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!Ul’ld  6

bblJ¶lS%@6~a;la  (Data Types)
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l &Jur1otm  w:o Ml9GJ o;l,GRL,$.J

(it can be cxplicity listed or enumerated)

. fflwum'%d6~ww^~u"erpieuve4  dlndlq  &lT1Illl~3

(it can be given as a subrange  of otherwise known values)

l ~lo~o~uioin~~in~~~l~~~Iwn%d~slniPcwto  nl78158uoa64cm  %unmI7Mn'~w~o?~

(it can be borrowed from mathematics, in which case the finiteness of the set in an actual

lmplementtion my be left vague or ignored.)

nlsdils~unlsuua~m ar?~lsnill~ullls=y"P~~,~~~~~~~~(lnpjq  uBtllllihnvDJ

Ifh(gda&l  6.3)

ik!Qkls

nlI4 1  Pascal i 63’Fl4~u^UlIJP1  lL6#3 (predefined constant) &I  ~ULX&  dlr~UuO@lJS-UY
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~4%jtUfTUu’m”ltliUDU  (A &k$yp.e  is a set of values, together with a set of

operations on those values having certain properties.)
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(validity) lJDJfIl55k6id”ufIlS  666X~l~f6~~~1

(thus providing improved error detection.) ~2D~NllkJ  ~‘X!llu^UWlY  MIS “/,  D10~~Dt!lt%6tsk6

dl real 6w’liU %UUQK~  truncated division (div) ~~"lkQWlZhl  integers 6w’lI!u  YJUIk  fllY

fglWWWilVD9 values QlfWh66lh  !l& fh66lJS  6bU
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(The process a translator goes through to detetrnine whether the type information in a

(Type checking involves rules for de&mining  when two types are the same : this is

(The collection of these w rules, the type equivalence algorithm, and the

Dh¶~~flPslU  hlfllkll?&l  strongly typed d?UfMG  u’fItJf&U  (exceptions) &nszdl

n’y~&1u2&  mmm~mn  n% duhh?bhwmonou  tll mdllaldmnsu  &d YOU

6lWlVB&%‘ercitMJ  (subrange bounds) ?!%I  Xl&JUttl.k@.J  (record variants)

fIl211  Ada llflt  Algo lfhf~lkW~Ju”F~  strongly typed

Modula-2 LttlE Pascal &%kl~ltdUfll%ll&Ft  strongly typed 6iUfk  o”.Stta%Kti?o=~

loopholes thh.I

ftlU1 C 9 loopholes ulnfl~l  Un~bhinl~l~~~  strongly typed
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type colors = (red, blue, green);

UiiRllUJ~ll lail~,~u,m’rlislml~l.l 11piuuu~u m (ordered sets) HlJ&

ff ulhuo4ak duawwhCiu  lUo’w~~j~f/l~U~1~Un751j5=nin thhhsAinhn?s

lllJllH&  (successor) IlflZ 1llJlJfiOU (predecessor) h3cil4#ldU succ(red) = blue

lld pred(red)  %lSllJfil  (undefined)

(IWWI  Modula-2 1%  INC LltlZ DEC IwdO$fi#  Wtl~hlh&J?fh  succ LltlZ pred)

ui.k168uiat~ w1~ij4  w&~u~~n’u ~04  rihotiw+w fhnuwh sufh%&il

,iin$* ,ra~~u7Qn~~~“un’ll~~~~~

(Subrauge types are coutiguous subsets of simple types specified by giving a least and

greatest element.)

#iId tlld5~nlft  VU4  Pascal

type digit=0  ..9;

byte = 0 . . 255;

H:0  “ld=X”lfl UOJ  Modula-2 (~,~~~~~b"WflalULLW"Pil~~~09a~a~u)

TYPE digit = [0 . . 93;
c

byte = [O . . 2553; L

lunlsll~33ln  u’?&$  kmple type $4  &Gh.I lh0llJ16WillMlAS~~  : lLk$lU
f

(base type) lJ0J  %U&Xl  &l&J~FiUl%  hlllVlBlllfU base type &l4fldl?~%+i6&  IbU .

"l=d¶~"lWlJ  Ada P

$!hFldNA d a

subtype digit is INTEGER range 0 . . 9:

$&I  LMia%~unl5fl-6~nitiYa~  Modula-2 ha’7.36

TYPE digit = INTEGER [O . . 91;

lun%d bd  l&tp.l %dJ  bhYJJU%l  Bnrn’rhtRa~~tUu~“a~~ base type

unrd4iio1orl1lll~  ~?lu~lnaullatn?l~~u'7nirlu'M  1#~fllmhhJ  luHivyo  6.6 ram

au'~nlYldnU?n'u,m=tAUU'U  (on implicit and overlapping types)

%i%%ia8  tflUP1’??lJ iX05h%  n’y lfw^RoilJilU d&lsdl~ihnl~ul.lu  successor
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p1 : ux v + u

lltx pz : u x v + v

lihl  P*((U,V)) = u ml:  p&l,v))  =  v

"lsoYl~~nlul~nuulullluInnilno~~elr~le;

&iu

u x v x w = [(u,v,w)  I u in u, v in v, w in W}

iila~~unlsnluBluauul~Ul~  6hJGhJ 41uaunaJ13fl

1UHRluq n1l414 tiaanhfu"m wnpmflli~~3uu  %H?aA 14iu n1s&s~

(record construction)

$!tBfh  fll5lh3WfhfWl  Modula-2

TYPE IntBoolReal  = RECORD

i : INTEGER;

b : BOOLEAN;

r : REAL;

record, while in a product they are referred to by position.)
+
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TYPE IntOrReal  = RECORD

CASE I&t : BOOLEAN OF

TRUE : i : INTEGER I

FALSE : r : REAL

END;

END;

Wt7WU2f166Y7.l  undiscrimhated  %J14J!%9ii*

TYPE IntOrReal  = RECORD

CASE BOOLEAN OF

TRUE : i : INTEGER I

FALSE : r : REAL

ir = union(int,  real)
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type IntOrReal (IsInt  BO0LAN)  is record

CASE ISInt  ts

when TRUE =>  i : INTEGER

when FALSE => r : REAL;

end case;

end record;

subtype IRInt is IntOrReal (IsInt =>  TRUE);

6.3.4 i!U&&l  (Powerset)

6wwhK3  w&t I~Bluas~~~eioe~~swo~~‘wUlaOe9  9YxAdkdau  ~ndxmw~ih

(The powerset  or set of all subsets is another common type constructor.)

$JB$N  nW1 Modula-2

TYPE digit = [O . . 91;

digitset  = SET OF digit;

~unlsdl’ls  SET OF t ?Ju’ohfb  lhuolln  IJU  t Bl”adl&U  $Unlul  Modula-2

IKE  Pascal fhNURtj1  t hdh.dkl  tka”U&l~  (ordinal type) dlI!U  LLtlZ  k%dElnlWlIll-I
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PROCEDURE FindLargest (a : ARRAY OF INTEGER) : INTEGER;

VAR i : CARDINAL;

max : INTEGER

BEGIN

max := a[O]

FOR i := 1 TO HIGH(a) DO

IF a[i] > max THEN

max := a[i];

END; (* IF “)

f!Iw (* FOR *)

RETURN max;

END FindLarges;

table : IntToInt  (-10 . . 10);
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x[~,oI,  ~[9,11,  ~~9~21,  . . ., ~~9~91,

x[lO,O],  x[lO,l],  x[10,2], . . ., x[10,9]

. . .

mo1, x[l,Ol,  x[2,01,  . . .I x[9,01

TYPE intFWction = PROCEDURE (INTEGER) : INTEGER;

ikJl¶J  lfia"WUtl~fhf%U  (function type) TIlfI integers hl integers

(nlIl1  ModuIa-2  dlUt%J  Algol60 f&‘&I  dlflJ?U  PROCEDURE %k +k%U  lltX’ll.%

6Wl;)



j?ikd.~  nisd53-m

procedure p(function  f(integer)  : integer, i : integer);

begin

if f(i+l) = 0 then



2 7 1



B.S.7 &$.&lfM%~  (Others Type Constructors)

~lJ~l~l~~~i?nQiJUu^~~ttl~L~U~U~~  h06146h *(file type)  %Ufllk!1

Pascal :

type recfile = file of employeerec;

f1lE11  Pascal 9 predeclared file type AtI text = file of char

fllY1  Modula-2  ~u’~l&WfloJ~WJ files Q~PrWJ~%kl$%J5XJlJ  6Kltl&VJFl&J

OXhli%  (imported) Tlfl library module

nlII7 Ada 8hlTdlo"~  FdltJh  tJn6i.J phlU U&l file library &f?l?IUF~~‘%li

UDU
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Pascal Types

6-11pointer structured

/\ /I \\,
array record set file

I
j-43= subrange enumerated text

IL! 6.1 lFl54&49id”F1 llO9  Pascal (The Type Structure of Pascal)
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Ada types

/I\
scalar access composite

/\
enumeration . muneric

I\
m INTEGER FLOAT

discrete



6nu”oun’l.l: u’ufl3iaugu  %w%“sderan”u  %~,u’%~~7ar~l’ls~~~6~9OUn’ra  owl lfihoeils~lsaw98U

n’w ~d66lJlJd  WM~WJ~U~C~UQ~~I  dWi1 (structural equiva-

lence) 66iTt  6?hllu$a  %U~~66IiIlM~fl  VFl~‘+~l~t7U~Cl‘UtN%&Y  %UfllIll~d566fITXJ

!xTlaiB

h??fWn’Uw’uhJfJWrlWl  6MdW Pascal l&i reel  66% rec2 $4 %JX.&u’?a~Niil6Yil

fhJ6’%~fl5Wh  664  reel  66flZ rec3 !ilw’lfiU  (6Wl  boolean 660: integers QtlflWiJ!~  ‘%UIJTl

%lU  UW red) :

type

range = 1 . . 10;

ar = array [range] of boolean:

reel  = record

x : boolean;

y : integer;

z : ar;

end;

rec2 = record

x : boolean;

y : integer;

z:array[l.. 101 of boolean:

end:

rec3 = record

x : integer;

y : boolean;

z :  ar

end;

fl’JlUFfU~6?6~~~fl5~6?‘hJ  dflUl?l44ltJ  ‘IUfll5  implement (?l~lJ~FMJ~qH  !U6$0%9

‘l&16”s”“& f&&I  6.3.6) 66n=~~nl5rlsPrU6nnw~~~  &dl6fh  6&l~5~~1~15~~~~~~ll
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reca = record

x : boolean:

y : mteger;

and:

!!a:,

recb  = record

a : boolean:
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t3  = ARRAY [l . . lo]  OF INTEGER;

VAR x : tl;

y : t2;

z : t3;





O~lJ~ShU ru^~tnlxrl5fiQn~5?o~~~~~l~~~66~~  %WJ ~~566fl5Il6olOi  ‘hW%!prede-

fined test functions %iiFllU%l5Jil~  !&66fi  51Unl5  diJjt%d Oslo 66flZ  667U (Types in

Scheme include lists, symbols, atoms and numbers.)

Predefined test functions lklfi  atom? number’? 66nL  symbol? $~~%~Y~FIXWI~.~~

6%JtTh  predicates 66~Zkl~  W#VJ6Fl&l~~XJ’lfJ#l~‘lI.J)
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subtype digit is INTEGER range 0 . . 9:

type newdigit is new DJTEGER  range 0 . . 9;

IUrf i l&&W  digit h%  41%ihoj  : ~XJl%DJW%?6~  digit 9:hilllo~~u  $4 Qn

$WHlffElY  Q1  6atlln5dln’E fJ?hS~Shll~  newdigit 6$U derived type 66@lfWhln  digit  66n:

integer dl~lolU~~nl5~5~Q~a~U~~~~~l~~U6~~~U  f%l  Chdi4%u^R6%BleiBa  (any  subset

type constructor)
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(v
6.7 Ap (Type Conversion)

#l’loi?lllh  I IKIZ  J 5ilfikildU  integer 48flalolid

I := J + 2.718

lunlul  &tlu strongly  type lrinnii  Moduhi-2 iU %u Qwdfhuafu  reals un:

2 8 8 CT 314
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VAR x : RECORD CASE! BOOLEAN OF

TRUE : c : CHAR I

FALSE: b : BOOLEAN

END;  (* case *)

END (* record *)

UWhl?lUZY4

x.b := TRUE;

WritehInt  (ORD(x.c),l);

f13hhhlhJ  dltlltJh  &%l~TlUdlLLY¶JYQ  TRUE n15 implement thU%M$ kh7XJij*

o:M

~UhhJU~  WZIWU’IO  AtlJlJtklhJfYlJlu”~  (discriminated union)

VAR x : RECORD CASE kind : BOOLEAN OF

TRUE : c : CHAR I

FALSE: b : BOOLEAN

END, (* c a s e  *)

END. (* record *);

A.mmin~0~nQi.a  nisvrm=mmurtcr%7  d~0100tl~u1Hp)a~~NkBiBalli;’  t5.J

1UA-a  (fail) :

x . kimd := TRUE

x . b := TRUE

x.kind := TRUE

WriteInt (ORD(x.c),  1);

054@)  11~~  ihlJlWlEJ~  Qiuauuin  4.1 loiniu73nn~iiJsw’l~~~~~~~~~~  discrimi-
A *

nator value llJoluvlnldionQndlo"a  k% s?hn~oUn’ra  6a@id1l&l  undiscriminated union

OdNlUdlH%l discriminated 1%

Iu Ada  14 wRwum  dofhik  nl5p953oaay~Iu9~  ~UHUIU&  nistlo4fh laafhwum

dircrhninator~  nadiu  nl7 W(reassignment) 1184  discriminator fields hJ6hu’U

LtN

292 CT 314



i!hBfh illHI A d a

type CharBool  (kind : BOOLEAN) is

record case kind is;

when hue =>  c : CHARACTER;

when false => b : BOOLEAN;

end case;

end record;

x : CharBoo  (TRUE);

y : CharBool;

y := (kind => FALSE, b =>  FALSE);

y := (kind =>  TRUE, c =>  ‘a’);
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1. HWJ%l  fll566YlM&JfJ46Wl  6&J  %l-6?tl6Vl& (Assume a bit-vector representation for

sets.)

We rc = record

data : integer;

next : “rc;

type ptrl = *reel;

ptR  = “rec2;

reel  = record

data : integer;

next : p&2;
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end;

rec2 = record

data : integer;

next : ptfl;



range = -5 . . 5;

table1 = array [range] of char;

tabke2  = t ab le l ;

x.  y : array r-5  . . 51 of char,

z : tablel;

w : table2;

i : range;

j : -5 . . 5;
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