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PLAN

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 !

2nd session

1rst session
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C++

The Clarke and Wright algorithm.

Modifying the CAW and testing it.

Adding your own strategy to the CAW.

How to debug ?



Clarke and Wright, C++

3

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.
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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.
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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.



Clarke and Wright, C++

6

Here we can see the result

(2 paths) after the 2nd iteration.
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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.
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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.
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Now you will learn how to use

the web-site to obtain this

by yourself.

First open your prefered

web-browser. I 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.

Click 

here
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Select the way

"how to create the instance"

We’ll use real GPS points.

Click 

here
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Add randomly some points.

I 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.

The list

of points

To hide it

click here
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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
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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)

Number of 

iterations
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Set the capacity.

I used 20 to indicate that

the pizza shop’s vehicule

can deliver a maximum

of 20 pizzas without

returning back to the shop.
Capacity of the 

delivery

vehicule
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Select which point will be

the depot.

I have choosen the point # 10. 1/ Give the 

identity of the 

depot

2/ Click on

« load point »
3/ GPS coords

will appear

there
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Select the list of points to

use for CAW.

I decided to use the points

from the list of points who

was displayed on the right.

Its points are all the ones

displayed on the map. They

are numbered from 1 to 10.

1/ Click on

« load point »

2/ Unfortunately

it doesn’t seem to 

work …

And the sub-window

is highlighted in red.

What does it mean ?
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Select the list of points to

use for CAW.

2/ Click on

« display off »

1/ Don’t be afraid.

There is no error.
3/ Click again on

« load points »
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Select the list of points to

use for CAW.

Now you can see

them.



Clarke and Wright, C++

19

Select the list of points to

use for CAW.

Type in the quantities

(of pizzas), and click 

on « check ».

When all is

green, 

all is good !
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Select the list of points to

use for CAW.

To see the « OK » 

button you may

need to use the 

slider.

Click on 

« OK »
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Now it is time to compute

the distances matrix.

Click on 

« run »
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Now it is time to compute

the distances matrix.

When

computed

100% is

displayed

To see the 

matrix, click 

on 

« display »

To 

proceed

click on 

« OK »
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Now it is time to compute

the distances matrix.

Here it is.
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Finally you will choose an

algoritm and run it with the

instance we have created.

Click on 

« run »
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The result will depend on the

instance and on the choosen

algorithm.

Here is mine.

When

finished, the 

paths are 

displayed on 

the map.
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Before adding your own

web-service, take a few minutes

to check your ability to play

with CAW.

I suggest you to try it with

different values.

Merges

0, 1, 2, 3

Capacities

100, 10, 5, 3, 1

Choose

another depot

Buy more 

pizzas 
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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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Before coming to the Spring School

we have been in touch and I 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

We’ll work

only here !
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Let’s have a look 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.

We’ll see later

its content to 

add a new 

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

Each directory is a web-service.

With the latest version of our web-site, only
CAW (Clarke and Wright)

OVRP (Open Vehicule Routing)

and
TSP (Traveling Salesman)

are operational.

Forget all the others !
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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.

CAW.php 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 ».

instance.json describes what is an

instance for the web browser.

We’ll see later

their contents 

to add a new 

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

caw.cc C++ implementation of

all classes

caw.exe the executable

caw.h C++ classes header

golden_in.txt ref input file

golden_out.txt ref output file

main.cc the algorithm !!!!

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

You should have installed a C++

development environment on your PC.

I suggested for Windows, CYGWIN or MINGW

or to use Linux 

Whatever has been your choice

To clean make clean

To build make

To check make check



Clarke and Wright, C++

34

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

I suggest you take a few minutes to learn how to rebuild the CAW executable.
I will illustrate it with CYGWIN tools and <dir> = /cygdrive/d/projects/RP/RPWS

1/ go to the good location and list all the files
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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.
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Let’s have a look at
<dir>\services\problems\CAW\program

3/ rebuild: make

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



Clarke and Wright, C++

37

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.
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Open main.cc

with your

prefered editor

and go at the

bottom of the file
to see the main()

entry point.

I used vim.

I hope the text is

self-explanatory

enough.
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Go at the top of the
file to see the build_savings()

function.

You won’t have to modify it.

But you could, to implement another

search for possible merges.
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Go further in the file to see
the find_applicable_savings()

function.

Also, you won’t have to modify it.

But you could, to implement another

Selection of the best merge.
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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.
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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.
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Shall you modify it ?

Even if this is only about 35

lines of C++ code, no

you won’t modify it today.

(some of you should feel

more relaxed …)

I’ve prepared something much

simpler for you, because we

do not have so much time.

You will do complex coding

later at your office, in a calm

and quiet context.
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Go further in the file, until you find this.

The default Clarke_and_Wright()

is the execution of the algorithm
with the build_savings()

and find_applicable_saving()

functions we have looked at.

This is also what you have tested

with the web-browser until now.

But you can execute the algorithm

with other « saving-functions ».

Here I have developped a new
random_find_applicable_saving()which selects « randomly » a merge among the list

of the possible merges. Of course it will not give the optimum,
but it shows you how to modify the strategies with the random_Clarke_and_Wright().
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To test the random version
go back to the main() function, comment the « normal » call

and uncomment the call to the random version.

Easy insn’t it ?

Now

save it

rebuild it

test it

with the web-browser
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Here is an example with 26 customers, dépôt # 1, capacity 10, with random_Clarke_and_Wright()
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While, with 26 customers, dépôt # 1, capacity 10, the original Clarke_and_Wright()gives
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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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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.

I will stay close to you to help you until the end of the session.
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I suggest you to modify the strategy to differently choose the best saving.
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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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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.

Click here and 

select the log 

you want to see
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Thank you for your kind attention.

See you soon at the second 

session !


