72 TRUONG PAI HOC PHU YEN

DUNG GOI LENH TIKZ PE VE PO THI TRONG LATEX

Pao Thi Kim Chi”
Truong Pai hoc Phu Yén

Tom tat

Pé vé hinh ¢6 dg phan gidi cao trong LaTeX, ta cé rdt nhiéu géi lénh hé tro nhw TikZ,
MetaPOST, PStricks. Trong d6, TikZ la g6i thuwong dwoc sir dung béi cdc wu diém cia né. Bai
bdo ndy chiing t6i trinh bay cdc van dé co ban dé sir dung géi TikZ vé do thi ham sé chdt lwong
cao trong LaTeX. Théng qua dé gitip ban doc thdy dwoc phan nao wu thé ciia géi lénh ndy trong
viée vé do thi ham s6 néi riéng va vé hinh néi chung trong qud trinh soan thdo tai liéu bang
LaTeX.

Tw khoa: TikZ, LaTeX, TeX

Abstract
Using TikZ software in Math
There are some packages supposing the LaTeX to create a high quality diagram in
maths such as TikZ, MetaPOST, and PStricks. Where, the TikZ package is a favorite tool
because of its advantages. In this paper, we explore some basic tutorials as well as advanced
codes of TikZ to create a diagram in math document.
Keywo+rds: TikZ, LaTeX, TeX

1. Giéi thiéu
Hién nay dé v& hinh ta c6 thé sir dung nhiéu phin mém chuyén v& hinh rdi chén tap
tin hinh v& vao TEX. Cac phan mém v& hinh nay d& str dung nhung chit lugng in khong
dep, co thé bi bé hinh khi phong 16n. Vi vay viéc v& hinh truc tiép trong Latex s& khic phuc
nhitng nhugc diém trén. TikZ 1a mot trong nhimng géi v& hinh phd bién trong LaTeX. Khéc
vGi cac goi 1énh vé hinh khac, khi dung TikZ ban phai thudc cac cau 1énh nhung bu lai, hinh
v& s& co chit lugng rat cao. Chling tdi s& gidi thiéu cach cai dit, mot s6 luu y khi ding TikZ
va huéng dan v& dd thi ham s6 chat luong cao trong LaTeX. Tir d6 ban doc tiép tuc nghién
ctru gbi 1énh nay dé khong chi v& db thi ham s6 ma con v& rat nhiéu hinh phtrc tap hon trong
LaTeX.
2. Noi dung
2.1. Cai dat va lwu y khi sir dung géi Iénh TikZ
Pé s dung TikZ, can tai vé package (goéi) TikZ va dat dong Iénh sau trudc
\begin{document}
\usepackage{tikz}
Bay gio, khi muén v& mot hinh, ta str dung cAu truc sau
\begin{tikzpicture}
%Nhing Iénh VE§;
\end{tikzpicture}
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Trong TikZ chi c62 ddi twong co ban la dudng (paths) va diém (nodes). Tat ca
nhimng hinh phirc tap déu 1a két hop ctia 2 d6i twong nay. Trong do, paths thuong 13 draw:
nét v& don, c6 thé hinh dung nhu nét but chi. Lénh v&: \path[draw]. Hodc ding lénh tit:
\draw

Dé thuan tién cho viéc v& dd thi ham sb, ta chia thanh 3 nhom Iénh:

« Nhom 1énh vé& co ban: v& duong ndi 2 diém, 3 diém,...

* Nhom 1énh v€ nang cao: vé& hinh stir dung vong lap

« Nhom tiy bién dung dé “trang tri”. Nhom nay bao gom:

o Chon mau sic duong vé

o Chon nét dut/nét lién

o Chon d¢ day duong vé

o Bit dau/két thiic duong vé bang miii tén, chdm tron, ...

0 Thé&m chu thich hinh v€& (font chi, vi tri ctia chu thich,...)

O day ching ta tam thoi chi quan tim dén 1énh v& \draw, con nhitng 1énh v& khac va
cac tiy bién lién quan dén mau sic, 6 day, nét vé,... sé duoc 16ng vao cac vi du dé ban doc
¢6 dugc hinh dung vé cach nhiing tity bién trang tri tac dong 1én hinh vé.

2.2. V& d6 thi ham so6 trong LaTeX bing TikZ

Dé vé& dd thi ham s trong LaTeX bang phuong phap sir dung goi 1énh TikZ, trude

tién ta can biét cach vé& cac ddi tugng co ban, 1a thanh phan cua mot d6 thi ham sb thong

dung. Cu thé:

Céc duong tiém can

HE TRUC TOA BO e
(n€u co)

PO THI . ,
S PO THI Luéi
HAM SO

GHI CHU CHO PO THI

Béy gid chiing ta s& cung tim hiéu cach vé& cac thanh phin nay qua cac vi du don gian.
2.2.1. V& dwdng ndi cac diém (dung vé doan, dwdng, tiém cén, ...)
\begin{tikzpicture}
\draw (0,0)--(1,1);
\draw [line width=3, red] (1,0)--(2,1);

\end{tikzpicture}

Trong mdi hinh v& TikZ, c6 mot hé toa do an, véi cac 6 ludi co kich thudc lem x
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lem. O 1énh v& thir nhat, ta thuc hién vé& mot doan théng ndi diém c6 toa do (0,0) voi diém
co toa do (1,1).
Chu ¥ rang khong phai lic nao diém & goc dudi trai ciia hinh ciing c6 toa do (0,0).
TikZ sé tu dong dat diém co toa do thép nhét cta hinh v& vao goc dudi trai. Vi duy, néu ban
thue hién 1énh v& \draw (-1,-1)--(0,0); thi ciing s& cho két qua twong tu.
O 1énh v& th 2, ta thdy thém 2 tuy bién line width=3 va red quy dinh duong v& co
do day l1a 3pt va c6 mau do.
Néu mubn v& 2 hay nhiéu doan ndi tiép nhau, ta chi viéc khai bao thém nhiing diém
tiép theo nhu sau:
\begin{tikzpicture}
\draw (0,0)--(1,1)--(2,1)--(2,0);
\draw [line width=3, dotted, red] (3,0)--(4,1)--(5,1)--(5,0)node[below]{Minh hoa};
\end{tikzpicture}

Minh hoa

Tuy bién dotted 1am cho dudng vé& tré thanh dudng chdm chdm. Con dong
node[below]{Minh hoa} tao ra mot chii thich ngay duéi diém (5,0)
Mot luu ¥ quan trong: Ludn két thiic cac 1énh v& bang ddu chAm phay.
2.2.2. V& truc s sir dung vong lip
Cu phap sir dung rat don gian, hiy theo di vi du dudi day dé xem ching hoat dong
nhu thé ndo. Gia sir ban can V& truc s6 Ox, trén d6 s& danh diu cac diém tir 0 dén 10. Cach
thir nhét 12 v& va danh s6 thu cong lan lugt nhu sau:
\begin{tikzpicture}
\draw [->] (-1,0) --(11,0) node [below] {$x$};
\draw (0,0.1)--(0,-0.1) node [below] {0};
\draw (1,0.1)--(1,-0.1) node [below] {1};
\draw (2,0.1)--(2,-0.1) node [below] {2};
\draw (3,0.1)--(3,-0.1) node [below] {3};
\draw (4,0.1)--(4,-0.1) node [below] {4};
\draw (5,0.1)--(5,-0.1) node [below] {5};
\draw (6,0.1)--(6,-0.1) node [below] {6};
\draw (7,0.1)--(7,-0.1) node [below] {7};
\draw (8,0.1)--(8,-0.1) node [below] {8};
\draw (9,0.1)--(9,-0.1) node [below] {9};
\draw (10,0.1)--(10,-0.1) node [below] {10};
\end{tikzpicture}

0 1 2 3 4 5 6 7 8 9 10
Tuy nhién, bang cach sir dung vong lap don gian ban c6 thé 1am diéu nay nhanh hon
\begin{tikzpicture}
\draw [->] (-1,0) --(11,0) node [below] {$x$};
\foreach \x in {0,1,2,3,4,5,6,7,8,9,10}
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\draw (\x,0.1)--(\x,-0.1) node [below] {\x};
\end{tikzpicture}

0 1 2 3 4 5 6 7 8 9 10 ¥
(Lénh \foreach c6 nghia 1a for each, cho ban nao chua biét). Két qua hoan toan
tuong tu
2.2.3. Chu thich cac diém véi 1énh \node
Thong thudng ¢ 3 cach dé tao node
e Thém node vao diém dang v&, bang cach thém node[Tuy bién] {Noi
dung}vao ngay sau diém do
Tao node tai mot diém bat ki, bang 1énh \node (x,y) [Tuy bién] {Noi dung};
Dinh nghia va tao node tai mot diém, \node[Tuy bién] (Tén node) at (x,y)
{Noi dung};
Trong d6, dinh nghia theo cach thtr 3 mac du dai dong hon nhung s€ thuan tién khi
phai lién két nhiéu 1an véi node do.
Don gian nhit, dé thém mot chu thich vao mot diém, ta chi can thém node {Noi
dung chu thich}vao ngay sau diém dang v&. Vi du
\begin{tikzpicture}
\draw [<->] (0,2)node{$y$} -- (0,0)node{$O%$} --
(5,0)node{$x$};
\end{tikzpicture}

) .
9 i

Céc cht thich mic dinh s& nim dang vi tri trung tdm cua diém chu thich, diéu nay
d6i khi khong dep mit (nhu truong hop nay). Ta c6 thé didu chinh lai vi tri bang cach thém
vao céc tiy bién

\begin{tikzpicture}

\draw [<->] (0,2)node[left]{$y$} -- (0,0)node[below left]{$O$} --
(5,0)node[below]{$x$};
\end{tikzpicture}

O day ta luu ¥, cac vi tri ciia node bao gom {above, below} (trén, duéi) va {left,
right} (trai, phai) ciing nhu cac t6 hop gitra 2 cap nay. Vi du above left, below right, ...

Vé co ban cach sir dung thir nhat va thir 2 ciing giéng nhau. Cach thtr 2 cho phép ta
thém mot node tai diém bat ki, khong can nam trén duong ve.

Yy

0 x
2.2.4. Tiép cn cac vi du do thi don gian
Ta dung Iénh \draw plot (\x, {ham s6}); dé vé& dd thi ham sd. Gia sir ta can vé do thi
ham s6 y = sin(x) trén mién [0,27], ta thyuc hién nhu sau:
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\begin{tikzpicture}
\draw [<->] (0,2)--(0,0)--(7,0); % H¢ truc toa do
\draw [domain=0:2*pi, blue,] plot (\x, {sin(\x N});
\end{tikzpicture}

Hai diém quan trong khi v& d thi Ia biéu thirc va mién gia tri. Trong lénh v& trén,
ham s6 y = sin(x) dugc thé hién bang biéu thirc sin(\x r).Chit r theo sau \x quy dinh rang x
¢ don vi 1 radian, néu khéng co chit r thi TikZ s& hiéu x c6 don vi la d6. Mién gia tri cua
xnam trong doan[0,27] dugc thé hién bang tiy bién domain=0:2*pi
Ngoai chat phirc tap vé& don vi ddi voi cac ham lugng giac, nhitng ham sb con lai
hoan toan ¢6 thé biéu dién binh thuong, giéng nhu khi tinh toan trén Matlab, ban chi viéc
thay x bang \x
TikZ h tro rat nhiéu ham toan hoc:
e sqrt(\x): Ham cin bac hai vx
epow(\X, y): Ham mi y*
esin(\x r), cos(\x r), tan(\x r): Cac ham lugng giac
eexp(\x): Ham e*
eIn(\x): Ham Inx
eround(\x), floor(\x), ceil(\x): Cac ham lam tron
emin(\x, y), max(\x, y): Cac ham GTNN, GTLN
epi, e : Cac hing s6 toan hoc w = 3.14159 ...va e = 2.71828....
Sau day la mét vi du don gian khac
\begin{tikzpicture}[domain=0:4]
\draw[thin,color=gray!50] (-0.1,-1.1) grid (3.9,3.9);
\draw[->] (-0.2,0) -- (4.2,0) node[right] {$x$};
\draw[->] (0,-1.2) -- (0,4.2) node[above] {$f(x)$};
\draw[color=red] plot (\x,\x)
node[right] {$f(x)= x$};
\draw[color=Dblue] plot (\x,{sin(\x r)})
node[right] {$f(x)=\sin x$};
\draw[color=orange] plot (\x,{0.05*exp(\x)})
node[right] {$f(x)= \frac{1}{20} e"x$};
\end{tikzpicture}
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f(@)
flz)==x

f(z) =sinz

Cau Iénh \draw[thin,color=gray!50] (-0.1,-1.1) grid (3.9,3.9);tao mdt ludi
can dbi va dep mit cho hinh v& chira d6 thi.
2.3. Cac buéc dé vé mot do thi dién hinh
Budéc 1: Dung truc s6
Trong budc ndy ta can xac dinh moi théng sé vé ham s dé dyng truc sé phu hop.
Tir diém dau, diém mut, cho dén khoang biéu din cua ham sé ciing nhu khoang khéng gian
can thiét cho viéc v& ham sé. Ngoai ra, con mét s cau hoi vé viéc co dung ludi hay khong?,
c6 dung cac duong phu (tiém cén,...) hay khong?,...
Budéc 2: V& do thi
Budc nay ta quan tam dén gidi han khoang dugc biéu dién trén dd thi cta ham s
cling nhu biéu dién chinh xéc cac cong thirc ciia ham sé.
Budéc 3: Thém cac ghi chd cho ham sé
Céc dbi twong dugc thém cd thé 1a cac duong chiéu ciaa mot hoac mot sé diém nao
d6 1én truc s6, ky hiéu cac giao diém, ...
Ta phéan tich thém mot vi du sau:
V& d6 thi ham s6 x% — 3x% + 1
\begin{tikzpicture}
%Buoc 1
\draw[->] (-3,0) -- (4,0);
\foreach \x in {-2,1,3}
\draw[shift={(\x,0)},color=black] (Opt,2pt) -- (Opt,-2pt)
node[below] {\normalsize $\x$};
\draw[->,color=black] (0,-4) -- (0,3);
\foreach \y in {-2,-1,1,2}
\draw[shift={(0,\y)},color=black] (2pt,0pt) -- (-2pt,0pt)
node[left] {\normalsize $\y$};
\draw[color=black] (4,0) node[right] {$x$};
\draw[color=black] (0,3) node[right] {$y$};
\draw[color=black] (0,0) node[below right] {\normalsize $0$};
%Budc 2
\clip(-3,-4) rectangle (4,3);
\draw[smooth,samples=100,domain=-4:4]
%Buoc 3
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\draw[dashed] (2,0) -- (2,-3) -- (0,-3);
\draw[dashed] (3,0) -- (3,1) -- (0,1);
\draw[dashed] (-1,0) -- (-1,-3) -- (0,-3);
\draw (2,0) node[above] {\normalsize $2$};
\draw (-1,0) node[above] {\normalsize $-1$};
\draw (0,-3) node[below left] {\normalsize $-3$};
\draw (0,0.2) -- (0.2,0.2) -- (0.2,0);
\fill (Ocm,0cm) circle (1.5pt);

\end{tikzpicture}

Phan tich timg doan theo tudn tur cic budc ta c6 ¥ nghia cac Iénh:
Buéde 1: Lénh v& truc sé Ox
\draw[->] (-3,0) -- (4,0) node [right] {$x$};
Vong lap dé dién cac gia tri trén truc s6 cua cac diém duoc biéu dién
\foreach \x in {-2,1,3}
\draw (\x,0.1)--(\x,-0.1) node [below] {\normalsize \x};
Lénh \draw (\x,0.1)--(\x,-0.1) dung dé v& mot duong ngang, ky hiéu dé ghi s6 trén truc
hoanh. Ta dung tuy bién \normalsize dé cac diém it bi chéng 14n vé6i @6 thi, trong dep mét
hon.
Tuong ty ¢ truc tung:
\draw[->] (0,-4) -- (0,3) node [right] {$y$};
\foreach \y in {-2,-1,1,2}
\draw (0.1,\y)--(-0.1,\y) node[left] {\normalsize \y};
Tiép theo ta dién tdm O 1én ding vi tri bang 1énh
\draw[color=black] (0,0) node[below right] {\normalsize $0$};
Hai dong 1énh cudi cing ciia bude 1:
\ draw (0,0.2) -- (0.2,0.2) -- (0.2,0);
\fill (Ocm,0cm) circle (1.5pt);
Dung dé vé& ky higu goc vudng nho va cham tron 14 tim ctia d6 thi ham sé:
Dén day ta c6 duoc mot truc sb twong ddi day di dé tiép tuc vé do thi!
Budéc 2: Dong lénh chinh dé v& d6 thi
\draw[smooth,samples=100,domain=-4:4]
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O day c6 mot luu ¥ cuc ky quan trong dbi voi dudng cong, d6 1a cac thong sd smooth,
samples=100 vi néu khong co cac théng sb nay, do thi chi 1 nhitng dudng thiang giy khic
va khong duoc lién tuc v6i nhau. Domain chinh 1 giéi han gia tri dugc biéu dién cua do thi.
Cau lénh \clip(-3,-4) rectangle (4,3); ciing cuc ky quan trong, boi vi néu khong ¢ né thi dd
thi ciia chung ta s& dai ra dén hét trang gidy. Ta tudng tuong né nhu mot “cai hop”, sé chi
biéu din nhimg phan tir trong “cai hop” d6 ma thoi. Vi do thi, “cai hop” d6 thuong s& co
dang hinh chir nhat (rectangle) va 2 thong sé (-3,-4) va (4,3) chinh 1a toa do hai dinh chéo
nhau cta hinh chir nhat doé.

Buée 3: Cac dong dudi day c6 cong dung vé& cac duong chiéu cua diém 1én truc s6

\draw[dashed] (2,0) -- (2,-3) -- (0,-3);

3. Tong két

Trén day 1a cac budc hoan chinh dé v& mot do thi ham sé dién hinh, con rat nhiéu
loai dd thi ham sé khac nhung ba budc co ban trén 1a khong thé thiéu. Tuy véy, diéu tac gia
mong mudn 13 sau bai viét nay, nguoi doc s& tim hiéu thém vé goi 1énh TikZ va co thé v&
nhiéu loai ham s6 no6i riéng va cac dang hinh hoc phtre tap n6i chung
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