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Prerequisites

- Prerequisites / B & 9 ©E MR
- Basic UNIX shell operations / &4 UNIX T)UiR(E

- UNIXAFS https://github.com/cmsi/malive-tutorial/blob/master/
introduction/shell.md

- Basic Programming in C++ and/or Python / C++Pythonlc k5707 =
ST DEMR



https://github.com/cmsi/malive-tutorial/blob/master/introduction/shell.md
https://github.com/cmsi/malive-tutorial/blob/master/introduction/shell.md
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Part I: Test-Driven Development / X FEREIREF

What’'s TDD ? / - AMEREIFF (S 7



What's Test-Driven Development?

- Test-driven development (TDD) / 7 A ~EREnFIFE
- Red: Write a failing automated test before you write any code / J1—F
= EZ2<HIICKRHNITSEET AN I—FZnT =<
- Green: Write just enough code to pass the test / Az /N2 T 5=/IK[E
NDI—FZ=EL
- Refactor: Remove duplication / EE%fFET S

Write just enough
code to pass the test.

Write a test,
watch it fail.

Improve the code without
changing its behavior.

https://hashstrix.com/post/what-is-test-driven-development-tdd/ 7



https://hashstrix.com/post/what-is-test-driven-development-tdd/

Traditional Program Development

- Traditional Program Development / #e3&8ID T 0T 5 LFEF
- Write specifications / fiHRE%E<
- Write code / 1—FZE<
- Perform tests / 7 AFZ175
- Debugging / 7/\wJ 9%
- Write documentation / ¥Z17)LZ=E<
- Release / J1J—2X

- Problems / i@
- Specifications change during the course of development / FEFEDEFT
IR ZEN D
- Can not know if all of the specifications have been tested / {TH#kDET
MTARTETLDINIOH S5
- Can not know if bugs still exist / /\Ih 5> TL\EHNE DD H 5L
- Can not know if it’s completed / EE LD E DDA N 57N




Debugging is twice as hard as writing the code in the first place.
Therefore, if you write the code as cleverly as possible, you are, by
definition, not smart enough to debug it.

7Ny (& BHIDBRE TI—REB KLY 2EFHUL P IC, FTAIRY B I—
REBZELES, EDI—RICAI DB RES SRENENET NV TEZ(F
EDERV\DIIBETHS

— Brian W. Kernighan



Test-Driven Development

. TDD =

- Technology to develop "clean code that works” effortlessly / IE){Ed 5
SNWRO—R 1 Z XMV RRUICHEFE T D

- Advantages of TDD / TDDMD#! s
- Small time/cost to fix bugs / /\T Z{(EIET D F TOREE - A RANT 0N
- The tests themselves are the specification / TAFZDEDHIERE
- No need to worry about if the bug is still there / /N7 H 552> TS HVLED
g DWMENTRLN
- Can know if it is completed or not / EELL7TZDNE DDA HD

- It feels good to be "Green” so often. Less stress / #8Z(CGreenll2d D
TRFEBENL AL AR

- Can refactor with confidence / BEZt€2>TUTD7 050 TES

- Easier to maintain as there are no duplicates / EENRXVNDT A TF
A HNEE

- Clean code is actually faster / SNLVad—RIEEBFEL)
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Writing Comments

- Comments in Source Code / V—XO—FHDOIAXAFIDLNT

- A comment is of zero (or negative) value if itiswrong / Iz 20X %
ANTE ENHAFTEYZEDTHNIIMEIZEO(HDWIEVYAFTR)THD (B. W.
Kernighan and P. J. Plauger)

- Comments are not running code / ETENADIETIAETIERL)
- Avoid duplication / EEZEIT5
- Let the code speak for itself / I—RFREHEIZESTES

- How to write comments / IXEDES A
- Write "How” in code / J—FIZ[EHow!
- Write "What” in tests / 7 AFI—FIZ[ETWhat ]
- Write "Why” in commit logs / J=wvkOZ(ZIEWhy |
- Write "Why not” in code comments / I—FIX2KZETWhy notl
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Tools for TDD

- Tools for TDD / 7 A MEREIFEFEICHNERY —)UEE
- Text editor / 7+ AFITT74% %
- Visual Studio Code, Vim, Emacs, nano, Mousepad...
- Programming language / 7OV 2= 558
- C++ compiler, Python interpreter / C++32/5135, Python12%71%
- Build tools / EJLFY—Ib ey,
- Make , AutoTools, CMake ACMake @ = pLJ’[hOﬂ
- Test framework / 7 AT —LT—7
- C++: Google Test, Boost.Test, Catch?2 ///C-ath
- Python: DocTest, UnitTest, pytest - IT pytest
- Version control system (VCS) / /IN\=DU3 2 &EEI T A
- Continuous integration (CI) / fitfify1 7oL —23
- Subversion, Git, GitLab, GitHub, Jenkins, Travis CI 0 git

GitHub

12



Make & CMake

- Make (1976~ 1)
- Automates a series of tasks based on dependencies / #fkFEKRICED

= —EDIEEZBENE
- Describe dependencies and work procedures in the Makefile / {&7zR8

B EEFIEIIMakefilelZEEhd D
- UNIX/Linux standard tool / UNIX/LinuxiZ#'Y—)l

- CMake (1999~) https://cmake.org/
- Utility that generates a Makefile / MakefilezZp L C<NE1—741 )7+

- Settings are written in CMakelLists.txt / %Eld&CMakelists.txt|ZEtihd D
- Automatic detection of file dependencies / 771V DO#{ZE (%D EEEH
- Automatic detection of various external libraries / SETFLHAEZ1T S

D BEIR T
- test execution function / 7 ZAFEITHEE (ctest)

CMakelLists.txt >|Makefile|— |Executables
cmake make

13


https://cmake.org/

Tools Installation Example

- on macOS

$ xcode-select --install

$ /bin/bash -c "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/
install/HEAD/install.sh)”

#t for zsh on Apple silicon (M1/M2)

$ echo ’eval $(/opt/homebrew/bin/brew shellenv)’ >> $HOME/.zprofile

#t for bash on Apple silicon (M1/M2)

$ echo ’eval $(/opt/homebrew/bin/brew shellenv)’ >> $HOME/.bash profile

$ brew install cmake

- on Debian/Ubuntu Linux

$ sudo apt-get install -y build-essential python3-dev cmake git

- on Windows
- use WSL2 7?

14



watchrit fait.
Improve the code without

changing its behavior.

TDD Workflow v o TOD 2
Q

- Red
- Write a failing automated test before you write any code / I—FZ&<

BRI B EEFT AN I—FRZNT=EL
- git fetch = git merge — git checkout
- vim = cmake - make — ctest

- Green
- Write just enough code to pass the test / 7 A+Z /N AT E5HKEODI—F %=
=<

- [vim = cmake » make — ctest...] = git add — git commit ...
- git checkout = git merge = git push

- Refactor
- Remove duplication / EEZRET S

- git checkout
- [Lvim = cmake = make — ctest ...] = git add = git commit ...]

- git checkout = git merge — git push

15



Don’t Repeat Yourself (DRY)

- DRY principle / DRYJZE|

- Fundamental principle for creating simpler, more maintainable,
higher-quality programs / <27V TC. BN EL FTFELYTVWITOT S LS

FDTzH DEREERILTEET

- Don’t Repeat Yourself / &Yz %EEHT 5
- Duplication is waste / &% L #EL
- Repetition in process calls for automation / {EZEDE

SEXBEIETEITS

- Repetition in logic calls for abstraction / O 2o MNE

- DRY © WET
- "write everything twice”
- "write every time”
- "we enjoy typing”
- "waste everyone’s time”

=2 ([IHRIETEIT D
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Measuring programming progress by lines of code is like measuring
aircraft building progress by weight.

O350

AN SIO)

— Bill Gates

R 1—FDITECRID DX, FRITHE

ReEHs CAlDLD



What Are Good Tests?

- F.I.LR.S.T. principle
- Fast / 3£\
- Independent / EWZIHIZL TS
- Repeatable / BHIRagEM4*
- Self-Validating / BEHREE? —» BEMYESN TS ?
- Timely / BUYRYA=20

- A-TRIP principle
- Automated / BENMfESNTLS
+ Thorough / f&IERY
- Repeatable / BHIRagEM4*
- Independent / EWZIHIZL TS
- Professional / 700D 7

18



Part I: Test-Driven Development / X FEREIREF

TDD Demonstration / 7 AEEEIFFDEE



TDD Demonstration

- TDD Demonstration / 7 A ERENREFEE
- Fibonacci sequence / Fibonacci#is!

fO0)=0,/(1) =1, f(n) =f(n - 1) + f(n - 2)
0,1, 1,2,3,5, 8,13, ...

- TDD Iiterations
- Tst iteration: cmake && make
- 2nd iteration: cmake && make && ctest
- 3rd iteration: fibonacci(0) ==

- 4th iteration: fibonacci(1) ==

- 5th iteration: fibonacci(2) == 1 && fibonacci(3) ==

- 6th iteration: fibonacci(10) == 55

- 7th iteration: fibonacci(-1) == 1 && fibonacci(-2) == -1

- 8th iteration: speed up

- 9th iteration: fibonacci(100) == 354224848179261915075

- 10th iteration: Lucas series

20



TDD Demonstration: 1st iteration (C++)

- Test to pass: cmake && make
- Create source & build directories / V—X-EJLET 14 L IR JDIERL
- fibonacci: source directory / V—RO—FZ{EK T ET 1L T
- fibonacci/build: build directory / V/—XO—FZ32 N1V 5T 1L DK

- Pass the location of source directory (directory with CMakelLists.txt) to
cmake / cmakeD5 18IV —X T 1 Lo J(CMakelists.txtD&H 271 LI ))ZIEE

$ mkdir fibonacci
$ mkdir fibonacci/build
$ cd fibonacci/build

$ cmake ..
CMake Error: The source directory ”.../fibonacci” does not appear to contain

CMakelLists.txt.

21



TDD Demonstration: 1st iteration (C++)

- Test to pass: cmake && make
- Create CMakelLists.txt

fibonacci/CMakelLists.txt

cmake minimum required(VERSION 3.14)
project(fibonacci CXX)

set(CMAKE CXX STANDARD 14)

add executable(fibonacci fibonacci.cpp)

target compile options(fibonacci PRIVATE -Wall -Wextra)

$ cd fibonacci/build
$ cmake ..

CMake Error at CMakelists.txt:5 (add executable):
Cannot find source file: ...

22



TDD Demonstration: 1st iteration (C++)

- Test to pass: cmake && make
- Create fibonacci.cpp

fibonacci/fibonacci.cpp
#finclude <iostream>

int main() {
std::cout << "hello, world” << std::endl;

}

$ cd fibonacci/build

$ cmake ..

-- Build files have been written to: .../fibonacci/build
$ make

$ ./fibonacci

hello, world

23



TDD Demonstration: 1st iter. (Python)

- Test to pass: cmake && make
- Create CMakelLists.txt

fibonacci/CMakelists.txt

cmake minimum_required(VERSION 3.14)
project(fibonacci NONE)
find package(Python)

configure file(fibonacci fibonacci FILE PERMISSIONS OWNER READ
OWNER WRITE OWNER EXECUTE GROUP READ GROUP EXECUTE
WORLD READ WORLD EXECUTE)

$ cd fibonacci/build

$ cmake ..

CMake Error at CMakelLists.txt:5 (configure file):
configure file Problem configuring file

24



TDD Demonstration: 1st iter. (Python)

- Test to pass: cmake && make
- Create fibonacci

fibonacci/fibonacci
#l@Python EXECUTABLE@

print("hello, world”)

$ cd fibonacci/build

$ cmake ..

-- Build files have been written to: .../fibonacci/build
$ make

$ ./fibonacci

hello, world

25



Some Good Practices for C++/Python

- C++
- Specify options to make the compiler issue maximum warning
messages / AVINMIHWJRABDEEXA YV ET—IZHRTRDICATIVIVEZIBET D
- for GCC: "-Wall -Wextra”
- Fix code until all warnings go away / ZEN70<R5ETIEET S
- Python
- Do not use version 2, use version 3 / version 2 7Cld7a<, version 3Z{£D
- Install additional modules in the user area, not the system area / JENN
TV 1-IVEI AT LB TIIR< I —F 81 VA=
- create dedicated environment / ERNDEREZ(ES: venv, conda
- for venv
- python3 -m venv venv
- source venv/bin/activate
- pip3 install pytest
- Common
- Always follow a "coding standard” / "J1—7« & ICEICHED

26



TDD Demonstration: 2nd iter. (C++)

- Test to pass: cmake && make && ctest
- Modify CMakelLists.txt

fibonacci/CMakelLists.txt

include(FetchContent)
FetchContent Declare(catch?
GIT REPOSITORY https://github.com/catchorg/Catch?2.git

GIT TAG v3.1.0

)
FetchContent MakeAvailable(Catch?2)

enable testing()

add executable(fibonacci fibonacci.cpp)
target compile options(fibonacci PRIVATE -Wall -Wextra)

add executable(test fibonacci test fibonacci.cpp)

target compile options(test fibonacci PRIVATE -Wall -Wextra)
target link libraries(test fibonacci Catch?2::Catch2WithMain)
add test(test fibonacci test fibonacci)

27



TDD Demonstration: 2nd iter. (C++)

- Test to pass: cmake && make && ctest
- Create test fibonacci.cpp

fibonacci/test fibonacci.cpp
ffinclude <catch2/catch test macros.hpp>

TEST CASE("fibonacci”, "test”) {
REQUIRE(2 * 2 == 4);
}

$ cd fibonacci/build

$ cmake ..

-- Build files have been written to: .../fibonacci/build
$ make

$ ctest
Test project .../fibonacci/build
Start 1: test fibonacci
1/1 Test #1: test fibonacCi ...c.eevvuunnenene. Passed 0.02 sec
100% tests passed, O tests failed out of 1

28



TDD Demonstration: 2nd iter. (Python)

- Test to pass: cmake && make && ctest
- Modify CMakelLists.txt

fibonacci/CMakelLists.txt

execute process(COMMAND ${Python EXECUTABLE} -m venv
${CMAKE BINARY DIR}/venv)

set(ENV{VIRTUAL ENV} ${CMAKE BINARY DIR}/venv)

set(Python FIND VIRTUALENYV FIRST)

unset(Python EXECUTABLE)

find package(Python)

execute process(COMMAND ${Python EXECUTABLE} -m pip install -r
${CMAKE SOURCE DIR}/requirements.txt)

enable testing()

configure file(fibonacci fibonacci FILE PERMISSIONS OWNER READ
OWNER WRITE OWNER EXECUTE GROUP READ GROUP EXECUTE
WORLD READ WORLD EXECUTE)

add test(test fibonacci ${Python EXECUTABLE} -m pytest
${CMAKE CURRENT SOURCE DIR}/test fibonacci.py)

29



TDD Demonstration: 2nd iter. (Python)

- Test to pass: cmake && make && ctest
- Create requirements.txt & test fibonacci.py

fibonacci/requirements.txt
pytest

fibonacci/test fibonacci.py

def test fibonacci():
assert 2 x 2 ==

$ cd fibonacci/build

$ cmake ..

-- Build files have been written to: .../fibonacci/build
$ make

$ ctest
Test project .../fibonacci/build
Start 1: test fibonacci
1/1 Test #1: test fibonacCi ...c.eevvuunnenene. Passed 0.02 sec
100% tests passed, O tests failed out of 1

30



TDD Demonstration: 3rd iter. (C++)

- Test to pass: fibonacci(0) ==
- Modify test fibonacci.cpp and create fibonacci.hpp

fibonacci/test fibonacci.cpp

ftinclude <catch2/catch test macros.hpp>
#tinclude "fibonacci.hpp”

TEST CASE("fibonacci”, "test”) {
REQUIRE (fibonacci(0) == 0);
}

fibonacci/fibonacci.hpp
Hfpragma once

int fibonacci(int) {
return O;

}

31



TDD Demonstration: 3rd iter. (Python)

- Test to pass: fibonacci(0) ==
- Modify test fibonacci.py and create fibonacci.py

fibonacci/test fibonacci.py
from fibonacci import fibonacci

def test fibonacci():
assert fibonacci(0Q) ==

fibonacci/fibonacci.py

def fibonacci(n):
return O

32



TDD Demonstration: 4th iter. (C++)

- Test to pass: fibonacci(1) ==
- Modify test fibonacci.cpp and fibonacci.hpp

fibonacci/test fibonacci.cpp

REQUIRE(fibonacci(0) == 0);
REQUIRE (fibonacci(1) == 1);

fibonacci/fibonacci.hpp

int fibonacci(int) {
if (n ==0)
return O;
return 1;

}

33



TDD Demonstration: 4th iter. (Python)

- Test to pass: fibonacci(1) ==
- Modify test fibonacci.py and fibonacci.py

fibonacci/test fibonacci.py

def test fibonacci():
assert fibonacci(0Q) ==
assert fibonacci(1) ==

fibonacci/fibonacci.py

def fibonacci(n):
if n==0:
return O
return T

34



TDD Demonstration: 5th iter. (C++)

- Test to pass: fibonacci(2) == 1 && fibonacci(3) ==
- Modify test fibonacci.cpp and fibonacci.hpp

fibonacci/test fibonacci.cpp

TEST CASE("fibonacci”, "test”) {
std::vector<std::tuple<int, int>> cases {{0, 0}, {1, 1}, {2, 1}, {3, 2}};
for (auto c : cases) {
REQUIRE (fibonacci(std::get<0>(c)) == std::get<1>(c));
}
}

fibonacci/fibonacci.hpp

int fibonacci(int) {
if (n==0)
return O;
if (n <= 2)
return T1;
return 2;

} 35



TDD Demonstration: 5th iter. (Python)

- Test to pass: fibonacci(2) == 1 && fibonacci(3) ==
- Modify test fibonacci.py and fibonacci.py

fibonacci/test fibonacci.py

def test fibonacci():
cases = [[0, 0], [1, 1], [2, 1], [3, 2]]
for n, v in cases:
assert fibonacci(n) ==v

fibonacci/fibonacci.py

def fibonacci(n):
if n == 0:
return O
if n <= 2:
return T
return 2

36



TDD Demonstration: 6th iter. (C++)

- Test to pass: fibonacci(10) == 55
- Modify test fibonacci.cpp and fibonacci.hpp

fibonacci/test fibonacci.cpp

std::vector<std::tuple<int, int>> cases {{0, 03}, {1, 1}, {2, 1}, {3, 2},
{10, 55}};

fibonacci/fibonacci.hpp

int fibonacci(int) {
if (n==0)
return O;
if (n==1)
return 1;
return fibonacci(n-1) + fibonacci(n-2);

}

37



TDD Demonstration: 6th iter. (Python)

- Test to pass: fibonacci(10) == 55
- Modify test fibonacci.py and fibonacci.py

fibonacci/test fibonacci.py

def test fibonacci():
cases = [[0, 0], [1, 1], [2, 1], [3, 2], [10, 5511
for n, v in cases:
assert fibonacci(n) ==v

fibonacci/fibonacci.hpp
def fibonacci(n):
if n==0:
return O
ifn==1:
return 1
return fibonacci(n-1) + fibonacci(n-2)
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TDD Demonstration: 7th iter. (C++)

- Test to pass: fibonacci(-1) == 1 && fibonacci(-2) == -1
- Modify test fibonacci.cpp and fibonacci.hpp

fibonacci/test fibonacci.cpp

mstd::vector<std::tuple<int, int>> cases {{-2, -1}, {-1, 1}, {0, 0}, {1, 1}, {2, 1},
{3, 2}, {10, 55}};

fibonacci/fibonacci.hpp

int fibonacci(int) {
if (n <0)
return fibonacci(n+2) - fibonacci(n+1);
if (n==0)
return O;
if (hn==1)
return T1;
return fibonacci(n-1) + fibonacci(n-2);

}
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TDD Demonstration: 7th iter. (Python)

- Test to pass: fibonacci(-1) == 1 && fibonacci(-2) == -1
- Modify test fibonacci.py and fibonacci.py

fibonacci/test fibonacci.py

" cases = [[-2, -11, [-1, 11, [0, 01, [1, 11, [2, 11, [3, 21, [10, 5511

fibonacci/fibonacci.py

def fibonacci(n):
if n <O0:
return fibonacci(n+2) - fibonacci(n+1)
if n==0:
return O
ifn==1:
return T
return fibonacci(n-1) + fibonacci(n-2)

40



TDD Demonstration: 8th iter. (C++)

- Refactoring for speed up for large N (~45)
- Modify fibonacci.hpp

fibonacci/fibonacci.hpp

#tinclude <tuple>
int fibonacci(int) {
int vO = O;
int vl = 1;
if (n<0) {
for (inti=-1;i>=n; --i)
std::tie(v0, v1) = std::make tuple(v1 - vO, vO);
return vO;
}
if (n==0)
return vO;
if (n==1)
return vi;
for (inti=2;i<=n; ++i)
std::tie(v1, vO) = std::make tuple(vO + v1, v1);
return vi;

}
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TDD Demonstration: 8th iter. (Python)

- Refactoring for speed up for large N (~45)
- Modify fibonacci.py

fibonacci/fibonacci.py

def fibonacci(n):
vO =0
vl =1
if n <O0:
foriin range(-1, n-1, -1):
vO, vl = (v1 - vO, vO)
return vO
if n == 0:
return vO
ifn==1;:
return v
foriinrange(2, n+1):
vl, vO = (vO + v1, v1)
return v

42



TDD Demonstration: 9th iter. (C++)

- Test to pass: fibonacci(100) == 354224848179261915075
- Modify CMakelLists.txt to use Boost.multiprecision library

fibonacci/CMakelLists.txt

find package(Boost REQUIRED)
include(FetchContent)
enable testing()

add executable(fibonacci fibonacci.cpp)
target compile options(fibonacci PRIVATE -Wall -Wextra)
target link libraries(fibonacci PRIVATE Boost::boost)

add executable(test fibonacci test fibonacci.cpp)

target compile options(test fibonacci PRIVATE -Wall -Wextra)

target link libraries(test fibonacci PRIVATE Boost::boost
Catch2::Catch2WithMain)

add test(test fibonacci test fibonacci)

43


https://www.boost.org/doc/libs/1_80_0/libs/multiprecision/doc/html/index.html

TDD Demonstration: 9th iter. (C++)

- Test to pass: fibonacci(100) == 354224848179261915075
- Modify test fibonacci.cpp

fibonacci/test fibonacci.cpp

std::vector<std::tuple<int, mp::cpp int>> cases {{-2, -1}, {-1, 1}, {0, 0},
{1, 1}, {2, 1}, {3, 2}, {10, 55}, {40, 102334155},
{100, mp::cpp int(’3542248481792619150757)}};
for (auto c : cases) {
REQUIRE (fibonacci(std::get<0>(c)) == std::get<1>(c));
if (std::get<0>(c) > 0)
REQUIRE (fibonacci(std::get<0>(c)) > 0);
}
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TDD Demonstration: 9th iter. (C++)

- Test to pass: fibonacci(100) == 354224848179261915075
- Modify fibonacci.hpp

fibonacci/fibonacci.hpp
Hfpragma once

#finclude <tuple>

#finclude <boost/multiprecision/cpp int.hpp>
namespace mp = boost::multiprecision;

mp::cpp int fibonacci(int n) {
mp::cpp int vO = O;
mp::cpp int vl = 1;
if (n<0) {
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TDD Demonstration: 9th iter. (Python)

- Test to pass: fibonacci(100) == 354224848179261915075
- Modify test fibonacci.py and it just works as a charm

fibonacci/test fibonacci.py

Cases — [[_27 _1]’ [_17 1]7 [07 O]’ [17 1]7 [2’ 1]7 [37 2]’ [107 55]’ [40,
102334155], [100, 3542248481792619150751]]
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TDD Demonstration: 10th iter. (C++)

- Test to pass: lucas(0) == 2 && lucas(1) == 1 && ...
- Create test lucas.cpp and lucas.hpp, and modify CMakeLists.txt

fibonacci/CMakelLists.txt

foreach(name fibonacci lucas)
add executable(${name} ${namel}.cpp)
target compile options(${name} PRIVATE -Wall -Wextra)
target link libraries(${name} PRIVATE Boost::boost)

add executable(test ${name} test ${namel}.cpp)
target compile options(test ${name} PRIVATE -Wall -Wextra)
target link libraries(test ${name} PRIVATE Boost::boost
Catch2::Catch2WithMain)
add test(test ${name} test ${name})
endforeach(name)
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TDD Demonstration: 10th iter. (C++)

- Test to pass: lucas(0) == 2 && lucas(1) == 1 && ...
- Refactor fibonacci.hpp and lucas.hpp by creating recursion.hpp

fibonacci/fibonacci.hpp

#finclude "recursion.hpp”

mp::cpp_ int fibonacci(int n) {
return recursion(0, 1, n);

}

fibonacci/recursion.hpp

mp::cpp_int recursion(mp::cpp_int vO, mp::cpp_int v1, int n) {

48



TDD Demonstration: 10th iter. (Python)

- Test to pass: lucas(0) == 2 && lucas(1) == 1 && ...
- Create test lucas.py and lucas.py, and modify CMakeLists.txt

fibonacci/CMakelLists.txt

foreach(name fibonacci lucas)
configure file(${name} ${name} FILE PERMISSIONS OWNER READ
OWNER WRITE OWNER EXECUTE GROUP READ GROUP EXECUTE
WORLD READ WORLD EXECUTE)

add test(test ${name} ${Python EXECUTABLE} -m pytest

${CMAKE CURRENT SOURCE DIR}/test ${name}.py)
endforeach(name)
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TDD Demonstration: 10th iter. (Python)

- Test to pass: lucas(0) == 2 && lucas(1) == 1 && ...
- Refactor fibonacci.py and lucas.py by creating recursion.py

fibonacci/fibonacci.py
from recursive import recursive

def fibonacci(n):
return recursive(0, 1, n)

fibonacci/recursion.py

def recursion(vO, v1, n):
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Good Practices in TDD

- Keep iterations as short as possible / 17 L —3 0z TE5E1TINWELTS
- 10 min to several hours / 104 ~Z8FRE

- Always be Green at the end of the day / THO# OV I(Z([E4 T GreenlC

- Review the test if the iteration seems to take too long / FFEMNHINMUTES
KO TCHNIETTRAMZ=RET
- Move the current test to the To-Do list and consider a smaller test /
SDTANMMITo-DOJRAMMIFBU, E2DVUINE BT ANEEZZSD
- Focus on making the Red in front of you Green, even if you want to fix

something else while working / {fEZERICHIDEZAZEEZBIELELE>TEH. EDORID
RedZ=GreenICdd_&ICEFTS

- Write down the potential improvement on your To-Do list and start
writing a test for it later / ZEEEIETo-Dol J AR ZEWNWTHWTC,. HETED
TARZEL ECANSWHEH B
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Part II: Version Control / /\—2 3 &

What's VCS? / I\—I 3 EBIZTLAEIE?



Traditional "File Management”

- Traditional "File Management” / 1iE2RDI D71 )V EE )
- Based on file/directory name / J71IL& - T4 L IR JRAICLDEE
- date, person name, version number, etc. / Bft. A&, IN\—D3ESHRE
- e.9.) main_v1.0.cpp, main_v1.0 todo-3.cpp, main_ v1.0.2 synge.cpp
- Recorded by handwritten log file / FEDOT J 7 IVIC KD ECER
- Problems / i@
- Forget to keep records, record mistakes, incomplete records / &2z
TN D, SeEkZxEhED . T2 /RECEK
- Different people have different naming conventions / AICKkYap#ZEl
ANEG RS
- Copying between computers makes it difficult to know which one
was modified and which one is new / JVE 21— TIE—Z#gVUiRT &, &
NZEBIELZD. ENHFLLWDV DD o R<8S
- Another person would make independent modifications based on the
same version / BEU/\—2J3 %2 D ADVRIZITIEEEZITO>TUED
- version branching / /\—2 32D 7%
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A Common Example

A/\3a>

[k

H— jj)l/ NEFELI-O—FZR/NOUA
\% a—k =l
QBN I =DTEFHLTIEIET S
v \Y
: - d—KA
NA/NAVTEITH.FDEBEZT S
AEELIzO—FZER/AaUA
v A4
d—FK~B > 1—KB

HHo. A—FAZT LEEZLE o= !

®

University of Tokyo
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What'’s Version Control System (VCS)?

- System for managing all file histories in a database (repository) / 771U
DERZT—IR—X(IRIL)) T—HEEEITDIVATLA
- Save all revision history (diffs) / £ TDIELEERE (EZD) = {R{F
- Unique version number (commit ID) for each update / EEIC—&E%
IN—23UFS(AZIVRID) &[5
- Can make comparison between any versions / {£E20/\—2 3 JEDLEEN
EI:E
- Support for working in team and distributed environments / F—L4A-283%
IBCOEEZETR—b
- Share repository over Internet / 15—V EHTURI R Z2HE
- Detect and resolve collisions when updated by multiple people/
multiple locations simultaneously / &N T/ELGFIN S EIRFICEFUIZE
BICEZEZ1RED - R
- Branch, merge, and tag management / 7250 F-N¥—2 - 5T DEE
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With Version Control System

A—7)L YRR
\'é = 1)55%L7L::|—|‘7E =
6@/);\(][% JRSRYA ﬂ!"
:_P > :|_|Q‘

A/\Y
2) )RR M5 R8Ty E'
ANFIVIT Ik |-

S ANAVDEBEZENTHDEIE

> O—FK

3)EMMEM>I-DTEHEFLTELET S

BMEEZIZIVYMLKLIEL T, HmEITKOK

O—kB

O—FKA

< 4EEFIIV O—FA

7RSIV ETOBEELHFLMEEEHE (I—)

v

J—KC

e

University of Tokyo
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What's Repository

- Repository / JikI R
- Database that manages all history (diffs) of files / 77 1ILDETDRERE
(D) =EE I —IN—X
- Interaction with repository / JiRI R EDPLY &)
- checkout / FTvo 7Tk

- Retrieve the latest (or a specified) version of files / &k (2 L\ IEF5
EURIN—=32)DI77MIVZEERY LT

-commit / =ik
- Register file changes / 771IVDZEEZRINIIZEEHT D
- Go one version further / I\—2 3 MW —D2ED

g : ) 4 . ~
repository repository

C1 C2 C3 Cl C2 C3—>»C4

. | . W,
checkout¢ commit¢
) )
files files

working directory working directory 57




Disadvantages of VCS

- Disadvantages and troublesome points of VCS / /N\—=J3 8B ZXT7LDK
=eEER R
- Must be updated to the latest state before modification / {E1ERIICHE#H
DIRREIC T TT—hRURITNIER SR
= Becomes a habit / EEICRVET
- All changes must be "committed” / £ COEIERZI OV H I URITNIERST
L)
= Becomes a habit / EEICRVET
- Conflicts must be dealt with when they occur / 227U A LA EE
= Horrible if fixed without realizing it / [ 2N 9 ITIEEIELTUEDIE DA
L)
- Server setup is cumbersome / T—/\XO v 7Y THEE!
= GitHub, GitLab, etc are available / GitHub, GitLab/®&EhEAET
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Advantages of VCS

- Advantages of Using VCS / N\—=J3 BB I AT LAZEDFHIR
- All records are kept automatically / 2 TOEENBERICFXS
- No need to be afraid of bold changes / KEEGZEEZENDSMNENTRLIRD
- No need to comment out and save old code / HWV\I—FZIXAR7TRL

TEDTHLWHELDL
- No more stress of maintaining file history / 771V DEFEIEE LD AV
A SFHRK

- Using VCS more than doubles your work efficiency / /\—Y 3 B AT A
Z{ED EAEENEMNMBLLLEICTRD
= If you don’t, you lose half your life / {0 WE ANEZHEDIET D
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diff & patch

- diff command

- Qutput difference between two text files / 2DD7F AT 7AMIVDED =
77

- More compact than storing entire file / 771V E2EERFFIT DLW I/INIH
- Easy to see the changes / ZE 2 ZHEEEL P L)

$ diff -u filel.txt file2.txt > file.diff

- patch command

- Apply the diff generated by the diff command / diff O~ KhVERLLTZ
EnEJI71IVICER

- Generate modified file from original file and diff / €& T 71V EESH
STEEDIT71IVEER

$ patch < file.diff
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diff & patch: Single File Example

$ cp /somewhere/shakespeare/prologue.txt prologue.txt
$ cp prologue.txt prologue-orig.txt

#f edit prologue.txt
$ vim prologue.txt

#f take a diff and look at it contents
$ diff -u prologue-orig.txt prologue.txt > prologue.diff
$ less prologue.diff

# apply patch

$ cp /somewhere/shakespeare/prologue.txt prologue.txt
$ patch < prologue.diff

$ less prologue.txt
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diff & patch: Directory Example

$ cp -r /somewhere/shakespeare shakespeare
$ cp -r shakespeare shakespeare.orig

#f edit contents of directory
$ (vim, cp, mv, etc)

#f take a diff and look at its contents
$ diff -urN shakespeare.orig shakespeare > shakespeare.diff
$ less shakespeare.diff

# apply patch

$ rm -rf shakespeare

$ cp -r /somewhere/shakespeare shakespeare
$ patch -p0 < shakespeare.diff
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Git Demonstration: initialize repository

- First setup / #1EIDEE (Just do it once for the first time on each PC/WS)
- Setup of username etc (used for logs, etc / OV R EIZFERATIND)

$ git config --global user.name ' Synge Todo’
$ git config --global user.email wistaria@phys.s.u-tokyo.ac.jp
$ git config --global init.defaultBranch main

- Create working directory and git repository / {EZ26EH7« L oK) & git URI -
| DERK

$ mkdir fibonacci

$ cd fibonacci

$ git init

Initialized empty Git repository in .../fibonacci/.git
$Ils-a

... .91t

- All history information is stored in .git. Never delete .git! / £ CTOEFF|EH
& .git ITRFIND [FTDOULT .git ZEIRUVLEDIZ!



Git Demonstration: first commit

- Create files and perform test / 72 71)VD{ERLE TR

$ vim CMakelists.txt
$ vim fibonacci.cpp
#f cmake & make

- Add files as targets to be committed / 771 )LZcommitDydE & U TENN

$ git add CMakelLists.txt fibonacci.cpp
$ git status

- Commit to repository / URIRJICO= W
- Use "-m” option for commit log / I=wvFOJ1E "-m” TEE (Write "Why”)

$ git commit -m 'cmake and make to work’

- Check log / O7 DR

$ git log
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Git Demonstration: 2nd iteration

- Edit and add files / 771V D#RE BN

$ vim CMakelists.txt
$ vim test fibonacc.cpp
#f cmake & make & ctest

- Check status and diff / JREEEEDZER THD

$ git status

$ git diff

- Commit to repository / URIRJICO= W

$ git add CMakelLists.txt test fibonacci.cpp
$ git commit -m ’first test to work’

- Check log / O7 DR

$ git log
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Write just enough
code to pass the test.

TDD Workflow v o TP 2
%

watch it fail.
Improve the code without

changing its behavior.

- Red
- Write a failing automated test before you write any code / I—FZ&<

AIICKRT 2 HEIT AN —F 20T E

- vim = cmake = make = ctest

- Green
- Write just enough code to pass the test / 7 A+Z /N AT E5HKEODI—F %=
=<

- [vim = cmake » make — ctest...] = git add — git commit ...

- Refactor
- Remove duplication / EEZRET S

- [Lvim = cmake = make — ctest ...] = git add — git commit ...]
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'.gitighore”

- Only source code and CMakelists.txt etc should be managed under Git /

GitTIEY/—XO—R*¥»CMakelists.txtOH = E1E

- Files generated by cmake and make under build should not be
managed / buildLL FODcmakemake TERK SN2 T 71 JVITEELRL)

- List unmanaged files in .gitignore / .gitignorelCEE LW T 71ILD ) A~

$ git status

fibonacci/.gitignore
build

$ git status

- Manage .gitignore itself by Git / .gitignoreBRIZGIt TEIET S

$ git add .gitignore
$ git commit -m ’'ignore build’
$ git status
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Part II: Version Control / /\—2 3 &

Branch & Merge / 75 F&VY—2



What's Branch?

- Branch / 722F
- Working in a separate stream from the main / X4 2 & IFRIDRNTIEES

ol D%EE
- Can work without affecting other branches / it J S F(CIF&EE*5 %
FICEENTES Iﬂ?ﬂ
ch— (2 C4
C3

CS a
- Creating new branch / #ifi 05 F D45k

- git branch ...

- Switching between branches / 75 FDOYVUEZ
- git checkout ...
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Git Demonstration: branch

- Assume done up to 6th iteration / 6th iteration FTHH>TLBERE

- Create a topic branch (negative-n) for 7th iteration and work there /
7th iterationD7zhD YO TS F(negative-n) Z/ERk LU TEF Z TIES

$ git status

$ git branch negative-n

$ git checkout negative-n

$ git status

# [vim = cmake = make — ctest]

$ git add fibonacci.hpp test fibonacci.cpp
$ git commit -m for supporting negative n’

- Go back to the main branch / mainJ 2 FICE>THD

$ git checkout main
$ less fibonacci.hpp

- Can go back and forth between main and negative-n with git checkout /
git checkout T main & negative-n OEZ{T21ZVUFEKIEYTED
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Multiple Branches

- Go back to main (or create a new branch) and commit there, then the
world line branches off / mainlZE>T (W IdELUL\branchZ{E>7TC)Z#Z T
commitd 2 EHFIENRR D HINT D

qﬂl

Cl ——C2

N

C3

v =
E e, =

C2 C4 Cl —C2

N N

C3 C3

develop

C1

[
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What's Merge

- Merging branch / 75 FO~—
- Merge divergent world lines / kUG E=RET D

Iﬂ%ﬂﬂ

c4

C1 C2

N

C3
c2

C3

Iﬂ?ﬁl

C4 ——CbH

C1



Git Demonstration: merge

- Once work on negative-n branch is completed, merge it into main branch
/ negative-nT S FDIEENT T UIZDT. mainJ 2 FICmerged 3

$ git status

$ git checkout main

$ git status

$ git log --graph

$ git merge negative-n
$ git log --graph

- Remove negative-n branch as it is no longer needed / negative-n7=>2F
LB DARERD CTHIFR

$ git branch -D negative-n
$ git log --graph

- The divergent world lines have come back together / 73l LT L\ 2R HEHN—
DICRD/z
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Git Demonstration: branch & merge

- Try to do 8th iteration and 9th iteration in parallel / 8th iteration & 9th
iterationzil{TLTPDOTHD

- Create a branch (linear) for 8th iteration and work there / 8th
iterationD7zsbD TS F(linear) Z{ER U TEFZ CTIEE

$ git status

$ git branch linear

$ git checkout linear

# [vim - cmake = make — ctest]

$ git add fibonacci.hpp test fibonacci.cpp
$ git commit -m for supporting negative n’

- Return back to main branch and create a branch (multiprec) for 9th
iteration and work there / main7 2 2FICEY. 9th iterationD7/zbD T = F
(multiprec) Z{/ERUTIEZE

$ git checkout main

$ git branch multiprec

$ git checkout multiprec

# [vim = cmake - make — ctest]

$ git add CMakelLists.txt fibonacci.hpp test fibonacci.cpp
$ git commit -m "for supporting arbitrary large n’
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Git Demonstration: conflict

- Merge linear branch into main and then try merging multiprec branch /
linear7 > FZmainlc~¥—2J U THhS. multiprecd o 0F ==Y —IUTHD

$ git checkout main

$ git merge linear

$ git merge multiprec

Auto-merging fibonacci.hpp

CONFLICT (content): Merge conflict in fibonacci.hpp
Auto-merging test fibonacci.cpp

CONFLICT (content): Merge conflict in test fibonacci.cpp
Automatic merge failed; fix conflicts and then commit the result.

- Git has decided it’s not possible to integrate automatically / GitlZBEIHIIC

o J ©DI(XEEEFIRTUTZ

$ git status
On branch main
You have unmerged paths.
(fix conflicts and run "git commit”)
(use "git merge --abort” to abort the merge)
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Git Demonstration: resolving conflict

- Conflicts must be adjusted by hand / @EZEIEFTHREULITNIZ LS

fibonacci/fibonacci.hpp

ffinclude <tuple>
<<<L<L<<< HEAD

int fibonacci(int n) {
int vO = 0;
int vl = 1;

ffinclude <boost/multiprecision/cpp_int.npp>
namespace mp = boost::multiprecision;

mp::cpp int fibonacci(int n) {
mp::cpp int vO = O;
mp::cpp Iint vl = 1;
>>>>>>> multiprec
if (n<0) {

76



Git Demonstration: resolving conflict

- fibonacci.hpp and test fibonacci.cpp have been modified / fibonacci.hpp

& test fibonacci.cppDig

ENSET U

#t [cmake » make — ctest]

$ git status
$ git log --graph

$ git add fibonacci.hpp test fibonacci.cpp
$ git commit -m 'merge branch multiprec’

- The merge is successfully completed and the world lines are united /

.Illrl

EmergeMst T U CIHFRRMN—

DI

$ git branch -d linear multi

$ git status
$ git log --graph

Deleted branch linear (was 38e6ae4).
Deleted branch multiprec (was dda8e49).

prec

- Never merge into the main branch if there are still tests that do not pass
/[ BOSBRWTZAME S TLVWBBEAICIFES Cmain T o FICY—I UL
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Part II: Version Control / /\—2 32 EE

Using GitHub / GitHub®#|F



Git & GitHub

- Git allows multiple repositories to be used in sync with each other / Git
TIIEHDURIF)ZHWICEEURRSFESICENTES

- GitHub can be used as one of remote repositories / GitHubl&JE—KJRD
OO EDEULTHEARD

- Copy (backup) can be made by pushing from local repository / O—7
JVIRI RIS pushd B2 &ETIE—UNYIPY N ERBDIENTES

- As we can access from anywhere, GitHub works as server Coputer
a hub for synchronizing repositories across multiple Py
computers / ECHBSTET7ITLRTEZENTEDD T, BED
AE3—9TURI M) —ZEHTS7zbD/\NTEUTHIEATES

- Convenient for source code sharing by a team and ‘
source code publication / ¥F—ATOY—XJ—F ’ .

Computer A Computer B

HE -V —XO—RRRICEHER

A A

- Use as a CI (Continuous Integration) tool
/ CI (1 7oL —23au)y—ILELUTOFIE

-4 o

Version

Version

https://git-scm.com/book/



https://git-scm.com/book/
https://git-scm.com/book/

Using GitHu

b

- GitHub Account Registration / GitHub7 1> &% (if you do not yet have
registered / £ T7HO U REFOTUVERVER)

- https://github.com = Sign up for GitHub — Create an account

- Register SSH public
HDWNIHTTPS7Zo1X

- To write to GitHu

key or obtain HTTPS access token / SSHARKED S5
~—2 2 DEVS
b repository with git command, either must be set

up in advance / gitO¥ R TGItHUb I RJIZCEZADTZHIZIE. HE5NUHE

55D DERENBE

- SSH public key / SSHAFED S5k
- Setting = SSH and GPG keys - New SSH Key
- HTTPS access token / HTTPS7OtA+—20 2 MDEUS

- Setting = Developer settings = Personal access tokens = check
repo”’ and "workflow” = Generate new token

80


https://github.com

GitHub Demonstration: initialize repository

- Initialization of repository / R D#IERE
- Instead of doing a local git init, it is easier to create a repository on
GitHub and copy it / localTgit initg 20OV I[C. GitHubTUMRI R Z{EY &
NzIE—9B(EDNE
- First create a repository on GitHub / &#ICGitHub_ ETURI R Z{ERL
- determine public or private / publiclCd M privatelZT 2DARDH D
- name of project / 7OJ TV FMDEHF] <« ultra-important / BEZE

- Clone the GitHub repository locally and start development / GitHub®'J
JkUZEO—HIVICcloneUTH SREFEE

- Copy repository URL / U RJDURLZIE— (https://... or
git@github.com...)

- git clone

$ git clone https://github.com/wistaria/fibonacci.git

- [vim = cmake - make = ctest...] = git add — git commit ...

81



GitHub Demonstration: sync repositories

- GitHub — local repository / GitHub - O—2JLDURI KL

$ git fetch

- Entire repository on GitHub is copied / URI R J2EANIE—T1N5

- Branch on GitHub (e.g. main) is locally named origin/main / GitHub_t
DTS F(HB: main) (ZO—HILTlEorigin/main&E LD ZRINMDIF51NS

- Branch diverges if repository is modified from elsewhere/by others /
DFZAAH S /MBDANIRINIZZEELCVDESICIETTSFHRDIRT S

GitHub @ GitHub @
C1 Cc2 Cc4 C1 Cc2 Cc4

-] -

7

Iﬂ%ﬂﬂ

C3

C1

local

c2

\

C1

local

c2

\C4

C3

e

\

J
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GitHub Demonstration: sync repositories

- local repository = GitHub / O—7JLDUJRI ) - GitHub
- Specify branch to be duplicated / I35 75 F%EET S (e.9. main)

$ git push origin main

- Fails if someone else has pushed to main branch on GitHub / fftd AN
GitHUb_E@Omain 7> FICpushUTWBIZSICITEKT S
- fetch & merge first, then push / fetch & merge LTH'%S push 9%

GitHub@ GitHub @
Cl——C2 C1 C2 C4
push mainT
( ) ( )
=) _ ([ _ m=mem
C1 CZ\ C4 C1 CZ\ C4

\.

local

C3

\.

local

C3

J




watch it fail.
Improve the code without

changing its behavior.

TDD Workflow v o TP 2
%

- Red
- Write a failing automated test before you write any code / I—FZ&<

BRI B EEFT AN I—FRZNT=EL
- git fetch = git merge — git checkout
- vim = cmake - make — ctest

- Green
- Write just enough code to pass the test / 7 A+Z /N AT E5HKEODI—F %=
=<

- [vim = cmake » make — ctest...] = git add — git commit ...
- git checkout = git merge = git push

- Refactor
- Remove duplication / EEZRET S

- git checkout
- [Lvim = cmake = make — ctest ...] = git add = git commit ...]

- git checkout = git merge — git push
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Using Git & GitHub Successfully

- Tips for using Git & GitHub successfully / Git & GitHubZ > x£<{#>53
- Be well aware that there are 3 layers / [EEN3DH5 & +0(C5859 ©

- local working space ¢ local repository © remote repository
(GitHub)

- local working space ¢ local repository
- git checkout & git commit
- local repository & remote repository
- git fetch & git push
- Always create a branch and work on it / 905 FZ{EoTIEET S
- Commit frequently / ¥ XIZCJ=VEFT 5
- Think VCS as backup / N7V TlZzEEZS
- Test frequently / Y XIZTARTS

- Compile & make sure all tests pass before merging into main branch
[/ ANV & 2 TCOTAMNEBRZEZHERELTHS main ToUFICN—IT 3

85



Part II: Version Control / /\—Y 3 &

Continuous Integration (CI) / #8917 L —23 >



More Automated Testing

- Ideal / I#71E

- In TDD, main branch is always in Green state / 7 X FEREIFEFICH LTI,

mainJ o FIEFEICGreeni iE
- Real / IHZE
- Forget to run tests / 7 AFZE15

- Tests may not pass in other environments (OS, compiler) / fiDEE

(OS:OVIN1MZ)TlIFT AN ES W&

- Can’t know if others are running tests correctly / titD AT A Z 1
EITUTLSIHMSH SRR

- U<
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What’s Continuous Integration?

- Continuous Integration (CI) / #it#ey1 7oL —3 > (CI)
- Automatically run tests when code is commited to the repository /
dA—RHAURI I [CcommitSNEYA(I U TCEENICT AN ZESED
- Cumbersome to set up such a configuration on local PC / O—71JUPCT
TDXDOBEREZE T DL mEE

- GitHub Actions https://docs.github.com/ja/actions

- Execute any job at the time of push to GitHub (or other) / GitHubIZ
pushU7z(HB3WERID) Y10 TEEDI I TEELT

- Use for CI / CIICFIHT S

- Setting up GitHub Actions / GitHub Actions®D&%E

- Create a YAML (.yml) file under .github/workflows / .github/
workflows O TFIZYAML (.yml) 771 )LZE{ERR
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https://docs.github.com/ja/actions

GitHub Actions

- Create a YAML (.yml) file under .github/workflows / .github/workflows ™
TICYAML (.yml) 771V Z{ERK

.github/workflows/unittest.yml

name: unittest
on: [push]
jobs:
build:
runs-on: ubuntu-latest
steps:
- name: checkout
uses: actions/checkout@v3
- name: cmake
run: mkdir build && cd build && cmake ..
- name: make
run: cd build && make
- hame: ctest
run: cd build && ctest

89



CI by GitHub Actions

- Confirmation of results / {&ERDHEEE
- GitHub Repository Web — lAction] tab

- You will receive an email if the automated test fails / BE)7 A ~HifailL
G EX—)UHEL<

- Using matrix

- Matrix functionality allows to run tests on multiple versions of
compilers, multiple operating systems, etc / Matrixiégez{E> & 880/ —
JIAVOAVINAT EBEOARL—T A VT IRTLIRETTANEERTTED

- https://docs.github.com/ja/actions/using-jobs/using-a-matrix-for-
your-jobs

- Various other tasks can be automated / LA CEFRAREEZBELTES
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https://docs.github.com/ja/actions/using-jobs/using-a-matrix-for-your-jobs
https://docs.github.com/ja/actions/using-jobs/using-a-matrix-for-your-jobs

watchrit fait.
Improve the code without

changing its behavior.

TDD Workflow v o TOD 2
Q

- Red
- Write a failing automated test before you write any code / I—FZ&<

BRI B EEFT AN I—FRZNT=EL
- git fetch = git merge — git checkout
- vim = cmake - make — ctest

- Green
- Write just enough code to pass the test / 7 A+Z /N AT E5HKEODI—F %=
=<

- [vim = cmake » make — ctest...] = git add — git commit ...
- git checkout = git merge = git push

- Refactor
- Remove duplication / EEZRET S

- git checkout
- [Lvim = cmake = make — ctest ...] = git add = git commit ...]

- git checkout = git merge — git push
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Epilogue: Summary and Final Words

- By using TDD, VCS, etc
- We can develop programs with fewer defects without being anxious /
ARENMMACET T REEDDPRWNWTOT S LZRAFETED
- We can use TDD and VCS in various situations, from small tools to

huge software, from individual to large-group development / /NE7R
WU\ IEBICKIRIERY T b 7R T BARENOKRTRI I —T TOREEXT

- Don’t Repeat Yourself (DRY) principle / DRYJRE!

- Think of every line of code you write as a message for someone in the
future / B DE<LI—RIEIARTERFEDHENMDAYE—IEEEZSD
- including yourself :-) / OB ESw

- You yourself last month/last week/three days ago were a stranger /
B0 /55EO/ 381D H d A
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