MATLARB Primer

Third Edition

Eermnit Siygmon
Departuned of Mathernakie
Tuivernity of Flooda

Departoad of Mutluannbion ¢ Tmveraity of Florida # Gaimeenall:, FL 32611
sapmontitnnth of L eduo

Copyright ©15859, 1992, 1995 ty Kermit Sigmon



O rae THikn Emeron

Thy: Third Edition of the MATLAB Priner is bhaswed oo wenion 4.0/4.1 of MATLAB.
While: thiy edifion nefloety an exhomeive gomeml novidon of the Socond Edifion, moat sig-
mifiennt I the mew Iodorooation o ]'.mlp T h::gin ey e fhue LOAJT IKIW femtaren of voemion
40441, the: sparw: matrix and cobenesd grapbien eapmbilibio.

The: plain TEX soure: and exmaponding DodtSeript file of the kot prinfiog of the
MATLAB o ar: lﬂvm}m awnilabils vin HIKNLYIOEL fi:p fren
Addroyy: math. ofl. sdn Directory: pub/matlab Fikx: primer.tex, primer.ps

You are advinod to dowolond anew anch formn the: labeat primfiomg of e Primer sioee oomor
oproveanamty and eorrosfio may bave bom made o bhe koo, I fp v ooawsilabile:
for you, the Primner ean be oltained via 1isteery by seoding an ool meseage to 1ist-
perviwath.ufl.edu coumbainimg the simgle e send matlab/primer.tex.

Alyo mmalabile ab flis fip sibe are both English (primer35.tex, primer35.ps) aod
Hmuish {primer36ep.tex, primer3Sep.ps) wirsioos of the Socond Edifion of the: Primer,
which way bamed oo wrsion 3.5 of BIATLAB. The Smnish traoslation &ty Codestine
Mook, Toiveniby of Sovll:, Spmin 4 Spamsh foelabion of the Thiod Edition m aonda
derved opmoe .

Usezy of fhe: Pimer wymlly appredat: flee eoovenicoes and dumbiliby of 2 ouod eopy
with a ewer, eopy comther afyle.

{12-93)

Coppright (61989, 1992, 1993 by Konnit Sigmon
The: MATLAB Primer may he distritated sy desired sabijoet o the following eon-
ditions:
1. I may ok he alboed 1o any way, aoeept peoeeibly adding an addeodom giving
information ahout the kel eomputer istallation or MLATLAB foolboxe.

2. I, or any part flemoof, may et be sed ay pack of 2 dooooent distrituabed for

n Eﬂ]’.l:l.'l'.l:l.ﬂﬂ'l.‘.i}l]. POTTIRe.

In particular, it ey e dstribuoted vin s loml eopy embr or hoolaitor:.
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INTRODUCTION

MATLAB iy anintoraekive, mabrix- tosed syshomn for sdeotific nod aoginemiog nnrnerie
compatation and vismaalistion. You e solv: complex mrnerieal protdens in s fowetion of
fhe: Hzoe: required with a proproomisg laogheag: such o Forbrao or O The wuoe BIATLAB
i3 dexived frun WLATHx LABambary.

The: parpeme: of this Primer 1 o bedp pon begm foome: MATLAB. I 3 oot mhonded
to b n sabmtitote for the ey Guds and Reforme: Guid: for MATLAB. The Prmaer
e bk e weed hands-on. You are coeomraged to wodke st the eompater ay you nend fhe:
Tritner aod froedy axperiment with oounples. This Primer, along with the on-lioneg help
fnality, wunlly yuffies for studondy oo ebay moquiring wie of WMATLAB.

You shwnld Bhemlly wse the on-lime: bedp Sweilify for mor: detailod mformation. Wlem
uning WLATLAB, the command help fenedionname will gve mfomoation aboat a spoecifie
funetion. For axuanple, the: command help eig will give mdoroation aboat B dgmnmlae:
fumction aig. By il the commmmand help will displigr s link of fopie for which oo hoe:
hiedp i nwilnble; flum help dopie will hvk fheose spodfe fonch ooy aoder fhis hopie for which
hedp v smilabile. The: ik of functioos o fue: last soction of fhis Pomer also giwe moosk of
this informmation You om preview soone of fhe fobumey of BIATLAB bty frvk eoberiog the:
commnand demo and fhem sedocting from bl options offor:d

The: weope amd power of MATLAB go far hoyood fles: nober, Evoobmlly you will
want to commlt the MATLAB TUwr'y Guides aond Redforanes Guide, Copley of the eomplate
doenrnemitation am: offem awilable for rovies at loeatiom saeh iy ecomenlbing doiloy, formninel
rexomny , comnpnrking laby, aod fhe rewave dede of the litmary, Cowenldl your inskraetor o your
loenl eomnpmating exader o koo where iy docwocodation m leabed ab your 1nesdifofion.

MWATLAB  nwilabl: for n omober of avimoooenty: Saogd A pollof Y Xakation /HE
workstanbiom, VAX, MemVAX, Goold, PO and AT eunpatibla, 20386 and 8426 couo-
pubery, Apple Maaofoeh, aod sewerl paralle maehines. There 2 relatively Teepemsive
Stadead: Edifion awilabl: from Prootie: Hall pablisbeay, The wformoation o bhee mobe
applies gaurally b all of theve crvimooooends,

WATLAB iy lieemsied ty The: MnthWorle, Ine., 24 Primne Park Way, Nafick, LA 01760,
{B0S53-1415, Fax: (508532997, Emnaill: wffimathworlks. com.
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L. Accessing MATLAB.

O et wyehenny, aftor loggging o ome ean oo BLATLAB with the syuhan eomnmnand
matlab nnd cxf MATLAB with v BIATLAB eummnand quit or exit. Howoer, yoar
Ineml inedallation gy proooih MATLAB to bie necommed from i oemm or h}r u]lu]n.ug AL IGIL.

O syabeany peormnithing mmltiple procome, such oy o Twix syshoan or MY Window,
you will Bud it eomvemiont, for rowons diveassed 1o scefion 14, fo keep both RBIATLAB
and your loml editor achiw:. T you am: working oo s platformn which moos procssey o
multipl: windowy, you will waot o kecp MATLAB ackive n ons window and your lecal
editor achiwe: In another.

You slemld eonemll your instraekor or your kel eornpmator eomber for detaily of B loeal
nstallation.

2. Entaring matrices.
MWATLAB works with cwetinlly only oos kind of objef—a rochugnlar nomoetel

mafrix with poeitily eomnplo entbrion; sall varmbls mpresent maties. o some sibmations,
1—1:]}"—1 mnknes ar: ild'.::rpn:hﬂ s senlary and matoes with :ml}r O T or o colimnn
are inkarprobod ay waekor.

Watrieos ean b inbrodne:d ok MATLAB in sowral diffement ways:

# Eotored by an cxplicit bt of clancods,

# Gememabed h}r w1 stakaoordy amd IEIJJ.I.I:l'.iH]’.I.H?

# Crnmbed inos disldile with your kel oditor,

# Load:d from exbomnl dabs Gl or applietions (s e Usec's Guade).

For cxanple, abler of fle: stabonot

A=[1253 4548; 78 8]
and

A=T

123

458

T88 ]

eremben the obvious Flp-3 mattx and aeelpgom iF to n wariable A Ty iF The doanmmiby

within n row of a matrix may be sepambed by commne oy well oy a ook, Wien lisfiog 2
muntber o axpomwamtial form (e 25403, hlaok spaes e b avoldeod.
RATLAR allowm um:tpl::.t momlxirs 1o all ik expemah o arwd funetiom. T convemiemnt;

wayn bo ater eomnplox mabrieo are:

A =T[12;24a] + i=[5 a;7 8]

A = [1+451 2481;3+71 4+81]
Whem listing eomplox munbers (cg. 24610 in » mabrix, blaok spaes oot be avoideod.
Eiflur ¢ or § may be wsed av the oagioary woit I, hosover, yon we ¢ and § s vwano-
ablz and owrwnb: thar wloes, you may gaeoab: s oew lmag@inary umt with, oy,
ii = sgrt(-1].



Livkiog mirien of n large maknix s et dooe: 1o an ASCIT fle with your loml oditor,
wikim errom o b ::mﬁl}r cormachad {mx: sochions 12 and 14}_ Tz file: slteoald eomzink of a
reckangnlar army of Just the poioerie mattix atries. B tlos file w naned, say, data.ext
(wleme Jext in nny axtension), fle: MATLAB commnand 1oad data.ext will rond thay file
otz varnhile didte in your MATLAB W‘ﬂl‘]ﬂip}lﬂ]. Thaix oay alyo b dom: witha serpih file:
(= vochion 12},

The: tmilt-in functiomy rand, magic, and hilb, for axample, provide an ey way to
crembe: matriey with which to exporioent. The eomomnand rand (o) will eombe an e x n
matnx with modomly poemated bt distribabed uoiformly bebwom 0 and 1, whil:
rand(m,n] will ervoshe: no o X owe. magicln] w1l emmbc an ohepml i ® e matrix which
I » magic squar: (rowsy, columny, and dingoonly luwes common sum); hilbk(n) will et
fhe: e 3 e Hilbert monboix, the Hog of 1l-eondifioned matriess (rooand nodeomote, of eoare,
pomitive inbeyry ). Mubfes oo alve be gravmated with a for-leop (e soction 6 haow ).

Individuwal matrix and veetor aubtion ean be mfomoeed with mdies wedde pparend ey
1 the nywd manmer. For :muup].::? _.-'-1(2?3} deomeoben e emtry i tlx: meocond oW, tlard
colmon of matrix A and @3 doweote the third eoordizeb: of voetor o, Try it A matrix

ar 1 voctar will ouly neemqpt pasdiee inbopgrry ay indico.

3. Matrix operaticns, array operations.
The: followimg matrix opamtions are awilabl: in WLATLAB:
+ addition
subitmetion

ol Al bestion

PE |

[T
comuygnti: hranmyioue:

left divinino
right division

Theme: mntrix oparntiom apply, of eoune:, o senlary {1-ty-1 matrieon) oy weall. I fle: sbses
of the matriesy are mesmpmbible for the matnx opemtion, an amr moeoemng: will oooalh,

S ™

emept in the owe of sedar-matnx opoemtiom (for addifion, sabimetion, and dvision o
wall ay for mulhplietion) m which ewe owch ooy of fle oatrix i opeabed oo by fhe

sonlar.

The: “mnbrix divivion” opembions dovrve spocinl eomooent. I A4 iy oo inwerbible sqooare:

matnx and & 1y a eoopatible eolumn, resp. mow, woetor, then

i = A\D 1w the: solation of Avx = b and, map

£ = -ii_ll'l_r'-i 1y o molotion of ew 4 =4
In Lkft dividon, ¥ A i square, them i fnckored weing Gameinn diminabion aod thee:
fnckory am: wxed boosolve Awe =& I A B oof sguare, iF 3 Inchored wiog Housclolder
arthgomnlizstion with eolomn pivoting and fhe fnebomn are wsed fo solve the ooder- or
owr- determoined syebon 1o the loavk square some,. Right division s defined n ooy of
left division by &fd =AY,



Array operations.

The: makrix opemblony of addifion and qattmmction alesdy opeemmb: cuboy-wise b fle:
ofher matrix opaations gven above do not—they are medme opamfiom. I impor
fank to obmerve thab theve otter operatioos, 4, ™, 3, and ¢ e be made fo opoate
cmfry-wise by recoding themn by o pariod. For ooaopls, ather [1,2,53,4] .%[1,2,3 4]
or [1,2,3,4].72 will yuidd [1,4,9,16]. Ty it Tliy 1y parfenlarly wedul when wiog
Wntlah grphic.

4. Statements, axpresgionsz, and variahles; saving a session.

MATLAB iy an expression langogie: the axqprosions you bype aro iobapneted aod

evnlunted WLATLARB stabcmnenty are wandly of the form

variable = expresrion, or sioply

£APTELTION
Exprexsiony are wunlly eomposad from opemstory, funetions, and wanabile oo, Eal-
untion of the expresion prodosoes o matix, which 1y them displayed oo the sereom and
anyigned to the wrinble for futore nse. I the varinble noone and = sigo are omithed, 2
variahle ans (for nrewer) v aubomatienlly erted to which the: momalt @ assigoed.

A yibeaneot 18 normoally formnimted with the eariag: refum,. Howower, s sdaboment ean
he: conbtinued b ble: ek line: with thres: or more periods fallowed Ty s eaming: roborn. Qo
the otter band, sowrnl stateznendy ean be plaeed oo n simgls line if sepambed by eoonooa
or el oo,

If tle: Lamt chametor of o stakooeot = a H::Lniuﬂ:mi, tlx: Printing i HL‘II]I]I“HH]CL Tk flne:
amyignrnenh iy warricdont. This iy evseotind i smppmaedmg uoeabod prioking of iokaroediate
rexulty,

MATLAB is ee-wemitive 1o fhe maoee of eomnmands, funetions, and vwnatle. For
emarnpile:, solvelT 1y mok tle: s ay solvent.

The: eonmand whe (or whos) will 1t fle varinbly corrently 1o the workspae:. A
variahle e b eoared from the worlepae: with the command c1eat wariablenme. The
commnand cleat alom: will ek all novpemoament wriabilo.

The: permnarens: warinble: epe (epuilon) give the innehine it ronodoff—abont 1071 oo
et mnehing. I 1 useful o speafyiog folmmesy for eonvergmes: of Thembive procom.

A rumway divplay or compuababion can b stopped oo most machines withont kaaviog
MATLAB with CTRL-C (CTRL-BREAK oua I'C).

Saving a sexgion.

Wihem one logy out or axdts MATLAB all wirinbloy are lost. Howowr, imvoking fhe
commnand save hifors exifog omsey all wirinbla bo be wothen fo 2 opon-loroan-readatile:

dislcfil: mwuned matlab.mat. When om: nber mocofory MATLAB, the command load will

neavhore the worlspae: to s former stk



4. Matrix building functions.
Cromveriond matrix buildiog fonetions are:

oy ety monbrix

TR mntrix of mmon

I matrix of ome

ding et or cxtracth dugonnly

fon upper trinogular gt of 2 mathix
tnl Lywer frinngular purk of 2 matox
rmand mndomly gzeoabed makrix

hilh Hiltirt matrx

IO IOHEE HOUAT:

fexplifes w:: halp toeplitz

For cxunpl:, zevos(w,n) produces ao r-ly-re matoix of mros aond zeros (o) produes an
ri-biy-re oz, If A v s st fhen zeros(siza(A)) moducs nmatrix of zoros baving fhe:
HHIne: nie ny A

If & iv a vector, diag(x) n the disgounl moatrix with @ down the dingonnl; f 4 v axgqoar:
wmabrix, thym diagla] is a voctor comising of the: dingonnl of 4. Wihoat iy diagldiag(a])?
Try i.

MWntrieos enn b built foen blocks. For cxouople, f 4 3 2 3-hy-3 matox, then

B = [&, zaros(3,2); zeros(2,3), eyal2)]

will tmild n exrbain §-by-5 makrix. Toy .

8. For, while, if — and relations.

In thedr bawie formoy, flume MIATLAR How eoufirol stabanoady opembe e fhose 1o most
compaker lamgmagse.
For.

For tmunple:, for o given o, the stabonent

x=1[]; for 1= 1:n, =[x,i"%], and

Or
x = [];
for i = 1:n
= [x,i7%]
and

will produe: o ecrkain revoebor and e stabonamt

x=[]; for 1= n:-1:1, =[x,i"%], end
will prosdue: the same voctor oo order. Try tean,. Nobe that o mabnx ooy be
cxopty (juch av x = O).



Tl shahernemta
for 1 = 1:m
for j = 1:n
H(L, j) = 1/(i+j-1);
and
and
H
will prondue: and priob fo the serom bl recbiy-re biltert makrix,. The sapieslon oo fhe
nmer whnbooemt 1 cweenial o mppoee prioting of nuwaoted inbormnedmte remlty whils
the lawk B dispbays the Breal reult.

The: for sttt promnity ary makrix to be wod wetad of 1o The wariable juet
comscotively nsmarme the valne of awch eolumnn of fle: matrix. For oonple,
g = 0;
forc=4A
B =8 + sumlc);
and
compakey tle: s of all oty of the mattx 4 by addiog #s column smoy (O e,
pum (pum (A)]) dixz it moore officiently; soo soefion 8). In faet, sine: 1:0 = [1,2,3,... ,0],
this eolumnn: ty-eolunn aewigmend: i whok oecury with “3F 1 = 1:n,. " (e sechion 117
While.
The: grmueral forn of 2 whilae loop is
while miciion

sdade e rake
and
Tle: stuabeznenty will b repembedly axcented ay loog ay fhe redalion reooains fox:. For ooun-
plez, for a given noooher w, the fallowing will eomnpnat: aod dispiley the sooallewh meornggative
inbeger e mach that 27 2 o
n = 0;
while Z o € a
n=mn+1;
and
n

If.
The: grauernl formn of a siopls i skt

if relndon
sigdcruende
and

The: statemmeaty will b exeeutod only if the roafion » free. Mualfipde broehing v alve
pownibilc, ne = Qlostrated by

ifo =< O
paTrity = 0;



eleaif rem(n,2) = 0O

paTity = 2;
al Ba

paTity = 1;
and

In two-vmy tmanehing the dyeaf portion would, of eoame, b omithed
Relations.
The: melationnl oparaton o MATLAB are:

- Lz thoan
= grember than

= Loy tloan or equal
p=— grimber thom or u:lu:rﬂ
— equal
e met equal.

Mok: that “=" i wwd n an aedgnment staboanot whals “=—" i wwed o a redafion
Helafious may be eouncekod or guntified by the logieml opoenstors

P and
| or
o~ k.

Wihem applicd to sealam, a radabion o actmlly the sedar 1 or § deponding oo swhetber
the melnbion 1w troe or falve. Try oofering 3 € 5, 3 > &, 3 = 5, amd 3 == 3. Whm
applied to maktes of fhe saone sz, 2 mlhbion 3 o mabox of 0 and 'y @eiog fhe wloe:
of tle: redanbion hobwom eomesmponding cntricy. Ty a = rand(8), b = trinfal, a = b.

A redabion betweom matries iy iofapmebed y while and 3F o b troe o awch oty of
the relation matnx 1y nomsro. Hoaes:, 1f you wish fo ixoeab: sicdemend whem matties 4
and B are oqual you eould type

if A =R
side e
and
bt i you wivh to cxocuahe sefemend whem 4 and B oare et oqual, you would type
if anyflany(h ~= BJ]
sdade e nd
and
ar, mors suoply,
if 4 — B elee
sinde rre
and

Mok thaat the seommingly obivioas
if & ~= B, ximiemend, end



will merk give what in iuhezadod sdoee wénde se d wonld ceente: ouly if each of the exmaipond-
1y emehriem of 4 and B differ. The: funehions any and 211 can b cnmﬁwﬂ}r wxed o reades

maknx relations fo voekon or seilam. Two any's are roquired ahove sine: any o a voctor
aperabar (s soefion 8.

7. Scalar fonctions.

Crertin MATLAR funchiom opaaks ommbinlly oo sendamy, bt opaste domend-wime:
wiemn applicd to a matrix. The: st cotnmon ;ach fonetions are

MiT nyin vxp nhy revmd
oy new L (pntural log) sgqrk Heaerr
tan ntan rean (memnsinder) sign cal

&, Vector functicns.
{Hlkr MATLAB funchiome operaba cmmbially oo a woebor {row or column), bt ach
on an re-ty-n matnx (e 2 2) 1o a columnn-ty-eoluon fbion to produe: a row voetor

coubimng the romlts of thedar applisbion fo owch eoluoon. Row-ly-mw action ean b
ohtmim:d by wiog the tmmespos:; for oounple, mean(d?)?. 4 fow of flese fonctions are:

max suIn wmerdian any
min pread LOfian all
nor: utd

For counpl:, the madmnm cobry n o mattix A4 v geen by max(wax(d]] mfler tlon

max (4] Try it.

9. Matrix functions.
hWluch of MATLAB S pewer eowne from iy matrix fonetions. The most wiedful omey ar:

vdg cdgomvnlue and dpcmvectors
chuil cholizky factoriation

wd singnlar walue deeuoposition
inw Inaweae:

In LU fackornsmtion

qr R, factorimbion

I hezsezntiery; form

sehoar sebor deesanponition

et redoead row aehe:lon formm

Guasiis] mafrix expomsmtial

sgqrian IOHHTIX HquEare: Tem;

poly chamctenstie polynomial

ot debermnits

M Nz

KNI 1-nomnn , 2-uarmn, F-uonn, oc-norn
cond condiion mmoher o thee oo
ok rank



MATLAB funchiom may teae: aogla or maltipls outimt arguonents. For eounple,
¥ = eiglal, or simply eig(a)

presduees a column voetor eontiammg fle: dgemmlue of A wlol:
[0,n] = =igla)

predoecy a matrix 7 whos: colmony are the dgancebon of A and 2 dingoon] moatox &
with the: capemmbies of 4 oo ks disgoomal . Try i

10. Command line aditing and recall.

The: eownmmand e in MATLAB ean b cavily odited. The eumor e b positiom:d
with the left fright armows and the Badogowe: (or Delebe) oy wed fo delebe the chometr
fer thue: Lo of fhe: earvor, Ol odifing fosburey are alvo awmilable, Oo a POy fhe Home:,
End, saind Delate kkeys; ona Uoix sysban or o PO the Fomaeey eommoandy Of-n, Cflc, Chl-d,
and CH-k wark; oo otber syyhony ;e help cedit or type cedit.

A eorven et kzabure v we of Fle: up fdow o armows toseml] fhroagh the stk of proviom
commmandy. (e ong, themefore, reenll o proviom comoand D, odib 15, and ocomat: fle:
mevimed commmnnd ling,. For smoall rookioes, iy iy moeh mon: eoovemend: that nsiog an

WI-fil: which requims mowimg heteom MATLAB and the: edibor {sce sootiom 12 and 147
For moaunple, Hopeounts (3 sochion 15) for compuibing the: overse: of maktieo of variom

sy could b eompan:d by mpeakodly roenlling, odifing, and ooentiog

a = rand(8); flops(0), inv(a); flops
If oax: wandod o compoire plots of the fonetiony = sinrve and y —sio e oo the nbenml
[0, 2] for warious o and ra, o mighd do Bhe saooe for the eomroand e

w=2; n0=3; x=0:.01:2%pi; y=sin(w*x); z=cos(n*x); plot(x,y,x,=z)

11. Submairires and colon notation.

Voctors and submoatries arc offen used in BLATLAB fo achicw: Sirly esmplex datn
m}ulipulnti:m oty “Clolon notabon” (w}.liuh 1 mxad both fa grmemat: vockor and refor-
e sutooatrices) and subweriptiog by ofegral voctors are oy to ofidont manipulation

of flem: object. Crombive wee of flume koburs fo vecborie: opembions poamits ooe: to
i ootee: Kl e of loopy (wlich slows MIATLAB) and o male: eodes siiople and readabile.
Apecial cffori showld fe made do beeome fomilior widh them.

The: exprezmion 1:5 (mock cadir in for stakanady) 3 achually the row veekor [1 2 3
4 5]. The pumher meed oot be kg nor the lnemmant om:. For coownple,

0, 2:0.2:1.2
gives [0.2, 0.4, 0.8, 0.8, 1.0, 1.2], and
5:-1:1 pwen [5 4 3 2 1].
The: followimg stmbenamty will, for amounple, goemaks o table of sim. Toy it

x = [0.0:0.1:2.00;
¥ = E:.L'D.EI:I;
[x ¥l



Mok that sine: sin opantoy abry-wine, i prodoea o voekor g from fhe: voekor <.
The: enlon notibion aan b naod fo secs sulmoafniecy of a malrix. For coounple:,

A(1:4, 3] 1n the: enluon woebor eonsintiomg of the fird four adrey of the third esluon
of A

A eolon by theelf doneteny an aobive row or eoluomn:
A[:,3)  the third columon of 4, and 4(1:4,:) v fhe: Bouk four mowm.
Artitrary mbegml voetor o b uved sy aatmeriphs:
A0:,[2 4] contniny ay columnme, eolurony 2 and 4 of 4.
Huch submeriphing ean be wied oo both sides of ao assigooaent shatbont:
Af:,[2 & 5]) = B(:,1:3) mplae eolumny 24 5of A with tle: et thre: eoluonos
of B, Mot tlot fle: endiee albrod matrix 4w priooed and assdpgeed Try it
Colomuy 2 aod 4 of A enn be molfpdiod oo the bt by the 2-by-2 matsix [1 2.3 4):
af:,[2,4]) = a(:,[2,4])=[1 2;3 4]
Ormvee: aygniny, the et altored matrix w priokod aod aeeigned.
If o I nn re-wvochor, what v fhe offoet of e stabooet £ = x(0:-1:1)7 Try i, Alve
fry ¥ = fliplr(x] aud ¥y = flipud(x?].

To apprantc the wedolmss of fthes: hodnroy, enmpare e MATLAB staboanmmby
with a Pavenl, FORTHAN, or O roufim: o ofceh fle same.

12, M-fles.

MATLAB e cxoeats n soqueme: of stabomonty stored in disldily. Sweh floy are enlled
SW-fila™ homms: fhey st bove the il fype of “m™ ay the bk part of flear Slomsne.
Wlach of your work with MATLAB will be o covmbing and refiving B-Aley, B-Ales ar:
womlly erentod wamg your Lol editor

Theme: nre: e bypea of M-flon: reripd filer and funcdion filee
Seripi filas.

A wernipt file: eonsisty of 1 wequemes of wormnnl MATLAB stabanents. B the: flo o the
filmarne, wny, Totate.m, fhem the MATLAB eommand rotate will came the stabonamty
in the fle b be exoeaked. Varialley ina seriph il an: global and w11 clwngy: fle: value of
vanatlesy of tie: yvamne mwamne o the amdmoment of the eoroend MATLAB seusion.

Seript Blex may be uxed fo caober dabn iodo a lagge mabnx; oo souch g fle, codny aoom
e b aowily eorrocted. I, for axounpla, omes cobory inn disldil: data.w

= |
=~

4
8

LI e

i
fhen the WIATLAB stabornimt data will maes: the sesignonend: giwm in data.m b be eared
ouat. Homever, 1 iy oyoally cnster fo mse the BIATLAB funetion load {(vex: sockion 2.

An W-file e referemes: ofler B Aloy, mdunding cofirond g Haedf rocmrsively.
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Funciion flas.

Function Gl provide exbomeililiby fo RIATLAB. ¥ou o crmeabe new fuochions spoecifie
fo your rotikon which will flem b the sane stabos ay ofteor MATLAB fooctions, Yao-
ablz in a fumetion Gl are by dofaolt keal. 4 variabl: em, however, te doeaned glotial
(% haelp global).

W firuf illustrate with o siopls exownpls of 2 fonetioon fle.

function a = randint(m,n)
YRANDIET Randomly generated integral matrixz.

b randint{m,n)] returne an m-by-n such matrix with entries
L between O and 9.
a = floor (1{#*rand(m,nl);

A mors gaemal wersion of fhis fonetion 3 fhe following:
function a = randint(m,n,a,b)
YRANDIET Randomly generated integral matriz.

¥ randint(m,n)] returns an m-by-n such matrix with entries
] batween O and 3.

¥ rand (m,n,a,b] Teturn entries between integers o and &.

if nargin £ 3, a =0; b = 8; and

a = flmrl:l:b—a+1]tra.ud|:-,n:l:l + a;
Tlay sheould b plaeed s disldil: with Alimsun: Tandint . m {(eormeapondiong o fle: fonction
marne:). The: B lie: declare the fonetion mwarne, gk argoooeots, and oot gt acguoonents;
witheont fhiy Lo the file would be 0oseniph Gle. Then o MATLAB stabeonoand:
z = randint(4,58], for mounpla, will cmes: the mooby 4 and 5 fo be paseed to fhe
varatley i and noin the fonetion file with tle output remlt bdng ppesed oot bo fhe
variahle z. Smee: warinbles in s funefion Bl are leeal, their mamne are lodepondend; of those:

in the enmmt MATLAB orndroomneot.

Mot that we: of nargin (“mmber of npuat argnoead™) pomnity omes b set o debadt
value: of an omithod mpnt wirinble—meh ay o and & o the ecaople.

A funeblon may alve ewee mlfipl: oufpot argomoandy. For oomple:

function [wean, stdev] = stat(x]
¥ STAT MWean and standard dewiation

¥ For a vector x, stat(x) returns the mean of x;
¥ [wean, stdev] = stat(x) both the mean and standard desiatiomn.
: For a matrix x, stat(x) acts columnwisa.
[m o] = sizalx];
ifm=—1
m =1n; ¥ handle casa of a Tow vector
and

moan = sum(x] fm;
stday = sgqrtleum(x.” 2] /m — mean.”2);

e this v placed ins disldil: stat.w, 2 WMATLAB cunmnand [xm, xd] = stat(x], for
emarnple:, will asslpgn the mom and stodaed devisbion of flee oofzies o fle: veehor © fo
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arin nod ed, epostively, Smgle awigmnenty ean alwe b made with o foosetion heviog
mulﬁpl:: oufipnat anguonety. For :::u:l.r.upl::? m = stat(x) (m: haelots mexdad around .'I.‘-!I"ﬂ.:l
will seeign fhe: nenn of & to ams.

The: ¥ syrohiol indiebey tlot the mod of the B iy 2 oeommod:; MATLAB will ignore:
fhe: reat of the hoee. BMoreowr, the i fow eoubignons eonmoneod lines, which documoont
fhe: BI-fle, are mealatde to fle oocline help beiliby and will he displageed o, for oounple,
help atat iy aubared. Sueh docwnootabion stenld afwape b neduded in o fonetion fle.

Thiy funetion illostratoy some of the MATLAB fontore flok ean be wied fo prodoue:
afficimt eosde. Wote, for axamplea, tlet x.72 = tle: matrix of squarey of the aotrios of o,
flmt sum iy & voctor funchion (seckion §), thnt sqrt v 4 sealar fanchion (soction ), aod tlet

the division m sum{x) fm iv a matdx-senlar oparation. Thow all operahiom are voetorised

il-].]'.l.d. ].EZH]I]H I].Wﬁd.ﬂﬂ.

If you o™t woehoriz: some eompmbnbiom, you en mule: your for leops go favker by
premllomiting any woetory or matrieo in which gutpnat v stored. For cxowople, by inehading
fhe: weeond stabanemt bodow, which s the function zeros, spae: for storing E o moaoory
i premllocated. Without tloy BIATLAB mmt ez E oo eolumnn barger 1o aneh terntion,
ulowing axomation.

M = magic(8];
E = maroalf,60);
for j = 1:50
E(:,j) = aig(W™1i);
and

Howe: more advaneed fabaro ar lostmated by the followmyg fonefion. Ax noted aarlicr,
sowm: of the ngmtb arpmocody of 2 fonehion—sneh oy G 1o fhiy oounple, ey be made:
opioml throwgh s of nargin {“muober of gk argeoents™). The wrsnbl: nazgont
e be similarly wsed Mofe fhok the fieh flok 2 relabion v s b (1 when tme; § when
falne) v wned nod that, whem while or i omloabs o reation, “mowsre” ooy “roe®
and ) mmeamm “false”. Fioally, fle MIATLAB funcfion feval permnity oms: bo e ay an
input wriable a skong mwaning anotler fooetion. (Alve s aval.)

function [b, steps] = bieect(fun, x, tol]

LEISECT Taro of a function of one variable via the bieection method.
bisact(fun,x] returns a zero of the function. fun is a string
containing the name of 2 real-valusd MATLAE function of a
gingle real variable; ordinarily functions are defioed in
M-files. x is a starting guees. The value returned is oear

a point where fun changes eign. For axampla,

bisact(’sin’,3) is pi. Hote the quotes around sin.

An optional third input argument setes a tolarence for the
relative accuracy of the result. The default is aps.

An optional eecond output argument gives a matrix containing a
trace of the steps; the rowe are of form [c £(c]].

[ o L L L o

11



¥ Initialization

if pargin € 3, tol = epse; end

trace = [margout = 2];

if £ =0, dx = xf20; alea, dx = 1/20; end
a=x — dx; fa = fevallfun,al;

b =x + dx; fb = feval(fun,b);

% Find change of sign.
while [fa » 0] == (fb > 0]
dx = 2.0edx;
a =x — dx; fa = fevall(fun,a);
if [(fa » 0) ~= [(fb » 0}, braak, and
B =x + dx; fb = fevallfun,b];
and
if trace, steps = [a fa; b fbl; end

¥ Main loop
while abalbh — a)] > 2.0tol*max(abelbk],1.0]
c=a+ 0.5[b - a); fc = feval (fun,c);
if trace, steps = [steps; [c £c]]; end
if (fb > 0) == (fc > O]
b =c; fb = £c;
al Ba
a =3 fa = Io;
and

and

Sowme: of BMATLAB Y funchiom arg tmilf-in whale ofteoy oo distobiooded oy WGl The:
auchanl ].ud'].ug of aIny mon-tm k-1 M-fle— WMATLARS or FOUT W IE—EHIL b viermed wath

the MATLAB eonmand type funciionname. Try coforing type eig, type vander, and
iype raok.

13. Text strings, arror messngex, input.
Tert strimgy am: caubered ke BLATLAB surroundad by sddngl: quotes. For coomnpl,
g = *"Thies is a tast?
amyign the: giwem boxt string fo fle: wadalile s
Terct strimgy enn by dinplayod with the fonetion diep. For counple:
diep(’this message is hereby displayed’]
Error mesemgry are ot dsplayed with e funehion excor
erTorl 'Sorry, the matrix sust be eymsetric? hi
sine: whem placed i an REFil:, it abork axomafion of fle: RE-fle

12



Tz B-file: fle: e enn b prompiod fo wbemmel vy aober iopuat daka with fhe: fooetion
input. “i"}.um? for HD].LI:I.I]].H? the: stabaoed:

iter = input(’Enter the oumber of iterations: 7]

™ :mnud‘.::nﬂ? thee promnph toemmag -ﬂiﬂplu}m:d arnd eroocuhion Pame winle fhe: wser ]:E}}'H
in the iopmb diobs. Upon preawing fle: nofern ey, the data s assigned fo the wnablk: iter

and axooution resmurney.

14. Managing M-filas.

Whil: nying MATLAB om: froquently wisley bo ennte or edit an W-file with the loeal
edibor nod Fwem refurn fo MIATLAB. Ooe: wislus fo keop RIATLAB achive while odifing
fle: vimee: othirwine all wrnbla would bhe ket upon oaliog.

Thiy enn be awily dome wang the -ioatare, If, while 1o MATLAB, you proeeds it with
an | amy syeton comoand—asoeh st for odifing, prinfing, or eopying o fils—en he

emoeuhod without cxting MATLAB. If, for cxunpls, fhe syvtem eommnand ed aecome yoar
aditor, the MATLAB exnmand

>» lad rotate.m

will let you codit bl il mounod Totate.m i your lomd oditor. Upon kovimg fe oditor,
you will be retarmed to MATLAB it where you Lt it

Homewer, 5y notod o section 1, on sysbony peronitting malbiple proesees, soeh ay oo
rurming oix or S Windows, 1F may b preferalide to keop hoth REATLAB and your Leeal
edibor netive, keoping one proeos swpemdod whils worldmg 1o fhe: ofler bl proecsees
e he nm i mmlbipls windoswy, you will wmot fo koop MATLAB achive i om: window
and your cditor nebive o amotber

You shonld commmnlt your imehrackor or your lememal compufing ek for detaily of the:
Il irehallakion.

Wany dobugging tools are smilable. Soc help dbtype or the st of fanetiom o fhe:
lnyt meretion.

Wirmn n MATLAB, the eommmand ped will mefuro fle: mome of fhe proeaod sorldog
direetory and cd e be wsed to choaggs the worldng dimetory, Eifler dic or 1e will L
the eontends of tle: worling divoctory while the commmand what Bata ooly the B-fley ot
direetory. The MATLAB eommundsy delete and type can b wved fo dedete o disddle aond
priut an -Gl fo the serom, mospoctively, While thes: commandy may doplients: syshan
commnandy, they meoid the we of an | You may aogoy anbering the eommand why a fow
firme.

W-filew moawt bie o s dircehory neessibl: o MATLAB. M-filay m the prowmt work-
ing dircetory an: alwayy neeasibl: Oo mest mainforne or worletation moebwork installs-
fiom, prryonnl M-filey which are stomed in o sabdirectory of om:’s home diroetory mammed
matlab will bz necemaibil: ko WMIATLAB from ALy din:chmj.r i which oo wm‘]ﬁng. Tl
currit 1ivk of direchoris mn MATLAB® senrch pmth 1y obbained by the comnmand path.
Thay commmnmd ean alve b used fo add or delefe dircetorioy from the soareh path, Bee
help path.
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14. Comparing offl clemey of algorithms: Sops, tie and toe.
Two meswure of bl ofickmey of an algorithon an: the nooober of Sonking poiod oper-
atious (Hope) performoed aod fhe aapmeed e
The: MATLAB function flops keops s rommng bofnl of the Hopy peformoed The
commnand flope(d] {uot flops = 0) will maet Hopw to 0 Hooes, cuforing flops (0]
i edintely hefors axoenting an algortion and flope tomoadintely after gives the fop
count: for the algorition. For ecwnpide, the: mumter of Sopy roguimd fo solve o givem G
syatem vin (ameian dimninabion aan be obitsined with:
flope(0), x = A\b; flops
The: eduaprezd bioe (1o seeondy) e b obhaned with the stopsabeh By £ic and toc;
tic starty fle: Hioer and toc roburoe fle: alapaod fine. Heoee, fle eomisands
tic, ang srdcmend, toc
will retarn the dapaed Hooe for axooafion of the staboood,. The clapsed o for solviog
fhe: lemar sysban abewe: can be olfained, for cxanpls, with:
tic, = = &lb; toc
You may wish fo eomnpare this Hme—and Hop enaok—with flnb for solving the systan
wiing x = inw(A]#b;. Try it
It shoald b mted flot, oo fiooosbaring macine, dapsod fme may ook be a rdiabls

meziar of the ofidmey of an algorithon sine: the b of aeoombtion depondy oo bow sy
fhe: eomputer v ab e fine.

18. Outpuot format.

Whil: nll eonpufations in BIATLAB are performned o doubil: proeision, thee formonk of
the divplagreed outpnat @m b comtmolled Ty fle: following eomonands.

format short frcod point with 4 deocdmal plaes (Hhe defanlt)
format long frced poiod with 14 deciinal plaes

format short = sclmfifie notabion with 4 dedoal plee
format long = scikmtific notnbion with 15 deamal plaee
format rat approxdmation by mbio of smoall Indepo
format hex ermdominal forpont

format bank fixed dollar and cotds

format + +, -, hlank

e 1ovoloed, fhe chosen formoat roonime o offoet uokil etoanged.

The: eownmnand format compact will sappresy mest tlaok limes allowing mon: for-
mabion to he plaeed oo the serom or pegge. The eunmnand format loose mbarme o fle
uon- eanpset formnat. Theae eomnmnandy are indepondeat of fhe ofter formeat eomroands.
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17. Hardeopy.
Hardeopry 1y most aawily oltainod with the diary esmmand The eommand

diary filenarmne
v wimb appoary sutmequaadly oo bl sovom (ooecpt grapbie]) to he woibhoen b fhe
narned diskeBle (i fle: Alemnone i omibhed % w1l be wobken foa defandk Bl mwuned diary)
uohil owe givws the eomomoand diary off; the eommoand diary on will mose wofimg fo
fhe: Ble: tor meznmne, che. Whem Brdsbied ) you e odit fle: Bl o desvived and priog i out oo
fhe: loenl sysban. The Hiobun: (s sochion 14) will pornit yon to odit aod jriok fhe fle
withenat Lesving MIATLAR.

1L&. Graphirs.

MATLAB can prdues plannr ploty of curwa, 30 plok of curwes, 3D mesh surfae:
plote, and 3D facckod sudae: plots. The: primary eommands for thee: faalibies are plot
plot3, meeh, and surf, revpectivdy. An inbroduchon e cach of thes: v giwm holos.

To prenvierw worne of thexe enpabilifioy, aober the cornmand demo and sedloet some of the
graphie optioons.
Planar plots.

The: plot commnnd erabey lmnr x-y plot; f o aod g are woeetors of the samne Laogeth,
the: exnioand Flot (x ,y'_] IR H gn:l.p]'.lim window and domy an %y I]lui'. of the alemnemdn
of @ wre the chaonenty of . You can, for cxounpls, dow e graph of e sing fooetion
o the mberwl -4 to 4 with the following eomnomandy:

x = -4:.01:4; y = sin(x); plot(x,y)
Try it The: woctor @ v a parbibion of fhe domain with melenz: 0.01 while ¢ 5 & voector
givimg tle: vl of sime: af the nodi of thiy parfifion (reeall that e in opaaks cobryeie).

You will myually want fo keop fhe oo gmphies window (“Hguara™) axposed—huat
mowviad to the: side—and the enoomand windosw aetive

O enn lowe several graphien Sgorey, one of which will af amy fine b fhe deigoeted
Senrrent” Hgnre where grapte fooon mbyoquent plotiog eomnmandy will be placed. H, for
socarnpile, Bgno: 1 i the eorment fgon:, then the eonmand Fignre(2) {or simply £ignre)
will opem # socond fgnre: ( poeeunry) and male: 14 fhe eormend fgon:. The eomnmand
Figurall] will tlem axpose Hgare 1 and male it again fhe et Bgare, The eomnmnand
gef will return tle: ornter of the ewrment Sgore.

Ay nweond oounple, you enn draw the graphoof = o= owver the mhorml -1.5ta 1.5
aa fol Lo

x = -1.5:.01:1.58; ¥ = axpl-x.72); plot(x,y)
Menke: bk ome: monst proecd: ™ by nperiod fo comare thot it operabes cntrysine (e seetion
3).

WATLAB supplics n funekion £plot to awily nud clicently plof fle: graph of a fumetion,
For moanple:, to plot the graph of the fanclion above, oo oo vk define: the ioekion in

an h-file: enlled, sny, exponormal .m eonbiimog
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function ¥ = expnormal(x]
F = EIPI:—I."HE:I;
Thern the: eonnronnd
fplot( *expnormal?, [-1.5,1.5]]
will rodue: fle: graph. Try it
Flata of prramnetrienlly defineed eurwa en also b made. Try, for aommple,
t=0:.001:2+pi; x=cos(3+t); y=sin(2+t); plotlxz,y)

The: graphy e b given tifley, axey lnbcdod, aod texth placed withion the graph with
fhe: following comandy which fale: a stbring sy an anggumend.

title graph title

rlabel x-nxiy latud

ylabel Y-Hx1 Liataed

gtext plnes: bt oo ble graph ming fle oo
taxt pewition text ab spoeificd eoordimebe

For ¢xanple:, the eommmand
titlel*Beet Least Squares Fit?]

givan n graph o bl The eomnmnnd gtext (7 The Spot?) allows oue b lobanetivaly place
the: demignntod feoxch oo the cormad graph by pladiog the monss poioka af the doared
powition and ehcking fhe: mome. To plae: ket s graph ot devigoated esordinebes, oome:
would us: the eomnmnand text (wex: help text).

The: enunnand grid will plae: grid s oo the oo graph

By defanlt, the axey am nato-sedod. This e be ovanidden by the commmnnd axis.

Somne: fonfre of axie am:

axial[xmin ;Tmax; Fmin 3 Fmaxl ] et axiy senling fo proseribed lnity
axisfaxial) Freezey senling for sublmoquent graple
axis auto returme o aako-neal g

¥ = axis returoe weekor v sbowing earrent sealing
axis mquare sarne: veals oo hoth e

axis equal sarne: venlo and fie marles oo bhoth oo
axis off farmy off axdy sealing and tie moarls
axis on farms on axs sealing and He marls

Tle: axis eommnnd should be @wm afier the plot comnmand
Two waya bo make multiple ot oo aosiogle graph ar: lletoabed by
x=0:.01:2%pi;yl=sin(x] ;¥2=8in (Z#x] ;¥3=sin (4*x) ; plot [z, ¥1,x,¥2,x,¥3)
and by forming a matox T eootaining fhe: fonckions] wilue o eolomnme
=0:.01:2%pi; Y=[ein(x]’, sin(2+x)’, sin(4+x)’]; plot(x,T)

Another way v with hold, The comnmand hold oo freoces fhe oormad prphiey serocn vo
flot submcquend: ploty are superimposed oo 1F The s ey, hosover, bocomes roealod.

Enkrimg hold off redoea fhe: “hold.”
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O enn owerride the defandt Goctypey, poiottype and eolomy. For cxornple,
x=0:.01:2%pi; yl=sin(xz); y2=sin(2#x); y3=ein(4+x);
plot (x sFl, ' —7 =52, Y X, 78, 4]
remedery i dasbeed Biree: aod detheed Lo for bl firut b gn].p}.m while: for the: thard s H}".I'.I:I.hﬂ].
+ 1y placed sk ouch node. The: Lo and moark-fyprea e
Limehypes: melid (=), dawbeed (—=). dotbed (2, dashdsk (-0
Warkhypea: peiok ), plu (+), star (%), darele (o), x-mark ()
Colory enn b spoafied for the line and mack-type.
Colory: ylow (7)), mngeota (w), eyan{c), red ()
grezzm o g), hlue (B, white: (&), hlack (k)
For :::u:l.r.upl::? Flot I::,y, r—27] plu‘hl a red dashied e,
The: eommnnnd subplot e e wsed bo porkibion the sereom so that soveml soall plot
aan be plaeed in oo Bgare. Soc help subplot.
Ol spodalised 20 plobting funeliom yon ey wish b cxplors via help am:
polar, bar, hiet, gquiver, compass, feathear, rose, staire, fill

Graphirz hamdecopy

A bardeopy of the: enrmeod graphie figore e be most iy obtained with the RLAT-
LAB comnmnnd print. Enkmred ty ihaeedf, it will semd 0 bigh-revolution eopy of the currat
graphic fgure bo the defanlt prioter.

The: printopt B-fil: w wwed to spoeify fle defbnlh soebiiog wied by the print eommand.
¥ devired, oo oo ey fle: defnlby by cditiog flis Bl (s help printopt].

The: eomnmoand  print flename  wiws flee comeod graphies Sgure to fle deigosbed
flmarne n b defandt fle formoat,. ¥ fename lon mo axhomion, tlhem an approprist:
exbmsion such ay .pe, .eps, or .jet  appended. H, for exunple, PostSeriph in fhe
defanlt file: IEGH‘LI:I.}]."'.? them

print lissajous
will erembe: a PostSeript Gl 1issajous.pe of the curmant graphics Apors which can salee-
quemtly b prinked wing the syetem priot eomnmnand If £ilename alrody odasts, it will be
ovrwrithen undese yon une: tle: —append option. The eomnmnand

Frint —append 1issajous
will append thae: (hopofully differant) enrrad: grophien fgare fo the: exdsting file
lissajous.pe. In thiy wiy owe can saw: sowral grapbio Bgare 1oa siogde: fle.

The: defanldt sebtiogy e, of cours:, be owrwnthm, For exunple,

print —daps —£3 saddlse

will save b an Fneypeulatoed PoutSeript file saddle.eps the gmphiey Sgore 3 — avon if 3
1 ek £lee: cnrmenk ﬁg‘un
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3-D line plots.

Cromplotey analogous to plot o teo ditncnsions, the eomroand plot? produees curwve
i tbre: dunemedonal spmes. O e, g, and 2 are thees voetory of fhe samne sdms, thon fhe
commnand plot3(x,y,z) will produe: o parspoetive plot of the plocowine limor earve in
Fupne: prssiog Phrongh the poinky whese exordinats ane fhe maypoetive claneods of 2, g,
and =, These: vechon are wnmlly dofined paroctnielly. For aounpl:,

t=.01: .01: 20epi; x=coelt]); y=einlt); z=t.”3; plot3(x,y,=)
will produe: n healix which v enoprossed war the g plam: (0 “shoky™). Ty i
Juat sy for plamar plots, o fitle and ady ebels Goeluding z1abel) e b added. The:
fmburey of axie eomroand deseribiod there also bold for 3-D ploty; schiog fle: axiy senling

for preziernbied linity will, of eourse, now roquirs 1 G-vachor.
3-D muesh and surface plois.
Three dimemsional wire meah srfac: ploty are dossn with fhe: comoand wesh. The:

comnrnand mesh(z] ermboy o throo-dinemsionsl pempeetive ot of the clanombs of fhe
mnfrix = The b sorfne: v defined by the s-eoordinnton of pointy above 1oroeks: AT

grid i fhe: w-y plane. Try mesh{ayal10]]).

Hinilarly, thre dimaredoos faechoed surbue: plty are drawn with the eommmand sure.
Try surt (eye(10]].

To dmw the grph of o fonchion = = e, g) owr a rockangls, ong Aok defiees veckom
ax nod gy which give parkifions of Pl sddey of the roctaogle. Wikh the: funefion meshgrid
ous them ercabey s matnx e, awch mow of which cqualy e and wheoss columon leogkh is fhe:
Lzzgeth of gryr, and sirnilarly o makoix g, ach column of which ogumaly gy, aa Follows:

[x,¥] = weshgrid(xx,yyl;
O Hleen compuky 1 malnx =, obfied h}r ::wﬂm:.i‘.ing f ey i (T tlx: monknecy «
and y, fo which wesh or surE ean b appliod.

You e, for cxunple, dow the graph of 2 = £ T g the square [—2,2] x [-2,7)
an follow (try 1)

x = —2:.2:2;
¥¥ =
[x,¥] = weshgridl(xx,yyl;
z = axpl-x.72 - y.72];
meogh (=]
O eoald, of conre, replaes the Aok theoo L of e poceoding with
[x,5] = meshgrid(-2:.2:2, —-2:.2:2);
Try thin plot with surf iwskad of mesh.

Ay mokod abow:, the fotrey of the axie eonmand deveribed o the soefion oo plamar
plewtn silawr heald for 3-1 plests s dey the: eornmnndy for tikla, aee Inbolliog and the eomomnand
hold.

The: enlor steading of sarfaecy vk by tle: shading eomnmmand  There are thre: sk
for shanding: faceted (difanll), interpolated, aod flat. Tl are sk by the eomroands

Ix;
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shading faceted, shading interp, «or shading flat
Hok: that oo mardaey prodoced by sucE, fhe scflbiogy interpolated and flat raoow:
the: sperimposcd mesh Les. Expeorimend with wiiom shadings oo the sures prodoe:d
ahove. The enmand shad ing (s well 5y colormap and view hedow) sbounld by coboed
afier the: suTf eommnand.

The: enlor profil: of » surfae: v eootrolled by the colormap eommand. Awvilalide pre-
defire:d eolormonpm melud::

hew {defanlt), hot, cool, jet, pink, copper, flag, gray, bona
Tle: cunmand colormap (cool] will, for counple, #et s corbnin eolor profil for the: current
fygure. Expoennent with winiom eolormonpe on bl surfae: prodoeed abowve.

The: eownmmand view o be wwed to spodfy in sphetiol or erbsian esocdiston fle:
viewpoint from wlich the 3D olgoet i fo b viewed S help view

The: MATLAB funetion peake goemnka an iutoraeykiog surbes on which to axporiooamt
with shading, colormap, and view.

Flota of puramectniolly defined sardfnes ew also be made, The BLATLAB fonefiom
sphare nnd cylinder will gmuemnte such plofs of the: nned sudness. (So: type sphers
and type cylinder.) The: following iy an cowopl: of a saoilar fonction which gmernbas o
plot of a fonm.

fonction [x,¥,2] = torue(r,n,al

¥TORDS Geperate a torus
torue(r,n,a) generates a plot of a torus with central
Tadines a and lateral radius r. ©n controls the numbar

of facets on the surface. These loput wariables are optional
with defanltse r = 0.5, n = 30, a = 1.

Cx,¥,=] = toruslr,n,a) generates threa (n+1]-by—[(n+1)
matrices eo that surflx,y,z)] will produce the torus.

rErt rErE et rE

Sea aleo SPHEHRE, CYLINDER

if pargin « 3, a = 1; end

if pargin € 2, o = 30; end

if pnargin € 1, £ = 0.5; end
theta = pi*(0:2:2#n)fn;

phi = 2#pis(0:2:0) *fn;

= {a + r*coe(phi))*cos [thetal;
{a + r*cos(phi))*ein (thetal;
r*ain(phil*ones(eizalthetal];
nargout ==

aur.EEIx,H,zz:I

ar = [a + z)feqrt(2];
axis([-ar,ar,—ar,ar,—ar,ar])
al sa

¥¥
==
if

13



I =IX; F=FF; = = ==
and

OHluer 3-D plothing fonekiony you may winh to axplor: vin belp are:
mashz, surfc, surfl, contour, poolor

Handl: Graphics.

E::}mmﬂ tlesie: demeribied }J.hs:m:i, MATLAB™ gn:l.p}.licﬂ symhan Imn'iﬂ.m L lenvedl franetions
which prernit one fo eontrol virkmlly all apeets of the graphies cod oot o prodoe:
soplistieated ploty. Eofar the eommoand set (1) aod gea,set (ans) o son soone of the
properticy of Ggure 1 which one e comtmal. Thin syutem 1 edled Handl: Graptie, for
which o iy reforred o tle MATLAB Tyar’y Guide

19. Sparse Matrix Compuiations.
In pexforming matrix esmmbations, MATLAB oomoally assomey tlot s omakox o

demive; flmt v, any cofry o o mabnix mep be mooscm. I, however, 1 mafrlx eonbaim
sufficontly many wro b, enoputation fine eould be redueed by avoldiog arthonekie
aparabilony on o cotries and lovs memory eould be rogured by storiog ooly fle: nowsro
cmfriey of tle matrx, Thiy inerows o oficomey 1o Hmoe aod stomyg: enn male: feasibil:
fhe: molution of sppificntly nrgor protilemy than would othoreise e possible. BIATLAB
prewidia the enpability bt ndvaoags of the spamity of matrieo.

Watlah b tevo storge moodey, full and space:, with foll the defaadt,. The: fonetiom
full and Bparea comeTh betwrem the o oody, For a2 malnx _.4.? full or HETIHE, nnzl(a]
retrmoe bl ooroter of moesaro oloonoods 1o A

A wparse matrix i shored ay o Boear amay of e mwoceserao donoty along with fheir rows

and columnn indicey. I a fll fndingoml matnx F 1y enntod vin, say,

F = floor (10*Tand(8)); F = trinltril(F,11,-1];
then the stakanad 3 = spareal(F)] will comeat F o spsrie mod:. Try 16 Mot fhat fhe
ouatput lsty the mwoaesrs aotrio o eoloion major order along with fivir row and eoloon
indiecy. The: stabeaemt F = full (8] revbores F b full storagy: mod:. Ooe o cheele fhe:
shorngs maod: of » matrix 4 with tle eomonnd isepareala).

A aparve matrix v, of esars:, woally gpamerated diveetly mather flon by applyiog the
function sparea to n full matrx. A sparss banded matnix ean b oweily eeobed via fhe
fumetion spdiage by speafying dingouals. For esounpls, afamiliar spame fridingorel matric
i emmhed oy
m=86;n0=6; a=onesln,l]; d=—2¢a;

T = spdiage(le,d,e],[-1,0,1],m,n)

Try 1. The: mbegml voetor [-1)0,1] speafes in which dugomaly the columny of [qd ] sbould
he: plaeed (o 011 (T to view). Exprrimnont withother walno of rooand rand, sy, [-3,0.2]
nvbead of [-1,0,1]. S:c belp epdiage for furfler foabura of spdiags.



The: sparse: nmlogy of eye, zeros, ones, and Tandn for full makies arg, repectvdy,

BpEfRe, Bparses, EBpones, Bprandn
The: Intkker two take n mafrx argmoent and neplae: ooly fhe oo abrion with ome
and mormoally distritnted modomn moebery, repeetively. Tandn also pemoits fhe spanaty
structure fo b modoonised. The eunoand sparea(m, nl emabey i spars: moro matrx.
The: wermabile: funekion spares pormnity erationof 2 spame et via lediog iy nooesro

cmfricy. Try, for examnple,
i=[1234a2424]; j=[123123];es=[66T8%5 10];
5 = pparsali,j,s,4,3], full(s)
In gemeal, f flue: voekor o lisnby flue: notescro aofries of § and the onbeprl voctors © and 5
their eormesponding row and eohuon indie, then
sparesali,j s,m,n]
will erembe: fhe: devired spame moo® nomaknx § Ay aootler cxouaople: foy
n =4%8; 8 = floor[1@rand(o-1,11); E = EpaIBEEE:n,i:n—i,E,n,n]
The: arithonetic opamtions and most MATLAB funetions em be appliod indepoadant

of whornge mnode. The shorg: mode of the renlt? Opomtioos oo foll mabrieo always v
full rexvult, Seloeted otber revnlby are {(S=spmre, F=full}:

Hpurm: 545, 545, 5.%5, 5.*F, 5 n, 5.7 n, 5435

Full: S+F, S*F, 3\F, Fi3

Spurse:  inv(8), chol(S), 1u(S), diag(5), max(3), sum(3)
For spmrue: 5, eig(3) iy full f § iv syiunctte bot oodofined if 5 » oosyoomectoie; svd
requirey a full argumant. A matrix bk from blods, such oy [4,B;6, D], v spame if ooy
countifuent bloek i sjouame.

You may wish to compmre, et o atomgs modes ) e ci ey of solviog a tods-
agoual syvtan of cquations for, sy, = 20, 50, 500, 1000 by coforing, melling and oditiog
the following two eomnmand L

o=20;e=onesln, 1] ;d=—2%a; T=spdiage([e,d,e],[-1,0,1],0,n0); A&=full(T);
b=ones(n,1];e=sparsalbl;tic,TYs;spareetime=toc, tic,Aib;fulltise=toc
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20. Refarence.

Theme: are many MATLAB fonburey which eanmot be mdudoed o these iokroductory
oty Listed below ar soone of tle: MATLAB functions and operators svailabile, grooped
ty mbjoct arz'. Une the on-line help fadlity or eswnlt the Referenes Guids: for more
detniled informnntion oo fle fureekions.

There: nre: mnany funetiom xyond fleme Thers exat, o parfiealar, seveml “hoolbioos™
of funetions for spedfie aron?. Includod among such are sigonl proecsing, eontrol systoans,
rolnmb-coutrol, syetan idatifietion, opfination, splime, ceanomarie, peaoal ysis aod
synthesis, stabeapne: dambifiobion, weoml wetworls, image proecowing, symholic math
(Whaple: kermeed}, aned statisbics. Thes: oo be axplored via the eommand help.

Masacineg CoMMannd AN Fusorosg
heln help fasility
what Tiat M-llen em dink
type Tiat marned M-fle
Inndefinr keywork asareh thregh the help entrisn
which Texate fiumetioma and filen
dehws Tun dernemat ratioma
nath cemtre]l MATTLAB A ararch pmth
rdit aet paraTeter for comamand Tine edting and recall
veralnn dinplay MATLAR vemiom yean &1 TITMATE
whALAew diaplay teolhok KEATIME: il
Infix infer ahent MATLAB and The Mathlitrka
why Teceive fipmant amwer

Manat NG VARIAHLFE AN THE WORKIPALER
whin Tat current variahlea
whia Tat errent wariahlen, lemg form
AAVE AENE WorRApase varihle to diak
liad retreve vanahlen from dink
vlear elear waniahle and fimetiona from Tiemacmy
it ermiAclidate workapace TnemoTy
Alge AEE of Taatrix
langth length of veetor
dlap chaplay Tettix or text

1 Semrer: MATLAB Referanes ke, veraon 4.1
1 The toaeshraeen, which &re optional, mey wt he natalled on year gratem.
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WorkiNeG wWiTH FiLag AN THR QPRERTING SyIias

wd chamge cirrent working directery

pwd ahess current working dfirectory

dir, 1a direstery lining

delpte delete file

geteny  get envitemmient varishle

[ EXES e ORETALTE AYAtETN erTinh el

unix EXECE ORETATiTE AyRtemn eomaTaa el retirn reanlt
diary nave text of MATLA B amaion

CONTROLLING "THE Cosyas Wismow
e elear eomamaand windew
hayrae el euranT home—to top of acreen
frmat Aet cartpont fermnat
Phwe echo eomamaaeds TnAde asAnt comvmandh
NWITE ermit el paged et in eommaand wiwdes

SrarriNG ax Qurrrike reod MATLAR

nuit termamate MATL AR
AtArtan M-file executed when MATLAB ja atarted
naatlahre: Tnater dartup M-k

Marni Cirnewors Apwar CirrHa DRI
+ akliticm + adefitiom
- At ras tiem - auhtracticm
b mltipleation o T ltiplieaticm
- [T S power
g fight dfviaicm o right dwiden
kY kft Fviion & left divisiem
' erTy IERLE TTATIATICRR
WY tranATYRe

ronn Kromecker tenaor prochiet

Brrariosal axy Locicar O rrearoes
lesn than i and
Tena than ot epial |
greater than s
greater than or eqpal T

exqinal
it evual

"n.l"n.’;i'i'.f".

or
it
X TAive ot

I
I




BrrCiaL CHaARM IR HE

sadignTnent ataternent

maed ter forrn western ancd s triesR; enelene Taltiple fametion entpit variahle
arithmetie expremion precedencs: encleae funetion inpit variahlea
desimnal peomt

parent direstory

eemtimee Atateraent te next Tine

repatate mReApta, funetion argumenta, AtateTnenta

eTel TewR, ANQTTEAR PTG

COTATRENT A

Antneripting, vestor generation

EXECIIte CRETatg Ayaem comaTrand

SrRcialr VARIAHLIE AN CoNEreaiN’ra
AT ATARET TRHEN EETMEAAToN Tt amigmed
P fleating pomt precitiemn
reAlmAaT largeat fleating peint nuaher
TRt arnalledt pesitive fleatmg peint mimaher
ol T
1.1 TTaagIETY Imit
Inf infimity
IWal Mert-a-Mmaher
Hivpwa flemting pemt operation ceamt
nargin mimher of fimetion inpwt argumenta
HATGATE mumaher of fimetion otpit arguTenta
MRUILAr  enTARIEr type

Tixmr aniy Thrr

date enmrent ate

cloeke wall sleek

rtl roe elapaed tiree fimetion
tie, trae Atopwateh timer fiimetema

cortinae elapaed CTFT] fime
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Srpcian Mareicra

FATT mattk of s
T mattk of cmed
YR identity
diag diagemal
trwenlite Trenlite
magie TOARIE AIATE
CIHO AT £ ETI ATHICTH
i rarefee linearly Apseed veetor
I legarithmnically qased vestem
narabgrid array for 310 plota
rard wniferraly dfatritted ranedom nimhem
rardn nerTally digtrihited rancken mimahers
hilh HiThert
Invhilh imerae Ailhert {exnet)
wamder Yandermemede
naaal Faasal
hadarard Hadarnard
hanlwl Hankel
TAART AYTATREL e Eigenvale ted TRatrix
wllidnann Wilkmaem'a eigenvalie teat mattix
gallery two atnall teat TatTicsn
M arwin Masiruraros

diag ereate or extrant Jdageonala

oAt titate Tatrix # degreen

Hplr ip matrix left-to-right

Hpud flip st Tix Ip-te-dewm

reshAneE ehange Aise

tril lemer triamgular et

trin WLQET tranEU]aT pEM

tranApeas

eomvert Tnattix to dingle eolumam: &0z )




Toical FuserioNg

prxlat

And
1man
1dnf
And e
1l e

check 1f variahkea or funetiona exnt
true T any element of vector s true
true i &1l eleraenta of wecter ame tre
find inchicen of em-eemo elementa

true for MaMa

triue for infinite elernenta

triue for finite elermenta

triue for TREF: floatmg neint arithmetie

laerapty  true for emamty Tiatric
laseATan trie for ApaTAE TRAtTIX

laatr trie for text Aring
ALTvIOT COTARATE ALTITRE WaTiahle
CoxNreol. Fiaow
i ermchitiemally exesinte ataternenta
Alap merd with 1
alaplf wed with 1F
iwd termamate 1E, finr, whils
e repeat ateteTenta for & Apectle nimaher of tmes
while reneat atetrnenta while comeditiem ia trie
hreal termamate execition of for or whils leeqa
miturn  retwrn to inveoking fimeticm
ArTI chaplay Teassge and ahort funetion
P HOG HA MM | NG

Input premant for masr Inpon

keyhoard  invoke keyhesrd aa it were a At fle

b b | generate Taemn of cheice for user Tnpmit

[AER walt for masr reApemAR

famwetlon define funetion

rval execute atAng with MATLAB expreasion

faval evalhiate funetion apecifled hy atring

glntal define gleshal wariahlen

nArgrhle validate mmaher of Inpft armmenta
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TRAI AN} SIRINGE

atring ahout eharaster atrings n MATLAB
aha comvert ATing to nimeric valiea
hlanla & atring of hlanka

rval evaluate atring with MATLAB expreaaem
vamdatr  cemvert mmber to Atrmg

Int2datr cemvert iteger to Atring

Atr2mnmn cemvert Aring to nitnher

laatr true for atring variahle

AL 1T cETRRATE ALHTE varahlm

UnmRr cemyvert AETIE ter DREtaAs

Livwrar comuert aring to lowersaas

bexdmma  eemvert hex atring te feating oint mmher
e xdd cemvert hex atrmg te decimal nteger
decthex comwert clesimal Integet to hex atring

T A UG |50
dha g Aet hreRkpoint
diwlear remneae hreakpoint
dhwant TETRENE EXecItiom
Al ehange leeal werkapase amtext
dhatacle Tiat wher ealled whom
dhatatiia Tt &l hreakpeointa

dhaten EXERITE O OF TReTE 1R
dhtype Tt M-ie with Tme mmatem
dbhun ehange leeal werkapase amtext

dted a1 eppenite of Jhuamp
dhnuit it cdehug meede

Souxi Frodraaise Fuscross
Aaxla arimed &3 Acsling

Animd ermvert vecter to o
auread Read Sun anxdie flle
AwTite WWrite Hun andic flle

111 2ma1n Timear te TI-law ermv Ermn
a2 lin TI-Iaw 10 TimeaT eomv erion
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EL.rvrvraey Mard Fuseriosg

angle
ATt

FIEEd

gk i |

J

Fhpgeew

logdi

ahaohite value or eomaplex magnitiede
phere angle

ArjaTe Tt

Teal part

ITNAEITETY AT

e lex com ngate
greateat commem diviaor
legat eomaTeen Tanltiple
ol ter nesTeA integer
el e mero
el teward —oo
el teward oo
AlgnTn fimetion
reTRaIncdeT

expionential haae £
natural Togarithm

Temg Tmae 10

TRiGONoMPTRIC FuscrioNs

aln, adn, dnh, adnh

o, A, viAby, Aol
tan, atan, tanh, atanh
ok, Ak, mthy, anth

Ae, AAe, aech, Asech
v, A, vk, aeach

Ame, ateame, hyperholic aine, hypetholis armine

crRine, arceraing, hyperholic coaine, hy perholic areeaine

tangent, artangent, hypetholie tangent, hyperholis aretamment
cotangent, arcotangent, hyperholic eotan., hy perholic areotan.
Aecant, amaecant, hypetholic aecant, hyperholic araecant
crmecant, areraesant, yperholie asmesant, hyperholie amesmecant

Srrcial FuNoroNa

TwrRanl Teae] funetion

Twrta Teta fime tiem

gAIIGA gamma fimetion

rat Tational ARp TR TRELIET
rata rational eart ot

prf erroT funestion

rrflnw nveTAe ertor fimetiom
Allinke comnplete elliptic integral
rlling Jarphian eTlipt integral
Axpdnt expicment ial integral

Lo chianert flemting peint mamhern
w2 achle Acating point mmaheT

b




Martix ThooMroamross asn FacroriEsriosg

1nw imveTas

1a factoma fremn Gamaian elimaination
rrnf techieed e echelem form

whusl Choleaky fartorization

ar ot hergrmal-t AT AT decomapeaition
nnla emnegative lepat aoiare

larnw lesat Aqiared n TreEeTeE of kW coVATIAT E
null mnT An&es

nrth et hesgrmialEat iom

wlg eigenvalue and gigenvectom

hmaa Hemenherg form

Avhir Fehomr desomapeaition

vd 2 it ermaplex diagemal form to real hleek diagonal form
raflvaf teal hleek diagemal farma teo eemapiex diagemal form
hal atiee chagrmal aealing for sigenvalue acemaey

4] ] generalized eigenvalned
nlyelg petyemnial gigenvalie aolver
Avd A et valiue deccmapcaitien
ninw rEndemvens

M CoxrrioN NG

rrnd remefition mmher in 2-norm

Tvnd TLINFACK weciproeal comedition nimaher stitaator
el At HAager/Figha o eomefition mimher satine tor

b Ty a1 1-nermn, 2- neorrn, F-mermn oo-nesrmn

nremeat 2-nermn et iTator
rank Tank

Biraparawry Marieix Fuscross

ATV TELAX eXpomential

expmal  M-file Tmaplerentation of eepoa

exnm?  matnx expenential via Tayler e

expmid  mattx exponential via eigenvralies and sige e tom
Lingrun mathx legarithm

ATt TEALAX Aquate oot

flanmg evaluate general Tattix funetion
il y characteriatie polynoral
det deterrnmant

e traee




FoLryyosiaLe
Tly eomattiet polymemaial with apecified ot
TWtR polynemiial TootA—coTARATEM TAATFK Tietheed
mstAl pelynemiial Tooti—Lagers'a Tnethod
Tuelyval evalate polymomial
melyvala  ewluate polynomaial with Teatri argment
v multiply pelymemiala
dernnw divide polyrmomiala
raddime partial-frastion ecpanaion {redidie)
mlydit fit pelymemial te data
nlyder difErentiate polymemiial
CoLus-wiarn Thara ANairgE
HIAX largeat erompomenit
min Aralleat s et
TP aVErage of Tean valie
taend lary mefian vahie
atd atamedard deviation
Anrt art I sacenling omder
Almn amn oof eleTenta
pood prexhuet of elemnenta
LN 1T entmilative mim of elernenta
cumanmud  curmilative precduet of elerenta
hilat it exgraTn
S nal Prood rEs iy
ahA complex Tagnitde
angle pheas angle
Y cemwvehitien aned polmeraial rmitipleaton
ey descmvelition amwl polynorial divicien
ol cortelation soeff sienta
A CONATATICE TatTiK
Al ter eme-cfimemicrnal digital Alter
Al tar2 twr-dime micoma ] digital Aitter
volxpealr actt mimahe™ mio eomplex wita
1XYW TAT TeTovEe phase angle JUTiDA actead 3807 hoimdarien
mextrwaw?  next higher power of 2
o tadix-2 faat Frmvier tramaform
o2 twe-diTemmiona] FFT
ki o Tnverae Taat Fenrier tramform
1D inveme 2-T0 FFT
Htahift getr-th lag to center of Apes trum

30




Fixrry TherrerNcra axm T Ty rrerolLar-ioN

diff ARDTCEITRATE deTivaL Ve
grallent AnpToKITHATE Eradient

dnl2 five peant dfiaerete Laplasian
AuhAp A angle hetween tweo alanacea
Apnline euh Aplme nterpolation

Intarml 1-T) data intemelation
nterp2 2T dats ntempolation
Interpft 1-T1 dats ntemolation via FPT methed

gridkdata data grickling

Mum prICAL T RGN

il adaptive 3-pame] Fimpeon'h Rule
nusaid adantive &nane] New ton-Coted Kule
trARE trapeg o al Taeted

THPPRERN AL FQuaTioN SoLurioN

nde23 Sndfdrd order Runge-Kutta met hed
ndnldin aolve via 023 Faplgying plst
radedh Athf3th order Kimge-Kutta-Fehlherg methed

Mo e BguarioNg asi CHrris 2oy

Frod 1 maimitmze fimetion of eme variahle

ol 1ma maimitmze fimetion of asversl variahlen

Tanlve Aclitiem te & ayatern of emimear epiationn
{fined 221 of & fAimetion of Asversl wriahle]

Tar find 2ot of Pimetion of eme variahle

ol plet graph of & fimetion

31




Two Thy rvgiosal (GHarHE

nlnt Tmear plest

Tiglag Temg-lesg Aele pilet
aemilngx  semaileg acale plot
anmilngy  semaileg asale plot

an rhaw illed 2-T0 peslygemn
Tslar Tolar coefinate plot
har Tar granh

Atalra ataitRtED plet

rrrorhar  error har plot

hiat intexgramn plet

ot angle WMategramm plot

OMAAL  eOTARAA Tkt
Teather Tesut et prlest
fplnt plest fime tiem

GHAFH ANNOIATION
title granph title
xlahel x-axia lahel
ylahrl y-axin lahel
glahel zakin lahel for 3T plota

grid grid Tinen
text text anmetatiom
gtext TiemAe placerent of text

gloput graphical npt from Tieme

FitiuRR Wlmmf.ﬁ.ma CHREATION AN CONTHD

Agure eteate figure (graph window)
gt get hawdle to crrent fignre

olf clear current fgure

clime clore lgimre

hild held esrrent graph

1chindd meturn held atatw

Aubplie emesate axen intiled peaitiona
AT create a2 TnAThItraTy rwiticmd
A get hamdle to to crrent axea
axla cemtrer] BXIA AcRling ael ARTEATATCE
vaxia comtrer] preirdoenlor 8304 Acaling

32




GharH HARINOPT AN SIOHAGRH
print prnt graph or aave graph to file
printopt  eonfigre leesl printer defanlta
nrirnt At TATIET cTiEmtation

THrRE THMENZIONAL (A FHE

Nl 31 mesh mirface

1w e ermhinaticn mesh feemtonr plot

nwA e #1 meah with =2t plane

aurf #T0 ahaded anrfaes

warfi emhinaticn mirface feemtenrr plet
Auarfl 1 ahaded aurfaes with lighting
nlntd plest Timen aned pointa in 3T Apaer
ans cdraw filled 310 polygema m 3T Apace

e crmter Tilest

vartard 3T ermtenr plot

rlateel crmtenr Dot elevation lahela

e eomtenr plot eompitation (iaed by contont)
waslnr pecdoenlor {sheckethesard) piot

uver rnver plot

1ra0 fegr dfiaplay image

waterfhll  waterfall plot

Al v et tie vianalZaton plet

I-TVGHarH APFRARANCRH

view F N graph vViewnoint apecTcation
vipwmtx view tramformation TnatfAcm
hiddemn Tneah hidden line removal mexde
Abradivg el Ahadmg mexde

axla axin Ak fing and apeatanes
v axla pRelcen kot aiia Acaling
AT lAr apecular reflestanes
diffiaae diffilre eflectance

Aurfoorm  antfare ermala

colreman okt lookun tehle (aee helow)
hrighten hrighten or darken color Tasn

A innoar ART eileT TR

rghplot Tlest enlerraan

havirgh hav to rgh e loT TRAD e TR
rgh2hay Teh to WA enloT TRAD comane AT

33




Coloe Mara

haw hne-astimaticm-vahie (defanlt)
rt wriant of hew
gAY Tinear gray-acale
Twvt: hlack-ret-yellow-white
il dhaken of eyan and magents
Twite gray-acale with tinge of hle
AT TiMear copper teme
pindr paate]l Ahaden of pink
Ang attemating ted, white, hlne, and hlack
3-T) Qirera
Anlwre gENErAte Aphers
vy¥linder generate cylinder
T Al generate dete anrface
oW Ik AN ANIM L0
narAdrin initialize Taenne framae TRemaoTyY

e

et Famae get Tennie Frame

pley recorded Tacwie framea

HaxnLy GrarHica A reTa
Agure create figure wndkw
AT create A
1irwe create 1ine
trxt ereate text
Aty create pateh
Aurfae create aurface
1nage CTERTE TTHALE
wlmntrl  ereate st miterface cemirol
e create WART miterface Tenm

HaxnnLk GrarHIcE O BRA 1083

aAnt
delrtp

aet ohjeet properfiea
get ohjert properties
Tedet ohject promeTtien
delete ohjeet

drawmw  flush pendmg graphica eventa

34




Sranar Marwix Fuscriosg

apdiage

apnrandn

An AL TN 1L
A TRAT 1A
Ay1a hizet
Aparanfim

ApaTAe TRatT formed from diagonah
ApaTAE Tdentity Taatrix

ATETE TaTdTE TRATTIR

renlace wmERTn entrign wWith omes
ATETAE AYTATAETTHE Tandom That T
ARTIY fimeticm te emeets ent e

erehnte ADATAR TRARTTR] comvert Till atrix to ApkTe
ermvert ApamE Tatrix to Ml mat

fitel inelicgn o nemesTo eNtTER

ermvert fromy ApRmMe Ttk externnl format

tre if Taat T iR ATRTAE

muTaher of memeern Entrim

TCMERTE ETETER

areamt of atorage allecated for wemeern entrien
alleeate Tneraomy for emeern entrim

viRnafze ADANITY & Tt
phit graph, a4 in “graph theory™

enluTam T TmIT degres

erlet eohimnmn hased em omesTo coumit
Thlrnage-M el elanhn desomapoaitiem
ranelomn perTmrtation wester
ayraTetTe Tnitmm degres

reverne Cithill-MeKes emdering

stimate 1-nerm conedition
mtimate Z-nerm
atrmctural rank

ferrnn Temat apuaren sngroented ayatenn

At pRTatneter for Apame TetTix Tt
AyTatlic fastorzation analyaia

Apame auXillary fimetioma awl parametem




