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ISM/UNEX 270, Winter 2008

Service Engineering

Homework 2 Specifications

Prof. Kevin Ross, kross@soe.ucsc.edu
T.A. Geoff Ryder, gryder@gmail.com
Due:  beginning of class, Thursday, January 31 (two weeks)
Assessment:  10% of course grade.  Part A,1%; B, 3%; C, 2%; D, 2%; E, 2%.
Background

For this project, you are an executive of the MediServe Medical Courier Service based in San Jose.  Your company has contracts with several local laboratories and research hospitals which perform specialized medical lab tests for other doctors around California.  MediServe is contracted to bring samples collected in small town clinics back to the Bay Area for processing.  There is some outbound traffic, as some samples and slides are returned to patients’ doctors.  Some medicines produced in the Bay Area that require refrigeration or special handling are also transported.
Recently MediServe received a state government grant to convert three of its delivery trucks to run on high-concentration biodiesel fuel.  Biodiesel is the name given to a fuel for autos and trucks which is derived from waste fats or vegetable oils.  It can be mixed with petroleum diesel to create blends in various concentrations.  In addition to the conversion work on the trucks, MediServe benefits from a subsidized price for biodiesel fuel for three years, which stands to save the company a considerable amount in operating expenses. 
You and your colleagues have determined on a rough assignment for the modified trucks.  One will be dispatched from San Jose to serve Southern California, one to serve Northern California, and the third kept on standby in San Jose.  Each of the two routes will be allowed three to five days from start to finish, so the items transported will not be of a time-critical nature (such as organs for transplant operations).

Unfortunately there are only a few stations in the state which provide a regular supply of biodiesel fuel.  To keep the number of routes manageable, MediServe tries to concentrate its service in selected areas, and gather up all the medical transport business for those localities.  The plan for this biodiesel program is to serve areas where current service contracts overlap with fueling stations.  The NorCal route will therefore include the areas around Arcata, Mount Shasta, Truckee, and Ukiah, while the SoCal route will include Coachella, Monterey, Santa Barbara, and San Diego.

Your task is to determine the best visit order for each of the two separate routes using the Clarke-Wright algorithm on pages 498-505 of Fitzsimmons.  For this problem we will assume the cost of each leg between two cities is the physical distance between them, and not the highway driving distance.  We will write programs to manipulate Google Maps as an aid to computing and visualizing the answer.
If the biodiesel program goes well, and more fueling stations come on-line, MediServe may expand the program to encompass the majority of its fleet in future years.

Project Goals

a. Learn and apply the Clarke-Wright algorithm for assigning transport or service delivery routes.

b. Develop skills to help you build a dynamic web site:  JavaScript and AJAX
c. Gain programming experience with the top-rated Web 2.0 application programming interface, Google Maps:
Linux World has a roundup of the top 10 most useful, interesting and important Web 2.0 APIs that you can use for “real programming problems” in Web applications. At the top of their list is the Google Maps API, winning the #1 most important and influential API award.
          -from http://googlemapsbook.com/2006/12/28/linuxworld-google-maps-api-1/
Overview

The block diagram below describes the program architecture behind Homework 2.  Last year we developed the whole project, including a server-side database, shown at the right.  To save time for our new material in this year’s class, in Homework 2 we will only be developing index.php, at bottom left, which runs in the viewer’s browser.  
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When a user clicks on your server home page and downloads index.php, three HTML buttons become available for use.  The first, access geocoder, takes a list of biodiesel station addresses and presents them to the Google Maps server; it requests the latitude and longitude of each address using the getLatLng method of a geocoder object.  After the latitudes and longitudes are returned, index.php takes those values and stores them back on your server account.  It does this using a GXmlHttp() request command, in the AJAX paradigm.  From Wikipedia’s definition of AJAX:

Ajax, shorthand for Asynchronous JavaScript and XML, is a web development technique for creating interactive web applications. The intent is to make web pages feel more responsive by exchanging small amounts of data with the server behind the scenes, so that the entire web page does not have to be reloaded each time the user requests a change. This is meant to increase the web page's interactivity, speed, and usability...Like DHTML, LAMP, and SPA, AJAX is not a technology in itself, but a term that refers to the use of a group of technologies.
When a user clicks on the compute distances button, a Google Maps GLatLng object is created with that data, and the glatlng.distanceFrom() command is used to get the true distance between pairs of points.  Note that the true distance must compensate for the earth’s curvature, which is a somewhat involved calculation.  (An alternative to the distanceFrom() function would be to code the Haversine compensation formula directly using JavaScript’s Math object; but distanceFrom() saves a lot of trouble).
Note:  when compute distances is working and you have the mileage between cities, use the mileage numbers as costs in the Clarke-Wright algorithm.  Determine the best routes for MediServe drivers: one for the set Arcata, Mount Shasta, San Jose, Truckee, and Ukiah, and the other for  the set Coachella, Monterey, Santa Barbara, San Diego, and San Jose.  In both cases San Jose is the home location.  Excel makes a good worksheet for these calculations.
When a user clicks on the third button, add final routes, the markers on the map that indicate cities with biodiesel fueling stations will each display a number corresponding to the order in which that city is visited, according to your Clarke-Wright results.  This can be done with a map.openInfoWindow() call.  Finally, each pair of cities on a route will be connected by a visible straight line, using a GPolyline() object.
Project Setup Files

These files will be provided:

1.  index.php

2.  stations.txt

Project Deliverables

A.  The starter index.php does not include all the required addresses for the geocoder.  Observe stations.txl and supply the missing information.  It is fine to just cut and paste the missing items.  

B.  Complete the JavaScript functions that implement access geocoder; get lat/lng for all addresses; and print the lat/lng for each station to the screen so you can record it -- by pencil and paper, save to file, or cut and paste into Excel – the choice is up to you, the programmer.  Google’s “GLog()” function may be useful here.
C.  Complete the JavaScript functions that implement the compute distances feature.  Record the distance information, as you recorded the lat/lng information in Part B.

D.  Compute the Clarke-Wright algorithm for the Norcal and Socal routes separately, using the distances found in Part C.  It can be done in Excel, by hand, or some other method.  Please turn in a “shortest-distance” half matrix, and the “net-savings between pairs” half-matrix, for each of the two routes, as shown in Fitzsimmons, page 500.  As a result of Part D., define an optimal ordering for the list of northern cities and thereby create a service route; and create a similar service route for the southern cities.
E.  Complete the JavaScript functions that implement the add final routes features:  each city marker has a number added to it indicating its position on the MediServe route.  The ordering of numbers on the route can be reversed without penalty, as long as the sequence itself is correct.  The format of adding the numbers is up to you; one would be to display the number when the marker is clicked by the mouse.  Finally, add lines from the GPolyline() class to connect the cities in the order they appear in the route.  

Submission
- Please submit your enhanced index.php; all the files specified above; and any other files you used to compute your solution.  The contents of your /www directory and Excel file for Part D. will probably cover it.  A short email or readme.txt file listing the files submitted and any other issues you wish to draw attention to is appreciated.
- Please email your solutions to the instructors by class time on the date due:  Thursday, January 31.
Note:  as a matter of readability during development, some may prefer to split out the long JavaScript functions from index.php into separate files, and just call them from index.php.  If that is done, please remember to submit all the called functions along with index.php when finished.
Google Maps Resources

GM1.  The official resource is the Google Maps API home page, at http://www.google.com/apis/maps/
and http://www.google.com/apis/maps/documentation/.  You will need a separate Google Maps key for every server directory from which application calls will originate, which can be obtained for free from 

http://www.google.com/apis/maps/signup.html.  The starter index.php has two keys in the comments near the top of the page, which can be swapped in and out.  One is for a phpnet.us account, and the other is for a UCSC student account.  Note that the sample keys are for another person, and won’t work for you – you need to request your own.  
GM2.  The Google Maps book by Purvis, Sambells, and Turner has lots of sample code.  PDF files of Chapters 3 and 4 are free, and I recommend you download them.  Unfortunately phpnet.us does not have CURL libraries installed, so the PHP-based geocoding scripts of Chapter 4 will not run on our current server accounts.

http://googlemapsbook.com/
storeMarkers.php, Chapter 3, page 51, code listing 3-6
GXmlHttp() explanation, Chapter 3, page 53
retrieveMarkers JavaScript and PHP functions, Chapter 3, pp. 57-58, code listings 3-7 and 3-8
distanceFrom() example, code listing 7-15
GPolyline() example, code listing 10-11
GM3.  The “access geocoder” button from the project starter file, index.php, follows the design of the following web page in order to deal with the asynchronous replies produced by GXmlHttp.create() calls.  Note that we are “geocoding” using JavaScript, not PHP.  You can grab and look at the source code with your browser by choosing View -> Source.
http://www.mixgear.com/DisplayPoints/indexPhase1.php
GM4.  This page describes the overall design of our server application, and offers working scripts you can download.  I highly recommend you look at it for help in understanding the project. 

http://mapki.com/wiki/AJAX_with_PHP_and_MySQL
The rest of the Google Maps Wiki, called Mapki, has a wealth of useful information.  Check out the project page to see ways that people have applied their imaginations to the use of this tool:

http://mapki.com/wiki/Category:Map_Projects
Recall the census data from Homework 1.  Here is a program that integrates that information with Google Maps – try clicking on the map and observe the data corresponding to the three circular areas.

http://65.39.85.13/google/default.htm
GM5.  Debugging:  instead of printf() statements, use the syntax

GLog.write(“The data value is”+x); 
The GLog object is provided as a floating debugging window when Google Maps is invoked.  It is very useful for debugging JavaScript code running in a browser.  Sometimes GLog’s features may be as useful to a JavaScript programmer as the maps themselves!

Resources for JavaScript and PHP

If this is your first experience with JavaScript or PHP, take a look at one of the tutorials on the web, such as those offered by http://www.w3schools.com/.  Try two or three simple examples, such as a “Hello, World” program, running from your server.  At that point you’ll be ready to look at the mapping scripts, and to consult references when you see something new.  
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