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LOI GISI THIEU

Cac nha khoa hoc, céc ky su, ky thuat vien va sinh vién céc trudng DPai hoc ky thuat luén
quan tdm dén viéc phat trién nang cac kha nang tinh ton va x ly trén may tinh nhng van dé
chuyén mén da dang trong nghién clru khoa hoc. DT nhién khdng phai ai trong s6 hg cdng la
nhitng [3p trinh vién s dung thanh thao cac ngan ngir lap trinh dé gidi quyét nhing van dé do
trén may tinh.

Matlab (Maxtrix Laboratory) 13 mét céng cu phan mém cla MathWork véi giao dién cuc
manh clng nhing Igi thé trong k¥ thuat 1ap trinh dap (ng duoc nhimg van dé hét sire da dang:
tir cac inh vire ky thuat chuyén nganh nhu dién, dién ti, diéu khién ty dong, robét cong nghiép,
vat ly hat nhan cho d&n cac nganh xur ly toan chuyén dung nhu théng ke, ké toan v.v... da giai
quyét duace nhirng van dé néi trén mdt cach dan gian, tryc quan ma khong c&n ddi hoi ngudi sir
dung phai la nhing Iap trinh vién chuyén nghiép.

Matiab cting b 1enh rat manh cha no cho phép gidi quyét cac loai bai toan khac nhau, dac
biét (a cac hé phuong trinh tuyén tinh, phi tuyén hay cc bai toan ma tran véi két qua nhanh
chong va chinh xac. B 1&nh nay 1&n t6i hang trdm va ngay cang duge md rong thdng qua céc
ham ung dung dugc tao 1ap bdi ngudi sir dung hay thong qua thu vién tro gidp. Bén canh da,
Matlab cho phép x{ ly dif lidu, biéu dién 45 hoa mot cach mém déo, don gian va chinh xac trong
khéng gian hal chidu cing nhu ba chiéu gidp ngudi sl dung c6 thé quan sat két qua mot cach
tryc quan va dua ra gidi phap t6t nhat. Buac tich hap cung vdi mét s6 ngon ngd I1ap trinh thang
dung khac nhu C, C++, Foriran, Java v.v... do dd nhitng ng dung clia Matlab cé thé duoc
chuy8n ddi mot cach dé& dang, mém déo sang nhitng ngén ngir do. Vi hang loat nhirng uu digm
néi trén, Matlab da, dang va sé duoc sir dung rong rai trén nhiéu finh vic cling nhu nhiéu nudc
trén todn thé gidi.

Dé cung cdp cho ban doc mdt cong cu trg gilip hiru ich cba tin hoc tng dung, ching téi
gidi thigu cudn séch “Lép trinh Matlab - Danh cho sinh vién khgi khoa hoc va ky thuat’ do
nhom tac gia cla bd mdn Hé thng Vién théng thudc Khoa Dién tr Vién thong bién soan. Tieu
dé cla cudn sach da cho thay rd d6i tuong ma céc tac gia hudng tdi la nhilng sinh vién dang
theo hoc cac trudng khoa hoc ky thuat. Tuy nhién cuén sach nay cling rat hiru ich cho ca nhing
ky su, can bé ky thuat hay nhing nha khoa hoc trong viéc tra ciu.

Trong Ian xu&t ban dAu tién nay, mac du ciing da cb rat nhiéu ¢d géng, nhung cudn sach
cing ¢on nhitng van A& chua thé dé cap hét hodc con thidu sot & mot mire dd nao d6. Ching toi
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rét mong nhén duac sy gop v xay dung va phé binh chan thanh cla ban doc. Moi thic méc, o
thé guri thu gop v vé dia chi sau:

Nguyén Hoang Hai - B mon He théng Vién thong
Khoa Dién tU Vién thong
Trudng Dai hoe Bach Khoa Ha ndi

Email: nhhaijp@mail.hut.edu.vn

Xin chan thanh ¢dm on ban bién tap clng vdi cac ban d6ng nghiép da dong gép va chinh
slta dé cudn sach nay them hoan thién hon va bét duge nhing 18i dang tiéc.

Cudi cung chic cac ban tré dac biét la cac ban sinh vién cb duge mét chuyén du hanh thy
vi vao thé gidi MatLab vdi nhiu thanh cong nhat va dong gép nhirng k&t qué nghién ciu cla
minh v&i sy nghiép céng nghiép hoa, hién dai hoa dat nudc.

Trudng khoa Dién tir Vién théng
TS. Pham Minh Viét



CAI DAT MATLAB CHO WINDOWS

Yéu cdu hé théng
*  Heé thong IBM hoac tuang thich 100% vai bd vi x li 486 Intel cdng véi bd déng xit i

toan hoc 487 (ngoai trir 486 DX co bé xur li bén trong)., Pentium hodc Pentium Pro
Processor.

= Microsoft Windows 95 hodc Window NT.
a) CD ROM
- B& diéu phéi db hoa 8 bit va card man hinh (256 may déng thoi)

- Khodng tréng dia dl dé cai dat va chay cac tuy chon. Sy yéu ciu dia cing thay dai tuy
theo kich ¢ cac partition va cac tép tr3 giap help dugc cai dat tryc tiép theo tuy chon. Qua trinh
cal dat sé thong bao cho ban biét ti mi vé dung luong dia yéu cau. Vi du:

Partition v&i mat lién cung mat 0 can 25 MB cho riéng MATLAB va 50 MB cho ca MATLAB
va HELP.

Partition vai lign cung 64 KB can 115 MB cho riéng MATLAB va 250 M8 cho ca MATLAB
va HELP.

b) Bé nhd

Microsoft Window 95: 8 MB t6i thiéu va 16 MB khuyén nghi.

Microsoft WIN NT 3.51 hoac 4.0: 12 MB 15 thiéu va 16 MB khuyén nghi.

Cac khuyén nghi

= B0 nhd phu vao (Bé nhg bé sung: Additional Memory).

= Vi mach tang t6¢ 46 hoa bd tro cho Microsoft Window.

= May in trg gitp cho Microsoft Window.

* Vimach am thanh tro gidp cho Microsoft Window.

= Microsoft Word 7.0 hoac hon (néu ban cé y dinh str dung MATLAB NoteBook).
= Trinh bién dich Watcom C, Borland, Microsoft (xay dung file MEX).



 Netscape Navigator 2.0 hoac versicn cao han hodic Microsoft Internet Explorer 3.0 d&

chay MATLAB Help Desk.

Quad trink cdi dat

1. Dat dia vao 6 CD. Trén WIN 95 chuong trinh SETUP bét dau chay ty déng néu nhu
MATLAB chua duagc cai tir trude. Con khong, nhan dip vao biéu tuong setup.exe dé bat dau
qua trinh cai dat.

2. Chap nhan hay bd di nhitng khuyén céo v& cap dang ki phan mém trén man hinh. Néu
chap hhan bah mdi ¢6 thé bat dau qua trinh cai dat.

3. Trén Custumer Information, nhap vae tén ban, dia chi clia ban. Tén khong duoc qua 30
ki tyr. Nhdn not NEXT.

4. Nhén vao cac hgp trdng thanh phan dau v' néu nhu ban muén tuy chon do va nha
tiép néu ban cé y dinh khéng mudn tuy chon dé (cé thé thém vao sau nay néu mudn). Trén mant
* hinh hiéh thi-EAMATLAR la thu muc dich mac dinh clia qua trinh cal d&t. N&u ban muén cai dél
vao thi myc khac hoac ddi tén thu muc thi ban luva chon Browse.

MATLAB cho Macintosh.

MATLAB cho may Macintosh chay duac trén:

10

Moi may Macintosh co cau hinh dit manh (power Macintosh),
Mai Macintosh dugc trang bi b vi xr If 68040 (bd ddng x(t i todn hge bén trong).

Mol tmay Macintosh dudc trang bi bo vi x{r i 68020 hoac 68030 va bo ddng xU Ii toan
Hoc 88881 hoac 68882.

Yéu ¢au toi thidu dé chay MATLAB.

Dia vitng tréng t6i thidu 26 MB, can thém 60 MB cho hé thdng tuy chon HELP tryc
hiy&n.

16 MB cho phan viing bb nhé.

4 CDROM.

Color Quick Draw.



CHUGONG 1

GIO|I THIEU CHUNG

Trong phan nay ching ta s& xem xét mét s6 nhitng ung dung cla MatLab; vi € trinh bay
&t ca nhing (g dung ctia MATLAB sé& rat dai va ton thai gian. Sau khi doc quyén huéng dan
nay, ban s& thay MATLAB 12 ngdn nglr rat manh d8 giai quyét nhing van dé quan trong va kho
khan clia ban, N6 sé rat hiru ich khi ban doc phan hudng dan co ban vi né sé cung c&p cho ban
nhirng kién thirc d& ban hiéu rd MATLAB va phat trién dugc nhiing kha nang clia minh sau nay.

Co (& cach d& nhat dé hinh dung vé MATLAB (a né cé thé thuc hién cac chic nang cla
maéy tinh c& nhan: giéng nhu cac may tinh co ban (Calculator}, h6 1am tat ca cac phép tirth toan
hoc ca ban nhu ¢dng, trlr, nhan, chia; gidng nhu may tinh ky ih'uét (Scientific Calculator), ho bao
gbm cac phép tinh; s6 phirc, can thuc, s mu, logarithm, cat phép toan luang giac nhi Sine,
cosine, tang; né ciing gidng nhu may tinh ¢a nhan (PC) ¢6 kha nang Iap trinh, c6 thé fuu trT, tim
kiém lai dt lieu, clng c6 thé tao, bdo vé va ghi trinh 1y cAc 1énh dé ty dang tinh toan khi giai
quyét céc bai toan, ban co thé so sanh logic, didu khién thuc hién |&nh d& dam béo tinh ddng
d4n clia phép todn. Giéng nhu cac may tinh hién dai nhat, né cho phép ban biéu dién dir lieu
dudi nhiéu dang nhu: biéu dién thong thuang, ma tran dai 8, cac ham t6 hop va c6 thé thao tac
voi dit liéu thuang cling nhu d6i véi ma tran.

Trong thyc & MATLAB cdn dudc Ung dung rét rong réi trong nhiéu linh vyc va né cong
duge slr dung rat nhiéu dé giai cac phép tinh toan hoc. Véi nhitng dac diém dé va kha nang than
thién vai ngudi stt dung nén né dé dang sl dung han c&c ngdn ng khac nhu Basic, Pascal, C.

N6 cung cap mdt méi trrang phong phi cho biéu dign dr liéu, va cé kha nang manh mé vé
dd hoa, ban c6 thé tao cac giao dién riéng cho ngudi sir dung (GUIs) dé giai quyét nhitng van dé
riéng cho minh. Thém vao d6 MATLAB dua ra nhiing céng cu d& giai quyét nhing vén dé dac
biét, goi la Toolbox (hdp cong cul. Vi du Student Edition clia MATLAB bao g8m ca Toolbox diéu

khi€n hé théng, Toolbox x( li tin hiéu, Toolbox biéu tugng toan hoc. Ngoai ra ban cé thé tao
Toolbox cho riéng minh,

Véi nhitng kha nang manh mé, réng 16n clia MATLAB va dé co thé sir dung duac MatLab
ban nén dau tir phan co ban. Sau day ching ta sé nghién ciu tung phéan, va cudn sach nay sé
gitip ban hiéu ude ching. Trube tién, mét cach don gidn nhét 14 chung ta quan niém nhu la mot
may tinh ca ban, tiép theo 1a nhur may tinh ky thuat va nhu may tinh ¢ thé 1ap trinh duge, cudi
cung la nhy may tinh hién dai nhat. Bang cach quan niém nay ban sé dé& dang hiéu dugc nhing
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cach ma MATLAB giai quyét nhirng van dé thang thuong va xem MATLAB gidi quyét nhing van
@€ vé s6 phuc mém déo nhu thé nao.

Tuy thudc vao kién thirc cia ban. ban ¢6 thé tim thiy nhirng phan trong cuén sach hudng
dan nay hing thu hay budn té... Khi ban chay chuang trinh MATLAB, né sé tao mét hodc nhiéu
cura s6 trén man hinh cla ban, va clra s6 1enh (command) ta clfa s chinh dé ban giao tigp véi
MATLAB.

Cac ki ty "EDU>>" 1a dau nhac cia MATLAB trong student MATLAB. Trong cac verston
khac clia MATLAB, dau nhac don gidn chi la “>>". Khi cira s6 1énh xuat hién, 1a ctra sé hoat
doéng, con tré xuat hién bén phai dau nhac nhu & hinh dudi. Con trd va dau nhac nay coa
MATLAB béo réng MATLAB dang dat dé thuc hién lénh.

1.1 Cdc phép toan don gian

Gidng nhu may tinh don gian théng thudng, MATLAB co thé thuc hién cac phép toan don
glan, vidu t:

Hai dén mot cifa hang van phong pham va mua 4 cuc tay, 25 xu mét cuc, 6 tap vé, 52 xu
mét tap, hai cudn bang cattset, 99 xu mat cudn. Hay tinh xem Hai mua bao nhiéu vat, va t8ng s6
tién |a bao nhiéu?

Néu dung may tinh théng thudng. ta vao cac sé:

4+6+2=12(va)
4x25 + 6x52 + 2x99 = 610 (xu)

Trong MATLAB ching ta co thé gidi quyét van de nay theo nhiéu cach. Trudc tién gidng
nhu mét may tinh don gian, chiing ta c6é thé tinh:

>>4+6+2

ans=

12
>> 4725 +6*52 + 2*99
ans=
610 )
Cha y rdng MATLAB khéng chl y dén nhing khoang tréng, cho tat ca cac phan, va phép

nhan ¢é murc do uu tién ¢ao han phép cong. Va mot chu y khac la MATLAB goi két qué ans (viét
tat clia answer) cho ca hai phép tinh,

Nhu da ndi & trén, van dé trén cb thé gidi quyét bang cach chira cac thang tin vao bién
clia MATLARB:

>> grasers = 4
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erasers=

4
>>pads =6
pads=

B
>> tape = 2;

>> jterms = erases + pads + tape
iterms=

12
>> cost = erases”25 + pads*52 + tape*39
cost=

610

0 day churg ta tao 3 bién MATLAB: erases, pads. tape & chira s6 luong mbi loai vat. Sau
khi vao cac gia tri cho cac bién nay, MATLAB hién thi két qua ra man hinh, trit treéng hop bién
tape. Dau chdm phay dang sau cau lénh “>> tape = 2" thong bao cha MATLAB nhan gia tri gan
nhung khong hién thi ra man hinh. Cudi cung khac vai goi két qua ans, ching ta yéu cau
MATLAB goi két qua 10ng s8 cac vat 1a iterms, va 16ng s6 tién 1a cost. Tai moi budc MATLAB
déu dua ra cac théng tin. Vi ¢ lwu gitr cac bién nén ching ta cb thé yéu cau MATLAB tinh gia tri
trung binh cho méi vat:

>> everage_cost = costliterms
everage_cost=

50.8333

Bdi vi everage cost ¢6 hai tr, ma MATLAB yéu cau bién chi c6 mét tir, nén chang ta dung
dau gach dudi dé ndi hai tir nay thanh mét tir,

Ngoai cac phép tinh trén, MATLAB con co mét sé phép tinh co ban khac nhu bang dudi
day: N

Phép tinh Ky hiéu Vidu
Phépcong, a+b + 5+3
Phéptru.a-b - 7-4
Phep nhan, a.b * 18*24
Phép chia, a=b / hodc\ 56/ 8 = 8\ 56
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Phép luy thua, a° A 542

Trong cac phép toan trén ¢ mirc do uu tién khac nhau. khi tinh tir trai sang phai cla mot
dong gém nhiéu I&nh thi phép toan lug thira cd mirc do wu tién cao nhat, tigp theo la phép nhan
va phép chia c6 mdc dé uu tién bang nhau cudi cung (a phép cong va phép trlr cing ¢b mie dé
uu tién bang nhau.

1.2 Khong gian lam viéc cua MATLAB

Cing nhu ban lam viéc véi clra s6 Lénh, MATLAB nhd cac lénh ban g6 vao ciing nhu cac
gié tri ban gan cho né hodc né duoc tao 1én. Nhirng lenh va bién nay dudc goi 1a luu gitr trong
khong gian (am viéc cla MATLAB, va c6 thé dudc goi lai khi ban mudn. Vi du, dé kiém tra gia tri
cla bién tape, tat ca nhitng gi ban phai lam fa yéu cdu MATLAB cho bigt bang cach danh vao
tén bién tai ddu nhac:

>> tape

tape=

2

N&u ban khong nhd tén bién, ban co thé yéu cau MATLAB cho danh sach cac bién bang
céch danh {énh who tir dau nhic [énh:

>>who

Your variables are:

ans cost iterms tape
average_cost erasers pads

Cha y rang MATLAB khéng dua ra gia Iri cla tét c& cac bién, néu ban mudn biét gi4 tri,
ban danh vao tén bién tai dau nhac lénh cia MATLAB.

Pé goi lai cac lenh ban da dung, MATLAB ding cac phim mi tén («—T1) trén ban
phim clia ban. Vi du d& gol fai [énh ban g6 vao ldc gan hién tai nhat, ban nhan phim mi tén T,
tiép tuc nhdn phim nay, né sé lai goi tiép lénh trugc d6, Néu ban dung phim mi tén 4 né s& goi
lai lénh tir Ienh dau tién cho dén Iénh gan hién tai nhat. Cac phim mii t&n « va — ¢6 thé dung
dé thay d6i vi tri con tré trong dong Iénh tai dau nhéc clia MATLAB, nhuf vay ching ta cd thé sita
dang 1énh, thém nita, chung ta c6 thé dung chuét cing vdi bo nhé dém @& cat, copy, dan, va
slfa van ban tai dau nhéc cla dong lénh.



1.3 Bién

Gidng nhu nhiing ngon ngi 1ap trinh khéac, MATLAB co nhitng quy dinh riéng vé tén bién.
Trudc tién tén bién phai la mot tir, khong chira dau cach, va tén bién phai co nhiing quy fuan tha

nhimng quy tac sau:
Quy dinh vé tén bién Chi d&n/ Vi du
Tén bién co phan biét chir hoa chir thudng lterms, iterms, itErms, v& ITERMS la cac
bién khac nhau
Tén bién c6 thé chira nhiéu nhat 31 ki tu, howaboutthisveriablename

con cac ki tu sau ki tu thtr 31 bi bd di

ti€p theo 6 thé 1a chir s6, s6 gach dudi

Tén bién bat dau phai la chir cai, how_about_this_veriable_name, X51483.

abcde

Ki tu cham cau khong duac phép dung

vind cé nhig y nghia dac biét

Cung véi nhiing quy dinh trén, MATLAB c6 nhiing bién dac biét trong bang sau:

Céc bién déc biet Gia tr

ans Tén bién mac dinh dung dé tra vé két qua

pi m=3.1415..

eps S6 nhd nhat, nhu vay ding cong véi 1 dé dugc s6 nhd nhat
I6n hon 1

flops S6 clia phép toan s6 thuc

inf Dé chi s6 vo cung nhu két qua cda 1/0

NaN hoac nan

Dung dé chi s6 khong xac dinh nhu két qua ctia 0/0

i(va)] i=j= =1

nargin S0 cac doi sé dua vao ham dugc st dung
narout S6 cac doi s6 ham dua ra

realmin S6 nhé nhét co thé dudc clia s6 thuc
realmax S6 lgn nhat c6 thé dugc cla s6 thuc
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Nhif ban cd thé tao mot bign clla MATLAB, va ban cing ¢ thé gan lai gia trj cho mot
hoac nhiéu bién. Vi du:

>> erases = 4,
>> pads = 6,
>>tape = 2;
>> iterms = eases + pads + tape
iterms=
12
>> erases = 6
erases=
B
>> iterms
iterms=
12
& day chung ta s dung lai vi du trén, chang ta tim duoc s6 vat ma Hai da mua sau do
ching ta thay ddi s3 cuc téy 1én 6, gia tri ndy s& dé 1én gia tri trudc cta nd fa 4. Khi ban lam nhu
vay, gia tri cla tterms van khong thay ddi, vi MATLAB khéng tinh lai iterms vdi gia tri méi cla

erases. Khi MATLAB thuc hién mét phép tinh, n6 lay gia tri ctia cac bién hién thai, nén néu ban
muon tinh gia tri mai cla iterms, cost, average_cost, ban goi lai cac 1énh tinh cac gia tri d6.

DGi vai cac bién dac biét d tren, nb c6 sén gid tri, nhu vay khi ban khdi dong MATLAB, néu
ban thay ddi gia tri clia n6 thi nhimg gié tri d4c biét ban dAu sé bi mat cho dén khi ban xoa bién
db di hoac khdi dong lai MATLAB. Do d6 ban khang nén thay di gia tri cia bign dac bigt, trir khi
no thuc sur can thiét.

Cac bién trong khdng gian lam viéc ciia MATLAB co thé bi xoa khéng diéu kién bang cach
diung lénh clear. Vi du: -
>> clear erases
chi xod mot bién erases
>> clear cost iterms
xoé ca hai bién cost va iterms
>> clear of*

dau ~ dé chi rang xoa tat ca cac bién bat dau bang hai ki tu dl.

16



>> clear

%04 tat c& cac bién trong khong gian 1am viéel. Ban sé& khng dugc hdi g€ xac nhan
cau lenh nay va tat ca céc bién da by xoa khong thé khéi phuc lai.

C6 th ndi rang dung lénh clear rat nguy hiém, vi vay khi ding Iénh nay ban phai rat than
trong.

1.4 Cau giai thich (comment) va su cham cau

Tat ca cac van ban dang sau ki hiéu phan tram (%) déu 1a cau giai thich. Vi du:
>> erases = 4 % S6 cuc tay.

erases=

4

Bién erases duac gan gia iri 1a 4, con tat ¢ ki hiéu phan tram va van ban dang sau n6 déu
bi bd di. Quy udc nay gilp cho ching ta d& theo dGi cong viéc chung ta dang lam,

Nhigu 18nh c6 thé dat trén cling mét hang, ching cach nhau bdi ddu phay hoac ddu chdm
phay, nhu:

>> erases = 4, pads = §; tape = 2
erases=

4
tape=

2

Dau phdy dé yéu cdu MATLAS hién thi két qua trén man hinh; con diu cham phay la
khong hién thi két qua trén man hinh.

>> average_cost = cost/ ...

iterms

average_cost= -
50.83333

Nhu vi du trén, ta c6 thé dung d&u ba cham (...} dé chl cau Iénh dudc tiép tuc & hang dudi,
phép tinh thyc hign duge khi ddu ba chidm ngan cach gita toan tir va bién, nghia la tén bién
khéng bi hgan cach gilra hai hang:

>> average_cost = cost/ it...

erms

17



777 age_cost = costliterms

l

Missing operator, coma, or semicolon.

giéng nhu vay, trang thai cla I&i gidi thich khang thé ti€p tuc:
>> % Comments cannot be continued ...

>> either

727 Undefined function or variable either.

Ban c6 thé dimg chuang trinh biing cach nhan déng thai Ctrl va C.

1.5 6 phitc

M@t trong nhing wu thé cila MATLAB 1a 1am viée véi s6 phac. S6 phire trong MATLAB
duac dugc dinh nghta theo nhiéu cach, vl du nhu sau:

>>¢1 = 1 - 2i % Cheén thém ki t i vao phan 2o.
cl=
1.0000 - 2.0000i
>> ¢l =1-2) % jdday tuong ty nhu i & trén,
cl=
1.0000 - 2.0000i
>> ¢2 = 3*(2-sqrt(-1)3)
c2=
6.0000 - 9.0000i
>> ¢3 = sqrt(-2)
¢3=
0+1.4142i X
>> ¢4 =6 +sin(.5)"
c4=
6.0000 + 0.4794i
>> ¢5 = 6 + sin(.5)j
5=

18



6.0000 + 0.4794i

Trong hai vi du cudi, MATLAB mac diph gid trictia i = j = J-1 dung cho phan do. Nhan
véi i hodc j duoe yéu cau trong truong hop nay, sin(.5)i va sin(.5)j khong cd y nghia déi vdi
MATLAB. Cugi clng véi cac ki ty i va j, nhu & trong hai vi du dau @ trén chi lam viéc véi s6 c6
dinh, khéng 1am viée dude véi bidu thitc.,

Mat s6 ngén nglr yéu cAu sy didu khién dic biét cho s6 phuc khi né xuat hién, trong
MATLAB thi khong can nhu vay. Tat ca cac phép tinh déu thao tac duge nhu 86i véi s6 thyc
théng thuéng:

>>¢6 = (¢1 + ¢2)/c3 % Tu cac du lieu & trén
c6=
-7.7782 - 4.9497i
>> check_it_out = i*2 % Binh phuang cda i phai la -1
check_it_out=
-1.0000 + 0.000Ci

trong vf du nay chi con lai phan thyc, phan 4o bing khéng. Chung ta co thé ding ham rea/
va imag d& kiém tra timg phén thyc va o.

Chung ta c6 thé biéu gi&n s6 phuc dang citc (A6 16n va goc):
M£6 = M.e® = a+bi

3 tren s8 phirc dugc biéu didn bang do Ién M va gbe B, quan hé gitta c4c dai lugng nay va
phan thyc, phan o clia s6 phire bidu didn dudi dang dai 6 1a:

M= va? +b?
@ =tan"(b/ a)
a = Mcoso
. b=Msiné

Trong MATLAB, dé chuyén tir dang cuc sang dang dai 6, dung cac ham real, imag va
angle.

>> ¢ % Goi lai ¢1
cl=
1.0000 - 2.0000i
>> M_c1 = abs(c1) % Tinh argument clia s6 phire
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M_c1=
2.2361
>> angle_c1 = angle(c1) % Tinh goc cha s6 phic theo radian
angle_c1=
-1.1071
>> deg_c1 = angle_c1*180/ pi % Chuyén tir radian sang d6
-63.4349
>> real_c1 = real(c1) % Tinh phan thuc
real_c1=
1
>> imag_c1 = imag(c1) % Tinh phén &o
imag_c1=
2



CHUONG 2

CAC BAI TOAN KY THUAT

Tuong tif nhut hau hét cac may tinh ky thuat, MATLAB ¢6 thé dua ra rat nhigu cac ham
todn hac, ky thuat théng dung, ngoai ra MATLAB con cung c3p hang trim cac ham dic biét va
thuat toan, n6 rat hitu ich dé giai quyét cac van dé khoa hoc. Tat cd cac ham nay dugc liét ké
trong online help, & day chi dé cap dén nhirng ham théng dung nhét.

2.1 Cac ham toan hoc thong thuting

Cac ham toan hoc clia MATLAB dugc liét ké trong bang cac ham, ching déu cb thung
mot cach goi ham nhu vi du sau:

>>x = sqri(2)/2

X=
0.7071
>>y = sin(x)
y=
0.7854

>>y deg = y*180/pi
y_deg=
45.0000

Nhing 1énh nay dé tim mot goc {tinh bang d6) khi bist gi4 tri ham sin cla na 1 J212.

Tat ca cac ham lign quan dén goc cia MATLAB déu 8m viéc v6i radian.
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Bang cdc ham

Cac ham théng thudng

abs(x) Tinh argument cla s8 phire x
acos(x) Ham nguoc cla cosine
acosh(x) Ham nguac cia hyperbolic cosine
angle(x) Tinh goc clia s6 phirc x
asin(x) Ham nguoc clia sine
asinh(x) Ham ngugc cia hyperbolic sine
atan(x) Ham ngudc cua tangent
atan2(x, y) L& ham arctangent clia phan thue cha x va y
atanh(x) Ham nguoc cla hyperbolic tangent
ceil(x) Xap xi duong vé cung
conj(x} S6 phitc fien hap
cos(x) Ham cosine cia x
cosh(x) Ham hyperbolic cosine cla x
exp{x) Ham e*
fix(x) X&p xi khéng
floor(x) X&p xi 4m vb cing
gde(x, y} Ubc s6 chung 16n nhét cda hai s6 nguyén x va y
imag(x) Ham trd vé phan ao cla s6 phic
lem(x, y) Bai s6 chung nhé nhét ca hai s6 nguyén x va y
log(x) Logarithm tu nhién
log10(x) Logarithm ca s8 10
real(x) Ham trd vé phan thyc cla x
rem(x, y) Phan du cfia phép chia X/ y
round(x) Ham lam tron vé s6 nguyén té
sign(x) Ham du: tra vé diu clia argument:
sin(x) Ham tinh sine cda x
sinh(x) Ham tinh hyperbolic sine clia x
sqri(x) Ham khai can bac hai

i tan(x) Tangent
tanh(x) Hyperbolic tangent
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>> 4*atan(1) % Mot cach tinh x&p xi gia tri clia pi
ans=

3.1416
>> help atant2 % Yéu cau giip 43 d6i vai ham atan2
ATAN2 four quadrant inverse tangent

ATANZ(Y, X) is the four quadrant arctangent of the real parts of the elements of X and Y. -
pi <= ATAN2Z(Y, X) <= pi

see aiso ATAN.
>> 180/pi“atah(-2/ 3)
ans=

-33.69
>> 180/pi*atan2(2, -3)
ans=

146.31
>> 180/pi*atan2(-2, 3)
ans=

-33.69
>> 180/pi*atan2(2, 3)
ans=

33.69
>> 180/pi"atan2(-2, -3)
ans=

-146.31
Mt s6 vi du khac:

>>y =sqri(3*2 + 4°2) % Tinh canh huyén ciia tam gidc pitago 34-5
y=

5
>>y = rem(23 4) % 23/4 c6 phan due a3
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y=
3
>> x = 2.6,y1 = fix(x).,y2 = floor{x),y3 = ceil(x),y4 = round(x)
X=
2.6000
y1=

y2=
y3=

y4=

3
>> ged(18,81) % 9 la wéc s6 chung lon nhit clia 18 va 81
ans=

9
>> lcm(18,81) % 162 {a boi s6 chung 16n nhat clia 18 va 81
ans=
162

2.2, Cacvidu

Vi du: Udc luong chiéu cao cia ngdi nha

Vin dé: Gia thiét biét khong cach tir ngudi quan sat d&n ngdi nha la D, géc tif ngudi quan
sét d&n ngdi nha |a 6 ; chiéu cao cua nguai quan sat 1a h. Hoi ngdi nha cao bao nhiéu?

Gidi phdp: Ta biéu di&n kich thuéc nhu hinh 2.1:

Ngdi nha c6 chiéu cao la H + h, H 13 chiéu dai clia mét canh cla tam giac, chiéu dai nay
c6 thé tinh dudc bing cong thifc quan hé gira goc va canh clia tam giac:

H

tan(b) = o

4



Hinh 2.1

Tir dd ta c6 chiéu cao cla ngodi nha la:
h+H=h+D.tan(B)

Néu h =2m, D =50m, va 8 14 60°, MATLAB sé dua ra két qua {&:
>>h=2
h=

2
>> theta = 60
theta =

60
>>D =50
D=

50
>> buiding_height = h+Dratan(theta”pi180)
buiding_height =

54.3599
Vi du su suy giam do phén ra
Van dé" Sy phan ra phan tir polonium cé chu ky phan r [a 140 ngay, tirc la sau 140 ngay

thi lugng polonium con lai 14 1/2 luong ban dau. HAi ndu ban dau ¢6 10 grams polonium, no sé
con lai bao nhiéu sau 250 ngay?
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Gidi quyét: Sau 1 chu ky phan ra hoac 140 ngay, con lai 10x0.5 = 5 grams; sau 2 chu ky
phan ra hodc 280 ngay, con lai 5x0.5 = 10x(0.5)* = 2.5grams, tir 46 ta c6 két qua nam trong
khodng 5 va 2.5 grams, va ta c6 cdng thifc tinh phan con lai sau khoadng thai gian bat ky:

kh&i lrgng con lai = khéi lugng ban dau x(0.5)™ aen hu kv
vi du thoi gian |2 250 ngay, va két qud MATLAB duara la:
>> initial_amount = 10; % Kh&i lugng ban d&u
>> half_life = 140; % Chu ky phan ra
>> time = 250; % Thdi gian tinh khdi lugng
>> amount_left = initial_"0.5%(time/half_life)
amount_left=
2.9003
Vi du tinh toan vé (i xuat

Vin dé Ban Kiém va Ding déng y mua 6t6 mdi véi gia 18,500 dolfars. Ngudi ban 6to
dua ra hai giai phap vé tai chinh la: thir nhét, trd 2.9% (4i sudt cla s6 tién trén trong vang 4 nam.
Thir hai 12 tra 8.9% (& suét nam cla s6 tién trén trong vong 4 nam va gia ban duoc giam di mot
khodn I3 1500 dollars. Hoi véi giai phap nao thi ban Kiém va Diing mua duge 6té vdi gia ré hon?

Gidi phap: S8 tién tra hang thang la P, trén tong s6 tién 14 A dollars, I s& I4i sudt hang
thang 1a R, trd trong M théang:
M
- R(1JR)
1+RM - 1

Téng s6 tidn phai trd s& la: T = PxM
Giai phap MATLAB dua ra la:

>> format bank % Dung dang hién thi ngan hang
>> A = 18500; . % Tong s6 tién

>>M=12"4; % S6 thang phai tra |ai

>> FR = 1500; % Tién giam gia clia nha may

>> % Giéi phap thi nhat

>> R = (2.9/100)/12; % T 18 I4i sust hang thang

>> P = A*R*(1+R)*M/((1+R)*M - 1)) % Khodn tién phai tra hang thang
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408.67
>> T1 = P*M % Téng gia tri clia otd
T1=
19616.06
>> | % Gidi phap thr hai
>>R= (8910012, % Ty (& l4i sust hang thang
>> P = (AFRIR*(1 + RIMI(1+R)M - 1)) % Tién phai tra hang thang
pP=
422.24
>>T2=P'M % Téng gid tri clia ot
T2=
20267.47
>> Diff =T2 - T4
Diff=
651.41

Nhu vay ta c6 gidi phap thit nhat gia & han gidi phap thd hai.
Vi du: Van dé néng db axit

Vin dé:Nhu mot phén clia quy trinh san xuét mot chi tiét theo phuang phép duc tai mot
nha may ty dong, chi tiét d6 dugc nhing trong nudc dé lam ngudi, sau d6 nhung trong bén dung
dung dich axit dé [am sach. Trong todn bd clia qué trinh ndng do axit gidm di khi cac bé phan
duac 13y ra khdi bdn axit vi khi nhing b phan cla vat dac vao bén thi mét Iuang nudce con bam
trén vat dic khi nhing & bé tnrée ciing vao theo va khi nhic ra khdi bon mét luong axit bam
theo vat. D& dam bao chat luong thi néng do axit phai khéng dude nhd hon mat lugng t6i thiéu.,
Ban hay bat dau véi néng dé dung dich I4 90% thi ndng 48 t6i thiéu phai la 50%. Lugng chét
1dng thém vao va ldy di sau mé&i lan nhing dao déng trong khodng tir 1% dén 10%. Hai bao
nhiéu chi tiét ¢6 thé nhing vao bé dung dich axit trude khi néng 34 clia nd gidm xudng dudi mitc
cho phép?

Gidi phép:
Ban dau ndng dé axit 14 initial_con = 90% = axit/ (axit + water)

sau lan nhdng thar nhét néng 6 axit con:
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acid
(acid + water ) - wateradded

con =

acid
(acid + water) + lost(acid + water)

acid
{1+ lost)lacid + water)

_ Initial _con
(1+lost)

“acid” 1a lugng axit ban dau trong dung dich, “water” la luong nuGc ban dau trong dung
dich, “lost" 1a Iugng phan tram nudce thém vao. S6 axit con lai trong dung dich sau 1&n nhing thir
nhat la:

acid
(4+lost)

acid_left =

Ngha 13, khi nhing 1an thu hai néng dé dung dich sé la:

acid _left
(acid _ water) + wateradded

- acid_left
(1+ lost)(acid + water)

- initial _con
(1+lost)?
Ti&p tuc qua trinh nay, sau n (an nhing, néng do axit la:
i} initial _con
(1+lost)”
Né&u ndng do axit con laj la mac t6i thiéu chdp nhan duge, 6 Ian nhiing cye dai s& 1a mot
s6 nguyén bang hoac nhd hon n:

. log(initial _con/min_con)
log(1+lost)

Trong MATLAB gidi phap sé fa:
>> initial_con = 90

initial_con=
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80
>>min_con = 50
min_con=
50
>> Jost = 0.01;
>> p = floor(log(initial_con/min_con)/log(1+iost))
n=
59

Nhu vay co thé nhing 59 1&n trude khi ndng 39 axit gidam xudng dudi 50%. Chu y ham
floor dung @& 1am tron s& n xudng s5 nguyén g4n phat, va & day ta cing co thé dung ham
fogarithm co s8 10 va fogarithm co s6 2 thay cho hm Jogarithm tu nhién & trén.
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CHUGONG 3

NHUNG DAC DIEM CUA
CUA SO LENH TRONG MATLAB

Clra s8 lenh (command) cla MATLAB ¢6 rét nhiéu nhing dac diém can chu y, mot 58
ching 8a dugc gidi thiéu & chuang trudc, va sau day chdng ta tim hiéu rd hon vé chang.

3.1 Quén li khéng gian lam viéc cla MATLAB

Céc dir (iéu va bién dugc tao 1&n trong clra sé 1énh, dugc luu trong mot phén goi 12 khong
gian {am viéc clia MATLAB. Mu6n xem tén bién trong khdng gian lam viéc ciia MATLAB ta ding
lénh who:

>> who

Your variables are:

D h

buiding_height theta

Céc bién nay dugc ding frong vi du wdc ltang chiéu cao ngéi nha. D& xem chi tiét hon vé
c4c bién ta dung lénh whos:

>> whos '

Name Size Bytes  Class
D 1x18  double array
buiding_height 1x18  double  array
h 1x18  double array
theta 1x18  double array
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Grand total is 4 elements using 32 bytes

Méi bién dugc liét ké voi kich co cha nd, sé bytes sir dung, va cac l6p cia ching (class),
trong vi du dac biét nay, cac bién déu la s& don, cb do chinh xac hai s8 sau déu phay. Lénh
whos dac biét ¢4 ich khi nghién c(tu dén phan méang va cac kiéu di liéu khac.

Ngoai cac ham nay, trong muc Show Workspace trong bang chon file tao ra cira s6 GUI
goi [3 Workspace Browser, no chifa cac théng tin tuong tu nhu lénh w/os. Thém nita né tao
cho ban kha nang xoa, lam sach cac bién ma ban chon. Cita 8 nay ciing 6 thé tao bing cach
nh&n nat Workspace Browser, trén thanh cong cu cla cita s§ [énh.

Nhu 43 trinh bay & trén, 1énh clear ¢ thé xo4 bién tir khéng gian 1am viéc clia MATLAB,
Vi dy;

>> clear h D % Xoa cac bién hvaD

>> who

Your variables are:

buiding_height theta

Céc tuy chon khac clia ham clear ching ta c6 thé tim hidu thém b&ng lénh help:
>> help clear

CLEAR Clear variables and functions fram memory.

CLEAR removes all variables from the workspace.

CLEAR VARIABLES does the same thing.

CLEAR GLOBAL removes all global variables.

CLEAR FUNCTIONS removes all compiled M-functions.

CLEAR MEX removes all links to MEX-files.

CLEAR ALL remaves all variables, globals, functions and MEX links.
CLEAR VAR1 VAR2 ... clears the variables specified. The wildcard

il

character ™ can be used to clear variables that match a pattern.
For instance, CLEAR X* clears all the variables in the current
workspace that start with X.

If X is global, CLEAR X removes X from the current workspace,
but leaves it accessible to any functions declaring it global.

CLEAR GLOBAL X completely removes the global variable X.
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CLEAR FUN clears the function specified. If FUN has been locked
by MLOCK it will remain in memory.

CLEAR ALL also has the side effect of removing afl debugging
breakpoints since the breakpoints for a file are cleared whenever
the m-file changes or is cleared.

Use the functional form of CLEAR, such as CLEAR('name’),

when the variable name or function name is stored in a xau.

See also WHO. WHCS, MLOCK, MUNLOCK.

Cudi cung, khi lam viéc trong khong gian lam viéc cla MATLAB, c6 thé dé dang ghi hoac
in mot ban sao cang viec cla ban, lénh diary ghi di ligu ngudi dung dua vao va clra s6 1énh va
dua ra file van ban dang ma ASCIl co tén la diary trong thu muc hién tai:

>> diary frame % ghi d(t {iéu vao file frame
>> diary off % két thic lénh diary va déng file

Khi ctra s lenh duac chon, chon print... tir bang chon file dé in mét ban cla clra s6 lénh,
ban ¢6 thé& dung chudt dé Iya chon phan minh muéh ghi, chon Pint Selection... tir bang chon
file, dé in mot phén van ban da ya chon.

3.2 Ghi va phuc héi dir liéu

D& nhé céc bién, MATLAB co thé ghi va goi lai dir liéu tur file trong may tinh clia ban. Muc
Workspace as... trong bang chon file m& hop chuén héi theai dé ghi tat ¢4 cac bién hién tai.
Giéng nhu vay, trong muc Load Workspace trong bang chon file mé& hop hoi thoai dé goi lai tat
ca cac bién ma ta da ghi lai tu khang gian lam viéc trude, né khang 1am mat cac bién nay trong
khong gian lam viéc hién tai. Khi ta goi lai cac bign, ma cac bién nay trung tén vai c4c bién trong
khong gian lam viéc cia MATLAB, né sé thay ddi gia tri clia cac bién theo gia tri cla cac bién
goi ra tu file.

N&u béang chon file khOn‘g thuan tién hodc khong dap ing dugc nhirng yéu ciu cla ban,
MATLAB cung cép hai lénh save va /oad, n6 thuc hién mot cach mém déo han, trong truang
hop dac biét, lénh save cho phép ban ghi mét hodc nhiéu hon mét bién tuy theo su I¢a chon
ca ban.

Vi du:
>> save

Chira tt ca cac bién trong MATLAB theo kiéu nhi phan trong file MATLAB.mat
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>> save data
chita tat ca cac bién trong MATLAB theo kiéu nhi phan trong file data.mat.
>> save data erasers pads tape -ascii

Ghi céc bién erasers, pads, tape trong dang ma ASCII 8 sé trong file data, File dang ma
ASCII ¢c6 thé sira d6i bang bat ctr chuong trinh soan thao van ban nao, chu y rang file ASCII
khéng co phan ma réng .mat.

>> save data erasers pads tape -ascii -double
Ghi cac bién erasers, pads, tape dang ASCII 16 s6 trong file data.
Lénh /oad ciing dung véi cu phép tuong tu.

3.3 Khuén dang hién thi s6
Khi MATLAB hién thi két qua dang s6, n6 tuan theo mot sé quy dinh sau:

Méc dinh, néu két qua 1a sé nguyén thi MATLAB hién thj nd Ia mot s nguyén, khi két qua
la mot 3 thyc thi MATLAB hién thi s6 xap i v6i bdn chir s6 sau du phdy, con cac s6 dang
khoa hoc thi MATLAB hién thj ciing gi6ng nhu trong cac may tinh khoa hoc.

Ban c6 thé khong ding dang mac dinh, ma tao mét khuén dang riéng tir muc
Preferences, trong bang chon file, c6 thé sang trang mac dinh hodc danh dang x&p xi tai dau
nhéc.

Chuing ta dung bién average_cost (trong vi du trudc) lam vi du, dang sd nay la:

format short 50.833 5s8

format long 50.83333333333334 166
format short e 5.0833e+01 5 58 véi s6 ma
format lang e 5.083333333333334e+01 16 s6 vdi s6 mi
chinh xac han format short hodc
format short g 50.833
format short e
chinh x&c han format long
format long g 50.83333333333333
hodc format long e
format hex 40496aaaaaaaaaab hé cosd 16
format bank 50.83 hai s6 he 10
format + + duang, 4m hodc bang khong
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format rat ' N5 R dang phan sd

Mot ch y quan trong fa MATLAB khéng thay ddi s6 khi Ginh lai khuon dang hién thi dugc
chon, ma chi thay déi man hinh thay déi.




CHUONG 4

SCRIPT M_FILES

Trong MatLab, yéu cau ciia ban tai ddu nhic clia MATLAB trong ¢l 56 Iénh 4 nhanh va
hiéu qua. Tuy nhién Vi s6 Iénh tang 1én, hoac khi ban mubn thay d8i gia tri cla mdt hoac nhiéu
bién va thuc hién lai mot s6 [énh vdi g4 tri mdi, néu ¢l danh 13p lai tai diu nhic cla MATLAB
thi sé trd nén budn té, do vy MATLAB cung cip mét gidi phap cho van dé nay la: nd cho phép
ban thay thé c4c lénh clia MATLAB bang mét file van ban don gidn, va yéu ciu MATLAB md file
va thyc hién lénh chinh xac nhu 12 danh tai diu nhéc clia MATLAB tai clra 6 1&nh, nhimng file
nay goi la script file, hodc don gidn la M_file. Danh tir "script” dé chi ring thuc té MATLAB doc
tr file kich ban tim thdy trong file. Danh i "M_file” dé chi rAng t&n script file d6 phai két thic
bang phan md rdng (& ‘.m' nhu vi du example1.m.

D& tao mét script M_file, chon New trong bang chon file va chon M_file. Thi tuc nay sé
tao ra man hinh soan théo, va ban c6 thé danh duyc cac 1énh clla MATLAB trong d6. Vi du dudi
day la cAch lénh trong vi du wéc luong chiéu cao ngdi nha & trudc:

function example1
% example1.m Vi du udce lugng chiéu cao ngdi nha
h=2
theta = 60
D =50;
" building_height = h + B*tan(theta*pi/180)

Ban c6 thé ghi va lwu gi file n2y bang cach chon Save tr bang chon file. Khi ban ghi t&n
file chu y phai danh tén file tring véi tén ham (example) khdng can danh vao phan md rong,
MATLAB ty gan vao eho né. Khi dé tir dau nhic ta co thé danh:

>> example1
h=
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theta=
60
building_height=
54,3599

Khi MATLAB dién giai céc trang thai clia example1 & trén, no sé dugc néi ky hon & chuong
sau, nhung mot cach ngan gon, MATLAB dung cac trang thai cla bién MATLAB hién tai va tao
I&n c4c lénh cla no, bat dau bang tén M_file. Nghia 14, néu example1 khéng phai la bién hién
tai, hodc mét lenh MATLAB xay dung lén, MATLAB md file example1.m (néu né tim thay) va tinh
gi4 tri cac Iénh tim thay chi khi ching ta vao c4c thang s8 chinh xac tai ddu nhic cla clra s6
Iénh. Nhu dé thay Iénh trong M_file truy cap dén tat ca céc bién trong khong gian lam viéc clia
MATLAB, va tét ¢ cac bién trong M_file trd thanh mot phan clia khong gian lam viéc. Binh
thuong céc 1énh doc trong M_file khong duge hién thi nhu 1a né dugc tinh trong clra s6 lénh,
nhung Iénh echo on yéu cdu MATLAB hién thi hoac Iap lai Iénh d6i véi clra s8 Iénh nhu ching
ta da doc va tinh. Tiép theo ban co thé doart dudc 1énh echo offlam gi. Giéng nhu vy, [énh
echo |3p lai bdi n6 lam thay déi chinh trang thai clia né.

Véi dac diém nay clia M_file ban cé thé thay ddi lai noi dung clia file, vi du ban c6 thé md
M_file example1.m thay ddi lai cac gia tri clia h, D, hodc theta, ghi lai file d6 va yéu cau
MATLAB tinh lai lénh trong file. Thém nira, bang céch tao M_file, cac lénh clia ban dugc luu trén
dia va cb thé st dung vé sau khi ban can.

Nhing ng dung cla chi dan cia MATLAB giGp ching ta hi€u dugc khi dung script file
nhu trong example1.m, chi dan cho phép ban luu gilr cung cac lénh trong script file, vi vay ban
nh@ dugc nhitng 1&nh do 1am gi khi ban nhin lai file sau ddy. Thém nira, d&u cham phdy dang
sau cau lénh khong cho hién thi két qua, tir d6 ban cé thé diéu chinh script file dua ra nhimg két
qua cén thiét.

Vi nhimg (tng dung ctia script file, MATLAB cung cdp mot s6 ham dac biét c6 ich khi ban
st dung trong M_file:

disp(ans) . | Hién thi cac két qua ma khéng hién tén bién

Echo Diéu khién cira s Iénh 1ap lai cAc 1énh clia script file
input Sir dung du nhic dé dua dir lidu vao

Keyboard Trao diéu khién tam thdi cho ban phim

Pause Dirng lai cho dén khi ngudi ding nhdn mét phim bét ky
pause(n) Dumng lai n giay

Waitforbuttonpress Dumg lai cho dén khi ngudi dung nhan chudt hoc phim.
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Khi lénh cia MATLAB khang két thic bang d&u cham phéy, két qua cla lenh dugc hién
thi trén clra s8 1&nh cung vdi tén bién. Dl luc nb khong cho hién tén bién, trong MATLAB ta
dlng 12nh disp dé thyc hién viéc nay:

>>h % Cach truyén thdng dé hién két qua
h=

2
>>disp(h) % Hién két qua khéng c6 tén bién

2

PE gitp ban soan thao script file khi tinh toan cho nhiéu truang hop, 1&nh /aput cho phép
ban tao cau nhic 38 vao dif lidu duce an toadn. Vi du exampled.m véi nhing phan duge stra:

function example
% example1.m Vi du u6c lugng chiéu cao ngdi nha
h=2
theta = 60
D = input(* Vao khoang céch gitra ngudi va ngdi nha: )
building_height = h + D*tan(theta*pi/180)
chay file nay:
>> example1
h=
2
theta=
60
Vao khoang cach gitra ngudi va ngoi nha: 60
D=
60
building_height=
64.8319

@ vi du trén ta g5 vao s6 60 va &n Enter. Nhimg 18nh sau d6 sé tinh véi gia tri ciia D 1a 60.
Chd y rang ham input cé thé dung véi cac phép toan khac gidng nhu d6i véi cac ham thang
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thuding khac, ham /nput cling chip nhan dsi vai bat cit kidu bidu didn s6 nao, vi du ta vao mot

s6la: v1908 +5.

>> example1

60
Vao khoang cach gira ngudi va ngdi nha: sqrt(1908)+5
D=

48.6807
building_height=

52.9783
£é xem nhiing tac déng cda lénh echo, ta dung ching trong script file;
echoon
function example1

% examplel.m Vi du uéc lugng chiéu cao ngbi nha
h=2
theta = 60
D = input(* Vao khoang cach gila ngudi va ngdi nha: ‘)
building_height = h + D*tan(theta*pi/180)
echo off
chay chuong trinh ta duge: _
>> example1
% example1.m Vi du udc lugng chiéu cao ngdi nha
h=2
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theta=

60
D = input(' Vao khodng cach gitra ngudi va ngdi nha: ')
Vao khoang cach giGta ngudi va ngdi nha: 60
building_height = h + D*tan(theta*pi/180)
building_height=

64.8319

echo off

Nhu ban da thdy trong trudng hap nay, lénh echo lam cho két qua khé doc hon, nhung
nguac lai lénh nd c6 thé rét ¢ ich khi g3 r8i nhiéu script file (ng dung.
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CHUONG 5
QUAN LY TEP

MATLAB cung cap mot s6 cac ham file hé théng va cac 1énh cho phép ban liét ké tén file,
xem, va xoa M_file, hién thj va thay déi thu muc chira né. Mét s6 téng két cac lénh duac dua ra
trong bang dudi day. Thém vao d6 ban c6 thé xem va sla duong dan cla MATLAB
(matlabpath). Nhimg dudng dan nay chi cho MATLAB nai chtra script file va ham M_file trong
may tinh clia ban. C6 rét nhiéu truéng hop cac ham trong MATLAB Ia cac M_file don gian dugc
chura trong 6 dia, nhung MATLAB thong bao khdng biét ham nay, nhu vay do né khéng tim duoc
dueng dan clia MATLAB, ban can phai thay d6i lai duong dan:

F—_—.w—.-—-'-w- - =~ . TR =

addpath dir1

:Céchamhe thong file S EFES
Thém thu muc dir1 vao bt ddu clia dudng dan

cd Hién thi thu muc hién thai

p =cd Gan thu muc lam viéc hién thai cho bién p

cd path Thay d8i thu muc dua ra béng dudng dan

delete test.m Xoa M_file testm

dir Danh sach tat ca céc file trong thu muc hién thai

d =dir Tra lai file trong thu muc hién théi trong c4u tric bién d

edit test MG test.m dé soan thdo, giéng nhu Open trong bang chon file

exist(‘cow’, file')

Kiém tra sy tén tai clia file cow.m trong dudng dén

exist(‘d’, dir') Kiém tra su tén tai cla thu muc d trong dudng dén

filesep Tach file nhu "\ " trong Windows95 va NT, "' trén Macintosh
fullfile Tao tén file véi duang dan day du

inmem Danh s&ch ham M_file, goi ra tir bd nhé

Is Gidng nhu dir
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MATLABrc.m MATLAB chu khdi dong script M_file, thuc hién trudc khi startup.m
MATLABroot Tra dudng dan thu muc cho chuong trinh thuc hién MATLAB

path Hién thi hoac sira dueng dan clia MATLAB (MATLABpath)
pathdef.m Ham M_file, noi ma mmatlabpath la ding

pathsep Chia duong dan cho matlabpath

pwd Giéng nhu cd

rmpath dir1 BA di thu muc dir1 tir dudng dan matlabpath

startup.m script M_file thuc hién khi MATLAB khdi dong

tempdir Tén clia thu muc tam thoi

tempname Tén cla file tam thoi

type test Hién ra M_file test.m trong ctra s lénh

what Tra lai danh sach tat ca M_file va MAT _file trong thu muc hién théi
which test Hién thi duong dan thu muc dén testm

Puong dan cla MATLAB la danh sach clia tat ca cac thu muc luu trir céc file cla
MATLAB. Hon nifa, néu ban tao mot thu muc clia M_file thi dudng dan clia né phai dugc thém
vao matlabpath, néu khong thi MATLAB khéng thé truy cap dén céc file clia ban dugc, trir khi
file d6 dat trong thu muc hién thai.

Dé& xem MATLAB st dung matlabpath nhu thé ndo, hay xem truong hop duge mé ta trong

Khi ban g >> cow, MATLAB sé& lam nhu sau:

(1) Kiém tra néu cow I& mét bién trong khong gian lam viéc clia MATLAB, néu
khéng thi... *

(2) N6 kiém tra néu cow la mot ham dugc xay dung, néu khong thi...

(3) N6 kiém tra néu mot tén M_file cow.m tén tai trong thu muc hién thai, néu
khong thi...

(4) N6 kiém tra néu cow.m tén tai bat cir noi hdo trén dueng dan clia MATLAB
bang cach tim kiém dudng dan.
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Khi nao tim thay sy phu hap thi MATLAB chap nhan né. Vi du nhu cow t8n tai nhu mot
bi€n trong khong gian 1am viéc clia MATLAB, thi MATLAB khéng dung ham hodc bién ¢é tén 13
cow. Vi vay ban tranh khong nén tao bién co tén tring véi tén ham nhu:

>>sart=1.2;
>> 5qrt(2);

Nhitng Iénh trén sé tao ra I8i, bdi vi sqrt @ day khong phai 12 ham tinh ¢an bac hai, né 12
bién cé gia tri la 1.2. Thl tuc duang dan con duge dung khi dung lénh Joad. DAu tign MATLAB
tim kigm trong thu muc hién tai, sau do né tim theo duang dan clia MATLAB dén file dir ligu.

Thuc t& thi tuc tim kiém cla MATLAB phute tap hon phéan da trinh bay @ trén rat nhiéu vi
MATLAB diing rét nhiéu file c6 phan md réng (2 “m' . Ham M_file cé thé chira nhidu hon mot
bién, thy muc trong matiabpath c6 thé ¢6 thu muc con goi la private, va MATLAB cung cdp
chuong trinh hudng déi tuang véi cac toan tlr dinh nghia (2 M_file & trong thu muc con, bt d4u
bang ki ty @. Néu tAt ¢ nhiing dac diém nay duoc cang them vao bang trén thi n6 sé day dil
han, nhung s& rat kho hiu. Néu ban muén nghién cu thém vé phan nay ¢6 thé xem cac tai lieu
cung cap trong dia CD.

NE&u ban ¢6 M_file hoac MAT file chira trong thif muc khang phai & trong dudng dan clia
MATLAB va khang & trong thu muc hién tai, MATLAB khéng thé tim thdy chung. C6 hai gidi
phéap cho vén dé nay la:

(1) Tao thu muc thiét k& thanh thu myc hién tai, ding 1énh ed hodic pwd tu trong bang
truée. -—

(2) Cong thém thur myc thist ké trong dudng din cila MATLAB .

Cudi clng no rat d& dang khi ta sir dung phuong phap duyét qua cac dudng dén (path
browser) hodc cac 1énh trong cla s8 1énh pathva addpath. B dung path browser, ta chon set
path tr bang chon file hoac nhan chudt rén nit path browser trén thanh cong cu cla clra s6
1&nh. Lam nhu vay ta sé dude man hinh giéng nhu hinh 5.1.

Giéng nhu thigt k& cac GUI, duang dan lién quan tryc tiép khi ta st dung. Budng din
matlabpath dugc hién thi & bén trai, thu muc con ndm trong dudng dan duoc chon ndm & bén
trai, con cac nat thay déi duemg dan ahu them dudng dan méi (add to path), loai bé dudng dan
(remove from path) & phia trén, D& ghi lai su thay ddi ta chon save path tr bang chon file cla
clra sé

path browser truc khi déng GUL.

Clra s6 path browser trong MATLAB 5.0 khong khac |1dm so vdi MATLAB 5.2, ch( yéu la
cac nlt thay d8i dudng dan trong MATLAB 5.2 thi n6 dt & trén dinh con & MATLAB 5.0 n6 duoc
dat & ben phai. D ghi lai su thay ddi dudng dan trong MATLAB 5.0 trudc khi déng GU ta nhén
nut save settings (hinh 5.2).
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fI' Palh Bmw;er

__ addpath.m
] binpatch.m
iC: \MA cd.m
S|e:vmar

C:\MATLABSZ\toolbox\matlab\la

C: \MATLABSZ\toolbox\matlablal .
EI C: \MATLABSZ\tooclbox\matlab\el

C: \MATLABSZ\toolbox\matlab\sp

C:\MATLABSZ\toclbox\matlab\ma
l‘\ C:\MATLABSZ\toolbox\matlab\da
| |c:\MATLABSZ\toolbox\matlabipe [}
| |c: \MATLABS2\toolbox\matlab) NE !

3|

clear.m
] compucer.m
Contencs.m
copyfile.m
dbclear.m
dbcont.m
dbdown.m

r- AMATT ADEPY = mm 1 b

@char
addpath.

ed.m
clear.m
| compute
=] Contents
=]] dbclear.r
dbcont.r
] dbdown.
dbmex.m
dbquit.m
dbstack.

il ¢ \matisb\toolbox\matiab\g C
| c:\matlab\toolbox\matlab\sp i dbstatus.

dbstap,rra

Hinh 5.2 Path browser trong MATLAB to Student

MATLAB khi khdidong °

Khi khdi dong MATLAB, né tao ra hai script M_file la matlabrc.m va startup.m, trong dé
atlabre.m di cung MATLAB, va nhin chung 1a khong dugc sira no.

Céc Iénh trong M_file tao mét cAu hinh mac dinh vé kich cd cta cira s6 va vi trf cla n6,
cing nhu cac dac diém mac dinh khac trong Windows95, WindowNT. Budng dan mac dinh
duoc tao bang cach goi script file pathdef.m tir matlabrc.m. Trong c&c phén, cac lénh trong
matlabrc.m kiém tra sy ton tai cda script M_file startup.m trong dudng dn clia MATLAB néu n6
tén tai, cac lenh trong né duac thue hién.
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Su Iita chon M_file startup.m chira c4c lénh ¢6 nhitng dac diém riéng d6i vai MATLAB. Vi
du né rat thong thudng néu ta thém mot hodc hon cac [énh path hodc addpath trong startup.m
dé chén them cc thu muc vao trong dudng dan cta MATLAB. Ging nhu vay, mic dinh hién thi
khuén dang s6 c6 thé thay ddi duge nhu format compact. N&u ban ¢é man hinh can bang xam,
{enh graymon s& c6 ich khi tao mac dinh 4 hoa cho ¢hé do nay. Hon nita, néu ban vé 34 thj c6
cac kiu mac dinh rieng thi mot su goi 161 colordef cb thé xuat hién trong startup.m. Khi
startup.m |a mot file chuan trong script M_file, thi khéng mét lénh nao ¢6 thé thay thé duac trong
nd. Tuy nhién ta c6 thé thay th& (8nh quit trong startup.m,



CHUGNG 6

CAC PHEP TOAN DOI VOI MANG

T4t ¢a moi sy tinh toan déu cé mot diém chung |a ¢6 s dung dén.cac dai lugng vo hudng,
goi 1a scalars. Phép toan ¢6 lién quan dén scalars ia cac phép toan co ban, nhung mét luc nao
db, phép toan phai 1ap lai nhiéu Ian khi tinh trén nhiéu s6. D& giai quyét vin dé nay, MATLAB
dinh nghta thao tac trén mang dir ligu.

6.1 Mang don

Gia sif ta xét ham y = sin(x) trong mét nra chu ky (1t > x > 0) trong khoang nay s6 diém
@i tri cGa x 1a vo tan, nhung ta chi xét nhitng diém cach nhau mot khodng gia tri la 0.17 nhy
vay s6 cAc gia tri ca x 1a d8m duoc. Tir 86 ta cd mang céc gia tri clia x a:

x=0,01m,0.2®,...

N&U ta ding méy tinh ky thuat dé tinh thi ta dugc tuong (g cac gia tri cda y, tir do ta co

mang cuay;
X 0 0.17:[027: 0.3n 0.4n\0.57t 0.6m | 0.7 | 0.8n | Q.9 ]

T
|y | o Jos1|ose]ost]oss| 10 [ 095 osr | oso|o03t] o |

trong mang x chita ca¢ phan il x1, x2, ..., x11

trong méng y chira cae phan tiry1, y2, ..., y11

Trong MATLAB dé€ tao nhilng méng nay rat don gian; vi du dé tao hai mang trén ta danh
céc 1enh sau vao diu nhac clia MATLAB:

>> x=[0 .1"pi .2*pi .3"pi .4"pi .5"pi .6"pi .7"pi .B™pi .9*pi pi]
x=
Columns 1 through 7
¢ 03142 08283 09425 12866 1.5708 1.8850

45



Coiumns & througn 11
21981 25133 28274 31418
>>y = sin(x)
y=
Columns 1 through 7
0 03090 05878 0.8090 0.9511 1.0000 0.9511
Columns 8 through 11
0.8090  0.5878 0.3090 0.0000

Két qua trén ta dugc mang clia y gdm cac phan tir tuong Gng la sine chia cic phan tu
clia x, & day MATLAB ngam hiéu la ta tinh sine c{ia ting phén t cla x.

Dé tao mang, ta dat c4¢ phan tf cla mang vao gitta hai d&y ngodc vudng "[...]"; gia hai

phan tlr clia mang cé thé 13 déu cach hodc dau phay ",

6.2 Bia chi cia mang
Tréen mang x ¢6 1 hang, 11 cot hay ¢é thé goi la vector hang, mng ¢ 46 dai 11

+) Dé truy nhap dén cac phan tit clia mang ta ding cac chi s& thir tyf clia phén tir do trong
mang

vi du x(1} 1a phan tif thir nhat cta mang, x(2) 1a phan t{r thtr hai cda mang...
>> x{2) % phan t thl nhat clia mang
ans=
0.3142
>> y(5) % phan t{f thir 5 cia mang
ans=
0.9511

+) D& truy nhap dén nhiéu phan tir clia mang, vi dy ia truy nhap tr phan tir tha nhat Gén
phan tr thit nam clia mang x:

>> x(1:5)
ans=

0 03142 06283 0.9425 12566
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Truy nhap tUr pnan tu thu / dén phan (& cuéi cua mang y:
>> y(7:end)
ans=
09511 0.8090 05878 0.3080 0.0000
Truy nhap tr phan t0 thir ba d€n phan t thir nhét cda mang y:
5> y(3:-1:1)
ans=
0.5878 0.30%0 O

Trong Vi du trén 3 12 phan tir thir 3, 1 1a chi phan 10 dau tién, con -1 1a gia i cong (vi tri
phén tir say bang v trf phan tr trude cong vai -1)

Truy nhap dén cac phan tif trong khoang tu phan tir thir 2, dén phén 1 tht 7, vi tri cla
phén t sau béng vi tri ctia phan tir trude cong véi 2, clla mang x:

>>x(2:2:7)
ans=
0.3142 0.9425 1.5708
Tao mang gom cac phan tir thir 1, 2, 8, 9 clia mang y:
>>y([8291))
ans=
0.80%0 03090 0.5878 O

Néu ta truy nhap vao cac phén tf cia mang ma thi ty cc phan tir tang déu véi 1, ta cb
thé danh lénh:

>> x(13)
Tans=
0 03142 06283 °

6.3 C4u triic ctia mang

Véi mang co sd lugng phén tir it thi ta c6 thé nhap vao tryc tiép, nhung véi mang co s6
lugng (6n céc phan t thi ta dung mét trong hai cach sau:

+) Tao mot mang b3t dau 1a phan tir 0, sau bang phén ti trudc cdng véi 0.1, phan tr cudi
& 1, tAt ca cac phan bl clia mang duoc nhan vai
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>> x= (0. 1) p
X=
Columns 1 through 7
0 03142 06283 09425 12566 1.5708 1.8850
Columns 8 through 11
21991 25133 28274 31416
+) Tao mang gdm cac phén tir clia x biing ham Jinspace. Cu phép clia ham nay nhu sau:
linspace(gia tri phan t&r dau, gia tri phan t cuéi, s& cac phan ti)
Vidu
>> x = linspace(0.pi,11)
X=
Colurnns 1 through 7
0 03142 06283 09425 12566 15708 1.8850
Columns 8 through 11
21891 25133 28274 3.1416

Céch thir nhat gitp ta tao mang ma chi can vao khoang cach gia tri gitta cac phan tir

(khéng can bigt s8 phan tlr), con cach thd hai ta chi can vao s6 phan tlr clia mang (khéng can
biét khodng cach gia tri gilra cac phan t).

Ngoai cac mang trén, MATLAB con cung cap mang khéng gian theo logarithm bang ham

logspace. Cl phap clia ham Jogspace nhtt sau:
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logspace(sd m dau, s8 mi cudi, s6 phan t(r)
Vidu
>> logspace(0,2,11) .
ans=
Columns 1 through 7
1.0000 1.5849 25119 3.9811 6.3096 10.0000 15.8489

Columns 8 though 11
25.1189 39.8107 63.0957 100.0000

Tao mang, gia tri bat dAu tat 10°, gia tri cudi 1a 10°, chira 11 gia tri.



Cac mang trén la cac mang ma cac phan tir cla nd dudc tao lén theo mot quy luat nhat
dinh. Nhing déi khi mang dugc yéu cau ma khong thé tao cac phan tr bang cac phuang phap
trén, knong co mot mau chuan nao dé tao cac mang nay. Truang hap d6 ta cb thé tao mang
bang cach vao nhiéu phan tIr cung mat lac.

Vidu
>>a=15b=129

>>¢=[ab)
Tt 2 3 4 5 1 3 8 7 9

0 vi du trén ta da tao hai méng thanh phan |a a va b sau dé tao méang ¢ bang cach ghép
hai mang a va b.

Ta ciing c6 thé tao mang nhu sau:
>> d=[a(1:2:5) 1 0 1]
d=

1 3 58 1 0 1

ala mang gém cac phan tir (1 3 5], méng @ la mang gém céc phén tlr clia a va ghép thém
cacphantit[1 0 1]

Tom lai ta ¢6 bang cau tric cac mang ca ban:

x={ 2 2*pi sqri(2) 2-3} | Tao vector hang x chita cac phan 1 ddc biét.

x= first : last Tao vector hang x bat dau tai first, phan t sau bang phan tlr
trude £ong véi 1, két thac 1a phén tr co gia tri bang hoac nhd
hon last .

x= first : increment : last Tao vector hang x bét dau tal fist, gia tri cong la increment, két

thic 14 phan tir ¢o gia tri bang hoac nhd hon last.

x= linspace(fist, last, n) Tao vector hang x bat dau tai first, k&t thic 1a last, c6 n phan .

x= logspace(first, last, n) Tao vector hang khong gian logarithm x bat dau tai 10™, két
thic tai 10!, co n phan td.
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6.4 Vector hang va vector cét

Trong cac vi du trudc, mang chira mét hang va nhiéu cot, ngudi ta thirang goi (& vector
hang. Ngoai ra ta con cd mang la vector cét. tic (4 mang c6 mét cot va nhiéu hang, trong truong
hap nay tt ¢& moi thao tac va tinh toan ddi v&i mang nhu & trén [a khang thay d8i.

T cac ham tao mang minh hoa @ phan trude (tit ca déu tao vector hang), co nhiéu cach
dé tao vector cot. Mot cach tryc tiép é tao vector cét 1 vao timg phan t&r cda mang nhws vi du
sau: ‘

>> ¢ ={1:2:3,4,5]

C:

[ B N X B S

Khac véi ins6c 1a ta dung dau cach hay ddu phdy dé phan cach giita hai cot clia vector
hang. Con & vi du nay ta ding dau chdm phdy d8 phan cach gidta hai hang cia vector cot.

Mat cach khac 8 tao cac vector cét 1a ding cac ham /inspace, logspace, hay tir cac
vector hang, sau d6 dung phuong phép chuyén vi. MATLAB ding toan tir chuyén vi 13 (') dé
chuyén tif vector hang thanh vector cot va nguac fat.

Vi du tac mot vector a va vector b 13 chuyén vi clia vector a, vector ¢ la chuyén vi clia
vector b:

>>a= 15
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12 3 4 5

Ngoai ra MATLAB con sir dung toan tIr chuyén véi dau chiam déang trudc (') (toan tr
chuyén vi cham). Toan tr nay chi khac vai toan tir chuyén vi (') khi cac phan i cia mang 1a s6
phirc, tde 1a tir mot vector ngudn vdi cac phan (r la s6 phire, toan tlr (') tao ra vector phuc lién
hap chuyén vi, con toan tir (") chi tao ra vector chuyan vi.

Vi du sau day sé [am r6 diéu trén:

>c=a' % Tao vector ¢ tir vector a & trén bing toan tr chuyén vi cham
c=

1

2

3

4

5

>>d=a+i'a % Tao vector s6 phic d tir vector a

d=

Columns 1 though 4

1.0000+1.0000i 2.0000+2.0000i 3.0000+3.0000i 4.0000+4.0000i

Columns 5

5.0000+5.0000i
>>e=d. % Tao vector e tir vector d bang toan tr chuyén vi cham (')
e:

1.0000 + 1.0000i
2.0000 + 2.0000i
3.0000 + 3.0000i
4.0000 + 4.0000i
5.0000 + 5.0000i

>>f=¢ % Tao ra vector f tir vector d bang toan tir chuyén vi ()
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1.0000 - 1.0000i
2.0000 - 2.0000i
3.0000 - 3.0000i
4.0000 - 4.0000i
5.0000 - 5.0000i

{ trén ta chi xét dén mang co mét hang hay mét cot bay gios ta xét truong hap ¢6 nhiéu
hang va nhiéu cdt, né con duac goi la ma tran. Vi du sau day la ma tran g c6 hai hang va bon
cot.

>>g=[1234,5678]

g:

12 3 4
5 6 7 8

Trong vi du nay ta dung dau cach dé vao cac phan tir trong hang va ddu cham phay (;) dé
{ao hai hang; ngoai ra ta ciing co thé tao ma tran nhu sau:

>>q=[1234
5678
910 11 12

g=

12 3 4
5 6 7 8
9 10 11 12

Chu y: Khi nhap vao ma tran thi gia cac hang sé phén tIr phai bang nhau néu khong
chuong trinh sé bi bao 18i nhu vi du sau:

>h=[1234567)
Numbers of elements in each row must be the same
+) Phép toan gilra mang vdi so dan.

Trong vi du trudc ching ta da tao mang x bang cach nhan cac phan & clia mAt mang véi
. C&4c phép toan don gian khac gitta mang vai s6 don la phép cong, phép i, phép nhén, va
phép chia clia mang cho 58 dé bang cach thyc hién phép toan déi véi titng phan tr clia mang.

52



Vi du:
>>g=[12345678 91011 12];

>> -2 % Tel cac phén tr cha mang g di 2
ans=
10 1 2
3 4 5 6
78 9 10
>>2'g- 1 % Nhan tat ¢ cac phan tr cha mang g vai 2 sau 6 trir di 4
ans=
1.3 8§ 17
9 11 13 15
1719 29 23

+) Phép toan gita mang véi mang

Thuét toan thyc hién phép toan gira cac mang khang phai don gian nhu trén ma né con
bi rang bude bdi cac diéu kién khac nhu d6i véi hai mang kich ¢& nhu nhau thi ta co cdc phép
toan sau: phép cong, phép trir, phép nhan, chia tuong ing gia cac phan tir cla cla hai mang.

Vidu

>> g % Goi lai mang ¢

-

12 3 4

56 7 8

g 10 11 12
>>h=[1111;2222;3333]% Tao mot ming méi h.
h=

11 1 1

2 2 2 2

3 03 3 3

>> h + g % Cong hai ma trdn g va h (cong tuong tng tung phan ti ctia h véi g)
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ans=

2 3 4 5
7 8 9 10
12 13 14 15

>>ans-h % Lay két qua trudc trir di mang h, ta dugc lai mang g.

ans=
12 3 4
5 6 7 8
9 10 11 12

>>2'g-h % Nhanma trdn g vdi 2 sau d6 |3y két qua trir di ma tran h.

1 3 5 7

8 10 12 14

15 17 19 21
>>qg.*h % Nhan tuor;g {ng cac phan t(r cia mang g vdi cac phan tlr clia mang h
ans=

1 2 3 4

10 12 14 16

27 30 33 36
O vi du trén ta da dung todn tr cham_nhan (.*), ngoai ra MATLAB con dung toan tr

cham_chia (./ hoac .\) dé chia tuong ing cac phan tlr cda hai mang nhu vi du dudi day:

>>g./h % Chia phai tuang Ung cac phan tr ctia mang g véi cac phan tr cia mang h
ans=

1.0000 2.0000 3.0000 4.0000

25000 3.0000 3.5000 4.0000

3.0000 3.3333 3.6667 4.0000
>>hig % Chia trai tuong Ung cac phan tir cia mang g véi cac phan tir cia mang h
ans=



10000 20000 3.0000 4.0000
25000 3.0000 3.5000 4.0000
3.0000 33333 3.6667 4.0000

Chu y ta chi ¢6 thé ding phép ahan_chdm hay phép chia_cham d6i vdi cac mang g'va h
ma khong thé ding phép nhan (*) hay phép chia (/ hodc \) vi A8 véi cac phép toan ndy yéu ciu
s6 cOt va s@ hang cla hai ma trin phai tuong thich.

vi du:
>>g*h
272 Error using ==> *
Inner matrix dimensions must agree.
>> glh
Warning: Rank deficient, rank = 1 tol = 503291e-15.

ans=
0 0 08333
0 0 21667
0 0 3.5000
>> hig

Warning; Rank dificient, rank = 2 tol = 1.8757e-14.
ans=

-0.1250 0 0.1250

-0.2500 0  0.2500

-0.3750 0 0.3750

Phép chia ma tran dua ra k&t qua ma khong can thiét phai cung kich ¢d nhur ma trén g va
ma tran h. V& cac phép toan déi vai ma tran ching ta sé noi dén sau

+) Mang vdi luy thura,
MATLAB ding toan t(r () d& dinh nghia luy thira clia méang.

Vi dy ta c6 hai mang g va h nhu & trén, ta c6 thé tao cac mang mdi bang toan tlr (A)
nhu sau;

>>g.42 % Céc phan tir clia g duoc luy thira véi s6 ma 1a 2.
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ans=

1 4 9 16

25 36 49 64

81 100 121 144
>>g.M1 % Céc phan tlr clia g dugc |uy thira véi sé mi 1a -1.
ans=

1 0.5 0.33333 0.25

0.2 0.16667 0.14286 0.125

0.11111 041 0.090909 0.083333
>>2.Ag % Cac phan tlr clia g 1a s6 mi clia 2.
ans=

2 4 8 16

25 36 49 64

729 1000 1331 1728
>>gAMh-1) % Cac phan tir clia g dugc luy thira véi sé md la tuong Ung
cac phan tir clia h trir di 1.
ans=

11 1

5 6 7 8

81 100 121 144
Sau day la bang mét s6 phép toan co ban clia mang:

.w:_r"‘-. ot

D liéu minh hoa: a = [a, @, ... 8, , b = [b; b, ... b] , ¢ & s6 v6 hudng
Cong vai s6 don atc = [a; +c a, +C ... a,+c]
Nhan vai s6 don a'c=[a,*ca,"c...a,'c]
Cong mang atb =[a,+by a,+b; ... a,+b, ]
Nhan mang a.*b=[a,"b, a,'b; ... a,'b, ]
Chia phai mang a/b=[a/b;a)ib,..a/b,]

56



Chia trai mang a\b=[a\b.a\b,..a\b,]

a’c=[a*carc.. ac]

Luy thua mang cha=|cha cha, .. cha, ]

a."b=[a, b, a,"b, ... a;"b, ]

6.5 Mang ¢6 céc phan tir1a 0 hoac 1
MATLAB cung cap nhiing ham dé tao nhitng mang ma cac phan ttr cia chang 14 0 hoac 1,
Vidu:

>>ones(3) % Tao mang 3 hang, 3 ¢ot vai cac phan tirla 1.

ans=
11 1
1 1 1
LI I

>> 7er0s(2,5) % Tao mang 2 hang, 5 ¢ot vdi cac phan tir a 0,
ans=

o 0 0 0 0

0O ¢ 0 0 0
Tao mang cb cac phan 1 13 1, kich c@ bang mang g da biét.

>> size(g) % Ham tra vé kich ¢ clia mang g.

ans=
J 4
>> ones(size(g})
ans= X
1T 1 1 1
1 1 1 1
1 1 1 1

Khi goi ham ones(n), zeros(n) vdi modt thong so n thi MATLAB sé tao mang vuéng véi sé
hang va s6 ¢cot 1a n. Khi goi ham vai hai théng s6 ones(r,¢), zeos(r,c)thir 1 chi s6 hang, c 1a
chi s6 cot.
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6.6 Thao tac doi vai mang

T cac mang va cic ma tran co bdn cla MATLAB, co nhiéu cach & thao tac d6i véi
ching. MATLAB cung c&p nhirng céch tién ich 6é chen vao, 1y ra, sép sép lai nhimg bd phén
1 con clia chung bang cac chi s6 clia cac phén tir. Vi du duéi day s& minh hoa nhing dAc diém
thao tac doi v mang va ma tran & trén.

>>A={123456,789

A=
12 3
4 5 6
7 8 9
>>A(33)=0 % Gan phén tir hang thir 3, cot thi 3 bang 0.
1 2 3
4 5 6
7 8 0
>> A(2,6) =1 % Gén phan tr hang thir 2, cot thir 6 bAng 1.

1 2 3 0 0 O
4 5 6 0 0 1
7 8 0 0 0 O

o) day ma tran A khong c6 6 cot, kich c@ clia ma tran A phai tang Ién cho phu hop, cac
phan t tang thém dugc dién bang cac con s6 khéng.

>> A(,4) =4 % Gan tit ca cac phén tr thudc cot thir 4 bang 4.
A=

7 8 0 4 0 0
0 trén ta dung dau hai cham (:) & chi tht ca cac hang.
>>A={123,456;7 8 9] % Gan lai cac gia tri clia ma trdn A.

>> B = A(3:-1:1,1:3) % Tao ma tran B bang cach ddo nguac c4c hang clia ma tran A.
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7 8 9
4 5 6
1 2 3

>>B=A(3:-1:1,)) % Clng tac ma tran B nhu trén
% nhung & day ta dung () dé chi tat ca céc cot.

B=
7 8 9
4 5 6
12 3

>> C=[AB([13])] % Tao ma tran C bang cach ghép ma tran A va

% ¢Ot thur nhat, thir ba cia ma tran B vao bén phai ma tran A.

C=
12 3 7 9
4 S 6 4
7 8 9 1
>>C=[13]
C=
13
>>B = A(C,C) % Dung ma tran C lam chi s6 dé tao ma tran B Tir ma tran A
B=
103
7 9
>> B= A()) Ty Tao ma tran ¢4t B tir ma tran A.
B=
1
4
7
2
5
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>>®=B' % Chuyén ma tran B thanh ma tran hang bing ton tr chuyén vi chim.
B=

>>B=A

>>B(,2)=]] % Loaibd cot thir hai clia ma tran B.

Khi ta gan cét thi hai cia ma tran B cho ma tran rong ([]) thi n6 sé bi xoa, ma tran con lai
sé& rat bo di hang thi hai.

>>B=B'
B=
Tt 4 7
3 6 9
>>B(2,) =[]
B=
147

A=
2 3
1 4 7
7 8 8

>B=A([2222)
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2 2 2 2
4 4 4 4
8 8 8 8

Tao ma tran B bang cach tao b&n cot gidng cét thit hai cla ma tran A, s hang van gid
nguyén bang s6 hang clia ma tran A.

>>AR22)= ]
777 Indexed empty matrix assignment is not allowed.

3 day MATLAB khong cho phép xoa di mot phan tr clia ma tran ma phai xoa di mot cot
hoac mét hang.

>> 8= A®4,)

777 Index exeeds matrix dimension.

Vi du trén ma tran A khong c6 bon hang, nén MATLAB thong bao nhu trén.
>>B(1:2,) = A

?7? In an assignment A(matrix, ;) = B, the number of columns in A and B must be the
same.

MATLAB chi ra rang ban khong thé gan mot ma tran vao trong mét ma tran khac ma khac
nhau vé kich c8.

>>B=[147]
>> B(3:4,) = A(2:3,)
B=
1 4
0 0
1 4
7 8 9

~N o 9~
4

Nhung ta c6 thé gan hai hang clia ma tran A cho hai hang clia ma tran B, khi ma tran A va
ma tran B c6 cung s6 cot. Ma tran B chi cd mét hang nén khi thém hang thd ba va hang tha tu
thi hang th¢ hai ca ma tran B ducc mic dinh cho thém cac phan tlr 0 vao.

>> G(1:8) = A(:2:3)
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2 4 8 3 7 9

T phén t thir nhit dén phan t tha sau cla ma tran G dudc gan bang cot thir hai va cot
tht ba cda ma tran A.

Péi khi @€ tién Ioi hon ta chi ding chi sé don @& truy nhap dén cac phan tr cda mang. Khi
chi s6 don duac dung trong MATLAB thi thi ty cac phan tir clia mang duac tinh b3t dau tur phan
tir dau tién cla cot, tinh hét cot thi tinh dén cot tisp theo,

Vi du:
>>D=[12345678910 11 12]
D=

1 2 3 4

5 6 7 8

9 10 11 12
>> D(2) % Phan t(t th(r hai clia mang.
ans=

5
>> D(5) % Phén t& thtr nam clia mang (cét 2, hang 2).
ans=

6

>> D{end) % Phan tr cudi cung ctia mang.
ans=
12
>>D(4:7) % Tir phan td ther tu d&n phan tir thir by clia ma tran.
ans=
2 6 10 3

Ngoai truang hap dung dia chi dua trén bang chi s6, ching ta con ¢6 thé ding dia chi dya
trén mang logic_la két qua tir cac phép toan logic. Néu kich cd clia mang logic can bang véi
mang tao ra né thi d6 chinh Ia dia chi ciia mang. Trong trudng hap nay thi phan t True (1) duge
gir lai va phan tir False (0) bi bo di.
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>>x=-3:3 % Tao mang di liéu.

X=
3 -2 10 1 2 3

>> abs(x)>1

ans=

11 0 0 0 1 1
Tra vé modt mang logic v4i gia tri mot tai nhimg phan tir ¢6 tri tuyét ddi lon hon mét.
>>y = x(abs(x)>1)
y=

302 2 3
Tao mang y bang cach I3y nhitng phan tlr clia x ma cb tri tuyét ddi lon hon mot.
>>y=x([1100011))
7?2 Index into matrix is negative or zera. See release notes cn

changes to logical indices

Cau lénh bi 16i mac du abs(x)>1 va (1 1000 1 1) cing 1& vector nhu nhau. Trong trudng
hop nay, (11000 1 1} la mdt mang s6, khong phai la mang logic. Vi vay MATLAB ¢6 danh dia
chi cac phan tlr c6 s6 chi s§ trong mang (1 100 0 1 1] va cau Iénh bi I8i vi khong ¢ phan tir 0.
Tuy nhién MATLAB cung c&p ham /ogicaldé chuyén déi tir mang s6 sang mang logic

>>y = x{logical({1 1000 1 1)))
y:
302 2 3

mang logic 1am viéc véi ma tran cling nhu [a déi véi vector:

>>B = [5-3; 2 4]
B=

5 -3

2 4

>> x = abs(B)>2

63



11

0 0
>>y =B(x)

5

-3

4

Tuy nhién két qua duac chuyén thanh vector cot vi khong cach nao dé dinh nghia ma tran
chi co ba phan .

A(r, c) Dia chi mot mang con trong mang A, dinh nghia bang cac chi s6 vector clia hang
thiét ké trong r, chi s6 vector clia cot thiét ké trong c.

A(r, ;) Dia chi mét mang con trong mang A, dinh nghia banh céc chi sd vector clia hang
thiét ké trong r, va tat ca cac cot clia A.

A(:, c) Dia chi mét mang con trong mang A, dinh nghia bang tat ca cac hang clia A, chi s6
vector clia cot dugc thiét ké trong c.

A(:) Dia chi tat ca cac phan tlr clia A nhu mot vector cdt, bang cach ghép thar tu cac cot
clia vector A.

A(i) Bia chi mét mang con trong mang A, dinh nghfa bang céc chi s6 vector don dugc thiét
ke trong i, vdi gia st A 1a vector cot.

A(x) Dia chi mot méang con trong mang A, dinh nghia bdi méang logic x. x phai cung kich cd
vai A,

6.7 Tim ki€ém méang con

Nhiéu khi ching ta muén biét cac chi sd hay danh séach cac chi so cla nhitng phén tir clia
mot mang ma né thod man mot bidu thirc quan hé, trong MATLAB dé thuc hién viéc do ta sir
dung ham find, ham nay tra vé danh sach con chi sé tai nhimg phan tir ma biéu thirc quan hée
cua chang la dung:

>>x=-33

X=

3 2 4140 1 2 3



>> k = find{abs(x)>1)

k=
t 2 6 7
tim nhing chi s& tai nhitng vi tri ma tai dé abs(x)>1
y = x(k)
y=
3.2 2 3

Tao mang y, dung cac chi s6 trong mang k.
Ham find cang c6 thé st dung trong ma tran;
>>A=[123,456,789]

A=
t 2 3
4 5 6
7 8 9

>> i j] = find(A>5)

—_ w NN W W

w W N

O day i 1a chl s6 hang, con 12 chi 6 cOt: gida i va j c6 m&i quan hé tuong img d8 chi
nh{mg vi tri ma tai d6 biéy thite quan he la ding.

Cha y: khi MATLAB tra lai hai hodc nhiéu bign, chiing dugc dat trong diu nguac vuong, va
duac dat bén trai dau bang. Cu phap nay khac vai cu phap thao tac d6i vai mang & trén, khi ma
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[i,j] dugc dat bén phai dau bang, va no xay dung lén mot mang ma j dudc két néi vao bén phai
dau bang.

Bang tom tat dang lénh cda phan tim kiém mang:

R S

;; -nm klém méng’ R "‘ T x

i = find(x) Tra lai cac chi s6 clia mang x nai ma cac phan tir clia né khac khong

Tra lai chi s6 hang va chi s6 cot cia mang x nai ma cac phan tlr clia nd

[re)=fndlx) | e khong.

6.8 So sanh mang
Chung ta c6 thé dung ham /sequalso sanh hai mang. Thi du:
>>A=[123,456,789]

A=
1 4 7
2 5 8
3 6 9
>>B = AX-1).M
B=
4 4 7
2 5 8
3 6 -9

>> C = 1:9 % Tao mang cé cung gia tri vdi A nhung co khudn dang khac.
12 3 4 5 6 7 8 9

>> isequal(A,C) -

ans=
0

>> isequal(A,B)

ans=

0
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>> jsequal(AA)
ans=

1
>> isequal(C,C")
ans=

0

Ham isequal tra a1 gia tn logic 4 dung (1) khi hai mang co cung kich ¢@, cac phan tit
g16ng nhau. Ngoai ra né tra lai gia tn la sai (0).

Thém vao do. ham ismemberchi ra cac phan tlr gidng nhau gitra hai mang:
>> ismember(A.B) % Két qua tra vé 1a vector cot

ans=

1
0
>> ismember(A,B)

ans=
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1
1
1

ismembertra 1ai gia tri dung cho nhing chi s6 & trong A ma phan tr nay cling ¢6 d trong
ddi s6 thir hal. Hai d6i s6 khéng can cé cing kich ¢3.

>> x = 0:2:20 % mang véi 11 phan t.
X=

0 2 4 6 8 10 12 14 16 18 20
>> ismember(x,A)
ans=

o ¢+ 191 1 0 0 0 0 0 O
day la mang c6 cung kich cd vdi x, vdi 1 tai cac phan & chung.
>> ismember(x,A)

ans=

1
0

Pay 14 mang c6 s6 phan tlr bang s6 phan tir cla A, vdi 1 tai cac phan tlr chung. Vi vay
ismember so sanh d6i s6 thir nhat cda nbd véi 86i s6 thd hai va tra lai mot vector co cung s8
phan tir v6i d6i s6 th nhat,

Nhirng ham tao khéc trong thu vién MATLAB:

>> union{A,B) % Tat ca cac phan tir cb trong hai mang.
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ans=

>> intersect(A,B)

ans=

>> setdiff(A,B)

ans=

O ~N G U A~ W P

9

2
4
6

8

0O ~N O W

% Phan ti chung clia hai mang.

% Cac phan tir ¢6 trong A nhung khéng ¢é trong B.
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>> setxor(A,B) % Cac phan t khong thuoc phan chung gitra A va B.

ans=
9
b

‘_ n Ava B giong na o
ismember(A, B) Dung khi phén tir clia A cling |4 phén t clia B.
intersect(A, B) Cac phan tir chung gira A va B.
setdiff(A, B) Cac phan tir co trong A ma khéng co trong B.
setxor(A, B) Céc phén tir khong thudc phan chung gira A va B.
union(A, B) ) Tat ca céc phan tir co trong A va B.
6.9 Kich ¢ ctia mang

Phan trudc chung ta da biét lénh who cung cap tén bién do ngudi dung dinh nghia. Trong
trudng hop cla mang, nd con rét qlian trong khi biét kich cd clia mang. Trong MATLAB, lénh
whos cung cap nhimg thong tin nay:

>> whos

Name size Bytes  Class

A 3x3 72 double array

B 1x3 24 double array

ans 1x4 32 double array (logical)
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Grand total is 16 elements using 128 bytes

Thém vao d6 dé danh s6 va kich ¢ clia bién, whos hién thi tdng s6 bytes da chiém, va
class clia cac bién. Viduy, & théng tin dé cap trén, ans |a mang logic.

Trong nhimg trudng hop ma kich cd clia ma tran hoac, cla vector khong duoc biét nhung
né can thiét cho mét s6 céc thao tac, MATLAB cung cap hai ham Ung dung la sizeva length -

>>A={1234;,5678
>> g = size(A)
5=

2 4

V@i mét thong s ra, ham size tra lai mét vector hang trong do co hai phan tlr, phan to thi
nhat (a chi s6 hang, con phan tlf thi hai chi s6 cot.

>> [r,¢] = size(A)

=

4

Vi hai thong s6 dua ra, ham size tra fai s6 hang @ trong bién thir nhat, va s6 cot d trong
bién thir hai.

>> 1 =size(A1)
r=
2
>> ¢ = size(A,2)
Goi hai thong s4, ham size chi tra vé s cot hodc 3 hang.
>> length(A)
ans=
4
Tra vé gia tri s6 hang hoac s6 cot, gia tri nac 1dn hon dugc tra vé.
>> B = pi:0.01:27pi;

>> size(B)
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ans=
1 315
Cho biét rang B Ia vector hang, va
>> length(B)
ans=
315
tra lai do dai clia vector.
>> size([])
chi ra rang ma tran réng khéng co kich ca.
Nhing khai niém nay duac téng két trong bang dudi day:

A = T T T

o Hién th bién, ma t6n tai trong khong gian Iam viéc va kich c3
ctia chling.

s =sizelAl T1ré I?i vgct.or hang s, mé phan t&r thir nhat 1a s6 hang cla A, phan
tlr thir hai la sé cot clia A.

[r,c]=size(A) Tra lai hai s6 vé hudng r, ¢ chita s6 hang va s cot cia A.

r=size(A, 1) Tra lai s6 hang clia A trong bién r.

¢ = size(A, 2) Tra lai s6 cot clia A trong bién c.

n = length(A) Tra lai max(size(A)) trong bién n khi A khong réng.

6.10 Mang nhiéu chiéu

Daéi vai cac MATLAB versions trude 5.0, mén'g chi ¢6 thé co moét hoac hai chiéu. Tur
MATLAB 5.0 tré Ién thi s6 chiéu clia mang da tang lén. Vi du:

>>a=[10;01]
N .
10
0 1
>>b=[2222
b=
2 2
2 2
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>>¢=[03;30]
c=

0 3

3 0
>>d=cat(3ab.c)

10

0 1
d(:,:,2)=

2 2

2 2
d(:,:,3)=

0 3

3 0
>> size(d)
ans=

2 2 3

Tao cac mang hai chiéu a, b, ¢, sau dé ghép ching lai véi nhau thanh mang ba chiéu bang
cach sir dung ham cat. Nhu vay mang d la mang co hai hang, hai cot, va ba trang. Mang a tao
trang thir nhat, b Ia trang tha hai, va ¢ 1a trang tha ba. Thong s trang dién ta chiéu thir ba cla
mang, cung cap mot cach hinh dung vé méang ba chiéu nhu mang hai chiéu, cac trang xép thir
tu tr mot cho dén cudi nhu trong mot quyén sach. DGi véi cac mang cb so chiéu cao han, khong
co tén chung, va n cling rét khé tuéng tuong!

Thao tac véi mang nhiéu chiéu cling giéng nhu cac thd tuc dua ra & trén d6i Vi mang mot
chiéu va hai chiéu. Ngoai ra MATLAB con cung cdp mét s6 ham thao tac tryc tiép d6i véi mang
nhiéu chiéu:

Cac ham vdi mang nhiéu chiéu

Cho n_s chiéu cla A, tra vévctor hang s w?i n phén
tlr, phén tir thir i 1a kich c@ chiéu thir i clia mang A

ndims(A) S4 chiéu clia A, tuong tu nhu ham length(size(A))

permute(A, order) | n_sd chiéu, tuong duong véi toan tlr chuyén vi cham.

s = size(A)

73



ipermute(A. order) | Nguoc vai ham permute(A, order)

shiftdim(A. n} Thay d6i s6 chiéu ciia mang A bang s6 nquyén n.

Tra lai s6 chiéu duy nhat cia mang, tuang duang vai tra

eze(A { chid
squeeze(A) lal s6 chiéu Idn hon ba.

Vi du: Su suy giam do phan ra ding mang

Van dé: Phan t{ polonium co chu ky phan ra la 140 ngay, co nghia 1a do sy phan ra ma
khéi fugng clia polonium chi con fai 1/ 2 so véi khéi lugng ban dau sau 140 ngay. Gia sir ban
dau ta c6 10 gam polonium, nd sé con lai bao nhiéu sau mbi tudn trong vong mudi tuan?

Gigi phap: Ta slt dung phuong phap gidi trong chuang 2, khéi luong con lai sau mét
khoang thai gian la:

khoi luang con lai = khoi luong ban dau . (0.5)e 9am chuky
D4 giai bai toan nay, gai phap clia MATLASB (a:

>> initial_amount = 10; % Khdi luong chat pelonium ban dau

>> half_life = 140; % Chu ky phanra
>> time = 7:7.70 % Két thic cta cac tuan
time=

7 14 21 28 35 42 43 56 63 70
>> amount_left = initial_amount*0.5 A(time/ half_life)
amount_left=
Columns 1 through 7
9.6594 93303 9.0125 87055 8.4090 81225 78458
Columns 8 through 10°
75786 7.3204 7.0711

Dang toan tir mang lam cho né tinh cac gia tri mét cach dan gian hon khi nhan nhiéu gia tr]
cha mét bién.Chu y rang nhan cham (.*) duac st dung vi ching ta muén luy thira 0.5 1én d8i voi
méi phan tir cia mang. Nhimg dir liéu nay dugc biéu dién trong MATLAB nhu hinh 6.1:

>> plot(time/7, amount_left)

>> xlabel('Week number’), ylabel{'Amount of Polonium left')
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o

85F

Amount al Polonium Left

75+

2 4 6 8 10
Week Number

Hinh 6.1 S6 Polonium ¢én lai sau tung tuan

Vi du: Tim kiém giai phap st dung vectors

Van dé:“Van dé cla tuan” trong truang cap hai la tim mot s8 nhd hon 100 ma chia hét
cho 7, nhung con du lai 1 khi chiacho 2, 3, 4, 5, v4 6.

Gidi phdp: Khong co mét giai phap phan tich ndo cho van dé nay ca, vi vay ching ta phai
giai bang phuong phép tim kiém. Néu ban bat dau véi tat ca cac s6 la boi s6 clia 7 va nhd han
1000, con cac s6 khac thi khong xét dén, ban sé xay dung dugc mét giai phap. Trong MATLAB
giai phap dugc dua ra trong script file la:

function pow

% pow.m script file to solve problem of the week

n=7:7:1000 % all muitiptes of 7 less than 1000

number=length(n)
n{rem(n,2)~=1)=(];
number=length(n)
nirem(n,3)~=1)=[}
number=length(n)
n(rem(n,4)~=1)={];
number=length(n)
n(rem(n,5y~=1)=]];

number=length(n)

% number of potential solutions
% throw out non solutions by

%setting them equal to an empty array,

% the function rem computes remainders
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n{rem(n,0)~=1)=;
Chay script file nay ta duoc gidi phap nhu & dudi day:
>> pow
number =
142
number =
71
number =
24
number =
12

number =

301 721
Vi du: Tinh toan ndng dé axit dung cac phép todn vdi mang

Van dé:Nhu mét phan clia qua trinh san xudt chi tiét cla vat ddc tai mot nha may tu dong,
chi tiét do dude nhang trong nude dé lam ngué, sau dé nhing trong bén dung dung dich axit dé
lam sach. Trong toan bd clia qua trinh ndng do axit giam di khi cac b phan duge I3y ra khdi bén
axit vi khi nhung chi tiét ciia vat duc vao bon thi mét lugng nudc con bam trén vat duc khi nhang
§ bé trdc cling vao theo va khi nhéc ra khoi bén mét lugng axit bam theo vat. D8 dam bao chét
luong thi néng do axit phai khéng dudc nhd hon mot lugng téi thiéu. Ban hay bit dau véi ndng
dd dung dich 12 90% thi néng db 13i thiéu phai la 50%. Lugng chat Ing thém vao va Iay di sau
méi 1&n nhing dao dong trong khodng tir 1% dén 10%. Hai bao nhiéu chi tiét o thé nhing vao
bé nude axit trude khi ndng @6 clia nd gidm xubng dudi mic cho phép?

Gigi phap: Ta sir dung phuong phap giai dua ra d chuong 2:

- log(initial_con/min_con)
log(1+lost)

Trong MATLAB, gidi phap viét trong script M_file 13;
function example6_2 ’

% script M_file example6_2
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intial_con=90;
min_con=50;
lost=1:10 % consider 1% to 10% in increments of 1%
n=floor(log(initial_con/min_con}./log(1+lost/100))
stem(lost,n)
xlabel('Percent Lost with Each Dip")
ylabel{'Number of Dips')
title('Axit-Water Bath Dipping Example')
Chay chuong trinh trén ta duge két qua nhu sau:
lost =
12 3 4 5 6 7 8 9 10

59 29 19 14 12 10 8 7 6 6

Acid-Water Bath Dipping Example
60 v v . T

—

50 |

Number of Dhps
w A
a o

N
(=1
T

—o
©—o
—-©
-

] 10
A Percent Lost with Each Dip

Hinh 6.2 M(c¢ axit cho phép

Chuy & day y&u cau phuang phap chia cham vilog(1 + lost/ 100} & mét vector.
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CHUGNG 7

CAC THAO TAC VOl MANG

7.1 Tao phuong trinh tuyén tinh

Mot van dé thuong gap cla s6 hoc tuyén tinh 12 viée gidi phuang trinh. Vi du gidi phuong
trinh sau duéi dang ma tran:

45 6|.ix,|=|804
|7 8 0] [xy] (351,

Ax=b

Biéu tuang phép nhan toan hac () dude dinh nghia trong phép toan trén, khac vai ki hiéu
ta dung doi véi mang trude kia. Trong MATLAB phép nhan ma tran nay duoc dinh nghia bang
diu sao (*). Tiép theo dinh nghia dau bang. ma tran tao ra tir ma trdn A va vector x bang vdi
vector b. Thém nira, khi 18i giai khong t6n tai, ¢ rét nhiéu cach gan dlng dé tim kiém giai phép,
nhy phép loai trir Gaussian. sy tim thia s6 LU, hoac tinh tryc tiép A" b, Dudi day ching ta sé
dé cap dén mot s6 cach gidi quyét nhu trén:

'h 2 37 [x] [366]

Trudc tién nhap vao ma tran A va b:

>>A=[123,456;780]

A= -
1 2 3
4 5 6
7 8 0

>> b =(366; 804; 315]

b=
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366

804

351
C6 thé kiem tra xem dinh thifc eda ma tran trén co khac khang hay khong:
>> det(A)
ans=

27

NE&u no dung, MATLAB c6 thé giai phuang trinh theo hai cach. mét cach hay dugc dung
hon. mot cach it stf dung. nhung tryc tép hon. phuang phap nay 12 chuyén thanh dang x=A " b.

>> x = Inv{A)*b
X=
25.0000
22.0000
99.0000

O day inv(A)la ham cla MAYLAB dung dé tinh A'; va toan t&r nhan (%), khéng co dau
cham phia trudc, day la phép nhan ma tran. Phuong phap dugc dung nhiéu han la ding toan t
chia ma tran trai:

>>x = Alb

X=
25.0000
22.0000
99.0000

-

Phuang trinh nay st dung phuong phap tim thira s6 LU gan dung va dua ra céu tra i nhu
1& phép chia trai A cho b. Toan tlr chia trai (\) khong co dau cham phia trudc 1a mot phép toan
clia ma tran, nd khéng phai la cac phép toan gilta cac phan tir cia mang. Phuong phap th hai
nay dugc str dung nhidu han do nhiéu nguyén nhan. mét trong nhitng nguyén don gian nhat la
phuong phap nay ding it phép toan hon va téc do nhanh han. Thém vao dé, nhin chung phuong
phap nay chinh x4c hon cho nhing bai toan 1on. Trong truang hop khac, néu MATLAB khang
tim th&y phuong phap gidi hoac khang tim thay phirang phap chinh xac, nd sé hién théng bao
a1,
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Néu ban nghién clru s6 hoc tuyén tinh, ban biét rang khi s& phuong trinh va s6 bién khac
nhau, thi khéng thé cé mot phudng phap duy nhat dé giai. Trong MATLAB khi gap nhing hé
phuong trinh ¢6 s6 phudng trinh 16n hon s bién nd ding toan 1l chia trai hoac chia phai, ty
dong giam thap nhat nhitng phan tir thira A.x - b. Cach nay goi ta phuong phap vudng nho nhat.
Vidy,

>A=[123,456;780; 25 8] % Bon phuang trinh, ba bién.

A=
12 3
4 5 6
7 8 0
2 5 8
>> b = [366 804 351 514]
b=
366
804
351
514

>> x = A\b % Phuang phap vudng nhd nhat,
X=
247.9818
-173.1091
114.9273
>>res = A'x-b
res=
-119.4545
11.9455
0.0000
35.8364
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Mat khac khi so phuong trinh it hon so bién tuong ty nhu trudng hap khdng xac dinh, thi sé
nghiém phuong trinh (2 vé tan. D6i véi nhang nghiém nay MATLAB tinh theo hat cach. Dung
toan t0 chia dua ra phuong phap ma c6 sé phan tr 0 cla x la cuc dai. Nhu mét sy lya chon, tinh
x=pinv(A)’b dua ra phudng phap chiéu dai hodc tiéu chudn cla x nhé han cac phuang phap
khac. Phuong phap nay goi la phuang phap tidu chuan cuyc tidu.

Vi dy:
>> A= A" % Tao ba phuong trinh, ban bién.

A=
1 4 7 2
2 5 8 5
3 6 0 8
>>b =b(1:3)
b=
366
804
351

>>x=Ab % phuang phap véi s6 phan tir  cuc dai,

-165.9000
99.0000
168.3000

>>xn = pinv(A)"d % Tim kiém giai phap tigu chun nhd nhat.

xn= b
30.8182
-168.9818
99.0000
159,0545
>> norm(x) % Tiéu chudn O_clit vdi cac phan tir 0.
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ans=

256.2200
>> norm(xn) % Giai phap tiéu chuan nhd nhat
ans=

2541731

7.2 Cac ham ma tran
D& giai phuong trinh tuyén tinh, MATLAB cung cap c4c ham trg gidp sau:

— -

| balance(A) Can bang dé tang do chinh xac

cdf2rdf(A) Chuyén tir dang s6 phurc chéo sang dang s6 thuc chéo
chol(A) Tim thira s6 Cholesky

cholinc(A, droptol) | Thira s6 Cholesky khong day du

cond(A) S6 diéu kién ma tran

condest(A) Ubc luong s6 diéu kién ma tran theo tiéu chan 1
det(A) Dinh thirc ma tran

expm(A) Ma trén theo luat ma

expm1(A) B6 sung M_file clia expm

expm2(A) Ma trén theo luat ham ma, ding thir ty Taylor
funm(A, ‘fun’) Tinh toan ham ma tran chung

hess(A) Mau Hessenberg

inv(A) Ma trén chuyén vi

logm(A) Ma tran logarithm

lu(A) Tim thira s6 véi phép khir Gaussian

luinc(A, droptol) Thura s6 LU khong day du

norm(A) Ma tran va vector tiéu chuan

norm(A,1) Tiéu chuén 1




norm(A, 2) Tiéu chuan 2
norm{A, inf) Vé cung
norm{A, p) Tiéu chuan P (chi déi véi vector)

norm{A, ‘fro’)

Tiéu chuin F

normest(A) Tiéu chuan 2 udc lugng cho ma tran Ién
null(A) Khoang réng
orth(A) Tinh tryc giao
paly{A) Pa thite dac trung
polyvalm(A) Tinh gia tri cla ma trdn
| ar(A) Xac dinh tryc giao tam giac
ardelet(Q, R, ) Xo4 cot tir thira s6 QR

qrinsert(Q, R, j, x)

Chen ¢t trong thira s6 QR

rank(A) S6 clia hang hoac cot doc lap
reond(A) Udc lugng diéu kién thuan nghich
sqrtm(A) Ma tran géc binh phuang

| subspace(A, B)

Géc gitra hai diém

svd(A)

Phan tich gia tri don

| svds(A K) Mot s6 cac gia tri don
trace(A) Téng cac phén tir chéo

7.3 Ma tran dac biét

-

MATLAB dura ra mot s8 cac ma tran dac bigt. Dudi day 1a mot s€ trong cac ma tran dd.
Mét sé trong ching cé nhitng (mg dung rong rai trong cac phép toan.

>>a=[123,4586)
>> b = find(a>10)
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3 day b 12 ma tran rdng. MATLAB trd lai ma tréin rdng khi phép toan khong cb két qua.
Trong vi du trén khong co phan t& nao cda a idn hon 10. Ma tran réng khéng ¢o kich ¢, nhung
tén bién clia ching van 18n tai trong khong gian 1am viéc.

>> zeros(3) % Ma tran khéng 3 hang, 3 cot (3x3),

ans=
0 0 O
0 ¢ 0
0 0 O

>>ones(24} % Ma tran mot 2 hang, 4 cbt (2x4).
ans=
11 1 A
1T 1 1 1
>> zeros(3) + pi
ans=
31416 31416  3.1416
31416 3.1416  3.1416
3.1416  3.1416  3.1416
Vi du trén vé tao ma tran 3x3 véi cac phan tr déu la .
>> rand(3,1)
ans=
0.2190
0.0470
0.6789
ma tran 3x1 gém c4c phén tir 1a s8 cung cip bdi ham random gita 0 va 1.
>> randn(2)
ans=
1.1650  0.0751
0.6268 0.3516



Ma tran 2x2 clia cac s6 cung cdp bdi ham random vdi gia tri trung binh la 0. Thuat toan
cho ham rand va randn co thé tim thdy trong S.K>Park and K.W.Miller,"Random Number
Generator: Good Ones Are Hard to Find," Comm. ACM, 32, 10, Oct. 1988-*201.

>> eye(3)

ans=
1 0 0
0 1 0
0 0 1
Ma tran déng nhat 3x3
>>eye(3,2)
ans=
1 0
0 1
0 0
Ma tran déng nhéat 3x2

Ngoai ra dé chi kich ¢d clia mét ma tran, ban c6 thé dung ham size dé tao mét ma tran co
kich ¢@ giéng nhu ma tran khac:

>>A=[123;4586];

>> ones(size(A))
ans=
T 94 4
11 1

ma tran mét ¢é cung kich ¢ vdi ma tran A.

Cac ma tran trén va cac ma tran dac biét khac dugc giéi thiéu trong bang sau:

. @w ¢ (Caomabaicgchiet - ﬂ
[] Ma trén réng

compan Tao ma trén réng

eye Ma tran dong nhét

gallery Ma trén kiém tra nh vai phén tir

hadamard Ma tran Hadamard
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hanke! Ma tran Hankel
hilb Ma tran Hilbert
invhilb Chuyén thanh ma tran Hilbent
magic Ma tran vudng. gia tri cac phan tlr bang tir 1 d&n gia tri s6 phan tur
ones Ma tran 1
pascal Ma trén tam giéc Pascal
rand Ma tran vai cac phan tI ngau nhién tir 0 dén 1.
randn Ma tran ng&u nhién thong thudng vdi gia tri trung binh bang 0
rosser Ma tran kiém tra déi xitng truc chinh
toeplitz Ma tran Toeplitz
vander Ma tran Vandermond
wilkinson Ma trén kiém tra Wilkinson
2eros Ma trén khong
Vidu

Van dé Ta c6 mach dién nhu trong hinh 7.1 dugc mé ta bang phuong trinh dién ap nut khi
ngudn dua vao |a séng hinh sin.

1 -1 0
-1 ) 1 —1
— | =+ 02+ — — v, | =10
2 j10 j10
-1 1 1|l LT
- - + -
| 10 10 10
=R1 L
OFr 5 e A2

Hinh 7.1 So 46 mach dién.
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E=1,0> R1=2 L=10; C= R2 = 10.

1
3 day v, la dién ap gira nut thir i va dat. Hai dién ap tai médi nit la bao nhiéu?
Giai phap: Day 12 van dé vé phan tich pha. Phuong phap gidi bai nay la giai phuong trinh
trén, va chuyén cac két qua vé dang thai gian. Trong MATLAB giai phap sé la:
function circuit

% circuit.m script file to solve circuit proplem

A{1.1)=1/2; % poke in nonzero values as needed
A(1.2)=-1/2;

A(2,1)=-112

A2, 2)=1/2 +0.2j + 1/10};

A(2.3)= -1/10;;

A(3.2)=-1/10j;

A(3,3)=1/10 + 1110j;

y=(-100J; % right hand side vector

v=Aly % complex solution

vmag=abs(v) % solution magnitudes
vphase=angle(v)*180/pi % solution phase in degrees
theta=linspace(0,2"pi), % plot results in time
v1=vmag(1)*cos(theta-vphase(1));
v2=vmag(2)*cos(theta-vphase(2));
v3=vmag(3) cos(theta-vphase(3));
thd=theta*180/pi; -
plot(thd,v1,thd,v2,thd,v3)
Sau khi chay chuong trinh trén, két qua sé 1a:
v=

-4.0000 + 6.0000i

-2.0000 + 6.0000i

2.0000 + 4.0000i
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vmag =
72111
6.3246
44721

vphase =
123.6901
108.4349
63.4348

@
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Hinh 7.2 K&t qué duoc bigu thi theo dang song hinb sin.



CHUONG 8

CAC PHEP TINH LOGIC
VA QUAN HE

Ngoai nhiing toan t&r ‘truyén thng', MATLAB cung cap toan tir logic va quan hé. Ban co
thé quen thudc véi nhitng phép toan nay, néu ban da lam quen véi cac ngon ngi 1ap trinh khac.
Muc dich clia nhirng toan tlr va ham nay la dé tra |6i cau hoi True_False (ding_sai).

Déi vai cac s6 thi trong toan tir logic va quan hé quy dinh cac so khac khong la True con
s6 khong 13 False. Két qua clia phép toan logic va quan hé duara la 1 cho True, 0 cho False.

8.1 Toan tif quan hé
Toan tir quan hé MATLAB bao gém tat ca cac phép so sénh:

<= nhé hon ho&c béng
> 16n hon

>= Ién hon hoac bang
== ) bang

~= gan bang

Toan t&r quan hé MATLAB c6 thé dung d€ so sanh hai mang c6 clng kich c& hodc so
sanh mot mang voi mot s6 don. Trong trudng hop thir hai, s6 don so sanh vdi tat ca céc phan ti
clia mang, két qua trd vé gidng nhu kich ¢d clia mang. Vi du:

>>A=19,B=9-A
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B=

g8 7 6 5 4 3 2 1 0
>> tf = A>4
tf=

tim kidm cac phan tr cia A ma (dn han 4. Két qua bang 0 khi A< 4, bang 1 khi A>4,
>> {f = (A==B)
ff=

o 0 0 0 0 0 O O 0

Tim kiém céc phan 1 cha A ma bang véi B. Chi y su khac nhau gida = va == dung dé so
sanh hai bién va tra vé 1 khi chung bing nhau, 0 khi ching khac nhau; = ding dé gan két qua
dua ra cla toan tr cho mot bién.

>> tf = B - (A>2)
tf=
8 7 5 4 3 2 1 0 -

Tim cac phan tir A>2 va bi trir bdi vector B. Vi du nay chi ra rang két qua dua ra clia toan
tlr logic 1a mdt mang s6 bao gdm cac s§ khong va mét, chiing cling cé thé dung trong cac phép
toan s6 hoc.

>>B =B+ (B==0)"eps

B=
Columns 1 through 7 -

8.0000 7.0000 6.0000 5.0000 4.0000 3.0000 2.0000
Columns 8 through 9

1.0000  0.0000

Vi du trén dua ra cach thay thé cac phén tir clia B ma trung véi khéng bang s6 dac biét
clia MATLAB Ia eps, cb gia tri xap xi 2.2e-16. Cach thay thé nay d6i khi c6 ich 12 tranh truong
hop chia cho s6 khong nhu vi du sau:
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>>x =(-3:3)/3
-1.0000 -0.6667 -0.3333 0 03333 0.6667 1.0000
>> sin(x)./x
Warning: Divide by zero
ans=
0.8415 09276 0.9816 NaN0.9816 0.9276 0.8415

Tinh toan ham sin(x)/ x dua ra mét canh bao vi phén 1l thir tu bang khéng, sin(0)/ 0 khéng
dugc dinh nghia, MATLAB tra lai NaN (nghia la khong phai la mét s6) tai vi tri d6 trong két qua.
Thir lai vi du trén, sau khi thay thé phan tir cé gia tri bang khong bang s6 eps:

>>x = x + (x==0)"eps;
>> sin(x)/x
ans=
08415 09276 09816 1.0000 09816 09276 0.8415
Bay gid sin(x)/ x tai x = 0 dua ra két qua gidi han chinh xac.

8.2 Toan tir Logic
Toén tlr logic cung cap mot cach dién dat mi quan hé phi dinh hay t8 hap. Toén tif logic

Mot vai vi du vé dung toan ti logic:

>A=19,B=9-A;

>> ff = A>4

tf=
000011111

Tim kiém céc phan tr cia A ma 1én hon 4.
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>> tf = ~(A>4)
11 100 0 00
pht dinh clia két qua, tuong duong vdi vi tri nao bang khang thay bang mét va nguac lai.
>> ff = (A>2)&(A<6)
tf=
0011100 00

Tra lai mot tai nhimg vi tri ma phén tr clia A 16n hon 2 va nhd hon 6.

8.3 Cac ham logic va ham quan hé

Thém vao nhitng toan tlr logic va toan tir quan hé dé cap dén & trén, MATLAB cung cip

cac ham logic va quan hé khac dudi day:

- Cac ham logic va ham qua‘r: hé khiﬁz i ':*g.,, Fan

xor(x,y)  Toan tlr hoac. Tra lai gia tri 1 khi x hodc y khac khong (True), gié tri 0 khi
ca x va y cung bang khéng (False) hoac cung khéc khong (True)

any(x)  Tra lai 1 néu bat cur phan tlr nao trong vector x khac khéng. Tra lai 1 cho
moi cot trong ma tran x ma co cac phan tlr khac khéng.

all(x) Tra lai 1 néu tat ca cac phan tlr cla vector x khac khong. Tra lai 1 cho

méi cot trong ma tran x ma tat ca cac phan tir khac khong.

MATLAB con cung c&p rat nhiéu cac ham kiém tra cho sy t6n tai clia cac gié tri d&c biét

hoac diéu kién va tra lai nhitng két qua la gia tri logic.
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isa(X, ‘name’) True néu X c6 l6p déi tuong la ‘name’
iscell(X) True néu d6i s6 1a mang phén .

iscellstr(X) True néu d6i s6 la méng phan tir cla céc xau.
ischar(S) True néu ddi s6 la xau ki tu.

isempty(X) True néu doi s6 la réng.

isequal(A, B) True néu A va B gidng nhau.

isfield(S, ‘name’) True néu ‘name’la mét trudng clia cau truc S.




isfinite(X)

True khi cac phan tr co han.

isglobal(X) True khi d6i sé 1a bién toan cuc

ishandle(h) True khi déi s6 {a sy diu khién dai tuang hap ly.
ishold True néu dé thi hién tai gil trang thai ON.

isiee True néu may tinh thuc hién phép s6 hoc IEEE
isinf(X) True tai nhiing phan tl v cung

isletter(S) True khi cac phan t&r thudc bang chir cai.
islogical(X) True khi ddi s6 la mang logic

ismember(A, B)

True tai nhimg vi tri ma phan tr clia A va B trung nhau

isnan(X) True khi cac phan tlr a khong xac dinh (NaN)
isnumeric(X) True khi ddi s6 1a mang so6

isppc True cho Macintosh véi bd xU ly PowerPC
isprime(X) True khi cac phan tir (4 s6 nguyén 15
isreal(X) True khi déi s8 khong cé phan do
isspéce(S) True khi cac phén 1 [a ki tu trang
issparse(A) True néu dGi s6 |a ma tran Sparse
isstruct(S) True néu d6i s6 la mot cau tric

isstudent True néu Student Edition ciia MATLAB
isunix True néu may tinh 12 UNIX

isvms True néu may tinh [a VMS
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CHUONG 9
VAN BAN

Su tién fch cua MATLAB la xUr ly véi cac con sa. Tuy nhién chlng ta da nhiéu lan dé cap
dén thao tac vai van ban (text), nhu khi dua nhan va tiéu dé vao trong dé thi. Trong MATLAB
bién text dugc dung dén nhu 12 xau ki ti, hodc don gian la cac xau.

9.1 Xau ki ty

Xau ki tif trong MATLAB {a mang cla cc gia tri ASCIl ma quy udc ctia né la cac ki tu.
Vidu:

>>t = 'How about this character string?’

=

How about this character string?

>> size(t)
ans=
1 32
>>whos
Name Size Bytes Class
t 1x32 64 char array

Grand total is 32 elements using 64 bytes

Mét xau ki tu, don gidn la dang van ban, dugc dat gitra hai dAu nhay don. Méi ki tuf trong
xau 1a moét phan tlr clia méang, vai mai phan tt chiém hai bytes.

Mudn xem cac ma ASCH ctia mét xau ki ty, ban phai dung cac phép toén s6 hoc doi véi
xau, hodc chuyén no sang dang s6, dung ham double . Vi du:

>> double(t)

ans=
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Columns 1 through 12
72 141 119 32 97 98 111 117 116 32 116 104
Columns 12 through 24
105 115 32 99 104 97 114 97 99 116 101 114
Columns 25 through 32
32 115 116 114 105 110 103 83
>> abs(t)
ans=
Columns 1 through 12
72 111 119 32 97 98 111 117 116 32 116 104
Columns 13 through 24
105 115 32 99 104 97 114 97 99 116 101 114
Columns 25 through 32
32 115 116 114 105 110 103 63
Ham charchuyén lai thanh xau:
>> ghar(t)
ans=
How about this character string?

V&i mang xau la mot mang s6 vai thudc tinh dac biét, ching ta c6 thé thao tac bang tt ¢a
cac cong cu thao tac vai mang san co trong MATLAB. Vi du:

>> U = 1{(16:24)

u=

character *

Bia chi clia xau ciing giéng nhu mang. & day phén tir tir 16 dén 24 chiva tir character
>> U = 1{24:-1:16)

retcarahc

bay (4 tir “character” doc nguoc lai

>> Y = t(16:24)
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r
Dung toan tir chuyén vi dé chuyan tir “character” sang dang ma tran cot
>>v = '| cant't find the manual!'
V=
| can't find the manual!
D&u nhay dan véi xau ki ty 1a biéu tugng trong hai ddu nhay don.
Chting ta ¢6 thé néi hai xau nhu d6i véi hai mang:
>>w={uv)
w=
character | can' t find the manual!
Ham d¥isp cho phép ban hién thi xau ki ty ma khong c6 tén bién
>> disp(v)
I can't find the manual -

Cha y la trang thai “v="bi bd di, diéu nay rat c¢6 ich cho chung ta hién thi nhig 1di trg giup
trong script file.

Cang giéng nhu dGi véi ma tran, x4u ki tu co thé cb nhiéu hang, nhung mdi mét hang phai
ch s6 cot bang nhau, dé cho s6 ¢t cla ching bang nhau ching fa c6 thé ding ki ty tréng.

>> v = [However. this'

'does work! '}
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V=
However, this
does work!
>>w = ['this'; ' does not]
777 All rows in the bracketed expression must have the same
number of col Pmns.
>> size(v)
ans=
2 13

Ta cling c6 thé dung ham char dé tao mot mang xau tir cac xau, va no tu thém cac ki tu
tréng dé tao ra mot mang day da,

>>w = char('this', ‘does not')
w=

this

does not

>> size(W)

ans=

2 8

9.2 Chuyén déi xau
Dé b6 xung thém vé su chuyén ddi gitta xau va ma ASCII clia n6 nhu da trinh bay & trén,

MATLAB dua ra mot s6 cac ham chuyén déi hitu ich khae, chang bao gbm dudi day:

— = ——— S
base2dec Dua trén xau x chuyén sang hé mudi.

bin2dec Tur xau nhi phan sang hé mudi

char Tu xau sang ASCII

dec2base Tu hé mudi sang xau x

dec2bin Tir s6 hé muai sang xau nhi phan
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dec?hex ‘Tl]' s6 hé muai sang xau cla cac s hé muai sau.
double Chuyén tir ma ASCII sang xau

fprintf Viét dang van ban ra file hoac ra man hinh

hex2dec Chuyén tur xau gém cac s6 hé 16 sang cac s6 hé muoi
hex2num Chuyén tir xau cac s6 hé 16 sang s6 ddu phay dong IEEE
int2str Chuyén tir s6 nguyén sang xau

mat2str Chuyén tir ma tran s6 sang xau gém cac s6

numz2str Chuyén tir s6 sang xau

sprintf Chuyén tir ma ASCII sang xau

sscanf Chuyén tir s6 sang xau c6 diéu chinh kich thuéc
str2num Chuyén tir xau sang s8 khong c6 diéu chinh kich thudc

Trong trudng hop ching ta tao mot thong bao co chira cac s khong phai 1a xau, nhimg

ham chuyén déi sé gidp chang ta lam viéc dé.

>>rad = 2.5, area = pi‘rad*2;

>> t = ['A circle of radius ' num2str(rad)...

'has an area of ' num2str(area) ".";

>> disp(t)

A circle of radius 2.5 has an area of 19.63.

0 day ham num2strdudc ding dé chuyén tir s& sang xau. Giéng nhu vay /nt2strchuyén
tUr s6 nguyén sang xau, ca hai ham nay goi ham sprintf né giéng nhu cui phap trong C dung dé
chuyén s6 sang xau.

9.3 Cac ham vé xau

blanks(n)

MATLAB dua ra mét s6 cac ham cla xau, bao gém cac ham trong danh sach dudi day:

e P : e T

NAMY UMD S S e e B

Tra lai mot xau gdm céc ki tu tréng hay d&u cach

deblank(s)

Tra lai cac vét trong tir mot xau
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eval(xau) Uéc luong xau nhu la moét 1énh cda MATLAB
eval(try, catch) Udc lugng xau va bat |6i |
feval(f. x. y, ...) Ham evaluate dua ra bang xau

findstr(s1. s2) Tim ki€m mot xau trong mét xau khac

ischar(s) True néu dua vao 1a mét xau

sletter(s) True tai nhiing vi tri ki tu Alphabet ton tai

isspace(s) True tai nhimg vi tri la ki tu trng

lasterr Xau cua ldi cudi cung MATLAB dua ra

jower(s) Xau vdi nhifng chiT cai thudng

strcat(s1, 52, ..) N8i cac xau thanh hang

strcmp(s1, s2) True néu céc xau gidng nhau

strmatch(s1, s2) Tim kiém kha nang giéng nhau cia xau ;
strncmp(s1, s2, n) True néu n ki tu dau gidng nhau

strrep(s1, s2) Thay thé mét xau bang mot xau khac

strtok(s) Tim kigm d&u hiéu cho xau

strvcat(s1, s2, ...) N&i cac xau thanh cot

upper(s) Chuyén thanh chir in

Mot s8 cac ham trén cung cip kha nang x{r ly cac xau co ban. Vi du nhu, findstr tra lai (i
s3 bat dau cia mét xau trong mét x4u khac:

>>b = Peter Piper picked a peck of pickled peppers’;
>> findstr(b, ") % Tim kiém khoang tréng
6 12 19 21 26 29 37
>> findstr(b, 'p’)
9 13 22 30 38 40 41

>> find(b=="p’) ]
9 13 22 30 38 40 41
>> findstr(b, ‘cow’) % Tim kiém tir cow
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ans=
(1
>> findstr(b, 'pick’)
ang=
13 30
Ham nay tra lai ma tran réng khi khdng co nhiing phan cén tim.
>> strrep(b,'Peter’,'Pamela’)
ans=
Pamela Piper picked a peck of pickled peppers

Nhu trinh bay @ trén, strrep don gian chi 1a sy thay thé mét xau. strrep khong lam viéc véi
ma trén xau, vi vay trudc tién ban can phai chuyén tir ma tran thanh vector.

9.4 Ma tran t€ bao ctia xau

Ma tran t& bac la mét kiéu dir liéu cho phép ban goi tén va thao tac véi mét nhom df liéu
¢6 nhiéu kich cd va nhiéu kiéu.

>> C = {'How";'about";this for a';'ceft array of strings?'}
C=

‘How'

‘about'

‘this for a'

‘cell array of strings?
>> size(C)

4 1

Ma tran trén c6 4 hang va mot ¢ot nhung méi cot lai c6 d6 dai khac nhau. Tat ¢a cac phan
tlr dugc dat trong ddu ngodc nhon, méi phan tr duoc dat trong dau nhay don, gidra hai hang (2
dau cham phéy. Mang t& bao duac danh dia chi ciing giSng nhu mang thang thudng:

>> C{2))
ans=
‘about'

'this for a'
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>>C{4 32 1))
ans=
'cell array of strings?’
'this for a'
‘about'
‘How'
>> (1)
ans=

How

Pay van |a mang té bao. Dé thay ddi dau nhay cla té bao, ta st dyng nguéc nhon:

>> 5 = ¢{4}
‘ans=
cell array of strings?

>> gize(s)
ans=

1 22
Dé& truy nhép vao nhiéu hon mot té bao, ta diing ham deat
>> {a, b, c, d] = deal(C{})

about
c=

this for a
d=

cell array of trings?

& day C{:} d& chi truy nhap dén tat ca cac 1€ bao, nd gidng nhu:

>>[a, b, ¢, d] = deal(C{1}, C{2}, C{3}, C{4})

a=
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this for a
d=
cell array of strings?
Ham charco thé ding d€ chuyén tr mang t& bao sang mang xau:
>> s = char(C)
How
about
this for a
cell array of strings?
>>size(s) % Kétqua la cac xau vai cac khoang tréng.
ans=
4 22
>>ss = char(C(1:2))

58-

How

about

>> 3izZe{ss)

ans= -
2 5

DE chuyén nguac lai mang t8 bao, ta dung ham cellstr
>> cellstr(s)

ans=

"How'

‘about'



‘this for a'
‘cell array of strings?'
Hau hét cac ham xau trong MATLAB Iam viéc vdi ¢ mang xau hoac mang té bao,

Vé mang té bao sé duac trinh bay ro hon & Chuang 19.

103



CHUGNG 10

THOI GIAN

MATLAB dua ra mdt s8 ham thao tac vé thdi gian, 1 d6 ban co thé tinh toan véi ngay, gia,
in lich va tim kim nhiing ngay cu thé. MATLAB chura ngay va thdi gian nhu mét s6 co do chinh
xac hai s6 sau dau phy tuang trung cho sG ngay, bat dau bang nam khéng. Vi du, méng 1
thang 1 nam 1997 tai luc nita dém, né duac tuong trung bai s6 729391, va cung mét ngay
nhung lic budr trua 1a 729391.5. CAu trdc nay c6 thé dé dang cho may tinh xi li, nhung né rat
kho dién giai. Do vay MATLAB cung cép cac ham tro gilip chuyén dai gidfa s6 va xau ki ty va dé
thao tac vdi ngay va thai gian.

10.1 Ngay va gid hién tai
Ham clock tra vé ngay va gio hién tai chura trong mét mang. Vi du:
>> T = clock
T=
1997 1 21 16 33 39.934708

Ham nowtrd vé ngay va thal gian hién tai nhu s6 ngay quy udc clia may hoac don gian ia
s6 ngay.

>>t=now
t=
729411.690045541
Ca hai két két qua & trén ¢co cung mot théng tin.
Ham date tra lai ngay hién tai nhu mét xau theo mau; dd-mmm-yyyy
>> date
ans =

21-Jan-1997
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10.2 Su chuyén ddi gira cac kiéu

Ban ¢o thé chuyén s6 ngay ra xau, st dung ham datestr. Cau tric cla ham nay c6 dang

nhu sau:

datestr(date_number,format_spec).

Sau day la trg gitp clia helpcho ham datestr.

>> help datestr

DATESTR string representation of date.
DATESTR(D,DATEFORM) converts a serial data
number D (as returned by DATENUM) into a date

string. The string is formatted according to

the format number or string DATEFORM (see table

below). By default,

DATEFORM is 1, 18, or 0 depending on whether O

contains

"dates, times or bath.

DATEFORM number DATEFORM siring

0

vy

@w 0 N O AW N

—a
o

Example

‘dd-mmm-yyyy HH:MM:SS' 01-Mar-1995

‘dd-mmm-yyyy'
'mmidd/yy’

15:45:17
01-Mar-1995
03/01/95
Mar
M
3
03/01

Wed

1995
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11 vy’ 95

12 ‘mmmyy’ Margs

13 HHMM:SS' 15:45:17

14 'HHMM:SS PM' 34517 PM
HH:MM 15:45

16 "HH.MM PM' 3:45 PM

17 ‘QQ-YY Q1-96

18 QQ' Q1

vi du véi ham dafestr.
>> datestr(t)
ans=
21-Jan-1997 16:33: 40
>> datestr(t, 14)
ans=
4:33:40 PM

Ham datenum a ham nguac clia dafestr. Ham nay chuy&n mot xau ki ty dang ngay dung

mau datenum(str), hoic mét sé doc lap hodc mot vector sang s& dang ngay, dung méau
datenum(year, month, day) hoac datenum(year, month, day, hour, minute, second).

>> datenum('21-Jan-1987 16; 33: 40")
ans=

729411.690045541
>> datenum(1997, 01, 21)
ans= -

729411
>> datenum({1997, 01, 21, 16, 33, 40)
ans=

729411.690045541

Ham datevec chuyén mot xau ki tu dang ngay (dung dafestrdang 0, 1, 2, 6, 13, 14, 15,

hoac 16) hodc mot s6 dang ngay sang vector.
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>> ¢ = datevec('12/ 24/ 1984")
c=
1984 12 24 0 0 O
>> [yr, mo, day, hr, nim, sec] = datevec('24-Dec-1984 08: 22")
yr=
1984
mo=
12
day=
24
hr=
8
min=
22

sec=

10.3 Céac ham vé ngay

Ngay cla tuan co thé tim tir xau dang ngay hodc s8 dang ngay, dung ham weekday,
MATLAB s(r dung quy u4c Sunday = 1 va Saturday = 7.

>> [d w] = weekday(728647)

Mon
>> [d w] = weekday('21-Dec-1934")
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Ngay cudi thang co thé tim bang ham eomday. Trong d6 bt budc phai dua vao nam,
thang.
>> eomday(1996.2) % 1996 [a nam
ans=
29
MATLAB c6 thé tao fich cho bat it thang nac ban yéu céu, va hién thi né frong clra s8
[&nh hodc dat chung trong mét ma tran 6x7.

>> calendar('7/ 17/ 95
Jul 1995
S M Tu W Th F 8§
0 0 0 c 0 0
2
9

o -

3 4 5 6 7

0 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

303 0 0 0 0 O
>> S = calendar(1994, 12)

0 00 0 1 2 3

9 10
11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 N
0 0 0 0 0°0 O

10.4 Céc ham vé thdi gian
Lénh ticva toc co thé duoc dung dGi véi théi gian trong tinh toan:
>> lic; plot(rand(5)); toc
elapsed_time =
0.2200
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Rinh 10.1
>> tic; plot{rand(5)); toc
elapsed_time =
0.1700

Hinh 10.2

Chu y su khac nhau vé ham thai gian gitta elapsed_time déi vdi iénh plot, Ienh plot th(
hai nhanh hon vi MATLAB d3 tao hinh dang cifa s6 va dich c4c ham can thiét véo trong c nha.

Ham cputime tra vé t8ng s6 thai gian cia CPU (Central Processing Unit), tinh (heo gidy,
trong thai gian MATLAB da dung tis khi nb duoc khdi dong 1én.

Ham efime tinh khoang thai gian gitta hai vector thdi gian. Cac vector phai 13 vector hang
gém 6 phan tlr, gidng nhu két qua trd vé trong lénh clock va datevec. Tai thi gian hién tai
etime khéng chuyén gilra thang va nam.
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T4t ca cac ham ¢6 thé sir dung dé tinh toan thdi gian.
>> t0 = cputime; pause(5); cputime - 10
ans =
5
>> t1 = clock; pause(2); etime{clock,t1)
ans =
2.0400
Ban hay xem help va MATLAS CD d& tim hiéu thém vé nhirng ham nay.

10.5 V& d6 thj véi ham ngay va thdi gian

Doi khi no rat co ich d& vé dé thi trong d6 dung xau ngay va thai gian cho mét hodc hon

moét cac nhan, Ham datetick ty dong véi cong viec nay. Néu do thi duac vé, dung s8 ngay cho
mot hoac han mét truc, thi ham datetick sé viét cac nhan cho diém danh dau. Vi du sau vé hinh

10.3:

>> t = {1900:10:1990)"

>>p =(75.995; 91.972; 105.771; 123.203; 131.669;
150.697; 179.323; 203.212; 226.505; 249.633];

>> plot(datenum(t,1,1),p)

>> datetick('X','yyyy') % use 4-digit year on the x-axis

>> title('Population by year')

Ching ta cé thé tao biéu db cot cba cong ty ban hang ban tir thang 11 nam 1994 dén

thang 12 nam 1995 (Hinh 10.4):
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>>y =[1994 1994 1995*ones(1,12)];

>>m={1112(112);
>>$3(11131214.16151.7161.81.3191.7 1.6 1.95];
>> bar(datenum(y,m,1),s)

>> datetick(x', mmmyy')

>> ylabel('$ Miliion')

>> fitle('Monthly Sales’)
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Vi du: Tim thir sau ngay 13

Bay gid ching ta d& duoc gidi thiu cac 1énh vé thdi gian. hay ding ching dé tao mot s6
ham c6 ich. Néu ban Ya nguet can than, ban mudn biét bao gior thir sau ngay 13 xdy ra. Ham
M_file sé cho ban nhing théng tin nay.

function m=friday(start)
% FRIDAY Date of ihe next Friday the 13th
% FRID# " dispiay the next ooeatience of Friday the
% 13th
% FRICAY(START) start the search at the date
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% specified by START
% M=FRIDAY return the date number of the next Friday

% the 13"
if nargin==
start=now; % use the current date if none
~end % was supplied
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[yr,mo,da]=datevec(start),
da=da+B-weekday(start); % Start with the Friday in
% this week

start=datenum(yr,mo,da,0,0,0);
while 1

[yr,mo,da)=datevec(start);

if {(weekday(start}==6)&(da==13)

break;
end

start=datenum(start+7); % skip to the next Friday

end
if nargout==0
disp(['Friday, 'datestr{start,1)]) % Bisplay the
% the result
else

m=start; % or return the resulting date

end % mhumber

Sau khi chay chuong trinh ta dugc két qua:
>> friday
Friday,13-Aug-1999

NEu ban mudn dugc canh bao cho toan bd nam, xem ham frdays:



function F=fridays{ynum)
% FRIDAY List the Friday the 13ths in the year ynum.
% M=FRIDAY return the date numbers found.
%

if nargin==

[ynum dummy)=datevec{now); % use the current date if

end % non was supplied
MM=(];
trynum=datenum(ynum,1,13,0,0,0);
% check January 13 first
trynum=friday(trynum); % find the first one
[tyr dummy]=datevec({trynum);
while tyr==ynum % May be there are more this year
MM=(MM;trynum];
trynum=friday(irynum+7); % skip to the next week
[tyr dummy]=datevec(trynum);
end
if nargout==0
disp('Fridays'); % Display the results
disp(datestr{MM, 1)) % Display the result
else
F=MM; % or return the vector of

end % date number
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CHUONG 11

VONG LAP DIEU KHIEN

Cac ngdn ng( 1ap trinh va may tinh ¢6 khé nang tap trinh déu cho phép ban diéu khién
vong Iap clia cac cau lénh dua trén nhitng céu trdc cha né. Néu ban da ting st dung nhitng Ung
dung nay thi phan nay sé rat don gian déi vdi ban. Mat khac néu vong 1ap didu khién |a mai déi
véi ban thi nd sé rat rac réi, néu nhu vy, thi ban hay nghién ciu né tir tur.

Véng 1ap diéu khién rat hitu ich va c6 ang dung rat réng rai, nd lam cho cic phép toan
dugc thuc hién mot cach thuan tién hon va nhanh hon. MATLAB dua ra cac dang vong lap cé
diéu khién 1a- véng lap for, vong lap while, cau tric if-else-end va cau ric switch-case. Vi
cac cau tric thuang hoan thién cac lénh clia MATLAB, nén chung thuang xuét hién trong M_file,
hon la trong cau (énh danh tryc ti&p tai ddu nhac cia MATLAB.

11.1 Vong lap for

Vong lap for cho phép mét nhém Iénh thuc hién (3p lai mét s6 1an cé dinh. Cd phap cla
vong 1ap fornhu sau:

for x = array
commands % Khdi cac lénh
end

Cac cau Iénh gira hai trang thai forva end dugc thyc hién mét [an cho tat ca cac cot clia
mang (array). Tai mdi [an |ap lai, x dugc gan cho phan tir cot tiép theo nhu trong suét n lan cla
vong lap, x = array(:, n).

Vidy:
>>for n=1:10
x(n) = sin{n"pi/10);

end
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>>
X =

Columns 1 through 7

0.3090 05878 0.8090 0.9511 10000 0.9511 0.8090
Columns 8 through 10

0.5878 0.3090 0.0000

NGi mot cach khag, trang thai thit nhat yéu ciu: Cho n bang tit 1 dén 10, tinh gia tri cla tat
¢4 cac trang thai cho dén trang thai ké tiép trang thai end Dau tién trong vong 13p forn=1, tiép
theo n=2, va ctr nhu vay cho dén truong hap n=10. Sau trudng hop n=10, vong [ap for két thac,
va tat ca cac Iénh sau trang thai endcla vong I3p duac thyc hién.

Véng |ap forkhéng thé bi két thac bang cach gan lai bién diéu khién n trong vong lap:
>>for n=1:10

x(n) = sin(n“pi/10Y;

Columns 1 through 7

0.3090 0.5878 0.8090 0.9511 1.0000 0.9511 0.8090
Columns 8 through 10

0.5878 0.3090 0.0000

Trang thai 1:10 la mét trang thai tao 1én mang MATLAB tiéu chuan. Bat cir kiéu mang nao
clia MATLAB déu duoc chap nhén trong vong lap for

>>data=[39456; 7716 -1 5]

data =
3 9 45 6
7 16 -1 5

>>for n = data
X =n{1)-n(2)

115



Binh thuang véng |3p forcé thé I18ng vao nhau:

>>forn=1:5
form = 5:-1:1
A{n,m) = nA2+m*2,;
end
disp{n)
end
i
2
3
4
5
>> A
N .

2 5 10 17 26
5 8 13 20 29
10 13 18 25 34
17 20 25 32 41
26 29 34 41 50
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Khéng nén dung vong Iap forkhi ma tuong duong véi viéc ta dung méng dé tinh toan. Nhy
trong vi du trudc ta cting ¢6 thé dung mang dé tinh toan:

>>n=110;

>> x = sih(n*pi/10)

X =
Columns 1 through 7
0.3090 0.5878 0.8090 0.9511 1.0000 0.9511 0.8090
Columns 8 through 10
0.5878 0.3090 0.0000

' Trong hai truang hop nhit trén, truang hap thir hai ta ding mang dé tinh toan cing duoc
két qua nhu vay, nhung né nhanh hon va céc thao tac cing it hon.

D& tang t6c d6 tinh toan, mang can phét duoc khdi tao trude khi thue hien vong 1ap for
{hodc vong tap while). Trong vi du true cir mbi 1an 1énh trong vong 1ap for dugc tinh, kich co
clia bién x lai tang 1&n 1. Diéu nay Jam cho MATLAB mat thdi gian ¢é cap nhat thém b nhd cho
x trong mdi véng. Bé rit ngan budc nay, vi du vé vong 1ap ford trudc viét lai nhu sau:

>> x = zeros(1,10); % Khai tao bé nha cho x
>>for n=1:10
X = sin{n*pi/ 10);
end

Bay gi¢ chi ¢én thay ddi gia tri clia cac phan tir clia x.

11.2 Vong lap while

Vong 1ap while thyc hién 13p lai m6t nhom (énh mot s6 1an ¢6 dinh, nhung khéng biét trude
duoc s6 Jan |3p lai. )

Cu phap cla vong lap whife nhu sau:
while biéu thuc diéu kién
khéi cac lénh..
end
“kh&i cac [&nh..” gilra hai trang thai while va end dugc thuc hién 1ap di 1ap Jai khi 4t ¢ cac

“biéu thirc didu kién” 1a dung. Théng thuong gia tri cla didu kién dua ra két qua 1a mot s6, nhung
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néu cac két qua dua ra la mdt mang thi van hop 18, Trong trudng hop mang, tat ca cac phan
trong mang k&t qua dua ra phai 1a True (dung). Co thé tham khao vi du dudi day:

>>num = 0; ESP = 1;
>> while {(1+ESP) > 1
ESP = ESP/ 2;
num = num + 1;
end
>> num
num=
53
>> ESP = 2°ESP
ESP=
2.2204e-16

Vi du nay dua ra cach tinh gia tri dac biét eps clia MATLAB, né (4 mét s§ duang nhé nhat,
co thé cong véi 1 dé dugc mét sé |6n hon 1 dung cho gidi han 85 chinh xac. & day ching ta
dung chr hoa EPS dé chic chan ring gia tri eps clia MATLAB khong ghi dé [en. Trong vi du
nay, gia tri cia EPS bt d4u béng 1, trong khi diéu kién (1+EPS)>1 ia True (d€ cho nd khac
khéng), cac 1énh trong vong 1ap while dugc tinh, gid ri cha EPS tiép tuc dugc chia doi, gia tri
ca EPS nhé di, ma cong EPS véi 1 thi nd 13 s& nhd nhat ma 16n hon 1. Do may tinh st dung s6
6 dinh co 16 chr s6 nén khi gia tri nho qua thi nd 1am tron bang 0, va khi @6 diéu kién
(EPS+1)> 1 False (sai) va vong 1ap while dung lai. Cuéi cung EPS dugc nhén véi 2 vi sau lan
chia cudi cung cho 2 thi vong 1ap dimg lai.

11.3 Cau trae if-else-end

Nhiéu khi ~hing ta can nhitng c&u lénh dugc thuc hién theo mét diéu kien nao do. Trong
ngén ngw 1ap trinh, logic nay dubc cung cap bai cu tric if-e/se-end. Ca phap cla cdu tric ndy
nhy sau:

if biéu thuc diéu kién
khdi cac fénh...
end

Khéi cac lenh gilta hai trang thai #fva end dudc thuc hién khi tat biéu thirc diéu kién 13
dung. Trong truang hop diéu kién bao gom cac diéu kién con, thi tat ca cac diéu kién con duac
tinh va tra vé mét trang thai logic cla diéu kién. Vi du:
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>> apple = 10 % s6 tao
>> cost = apple®25
cost=
250
>> if apple > 5
cost = (1-20/100)*cost; % bd di 20%
end
>> cost
cost

200

Trong trudng hop cé hai digu kién thay d8i, cau tric if-else-end|a:

if biéu thitc didu kién
kh&i cac 1enh dugc thue hién néu didu kien la ding
else
khéi cac (énh duge thuc hign néu diéu kién la sai
end
Khi cb ba hoac nhiéu diéu kién thay déi, cdu tric cia no sé Ia:
if biéu thirc diéu kien 1
khéi cac l&nh dugce thue hién néu diéu kién 114 dung
elseif biéu thac diéu kien 2
khé&i cc 1enh duoc thirc hien néu diéu kién 2 1a diing
elseif biéu thuc diéu kign 3
khéi cac l1&nh dugc thyc hién néu diéu kién 3 1a dang
elseif biéu thirc diéu kién 4

else
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khoi cac 1énh dugc thise hién néu khang co diéu kién nao ding.
end
Trong mau dang nay thi khi biéu thuc diéu kien dau tién dang thi cac cau lénh sau khong
duac kiém tra nita, cac cau tric ifefse-end con lai duge bd qua. Hon nira cau Iénh else § cudi
c6 thé khéng can cho vao.
DG vdi cu trac /f-else-end, chung ta cling c6 thé 16ng vao cac vong 1ap forva while
>>EPS =14;
>> for num = 1:100
EPS =EPS/ 2;
if {(1+EPS)< 1
EPS = EPS™2
break
end
end
EPS =
2.2204e-16
>> num
num=
53

Vi du nay dua ra cach khac dé tinh s6 eps. Trong vi du, khi [énh break dugc thuc hién thi
MATLAB nhay ra khdi vong 1ap n6 dang thuc hién. Khi lénh break xuat hién trong mét vong 1ap
forho&c while trong cac vong lap néng nhau thi né chi nhay ra khdi mét vong 1ap chira né chur
nd khang nhay ra khai tat ca cac vong lap.

11.4 Cau tric switch-case

Khi mét chudi cac lénh danh gia dua trén mot biéu thire thir hodc biéu thic diéu kién vdi
nhiéu gia tri thr khac nhau, ngudi ta thuang dung cu tric switch-case. Cau tric switch-case
6 dang nhu sau:

switch bidu thic diéu kién
case giatrithir 1
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khai 1&nh 1
case {gia trithir 2, gia tri thit 3, gia tri thir 4}
khai lenh 2
otherwise
khai 1&nh 3
end

Tai day biéu thirc diéu kién phai 1a dang s6 hodc dang chudi, néu biéu thire diéu kien la
dang s6 thi lenh case sé tht xem gia tri clia biéu thue d6 ¢b bang gia tri thir 7 hay khong. Néu
biéu thitc diéu kién 1a mét chudi thi lenh case s& so sanh chudi db véi gia tri thir £ Trong vi du
truac, bidu thire diéu kién dudc dem so sanh véi gi tri thlr 1, néu chung bang nhau thi khdi lénh
d4au tien duoe thye hién. ma cac khai [énh tiép theo cho dén trude trang thai end dugc bd qua,
néu chung khéng bang nhau thi diéu kién tiép tuc dugc dem so sanh vai gia tri thit 2, gid trj thr
3, gia tri thir 4, néu mét trong cac gia tri nay bang bidu thirc diéu kién thi khéi lénh 2 duoc thuc
hién. Néu tat ca cac lénh so sanh clia case déu khong dang thi khdi lénh 3 duge thuc hién. Cha
y rang trong cau tric switch-case cé it nhat mot nhom (énh phai duac thye hién. Sau day la mét
vi du vé cau tric switch-case.

x =27,
units = 'm’,
switch units % Chuyén x ra centimeters
case {inch''in’}
y=x"2.54;
case (feet' 't}
y=x"2.54*12;
case {meter'’’'m’}
y=x/ 100;
case {'millimeter’,'mm'}
y=x"10;
case {‘centimeter’,'cm’}
y=X

otherwise
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disp([khong biét units: ' units])
y=nan;
end

Khi thure hién vi du nay thi gia tri cudi cing cla y 1&: y=0.027.

Vi du: Vin dé vé 13i suit

Vén dé: Dé mua mét 610, Dang phai vay 10,0008 vdi 13i suat hang thang 1a 8.9%. Trong 3
nam géc va 1ai dugc tinh nhu thé nao sau méi 1an chi trd. Ngoai ra phan tién con fai sau mdi lan
chi tra la bao nhiéu?

Gidi phap: Tu chuong 2. s6 1ién chi trd P hang thang cho khoan vay A dollar vdi (i suét
hang thang 1a R, tinh trong M thang 1a:

M
oon | RORS
(1+R)" -1
Tai lan chi tra dau tién, tién 13i phai trd 1a |,,= R.A. Gia sr 8 tién phai tra 12 P thi tién g6c
phdi tra la P,;= P - I, va s6 tién cdn lai sau Ian chi tr3 tha nhat Ia B,=A - P,,. Trong tt ¢4 cac lan

chi tra sau do tién lai phai tra 1a |,,= RB, va s6 tién con lai 1a B8,= B, - P,. SIt dung cac
thong tin nay thi chuang trinh MATLAB sé nhu sau:

function amort
% amort.m script file

A=10000; % amount of loan
M=3*12; % number of months
R=8.9; % annual interest rate
r=(R/100)/12; % monthly interest rate
P=A%r*{(1+r)*M/((1+r)*M-1)); % payment required
B=zeros{M,1); %storage for balance remaining per month
lp=B; % storage for interest paid per month
Pr=B; % storage for principle paid per month
for m=1:M

if m==1 % compute interest when balance is

Ip(m)=r*A; % original amount
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else
Ip(m)=r"B(m-1);
end

Pr{m)=P-Ip(m): % principle paid this month

if m==1 % compute balance remaining after payment

B{m)=A-Pr{m);
else
B{m)=B(m-1)-Pr(m};
end
end
format bank
disp([Amount=" num2str(A}])
disp{['Interest Rate=' num2str(R)])
disp({[Number of months =" num2str(M)])
disp(['Payment = num2str(P})})
disp("")
disp(' Amortization Schedule')
disp(' Payment Balance Interest Principle’)
disp([(1:M)' B Ip Pr))
format short g
Chay chuang trinh nay thi két qua nhu sau;
>> Amount=10000 -
Interest Rate=8.9
Number of months = 36
Payment =317.5321
Amortization Schedule
Payment Balance Interest  Principle

1.00  9756.63 1417 243.37
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2.00
3.00
4.00

5.00
6.00

7.00

8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.00
25.00
26.00
27.00
28.00
29.00

9511.46
9264 48
9015.65
8764.99
8512 46
8258.07
8001.78
7743.60
748349
722147
6957 .49
6691.56
6423.66
6153.77
5881.88
5607.97
5332.03
5054.04
4773.99
4491.87
420765
392133
3632.88
3342.29
3049.55
275463
245753
2158.22

72.36
70.54
68.71

66.87
65.01

6313

61.25
59.35
57.43
55.50
53.56
51.60
49.63
4764
45.64
43.62
41.59
39.55
37.48
35.41
33.31
31.21
20.08
26.94
24.79
22.62
2043
18.23

245.17
246.99
248.82
250.67
252,53
254 40
256.28
258.19
260.10
262.03
263.97
265.93
267.90
269.89
271.89
273.91
275.94
277.99
280.05
282.12
284.22
286.33
288.45
290.59
292.74
294.91
297.10
299 31



3000 1856.70 16.01 301.53
31.00  1552.94 13.77 303.76
3200 1246.92 1152 306.01
33.00  938.64 925 30828
3400  628.07 696 31057
3500  315.19 466 31287
36.00 -0.00 234 31519

Vi dy nay minh hoa ciu tric 1ap forva if-else-end. N6 clng minh hoa viéc sif dung script

M_file. Dé tinh toan mot khoan cho vay bat ky ban chi can thay ddi dir liéu vac & phan dau clia
chuang trinh va ban chay lai nd.

tric

Vi du: Chudi lén xuéng
Vén dé: Cho x, la mot s& nguyén bat ky. Gid sk chudi x, dugce dinh nghiia nhu sau:
%1 = X/2  néux,lachin
Va X = 3x+1 néuxlalé
Chudi nay c6 thugc tinh gi néu chudi s6 dimg lai khi x, =1, chudi phan ky hay hoi ty vé 1.

Gidi phdp: Chung ta chi can vang lap while A8 xét xem khi nao x= 1 va sit dung cu

if-else-end dé thuc hién viéc tinh toan day x,. Trong MATLAB thi chuang trinh phu sau:

function up_down

% up_down.m script file for up/down seguence proplem

x=zeros(500,1); %preallocate storage for x(k)

x{1)=round(abs(input(‘Enter a numbér> W

k=1,

while (x{(k)>1)&(k<500)
if rem(x(k),2)==0 % x(k) is even

x(k+1)=x(k)/2;

-

else % x(k) is old
x(k+1)=3"x(k)+1;
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end

k=k+1; % increment sequence counter

end

x=x(x>0) % keep values generated only and dispay them
M=0:49¢;

plot(M.x)

Két qua cua chudng trinh nay kha th vi, vi du véi x=2", trong 46 m 1a mot s6 nguyén thi
chudi s& rat ngan (tai sa0?), han nira bat cur khi ndo gia tri clia mét s6 hang trong chudi la luy
thira cla 2 thi chudi sé nhanh chéng dimg lai, nhung d6i véi nhiing sé x tuang déi nho thi két
qua 13 mét chudi kha tha vi. Vi du x1=27. Hau nhu tat ca cac gid tri ban dau déu sinh ra mot
chudi c6 gia tr rat ngau nhién nhu hinh vé dudi day véi x(1)=837799. Liéu ban c6 dam két luan
chubi nay hoi ty hay khéng!

‘D6 thi két qua clia chuang trinh véi x(1)=837798 [a:

x10
3

2.5t

1.5}

0 100 200 300 400 500

N Hinh 11.1
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CHUGNG 12

HAM M_FILE

Khi ban sir dung cac ham MATLAB nhu inv, abs, angle, va sqrf, MATLAB nhan gia tri ma
ban truyén vao, dua vao két qua do, tinh todn k&t qua clia ham va tra lai cho han két qua tinh
toan. Cac lénh tinh toan bang ham clng nhu céc bién trung gian duoc tao ra bdi cAc Iénh nay
ban déu khang nhin théy, tit ca nhimg gi ban tréng thdy chi la cac gia tri nhap vao va céc gia tri
dua ra, vi vay co thé coi mét ham nhu mot céi hap den. Cac thue tinh nay lam cho ham 1rd 1én
rat hitu dung d6i vdi cac lénh tinh toan ma phai dung dén cac ham toan hoc phic tap thuang
xut hién khi ban giai quyat nhirng van dé 16n. Dua vao uu diém nay, MATLAB cung cip mot
c4u trac dé ban c6 thé ty tao mét ham cho minh dudi dang mét M_file. Ham #Mipup dudi day la
mot vi dy vé viéc diing ham M_file:

function y=flipup(x)
% FLIPUP Flip matrix in up/down directiopn.

% FLIPUP(x) return x with columns preserved and rows flipped

o
<

in the up/down direction. For example.

%

% x=14  becomes 3 6-
% 25 25
% 36 14
0/0 *

% See also FLIPLR, ROT90, FLIPDIM.

Copyright (¢) 1984-96 by the MathWork, Inc.

% S$Revision: 53 § $Date: 1996/10/24 18:41; 14§
tf ndim{x)~=2

o
S<

error('’X must be a 2-D matrix.’);
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end
[m, n] = size(x);

y = x(m:-1:1.3);

Mot ham M_file rat gidng vai mét script file bdi vi chang cling 13 céc file van ban va cung ¢b
phan md rong la .m". Diém khac nhau gida script file va cac ham M_file 1a cac ham M_file khong
duac nhap vao tir clra 6 '&nh ma théng qua maét trinh soan thao van ban tir bén ngoai. Ham
M_file can khac véi script file & ché né chi thong tin véi MATLAB thong qua cac bién truyén vao
cho nd va théng qua cac bién ra ma né tao thanh, cac bién frung gian @ bén trong ham thi khong
xuat hién hay tuong tac véi méi truang clia MATLAB. Nhu ban c6 thé thay & vi du trudc, dong
dau tién cla han M_file dinh nghia file nay nhu mot ham va chi ra tén cda no, tén nay chinh la
tén file nhing khong co phan md rong 1a *m’ déng thdi n6 cing dinh nghia luan bién vao va ra.
Chubi cac dong énh ti€p theo la c&c 18 chu thich, sé xuat hién khi ta dung lénh >>help, >>help
flipud, hoac >>helpwinflipud, dong lénh help dau tién goi la déng H1 chinh la dong hién ra khi
dung 1énh lookfor. Cudi cling phan con lai cha file nay chira cac Iénh cha MATLAB dé tao Ién
c4c bién ra.

12.1 Cac quy ludt va thudc tinh

Ham M_file phai tuan theo nhitng quy Iuat va thude tinh nhat dinh, ngoai ra ching cén c6
mo6t s6 tinh chat rat quan trong bao gom:

= Tén ham va tén file phai la mét, vi du ham #ipud phai duac luu trong file vdi cai tén 1a
flipud.m.

»  Khi MATLAB thuc hién lan dau ham M_file, n6 s& md file van ban tuong tng va dich
cac dong iénh cda file 6 ra mét dang ma Iuu trong bd nhd nham muc dich tang t6c dd thyc hién
cac 161 goi ham tiép theo. N&u trong ham cé chdra 1ai goi ham M_file khac thi cac ham do ciing
duac dich vao trong b nhd.

e Céac dong ghi lai chu thich cho tdi dong dau tién khéng phai la chd thich trong ham
M_file 1a nhitng dang van ban, né sé hién ra khi ban sir dung 1énh Aefp. Vi du: >>help flipud sé
trd v& 9 dong dau tién trong Ram M_file néi trén. Dong dau tien la dong H1, nd s& xuat hién khi
ban dung lénh ook for.

*  Mbi ham c6 mét khong gian lam viéc riéng tach biét so vai méi truong MATLAB, moi
quan hé duy nhat gitra cac bién trong ham véi méi truong MATLAB 13 cac bién vao va ra cla
ham d6. Néu ban than ham gia tri bi thay ddi thi sy thay d6i nay chi tac dong bén trong cla ham
d6 ma khong lam anh hudng dén cac bién cla mai trurdng MATLAB. Cac bién duac tao ra bén
trong mdt ham thi chi nam trong khang gian lam viéc clia ham d6 va duge giai phong khi ham
kél thuc. vi vay khéng thé st dung thong tin clia Ian goi trude cho 1an goi sau.

128



= S0 cac tham s6 vao va ra khi mot ham duac gor thi chi ¢6 tac dung bén trong ham do,
bién nargin chira cac tham s6 dua vao con bién nargout chira cac gia tri dua ra, trong thuc té thi
cac bién nay thuang duoc sir dung dé xac dinh gia tri ra dua vao s6 luong cac ddi sé dua vao. Vi
du xét ham linespace sau:

function y=linespace(d1, d2, n)

% LINESPACE Linearly spaced vector.

% LINESPACE(x1, x2) generates a row vector of 100 linearly
% equally spaced points betwin x1 and x2.

%

% LINESPACE(x1, x2, N) generates N points betwin x1 and x2.
%

%  See also LOGSPACE,..

%  Copyright {c) 1984-96 by the MathWork, inc.

%  SRevision: 5.3 § $Date: 1996/10/24 18:41: 14 §

if nargin==

n=100;
end
y =[d1 + (0: n-2)"(d2-d1)/ (n-1) d2};

O day néu 191 goi clia ngudi sir dung chi truyén vao hai d6i & thi linespace tra vé gia tri
100, nhung néu s6 ddi s§ la 3, vi du nhu linespace(0,10,50) thi d&i s6 thir 3 sé quyét dinh s6
cac diém dir liéu,

» Céc ham cé thé dung chung cac bién v6i ham khac, vdi méi truang MATLAB va ¢o
thé 3é quy néu nhu cac bién dugc khai bao la toan cuc. D& co thé truy cap dén cac bién trong
mét ham hoac trong moi truang MATLAB thi cac bién da phai duoc khai bao 14 bién toan cuc
trong mdi ham sir dung né. Ham tic va toc sau day mé ta mot vi du vé viéc sir dung bién toan
cuc:

function tic
% TIC Start a stopwatch timer.
% The sequence of 1énhs

% TIiC, operation, TOC
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2

o prints the time required for the operation.

>

6 See also TOC, CLOCK, ETIME, CPUTIME.
Copyright (c) 1984-96 by the MathWork, Inc.
% $Revision: 5.3 $§ $Date: 1996/10/24 18;41: 14§

o
S<

% TIC simple stores CLOCK in a global variable

global TICTOC

TICTOZ = clock:

function t = toc

% TOC Read the stopwatch timer.

% TOC, by itself, prints the elapsed time int,

% instead of printing it out.

%

% See also TIC, ETIME, CLOCK, CPUTIME.

Capyright (c) 1984-96 by the MathWork, Inc.

%  “Revision: 53 $ $Date: 1996/10/24 18:41: 14§
% TOC uses ETIME and the value of clock saved by TIC.
global TICTOC

o
5=

if nargout< 1
elapsed_time = etime(clock, TICTOC);
else
t = etime(clock, TICTOCY;
end
Trong ham tic thi bién TICTOC duoc khai bo la bién toan cuc va gia tri cda bién nay co
dugce théng qua viéc goi ham clock. Sau do trong ham foc, bién TICTOC cing dugce khai béo la
bién toan cuc lam cho foc ¢6 kha nang truy cap dén bién TICTOC @ trong ham #ic, sir dung gi&
tri clia bién nay foc sé tinh duge khodng thai gian d4 tréi qua ké tir khi ham e dugc thi hanh.

Mot diéu quan trong can nhd 13 bién TICTOC chi tdn tai trong khdng gian lam viéc clia ticva toc
nhung khong ton fai trong moi tnsong MATLAB.
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= Viéc thi hanh ham M_file s& két thuc khi gap dong cudi cung cua file d6 hoac gap
dong enh return. Lénh return gitp ta k&t thuc mot ham ma kidng ¢an phai thi hanh hét cac
lénh cua ham do.

«  Ham error cia MATLAR sé hién thi mét chuol 1én cfa s6 lénh va dung thuc hién
ham, tra diéu khién /& cho clra 8 lénh va ban phim. Ham nay rat hiru dung dé canh bao viéc st
dung ham khong dung muc dich. Vi du nhu cau lénh sau

il length{val) > 1
error('VAL phai 1a gia tri sa"")
end

0 day néu val khong phai la s6 thi ham errorsé hién 1én chubi canh bao va tra didu khién
cho clra s6 1énh va ban phim,

= Mét M_file ¢ thé chira nhiéu ham. Ham chinh trong M_file nay phai duoc dat ten
trung véi tén ctia M_file nhu dé cap dén 4 trén, Cac ham khac duoc khai bao thdng qua cau lénh
function dugc viét sau ham dau tién. Cac ham con chi dugc sit dung bai ham chinh, ¢o nghia la
ngoai ham chinh ra thi khang ¢6 ham nao khac c6 thé goi duac ching. Tinh nang nay cung cap
mét giai phéap hiru hiéu dé giai quyét tirng phén cla ham chinh mdt cach riéng ré lam giam bat
cac kho khan khi ta 1ap trinh mét ham 1an.

Néi tam fai, ham M_file cung cép cho ta mét phuong phap don gian d& ma rong kha nang
clia MATLAS. Trong thuc té rat nhiéu ham clia MATLAB la cac ham M_file.

12.2. Cacvidu
Vi du: Ham tra din theo thdi han

Van dé: Gia st cd mot khodn cho vay A dollar, vdi lai sut hang thang (@ R% va phai tra
trong vong M thang. Hay viét mot ham M_file dé thé hién:

- Lich chi trd néu nhu ban dau chua biét cac s6 liéu dua ra.
- 83 tién chi tra hang thahg néu biét mot s3 liéu ra.

- S6 tién chi tra hang thang va mét ma tran s chira {jch thanh toan néu biét truac hai dai
s ra.

Gidi phdp. Trong chuang 2, s tién phai chi ird hang thang P cho khoan cho vay A dollar
vdi lai suat 1a R, tra trong M thang:

P=A{ R(1+R) }
(1+RM 1
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Tai lan chi tra dau fién, tién ai phai tra la |,,= R.A. Gid sir sG tién phai ira la P thi tién géc

phai tra 1a P,,= P - |, va s6 tién con lai sau Ian chi.tra thir nhat 12 B,=A - P,, . Trong tat ca céc
lan chi tra sau do tién 1i phaitré a 1,,= R.B,, va s& tién con lai (@ B,= B, - Py, St dung cac
thong tin nay thi chuang trinh MATLAB sé nhu sau:
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function [P,S]=loan(a,r,m)

%LOAN Loan Payment and Amortization Table.
% (H1 help line)

%P=LOAN(A.R M) computes the monthly payment on a loan
%amount of a, having an annual intereat rate of R,
% to be paid off in equal amounts over M months.
%

%[P,S]=LOAN(A,R,M) also returns

% an amortization table S,

%which is an M-by-4 matrix

% where S(;,1)=Payment Number,
%S(;,2)=Remaining Balance, S(;,3)=Interest Paid, and
%$(:,4)=Principle Paid.

%

%If no output arguments are provided

% the table is displayed.

%Start with some error checking

if nargin<3

ermor('Three input argument are required.")
end
if fix(m)~=m
errof{'Number of Months Must be Integer.")
end
% Now calcutate
rm=(r/100}/12; % Monthly interest rate



p=a“(rm"(1+rm)*m/{(1+rm)*m-1)); % payment required

if nargout== % done if only payment is required.
P=p; % copy out into output variable
return

end

B=zeros(m.1); % storage for balance remaining per month

Ip=B; % storage for interest paid per month
Pr=8; % storage for principal paid per month
fori=1:m % creat table data

if i==1

% compute interest when balance is orginnal amout
Ip(i}=rm*a;
else % balance is B(i-1)
Ip(i}=rm*B{(i-1);
end
Pr(i)=p-Ip(i); %principal paid this month
if i== % compute balance remainig after payment
B(i)=a-Pr{J);
else
B(i)=B(i-1)-Pr(i);
end
end .
B(abs(B)<0.001)=0; % set near zero balance to zero
s=[(1:m) B Ip Prj;
if nargout== % display table
disp(['Amount = ' num2str(a)])
disp([Interest rate ="' num2str(r)])

disp(['Number of month =" int2str(m)])
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disp(['Payment = ' num2str(p)))
disp(’ )
disp(’ Amortization Schedule')
disp(' Payment Balance Interest Principle’)
fprintf(’ %5.0f %12.2f %12.2f %12.2f\n’, §')
% better formatting
glse % two output arguments requested
P=p;
S=s;
end
Vi du: Giai ma mau trén cac dién trd
Van dé: Gia tri clia mot dién trd dung trong mach dién duac tinh théng qua cac vach mau

in trén than cta no. Béi vai mét dién trd véi do chinh xac 1a 5% thi ¢o 3 dai mau, tam goi la A, B,
C. Gia tri s0 dugc gan cho mdi mau dugce tinh nhu sau:

e

Mau e | Gia tri tuong ing_
Den 0

Néau
bé

—y

Da cam
Vang

Xanh la cay
Xanh da trai
Tim

Xam

w o ~N & o A W M

Trang

Néu A, B, C la cac gia tri clia cac mau trén giai mau thi gia tri clia cac dién trd la:
R =(10.A + B).10°
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S(r dung cac thong tin nay, hay tao mét M_file tra vé gia tri ca dién trd ung va bat ky mot
dién trd chuan nao.

Gii phdp: Van dé nay yéu cau mot chuoi cac thao tac va so sanh dé thuc hién su chuyen
ddi trong bang trén, Giai phap ciia MATLAB la:

function r=resistor(a, b, ¢)

%RESISTOR(A, B, C) Resistor vaiue from color code.

%RESISTOR(a, 8, C) returns the resistace

%value of resistor

%agiven its three color bands, A, B, C.

%A, B, C must be one of the

%following character strings:

%

%'black’, ‘brown’, ‘red', ‘orange’, 'yellow’,

%'green’, ‘blue’, 'violet', ‘gray’, ‘white'

% first some error checking

if nargin~=3

error('Three input arguments required’)
end
if ~ischar(a)|~ischar(b)|~ischar{c)

error{'inputs Must be Character Xaus')

end

% now solve problem
vals=zeros(1,3); % string cell array of three inputs
abe={ab.c}; % tring cell aray ¢ thré input
fori=1:3 % do each color band in tumn

band=lower{abc(i));
% get (i)th input and make lower case

if strncmp(band, bla’.3) % black (compare min # of)
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vals(1)=0; % chars for unigue match)

elseif strnemp(band.'br',2) %brown
vals(ij=1;

elself strnemp(band.'r'.1) %red
vals(i}=2;

elseif strncmp(band,'o’.1) %orange
vals(i)=3;

elseif strmcmp(band,'y’,1) %yellow
vals{i)=4,

elseif strncmp(band,'qre'.3) %green
vals{i}=5;

elseif strnemp(band,’biu’,3) %blue
vals(i)=6;

elseif strncmp(band,'v',1} %violet
vals{i)=7;

elseif strncmp(band,'gra’.3) %gray
vals(i)=8;

elseif strncmp(band,'w',1) %white
vals(i)=9;

else
error{['Unknown Color Band.))

end N

end

if vals(1)==
error('First Color Band Cannot Be Black.")

end

r=(10"vals($)+vals(2)}"10%vals(3};
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S dung ham nay cho mot vai vi du’
>> resistor('brown’, ‘black’, 'red’)
ans=

1000
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CHUONG 13

PHAN TiCH DU LIEU

MATLAB la mot chuang trinh Ung dung hudng ma tran nén né dé dang thuc hién cac phan
tich théng ké trén cac tap du lieu, trong khi theo mac dinh MATLAB coi cac tap di ligu dugc luu
tr trong cac mang cot, viéc phan tich dir liéu co thé thuc hién theo bat cu chiéu nao. D6 1 trir
khi duoc chi dinh theo mét cach khac, cac cot cha mét mang di liéu thé hién cac thong s6 do
khac nhau, m&i hang thé hién mét gia tri mau clia cac théng s6 do do. Vi dy gia st nhiét d6 ban
ngay (tinh theo dé C) cda 3 thanh phé tinh trong mét thang (31 ngay duac ght lai va géan cho mét
bién la temps trong mét script M_file, khi chay M_file thi gia tri c(a temps dugc dua vao méi
truang MATLAB, thuc hién cang viéc nay, bién temps chira:

>> temps

temps=
12 8 18
15 9 22
12 5 19
14 8 23
12 6 22 .
"M 9 19
15 9 15
8 10 20
19 7 18
12 7 18
14 10 19
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11 8

g 7 23

g8 8 19
8

48 18
8 10 20
10 7 17
127 22
9 8 19
2 8 21
12 8 2
10 9 17
13 12 18
g 10 20
10 6 22
14 7 21
12 5 22
13 7 18
15 10 23
13 11 24
12 12 22

Mai hang chita nhiét d6 clia mot ngay nao d6, con médi cot chisa nhiét do clia mét thanh
ph6. Dé cho d liéu trd 1én dé dang han, hay gb vao nhu sau:

>> d=1:31; % number the days of the month
>> plot(d,temps)

>> xlabel('Day of month')

>> ylabel(*Celsius')

>> fitle('Daily High Tempratures in three Cities')
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Daily High Tempratures n \hcee Ciies

Celsws

0] 5 10 15 20 5 30 35
Day of monih

Hinh 13.1

Lénh plot vira ding trén day minh hoa thém mét cich sir dung. Bién d 1a mét vector dai
31, trong khi bién temps 1a mét ma tran 31x3. Cho trudc nhing dir liéu nay, lénh plot sé trich
mdi ¢4t cla bién temps cho vao d.

Dé minh hoa mot vai kha ning phan tich di lieu clia MATLAB, hay xét cac lénh sau, dva
trén diT liéu vé nhiét 6 da cho:

>> avg_temp = mean(temps)
avqg_temp=
11.9677 82258 19.8710

Vi du trén chi ra rang thanh phé thir 3 |a c6 nhiét d6 trung binh cao nhét, & day MATLAS
da tinh nhiét d6 trung binh ctia mbi cot mot cich riéng ré. Néu tinh trung binh & ca 3 thanh phd
thi;

>> avg_avg = mean{avg_temp)

avg_avg= -

13,3548

Khi ma cac gia tri dau vao trong mét ham phan tich dir liéu (& mot vector hang hay cot thi
MATLAB chi dan gian Ia tién hanh cac phép todn trén vector va tra vé gia ri sé.

Ban cing co thé diing mang dé thuc hién cdng viéc nay:
>> avg_temp = mean(temps,1) % Giéng nhts trén, tinh cho cac cot

avg_temp =

140



11.9677 8.2258 19.8710
>> avr_tempr = mean(temps.2) % Tinh cho méi hang
avr_tempr =

12.6667

156.3333

12.0000

15.0000

13.3333

13.0000

13.0000

12.6667

14.6667

12.3333

14.3333

12.0000

13.0000

11.6667

13.6667

12.3333

11.3333

13.6667

12.0000

13.6667

133333

12.0000

14.3333

13.0000

12.6667
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14.0000
13.0000
12.6667
16.0000
16.0000
15.3333
Day la gia tri nhiét do trung binh & ca ba thanh phd trong tng ngay.

Xét bai toan tim su chénh léch nhiét do cta mbi thanh phé so vdi gia tri trung binh, co
nghia (& avg_temp(i) phai bi trr di béi ¢t thir 7 clia bién temps. Ban khong thé ra mét cau 1énh
nhy sau:

>> temps-avg_temp
77?7 Erorusing ==>-
Matrix dimensions must agree.

B&i vi thao tac nay khong phai Ia cac thao tac da dinh nghra trén mang (temps fa mot
mang 31x3, con avg_temp la mot mang 1x3). Co |& cach dung vong lap forla don gian nhat;

> fori=13
tdev(:,i) = temps(.,i}- avg_temp(i);

end

>> tdev

tdev =

0.0323 -0.2258 -1.8710
3.0323 0.7742 2.1290
0.0323 -3.2258 -0.8710
20323 -0.2258 3.1290
0.0323 -2.2258 2.1290
-0.9677 0.7742 -0.8710
3.0323 0.7742 48710
-3.9677 1.7742 0.1290
7.0323 -1.2258 -1.8710
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0.0323 -1.2258 -1.8710
20323 1.7742 -0.8710
-0.9677 -0.2258 -2.8710
-2.9677 -1.2258 3.1290
39677 -0.2258 -0.8710
30323 -0.2258 -1.8710
-3.9677 0.7742 0.1290
-1.9677 -1.2258 -2.8710
0.0323 -1.2258 2.1290
-2.9677 -0.2258 -0.8710
0.0323 -0.2258 1.1290
0.0323 -0.2258 0.1290
19677 0.7742 -2.8710
10323 37742 -1.8710
-2.9677 1.7742 0.1290
1.9677 -2.2258 2.1290
20323 -1.2258 1.1290
0.0323 -3.2258 2.1290
1.0323 -1.2258 -1.8710
30323 17742 31290
10323 27742 4.1290
00323 3.7742 21290

Khi thyc hién phuang phap ndy ta thay né cham hon so vdi cic cau lenh duoc MATLAB
thiét ké riéng d& dung cho méang. Néu ta nhan ban bién avg_temp dé kich thuée cla né bing véi
kich thuéc cda temps, sau dé thyc hién phép trir thi sé nhanh han rat nhiéu:

>> tdev = temps - avg_temp(ones{31,1}.:)
tdev =
0.0323 -0.2258 -1.8710
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3.0323
0.0323
2.0323
0.0323
-0.9677
3.0323
-3.9677
7.0323
0.0323
2.0323
-0.9677
-2.9677
-3.9677
3.0323
-3.9677
-1.9677
0.0323
-2.96877
0.0323
0.0323
-1.9877
1.0323
-2.9677
-1.9677
20323
0.0323
1.0323
3.0323

0.7742
-3.2258
-0.2258
-2.2258

0.7742

0.7742

1.7742
-1.2258
-1.2258

1.7742
-0.2258
-1.2258
-0.2258
-0.2258

0.7742
-1.2258
-1.2258
-0.2258
-0.2258
-0.2258

0.7742

3.7742

1.7742
-2.2258
-1.2258
-3.2258
-1.2258

1.7742

2.1290
-0.8710
3.1290
21290
-0.8710
-4.8710
0.1290
-1.8710
-1.8710
-0.8710
-2.8710
3.1290
-0.8710
-1.871C
0.1290
-2.8710
2.1290
-0.8710
1.1290
0.1290
-2.8710
-1.8710
0.1290
2.1290
1.1290
2.1290
-1.8710
3.1290



1.0323 27742 4.1290

0.0323 3.7742 21290
3 day avg_temp{ones(31,1),1) sé nhan ban hang du tién (va 1a hang duy nhat) clia bién

avg_temp thanh 31 ban, tao 18n mét ma tran 31x3. Trong dé cot thir 7chinh 13 avg_temp(i).
>> max_{emp = max(temps)
max_temp=
19 12 24

Cau [énh tim ra nhiét da 16n nhat & méi thanh phé trong thang d6.

>> [max_temp,x] = max(temps)

max_temp=

19 12 24
X=

g 23 3

Cho biét gia tri nhiét 4o 16n nhat & méi thanh phé va gia tri chi s6 hang x, tai do gia tri lon
nhat xuat hién, trong vi du nay x cho biét ngay nong nhét trong thang.

>> min_temp = min{temps)
min_temp=
8 5 15
Cho biét nhiét do thap nhat & méi thanh phd.

>> [min_temp, n] = min(temps)

min_temp=
8 5 15

n= )
8 3 7

Cho biét gia tri nhiét 3o thap nhat & mdi thanh phé va chi s6 hang n, tai 6 gia tri thip nhat
xdy ra. Trong vi du nay, n chinh la ngay lanh nhat trong théng.

>> §_dev = sid{temps)
s_dev=

25098 17646 22322
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Cho hiét d chénh Iéch chuén cla bién temps.
>> daily_change = diiff(temps)
daily_change =

3 1 4
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12 4
2 3 5
2 11
101 -2

Cho biét su khac nhau vé nhiét do gitra cac ngay lien tiép chinh 1a do chénh léch nhiét do
clia ngay hém sau so véi ngay hém trude. Trong vi du nay, hang dau tién cla daily_change la
do chenh léch nhiét do gitra ngay dau tién va ngay thir hai trong thang.

Cac ham phan tich dif lieu
Phan tich dir liéu trong MATLAB dugc thuc hién thong qua cac ma tran hudng cot, cac
bién khac nhau dugc luu gitt trong cac cot khac shau va mi ham thé hién gia tri clia bién & mot
thai diém quan sat nhat dinh. Cac ham thong ké clia MATLAB gom co:

en ot T L T

AR

cptxpair(x] - Xap x&p cap phclin hap -

Ccross(x,y) Tich chéo vector

cumprod(x) Tich tich luy theo cot

cumprod(x,n) Tich tich luy theo chiéu n

cumsum(x) Téng tich luy theo cot

cumsum(x,n) Téng tich luy theo chiéu n

cumtrapz(x.y) Tich chéo tich luy

cumtrapz(x.y.n) Tich chéo tich luy theo chiéu n

del2(A) - Toan tf réi rac Laplacian 5 diém

diff(x) Tinh do chénh lech gitra cac phan tir

diff(x,m) Tinh s6 ra cp m clia cac phén tir !
diff(x,m,n) Tinh s6 ra c3p m ciia cac phén tittheo chiéun |
dot(x.y) Tich vo hudng clia hai vector

gradient(Z,dx,dy) Gradient vi phan
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histogram(x)

Biéu d hinh cot

max{x), max(x.y)

Phan 1 16n nhat

max(x,n) Phan tr ldn nhat theo chiéu n
mean(x) Gia tri trung binh cla cot

mean(x,n} Gia tr trung binh theo chiéu n
median(x) Gi4 tri cia phan t gitta cda cot
median(x,n) Gia tri cGa phan i gita theo chiéu n

min(x), min(x,y)

Phan t{r nho nhat

min(x,n) Phan tir nhd nhat theo chiéu n

" prod(x) Tich cac phan td trong cot
prod(x,n} Tich cc phan tr theo chiéu n
rand(x) S6 ngau nhién phan b6 déu
randn(x) S6 ngéu nhién phan b6 binh thudng
sort(x) X3p x&p cac cot theo thr tu tang dén
sort(x,n) Xap x€p theo chiéu n
sorirows(A) X3p x&p cac hang theo thd ty ting dan
std(x), std(0) B0 [éch chuan ctia cot chudn hoa theoN-1
std(x,1) D6 lech chudn ciia ct chuan hoa theoN

std(x, flag, n)

Do lach chuan theo chiéu n

subspace(A,B) Géc gita hai diém

sum(x} Téng cac phan ti trong méi cot
sum(x,n) Téng c4c phan tir theo chidu n
trapz{x.y) Tich chéo cda y=f(x)
trapz(x,y,n) Tich chéo theo chiéu n
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CHUGONG 14

CAC PHEP TiNH BOI V3I DA THUC

14.1 Cac nghiém cla da thire

Tim nghiém cla da thac 1a tim gid 1 dé da thac bang knong, mét bai toan thuong gap
trong thyc t€. MATLAB c6 thé gidi quyét nhitng bai toan nay va d6ng thdi cung cp nhimg conqg
cu dé tinh toan da thic. Trong MATLAB mét da thire duoc biéu dién bang mét vector hang cac
hé s& vé bac gidm dan. Vi du da thie

x'-12x*+25x+116  duoc nhap vao nhu sau:
>>p=(1-12 0 25 116]
p=
1 12 0 25 116

Nha rang muc danh cho hé s8 0 cling phai duge gd vao néu khong MATLAB s& kho.
hi€u dugc hé s6 cla biéu thirc bac may 1a khong. S dung dang nay thi nghiém cia mot da thirc
co thé tim dugce bang cach dung ham roofs.

>> 1 = roots(p)
r=
11.7374
2.7028
-1.2251 + 1.4672i
-1.2251 - 1.4672i
Bdi vi trong MATLAB ca da thuc va cac nghiém cla n6 déu a vector nén MATLAB ngam

quy udc rang da thuc 14 vector hang, con cac nghiém la cac vector cot. Néu biét truée nghiém
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clia mot da thire thi ta dé dang biét dugce da thire do. Trong MATLAB Iénh poly sé thic hién
cong viac nay:

>> pp = poly(r)
pp=
1 12 -1.7764e-14 25 116
>> pp(abs(pp)< 1e-12=0 % Gan nhitng phan tr qua nhd bang khéng
1 12 0 25 116
Bdi vi trong tinh toan thuéng gép nhing sai sé nén déi khi két qua cla lénh poly cho ra
céc da thic ¢6 cac hé s& gan bang khong va cac da thire co phan do rat nhd nhu duge chira &
trén, cac gia tri bang khong co6 thé dudc lam tron bang cac cong cu vé mang. Tuong tu nhur vay,
ta c6 the lam tron mét 6 phitc dé trd thanh mét s6 thuc bang ham real.
14.2 Nhan da thuc
Ham convthyc hién nhan hai da thifc (thuc ra 1a hai ma tran), xét tich cta hai da thic sau:
a(x) = X3+ 24 3x+4 va b(x) = x*+4x?+9x+16
>>a={1234b={149 16);
>> ¢ = conv(a.b)
o=
1t 6 20 50 75 84 64
Kétquala c(x)=x8+6x° +20x* +50x°+75x2+84x+64

Khi ta nhan nhidu da thire vai nhau thi ta phai str dung 1énh convnhiéu lan.

14.3 Phép ¢dng da thitc

MATLAB khong cung cap cac ham teuc tiép thuc hién phép cong hai da thirc, dtng phép
cong ma trén chi ¢6 tac dung khi hai da thic 1a bai vector c6 cung kich thude. Vi du nhu cdng
hai da thire a(x) va b{x) d trén:

>d=a+b

d=
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Két qua {a d(x)=2x3+6x2+12x+20. Khi hai da thirc ¢6 bac khéc nhau thi da thire ¢6 béc
thap hon phai dugc them vao cac hé s6 0 dé cho bac clia nb c6 cung bac vén da thic ¢b bac
cao hon. Xét phép cdng hai da thirc ¢ va d & trén:

>>eg=c+[0 00 d]
o=
1 6 20 52 81 96 84
Két qua la e(x)=xt+6x>+20x'+52x3+81x*+84. Cac gia tri 0 can phéi dugc thém vao & phia
dau cla vector chir khong phai phia dudi, bdi vi cac hé s& d6 phai tuang Ung véi cac hé s6 bac
cao cla x.
Néu ban mudn, ban ¢é thé tao mat ham M_fiie d& thuc hién phép cong da thirc tdng quat:
function p=polyadd(a,b)
%POLYADD Polynomial addition
%POLYADD(A,B) adds the polynomials A and B
if nargin<2
error{'Not enough input arguments’)
end
a=a()).;  %make sureinputs are row vectors
b=b(:)."
na=length(a); %find lengths of a and b
nb=length(b);
p=[zeros(1,nb-na) a|+[zercs(1,na-nb) b);
% pad with zeros as necessary
Bay gid co thé minh hoa cho viée dung ham polyadd, hay xét vi du trudc day:
>> { = polyadd{c.d)
f=
1 6 20 52 81 9% 84
Két qua cing giéng nhu da thic e & trén. T4t nhién polyadd clng ¢6 thé dung & thuc
hién phép trtr,
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>> g = polyadd(c,-d)
g:
1 6 20 48 69 72 44

14.4 Chia hai da thuc

Trong mét s0 truang hap ta phai chia da thic nay cho mét da thic khac, trong MATLAB
cong viéc nay duae thuc hién bai ham deconv, st dung cac da thire b va ¢ @ trén ta co:

>> {g,r] = deconv(c,b)

0 0 0 0 0 0 O

Két qua nay chi ra rang ¢ dem chia cho b thi dugc da thirc 13 q va da thae du 1a r trong
truong hop nay da thirc du la da thirc 0 bai vi ¢ 1a da thie chia hét cho q (nhé rang trén day ta
da nhan dugc da thie ¢ bang cach dem nhan da thirc a véi da thirc b)

14.5 Pao ham

Bdi vi d& dang tinh duoc vi phan cha mét da thirc nén MATLAB dua ra ham polyder dé
tinh vi phan da thure:

>> h = polyder{(g)
h=
6 30 80 144 138 72

14.6 Tinh gia tri cGia mot da thde

R rang rang ban c6 thé cang, trlr, nhan, chia, dao ham mét da thirc bat ky dua trén cac
hé s6 clia nd. ban cing cb thé dé dang tinh ducc gia tri cac da thire nay. Trong MATLAB ham
polyval sé thuc hién cong viéc nay;

>> x = linspace(-1,3);
8é chon 100 diém dif héu gicra -1 va 3

>>p=[1 4 -7 10}
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Dung da thire p(x) = x*+4x%-7x-10
>> v = polyval(p.x);

Tinh gia tri cda p(x) tai cac gia Iri cua x va luu trr két qua vao trong mang v. Sau do két
qua sé duac Ve ra bang lenh plot (hinh 14.1):

>> plot(x. v). title('’x*3+4x*2-7x-10"), xlabel(’x")

X ax?-7x-10
35

+

30+

25

20+

-10
15 ' — : ; : : :
-1 08 0 05 1 15 2 25 3
Hinh 14.1
14.7 Phan thie hitu ti

bai khi ban gap nhirng bai toan lien quan dén ti s8 cla hai da thic hay con goi la phan
thae hiru i, vi du nhu cac ham truyén hay cac ham x3p xi pade co dang nhu sau:

A NxX™ +Nx™ N
dx) Ox"+D,x""+..+D

n
Trong MATLAB phan thirc cing dugc mé phdng bang hai da thuc riéng ré. Vi du nhu:
>>n=(1-10100] % a numerator
n=

1 -10 100
>>d=[1101000] % a dimominator
d=

1 10 100 0
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>> z=roots(n) % the zeros of n(x)/d(x)
7=

5.000C + 8.6603i

5.0000 - 8.6603i
>> p=roots{d) % the poles of n(x)/d(x)
p=

0

-5.0000 + 8.6603i

-5.0000 - 8.6603i
Dao ham clia phan thirc nay theo bién x dudc tinh difa frén ham polyder.
>> [nd.dd]=polyder(n,d)
nd =

-4 20 -100 -2000 -10000
dd =

Columns 1 through 6

1 20 300 2000 10000 0
Column 7
0

d day nd va dd {a tr thire va m3u thie cla dao ham, Mdt thao tac thong thireng khac la tim
phan du clia phéan thae.

>> [r,p,k]=residue(n,d)
r=
0.0000 + 1.1547i
0.0000 - 1.1547i
1.0000
p=
-5.0000 + 8.6603i
-5.0000 - 8.6603i
0
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k =
i
Trong truong hap nay ham residue tra vé cac hé s6 md réng phan thac timg phén r, cac
nghiém clia phan thirc 1a p va phin thuong chia hét cla phan thic | k. Néu bac cla tir 56 nhd
han bac clia mau s6 thi phan thirc chia hét s& bang khang. Trong vi dy trén thi ma rong phan
thirc timg phan cia phan thire da cho la:

n(x)  1.1547 -1.1547] 1

(x)  X+5-86603  x—5+86603 '

N&u cho truéc cac da thire nay thi phan thire ban dau sé tim dugc bang cach st dung ham
resfoue:

>> [nn,dd|=residue(r,p,k)
nn =
1.0000 -10.0000 100.0000
dd =
1.0000 10.0000 100.0000 0

Vi vay trong truang hap nay, ham residue co thé thuc hien duoc viec chuyén déi hai chiéu
tuy thude vao s lirgng cac tham sé vao va ra truyén cho no.
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CHUONG 15

PHEP NOI SUY
VA MIN HOA DUONG CONG

Trong cac finh vuc (ng dung $6, nhiém vu cla chdng ta 1a phai bidu dién s6 liéu, thuong la
cac s8 do bang cac chirc nang phan tich. Co hai cach giai quyét van dé nay, trong phuong phap
néi diém (interpolation) thi dit liéu duoc coi la ding va cai ching ta cén la cach biéu dién di liéu
khéng nam gitra cac gia tri do duac, theo phuong phap thir hai goi la phuong phéap min hoa
duang cong (curve fitting or regression), ban tim mét duong cong khong gay khdc ma phi hap
nhat véi dir liéu da co, nhung khong can thiét phai di qua mét cach chinh xac bat ky mot diém
nao trén bang s6 liéu. Hinh 15.1 minh hoa hai phuang phap trén, chir o danh dau cac diém biéu
din di ligu, cac doan thang bang nét lién ndi cac dudng bidu dién di liéu lai véi nhau theo
phuang phép néi diém con uang chadm cham la mot dudng cong vé theo phuang phap min hoa
dit tiéu.

15.1 Mijn ho dudng cong

Phuang phap min hoa dudng cong lién quan dén viéc tra Idi hai cau hoi co ban, do 18
duong cong thé nac thi phu hop vdi dir liéu nhét va cau hdi tha haj la phai st dung loai dutng
cong ndo. “Phu hop nhat” cb thé hiéu theo nhiu cach va do dé c6 nhiéu duang cong, vi vay
chiing ta phai bt dau tr dau?. Néu “phu hop nhat” la gidm nhé dén muc ti thiéu tong sai s6
quan phuong tai méi diém bidu didn dir liéu, so vdi gid tri tugng (ng trén dudang cong thi duang
cong phit hop nhat s& la mét dudng thang vé mat toan ma néi phuong phap nay duac goi la
phuang phap xap xi da thic. Néu nhur khai niém nay con khé higu d8i vdi ban thi xin hay xem lai
hinh 15.1 khoang céch theo chiéu doc gitta dung cong dir liéu va cac diém biéu dién dir liéu goi
|a sai s6 clia diém db, binh phuang khoang cach nay lén va cdng tat ca ching lai ta duge téng
binh phuong sai 6. Budng cong cham cham la dudng cong lam cho binh phuong sai s6 1a nhd
nhét va duoc goi la duéng cong phu hop nhat. Tir “quan phuong bé nhat” 1a cach néi tat cla
cum tir “Téng binh phuong sai s6 bé nhat”.
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Second Oaer Curver Fithing
12 .

-

y=I(x}

06 a8 1
X

Hinh 15.1

Trong MATLAB ham polyfits& giai quyét vin dé xap xi duang cong quén phuang bé nhat.
D& minh hoa cho viéc st dung ham nay, ching ta hay bat diu béng cac dit liéu da cb g trong
hinh vé.

>>x=(0.1.2.3.4.56.7.891)

>>y =[-447 1.978 3.28 6.16 7.08 7.34 7.66 9.56 9.48 9.30 11.2];

D& st dung ham polyfit ching ta phai truyén cho né di liéu trén va bac cla da thie ma
chung ta muén ph hop véi dir liéu, néu ching ta chon bac n la 1 thi duang cong xap xi gan nhat
s& la dudng thang. Phuong phap nay dudc goi la phuang phap xdp xi tuyén tinh, Mat kaac néu
ching ta chon n=2 thi chiing ta sé tim duge mét tam thie bac hai. Vi du:

>>n=2;

>> p = polyfit(x.y.n)

p =

-9.8108 20.1293 -0.0317

Két qua cla polyfit'a mét vector biéu dién hé s6 ctia mot da thire bac hai. d day da thic
déla

y= -9.8108x2+20.1293x-0.0317. D& so sanh mirc do xap xi cla da thitc v&i cac diém dir
liéu ching fa hay vé hai dudng:

>> xi = linspace(0,1,100);

Dong nay € tao ra dir ligu truc x dé chuan b vé da thue.
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>> 7 = polyval(p,xi)
Dong nay goi ham polyvalcia MATLAB dé tinh gia tri clia da thirc p tai cac diém xi
>> plot{x,y.'-0' xi,2,"")

V& cac diém co toa do 1a x va y, danh dau cac diém nay bang chi ‘o’ sau do ndi cac dém
nay bang cac doan thang. Ngoai ra né con vé& dif lidu cha da thire xi va z dung dudng cham
cham.

>> xiabel("x'),ylabel('y=f(x)"}
>> title('Second Oder Curver Fitting’)

Tao nhan cho dudng cong vira vé. KEt qua cla céc lénh trén day 1a mot d6 thi da duac gidi
thiéu & trén.

Viéc chon bac cla da thde khéng phai 1a ngdu nhién, néu ¢6 hal diém thi xac dinh mot
duang thang, trc 1a mat da thire bac nhat, ba didm thi xac dinh mot parabol bac hai. Cu nhu
véy, A€ xac dinh mat dudng cong bac n, cin ¢ n+1 diém. Vi vay. & trong vi du trudc co 11 diém
dir liéu, chung ta co thé chon bac cla da thire 1 tir 1 d&n 10. Tuy nhién, do tinh chat 6 hoc cla
cac da thifc bac cao rat phic tap nén ban khang nén chon bac cua da thirc lan hon mac can
thiét. Ngoai ra khi bac cia da thuc tang 18n thi sy x&p xi cang kém hon, vi vay cac da thie bac
cac ¢6 thé bi dao ham nhiéu Ian trudc khi dao ham cla ching bang khang. Vi du cho mét da
thue bac 10:

>> pp = polyfit(x,y,10)
pp =
1.0e+006 *
Columns 1 through 7
-0.4644 22965 4.8773 5.8233 -4.2948 20211 -0.6032
Columns 8 through 11
0.1090 -0.0106 0.0004 -.0000
>> format shorte % change display format
>>pp.' % display polynomial coefficients as a column
ans =
-4.6436e+005
2.2965e+006
-4.8773e+006
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5.8233e+006
-4.2948e+006
2.0211e+006
-6.0322e+005

1.0896e+005
-1.0626e+004
4.3599e+002
-4.4700e-001

Luu y kich thudce clia vector hé 6 da thic trong trudng hop nay so vdi duang cong bac hai
trude day, déng thai ciing Iuu y sy khac nhau gita s6 hang nhé nhat va s3 hang 16n nhét trong
da thirc vao khoang 107. Hay thir vé dudng cong nay va so sanh vdi dir liéu goc va vai duong
cong bac hal.

>> 7z = polyval(pp,xi), % evalute 10th order polynomial
>> plot(x,y,'0' xi,2."" xi,zz) % plot data

>> xlabel('x").ylabel('y=f(x)")

>> title("2nd and 10th Order Curver Fitting)

2nd and 101h Order Curver Fitting
16 v

141

f(x)

y
3

Q 02 04 06 08 1
X

Hinh 15.2

Trén hinh 15.2, d iév odc duac danh dau o, dudng cong bac hai dugc vé bing nét chdm
cham., con duang cong bac 10 duge vé bang nét dam, Dé y dén nét gan song xuat hién gira cac
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diém du liéu bén phia tréi va bén phia phai ciia dudng cong bac 10. Dua vao db thi nay thi 1o
rang rang céi triét Iy cang nhiéu cang tot khang thé ap dung duoc 6 day.

15.2 N6i diém mot chiéu

Nhu 33 gidi thiéu thi ndi diém dugc dinh nghia nhu 1a mét phuang phap dy doan gia tri cla
ham gita nhitng diém cho trudc. NGi diém |a mot cong cu hity hiéu khi ching ta khang thé
nhanh chéng tinh duge gia tri clia ham tai cac diém trung gian. Phuong phap nay dugc st dung
rong rai doi vai du ligu 1a gia tri clia cac phép do thue nghiém hodc la két qua cla cac chudi tinh
toan dai. Co thé vi du don gidn nhét cia viéc néi diém chinh la phuang phap vé timg diém cia
MATLAS, tifc la vé nhing doan thang néi nhiing diém di ligu lién ti€p 48 tao 1en mot dd thi.

Bay la phuang phap néi diém tuyén tinh, né cho rang cac gia tri clia ham nam gitta hai
diém cho trudc sé rai vao khodng gilra hai dau cla doan thang ndi hai diém d6. Hién nhién la
khi 86 fugng cac diém di liéu tang I&n va khoang cach gifa ching gidm di thi phuong phéap néi
diém tuyén tinh cang trd 1én chinh xéc.

>> x1 = linspace(0,2"pi,60);

>> x2 = linspace(0,2°pi.6);

>> plot(x3,sin(x1),x2,sin(x2},"'}

>> xlabel('x').ylabel('sin{x))

>> title('Linear Interpotation’)

Linea¢ Interpolation

sn(x)

Hinh 15.3

Ca hai dé thi cung vé mot ham sine nhung dé thi 60 diém thi min hon A4 thi 6 diém.
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Cing giéng nhu phuong phap xap xi hoa duang cong. & day chung ta cang phai thuc hién
mét s6 lya chon, ¢6 rét nhiéu cach dé néi hai diém, tuy thude vao gia dinh ma ching ta da lua
chon. Han nita ching ta co thé ndi cac diém trong khong gian khang phai la mét chiéu. Néi nhu
th& néu ban co di liéu phan anh mot ham phu thude vac hai bién z=f(x,y), ban ¢ thé néi gia tri
nam gida hai diém co x va y khac nhau dé tim ra gi4 iri trung gian cla hai diém. MATLAB cung
cAp mot 6 ham dé néi la: interp? néi cAc dir liu mot chidu, inferp2 ndi cac di ligu hai chidu,
interp3ndi cac diT liéu ba chiéu, inferpnndi cac dir lieu ¢ sG chiéu 1an hon 3.

Sau day ching ta s& xem xét cac dit fieu mét va hai chidu. Dé minh hoa viéc néi di liéu
mot chigu, hay xét vi du sau, kha nang cla thinh giac, vi du nhu mite am thanh bé nhat hay con
goi la nguang nghe cla tai nguoi thay déi theo 1an s6, dir liéu do ngudi thdng ké dugc cho nhu
sau:

>> Hz ={20:10:100 200:100:1000 1500 2000:1000:10000];
>> % Frequencies in Hertz

>>sp| =176 66 59 54 434643403822 ..,
1486352514070-1-3 ...

-8-7-22791112];

>> % sound pressure level in dB

Ngudng nghe duac chudn hoa bang 0dB tai tan s6 1000Hz, bdi vi tan s6 trai trong mét dai
rat rdng nén khi vé& cac diém dir liéu ching ta logarithm hod truc x.

>> semilogx(Hz.spl,-0’)

>> xlabel('Frequency, Hz")

>> ylabel('Relative Sound Presure Levell, dB')
>> title('Threshold of Human Hearing')

Dua vao hinh 15.4 ta thay tai nguai nhay cam hét dai véi cac am thanh trong khoang 3kHz.
Dua vao cac s6 liéu nay, ching ta hay dy doan ngudng nghe & tin s6 2,5kHz bang mét vai cach
khac nhau.

>> s = interp1 (Hz,spi,2.‘5e3) %linear interpolation

5=

-5.5000e+000

>> s = interp1(Hz,spl.2.5e3, linear’} %linear interpolation again
g =

-5.5000e+000
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>> 5 = interp1(Hz,spl,2.5e3,'cubic’) % cubic interpolation
s=

-5.8690e+000

>> 5 = interp1(Hz,spl,2.5e3,'spline’) % spline interpolation
s=

-5.8690e+000

>> s = interp1(Kz,spl,2.5e3,'nearest')% nearest-neighbor
s=

-8

Hay dé y dén su khac nhau trong cac két qua, hai gia tri dau tién tra vé mot cach chinh xac
gi4 tri duge vé & trén hinh 15.4 tai tan s6 2,5 kHz bdi vi MATLAB da néi cac diém mét cch
tuy&n tinh gira cac diém d liéu trén dd thi cac dueng cong da thire, vi dy nhur da thire bac 3 sé
x&p xi hoa c4¢ diém trén dé thi theo cac cach khac nhau, két qué 1a cac dudng cong nay tuong
déi pha hgp vdi cae dit lidu ma né di qua trén dé thi nhung khac biét kha xa so vdi phuong phap
néi bing duong thang.

Threshold of Human Hearing
80

/0] Y N -

BOf------- x

50.-----_.-.-
40------------'

Op - -
20F--ec-mncmn-- e N iiam e a

T Y P . .

Relative Sound Presure Levei1, dB

o_'l ___________ : ___________ . o

-10
10

Frequency, Hz
Hinh 15.4

Vi vy ban chon cach nao dé gia quy&t mot bai toan cho trude?, trong nhiéu trudng hop thi
chi cAn néi mét cach tuyén tinh (2 du, trong thuc t& thi d6 chinh Ia phuong phap mac dinh khi cac
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duang cong cang gan vdi cac doan thang thi cang kém chinh xac nhung nguoc lai téc do tinh
toan nhanh, diéu nay dac biét quan trong khi tap dC liéu {6n. Mot phuong phap tiéu ton nhiéu
thai gian, cho ra két qua dep mat nhung khong hiéu qua. Trong thifc t€ mét trong nhimng tac
dung chU yéu cla phuong phéap néi diém bang ham bac 3 hoac cao hon (4 d& min hoa di liéu,
¢6 nghia la cho trudc mét tap di fidu ta c6 thé dung phuang phép nay dé tinh ra gi tri clia ham
& nhifng thai diém nhat dinh bat ky. Vi du:

>> Hzi = linspace(2e3,5e3), % look closely near minimum
>> spli = interp1(Hz,spl,Hzi,'cubic');% interpolate near minimum
>> | = find(Hz>=2e3&Hz<=5¢3);

>> % find original data indices near minimum

>> semilogx(Hz(i),spl(i),-0'Hzi,spli) % plot old and new data
>> xlabel('Frequency, Hz')

>> ylabel{'Relative Sound Presure Level1, dB')

>> fitle( Threshold of Human Hearing')

>> grid on

Hinh 15.5 duang nét rdi st dung phuang phap néi Giém tuyén tinh, dudng lién nét la mat
ham bac 3, con nhirng diém dir liéu gdc duoc danh diu bdi chir 0. Bing cach nang cao d6 phan
gidi trén truc tan s6 va sir dung dudng bac 3 thi cac 6 liéu vé& ngudng nghe ma ching ta du
doén dugc sé min han,

Can cha y rang do d&c cda dudng bac 3 khong thay ddi mot cach dét ngét khi di qua diém
dz ligu nhy Ia khi st dung phuong phap néi tuyén tinh. V& b dif lidu trén ehing ta co thé dy
doan duge tan s6 ma tai dé tai ngudi nhay cam nhat d6i véi &m thanh,

>> [sp_min,i] = min(spli} % minimum and index of minimum
sp_min =
-8.4245e+000 )
=
45
>>Hz_min = Hzi(i) % frequency at minimum
Hz_min =

3.3333e+003
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Hinh 15.5

Tai ngudi nhay cam nhat di vai am thanh c6 tan s6 khoang 3.3 kHz. Trudc khi dé cap dén
viéc x&p xi hoa hai chiéu thi chung ta can nhan 6 hai han ché 1én cla interp? [a: Thar nhat khi
yéu cau tinh toan & ngoai khoang clia mot bién dac 1ap. Vi du nhu interpf(Hz, spl, 1e5) thi sé
sinh ra két qua NaN,

Thir hai fa cac bién doc lap phai don diéu, nghia (a cac bién doc lap phai ludn ting hoac
la ludn giam. Trong vi du trén ctia ching ta thi truc tan s6 Hz tuén tang.

15.3 Xap xi hoa hai chiéu
Xap xi hoa hai chiéu dya trén ciing mét nguyén ly cla xap xi hod mét chiéu, Tuy nhién nhu
ten clia n6 da chi ra, x&p xi hoa hai chiéu la xap xi mét ham phu thude vao hai bién doc lap:
Z=f(x,y)
DE hidu 5 khai niém nay, ta hay xét vi du sau:

Mot cong ty tham hiém dai duong, cdn tham hiém mot ving bién, cir 0,5 km theo hinh
vudng thi do sau cta day bién lai duge do va ghi lai mét phan cla dir liéu thu thap dugc luu
trong mot chuang trinh MATLAB dudi dang mét M_file ¢6 tén la ocean.m nhu sau:

function ocean

% ocean depth data

x=0:.5:4; % x-axis (veries across the rows of z)
y=0:.5:6; % y-axis (varies down the columns of z)
z=(100 99 100 99 100 99 99 99 100
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100 99 99 99 100 99 100 99 99
99 99 98 98 100 99 100 100 100
100 98 97 97 99 100 100 100 99
101 100 98 98 100 102 103 100 100
102 103 101 100 102 106 104 101 100
99 102 100 100 103 108 106 101 99
97 99 100 100 102 105 103 101 100
100 102 103 101 102 103 102 100 99
100 102 103 102 101 101 100 99 99
100 100 101 101 100 100 100 99 99
100 100 100 100 100 99 99 99 99
100 100 100 99 99 100 99 100 99]

Do thi cla di liéu trén dugce vé bdi cac lénh sau (hinh 15.6);

mesh(x,y,z)
xlabel('X-axis, Km')
ylabel("Y-axis, Km')
zlabel('Ocean depth, m')
title('Ocean depth Measurements’)
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Sir dung cac da liéu nay thi 3o sau cia mét diém bat ky nam trong khu vuc khao sat co thé
tinh duge dya vac ham inferp2 Vi du:

>> 7i = interp2(x.y,2.2.2.3.3)
2i=

1.0392e+002
>> zi = interp2(x,y,z,2.2,3.3, linear)
zi=

1.0392e+002
>> 7i = interp2(x,y,z,2.2,3.3,'cubic’)
zi=

1.0419e+002
>> zi = interp2(x.y,2,2.2,3.3,'nearest’)
zi=

102

Cung gidng nhu trong truing hap x&p xi hoa mdt chiéu, xap xi hoa hai chidu ciing ¢6 nhiéy
phitong phép, ma phuang phap don gian nhat 1a phuang phap néi bing doan thing, hay con goi
& ndi tuy&n tinh. Mt 1&n nta ching ta c6 thé xdp xi ho4 & cho d6 thi trd [en min hon vdi do
phan giai cao hon:

xi=linspace(0.4,30); % finer x-axis
yi=linspace(0,6,40); % finer y-axis
[xxi,yyi)=meshgrid(xi,yi);

% grid of alt combinations of xi and yi
zzi=interp2(x,y.z.xxi,yyi;‘cubic'); % interpolate
mesh(xxi,yyi,2zi) % smoothed data

hold on

[xx.yy]=meshgrid{x,y); % grid original data
piot3(xx,yy,z+0.1,'0k")

% plot original data up a bit to show nades
hold off
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Hinh 15.7

O day ham meshgrid dugc ding dé tao mang x&p X1 hoa bao phil toan bd nhing diém
yéu cau nam trong diém khao sat. Nhu trong hinh 15.7, ham meshgrid thyc hién diéu d6 bang
cach tao ra mot mang hai chiéu dya trén céc vector xi va yi, sir dung mang nay chang ta ct thé
dy doan dugc chd nong nhét cla day bién.

>> zmax = max(max(zzi))
zmax=

108.05
>> [i,j] = find(zmax==2zi);
>> xmax = xi(j)
xmax=

2.6207

>> ymax = yi(j)

ymax=

2.9231
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CHUGNG 16

PHAN TiCH SO LIEU

Viéc gidi mot bai toan tich phan hoac tinh gia tri ciia mgt ham |a tuong déi phie tap, nhung
doi vai may tinh thi dé chi' la mot viec dan gian. Linh vuc nay cla tin hoc va toan hoc duge goi la
X li 6 liéu. Nhu ban c6 thé du doan, MATLAB cung cip cac cong cu dé giai quyét van dé nay.
Trong chuang nay chung ta xem xét cach st dung cac cong cu dé.

16.1 V& dé thi

Cho dén thai diém nay thi viéc vé dé thi clia mét ham van chi don gian dua trén viéc tinh
gia tri clia ham dé tai mat 58 diém rdi rac, va dung cac diém dé bidu dién cac ham tai cac gia tri
r&i rac d6. Trong nhiéu truang hop thi gidi phap nay la cé thé chap nhan duac. Tuy nhién b mot
s6 ham thi tuong d6i bang phang & mét s khoadng nao d6 nhung lai trd 1én dot bién & mot s6 gia
tri nhat dinh. Str dung phudng phap vé truyén théng trong truang hap nay cé thé [am mét di tinh
chan thuc cla a6 thi. Vi vay MATLAB cung ¢&p cho ta mét ham vé dé thi thong minh, goi fa
folot Ham nay tinh toan mét cach can than ham sé can vé va dam bao mét cach chdc chan
rang tat ca cac diém dac biét dugc bidu dién trén dd thi. Ham flot nhan vao fa tén clia ham can
vé dudi dang mot chudi ki ty, va gia tri cin vé dudi dang mang gém hai phan t chia gié tri dau
va gia tri cudi. Vi du:

>> fplot(*humps',[0 2])

>> {itle('FPLOT of humps')

Tinh cac gia tr cGa ham humps nam gita 0 va 2 va thé hién dé thi trong hinh 16.1. Trong
vi du nay humps 1a mat ham M_file thi&t ké san.

function [out1,out2] = humps(x)

%HUMPS A function used by QUADDEMO, ZERODEMO and FPLOTDEMO.
% Y = HUMPS(X) is a function with strong maxima near x = .3

% andx=.9.
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% [(X.Y]= HUMPS(X) also returns X. With nc input arguments,
% HUMPS uses X =0:.05:1.

% Example:

°
5~

%

FPLOT of humps

] 05 1 15 2

Hinh 16.1

plot(humps)

% See QUADDEMO, ZERODEMO and FPLOTDEMO.

2

o Copyright (c) 1984-98 by The MathWorks, Inc.

% SRevision: 5.4 § $Date: 1997/11/21 23:26:10 §
if nargin==0, x = 0..05:1; end

y=1./((x-3)22+.01) +1./{(x-9)."2 + .04) - 6,

if nargout==2,

out! = x; out2 =y,

else
out! =y;

end
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Ham fplotlam viéc véi bat ci mot ham M_file nao co mét gia tri vao va mét gia tri ra, nghia
fa gi6ng nhu ham humps & trén, bién ra y trd vé moét mang cé cung kich thudc véi bién vao x.
Mot 16i thudng xay ra khi sit dung ham fplot ciing giéng nhu khi str dung cac ham phan tich sé
khac la bd quén dau nhay don & tén ham can vé. Ham fp/of can ddu nhay don dé dé tranh
nham {&n tén ham vdi cac bién trong moi truang MATLAB. Dai véi cac ham don gian duoc bigu
dién bang mét chudi cac ki tu. Vidu y = 2.e”sin(x) thi ham fplot co thé vé& dugc dé thi ciia ham
trén ma khéng cn phai tao ra mot M_file. BE thuc hién didu d6 chi can viét ham can vé dudi
dang mét chudi ki ty ¢é sir dung x la bién s6 doc lap.

>> f = "2*exp(-x)."sin(x)"

{ day ham f(x) = 2.e™sin(x) dugc dinh nghia bing cach sir dung phép nhan ma tran.
>> fplot(f,[0 8])

>> title(f), xlabel('x')

V& dé thi cha ham n&m trong khodng tr 0 dén 8 tao ra dé thi nhur hinh 16.2.

27exp(-x) *sin{x)
0.7

A T T ) gane A

06}

0S5t

04

03+

0.2+

0.1

QL

01

6 1 2 31 4 5 & 71 =8
Hinh 16.2
Dua trén nhimg tinh nang co ban nay, ham fplot c6 nhiing kha nang rat manh, hiy xem
phan tro giup truc tuyén clia MATLAB dé hiéu rd hon vé cach dung ham nay.
16.2 Cyc tri ctia mét ham

Ngoai viée sif dung phuong phap vé 86 thi dé thu dugc nhitng thong tin truc quan vé ham,
ching ta ¢on can phai biét thém nhitng théng tin v& mot s6 thuée tinh nhét dinh cla ham. Trong
nhiéu trudng hop ching ta cén phai biét cac cuc tri cla ham d6, d6 |a cac cuc dai, cac cuc tiéu.
Vé mat todn hoc thi cue tri duge tim theo phuang phap gidi tich bang céch tinh dao ham cla
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ham dé va tim nhtng diém ma tai d6 dao ham bang 0. Didu nay rat dé hiéu néu ban xem lai 48
thi cia ham Aumps néi trén. Nhing diém ma d6 thi ciia ham nhé Ién cao la nhing diém cyc dai,
con nhirng diém dé thi 16m xuéng thap nhat la nhing diém cyc tiéu. Ré rang rang khi ham dugc
dinh nghta mét cach dan gidn thi phuang phéap gidi tich c6 thé d& dang thye hién dudc, tuy nhién
d6i v6i mét s6 ham cho du viée tinh dao ham 1a kha dé dang thi viéc tim nghiém cda dao ham thi
lai khéng phéi la don gidn.Trong nhitng truang hap nay, va trong nhing trudng hop kha ¢ thé
tim ra cach phan tich dao ham, thi can thiét phai tim ham vo cong vé s6 luong. MATLAB cung
cap hai ham thuc hién viéc nay, d6 [a fiminva fmins, hai ham nay tuong ung fim gia tri cuc tiéu
cla cac ham mét chidu va ham n chiéu. Ta chi quan tam d&n fmin trong phan nay. Hon nra
fmin c6 thé tim thiy trong help true tuyén. Béi vi max cda f(x) hoan toan tuong duong véi min
cla -f(x), nén fminva fmins, ca hai déu dugc dung dé tim g4 tri [dn nhat va nhd nhét.

P& minh hoa’phép cuc tiéu hoa va cuc dai hoa, hay xem vi du trude d6 mot lan nda.Ti
hinh 16.2 c6 mdt gi4 tri cyc dai 9an X,,, =0.7 va mat gié tri nhd nhat gan x,,, =4. Diéu nay co
the cho phép ta xem NN X, =1/4=0.785, X, =5n/4=3.93. Viét ra mot script-fle dung ché 46
soan thao thuan tién va sir dung fmin dé tim ra 6 nay:

function ex_fmin.m
%ex_fmin.m

fn="2"exp(-x)"sin(x)", % define function for min

xmin=fmin(fn,2,5) % search over range 2<x<5
emin=5*pi/4-xmin % find error
X=xmin; % eval needs x since fn has x

% as its variable
ymin=eval(fn) % evaluate at xmin
fx="-2"exp(-x)*sin(x)"; % definr function for max:

% note minus sign
xmax=fmin{fn,0,3) « % search over range 0<x<3
emax=pi/4-xmax % find error
X=xmax; % eval needs x since fn has x

% as its variable
ymax=eval{fn) %evaluate at xmax
Chay M_file nay thi két qua nhu sau:

Xxmin =
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3.9270
emin =
1.4523e-006
ymin =
-0.0279
xmax =
3.0000
emax =
-2.2148
ymax =
0.0141
Két qua nay hoan toan ph hap vdi da thi trude dé. Cha y ring fmin 1am viéc n6i chung fa

nhu fplot Vi du nay con gidi thiéu ham eval, ham nay nhan mét xau ki ty va giai thich né nhu la
xau dugc danh vao tir ddu nhac ctia MATLAB.

Cuéi ciing, mot diéu quan trong can chi y khac Ia viéc 16i thigu hoa lien quan dén viéc tim
gia tri nho nhat, fmin s& udc lugng ham dé tim gia tri nay. Qua trinh tim kiém sé t6n thdi gian
néu nhu ham co mét luang phép tinh 16n, hoac 14 ham c6 nhiéu hon mot gia tri cuc tiéu trong dai
tim ki€m. Trong mét s6 trudng hop, qua trinh nay khang tim ra dugc dép s6. Khi ma fminkhong
tim dugc gia tri nhd nhét thi né dirng lai va dura ra l6i giai thich.

16.3 Tim gia tri khong

Néu nhu ban da quan tam dén viéc tim ki€m khi ham tién ra vo cung, thi déi khi lai can tim
ra khi nao ham qua 0 va khi nao qua cac gia tri khong déi

MATLAB cung cap cho ta cong cu dé gidi quyét van dé nay. Ham fzero tim gia tri 0 clia
mang mét chiéu. D& lam sang td, chung ta clng xem lai vi du vé ham Aumps mot 13n nla;

>> xzero = {zero('humps',1.2) % look for zero near 1.2

XZ€ro =

1.2995
>>yzero = humps(xzero} % evaluate at zero
yzero =

3.5627e-15

Nhu vay, gia tri 0 gan vai 1.3. Nhu thay d trén, qua trinh tim ki€m gia tri @ c6 thé khong ¢o
két qua. NEu khong tim thay, né dung lai va dua ra giai thich.
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Ham frzero bat budc phai duge cung cép tén cho nd mai khi né dugc goi dén. fzero cho
biét tai dau ham bang 0 hoac nb ¢dn c6 thé tim ra gia tri A€ khi nac ham bang hang s6. Vi du tim
x dé f(x)= ¢, thi ta phai dinh nghta lai ham g{x) nhu sau: g{x)= f(x)- ¢, va ham fzerotim gi tri cGa
x 8€ g(x)= 0, tvong duang f(x)= c.

16.4 Phép (dy tich phan

MATLAB cung cap cho ta ba ham dé tinh cac phép toan lién quan dén tich phan: trapz,
quadva quad8. Ham trapz cho ta gia tri xp xi tich phan & phia dudi ham bang céach lay 8ng
cAc mién hinh thang cla cae diém dit ieu nhu trong hinh 16.3.

Nhu thay trong hinh 16.3, cac mién hinh thang doc (ap c6 gia tri udc lugng dudi mire thuc
t€. Néu ta chia nhd ra nhu phép néi suy tuyén tinh thi su xap xi cla ham sé cao hon. Vi du néu
ta gap dbi s6 lugng cac hinh thang d3 co, thi da xap X tang lén nhu hinh vé 16 4.

50

40

30

20

10

s}

.10 ’ I 2 S

-1 -05 0 05 1 15 2

Hinh 16.3

Hinh 16.4
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Tinh toan cac vung ndy bang ham y = humps(x) vai -1<x<2, s dung #rapz cho méi hinh
trén ta cé:

>>x=-1:32; % rough approximation
>>y = humps(x),
>> area = trapz(x.y) % call trapz just like the plot command
area =
21.8453
>>x=-1.152; % better approximation
>> y = humps(x);
>> area = trapz(x.y)
area =
25.8523

Théng thudong thi két qua clia ching 1a khac nhau, dya trén s6 iugng cac mién dugc chia
trong hinh v&. Tuy nhién, khang c6 gi ddm bao rang qua trinh xap xi nao la tét han, ngoai trir sy
ding dén clia phép toan, hién nhién khi ban thay ddi mot cach dac 1ap cac vung hinh thang, vi
nhy 1am cho né nhé di thi chiac chan la két qua sé chinh xAc hon nhiéu.

Ham quadva quad8 déu la cac ham co cach tinh nhu nhau. Sy dinh gi4 cla ca hai ham
la rat can thiét dé dat k&t qua chinh xac. Hon nira dé xap xi cta ching |4 cao han so véi hinh
thang don, vai gquad8 cb két qua chinh xac hon guad. Cac ham nay dugc goi giéng nhu go
fzero. '

>> area = quad('humps'-1,2) % find area between -1 and 2
area =
26.3450
>> grea = quad8{’humps',-1,2)
area = )
26.3450
D& biét thém chi ti&t vé ham nay, ban hay xem trén hé trd giap cia MATLAB.

16.5 Phép iy vi phan

So sanh véi phép 14y tich phan, ta thay phép 18y vi phan khé hon nhiéu. Phép Iay tich phan
cho ca mot vung, hodc dac tinh vi ma clia ham  trong khi phép 13y vi phan chi 13y tai mét didm
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nao day, hay con goi |a dac tinh vi mé clia ham. K&t qua 1 phép tinh vi phan sé khéng dn dinh
khi dac Yinh cla hinh thay déi trong khi phép tinh tich phan thi it chiu &nh hudng hon.

B4i vi phép tinh tich phan |4 kho nén ngudi ta ¢8 tranh nhitng phép tinh nao ma khong thé
thyc hién duac, dac bigt khi d liéu 13y tich phan 1a két qua cla thuc nghiém. Vi du, ching ta
hay xem xét vi du lam tran hinh trong chuong 15: ’

>>x=[01.2.3456.7891]
>>y=1-44719783.286.167.087.34 ...
7.66 9.56 9.48 9.30 11.2]; % data
>>n =2, % order of fit
>> p = polyfit(x,y.n) % find polynomial coefficients
p=
-9.8108 20.1293 -0.0317
>> xi = linspace(0,1,100);
>> z = polyval(p,xi); % evaluate polynomial
>> plot(x,y,'0' x.y.xi,z,"")
>> xlabel{'x"),ylabel('y=f(x)")
>> fitle('Second Order Curve Fitting’)
Vi phan trong trudng hagp nay dudc st dung bang cich st dung ham dao ham polyder:
>> pd = polyder(p)
pd =
-19.6217 20.1293
Vi phén ctia da thire y =-9.8108x2+20.1293x-0.0317 la
dx/dy =-19.6217x+20.1293
Bdi vi dao ham clia mét da thire ciing dugc vé va tinh gia tri giéng nhu 14 44i vdi da thirc:
>> 7 = polyval(pd xi); % evaluate derivative
>> plot(xi,z)
>> xlabel('x'),ylabel('dy/dx')

>> title('Derivative of a Curve Fit Polynomial’)
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Second Order Curve Fdhing
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Hinh 16.5

Derivative ot a Curve Fil Polynomial
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dy/dx

x

Hinh 16.6

Trong trueng hop nay xap i da thare 1a mét ham bac hai va dao ham clia né trd thanh ham
bac nhat (hinh 16.6).

MATLAB cung cdp mét ham dé tinh toan dao ham mot cach so bd dua vao dir lidu mé ta
mét s6 ham, ham nay c6 tén (4 diff, nd tinh todn do chénh iéch gitra cac phan tir trong mang.

B&i vi dao hamm duge dinh nghta nhy sau:
dy _im f(x +h)y-f(x)
dx n-0 (x+h)-x

nén dao ham cla ham f{x) c6 thé dudc tinh mét cach sa bé dua vao cang thirc:
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d_y:f(x+h)—f(x) Khi b >0
dx (X +h)—x

Goi la 56 ra cla y chia cho so ra cda x, do ham diff tinh toan su khac nhau gita cac phan
1t trong mang nén dao ham ¢ thé duge tinh mot cach x&p xi dua vao ham diff

>> dy = diff(y)./diff(x);

>> % compute differences and use array division

>> xd = x{1:length{x)-1);

>> 9% create new x axis array since dy is shorter than y

>> plot(xd,dy)

>> title('Approximate Derivative Using DIFF")

>> ylabel('dy/dx’). xlabel{'x’)

Approximate Derivative Using DIFF
30 —_

dyfdx

0 02 0.4 06 08 1
x

Hinh 16.7

Do ham difftinh ra su khac nhau giita cac phan tf nén k&t qua cia vi du trén 1a mét mang
c6 58 phan tr it hon méang ban dau mot phén tl. Vi vy dé vé duoc dé thi cha dao ham thi phai
bd di mot phan tr clia mang.x. So sanh hai dd thi cusi cung (hinh 16.6 va 16.7) thi thdy hién
nhién rang dao ham tinh bang phuong phap ¢én ding khac xa so vdi thuc t&.

16.6 Phuong trinh vi phan

C6 thé ban da kha quen vdi thyc t& 1a rat nhiéu hé théng vat ly déu dugc md ta bang
phuong trinh vi phan. Do véy phan sau day d6i véi ban c6 thé kha hap dan.

Mot phuong trinh vi phan thuang mé 14 toc do thay déi cha mot bién sé trong hé théng
theo sy thay ddi cia mot bién khac trong hé théng hoac theo kich thich bén ngoai. Phuang trinh
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vi phan thong thuang cb thé dugc gidi nhd cac phuang phap gidi tich hodc st dung cong cu toan
ki hiéu ctia MATLAB.

Trong nhing trudng hop ma phuong trinh vi phan khong thé giai duoe bang phuong phap
gidi tich thi viéc str dung phuang phap s6 hac trd 1én kha hiéu qua. D& minh hoa hay xét phuang
trinh Van Der Pol, phuong trinh biéu dién mot bo dao déng:

d’x 5, dx
XY — +x=0
dt? wi=x dt

Tat ca cac phudng phap toan hoc dé gidi phuang trinh dang nay déu st dung mét phuong
trinh vi phan cao cap hon, tuong duong véi mét tap phuang trinh vi phan béc nhat. Béi véi
phuong trinh vi phan trén thi cach giai nay dugc thuc hién bing cach dinh nghta hai bién trung
gian:

aat y,=x,va g, = O

dt
dy,
suy ra: —L =
y at Y2
dy
= =ri-y)-y;

Déi véi cac hé phuong trinh nhu thé nay MATLAB cung cap mot tap cac ham ODE dé giai
xap xi hoa ching mdt cach s hoc. Trong cubn sach nay chdng tai khang dé néu hét nhimg néi
dung va ng dung cla timg ham trong b ODE. D& tim hiéu thém vé cac ham ODE ng dung
trong rat nhiéu bai toan thi du, hay g6 >> odedemo tai dau nhac clia MATLAB. Trudc hét ching
ta hay xét vi du sau day (chinh la vi du ode45). Ching ta phai vit mot hamm M_file tré vé céc
dao ham néu biét trudc cac gia tri tire thai clia y, va y,. Trong MATLAB cac dao ham dudc cho
bdi cac vector cot, trong trudng hop nay goi la yprime. Tuang ty y, va y, duoc viét dudi dang
vector ¢t y. K&t qua clia mot ham M_file nhu sau:

function yprime=vdpol(t,y);

% VDPOL(t,y) returns the stat® derivatives of
% the Van der Pol equation:

%

%  x"-mu*(1-x*2)"x+x=0

%

% lety(1)=x and y{2)=x'
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%

% theny(1)=y(2)

% y(2)=mu*(1-y(1)*2)"y(2)-y(1)

mu=2; % choose 0<mu <10

yprime=[y(2)

mu*(1-y(1)*2)*y(2)-y(1)]; % output must be a column

Gia st thai gian kéo dai tir 0 dén 30 gidy, vi du tspan=[0 30]. Sau d6 sl dung lénh vdpo/
thi ldi giai cho bai toan nhu sau:

>> tspan = [0 30];

>>y0 = [1,0],

>> ode45('vdpol',tspan,yo);

Khi str dung ham ma khong c6 d6i s6 ra, cac ham ODE s& tu dong chon nhing thdi diém
thich hop dé tinh dao ham. D& c6 thé truy nhap dugc dir liéu, ta chi cAn cung cép cho ham
nhing thong s6 ra.

>> [t,y] = ode45('vdpol' tspan,yo);

& day t la mot vector cot chira nhimg thai diém dé tinh dao ham, con y la mét ma tran
chira hai cot va cac hang length(t), hang dau tién cla ma trén y chira bién s6 y(1), hang thar hai
la bién s& y(2).

Dua vao nhimg dic diém nay ching ta c6 thé vé dugc db thi pha, 1a dé thi giTa y(2) va
y(1) (hinh 16.8):

>> plot(y(:,1).y(:,2))

Hinh 16.8
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Cac ham ODE ctia MATLAB déu co trg gilp tryc tuyén, mdi ham déu c6 cac ddi s6 cing
nhu cach sir dung riéng, néu ban mudn nghién clu thém thi hay tham khao thém phan trg giap
tryc tuyén cta ching.

-3 -2 -1 o} 1 2 3

Hinh 16.9
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CHUGONG 17

PO HOA
TRONG HE TOA PO PHANG

Trong phan nay gidi thigu mét s6 dac tinh vé d6 hoa cha MATLAB.

17.1 Sirdung lénh Piot

Nhu ban da thay & vi du muc 16, phan Idn cac cau lénh dé vé @6 thi trong mat phang déu
la 1énh plot Lénh plot nay sé vé 36 thj cia mat mang dir liéu trong mét hé truc thich hgp, va ndi
cac diém béing duang thang. Dudi day (2 mét vi du ma ban da thay truac dé (hinh 17.1):

>> x = linspace(0,27pi,30);

>>y = sin(x);

>> plot{x.y)

Vi dy nay tao 30 diém di lieu trong doan 0< x < 2x theo chidu ngang @ thi, va tao mét
vector y khac 1a ham sine clia dif liéu chira trong x. Lénh p/ot ma ra mét clra s6 d6 hoa goi 14
clra s6 figure, trong clra s6 nay no sé& tao @9 chia pha hop véi dr ligu, vé dd thi qua cac diém,
va d6 thi duge tao thanh bdi viée ndi cac diém nay bang dudng nét lién. Cac thang chia s6 va
dau dudc ty dong cap nhat vao, néu nhu clra s figure 3a tén tai, plof xoa cira s6 hign thai va
thay vao d6 la cra s& méi.,

1

o

oe
oel
0al
02F

o

az
-0 4

06
08
1 L

Hinh 17.1
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Bay gid cung vé ham sine va cosine trén cing mot do thi (hinh 7.2):
>> 7 = cos(x);

>> plot(x,y.x.z)

Hinh 17.2

Vi du nay cho thdy ban c6 thé v& nhidu hon mot db thi frén cung mét hinh v&, ban chi viéc
dua thém vao plot mdt cap d6i s6, plofty ddng vé dé thi thtr hai bang mau khac trén man hinh.
Nhiéu dudng cong cb thé cung vé mét ldc n&u nhif ban cung cip du cac cap d6i s& cho [énh
plot.

Néu nhu mét trong cac ddi s8 1a ma tréan va déi s6 con lai la vector, thi 1énh plot sé vé
tudng tmg méi cot clia ma tran véi vector dé:

>> W =y;z] % xay dung mét ma tran sine va cosine

>> plot{x,W) % vé cac cot clia W vai x

Hinh 17.3
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N&u nhu ban thay dgi trat tu cac déi s6 thi dé thi sé xoay mot goc bang 90 d6.
>> plot(W x)

—T —

L

Hinh 17.4

Né&u lénh plot ducc goi ma chi cé moét ddi sé, vi nhu plot/Y) thi ham plot s& dua ra mdt
két qua khac, phy thude vac dif ligu chaa trong Y. Néu gia tri cda Y ta mét s6 phic, PloffY
tuong duang véi plot (real(Y))va plot (imag(Y)), trong tt ca cac truang hap khac thi phan 4o
cla Y thuéng dugc bé qua. Mat khac néu Y ta phan thyc thi plot{Y)tuang lng vai

plol(1:length(Y), Y).

17.2 Kiéu dudng, dau va mau

Trong vi du truée, MATLAB chon kiéu nét vé solid va mau blue va green cho dé thi.
Ngoai ra ban ¢o thé khai bao kifu mauw, nét vé cla riéng cha ban bang viéc dua vao plot mot
d6i s6 thir 3 sau méi cdp dir liéu cda mang. Céac d6i s§ tuy chon nay la mot xau ki ty, co thé
chira mot hodc nhiéu hon theo bang dudi day.

Néu ban khong khai bao mau thi MATLAB s& chon mau mac dinh la blue. Kigu duong mac
dinh la kiéu solid trir khi ban khai béo kiu duong khac. Con vé dau, néu khéng co dau nao
duac chon thi sé khong ¢ kiéu cla diu nao duoc vé.

Néu mdt mau, dau, va kidu dudng tht ca déu chira trong mét xau, thi kiéu mau chung cho
cé ddu va kiéu nét vé. D& khai bao mau khac cho dau, ban phai v& cung mat dir liéu véi cac kidu
khai bao chudi khac nhau. Duéi day la mot vi du s dung cac kiéu dudng, mau, va diu vé khac
nhau:

>> plot(x,y,' b:p',x.2 ¢-'\x,2," m+')
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Hinh 17.5a

17.3 Kiéu dé thi

Lénh colordef cho phép ban lua chon kiéu hién thi. Gia tri mac dinh clia colordef|a
white . Kiéu nay sl dung truc toa d6, mau nén, nén hinh v& mau xam sang, va tén tiéu dé cla

184



truc mau den. Né&u ban thich nén mau den, ban c6 thé dung lénh colordef black. Kiéu nay sé
cho ta nén truc toa do den, nén hinh vé mau i xam, va tiéu dé truc mau trang.
17.4 DA thi ludi, hop chifa truc, nhan, va 18i chu giai

Lénh grid on sé them duang ludi vao dd thi hién tai (hinh 17.7). Lénh grid off s bo céc
nét nay, lenh grid ma khong cé tham s6 di kém theo thi sé xen ké gilta ché do on va off.
MATLAB khdi tao vai grid off . Thong thueng truc toa do co nét gan kiéu sofid nén goi fa hop
chira truc. Hop nay co thé tat di vai box offva box on sé khoi phuc lai. Truc dimg va truc ngang
co thé co nhan voi 1énh xlabel va ylabel Lénh title sé thém vao dé thi tieu dé & dinh (hinh
17.6). Dung ham sineva cosine dé minh hoa:

>> x = linspace(0,2*pi,30);
>>y = sin(x);
>> 7 = cos(x);

>> plot(x,y,x.2)

EAEZN Rd
LY I // N e
X ¢
vel 7 \
/N \
oap Y N
/ Y /’
02} / 3\ % /
Q _/ ."\_ \ ' -
. ) ;
X /
04} . /
| i /
\ \\ / /
e} | . /
S s

o8l N\ \ /

-1 L . N, 2 / L NN .

o 1 2 3 4 5 6 ?
Hinh 17.5b

>> box off
>> xlabel('Independent variable X')
>> ylabel('dependent variable Y and Z')

>> title('Sine and Cosine Curve')
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Sine ana Cosine Curve

car
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02f
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dependent varable Y and Z
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08t

0 1 2 3 4 5 [ 7
Independent variable X

Hinh 17.6

Ban ¢6 thé thém nhan hogc bat cr chubi ki tu ndo vao bat ¢ vj tri nao bang cach sir dung
{énh text Cu phap cla lénh nay |a: text (x, y,’string’) trong do x, y |a toa d6 tam bén trai cla
chudi van ban. Bé thém nhan vao hinh sine  vi tri (2.5, 0.7) nhu sau:

>> grid on, box on

>> text(2.5,0.7,'sin{x})

N&u ban muén thém nhan ma khdng mudn bd hinh vé khdi hé truc dang xét, ban cb thé
thém chudi van ban bing cach di chudt dén vi tri mong muén, Lenh gfext sé& thuc hién viéc nay.

Vi dy (Hinh 17.8):

>> gtext('cos(x)')

Sne and Cosine Curve
1
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Hinh 17.7
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Sine and Cosine Curve
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17.5 Kién tao hé truc toa dé

Hinh 17.8

MATLAB cung cap cho ban cong cu dé co thé kiém soat hoan toan hinh déang va thang
chia clia ca hai truc ding va ngang vdi lénh axis. Do lénh nay co nhiéu yéu t6, nén chi mot s6
dang hay dung nhét dugc dé cap & day. Dé biét mot cach day di vé lénh axis, ban hay xem hé
trg gidp help clia MATLAB hoéc cac tham khao khac. Céc dac tinh co ban clia lénh axis dugc

cho trong bang dudi day:

Ry
e o)

axis([xmin xmax ymin ymax])

STy
e Sl TG LT

0 . L SRR RS
T O TR Yo L Y T

Thiét lap cac gia tri min, max cta hé truc dung céc gia tri
duoc dua ra trong vector hang

V=axis V 1a mot vector cot co chira thang chia cho dé thi hién tai:
.| [xmin xmax ymin ymax]

axis auto Tra lai gia tri mac dinh thang chia

axis (‘auto’) Xmin = min(x), xmax = max(x), ..V.v...

axis manual Gigi han thang chia nhu thang chia hién tai

axis xy Sir dung (m&c dinh) hé toa do decac trong d6 goc toa do &

gbe goc thap nhat bén trai, tryc ngang tang tir trai qua phai,
truc dirng tang tu dudi 1én trén.
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axis ij SU dung hé toa do ma tran, trong d6 goc toa do @ dinh goc
tréi, truc dung tang tir dinh xudng, truc ngang tang tu trai
qua phai,

axis square Thiét lap db thi hién tai [a hinh vubng, so véi mac dinh hinh
ch{f nhat

axis equal Thiét lap thang chia giéng nhau cho ca hai hé truc

axis tightequal Tuang ty nhu axis equal nhung hop do thi vira d0 d6i vai
dit liéu

axis normal TAt di ché db axis equal, equal, tight va vis3d

axis off Tt bd ché do nén truc, nhan, luéi, va hép, déu. Thoat khoi
ché do 1enh title va bat cir iénh label nao, va thay bai 1énh
text va gtext

axis on Nguac lai vdi axis off néu chiing ¢é thé.

Thi kiém nghiém mdt s6 [énh axis cho dd thi cla ban, st dung cAc vi du trude dé sé cho
ta két qua nhu sau;

>> axis off % b truc toa dé
Sine and Coane Qune
\\ ~ N,
I b andd
- costn)
Hinh 17.9

>> axis on, grid off % turn the axis on, the grid off
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Sine and Cosine Curve
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Hinh 17.10

>>axis i % turn the plot upside-down

Sine and Cazne Curve

Dependent Vanable Y and 2

o 1 2 3 4 5 3 7
independanl Varable X

Hir 7.1
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>> axis square equal

% give axis two command at once

Sine and Cosine Curve

15¢

05}

-05tL

Dependent Variable Y and 2

T s T

\\\

>> axis xy normal

1 2 3 4
Independent Varisble X
Hinh 17.12

% return to the defaults

Sine and Cosine Curve
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Dependent Vanable Y and Z
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Independent Vanable X

Hinh 17.13




17.6 in hinh

DE in cac hinh ma ban vira v& hoac cac hinh trong chuong trinh clia MATLAB ma ban can,
ban cé thé dung Iénh in tr bAng chon hodc danh 1&nh in vao tir clra s lénh:

= In bang {&nh tir bAng chon: Trudc tién ta phai chon clra s6 hinh 1a cir s6 hoat dong
bang cach nhan chudt 1én nd, sau dé ban chon muc bang chon Print tir bang chon file. Dung
cac thong s6 tao 1én trong muc bang chon Print Setup hoac Page Setup, do thi hién tai cia
ban s& dudc gui ra may in,

= In bang lénh tir clra s6 lenh: Trude tién ban ciing phai chon clfa s8 hinh lam clta $8
hoat déng bang cach nhén chudt [én nd hoac dung lénh figure(n), sau 36 ban dung iénh in.

>>print % prints the current plot to your printer

Lénh orient sé thay ddi kiéu in: Kiéu mic dinh la kiéu portrait, in theo chidu dung, & gida
trang. Kiéu in /andscape 14 kiéu in ngang va kin toan bé trang. Kiéu in £a//1a kigu in dung nhung
kin toan bo trang. Dé thay déi kiu in khac voi kiéu mac dinh, ban ding Iénh orient véi cac
thang s& cuia nd nhy sau:

>> orient % What is the current orientation
ans=
portrait
>> orient landscape % print sideways on the page
>> orient tall % stretch to fill the vertical page

Néu ban mudn tim hiéu ky han vé chidng thi hay xem trg giup truc tuyén vé chung.

17.7 Thao tac véi da thi

Ban c6 thé thém nét v& vao dd thi da c6 san bang cach dung lénh Aold, Khi ban thiét 1ap
hold on, MATLAB khong bd di hé truc da ton tai trong khi lenh p/ot m&i dang thyc hign, thay
vao do, né thém dudng cong mai vao hé tryc hién tai. Tuy nhién néu nhu dir liéu khong pht hap
v6i hé truc toa do ¢d, thi trac dudc chia lai . Thiét lap hold offsé b di clra & figure hign tai va
thay vao bang mét dd thi mdi. Lénh ho/d ma khéng c6 d6i s& sé bat tat chirc nang cla ché do
thiét lap hold trude do. Trd lai véi vi du trude:

>> x = linspace(0.2*pi,30);
>>y = sin{x);
>>z = cos(x);

>> plot(x,y)
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Hinh 17.14

Bay gid gilf nguyén do thi va thém vao dudng cosine
>> hold on
>> ishold % ham logic nay trd vé gia tri 1 (true) néu hold & trang thai ON
ans =
1
>> plot(x,z,'m
>> hold off
>> ishold % hold bay gia khong con & trang thai ON nda.
ans =
0
Cha y rang dé kiém tra trang thai clia hold'ta cb thé dung ham ishold .

Néu ban mudn hai hay nhiéu dé thi & cac cira s6 figure khac nhau, hay ding lénh figure
trong cira s6 1&nh hodc chon mew figure tir bang chon file, figure khong c6 tham sé sé tao mot
figure mai. Ban c6 thé chon kiéu figure bang cach dung chudt hodc ding Iénh  figurefn) trong
dé n la s6 cira s6 hoat hoat dong.

Mat khac mét ciza s6 figure co thé chira nhiéu hon mét hé truc. Lénh subplot{m,n,p) chia
clra s8 hién tai thanh mét ma tran mxn khoang dé vé dd thi, va chon p 1a clra s8 hoat dong. Cac
dd thi thanh phén dugc danh sé tir trai qua phai, tir trén xubng dudi, sau do dé&n hang thi hai
v.v... Vidu:
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Hinh 17.16

>> x = linspace(0,2*pi,30);
>>y = sin(x),
>> 7 = cos(x);
>> a = 2"sin(x).“cos(x);
>> b = sin(x)./(cos(x)+eps);
>> subplot(2,2,1) % pick the upper left of
% 2 by 2 grid of subplots
>> plot{x,y),axis([0 2*pi -1 1)) title('sin{x)'}
>> subplot(2,2.2) % pick the upper right of the 4 subpiots
>> plot(x,z),axis([0 2°pi™-1 1]) title('‘cos(x)')
>> plok(x,2),axis({[0 2*pi -1 1]).title('cos(x)')
>> subplot(2,2,3)% pick the lowwer left of the 4 subplots
>> plot(x,a).axis([0 2°pi -1 1)) title('2sin(x)cos(x)')
>> subplot{2,2,4)%pick the lowwer right of the 4 subplots
>> plot(x,b),axis([0 2"pi -20 20]).title(‘sin(x)/cos(x}')
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sin(x) cos(x)
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Hinh 17.6

17.8 Mot s6 déc diém khéc cta dé thi trong hé toa dé phing
*  Joglogtuong ty nhu plofngoai trir thang chia 1a logarithm cho ca hai truc.

= semilogx tuong ty nhu plof ngoai trit thang chia clia truc x 1a logarithm con thang
chia truc y (& tuy&n tinh.

s semologytuong tu nhu plof ngoai trir thang chia cta truc y 1a logarithm, con thang
chia tryc x 12 tuyén tinh.

= areafx, y)tuong tu nhu plot (x,y) ngoai trir khoang céch gitta 0 va y dugc dién day,
gia trj ca ban y ca thé duoc khai bao, nhung méc dinh thi khong.

= S0 dd hinh mai tidu chuin duac tao thanh tir Ienh piefa, b), trong do a la mét vector
gia tri va b [a mbt vector logic tuy chon (hinh 17.7). Vi du:

>>a=[511612.821)
>> pie(a,a==max(a));
>> title('Example Pie Chart')
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Example Pie Chart

7%

17%

Hinh 17.7

= Mot cach khac dé quan sat dir liéu d6 1a biéu d6 Pareto, trong do cAc gié tri trong cac
vector dugc vé thanh mét khéi chir nhét (hinh 17.8). Vi du dung vector a da néi & trén:

>> pareto(a);

>> title('Example Pareto Chart)

Example Pareto Chart

97%
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Hinh 17.18

195



» Do khi ban muén vé& hai ham khac nhau trén cung mét hé truc ma lai str dung thang
chia khéc nhau, plotyy c6 thé lam diéu d6 cho ban:

>> x = -2°pi:pi/10:2*pi;

>>y = sin(x);z = 2*cos(x);

>> subplot(2,1,1),plot{x.y.x.z),

>> title("Two Plots on the same scale’;
>> subplot(2,1,2),plotyy{x.y.x,2)

>> title('Two plots on difference scale.'):

vi dy:

Two Plots on the same scale

1 i

-6 -4 -2 0 2 4 6 8
Two plots on difference scale.

T 2

Hinh 17.19

B8 thi bar va stair c6 thé sinh ra bdi viéc dung |&nh bar, bar3, barhva stairs. Dudi day 1a

> x=-2902209;

>>y = exp(-x."x);
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Example Pie Chart

7%

17%

Hinh 17.7

= Mot cach khac dé quan sat di ligu do 1a biéu dé Pareto, trong d6 céc gié tri trong cac
vector dugc vé thanh mot khéi chir nhat (hinh 17.8). Vi du ding vector a da néi & trén:

>> pareto(a);

>> title('Example Pareto Chart)

Example Pareto Chart
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Hinh 17.18
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= Déi khi ban muén vé& hai ham khac nhau trén cing mét hé truc ma lai st dung thang

chia khac nhau, plotyy co thé lam digu d6 cho ban:

>> x = -2"pi:pi/10:2"pi;

>> y = sin(x);z = 2*cos(x);

>> subplot(2,1.1),plot(x,y.x.2),

>> title("Two Plots on the same scale’);

>> subplot(2,1,2) plotyy(x,y.x,z)

>> fitle('Two plots on difference scale.");

vi du:

Two Plots on the sarme scale

g

-

o

-6 -4 -2
Two plots on difference scale.

2

>>x=-2.9:0.2:2.9;

>>y = exp(-x."x);
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>> subplot(2,2,1)

>> bar(x,y)

>> title('Bar chart of bell Curve')

>> subplot(2,2,2)

>> bar3(x.y)

>> fitle('3-D Bar Chart of a Bell Cuve')
>> subplot(2,2,3)

>> stairs(x,y)

>> title('Stair Chart of a Bell Curve')
>> subplot(2,2,4)

>> barh(x.y)

>> tile('Horizontal Bar Chart')

Bar chart of bell Curve

3-D Bar Chart of a Bell Cuve
1y

05¢
0
-5 0 8
’ 8tair Chart of a Bell Curve Horizontal Bar Chart
4 F
: 2
05 0
-2
0 : 4 - -
-5 0 5 0 05 1
Hinh 17.20
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o rose(V)ve mot bidu A6 trong toa do cue cho cac goc trong vector v, tuong tuy ta ciing
ca céc
lénh rosefv,n) va rosefv,x)trong 36 x 13 mot vector. Dudi day 1a mét vi du:
>>v = randn(100,1)"pi;
>> rose(v)

>> title('Angle Histogram of Random Angle")

Angle Histogram&Y Rapdom Angle

Hinh 17.21
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CHUONG 18
pd HOA
TRONG KHONG GIAN BA CHIEU

MATLAB cung cap mot s6 ham dé hién thj da liéu 3 chiéu nhu cAc ham vé dudng thang
trong khong gian 3 chiéu, cac ham vé bé mat va va khung day va mau c6 thé duoe st dung thay
thé cho chiéu thir tu.

18.1 D4 thi dudng thing

Lénh plottir trong khéng gian hai chiéu c6 thé md réng cho khang gian 3 chidu bing lénh
plot3. Khudn dang clia plot3nhu sau:

plot3 (x1, y1, 21, 81, x2, y2, 22, 52, ....), trong 46 xn, yn va zn la cac vector hode ma
trén, va Sn la xau ki tu tuy chon dung cho viéc khai bao mau, tao biéu tuong hoac kiéu
duong. Sau day {a mot sg vi du:

>>t = linspace (0, 10*pi};

>> plot3(sin(t),cos{t),t) -~

>> title ('Helix"),xlabel(’sin(t)’)

>> ylabel('cos(t)),zlabel('t) % Hinh 18.1

Chd y rang: ham.z/abe/tuang Ung véi ham hai chiéu xlabelva ylabel Tuong ty nhu vy,
[énh axis cing c6 khudn dang: axis ({xmin xmax ymin ymax zmin zmax [)iniét |ap gi6i
han cho ¢4 3 truc. Vi dy:

>> axis(f) % thay déi hudng tryc tif sau ra trudc (hinh 18.2)
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Helix

40
-
20

10.]

0

cos(t) 1A sin(t)

Hinh 18.1 Duing Relix trong khéng gian ba chiéu

Helix

cos(t) - sin(t)

Hinh 18.2

Ham fextciing cé khuén-méu nhu sau: fext (x, y, Z, ’ string’)sé datvi tri xau 'string ' vao
toadox,y, z.
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18.2 D8 thi bé matva Iudi

MATLAB dinh nghfa bé mat luéi bang cac diém theo huéng truc z & trén dudng k& 6 hinh
vuéng {rén mat phang x-y. N6 tao 1&n mau mét db thi béng cach ghép cac diém gan ké vdi cac
duang thang. Két qua 1a né tréng nhu mdt mang lu6i danh ca véi cac mét ludi 1a cac diém dir
liéu. D6 thi ludi nay thuang duoc s dung dé quan sat nhirng ma tran 16n hoac vé nhiang ham cb
hai bién.

Budc dau tién [a dua ra 4o thi ludi clia ham hai bidn z = f (x, y), twong Ung véi ma tran X va
Y chia cac hang va cac cit Iap di idp lai. MATLAR cung cip ham meshgrid cho muc dich nay.
[ X, Y 1= meshgrid(x, y), tao mét ma fran X, ma cac hang clia nb 1a ban sao cla vector x, va
ma tran Y ¢6 cac cot clia né 1a ban sao cla vector y. Cip ma tran nay sau dé dugc st dung dé
udc luang ham hai bién st dung dac tinh toan hoc vé mang clia MATLAB.

Sau day la mét vidu vé cach ding ham meshgrid.

>>x=-75.575:

>>y=X

>> [X,Y] = meshgrid(x.y};

X, Y 12 mét cap cla ma tran tuong tng mét fudi chit nhat trong mat phang x-y. Mol ham
z=f(x,y) c6 thé sir dung tinh chat nay.

>> R = sqri(X.A2+Y A2)+eps;

>> % find the distance from the origin {0,0)

>>Z =sin(R).R; % calculate sin{r)/ r

Ma tran R chia bén kinh cda mdi diém trong [X,Y)], né 1a khoang cach tir méi diém dén
tam ma trdn. Cang thém eps dé khong dé xay ra phép chia cho 0. Ma trén Z chira sine cla ban
kinh chia cho ban kinh mi diém trong sa dé. Cau lénh sau v& d6 thi ludi:

>> mesh(X,Y.2)

P4 thi 1a don sic (hinh 18.3). Tuy nhién ban ¢ thé thay d6i mau sc vdi sy trg gitp cla
MATLARB rat dé dang néu ban doc dén phan colormaps..

Trong vi du nay, hamt mes# xap x&p gia tri clia cac phén tIr clia ma tran vao cac diém
(X,Y,.Z) trong khang gian ba chidu. mesh cling cb thé vé mdt ma trén don tuong tur nhu véi mét
ddi s6, mesh(Z), st dung cac diém (ij.Z). Nhu vay Z dugc vé nguoc lai vdi cac chi s6 cla no,
trong trudng hop nay mesh(Z) chi don gian 14 chia lai d6 khac cac tryc x, y theo chc chi s5 cla
ma tran Z. Ban hay th tao vi du cho truéng hop nay?.

Bo thi bé mat clia cung mét ma tran Z trong nhu @6 thi ludi trude d6, ngoai trir khodng
cach gitra hai dudng a khac nhau (goi la patchs). D4 thi loai nay dung ham surf, nb cb tt ca
céc dGi s8 nhu ham mesh. Hay xem vi du duéi day (hinh 18.4);

>> sUrf(X,Y.Z)
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Hinh 18.3

DE lam rd thém mot vai chi dé, ching ta cung quay lai ham peaks da dua ra & phén trudc.
Pé thi luéi trong khong gian 3 chiéu clia ham nay dudc dua ra nhu sau (hinh 18.5):

>> mesh(peaks)
>> fitle('Mesh Plot of Peaks function')

-0 -10
Hinh 18.4
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mesh plot of the peaks function

0 0

Hinh 18.5

D4 thi duang vién cho ta thdy dugc do nang hodc.do cao cla hinh. Trong MATLAB dé thi
dudng vién trong khang gian hai chiéu tuong ty nhu trong khong gian ba chiéu nhung ham goi
clia né la contour3. D4 thi sir dung cac lénh sé& dugc minh hoa trong bang khac mau.

18.3 Thao tac vdi do thi

MATLAB cho phép ban khai bao goc dé tir 6 quan sat dugc dé thi trong khong gian ba
chiéu. Ham view(azimuth, elevation) thiét lap goc xem bang viéc khai bao azimuth va
elevation. ‘Elevation * mo ta vi tri nqudi quan sat, xem nhu la goc do bang do trén hé truc x-y.
"Azimuth “ md ta goc trong hé truc noi ngudi quan sat ding.

Azimuth dugc do bang do tir phan am truc y. Phia am truc y c6 thé quay theo chiéu kim
déng hé mot goc -37.5 dé tir phia ban. Elevation 1a goc ma tai 46 mat ban thdy duoc mat
phang x-y. St dung ham view cho phép ban co thé quan sat hinh vé tir cac goc do khac nhau.
Vi du néu elevation thiét 1ap la am, thi view sé nhin hinh tir phia dudi 1en. Néu azimuth thiét
lap duong, thi hinh s& quay ngudc chiéu kim déng hé tir diém nhin mac dinh.Tham chi ban co
thé nhin truc tiép tir trén bang cach thiét lap viewy,90). Thuc ra thi day 1a diém nhin mac dinh 2
chiéu, trong do x tang tir trai qua phai, va y tang tir trén xudng dudi, khuén dang view(2) hoan
toan giéng nhu méac dinh clia view(0, 90), va view(3) thiét lap mac dinh trong khéng gian 3
chiéu. Vi du:
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default view(-37 5,30

10 s ki i i i
0 10 20 30 40 50

Hinh 18.6

Lénh view co mot dang khac ma rat tién ich khi sit dung & view(/X, ¥,Z ]) cho phép ban
quan sét trén mot vector chira hé truc™toa do decac trong khong gian 3 chiéu. Khodng cach tir vi
tri ban quan sat dén goc toa do khong bi &nh hudng. Vi du, view([0 10 0 ]), view([0 -1 0 ])va
view(0, 0) cho céc két qua nhu nhau. Céc thong s6 azimuth va elevation ma ban dang quan
sét ¢ thé |8y lai dugc bang cach dung /faz, e] = view. Vidu:

>> view([-7 -9 7))
>> [az,el] = view
az=
-37.8750
204



el =
31.5475

Mbt céng cu hitu dung khac 1a quan sat do thi khong gian 3 chiéu bdi ham rofate3d. Cac
thong s6 Azimtuh va elevation c6 thé duac tac dong bdi chudt, rotate3d oncho phép chudt
can thiép, rofate3d off khéng cho phép.

Lénh hidden dau cac nét khuat. Khi ban vé& d6 thi, thi mot sé phan clia né bi che khuatbdi
cac phan khac, khi d6 néu dung Iénh nay thi cac nét khuat sé bi dau di, ban chi cé thé nhin phan
nao & trong tAm nhin clia ban. N&u ban chuyén dén hidden off, ban c6 thé thy phan khuat do
qua mang ludi. Dudi day la vi du:

>> mesh(peaks(20)+7)
>> hold on
>> pcolor(peaks(20))
>> hold off
>> title('Mesh with hiden on')
Mesh with hiden on
154
104~
T
0.
20

20
00
Hinh 18.7

Bay gio hay bd ché do dau cac nét khudt di ta sé thay su khac nhau:
>> hidden off
>> title('Mesh with Hidden Off ')
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Mesh with hidden off

00
Hinh 18.9

18.4 C4c dac diém khac ctia dé thi trong khdng gian 3 chiéu

»  Ham ribbon(x, y)tuang tu nhu plot(x, y)ngoai trir cot clia y dugc vé nhu la mot dai
rieng biét trong khdng gian ba chiéu. Trén hinh 18.10 |a dé thi hinh sin:

Ribbon Plot of a sine Curve

Hinh 18.10

= Ham clabel tang thém dd cao cho dé thi duong vién. Co ba mau clabel(cs),
clabelfcs, V)va clabel(cs, ‘manual’). clabel(cs) trong do csla cdu tric dudng vién duoc tra
vé tir lénh contour, cs=contour(z), |ay nhan tat ca cac do thi duong vién vdi do cao clia no. Vi
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tri ca nhan dugc &y ngau nhién. clabel (¢, ‘manual’)dinh vi nhan dudng vién & vi tri kich chuot
tuong tu nhu |énh ginput da noi & trén. Nhan phim Return két thi'c viéc tao nhan nay.

* * Ham contourf sé vé mot dé thi duong vién kin, khong gian gitra duong vién dugc lap
day bang mau.

= Hai mau trang thai cla lénh mesh dung véi d6 thi Iudi la: meshc vé dé thi ludi va
thém dudng vién bén dudi, meshzvé dé thi lugi va dé thi co dang nhu man che.

= Ham waterfall dugc xem nhu mesh ngoai trir mot diéu la ham mesh chi xuai hién &
hudng x.

= C6 hai mau trang thai clia Iénh surf do la surfc vé mot d6 thi surfva ihém dudng
bao bén dudi, surflvex vé mét dé thi surf nhung thém vao su chiéu sang bé mét tir ngudn sang.
C4u tric tdng quat la surfifX,Y, Z, S, K)trong d6 X, Y,va Z tuong tu nhu surf. S la mot vector
tuy chon trong hé toa do decac (S=[Sx Sy Sz]) hoac trong toa do cau (S=[az.el]) chi ra hudng
clia nguén sang. Néu khong khai bao, gia tri mac dinh cla S [a 45 do theo chiéu kim déng ho tur
vi tri nguadi quan sat, S la mét vector tuy chon chi ra phan dong gop tuy thudc vao ngudn sang
bao quanh, syt phan chi€u anh sang va hé s phan chiéu (K=[ka kd ks, spread]).

>> colormap(gray)

>> surfl(peaks)

>> fitle('surf1 plot of peaks with default lighting)

surf1 plot of peaks with default lighting

50

00 10

S Hinh 18.11

= fill3 phién ban 3 chiéu cla i/, vé mot da giac déu trong khong gian ba chiéu. Khuon
dang t8ng quat clia n6 1a fill3(x, y, z, c), trong d6 chiéu ding clia da giac dugc chi bdi ba thanh
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phan x, y, z. Néu c la mot ki tu, da giac sé dugc lap day mau nhu & bang mau. ¢ ciing co thé 1
mot vector hang cé 3 thanh phan ([r g b]) trong dé r, g va b la cac gia tri gitra 0 va 1 thay cho cac
mau do, xanh la cay va xanh da tréi. Néu c la mot vector hoac ma tran, no duge st dung nhu
mot chi s6 chi ra so dé mau. Nhiéu da giac co thé duac tao ra bang cach cho thém nhiéu déi s&
nhu #ill3 (x1, y1, z1,¢1, x2, y2, 22, c2, ....). Vi du sau sé vé ngau nhién 4 tam giac véi mau:

>> color(cool)

>> fill3(rand(3,4).rand(3.4),rand(3,4),rand(3 4))

= bar3va bar3h\a phién ban 3 chiéu clia barva barh, bie3la phién ban cla p/e.

18.5 Bang mau

Mau va biéu dé mau dugc dé cap dén trong mot s& vi du & phén trudc. Trong phén
nay chung ta sé ndi ro vé chung. MATLAB dinh nghia mot biéu dé mau nhu |a mét ma tran co
3 cot. Méi hang cda ma tran dinh nghia mét mau riéng biét st dung céc sé trong dai 0 va 1.
Nhing s nay chi ra cac gia tri RGB, do nhay cta cac mau thanh phéan do, xanh 1a cay, va xanh
da tréi trong mot mau do céc thanh phan dé tao ra. Mét s6 mau co ban dugc cho trong bang

dudi day:
P Xanh 14 cay ~ Xanh da tréi Fi : Mau MZ
0 0 0 den
1 1 1 trang
1 0 0 dod
0 1 0 xanh |a cay
0 0 1 xanh da trdi
1 1 0 vang
1 0 1 tim dé
0 1 1 lam xam
-5 -5 -8 xam trung binh
-5 0 0 do t6i
1 -62 -40 dd dong
-49 1 -83 ngoc xanh bién
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hsv Gia tri mau bao hoa (HSV)

hot den-do-vang-trang

gray xam can bang tuyén tinh

bone xam c6 pha nhe véi mau xanh
copper sac thai clia mau déng

pink mau héng nhat nhe

white trang hoan toan

flag xen ké do, trang, xanh da trdi, va den
jet sy thay d6i mau bao hoa

prism c6 mau sac lang kinh

cool mau xanh tim

lines mau clia nét vé

summe Bong ctia xanh la cay va vang
autumn Bong clia do va vang

winter Bong cia xanh 14 cay va xanh da trai
spring Bong cua mégenta va yellow

18.6 Sirdung bang mau
Cau lénh colormap(M) cai dat ma trdn M nhu | bang mau dugc sir dung bdi hinh hién tai.
Vi du: colormap(cool)cai dat mot version 64 dau vao clia bang mau cool.

Ham plot va plot3 khong dung bang mau & trén, ching sir dung cac mau liét ké trong
bang kiéu duong, diém danh dau, mau clia plot Phan lon cac ham vé khac nhu mesh, surf,
contour, fill, pcolor va céc bién clia nb, str dung bang mau hién tai.

Sau day la mat vi du dung tham s6 mau cho ham surfdé hién thi goc quan sat:
>> [X,Y,Z]=peaks(30);
>> surf(X,Y,Z,atan2(X,Y))

209



>> colormap(hsv),shading flat
>> axis([-3 3 -3 3 -6.5 8.1]),axis off

>> title('using a color Argument to surf')

using a color Argument to surf

Hinh 18.12

18.7 SUf dung mau dé thém théng tin

Mau c6 thé dugc ding dé thém théng tin vao dé thi 3 chiéu néu né dudc sir dung dé tao
thanh chiéu thir tu. Cac ham nhu mesh va surf bién d6i mau doc theo truc z, trir khi mot doi
s0 mau duoc dua ra nhu suA(X,Y,Z) hoan toan tuong duong véi surf(X,Y,Z t) trong dé thanh
phén thr t duge dung nhu mot chi s6 trong biéu dé mau. Diéu nay khién cho do thi day mau
nhung lai khong théng tin khi ma truc z da tén tai.

Dudi day la mét s6 cach st dung ddi s6 mau dé them thong tin hodc nhan manh thong tin
da ton tai trong do thi

>> x=-7.5: 5:7.5:y=x % create a data set

>> [X,Y]=meshgrid(x,y); ‘%create plaid data
>> R=sqrt(X."2+Y.%2) +eps % create radial data
>> Z=sin(R)./IR; % create a sombrero

>> subplot(2,2,1),surf(X.Y,2),
>> title('Color Varies with the Z_axis')
>> subplot(2,2,2),surf(X,Y,ZR),
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>> fitle('Color Vanes With the Radius')

>> subplot(2,2.3),surf(X,Y,Z,del2(Z)),

>> title('Color Varies with Curvature’)

>> [dZdx,dZdy]=gradient(Z); %compute the slope

>> dZ=sqrt(dZdx."2+dZdy.*2) %compute the slope's manitude
>> subplot(2,2,4),surf(X,Y,Z,dZ)

>> title('Color Varies With the slope Magnitude')

Color Varies With the Radius

-10 -10
Color Varies With the slope Magnitude

Hinh 18.13

18.8 Hién thi bang mau

Ban c6 thé hién thi bang mau theo moét s6 cach sau. Mot trong nhimg céch do 1a xem tat
ca cac phan tir trong trong mét ma tran bang mau mét céch tryc tiép:

>> hot(8)
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ans =

0.3333 0 0
0.6667 0 0
1.0000 0 0

1.0000 0.3333 0
1.0000 0.6667 0
1.0000 1.0000 0
1.0000 1.0000 0.5000
1.0000 1.0000 1.0000

Thém vao db, ham pcolor co thé duoc sir dung dé biéu dién mot bang mau. Hay thir vi du
nay mot vai lan bang c4ch dung cac ham colormap khac nhau va thay doi tham sé n:

>> colormap(jet(n))
>>n=8;

>> colormap(jet(n))

>> peolor([1:n+1;1:n+1])

>> title('using pcolor to display a colormap')

using poolor to display a colormap

Hinh 18.4

Ham colorbarthém mot thanh mau ding hoac thanh mau ngang (can chinh mau) vao clra
s6 hinh vé clia ban, dua ra biéu d6 mau cho truc hién tai. colorbar(’ h’) dinh vi thanh mau
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ngang dudi hinh vé hién tai cla ban. colorbar(’ v’)dinh vi thanh mau ding vé bén phai hinh vé
clia ban, colorbar khong co déi so thi la thém mot thanh mau ngang, néu thanh mau nay
khong t6n tai hoac la cap nhat néu no ton tai.

>> [XY,Z] = peaks;

>> mesh(X,Y.Z);

>> colormap(hsv)
>>axis([-3 3 -3 3 -6 8])

>> colorbar

Hinh 18.5

18.9 Thiét Iap va thay déi bang mau

Thyc t€ colormaps la cac ma trén, co nghia Ia ban c6 thé thao tac ching giéng nhu bat ki
mot ma tran nao khac. Ham brighten nhd vao dac diém nay thay d6i colormap d6 tang hoac
giam do nhay clia cac mau dams Bighten(n) cuing véi bighten(-n) phuc héi colormap ban dau.
Lénh newmap= brighten(n)tao mot thanh mau sang hon hodac t6i han clia colormap hién tai ma
khong lam thay déi biéu d6 mau hién tai. Lénh newmap=brighten(cmap,n) diéu chinh phién
ban clia thanh mau da dugc khai bao ma khang lam &nh hudng dén colormap hién tai hoic
cmap. brighten(gcf, n)lam sang tat ca cac d6i tuong trong hinh v& hién tai.

Ban c6 thé tao mét colormap clia riéng ban bang cach dua ra mét ma trdn mymap m
hang, 3 cot va cai dat n6 clng vdi colormap(mymap) mdi gi4 tri trong mét ma trén colormap
phai thudc khoang tir 0 dén 1. Néu ban c6 gang str dung mét ma tran véi nhiéu hon hoac it han
3 cot hodc chira mét gia tri nao d6 bé thua 0 hoac I6n 1 colormap sé dua ra thong béo 15i.
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Ban co thé két ndi cac colormap theo kiéu toan hgc. Mac du két qua dai khi khong thé
doan trudc duoc. Vi du, biéu dé co tén goi la pink:

>> pinkmap = sqrt (2/3*gray+1/3*hot);

Bdi vi colormap la cac ma tran, chung co thé dugc vé dé thi. Lénh rgbplot sé vé dé thi
C4c gia tri ca colormap tuong tu nhu lénh plot nhung str dung mau do, mau xanh la cay va
xanh da trdi cho nét vé. rgbplot(gray/ cho biét ca ba mau tang tuyén tinh va dong déu. Lénh
rgbplot vai mot s colormap khac nhu jet, hsv, va prism.

Gia tri hién tai cia cmin va cmax duac tra lai bang caxis khong c6 dai so. Ching thuong
la nhitng gi4 tri 16n nhat va nho nhat cla dir liéu, caxis([cmin cmax ]) st dung colormap nguyén
ban cho di liéu trong dai gita cmin va cmax, nhiing diém dir liéu Ién hon cmax sé bi chia ra
thanh cac mau két hop vdi cmax. Va nhing diém di liéu co gia tri nhd han cmin sé bi chia ra
thanh cac mau két hop vai cmin. Néu emin nho hon minfdata) hoac cmax 16n hon max(data),
thi cac mau két hgp véi cmin hoac cmax sé khong bao gid duge st dung; chi mot phan nhd
clia colormap dudc st dung. caxis(‘auto’)sé héi phuc gié tri mac dinh cla cmin va cmax.

Default color
1 T T 1 T

Hinh 18.6

Vidusau duc_n_: minh hoa trong colorplate4 .
>> peolor([1:17;1:17])
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>> title('Default color range')
>> colormap(hsv(8))

>> axis(‘auto')

>> colorbar

>> caxis

ans =

1 17
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CHUGONG 19

MANG TE BAO VA CAU TRUC

MATLAB 5.0 gidi thiéu 2 loai dir liéu méi cb tén goi la mang t& bao va cau trac. Méng t€
bao duoc xem nhu mdt mang clia cac s6 nhj phan hoac Ia nhu b chifa cé the Iuu gitr nhiéu kiéu
dir liéu khac nhau. Cau tric la nhing mang dir liéu hudng ddi tugng xay dung cing véi 1én cac
truang c6 thé chira nhiéu kigu dir liéu khac nhau, bac gém mang t& bao va cac cau tric khac.
CAu tric cung ¢ép cho ta phuong tién thuan loi d& nhom cac kiéu dir lidu khac nhau. Nhang kiéu
dir liéu méi ndy, méng t& bao va cau trdc tao cho ban kha ndng t6 chirc dit liéu thanh cac goi rat
thuén tién.

19.1 Mang té bao

Mang t& bac la nhimg mang MATLAB ma cac phén tir cla nd 1a cac t€ bao. Mdi t& bao
frong mang t& bao chira cac kiéu dir liéu cia MATLAB bao gém mang s8, van ban, déi tudng
dac trung, cac mang té bao va cau tric. Vi du mot t€ bao clia mang t& bao c6 thé |a mang s6,
loai khac 1a kigu chudi van ban, loai khac la vector cac gia tri s6 phirc. Cac mang té bac co thé
duge xay dyng vdi s6 chiéu I6n hon 2, tuy nhién dé cho thuan tién khi xét ngudi ta lay s& chiéu
az2.

19.2 Xay dung va hién thj mang t& bao

Mang t€ bao cé thé duoc xay dung bang cach dung cau Iénh gan, hodc chi dinh mang
trude bang cach sit dung ham t& bao sau do gan di ligu cho mang.

Nhu moi loai mang khac, mang té bao co thé tao ra bing cach gan df fiéu cho timg 1é bao
doc fap @ ciing mét thai diém, C6 hai cach khac nhau tham nhép vao méng t€ bao. N&U ban st
dung c phap mang tigu chuan, ban phai d& c4c t bao trong ddu ngoac *( }". Vidu:

> A1 1)={1 23 456 789
>>A(1,2)={2+3i}
>> A(2, 1) = {' Atext string '};
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>> A(2,2,)={12: -2:0},

Dau ngodc nhon bén phia phai clia du bang chi ra rang biéu thirc 12 mot té bao. hay con
goi a chi s6 18 bao. Cach viét sau tuong duong vdi cach viét trén:

>>A1,1}=(123:456:7889]
>> A{1,2)= 2+3i

>>A{2, 1} ="Atext string ",
>>A2,2}=12.-2:0;

D4u ngodc nhon bén trai chi ra ring A 1a mét mang t& bao va biéu thuc dat bén trong la
khai bao té bao.

MATLAB hién thi mang A nhu sau:
>> A
A=
[3X3 double] 2.0000+ 3.0000 i
" A text string [1x7 double |

Dé hién thi néi dung clia mdi t& bao trong mang t€ bao ta dung ham celidisp, hién thj ndi
dung clia riéng mot t& bao, truy nhap vao t€ bao ¢6 sl dung dau ngoac nhon. Vi du:

>> A{2,2)

MATLAB hién thi so d8 cau tric d6 hoa mang té bao trong mot cira s bang viéc goi ham
cellplot.

Ham cel/ lam viéc v8i mang té bao bang viéc tao ra cac mang tréng theo kich cd cla
mang. Vi dy:

>> C= cell (2, 3)

C=
(rmnia -
(000

19.3 T8 hgp va khéi phuc ming té bao

Néu ban gan di liéu cho t€ bao ngoai s8 chidu hién c6 cia mang. MATLAB sé iy dong md
rong mang va dién vao giza ma tran 8 réng. Chud y khéi niem *{ )" thay cho ma trén té bao
rong va ‘[ |" thay cho mang s6 ma tran rdng.
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SU dung dau moc vuong dé két néi mang té bao:
>> C=1{A B]
C=
[3x3 double | 2.0000+ 3.0000i [1x2 double] ' John Smith'
‘Atext string * [1x7 double]  [2.0000+3.0000] [ 5 ]
>> C=[A:B]
C=
[3x3 double ] 2.0000 + 3.0000 i
"Atextstring [ 1x7 double ]
[1x2 double] " John Smith'
[ 2.0000+ 3.0000i] 5]

Mét tap con cac 1€ bao cé thé duac tach ra tao thanh mot mang té bac mdi. Néu D fa mot
mang t€ bao 3x3, ngudi ta cb thé tach ra dé tao thanh mat mang t& bao mdi 2x2 nhu sau:

>>F = D(2:2.2:3);

Ham reshape cé thé duac st dung dé thay d6i cdu hinh cia mét mang t& bao nhung
khong thé dung dé thém vao hodc bat di t& bao.

>> X = cells(3,4);
>> size(X)
ans =
3 4
>> X= reshape(X,6.2);
>> size(Y)
ans =

6 2

19.4 Truy nhap vao trong mang té bao

Dé truy nhap dr liéu chia trong cac phan tr clia mang 1€ bao, st dung dau ngoac nhon.
Dung déu ngoac don tham nhap mot phan tor nhu la mot t& bao. DE truy nhap ndi dung cla
phan t& trong mang té bao, két néi cac biéu thic nhur sau:

>>x = B{2,2} % truy nhap ndi dung cua té bao.
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>> class(x)
ans=

double
>>y = B[2.2] % truy nhap vao ban than té bao
y=

[3]
>> class(y)
ans=

cell

>> B{1,1}(1.2) % truy nhap vao phén tlt tha hai cla
% vectortrong t€ bao
ans=
Dé& truy nhap dai cac phan tr trong mang 1 bao, sir dung ham dea/
>>[a,b] = deal(B{2,:1})
a =

2.0000+ 3.0000i

5

Ham deal can mot danh sach cac bién phan biét nhau bdi dau phay. Bidu thire B{2,} ¢o
thé sl dung & moi noi va déu ptrdy ding dé phan tach danh sach cac bién. Do 46, B(2,:} tuong
duong véi B(2,1) va B(2,2).

19.5 Mang té bao cla chudi ki tu
Mot trong nhing Ung dung phd bién clia mang t€ bao 1& xay dung mét mang van ban.
Méng chudi ki ty tiéu chudn doi hdi tat ca cac chudi déu co chung dd dai. Bdi vi mang té bao c6

thé chira nhiéu kiu dit liéu khac nhau trong méi phan i chudi ki tu trong mang t& bao khéng
6 gidi han nay. Vidu:
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>> T ={ Tom", Disk’)
T=
Tom'
‘Disk’

19.6 Cau triic

CAu tric la nhitng d6i tugng MATLAB c6 tén b6 chira dir lidu" con goi (a felds. Nhu moi
phan tl cha mang 1€ bao, trudng cau tric c6 thé ¢b bat cif mot kidu dif liéu nao. Chiing khac &
¢chd cdu trae trudng duoc truy nhap bang tén phd bién hon 13 chi s6, va khéng ¢é su han ché
N30 vé chi s6 cling nhu cau hinh clia cac truang cau tric. Cang gidng nhy mang té bao, ciu tric
o thé duoc nhom lai véi nhau tao thanh mang va mang té bao. Mot cau tric don [a mét mang
cau fric 1x1.

19.7 Xay dung mang cau tric

Ciu trac sl dung dau *. * dé truy nhép vao trudng. Xay dyng mét cau tric don gidn nhu
gan di liéu vao céc truang doc 1ap. Vi du sau tao mot ban ghi client cho thu vién kiém tra.

>> ¢lient.name = ' John Doe";
>> client.cost = 86.50;
>> client.test AIC=16.3 6.8 7.1 7.0 8.7 6.5 6.3 6.4}
>> client.test. CHC = [2.8 3.4 3.6 4.1 3.5]
>> client
client =
name L ' John Doe '
cost:86.50
test: [1x1 st;uct}
>> client.test
ans=
AIC:6.3000 6.8000 7.1000 7.0000 6.7000 6.5000 6.3000 6.40C0
CHC:2.8000 3.4000 3.6000 4.1000 3.5000
Bay gi¢ tao ban ghi client thir hai:
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>> client(2).name =" Alice Smith .
>> client(2).cost = 112.35;
>> clent(2).testAIC =153 58 7.0 6.56.7 55 6.0 5.9)
>> client(2).test.CHC =[3.8 6.3 3.2 3.1 25]
>> ¢lient
client =
1x2 struct array with field
name
cost
test

Céu tric cling co thé dude xay dyng bang cach ding ham struct dé tao trudc mot mang
c8u trdc. Cu phap la: (‘ field'. V1,  field2". V2, ...} trong d6 field1. field2. .v.v... |a cac truang, va
cac mang V1. V2, v.v.... phai la cac mang té bao c6 cung kich thudc., clng s6 t€ bao, hoac gia
tri. Vi du, mot mang céu trac ¢6 thé dugc tao ra nhu sau:

>>N ={" John Doe ', ' Alice Smith’};
>> C ={86.50, 112.35};
>> P ={[10.00 20.00 45.00);
>> bills = struct('name’,N, 'cost,C,'payment’ P)
bils=
1x2 struct array with fields

name

cost

payment

-

19.8 Truy nhép vao cac trudng cau truc

Bdi vi ndi dung cau tric 1a tén nhiéu hon la chi $6. nhu trong trudng hop mang té bao, tén
cla cac trudng trong cau truc phai duoc bigt dén dé truy nhap dif liéu chira trong chang. Tén
clia c4c truang 6 thé duac tim thay & trong & trong cira sé lanh, don gian [a chi viéc nhap vao
tén cla ciu tric. Tuy nhién & trong M-file, mot ham cén thiét dugc tao ra dé cap nhidt cac tén
truong do. Ham fieldname tr3 lai mot mang té bao c6 chira tén cla cac trudng trong mét cau
frdc.

221



>> T = fieldnammes(bills)
T=

"name "’

"cost'

' payment'’

C6 hai phuang phap dé truy nhap vao trudng cau trdc. Chi sé truc tiép st dung ki thuat chi
muc thich hap, nhu phuang phap truy ahap trvong ciu tric. va chi s6 mang thich hop dé truy
nhap vao mét s6 hoac mét mang t€ bao. Sau day fa mét vi du dua trén cau tric bills va client
da xét g trén:

>> bills.name
ans =
John Doe
ans=
Alice Smith

>> bills(2).cost
ans=

112.3500
>> bills(1)
ans=

name: ' John Doe '

cost ' 86.5000

payment: 10.000 20.0000 45.0000
>> baldue = bills(1).cost - sum(bills(1).payment)
baldue=

6.5000
>> bills(2).paymeant(2)
ans =

12.3500
>> client(2).test. AIC(3)
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ans=
7.000

Phuang phap chi muc truc tiép thuong duoc st dung dé truy nhap gia tn truang. Tuy
nhién, & cac M-file néu tén cac truang dugc goi ra I ham fieldnames, thi ham getfield va
setfield co thé dugc str dung @8 truy nhap dir liéu trong cau trac Vidu:

>> geffield(bills,{1}'/name") % tuong tu nhu bills(1).name
ans=
John Doe
>> T = fieldnames(bills);
>> geffriend(bills,{2},T{3},{2})%tucng tu nhu 5(2),payment(2)
ans=
12.3500

Vi du sau tra lai cau truc cé chira cung kiéu dir liéu nhu cau fruc nguyén thuy vdi mot gia tri
bi thay d1. Dong lénh tuong duang cla client(2).testAIC(3) = 7.1. a:

>> client = setfield(client,{2 ), 'test’, 'AIC " {3},7.1)
client=
1x2 struct array with fields
name
cost
test
>> client(2).test. AIC(3)
ans=

7.1000

Mot truang c6 thé dugde thém vao trong mét mang cau tric chi don gian bang cach gan gia
tri cho trudng cau trac mai.

>> client(1).addr = {' MyStreet"' MyCity '}
client =
1x2 struct array with fields

name
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cost
test
addr

Mot truang cé the duac bo di khoi cau truc (hodc mdt mang cau tric) bang lenh rmfield.
S= rmfield (S, * field’) s& bo di trvang field tU cau trac S. S= rmfield (S, F} trong db F la mét
mang té bao cla tén cac truong, bé di nhiél hon mét truang tu cdu trie S tai mét thai diém.

>> client = rmfield(client," addr ")
client =
1x2 struct array with fields
name
cost

test

19.9 Su nghich ddo va ham kiém tra

Su nghich dao gita cac mang 1€ bao va céc cau tric bang cach ding ham structZcell va
celf2struct . Tén truang phéi duoc cung cap ddy 40 cho cell2struct va bi mat di khi chuyén
thanh mét mang té bao tir mot cau tric. Sy chuyén déi tr mang s6 va mang xau ki ty thanh
mang 1§ b3o bing cAch sl dung ham num2eeliva celistr. Ngugc tai chuyén dai tir mot mang 18
bao thanh mang ki tu bang ham char.

Mac dU ham class tra vé kiéu kiéu dir liéu cla ddi tuong. c/ass van khong thuan tién sl
dung d& kiém tra kiéu dir liéu. Ham /sa(x, * class *) tra lai frue néu x 1a mét ddi tuong kiéu
‘class’. VI du, isa (client, * struct *) sé trd lai true. D& thuén tién. mdt s6 ham kiém tra s6 khac co
san trong thu vién chuong trinh nhu: isstruct, iscell, ischar, isnumeric, va islogical,
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CHUONG 20

BIEU TUGNG CUA
HOP CONG CU TOAN HOC

Hoép cong cu toan hoc la mot tap hop cac cong cu (ham) dé MATLAB giai céc bai toan.
Co cac cong cu dé t8 hop, don gidn hoa, tich phan, vi phan va giadi cac phép toan dai s va
phép toan vi phan. Cac cong cu khac st dung trong dai s6 hoc tuyén tinh dé chuyén ddi chinh
xac dang nghich déo, dinh thic va cac khudn mau tiéu chuan.

Cac cong cu trong Symbolic Math Tollbox dugc tao nén tr chuong trinh phan mém
manh c6 t&n la Maple@ phat trién khdi d4u tir truong dai hoc Waterioo d Ontario, Canada va bay
gid 1a phan mém cla hang Waterloo Maple Software. Khi ban yéu cau MATLAB thuc hién mot
phép toan, n6 s& sif dung cac ham clia Symbolic Math Tollbox dé tam viéc nay va tra lai ket
qua & clra s lénh.

20.1 Biéu thitc va cac doi ttong dac trung

MATLAB co sd sir dung mot s8 cac kiéu déi tuong khac nhau dé luu trir gia tri. Bién s6 hoc
dung dé Iuu trir gia tri s8 hoc, v{ du nhu x=2, mang ki ty d& Iuu trir chudi van ban, vi nhu; t="A
text string ‘. HOp cong cu toan hoc dac trung diing nhing déi tugng toan hoc thay thé cac bién
va cac toan tlr, vi du: x = sym ('x ‘). Cac déi tugng toan hoc duge st dung bdi MATLAB trong
nhiéu truang hop tuong ty nhu cac bién s6 hoe va chudi dugc sit dung. Biéu thue toan hoc 1a
nhing biéu thirc cé chira d6i tugng toan hoc thay thé cho cac s6, ham, toan t va cac bién. Cac
bi&n khéng yéu cau phai dinh nghia trude. Thuat toan 1a cang cy thuc hanh 38 gidi quyét nhing
bai toan trén co s& biét dugc nhiing quy luat va su nhan dang cac biéu twong duoe dua ra, chinh
xac nhy cai cach ban giai bang dai s6 hoc va sy tinh toan.. Cac ma tran todn hoc 1a nhing
mang ma phan tf clia nd ta cac déi tugng todn hoc hoac cac biéu thic.
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20.2 Tao va s{ dung cac déi tugng dc trung

Boi tvong dac trung dugc xay dung tir nhing chubi ki by hodc cac bién s6 hoc sit dung
ham sym. Vidy x = sym (' x ') tao ra mdt bién dac trung x, y = sym (' y ') tao ra mét bién dac
trung vy, y = sym (* 1/3 ') tao ra mot bi€n dac trung y mang gia tri 1/3. Gia str bién dac trung duoc
dinh nghfa, né cé thé dugc sir dung trong cac biéu thure toan hoc tuang tu nhu cac bidn s& hoc
duge s dung trong MATLAB . Néu nhu céc bién x, y dugc tao ra trude 46 thi 1énh z= (x+y)/(x-2)
$& tao mét bién mdi z bdi vi biéu thre ma no thay thé c6 mang mét hay nhiéu bién dac trumg x
ho#c y.

Mat d6i tuang s& hoc o thé chuyén thanh d6i tuang dac trung. Dudi day 14 mét vi du:

>> m = magic(3) % tao mét ma trén s6
m =
8 1 6
3 5 7
4 9 2
>>M = sym(m) % taoc mot ma tran dac trung tir m
M=
(8 1, 6]
{3, 5 7]
14,9 2]

>> det(M) % xac dinh dinh thirc cla ma tran dac tung M
ans =
-360

Vi du ndy x4y dyng mét ma tran vuéng 3x3, chuyén ddi thanh ma tréin dac trung, va tim
dinh thire cha ma tran. .

Ham sym cho phép ban lta chon dinh dang cho sy hién thi d3c trung clia gia tri s6. Cd
phép 13: S = sym (A, fmt) trong d6 A 12 gia tri s6 hodc ma trén con fmt (2 mét déc tinh dinh
dang tuy chon, cothéla‘f*, 'r’, e, hodc ' d ‘. Gia trimac dinh 1a‘ r . N&u chon ‘ * tuong ing
he ch@ s6 luc phan, ' ' tuong tng ch@ s6 hru ti, * @ * twong ty nhu ' 1 nhung 8 dang chinh tac
ham ma, ¢on * d * tuong tng chir s& hé thap phan.

Dudi day 1a mot s& vi du vé su hién thi clia mot s6 dinh dang tuy chon:
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format short 0.3333 double
format long 0.333333333333333 double
format short e 3.3333e™ double
format long e 3.333333333333333¢ ™" double
format short g 0.33333 double
formatlong g 0.333333333333333 double
format hex 3fd5555555555555 double
format bank 0.33 double
format rat 113 double
format + + double
symi (1/3,'f") '1.555555555555 “2/(-2) sym

sym (1/3, 1) 1/3 sym

sym (1/3,'¢’) 1/3-eps/12 sym

sym (1/3,'d ") .333333333333333333314829616256 sym

Su khac nhau gilta céc dinh dang dac trung c6 thé gay ra mét s& hén don. Vidu:
>> sym(1/3)- sym(1/3,'e’)

% 16i ddu am s6 hau ti

ans =

1112%eps
>> double(ans) % dinh dang thap phéan
ans =

1.8504e"

20.3 Sy biéu dién bidu thifc dac trung ctia MATLAB

MATLAB c6 cac biéu thirc dac trung giéng nhu 1a biéu thic ¢ chira déi tugng dic trung

khac nhau gilra ching vé bién s&, biéu thirc, phép toan néu khéng ching gan giong nhu biéu
thirc MATLAB co ban. Sau day la mot vai vi du cta biéu thirc dac trung.
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1 x=sym(' x ')
2x3
y=—~1—-—— x=sym('x’)
V2x
cos(x?)-sin(2x) =sym('x’)
M= [a b] syms(a’,’'b’,'c''d");
c d
b xa
f= dx syms x a b
;[ V1-x
f=int (x"3/ sqrt (1-x),a, b)

Céac ham dac trung cla MATLAB cho phép ban thao tac nhimng biéu thirc nay theo nhiéu
cach khac nhau. Vi du:

>> x = sym('x') % tao mot bién dac trung x
>> diff(cos(x)) % d6i cla cos(x) vai bién s 1a x

ans =

-sin(x)
>> sym('a','b','c','d")% tao bién s6 dac trung a, b, c va d
>>M=]a, b, c,d] % tao mét ma trén dac trung
M=

[a, b]

e d '

>> det(M) % tim dinh thirc clia ma tran dac trung M
ans =
a'b-b*c
Trong vi du dau tién, x dugc dinh nghia nhu mét bién dac trung trude khi né dugc st dung
trong biéu thic, tuong tu nhu vay bién s6 phai dugc gan mét gia tri trudc khi chung dugc st
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dung. Diéu nay cho phép MATLAB xem xét cos(x) nhu mét biu thye dic trung, va do vay
difcos(x)) 14 mdt phép toan dac trung hon 1a mét phép toan s& hoc. Trong vi du s8 2, ham
syms thuong dugc dinh nghia 1a mét s6 bi&n s6 dac trung. syms(a’, 'b') tuong duang voi
a = sym('a); b= sym(b’); . MATLAB biét rdng M=(a, b; ¢, d ] 1a mét ma tran dac trung bdi vi nd
chira dung mot bién s8 dac trung, va do d6 detfM))a mot phép toan dac trung.

Trong MATLAB, cau lénh funcarg tuong duong V& func{’arg’), trong do func 1a mdt
ham, con argla mot chudi 6i s6 ki ty. MATLAB phén biét syms 2 & ¢ dva syms('a’,'b’, 'c,
'd") la tuong duong nhung nhu cac ban biét céng thitc dau tién d& thyc hién hon,

Chting ta xem xét ky hon vi dy thit hai da néu & trén:

>>a=4b=2,c=3;d=4 % dinh nghia bién s6 a 3én d
>>M = [ab;c,d] % M 12 mdt ma tran s
M=

1 2

3 4
>> size(M) %M ia mbdt ma tran bac hai
ans =

2 2
>> class(M) % CO nhing loai déi tugng nao 1a M?
ans =

double

>>M="a,b;cd] % M 1a mot chudi dac trung
M=

(a, bic,d] .
>> size(M) % M la mot vector hang clia 9 ki 4
ans =

19
>> class(M)

ans =

char
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>> M = sym([abicd])

[a.bicd]
>> size{M)
ans =

1 3
>> class(M)
ans =

sym

>>symsa b cd

>> M = [a,b;c,d]
M=
(a, 0]
(. d)
>> size(M)
ans =
2 2
>> class(M)
ans =
sym

>>a=1b=2;symsc d

>>M=[ab;c,d]
M=
[1.2]
[c. d]

>> size(M)

% mét d8i tuang dac trung nhung
% khong phéi [a m&t ma tran

% M 1a mot vector 3 phan i (2 déu phay)

% dinh nghta bién s8 dactrungadén d

% M 1a mét ma tran d3c trung

% dinh nghia mét bién ¢6 dinh tlr a

% M |a mét ma tran dac trung tUr a dén d



ans=
sym
Trong vi dy nay, M ducc. dinh nghta theo S cach:
*  Kiéu th¢ nhat: né gan gidng vai ma tran bac hai.
»  Kiél i1t hai la mot chudi ki tu.

e Ki8u thir ba Ia mot déi tuong dac trung hap 1€, nhung né khong thé st dung trong moi
truang hop.

= Kiéu thir tr 12 mdt ma tran bac hai,

= Kiéu cudi cung cho thdy bi€n s6 1 bién dac trung c6 k&t hop trong bidu thie dac
trung dé tac thanh ma trin déc trung,

Biéu thirc dac trung khong ¢6 bién duoc goi la ham d3c trung. Khi ham dac trung hién thi,
chung d8i khi kho ma phan biét dugc véi s6 nguyén. Vi du:
>> f=sym(3) %tao mét hang dic trung
f=
3
>> class(f) % ki€u clia d6i tuong f 1a gi
ans=
sym
>> g = sym(pi)
g=
pi
>> class(g)
ans=
sym .
>> h = sym(sin(pi/4))
h=
sqrt(1/2)
>> glass(h)
ans=

sym
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20.4 Bién dac trung

Khi lam viéc vdi bigu thire dac trung cé nhiéu hon mét bién dac trung, chinh xac hon mot
bién la bién doc lap. Néu MATLAB khong dudc chi ra dau 1a bién doc 1ap thi nd sé nhan bién
nao gan x nhét theo thir ty chi cai.

Bién dac tap doi khi con dugc goi la bién tu do. Ban co thé yéu cau MATLAB chi ra bién
nao trong biéu thire dac trung. DE biét duac ta st dung ham findsym

>>symsastuomega ij % dinh nghia cac bién Gac tung
>> findsym{a“t+s/{u+3),1) % u la gan x nhat
ans =

u

>> findsym{sin(a+omega),1) % omega gan x nhat

ans =

omega
>> findsym(3'i + 4%) % i va j tuong ty phu sqri(-1)
ans =

N&u findsym khong tim thay bién dac trung, nd sé tra lai chudi réng.

20.5 Phép toan trén biéu thitc dac trung

Gié sl ban da tao dugc bidu thire dac trung, ban rat c6 thé mudn thay déi né bang bat cu
cach nao. Ban mudn 1ay ra mat phan cla biéu thire, két hop hai biéu thire hoac tim mét gia tri s6
ctiamét biéu thire dac trung. Cé réat nhiéu cong cu cho phép ban tam diéu nay.

T4t ¢a cac ham dac trung, (vai vai diém dac biét sé néi & phan sau) dua trén cac bigu
thire dac trung va cac mang dac trung. Két qua giong nhu mét s6 nhung né 1a mét biéu thie dac
trung. Nhu chang ta da noi d trén, ban cb thé tim ra dau ia kiéu s6 nguyén, mét chudi dic trung
hoac mét déi tugng dac trung bang cach s dung ham cfass tir MATLAB ca sd.

20.6 Tach cac tirs6 va mau sé

Néu biéu thife cba ban la mot da thue hitu ti hodc c6 thé md réng t6i mot da thire hau t
tuang duang (bao gém toan bd cac phan tir cla tr s6 ¢6 chung mau s6), ban ¢o thé tach tlr s&
va mau s6 bang cach s(r dung ham numden. Vi du:

m=xtt=ax¥(b-x) g=3x%/2+2x{3-3/5.

232



h=(x? +3)/(2x- 1)+ 3x/(x-1)

numden t6 hap hodc hiu ti hoa bidu thire néu can thiét, va tra lai két qua tir s6 va mau
s0. Cau (énh MATLAB dugae thyc hien nhu sau:

>>symx a b % tao mot s& bién dac trung
>>m = x*2 % tao mét biéu thure don gian
m=

x*2

>> [n,d] = numden(m) % tach t&r s8 va mau s6.

n=
xA2
d=
1
>>f=a*%"2/(b-x) % tao mét biéu thdc lién quan
f=
a*x"2/(b-x)
>>{n d]=numden(f) % tach t{r s6 va mau sé.
m =
-a*x*2
d=
-b+x

Hai bigu thic dau tién cho ta két qua nhu mong muén

>>q=3/2x*2 + 2'x - 3/4 % tao mét biéu thirc khac.

g= :
3/2*x"2 + 2*x - 3/4
>> [n,d] = numden(g) % hiru ti hoa va tach céc phan
n=
6*x"2 + 8*x - 3
d=
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>> h = (xA2 + 3){(2"x - 1) + 3"x/(x - 1) % t6ng clia da thirc hiru ti
k=
X3+ 5%A2 -3
d={(2"x - 1)*(x- 1)
>> h2 = n/d % tao lai bidu thue cho h
h2 = '
(xA2 + 3)(2"x - 1) + 3W(x - 1)
Hai biéu thirc g va h duac hitu ti hoa hoac trds vé biéu thire don gidn véi mot ti s6 va mau

56, trudc khi cac phén t duoc tach ¢b thé chia tir s6 cho mau s6 tao lai bidu thire nguyén gée.

20.7 Phép toan dai sd tiéu chuan

Mét s& phép toan tieu chuan cé thé bidu diin trén biéu thire dac trung st dung cAc toén tr

quen thude. Vi du cho hai ham:
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f=2x2+3x-5 g=xt-x+7
>> sym('x’) % dinh nghta mot bién s6 dac trung
>>f=(2'x"2 + 3*x - 5) % dinh ngha biéu thire ddc tung fva g
f=
(2°%A2 + 3" - 5)

>>xA2-x+7
g:
X"2-x+7
>>{+
ans =

I2+2x+2 .

>»>f-q % tim biéu thirc cla f-g
ans =

x*2 +4"x - 12
>> f*g % tim mét biéu thiee ca f*g
ans =

(2"%"2 +3'x-B) "(x"2 -x + 7)



>> fig % tim mét biéu thire clia fig

ans =

(2'x22 + 3" - B)/{x*2-x+7)
>> f A(3*x) % tim not biéu thuc cho £
ans =

{2°x*2 + 3*x - 5)*3*x

Thue suf 1a mét phép toan trén bat cir biéu thirc nao chira it nhat mot bién s§ dic trung sé
cho k&t qua clia mét biéu thire dac trung. ban hay t6 hap cac biéu thic c6 dinh dé tac nhidng
biéu thue mdi. Vi du:

>>a=1;b=23/2;x = sym(x'); % tao mét s6 va nhitng bi€n sd dac trung
>>{=sinfa-x} % tao mét s6 biéu thic
ans=

-sin(x-1)

>> g = sin(b*x*2)

ans=

sin(3/2*x*2)
>> b*f/(g - 5)* x % két hop ching
ans =

-3127sin(x - 1)/(sin(3/27xA2)- 5)+ x)
T3t ca céc phép toan nay déu thye hién t8t voi cac dai s6 1a méang.

20.8 Cac phép toan ning cao

MATLAB c6 thé bidu di&n nhiéu phép toan nang cao hon bidu thuc dic trung. Ham
compose két hop f(x) va g (x) thanh f (g(x)). Ham finverse tim ham nghich dao clia mdt biéu
thite va ham symsum tim t8ng dac trung clia mét biéu thire. Vi du;

f=1(1+x® g=sin(x) h=x/(1+u? &=cos(x+v)
>>SymsX U v % dinh nghia 3 bién dac trung
>>f=1/(1+x*2) % tao 4 biéu thire
>> g = sin(x)
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>>h = xi(1 4 ur2)
>> k= cos(x +v)
>> compose(f.g) % tim bidu thue cta f{g (x))
ans =

sym(1/(1 + x*2))
compose c6 thé dvac sl dung & cac ham ma cb céc bién doc lap khac nhau.
>> compose(h k) % cho h{x), k (x), tim h{k{x))
ans=

cos(x + V(1 + ur2)
>> compose(h,k,u,v) % cho h(u), k(v), tim h{k(v})
ans =

X/(1 + cos(2v)"2)

Ham nghich dao cla mét bidu thuc, goi la f(x), 1a biéu thic g (x) ma thod man diéu kién
a(f {x)) = x. Vi du ham nghich dao cla e* }a in{x), do vay In{e*) =x. Ham nghich dao c(a sin(x) la
arcsin(x), va ham nghich dao clia 1/tan(x) la arctan(1/x). Hdm finverse trG thanh ham nghich
ddo clia mot bigu thire, Chi y finverse tra lai duy nhat mot két qud, thAm chi néu k&t qua a6
khong ta duy nhat.

>>symsxa bcdz % dinh nghia mot s6 bién dac trung

>> finverse(1/x) % nghich dao clia 1/x a x

ans =

1x
>> finverse(x"2) % tim mat trong cac gidi phap dé g(x? =x
ans =

x*1/2) -

>> finverse(a™x + b) % tim giai phap dé g(f(x)) = x
ans =
{b - x}fa
>> finverse(a’b + c*d - a*z,a) tim giai phap dé g(f(a))=a
ans=

-{c"d- a){b- 2)

236



Ham symsum tim tong dac trung cha mét biéu thirc. C6 4 cu phap cla ham: symsum(f)

trd lai téng Z;_1f(x), symsum(fs) tra lai tong Z;_1f(s), symsum{f.a,b) \rd lai tng

> ""4(x) , con ham symsumy(, 4, b, s)tré lai téng Z:f(sy

Chiing ta cing xem xét téng 23_1 X%, tra lai X*/3-x¥/2+x/6

>> syms X N
>> symsum(x*2)
ans =

13*xA3 - 1/2°x*2 + 1/6™x

20.9 Ham nghich dao

Muc nay trinh bay c4c cong cu dé chuyén dbi biéu thire dac trung sang gia tri s6 va nguoc
lai. C6 mét s6 rat it cac ham dic trung c6 thé trd thanh gia tri 6.

Ham sym cb thé chuyén ddi mét chudi hodc mét mang s6 thanh su biéu dién dac trung;
ham double thuc hién nguoc lai. duble chuyén déi mot hang dac trung (mot biéu thire dac trung
khong c6 bién) thanh gi4 tri s8 c6 kiéu xac dinh double.

>> phi = sym{'(1 + sqrt(8})/2)
phi =
(1 + sqrt(5))/2
>> double(phi) % nghich dao cla gia tri s6
ans =
1.6180
Hai cach trén cho ta cung mét két qua.

Ban da Iam viéc véi da thirc trén MATLAB co ban, sir dung vector ma cac phan it ¢la n6
[ cac he s4 ctia da thirc. Ham dac trung sym2poli chuyén ddi mét da thuc dac trung thanh
vector ca he he s8 d6. Ham poli2sym thi 1am nguoc lai, va ban hay khai bao bién dé s dung
trong phép toan cudi cing.

>> x = sym{'x)
>>f=xA3+2'%*2-3'x+5 % fla da thie dac trung
f=

237



X3+ 2°x"2-3'x+5

>> n = sym2poli(f) % tach vector cac hé s6
n=
1235
>> poly2sym{n) % tac lai da thire clia x {méc dinh)
ans =

X3+ 202 -3+ §

>> § = sym('s') % dinh nghta s nhu {2 bién dac trung
>> poly2sym(n,s) % tao lai da thire cla f
ans=

§23+2°6%2-3's+5

2010 Sy thay thé bién s5

Gia sl ban c6 mat bidu thirc d3c trung cla x, va ban mudn d8i bién thanh y. MATLAB
cung cip cho ban cong cu A€ thay déi trong biéu thire dac trumg, goi la subs. Cu phap la:

subs(f, old, new), trong do f la mot biéu thuc dac trung, old la bién hoac biéu thuc ddc
trung, va new |a bién dac trung, biéu thirc hodc ma tran hodc mét gia tri s6 hosc ma tran. Noi
dung clia new sé thay thé old trong biéu thire f. Duéi day la mat s6 vi du:

>>symsa alpha bc s x % dinh nghia mot vai bién dac trung
>> f=a*x*2+b"x +¢ % tao mot ham f(x)
f=
anx2+b'x+c
>> subs(f,x.s} % thay thé xbéing s trong biéu thic clia
ans= .
a'sh2+b's+c
>> subs(f,a,[alpha;s]) % thay thé a bang ma tran dic trung a
ans=
laipha™x*2 + b*x + ¢

[s"X*2 + b™X + ¢]
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>> 0= 3'X2+ 5% -4 % tao mét ham khac

g=
3'xA2+ 5x-4
>> h = subs(g.x,2) % new la mot gia tri s6
h=
18
>> class(h) % bidu dién két qué 46 1a mét ndi dung dac trung
ans =
sym

Vi du trude bidu dién cach subs tao hé 3, va sau 86 lam don gian hod bidu thac. Tir 36
k&t qua ciia hé s6 |2 mot ndi dung dc trung, MATLAB ¢6 thé rdt gon né thanh mot gia tri don.
Chu y rang subs la mét ham dac trung, n6 trd thanh mét bidu thic ddc trung, mét ndi dung dac
trumg tham chi n6 (2 mot s6. D& nhan mot s6 ching ta c4n sl dung ham double dé chuyén a8i
chuéi .

>> double(h) % chuyén d8i mét bidu thie Gac trung thanh mat 6
ans=
18
>> class(ans) % bidu di&n két qua 36 la mot gia tri s6
ans=
double

20.11 Phép Idy vi phan

Phép 18y vi phan clia mdt bidu thire dac trung sir dung ham diff theo mét trong bén mau
sau day:

-

>»>symsabcd x s % dinh nghia mét vai bién dac trung
>>f=a" A3 +x*2-b"-¢ % dinh nghia mét biéu thirc dac trung
{=

a"x"3 +x*2-b%-¢
>> diff(f) % lay vi phan ctia f véi x 1a bién mac dinh

ans =
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3"a*'x*2+2°x-b

>> diff(f.a) % |ay vi phan cla f véi a thay cho x
ans =
XA3
>> diff(f.2) % |8y vi phan f hai lAn v ?
ans=
6 a'x + 2

>> diff(f,a,2) % vi phan 2 lan v6i ?
ans=
0

Ham diff cing c6 thé thao tac trén mang. N&u f Ia mét vector dic trung hodc ma trén,
diff{f)|3y vi phan mdi phén ti trong mang:

>> f = [a"x,b"x*2;c*x"3,d"s) % tao mdt mang dac trung
f=

[a™x b* x*2]

[c*x”3 ds ]

Chu y rang ham diiffcing st dung trong MATLAB co ban dé tinh phép vi phan sé hoc clia
mat vector s6 va ma trap.

20.12 Phép tich phan

Ham tich phan /nt/f] trong do f 1a biéu thirc tugng trung, sé tim ra mot bidu thie twong
trung F khéc sao cho difffFf)=f Nhu ban thay trong phan nghién citu phép tinh, phép tich phan
phuc tap hon phép vi phan.Tich phan hodc dao ham khéng tén tai dudi mét hinh dang khép kin;
hodc n6 c6 thé t4n tai nhung phan mém khdng tim ra nd hodc phan mém c6 thé tim ra nd nhung
khong dd bd nhd hadc thdi gian dé chay. Khi MATLAB khéng tim thdy phép tinh dao ham né
dua ra canh bao va su thay th& tuong trung phép tich phan dé khong thé st dung véi ham
pretty.

>>x = sym('X);
>> p = int(log(x)/exp(x"2)) % l&y tich phan

Warning: Explicit integral could not be found.
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In C:\MATLABMoolboxisymbolic\@symtint.m at line 58
p =int{....
>> pretty(p)
ans =

output from pretty

Ham tich phan, cing nht ham vi phan déu ¢6 nhieu han mét ci phap. inéff] sé tim mot
phép tinh tich phan theo cac bién doc lap mac dinh, con int(f, s) tim phép lay tich phan theo
bién dic trung s. Khuon mau int(f a, b)va int (f s, a, b), trong do a, b 1a cac bién so, tim ra
biéu thire dic trung cho phép Iay tich phan theo ¢an tir a @&n b. Tuong ty cho ham /ntff, m, n)
va

int(f, s, m, nj.

>>symsx s m n % dinh nghia mot s6 bién

>>f=sin(s + 2*x) % tao mdt ham tuong trung

f=

sin(s+2"x)
>> int(f) % phép lay tich phan theo bién x
ans=

-112*cos(s+2X)
>> int(f,s) % phép (ay tich phan theo 486i s6 s
ans=

-c0S(s + 2°x)
>> int(f,pi/2,pi) % (ay tich phan theo bién x vai can tur pif2 dén pi
ans=

-cos(s)
>> inf(fs,pif2pi) %y tich phan theo s, can tr pi/2 dén pi
ans=

2"cos(x)*2 - 1 - 2*sin{x)"cos(x)
>> g = simple(int{{,m,n)) % lay tich phan theo x, can t m dénn
g=

-1/2*Cos(s + 2'n) + 1/2"cos(s + 2'm)
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Trong vi du nay, ham simpfe dudc sit dung dé don gian hoa két qua cla phép Idy tich

phan. Ching ta sé nghién clru thém vé ham simple sau nay.

Cing nhu ham  diff, ham |3y tich phan Jnf trén méi phén t cha mang dac trung:

>»symsa b ¢ d x s % dinh nghia mot s8 bién dac trung
>> = [a*x,b*x*2;c'x"3,d"s] % xay dung mét mang dac trung
i=

[@a'x, b2}

[c*x*3.  d*s]
>> int(f) % lay tich phan mang cac phan tur theo déi s6 x
ans =

[1/2*a*x"2, 1/3"b"xA3)
[1/4*c*xM, d*s*x]
Vi du: Giai phap dac trumg ciia mét phutang phap tinh toan cé dién

Cac ban Hai, Kiém va Ding dang ngéi quan sat trén mét mai nha clia mt toa cao oc &

trung tam Ha Noi trong luc an bira trua thi ho chat phat hién ra mét vat o hinh dang ki ta trén
khéng & d6 cao 50 m. Ho dy mdt qua ca chua chin do ra khdi chiéc tii deo sau lung, ti vao canh
clia mai nha réi ném manh qua ¢a chua vao khdng trung. Qua ca chua duoc bay lén véi van toc
ban dau la v, = 20 m/s. Méi cao 30 m so v6i mat dat, thai gian bay clia né ta t gidy. Hoi khi nao
n6 dat dén do cao cuc dai, 6 cao ma qua ca chua dat t6i so véi mat dat? Khi nao thi qua ca
chua cham tgi mat dat? Gia s rang khéng ¢é Iuc can cla khong khi va gia t6c phu thude vao
sire hit 12 khéng déi I3 a = - 8.7536 m/s?.

Ching ta chon mat dat & d6 cao 1a 0, y = 0 [a mat dat va y = 30 13 dinh cha toa nha. Van

t6¢ tre thai sé 1a v = dy/dt, va gia téc sé 1a a = d%y/dt? . Do d6 néu {ay tich phan mét 1an gia t6c,
ta s& duge van tc tre thdi, con tich phan van toc ta sé duge do cao y.
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>> t = sym('t); % dinh nghia bién dac trung thai gian
>> digits(5); % do chinh xac 5 chit s&
>> a=sym(-9.7536") % gia t&c do bang m/s?

a=

-9.7536
>>y =int{at) %van tac xem nhu ham thai gian
V=



-0.7536"t

>>y=yv+20 % & thai diém t=0 van t6c la 20m/s
V=
-.7536"t + 20
>>y = int{v.h) Y%tim do cao y & thai diém t bang cach |ay tich phan
y=
-4.8768"1°2+20.t
>>y=y+30 % do caokhit=0 1330m
y=
-4.8768"42 +20."t + 30

Kiém tra xem k&t qua co ding khong, néu nhu chiing ta thay t=0 véao trong biéu thirc,
ta dugc:

>> yo = subs{y.t.0)
yo=
30.
K&t qua ding nhur d6 cao qué ca chua truée khi no duge ném,

Bay gid ching ta d& co van t6c va vi Iri [a ham cla théi gian t. D6 cao cuc dai khi ma qua
ca chua ngimng 1en va bat dau ri xuéng. Dé tim diém nay, ta tim gia tri cla t khi v=0 bang cach
dung ham sofve. Ham nay tim diém khong clia biéu thire ddc trung, hay néi cach khac, solve(f),
trong do f 13 ham cla x, tim x khi cho f(x) =0.

>> {_top = solve(v) % tim gi4 tri cda t khi v{t)=0
t_top =
2.0505

Bdi vi sofve la mot ham dac trung, né trad fai mot hing dac trung (tham chi nd tréng nhu
mot s6). Bay gi& chdng ta tim d6 cao cuc dai, & théi diém t = 2.0505 s.

>>y_max = subs(y, t, t_top) % thay thé t bdi t_top trong y
y_max =
50.505

Chd y rAng ham subs c6 cung gid tri nhur chiing ta lam trude dé khi chung ta kiém tra biéu
thirc y, subs s& thay bién dic trung 2.0505 vao cac gid tri 1 trong biéu thire,
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Bay gio chung ta tim thai gian dé qua ca chua cham mat dat,

>> t_splat = solve(y) % qua ca chua cham mat dat khiy =0
t_splat=

[-1.1676 |

[ 5.2686 ]

Do két qua |2 s& am va quéa ca chua khong thé cham dat truée khi nd dugc ném di, va
nghiém thir hai méi la nghiém co nghia, Tir 46 suy ra do cao cda qua ca chua § théi diém t giay
dugc cho bdi phuang trinh y = -0.753612 + 20t + 30, qua ca chua dat tdi dé cao cuc dai 50.505m
$0 v8i mat dat va & thai diém t = 2.0505 s, va n6 cham mat d4t 3 thoi diém t = 5.2686 s

20.13 V& d8 thi biéu thifc dac tnmg

D& c6 mét y tudng 5t hon vé chuyén gi xay ra vai qua ca chua, ching ta vé két qua clia
tré chai nay (hinh 20.1). Goi vi tri clia qua ca chua (d6 cao) duoc miéu té bang bidu thuc:

y = (- 4.8768)"142 + 20"t + 30
>> ezplot(y) % vé do cao qua ca chua

-4 HYE8'172+2D "Ie 30

10 e

/ o

20 L

a 1 H 1 4 s [

Hinh 20.1
Nhu ban thay, ezplotvé d6 thi ham dac trung trong dai -2n <t < 2m.

20.14 Pinh dang va don gian hoa biéu thitc

Dai khi MATLASB tra lai mét biéu thitc dac trung rat phifc tao. Mt s6 cang cu ¢6 san trg
gitip lam cho biéu thirc d& doc han. Trudc tién d6 |a ham prefty. Lenh nay hién thi bidu thie dac
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trung theo mot khudn miu tuong t nhu kiéu toan hoc, Chung ta hdy xem sy md rong chudi
Taylor:

>>x = sym(X');
>> { = taylor{log{x+1)/(x-5))
f=
-1/5"x+3/50"x*2-41/750*x*3+293/7500*x*4-1207/37500*x"5
>> pretty(f)
2 413 293 4 1207 5
AB5x+3B0x - - x ¥ - X - - X
750 7500 37500

Bi€u thirc dic trung c6 thé dua ra dudi nhiéu dang tuong tu nhav. MATLAB st dung mét
s6 Iénh dé don gidn hoa hoac thay déi khudn mau trong biéu thic dac trung.

>>x = sym('x');
>>f=(x*2- 1)"(x-2)"{x-3) % tao mot ham
f=
(x*2- 1)"(x - 2)*(x - 3)

>> collect(f) % gdm tat ca cac muc nhu nhau
ans =
x*4 - 5"x"3 + 5*x"2 + 5'x - 6
>> horner(ans)
ans =

6+ (5 + (5 + (-5 X)"X)™)"x
>> factor(ans) % biéu dién dudi dang mot da thire
ans =

(- X - 2(x - 3 (x + 1)
>> expand(f)
ans =

XM - 5%A3 + 5*x*2 + 5*x - 6
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simplify 1a mot cong cu rat manh, muc dich co béan la dé don gian hoa biéu thic dudi
nhiéu kiéu khac nhau nhu; tich phan va luy thira phan s6; luat s6 mad va ham log; va Bessel,
hinh hoc va ham gamma. Mét vai vi du sé minh hoa diéu nay:

>>symsxya

>> simplify(sin(x)*2 + 3*x + cos(x)"2 - 5)
ans =

-4 + 3%

>> simplify(log(2°x/y))

ans =

log(2) + log(xly)

>> simplify((-a*2 + 1)/(1 - a))

ans =

ati

20.15 Tém tat va mot s8 déc diém khac
*  Biéu thirc dic trung s6 phirc trong cti phap MATLAB c6 thé dugc trinh bay theo mét
hinh mau ma ta c6 thé dé dang doc bang viéc sir dung ham pretty.

= Cb thé cb nhiéu kiéu tuong tu nhau cda biéu thirc d&c trung, mot s6 ching thi dé
dang sr dung hon mét s8 khéc trong nhimg tinh hudng khac nhau. MATLAB dua ra mot s6 cong
cu dé thay ddi khuén dang trong biéu thire. D6 la:

collect Gom tét ca cac muc giéng nhau

factor Bzéu dién dudi dang mét da thlc

expand M4 tong tat ca cac muc

simplify Dan gian hoa cac biéu thic

simple Tim biéu thdc tuong duong c6 chubi ki ty
ngan nhat

= Ham déc trung MATLAB c6 thé dugc sir dung dé chuyén biéu thirc dac trung thanh
phan thirc, cho mot da thirc hiru ti thi /n#(f) sé 1ay tich phan ham nay, va diffff] sé 18y vi phan
ham nay. Vi du:
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>>s = sym('s’);

>> Y =(10*s"2 + 40"s + 30)/(s"2 + 6*s + B)
Y=

(10*A2 + 40"s + 30)/(s"2 + 6"S + 8)

>> diff(int(Y))

ans =

10-15/(s +4)-5/(s + 2)

>> pretty(ans)

Ky thuat nay cing that la htu ich khi ta muén t6i gian da thuc trong do ¢6 bac cao hon
méu sb.

>> x = sym{'x’);

>3 g = (x"3+ 5)/(x*2- 1)
g=

(X*3 + 5)/(x*2 - 1)

>> diff{int{g))

ans =

X+ -1+ x) - 2Ux + 1)
>> pretty(ans)

3 2
- ~1+x  x+1

20.16 Tus 1am

Tim gia tri cta V183 vai da chinh xac 18, 29, 30 va 31 s6. Cha y rang ket qua gan va
mot gia tri s6 nguyén nhat, nhung khéng hoan toan 12 mot s6 nguyén.

>> ypa('exp(pi*sqri{163))',18)
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20.17 Giai phuang trinh

Phuang trinh dac trung co thé duac gidi bang cong cu toan hoc co san trong MATLAB. Mot
s6 d6 da dudc gisi thieu, mét s6 sé duge ching minh @ phan sau.

20.18 Giai phuang trinh dai s& don gian

Ham sofve gan bidu thirc dac trung vé 0 trudc khi giai né:
>>gymsabcx

>> solve(a™x*2 + b'x + ¢)

ans =

(1/2/a*(-b + (b2 - 4*a*c)M1/2))]

[1/2/a*(-b - (b*2 - 4*a*c)M(1/2))]

Két qua 12 mdt vecto ddc trung ma cac phan tlr clia nd cé dang nhw trén. DE giai phép
to4n ¢ chira diu bang, gidi mét chudi cb chira biéu thuc:

>> solve('a*x*2 + b*x - (-¢))
ans =

[1/2/a"(-b + (b2 - 4*a*c)N(1/2))]
[1/2/a"(-b -

(b2 - 47a"c)\(1/2))]

N&u nhur ban mudn giai déis6 khac so vai bisn s6 mac dinh thi ban c6 thé khai bao trong
solvenhu sau:

>> solve(a*x"2 + b*x + ¢,b)
ans =
-(@'x*2 + ¢)ix “

Phép toan cé thé gidi bang cach gan biéu thic cho 0. Bay gid ching ta sé giai
cos(x)=sin(x) va tan(x) =sin{2x) theo x, va quy két qua cla ching vé bién f va t:

>> f = solve{cos(x})- sin(x}}
f=
114°pi

>> t = solve(tan(x)- sin(2x))
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[ Pl
[ 1/4%i)
[ -3/4°pi]
K&t qua dudi dang s&:
>> double(f)
ans =
0.7854
>> double(t)

ans =

3.1416
0.7854
-2.3562

20.19 Mot vai phép toan dai so

C6 thé giai vai phép toan cliing mét Iuc. Cau lénh (a1, a2, ..., an ] = solve(f1, f2, ....fn) giai n
phép toan cho cac bién mac dinh va trd (ai két qua trong at, a2, ..., an. Tuy nhién bién mac dinh
sé dugc luu trir . Vidu:

>>syms X y
>>[ala2] = solve(x*2 + x'y +y -3, x*2 - 4"x + 3)
al = )
[1)
(3]
a2=
{ 1
[ -{6*log(3)+lambertw(1/729%l0g(3))}/0g(3)]
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20.20 Phép toan vi phén

Thong thudng phép toan vi phan rat kno giai, MATLAB cung cip cho ban mét s6 cong cu
manh 3& tim két qua cia phép toan vi phan.

Ham dsolve sé gidi cac phép toan vi phan va cho ta két qua. Ci phap cha dsolve khac
véi phan 1on cac ham khac. Déi s6 ctia ham phai la xau ki tu thay vi biéu thic, vi nhu xau chira
mot du "=". Diéu nay rd rang ta khac so véi ham solve, ma dti s6 cda nd phai ia Mot biéu thie
dac trung khéng c6 dau “=".

Phép toan vi phan duoc nhan ra bang ki hiéu chir hoa D va D2, D3, v.v... Bat cit mét chr
nao theo sau Ds déu phu thudc vao bién. Phép toan (d?y/dt?) dugc thay bai chudi ki tu *D2y=0".
cac bién doc |ap co thé duac chira, hodc néu khong sé mac dinh a t,

Vi du gidi phép toan
(dy.dt) - 1+2y%

>> clear

>> dsolve(Dy=1+y"2))
ans =

tan(t - C1)

trong 36 C1 13 hang s6. Cing bai toan trén nhung cho gid tri ban dau (3 y(0) =1 thi & cb
két qua sau:

>> dsolve('Dy=1+y*2, y(0)=1')
ans =

tan(t+1/4*pi)

20.21 M3t vai phép toan tich phan

Ham dsolve c6 thé giai nhidu phép toan vi phan ciing mot lac. Khi gidi nhiéu phép toan vi
phan, dsolve trd cac bién vao mét cau tric hodc mét vector nhur sofve da lam. Chu y dsofve
sap x&p cAc bién trude khi doc 1ap trude khi tra. Vi du:

Giai phép to4n sau:
df/dt = 3f + 4g dg/d = -4f + 3g
>> {f,g) = dsolve('Df = 3*f + 4*g, Dg = 4*f + 3'¢’)
f=
exp(3°t)*cos(4*1)*C1 + exp(3™1)"sin{4"t)"C2
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g =
-exp(3")*sin(4*1)*C1 + exp(3*)*cos(4*1)°C2

20.22 Ma tran va dai 86 tuyén tinh

Ma tran d3c trung va vector [a cac mang ma phén tr cla né 1a céc biéu thac dac trung.
chang c6 thé duoc tao b ham synr.

>symsabcest
>> A= [abcib,caic,ab)
A=
[a b, c]
[b, ¢, a)
(¢ ab]
>> G = [cos{t),sin{t):-sin(t),cos(t)]
G=
[ cos(t), sin(t)]
[ -sin(t), cos(t)]
Kieh thuéc cda ma trap dac trung c6 thé tim dugc bang ham chudn sizeva length. Vi du:
>>gymsabcdef
>>S=[ab,c;def]
S=
[a,b,¢]
(def
>> h = size(S)
h= .
2 3
>> [m.n] = size(S)

ms=
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>> length(S)
ans =

3
Phan tIr clia mang dac trung cdng dugc truy nhap tuong ty nhu mang s
>> syms ab cd ef gh
>> @G = [ab,cd.ef gh]
G=

[ ab, cd, ef, gh|

>> G(1,2)
ans =

cd

20.23 Phép toan dai sé tuyén tinh
Phép nghich dao va dinh thic cla ma tran dugc tinh bdi ham: invva det
>> H = sym(hilb(3))

H =
1. 172,113)
(112, 173, 1/4)
{113, 114, 1/5)
>> det(H)
ans =
112160
>> J =inv(H) )
|- .
[ 9 -36, 30]
(-36, 192, -180]
[ 30.-180, 180]
>> det(J)

252



ans =

2160

20.24 Ham bude va xung

Ham step, u(t) va ham impuise, 3(t) thuang dugc dung trong hé théng. Ham budc Kuft-a)
trong 46 K fa hang s6 dugc dinh nghia nhy sau: Ku(i-a) =0 néu t<a va Ku(t-a)= K néu T>=a,

20.25 Bién ddi Laplace

Phép bién a8 laplace bién dbi ti mién t sang mién s, Ham cda n6 nhy sau:
L(s) = Jf(t)e‘s‘dt
0

>>gsymsastw
>> f = exp(-a't)"cos(w"t)
f=

exp(-a’t)*cos{w™t)

>> | = laplace(f.t,s)

L:
(s+a)((s+a)'2+wr2)
>> prety(L)
s+a
2

sta) tw

20.26 Bién ddi Fouribr

Ham bién d6i Fourier va Fourier nguac nhu sau:
r ~ 1 x
- 1t = Jort
Flo) _ If(t)e - —!F(m)e dt

MATLAB ding ‘W' thay cho  trong biéu thic dac trung

>>symstw
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>> f=t*exp(-i*2)
f=
t"exp(-1"2)

>> f=fourier(f.t,w) % bién ddi fourier s ding tham s& t va w
f=
-112%pir(1/2) " w'exp(-1/4"wA2)
>> ifourier{f.w,t) % tim bién déi fourier nguac
ans =

172°4M112) t"exp(-t*2)
>> simplify(ans)
ans =

texp{-t*2)
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CHUONG 21

HOP CONG CU
HE THONG DIEU KHIEN

21.1 Sy biéu dién bang dé thi

Phan I6n cac cong cu trong Hap cdng cu hé théng didu khién déu duogc luan gii dé hidu
trén ca 2 phuang dién ham truyén va khéng gian trang thai. Thém vao dé hé thng nhiéu dau
vao, nhiéu dau ra (MIMO) dugc sinh ra tir viéc tao ra ma tran B, C, va D c6 doi hoi s6 chiéu. Su
biéu dién ham truyén MIMO duoc hinh thanh do sir dung ma trén t& bao Iuu trir trong nhimg da
thirc ham truyén tuong (mg.

Vi du:
>num={10, [1 10}, -1, 3 0]} % mang té bao
>>den={[1 10],[1 6 10];(1 0],[1 3 3],  %mang t€ bao bac hai
% thay cho hé théng c6 2 d4u vao va 2 du ra.

N(s) _ Nys™ #+N,8" '+ ..+ Nos+N,_,

oty Hg)e D(S) D,s"+D,8" '+ .. 4+D,s+D,_, mesn
MATLAB::num =[Ny N; ..Np.; ], den=[ Dy D, ... Dy ]
N,iz™ +N,z™ "+ +N_z+N
Roirac  Hz)= N a2 T RpZ T T TnZ¥ Bmet ey

"Ds) D,z"+D,2"'+..+D,z+D,_,

MATLAB: num [Ny, N,.. N,y ], den=[D; D, ... Dyl
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Nz) Ny+N,z '+ +Nz " 4N, ,,z7"
Dz Dy+D,z7'+..+D,z7""+D,_ 27"

(mauz') H(z)=

MATLAB:num =[N, N, . N,., den=[D, D, ...D ,.])

Lién tuc H(s)= Ns) . =K (s-2y)(s-25).(s-2p)

m<n
D(s)  (s—py)(s—pz)-s—py)
MATLAB: K, Z = [Z, Z,, ...Z,), P=[Py;....P,]
Rai rac Hz)= NS N(s) K(7.—:&1)(2—;:2]..(z—zm) mée

D(s)  (z-p)Nz-py)-(z-py)
MATLAB: K, Z = [Zy; Z;; ...Zq), P=[Py: .....P, ]

Khong gian trang thal’

lién tuc x=Ax +Bu
y=Cx+Du
MATLAB: A, B, C,D
Rai rac x[n+1] = Ax[n] + B u[n]
y[n] = C x[n] + Du[n]
MATLAB: A,B,C,D

10 s+10
Yi($)|_ | s+10 s2+65+10 {“*(5)}
Yz(s) "_1 L Uy(s)
s s?+3s+3

Cé mot su tuang quan tu nhién 1-1 gilra chi s6 mang té bao va chi s6 ma tran ham truyén.

21.2 D6 tugng LTI

MATLAB cung cdp mot cach dé tom lugc mang di liéu tuang quan thanh cac déi tuong
tuyén tinh, bat bién theo thai gian, hoac cac dai tuong LTI. Diéu ndy gitp cho viéc quan ly ching
duoc dé dang. Vi du:
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>> my_sys= zpk(z. p. k)
Zero/ pole / gain from input 1 fo output:
1

s

Zero / pole / gain from input 2 to output:
s +1)

(s +10)(s +2)

xay dung mot d8i tuang LTI zero-pole-gain co tén 1a my_sys ¢6 chira hé thdng hai dau vao
va mot dau ra. Clng nhut vay:

>> H = ff(num, den)
Transfer function from input 1 to output...
10
#B1
s+10
-1
#2: ...
5

Transter function from input 2 to output ...

s+10
Bl
§"2+6 5+10
35+1 )
B2
§*2+3s+3

tao mot ham truyén déi tuong LTI tr mang t€ bao num va den nhap vap trude do. Cang
nhi vay hé thdng hién tai hién thi @ mét ché dé dé hidu.

Cusi cung, déi tuong LTI khong gian trang thai dugc hinh thanh nhy sau:
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>3a=[01,-2-4]b=[01}c=[11]d=0;
% dinh nghia ma tran khéng gian trang thai

>> system2=ss(a, b, ¢. d)

a=
x1 X2
x1 0 1.00000
X -2.00000 -4.00000
b=
ut
x1 0
x2 1.00000
c=
x1 x2
yl  1.00000 1.00000
d=
ut
y1 0

H2 thang lién tuc theo thai gian

Trong truang hap nay. hé thdng sé xac dinh cac thanh phan bién gan véi mbi phan tir va
x&¢ nhan hé théng la lién tuc theo thdi gian.

Pé xay dung mot he théng gian doan theo thdi gian, st dung ham zpk, tf, va ham ss, ban
nht thigt phai khai bao chu ki ldy mau kem theo vdi hé théng duoc xem nhu (A mét déi s6 dau
vao cudi cung.Vi du:

>>dt_sys=tf([102],[1-%], 0.01)
ham truyén

z+0,

2-1
thai gian &y mau: 0.01
Hé thang rdi rac theo thdi gian nay ¢é chu ki 13y mAu Ia: 0.01
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21.3 Khéi phuc 4 liéu

Gia st di tugng LTI da duoc tao dyng. thi dir liéu trong dé cé thé tach ra bang cach sif
dung ham ffdata, zpkdata, va ssdata. Vi du:

>>[nz, dz ]= tfdata (dt_sys) % tach ra nhu la mang t& bao
nz=

[1x2 double )
dz =

[1x2 double ]

>>{nz dz]=tfdata (dt_sys, V') % trich ra nhu |a vector

7=
[-0.2]
D=
[1]
k=
1

>> [z, p, k } =zpkdata (dt_sys, 'v') % trich ra nhu la vector

-

>>[a, b, c,d]=ssdata(dt_sys) % trich ra ma tran khéng gian trang

%théi s6
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N&u nhu mét déi tuang LTI da duoc xay dung thi né cé thé duoc tach ra theo bat cif mot
MAau nac.

21.4 Su nghich dao ddi tuang LTI

Bén canh Viéc tach cac dai tuang LTI thanh nhiéu kiéu khac nhau, ching con cé thé dugc
chuyén di thanh cac dang khac nhau bang cach sk dung cac ham tu tao. Vi du:

>> =t (100,[1 6 100)) % xay dyng mot ham truyén.
Ham truyén:
100
s*2+6s+100
>> gst = ss(t)
a=
x1 x2
x1  -6.00000 -6.25000
x2  16.00000 0
b=
ut
x1  2.00000
x2 0.
c=
x1 x2
y1 0 3.12500
d=
ut
y1 0
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. Hé théng lién tuc theo thai gian.
>> zpkt = zpki(t)
Zero / pole / gain:
100
(s*2+ 65+ 100)
21.5 Thuat toan déi twong LTI

St dung déi tugng LTI clng cho phép ban thiét lap thuat toan so do khéi. Vi du,
ham truyén 13p cla mét hé thang héi tiép 1a G(s), thi ham truyén 13p gan nhat cla {a:
T(s) = G(s) {1 + G(s)). Trong MATLAB, diéu nay bat dau:

>>g=1f(100,[1 6 0]) % ham truyén lap
Ham truyén:

100

>>1=g/(1+g)
Ham truyén;

100 $"2 + 600 s

$*4 +12s*3+1365"2+600s
>>t = minreal(t) % thi€t lap ham huy pole-zero
Ham truyén:
100
s"2+6s+ 100

21.6 Phan tich hé théng

Hop dung cu hé thong diéu khién{The Control System Toolbox) c6 dé cap dén viéc
phan tich hé thdng s6 va thiét ké ham. D& hoan thién tai lidu nay, hay xem heip tnfc tuyén. Dé
hi€u dugc mét s dac diém, hay tham chiéu dén dsi twong LTI open-loop va closed-loop.

>>g=zpk ({],[0, -5, -10]), 100) % hé thang open-loop
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Zero/pole/gain:
100

s (s+5) (s+10)

>>t =minreal (g /(1 +g)) Heé thong closed-loop

Zero [ pole/ gain:
100
(s+11.38) ("2 + 3.62 ) + 8.789)
Poles cuia hé théng nay la:

>>pole(t)

ans =

Phase 1deg), Magnitude (dB)

-11.387
-1.811+ 234721
1811+ 234721
D6 thi Bode clia hé théng duge cho nhu hinh 21.1:

Bode Diagrams

Gm=17 5dB W¢g=7 1, "“m=53 2 deg (Wcp=1 8)

50 — e

2300 e X . i

| 1

10 10 10 10

Frequency {rad/sec)

Hinh 21.1. 06 thi Bode cla hé théng



Pa thi Bode don gian cda hé thdng closed-loop (hinh 21.2):
>> bode(t)

Bode Diagrams

Phase (deg); Magnitude (dB)

Frequency (rad/sac)

Hinh 21.2
Bap Ung xung cia hé théng nhis trén hinh 21.3.

>> step(t)
Step Response
1.4 r — -
12}t 1
T U (T M-_ g
& o038
2
E‘ ‘0 B
04
02
0 A 1 -
0 or 12 18 24 3 36
Time (zec.)

Hinh 21.3 Bap ung xung clia hé théng
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Ngoai cac phuong phap néu trén, hop cong cu hé thdng diéu khién con dua ra thém cho
ban Iénh tro giup Itiview. Ham nay cho phép ban Iua chon cac ddi tuong LTI tir clra s6 18nh va
quan sat cac dap ung khac nhau trén man hinh.

21.7 Danh séach cac ham ctia hop céng cu hé théng diéu khién

ss Xay dung kiéu khong gian trang théi

zpk Xay dung kiéu zero-pole-gain

tf Xay dung kiéu ham truyén

dss Chird kiéu hoa phap khong gian trang thai
filt Chi r6 bo loc s6

set Thiét 14p hoac sira d6i déc tinh cla LTI
Itiprops Trg gidp chi tiét cho dac tinh TTI

ssdata Tach ma tran khong gian trang thai

zpkdata Téach dir liéu zero-pole-gain
tfdata Tach tr s6 va mau sé

dssdata Chi ra version cla data

get Truy nhép dac tinh gia trj ctia LTI

class Ki€u model (' ss ', zpk ‘, or ' tf )

size S6 chiéu clia dau vao/ dau ra
isempty True cho kiéu LTI réng

isct True cho kiéu lién tuc theo thdi gian
isdt True cho loai gian doan theo thdi gian
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isproper True cho'kiéu LTI cai tién
iSSiSO True cho hé théng mot dau vao/ mét dau ra
isa Kiém tra Loai LTI duoc dua ra

T

“W’m—-—"w e R 1

! q.fnlﬂE?t';mz et i i
Chuyén ddi thanh khong gian trang thai

zpk Chuyén déi thanh zero-pole-gain

tf Chuyén déi thanh ham truyén

c2d Chuyén dai tir lién tuc sang gian doan

d2d L&y mAu lai hé théng rdi rac hoac thém do tré dau vao

Cong va trir hé théng LTI (mac song song)

Nhan hé théng LTI (méc ndi tiép)

Chia trai: sys1\sys2 nghia |a: inv (sys1)*sys2

Chia phai: sys1/sys2 co nghia sys1*inv(sys2)

Hoan vi ngugc

Hoén vi dau vao/dau ra

[-]

Su két n6i hé théng LTI ngang/ doc

inv

Nghich dao hé théng LTI

pole, eig Hé thdng poles

tzero Su truyén hé thdng cac s6 0
pzma Biéu dé Pole-Zero

dcgai Binh hudng DC (tan s6 thap)
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norm Chitieu hé thong LTI

covar Covar of response lén nhiéu trang

damp Tan s6 tu nhién va su suy giam cuc hé théng
esort Sap x&p cuc tinh lién tuc bdi phan thuc
dsort Sap xép cuc tinh rdi rac bdi bién do

pade Xap xi pade cla thai gian tré

step Bap (ng budc

impulse Pap tng xung

inittial Dap ung hé thong khong gian trang thai véi trang thai
khdi tao

Isim Dap (ng dau vao tuy y

Ltiview Dap tng phan tich GUI

gensig Phat sinh tin hiéu dau vao cho Isim

stepfun Phat sinh d&u vao don vi -budc

T —rr

D6 thi Bode ciia dép tng tan s6

sigma . DA thi gia tri tan s6 duy nhat

nyquist D6 thi Nyquist

nichols Biéu dd Nichols

ltiview Dap ng phéan tich GUI

evalfr Dap (g tan sG tai mot tan s6 nhat dinh
margin Gigi han pha va tang ich




=
T i

Nhém hé théng LTI bdi viec thém cac dau ra va dau vao
parallel Két nai song song (tuong ty overload +)
series Két néi ndi tiép (twang tu overload *)
feeback Két ni hai tiép hai hé théng
star Tich s6 star(kiéu lién két LFT)
connect Cguyén hoa tir kiéu khong gian trang thai sang dac tinh biéu
do khéi

rlocus Quy tich nghiém

acker Su thay thé cuc SISO
place Su thay thé cac MIMO
estime Khudn dang bd danh gia

Igr, digr

Bo diéu chinh héi tiép va phuong trinh bac hai tuyén tinh

qry Bo diéu chinh LQ véi dau ra phu

lqrd Bo bién ddi LQ rdi rac sang lién tuc

kalman B danh gia Kalman

lqgrreg B bién di LQG dugc dua ra tir do tang ich LQ va bd danh

gia Kalman

lyap

Giai phuong trinh Lyapunop lién tuc

dlyap

Giai phuong trinh Lyapunop rdi rac
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Gidi phuong trinh dai s6 Riccati lién tuc

Gidi phuong trinh dai s6 Riccati rai rac

crtldemo

Gidi thiéu dén hop cong cu hé thdng diéu khién

jetdemo Thiét ké kinh dién bo chéng suy gidm am clia phuong tién van
chuyén tryc thang

diskdemo Thiét k& bo diéu khién sé & dia cimng

milldemo Diéu khién LQG SISO va MIMO clia hé théng can thép tron

kalmdemo Thiét ké bé loc Kalman va mé phong
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CHUONG 22

HOP DUNG CU XU LY TiN HIEU

22.1 Chirc nang cGa hop coéng cu xir ly tin hiéu

Hop céng cu X ly tin hiéu gbm cac céng cu xdy dung trén méi tredng tinh 104n sb
clia MATLAB. Hip cdng cu cung cp mét lgng 1én cac toan tlr xir ly tin higu tir viée tao
ra cac dang tin hiéu 3én viéc thiét ké va thuc hién cac bd loc, mé ta cac tham sé cho dén
viéc phan tich phd. Hép céng cu chia lam hai phan, cac ham déng lénh véi cac nhém lénh
thiec hién phan tich va loc sé va tuong tw, phan tich phd va mé hinh hoa cac dang séng
dw doan tuyén tinh. Phan thir hai la giao dién twong tac ngudi s¢t dung dang dé hoa.

Cac tinh nang chi yéu ctia hdp thoa! ta: Cac ham cong cy, chii yéu 1a cac thuat toan
viét thanh cac M- file. Loc va bién adi FFT ia hal chirc n3ng quan trong nhét cua xir ly sé
tin hieu da dwoc xay dung ban trong MATLAB ma khéng ndm & hép cong cy. Hop cdng
cy ¢6 si¥ dung dén nhiéu chirc nang clia ngén ngl¥ nhw tinh todn ma tran, sb phde, tim
nghiém cia da thire, b hoa, cac tin hiéu va hé théng. Cac ham chire nang clia hdp ¢ong
cu tap trung vao 1a 18 sw khac biét vé tinh chat sb va twong ti cla cac bd loc va tin hiéu.
Cac két qua thé hign duwoc theo nhiéu cach nhw ham truyén, trang thai khang gian, diém
curc — khdng... va cho phép chuyén ddi gitra ching.

22.2 Biéu dién tin hiéu

CAu truc di liéu trung tam cda MATLAB 1a mang sé, mot tap hop c6 thi ty cac sé
thuc hoac sé thire bidu dién trong hai hay nhiéu chiéu. Cac @bl twong dir liéu chinh cha
x(¥ ly tin hiéu (cac tin hiéu mdt chiéu hodc cac chudi, cac tin hiéu da kénh va céac tin hiéu
hai chiéu) co ban chét tw nhién phi hop véi s biéu dién cda mang. Mét cach biéu dién
chubi 1a liét ké cac phan tir clia né, vi du 1énh:

>>x=[437-91]
X:
4 3 7 -9 1

s& tao mét chudi 5 phan t&r nhwr mét vector hang Chuyén vi clia X, $& tao ra mét
vector cot:

>>» X =¥
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.1

Biéu dién dang cét thich hop cho céc tin hiéu don kénh bdi vi sz md réng nd mét
cach ty nhién s& phu hgp cho trwéng hop da kénh. Véi tin hiéu da kénh, mbi ¢t cia ma
tran sé biéu dién mdt kénh, mdi dong clia ma tran sé biéu dién cho mét mau cda tin hidu.
Vi dy mét tin hiéu y gém 3 kénh x, 2x, va x/pi s& c6 két qua biéu dién 1a:

>>y =[x 2*x %/pi]
y=
40000 8.0000 12732
3.0000 B.0000 0.9549
7.0000 14.0000 2.2282
-9.0000 -18.0000 -2.8648
1.0000 2.0000 0.3183
22.3 Cac tin hiéu da kénh
Str dung cac cu phap mang tiéu chuan ciia MATLAB dé& |am viéc voi cac tin hiéu da
kénh. Vi du dé tac mot tin hiéu z gém 3 kénh tin higu 1, 1.42, square(4™) ta dung 1énh:
>> 2z = [t t.A2 square(4™t)];

Ban cé thé tao mdt mau tin hiéu don vi cho mét kénh cua tin hiéu da kénh béi toan
t& nhan ngoai. Vi du mét vector cét 6 thanh phn trong dé thanh phan dau tién bang 1
con cac thanh phan khac bang khéng ducc tao ra nhw sau:

>> a = [1 zeros(1.5)],;

a=

-

o O o O QO
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D& ghép tao ra cac kénh c6 cung mét tin hiéu tir kénh ban dau, ta thuc hién toan ter
(). Vi du tir tin hiéu kénh a ta tao tin hiéu da kénh ¢ gém 3 kénh a:

>> ¢ = a(:,ones(1,3)):

o O O o o = 0
o O O O o =
o o O o o =

22.4 Tao dang tin higu

Dé tao dang tin hiéu theo thoi gian, tredc hét cin tao mot vector thé hién thoi gian
co s&. Vi du 3é phat ra mét tin hiéu véi tan sé 1&y mau 1000 Hz, vector théi gian cé dang:

>>t=(0:0.001:1)";

& day toan twr ()
cua MATLAB tao ra
mét vector hang co
1001 phan t&r thé
hién thoi gian chay
theo trng buwdc 1ms
tlr 0 dén 1s. Toan t
() chuyén vector
hang thanh vector
cot. DAu () daé
MATLAB thwe hién
1énh ma khéng hién
thi két qua. V&i mang
t da co, ta co thé tao
mét tin hiéu la téng
hai hinh sin cé tan sé
50 Hz va 120 Hz:

>> y =
sin(2*pi*50*t) +
2*sin(2*pi*120*);

Hinh 22.1

Bién s6 moi y tao ra tir vector t cling la mot vector 1001 phén tir. Ban cling c6 thé
tao tin hiéu nhiéu tir nhiéu trdng b&i ham randn('state',0) va vé db thi cua tin hiéu trong 50

mau dau tién:
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>>yn =y + 0.5 randn(size(t));

>>plot(t(1:50),yn(1:50))
22.5 Cac tin hiéu co ban

V&i kha n&ng clia mdt ngén ngir 14p trinh, MATLAB c6 thé tao ra nhiéu loat tin hiéu
khéc nhau. Ham xung don vi, ham buée nhay va ham tuyén tinh 1a cac tin hiéu co s& clia
xt ly tin hidu, c6 thé dwec tao ra mét cach don gian trong MATLAB:

Tao xung don vi:

>>t = (0:0.001:1)"

>> y =[1; zeros(99,1)]; % impulse
Tao xung bwé&c nhay:
>>t=(0:0 001:1);
>>y = ones(100,1),
Tao xung tuyén tinh:
>> t = (0:0.001:1)"
>>y=t

Cac dang xung khac:
>>1=(0:0.001:1);

>> y= t"2'

>> y = square(4*t),

22.6 Cac tin hiéu tuin hoan théng dung

Ham sawtooth s& tao ra mot chudi xung tam giac véi bién @4 +1. Cac dinh cyc dai
clia tin hiéu xac dinh tai cac gia tri bdi sé cla 2x. Dé tao tin hiéu tuln hoan trong khodng
1s, ta chon st dung ham voi déi sé (27*1). Vi du tao tin hiéu xung rang cva tan s6 50 Hz
trong khoang thoi gian 1.5s véi tan sb 1dy mau fs = 10000:

>> fs = 10000,
>>t=0:1/s:1.5;

>> x = sawtooth(2"pi*50™t),
plot(t,x); axis([0 0 2 -1 1]);

Két qua:
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Hinh 22.2

Ham square(t) tao ra tin higéu xung vuéng gibng nhu ham sin(t) nhung cé cac gia tri
bién d6 +1 thay cho dang tin hiéu hinh sin. Ham square(t,duty) tao ra tin hiéu véi dd rong
xung xac dinh voi hé sé duty. Hé sé duty xac dinh mirc phén trdm ctia chu ky trong do tin
hiéu cé gia tri +1. Vi du tao tin hiéu xung vuéng tan sé 50 Hz trong khodng thoi gian 1.5s

v&i tan sb 1dy mau fs = 10000, d6 réng 1a 20%:
>>fs = 10000;
>>t=0:1/fs:1.5;
>> x = square(2*pi*50*t,20);
plot(t,x); axis([0 0.2 -1 1]);
Két qua:

e ‘&W a & : r','
Hinh 22.3

273



22.7 Cac tin hiéu khéng chu ky

Hop cong cy cling cung cAp mét sé ham tao tin hiéu khdng c6 chu ky: ham gauspuls
tao mét tin hiéu xung hinh sin diéu ché Gaussian véi tAn sé trung tAm va bang théng xac
dinh:

>> tc = gauspuls(‘cutoff',50e3,0.6,[],-40);
t=-tc:1e6:tc; '

yi = gauspuls(t,50e3,0.6);

plot(t,yi)

Két qua:

Hinh 22.4

Ham chirp tao ra mét tin hiéu cosin cé tan sb bién dbi tuyén tinh, cac tham sé tuy
chon dé xac dinh phuwong phap quét, géc pha ban dau. Vi du sau cho tin hiéu tuyén tinh
chirp trong thoi gian 2s véi tn sé 14y mau 1 kHz, khoi dau tir tan sb 0 va dat tan sb 150
Hz tai thei diém 1 s:

>>t = 0:1/1000:2;
y = chirp(t,0,1,150);
Dé vé db thj phd - thoi gian cla tin hiéu ding lénh specgram.

22.8 Ham chudi xung

Ham pulstran tao ra mét chudi xung tr cac xung lién tuc hay cac mau xung don |&.
Vi du sau day la mét chudi xung duoc tao bdi tdng cac mau tré clia xung Gaussian. Tan
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sb 14y mau 1a 50 kHz, d6 dai méi xung 1a 10 ms, va téc dd 18p 1 kHz; Gia tri D xac dinh
murc tré gitka mbi khodng 1&p va mirc suy gidm:

>> T =0:1/50E3:10E-3;

>> D = [0:11E3:10E-3;0.8.4¢(0:10)];

>>Y = pulstran(T,D,'gauspuls', 10E3,0.5);
>> plot(T.Y)

Két qua:

Hinh 22.5
22.9 Ham Sinc

Ham sinc(x) thwe hién tinh biéu thire toan clia ham sinc véi dau vao la vector hodc
ma tran x. Biéu thire clia ham dwoc cho [a:

1, r=10

Snett) = sin ()

t=0
wt

Ham sinc 1a bién ddi Fourier nguwoc clia xung vudng cé dé rong va bién dé bing 1.

b
. 1 :
= — [eswt
sinc(t) 5 _[ el@idw
"
Cac lenh sau sé vé ham sinc trong khoang -5 to 5:

>> x = linspace(-5,5);
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>> y = 8inc(X),
>> plot(x.y)
Két qua:

a6t -

04 E

02+t -

)
C
<

a2k 4
R
Hinh 22.6
Cac ham tin hiéu khac:
diric Tinh ham sinc
tripuls Tao xung tam giac c6 chu ky

22.10 Nhap xuét div liéu véi hop cong cu

Cac vi du trén cho thay cé thé nap di liéu vao MATLAB bang mét trong hai cach:
nhép d& liéu tryc tiép bang ban phim, hodc ding cac ham clia MATLAB nhu sin, cos,
sawtooth, square, hoac sinc. Mot sé 'ng dung co thé phai sir dung dén cac di liéu & bén
ngoai méi trwerng MATLAB. Tuy thuéc vao khuén dang d@ lidu sir dung, ta cé thé nhap
dir liéu tir file ASCII hoac file MAT v6i lénh load. C6 thé doc dir liéu vao MATLAB véi cac
ham I/O c&p thap khac nhu fopen, fread, va fscanf. C6 thé phat trién mét MEX-file & doc
d liéu. Cac phwong phap khac ciing rat hivu ich chang ban nhu dung céc ngén ngl bac
cao (vi du bang C hay Fortran) d& chuyédn @bi cac d@ lieu clia ban vao dang file MAT-
xem thém cac ham MATLAB md rdng giao tiép APL. Cac ky thuat teong ty clng dwoc siv
dung dé& xuat di liéu tlr mdi treong MATLARB.

22.11 Thyec hién tich chap
Tich chap cda hai tin hiéu x(n) va h(n) dwoc dinh nghia:
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k=

y(n)=x(n)*h(n)= Y. x(k)h(n-k)

k=-m

Néu x(n) va y(n) cb chiéu dai hiru han 14n lwot ta M va N thi y(n) cng c6 chiéu dai
hitbu han va bing M+N-1. Ham conv thirc hién tinh tich chap mét chiéu cua hai tin hiéu. Vi
dy:

>>conv([1 1 1],[1 1 1))
ans =
12 3 2 1
Tich chap hai chiéu dwgc thwe hién bdi ham conv2.
22.12 Thige hién lgc trong mién th&i gian
Trong mién thdi gian, méi bo Igc sé duge dic trong bdi mét ham dap &ng xung h(k),
tin hiéu d4u cda bd loc 12 tich chap cua tin hiéu dAu vao v&i ham dap ing xung. Vi du véi

h=1[1111)4, tin hiéu vao x = randn(5,1); % vector ngau nhién v&i chidu dai 5, tin hiéu
dAura la:

>>h=[1111)/4
X = randn(1,5)
y = conv(h x)
Két qua:
h=
0.2500 0.2500 €.2500 0.2500

1.1244 0.9794 -1.3164 -0.0232 0.1345
y:
02811 0.5259 0.1968 0.1910 -0.0564 -0.3013 0.0278 0.0336

-

22.13 Thwe hién bd loc trong mién z
Bién ddi z cua tin hiéu ra va tin hiéu vao cé quan hé:

b)Y +b2)z" +..+b(n+1)z"

T =HEXD= e+ v bm )"

X(2)

Trong d6 H(z) dwoc goi ta ham truyén dat ca hé théng. Cac gid tri b(i) va a(i) & cac
hé sbé cla bé loc va bac cla bd loc xac dinh bdi gi tri cwe dai cia m va n. MATLAB chira
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cac hé sb trong hai vector hang, mét cho t&r s6 va mét cho mau sb. Cac bd loc duge goi
tén theo cac hé sb va sb bac cia tir va mau:

Néu n = 0 (b 12 mot hé sb ty 1é), bd loc goi la dap trng xung vé han (1IR), chi ¢6 diém
cire, hay bd foc tw héi quy (autoregressive -AR).

Néu m = 0 (a ia mdt hé s6 ty 1&), bd loc goi [ dap ng xung hi*u han (FIR), chi c6
diém khéng, hay bd loc trung binh chuyén dich (moving average -MA).

Néu m va n déu khac khéng, bd loc goi (3 lIR, bd loc cuwe — khéng, hay bd loc ARMA
(autoregressive moving average).

Cac tir phan loai AR, MA va ARMA thurdng gén lién véi cac bo 1oc va xac dinh qua
trinh loc clia chdng.

22.14 Thire hién loc bing ham filter

Ham y = filter(b,a,X) loc céc di¥ liéu trong vector X b&i b loc dwoe mé ta boi cac hé
sé cia tr s& ndm trong vector b va cac hé sé cha mau sé ndm trongvector a. Néu a(1)
khac 1, bd loc sé chuan hoé cac hé sb khac bédi phép chia cho a(1). Néu a(1) bang 0, bd
lpc tra lai mot 13i.

Ham y = filter(b,a,X) 1g¢ cac d liéu trong vector X v&i bd loc dwgc md ta boi cac hé
s6 trong cac vector a va b. Néu a(1) khac 1, bd loc sé chia tat ca cac hé sé cho a(1). Néu
a(1) bang khéng, bd loc sé bao 18i. Ham filter cho cAc dAu ra tryc tiép tlr d3u vao theo
phwong trinh sai phan, biéu dién béi cAu tnic sau:

x{m}

Hinh 22.7

hay: y(n) = b(1)*x{n) + b(2)*x(n-1) + ... + b(nb+1)*x{n-nb)
a(2)"y(n-1) - ... - a(na+1)*y(n-na).

Vi du: bd loc trung binh bé rang clra s& 5 phan tir
>>data = (1:0.2:4]

windowSize = §;

y = fiter(ones(1, windowSize)/windowSize, 1,data);

>>y

Két qua:
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ans =
Columns 1 through 8
0.2000 0.4400 07200 10400 14000 1.6000 1.8000 2.0000
Columns 9 through 16
22000 24000 26000 28000 30000 3.2000 34000 3.6000
Pay 1a bs loc FIR bac 5 véi cac hé sb b(i) déu bing 1/5.

Vi ham filter tinh toén d4u ra theo tirng nhip nén cé cac khoadng tré gidra dau vao va
d4u ra. Ham filter c6 thé nhan thém tham s thtr 4 |a cac gia tr khdi tao diu ra, va cac gia
tri d&u ra cubi cung cling nhan lai dwoc: {y,zf] = filter(b,a,x,zi), & @ay. y chira cac mau loc
dung v&i thl ty cac mAu Gau vao, zf nhan duoc cac gia tri dau ra tré khi mau ddu vao
cudi cung ra khdi bd loc, zi la cac mau khéi tao dau ra. Vi du:

>> [y, zf] = fiter(ones(1 windowSize)/windowSize, 1, data);
>> 7f
Két qua:
2f =
2.9600
2.2800
1.5600
0.8000

Ham filter dé loc tin hiéu rdi rac. SI dung céc chire ndng khac cla hép cong cu dé
phan tich cac dac tinh cla bd loc nhw: dap wng xung, dap (ng pha va tan, tré nhom va
phan b cuia cac didm khdng va diém cuc.

22.15 Bap rng xung

Bap (rng xung clia mot bo toc s6 1a tin hiéu dau ra khi dau vao la xung don vi. Vi du
dap &rng xung cua métbd loc don gianco b=1vaa=[1-0.9]

>>imp = [1; zeros(49,1)];

>>b=1,

>>a=[1-0.9]

>> h = filter(b,a,imp)

>> figure, plot(h),

Két qua:
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Hinh 22.8

22.16 Pap &ng tin sb

35

40

45

50

Hodp cdng cu cho phép ban biéu dién cac két qua phan tich trong mién tan sé cua
cac bo loc twong tw va sb. Lénh [hwi = freqz(b,a,p) sé tinh dap (ng tAn sé phurc tai p
diém tir cac vector hé s a va b. Ham freqz tra fai 8ap (rng thn sb phire trong vector h va
cac diém tan sd thuc ndm trong vector w theo don vi rad/s. Ham freqz c6 thé nhan cac
tham sé khac nhw tan sé 14y mau hay mét vector chira cac diém tan. Vi du sau thé hién
dap wng tan sb cla bd loc Chebyshev loai | bac 12, ham freqz xac dinh véi tan sé lay

mau fs = 1000:
>> [b,a) = cheby1(12,0.5,200/500);
>> [h f] = freqz(b,a,256,1000),
>> plot(f,abs(h}),
Két qua

c L L \\\

—_—

0 50 100 10 200 250 0D 350 <00 a0

Hinh 22.9
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Ta thady ham tra lai gia tri f [a tan s6 Nyquist bing mét nira tan sb 18y mau (fs/2).

Khi danh sach tham s bao gom tan s8 lay mau thi ham freqz trd lai vector f gém
256 diém tan sb gitra O va tan sé fs/2, va cac dap (ng bién dé, pha dwec tinh theo cac
diém tan nay. Cha y. Hop cong cu thuong si dung tAn sé Niquist (mot niva tan sé tay
mau) 1am tan s chudn hoa. Cac tham sé vé tan sb cét cia cac bd loc co ban thudng
duoc thiét ké theo ty 18 v&i tAn sé chudn hoa nay. Vi du, véi hé théng sé cé tan sb lay
mau 13 1000Hz, tAn sé Niquist s& 14 1000/2 = 500Hz, néu tan sé cit 14 300Hz thi gia tr
chuén I4 300/500 = 0.6. Dé& chuyén d4i tn sb chun hoa thanh tin sb géc ta nhan tin sé
chudin v&i , @& chuyén thanh tan sé thwe thi chi c&n nhan véi tan sé Niquist.

Néu ban goi ham freqz khong cd cac tham sé dAu ra thi no sé& vé cac dac tuyén bién
a6 va pha theo tan sb. Vi du cdc 1énh sau sé vé dap &ng tan sb clha bd foc thdng thap
Butterworth bac 9 vai tan sd cét 1a 400 Hz, v&i tAn sb 1ay mau [a 2000HzZ:

>> [b,a] = butter(9,400/1000);
freqz(b,a,256,2000);
Két qua:
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Hinh 22.10

Ham freqz cing co thé nhan mét vector cac diém tan sb chudn hoa va tinh dap wng
tan sb trén cac diém d6. Vi du:

>> w = linspace(0,pl);
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>> h = freqz(b,a,w);

sé tinh dap (rng tn sé phurc tai cac diém tAn w cho bd loc xac dinh béi cac vector b
va a. Cac diém tan c6 thé bién ddi tir 0 én 2x.

22.17 Hién thi dap ng cua hé théng bang Iénh fvtool

MATLAB cung cép cac ham cho phép tach cac dap (ng bién d6 va pha tir vector
dap (ng tan sb h. Ham abs tra lai dap (*ng bién do va ham angle tra lai dap tng pha tinh
theo don vi rad. Vi dy, hién thi cac dap (rng tan sé clia bd loc Butterworth théng thap bac
6:

>> [b,a] = butter(6,300/500);

>> fvtool(b,a);

Ham fvtool hién thi mét figure cho phép ngudi str dung chon céc loai dap (ng tan sé
khac nhau: nhu bién do, pha, tré nhém, dap (rng xung, dap (rng ham buéc nhay, phan bé
cwc-khéng va cac hé sb a, b.

Hinh 22.11

22.18 Tré nhém va tré pha

Tré nhém cla mét bo loc 1a phép do @6 tré trung binh clia bd loc nhu mét ham cla
tAn sb. Tré nhom dwoc xac dinh 1a gia tri am clia dao ham bac nhét dap (rng pha clia bd
loc:
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Trong do @ 1a goc pha cla dap tng tan s phirc bo loc. MATLAB tinh tré nhom bdi

ham [gd.w] = grpdelay(b.a.n). Trong do gd la vector tré, w I& vector tan sb, n 1a sb diém
tinh.

Tré& pha cla mét bd loc 1a gia tri am cla goc pha chia cho tan sé:
dé(w)
do

Vi du sau sé vé cac gia tri tré pha va tré nhom clia bd loc thang thap butterworth bac
10 trén cung mot dé thi:

T (®)=

>> [b,a] = butter(10,200/1000);

>> gd = grpdelay(b,a,128);

>> [h,f] = freqz(b,a,128,2000);

>> pd = -unwrap(angle(h))*(2000/(2*pi))./f;
>> plot(f,gd,-'f,pd,"--"

>> axis((0 1000 -30 30))

>> legend('Group Delay’,'Phase Delay')
Két qua:
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—-  Phase Delay

ot

~

3G

0 100 200 300 400 SO0 60O 700 BOD 500 1000

Hinh 22.12

22.18 Phan tich diém cwc —~ khéng
Ham zplane vé céc diém curc va diém khong clia mét hé théng tuyén tinh. Vi du: cho

mdt bé loc don gidn véi mot diém khong tai -1/2 va mdt cip diém cwe phue tai
0.9612/1(0 B)Vé 0.9(3_’2”(0 '4);
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pol = 0.9"exp(j*2*pi*{-0.3 0.3]";

>>zer=-05;

>> pol = 0.9"exp(j*2*pi*[-0.3 0.3]);

Dé v& cac diém cuc — khéng cta bd loc dung I&nh zplane(zer,pol):
>> zplane(zer,pol)

Két qua:

[ ' S ]
osl * J
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Hinh 22.13

Co thé& chuyén cac diém cuc va diém khang thanh ham truyén dat véilénh
>> (b,a] = zp2tf(zer,pol,1);

b, a la céc vector hé s6 cla bd loc, sau do ta co thé diing ham fuvtool dé hién th cac
dwéng dac treng khac. Ham zplane clng nhan cac tham sb & dang ham truyén dat [b.a):
zplane(b,a) Trong trryng hoP nay, ham zplane trée hét tim cac diém cuc 1a cac nghiém
clia miu sb va cac diém khéng 1a cac nghiém cla t sé, sau 86 ham vé cac diém cuc —
khdng theo cac gia tri nay.

22.20 Phan tich Fourier r&i rac

Phan tich Fourier ré&vi rac viét it 1a DFT, 13 cong cu chi yéu clia x ly 86 tin hiéu. Co
s& clia hdp cong cy 1a bién déi Fourier nhanh (FET). Nhiéu ham chike nang cla hép cong
cu co dung 8én FFT nhw: dép (ng tAn sd, phén tich phd va mdt s ham loc. MATLAB
cung cap cac ham fft va ifft dé tinh bién ddi Fourier va bién 341 Fourier nguoc Néu x 1a
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mét vector, fft tinh DFT clia vector d6, néu x la mang chir nhat, fft tinh DFT cho mbi cét
clia mang. Vi duy:

Tao mdt vector thoi gian

>>t=(0:1/100:10-1/100);

Tao tin hiéu

>> x = sin(2*pi*15"t) + sin(2*pi*40*1);

Tinh DFT cho chudi bién déi pha va bién d6 cla tin hiéu:
>> y = fft(x); % Tinh DFT cua x

>> m = abs(y); % L&y gi4 tri bién dbi bién 4o
>> p = unwrap(angle(y)); % LAy gia tri bién dbi pha

Dé vé bién d6 va pha dung cac lénh:

>> f = (0:length(y)-1)*99/length(y); % Frequency vector
>> plot(f,m); title('Bién da");

>> set(gca, XTick',[15 40 60 85));

>> figure; plot(f,p*180/pi); title('Phase’),

>> set(gca, XTick',[15 40 60 85));

i | a«, 10* , s é o
£00 i
. 24 e
300 1.5 - “ ;
a0 ) // 1
s 05t //..x 4
op
: A5Gt 40 B0 it B8 05 - : : -
r o i 1B 08 60 85
Hinh 22.14a : Hinh 22.14b

Tham s6 thi hai ctia ham fft la s6 diém bién dbi fft. Goi ham y = fft(x,n) sé bién ddi
DFT x tai n diém cach déu nhau trén véng tron don vi.

22.21 M6 hinh hé théng tuyén tinh réi rac

Hép cbng cy cung cap moét sé mé hinh dé biéu dién cac hé théng tuyén tinh trong
mién théi gian. Céc tién ich nay gilp ban chon Iwa dwoc mé hinh phi hop nhat va cho
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phép chuyén ddi gitra cac mé hinh mét cach dé dang. MATLAB cung cép hai dang mé
hinh: réi rac va lién tuc. Hé thdng rdi rac thoi gian cb thé bidu dién cho cac bd loc sb. O
day ta xem xét mét sd mé hinh roi rac trong MATLAB: ham truyén dat, biéu dién cwrc —
khoéng - hé sé khuéch dai, khéng gian trang thai, khai trién phan thie t6i gian, tich phan
thive bac hai, cu tric Lattice va ma tran tich chap.

Ham truyén dat biéu dién bd loc trong mién 2 va thé hién nhw mét ty sé cba hai da
thire. Ma hinh ham truyén dat s& dung céc vector hé sé b va a dé bidu dién t&r sé va mau
sé.

Mé hinh cwc — khang - hé s6 khuéch dai 13 mét bidu dién khac cla ham truyén dat.
Céc diém cuc la nghiém clia da thire mau s6 va cac diém khong 2 nghiém clia da thirc
tlr 56, hé s6 khuéch dai 1a mét hang sé. SIr dung ham roots dé tim cac nghiém. Vi du, cho
bdlocliRcob=[234}a={1331];

>>b=[234)a=[1331]
Cac diém khong, didm cuwe va hé sé khuéceh dai cla bé loc |a:
>> q = roots(b)
q=
-0 7500 + 1.1990i
-0.7500 - 1 1990i
p = roots(a)
p=
-1.0000
-1 0000 + 0.0000i
-1.0000 - 0.0000i
k = b(1)/a(1)
k=
2

Dé chuyén dbi tr cac Giém cwe va didm khong vé biéu dién cua ham truyén dat ta
*dung lénh:

>> bb = k*poly(q)
bb =

2.0000 3.0000 4.0000
aa = poly(p)

aa =
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1.0000 3.0000 3.0000 1.0000

Khong gian trang thai biéu dién mot bé loc sé bdi mét hé cac phuwong trinh vi phan.
hoac mét tap cac phwong trinh vi phan bac nhét.

Khai trién phan thire tdi gian 1a biéu dién cla ham truyén dat & dang téng cla cac
phan thae téi gidn cd dang:

b _ b gy T + R+ kD214 4 Etm —n 4 Dyz7m-n)
12)  1-pihhz! l—ptn)z'l
hoac néu a(z) cé nghiém bai p bac s thi:
) + rg+ 1D . rij+s, -1
1-pUhz™ (1 - pihHz—H2 (1- prz—1)®

Khai trién phan thire t6i gian trong MTLAB bing ham residuez va thwong dung gé
thwe hién bién @i z ngwroc. Vi du, cho ham truyén dat co b = (4 8] va a = (16 8);

>>b=[48]vaa=[1628]
>> [r,p k] = residuez(b,a)
|‘ =

-12

r 1a vector chira cac tlr so cla phan thibc t6i gidn, p 1a cac nghiém cla mau sb,
k 15 cac hé sé cla
. 2" trong d6 | thay d6i tr 0 dén m-n. trong d6 m la bac clia tr sé va n 1a bac cla mau
so -
Tich cac phan thirc bac hai (SOS) 12 mét cach biéu dién cla ham truyén dat:
L

Hizy = n H 2y - T
Pt peq%or a1z tray

L -1 -2
b0k+b1k“ +b2kz
-2

Trong dé L 1a sé nhan tk cta he thong MATLAB thé hién méi nhan t& byi mét mang

5 phan ter, mo1 3 phan tr diu la cac hé sé cla t so ba phan t&r sau la cac hé sé cia
mau sé. Thé hién cla toan bd cac hé sb cé dang:
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bp1 b11 b9y apy a1y ap;
08 = bog byp byy agy ayy gy
bor byr bor app aqg ayg

Trong d6 SOS la viét tdt cla Second-Order Sections. Ham zp2sos va ss2s0s
chuyén dbi biéu dién hé thdng bdi cac diém curc — khong va khdng gian trang théi thanh
biéu dién SOS.

22.22 Danh sach cidc ham cua hdp cong cy xiv ty tin hiéu

Cac ham phan tich bd loc

abs Lay bién d6 cta tin hiéu

angle L&y goc pha cla tin hiéu

fregs Pap &ng tan sb cua cac bb loc twong tu
freqspace Tao khoang tan sé dap wng tan sb
freqz Dap (vng tan sb clia cac bd loc sb

fvtool M& c6ng cu biéu dién hinh anh bé loc
grpdelay Tinh tré nhém

impz Tinh @ép rng xung cla bd loc sb

phasedelay  Tinh tré pha clia céc bd loc sé

phasez Tinh dap ng pha cla cac bd loc so
stepz Tinh d&p wng xung cla cac bé loc s6
unwrap Lam tron duéng biéu dién pha
zerophase Tim diém pha khong cla céc bé loc s6
zplane Ve diém cuc - khdng
Cac ham thye hén loc

conv Thuc hién tich chap hai vector

conv2 Thue hién tich chap hai chiéu

deconv Thuye hién gidl chap

fftfilt Tinh FFT dwa trén loc FIR diung phwong phap

overlap - add
filter Thee hién loc IR hoac FIR
filter Loc 2 chiéu
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filtfilt loc s6 pha khéng

fiitic Tim diéu kién dau cho thue hién loc truc tiép
latcfilt Thue hién loc bac thang — lattice
medfilt1 L oc median mét chiéu

sgolayfit  Loc Savitzky-Golay
Thiét ké loc s FIR
convmtx Tich chdp ma tran

cremez Thiét ké loc FIR pha phi tuyén

dfilt Tao bé loc dung cu phap hudng dbéi twong

firt Thiét ké mét bd loc dap trng xung hi*u han dwra trén phuong
phap clra sé

fir1 Thiét ké mot bé loc FIR dira trén phuwong phép 1y mau tan sé

fircls Thiét ké bd loc FIR sai s binh phuong téi thidu cho loc nhiéu
bang

fircls Thiét ké ba loc FIR sai sé binh phuang téi thiéu cho loc théng

thap va théng cao pha tuyén tinh
firgauss Thiét ké loc FIR Gausse

firls Thiét k& loc FIR pha tuyén tinh sai sé binh phuong tdi thiéu

firrcos Thiét ké loc FIR cosin

intfilt Thiét ké loc FIR ndi suy

kaiserord  Dinh lwong cAc tham sb cho mat thiét ké loc FIR vé&i clra sb
Kaiser

remez Tinh toan téi wu Parks-McClellan cho thiét ké bé loc FIR

remez Tinh toan bac cda b6 loc téi wu FIR Parks-McClellan

sgolay Thiét ké bo loc Savitzky-Golay

Thiét ké bd loc s6 IR

butter Thiét ké loc sb va loc trong tu Butterworth

cheby1 Thiét ké loc Chebyshev loai 1 (gon séng tai gidi théng)

cheby? Thiét ké loc Chebyshev loai 2 (gon séng tai gidi chan)

ellip Thiét ké b loc Elliptic (loc Cauer)

maxflat Thiét ké bo loc s Butterworth théng dung
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prony
stmeb

yulewalk

Phuong phap Prony dé thiét ké bo loc IR trong mién thoi gian
Tinh toan mé hinh tuyén tinh bang 14p Steiglitz-McBride
Thiét ké loc sé hdi quy

o lveng béc cta bb loc IR

buttord

cheb1ord
cheb2ord

ellipord

Tinh bac va tan sé cét clia b loc Butterworth
Tinh bac cho b loc Chebyshev loai 1

Tinh bac cho b lpc Chebyshev ioai 2

Tinh bac cue tidu cho bd loc elliptic

Cac dang bd loc théng thép twong tir

besselap Bé loc thdng thép twong ty Bessel
buttap B6 1o¢ théng thap tuong tw Butterworth
cheblap Bé loc théng thap twong tw Chebyshev loai 1
cheb2ap Bé loc thang thap trong tu Chebyshev loai 2
ellipap Bo loc théng thap twong tw Elliptic
Thiét ké cac bb loc twong tw
besseif Thiét ké bd loc twong tw Bessel
butter Thiét ké b loc s6 va bo loc tuong tw Butterworth
cheby1 Thiét ké bd loc twong ty Chebyshev loai 1
cheby2 Thiét ké b loc twong tw Chebyshev loai 2
ellip Thiét ké bd loc Elliptic (Cauer)
Chuyén déi cac bo loc twong tw
Ip2bp Chuyén bé loc théng thap thanh théng dai
ip2bs Chuyén ba loc thdng thap thanh chén dai
Ip2hp " Chuyén b loc thong thip thanh théng cao
Ip2lp Thay déi tan sb cat cho bé loc théng thap

Sé hoa céc bb loc twong tw

bilinear

Phwong phap chuyén ddi Bilinear

impinvar Phurong phap bat bién xung

Chuyén dér mé hinh hé théng tuyén tinh

latc2tf

Chuyén dbi cac tham sé mé hinh Lattice thanh ham truyén dat



polystab
polyscale
residuez

S0S2sSs

sos2tf

S0S2zZp

5$5250s

S827Zp
tf2latc
tf2scs

tf2ss

tf2zp
t2zpk
Zp2ss
zp2tf

On dinh hoa ham truyén dat
Ty 1& hoa cac nghidém cla ham truyén dat
Khai trién ham truyén dat thanh phan thie tdi gian

Chuyén mé hinh tich phan thire bac hai thanh dang khéng gian
trang thai

Chuyén mé hinh tich cac phan thirc bac hai thanh ham truyén
dat

Chuyén mé hinh tich cac phan thirc bac hai thanh dang cuc —
khang

Chuyén mé hinh khéng gian trang thai thanh cac tich phan thirc
bac hai

Chuyén mé hinh khdng gian trang thai thanh dang cuc — khong
Chuyén ham truy&n Gat thanh chu tric loc Lattice

Chuyén ham truyén dat thanh mé hinh tich cac phan thirc bac
hai

Chuyé&n ham truyén dat thanh mé hinh tich cac phan thirc bac
hai

Chuyén ham truyén dat analog thanh biéu dién cuc — khéng
Chuyén ham truyén @at r&i rac thanh biéu dién cwe — khang
Chuyén biéu dién circ — khong thanh dang khéng gian trang thai

Chuyén biéu dién cwrc — khdng thanh ham truyén dat

Cac ham cira s

barthannwin Tinh cac hé sé clra 56 Bartlett-Hann nang cap

bartlet .

blackman

Tinh cac hé sb ctra sé Bartiett

Tinh cac hé sé ctra sb Blackman

blackmanharris  Tinh cac hé sé cra 56 téi thiéu 4 phan tr Blackman-Harris

bohmanwin
chebwin
flattopwin
gausswin

hamming

Tinh clta s6 Behman
Tinh cira s& Chebyshev
Tinh ctra 56 dinh phang
Tinh clra s& Gausse

Tinh clra $6 Hamming
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hann
kaiser
nuttallwin
parzenwin
rectwin
sigwin
triang
tukeywin

window

Tinh cira sb Hann

Tinh clra sb Kaiser

Tinh clra s& t4i thidu Nuttall — 4 phin t&r Blackman-Harris.
Tinh ci¥a s8 Parzen

Tinh clra sb chi¥ nhat

Tinh clra 8 chir nhat bing ci phap hwéng déi trgng
Tinh ctra 8 tam giac

Tinh c(ra s6 Tukey

M& churong trinh giac dién db hoa tinh todn cac hé sé clra sb

Cac ham bién abi tin hiéu

bitrevoder
ctz

dct

dftmtx

ift

fft2

fitshift

goertzel

hilbert
idct
ifft
iffi2

Hoan vi cac Gau vao theo thir tw nghich dao bit
Bién déi Chirp z

Bién @i co sin rdi rac (DCT)

Ma tran bién déi Founer rév rac

Tinh FFT mét chidu

Tinh FFT hai chiéu

SAp xép lai cac dau ra cGa ham FFT

Tinh toan bién déi Fourier rv rac dung thuat toan Goertzel
bac hai

Tinh toan bién ddi thdi gian rei rac dung bién @i Hilbert
Bién adi cosin rei rac ngugc
Bién ddi nguoc FFT moét chiéu

Bién dbi ngwoc FFT hai chidu

Phan tich phé va xir ly théng ké

cohere
corrcoef
crrmtx
cov

csd

pburg

Uéce lvong lién két binh phrong bién db gitka hai tin hiéu

Tinh ma tran hé sb twong quan

Tinh moét ma tran di¥ liéu cho wdc lrong ma tran ty tvong quan
Tinh ma tran covarian

Tinh mat @ phd chéo cua hai tin hiéu

Tinh méat d6 phd cong suat bang phurong phap Burg



pcov Tinh mat a6 phd céng suét bing phvong phap covariance

peig Tinh phd gia bang phwong phap vector rigéng

periodogram  Tinh mat a6 phd céng suét (PSD) cla tin hiéu

pmcov Tinh mat dd phd cong suét bang phwong phap covarian thay déi
pmtm Tinh mat 48 phd céng suét bang phwong phap MTM

pmusic Tinh mat @6 phd cdng suét bang phirong phap MUSIC

psdplot Vé cac dir lieu mat dd phd céng sudt PSD

pwelch Tinh méat 46 phd cong suét bang phirong phap Welch

pyulear Tinh méat a8 phd céng suét bang phuong phap Yule-Walker AR
rooteig Tinh tn sé va cong subt bang giai thust nghiém MUSIC

tfe Tinh ham truyén dat tir dAu vao va dau ra

xcorr Tinh ham twong quan chéo

xcorr2 Tinh ham twong quan chéo tin hiéu hai chidu

XCovV Tinh ham hiép bién chéo

Mé hinh tham sé
arburg
arcov

armcov
invfreqs

Dw doan tuyén tinh
ac2poly
ac2re
is2rc
lar2rc
levinson
Ipc
Isf2poly

poly2ac

Tinh cac tham s6 mé hinh AR bang phrong phap Burg

Tinh cac tham sé mé hinh AR bang phuong phap covarian

Tinh cac tham s& mé hinh AR bang phitong phap covarian thay
abi

Nhan dang cac tham s6 bé loc rvi rac tir cac div liéu dap ng
tan sb

Chuyé&n mét chudi tir tirong quan thanh da there dy doan
Chuyén mét chudi tw trong quan thanh cac hé sé anh
Chuyén cac tham s sin nghich dao thanh cac hé sé phan xa
Chuyén cac tham sé ty 1& loga thanh cac hé sé dnh

Tinh hdI quy Levinson-Durbin

Tinh céc hé s6 cla bé foc di doan tuyén tinh

Chuyén cac tan sb phd dwong thdng thanh cac hé sb bé loc dw
doan

Chuyén mot da thire loc dw doan thanh c4c hé sb anh
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rc2ac Chuyén cac hé sé anh thanh chudi tu twong quan

rc2is Chuyén cac hé sé anh thanh cac tham sb sin nguoc
rlevinson Tinh héi quy Levinson-Durbin nguec
schurrc Tinh cac hé sb anh tir chudi ty tuong quan

X Iy tin hiéu da tdc 66

decimate Giam tbc d6 lay mau cua mét chudi

downsample Giam téc dé 14y mau theo mot hé sb nguyén

interp Tang téc do lay mau theo mét hé sé nguyén

interp1 Tang toc d6 |ay mau theo mét hé sé nguyén
resample Thay d4i tbc 35 lay theo mét hé sb bét ky

spline No&i suy Cubic spline

upfirdn Tang tAn sb 1dy mau, ap dung cho b loc FIR va

giam tan s6 14y mau
upsample Tang tan sé 1y mau boi mét hé sé nguyén

Tao cac dang tin higu

chirp Tao tin hiéu cosin c6 tan sb bién ddi tuyén tinh
diric Tinh ham sinc tuan hoan hoac Dirichlet
gauspuls Tao xung hinh sin diéu ché Gausse

gmonopuls  Tao xung Gausse don

pulstran Tac chudi xung

recipuls Tao xung chir nhat

sawtooth Tao xung réng cua hoac tam giac
Sinc Tao ham sinc

square Tao xung vudng

tripuls Tao xung tam giac

vco Tao dao déng diéu khién bai dién ap

Cac ham dac biét

buffer Bém mét vector tin hiéu vao mét ma tran hoac cac khung dir liéu
cell2sos Chuyén mét mang phan tl vac ma tran cac hé s nhan t bac hai
cplxpair Nhom cac sé phire thanh cac c3p sb phirc lién hop
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demod Giai didu ché cho truéng hop truyén théng
dpss Chubi Slepian
dpssclear Loai bé chudi Slepian khdi co sé& di lidu
dpssdir Thw myc co s& di¥ liéu chudi Slepian
dpssload Nh&p chudi Slepian tir co s& dir lidu
dpsssave  Luu chudi Slepian vao co s& di lidu
eqtflength  Tao chidu dai cia ham truyén dat
modulate  Diéu ché trong triréng hop truyén théng
seqperiod  Tinh chu ky cla chubi
sos2cell Chuyén ma tran hé sé sos thanh mang phan tir
specgram  Phan tich tan s - thoi gian
stem V& chudi r&i rac
strips Vé ma tran hodc vector
udecode Giai ma sb nguyén luong tlr 2" miee thanh sb ddu phay dong dau ra
uencode Luwong tl va ma hoa sé dau phay ddng thanh sé nguyén dau ra
Cac giao dién db hoa
fdatool Mo cong cu phan tich va thiét ké ba loc
fvtool M& cdng cu hién thi 6 hoa b loc
sptool Céng cu ¥ ly tin hiéu s twong tac
wintool M¢& cadng cu phan tich va thiét ké clra sé
wvtool M& céng cu hién thi b hoa civa sb
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CHUONG 23

HOP CONG CU TRUYEN THONG

23.1 Nhiéu Gauss tring

Ham wgn tao ra cac ma tran ngéu nhién st dung mét phan béd nhiéu Gauss tréng. Vi
du dong lénh sau s& tao ra mdt vector cot chiéu dai 50 ch@ra nhidu Gauss trang thuc ma
cong sudt 1a 2 dBW. Ham sir dung gid thiét tré khang tai 1a 1 ohm.

>>y1 =wgn(50,1,2)

Dé tao ra nhiéu trdng Gauss phirc véi cong suat 2 Watt, trén moét tai 60 ohm, si»
dung mot trong cac dong 1énh dwdi day. Chu y rang thir tw cla cac chudi vao khéng anh
huong dén két qua tinh toan.

>> y2 = wgn(50,1,2,60,'complex',linear’),
>> y3 = wgn(50,1,2,60,'linear','complex’),

Dé glri mét tin hiéu qua mét kénh nhiéu Gauss tring cong tinh, siv dung ham awgn.
23.2 Cac ma tran symbol ngau nhién

Ham randsrc tac ra cac ma trén ngau nhién véi dau vao dwoce chon mdt cach déc
lap tir bang chir cai ma ban chi ra, véi mét sw phan bd xac sut cing do ban xac dinh Vi
duy, dong lénh duwdi day tao ra mot ma tran 5*4 co cac dau vao duoc chon déc lap va
phan phéi ddng déu trong tap {1,3.5) (Két qua thue té clia ban ¢é thé thay ddi b vi né la
ngau nhién),

>> a = randsre(5.4.[1,3,5))

a=
3 5 1 5
18 3 38
1 3 3 1
1 1 3 5‘
3 1 1 3
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Néu ban muén 1 xuét hién nhiéu ¢& gap 2 14n 3 hodc 5, thi str dung dong Iénh bén
dudi 3& quy dinh s phan bd léch. Chu v rang dbi sb vao thir 3 gdm hai hang, mét chi thi
cac gid tri 6 thé clia b va cai con lal chi bao xac sut clia méi gia tri.

b = randsrc(5,4,(1,3,5; .5,.25,.25))

b=
3 3 5 1
1 1 1 1
1 5 1 1
1 3 1 3
3 1 3 1

23.3 Tao cac ma tran s6 nguyén ngau nhién

Ham randint tao ra cac ma tran s6 nguyén ngdu nhién cé cac dau vao nim trong
moét dai do ban chi ra. Mét trwéing hop dac biét tao ra ma tran nhi phan ngau nhién. Vi dy,
lénh dwdi day tac ra mét ma tran 5*4 chiva cac sd nguyén ngau nhién nm gitra 2 va 10.

>> ¢ = randint(5,4,[2,10])

c=
2 4 4 6
4 5 10 5§
8 7 10 8
5 & 2 3
10 3 4 10

Néu dai chon cla bar la {0,10] thay vi {2,10] thi ban c6 thé st dung mét trong cac
lénh dwédi day. Chung tao ra cac két qua sd khac nhau, nhung siv dung cung s phan
phdi.

>> d = randint(5,4,[0,10));
>> e = randint(5 4,11),
23.4 Cac so d6 16i bit ngau nhién

Ham randerr tao ra cac ma tran cé cac dau vao hoac |a 0 hay 1. Tuy nhién, cac tuy
chon ctia no la hoi khac véi cac tuy chon cla randint, bdi vi randerr 1a phuong tién dé
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kiém tra ma hoéa diéu khién 18i. Vi du, Iénh dudi day tao ra mot ma tran 5*4 c6 cac thude
tinh ma mai hang chéra chinh xac mét gia trj 1.

f = randerr(5,4)

f=
6 ¢ 1 ¢
0 0 1 ¢
0 1 0 O
1 ¢ 0 ©
0 0 1 ¢

Ban cé thé st dung mot Iénh G& 1am réi mdt ma nhi phan ma chira 5 tir ma 4 bit.
Thém ma tran f va ma tran ma cla ban (moduio 2) sé tao ra chinh xac mét I18i trong méi tir
ma. N6i cac khac, néu mudn 1am xdo tron mbi tr ma nher tao ra moét 16 véi xac subt 0.4
va hai 18 v&i xac suét 0.6, thi ban cb thé st dung 1&nh sau.

% Mi hang cé mdt gia tri'1' véi xac suét 0.4, con lai 14 hai gia tri ‘1’
>>g = randerr(5,4,[1,2; 0.4,0.6])

g=
c 1t 1 0
o 1 0 ©
6 0 1 1
t 0 1 0
c 1 1 0

Chi1 y: Ma tran xac sudt la dbi s6 th(r ba clia randerr chi dnh hudng dén sé céc gia
tri 1 & méi dong, chir khdng phai vi tri @3t né.

Trong ng dung khac, ban cé thé sir dung mét trong cac 1énh sau dé tao ra vector
cot 100 phan ti nhi phan ddng xac suét. Ba lénh tac ra cac dau ra sb khac nhau, nhung
st dung cung mot phan phéj. Ta thdy rdng cac déi sé dau vao thl 3 thay déi tiy theo md
cach d3c t& wng xtr cla né nhét dinh cda méi ham.

>> binarymatrix1 = randsrc(100.1.[0 1)) % Céc gia tri co thé 13 0,1.

>> binarymatrix2 = randint{100,1,2); % Hai gia tri c6 thé

>> binarymatrix3 = randerr(100,1,[0 1;.5 .5]); % Khong co gia tri 1 hodc la 1 gia trj 1
23.5 Ti s6 16i '

Ty sb (i la mdt chi 6 ganh gia mire dd chinh xac clia hé théng truyén tin, dwoc tinh
boi s6 bit 16i trén tdng sb bit truyén. So sanh cac ban tin trwdc va sau khi truyén co thé
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gilp ban danh gia chat lugng cda viéc thiét ké hé thdng théng tin hodc hiéu qua cta mét
ky thuat hay cac thuat todn chéng 16i d4c biét. Néu hé thdng théng tin clia ban stz dung
mét sb bit G& dai dién cho mét symbol don thi viec dém 18i bit ¢é khac v&i vieéc dém 16i
symbo!. Trong trwong hop dém bit hay |a symbol, ti sé 1&1 1a sé cac 16i chia cho tdng s6
(bit hoac symbol) duoc truyén.

Ham biterr so sanh ha) ban tin va tinh sé cac 16i bit va ti s 18i bit. Ham symerr so
sanh hai ban tin va tinh sé cac 16i symbol va ti sé 18i symbol. Boan chuwong trinh duwéi day
str dung ham symerr dé tinh {i sé 16i symbol che ma khéi tuyén tinh cé nhigu. Sau khi
thém nhiéu vao thdng diép da ma héa, né so sanh ma co nhiéu két qua véi ma gbe. Sau
d6 no gidi ma va so sanh ban tin duoc gidi ma v&i ban tin gbc. Ban cé thé cé g6 doan
chuong trinh nay vao m file va thue hién lénh run (F&):

m=3;n=2"m-1; k =n-m, % Chuén bj st dung ma Hamming.
msg = randint(k*200,1,2); % 200 ban tin k bit.
cede = encode{msg,n k,'hamming’),
codenoisy = rem(code+(rand(n*200,1)>.95),2); % Thém nhiéu.
% Giai ma va slra vai 16i.
newmsg = decode(codenoisy,n.k.'hamming’);
% Tinh va hién th ti s6 16i symbol.
[codenum coderate] = symerr(code,codengisy);
[msgnum,msgrate] = symerr(msg,newmsg);
disp(['Error rate in the received code: ‘,num2str{coderate)])
disp(['Error rate after decoding: ',num2strimsgrate)])
Két qua hién trong cira s& Command Window:
>> Error rate in the received code: 0.062857
Error rate after decoding: 0.0275
Két qua trén cho thay 1 s6 16i gidm sau khi giai ma béi vi bo gidi ma Hamming 63
sta mot s6 161, Két qud cua pan ¢d thé khac bai vi vi du st dung cac s6 ngau nhién

23.6 So sanh ti s6 16i symbol va ti sé 16i bit

Trong vi du & trén, 16i symbol va I8i bit la gibng nhau bdi vi méi symbol 1a mét bit.
Trong thirc té mét symbo! c6 thé biéu dién bdi nhidu bit Cac 1&nh duwoi day thé hién sw
khac nhau gitra 16 symbot va 16i bit trong cac tinh hudng khac

>>a=[123];b=[144);

>> format rat % Hién thi theo phan sé thay cho thap phan.
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>> [snum,srate] = symerr(a,b)
snum =

2
srate =

213
>> [bnum,brate] = biterr(a,b)
bnum =

5
brate =

5/9

bnum 1a 5 b&i vi gia tri vao thir hai khac nhaut hai bit va qia tri thir 3 khac nhau 3 bit.
brate ta 5/9 vi tdng sb cac bit 14 9. Tong sé cac bit theo dinh nghia 1a sé cac gia tri dAu
vao gap a ho3c b 1an sb téi da céc bit gila cac gia trj vaa clia a va b.

23.7 Cong nhiéu trang Gaussian vao tin hiéu

Lénh y = awgn(x,snr) sé ¢dng nhiéu trdng Gaussian vao vecto tin hiéu x. Sé vé
huéng snr chi ra ti sé tin hiéutap &m (S/N) tinh theo db. Néu x I& phirc thi awgn cdng
nhidu phirc Cu phép nay xem réng cong suét cia x 1a 0 dBW.

y = awgn(x,snr,sigpower} gibng véi cli phap & trén, ngoai trir sigpower [a céng suét
cua x tinh theo dBW.

y = awgn(x.snr,measured’) gibng vé&i y = awgn(x,snr), ngoai tr¥ awgn thue hién do
céng suat cla x trede khi cdng nhidu.

y = awgn(x,snr,sigpower,state) gibng v&i y = awgn(x,snr,sigpower), ngoai trir ring
awgn treréc tién khai dong lai trang thai cda bd phat sé ngau nhién randn vé trang thai sé
nguyén.

y = awgn{..powertype\ gidbng vén céc cu phap & trén, ngoal trr ring chudi
powertype chi ra don vi cda snr va sigpower. Cac fiva chon cho powertype 13 'db’ va
'linear. Néu powertype la 'db’, thi snr dwoc tinh bang dB va sigpower duwoc tinh bing
dBW. Néu powertype ia 'linear, thi snr dwoc tinh bang sé 1an va sigpower duoc tinh
bang W.

Vi du Cac lénh dudi day cong nhiéu trdng Gaussian vao tin hiéu xung rang cua.
Sau d6 vé tin hiéu ban dau va tin hiéu co nhiéu.

t=0:.1:10;

x = sawtooth(t); % Tao ra tin hiéu xung rang cwas
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y = awgn(x,10,'measured’); % Cong nhiéu trdng Gaussian
plot(t,x.t,y) % Vé ca 2 tin hiéu.

h T 23 4 o [ T : ’f . 0
Hinh 23.1
Xem thém wgn, randn.
23.8 Cac bo sinh chudi gia nhiéu, mat na va gia tri dich

Cac thanh ghi dich phan hdi tuyén tinh 1a mét phan cla bd sinh chubi gia nhiéu.
Dudi day la db thi hinh vé clia bd sinh chudi gia nhiéu. Tat cd cac bd cong thuc hién phép

cong modun 2.
{ ) T ...... ‘?—

£y el

! Citpul
@ —

Hinh 23.2

Da thirc gbc xac dinh trang thai clia méi khéa cé nhan g, trong 6 méat na xac dinh
trang thai ctia mbi khéa cé tén m,. Nira bén duéi clia db thi cho thay céach thwe hién dich,
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ma lam tré diém bat dau cha chudi dau ra. Néu gia tri dich 1a O thi khéa mq dwroc déng
trong khi cac khéa m, khac mé&. Bang dudi day chi ra gia trj dich anh hwdng dén daura
thanh ghi dich nhu thé nao.

'T=0 iT=1 iT=2 ... :T=s T=ssl
5|‘|ift=0 ‘.\'0 ‘Xl Ix2 .. ‘Xy. é}l‘.\,]
Shift=s > 0 " Xa Xost P Ry 5, - Xl KXot

Néu muén tac ra chudi gid nhigu trong Simulink, xem tai liéu tham khao cho khéi PN
Sequence Generator.

Vi du Lénh dudi day chuyén ddi gia tri dich 5 thanh mat na twong duong x*+x+1
cho thanh ghi dich phan hoi tuyén tinh ma cac dwong ndi cha nd duoc chi ra bdi da thic
nguyén té x* + x° + 1.

>> mk = shift2mask([1 1 0 0 1],5)
mk =
1 0 1 1

Xem thém mask2shift, deconv, isprimitive, primpoly.
23.9 Ma hdéa/giai ma BCH

Ham msg = behdeco(code k.t) thye hién gidi ma st dung phwong phap BCH. Trong
@6 k la chiéu dai ban tin. Chidu dai tr ma n phai & dang 2m-1 véi sé nguyén m Ién hon
hoac bang 3 Gié tri code ta 1 ma tran nhi phan v&I n cét, mai hang biéu dién 1 t&r ma.
Ham tra lai ma tran msg 12 1 ma tran nhi phan véi k ¢dt, méi hang biéu dién 1 ban tin. t 14

kha nang stra 18i. Gidi ma BCR dai hdi 1 da thire gbe cho GF(2m), ct phap nay sl dung
da thirc gbe mac dinh, gfprimdf(m).

msg = bchdeco(code k.t.prim_poly) gidng véi ci phap & trén, ngoai trir rang
prim_poly la 1 vecto hang ma chira cac hé sé theo thiy tw bac tang cla da thire gbe cho
GF(2m) ma sé& duoc st dung trong sudt qua trinh xu ly

(msg.err] = bchdeco(. ) tra vé vecto’ cot err ma cung cap théng tin vé stra 16i. 1 sb
nguyén khong &m trong err( ) chi ra sé 181 dwoc slra trong ti ma thir r, 1 sé nguyén am
chi ra rang cé nhiéu 18i hon trong tir méa thr r ma cd thé stra duoc.

[msg,err,ccode] = bchdeco(...) trd v& ma duoc stra trong ceede.

Vi du: Doan ma duwoi day mé héa 1 ban tin ngau nhién, mé phdng sy céng nhiéu
vao mé, va sau d6 giai ma ban tin,
m =4, n=2"m-1; % Chiéu dai tir ma

params = bchpoly(n),
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% Arbitrarily focus on 3rd row of params.

k = params(3,2); % Codeword length

t = params(3,3); % Kha nang sira [&i

msg = randint(100,k),

code = bchenco(msg,n.k); % M4& héa ban tin
% GAy nhiéu t bit trong méi tv m&

noisycode = rem{code + randerr(100,n,1:1),2),
% Gidi ma ma bj nhiéu

[newmsg,err.ccode] = behdeco(noisycode k. t),
if ccode==code

disp(‘All errors were corrected.’)

end

if newmsg==msg

disp(The message was recovered perfectly.’)
end

Trong trwong hop nay, tat ca cac 16i dwoc sira va ban tin duwoc khéi phuc hoan hao.
Tuy nhién, néu déng thir 9 duoc thay bang:

noisycode = rem{code + randerr(100,n,1:(t+1)),2).

thi mot sé t ma sé cé nhiéu hon t 16i. Do qua nhidu 16i nén gidi ma sé& khong chinh
Xac.

23.10 B giai ma khéi

Ham msg = decode(code,n k,'hamming/imt prim_poly) thwc hién ma hoa st dung
phirong phap Hamming Cho cu: phap nay, n phai & dang 2m-1 cho cac sb nguyén m 1én
hon hodc bang 3, va k phai bang n-m Vec to' prim_poly l1a mét vecto hang dé dwa ra cac
hé s& nhi phan theo th( tybac ting clia da thirc nguyén té cho GF(2m) duoc st dung
trong qua trinh m& hoéa. Gia tri mac dinh cua prim_poly (2 gfprimdf(m). Bang ma hda ma
ham st dung @& stra mét 18i don trong méi tir ma 1a syndtable(hammgen(m))

Ham msg = decode(code,n .k, 'linear/fmt genmat,trt) thyc hién gidi ma, trong dé 1 ma
khéi tuyén tinh dwoc xac dinh bd ma tran sinh kxn genmat. genmat dugc yéu cau & dau
vao. decode thuc hién sira I6i st dung bang gidi ma trt, trong dé trt 14 1 ma tran 24(n-k)xn.

Ham msg = decode(code.n k, 'cyclic/fmt .genpoly.trt) thwe hién giai ma ma vong va
thire hién stra I6i ste dung bang gidi ma trt, trong do trt 1a ma tran 22(n-k)xn. genpoly 1a 1
vecto hang ma dua ra cac hé sé theo thir tw bac tang cla da thire sinh nhi phan clia ma
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Gia tr méc dinh cda genpoly 14 cyclpoly(n,k). Theo dinh nghia, da thirc sinh cho 1 ma
vong [n k] phai cd bac n-k va phai chia xn-1.

Ham msg = decode(code,n.k,'bechlifmt t,prim_poly) thwc hién gidi ma s dung
phuwong phap BCH. prim_poly 1a vecto hang ma dua ra cac hé sé theo thir ty ting cla
bac clia da thire nguyén td cho GF(2m) ma sé dwoc st dung trong subt qud trinh xir ly.
Gia tri mac dinh cla prim_poly 1a gfprimdf(m). Cho c phap nay, n phai ¢6 dang 2m-1 cha
cac s6 nguyén m I&n hon hodc bang 3. k va t phai 1a 1 chidu dai ban tin hop ké va kha
nang stra 161, nhr dwoe dwa ra trong cbt thiy 2 va 3 clia 1 hang clia params:

params = bchpoly(n)
msg = decode(code,n.k) gibng v&i msg = decode(code,n k. hamming/binary').

Ham [msg,err] = decode(...) trd v& 1 vecto cot err ma dura ra théng tin vé sira 16i.
Néu ma la 1 ma chap thi err ¢6 cac tinh todn dwoc sir dung trong qua trinh quyét dinh giai
ma. Cho cac loai ma khac, 1 s6 nguyén kndng &m trong hang thi r clia err (hay hang thir
r clia vec2mat(err.k) néu ma (a 1 vecto cét) chi ra sé 16i dwoc stra trong ti¥ ban tin thir r; 4
s6 nguyé&n am chi ra rdng co nhiéu I6i trong tir tht r hon kha nang c6 thé stra.

{msg.err,ccode] = decode(...) trd vé ma duoc stra trong ccode.

[msg,err,ccode,cerr] = decode(...) tra vé 1 vecto cbt cerr ma y nghia cla né phy
thudc vao dang cua ma;

‘ * Néu ma 1a 1 vecto nhi phan, thi 1 s& nguyén khéng am trong hang thé r cia
vec2mat(cerr,n) chi ra sé 16i dworc stra trong tir ma thiy r; 1 s6 nguyén am chi ra réng cé
nhiéu 1i trong tir ma thir r hon kha nang cé thé sira duoc.

*Néu ma khdng phai {4 1 vecto nhi phan, thi cerr = err.

Vi du: Trong trang tham chiéu cho encode, mét sé vi du minh hoa cach st dung
ham decode.

Vi du dwéi day minh hoa cach st dung err va cerr khi phirong phap ma héa khéng
phai 12 ma chap va ma 1a 1 vecto nhi phan. Boan ma thye hién ma héa 2 ban tin 5 bit s
dung ma BCH. Mdi tb ma c6 15 bit. Cac kdi dwoc cong vao 2 bit cla ti» ma dau tién va bit
dau tién cla tir ma ther 2. Sau 46 decode duwoc st dung @& khéi phuc ban tin ban dau.
Két qua la cac 16i duoc stra. err ¢ cung kich thirdc véi msg va cerr ¢é cung kich thuéc
véi code. err phan énh s thue rdng ban tin dau tién dwoc khoi phuc sau khi stra 2 18i,
trong khi ban tin thir 2 droc khéi phuc sau khi stra 1 18i. cerr phan anh sy thuc réng tir
mé& dau tién duoc gidi ma sau khi sira 2 13i, trong khi tir ma thtr 2 dwoc gidi mé sau khi
slra mot 16i.

m = 4: n = 2A\m-1; % Chiéu dai tir ma 12 15.

k=5; % Chiéu dai ban tin hop 1é cho ma BCH khin =15

t=3, % Kha nang sra 16i twong tng

msg = cnes(10,1); % 2 ban tin, 5 bit cho mbi ban tin

304



code = encode(msg,n k 'beh’), % Ma hoéa ban tin.

% Thay 2 18 vao tir dAu tien va mét 16i va tr thir 2. Tao ra cac 181 nay bang cach %
dao bit.

noisycode = code;

nolsycode(1:2) = bitxor(noisycode(1:2),[1 11);
noisycode(16) = bitxor(noisycode(16),1);

% Gidi ma va sira 16i.
{(newmsg.err,ccode,cerr] = deccde(noisycode n k,'beh' t);
disp(‘Transpose of err is’); disp(err’)
disp(‘Transpese of cerr is'); disp(cerr’)

Dau ra nhu dwéi day.

Transpose of erris

2222211111

Trarispose of cerr is

Columns 1 through 12
222222222222

Columns 13 through 24
222111111111

Columns 25 through 30

111111

Thuat toan Phu thudc vdo phuong phap giai ma, decode dwa vao cac ham cap
thép nhu hammgen, syndtable, cycigen, and bchdeco.

23.11 Bd giai ma khoi

Ham code = encode(msg.n k ‘linear/fmt genmat) thee hién ma hdéa msg s dung
genmat nhur la ma tran sinh cho phuong phap ma hoa khéi tuyén tinh, 1 ma tran kich
thude kxn duoc yéu cau & dau vao.

Ham code = encode(msg.n.k,'cyclic/fmt genpoly) ma hoa msg va tao ra 1 méa vong
hé théng genpoly 1a 1 vecto hang ma dua ra cac hé sb theo thir tw bac tang cda da thire
sinh nhi phan, Gia tri mac dinh cla genpely 12 cyclpoly(n k). Theo dinh nghTa da thirc sinh
cho 1 ma vong [n,k] phai ¢6 bac n-k va phai chia cho xn-1.

Ham code = encode(msg.n.k, 'behifmt genpoly) ma hda msg s dung phuwong phap
m& hoa BCH. genpoly ta vecto hang ma dwa ra cac hé sé theo thi tw bac tang cla da
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thire sinh BCH nhi phan bac (n-k) Gia tri mac dinh cla genpoly 1a behpoly(n k). Béi voi
cu phap nay, n phai cé dang 2m-1 véi s6 nguyén m I&n hon hodc bing 3. Gia tri k phai 1a
chiéu dai ban tin hop 1€ nhw dwoc dua ra trong cét the hai cla params trong 1énh params
= bechpoly(n)

Ham code = encode(msg,n.k,'hamming/fmt prim_poly) m& héa msg s dung
phwong phap ma héa Hamming. Trong ci phap nay, n phai ¢d dang 2m-1 v&i sb nguyén
m I&n hon hoic bang 3, va k phai b&ng n-m. Vec to prim_poly |4 1 vecto hang ma 8wa ra
cac hé sb nhj phan theo thir tu bac tiing cla da thirc nguyén tb cho GF(2m) ma duoc sir
dung trong qua trinh ma héa. Gia tri mac dinh cua prim_poly 2 da thirc nguyén t6
gforimdf(m).

Ham code = encode(msg,n,k) gibng v&i code = encode(msg,n k,‘hamming/binary’).

Ham (code,added] = encode(...) tra v& bién phy added. added a sb 16i ma duoc aat
& cudi clia ma tran ban tin trwéc khi ma héa dé& ma tran co kich thudc phi hop. Sy phi
hop phu thude vao n, k, kich thwéde cliia msg, va pbuong phap ma héa.

Vi du Vi du dudi day minh hoa 3 dinh dang théng tin khac nhau {vecte nhi phan, ma
tran nhi phan, va vecto thap phan) cho ma Hamming. 3 ban tin ¢6 ndi dung giébng nhau
trong cac dinh dang khac nhau; k&t qua 1a 3 m& ma encode tao ra co ndi dung gidng trong
cac dinh dang khac.

m =4; n =2*m-1; % Chiéu dai tir ma 1a 15

k = 11, % Chiéu dai ban tin

% Tao ra 100 ban tin, mbi ban tin cd k bit.

msg1 = randint(1007k,1,{0,1]); % L& 1 vecto cot
msg2 = vecZmat(msg1 k), % La 1 ma trdn cé k cbt
msg3 = bi2de(msg2); % La 1 cot cac s& nguyén

% Tao ra 100 t&r ma, mbi tr ma cé n bit.

codel = encode(msg1.n.k' hamming/binary');
code2 = encode(msg2,n.k,'hamming/binary’);
code3 = encode(msg3,nk,'hamming/decimal’);

if (vec2mat(code1,n)==code2 & de2bi(code3,n)==code?2 )
disp('All three formats produced the same content.’)
end

Két qua trén clra s6 Command Window a:

All three formats produced the same content.
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Vi du tiép theo tao ra ma vang, cong nhiéu va sau do gidi m& ma bi nhidu. N6 st
dung ham gidi ma.

n=3 k=2; % A (3,2) ma vong

msg = randint(100,k.[0,1]); % 100 bén tin, k bit mdi ban tin
code = encode(msg,n k. ‘cyclic/binary’);

% Céng nhiéu.

noisycode = rerﬁ(code + randerr(100.n,[0 1,.7 .3)), 2).
newmsg = decode(noisycode,n k, 'cyclic'); % Cb ging gidi ma.
% Tinh téc 46 16i @& giai m& ma bj nhiéu

[number,ratio] = biterr(newmsg,msq);

disp(['The bit error rate is ',num2str(ratio)])

Pau ra nhu duéi day. Cac két qua téc do 18i cla ban c6 thé khac do nhiéu 1a ngdu
nhién.

The bit error rate is 0 08

Vi du tiép theo méa hoda ban tin tweng tw siv dung cac phuwong phap Hamming, BCH,
va ma vong. Trwdc khi tao ra ma BCH, n6 sir dung 1énh behpoly dé phat hién ra cac
chidu dai ban tin va tir ma nao |14 hop 1&. VI du nay cling tao ra ma& Hamming v&1 tuy chon
'linear cta iénh encode. Sau dé nd giai ma va khoi phuc ban tin. ’

n = 6; % Thir chigu dai tir m3 = 6.
% Tim bét ky chiéu dai ban tin hop & cho ma BCH.
params = bchpoly(n),

n = params(1,1); % Dinh nghTa lai chiéu dai v ma trong trrdng hop chiéu dai by %
ma tredc 36 khéng hep &

k = params(1,2); % Chiéu dai ban tin

m = log2(n+1); % Biéu dién n & dang 2*m-1

msg = randint(100,1,[0,2"k-1]); % Cot cac s6 nguyén

% Tao ra cac méa khéc nhau.

codehamming = encode{msg,n.k, /hamming/decimal’),
[parmat.genmat] = hammgen(m),

codehamming2 = encode(msg,n k, linear/decimal’ genmat),
if codehamming==codehamming2

disp(‘The “linear" method can create Hamming code.’)
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end

codebeh = encode(msg,n k,'beh/decimal');

codecyclic = encode(msg,n k, 'cyclic/decimal');

% Giai ma @& khdi phuc lai ban tin ban dau.

decodedhamming = decode(codehamming,n.k,’hamming/decimal’);
decodedbch = decode(codebeh,n k., 'beh/decimal’);

decodedcyclic = decode(codecyclic,n k, cyclic/decimal’),

if (decodedhamming==msg & decodedbch==msg & decodedcyclic==msg})
disp(All decoding worked flawiessly in this noiseless world.")

end

Két qua trén cira sb Command Window:

The 'linear’ method can create Hamming code.

All decoding worked flawlessly in this noiseless world.

Thuét toan phu thudc vao phuong phap ma héa, encode phu thudce vao cac ham
cép thap nhue hammgen, cyclgen, and bchenco.

Xem thém decode, bchpoly, cyclpoly, cyclgen, hammgen, bchenco.
23.12 Tinh khoang cach cwe tiéu cua 1 ma khéi tuyén tinh

Khodng cach cue tidu, hay trong Irong cuc tidu, cia 1 ma khdi tuyén tinh duoc dinh
nghta nhu 1a s& dwong nhd nhét ctia cdc phan tr khac khong trong trong bét ky n-tuple
mala 1t ma.

wt = gfweight(genmat) trd v& khodng cach téi thiéu clia ma khéi tuyén tinh ma ma
tran sinh clia no la genmat.

wt = gfweight(genmat 'gen’) tra vé& khodng cach cec tiéu cia ma khéi tuyén tinh ma
ma tran sinh la genmat.

wt = gfweight(parmat,'par’) tra vé khoang cach cyc tiéu cia ma khd: tuyén tinh ma
ma tran kiém tra chan & la parmat.

wt = gfweight{genpoly,n) tra vé khodng cach cue tiéu ma da thirc sinh cla nd duoc
biéu dién bdi genpoly. genpoly la vecto hang ma dua ra cac hé s6 clia da thirc sinh theo
thur tw bac tang.

Vidu
Cac {énh duwéi day minh hoa 3 cach dé tinh khoang cach oy tidu cta ma vong (7.4).

n=7;
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% Da thire sinh cua ma vong (7,4)
>> genpoly = cyclpoly(n,4);
>> [parmat, genmat] = cyclgen(n,genpoly);

>> wts = [gfweight(genmat,'gen') gfweight(parmat,’par),. .

>> gfweight(genpoly,n)]
wis =
3 3 3

23.13 Tao ra ma tran sinh va ma tran kiém tra chin 1& cho ma Kamming

Ham h = hammgen(m) ta0 ra ma tran kiém tra chdn Ié mxn cho 1 ma Hamming cé
chiéu dai t&r ma n = 2*m-1. Dau vao m 1a sé nguyén duong Ién hon hosc bang 3. Chidu
dai ban tin cia ma & n-m. Da thirc nguyén té nhi phan duoc st dung dé sinh ra ma
Hamming & da thire nguyén t& mac dinh cho GF(2*m), dwoc bidu dién bdi gfprimdf(m).

Ham h = hammgen(m,pol) tao ra mét ma tran kidém tra chdn 1é cho mét ma Hamming
6 chiéu dai tir ma n = 2 *m-1. Dau vao m is 1a sé nguyén duong Ién hon hoac bang 3.
Chiéu dai ban tin cla ma [a n-m. pol 14 mét vector hang ma dwa ra cac hé sb theo thir tw
bac tang cla da thirc gbc nhi phan cho GF(2*m) ma duoc siv dung dé sinh ra ma
Hamming

hammgen sinh ra mét 16i néu pol biéu dién 1 da th(re ma khong phai 14 da thie géc.

{h.g] = hammgen(...) gidng v&i h = hammgen( ..) ngoai trir rAng né cling sinh ra ma
tran sinh kxn (& g ma trong (ng véi ma tran kiém tra chdn 1é h. k 14 chiéu dai ban tin
bing

n-m, hodc 2m-1-m.,

[h.g,n,k] = hammgen(_..) giéng v&i [h.g] = hammgen(...) ngoai trir rAng né cling tra vé
chiéu dai tir ma n va chiéu dai ban tin k.

Cha y Néu gia tri cia m nho hon 25 thi da thire gbc la da thire goc mac dinh cho
GF(2*m) thi hammaen(m) thuyre hién nhanh hon so voi cau lénh hammgen{m,pol).

Vi du Doan ma duéi day dwa ra cac ma tran sinh va kiém tra chan Ié cho 1 ma
Hamming véi chidu dai tir ma 7 = 23-1 va chiéu dai ban tin 4 = 7-3.

[h.g.n.k] = hammgen(3)
h=
1001011
0101110
0010111
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1101000
0110100
1110010
1010001

Doan ma dudi day, ma sir dung 1 + X + X° nhr 1a da thirc gbc cho GF(23), cho thay
réng ma tran kiém tra chn & phu thudc vao su Iwa chon da thire nguyén té. Cho y rang
h1 dwéi day khac vdi h trong vi du trén.

h1 =hammgen(3,{1 0 1 1))
h1=
1001110
0100111
0011101

23.14 Sinh ra bang giai ma syndrome

t = syndtable(h) trd vé& 1 bang giai ma cho ma nhi phan si¥a 151 c6 chiéu dai tir ma n
va chiéu dai ban tin k. h 1a ma tran kiém tra chan 18 (n-k)xn. t}a 1 ma tran nhi phan.

(2n-k)xn. Hang thir r cla t 1a mau 13i cho tr ma nhi phan nhan dwoc ma syndrome
6 gia tri thap phan r-1. (syndreme clia 1 tlr ma nhan dugc (& chuyén v) cia ma tran kiém
tra ch3n 18) Noi cach khac, cac hang cla t bidu dién cac tp coset ti day chudn cla ma.

Khi chuyén ddi gitra cac gia tri nhi phan va thap phan, c6t ngoai cling bén tral dwoc

hiéu nhu 14 =A quan trong nhat Biéu nay khac véi quy wée méac dinh trong cac 1énh bi2de
va de2bi -

23.15 Pa thirc sinh ctia ma Reed-Solomon

genpoly = rsgenpoly(n k) trd vé da thirc sinh cla 1 ma Reed-Sclomon véi chiéu dai
tlr m& n va chiéu dai ban tin k. Chiéu dai tir ma n phai c6 dang 2™-1 voi m la sd nguyén,
va n-k phai ta s6 nguyén chan. Bau ra genpoly la 1 vecto hang Galois ma biéu dién cac
hé so cha da thirc sinh theo thi¥ tw bac gidam. Da thirc sinh narrow-sense generator 12

(X - AN(X - A2)..(X - A2t) trong d6 A ta nghiém cda da thire nguyén té mac dinh cho
treding GF(n+1) va t la kha nang sva 18i. (n-k)/2
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genpoly = rsgenpoly(n k,prim_poly) gidng véi cu phap trén, ngoai trir réng prim_poly
chi ra da thirc nguyen té cho GF(n+1) ma cd A Ia 1 nghiém. prim_poly 1a sé nguyén ma
dang biéu di&n nhj phan clia né chi ra cac hé sé cia da thire nguyén t6. Dé sir dung da
thirc nguyén té mic dinh GF(n+1), thiét 1ap prim_poly 12 [].

genpoly = rsgenpoly(n,k,prim_poly.b) tra vé da thirc sinh

(X - Ab)(X - Ab+1)...(X - Ab+2t-1) trong d6 b & 1 sé nguyén, A 1 nghiém cla
prim_poly va t 12 kha nang sira |6i cia m3, (n-k)/2.

[genpoly t] = rsgenpoly(...) trd v& t, 14 kha nang sira 16i cla ma.

Vi dy Cac vi du dudi day tao ra cac vecto hang Galois ma biéu gién cac da thive
sinh cho moét ma Reed-Solomon [7,3]. C4c vecto g va g2 biéu dién da thic sinh narrow-
sense, nhng (rng voi cac phan t& nguyén té khac nhau A. Cy thé hon, g2 duoc xac dinh
nhw 1a A Ja nghiém cia da thirc nguyén té D* + D + 1 cho GF(8). Vecto g3 biéu dién ¢n
thire sinh (X — A%)(X = A%)(X — A%)(X — A®), trong d6 A 1a 1 nghiém ctia D> + D? + 1 trony
GF(8).

>> g = rsgenpoly(7,3)
>> g = GF(2*3) array. Primitive polynomial = D*3+D+1 {11 decimal)
Array elements =
1 3 1 2 3
>> g2 = rsgenpoly(7,3.13) % Sir dung da thire gbc khéng mac dinh.
>> g2 = GF(2*3) array. Primitive polynomial = DA3+D*2+1 (13 decimal)
Array elements =
1 4 5 1 5§
a3 = rsgenpoly(7,3,13,3) % S& dung b = 3.
g3 = GF(2"3) array. Pa thirc géc = DA3+DA2+1 (13 decimal)
Array elements =
Tt 7 1 6 7
Cac lénh vi du sau sé thé hién mét khoang cach ma gan:
Pa thic sinh cho mé Reed-Solomon [15,11] [a X4 +

(A3 + A2 + 1)X3 + (A3 + A2)X2 + A3X + (A2 + A + 1) trong @6 A la nghiém cua da
thire gbe vori GF(16).

gp = rsgenpoly(15,11)
gp = GF(2*4) array. Da thirc gbc = D"4+D+1 (19 decimal)
Array elements =

1 13 12 8 7
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Gidi han n-k pha (& s6 nguyén chan. Gia tri cho phép cuwe dai cla n |2 65535.

23.16 Giai ma chap dir liéu nhj phan s dung thuat toan Viterbi

Ham decoded = vitdec(code, trellis,tblen,cpimode.dectype) gidi ma vecto code
slr dung thuat toan Viterbi. CAu tric trellis trong MATLAB xac dinh bé méa héa chap
ma sinh ra mé; dang cla trelis dwec mé ta trong "M0J ta trellis cha 1 bd ma hoa
chap” va tai liéu tham khao cho ham istrellis. code ¢ 1&¢n hon hodc bing 1 ki hiéu,
madi ki hidu cé log2(trellis. numOutputSymbols) bit.

Mbdi ki hiéu trong vecto decoded cé log2(trellis numinputSymbols) bit. tblen la
s nguyén duong ma chi ra d6 sau traceback.

Xau opmode chi ra ché @b hoat déng cua bé giai ma va gia thiét clia né vé hoat
dong cta bé ma hoa treng rng. Cac lya chon ¢é trong bang dwdi day.

I

Gia tri Y nghia

Trunc'

B6 ma hoa dworc thiét 1ap tat ca cac trang thai ban dau 1a 0.

Bo giai méa quét ngwoc tir trang thai véi ma trén phlu hop nhét.

1
s

term’

B6 gidi ma quét ngwoc tir trang thai toan bé 0.

Bé ma héa duoc gid thiét 1a d& khdi dong va két thuc & tramgthai 0. |

‘cont’

Bd ma hoa duoc gia thiét la da bat dau & trang thai toan bé ia 0.

Bo gidi ma quét nguoc tir frang thai véi ma tran phu hop nhét.

tien xuat hién & dau ra.

Mat tré bang tblen ki hiéu xay ra tredc khi ki higu droc gidi ma dau

Xau dectype chi ra loai quyét dinh ma bé gidi ma thye hién, va loai di liéu ma
bd gidl ma nhan duoc trang code. Cac lya chon nhiy trong bang duwdi Say.

[
‘ Value Meaning
b
| ‘'unquant’ code ¢6 cac gia tri @&u vao the, trong d6 1 bidu dién gid tri
logic 0 va —1 biéu dién gia tri logic 1.
‘hard’ code ¢b cac gia tri dau vao nhi phan.
'soft’ Dé gidi ma quyét dinh mém sir dung cu phap duéi day. Cho
. y réng nsdec duoc yéu cau cho gidi ma quyét dinh mém.

Cu phap cho gidi ma quyét dinh mém

decoded = vitdec{code trellis,tblen,opmode,'soft’ nsdec) gidi ma vecto code str dung
gidi ma quyét dinh mém. code goém cac s nguyén trong khoang 0 va 2Ansdec-1, trong 6
0 biéu dién gia tri tin cay nhat cho 0 va 2*nsdec-1 biéu dién gia tri tin cay nhat cho 1.
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Cac cu phap khac cho ché d6 hoat dong lién tuc

decoded = vitdec(....cont'. _ initmetric,initstates,initinputs) gibng vé&i cac cu phap
trrére 80, ngoai trir rang bo gidi ma bat dAu vori cac ma tran trang thai cla no, cac trang
thai traceback, va cac dau vao traceback dwoc chi ra trong nitmetric, initstates, va
Initinputs

Méi sé thure trong initmetric biéu dién ma tran trang thal bét dau ciia trang thai tuvong
(rng. initstates va initinputs cung chi ra nhé traceback ban dau cua bé giai ma; ca hai &
cac ma tran trellis.numStates-by-tblen. initstates gdm cac sé nguyén trong khodng 0 va
trellls.numStates-1. Néu mach dién bd ma hda co nhiéu hon 1 déng d3u vao thi thanh ghi
dich ma nhan dwéng vao dau tién dua ra cac bit LSB trong initstates, trong khi thanh ghi
dich ma nhan dudng vao cudi cling dwa ra cac bit MSB trong initstates  Vecto initinputs
gdm cac sé nguyén trong khoang 0 va trellis. numinputSymbols-1. Bé st dung cac gia tri
mac dinh cho tat ca 3 dbi sé cudi cung, thiét 1ap chung & [1IL[).

ldecoded finalmetric finalstates finalinputs] = ...vitdec(...'cont, ..) gibng véi cac cu
phap trén, ngoai trir ring 3 d6i sé dau ra cubi cung tra vé cac ma tran trang thai, cac trang
thai traceback, va cac diu vao traceback, & cudi cGa gqua trinh gidi ma. finaimetric (& 1
vecto voi cac phan ti trellis numStates ma twong \rng véi cac ma trén trang thai cudi
cung. finalstates va finalinputs la cac ma tran kich thwoc trellis. numStates-by-tblen. Cac
phéan tlr cUa finalstates cé dinh dang giébng nhw trong initstates.

Vi du Vi du dwéi day ma hoa dir liéu ngau nhién va cdng nhidu. Sau dé né gidi ma
ma bi nhiéu 3 tAn va minh hoa 2 loai quyét dinh ma vitdec hd tre. Chu y ring cho cac

quyét dinh mém va khéng lwong ti hoa, d4u ra cua convenc khong cung loai dir liéu ma
vitdec nhan duoc trong ma vao.

>> trel = poly2trellis(3.[6 7]); % Pinh nghia trellis.

>> msg = randint(100,1,2,123), % DU liéu ngau nhién

>> code = convenc(msg,trel); % Ma héa.

>> ncode = rem(code + randerr(200,1,[0 1,.95 .05]),2); % Cong nhidu.
>> tblen = 3; % Chiéu dai Traceback

SO dung gidt ma3 quyét dinh cing.

>> decoded? = vitdec{ndode, trel tblen,'cont’ 'hard");

Str dung giai ma quyét dinh chua duoc lwong o hda.

>> ycode = 1-2*ncode, % +1 & -1 represent zero & one, respectively.
>> decoded? = vitdec(ucode trel,tblen 'cont’ 'unquant’);

St dung gidi ma quyét dinh mém.

Pé chuén bj cho, gidi ma quyét dinh mém, anh xa sang cac gia tr quyét dinh.

>> [x.qcode] = quantiz(1-2*ncode [-.75-5-250 25 .5 .75], .
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[76543210)); % Cac gia tri trong gcode ndm trong khoang 0 va 243-1.
>> decodedd = vitdec(qcode' trel tblen,'cont’,'soft’,3);

Tinh céc téc dd 18i bit khi d4u ra b6 gidi ma bi tré di tblen symbols.

>> [n1,r1] = biterr(decoded1 (tblen+1:end).msg(1.end-tblen));

>> [n2,r2] = biterr(decoded2(tblen+1:end),msg(1:end-tblen));

>> [n3,r3] = biterr(decoded3(tblen+1:end),msg(1:end-tblen));

>> disp([‘The bit error rates are: ',num2str([r1 r2 r3])})

Két qua:

The bit error rates are: 0.020618 0.020619 0.020619

Vi dy dwdi day minh hoa lam thé nao dé siv dung cac dbi sé trang thai cubi ciing va
trang thai ban dau khi thire hién vitdec 1 cach 13p lai. Chu y riing [decoded4;decoded5)
gidéng véi decodeds.

>> trel = poly2trellis(3,[6 7]);

>> code = convenc(randint(100,1,2,123) trel);

Giai ma mét phdn clia ma code, theo trang thai cudi cung Gé sir dung sau nay.
>> [decoded4.f1,f2 3] = vitdec(code(1:100),trel,3,'cont’,‘hard’};

Gidi ma phan ¢on lai cia ma code, st dung cac dbi sé d4u vao trang thai.

>> decogded5 = vitdec(code(101:200),trel,3,'cont’,’hard’ f1 12 f3),

Giai ma toan bé ma trong 1 buwéc.

>> decoded6 = vitdec(code, trel, 3 'cont’ 'hard’),

>> sequal(decodedB [decoded4, decodedb))

ans =

1

-

23.17 Diéu ché bang théng twong tw

Cac cuphap lénh:

Ham y = amod(x,Fc,Fs.'amdsb-tc' offset) thire hién didu bién. offset 1a g4 tri cong
them vao x trwdc khi didu ché. Néu bd qua offset, thi gia tri mac dinh cla nb ta
-min(min(x)). Gia tri mac dinh nay tao ra diéu ché 100%.

y = amod(x,Fc,Fs,'amdsb-sc') thwc hién diéu ché bién dé séng mang nén dai kép.
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y = amod(x,Fc,Fs,'amssbiopt) thpe hién diéu ché bién d6 séng mang nén on bién.
Mac dinh né tao ra dai dudi, néu optf |14 up, thi ham sinh ra dai tan trén (bién trén). Cu
phap nay khéng thuc hién chuyén dbi Hilbert trong mién tan sb.

y = amod(x,Fc Fs,'amssblopt num den) gibng vé&i cu phap & trén, ngoai trir nd chi ra
b6 loc Hilbert mién thdt gian. num va den 14 cac vecto hang ma chira cac hé sé, theo thur
tw bac giam dan, cta t& sb va mau sb clia ham truyén b loc. Co thé sir dung ham hilbiir
dé thiét ké bé loc Hilbert.

y = amod(x,Fc,Fs,'amssblopt hilbertflag) gibng voi cu phap trén, ngoai trir né st
dung mé&c dinh bé loc mign thoi gian Hilbert. Ham truyén clia bd loc dugc xac dinh bai
[rum,den] = hilbiir(1/Fs), trong d6 num va den dwoc noi 3én & trén. Bbi s6 vao hilbertflag
co6 thé nhan gia tri bét ky.

y = amod(x.Fc,Fs ’qam’) thuc hién didu ché bién d6 cau phwong. x 14 1 ma tran 2
c6t ma cot thir nhét biéu dién tin hiéu cling pha va cot thir 2 bidu dién tin hiéu pha vubéng
gée. y la vecto cot.

y = amod(x,Fc,Fs, fm’ deviation) thuc hién didu ché tan sé. Phd caa tin hiéu didu ché
n&m trong khoang min(x) + Fc va max(x) + Fc.__

Péi sé tuy chon deviation 1a 1 s6 vo hwwdng ma biéu dién hang sb dd lech tan sb cla
didéu ché. Lénh y = amod(x,Fc Fs 'fm' deviation) tvong dwong véi 1&nh:

y = amod{(x~deviation Fc Fs,fm’").

y = amod(x,Fc,Fs,'pm’ deviation) thyc hién didu ché pha. Déi sé tly chon deviation
I& s6 vd hwéng bidu didn hang sé do léch pha clia didu ché.

Lénh y = amod(x,Fc Fs,'pm’ deviation) twong duwong véi (&nh
y = amod(x"deviation Fc Fs,'pm’).

[y.t] = amod(_. ) trd vé thdi gian tinh trong bién t.
Vi du so sanh diéu ché dai don va dai kép

Vi du dau tién so sanh phd clia cac tin hiéu sau didu ché st dung ky thuat didu ché
dai don va dai kép. Tin hiéu ban tin 14 1 song sin 1 tan sé va tin hiéu séng mang 12 séng
sin 10 Hz. Poan 1énh dwéT day str dung dbi sé 'amdshb-sc’ va 'amssb' trong ham amod dé
sinh ra cac tin hiéu diéu ché ydouble va ysingle. Sau d6 né vé phé ciia ¢a 2 tin hiéu diéu
ché.

% L&y mau tin hiéu 100 1an/s, trong 2 giay.
Fs =100;

t = [0:2*Fs+1]/Fs;

Fe=10; % Tan s séng mang
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X = sin(2*pi*t),

% Tin hiéu sin

% Diéu ché x str dung diéu ché bién do dai don va dai kép
ydouble = amod(x,Fc,Fs,'amdsb-sc'),
ysingle = amod(x,Fc, Fs,'amssb’);

% Vé phd clia ca 2 tin hiéu diéu ché
zdouble = fft(ydouble),
zdouble = abs(zdouble(1:length(zdouble)/2+1));
frqdouble = [0:length(zdouble)-1]*Fs/length(zdouble)/2;
plot(frqdouble,zdouble);

% Hinh bén trai trong hinh vé dwaéi day
zsingle = fft(ysingle);
zsingle = abs(zsingle(1:length(zsingle)/2+1));
frgsingle = [0:length(zsingle)-1]*Fs/length(zsingle)/2;
plot(frgsingle,zsingle);

% Hinh vé bén phai trong hinh bé duéi day.

Chu y rang phd & hinh bén trai c6 2 dinh, day la cac bién tan cla tin hiéu diéu ché,
bao gdm bién tan trén va bién tan dudi. Nhirng bang tan nay déi xirmg nhau qua tan sb
séng mang Fc 14 10Hz. Phd cha 1 tin hiéu diéu ché DSB-SC AM rdng gap 2 lan bang

thong clia tin hiéu vao. Trong hinh vé tht 2, chi cé 1 dinh bdi vi ki thuat SSB AM chi can
truyén di 1 bang.

i é:%‘.?ﬁ_#lﬁ;?ﬁ"- o

Hinh 23.3a Hinh 23.3b
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23.18 Giai diéu ché bang théng twong tir

z = ademod(y,Fc,Fs,’amdsb-tc’ offset.num den) thire hién giai diéu ché bién 8o dai
kép, offset Ia 1 vecto ma thanh phan thir k clia né duwoc trir tir tin higu the k sau khi didu
ché. Néu trrdng offet tréng thi z méc dinh duoce didu chinh @& médi cét co tri trung binh
b&ng 0

z = ademod(y.Fc.Fs,'amdsb-tc/costas’ offset,num,den) gibng ¢& trén, ngoai trir thuét
toan ¢6 vong khéa pha Costas.

z = ademod(y Fc Fs'amdsb-sc’ . num den) thire hién gidi didu ché bién @6 soéng
mang nén dai kép.

z = ademod(y.Fc.Fs 'amdsb-sc/costas’ num,den) gibng cu phap & trén, ngoai trir
thust toan bao gdm vong khéa pha Costas.

= ademod(y Fc,Fs,'amssb’,num.den) thirc hién giadi didu ché bién d6 song mang
nén don dai.

z = ademod(y,FcFs,'qam',num den) thuc hién gidi diéu ché bién 46 ciu phuong.

Z = ademod(y.Fc Fs,'fm' num,den vcoconst) thue hién gidi didu ché tAn s6. Phd cha
tin hiéu giai didu ché ndm trong khoang min{y) + Fc va max{y) + Fc. Qua trnh giai diéu
ché s dung vong khoa pha gdm 1 bd nhan (déng vai trd bd phét hién pha), 1 bé loc
théng thap, va 1 bo dao ddng diéu chinh bang dién ap (VCO). Néu Fs 1a vecto 2 phan t
thi phan tir thir 2 1a pha ban dau ctia VCO tinh theo radians. Déi s vcoconst la s6 vo
hwéng ma biéu dién hing sé VCO tinh theo Hz/V.

z = ademod(y,.Fc.Fs,'pm',num,den vcoconst) thuc hién gidi didéu ché pha. Qua trinh
giadi diéu ché s dung véng khéa pha (ma hoat ddng nhu trong b gidl didu ché FM). Déi
s tly chon vcoconst 1a sé vo hurdng biéu dién do nhay tin hiéu vao.

Vi duy Vi du nay minh hoa cach st dung ddi sé offset. B&i vi dong Iénh Gau tién sl
dung cung gia tri offset 14 .3 ma 1&nh amod 84 st dung, 21 gidng véi tin hidu ban tin ban
dAu. Bai vi [énh thir 2 ademed bd qua offset, z2 ¢6 tr| trung binh gan bang 0 (khdng chinh
xac bang O vi 18i 1am tron).

Fc = 25: % Tan sb tin hiéu séng mang

Fs =100, % Tan s6 l4y mau cua tin hiéu

t = [0:1/Fs:5]"; % Thoi gian |4y mau tin hiéu

x = {cos(t), sin(t)); % Tin hiéu Cosine va sine

y = amod(x.Fc,Fs,'amdsb-tc',.3); % Diéu ché

% and shift the values up by .3.

z1 = ademod(y,F¢,Fs,'amdsb-tc',.3); % Gidi diéu ché
22 = ademod(y,Fc Fs, 'amdsb-tc'); % Giai diéu ché
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plot(t.z1,'b't,z2,'r-") % Vé tin hiéu dwoc khéi phuc
Hinh vé hién thj z1 Ia dweng vé lién nét va z2 a dwéng vé gach nét.

Hinh 23.4

23.19 Bo diéu ché bang théng sé

Diéu ché 1 tin hiéu sé (Théng tin vé cu phap cu thé).

y = dmod(x,Fc Fd Fs ask’ M) thyc hién didu ché khoa dich bién d& M mic. Mbi
phan t& clia x phai ndm trong khoang [0, M-1]. Gia tri curc dai cla tin hiéu dugc diéu ché
la1.

y = dmod(x,Fc,Fd,Fs, 'fsk',M tone) thuc hién diéu ché khéa dich tAn s M mdc. Mbi
phén t&r clia x ndm trong khodng [0, M-1]. Béi s tly chon tone & phan cach gilra cac tan
s6 ké tiép trong tin hiéu diéu ché y. Gia tri mac dinh cla tone |a Fd. Gi tri cyc dai cla y 1a
1_ -

y = dmod(x,Fc,Fd,Fs,'msk’) thuc hién diéu ché khéa dich cuc tiéu. M&i phén ti cha
xla 0 hodc 1. Giatricwc daicuayla .

y = dmod(x,Fc,Fd,Fs,'psk’,M) thuc hién diéu ché dich pha M mirc. M&i phén tr clia x
phai n&m trong khoang [0, M-1]. Gia tri cwrc dai clay 1a 1.

y = dmod(x,Fc.Fd,Fs,'qask’,M) thuwc hién didu ché khoa dich bién dé ciu phwong M
miurc v&i @b thi chom sao tin hiéu vuéng. Bang du¢i day cho thay cac gi4 tri cuc dai cla y
(rng v&i moét sb gia tri cia M.
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M Gia tri cire daiclia y M Gia tri cire dai clia y
2 1 32 5
4 1 64 7
8 3 128 11
16 3 256 15

Chay
Pé thay c6 bao nhiéu ki hiéu dugc bién ddi vao cac diém chom sac, sinh ra 1 db thi
chom sao vuéng str dung gaskenco(M).

y = dmod(x.Fc,Fd,Fs,'qask/arb' inphase quadr) thuc hién didu ché khoa dich bién 86
cAu phuong vé&i dd thi chdm sac duroc dinh nghia st dung céc vecto inphase va quadr.
Piém chom sao cho ban tin thi k c6 thanh phan cung pha inphase(k+1) va thanh phén
cau phuong quadr(k+1).

y = dmod(x,Fc,Fd,Fs,'gask/cir,numsig,amp,phs) thuc hién diéu ché khéa dich bién
a6 cAu phrong véi 1 dd thi chédm sao tin hiéu tron. numsig, amp, va phs 1a cac vecto co
cing chiéu dai. C4c phan tir trong numsig va amp phai duong. Néu k 1a 1 sb nguyén
trong khodng [1, length(numsig)], thi amp(k) la ban kinh cla vong tron thi k, va phs(k) 12
pha cuia didm chom sao dau tién trén vang trén thy k. Tat ca cac didém trén vong tron thiy
k dwoc xép cach déu nhau. Néu bo qua phs, thi gia tri mac dinh cda né |a numsig®0. Néu
bo qua amp, thi gia tri mic dinh cta né 1a {1:length(numsig)].

Chu y D& thdy c6 bao nhiéu ki hidu duoc bién dbi thanh cac diém chom sao, sinh ra
1 84 thi chém sao tron sir dung apkconst(numsig,amp,phs,'n’).

[y t] = dmod( ) tra vé th&i gian tinh todn trong t. t 1a 1 vecto ma chiéu dai cia no 1
sd hang clay.

Vi dy Mét vi dy trong phan tham chiéu cho ddemod st dung dmod. Ciing nhw vay
doan ma duwéi day hién thi dang séng dwoc siv dung dé truyén cac s6 0 va 1 s dung
didu ché

4-ASK. Chl y rang 1énh dmod c6 2 86i s6 dau ra. Bau ra thtr 2, t, duoc s dung dé
dinh ¢& truc ngang trong hinh vé.

Fc=20;Fd=10; Fs = 50,

M = 4; % St dung diéu ché 4-ASK.

x = ones(Fd,1)*{0 1]; x=x(2),

% Biéu ché, trong mién thoi gian.

[y.f] = dmod(x.Fc.Fd Fs,ask' .M);

plot(t,y) % V& tin hidu theo th&i gian.
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Hinh 23.5

23.20 B diéu ché bing géc sb.

y = dmodce(x,Fd,Fs,'ask’, M) thuc hién diéu ché khoa dich bién d& M mdc. Mai phén
tlr ctia x ndm trong khoang [0, M-1]. Gi4 tri cuc dai cla tin hiéu diéu ché a 1.

y = dmodce(x,Fd,Fs, 'fsk' M tone) thuc hién diéu ché khéa dich tAn sé M mic. Méi
phan tr ctia x ndm trong khoang [0, M-1]. i sb tuy chon tone 1a phan céch gitra cac tan
s6 ké tiép trong tin hiéu diéu ché y. Gia tri mac dinh cla tone 1a Fd. Gia tri cuc daiclay 1a
1.

y = dmodce(x,Fd,Fs,'msk') thuc hién diéu ché khoa dich cuc tiéu. Mbi phan tir cla x
I 0 hodc 1. Phan cach gitra 2 tAn sb 1a Fd/2.

y = dmodce(x Fd Fs,'psk' M).thuc hién diéu ché khoa dich pha M mirc. Méi phan ti
cla x ndm trong khoang [0, M-1]. Gia tri cuc daiclayla 1.

y = dmodce(x,Fd,Fs, 'qask',M) thuc hién diéu ché khéa dich bién do cau phuong M
mirc véi dd thi chom sao tin hiéu vudbng. Bang dudi day liét ké ca gia tri cuc dai cla y
(rng v&i mot sb gia tri ctia M.

M Gia tricwc dai ctay M Giatricuc daicliay
2 1 32 5
4 1 64 7
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8 3 128 11
16 3 256 15

Chu y Dé thiy ¢é bao nhiéu ki hiéu dwoc bién ddi thanh cac didm chom sao, sinh ra
1 @b thi chom sao vubng sir dung gaskenco(M).

y = dmodce(x,Fd,Fs,'qask/arb' inphase,quadr) thuc hién diéu ché khéa dich bién 6
céu phwong, véi 1 @4 thi chém sao tin hiéu ma xac dinh trong c4c vecto inphase va
quadr. Diém chdm sao cho ban tin the k c6 thanh phan cung pha inphase(k+1) va thanh
phan pha vuéng géc quadr(k+1).

y = dmodce(x,Fd Fs,'qaskicir,numsig.amp,phs) thire hién didu ché khoa dich bién
a6 chu phurong véi db thi chdm sao tin hiéu tron. numsig, amp, va phs Ia cac vecto ¢
cung chiéu dai. Cac phan i trong numsig va amp phai deong. Néu k 1a 1 sb6 nguyén
trong khodng {1, length(numsig)]. thi amp(k) & ban kinh cla vong tron the k, va phsk) 12
pha clia diém chém sao d4u tién trén vong tron thir k. Tat ca cac diém trén vong tron the
k dwoc xép cach déu nhau. Néu bé qua phs thi gia tri mac dinh cla no la numsig*0 Néu
bo qua amp, thi gia tri m3c dinh cla né 14 [1:length(numsig)].

Vidu Vi du nay si dung didu ché va giai didu ché FSK véi cac gia tri khac cda
phan céch tan sé, tone. Cac két qua clia ban c6 thé khac do vi dy sir dung céc sé ngéu
nhién.

M=4,Fd=1, Fs =32,

SNRperBit = 5;

adjSNR = SNRperBit-10"log10(Fs/Fd)+10*log10(log2(M));
x = randint(5000,1,M); % Tin hiéu ban @4u

% Diéu ché sir dyung FSK véi tAn sé séng mang trwc giao.
tone = .5;

randn('state' 1945724); % Kh&i tao khéi phat Gaussian.
w1 = dmodce(x,Fd,Fs, 'fsk' M, tcne);

y1 =awgn(w1, adjSNR, 'measured’, [], 'dB);

21 = ddemodce(y1 ,Fd,?s,‘fsk‘.M,tone);

ser1 = symerr{x,z1)

% didu ché st dung FSK voi cac tAn sb song mang khéng triec giao.
tone = .25;

randn('state',1945724); % Knéi tao lai khdi phat Gaussian.
w2 = dmodce(x,Fd.Fs, fsk',M,tone);
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y2 = awgn(w2, adjSNR, ‘measured’, (], 'dB’),
72 = ddemodce(y2.Fd Fs,fsk',M.tone),
ser2 = symerr(x,z2)
Két qua nhan ducc
serl =
67
ser2 =

258

23.21 B giai diéu ché bing thong sé

Dé giai diéu ché 1 tin hiéu sb (Théng tin cu phap cu thé):

z = ddemod(y,Fc,Fd,Fs ask' M) thue hién gidi diéu ché khoa dich bién 46 M mie.
M6i phan t& clia z ndm trong khodng [0, M-1].

z = ddemod(y,Fc.Fd Fs 'askicostas' M) gidng véi cti phap & trén, ngoai trir réng
thuat toan bao gém 1 vong 1ap Costas.

z = ddemod(y.Fc,Fd Fs 'fsk’,Mtone) thic hién gidi diéu ché khoéa dich tdn sé M
muc. Béi sé tuy chon tone 1a khodng phan cach gilra cac tan sé ké tiép trong tin hiéu diéu
ché 2. Gia tri mac dinh cla tone |a Fd. M&i phan ti¥ cua z ndm trong khoang [0, M-1].

z = ddemod(y.Fc Fd Fs, 'fsk/noncoherence’ M. tone) gibng véi ci phap & trén, ngoai
trir rdng nd s dung giai diéu ché khang lién két.

z = ddemod(y.Fc,Fd.Fs, 'msk') thiee hién gidi diéu ché dich téi thiéu. Mbi phin tir ctia
214 0 hoac 1. Khoang phan cach gilra 2 tn sb 1a Fd/2.

7 = ddemod(y,Fc.Fd,Fs,'psk' M) thwe hién giai diéu ché khoa dich pha twong quan M
m(re. Méi phén tir cla z trong khodng {0, M-1).

z = ddemod(y,Fc.Fd Fs, 'qask' M) thyc hién giai diéu ché khoa dich bién d6 M mic
v&1 db thi chém sao vudng. Bang dudi day ddemod c6 thé sir dung 1 b6 Ioe théng thap
v6i chu ky ldy mau 1/Fs trong khi gidi diéu ché, dé loc bd tin hiéu séng mang. Dé chi ra bé
loc thong thap, siv dung d6i s& dau vao num va den la cac vecto hang ma dua ra céc hé
s6 theo thir ty bac giam cla t& s6 va mau sb clia ham truyén b loc.

Dé giai diéu ché 1 tin hiéu s6.
z = ddemod(y.Fc,Fd,Fs ask' M) thuc hién giai diéu ché khoa dich bién do M mire.
Mai gia tr| ctia z ndm trong khoang [0, M-1].

z = ddemod(y.Fc.Fd.Fs 'ask/costas' M) c6 ci phap gidng nhu trén, ngoai trir thuat
toan bao gém vong lap Costas.
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2 = ddemod(y,Fc,Fd,Fs, fsk'Mtone) thwe hién gidi Gidu ché khéa dich tan sé M
mirc. Béi sb tly chon tone 1a khodng phan cach giira cac tan sb lién tiép trong tin hiéu
diéu ché 2. Gia tri méc dinh cla tone 1a Fd. M3i phan t clia z ndm trong khodng [0, M-1).

z = ddemod(y.Fc,Fd,Fs, fsk/noncoherence’ M.tone) c6 ci phap giéng trén, ngoai trr
réng né str dung gidi didu ché khéng lién két.

z = ddemod(y,Fc.Fd Fs,'msk’) thee hién gidi didu ché khéa dich cue tiéu. M&) phan
t& ca z [4 0 hodc 1. Khodng céch phan céch gitka 2 tdn s |4 Fd/2.

z = ddemod(y,Fc,Fd,Fs,'psk’ M) thire hién giai diéu ché khoa dich pha twong quan M
murc. Mi phén t clia z ndm trong khoang [0, M-1].

z = ddemod(y,Fc.Fd,Fs,'qask’ M) thuc hién gidi didu ché khéa dich bién @5 cau
phuong véi 1 dd thi chdm sao tin hiéu vuéng.

M Maximum of Coordinatesof | M Maximum of Coordinates of
Constellation Points Constellation Points
1 32 5 |
1 64 7
3 128 11
16 3 256 15
Chay

Dé& xem c6 bao nhiéu ki hiéu dvoc anh xa vao trong chom sao, sinh ra 1 @b thi chdm
sao s dung qaskenco(M).

2 = ddemod(y.Fc,Fd,Fs,'qask/arb' inphase,quadr) thuc hién giai didu ché khda dich
bién @6 cau phuong, v&i 1 dd thi chém sao tin hiéu ma dinh nghla si¥ dung cac vecto
inphase va quadr. Diém trén do thi chdm sao cho ban tin thir k ¢é thanh phan cung pha
inphase(k+1) va thanh phdn pha vuéng goc quadr(k+1).

z = ddemod(y,Fc,Fd,Fs,'qask/cir,numsig,amp,phs) thic hién gidi diéu ché khoa dich
bién dd cau phwong véi 1 d6 thi chém sao tin higu trdn. numsig, amp, va phs la cac vecto
cod clng chiéu dai. Cac phan tlr trong numsig va amp phai dwong. Néu k la mét sé
nguyén trong khodng (1, length{numsig)], thi amp(k) !a ban kinh cla vong tron thir k,
numsig(k) 1& sé diém trén d6 thi chom sao trén vong tron thiy k, va phs(k) la pha cta diém
dau tién duoc vé trén vong tron tht k. Tat ca cac diém trén vong tron the k 1a chan. Néu
bd qua phs, thi gia trf m3c dinh ctia no 13 numsig*0. Néu bd qua thi gia tri mac dinh cla nd
1& [1:length(numsig)).

Chuy Dé thay cé bao nhiéu ki hiéu dwoc anh xa téi cac diém trén do thj chém sao,
sinh ra 1 dd thi chom sao s dung apkconst(numsig.amp,phs,’n’).

Vi du Vi du nay gan gibng véi vi du trong “Vi du didu ché sé don gian” nhung sl
dung md phdng bang théng. N6 sinh ra 1 tin hidu s ngau nhién, didu ché né sl dung
dmod, va cdng nhiéu. Sau 46 né giai didu ché tin hiéu mang nhidu va tinh tdc do 16i ki
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hiéu. Ham ddemod giai didu ché tin hiéu twong ty y va bién @i ngwoc 8 sinh ra tin hiéu
sbz

Céac diém khac nhau quan trong giCra vi dy nay va vi du bang gbc ban ddu 1a tham
chiéu thang t&i tAn sé tin hiéu séng mang Fc va sy thue rdng y va ynoisy |3 sé thyc,

khéng phai phire. Vi du ndy sir dung ASK thay cho PSK, cling nhw téc a6 14y mau khac
Fd.

M = 16; % St dung didu ché 16 mire.

Fc = 10; % T4n s6 tin hiéu séng mang 1a 10 Hz.

Fd = 1; % Téc @6 lay miu cia tin hiéu ban du va tin hiéu dwvoc didu ché

Fs = 50; % thir te 14 1 va 50 (mau/s).

x = randint(100,1,M); % Ban tin s6 ngéu nhién

% S dung diéu ché PSK M muc dé sinhra y.

y = dmod(x,Fe,Fd,Fs,‘ask’,M);

% Céng nhiéu Gaussian.

ynoisy = y + .01*randn{Fs/Fd*100,1),

% Giai diéu ché d& khdi phuc ban tin.

z = ddemod{(ynoisy.Fc,Fd,Fs, 'ask’,M);

s = symerr(x,z) % Kiém tra tc @6 18i ki hiéu.

s=

0

23.22 Bb giai diéu ché bing gbc sé

Ma hoa va giai ma DPCM. Mét treong hop riéng don gidn cla lwong t& héa DPCM
|4 sw khac nhau gitra gid tri tin hiéu hién tai va gia tri ciia n6 & bwéec trde @6, Do d6 bd
du doan chi 12 y(k) = x(k-1). Poan ma bén dudi cai a3t so dé nay. N6 ma héa mét tin hiéu
ring cwa, gidi ma né va vé dong théi tin hiéu gbe va tin hiéu a4 ma héa. Durdng dac 12 tin

hiéu gbe con duwéng gach 1a tin hiéu da khéi phuc. Vi du ¢Gng tinh sai sé trung binh binh
phurong gitra cac tin higu gbc va da ma héa.

predictor = [0 1]; % y(k)=x(k-1)
partition = [-1:.1:.9];
codebook =[-1:.1:1];
t = [0:pi/50.2*pi];
x = sawtooth(3"); % Tin hiéu géc
% Lwong t hoa x sir dyung DPCM.
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encodedx = dpcmenco(x,codebook, partition,predictor);

% Cbé géng khéi phuc x tir tin hiéu da diéu ché.
decodedx = dpcmdeco(encodedx,codebook,predictor),
plot(t,x,t,decodedx,'-'
distor = sum((x-decodedx).*2)/length(x) % Sai sé trung binh binh phwong
distor =

0.0327

Hinh 23.6

M6t vi du hoan chinh

Céc phén nay trinh bay va dién gidi cac phan cia mé vi dy:
« "Thiét 1ap cac tham sé"

» "Tao ra tin hieu" X

« "Diéu ché tin hiéu'

« "Thém vao nhiéu"

« "Diéu ché tin hiéu"

« "Tinh todn va hién thj cac ti s6 I5i bit"

¢ "\/& mot chom sao tin hiéu".

325



Thiét Iap céc tham sé

Phan diu tién cla vi du x&c dinh ¢ac bién ma phan con lai cda tin hidu st dung.
Bang ch cai symbol ¢ M symbol khac nhau, cé tén véi s6 nguyén ndm giCra 0 va M-1.
Thong digp la mét vector cét cé cac dau vao len, mdi cai trong ching chon mét trong cac
cht¥ cai symbol.

Céac bién Fd va Fs tro dén tbéc a6 1Ay méu twong dbi clia so 8b didu ché. N& sé co
day au y nghta hon néu vi du [a viéc ldy mau mét tin hiéu thie ma ¢é gia tri ty nhién theo
the gian. Tuy nhién, vi vi du nay st dung mét tin hiéu ngau nhién vén khdng cé dic tinh
bén trong theo thai gian, muc dich chinh clia Fd va Fs 1 chi thi cAc tin hiéu 33 diéu ché
c6 ba dau vao cho méi diu vao cda tin hiéu gbc.

% Thiét Iap c4c tham sb.

M = 8; % Sé cac symbol trong bang chir céi

len = 10000; % Sb cac symbols trong théng diép gbc
Fd =1; % Gia thiét théng diép géc dwoc 14y mau

% & tbc @& 1 mau trong mét gidy.

Fs = 3; % Tin hiéu didu ché sé duoc lay mau &

% téc dd 3 mAu trong mét gidy.

Tao tin hiéu

Bién signal a4 mét ma tran len*1 chinh |4 mét vector c8t chiéu dai len, voi cac dau
vao la cac sé nguyén chon ngau nhién gitra 0 va M-1. Day 12 tin hiéu cin didu ché trong
vi du. Ham randint |a mét phan cia céng cu nay.

% Tao ra mdt tin hiéu
signal = randint{len,1,M); % théng diép sé hda ngau nhién

% chira cac sé nguyén ndm gira 0 and M-1

piéu ché tin hiéu .
Phan nay cla vi du diéu ché di fiéu trong vector cot signal theo hai cach. Ham
dmodce thire hién c& hai sy didu ché va dat cac két qua trong ma tran hai ¢t modsignal.

Lan goi dmedce dau tién, vén tao ra cdt dau tién clia modsignal, yéu ciu dmodce st
dung diéu ché QASK trén M symbol. Chubi ‘qask' chi ra phwong phap QASK 14 cu hinh
chom sao hinh vuéng méc dinh. O trirdng hop nay, né cai @it ma Gray.

Lan goi dmodce thtr hai, vén tao ra cét thir hai cla modsignal, yéu cAu dmodce
dung diéu ché QASK vdi mét chém sao tin hiéu ma cac cu hinh clia n6é duoe dai dién
trong hat vector inphase va quadr. Cac bién inphase va quadr |4 cac vector ¢é chidu dai M
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ma theo thtr tw liét k& cac thanh phan trong pha va cau phuong clia cac diém trong chom
sao tin hidu. Cac diém duoc liét ké theo chudi, @& két hop mot symbol théng diép & k vai
phén tir thir (k+1) trong inphase va quadr. Trong khi ma Gray danh nhén cac diém chém
sao theo mot cach dac biét, cAu hinh nay liét ké cac diém theo mat chudi ma don thudn
thuan tién trong viéc tao inphase va quadr.

Cac dong nay ciing thé hién vai cach chung dé tao ra cac ma trén trong MATLAB.
Néu ban khéng quen thudc voi déu hai cham treng MATLAB hoAc cac ham nhu ones va
zeros; thi ban cin xem xét lai cac tai liéu MATLAB.

% S dung diéu ché M-ary QASK véi hai chdm sao

% duoe danh nhan khac nhau.

modsignal(;,1) = dmodce(signal Fd,Fs,'qask’ M);

inphase = [-3:2:3 -3:2:3);

quadr = jones(1,4), -1"ones(1,4)],

modsignal(:,2) = dmodce(signal Fd,Fs,'qask/arb’,inphase,quadr);

Thém nhiéu

Theo nhu dinh nghia diéu ché QASK baseband, modsignal |a mét ma tran phire cé
len"Fs/Fd hang va hai cot. Lénh dwéi day thém cac sé ngau nhién phan bé thudng vac
cac thanh phan thwe va ao clia modsignal, dé tao ra tin hiéu cé nhiéu noisy. Ham randn Ia
mo&t ham ndi tai cia MATLAB.

Chu y réng cdu iénh cbéng thém vao modsignal mét ma tran hoan toan thue kich
thwée thich hop va mét ma trén hoan toan ao kich thidc thich hop. St dung mét vong
lap d& thém nhidu vac cac dau vao vé hudng riéng biét ctia modsignal sé it co hiéu qua
hon, b&i vi MATLAB duorc td wu cho cac phép toan trén ma tran.

% Thém nhiéu vao phan thuwre va 3o cla tin hiéu diéu ché
noisy = modsignal+.5*randn(len*Fs/Fd 2)..

+i".5"randn(len*Fs/Fd,2),

Giai diéu ché tin hiéu

Phan nay ctia vi du thuc hién gidi didu ché tin hiéu diéu ché ¢o nhiéu noisy theo hai
cach. Ham ddemodce thuc hién @dng théi sir gidi didu ché béi thue hién néng ré trén moi
cot cla neisy. Trong mbi truéng hop, ddemodce dat cac két qud vao ma tran ha) cot
newsignal.

% Giai diéu ché dé khoi phuc ban tin.
newsignal(',1) = ddemodce(noisy(:.1),Fd,Fs.'qask’ M):
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newsignal(:,2) = ddemodce(noisy(:,2),Fd,Fs,...

‘gask/arb',inphase,quadr);

Tinh toan va hién thij ti sé 16i bit

Ham biterr so sanh mai tin hiéw a4 gidi didu ché (tirc 12 mdi cht cla newsignal) voi
tin hiéu gbc. Sau @6 biterr tinh sb cac 18i bit, cing nhw 1 ti s& cla 18i bit. Ham noi tai
MATLARB disp hién thi hai gi4 tri ti sé 18i bit trong clra sé ddng lénh MATLAB.

% Kiém tra xem liéu m& héa Gray cho it I8i bit hon.

% So sanh tin hiéu v&i mdi cot cha tin hiéw méi.
[num,rate] = biterr{newsignal,sighal);

disp('Bit error rates for the two constellations used here')
disp( )

disp(['Gray code constellation: ", num2str(rate(1)])

disp([Non-Gray code constellation: ', num2str(rate(2))])

Vé chom sao tin hiéu

Ham modmap vé va gan nhan chdm sao tin hidéu vudng mac dinh cé6 M diém. Chom
sao do inphase va quadr xac dinh tréng gidng nhau, ngoai trnr cac diém duwoc gan nhin
tir trai sang phai ngang qua méi hang trong lugc dé, bAt dau ttr hang trén.

% V& cac chdm sac tin hiéu véi viée gan nhan ma hda Gray.
modmap({'qask’,M},

Cac két qua ra trong vi du

Vi du tao ra cac két qua ra trong ctra sé dong lénh MATLAB nhw chi ra dwdi day.
Bé&i vi tin hiéu ban tin va nhiéu [a ngau nhién, ban sé& c6 kha n&ng khong nhan dugc
chinh xac cac con sé nhu bén duwdi (xem thém vé cac chudi trang thai va 13p lai clia cac
sé ngau nhién, xem trang déi chidu vé ham néi tai MATLAB rand).

Bit error rates for the two constellations used here

(i 1& 16i bit cho hai chém sao diing & day)

Gray code constellation: 0.0003
Non-Gray code constellation: 0.00036667
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Vi dy cling tao ra mét cira sd figure chira chdm sao tin hiéu vé trong hinh bén dudi.
Truc ngang dai dién cho cac thanh phan in-phase va tryc doc dai dién cho cac thanh
phan cAu phirong. Cac cham 1A cac didm ciia chom sao. Sé canh mdi Giém 13 céc symbol
ban tin két hop v&i didm d6. Nhé xem xét dang nhi phan cla méi sé tr 0 aén M-1, ban ¢c6
thé kiém tra thay réing chdm sao nay cai 44t m& Gray.

23.23 Phan loai cac ham

Communications Toolbox phan loai cac ham theo nhirng myc sau:

¢ Céac ngudn tin hidu

e Cac ham phan tich tin hiéu

e M2 hota ngudn

e M3 héa kidm soat I8

e Céc ham mdc thdp cho ma héa didu khidn i
» Diéu ché va giai didu ché

e Cac bd loc dic biét

e  Cac ham mirc thdp cho cac bé loc d3c biét
e Cac ham kénh

e Cac ham tinh trwtrng Galois

e Céac ham tinh trong cac truvdng Galois dac tinh riéng
e Cactiénich

Cac ngubdn tin hiéu

randerr Sinh ra cac mau 18i bit

randint Sinh ra ma trén cac sb nguyén phan bd ngau nhién déu

randsrc Sinh ra ma tran ngau nhién st» dyng bang chi» céi quy dinh

wgn Sinh ra nhiéu tring Gaussian

Cac ham phan tich tin hiéu

biterr Tinh s6 18i bit va téc a6 16i bit

- eyediagram Sinhra 1 g thi mat
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scatterplot Sinh ra 1 A8 thi phan tan (48 thj rai)

symerr Tinh s6 18i ki hiéu va téc d6 16i ki hiéu

Ma héa ngudn

arithdeco Gidi ma ma nhi phan st dung giai ma sé hoc

arithenco M3 hoa 1 chudi ki hiéu s sung ma hoéa sé hoc

compand B6 nén hay dan m& ngudn luat A hay luat g

dpcmdeco Giai ma slr dung didu ché ma xung vi sai

dpcmenco Ma héa st dung diéu ché ma xung vi sai

dpcmopt Téi wu cac tham s6 diéu ché méa xung vi sai

lloyds Téi vu hoda cac tham sé lrong tir sir dung thuat toan Lloyd
quantiz Sinh ra chi sé long tir va gia tri dAu ra dwoc lwong tir hda

.. M& héa kiém soat 161 _

Sinh ra cac tham sé hay cac da thic sinh cho ma nhi phan BCH

behpoly

convenc Dir (iéu nhi phan ma héa chap

cyclgen Sinh ra ma trén kiém tra chin-lé va ma tran sinh cho m4 véng

cyclpoly Sinh ra cac da thac sinh cho 1 ma vong

decode BS gidi ma m3 khdi

encode B& ma h6a ma khdi

gen2par Chuyén ddi gilra cAc ma tran kiém tra chan 1€ va ma tran sinh

gfweight Tinh khodng cach téi thidu cta 1 ma khdi tuyén tinh

hammgen Sinh ra ma tran sinh va ma tran kiém tra chan 1é cho ma Hamming

rsdec Bd gidi ma Reed-Solomon

rsdecof Giéi‘mé 1 file ASCIl m& dugc ma hda si dung ma Reed-
Solomon

rsenc B4 ma hoa Reed-Solomon

rsencof Ma hoa 1 file ASCI file str dung ma Reed-Solomon

rsgenpoly BPa thirc sinh clla ma Reed-Solomon

syndtable _ Sinh ra bang gidi ma dac trung .

vitdec O liéu nhi phan gidi ma chap s dung thuat toan Viterbi
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Céac ham mirc thAp cho m& héa kiém soat (8i

bchdeco B§ giai ma BCH
bchenco Bé ma héa BCH
Piéu ché va gidi didu ché
ademod B6 giai didu ché bang théng tuong tw
ademodce B& gidi didu ché bang gbc tuong ty
amod B didu ché bang théng tuwong tw
amodce Ba didu ché bang géc tuong tw
apkconst V& 34 thi chém sao clia tin hiéu ASK-PSK vang két hop
ddemod B gidi diéu ché bang théng sé
ddemodce B6 gidi diéu ché bang gbc sb
demodmap Taitao 1 ban tin sé tr 1 tin hidu didu ché
dmod B6 didu ché bang théng sé
dmodce B diéu ché bang géc sb
modmap Chuyén 1 tin hiéu sé sang 1 tin hiéu tvong tv
qaskdeco Tao lai 1 ban tin tlr chdm sao tin hiéu diéu ché vudng QASK
qaskenco Chuyén @i 1 ban tin sang 1 @4 thi chdm sao tin hiéu didu ché
vudng QASK.
Céac bd loc dac biét ,
hank2sys Chuyén dbi 1 ma trén Hankel sang 1 mé hinh hé théng tuyén tinh
hilbiir Thiét k& 1 bé loc 1IR ham truyén Rilbert
rcosflt Loc tin hiéu vao st dung bd Ioc cos nang
rcosine Thiét ké 1 bd loc cos nang
Cac ham mdre thap cho cac bd loc dac biét
rcosfir Thiét ké 1 bé loc FIR cos nang
rcosiir Thiét ké 1 b6 Ioc IR cos nang
Cac ham kénh
awgn Céng nhiéu trng Gaussian v&o tin hiéu —‘
Céc phép tinh trrérng Galois
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+ - Phép cong va trir cac day Galois

A Phép nhan va chia ma tran cua cac day Galois

WA Phép nhan va chia phan t&r clia cac day Galois

A Phép &y md ma tran clia day Galois

A Phép 18y m{i phén t cla day Galois

. Hoan vi day Galois

==, ~= CAc todn tir quan hé cho day Galois

all True néu tit ca cac phan t& cia 1 vecto Galois khédc khong

any True néu bat ky phan tir nao cla vecto Galois khac khéng

conv Thuc hién chéap cac vecto Galois

convmtx Ma tran chap cla vecto trryng Galois

cosets Sinh ra cac tap hop cyclotomic cho mét treding Galois

deconv Giai chp va chia da thirc

det Tinh dinh thirc ciia ma tréan vudng Galois

dftmtx Ma tran chuyén adi Fourier roi rac trong mét trwong Galois

diag Cac ma tran dwéng chéo Galois va cAc duong chéo clia mét

ma tran Galois

fft Chuyén dbi Fourier réi rac

filter B6 loc s6 mét chiéu

of Tao ra mét ma tran truedrng Galois

gftable Tao ra 1 file dé tang téc cac phép tinh trrong Galois

ifft Chuyén ddi nguoc Fourier rdvi rac

inv Ma tran ngich d2o clia ma tran Galois

isempty True néu cac day Galois tréng

isprimitive True néu 14 da thire gbe ca 1 treéng Galois

length Chiéu dai clia vecto Galois |

log Ham tinh loga cho 1 trwdng Galois

u Tim ma tran thira s6 tam giac trén va dwdi clia day Galois
-minpol Tim da thire téi thidu cda 1 phén tir ciia trueng Galois.
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midivide Ma trén két qua clia phép chia ma tran Galois \

polyval Tinh da thire trong tredng Galois

primpoly Tim cac nguyén ham cho trwdng Galois

rank Hang cia mét ma tran Galois |

reshape Thay @i kich thuéc clia ma tran Galois

roots Tim nghiém da thie

size Xac dinh kich thuwdc cda ma tran, mang

tril LAy ra ma tran tam gidc chéo dwéi clia 1 ma tran

triv L&y ra ma tr&n tam giac chéo trén cGa 1 ma tran

gfadd Co¢ng da thire tredyng Galois

gfconv Nhan da thue tredng Galois

gfcosets Tao ra cac tap cyclotomic cho 1 trwdng Galois

gfdeconv Chia da thire trrrng Galois

gfdiv Chia cac phan t¥ clia tnrdmg Galois

gffilter Loc di¥ liéu st dung cac da thirc cho mét tredong nguyén tbc
Galois

gflineq Tim nghiém caa phwong trinh Ax=b

gfminpol Tim @a thire tdi thidu cha 1 phén t tredng Galois

afmul Nhan cac phan ti¥ cla 1 trwdng Galois

gfpretty Hién thi 1 da thirc trong dang truy@n théng (vi dy: 1 + x°)

gfprimck Kiém tra 1 da thirc cé phai 1a khéng rat gon dwoc khdng

gfprimdf Tao ra cac da thirc khéng rat gon duoe mac dinh cho 1 tnréng
Galois

gfprimfd TIm céac da thare khdng rat gon cho mét trvéng Galois #

gfrank Tinh hang cia 1 ma tran trong 1 tredng Galois

ofrepcov Chuyén 1 dang biéu dién nhi phan sang dang khac

gfroots Tim céc thira sb clia 1 da thirc treéng Galois

gfsub Trir da thiee tredng Galois

gftrunc Téi thidu chidu dai cla 1 dang biéu dién da thire
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gftuple Bon gian héa hoc chuyén ddi dinh dang cac phan t& tredng
Galois

bi2de Chuyén @i cac vecto nhi phan thanh cac sé thap phan

de2bi Chuyén dbi cac s thap phan thanh céc vecto' nhi phan

erf Ham 16i )

erfc Ham 18i bu {1-erf)

istrellis Kiém tra xem @4u vao ¢6 & cau tric treliis hop I khéng

marcumq Ham Marcum Q tdng quét

mask2shift Chuyén ddi vecto mat na sang dang dich trong thiét 1&p thanh
ghi dich

oct2dec Chuyén céc sé co sé 8 thanh c4c sé thap phan

poly2trellis Chuyén cac da thikc ma chéap thanh daﬁg md ta trellis

shift2mask Chuyén @di dang dich sang vecto mat na trong thiét \ap thanh
ghi dich

vec2mat Chuyén 1 vecto thanh 1 ma tran
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CHUONG 24

TRG GIUP

24.1 Cita sé lénh trg gitp

MATLAB trg giup mét s8 1énh giap ban truy nhap thong tin nhanh chéng vé cac lénh cla
MATLAB hodc cic ham bén trong cra s6 [énh, bao gém  Aelp. lookfor,whatsnew, v4 info.

24.1.1 Lénh help

Lénh help cla MATLAB la cach don gian nhat dé nhan trg gidp néu ban biét duac topic
cbia cai ¢an trg giup. Nhap vao lénh hejp topic, man hinh s& hién thi ndi dung cla topic dé néu
nhu nd tén tai. Vi nhu:

>> help sqrt
SQRT Square root.

SQRT{x) is the square root of the elements of x. complex results are produced if
Xis not positive

See also SQRT

Ban sé nhan dugc trg gitp cla MATLAB vé ham can bac hai. Mat khac, néu nhu ban
nhé&p vao dong lénh sau:

>> help cows
cows not found
thi MATLAB sé& khéng biét gi vé cows. BAi vi ham nay khéng ¢o trong thur vién mau.

Chu y: trong vi du trén, SQRT duagc viét chi hoa. Tuy nhién khi s& dung sqrt khéng bao
gidla chirin, do MATLAB 1a mot ngdn nglr chat ché nén SQRT sé khong dugce bidt dén va qua
trinh sé sinh ra 13,

>> SQRT (2)
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77? SQRT(
l
Missing operator, coma, or semicolon.

D& tom tat, ten ham dugc in hoa dé cho d& doc nhung khi str dung, ham sir dung ki tu cht
thuong.

Lénh he/p hoat dong t6t néu néu nhu ban bigt chinh xac topic ma ban mudn tro gitp ma
diéu nay thusng kho thuc hién, help hudng dan ban truc tiép truy tim chinh xac cac topic ma
ban muén, ban chi don gian nhap vao hejp ma khdng co topic.

>> help
HELP tlopics
MATLAB: general - muyc dich chung cla cau [énh
MATLAB: ops - cac toan tUr va céc ki hiéu dac biét
MATLAB: lang - Xay dyng ngén ng I3p trinh.

MATLAB: elphun
MATLAB: specfun

cac ham toan hoc so dang

cac ham todn hoc dac biét

MATLAB: matfun - ham ma tran - dai s6 hoc tuyén tinh

MATLARB: datafun - ham bi&n d&i fourier va phan tich dir ligu
MATLASB: polyfun - cic dathirc va phép nbi suy

MATLAB: funfun - phuong &n giai cac ODE va cac ham clia ham
MATLAB: sparfun - ma fran sparfun

MATLAB: graph2d - d6 hoa 2 chidu

MATLAB: graph3d - d6 hoa 3 chiéu

MATLAB: specgraph - dé thi phd

MATLAB: graphics - thao tac dd hoa

MATLAB: uitools - ¢éc ¢dng cu giao tiép ngudi st dung va dé hoa
MATLAB: strfun - xau ki tu

MATLAB: iofun - tépvao/ra

MATLAB: timefun - ngay thang va thé gian
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MATLAB: datattypes cau trdc va kiéu di liéu

MATLAB: MacOS - cac ham trong Macintosh
MATLAB: demos - vi du va minh hoa

MATLAB: specmat - ma tran dac biét

MATLAB: local - tham chiéu

MATLAB: céntol - hép cong cu hé théng diéu khién
MATLAB: signat - hép cong cu xtt i tin hiéu
MATLARB: symbalic - hop cbng cu todn hoc

Thém trg gidp trong thu muc: topic, nhap vao * help fopic’.

24.1.2 Lénh lookfor

Lénh Jookfor cung ¢dp su trg giGp bang viéc tim kiém tat ca cac dong dau cla help
topicya cac M-file trén dudng dan ma MATLAB dang tim, va tra lai danh sach tat ¢ cac file
chta tr khoa ma ban khai bao. Mét diéu rét quan trong 1a tir khoa khong cén thiét la mot 1énh
cla MATLAB. Vidu:

>> |ookfor complex
CONJ complex conjugate
IMAG complex imaginary part
REAL  complex real part
CDF2RDF complex diagonal form to real biock diagonal form
RSF2CSFreal block diagonal form to complex diagonal form
CPLXPAIR sort numbers into complex conjugata pairs

Tir khoa complex khong phai 1a mét iénh cla MATLAB, nhung nd van dugc tim ra & phan
help gbm 6 1&nh cla MATLAB. N&u mudn biét thong itn v& cac 1énh nay, hay nhép vao tu l&nh
help. Vi du:

>> help CONJ
CONJ  complex

CONJ (x) is the complex conjugate of X
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For a complex x, CONJ(X) = REAL (X) - i * IMAG(X)
See also: REAL, IMAG, |, J

24.1.3 Lénh whatsnew va info

Dung nhu tén goi clia nd, whatsnewva info hién thi nhimg théng tin vé nhing thay déi va
nhitng sy ci tién MATLAB va hop dung cu clia no, néu dung ma khéng cb déi s8, thi info sé&
hién thi nhang théng tin chung v& MATLAB, phuang phap tiép can MathWorks, con néu dung c6
d6i s6, vi nhu: whatsnew MATLAB hoac /nfo signal, thi fle Readme chita thong tin Toolbox
sé hién thi, néu no tén tai.

24.2 Cira sé trg gitp

Mot sy md réng cla hé théng trg gidp trong MATLABS d6 la clra s6 help méi. Lénh
helpwin s& md ra clra s8 mdi trén man hinh cla ban va ban ¢6 thé ding chudt d€ di chuyén
thanh séng d&n muc nao ma ban quan tam. Néu dung Iénh Aejpwin ma khong cé tham sd, thi
clra s6 help c6 dang nhu hinh sau:

HELP topics
{matlab>general — General purpose commands. ;
inatlab\ops - Operators and special characters, Yo
{matlab\lang — Programming language constructs. %
matlabyxelmnat — Elementary matrices and matrix manipulatic:
matlab\elfun — Elementary math functions. o
matlab\specfun ~ Specialized math functions. 2
matlab\matfun — Matriz functions — numerical linear algebz
matlabzdatafun — Data analysis and Fourier transforms.
mat lab\polyfun Interpolation and polynomials.

o fuanctannes aln = ]

Hinh 24.1 Cra s6 trg giap

Nhén kép vao bat c topic nao hién thi trong clra s6 help, s& hién thi mot clra s6 mdi chira
cac topic con hodc cac ham gan véi né (hinh 24.2).
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General purpose commands.

MATLAB Toolbox  Version 5.2 18-Dec-1997
General information
f help — On-line help, display text at command line.
' helpwin — On-line help, separate window for navigation.
helpdesk - Comprehensive hypertext documentation and trouk ;{
deno — Run demonstrations, =
ver — MATLAB, SIMULINK, and toolbox version 1n£onat1 =
vhatsnew - D1splay Readne files.
Readne ~ What's nev in MATIAB 5.1

Hinh 24.2

Nh&n kép vao bat cur biéu tuong nao trong d6 s& hién thi thang tin trg gitp v8 muc d6 (hinh
24, 3)

| + MATLAB Heipw.ndaw '

HELPWIN On-line help, separate window for navigation. :
HELPWIN TOPIC opens a help window and displays the help text
given TOPIC. Links are created to functions referenced in t
line of the help text.

HELPVIN(HELP STR.TITLE) displays the string HELP STR in the k;
window. HELP_STR may be passed in as a string with each lin

by carriage returns. a column vector cell array of strings wi.
! (row) represenfing a line or as a string matrix with each row:
- a line. The optional string TITLE will appear in the title €

{ HELPWIN({TITLEl HELP_STR1;TITLE2 HELP_STR2: ...} PAGE) dlsplayx
! of multi-page help text. The nulti-page help text 1is passed’fj
cell array of strings or cells containing TITLE and HELP STR:ﬂ;
1 Each row of the multi-page help text cell array (dimensioned

i pages by 2) consists of a title string paired with a string.

; ) =t ) tFwt _ The secrmd _argument, PAGE 1%_

in 243
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24.3. Céc M- File clia Student Edition

HEL Tol

Toolbox / local

Quyén uu tién

MATLAB / general muc dich chung clia cAu lénh

MATLAB / ops Cac toan tlr va cac ki tu dac biét
MATLAB / lang Xay dung ngon ngt 1ap trinh

MATLAB / elmat Thao tac ma tran va ma tran co so
MATLAB / elfun Céac ham toan hocga sd

MATLAB / specfun Cac ham toan hoc dac biét

MATLAB / matfun Dai s6 hoc tuyén tinh -cac ham ma tran
MATLAB / datdfun Bién ddi Fourier va phan tich dr liéu
MATLAB / polyfun Pa thirc va cac phan thic

MATLAB / funfun Phuong an gidi cac ODE va cac ham cla ham
MATLAB / sparfun ma tran sparfun

MATLAB / graph2d D6 hoa 2 chiéu

MATLAB / graph3d D6 hoa 3 chiéu

MATLAB / specgraph D6 thi phd

MATLAB / graphics Thao tac dé hoa

MATLAB / uitools Céc cdng cu giao tiép ngudi sir dun va d6 hoa
MATLAB / strfun Xau ki tu

MATLAB / iofun Tépvao/ra

MATLAB / timefun Ngay thang va thdi gian

MATLAB / datattypes C&u tric va kieu dir ligu

MATLAB / MacOS Céac ham trong Macintosh

MATLAB / demos Vi du va minh hoa

MATLAB / specmat

Ma tran dac biet




MATLAB / local Tham chiéu

MATLAB / control Hop cong cu hé thdng diéu khién
MATLAB / signal Hop cong cy xU i tin hiéu
MATLAB / symbolic Hop cong cu toén hoc

startup Tao file khdi tao

finish Tao file khoa

MATLABrc File khdi tao chil

pathdef Tim duéng d&n méac dinh
docopt Web duyét qua cac mac dinh
printopt May in mac dinh

terminal Thiét 1ap dau cudi d6 hoa

colordef Thiét 1ap mau mac dinh

graymon Thiét lap clra s6 d6 hoa méac dinh cho loai man hinh can
chinh d¢ sang

whitebg Thay d&i mau nén cla truc

hostid Chi sd nhan dién cac MATLAB server chi

license Chi sé dang ki
Version Chi s6 phién ban MATLAB
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Muc dich chung ctia cau lénh

help

Trg gidp truc tuyén, hién thi van ban tai cac dong lénh

helpwin Trg gitip truc tuyén,clra 6 truy xust
helpdesk Tra nhanh thong tin va cac thac mac
demo Chay cac chuong trinh mau
whatsnew Hién thi cac file Readme

Readme Thong tin méi cap nhat @ MATLAB 5

who

Danh sach cac bién hién tai

whos Danh séch cac bién hién tai, khuon dang dai
clear Xoé bd céc bién va ham khéi bd nhd

pack Hop nhét kndng gian lam viéc

load Nap céc bién vao khéng gian lam viéc tir dia
save Luu cac bién vao dia

quit Thoét khoi muc hién tai MATLAB

Nhan/tao duéng dan

paih

addpath Thém thu muc theo dudng dan
rmpath Rai thu muc tir tir duong dén
editpain - Slra d6i duong dan

echo

Lay lai lénh tir file-M

more Kiém soat d4u ra cac trang & cira 8 1énh
diary Luu gilr van ban
format Thiét lap dinh dang cho dau ra

342



cd

Thay d8i thu muc lam viéc hién tai

pwd Hién thi thu muc 1am viéc hién tai

dir Danh sach thu muc

delete Xo4 file

getenv L&y lai bién mai truang

! Thyc hién cau Iénh clia hé diéu hanh

dos Thuc hién Iénh dos va tra lai két qua

unix Thyc hién I&nh unix va trd lai két qua

vms Thyc hién Iénh VMS DCL va tra lai két qua |
web Md trinh xét duyét Web

computer Loai may tinh

debug

Danh sach cac lénh g r6i

dbstop Tao diém ngat

dbclear Di chuyén diém ngét

dbcont Tiép tuc thuc hién Iénh “
dbstack Hién thi cac ham goi ngan xép

dbstatus Danh sach cac diém ngéat

dbstep Thuc hién mét hodc nhiéu dong

dbtype \ Danh sach file-M véi s6 lugng dong

dbup Thay d6i pham vi khéng.gian 1am viéc dia phuong
dbquit Thoat khai ché do ga ri

dbmex - file- MEX g@ r6i (chi cho UNIX)
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Cac toan tir va céc ki tu dac biét

plus (+) Cong

uplus (+) Cong unary

minus (-) Trir

uminus (-) Trlr unary

mtimes(. *) Nhan ma tran
times (*) Nhan mang
mpower (4) Luy thira ma tran
power (. %) Luy thira mang
midivide (V) Chia trai ma tran
mrdivide /) Chia phai ma tran
divide (.\) Chia trai mang
mdivide (/) Chia phai ma tran
kron San pham ca cing
eq (== Bang

ne (~=) Khéng bang

It (<) Nho thua

gt (>) Lén hon

e (<=) N thua hodc bing
ge (>7) Lén hon hodc bang

and (&)

Logic va
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or (]) Logic hoac

not (~) Logic ph dinh

xor Logic hoac pht dinh

any True néu moi phan tlr cla vector khac khong
all True néu tat ca cc phén tir khac khong

bitand

Bitwise and
bitemp Bit hoan thanh
bitor Bitwise OR
bitmax Maximum floating point integer
bitset Thiét lap bit
bitget Nhan bit
bitshift Dich bit

Thiét Iap lien két -

union

unique Chi su duy nhéat

intersect Thiét lap su giao nhau

setdiff Tao sur khac nhau

setxor Thiét Iap hoac phu dinh
ismember True néu thiét 1ap cac thanh vién

colon

D&u hai cham

0

D&u ngoac don
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[l

D&u ngoéc vubng

{}

D4u ngodc nhon

Cham thap phan

Truy nhap cAu tric truong

Thu muc me

Su tiép tuc

D&u phay

D&u cham phay

Chu thich

Lién quan cu Iénh cla hé diéu hanh

Gan

Nhay

transpose(.')

Chuyén vi

ciranspose(’) Chuyén vi s6 pac lién hop
horzcat [, ] Ghép chudi theo chiéu ngang
vertcat]; | Ghép chudi theo chiéu dimng
subsasgn Gén subscripted

bsref Tham chiéu subscripted
subsindex Chi s6 subscripted

C&u triic ngdn ngir 1ap trinh

Diéu kién thuc hién cau lénh

elseif Dung véi if
else Dung vdi if
end Két thic lénh if, for, while
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for

Lap lai cau lénh mot s6 1an

while vong lap while

break Thoat khdi vong lap for va while
return Trd vé tir ham goi

pause

Tam dung cho t6i khi nhén mot phim bét ki

Thuc hién xau véi biéu thirc MATLAB

eval

feval Thuc hién ham chi ra bdi xau

evalin Binh gi4 cac biéu thire trong khéng gian lam viéc

builtin Thuc hién cac ham dugc tao bdi phuong phép xép chong
assignin Gan cac bién trong khong gian 1am viéc

run Chay script

V& script MATLAB va file-M

script

function Thém ham mai

global Binh nghia bién toan cuc

mfilename Tén va cac M-file dang thuc hién hién tai

lists Dau phay phan chia c&c danh sach

exist Kiém tra xem cac bién hodc cac ham co dugc dinh nghia
hay khéng

isglobal True néu la bién toan cuc

nargchk

Cong nhan s6 luong céc d6i s6 dau vao

nargin

S6 lugng ham céc d6i s6 dau vao
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nargout S6 lugng ham cac déi s6 dau ra

varagin Danh séch cac d6i s6 dau vao, do dai cac bién
varaout Danh sach cac d6i sé dau ra, do dai cac bién
inputname Tén d6i s dau vao

Hién thi thong béo 18i va ham huy
warning Hién thi théng bao canh baa
lasterr Thong bao 16i truoc
errortrap B qua I8i trong qua trinh kiém tra
disp Hién thi mot mang
fprintf Hién thi théng béo dinh dang
sprintf Ghi di liéu dinh dang vao mot xau

input Nhac ngudi sir dung nhap vao

keyboard Goi ban phim tir M-file

pause Bdi ngudi sl dung nhap dr liéu vao
uimenu Tao giao dién bang chon-ngudi st dung
uicontrol Tao giao dién ngudi diéu khién

-

Ma trdn cd ban va thao téc vdi ma tran

Mang s6 khong

2er0s
ones Mang s6 1
eye Nhan dang ma tran
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repmat Tai tao va mang

rand S6 ngau nhién xap x&p dong déu
randn S8 ngau nhién x&p xép théng thusng
linspace Vector khong gian tuyén tinh
logspace Vector khdng gian logarthm
meshgrid Mang X-Y cho do thi 3 chiéu

Vector khong gian théng thuéng va chi s6 trong ma tran

Kich cd ma tran

size

length Do dai vector

ndims S6 chiéu

disp Hién thi ma tran ho&c van ban
isempty True néu la ma trén tréng
isequal True néu ma tran la déng nhat
isnumaric True cho mang s6

islogical True cho mang logic

logical Chuuyén déi gia tri 6 thanh logic

reshape Thay d6i kich ¢

diag Ma tran dudng chéo va dudng chéo clia ma tran
tril Trich phia dudi ra ma tran tam giac

triu Trich phia trén ra ma tran tam giac

fliplr Ma tran flip theo hudng tréi /phai

flippud | Ma tran flip theo hudng trén/ dudi
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flipdim

Ma tran flip doc theo chiéu khai bao

rot90 Quay di mét goc 90 do

find Tim chi s6 phan tir khac khong

end Chi s6 cudi

sub2ind Chi sG tuyén tinh tir multiple subscripts
ind2sub Multiple subscripts tir chi s6 tuyén tinh

Tra lai két qua khi biéu thirc khéng dugc gan

ans

eps Viét dudi dang déu phay dong
realmax S6 dau phay dong duong I6n nhat
realmin S6 dau phay dong duong nhd nhat
pi 3.1415926535897 ...

i) Don vi do

inf V6 cung

NaN Khong phai la mét s6

isNaN True néu NaN

isinf True néu s6 phan tir 1 khéng vo cung
isfinite True néu s6 phan tr fa vo cling
flops Dém s6 chir s6 sau dau phay dong

Tra lai két qua khi biéu thrc khong dugc gan

ans

eps Do chinh xac sau dau phay dong
pi s

i I
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inf

w©
NaN Khéng phai dang s6

clock Daéng hé tudang

date Ngay

flops DéEm sur hoat dong clia ddu phay dong
nargin S6 luong cac dGi s6 clia ham vao
narout S6 luong cac déi sd ham ra

comban Bau ban

diag Budng chéo

eye Nhan dang

gallery Bi mat

hadamar Hadamard

hankel Hankel

hilb Hilbert

invhilb Hilbert déo

linspace Vector

logspace Vector

magic Vudng Magic

meshdom Thyc hién cho mesh plots
ones Hang

rand Céc phéan tir ngau nhién
toeplitz Toeplitz

vander Vandermonde

Zeros Khﬁng'
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Céac ham toan hoc thong thudng

sin Ham sine

cos Ham cosine

tan Ham tangent

asin Ham arcsine

acos Ham arccosine

atan Ham arctangent
atan2 Ham arctan gbc phén tu
sinh Sine hyperpolic

cosh Cosine hyperpolic
tanh Tangent hyperpolic
asinh Arcsine hyperpolic
acosh Arccosine hyperpolic
atanh Ardangent hyperpolic

abs Tri tuyét d6i hoac bién do sé phirc
angle Goc pha

sqrt Can bac hai

real I Phan thuc

imag Phén do

conj Phc lién hop

round Lam tron dén s6 nguyén gan nhét
ﬁx‘ Lam tron dén khong

floor Lam tron dén am vo cling
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ceil ~_Lam tron dén vo cung

sign Ham dau

rem Su fu lai hode cac khdi (modulus)
exp _Hammicosde

log Logarithm tu nhién

log;g Log 10 co sd

airy Ham airy

besselj Ham Bessel loai thir nht
bessely Ham Bessel loai thir hai

besselh Ham Bessel loai thi ba (ham Hankel)
bessel Sira ddi ham Bessel loai thir nhat
besselk Sira d6i ham Bessel loai thir hai
beta Ham beta

betainc Ham beta khang hoan toan
betaln Ham logarithm beta

erf Ham 16i

erfc Ham I6i thanh phan

ellipk Phép tich phan elliptic

ellipj Ham elliptic Jacobian

gamma Ham gamma

gammaln Ham logarithm gamma

inverf Ham [6i ngl.rgc

rat Xap xI
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factor Hé s so khai

isprime True néu la s6 so khai

primes Danh sach cac s6 so khai

ged B4 chia chung I6n nhat

lcm Phép nhan chung nh nhat

rat Xap xi htru tf

rats Dau ra hitu i

perms Su hoan vi

nchoosek Su 16 hop chap K cia N phén tor
Dé hoa

plot D4 thi tuyén tinh X-Y

Joglog Dé thi loglog X-Y

semilogx D6 thi semi-log X-Y

semilogy P4 thi semi-log X-Y1

polar Pé thi toa do cuc

inesh Mat ludi khong gian 3 chiéu

contour D6 thi dudng bao

meshdom [ Mién trong clia d6 thi luai

bar Biéu d8 hinh chir nhat

errorbar Thém vao errorbars

title Tiéu dé dé thi

xlabel Nhan truc x

ylabel Nhan truc y
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grid

Ké dudng ludi trong dé thi

text Van ban & vi tri bat ki
gtext Van ban & vi tri con trd
ginput Nhap dé hoa

axis

Can chinh truc toa d va hinh dang clia n6

zoom Co vao hodc dan ra dé thi
hold Gitr d6 thi trén man hinh
shg Hién thi d thi nén man hinh
clg Xoa da thi trén man hinh
subplot Téch cira s3 dé hoa

plot3

P4 hoa trong khéng gian 3 chiéu

V& dudng thang va diém trong khong gian 3 chiéu

mesh Bé mat khong gian 3 chiéu
surf Té mau bé mat khong gian 3 chiéu
fill3 Dién day da giac 3 chiéu

colormap Tra clra bang mau

caxis Su phan chia bdng mau gia
shading Ché do lam bong

hidden Ché do dau cac nét

brighten Bang tra clru mau t6i hoac sang
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surfl

Lam béng bé mat khong gian 3 chiéu bang chiéu sang

lighting Ché do chiéu sang

material Ché& d6 phan chiéu ty nhién
specular Su phan chiéu ‘
diffuse Su phan chiéu khuéch tan
surfnorm Bé mat thong thudng
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Bang gia tri mau bao hoa

hsv

hot Bang mau den- trang- dd - vang

gray Bang mau chia theo do xam tuyén tinh
pink Mau héng

white Mau tring

bone Mau xam pha lan xanh da troi

axis

— b ' i AR K

Diéu chinh hinh dang va do phan chia

zoom Co vao hoac dan ra do thi

grid Duang ké ludi

box Hop chira truc toa do

hold Luu dé thi hién tai

axes Xay dung truc & mot vi tri bat ki




title Tiéu dé d6 hoa

xlabel Nhan truc x

ylabel Nhan fruc y

zlabel Nhan truc z

colorbar Hién thi thanh mau

text Ch thich van ban

gtext Di van ban dén vi tri chuot

Chubi ki tu

char Tao mot chui ki tu

double Chuyén chudi sang ma sG ki tu

cellstr Tao mang chudi t& bao tir mang ki tu
blanks Xau réng

deblank Di chuyén cac xau rong

eval Thyc hién xau véi biéu thire MATLAB

schar

e

True néu la chudi ki tu (xau)

iscellstr True néu la mang chudi t& bao
isletter True néu la chit hoa trong bang chir céi
isspace True néu la ki tu réng
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Cac phép toan vdi chubi
strcat Két néi xau
strvcat K&t nGi doc xau
stremp So sanh chubi
strncmp So sanh N ki ty du tién clia chubi
findstr Tim mét xau bén trong xau khac
strjust Mang ki tu déng déu
strrep Thay thé chudi bang chubi khac
strtok Tim thé bai trong chudi
upper Chuyén chudi sang chir hoa
lower Chuyén chudi sang ki tu théng thudng
abs Chuyén d6i tur chubi sang gié tri ASCII
num2str Bai tir s6 thanh chudi
int2str DGi s6 nguyén sang chudi
settr Thiét 1ap cd dé chi rdng ma tran do la mot chudi
sprintf D4i s8 sang chudi
hex2num Chuyén déi chudi tir hé 16 sang dang s&

File input/output

, fopen Mé file

fclose Dong file
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fread Boc d liéu nhi phan i file
fwrite Viét dir liéu nhi phan én file

fscanf Doc di liéu da dinh dang tu file

fprintf Ghi di lieu da dinh dang Ién file

fgetl Doc dong lénh tir file, thay bang dong mdi
fgets Boc dong Iénh tir file, gitt nguyén déng mdi
input Hién thi d& ngudi diing nhap vao

Kiém ra trang thai file
feof Kiém tra xem da két thiic file hay chua
fseek Thiét 1ap bd chi thi vi chi file
ftell Nhan tir b chi thi vi tr file
frewind Rewind file

load Nap khéng gian lam viéc tir file-MAT

save Luu giir khong gian Iam viéc vao file - MAT
dimread Boc file phan dinh ASCCI

dimwrite Ghi file phan dinh ASCCI
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imread

Boc phan &o tir file 6 hoa

imwrite

Ghi phan 4o Ién file d6 hoa

imfinfo

Tra lai thong tin vé file d6 hoa

auwrite Ghi file &am thanh NEXT/ SUN (“. au )
auread Ghi file &m thanh NEXT/ SUN (". au ")
wavwrite Ghi file Microsoft WAVE (" . wav ")
wavread Boc file Microsoft WAVE (*. wav ")

cle Xo4 clta 6 lénh
home Bua con trd vé dau van ban
disp Hién thi mang
input Théng bao cho ngudi sir dung nhap vao
pause Boi tir ngudi sir dung tra loi
Thai gian va ngay )

now

Gidr va ngay hién tai hién thi dang s6

date

Gi¢r va ngay hién tai hién thi dang chudi

clock

Gios va ngay hién tai hién thi dang vector




datenum S6 ngay néi tiép
datestr Chudi thay thé ngay

datevec Thanh phén ngay thang

calendar Lich

weekday Ngay trong tuan

eomday Keét thic thang

datetick D&u tick dinh dang cho ngay thang

cputime Thai gian cpu tinh theo don vi gidy
tic, toc B dém ngtirng hoat dong

etime Thai gian thiét 1ap

pause Ding trong mot giay

Kiéu dir liéu va cdu tric

double Chuyén di thanh double

sparse ) Tao mét ma trén khong lién tuc

char Xay dung mang ki tu

cell Tao mang té bao

struct Xay dung hoac chuyén ddi thanh mang cAu tric
uint8 Chuyén d6i thanh s& nguyén khong dau 8 bit
inline Xay dung déi tuong INLINE
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Mang két nGi

cat

ndims S6 chiéu

ndgrid Tao thanh mang cho cac ham N-D va phép noi suy
permute Phép ndi suy s chiéu clia mang

ipermute Nghich dao phép néi suy sé chiéu clia mang
shiftdim Chuyén dich s& chiéu

Tao mang t& bao

cell

celldisp Hién thi néi dung clia mang & bao

cellplot Hién thi thuat hoa mang t€ bao

num2cell Chuyén d6i mang s6 thanh mang té bao

deal Phan phat dau vao dén dau ra

cell2struct Chuyén ddi méang t6 bao thanh mang cau tric
struct2cell Chuyén d6i mang cau tric thanh mang té bao
iscell True néu la mang té bao

Tao hoac chuyén déi thanh méng c4u tric

struct .

fieldsnames Nhan tén truéng cAu tric

getfield Nhan lai néi dung clia truong cu tric
setields Thiét Iap noi dung trudng cau trac
isfield True néu truang & trong mang cau tric
istruct True néu la mang té bao
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Trao ddi dit lidu dong

N

ddeadv Thiét lap bo giam sat lién két

ddeexec Dua xau ra dé thuc hién
ddeinit Khdi tao su giao tiép DDE
ddereq Yéu ciu dir liéu tir cac Ung dung
ddeterm Két thic su giao ti€p DDE
ddeunadv Cdi bo bo giam séat lien ket

Vi du va sif thé hién

LU

intro Gidi thieu phép toan ma ran cd ban trong MATLA|
inverter Giai thich ma tran dao
matmanip Gidi thiéu phép nhan ma trén

dle Xo4 cira s lénh

home Bua con tré vé dau dong
format Thiét lap dang hién thi két qua
disp Hién thi ma tran hoac van ban
fprintf In 6 dugc dinh dang

echo Cho phép goi lai cau Iénh
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£5

Phuong tién trg gitp

demo Chay c4c chuong trinh mau

who Danh sach cac bién trong bo nhé
what Danh sach cac M-file trén dia
size S6 chiéu clia hang va cot

lengh bé dai vector

clear X0& khong gian lam viéc
computer Loai may tinh

A Huy bién dia phuong

quit KEét thaic chuong trinh

exit Tuong tu nhu quit

Nhap s6 tir ban phim

input

keyboard Goi ban phim nhu M-file

error Hién thi théng bao 16i

function Binh nghia ham

eval Van ban dugc giai thich trong cac bién
feval Ham dinh gia duoc goi ra bdi chudi
echo Cho phép goi lai cau Iénh

exist Kiém tra xem c6 bién ton tai hay khong
casesen Thiét 14p do nhay clia case

global Binh nghta cac bién toan cuc

startup Khai tao M-file

getenv Nhan chudi méi truong

menu Lua chon tir bang chon

etime Elapsed time (khong ké dén thai gian)




i

Pai thu muc hién tai

chdir

delete Xoa file

diary Ghi muc

dir Thu muc cia file trén dia
load Nap cac bién t file

save Luu cc bién nén file

type Liét k& ham hoac file
what Hién thi cac M-file trén dia
forintf Viét vao file

pack Nén bd nhd qua save

poly Da thirc dac trung

roots Nghiém da thie- phuong phap ma tran bau ban
roots1 Nghiém da thirc- phuang phép Laguerre
polyval Udc lrgng da thire

polyvalm Udc lugng da thirc ma tran

conv Phép nhan

deconv Phép chia

residue Khai trién da thic

polyfit Su diéu chinh 36 chénh l&ch da thirc

365



Céac ham ma trén va dai sé tuyén tinh

norm Chi tiéu ma tran hodc vector

normest Dinh gia ma tran hai chi tigu

rank Hang ma tran

det Binh thirc

trace Téng cac phan tlr trén dudng chéo chinh
null Khéng gian tréng

orth Tinh tryc giao

rref Rt gon hang theo hinh bac thang
subspace Géc giTra hai s am

\va/ Léi gidi phép toan tuyén tinh; sirdung help slash
inv Ma trén dao
cond S6 diéu kien d6i véi ma tran dao
condest Dinh gia sé diéu kién mot chi tieu
lu Su tim thira s6 LU
luinc Tim thira s6 LU khdng hoan thanh
svd Su phan tich gia tri duy nhat
svds ) Mot sG gia tri duy nhat
poly Pa thure déc trung
polyeig Van dé cla dathic
condeig So diéu kién véi hy vong
qz Su tim thira s6 cho ham suy rong
schur Su phan tich chudi
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expm

Ma tran theo ham ma

logm Ma tran logarithm
sgrtm Ma ttran bac hai
funm Dinh gia chung ham ma tran

grdelete Xoa bd thu muc tir sy tim thu mucQR

grinsert Gai vao thu muc trong su tim thira s6 QR

rsf2csf Mau duong chéo thuc t6i mau dudng chéo phuc tap
balance Can bang dé tang do chinh xac

Bién ddi fourier va phan tich dit liéu

max Thanh phan I6n nhat

min Thanh phan nhd nhat

mean Gia tri trung binh

median Gia fri trung tuyén

std D4 léch goc chudn

sum Tdng clia cac sG hang

prod . Két qua clia cac phan tir

hist Bigu 46

trapz Hinh thang s6 nguyén
cumsum Téng tich Ity clia cac phan tir
cumprod Két qua tich Iuy clia cac phan ti
cumtrapz S0 nguyén tich ldy bac thang

367



368

gradient

Gradient xap xI

del2

Laplacien rdi rac

filter Bo loc s6 mét chiéu

filter2 BG loc s6 2 chiéu

conv Phép nhan da thirc va su nén lai
conv2 Nén 2 chiéu

convn Nén n chiéu

deconv Gidi nén va chia da thirc

fit Bién ddi Fourier rdi rac

fft2 Bién déi Fourier rdi rac 2 chiéu
fftn Bién ddi Fourier rai rac n chiéu
ifft Bién déi Fourier rdi rac nguac
ifft2 Bién déi Fourier rai rac hai chiéu
ifftn Bién ddi Fourier roi rac n chiéu

interpl

Phép ndi suy mét chiéu

(tra bang)

interplg

Phép ndi suy tuyén tinh mot chiéu .nhanh




interpft Phép ndi suy mot chiéu str dung phuang phap FFT
interp2 Phép ndi suy hai chiéu (tra bang)
interp3 Phép ndi suy ba chiéu (tra bang)
interpn Phép noi suy n chiéu (fra bang)
griddata Diéu chinh bé mat va ludi dir liéu
Ham va giai phap ODE
fmin T6i thiéu ham mét bién
fmins T6i thiéu ham vai bién
fzero Tim ham mot bién khong

ik,

quad Tich phan dinh gié vé s6 Iuang, phuong phap trat tu thap
quad8 Tich phan dinh gia vé s6 luong, phuong phap trat tu cao hon
dblquad Tich phan hai lan dinh gia vé s6 luong

inline Xay dung ddi tugng INLINE

argnames Tén doi s6

formula Thé thirc ham

char Chuyén ddi ddi tuong INLINE thanh mang ki tu
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Ma tran rdi rac

speye Ma tran déng nhét thirc khong lién tuc

sprand Ma tran ngau nhién phan chia mét cach khong lién tuc déng nhét
sprandn Ma tran ngu nhién phan chia mot cach khong lién tuc thong thuang
sprandsy Ma tran d6i x(mg ngau nhién khong lién tuc

spdiags Ma tran khong lién tuc duge tao thanh tir dudng chéo

sparse Tao ma tran khong lién tuc

full Chuyén ddi ma tran khong lién tuc thanh ma tran déy dd
find Tim chi s@ cac phan tlr khac khong

spconvert Nhap vao trr dinh dang ma trén khong lién tuc bén ngoai

370



TAI LIEU THAM KHAO

[%}. Introduction to .JatLab 6 for Engineers 1ED, William J. Palm, December 2000.
(2). Applied Optimization with MatLab Programming, K. Venkataraman, November 2001.

(3]. Guide to MatLab: For Beginners and Experienced Users, Brian R. Hunt Ronald, L. Lipsman,
September 2001.

[4]. Computational Statistics Handbook with MatLab, Wendy L. Martinez, Angel R. Martinez,
September 2001.

[5]. Computational Statistics Handbook with MatLab, Wendy L. Martinez, Angel R. Martinez,
September 2002.

(6]. An Engineer's Guide fo MatLab, Edward B. Magrab, August 2002.

(7). An Introduction to Numerical Methods: A Matl.ab Approach, Abdeiwahab Kharab, December
2001.

|8). MatLab Programming for Engineer (Second Edition), Stephen J. Chapman, November 2001.

[9]. Student Edition of MatLab, Version 5.3 for Microsoft Window BK&CD Rom, MathWorks
Staff, April 1999.

(10]. Introduction to Numerical Method and Matlab: Implementations and Applications, Gerald
W. Recktenwald, August 2000.

[11]. Engineering Problem Solving with MatLab, Second Edition, Delores M. Etter D.M. Etter,
August 1996.

-

371



LAP TRINH MATLAB

Danh cho sinh vién kh6i khoa hoc va ky thuét

Téac giad: ThS. Nguyén Hoang Hai
ThS. Nguyén Viét Anh

Chiju trach nhiém xuat ban PGS. TS T6 Ding Hii
Bién tap Ngoc Khué

Vé bia Huong Lan

NHA XUAT BAN KHOA HQG VA KY THUAT
70 TRAN HUNG DAO - HA NOI

In 1.000 cudn, khé 16 x 24cm tai Xudng in NXB V&n hoa Dan téc
Quyét dinh xuat ban s6: 409-2006/CXB/64.1-33/KHKT ngay 10/8/2006
In xong va ndp luu chiéu Quy IV nam 2006.



Al HOC
E TRUONG PAI HOC BACH KHOA HA NOI
NAM XAY DUNG
BACH KHOA| 50 VA PHAT TRIEN

1956 - 2006

KHOA DIEN TU - VIEN THONG
LMl'.| 50 NAM HINH THANH

s \JA PHAT TRIEN
1956 - 2006

U

imy




	LẬP TRÌNH MATLAB VÀ ỨNG DỤNG
	MỤC LỤC
	LỜI GIỚI THIỆU
	CÀI ĐẶT MATLAB
	1. GIỚI THIỆU CHUNG
	2. CÁC BÀI TOÁN KỸ THUẬT
	3. NHỮNG ĐẶC ĐIỂM CỦA CỬA SỔ LỆNH TRONG MATLAB
	4. SCRIP M_FILES
	5. QUẢN LÝ TỆP
	6. CÁC PHÉP TOÁN ĐỐI VỚI MẢNG
	7. CÁC THAO TÁC VỚI MẢNG 
	8. CÁC PHÉP TÍNH LOGIC VÀ QUAN HỆ
	9. VĂN BẢN
	10. THỜI GIAN
	11. VÒNG LẶP ĐIỀU KHIỂN
	12. HÀM M_FILES
	13. PHÂN TÍCH DỮ LIỆU
	14. CÁC PHÉP TÍNH ĐỐI VỚI ĐA THỨC
	15. PHÉP NỘI SUY VÀ MỊN HÓA ĐƯỜNG CONG
	16. PHÂN TÍCH SỐ LIỆU
	17. ĐÒ HỌA TRONG HỆ TỌA ĐỘ PHẲNG
	18. ĐỒ HỌA TRONG KHÔNG GIAN BA CHIỀU
	19. MẢNG TẾ BÀO VÀ CẤU TRÚC
	20. BIỂU TƯỢNG CỦA HỘP CÔNG CỤ TOÁN HỌC
	21. HỘP CÔNG CỤ HỆ THỐNG ĐIỀU KHIỂN
	22. HỘP DỤNG CỤ XỬ LÝ TÍN HIỆU
	23. HỘP CÔNG CỤ TRUYỀN THÔNG
	24. TRỢ GIÚP
	TÀI LIỆU THAM KHẢO



