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Exceptions, n-Queens,
& more success continuations



Excep'\'ions

Dedar'w\;
ROJS'W\;
{‘\aml\'-n)

Ekcep'}‘;ons avé useQu\ (\ov Si&m\?ng erroevs,
ivxc\uc\'\vxa viclations € invariants,

Exceptions can alse be useful for control flow,
th\maous to continuations,



Dec.\arivx}
excep+ion Su”?

T 1

heyoon\ an excep"'{ov\ constructer

This line of code declares a new
ex ception tonstructer) called SZ“;,

(1'@ Si\\a C\‘V‘Qac‘a ?x:‘S"‘S) this new 53“01 will
shadow the earliey Si"}.)



Raisin}

raise Si “;
T 7

keawcrA an exisl-?ua ?)\CQPHOM

BKQMP‘Q:
i 3=Y thew raise S:u; else 9

¢+ \What is the "'JP@ 0’@ this ?xfress{on?

e What s the Va’ue ')‘o wlxic,k the
expréssion redwces !



Tv‘ pes

|\\3 . QKV\

-h\e type for exceptions

rqisg,. S‘\\J * /a
So H#_3:z4 +hen mi&Sillg_e\_s.:e.‘i ¢ int
b—-\r.___.o
instantiate ‘a to be int

and the prress lon rec(uces to Va’ue ? .



What ebout the #7,»2 2 valwe cf

¥ 3= den raise 33\\3 else O

?
T“\Q +3P€ \S \m‘t

The @xpl‘essiow cloes net recluce to o

value. Inetead 9ML wnl) Pv?vs'&
v.v«ccmakt QXLQP“OM S'I“a R

we will discuse l\q\n“hg ?Xcepﬁohs Shar‘ng.



DEc.\ar'ma QXCQP‘HOV\S ‘H'sqf '}-a'le arau w\evxfs

exception Rdiv of rea)

exc.z;‘hon “':gpe ot Grauweﬂ't

Constructor

Neo w Rdiv 2 real — exn
M%v(a.\) °e eéxn

raise Rdiv (2.1) ‘a




\-\quc\\'n@g__

General {orm of an ?xcep{'ion hand ler S expréssien@ ;

e hom&\e P‘ = e,
| Pz = e,

lP“ '-:—373,‘

€,€1yu, 8 areexpressions 5 must have the same Hype.
P\’uo) PV\ ave PO\‘HQ\‘V\S; mus+ mq+cl\ PXCQP‘ans.

1€ € reduces 10 a valwe V, tat value is rehurned.

T4 € mstead vaises an Uncaug )t @xcepton E the
handley will ty 1o matelh, & aam“ws"‘ the ,?a‘f‘féms
PwyPrn (in seguential ovder). Tt E matcles p¢ ,
then SML wi)l evaluate €r . I{ re patern matches E rema s

uncau ght.




= raise Rdiv (x * x)
| £ (xn) = i€ <O then raise Silly
else X/(rea\ V\)

_‘QV«_V\ g(“’“) < ‘F(X,h) !\qvwne. Si\\3=>o.o
| lRJ‘w(ﬂ%V

What ave the +apes of & ag 7
Roth have +3Pe'

rea\ * vt — real



= raise Rdiv (x *x)
| § (xn) = i€ 20 then raise Siny
else X/(rea\ V\)

_J‘:_“‘_"_ g(“m) - 'F(X,h) _L\quc“e Si\\gﬁo.o

l Rdiv(v) v
Whet ave the walues of :

3(,3.o> o) b WD
%(3.0) Q) - 1.8



fun F(x,0) = raise Rdiv (x # x)
| £ (xn) = i€ <O then raise Silly
else X/(rea\ V\)

_‘QV«_V\ g(‘h“) < ‘F(X,h) !\qnc“e Si\\3=>o.o

Suppose g does not
handle Rdiv.

A\
What “Oave_ He walues of :

3 (3.0 " O) no value; uncaught exception Rdiv

3((3.0> Q) (S |1.§

3(3‘03"0 —» 0.0



n- Queevxg

Place n queens on a sguare
nxn board without any two
Tke_ev\s 'Hare.u'('.enhr\?_ eachh ogther.

(A queen threatens all locations
m ‘+he same Column, n 'Hne Same
v"aw, and on lines w'n'l'la Slafe tl

that pass throush the queen's position.)



Tkree IMJlemen“'q'l'ians’
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Example: Place 4 queens on a 4x4 board:



Start by placing a queen in column 1 and row 1:
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Add a queen to column 2 by trying different rows:
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Add a gueen to column 2 by trying different rows:




Add a queen to column 2 by trying different rows:

T column 2



Add a gueen to column 2 by trying different rows:




Add a queen to column 2 by trying different rows:

T column 2



Add a queen to column 2 by trying different rows:

That succeeds! T

column 2



Add a gueen to column 3 by trying different rows:

T column 3



Add a queen to column 3 by trying different rows:
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Add a gueen to column 3 by trying different rows:

T column 3



Add a queen to column 3 by trying different rows:

T column 3



Add a gueen to column 3 by trying different rows:

T column 3



Add a queen to column 3 by trying different rows:

T column 3



Add a gueen to column 3 by trying different rows:

T column 3



Add a queen to column 3 by trying different rows:

T column 3



OH NO! We cannot place the third queen!

T column 3



OH NO! We cannot place the third queen!
Let’s backtrack to the placement of second queen.

T column 2



Let’s backtrack to the placement of second queen.

T column 2



Let’s try a new placement for the second queen.

T column 2



Let’s try a new placement for the second queen.

That succeeds! T

column 2



Again add a queen to column 3 by trying different rows:

T column 3



Again add a queen to column 3 by trying different rows:
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Again add a queen to column 3 by trying different rows:

T column 3



Again add a queen to column 3 by trying different rows:

That succeeds! T

column 3



Add a queen to column 4 by trying different rows:

4

A D a§

f

T column 4



Add a queen to column 4 by trying different rows:

column 4



Add a queen to column 4 by trying different rows:

T column 4



Add a gueen to column 4 by trying different rows:

column 4



Add a queen to column 4 by trying different rows:

T column 4



Add a queen to column 4 by trying different rows:

T column 4



Add a queen to column 4 by trying different rows:

column 4



Add a queen to column 4 by trying different rows:

T column 4



T column 4

We cannot place the fourth queen!

OH NO!



OH NO! We cannot place the fourth queen!
Let’s backtrack to the placement of third queen.

T column 3



Let's backtrack to the placement of third queen.

T column 3



T column 3

Let’s try new placements for the third queen.




column 3

Let’s try new placements for the third queen.




Let’s try new placements for the third queen.

T column 3



Let’s try new placements for the third queen.

T column 3



OH NO! Again cannot place the third queen!

T column 3



OH NO! Again cannot place the third queen!
Again backtrack to the placement of second gueen.

T column 2



Again backtrack to the placement of second gueen.

T column 2



OH NO! We cannot place the second queen!

T column 2



OH NO! We cannot place the second queen!
Let’'s backtrack to the placement of first queen.
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Let’s backtrack to the placement of first queen.

column 1



Let’s try a new placement for the first queen.

T column 1



Let’s try a new placement for the first queen.

T column 1



Again add a queen to column 2 by trying different rows:

T column 2



Eventually, placement of second queen succeeds:

T column 2



Then placement of third queen succeeds:

T column 3



T column 4

Again add a queen to column 4 by trying different rows:



Eventually, placement of fourth queen succeeds:

T column 4



Solution obtained:




Code Overview

e (i,)) refers to i™ column € jﬂ‘ row,

# Trva '\'o QGL& (>3 %QZV\ +O Co\umn i’ 3'oven
fwreot - Free  gueen placements in columms 1wy i-1,
e I¢ POS;'HC»\ (is.i) s 'H"e"*'Pree) quce
§ th d +o cel 4 |
(™ queen +here and move on 10 Column c+l,

- .IQ ne POS‘I'HOV\ 1S ‘“\rea't -'ereg n calu\nu i)

becktrack 0 column ¢=| , undo The prior
plocement of a gueen in that tolumn and
Search ‘(‘or Q nNew Placeneh't-



(* ‘l"l'\req'l : '\v\f. b = ‘mﬁﬂu{' S bw’

Decide whether two queen positions
Hireaten each other

*)
i"‘_\&_ "Hr\r?a'll: (*\'3» (“\5> =

X=a orelse g:b orelse x-tgtmb orelse x-;-:q-b




(* ‘l'l\rea{ s '\v\{'. =int = ‘mt-riw& Lo baa’ *}
Lun 'Hv\rea'll: (X,‘j} (mB) =

X=o orelse H:b orelse x+9-.q+\> orelse x-;zq-b

(* (on‘@\.’ct : ntrint — (int*'m":) list — boo|

Decide whether a gﬁvev\ queen pesition
is threatened ba-( am} ;ueeu Pos.'#on in a list of

queen posikons.

*)
Pun conflietr p = Listexists (Fhraat p)

List. exists 2 (‘a = bool) = ‘a list =3 bool




(* adc‘ﬂ'ueen ¢ inkwint # (mEriut) list = (intuind) Rt
+'J : it =y (inkxint) list
gueus v it = (W\‘t'k"n'l) \at

o O\rlo\q,ueevs (iyn, Q) tries to place all

rémainin g,u.eens on an Nnixn baarJ)
stoching v column (’,) assuming @ describes
conflict-Eree gueen placements in columns 1 i-1,
® adc\q,ueen useés 'Ocd ke'fer 'punc“-'m\ r .
%3(5) starts s Soarch from /3053""‘0»\ Z‘,S).
o queens (w) fnes v place all queens on an nan boord,

» These gmc'fwns raise ?ktepfn'ov\ Cm\qlt‘cf when
mnsuccess ful.



excephon Conflict

S_\A_\l wldq,uee\n (_i, n, Q)':

let
9&\'_\_""33 =

(if conflict (¢,)) R then raise Comblict
else if i=n then (i):: @
else addgueen (isl, n, (1,{)2: &)
If\anc“e, Conflict = i ye=n |
ﬂ\gh'l'.iﬁ Micf.
12k 'h*wa 1 else “""(5*1)
en

R e —_——

fun gueens n = aJA;neen (1, ", [1)



queens § <> [(4,3),(3,), (3,4, (1,3]

queens L < [ (1, 1)]

;uea«s o does net refurn a velee,
Inetead ) QXCé]o‘I‘n‘m Conflict
T uncawjk-" of fop leve).



-I‘MP lewm en+a+fon WS r«} Dp?‘fans

(* q‘“?‘/\eeh s intrinte (mErint) Vst
(int # \'n‘f) "S"‘ QP'Hm\

*"3 ¢ imt = (?n‘l‘*i.\-é) Vist OP"HO*)
queens: Wt = (it riat) list ophivn

*)



Lum add?ueeh (i) n, @)=
let

5&1'&;3 =
(Sase (if conflict (¢,3) Q then NONE
else ¢f c¢=n &Q_SOHE((Q;)::&)
else QC‘J?MQ&F\ (c’#l,n, (6,3)::6?))
of NONE => it j=n then NONE
else +ry (3+2)
| result = resu\-L)
in
'\‘vy i
end

I e v S

fun queens n = addgueen (L.nL[1)



I\MP’QIM EV\+Q+\.0V\ b\Si n(; Con‘hnuq(\’ons

(* OJJgueen o intrint ¥ (intrint) st
"'%((iv\f* ;nt) ,t'st' =P 'q)
e ( Y —b'a)
— ‘a

-\-vg v Mt =
1ue€ns Lt — Gnt»-:‘nt-) list option

*> (*  Here we have the top-level queens function
again return a list option of queen placements. *)



Sun a&d%v«een (¢,n, @) se fe =

let

Tty 2 () 2
. i je=n thew $¢ () _ﬂ_g_{-?(jﬂ)
238 conflict (i,)) R then £c'0)

else i€ izn Hhenw se((4,3): @)
else. addqueen (ieln, (5,))n:Q) s¢ &’

. end
end_

fun t‘,uée»s n =

addg ueen (1, n, [D SOME  (£4_() = NowE)



wae Pow-erc\»\\ Contnuations

We will allow success continwations

+o dalke 'pq'.'w‘e Cm*c‘nwaﬁbns @S
Qr%umed's.

Doc‘na S©  inCréases Expnessive power,

We can Then Sclve more  problems
S;"P,a b) Cl"“";'\"? continuations S'{)M‘IJ.



detatupe ‘a tree = EMP"?’ [Node of @ tree * ‘a s ‘atree

(x $ind : (Ca—> bool) = ’a tree

= ('a = (unit '6)='b)
= (unit+ = ')

*) = b
fun find p EmP'l-; sc f¢ = fe ()
| $ind P (Node (2,x PI) e te B

I_Q_'E. Qun Pcv\ew () e
'pmc\ p 4 sc (‘c\\ ()@ 'Pm‘? rse&?

] p(x) then sc x fenew

ﬂﬁg_ -knew () The success continuation receives element
g“d x and the failure continuation (fcnew
says what to do if p(x) had been false).




fun even n = (n med 2 = 0)

(x f:nd Civst evew 'm'\'eaer encountered. in pre-crder Fraversald

_'Q__u_v_g_ fndfirst T =
Pind even T ($nx = £n £ = SoME(x))
(8 (D= NoME)

(¥ accumulate list of all even integers, *)

$un findaV T =
find even T (Bnx = fnd = x2340))
(8~ (Y =1])

(®# count al| +he even 'm'l'eaevs. *)

'p_\a_v_\_ CO\JV\'L T =
findeven T (fux = S8 D 1+4())
(£a () = 0)



That is all.

Please enjoy Spring Break.

See you the Tuesday after, when we
will talk about regular expressions.



