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Introduction (15-30 minutes)

C++ (1 hour)
The Clarke and Wright algorithm
Modifying the CAW and testing it
Adding your own strategy to the CAW
How to debug ?

JSON (30 minutes)
Understanding the role of the JSON files
Adding two new algorithms to the CAW

PHP (30 minutes)
Adding a new problem to the web-site

Conclusion will be yours !




C++
The Clarke and Wright algorithm.
Modifying the CAW and testing it.

Adding your own strategy to the CAW.
How to debug ?
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A nice demo © to start !
5 GPS points in Paris

0 = pizza shop
1..4 are the customers

CAW will compute a list

of paths to deliver the pizzas
to the customers, minimizing
the total distance traveled
by the vehicule.

The vehicule has a maximum
capacity and may need
several paths to deliver all

the pizzas to all the customers.

Here is a example with a
single path.

[ Routing Problems X

€ C' | @ localhost

i1 Applications Accédez rapidement a vos favoris en les ajoutant a la barre de favoris. Imparter mes favoris maintenant...

Q< wE: P
Welcome to the Routing Problems website |

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

[selectan algorithm:
time rank exact exec. info

<10s 1 no RUN |z|

[o7 | display \ |

add a marker on map

0
16141.9
0
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The algorithm first builds the
set of all the paths from the

depot (pizza shop) to all the
customers.

Because we have 4 customers
we can see here 4 paths.

[ Routing Problems %

& ¢ O localhost/#

pplications  Accédez rapidement a vos favoris en les ajoutant a la barre de favoris. Importer mes favoris maintenant...

<« vE: @

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

select an algorithm:
time rank exact exec. Info

<10s 1 no m

Solution from CAW (2)
trips: ALLv| 250 0 0 07 |display

add a marker on map

Properties:
runPos.
cout

duree
success
verif




Second, the algorithm
chooses the best pair of paths
to merge into a single one.

It computes all the possible
mergings and takes the best.

The best is the merge that
saves the maximum distance.

Here we can see the result
(3 paths) after the first iteration.

[ Routing Problems %

€« C' | @ localhost/#

2% Applications  Accédez rapidement a vos favoris en les ajoutant a |a barre de favoris. Imparter mes favaris maintenant...

Q- uE @

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

| select an algorithm:
time rank exact exec. lInfo

<10s 1 no m

[trips:[ALL v 250 0 |0 [o7 | dispiay |
Properties:

runPos 2
cout 214215
dures 0

true
4]

add a marker on map

or| select a file | with address an each line
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Here we can see the result

[ Routing Problems %

C | @ localhost/#

(2 paths) after the 2nd iteration. B st

dsncc

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

select an algorithm:
time rank exact exec. Info

add a marker on map

<10s 1 no m

'Solution from CAW (4)

trips:[ALL v | 250 0 |0 |07 | display
Properties:

runPos

cout

duree

success

verif
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Here we can see the result
(1 path) after the 3rd iteration.

And this is the end of the
algorithm because there is
no more pair of paths to merge.

[ Routing Problems %

C | @ localhost/#

pplications [3 Routing Problems

45\1& ‘E: . .

Welcome to the Routing Problems website |

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

select an algorithm:
time rank exact exec. Info

<10s 1 no m

'Solution from CAW (5)

tripsi ALL7 250 o 0 |07 | display
Properties:

runPos 4
cout 16141.9
duree 0
success true
verif 0

-

add a marker on map




Now, imagine the delivery van
has a capacity of 2 pizzas.

Because there are 4 customers,
hence 4 pizzas, there must be
at least 2 paths.

Here they are, with the
vehicule capacity set to 4.

[ Routing Problems %

C | O localhost/#

i Applications [§ Routing Problems

<dsncc &: . .

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

select an algorithm:
time rank exact exec. Info

<10s 1 no m

trips: ALL 250 0 [0 |07 | display |

Properties:
runPos.
cout
duree
success

| verif
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add a marker on map




Now you will learn how to use
the web-site to obtain this
by yourself.

First open your prefered
web-browser. | used Firefox.

Enter"localhost" as
the URL where to load the
web-services from.

Localhost means that
your PC will provide the
index.html file.

And this is possible because
your PC runs the Apache
HTTP server.

Select the CAW problem.

&
! Applieations [ Routing Problems

[ Routing Problems x

C' | @ localhost

G wE: @

Welcome to the Routing Problems website !

select a problem :
Travelling Salesman select | info

Open Vehicle Routing select | info
Clarke and Wright >

search
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Select the way
"how to create the instance"

We'll use real GPS points.

[ Routing Problems x

<«

C' | © localhost

Applications [} Routing Problems

ancc ﬁ H . -4

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Type of instances
create real instance:

create euclidian instance:
import an instance:

Data's instance
Distance matrix
Algorithms

Solutions

<)

add a marker on map

or | select a file | with address an each line
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Add randomly some points.

| added 10 points.

A list may appear on the right
side on the window. It provides
some tools to select and
delete the points, as you will
wish.

[ Routing Problems x

<« C' | © localhost

2 Applications [} Routing Problems

qﬂsn(c E : .

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance
Data's instance

| value of the courrant instance:

Merges(integer) A
Capacity(integer)
Depot(point)

| load point |

clients(list)

load GPS points from a file: load
current selection * | Ioad points |
display: off l display in map h cancel [

Save | Check |

OK

Distance matrix
Algorithms

Solutions

|$dd a marker on map

Infomations:

total nb. of points:
nb. of selected points:

Actions:

load GPS from file:

| saveas:

display:
save data to file:




Hide the list of points.

You may drag the map

to center the display on the
point which will the depot.

My depot will be point# 10

[ Routing Problems x

<« C' | © localhost

Applications [} Routing Problems

4511(( ﬁ H .

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance

Data's instance

| value of the courrant instance:

. g

Merges(integer) 4
Capacity(integer) 100
Depot(point)

| load point |

Lat

[ ]
clients(list)

load GPS points from a file: load

current selection ¥ | load points |
display: off l display in map i cancel [

Save | Check |

OK
Leconl

Distance matrix
Algorithms

Solutions

<)

add a marker on map

or | select a file | with address an each line
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Merges is the number of
iterations we allow CAW to
execute:
-1 means infinity (optimum)
0 means (keep the initial sol)
n means n iterations

For now, keep the default value

(-1)

[ Routing Problems. X
€ C | @ localhost

Applications [} Routing Problems

qﬂsn(( E :

® <=

<)

add a marker on map

Problem: Clarke and Wright

Real instance

[ Value of the courrant instance:

Welcome to the Routing Problems website !

Merges(integer) A
Capacity(integer)

Depot(point)

| load point |

Lat

[ ]
clients(list)

(0ad GPS points from a file: load
current selection v | load points |

display: off l display in map “ cancel

Save | Check |

OK

Distance matrix
Algorithms

Solutions

search




Set the capacity.

| used 20 to indicate that
the pizza shop’s vehicule
can deliver a maximum

of 20 pizzas without
returning back to the shop.

[ Routing Problems x

€ C | @ localhost

1! Applications [} Routing Problems

qﬂsn(( E : . -4

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

[ Value of the courrant instance:
Merges(integer) P

<)

| display

clients(list)

load GPS peints from a file: load
current selection v | load points |
display: off I display in map t cancel
Save | Check

OK

Distance matrix
Algorithms

Solutions

add a marker on map
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Select which point will be
the depot.

| have choosen the point # 10.

3/ GPS coords

will appear
there

[ Routing Problems x

€ C | @ localhost

Applications [} Routing Problems

G wE: @

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

[value of the courrant instance:
Merges(integer)

-1

Capacity(integer)

Lon Lai

2,3543: 859 display |
clients(list

| S points from a ﬁlszﬁ/

current selection v | load points ~l
display: off | display in map | cancel
Save | Check

OK

Distance matrix
Algorithms

Solutions

)
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add a marker on map

1/ Give the
identity of the
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2/ Click on
« load point »




Select the list of points to e =

3 C | @ localhost H*

use for CAW. 52 s ) oo
qﬂsn(( ﬁ: o 4 add a marker on map E
o 1 7 . = o ool

Welcome to the Routing Problems website ! L 2
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[ Routing Problems x

Select the list of points to i
use for CAW.

C' | @ localhost

Applications [3 Routing Problems

qﬂsn(( ﬁ :

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

1/ Don’t be afraid.
There is no error.

value of the courrant instance:
Merges(integer)

-1

Capacity(integer) 20

Depot(point)
10 | load point |

Lat
(2.360 48.859] | display
] -~

load py

b
current selection ~

disj off | display in map | cancel
Save | CI

@ <<

Distance matrix
Algorithms

Solutio

i 3
e Arrondi

<86 AFrondissement,

add a marker on map

Lursys

Selféring
ssement
AV

2/ Click on

« display off »

or | select a file | with address an each line

search

3/ Click again on
« load points »
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Select the list of points to g *
use for CAW.

Applications [Y Routing Problems

add a marker on map

e yis: @

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

Now you can see T

value of the courrant instance:

them. - E

Capacity(integer)




Select the list of points to
use for CAW.

When all is
green,
all is good !

[ Routing Problems X

< C O localhost

Applications [J Routing Problems
@ vE @ =

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

value of the :;ourram Insh‘a‘nr.e:
Merges(integer) 1

Capacity(integer) 20

Depot(point)

10 | load point

Lon Lat

p3543 | cisplay
clients(list)

load GPS points from a file: load

current selection + ‘ load points

| display: on | display in map ‘ cancel |
Lon at Goods
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add a marker on map

or| select a file | with address an each line

Type in the quantities
(of pizzas), and click
on « check ».
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Select the list of points to
use for CAW.

[ Routing Problems X

= C @ localhost
Applications Y Routing Problems
Real instance

value of the courrant instance:

Merges(integer) 1

Capacity(integer) 20

Depot(point)

10 | load point

Lon Lat

clients(list)

load GPS points from a file: load
current selection
| display: on | display in maj

g
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Distance matrix
Algorithms

Solutions

add a marker on map
or| select a file | with address an each line

To see the « OK »
button you may
need to use the

slider.
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Now it is time to compute
the distances matrix.

[ Routing Problems X

< C O localhost

Applications [% Routing Problems

4511(( LE: o

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance

Data's instance

Distance matrix

distances matri:

Significant number:
import data from file :
compute/update data:
save data:

Algorithme

wolutions

Nation:
.—..ﬁ?;émmr}ms ment?
T '

add a marker on map

or| select a file | with address an each line




Now it is time to compute
the distances matrix.

When
computed
100% is
displayed

To
proceed
click on
« OK »

[ Routing Problems X
= C @ localhost

Applications [Y Routing Problems

451»(( |E: 0

Welcome to the Routing Problems website !

or| select a file | with address an each line

d g
Da B
distances matrix: -ion% displ;
Significant number: 2
import data from file : load
compute/update data: W
save data: save |
OK
Algo
olutio
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Now it is time to compute
the distances matrix.

[ Routing Problems

= C @ localhost *
Applications [} Routing Problems
Matrix
Significant number: 2
[Lat/Lon] -> [distance/duration]
2,3543 1 48.8593 2.3696 / 48.8578 2.3749 [ 48.8502 2,3613 /48,8444 2,3458 [ 48,8454 2.3313/ 48,8560 2.3317 | 48.8667 2.3436 / 48,8698 2
2.3543/ 48.8593 |0.00 i0.00 2456.20 807.50 _2419 90 /658.90 293370 611.60 _2438,51] 534.80 2662.20 510.50 12519.70 _563,8!] 3023.70 778.40 17
2.3696 / 48,8578 |2188.40 575.70 0.00 0.00 1799.60 /417.20 243170 488.40 13519.50 798.20 4563.80 841.10 14003.20 910.50 3814.30 802.30 IE
2.3749/ 48.8502 | 2483 50 590.70 1697.90 34010 0.00 /o.00 1170.30 223.20 13076.00 639.30 4120.30 675.70 \5081.50 87410 15201.60 1142.80 3
2.3613 / 48,8444 |2416.50 1484.00 2444.40 463.50 2360.30 /476.40 0.00 0.00 1905.70 416.10 2950.00 452.50 3911.30 ©650.20 14538.20 999.10 E‘
2.3458 | 48.8454 |2473.10 623.00 2910.70 649.50 282660 /662.40 1725.20 358.90 0.00 0.00 2600.20 557.20 13561.40 755.60 14301.40 1075.30 4t
685.50 4012.50 824.50 3928.40  /837.40 2836.50 538.90 2339.30 469.60 0.00 0.00 2312.50 574.50 3688.10 956.00 46
2.3317 / 48.8667 | 3298.80 824.90 4181.60 973.20 477330  /1130.80 5165.60 1041.00 14083.10 928.90 3069.50 709.60 (0.00 '0.00 1847.50 460.60 3t
2.3436 / 48.8698 |3221.30 1888.60 3327.80 771.60 4269.40  /993.10 4901.50 1044.30 47%8.60 1059.80 3785.10 840.50 12238.70 541.60 10.00 0.00 2
2.3626/48.8718 |407180 /93290 2119.50 44420 317950  /706.70 | 3974.40 820,80 :5062,20 1150.60 6108.50 1193.50 477150 11064.90 14028.70 940.50 o
2.3785/ 48.8633 |3413.10 903.30 1986.70 404.80 2307.00 /509.20 347280 708.80 4929.40 1111.20 4998.80 1013.70 14876.10 1108.00 3982.70 961.20 i(
2.3543/ 48.8593 |0.00 0.00 2456 20 607.50 241990  /658.90 293370 611.60 2436.50 534.80 2662.20 510.50 12519.70 563.80 3023.70 778.40 1
« v




Finally you will choose an
algoritm and run it with the
instance we have created.

[ Routing Problems X

< C O localhost

Applications [Y Routing Problems

4511(( Lﬁ: o

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

[ select an algorithm:

or| select a file | with address an each line

time rank exact exec.

CAW <10s 1

Solutions




The result will depend on the
instance and on the choosen
algorithm.

Here is mine.

When
finished, the
paths are
displayed on

the map.

[ Routing Problems X

< C O localhost

Applications [Y Routing Problems

4511(( LE:

Welcome to the Routing Problems website !

Problem: Clarke and Wright
Real instance
Data's instance

Distance matrix

time rank exact exec.

info

RUN

2

trips: ALL v | 250 [Il

Properties:

runPos
cout
duree

add a marker on map
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Before adding your own

[ Routing Problems X

< C O localhost

web-service, take a few minutes s o s

to check your ability to play
with CAW.

| suggest you to try it with
different values.

Buy more
pizzas ©

@ o @

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

value of the courrant instance: R
Merges(integer) 1

v niee’
Faubolirgioissonniere™ ¢

Capacities

Capacity(integer) 20 .
e B
=
110 d point
Lon

|23543: }w‘asﬂ\ | display

display: on \ display in map ‘ cancel L

Lon Lat Goods

100, 10, 5, 3, 1

I :‘).\.,\ .
valides s // érine =57
f /e Arondissement
Maubo renne ”
I N
H

I 5
e

N4
Faubourg;Saint

_zfjac"q'ue's .




C++
The Clarke and Wright algorithm.
Modifying the CAW and testing it.

Adding your own strategy to the CAW.
How to debug ?

S




Before coming to the Spring School
we have been in touch and | gave
you some files to install on your PC.

We'll have now a close look to some of them.

From now <dir> will be the location on
your hard drives where you have
installed the files.

My <dir> = D:\projects\RP\RPWS

<dir>\services contains all the web-services

PDF and PPT files (this one too) for all tutorials

can be found at

<dir>\tutorials

e

[

d| }. » Ordinateur » Donnees (D:) » projects » RP » RPWS »

‘ Organiser ~ Inclure dans la bibliothégue ~ Nouveau dossk
4 Favoris Nom
M Bureau . .metadata )
_g. Emplacements réc : bug Vve ” Work
I Téléchargements B css On Iy here !
Iocvs
> Bibliothéques ). data
| doc
4% Ordinateur | img .
| & Windows (C) L is 29/03/2018 10:46
! > < Donnees (D) | offline 29/03/2018 10:46
L papers 29/03/2018 10:46
"l @ Réseau }. php 29/03/2018 10:46
| prod 29/03/2018 10:46
u | services 29/03/2018 10:46
‘ | tutorials 03/04/2018 08:57

| history.txt
B indexhiml

03/04/2018 08:54
29/03/2018 10:46

E] script)s 29/03/2018 10:46

< | i |

1 17 élément(s) Etat: BB Partagé
1

Pssier de
Dossier de
Dossier de
Dossier de
Daossier de
Dossier de
Dossier de
Dossier de
Dossier de
Fichier TXT
Firefox HTN

Fichier de s|

b




Let's have alook at <dir>\services

DMz is the location of exchanged data

between the client browser and
the HTTP server.

problems is the directory where are
stored all the algorithms for all
the problems.

problems.json is the description of
the list of problems handled by the
web-site.

B e eewEEIETTYC

()= <« Donnees(D) ¥ projects » RP » RPWS b services b ~[ 42 || rechere. O

Organiser ~ Inclure dans la bibliothégue ~ Nouveau dossier &= - Ei 0

-~

# Favons Nom Modifie le

B Bureau |oovs 29/03/2018 10:46 Dossier de
@= =

<» Emplacementsréc | pmz 29/03/2018 10:46 Dossier de
ls Téléchargements | proplems 29/03/2018 10:46  Dossier de

| problems.json 29/03/2018 10:46 Fichier JSO
| Bibliothéques

‘& Ordinateur
& Windows (C)
3 Donnees (D)

We’'ll see later
%Réseau

its content to
add a new
problem.

< |

1 4 élément(s) Etat: 2B Partagé
>




B 20 . meeEETTYT)
Let's have a look at <dir>\services\problems

Organiser Inclure dans la bibliothéque ~ Nouveau dossier = - O 0
. Favoris Nom B Modifié le Type

Each directory is a web-service. W Bureau Jcaw 30/03/20181318  Dossier de
4 Emplacements réc | cvs 29/03/2018 10:46 Dossier de
) . . l4 Téléchargements | DARP 29/03/2018 10:46 Dossier de
With the latest version of our web-site, only L hello 20/03/201810:46  Dossier de
CAW (C|al’ke and Wl’ight) - Bibliothéques | hellox 29/03/2018 10:46  Dossier de
. . ). line 29/03/2018 10:46  Dossier de
OVRP (Open Vehicule ROUtmg) & Ordinateur | OVRP 30/03/2018 08:31  Dossier de
and & Windows (C) | rev 29/03/2018 10:46 Dossier de
TSP (Traveling Salesman) = Donnees (D:) J. TSP 30/03/2018 08:29 Daossier de
. |t 29/03/2018 10:46 Dossier de
are Operatlonal- : | VRP 29/03/2018 10:46  Dossier de

Forget all the others !

< |

. | 11 élément(s) Etat: BB Partagé




Let’s have a look at
<dir>\services\problems\CAW

Each problem has the same structure !

program contains executable algorithms
implemented with the programming
languages of your choice

algorithms.json describes the set of
available algorithms for this problem
for the web-browser.

is the interface between the

« network-world » and your executable.
This file is responsible for

1) converting the network data into

« executable-compatible » data,

2) calling the executable, and

3) convert back the results to

« network-format ».

CAW.php

describes what is an
instance for the web browser.

instance. json

0 _oEmEYO)
(_- 'Q \ L « RP » RPWS » services » problems » CAW » v |

Organiser ~ Inclure dans la bibliothégue ~ Nouveau dossier

-~

. Favoris Nom Modifié le

I Bureau

(_ég. Emplacements réc

30/03/2018 13.24
29/03/2018 10:46
30/03/2018 13.17
30/03/2018 13:15

| program
| algorithms,json
| CAW.php

| instance.json

Iy Téléchargements
.| Bibliothéques
‘& Ordinateur

& Windows (C)

3 Donnees (D)

% Réseau

We'll see later

their contents

to add a new
algorithm.

< |

\l 4 élément(s) Etat: 2B Partagé
b



Let’s have a look at
<dir>\services\problems\CAW\program

caw.cCccC

caw.exe

caw.h

golden in.txt
golden out.txt
main.cc

Makefile

C++ implementation of
all classes

the executable

C++ classes header
ref input file

ref output file

the algorithm !!!!

automated make

Organiser ~ Inclure dans la bibliothégue ~ Nouveau dossier

" EE)
¢ 'Q I « RP » RPWS » services » problems » CAW » program || Recherc.. P

O e

-

. Favoris Nom

B Bureau [ caw.cc
%;. Emplacementsréc 81 caw.exe
I Téléchargements | caw.h

| golden_in.xt
| Bibliothéques | golden_out.txt
[ main.cc

‘& Ordinateur | Makefile

& Windows (C:)
3 Donnees (D)

% Réseau

Modifie le

30/03/2018 13:20
30/03/2018 13:24
30/03/2018 13.23
30/03/2018 13:24
26/03/2018 10:52
30/03/2018 1323
26/03/2018 15:27

< |

. | 7 élément(s) Etat: 2B Partagé

Type

Fichier CC
Applicatio
Fichier H

Fichier TXT
Fichier TXT
Fichier CC

Fichier



Let’s have a look at
<dir>\services\problems\CAW\program

Inclure dans la bibliothégue ~

Nouveau dossier

B ... X))
G2 |« ® » ROWS » senices » probems » CAW b progrem i | recrr 5|
0 e

You should have installed a C++
development environment on your PC.

%} Emplacements réc
I3 Téléchargements

| suggested for Windows, CYGWIN or MINGW
ortouse Linux © 1 Bibliotheques

& Windows (C:)
3 Donnees (D)

Whatever has been your choice
To clean make clean

To check make check

Nom

[ caw.cc
57 caw.exe
1 cawh

| golden_in.txt

| golden_out.txt

@ main.cc
| Makefile

Modifie le

30/03/2018 13:20
30/03/2018 13:24
30/03/2018 13.23
30/03/2018 13:24
26/03/2018 10:52
30/03/2018 1323
26/03/2018 15:27

. | 7 élément(s) Etat: 2B Partagé

Fichier CC
Applicatio
Fichier H

Fichier TXT
Fichier TXT
Fichier CC

Fichier




Clarke and Wright, C++

Let’s have a look at
<dir>\services\problems\CAW\program

| suggest you take a few minutes to learn how to rebuild the CAW executable.

| will illustrate it with CYGWIN tools and <dir> = /cygdrive/d/projects/RP/RPWS

1/ go to the good location and list all the files

[cygdrive/d/projects/RP/RPWS/services/problems/CAW/program

$ cd /cygdrive/d/projects/RP/RPWS/services/problems/CAW/program/

Jcygdrive/d/projects/RP/ \ /probTem
$ 1s

caw.cc caw.exe caw.h golden_in.txt golden_out.txt main.cc Ma

Jeyagdrive/d/projects/RP/R \ /probTlems /¢

s

program




Clarke and Wright, C++

Let’s have a look at
<dir>\services\problems\CAW\program

2/ restart from a fresh and clean state: make clean

The caw.exe file should have been removed.

{cygdrive/d/projects/RP/RPWS/services/problems/CAW/program ll-_—"' =

$ cd /cygdriv rojects/RP/RPWS/services/problems rogram/
program
$ 1s
caw.cc caw.exe caw.h golden_in.txt golden_out.txt main.cc Makefile
robTems, /program
pprimer 'caw.exe': No such file or directory
pprimer 'out.txt': No such file or directory

[Makefile:7: clean] Error 1

Jeygdriv 0] ! ervices/probler program

caw.cc caw.h golden_in.txt golden_out.txt main.cc Makefile

Joygdriv proj P/R ~obTern program

s




Clarke and Wright,

Let’s have a look at
<dir>\services\problems\CAW\progr

3/ rebuild:

am

make

The caw.exe file should have been created without warnings.

$ 1s
caw.cc caw.exe caw.h

‘'cygdriv
$ make clean
rm caw caw.exe out.txt
i hle de suppri
hle de suppri
make: [Makefile:7: ¢

Jeygdriv

$ 1s

/cygdriv
$ make
g++ -static *.cc -o caw

Joygdriv
$ 1s

caw.cc caw.exe caw.h

Joygdriv

caw.cc caw.h golden_in.tx

golden_in.txt golden_out.txt main.cc

ojec

o such file o
o such file or

mer 'caw.exe':

mer 'out.txt':

Tean] Error 1
ojec

golden_out.txt main.cc Makefile

proble

out.txt main.cc

C++

[cygdrive/d/projects/RP/RPWS/services/problems/CAW/program LI_I_J-:- X

Makefile

Makefile

-




Clarke and Wright, C++

Let’s have a look at
<dir>\services\problems\CAW\program

4/ check: make check

The diff shouldn’t print any text. If it does, it means you have destroyed the original CAW.

[cygdrive/d/projects/RP/RPWS/services/problems/CAW/program LI_I_J-:- (o8 X"

rm caw caw.exe out.txt -
i ible de supprimer 'caw.exe': No such file or directory
ible de supprimer ‘out.txt': No such file or directory
[Makefile:7: clean] Error 1

program

caw.cc caw.h golden_in.txt golden_out.txt main.cc Makefile

~obTen program
§ make
g++ -static *.cc -o caw

~obTems /CAW/program
$ 1s
caw.cc caw.exe caw.h golden_in.txt golden_out.txt main.cc Makefile

idriv j g /R v ~ob rogram
$ make check
caw golden_in.txt out.txt
diff out.txt golden_out.txt

idriv j 5 /R v ~ob rogram




Openmain.cc
with your
prefered editor
and go at the
bottom of the file
to see the main ()
entry point.

| used vim.

| hope the text is
self-explanatory
enough.

Clarke and Wright, C++

m /dfprojects/RP/RPWS/services/problems/CAW/program -

int main(int argc, char *argv[])

I
// CHECK PARAMETERS
it (3 != argc) {usageCargv[0]); exit(l);}
char *paramfile = argv[1];
ifstream param(paramfile);
if (!param.good()) {cou
char *resfile = argv[2];
ofstream res(resfile, jos_base::trunc | jos_base::o
if (lres.good()) {cout << "Error: unable to open "

<< "Error: unable to open

< resfile <<

// INPUTS
I0::load_params(param, merges, depot_id, goods, paths);

// COMPUTATION

// keep the one you want to test !I1!!
arke_and_wright();

J/Random_Clarke_and_wright();

S My_Clarke_and_Wright();

// OUTPUTS
I0::store_results(res, depot_id, goods, paths);

// CLEAN END
param.close();
res.close();
return 0; J/ all ok
}

// end of: main.cc

< paramfile << endl; exit(l1);}

endl; exit(1);}




Clarke and Wright, C++

m Jd/projects/RP/RPWS/services/problems/CAW/program ==

Go at the top of the siatic void build savi
file to see the build savings () onst bool deb

function.

ild the s
ebug) cout
e all previo gs from the t
Edehuq) cou < ere " << savings.size()

You won’t have to modify it.

(¢ ehug) cout gs reset to ' savings.size() -

int PATHS=paths.size

But you could, to implement another rath "foa ath';[éj .y '
. if (debug) {cout "First Path: "; fpa->print(h);}
SearCh for pOSSIble merges " Eifpa—:?e}s:;ﬂ : < deleted” endl;

continue; 0 only ali
1
¥
int epo =
for(int < 5; PP++}
‘&paths[pp]
{ h

cond Path: spa->print(h+"”
if dehuq}
continue;
1
E)
if (spa->deleted(
if (debu
continue

int spo = spa->firstDeliveryPoint();
et all distances
double depot2spo = points[depot_id].distance(spo);
double epo2depot = points[epo].distance(depot_id);
double epo2spo points[epo].distance(spo);
double sav epo2depot + depot2spo - epo2spo;
if (debug) {
cout
depot2spo
epo2depot
depot2spo
sav end]
)
Saving saving(epo, spo, sav;
if (debug) saving.print(t :
savings.push(savi ; one more saving computed
1
} ¥
if (debug) cout i savings.size() << endl;

100,1




Clarke and Wright, C++

GO further |n the flle to See f_tqt1c Savin ind_applicable_saving()
the find applicable savings()

funCtlon i X . . rching for the b

ueue is ordered, the best solution is at the top

1 deb f

g endl; best.print(h+"
get the points I

Also, you won’t have to modify it. Src Td © best.srcQ), dstid = best.dst
Point *src_point = &points[src_id]l, *dst_point = &points[dst_id];

int src_path_id = src_point->path_id(), dst_path_id = dst_point->path_id();

BUt you COUIdl to implement anOther _Etsﬁ'cmpgiﬁhi &paths [src_path_id], st_path = &paths[dst_path_id];
Selection of the best merge.

if (debug) {
if (src_path->deleted())
cout Internal err fin
src_path->print("DELETED: ");
exit(l

1

3

if (dst_path->deleted
cout Intern
dst_path->print(

}
get patt g
ouble src_goods src_path->goods
ble dst_goods = dst_path->good
compute new quantity delivered if both path are merged
ble goods = src_goods + dst_
p when merged 1 i capacity
) at the top !!!!
ods > capacit
if (debug)
src_goods;

s ( goods X ity capacity
if (debug) " rejected :

}

savings.pop

continue;

0K, now this ing is
if (debug) rC_g ' dst_goods ) goods << endl;
return &best;

1

¥
it (debug) cout
return NULL;




Clarke and Wright, C++

Go further in the file to see
the Clarke and Wright ()

function.

This is the algorithm !

Its first part builds the set of all
paths from the depot to each

customer.

That's about 15 lines of code,
debug included.

m /d/projects/RP/RPWS/services/problems/CAW/program
Btatic void Clarke_and_wright(void start(), Saving *cont(), void next())
I

if (debug) cout <-

init phase = build the first Tist of paths
of all the path f

y the depot and back

if (debug < endl;

paths.clea

int POINTS points ()

for(int p=0; p<POINTS; p++){
if (p == depot_id) continue; //
Path path;
path.addPointID(depot_id);
path.addPointID(p);
path.addPointID(depot_id)
int id = paths.add(path);
points[p].path_id(id);

only when point is not the depot

1
if(debug) paths.print("");




Clarke and Wright, C++

Go further in the file to see
the Clarke and Wright ()

function.
This is the algorithm !

Its second part iteratively builds
all the possible merges and
selects the best one, if any.

The end of the algorithm occurs
when there are no more
applicable savings.

That's about 20 lines of code,
debug included.

1

J
if(debug) paths.print("

l’ iterate until no more applicable savings
) cout << " TIterate until nc

g savings.size()
get the best saving from the ordered pr1cr1t _queue
ving best = ngs.top();
// get the points IDs
int src_id = best->src(), dst_id = best-»dst();
// get the points
Point *src_point = &points[src_id], *dst_point = &points[dst_id];
// get path TIDs
int src_path_id = src_point->path_id(), dst_path_id = dst_point->path_id();
// get the paths
Path *src_path = &paths[src_path_id], *dst_path = &paths[dst_path_id];
// merge the two pdthr
if (debug) {cout < Deleted "; dst_path->print("");}
// remove last point (depot) of the source path

s c_path->removelLastPoint();

// remove 1lrst point (depot) of the destination path

dst_path->removeFirstPoint();
// copy the points of the destination path at the end of the source path
int POINTS = dst_path->siz
for(int p p<POINTS; p++){
// get point id
int dst_point_id = dst_path->pointID(p);
// add it to the starting path
src_path->addPointID(dst_point_id);
// don't forget to move the point to the second path
points[dst_point_id].path_id(src_path->id());

// delete deft1ﬂdt1cﬂ path

if (debug) < Updated "; src_path->print
dst_path->del();

turns++;

191,2-9

m /d/projects/RP/RPWS/services/problems/CAW/program l X




Clarke and Wright, C++

m /d/projects/RP/RPWS/services/problems/CAW/program l X

1
J
if(debug) paths.print("

Shall you modify it ?
Even if this is only about 35 B Ticress tout oL LIRS SO,
lines of C++ code, no

you won’t modify it today.

g savings.size()
get the best saving from the ordered pr1c:r'|t _queue

ving best = ngs.top(); l
// get the points IDs
(Some Of yOU ShOUId feel int src_id = best-»src(), dst_id = best->dst();
// get the points
more relaxed . ) Point *src_point = &points[src_id], *dst_point = &points[dst_id];

// get path IDs

int src_path_id = src_point->path_id(), dst_path_id = dst_point->path_id();

’ . // get the paths
I ve prepared Somethlng mUCh Path *src_path = &paths[src_path_id], *dst_path = &paths[dst_path_id];
. // merge the two pdthr
S|mp|er fOF yOU, because we if (debug) {cout < Deleted "; dst_path->print("");}
. // remove last point (depot) of the source path
dO nOt have SO mUCh t|me. src_path->removeLastPoint();
// remove 1rst point (depot) of the destination path
dst_path->removeFirstPoint();
. . // copy the points of the destination path at the end of the source path
You will do Complex codmg int POINTS = dst_path->size();
. . for(int p p<POINTS; p++){
later at your office, in a calm // get point id

int dst_ point_id = dst_path->pointID(p);
// add it to the starting path

and quiet context.

S| c_path->addPointID(dst_point_id);
// don't forget to move the point to the second path
points[dst_point_id].path_id(src_path->id());

// delete deft1r1dt1c:r1 path

if (debug) < Updated "; src_path->print
dst_path->del();

turns++;

191,2-9




Clarke and Wright, C++

m /d/projects/RP/RPWS/services/problems/CAW/program C= i X

c void Clarke_and_Wright()

Clarke_and_wright(build_savings, find_applicable_saving, build_savings);

Go further in the file, until you find this.

0 "play” with othe
, replace start(), c
ne we randomly
distance and

The default Clarke and Wright ()
is the execution of the algorithm

with the build savings ()

and find applicable saving/()
functions we have looked at. : top();

return (bes .Ja\!illgi-i::fl > 0.0) 7 &best :
.I_

return NULL;

This is also what you have tested
with the web-browser until now.

, random_find_applicable_saving, build_savings);

But you can execute the algorithm 231,1

with other « saving-functions ».

Here | have developped a new

random find applicable saving () which selects « randorly » a merge among the list

of the possible merges. Of course it will not give the optimum, V)
but it shows you how to modify the strategies with the random Clarke and Wright (). U




Clarke and Wright, C++

To test the random version
go back to the main () function, comment the « normal » call

and uncomment the call to the random version.

m,fd,fprojects!RP,’RPWS{seNices}problems/CAVJprogram ==X

int
{

K PARAMETERS
argc) {usagg

Easy insn’tit ? .

it (!param.good()) {cout << "Error: unable to open

/ << paramfile << endl; exit(1);}
argv[2];

' << resfile << endl; exit(1):}

Now ,
i Cldarke_and_Wright();
Save_ It . ndom_Clarke_and_wright();
rebuild it //My_Clarke_and_wright();
test it OUTPUTS
::store_results(res, depot_id, goods, paths);
with the web-browser // CLEAN END

param.close();
res.close();
return 0; // all oK

'/ end off: main.cc

309,9




Routing Problems b +

Here is an example with 26 customers, dép6t # 1, capacity 10, with random Clarke and Wright ()

.(_‘ -S> Q@ | @ localhost/#

: Accueil du site de I'Un...

@sncc

Welcome to the Routing Problems website !

Problem: Clarke and Wright

Real instance

Data's instance

Distance matrix

select an algorithm:

name time rank exact exec. info
CAW <10s 1 no [ RUN l
Results:

0:0

06 running...

trips: ALL ~ 250 0 0 07 | display ||

Properties:

runPos 1
cout 88341.5
duree 0

success true
verif

3 oogle oogle Traduction [ [ sémantique ¥ Crédit Agricole Finisté... nsap.gouv.fr
I ForReVER G Google B¢ Google Trad Fesez2 B se & Credit Agricole F @DE 1

add a marker on map

1)
or| selectafile |with address an each line
S 9

Lauuﬁ e Arrondlssem

‘_ Jﬁ‘lndu*— £ :
Lu:zmbauﬁs Arr nd|ssemenlc. al, -

jl:qun i
Bnnurg«\t

- L=m ne

ﬂS‘Im

Ve < Lk
PleiMarais! saint
=




While, with 26 customers, dép6t # 1, capacity 10, the original Clarke and Wright () gives

Routing Problems
(¢)» C @

: Accueil du site de I'Un...

QSTICC ‘ﬁ:

Real instance
Data's instance

Distance matrix

X

+

Problem: Clarke and Wright

| @ localhost/#

select an algorithm:

name time rank exact exec. info
CAW <10s 1 no [ RUN |
Results:

| CAW 0:00:06 running...

0:00:

trips: ALL ~ 250 0 0 07 | display |
Properties:

runPos 2
cout 38870.6
duree 0
success true
| verif

Welcome to the Routing Problems website !

Iayhou

h.l mp

1 - -Invilides

u,—f'i*

nvali des 7} 4
LaTour’ e Arrondlssemer-f

FOREVER G Google B¢ Google Traduction ESP32 Sémantique ¥ Crédit Agricole Finisté...

@ Ensap.gouv.fr

add a marker on map

or| selectafile |with address an each line

-.--h

Varenne
fosg

FEE e

J ]l:qun i

BT
N annmgom

i @

\* Iulsaint
\\\\ Magr \
3% ,_“"
|| e NI
.Popmccurk




C++
The Clarke and Wright algorithm.
Modifying the CAW and testing it.

Adding your own strategy to the CAW.
How to debug ?

S




Spring School on Integrated Operational Problems

May 14-16, 2018, Troyes, France

And now, because you must suffer a little bit, this is your turn to work !
You must add your My Clarke and Wright () version of the algorithm.

| will stay close to you to help you until the end of the session.

m /d/projects/RP/RPWS/services/problems/CAW/program =N =

int main(int argc, char *argv[])
{
// CHECK PARAMETERS
if I= argc) {usage(argv[0]); exit(1);}
char *paramfile = 1lqu[l]
ifstream param(paramfile);
if [.pilim good()) { << "Error: unable to open " << paramfile << endl; exit(1);}
char *resfile = argv[2
ofstream res(re e::trunc | _ );
if (lres.good()) {cout << "Error: unable tc 1 " << resfile << endl; exit(1);} I

// INPUTS
0::load_params (param, merges, depot_id, goods, paths);

OMPUTATION
/ keep the one you want to test [I!!

(1 ke_and_wright();
om_Clarke_and_wright();
rke_and_wright();

UTPUTS
store_results(res, depot_id, goods, paths);

// CLEAN END
param.close();
res.close();

return 0; // all oK

of: main.cc




Spring School on Integrated Operational Problems

May 14-16, 2018, Troyes, France

| suggest you to modify the strategy to differently choose the best saving.

m /d/projects/RP/RPWS/selvices/problems/CAW/program = S S

: NULL;

itatic void Random_Clarkd_and_wright()

[y —

Clarke_and_wright\build_savings, random_find_applicable_saving, build_savings);

3 Yo
find_applica

ic saving *my_find_applicable_saving()

// add your code here !!!!
return NULL;

static void My_Clarke_and_Wright()

[

Clarke_and_wright(build_savings, my_find_applicable_saving, build_savings);

main entry point
t main(int argc, char *argv[])

// CHECK PARAMETERS




C++
The Clarke and Wright algorithm.
Modifying the CAW and testing it.

Adding your own strategy to the CAW.
How to debug ?

S




Of course, test your program before installing it as a web-service.
And don’t forget to look at the error logs of the Apache server.

P |
23] XAMPP Control Panel v3.2.2 - Confg
Service

Service Module PID(s) Port(s) Actions Dlicilal
| Apache ooe 80,443 | stop || Admin || config ogs
L wysaL | stat || A Config Logs | Explorer
D FilezZilla t || Admin |[ config || Logs | [ # semices
D Mercury | stat || Admn |[ config || Logs |
[] [ stat || Agmn |[ conig |[ Logs |

08:29:20 [main] Initializing Control Panel

08:29:20 [main] Windows Version: Windows 7 Professional SP1 64-bit

08:29:20 [main] XAMPP Version: 7.2.3

08:29:20 [main] Control Panel Version: 3.2.2 [ Compiled: Nov 12th 2015 ]

08:29:20 [main] You are not running with administrator rights! This will work for

08:29:20 [main] most application stuff but whenever you do something with services

08:29:20 [main] there will be a security dialogue or things will break! So think

08:29:20 [main] about running this application with administrator rights!

08:29:20 [main] XAMPP Installation Directory: "c:\xampp\"

08:29:20 [main] Checking for prerequisites

08:29:21 [main] All prerequisites found

08:29:21 [main] Initializing Modules

08:29:21 [main] Starting Check-Timer

08:29:21 [main] Control Panel Ready

08:29:23 [Apache] Attempting to start Apache app...

08:29:24 [Apache] Status change detected: running




Thank you for your kind attention.

See you soon at the second
session !




