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(clean code that works) Talvw 72 Ti7 =
N7YU21 N'ONIVIX NP TAY MNX Y 2ANDI WTN T O
N7 Non O

NIV ND7YN =
TIT7a N7 (design) pnn O
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NN NXonip O
DD A WIN T O
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If pain is nature's way of saying "Stop!"

then fear is nature's way of saying "Be
careful."
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Fibonacci

NVIYO NNAITA 7'NN) =

NINTOQ NA'R NAYNNN N'¥7119 2IMD7 MIXN] =
'YN1IQ'D

Test First 7w nwna N'Y719N NN 2IND)Y =
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1. Quickly add a test.

Run all tests and see the new one fail.
Make a little change.

Run all tests and see them all succeed.
Refactor to remove duplication.
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?0'¥7190 NYYNY X1 NN =

nN'1AN TIp? AW QYUY n|7'7nn 11X"] =

public class TestFib extends TestCase ({
public void testFibonacci() {
assertEquals (0, £ib(0));
}

Java nowa n1dIn ndAyn nin'e TODO List:
2'ax YN no'oNanIN f|b(0) == 9
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int fib(int 1) {

return 0O;

(NP'TAN TIP NX) ...y =

7N =

i
|
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& Java - TestFib.java - Eclipse SDK

Ele Edit Refactor Source Mavigate Segrch Project Run Wi
=5 = 5 j

Ici-Hels-BHla-|ltse-|E
nnnnnnn BN = 87 Te

junic framework. AssertionFailedError: expec

mewark. Assertio
at TestFib. testFibonacci{TestFib. java:6)
floct Nk

public void testFibonacciOfOneIsOne ()
assertEquals (1, fib (1)) ;

public void testFibonacci() {
assertEquals (0, £ib(0)) ;
assertEquals (1, £ib (1)) ;

Java nowa n1dIn nidayn NN
a'ax 7n nu'oNanIx

ic el
= publi
@™ Failures Hierarchy o I I
- ie] TestFi b s vy e I
L] kestFibonacei .

{

- NYTN NP'TA NTINN TIY §'0IN7 TWOX =

'] 79N01 NNIN =

DITN ...y =

TODO List:

Fib(0) =0
fib(1) ==

11
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7107 09N NIX 1907 'TD ' TIp 9'oll =

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

File Edit Refact: i un il
L
u dunit B2 N3 = 8| 1] TestMoney java
Finished after 0 seconds = import ju I I N I .
% 5 6 “ publio ol I II; IJI I I I; J I [ IJ
= publ.

= int £
=B TestFib . I
£ testFibonacei B I
)

TODO List:
Java nowa n1dIn nidyn NINd Ills EE ) == ;

2ax 7N NU'oNANIX f|b(1) — 12

i
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INIX 7'01 — (TIj72 X71) N?'TA2 |0 DYON NIN7'9ON =
(refactoring)

public void testFibonacci () {
int cases[][]= {{0,0},{1,1}};
for (int i= 0; i < cases.length; i++)
assertEquals (cases[1i] [1], fib(cases[1][0]))

4~
g Junie 52 (=) estioney.java
et WTN AN 11'7'2 K7V IX
2 % &3 © public cl LI I |
¥
B° Failures | s Hierarchy i int z 7 I j I
- TestFin :
2] testFibanacc g 3 I
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(1272 nT17ym niwpn 6)

public void testFibonacci () ({
int cases[][]= {{0,0},{1,1},{2,1}};
for (int i= 0; i1 < cases.length; i++)
assertEquals (cases[1i] [1], fib(cases[i][0]))

] N

[ B B Y

£ Java - TestFib.java - Eclipse SDK

File Edit Refactor Source Mavigate Search Project Run Wil

- l#-0-%- |BHe- |5 | 11

guunt 52 53 = B[ [1] TestMoney java I7 I j I T” .
& 3w

| TODO List:
Java nowa ni1din nidayn NIN'O Ilb( I ) - I

2'ax 7N nu'oNanIx f|b(2) — 14
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public void testFibonacci () {
int cases|[][]= {{0,0},{1,1},{2,1},{3,2}};
for (int i= 0; i < cases.length; i++)
assertEquals (cases[1i] [1], fib(cases[1][0]))

(ax2 11'72 ,210 NTY) DITX ...y =

TODO List:
fib(0)y==0
fio(1) == 1
Java nowa anin nwn ninve | TO(2)==1

a'ax 7n nu'oNanIx f|b(3) —— 15
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int fib(int n) {
if (n == 0) return O;
if (n <= 2) return 1;
return 2;

}
| 70 LY =
22INDY | TODO List:

? 2-n y'an NO'NN fib(0)=="0
1+1 pxya InT o fib(t)y=="+
Java nowa n1din nidyn NIN'O Ilb(2) - I
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int fib(int n) {

if (n == 0) return O;
if (n <= 2) return 1;

return 1 + 1;

int fib(int n) {

if (n == 0) return O;
if (n <= 2) return 1;

return fib(n-1) + 1;

Ny =

fib(n-1) oxva X0 XN 1-n =

fib(n-2) pxwawnmmawn 1-n =

Java nowa n1dIn nidayn NN

a'ax 7n nu'oNanIx
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fib(n-2) oxva XM Mwn 1-n =
int fib(int n) {
if (n == 0) return O;
if (n <= 2) return 1;
return fib(n-1) + fib(n-2);

1nvol fib(2) Ay 01 =
int fib(int n) {

if (n == 0) return O;
if (n == 1) return 1;
return fib(n-1) + fib(n-2);

Java nowa ni1din nidayn NIN'O
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c2.com/doc/oopsla91.html

Q0D NAX''NY NP7NN UnNn? n¥71 =

Instrument | Shares Price Total

IBM 1000 25 25000

GE 400 100 40000
Total 65000

Java nowa n1dIn nidayn NN

a'ax 7n nu'oNanIx
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TIV2 )INN7 NIDNNN YPanl D2Y NNdD 1NK7 =
(Dollar 7 v19) nivaun

Java nowa n1dIn nidayn NN
a'ax 7n nu'oNanIx

Instrument Shares Price Total
IBM 1000 25 USD 25000 USD
Novartis 400 150 CHF 60000 CHF
Total 65000 USD
From To Rate
CHF USD 1.5

20




" -=EE TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10

D'7'NNN

(D'0'0N) DNMI9'ON YIIN 7Y NIDNN =
"...N2YN1 y¥27 n'N IWONRY nx " [

0I19'UN D'MYXY 7Y D'NIIN] VNIONN NX INM |[IYKY Q7Y =
Dollar

public void testMultiplication() {
Dollar five= new Dollar(5);
five.times (2) ;
assertEquals (10, five.amount) ;

N design 7y mn test-n =
O public fields
O side-effects
O integers for monetary amounts

Java nowa ni1din nidayn NIN'O
2'axX 7N NV'oNANIN 21



" -=EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10
"]'7[0 j'7ll9n||7n NX 'V'AN Make "amount" private
Dollar side-effects?
Money rounding?

n—No-elassDeltar— class Dollar {
—Ne-eonstructeor—

m No-methoeda-times{inty
- : . void times (int multiplier)

Dollar (int amount) { }

ile Edit Refactor Sowrce Mavigate Search
[ - I35-0-G- &t
e ——ft int t;
Finished after 0 seconds = 1 n amoun 14
L Y
Runs: 11 E Errors: 0 B Falures: 1 }
@~ Faiures Hi Y
test: far

Java nowa ni1din nidayn NIN'O
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" -=EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10
1'VJDV |7 IN! Make "amount" private
Dollar side-effects?
Money rounding?

NN 7' = class Dollar {

Dollar (int amount) { }
20 2ANOY7 YWU' NN =

TIj? 7195V T 'K L void times (int multiplier)
TIZ "2 DI7N W AR O { }
|7'D]n TI|7ﬂI np"rnn
SN 10-nox =
NnLV7 NN NN 2°5

1nl!

int amount =f)*2 ;

Java nowa ni1din nidayn NIN'O
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" -=EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10

N |'7_'n NIO0oN Make "amount" private

Dollar side-effects?

Money rounding?

// Dollar.java UX?7 ,UN7 =
int amount; times 7 nay nitnn =

?5-NNnVOI N =
void times (int multiplier) ({

amount= 5 * 2;

Dollar (int amount) {

this.amount= amount;

Java nowa ni1din nidayn NIN'O
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" -«EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10

N |'7_'n NIO0oN Make "amount" private

Dollar side-effects?

Money rounding?

// Dollar.java VX7 ,UN7
int amount; times 7 N2y nitnn

? 5 -Nn 0951 X

void times (int multiplier) ({ 2 2 _an 1951 TR
. =1

amount= amount * 2;

Dollar (int amount) {

this.amount= amount;

Java nowa ni1din nidayn NIN'O
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" -«EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$5*2=9%10

N |'7_'n NIO0oN Make "amount" private

Dollar side-effects?

Money rounding?

// Dollar.java VX7 ,UN7
int amount; times 7 N2y nitnn

? 5 -Nn 0951 X

o ? 2 -Nn 091 X
amount= amount * multiplier;
} D'MYOS Y'oim amount

void times (int multiplier) ({

Dollar (int amount) {

this.amount= amount;

Java nowa ni1din nidayn NIN'O
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" -«EEENT TODO List:

$5 + 10 CHF = $10 if rate is 2:1
$52=510—
N |I7_T] NnOon Make "amount" private

Dollar side-effects?
Money rounding?

// Dollar.java VX7 ,UN7
int amount; times 7 nhav ninn
? 5 -Nn 091 'N

void times (int multiplier) ({ 2 2 _an 1951 TR
. =1

amount *= multiplier;
} D''MYy9 Y'oim amount

Dollar (int amount) {

this.amount= amount;

Java nowa ni1din nidayn NIN'O
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m Made a list of the tests we knew we needed to have
working

m Told a story with a snippet of code about how we wanted
to view one operation

m Made the test compile with stubs
m Made the test run by committing horrible sins

m Gradually generalized the working code, replacing
constants with variables

m Added items to our to-do list rather than addressing them
all at once

Java nowa ni1din nidayn NIN'O
2'axX 7N NV'oNANIN 28
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m Write a test.
m Make it run
m Make it right

29
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Write a test

m [hink about how you would like the operation In
your mind to appear in your code.

® You are writing a story. Invent the interface you
wish you had.

® Include all of the elements in the story that you
Imagine will be necessary to calculate the right
answers.

Java nowa ni1din nidayn NIN'O
2'axX 7N NV'oNANIN 30
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Make 1t run

m Quickly getting that bar to go to green dominates
everything else

m If a clean, simple solution is obvious, then type it in

m If the clean, simple solution is obvious but it will take you
a minute, then make a note of it and get back to the main
problem, which is getting the bar green in seconds

m This shift in aesthetics is hard for some experienced
software engineers

m They only know how to follow the rules of good
engineering

m Quick green excuses all sins. But only for a moment

Java nowa ni1din nidayn NIN'O
2'axX 7N NV'oNANIN 31



" S
Make it right

m Now that the system is behaving, put the sinful
ways of the recent past behind you

m Step back onto the straight and narrow path of
software righteousness

m Remove the duplication that you have
iIntroduced, and get to green quickly

Java nowa n1dIn nidayn NN
a'ax 7n nu'oNanIx
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