
Programming Exercises 4: Modules

September 29, 2014

In the assignments and lab works till now you have done practices on sets, Big Numbers,
Packages, Complex Numbers and Matrices. This week we will try to integrate all the
mentioned topics into Module.

1. Lets try to make module with and without signature:

We have a file named calc.ml with two modules Calc1 and Calc2 in the file.
Functions “add”, “sub” and “mult” are defined in Calc1 and modules “inc” and
“dec” are defined in calc2 module but both in the same file. name of the module
and file do not need to be the same:

File calc.ml:

module type Calc_type =

sig

val add : int -> int -> int

end;;

module Calc1 : Calc_type = struct

let add x y = x + y

let mult x y = x * y

let sub x y = x - y

end;;

module Calc2 = struct

let inc x = x + 1

let dec x = x - 1

end;;

To use functions enclosed in module Calc2, we can run following command:

# #use "calc.ml";;

1) The syntax of writing the command is; name of the module, dot, name of the
function and its arguments.
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# Calc2.inc 4;;

- : int = 5

# Calc2.dec 4;;

- : int = 3

2) Or using open directive we can use the name of the functions directly; no need
to give the name of the module.

# open Calc2;;

# inc 4;;

- : int = 5

# dec 4;;

- : int = 3

While we have not defined signature for Calc2 but the signature for Calc1 only con-
tains function add. Signatures are interfaces for structures. A signature specifies
which components of a structure are accessible from the outside, and with which
type. It can be used to hide some components of a structure (e.g. local function
definitions) or export some components with a restricted type. For instance, the
signature for Calc1 specifies the function add but hides functions mult and sub.
Lets see the difference. In the above example for Calc2 we could have access to
both functions but in case of module Calc1, we could have access to only function
add even if there are two more functions defined in module Calc1. Therefore giving
the commands, as above for Calc2, will not work the same for Calc1. Lets see:

# Calc1.add 3 4;;

- : int = 7

# Calc1.sub 4 1;;

Error: Unbound value Calc1.sub

# Calc1.mult 2 3;;

Error: Unbound value Calc1.mult

or

# open Calc1;;

# add 3 4;;

- : int = 7

# sub 4 1;;

Error: Unbound value sub

# mult 2 3;;

Error: Unbound value mult

Function add is visible and accessible but functions mult and sub are not.

Now as another example, lets have insertion sort and merge sort in different mod-
ules in different files:
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insert sort.ml:

module type sort_type =

sig

val insort : a list -> a list = <fun>

end;;

module sort : sort_type = struct

let rec insort l =

match l with

[ ] -> [ ]

| x::xs ->

let rec insert a ys =

match ys with

[ ] -> [a]

| z::zs -> if a <= z

then a::z::zs

else z::(insert a zs)

in insert x (insort xs)

end;;

merge sort.ml:

module type sort_type =

sig

val sort : a list -> a list = <fun>

end;;

module sort : sort_type = struct

let rec mergesort l =

match l with

[ ] -> [ ]

| [x] -> [x]

| _ ->

let n = (length l) / 2

in let (l1, l2) = (take n l, drop n l)

in merge (mergesort l1) (mergesort l2)

end;;
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Find the answer to the following questions:

a) Could we have two modules with the same name?

b) How we can use these modules directly or indirectly with/out “open” direc-
tive?

c) Write the signature for each module.

d) Write both in the same module in the same file.

e) Write both in different module in the same file.

2. In assignment 2 (Sets Operations), you have defined some functions and a dis-
tinguished set. Integrate all of them in to a file as a module.

3. In assignment 1 (Big Numbers), you have defined your new types along with some
functions; Add, Multiply convert from nat to BigInt etc. Integrate all in file as a
module.

4. Redefine and implement the package of polynomials, given in assignment 3 (Packages),
using module.

5. If you have already started assignment 4 (Complex Numbers and Matrices), do
the same for the related types and functions of the mentioned assignment.

Reference:

http://ocaml.org/learn/tutorials/modules.html
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