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Exceptions

(n-queens example)



Announcement

HOFs homework due 5:00 pm today!



Today

• Declaring, raising, handling exceptions to


• Signal error conditions


• Control flow of computation


• n-queens in 3 different ways (using exceptions, cps and options)



exception Silly


if 3=4 then raise Silly else 0

What is the type of this if expression?



exception Silly

if 3=4 then raise Silly else 0

Silly: 
raise Silly: 

exn
'a

if 4=4 then raise Silly else 0

What do these if expressions evaluate to?



exception Silly

(if 3=4 then raise Silly else 0) handle Silly => 7 



Example 1: raising an exception
exception Divide

(* divide : real * real -> real
   REQUIRES: true
   ENSURES:  divide(r1,r2) ==> r1/r2 if r2 is not too close to 0.0
                   and raises exception Divide otherwise.
*)
fun divide(r1, r2) =
    if Real.abs(r2) <= 0.0001 then raise Divide
    else r1/r2

divide(7.1, 0.0) will get back with an error: uncaught exception Divide



Example 2: raising an exception
exception Rdivide of real

(* Raising an exception with an argument: *)

(* rdivide : real * real -> real
   REQUIRES: none
   Effects:  rdivide(r1,r2) ==> r1/r2 if r2 is not too close to 0.0
                and raises exception Rdivide(r1) otherwise.
*)

Rdivide:

Rdivide 2.1:

raise Rdivide (2.1): 

real -> exn

exn

'a



Example 3: handling an exception
exception Rdivide of real

(* Raising an exception with an argument: *)

(* rdivide : real * real -> real
   REQUIRES: none
   Effects:  rdivide(r1,r2) ==> r1/r2 if r2 is not too close to 0.0
                and raises Rdivide(r1) otherwise.
*)

fun rdivide(r1, r2) =
    if Real.abs(r2) <= 0.0001 then raise Rdivide(r1)
    else r1/r2;

rdivide(1.0, 0.000001) handle Rdivide(r) => r * 1000000.0

code that raises Rdivide(r) code that uses r



declaration scope
let

   exception Foo

in

    …expression…

end 

local

   exception Foo

in

    …declaration…

end 

OK to raise and handle Foo here



Types and values
• In scope of an exception named Foo,  the 

expression raise Foo causes a runtime error


• The expression raise Foo has type 'a

42 + (raise Foo)

(fn x:int => 0) (raise Foo)


-raise Foo;
       uncaught exception Foo

and doesn’t evaluate to a proper value

[42 div (List.length [] * fact 100)



• If e1 and e2 have type t,                                          
so does  e1 handle Foo => e2


• If e1 evaluates to v,                                                          
so does  e1 handle Foo => e2


• If e1 raises Foo,                                                        
e1 handle Foo => e2  ==>  e2


• If e1 raises Bar,  so does  e1 handle Foo => e2


• If e1 loops,  so does  e1 handle Foo => e2

e1 handle ⟨exn name⟩ => e2



handler scope
• The scope of the handler for Foo  in 


• Can also combine handlers

e handle  Foo => e’
is e

e handle  Ringerding => e1’

                    | Hatee-hatee-ho => e2’


                 | Wa-pow-pow => e3’

              |  _ => raise NotFox


(e, e1’, e2’, e3’ must have the same type)



• Never misspell an exception name because it will be 
regarded as a variable and match all exceptions


• if E then E1 else E2 handle …  
The handler will handle only exceptions raised by E2


• case E of P1 => E1 | … | Pn => En handle …  
The handler will handle only exceptions raised by En

Caution

Don’t forget to use parentheses when necessary



N-queens
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Conflict detection
(* threat : (int*int) -> (int*int) -> bool
   REQUIRES: true
   ENSURES:  threat p q ==> true, if position p is threatened 

                                  by a queen at position q;
                                            false otherwise.
*)
fun threat (x, y) (x',y') =  
    (x=x') orelse (y=y') orelse (x+y = x'+y') orelse (x-y = x'-y')

(* conflict : (int*int) -> (int*int) list -> bool
   REQUIRES: true
   ENSURES:  conflict p Q ==> true, if position p is threatened 
                                                       by any queen in the list of positions Q;
                                              false, otherwise.
*)

fun conflict pos =

List.exists :('a -> bool) -> 'a list -> bool

List.exists (threat pos)



n-queens with exceptions

(* addqueen : int * int * (int * int) list -> (int * int) list
   REQUIRES: Q is a list of conflict-free queen positions on an 
                    n x n  board, of the form  [(i-1, _), (i-2, _), ... (1, _)], 
                    with 1 <= i <= n.
   ENSURES:  addqueen(i, n, Q) extends Q to a conflict-free placement
                    (n,_) :: (n-1, _) :: …. :: Q of n queens if that is possible, 
                    and raises exception Conflict otherwise.

  
*)
    



n-queens with exceptions

(* try : int * -> (int * int) list
   REQUIRES: as for addqueen
   ENSURES:  as for addqueen with the ith queen position being (i,j) 
                   when called as try (j)

  
*)
    



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          

    in 
       try 1
    end

exception Conflict

(* addqueen : int * int * (int * int) list -> (int * int) list *)

i



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then _________
           else _____________________________ )
              handle Conflict => (if j=n then raise Conflict 
                                              else try(j+1))
    in 
       try 1
    end

exception Conflict

(* addqueen : int * int * (int * int) list -> (int * int) list *)

i



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then _________
           else ____________________________ )
              handle Conflict => (if j=n then raise Conflict 
                                              else try(j+1))
    in 
       try 1
    end

exception Conflict

(* addqueen : int * int * (int * int) list -> (int * int) list *)

i



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then (i,j) :: Q
           else ____________________________ )
              handle Conflict => (if j=n then raise Conflict 
                                              else try(j+1))
    in 
       try 1
    end

exception Conflict

(* addqueen : int * int * (int * int) list -> (int * int) list *)

i



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then (i,j) :: Q
           else addqueen(i+1, n, (i,j)::Q))
              handle Conflict => (if j=n then raise Conflict 
                                              else try(j+1))
    in 
       try 1
    end

exception Conflict

i

(* addqueen : int * int * (int * int) list -> (int * int) list *)



n-queens with exceptions

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then (i,j)::Q
           else addqueen(i+1, n, (i,j)::Q))
              handle Conflict => (if j=n then raise Conflict 
                                  else try(j+1))
    in 
       try 1
    end

(* queens : int -> (int * int) list
   REQUIRES: n >= 1
   ENSURES:  queens(n) returns a list of n conflict-free queen 
                   positions on an n x n board if that is possible,
                   and raises exception Conflict otherwise.
*)

fun queens(n) = addqueen(1, n, [ ])

i



Sample

nqueens 1 ==> 
nqueens 2 

[(1,1)]
raises Conflict

==> [(4,3),(3,1),(2,4),(1,2)]nqueens 4



n-queens with options

(* addqueen : int * int * (int * int) list -> (int * int) list option
   REQUIRES: Q is a list of conflict-free queen positions on an 
                    n x n board,  of the form [(i-1, _), (i-2, _), ... (1, _)],
                    with 1 <= i <= n   
  ENSURES:  addqueen(i, n, Q) returns SOME(Q'),  where Q' extends Q to
                   a conflict-free placement of n queens if that is        
                   possible and returns NONE otherwise.

*)



n-queens with options

fun addqueen(i, n, Q) =
    let
       fun try j=
          case (if conflict (i,j) Q then ________
                   else if i=n then ________________
                   else ___________________________ )
           of NONE => if (j=n) then NONE else try(j+1)
             | result => result
    in 
       try 1
    end



n-queens with options

fun addqueen(i, n, Q) =
    let
       fun try j=
          case (if conflict (i,j) Q then ________
                   else if i=n then ________________
                   else ____________________________)
           of NONE => if (j=n) then NONE else try(j+1)

 | result => result
    in 
       try 1
    end



n-queens with options

fun addqueen(i, n, Q) =
    let
       fun try j=
          case (if conflict (i,j) Q then NONE
                   else if i=n then SOME((i,j)::Q)
                   else addqueen(i+1, n, (i,j)::Q))
           of NONE => if (j=n) then NONE else try(j+1)
             | result => result
    in 
       try 1
    end



side by side

fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then (i,j)::Q
           else addqueen(i+1, n, (i,j)::Q))
              handle Conflict => (if j=n then raise Conflict
                                  else try(j+1))
    in 
       try 1
    end

using exceptions using options

fun addqueen(i, n, Q) =
    let
       fun try j=
          case (if conflict (i,j) Q then NONE
                   else if i=n then SOME((i,j)::Q)
                   else addqueen(i+1, n, (i,j)::Q))
           of NONE => if (j=n) then NONE else try(j+1)
             | result => result
    in 
       try 1
    end



with a success and failure continuation

fun addqueen (i, n, Q) sc fc =
    let
       fun try j =
         let
            fun fcnew ( ) = if j=n then fc( ) else try(j+1)
         in
            if (conflict (i,j) Q) then __________
            else if i=n then   ___________________
            else  ________________________________
         end
    in 
       try 1
    end

(* addqueen : int*int*(int*int) list -> ((int*int) list -> 'a) -> (unit -> 'a) -> 'a) *)



with a success and failure continuation

fun addqueen (i, n, Q) sc fc =
    let
       fun try j =
         let
            fun fcnew ( ) = if j=n then fc( ) else try(j+1)
         in
            if (conflict (i,j) Q) then fcnew( )
            else if i=n then  ___________________
            else ________________________________
         end
    in 
       try 1
    end



with a success and failure continuation

fun addqueen (i, n, Q) sc fc =
    let
       fun try j =
         let
            fun fcnew ( ) = if j=n then fc( ) else try(j+1)
         in
            if (conflict (i,j) Q) then fcnew( )
            else if i=n then sc((i,j)::Q)
            else _________________________________
         end
    in 
       try 1
    end



fun addqueen (i, n, Q) sc fc =
    let
       fun try j =
         let
            fun fcnew ( ) = if j=n then fc( ) else try(j+1)
         in
            if (conflict (i,j) Q) then fcnew( )
            else if i=n then sc((i,j)::Q)
            else addqueen(i+1, n, (i,j)::Q) sc fcnew
         end
    in 
       try 1
    end

How should you call addqueen to return (int * int) list option?


fun queens n = addqueen (1, n, nil) SOME (fn() => NONE) 

with a success and failure continuation

(* addqueen : int*int*(int*int) list -> ((int*int) list -> 'a) -> (unit -> 'a) -> 'a) *)



the big picture
fun addqueen(i, n, Q) =
    let
       fun try j =
          (if conflict (i,j) Q then raise Conflict
           else if i=n then (i,j)::Q
           else addqueen(i+1, n, (i,j)::Q))
              handle Conflict => (if j=n then raise Conflict
                                  else try(j+1))
    in 
       try 1
    end

using exceptions

using options

using cps

fun addqueen(i, n, Q) =
    let
       fun try j=
          case (if conflict (i,j) Q then NONE
                else if i=n then SOME((i,j)::Q)
                else addqueen(i+1, n, (i,j)::Q))
           of NONE => if (j=n) then NONE else try(j+1)
            | result => result
    in 
       try 1
    end

fun addqueen (i, n, Q) sc fc =
    let
     fun try j =
       let
         fun fcnew () = if j=n then fc() else try(j+1)
       in
          if (conflict (i,j) Q) then fcnew()
          else if i=n then sc((i,j)::Q)
          else addqueen(i+1, n, (i,j)::Q) sc fcnew
       end
    in 
       try 1
    end


