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1 Giai toan trén may tinh véi Maple

Chuwong 1
GIOI THIEU VE MAPLE

1.1. Giéi thiéu
1.1.1. Lam viéc véi Maple

MAPLE Ia hé théng dai s6 may tinh c6 tinh twong tac cao, thudng duoc st dung bai cac
nha gi4o duyc, cac nha toan hoc, théng ké, nha khoa hoc, k¥ su, sinh vién...dé thuc hién
cac tinh toan hinh thirc hoic tinh toan sé. Maple ¢6 nhiéu wu diém nhu: thuc hién cac tinh
toan trén sé nguyén, co thé tinh toan sé dén chinh xac sé chir s6 mong mudn, co thé lam
tinh toan hinh thic, tich hop nhiéu ham va géi 1énh cho cac tinh toan thudc hau hét cac
linh vuc cua todn hoc, c6 thé vé d6 thi trong khong gian 2 — 3 chiéu va thuc hién sy van
dong cua d6 thi. Ngoai ra, Maple ciing mot ngdn ngir 1ap trinh don gian, diéu nay co
nghia 1a ngudi sir dung cd thé tu viét cac ham va céc goi 1énh caa riéng minh.

¥ “Maple ==X
File Edit Wew Insert Format Tools  Window Help
DBBSS ¥ald 5¢ TP EE @2 NI1OHFe ¢ Bos 2 @
W Favorites ’\ : Text Drawing Plot Animation Hide
b ':\_ C 20 math V_,:' ':\_Times Mews Raman V_,:' ':\_ 12 V_,:' B u = = % E= EE
a P+ix—63  x—dx+il _x—6x+17 [1og(x), x, 10%] — i
-+ T x+7 T 10l g
4 [ #F w ! ] /|
' 1 n 1 -
W Expression s PK(PK+ 1] - 1 3 1 IDU—_ ettt ————
= =—n+ = ]
] " JZII 2 2?2 2?3 i
J‘fdx J‘fdx -Z;cf 10 107t
1= ]
¢ Jo— 7 ]
: d 8 e " 10°%
Iy 5757 | ] s _
. — &
m S oatk a—b PP =r—ry 10 3-
@ b 1
a-b — o -4
& 3.5“31 + 5.2|[ﬁ1 = 4.944444444 ﬂil 10
5 k 5 1
“n . Va 107 T
ny— -t wF oot !
Ja al |ex]
o In(a) U Ex 4+ 25 x=200cozt 4+ 520sms;, x(0)=5x°(0)=0
log (@) log,(«) 2 to left and
w E (x—7=g(x—3) 285, P (x— 32 =0T 7+ Mr— 23=0

sinfa) cos(a) tan(a)

a =—x for y=xfor
[b] fla) fla,b) | Recall that x< 0 4 x>0
f=a—y x x2=0 3

x| =
F=(a, b)) >z -x x=<0 N g
7x) X xTa The graph of y =] consists of the right half of the line on ¥ =] 1
=g | ¥ xZa the line y = x with the left half of the line y =-x as shown.

I S5 -4 -3 -2 -1 o0 1 2 3 4 5 |+
® Ready Memory: 0,370 Time: 0,035 Math Mode
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1.1.2. Khéi ddng giao dién chuan

Trong subt tai liéu nay, phién ban Maple duoc minh hoa 14 Maple 17, néu ban ding cac
phién ban khac thi cac thao tac dugc thuc hién tuong tu.

Sau khi cai dat Maple thanh cdng, biéu twong chuong trinh chay cua Maple s& duoc dit
trén man hinh Destop, kich dup chudt vao biéu twong nay dé vao giao dién lam viéc caa
Maple. Truéc khi 1am viéc véi Maple, ching ta can phan biét rd hai ché do giao dién
chinh cta no 1a "Document” va "Worksheet". Cac chirc nang va dac tinh cua Maple trén
hai ché d6 nay 1a nhu nhau, ching chi khac nhau & mét diém chu yéu 1a vung nhap di
liéu vao.

a. Ché @y Document
Pay 1a ché d6 mac dinh khi khoi dong Maple. Ché do nay st dung khdi van ban
(document block) 1am vung nhap dit liéu mic dinh. Mot khéi van ban duoc xac dinh bai

hai tam giac nam trén cot phia bén trai (Markers) cua trang lam viéc 25 I Néu khong
thay cot Markers, hdy vao menu Viewva chon Markers. Ché do nay gilp ta giai cac bai
to4n mot cach cha dong hon 1a viéc tim 1énh nao dé giai né. Vi dy, bang cach st dung
menu ngir canh (context menu) trong ché do lam viéc nay, bai toan cé thé giai dé dang
nho mot vai 1énh goi y trong menu. O day, ca phap 1énh dé giai bai toan s& bj an.

X2 +7x+ 1025 (x= —2), {x=—5)

b. Ché dd Worksheet

Ché do nay sir dung ddu nhc Iénh trong viing nhap dit licu. D4u nhic 1énh c6 dang L.
Khi sir dung menu ngir canh trong ché do nay, tat ca cac cd phap lénh s& duoc hién thi.
[ #amegem

= sofve( {x"2+ T*x+ 10=01})
{x=-=12}, {x=-5}

Pé lam viéc ¢ ché dd6 Worksheet, vao menu File chon New\Worksheet Mode.

1.1.3. Nhap cong thirc & ché do 2-D

Trong Maple, dinh dang mic dinh cho viéc nhap cac biéu thirc toan 1a ché do 2-D. Cach
hién thi cac biéu thuc gidng nhu cach viét binh thuong trong sach vo. Viéc nhap cong
thirc toan & ché do 2-D c6 thé thyc hién tir ban phim bang ct phap Iénh hodc ciing co thé
dung cac bang cong thuc (Palettes).
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a. Cac thao tac co ban
Nhap vao céc biéu thtic toan nhur: % + 3 x%2 — x,x.y, ... la hoan toan ty nhién trong moi
treong 2-D Math.
Nhap phan sé
1. Nhap sé
2. Nhan phim /.
3. Nhap miu sb
4. Nhan phim mii tén phai (—) dé ra khoi mau sb
Nhap s6 mii
1. Nhap co sd

2. Nhan phim mii ~

3. Nhéap vao s6 mil.

4. Nhan phim mii tén phai (—) dé ra khoi viéc nhap mii.
Nhép phép nhan

1. Nhap thira sb thix nhat

2. Nhan phim (*), hién thi trong 2-D Math 1a dau cham -
3. Nhap vao thira s thir 2.

Luu ¥ rang trong truong hop mot sé nhan véi mot bién (vi du 2.x) thi Maple ludn
mic dinh d6 14 phép nhan nén ta khong can nhap phim * giira 2 thira so.

b. M@t sb6 phim tit cho viéc nhap biéu thic toan

binh dang

Phép nhan | * 2.3

Phan s6 / (forward slash) 1
4

Mii A (Shift + 6) X2

Chi s6 dusi | Ctrl + Shift + _ (hogc Shift+ ) X,

Can bac 2 nhap sqrt sau do dung goi y I1énh V25

Ham e mii | nhap exp sau d6 dung goi y I1énh e*
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Goi y lénh/ |e Esc
Ky hléu ) Ctrl + Space sbout (assumpbions and properties)  abouf(axpr
e e i
£
ha
absalsol (first order  DETools |abelsol || CDE,
<
Vao/Ra mbi |e F5 1 nhép 1/4
2\ I3 e e . . 4 :
truong 2-D |e  Chuyén d6i giira icon Math va
Math Text trén Toolbar

Vi du: nhap va tinh gi4 tri biéu thirc

x2+y2
2

Hoat dong Két qua
1. Nhap x. af
2. Nhan Shift + 6 (phim ~). Con tro s& di chuyén Ién vi tri nhap mii |
3. Nhin2 2
4. Nhan phim miii tén phai dé ra khoi vi tri nhap mii 4
5. Nhan phim + va nhap y 21y
6. Nhan Shift + 6 (phim ~) 24
7. Nhap 2 va nhan phim miii tén phai i ﬂ
8. Chon toan b¢ biéu thic 1am tir s6 cua phan sb 24 5
9. Nhan phim /. Con tr6 di chuyén xudng vi tri nhap mau sd. 24y
|
10. Nhdp 2 sau d6 nhan phim mili tén phai dé ra khoi vi tri nhap mau | /.2 | |2
s6 2
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11. Nhan Ctrl két hop dau = x% +y?
Lénh nay 1am két qua hién thi cting dong véi biéu thic vira nhap. 12 .
=3¢ gy

Chu y: ¢6 thé thuc hién mot trong cac cach sau dé hién thi két qua caa phép tinh trong

moi truong 2-D:

e Nhian t6 hop phim Ctrl va = két qua s& hién thi trén ciing mot dong vai biéu thirc.
o Nhian Enter: két qua s& hién thi chinh giira cia dong tiép theo.

e Diat con tré & phép tinh can lay két qua va nhan biéu tuong

! trén thanh cong cu.

e Kich chuét phai vao biéu thuc va chon Evaluate and Display Inline,
e Dung menu Edit chon Evaluate\Evaluate and Display Inline.

1.1.4. Cac tuy chon trén thanh céng cu (Toolbar)

Mot s6 biéu tuong (icon) thuong duoc sir dung trén thanh céng cu:

Chirc niang co ban Icon Thao tac twong duwong

Chén van ban T Chon menu Insert\Text

Chén cbng thac (Maple input) [> Chon menu Insert\ Execution
Group\After Cursor

Tao mot subsection = Chon menu Format\Indent

Loai bo mot subsection = Chon menu Format\Outdent.

Thuc hién tat ca c4c thao tac hién co m Chon menu Edit\Execute\

trong giao di¢n. Worksheet.

Thuc hién céc 1énh trong 1 vung chon ! Chon menu Edit\Execute\Selection

Xba bo nhé trong cua Maple. Tham * Nhap Iénh restart.

khao thém Iénh restart trong help

Thém va chinh stra ma I¢nh Maple. o Chon menu Edit\Startup Code

Chon cac ché d6 xem vian ban (phéng @ & | Chon menu View\ Zoom Factor sau

to, thu nho)

d6 chon ché do xem

Mg hé thong tro gitp (Help)

Chon menu Help\Maple Help
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Ngoai ra, trong qua trinh lam viéc trén Maple, ta gap cac thanh cong cu khac nhu hinh
anh minh hoa dudi day:

Text tools (thanh cdng cu xtr 1y van ban)

Math Dr awing Plot Animation

by C Text "’_}_.' '.\_Times MHew Roman "_}_.' ™ 12 "'_3.' B I u

ENg A

HHH

Math tools (thanh c6ng cu cho phép chon céc ché do nhap cdng thuc toan)

Text Drawing Plat Animation
[ 10 i 10 I = = T = 1:
- C 2o Input ¥ | Timnes Mew Roman ¥l ¥ B I u = = ‘ % = =

Drawing tools (thanh cdng cu vé hinh)

Text Matkh Plot Animation

SemT\NO00C (E)EREYE )

2-D Plot tools (thanh céng cu vé& db thi 2 chiéu)

Text Math Drawing Animation

By v 1 [ OQuNG-L HH

3-D Plot tools (thanh cong cu v& db thi 3 chiéu)

Text Math Drawing Animation

S = [l s [Bw o [ W9 By 1 ‘Q@@@L

Animation tools (thanh cdng cu thao tac vai hinh anh dong)

Text Math Drawing Plot

fe @ [# [¢]] CurrentFrame |1 J—ﬂbv é - FP5: 10 ie, .&lf_"] [}_)k_{\\-';'v

Trong giao dién chuan, ta c6 thé nhap vin ban va cdng thirc toan trén cing mot dong bang
cach chuyén déi gitra hai ché do danh vin ban (Text) va nhap cong thic (Math). Khi chon
ché d6 nao thi biéu tuong Text hoac Math trén thanh cong cu xir Iy vian ban s& sang Ién,
phim tat dé chuyén giira hai ché d6 1a F5.

1.1.5. Menu ngir canh, Copy & Drag

a. Menu ngir canh
Maple tu dong tao ra mot menu ngir canh (context menu) gom cac tly chon khi ta kich
chudt phai vao mot dbi twong, biéu thire hoic mot ving trong giao dién. Cac tly chon
trong menu ngit canh phu thudc vao dbi twong dugc chon. Chang han nhu ddi véi cac
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biéu thtrc todn thi menu ngit canh cho phép ta tinh biéu thuc hoic v& db thi... con véi van
ban thi menu ngir canh cho phép dinh dang van ban, quan ly bang mau,... Khi st dung
menu ngir canh dé thao tac trén biéu thuc thi cac két qua dugc hién thi ra cing véi dau
miii tén thé hién tén thao tac vira thuc hién. Vi du:

limit

> x2+y?—— y?

b. Copy & Drag
Véi Maple, ta cd thé thuc hién thao tac “kéo-tha” dé di chuyén hoic sao chép mot dbi
tuong, cong thic hodc mot do thi tir viing ndy sang ving khac nam trong giao dién. Néu
mudn di chuyén mot déi twong dén mot ving khac ta danh dau ddi twong va nhan giir
phim chudt trai kéo dén viing mai. Néu muén sao chép dbi tuong tir ving nay dén ving
khac ta cling 1am thao tac gidng trén nhung bam giit thém phim Ctrl trén ban phim.

c. Vidu
Giai phuong trinh, v& d6 thi biéu thirc bang menu ngit canh va thao tac copy & drag.

e Giai phuong trinh: 5x — 7 = 3x + 2
Vi du nay chi gigi thiéu mot s6 to hop phim can thiét dé goi menu ngir canh va tinh ning
kéo-tha cuia Maple. Céc phim tat cho nhitng thao tac trén Maple c6 thé tham khao trong

phan tro gitp (Help — Manuals, Resources, and more — Shortcut Keys). Lan luot thyuc
hién cac thao tac sau:

1. Nhap phuong trinh: 5x — 7 = 3x + 2
2. Kich chuét phai vao phuong trinh va chon Move to Left.

Sx—T=3x+2

Copy Special 3
Paste Chrl+y
Evaluate and Display Inline Ctri+=
Explore

Apply & Command

Differentiate 4
Evaluate at a Point

Inkeqrate ]
Left-hand Side

Manipulate Equation

Map Command Cnto

Move ko Left

Move to Right %

Megate Relation
Plots ]
Right-hand Side

Sirnplify 3
Siolve 4
Test Relation

Maore.. ]

2-0 Math ]
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move to left

Két qua: 5x—7=3x+2 ———2x—-9=0

3. Kich chuot phai vao két qua ¢ thao tac trén, 2x — 9 = 0, va chon Solve — Isolate
Expresstion for — x

Sx—T=3x+ 2 Dol 5o

Copy Special *

Murmeric Formatking. ..

Explore

Apply a Command

Differentiate b
Evaluake at a Poink

Inteqgrate ]
Left-hand Side

Manipulate Equation

Map Cormmand Onko

Mowe ko Right

Megate Relation

Plots ]
Right-hand Side
Simplify *
Salve p Isolate Expression for P
Test Relation Murnerically Solve %
Mare... » Mumerically Solve From point
Dbtain Solutions For b
Solve
Solve (explicit)
Solve (general solukion)
Solve For Yariable b
/ move to left isolate for x 9
Két qua: 5x—7=3x+2—>2x—9:O—>x:5

Bay gio ta cd thé vé do thi ciia biéu thic vé trai cia phuong trinh 2x — 9 = 0. Trudc tién
ta sao chép phuong trinh dén mot khu vuc khac rdi st dung menu ngit canh dé vé db thi.
4. T menu Format chon Creat Document Block
5. Panh dau phuong trinh 2x — 9 = 0, nhan giir phim Ctrl d¢ong thoi ding chudt di
chuyén phuong trinh dén viing mai tao ra tir buéc 4.

move 1o left 1solate for x a

Sx—T=3z+ 2—>2x—9=ﬂ—>x=?

|
= N
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A S r— Tz 3 oo to left s x—_0=0 izolate for x x=%
P ax—9=1
6. Nhan chuét phai vao phuong trinh va chon Left-hand Side
Z ) left hand side
Két qua: 2x—9=0——> 2x—-9

Nhén chudt phai vao biéu thirc két qua budc trén va chon Plots — 2-D Plot
2x—5
10 1

Copy Special »
Paste ChrH

Ewvaluate and Display Inline Ctrl+=

Explore I T T 1

-10 -3 0 10
Apply a Command x
Assign ko a Name
Coefficients »
Collect b
Differentiste b
Evaluate st a Point
Fackar
Inkeqgrate ]
Lirnik
Floks b 2-D Plak
Series »  3DFlat % »
Simplify » 2-D Implicit Plat »
Siolve »|  3-D Implicit Plak »
Mare... »|  Plot Builder
2-D Math ]

1.2. Nhap céc biéu thirc dau vao
1.2.1. Méi treong Math
Mai truong miac dinh trong giao dién Maple 1a méi truong Math véi cach hién thi cac
biéu thirc dau vao o dang 2-D (dang chuan), & nhiing phién ban cii hon thi cach hién thi
chi & dang 1-D (Maple Input). Luu y rang khi nhap cong thac ¢ moi trudng Maple Input
thi cudi cong thac phai c6 dau ;
> cos(alpha)*2+sin(alpha)”2;

cos(a)? + sin(a)?

> limit(f(x),x=infinity);
lim f(x)

X—00

Bang sau cho ta mot sé so sénh giita hai méi trudng nhap dir liéu 2-D va 1-D:
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Moi trwong 2-D Math

Mboi trweong Maple Input

e Ché d6 mic dinh.
e Cho ra cac ky hiéu toan hoc chuan

fx2+2x+1dx

1
§x3+x2+x

e Thuc hién trén cac cdng thic Maple.
e Két thdc bai dau ; hoic :
> Iint(xN2+2*x+1, X);

1
§x3+x2+x

Kich hoat bang menu Insert — 2-D Math

Kich hoat bang menu Insert — Maple
Input

icon Math sg sang lén Text

icon Text sé& sang 1én Math

nhap dau vao tir dau nhac con tro nghiéng

X

Nhép van ban vao tir diu nhic con tré dung

Z Enter some tesxt

Dé chuyén mét biéu thirc & dang 2-D Math
sang dang 1-D Math, ta kich chuét phai vao
biéu thirc va chon 2-D Math — Convert
To— 1-D Math Input.

Dé chuyén mot biéu thirc & dang 1-D Math
sang dang 2-D Math, ta kich chuét phai vao
biéu thuc va chon Convert To— 2-D
Math Input.

Khong yéu cau ky tu két thic lénh

Tat ca céc Iénh phai duoc két thic boi dau ;
hoac dau :

Céc bang cong thuc (Palette) giup viéc
nhap cong thic dé dang hon ma khong phai
nhé ¢l phap lénh. Diéu nay lam giam céc
sai sOt va can tro vé ngon ngi.

W Expression

Jrfflx—_Ffﬂﬂ__—'[fdx

=

Viéc sir dung cac bang cong thac trong ché
d6 1-D Math gilp ta biét cac lénh lién quan
dén cong thirc

W Expression
h

Jrfdx _H-_d:\___’[} int(f,x) ;

[y

Néu mudn moéi truong 1-D Math mic dinh khi mg Maple thi ta thuc hién thay d6i nhu

sau:

e Tu menu Tools, chon Options. Mt hop thoai xuat hién.

e Kich chuot vao tab Display.

e Trong danh sach Input Display, chon Maple Notation.
e Chon Apply to Session hoac Apply Globally.
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1.2.2. Cac bang cbng thic (Palettes)

Cac bang cong thirc 12 tap hop cac thanh phan ma ta c6 thé chén vao trong mot van ban
bang cach kich chudt hodc kéo-tha. Maple tao ra trén 20 bang cong thic chta trén 1000
céc ky higu vi du nhu céc ky higu (c0), (4?) céc phép toan ([ f dx).
Cac bang cdng thtc hién thi mic dinh & bén trai giao dién cua Maple. Néu cac bang cong
thire khong hién thi ta c6 thé cho hién thi bing cach:

e Tu menu View, chon Palettes.

e Chon Expand Docks.

e Kich chu6t phai 1én vung chaa bang chon Show All Palettes.
Co thé sap xép céc Palette bang cach chon View — Palettes — Arrange Palettes.
Vi du sau duing bang cong thirc dé nhap tich phan, trong d6 c¢6 viéc két hop giwa vin ban
va cdng thuc trén cung mot dong:

1. Nhap biéu thirc

Chon bang Expression, chon tich phan
fx3 +x% 4+ 3dx

-

i

Thay thé f bai biéu thirc can tinh.

2. Tlnh liet qua bang cach nhan cung lic 2 phim 3+ %2 + 3 da
Ctrlva=

1 1
=Zx4+§x3 + 3x

3. Di chuyen con tro den vi tri bén tréi cua bieu | Tich phan: [ x3 + x2 + 3 dx =

thirc va thay ddi ché do van ban Math

14,13
. -x*+-x>+3x
(hoac nhan F5). Nhap dong chir "Tich phan™ 4 3

Tinh cong thic nay cho cac biéu thiec khac
Ta c6 thé thay doi mot biéu thic khac trong dau | Tich phan: [ x3 + 5.x2 + 3x dx =
tich phan dé tinh lai hoic cé thé sao chép cong ix4 + §x3 + %xz

thirc @6 sang mdt vung khac va thay thé bicu
thie can tinh. Sau d6, danh dau toan bo cong

thirc va nhan nat ¢ @& thyc hien lai lenh.
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1.3. Lénh va céac goi Iénh

Maple c6 trén 4000 Iénh thudc da cac linh vuc cua todn hoc va lap trinh. Trong cac phan
trén ta da lam quen v&i mot sé 1énh cua Maple trong d6 c6 cac 1énh duogc thuc hién thong
qua menu ngir canh va céc bang cong thic. Nhiéu 1énh cua Maple duoc goi 1a 1énh cép
cao (top-level command) duoc luu trix trong cac goi Iénh (packages).

1.3.1. Céc Iénh ciaa Maple

Thong thudng, nhitng 1énh co ban hay gip c6 san khi khoi dong Maple va cé thé dung bt
ky luc ndo. Vi du nhu: solve, int, taylor, exp, sin, cos, dsolve, fsolve, rhs, eval... Bé c6
thé xem toan bo danh séch cac lénh thudng dung cua Maple ta cé thé tham khao muc
Index of Functions trong phan tro gidp.

Hau hét cac lénh cua Maple duoc viét bang ngdn ngit 1ap trinh Maple. Mot vai lénh da
duoc bién dich xem nhu 1énh nguon cua Maple, ngudi dung khong thé xem ma caa lénh.
Mot s6 khac duoc goi 1a cac 1énh buit-in (Iénh tao san) nhu taylor, rhs, eval... Bang sau
cho ta mot s6 1énh buit-in thudng ding:

Céc Iénh thwong dung

Vidu

evalf: tinh gia tri tra vé s thuc

In(2) = In(2)
evalf(In(2)) = 0.6931471806

evalb: tinh gia tri cua biéu thuc
Boolean

evalb(—11 > 0) = false
a:=2:
b = 2:

evalb(a = b) = true

sort: sap xép danh sach céc gia tri
hoac mot da thuc

sort([2,1,3,1]) = [1, 1,2, 3]
sort(1+2x*+3x+x3) =2x*+x3+3x +1

seq: tao ra mot s hoidc day céc biéu
thic

seq(1..4) =1,2,3,4
Seq(i3,i =1..4)=1,8,27,64

map: ap dung ham vao tirng thanh
phan cua biéu thirc

zip: ap dung mot phép toan hai ngoi
dén cac thanh phan cua 2 danh sach
iquo: dung dé tinh thuong cua 2 $6
nguyeén.

map(In, [1,2,3,4]) = [0,In(2),In(3),21n(2)]
zip(iquo, [207,241, 345,1235], [17, 21, 30, 44])
=[12,11,11,28]
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indets: tim cac thanh phan khong xac | indets(x *y +z — x * e¥) = {x,y,z, e}

dinh cua biéu thirc. Néu sir dung

O day, biéu thic e cling dugc xem 1a khdng xac

thém tay chon "name’ thi ham nay dinh.

chi tra vé danh sach cac bién.

indets(x xy + z — x x e¥,name) = {x,y, z}

1.3.2. Cac goi lénh (packages)

Cac goi lénh 1 noi chira cac lénh. Maple di xay dung rat nhiéu cac goi lénh khac nhau
thudc timg cac linh vuc cuia toan hoc. Thong thudng, dé ding mot Iénh ta phai biét goi
l&énh chira n6 va goi goi lénh ra trudc bang mot trong hai cach sau:

e Dung Iénh: with(<tén goi lénh>);
e Turmenu Tools chon Load Package va chon géi lénh can dung.

Bang sau gioi thiéu mot s6 goi lénh thuong st dung:

G6i Ignh

Muc dich

CodeGeneration

cdng cu dé dich cac doan ma Maple thanh cac ngdn ngit
khac

combinat cac ham t6 hop, bao gom céc Iénh cho viéc tinh toan lién
quan dén toan t6 hop
DEtools chtra cac ham lién quan dén viéc tinh toan, giai va vé do thi

cua cac phuong trinh vi phan

LinearAlgebra

chura céc 1énh lién quan dén Dai s6 tuyén tinh

Optimization gom céc lénh lién quan dén cac bai toan tdi uru toan hoc
plots chira c4c 1énh vé v& @6 thi ham s

plottools chtra cac 1énh lién quan dén dang hinh hoc cua cé4c vat thé
Statistics cdng cu cho théng ké va phan tich dix liéu

StringTools cac lénh dung thao tac trén chudi ky tu

Student Chea cac goOi lénh: Caculusl, LinearAlgebra,

MultivariateCaculus, NumericalAnalysis, Precaculus,
VectorCaculus.

Cac goi Iénh nay phuc vu cho viéc tinh toan co ban trong
chuong trinh hoc cua sinh vién.
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1.4. Hé thong treg gitp cia Maple

Maple cung cip mot hé théng trop giup hon 5000 trang tham khao. Hé thong tro gidp la
mét ngudn tai nguyén phong phu gip ta hoc cac ct phap 1énh cua Maple va cac thudc
tinh cua no.

Dé vao hé théng tro gitp caa Maple ta chon menu Help\Maple Help hoic nhap chuét

vao biéu tuong 2 trén thanh cong cu. Ngoai ra, dé tra cru mét lénh nao d6 ciia Maple ta
c6 thé thuc hién nhanh trén giao dién 1am viéc bang cach dit con tré tai 1énh can tra ciu
va nhan phim F2 hoic dung Iénh: ?<te can tra cieu>, vi du: ?fsolve rdi nhan Enter.

@) Maphe 14 Hetp - [fsotee] Lxgﬂ

Fle IR Vew Hawy ‘e

& O e=TFT R RPFE

Sewch For) () Toge O Tewt ’ —

fachve vl —— | S0IVE - setve oneor mece equations ssdng Nloating poist arithmetic

Resarces: N . .
= * ¥ Calling Sequence

Tabie of Cortarts  Samch hanits |

o () Gattrg Rarted al |

| | ¥ Parameters

fsolve( equations, variables, complex )

# ) Creats Magle Workshests

* _4"“"""‘""'“' 10 arian £ " s » v 3 A% saef ey 12/ ST IO ok Jiend' e ﬁA-
- o ¥he Vaple = equations - AQuarion, set(equarion), xpreszion, setlapression), ltrfequarion), procedkere, listiprocedirs)
onize the Magle Syiten varisbles (eptional) mawme of serfnawey, unknowns for which to selve
* ) Corrmanty
- ) Marhenarcy complex (eptional) Breral nowe, search for complex solusons
» (L Ngetes ‘
& () b Marhemarcy
& O Cooks |'Y Basic Information
* ) Caloukus of Vanatons
@ podagenye ¥ Description

& ) Offerartial Lquatuors
& (L) Dfferant-aigebe me Cuatons
* ) Offerertakiecmetry

O B
& traketen

* The froive command memerically computes the zerees of cne or more equations, expressions or precedures

= L Factorcation and Schng Cauatons

() hermta pace
) man
) nelate

) teasquares

* D \reafuconaysters

& L UrearCper story
) treaiche

Q
() Cetaded iformation

() poornang
& ) wive
@ sowche

D Weferercatauatons

* D ReguarChane
& Roots
O'kﬁ'
) wous
o D ve
& D SohveTock

* The selutions % 2 ungle oguativn are returned a5 n expressioa sequence

* The selutions %o 2 set or list of equations are returned as sets of equation sequences

*For a single polynomial equasion of one variable with real coefficienss, by default the frolve command computes all read (son-complex)
reots. It may not return Al roots for exceptionally ill-cenditioned polymomials

*For a single polynomial equation of one variable with some (son-teal) complex coefficients, the fsolve command computes all real and
complex roots. It may et return all roets for exceptonally ill-conditioned polymomials

*For 2 general equation of system of equasicas, the fsolvo command computes 2 single rea root

\
| ¥V Examples

¥ A Polynomial Equation in One Variable

For a univanate real pohmomial equation, the fwlve command computes all real solutions
f's N5 DUETIE BEDTS JApres. R
L= podmomial = 2x ~ MY =TI 412 =4x~0
> frolvel polymomial)
~1.333383488 0 S 929222024 L

¥ Other Equations
Fer mere complicated equations, the fsedve command computes one real solotica
{> pohmomials = {32')% =17, y = 53" = 2y=1
> froivel polynomials )

. 3 H ) £ <420
() Symboke Schors e
& () Praroal Furnctons > polvelun(un(x))=1)
* L) Noctonddmor 09033391108 2
P . B
D -annl lonaton | - P v
& () Goanetry >l I >

Mai trang trg giip gom danh sach cac lénh, cac tham sé va mé ta vé Iénh, ngoai ra con co
cac vi du & cudi trang. Mot sb trang con chia cac lién két dén cac trang tro gidp khac co
lién quan va lién két dén cac dinh nghia tir dién.

Bang sau mo ta mot sb biéu tuong thudng thiy & cac trang trg gidp:
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Biéu twong (icon)

Mo ta

Biéu tugng thu myc trong Table of Contents chi ra rang c6 thé mo
rong chi dé nay dé dén cac chu dé chwra trong né.

Biéu twong nay chi dén mot trang tro gidp va hién thi cac trang tro
giup lién quan ¢ bén phai khi dugc chon

E = U

Biéu tuong nay chi dén mot trang vi du. Trang vi du nay s& dugc mo
trong mot tab méi ¢ trong man hinh soan thao.

=

Biéu tuong chi dén mot dinh nghia va hién thi cac dinh nghia lién
guan ¢ bang bén phai khi duoc chon.

=

Biéu tuong nay chi dén mot hudng dan sir dung. Hudng dan sir dung
s& dugc mo trong mot tab méi & man hinh soan thao.
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Chuwong 2
CAC TINH TOAN CO BAN TREN MAPLE

2.1. Cac tinh toan co ban trong Giai tich

2.1.1. Céac tinh toan sé hec

Maple cé thé duoc sir dung nhu mot may tinh dién tir théng thuong. N6 cé thé tinh toan
dén 228 chir s6 nguyén (diéu nay phu thudc vao téc do va bo nhé cua may tinh). Di véi
nhitng s6 ma d6 dai cua n6 qua chiéu dai cia man hinh thi Maple s& dung ky hiéu “\” dé
biéu dién tinh lién tuc cua day sb. Vi du:

(3+7+10)(1000-8) 4211

900 + 90 + 2 ~ 248
21000

107150860718626732094842504906000181056140481170553360744375038837\
035105112493612249319837881569585812759467291755314682518714528569\
231404359845775746985748039345677748242309854210746050623711418779\
541821530464749835819412673987675591655439460770629145711964776865\
42167660429831652624386837205668069376

100!1=

933262154439441526816992388562667004907159682643816214685929638952\
175999932299156089414639761565182862536979208272237582511852109168\
64000000000000000000000000

length(%)=158 (ham nay cho két qua Ia s6 chit s6 cua biéu thirc trude do).

Mot s6 ham thuong sir dung khi tinh toan trén cac s nguyén:

Tén ham Coéng dung

abs tinh gi4 tri tuyét d6i cua mot biéu thire

factorial (hodc!) | tinh giai thira caa mot sé nguyén

iquo tim thuong trong phép chia nguyén

irem tim phan du trong phép chia nguyén

iroot tinh Xap Xi can nguyén ctia mot s6 nguyén
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isqrt tinh x4p xi can bac 2 ciia mot s nguyén

max, min cho ra gi4 tri I6n nhat va nho nhét caa mot tap cac sé
mod tinh ddng du sb hoc

ifactor phan tich sé nguyén ra thanh cac thira s6 nguyén té
isprime kiém tra tinh nguyén t ctia mot s6 nguyén

Mt khac, Maple cé thé tinh toan xap xi cac hang sé dic biét hodc cac biéu thire dén sai sé
ma ngudi sir dung mong muédn. Vi du:

Pi=m
evalf (Pi) = 3.141592654 (lay gia tri xip xi mac dinh 1a 10 chir s6 sau dau phay)

Ta c6 thé cai dit lai mac dinh sé chit s6 sau dau phay bang lénh:

Digits: = 20
evalf (Pi) = 3.1415926535897932385

Hoac thém tdy chon cho Iénh evalf dé duoc gia tri dén s chir s6 mong mudn:

evalf[100](Pi)

3.1415926535897932384626433832795028841971693993751058209749445923\
07816406286208998628034825342117068

In(exp(4)) = 4 (ham e* duoc viét bang exp(x))

Ngoai ra, Maple con tich hop nhiéu ham ma mot may tinh thong thuong khéng c6. Vi du:

e Cho ra 100 sé nguyén t6 dau tién

seq(ithprime(i),i = 1..100)

2,3,5,7,11,13, 17,19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89,
97,101, 103, 107, 109, 113, 127, 131, 137, 139, 149, 151, 157, 163, 167, 173, 179,
181, 191, 193, 197, 199, 211, 223, 227, 229, 233, 239, 241, 251, 257, 263, 269, 271,
277, 281, 283, 293, 307, 311, 313, 317, 331, 337, 347, 349, 353, 359, 367, 373, 379,
383, 389, 397, 401, 409, 419, 421, 431, 433, 439, 443, 449, 457, 461, 463, 467, 479,
487, 491, 499, 503, 509, 521, 523, 541

nops([%]) = 100 (ham nay cho két qua Ia s6 phan tir cua day sé trude do)

e Tim udc s6 chung Ién nhét, boi s6 chung nho nhit caa cac sé nguyén

gcd(1923456,1256872) = 8
lcm(24,15,7,154,812) = 267960
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e Céac ham trén s nguyén té

ithprime(100) = 541 (cho ra sé nguyén té thir 100)
isprime(21°! — 1) = false

nextprime(1000) = 1009 (cho ra sé nguyén t6 lién sau s6 1000)
prevprime(1000) = 997 (cho ra s6 nguyén t4 lién trudce sé 1000)

e Tinh toan vai modulo

modp(117,13) =0

117mod 13 =0
modp(129,13) = 12
ifactor(129 — 12) = (2)*(13)

1
17 mod 257 = 121

modp(121 % 17,257) =1

e Chuyén doi giira cac co so va don vi

convert(247, binary) = 11110111 (chuyén sang hé nhi phan)
convert(12, octal) = 14 (chuyén sang hé bét phan)
convert(1023, hex) = 3FF (chuyén sang hé thap luc phan)

convert(72 x degrees, radians) = =7

convert (g * Pi, degrees) = 72 degrees

2.1.2. Tinh toan trén biéu thirc
Maple cung cap mot bo cong cu kha day du dé 1am viéc véi cac biéu thuc toan hoc. Vé
mit tinh toan ta c6 thé khai trién biéu thuc, rit gon biéu thirc, phan tich biéu thic nhan
tir,... hodc c6 thé chuyén biéu thuc thanh nhiing cau tric khac da duge dinh nghia trong
Maple.

a. Khai trién biéu thirc

Pé khai trién biéu thire ta ding ham expand(). Vi du:

P::(x+1)*(x+2)*(x+5)*(x_%>:
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expand (p)
13
x4+7x3 + 5x%2——x—15

2
(1-¢®)*1—-q)*(1-q°%:

expand (%)
4 (x+1)* (> -2y +1)
expan P or—

2 2

Xy 2xy y X 2y 1
-D 25D 2y-1D 20-D 25-1 20-D
expand (sin(2x))

2sin (x) cos (x)
expand((x + 1) * (y + z),x + 1) (khai trién theo thira s6 (x+1)
x+Dy+x+ 1z

b. Tap hep cac thanh phan cia biéu thirc
Khi mudn tap hop céc thanh phan cia mét biéu thirc thanh tirng nhém theo mét bién nao
do ta str dung ham collect(). Vi du:

restart;
collect(x> +2x +1—ax + b — cx?,x)
1-c)x*+Q2—-a)x+b+1

pi=x?+2*x*y—3y+y%x*x?
collect(p, x)

(14 y?»)x?*+2xy — 3y
collect(p,y)

y2x? + (2x — 3)y + x*
trig = sin(x) * cos(x) + sin(x) + y * sin(x) :
collect(trig, sin(x))

(cos(x) + 1+ y) sin(x)

Ta khong thé diing ham collect() dé gom theo téng hoac tich. Vi du:

bt =zxx*xy+2xxx*xy+ 2z
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collect(bt,x * y)
Error, (in collect) cannot collect x*y

Tuy nhién, c6 thé nhdm biéu thizc theo nhiéu bién cung mét Itc. Vi du:

poly =x*y+zsxxxy+y*x?—zxy*xx>+x+z*x:

collect(poly, [x,y]) (nhém theo x trudce rdi sau d6 theo y)
A-2yx>+(1+2)y+1+2)x

collect(poly, [x,y], distributed) (nhém cung luc theo xy)
A-—2)yx*+ A +2)xy+ (1 +2)x

¢. Phan tich biéu thic thanh nhan tir
Pé phan tich biéu thic thanh nhan t ta sir dung ham factor(). Vi du:

factor(x? — 1)
x—1Dx+1)
factor(x3 + y3)
(x+y)(x* —xy +¥?)

516 _ 116
bt =55

Xt =y
factor(bt)

x8 +y8

Luu ¥ rang tdy vao cac hé sé cua biéu thac ma ham factor() cho cac két qua khéac nhau.

dathuc = x5 — x* — x3 + x? — 2x + 2:
factor(dathuc)
(x—1D*-2)(x*+1)
expand (\/E * dathuc)
V2x5 — V2x* —V2x3 +V2x2 — 2v/2x + 2V2
factor (%)
—V2(x = D(x +V2)(x? + D(—x +V2)
poly = x* — 5x? + 6:
factor(poly)
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(x* = 2)(x* = 3)
factor(poly,v2) (phan tich theo v2)
—(x? = 3)(x + V2)(—x + V2)
factor (poly, {\/2,v3})
(x +V2)(x + V3)(=x + V2) (—x + V/3)

d. Pwa biéu thirc vé dang chuan
Dang chuan thu gon cia mot biéu thic c6 dang thwong 1a dang ma tir s6 va mau sé 1a céc
da thirc hé s6 nguyén nguyén t6 cing nhau. Dé dua mot biéu thicc vé dang chuan ta ding
ham normal(). Vi du:

1
normal (x + —)
X

x2+1
X
. 11
btl '=x+1+;+x+1:
normal(bt1)
x+1
x
=
bt2 = o 2:
normal(bt2)
x?—1
x(x —2)
normal(bt2, expanded) (tir va mau ¢ dang khai trién)
x?—1
x% — 2x
normal ([bt2,exp (x +2)] ) (chuin héa danh séch biéu thic)
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e. Pon gian biéu thirc
Dé thu gon mot biéu thire ta ding ham simplify(). Vi du:

restart;
1
simplify (45 + 3) =5
bt == cos(x)® + sin(x)* + 2 * cos(x)? — 2 * sin(x)?:

simplify(bt)
cos(x)* (cos(x) + 1)

Néu mudn &p dung mat sb quy tic dic biét cua luong giac, logarit, hay liy thira, mii thi ta
phai chi rd cho Maple biét. Vi du:

bt1 = In(3x) + sin(x)? + cos(x)?:
simplify(bt1)
In(3) + In(x) + 1
simplify(bt1,trig) (trig 1a viét tic cua tir trigonometric)
In(3x) + 1
simplify(bt1,1n)
In(3) + In(x) + sin(x)? + cos(x)?
b2 = G e )7
simplify(bt2, assume = real)
|lxyl
simplify(bt2, assume = positive)

Xy

f. Sap xép lai biéu thic
Dé sip xép mot danh sach hodc mét biéu thic ta dung ham sort(). Theo mac dinh, ham
nay s& sap xép cac phan tir cua mot ddy hodc mot danh sach theo thir tu ting dan va sap
xép cac thanh phan cua cac da thirc theo thir tu giam dan. Vi du:

restart;

dt =1+ x*—x? + x + x3:

sort(dt) = x* +x3 —x>+x+1
sort(dt,ascending) = 1 + x — x? + x3 + x*

sort(x® xy + y? «x% + x*, [x,y]) = x* + x3y + x2y?
sort(x3 «y + y? = x? + x* [y, x]) = y*x? + yx3 + x*
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g. Thay thé gia tri vao biéu thirc
Ta c6 thé thay gid tri bién vao mot biéu thirc dai sé bang ham subs(). Vi dy:

pi=(x+y+2)x(x—y+2z2)x(x—y—2):
subs(x=1,p)=1 +y+2)1—-y+2)(1—-y—2)
subs(x=1,y=2,p) =B+ 2)(-1+2)(-1—2)
sin(x) Yy
erw)_ﬁ——y

subs (sin(x) =y,

h. Chuyén d@6i dang cia biéu thic
Pé chuyén biéu thuc vé mot dang khac da duoc dinh nghia trong Maple ta str dung ham
convert(). Vi du:

convert(9, binary) = 1001

convert(cos(x), exp) = Ee’x + %e"x

convert([1,2,3,4], +') = 10

A:=1a,b,cdl:

convert(A,' set’) = {a,b,c,d}

convert (1 + i, polar) = polar (1 \/7,17'[>
2 2 2 4

2.1.3. Giai phwong trinh, bat phwong trinh va hé phwong trinh
a. Lénh solve
e Giai phuong trinh

restart;
eqn == x> — 13x + 12 = 0:
solve(eqn, {x})
{x =1}, {x = 3}, {x = —4}
R := solve(ax?® + bx + ¢, x)
1-b++Vb%2—4ac 1b+Vb?—4ac

2 a 2 a
R[1] (1iy nghiém thir nhat)
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a®.c? — 4b?
solve (T =a® b—4.a%b, {c})

(giai phuong trinh theo ¢ xem a, b 13 cac tham s)

{ b(a3—2)} { b(a3—2)}
c=—tic=——7——

a a
Chuy:

- Véi cac phuong trinh Iugng gidc hoac cac phuong trinh ¢6 ho nghiém thi thong
thuong Maple khong hién thi hét cac nghiém. Mudn hién thi toan bo ho nghiém ta
phai stir dung thém Iénh _EnvAllSolutions = true trudc khi dung 1énh solve.

- Pbi voi nhitng phuong trinh ma khong thé biéu dién nghiém mot cach tuong
minh, Maple thuong biéu dién nghém duéi dang biéu thirc RoofOf.

restart
ptl := sin (Pi * z) = COoSs (Pi * z)

solve(ptl,{x})

_EnvAllSolutions = true
solve(ptl,{x})
fx=1+4_7Z1~}
pt2 :=x*—x3+1=0:
solve(pt2, [x])

[[x = RootOf(_Z"- Z"3+1, index = 1)], [X = RootOf(_Z"- Z~3+1, index = 2)], [X

= RootOf(_Z"- Z"3+1, index = 3)], [x = RootOf(_Z"- Z"3+1, index = 4)]]
evalf (%)
[[x =1.01891279438516+.602565419998599*1], [x = -
.518912794385156+.666609844932019*1], [x = -.518912794385156-
.666609844932019*1], [x = 1.01891279438516-.602565419998599*1]]
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e Giai hé phuong trinh

solve({x+2+y = 3,y+1/x = 1},{x,y})
{x = -1y = 2}{x = 2,y = 1/2}
eqns := {x+y+z =3, x+2+xy+3*xz = 6,x+4*xy+9x%xz = 14}

solve(eqns)

e Giai bat phuong trinh

solve({x"2 = 9,x+y < 10}, {x,y})
{x =3,y <7}L{x = -3,y < 13}
eqns = exp(x) +x <= 1:
solve(eqns, x)
RealRange(—infinity, 0)

1
hpt := {yz < 1L,x2< 1,x+y <§}:

solve(hpt, {x,y})
(-1 <=y,y<=1-1< xx < -1/2},{-1 <=y,-1/2 <= x,x < 1,y < 1/2 —x}

b. Lénh fsolve

Lénh nay tuong tu I€nh solve nhung nghiém cua phuong trinh hoac h¢ phuong trinh dugc
hién thi ¢ dang sb thuc. Lénh nay khong dung dé giai bat phuong trinh.

dathuc := 2x° — 11x* — 7x3 + 12x? — 4x:
fsolve(dathuc = 0)
—1.334383488,0.,5.929222024
hept := {3*xx**y?2 = 17,x3%y—5xx*y2—2xy = 1}
fsolve(hept)
{x = 2.118203038,y = .5305528603}
fsolve(tan(sin(x)) = 1)
0.9033391108
fsolve(In(v) = v?
fsolve(In(v) = v?

fsolve(In(v) = v? v, complex)
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.6143632454 — .6810654878
fsolve(x? + 1 = 0,x,complex)
—1.0000000001,1.1

c. Lénhisolve
Néu mudn tim nghiém nguyén cua cac phuong trinh, hé phuong trinh ta sir dung Iénh
isolve. Trong truong hop phuong trinh khéng cé nghiém nguyén thi Iénh nay sé khdng
hién thi két qua.

isolve(3*x—4xy = 7)
{x =5+4271,y =2+ 3_7Z1}
isolve(3xx—4*y = 7,a)
{x =5+4ay =2+ 3a}
isolve(x? = 3)
(phuong trinh trén khong c6 nghiém nguyén nén két qua 1a NULL)

{x =3}, {x = —V3}

solve({x? = 3})

d. Lénh rsolve
Pé tim cong thirc nghiém ciia cac phuong trinh truy hoi ta sir dung lénh rsolve. Vi dy:

rsolve(f(n) = =3 *xf(n—1)—2* f(n—2),f(k))
2£0) + fF)DF + (=f(0) = FD)(-2)"
rsolve({f(n) = =3*f(n—-1) =2+ f(n—-2),f(1..2) = 1}L{f})
{f(n) = =3(-D" + (-2)"}

rsolve(f(n) = 3xf (g) + 5 xn, f(n), series)
f(n) = —10n+ 0(n®

rsolve(n xu(n+1) +uln), u(n))

{ u(0) n=20

undefined otherwise
rsolve({f(n+1)—yn) = n-=-2"+3,y(n+ 1)+ f(n) = 22" +n, f(5)

= 6,y(k = 1..5) = 2*=13,{f,y})
{f(n) =n+1yn) = —-1+2"}
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2.1.4. Ham s, giéi han
a. Pinh nghia ham sb

Pé dinh nghia ham s6 f(x) = x? — 3x + 5 ta nhap vao nhu sau:

f=x->x"2-3%xx+5
x> x>—3x+05;

f(2)
3

Dau miii tén dugc nhap vao bang 2 phim: phim dau trir - va phim >. Maple xem ham sé
nhu 13 mot dang dac biét caa mot chu trinh (procedure). Do d6, né phan biét rat rd giira
dinh nghia mot ham s6 va dinh nghia mot biéu thirc. Xét vi du sau:

f::x—)x+1: (flaméthams())
g=x+1: (g 12 mot biéu thic)
f(22)
23
g(22)
x(22) +1

eval(g,x = 22)
23

Céac ham nhiéu bién s, ham vector ciing dugc dinh nghia twong ty:

restart;

fr=@y) = x s
* — —xy

f=Gy) = 1+ x2 +y2

f(sin(t), cos(t))
sin(t) cos(t)
1 + sin(t)? + cos(t)?

simplify(%)
%sin(t) cos(t)

g =x - (2x,x3)
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x = (2x,x3)

g(@3)
6,27

b. Heop ciia cac ham sé
Trong Maple, ky hiéu @ dung dé chi phép toan hop cua cac ham sb. Nhic lai rang néu f, g
la c&c ham sé thi phép hop fog duogc dinh nghia:

fog(x) = f(g(x))

restart;
f=x->x+2:
g=y-y
(f@g)(®);
Vt+2
(g@f)(©);
Vi +2

Dic biét, toan tt @@ chi phép hop cua cling mot ham sé. Do 46, (fF@@2)(x) cho két
qua I £ (f (x)) va (F@@3)(x) cho két qua Ia f (£ (£ (2))).

c. Gidi han ham sé
Dé tinh gisi han lim,_,, f(x) ta st dung cong thuc limit(f (x), x = a) hoic c6 thé ding
bang cong thirc Expression. Néu thay chit limit bang Limit thi ta nhan dugc céng thuc
hinh thirc cua gisi han. Néu mudn tinh cac gii han tréi, phai thi ta phai thém vao cong
thae tay chon left hoac right.

limie (=t =2
imi X =

¥ —
4
Limit (X ; 1 X = infinity)
x—1
x1—>nolo x+1
value(%)
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1
limit <;,x =0, left) = —00

1
limit (;,x =0, right) =00

Ham limit ciing dugc dung dé tinh giéi han cta ham nhiéu bién. Tuy nhién viéc tinh toan
s& phirc tap hon vi khéng phai gisi han niao Maple ciing cho két qua. Vi nhitng gigi han
ma Maple khong hién thi két qua thi ta nén sir dung thém maét sb 1énh dé c6 thé nhan duoc

goi y giai hoidc két qua.

x2 — y2
limit ,x =0
x?% + y?

-1
limit((x"2 — y*2)/(x"2 + y~2),{x = 0,y = 0})
undefined
f=0y) - x*y/sqri(x"2+y"2):
limit(f(x,y),{x = 0,y = 0})
Xy

limit( {x = 0,y = 0})

Va2 +y?
Thur tinh gigi han lap theo ting bién:
limit(limit(x x y/sqrt(x"2 + y"2),{x = 0}),{y = 0})
0
plot3d(f(x,y),x = =2..2,y = —2..2,axes = box)

(cac két qua trén cho ta goi y vé viéc chang minh gigi han can tinh bang 0)

limit(x * y"3/(3 xy"6 + 2 xx"2),{y = kx})
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xkx3

3kx® + 2x2
limit(x »y"3/(3*y"6 +2*x"2),{x = y"3})
1

5

, . .. ) 3 A Y .
(6 the ket luan rang gidi han lim, )00y Jgﬁ khdng ton tai)

2.1.5. Pao ham

a. Pao ham
Maple c6 thé tim dao ham cua ham mat bién hoac nhiéu bién. Dé tim dao ham caa ham
f(x) ta dung lénh dif f (f (x), x), néu ta dung lénh Diff thi két qua nhan duogc 1a cong
thirc hinh thirc ctia dao ham.

diff (In(x), x)

K| =

Diff(tan(x),x) = diff(tan(x), x)
d 2
e tan(x) = 1+ tan(x)

f = sqrt(1 — x?):
dif f(f,x)

X

V1 — x2

Pao ham cép 2 duoc tinh bang cong thuc dif f (f (x), x, x), véi dao ham cap n thi cong
thie & 1a dif f (f (x), x$n). Pao ham riéng cua cac ham nhiéu bién ciing sir dung cong
thae tuong tu.

yi=x*+x3+x2+x+1:
diff(y,x,x)
2x + 6x + 2
dif f(y, x$3)
24x + 6
Dif f (sin(x), x$n)
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ﬁsin(x)

value(%)

1
sin(x + Enn)

3
h:= 5*x2+2*x2*y+3*x*y2+12*y*x+3*y?;

Diff(h,x,y) = diff(h,x,y)
2 3y3 9y?
xdy (5x% + 2x2%y + 3xy? + 12yx + — ) = 4x + 6y +12 — ~

Ngoai ra, Maple ciing str dung toan tir D dé tinh dao ham.

g =z > z? x exp(z) + sin(z):

D(9)

z - 2ze? + z%e? + cos(z)

b. Cuctri
Maple c6 thé tim cuc tri cia mot sé ham mét bién hoac nhiéu bién. C6 3 cach co ban: (1)
su dung ham maximize va minimize, (2) dung ham extrema, (3) st dung cac goi Iénh
vé toi uu (Optimization). V§i cach (1) ta xét cac vi du sau:

minimize(x* + y> —3xx+ 3 xy + 3)
3

2
minimize(x? + y> — 3 xx + 3 x y + 3, location)

“2llt=zv=-3-3)

1
maximize <|exp(—x2) — E| X = —4 ..4)

2

minimize(x"2 + y"2)

minimize(x"2 + y"2,x)
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Vi cach (2) ta sir dung ham extrema co cu phap:

extrema(f,{g1,.- gn} {X1,--, Xm},'s")
trong d6: f 1a ham sé (hoac biéu thuc), g, = 0, ..., g, = 0 la cac rang budc, x5, ..., x,, 1a
cac bién va s 1a tap hop cac diém cuc trj.

fi=2xx"2+y"2+y

2x*+y*+y
g:i=x"2+y"2-1

x2+y2 -1
extrema(f,{g},{x,y},'s")

{u=ay=—n&=ay=m&=—l&y=%F=1@”=%}

simplify(subs(s[1], f))

simplify(subs(s[3], f))

| O

c. Giai phwong trinh vi phan
Dé giai phwong trinh vi phan thuong ta sir dung lénh dsovle.

ode =dif f(y(x),x,x) =2*y(x) + 1
2
() =2y +1
dsolve(ode)

1
y(x) = eV 2 + e V2 1 — >

Néu bai toan c6 diéu kién ban dau:
dk =y(0) =1,D(y)(0) =0
dsolve({ode, dk})

3 3 1
— " Vx4 = —V2x _
y(x) 4e +4e 5
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Giai hé phuong trinh vi phan:
ptl = dif f(y(0), t) = x(t)
pt2 = dif f(x(6),t) = —x(t)
dsolve([pt1, pt2])

x(t) = _C2e7ty(t)=—_C2e" "+ (C1
dkbd :=x(0)=1,y(1) =0
dsolve(|ptl,pt2,dkbd])

x(t)=e Ly(t)=—et+e?

d. Khai trién Taylor
Pé tim khai trién Taylor dén cap n cua ham sé f(x) tai diém x = ¢ ta ding lénh:

taylor(f(x),x = c,n)

taylor(exp(x),x = 0,4)
1 1
1+x+-x*2+=-x3+0x"
2 6
taylor(sin(x),x = Pi)

—(x —m) +%(x—n)3 —%O(x—n)5+0((x—n)7)

Néu mudn tim hé sé caa mét sé hang trong khai trién Taylor ta dung 1énh coeff.
] == product(1 —x',i = 1..50):
taylor(J3,x = 0,20)
1—3x +5x3 — 7x% + 9x1° — 11> + 0(x29)
coef (%, x,15) (tim hé sb cua x*° trong khai trién trén)
-11

2.1.6. Tich phan

a. Tich phan ham mét bién
Pé tim nguyén ham hoic tich phan xac dinh cua ham sé f (x) ta sir dung Iénh int. Gidng
nhu céac Iénh trude day, 1énh Int s€ cho ra cong thuc hinh thac cua tich phan.

restart

int(sin(x), x)
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— cos(x)

Int(x *x exp(x),x) = int(x * exp(x),x)
fxexdx =(—1+x)e*

Int(sin(x),x = 0..Pi) = int(sin(x),x = 0..Pi)

T

f sin(x) dx = 2
0
Int(sqrt(x® +1),x = 0..1)

1

j\/xf’ + 1dx

0
value(%)

1 17 7
rypergeon (|35 [3]. 1)

evalf (%) (tinh gia tri xap xi cua tich phan)

1.064088379
Lénh int cling duoc dung dé tinh tich phan suy rong:

Int(exp(—x"2),x = —infinity..infinity) = int(exp(—x"2),x
= —infinity ..infinity)

e}

f e’ dx = N

— 00

Int(ﬁ,x = O..1>= int(ﬁ,x = O..1)

Ngoai ra, cac ky thuat tich phan nhu doi bién sé hoic tich phan ting phan ciing dugc
Maple tich hop trong géi Iénh IntegrationTool.

restart
with(IntegrationTools):
G := Int(x"4/sqrt(1 —x"10),x)
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X4
——dx
fm
Change(G,u = x"5)
1V—u? +1
——————du
5 u?—-1

G1 := value(%)

1 1 1
[ Ztu—1)2 — - : iy 2
10\/ (u—1) 2u+2+5arcsm(u)+10\/ (u+1)24+2u+2
subs(u = x"5,simplify(G1))
garcsin(xs)
V = Int(exp(x) * sin(x), x)
j e* sin(x) dx

Parts(V, sin(x))

e* sin(x) — (f e* cos(x) dx)
Parts(V, exp(x))

—e* cos(x) — (f —e* cos(x) dx)

b. Tich phan bgi
Véi tich phan 2 16p, 3 16p cta ham nhiéu bién ta c6 thé sir dung lénh int Iap 2 lan, 3 lan
hoac stir dung 1énh MultiInt trong goi Iénh Student[MultivariateCalculus].

11 := Int(Int(sin(x3),x = sqrt(y)..1),y = 0..1)

11
ffsin(x3)dxdy
N

value(%)

11
jfsin(x:“)dxdy
0 Vy

Thur dbi lai can lay tich phan:
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12 := Int(Int(sin(x"3),y = 0..x"2),x = 0..1)

1 x?
ff sin(x3)dydx
0 0
value(%)
1 1
373 cos(1)

with(Student[MultivariateCalculus]):
Multilnt(sin(x"*3),x = sqrt(y)..1,y = 0..1)

1 1
f fsin(x3)dx dy
0 Vy
Multilnt(sin(x"*3),y = 0..x"2,x = 0..1)
%—%cos(l)
Multiint(x"2 +y"2+2z,z = =2..y"2+4,y = x—1..x+6,x = 2..4,output
= integral)
4 x+6Y°+4
f f f (x? + y? + z) dxdydz
2 x-1 -2
value(%)
2133754
45

Multilnt(r,r = 1..4,theta = 0..(1/2) * Pi,coordinates = polar|r, theta],
output = integral)

4

1

2

j f rdrd®
0

1
value(%)
21m

Multilnt(r + theta + z,r = 0..2,theta = 2..4,z = (1/2) * Pi .. Pi,
coordinates = cylindrical[r,theta, z])
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%63,
3 T

Multilnt(r,r = 0..Pi,theta = 0..Pi,phi = 0..Pi,coordinates
= spherical|r, theta, phi])

— 75

2

c. Tich phan dwong, tich phdn mat
Dé tinh tich phan duong ta ding l1énh PathInt trong g6i lénh Student[VectorCalculus].

with(Student[VectorCalculus]):
Pathint(x?, [x,y] = Line(< 0,0 >,< 0,1 >))

1
=V2
3\/_

Pathint(y?,[x,y] = LineSegments(< 0,0 >, < 1,1 >,< 1,2 >), output = integral)

1 1
j t2V2dt + j(l + t2)dt
0 0
value (%)
1 7
3V2+3
Pathlnt(y, [x,y] = Path(< cos(t),sin(t) >,t = 0 ..Pi))
2
Pathint(x? + y?,[x,y] = Circle(< 0,0 >,3))
54m

Vi tich phan mat, ta dung 1énh Surfacelnt.

with(Student[VectorCalculus]):

Surfacelnt(1,[x,y,z] = Surface(<r,s,t >,s = 0..Pi,t = 0..2* Pi,coords
= spherical))] assumingr > 0

41rr?

Surfacelnt(x *y * z,[x,y,z] = Box(1..2,3..4,5..6),output = integral)
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6 4 6 2 4 2
ff3st dsdt+ff7st dsdt+ffllst dsdt
5 3 5 1 31

693
4
Surfacelnt(x +y + z,[x,y,z] = Surface(<s,t,4—2*s—t>,[s,t]
= Triangle(< 0,0 >,< 1,0 >,< 0,1 >)))

11
—V6
6\/_

value(%)

2.2. Céc tinh toan co ban trong Pai so tuyén tinh

Pai s6 tuyén tinh 1a mot trong nhitng mdn hoc co s& caa sinh vién cac nganh tu nhién.
Véi linh vuc nay, Maple da xay dung mot goi ¢ong cu tuong dbi hoan thién gom cac lénh
tir tinh toan co ban dén nang cao la LinearAlgebra. Truéc khi 1am viéc véi cac ddi twong
trong Dai s6 tuyén tinh ta phai goi goi lénh:

with(LinearAlgebra) hoac with(Student[LinearAlgebral))

2.2.1. Ma tran, vecto

Ma tran va vecto c6 thé duogc tao ra dé dang boi bang Matrix ¢ phia bén trai man hinh
soan thao. Trong truong hop khong str dung bang trén ta c6 thé tao ma tran, vecto bang
cac lénh sau:

with(LinearAlgebra):
Matrix([[6,—3,4],[8,9, —14]])
6 —3 4
8 9 -14
& 6|-3]4 >,<89,—14 >
6 —3 4
8 9 -—-14
Matrix(3,2,[a,b,c,d, e, f])
a b
e f

Matrix(2)
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[o ol
0 0
Matrix(3,shape = identity)
1 0 0
0 1 0
0 0 1
Hoac:
IdentityMatrix(3)
1 0 0
0 1 0
0 0 1
Matrix(2,[[1, 2], [3, 4]], shape = triangular)
[1 2
0 4
RandomMatrix(3, 4, generator = 1..9)
6 1 8 2
2 3 1 4
3 579
Vector([3,1,2])
a1
1
2]
<312>
3
1
2]
Vector[row]([11,27,6])
[11,27,6]
< 11]27|6 >
[11,27, 6]

Dé tham chiéu dén céc phan tir nim & hang i va cot thir j cia ma tran A ta dung cong thirc
A[i,j]. Pac biét ta c6 thé trich ra cac ma tran con tir ma tran ban dau. Cha y rang Maple
phan biét rat rd gitra cau tric vector va ma tran cot mac di cach hién thi 13 nhu nhau.

f=C(j)->5*i+j—5:
A = Matrix(3,4, f)
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1 2 3 4

6 7 8 9

11 12 13 14
Al2,3]

A[2..3,3..4]
[183 194]

u = Matrix(3,1,[1,2,3])

vi=<123>

1

2

13
whattype(u)

Matrix
whattype(v)
Vector.oiumn

Ngoai ra, cac vi du sau cho ta mot s cach tao ma tran khé thu vi:

f =)~ alD

(i,j) - a*

A = Matrix(2,2, f)

& 2l

a? a*
M = Matrix(3,(i,j) > 3*i+j—3)

1 2 3

4 5 6

7 8 9

map (ithprime, M)

2 3 5
7 11 13

17 19 23
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Lénh tao ma tran M céc s6 nguyén tb nhu trén twong duong véi 1énh sau:
M = Matrix(3, (i,j) — ithprime(3 xi + j — 3))

2 3 5
7 11 13

17 19 23

2.2.2. Cac phép tinh co ban trén ma tran, vecto
a. Phép cong, trir

Ta c6 thé cong, trir hai ma tran hoac hai vecto bang ky hiéu + thong thudng hoic ding
ham Add().

restart
with(LinearAlgebra):
A= Matrix(Z, [[1,2], [3:4]])
o
3 4
B = Matrix([[3,4],[5,6]])
o)
5 6
A+ B
s 10)
8 10
B—A
2 2
5 3l
Add(A, B)
4 6 ]
8 10
u:=<1,23>
1
2
3]
v:i=<45,6>
”
5
6]
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u+v
5
8]
19
u—v
3
3]
3
b. Phép nhéan

Néu mubn nhan mot sé véi mot ma tran ta st dung phép nhan thong thuong *. Bé tinh
tich vo hudng gitra 2 vector ta sir dung dau cham °.”, ky hiéu nay con dugc dung dé tinh
tich gitta 2 ma tran (hoic sir dung Iénh Multiply). Phép tinh lily thura trén ma tran van
ding ky hiéu ~ nhu lily thira trén cac so.

A = Matrix(2,[[1,2],[3,4]])

1 2]
3 4
k = 3:
ES
M
9 12
u:=<123>
1
2
3
v:i=< 234>
2
3
4
u.v

20

s s

B = Matrix(2,[[3,4],[5,6]])
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AxB
Error, (in rtable/Product) invalid arguments
A.B
(13 16]
129 36!
Multiply (A, B)
(13 16]
129 36!
AZ
(7 107
115 22!

c. Ma tran chuyén vi, ma tran nghich dao
Pé tim ma tran chuyén vi ciia ma tran A ta st dung lénh Transpose(A). Nghich dao caa
ma tran A c0 thé tinh dugc bang lénh A= hoic MatrixInverse(A).

A = Matrix(3,[[1,2,3],2,5,3],[1,0,8]])

1 2 3
2 5 3
1 0 8
Transpose(A)
1 2 1
2 50
3 3 8
B := MatrixInvert(A)
—40 16 9
13 -5 -3
5 -2 -1
A.B
1 0 O
0 1 0
0 0 1

d. Pinh thitc, vét va hang ciia ma tran
Muén tinh dinh thic cia ma tran vudng A ta str dung 1énh Determinant. Vét caa ma tran
vubng chinh 1a tong cac phan tir ndm trén dudng chéo chinh, duoc tinh bang lénh Trace.
Lénh Rank(A) s& tra vé két qua 1a hang cua ma tran A.
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A= Matrix([[9,8,4], [7,1,3], [5,3,6]],shape = triangular)

9 8 4
0 1 3
0 0 6
Determinant(A)
54
Trace(A)
16
B := ScalarMatrix(n, 3)
n 0 O
0 n O
0 0 n
Rank(B)
3

2.2.3. Gié tri riéng, vecto riéng cua ma tran
Cho A 12 ma tran vudng. S6 A € R duoc goi 1a gié tri riéng cia ma tran A néu:

Ax=Ax
Vecto x # 0 théa man phuong trinh trén dwoc goi 1a vecto riéng cua ma tran A.
Dé tim cac gia tri riéng ctia ma tran A ta sir dung lénh Eigenvalues(A) va cic vector
riéng tuong Gmg dugc cho bai 1énh Eigenvectors(A). Luu y rang lénh Eigenvectors
cho 2 két qua 1a c4c gia tri riéng va cac vector riéng lap thanh ma tran P 1am chéo hda ma
tran A (néu co).

with(LinearAlgebra):
A=« —1,-3,-6>]<3,56>|<-3-3 —4>>
-1 3 -3
-3 5 =3
-6 6 4
Eigenvalues(A)

H

(v, P) == Eigenvectors(A)
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—4 E
2 1,11 I
1 1 0
P
5 11
2
[1 0 1I
FEN
1 1 0
P—l
1 -1 1
-1 1 0
1 3 1
2 2 2
P 1L AP
—4 0 0
0O 2 0
0O 0 2

Ngoai ra, ta cd thé dua ra da thirc dic trung ctia ma tran A bang lénh sau:
CharacteristicPolynomial(A, 1)
A3 —121+ 16

2.2.4. Giai h¢ phwong trinh tuyén tinh

Mot hé phuong trinh tuyén tinh gdm m phuong trinh, n an c6 thé dugc cho dudi dang ma
tran: A.x = b trong d6 A = (aij)mxn,x = (%1, %3, e, Xy)T, b = (by, ..., b,)T. DE giai hé
phuong trinh ¢ dang nay ta st dung Iénh LinearSolve(A, b).

e e ]

1 1 —E
0 -1 1
9
11 -7 1]

b := Vector([O0,6,0])
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= LinearSolve(A,b)

19
20
26

Xeét h¢ phuong trinh:
x+3y+5z—-2t=3
x+5y—-9z+8t=1
2x+7y+3z+t=5
5x +18y + 4z + 5t = 12
Hé phuong trinh ndy c6 thé duoc giai theo 2 cach: (1) dung lénh solve nhu d3 biét &
phan trudc, (2) dung lénh LinearSolve biang cach dua hé trén vé dang ma tran va giai.

ptl:= x+3xy+5*xz—2xt = 3:
pt2:= x+5*xy—9*xz+8x*t = 1:
pt3:= 2*xx+7xy+3xz+t = 5:
ptd:i= 5xx+18+xy+4*xz+5xt = 12:
solve({pt1, pt2, pt3,pt4}, {t,x,y,z})
{t =tx =6-26z+17t,y = —1+7z—-5t,z = z}
A,b := GenerateMatrix([ptl, pt2, pt3 pt4 [x y,z t])

1

1 — 8

2 1

5 1 4 5 12

6 —26_t; +17.t,
—1+7 _t;3—5_t,
_ts
_ty

Ax=bh (thir lai)

byl

= LinearSolve(A,b)
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Ngoai ra, ta c6 thé s dung phuong phap khir Gauss dé giai hé phuong trinh A. x

bang cach dung cac phép bién doi so cap trén hang
ma tran nay vé dang bac thang.

b
d6i v6i ma tran bd sung (4|b) dé dua

restart;
with(LinearAlgebra);
A := Matrix([[1,3,5,-2],[1,5,-9,8],[2,7,3,1],
1 3 5
1 5 -9
2 7 3
5 18 4
b := Vector([3,1,5,12])
3
1
5
12
B:=<A|b >
1 3 5 =2
1 5 -9 8
2 7 3 1
5 18 4 5
RowOperation(B, [2,1],—1, inplace = true)
1 3 5 —2
0 2 -14 10
2 7 3 1
5 18 4 5
RowOperation(B,[3,1], -2, inplace = true)
1 3 5 -2
0 2 -14 10
0 1 -7 5
5 18 4 5
RowOperation(B, [4,1], -5, inplace = true)
1 3 5 —2
0 2 —-14 10
o 1 -7 5
0 3 —-21 15
RowOperation(B, [3,2], inplace = true)

[5,18,4,5]])

-2

Ul = 0
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1 3 5 -2 3
o1 -7 5 -1
0 2 —-14 10 -2
0 3 -21 15 -3

RowOperation(B, [3,2],—2, inplace = true)
1 3 5 -2 3
o 1 -7 5 -1
0 O 0 0 0
0 3 —-21 15 -3
RowOperation(B, [4,2], -3, inplace = true)
1 3 5 -2 3
o1 -7 5 -1
0O 0 O 0 0
0O 0 O 0 0
Dén day, ta c6 thé dua ra nghiém cua hé phuong trinh bang phuong phap khir nho Iénh:
x := BackwardSubstitute(B)
6 - 26 _tz + 17_t1
_1 + 7_t2 - S_tl
_b
t
Dic biét ma tran cudi c6 thé duoc cho ra nhanh chéng boi 1énh GaussianElimination.

C := GaussianElimination(< A|b >)
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