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Exceptions, n-Queens,
& more success continuations



Excep'\'ions

Declarin;
Ro.“s‘m;
{'\aml\'nﬂ)

EKCEF'HOV\Q avé useQu\ (\ov si(}m\'mg erroevs,
ivxc\uc\'\vxa viclations € invariants,

Exceptions can alse be useful for control flow,
QM\\&aous to continuations,



Dec.\aring_
exception Sl“;

T 1

he:)\oorc\ on e)tcep‘,'fon Co ns‘l'ruc'l'or

This line of code declares a new
ex ception tonstructer) called Sil\a,

(1"3 Si\\a C\\V‘Qac‘a ?xn‘S"‘S) this new 53\;7 will
shadow the eavliey Si"}.)



Raisih}

rarse Si “;
T 7

keaw el on exis'l-?u3 ?)&C?P'Han

BKOMP‘Q:
_'\_-g 3= +then raise Si“; _g\gg_“

¢+ \What is the +JP€ 0‘@ this ?X_/)?‘?Sﬁan?

e What s the vake fo which The
expréssion redwces !



T»\ pes

1\\3 : EKV\

-h\e type for exceptions

‘rnisg,. SJ\J * /a
So #_.3:z4 +hen mis;SEIl;_e\_ssﬂ s int
b—w____d
instantiate ‘a to be int

and the Qx/)ressiam rec(uces to Vq’ue 7 .



What about the J—v,:e 2 valwe of

¥ 323 den raise 33\\3 else O
?
The -\-ape \s  wmt,

The Express{aw cloes net ch‘uce +o (o

value. Inetead 9ML wnl) Prin'&
uv«ccmakt QX(.QP‘“DV\ S'l“a :

we wil) discuse L\q\n“iv\g ?Xcepﬁmns Shar‘Hg'



Dec.\ar'ma QXCQP‘HOV\S Hat "'a'le Grau ments

exception Rdiv of rea)

excz;;-}ian +:§Pe ot argume-d.

Constructer

Now Rdiv 2 real — exwn
Rdiv (3:) 5 exn

raise Rdiv (.1) ‘a




\-\quc\\'w)g__

General {orm of an chepﬁon hand ler f¢ expréssien @ ;

e l'low\A\e P‘ = e,
| Pz = e,

‘P“ é’eh

€,€1yu, 8y areexpressions 5 must have the same Hype.
P\,-n) PV\ ave PQ‘H?W\S; mus"' mq“‘cl\ PXCQP‘l-?vns,

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

T4 € instead vaises aw Uncaug Wt @xception E the
handley will by to matel “E aguinst the patioms
P\)\n,Pn (3h SP’u?n'Hq'av‘déw), I-G E mm‘cloes Pz‘/
then SML wi)l evpluate B . T4 ro patkrn matches, E remams

uncaw ght.




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

_‘QV«_V\ g(“;“) < @(x,n)quﬂe_ Si\\a=>o.o
| lRJ‘w(ﬂ%V

What ave the 'l'apes of ¢ !3 7
Roth have '\'ape,

rea\ * it — real



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

_J\:_\M_'\_ g(‘h“) < ‘RX,V\)!\M@“Q Si\\;:}o.o

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

3(3.0) O) (A Y 9.0
%(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(*mv - 'F(X,h)_kqnc“e Si\\;ﬁo.o

Suppose g does not
handle Rdiv.

A\
What (\om_e He walues of :

3 (3.0 . ©) no value; uncaught exception Rdiv

3((3.0) Q) > |.§

3(3.0)"’1) - 0.0



n- Queevxg_

Place n queens on a sguare
nxn boavd without an +wo
queens "de'e.u'(.enin?_ eachh dghther,

(A queen threatens all locations
in the same column | in +he same
row, and on lines with SlaFQ tl

‘H'\q,": Fass 'Hsro\nalﬁ +k2 1“097\‘5 P0$;4;0n.)



Tkree IMJ:Iemen"’q‘l'fanS‘

we.
wi )
use

these

; 3 rogrammmn
® OP"‘ on f f;“agles J
° Cow('iuu.o,'(:iav\s | 0 9

Senrela

e ExceF'Hovxs a




Example: Place 4 gueens on a 4x4 board:



Start by placing a queen in column 1 and row 1:

i W
/A
Zoe o
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Add a queen to column 2 by trying different rows:

T column 2



Add a queen to column 2 by trying different rows:

X 7R .A
¢:-.-.-9“
=
) TRS7S
pRREEY (a0 |
R = & 4



Add a queen to column 2 by trying different rows:

T column 2



Add a queen to column 2 by trying different rows:

T column 2



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 queen 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 queen 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 queen to column 3 by trying different rows:

T column 3



Add a queen to column 3 by trying different rows:

q =
o AA
-'-T-'"e‘!'e"-»;g""
VS K7 o
0y
& K
- 4 3,
e
9
s,

ﬁ ') Threats!

T column 3



Add a queen 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:

T column 3



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:

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 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:

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



OH NO! We cannot place the fourth queen!

T column 4



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



Let’s try new placements for the third queen.

T column 3



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 queen.

T column 2



Again backtrack to the placement of second queen.

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



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

column 4



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. bt = ;mt"'zh‘e ey bw’

Decide whether two g ueen Pas'rl-ians
Hireaten each other

*)
Lun threat (x@} (a)b) =

X=a orelse gzb orelse x*g‘—mb orelse x-;za-b




(¥ threat : wtxint = intrivt — bool %)
'qu\ 'H'\reai' (X,‘j} (mé} =

X=a orelse H:b orelse x-!a-.q-\b orelse x-;m-b

(‘X’ (owp\f:t v oimExmt > (‘mt*'m“:) list — |>oo'

Decide whether a 33vev\ queen ,wsi-l-;an
is threatened ba any - gueen position in a list of

Q,HQQV\ pcsi ~onsS.

*)
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.



excephion Conflict

f_\_a_v_s_ OAd?,ueen (i, n, QB =

|
Jjﬂ&_‘ha:\ =

(if confliet (4,})) R then raise Comblict
else if i=n then ()22 @
e\se oc\c\}neen (ielym, (E,1) 20 Q))
If\anc“e_ Conflict = 12 y=n
ﬂ\gum's.e Conflict
En

PEe— o

£\_4_\z\_ gueens wn = a«lcl;ueev\ (1, n, [])



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).



‘IMP lewm en+a+fon Usi n} Dp?‘l‘ans

(* GAJ;W?% s intrint e (mErint) Vst
— (int # Tnt) list OP'Hm\

*TD Comt ™ ('.“'l'* 5'\“') )ist OP‘HDn
3,!42%5-‘ wt = (Mhl-?wk) list Op*:'vn

*)



Lun qdd;ueeh (¢n, @)=
let

:&u_ 'hg:) =
(gqse (if conflict (¢)3) G then NONE
else of ¢=n Hen SOME((:);)uR)
else addiueen (¢l m, (i,j)::@))
of NONE => i j=n then NONE
else +ry (3+1)
| resuld =2 resd-L)

in

o "(‘vy i

end

R

£v«_v_\_ 3»\83“5 n = adc\q_ueen (1,»1,[])



Tmplemextation using continuations

(* OJJgueen o imtrint ¥ (it rint) list
"'%((iv\f* ;nt) ,\‘sé =) 'q)
—_ ( uhn t —b'q)
— 'a

‘\"vg v omt = a
q,ueens L wmt — Ontr:‘né) list option

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



fun a&d%ueen (¢,n, @) se fe =

let
L.‘ﬁm*'yj:

Bl &7 () =
o it jenthen fe() else dry(j4)
i conflict (£,)) Q them fc’O

else i€ i=n Hhew se((4,3): Q)
else udd*ueen (iol,n, (I,j)::ﬂ) 5¢ 9:.'

. end
in iy 1
ewnd_

£ queens n =

qdhueeh (1, n, [D SOME (fa. ) D NOVE)



Move jow-erpu\ Contnuations

We will allow success comtinwations

+o dake ‘pq;'ui‘e Cm#uwa‘ittbns @S
QPE.VNQW'ES.

Doing se increases expaessive power.

We can Then Sclve more  problems
S;MP’H b) Gl&mngn\na ca”"t;ﬂua‘{‘c‘ons S,bh'"a‘l.



da-h.-\-qqyg. ‘a tree = Emp"'; [ Node of @ tree * ‘a ¢ ‘atree

(* find : (o> bool) = ‘a tree

= ('a = (unit '6)='b)
= (unit = ')
*) -) Ib

_b.ﬂ_'pw‘d P FMP"‘} sc f¢ = £ ()
[ find P (Nede (Z,x ">) se fe =

let Lun fenew O =
‘pme\ p 4 sc (“'\\ ()# 'Pm‘? rsa&)

] p(x) then sc x fenew

3.333_ -anew () The success continuation receives element
M x and the failure continuation (£cnew
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 Iraversald

_‘E\»_\g_ fndfivst T =
Pind even T ($nx = £n £ = SoME(x))
($ (D= NoME)

(¥ accumulate list of all even integers, *)

M findaN ¥ =
find even T (Bnx = fn & = x23$0))
(#n (Y =31])

(# count al| +he even 'm'l'eaevs. *)

‘p_\\:\_. CO\&V\'L T =
findeven T (fux = S8 1+4())
(£ () = 0)



That Is all.

Please enjoy Spring Break.

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



