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Assignment

Note It is not enough to simply write a program that works. You should proceed as follows and document the
entire thinking and development of the final program by step-wise refinement starting from an initial obvious
solution.

Your program should have the complete development of the algorithm as you worked it out and refined it.
Ideally you should use tools like noweb to do it. But even if you state the development as comments at the start
of your program it should suffice.

Your document should also include the space and time-complexities of the individual functions/algorithms that
you come up with and how you refine these algorithms to get more efficient algorithms.

After having computed the running time and the space required for each function, the overall running time and
the space required also need to be estimated/computed.

A Ranking System

In a certain prestigious competitive examination, candidates are required to appear in q (q > 0) question papers
(Q1, . . . , Qq) and they are all ranked according to a ranking mechanism described below. Let

• w be the weightage of each question paper. All question papers have equal weightage.

• c be the number of candidates (c > 106). The candidates are C1, . . . , Cc. Assume candidate Ci has the
roll number i.

• mij , 0 ≤ mij ≤ w be the mark obtained by candidate Ci in question paper Qj . A candidate who does not
attempt any paper gets 0 in that paper.

• aj , 0 ≤ aj ≤ w, be the average of the marks obtained by all the candidates in paper Qj .

• ti =
∑q

j=1 mij , 0 ≤ ti ≤ wq, is the total marks obtained by candidate Ci.

• ri, 1 ≤ ri ≤ c, be the unique rank assigned to candidate Ci. More than one candidate may have the same
rank.

Furthermore,

• A question paper Qj is considered more difficult than question paper Qj′ (denoted Qj � Qj′) iff aj < aj′ .
They are considered equally difficult (denoted Qj �� Qj′) iff aj = aj′ .

• The question papers may all be partitioned into K classes {Bk | 1 ≤ k ≤ K ≤ q} such that each question
paper occurs in exactly one class and each class contains all the papers of equal difficulty. The classes
may be totally ordered so that Bk < Bk′ for 1 ≤ k < k′ ≤ K if each paper in Bk is more difficult than
each paper in Bk′ .

• Let bik be the sum of all the marks that candidate Ci obtained in the papers in the class of papers Bk.

• For any two candidates Ci and Ci′ , ri = ri′ iff for each k, 1 ≤ k ≤ K, bik = bi′k. It follows that ti = ti′ .



• For any two candidates Ci and Ci′ , i 6= i′, ri < ri′ iff

– ti > ti′ or

– ti = ti′ and there exists k, 1 ≤ k ≤ K such that

∗ for each k′, 1 ≤ k′ < k ≤ K, bik′ = bi′k′ and

∗ bik > bi′k

Write a function “rank” of the appropriate type in a pure functional programming language to rank candidates
in such an examination according to the following input-output specification.

Input. The input consists of a list of q lists, each of length c, containing numbers in the range 0..w, representing
the marks obtained by the candidates in the increasing order of their roll numbers.

Output. The output is a single list of length c+ 1, such that each element of the list is a list of length (q + 3),
with the

head of the list containing the list of (q + 3) elements

[0, 0, wq, aj1 , · · · , ajq ]

where (j1, . . . , jq) is a permutation of (1, . . . , q) satisfying the condition that for all m,m′ such that
1 ≤ m < m′ ≤ q, ajm ≤ ajm′ and the

tail of the list is sorted by rank and roll number of each candidate and contains the rank, the roll number,
the total marks of the candidate and the marks obtained in each of the papers corresponding to the order
of the papers specified in the head of the list. That is, each (q + 3)-long list is of the form

[rin , in, tin ,minj1 , · · · ,minjq ]

satisfying the condition that

• [i1, . . . ic] is a permutation of [1, . . . , c] and

• for each n, n′, 1 ≤ n < n′ ≤ c,

– rin ≤ rin′ and

– rin = rin′ implies in < in′ .


