommodaton man | aaan | ce | oop| €6 | anan [ aan | anan | oo o o |2 s | S| T
sun | sun | s s [ s | sl | s FN A IO
Dy of operaion rom | sor [mowr| oy | oy | S [ s s | om0 | rem | ose | ouy
From Table N, 7y 7 | 1 | e | o
| 2 0935
sengaturu cityn. | K7 |3 oo 095
YR NI
oo | 6 | 3 | 230 0609 0600 | 0415 | Mysura o
P d | 0430 | 05.00 | 07.00 | 0610 0630 | 06.30 | pept. | 09.00 | 1030 | 1022 | 1030
E—— B PR e s e o e T e A R R
06,05 | 08.05 | 0705 | Dep. | 0732 | 0732 |via b | 10,05 120 | 130
Ammesanan [ 114] 0550 an
Totur i a o2z a2 | oaaz 30
i o] = [975 | 0w 0055 | w30 | 003 | 0930 | oo0 | w0 | w205 | mae | 1m0 | 10
rsikere . d 0720 | 0750 | 10.05 | 08.35 | 08.45 | 0915 | 0915 | 09.15 | 1210 | 1345 1335 13.15
adur 206 0950 | 0950 | 09.50 | 1255 150 1350
p— T o [oo3 [ 0933 | 00> | 1003 | 00 | 1308 e
i | onro reIn | a1 | 0935 | w05 | 1005 | 1005 | o 1300

e Extremely rich data-set.
e Available in pdf format online.

e Cannot run basic computation such as number of trains
operational at a given time instant!



From PDF to Excel...
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Station

MIRAJIN
Viaynagar
Shadbal
Ugarkhurd
Kudsch
Chinchl
Raybag
Chikodi Raad
Bagenad (H)
GHATPRABHA
Golak
Parakanahat (H)
Pachchapur
Suldhsl
Sulsbhavi
BELAGAVI
Desur
\dahend
Khanapur
Guni
LoNDAJN
rayi

D,
Nagargali
e

Alnavar

Kambarganvi 3

Mugad

Navalur

Revekn
HuBBALUTE

... To Graphical Visualization

Time (hours)

Software Used: Scilab



... To Graphical Visualization

Sunday

LoNDAN.

Devarayi
Nisgar
g

Anavar
Kambarganvi
Mugad
Kyarkop
DHARWAD

o
ke
HussALR
s

1z 3 4 s & 7 8 5 1 W 12 13 W B 1 U B 13 0 A 2 B 2
Time (hous)

Space-time representation of timetable

Can be used to analyze bottlenecks in schedule, minimization
of delays, possible collision domains.

Time Table Optimization!



... To Graphical Visualization

Sunday

The above example was based on secondary data and its analysis.
That is important too, since it trains you in understanding how to
represent and what would be of interest to people and the
limitations of the implementation agency, in this case, a single
track. Also understand what could be changed, e.g., signal spacing
and loops, but that needs primary work. The next example is
different.



Dharwad bus Depot

The Dharwad Bus Depot

One of the eight division headquarters under North Western
Karnataka Road Transport Corporation.

operates 208 schedules with strength of 228 vehicles.
covers 55k kms and is utilising the services of regular
employees, which includes Officers, Supervisory and
Administrative staff, Mechanical staff and Drivers and
Conductors.

Plethora of natural data generated on a daily basis.



Dharwad Bus Depot: Basic Physical Units

Accounts

Adminstrative
Area

Staff Area

Dharwad Bus Depot

Maintanence Unit

Inventory

Washing Point

_J

Gate Entry/Exit

Fuelling Point




Basic Data-sets
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Basic Data-sets

e Daily Operation Statistics

e Summary of revenue collection, EPKM (earnings per km),
vehicle allocation, cancellations/late departures.



Basic Data-sets
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Basic Data-sets

e Wmm B LLSUET /s |

|d\ ul- % .

DEBEEREREE

B I
Frellig —

eq dariaqd tama st VAR 6665001

e Log sheet
e To be filled in by the conductor after every trip.

e Contains stopwise distribution of ridership.
[m] = =




Basic Data-sets

(o FM 1- 07:05 7:20 - 0:00 89
DCS-38 19 CTY |CBT SOMESHWAR TMP 6 | 14:15 | 14:35 |YAMMIKERE, R.MATH
20 " SOMESHWAR TMP CBT 6 14:40 | 14:00 |YAMMIKERE, R.MATH
21 " CBT TEJASHWI NAGAR 5 15:05 | 15:20 |YAMMIKERE, RIMATH
22 " TEJASHWI NAGAR CBT 5 15:35 | 15:50 |YAMMIKERE, RMATH
23 " CBT TEJASHWI NAGAR 5 15:55 | 16:10 |YAMMIKERE, RIMATH
24 " TEJASHWI NAGAR CBT 5 16:20 | 16:35 |YAMMIKERE, RMATH
25 " CBT TEJASHWI NAGAR 5 16:40 | 16:55 |YAMMIKERE, RMATH
26 " TEJASHWI NAGAR CBT 5 17:10 | 17:25 |YAMMIKERE, RMATH
27 " CBT SARASWATIPUR 4 17:30 | 17:45 |YAMMIKERE
28 " SARASWATHIPUR CBT 4 17:50 | 18:05 |YAMMIKERE
29 " CBT TEJASHWI NAGAR 5 18:20 | 18:35 |YAMMIKERE, RIMATH
30 " TEJASHWI NAGAR CBT 5 18:40 | 18:55 |REST
31 " CBT TEJASHWI NAGAR 5 19:10 | 19:25 |YAMMIKERE, RIMATH
32 " TEJASHWI NAGAR CBT 5 19:40 | 19:55 |YAMMIKERE, RMATH
33 " CBT TEJASHWI NAGAR 5 20:10 | 20:25 |YAMMIKERE, R.MATH
34 " TEJASHWI NAGAR CBT 5 20:30 | 20:45 |ResT
35 " CBT S.RNAGAR 5 21:15 | 21:30 |YAMMIKERE, RMATH
36 " S.R.NAGAR CBT 5 21:35 | 21:50 |YAMMIKERE, RMATH
N/O CBT 1- 07:35 6:00 - 0:00 20 179

Form IV(The city bus schedule)




Form IV: Our first Data-set

The Schedule
e SCH.NO.: The Schedule Number (Typical schedule is 8 hours
long.)
e TRIP: trip number

e FROM and TO: The first and last stops.

e KM: distance covered

e DEP and ARR : departure and arrival timings
e VIA: place en route

Very linear representation of data.
e No information about sub-stops.
e Does not describe the spatial distribution of route-data.

e Insufficient for proper analysis.



Questions

It is natural to generate many domain specific questions of value:

e Passenger: What is the route to travel from Ganesh Temple
to Central School, starting at 7:15 AM, in the minimum
possible time?

e Depot Manager: How to maximize the profit subject to
budget constraints?

° : Which are the more profitable areas to
add a new bus route?

e Researcher : How much percentage of the rural population
has access to a bus within 500m?



Questions

It is natural to generate many domain specific questions of value:

e Passenger: What is the route to travel from Ganesh Temple
to Central School, starting at 7:15 AM, in the minimum
possible time?

e Depot Manager: How to maximize the profit subject to
budget constraints?

° : Which are the more profitable areas to
add a new bus route?

e Researcher : How much percentage of the rural population
has access to a bus within 500m?

We will answer the first question through this study and do
preliminary work to answer the other questions.



Work done at IIT Dharwad

The 39 students of the course CS213 (Jan. 2017-May. 2017), at
IIT Dharwad map Dharwad city bus routes.

e They first analyze the 8000-line city bus schedule.
e prepare a summary and allocate routes
e travel them and generate kml files

¢ and finally compile them together.



Summary and Route Allocation

ST S o S Fom = To [0 Vi Name | Status Route No.
2 bes 45 ar ADARSHA NAGAR 7 st oscsonans | Destans, aanak | 32,33 | Done 2
2 | Des9,pes4an,cs2a et AGRI COLLEGE 5 NBS Done 5
3 DS 374, DCs 7oA T ANJANEY NAGAR 7 one w7
4 DCs 50, DC5 114 caT DANASHREE NAGAR 7 KCD, DSK.SDNADS Done E]
5 Des 34A Gt CHAITANYA NAGAR 5 h Done 34
s DC5-46 cBT DHARAWAD 1.C 15 NBS, MMT Done 15
7__Jo DCS-36A, DCS 564, DCs 574, cBT RS 3 YK Done 1
8 ‘AGRI COLLEGE Dis [ Too early Morning -
s DCS26A cBr CAMANAGATTT 14 TOLL NAKA, Riya, Shreyas, Prabhatar | 07,10, Done 9
10 Des 61, DCs 238 ot HANUMANT NAGAR 7 Harshal, Rizwan 315 bone 138
ey o7 fosy Tt e VARTROPPA Shruti, Ketan 02, 31 Done 7
12 DCs 24, DC5 29 BT Jogellappur 10 Vishnu, Manoj 1,19 Done 18
13 | DGS-5A,DCS-23A, DCS 61 T KALYAN NAGAR 7 Barakon charu, prashanth 1,38 Done B
1 Dess3 ot KAVAKANAGAR 1 NBS ishan, Akash 1316 Discontinued -
15_pcs 144, Des-35, DCs 24, DC< BT MADIHAL 3 ‘Ashish, Pranay 08,30 Done 1
16 DCS 34, DCS 60 coT MAHIBUB NAGAR 3 “Ashish, Pranay 08,50 Done 60
) pes-12 ot 3 swan craLE Tirumal, Bhanu 23,24 Done 4
18 DCS 1A D5 32 T NAVALUR 7 TOLL NAKA [Veshwanth, Niteesh, Nikshep[e8, 21, 2 Done 1
19 | DCs22,DCs-44A,DCS65 BT NBS 25 M.HSP ishan, Akash 1316 Done 7
20 J552DCs50, DCS51 DCs.40] __cBT NEHARU NAGAR 6 KeD sPR Deeksha, Adhok 32,33 Done 1
20  DCs6A  [WaiwayStation | NEWBUS STAND 55 BT DNE =
22_[6, DCS-16, DCS-214, DCS-31A, DY CBT PAVATE NAGAR 5 KCD Vishnu, Manoj 14,19 Done 68

DCS 41, DCs 184 MALAPUR RG NAGAR 105 Tirumal, Bhanu 23,24 ne -
DCS-418 cor R.G.NAGAR Tirumal, Bhanu 2328 one o
'DCS 304, DCS-48 caT RICNAGAR Deeksha, Adhok 32,33 ne 2
DG 15 CBT Taihay Station cc Sanjay, Varshha 22,27 ne i

27 [ DG 198, DCs20m DG SR | CBT Ramanagar Y shan, Akash 1316 ne ]

75 | DGs-10, DG 394, DOs-6oA GBT SRNAGAR TOLL NARR Riya, Shreyas, Prabhakar | 07,10.9 ne z5
o nesa crr ANHANAKFER a P — 2a e a7 ann P

75 distinct routes were allocated to the students, out of which 12
were reported to be disfunctional or duplicate.




The Representation

- ki Vijaya Bank
L E A Canteen Sri Jagadguru Vijaya Talkies
Renukachary Co Op..

Sai Temple ) Subasi

Dh d Cit
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Police Statiof
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syardubilee Circle(v2) Padma T

W —Hranch & ATM _

A graph G(V, E) is eminently suitable to represent locations (as
vertices) and paths between locations (as edges).



The Representation
Vijaya Bank

Vijaya Talkies Dazddn
ngﬁg&s

L E A Canteen Sri Jagadguru G
Renukachary Co Op

State Bafik Of India

4 Onn‘é.i‘

239.05° et

Hubli Dharwad One
:h.)..l‘v
RO 200

edkar Statue Sai Temple@ Subasl

1.\!2) Dharwad Ciiy@ @

Police Station
Madani Mdsﬂd@

E Bank{jar Padma T
- granch & ATM Juiles Circb(vz) e

- -~

e The place (v) represents an actual location and contains
location data (latitude-longitude (lat-long)), name and other
attributes specific to the place and the route on which it lies.

e An edge consists of two places (v1,v2) and a track between
them.

e A route consists of a sequence of places, connected by the
edges.



The Representation

. Vijaya Bank
L E A Canteen Sti Jagadguru @ Vijaya Talkies :stniaa
Renukachary Co Op Bengc S

Hubli Dharwad One

e,
GRdaod z.oth

Sai Temple@ Subast

e (O

Madani Masﬂd@

ZEL e rsqardubllee Circle(v2) Padma T

e A service from v; to vj, S(v;, vj, to, d), consists of a route
followed by a bus along with the start time(tp) and the trip

duration (d).

e Finally, a schedule is a set of services carried out by a single
bus.



Figure: The KML tracks generated from real-time GPS tracking.
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Some lIssues

The KML tracks are irregular and not aligned to official road
polylines.

Multiple coordinates and multiple names for the same stops.
Names in the schedule are not standardized.

Data not fit for graph representation.



Cleanup

e Clustering of Stops
We used a clustering algorithm (see breadth-first search) using
connected components to cluster stops within 50 m into
unique stops.




Cleanup

e Fitting the GPS generated tracks with the Google Map Roads
It was decided that the edges between places (whose
preliminary lat-longs and names are now available) will follow
existing roads, i.e., polylines as shown by Google Maps. To
align the tracks with the official road polylines, we used a
Google API




Cleanup

As the data was generated from one trip only, many buses did
not stop at all the stops which lie on the route depending on
the ridership that day. So, we then wrote a program which
took all the stops, computed its minimum distance from the
track and inserted it into the track O; if the distance was less
than some chosen epsilon.




After Cleanup
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Question Revisited

Question: How can you reach Srinagar from High Court in the
minimum possible time starting at time ty?



Question Revisited

Question: How can you reach Srinagar from High Court in the
minimum possible time starting at time ty?
This can be modelled as a graph theory problem.



Question Revisited

Question: How can you reach Srinagar from High Court in the
minimum possible time starting at time tg?
This can be modelled as a graph theory problem.

e Here the vertices(V) are the bus stops.

e Let vop= Srinagar and v,=High Court.

e There edges are the services.

e The edge weights are the trip length of the service
S(vi,vj, t,d).



Question Revisited

e Initialization: The edge cost of S(vy, vi, t,d) = (t — to) + d
where (t — tp) > 0, oo otherwise.

e Constraint: (v;, vj) can be followed by (v;, vk) iff arrival
time(S(v;, vj, t1,d1)) < departure time(S(v;, vk, ta, do)).

e Run Dijkstra’s algorithm and get the shortest path from vy to

Vi

Ref: https://en.wikipedia.org/wiki/Dijkstra’s_algorithm



Can we do better?

e Suppose there are k routes with n stops each and 1 route has
m trips in a day, the number of edges becomes
(n—1) x k x m.

e So the complexity of above alogrithm is
O((n—1) x k x m+ |V|log|V|)!

e This is significant amount of computation if done on the
average mobile phone processors.



Can we do better?

Solution: Edge generation on demand.
Note that we are only interested in the next bus.

So instead of explicitly storing the edges for all buses, we
simply compute the cost of next bus from the current time.

This brings the complexity of the algorithm by a multiplicative
factor of m :



Can we do better?

Solution: Edge generation on demand.

Note that we are only interested in the next bus.

So instead of explicitly storing the edges for all buses, we
simply compute the cost of next bus from the current time.

This brings the complexity of the algorithm by a multiplicative
factor of m :

Our algorithm is ready to be implemented on a mobile phone!



Algorithm 1 Algorithm for finding bus route

procedure ROUTEPLANNER(Graph, source,
destination, start time)
create vertex set Q
for each vertex v in Graph do > Initialization
dist[v] < oo > Unknown distance from source
to v
prev[v] <— UNDEFINED > Previous edge in
optimal path from source
arrival_time[v] <— co > Stores the best arrival
time at each vertex
end for
add v to Q > All nodes initially in Q (unvisited
nodes)
dist[source] <— 0 1> Distance from source to source
arrival _time[source| < start time
while Q is not empty do
u <+ vertex in Q with min dist[u] > Node with
the least distance will be selected first
remove u from Q
if u is destination then
break > no need of further computation
end if

for each edge starting from u do > where v is still in Q
length(u, v) <
waitingtime(arrival _time[u]) + length(u, v) > re
compute edge cost
alt « dist[u] + length(u, v)
if alt < dist[v] then > A shorter path to v has
been found
dist[v] < alt
prev(v] < e(u, v)
arrival_time[v] < arrival_time[u] + length(u, v)
end if
end for

return dist[ |, prev| ]




Development of an android app for passengers
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Figure: Route generated by shortest path algorithm
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Figure: Route viewed on map
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Figure: Ward map of Dharwad (classified by population density)
superimposed on the bus network.



The way ahead...

Implement a similar strategy in your town/taluka to generate
a database.

Scale the database over multiple talukas.

Encourage addition of development course projects into the
curriculum.

There are other fields that need work also:
Energy sector, public transport, more water, town planning,...

See : www.ctara.iitb.ac.in for project ideas.

For full report on Dharwad Bus Depot:
https://www.cse.iitb.ac.in/ sohoni/dharwadbus.pdf
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