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Memory and C++

Belors we can talk aboul objects in C+=, It Is weiul o review

Data Types in C++

the more radilional data types thal C++ inher®s from C:
= ARmiC P

- ot izk loog el e melorasd varials

= flrart dAowble o loog-Sochls

= charx

= hzol

Enumeraicd hypes defined using the oo keywond

Structure bypes defined using e atroct Koywond

= Arrays ol some base Bype

Pointers bo 2 nget type

Simple Arrays in C++

Wz faven't aclually wmed armays im thodr kee-level Toms this
guarier, bocausE T Yeotar Cl255 |5 S0 much boifer.

From the dient perspective, an array is like a brain-damaged

fom ol yeotas with the fodlowing difforenoes:

— Theonly opeelion & sekeclon wEing [

- Ay sikection doos nol check thal the index s in Grgs

— T kenggth of o arrany |5 Tised of Hhe Hme ik s onsrked

- Arreys donl store B lﬂ'ﬂ B0 progreime that uss hem misl
PR an e inleger walue fep s he sttt aioe

Arrzy varables anc declamd using the 1ollowing mymilzo:

fype namegA] ; ]

wherne ippe s he o omionk Bype, Aame s the array name, 2nd a
iz 3 coretanl imleger e preEsion indicing e lengih.

A Simple Array Example
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The Structure of Memory

The fundamenial unit of mosory inslde a compulor is called a
bit, which is 2 coniraction of ihe wonds Ginary dge & bil
c2n b in efher of Bwn Salcs, wsually denoted as Oand 1.

The hardsare sinatuee of 3 compuisr oombines individuwal
Gits inbo largor units. Im modl modem archilecurcs, the
smalkest unit on which the hardware operales s a soquenoe o
eight conseoutive bits called a byle. The fodlosing diagramsi
shiras & byle conlaining 2 ombiretion of Os and 15:
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Mumiors are sloned im =il langer uniks that consist of mulkiple

byics. The unit that mepresenis the most common inieger sz
ot & particular kardeare is calied 2 word. Booaies machings

have different archilcfures, the nomber of byes in 2 vaord
mery vy Trom machine b maichd ne.

Binary Notation

Eiyics and wonds can be used o mepresont inkogers of diffoont
sizes by imerpreting the bits 25 2 number in binary nodetion

Binary nolafion s smilar b decimal nobation bul uses &

diftcrenl basm. Oecimal nembors uss 10 2 iheir s, which
means that each digil counts Tor b Bees a5 mech as the digit

i its right. Binary nolation uses base 2, whilh means that
cach peosi ion oounks 8or wice 25 much, as Toll e

[ufufefafr]u]e]a] -
L

ﬂnnﬂnnnhn

Numbers and Bases

The calculalion 2t the end of the precoting side makes i
cheay that the: b reprcsenbaiion (0100 is equivalent 1o
th nusber 42, n il is imporiant b distinguish the base,
e Bowcl uer= a amall subsoripl, ik 1his:

D110, = 42,

Althousgh it s usoiul 1o be able to onvert 2 numbor #rom one
bam b another, i s important 10 remember that the numbor
romaing the me. What changoes is how yon wrilo i dowmn

The numbser &2 is wher you gel it you count & o o dr e
hiows mang slars are in e paticern al the righl.
The number is e same wihether you wrile i
in English as forfy~fwo, in decimal 25 42, or
in binary o G1CA010

Mumbers do nol fave ses; represenialione do.
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Octal and Hexadecimal Notation

Brcause binary notalion icnds 1o get mther long, computer
scientists often peefer oodel (base B) or hexadenimal [baso
18] nolation insirad. Octal notabion uses eight digits: 0 ko 7.

Hesadecimal notation wses sixicon digits: 4 1o 4, Tollowed by
the |ciers a throusgh - bo indicate the values 1000 15,

Thie Bollcaving diagrams show hire e membor forby-baao
2ppears in both oot and hexadocimal notation
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Thi advantage ol using cither ootal o hexadecimal notation is
that doing so makes it casy o irznshie e number back &0
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individuad bits becawss you Cam oonvert cach digit scparaichy.

Exercises: Number Bases

= 'Wihat is the decimal value for cach of the Tollowing numbors T

100013 177 A,

= A mart of & mode i idemlify B file Bype, cveny Java class Tile

bogins with the: fallewing =ixioen b

Pl fofulsfofrfufe]afrfefa]afafu]

Mo would you cepress that number im hexadecimal notation?

Memory and Addresses

Evory byte inside the primary memorny of 2 machine
is identified Oy 3 numerc aod==. Thi addrsmrs
begin at 0 and exiend up 1o the number of bydes in
the maching, @ shawn in the diagram on the right.

Memony diagrams hal show individual bytes are
naot 25 usefil as those thal ane organized imbe wonds.
Thi: revisad disgram om e righl noss incluses Tour

bykes in eaich ol the: momory oclls, which means that
the acdress mumbers inoreess by four cach Hme.

Irs thes 51 ides, afdrosers are four-digik hidadooimal
numbcrs, which makes them casy to recognize

When you crosbte momony disgrams, you don't
kncsy the achsal memory addresses al which values
ot wored, but you oo know that cwonydhing s an

address. Just maks soemating up.

Sizes of the Fundamental Types

The momory s required o represent 2 value dopends o
the type of value. Although the C+=+ standard acually allows
oompd lers some leeibdlity, the: Polloeving sizes ane typdcal:

J’E‘. ﬁuﬂ‘r ﬁr?ﬁ |:|'H b ;HI-!E

char akoxrt ink lo=g leng dookla
Eanl flost dozkls

Erumerabed bypes oz ypically dsmigndsd Ihe: space Of an iot
Seruciure fypes have 2 skee egual Ba the: sum ot their tiekds
forrays fake up Ehe glement = oe 1imes the numbor of oements.

Poinicrs take up the space needed o hold an address, which is
4 trgtes on a TE-bE machine 2nd B byvizs on a B4-bit machine.

The expresslon eizaas{dy reiormes fhe size: of the Hpe &

Pointars

I G4+, every walue is siorod somewhenz in memory and can
therefore B entiliod with that addres.  Such acdresses am
calleid petnaters.

Bemuse C++ is designed o aliow programmers. o oonin
it al i bora st IE-EI. poingers oan Bt manipd laied just ke
amy cthor kind of dala.  In parficularly, you cam assign onc
poinicr walus by another, which means that the teo poinicrs
end up incicaling the mme dala walue.

Dimgrams hat involve poimlces & typically repreented in
twn diticrenl ways. Using momany 300ness0s cmphasizes ho
1aci that pointors are just like integers. Concepiually, it often
makes mons SCNsk I respreseni 2 poinger a5 2n areoa.  Th
hicad of the armowe is posilioned ol the addeess in memaony 21
wihich the: aioch lves. The i3l of e 2reoa B8 osd bioness
inel die e warisbl e el nodds The o iy val L

Declaring a Pointer Variable

Poinker yariables have a declaration synize that may a3l Firsl
seem comfusing. To declare a wariablie 2= 3 poinice 10 2

parlicelar bype 25 opposcd G0 a warable of thal type, all you
miced B2 do s add a « infront of the variable namas, o ihis

fow bawry

For meampie, it ywou wanted to declare a varizbic gx 0 be a
painber 10 2 doetdle vl UE, {0 oould 4o 50 a5 Tollows:

Acuhla tpx;

Eimilary, fo declare 2 variable pper 25 2 poinior b 3 pednes
Siruntuee, yeoun wolld wrile

pointT spptr:




Pointer Operators

+ C+= includes two buik-in operators for working with poinlors:

~ Tha address-of operafior (a] & writen befon & variable rame jor
arfy eoipraasion o which you could Esign & walue] and relums
i addreis of thal voriable, Thiss, i Sdpmssion wheial Qi
e e axboinicss o tarkad i HETRIEY'

~ Tha deferaroe operafor (=) & wriden belore 3 poinlar expression
ard rehurms e sl valse io wihi ch the pol mier poinis

+ Guppose, for cxampie, that you have dedares and initialized
Ihe Piod kosw ing variabios

doohle x = 3 5
doohle g = ax:

= Af this point, the varizble pe points Bo the varable x. and the
CHQICESEN +px |5 SOy MOLE with th2 varabie x

Pointers and Arrays

= In G4+, all rrays are repeesonfed inlemally 25 3 podnler B
their Fird clemeni.

¢ Forexample, IF you ceclare an amay
i=+ 1imt[134]:

the C== mompiler Incaks the name 1tes a5 a shorthand for the
CRESCSsion slick[d] .

= Youu fan Trey indemmid amay and poimier nofalicn in yow
oxip. N you dedame somcthing as an amay of a paricular

Bype, o can we i 25 3 poinler o that fype, and vioe worsa

The Allocation of Memory to Variables

= When vou declare a warlable inoa program, G+ allocabes
spaco for that warisbic Trome-one of Sestral memany mogons.

= Do on ol mormiery |S resonved for variabikes that
persist throughoul e lifelime of 1he program, such
a5 constanis. This information is callcd ctadie data

= Each time you call 2@ method, C++ dlocales 2 now
hiock of memaory called a chack frama io hold s

lo:l wariables. These siack Pramcs come from a
region of moemory cliod the cisak.

= [t is 2lsn possible o alocaic memory dyramically, '{i'
& describid on the nexl slide. This space omes
from a pood of momaory clied the haap.

= Im classi@l archigechures, ihe slack and hoap gros
toward e@ch other 10 mandimize the 2 ablke space. m

Dynamic Allocation

» Because it is a hybrid of € and a wariety of object-oricnied
fegtwres, C++ oifors two dislingt mechanisms 8or allocating

iy on e heap.

= The first shyle vsrs Ehe Tundlion asltes (o) b OFCOiE & B OOk
of slpe bybes. This shyle is usod primarily 0 oreate dynamic
a2y space. I, Tor eample, wou nocded o allocate spaioe for
an array ol iom million inbegers, you would wrilc

i=t fpryey = Elloo(13A0O0II0 * cirscf [i=t));

= The sooond fom uses thie caser operaior with 2 Bype fo 2llocic
space for a value of thaf type. For cxample, B0 2llooke space

1or 3 podnt® shruciume on the heap, you would wrike
PoineT *pEr = raar pedlneTr

= Spacc alloclicd LSing =salloc is Treed by calling Srea; spacc
allocated using caw 5 frecd by invoking the Salate CRCTIDE.

Heap-Stack Diagrams

= [t is casicr bo understand how C+= works i you have 2 gooc
mental mode of i use of momory. | find e mosh wseful

macel is 2 heap-staok diagram, which shores the feapoon i
lett and the slack on e right, soparated by @ doticd line.

= WhenCyor yoUT DRDQFam LSES el Lo OF zasr, YOU Need o adc
2 blodk of momary b the heap side of the dagrame That
block must be large cnough o slore e enline value you're
diccating. I the value s 2 atxoct Or 20 ohject ype fahich
we'|1 f2lk zbout beginning on Friday). that biodk must include
spacr for all the members inside that sinociuee

= Whentuts yow program calls a method, you neied 10 et a
new stack Trame by adding @ block of memary to the siack

side. For method caills, you noed 1o add enough space 1o slore

the kocal wariablies for the method, again wikh somie overhead
informalion that fracks whal the program is doing.  'Whon 2

method rotums, C+= roclzims the memary in it frame.

Exercise: Heap-Stack Diagrams

Trace the: ovolulion ol e heap and slack in Ehe cccution of the
fodloaving program:

el =mpe [ |
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