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“One of the things I really like about programming languages is that it’s the perfect execuse to
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Tap tai lieu Huwéng dan co ban st dung ROOT dugc bién soan nhiam muc dich giéi thiéu cho
cac ban sinh vién vé géi phan mém méa nguon mé ROOT, mot trong nhitng cong cy xi 1y so lieu
phd bién nhat hién nay trong nganh Vat ly Hat nhan va Nang lugng cao. Mic dit day 1a mot cong
cu kha thong dung, da va dang dude st dung trong hau hét cac thi nghiém 16n trén thé gidi, tuy
nhién lai kha la 1am véi cac ban sinh vién chuyén nganh Vat Iy Hat nhan tai Viét Nam. Do d6 qua
tap tai lieu nay, toi hi vong sé gidi thieéu dén cac ban thém mot cong cu xit 1y sb lidu hitu ich nita
bén canh cac cong cu ma cac ban dang st dung nhu Origin, Matlab,...

Noi dung ciia tai lieu duge tong hop tit nhiéu ngudn khac nhau, véi phan lén cac vi du dude lay
tit ROOT User’s Guide. V6i muc dich trinh bay so luge cho cac ban nhitng kién thic v ki nang
co ban nhat trong viéc stt dung ROOT, noi dung ctia tai lieu kha co6 dong va khong di qua sau vao
chi tiét. Cac cht dé duge Iya chon trinh bay trong tai liéu nay 1a cidc van dé co ban can nam ving
ma t6i da dac két dude sau mot thai gian st dung ROOT. Mac di vAn con rat nhiéu chia dé chua
dugce dé cap dén trong tai liéu, tuy nhién véi nhitng gi duge trinh bay, hi vong cac ban sé nam bat
dugce phan nao nhing kién thitc nén tang ciia ROOT dé tit dé c6 thé tim hiéu sau hon vé chuong
trinh nay thong qua cac tai lieu khéc duge phd bién trén mang internet. Diac biet déi véi nhitng
ban c¢6 dinh huéng nghién cttu vé linh vic thiie nghiém hat co ban, day gan nhu la mot cong cu
khong thé thiéu trong cong viéc ciia céc ban sau nay.

Mic dit da rat c6 gang, nhung do thdi gian han hep nén chic chan tai lieu nay van con nhiéu thiéu
s6t vé noi dung ciing nhu hinh thitc trinh bay. Rat mong nhan duge sy déng gép ¥ kién cia céc
ban dé viec bien soan tai lieu ngay cang tét hon.

Pang Nguyén Phuong
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GIGI THIEU VE ROOT

ROOT 1a mot framework (thu vien chita cdc ma lénh) dung cho viéc phan tich va xit 1y s6 lieu, chtt
yéu cho nganh Vat Iy hat nhan va hat co ban (hay con goi la Vat 1y niang lugng cao). Chuong trinh
dugce phét trién dau tien bsi René Brun va Fons Rademakers vao giita nhitng nam 1990 tai T6 chiic
Nghién citu Nguyen tit Chau Au (Conseil Européen pour la Recherche Nucléaire — CERN) dua
trén ngon ngit lap trinh C++ v6i kha nang 1ap trinh huéng doi tugng (object-oriented programing).

1.1 Lich st hinh thanh

ROOT dugc phat trién trong bdi canh duy 4n thi nghiem NA49 tai Trung tam Nghién cttu Nguyén
tt Chau Au (CERN). Thi nghiém nay doi héi phai xt 1§ mot lugng dit liéu rat 16n, khoang 10
Terabytes! /run, do d6 doi hdi phai phat trién mot thé hé cong cu xit Iy dit liu méi dé thay thé
cho céng cu hién dang c6.

Vao giita nhitng nam 1990, René Brun va Fons Rademakers sau nhiéu nam phat trién cic cong
cu xtt 1y va mo phdéng cho cac thi nghiém vat 1y nang lugng cao (particle physics hay high energy
physics) nhu PAW, PIAF va GEANT da nhan ra riang cdc thu vién ngon ngit 1ap trinh Fortran
duong nhu da dat tdi gigi han ciia n6. D cho van con rat thong dung, cac cong cu nay can phai
dugc nang cap dé c6 thé tuong thich cho lugng dit lieu khong 16 clia cac thi nghiém trong tuong
lai, dac biet 1a cac thi nghiem tai Large Hadron Collider (LHC) sap t6i.

Ciing lac dé, sy phat trién ctia khoa hoc may tinh dic biet 1a ki thuat lap trinh huéng déi tuong
da tao tién dé dé cac nha khoa hoc huéng téi viec xay dung mot cong cu dua trén nén tang ki
thuat nay. Nam 1994, Brun va Rademakers bat dau tién hanh xay dyng va phat trién ROOT; dén
khodng nhitng nam dau thé ki 21 n6 da thay thé hoan toan cho cac framework dugc xay dung bang
ngon ngit Fortran trude dé tai CERN?,

Su phat trién cia ROOT phan 16n 14 nhs vao sit tuong tac ciia nhitg ngudi dung (user) va ngudi
phat trién (developer). Vi day 14 ma ngudn md (open source) cho nén ban than ngudi diing ciing c6
thé trd thanh ngudi phat trién bang cach xay dung va tich hgp cAc ma ngudn ctia minh vio trong
ROOT, n6 dugc goi 1a “phong cich Bazaar” (Bazaar style)®.

1Ki hieu 1a TB, 1 TB = 10'2 hay 2*° B

2CERN da hoan toan ngiing viéc phét trién céc thu vien xay dung bing ngon ngit Fortran ké tir nam 2003.

5Dua theo thuat ngit trong cubn sach “The Cathedral and the Bazaar” clia Eric S. Raymond (cic ban c6
thé tham khao thém vé cudn sach nay tai day http://www.catb.org/~esr/writings/cathedral-bazaar/), trong d6
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Tt nam 1995 dén nay, da c6 rat nhiéu phién ban cia ROOT dugc ra doi
e Phién ban dau tien ROOT 0.5 dugce cong bo vao thang 11/1995.
e Bit dau st dung trinh thong dich CINT cho ROOT tit nam 1996.

e Céc phien ban ROOT 1.0 (1997), ROOT 2.0 (1998), ROOT 3.0 (2001), ROOT 4.0 (2004) va
ROOT 5.0 (2005) lan lugt ra doi.

e Phién ban ROOT 5.34 ra doi vao nam 2013.
e Phién ban ROOT 6.00 ra dsi vao thang 7/2014 va sau do la 6.02 vao thang 9/2014.

Mic du duge xay dung ban dau cho muc dich xtt Iy s6 lieu hat co ban, ROOT da nhanh chéng
lan sang nhiéu linh vyc tng dung khéc nhu thién vin hoc (astronomy), khai pha dit lieu (data
mining),... Danh sach mot sé ng dung tiéu biéu ciia ROOT c6 thé xem tai day http://root.
cern.ch/drupal/content/example-applications.

Dé c6 thé tim hiéu vé ROOT mot cach tron ven hon, cac ban c6 thé vao trang web ciia ROOT
tai http://root.cern.ch/drupal/; hodc tham gia trao ddi, thao luan véi cac chuyén gia tai
http://root.cern.ch/drupal/content/roottalk-digest.

1.2 Mot s6 tinh ning co ban ciia ROOT

Mot diém dic trung dé nhan thay nhat cia ROOT dé 1a viée to chiic, sdp xép dit lieu dudi dang
cay (tree) nhim gitp cho viéc Iutu trit va x Iy mot lugng 16n dit lieu dude hiéu qua hon. Hién nay,
chuong trinh nay dang duge sit dung trong céc thi nghiém tai Large Hadron Collider (LHC) va tai
hau hét cac thi nghiem vat 1y nang lugng cao trén thé gidi.

e Luu trit dit lidu: ching ta c6 thé luu trit cac dit lieu (tho hodc da qua xi 1y) va tham chi
13 cac déi tugng C++ vao trong cac file nén dang .root. Cac dit lieu duge luu lai dudi dang
cau tric cay (tree) gitip cho toc do truy xuat dit lieu duge tang len nhanh chéng so véi viec
truy xuat cac dit lieu dang thong thuong.

e Truy xuat di liéu: dit lieu dudc luu trit trong céc file root ¢ thé duge truy xudt tit may
tinh hodc thong qua mang internet. Véi cac dit lieu c6 kich thuée 16n, ta c6 thé luu trit trén
mang grid. Cac dit liéu c6 thé duge chia nho ra nhiéu file root khac nhau va dudc lien két lai
trong qua trinh xit 1.

e X1t 1y dit lieu: ROOT la mot thu vién 16n tap hop rat nhiéu cac cong cu toan hoc va thong
ké gitp ching ta c6 thé xit 1y dit liu mot cach tot nhat. ROOT ciing ho trg cac xit 1y theo
huéng lap trinh huéng doéi tugng hodc lap trinh song song.

e Trinh bay két qua: cic két qua c6 thé duge trinh bay theo rat nhiéu dang khac nhau
(histogram, cham diém, dudng,...) va c6 thé dugc higu chinh tryc tiép trén hinh vé. Cac hinh
vé trong ROOT c6 thé duge xuat ra theo nhiéu dinh dang khac nhau (pdf, eps, png,...).

e Mo phong: ROOT c6 kha nang mo ta cac hinh hoc khong gian phtc tap, viec mé phong
trong ROOT dugc thuc hién thong qua cac goi mo ta hinh hoc, tracker va Monte Carlo 4o.

phan chia cdc mo hinh phét trién phan mém ma ngudn md thanh hai loai
e Mo hinh Cathedral (Cathedral model): ma ngudn md cho timg phién ban phat hanh (release), viéc phat trién
ma ngudn ciia timg phién ban chi dugc gidi han bén trong doi ngii phat trién (vi du: Emacs, GCC,...)

e Mo hinh Bazaar (Bazaar model): mi ngudn duge phat trién chung thong qua mang internet, moi ngudi déu
c6 thé tham gia (vi du: nhan Linux)
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1.3 CAch thic cai dat ROOT

ROOT la géi phan mém ma ngudén mdé mién phi, c6 thé duge download tai trang web http:
//root.cern.ch/drupal/, thich hgp cho rat nhiéu hé diéu hanh nhu Linux, Windows, Mac OS,...
Trong phan nay toi sé trinh bay cach thic cai dit ROOT cho hai hé diéu hanh thong dung 1
Windows va Linux.

Dé cai dit duge ROOT trudce tien ta sé vao trang
http://root.cern.ch/drupal/content/downloading-root
kéo xudng nhap chon phién ban (version) can cai dat (Hinh 1.1).

Pro, version 6.02/00 experimental (see also the release notes)

O, version 6.00/02 experimental (see also the release notes)

Pro, version 5.34/21 recommended (see also the release notes)

Ol version 5.32/04 (see also the release notes and developrment notes)
O, version 5.30/06 (see also the release notes and developrment notes)
Old, version 5.28/00h (see also the release notes and developrment notes)
O, version 5.26/00 (see also the release notes and development notes)
Old, version 5.24/00 (see also the release notes and developrment notes)
O, version 5.22/00 (see also the release notes and development notes)
O, version 5.20/00 (see also the release notes and development notes)
O, version 5.18/00 (see also the release notes and development notes)
O, version 5.16/00 (see also the release notes and development notes)
Old, version 5.14/00 (see also the release notes and developrment notes)
O, version 5.12/00 (see also the releaze notes and development notes)
O, wersion 5.10/00 (see also the release notes and developrment notes)
O, version 5.03/00b (see also the release notes and development notes)
Old, version 4.04/02g (see also the release notes and development notes)
Old, version 4.02/00 (see also the release notes and development notes)
O, version 400008 (see also the release notes and development notes)
Old, version 3.10/02 (see also the release notes and developrment notes)
O, version 3.05/07 (see also the development naotes)

O, wersion 3.04/02 (see also the release notes)

Old, version 3.03/02 (see also the release notes

O, version 3.02/07 (see also the release notes
O, version 3.01/06 (see also the release notes
O, version 3.00/06 (see also the releasze notes

e

Hinh 1.1: Cac phién ban cia ROOT

Ung v6i mdi phien ban sé c6 nhiéu file nguén khac nhau dé cai dit, dudi day sé 1a huéng dan chi
tiét cach cai dat ing tng véi timg hé diéu hanh.

1.3.1 Heé diéu hanh Windows

D6i v6i cac phien ban ROOT 5.34 tré vé trudc, ta co thé cai dit thang file binary da duge bien dich
bang cach chon céc file c6 dudi .msi (Microsoft Installer) tai phan Binaries nhu trong Hinh 1.2.

Sau khi da tai file .msi vé, ta nhap doi chudgt vao file va cai dat nhu nhitng chuong trinh binh
thuong.

Tuy nhién véi cac phién ban ROOT 6.00 trd vé sau hién tai chua c6 file .msi, file binary hién c6
duge bien dich trong moi truong Cygwin, do dé dé cé thé sit dung duge ta phai cai dat Cygwin.
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Release Debug
vorsom S
vornemn RS
s TS

Hinh 1.2: Cac file da dugce bién dich

1.3.2 Heé diéu hanh Linux

D6i v6i he dieu hanh Linux, cAch tot nhat 1a bién dich tit ma nguon (source code). Dau tién ta can
tai ma nguon bang cach vao trang web nhu duge mo ta trong Hinh 1.1), sau d6 ta sé tim dén phan
Source va nhap vao duong link ROOT 6.xz.yy complete source tree dé tai file ma nguon (c6 dang
root_v6.xx.yy.source.tar.gz).

Tru6c khi tién hanh bién dich ma nguodn, ta can phai ddm béo rang trong hé théng da c6 sén
mot s6 goi tng dung (package) can thiét cho qué trinh bién dich. Méi mot he diéu hanh sé doi
hoi cac goi tng dung khac nhau, ta c6 thé kiém tra cac géi cho hé diéu hanh tuong tng tai
http://root.cern.ch/drupal/content/build-prerequisites. Dé cai dit cac géi ing dung nay,
ta st dung céc lénh sau

e Déi v6i Fedora

$ yum install <packagel> <package2>

D6i v6i Ubuntu

$ sudo apt-get install <packagel> <package2>

e Déi v6i openSUSE

$ sudo zypper install <packagel> <package2>

Déi v6i ATX

$ rpm -Uvh <packagel> <package2>

Sau khi da download ma nguon va cac goi ting dung can thiét, ta tién hanh gidi nén file ma nguon
bing lénh

$ tar -zxvf root_v6.xx.yy.source.tar.gz

Sau khi giai nén, mot thu muc root/ sé duge tao ra tai vi tri dit file ma nguon. Ta di chuyén vao
bén trong thu muc root/ nay dé thuyc hien viec cai dit

$ cd root

O day c6 hai phuong thifc cai dat: cai dat vi trf khong ¢b dinh va cai dat véi vi trf ¢6 dinh. Phuong
thitc thit nhat thich hgp véi muc dich cai dat ROOT dé sit dung cho ca nhan, phuong thitc thi hai
thich hop v6i muc dich cai dit cho toan hé thong.

e D@ cai dat theo phuong thiic thit nhat, ta gé cac lenh sau

$ ./configure
$ make
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e Dé cai dat theo phuong thic thit hai, ta g6 cac lenh sau

$ ./configure --prefix=/usr/local
$ make
$ sudo make install

Dén day la qua trinh cai dit ROOT da két thic, tuy nhién dé c6 thé sit dung duge ROOT, ta can
phai khai bdo duong dan ctia thu muc ROOT vao trong céc bién moi truong PATH (t6i thu muc
bin/) va LD_LIBRARY_PATH (t6i thu muc lib/) dé chuong trinh c6 thé tim duge cac file thyc thi va
thu vien cia ROOT. Dé lam dugc diéu do ta cé thé st dung mot trong cac cach sau

e Céch 1: st dung lénh export

$ export ROOTSYS=<duong dan toi thu muc root>
$ export PATH=$ROOTSYS/bin:$PATH
$ export LD_LIBRARY_PATH=$RO0TSYS/1lib:$LD_LIBRARY_PATH

e Cach 2: st dung script c¢6 san cia ROOT, tai thu muc root/ ta go

$ . bin/thisroot.sh

hoéc

$ source bin/thisroot.csh

e Céch 3: cap nhat cache bang cach go lenh (trong trudng hgp cai theo phuong thitc thit hai)

$ ldconfig

Hai cach dau tién phai dugc thuyc hien méi lan khéi dong terminal. Dé thuan tién cho viéc st dung
ROOT ma khong can phai khai bao nhiéu lan, ta c6 thé mé file ~ /.bashre tai thu muc goc va them
cac lenh trén vao trong file nay (6 cach 2 can khai bao duong dan day du clia cac script). V6i cach
nay, chuong trinh sé ty dong thyc hién cac lénh trén moi khi khéi dong mot terminal mdi.

1.4 CAu tric cuia ROOT

Hinh 1.3 trinh bay cau tric cia ROOT. Cac thu muc chinh ctia ROOT gom c6: bin, lib, include,
tutorials va test.
bin chta céc file thyc thi (ezecutable). Mot s6 file quan trong trong thu muc bin:

e root.exe: chay root

e rootcint: cung cap thu vién cac 16p cho CINT

e rmkdepend: phién ban clia makedepend cho ROOT

e root-config: script xac dinh céac flag va thu vién cho viéc bién dich chuong trinh c¢6 st dung

ROOT
e cint: chay trinh thong dich C++
e makecint: xac dinh céac flag va thu vién clia rootcint

e proofd: chuong trinh daemon tao user cho qui trinh tinh toan song song bang ROOT
(PROOF)

e proofserv: thiyc hién tinh toan PROOF

e rootd: chuong trinh daemon ding dé diéu khién viéc truy xuat cac file



1.4. Cau tric cia ROOT 12

SROOTSYS
bin lib tutorials test include
. libAsimage [l {14 *hfiles
t
e ntre libCint = Misiceihe
. libCore Dfoam SEsiimple.coox
rlibmap IbEG Dgeom MainEvent.cxx
root ; . Event.cxx
*libEGPythia gl
t. _ :
S iint “libEGPythia6 CDgraphics minexam.cxx
et libFitPanel jgffp'“ féglrl‘:;iﬁ"
. gui o
rootd :!Egad Cyhist teollbm.cxx
genmap o Iimage tstring.cxx
hZroot libGpad Iia vmatrix.cxx
hadd ::Eg:;&d (Cimath Wactor:cxx
rmkdepend libGui Dmatrix stressLinear.cxx
proofd iy Dmip QpRandomDriver.cxx
libGuiBld i
proofsery L Cnet vlazy.oxx
libGuiHtml B3 phivetes '
physic hworld.cxx
libGX11 Cipyroot 'testl
_ “ibGX11TTF ) pythia gui ,w;’“‘
* Optional libHbook ) quade awlTl FCXX
Installation libHist I rubry BN
libHtml | spectrurn ""W'?G"-“"
libMatrix Csplot Tetrig.cxx
libMathCare Dl RITSER.C
libMathMore Dithread I
libMin uit ICtree bench.cxx
libNet DOunuran
libNew sl DrawTest.sh & dt_*\
libPhysics benchmarks.C
libPostscript demos.C
libProof demoshelp.C
libPython geant3tasks.C
*libRFIO hsimple.C
“libRGL htmlex.C
libReflex MyTasks.cxx
libRint README
libRIO regexp.C
libRooFit rootalias.C
libRuby rootlogon.C
libSpectrum rootlogoff.C
*libThread rootmarks.C
b TMVA staff.root
libTree hsimple.root
libTreePlayer gallery.root
libTreeViewer tasks.C

Hinh 1.3: Cau tric cia ROOT

lib chta thu vién chia sé (shared object) ctia céc 16p duge dinh nghia trong ROOT, ngudi dung
c6 thé lien két cac thu vien nay véi chuong trinh ciia minh. Hinh 1.4 trinh bay sy phu thudc gitta
cac thu vién vd6i nhau.

include chia cac file header mo t& dinh nghia ctia cac 16p.

tutorials chita céc file vi du gitp ngudi ding nim rd thém vé cac khai niém, ki thuat trong
ROOT.

test chita cac file vi du dé test framework. Khi mot phién ban méi ciia framework duge xay dung,
cac vi du trong thu muc nay sé dude bién dich va thyc thi dé test kha nang clia phién ban mdi.
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G3_vmc Gd-_lvmc' L,E:a—c"\‘—I t Oracle SapDB
P . [WLP ||[Presf | | Table | Hbook
~ ey Thread | Aslmage
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| ROOT Libraries Dependencies |

Al libe nesd Core
Arteres whow lits depanadencien
CIMNT can be used indepandently

Green libe oasded by Pluginblarager

Hinh 1.4: Sy phu thudc cta cac thu vién trong ROOT

1.5 Cac Iép cua ROOT

Trong ROOT hién ¢6 khodng hon 250 16p (class) duge chia thanh 11 loai:

e Cac 16p co ban: bao gom cac 16p ¢ tang thap nhat trong cau tric 16p cia ROOT, lam nén
tang dé xay dung nén céc 16p khac. VD: TObject, TClass,...

e Céc 16p luu trit: bao gom cac 16p tao cau tric dit lieu (array, list, set,...)

e Cac 16p histogram:bao gom céc 16p histogram 1D, 2D, 3D, cac 16p lam khép dit lieu, ham.
e Cac 16p ntuple: bao gdm cac 16p nhu TTree, TNtuple,...

e Cac 16p dd hoa 2D: bao gom céac do hoa 2D cd ban (dutng thing, hinh hop, ellipse,...)

e Cac 16p do hoa 3D: bao gom c6 khéi hinh hoc 3D va céc hinh hoc detector.

e Cac 16p giao dién nguoi dung MOTIF: chita cac thanh phan giao dién tuong tu nhu cac cong
cu khéc nhu ctta s6, nit bam, menu,...

e Cac 16p giao dién tudng tac: chita cac ing dung tuong tac, trinh thong dich C++.

e Cac 16p tuong tac véi he dieu hanh: cac 16p tuong tac v6i hé dieu hanh thong qua TSystem
(TUnixSystem, TWinNTSystem, TMacSystem).

e Céc 16p mang (network): cac ting dung xay dyng hé thong mang.

e Céc 16p tai lieu: cho phép tao céc tai lieu (dang HTML), file header va source C++,...

1.6 Chay chuong trinh
1.6.1 Cach chay chuong trinh trong ROOT

Dé khdi dong ROOT, ta c6 thé thuc hieén 1 trong 2 cach sau:

e Cach 1: double click vao biéu tugng ROOT dudgc tao ra sau khi cai dit.
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e Cach 2: m§ cita s6 Command Prompt, go lénh root hoic root -1,

e Go lenh .q dé thoat ra khoi ROOT.
ROOT session

HWELGCOME to ROOT
Uersion 5.28-868h 14 March 2811

You are welcome to visit our Web site
http://root.cern.ch

EEREEEEEE]
EEREEEEEE]

ROOT 5.28~-88b (tagys-v5-28-BBbE38397,. Mar 14 2011, 15:15:58 on win32>

(CINT/ROOT G-/C++ Interpreter version 5.18.80, July 2, 26818
Type ? for help. Commands must he G++ statements.

Enclose multiple statements between € .

root [B]

Hinh 1.5: Giao dién khi khéi dong cia ROOT

Dé thuec thi cac lenh, ta c6 thé go cac lenh nay tryc tiép tai dau nhic lenh ctia ROOT hodc tao
mot file macro va chay file nay tai dau nhic léenh cia ROOT. Thong thudng céc file macro dugc st
dung trong ROOT la cac file C++, cho nén thuong c¢6 dudi dang nhu .c, .cpp hodc .cxx. Cac lénh
trong file macro duge bao lai b6i mot cap ngodc nhon {}.

Vi du: tao mot file macro ten.cxx yéu cau ngudi diung nhdp vao tén clia minh:

{
Char_t ten[100];

cout << "Moi ban nhap vao ten cua minh: ";
gets (ten) ;
cout << "Ten cua ban la " << ten;

Ta ciing c6 thé dit cac léenh nay trong mot ham, ching han nhu

void ten ()

{
Char_t ten[100];
cout << "Moi ban nhap vao ten cua minh: ";
gets (ten) ;
cout << "Ten cua ban la " << ten;
}

Dé thyc thi file macro, tai ddu nhic lenh ctia ROOT, ta go .x tenfile. Dé load macro, ta go
.L tenfile.

Vi du: Load macro

root [0] .L ten.cxx

Thue thi macro

root [0] .x ten.cxx

Ngoai ra ta ciing c¢6 thé goi thirc thi macro ngay tit bén ngoai ROOT béng cach go lenh nhu sau

$ root ten.cxx

Trong truong hgp thyc thi macro, néu file macro c6 chita nhiéu ham bén trong, ta can dit tén ham
chinh trong file trung véi tén cta file.
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1.7 Mot s6 cha y khi sit dung ROOT

Trong phan nay toi sé trinh bay mot s6 quy wdc ki hieu va nhitng diéu can luu § trong ROOT dé
céc ban c6 thé dé dang theo déi va ndm bét ¥ nghia clia cac vi du & nhitng phan sau.

1.7.1 Quy uéc
Cac quy udc ki hieu trong ROOT gom co:
e Cac 16p bat dau bang ki ty T, vi du nhu TH1, TTree,...
e Cac khai bao khong thuoc 16p duge két thitc bang _t, vi du nhu Int_t, Float_t,...
e Céac thanh phan ctia dit lieu duge bat dau bang ki tu £, vi du nhu fTree,...
e Cac ham, lenh trong 16p dugc bat dau bang ki ty hoa, vi du nhu Loop(), Integral(),...
e Cac hing s6 dugce bat dau bang ki tir k, vi du nhu kRed, kInitialSize,...
e Cac bién toan cuc dugce bat dau bang ki tur g, vi du nhu gEnv, gSystemn,...
e Cac thanh phan tinh ctia dit lieu duge bat dau bang ki tu fg, vi du nhu fgTokenClient,...
e Cac bién cuc bo va tham s6 duge bat dau bang ki ty thuong, vi du nhu nbytes,...

e Cac lenh, ham gan gia tri v truy xuét gia tri duge bat dau bang cac tit Set va Get, vi du
nhu SetLast (), GetFirst(),...

1.7.2 Mot sb6 bién toan cuc quan trong

e gROOT luu gitt thong tin ciia hien tai trong ROOT, bang céach st dung gROOT ta cé thé truy
cap t6i tat ca cac ddi tugng dang duge tao ra trong ROOT.

e gSystem tuong tac vdéi hé diéu hanh.

e gFile tré dén file dang mé trong ROOT.

e gDirectory tré dén thu muc dang lam viéc.

e gPad tr6 dén pad dang hoat dong.

e gRandom tré dén bo phan phat s6 ngau nhién dang hoat dong.

e gEnv chita tat ca cac thiét 1ap moi trudng trong qué trinh st dung ROOT.
Vi du:

root [0] gROOT->Reset();
root [1] gSystem->Load("../lib/libQFramework.so");
root [2] gStyle->SetFrameBorderMode (0) ;

1.8 CINT

CINT I3 mot trinh thong dich C++ duge tao bdi Masa Goto, va dudc tich hgp trong ROOT dé
thong dich cac lénh C++ do ngusi dung tao ra. Trinh thong dich nay ¢6 nhiém vu doc va thyc thi
tung cau lénh do ngudi dung tao ra, nhung khéng bién dich thanh ngén ngit may. Mic du viéc nay
lam cho téc do chay mot chuong trinh thong dich cham hon rat nhiéu so v6i mot chuong trinh
dugce bién dich, tuy nhién viéc nay sé thuan tién hon cho ngusi dung trong truong hgp phai chinh
stta ma nguon nhiéu lan do thdi gian bién dich lau hon nhiéu so véi thoi gian thong dich.

Maic dit dugce tich hgp trong ROOT nhung CINT 1a mot chuong trinh doc lap va c6 thé download
tai http://root.cern.ch/drupal/content/cint.
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Cach viét nhiéu dong lénh
e Cac cum dong lénh bit dau va két thic bang cap ngoac nhon {3}
e Cac lenh bén trong két thic bang dau ;
e Tit ca cac dbi tugng duge tao ra l1a toan cuc

Ké tit phien ban ROOT6 tré di, trinh thong dich Cling* sé dugc dung dé thay thé cho CINT
(http://root.cern.ch/drupal/content/cling).

1.9 ACLiC

ACLiC (Automatic Compiler of Libraries for CINT') la trinh bién dich ¢6 nhiém vu tao ra cac thu
vién chia sé dya trén ma nguon C++ do ngudi ding viét ra, sit dung cac tiy chinh duge thiét lap
tuong ty nhu khi thyc thi ROOT.

Cach bién dich macro véi ACLiC Dé c6 thé bién dich dugc cac macro véi ACLIiC, diéu dau
tien la ching ta can khai bdo theém cac file header phit hgp vao trong script ctia macro (diéu nay
14 khong can thiét d6i véi CINT).

Vi du:

Dé tao ra cac thu vien chia sé, ta them dau + vao sau tén file macro khi load, chédng han nhu

root [0] .L ten.cxx+

Chuong trinh sé bién dich va tao ra céac file chia sé c6 dudi .so. Vi du nhu file macro cta chung ta
c6 tén la macrol.czxz thi file thu vién tao ra sé c6 tén 1a macrol  cxx.so

2Cling 1a mot trinh thong dich duge xay dung dua trén co sé cac thu vien ctia LLVM (Low Level Virtual Machine)
va Clang




CHUGNG 2

C+ CAN BAN CHO ROOT

ROOT la mot framework dude xay dung trén nén tang C++, do d6 mot so6 kién thic vé ngon ngit
lap trinh C++la can thiét dé c6 thé st dung dugec ROOT. Thuyc té tit kinh nghiém ctia ban than
toi cho thay, viéc viét mot chuong trinh xtt Iy bang ROOT doi khi khong khéc gi nhiéu so véi viec
viét mot chuong trinh bing C++. D6 c6 thé sé 1a mot trong nhitng nguyén nhan lam cho céc ban
ngai ngan khi st dung ROOT vao viéc phan tich sb lieu, béi vi don gidn 13 n6é qua gan véi C++
va khong phai ai ciing yéu thich cong viéc 1ap trinh (dac biét 1a lap trinh C++ ©). Tuy nhién, 16i
khuyén ciia toi danh cho cic ban 1a hay tré len dau tai lisu nay va doc 1oi trich dan ti Bjarne
Stroustrup ctia toi, c6 thé cac ban sé tim duge Iy do dé yeu thich cong viéc nay.

Trong chuong nay, t6i sé chi trinh bay mot sé diém chinh cin ban ctia ngdn ngit 1ap trinh C++ dé
b6 sung kién thiic nén tang cho viec st dung ROOT trong nhitng phan sau'. Néu cac ban thiy
rang cac kién thitc vé C++ duge trinh bay & day 14 qua don gidn ho#c da ting biét trude do roi thi
cac ban hoan toan c6 thé boé qua phan nay ma di thang vao nhitng phan sau.

2.1 Giéi thiéu ngén ngw 1lap trinh C++

C++ 13 mot ngon ngtt 1ap trinh da muc dich (general purpose) duge Bjarne Stroustrup phat trién
tit nhitng nam 1980 tai Bell Labs. Day 1a mot trong nhitng ngén ngit lap trinh pho bién nhat trén
thé gidi (cung v6i C, Objective-C, va Java). Cac dic trung chinh ctia ngon ngit nay gom c6

e Dang tu do (free-form): c6 thé sit dung khodng trang tiy ¥

e Kiéu tinh (static type): tat ca céc bién phai dugc gan kiéu trude khi bien dich, va kiéu ctia
bién sé dugc kiém tra trong thai gian bien dich (compile-time)?

e HO trg lap trinh tha tuc (procedural programing) hay 1ap trinh cau trac (structured program-
ming): phan chia cong viéc chinh thanh céc cong viec nhé hon va giao cho mot ham dam
nhiém, chuong trinh chinh sé goi cac ham nay vio nhitng thoi diém can thiét.

e Dit lidu tritu trugng (abstract data type): c6 sit dung cac kiéu dit licu do ngudi dung ty dinh
nghia.

INbi dung clia phan nay duge trich tit tai litu “Ngon ngd lap trinh C++ (chudn 2011)” ma toi da viét trudc
dé, néu mudn tim hidu sau hon thi cic ban cé thé doc tai ligu tai http://goo.gl/ng8KysS.

2Nguoc lai 1a kidu dong (dynamic type), cac bién c6 thé mang bt ki kidu nao, viec gan kidu cho bién sé duge thuc
hién trong thoi gian chay chuong trinh (run-time)
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e Lap trinh huéng doi tugng (object-oriented programming): coi chuong trinh 1a tap hop clia
cac doi tugng (object) c6 quan he ndo d6 véi nhau, mdi doéi tugng c6 dit licu (data) va phuong
thic (method) cia riéng minh.

e Lap trinh da hinh (polymorphism): mot bién c6 thé c6 nhiéu kiéu (thong qua con trd) hodc
c6 thé dung nhidu ham cé ciing tén.

Ngon ngit C++ gom c6 hai thanh phan chinh

e Phan ngon ngit c6t 16i (core language) bao gom ngon ngit 1ap trinh, mot s6 thu vien goc va
cac danh dinh (identifier) dugc biét dén véi ten goi “tit khéa” (keyword).

e Thu vién chuan C++ (Standard Template Library — STL) 1a mot tap hgp cac 16p va cac ham
dugc viét bing ngon ngit cbt 16i. Thu vien nay cung cap cic container, ham dé lam tién ich,
cac d6i tugng ham, cac day ki tu tong quat va cac dong dit lieu (bao gom I/O tuong tac va
tap tin), hd trg mot s6 tinh nang ngon ngit (bao gom ca thu vién chuan C).

2.2 Mot sb kién thic co ban
2.2.1 CAu tric mét chuong trinh C++

CAu tric pho bién ctia mot file C++ nhu sau

#include <header>
int main ()

{
// Noi dung
}

e Cac dong bat dau bang ki tu ‘#’ dugc goi 1a cac chi thi tien xt 1y (preprocessor directive),
diing dé bao hiéu cho trinh bién dich. Vi du nhu lénh #include <header> sé béo cho trinh
bién dich st dung céc file header trong khi bién dich chuwong trinh.

e Kity ‘//” c6 tac dung comment toan bo ki tu sau né trén cing 1 dong, trong trusng hop ta
mudbn comment nhiéu hon 1 dong thi ta stt dung cap ki tu /*’ va */ dé mé dau va két thic.

e Ham main() 1 ham chinh clia chuong trinh, day 14 noi ma chuong trinh bat dau thi hanh
céc lenh. Ham nay bat buoc phai c¢6 khi mudn bién dich mot chuong trinh viét bang C++.
Ham main() c6 thé duge dit ¢ bat ki vi tri ndo trong chuong trinh (dau, cudi hogc gitta) va
luon 1 ham dugce thyc hién dau tién khi chay chuong trinh.

2.2.2 Bién va hang
Bién va cac kiéu dit liéu ciia bién

Bién (variable) c6 thé duge xem nhu la viing nhé chita dit liéu tam thdi trong khi thyc thi chuong
trinh. Cac dit lieu dugc luu trit trong bién cé thé 1a cac gia tri s6, chudi ki tu,... va cac dit lieu nay
c6 thé thay doi duge trong qué trinh thyc thi chuong trinh. Céc loai bién ma chiing ta thudng gip
gom c6

e Bién toan cuc (global variable) cé thé dugc sit dung & bat ki dau trong chuong trinh, ngay
sau khi n6 dugc khai bao.

e Bién cuc bo (local variable) tam hoat dong ctia bién bi gidi han trong phan méa (thuong la
ham hoac vong lap) ma né duge khai béo.

e Bién ngoai (external variable) khong nhitng duge diing trong mot file ma nguon ma con trong
tat ca céc file duge lien két trong chuong trinh (thuong duge khai bdo véi tir khoa extern).
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e Bién ty dong (automatic variable) 1a cac bién cuc bo ma sy ton tai clia n6 két thic ngay khi
viec thyc thi két thic.

e Bién tinh (static variable) 14 céc bién ma ton tai dén cudi chuong trinh (thuong duge khai
bao vdi tit khoa static).

Céac kiéu bién dugc chia lam 4 nhém chinh 1a nhém cac bién kiéu ki tu (character), kiéu sd nguyén
(integer), kiéu s6 thuc (real) va kiéu luan 1y (boolean). Danh sich céc kiéu dit ligu trong C++ gdm
co

Nhoém Kiéu dit ligu Kich thudc (B)
char 1
, charl6_t 2
Kitu char32_t 4
wchar_t kich thuée 16n nhat cho kiéu char
int 24
P short 2
S6 nguyen?® Long 4
long long 8
float 4
S6 thuc double 8
long double 10
Luan ly bool
Trong void
Con tro6 trong | decltype(nullptr) 0

Bén canh cac kiéu bién dic trung ctia C++ nhu trén, ching ta con cé thé si dung cac kiéu
bién dugc xay dung danh rieng cho ROOT: Char_t (bién kiéu ki ty), Int_t (bién kiéu nguyén),
Float_t (bién kiéu thic), Double_t (bién kiéu thic kép),... (xem thém & http://root.cern.ch/
root/html/List0fTypes.html).

Dé c6 thé sit dung mot bién, dau tién ching ta can phai khai bao bién dé. Céch thitc khai bao mot
bién 1a ghi ra tén kiéu (vd: Int_t, Float_t,...) vi sau d6 la tén ctia bién.

Mot tén bién duge xem 1a hgp 1é khi né 14 mot chudi gom céc chit céi, chit sd hodc ki tu gach duéi
(khong chita ki tu trong hodc ki ty dic biet). Chiéu dai ctia tén bién la khong gidi han. Mot s6 luu
v khi dit tén cho bién

e Teén bién thuong bat dau bang mot chit cai.

e Cac ten bat dau bang ki tu gach du6i ¢’ thuong duge danh cho cac lien két bén ngoai
(external link).

e Khong bao gio bat dau tén bién bing mot chit sb.

e Khong dugc dat trung tén bién véi cac tir khoa clia C++ (xem danh sich tai http://en.
cppreference.com/w/cpp/keyword) hay tir khoa ciia ROOT .

e ROOT phan biét chit hoa va chit thuong.

Vi du: khai bdo hai bién kiéu nguyén x, y (khdi tao gia tri ban dau ciia y la 0) va mot bién kiéu ki
tw a

root [0] Int_t x, y=0;

3Cé4c kiéu sb nguyén cé thé 1a sb6 c6 dau hay khong dau tuy theo mién gia tri ma ching ta can biéu dién. Vi vay
khi x4c dinh mot kidu sb nguyen ching ta dat tit khoa signed hodic unsigned trudc tén kiéu dit licu. Néu ta khong
chi 15 signed hodc unsigned né6 sé dugc coi la c6 dau.

4Kich thuéce kiéu di lieu phu thude vao hé théng, nhung khéng nhé hon kiéu short, vd: v6i hé théng 32bit thi
kiéu dit ligu nay cé kich thuée 1a 4byte (32bit).
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root [1] Char_t a;

Hing
Hing (constant) 14 bat ki mot biéu thitc nao mang mot gia tri ¢d dinh, chang han nhu

e Cac sb

123
0.545
0x4b
3.0e-12

e Ki ty, chudi ki ty

'a!

"Good morning!"

e Ma diéu khién: \n (xudng dong), \b (backspace), \r (It vé dau dong), \t (tab), \v (cin thang

theo chiéu doc), \f (sang trang), \a (kéu bip), \’ (dau nhay don), \’’ (dau nhay kép),...
Dé dinh nghia cac hing, ta c6 thé

e Stt dung chi thi tién xi 1y #define, vi du:

root [0] #define PI 3.14159265
root [1] Float_t r = 2.0 // khai bao ban kinh r
root [2] float ¢ = 2 * PI *x r // tinh chu vi

Khi khai b4ao hiing bing #define, chuong trinh sé thay thé cac tén hing bing gia tri ciia no
tai bat ki chd nao ching xuat hieén. Cac hiang s6 duge dinh nghia theo cach nay uge coi 1a cac
héng s6 macro.

e St dung tit khoa const va khai béo cac hing véi mot kidu xac dinh nhu 1a lam v6i mot bién,

vi du:

root [0] const float pi = 3.14159265
root [1] const Int_t zip = 12440

2.2.3 Toan tu
Mot s6 toan ti thong dung trong ROOT
e Cac toan tu logic: && (and), || (or), ! (not)
e Toan t gan: =
e Céc toan tit 6 hoc: +, —, *, /, % (chia lay du)
e Cac toan t gan phiic hgp:

+4 téng lén 1 don vi

-- gidm di 1 don vi

+= tang lén mot lugng
-= gidam di mot lugng
nhan thém mot lugng
/= chia cho mot lugng

e CAc toan t1f so sanh:
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== so sanh bang

> so sanh 16n hon

< so sanh nho hon

>= so sanh 16n hon hodc bing
<= so sanh nhé hon hoac bang
= so sanh khac (khong béang)

e Toan ti dicu kién: ? , c6 cau tric nhu sau
dieu kién ? két qud 1 : két qud 2
(néu diéu kién cho gia tri true thi tra vé két qua 1, con néu false thi tra ve két qua 2)

root [2] ¢ = (a == b ? 2 : 3) // neu a = b thi ¢ = 2, con khong thi c
= 3

e Cac toan tit thao tac bit: & (logical and), | (logical or), A (logical xor), ~ (logical not), >>
(dich bit sang phéai), << (dich bit sang trai)

e Toan tit chuyén ddi kiéu dit liew: (kiéu di lieu)

root [0] int i
root [1] float f = 3.14
root [2] i = (int) f; // hoac i = int (f)

o Kich thudc di lieu (theo byte): sizeof ()

root [0] int i
root [1] sizeof (i)
(const int)4

2.2.4 Cac lénh xuat nhap di liéu

Cac lenh xuat nhap dit liéu cian ban gom c6
e cin: lénh nhap di liéu (ti ban phim)
e cout: lenh xuat dit lieu (I1én man hinh)

e cerr/clog: lenh xuét bao 16i (Ién man hinh), cerr khong luu trong buffer con clog thi c6

root [0] cout << "Xin chao!" << endl << "Toi ten la A." << endl;
Xin chao!
Toi ten la A.

e Toan tt << dugc goi la toan ti chen vi n6é chen dit liéu di sau né vao dong dit lieu diung
trudc.

e Dé xudng dong ta c6 thé sit dung ki tu \n hoic tham sb endl

root [0] cout << "Xin chao " << tem << " ! \n";

2.2.5 Viét nhiéu dong lénh mot luc

Trong ROOT, dé c6 thé viét dugc nhiéu dong lenh ciing mot lic, ta si dung cap ngodc nhon {}
dé mé dau va két thic cac dong lénh.

Vi du:
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root [0] {

end with '}', '@':abort > Int_t x = 0, y = 3;

end with '}', 'Q@':abort > x =y - 2;

end with '}', '@':abort > cout << "x = " << x << endl;
end with '}', '@':abort > %}

x =1

2.2.6 Thu vién chuan

Thu vien chuan (Standard Template Library — STL) duge xay duyng dau tien bdi Alexander
Stepanov (1979) v6i muc dich phéat trién phuong phap lap trinh tdng quat. Thu vien dau tien
duge xay dung véi ngon ngt lap trinh Ada béi Stepanov va Musser nam 1987, tuy nhién ngon ngi
Ada lai khong dugc phat trién manh nén ho da chuyén sang ngon ngit C++. Véi sy gitp dé cia
Meng Lee vd Andrew Koenig, bo thu vien chuan da dudc hoan thién va dua vao chuan ANSI/ISO
C++ tit ndm 1994.

Luu y: cac file thu vien chuan ctia C++ déu khong c6 phan mé rong .h, vi du

#include<string> // thu vien chuan C++
#include<string.h> // thu vien chuan C

Céc thu vien chuan C duge dua vao trong bo thu vien chuan C++ STL véi ki tu 'c’ & dau

#include<cstring> // thu vien chuan C++ cua cac ham C

2.2.7 Cac ham toan hoc

Trong ROOT stt dung nhiéu ham toan hoc tit thu vién chuan ctia C++, dé st dung cac ham nay ta
can khai bao thu vien cmath (hod@c math.h)

sqrt(x)  ham cin bac hai
pow(x,a) ham luy thua 2¢

exp (x) ham e*
1n(x) ham logarit ty nhién
Vi du:
root [0] Int_t x=3; // x = 3
root [1] cout << x++ << endl; // x = 4
4
root [2] cout << sqrt(x) << endl; // x = 4
2
root [3] cout << pow(x,3) << endl; // x = 4
64

Danh sach cac ham toan hoc thong dung trong C++ 6 thé duge xem 6 day http://en.cppreference.
com/w/cpp/numeric/math.

2.2.8 Céc chi thi tién xi 1y

Bo tieén xit Iy (preprocessor) duge ra ddi do sy han ché clia bo nhé may tinh trude day, khong thé
chita hét toan bo chuong trinh ngudén dé dich, do vay mot s6 ngon ngit thé he thi 3 nhu C/C++
da chia giai doan x1 Iy ra lam 2 phan: giai doan tién xit 1y sé xit 1§ céc file nguon, ghi nhan cac
tliy chon (option) cho viéc bién dich; va giai doan xtt Iy sé thyc hién vige bien dich ma nguodn.
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Cac chi thi tien xit ly trong C/C++ dé bat dau bang ki tu ‘#’, cac chi thi nay khong duge xem
nhu 13 dong lénh nén khong c6 dau ‘;” § cudi dong. Trong phan trén ta da lam quen véi cac chi thi
#include va #define, phan nay sé trinh bay chi tiét hon vé mot s6 chi thi thong dung

e Céc chi thi dinh nghia (#define va #undef) dimng dé dinh nghia hay hiiy b6 dinh nghia cac
macro, vi du nhu

#define SIZE 100

int tablel [SIZE]; // tuong duong voi khai bao: int tablel [100]
#undef SIZE // bo dinh nghia macro SIZE

#define SIZE 200 // dinh nghia lai macro SIZE

int table2[SIZE]; // table2[200]

Ta ciing c¢6 thé dinh nghia mot macro ham cé tham s

#define getmax(a,b) a>b7a:b

e Céc chi thi dieu kien (#ifdef, #ifndef, #if, #endif, #else, #elif) cho phép bao gom hodc
loai bé mot phan cac dong lenh néu nhitng diéu kién duge thoa

#ifdef SIZE

int table[SIZE]; // mneu macro SIZE da duoc dinh nghia thi khai bao
table [SIZE]

#endif

#ifndef SIZE

#define SIZE 100 // neu macro SIZE chua duoc dinh nghia thi dinh
nghia no

#endif

2.2.9 Khong gian tén

Khong gian tén (namespace) cho phép chiing ta gop mot nhom céac 16p, cac doi tugng toan cuc va
cac ham dudi mot cai tén, hodc duge diing dé phan chia pham vi hoat dong ctia cac ddi tuong. Ca
phép clia n6 nhu sau

namespace <khong gian tén> {

... khai bdo ...
/

Gia st nhu ta c6 hai ham c6 cling tén func() trong mot chuong trinh, dé gitp cho trinh bién dich
phan biét dugc ham nao duge goi ta st dung khong gian tén nhu sau

// Khong gian ten dau tien
namespace first{
void func(){
cout << "Inside first space" << endl;
X
X

// Khong gian ten thu hai
namespace second{
void func(){
cout << "Inside second space" << endl;
}
}

Dé goi ham véi khong gian tén tuong tng ta st dung ki hieu




2.2. Mot so6 kién thic co bin 24

int main ()

{
// Goi ham voi khong gian ten thu nhat
first::func() ;
// Goi ham voi khong gian ten thu hai
second: : func () ;
return O;

Dé c6 thé truy xuat truc tiép ma khong can dit thong qua khong gian tén, ta sit dung tit khoa
using

int main ()

{
using namespace first;
// Goi ham voi khong gian ten thu nhat
func () ;
// Goi ham voi khong gian ten thu hai
second: : func () ;
return O;

Chung ta ciing c6 thé dinh nghia lai cac khong gian tén da khai béo, chdng han nhu

namespace dau_tien = first;

Tat ci dinh nghia clia cac 16p, ddi tugng va ham clia thu vién chuan (STL) déu duge dinh nghia
trong khong gian tén std, ching han nhu céc léenh cin va cout ma ta néi & trén, néu viét day du
thi sé 1a

std::cout << "Nhap ten cua ban: ";
std::cin >> ten;
std::cout << "Xin chao " << ten << " I" << std::endl;

hodc ta ciing ¢6 thé Iuge di bing cach st dung tit khéa using

using namespace std;

cout << "Nhap ten cua ban: ";

cin >> ten;

cout << "Xin chao " << ten << " I'" << endl;

2.2.10 CAac ciu tric diéu khién

Khi xay dung chuong trinh, doi ltc ta can thie hien mot nhém cac lénh tuong tng véi mot dieu
kién nao d6 hay 1 lip lai nhom lénh mot sé 1an nhat dinh. Trong trudng hgp dé, ta sé st dung cau
tric diéu khién. Nhom cac léenh sé duge gop lai v6i nhau bang cap ngodc nhon { }

Cau truc diéu kién if...else...
Cu phéap:

if(dieu kien) { cdc léenh thuc thi }
hoac
if(diéu kien) { cdc lenh thuc thi } else { cdc léenh thuc thi }

Vi du: kiém tra zem x la s6 chdn hay so 1é
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int x=5;
if (x%2 == 0) {
std::cout << "So chan" << std::endl;
} else {
std::cout << "So le" << std::endl;
}

Cau tric lap for
C1 phap:
for (gid tri ban dau; dieu kién ; budc nhdy) { cdc lénh thuc thi }

Vi du: in ra cdc s6 tang dan ti 0 dén 4

for(int i=0; i < 5; i++) {
std::cout << i << std::endl;
}

Cau tric lap while
Cu phap

while (diéu kién) { cdc lénh thuc thi }
hoac
do { cdc lénh thuc thi } while (diéu kién)

Vi du: in ra cdc s6 giam dan tu 5 dén 0

int x=5;
do {

std::cout << x-- << std::endl;
} while (x>0)

Cac lénh cho vong lap
e Lénh continue duge ding dé két thic lan lap hieén tai va chuyén sang lan lap tiép theo
e Lénh break dugc diing dé két thic hoan toan vong lap.

Vi du: cdc so6 duge in ra sé la 0, 1, 2, 4 (khong cé 3)

for(int i=0; i<5; i++) {
if (i==3) continue;
std::cout << i << std::endl;

}

Vi du: cdc s6 duoge in ra sé la 0, 1, 2 (khong cé tu 3 trd di)

for(int i=0; i<5; i++) {
if (i==3) break;
std::cout << i << std::endl;

}

Thong qua 2 vi du & trén, chiing ta c6 thé thay dugc la khi gia tri i = 3, d6i v6i lenh continue
chuong trinh sé bo qua khong xuét ra gia tri cia i va chuyén t6i lan lap tiép theo. Trong khi do,
d6i v6i lenh break, chuong trinh sé thoat ra khéi vong ldp, do d6 cac gia tri i tir 3 tré di sé khong
dugc xuit ra man hinh.
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Céau tric lua chon switch
C1 phap:
switch (biéu thic) {
case <gid try 1>:
cdac lénh;
break;
case <gid tri 2>:
cdc lénh;
break;

default:
cdc lénh;

/

Vi du: kiém tra zem z la s6 chdn hay so Ié

int x=5;
switch (x%2) {
case O:
std::cout << "So chan" << std::endl;
break;
case 1:
std::cout << "So le" << std::endl;
break;
default:
std::cout << "Undefined" << std::endl;

2.2.11 Ham

Ham (function) 13 mot khoi lenh ding dé thyc thi mot tadc vu nao do va tra két qua vé khi duge
goi. Cu phap khai bao mot ham nhu sau

<kiéu di liéu trd ve> <tén ham> (<déi s6 1>, <doi s6 2>,...)
{ <noi dung ciia ham> }

Dit lieu dugc tra vé thong qua lénh return. Néu khong tra vé dit lieu thi khai béo kiéu dit lieu tra
ve 1a void.

Vi du:

int tong(int x, int y) {
return (x+y);

}

void main () {
int x=5, y=6;
std::cout << "Tong cua hai so x va y la: " << tong(x,y) << std::endl;

Ta c6 thé khai bao hai hay nhiéu ham c6 cing tén néu ching c6 s6 luong déi s6, kiéu dit lieu ciia
déi sb6 hay kiéu dit lieu tra vé khac nhau. Trinh bién dich sé Iya chon goi ham nao bing cach phan
tich kiéu déi s6 khi ham dudc go.

int tong(int x, int y) {
return (x+y);

}
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void tong(float x, float y) {
std::cout << "Tong cua hai so la" << x+y << std::endl;

}

Trén nguyén tac, mot ham phai duge khai bao truée khi né duge goi, dieu nay ciing dong nghia
v6i viec ham main() phai dudc dit cudi chuong trinh dé c6 thé goi duge tat ci cac ham da khai
béo. Tuy nhién, dé tranh viéc phai viét tat cd ma chuong trinh truée khi ching c6 thé duge ding
trong ham main() hay bat ki mot ham nao khac, ta c6 thé sit dung cach khai bdo nguyén mau
(prototype) cho ham. Cach khai béo nay di dé cho trinh bién dich c6 thé biét cac tham s6 va kiéu
dit lieu trad vé ctia ham. Khai bao prototype khong bao gom phan than ham va dugce két thic bang
dau ;.

Vi du:

int tong(int x, int y);

void main () A{
int x=5, y=6;
std::cout << "Tong cua hai so x va y la: " << tong(x,y) << std::endl;

}

int tong(int x, int y) {
return (x+y);

}

Poi so0 ctia ham

Db6i s6 (argument) 1a cAc tham s6 ma ta sé truyeén cho ham khi duge goi. Khi dinh nghia mot ham
chiing ta c6 thé chi dinh nhing gia tri mic dinh sé duge truyén cho céc déi s6 trong truong hop
chiang bi bé qua khi ham duge goi.

int tong(int x=0, int y=1)

Khi goi ham, ta khong nhat thiét phai khai bao day du tat ca cac doi s6. Vi du nhu ham tong(x,y)
c6 thé duge goi chi v6i 1 ddi s6 tong(2), khi do gia tri tra vé sé 1a 3 (x = 2 dudc truyén cho ham
vay = 1 dugc thiét 1ap méc dinh).

Ngoai ra trong phan 16n cac trudng hop goi ham, cac ddi s6 truyén cho ham déu 1a cic gia tri
(chit khong phai 1a ban than cac bién), cach truyen nay dugce goi 1a cach truyén doéi sé theo dang
tham tri (by value). Do dé khi thay ddi gia tri clia céc dbi s6 nay bén trong ham thi cac bién d6
van khong bi thay ddi. Dé thay doi duge gia tri cia bién bén ngoai ham ta can phai truyén ban
than bién dé. Viéc nay c6 thé duge thyc hién bing cach truyén déi s6 dudi dang tham chiéu (by
reference), khi d6 bat ki sy thay déi nao ctia dbi s6 d6 bén trong ham sé anh hudng truyc tiép len
bién. Dé khai bao dbi s6 theo dang tham chiéu, ta sit dung ki tu ‘&’ dat trude tén bién duge truyen.

void hoandoi(int& x, int& y) {
int tmp = x;
x = y;
y = tmp;

}

int main ()
{
int x =1, y = 4;
hoandoi (x,y);
std::cout << "x = " << x << ", y = " << y << std::endl;
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return O;

}

Ngoai ra con mot cach truyén doi sé khac do la truyén dusi dang tham bién (by variable) hay con
goi 1a truyén bang con tré (by pointer). Céch truyén nay duge thyc hién bang cach st dung ki tu
7 dat trude tén bién (sé ban ki hon trong phan 2.2.13).

int hoandoi (int *x, int x*y) {

int tmp = *x;
xx = *y;
*y = tmp;

¥

Ham dé quy

Ham dé quy (recursive function) la ham goi chinh n6 trong qué trinh thuyc thi. Cac ham nay thich
hop cho mot s6 muc dich cy thé ching han nhu sip xép day sb, tinh giai thita clia mot sb,...

Vi du:

int factorial (int n) {
if (n > 1)
return (n * factorial (n-1));
else
return (1);
}
int main () {
int n;
std::cout << "Nhap mot so nguyen: ";
std::cin >> n;
std::cout << "I" <K< n << " = " << factorial (n) << std::endl;
return O;

Ham néi tuyén

Ham noi tuyén (inline function) 1a cac ham ma trinh bién dich sé thay thé 10i goi ham bang ma
lenh ctia ham khi chuong trinh dude dich, hay néi mot cach khac 1 trinh bién dich sé chén phan
than ham vao vi tri ma né dudge st dung.

Thong thuong mot ham c6 duge 14 noi tuyén hay khong sé do trinh bién dich quyét dinh. Tuy
nhién khi dat tir khéa inline trudc khai bdo cia mot ham, trinh bién dich sé xem ham nay nhu
13 noi tuyén. Cach nay thuong dude dung cho cac ham thyc thi thuong xuyén nhim loai bé thoi
gian qua dung (overhead) khi goi ham, tuy nhién doi khi cling gay ra van dé khi bién dich néu s
lugng ham noi tuyén qua lén.

inline int tong(int x=0, int y=1)

Nap chong ham

Trong C++ ta c6 thé xay dung céc ham c6 cling tén nhung khac nhau vé noi dung hodc chiic ning
thuyc hign nhiém vy, cach thitc nay duge goi 1a nap chong hay téi dinh nghia (overloading).

Ching ta c6 thé dinh nghia nhiéu ham cé cling tén véi nhau, nhung phai cé cac déi s6 khac nhau
(vé kiéu dit licu hay s6 lugng ddi s6). Khi chiing ta goi ham, trinh bien dich sé x4c dinh trong s6
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nhiing ham d6, ham nao 14 phut hgp nhat bang cach so sanh céc d6i s6 duge truyen cho ham (toan
t1t) v6i cac kiéu doi s6 duge khai bao trong phan dinh nghia ham®.

int tong(int a, int b) {
return (a+b);

}

int tong(int a, int b, int c) {
return (a+b+c);

}

float tong(float a, float b) {
return (a+b);

}

int main ()

{
int a=2, b=3, c=-1;
float d=0.5, e=-1.2;

std::cout << "Tong cua hai so nguyen: " << tong(a,b) << std::endl;
std::cout << "Tong cua ba so nguyen: " << tong(a,b,c) << std::endl;
std::cout << "Tong cua hai so thuc: " << tong(d,e) << std::endl;
return O;

2.2.12 Mang va chubi
Mang

Méng (array) 1a mot diy cic phan tit c6 ciing kiéu duge dat lien tiép trong bo nhd va c6 thé truy
xuat dén titng phan tit bing cich thém mot chi s6 vao sau tén cltia mang. Cach thic khai bao mang
nhu sau

<kiéu bién> <tén mdng> [kich thudc]
hoac
<ki€u bién> *<tén_mdng>

Vi du:

// Khai bao hai ma tran (mang) A & B co kich thuoc 2x2
int A[2][2] = {1,3,6,4}, B[2][2] = {0,5,2,1};

D@ gan va truy xuat gia tri ctia cdc phan tt trong méang, ta chi can goi chi s6 ctia phan tit dé

int A[2][2];

Afo]l[0] = 1;

std::cout << A[0][0] << std::endl;

A[A[0][0]11[2] = 3; // tuong duong khai bao A[1][2] = 3, vi A[0][0] = 1

Luu y: trong C++ chi s6 clia mang bat dau tu 0.

Trong trudng hdp mudén truyén tham sé 1a mang cho ham thi ching ta can phai chi dinh trong
phan déi s6 kiéu dit lieu co ban clia mang, tén mang va cip ngoic vuong tréong khi khai bao déi s6
cua ham.

5Con mot khai niem tai dinh nghia (hay nap chdng) ham khac nita goi 13 overriding, diém khéc bigt giita hai khai
niém nay 1& overloading sit dung cting moét tén ham nhung khac nhau cac déi s6, con overriding c6 cung tén ham
1an déi s6 tuy nhién ndi dung ham lai khac. Do d6, overriding thudng duge sit dung trong viéc tai dinh nghia cac
phuong thic ctia 16p dan xuét so véi 16p co sé (xem phan 2.3)
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void function (int argl[]) // mang 1 chieu
void function (int argl[]l[3][4]) // mang nhieu chieu

Chudi ki tu

Trong ngon ngit C truyén thong khong c6 kiéu dit lisu co ban dé Iuu cac chudi ki ti, do d6 dé ngudi
ta thuong stt dung mang c6 kiéu char.

Vi du: khai bdo chudi ki tu tén c6 do dai cuc dai la 20 ki tu

char ten[20];

Noi dung ctia chudi ki ti luon duge két thic véi ki tu null (\0).

Dé khdi tao noi dung cho chudi ki tu, ta c6 thé thuc hién theo cach sau

Char ten[] ={'Pl, lhl, Iul’ IOI’ 'Il', lgl, I\O‘};
hoac
char ten[] = "Phuong";

Luu ¥ rang viéc gan nhiéu hing cho cdc phan tit trong mang chi hgp 1é khi khéi tao mang. Thao
tac gan chi c6 thé duge thyc hién véi ting phan ti mot trong khi thyc thi chuong trinh. Dé c6 thé
gan gia tri cho mot chudi ki ti, chiing ta c6 thé sit dung ham strcpy ()

strcpy(ten, "Phuong");

Khi ta c6 chudi ki ty 13 mot s6 (vd: “1234”), ta c6 thé chuyén ddi chudi nay sang s6 bing cach st
dung céc ham c6 trong thu vién cstdlib (stdlib.h)

e atoi: chuyén chudi thanh kiéu int
e atol: chuyén chudi thanh kiéu long
e atof: chuyén chudi thanh kiéu float

Vi du:

char mybuffer [100];

float price;

std::cout << "Enter price: ";
std::cin.getline (mybuffer ,100) ;
price = std::atof (mybuffer);

Mot s6 ham khéc trong thu vien estring (string.h) thusng hay duge sit dung dé thao tac trén chudi
bén canh ham strcpy() gom co

e strcat(): gan thém chudi src vao phia cudi clia dest va tra ve dest
char* strcat (char* dest, const char* src)

e strcmp(): so sanh hai chudi stringl va string2, tra vé 0 néu hai chudi la bang nhau
int stremp (const char* stringl, const char* string2)

e strlen(): Tra vé do dai ctia chudi
size_t strlen (const char™® string)

Ngoai ra, thut vién chuan ctia C++ c6 cung cap 16p string dé dinh nghia cac chudi thong qua thu
vien string (lwu ¥ rang thu vien nay khac véi thu vien string.h)
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std::string strl = "Hello";
std::string str2 = "World";

Céch chuyén ddi gita string va char

std::string str = "Hello";
const char *c = str.c_str(); // chuyen tu string thanh charx*
std::string strl(c); // chuyen tu char* thanh string

Mot s6 thao tac trén chudi string

e Néi chudi

std::string str3 = strl + str2; // cong hai chuoi
std::cout << "strl + str2 : " << str3 << std::endl;

e Do dai chudi

int len = str3.size(); // kich thuoc chuoi
std::cout << "Do dai duoi str3 : " << len << std::endl;

e So sanh chudi

std::string strl ("green apple");
std::string str2 ("red apple");
if (strl.compare(str2) !=0)
std::cout<<"it is not the same"<< std::endl;

2.2.13 Con tro

Nhu chiing ta da biét, bo nhé méy tinh c6 thé xem nhu 13 mot diy gdm cac 6 nhé (c6 kich thuée
1 byte), m&i 6 c6 mot dia chi xac dinh. Cac bién chinh 1a cdc 6 nhé ma ching ta c6 thé truy xuat
dudi céc tén. Khi chiing ta khai bdo mot bién thi né phai duge luu trit trong mot vi tri cu thé trong
bo nhé, vi tri ctia bién duge luu trit sé do trinh bién dich va hé diéu hanh quyét dinh. Dé c¢6 thé
biét duge chinh x4c vi tri (hay dia chi) ctia bién d6 6 dau trong bo nhd, ching ta can sit dung mot
cong cu hd trg, d6 chinh 1& con tro.

Con tré (pointer) 13 mot bién luu trit dia chi clia mot bién hodc mot vimg bién khac. Dé lay dia
chi ctia mot bién, nguoi ta st dung toan ti &. Cach thiic khai bao con tré nhu sau

<kiéu dit lieu> *<tén con tré>
Trong day ching ta sé lam quen véi hai toan tit

e Toan tit lay dia chi (&): duge diing nhu 14 mot tién t6 clia bién va c6 thé duge hiéu la “dia
chi ctia”, vd: &a c6 thé duge hiéu la “dia chi ctia bién a”.

e Toén tit tham chiéu (*): truy xuat tryc tiép dén gia tri duge luu trit trong bién duge trod boi
né6 va c6 thé duge hiéu 1 “gia tri dude trd béi”, vd: *pointer c6 thé hicu la “gia tri dudc trd
béi pointer”.

Vi du: thay doi gid tri cia bién a t 3 thanh 5

int a=3;

int #*pointer; // Khai bao bien con tro pointer

pointer = &a; // pointer chua dia chi cua bien a

*pointer = 5; // gan gia tri cua bien ung voi dia chi ma pointer tro toi
la 5 (a = 5)
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Ta ciing c6 thé khdi tao con tré ngay khi dinh nghia

int a=3;
int *pointer = &a;

Viéc thuc hién cac phép tinh s6 hoc véi con trd hoi khac so véi cac kiéu dit lieu s6 khac. Ching ta
chi dugc sit dung phép cong va trit, vi két qua ciia phép tinh phu thuodc vao kich thude cta kidu
dit lieu ma bién con trd tré téi. Didu nay cé nghia la kich thuée tinh bing byte ciia kiéu dit lieu no6
trd t6i s& duge cong (hodic trit) them vao bién con tré.

Vi du:

int *pl = &al; // gia su gia tri cua pl la 1000 (dia chi cua al)

long *p2 = &a2; // gia su gia tri cua p2 la 2000 (dia chi cua a2)

pl++; // gia tri cua pl luc nay la 1001 (kieu int co kich thuoc 1 byte)
p2++; // gia tri cua p2 luc nay la 2002 (kieu long co kich thuoc 2 byte)

Con tré va mang

Trong thirc té, tén clia mot mang tuong duong vé6i dia chi phan tit dau tién clia né, gidng nhu mot
con tré tuong duong véi dia chi ciia phan tit dau tién ma noé tréd téi.

Vi du: khai bdo mot mdng chita bién kiéu sé nguyén, dia chi cia con tré tré tdi cing chinh la dia
chi ctia phan ti dau tién trong mdng

int *p;

Vi duy: gdn mdng

int a[10];

int *p;

p = a; // lenh gan nguoc lai a = p la sai vi a[10] cho con tro hang
a[6] = 0; // phan tu thu 5 cua mang a co gia tri la O

*(a+b) = 0; // tuong duong al[5] = 0 (a cung la con tro)

2.2.14 Dt liéu cé cau tric
Dt liéu tu dinh nghia

C++ cho phép chiing ta dinh nghia cac kiéu dit liéu clia riéng minh dya trén cac kiéu dit lieu da co.
Dé c6 thé lam viéc d6 chiing ta sé stt dung tit khod typedef, dang thiic nhu sau

typedef <kiéu di lieu da c6> <kiéu di liew mdi>

Vi du:

typedef charx* chuoi;
chuoi loichao;

Dt liéu c6 cau tric

Mot cau trac dit lieu 1d mot tap hop ciia nhimg kiéu dit lieu khac nhau dude gop lai véi mot cai
ten duy nhat. Dé dinh nghia cac kiéu dit lieu c6 cau tric ta co thé sit dung cac tit khéa struct,
union hay enum,...

Struct: dang thic ctia né nhu sau
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struct <ten kiéu cau tric> {
<kiéu di lieu> phan ti 1;
<kiéu di lieu> phan ti 2;
} <tén bién>;

Vi du:

struct sinhvien { // dinh nghia cau truc
char ten[100];
int tuoi;

}

sinhvien A; // khai bao bien

sinhvien B, C;

Dé truy xudt cac phan ti clia bién, ta st dung déau ‘., vi du:

A.tuoi = 20;

Ta ciing c¢6 thé dinh nghia cac cau tric 1ong nhau, ching han nhu

struct diem {
float toan;
float anhvan;
}
struct sinhvien {
char ten[100];
int tuoi;
diem ketqua; // bien ketqua thuoc kieu "diem"
+

sinhvien A;

Sau khai béo trén ching ta c6 thé truy xuat

A.ketqua.toan
A .ketqua.anhvan

Ngoai ra, ching ta ciing c¢6 thé sit dung con tré dé khai béo bién c6 cau tric

sinhvien *pA = &A;

Dé truy cap phan ti ciia bién con tré ta st dung dau ->

pA->ketqua.toan

Union: c6 cau triic tuong ty struct
union <ten kiéu cdu tric> {

<kiéu di lieu> phan ti 1;

<kiéu di lieu> phan ti 2;

} <tén bién>;
Tuy nhién diém khac biét ctia union so véi struct la tat cd cadc phan tit clia union déu chiém ciing
mot chd trong bo nhd, kich thuée clia no6 1a kich thude ctia phan tit 16n nhat. Do d6 bat ki mot s
thay doi nao doéi véi mot phan tit sé anh hudng téi tat ca cac phan tit con lai.
Enum: kiéu di lieu liet ke dung dé tao ra céc kiéu dit lieu chita mot cai gl d6 hoi dac biét mot
chit (khong phai kiéu s6 hay kiéu ki tiy), cau tric ctia né nhu sau
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enum <tén kiéu cdu tric> {
gid try 1,
gid try 2,

} <tén bién>;

Vi du:

enum colors {black, blue, green, cyan, red, purple, yellow, whitel};
colors mycolor;

mycolor = blue;

if (mycolor == green) mycolor = red;

Trén thuc té kiéu dit lieu liet ke duge dich 1a mot s6 nguyen, gia tri tuong ung véi phan ti dau
tien 14 0 v& cac gia tri tiép theo cit thé tang len 1. Vi du trong kiéu dit licu mé chiing ta dinh nghia
& trén, black tuong duong véi 0 , blue tuong duong véi 1, green tuong duong véi 2 va ci tiép tuc
nhu thé. Ngoai ra, ching ta c6 thé chi dinh gia tri tuong tng bing cach gan

enum colors {black=2, blue, green, cyan, red, purple, yellow, whitel};

2.2.15 File
File 1a mot trong nhitng hinh thitc lvu tri da liéu pho bién, c6 hai loai file chinh

e File van ban (text file): 1a loai file chi Iwu trit thuan tiy van ban, cac ki tu duge biéu dién
bang ma ASCII ctia né, va ngudi ding c6 thé dé dang doc dugce noi dung cia file nay.

e File nhi phan (binary file): 1a loai file chita cac doan mé nhi phan, ngusi dimg khong thé doc
dugc nodi dung cac file nay.

C6 hai cach dé thic hién cach thao tac trén file: sit dung cac ham trong thu vien C cstdio (stdio.h)
hay cac ham trong thu vién dong xuat nhap iostream
S& dung thu vién cstdio

Thu vién stdio bao gom cac ham

Tén ham ‘ Chtic nang
Cac ham chung

fopen Mg file
fclose(all) | Dong (tat ca cac) file
fflush(all) | Lam sach ving dém cta (tat ca cac) file dang mé

remove Xoba, file

feof Kiém tra xem t6i cudi file chua
X1 1y file van ban

fprintf Ghi ra file

fscanf Doc t file

fputc/fgetc | Ghi (doc) 1 ki tu ra (tu) file
fputs/fgets | Ghi (doc) 1 chudi ra (tu) file
X1 ly file nhi phan

furite Ghi ra file

fread Doc t file

fseek Di chuyén con tré téi vi trf trong file

ftell Cho biét vi trf hién tai ctia con tré trong file

Vi du:
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FILE *xf; // Khai bao con tro file

char name [100];

f = fopen ("myfile.txt","w"); // Mo mot file co ten la file.txt de ghi du
lieu

puts ("Nhap ten cua ban: ");

gets (name);

fprintf (£, "%-10.10s \n", name); // Ghi ra file.txt

fclose (f); // Dong file.txt

St dung dong xuit nhap

Cac phuong thic dong xuat nhap cho file gom c6
e ifstream: 16p gom cac phuong thitc doc file
e ofstream: 16p gom cac phuong thiic ghi file

e fstream: 16p gom céc phuong thitc doc/ghi file

Tén phuong thic ‘ Chiic nang
Cac ham chung

open Mg file

close Dong (tat ca cac) file

is_open Kiém tra xem file dd md hay chua

flush Lam sach viung dém cua file dang md

good Kiém tra xem tinh trang file c6 tot dé xit 1y hay khong

eof Kiém tra xem téi cudi file chua

X1t ly file van ban

<< Ghi ra file

>> Doc tu file

getline Doc 1 dong dit lieu tiut file

get Doc 1 ki tu hodc chudi tiu file

put Ghi 1 ki tu ra file

X1 ly file nhi phan

furite Ghi ra file

fread Doc tu file

seekg Di chuyén con trd tdi vi trf trong file

tellp Cho biét vi tri hién tai ctia con trd trong file
Vi du:
char name [100];
std::ofstream f("file.txt"); // Mo mot file co ten la file.txt de ghi du

lieu

std::cout << "Nhap ten cua ban: ;
std::cin >> name;

f << name << std::endl; // Ghi ra file
f.close(); // Dong file.txt

2.3 Lap trinh huéng d6i tuong

Lap trinh huéng do6i tugng (object-oriented programming — OOP) 1a ki thuat 1ap trinh hd trg cong
nghé déi tugng. Ki thuat lap trinh nay gitp ting ning suat va gidm nhe cic thao tic viét ma cho
ngudi lap trinh. N6 ciing gitip cho ngudi lap trinh tao ra cac tng dung ma cac yéu té6 bén ngoai
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c6 thé tuong téc véi cac chuong trinh dé gidng nhu la tuong tac véi cac doi tugng vat 1y, diéu nay
gitip don gidn héa do phiic tap khi bao tri ciing nhu md rong phan mém bang cach cho phép lap
trinh vién tap trung vao cac déi tuong phan mém & bac cao hon.

2.3.1 Débi tuong

D6i tugng (object) 1a sy két hop gitta ma va dit lieu hinh thanh nén mot don vi duy nhat, don vi
nay tuong duong véi mot chuong trinh con. Cac déi tugng bao gom hai thanh phan chinh:

e Cac phuong thiic (method): 14 phuong tién dé sit dung mot dbi tugng, céc phuong thitc thuong
la cac ham.
e Cac thuoc tinh (attribute): ding dé mo ta cic tinh chat ciia dbi tugng, thudng 1a cic bién,

tham s6 hay hing noi tai (cdc dit lieu noi tai).

Mbi phuong thic hay mdi di lieu noi tai ciing véi céc tinh chat duge dinh nghia (bdi nguoi lap
trinh) dugce xem 1a mot dac tinh ctia doi tugng (xem Hinh 2.1). Trong thyc té, cdc doi tugng thudng
dugce tritu tugng héa qua viéc dinh nghia cac 18p (class).

An Object

B

Functions

|+ Sio p_

Hinh 2.1: Minh hoa déi tugng; mot déi tugng, chang han nhu mot chiéc xe hdi, sé c6 cac thong tin
(thugc tinh) nhu mau xe, ndm san xut, mau sic va cac hanh dong (phuong thic) nhu khéi dong,
chay va ding.

M&bi dbi tugng c6 mot tén riéng biét va tat ci cac tham chiéu dén ddi tuong dé dude tién hanh qua
tén ctia né. Nhu vay, méi doi tugng c6 kha nang nhan vao cac thong béo, xit Iy dit lieu (bén trong
clia n6), va giii ra hay tra 10i dén cac doi tugng khac hay dén moi truong.

Mot s6 tinh chat chinh cfia lap trinh huéng déi tugng:

e Tinh tritu tugng (abstraction): kha ning ctia chuong trinh bé qua hay khong chi ¥ dén mot
s6 khia canh ctia thong tin ma né dang truc tiép lam viec len. Mdi déi tuong co thé hoan tét
cic cong viéc mot cach noi bo va lién lac vé6i cac ddi tugng khac ma khong can cho biét lam
céch nao déi tugng tién hanh duge cac thao tac. Tinh triru tugng con thé hién qua viec mot
déi tugng ban dau cé thé c6 mot sb6 dic diém chung cho nhiéu déi tuong khac nhu la sy mé
rong ciia né nhung ban than déi tugng ban dau nay c6 thé khong cé cac bien phap thi hanh.
Tinh triru tugng nay thudng duge xac dinh trong khéi niém goi 1a 16p tritu tugng (abstract
class) hay 16p co s6 tritu tugng (abstract base class).

e Tinh déng géi (encapsulation): khong cho phép ngusi sit dung cac ddi tugng thay doi trang
thai noi tai ctia mot déi tugng, chi c6 cidc phuong thitc noi tai ctia déi tugng cho phép thay
déi trang thai ciia né. Viéc cho phép moi truong bén ngoai tac dong len cac dit lieu noi tai
clia mot doéi tugng theo cach nao 14 hoan toan tiy thuoc vao ngudi lap trinh. Day 1a tinh
chat ddm bao sy toan ven ctia déi tuong.
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e Tinh ké thita (inheritance): cho phép mot ddi tugng c6 thé co sin cac dic tinh ma doi tugng
khac da c6 thong qua ké thita. Diéu nay cho phép cac ddi tuong chia sé hay mé rong cac dic
tinh sdn c6 ma khong can phai tién hanh dinh nghia lai. Néu ta c6 mot 16p B ké thira tir 16p
A thi A dugc goi 1a 16p co s (base class) va B duge goi 1a 16p dan xuat (derived class).

e Tinh da hinh (polymorphism): thé hién thong qua viéc gii cac thong diep (message), cac
phuong thitc diing tra 18i cho mot thong diép sé tity theo déi tugng ma thong diep dé dude
gt t6i 6 ¢6 cac phan ting khac nhau. Ngusi lap trinh ¢6 thé dinh nghia mot dic tinh (chang
han nhu mot phuong thiic) cho mot loat cac dbi tugng gan nhau, khi thi hanh chuong trinh
sé tu dong kiém tra xem déi tuong la thuoc kiéu 16p nao sau d6 sé goi phuong thic tuong
ing véi 16p do.

2.3.2 Lép

L6p (class) 1a mot kiéu dit lisu do ngusi ding ty dinh nghia, c6 thé bao gdm trong né cac dit lieu
va ham. Ca phap khai bao mot 16p nhu sau

class <tén cia lop> {
<kiéu thuoc tinh>:
dit lieu 1;
du lieu 2;
ham 1;

} <bién doi tugng>;

Cac thanh vien (member) ctia 16p dugc chia lam 2 loai: cac thanh phan chita dit ligu ctia 16p duge
goi 1a cac thuoc tinh (attribute) clia 16p, cac thanh phan nay thuong 1a cac bién; cac thanh phan
chi hanh dong ctia 16p duge goi 1a cac phuong thitc (method) ctia 16p, cac thanh phan nay thuong
la cac ham.

Thuoc tinh ctia dit lieu va ham c¢6 cac dang: private (chi dugc truy xuat bdi cac thanh vién trong
cing 16p), protected (c6 thé dugc truy xuat bdi cac thanh vién trong cting 16p hodc tit cac 16p ké
thira), hoac public (c6 thé dugc truy xuat tit bén ngoai 16p).

Vi du:

class Sinhvien { // Tao mot lop co ten la Sinhvien
private:

char ten[100];

int tuoi;

float diemthi;

public:
Sinhvien () {3}; // Constructor
“Sinhvien() {}; // Destructor

void ketqua () {
if (diemthi >= 5)
cout << "Dau'" << endl;
else
cout << "Rot" << endl;
¥
};

Ham khéi tao (constructor) clia mot 16p sé duge goi tu dong khi khai bao mot d6i tugng méi thude
16p d6, ngugc lai ham hity (destructor) sé duge goi tu dong khi ddi tugng do6 két thic hoat dong
hodc duge gidi phéng khoéi bo nhd. Mot s6 dac tinh ctia ham khéi tao va ham hiy

e Ham khdi tao phai c6 tén trung véi tén ciia 16p; ham hity c6 tén bat dau bang ~ va theo sau
la tén cua 16p tuong dng.
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e C3 hai ham khong c6 gia tri tra vé va déu c6 thudc tinh public.
e Mot 16p c6 thé c6 nhiéu ham khéi tao nhung chi c6 duy nhat mot ham hiy.

Néu dinh nghia thuoc tinh hodc phuong thitc bén ngoai pham vi dinh nghia 16p, ta phai ding chi
thi pham vi dugc thé hién qua dau : :

class Sinhvien { // Tao mot lop co ten la Sinhvien
private:

char ten[100];

int tuoi;

float diemthi;

public:
Sinhvien() {}; // Constructor
“Sinhvien() {}; // Destructor

void ketqua();
};

void Sinhvien::ketqua() {
if (diemthi >= 5)
std::cout << "Dau" << std::endl;
else
std::cout << "Rot" << std::endl;

Mubdn truy xudt cac thanh vien ciia déi tugng thudoc mot 16p nao dé, ta co thé st dung toan tit dau
. dat ngay sau déi tuong do

void main ()

{
Sinhvien A; // Doi tuong A thuoc lop Sinhvien
A.ten = "Nguyen Van A";
A.diemthi = 6.5;
A.ketqua();
}

Chi y: can phan biét giita toan tit dau cham (.) dung dé truy cap cac thanh phan clia dbi tugng
va todn ti miii tén (->) dimg dé truy cap cac thanh phan ctia con tré t6i ddi tugng. Ta c6 mdi
quan hé nhu sau

A->ten = (*A).ten

2.3.3 Lép dan xuat

Lép dan xuat (derived class) hay con goi la 16p con (subclass) 1a mot 16p duge ké thita tit mot 16p
khac, ct phap khai bao 16p nay nhu sau

class <tén lop dan zuat>: <tw khéa dan zuat> <tén lép co sd> {

}i
Trong d6 tit khoa dan xuat quy dinh tinh chat ké thira ctia 16p dan xuat tit 16p co s6 (base class)

e private: cic thanh vién private ctia 16p cd s khong thé truy cap tit 16p dan xuat, cac thanh
vién protected va public clia I6p cd s trd thanh cac thanh vién private clia 16p dan xuét.

e protected: cic thanh vién private clia 16p cd s khong thé truy cap tit 16p dan xuét, cac
thanh vién protected va public ciia 16p cd s§ tré thanh cac thanh vién protected cta 16p
dan xuat.
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e public: cic thanh vién private clia 16p co sé khong thé truy cap tit 16p dan xuét, cac thanh
vién protected va public clia 16p cd s6 trd thanh cac thanh vien ctia 16p dan xuét véi thuge
tinh khong thay doi.

Vi du:

// Lop Sinhvien la dan xuat cua lop Nghenghiep
class Sinhvien: public Nghenghiep {

}

Khi mot doéi tugng ciia 16p dan xuat duge tao ra thi ham khéi tao clia 16p co s duge ap dung
trude roi mdéi t6i ham khéi tao ciia 16p dan xuat, con khi ddi tugng két thic thi ham hiy ctia 16p
dan xuat duge ap dung trude roi mdi t6i ham hiy ctia 16p co s6.

Vé mit dit lieu, mot 16p dan xudt bao gid cling chita toan bo dit licu ciia 16p cd sd, do dé ta cé thé
thuc hién phép gan mot doi tugng thudce 16p dan xuét cho ddi tugng thuoc 16p co sé (nhung khong
thé theo chiéu ngugc lai)

Sinhvien A;
Nghenghiep B;

B = A; // dung
A =B; // sai

2.3.4 Da ké thira

Mot 16p c6 thé duge dan xuat tit nhitng 16p co s khac nhau véi nhitng kiéu dan dan xuat khac
nhau, ct phép nhu sau

class <tén ldp dan zudt>: <tw khéa dan zuat 1> <tén ldp co sé 1>, ... ,
<tw khéa dan zuat N> <tén ldp co s¢ N> {

#;
Vi du:

// Lop Sinhvien la dan xuat cua hai lop Nghenghiep va Truong
class Sinhvien: public Nghenghiep, public Truong {

}

Ham khéi tao va hity trong da ké thita duge khai bao tuong tu nhu trong don ké thita, ngoai trit
viéc phai sip xép thit tir goi ham clia cac 16p co s6. Thong thuong, thit tu goi ham ciia cac 16p co
sd nén tuan theo thi ty dan xuat tit cac 16p co s6 trong da ké thira.

2.3.5 B0 nhé dong

Khi thyc thi chuong trinh, méy tinh sé sit dung bo nhé dé luu trit cac dit lieu nhu cac bién, mang
va cac doi tuong ma ching ta khai bao, kich ¢d ciia chiing 1a ¢6 dinh va khong thé thay ddi trong
thoi gian thyc thi chuong trinh. Dai khi cach 1am nay gay lang phi hodc thiéu bo nhd, do do6 ching
ta can stt dung bo nhé theo cach ma kich ¢d ctia n6 chi c6 thé duge xac dinh khi chuong trinh chay.
Dé lam dugc diéu nay ching ta sé sit dung cac bo nhé dong (dynamic memory).

Viéc cap phat bo nhé dong (dynamic memory allocation) trong C++ duge thyc hién qua hai toan
t¥ new va delete

e Toan tit new duge ding dé cap phat bo nhd, c6 ct phap nhu sau
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<con tré> = new <kiéu du liu>
hodac <con tré> = new <kiéu di lieu>[kich thudc]

int *pl = new int;

int *p2 = new int[10]; // danh vung nho cho 10 phan tu va tra ve 1
con tro tro den dau khoi du lieu

int *p3 = new int(10); // khoi tao gia tri cua p3 bang 10

Tat ca cac bién cap phat dong mdi déu duge dit trong viing nhé free store. Trong truong hop
hé diéu hanh hét bo nhé dé cap phat, mot con trd null (0) sé duge tra vé

int *p = new int;
if (p == NULL) {

cout << "Khong du bo nho" << endl;
}

e Toan tit delete dugc ding dé gidi phong bo nhé duge cap phat khi né khong can diing dén
nita, c¢6 ci phap nhu sau

delete <con tré>
hodc delete [| <con tré>

delete p;

Luu ¥: khi st dung, cc toan tit new/delete sé goi cAc ham khdi tao va hity ciia kiéu dit ligu.

Cac 16i thudng gip khi sit dung bé nhé dong

e Memory leak: x4y ra khi chuong trinh khong thé thu hdi (hay truy cap) mot ving nhé da
cap phat mic dit khong con sit dung. N6 x4y ra khi tat ci con tré tré dén ving nhé dé bi
thay doi gia tri truée khi viing nhé duge giai phong.

e Dangling pointer: xay ra khi ton tai con tré tré t6i mot viing nhé chua dude cap phat, hoac
da bi thu hoi.



CHUONG 3

HISTOGRAM

Khai niem histogram dugc dua ra lan dau tien béi Karl Pearson'. N6i mot cach don gian, his-
togram 13 mot dang bicu do phan bd xac suat (tan suat) ctia mot dai lugng bién thién lien tuc
(continous variable)® biang cach vé cAc tan s6 xuat hién dai lugng d6 trong cic khodng chia gid tri
xac dinh (cac khodng chia nay dugc goi la cac bin). Histogram thong thutng c6 dang bi¢u do cot
don gian.

Ich loi ctia histogram 1 né c¢6 thé mo ta phan bd ctia mot lugng di lieu 16n & dang don gian
ma khong lam maét bat cit thong tin théng ké ndo. Ching ta vAn c6 thé xac dinh duge cac dic
trung thong ké ctia dit litu nhu gid tri trung binh (mean), do lech chuan (standard deviation),... tit
histogram ma khong can phai xem lai dit lieu goc.

3.1 Histogram

3.1.1 Khai bao histogram

Trong ROOT, 16p histogram duge ki hiéu 1a THdp, v6i d 1a s6 chiéu clia histogram va p 1a kiéu ciia
cac phan tit chiia trong histogram?®. Cac lai histogram chinh trong ROOT gom c6 1D, 2D, 3D va
profile. M6i quan hé gitta cac 16p histogram dugc minh hoa trong Hinh 3.1.

e TH1 I3 16p histogram cd ban (base class) dé xay dung cac 16p khéc
e TH1C, TH2C va TH3C chiia 1 byte/bin (gia tri 16n nhat clia bin = 255)
e TH1S, TH2S vi TH3S chita 1 86 kiéu short/bin (gia tri 16n nhat ctia bin = 65 535).
e TH1I, TH2I vi TH3I chita 1 s6 kidu nguyén/bin (gid tri l16n nhit ctia bin = 2 147 483 647).
e TH1F, TH2F va TH3F chita 1 85 kiéu thuc/bin (gid tri 16n nhat ctia bin = 7 digits).
e TH1D, TH2D vi TH3D chita 1 86 kiéu thiyc kép/bin (gid tri 16n nhat ctia bin = 14 digits).
Ta c6 thé khai bao mot histogram theo ct phap nhu sau:

<l6p histogram> *<tén histogram> = new <ldp histogram>("<tén histogram>", "<tieu de>",
<80 khodng chia>, <bién trdi>, <bién phdi>);

1Karl Pearson (1857 - 1936) la mot nha toan hoc va sinh tric hoc ngusi Anh, duge ghi nhan 1a ngusi da thanh
lap nén b6 mon théng ké toan hoc mathematical statistics.

2Histogram ciing c6 thé st dung cho cac dai luong rai rac.

3Tham khéo thém tai ftp://root.cern.ch/root/doc/3Histograms . pdf



3.1. Histogram 42
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Hinh 3.1: Méi quan hé gitta cac 16p histogram

Vi du: khai bdo histogram 1 chiéu

TH1F *h = new TH1F("h", "Pho gamma", 8192, 0, 8192);

Vi du trén khai bao 1 histogram tén 1a h c6 tiéu dé 14 "Pho gamma" vdi s6 khodng chia 13 8192
khoéng (bin), do rong mdéi khoang chia la
bién phai — bién trai 8192 —0
s6 khoang chia 8192

=1

Néu muén phan chia lai khodng gia tri ctia histogram, ta st dung phuong thitc TH1: :Rebin(),
phuong thitc nay sé nhém cac khodng chia ké nhau lai (méc dinh 14 2 khodng chia)

h->Rebin(4); // so khoang chia hien gio la 8192/4 = 2048, do rong moi
khoang la 4

V6i céach thitc khai bao nhu trén, do rong mdi khoang chia 1a khong déi. Trong truong hop ching
ta mudn tao mot histogram véi do rong khoang chia khac nhau, ta c6 thé lam theo cach sau

const Int_t NBINS = 5; // so khoang chia

Double_t edges[NBINS + 1] = {0.0, 0.2, 0.3, 0.6, 0.8, 1.0};
// Xac dinh bien cua cac khoang chia [0.0, 0.2] [0.2, 0.3]
TH1* h = new THI1D("h", "Tieu de", NBINS, edges);

Mot s6 vi du khéc

TH1I* hl = new TH1I("hi", "Hisogram 1-chieu", 100, 0.0, 4.0);
TH2F* h2 = new TH2F("h2", "Hisogram 2-chieu", 40, 0.0, 2.0, 30, -1.5, 3.5)

TH3D* h3 = new TH3D("h3", "Hisogram 3-chieu", 80, 0.0, 1.0, 100, -2.0,
2.0, 50, 0.0, 3.0);

Luu y: khi khai bdo histogram nhu trén dong nghia véi viéc ta dang khai bao con tré thudc 16p
histogram, va bo nhé dé chiia histogram duge cp phéat dong thong qua toan ti new. Vi khai béo
dang nay, dé truy xuét cac phuong thiic histogram ta can st dung dau mii tén (->)

h->Method () ;

Trong truong hgp ta mudn khai bao déi tugng (object) thuoc 16p histogram

TH1F hi1("h1", "Hisogram 1-chieu", 100, 0.0, 4.0);

Dé truy xuat cdc phuong thitc histogram liic nay ta st dung dau cham (.)




43 CHUONG 3. HISTOGRAM

h.Method () ;

Tuy nhién, trong thyc té véi trinh thong dich CINT, ci hai cach truy xuat trén déu dugce chap
nhan.

3.1.2 Dién gia tri vao histogram

Dé dién gié tri vao histogram, ta st dung phuong thtc TH1: :Fill()

h1->Fill(x);
h2->Fill(x,y);
h3->Fill(x,y,z);

Phuong thitc nay sé tang 1 s6 dém tai vi tri bin tuong ting véi gia tri dua vao. Trong trudng hop
ta mudn dién vao mot gia tri khac 1 (trong s6 w), ta lam nhu sau

h1->Fill(x,w);
h2->Fill(x,y,w);
h3->Fill(x,y,z,w);

hodc cong tryc tiép vao bang phuong thitc TH1: : AddBinContent ()

hi1->AddBinContent(i); // i la so thu tu cua bin
hi->AddBinContent (i, w) ;

Luu y:

e Bin 0 (i = 0) sé chtta cac gia tri nho hon khodng gia tri tit bien trai dén bién phai cia
histogram (underflow bin).

Bin 1 (i = 1) ting v6i khoang chia dau tién cuing vdi gia tri bién trai.

Bin ké cudi (i = nbins) ing véi khodng chia cudi ciing vé6i gia tri bien phai.
e Bin cudi cung (i = nbins+1) chita cac gia tri 16n hon khodng gia tri tit bién trai dén bien phai
ctia histogram (overflow bin).

Phuong thitc TH1 : : Sumw2() thuc hién luwu trit tong binh phuong cac trong sé di kem véi cac gia tri
ctia histogram trong qué trinh ghi nhan (nén goi ngay sau khi khai béo histogram)

h1->Sumw2 () ;

Ngoai ra, thay vi dién lan luot timmg gia tri vo tring bin tuong tng, ta c6 thé gan thing gia tri vao
trong bin bang phuong thitc TH1: :SetBinContent ()

hi->SetBinContent (i, value) ;

Qua trinh ngugc lai, 1ay ra gia tri tuong tng véi vi tri bin, duge thue hien thong qua phuong thic
TH1::GetBinContent ()

Float_t value = hl->GetBinContent (i) ;

Dién gia tri ngiu nhién

Phuong thitc TH1: :FillRandom() dugc sit dung dé dién ngiu nhién vao histogram theo mot phan
bd cho trude

TH1F* hl = new TH1F ("hl1","Histo from a Gaussian",100,-3,3);
hi1->FillRandom ("gaus" ,10000) ;
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Ho#c theo mot phan bd histogram

TH1F h2 = new TH1F ("h2","Histo from existing histo",100,-3,3);
h2->FillRandom (&h1, 1000);

Trong vi du trén, chuong trinh sé tinh tich phan trén toan khoang chia ctia h1 vi chuan vé 1.
Sau d6, mot s6 ngau nhién r sé duge gieo trong khoang tit 0 dén 1, vi trf bin ctia histogram h2
tuong tng véi gia tri ctia r sé dudce tang s6 dém. Ngoai ra, ta ciing c6 thé st dung phuong thic
TH1::GetRandom() dé lam diéu tuong tu

h2->Fill (hl1->GetRandom () ) ;

3.1.3 Mot sé6 phuong thiic théng dung cho histogram

Dé tao mot histogram giéng véi histogram dang c6, ta lam nhu sau

TH1F* h2 = (TH1F*)h1->Clone();

Ta ciing c6 thé reset lai cac gia tri trong mdi bin ciia histogram bing cach

hi1->Reset () ;

Tinh tich phan histogram

hi1->Integral(); // tinh tich phan tu tren toan khoang chia (1->nbins)

hi1->Integral(i,j); // tinh tich phan tu bin i den bin j

hi->IntegralAndError(i,j,err); // tinh tich phan tu bin i den bin j, sai
so thong ke cua tich phan duoc luu vao trong err

Nhan histogram v6i mot hé s6

hi->Scale(scale);

Ta ciing c6 thé st dung cach nay dé chuan héa histogram veé 1

Float_t scale = 1./hl->Integral(); // khai bao bien scale bang nghich
dao cua tich phan cua h

hi->Scale(scale); // nhan hl voi he so scale, dong nghia voi viec chuan
hoa h ve 1

Lam tron histogram

hi1->Smooth(2); // so lan lam tron la 2

Cac phuong thic tinh cho histogram
e Add(h1l,cl1): cong them histogram hi1 véi trong s6 ¢I (h = h+ cl = hl).

Multiply(h1l,c1): nhan véi histogram hl v6i trong s6 c1 (h = h*cl * hl).

Divide(hl,c1): chia cho histogram hl véi trong s6 ¢1 (h = h/(cl x hl)).

Divide(h1l,h2,cl,c2): lay gia tri thuong ctia hai histogram A1 va h2 (h = c1xhl1/(c2*h2)).

GetAsymmetry(h2,c2,dc2): trd vé gia tri asymmetry clia hai histogram h1 va h2 (Asym =
(h1 — h2)/(h1 + h2)), c2 la trong s6 tuong ddi giita 2 histogram va dc2 1a sai s6 tuong ting.

e Interpolate(x): ndi suy tuyén tinh gia tri tai x.

Vi du:
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TH1F *hl = new TH1F("h1", "", 5, 0, 5);
h1->SetBinContent (1,5) ;
hi1->SetBinContent (2,2.3);
h1->SetBinContent (3,0) ;
hl1->SetBinContent (4,1);
hl1->SetBinContent (5,-3.1);

TH1F *h2 = h1->Clone("h2"); // h2 = hi
h2->Add(h1,-1); // h2 = h2 - hil
h2->Divide (hl); // h2 = h2 / hi
h2->Divide(h,hl1); // h2 = h / hil

TH1F #*h3 = hl->GetAsymmetry (h2);

Truy xuat cac thong s clia histogram
e GetEntries(): s6 lugng cac gia tri duge ghi nhan trong histogram
e GetMean(), GetMeanError (): gia tri trung binh va sai s6 tuong ng
e GetRMS(), GetRMSError (): cin clia phuong sai va sai s6 tuong ting
e GetMaximum(), GetMinimum(): gi4 tri I6n nhat va nhé nhat trong histogram

e GetMaximumBin(), GetMinimumBin(): lay vi trf bin tuong tng véi gia tri 16n nhat va nho
nhat

e GetBinCenter (i): gia tri trung tdm cia bin tha i

Vi du:

root [0] cout << "So gia tri duoc ghi nhan: " << hl->GetEntries () << endl;

So gia tri duoc ghi nhan: 4

root [1] cout << "Gia tri trung binh: " << hl->GetMean() << endl;

Gia tri trung binh: 2.825

root [2] cout << "Can cua phuong sai: " << h1->GetRMS() << endl;

Can cua phuong sai: 1.17978

root [3] cout << "So dem cao nhat: " << hl->GetMaximum() << endl;

So dem cao nhat: 2

root [4] cout << "Vi tri bin co so dem cao nhat: " << hl->GetMaximumBin ()
<< endl;

Vi tri bin co so dem cao nhat: 4

3.2 Veé histogram

Dé vé histogram trong ROOT, ta st dung phuong thitc TH1::Draw(), phuong thitc nay sé tao
ra mot déi tuong thudc 16p THistPainter va luu con trd cia ddi tuong nay nhu 1a mot thanh
vién ciia histogram. Néu muén tao ra mot ban sao ciia histogram khi vé, ta sit dung phuong thiic
TH1: :DrawClone().

Vi du: (zem Hinh 3.2)

{
// Tao histogram co 5 khoang chia tu O den 5
TH1F *hl = new TH1F("h", "", 5, 0, 5);
h1->Fill1(1); // Tang 1 so dem tai khoang chia tu 1 den 2
h1->Fill1(3); // Tang 1 so dem tai khoang chia tu 3 den 4
h1->Fill1(3); // Tang 1 so dem tai khoang chia tu 3 den 4




3.2.  Vé histogram 46

h1->Fill(4.3); // Tang 1 so dem tai khoang chia tu 4 den 5
hi->Draw(); // Ve histogram

h
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RMS 1.18
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Hinh 3.2: Biéu do6 ctia vi du

Thong thudng phuong thitic TH1: :Draw() sé x6a hinh vé cii va tao ra hinh vé méi mé khi duge
goi. Trong trudng hop ta mudn vé nhiéu histogram cling lic thi v6i cic histogram dude vé sau
histogram dau tién ta thém tiy chinh "same"

hi->Draw ("same"

Ngoai ra, ta cling c6 thé vé ban sao phan bd di dugc chuan héa ctia histogram bing phuong thic
TH1: :DrawNormalized()

hi->DrawNormalized ("same", 2); // chuan hoa hil ve 2

3.2.1 Thiét lap cac tuy chinh cho do thi
Ty chinh cho dang do6 thi

Khi vé do thi bing phuong thiic TH1: :Draw(), ta cé thé sit dung cac tity chinh dé vé cac dang do
thi khac nhau ctia ciing mot histogram. Bang 3.1 trinh bay mot s6 tity chinh thuong st dung cho
cac histogram 1D va 2D.

Tuy chinh kiéu vé
Céc tiy chinh cho kiéu vé bao gdm cho diém déanh dau (marker), dudng (line) va ché do to6 mau
(fil)

e Chon mau: SetMarkerColor (), SetLineColor (), SetFillColor ()

e Chon kiéu vé: SetMarkerStyle(), SetLineStyle(), SetFillStyle()

e Chon bé day: SetMarkerWidth(), SetLineWidth()
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Bang 3.1: Cac tuy chinh ctia phuong thitc TH1: :Draw() cho céac histogram 1D va 2D (Xem thém
tai http://root.cern.ch/root/html/THistPainter.html)

1D & 2D | SAME Vé trén ciing 1 do thi
E Vé cac thanh sai s6
HIST Vé dang histogram
TEXT Ghi gia tri ciia diém trén do thi
LEGO Vé dang lego c6 loai bé cac dudng bi an
LEGO1 Vé dang lego c6 loai bd cac mit bi an
LEGO2 Vé dang lego c6 st dung mau dé hién thi gia tri
1D B Vé bieu do cot
C Vé duong lam tron qua céc diém
L Vé duong nbi cac diém
P Vé cac diém danh dau
PO Vé cac diém danh dau ké ci cho cac bin khong c6 gia tri
EO Vé thanh sai s6
E1l Vé thanh sai s6 c6 vach ngang vuong géc vdi thanh sai s6
E2 Vé thanh sai s6 c6 khung chit nhat
E3 Vé thanh sai s6 va to phan dién tich thanh theo truc tung
E4 Vé thanh sai s6 va to dién tich da dugc lam tron
E5 Tuong tu E3 nhung bd qua cac gia tri 0
E6 Tuong tu E4 nhung bd qua cac gia tri 0
2D CYL VE trén truc toa do tru
POL VEé trén truc toa do cuc
SPH Vé trén truc toa do cau
PSR Vé trén truc toa do pseudorapidity/phi
BOX Vé dang hop
COL Vé dang hop cé t6 mau
COLZ Tuong tu nhu COL nhung ¢6 thém thang mau
CONT Vé dudng contour (tuwong tu CONTO)
CONTO Vé duong contour c6 mau
CONT1 Vé dudng contour c6 phan biét kiéu duong
CONT2 Vé dudng contour véi cling kiéu duong
CONT3 Vé dudng contour c¢6 td6 mau
CONT4 Vé duong contour c6 st dung mau ciia mét
CONT5 Vé duong contour c6 st dung tam giac Delaunay
SURF Vé dang mat
SURF1 Vé dang mat
SURF2 Vé dang mit c6 sit dung mau dé hién thi gia tri
SURF3 Tuong ty SURF, c6 thém dudng contour phia trén
SURF4 Vé dang mat duge lam tron (Gouraud shading)
SURF5 Tuong tu SURF3, ¢6 dudng contour mau
SCAT Vé dang cham diém

Hinh 3.3 dén Hinh 3.6 trinh bay cac bang ki hiéu mau, kiéu dudong va kiéu marker c6 trong ROOT.

Vi du: (zem Hinh 3.7)

{
TH1F *hl

new TH1F("h1",

Float_t mean = 0,
for (Int_t i = 0;
h1->Fill (gRandom->Gaus (mean,sigma));

"1D Gaussian", 100, -100, 100);
= 20;

i < 10000; i++) {
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ROOT Color Wheel

Hinh 3.4: Bang ki hiéu mau

}

Hinh 3.5: Bang kiéu duong

L1V ACINVANVEES SVE VA 4

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

2 3
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Hinh 3.6: Bang kiéu marker

hi1->SetFillColor (kBlue); // chon mau to mau xanh
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hl1->SetLineColor (kRed) ;
hl1->SetLineWidth (3) ;
hi->Draw("histo");

hl1->SetMarkerStyle (20) ;

hi->SetMarkerColor (kGreen) ;

hl1->SetMarkerSize (1) ;

// chon mau line mau do

// chon be day line bang 3

// chon kieu marker 20
// chon mau marker xanh 1la
// chon kich thuoc marker bang 1

hi1->Draw("same p");
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Hinh 3.7: Do thi phan bd ngau nhién dang Gauss 1 chiéu

Ty chinh cho truc doé thi

Dé tién hanh hiéu chinh céc truc do thi, ta si dung cac phuong thitc TH1::GetXaxis (), TH1::
GetYaxis(), TH1::GetZaxis() dé chon cac truc x,y,z tuong uing va sau do st dung cac phuong
thic cia 16p TAxis

e SetTitle(" "): dit tieu dé cho truc do thi
e SetRangeUser(a,b): chon khoang vé tit a dén b

e SetTitleSize(), SetTitleFont (), SetTitleOffset (): chon cG chit va font chit va offset cho
tieu dé trén truc

e SetLabelSize(), SetLabelFont (): chon ¢ chit va font chit hién thi tren truc

Vi du: (zem Hinh 3.8)

{

TH1F *h1 = new TH1F("h1","1D Gaussian", 100, -100, 100);
Float_t mean = 0, sigma = 20;
for (Int_t i = 0; 1 < 10000; i++) {

h1->Fill (gRandom->Gaus (mean, sigma)) ;
}
h1->SetTitle("Do thi Gaussian"); // dat tieu de
hi->GetXaxis () ->SetTitle("X[m]"); // gia tri cua truc x
hl1->GetYaxis () ->SetTitle("Counts"); // gia tri cua truc y
hl1->GetXaxis () ->SetRangeUser (-50,50); // khoang ve
h1->Draw();
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}

Do thi Gaussian

h1
Entries 10000
Mean 0.1785
RMS 19.14
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Hinh 3.8: Vi du chinh cac truc cho do thi

3.2.2 Hién thi bang théng ké

Trén céc do thi duge vé bang ROOT, ta thiy goc trén cling bén phai luon xuat hién mot bang liet
ké tén clia histogram ciing cac thong s6 nhu gia tri trung binh, RMS (root mean square)*,... d6 1a
cac bang thong ke (statistics box). Dé tit cac bang nay, ta ¢ thé thiét lap TH1: : SetStats (kFALSE)

Dé thay ddi thong s6 hién thi trong cac bang thong ké ctia histogram, ta cé thé sit dung phuong
thic

gStyle->SetOptStat (mode)

C6 tat ca 9 thong s6 cho mode c6 thé duge bat (1, 2) hodc tat (0) theo thit tit ksiourmen (gid tri
mic dinh 13 000001111).

e n = 1: tén cua histogram

e e = 1: 50 entry (dit lieu vao)

e m = 1: gia tri trung binh

e m = 2: gia tri trung binh va sai s6 clia n6é
e r = 1: RMS

e r = 2: RMS va sai s6 clia n6

5

e s = 1: skewness

e s = 2: skewness va sai sb ctia nd

“Mic dit mang tén 1a root mean square (cin cla tri trung binh cfia binh phuong) nhung day lai la gia tri wéc
lugng do lech chudn (standard deviation) clia histogram, néu mudn tinh gia tri RMS thuc sy clia histogram ta c6 thé
lam nhu sau
double rootMeanSquare = std::sqrt(hl->GetMean()*h1->GetMean()+h1->GetRMS()*h1->GetRMS())

5Skewness 134 moment bac 3 duge diing dé danh gia do déi xing (symmetry) clia phan bd, xem thém trong phan
6.3 clia tai licu “Cdc kién thatc co s cia phwong phdp Monte Carlo” (http://goo.gl/BsMUqv)
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e s = 1: kurtosis®

e s = 2: kurtosis va sai s6 ctia n6
e u = 1: underflow
e o = 1: overflow

e i = 1: tich phan (tdng) gid tri clia tat c cac bin

Vi du:

gStyle->SetOptStat (1111);

gStyle->SetOptStat("ne"); // xuat ra ten histogram va so entry
gStyle->SetOptStat ("nemr"); // xuat thong so mac dinh

3.3 Thay d6i nhan cho histogram

Thong thuong khi vé do thi, cac bin ctia histogram thudng dugce hién thi dudi dang s6, tuy nhién
ta c6 thé gan nhan hién thi 1 kiéu chit s6 (alphanumeric) cho céc bin nay thong qua phuong thiic
TAxis: :SetBinLabel ()

hl1->GetXaxis () ->SetBinLabel (1, "January");
hl1->GetXaxis () ->SetBinLabel (2, "February");

Ngoai ra phuong thitc TH1: :Fill () ciing c6 thé dién dit lieu duéi dang cac chudi vao trong histogram

{
const Int_t nx = 20;
char *people[nx] = {"Jean","Pierre","Marie","0Odile","Sebastien",
"Fons","Rene","Nicolas","Xavier","Greg","Bjarne","Anton","Otto",
"Eddy","Peter","Pasha","Philippe","Suzanne","Jeff","Valery"};
TH1F *h = new TH1F("h","test",3,0,3);
h->SetStats (0) ;
h->SetFillColor (38) ;
h->SetBit (TH1::kCanRebin) ;
for (Int_t i=0; 1<5000; i++) {
Int_t r = gRandom->Rndm() *20;
h->Fill (people[r],1);
}
h->LabelsDeflate () ;
h->Draw () ;
}

Sau khi két thic viec dién dit lieu, doi khi ta can hiéu chinh sé luong bin cho khép véi s6 lugng
nhan, diéu nay duge thyc hién véi phuong thitc TH1: :LabelsDeflate().

V6i cach khai bao nhu trén, truc toa do sé duge vé vé6i thi ty bin tuong tng véi thit tu chudi di licu
dugc dién vio. Ta c6 thé sip xép lai thit ty nay véi phuong thiic THL : :LabelsOption (option,axis)
trong do axis la truc toa do con option la cac tuy chinh

e "a" sip xép theo thit ty alphabetic
e "<" sip xép theo gia tri gidm dan
e ">" gip xép theo gia tri ting dan

e "h" vé& cAc nhan ndm ngang

SKurtosis 1a moment bac 4 dugc diing dé danh gia d6 phing (flatness) clia phan bd, xem thém trong ciing tai ligu
véi skewness
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e "v'" vé& cic nhan nam doc
e "u" vé cdc nhan hudng lén (can phai)

e "d" v& cAdc nhan huéng xudng (can trai)

3.4 Xép chong histogram

Chong histogram (histogram stack) 1a mot tap hop céac histogram 1 chiéu (TH1) dugc vé xép chong
len nhau, dugc tao thong qua l6p THStack. Dé thém céc histogram vao trong chong, ta c6 thé
stt dung phuong thitc THStack: :Add(TH1 *h). Lép THStack khong sé hitu cac doi tugng c6 trong
chong histogram, theo mic dinh phuong thic THStack: :Draw() sé vé cac histogram chong lén
nhau theo th ty nhu trong vi du bén dudi. Trong trutng hgp tty chinh "nostack" duge st dung,
cac histogram sé dugc vé de lén nhau tuong ty nhu khi vé nhiéu histogram cting lic véi tiy chinh
"same".

Vi du:

THStack hs("hs","Stacked histograms");

//Tao histogram hl bang cach gieo ngau nhien ham Gauss
TH1F *hl = new TH1F("h1","Histogram 1",100,-4,4);
h1->FillRandom ("gaus" ,20000) ;

hi1->SetFillColor (kRed) ;

//Tao histogram h2 bang cach gieo ngau nhien ham exponential
TH1F *h2 = new THIF("h2","Histogram 2" ,100,-4,4);
h2->FillRandom ("expo" ,10000) ;

h2->SetFillColor (kBlue) ;

// Them hai ham vao stack

hs->Add (h1);

hs->Add (h2);

// Ve histogram

// hs->Draw("nostack") ; // ve khong xep chong
hs->Draw () ; // ve xep chong
}
Stacked histograms Stacked histograms

700

600

500

400

300

200

100

12
2

Hinh 3.9: Vi du vé xép chong histogram: hinh beén trai 1a hai histogram vé trén cting do thi, hinh
bén phai 13 hai histogram dugc xép chong lén nhau.
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3.5 Histogram 2 chiéu va 3 chiéu

3.5.1 Khai bao histogram

Cach thitc khai bao histogram 2 chiéu va 3 chiéu ciing tuong tit nhu véi histogram 1 chiéu

Vi du: Histogram 2 chiéu (zem Hinh 3.10)

{
TH2D *h2 = new TH2D("h2","2D histogram" ,100,0,70,100,0,20000) ;
Double_t x,y;
for (Int_t i = 0; 1 < 10000; i++) {
// Gieo ngau nhien cac gia tri x,y theo ham Gauss
x=gRandom->Gaus (40,10) ;
y=gRandom->Gaus (10000,3000) ;
h2->Fill(x,y);
}
h2->Draw("col");

2D histogram
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Hinh 3.10: Vi du histogram 2 chiéu

Vi du: Histogram 8 chiéu (vem Hinh 3.11)

{
TH3D #*h3=new TH3D("h3","3D histogram",20,-2,2,20,-2,2,20,0,4);
Double_t x,y,2z;
for (Int_t i=0; i<10000; i++) {
// Gieo ngau nhien cac gia tri x,y theo ham Gauss
x=gRandom->Gaus (-2,2) ;
y=gRandom->Gaus (-2,2) ;
z=x*x+y*y;
h3->Fill(x,y,2z);
}
h3->SetFillColor (kCyan) ;
h3->Draw("iso");
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3D histogram
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Hinh 3.11: Vi du histogram 3 chiéu

3.5.2 Hinh chiéu cta histogram

V6i cac histogram 2D va 3D, ta c6 thé thu duge hinh chiéu ciia chiing trén céc truc do thi thong
qua cac phuong thic THd: :ProjectionX (), THd: :ProjectionY () va THd: :ProjectionZ().

Vi du:

{
TH2F *h2 = new TH2F("h2","" ,40,-4,4,40,-20,20);
Float_t px, py;
for (Int_t i = 0; i < 25000; i++) {
gRandom->Rannor (px, py) ;
h2->Fill (px,5*py) ;
}
TH1D * projh2X = h2->ProjectionX();
TH1D * projh2Y = h2->ProjectionY();
}

3.5.3 Profile histogram

Profile histogram nham gitip cho ngudi dung thay dudc st tuong quan gitta cac bién v6i nhau trong
cling mot histogram (2 chiéu hoac 3 chiéu). Trong mot s6 trusng hop, céc profile c6 thé duge xem
la su biéu dién thay thé cho céc dd thi histogram nhiéu chiéu. Nhiém vu ctia profile 1 biéu dién gia
tri trung binh va sai s6 clia mot bién theo timmg bin ctia bién kia. Dé xay dung cac profile histogram
ta st dung 16p TProfile cho 1 chiéu va TProfile2D cho 2 chiéu.

Vi du: Profile 1 chiéu (zem Hinh 3.12)

{

TProfile *hprof = new TProfile("hprof","Profile of pz versus px"
,100,-4,4,0,20);
Float_t px, py, PzZ;
for ( Int_t i=0; 1<25000; i++) {
gRandom->Rannor (px,py) ;
pz = pX*px + Dpy*py;
hprof ->Fill (px,pz,1);
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}

}
hprof->Draw () ;

Profile of pz versus px

hprof
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14— Mean  -0.002361
L :} Mean y 1.994
1ol JrJr RMS 0.9971
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C - T
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8 — i +
C H ot
C . +
6_— ++ ++
- +++ +H
4__ +++ +++
C - o
B +++++ ++++
21— F Foas
C e
0 C | I | 111 | | 111 1 | | I - | | I I | I | 111 | | 111 1
-4 -3 -2 -1 0 1 2 3 4
Hinh 3.12: Vi du profile 1 chiéu
Vi du: Profile 2 chiéu (zem Hinh 3.13)
{
TProfile2D *hprof2d = new TProfile2D("hprof2d","Profile of pz versus px

and py" ,40,-4,4,40,-4,4,0,20);
Float_t px, py, pZ;
for ( Int_t i=0; i<25000; i++) {
gRandom->Rannor (px,py);
pz = px*px + py*py;
hprof2d->Fill (px,py,pz,1);
}
hprof2d->Draw () ;

Céc profile histogram c6 thé thu dugc tit cac histogram cé sb chiéu cao hon thong qua cac phuong
thitc TH2: :ProfileX (), TH2: :ProfileY(), TH3: :Project3DProfile()

Vi du:

{

TH2F *h2 = new TH2F("h2","h2",40,0,1,40,0,10);
Float_t u,v;
for (Int_t i=0;i<1000;i++) {
u = gRandom->Rndm() ;
v = 10*gRandom->Rndm () ;
h2->Fill(u,v);
}
// dung TProfile de chuyen bai toan 2 chieu thanh 1 chieu
TProfile *prof = h2->ProfileX();
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Profile of pz versus px and py

hprof2d
Entries 24999
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Hinh 3.13: Vi du profile 2 chiéu

3.6 Graphics Editor

Bén canh viéc hiéu chinh céc hinh vé bang cau lenh, ROOT ciing xay dung cac 16p GUI ( Graphics
User Interface) chang han nhu TH1Editor hay TH2Editor nhim gitp cho viéc hiéu chinh hinh vé
duge thuan tien hon. Dé khéi dong phan Graphics Editor ta ¢6 thé nhap vao muc View — Editor
nhu trong Hinh 3.14. Dé hiéu chinh cho déi tugng nao trong hinh vé (canvas, pad, axis,...) ta chi
can nhap vao dbi tugng dé trén hinh. Cac hiéu chinh bang Graphics Editor ciing tuong duong véi
cac hiéu chinh bang cau lenh.

File Edi Optons - Tools Help
\m{ Gaussian
Event Statushar _ h
ToolTip Info Entries 1000
5( Colors Mean 100.5
L RMS 20.76
Markers
\coni
4 _c.unmf.
Miew Wiith 3
30—
20—
10—
O_I 1 1 | m 1 1 |—|I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 I'I_rl 1 1 | 1 1 1
0 20 40 60 80 100 120 140 160 180 200

Hinh 3.14: Céch chon Graphics Editor

Ngoai ra, thay vi mé Graph Editor tric tiép, ta c6 thé hiéu chinh hinh vé bing cach nhap chuot
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phai vio cac doéi tugng can chinh va chon céc lénh tuong ting nhu trong Hinh 3.15.

File Edit Wiew Options Tools

Gaussian

Entries 1000
Mean 100.5

50 RMS 20.76

TFrame

40 UseCurrentStyle

SetBorderiode
SetBorderSize
Delete
DrawClass
DrawClane
Dump
Inspect
SaveAs
SetDrawOption
SetlineAttributes

SetFillAtributes

Ly
Illm\b—MIllllllllllllllllI'l_r|II—|II|III
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Hinh 3.15: Cach chinh stta thua 2
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CHUONG 4

HAM

Trong toan hoc, ham s hay goi tit 1a ham (function) duge dimg dé biéu dién moi quan hé gitta
mot tap hgp cac sb lieu dau vao v6i mot tap hop cac s6 lisu dau ra ma trong d6 mdi s6 lieu dau
vao chi tuong ttng v6i duy nhat mot so lieu dau ra.

Viéc lam khép histogram trong ROOT c6 thé duge thite hién theo hai phuong phap chinh 1a sit dung
phuong thitc TH1: :Fit () va st dung bang lam khép (F'it Panel, trong d6 phuong thic TH1: :Fit ()
dugc st dung chi yéu.

4.1 Khai bao ham

Trong ROOT, 16p ham (function class) dugc ki higu 1a TFd', véi d 14 s6 chiéu ctia ctia ham, vi du
TF1 13 16p ham 1 chiéu, TF2 13 16p ham 2 chiéu,...

C1 phap chung cho viéc khai bao mét ham la

<lop ham> *<tén ham> = new <ldp ham>("<tén ham>", "<cong thitc>", <gid tri nhé nhat>,
<gid tri lon nhat>);

4.1.1 Khai bao ham khéng chia tham sé

Ta c6 thé khai bao cong thitc ciia mot ham theo 1 trong céc cach dudi day
Cach 1: tao tryc tiép mot ham dya vao cac cong thitc C++ c6 sin

Vi du: Khai bao ham sin(z)/x (xem Hinh 4.1)

root [0] TF1 *f = new TF1("f", "sin(x)/x", 0, 100)
root [1] f->Draw()

Cach 2: tao tryc tiép mot ham dya vao 16p TMath

Vi du: Khai bao ham Gaussian c6 & = 50 va o = 5.3 (zem Hinh 4.2)

root [0] TF1 *f = new TF1("f", "TMath::Gaus(x,50,5.3)", 0, 200)
root [1] f->Draw()
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sin(x)/x
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Hinh 4.1: Do thi ctia ham sin(x)/x

TMath::Gaus(x,50,5.3)
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Hinh 4.2: Do thi ctia ham Gauss(50,5.3)

Cach 3: ty dinh nghia ham riéng

Vi du: Khai bdo ham 2* + = + 1 = 0 (vem Hinh 4.3)

Double_t my_func (Double_t x) {
return (x*x+x+1) ;
}
root [0] TF1 *f = new TF1("f", "my_func(x)", 0, 100)
root [1] f->Draw()

1Xem thém tai http://root.cern.ch/root/html/TF1.html
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my_func(x)
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Hinh 4.3: D6 thi cia ham my _func(x)

4.1.2 Khai bdao ham c¢6 chia tham sb

Trong truong hop khai béo cac ham c6 tham s6, ki hieu clia cac tham sd dude dat trong cip ngoic
vuong []. Gia tri ctia cac tham s6 c6 thé duge gan thong qua phuong thitc TF1: :SetParameter ()
cho titng tham s6 hodc TF1::SetParameters() cho nhiéu tham s6 cung lic.

Ta c6 thé khai bao cong thitc ciia mot ham cé tham sé theo 1 trong céc cach
Cach 1: Stt dung cac ham cua C++

Vi du: Khai bdo ham a cos(z) + b (zem Hinh 4.4)

root [0] TF1 *f = new TF1("f", "[0]*cos(x) + [1]", -10, 10)
root [1] f->SetParameter (0,5) // a =5

root [2] f->SetParameter (1,3) // b =3
root [3] f->Draw()
root [3] f->SetParameters(10,2) // a = 10, b = 2

Cach 2: Stt dung cidc ham cta thu vién TMath

Vi du: Khai bdo ham a cos(z) + b (zem Hinh 4.5)

root [0] TF1 *fb2 = new TF1("fa3","TMath::Landau(x,[0],[1],0)",-5,10)
root [1] fb2->SetParameters(0.2,1.3)
root [2] fb2->Draw()

Cach 3: St dung cac ham ty xay dung

Vi du: Khai bdo ham a cos(x) + b (zem Hinh 4.6)

Double_t myfunction(Double_t *x, Double_t *par) {
Float_t xx =x[0];
Double_t f = TMath::Abs(par [0]*sin(par [1]*xx)/xx);
return f;

}

void myfunc () {
TF1 *fl1 = new TF1("myfunc",myfunction,0,10,2);
fl1->SetParameters (2,1);
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Hinh 4.4: Do thi ctia ham a cos(x) + b
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Hinh 4.5: Do thi ctia ham Landau

fi1->SetParNames("constant","coefficient");
f1->Draw () ;
+

Trong cach nay, ham myfunction() c6 hai tham s6:

e x 13 mot con tré6 mang, mdi phan tit sit dung cho 1 chiéu, vi du ta lam khép véi histogram
1D thi chi can st dung x[0], 2D thi can x[0] va x[1]. Mic du chi ¢6 t6i da 3 chiéu cho
histogram nhung phuong phap nay van cé thé ap dung cho céac déi tuong cé sd chieu 16n hon
3.

e par ciing la mot con tré mang, mang nay sé chita cac gia tri tham s6 khi duge goi béi ham
can lam khép.
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Hinh 4.6: D6 thi ctia ham myfunction

4.1.3 Cac cach khai bao khac

St dung cac phuong thic cia 16p C++

class MyFunction {
public:

double Evaluate() (double #*x, double *p) { /* noi dung */ }
s

void main ()

{
MyFunction * fptr = new MyFunction(....); // tao doi tuong thuoc lop
MyFunction
TF1 * f = new TF1("f", fptr, &MyFunction::Evaluate, 0, 1, npar, "
MyFunction", "Evaluate"); // tao doi tuong thuoc lop TF1
}

Stt dung cac functor (d6i tugng ham)?

class MyFunctionObject {
public:

double operator () (double *x, double *p) { /* noi dung */ }
}s

void main ()

{
MyFunctionObject * fobj = new MyFunctionObject(....); // tao doi tuong
ham
TF1 * f = new TF1("f", fobj, O, 1, npar, "MyFunctionObject"); // tao doi
tuong thuoc lop TF1
by

2Xem thém trong phan 4.6.3 cla tai lieu “Ngén ngi lap trinh C++ (chudn 2011)” (http://goo.gl/ng8Kys)
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4.2 Lam khép histogram theo ham

4.2.1 Phuong thic lam khép
Dé lam khép histogram, ta c6 thé ding phuong thic TH1: :Fit ()? v6i cti phap sau
<tén histogram>—>Fit(<tén ham>, <cdc option>,... )
D6i véi mot sd6 ham xay dung sin, ta chi can khai bao tit khéa ma khong can phai khai b4do ham:
e "gaus'": ham Gaussian vé6i 3 tham s6, f(x) = [0]*exp(-0.5%((x-[1])/[2])**2)
e "landau": ham Landau
e "expo'": ham e mil v6i 2 tham sd, f(x) = exp([0]+[1]*x)
e "polN": ham da thic bac N, f(x) = [0] + [1]*x + [2]*x™*2 + ...
Mot s6 tity chinh thuong dude st dung khi lam khép:
e "W": chuyén tat ci trong sb ciia cac bin khac 0 vé 1.
e "WW": chuyén tat c trong sb clia céc bin vé 1.
e "L": sit dung phuong phéap log likelihood.
e "U": st dung phuong phap lam khép do ngusi dung tu dinh nghia (thong qua SetFCN).
e "V'": st dung verbose mode.
e "B": st dung tham s6 thiét lap bdi ngudi diing déi véi cac ham xay dung sin.
e "R": st dung khoang gia tri dugc xac dinh bdi ham lam khép.
e "E": st dung ki thuat Minos trong uéc lugng sai sb.
e "M": cai tién két qua lam khdp (goi lenh IMPROVE trong TMinuit).
e "C": khong tinh chisquare trong truong hgp lam khép tuyén tinh.
e "0": khong vé két qua lam khép.

e "+": thém ham vira mdi lam khép vao trong danh séch cac ham duge lam khép (theo mac
dinh cac ham lam khdp cit sé bi x6a khi c¢6 ham lam khép méi).

Vi du: Glieo s6 ngau nhién phan b dang Gauss va lam khdp lai theo dang nay (zem Hinh 4.7)

{
TH1F *h = new TH1F("h","Gaussian",100,0,200);
Float_t mean = 100, sigma = 20;
for (Int_t i = 0; i < 1000; i++) { // gieo ngau nhien 1000 lan

h->Fill (gRandom->Gaus (mean,sigma)); // gieo ngau nhien theo phan bo
Gauss
}
TF1 *f = new TF1("f", "[O0]*TMath::Gaus(x,[1],[2])", 0, 200);

f->SetParameters (10,10,10) ;

h->Fit("f"); // ta co the su dung f->Fit("gaus") thay the
h->Draw(); // ve histogram h

f->Draw("same"); // ve ham lam khop f tren cung do thi

Két qua lam khép nhu sau:

3Xem them tai http://root.cern.ch/root/HowtoFit.html va http://root.cern.ch/root/html/TH1.html
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FCN=65.1586 FROM MIGRAD STATUS=CONVERGED 358 CALLS 359 TOTAL
EDM=4.68058e—009 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 poO 3.63132e+001 1.52623e+000 4.71709e—003 6.14789e—005
2 pl 1.00262e+002 6.94998e—001 2.76013e—003 —9.82112e—-007
3 p2 2.06826e+001 5.76078e—001 1.78036e—003 2.12470e—004
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Hinh 4.7: Do thi lam khép ham dang Gauss

4.2.2 Cac thiét lap cho tham sb

Nhu da dugce dé cap dén trong phan trén, dé thiét lap gia tri ban dau cho tham sb ta c6 thé ding
cac phuong thitc TF1: :SetParameter () cho titng tham s6 hodc TF1: :SetParameters() cho tat ci
cac tham s6. D6i v6i cac ham dung sén trong ROOT nhu gaus, landau, polN hay exp viéc thiét
lap gia tri ban dau cho tham s6 l& tir dong.

Trong trudng hgp mudn cb dinh 1 tham sb trong qua trinh lam khép, ta c6 thé sit dung phuong
thitc TF1: :FixParameter, vi du nhu

f->FixParameter (0,1.);

D6i v6i cac ham dyng sén ta c6 thé cd dinh tham s6 bing cach st dung tity chon "B" khi lam khép.

Ngoai ra ta ciing c¢6 thé xac dinh khoang giéi han cho tham sb6 thong qua phuong thic TF1::
SetParLimits ()

f->SetParLimits (0,-1.,1.);

Dé xac dinh khoang lam khép

h_>Fit(nfn R nn , nn ,40 ,160) ;

Cac tham s6 lam khép c6 thé dude truy xuat qua cac phuong thiic sau

e GetFunction("f"): lay ham da dugc lam khép
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e GetChisquare(): gia tri x? clia viec lam khdép
e GetParameter(i): gié tri clia tham so thi i
e GetParError (i): sai s6 clia tham s6 thit i

Vi du:

root [1] f->GetChisquare ()
(const Double_t)6.51585976928294170e+001
root [2] f->GetParameter (1)
(const Double_t)1.00261634283092450e+002
root [3] f->GetParError (1)
(const Double_t)6.94997641719103610e-001

Ham lam khép cling c6 thé duge truy cap qua phuong thiic TH1: :GetFunction ()

TF1 *myfunc = h->GetFunction("f");

4.2.3 Lam khép vé6i Fit Panel

Dé lam khép véi Fit Panel, ta nhap chuot phai vao bén trong hinh vé histogram va lita chon dong
FitPanel trong menu xuét hién (Hinh 4.8).
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2|
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Hinh 4.8: Fit Panel lam khép ham dang Gauss

4.2.4 Lam khép véi nhiéu ham

Dé thuan tién cho viéc tim hiéu cach thic lam khép v6i nhiéu ham ciing lic, ta sé xem xét mot vi
du cu thé. Gia st ta mudn tién hanh viec lam khép bo s6 lieu dusi day véi hai ham, mot ham mo
t4 dinh Gaussian va ham con lai mo t4 phong nén da thiic bac 2

const int nBins = 50;
Double_t data[nBins] = {15,22,25,18,22,22,16,21,19,
20,34,41,45,49,72,77,91,89,
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90,94,96,94,84,80,64,61,52,
38,39,31,32,24,25,25,30,20,
27,20,20,14,16,18,12,23,
8,22,17,12,23,12};

Dau tién ta sé tao mot histogram dé chita bo s6 lieu nay

TH1F *h = new TH1F("h","Gaussian + background”,S0,0,nBins);

for (int i=0; i < nBimns; i++) {
h->SetBinContent (i+1,datal[i]) ;

}

h->Sumw2 () ;

Sau dé la tién hanh xay dyng hai ham phéng nén va dinh dé phuc vu cho viéc lam khép, cac ban
c6 thé sit dung cac ham dung sn "gaus" hay "plo2" nhung trong vi du nay toi sit dung cac ham
dinh nghia bdi ngusi dung

Double_t background(Double_t *x, Double_t *par) {
return par [0] + par[1]1*x[0] + par[2]*x[0]*x[0];
}

Double_t Gaussian(Double_t #*x, Double_t *par) {
return (par [0]*TMath::Gaus (x[0],par[1],par[2]));
}

Ham lam khép sé 1 tong ciia hai ham phong nén va dinh

Double_t function(Double_t #*x, Double_t *par) {
return background(x,par) + Gaussian(x,&par[3]);

}

Luu ¥ rang 3 phan tit dau trong mang par (par[0], par[1], par[2]) sé dudc dimng dé mo t& ham
phong nén, do d6 ham dinh Gauss sé st dung tit phan tit thit 4 tré di (par [3], par [4], par [5]). D6
12 1y do i sao ta truyén tham chiéu cho ham Gaussian() vdi chi s6 la 3 (Gaussian(x,&par[3])).

Dé thuc hién viéc lam khép, ta can cac déi tugng thuoc 16p TF1 tuong ting

TF1 *f = new TF1("f",function,0,nBins,6);

Ta sé tién hanh viéc lam khép nhu sau

f->SetParameter (4,20); // uoc luong vi tri dinh
f->SetParameter (5,10) ; // uoc luong be rong dinh
h->Fit ("£");

Trong trudng hop mudn vé rieng cac ham phong nén va dinh sau khi da lam khép, ta can khai bao
cac dbi tugng TF1 cho titng thanh phan

TF1 *bkg = new TF1("bkg",background,0,50,3);
TF1 *peak = new TF1("peak",Gaussian,0,50,3);

Va dua cac tham s6 sau khi lam khép tir £ (thong qua phuong thitc TH1: :GetParameters()) vao
trong cdc ddi tugng nay (thong qua phuong thitc TH1: : SetParameters()). Luu ¥ rang cAc tham
s6 cho ham dinh bat dau tit chi s6 3.

Double_t par [6];
f->GetParameters (par) ;
bkg->SetParameters (par) ;
peak->SetParameters (&par [3]);
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Ta c6 thé dung tiy chinh "same" dé vé trén ciing 1 do thi

bkg->Draw ("same") ;
peak->Draw ("same"

Doan ma day du ctia vi du duge cho & duéi day, két qua lam khép dudge trinh bay trong Hinh 4.9.

// Ham mo ta phong nen dang da thuc bac 2
Double_t background(Double_t *x, Double_t *par) {

return par [0] + par[1]1*x[0] + par[2]*x[0]*x[0];
}

// Ham mo ta dinh dang Gaussian

Double_t Gaussian(Double_t *x, Double_t *par) {
return (par [0]*TMath::Gaus(x[0],par[1],par[2]));

}

// Ham lam khop bang tong cua ham dinh Gaussian va phong nen
Double_t function(Double_t *x, Double_t *par) {
return background(x,par) + Gaussian(x,&par[3]);

}

// Thuc hien viec lam khop
void fitting() {
const int nBins = 50;
Double_t data[nBins] = {15,22,25,18,22,22,16,21,19,
20,34 ,41,45,49,72,77,91,89,
90,94,96,94,84,80,64,61,52,
38,39,31,32,24,25,25,30,20,
27,20,20,14,16,18,12,23,
8,22,17,12,23,12};
TH1F *h = new TH1F("h","Gaussian + background",50,0,nBins);

for(int i=0; i < nBins; i++) {
h->SetBinContent (i+1,datal[i]) ;

}

h->Sumw2 () ;

// tao ham TF1 tu O den nBins, co 6 tham so (3 cho phong nen, 3 cho dinh

)
TF1 *f = new TF1("f",function,0,nBins,6);

// dua tham so dau vao

f->SetParameter (4,20); // uoc luong vi tri dinh
f->SetParameter (5,10); // uoc luong be rong dinh
h->Fit ("£");

// khao bao ham rieng cho phong nen va dinh
TF1 *bkg = new TF1("bkg",background,0,50,3);
bkg->SetLineColor (3) ;

TF1 *peak = new TF1("peak",Gaussian,0,50,3);
peak->SetLineColor (4) ;

Double_t par [6];

// dua cac tham so vao ham phong nen va dinh sau do ve cac ham nay
f->GetParameters (par);

bkg->SetParameters (par) ;

bkg->Draw ("same"

peak->SetParameters (&par [3]);

peak->Draw ("same"
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}

Gaussian + background

h
B Entries 50
| Mean 22.23
100_ RMS 10.78
80—
60
40
20 L JF Jr JF
+ +' I
+ T
) I T - |||IIII|IIII|IIII|IIII||| |I||||IIII|IIII
0 5 10 15 20 25 30 35 40 45 50

Hinh 4.9: Lam khép s6 lieu v6i dang dinh Gaussian va phong nén da thitc bac 2

4.2.5 Lam khép vé6i nhieu khoang gia tri

Viéc lam khép s6 lieu trén nhiéu khodng gia tri ciing tuong tu nhu viéc lam khép v6i nhiéu ham
nhung thay vi tit cd cac ham déu duge xac dinh trén cing mot khodng thi ta sé phan chia céc
khodng gia tri khac nhau cho méi ham.

Gia sit ta can lam khép bo sb lieu sau

const Int_t np = 49;

Float_t x[np] = {1.913521, 1.953769, 2.347435, 2.883654, 3.493567,
.047560, 4.337210, 4.364347, 4.563004, 5.054247,
.194183, 5.380521, 5.303213, 5.384578, 5.563983,
.728500, 5.685752, 5.080029, 4.251809, 3.372246,
.207432, 1.227541, 0.8597788,0.8220503,0.8046592,
.7684097,0.7469761,0.8019787,0.8362375,0.8744895,
.9143721,0.9462768,0.9285364,0.8954604,0.8410891,
.7853871,0.7100883,0.6938808,0.7363682,0.7032954,
.6029015,0.5600163,0.7477068,1.188785, 1.938228,
.602717, 3.472962, 4.465014, 5.177035};

N O OO ON O O

TH1F *h = new TH1F("h","Example of several fits in subranges",np,85,134)

’

h->SetMaximum (7) ;

Gia st nhu ta muén lam khép trén 3 khoang gia tri, ta sé xay dung 3 ham tuong ng v6i mdi
khoang

Double_t par[9];

TF1 *gl = new TF1("gl","gaus",85,95);
TF1 *g2 = new TF1("g2","gaus",98,108);
TF1 *g3 = new TF1("g3","gaus",110,121);

TF1 *total = new TF1("total","gaus (0)+gaus(3)+gaus(6)",85,125);
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C6 tat ca 9 tham s va chiing ta ciing tao mot ham total la tong clia tat ca 3 ham trén.

Ta sé bat dau tién hanh lam khép trén ting khodng gia tri

h->Fit (gl,"R");
h->Fit (g2,"R+");
h->Fit (g3,"R+");

Tiy chinh "R" sé bao cho chuong trinh biét 14 ta mudn lam khép trén cic khodng gia tri tuong
ung véi khoang gia tri duge khai bao trong cadc ham. Tuy chinh "+" sé thém ham mdéi duge lam
khép ma khong bo di ham cii vita duge lam khép.

Sau khi thu duge cac tham s6 tir viec lam khép trén mdi khoang, ta sé dua cac tham s6 nay vao
ham total nhu la cac gia tri udc lugng ban dau va lam khép lai mot 1an nita trén toan khodng gia
tri, két qua lam khép dugde cho nhu trong Hinh 4.10

gl->GetParameters (&par [0]) ;
g2->GetParameters (&par [3]) ;
g3->GetParameters (&par [6]) ;
total->SetParameters (par) ;
h->Fit (total,"R+");

Example of several fits in subranges

h
7
Entries 49
Mean 104.6
6 BMS 14.3

85 90 a5 100 105 110 115 120 125 130

Hinh 4.10: Lam khép s6 lieu v6i dang Gaussian trén nhiéu khodng gia tri

4.3 Lam khép vé6i Minuit
4.3.1 Minuit
Minuit* 13 mot géi lam khdp bing phuong phap cuc tiéu héa ham muc tieu (objective function)

nam trong PACKLIB, dugc viét dau tién bing ngon ngit 1ap trinh Fortran bdi Fred James va dugc
chuyén sang 16p TMinuit® bang ngon ngit C++ bdi Réne Brun.

Dé lam khép bing TMinuit, ngudi dung can xay dung ham muc tiéu theo cac tham s6 can lam
khép va tién hanh cyc tiéu héa ham nay, tit d6 thu duge cac tham s6 lam khép. Cac budc tién
hanh lam khép st dung TMinuit nhu sau

4Xem thém trong tai lieu “Hudng dan si dung Minuit” (http://goo.gl/T7TOvy)
5Chi tiét vé 16p nay cé thé duge xem tai http://root.cern.ch/root/html/TMinuit.html
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Xay dyng ham muc tiéu dé cuc tiéu hoa FCN (ham nay c6 thé 1a chi square, likelihood,...).
Khai bao bo sb lieu dude st dung dé lam khép.
Khai béo céc tham s6 va khoang lam khdp, cling véi cac kiéu lam khop

— SIMPLEX: tim cuyc tiéu dia phuong, wu diém ciia phuong phép nay la téc do nhanh, tuy
nhién do chinh xac khong cao lam.

— MIGRAD: lam khép ham dia phuong sit dung phuong phap Davidson-Fletcher-Powell céi
tién.
— HESSE: tinh ma trén dao ham béac hai cia ham FCN st dung phuong phap vi phan hiu

han (finite difference method), thudng duge st dung dé t6i wu két qua thu duge tir
MIGRAD.

— MINOS: phan tich sai s6 (bat ddi xting), thong thuong ta hay sit dung it nhéat hai phuong
phép (HESSE dugc stt dung ngay sau MIGRAD). Con MINOS dudc stt dung dé tdi wu sai s6
cua cac gia tri lam khdp.

Tra vé két qua lam khép (ciing véi cac kiém tra thong ke).

Mot s6 lenh thong dung trong Minuit gom c6

CALI fen <iflag> goi ham FCN v6i IFLAG = <iflag>
CLEar x6a hét tat ci cac tén va gia tri clia tham sb

FIX <parno> [parno] . . . gid tri clia tham s6 parno sé dugc git nguyén (héng s6) trong
qué trinh tién hanh lam khép

SIMplex [maxcalls] [tolerance] tim cyc tiéu bing phuong phap Simplex, di s6 maxcalls
khai bao s6 lan t6i da goi ham trong qué trinh tinh vi dbi s6 tolerance gidi han sai léch
(dung sai) ctia cue tiéu tim duge

MIGrad [maxcalls] [tolerance] tim ciyc tiéu bing phuong phap Migrad
MINOs [maxcalls] [parno] . . . phan tich sai s6 bang phuong phap Minos
HESse [maxcalls] tinh ma tran sai s6 (ma tran Hessian)

IMProve [maxcalls] dugc goi sau céc lenh lam khép bang cach tim cue tiéu, nhiem vu clia
ham nay 1 tim xem con diém cyc ti¢u dia phuong nao nita khong

MNContour <parl> <par2> [npts| tinh cac gia tri dudng contour cho ctia ham FCN
tuong ng v6i 2 tham s6 parl va par2, cac tham s6 khéic clia FCN dudc gitt nguyéen tai vi tri
ham FCN dat cyc tiéu, npts 14 s6 diém clia contour duge tinh (mac dinh 1a 20).

CONtour <parl> <par2> [devs] [ngrid] vé dudng contour ting véi 2 tham s6 parl va
par2, devs (mic dinh 14 2) cho s6 lan do léch chuan ctia mdi tham s6, ngrid (mic dinh la
25) cho do phan giai ctia hinh vé (s6 diém theo cot va dong)

SET PARameter <parno> <value> gan gi4 tri cho tham sb

SET LIMits [parno] [lolim] [uplim] thiét lap giéi han dudi (1olim) va trén (uplim) cho
tham s

SET PRIntout <level> thiét lap ché do in két qua, tity theo gia tri ctia ddi s6 level
—1: khong xuat két qua
0: xuat két qua it nhat (khong c6 gia tri dau vao, cic két qua trung gian)
1: xuat két qua mac dinh
2: xuat thém cac két qua trung gian
3: xuat t6i da cac két qua (trong qua trinh tim cyc tiéu)
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Dé tim hiéu cach thitc lam khép véi TMinuit, ta xem xét mot vi du lam khép s6 licu (5 diém) theo
ham z = f(z,y) dudi day

Double_t func(float x,float y,Double_t *par) {
Double_t value=( (par [0]*par [0])/(x*x)-1)/ ( par[1]l+par [2]*y-par [3]*xyx*y)

H

return value;

}

Viéc dau tien can lam 1a xay dung ham FCN (trong vi du nay ta sit dung chi square). ROOT sé
tién hanh lam khép s6 lieu thong qua viéc cuc tiéu héa ham FCN nay, dé thuc hien diéu dé ta can
tinh gia tri chisq dé TMinuit tim gi4 tri cyc tiéu ctia bién nay

Float_t z[5],x[5],y[5],errorz[5];

void fcn(Int_t &npar, Double_t *gin, Double_t &f, Double_t *par, Int_t

iflag) {

const Int_t nbins = 5; // so diem du lieu can lam khop

Int_t 1i;

// Tinh chisquare

Double_t chisq = 0;

Double_t delta;

for (i=0;i<nbins; i++) {
delta = (z[i]-func(x[i],y[i],par))/errorz[i];
chisq += deltaxdelta;

}

f

= chisq;

Budc ké tiép ta sé tién hanh xay dung ham chinh dé lam khép bang Minuit va khai bao déi tugng
thuoc 16p TMinuit

void Ifit ()

{
TMinuit #*gMinuit = new TMinuit(5); // toi da 5 tham so
gMinuit->SetFCN(fcn);

}

Ta ciing khai bAo mot mang arglist chita d6i s6 cho cic phuong thiic clia TMinuit va bién ierflg
dé chita ma 16i

Double_t arglist [10];
Int_t ierflg = O0;

Céc lenh trong Minuit duge thuc hién thong qua phuong thiic TMinuit: :mnexcm() ching han nhu

gMinuit->mnexcm ("SET ERR", arglist ,1,ierflg);

Dé bit dau qua trinh lam khdp, trude tién ta can thiét lap cac tham s6 ban dau cho Minuit

static Double_t vstart[4] = {3, 1 , 0.1 , 0.01};

static Double_t step[4] = {0.1 , 0.1 , 0.01 , 0.001};
gMinuit->mnparm(0, "al", vstart[0], step[0], 0,0,ierflg);
gMinuit ->mnparm(1, "a2", vstart[1], step[1l], 0,0,ierflg);
gMinuit ->mnparm(2, "a3", vstart[2], step[2], 0,0,ierflg);
gMinuit->mnparm(3, "a4", vstart[3], step([3], 0,0,ierflg);

Sau d6 thuc hién bude tim cuc tiéu véi MIGRAD
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arglist [0] = 500;
arglist [1] = 1.;
gMinuit->mnexcm ("MIGRAD", arglist ,2,ierflg);

Va cudi cling 1a xuat ra két qua

Double_t amin,edm,errdef;
Int_t nvpar ,nparx,icstat;
gMinuit->mnstat (amin,edm,errdef ,nvpar ,nparx,icstat);
gMinuit->mnprin (3, amin) ;

Duéi day 1a doan ma day du ctia vi du lam khép s6 liéu véi 16p TMinuit

Float_t z[5],x[5],y[5],errorz[5];

P
void fcn(Int_t &npar, Double_t *gin, Double_t &f, Double_t *par, Int_t
iflag) {
const Int_t nbins = 5;
Int_t 1i;

// Tinh chisquare

Double_t chisq = 0;

Double_t delta;

for (i=0;i<mnbins; i++) {
delta = (z[i]l-func(x[i],y[i],par))/errorz[i];
chisq += deltax*xdelta;

}

f

= chisq;

Double_t func(float x,float y,Double_t *par) {
Double_t value=( (par [0]*par[0])/(x*xx)-1)/ ( par[1]l+par [2]*y-par [3]*yx*y)

)

return value;

+
A
void Ifit()
{
// Gia tri z
z[0]=1;
z[1]1=0.96;
z[2]=0.89;
z[3]1=0.85;
z[4]=0.78;

// Sai so cua z
Float_t error = 0.01;
errorz [0]l=error;
errorz[1]=error;
errorz [2]=error;
errorz [3]=error;
errorz[4]=error;

// Gia tri x

x[0]=1.
x[1]=1.
x[2]=1.
x[3]=1.
x[4]=1.
// Gia tri y
y[0]=1.
y[1]1=0.

5751;
5825;
6069;
6339;
6706 ;

0642;
97685
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y[2]=1.13168;
y[3]1=1.128654;
y[4]1=1.44016;

// Khoi tao doi tuong thuoc TMinuit voi toi da 5 tham so
TMinuit #*gMinuit = new TMinuit (5);
gMinuit->SetFCN(fcn);

Double_t arglist[10];
Int_t ierflg = 0;

arglist [0] = 1;
gMinuit->mnexcm("SET ERR", arglist ,1,ierflg);

// Khai bao cac gia tri ban dau va buoc nhay cua cac tham so
static Double_t vstart[4] = {3, 1 , 0.1 , 0.01};

static Double_t step[4] = {0.1 , 0.1 , 0.01 , 0.001};
gMinuit->mnparm(0, "al", vstart[0], step[0], 0,0,ierflg);
gMinuit->mnparm(1l, "a2", vstart[1], step[1], 0,0,ierflg);
gMinuit->mnparm(2, "a3", vstart[2], step[2], 0,0,ierflg);
gMinuit ->mnparm(3, "a4", vstart[3], step[3], 0,0,ierflg);

// Thuc hien buoc tim cuc tieu

arglist [0] = 500;

arglist [1] = 1.;

gMinuit—>mnexcm(”MIGRAD”, arglist ,2,ierflg);

// In ket qua

Double_t amin,edm,errdef;

Int_t nvpar ,nparx,icstat;
gMinuit—>mnstat(amin,edm,errdef,nvpar,nparx,icstat);
gMinuit->mnprin (3, amin) ;

4.3.2 Minuit2

Minuit2 la phién ban huéng d6i tugng (object oriented) clia Minuit, dugc viét bang ngon ngit C++.
Phién ban nay bao gom tat ca cac chiic nang da c6 ctia phién ban truée, dong thdi c¢6 thém cac
tinh nang mdi nhu kha nang thiét 1ap giéi han mot bén cho tham s6. Ngoai ra, trong ROOT con

c6 cac 16p nhu TFitterMinuit va TFitterFumili ciing st dung Minuit2°.

Giao dién lap trinh ting dung (Application Programming Interface — API) clia Minuit2 clng tuan

theo cac quy udc cia ROOT, vé6i khong gian tén 1a ROOT: :Minuit2.

Ké tit phien ban ROOT 5.17, mot 16p méi da duge xay dung ROOT: :Minuit2: :Minuit2Minimizer

thong qua viéc tich hgp thém giao dién tit ROOT: :Math: :Minimizer.

Mot s6 16p thong dung trong Minuit2:

FCNBase 16p tritu tugng (abstract class) khai bdo ham muc tiéu
MnUserParameters 16p API khai bao tham s6

MnSimplex 16p API tim cyc tiéu bing phuong phap Simplex
MnMigrad 16p API tim cyc tiéu bang phuong phap Migrad
MnMinos 16p API phan tich sai s6 Minos

MnHesse 16p API tinh ma tran sai s6

MnContours 16p API phan tich sai s6 2 chiéu

. . . 2 N ~ A [N - 2 P2
FunctionMinimum  chita toan bo két qué ctia viéc cuc tieu hoa

6ThéngtinchitiétVéMinuit2c()théducjcxemtaihttp://root.cern.ch/root/html/MATH_MINUIT2_Index.html
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MnMinosError chita cac gia tri sai s6 Minos
ContoursError chita cac gia tri sai s6 2 chiéu

Duéi day 1a mot vi du cho viéc lam khép ham Gaussian thong qua viéc sit dung Minuit?2.

Dau tién ta sé di xay dung mot 16p chita cac tham s6 v ham can lam khép, trong trudng hop nay 1a
ham Gaussian véi 3 tham s6 mean, sigma va constant. Lép duge xay dung c6 tén 1a GaussFunction
va dudc khai bao trong file GaussFunction.h

#ifndef MN_GaussFunction_H_
#define MN_GaussFunction_H_

#define _USE_MATH_DEFINES
#include <math.h>

class GaussFunction {
public:

GaussFunction(double mean, double sig, double constant)
theMean(mean), theSigma(sig), theConstant(constant) {}

“GaussFunction () {}

double m() const {return theMean;}
double s() const {return theSigma;}
double c() const {return theConstant;}

double operator () (double x) const {

return c()*exp(-0.5%x(x-m())*x(x-m())/(sO*s()))/(sqrt (2. *M_PI)*s());
}

private:

double theMean;

double theSigma;

double theConstant;
};

#endif // MN_GaussFunction_H_

Tiép theo ta can xay dyng ham muc tiéu FCN, ham nay dugc xay dung thong qua 16p GaussFen (1a
16p dan xuat ctia FCNBase). LGp nay dugc khai bao thong qua hai file, file thi nhat 1& GaussFen.h

#ifndef MN_GaussFcn_H_
#define MN_GaussFcn_H_

#include "Minuit/FCNBase.h"
#include <vector>
class GaussFcn : public FCNBase {
public:
GaussFcn(const std::vector<double>& meas,
const std::vector<double>& pos,

const std::vector<double>& mvar) : theMeasurements (meas),
thePositions (pos),
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theMVariances (mvar) ,
theErrorDef (1.) {}

~GaussFcn () {}

virtual double up() const {return theErrorDef;}
virtual double operator () (const std::vector<double>&) const;

std::vector<double> measurements () const {return theMeasurements;}

std::vector<double> positions() const {return thePositions;}
std::vector<double> variances () const {return theMVariances;}

void setErrorDef (double def) {theErrorDef = def;}

private:

std::vector<double> theMeasurements;
std::vector<double> thePositions;
std::vector<double> theMVariances;

double
};

theErrorDef;

#endif //MN_GaussFcn_H_

Va file thit hai 14 GaussFen.cpp, ham FCN & day 1a chi squared

#include
#include

#include

double GaussFcn::operator () (const std::vector<double>& par) const {

assert (par.size() =

"GaussFcn.h"
"GaussFunction.h"

<cassert>

3);

GaussFunction gauss(par [0], par[1], par[2]);

double chi2 = 0.;
for(unsigned int n = 0; n < theMeasurements.size(); n++) {
chi2 += ((gauss(thePositions[n]) - theMeasurements[n])*(gauss(
thePositions[n]) - theMeasurements[n])/theMVariances[n]);
}

return chi2;

Cudi cting 13 ham main() dudc khai bao trong file DemoGaussSim.cpp

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

"GaussFcn.h"
"GaussDataGen.h"
"Minuit/FunctionMinimum.h"
"Minuit/MnUserParameterState.h"
"Minuit/MnPrint.h"
"Minuit/MnMigrad.h"
"Minuit/MnMinos.h"
"Minuit/MnContours.h"
"Minuit/MnPlot.h"
"Minuit/MinosError.h"
"Minuit/ContoursError.h"
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#include <iostream>
int main() {

// generate the data (100 data points)
GaussDataGen gdg(100);

std::vector<double> pos = gdg.positions();
std::vector<double> meas = gdg.measurements () ;
std::vector<double> var = gdg.variances ();

// create FCN function
GaussFcn theFCN(meas, pos, var);

// create initial starting values for parameters
double x = 0.;
double x2 = 0.;

double norm = O0.;

double dx = pos[1]-pos[0];

double area = 0.;

for (unsigned int i = 0; i < meas.size(); i++) {

norm += meas[i];

x += (meas[i]*pos[il]);

x2 += (meas[i]*pos[il*pos[il]);
area += dx*meas[i];

}

double mean = x/norm;

double rms2 = x2/norm - mean*mean;

double rms = rms2 > 0. 7 sqrt(rms2) : 1.;

{
// demonstrate minimal required interface for minimization
// create Minuit parameters without names
// starting values for parameters
std::vector<double> init_par;
init_par.push_back (mean) ;
init_par.push_back(rms);
init_par.push_back(area);
// starting values for initial uncertainties
std::vector<double> init_err;
init_err.push_back(0.1);
init_err.push_back(0.1);
init_err.push_back(0.1);
// create minimizer (default constructor)
VariableMetricMinimizer theMinimizer;
// minimize
FunctionMinimum min = theMinimizer .minimize (theFCN, init_par,

)

// output
std::cout<<"minimum: "<<min<<std::endl;

}

{

// demonstrate standard minimization using MIGRAD

init_err
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// create Minuit parameters with names
MnUserParameters upar;

upar.add("mean", mean, 0.1);
upar.add("sigma", rms, 0.1);
upar .add ("area", area, 0.1);

// create MIGRAD minimizer
MnMigrad migrad (theFCN, upar);

// minimize

FunctionMinimum min = migrad();

// output

std::cout<<"minimum: "<<min<<std::endl;
}
{

// demonstrate full interaction with parameters over
// minimizations

// create Minuit parameters with names
MnUserParameters upar;

upar .add ("mean", mean, 0.1);
upar.add("sigma", rms, 0.1);
upar.add("area", area, 0.1);

// access parameter by name to set limits...
upar .setlimits ("mean", mean-0.01, mean+0.01);

// ... or access parameter by index
upar.setlimits (1, rms-0.1, rms+0.1);

// create Migrad minimizer
MnMigrad migrad (theFCN, upar);

// fix a parameter...
migrad.fix("mean") ;

// ... and minimize

FunctionMinimum min = migrad();

// output

std::cout<<"minimum: "<<min<<std::endl;

// release a parameter...
migrad.release("mean");

// ... and fix another one
migrad.fix(1);

// and minimize again

FunctionMinimum minl = migrad();
// output
std::cout<<"minimuml: "<<minl<<std::endl;

// release the parameter...
migrad.release (1) ;

subsequent
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// ... and minimize with all three parameters (still with limits!)
FunctionMinimum min2 = migrad();

// output

std::cout<<"minimum2: "<<min2<<std::endl;

// remove all limits on parameters...
migrad.removelLimits ("mean");
migrad.removelLimits ("sigma");

// ... and minimize again with all three parameters (now without
limits!)

FunctionMinimum min3 = migrad();

// output

std::cout<<"minimum3: "<<min3<<std::endl;

// test single sided limits
MnUserParameters upar;

upar .add ("mean", mean, 0.1);
upar .add("sigma", rms-1., 0.1);
upar .add("area", area, 0.1);

// test lower limits
upar .setLowerLimit ("mean", mean-0.01);

// test upper limits
upar .setUpperLimit ("sigma", rms-0.5);

// create MIGRAD minimizer
MnMigrad migrad (theFCN, upar);

// ... and minimize
FunctionMinimum min = migrad();
std::cout<<"test lower limit minimim= "<<min<<std::endl;

// demonstrate MINOS error analysis

// create Minuit parameters with names
MnUserParameters upar;

upar .add ("mean", mean, 0.1);
upar.add("sigma", rms, 0.1);
upar.add("area", area, 0.1);

// create Migrad minimizer
MnMigrad migrad (theFCN, upar);

// minimize
FunctionMinimum min = migrad();

// create MINOS error factory
MnMinos minos (theFCN, min);

{

// 1-sigma MINOS errors (minimal interface)
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std::pair<double ,double> e0 = minos(0);
std::pair<double ,double> el = minos(1);
std::pair<double,double> e2 = minos(2);
// output
std::cout<<"l-sigma minos errors: "<<std::endl;
std::cout<<"parO: "<<min.userState().value("mean")<<" "<<e0O.first<<"
"<<e0.second<<std::endl;
std::cout<<"parl: "<<min.userState().value (1)<<" "<<el.first<<" "<<
el.second<<std::endl;
std::cout<<"par2: "<<min.userState().value("area")<<" "<<e2.first<<"
"<<e2.second<<std::endl;
}
{

// 2-sigma MINOS errors (rich interface)
theFCN.setErrorDef (4.);

MinosError e0 = minos.minos (0);

MinosError el = minos.minos (1) ;

MinosError e2 = minos.minos (2);

// output

std::cout<<"2-sigma minos errors: "<<std::endl;

std::cout<<eO<<std::endl;
std::cout<<el<<std::endl;
std::cout<<e2<<std::endl;

// demonstrate how to use the CONTOURs

// create Minuit parameters with names
MnUserParameters upar;

upar .add("mean", mean, 0.1);
upar.add("sigma", rms, 0.1);
upar .add ("area", area, 0.1);

// create Migrad minimizer
MnMigrad migrad (theFCN, upar);

// minimize
FunctionMinimum min = migrad();

// create contours factory with FCN and minimum
MnContours contours (theFCN, min);

//70% confidence level for 2 parameters contour around the minimum

// (minimal interface)
theFCN.setErrorDef (2.41) ;
std::vector<std::pair<double,double> > cont = contours (0,

//95% confidence level for 2 parameters contour
// (rich interface)

theFCN.setErrorDef (5.99) ;

ContoursError cont4 = contours.contour (0, 1, 20);

// plot the contours
MnPlot plot;

1, 20);
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cont.insert(cont.end (), cont4 () .begin(), contd().end());
plot (min.userState () .value("mean"), min.userState().value("sigma"),
cont) ;
// print out one contour
std::cout<<conté4<<std::endl;
}

3

return O;
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CHUONG D

PO THI

Trong ROOT, tat ci cac ddi tugng déu duge xay dung tit cac 16p dan xuat clia TObject, 16p nay
c6 chita 1 phuong thitc 4o 1a Draw(). Diéu nay c6 nghia la tat cd moi ddi tugng trong ROOT déu
c6 thé dugc “vé”.

Trong hai chuong histogram va ham trude do, cac ban da duge lam quen véi cac cach thite dé vé
mot doi tugng histogram hay ham. Trong chuong nay, ching ta sé tiép tuc di sau vio tim hiéu

nhitng khai niém lién quan t6i viéc vé do, ciing nhu lam quen v6i mot s6 16p do thi thong dung cia
ROOT.

5.1 Canvas va pad

Canvas 1a mot cita s6 ma hinh anh ¢6 thé duge hién thi trén d6. Mot canvas ¢é thé duge chia
thanh 1 hay nhiéu khu vic vé, cac khu viic vé nay duge goi 1a pad. Céac hinh vé ctia d6i tugng (vd:
histogram hay ham) dugc thuc hién trén cac pad.

Trong ROOT, khi mot déi tugng st dung phuong thitc Draw(), mot canvas sé duge kich hoat dé
hién thi hinh vé ciia déi tuong d6. Néu canvas khong dugc khai bao trude khi vé hinh, chuong trinh
sé mac dinh tao ra canvas c6 tén la c1, va pad tuong ing cling c¢6 cung tén véi canvas nay. Mot pad
c6 thé nim trong 1 canvas hodc ndm trong 1 pad khac. Trong trudng hop cé nhidu canvas (pad)
duge dinh nghia, chi ¢c6 duy nhat 1 canvas (pad) hoat dong tai mdi thoi diém.

5.1.1 TCanvas

TCanvas la 16p dinh nghia cho cic canvas, ct phap khai bdo mot canvas nhu sau

TCanvas *<tén canvas> = new TCanvas("<tén canvas>", "<tiéu dé>", <kich thudc truc X >,
<kich thudc truc Y>)

hoac
TCanvas *<tén canvas> = new TCanvas("<tén canvas>", "<tieu dé>", form)
Trong d6 form la tuy chon cho kich thuée ctia canvas

véi  form = 1 kich thuée 700 x 500 tai (10,10)
form = 2 kich thude 500 x 500 tai (20,20)
form = 3 kich thude 500 x 500 tai (30,30)
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form = 4 kich thuée 500 x 500 tai (40,40)
form = 5 kich thude 500 x 500 tai (50,50)
5.1.2 TPad

TPad la 16p dinh nghia cho cac pad, ca phap khai bao mot pad nhu sau

TPad *<tén pad> = new TPad("<tén pad>", "<tiéu de>", zlow, ylow, zup, yup, color, bordersize,
bordermode)

Trong doé:
xlow vi tri ctia diém dudi bén trai ctia pad dang khai béo
ylow toa do y ctia diém do
xXup vi tri ctia diém trén bén phai clia pad dang khai bao
yup toa do y ciia diém dé
color ki hiéu mau ctia pad
bordersize  kich thudc bién ctia pad (tinh theo pixel)
bordermode  hi¢u ting bién chim xudng (= —1)

bordermode  khong c6 hiéu ting (= 0)
bordermode  higu ting bien ndi len (= 1)

5.1.3 Hiéu chinh canvas va pad
Mot s6 phuong thiic thong dung cho canvas va pad *

e Divide(nx,ny): chia canvas/pad ra lam nhiéu phan theo truc x va y, cdc pad nho bén trong
sé duge danh sb tit 1 dén nx*ny

e cd(i): chon pad nho thi i, mic dinh cd() = ¢d(0) tic la chon chinh canvas/pad dé
e GetPad(i): chon pad thi i (truong hgp nam trong mot pad khac)

e SetCanvasSize(w,h): chinh kich thuéc cho canvas

e SetBorderSize(): chinh kich thuéc cho bién

e SetBorderMode (): chinh kiéu cho bién

e SetLogx(), SetLogy(), SetLogz(): vé truc x,y,z theo thang log

e SetGrid(), SetGridx (), SetGridy(): vé ludi cho truc toa do

e SetTicks(), SetTickx(), SetTicky(): danh dau cac khoang chia cho truc toa do

e Print("file"): luu noi dung trong hinh vé ra file

e SaveAs("file"): tuong tu Print ()

Vidu 1: (zem Hinh 5.1)

{
TH1F *h1l = new TH1F("h1","1D Gaussian", 100, -100, 100);
TH2F *h2 = new TH2F("h2","2D Gaussian", 100,-100, 100, 100, -100, 100);
h1->Sumw2 () ;
h2->Sumw2 () ;
Float_t mean = 0, sigma = 20;
for (Int_t i = 0; 1 < 10000; i++) {
h1->Fill (gRandom->Gaus (mean,sigma)) ;
h2->Fill (gRandom->Gaus (mean,sigma) ,gRandom->Gaus (mean,sigma)) ;

! Xem thém tai http://root.cern.ch/root/html/TPad.html va http://root.cern.ch/root/html/TCanvas.html
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}
TCanvas *c = new TCanvas("c", "Gaussian", 1200, 800); // tao canvas co
kich thuoc 1200x800
c->Divide(2,2); // chia canvas thanh 4 pad nho
c->cd(1); // chon pad thu 1
hi1->Draw("histo"); // ve hl theo dang histogram
c->cd(2); // chon pad thu 2
hi1->Fit("gaus"); // lam khop va ve hl
c->cd(3); // chon pad thu 3
h2->Draw("surf2"); // ve h2 theo dang surface
c->cd(4); // chon pad thu 4
h2->Draw("col"); // ve h2 theo dang color
}
1D Gaussian 1D Gaussian

hi

10000
0.2036
19.93

Entries
Mean
RMS

400

350

300

250

200

150

100

10000
0.2036
19.93
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RMS

h2

BO

h2

Entries 10000
Mean x
Mean y
I RMS x
RMS y

-0.08794
0.004564
19.91
20.04

Enties 10000
Mean x  -0.08794
Meany 0.004564
RMS x 12.91
RMS y 20.04

Hinh 5.1: D6 thi phan bd

Vi du 2: (zem Hinh 5.2)

ngau nhién dang Gauss 1 chiéu va 2 chiéu

{

TH1F *hi new 100)
h1->Sumw2 () ;

Float_t mean 0, sigma 20;

for (Int_t 1 0; i < 10000; i++) {

h1->Fill (gRandom->Gaus (mean,sigma)) ;

TH1F("h1","1D Gaussian", 100, -100,

3

TCanvas *c new TCanvas("c", "Gaussian", 600, 300);
c->Divide (2,1);
c->cd (1) ->SetLogy () ;
h1->Draw () ;

c->cd (2)->SetGrid () ;

hi->Draw("histo");

// chon thang log cho truc y

// ve luoi cho x va y

’
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1D Gaussian 1D Gaussian
i hi hi
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Hinh 5.2: Do thi phan bd ngau nhién dang Gauss 1 chiéu

Khi mot déi tuong duge vé, né luon kich hoat mot pad. Dé thuan tien cho viéc xit 1§ trén pad dang
dugc kich hoat, ta sé& st dung mot con trd toan cuc (global pointer) gPad, dic diém ciia gPad 1a né
luon tréd t6i pad dang hoat dong (active pad), vi dy nhu

gPad->8etFillColor (38) // thiet lap mau cho pad
gPad->SetLogx () // chuyen thang do truc X thanh log

Do pad luén chita cac déi tugng ma né vé, nén ta cé thé truy cap cac doéi tugng nay thong qua
phuong thitc TPad: :GetPrimitive() (luu ¥ con trd tra vé luon thuoc 16p TObject)

root [0] obj = gPad->GetPrimitive("myobjectname")
(class TObject*)0x1063cba8

Dé chuyén ddi con trd sang ding kiéu ta lam nhu sau

root [0] obj = (TH1%*) gPad->GetPrimitive("myobjectname")
(class TH1%)0x1063cba8

Trong trudng hgp chiing ta mudén liét ké tat ca doéi tuong coé trong pad, chiing ta sit dung phuong
thitc TPad: :GetListOfPrimitives().

Trong nhiéu trusng hop, mot pad sé khong thuc hién viéc cap nhat nhing thay doi tir ngusi ding,
khi dé ta c6 thé diing cac phuong thiic sau dé bat pad cap nhat

padl->Modified(); // cap nhat pad
cl->Update(); // cap nhat canvas sau khi cap nhat pad

5.2 Do thi

Do thi (graph) 1a mot hinh vé duge tao thanh béi hai mang X vd Y tuong ting nhau, tao nén
cac diém theo hai truc x vd y. Trong ROOT c6 cac 16p do thi nhu TGraph, TGraphErrors,
TGraphAsymmErrors va TMultiGraph.

5.2.1 TGraph

TGraph 14 16p hd trg cic dd thi dang tong quat (cac diém khong cach déu nhau), cii phap khai béo
déi tugng thudc 16p TGraph nhu sau
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<tén graph>
Trong do6 n 1 s6 diém, x va y la hai mang c6
<tén graph> = new TGraph(h)

Dé vé dd thi ta sit dung phuong thitic TGraph

= new TGT’(Iph(n, Z, y)

n diém tuong tng, hoac
v6i h la tén histogram

: :Draw(), mot s tiy chinh cho phuong thitc nay

e "L": vé dudng ndi giita cac diém

e "F": t6 mau dién tich duéi do thi

e "A": truc toa do dugc vé quanh do thi

e "C": vé dudng tron qua cac diém

e "x": danh dAu * tai cac diém

e "P": st dung loai marker hién tai dé danh dau tai cac diém

e "B": vé biéu dd dang cot

e "[]": chi v& duong sai s6 (ap dung cho 16p Ist TGraphAsymmErrors)
e "1": ylow = rwymin

Vi du: (zem Hinh 5.3)

{
Int_t n = 20;
Double_t x[n], yl[n]l;
for (Int_t i=0;i<n;i++) {
x[i] = ix0.1;
y[i] = 10*sin(x[i]+0.2);
}
TGraph *gr = new TGraph(n,x,y);
gr->Draw ("ACx*") ;
}

Graph

0.2 0.4 0.6 0.8

1 1.2 1.4 1.6 1.8 2

Hinh 5.3: Do thi vi du cho TGraph
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Trong trudng hdp ta mudn vé hai hay nhiéu do thi cling lic, ta chi can vé truc do thi duy nhat
mot 1an dau tién, tuy chon "A" khong can st dung cho cac do thi tit thit hai trd di.

Vi du: (zem Hinh 5.4)

{

Int_t n = 20;
Double_t x[n], y[nl, x1[nl, yi[nl;
for (Int_t 1i=0;i<n;i++) {

x[i] = i*0.1;

y[i] = 10*sin(x[i]+0.2);
x1[1i] = i*x0.1;
y1[i]l = 10*cos(x[i]+0.2);

}

// Do thi thu nhat

TGraph *grl = new TGraph(n,x,y);
grl->SetLineColor (4) ;

grli->Draw ("ACx");

// Do thi thu 2 ve chong len do thi 1
TGraph *gr2 = new TGraph(n,x1l,yl);
gr2->SetLineWidth (3) ;
gr2->SetMarkerStyle (21);
gr2->SetLineColor (2) ;

gr2->Draw ("CP");

Graph

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Hinh 5.4: Do thi vi du vé hai TGraph cung lic

Mot s6 phuong thiic ctia 16p TGraph?

e RemovePoint (i): x6a diém thit i
e CompareX(g,i,j), CompareY(g,i,j): so sanh gia tri ciia hai diém tht i v& j trong do thi g

e Sort(): sip xép lai cac diém

2Xem thém tai http://root.cern.ch/root/html/TGraph.html
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5.2.2 TGraphErrors

TGraphErrors cling tuong tw nhuw TGraph nhung dudge tao bdi hai mang X va Y tuong tng cé sai
s6 di kem. Ca phap khai bdo déi tugng thuodc 16p TGraphErrors nhut sau

<tén graph> = new TGraphErrors(n, z, y, ez, ey)

Trong d6 n 1 s6 diém, x va y 1a hai mang c6 n diem tuong tng, ex va ey 1a hai mang chia sai s6
cia x va y

Vi du: (zem Hinh 5.5)

{
Int_t n = 10;
Double_t x[n] = {-0.2, 0.1, 0.3, 0.4, 0.7, 0.8, 1.0, 1.6, 2.4, 2.7};
Double_t y[n] = {1.2, 2.3, 4.0, 5.1, 7.7, 8.7, 6.5, 4.5, 2.7, -1.3};
Double_t ex[n] = {0.02, 0.03, 0.05, 0.05, 0.07, 0.04, 0.05, 0.06, 0.04,
0.01%};
Double_t ey[n] = {0.6, 0.1, 0.8, 0.6, 0.9, 0.7, 1.0, 0.5, 0.5, 0.2};
gr = new TGraphErrors(n,x,y,ex,ey);
gr->SetMarkerStyle (21);
gr->SetMarkerColor (4) ;
gr->Draw ("ALP");
}
Graph
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Hinh 5.5: Do thi phan vi du cho TGraphErrors

Cac tuy chon cho TGraphErrors cling tuwong tu nhu TGraph nhung ¢é thém hai tity chon la "Z" va
"> dé vé cac duong nhd va mili tén & cudi thanh sai s6. Néu tiy chon "|>" dugc chon, cac miii
tén 16n sé dugce vé ¢ cudi thanh sai s6, kich thude clia cdc mili tén nay bang 2/3 so véi kich thude
ctia marker.

Mot s6 phuong thiic thong dung trong TGraphErrors®
e GetErrorX(i), GetErrorY(i): sai s6 theo truc x va y tai bin thit i

e Apply(f): ap dung ham f(x,y) cho tat ca cac diém

3Xem them tai http://root.cern.ch/root/html/TGraphErrors.html
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5.2.3 TGraphAsymmErrors

TGraphErrors ciing tuong ty nhu TGraphErrors nhung danh cho cac dit lieu c6 sai s6 bat doi
xtng. Ci phéap khai bao doi tugng thudc 16p TGraphAsymmErrors nhu sau

<tén graph> = new TGraphAsymmErrors(n, z, y, exl, exh, eyl, eyh)

Trong d6 n la s6 diém, x v& y la hai mang c6 n diém tuong ting, exl (eyl), exh (eyh) la hai mang
chita sai s6 vé bén trai va bén phai cta x (y)

Vi du: (zem Hinh 5.6)

{
cl = new TCanvas("cl1","A Simple Graph with error bars",200,10,700,500);
cl->SetGrid () ;

Int_t n = 10;
Double_t x[n]
Double_t yl[n] {1,2.9,

,.85,.89,.95%};
»4.5,1};

]
-~
|
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5,.1,.07,.07,.04,.05,.06,.07,.08,.05%};
,.7,.6,.5,.4,.4,.5,.6,.7,.8%};
2,.08,.05,.05,.03,.03,.04,.05,.06,.03};
,.5,.4,.3,.2,.2,.3,.4,.5,.6};

Double_t exl[n] = {.0
Double_t eyl[n] = {.8
Double_t exh[n] = {.0
Double_t eyh([n] = {.6

gr = new TGraphAsymmErrors(n,x,y,exl,exh,eyl,eyh);
gr->SetTitle ("TGraphAsymmErrors Example') ;
gr->SetMarkerColor (4) ;

gr->SetMarkerStyle (21);

gr->Draw ("ALP");

TGraphAsymmErrors Example

Hinh 5.6: Do thi phan vi du cho TGraphAsymmErrors

5.2.4 TGraphPolar

L6p TGraphPolar diing dé tao cac dd thi trén hé truc toa do cuc (bao gom ci sai s6). Ci phap
khai bao déi tugng thuoc 16p TGraphPolar nhu sau
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<tén graph> = new TGraphPolar(n, theta, r, etheta, er)

Trong dé n 1 s6 diém, theta va r la cc gia tri clia n diém tuong ting, etheta va er la hai mang
chita sai s6 clia theta va r

Vi du: (zem Hinh 5.7)

{
TCanvas *CPol = new TCanvas ("CPol","TGraphPolar Examples" ,700,700);
Double_t rmin=0;
Double_t rmax=TMath::Pi () *2;
Double_t r[1000];
Double_t theta[1000];
TF1 * fpl = new TF1("fplot","cos(x)",rmin,rmax);
for (Int_t ipt = 0; ipt < 1000; ipt++) {
rlipt] = ipt*(rmax-rmin)/1000+rmin;
theta[ipt] = fpl->Eval(rl[ipt]l);
}
TGraphPolar * grPl1 = new TGraphPolar (1000,r,theta);
grP1->SetLineColor (2);
grP1->Draw ("AOL") ;
}

Graph

Hinh 5.7: D6 thi phan vi du cho TGraphPolar

5.2.5 TMultiGraph

L6p TMultiGraph tao mot tap hgp cac do thi. Ct phap khai bao doéi tugng thuoc 16p TMultiGraph
nhu sau
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<tén multigraph> = new TMultiGraph("<tén multigraph>", "<tiéu de>")
Mot s6 phuong thitc thong dung ctia TMultiGraph
e Add(): them do thi vao multigraph
e Draw(): vé cac dd thi

Vi du: (zem Hinh 5.8)

{
TMultiGraph *mg = new TMultiGraph();
Int_t n1 = 10, n2 = 10;
Double_t x1[] = {-0.1, 0.05, 0.25, 0.35, 0.5,

0.61,0.7,0.85,0.89,0.95};
Double_t yi1[] = {-1,2.9,5.6,7.4,9,9.6,8.7,6.3,4.5,1};
Double_t ex1[] = {.05,.1,.07,.07,.04,.05,.06,.07,.08,.05};
Double_t ey1l[] = {.8,.7,.6,.5,.4,.4,.5,.6,.7,.8%};
TGraphErrors *grl = new TGraphErrors(mnl,xl,yl,exl,eyl);
grl->SetMarkerColor (kBlue) ;
grl->SetMarkerStyle (21) ;
mg->Add (gril);
Float_t x2I[] = {-0.28, 0.005, 0.19, 0.29, 0.45,
0.56,0.65,0.80,0.90,1.01};

Float_t y2I[] = {2.1,3.86,7,9,10,10.55,9.64,7.26,5.42,2};
Float_t ex2[] = {.04,.12,.08,.06,.05,.04,.07,.06,.08,.04};
Float_t ey2[] = {.6,.8,.7,.4,.3,.3,.4,.5,.6,.7};
TGraphErrors *gr2 = new TGraphErrors(n2,x2,y2,ex2,ey2);
gr2->SetMarkerColor (kRed) ;
gr2->SetMarkerStyle (20) ;
mg->Add (gr2) ;
mg->Draw ("APL") ;

}

~
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2

Hinh 5.8: D& thi vi du cho MultiGraph

4Xem thém tai http://root.cern.ch/root/html/TMultiGraph.html
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5.2.6 TGraph2D va TGraph2DErrors

Hai 16p TGraph2D va TGraph2DErrors la cac 16p duge dung dé vé dd thi dugc tao bdi hai mang
X,Y va Z tuong tng. Ct phap khai bao déi tugng thudc hai 16p nay nhu sau

<tén graph> = new TGraph(n, z, y, z)
<tén graph> = new TGraphErrors(n, x, vy, z, ez, ey, ez)

Trong d6 n la s6 diem, x, y va z 14 cac mang c¢6 n diem tuong ng, ex, ey va ez la cdc mang chita
sai s6 clia x, y va z.

Céc dbi tugng TGraph2D c6 thé dude vé véi cac tity chinh danh cho histogram tuong ting, bén canh
d6 con c6 them mot s6 tiy chinh khac nhu

e "TRI": v& ludi tam gidc Delaunay (Delaunay triangle) c6 st dung dd mau
e "TRIW": vé ludi tam giac Delaunay dudi dang luéi (wireframe)

e "TRI1": vé ludi tam gidc Delaunay véi cdc mic do mau, canh cia cic tam giac duge t6 cung
mau véi cac dudng

e "TRI2": vé ludi tam giac Delaunay véi cac mic do mau
e "P": vé marker tai cac diém giao
e "PO": vé& dudng tron tai cac diém giao

Vi du: (zem Hinh 5.9)

{
TCanvas *cl = new TCanvas("cl","Graph2D example",0,0,600,400);
Double_t P = 5.
Int_t npx = 20 ;
Int_t npy = 20 ;
Double_t x = -P;
Double_t y = -P;
Double_t z;
Int_t k = 0;
Double_t dx = (2%*P)/npx;
Double_t dy = (2*P)/npy;
TGraph2D *dt = new TGraph2D (npx*npy);
dt->SetNpy (41) ;
dt->SetNpx (40) ;
for (Int_t i=0; i<npx; i++) {
for (Int_t j=0; j<npy; j++) {
z = sin(sqrt(x*xx+y*y))+1;
dt->SetPoint (k,x,y,2);
k++;
y = y+dy;
}
X = x+dx;
y = P
}
gStyle->SetPalette (1) ;
dt->SetMarkerStyle (20) ;
dt->Draw ("pcol");
return cil;
}

Vi du: (zem Hinh 5.10)
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Graph2D

Hinh 5.9: Do thi phan vi du cho TGraph2D

TCanvas *c
Double_t P
Int_t np

6.;
200;

Double_t *rx=0, *ry=0, *rz=0;
Double_t *ex=0, *ey=0, *ez=0;

rx = new Double_t [np];
ry = new Double_t [np];
rz = new Double_t [np];

ex = new Double_t [np];
ey = new Double_t[npl;
ez = new Double_t[npl;
TRandom *r = new TRandom() ;

for (Int_t N=0; N<np;N++) {
rx[N] = 2*Px(r->Rndm(N))-P;
ry [N] = 2%P*(r->Rndm(N))-P;
rz[N] = rx[N]*xrx[N]-ry[N]lxry[N];

rx[N] = 10.+rx[N];
ry[N] = 10.+ry[N];
rz[N] = 40.+rz[N];
ex[N] = r->Rndm(N);

ey [N] = r->Rndm(N);
ez[N] = 10*r->Rndm(N) ;

TGraph2DErrors *dte = new TGraph2DErrors(np, rx, ry, rz, ex,
dte->SetTitle ("TGraph2D with error bars: option \"ERR\"");
dte->SetFillColor (29);

dte->SetMarkerSize (0.8);

dte->SetMarkerStyle (20) ;

dte->SetMarkerColor (kRed) ;

dte->SetLineColor (kBlue-3) ;

dte->SetLineWidth (2) ;

dte->Draw("err p0");

gPad->SetLogy (1) ;

ey,

new TCanvas("c","Graph2DErrors example",0,0,600,600);

ez);




95 CHUONG 5. DO THI

return c;

TGraph2D with error bars: option "ERR"

Hinh 5.10: D6 thi phan vi du cho TGraph2DErrors

5.3 Mot s6 hiéu chinh cho dé thi
5.3.1 Truc toa do

Cac dbi tugng truc toa do (thuoc 16p TAxis) duge xay dyng mot cach tu dong thong qua cac doi
tugng khac nhu histogram hoac do thi.

Véi histogram, déi tugng truc toa do co thé dugc goi thong qua phuong thitc TH1: :GetAxis ()

TAxis *axis = histo->GetXaxis ()

Dé thiét lap tén (title) ctia ddi tugng nay ta c6 thé lam nhu sau

axis->SetTitle("Ten cua truc")
h->GetXaxis () ->SetTitle("Ten cua truc")

Mot s6 tiy chinh cho dbi tugng truc toa do

e Chon mau truc

axis->SetAxisColor (Color_t color = 1);

Chon s6 khodng chia (number of divisions) trén truc

axis->SetNdivisions(Int_t ndiv = 510, Bool_t optim = kTRUE);

Gia tri ctia ndiv va optim duge tinh nhu sau

— ndiv = N1 + 100*N2 + 10000*N3
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— N1: s6 khodng chia chinh
— N2: s6 khoang chia phu

— N3: s6 khoang chia nhé

— optim = kTRUE (mic dinh) s6 khodng chia dugc t6i wu dya vao nhiing gia tri da cho
— optim = kFALSE hay ndiv < 0, s6 khoang chia bat budc gidng v6i nhitng gi duge thét
lap
Vi du:

ndiv = 0: khong vé khoang chia trén truc toa do

ndiv = 510: truc toa do dugc danh dau 5 khodng chia chinh, trong mdi khodng chinh
¢6 10 khoadng chia phu

ndiv = -10: truc toa do dudc danh dau chinh xac 10 khoang chia chinh

e Phoéng to truc toa do bing cach thiét lap khodng gia tri dé vé

axis->SetRange (Int_t binfirst,Int_t binlast)
axis->SetRangeUser (Axis_t ufirst,Axis_t ulast)

Diém khac biét giita hai phuong thitic SetRange() va SetRangeUser() la phuong thiic
SetRange () ¢6 dbi s6 la gia tri clia bin (vd: SetRange (1, 10) sé vé tit bin 1 dén bin 10) con
SetRangeUser () c¢6 doi sb la gia tri clia truc (vd: SetRangeUser (0., 3.) sé vé tir gia tri 0
dén 3).

e Tuy chinh cho nhan (label) cta truc

axis->SetLabelColor (Color_t color = 1); // mau

axis->SetLabelFont (Style_t font = 62); // font

axis->SetLabelOffset (Float_t offset = 0.005); // khoang cach toi truc
axis->SetLabelSize(Float_t size = 0.04); // kich thuoc

e Tiy chinh cho kich thuéc duong danh dau cac khoang chia clia truc

axis->SetTickLength(Float_t length = 0.03);

e Tuy chinh cho tén cua truc

axis->SetTitleOffset (Float_t offset = 1); // khoang cach toi truc
axis->SetTitleSize(Float_t size = 0.02); // kich thuoc

Trong trudng hgp ta muén vé truc mot cach doc lap ma khong can thong qua histogram hay do
thi, ta c6 thé st dung 16p TGaxis, ci phap khai bao déi tugng thudc 16p nay nhu sau

TGaxis(Double_t xmin, Double_t ymin, Double_t xmax, Double_t ymax, Double_t wmin,
Double_t wmax, Int_t ndiv = 510, Option_t* chopt,Double_t gridlength = 0)

Trong d6 xmin, ymin & toa do ma truc bat dau trong hé truc toa do ciia ngudi dung, va xmax, ymax
1a toa do két thic. Cac ddi s6 wmin va wmax la cac gia tri nho nhat (khi bat dau) va 16n nhat (khi
két thuc) duge thé hieén trén truc, ndiv la sé cac khoang chia trén truc. Céac tity chinh dudc cho
béi chudi "chopt" gom co

e chopt = 'G': thang do logarithmic (mic dinh 1a thang do tuyén tinh)

e chopt = 'B': truc toa do trang (blank), thuong dugc sit dung trong trudng hgp vé chong
truc toa do

Vi du:
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TGaxis *axisl = new TGaxis(-4.5,-0.2,5.5,-0.2,-6,8,510,"");
axisl->SetName ("axisl1");
axisl->Draw () ;

5.3.2 Bang chu giai

Cu phap khai bao bang chia giai nhu sau:

<tén bang> = new TLegend(xz1, y1, 12, y2, <tiéu dé>, option)

Trong dé6 x1, y1, x2, y2 la toa do clia bang chua giai trong pad.

Mot s6 lénh lién quan dén bang chi giai:
(xem thém tai http://root.cern.ch/root/html/TLegend.html)

e AddEntry(h," "): gan ndi dung cho histogram h

SetBorderMode (), SetBorderSize(): chon kiéu va bé day cho khung ctia bang chi giai

e SetTextFont (), SetTextSize (), SetTextColor(): chon font chi va ¢d chit, mau chit hén thi
e SetFillColor(): chon mau cho bang chi giéi

e Draw(): vé bang chu giai

Luu g: trong mot s6 truong hgp sau khi sit dung lenh Draw(), néu bang chi gii (tham chi 1a truc
toa do) khong hién thi nhu duge chinh stta thi nén gé thém léenh gPad->RedrawAxis() sau khi
chinh sita.

Vi du: So sdnh 2 dang phan b6 Gauss va Landau (xem Hinh 5.11)

{

TH1F *hl = new TH1F("h1","So sanh", 50, 0, 100);

TH1F *h2 = new TH1F("h2","So sanh", 50, 0, 100);

h1->Sumw2 () ;

h2->Sumw2 () ;

Float_t mean = 20, sigma = 4;

for (Int_t i = 0; i < 10000; i++) {
h1->Fill (gRandom->Gaus (mean,sigma)); // phan bo Gauss
h2->Fill (gRandom->Landau(mean,sigma)); // phan bo Landau

}

// Chuan dinh cua hai phan bo ve 1
h1->Scale(1./hl1->GetMaximum()) ;
h2->Scale(1./h2->GetMaximum()) ;

// Ve cac phan bo
hi->SetLineColor (kRed) ;
h2->SetLineColor (kBlack) ;
hl1->SetLineWidth (2);
h2->SetLineWidth (2) ;
hi->Draw("histo") ;
h2->Draw("same histo");

// Chon thong so cho bang chu giai

gStyle->SetOptStat (0); // an bang thong tin histogram

leg = new TLegend(0.7,0.7,0.9,0.85); // khai bao bang chu giai
leg->SetTextSize (0.04); // chon co chu

leg->SetTextColor (kBlue); // chon mau chu
leg->SetFillColor (0); // chon mau to

leg->SetBorderSize (0); // khong ve khung bang chu giai
leg->AddEntry (hl,"Gaussian"); // dat chu giai cho histogram hil
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leg->AddEntry (h2,"Landau"); // dat chu giai cho histogram h2
leg->Draw(); // ve bang chu giai

}
So sanh
1_
B — Gaussian
B — Landau
08—
06—
04—
02—
0_ IIII|II|| II|I||||||||||||||||||||||
0 10 20 30 40 50 80 70 80 90 100

Hinh 5.11: So sanh dang phan bd Gauss va Landau

5.3.3 Cach tao van ban va biéu thic toan hoc

Céc doan van ban (text) duge dua vao trong pad cé thé duge nam trong céc khung duge goi la
pave (16p TPaveLabel) hoic la nim ty do. Céac doan van ban hién thi tieu dé do thi hay cac truc c6
thé duge khai bdo mot cach truc tiép. Tat ca cac vin ban, cong thic toan hoc hién thi trong hinh
vé déu la cac do6i tugng thuoc 16p TText va tuan theo ct phap viét van ban latex (I6p TLatex).

Hinh 5.12 trinh bay cach viét mot sé ki hiéu latex don gidn duge st dung trong ROOT.

Vi du: (zem Hinh 5.13)

{
TLatex 1;
1->SetTextAlign (12) ;
1->SetTextSize (0.04) ;
1->DrawlLatex(0.1,0.8,"1) C(x) = d #sqrt{#frac{2}{#1lambdaD}}
#int~“{x}_{0}cos (#frac{#pi}r{2}t-{2})dt");
1->DrawlLatex(0.1,0.6,"2) C(x) = d #sqrt{#frac{2}{#1lambdaD}}
#int “{x}cos (#frac{#pir{2}t~{2})dt");
1->DrawlLatex(0.1,0.4,"3) R = |A|~{2} =
#frac{1}{2Y (#[J{#tfrac{1}{2}+C(V)}~{2}+
#[1{#tfrac{1}{2}3+S(V)}~{2})");
1->DrawLatex(0.1,0.2,"4) F(t) = #sum_{i=
-#infty} " {#infty}A(i)cos#[1{#frac{i}{t+i}}");
}

Mot s6 phuong thiic thong dung tity chinh cho vin ban chéng han nhu

e Chinh cin 1&

1->SetTextAlign(align)
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Lower case Upper case Variations

alpha : [« Alpha : A

beta : B Beta: B

gamma : T Gamma : r

delta : i) Delta : A

epsilon : € Epsilon : E varepsilon: ¢
zeta : L Zeta : z

eta : n Eta: H

theta : -] Theta : 2] vartheta : i
iota : 1 lota : I

kappa : X Kappa : K

lambda : A Lambda : A

mu : u Mu : M

nu: v Nu : N

xi: £ Xi: z

omicron : o Omicron : 0

pi: s Pi: I1

rho : P Rho : p

sigma : 4] Sigma : ¥ varsigma : E
tau : T Tau : T

upsilen : 1] Upsilon : Y varUpsilon: 71
phi : L Phi : Lo varphi : P
chi : X Chi : X

psi : v Psi : W

omega : @ Omega : Q varomega: @

Hinh 5.12: Bang chit cai Latin

1) C(x) = dV%_..cos{%tz)dt
0

2) C(x) = dV%Icos{%t’)dt

3)R=|Af (J+cv] +Lsv))

4) F(t) = i A(i}cos[#

Hinh 5.13: Vi du cong thiic latex

Tham s6 align la mot s6 c¢6 2 chit s6, mdi chit s6 mang 1 trong 3 gid tri (1-3) tuong tng



5.4. Mot s6 doi twgng hanh hoc khdc 100

vOi cin trai, gitta va phai (chit s6 dau tién) va cén trén, gitta, dudi (chit s6 s6 thi 2), vi du:
1->SetTextAlign(13) c6 nghia la can trai va dudi.

e Chinh gbéc quay

1->SetTextAngle (angle)

Véi angle la goc quay (tinh theo do) so v6i phuong ngang.

e Chinh mau

1->SetTextColor (color)

e Chinh kich ¢d chi

1->SetTextSize(size)

Trong dé6 size la gia tri the hién ti l¢ (theo %) so véi kich thude clia pad ma chit duge viét
len trén. Kich cd chit hién thi tinh theo pixel sé bing tich clia size nhan véi chiéu cao va
chiéu rong ctia pad.

e Chinh font chit

1->SetTextFont (font)

Trong d6 font = 10xfontID + precision vé6i fontID la gia tri thé hién loai font chit clia
van ban, c6 tat ca 14 loai font chit trong ROOT

fontID Font chit In nghiéng b6 dam
1 Times New Roman Co 4
2 Times New Roman Khong 7
3 Times New Roman Co 7
4 Arial Khong 4
5 Arial Co 4
6 Arial Khong 7
7 Arial Co 7
8 Courier New Khong 4
9 Courier New Co 4
10 Courier New Khong 7
11 Courier New Co 7
12 Symbol Co 6
13 Times New Roman Khoéng 4
14 Wingdings Khoéng 4

Va precision mang mot trong ba gia tri 0 (font chit gbc ctia hé théng), 1 (c6 thé thay ddi
kich ¢d va quay goc) va 2 (tuong tu 1 nhung khic & mot s6 ki ty dic biet).

5.4 Mot sé6 déi tuong hinh hoc khac

Pudng thang

Dudng thing trong ROOT dugc xay dung qua 16p TLine

TLine (Double_t x1,Double_t y1,Double_t x2,Double_t y2)

Trong dé6 x1, y1 la toa do ctia diém dau; x2, y2 la toa do clia diém cudi.

Vi du:
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root[0] 1 = new TLine(0.2,0.2,0.8,0.3)
root [1] 1->Draw ()

Xem thém tai https://root.cern.ch/root/html/TLine.html.

Mii tén
Dudng thing trong ROOT dugc xay dung qua 16p TArrow

TArrow(Double_t x1, Double_t yl1, Double_t x2, Double_t y2, Float_t arrowsize, Option_t
*option)

Trong dé6 x1, y1 , x2, y2 tuong ti nhu dudng thang, arrowsize la kich thudc ciia dau miii tén, va
option la tiy chon cho hinh thic clia mii tén:
Miii tén huéng sang phai: ">" (khong to mau dau mii tén), " |>" (t6 mau dau mii tén)
Miii tén huéng sang trai: "<" (khong t6 mau dau mii tén), "<|" (t6 mau dau mii tén)
Mii tén 6 hai dau: "<>" (khong t6 mau dau miii tén), "<|>" (t6 mau dau mai tén)

Dé t6 mau cho dau mili tén ta sit dung phuong thitc TArrow: :SetFillColor ().

Xem thém tai https://root.cern.ch/root/html/TArrow.html.

Dudng tron va ellipse
Duong tron va ellipse trong ROOT dugce xay dung qua 16p TE1lipse

TEllipse(Double_t x1, Double_t y1, Double_t rl, Double_t r2, Double_t phimin, Double_t
phimax, Double_t theta)

Vi du:

root [0] e = new TEllipse(0.2,0.2,0.8,0.3)
root [1] e->Draw ()

Xem thém tai https://root.cern.ch/root/html/TEllipse.html.

Hinh vuéng va ch® nhat

Hinh vuéng va chit nhat trong ROOT dugc xay dung qua 16p TBox
TBox (Double_t x1,Double_t y1,Double_t x2,Double_t y2)

Vi du:

root [0] b = new TBox(0.2,0.2,0.8,0.3)
root [1] b->SetFillColor (5)
root [2] b->Draw ()

Xem thém tai https://root.cern.ch/root/html/TBox.html.
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CHUONG 0

CAC THU VIEN TOAN HOC

Céc thu vien toan hoc trong ROOT cung cap mot lugng 16n cac ham toan hoc va théng ké (xem them
tai https://root.cern.ch/root/htmldoc/guides/users-guide/MathLibraries.html). Hai thu
vién toan hoc chinh trong ROOT la

e Thu vién MathCore: cung cap céic 16p va ham cho cac tinh toan s6, thu vién nay bao gom cac
ham toan hoc, théng ké v mot s6 thuat toan co ban.

e Thu vién MathMore: cung cap cac ham va thuat toan nang cao diya trén nén tang thu vien
GNU Scientific Library (GSL).

Ngoai ra con ¢6 mot s6 cac gbi thu vien khac nhu TMVA hay RooFit... nhu dugdc trinh bay trong
Hinh 6.1.

Fitting and Minimization Statistical Libraries

. ™y
New Fitter New StatTooks | TVA
e — Limit/CL etc..) I-.-iLF-‘

Minuit2 -

TFumili (00 Minuiit Extra Libraries

Histogram library

R EETE I

-

I

- J

r Linear Algebra h FFTW

=S| ]
J - -

MathMore
. Random Mumbers
Functors & interfaces physrcs Vectors
- — Extra algorithms
asic algorithms Extra Math functions

Math functions TMath ( GSL )
J

L

MathCore

Hinh 6.1: CAu tric cac thu vién toan hoc trong ROOT



6.1. Cac ham todan hoc 104

6.1 Cac ham toan hoc

Tat ca cac ham toan hoc déu dude xay dyng nhu 1a cidc ham ty do véi khong gian tén 14 TMath
hay ROOT: :Math. Cac ham dic biét trong khong gian tén ROOT: :Math duge dinh nghia giéng nhut
trong phan mé rong Thu vien Chuan (Standard Library extensions) cla tai ligu Bao cao Ki thuat
C++ (C++Technical Report).

6.1.1 TMath

TMath 1a 16p chita cac ham todn hoc duge dinh nghia sin trong ROOT (xem thém tai http:
//Toot.cern.ch/root/html/TMath.html). Mot s6 ham thong dung:

e Abs(): ham tri tuyéet doi

e Sqrt(): ham khai can

e ASin(), ACos(): cac ham arcsin(), arccos(),...
e Gaus(): ham Gaussian

e E(),Pi(): cacgia tri e, m

Vi du: (zem Hinh 6.2)

{
TF1 *f1 = new TF1("f1","TMath::Poisson(x,5)",0,15);
f1->Draw () ;

TMath::Poisson(x,5)

0.18

0.16

0.14

0.12

0.

0.08

0.06

0.04

.
I|III|III|III|III|III|III|III|III|I

0.02

Hinh 6.2: Vi du ham Poisson(x,5)

6.1.2 Cac ham dac biét

Céac ham dic biet trong ROOT duge dinh nghia trong file header Math/SpecFunc.h (xem thém tai
http://project-mathlibs.web.cern.ch/project-mathlibs/sw/html/group__SpecFunc.html).

Vi du: (zem Hinh 6.3)
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gSystem->Load ("libMathMore") ;
TLegend *leg = new TLegend(0.75, 0.7, 0.89, 0.89);

int n = 5;

TF1* JBessel[5];

for(int nu = 0; nu < n; nu++)

{
JBessel [nul= new TF1("J_O0", "ROOT::Math::cyl_bessel_j([0],x)", O,

10) ;

JBessel [nu]->SetParameters(nu, 0.);
JBessel [nu]->SetTitle("");
JBessel[nu]->SetLineStyle (1) ;
JBessel [nu]->SetLineWidth (3) ;
JBessel [nu]->SetLineColor (nu+1) ;

}

leg->SetFillColor (0);

leg->AddEntry (JBessel [0] ->DrawCopy (), " J_O0(x)", "1");
leg->AddEntry (JBessel [1]->DrawCopy ("same"), " J_1(x)", "1");
leg->AddEntry (JBessel [2] ->DrawCopy ("same"), " J_2(x)", "1");
leg->AddEntry (JBessel [3] ->DrawCopy ("same"), " J_3(x)", "1");
leg->AddEntry (JBessel [4] ->DrawCopy ("same"), " J_4(x)", "1");
leg->Draw () ;

1l — J_0(x)
o — J_1(x)
B J_2(x)
0.8— — J_3(x}
B J_4(x)
06
04
02
0_
02
.0I4:III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 9 10

Hinh 6.3: Cac ham Bessel J

6.1.3 Cac ham théng ké

Céc ham thong ke trong ROOT bao gom cdc ham mat do xac suat (probability density function),
xac suat tich Iy (cumulative distribution function) va nghich ddo ctia chung (quantile), duge dinh
nghia trong file header Math/DistFunc.h (xem thém tai http://project-mathlibs.web.cern.
ch/project-mathlibs/sw/html/group__StatFunc.html).

Vi du: (zem Hinh 6.4)
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{
gSystem->Load ("libMathCore") ;
TF2 *fl1 = new TF2("f1","ROOT::Math::cauchy_pdf(x, y)",0,10,0,10);
f1->Draw("surfi1");

}

ROQT::Math::cauchy_pdf(x,y)

Hinh 6.4: Ham mat do xac suat Cauchy

6.2 S6 ngiu nhién

TRandom 13 16p tao s6 ngdu nhién cd ban (chu ki 10) (xem thém tai http://root.cern.ch/root/
html/TRandom.html). Ngoai ra con c6 céc 16p TRandoml tao s6 ngdu nhién dya trén thuat toin
RANLUX (chu ki 10'7!), TRandom2 dya trén thuat toan Tausworthe (chu ki 102%) va TRandom3 dia
trén thuat todn Mersenne Twister (chu ki 109900),

Mot s6 phan bd ngdu nhién dugce dinh nghia san trong ROOT:
e Exp(X): phan b6 exp(—x/X)
e Integer (max): s6 nguyén ngau nhién tit 0 dén max—1
e Gaus(mean,sigma): phan bé Gauss
e Rndm(): phan bd ngau nhién tit 0 dén 1
e Uniform(x): phan bd ngau nhién trong khoang tit 0 dén x
e Landau(mean,sigma): phan b6 Landau
e Poisson(mean): phan bd Poisson
e Binomial(n,p): phan bd nhj thic
e BreitWigner (mean,gamma): phan bd Breit — Wigner

Ngoai ra ta con cé thé gieo s6 ngau nhiéu theo mot phan bo tir dinh nghia thong qua lénh GetRandom

0.
Vi du: (zem Hinh 6.5)
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{
TH1F *h = new TH1F("h","abs(sin(x)/x)",50,0,10);
h->Sumw2 () ;
TF1 *f = new TF1("f","abs(sin(x)/x)",0,10); // dinh nghia ham f
for (Int_t i = 0; i < 10000; i++) {
h->Fill(f->GetRandom()); // gieo ngau nhien theo phan bo ham f
}
h->Draw () ;
}
abs(sin(x)/x)
h
T Entries 10000
800
ﬂ Mean  2.423
T RMS 2.444
700— JrJr
600 +
500 — 1t
400 1
300 ++
200 N
- +++4"‘+++
100 + + + +++++_|_
= + +
- + —o—+ +—|— +++ ++_,_ 4H
O_I 111 | 111 1 | 11 11 l_"‘ 111 | 111 1 | 111 1 '—._I_._I 11 | 111 1 | 11 1 1 | [ B
0 1 2 3 4 5 6 7 8 9 10

Hinh 6.5: Phan b6 ngdu nhién theo ham [sin(x)/x|

6.3 Ma tran va vector

6.3.1 Ma tran

Dé xay dung vao thyc hién tinh todn ma tran trong ROOT ta cé thé sit dung cac 16p ma tran co
ban nhu TMatrixF, TMatrixD, TMatrixT, ho#c cac ma tran do6i xing (TMatrixFSym, TMatrixDSym,
TMatrixTSym),... (xem thém tai http://root.cern.ch/root/html/MATH_MATRIX_Index.html).

Mot s lénh danh cho ma tran:
e Print(): xuat ra gia tri clia ma tran
e Determinant (): tinh dinh thtc
e Invert(): tinh dinh thuc
e Transpose(): tinh dinh thic
e Plus(a,b): tong hai ma tran
e Minus(a,b): hiéu hai ma tran
e Mult(a,b): tich hai ma tran

Vi du: Tinh dinh thic va ma tran nghich ddo cia mét ma tran cho trudc
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#include <TMatrixD.h>

Double_t x[]={3,4,0,1};
// Tao ma tran n kich thuoc 2x2 tu mang x
TMatrixD n(2,2,x);
// Tinh dinh thuc cua ma tran n
cout << "Dinh thuc = " << n.Determinant () << endl;
// Tinh ma tran nghich dao
TMatrixD m = n.Invert();
m.Print () ;
}

Két qua

Dinh thuc = 3

2x2 matrix is as follows

Vi du: Tinh tri riéng va vector riéng ciua ma tran doi xing

{
#include <TMatrixDSym.h>
#include <TMatrixDSymEigen.h>
#include <TVectorD.h>
const int N = 3;
// Tao mang voi kich thuoc N*N
double e[N*N] = {1, 4, 5,
4, 2, 6,
5, 6, 3};
// Tao ma tran doi xung voi mang vua tao
TMatrixDSym m(N, e);
TMatrixDSymEigen me(m) ;
// Tinh tri rieng va vector rieng
TVectorD eigenval = me.GetEigenValues () ;
TMatrixD eigenvec = me.GetEigenVectors ();
// Xuat ket qua
m.Print () ;
eigenval .Print () ;
eigenvec.Print () ;
}
Két qua

3x3 matrix is as follows

| 0 | 1 | 2 |
0 | 1 4 5
1] 4 2 6
2 | 5 6 3

Vector (3) is as follows
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0 112.176
1 1-2.50729
2 |-3.66868

3x3 matrix is as follows

| 0 | 1 | 2 |

| 0.4966 0.8096 0.313
1| 0.5774 -0.5774 0.5774

| 0.6481 -0.106 -0.7541

6.3.2 Vector

Tuong tur véi cac 16p ma tran , ta ciing c¢6 thé st dung cac 16p vector nhu TVectorD, TVectorT,
TVectorl, TVector2, TVector3,... (xem thém tai http://root.cern.ch/root/html/MATH_MATRIX_
Index.html).

Mot s6 lenh danh cho vector:
e Print(): xudt ra gia tri ciia vector

Abs (): tinh tri tuyét doi clia vector

e Sqr(): binh phuong cac phan tit

e Sqrt(): khai cén céc phan tit

e Invert(): nghich ddo titng phan tit

e Norm1(): tinh téng ciia tri tuyéet ddi cac phan tit
e Norm2Sqr (): tinh tong binh phuong cac phan tit

e Sum(): tinh téng cac phan ti

e Add(v): cong thém vector v

e Dot (v): tich vb6 huéng véi vector v

e Cross(v): tich hitu huéng véi vector v

e Unit(v): lay vector don vi

e Angle(v): gbc gitta hai vector

e RotateX(phi), RotateY(phi) RotateZ(phi): quay quanh truc mot géc phi
e Rotate(phi,v): quay quanh vector v mot goc phi

Vi du: Tinh tong hai vector vdi lép TVector3

{
TVector3 v1(1,3,2);
TVector3 v2(-2,2,0);
vl += v2;
vl.Print ();

}

Két qua
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TVector3 A 3D physics vector (x,y,z)=(-1.000000,5.000000,2.000000) (rho,

theta,phi)=(5.477226,68.583286,101.309932)

Vi du: Tinh tong hai vector vdi lop T VectorD

{
#include <TVectorD.h>

TVectorD v1(2);
TVectorD v2(2);
v1(0)=1; vi(1)=3;
v2(0)=-2; v2(1)=2;
vl.Add (v2);
vl.Print () ;

}

Két qua

Vector (2) is as follows

6.3.3 Lorentz Vector

TLorentzVector la vector 4 chiéu dugc xay dyng bang cach them 1 phan tit vao trong TVector3.
Day 1a 16p vector thusng hay duge st dung trong cic bai toan hat co ban doi héi sit dung cac phép
bién déi Lorentz, tinh khoi Iugng bat bién,... (xem thém tai http://root.cern.ch/root/html/

TLorentzVector.html).
Mot s6 lenh danh cho Lorentz vector:

e SetXYZT(): dat cac gia tri toa do (x,y,z) va thai gian t

e SetPtEtaPhiE(): dat cac gia tri xung lugng ngang pr, goc n, ¢ va nang luong E
e SetPtEtaPhiM(): dit cic gia tri xung lugng ngang pr, goc 1, ¢ va khoéi lugng M

e Rho(), CosTheta(), Phi(), EQ), MQ),...: truy xuat cac gia tri p, cos(d), E, M,...

e Boost (v): chuyén truc toa do theo vector v

Vi dw: Tinh khoi lugng bat bién cia mot hat cé ndang lhiong E va zung hiong (pz,py,pz)

SetPxPyPzE(): dat cac gia tri xung luong (ps,py,p-) va nang lugng E

{
Double_t E=0.57, px=0.1, py=0.1, pz=0.2;
// Khai bao mot hat co nang luong E va xung luong px,py,pz
TLorentzVector particle(px,py,pz,E);
// Tinh khoi luong bat bien cua hat
cout << particle.M() << endl;
}
Két qua

0.514684
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Phép bién doi Lorentz theo vector bat ki dugc thiyre hién véi cac dbi tugng thude 16p TLorentzRotation
, thong qua toan ti *, lenh MatrixMultiplication(v) hodc Transform(v) véi v 1a dbi tugng thude
16p TLorentzRotation.

Vi du: Tinh zung ligng, ndng lugng ciia hat tdi va hat bia trong hé toa do khoi tam

{

#include <TLorentzVector.h>

Double_t E = 3.2;
Double_t m

]
o
Ne]
=

// Hat toi khong khoi luong co px = E
TLorentzVector bombard( E, 0, 0, E );
// Hat bia co khoi luong m
TLorentzVector target( 0, 0, 0, m );

// Vector khoi tam
TLorentzVector cms = bombard+target;
TVector3 boost = -cms.BoostVector ();

// Hat toi trong he toa do khoi tam
bombard.Boost (boost) ;
bombard.Print () ;
// Hat bia trong he toa do khoi tam
target .Boost (boost) ;
target .Print () ;

}

Két qua

(x,y,2,t)=(1.145159,0.000000,0.000000,1.145159) (P,eta,phi,E)
=(1.145159,-0.000000,0.000000,1.145159)

(x,y,z,t)=(-1.145159,0.000000,0.000000,1.481550) (P,eta,phi,E)
=(1.145159,-0.000000,3.141593,1.481550)
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CHUONG 7

FILE

File mot tap hgp céc thong tin (dit lieu) ma duge ngusi dung tao ra tit may tinh. Doi véi lugng
thong tin nhd, ngusi ding c6 thé dé dang luwu ching lai dusi dang cac van ban (text format). Tuy
nhién déi véi nhitng lugng thong tin 16n, dé c6 thé dat dude sy tdi wu trong luu trit dit lieu, ching
thudng duge luu lai dusi dang nhi phan (binary format). Dé gidi quyét van dé nay, ROOT da cung
cap mot dinh dang file nhi phan nén (compressed binary format) c6 thé chita ca thong tin ciia dit
licu va mo ta ciia ching. ROOT ciing cung cip mot cong cu tu dong ma ngudn mdé dé tao ra mo
t& (description hay dictionary) khi ching ta luu tr@t dit liéu cing nhu tao ra mot 16p C++ tuong
ing v6i mo ta nay khi doc lai dit ligu.

7.1 File
7.1.1 Khai bao file

C1 phap khai bao file nhu sau:
TFile <tén file> = new TFile("<tén file>", option)
hoac
TFile <teén file>("<tén file>", option)
Mot sb tiy chinh cho file
e "NEW": tao file mdi, trong truong hop file cling tén c6 ton tai, file méi sé khong dudc tao ra.
e "CREATE": tuong ty "NEW".
e "RECREATE": tao file méi trong ngay ca khi hién dang c6 file cting tén vdi file dinh tao.
e "UPDATE": md file da c6 s&n, néu chua c6 thi tao méi.

e "READ": mg file va doc (mac dinh).

Mot s6 1énh cho file (xem thém tai http://root.cern.ch/root/html/TFile.html)
e Close(): dong file
e Draw(): duyét cac cau tric clia file
e GetSize(): tra ve kich thudc cta file

e 1s(): liet ké noi dung cua file
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Print(): in tat ci déi tugng c6 trong file

Recover (): phuc hoi file

ReOpen(): md lai file

Seek(): tim dén vi trf cu thé trong file

Vi du:

root [0] TFile *f = new TFile("histogram.root");
root [1] £->1s();
TFilexx* histogram.root Histograms for ROOT class
TFilex histogram.root Histograms for ROOT class
KEY: TH1F histl;1 Function to be fit
KEY: TH1F hist2;1 Another function to be fit
root [2] .q

Mot s6 dic diém ctia ROOT file
Khi ROOT file dugc mé, né tré thanh thu muc hién hanh.

Tat ca cac histogram va tree sé dugc ty dong luu vao file.

Khi file déng, tat ci cac histogram, tree, ddi tugng lién quan déu sé bi xéa bo.

Tat c cac dbi tugng c6 xudt xit tit TObject déu c6 thé duge ghi tren file.

7.1.2 Cach luu va doc histogram tiwr file

Luu histogram vao file dé luu histogram vao file chiing ta sit dung phuong thiic TH1: :Write ()
Vi du:

TFile f("histos.root","new");

TH1F h1("hgaus","histo from a gaussian",100,-3,3);
h1.FillRandom ("gaus" ,10000) ;

hi.Write () ;

Ngoai ra chiing ta ciing c6 thé luu tat ca cac histogram (hay rong hon la cic déi tugng) dang luu
trong bo nhé vao file hien hanh bang cach st dung phuong thitc TFile: :Write()

file->Write();

Doc histogram tir file dé doc histogram tit file chiing ta st dung phuong thitc TFile: :Get ()
Vi du:

TFile f("histos.root");
TH1F *h = (TH1F*)f.Get("hgaus");

7.1.3 Thu muc

Khi chiing ta tao ra mot déi tugng TFile thi né sé tré thanh thu muc hién hanh (current directory)
cia ching ta. Dé kiém tra thu muc hién hanh ching ta c6 thé go

gDirectory ->pwd ()

Néu mudn tao ra mot thu muc con bén trong file, ta c6 thé sit dung phuong thitc TDirectory: :
mkdir ()
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TFile *f = new TFile("file.proot","RECREATE");
f->mkdir ("folder");
f->1s();

Phuong thitc TDirectory: :1s() sé liet ké tat ca cac thu muc c6 trong thu muc hién hanh, két qua
sé la

TFile*x* file.root

TFilex file.root
TDirectoryFilex folder folder
KEY: TDirectoryFile folder;1 folder

Dé di chuyén t6i thu muc folder ta go

f->cd("folder");

Thong tin thém vé TDirectory c6 thé xem dudc tai https://root.cern.ch/root/html/TDirectory.
html.

Cach tao mot histogram bén trong mot thu muc nhu sau

root [0] f->cd("folder")

root [1] TH1F *histo = new TH1F("histo","histo",10,0,10)
root [2] gDirectory->1s()

TDirectory* folder folder

0BJ: TH1F histo histo : O

Dé truy xuat mot histogram nam bén trong 1 thu muc ta can cung cap dudng dan dén thu muc
do tu file

root [0] TH1 x*h
root [1] f->GetObject("folder/histo;1",h)

S6 1 nam sau dau ; duge goi la cycle number, ding dé phan biét cac histogram cé ciing tén véi
nhau. Trong trudng hgp cac tén ciia histogram 1a khéc nhau thi ta c6 thé khong can khai béo s6
nay khi truy xuat histogram.

7.2 Tree

Trong qué trinh xtt 1y, dit lieu c¢6 thé dude to chitc theo nhiéu cach khéc nhau. Tuy nhién, trong
cac truong hgp thong thudng, dit lieu duge luu dudi dang tuyén tinh (record) va cudi ciing duge to
chitc dudi dang cic bang (table). Tat nhien cach t6 chiic dit lieu niy ciing duge chap nhan trong
ROOT. Céc bang nay dudc goi la cac n-tuple, cac record dude goi la event va cac tieu dé cot dudc
goi 1a cac bién (variable).

Ching ta c6 thé luu cac n-tuple trong ROOT theo hai cach. Cac thit nhat 1a luu theo mot chudi
cac event, day ciing la cach luu dit lieu thong thuong. Tuy nhién, khi ngusi st dung chi quan tam
dén mot bo sb lisu nhé hon nhiéu so véi cau tric dit lieu duge lwu thi hiu qua xit 1y sé khong dudc
cao do phai di chuyén tit bo s6 lieu ciia event nay dén bo sb liéu clia event ké tiép. Do do, thay vi
luru trit theo chudi cac event, ROOT sé chia tdch mdi event theo cac bién va xay dyng mot tap tin
bing cach dat ciing tat ci cic cot. Diéu nay tao ra hai wu diém: thi nhat, méi cot 13 mot chudi
dong nhat ctia cting mot bién, do dé sé cho kich thuée file nhé hon nhiéu so vé6i trudng hgp thong
thuong. Thit hai, khi ngudi stt dung chi quan tam dén mot vai bién cu thé ctia mdi event, thoi gian
truy xuat dit liu nhé hon nhiéu do khong phai quét toan bo dit lieu trong file.

Trong ROOT, 1ép TTree dugc thiét ké dé luu trit dit lieu theo cach thi hai, lam gidm khong gian
luu trit va tang toc do truy cap dit lieu.
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7.2.1 TNtuple

Lép TNtuple 1a mot phién ban don gidn clia 16p TTree, chi chita cdc dong s6 lieu. Ca phap khai
bao Ntuple nhu sau:

TNtuple <tén ntuple> = new TNtuple("<tén ntuple>", "<tieu dé>", cdc bién, kich thudc)

Mot sb lénh danh cho Ntuple

e Fill(*x): luu gia tri ciia mang vao ntuple

Fill(x0, x1, x2,...): luu cac gia tri vao ntuple

GetArgs (): sb lugng céac bién

GetNvar(): sb cac cot
e Scan(): xuét ra bang gia tri
e Print(): in ra bang thong tin

Vi du:

{
TNtuple *ntuple = new TNtuple("ntuple","ntuple","x:y");
for (Int_t i = 0; i < 100; i++) {
x=gRandom->Gaus (40,10) ;
y=gRandom->Gaus (10,30) ;
ntuple->Fill(x,y);
}
ntuple->Scan () ;

Két qua in ra nhu sau:

3k 5k 5k 5k 5k %k %k %k %k >k %k %k >k 5k 5k 5k 5k 5k Xk %k %k >k >k %k %k >k > >k 5k 5k %k Xk %k % % %k
* Row * X * y ok
3k 3k 5k 5k 3k %k %k %k %k %k %k %k %k 3k 5k 5k 5k >k Xk Xk %k %k %k %k %k % % > 5% % %k Xk %k %k % %

* 0 * 49.989326 * -3.042931 *
* 1 % 47.817962 x 9.0984172 x*
* 2 x 48.242637 * 8.2984800 =
* 3 * 30.991239 * 7.7588658 =
* 4 x 40.079120 * -2.322895 =«
* 5 % 53.911941 * -19.55198 x*
* 6 * 39.510593 * -33.30006 =*
* 7 * 29.393295 *x -31.64893 *
* 8 x 47.673965 * -12.08088 =
* 9 % 45.797214 * -1.464032 *
* 10 * 60.609020 * -27.04453 x*
* 11 * 51.653369 * -3.626074 x*
* 12 % 38.652286 * -4.989183 *
* 13 % 38.175640 * 65.329391 x*
* 14 * 37.571521 * 69.905838 =
* 15 * 40.048061 * -2.665381 x*
* 16 * 55.405315 * 12.842284 =«
* 17 % 55.246921 x 46.502574 *
* 18 * 38.636909 * 4.0235281 x*
* 19 % 37.062355 * 6.4492521 x*
* 20 * 28.397064 * 10.370863 *
* 21 * 40.220642 * 7.8624186 =*
* 22 *x 26.783823 * 62.329811 x*
* 23 * 36.676227 *x 2.5818193 *
* 24 x 28.197847 *x -25.71282 *
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Type <CR> to continue or q to quit ==>

7.2.2 TTree
Lép TTree khéc véi 16p TNtuple 6 cho 1a 16p TNtuple chi gidi han trong viéc chia dit lieu dang
s6 trong khi 16p TTree c6 thé chita moi loai dit lieu ching han nhu cac d6i tuong (object) hoic cac
méang. Ct phap khai bdo doéi tugng thuodc 16p TTree nhu sau:
TTree <tén tree> = new TTree("<tén file>", splitlevel)

Mot sb6 lénh danh cho Tree

e CloneTree(): copy tree

e Fill(): luu tat ca cac branch

e AddBranchToCache (), DropBranchFromCache (): thém, loai b6 branch trong tree

e GetEntries(): tra vé tong sb entry

e Merge(list): hop nhat tat ca cac tree c6 trong list

e Show(entry): lict ké tat ci cac gia tri clia leaf trong entry

e Process(): thuc thi code déi v6i mdi event

e Print(): in ra bang tém tat noi dung ciia tree

e Scan(): in ra tat ci cac entry vugt qua selection

e StartViewer (): khéi dong giao dién Tree Viewer

Vi du: (zem Hinh 7.1)

{
TFile f("116944.ro0t");
TTree *t = (TTreex*x) t->Get ("HWWTree_e");
t->StartViewer () ;
f->Close () ;
}

7.2.3 CAu tric cia tree

Mot tree c6 thé chita cAc branch (nhanh), cac branch nay cé thé 1a cic bién, cac object hodic bao
gom cd tree khac. Cudi méi branch luon 1a mot bién, duge goi 1a leaf (14). Thong thuong, cac tree
déu dugc chia thanh cac branch khi dude luu vao mot file ROOT. Bdi vi cau tric tree phiic tap
hon so véi cAu tric bang, nén mtc do chia tach c¢6 thé duge diéu chinh dé phit hgp véi nhu cau ciia
ngudi stt dung. Hinh 7.2 trinh bay cau tric clia mot tree.

Cac tree c6 thé duge luu trit trén nhidu file khac nhau va c6 thé duge néi tiép v6i nhau trong qua
trinh xtt 1y thong qua mot déi tuong duy nhat goi la chain.

7.3 Cach tao va truy xuat di liéu tiu file root

7.3.1 Cach tao file root

Cac buée dé tao mot file root nhu sau:

1. Tao mot file
VD: TFile *file = new TFile("file.root","RECREATE");
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Hinh 7.1: CAu tric ctaa tree

2. Tao mot tree
VD: TTree *tree = new TTree("Tree",'"Tree");

Néu mudn tao tree véi thu muc bén trong ta c¢é thé lam nhu sau: TTree tree("Tree", "/

folder")

3. Thém branch vao tree
VD: Event *event = new Event();
tree->Branch("EventBranch","Event",&event) ;

4. Luu du liéu vao tree
VD: tree->Fill();

5. Luu vao file
VD: file->Write();

Vi du:

{
TFile f("example.root","recreate");
TTree *t = new TTree("tree","tree");

Float_t px, py, PzZ;

t->Branch ("px" ,&px, "px/F");
t->Branch("py" ,&py, "py/F");
t->Branch("pz" ,&pz,"pz/F");

for (Int_t i=0; i<10000; i++) {
gRandom->Rannor (px,py) ;
PZ = pX*pxX + DPy*py;
t->Fill () ;

}

t->Write () ;
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3
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Hinh 7.2: Cu tric ctia tree

7.3.2 Cach truy xuat file root

Céc bude dé truy xuat mot file root nhu sau:

1.

M3 mot file
VD: TFile file("file.root");

Doc tree
VD: TTree * tree = (TTreex)file->FindObject("tree")

Tao céc bién dé luu giit lieu
VD: Float_t a, b, c;

Lien két branch véi cac bién
VD: tree->SetBranchAddress("a", &a)

Doc entry va lay gia tri clia bién
VD: tree->GetEntry(i); cout << a << endl;

Vi du: (zem Hinh 7.3)

{

TFile xf

new TFile("example.root");

TTree *t = (TTreex)f->Get("tree");
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Float_t px, py, PZ;
t->SetBranchAddress ("pz" ,&pz);

TH1F *hpz = new TH1F("hpz","pz",100,0,10);
Long64_t nentries = t->GetEntries();
for (Long64_t i=0; i<nentries; i++) {
t->GetEntry (i) ;
hpz->Fill(pz);

}
hpz->Draw () ;
}
pz
hpz
= Entries 10000
500 Mean 1.934
I RMS 1.828
400—
300—
200/—
100/—
O_II|||||||||||||||||||||||||||
0 2 3 4 5 6 7 8 9 10

Hinh 7.3: Vi du file root

Trong trudng hgp mudn xem nhanh histogram ctia mot vai bién, ta c¢6 thé sit dung lenh Draw().

Vi du: Cau lénh vé histogram cia sqrt(z) vdi cic gid tri © > 0, histogram dugc dat tén la histo

tree->Draw("sqrt(x) >> hist", "x>0");

Ngoai ra, trong truéng hgp tree duge chia thanh nhiéu file, ta c6 thé diing TChain dé néi cac file
lai. Vi du:

TChain chain("tree");
chain->Add("filel.root");
chain->Add("file2.root");

7.4 X ly so liéu c6 cau tric dang tree
Quy trinh x1t Iy s6 liu c6 cau tric dang tree hodc ntuple thong thuong bao gom ba buée sau
e MG file s6 lieu, khai bao cac bién, hitogram,...

e Tao vong ldp trén tat ca cic dit lieu (entry) chia trong file, tién hanh tinh toan gia tri, ap
dung cac ngudng cat, luu gia tri vao histogram,...
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e Luu két qué, biéu dién két qua,...

Dé tién hanh xit 1y dit lieu c6 cau tric dang tree hodc ntuple chita trong cac file ROOT, viec dau
tien ta can lam 1a tao ra mot 16p xtt 1y (analysis class). Bo khung suon (skeleton) ctia 16p nay dugc
tao ra thong qua lénh MakeClass ().

root [0] TFile myFile("data.root")
root [1] tree->MakeClass("MyAnalysis") // gia su doi tuong thuoc lop
TTree co ten la tree

Lénh MakeClass() sé tao ra hai file MyAnalysis.h va MyAnalysis.C tuong tng véi tén cia I6p ma
ta mudn tao ra. File MyAnalysis.h 1a file header chita cac khai b4do cho 16p ma ta tao, trong file
nay ciing chita danh sach cac bién c6 trong file ROOT ma ta mudn xit 1y.

Vi du: MyAnalysis.h

class MyAnalysis {

public
// Con tro doi tuong thuoc lop TTree hay TChain
TTree *fChain;
// Tree hien tai trong TChain
Int_t fCurrent;
// Cac Dbien
UlInt_t fUniquelD;
UInt_t fBits;
Char_t fType [20];
Int_t fNtrack;
Int_t fNseg;
Int_t fNvertex;
UInt_t fFlag;
// Cac nhanh (branch)
TBranch *b_fUniquelD;
TBranch *b_fBits;
TBranch *b_£fType;
TBranch *b_fNtrack;
TBranch *b_fNseg;
TBranch *b_fNvertex;
TBranch *b_fFlag;

MyClass (TTree *tree=0);

~“MyClass () ;

Int_t Cut(Int_t entry);

Int_t GetEntry(Int_t entry);

Int_t LoadTree(Int_t entry);

void Init (TTree *tree);

void Loop () ;

Bool_t Notify();

void Show(Int_t entry = -1);
}s

Mot s6 thanh phan quan trong trong 16p nay gom co:
e fChain: trd t6i tree hay chain goc (la tree hay chain ma 16p nay dugc tao ra tit do).

e fCurrent: trd tdi tree hay chain hién tai dang xit ly, diic biét trong trudong hop xit 1y nhiéu
tree lien két lai v6i nhau qua TChain.

e void Init(TTree xtree): khdi tao tree dé chuan bi doc dit lieu.

e Int_t GetEntry(Int_t entry): doc eniry tuong ing, vi du GetEntry(9) sé doc sy kién thi
10 & trong tree (su kién dau tién c6 chi s6 1a 0).
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Vi

e void Loop(): ham chita cac lenh x 1y, ham nay sé lap trén tat ci dit lieu trong tree hay
chain va ap cac lénh xi 1y vao ting dit liéu.

du: MyAnalysis.C (trong day quan trong nhat la ham Loop())

Vo
//
//
//
//
//
//
//
//

//
//
//
//
//
//
//
//
//
//
//
//
//
//

/

id MyAnalysis::Loop () {
In a ROOT session, you can do:
Root > .L MyClass.C
Root > MyClass t
Root > t.GetEntry(12); // Fill t data members with entry number 12
Root > t.Show(); // Show values of entry 12
Root > t.Show(16); // Read and show values of entry 16
Root > t.Loop(); // Loop on all entries

This is the loop skeleton where:

jentry is the global entry number in the chain

ientry is the entry number in the current Tree
Note that the argument to GetEntry must be:

jentry for TChain::GetEntry

ientry for TTree::GetEntry and TBranch::GetEntry

To read only selected branches, Insert statements like:
METHOD1 :
fChain->SetBranchStatus ("*x",0); // disable all branches
fChain->SetBranchStatus ("branchname" ,1) ; // activate branchname
METHOD2: replace line
fChain->GetEntry (jentry) ; //read all branches
by Db_branchname->GetEntry(ientry); //read only this branch

/ gROOT->Reset () ;
if (fChain == 0) return;
/* Cac khai bao viet o day */

// Tong so entry trong chain
Int_t nentries = Int_t(fChain->GetEntries());

// Lap tren tat ca entry
Int_t nbytes = 0, nb = 0;
for (Int_t jentry=0; jentry<nentries; jentry++) {
Int_t ientry = LoadTree(jentry);
// trong truong hop TChain, 'ientry' la so entry trong file dang doc
nb = fChain->GetEntry(jentry); nbytes += nb;
// if (Cut(ientry) < 0) continue;

/* Doan code xu ly viet o day */
}

/* Doan code luu va trinh bay ket qua xu ly */

File MyAnalysis.C chia cidc ndi dung tuong ting véi cdc ham duge khai bao trong MyAnalysis.h.
Cac xtt Iy s6 lieu déu duge thie hién trong ham Loop (), cac khai bao va lénh tuong tng duge dat
tai cac vi tri nhu dugc chi ra trong vi du bén trén.

Vi

du:
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void Ana::Loop() {
if (fChain == 0) return;

Int_t nentries = Int_t(fChain->GetEntries());
TH1F *hist = new TH1F("","", 100, 0, 10000);

Int_t nbytes = 0, nb = 0;
for (Int_t jentry=0; jentry<nentries; jentry++) {
Int_t ientry = LoadTree(jentry);
nb = fChain->GetEntry(jentry); nbytes += nb;
for(Int_t itrack=0;itrack<TrackP->size() ;++itrack) {
if (TrackP->at(itrack) > 1000)
hist->Fill (TrackP->at(itrack));
}
}

hist->Draw () ;

I)éthucthiﬁkaxﬁly;tathUClﬂénIﬂnIsau

root [0] .L MyAnalysis.C
root [1] MyAnalysis a
root [2] a.Loop()
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CHUONG 8

BIEN DICH THUC THI ROOT

Bén canh viéc thuc thi cac lénh cia ROOT thong qua giao dién tuong tac dong lénh (interactive
session) hay sit dung cac macro, chiing ta con c6 thé bién dich chiing thanh cac chuong trinh doc
lap dé c6 thé rat ngin thoi gian chay chuong trinh. Trong chuong nay, cac ban sé dude huéng dan
cach thic bién dich cac ma lénh cia ROOT thanh mdt chuwong trinh doc lap, ciing nhw cach lién
két v6i cAc module ngoai duge xay dung bang cac ngon ngit lap trinh C++ va Python.

8.1 Bién dich chuong trinh C++ véi ROOT

8.1.1 Trinh bién dich

Trong hau hét cdc phién ban Linux, trinh bién dich dugc mac dinh cai dat sdn 12 GCC (GNU
Compiler Collection), day 1a mot bo cac trinh bien dich c6 kha niang bién dich nhiéu ngon ngit
khac nhau nhu C (gec), C++ (g++), Fortran (gfortran),...

Ten gbc cia GCC 1a GNU C Compiler do ban dau n6 chi hé trg dich ngon ngit 1ap trinh C. Phién
ban dau tien GCC 1.0 duge phat hanh vio nam 1987, sau d6 duge mé rong hd trg dich C++ vao
thang 12 cting nam dé. Sau d6, GCC dudc phat trién cho cac ngon ngit 1ap trinh Fortran, Pascal,
Objective C, Java, and Ada,... Bang dudi trinh bay mot s6 trinh bién dich thong dung nhat trong
GCC.

Ngon ngt | Trinh bién dich
C gcc
C++ g++
Fortran gfortran
Pascal gpc
Java gcj
Ada gnat
D gdc
VHDL ghdl

Ct phap dé bien dich mot chuong trinh nhu sau

compiler [options] <source codes>

Céc tity chon dé diéu khién qué trinh bién dich
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-c tao ra tap tin ddi tugng (.0)

-0 filename tao ra tap tin output c6 tén la filename

-g bién dich & ché dé debug (bao 16i khi c6 16i x4y ra)
-Wall hién thi thong diép cdnh béo (warning)

-1 directory thém thu vién trong qué trinh bién dich

-I directory thém thu muc chita cadc header can thiét trong qué trinh bién dich
-L directory thém thu muc chita cAc thu vién can thiét trong qua trinh bién dich
-0On bién dich véi ché do t6i wu, n = 1,2,3 (thong thuong 1a 2)

Cac trinh bién dich thuong duge dat trong thu muc /usr/bin hay /usr/local/bin. Trong qua
trinh bién dich, néu khong cé yéu cau cu thé, trinh bién dich sé mac dinh tim kiém cac tap tin
header va thu vién trong cting thu muc véi tap tin ma nguon va cac thu muc nhu /usr/include
hay /usr/1lib.

Vi dy: ddi v6i ma nguon duge viét bang ngon ngit C++, ta sé sit dung trinh bién dich g++

$ g++ -o helloworld helloworld.cpp

8.1.2 Bién dich macro véi ROOT

Dé bién dich mot macro ROOT thanh mot chuong trinh doc lap (stand alone) ching ta can phai
bién dich v6i mot trinh bién dich C/C++, trong truong hgp nay ching ta sé st dung g++. Trude
khi bién dich, can phai chic chin la tat ca cac file header can thiét déu da dudc include. Dé lam
dugce diéu do, ching ta st dung cong cu root-config, day 1a mot script cia ROOT cung cap tat ca
cac flag va thu vien can thiét dé c6 thé bien dich dugc chuong trinh va lien két ching t6i cac thu
vien ctia ROOT. Luu § ring dé c6 thé tao ra mot chuong trinh doc lap, ching ta can khai bao
ham main() trong code. Ham main() c6 thé dugc tao ra chi v6i mot nhiém vu duy nhat 1a goi ham
macro.

Vi du:

#ifndef __CINT__

int main() {
Macro () ;
return O;

}

#endif

Khi chay chuong trinh trong ROOT, __CINT__ dugc xac dinh thi doan code trén sé khong dugce
thye thi, nguge lai khi bién dich v6i g++ CINT khong duge xéc dinh thi doan code trén sé duge
thuc thi.

Dé bién dich mot chuong trinh doc lap tit file Macro.C ta chi can go doan lénh:

g++ -o Macro.exe Macro.C “root-config --cflags --1libs”

8.1.3 Bién dich v6i Makefile

Makefile 1a mot tap tin dic biet ding dé mo ta va quan 1y qué trinh bién dich cac tap tin trong
mot dy 4n (project). Tap tin nay chia cac quy tac bien dich va xay dung mot do thi phu thuoc
gitta cac tap tin, thu vién trong cting du an.

Dé bien dich v6i Makefile ta sit dung léenh make, lenh nay sé doc cac budce bien dich trong Makefile
dé dich va sinh ra chuong trinh thyc thi.

$ make
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Cau truc tap tin Makefile gom nhiéu khdi thyc hien, méi khoi gom c6 cac thong tin vé cac thanh
phan phu thugc (dependencies) va cach thiic hay quy tic thyc hien bien dich (rule).

Quy tac tao mot khdi trong Makefile nhit sau

target : dependencies
<tab>commands

e Target: tén ciia tap tin dudc tao ra bdi chuong trinh hoiic 1a céc chi dinh dé thuyc thi mot
hodc mot loat tac vu ndo do, cac target khong duge bat dau bang dau .’

e Dependencies: cac tap tin dau vao hodic phu thuoc dé tao ra target, khi cac tap tin nay thay
ddi (do chinh sita ma nguon hosic thai gian Iwu bi thay ddi) thi target can duge bién dich lai.

e Commands: cac lénh ma trinh make sé thyc thi. Mot quy téc (rule) c6 thé c6 nhiéu lénh,
modi léenh thuong duge viét trén mot dong, truée mdi dong can phai c6 dau tab.

Vi du Makefile Gia st ta c6 mot 16p MyClass da duge xay dung sdn bing ngon ngit 1ap trinh
C++, 16p nay dugc dinh nghia trong hai tap tin MyClass.h va MyClass.cpp. Ta viét mot chuong
trinh c6 sit dung 16p MyClass (tap tin main.cpp), dé tao tap tin thyc thi cho chuong trinh nay ta
c6 thé thuc hién viéc bién dich 1an lugt nhu sau

$ g++ -c MyClass.cpp
$ g++ -c main.cpp
$ g++ main.o MyClass.o -o myprogram

Dong cudi cuing lien két hai tap tin da dugc bién dich lai tao thanh tap tin thyc thi myprogram ma
ta co thé chay duge qua lenh

$ ./myprogram

Tuy nhién, trong vi du nay thay vi thuc hién bién dich theo céch trén, ta sé viét mot Makefile dé
bién dich tu dong chuong trinh nay.

Dau tién, ta st dung trinh soan thdo van ban tao mot tap tin c6 tén 1a Makefile

$ gedit Makefile

Trong tap tin nay, ta khai bao trinh bién dich v& cac tly chinh can thiét

CC = g++
FLAGS = -c -g -Wall

Khai béo cac dbi tugng (object) can bién dich, trong truong hgp nay ta can hai doi tugng 1a main.o
va MyClass.o

main.o : main.cpp MyClass.h
$(CC) $(FLAGS) main.cpp
MyClass.o : MyClass.cpp MyClass.h
$(CC) $(FLAGS) MyClass.cpp

Khai bao tap tin thyc thi va phuong thiic lien két

myprogram : main.o MyClass.o
$(CC) main.o MyClass.o -o myprogram

Khai bao thém tity chinh clean cho lénh make dé xéa céc tap tin da dugc bien dich

clean:
rm -f *.o myprogram

Makefile hoan chinh c¢6 noi dung nhu sau
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CC = g++

FLAGS = -c -g -Wall

main.o : main.cpp MyClass.h

$(CC) $(FLAGS) main.cpp
MyClass.o : MyClass.cpp MyClass.h
$(CC) $(FLAGS) MyClass.cpp

myprogram : main.o MyClass.o
$(CC) main.o MyClass.o -o myprogram
clean:

rm -f *.o myprogram

Trong truong hgp bién dich v6i ROOT, ta thém cac flag sau

CFLAGS=-c -g -Wall “root-config --cflags"
LDFLAGS="root-config --1libs"

Dé thuyc thi viéc bién dich v6i Makefile, tai dau nhic ta go

$ make

Dé x6a tat ca cac tap tin vita dugc bien dich, ta go

$ make clean

8.2

Cach t6 chic ma ngudn ciia C++ va ROOT

D6i v6i mot chuong trinh C++ don gian thi toan bo noi dung ciia chuong trinh cé thé duge chita
trong mot file duy nhat. Tuy nhién déi vé6i cac chuong trinh 16n c6 cau trac phitc tap, thuong 1a
cac du an (project), ta can phai chia nhé ma ngudn ra thanh nhiéu file dé quan ly. Viéc chia nho
nay c6 nhiéu Igi ich

Téang toc do bién dich: hau hét cac trinh bién dich lam viéc trén 1 file trong 1 lic, do d6 cho
di1 ta chi thyc hien mot thay ddi nhé trong file, ta ciing phai bién dich lai toan bo file. Mit
khéc, néu ta chia ma ngudn ra thanh nhiéu file, thi chi yéu cau file c6 su thay déi duge bien
dich lai.

Tang cuong su to chic: viec phan chia ma ngudn mot cach hop 1y sé gitp ta dé dang hon
trong viéc tim kiém nhitng ham, bién, dinh nghia cac cau tric/16p,... dic biét khi ta can
xem lai 1 doan ma dé tim kiém céi gi do.

Gidm bét sy viét lgi: néu ma ngudn dude phan chia can than thanh nhiing doan doc lap véi
nhau, ta c6 thé sit dung lai chiing trong céc du an khac, tiét kiem thoi gian phai viét lai lan
sau.

Chia sé ma nguon gitta cdac dy dn: tuong ty nhu viéc gidm bét sy viét lai, 16i ich ctia viée chia
sé file nay so vdi stt dung copy-paste 1a bat cit 16i nao dude stta trong 1 hay nhiéu file trong
1 du an sé c6 tac dung v6i nhitng du an khéc, va tat cd cac du an c6 thé chic chin duge cap
nhat ban méi nhat.

Phan chia trach nhiém gitia cdc lgp trinh vién: trong nhing dy an 16n that sy thuong cé
nhiéu hon 1 lap trinh vién cting viét chung ma nguon. Do d6, ta sé phai chia lam nhiéu file
dé mdi lap trinh vien c6 thé lam viéc trén ting phan riéng biet ma khong anh huéng dén cac
lap trinh vién khéc.
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File header Thong thuong ma nguon dugce phan chia theo dang céc ‘module’ (doi khi 1 module
c6 thé chia ra thanh 2 hay nhiéu file), tao nhitng file méi véi nhitng tén c6 nghia sé gitip ngusi
duing biét noi dung bén trong khi nhin luét qua. Thong thuong trong C++, ngudi ta chia mdi 16p
vao mot file riéng, nhu vay sé tién hon thay vi cho tat cd viho mot chd, va céc file ndy thuong co6
tén triing véi tén ctia 16p. Dé tach theo cach nay, ta can sit dung céc file header (thudng c6 dudi .h,
.hpp, .hxz), day 1a cac file cho phép dinh nghia cdc thanh phan ctia chuong trinh & cac file riéng,
va khi can st dung lai thi c6 thé goi dé dang bang cach dua vao chuong trinh qua lénh #include.

Noi dung ciia file header thuong gom c6
e Cac chi thi tién x1t Iy

Dinh nghia 16p hodc cau triic, template

Dinh nghia kié¢u typedef

Dinh nghia ham
e Bién toan cuc
e Hing s6

Gia sit chiing ta muén dinh nghia mot 16p MyClass, ta sé tao mot file header MyClass.h c6 noi
dung nhu sau

class MyClass {
public:
void foo();
int bar;

};

File ma nguon MyClass.cpp c6 noi dung

#include "MyClass.h"

void MyClass::foo () {
std::cout << "Hello" << std::endl;

3

Mai file ma nguon clia 16p MyClass can phai #include "MyClass.h". Luu ¥ rang ta nén dung
ngodc kép “ 7 hon 1a ngosc nhon <> khi include nhitng file header, dau ngodc kép sé cho trinh bién
dich biét phai tim kiém header trong thu muc chuong trinh trudc, roi méi dén cac header chuan
cua trinh bién dich.

File ma nguon chinh main.cpp c6 noi dung

#include "MyClass.h" // dinh nghia MyClass

int main ()

{
MyClass a;
a.foo();
return O;

3

Nhitng file header sé tré thanh phan chung giita cac module hay 16p con. Bang cach #include
mot header, ta cé thé truy xuat dén toan bo nhitng dinh nghia ciu tric, tén ham, hang sb... cia
module hoic 16p tuong tng.
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Mot s6 16i thuong gap khi bien dich v6i header!

e Khong tim thay dinh nghia can thiét: diéu nay sé lam cho file ma ngudn khong bién dich
duge bdi vi ¢c6 mot sd nhitng dinh nghia chua duge khai bdo do khong duge include tit cac
file header. Gia su ta c6 3 file (Header1.h, Header2.h va File.cpp) nhu sau

/* Headerl.h x/
class ClassOne { ... };

/* Header2.h */
#include "Headerl.h"
class ClassTwo { ... };

/* File.cpp */

#include "Header2.h"
ClassOne myClassOne;
ClassTwo myClassTwo;

Trong trudng hgp nay, File.cpp sé bién dich t6t, vi da include Header2.h va gian tiép include
Header1.h, c6 nghia la File.cpp c6 thé truy xuat dén 16p ClassOne. Nhung néu mot thoi gian
sau, ai d6 cho rang Header2.h khong can thiét phai include Headerl.h va xoa dong include
do6 di, hau qua 1a File.cpp sé khong thé bien dich duge. Do do, ta can phai dit khoat khi
include bat ki header nao can cho file ma ngudn dé bien dich, khong nén chi dya vao nhing
file header include gian tiép ma c6 thé sé thay doi.

Tuy nhién viéc nay doi khi lai dan t6i mot s6 161 sé duge trinh bay tiép theo sau.

e Phu thudéc vong tron: khi nhitng header xuat hién khi can include 1an nhau dé lam viéc mot
céch c6 dung §. Chéng han nhu ta c6 hai 16p ClassOne va ClassTwo phu thudc lan nhau

/* Headerl.h x/
#include "Header2.h"
class ClassOne { ClassTwo two; 1I};

/* Header2.h */
#include "Headerl.h"
class ClassTwo { ClassOne one; };

That ra 16p ClassOne khong can phai biét chi tiét ctia 16p ClassTwo, do né chi sit dung con
tré ctia 16p ClassTwo chit khong sit dung toan bo déi tugng ctia 16p nay. Con tré khong can
biét né chi dén dau, do dé ta khong can phai dinh nghia cau tric hosic 16p dé chia con trd.
Diéu nay c6 nghia la dong #include & day 1a khong can thiét.

Tuy nhién, khi trinh bién dich hoat dong, khi bién dich 16p ClassOne no6 sé can t6i ClassTwo
ma lic nay chua duge bién dich do né ciing can t6i ClassOne dugc bién dich (nén nhé I trinh
bién dich méi ltc chi hoat dong véi 1 file), do d6 sé gay ra 16i “Undeclared identifier”. Dé khac
phuc 16i nay, thay vi sit dung include, ta sé st dung khai bao truée (forward declaration)

/* Headerl.h x*/
class ClassTwo; // khai bao truoc ClassTwo
class ClassOne { ClassTwo two; 1};

/* Header2.h x*/
class ClassOne; // khai bao truoc ClassOne
class ClassTwo { ClassOne one; 1};

LCach thitc bien dich chuong trinh véi file header duge huéng dan & Phan 6 trong tai lieu “Nhdp mon hé diéu
hanh Linuz” (http://goo.gl/11gQjF)
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e Dinh nghia chong: khi 1 16p hoac cau tric dude goi 2 lan trong 1 file nguon. Diéu nay sé gay
ra 16i trong thoi gian bien dich (compile-time error) va thudng xuét hién khi goi nhiéu file
header trong 1 file header khéc, lam cho header dudc goi 2 lan khi ban bién dich file nguon.
Dé khic phuc dugc 16i nay ta st dung céc include guard dé didm bao ring mot header file
chi dugc include mot 1an trong chuong trinh. Ching han nhu file MyClass.h lGc nay sé c6 noi
dung

#ifndef MYCLASS_H // neu MyClass chua duoc dinh nghia
#define MYCLASS_H // thi dinh nghia MyClass

class MyClass {
public:
void foo();
int bar;

};

#endif

8.3 ROOT va Python

Tuong tu nhu C++, ROOT ciing can lien két véi cac module Python dé xay dung nén cic goi xit
ly s6 lieu. Phan nay sé trinh bay mot cach so lude cach st dung Python trong ROOT va ngudc lai.

8.3.1 PyROOT

PyROOT la mot module Python cho phép ngusi dung tuong tac véi cac 16p cuia ROOT tir trinh
thong dich Python. Viéc nay ciing tuong ty nhu cac ROOT dictionary nén khong can phai tao cac
Python wrapper dé dua cac 16p ciia ROOT vao. Dong thsi PyROOT ciing cho phép ngudi diing
thyc thi cac lénh ctia Python bén trong trinh thong dich ROOT/CINT.

D@ cai dat PyROOT, ta lam theo cic huéng dan ¢ day http://wlav.web.cern.ch/wlav/pyroot/
installation.html.

Sau khi da cai dit PyROOT, ta c6é thé st dung lenh import dé nhap céc 16p ciia ROOT ma ta
muén diing vao trong Python, chang han nhu doan code sau

from ROOT import gROOT, TCanvas, TF1

gRO0OT .Reset ()
cl = TCanvas( 'cl', 'Example with Formula', 200, 10, 700, 500 )

# Tao mot ham 1-chieu va ve no

funl = TF1( 'funl', 'abs(sin(x)/x)', 0, 10 )
cl.SetGridx ()

cl.SetGridy ()

funl.Draw ()

cl.Update ()

Trong truong hop ta mudn dua mot 16p tu tao vao trong Python, truée tién ta can tao thu vién tit
16p d6 thong qua ACLIC. Vi duy: gid st ta c6 file MyClass.C' ¢6 noi dung

class MyClass {

public:

MyClass (int value = 0) {
m_value = value;

X

void SetValue (int value) {
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m_value = value;
}
int GetValue () {
return m_value;
}
private:
int m_value;

};

Thu vién dugc tao ra bang lénh

$ echo .L MyClass.C+ | root.exe -b

Sau do6 load tit Python

from ROOT import gSystem
# load thu vien MyClass
gSystem.Load ('MyClass_C')
# import MyClass tu ROOT
from ROOT import MyClass
# su dung lop MyClass

m = MyClass (42)

print m.GetValue ()

Ngoai ra, ta ciing c6 thé load truc tiép file macro ma khong can phai tao thu vien, nhung diéu nay
sé giGi han chung ta chi dugc st dung ham khéi tao méc dinh cta 16p

from ROOT import gROOT
gROOT .LoadMacro ('MyClass.C"')

Chi tiét cach sit dung PyROOT c6 thé dugc tham khao tai http://wlav.web.cern.ch/wlav/
pyroot/.

8.3.2 S dung Python trong ROOT

Ta c6 thé sit dung Python trong ROOT béng céch sit dung thu vién ctia PyROOT (I6p TPython?),
chédng han nhu

root [0] gSystem->Load("1libPyROOT")

root [1] TPython::Exec( "print 1 + 1" )

2

root [2] TBrowser *b = (void*)TPython::Eval( "ROOT.TBrowser ()" )
(class TObject*)0x8dldaa0

root [3] TPython::Prompt() // su dung shell Python

>>> i = 2

root [4] TPython::Prompt() // su dung shell Python

>>> print i

2

2Xem thém tai http://root.cern.ch/root/html/TPython.html




CHUGNG 9

XU LY PHO GAMMA VGI ROOT

Chuong nay sé huéng dan céc ban mot sé cach thitc co ban doc mot file phd dang text va xit 1y
phd vé6i cong cu ROOT. Mac dit chi chit yéu tap trung vao cach thic xit I phd gamma nhung cac
ban hoan toan cé thé ap dung cac kién thitc doc duge vao trong viéc xit Iy cac loai pho khac mot
khi da nam dudc cach thiic hoat dong ctia chuong trinh.

9.1 Doc file phd

Thoéng thudng cac pho sé duge luu lai dusi dang cac file s6 lieu (phan 16n 1a dang text néu kich
thude dit lieu khong qué 16n) dé tien cho viec xit 1y offline. Trong phan nay chiing ta sé& hoc cach
doc pho tit mot file dang text va luu vao trong histogram dé phuc vu cho cac bude xit 1y tiép theo.

Dé tien cho viéc minh hoa, ta sé sit dung mot file phé gamma ctia nguon °Co 1024 kenh (down-
load tai http://goo.gl/wQeh2m). Phd gamma nay c6 hai dinh tuong ting v6i nang lugng 1173 va
1332keV .

Dau tién, chiing ta sé tao mot file macro dé xit 1y phd c6 tén la pho gamma.c, Trong file macro
nay, ta tao mot ham c6 tén pho_gamma() (luu y rang tén ham phai tring véi tén cua file)

void pho_gamma ()
{

}

Ké tiép ching ta sé khai bao mot histogram 1-chiéu dé chita phd

void pho_gamma ()
{
// Khai bao histogram
TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh", 1024, 1, 1024);

Bo6 ba tham s6 cudi cting (1024,1,1024) diung dé khai bao 1an lugt s6 kénh (1024), gia tri tng véi
kenh dau tién (1) va kénh cudi cung (1024).

Trong trudng hop ta mudn vé phd theo nang luong ta c¢é thé khai bdo nhu sau
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double nang_luong(int kenh)

{
const double A 1.0; // gia tri vi du
const double B = 0.0; // gia tri vi du
return (Axkenh+B);

}

void pho_gamma ()
{
// Khai bao histogram
TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh", 1024, nang_luong(l),
nang_luong (1024));
}

v6i nang_luong(kenh) la ham tra vé gia tri nang lugng tuong ting véi kénh dua vao duong chuan
ning lugng ta da chuan trude do.

Sau khi da hoan thanh viéc khai bao histogram, cong viéc tiép theo chiing ta sé 1a tién hanh md
file dé doc s6 lieu, c¢6 2 cach dé thuc hién viec nay

e Cach 1: st dung thu vién stdio

// Mo file pho Co60.dat
FILE xfile = fopen("Co60.dat","r");

// Doc file pho

int 1 = 0;

double sodem;

while (!feof(file)) {
fscanf (file,"%1f" ,&sodem) ;
hi1->SetBinContent (++i,sodem) ;

}

// Dong file pho
fclose(file);

e Cach 2: st dung thu vién iostream

// Mo file pho Co060.dat
ifstream file("Co60.dat");

// Doc file pho

int 1 = 0;

double sodem;

while (!file.eof()) {
file >> sodem;
hi->SetBinContent (++i,sodem) ;

}

// Dong file pho
file.close();

Luu y:

e Trong mot s6 truong hop, dit lieu pho c6 chita ca nhitng thong tin vé detector, nguon (mau)
do, thdi gian do,... (thudng ndm & dau file), do d6 chiing ta c6 thé sé phai thay déi cach doc
file cho phit hgp véi ting truong hgp cu thé.

e Do s6 lieu pho gamma da ghi nhan san s6 dém theo kénh nén ta st dung SetBinContent ()
dé gan thang gia tri cho kénh tuong tng. Trong trusng hgp sb lieu tho (chi c6 gia tri niang
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lugng hodc dién thé ghi nhan, chua sip xép s6 dém theo kénh), ta c6 thé sit dung phuong
thiic Fi11() dé ghi nhan gia tri cho kénh tuong ting, vd:

h1->Fill (nangluong) ;

Trong truong hop can vé pho, ta go

hi1->Draw () ;

Néu mudn thém thong tin ciia hai truc x va y khi vé phd, ta thém cac dong lénh sau trudc dong
lenh h1->Draw()

hi->GetXaxis () ->SetTitle ("Channel");
hl1->GetYaxis () ->SetTitle ("Number of entries");

Sau khi thye hién xong tat ca cac budc liet ke, file macro pho gamma.c dién hinh c6 noi dung nhu
sau

void pho_gamma ()
{
// Khai bao histogram
TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh",1024, 1, 1024);

// Mo file pho Co60.dat
ifstream file("Co60.dat");

// Doc file pho

int 1 = 0;

double sodem;

while (!'file.eof()) {
file >> sodem;
hi->SetBinContent (++i, sodem) ;

}

// Dong file pho
file.close () ;

// Ve pho

hl1->GetXaxis () ->SetTitle ("Channel");
hl1->GetYaxis () ->SetTitle ("Number of entries");
hi1->Draw () ;

Dé thuc thi file macro trong ROOT, tai ddu nhéic ta go lenh

> root -1 -q pho_gamma.c

Két qua vé phd dugc cho nhu trong Hinh 9.1.

9.2 Lam khép dinh phd va phéng nén
9.2.1 Lam khép véi 1 dinh

Gia st ta mudn lam khép dinh nang hwgng 1173keV theo dang Gaussian

202

f(z) = Aexp {—W] (9.1)
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Hinh 9.1: Pho ctia nguon %°Co 1024 kénh

trong d6 A 1a do cao dinh, zo 1a vi tri ctia dinh vi o 14 do léch chuan ciia phan bé dinh. Va phong
nén c¢6 dang tuyén tinh (da thitc bac nhat)

g(x) =ax+b (9.2)

Ta khai b4o hai ham dinh v phong nén trong ROOT nhu sau

// Ham mo ta dinh dang Gaussian

TF1 *dinh = new TF1("dinh", "[0]*TMath::Gaus(x,[1],[2])", min, max);
// Ham mo ta phong nen dang da thuc bac 1

TF1 *phongnen = new TF1("phongnen", "[0]+[1]*x", min, max);

Ching ta dinh nghia hai ham dinh (3 tham s6)va phongnen (2 tham s6) tuong ting v6i dang ctia
dinh va phong nén ma ta can lam khép. Hai gia tri min vA max tuong ting véi khoang gid tri (khoang
kénh) ma ta can lam khép. Ngoai ra ta cling c6 thé sit dung cdc ham tich hgp c6 sin trong TF1 dé
khai bao

// Ham mo ta dinh dang Gaussian

TF1 *dinh = new TF1("dinh", "gaus", min, max);

// Ham mo ta phong nen dang da thuc bac 1

TF1 *phongnen = new TF1("phongnen", "poll", min, max);

Ké do, ta sé dinh nghia ham can lam khép la tdng ctia hai ham nay

// Ham lam khop bang tong cua ham dinh va phong nen
TF1 *f = new TF1("f", "dinh+phongnen", min, max);

Ham f sé& c6 tat cd 5 tham s6, trong d6 ba tham s6 dau tién (c6 chi s6 tit 0 dén 2) sé& tuong ting
v6i cac tham s6 clia dinh va 2 tham s6 cudi sé tuong ing véi phong nén.

Trong trudng hgp mudn cung cap gia tri uéc lugng (vi tri dinh, do rong dinh,...) cho cdc tham s6
trong qua trinh lam khép, ta cé thé sit dung ham SetParameter ()

// Tham so dau vao
f->SetParameter (1,680) ;
f->SetParameter (2,10);

// uwoc luong vi tri dinh (tham so co chi so 1)
// uwoc luong be rong dinh (tham so co chi so 2)
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Dé lam khép histogram, ta go

hi1->Fit ("f");

Sau khi them phan lam khdp, file pho gamma.c c6 noi dung nhu sau

void pho_gamma ()

{
TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh",1024, 1, 1024);
ifstream file("Co60.dat");
int i = 0;
double sodem;
while (!file.eof()) {
file >> sodem;
hl1->SetBinContent (++i, sodem) ;
}
file.close () ;
// Khai bao ham can lam khop
double min = 650, max = 730;
TF1 *dinh = new TF1("dinh", "[O0]*TMath::Gaus(x,[1],[2])",min, max);
TF1 *phongnen = new TF1("phongnen", "[0]+[1]*x", min, max);
TF1 *f = new TF1("f", "dinh+phongnen", min, max);
// Tien hanh lam khop
f->SetParameter (1,680); // uoc luong vi tri dinh
f->SetParameter (2,10); // uoc luong do rong dinh
hi->Fit ("£");
}

Két qua lam khép! duge cho duéi day va trong Hinh 9.2

FCN=190921 FROM MIGRAD STATUS=CONVERGED 388 CALLS 389 TOTAL
EDM=6.14761e-09 STRATEGY= 1 ERROR MATRIX UNCERTAINTY
1.9 per cent
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 poO 2.16985e+03 1.02833e+01 -7.58175e-03 1.92097e-06
2 pil 6.94718e+02 6.69816e-02 -5.47668e-07 -6.69323e-04
3 p2 1.58867e+01 5.90663e-02 8.79692e-05 1.05771e-03
4 p3 4.55614e+02 1.09715e+00 7.77381e-04 7.57560e-06
5 p4 -3.34368e-01 1.45069e-03 -9.55275e-07 -8.72390e-02

Trong do, po,...,p4 1 cac tham s6 duge lam khép. Dé truy xuat cac tham s6 duge lam khép, ta sit
dung ham GetParameters()

float *par;
f->GetParameters (par) ;

Lam khép v6i ham do ngudi dung tu dinh nghia Trong trudng hgp st dung ham do nguoi
diing tu dinh nghia, trudc tién ta can phai khai bdo cac dang ctia ham can lam khép

// Ham mo ta dinh dang Gaussian
double dinh(double *x, double *par) {

return (par [0]*TMath::Gaus(x[0],par[1],par[2]));
}

LCong cu dugc sit dung dé lam khép & day 1a 16p TMinuit
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Hinh 9.2: Két qua lam khép dinh 1173keV

// Ham mo ta phong nen dang da thuc bac 1

double phongnen(double *x, double *par) {
return par [0] + par[1]1*x[0];

}

Ham can lam khép 1a tdng clia hai ham dinh() va phongnen ()

// Ham lam khop bang tong cua ham dinh Gaussian va phong nen
double tong(double *x, double *par) {

return (dinh(x,par)+phongnen (x,&par[3]));
}

Ham tong() c6 tat ca 5 tham s6, trong d6 3 tham s6 dau (c6 chi s6 tir 0 dén 2) la cac tham s6 mo
t4 dinh Gaussian va 2 tham s6 cubi (c6 chi s6 3 va 4) mo ta phong nén. Do d6 trong ta chi can khai
béo dinh(x,par) (tuong duong véi dinh(x,&par [0]1), con dbi v6i ham phong nén ta can khai bao
phongnen (x,&par [3]) dé gan tham s6 thit tu (c6 chi s6 3) cho tham s6 dau tién ctia ham phong
nén.

Trong ham pho_gamma() ta khai bdo mot déi tugng thuoc 16p TF1 tuong tng v6i ham can lam
khép

// Tao ham f trong khoang (min,max) co 5 tham so (3 cho dinh, 2 cho
phong nen)
TF1 *f = new TF1("f", tong, min, max, 5);

Sau khi dinh nghia ham £, cach thitc lam khép cing tuong tuy nhu huéng dan & trén.

9.2.2 Lam khép véi nhiéu dinh

Twong ty nhu véi cach thic lam khép mot dinh nhung thay vi chi khai bao 1 ham cho 1 dinh duy
nhat, ta sé khai bao thém cac ham dinh nita tuong tng véi s6 luong dinh can lam khép.

Trong vi du nay, ta sé tién hanh lam khép hai dinh 1173 va 1332keV cung lic.

void pho_gamma ()
{
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TH1F *hl = new THiF("hi1",
ifstream file("Co60.dat");

"Pho Co-60 1024 kenh",1024, 1, 1024);

int 1 = 0;
double sodem;
while (!file.eof()) {
file >> sodem;
hl1->SetBinContent (++i, sodem) ;
}

file.close () ;

// Khai bao ham can lam khop
double min 650, max = 840;
TF1 *dinhil new TF1("dinhil",

"[0]*TMath::Gaus(x,[1],[2])" ,min,
TF1 *dinh?2 new TF1("dinh2", "[0]*TMath::Gaus(x,[1],[2])",min,
TF1 *phongnen = new TF1("phongnen", "[0]+[1]*x", min, max);

TF1 *f = new TF1("f", "dinhl+dinh2+phongnen", max) ;

max) ;
max) ;

min,

// Tien hanh lam khop
f->SetParameter (1,680) ;
f->SetParameter (2,10) ;
f->SetParameter (4,800) ;
f->SetParameter (5,10) ;
hi->Fit ("f");

dinh
dinh
dinh
dinh

// uoc luong vi tri
// uoc luong do rong
// uwoc luong vi tri
// uoc luong do rong

NN - =

Két qua thu duge nhu sau

FCN=129525 FROM MIGRAD STATUS=CONVERGED 778 CALLS 779 TOTAL
EDM=1.28668e-07 STRATEGY= 1 ERROR MATRIX UNCERTAINTY
1.7 per cent

EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 pO 2.18317e+03 1.01023e+01 1.19452e-02 4.64791e-05
2 pl 6.94656e+02 6.54987e-02 4.24025e-05 -4.75500e-03
3 p2 1.60211e+01 5.71597e-02 -7.22233e-05 1.06656e-02
4 p3 1.83757e+03 8.86722e+00 -6.74572e-03 9.54455e-06
5 p4 7.87329e+02 7.05984e-02 7.15374e-05 -1.11855e-03
6 pb 1.60234e+01 5.54844e-02 -3.39193e-05 -6.49520e-03
7 p6 4.49787e+02 1.08471e+00 -4.24501e-04 1.32724e-04
8 p7 -3.49310e-01 1.42140e-03 4.71660e-07 2.05778e-01
9.3 TSpectrum

TSpectrum la mot 16p dude xay dyng nhim phuc vu cho nhu cau xit 1y phd, dic biét la phd
gamma. Ma nguon goc clia 16p nay duge viét bdi Miroslav Morhac bing ngon ngit lap trinh C
va viét lai bing C++ bdi Rene Brun. Cac ban c6 thé tham khéo thém thong tin vé 16p nay tai
http://root.cern.ch/root/html530/TSpectrum.html.

Khai bao dé khai bao mot doi tugng thudce 16p TSpectrum ta g

TSpectrum *s = new TSpectrum();

Uéc lugng phéng nén thong qua ham Background(), ham nay sé tinh toan phd phong nén
thong qua thuat toan SNIP (Sensitive Nonlinear Iterative Peak) c6 cong thic nhu sau

. : o Up=1(i+p) +vpa(i —p)
Up(7) = min {vp_l(z), Pl L }

. (9.3)
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Hinh 9.3: Két qua lam khép hai dinh 1173 va 1332keV

v6i p 1a s6 lan lap va i 1a vi tri kénh.
Dé uwéc lugng phong nén dudi chan hai dinh phd °Co ta lam nhu sau

void pho_gamma ()

{
TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh",1024, 1, 1024);
ifstream file("Co60.dat");

int 1 = 0;
double sodem;
while (!'file.eof()) {
file >> sodem;
hi1->SetBinContent (++i, sodem) ;
}
file.close () ;

hl1->GetXaxis () ->SetRange (600,1000); // khoang gia tri (khoang kenh) can
uoc luong phong nen
hi->Draw(); // ve pho

// Khai bao TSpectrum
TSpectrum *s = new TSpectrum();

// Uoc luong phong nen voi so lan lap la 50
// su dung option "same" de ve phong nen tren cung do thi voi pho
TH1F #*background = s->Background(hl,50,"same");

Mot s6 option c¢é thé dugc sit dung trong ham Background () gdm cé:
e BackIncreasingWindow: day la option mac dinh cho ham
e BackOrderN: st dung phuong phéap clipping filter, v6i N = 2, 4, 6, 8
e nosmoothing: khong lam tron (méc dinh la ¢6 lam tron)

° BackSmoothingN:dOr@ng(jhxsélanltrOH,VéiN:: 3,5,7,9,11, 13, 15
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Hinh 9.4: Két qua udc lugng phong nén duéi chan hai dinh 1173 va 1332keV

e Compton: st dung néu c¢6 canh Compton (Compton edge) trong vung lam khép

e same: hién thi két qua trén ciing do thi véi phd

Tim dinh thong qua ham Search(). Phuong phap tim dinh & day dugce dya trén phuong phéap
vi phan bac hai ¢6 lam tron. Cach thic thyc hién nhu sau

void pho_gamma ()

{

TH1F *hl = new TH1F("h1", "Pho Co-60 1024 kenh",1024, 1, 1024);
ifstream file("Co60.dat");

int 1 = 0;
double sodem;
while (!'file.eof()) {
file >> sodem;
hi->SetBinContent (++i, sodem) ;
}
file.close () ;

// Khai bao TSpectrum
TSpectrum *s = new TSpectrum();

// Tim dinh voi cac tham so lan luot la:
// (histogram, sigma, "option", threshold)
int sodinh = s->Search(hl, 2, "", 0.20);

Chitic nang ciia cac tham s trong ham Search() nhu sau:

e histogram: pho can tim dinh.

e sigma: do rong dinh. Trong truong hop dinh tai kénh 4 c6 hiéu gitta s6 dém dinh va s6 dém
trung binh ctia hai kénh (i — 3*sigma, i + 3*sigma) nho6 hon threshold, dinh nay sé bi loai bo.

e threshold: cac dinh c6 s6 dém nhé hon tich ctia threshold va s6 dém ctia dinh cao nhat sé bi
loai b6 (gia tri mac dinh la 0.05).




9.3. TSpectrum 142

Pho Co-60 1024 kenh

h1
2500 Entries 1024
Mean 485.1
RMS 255

2000

1500

1000

500

Hinh 9.5: Két qua tim dinh ctia phd %0Co, vi trf clia céc dinh duge danh dau bdi tam gidc mau do

e option:
— noMarkov: khong st dung thuat todn chuéi Markov (mac dinh la ¢6 sit dung)
— goff: khong luu dit lieu va vé két qua tim dinh
— nodraw: khong vé pho vé6i két qua tim dinh

Dé thu dugc thong tin vé s6 luong dinh tim dude va vi tri cac dinh ta cé thé truy xudt cac thanh
phan fNPeaks va fPositionX thong qua cdc ham

int sodinh = s->GetNPeaks () ; // so luong dinh tim duoc
float *vitri = s->GetPositionX(); // mang (array) chua vi tri cac dinh
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