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ARTICLES CONNEXES — HANNEMANN ET KICZALES

DESIGN PATTERN IMPLEMENTATION IN JAVA AND ASPECTJ

»  PROGRAMMATION PAR ASPECT

o DEFINISSENT OBSERVE DIFFERENTES PROPRIETE
DES PATRONS AFIN DE CONNAITRE CERTAINS
ASPECT DE LEUR MAINTENANCE

Table 1. Design pattern, roles, and desirable properties of their Aspect] implementations
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ARTICLES CONNEXES — BIEMAN ET MCNATT

COUPLING OF DESIGN PATTERNS: COMMON PRACTICES AND THEIR BENEFITS

& |ES FORCES ET FAIBLESSE DE
L' UTILISATION DE PLUSIEURS PATRON

DE CONCEPTION Table 2. Classification of Pattern Couplings
o QQUELS PATRONS SONT LES PLUS coparaiens | A
. [Suategy Abswcifacoy [ 1 [ [ T T [ |
SOUVENT COUPLE (VitorTemplte |1 [ [ 1 | |

| Builder Template Straegy [ v | [ [ v [ ]
| AbstractFactory-Factoy [ ot [ [ 0t [ ]
| MediatorObserver I ¢+ [ 1 000t ] |
| Composite-Vistor [ t [ 0 000000t [ ]
| Factory-Prototype I v+ [ 0 00000J ot ] |
| Singleton-StateCommand 1 2 [ [ 0N ] 2 |
| Singleton-StateObserver [ v [ | [ ] U]
| CompositeDecoratorFlyweight || t+ [ | [ | U |
| Observer-FacadeTemplate [ 't [ [ [ vt [ ]
| BridgeProxyFlyweight [ t+ [ I v ] ]
| FacadeObserver v [ [ ot [ |
| MediatorStrategy [t [ [ [ [ T ]
| Adapter Strategy % v+ [ 0 0000Jf [ 1 |
| State-Singleton [ v [ J [ 1 ]
| InterpreterBuilder-AbstractFacoy [ | v | QI [ 1 |
| VisitorCommand [ v [ 0 ] 1 |
| CompositePoxy ~ f [ v [ 0000000 ] T |
| Observer-Singleton I [ v | J ] U]
| StrategyObserverComposite [ [ [ v T [ ]

Bridge-Observer—Proxy-Abstract Factory—Factory N 1 1 1 Q1 1 [ 1]

Mediator-Observer-Chain of Responsibility-Composite || |
[ Composite-Interpreter || [ | vt J| ] t |
— [ v [+ [+ [ © [

Table 1. The frequency of occurrences of de-
sign patterns in the referenced papers.
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ARTICLES CONNEXES — DIPENTA ET AL

AN EMPIRICAL STUDY OF THE RELATIONSHIPS BETWEEN DESIGN PATTERN ROLES AND CLASS CHANGE
PRONENESS

ETUDE DE LA PREDISPOSITION AUX CHANGEMENTS DES DIVERS PATRONS

"
L] [ o t rator n [ e it o [ onmste

corator (b) JHotDraw — Prototype (c) Xerces — Composite

(d) Xerces — Factory Method (e) Xerces — Observer (f) Xerces — State
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(d) Eclipse-JDT — Adapter (e) Eclipse-JDT — Decorator (f) Eclipse-JDT — Observer {8); Xerces —Visitor (h) Eclipse-JDT — Adapter (i) Hclipse-JDT>- -State

Figure 2. Examples of Kinds of Changes in Roles (A: Attribute change; M: Method; I: Implementation;
H: inHeritance).




QUESTIONS DE RECHERCHE

o QUESTIONS DESCRIPTIVES.
¢ RQ1: WHAT IS THE PROPORTION OF CLASSES PLAYING ZERO, ONE, OR TWO ROLES IN SOME MOTIF(S) 2

o QUESTIONS ANALYTIQUES.
@ RQQ WHAT ARE THE INTERNAL CHARACTERISTICS OF A CLASS THAT ARE THE MOST IMPACTED BY PLAYING ONE
OR TWO ROLES WRT. ZERO ROLE?

¢ RQ3: WHAT ARE THE EXTERNAL CHARACTERISTICS OF A CLASS THAT ARE THE MOST IMPACTED BY PLAYING ONE
OR TWO ROLES WRT. ZERO ROLE?



VARIABLES

o |INDEPENDANTES
& 3 ECHANTILLONS DE CLASSE JOUANT O, ] ou 2 ROLES

+ Groure {0,1}, {0,2} €1 {1.,2}
o [DEPENDANTES :

¢ 56 DIFFERENTES METRIQUES INTERNES INCLUANT : LCOMS5, CBO, WCM, E1C.

¢ LE NOMBRE DE CHANGEMENT PASSE ET FUTUR



IMPLEMENTATION

Release Dates
Past Changes
Future Changes

¢ PROCESSUS DE SELECTIONS
¢ 6 PROGRAMMES JAVA
& TWO-SAMPLE WILCOXON TEST.
@ 58 CLASSES PAR ECHANTILLONS

Table 1. Statistics for the six programs. (Fu-
¢ PRIT A UN MOMENT DANS LE TEMPS POUR ture refers to the time between the release dates

UNE PERIODE DE TEMPS. and 31/01/09.)
¢  PERMET DE VOIR DES CHANGEMENT PASSE ET FUTUR

Zero Role
Two Roles

Programs
ArgoUML v0.18.
Azureus v2.1.0.

JHotDraw v5.4b:
Xalan v2.7.0
Xerces v1.4.4
Total

Table 2. Distribution of the sample size among
the programs of our strata.




IMPLEMENTATION

o 6 PATRONS CONSERVE :
& CONSERVE SEULEMENT LES ROLES PRINCIPAUX
© (CONSTRUCTION DE PAIR DE ROLE (57 TOTAUX, LES PAIRS IDENTIQUES REFUSE)

Patterns | Deseriptions | _ MamRols |
OIMIMAandc ncapsulates a request as an object, thereby letting you parameterize chients with di ommand, Invoker
_ requests, queue or log requests. and support undoable operations
Composite | Composes objects into tree structures to represent part-whole hierarchies. Compaosite lets | Component, Composite

clients treat individual objects and compositions of objects uniformly
Decorator Attaches additional responsibilities to an object dynamically. Decorators provide a Hexible | Component, Decorator

alternative to subclassing for extending functionality

Jbserver Ines a one-to-many dependency between objects so that when one object changes state, Dbserver, Subject
all its dependents are notified and updated automatically

ingieton PDefines a mechanism that ensure that the same instance of a class 1s used throughout a

program execution
State Allows an object to alter its behavior when its internal state changes Context, State




METRIQUES IMPORTANTES

relevant elements

false negatives true negatives

true positives false positives

retrieved elements

H ‘:' ‘(‘\' IT
items

Precision = —— Recall =

https://en.wikipedia.org/wiki/Precision and recall



https://en.wikipedia.org/wiki/Precision_and_recall

METRIC IMPORTANTE

s Lack oF COHESION IN METHODS — LCOM
¢ SUM(FIELD_PER_METHOD) / (FIELD_QTE * METHODS_QTE)

»  CoupPLING BETWEEN OgJecT (CBO)
» NOMBRE DE CLASSE QUI ONT UN LIEN UML AVEC LA CLASSE COURANTE

+  CycLomatnic CompLexity (CC)
o NOMBRE MINIMAL DE CHEMIN INDEPENDANT https://stackoverflow.com/

questions/27515541/cbo-cou
+  WEIGHTED METHOD count (WMC) R
o LA CC DE CHAQUE METHODE ADDITIONNE



https://stackoverflow.com/questions/27515541/cbo-coupling-between-object
https://stackoverflow.com/questions/27515541/cbo-coupling-between-object
https://stackoverflow.com/questions/27515541/cbo-coupling-between-object

DEMIMA

¢ QUTILS D' IDENTIFICATIONS DES PATRONS DE CONCEPTIONS EN JAV A

o PREcIsIoN DE 34% Pour 12 moTiF, MAIS RECALL DE 100%.

¢ REecaLL DE 100% PERMET D'ETRE CERTAINS D' AVOIR TOUT LES CLASSES INTERESSANTES DANS NOS ENSEMBLES

¢ PRECISION FAIBLE = DOIT REVERIFIER LES CLASSES
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RESULTATS = R1

One Role
Two Roles

Programs

ArgoUML v0.18.1 124

ArgoUML v0.15. -_ s -w—h_ 3%
0 = Azureus v2.1.0.0 - 2 S

Azureus v2.1.0.0 3 55 —— :
| Asureus v21.0.0 | o4 B w e —

M
One Role
Two Roles

T Cosevi B -
R
ZELY

JHotDraw v5.4b2 | 30 __ L
36.66% e——

Xalan v2.7.0 55 Cyoys ¥ =
_ TR
10

7 29

Total 266 — 2085
_ e Table 5. Extrapolated humbers and percent-
Table 4. Validated precisions of DeMIMA. ages of classes playing no, one, or two roles.




RESULTATS = R2

1 role vs. 0 role

2 role vs. 0 role

2 role vs. 1 role

Unsignificant change

ANA, connectivity, CP, DSC, MFA, NOH, PP, and RPII

Significant

CIS, CLD, DCAEC, DCMEC, EIC,
EIP, ICHClass, LCOMS5, MOA,
NCM, NCP, NMA, NMD, NMDEx-
tended, NMO, NOC, NOD, NOM,
NOParam, NOPM, PIIR, REIP,
RFP, SIX, WMC

ACAIC, ACMIC, AID, CAM, CBO,
CBOin, CBOout, CIS, CLD, co-
hesionAttributes, DAM, DCAEC,
DCC, DCMEC, DIT, EIC, EIP, ICH-
Class, LCOM1, LCOM2, LCOMS5,
McCabe, MOA, NAD, NADEx-
tended, NCM, NCP, NMA, NMD,
NMDExtended, NMI, NMO, NOA,
NOC, NOD, NOM, NOP, NOParam,
NOPM, PIIR, REIP, RFP, RTP, SIX,
WMC, WMC1

ACMIC, CAM, CBO, CBOin,
CBOout, cohesionAttributes, DAM,
DCC, ICHClass, LCOM1, LCOM2,
LCOM5, McCabe, MOA, NAD,
NADExtended, NMD, NMO, NOA,
NOM, NOP, SIX, WMC, WMC1

Significant

LCOM1, LCOM2, RRTP, WMC1

RRFP, RRTP

CLD

Table 6. Metrics Trends. (" or \, represent a significant increase (respectively, decrease) of, for example,
the metrics values of 1-role classes compared to these of 0-role classes. Metrics that do not appear in a cell
are those which values changed with no statistical significance.)
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VALIDITE = PRECISION & RECALL

—~— Precision| =] o e - Precision
— Recall 38.5% - Recall
27 e e =t 28:6%

S 6 7 8 910111213 141516 17 18 19 20 21

(a) Precision and recall of the identification of Decorator. (b) Precision and recall of the identification of State.

Figure 1. Precision and Recall.




VALIDITE = LANGAGE ET PROGRAMMES

o  JAVA.
¢  PUrReMeNT OBJET.
? NEGLIGE D’AUTRES SOLUTIONS DANS DES DOMAINES PLUS PROCEDURALE OU FONCTIONNEL

&  SEULEMENT OPEN SoURCE.

? AVANTAGE? — MIEUX MAINTENU S



VALIDITE - ECHANTILLONNAGE

o ETUDE SUR DES CAS TRES SPECIFIQUES

& Dol ETRE FAIT A LA MAIN DONC PETITS ECHANTILLONS

&  SEULEMENT 6 PATRONS VERIFIE ET SEULEMENT LEURS ROLES PRINCIPAUX:
?2  CoMMAND, ComMPOSITE, DECORATOR, OBSERVER, SINGLETON, STATE
?  SINGLETON - ANTI-PATRON?

?  QOUTILS D' AUTOMATISATION



UTILITE ET APPLICATION DE LA RECHERCHE

COMPRENDRE L'IMPACT ET LA COMPLEXITE AJOUTE PAR LES PATRONS ET SURTOUT SUR L' UTILISATION DE

CLASSE QUI JOUENT PLUSIEURS ROLES.
¢ |LES NOMBREUSES METRIQUES PROUVENT TOUTES UNE AUGMENTATION DE LA COMPLEXITE

CALCULER LA QUANTITE DE CLASSE QUI JOUENT DES ROLES DANS LES PATRONS ET VOIR LEUR PRESENCE

DANS LE CODE.
» ON APPREND QUE PLUS DE 30% DES CLASSES JOUE UN ROLES DANS LES MOTIFS

LES CLASSES QUI ONT TENDANCE A ATTIRE LE PLUS DE CHANGEMENT SONT CELLE QUI UTILISENT DES
PATRONS DE CONCEPTIONS



DIRECTION DE RECHERCHE

EST-CE QUE LES PATRONS DE CONCEPTIONS ONT LA MEME UTILITE/PRESENCE/ROLES DANS LES LANGAGE
NON-TYPE VS TYPES

QQUELS PATRONS DE CONCEPTION ONT TENDANCE A CREER LES CLASSES LES PLUS CHANGEANTES €

UNE CLASSE QUI JOUE UN ROLE DANS UN MOTIF SEMBLE PLUS DISPOSE AU CHANGEMENT

2 EST-CE QUE CA NUIT A LA MAINTENABILITES

2 POURQUOIZ EST-CE QUE LES PATRONS SONT PREDISPOSES AU CHANGEMENTS EST-CE LE CONTEXTE D' UTILISATION QUI
LES PREDISPOSES

o  SERAIT-CE PAREIL SI AUCUN PATRON N'ETAIT UTILISE

EST-CE QUE LES ANTI-PATRONS SONT AUSSI PREDISPOSES AU CHANGEMENT?



Quels caracteristique les patrons de conceptions
amenent-ils

o DE: THE EFFecTt oF GANG-OF-FOUR DESIGN PATTERNS USAGE ON DESIGN QUALITY ATTRIBUTES

Reusability = -0.25 * Coupling + 0.25 * Cohession
+ 0.5 * Messaging + 0.5 * Design Size

Flexibility = 0.25 * Encapsulation - 0.25 * Coupling
+ 0.5 * Composition + 0.5 * Polymorphism

Understandability = -0.33 * Abstraction + 0.33 * Cohession
-0.33 * Coupling + 0.33 * Encapsulation
-0.33 * Design Size - 0.33 * Complexity
-0.33 * Polymorphism

Functionality = 0.12 * Cohession + 0.22 * Polymorphism
+0.22 Messaging + 0.22 * Design Size

+ (.22 * Hierarchies

Extendebility = 0.5 * Abstraction - 0.5 * Coupling

+ 0.5 * Inheritance + 0.5 * Polymorphism

Effectiveness = 0.2 * Abstraction + 0.2 * Encapsulation
+ 0.2 * Composition + 0.2 * Inheritance
+ 0.2 * Polymorphism

Design Patterns
Singleton
Factory Method
Prototype
Adapter-Command
Observer
State-strategy
Template Method
Visitor
Composite
Decorator

Proxy

Proxy2

Table 2. Spearman Correlation between GoF design pattern and Quality attributes

Flexibility Understandability Extendibility
0.60(0.00) 0.33(0.03) -0.60(0.00) 0.58(0.00) -0.36(0.03)
0.60(0.00) 0.32(0.01) -0.60(0.00) 0.60(0.00) -0.34(0.03)

0.35(0.01) -0.01 (0.93) -0.35(0.01) 0.32(0.02) -0.23(0.10)
0.68(0.00) 0.37(0.02) -0.68(0.00) 0.67(0.00) -0.31(0.02)

0.63(0.00) 0.29(0.03) -0.64(0.00) 0.65(0.00) -0.33(0.01)
0.62(0.00) 0.17(0.24) -0.62(0.00) 62(0.00) -0.15(0.29)

0.07(0.61) 0.09(0.51) -0.07(0.61) 0.05(0.75) -0.07(0.63)

0.43(0.00) 0.12(0.40) -0.43(0.00) 0.48(0.00) -0.23(0.10)
0.48(0.00) 0.09(0.00) -0.48(0.00) 0.48(0.00) -0.50(0.00)
-0.03(0.84) 0.08(0.58) 0.03(0.85) -0.01(0.92) -0.22(0.12)

0.6(0.00) 0.32(0.01) -0.6(0.00) 0.64(0.00) -0.34(0.01)

0.23(0.09) 0.09(0.51) -0.24(0.09) 0.27(0.05) -0.21(0.14)

Effectiveness
0.42(0.00)
0.37(0.00)
0.22(0.11)
0.51(0.00)
0.37(0.00)
0.47(0.00)
0.29(0.03)
0.12(0.39)
0.34(0.01)
0.37(0.00)
0.49(0.00)
0.22(0.12)




Quels caracteristique les patrons de conceptions
amenent-ils

o DE: THE EFFecTt oF GANG-0OF-FOUR DESIGN PATTERNS USAGE ON DESIGN QUALITY ATTRIBUTES

Adapter-Command :: Reuability Adapter-Command :: Flexibility

7 4 8 9 10 1 12 13 14 : 9 10 1 12 13 14
Use Intensity of Adapter-Command Use Intensity of Adapter-Command

a) Adapter-Command and Reusability b) Adapter-Command and Flexibility

Adapter-Command :: Functionality

Adapter-Command :: Understandability

Understandability
Functionality



EST-CE QUE LES PATRONS DE CONCEPTIONS
AIDENT VRAIMENT A LA MAINTENABILITE®

o« DE: A CONTROLLED EXPERIMENT COMPARING THE MAINTAINABILITY OF PROGRAMS DESIGNED WITH

AND WITHOUT DESIGN PATTERNS—A REPLICATION IN A REAL PROGRAMMING ENVIRONMENT
o PRENNENT DES SUJET QUI NE CONNAISSENT PAS LES DESIGN PATTERNS

s LEUR FAIS FAIRE UN PROGRAMME
o« [DONNE UN COURS AU SUJET

¢ LEUR FAIS FAIRE LE PROGRAMME



EST-CE QUE LES PATRONS DE CONCEPTIONS AIDENT
VRAIMENT A LA MAINTENABILITE?

o JACHE |1 - PATRON OBS VS NONE;
® PLUS LENT QUAND ON NE CONNAIT PAS

¢ PLUS VITE APRES LE COURS

o TACHE 2 — COMPOSITE ET VISITEURS VS COMPOSITE
o PEU DE PERSONNE ONT COMPRIS ET BIEN UTILISE LE PATRON VISITEURS
o LES RESULTATS ONT ETE PLUS VITE POUR LES GROUPE QUI N'UTILISAIT PAS LE VISITEUR MEME APRES LE COURS
+ AUCUN GROUPE N'ONT EU UN FORT NIVEAU DE REUSSITE
s TACHE 3 — DECORATEURS VS NONE
o [DECORATEUR SEMBLE ETRE PLUS FACILE A COMPRENDRE ET NE NECESSITE PAS DE COURS
» PLUS RAPIDE ET PLUS CORRECT
« TACHE 4 — ABSTRACT FACTORY, COMPOSITE VS ABSTRACT FACTORY
o PLUS FACILE DE RENDRE LES CHOSE CORRECT AVEC LE PATRON COMPOSITE
o MAIS PAS PLUS RAPIDE



EST-CE QUE LES PATRONS DE CONCEPTIONS AIDENT
VRAIMENT A LA MAINTENABILITE?

Table I. Descriptions of programs and tasks.

Program

Stock

Boolean
Formulas
(BO)

Comm.
Library
(CO)

Graphics
Library
(GR)

Description and complexity

Display an incoming stream of
data (read from a file) in one
or more windows using &
supplied. simple GUI library.
Simple program wiath little
data and low code complexity.
Pat: 441 SLOC, 7 classes

Alt: 374 SLOC., 7 classes

A system for storing and
manipulating boolean
formulas, represented in a
hierarchical data structure.
Relatively complex. using a
recursive data structure.
Pat: 471 SLOC, 11 classes
Alt: 372 SLOC, 8 classes

Wrappers for communication
primitives such as transmit,
receive, compress and
decompress.

Very little data and not very
complex. Simple primitives
with similar interfaces.

Pat: 404 SLOC, 6 classes
Alt: 342 SLOC., 1 class

Represent graphic primitives
such as point, line and arcle.
and a system for drawing them
on several kinds of device.
Mcthods for creating devices
and corresponding pnimitives.

Data structure is partly recursive,

but less complex than in
Boolcan Formulas. The code

1s larger than the other programs,

but well structured.
Pat: 683 SLOC., 13 classes

lasks

1: Add another kind of
window (the window
itself was supplied).

2: Let the user choose
which windows

should be visible.

1: Evaluation of
formulas.

2: Change name of one
method, breaking the
Composite pattern.

1: Add a wrapper for a
new (supplied) primitive.
2: Determine the
conditions leading to a
certain status value;
determine how to
create a channel with
certain functionality.

I: Add a new graphics
device and corresponding
subclasses of primitives.
2: Determine whether a
running supphied method
will result in a certain
output.

Patterns

Pat: Obscrver
Alt: None

Pat: Composite,
visitor
Alt: Composite

Pat: Decorator
Alt: None

Pat: Abstract

F ctory.
Composite

Alt: AbstFactory




EST-CE QUE LES PATRONS DE CONCEPTIONS AIDENT
VRAIMENT A LA MAINTENABILITE?

Analysis of time

Base level
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Figure 2. Analysis of elapsed times for all programs and tasks. The upper left panel of the figure shows the
basc levels b, for cach task. given in minutes. The estimates are given as dots, whereas the vertical lines are
95% confidence intervals. The four lower pancls have the same structure as the upper left panel, but show
changes relative to the base level. Hypotheses are shown, with the position of the label indicating the
direction expected cffect. The log scale is given at the left of the panel. and the corresponding relative
change in % is given at the right side of the pancl.

Analysis of correctness

Base level

Average score

Course effects on altemate programs

Change in score
Change in score

Change in score
Change in score

1
'st? 'eo? 'co? ‘er®

Figure 3. Analysis of correctness effects for all programs and tasks. The upper left panel of the figure
shows the base levels 2, for cach task. given as average scores. The four lower pancls show changes in
scores compared with the relevant alternative. Some confidence intervals have zero length. For the
corresponding estimates, all relevant data had the same correctness, or the same change in correctness. In
such cases, the GEE method is unable to compute confidence intervals.




CONCLUSION PERSONNEL

FAIRE ATTENTION AUX PATRONS DE CONCEPTION, CAR MALGRE QU'ILS FOURNISSENT DE BELLES SOLUTIONS ELEGANTES, ILS
ONT TENDANCE A AUGMENTE LA COMPLEXITE DU_CODE

IDENTIFIER L’ UTILISATION DE_PATRON_AIDE LES GENS A _MIEUX SE RECONNAITRE ET AMELIORE LA MAINTENABILITE

LES CLASSES JOUANT UN _ROLE AU SEIN DE PATRON DE CONCEPTION SONT SOUVENT CELLES QUI CREENT LE PLUS
CHANGEMENTS DANS NOTRE PROGRAMME ET DOIVENT DONC ET CELLE AUXQUELS ONT FAIT LE PLUS_ATTENTION.

UNE CLASSE PEUT JOUER_UN_ROLE DANS PLUSIEURS PATRONS, MAIS ELLE DEVIANT EXPONENTIELLEMENT PLUS COMPLEXE ET
PROPICE AU CHANGEMENT

PAS TOUT LE MONDE_CONNAISSENT LES PATRONS ET UTILISER DES PATRON COMPLEXES DOIT ETRE FAIT AVEC PARCIMONIE




CONCLUSIONS PERSONNEL

® YIndeed, the ratio of time spent reading versus writing is well over 10 to 1. We are constantly
reading old code as part of the effort to write new code. ...[Therefore,] making it easy to read
makes it easier to write”.

® “So if you want to go fast, if you want to get done quickly, if you want your code to be easy to
write, make it easy to read.”

¢ Rendre son code comprehensible est la clé de la reussite

Clean Code - Robert C. Martin



Application dans le jeux Vidéo

« ENDROIT OU LA PERFORMANCE PRIME SUR TOUT
*  MAINTENABILITE TRES DIFFERENTE EN ENTREPRISE

ref : https://gameproarammingpatterns.com/contents.ntmi



https://gameprogrammingpatterns.com/contents.html

Singleton ou comment ne pas I'utilisé

e REGLE 2 PROBLEME :
* ACCES GLOBAL
* | SEULE INSTANCE

ref : https://gameproarammingpatterns.com/contents.ntmi



https://gameprogrammingpatterns.com/contents.html

Data Locality

Figure 1.

Original or traditionally

transformed program

real A(N,N),Y

do1=1,N
do j=1,4

Y=Y+A(j,1)

enddo
enddo

for N=8000,

# L1 data cache misses: 8,196
# L2 data cache misses; 7,828
# TLB msses: 8,337

First motivating example.

ref : https://gameproarammingpatterns.com/contents.ntmi

Our approach

real A(N=N),Y

do 1= 1,N
do ) = 1,4
Y=Y+A(4*(i-1)+]j)
enddo
enddo

for N=8000,

# L1 data cache misses: 4,200
# L2 data cache misses: 1,017
# TLB musses: 8



https://gameprogrammingpatterns.com/contents.html

ECS - Enfity Component System

Render
Component

Translation Translation
Componen

Rotation Rotation ) ) ,\
(A £ {/ -“ Dynamic Control Sound
Component Component Component
LocalToWorld LocalToWorld
Renderer Renderer Fig. 4. Entity Component System

Components Components
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