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Definition: Failure

A failure is a situation in which the behavior of the executing software
deviates from what is e::{pected.

« Why are there failures in our running programs?

Definition: Defect

A defect is the algorithmic cause of a failure: some code logic that is
incorrectly implemented.

« Or ‘Bug’
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« Some part of ‘input space’
trigger the Defect and leads
to a failure
— Software state is incorrect
e Asin
— The output is incorrect
» “does wrong things”
— System hangs
— System crashes

Program execution

Program
states
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* Debugging is phased
— Reproduce the defect

« Find the exact input space/situation/context in which it appears

— “Ah, the reverse thrust of Airbus 320 cannot be engaged to stop the
plane on the runway after landing, if one set of wheels hit the ground
very smoothly...”

» [This is an actual bug, that stranded a plane outside the runway!]
— Find the ‘infection origin’
» Find the code that misbehaves and what state triggers it

« Understand the code ‘leading up to the defect’
— Why was the state that, leading up to the defect

— Write an automated test that reproduce the bug

— Fix it —rewrite that defective code
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« Java + IntelliJ is a major help for modern day
development as you get a Stack trace for exceptions!

— “the code lead up to the failure”
Stack trace: The sequence of calls

* Example leading up to the exception begin

Run: Allin hotstone.domain.test t rown Wlt Ine numoers.
- = = . - . ; (4 V4
P v@ 21 T T I Qw12 o O Tests failed: 1, passed: 52 of 53 tests — 565 ms _Iust C/,Ck to get there!
¥ v @ =zdefault package> 565 ms fusr/1lib/fjvm/java-1.11.8-openjdk-amdé4/bin/java ...
o » @ TestEpsilonStone 31ms
’ TestBetaStone 9 ms java.lang.RuntimeException Create breakpoint
> TestPatternExercises 36 ms at hotstone.standard.StandardGame.deltaFieldCardHealth(StandardGame.java:434)
~ TestEtaStoneUsingMocks 439 ms at hotstone.variants.FrenchItalianChefHeroBuildingStrategy.lambda$createfr hChefHero$l{@renchItalianChefHeroBuildingStrategy.java:70a)
shouldMockTestBeefBurger() 422 ms at hotstone.standard.StandardGame.usePower (StandardGame.java:323)
shouldMockTestPokeBowl() 2ms at hotstone.solution.variants.TestEpsilonStone.shouldUseRedWineForFrenchHero(TestEpsibnStone.java:92) <31 internal lines>
java.lang.RuntimeException Create breakpoint

at hotstone.standard.StandardGame.deltaFieldCardHealth(StandardGame. java:434)

at hotstone.variants.FrenchItalianChefHeroBuildingStrategy.lambda%createFrenchChefHero$1l(FrenchItalianChefHer:

at hotstone.standard.StandardGame.vsePower(StandardGame.java:323)

at hotstone.solution.variants.TestEpsilonStone.shovldUseRedWineForFrenchHero(TestEpsilonStone.java:92) <31 im

at java.basefjava.vtil.ArrayList.forEach{ArraylList.java:1541) <9 internal lines>
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"1elp for modern day
. Stack trace for exceptions!

Variable and input values

I\ Sane state
FLI LI Ure”
Program o Eeroneous code Stack trace: The sequence of calls
states — I : leading up to the exception begin
j = Tnft d stat o o
) [TT 111 5 R thrown with line numbers!
é Just click to “get there!”
in/java ...
g
Eb f 1] i |
fltaFieldCardHealth(StandardGame. java: 434)
E Jr —rf:] 1X| . I t |xr| J lefHeroBuildingStrategy.lambda$createfFr hChefHero$l{@renchItalianChefHeroBuildingStrategy.java:70a)
iePower (StandardGame.java:323)
IsilonStone.shouldUseRedWineForFrenchHero(TestEpsigbnStone.java:92) <31 internal lines>
| o } N irdHealth(StandardGame. java: 434)
| |XI I | ! I | | I |j§ ldingStrategy.lambda%createFrenchChefHero$1(FrenchItalianChefHer:
Observer sees failure |, 44 L qgame . java: 323)

ar-nuroreneTor s e rarranrasreosrsporrenecend . SN00LdUseRedWineForFrenchHero(TestEpsilonStone. java:92) <31 im

at java.basefjava.vtil.ArrayList.forEach{ArraylList.java:1541) <9 internal lines>
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« Sometime the reason for the failure is “a long way” from
the place where it manifests itself!

« Sometimes failures can lurk in the dark for years

— If the ‘triggering state’ is encountered for the first time due to
some on-the-surface change in another part of the system...

 Detective work

— “OKk, failure because x was -1, but why it ever setto -1? It was
passed by this method, which was called from this code, which
was...”
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« Often defects are because of incorrect assumptions
— State space is different from what | expected

 Either

— Use the debugger |
« Which has a steep learning curve in itself ®

— Or the old workhorse... Add print statements
« System.out.printin(“*-> In playCard, index = “
* +index +° list size =" + myHand.size());
* | have not started the debugger in years
— Take small steps saves a lot of debugging!

 But note the = marker, allow search+remove afterwards!
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Helpers in HotStone

 TestHelper.printGameState(game);

Run:
r ve i = QK 12 &

hd TestBetaStone (hotstone.solution.variant: 91 ms
shouldMNotDeclarewinnerAftersRounds ©

Y -
_ )

(ol

dTest
public void shouldNotDeclareWinnerAftersSRoundsWithNoAttacks() {

TestHelper.odvanceGameNRounds(game, roundCount: 5);

11Vatue()));
TestHelper.printGameState(game);

CS@AU

TestBetaStone shouldNotDeclarewWinneraftersRounds...

+ Tests passed: 1 of 1 test—91ms
fusr/1ib/jvm/java-1.11.0-openjdk-amdé4/bin/java ...
Game State Print
Player in turn: FINDUS, Turn number:
--- Player: FINDUS ---
Hero (Baby) Mana: &, Health: 19
Deck size: O
Hand[ B:{Siete: (3, 2, 4), Act: F} 1:{Seis: (2, 1,
Field[]
--- Player: PEDDERSEN ---

Hero (Baby) Mana: 5, Health: 19

18

. g——— -~
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« While developing the GUI for HotStone, | encountered
this failure...

> HITTING: OPPONENT_ACTION_BUTTON
--> switching to OppActTool!
> Enacting mouse down on State=class hotstone.solution.main.OpponentActionTool
> I am in the H]tﬁctTmml.
casted - e 1s hﬁt'tnné recordplayback.MyGameEventReplyDecorator
naFwvantDan ]l avNarnratne STADT
stion in threac "“NT EventQueue-0" java.lang.NullPointerException
at hnt stone.view.core.HotStoneDrawing.refres hFlrl|LHutatHHrDrdHiﬂ| jdf"“?«“
l'_:-lt = 1 = ~ & . . &,
at
at
at 5 CE
at ho darc /erHandler. flrrPldu
r-tt |'Illt tlll'li.—' rec urnI] ) .L:rtﬂlt—'E'..-'t—'TItPld-.-t—'r la

— P |

* (In the ‘good oId days’ | would not get a stack trace)
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 ldentifying the exact type of failure
Here: some code did ‘object.method()’ and object == null &

> HITTING: OPPONENT_ACTION_BUTTON
> switching to OppActTool!
> Enacting mouse n on State=class hotstone.solution.main.OpponentActionTool
=> I am in the OppActTool.

hotstone.recordplayback.MyGameEventReplyDecorator
- START

hotstone.vi 0 : o T a:

hotstone . :m.”L':. 0 StoneDrawing. java 7)

hotstone. . lambc ! PFVFFHHHﬂlFF java:dlj
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 Itis the full call graph when the failure occurred

— refreshField was called by onCardPlay called by FirePlayCard
called by forEachRemaining and so on...

So the ‘object == null’ is within the refreshField of
HotStoneDrawing

> HITTING: OPPOMENT_ACTION_BUTTOM
-> switching to GppAEtTﬂﬂl!
> Enacting mouse down on State=class hotstone.solution.main.OpponentActionTool
== I am in the OppActTool.
AS wd - thw t"' is hotstone.recordplayback.MyGameEventReplyDecorator
orata nr C;THF?T

hnt'
hot

java. u|llj.i.rrr1i.llr.|'-:. ACTIREMaLlnLling | ArrayLisct. _jl"l.'u'::
java. utll btrrdm erwrrnurFlprllnr$ded forEach(ReferencePipeline. java:658
hots .S dard.Obs Cé verHandler.java:41)
hﬂtstﬂne.recﬂrdplayhauk bdeEUHHtPldJFF ldmhdd$nwx 3(GameEventPlayer.java:75)
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 Moreover, since Java is running in its own execution
environment (java virtual machine) it knows a lot about
the executing code
| get the exact spot in the code: line 465

--> HITTING: OPPOMENT_ACTION_BUTTOMN
-> switchin g to OppActTo ol!
> Enacting mouse down on State=class hotstone.solution.main.OpponentActionTool
== I am in the OppActTool.
AS wd - thw t"' is hotstone.recordplayback.MyGameEventReplyDecorator
orator START

g . ]dU '“’..
erHernIlwr ]dud 41|

. - 'rHaﬁdler.java:dlj
hﬂtStﬂﬂE.FECﬂrdﬁlthﬁlP bdmeUFHtPld;Fr ldmh4d$ﬂwt 3(GameEventPlayer.java:75)
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» (o to the source code and review to identify what went

wrong...

public void refreshField(Player who) {
TODO: Fix mogic constants all over the place

int count = O;
int distance = 150;
int fieldSize = game.getFieldSize(who);
int offset = fieldSize % 2 == 0 ? 0 : distance/2;
int centerX = 408 - offset - (fieldSize/2) * distance;
int yPos = (who == playerShown ? 580 : 380);
for (Card card: game.getField(who)) {

assert card.getODwner() == who;

ActorBaseFigure actor = actorMap.get(card);

E actor.setPosition( zbsoluteX: centerX + distance % count++,

+
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yPos);
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« So what is the defect that has lead to the failure ?
— Remember: it was a null pointer exception (null reference)

public void refreshField(Player who) {
TODO: Fix mogic constants all over the place
int count = O;
int distance = 150;
int fieldSize = game.getFieldSize(who);
int offset = fieldSize % 2 == 0 ? 0 : distance/2;
int centerX = 408 - offset - (fieldSize/2) * distance;
int yPos = (who == playerShown ? 580 : 380);
for (Card card: game.getField(who)) {

assert card.getODwner() == who;
ActorBaseFigure actor = actorMap.get(card);
E actor.setPosition( zbsoluteX: centerX + distance % count++, yPos);
b
+
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* Development stops when a failure occurs — immediately
— You start debugging at once. Do not defects pile up!

It can be tempting to ‘just get that nice feature working
and postpone debugging’

— Do Not. If defects pile up you simply loose focus. Keep Focus!

« The almost-finished-sheet-music-editor warstory...
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« Sometimes you spend hours tracking down that damn
defect...

 When you find it: Heurica!

 But you do not fix it, right?
— What do you do?

« EXception: pure gui code.



