3c59 Final Test – 2001 session
Date of exam: 21 March 2001                                   Time of test 3 hours: 14.00-17.00

This test will be worth between 40-50% of the final mark.

Instructions:

· You must write all of the code for the exam in a single file called exam.cpp

· In order to speed up code writing you DO NOT have to put your code into separate .h and .cpp files. You may write all of the code directly inline in a single .h file.

· You must email me exam.cpp at the end of the test and you must ensure that I (or the demonstrator) has acknowledged reception before you leave the room.

· You must also copy exam.cpp onto a floppy disk and give this to me before you leave the room.

· Make sure your name appears as a comment in the top of exam.cpp

· You may only use laptops under the following conditions. If you cannot comply then you MUST use the Solaris system. In other words there will be ABSOLUTELY no excuse accepted for hardware difficulties experienced as a result of not using the Solaris system. I have to be hard here, and if any problems result then I will be forced to ban laptops next year, which would be a retrograde step.

· You have a floppy drive connected and working.

· You regularly store the work onto floppy during the test (every 15 mins)

· You have a mains adapter with you or your battery has enough charge to last for 3 hours.
 


You will be marked on at least the following criteria:

· Comments in code (but due to time brief one line descriptions of methods are OK)

· Structure (indentation) of code

· Understanding the concept of a class and objects of a class.

· Data encapsulation.

· Factorisation of the problem into well formed independent classes which perform well defined services.

· Understanding of the use of  C++  constructs such as input/output, branching, inheritance, references..

· Handling collections of objects ...

General

This examination is designed to test your understanding of the philosophy of OO programming (in C++) when  applied to a complete problem. 

You are presented with a programming request and your job is to develop an appropriate set of classes which you then use together to perform the task. You are  NOT told what classes to write. It is part of the test that you to identify and write suitable classes.

In your code you should try to avoid the creation of unnecessary copies of objects where this is appropriate.

For reasons of time you do not need to attempt use the const qualifier anywhere in this test. You will also not need to know about enumerated constants.

The situation:

A set of astronomical images has been taken using a device which records a set of  intensities, where each intensity reading corresponds to a small area of the sky. These individual areas of the sky are all adjacent in a one dimensional line with positions numbered 0 to N-1. In other words this is a linear pixel like device.

Thus the basic image consists of a set of N integer intensity values corresponding to N adjacent areas of the sky.

An image is recorded in a file. The first number in the file is the date at which it was recorded (for brevity this is a simple integer). The second number is a count of the number of intensity readings, N, which follow. The numbers which follow are the intensities recorded for sky position 0 to N-1 respectively. I.e. a file with 5  intensity readings looks like this:

12345

5

245

134

237

456

888

Several images have been taken and are provided to you in files on the WWW pages called:

img1.dat, img2.dat, img3.dat, img4.dat, img5.dat.

Part 1: The initial programming task

You are asked to write a software package which can read in, store and process these images.

The software package should have the following features:

1. The software should be able to read the images from the files and store them in a library.

2. The library should be able to serve subsets of the images upon demand.

3. There software would in general provide various image processing facilities and your design should bear this in mind. However due to the limited time of this test it is only required that you provide the following functionality:
 
a)  Take all images within a certain range of dates.
b)  Add these images together to form a single combined image.
c)  Find the integer position number of the peak intensity reading in the combined image.

You should provide an application which uses all of these features.

Part 2: Upgrade

You are advised to spend no more than about 20% of your time on this part of the problem.

Later on it is decided that the images should have a calibration number attached to them. This calibration number represents the overall sensitivity of the detector and applies to every intensity in a given  image. As a result the intensity should now be given by the raw intensity recorded in the file multiplied by this calibration constant (say an integer number from 1 to 10). Note: the calibration constant is in general different for each image, and it is a requirement that is can be changed from time to time.

Devise a suitable inheritance scheme to cope with the concept of calibrated images. It should be  such that your image processing software will work equally well on both raw images and calibrated images. [Note: this refers specifically to point 3 above. You do not have to worry about points 1 and 2 in this context.]

