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Abstract

Much has been said about how the
upcoming module feature in C++ will improve
compilation speeds and reduce reliance on
the C++ preprocessor. However, program
architecture will see the biggest impact. This
talk explains how modules will change how
you develop, organize, and deploy your code.
We will also cover the stable migration of a
large code base to be consumable both as
modules and asormalheaders.
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LargeScale C++ Software Design is Mbimensional:
A It involvesmanysubtlelogicalandphysicahspects.
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LargeScale C++ Software Design is Mbimensional:
A It requires an ability to isolate and modularize

functionalitywithin discrete, finegrainedphysical
components
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LargeScale C++ Software Design is Mbimensional:

A It requires the designer to delineategical
behaviorprecisely, while managing thehysical
dependencie®n other subordinate components.
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LargeScale C++ Software Design is Mbimensional:

A The C++ language itself lacks a mechanism to
characterize and render software at a sufficient)
high level ologicd andphysicalabstraction.
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Purpose dthis Talk

1. Review the basics of compondrdsed design:

2. Introducethe notion of a new C++ language
entity, modul e, and describe it In terms of the
essential engineering requirements it must ful
If It Is to be readily adopted widely by industry.
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Logicalersus Physical Design

What distinguishe$ ogicaifrom PhysicaDesign?

@gical)

physical

LogicalClasses and Functions
PhysicalFiles and Libraries
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1. Review of Elementary Physical Design

Logicalersus Physical Design

Logicalcontent aggregated into a
Physicahierarchy ofcomponents
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1. Review of Elementary Physical Design

ComponentlUniform Physical Structure

A Component Is Physical

/[ component.t.cpp
#include < component.h >

I ...
int  main(...)

{

... /I component.h /I component.cpp
#include < component.h
... ...
}

Il - END OF FILE --

component.t.cpp

I/l - END OFFILE -- /I - END OF FILE  --

component
28



1. Review of Elementary Physical Design

ComponentlUniform Physical Structure

Implementation

/[ component.t.cpp
#include < component.h >

I ...
int  main(...)

{

... /I component.h component.cpp
#inglude < component.h

...

}
/l -- ENDOFFILE -

component.t.cpp

I/l - END OFFILE -- /I - END OF FILE  --

component
29



1. Review of Elementary Physical Design

ComponentlUniform Physical Structure

Header

/[ component.t.cpp
#include < component.h >

I ...
int  main(...)

{

... ent. /l component.cpp
#include < component.h

...

}
/l -- ENDOFFILE -

component.t.cpp

I/l - END OFFILE -- /I - END OF FILE  --

component
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1. Review of Elementary Physical Design

ComponentlUniform Physical Structure

/[ component.t.cpp
#include < component.h >

...

int  main(...)
{
I ...

}
/l -- ENDOFFILE -

component.t.cpp

Test Driver

/[ component.h /[ component.cpp
#include < component.h

... ...

I/l - END OFFILE -- /I - END OF FILE  --

component
31



1. Review of Elementary Physical Design

ComponentlUniform Physical Structure

The Fundamental Unit of Design

/[ component.t.cpp
#include < component.h >

I ...
int  main(...)

{
... /I component.h /I component.cpp
#include < component.h
... ...
}

Il - END OF FILE --

component.t.cpp

I/l - END OFFILE -- /I - END OF FILE  --

component
32
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ComponentNot Just ah /. cpp Pair

my::Widget

my_widget
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1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

1. [<] The. cpp file includes itsh file as the first

substantive line of code.
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-

<> All logical constructs having externiakage
defined in a cpp file are declared in the

correspondingh file.
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1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

<> All logical constructs having externiakage
definedin a. cpp file aredeclaredin the

)

correspondingh file. o)

A declaration

Hypertechnically

According to the '
C++ Grammatr, : (typlca”y)
EveryDefinition Introduces a hameé

is aDeclaration INto a scope
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1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

< All logical constructs having exterriakage
defined in a cpp file aredeclaredln the

correspondingh file.

A declaration

Introduces a
name
Into a scope

For our

purposes

39



1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

<

All logical constructs having externiakage

definedin a. cpp file aredeclaredin the
correspondingh file.

I nt a; /I Declaration And Definition
extern int a; /[ Declaration Only
extern int a=0; /[ Declaration And Definition
void f(); /| Declaration Only
void f(){} /[ Declaration And Definition
class Foo; /[ Declaration Only

cl ass Foo { [///Dedaration And Definition

static iInt d_s; // Declaration Only

} object; /[ Declaration And Definition

int

Foo:: d_s; I/l Definition Only 40



1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

2. <> All logical constructs havirgternallinkage
defined in a cpp file are declared in the

correspondingh file.

int a; I
static int a; //
void fO){}; /l
static void fO){} I/
| nline void fO){} //
static inline void fO){} //
class Foo { [/ ¢éJl
| Declaratior>static int ds; /l
} object; Il

Definition>int Foo: d s: /l

External
Internal

External
Internal

External
Internal

External
External
External
External

Linkage
Linkage
Linkage
Linkage
Linkage
Linkage
Linkage
Linkage
Linkage
Linkage a1



1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

2. <> All logical constructs havirexternallinkage
defined in a cpp file are declared in the
correspondingh file.

namespace { class Foo { /I Internal Linkage

_Declaration - static int d_s; // Internal Linkage

} object; } // Internal Linkage

Definition>int Foo:: d_s; /I Internal Linkage
namepsace ns { // None (External -ish)

class Foo { /[ External Linkage

Declaration - static int d_s; /| External Linkage

object; } /[ External Linkage

Definition > i nt ns::Foo:: d_s; /| External Linkage
" Definition > int  Foo:: d_s; // 0




1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

2. <> All logical constructs havirexternallinkage
defined in a cpp file are declared in the
correspondingh file.

namespace { class Foo { /I Internal Linkage

_Declaration - static int d_s; /[ Internal Linkage

} object; } // Internal Linkage
namepsace ns { // None (External -ish)

class Foo { /[ External Linkage

Declaration - static int d_s; /| External Linkage

object; } /[ External Linkage

Definition > i nt ns::Foo:: d_s; /| External Linkage
" Definition > int  Foo:: d_s; // e




-

2. <O

namespace {

1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

All logical constructs havirexternallinkage
defined in a cpp file are declared in the
correspondingh file.

' Declaration > static int

} object; }

namepsace ns {

class Foo {

' Declaration > static int

int

object; }

| Definitiongi nt ns::Foo::

" Definition

Foo:: d s;

class Foo {

ds;

ds;

ds;

I
I
I

I
I
I
I
I
I

Internal Linkage
Internal Linkage
Internal Linkage

None (External -ish)
External Linkage
External Linkage
External Linkage
External Linkage
Internal Linkage 44
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ComponentNot Just ah /. cpp Pair

-

2. <> All logical constructs havirexternallinkage
defined in a cpp file are declared in the

correspondingh file.

namepsace ns { /l

class Foo { Il
_Declaration ~ static int d_s; I/
object; } I/

Definition > i nt ns::Foo:: d_s; /]
" Definition > int  Foo:: d_s; /l

None (External -ish)
External Linkage
External Linkage
External Linkage
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ComponentNot Just ah /. cpp Pair

-

2. <> All logical constructs havirexternallinkage
defined in a cpp file are declared in the

correspondingh file.

namepsace ns { /l

class Foo { Il
_Declaration ~ static int d_s; I/
object; } I/

Definition > i nt ns::Foo:: d_s; /]
" Definition > int  Foo:: d_s; /l

None (External -ish)
External Linkage
External Linkage
External Linkage
External Linkage
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ComponentNot Just ah /. cpp Pair

-

-

<> All constructs having external or duahdage
declared in ah file (if defined at all) are defined

within the component.
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1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

-

—>| All constructs having external or duahdage
declared in ah file (if defined at all) are defined

within the component.

examples of bindage

48



1. Review of Elementary Physical Design

ComponentNot Just ah /. cpp Pair

-

-

S 02YLRYSyuaQa FTdzy Oua 2
#include of its header, and never viaca¥ 2 NB | |
(extern ) declaration.

49
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LogicaRelationships

CPointList )
éointList_Link )

( Polygon )
@)

CPoint 5

O—— Uses-in-the-Interface

(Shape)
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LogicaRelationships

(PointList ) ( Polygon )
T O
éointList(_)Link )

CI;o\int 5 (Shape)

O——— Uses-in-the-Interface O------ Uses in name only
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LogicaRelationships

(PointList ) ( Polygon )
T O
éointList(_)Link )

Clso\int 5 SRR EEEEE - CCShape)
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ImpliedDependency

(PointList ) ( Polygon )
T O
éointList(_)Link )

CI;o\int 5 - ------ -y : CCShape)

O——— Uses-in-the-Interface O------ Uses in name only
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ImpliedDependency

(PointList ) ( Polygon )
T O
GointList(_)Link )

CI;o\int 5 - ------ -y : {Shape)

—> Depends-On

O——— Uses-in-the-Interface O------ Uses in name only
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(PointList N — (Polygon )
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LevelNumbers
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LevelNumbers

(PointList N —— ( Polygon ) 3

I
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Q
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EssentiaPhysical Design Rules

There are two:

2.No LongDistance
Friendships!
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2. Cyclic Dependency.
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Criteriafor Colocatingt t dzo f A O¢
There are four:
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Insulation

| k

d.h . e.h \ e.cpp
d e \

\
#include d #include €
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Insulation

Imp

Detail

Tl
»

i

L
d.h e.h \ e.cpp
d e \
}nclude d #includ\e e
- 1
b.h \Qcpp c.h I c.cpp
D C l
C I i e n #include D| [#include C Librgry
- Component
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Insulation
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Insulation

Imp
Detail

c.cpp
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Insulation
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Criteriafor having &tinclude Inah File

Recall that:

A header file must
0S BdS{TFI
w.r.t. complilation.
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Criteriafor having &tinclude Inah File

There are five:

1. IsA
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2. HasA
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Point appendVertex(int iIndex,
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Criteriafor having &tinclude Inah File

There are five:

—_

- But not Uses!

—_

#include <point.h> | |
Point appendVertex(int iIndex,

const Point& vertex);

*
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Criteriafor having &tinclude Inah File

There are five:

—_

- But not Uses'!

class Point; | |
Point appendVertex(int iIndex,

const Point& vertex);
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Criteriafor having &tinclude Inah File

There are five:

—_

- But not Uses!

—_

#include <point.h> | |
Point appendVertex(int iIndex,

f const Point& vertex):
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Criteriafor having &tinclude Inah File

There are five:

—_

- But not Uses!

class Point; | |
Point appendVertex(int iIndex,

const Point& vertex);
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Criteriafor having &tinclude Inah File

There are five:
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Criteriafor having &tinclude Inah File

There are five:

3. Inline (used Iin function body)
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Criteriafor having &tinclude Inah File

There are five:

4. enum
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Criteriafor having &tinclude Inah File

There are five:

5. typedef  (e.g., template specialization)
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Criteriafor having &tinclude Inah File

There are five:

Note: Covariant return types is another edge case
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1. Review of Elementary Physical Design

What Questions are we Answering?

A What distinguishe$ ogicalfrom PhysicaDesign?

A What are the fundamental properties ofc@mponen

A How do weinfer dependenciedrom logical relationship
A What arelevel numbersand how do we determine them-
A Howdo we extracttomponent dependencieafficiently?
A What essentiaphysical design rulanust be followed?

A Whatarethe criteriafor collocatingclasses functions?

A What do we mean by the terimsulatior?

A How doednsulationcompare withEncapsulatio

A Why/when would we put ainclude  directive in an file?
A What cost/benefitis generally associated with insulatiot
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

1. Introduction and Purpose

Modulesare considered to be eritically needed language featurgy many
C++ developers, but the reasons for the urgency vary considerably from one
engineer to the next. Some are looking, primarilyy¢duce protracted build
times for template-ladenedheaderfiles (e.qg., withbuild artifacts). Others

want to use modules as a vehicledi@an up impure vestiges of the
language, such as macrgohat leak out into client code. Still others are
looking to"modernize"” the way we view C+fendering completely even if

it means forking the language. These are all very different motivations, and
they may or may not be entirely compatible, bluthe agreedupon
Implementation of modules does not take into account established code
bases such as Bloombergey will surly fall far short of widespread
adoption by industry.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

The primary purpose of this paper is to serve as a proxy for discussion
regarding critically important requirements for substantial software
organizations, such as Bloomberg, that have very specific architectural need:
yet also have vast amounts of legacy source code that cannot reasonably be
migrated to a new syntax in any bounded amount of time.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

2. Current Situation

Some of thestrategies require existing code bases to charagfore they can
take advantage of moduleSignificant work has gone into toolintipat

converts existing code bases to become "modulatizegplacing

conventional.h /. cpp pairs with the equivalent in module syntgimport
statements in place afinclude directives, etc. For companies, like
Bloomberg, that have an enormous sprawling code base along with numerou
disparate clients at every level of the software's physical hiera@my

approach that requires transforming the entire codebase along with all the
clients is a norstarter.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

DonKnuth asserted that premature optimization is the root of all evAny
sensible implementation of modules will enable the kind of coromes
optimizations we are all looking for, but the converse is not true. If we come
up with anoptimization-oriented implementation of modules and release it
first, it will beimpossible to graft on the necessary architectucgiented
featuresthat would make modules realize their potential value for lasgale
C++ software designers and architects. If we are to be truly successful, we

must start with a fullybaked design; only after that should we attempt to
optimize it.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

In order for any new module technology to have a plausibly successful path t
adoption itsintegration must be (purely) additive, hierarchical, incremental,
and interoperable, but not necessarily backward compativath traditional
rendering (e.g.,h /. cpp pairs). Bypurely) additive we mean that providing

a modulestyle interface to existingode does not require that code to be
modified (in any way whatsoever). Byerarchical we mean that what we

add to an existing code bade provide module interfaces depends on that
code base (and never vice versa)ilByemental we mean that adding a
module interface to one part of the codease never implies adding it to

some other, disparate parof the code base. Finally, byteroperable, we

mean that aC++ construct consumed through both a module interface and a
(conventional) headedfile interfaceis understood by the client's compiler to
be the same construcatithout violating the ODR

143



2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

3. HighLevel Requirements

Modules will realize their full potential as an important new featuré&e#
only if:
|. Modules deliver effective support forl@ger, more powerful unit of
logical and physical architectural abstractipbeyond what is currently
realizable using conventiondl /. cpp pairs to form components
compiled as separate translation units.

a.Logicalversus physical encapsulatioffoday, if | have a private data
member, my client needs to see the definition of that data member.
az2zRdzZ Sa aKz2dzZ R ft2¢ OGKIFIG RSTA
compiler, but not to the client, for arbitrary reusk this way,
modules fix an important angervasive problemtransitive
Includes.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

.
a.

b.Modulesshould be atomic with respect to compilatiofor all of
the elements they comprise. That is| build a module containing
templates and inline functions at a given level of contract
assertions, the client will see that leverather than the level at
which the client was build. While this is just an example, it should
apply to any and all build options.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

.
a.
b.

c. Modulescan be used as views on existing software subsystems
consisting of arbitrary numbers ah and. cpp files. That is, without
changing an existing, conventionally implemented subsystera,can
create a module interface (purely additively) that provides an
arbitrary subset of the logical entities that the module comprises
Ideally, but not necessarily initially, the level of filtering will enable one
to drop below global entities to incorporate (or not) nested entities
such asndividual member functions In this way a module does not
encapsulate the original definition of the legacy code, but rather its use
through this module interface. Finally it should be possibienultiple
modules to wrap the same conventional software as views aimed ad
distinct clientsthat converge to a single main. All of the entities

exported should bé&nown to be the same with no ODR violation .



2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

.
a.
b.
C.

d.Modulesthat act as views should behave similarly to C procedural
Interfaces (See Lakos'96, section 6.5.1, pp.-445.) What | mean
by that is that if a conventional TU is exposed in parallel with a
modular view of that TU, thea client importing entities from both
will get the union of accessand overlapping entities will be
considered by the client's compiler as being Hagne entity
(without violating the ODR)
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

ll. There exists a weltonsidered, viable adoption strategy that does

NOT require existing software to be altered in any wiyorder to begin

to make use of the new features to allow new clients to consume legacy

software.

a. Let's take a look at a realorld scenario. Suppose we have a

library, L1 _h,implemented ash /. cpp pairs. Suppose
further that we have aubsystemS1, that depends on, and
traffics in types defined ih1l_h in its interface. Now suppose we
want to add, hierarchically, a module interface kdr h, which
we'll callL1_m. The current state of affairs now looks roughly like

this:
L1 n] 1.4
\

[L1_H

148



2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

.
a.

b. Nowsuppose that we get another client subsystem written
entirely in module speals2_m This client has no legacy
Implementation and none of its sstomponents are consumable
by conventional renderings (which is "fine" because it is new code
and no old code currently depends ot it

[S2_nj

|
[L1_m] [S1_h]

\ /
[L1_h]
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

a.
b.
C.

Finally a clientC1 _mcomes along and wants to use bd&2_ m
andS1 _h, both of which make use in their respective interfaces of
types defined irL1_h:

[C1_n
N
[S2_m] | |
| |
[L1_m] | [S1_h]
\
[L1_h]
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

oo T W

Typedsdefined inL1 _h and consumed from botB2 _mandS1 h
need to refer to the same entities. In this way, we gagp our
current code base while continuously evolving towards the
"more modern” module only approachAt some later point,

S1 _mmaybe created at which poif€1_mmay or may not may
want to convert to use it insteadbut nowall new code will
benefit from using the more powerful, more modern, more
efficient S1_mrendering
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

lll. The implementation chosen does not require centralized repositorogs
other knownto-be brittle techniques that would render important software
processes such as distributed development or interaction with secocks
control systems significantly more problematics than they already are.

a. TheGoogle approach seems to me to rely heavily on a module
cachewhich, from what | recall with template repositories from the
1990s wasufficiently problematic that it ushered in the current
linker technologywhere template instantiations are duplicated
locally in each translation unit in which they are used. (By

GNBLIZaAG2NEE KSNBZ L YSIFYy | OF

that can be reused across translation units.)
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

V. Once we have addressed I, Il, and iiis assumed and expected that
compiletimes¢ especially for templatéadenedinterfacesc will realize
dramatic improvements over always fully reparsing source texewery

translation unit.
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2. Introduce the Notion of a module in C++

Businesfkequirements for Modules

4. Conclusion

There are many different competing ideas surrounding the design and
Implementation of modules in C+H.here are many ways to realize modules
In ways that address the requirements elucidated in this paper. It is hard for
me to know, from what | have read, if and to what extent all of these
requirements are addressed by the current proposas iy intention that

this paper serve as a proxy for a discusstoriearn more about where are
currently, and where we need to be to move forward.
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2. Introduce the Notion of a module in C++

Review: Why Modules?

Some typical motivations

A Reduce compilation time.

A Eradicate macros.

A Change look and feel of C++.

Yet must not ignore a serious, reabrld concern:

Large, legacy code bases
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2. Introduce the Notion of a module in C++

Properties for Legacy Code

(Purely) Additive Adding module interfaces need not require
changes to existing codd all.

Hierarchical Added interfaces depend on the existing co
neverviceversa
Incremental Module interfaces can be added individually

as needed (withut requiring it of others)

Interoperable A C++ construct consumed via a module is
different (w.r.t. ODR) from that same constru
consumed via header file.
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2. Introduce the Notion of a module in C++

Enhancing C++ via Modules

A Fix the transitivefinclude  problem. Provide
private symbols forcompilation,but not
arbitrary reuse by clients

A Contractassertionlevelset by the module
builder, not the builder of the client

A Future:Modules could providenultiple views
of a code base without violating tHeDR.

I Clients w/multipleviewsget the union thoseviews.
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2. Introduce the Notion of a module in C++

Adoption Strategy
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Adoption Strategy
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2. Introduce the Notion of a module in C++

Additional Concerns

A Focus on compiler optimization (prematurely)
might preclude needed architectural features.

A Implementations rec

uiring centralized

repositories (for faster builds) might impede
distributed software development

I l.e., We need to be able to build any translation
unit ¢ independently of any othec directly from

source code.
A To seoento commiit to

asspecifiecnmodule=design.
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What Questions are we Answering?

A What are the engineering requirements for C++ Modules
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Conclusion

1. Review of Elementary Physical Design
Components, Modularity, Physical Dependencies

A A Components thefundamental unitof both
logicaland physicalsoftware design.

A No cyclicdependencieong-distancefriendships.

A Colocatdogical constructsnlywith good reason:
.e., friendship; cycles; parsf-whole; fleaon-elephant.

A Put a#include in a headepnlywith good reason:
l.e.,IsA HasA, inline ,enum, typedef -to-template.
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Conclusion

The End



Bloomberg

Engineering

Ing!
com/careers

_— v
—
N e
=
(b
— 3
® <
=
D =
< -
>
Q
c

el

=i,

.:c

22X
<,

TechAtBloomberg.com

© 2019 Bloomberg Finance L.P. All rights reserved.



2.

3.

Outline

Review of Elementary Physical Design
Components, Modularity, Physical Dependencies

Introduce the Notion oA module In C++
Requirements: Comparison with ConventioHabders

Achieving Physical Aggregation in C++ Toda

Organizing Components into Packages and Package Gro

Packaging Libraries Using C++ Modules
Abstraction: Providing Refinadews on Existin§oftware

181



2.

3.

Outline

Review of Elementary Physical Design
Components, Modularity, Physical Dependencies

Introduce the Notion oamodule In C++
Requirements: Comparison with ConventioRlabders

Achieving Physical Aggregation in C++ Toda

Organizing Components into Packages and Package Gro

Packaging Libraries Using C++ Modules
Abstraction: Providing Refinadews on Existin§oftware

182



3. Review of Elementary Physical Design

PhysicaDependency

Fivelevels ofphysical dependency

_LEeve

_Leve

_Leve

_Leve

_Leve
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3. Review of Elementary Physical Design

PhysicaAggregation

Onlyonelevel ofphysical aggregation

_LEeve

_Leve

_Leve

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_Leve

_Leve
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3. Review of Elementary Physical Design

ThePackage

Two levels of physical aggregation:

ANDependency Db
Decreeo
(Metadata)

NA Hierarchy of Component
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3. Review of Elementary Physical Design

ThePackage

Two levels of physical aggregation:

ANDependency Db
Decreeo
(Metadata)

Metadata governs, even absent of any components!
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3. Review of Elementary Physical Design

ThePackage

Two levels of physical aggregation

Allowed
Dependencies

Metadata governs allowed dependencies.
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3. Review of Elementary Physical Design

Packagdependencies

Aggregate dependencies:

Aggregate Level 3:

Internally,
dependencies

among components Allowed direct

are inferred: f external
_ dependencies
Aggregate Level 2: are stated
explicitly

(with simple
metadata).

Aggregate Level 1:
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3. Review of Elementary Physical Design

ThePackage Group

Tnirel Level

AnDependenc

Decreem
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3. Review of Elementary Physical Design

Non-Uniform PhysicalAggregation Depth

main

& )

Qal

1, 2,3,4, &5 deep

1 1&2 1,2,&3 1, 2,3, &4 deep
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3. Review of Elementary Physical Design

NonUniformPhysicalAggregation Depth
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3. Review of Elementary Physical Design

NonUniformPhysicalAggregation Depth
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3. Review of Elementary Physical Design

Uniform Depth of Physical Aggregation

=]

Component Package Package Group
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Uniform Depth of Physical Aggregation

main

Component Package Package Group Package Group Hierarchy
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package naming is more than just a convention:
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Package naming is more than just a convention:

subim _comp2
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Escalatind=ncapsulation

Package naming is more than just a convention:

A N
subim compl subim comp2
subc compl subc comp2 subc comp3

200



3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package naming is more than just a convention:

/¥ N\ |
subim compl subim comp2

subc compl subc comp2 subc comp3
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package naming is more than just a convention:

subim _comp2

subc _comp?2 subc _comp3

subc _compl
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package naminglsgnare than just a convention:

subc _comp3
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package naming is more than just a convention:
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation
Package Group
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Escalatind=ncapsulation

Package Group

206



3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package Group

sub
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3. Survey of Advanced Levelization Techniques

Escalatind=ncapsulation

Package Group

sub 4@ Exactly Three Characters
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by a common overarching set of
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3. PresentDay, ReaWorld Design Examples
Introduction

All of the software we write Is governed
by a common overarching set of

Organizing Principles

Among the most central of which is
achieving

Sound Physical Design
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Creatinga Big Ball of Mud
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Where We Put Our Code Matters!

Each new edge is introduced by
the addition of code that
depends on code elsewhere.
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