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This examination paper containg feur problems with the whewing weights:
} %, problem 3020 %, problem 4: 20 %.

Problem 1: 30 %, problem 2. %
The answers will be evaluated in the 13-seals,

The programming lauzuage SML should he usedd for solving the problems,
You are allowed to uee funetions from the SML standard Hbrary and examples from
the text book. If you do that you must state a page reference for each funetion e,

T you use a previous version of the book {ie. prior to 1999), please state edition oo,

Problem i

Alr travelers may brivg begage which is transported by the same Jhght and frequently
has to be reloaded in airports during the journey, At the beginning of the Journsy iha
hagage is marked by an idendification together with the rowle, which i3 & ligt of pairs
stating the fiights and Arports £0 he passed by the bagage during the Journey, The
Identification will be called bogageld in the following,

All bagage leaving an airport by air is listed in a bagage catelog assucisting a unique
ronte with each bagageld.

These concepts sve modellod by the bilowing tvpe declarations

L¥pe bagageld = gtring

type {iight = string

typa airpors = string

Type routs = {(flight * airport) list

type bagageCatalog = {bagageId * route) list

The following is a samnle valiue of tvoe ba agelatalop:
] & i)

.

L
("DL ¢i6-91a™ | f(wny 188" WATLYY  {#pL, 1244, “BRUMY , ("gy 773w CCPHTY
{ns;{ 2}22”_1@2:& , §" ”SK 2{}331 , zxé’g‘iu} , i;;ﬂL E?@w} i:gﬁ{}ii} s {;zg?{ i}»?sf s 33_?}{9}] }

} L

The first element of this list states the route for the bagage with bagageld "p1, J18-g14r

where the bagage is first earried to Atlanta ["ATL") on the Hight “BL 189" then 1o
Brussels (“BRU") on the Blght “DL 1247 and se on,

- Contimred on the next page
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~» bagageld list to

. o
reicl’s for the E:}fw.gwtz

O Deelave o funetion saris g‘;
compuie - for g gz;%’@m flight and b
which shogld he ¢ wported by th

For example, usin f% bagszeCatalog on the previous page, both of "DL 016-21an
and "SK Qﬁﬁwiﬁ’j*’ should be transported by {he Hight oL ‘E’*”

An arrival catulog associnies lsts of artiving bagage to airports. This i inodelled by

the following type:

o

type arrivalfatalog = {airport + bagageld list) liet,

The following arrivalCatalo e s been derived fram the bagageCatalog on the previous

p&gﬁ:

("ATL", [“DL 016-914%, "S¥ 203-142°]),
("BRUY, ["DL 016~914", "SK 227-142%]),
{n{;p-jn} Ei%i}{a ﬁiﬁwﬁi‘;zg}}g
("JFE", ["SE 222-14297)

[}

13 Declare a function
update: bagageld s youte = arrivalCatalog ~> arrivalCar talog

bo upedate a given arriv alCatalog with the information about a bagazeld and its route.

Hint: Use an auxiliary function which inseris o bagageld and an sssociated airport in
an arrivalCatalog,

Continued on the neve page
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Problem 2

In this problam we use he term aeceuni for g st of the form:

Clmy Ly, (g, 1) , o Gmg )l

where the %% are ot ally different and where the s are nEitive | integers. Oae spys
that the vahre ¥ oveurs my thmes In the aceount

2A; Declare a funetion I, such that 25 is an ae wcoundt of the elements of the Hat s,

;a
s

iﬁ%
:

f {naez:h%}z:}f:ah} = {{i;m{}“}_,{g,”%h}}

Hint: Use an ayet! iary function which adds bue oecarence of a value ¢ fo an acconnt,
2B: Find the type of £,

20 Find a function ¢ and 4 value & such that the function £ can be declared by

fun f xs = foldy g & oxs

Problem 38

The functions b and ¥ are declared by

[

it % =y then ye else Yichix,ysl

gy
— 5
5o
o s
o
b ™
Ny
Rl et
.y R
Rt}
i
S
T
i i}

fun k %8 vy = foldr h w=s £

3A: Find the types of boand i1
3B: Find the values of the expressions 5(1, [7 L8, and ¥ £2,1,3,1] f1,27

3C: Describe ihe way in which the funetions h and ¥ work,

. Continued on the nexe page
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Problem 4

T

In this problem we consider Boslean expressions of the form:

VAR 5 where 5 ix o chasactor 3 string {of type string)
HOT ¢ whete ¢ is g i;ﬁ{; ean expressio
21 AHD e where ¢, and €z are HBoolean aRnre

£ OR &y where £, and ¢ are Boolean sy

They are modelled by the following datatype declaration

gﬁﬂ

;m;

fz?;
fiiﬁ;

o

}»»i

datatype bExpr = VAR of string
{ BOT of bExpr
FAND of bExpr = bExpr
| DR of bExpr = bExpr ;

44A: Declare a funetion:

gL

b

vars: bEspr ~> string 1

such that vars(e) i a list of the strings 5, sneh that VAR s ovenrs in the EXPrEssion &

4B: Declare s Runetion eval where the value evalie, [e,, .., s9ud) 18 computed 4
cording to the following rmiles. for Hoolean expression « and Hst f2,, ... ,5.1 of E&'ﬁfﬂlgﬁl

VAR ¢ gives true if 5 is an element in the list [y iy ov-,8at. and false Gtherwise,
BUT ¢ gives true exactly when ¢ gives false,
€1 AND ¢y gives tyye if €1 a5 well 55 &) gives true, and Talge otherwise,

€1 UR e pives true if at least on e of £y and ey gives true, and falsé otherwise,

Fiud the type of the funetion aval.

40 Declare a function teString on Boolean expressions sueh that toltring(e) s a
textial representation of the Hoolean exnression & The eXpresson VAR o iy represented
by the string s, while the symbols nat, and and or are used for the other ¢ wngtractors,
The solution is allowed 0 produes strings conta aning superflnons brackets,

4D Declare 5 funciion nolea ANDs on Boolean BRPressions sueh tha aolfAlDs{ey
the munher of beeurrences of AND in the Boolean o xnression g




