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Programming Languages * What is = data type?

& M vt cmrtsin =tbributes:
The vallues that oan be stored, the internal representation,
i pperstions, ...

Data Types . e

* g, intin love:

inkt x;
Chengkai Li, Weiimiin He wE Inbemers= [-2447453538, 2147483647
Spring 2008 * A data type is also a s=t of operations on the values
= e e e : = T :

Why are data types important? A ""l'"“‘ A
* Example: z=x[vy: [lava) ) | |
1 Tara Pl R
— it w, y; w=5; y=2; | |
* Irfteger division, 'y results in 2. | | | |
“nfr =2 P a1 ATy clamx  iokwrfucs
= doubler: =21 |
— doublde x, y: ¥=5; y=2; Type structure
= floating-point division, Ky nesuls in 2.3 I Mastivg poart of Java
= inEz: wDng u:ln- I
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 doubler: z=2.3: ,Et Aot le
int
la=g
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| | | A Simple Data Types A
|. - = Mo imternal sbrochure:
| | | I | ar intoger, double, charactor, snd boolcan
woid LTI [ ST Fismtins whrmeck uniom B mdlmmmhhm-
| machine dopondcroy
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ol Type structure « Some simple types are not predefined
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Enumerated Types A

Orderad set, whose siements ane namad and Moted explicity.

*  [ExmiT ple=s:
amm Caler Typa [Eed, Gresn, Blus]: [ |
tbypn Caler Typa in (Bsd, Graan, Blum): [2fm|

datakypn Coles Typa End | Graan | Blun: [PRL]

* Operstions: T
Suocessor and predecessar

Ada Example A

Lype Color Type iz (Eed, Crecn, Elaog] ;

X : Color Type := Green;
x : Color Type'Succ(x) ;
® : Color Type' Predix) ;
pak(x} ; prints CHEER

= Mo assumptions about the internal representation of
values

= Brimt the vablue name itself

e e = SR P e ]
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Pascal Example A
typ=
e rodiend b (clok, diasond, beart, spade):
card - record
mmit: cardeuii;
valom: 1 .. 13;
mod;
TAE

hand: mrxmy [ 1 .. 13 | of card:

= o [ddsmmcerd] hnart.: Prad{spada]) haart.:

+ gluh < hasrt: iS5 TUE
= For mcard e clubk o heart do
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C Example A
Hecicds cebdls.he

mram Dolor [Bed, Gresn, Hlosj;
mram Courses [[SEI111.1, (SEIMZ.E, SEI110.3, CSRRLLGLA |-
mminidi |
armmm Color = iy
ammm Courzmes = « REIIIT;
Hrwy
pintd i™idn” =] ;
Feintd I™Rdhn”  ARueR) -
EEinkd I™Ndyn® el ;
rabar= O
i
* Enum inC s simply int
o Cap pustoimime thie el

e e = SR P e =
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Java Example A

pulths croem Planct [ REERCLAY (2 ATTRoR ), BATTH [E T acn);
preal= Tnel ool mdan; §f = mcion
FMlarci{oubls redion) §Tha e = endin; |
ereals okl medba] | elure eedig

puBhc sl vl man rmg]] eegE |
for e p : Plan=Lwabeall)
Saemoulpanil] “The i o %o n 0", . p el
b
1

jarn.ubll. Eoossration has diffsceot sssning
for | rumoeien o = wckemonial]l ; o o Bemental ;|
Salomcul prnlefc e emert{]|;

Lewsarn ™ = Zama "y, Pl 22T e e et -
Silmpmmn ) LI

Evaluation of Enumeration Types A

= EMiclency — £J5, compiler o2n select and use = compact
efficent repres=ntation (2.2, smail intezers)

» Readabllity — = . noconeed bo code 8 color a5 & Ramber

= BAaintainablitty — e.5., adding = rew color doesn't reguire
updating herd-coded constants.

= Rellablity — & £. compier can check operations and ranges of
value
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C Example for Maintainability A

sz Cnblor {Hhite, fGresn, Bles, Hisck].
= Onblor (Mhite, Yellow, Gress, Hios, Hlsck]:
mad=il |
e Tndor x Himck -
imhk 1 = X
EElle (4 = Whiksd |
LE il = Gl
prickE{"thirx lx & lighk calarlya™);
L=z
|
i

TExt if oo somsscstbion?
if @1 « 11 printd|"ktEds iz a light coloclin®i;

Eax bo be changed tos

iF @1 « 2l prinkfi btEls i= a light coloclin®l:

v ™ = S Pl Lt R e g i STl By

Ada Example for Reliability A

type DAY ix (MON, TOW, WED, THU, FEI, SAT, SIED;
type DIRECTION ix (BOFTE, EAST, SIOUTE, MEST],

GOAL . [FIEECTION,
TENT . DAY,
ETART . DAY,

TIEAT o= HOH:
EOAL = WEET:
ETAKET uw TONIAY:

TERAT .= NEST; Illsgl = MERT ix nob o DAY sslus
TERT o by [lhmgml, b lx nob o DAY vl e
TEATY o= THIY - STAET, tilegal v =vr ix mot dOnlimed lor o

e e = SR P e =
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Subrange Types A

Contiguous subr iy o umpls Tppoa, with o Acostand grasimE clomo-L.
* Exampile:

Eypa Digit Typa im cange O._.9: s

= Mot sweilzbie in O, CH Jevn. Mesed ko use something like:

byt digit: £4-120. 137

LE [digit-s || digie <0 throw ose DlglbExcepbion|}:
¢ defined over ordinagl types:

ordoed, ceory valus Bea § e prosreun doment
- Eg, Floger crumoreiem, el aukErengs T
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Type constructors: Defining New T'.rpesﬂ

» Type construciors as sot operations:
Carmesian product
Uinian
Syt
Furctions {armays)
= Somes type covsbruchors do not corresspond o set operaticns
(= pointers)

= Soimes sat opsrators don't e corresponding typs
construckors {e.g., Intersecticn)

= Ty e BTy mbrLn - =
- e u'IT--.:-'\-IE-'\-I i

Cartesian Product A

* Ordered Pairs of elements from U and W
Uxv={u v | velandwveV}

* Operations:
— projection
PrUXV 2 piURV Y
plluvil=y;  polluvli=v
i O i, w0, :

Examples A
* gtructinC

riract InkCmrfsal
i ink 1-

dreblde T
|
1ok = char = double

« popordin Ads
Lype Intl=zarfeal iz recocd

1. erl.ql':
1 character;
co ||:.'|.:
p=r] o
am e T S b B e L - =
] Dot L iiomion 2224




