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Design fApplication Programming Interfaces (APIs)

TECHNICAL FIELD
This disclosure relates in general to application programming interfaces
(APIs) and in particular, by way of example but not limitation, to designing APIs

that are easy to use while simultaneously providing control and flexibility.

BACKGROUND

Application programming interfaces (APIs) are used by developers to
create 8 wide variety of applications and programs. Developers range from office
workers recording macros to low-level device driver authors. These developers
rely on different languages and/or different frameworks of differing complexities
while programming with different skill sets and/or for different purposes.
Traditionally, different APIs have been designed to target different individual
levels of skill and different demands for control (e.g., based on different relevant
scenarios).

Although this approach can be successful in providing APIs that are
optimized for a specific developer, it has significant drawbacks. For example, the
multiple framework approach creates situations where developers have difficulty
transferring knowledge from one skill level and scenario type to another. When
there is a need for them to implement a scenario using a different framework,
developers hit a very steep leaming curve. And not only is the learning curve very
steep, but it generally requires that the code written to a first lower-skill-level
framework has to be rewritten from scratch to a second higher-skill-level
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framework. Moreover, the creation of separate frameworks for different developer
skill levels typically results in a situation in which APIs that are targeted for or
implemented by one level of developer are unusable by another level of developer.

FIG. 1 illustrates a graph 101 of a traditional API leaming curve with
regard to two different frameworks. The first framework corresponds to a
framework that has a relatively lower level of required skills and/or difficulty and
a concomitantly relatively lower capacity for control by a developer. The second
framework, on the other hand, corresponds to a framework that has a relatively
higher level of required skills and/or difficulty and a concomitantly relatively
higher capacity for control by a developer. Such & first framework might be used
by a novice or infrequent developer, and such a second framework might be used
by an experienced or professional developer. For example, the first framework
may correspond to one designed for Visual Basic, and the second framework may
correspond to one designed for C++-.

In this traditional approach, relatively separate and disparate APls are
designed and employed as part of each framework. A steep but relatively short
learming curve is traversed to enable API usage for the fint framework at the
relatively lower skill level and control capability. Because of the separate and
disparate nature of the two API frameworks, the experience with the first
framework contributes little if any knowledge toward leaming the second API of
the second framework. Consequently, an equally steep but even taller learning
curve is traversed to enable API usage for the second framework.

In other words, leaming an API of the first framework does not provide a
stepping stone to learning an API of the second framework. The regressive nature
of this disjointed set of APl frameworks is indicated by the continuity gap. A
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developer who has leamed the API of the first fmnevgork is no closer to learning
the API of the second framework and must-therefore start with the basics of the
second framework.

Another problem with traditional frameworks is that they tend to have an
overall poor usability in any case. In general, object oriented design/development
{OOD) methodologies (e.g. unified modeling language (UML)) are “optimized”
for maintainability of the resulting design and not for usability of the resulting
frameworks. OOD methodologies are better suited for internal architecture
designs and less suited for designa of an API layer of a large reusable library. For
example, poor usability can result from OOD methodologies that focus only on
distillation to a lowest fundamental block and/or that have an unwavering
allegiance to a strict inheritance hierarchy throughout an API design.

Accordingly, there is a need for schemes and/or techniques that can at least
ameliomate the regressive continuity gap of a traditional API leaming curve and/or

that can deliver better overall APT usability.

SUMMARY

In a first exemplary method implementation, a method for designing an
application programming interface (API) includes: preparing multiple code
samples for a core scenario, each respective code sample of the multiple code
samples corresponding to a respective programming language of multiple
programming languages; and deriving the API from the core scenario responsive

to the multiple code samples. In a second exemplary method implementation, a Eliminado: MS1-1748US
/| pATAPP 2)DOC
method for designing an API includes: selecting a core scenario for a feature area; ;[ tneartedac Msi-1748US
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core scenario responsive to the at least one code sample. In a third exemplary
method implementation, a method for designing an API includes: deriving an API
for a scenario responsive to at least one code sample written with regard to the
scenario; performing one or more usability studies on the API utilizing multiple
developers; and reviging the API based on the one or more usability studies.

Other method, system, approach, apparatus, device, media, API, procedure,

arrangement, etc. implementations are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The same numbers are used throughout the drawings to reference like
and/or corresponding aspects, features, and components.-

FIG. 1 illustrates a graph of a traditional API learning curve with regard to
two different frameworks.

FIG. 2 illustrates a graph of an exemplary progressive API leaming curve
with regard to two different levels of abstraction.

FIG 3 illustrates exemplary design principles and practices for APIs.

FIG 4 is a flow diagram that illustrates an exemplary technique for
designing APIs per feature area.

FIG. 5 is a block diagram that illustrates an exemplary scheme for designing
APIs per core scenario.

FIG 6 illustrates potential disparity between exemplary component types
that are targeted to two different purposes.

FIG 7 illustrates an exemplary relationship between component types that

are designed to be extensible and/or interoperable %o as to cover two different

purposes.
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FIG 8 illustrates an exemplary aggregate component (AC) and associated
factored types (FTs) for handling two different purposes with a two-layer APIL.

FIG 9 illustrates an exemplary aggregate component and associated APIs
that can support a create-set-call usage pattern.

FIG. 10 illustrates an exemplary computing (or general device) operating
environment that is capable of (wholly or partially) implementing at least one
aspect of designing and/or using APIs as described herein.

DETAILED DESCRIPTION
FIG. 2 illustrates a graph 200 of an exemplary progressive APl learning

curve with regard to two different levels of abstraction. The two different
illustrated levels of abstraction are a relatively high level of abstraction and a
relatively low level o.f abstraction. The high level of abstraction corresponds 10 a
development environment that involves a relatively lower level of required skills
and/or difficulty and a concomitantly relatively lower capacity for control by a
developer. The low level of abstraction, on the other hand, corresponds to a
development environment that involves a relatively higher level of required skills
and/or difficulty and a concomitantly relatively higher capacity for control by a
developer.

A progressive APl leaming curve is shown rising from a point of lower
required skills and concomitant control capability in a relatively smooth manner
through the areas for the high and low levels of abstraction to a point of higher
required skills and concomitant control capability. The progressive API learning
curve exhibits a continuity zone between the arcas of the high level of abstraction

and the low level of abstraction. An integrated API framework enables a gradual

4

Himinado: MS1-1748US

/| PATAPP @).DOC

{ | Insevtado: MSI-1748U5
,-".-' PATAPP (2).D0C

/¢ [ mlminado: MS1-

i £} VI8US PATAPP

5 nay Dectes o, pOCUM




13

14

17

learning curve. Because of the integrated nature of the API framework,
experience with the high level of abstraction contributes to knowledge toward
learning API usage for the low level of ebstraction as well as for scenarios
demanding greater control.

In other words, leaming the API for higher levels of abstraction provides a
stepping stone to learning and/or extending the API into lower levels of
abstraction, This is indicated by the two-layer (API) framework shape.
encompassing both the high and the low level of abstraction areas. The
progressive nature of certain APIs, as described herein below, enable developers
to use simple APIg initially and to gradually (and partially) begin using more
complicated API components. Thus, developers who have learned the APls
targeting the higher levels of abstraction can move to using the APIs targeting the
lower levels of abstraction as their experience warrants and/or as the complexity of
the scenarios that they are facing demand.

A progressive APl can be easily usable (especially during early leamning
phases) and highly powerful (especially as the API is explored over time). A
usable API may include one or more of the following exemplary attributes: a
small number of concepts and/or classes are required to get started, a few lines of
code can implement simple scenarios, classes/methods have intuitive names, a
natural and/or obvious starting point is apparent, and there is a clear (e.g.,
discoverable) progression to additional required and/or relevant concepts/classes.

A progressive APl can also enable an incremental advancement from
developing at a point of lower difficulty and concomitant control capability to a

point of higher difficulty and concomitant control capability. Exemplary
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paradigms for designing progressive APIs, as well as generally highly usable
APIs, are described herein below. _

FIG 3 illustrates exemplary design principles and practices for APIs in &
table 300. Table 300 indicates general design principles and practices for four
exemplary categories 302-308. Specifically, the following four categories are
addressed: scenario driven design 302, component oriented design 304,
customizable defaults 306, and self documenting object model 308,

When designing a given API, the design principles and practices for any
one or more of the indicated categories 302-308 may be employed. Furthermore,
within any given category 302-308, one or more of the illustrated design principles
and practices may be implemented. In other words, neither every category nor
every design principle and practice thereof need be employed or implemented for
a given API design.

Scenario driven design category 302 illustrates four exemplary design
principles and practices. Firstly, core scenarios for selected features or
technological areas are defined. Secondly, code samples corresponding to the core
scenarios are written first, and the API is designed responsive thereto second.
Thirdly, a progressive API, as introduced above and described further herein
below, is designed. Fourthly, utilizing the defined core scenarios is made easy
while utilizing other scenarios is made possible. Scenario driven design 302 is
described further below in the section entitled “Scenario Driven Design”.

Component oriented design category 304 illustrates three exemplary design
principles and pmactices. Firstly, aggregate components (ACs) are created.
Generully, aggregate components are directed toward core scenarios, are relatively
simple and easy to use, and are built on top of factored types (FTs). Factored

16
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types are more fundamental and are decomposed to lower logical levels. This
results in a two-layer API design. Secondly, these aggregate components are
interrelated with the factored types. Thirdly, a create-set-call usage pattern is
supported, especially for aggregate components. Component oriented design 304
i8 described further below in the section entitled “Component Oriented Design™.

Customizable defaults category 306 illustrates two exemplary design
principles and practices. Firstly, required initializations to use at least apgregate
components are reduced. Defaults are used to reduce required initializations,
semndly, defaults are selected that are appropriate for the defined core scenarios.
Customizable defaults 306 is described further below in the section entitled
“Customizable Defaults”.

Self documenting object model category 308 illustrates four exemplary
design principles and practices. Firstly, simple and intuitive names are reserved
for core scenarios. Secondly, names are selected based on the intended use or
purpose of the component type, instead of a hidebound adherence to the
inheritance hierarchy. Thirdly, actionable exceptions are thrown so that a
developer receives instructions indicating how to fix an error from the exception
message. Fourthly, clean namespaces are produced by placing types that are rarely
used into sub-namespaces to avoid cluttering the main namespaces. Self
documenting object model 308 is described further below in the section entitled
“Self Documenting Object Model”.

Scenario Driven Design

In a described implementation, AP! specifications are driven by scenarios.
Accordingly, API designers first write the code that the users of the API will have
to write in core (e.g., main) scenarios. API designers then design an object model

\7
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to support these code samples. This approach contrasts with starting a design of
an object model (using various design methodologies) and then writing code
samples based on the resulting API.

In other words, especially for public API design, API designers start with a
list of scenarios for each feature or technology area and code samples therefor and
produce a header-style object model description based thereon. Examples of
feature areas include: file 1/O, networking, messaging, console, diagnostics,
database access, web pages, graphical user interface (GUI) programming, and so
forth,

FIG 4 is a flow diagram 400 that illustrates an exemplary technique for
designing APIs per feature area. At block 402, core scenarios are selected for the
given feature area. For example, for a given technology area, the top 5-10
scenarios may be selected. They may be selected based on the most commonly
used functions {(e.g., most common tasks) or the most frequently pursued goals for

the given technology area. For instance, exemplary scenarios for a file /O

-technology feature area are reading from a file and writing to a file.

At block 404, code samples for a core scenario are written in multiple (e.g.,
two or more) languages. For example, code samples associated with a selected
core scenario may be written in three different languages. The code samples may
implement the current selected core scenario in the three langueges. Such
languages include, for example, VB, C#, MC++, a markup language, and so forth;
however, other languages may also be used. As indicated by the asterisk, it should
be understood that a code sample (or even more than one code sample) may be
written for the core scenario in a single language when designing a usable and

powerful API for a single language.
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Writing code-samples in multiple languages may be performed because
sometimes code written in .diffemnt languages differs significantly. In a described
implementation, the code samples for the current selected core scenario are written
using different coding styles that are common among users of the particular
language (e.g., using langnage-specific features or traits, using th_e practices/habits
of developers, ete.) in which a particular code sample is written. For example, the
samples may be written using language-specific casing. For instance, VB is case-
insensitive, so code samples written in VB reflect that variability. Code samples
written in C#, on the other hand, follow the standard casing therefor.

Another example relates to a statement called “using”, which C# supports.
For instance, the “using™ call encapsulates a try/finally block. However, VB does
not support this feature, and writing code samplea can indicate that utilizing this
feature in a try/finally statement is awkward for VB users. Yet another example
relates to assignments in a conditional clause, which C# supports. In a file I/O
instance: “if ((text = reader.ReadLine() '= null)" works in C#. However, the
assignment statement cannot be used within the “if” clause in VB; instead, the
code is broken into multiple statements. Still yet another example relates to the
tendency of C# developers to utilize parameterized constructors while VB
developers usually do not. For instance, a C# coding may be “MyClass x = new
MyClass(*value™)” while a corresponding VB coding is “Dim x As MyClass” and
“x.Property = “value™.” .

At block 406, an API is derived from the current core scenario responsive
to the code samples written in the multiple languages. For example, factors
gleaned from the code samples written in each of the multiple languages may be
incorporated into the API. Such factors may include similarities across the
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different code samples, differences between/among two or more code samples, and
so forth. Such factors, as well as other aspects of blocks 404 and 406, are
described further below with reference to FIG. 5.

Similarly, when designing an API for a single language, the API is derived
from the current core scenario responsive to the code sample(s) written in the
single language. Thus, factors gleaned from the code sample(s) written in the
single language may be incorporated into the API. As an additional API design

factor example for single or multiple language situations, an API design factor.

may include compatibility with tools that are oriented toward the language or
languages for which the code sample(s) are written.

At block 408, it is determined if the API is 100 complex. For example, the
API may be reviewed by the API designer(s) to determine if the API is or is not
too complex. In other words, an initia] check may be performed to consider
whether the API can be used without significant understanding of multiple other
specific APIs, without undue experimentation, and so forth. Such an initial check
may also verify that the derived APl is actually workable in the current core
scenario in every relevant language. If the API is too complex, then the API is
refined by the designers with reference to the current core scenario and responsive
to the code samples written in the multiple languages at block 406. .

If, on the other hand, it is determined that the API is not too complex (at
block 408), then at biock 410 usability studies with typical developers are
performed. For example, one or more usability studics may be performed using a
development environment akin to that which the typical developer normally uses.

Such a normal development environment likely includes intellisense, editors,

20
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language, and a documentation set that is most widely used by the targeted
developer group.
Usability Studies

Usability studies that target a wide range of developers facilitate scenario-
driven design, especially when designing general public APIs. The code samples
written by the API designer(s) for the core scenerios probably appear simple to
them, but the code samples might not be equally simple to certain groups of
developers that are in fact targeted (e.g., especially novice and/or occasional
developers). Additionally, the understanding, which is gamered through usability
studies, regarding the manner in which developers approach each core scenario
can provide powerful insight into the design of the API and how well it meets the
needs of all of the targeted developers.

Generally, usability studies may be conducted early in the pro&mt cycle
and again after any major redesign of the object model. Although this is a costly
design practice, it can actually save resources in the long run. The cost of fixing
an unusable or merely defective APl without introducing breaking changes is
enormous.

At block 412, it is ascertained whether typical developers are able to use the
API without significant problem(s). For example, most subjects should be able to
write code for the cumrent selected scenario without major problems. If they
cannot, the API is revised (as described below with reference to block 414).

The interpretation of significant/major problems hinges on a desired level

of usability for a given targeted developer group. For example, frequent and/or Eimineds: MS1.174US
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developers cannot implement the current core scenario, or if the approach they
take is significantly different from what was expected, the API should be evaluated
for possible revisions (up to and including a full redesign).

If it is ascertained that typical developers are unable to use the API without
major problems (at block 412), then at block 414 the API is revised based on
lessons from the usability studies. For example, a default may be changed,
another property may be added, one or more attributes may be exposed instead of
encapsulated, and so forth.

If, on the other hand, it is ascertained that typical developers are able to use
the APl without major problems (at block 412), then at block 416 the process is
repeated for each core scenario. For example, another core scenario of the
selected core scenarios for the given feature becomes the current core scenario for
which code samples are written (at block 404). Another exemplary technique for
designing APIs, which focuses more on two-layer API design, is described further
below in conjunction with FIG 8.

FIG § is a block diagram 404/406 that illustrates an exemplary scheme for
designing APIs per core scenario. The illustrated exemplary scheme corresponds
to blocks 404 and 406 of FIG. 4 for a multiple language implementation. A code
sample 502(1) for a first language, a code sample 502(2) for a second language,
and a code sample 502(3) for a third language is shown. Each of the three code
samples 502(1, 2, 3) are directed to a given current core scenario. Although three
code samples 502(1, 2, 3) comesponding to three languages are shown, two or
more code samples 502 of any arbitrary number of targeted languages may

alternatively be used in this exemplary multiple-language implementation.
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”l factor. Generally, the more component types that are required, the harder it is to i

In a described implementation, factors 506 are gleaned from code samples
502(1, 2, 3) that are written in cach of the three languages. These factors 506 are
incorporated into the API 504. Specifically, API 504 is designed to support the
three code samples 502(1, 2, 3) that are written in the three respective
comresponding languages. However, it shoulc.i be understood that factors 506 may
also be applicable to gingle-language implementations.

Some exemplary factors 506 are described above with reference to blocks
404 and 406 of FIG 4, and other exemplary factors 506 are indicated in block
diegram 404/406 of FIG 5. Such factors 506 include language-specific mandates
that are revealed by a review of code samples 502(1, 2, 3). An example of a
language-specific constraint is described with regard to the following sample line
of code: “Foo f=new Foo();". A progressive API that is designed to support this
sample line has to include a default constructor; otherwise, the code sample does
not compile correctly.

Factors 506 also include developer expectations that are inspired by both
language peculiarities and the different skill/experience levels of typical
developers that natyrally gravitate toward the different languages. Factors 506
further include commonalities of code and coding practices across the different
languages as discoverable by a review of code samples 502(1, 2, 3).

While considering factors 506 that directly relate to different languages,
other factors 506, as described herein, continue to be considered. For example, the
following factors 506 are also pertinent to progressive APIs targeted to single-
language environments as well as multiple-language environments. First, the

number of different component types that are required to complete a scenario is a
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learn. A second factor is the connection between succeeding lines of code. To the
extent that usage of one component type leads a developer towards usage of the
next required component type, the easier the API is to use.

Third, consistency in the naming of identifiers is another factor. A fourth
factor involves the appropriate usage of properties, methods, and events. A fifth
factor relates to possible similarities to one or more existing APIs. Sixth, another
factor involves compliance with overall design guidelines for an API. A seventh
factor relates to whether the APIs overlap with other component types of the
framework. Eighth, compatibility with tools that are oriented toward a particular
language is yet another factor. For instance, VB developers typically want
pamameter-less constructors and property setters. Other factors 506 may
altematively be considered.

Still other factors 506 that relate to interrelationships of aggregate
components and factored types are described below, especially with reference to
FIG 8. Although the method and scheme of FIGS. 4 and 5 may be applied to
designing APIs in general, they are particularly applicable to designing two-layer
APIs, A two-layer API paradigm (e.g, with aggregate components and factored
types) is described below with reference to FIGS. 6-8 in the section entitled
“Component Oriented Design”.

Component Orlented Desl

FIG 6 illustrates potential disparity between exemplary component types
602 that are targeted to two different purposes along a continuum 600. Continuum
600 extends from a high usability range on the left side to a high controllability
range on the right side. Multiple component types 602 arc spread across

contimuum 600.
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Generally, component types 602 that are illustrated as being relatively
larger represent types that are simpler and therefore easier to use. Conversely,
component types 602 that are illustrated as being relatively smaller represent types
that are more complex and therefore more difficult to use. Simple and complex in
this context refer to how easy or how difficult the particular component types 602
are to use when implementing a specified scenario.

The component types 602 that are illustrated as being relatively smaller are
generally more difficult to use for a number of exemplary reasons as follows:
First, developers have more choices as to which component types 602 they should
use. In the illustrated example, there are 14 “choices” for the smaller component
types 602 as compared to three “choices” for the larger component types 602.
More specifically, a developer has to know or discern, from among the various
component types 602(HC), which component type or types to use. This involves
understanding each of the (e.g., 14) multiple component types 602(HC) as well as
how they interrelate, which contrasts with starting with a single component type
602(HU) from among the fewer (e.g., 3) component types 602(HU). Differences
between component types 602(HU) and component types 602(HC) are described
further below.

By way of an exemplary analogy, the smaller component types 602 are like
the individual components of a stereo system; hence, a user has to know which
components are needed and how to liook them together. Witl-'lout hooking them
together, they are generally not useful. The larger component types 602 are like
all-in-one stereos that are easily usable but likely to be less powerful as well as
less flexible. A second reason that smaller component types 602 are harder to use
is that there are potentially more “starting points”. Third, there are generally more
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concepts to understand. Fourth, a developer has to understand how individual
components types 602 relate to other component types 602.

In a described implementation, component types 602 are divided into those
with a high usability purpose 602(HU) and those with a high controllability
purpose 602(HC). High usability component types 602(HU) are simpler and
easier to use, but they tend to be more inflexible, limiting, and/or constraining,
They can generally be used without extensive knowledge of an overall API. High
usability component types 602(HU) are usually capable of implementing a limited
number of scenarios or at most a limited number of approaches to each scenario of
interest.

High controllability component types 602(HC), on the other hand, are
complex to use, but they provide a greater degree of control to developers. They
are relatively powerful and enable developers to effectuate low-level tweaking and
tuning. However, developing with high controllability component types 602(HC)
entils a fuller understanding of many component types 602 to enable the
instantiation of multiple high controllability component types 602(HC) that are
comrectly interlinked to implement even relatively strmight-forward scenarios.

Typically, high usability component types 602(HU) are present in
introductory languages such as VB, and high controllability component types
602(HC) are present in advanced pirofessional-programmer-type languages such as
C++. The potential disparity between high usability component types 602(HU)
and high controllability component types 602(HC) that is illustrated in FIG. 6 is at
least partly ameliorated by component types 702 of FIG 7. Speciﬁc.nlly, an
interrelationship between high usability component types 602(HU) and high

T | controllability component types 602(HC) is established by a progressive API.

ry
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FIG. 7 illustrates an exemplary relationship between component types 702
that are’ designed to be extensible and/or interoperable so as to cover at least two
different purposes along a continuum 700. In a described implementation,
component types with a high usability purpose are realized as aggregate
components 702(AC), and component types with a high controllability purpose are
realized as factored types 702(FT). Although component types 702 are divided
into only two purposes, they may alternatively be separated into three or more
purposes (or other categories).

A key 704 indicates that a solid line represents a relationship for exposed
factored types and that a dashed line represents a relationship for encapsulated
factored types. As illustrated, aggregate component 702(AC)(1) has a relationship
with three factored types 702(FT). Specifically, factored type 7;)2(171')(!) has an
exposed factored type relationship with aggregate component 702(AC)(1), and
factored types 702(FT)2) and 702(FT)(3) have an ‘encapsulated factored type
relationship with aggregate component 702(AC)(1).

Although not so illustrated, two or more aggregate components 702(AC)
may have an encapsulated and/or exposed relationship with the same factored type
702(FT). Exposed and encapsulated factored types 702(FT) and aggregate
components 702(AC), as well as relationships therebetween, are described further
below, including with reference to FIG 8.

Component oriented design relates to offering a single object per user
concept 25 opposed to requiring multiple objects per logical concept. Aggregate
components therefore usually correspond to a user concept and are simpler from a
usability perspective. Aggregate components are layered on top of factored types.
By way of an exemplary comparison, aggregate components may model a thing

24X

Himinado: MS5]-1748US

.." PATAFP (2).DOC

{ { eartada: Ms1-1:48US
[ #| PATAPF 2)DOC

£7 | eliminade; Ms-
if 7| IMBUS.PATAPP

1 8 Ay Bactes e namumin




14

17

21

such as a file, and factored types may model a state of a thing such as a view on
the file. Together, aggregate components and factored types provide a progressive
and gradual learning curve for new developers, especially with respect to a
particular given API,

m t Oriented Degign for A te Comy ts

Many feature areas may benefit from fagade types that act as simplified
views over a more complex but well-factored remainder of the feature area APIs.
In a described implementation, the fagcade covers the top 5-10 scenarios in a given
feature area and optionally other high-level operations. Aggregate components
T02(AC) can serve as such fagade types, and factored types 702(FT) can provide a
remaining well-factored complex API landscape.

Each aggregate component ties multiple lower level factored classes into a
higher-level component to support the top core scenarios. For example, a mail
aggregate component may tie together SMTP protocol, sockets, encodings, and so
forth, Generally, each aggregate component provides a higher abstraction level
rather than just a different way of doing things. Providing simplified high-level
operations is helpful for those developers who do not want to learn the whole
extent of the functionality provided by a featur¢ area and merely wish to
accomplish their often very simple tasks without significant study or API
exploration.

Genemlly, component oriented design is a design based on constructors,
properties, methods, and events. Using aggregate components is a relatively
extreme eapplication of component oriented design. An exemplary set of
parameters for component oriented design of aggregate components is provided

below:
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Constructors: .aggregate components have default (parameter-less)
constructors.

Constructors:  optional constructor pamameters correspond to
properties. -

Properties: most propertios have getters and setters.

Properties: properties have sensible defaults.

Methods: methods do not take parameters if the parameters specify
options that stay constant across method calls (in the selected core
scenarios). Such options may be specified using properties.

Events: methods do not take delegates as parameters. Callbacks are
implemented in terms of events.

Component oriented design entails considering how the API is used instead
of focusing on the mere inclusions of the methods, properties, and events in the
object model. An exemplary usage model for component oriented design involves
a pattern of instantiating a type with a default or relatively simple constructor,
seiting some properties on the instance, and then call'ing simple methods. This

pattern is termed a Create-Set-Call usage pattern. A general example follows:

‘VB
‘ Instantiate
Dim T As New TQ

* Set properties/options.
TPI=VI1
TP2=V2
TP3=V3
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* Call methods; optionally change options between calls.
TMIQ

T.P3I=V4

TM2()

When aggregate components support this Create-Set-Call ugage pattern, the
aggregate components comport with the expectations of the main users of
aggregate components. Moreover, tools, such as intellisense and designers, are
optimized for this usage pattern. A concrete code example showing the Create-
Set-Call usage pattern follows:

‘VB
* Instantiate
Dim File As New FileObject()

* Set properties.
File.Filename = “c:\foo.txt"
File.Encoding = Encoding.Ascii

* Call methods.
File.Open{OpenMode. Write)
File.WriteLine(“Helio World™)
File.Close()

With an exemplary aggregate component that is part of a progressive API, setting
the “File.Encoding”™ property is optional. The AP1 has a default for a pre-selected
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file encoding if one is not specified. Similarly, with regard to “File.Open()”,
specifying an “OpenMode.Write™ is optional. If it is not specified, a default
“OpenMode” as pre-selected by the API is employed.

An issue with component oriented design is that it results in types that can
have modes and invalid states. For example, a default constructor allows users to
instantiate & “FileObject” without specifying a “FileName”. Attempting to call
Open() without first setting the “FileName” results in an exception because the
“FileObject” is in an invalid state with respect to being opened (e.g., no file name
has yet been specified). Another issue is that properties, which can be set
optionally and independently, do not enforce consistent and atomic changes to the

state of the object. Furthermore, such “modal” properties inhibit sharing of an’

object instance between consumers because a first user has to check a previously-
set value before reusing it in case a second user has changed the value in the
interim. However, the usability of aggregate components outweighs these issues
for a vast multitude of developers.

When users call methods that are not valid in the current state of the object,
an “InvalidOpemationException” is thrown. The exception’s message can clearly
explain what properties need to be changed to get the object into a valid state.
These clear exception messages partially overcome the invalid state issue and
result in an object model that is more self-documenting.

API designers often try to design types such that objects cannot exist in an
invalid state. This is accomplished, for example, by having all required settings as
parameters to the constructor, by having get-only properties for settings that
cannot be changed after instentiation, and by breaking functionality into separate
types so that properties and methods do not overlap. In a described

2
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implementation, this approach is employed with factored types but not with
aggregate components. For aggregate components, developers are offered clear
exceptions that communicate invalid states to them. These clear exceptions can be
thrown when an operation is being performed, instead of when the component is
initialized (e.g., when a constructor is called or when a property is sef), s0 as to
avoid situations where the invalid state is temporary and gets “fixed” in a
subsequent line of code.

Fegtored Types

As described above, aggregate components provide shortcuts for most
common high level operations and are usually implemented as a fagade over a set
of more complex but also richer types, which are called factored types. In a
described implementation, factored types do not have modes and do have very
clear lifetimes.

An aggregate component may provide access to its internal factored types
through some properties and/or methods. Users access the internal factored types
in relatively advanced scenarios or in scenarios where integration with different
parts of the system is required. The ability to access factored type(s) that are being
used by an aggregate component enables code that has been written using the
aggregate component to incrementally add complexity for advanced scenarios, or
integrate with other component types, without having to re-write code from the
beginning with a focus on using the factored types.

The following example shows an exemplary aggregate component
(“FileObject"™) exposing its exemplary internal factored type (“StreamWriter™):

VB
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Dim File As New FileObject(*'c:\foo.txt™)
File.Open(OpenMode. Write) '
File.WriteLine(“Hello World™)
AppendMessageToTheWorld(File.Stream Writer)
File.Close()

Public Sub AppendMessageToTheWorld(ByVal Writer As

StreamWriter)
End Sub
High Leve tions

In a described implementation, aggregate components, as the upper or
higher level APIs (e.g., from a level of abstraction perspective), are implemented
such that they appear to “magically” work without the user being aware of the
sometimes complicated things happening undemeath. For example, an
“EventLog™ aggregate component hides the fact that a log has both a read handle
and & write handle, both of which are opened in order to use it. As far as &
developer may be concerned, the aggregate component can be instantiated,
properties can be set, and log events can be written without concern for the under-

- the-hood functioning.

[n some situations, a bit more transparency may facilitate some task with
the developer. An example is an operation in which the user takes an explicit
action as a result of the operation. For instance, implicitly opening & file and then
requiring the user to explicitly close it is probably taking the principle of

[
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“magically” working too far. Nevertheless, a diligent API designer may often be
capable of designing clever solutions that hide even those complexities. For
example, reading a file can be implemented as a single operation that opens a file,
reads its contents, and closes it; the user is thus shielded from the complexities
related to opening and closing the file handles.

Furthermore, using aggregate components does not involve implementing
any interfaces, modifying any configuration files, and so forth. Instead, library
designers can ship default implementations for interfaces that are declared.
Moreover, configuration settings are optional and backed by sensible defanlts.

FIG 8 illustrates an exemplary aggregate component 702(AC) and
associated factored types 702(FT) for handling two different purposes with a two-
layer API 800. Aggregate component 702(AC) represents a first or higher layer,
and factored types 702(FT) represent a second or lower layer. The first layer
effectively builds on the second layer with a custom interface.

As illustrated, aggregate component 702(AC) includes multiple aggregate
component (Aé) members 802. Specifically, aggregate component members
802(1), 802(2), 802(PX1), 802(P)(2), 802(M)(1), 802(M)2), and 802(M)(3) are
shown. Aggregate component 702(AC) also includes exposed factored types
702(FT-Ex) and encapsulated factored types 702(FT-En). Specifically, exposed
factored types 702(FT-Ex)(1) and 702(FT-Ex)(2) and encapsulated factored types
702(FT-En)(1) and 702(FT-En)2) are shown. Factored types 702(FT) also include
factored type (FT) members 804.

In a described implementation, aggregate component 702(AC) includes at
least one aggregate component member 802, which may be a method or a property

2| for example. Aggregate component members 802 can therefore include aggregate
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component methods 802(M) and aggregate component properties 802(P). These
aggregate component members 802, such as aggregate component members
802(1) and 802(2), may be specific to the aggregate component 702(AC). In other
words, some aggregate c';omponent members 802 like aggregate component
members 802(1) and 802(2) that are on aggregate component 702(AC) may not
rely on any factored types 702(FT). Alternatively, some aggregate component
members 802 may be linked to underlying factored types 702(FT).

Factored types 702(FT) may be exposed factored types 702(FT-Ex) or
encapsulated factored types 702(F1-En). Exposed factored types 702(FT-Ex) are
factored types 702(FT) of a given aggregate component 702(AC) that may be
accessible by or to other general component types 702(FT or AC) without using or
going through individual aggregate component members 802 of the given
aggregate component 702(AC). If a factored type 702(FT-Ex/En) is returned by
an aggregate component member 802 (either a method or a property), then that
factored type 702(FT-Ex) is exposed. Otherwise, that factored type 702(FT-En) is
encapsulated.

In other words, an aggregate component member 802 can expose a factored
type member 804, or an aggregate component member 802 can return a factored
type instance. The latter can occur with exposed factored types 702(FT-Ex), and
the former can occur with encapsulated factored types 702(FI-En). Encapsulated
factored types 702(FT-En) are factored types 702(FT) of a given aggregate
component 702(AC) that are contained within or internal to the given aggregate
component 702(AC). Each factored type 702(FT) may include one or more
members 804 (some of which are specifically indicated in FIG 8) that are methods

and/or properties.
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As illustrated, two method member.u B804 of enca.psulated factored .type
702(FT-En)(1) are exposed by aggregate component 702(AC) as method member
802(M)(1) and method member 802(M)(2). One method member 804 of
encapsulated factored type 702(FT-En)(2) is exposed by aggregate component
702(AC) as method member 802(M)(3).

Exposed factored type 702(FT-Ex)(1) is itself exposed as a property
member 802(P)(1) of aggregate component 702(AC). Similarly, exposed factored
type 702(FT-Ex)(2) is also exposed as a property member 802(P)(2) of aggregate
component 702(AC). As indicated, a factored type (FT) member 804 of exposed
factored type 702(FT-Ex)(1) is exposed o as to be scparately accessible (i.e.,
accessible without directly using an individual member 802 of aggregate
component 702(AC)). Hence, a factored type member 804 of an exposed factored
type 702(FT-Ex) can still be accessed even if it is not individually exposed by an
aggregate component member 802 of aggregate component 702(AC).

Thus, the indicated member 804 of exposed factored type 702(FT-Ex)(1) is
exposed 80 as to be accessible by component types 702 that are external to
aggregate component 702(AC) without using a member 802 thereof. As indicated
by the dashed lines emanating from exposed factored type 702(FT-ExX1), exposed
factored types 702(FT-Ex) may be “handed ofF” for use by other component types
702 (especially by other factored types 702(FT)) that are unable to interact with
aggregate components 702(AC) or that can better achieve their intended purpose
using the handed-off exposed factored type 702(FT-Ex)(1) alone. It should be
noted that the object (exposed factored type 702(FT-Ex)(1)) that is “handed off” is [Eaminedo: MSI1TEUS
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As a result, the operations on the handed off object affect aggregate component
702(AC).

Generally, if a factored type 702(FT) is encapsulated, it is not exposed to a
consumer; instead, setting properties 802(P) or calling methods 802(M) on an
aggregate component 702(AC) may cause factored types 702(FT) to be created,
properties 804 to be set, or methods 804 to be called on the underlying factored
type 702(FT). These members 802 and 804 may not have a one-to-one
correspondence; for example, setting several properties 802(P) on an aggregate
component 702(AC) may be’ cached in the aggregate component 702(AC).
Subsequently calling a method 802(M) on the aggregate component 702(AC) may
cause a factored type 702(FT) to be created using the previously-specified values
of the several properties 802(P) as constructor arguments for the factored type
T02(FT).

In a described implementation, aggregate components 702(AC) differ from
more-traditional object-oriented components in at least two ways in addition to the
exposure of exposed factored types 702(FT-Ex). First, an aggregate component
702(AC) does not necessarily expose every member 804 of all of its factored types
702(FT). In other words, aggregate components 702(AC) are not strictly devoted
to an inheritance hierarchy. Second, aggregate components 702(AC) can have
modes and thus may periodically have states that result in invalid operations.

As a guideline to component oriented design with respect to factors 506 (of
FIG 5), whether a factored type 702(FT) is exposed or encapsulated within an
ageregate component 702(AC) may be based on one or more of a number of
factors. First, a particular factored type 702(FT) is exposed as a property member
802(P) of a given aggregate component 702(AC) if the particular factored type
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702(FT) includes functionality that is not exposed by the given aggrepate
component 702(AC). Second, a particular factored type 702(FT) is exposed as a
property member 802(P) of a given aggregate component 702(AC) if other general
component types 702 of the framework may benefit from a handoff for direct
consumption of the particular factored type 702(FT). On the other hand, a
particular factored type 702(FT) is not exposed (and is therefore encapsulated)
when functionality of the particular factored type 702(FT) is completely exposed
by a given aggregate component 702(AC) and when the particular factored type
702(FT) is not useful for handing off to other component types 702.

A developer can start with aggregate component 702(AC), especially for
implementing simpler and/or core scenarios. When the developer wishes or needs
to implement a more complex scenario, the developer can incrementally and
gradually begin to directly access and use exposed factored types 702(FT-Ex),
including low-level attributes thereof, over time. The original code that relied on
the simpler aggregate component 702(AC) does not need to be jettisoned and
replaced with more complicated coding that relies solely on factored types
702(FT). The two-layers of the AP] framework can be used in varying proportions
and can co-exist simultaneously.

Designing a two-layer API framework can be accomplished using the
following exemplary technique that is described in ten phases: First, a set of core
scenarios for a particular feature area is selected. Second, sample codes showing
the preferred lines of code for the selected core scenarios are written. Third,
aggregate components are derived with the appropriate methods, defaults,
abstractions, naming, etc. to support the code samples from the lines of code.
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Fourth, the code samples from the second phase are refined as appropriate
according to the derived aggregate components. Fifth, the refined code samples
are evaluated for whether or not they are sufficiently simple. If not, the technique
continues again at the third phase. If so, then at the sixth phase it is determined
whether additional scenarios, usages, interactions with other components, and/or
other requirements exist. Seventh, the API designer decides if any of the
additional requirements discovered in the sixth phase can be added to the
aggregate components without adding undue complexity to the selected core
scenarios.

Eighth, if the additional requirements cannot be added to the aggrepate
components, an ideal factoring (e.g., based on object-oriented or other anzlytical
methodologies) of a full set of functionality for the factored types is defined based
on the seventh phage. Ninth, it is determined how and whether the aggregate
components encapsulate or expose the functionality from the factored types that
are defined in the eighth phase. Tenth, the factored types are refined as
appropriate to support the aggregate components as well as the additional
requirements. Using this exemplary te:;hnique, a two-layer APl framework having
aggregate components 702(AC) and factored types 702(FT) may be designed.

FIG 9 illustrates an exemplary aggregate component 702(AC) and
associated APIs 902, 802(P), 802(M), and 904 that can support a create-set-call
usage pattern. The following exemplary API groups are illustrated: constructors
902, properties 802(P), methods BO2(M), and events 904. With a create, set, call
usage pattern, an instance of aggregate component 702(AC) is initially created by
a developer with reliance on default (e.g., parameter-less) constructors 902.
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Secondly, the developer sets any propertics 802(P) for which the default
values are inappropriate and/or non-preferred for the intended use of the object.
Thirdly, desired methods 802(M) are called by the developer. Callbacks are then
implemented in terms of events 904.

Customizable Defaults

Customizable defaults relates to having defaults whenever practicable for at
least agpgregate components. When designing an API for example with multiple
code samples comresponding to multiple languages, an identical value that is
passed in each of the code samples can instead be set as a default for the aggregate
component. The customizable defaults_ may be changed by setting one or more
properties on the aggregate component.

Many developers prefer to code by trial and error as opposed to taking the
time to read the documentation and fully understand a feature area prior to
beginning a project. This is particularly true for novice and occasional developers,
such as those that code with VB. These developers often try to experiment with an
API to discover what it does and how it works, and then they adjust their code
slowly and incrementally until the AP1 implementation achieves their goal. The
populerity of the editing and continuing epproach to development is a
manifestation of this preference.

Some API designs lend themselves to “coding by experimentation” and
some do not There are multiple aspects that affect the level of success a
developer is likely to have when uging a coding by experimentation approach.
These aspects include: (i) how easy it is to locate the right API for the task at
hand; (ii) how easy it is to start using an API, regardless of whether it (initially)

does what the developer wants it to do or not; (iii) how easy it is to discover what
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the points of customization are for an API; (iv) how easy it is to discover the
comrect customization for a given scenario; and (v) so forth.

In a described implementation, APIs are designed to require little if any
initialization (e.g., a minimal amount of initialization). For example, an API can
be designed so that a default constructor or a constructor with one simple
parameter is sufficient to start working with 2 type. When initialization is
necessary, an exception that results from not performing the initialization clearly
explain what needs to be done and/or changed in order to remove or prevent the
exception. For example, an exception may stipulate what or which property needs
to be set.

By way of example but not limitation, a rule of thumb is that the simplest
constructor has three or fewer parameters (with an upper limit of five). In
addition, the simplest constructors should avoid complex types as any of the
parameters, where complex types may be other factored types or aggregate
components. Another rule of thumb is that the simplest constructors rely on
primitive types like enumerations, strings, integers, and so forth. Types may also
implement more complex constructor overloads to support more complex
scenarios.

In short, an API’s customizability can be simplified by providing properties
with good defaults for all customization points. (However, developers should
generally be able to add new code to the existing code when customizing their
scenarios; rewriting the entire code from scratch using a different API should be
optional.) For example, a system messaging quene aggregate component enables

the sending of messages after passing a path string to the constructor and calling a
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send ‘method. Message properties, such as message priority and encryption
algorithms, can be customized by adding code to the core scenario.
Self Documenting Object Maodel

Self documenting object model relates to designing an API framework in
which a developer can look at objects and members thereof to learn about them as
well as be able to use them. For example, names can be based on how a type is
expected to be used instead of devotion to an inheritance hierarchy that many
developers do not wish to study. In short, a self documenting object model
facilitates discoverability by would-be developers.

As noted above, some developers prefer to code by trial and error and resort
to reading documentation only when their intuition fails to implement their
intended scenario. Thus, a self documenting object model should avoid requiring
that developers read documentation every time they want to perform even simple
tasks. An exemplary set of principles and practices to help in producing intuitive
APIs that are relatively self documenting for a described implementation are
presented below. Any one or more of them may be utilized in a given AP] and/or
API design implementation.

Naming

A first guiding principle i3 to reserve simple and intuitive names for types
that users need to use (e.g., instantiate) in the most common scenarios. Designers
often “squander” the best names for abstractions, with which most users do not
have to be concemed. For example, naming an abstract base class “File” and then
providing a concrete type “XYZFile” works well if the expectation is that all users
will have to understand the inheritance hierarchy before they cen start using the
APIs. However, if users do not understand the hierarchy, the first thing they will
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likely try to use, most often unsuccessfully, is the “File” type. More specifically,
the most common or expected names are reserved for aggregate components
tarpeting the top core scenarios with less common or familiar names being used on
concepts and abstractions.

A second guiding principle is to use descriptive identifier names that clearly
state what each method does and what each type and parameter represents. For
example, API designers should not hesitate to be rather verbose when choosing
identifier names. For instance, “EventLog.DeleteEventSéurce(string source,
string machineName)” may be seen as rather verbose, but it arguably has a net
positive usability value. Moreover, type and parameter names state what a type or
2 parameter represents, instead of what it does. Method names state what the
method does. Of course, accurate verbose method names are easier for methods
that have simple and clear semantics, which is another reason why avoiding
complex semantics is a good general design principle to follow.

A guiding design practice is to include a discussion about naming choices
as a significant part of API specification reviews and/or tests. Exemplary
considerations and questions include: What are the types most scenarios start
with? What are the names most people think of first when trying to implement a
given scenario? Are the names of the common types what users think of first? For
example, since “File” is the name most people think of when dealing with file /'O
scenarios, the aggregate component for accesging files can be named “File”.
Additionally, the most commonly used methods of the most commonly used types
and their parameters are reviewed and tested. For example, can ur'nybody familiar
with the technology, but not the specific AP] design under consideration,
recognize and call those methods quickly, correctly, and easily?
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Exceptions
As indicated above, exceptions can facilitate self~documenting APIs. In

other words, APIs should lead the user to do the next required thing, and
exceptions are capable of and good for communicating what is required next. For
example, the following sample code throws an exception with a message “The
‘FileName’ property needs to be set before attempting to open the ‘FileObject’.":

‘VB
‘Instantiate
Dim File As New FileObject()

“The file name is not set.

File.Open()

Strong Typing

Another guiding principle for facilitating intuitive APIs is strong typing.
For example, calling “Customer.Name™ is easier than calling
“Customer.Properties[*Name’]". .Furthennore. having such a “Name” property
return the name as a string is more usable than if the property returned an object.

There are cases where property bags with a string based accessor, late bind
calis, and other not strongly types APIs are desired, but they are relegated to rarity
and are not the rule. Moreover, API designers can provide strongly typed helpers
for the more common operations that the user performs on the non-strongly typed
API layer. For example, a customer type may have a property bag, but it may
additionally provide strongly typed APls for more common properties like
“name”, “address”, and so forth. -
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Vectoring toward Simplicity

Yet another guiding principle is to strive for simplicity, especially for core
scenarios. Standard design methodologies are aimed at producing designs that are
optimized for maintainability, such as by using abstractions. Consequently,
modem design methodologies produce a lot 9f abstractions. An issue is that such
design methodologies operate on an assumption that users of the resulting designs
will become experts in that design before starting to implement even simple
scenarios. However, that is often not the cases in the real world.

In a described implementation, for at least simple scenarios, API designers
ensure that object model hierarchies are sufficiently simple so that they can be
used without having to understand how the entire feature area fits together or
interoperates. A resulting well-designed APl may require that the developer
understand the core scenario being implemented, but it does not require a full
understanding of the design of the library being used to implement it.

Generally, core scenario APIs are directed or correspond to physical or
well-known logical parts of the system instead of abstractions. Types that
comespond to abstractions are usually difficult to use without understanding how
all the parts of the feature area fit together and interoperate; they are therefore
more relevant when cross-feature integration is required.

Another guiding practice is to use st;lndard design methodologies (e.g.,
UML) when designing internal architectures and some of the factored types, but
not when designing the APIs for the core or common scenarios (e.g., those with
aggregate components). When designing aggregate components for core
scenarios, scenario driven design together with prototyping, usability studies, and
iteration (as described herein above) is employed instead.
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Clean Namespaces

Yet another guiding principle is that types that are (very) rarely used are
placed in sub-namespaces to avoid clutter of the main namespaces. For example,
the following two groups of types may be separated from their main namespaces:
permission types and design types. For instance, permission types can reside in a
“.Permissions” sub-namespace, and design-time-only types can reside in a
“.Design” sub-namespace.

The actions, aspects, features, components, etc. of FIGS. 1-9 are illustreted
in diagrams that are divided into multiple blocks. However, the order,
interconnections, interrelationships, layout, etc. in which FIGS. 1-9 are described
and/or shown is not intended to be construed as a limitation, and any number of
the blocks can be modified, combined, rearranged, augmented, omitted, etc. in any
manner to implement one or more systems, methods, devices, procedures, media,
APIg, apparatuses, arrangements, etc. for designing APIs. Furthermore, although
the description herein includes references to specific implementations (and the
exemplary operating environment of FIG 10), the illustrated and/or described
implementations can be implemented in any suitable hardware, software,
firmware, or combination thereof and using any suitable software architecture(s),
coding language(s), scenario definitions(s), usability study format(s), and so forth.
Exemplary Operating Environment for Computer or Other Device

FIG. 10 illustrates an exemplary computing (or general device) operating
environment 1000 that is capable of (fully or partially) implementing at least one
system, device, apparatus, 'component, arrangement, protocol, approach, method,
procedure, media, API, some combination thereof, etc. for designing APIs as
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described herein. Operating environment 1000 may be utilized in the computer
and network architectures described below.

Exemplary operating environment 1000 is only one example of an
environment and is not intended to suggest any limitation as to the scope of use or
functionality of the applicable device (including computer, network node,
entertainment device, mobile appliance, general electronic device, etc.)
architectures. Neither should operating environment 1000 (or the devices thereof)
be interpreted as having any dependency or requirement relating to any one or to
any combination of components as illustrated in FIG. 10.

Additionally, designing APIs and/or the APIs resulting therefrom may be
implemented with numerous other general purpose or special purpose device
(including computing system) environments or configurations. Examples of well
known devices, systems, environments, and/or configurations that may be suitable
for use include, but are not limited to, personal computers, server computers, thin
clients, thick clients, personal digital assistants (PDAs) or mobile telephones,
watches, hand-held or laptop devices, multiprocessor systems, microprocessor-
besed systems, set-top boxes, programmable consumer electronics, video game
machines, game consoles, portable or handheld gaming units, network PCs,
minicomputers, mainframe computers, network nodes, distributed or multi-
processing computing environments that include any of the above systems or

devices, some combination thereof, and so forth.

Implementations for the design of APIs and/or the APIs resulting therefrom

may be described in the general context of processor-executable instructicns.
Generally, processor-executable instructions include routines, programs, modules,

protocols, objects, interfaces, components, data structures, etc. that perform and/or
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enable particular tasks and/or implement particular abstract data types. Designing
APIs and/or the APIs resulting therefrom, as described in certain implementations
herein, may also be piacticed and/or present in distributed processing
environments where tasks are performed by remotely-linked processing devices
that are connected through a communications link and/or network. Especially but
not exclusively in a distributed computing environment, processor-executable
instructions may be located in scpamte storage media, executed by different
processors, and/or propagated over transmission media.

Exemplary operating environment 1000 includes a general-purpose
computing device in the form of a computer 1002, which may comprise any (e.g.,
electronic) device with computing/processing capabilities. The components of
computer 1002 may include, but are not limited to, one or more processors or
processing units 1004, a system memory 1006, and a system bus 1008 that couples
various system components including processor 1004 to system memory 1006.

Processors 1004 are not limited by the materials from which they are
formed or the processing mechanisms employed therein. For example, processors
1004 may be comprised of semiconductor(s) and/or transistors (e.g., electronic
integrated circuits (ICs)). In such a context, processor-executable instructions may
be electronically-executable instructions. Alternatively, the mechanisms of or for
processors 1004, and thus of or for computer 1002, may include, but are not
limited to, quantum computing, optical computing, mechanical computing (e.g.,
using nanotechnology), and so forth.

System bus 1008 represents one or more of any of many types of wired or
wireless bus structures, including 8 memory bus or memory controller, a point-to-

point connection, a switching fabric, a peripheral bus, an accelerated graphics port,
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and a processor or local bus using any of a variety of bus architectures. By way of
example, such architectures may include an Industry Standard Architecture (ISA)
bus, a Micro Channel Architecture (MCA) bus, an Enhanced ISA (EISA) bus, a
Video Electronics Standards Asgociation (VESA) local bus, a Peripheral
Component Interconnects (PCI) bus also known as a Mezzanine bus, some
combination thereof, and so forth.

Computer 1002 typically includes a variety of processor-accessible media.
Such media may be any available media that is accessible by computer 1002 or
another (e.g., clectronic) device, and it includes both volatile and non-volatile
media, removable and non-removable media, and storage and transmission media.

Systemm memory 1006 includes processor-accessible storage media in the
form of volatile memory, such as random access memory (RAM) 1040, and/or
non-volatile memory, such as read only memory (ROM) 1012. A basic
input/output system (BIOS) 1014, containing the basic routines that help to
transfer information between elements within computer 1002, such as during start-
up, is typically stored in ROM 1012. RAM 1010 typically contains data and/or
program modules/instructions that are immediately accessible to and/or being
presently operated on by processing unit 1004.

Computer 1002 may also include other removable/non-removable and/or
volatile/non-volatile storage media. By way of example, FIG. 10 illustrates a hard
disk drive or disk drive array 1016 for reading from and writing to a (typically)
non-removable, non-volatile magnetic media (not separately shown); a magnetic
disk drive 1018 for reading from and writing to a (typically) removable, non-
volatile magnetic disk 1020 (e.g., a “floppy disk™); and an optical disk drive 1022
for reading from and/or writing to a (typically) removable, non-volatile optical
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disk 1024 such as a CD, DVD, or other optical media. Hard disk drive 1016,
magnetic disk drive 1018, and optical disk drive 1022 are each connected to
system bus 1008 by one or more storage media interfaces 1026. Alternatively,
hard disk drive 1016, magnetic disk drive 1018, and optical disk drive 1022 may
be connected to system bllls 1008 by one or more other separate or combined
interfaces (not shown).

The disk drives and their associated processor-accessible media provide
non-volati‘le storage of processor-executable instructions, such as data structures,
program modules, and other data for computer 1002. Although exemplary
computer 1002 illustrates a hard disk 1016, a removable magnetic disk 1020, and a
removable optical disk 1024, it is to be appreciated that other types of processor-
accessible media may store instructions that are accessible by a device, such as
magnetic cassettes or other magnetic storage devices, flash memory, compact
disks (CDs), digital versatile disks (DVDs3) or other optical storage, RAM, ROM,
electrically-erasable programmable read-only memories (EEPROM), and so forth,
Such media may also include so-called special purpose or hard-wired IC chips. In
other words, any processor-accessible media may be utilized to realize the storage
media of the exemplary operating environment 1000.

Any number of progam modules (or other units or sets of
instructions/code, including an API framework and/or objects based thereon) may
be stored on hard disk 1016, magnetic disk 1020, optical disk 1024, ROM 1012,
and/or RAM 1040, including by way of general example, an operating system
1028, one or more application programs 1030, other program modules 1032, and
program data 1034.
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A user may enter commands and/or information into computer 1002 via
input devices such as a keyboard 1036 and a pointing device 1038 (e.g., a
“mouse™). Other input devices 1040 (not shown specifically) may include a
microphone, joystick, game pad, satellite dish, serial port, scanner, and/or the like.
These and other input devices are connected to processing unit 1004 via
input/output interfaces 1042 that are coupled to system bus 1008. However, input
devices and/or output devices may instead be connected by other interface and bus
structures, such as a parallel port, a game port, a universal serial bus (USB) port,
an infrared port, an IEEE 1394 (“Firewire”) interface, an IEEE 802.11 wircless
interface, a Bluetooth® wireless interface, and so forth.

A monitor/view screen 1044 or other type of display device may also be
connected to system bus 1008 via an interface, such as a video adapter 1046,
Video adapter 1046 (or another component) may be or may include a graphics
card for processing graphics-intensive calculations and for handling demanding
display requirements. Typically, a graphics card includes a graphics processing
unit (GPU), video RAM (VRAM), etc. to facilitate the expeditious display of
graphics and performance of graphics operations. In addition to monitor 1044,
other output peripheral devices may include components such as speakers (not
shown) and a printer 1048, which may be connected to computer 1002 via
input/output interfaces 1042.

Computer 1002 may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computing device
1050, By way of example, remote computing device 1050 may be a personsl
computer, a portable computer (e.g., laptop computer, tablet computer, PDA,

mobile station, etc.), a palm or pocket-sized computer, a watch, a gaming device, a
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server, a router, a network computer, a peer device, another network node, or
another device type as listed above, and so forth. However, remote computing
device 1050 is illustrated as a portable computer that may include many or all of
the elements and features described herein with respect to computer 1002.

Logical connections between computer 1002 and remote computer 1050 are
depicted as a local area network (LAN) 1052 and a general wide area network
(WAN) 1054. Such networking environments are commonplace in offices,
enterprise-wide computer networks, intrenets, the Intemet, fixed and mobile
telephone networks, ad-hoc and infrastructure wireless networks, other wireless
networks, gaming networks, some combination thereof, and so forth. Such
networks and communications connections are examples of transmigsion media.

When implemented in a LAN networking environment, computer 1002 is
usually connected to LAN 1052 via a network interface or adapter 1056. When
implemented in & WAN networking environment, computer 1002 typically
includes 8 modem 1058 or other component for establishing communications over
WAN 1054. Modem 1058, which may be internal or externa] to computer 1002,
may be connected to system bus 1008 via input/output interfaces 1042 or any
other appropriate mechanism(s). It is to be appreciated that the illustrated network
connections are exemplary and that other manners for establishing communication
link(s) between computers 1002 and 1050 may be employed.

In a networked environment, such as that illustated with operating
environment 1000, program modules or other instructions that are depicted
relative to computer 1002, or portions thereof, may be fully or pnru'ally' stored in a
remote media storage device. By way of example, remote application programs

1060 reside on 2 memory component of remote computer 1050 but may be usable

43 azy Doctet ¥a 0O

52

Siminade: MS1-1T48UR

J| PATAPP @).DOC

! | Insertade: MS1.1748US
,"_-' PATAPP (2)DOC

!} 4 Himinado: MS1-
| 1T4SUSPATAFP




17

21

or otherwise accesgible via computer 1002. Also, for purposes of illustration,
application programs 1030 and other processor-executable instructions such as
operating system 1028 are illustrated herein as discrete blocks, but it is recognized
that such programs, components, and other instmctions. reside at various times in
different -storagc components of computing device 1002 (and/or remote computing
device 1050) and are executed by processor(s) 1004 of computer 1002 (and/or
those of remote computing device 1050).

Although systems, media, devices, methods, procedures, apparatuses,
techniques, APls, schemes, approaches, procedures, arrangements, and other

implementations have been described in language specific to structural, logical, .

algorithmic, functional, and action-based features and/or diagrams, it is to be
understood that the invention defined in the appended claims is not necessarily
limited to the specific features or diagrams described. Rather, the specific features
and diagrams are disclosed as exemplary forms of implementing the claimed

invention.
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|| CLAIMS

3 1. A method for designing an application programming interface (API),
4|| the method comprising:

s preparing a plurality of code samples for a core scenario, each respective
|| code sample of the plurality of code samples corresponding to a respective

7} programming language of a plurality of programming languages; and

[ deriving the API from the core scenario responsive to the plurality of code
ol samples.

10

u 2.  The method as recited in claim 1, further comprising:

12 determining, by an API designer, if the derived API is too complex.

13

4 3. The method as recited in claim 2, further comprising:

15 if the derived API is determined to be too complex, then

16 refining, by the API designer, the derived API to produce a refined
1 APL

{

18

19) 4.  The method as recited in claim 3, further comprising:

20y determining, by the API designer, if the refined API is too complex.
2

n| 5. The method as recited in claim 1, further comprising:

a| performing one or more usability studies on the API utilizing a plurality of
|| developers.
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1 6. The method as recited in claim S, wherein the performing comprises:

) performing the one or more usability studies on the API utilizing the
3 plurality of developers wherein the plurality of developers are typical for
4 the plurality of programming languages.

5

o 7.  The method as recited in claim 5, further comprising:

7 ascertaining whether the plurality of developers are able to use the API

s| without significant problems.

’

10 8. The method as recited in claim 7, further comprising:

n if the plurality of developers are not ascertained to be able to use the API
12| without significant problems, then revising the API.

1 9. The method as recited in claim 8, wherein the revising comprises:

1 revisil;g the AP] based on at least one lesson from the one or more
16 usability studies.

17

18 10.  The method as recited in claim 1, wherein the deriving comprises:

19 deriving the API to support the plurality of code samples that
2 correspond respectively to the plurality of programming languages.

21
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11. The method as recited in claim 1, wherein the deriving comprises:
gleaning language-specific mandates from the plurality of code
samples; and
incorporating the language-specific mandates into the API.
12.  The method as recited in claim 1, wherein the deriving comprises:
gleaning language-inspired developer expectations from the plurality
of code samples; and
incorporating the language-inspired developer expectations into the
APL
13.  The method as recited in claim 1, wherein the deriving comprises:
gleaning commonalities from the plurality of code samples; and
incorporating the commonalities into the API.
14. The method as recited in claim 1, wherein the deriving comprises:

deriving the API to have an aggregate component that ties a plumlity

of lower-level factored types together to support the core scenario.
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15. A method for designing an application programming interface
(AP), the method comprising;

selecting a core scenario for a feature area;

writing at least one code sample for the core scenario; and

deriving an API for the core scenario responsive to the at least one code

sample.

16.  The method as recited in claim 15, wherein the selecting comprises:
selecting a plurality of core scenarios for the feature arca.

17.  The method as recited in claim 16, further comprising;:
repeating the writing and the deriving for each core scenario of the plurality

of core scenarios that are selected for the feature area.

18.  The method as recited in claim 15, wherein the writing comprises:
writing & plurality of code samples for the core scenario, each

respective code sample of the plurality of code samples corresponding to a

respective programming language of a plurality of programming languages.

19.  The method as recited in claim 18, wherein the deriving compriges:
deriving the API for the core scenario responsive to the plurality of
code samples.
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20.  The method as recited in claim 15, further comprising;

performing one or more usability studies on the API utilizing a plurality of
developers;

ascertaining whether the plurality of developers are able to use the API
without significant problems; and

if the plurality of developers are not ascertained to be able to use the API
without significant problems, then revising the API.

21.  The method as recited in claim 20, wherein the revising comprises:
revising the API based on at least one lesson from the one or more

usability studies to produce & revised APIL.

22,  The method as recited in claim 21, further comprising:
repeating the performing and the ascertaining with respect to the revised
APL

23,  The method as recited in claim 15, wherein the deriving comprises:

deriving the API to support the at least one code sample written for
the core scenario by producing a two-layer API that includes an aggregate
component and a plurality of underlying factored types.
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24. The method as recited in claim 15, wherein the deriving comprises:
gleaning one or more language-specific mandates from the at least
one code sample; and
incorporating the one or more language-specific mandates into the
APL

25. The method as recited in claim 15, wherein the deriving comprises:

encapsulating a particular factored type into an aggregate component
that is associated with the core scenario if all members of the particular
factored type are exposed by the aggregate component.

26. The method as recited in claim 15, wherein the deriving comprises:

encapsulating a particular factored type into an aggregate component
that is associated with the core scenario if the particular factored type is
independently uninteresting to other component types.

27.  The method as recited in claim 15, wherein the deriving comprises:
exposing 8 particular factored type from an aggregate component
that is associated with the core scenario if at least one member of the

particular factored type is not exposed by the aggregate component.
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28. The method as recited in claim 15, wherein the deriving comprises:
exposing a particular factored type from an aggregate component

that is associated with the core scenario if the particular factored type can

be beneficially used independently of the aggregate component by another

component type.

29. The method as recited in claim 15, wherein the deriving comprises:
producing a two-layer framework that includes component types
targeting a2 relatively higher level of abstraction and component types

targeting a relatively lower level of abstraction.

30. The method as recited in claim 29, wherein the component types

targeting the relatively higher level of abstraction are directed to core scenarios.

31. The method as recited in claim 29, wherein the component types
targeting the relatively lower level of abstraction provide a relatively greater
amount of control to developers as compared to the component types targeting the

relatively higher level of abstraction.

32. The method as recited in claim 15, wherein the deriving comprises:
deriving the API so as to enable a developer to implement a create-

set-call usage pattern for the core scenario.
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33. The method as recited in claim 32, wherein the deriving comprises:
producing the APl with pre-selected parameters that are
appropriate for the core scenario.

34. A method for designing an application programming interface
(API), the method comprising:

deriving an API for a scenario responsive to at least one code sample
written with regard to the scenario;

performing one or more usability studies on the API utilizing a plurality of
developers; and

revising the API based on the one or more usability studies.

35. The method as recited in claim 34, further comprising:
writing a plurality of code samples with regard to the scenario, each
respective code sample of the plurality of code samples corresponding to a
respective programming language of a plurality of programming languages;
wherein the deriving comprises:
deriving the API for the scenario responsive to the plurality of code

samples.
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1 36. The method as recited in claim 34, further comprising, prior to the

3|| performing one or more usability studies on the API:

3 determining, by an API designer, if the derived API is too complex;

4 if the derived API is determined to be too complex, then

5 refining, by the API designer, the derived API to produce a refined
6 API; and -

7 determining, by the API designer, if the refined API is too complex.
|

o 37.  The method as recited in claim 34, further comprising:

10 ascertaining whether the plurality of developers are able to use the API
n|| without significant problems; and

12 when the plurality of developers are not ascertained to be able to use the

|| API without significant problems, then implementing the revising;

14 wherein the revising comprises:

15 revising the API based on at least one lesson from the one or more
16 usability studies to produce a revised APL

17

18 38. The method as recited in claim 37, further comprising:

9 repeating at least the performing and the ascertaining with respect to the
|| revised APL

21
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39. The method as recited in claim 37, wherein the ascertaining

comprises:

ascertaining whether the plurality of developers are able to use the
API without significant problems with regard to a desired level of usability
for at least one targeted developer group, wherein the desired level of
usability includes considerations with respect to (i) frequent and/or
extensive reference to detailed API documentation by the plurality of
developers, (ii) a failure of a majority of the plumlity of developers to
implement the scenario, and (iii) whether the plumlity of developers take an
approach that is significantly different from what is expected by an API
designer.

40. The method as recited in claim 34, further comprising:
selecting a plurality of core scenarios for a feature ares;

repeating the deriving, the performing, and the revising for each core

scenario of the plurality of core scenarios.

41.  The method as recited in claim 40, wherein the deriving comprises:
producing an aggregate component for each core scenario of the

plurality of core scenarios.

42. The method as recited in claim 34, wherein the deriving comprises:
producing an aggregate component that has a respective relationahip
with each respective factored type of a plurality of factored types.
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43.

comprises:

comprises:

45-

The method as recited in claim 42, wherein the producing

producing the aggregate component to support the scenario

for which the at least one code sample is written.

The method as recited in claim 42, whercin the producing
producing the aggregate component to have an exposed

relationship with at least one factored type of the plumlity of

factored types and an encapsulated relationship with at least one

other factored type of the plurality of factored types.

The method as recited in claim 44, wherein the at least one other

factored type of the plurality of factored types that has the encapsulated

relationship with the aggregate component can be handed off by the aggregate

component for direct interaction with another component type.

46.

The method as recited in claim 42, wherein the plurality of factored

types are designed using an object-oriented methodology.
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47. A method for designing an application programming interface
(API), the method comprising:

preparing a plurality of code samples for a core scenario, each respective
code sample of the plurality of code samples comesponding to a respective
programming language of a plurality of programming languages;

deriving the API for the core scenario responsive to the plurality of code
samples;

performing one or more usability studies on the API utilizing a plurality of
developers; and

revising the API based on the one or more usability studies.

48, A method for designing an application programming interface
(API), the method comprising:

writing at least one code sample for a scenario; and

deriving an API for the scenario responsive to the at least one code sample,
the APl including (i) an aggregate component that is adapted to facilitate
implementation of the scenario and (ii) 2 plurality of factored types that provide
underlying functionality for the aggregate component, the API enabling a gradual
progression from using the aggregate component in simpler situations to using an
increasing portion of the plurality of factored types in increasingly complex

gituations.
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49, A method for designing an application programming interface
(API), the method comprising:

deriving at least one aggregate component to support at least one code
sample for at least one scenario;

determining additional requirements with respect to the at least one
scenario;

deciding if the additional requirements can be added to the at least one
aggregate component without adding undve complexity to the at least one
scenario; and

if not, defining a plurality of factored types responsive to the deciding.

50. The method as recited in claim 49, further comprising:
if so, refining the at least onc aggregate component to incorporate the

additional requirements.
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51. The method as recited in claim 49, further comprising:

selecting a plurality of core scenarios for a feature area, the plurality of core
scenarios including the at least one scenario; and

writing a plurality of code samples showing preferred lines of code for.the
plurality of core scenarios, the plurality of code samples including the at least one

code sample;

14

wherein the deriving comprises:
deriving a plurality of aggregate components, which include the at
least one aggregate component, to support the plurality of code samples for

the plurality of core scenarios.

52. The method as recited in claim 49, wherein the deriving comprises:
deriving the at least one aggregate component with appropriate
methads, defaults, and abstractions to support the at least one code sample

for the at least one scenario.

53. The method as recited in claim 49, further comprising:

refining the at least one code sample according to the at least one derived

aggregate component; and

evaluating the refined at least one code sample with regard to simplicity;

repeating the deriving if the refined at least one code sample fails to be

sufficiently simple in the evaluating.
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54, The method as recited in claim 49, wherein the determining

comprises:

determining additional requirements with respect to the at least one
scenario, wherein the additional requirements include additional scenarios,

additional ysages, and additional interactions with other component types.

55. The method as recited in claim 49, wherein the deciding comprises:
considering whether adding the additional requirements to the at
least one aggregate component hinders a create-set-call usage pattern.

56. The method as recited in claim 49, wherein the defining comprises:
defining the plurality of factored types responsive to the deciding
with an ideal factoring of a full set of functionality.

57.  The method as recited in claim 49, wherein the defining comprises:
defining the plurality of factored types responsive to the deciding

using one or more object-oriented methodologies.

58. The method as recited in claim 49, further comprising:
determining whether the at least one aggregate component is to encapsulate

or expose the functionality of each factored type of the plurality of factored types.
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§9. The method as recited in claim 49, further comprising:
refining the plurality of factored types to support the at least one aggregate

component nnd the additional requirements.
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ABSTRACT _
A first exemplary method implementation for designing an application

programming interface (API) includes: preparing multiple code samples for a core
scenario, each respective code sample of the multiple code samples conespondi;lg
to a respective programming language of multiple programming languages; and
deriving the API from the core scenario responsive to the multiple code samples.
A second exemplary method for designing an API includes: selecting a core
scenerio for a feature area; writing at least one code sample for the core scenario;
and deriving an API for the core scenario responsive to the at least one code
sample. A third exemplary method for designing an API includes: deriving an
API for a scenario responsive to at least one code sample written with regard to
the scenario; performing one or more usability studies on the API utilizing
multiple developers; and revising the API based on the one or more usability

studies.
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LICENCIA PARA PRESENTACION EXTRANJERA DE ACUERDO CON
El Titule 35, Cédigo de los Estados Unidos, Seccién 184

Titulo 37, Cédigo de Regulaciones Federal, 5.11 & 5.15

OTORGADO
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Se ha otorgado al solicitante una licancia de acuerdo con
el 35 U.8.C. 184, si la frase “se requiere, PRESENTACION
DE LICENCIA EXTRANJERA OTORGADA” seguido por un dato
aparece en asta forma. Tales licencias se publican en
todas las solicitudes donde las condiciones para
publicaciédn de una licencia se han presentado, a pesar de
s8i o no una licencia pueda ser solicitada como lo
establece el Articulo 737 CFR 5 15. E1 alcance Y
limitaciones da esta licencia se establecen en el 37 CFR
1 15(a) a menos que una licencia temprana haya sido
publicada de acuerdo con el 37 CFR 5 15(b). La licencia
se sujeta a revocacién una vex sa notifique por escrito.
La fecha indicada es la fecha efectiva de la licencia, a
menos qua una licencia temprana de similar alcance se

haya otorgado de acuerdo con cbddigo 37 CFR 5.13 o 5.14.

Esta licencia es para ser retanida por el concesionario y

puede ser usada en cualguier tiempo scbre o después de la
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fecha efectiva de esta a menos que esta se revoque. Esta
licencia se transfiere automdticamente a ocualquier
solicitud relacionada presentada bajo el 37 CFR 1 53(d).

Eata licencia no es ratroactiva.

El otorgar una licencia no reduce en naninguna forma la
responsabilidad del concesionario por la seguridad de la
materia objeto como lo impona cualquier contrato de
gobierno o las condiciocnes de las leyes existentes
relacionadas con espionaje y la saguridad nacional o la
exportacién de datos técnicos. Las licencias se deben
tasar de las regulacionas actuales especialmente con
raespecto a cliertos paises, de otras agencias,
particularmente la Oficina de Controles de Cm:c:_lo de
Defaensa, Departamento da Estado (con respacto a Armas,
Municlones e implementos de Guerra (22 CFR 121-128)); la
Oficina de Administracién de Expo:t:ao:i.cfncl, Departamento
de Comercio (15 CFR 370.10 (J)):; la Oficina de Control de
Activos Exteriores, Departamanto del Tesoro (31 CFR

Partes 500+) y Departamentc de Energia.
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tiempo, s8i la frase "SI SE REQUIERE, LICENCIA DE
PRESENTACION EXTRANJERA OTORGADA” NO aparece en esta
forma. El solicitante puede hacer una peticién para una
licencia de acuerdo con el 37 CFR 5.12, si una licencia
se desea antes de la expiracién de 6 meses a partir de la
fecha de presentaciétn de la solicitud. Si han pasado 6
mases a partir de la fecha de presentacién de esta
solicitud y el oconcesionario no ha recibido ninguna
indicacién de orden de sacreto de acuerdo con el 35
U.8.C. 181, el concesionario puede archivar la solicitud

extranjera de acuerdo con el 37 CFR 5.15 (b).
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DISENO DE INTERFACES DE PROGRAMACION DE APLICACION {API)

CAMPO TECNICO

Esta descripcién se relaciona de manera general con
interfaces de programacién de aplicacién (API}) y en
particular, por via de ejemplo pero no de limitacién, con
disefiar API que son faciles de utilizar aunque

suministran simultaneamente control y flexibilidad.

Las interfaces de programacién de aplicacién (API) son
utilizadas por los desarrolladores para crear una amplia
variedad de aplicaciones y programas. Los desarrolladores
varian desde trabajadores de oficina que graban macros
hasta autores de controladores de dispositivos de bajo
nivel. Estos desarrolladores se basan en diferentes
lenguajes y/o diferentes marcos de diferente
complejidades aunque programando con diferentes conjuntos

de habilidades y/o para diferentes propésitos.

Tradicionalmente, los diferentes API se han disefiado para

apuntar a diferentes niveles de habilidad individuales y

1
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variedad de aplicaciones y programas. Los desarrclladores
varian desde trabajadores de oficina que graban macros
hasta autores de controladores de dispositivos de bajo
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apuntar a diferentes niveles de habilidad individuales y



diferentes demandas de control (por ejemplo basados en

diferentes escenarios relevantes).

Aunque esta aproximacién puede ser exitosa al suministrar
API que son optimizados para un desarrollador especifico,
esto tieﬁe inconvenientes significativos. Por ejemplo, la
aproximacidén de marco miltiple crea situaciones donde los
desarrolladores tienen dificultades de transferir el
conocimiento desde un nivel de habilidad y un tipo de
escenario a otro. Cuando ellos necesitan implementa un
escenario utilizando un harco diferente, los
desarrolladores dan con una curva de aprendizaje muy
pendiente. ¥ no solo es la curva de aprendizaje muy
pendiente, sino gque esta generalmente requiere que el
cddigo escrito en un primer marco de mids bajo nivel de
habilidad tenga que ser reescrito desde borrador a un
segundo marco de mayor nivel de habilidad. Mas atn, la
creacién de marcos separados para diferentes niveles de
habilidad del desarrollador tipicamente dan como
resultado una situacién en la cual los API que son
objetivo o se implementan por un nivel de desarrollador

no son utilizables por otro nivel de desarrollador.
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La figura 1 ilustra una gradfica 101 de una curva de
aprendizaje de API tradicional con relacién a dos marcos
diferentes. El1 primer marco corresponde a un marco gque
tiene un nivel relativamente mas bajo de habilidades
requeridas y/o dificultad Yy concomitantemente
relativamente menor capacidad de control por un
desarrollador. El segundo marco, de otra parte,
corresponde a un marco que tiene un relativamente mayor
nivel de habilidades requeridas y/o dificultad y una
concomitantemente relativamente mayor capacidad de
control por el desdrrollador. Tal primer marco podria ser
utilizado por un novato o un desarrollador nc frecuente,
y tal segundo marco podria ser wutilizado por un
desarrollador experimentade o profesional. Por ejemplo,
el primer marco puede corresponder a unc disefladec para
Visual Basic, y el segundo marco podria corresponder a

uno disefiado para C++.

En esta aproximacién tradicional, se diseflan y se emplean
API relativamente separados y desiguales comc parte de
cada marco. Esta curva de aprendizaje pendiente pero
relativamente corta se atraviesa para posibilitar el uso
del API para el primer marco a un nivel y capacidad de

control relativamente mas bajo. En razdén a la naturaleza
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separada y desigual de los dos marcos API, la experiencia
con el primer marco contribuye poco, sSi es que existe
algin conocimiento, al aprendizaje del segundo API del
segundo marco. Consecuentemente, una curva de aprendizaje
igualmente pendiente pero ain mds alta se atraviesa para

posibilitar el uso del API por el segundo marco.

En otras palabras, el aprendizaje del API del primer
marco no suministra wuna piedra escalonada para el
aprendizaje de un API del segundo marco. La naturaleza
regresiva de este conjunto desarticulado de marcos API se
indica mediante 1a continuidad de espacio. Un
desarrollador que ha aprendido los API del primer marco
no estd cerca de aprender el API del sequndo marco y debe

por lo tanto iniciar con lo basico del segundo marco.

Otro problema con los marcos tradicionales es que ellos
en cualquier caso tienden a tener un pobre uso total. En
general, las metodolcogias de disefio/desarrollo orientadas
a objeto (00D) (por ejemplo leguaje de modelacidén
unificado (UML)) son “optimizadas” para el mantenimiento
del diseflo resultante y no para el uso de los marcos
resultantes. Las metodologias OOD son mejor adecuadas

para los diseflos de arquitectura internos y menos



adecuados para los disefilos de una capa API de una
biblioteca reutilizable grande. Por ejemplo, el pobre uso
puede dar como resultado metodologias OD que se enfocan
solamente en la destilacién a un bloque fundamental méas
bajo y/o que tenga una fidelidad indudable a una

jerarquia de herencia estricta en todeo un disefio API.

De acuerdo con esto, subsiste la necesidad de esquemas
y/o técnicas que puedan al menos mejorar el espacio de
continuidad regresivo de una curva de aprendizaje API
tradicional y/o puedan suministrar un mejor uso API

total.

En una primera implementacién del métode de ejemple, un
método para diseflar una interfaz de programacién de
aplicacién (API} incluye: preparar muestras de codigo
miltiples para un escenario principal, cada muestra de
cddigo respectiva de las muestras de cé6digo miltiple
corresponden a un lenguaje de programacién respectivo de
lenguajes de programacién miltiples; y derivar el API del

escenario principal que responde a las muestras de cdédigo



miltiples. En una seqgunda implementacién del método de

ejemplo, un método para diseflar un API incluye:

Seleccionar un escenario principal para un Aarea
caracteristica; escribir al menos una muestra de cédigo
para el escenario principal; y derivar un API para el
escenario principal que responde a al menos una muestra
de cbédigo. En una tercera implementacidén de método de
ejemplo, un método para diseflar un API incluye: derivar
un API para un escenario que responde a al menos una
muestra de cédigo escrita con relacidén al escenario;
desarrollar uno o mas estudiocs de utilizacién en el API
que utiliza miltiples desarrolladores; y revisar el API

basado en uno o mids de los estudios de utilizacidn.

Otro método, sistema, aproximacién, aparatos,
dispositivos, medios, API, procedimiento, disposiciébn,

etc. las implementaciones se describen aqui.

BREVE DESCRIPCION DE LOS DIBUJOS

Los mismos ntmeros son utilizados en todos los dibujos
con referencla a aspectos similares y/o correspondientes,

caracteristicas y componentes.

(v o)



La figura 1 ilustra wuna grafica de una curva de
aprendizaje API tradicional con relacién a dos diferentes

marcos.

La figura 2 ilustra .una grafica de una curva de
aprendizaje de API progresiva de ejemplo con relacién a

dos diferentes niveles de abstracciébn.

La figura 3 ilustra principios y practicas de disefio de

ejemplo para los API.

La figqura 4 es un diagrama de flujo que ilustra una
técnica de ejemplo para disefiar API por drea

caracteristica.

La figura 5 es un diagrama de bloque que ilustra un
esquema de ejemplo para disefiar los API por escenario

principal.

La fiqura 6 ilustra la disparidad potencial entre tipos
de componente de ejemplo que son el objetivo a dos

propésitos diferentes.
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La figura 7 ilustra una relaciéon de ejemplo entre tipos
de componente que estan diseflados para ser extensibles
y/o interoperables con el fin de cubrir dos diferentes

propésitos.

La figura 8 es un componente agregado de ejemplo (AC) vy
tipos factorizados asociados (FT) para manejar dos

diferentes propésitos con un API de dos capas,

La fiqura 9 ilustra un componente agregado de ejemplo y
los API asociados que pueden soportar un patrén de uso

Create-Set-Call.

La figura 10 ilustra un ambiente operativo de cémputo de
ejemplo (o dispositivo general) que es capaz de
implementar {completa o parcialmente) al menos un aspecto
de diseflar y/o utilizar los API tal como se describen

aqui.

Dﬁscnnc::én DETALLADA

La fiqura 2 ilustra una grafica 200 de una curva de
aprendizaje API progresiva de ejemplo con relacién a dos

diferente niveles de abstraccidén. Los dos diferentes



niveles de abstraccién son un nivel relativamente alto de
abstraccién y un nivel relativamente bajo de abstraccién.
El nivel alto de abstraccién corresponde a un ambiente de
desarrollo que involucra un nivel relativamente bajo de
las habilidades requeridas y/o 1la dificultad y una
capacidad relativamente inferior concomitante para ser
controlada por un desarrollador. El1 nivel bajo de
abstraccién, de otra parte, corresponde a un ambiente de
desarrollo que involucra un nivel relativamente alto de
habilidades requeridas y/o la dificultad y una capacidad
relativamente mayor concomitante para ser controlada por

un desarrollador.

.Se muestra una curva de aprendizaje API progresiva que se
eleva desde un punto de 1las habilidades requeridas
inferiores y la capacidad de contreol concomitante de una
manera relativaménte suave a través de las Areas para los
niveles alto y bajo de abstraccién a un punto de
habilidades requeridas mayores y una capacidad de control
concomitante. La curva de aprendiza API progresiva exhibe
una zona de continuidad entre las &4reas del nivel mayor
de abstraccién y el nivel bajo de abstraccién. Un marco
API integrado posibilita una curva de aprendizaje

gradual. En razén de la naturaleza integrada del marco
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API, la experiencia con el alto nivel de abstraccién
contribuye al conocimiento hacia el wuso del API de
aprendizaje para el bajo nivel de abstraccién asi céomo

también para los escenarios que demandan mayor control.

En otras palabras, el aprendizaje de los API para los
mayores niveles de abstraccién suministra wuna piedra
escalonada para aprender y/o extender el API a los
niveles inferiores de abstraccién. Esto se indica por la
forma de marco de dos capas {API) que comprende tanto las
areas de abstraccién de alto y bajo nivel. La naturaleza
progresiva de ciertos API, como se describen aqui
adelante, le posibilita a los desarrolladores utilizar
los API simples inicialmente y gradualmente comenzara
utilizar componentes API mdas complicados. De esta manera,
los desarrolladores que han aprendido los API que apuntan
a los mayores niveles de abstraccién se pueden mover para
utilizar los API que apuntan a los niveles inferiores de
abstraccién en 1la medida en que su experiencia 1lo
garantice y/o en la medida en que la complejidad de los

escenarios que ellos estdn enfrentando lo demande.

Un API progresivo puede ser fécilmente wutilizable

{especialmente durante las fases tempranas de

14
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aprendizaje) y altamente poderosas (especialmente en la
medida en que el API es explorado durante el tiempo). Un
API utilizable pude incluir uno o mas de los siguientes
atributos de ejemplo: un pequefio nimerc de conceptos y/o
las clases que son requeridas para arrancar, una pocas
lineas de cédigo pueden implementar escenarios simples,
clases/métodos que tienen nombres intuitivos, un punto de
partida natural y/o obvio es evidente, y existe una
progresién c¢lara (por ejemplo descubrible) de los

conceptos/clases requeridos y/o relevantes adicionales.

Un API progresivo también puede posibilitar un avance
creciente del desarrollo en un punto de dificultad
inferior y una capacidad de control concomitante a un
punto de dificultad mayor y una capacidad de control
concomitante. Paradigmas de ejemplo para disefiar los API
progresivos, asi como también generalmente 1los API

altamente utilizables se describe aqui adelante.

La figura 3 ilustra principios y practicas de disefio de
ejemplo para los API en una tabla 300. La tabla 300
indica principios y précticas de diseflo general para las
cuatro categorias de ejemplo 302- 308. Especificamente,

las siquientes cuatro categorias son las direccionadas:
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disefio manejadc de escenario 302, disefio orientado de
componente 304, Opciones Predeterminadas Personalizables

306, y modelo objeto autodocumentante 308.

Cuando se disefla un API dado, los Principios y las
practicas de disefio para una cualquiera © mas de las
categorias indicadas 302-308 se pueden emplear.
Adicionalmente, dentro de cualquier categoria dada 302-
308 una © mas de los principios y practicas de disefio
ilustrados se pueden implementar. En otras palabras, ni
cada categoria ni cada principio de disefio y practica de
este necesita ser empleado o implementado por un diseflo

de API dado.

La categoria de disefio manejada de escenario 302 ilustra
cuatro principios y practicas de diseflo de ejemplo.
Primeramente se definen escenarios principales para
caracteristicas o 4reas tecnolégicas seleccionadas.
Segundo, las muestras cbédigo que corresponden a los
escenarios principales son escritas primero y el API es
diseflado en respuesta a este segundo. Tercero, se disefia
un API progresivo, sequn se introdujo anteriormente y se
describe adicionalmente aqui adelante. Cuarto, utilizar

los escenarios principales definidos se hace facil aunque
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se hace posible utilizar otros escenarios. El1 diseflo
manejado de escenario 302 se describe adicionalmente
delante de la seccién titulada (Disefilo Manejado de

Escenario”.

La categoria de disefio orientada de componente 304
ilustra tres principios y préacticas de diseflo de ejemplo.
Primero, son creados 1los componentes agregados (AC).
Generalmente, los componentes agregados son dirigidos
hacia 1los escenarios principales, son relativamente
simples y faciles de utilizar y son construidos en la
parte superior de los tipos factorizados (FT). Los tipos
factorizados son mas fundamentales y se descomponen a
niveles 1légicos inferiores. Esto da como resultado un
disefio API de dos capas. Segundo, estos componentes
agregados estan interrelacionados con los tipos
factorizados. Tercero, el patrén de uso Create-Set-Call,
es soportado especialmente para los componentes
agregados. El disefio orientado a componente 304 se
describe adicionalmente adelante en la seccién titulada

“Disefio Orientado a Componentes”.

La categoria de Opciones Predeterminadas Personalizables

306 ilustra dos principios y practicas de disefio de

0¥
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ejemplo. Primero, se reducen las utilizaciones requeridas
para usar al menos los componentes agregados. Los
predeterminados son utilizados para reducir las
utilizaciones requeridas. Segundo, los predeterminados se
seleccionan de los que son apropiados para los escenarios
principales definidos. Las Opciones Predeterminadas
Personalizables 306 se describen ademds adelante en la
seccidn titulada “Opciones Predeterminadas

Personalizables”.

La categoria de modelo de objeto de autodocumentacién 308
ilustra cuatro practicas y principios de disefio de
ejemplo. Primero, los nombres simples e intuitivos son
reservaos para escenarios principales. Segundo, 1los
nombres son seleccicnados con base en el uso o propdsito
pretendido en el tipo de componente, en lugar de una
adherencia obstinada a la jerarquia de herencia. Tercero,
las excepciones accionables son lanzadas de tal forma que
un desarrollador recibe instrucciones que indican cémo
arreglar un error del mensaje de excepcidén. Cuarto, los
espacios de nombres limpios son producidos mediante tipos
de ubicacién que son simplemente utilizados en
subespacios de nombres para evitar el apifiamiento de los

espacios de nombre principales. El1 modelo de objeteo

106
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autodocumentante 308 se describe adicionalmente adelante
en la seccidn titulada “Modelo de Obieto

Autodocumentante”.

Diseilo Manejado da Escenario ’

En una implementacidén descrita, las especificaciones API
son manejadas por escenarios. De acuerdo con esto, los
disefladores API primero escriben el coédigo que los
usuarios del API tendran que escribir en los escenarios
_ principales (por ejemplo principal). Los disefiladores API
luego disefian un modelo de objeto para soportar estas
muestras de c¢bdigo. Esta aproximacidn contrasta con
iniciar un disefio de un modelc de objeto (utilizando
varias metodologias de disefio) y luego escribir las

muestras de céddigo basadas en el API resultante.

En otras palabras, especialmente para el diseflo API
piblico, los disefiadores API inician con una lista de
escenarios para éada caracteristica por 4rea de
tecnologia y muestras de cbébdigo para estos y producen una
descripcién del modelo objeto con estilo de
encabezamiento basado en este. Los ejemplos de las Areas

caracteristicas incluyen: archivo y/o, red, mensajes,

[
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consola, dlagnésticos, accesos a la base de datos,
pidginas web, programacién con interfaz grafica de usuario

(GUI), y asi sucesivamente.

La fiqura 4 es un diagrama de flujo 400 que ilustra una
técpica de ejemplo para diseflar los API por darea
caracteristica. En el bloque 402, son seleccionados los
escenarios principales por el drea caracteristica da. Por
ejemplo, para un A4rea tecnoldégica dada, se pueden
seleccionar 1los 5-10 escenarios superiores. Ellos se
pueden seleccionar con base en las funciones mas
cominmente utilizadas {por ejemplo tareas mAs comunes) o
las metas més frecuentemente persegquidas para el area
tecnolégica dada. Por ejemplo, los escenarios de ejemplo
para un area de caracteristica de tecnologia del archivo

y/0 son leidos de un archivo y escritos a un archivo.

En el bloque 404, las muestras de cbédigo para un
escenario principal son escritas en lenguajes mialtiples
{(por ejemplo dos o mas). Por ejemplo, las muestras de
cbébdigo asociada con el escenario principal asociado
pueden ser escritas en tres diferentes lenguajes. Las
muestras cédigo pueden implementar el escenario principal

seleccionado habitual en los tres lenguajes. Tales
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lenguajes incluyen, por ejemplo, VB, C#, MC++, un
lenguaje de composicidéon, y asi sucesivamente; sin
embargo, también se pueden utilizar otros lenguajes. Como
se indica por el asterisco, se debe entender que una
muestra de cédigo (o atn mds de una muestra de cédigo) se
puede escribir para el escenario principal en un lenguaje
simple cuando se disefia API utilizable y potente para un

lenguaje simple.

Se puede efectuar la escritura de muestras de cbédigo en
lenguajes miltiples porque algunas veces los cédigos
escritos en diferentes lenguajes difieren
significativamente. En una implementacién descrita, las
muestras de cbédigo para el escenario principal
seleccionado habitual son escritas utilizando diferentes
estilos de cédigo que son comunes entre los usuarios del
lenguaje particular {por ejemplo, utilizando
caracteristicas especificas del 1lenguaje por rasgos,
utilizando las préacticas/habitos de los desarrolladores,
etc.) en los cuales se escribe una muestra de cédigo
particular. Por ejemplo, las muestras pueden ser escritas
utilizando tamafio de letra especifico para el lenguaje.
Por ejemplo, VB es insensible a mindsculas/may(sculas, de

tal forma que las muestras de cbédigo escritas en VB

Wi



reflejan esa variabilidad. Las muestras de cddigo
escritas en C#, de otra parte, siguen el estandar de

mayldsculas/mintsculas para éstas.

Otro ejemplo se relaciona con una declaracién denominada
“usar”, que soporta C#. Por eﬁemplo, la llamada ™“usar”
encapsula un bloque de ensayo/finalmente. Sin embargo, el
VB no soporta esta caracteristica, y escribir muestras de
cdédigo puede indicar que utilizar esta caracteristica en
una declaracién- ensayo/finalmente es torpe para los
usuarios VB. Adn otro ejemplo se relaciona con las
asignaciones en una cldusula condicional, que soporta C#.
En un ejemplo de archivo E/SOE “if ((text =
reader.ReadLine() != null)” trabaja en C#. Sin embargo,
la declaracién de asignacién no se puede utilizar dentro
de la cléusula “if” en VB; en su lugar, el cbédigo es roto
en declaraciones miltiples. Au4n otro ejémplo relaciona la
tendencia de los desarrclladores C# a | utilizar
constructores parametrizados aunque 1los desarrolladores
VB usualmente no lo hacen. Por ejemplo, una codificacién
C# puede ser “MyClass x = new MyClass(“value”)” mientras
una codificacién VB correspondiente es “Dim x As MyClass”

y “x.Property = “value””.

[2



En el blogque 406, el API se deriva del escenario
principal habitual que responde a las muestras de cédigo
escritas en lenguajes maltiples. Por ejemplo, los
factores recogidos de las muestras de cédigo escritas en
cada uno de los lenguajes miltiples se pueden incorporar
dentro del API. Tales factores pueden incluir
similaridades a través de las diferentes muestras de
cbddigo, diferencias entre dos o mds muestras de cédigo, y
asi sucesivamente. Tales factores, asi como tamblién otros
aspectos de los bloques 404 y 406, se describen

adicionalmente adelante con referencia a la FIG. 5.

Similarmente, cuando se disefila un API para un lenguaje
simple, el API se deriva del escenario principal habitual
que responde al o las muestras de cédigo escritas en el
lenguaje simple. Asi, los factores recogidos de la o las
muestras de cédigo escritas en el lenguaje simple se
pueden incorporar dentro del API. Como un ejemplo de un
factor de disefio API adicional para situaciones de
lenguaje simple o miltiple, un factor de disefio API puede
incluir 1la compatibilidad con herramientas que sean
orientadas hacia el lenguaje o los lenguajes para los

cuales estan escritas las muestras de cédigo.

I3
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En el bloque 408, se determina si el API es demasiado
complejoc. Por ejemplo, el API puede ser revisado por el o
los disefadores API para determinar si el API es © no es
demasiado complejo. En otras palabras, una revisién
inicial se puede desarrollar para considerar si el API se
puede utilizar sin entendimiento significativo de otros
miltiples API especificos, sin experimentacién indebida,
y asi sucesivamente. Tal revisidén inicial también puede
verificar que el API derivado sea de hecho trabajable en
el escenario principal habitual en cada lenguaje
relevante. Si el API es demasiado complejo, entonces el
API es refinado por los disefiadores con referencia al
escenario principal habitual y responde a las muestras de
cédigo escritas en los lenguajes maltiples en el blogque

406.

Si, de otra parte, se determina que el API no es
demasiado complejo (en el bloque 408), entonces en el
bloque 410 son desarrollados los estudios de utilidad con
desarrolladores tipicos. Por ejemplo, uno o méas estudios
de utilidad se pueden desarrollar utilizando un ambiente
de desarrollo andlogo a aquel que utiliza normalmente el
desarrollad;r tipico. Tal ambiente de desarrollo normal

incluye similarmente intelisentido, editores, lenguaje, ¥

15
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un conjunto de documentacién que es mas ampliamente

utilizado por el grupo desarrollador objetivo.

Estudios de Utilidad

Los estudios de utilidad que apuntan a un rango amplio de
desarrolladores facilitan el disefio manejado por
escenario, especialmente cuando se disefian los API para
piblico en general. Las muestras de cédigo escritas por
el o los disefiadores API para los escenarios principales
probablemente parecen simples para ellos, pero las
muestras cédigo podrian no ser igualmente simples a
ciertos grupos de desarrolladores que son de hecho
objetivo (por ejemplo, especialmente desarrolladores
novatos y/o ccasionales). Adicionalmente, el
entendimiento, que es recopilado a través de los estudios
de utilidad, con relacién a la manera en la cual los
desarrolladores se aproximan a cada uno de los escenarios
principales puede suministrar discernimiento potente en
el disefio del API y que también este cumple las

necesidades de todos los desarrolladores objetivo.

De manera general, los estudios de utilidad se pueden

conducir tempranamente en el ciclo de producto y de nuevo
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después de cualquier redisefio mayor del modeloc objeto.
Aunque esta es una préictica de diseflo costoso, puede de
hecho ahorrar recursos a largo plazo. El costo de fijar
un API no utilizable o simplemente defectuoso sin

introducir los cambios de rompimiento es enorme.

En el bloque 412, se averigua si 1los desarrolladores
tipicos son capaces de utilizar el API sin problemas
significativos. Por ejemplo, la mayoria de los sujetos
deben ser capaces de escribir cédigos para el escenario
seleccionado habitual sin mayores problemas. Si ellos no
pueden, el API se revisa (como se describe adelante con

referencia al bloque 414).

La interpretacién de los problemas
significativos/principales gira sobre un nivel deseado de
utilidad para un grupo desarrollador dado objetivo. Por
ejemplo, 1la referencia frecuente y/o extensiva a 1la
documentacién API detallada para el escenaric principal
habitual por 1los sujetos de prueba puede constituir
problemas significafivos. De manera general, si 1la
mayoria de 1los desarrolladeres de prueba no pueden
implementar el escenario principal habitual, o si la

aproximacién que ellos toman es significativamente
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diferente de aquella que se espera, el API se debe
evaluar para posibles revisiones (hasta e incluyendo un

redisefio completo).

Si se averigua que los desarrolladores tipicos son
incapaces de utilizar el API sin mayores problemas (en el
bloque 412), entonces en el bloque 414 el API se revisa
con base en las lecciones de los estudios de utilidad.
Por ejemplo, se puede cambiar un predeterminado, se puede
agregar otra propiedad, uno o mas atributos se pueden

exponer en lugar de encapsular, y asi sucesivamente.

Si, de otra parte, se averigua que los desarrolladores
tipicos son capaces de utilizar el API sin mayores
problemas (en el bloque 412), entonces en el bloque 416
el proceso se repite para cada escenario principal. Por
ejemplo, otro escenario principal de los escenarios
princlipales seleccionados para la caracteristica dada se
vuelve el escenario principal habitual para el cual son
escritas las muestras cédigo (en el bloque 404). Otra
técnica de ejemplo para diseflar los API, que se enfoca
mas en el disefio API de dos capas, se describe

adicionalmente adelante en conjunto con la FIG. 8.

7
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La FIG. 5 es ﬁn diagrama de bloques 404/406 que ilustra
un esquema de ejemplo para diseflar los API por escenario
principal. El esquema de ejemplo ilustrado corresponde a
los bloques 404 a 406 de la FIG. 4 para una
implementaciétn de lenguaje miltiple. Se muestra una
muestra de cédigo 502(1) para un primer lenguaje, una
muestra de cédigo 502(2) para un segundo lenguaje, y una
muestra de cbddigo 502(3) para un tercer lenguaje. Cada
una de las tres muestras de cédigo 502(1, 2, 3) estéan
dirigidas a un escenario principal habitual dadoc. Aunque
se muestran tres muestras de c¢édigo 502(1, 2, 3) que
corresponden a tres lenguajes, se pueden utilizar
alternativamente dos o mas muestras de cédige 502 para
cualquier numerc arbitrario de lenguajes objetivo en este

ejemplo de implementacién de lenguaje miltiple.

En una implementacién descrita, los factores 506 son
recogidos de muestras de cdédigo 502(1, 2, 3) que son
escritas en cada uno de los tres lenguajes. Estos
factores 506 son incorporados en el API 504.
Especificamente, el API 504 es disefiado para soportar las
tres muestras de cédigo 502(1, 2, 3) que son escritas en
los tres lenguajes respectivos correspondientes. Sin

embargo, se debe entender que los factores 506 también

e

(2
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pueden ser aplicables a implementaciones de lenguaje

simple.

Algunos factores de ejemplo 506 son descritos
anteriormente con referencia a los blogques 404 y 406 de
la FIG. 4, y otros factores de ejemplo 506 se indican en
el diagrama de blogque 404/406 de la FIG. 5. Tales
factores 506 incluyen mandatos especificos de lenguaje
que son revelados mediante una revisién de muestras de
cédigo 502(1, 2, 3). Un ejemplo de una restriccién
especifica de lenguaje se describe con relacién a la
siquiente 1linea de ejemplo de cédigo: “Foo f = new
Food():”. Un API progresivo que se diseila bara soportar
esta linea de muestra tiene que incluir un constructor
per defecto; de otra manera, la muestra de cédigo no

compilara correctamente.

Los factores 506 también incluyen las expectativas del
desarrollador que son inspiradas tanto por las
peculiaridades del lenguaje como por los diferentes
niveles de habilidad/experiencia de los desarrolladores
tipicos que gravitan naturalmente hacia diferentes
lenguajes. Los factores 506 incluyen ademds comunidades

de cddigo y préacticas de cédigo a través de diferentes

19
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lenguajes como se descubre mediante una revisién de las

muestras de cédigo 502(1, 2, 3).

Aunque considerando los factores 506 que directamente se
relacionan con lenguajes diferentes, otros factores 506,
como se describen aqui, contindan siendo considerados.
Por ejemplo, los siguientes factores 506 también son
pertinentes a 1los API progresivos objetivo a wunos
ambientes de lenguaje simple asi como también a ambientes
de lenguaje miltiple. Primero, un factor es el nimerc
qiferentes de tipos de componentes que son requeridos
para completar un escenario. Generalmente, entre mas
tipos de componentes se requieran, mas dificil es
aprender. Un segundo factor es la conexidn entre las
lineas de éxito del cédigo. En la medida en que ese uso
de un tipo de componente conduce a un desarrollador hacia
el uso del siguiente tipo de componente requerido, mas

facll es utilizar el API.

Tercero, la consistencia en el nombramiento de los
identificadores es otro factor. Un cuarto factor
involucra el uso apropiado de propiedades, métodos, y
eventos. Un quinto factor se relaciona <con las

similaridades posibles a uno o mids de los API existentes.
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Sexto, otro factor involucra el cumplimiento con las
guias de disefio completas para un API. Un séptimo factor
se relaciona con si los API se traslapan con otros tipos
de componentes de la estructura. Octavo, la
compatibilidad con las herramientas que estdn orientadas
hacia un lenguaje particular es atdn otro factor. Por
ejemplo, los desarrolladores VB tipicamente requieren
constructores con menos parametros Yy asignadores de
propiedad. Otros factores 506 pueden ser considerados

alternativamente.

Adn otros factores 506 gque se relacionan con 1las
interrelaciones de los componentes agregados y los tipos
factorizados son descritos adelante, especialmente con
referencia a la FIG. 8. Aunque el método y el esquema de
las figuras 4 y 5 se pueden aplicar al disefio de los API
en general, ellos son particularmente aplicables al
disefio de los API de dos capas. Un paradigma del API de
dos capas (por ejemplo, con componentes agregados y tipos
factorizados) es el descrito adelante con referencia a
las FIGS. 6-8 en la seccién titulada “Disefic Orientado a

Componente”.

2]



28

Disefio Orientado a Componente

La FIG. 6 ilustra la disparidad potencial entre los tipos
de componente de ejemplo 602 que son el objetivo de dos
diferentes propésitos junto con un continuo 600. El
continuo 600 se extiende desde un rango de alta utilidad
al lado izquierdo hasta un alto rango de control al lado
derecho. Los tipos de componente miltiple 602 se esparcen

a través del continuo 600.

Generalmente, los tipos de componente 602 que son

ilustrados por ser relativamente mayores representan ,

tipos que son mds simples y por lo tanto mas faciles de
utilizar. Al contrario, los tipos de componentes 602 gque
son ilustrados por ser relativamente m&s pequefios
representan tipos que son mas complejos y por lo tanto
mads dificiles de utilizar. Simple y complejo en este
contexto se refiere a que tan fécil o que tan dificil son
de utilizar los tipos de componente particular 602 para

cuando se implementa un escenario especifico.

Los tipos de componente 602 gque se ilustran por ser
relativamente mids pequefios son generalmente mis dificiles

de utilizar por un nimero de razones de ejemplo como

22
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sigue: Primero, los desarrolladores tienen mas elecciones
de cuales tipos de componente 602 ellos deben utilizar.
En el ejemplo ilustrado, existen 14 “elecciones” para los
tipos de componente mas pequefios 602 comparados con las
tres “elecciones” para los tipos de componente mayores
602. Mas especificamente, un desarrolladeor tiene que
saber o discernir, entre los varios tipos de componente
602 (HC), qué tipo o tipos de componente utilizar. Esto
involucra el entendimiento de cada uno de los tipos de
componente miltiple (por ejemplo, 14) 602(HC) asi como
también cémo se interrelacionan ellos, lo cual contrasta
con iniciar con un tipo de componente simple 602 (HU) de
entre los tipos de componentes mas pocos {(por ejemplo, 3)
602(HU). Las diferencias entre los tipos de componente
602(HU) y los tipos de componente 602(HC) se describen

adicionalmente adelante.

Por via de una analogia de ejemplo, 1los tipos de
componente mas pequefios 602 son similares a los
componentes individuales de un sistema estéreo; de esta
manera, un usuario tiene que saber qué componentes son
necesarios y céme engancharlos juntos. Sin engancharlos
juntos, ellos generalmente no son Gtiles. Los tipos de

componente mayores 602 son como los estéreos de todo en
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unco que son facilmente utilizables pero probablemente
menos potentes asi como también menos flexibles. Una
segunda razén:por la cual los tipos de componente mas
pequefios 602 son mas dificiles de utilizar es que existen
potencialmente mas “puntos de partida”. Tercero, existen
generalmente mas conceptos que entender. Cuarto, el
desarrollador tiene que cémo se relacionan los tipos de
componeﬂte individuales 602 con los otros tipos de

componente 602.

En una implementacién descrita, los tipos de componente
602 se dividen en aquellos con un alto propédsito de
utilidad 602(HU) y aquellos con un alto propésito de
controlabilidad 602(HC). Los tipos de componente de alta
utilidad 602(HU) son mds simples y mas faciles de
utilizar, pero ellos tienden a ser mas inflexibles,
limitados, y/o contrastantes. Ellos pueden generalmente
ser utilizados sin conociﬁiento extensivo de un API
total. Los tipos de componente de alta utilidad 602 (HU)
son usualmente capaces de implementar un nimero limitado
de escenarios o lo méximo un numero limitado de

aproximaciones a cada escenario de interés.
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Los tipos de componente de alta controlabilidad 602 (HC),
de otra parte, son complejos de utilizar, pero ellos
suministran un mayor grado de control a los
desarrolladores. Ellos son relativamente potentes y le
posibilitan a les desarrolladores efectuar un
ajustamiento y puesta a punto de dos niveles. Sin
embargo, el desarrollo con los tipos de componente de
alta controlabilidad 602(HC) implica un mAs completo
entendimiento de muchos tipos de componente 602 para
posibilitar la instanciacién de maltiples tipos de
componente de alta controlabilidad 602(HC) que son
correctamente interligados para implementar ain

escenarios relativamente directos hacia delante.

Tipicamente, los fipos de componente de alta utilidad
602 (HU) estan presentes en los lenguajes introductorias
tales como el VB, y los tipos de componente de alta
controlabilidad 602 (HC) estdn presentes en lenguajes tipo
programador profesional avanzado tal como el C++. La
disparidad potencial entre tipos de componente de alta
utilidad 602(HU) vy tipos de componente de alta
controlabilidad 602 (HC) gque se ilustran en la FIG. 6 es
al menos parcialmente mejorado por los tipos de

componente 702 de la FIG. 7. Especificamente, una
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interrelacién entre los tipos de componente de alta
utilidad 602{(HU) y los tipos de componente de alta
controlabilidad 602 (HC) se establece en un  API

progresivo.

La FIG. 7 ilustra una relacién de ejemplo entre los tipos
de componente 702 que son diseflados para ser extensibles
y/o interoperables con el fin de cubrir al menos dos
diferentes propositos junto con un continuo 700. En una
implementacién descrita, los tipos de componente con un
alto propésito de utilidad se concretan como componentes
agregados 702(AC), y tipos de componente con un alto
propésito de controlabilidad se concretan como tipo de
factores 702(FT). Aunque los tipos de componente 702 se
dividen en solamente dos propodsitos, ellos pueden
alternativamente ser separados en tres o mids propédsitos

(u otras categorias).

Una clave 704 indica que una linea sélida representa una
relacién para los tipos factorizados expuestos y que la
linea punteada representa una relacidén para los tipos
factorizados encapsulados. Como se ilustra, el componente
agregado 702 (AC) (1) tiene una relacidén con tres tipos de

factor 702(FT). Especificamente, el tipo factorizado
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702(FT) (1) tiene wuna relacidén de tiéo factorizado
expuesta con componente agregado 702(AC) (1), y los tipos
factorizados 702(FT) (2) y 702(FT){(3) tienen una relacibén
tipo factorizada -encapsulada con componente agregado

702 (AC) (1) .

Aunque no se ilustra asi, dos o mds componentes agregados
702(AC) pueden tener una relacién encapsulada y/o
expuesta con el mismo tipo factorizado 702 (FT). Los tipos
factorizados expuestos y encapsulados 702(FT) y los
componentes agregados 702(AC), asi como también las
relaciones entre ellos, son descritos adicionalmente

adelante, incluyendo con referencia a la FIG. 8.

Los disefios orientados a componente se relacionan con el
ofrecimiento de un objeto simple por concepto de usuario
opuesto a requerir objetos multiples por concepto ldégico.
Los componentes agregados por 1lo tanto wusualmente
corresponden a un concepto de usuario y son mias simples
desde la perspectiva de uso. Los componentes agregados
tienen <capas en la parte superior de 1los tipos
factorizadeos. Por via de comparacién de ejemplo, 1los
componentes agregados pueden modelar una cosa tal como un

archivo, y los tipos factorizados pueden modelar un
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estado de una cosa tal cémo una visién de un archivo.
Juntos, los componentes agregados Yy los tipos
factorizados suministran una curva de aprendizaje
progresiva y gradual para los nuevos desarrolladores,

especialmente con respecto a un API particular dado.

Diseilo Orientado a Componente para Componentes Agregados

Muchas &reas caracteristicas pueden beneficiarse de los
tipos fagade que actian como vistas simplificadas sobre
un recordatorio mas complejo pero bien factorizado de los
API de 4rea caracteristica. En una implementacién
descrita, la facade cubre los 5-10 escenarios superiores
en un Aarea caracteristica dad y opcionalmente otras
operaciones de alto nivel. Los componentes agregados
702 (AC) pueden servir como tales tipos facade, y los
tipos factorizados 702(FT) pueden suministrar un paisaje

API restante complejo bien factorizado.

Cada componente agregade amarra miltiples clases

factorizadas de mds bajo nivel en un componente de mayor '

nivel para sostener los escenarios principales
superiores. Por ejemplo, un componente agregadc de correo

puede amarrar el protocolo SMTP, los sockets,
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codificaciones, y asi sucesivamente. De manera general,
cada componente agregado suministra un mayor nivel de
abstraccién en lugar de simplemente un diferente camino
Ae hacer las cosas. Suministrar operaciones simplificadas
de alto nivel es de ayuda para aquellos desarrolladores
que no quieren aprender la extensién completa de la
funcionalidad suministrada por un Aarea caracteristica vy
simplemente desean lograr sus a menudo muy simples tareas

sin un estudio significativo de la exploracién del API.

Generalmente, el diseflo orientado a componénte es un
diseflo basado en constructores, propiedades, métodos, y
eventos. Utilizar 1los componentes agregados es una
aplicaciéon relativamente extrema de un disefio orientado a
componente. Un conjunto de ejemplo de parémetros para
disefio orientado a componente de componentes agregados se

suministra adelante:

Constructores: los componentes agregados tienen

constructores predeterminados (parametro-menos).

Constructores: los parametros constructores opcionales

corresponden a propledades.

\2q
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Propiedades: 1la mayoria de 1las propiedades tienen

obtencidén y asignacién.

Propiedades: las propiedades tienen predeterminados

sensibles.

Métodos: 1los métodos no toman pardametros si los
parametros especifican opciones que permanecen constantes
a través de las llamadas de método (en los escenarios
principales seleccionadeos). Tales opciones se pueden

especificar utilizando propiedades.

Eventos: los métodos no toman delegadcos como parametros.
Las retrollamadas son implementadas en términos de

eventos.

El disefio orientado a componente implica considerar como
se utiliza el API en lugar de enfocar la mera discusidn
de los métodos, propiedades, y eventos en el modelo
objeto. Un modelo de uso de ejemplo para un disefio
orientado a componente involucra un patrén de iniciacidn
de un tipo con un predeterminado o un constructor
relativamente simple, asignando algunas propiedades al

caso, y luego llamando métodos simples. Este patrén es
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denominado un patrén de uso Create-Set-Call. Un ejemplo

general sigue:

‘VB
‘Instantiate

Dim T As New T()

‘Set properties/options.
T.P1 = V1

T.P2 = V2

]
o
w
i

V3

‘Call methods; opcionalmente cambia opciones entre
llamadas.

T.M1{)

T.P3 = V4

T.M2{()

Cuando los componentes agregados soportan este patrén de
uso Create-Set-Call, los componentes agregados se
comportan con las expectativas de los usuarios
principales de los componentes agregados. Mas aun, las
herramientas, tal como el intelisentido y los

disefladores, son optimizados para este patrén de uso. Un
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ejemplo de cédigo concreto que muestra el patrén de uso

Create-Set-Call sigue:

‘VB
‘Instantiate

Dim File As New FileObject ()

‘Set properties.
File.Filename = “c:\foo, txt”
9

File.Encoding = Encoding.Ascii

‘Call methods.
File.Open (OpenMode.Write)
File.WriteLine (“*Hello World”)

File.Close()

Con un componente agregadc de ejemplo que e; parte de un
API progresivo, asignar la propiedad “File.Encoding” es
opcional. E1 API tiene un predeterminado para un archivo
preseleccionado que codifica si uno no es especificado.
Similarmente, con relacién a “File.Open()”, especificar
un “OpenMode.Write” es opcional. Si no se especifica, se

emplea un predeterminado “OpenMode” como preseleccionado.
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Un tema con el diseflo orientado a componente es gque este
resulta en tipos gque pueden tener modos y estados
invadlidos. Por ejemplo, un constructor predeterminado le
permite a los usuarios instancionar un “FileObject” sin
especificar un “FileName”. Intentar llamar un Open{) sin
primero asignar el “FileName” da como resultado una
excepcidn porque el "“FileObject” es un estado invdlido
con respecto a ser abierto (por ejemplo, no se ha
especificado atin un nombre de archivo). Otro tema es que
las propiedades, que se pueden ajustar opcionalmente e
independientemente, no se ponen en practica de manera
consistente y 1los cambios al estado del objeto.
Adicionalmente, tales propiedades “modales” inhiben el
compartir de wuna instancia de ©objeto entre los
consumidores porque el primer usuario tiene que revisar
un valor brevemente ajustado antes de reutilizarlo en
caso de que un segundo usuario haya cambiado el valor.
Sin embargo, la utilizacidén de los componentes agregados
hace pesar mis estos temas para una vasta multitud de

desarrolladores.

Cuando los métodos de llamada de usuario no son validos
en el estado habitual del objeto, un

“InvalidOperationException” es disparado. El1 mensaje de

|33



excepcidén puede claramente explicar que propiedades
necesitan ser cambiadas para consequir el objeto en un
estado vdlido. Estos mensajes de excepcién clara
solucionan parcialmente el tema del estado invalido y dan
como resultado un modelo de objeto que es mas

autodocumental.

Los disefladores API a menudo intentan disefiar tipos tal
que los objetos no puedan existir en un estado invdlido.
Esto se logra, por ejemplo, al tener todas las
asignaciones. requeridas como parametros para el
constructor, al tener propiedades get-only para
configuraciones que no puedan ser cambiadas después de la
instanciacién, y al romper la funcionalidad en tipos
separados de tal forma que las propiedades y los métodos
no se traslapen. En una implementacién descrita, esta
aproximacién se emplea con tipos factorizados pero no con
componentes agregados. Para los componentes agregados, a
los desarrolladores le son ofrecidas excepciones claras
gque comunican los estados invalidos a ellas. Estas
excepciones claras se pueden lanzar cuando las
operaciones estdn siendo ejecutadas, en lugar de cuando
el componente es inicializado (por ejemplo, cuando un

constructor es llamado o cuando se ajusta un propiedad),
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con el fin de evitar situaciones donde el estado invalido

es temporal y se consigue “fijo” en una linea subsecuente

de cédigo.

Tipos Factorixzados

Como se describié anteriormente, los componentes
agregados suministran accesos directos para la mayoria de
las operaciones comunes de alto nivel y son usualmente
implementadas como una fagcade sobre un conjuntoc de tipos
mas complejos pero también mds ricos, que son llamados
tipos factorizados.- En la implementacién descrita, 1los
tipos factorizados no tienen modos y no tienen tiempos de

vida muy claros.

Un componente agregado puede suministrar acceso a sus
tipos factorizados internos a través de algunas
propiedades y/o métodos. El acceso de los usuarios a los
tipos factorizados internos es en escenarios
relativamente avanzados o en escenarios donde la
integracién con diferentes partes del sistema se
requiere. La capacidad de acceso a el o los tipos
factorizados que estdn siendo wutilizados por un

componente agregado le posibilita al cédigo que ha sido

(35
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escrito utilizando el componente agregado agregar
incrementalmente complejidad para escenarios avanzados, ©
integrarse con otros tipos de componente, sin tener que
reescribir el céddigo desde el inicio con un enfoque sobre

la utilizacién de los tipos factorizados.

El siguiente ejemplo muestra un componente agregado de
ejemplo (“FileObject”) que expone su tipo factorizado

interno de ejemplo (“StreamWriter”):

Dim File As New FileObject(“c:\foo.txt”)
File.Open (OpenMode.Write)
File.WriteLine(“Hello World”)
AppendMessageToTheWorld(File.StreamWriter)

File.Close{)

Public Sub AppendMessageToTheWorld(ByVal Writer As

StrgamWriter)

End Sub
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Operaciones de Alto Nivel

En una implementacién descrita, los componentes
agregados, tales como los API superior o mas alto nivel
(por ejemplo, desde un nivel de perspectiva de
abstraccién), son implementados de tal forma que ellos
parecen trabajar “magicamente” sin que el usuario se
entere algunas veces de las complicadas cosas gque ocurren
de manera soterrada. Por ejemplo, un componente agregado
“EventLog” oculta el hecho de que un log tiene tanto
manejo de lectura como manejo de escritura, los cuales
son abiertos con el fin de utilizarlo. En tanto tiene que
ver con el desarrollador, el componente agregado puede
ser instancionado, las propiedades se pueden ajustar, y
los eventos log se pueden escribir sin preocupacién del

funcicnamiento under-the-hood.

En algunas situaciones, un poco mids de transparencia
puede facilitar algunas tareas con el desarrocllador. Un
ejemplo es una operacién en la cual el usuario toma una
accién explicita como resultado de la operacién. Por
ejemplo, un archivo implicitamente abierto y que luego
requiera que el usuario explicitamente lo cierre esta

llevando el principio de “mdgicamente” trabajar demasiado

13-



lejos. Sin embargo, un disefiador API diligente puede a
menudo ser capaz de diseflar soluciones expertas que
ocultan ain aquellas complejidades. Por ejemplo, leer un
archivo se puede implementar en una operacién simple que
abre un archivo, lee su contenido, y se cierra; el
usuario estd asi ©protegido de las complejidades
relacionadas con la abertura y clerre de.los manejos de

archivo.

Adicionalmente, utilizar componentes agregados no
involucra implementar ninguna interfaz, modificar ningln
archivo de configuracién, y asi sucesivamerfte. En su
lugar, los disefladores de bibliotecas pueden embarcar las
implementaciones predeterminadas para interfaces que sean
declaradas. Mas alin, los valores de la configuracién son

opcicnales y mantenidos por predeterminados sensibles.

La FIG. 8 ilustra un componente agregado de ejemplo
T02(AC) vy tipés factorizados asoc%ados 702(FT) para
manejar dos diferentes propdsitos con dos capas API. 800.
El componente agregado 702(AC) representa una capa
primera o mayor, y tipos factorizados 702 (FT) representan

una capa segunda o inferior. La primera capa

B
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efectivamente se construye sobre la segunda capa con una

interfaz de costumbre.

Como se ilustra, el componente agregado 702(AC) incluye
miembros de componente maltiples agregados (AC) 802.
Especificamente, los miembros de componente agregado
802(1), 802(2), 802(P) (1), 802(?)(2),_ 802 (M) (1)},
802(M)(2), y 802(M)(3) son mostrados. El1 componente
agregado 702(AC) también incluye tipos factorizados
expuestos 702 (FT-Ex) y tipos factorizados encapsulados
ioz(FT—En). Especificamente, los tipos factorizados
expuestos 702(FT-Ex) (1) y 702(FT-Ex)(2) y 1los tipos
factorizados encapsulados 702{FT-En}(l) y 702(FT-En) (2)
son mostrados. Los tipos factorizados 702(FT) también

incluyen miembros de tipos factorizados (FT) 804.

En una implementacién descrita, el componente agregado
702(AC) incluye al menos un miembro componente agregado
802, el cual puede ser un método o una propiedad para
ejemplo. Los miembros de componente agregado 802 pueden
por lo tanto incluir métodos de componente agregado
802 (M) y propiedades de componente agregado 802(P). Estos
miembros de componente agregado 802, tal como los

miembros de componente agregado 802(1) y 802(2), pueden

1A
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ser especificos al componente agregado 702(AC). En otras
palabras, algqunos miembros de componente agregado 802
como los miembros de componente agregado B02{(1l}) y 802(2)
gue estan sobre el componente agregado 702 (AC) pueden no
confiar ningunos tipos factorizados 702 (FT) .
Alternativamente, algqunos miembros de componente agregado
802 pueden estar enlazados a tipos factorizados

subyacentes 702 (FT).

Los tipos factorizados 702(FT) pueden ser tipos
factorizados expuestos 702 (FT-Ex) o tipos factorizados
encapsulados 702(FT-En}. Los tipos factorizados expuestos
702 (FT-Ex) son tipos factorizados 702 (FT) de un
cohponente agregade dado 702 (AC) que puede ser accesible
mediante o a otros tipos de componente general 702 (FT o
AC) sin utilizar o ir a través de miembros de componente
agregado individuales B802 del componente agregado dado
702(AC). Si un tipo factorizado 702(FT-Ex/En) es
regresado por un miembro componente agregade 802 (o un
método o una propiedad), entonces el tipo factorizado
702 (FT-Ex) es expuesto. De otra manera, el tipo

factorizado 702 (FT~En) es encapsulado.
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En otras palabras, un miembro componente agregado 802
puede exponer un miembro tipo factorizado 804, o un
miembro componente agregado 802 puede regresar una
instancia tipo factorizada. Lo dltimo puede ocurrir con
los tipos factorizados expuestos 702(FT-Ex), y el
anterior puede ocurrir con los tipos factorizados
encapsulados 702 (FT=-En]) . "Los tipos factorizados
encapsulados 702 (FT-En) son tipos factorizados 702 (FT) de
un componente agregado dado 702(AC) que estdn contenidos
dentrec o interno; al componente agregado dado 702(AC).
Cada uno de los tipos factorizados 702 (FT) pueden incluir
uno o mas miembros 804 (algunos de 1los cuales son
especificamente indicados en la FIG. 8) que son métodos

y/o propledades.

Como se ilustra, dos miembros de método 804 del tipo
factorizado encapsulado 702(FT-En) (1) son expuestos
mediante el componente agregado 702 (AC) como un miembro
método 802(M)(l) y el miembro método 802(M)(2). Un
miembro método 804 del tipo factorizado encapsulado
'702(FT-En)(2) es expuesto por el componente agregado

702 (AC) como miembro métode 802 (M) (3).

4
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El tipo factorizado expuesto 702 (FT-Ex) {l) es en sl mismo
expuesto a un miembro propietario 802(P) (1) del
componente agregado 702(AC). Similarmente, el tipo
factorizado expuesto 702(FT-Ex) (2) es también expuesto
como un miembro propietario 802(P)(2) del componente
agregado 702(AC). Como se indica, un miembro tipo
factorizado (FT) 804 del tipo factorizado expuesto
702 (FT-Ex) (1) es expuesto con el fin de ser separadamente
accesible (es decir, accesible sin utilizar directamente
un miembro individual 802 del componente agregado
702(AC)). De esta manera, un miembro tipo factorizado 804
de un tipo factorizado expuesto 702 (FT-Ex) puede aun ser
accedido atn si este no es individualmente expuesto por
un miembro componente agregado 802 del componente

agregado 702 (AC).

Asi, el miembro indicado 804 del tipo factorizado
expuesto 702 (FT-Ex) (1) es expuesto con el fin de ser
accesible por 1los tipos de componente 702 que son
externos al componente agregado 702(AC) sin utilizar un
miembro 802 de éste. Como se indicd por las lineas
punteadas que emanan del tipo factorizado expuesto
702 (FT-Ex) (1), los tipos factorizados expuestos 702 (FT-

Ex) pueden ser “transferidos” para uso por otros tipos de
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componentes 702  (especialmente por otros tipos
factorizados 702(FT)) que son incapaces de interactuar
con los componentes agregados 702 (AC) o que pueden lograr
mejor su propésito pretendido wutilizando un tipo
factorizado expuesto transferido 702 (FT-Ex) (1) solo. Se
debe notar que el objeto (tipo factorizade expuesto
702 (FT-Ex) (1)) que es “transferido” no es una copia sino
en su lugar una parte actual del componente agregado
expuesto 702 (AC). Como resultado, las operaciones del
objeto transferido afectan el componente agregado

702 (AC) .

De manera general, si un tipo factorizado 702(FT) es
encapsulado, este no es expuesto a un consumidor; en su
lugar, las propiedades de configuracién 802(P) o los
métodos de llamado B802(M) sobre un componente agregado
702 (AC) puede originar tipos factorizados 702 (FT) a ser
creados, las propiedades 804 a ser establecidas, o los
métodos B804 a ser llamados sobre el tipo factorlzado
subyacente 702 (FT). Estos miembros 802 y 804 pueden no
tener una correspondencia uno a uno; por ejemplo,
configurando varias propiedades 802 (P) sobre un
componente agregado 702(AC) podria ser cacheade en el

‘componente agregado 702 (AC). Subsecuentemente llamar un
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método 802(M) sobre el componente agregado 702 (AC) puede
originar que un tipo factorizado 702(FT) sea creado
utilizando los valores previamente especificados de las
varias propiedades B02(P) como argumentos de constructor

para el tipo factorizado 702 (FT).

En una implementacién descrita, los componentes agregados
702(AC) difieren de 1los componentes méas tradicionales
orientados a objeto en al menos dos formas ademas de la
expuesta de los tipos factorizados expuestos 702(FT-Ex).
Primero, un componente agregado 702(AC) no necesariamente
expone cada miembro 804 de todos sus tipos factorizados
702(FT). En otras palabras, los componentes agregados
702{(AC) no son estrictamente devotos a una jerarquia de
herencia. Segundo, 1los componentes agregados 702 (AC)
pueden tener modos y asi poder peridédicamente tener

estados que resultan en operaciones invélidas.

Como una guia al disefio orientado a componente con
respecto a los factores 506 (de la FIG. 5), si un tipo
factorizado 702(FT) se expone o se encapsula dentro de un
componente agregado 702 (AC) puede estar basado en uno o
mds de un nimero de factores. Primero, un tipo

factorizado particular 702(FT) se expone como un miembro
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de propiedad 802(P) de un componente agregado dado
702 (AC) si el tipo factorizado particular 702 (FT) incluye
la fﬁncionalidad que no estid expuesta por el componente
agregado dado 702(AC). Segundo, un tipo factorizado
particular 702(FT) es expuesto como un miembro de
propiedad B02(P) de un componente agregado dado 702 (AC)
si otros tipos de componente general 702 de la estructura
se pueden beneficiar de una transferencia para el consumo
directo del tipo factorizado particular 702(FT). De otra
parte, un tipo factorizado particular 702(FT) no esta
expuesto (y es por lo tanto encapsulado) cuando la
funcionalidad del tipo factorizado particular 702 (FT) es
completamente expuesta a un componente agregado dado
702{AC) y cuando el tipo factorizado particular 702 (FT)
no es 0til para la transferencia de los otros tipos de

componente 702,

Un desarrollador puede iniciar con el componente agregado
702 (AC), especialmente para implementar escenarios mas
simples y/o principales. Cuando el desarrollador desea o
necesita implementar un escenario mas complejo, el
desarrollador puede incremental y gradualmente iniciar el
acceso directamente y utilizar los tipos factorizados

expuestos 702 (FT-Ex), incluyendo los atributos de bajo
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nivel de estos, durante el tiempo. El cbédigo original que
confia en el componente agregado mas simple 702 (AC) no
necesita ser arrocjado y reemplazado con codificacién mas
complicada que descanse scolamente sobre 1los tipos
factorizados 702(FT). Las dos capas de la estructurg API
pueden ser utilizadas en proﬁorciones vari;htes y pueden

coexistir simultdneamente.

Diseflar una estructura API de dos capas se puede lograr
utilizando 1la siguiente técnica de ejemplec gue se
describe en diez fases: Primero, se selecciona un
conjunto de escenarios ©principales para un Area
caracteristica particular. Segundo, se escriben cédigos
de muestra que muestren las lineas preferidas del cédigo
para los escenarios principales seleccionados. Tercero,
los componentes de agregados son derivados con los
métodos apropiados, predeterminados, abstracciones,
nombramiento, etc. para soportar las muestras de cddigo

de las lineas de cdédigo.

Cuarto, las muestras de cédigo de la segunda fase son
refinadas segin sea adecuado de acuerde con los
componentes agregados derivados. Quinto, las muestras de

cddigo refinadas son evaluadas para saber si ellas son o

Ue
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no suficientemente simples. Si no, la técnica continta de
nuevo en la tercera fase. Si es asi, entonces en la sexta
fase se determina si existen escenarios adicionales,
usos, interacciones con otros componentes, y/o otros
requisitos. Séptimo, el diseflador API decide si
cualquiera de los requisitos adicionales descubiertos en
la fase sexta se pueden agregar a los componentes
agregados sin adicionar complejidad indebida a los

escenarios principales seleccionados.

Octavo, si los requisitos adicionales no pueden ser
adicionados a los componentes agregados, una
factorizacién ideal (por ejemplo, basada en metodologias
orientadas a objeto u otras metodologias analiticas) de
un conjunto completo de funcionalidad para 1los tipos
factorizados se define con base en la séptima fase.
Noveno, se determina cémc y si los componentes agregados
encapsulan o exponen la funcionalidad de los tipos
factorizados que son definidos en la octava fase. Décimo,
los tipos factorizados son refinados como apropiados para
sopertar los componentes agregados asi como también los
requisitos adicionales. Utilizando esta técnica de

ejemplo, una estructura API de dos capas que tiene

27
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componentes agregados 702{(AC) y tipos factorizados

702 (FT) se puede disefar.

La FIG. 9 ilustra un componente agregado de ejemplo
702(AC) y los API asociados 902, 802(P), 802(M), y 904
que pueden soportar un patrén de uso create-set-call. Se
ilustran los siguientes grupos  API de ejemplo:
constructores 902, propiedades 802(P), métodos 802(M}, ¥y
eventos 904. Con un patrén de uso create, set, call, una
instancia de componente agregado 702 (AC) es inicialmente
creada por el desarrcllador con confianza en 1los
constructores predeterminados 902 (por ejemplo,

parameter-less).

En segundo lugar, el desarrollador establece cualesquier
propiedades 802(P) para las cuales los valores por
defecto son inapropiados y/o no preferidos para el uso
propuesto del objeto. En tercer lugar, los métodos
deseados 802 (M) son llamados por el desarrollador. Las
respuestas de las llamadas son entonces implementadas en

términos de evento 904.

1ad
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Opciones Predeterminadas Personalizables

Las Opciones Predeterminadas Personalizables se
relacionan con tener opciones por defecto siempre que sea
practicable.para al menos componentes agregados. Cuando
se disefla un API por ejemplo con miltiples muestras de
cbédigo correspondientes a miltiples lenguajes, un valor
idéntico que es pasado en cada una de las muestras de
c6digo puede en su lugar ser establecido por una opcidn
por defecto para- el componente agregadoc. Las Opciones
Predeterminadas Personalizables pueden ser cambiadas
estableciendo una o mids propiedades en el componente

agregado.

Muchos desarrolladores prefieren codificar por ensayo y
error en una posicién a tomarse el tiempo de leer la
documentacién y entender completamente un adrea de rasgo
antes de iniciar un proyecto. Esto es particularmente
verdad para desarrolladores nuevos y ocasionales, tales
como aquellos que codifican con VB. Estos desarrolladores
frecuentemente tratan de experimentar con un API para
descubrir qué hace y cémo trabaja, y entonces ellos
ajustan su cédigo lentamente e incrementalmente hasta que

la implementacién API logra su objetivo. La popularidad
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de editar y continuar acercéndose al desarrollo es una

manifestacién de esta preferencia.

Algunos disefios API se prestan ellos mismos para
“codificar por experimentacién” y algunos no. Hay
miltiples aspectos que afectan el nivel de éxito que un
desarrollador pudiera tener cuando usa una codificacién
por enseflanza por experimentacién. Estos aspectos
incluyen: (i) qué tan facil es localizar el API justo
para la tarea a mano; (1i) qué tan facil es iniciar
usando un API, sin importar si este (inicialmente) hace
lo que el desarrollador quiere que haga o no; (iii} qué
tan f&cil es descubrir que los puntos de adaptacién son
para un API; (iv) qué tan fécil es descubrir la
adaptacién correcta para un escenario dado; y (v) asi

sucesivamente.

En una implementacidén descrita, los API estén diseflados
de modo que requieran poca o ninguna inicializacidén (por
ejemplo, una cantidad minima de inicializacién). Por
ejemplo, un API puede ser disefiado de modo que un
constructor por defecto o un constructor con un parametro
simple sean suficientes para iniciar el trabajo con un

tipo. Cuando la inicializacién es necesaria, una

120
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excepcién que resulta de no llevar a cabo la iniciacién
claramente explica qué necesita hacerse y/o cambiarse
para poder remover o impedir la excepcién. Por ejemplo,
una excepcidén puede estipular gque o cual propiedad

requiere ser establecida.

Como via de ejemplo pero no de limitacidn, la regla del
dedo gordo es que el constructor mas simple tiene tres o
menos parametro (con un limite superior de cinco). En
adicién, los constructores més simples deberian evitar
tipos complejos como cuaiquiera de los parametros, en
donde 1los tipos complejos pueden ser otros tipos
factorizados o componentes agregados. Otra regla del dedo
gordec es que los constructores mas simples descansan en
tipos primitivos como enumeraciones, frases, enteros, y
etc. los tipos pueden también implementar mas sobrecargas
de constructor complejo para soportar mas escenarios

complejos.

En resumen, la adaptabilidad de 1los API puede ser
simplificada suministrande  propiedades con buenas
opciones predeterminadas para todos los puntos
personalizables. {(Sin embargo, los desarrolladores deben

generalmente ser capaces de agregar nuevo cédigo al

51
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codigo existente cuando adaptan sus escenarios;
reescribir el cédigo entero desde nada usando un API
diferente deberia ser opcional). Por ejemplo, un
componente agregado de un sistema de fila de mensajeria
permite el envio de mensajeg después de pasar por un hilo
de trayecto al constructor y llamar un método de envio,.
Las propiedades de mensaje, tales como prioridad de
mensaje y algoritmos de encriptacién, pueden ser

adaptados agregando cédigo al escenario principal.

Modelo de Objeto Autodocumentado

El modelo de objetos de autodocumentacidén se relaciona
con diseflar una estructura API en la cual un
desarrollador puede buscar en objetos y miembros de la
misma para aprender a cerca de ellos lo mismo que ser
capaz de usarlos. Por ejemplc, los nombres pueden basarse
en cémo un tipo es esperado para ser usado en lugar de la
devocién a una jerarquia de herencia que muchos
desarroclladores no desean estudiar. En resumen, un medelo
de objeto de autocdocumentacidén facilita la cualidad de

descubrir por desarrolladores futuros.
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Como se anotd anteriormente, algunos desarrolladores
prefieren codificar por ensayo y error y leer la
documentacidén solamente cuando su intuicién falla para
implementar su escenario propuesto. Asi, un modelo de
objeto de autodocumentacién deberia evitar requerir que
los desarrolladores lean documentacidédn cada vez que ellos
quieren llevar a cabo cualesquier tales atn simple. Un
conjunto ilustrativo de principios y practicas para
ayudar en la producciédn intuitiva de los API que son
relativamente autodocumentados para una implementacién
descrita se presentan enseguida. Cualquiera o mas de
ellos pueden ser utilizados en una implementacién de

disefio APT o en un API.

Nominagcién

Un primer principio de gula es reservar nombres simples e
intuitivos para tipos que los usuarios regquieren usar
(por ejemplo, instanciar) en la mayoria de escenarios
comunes. Los disefiadores frecuentemente “malgaétan" los
mejores nombres para abstracciones, con los cuales la
mayoria de usuarios no les interesa o no estan ligados a
ellos. Por ejemplo, nombrar una base abstracta clase

“*archivo” y luego suministrar un tipo concreto “Archivo
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XYZ” trabaja bien si la expectativa es que todos los
usuarios tienen gque entender la jerarquia de herencia
antes de que ellos puedan iniciar el usc de los API. Sin
embargb, si los usuarios no entienden la jerarquia, 1la
primera cosa que ellos trataran de usar, mas
frecuentemente sin éxito, es el tipo ™“archivo”. Més
especificamente, los nombres mids comunes o esperados son
reservados para componentes agregados que objetivan 1la
parte superior de los escenarios principales con los
nombres mencs comunes o familiares usados en conceptos y

abstracciones. .

Un segundo principio de guia es usar nombres
identificadores descriptivos que claramente establecen lo
que cada método hace y lo que cada tipo y parametro
representa. Por ejemplo, los disefiadores API no deben
dudar de usar bastantes palabras cuando escojan nombres
identificadores. Por ejemplo,
“EventLog.DeleteEventSource(string source, string
machineName)” puede verse con bastantes palabras, pero es
argumentable que tiene un valor de uso positivo en la
red. Mads aln, los nombres de tipo y parametro establecen
lo que un tipo o parametro representa, en vez de lo que

hace. Los nombres de método establecen lo que el método
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hace. Por supuesto, nombres de métodos precisocs en
palabras son mds faciles para los métodos que tener
semdnticas simples y claras, que es otra razédn de por qué
evitar semanticas complejas es un principio de disefio

general bueno a sequir.

Una practica de disefio de guia es incluir una discusién
acerca de las escogencias de los nombres como una parte
significativa de la aplicacién API en la revisién y/o los
ensayos. Consideraciones ilustrativas Y preguntas
ilustrativas incluyen: qué son los tipos con los que los
escenarios comienzan en la mayor parte? Cudles son los
nombres que la gente mAs piensa primero cuando tratan de
implementar un escenario dado? Son los nombres de los
tipos comunes lo que los usuarios piensan primero? Por
ejemplo, ya que “file” es el nombre que la gente mas
piensa cuando trabajan con escenarios de archivos y/o, el
componente agregado para accesar 1los archivos puede
llamarse “archivo”. Adicionalmente, los métodos usados
mas cominmente de los tipos usados mds cominmente y sus
parédmetros son revisados y ensayados. Por ejemplo, puede
cualquiera que sea familiar con una tecnologia, pero no

con el disefio API especifico bajo consideracién,
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reconocer y llamar aquellos métodos rdpidamente,

correctamente y facilmente?

Excepciones

Como se indicé anteriormente, las excepciones pueden
facilitar 1los API de autodocumentacién. En otras
palabras, los API deben llevar al usuvaric a hacer 1la
siguiente cosa, y las excepciones son capaces de proveer
buena comunicacién para lo que se requiere enseguida. Por
ejemplo, el siguiente cédigo de muestra arroja una
excepcién con un mensaje la propiedad “fliname” requiere

ser establecida antes de intentar abrir el “FileObject”.:

VB
‘instanciar
Dim File As New FileObject()

‘el nombre del archivo no estd establecido.

File.Open{)
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Mecanografiado Fuerte

Otro principio de guia para facilitar los API intuitivos
es un mecanografiado fuerte. Por ejemplo, llamar
“Customer.Name” es mas facil que llamar
“Customer.Properties{‘Name’])”. Adicionalmente, teniendo
tal una propiedad “Name” que recupere el nombre como
palabra es mas utilizable que si la propiedad recupera un

objeto.

~Estos son casos en donde la propiedad se embolsa con un
asesor con base en frases, luego liga las llamadas, vy
otros tipos no muy fuertes de API son deseados, pero
ellos estan relegados a rarezas y no son la regla. Mas
ain, los disefiladores API pueden suministrar ayudadores de
mecanografiado fuerte para las operaciones mids comunes
que el usuario 1lleva acabo sobre capas API con
mecanografiado no muy fuerte. Por ejemplo, un tipo de
cliente puede tener una propiedad de bolsa, pero puede
adicionalmente suministrar API de mecanografiado fuerte
para propiedades mds comunes como “Nombre”, ™“Direccién”,

etc.
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Vectorizacién hacia Simplicidad

Todavia otro principio de guia es buscar la simplicidad
especialmente para los escenarios principales. Las
metodologias de disefio estandares tienen como propésito
producir disefios que son optimizados para su
mantenimiento de modo tal como usando abstracciones. Por
lo tanto, las metodologias de disefio modernas producen
una cantidad de abstracciones. Un problema es que tales
metodologias de disefio operan sobre la presuncié4n de que
los wusuarios d; los disefios resultantes se volveran
expertos en ese disefio antes de iniciar la implementacién
de escenarios atn simples. Sin embargo, estoc no es

frecuentemente el caso en el mundo real.

En una implementacién descrita, para al menos escenarios
simples, los ‘disefiadores API aseguran que las jerarquias
del modelc de objeto sean suficientemente simples de modo
que ellas puedan ser usadas sin la necesidad de tener que
entender como se astuta el &rea de rasgos completa junta
0 interoperada. Un API bien diseflado resultante puede
requerir que el desarrollador entienda el escenario

principal que va a ser implementado, pero no requiere un

|58
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entendimiento completo del disefio de la libreria que va a

ser usada para implementarlo.

Generalmente, los API de escenario principal estan
dirigidos o corresponden a partes ldégicas bien conocidas
o fisicas del sistema en lugar de abstracciones. Los
tipos que corresponden a abstracciones son usualmente
dificiles de usar sin un entendimiento de cémo de todas
las partes del 4rea de rasgos se ajusta Jjunta o
interoperada; ellos por 1loc tanto son mas relevantes

cuando se requiere la integracién de rasgos cruzados.

Otra practica de guia es usar metodologias de disefio
estandar (por ejemplo, UML) cuando se disefan
arquitecturas internas y algunos de los tipos
factorizados, pero no cuando se disefian los API para los
escena;ios principales o comunes (por ejemplo, aquellos
con componentes agregados). Cuando se disefian componentes
agregados para escenarios principales, el escenario
manejado por el disefioc junto con la formacidén de
prototipos, los estudios de utilizacién, y la iteracién
(como se describe de aqui en adelante) son empleados en

su lugar.

Mt



Nombres de Espacios Limpios

Todavia otro principio de guia es que tipos que son (muy)
raramente usados son colocados en sub espacios de nombres
para evitar aglomeracién en los espacics de nombres
principales. Por ejemplo, los siguientes dos grupos de
tipos pueden ser separados de sus nombres de espacio
principales: tipos de permiso y tipos de disefio. Por
ejemplo, los tipos de permiso pueden residir en un sub
espacio de nombre “.Permissions”, y los tipos de disefio -
tiempo solamente pueden residir en un sub espacio de

nombre “.Design”.

Las acciones, aspectos, rasgos, componentes, etc. de las
figuras 1-9 son ilustrados en diagramas gue estan
divididos en miltiples bloques. Sin embargo, el orden,
interconexiones, interrelaciones, disefio, etc. en los
cuales las figuras 1 a 9 se describen y/o mostradas no
tienen el propésitc de ser construidos como una
limitacién, y cualquier nimeroc de bloques pueden ser
modificados, combinados, redispuestos, aumentados
omitidos, etc. en cualquier manera para implementar uno o
mas sistemas, métodos, dispositivos, procedimientos,

medios, API, aparatos, disposiciones, etc. para disefar
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los API. MAs aun, aunque la descripcién incluye aqui
referencias a implementaciones especificas (y los
ambientes operativos ilustrativos de la figura 10), las
implementaciones ilustradas y/o descritas pueden ser
implementadas en cualquier hardware, software, firmware
adecuado, o combinacién de ellos y usar cualquier
arquitectura de software adecuada, lenguaje de
codificacién, definiciones de escenario, formatos de

estudio de utilizacién y etc.

Ambiente Operativo Ilustrativo para Computador u otro

Dispositivo

La figura 10 ilustra un ambiente operative de cémputo
ilustrativo (o dispositivo general) 1000 que es capaz de
(completa o parcialmente) implementar por lo menos un
sistema, dispositivo, aparato, componente, disposicién,
protocolo, ensefianza, método, procedimiento, medio, API,
alguna combinacién de ellos, etc. para diseflar los API
como se describidé aqui. El ambiente operativo 1000 puede
ser utilizado en las arquitecturas de computadora y red

descrita enseguida.

7
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El ambiente operativo ilustrativo 1000 es solamente un
ejemplo de un ambiente y no tiene el propdsito de sugerir
ninguna limitacién en cuanto al alcance de uso o
funcionalidad del <dispositivo aplicable (incluyendo
computador, nodo de red, dispositivo de entretenimiento,
electrodoméstico mévil, dispositivo electrédnico general,
etc.) como arquitecturas. Tampoco deberia el ambiente
operativo 1000 (o los dispositivos del mismo) ser
interpretados como que tienen cualesquier dependencia o
requerimiento relacionado con una cualquiera o cualquier
combinacién de los componentes como se ilustré en la

figura 10.

Adicionalmente, al diseflar 1los API y/o 1los API
resultantes de esto puede ser implementado con numerosos
otros dispositivos de propdésitos general o dispositivos
de propésito especial (incluyendo sistemas de cOmputo)
como ambientes o configuraciones. Ejemplos de
dispositivos, sistemas, ambientes, y/o configuraciones
bien conocidas que pueden ser utilizadas para este uso
incluyen, pero no se limitan a, computadores personales,
computadores servidores, clientes delgados, clientes
grandes, asistentes digitales personales (PDA) o

teléfonos méviles, relojes, dispositivos de mano o
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portadtiles, sistemas multiprocesadores, sistemas con base
en microprocesador, cajas de televisién por cable,
electrénicos de consumo programable, maquinas de
videojueqgos, consolas de Jjuego, unidades de juego
portdtiles © manuales, redes de PC, minicomputadores,
computadores medios, nodos de red, amblentes de cbdmputo
de multiprocesamiente o distribuidos que incluyen
cualesquiera de los anteriores sistemas o dispositivos,

algunas combinaciones de ellos, etc.

Las implementaciones para el disefic de los API y/o los
API resultantes de ello pueden ser descritas en el
contexto general de instrucciones ejecutables por
procesador. Generalmente, las instrucciones ejecutaﬁles
por procesador incluyen rutinas, programas, mddulos,
protocolos, objetos interfaces, componentes, estructuras
de datos, etc. que llevan a cabo y/o permiten tareas
particulares y/o implementar tipos de datos abstractos
partiéulares. El diseflo de los API y/o 1los API
resultantes de ello, como se describié en ciertas
implementaciones aqui, pueden también ser practicados y/o
estar presentes en amblentes de procesamiento de
distribuido en donde las tareas se llevan a cabo por

dispositivos de procesamiento enlazados remotamente que
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estan conectados por medio de un enlace de comunicaciones
y/o una red. Especialmente pero no exclusivamente en un
ambiente de cbmputo distribuido, las instrucciones
ejecutables por procesador pueden estar localizadas en
medios de almacenamiento separados, ejecutadas por
diferentes procesadores, y/o propagadas por medios de

transmisidn.

El ambiente operative ilustrativo 1000 incluye un
dispositivo de cbdbmputo de propésito general en la forma
de un computador 1002, el cual puede comprender cualquier
(por ejemplo electrédnico) dispositivo con capacidades de
cémputo/procesamiento. Los componentes del computador
1002 pueden incluir, perc no se limitan a, uno o mas
procesadores o unidades de procesamiento 1004, un sistema
de memoria 1006, un bus del sistema 1008 que acopla los
diversos componentes del sistema incluyendo el procesador

1004 a la memoria del sistema 1006.

Los procesadores 1004 no estadn limitados por los
materiales a partir de los cuales ellos estidn formados o
los mecanismos de procesamiento que emplean. Por ejemplo,
los procesadores 1004 pueden comprender semiconductores

y/o transistores (por ejemplo circuitos integrados
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electrénicos (IC). En tal contexto, las instrucciones
ejecutables por procesador pueden ser instrucciones
ejecutables electrénicamente. Alternativamente, los
mecanismos de o para los procesadores 1004, y por lo
tanto, de o para el computador 1002, puede incluir pero
no se limitan a, cémputo cuantico, cémputo éptico,

cémputo mecdnico (por ejemplo usande nanotecnologia),

etc.

El bus del sistema 1008 representa uno o mas de
cualquiera de los muchos tipos de estructuras de bus
alambradas o inaldmbricas, incluyendo un bus de memoria o
controlador de memoria, una conexién punto a punto, un
cableado planc de conmutacién, un bus periférico, un
punto grafico acelerado, y un procesador o bus local
usando cualquiera de una variedad de arquitecturas de
usc. Por via de ejemplo, tales arquitecturas pueden
incluir una arquitectura de industria estandar (ISA) un
bus de arquitectura de microcanal (MCA), un bus de ISA
mejorada (EISA), un bus local de 1la asociaclén de
estidndar de video electrdénicos (VESA), un bus de
interconexién de componentes periféricos (PCI) también
conocido como bus mezanine, algunas combinaciones de

ellos, etc.
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El computador 1002 incluye tipicamente una variedad de
medios accesibles por procesador. Tales medios pueden ser
cualquiera de los medios disponibles que son accesibles
por computador 1002 u otro dispositivos (por ejemplo
electrénico), e incluye tanto medios volatiles como no
volatiles, medios removibles y no removibles y medios de

almacenamiento y transmisién.

La memoria del sistema 1006 incluye medios de
almacenamiento accesibles por procesador en la forma de
memoria volatil, tal como la memoria de acceso aleatorio
(RAM) 1040, y/o memoria no voldtil, tal como la memoria
de so0lo lectura (ROM) 1012. un sistema basico de
entrada/salida (BIOS):- 1014, que contiene las rutinas
basicas que ayudan a 1la transferencia de informacién
entre los elementos dentro del computador 1002, tal como
durante el inicio, tipicamente almacenada en ROM 1012. La
RAM 1010, tipicamente contiene datos y/o programas
médulos/instrucciones que son accesibles inmediatamente a
y/o estén actualmente bajo operacién en o por medio de la

unidad de procesamiento 1004.
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El computador 1002 puede también incluir otros medios de
almacenamiento removibles/no removibles y/o volatiles/no
volatiles. Como via de ejemplo, la figura 10 ilustra un
dispositivo de disco duro o arreglo de disco durc 1016
para leer desde y escribir en (tipicamente) medios
magnético no removible, no volatil {no mostrado
separadamente); un dispositivo de disco magnético 1018
para leer desde y escribir en (tipicamente) removible, no
volatil 1020 (por ejemplo un diskette); y un dispositivo
de disco éptico 1022 para leer desde y/c escribir en
(tipicamente) removible, no volatil disco éptico 1024 tal
como un CD, DVD u otro medio épticeo. E1l dispositivo de
disco duro 1016, el dispositivo de disco magnético 1018,
y el dispositivo de disco éptico 1022 estdn conectados al
bus del sistema 1008 por uno o mas interfaces del medio
de almacenamiento 1026. Alternativamente el dispositivo
de disco duro 1016, el dispositivo de disco magnético
1018, y el dispositivo de disco 6ptico 1022 pueden estar
conectados al bus del sistema 1008 por uno o mas

interfaces separadas ¢ combinadas (no mostrado).

Los dispositivos de disco y sus medios accesibles por
procesador asociados suministran almacenamiente no

volatil de instrucciones ejecutables por procesador, tal

124
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como estructuras de datos, médulos de programas u otros
datos para el computador 1003. aunque el computador
ilustrativo 1002 ilustra un disco duro 1016, un disco
magnético removible 1020 y un disco éptico removible
1024, puede apreciarse que otros tipos de medios
accesibles por procesador pueden almacenar instrucciones
que son accesibles por un dispositivo, tal como casete
magnético u otros dispositivos de almacenamiento
magnéticos, memorias flash, discos compactos (CD), discos
versatiles digitales (DVD) u otros almacenamientos
6pticos, memorias RAM, ROM, programables, borrables
eléctricamente o memorias de solo lectura (EEPROM), etc.
Tales medios pueden también incluir los circuitos
integrados - de alambrado fuerte para propésitos
especiales. En otras palabras, cualquier medio accesible
por procesador puede ser utllizado para realizar el medio
de almacenamiento del ambiente operativo ilustrativo

1000.

Cualquier nimero de médulos de programa (u otras unidades
o conjuntos de instrucciones/cédigo, incluyendo una
estructura API y/o objetos con base en ella) puede ser
almacenada en el disco duro 1016, disco magnético 1020,

disco éptico 1024, ROM 1012, y/o RAM 1040, incluyendo por
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via de ejemplo general, un sistema operativo 1028, uno o
més programas de aplicacién 1030, otros médulos de
programa 1032, y datos de programa 1034. Un usuario puede
ingresar comandos y/o informacién dentro del computador
1002 por medio de dispositives de entrada tales como un
teclado 1036 y un dispositivo de apuntamiento 1038 (por
ejemplec un “ratén”). Otros dispositivos de entrada 1040
{no mostrados especificamente) pueden incluir un
micr6fono, joystick, almohadilla de Jjuego, plato de
satélite, puerto serial, escéner y/o similares. Estos y
otros dispositivos de entrada estdn conectades a la
unidad de procesamiento 1004 por medio de interfaces de
entrada/salida 1042 y son acoplados al bus del sistema
1008. Sin embargo, los dispositivos de entrada y/o
dispositivos de salida pueden en su lugar ser conectados
por otras interfaces y estructuras de bus, tales como
puerto paralelo, puerto de juegos, un puerto de bus
serial universal (USB), un puerto infrarrojo, una
interfaz inaldmbrica IEEE 1394 (Firewire), una interfaz
inalédmbrica IEEE 802.11, una interfaz inaléambrica

bluetooth®, etc.

Una pantalla monitor/de visualizacién 1044 u otro tipo de

dispositivo de visualizacién pude también estar conectado

169
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al bus del sistema 1008 por medio de una interfaz, tal
comc un adaptador de video 1046. El1 adaptador de video
1046 (u otro componente) puede ser o puede incluir una
tarjeta de gradficos para procesamiento de calculos
intensivos de grdficos y para el manejo de requerimientos
de visualizacidén grandes. Tipicamente, una tarjeta de
graficos incluye una unidad de procesamiento de graficos
(GPU), RAM de video (VRAM), etc. para facilitar 1la
visualizacién rdpida de graficos y de las operaciones de
los graficos. En adicién al monitor 1044,  otros
dispositivos periféricos de salida pueden incluir
componentes tales como parlantes (no mostrados) y una
impresora 1048, que puede estar conectada al computador

1002 por medio de interfaces de entrada/salida 1042.

El computador 1002 puede operar en un ambiente de red
usando conexiones légicas a uno o mads computadores
remotos, tal como un dispositivo de cémpdto remoto .1050.
Como via de ejemplo, el dispositivo de cémputo remoto
1050 puede ser un computador personal, un computador
portatil (por ejemplo un computador portétil, un
computador de tableta, un PDA, una estacién mévil, etc.),
un computador de bolsillo o palm, un reloj, un

dispositive de juego, un servidor, un enrutador, un
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computador de red, un dispositivo par, un nodo de red u
otro tipo de dispositivo como se listd anteriormente,
etc. Sin embargo, el dispositivo de cémputo remoto 1050
estd ilustrade como un computador portdtil que puede
incluir muchos o todos los elementos y rasgos descritos

aqui con respecto al computador 1002.

Las conexiones l6gicas entre el computador 1002 y un
computador remoto 1050 estdn ilustradas como una red de
drea local (LAN} 1052 y una red de area amplia general
(WAN) 1054. Tales ambientes de red son muy comunes en
oficinas, redes de computadores 'para empresas grandes,
intranets, el 1Internet, redes de teléfonos fijos vy
- mébviles, redes inalambricas ad hoc y de infraestructura,
y otras redes inaldmbricas, redes para juegos, algunas
combinaciones de ellos, etc. Tales redes y conexiones de

comunicaciones son ejemplos de medios de transmisién.

Cuando se ha implementado en un ambiente de red LAN, el
computador 1002 est4 conectado usualmente a la LAN 1052
por medio de una interfaz o adaptador de red 1056. Cuando
se ha implementado en un ambiente de red WAN, el
computador 1002 tipicamente incluye un médem 1058 u otro

componente para establecer comunicaciones sobre la WAN

(7!
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1054. E1 Médem 1058, que puede ser interno o externo al
computador 1002, puede estar conectado al bus del sistema
1008 por medio de interfaces de entrada/salida 1042 o
cualquier otro mecanismo apropiado. Debe apreciarse que
las conexiones de red son ilustrativas y que otras
maneras para establecer enlaces de comunicacidén entre los

computadores 1002 y 1050 pueden ser empleados.

En un ambiente de red tal como agquel ilustrado con el
ambiente operativo 1000, los mbédulos de programa u otras
instrucciones que son ilustradas con relacién al
computador 1002, o porciones de ella pueden ser
almacenadas completamente o} parcialmente en un
dispositivo de almacenamiento de medio remoto. Como via
de ejemplo, los programas de aplicacién remotos 1060
residen en un componente de memoria del computador remoto
1050 pero pueden ser utilizables o de otra manera
accesibles por medio del computador 1002. También, para
propésitos de ilustracidn, los programas de aplicaciédn
1030, u otras instrucciones ejecutables por procesador
tal como el sistema operativo 1028 son ilustrados aqui
como blogues discretos pero debe reconocerse gque tales
programas, componentes, u otras instrucciones residen en

diversos tiempos en diferentes componentes de
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almacenamiento del dispositivo de cémputo 1002 (y/o
dispositivo de cémputo remoto 1050) y son ejecutados por
el procesador 1004 del computador 1002 (y/o aquel del

dispositivo de cédmputo remoto 1050).

Aunque los sistemas, medios, dispositivos, métodos,
procedimientos, aparatos, técnicas, API, esquemas,
ensefanzas, procedimientos, disposiciones y otras
implementaciones han sido descritas en un lenguaje
especifico a rasgos y/o diagramas estructurales, légicos,
algoritmicos, funcionales y con base en accidén, debe
entenderse que la invencién definida en las
reivindicaciones adjuntas no necesariamente estd limitada
a rasgos especificos o diagramas especificos descritos.
_En su lugar, los rasgos especificos y los diagramas estén
descritos como formas ilustrativas de implementacién de

la invencién reivindicada.

Vi
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REIVINDICACIONES

Un método para diseflar una interfaz de
programacién de aplicaciones (API), el método

comprende:

Preparar una pluralidad de muestras de cédigo
para un escenaric principal, cada muestra .de
cbddigo respectiva de una pluralidad de muestras
de cédigo correspondientes a un lenguaje de
programacién respectivo de una pluralidad de

lenguajes de programaciodn;

Derivar el API del escenaric principal en
respuesta a la pluralidad de muestras de

coddigo.

2. E1 método de acuerdo con la reivindicacién 1, que

comprende adicionalmente:

Determinar, por un diseflador de API, si el API

derivado es muy complejo.



81

3. E1l método de acuerdo con la reivindicacién 2, que

comprende adicionalmente:

Si el API derivado estd determinado que es

complejo entonces

Refinar, por el diseflador del API, el API

derivado para producir un API refinado.

4, El método de acuerdo con la reivindicacidén 3, que

comprende adicionalmente:

Determinar, por el diseflador de API, si el API

refinado es muy complejo.

5. El1 método seqin la reivindicacién 1, que

comprende adicionalmente:

Llevar a cabo uno o mis estudios de utilizacién
en el API utilizando wuna pluralidad de

desarrolladores.

6. El método de acuerdo con la reivindicacién 5, en

donde el llevar a cabo comprende:
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Llevar a cabo uno o mds estudios de utilizacién
sobre el API utilizando 1la pluralidad de
desarrolladores en donde 1la pluralidad de
desarrolladores son tipicos para la pluralidad

de lenguajes de programacién.

7. El método seqin 1la reivindicacién 5, que

comprende adicionalmente:

Asegurar si la pluralidad de desarrolladores
son capaces de usar el API sin problemas

significativos.

8. El1 método segin la reivindicacién 7, que

comprende adicionalmente:

S1 1la pluralidad de desarrolladores no esta
asegurada como capaz de wusar el API sin
problemas significativos, entonces revisar el

API.

9. El método segin la reivindicacién 8, en donde la

revisién comprende:
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Revisar el API con base en por lo menos una
leccién entre el uno o més estudios de

utilizacién.

10. E1l método segiin la reivindicacién 1, en donde la

derivacién comprende:

Derivar el API para soportar la pluralidad de
muestras de cddigo que corresponden
respectivamente a la pluralidad de lenguajes de

programacién.

11. El1 método seguin la reivindicacién 1, en donde la

derivacién comprende:

Recoger los mandatos especificos del lenguaje

desde la pluralidad de muestras de cddigo; e

Incorporar los mandatos egspecificos del

lenguaje en el API.

12. E1 método segiin la reivindicacién 1, en donde la

derivacién comprende:



Recoger las expectativas del desarrollador
inspirade en lenguaje desde una pluralidad de

muestras de cbédigo; e

Incorporar las expectativas del desarrollador

inspiradas en lenguaje en el API.

13. El método seguin la reivindicacién 1, en donde la

derivacién comprende:

Recoger cosas comunes entre una pluralidad de

muestras de cédigo; e

Incorporar las cosas comunes en el API.

14. El método segun la reivindicacién 1, en donde la

reivindicacién comprende:

Derivar el API para tener un componente
agregado que ate una pluralidad de tipos
factorizados de bajo nivel juntos para soportar

el escenario principal.
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16.

17.

Un método para diseflar wuna interfaz de
programacién de aplicaciones (API), el método

comprende:

Seleccionar un escenario principal para un area

de rasgos;

Escribir por lo menos una muestra de cédigo

para el escenario principal; y

Derivar un API para el escenario principal en
respuesta al por lo menos una muestra de

cédigo.

El método seqgiin la reivindicacién 15, en donde

la seleccién comprende:

Seleccionar wuna pluralidad de escenarios

principales para el area de rasgos.

El método segin la reivindicacién 16, que

comprende adicionalmente:

7
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Repetir 1la escritura y derivar para cada
escenario principal de wuna pluralidad de
escenarios principales que son seleccionados

para el Area de rasgos.

El método seqgin la reivindicacién 15, en donde

la escritura comprende:

Escribir una pluralidad de muestras de cédigo
para el escenario principal, cada muestra de
cbédigo respect%va de la pluralidad de muestras
de «cb6digo corresponde a un lenguaje de
programaciédn respectivo entre una pluralidad de

lenguajes de programacidn.

El método segin la reivindicacién 18, en donde

la derivacién comprende:

Derivar el API del escenario principal en
respuesta a la pluralidad de muestras de

cbdigo.

El método segin la reivindicacién 15, que

comprende adicionalmente:

'
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Llevar a cabo uno o mds estudios de utilizaciédn
sobre el API utilizando una pluralidad de

desarrclladores;

Hacer seguro si la pluralidad de
desarrolladores son capaces de usar el API sin

problemas significativos; y

Si la pluralidad de desarrolladores no son
asegurados como capaces de usar el API sin
problemas significativos, entonces revisar el

API.

El método seqgin la reivindicacién 20, en donde

la revisién comprende:

Revisar el API con base en por lo menos una
leccidén entre los uno o mas estudios de

utilizaciédn para producir un API revisado.

El método seglin la reivindicacién 21, que

comprende adicionalmente:

(]
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Repetir el llevar a cabo y el aseguramiento con

respecto al API revisado.

23. El método seqgin la reivindicacién 15, en donde

la derivacién comprende:

derivar el API para soportar el pof lo menos
una muestra de cédigo escrita para el escenario
principal por medio de producir un API de dos
capas que incluye un componente agregado y una

pluralidad de tipos factorizados subyacentes.

24. El método segin la reivindicacién 15, en donde

la derivacién comprende:

Recoger uno o mis mandatos especificos del
lenguaje a partir de por lo menos una muestra

de cédigo; y

Incorporar el uno ¢ mas mandatos especificos

del lenguaje en el API,

25. El1 método seqin la reivindicacién 15, en donde

la derivacién comprende:
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Encapsular un tipo factorizado particular en un
componente agregado que estid asociado con el
escenario principal si todos los miembros del
tipo factorizado particular estan expuestos por

el componente agregado.

26. E1 método segin la reivindicacién 15, en donde

la derivacién comprende:

Encapsular un tipo factorizado particular
dentro de un componente agregado que esté
asociado con el eséenario principal si el tipo
factorizado particular no es interesante de
manera independiente para otros tipos de

componentes.

27. El1 métodb segin la reivindicacién 15, en donde

la derivacién comprende:

Exponer un tipo factorizado particular desde un
componente agregado que estd asociadeo con el

escenario principal si por lo menos un miembro
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del tipo factorizado particular no esta

expuesto por el componente agregado.

28. El método segin la reivindicacién 15, en donde

la derivaciédn comprende:

" Exponer un tipo factorizado particular a partir
de un componente agregado que estd asociado con
el escenario principal si el tipo factorizado
particular puede ser benéficamente usado
independientemente del componente agregado por

otro tipo de componente.

29. El método segin la reivindicacién 15, en donde

la derivacién comprende:

Producir una estructura de dos capas que
incluye tipos de componente que objetiva un
nivel superior relativamente de abstraccién vy
tipos de componentes que objetivan wunible

interior relativamente de abstraccidn.

30. E1l método seqln la reivindicacién 29, en donde

los tipos de componente que objetivan el mayor



nivel relativamente de abstraccién estan

dirigidos a escenarios principales.

31, El método segun la reivindicacién 29, en donde
los tipos de componentes que objetivan el nivel
mas bajo relativamente de abstraccién
suministran una cantidad relativamente méas
grande de control a los desarrolladores en
comparacién con los tipos de componentes que
objetivan el nivel mas alto relativamente de

abstraccién.

32. E1l método segin la reivindicacion 15, en donde

la reivindicacidédn comprende:

Derivar el API de modo que se le permite a un
desarrollador implementar un patrémn de crear-
establecer-llamar para uso en el escenario

principal.

33. El métodec segin la reivindicacién 32, en donde

la derivacién comprende:
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Producir el API con pardmetros preseleccionados

que son apropiades para el escenario principal

Un método para diseflar wuna interfaz de
programacién de aplicaciones (API), el método

comprende:

Derivar un API de un escenario en respuesta a
por lo menos una muestra de cédigo escrita con

respecto al escenario:

Llevar a cabo uno o mas estudios de utilizacién
sobre el API utilizandeo una pluralidad de

desarrolladores; y

Revisar el API con base en el uno o mas

estudios de utilizacién.

El método segin la reivindicacién 34, que

comprende adicicnalmente:

Escribir una pluralidad de muestras de cédigo
con respecto al escenario, cada muestra de

cbdigo respectiva de la pluralidad de muestras
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de cbdigo corresponde un lenguaje de
programacién respectivote una pluralidad de

lenguajes de programacién;

En donde la derivacién comprende:

Derivar el API para el escenario en respuesta a

la pluralidad de.muestras de cédigo.

El métode segin 1la reivindicacién 34, que
comprende adicionalmente, antes de llevar a
cabo unoc o mids estudios de utilizacién sobre el

API:

Determinar, por un diseflador de API, si el API

derivado es muy complejo;

S1i el API derivado estd determinadc que es muy

complejo, entonces

Refinar, por el diseflador del API, el API

derivado para producir un API refinado; y

187
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38.

Determinar, por el diseflador del API, si el API

refinado es demasiado complejo.

El métode segun la reivindicaciébn 34, que

comprende adicionalmente:

Asequrar si la pluralidad de desarrolladores
son capaces de wusar el API sin problemas

significativos; y

Cuando la pluralidad de desarrolladores no se
asegura de ser capaz de usar el API sin
problemas significativos, entonces implementar

la revisién;

En donde la revisién comprende:

Revisar el API con base en por lo menos una

lecciédn entre el uno o més estudios de

utilizacién para producir un API revisado.

El método segiin la reivindicacién 37, que

comprende adicionalmente:

8%
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Repetir por lo menos el llevar a cabo y el

aseguramiento con respecto al API revisado.

El método segun la reivindicacién 37, en donde
el aseguramiento comprende: asequrar si la
pluralidad de desarrolladores son capaces de
usar el API sin problemas significativos con
respecto a un nivel deseado de utilizacién para
por lo menos un grupo desarrollador objetivado,
en donde el nivel deseado de utilizacién
incluye consideraciones c¢on respecto a (i)
referencia frecuente y/o extensiva a
documentacién API detallada por la pluralidad
de desarrolladores, (ii) wuna falla en una
mayoria de 1la pluralidad de desarrolladores
para implementar el escenario, y (iii) si 1la
pluralidad de desarrolladores toma un
acercamiento que es significativamente
diferente de aquel que es esperado por un

disefiador API.

El método seqgin la reivindicacién 34, comprende

adicionalmente:



96

seleccionar una pluralidad de escenarios

principales para un drea de rasgos;

Repetir la derivacién, el llevar a cabo, y la
revisidén para cada uno de los escenarios de la

pluralidad de escenarios principales.

41, El método seglin la reivindicacién 40, en donde

la derivacién comprende:

Producir un componente agregado para cada
escenario de principal de 1la pluralidad de

escenarios principales.

42. El método segin la reivindicacié4n 34, en donde

la derivacién comprende:

Producir un componente agregado que tiene una
relacidén respectiva con cada uno de los tipos
.factorizados respectivos de una pluralidad de

tipos factorizados.

43. El1 método segun la reivindicacién 42, en donde

el producir comprende:

f40
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Producir el componente agregado para soportar
el escenario para el cual el por lo menos una

muestra de cddigo se escribié.

44, El método segin la reivindicacién 42, en donde

el producir comprende:

Producir el componente agregado para tener una
relacién expuesta con por lo menos un tipo
factorizado de la pluralidad de tipos
factorizados y una relacién encapsulada con por
lo menos otro tipo factorizado de la pluralidad

de tipos factorizados.

45. El método segin la reivindicacién 44, en donde
el por lo menos otro tipo factorizado de la
-pluralidad de tipos factorizados que tiene la
relaciédn encapsulada del componente agregado
puede ser cedido por el componente agregado
para interaccién directa con otro tipo de

componente.
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17,

El método segin la reivindicacién 42, en donde
la pluralidad de tipos factorizados estan
disefladoes usando una metodologia orientada a

objetos.

Un método para diseflar wuna interfaz de
programacién de aplicaciones (API), el método

comprende:

Preparar una pluralidad de muestras de cédigo
para un escenario principal, cada muestra de
cHédigo respectiva de la pluralidad de muestras
de cbédigo corresponde a un lenguaje de
programacién respectivo de entre una pluralidad

-
de lenguajes de programacién;

Derivar el API para el escenario principal en
respuesta a la pluralidad de muestras de

cddigo;

Llevar a cabo unc o mas estudios de utilizacién
sobre el API utilizando wuna pluralidad de

desarrolladores; y

HZ
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Revisar el API con base en el uno o mas

estudios de utilizacién.

El método para disefiar wuna interfaz de
programacién de aplicaciones (API), el método

comprende:

Escribir por lo menos una muestra de cédigo

para un escenario; Y

Derivar un API para el escenario en respuesta a
por lo menos una muestra de cébddigo, el API
incluye (i) un componente agregado que esta
adaptado'para facilitar la implementacién del
escenario y (ii) wuna pluralidad de tipos
factorizados que suministran funcionalidad
subyacente para el componente agregado, el API
permite una progresién gfadual de usar el
componente agregado en situaciones mas simples
para usar una porcién incremental de 1la
pluralidad de tipos factorizados en situaciones

incrementalmente complejas.

4>
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Un método para diseflar una interfaz de
programacién de aplicaciones (API), el método

comprende:

Derivar por 1lo mencs un componente agregado
para soportar por lo menos una muestra de

cddigo para por lo menos un escenario;

Determinar requerimientos adicionales con

respecto al por lo menos un escenario;

Decidir si los requerimientos adicionales
pueden ser agregados al por 1lo menos un
componente agregado son agregar complejidad

indebida al por lo menos un escenario; y

S1 no, definir wuna pluralidad de tipos

factorizados en respuesta a la decisiédn.

El método segun la reivindicacién 49, comprende

adicionalmente:

44
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Si es asi, refinar el por lo menos un componente
agregado para incorporar 1los requerimientos

adicionales.

51. El método seqgun la reivindicacién 49, comprende

adicionalmente:

Seleccionar una pluralidad de escenarios
principales para un A4rea de rasgos, la
pluralidad de escenarios principales incluye el

por lo menos un escenario; y

Escribir una pluralidad de muestras de cédigo
que muestran lineas preferidas de cédigo para
la pluralidad de escenarios principales, la
pluralidad de muesatras de cédigo incluyen el

por lo menos una muestra de cédigo;

En donde la derivacién comprende: derivar una
pluralidad de componentes agregados, que
incluyen el por lo menos un componente
agregado, para soportar la pluralidad de
muestras de «cédigo para la pluralidad de

escenarios principales.
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52. El método segiin la reivindicacién 49 en donde la

derivacién comprende:

Derivar el por lo menes un componente agregado
con métodos apropiados, opciones por defecto y
abstracciones para soportar el por lo menos una
:'.‘ muestra de cédigo para el por lo menos un

escenario.

53. El método seglin la reivindicacién 49, comprende

adicionalmente:

Refinar el por lo menos una muestra de cdédigo
de acuerdo con por lc menos un componente

agregado; y

Evaluar la por lo menos una muestra de cédigo

refinada con respecto a la simplicidad; y
Repetir la derivacién si la por lo menos

muestra de cddigo refinada falla en cuanto a

ser suficientemente simple en la evaluacién.

R
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54. El método seguin la reivindicacién 49, en donde
. la determinacién comprende:

Determinar requerimientos adicionales con

respecto al por lo menos un escenario, en donde

los requerimientos adicicnales incluyen

escenarios adicionales, wusos adicionales, e-

interacciones adicionales con otros tipos de

componentes.

55. El método segun la reivindicacién 49, en donde

la decisién comprende:

Considerar s8i se agrega 1los requerimientos
adicionales al por lo menos un componente
agregado esconde un patrén de uso de crear-

establecer-llamar.

56. E1l método segin la reivindicacién 49, en donde

la definicién comprende:

Definir la pluralidad de tipos factorizados en

respuesta a la decisién con una factorizacién
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ideal de un conjunto completo de

funcionalidades.

57. El método segin la reivindicacién 49, en donde

la definicién comprende:

Definir la pluralidad de tipos factorizados en
respuesta a la decisién de wusar una o mas

metodologias orientadas a objetos.

58. El método segln la reivindicacién 49, comprende

adicionalmente:

Determinar si el por lo menos un componente
agregado es para encapsular o exponer la
funcionalidad de cada tipo factorizado de la

pluralidad de tipos factorizados.

59. El método seqin la reivindicacidén 49, comprende

adicionalmente:

Refinar 1la pluralidad de tipos factorizados
para soportar el por lo menos un componente

agregado y los requerimientos adicionales.
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RESUMEN
RESUMEN

Una primera impiementacién de un método ilustrativo para
disefilar una interfaz de programacién de aplicaciones
(API) incluye: preparar mezclas de cédigos multiples para
un escenario principal, cada muestra de cbédigo respectiva
de las muestras de cédigo multiples corresponde a un
lenguaje de programacidén respectivo de entre lenguajes de
programacié4n miltiples; y derivar el API del escenario
principal es respuesta a las miltiples muestras de
cédigo. Un segundo método ilustrativo para disefiar un API
incluye: seleccionar un escenario principal para un 4rea
de rasgos; escribir por lo menos una muestra de cédigo
para el escenario principal, y derivar un API para el
escenario principal en respuesta al por lo menos una
muestra de céddigo. Un tercer método ilustrativo para
diseflar un API incluye: derivar un API para un escenario
en respuesta a por lo menos una muestra de cédigo escrita
con respecto al escenario; llevara cabo uno o mas
estudios de utilizacién sobre el API utilizande miltiples
desarrolladores; y revisar el API con base en el uno o

mas estudios de utilizacién.

194
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Design of Application Programming Interfaces (APIs)

TE ICAL FIELD

This disclosure relates in genersl to application programming interfaces
(APIs) and in particular, by way of example but not limitation, to designing APIs
that are easy to use while simultaneously providing control and flexibility.

BACKGROUND

Application programming interfaces (APIs) are used by developers to
create a wide variety of applications and programs. Developers range from office
workers recording macros to low-level device driver authors. These developers
rely on different languages and/or different frameworks of differing complexities
while programming with different skill sets and/or for different purposes.
Traditionally, different APIs have been designed to target different individual
levels of skill and different demands for control (e.g., based on different relevant
scenarios).

Although this approach can be successful in providing APIs that are
optimized for a specific developer, it has significant drawbacks. For example, the
multiple framework approach creates situations where developers have difficulty
transferring knowledge from one skill level and scenario type to another. When
there is a need for them to implement a scenario using a different framework,
developers hit a very steep learning curve. And not only is the learning curve very
steep, but it generally requires that the code written to a first lower-skill-level

framework has to be rewritten from scratch to a second higher-skill-level
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framework. Moreover, the creation of separate frameworks for different developer
skill Jevels typically results in a situation in which APIs that are targeted for or
implemented by one level of developer are unusable by another level of developer,

FIG. 1 illustrates a graph 101 of a traditional APl leamning curve with
regard to two different frameworks. The first framework comesponds to a
framework that has a relatively lower level of required skills and/or difficulty and
a concomitantly relatively lower capacity for control by a developer. The second
framework, on the other hand, corresponds to a framework that has a relatively
higher level of required skills and/or difficulty and a concomitantly relatively
higher capacity for control by a developer. Such a first framework might be used
by a novice or infrequent developer, and such a second framework might be used
by an experienced or profeasional developer. For example, the first framework
may correspond to one designed for Visual Basic, and the second framework may
correspond to one designed for C++.

In this traditional approach, relatively separate and disparate APIs are
designed and employed as part of each framework. A steep but relatively short
leaming curve is traversed to enable API usage for the first framework at the
relatively lower skill level and control capability. Because of the separate and
disparate nature of the two API frameworks, the experiencé with the first
famework contributes little if any knowledge toward learning the second API of
the second framework. Consequently, an equally steep but even taller leamning
curve is traversed to enable API usage for the second framework.

In other words, leaming an API of the first framework does not provide a

stepping stone to learning an API of the second framework. The regressive nature

of this disjointed set of APl frameworks is indicated by the continuity gap. A _."; 4
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developer who has learned the API of the first fmmev:n.)rk is no closer to leaming
the API of the second framework and must- therefore start with the basics of the
second framework.

Another problem with traditional frameworks is that they tend to have an
overall poor usability in any case. In general, object oriented design/development
(OOD) methodologies (e.g. unified modeling language (UML)) are “optimized”
for maintainability of the resulting design and not for usability of the resulting
frameworks. OOD methodologies are better suited for internal architecture
designs and less suited for designs of an API layer of a large reusable library. For
example, poor usability can result from OOD methodologies that focus only on
distillation to a lowest fundamental block and/or that have an unwavering
allegiance to a strict inheritance hierarchy throughout an API design.

Accordingly, there is a need for schemes and/or techniques that can at least
ameliorate the regressive continuity gap of a traditional API learning curve and/or
that can deliver better overall API usability.

SUMMARY
In a first exemplary method implementation, a method for designing an

application programming interface (API) includes: preparing multiple code
samples for a core scenario, each respective code sample of the multiple code
samples corresponding to 8 respective programming language of multiple
programming languages; and deriving the API from the core scenario responsive
to the multiple code samples. In a second exemplary method implementation, a
method for designing an API includes: selecting a core scenario for a feature area;

writing at least one code sample for the core scenario; and deriving an API for the
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core scenario responsive to the at least one code sample. In a third exemplary
method implementation, a method for designing an API includes: deriving an API
for a scenario responsive to at least one code sample written with regard to the
scenario; performing one or more usability studies on the API utilizing multiple
developers; and revising the APT based on the one or more usability studies.

Other method, system, approach, apparatus, device, media, API, procedure,
arrangement, etc. implementations are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
The same numbers are used throughout the drawings to reference like

and/or corresponding aspects, features, and components.

FIG. 1 illustrates a graph of a traditional API learning curve with regard to
two different frameworks.

FIG. 2 illustrates a graph of an exemplary progressive API learning curve
with regard to two different levels of abstraction.

FIG. 3 illustrates exemplary design principles and practices for APIs.

FIG 4 is a flow diagam that illustrates an exemplary technique for
designing APIs per feature area.

FIG 5 is a block diagram that illustrates an exemplary scheme for designing
APIs per core scenario.

FIG 6 illustrates potential disparity between exemplary component types
that are targeted to two different purposes.

FIG 7 illustrates an exemplary relationship between component types that
are designed to be extensible and/or interoperable so as to cover two different

purposes.
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FIG 8 illustrates an exemplary aggregate component (AC) and associated
factored types (FTk) for handling two different purposes with a two-layer APL

FIG 9 illustrates an exemplary aggregate component and associated APIsg
that can support a create-set-call usage pattern.

FIG 10 illustrates an exemplary computing (or general device) operating
environment that is capable of (wholly or partially) implementing at least one

aspect of designing and/or using APIs as described herein.

DETAILED DESCRIPTION

FIG. 2 illustrates a graph 200 of an exemplary progressive API learning
curve with regard to two different levels of al"muacﬁon. The two different
illustrated levels of abstraction are a relatively high level of abstraction and a
relatively low level o.f abstraction. The high level of abstraction corresponds 10 a
development environment that involves a relatively lower level of required skills
and/or difficulty and a concomitantly relatively lower capacity for control by a
developer. The low level of abstraction, on the other hand, corresponds to a
development environment that involves a relatively higher level of required skills
and/or difficuity and a concomitantly relatively higher capacity for control by a
developer.

A progressive API learning curve is shown rising from a point of lower
required skills and concomitant control capability in a relatively smooth manner
through the areas for the high and low levels of abstraction to a point of higher
required skills and concomitant control capability. The progressive API learning
curve exhibits a continuity zone between the areas of the high level of abstraction

and the low level of abstraction. An integrated API framework enables a gradual
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learning curve. Because of the integrated nature of the API framework,
experience with the high level of abstraction contributes to knowledge toward
learning APl usage for the low level of abstraction as well as for scenarios
demanding greater control.

In other words, leamning the API for higher levels of abstraction provides a
stepping stone to learming and/or extending the API into lower levels of
sbstraction. This is indicated by the two-layer (API) framework shape
encompassing both the high and the low level of abstraction areas. The
progressive nature of certain APIs, as described herein below, enable developers
to use simple APls initially and to gradually (and partially) begin using more
complicated API components. Thus, developers who have learned the APIs
targeting the higher levels of abstraction can move to using the APIs targeting the
lower levels of abstraction as their experience warrants and/or as the complexity of
the scenarios that they are facing demand.

A progressive API can be easily usable (especially during early leaming
phases) and highly powerful (especially as the API is explored over time). A
usable API may include one or more of the following exemplary attributes: a
small number of concepts and/or classes are required to get started, a few lines of
code can implement simple scenarios, classes/methods have intuitive names, a
natural and/or obvious starting point is apparent, and there is a clear (e.g,
discoverable) progression to additional required and/or relevant concepts/classes.

A progressive API can also enable an incremental advancement from
developing at a point of lower difficulty and concomitant control capability to a
point of higher difficulty and concomitant control capability. Exemplary
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paradigms for designing progressive APIs, as well as generally highly usable
APIs, are described herein below. _

FIG 3 illustrates exemplary design principles and practices for APIs in a
table 300. Table 300 indicates general design principles and practices for four
exemp'ln'y categories 302-308. Specifically, the following four categories are
addressed:  scemario driven design 302, component oriented design 304,
customizable defaults 306, and self documenting object mode? 308.

When designing a given API, the design principles and practices for any
one or more of the indicated categories 302-308 may be employed. Furthermore,
within any given category 302-308, one or more of the illustrated design principles
and practices may be implemented. In other words, neither every category nor
every design principle and practice thereof need be employed or implemented for
a given API design,

Scenario driven design category 302 illustrates four exemplary design
principles and practices. Firstly, core scenarios for selected features or
technological areas are defined. Secondly, code samples corresponding to the core
scenarios are written first, and the AP is designed responsive thereto second.
Thirdly, a progressive API, as introduced above and described further herein
below, is designed. Fourthly, utilizing the defined core scenarios is made easy
while utilizing other scet.mrios is made possible. Scenario driven design 302 is
described further below in the section entitled “Scenario Driven Design”.

_Component oriented design category 304 illustrates three exemplary design
principles and practices. Firstly, aggregate components (ACs) are created.
Genenally, aggregate components are directed toward core scenarios, are relatively

simple and easy to use, and are built on top of factored types (FTs). Factored
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types are more fundamental and are decomposed to lower logical levels. This
results in a two-layer API design. Secondly, these aggregate components are
interrelated with the factored types. Thirdly, a create-set-call usage pattern is
supported, especially for aggrepate components. Component oriented design 304
i8 described further below in the section entitled “Component Oriented Design™.
Customizable defaults category 306 illustrates two exemplary design
principles and practices. Firstly, required initializations to use at least aggregate
components are reduced. Defaults are used to reduce required initializations.

éecondly, defaults are selected that are appropriate for the defined core scenarios. -

Customizable defaults 306 is described further below in the sectioni entitled
“Customizable Defaults™.

Self documenting object model category 308 illustratea four exempiary
design principles and practices. Firstly, simple and intuitive names are reserved
for core scenarios. Secondly, names are selected based on the intended use or
purpose of the component type, instead of a hidebound adherence to the
inheritance hierarchy. Thirdly, actionable exceptions are thrown so that a
developer receives instructions indicating how to fix an error from the exception
message. Fourthly, clean namespaces are produced by placing types that are rarely
used into sub-namespaces to avoid cluitering the main namespaces. Self
documenting object model 308 is described further below in the scction entitled
“Self Documenting Object Model™.

Scenario Driven Design

In a described implementation, API specifications are driven by scenarios.

Accordingly, API designers first write the code that the users of the API will have

to write in core (e.g., main) scenarios. API designers then design an object model
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to support these code samples. This approach contrasts with starting a design of
an object model (using various design methodologies) and then writing code
samples based on the resulting API.

In other words, especially for public APl design, API designers start with a
list of scenarios for each feature or technology area and code samples therefor and
produce a header-style object model description based thereon. Examples of
feature arcas include: file /O, networking, messaging, console, diagnostics,
database access, web pages, graphical user interface (GUI) programming, and so
forth,

FIG. 4 is a flow diagram 400 that illustrates an exemplary technique for
designing APIs per feature area. At block 402, core scenarios are selected for the
given feature area. For example, for a given technology area, the top 5-10
scenarios may be selected. They may be selected based on the most commonly
used functions (e.g., most common tasks) or the most frequently pursued goals for
the given technology area. For instance, exemplary scenarios for a file /0
technology feature area are reading from a file and writing to a file.

At block 404, code samples for a core scenario are written in multiple (e.g.,
two or more) languages. For example, code samples associated with a selected
core scenario may be written in three different languages. The code samples may
implement the current selected core scenario in the three languages. Such
languages include, for example, VB, C#, MC++, a markup language, and so forth;
however, other languages may also be used. As indicated by the asterisk, it should
be understood that a code sample (or even more than one code sample) may be
written for the core scenario in a single language when designing a usable and

powerful API fora s'inglc language.
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Writing code samples in multiple languages may be performed because
sometimes code written in different languages differs significantly. In a described
implementation, the code samples for the current selected core scenerio are written
using different coding styles that are common among users of the particular
language (e.g., using language-specific features or traits, using th'e practices/habits
of developers, etc.) in which a particular code sample is written. For example, the
samples may be written using language-specific casing. For instance, VB is case-
insensitive, so code sampies written in VB reflect that variability. Code samples
written in C#, on the other hand, follow the standard casing therefor.

Another example relates to a statement called “using”, which C# supports.
For instance, the “using” call encapsulates a try/finally block. However, VB does
not support this feature, and writing code samples can indicate that utilizing this
feature in a try/finally statement is awkward for VB users. Yet another example
relates to assignments in a conditional clause, which C# supports. In a file /O
instance: *if ((text = reader.ReadLine() != null)” works in C#. However, the
assignment statement cannot be used within the “if” clause in VB, instead, the
code is broken into multiple statements. Still yet another example relates to the
tendency of C# developers to utilize parameterized constructors while VB
developers usually do not. For instance, a C# coding may be “MyClass x = new
MyClass(“value™)” while a corresponding VB coding is “Dim x As MyClass” and
“x.Property = “value™.”

At block 406, an API is derived from the current core scensrio responsive
to the code samples written in the multiple languages. For example, factors
gleaned from the code samples written in each of the multiple languages may be

incorporated into the APL. Such factors may include similarities across the
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different code samples, differences between/among two or more code samples, and
so forth. Such factors, as well as other aspects of blocks 404 and 406, are
described further below with reference to FIG. 5.

Similarly, when designing an API for a single language, the API is derived
from the current core scenario responsive to the code sample(s) written in the
single language. Thus, factors gleaned from the code sample(s) written in the
single language may be incorporated into the API. As an additional API design .
factor example for single or multiple language situations, an API design factor
may include compatibility with tools that are oriented toward the language or
languages for which the code sample(s) are written.

At block 408, it is determined if the API is too complex. For example, the
API may be reviewed by the API designer(s) to determine if the API is or is not
too complex. In other words, an initial check may be performed to consider
whether the API can be used without uigniﬁcmt understanding of multiple other
specific APIs, without undue experimentation, and so forth. Such an initial check
may also verify that the derived APl is actually workable in the current core
scenario in every relevant language. If the API is too complex, then the API is
refined by the designers with reference to the curmrent core scenario and responsive
to the code samples written in the multiple languages at block 406. _

If, on the other hand, it is determined that the API is not too complex (at
block 408), then at block 410 usability studies with typical developers are
performed. For example, one or more usability studies may be performed using a

development environment akin to that which the typical developer normally uses. Elminado: MS1-1748US
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language, and a documentation set that is most widely used by the targeted
developer group.
Usgbility Smdies

Usability studies that target a wide range of developers facilitate scenario-
driven design, especially when designing general public APIs. The code samples
written by the API designer(s) for the core scenarios probably appear simple to
them, but the code samples might not be equally simple to certain groups of
developers that are in fact targeted (e.g., especially novice and/or occasional
developers). Additionally, the understanding, which is gamered through usability
studies, regarding the manner in which developers approach each core scenario
can provide powerful insight into the design of the API and how well it meets the
needs of all of the targeted developers.

Genenally, usability studies may be conducted early in the pro&uct cycle
and again after any major redesign of the object model. Although this is a costly
design practice, it can actually save resources in the Ion_g run. The cost of fixing
an unusable or merely defective API without introducing breaking changes is
enormous.

Atblock 412, it is ascertained whether typical developers are able to use the
API without significant problem(s). For example, most subjects should be able to
write code for the current selected scenario without major problems. If they
cannot, the API is revised (as described below with reference to block 414).

The interpretation of significant/major problems hinges on a desired level

of usability for a given targeted developer group. For example, frequent and/or Elmdnada: MS1-1HIUS
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developers cannot implement the current core scenario, or if the approach they
take is significantly different from what was expected, the API should be evaluated
for possible revisions (up to and including a full redesign).

If it is ascertained that typical developers are unable to use the API without
major problems (at block 412), then at block 414 the API is revised based on
lessons from the usability studies. For example, a default may be changed,
another property may be added, one or more aftributes may be exposed instead of
encapsulated, and so forth.

If, on the other hand, it is ascertained that typical developers are able to use
the API without major problems (at block 412), then at block 416 the process is
repeated for each core scenario. For example, another core scenario of the
selected core scenarios for the given feature becomes the current core scenario for
which code samples are written (at block 404). Another exemplary technique for
designing APIs, which focuses more on two-layer API design, is described further
below in conjunction with FIG. 8.

FIG 5 is a block diagram 404/406 that illustrates an exemplary scheme for
designing APIs per core scenario. The illustrated exemplary scheme corresponds
to blocks 404 and 406 of FIG 4 for a multiple language implementation. A code
sample 502(1) for a first language, a code sample 502(2) for a second language,
and a code sample 502(3) for a third language is shown. Each of the three code
samples 502(1, 2, 3) are directed to & given current core scenario. Although three
code samples 502(1, 2, 3) corresponding to three languages are shown, two or
more code samples 502 of any arbitrary number of targeted languages may
alternatively be used in this exemplary multiple-language implementation.

3y
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In a described implementation, factors 506 are gleaned from code samples
502(1, 2, 3) that are written in each of the three languages. These factors 506 are
incorporated into the API 504. Specifically, API 504 is designed to support the
three code samples 502(1, 2, 3) that are written in the three respective
cormresponding languages. However, it shoulc'i be understood that factors 506 may
also be applicable to single-language implementations.

Some exemplary factors 506 are described above with reference to blocks
404 and 406 of FIG 4, and other exemplary factors 506 are indicated in block
diagram 404/406 of FIG. 5. Such factors 506 include language-specific mandates
that are revealed by a review of code samples 502(1, 2, 3). An example of a
language-specific constraint is described with regard to the following sample line
of code: “Foo f= new Foo();”. A progressive API that is designed to support this
sample line has to include a defanlt constructor; otherwise, the code sample does
not compile correctly.

Factors 506 also include developer expectations that are inspired by both
language peculiarities and the different skill/experience levels of typical
developers that naturally gravitate toward the different languages. Factors 506
further include commonalities of code and coding practices across the different
languages as discoverable by a review of code samples 502(1, 2, 3).

While considering factors 506 that directly relate to different languages,
other factors 506, as described herein, continue to be considered. For example, the
following factors 506 are also pertinent to progressive APIs targeted to single-
language environments as well as multiple-language environments. First, the

number of different component types that are required to complete a scenario is a

. factor. Generally, the more component types that are required, the harder it is to
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leamn. A second factor is the connection between succeeding lines of code. To the
extent that usage of one component type leads a developer towards usage of the
next required component type, the easier the API is to use.

Third, consistency in the naming of identifiers is another factor. A fourth
factor involves the appropriate usage of propertics, methods, fnd events. A fifth

factor relates to possible similarities to one or more existing APIs. Sixth, another

factor involves compliance with overall design guidelines for an API. A seventh
factor relates to whether the APIs overlap with other component types of the
framework. Eighth, compatibility with tools that are oriented toward a particular
language is yet another factor. For instance, VB developers typically want
parameter-less constructors and property setters. Other factors 506 may
alternatively be considered.

Still other factors 506 that relate to interrelationships of aggregate
components and factored types are described below, especially with reference to
FIG. 8. Although the method and scheme of FIGS. 4 and 5 may be applied to
designing APIs in generzl, they are particularly applicable to designing two-layer
APIs. A two-layer API paradigm (e.g., with aggregate components and factored
types) is described below with reference to FIGS. 6-8 in the section entitled
“Component Oriented Design”.

Component Orlented Design

FIG 6 illustrates potential disparity between exemplary component types
602 that are targeted to two different purposes along a continuum 600. Continuum
600 extends from a high usability range on the left side to a high controllability
range on the right side. Muitiple component types 602 are spread across

continuum 600.
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Generally, component types 602 that are illustrated as being relatively
larger represent types that are simpler and therefore easier to use. Conversely,
component types 602 that are illustrated as being relatively smaller represent types
that are more complex and therefore more difficult to use. Simple and complex in
this context refer to how easy or how diﬁ'icult the particular component types 602
are to use when implementing a specified scenario.

The component types 602 that are illustrated as being relatively smaller are
generally more difficult to use for a number of exemplary reasons as follows:
First, developers have more choices as to which component types 602 they should
use. In the illustrated example, there are 14 “choices” for the smaller comporent
types 602 as compared to three “choices™ for the larger component types 602.
More specifically, a developer has to know or discern, from among the various
component types 602(HC), which component type or types to use. This involves
understanding each of the (e.g., 14) multiple component types 602(HC) as well as
how they interrelate, which contrasts with starting with a single component type
602(HU) from among the fewer (e.g., 3) component types 602(HU). Differences
between component types 602(HU) and component types 602(HC) are described
further below.

By way of an exemplary analogy, the smaller component types 602 are like
the individual components of a stereo system; hence, a user has to know which
components are needed and how to hook them together. Without hooking them
together, they are generally not ugeful. The larger component types 602 are like

all-in-one stereos that are easily usable but likely to be less powerful as well as Ellrdnado: MS1-114803
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concepts to understand. Fourth, a developer has to understand how individual
components types 602 relate to other component types 602.

In a described implementation, component types 602 are divided into those
with a high usability purpose 602(HU) and those with a high controllability
purpose 602(HC). High usability component types 602(HU) are simpler and
easier to use, but they tend to be more inflexible, limiting, and/or constraining.
They can generally be used without extensive knowledge of an overall API. High
usability component types 602(HU) are usually capable of implementing a limited
number of scenarios or at most a limited number of approaches to each scenario of
interest.

High controllability component types 602(HC), on the other hand, are
complex to use, but they provide a greater degree of control to developers. They
are relatively powerful and enable developers to effectuate low-level tweaking and
tuning. However, developing with high controllability component types 602(HC)
entails a fuller understanding of many component types 602 to enable the
instantiation of multiple high controllability component types 602(HC) that are
comectly interlinked to implement even relatively straight-forward scenarios.

Typically, high usability component types 602(HU) are present in
introductory languages such as VB, and high controllability component types
602(HC) are present in advanced professional-programmer-type languages such as
C++. The potential disparity between high usability component types 602(HU)
and high controllability component types 602(HC) that is illustrated in FIG 6 is at

least partly ameliorated by component types 702 of FIG 7. Specifically, an Eiminade: MS1.1 AIUS 'i
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FIG 7 illustrates an exemplary relationship between component types 702
that are designed to be extensible and/or interoperable 50 as to cover at least two
different purposes along a continuum 700. In a described implementation,
component types with a high usability purpose are realized as aggregate
components 702(AC), and component types with a high controllability purpose are
realized as factored types 702(FT). Although component types 702 are divided
into only two purposes, they may alternatively be separated into three or more
purposes (or other categories).

A key 704 indicates that a solid line represents a relationship for exposed
factored types and that a dashed line represents a relationship for encapsulated
factored types. As illustrated, aggregate component 702(AC)(1) has a relationship
with three factored types 702(FT). Specifically, factored type 702(FT)(1) has an
exposed factored type relationship with aggregate component 702(AC)1), and
factored types 702(FT)(2) and 702(FT)(3) have an ‘encapsulated factored type
relationship with aggregate component 702(ACX1).

Although not so illustrated, two or more aggregate components 702(AC)
may have an encapsulated and/or exposed relationship with the same factored type
702(FT). Exposed and encapsulated factored types 702(FT) and aggregate
components 702(AC), as well as relationships therebetween, are described further
below, including with reference to FIG. 8.

Component oriented design relates to offering a single object per user
concept as opposed to requiring multiple objects per logical concept. Aggregate
components therefore usually correspond to a user concept and are simpler from a
usability perspective. Aggregate components are layered on top of factored types.
By way of an exemplary comparison, aggregate components may model a thing
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such as a file, and factored types may model a state of a thing such as a view on
the file. Together, aggregate components and factored types provide a progressive
and gradual leamning curve for new developers, especially with respect to a
particular given API.

Component Oriented Design for Aggregate Components

Many feature arcas may benefit from fagade types that act as simplified
views over a more complex but well-factored remainder of the feature area APIs.
In a described implementation, the fagade covers the top 5-10 scenarios in a given
feature arca and optionally other high-level opecrations. Aggregate components
702(AC) can serve as such fagade types, and factored types 702(FT) can provide a
remaining well-factored complex API landscape.

Each aggregate component ties multiple lower level factored classes into a
higher-level component to support the top core scenarios. For example, a mail
aggregate component may tie together SMTP protocol, sockets, encodmgs, and so
forth. Generally, each aggregate component provides a higher abatraction level
rather than just a different way of doing things. Providing simplified high-level
operations is helpful for those developers who do not want to leam the whole
extent of the functionality provided by a featuré area and merely wish to
accomplish their often very simple tasks without significant study or API
exploration.

Generally, component oriented design is a design based on constructors,
properties, methods, and events. Using aggregate components is a relatively
extreme application of component oriented design. An exemplary set of
parameters for component oriented design of aggregate components is provided
below:
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Constructors: -aggregate components have default (parameter-less)
constructors.

Constructors:  optional constructor parameters correspond to
properties, |

Properties: most properties have getters and setters.

Properties: properties have sensible defaults.

Methods: methods do not take parameters if the parameters specify
options that stay- constant across method calls (in the selected core
scenarios). Such options mey be specified using properties.

Events: methods do not take delegates as parameters. Callbacks are
implemented in terms of events.

Component oriented design entnils congidering how the API is used instead
of focusing on the mere inclusions of the methods, properties, and events in the
object model. An exemplary usage model for component oriented design involves
a pattern of instantiating a type with a default or relatively simple constructor,
scting some propeties on the instance, and then calling simple methods. This
pattern is termed a Create-Set-Call usage pattern. A general example follows:

‘VB
‘ Instantiate
Dim T As New T()
* Set properties/options.
TPl =Vl [ eweninade: Ms1-1 2408
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* Call methods; optionally change options between calls.
TMIQ

T.P3 =V4

TM2(

When aggregate components support this Create-Set-Call usage pattern, the
aggregate components comport with the expectations of the main users of
aggregate components. Moreover, tools, such as intellisense and designers, are
optimized for this usage pattern. A concrete code example showing the Create-

Set-Call usage pattern follows:

‘VB
* Instantiate
Dim File As New FileObject()

* Set properties.
File Filename = “c:\foo.txt"
File.Encoding = Encoding. Ascii

* Call methods.
File.Open{OpenMode. Write)
File. WriteLine(“Hello World™)
File.Close()

With an exemplary aggregate component that is part of a progressive API, setting
the “File.Encoding” property is optional. The API has a default for a pre-selected
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file encoding if one is not specified. Similarly, with regard to “File.Open(”,
specifying an “OpenMode.Write” is optional. If it is not specified, a default
“OpenMode” as pre-selected by the API is employed.

An issne with component oriented design is that it results in types that can
have modes and invalid states. For example, a default constructor ailows users to
instantiate a “FileObject” without specifying a “FileName™. Attempting to call
Open() without first setting the “FileName™ results in an exception because the
“FileObject” is in an invalid state with respect to being opened (e.g., no file m1;1e
has yet been specified). Another issue is that properties, which can be set
optionally and independently, do not enforce consistent and atomic changes to the

state of the object. Furthermore, such “modal” properties inhibit sharing of an

object instance between consumers because a first user has to check a previously-
set value before reusing it in case a second user has changed the value in the
interim. However, the usability of aggregate components outweighs these issues
for a vast multitude of developers.

When users call methods that are not valid in the current state of the object,
an “InvalidOperationException” is thrown. The exception's message can clearly
explain what properties need to be changed to get the abject into & valid state.
These clear exception messages partially overcome the invalid state issue and
result in an object model that is more self-documenting.

API designers often try to design types such that objects cannot exist in an
invalid state. This is accomplished, for example, by having all required settings as
parameters to the constructor, by having get-only properties for settings that
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|| implementation, this approach is employed with factored types but not with
2|| aggregate components. For aggregate components, developers are offered clear
s|| exceptions that communicate invalid states to them. These clear exceptions can be
+f] thrown when an operation is being performed, instead of when the component is
s|| initialized (e.g., when a constructor is called or when a property is set), so as to
¢l] avoid situations where the invalid state is temporary and gets “fixed” in a
71| subsequent line of code.

s|| Eactored Types
9 As described above, aggregate components provide shortcuts for most

common high level operations and are usually implemented as a fagade over a set

u|| of more complex but also richer types, which are called factored types. In a
12|| described implementation, factored types do not have modes and do have very
|| clear lifetimes.

An aggregate component may provide access to its internal factored types

through some properties and/or methods. Users access the internal factored types
|| in relatively advanced scenarios or in scenarios where integration with different
17| parts of the system is required. The ability to access factored type(s) that are being
n|| used by an aggregate component enables code that has been written using the
|| aggregate component to in;:rementa.lly add complexity for advanced scenarios, or
»|| integrate with other component types, without having to re-write code from the
|| beginning with a focus on using the factored types.

a The following example shows an exemplary aggregate component
ol| (“FileObject’”) exposing its exemplary internal factored type (“StreamWriter™): Eminado: MS1-1HILS
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Dim File As New FileObject(*c:\foo.txt™)
File.Open(OpenMode. Write) '

File. WriteLine(“Hello World™)
AppendMessageToThe World(File.StreamWriter)

File.Close()

Public Sub AppendMessageToTheWorld(ByVal Writer As
StreamWriter)

End Sub

Hi vel

In a described implementation, aggregate components, as the upper or
higher level APIs (e.g., from a level of abstraction perspective), are implemented
such that they appear to “magically” work without the user being aware of the
sometimes complicated things happening undemeath. For example, an
“EventLog” aggregate component hides the fact that a log has both a read handle
and a write handle, both of which are opened in order to use it. As far as a
developer may be concemed, the aggregate component can be instantiated,
properties can be set, and log events can be written without concern for the under-
the-hood functioning,

In some situations, a bit more transparency may facilitate some task with
the developer. An example is an operation in which the user takes an explicit
action as a resuit of the operation. For instance, implicitly opening a ﬁ.le and then

requiring the user to explicitly close it is probably taking the principle t;f
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1|l “magically” working too far. Nevertheless, a diligent API designer may often be
a]| capable of designing clever solutions that hide even those complexities. For
3|| example, reading a file can be implemented as a single operation that opens a file,
+|| reads its contents, and closes it; the user is thus shielded from the complexities
s|| related to opening and closing the file handles.

6 Furthermore, using aggregate components does not involve implementing
7] any interfaces, modifying any configuration files, and so forth. Instead, library
' designers can ship default implementations for interfaces that are declared.

s|| Moreaver, configuration settings are optional and backed by sensible defaults.
10 FIG 8 illustrates an exemplary aggregate componeat 702(AC) and
nl| associated factored types 702(FT) for handling two different purposes with a two-

12|l layer API 800. Aggregate component 702(AC) represents a first or higher layer,
»|| and factored types 702(FT) represent a second or lower layer. The first layer
|| effectively builds on the second layer with a custom interface.
15 As illustrated, aggregate component 702(AC) includes multiple aggregate
1s|| component (Aé.) members 802. Specifically, aggregate component members
|l 802(1), 802(2), BO2(P)(1), 802(P)(2), 802(M)(1), 802(M)(2), and 802(M)(3) are
" shown. Aggregate component 702(AC) also includes exposed factored types
|| 702(FT-Ex) and encapsulated factored types 702(FT-En). Specifically, exposed
|| factored types 702(FT-Ex){1) and 702(FT-Ex)(2) and encapsulated factored types
a|| 702(FT-En)(1) and 702(FT-En)(2) are shown. Factored types 702(FT) also include
n|| factored type (FT) members 804.
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component methods 802(M) and aggregate component properties 802(P). These
aggregate component members 802, such as aggregate component members
802(1) and 802(2), may be specific to the aggregate component 702(AC). In other
wonds, some aggregate .component members 802 like aggregate component
members 802(1) and 802(2) that are on aggregate component 702(AC) may not
rely on any factored types 702(FT). Altematively, some aggregate component
members 802 may be linked to underlying factored types 702(FT).

Factored types 702(FT) may be exposed factored types 702(FT-Ex) or
encapsulated factored types 702(FT-En). Exposed factored types 702(FT-Ex) are
factored types 702(FT) of a given aggregate component 702(AC) that may be
accessible by or to other general component types 702(FT or AC) without using or
going through individual aggregate component members 802 of the given
aggregate component 702(AC). If a factored type 702(FT-Ex/En) is returned by
an aggregate component member 802 (either a method or a property), then that
factored type 702(FT-Ex) is exposed. Otherwise, that factored type 702(FT-En) is
encapsulated.

In other words, an aggregate component member 802 can expose a factored
type member 804, or an aggregate component member 802 can return a factored
type instance. The latter can occur with exposed factored types 702(FT-Ex), and
the former can occur with encapsulated factored types 702(FT-En). Encapsulated
factored types 702(FT-En) are fac_:tored types 702(FT) of a given aggregate
component 702(AC) that are contained within or internal to the given aggregate
component 702(AC). Each factored type 702(FT) may include one or more
members 804 (some of which are specifically indicated in FIG 8) that are methods

and/or properties.
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As illustrated, two method members 804 of encapsulated factored type
702(FT-En)(1) are exposed by aggregate component 702(AC) as method member
802(M)(1) and method member 802(M)2). One method member 804 of
encapsulated factored type 702(FT-En)(2) is exposed by aggregate component
702(AC) as method member 802(M)(3).

Exposed factored type 702(FT-Ex)(1) is itself exposed as a property
member 802(P)(1) of aggregate component 702(AC). Similarly, exposed factored
type 702(FT-Ex)(2) is also exposed as a property member 802(P)(2) of aggregate
compomnent 702(AC). As indicated, a factored type (FT) member 804 of exposed
factored type 702(FT-Ex)(l) is exposed so as to be separately accessible (i.e.,
accessible without directly using an individual member 802 of aggregate
component 702(AC)). Hence, a factored type member 804 of an exposed factored
type 702(FT-Ex) can still be accessed even if it is not individually exposed by an
aggregate component member 802 of aggregate component 702(AC).

Thus, the indicated member 804 of exposed factored type 702(FT-Ex)(1) is
exposed so as to be accessible by component types 702 that are external to
aggregate component 702(AC) without using a member 802 thereof. As indicated
by the dashed lines emanating from exposed factored type 702(FT-Ex)(1), exposed
factored types 702(FT-Ex) may be “handed off” for use by other component types
702 (especially by other factored types 702(FT)) that are unable to interact with
aggregate components 702(AC) or that can better achieve their intended purpose
using the handed-off exposed factored type 702(FT-Ex)(1) alone. It should be
noted that the object (exposed factored type 702(FT-Ex)(1)) that is “handed off” is
not a copy but rather an actual part of the exposing aggregate component 702(AC).
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As a result, the operations on the handed off object af‘fect aggregate component
702(AC).

Generally, if a factored type 702(FT) is encapsulated, it is not exposed to a
consumer; instgad, setting properties 802(P) or calling methods 802(M) on an
aggregate component 702(AC) may cause factored types 702(FT) to be created,
properties 804 to be set, or methods 804 to be called on the underlying factored
type 702(FT). These members 802 and 804 may not have a one-to-one
correspondence; for example, setting several properties 802(P) on an aggregate
component 702(AC) may be cached in the aggregate component 702(AC).
Subsequently calling a method 802(M) on the aggregate component 702(AC) may
cause a factored type 702(FT) to be created using the previously-specified values
of the several properties 802(P) as constructor arguments for the factored type
T02(FT).

In a described implementation, aggregate components 702(AC) differ from
more-traditional object-oriented components in at least two ways in addition to the
exposure of exposed factored types 702(FT-Ex). First, an aggregate component
702(AC) does not necessarily expose every member 804 of all of its factored types
702(FT). In other words, aggregate components 702(AC) are not strictly devoted
to an inheritance hierarchy. Second, aggregate components 702(AC) can have
modes and thus may periodically have states that result in invalid operations.

As a guideline to component oriented design with respect to factors 506 (of
FIG. 5), whether a factored type 702(FT) is exposed or encapsulated within an
aggregate component 702(AC) may be based on one or more of a number of
factors. First, a particular factored type 702(FT) is exposed as a property member
802(P) of a given aggregate component 702(AC) if the particular factored type
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702(FT) includes functionality that is not exposed by the given aggregate
component 702(AC). Second, a particular factored type 702(FT) is exposed as a
property member 802(P) of a given aggregate component 702(AC) if other general
component types 702 of the framework may benefit from a handoff for direct
consumption of the particular factored type 702(FT). On the other hand, a
particular factored type 702(FT) is not exposed (and is therefore encapsulated)
when functionality of the particular factored type 702(FT) is completely exposed
by a given aggregate component 702(AC) and when the particular factored type
702(FT) is not useful for handing off to other component types 702.

A developer can start with aggregate component 702(AC), especially for
implementing simpler and/or core scenarios. When the developer wishes or needs
to implement a more complex scenario, the developer can incrementally and
gradually begin to directly access and use exposed factored types 702(FT-Ex),
including low-level attributes thereof, over time. The original code that relied on
the simpler aggregate component 702(AC) does not need to be jettisoned and
replaced with more complicated coding that relies solely on factored types
702(FT). The two-layers of the API framework can be used in varying proportions
and can co-exist simultaneously.

Designing a two-layer APl framework can be accomplished using the
following exemplary technique that is described in ten phases: First, a set of core
scenarios for a particular feature area is selected. Second, sample codes showing
the preferred lines of code for the selected core scenarios are written. Third,
agpregate components are derived with the appropriate methods, defaults,
abstractions, naming, etc. to support the code samples from the lines of code.

5
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Fourth, the code samples from the second phase are refined as appropriate
according to the derived aggregate components. Fifth, the refined code sampies
are evaluated for whether or not they are sufficiently simple. If not, the technique
continues again at the third phase. If 50, then at the sixth phase it is determined
whether additional scenarios, usages, intenicfiona with other components, and/or
other requircments exist. Seventh, the API designer decides if any of the
additional requirements discovered in the sixth phase can be added to the
aggregate components without adding undue complexity to the selected core
scenarios.

Eighth, 'if the additional requirements cannot be added to the aggregate
components, an ideal factoring (e.g., based on object-oriented or other analytical
methodologies) of a full set of functionality for the factored types is defined based
on the seventh phase. Ninth, it is determined how and whether the aggregate
components encapsulate or expose the functionality from the factored types that
are defined in the eighth phase. Tenth, the factored types are refined as
appropriate to support the aggregate components as well ag the additional
requirements. Using this exemplary tet;hnique, a two-layer API framework having
aggregate components 702(AC) and factored types 702(FT) may be designed.

FIG 9 illustrates an exemplary aggregate component 702(AC) and
associated APIs 902, 802(P), 802(M), and 904 that can support a create-set-call
usage pattern. The following exemplary API groups are illustrated: constructors
902, properties 802(P), methods 802(M), and events 904. With a create, set, call
usage pattern, an instance of aggregate component 702(AC) is initially created by
a developer with reliance on default {e.g., parameter-less) canstructors 902.
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Secondly, the developer sets any properties 802(P) for which the default
values are inappropriste and/or non-preferred for the intended use of the object
Thirdly, desired methods 802(M) are called by the developer. Callbacks are then
implemented in terms of events 904,

Customizable Defaults

Customizable defaults relates to having defaults whenever practicable for at
least aggregate components. When designing an AP]I for example with multiple
code samples comresponding to multiple languages, an identical value that is
passed in each of the code samples can instead be set as a default for the aggregate
component. The customizable defaults_ may be changed by setting one or more
properties on the aggregate component.

Many developers prefer to code by trial and error as opposed to taking the
time to read the documentation and fully understand a feature area prior to
beginning a project. This is particularly true for novice and occasional developers,
such as those that code with VB. These developers often try to experiment with an
API to discover what it does and how it works, and then they adjust their code
slowly and incrementally until the API implementation achieves their goal. The
popularity of the editing and continuing approach to development is a
manifestation of this preference.

Some API designs lend themselves to “coding by experimentation” and
some do not. There are muitiple aspects that affect the level of success a
developer is likely to have when using a coding by experimentation approach.
These aspects include: (i) how easy it is to locate the right API for the task at
hand; (ii) how easy it is to start using an API, regardless of whether it (initially)

does what the developer wants it to do or not; (iii} how easy it is to discover what
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the points of customization are for an API; (iv) how easy it is to discover the
correct customization for a given scenario; and (v) so forth.

In a described implementation, APIs are designed to require little if any
initialization (e.g., 8 minimal amount of initialization). For example, an API can
be designed so that a default constructor or a constructor with one simple
parameter is sufficient to start working with a type. When initialization is
necessary, an exception that results from not performing the initialization clearly
explain what needs to be done and/or changed in order to remove or prevent the
exception. For example, an exception may stipulate what or which property needs
to be set.

By way of example but not limitation, a rule of thumb is that the simplest
constructor has three or fewer pammeters (with an upper limit of five). In
addition, the simplest constructors should avoid complex types as any of the
parameters, where complex types may be other factored types or aggregate
components. Another rule of thumb is that the simplest constructors rely on
primitive types like enumerations, strings, integers, and so forth. Types may also
implement more complex constructor overloads to support more complex
scensarios.

In short, an API’s customizability can be simplified by providing properties
with good defaults for all customization points. (However, developers should
generally be able to add new code to the existing code when customizing their
scenarios; rewriting the entire code from scratch using a different API should be

optional.) For example, a system messaging queue aggregate component enables Eliminade: MEI1-134IUS
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send ‘method. Message properties, such as message priority and encryption
algorithms, can be customized by adding code to the core scenario.
Self Documenting Object Model

Self documenting object model relates to designing an API framework in
which a developer can look at objects and members thereof to learn about them as
well as be able to use them. For example, names can be based on how a type is
expected to be used instead of devotion to an inheritance hierarchy that many
developers do not wish to study. In short, a self documenting object model
facilitates discoverability by would-be developers.

As noted above, some developers prefer to code by trial and error and resort
to reading documentation only when their intuition fails to implement their
intended scenario. Thus, a self documenting object model should avoid requiring
that developers read documentation every time they want to perform even simple
tasks. An exemplary set of principles and practices to help in producing intuitive
APIs that are relatively self documenting for a described implementation are
presented below. Any one or more of them may be utilized in a given API and/or
API design implementation.

Naming

A first guiding principle is to reserve simple and intuitive names for types
that users need to use (e.g., instantiate) in the most common scenarios. Designers
often “squander” the best names for abstractions, with which most users do not
have to be concerned. For example, naming an abstract base class “File” and then
providing a concrete type “XYZFile" works well if the expectation is that all users
will have to understand the inheritance hierarchy before they can start using the
APls. However, if users do not understand the hierarchy, the first thing they will

259

Ellminade: MS1-1M4IUS

]

F* | 1T4EUS.PATAPP

;| PATAPP (2).DOC
{ | tnsertudo: MS1-1MIUS ]
! | PATAPP (2).DOC
" [ Etminado: Ms1- ]

33 oy Dot i DIOCUAPNTO B, VUM EATS AND AE TTIN Gl T EMEIGLRACHES LOCA)_ANE



17

likely try to use, most often unsuccessfully, is the “File” type. More specifically,
the most common or expected names are reserved for aggregate components
targeting the top core scenarios with less common or familiar names being used on
concepts and abstractions.

A second guiding principle is to use descriptive identifier names that clearly
state what each method does and what each type and parameter represents. For
example, APl designers should not hesitate to be rather verbose when choosing
identifier names. For instance, “EventLog.DeleteEventSource(string source,
string machineName)” may be seen as rather verbose, but it arguably has a net
positive usability value. Moreover, type and parameter names state what a type or
a parameter represents, instead of what it does. Method names state what the
method does. Of course, accurate verbose method names are easier for methods
that have simple and clear semantics, which is another reason why avoiding
complex semantics is a good general design principle to follow.

A guiding design practice is to include a discussion about naming choices
as a significant part of API specification reviews and/or tests. Exemplary
congiderations and questions include: What are the types most scenarios start
with? What are the names most people think of first when trying to implement a
given scenario? Are the names of the common types what users think of first? For
example, since “File” is the name most people think of when dealing with file /O
scenarios, the aggregate component for accessing files can be named “File".
Additionally, the most commonly used methods of the most commonly used types
and their parameters are reviewed and-tested. For example, can anybody familiar
with the technology, but not the specific APl design under considemation,

recognize and call those methods quickly, correctly, and easily?
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Exceptions

As indicated above, exceptions can facilitate self-documenting APIs. In
other words, APIs should lead the user to do the next required thing, and
exceptions are capable of and good for communicating what is required next. For
example, the following sample code throws an exception with a message “The
‘FileName' property needs to be set before attempting to open the ‘FileObject”.":

‘VB

‘Instantiate

Dim File As New FileObject()
“The file name is not set.

File.Open()

Stro i

Another guiding principle for facilitating intuitive APIs is strong typing.
For example, calling “CustomerName” is ecasier than calling
“Customer.Properties[*'Name’]”. Furthermore, having such a “Name” property
return the name as a string is more usable than if the property returned an object.

There are cases where property bags with a string based accessor, late bind
calls, and other not strongly types APIs are desired, but they are relegated to rarity
and are not the rule. Moreover, API designers can provide strongly typed helpers
for the more common operations that the user performs on the non-strongly typed
API layer. For example, a customer type may have a property bag, but it may
additionally provide strongly typed APIs for more common properties like

;
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Vectoring toward Simplicity

Yet another guiding principle is to strive for simplicity, especially for core
scenarios. Standard design methodologies are aimed at producing designs that are
optimized for maintainability, such as by using abstractions. Consequently,
modern design methodologies produce a lot l_Jf abstractions. An issue is that such
design methodologies operate on an assumption that users of the resulting designs
will become experts in that design before starting to implement even simple
scenarios. However, that is often not the cases in the real world.

In a described implementation, for at least simple scenarios, APl designers
ensure that object model hierarchies are sufficiently simple so that they can be
used without having to understand how the entire feature area fits together or
interoperates. A resulting well-designed API may require that the developer
understand the core scenario being implemented, but it does not require a full
understanding of the design of the library being used to implement it.

Generally, core scenario APIs are directed or correspond to physical or
well-known logical parts of the system instead of abstractions. Types that
comrespond to abstractions are usually difficult to use withont uMemMng how
all the parts-of the feature area fit together and interoperate; they are therefore
more relevant when cross-feature integration is required.

Another guiding practice is to use st;lndnrd design methodologies (e.g.,
UML) when designing internal architectures and some of the factored types, but
not when designing the APIs for the core or common scenarios (e.g., those with
aggregate componenis). When designing aggregate components for core
scenarios, scenario driven design together with prototyping, usability studies, and

iteration (as described herein above) is employed instead.
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Clean Namegmt:s

Yet another guiding principle is that types that are (very) rarely used are
placed in sub-namespaces to avoid clutter of the main namespaces. For example,
the following two groups of types may be sepamated from their main namespaces:
permission types and design types. For instance, permission types can reside in a
*.Permissions” sub-namespace, and design-time-only types can reside in a
“.Design” sub-namespace.

The actions, aspects, features, components, etc. of FIGS. 1-9 are illustreted
in diagrams that are divided into multiple blocks. However, the order,
interconnections, interrelationships, layout, etc. in which FIGS. 1-9 are described
and/or shown is not intended to be construed as a limitation, and_any number of
the blocks can be modified, combined, rearranged, augmented, omitted, etc. in any
manner {o implement one or more systems, methods, devices, procedures, media,
APIs, apparatuses, arrangements, etc. for designing APIs. Furthermore, although
the description herein includes references to specific implementations (and the
exemplary operating environment of FIG 10), the illustrated and/or described
implt;mentations can be implemented in any suitable hardware, software,
firmware, or combination thereof and using any suitable software architecture(s),
coding language(s), scenario definitions(s), usability study format(s), and so forth.
Exemplary Operating Environment for Computer or Other Device

FIG 10 illustrates an exemplary computing (or general device) operating
environment 1000 that is capable of (fully or partially) implementing at least one
system, device, apparatus, .component. arrangement, protocol, approach, method,

procedure, media, API, some combination thereof, etc. for designing APIs as
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described herein. Operating environment 1000 may be utilized in the computer
and network architectures described below.

Exemplary operating environment 1000 is only one example of an
environment and is not intgnded to sugpest any limitation as to the scope of use or
functionality of the applicable device (including computer, network node,
entertainment device, mobile appliance, general electronic device, etc.)
architectures. Neither should operating environment 1000 (or the devices thereof)
be interpreted as having any dependency or requirement relating to any one or to
any combination of components as illustrated in FIG. 10.

Additionally, designing APIs and/or the APIs resulting therefrom may be
implemented with numerous other general purpose or special purpose device
(including computing system) environments or configurations. Examples of well
known devices, systems, environments, and/or configurations that may be suitable
for use include, but are not limited to, personal computers, server computers, thin
clients, thick clients, personal digital assistants (PDAs) or mobile telephones,
watches, hand-held or laptop devices, multiprocessor systems, microprocessor-
based systems, set-top boxes, programmable consumer electronics, video game
machines, game consoles, portable or handheld gaming units, network PCs,
minicomputers, mainframe computers, network nodes, distributed or multi-
processing computing environments that include any of the above systems or
devices, some combination th_ereof, and so forth.

Implementations for the design of APIs and/or the APIs resulting therefrom
may be described in the general context of processor-executable instructicns.
Generally, processor-executable instructions include routines, programs, modules,

protocols, objects, interfaces, components, data structures, etc. that perform and/or
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enzble particular tasks and/or implement particular abstract data types. Designing .

APIs and/or the APIs resulting therefrom, as described in certain implementations
herein, may also be practiced and/or present in distributed processing
environments where tasks are performed by remotely-linked processing devices
that are connected through a communications link and/or network. Especially but
not exclusively in s distributed computing environment, processor-executable
instructions may be located in separate storage media, executed by different
processors, and/or propagated over transmission media.

Exemplary operating environment 1000 includes a general-purpose
computing device in the form of a computer 1002, which may comprise any (e.g.,
electronic) device with computing/processing capabilities. The components of
computer 1002 may include, but are not limited to, one or more processors or
processing unite 1004, a system memory 1006, and a system bus 1008 that couples
various system components including processor 1004 to system memory 1006.

Processors 1004 are not limited by the materials from which they are
formed or the processing mechanisms employed therein. For example, processors
1004 may be comprised of semiconductor(s) and/or transistors (e.g., electronic
integrated circuits (ICs)). In such a context, processor-executable instructions may
be electronically-executable instructions. Alternatively, the mechanisms of or for
processors 1004, and thus of or for computer 1002, may include, but are not
limited to, quantum computing, optical computing, mechanical computing (e.g.,
using nanotechnology), and so forth.

System bus 1008 represents one or more of any of mauny types of wired or
wireless bus structures, including a memory bus or memory controller, a point-to-

point connection, a switching fabric, a peripheral bus, an accelerated graphics port,
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and a processor or local bus using any of a variety of bus architectures. By way of
example, such architectures may include an Industry Standard Architecture (ISA)
bus, a Micro Channel Architecture (MCA) bus, an Enhanced ISA (EISA) bus, a
Video Electronics Standards Associstion (VESA) local bus, a Peripheral
Component Interconnects (PCI) bus also known as a Mezzanine bus, some
combination thereof, and so forth.

Computer 1002 typically includes a variety of processor-accessible media.
Such media may be any available media that is accessible by computer 1002 or
another (e.g., electromic) device, and it includes both volatile and non-volatile
media, removable and non-removable media, and storage and transmission media.

System memory 1006 includes processor-accessible storage media in the
form of volatile memory, such as mndom access memory (RAM) 1040, and/or
non-volatile memory, such as read only memory (ROM) 1012. A basic
input/output system (BIOS) 1014, containing the basic routines that help to
transfer information between elements within computer 1002, such as during start-
up, is typically stored in ROM 1012. RAM 1010 typically contains data am-llor
program modules/instructions that are immediately accessible to and/or being
presently operated on by processing unit 1004,

Computer 1002 may also include other removable/non-removable and/or
volatile/non-volatile storage media. By way of example, FIG. 10 illustrates a hard
disk drive or disk drive array 1016 for reading from and writing to a (typically)

non-removable, non-volatile magnetic media (not separately shown); a magnetic
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disk 1024 such as a CD, DVD, or other optical media. Hard disk drive 1016,
magnetic disk drive 1018, and optical disk drive 1022 are each connected to
system bus 1008 by one or more storage media interfaces 1026. Altemnatively,
hard disk drive 1016, magnetic disk drive 1018, and optical disk drive 1022 may
be connected to system bus 1008 by one or more other separate or combined
interfaces (not shown).

The disk drives and their associated processor-accessible media provide
non-volatile storage of processor-executable instructions, such as data structures,
program modules, and other data for computer 1002. Although exemplary
computer 1002 illustrates a hard disk 1016, a removable magnetic disk 1020, and a
removable optical disk 1024, it is to be appreciated that other types of processor-
accessible media may store instructions that are accessible by a device, such as
magnetic cassettes or other magnetic storage devices, flash memory, compact
disks (CDs), digital versatile disks (DVDs) or other optical storage, RAM, ROM,
electrically-erasable programmable read-only memories (EEPROM), and so forth.
Such media may also include so-called special purpose or hard-wired IC chips. In
other words, any processor-accessible media may be utilized to realize the storage
media of the exemplary operating environment 1000.

Any number of program modules (or other units or sets of
instructions/code, including an API framework and/or objects based thereon) may
be stored on hard digk 1016, magnetic disk 1020, optical disk 1024, ROM 1012,
and/or RAM 1040, including by way of general example, an operating system
1028, one or more application programs 1030, other program modules 1032, and
program data 1034.
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A user may enter commands and/or information into computer 1002 via
input devices such as a keyboard 1036 and a pointing device 1038 (e.g., a
“mouse”). Other input devices 1040 (not shown specifically) may include a
microphone, joystick, game pad, satellite dish, serial port, scanner, and/or the like.
These and other input devices are connected to processing unit 1004 via
input/output interfaces 1042 that are coupled to system bus 1008. However, input
devices and/or output devices may instead be connected by other interface and bus
structures, such as a parallel port, a game port, a.universal serial bus (USB) port,
an infrared port, an IEEE 1394 (“Firewire”) interface, an IEEE 802.11 wireless
interface, 8 Bluetooth® wireless interface, and so forth.

A monitor/view screen 1044 or other type of display device may also be
connected to system bus 1008 via an interface, such as a video adapter 1046.
Video adapter 1046 (or another component) may be or may include a graphics
card for processing graphics-intensive calculations and for handling demanding
display requirements. Typically, a graphics card includes a graphics processing
unit (GPU), video RAM (VRAM), etc. to facilitate the expeditious display of
graphics and performance of graphics operations. In addition to monitor 1044,
other output peripheral devices may include components such as speakers (not
shown) and a printer 1048, which may be connected to computer 1002 via
input/output interfaces 1042. -

Computer 1002 may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computing device
1050. By way of example, remote computing device 1050 may be a personal
computer, 8 portable computer (e.g., laptop computer, tablet computer, PDA,

mobile station, etc.), a palm or pocket-sized computer, a watch, a gaming device, a

-
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server, a router, a network computer, a peer device, another network node, or
another device type as listed above, and so forth. However, remote computing
device 1050 is illustrated as a portable computer that may include many or all of
the elements and features described herein with respect to computer 1002.

Logical connections between computer 1002 and remote computer 1050 are
depicted as a local area network (LAN) 1052 and & general wide area network
(WAN) 1054. Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets, the Internet, fixed and mobile
telepho_ne networks, ad-hoc and infrastructure wireless networks, other wircless
networks, gaming networks, some combination thereof, and so forth. Such
networks and communications connections are examples of transmission media.

When implemented in a LAN networking environment, computer 1002 is
usually connected to LAN 1052 via a network interface or adapter 1056. When
implemented in a WAN networking environment, computer 1002 typically

includes a modem 1058 or other component for establishing communications over

. WAN 1054. Modem 1058, which may be internal or extemnal to computer 1002,

may be connected to system bus 1008 via input/output interfaces 1042 or any
other appropriate mechanism(s). It is to be appreciated that the illustrated network
connections are exemplary and that other manners for establishing communication
link(s) between computers 1002 and 1050 may be employed.

In a networked environment, such as that illustrated with operating
environment 1000, program modules or other instructions that are depicted
relative to computer 1002, or portions thereof, may be futly or partially stored in a
remote media storage device. By way of example, remote application programs

1060 reside on a memory component of remote computer 1050 but may be usable

7
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or otherwise accessible via computer 1002. Also, for purposes of illustration,
application programs 1030 and other processor-executable instructions such as
operating system 1028 are illustrated herein as discrete blocks, but it is recognized
that such programs, components, and other inslIucﬁons. reside at various times in
different ;mrage components of computing device 1002 (and/or remote computing
device 1050) and are executed by processor(s) 1004 of computer 1002 (and/or
those of remote computing device 1050).

Although systems, media, devices, methods, procedures, apparatuses,
techniques, APls, schemes, approaches, procedures, errangements, and other
implementations have been described in language specific to structural, logical, -
algorithmic, functional, and action-based features and/or diagrams, it is to be
understood that the invention defined in the appended claims is not necesaarily
limited to the specific features or diagrams described. Rather, the specific features
and diagrams are disclosed as exemplary forms of implementing the claimed

invention.
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CLAIMS

1. A method for designing an application programming interface (API),

the method comprising:

preparing a plurality of code samples for a core scenario, each respective

code sample of the plurality of code samples corresponding to a respective
programming language of a plurality of programming languages; and

deriving the API from the core scenario responsive to the plurality of code

samples.

2.  The method as recited in claim 1, further comprising;:
determining, by an API designer, if the derived API is too complex.

12

]

7 3. The method as recited in claim 2, further comprising:

15 if the derived API is determined to be too complex, then

16 refining, by the API designer, the derived API to produce a refined
T APL

18

19 4.  The method as recited in claim 3, further comprising:

20| determining, by the API designer, if the refined API is too complex.

2l

a 5. The method as recited in claim 1, further compriging:

Pey performing one or more usability studies on the API utilizing a plurality of
24|| developers.
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6. The method as recited in claim 5, wherein the performing comprises:
performing the one or more usability studies on the API utilizing the
plurality of developers wherein the plurality of developers are typical for

the plurality of programming languages.

7.  The method as recited in claim 5, further comprising:
ascertaining whether the plurality of developers are able to use the API
without significant problems.

8. The method as recited in claim 7, further comprising:
if the plurality of developers are not ascertained to be able to use the API
without significant problems, then revising the APIL

9. The method as recited in claim 8, wherein the revising comprises:
revising the API based on at least one lesson from the one or more

usability studies.

10. The method as recited in claim 1, wherein the deriving comprises:
deriving the API to support the plurality of code samples that
correspond respectively to the plurality of programming languages.
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| 11.  The method as recited in claim 1, wherein the deriving comprises:

:" gleaning language-specific mandates from the plurality of code
3 . samples; and
4 incorporating the language-specific mandates into the API,
)
.6 12.  The method as recited in claim 1, wherein the deriving comprises:
1|- gleaning language-inspired developer expectations from the plurality
;H of code samples; and
sf incorporating the language-inspired developer expectations into the
10] APIL
u
1 13.  The method as recited in claim 1, wherein the deriving comprises:
T gleaning commonalities from the plurality of code samples; and
14 incorporating the commonalities into the APL.
1s|
te| 14,  The method as recited in claim 1, wherein the deriving comprises:
1 deriving the API to have an aggregate component that ties a plurality

H |

of lower-level factored types together to support the core scenario.
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15. A method for designing an application programming interface
(API), the method comprising:

selecting a core scenario for a feature area;

writing at least one code sample for the core scenario; and

deriving an API for the core scenario responsive to the at least one code

sample.

16.  The method as recited in claim 15, wherein the selecting comprises:

selecting & plurality of core scenarios for the feature sres.

17.  The method as recited in claim 16, further comprising:
repeating the writing and the deriving for each core scenario of the plurality

of core scenarios that are selected for the feature area.

18, The method as recited in claim 15, wherein the writing comprises:
writing a plurality of code samples for the core scenario, each

respective code sample of the plurality of code samples corresponding to a

respective programming language of a plurality of progmmming languages.

19.  The method as recited in claim 18, wherein the deriving comprises:
deriving the API for the core scenario responsive to the plurality of

code samples,
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20. The method as recited in claim 15, further comprising:
performing one or more usability studies on the API utilizing a plurality of

developers;

ascertaining whether the plurality of developers are able to use the API

without significant problems; and

if the plurality of developers are not ascertained to be able to use the API

without significant problems, then revising the API.

21. The method as recited in claim 20, wherein the re_vising comprises:
revising the API based on at least one lesson from the one or more
usability studies to produce a revised API.

22. The method as recited in claim 21, further comprising:
repeating the performing and the ascertaining with respect to the revised

23.  The method as recited in claim 15, wherein the deriving comprises:

deriving the API to support the at least one code sample written for
the core scenario by producing a two-layer API that includes an aggregate
component and a plurality of underlying factored types.

273
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24. The method as recited in claim 15, wherein the deriving comprises:
gleaning one or more language-specific mandates from the at least
one code sample; and
incorporating the one or more language-specific mandates into the
APL

25.  The method as recited in claim 15, wherein the deriving comprises:
encapsulating a particular factored type into an aggregate component

that is associated with the core scenario if all members of the particular

factored type are exposed by the aggregate component.

26. The method as recited in claim 15, wherein the deriving comprises:

encapsulating a particular factored type into an aggregate component
that is associsted with the core scenario if the particular factored type is
independently uninteresting to other component types.

27. The method as recited in claim 15, wherein the deriving comprises:
exposing a particular factored type from an aggregate component

that is associated with the core scenario if at least one member of the

particular factored type is not exposed by the aggregate component.

)
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28, The method as recited in claim 15, wherein the deriving comprises:
exposing a particular factored type from an aggregate component
that is associated with the core scenario if the particular factored type can

be beneficially used independently of the aggregate component by another
component type.

29. The method as recited in claim 15, wherein the deriving comprises:
producing a two-layer framework that includes component types
targeting a relatively higher level of abstraction and component types

targeting a relatively lower level of abstraction.

30. The method as recited in claim 29, wherein the component types

targeting the relatively higher level of abstraction are directed to core scenarics.

31. The method as recited in claim 29, wherein the component types

targeting the relatively lower level of abstraction provide a relatively greater
amount of control to developers as compared to the component types targeting the

relatively higher level of abstraction.

32. The method as recited in claim 15, wherein the deriving comprises:
deriving the API so as to enable a developer to implement a create-

set-call usage pattern for the core scenario.
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33, The method as recited in claim 32, wherein the deriving comprises:
producing the API with pre-selected parameters that are

appropriate for the core scenario.

34. A method for designing an application programming interface
(API), the method comprising:

deriving an API for a scenario responsive to at least one code sample
written with regard to the scenario;

performing one or more usability studies on the API utilizing a plurality of
developers; and

revising the API based on the one or more usability studies.

35. The method as recited in claim 34, further comprising:
writing a plurality of code samples with regard to the scenario, each
respective code sample of the plurality of code samples corresponding to a
respective programming language of a plurality of programming languages;
wherein the deriving comprises:
deriving the API for the scenario responsive to the plurality of code

samples.
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36. The method as recited in claim 34, further comprising, prior to the
performing one or more usability studies on the API:
determining, by an API designer, if the derived API is too complex;
if the derived API is determined to be too complex, then
refining, by the API designer, the derived AP! to produce a refined
API; and .
determining, by the API designer, if the refined AP is too complex.

37. The method es recited in claim 34, further comprising:

ascertaining whether the plurality of developers are able to use the API
without significant problems; and

when the plurality of developers are not ascertained to be able to use the
API without significant problems, then implementing the revising;

wherein the revising comprises:

revising the API based on at least one lesson from the one or more
usability studies to produce a revised APL

38. The method as recited in claim 37, further comprising:
repeating at least the performing and the ascertaining with respect to the
revised API.
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39. The method as recited in claim 37, wherein the ascertaining

2|| comprises:

ascertaining whether the plurlity of developers are able to use the
AP! without significant problems with regard to a desired level of usability
for at least one targeted developer group, wherein the desired level of
usability includes considerations with respect to (i) frequent and/or
extensive reference to detailed APl documentation by the plurality of
developers, (ii) a failure of a majority of the plunality of developers to
implement the scenario, and (iii) whether the plurality of developers take an
approach that is significantly different from what is expected by an API
designer.

40. The method as recited in claim 34, further comprising:
selecting a plurality of core scenarios for a feature area;

repeating the deriving, the performing, and the revising for each core

1s|| scenario of the plurality of core scenarios.

41. The method as recited in claim 40, wherein the deriving comprises:
producing an aggregate component for each core scenario of the

plurality of core scenarios.

42. The method es recited in claim 34, wherein the deriving comprises:
producing an aggregate component that has a respective relationship
with each respective factored type of a plurality of factored types.
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43. The method as recited in claim 42, wherein the producing
comprises:
producing the aggregate component to support the scenario

for which the at least one code sample is written.

44, The method as recited in claim 42, wherein the producing
comprises:
producing the aggregate component to have an exposed
relationship with at least one factored type of the plurality of
factored types and an encapsulated relationship with at least one
other factored type of the plurality of factored types.

45. The method as recited in claim 44, wherein the at least one other
factored type of the plumality of factored types that has the encapsulated
relationship with the aggregate component can be handed off by the aggregate

component for direct interaction with another component type.

46. The method as recited in claim 42, wherein the plumlity of factored
types are designed using an object-oriented methodology.
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" 47. A method for designing an application programming interface

(API), the method comprising:

preparing a plurality of code samples for a core scenario, each respective
code sample of the plurality of code samples comresponding to a respective
programming language of a plurality of programming languages;

deriving the API for the core scenario responsive to the plurality of code
samples;

performing one or more usability studies on the API utilizing a plurality of
developers; and

revising the API based on the one or more usability studies.

48. A method for designing an application programming interface
(API1), the method comprising:

writing at least one code sample for a scenario; and

deriving an API for the scenario responsive to the at least one code sample,
the API including (i) an aggregate component that is adapted to facilitate
implementation of the scenario and (ii) a plurality of factored types that provide
underlying functionality for the aggregate component, the API enabling a gradual
progression from using the aggregate component in simpler situations to using an
increasing portion of the plurality of factored types in increasingly complex

situations.
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49. A method for designing an application programming interface
(API), the method comprising:

deriving at least one aggregate component to support at least one code
sample for at least one scenario;

determining additional requirements with respect to the at least one
scenario;

deciding if the additional requirements can be added to the at least one
aggregate component without adding undue complexity to the at least one
scenario; and

if not, defining a plurality of factored types responsive to the deciding.

50. The method as recited in claim 49, further comprising:
if so, refining the at least one aggregate component to incorporate the

additional requirements.
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'q 51. The method as recited in claim 49, further comprising:

2 selecting a plurality of core scenarios for a feature area, the plurality of core
,I| scenarios including the at least one scenario; and -

I writing a plurality of code samples showing preferred lines of code for the
s" plunality of core scenarios, the plurality of code samples including the at least one

s|| code sample;

| 58 Any Dockat Mo. COCLNENTD B A0 UMER T8 ARD SETINOGUACTRTNCOS EOURAIES LOCALANG

1 wherein the deriving comprises:
| deriving a plurality of aggregate components, which include the at
9 least one aggregate component, to support the plurality of code samplea for
10 the plurality of core scenarios.
1 .
12 52. The method as recited in claim 49, wherein the deriving comprises:
"ﬁ deriving the at least one aggregate component with appropriate
1 methods, defaulis, and abstractions to support the at least one code sample
13 for the at least one scenario.
16
nl 53.  The method as recited in claim 49, further comprising:
n refining the at least one code sample according to the at least one derived
s]| aggregate component, and
Tl . evaluating the refined at least one code sample with regard to simplicity;
n|| and
n repeating the deriving if the refined at least one code sample fails to be
oj| sufficiently simple in the evaluating. ; ﬂm [ |
u .:.-j__ m&-lmm JI
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54. The method as recited in claim 49, wherein the determining

2| comprises:

determining additional requirements with respect to the at least one
scenario, wherein the additional requirements include additional scenarios,

additional usages, and additional interactions with other component types.

55. The method as recited in claim 49, wherein the deciding comprises:
considering whether adding the additional requirements to the at
least one aggregate component kinders a create-set-call usage pattern.

56. The method as recited in claim 49, wherein the defining comprises:
defining the plurality of factored types responsive to the deciding
with an ideal factoring of a full set of functionality.

57. The method as recited in claim 49, wherein the defining comprises:
defining the plurality of factored types responsive to the deciding

using one or more object-oriented methodologies.

58. ‘The method as recited in claim 49, further comprising:
determining whether the at least one aggregate component is to encapsulate

or expose the functionality of each factored type of the plurality of factored types.

‘Q"r.-..

Eiminado: MS1-1 M5US

." PATAPP (2).DOC

¢ | Insartado: MS1-1348US
{ *| raTAPP @)DOC

1MEUSPATAPP




14
15
16
17
llf

19}

59. The method as recited in claim 49, further comprising:

refining the plurality of factored types to support the at least one aggregate

component and the additional requirements.

Efiminado: MS1-" H8US

I PATAFP (2).00C

¢ [ Insartady: MS1-1743US
!.'| PATAPP 2)DOC

i § elminada: MS1-

Ir 7] rMBUSPATAPP
e

. .




13

14
15
14
17
l'|

ABSTRACT _

A first exemplary method implementation for designing an application
programming interface (API) includes: preparing multiple code san:lples for a core
scenario, each respective code sample of the multiple code samples correspondi.ng
to a respective programming language of multiple programming languages; and
deriving the API from the core scenario responsive to the multiple code samples.
A second exemplary method for designing an API includes: selecting a core
scenario for a feature area; writing at least one code sample for the core scenario;
and deriving an API for the core scenario responsive to the at least one code
sample. A third exemplary method for designing an API includes: deriving an
API for a scenario responsive to at least one code sample written with regard to
the scenario; performing one or more usability studies on the API utilizing
multiple developet:s; and revising the API based on the one or more usability

studies.
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WHEREAS, ASSIGNOR(S) (listed ebove) are inventarls) of x invention entitled
~Dasign of Applicstion mm Interfaces (APL)," as dmsajbed and claimed in the
spacification forming part af an appllcation for Urdted States letters patant referenced shove;

WHEREAS, Microsoft Corparation (Nareinafer referred to u ASSIGINEE). & corporation
of the State of Waihington having & place of busines at One Micussdt Way, Radmond, WA
mhmdquhhg.mmm&endhmnmdb the nvention end in
wxd o any letters patent that zury be grinted therefor in the Uited States and n sy end all
foralgn countries; _

NOW, THEREFORE. in exhangs for good ad vahiable corsidecation, th selpt of
which 18 hereby acknowladged, ASSIGNOR(S) hareby sall, apsign and bransfer unio ASSIGNEE,
the entire ight, tilg and intacest in and to said invention, said spplication and uy and all
Letters putent which may be granted for axid invention in the United Sates of Amarica and its
territerial posseasions and {n any and ll foreign countries, and in any and all divistors, refssues
Mmmumwmudm;hﬂwhﬂe.hdpmﬂnmmxﬂyhhmd
ASSIGNEE and to daim priority dlghis deriving £rom mid United States application o which
said foreign applications’ are antitied by virtue of intenutional convention, treaty or otherwise,
sald invention, applicatian and all letters gawns on ssid frvvention to be held and enjoyed by
ASSIGNEE and its successars and assigna for their use and benefltznd of thelr successors and
a1sigza w3 fully and entiraly ag the sama wonld have been held and enjoyed by ASSKNOR(S)
had this assignznent, transfer and gale not been made. ASSIGNOR(S) hereby autharize and
request the m: of Patens and Trademarks to issun q_,.llbhn patent on sald
invantion to ASSIGNEE. ASSIGNOR(S) agree to ewcuta ts and documnents

[ tent on sald for litigatian 1k -
invention, for litiga: xl ﬁ!@_ papose af

protacting ttle to-sald hw-mimo; letters \- ﬂc@%‘ :}
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WHEREAS, ASSIGNOR(S) (Mated sbove) are inventorls) of an invention entitied
“Design of Applisation Programming Interfaces (APIs).” as descrbed and claimed in the
specification foxming part of an application for United States Jetiers paient referenced above;

i WHEREAS, Micrasolt Carpoation {bereinafter refarzed 1o a5 ASSIGNEE), a corpozation
of the Stats of Washington having s place of business at One Micusoft Way, Redmend, WA
98052, Is degirous of acquiring the entire right, title and interestinand to tha lnvention and in
and to any lettars patent that may be granted therafos in the United States and in any and all

foreign counixies;

NOW, THEREFORE, in exchangs far good and valuable consderation. the receipt of
which s heroby acknowledged, ASSIGNORS) hereby sell, assign and transfer unio ASSIGNEE,
 the entire right, title and interest In end  puid jnvantion, sald application and any and all
lerters patant which puy be granted for sald invention in the United States of Amaries and its
territorfal possessions xnd in any and all foreign countries, and in any and 21l divisions, relssues
and continuations thereof, including the right to file foreign appliations directly in the namna of
ASSIGNER and (o claim priczity rights dariving from said United Siates application to which
said foreign applications are entitled by virtue af intermational convention, treaty or stherwise,
said invention, application end all lettexs paiwnt on ssid invention i be held wnd enjoyed by
ASSIGNEE snd jts succesacrs and assigns for thelr use and banefit and of their successors and
unsigns a3 fully and entiraly as the same would have been held md anjoyed by ASSGNOR(S)
had this asxigament, tranafer and sale not been made. ASSIGNOR(S) hereby antharize and

request the Commissioner of Patents and Trademarks to ;Pﬂ' | latters pamt an said
invention to ASSIGNEE. ASSIGNOR(S) agres to agw ° ﬁ‘p&gnh and decaments
. &

A

patent on said invention, for litigation repErgER
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ey borony ~ 30579601
Sarial Na. 19/692.330,

WHEREAS, ASSIGNOR() (lated above) are inventor(i) of un invention entided
*Design of Application Programming Interfaces (APL)” a5 described and cladmed in the
specification forming part of an application for United States latiars patent refuenced above;

WHEREAS, Microsoft Corporation (heteinafter raferred to as ASSIGNEE), a corparstion
of the State of Washingtan having & place of business at.One Micyosok Way, Redmond, WA
98052, is deairaus of acquiring the entire right, title and interest in sad to the invention end in
snd to any letters patent that sy be granted therefor in the Undted States and in any and all

foreign countries;

NOW, THEREFORE, in oxchangs for good and valushle considerstion, the receipt of
which is hereby acknowledged, ASSIGNOR(S) heruby sall, assign and tranafer ento ASSIGNEE,
the entire right, title and {nterest in and to said invention, sald application and any and all
letters patent which zmay be granted for said invention in the United States of Amexica and its
territarial possessions and in any and all foreign eountries, and in any and all divisions, reismues
mdcenﬁnmdmphmtﬁdudhgﬂndghtbﬂefwﬁpappﬂnﬂuudhcﬂyhﬂn:;uud
ASSIGNEE and to claim priority rights derlving from said United States application to.which
eaid foraign spplications asy entitied by virtas of intemational tovention, traaty or otherwiss,
said invention, application and all letiers patent on said invention bbeheldlndmhyed'by
ASSIGNEE and its successors and assigns for their use l‘ndhmﬂunddthd:nun'snnmd
.mgnmmuymumuayummwmdmmmmqwhmsﬁﬁmm ‘

[ o
had thic assignment, traywfer and sale not been made. ASSIG; i and
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WHEREAS, ASSIGNOR(S) (lstad above} are inventor(s) of an invention entifled
“Design of Application Programuning Interfaces (APL),” as described and claimed in the
specification farming part of an application for Undted States letters patent referenced above;

WHEREAS, Microsoft Corporation (hereinaftar referred to as ASSIGNEE), a corponation
of the State of Washington having a place of business st Ona Microsoft Wiy, Redmond, WA
98052, is desirous of acquiring the entire right, title and interest in and to the invention and in
and to any letters patert that may be granted therefor in tha Un{ted States and in any and all
foreign countriax;

NOW, THEREFORE, in exchange for good and valuable constderation, the receipt of
which {8 hereby acknowledged, ASSIGNOR(S) hereby sall, assign and tranafer unto ASSIGNEE,
the antire right, titde and interest in and W said invention, said application and any and all
Jetters patent which may be granted for said irvention in the United States of America and fts
tarritarial possessions wnd in any and all foreign countues, and in any and all divisions, relssues
and continuatinns thereo/, including the ¥ght 10 Ale foreign applications directly in the name of
ASSIGNEE and to clalm priority rights deriving from said United States application to which
said foreign applications are entitied by virtue of internaticnal convention, treaty or othaxwise,
nldimmﬂmupﬁnmmdnnmhuplntmnuinmﬂunuhheldndww
ASSIGNER andl its successors and assigns for thelr use and benefit and of thelr successars and
wsxigns as fully and entirely as tha same would have been held and anjoyed by ASSIGNOR(S)
had this sssignment, transfer and sale not besn mada. ASSIGNOR(S) hareby suthorize and
nqunrmcmumimndhlmh-ndmmhnlummlmuplhmmmd

invention to ASSIGNEE. ASSIGNOR(S) agree to execute all instruments and documents

Prolecting titla to sald invention or letters patent therafor.
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debidamente reconocida por el Ministerio de Relaciones Exteriores y autorizada

por el Ministerio de Justicia y del Derecho por Resolucién No. 323 de 1880.
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AL: Honorable Comisionado de Patentes y Marcas: Por favor registre los anexos
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1.

Nombre(s) de la(s) parte(s) que entregan:

Krzysztof J. Chalina, Bradley Moore Abrams, Anthony J. Moore, Christopher L.
Anderson

Nombres Adicionales de la(s) parte(s) que entregan anexas? _X__ Si __No
Nombre(s) y Direccién(es) de la(s) parte(s) que reciben:

Nombre:Microsoft Corporation
Direccién Interna:

Calle:One Microsoft Way
Ciudad:Redmond  Estado: WA Cédigo Postal: 98052 % 2

Naturaleza de la Entrega:
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Otro

Fecha de Suscripciéon; 01/29/04; 02/03/04; 01/28/04
4. Numero(s) de Solicitud o Nimero(s) de Patente:
Si este documento se esta presentando con una nueva solicitud, la fecha de
suscripcion de la nueva solicitud es:
A. Solicitud de Patente No.(s)
B. Patente No.(s)
Nameros Adicionales anexos? ___Si _X No
5. Nombre y Direccién de la parte a quien la cormespondencia relacionada con
este asunto debera ser enviada:
Nombre:Keith W. Saunders, Reg No. 41.462
Direccién Lee & Hayes, PLLC
Direccién Calle 421 West Riverside Avenue Suite 500
Cuidad: Spokane
Estado WA
Zip: 99201
6. Numero total de Patentes y solicitudes involucradas: 1
7. Total Derechos (37 CFR 3.41)................ $__40.00
____Adjunto __X__Autorizado para cargarse a cue 3 d
depésito &
8. Nomero de Cuenta de Depdésito: 12-00769

9. Declaracién y Firma
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Segﬂh mi leal saber y entender, la anterior informacién es verdadera y commecta

y cualquier copia anexa es una copia verdadera del documento original.

Keith W. Saunders, Reg No. 41.462 (Firmado) 3/19/2004
Nombre de la persona firmante Firma Fecha

Ndmero Total de Paginas incluyendo esta caratula 14

Envie documentos para ser registrados con la informacién requerida en la carédtula a:
Caja de Ceslones
Comisionado Oficina de Marcas y Patentas de EUA, Cormeo de Ceslones
Alexandria, Virginia 22313-1450

7000733328 PATENTE ROLLO 00114447 MARCO:0289

CARATULA DE FORMATO DE REGISTRO
Péagina 2

Solicitud No. 10/6982,320

1.Nombre(s) de la(s) parte(s) que entregan:
Michael Pizzo

Robert Allan Brigham Il

PATENTE ROLLO 00114447 MARCO:0269

Expediente de Abogado MS1-1748US
Expediente MS No. 305796.01
Serie No. 10/692.320




EN LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS

Nimero de Serie..........c.c.ccoocciriivinincniienen eeans 10/692.320

Fecha de Presentacion...............cc..ooevvviiinnieenennn. Oct. 23,2003

INVONLON.......c et s s Cwalina et. Al.
Solicitante..............cccocvinrin e, Microsoft Corporation
Expediente Abogado..............ccccomrrirniniirnrerccenrnee MS1-1748US
Expediente MS No.............cooeniieiciiiiin e 305798.01

Titulo..: “DISENO DE INTERFACES DE PROGRAMACION DE APLICACIONES
(API1)"
CESION DE PATENTE

PARTES DE LA CESION

Cedente(s):

Krzysztof J. Cwalina
7583 Old Redmond Road, Apt. A204

Redmond, Washington‘QBosz

Bradley Moore Abrams
7517 128" PL NE
Kirkland, Washington 88033

Anthony J. Moore
4418 Corliss Avenue North, Apt A




2I8

Seattie, Washington 88112

Christopher L. Anderson
18612 SE 45™ Street
Issaquah, Washington 98027

Michael Pizzo
528 W Lake Sammamish PKWY SE
Bellevue, Washington 98008

Robert Allan Brigham i

21226 NE 132™ Ct.

Woodinville, WA 98072

Microsoft Corporation

Sociedad en el Estado de Washington
One Microsoft Way

Redmond, WA 98052

ACUERDO

Pégina 1de 3 PATENTE ROLLO 01444
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Expediente de Abogado MS1-1748US
Expediente MS No. 305796.01
Serie No. 10/892.320

POR CUANTO, LOS CEDENTES (arriba enumerados) son inventores de una
invencién titulada °"DISENO DE INTERFACES DE PROGRAMACION DE
APLICACIONES (API)", como se describe y reivindica en la especificacion que
forma parte de la solicitud para Patente de los Estados Unidos arriba en

referencia;

POR CUANTO, Microsoft Corporation (en adelante referida como CESIONARIO),
una sociedad del Estado de Washington teniendo su domicilio de negocios en One
Microsoft Way, Redmond, WA 88052, tiene deseo de adquirir el entero derecho,
titulo e interés en y para la invencién y en y para los certificados de patente que
puedan ser otorgados a la misma en los Estados Unidos y en cualesquier y todos

los pafses extranjeros;

AHORA POR CONSIGUIENTE, a cambio de una consideracién buena y valuable,

recibo de la cual por el presente se reconoce, los CEDENTES por, d""‘ﬁgesente

certificados de patente que pudieren ser f/
,‘\' .. - .
Estados Unidos y en sus posesiones territoriales /’ ualesquigra. v
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continuaciones de la misma, incluyendo el derecho de presentar solicitudes
extranjeras directamente a nombre del CESIONARIO y de reivindicar derachos de
prioridad derivados de la mencionada solicitud en los Estados Unidos para la cual
dichas solicitudes extranjeras tengan derecho en virtud de convenciones
internacionales, tratados o de cualquier otra manera, dicha invencién, solicitud y
todas los certificados de patente para dicha invencién serdn mantenidos y
disfrutados por el CESIONARIO y sus sucesores y cesionarios para su uso y
beneficio y de sus sucesores y cesionarios como si el mismo hubiese sido
completamente y enteramente mantenido y disfrutado por los CEDENTES si esta
cesion, transferencia y venta no hubiese sido efectuada. Los CEDENTES por el
presente autorizan y solicitan al Comisionado de Patentes y Marcas que expida'
todos los certificados de patente para dicha invencién al CESIONARIO. Los
CEDENTES acuerdan suscribir todos los instrumentos y documentos necesarios
para la presentacién y prosecucién de las solicitudes para los Estados Unidos y
certificados de patentes extranjeras para dicha invencion, para litigios respecto de
dichos certificados de patente, o con el fin de proteger el titulo de dicha invenciéon
o certificados de patente de la misma.

Pagina 2 de 3 PATENTE ROLLO 014447 MARCO:0272

Expediente de Abogado MS1-1748US
Expediente MS No. 305796.01

Serie No. 10/682.320

01-29-04
Fecha

INTEPRETE OFICIAL
RES. Ne. 323 DEL MGN. DE JUSTICIA
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01-28-04 (Firmado)
Fecha Bradley Moore Abrams
Enero 29,2004 (Firmado)
Fecha Anthony J. Moore
(En blanco)
Fecha Christopher L. Anderson
(En blanco)
F cha Michael Pizzo
(En blanco)
Fecha Robert Allan Brigham Il
Pégina 3 de 3 PATENTE ROLLO 014447 MARCO:0273

Expediente de Abogado MS1-1748US
Expedients MS No. 305796.01
Serie No. 10/692.320
EN LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS

Nimerode Sefie............co..cviimeciiminieenin e cveneeans 10/682.320

Fecha de Presentacion.................c.occeiveniicnninnnnn. Oct. 23,2003

INVeNLON........c.c e Cwalina et. Al. ‘
SOUCHBIDE. ...t ses e Mima}@fﬁgﬁ jon
Expediente Abogado.............cccerrerimrinicsinenienenene M

Expediente MSNo.............cooooiiiiiiiiinnne, i 5196

Titulo... “DISENO DE INTERFACES DE PROGRA
(API)"
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CESION DE PATENTE

PARTES DE LA CESION

Cedente(s);

Krzysztof J. Cwalina
7583 Old Redmond Road, Apt. A204

R dmond, Washington 88052

Bradley Moore Abrams
7517 128" PL NE
Kirkland, Washington 98033

Anthony J. Moore
4418 Corliss Avenue North, Apt A
Seattle, Washington 88112

Christopher L. Anderson
18612 SE 45" Street
issaquah, Washington 98027

Michael Pizzo
528 W Lake Sammamish PKWY SE
Bellevue, Washington 98008
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Robert Allan Brigham |l
21228 NE 132™ Ct.
Woodinville, WA 98072

Cesionario:

Microsoft Corporation

Sociedad en el Estado de Washington
One Microsoft Way

Redmond, WA 98052

ACUERDO

Pégina 1 de 3 PATENTE ROLLO 014447 MARCO:0274
Expediente de Abogado MS1-1748US

Expediente MS No. 305796.01

Serie No. 10/682.320

POR CUANTO, LOS CEDENTES (amriba enumerados) son inventores de una
invencion titulada “DISENO DE INTERFACES DE PRE GR&MAC N DE

e \P;p‘,,\.
APLICACIONES (API)", como se describe y raivind fooPtedsp i lcacibﬁwue
referencia; il S

TRADUCTION OTICIAL m,&)_@lﬁz
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POR CUANTO, Microsoft Corporation (en adelante referida como CESIONARIO),
una sociedad del Estado de Washington teniendo su domicilio de negocios en One
Microsoft Way, Redmond, WA 98052, tiene deseo de adquirir el entero derecho,
titulo e interés en y para la invencién y en y para los certificados de patente que
puedan ser otorgados a la misma en los Estados Unidos y en cualesquier y todos

los palses extranjeros;

AHORA POR CONSIGUIENTE, a cambio de una consideracién buena y valuable,
recibo de la cual por el presente se reconoce, los CEDENTES por el presente
venden, ceden y transfieren al CESIONARIO, El entero derecho, titulo e interés en
y para la mencionada invencién, la mencionada solicitud y cualesquiera y todas los
certificados de patente que pudieren ser otorgadas para tal invencién en los
Estados Unidos y en sus posesiones territoriales y en cualesquiera y todos los
paises extranjeros, y en cualesquiera y todas las divisiones, reexpediciones y
continuaciones de la misma, incluyendo el derecho de presentar solicitudes
extranjeras directamente a nombre del CESIONARIO y de reivindicar derechos de
prioridad derivados de la mencionada solicitud en los Estados Unidos para la cual

dichas solicitudes extranjeras tengan derecho en virtud de convenciones

intemacionales, tratados o de cualquier otra manera, dicha invencié&,s‘&l%@ud Y
. N1 6 g

524




presente autorizan y solicitan al Comisionado de Patentes y Marcas que expida
todos los certificados de patente para dicha invencién al CESIONARIO. Los
CEDENTES acuerdan suscribir todos los instrumentos y documentos necesarios
para la presentacién y prosecucion de las solicitudes para los Estados Unidos y
cerlificados de patentes exiranjeras para dicha invencion, para litigios respecto de
dichos certificados de patente, o con el fin de proteger el titulo de dicha invencién
o certificados de patente de la misma.

Pégina 2 de 3 PATENTE ROLLO 014447 MARCO:0275

Expediente de Abogado MS1-1748US

Expediente MS No. 305796.01

Serie No. 10/892.320

(En blanco)
Fecha Krzysztof J. Cwalina
(En blanco)
Fecha Bradiey Moore Abrams
(En blanco)
Fecha Anthony J. Moore
2/3/104 (Firmado)
Fecha Christopher L. Anderson
(En blanco) ;:-"?'%
Fecha Michael Pizzo 5" .«%
@0
(En blanco) oo}

Fecha Robert Allan Bridffx

Pagina 3de 3 PATENTE ROLLO 014447 !




Expediente de Abogado MS1-1748US
Expediente MS No. 305798.01
Serie No. 10/692.320
EN LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS

Ndmero de Serie............cccmi i 10/892.320

Fecha de Presentacion.................ccccoiveeniiicinnnnne, Oct. 23,2003

INVEBNLON..........c.. e Cwalina et. Al.
Solicitante..........c..cccceiiivimrcnnir Microsoft Corporation
Expediente Abogado...........c.ccvvmieeerireriecr e, MS1-1748US
Expediente MS No............cccooviiiiiiciin e 305796.01

Titulo..: “DISENO DE INTERFACES DE PROGRAMACION DE APLICACIONES
(API)”
CESION DE PATENTE

PARTES DE LA CESION
Cedente(s):

Krzysztof J. Cwalina

7583 Old Redmond Road, Apt. A204
Redmond, Washington 88052

Bradley Moore Abrams
7517 128" PL NE
Kirkland, Washington 88033




Anthony J. Moore
4418 Corliss Avenue North, Apt A
Seattle, Washington 88112

Christopher L. Anderson
18612 SE 45" Street
Issaquah, Washington 898027

Michael Pizzo
528 W Lake Sammamish PKWY SE
Bellevue, Washington 98008

Robert Allan Brigham Il
21226 NE 132™ Ct.
Woodinville, WA 88072

Cesionario:

Microsoft Corporation

Sociedad en el Estado de Washington
One Microsoft Way

Redmond, WA 98052

ACUERDO
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Pagina 1de 3 PATENTE ROLLO 014447 MARCO:0277
Expediente de Abogado MS1-1748US

Expediente MS No. 305796.01

Serie No. 10/892.320

POR CUANTO, LOS CEDENTES (amiba enumerados) son inventores de una
invencién titulada "DISENO DE INTERFACES DE PROGRAMACION DE
APLICACIONES (API)", como se describe y reivindica en la especificacién que

forma parte de la solicitud para Patente de los Estados Unidos armiba en

referencia;

POR CUANTO, Microsoft Corporation (en adelante referida como CESIONARIO),
una sociedad del Estado de Washington teniendo su domicilio de negocios en One
Microsoft Way, Redmond, WA 88052, tiene deseo de adquirir el entero derecho,
titulo e interés en y para la invencién y en y para los certificados de patente que

puedan ser otorgados a la misma en los Estados Unidos y en cualesquier y todos

los palses extranjeros;




Estados Unidos y en sus posesiones territoriales y en cualesquiera y todos los
paises extranjeros, y en cualesquiera y todas las divisiones, reexpediciones y
continuaciones de la misma, incluyendo el derecho de presentar solicitudes
extranjeras directamente a nombre del CESIONARIO y de reivindicar derechos de
prioridad derivados de la mencionada solicitud en los Estados Unidos para la cual
dichas solicitudes extranjeras tengan derecho en virtud de convenciones
intemacionales, tratados o de cualquier ofra manera, dicha invencién, soficitud y
todas los certificados de patente para dicha invencion seridn mantenidos y
disfrutados por el CESIONARIO y sus sucesores y cesionarios para su uUso y
beneficio y de sus sucesores y cesionarios como si el mismo hubiese sido
completamente y enteramente mantenido y disfrutado por los CEDENTES si esta
cesion, transferencia y venta no hubiese sido efectuada. Los CEDENTES por el
presente autorizan y solicitan al Comisionado de Patentes y Marcas que expida
todos los certificados de patente para dicha invencidén al CESIONARIO. Los
CEDENTES acuerdan suscribir todos los instrumentos y documentos necesarios
para la presentacion y prosecucion de las solicitudes para los Estados Unidos y
certificados de patentes extranjeras para dicha invencion, para litigios respecto de
dichos certificados de patente, o con el fin de proteger el titulo de dicha invencion
o certificados de patente de la misma.
Pégina 2de 3 PATENTE ROLLO 014447 MARCO;
Expedients de Abogado MS1-1748US
Expediente MS No. 305796.01

Serie No. 10/892.320

FRABUCOION OFICIAL n.mm:

HLDA AGULERA DE PECRAHIA
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) (En blanco)
. Fecha Krzysztof J. Cwalina

(En blanco)

Fecha Bradley Moore Abrams
(En blanco)

Fecha Anthony J. Moore
(En blanco)

Fecha Christopher L. Anderson

1/28/2004 (Firmado)

Fecha Michael Pixzo
(En blanco)

Fecha Robert Allan Brigham I

Pégina 3de 3 PATENTE ROLLO 014447 MARCO:0279

Expediente de Abogado MS1-1748US
Expediente MS No. 305796.01

Serie No. 10/692.320
EN LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS

Expediente ABOGAdO............cccccsuermmmcrmercmmrssessersssren: A\ ]
Expedionte MS NO.............o.oevereveeereeerseeseeeseseeae
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Titulo..: “DISENO DE INTERFACES DE PROGRAMACION DE APLICACIONES

(AP)*
CESION DE PATENTE
PARTES DE LA CESION
ente(s):
Krzysztof J. Cwalina

7583 Old Redmond Road, Apt. A204
Redmond, Washington 88052

Bradley Moore Abrams
7517 128" PL NE
Kirkiand, Washington 88033

Anthony J. Moore
4418 Corliss Avenue North, Apt A
Seattle, Washington 88112

Christopher L. Anderson
18612 SE 45" Street
Issaquah, Washington 98027

Michael Pizzo

528 W Lake Sammamish PKWY SE




Bellevue, Washington 88008

Robert Allan Brigham Il
21226 NE 132™ Ct.
Woodinville, WA 98072

Cesionario:

Microsoft Corporation

Sociedad en el Estado de Washington
One Microsoft Way

Redmond, WA 88052

ACUERDO

P4gina 1 de 3 PATENTE ROLLO 014447 MARCO:0280
Expediente de Abogado MS1-1748US
Expediente MS No. 305796.01

Serie No. 10/882.320

referencia;



POR CUANTO, Microsoft Corporation (en adelante referida como CESIONARIO),
una sociedad del Estado de Washington teniendo su domicilio de negocios en One
Microsoft Way, Redmond, WA 98052, tiene deseo de adquirir el entero derecho,
titulo e interés en y para la invencién y en y para los certificados de patente que
puedan ser otorgados a la misma en los Estados Unidos y en cualesquier y todos

los paises extranjeros;

AHORA POR CONSIGUIENTE, a cambio de una consideracién buena y valuable,
recibo de la cual por el presente se reconoce, los CEDENTES por el presente
venden, ceden y transfieren al CESIONARIO, El entero derecho, titulo e interés en
y para la mencionada invencion, la mencionada solicitud y cualesquiera y todas los
certificados de patente que pudieren ser otorgadas para tal invenciéon en los
Estados Unidos y en sus posesiones territoriales y en cualesquiera y todos los
paises extranjeros, y en cualesquiera y todas las divisiones, reexpediciones y
continuaciones de la misma, incluyendo el derecho de presentar solicitudes

extranjeras directamente a nombre del CESIONARIO y de reivindicar derechos de

prioridad derivados de la mencionada solicitud en los Estados Unidos para la cual




3

cesion, transferencia y venta no hubiese sido efectuada. Los CEDENTES por el
presente autorizan y solicitan al Comisionado de Patentes y Marcas que expida
todos los certificados de patente para dicha invencién al CESIONARIO. Los
CEDENTES acuerdan suscribir todos los instrumentos y documentos necesarios
para la presentacion y prosecucion de las solicitudes para los Estados Unidos y
certificados de patentes extranjeras para dicha invencién, para litigios respecto de
dichos certificados de patente, o con el fin de proteger el titulo de dicha invencién
o certificados de patente de la misma.

Pagina 2 de 3 PATENTE ROLLO 014447 MARCO:0281

Expediente de Abogado MS1-1748US

Expediente MS No. 305786.01

Serie No. 10/692.320

(En blanco)
Fecha Krzysztof J. Cwalina
(En blanco)
Fecha Bradley Moore Abrams
(En blanco)
Fecha Anthony J. Moore
(En blanco) s
Fecha Christopher L. Anderson o
%6, %ﬁ
(En blanco)
Fecha Michael Pizzo
1/29/2004 (Firmado)
Fecha Robert Allan Brigham}

REGISTRADO:03/19/2004
Péagina 3 de 3 PATENTE ROLLO 014447 MARCOX
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10.

Bogoté, D.C., Agosto 26 de 2004,

APOSTILLA
(Convencién de la Haya de Octubre 5 de 1961)

Pais: Estados Unidos de América

Este documento publico
Ha sido firmado por N. Williams
Actuando en calidad de Funcionario que certifica
Lieva el sello/estampilla de 1a oficina de Patentes y Marcas de los EEUU

CERTIFICADO
En Washington, D.C.
El cinco de Agosto, 2004.

Por el Funcionario de Autenticacién Asistente, Departamento de Estado de
los Estados Unidos
No. 04025116-1
Sello (Sello Redondo)
Firma
(Firmado)

Femesia T. Crawford
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SUPERTHIUSTRGR Y mn
Radicacion BABBATSR G300800 Folios: 3%

Fecha () 2994-83-39 13,88:43
Tramte + 082 PATENIES B 1 RESISTRD/ A1l PRESNTA

Bansudenc1at PARR DIVISTON BE MEWS CRERCIMES

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL '

TRAMITE
i PATENTE DE INVENCION MODELO DE UTILIDAD () 1
*
- Indicaclén da que se solicita la concesidn de una patente {) (/
- Dafos de identificacion del solicitants o de la persona que ss presenta {a solicliud ( ) V*’
Deseripelén de la Invencidn ()
e ).%ﬁ‘ Dibujos de ser estos partinenies. () ﬂ/
£ compruhnh dn Pago > do las tasas sstablecidas, .
"H i : ~
. a-\'\ "OOMPLEI'A { ) INCOMPLETA ( ) {)
- DISERO INDUSTRIAL () -
- |nd|aclbn de que se soliclta el reglstro de Disefio Industrial () {) b,
- Datos de Identificacion del sollcitante o de la persona que presenta () ()
- lasolicitud i,
- - Representaclén grifica o fotogrifioa ‘del Dieefio Indusirial o mueetra del L
'._ Matarial que Incorpora el diseho ( ) ()
Comprobante de pago de las fasas establecidas () () )
COMPLETA { ) INCOMPLETA () {) -

ESQUEMA DETRAZADO  { )

- Indlcaclén de que solicka el reglstro de un Esquema de trazado () (
- Datos de identlficacion del solcitante o de la persona que presenta
La sollcitud
Representacion grifica del esquema de trazado
Comprobante de pago de las tasas establecidas

—— Ry e
e S,
gt Tantt S e

COMPLETA { ) INCOMPLETA () ()

Fuma Raeponzbl 9%}/\

Fecha 30 %Q’— G -



Industria y Comerci

SUPERINTENDENCI
PROTOCOLO | /’i
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Expediente 04-84792

SUPERINDUSTRIA Y COMERCIO
SISTEMA DE REGISTRO

MANTENIMIENTO DE PROTOCOLOS

I
@
|Numero : 160689

[Fecha : 04/08/1995

|Conferido: MICROSOFT CORPORATION

I
Pais : US ESTADOS UNIDOS DE AMERICA

I
|Ciudad : 234 REDMOND, WASHINGTON

I

[Represent: S Sustituir: S  Desiglir: S

[No. Radicacion: 85 34820 Clase: 0 Seev: 0 Seac. 0
|

ia Codigo Ctr Nombre
I 77 A CARDENAS NAVAS DARIO ‘ i
| 2 3653 CARDENAS CABALLERO EDUARDO
| 3 5048 CARDENAS MARTINEZ BERNARDO

g ——

Encontrados (1/1) registro(s)

Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador: 382 0840
Fax: 350 5220
E-mail: info@sic.gov.co
www.sic.gov.co
Bogota, D.C., Colombia
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Industria y Comerci

1er. EXAMEN DE FORMA PATENTE DE INVENCION SUPEMWND_ENCM
Concepto No.729 ' Clasificacion Inemacional de Paientes G 08 F 13/42

Practicado el examen de acuerdo a lo establecido en el Art. 38 de ia Decisidn 486 se determind que esta solicitud
de Psatente de Invencién:

REVISION TECNICA

Si{¥] NO[] Contiene un resumen de ia invencion (Art.26-e).

SI[¥] NO[] Contiens el titulo o nombre de lainvencion (Art27-d).

SI[V] NO[) Contiene la descripcion de La invencion (Art.26-D).

SI[Y] NO[] NOAPLCA[ ]Confiene los dibujos necesarios para comprender la invencion (Art.26-d)
Si[¥] NO[] Confiene una 0 mis revindicaciones. {Art.26-c).

SI{ ] NO['] NO APLCA [Y] Han sido desarrollados los producios y/o procedimientos a partir de
recursos genéticos o de sus producios derivados de los que cuaiquiera de los Paises
Miembros es pais de origen. (Art. 26- h).

SI{] NO[] NOAPLCA[¥] Los producios y/o procedimientos han sido obienidos o desamollados a
partir de los conocimientos tradicionales de las comunidades Indigenas, afroamericanas, 0
locales de los paises miembros, de acuerdo a lo establecido en {a Declsién 391 y sus
modificaciones y regiamentaciones vigentes. (Art 26-1).

SI[-] NO[-] Lainvencion se refiere a un producio relativo a un material bioldgico. (Art.26-J).
SI[¥] NO[ ] NOAPLICA] ] Laprioridad coincide con ia maderia reivindicada.
SI[¥] NO{ ] CUMPLELOSREQUISITOS TECNICOS '

Radicacion No 04-84792

REVISION JURIDICA

SI[¥Y] NO[ ] NOAPLICA [ ]Presentt el documento en que consta la cesidn del derecho a la paienis
otorgado por el Inventor al solicitants o a su causants (art. 26-k,Dec 486/2000).

SI[Y] NO[] NOAPLICA|[ ] Presentd el poder otorgado a abogado, con el lieno de los requisios
juridicos exigidos.

SI{] NO[] NOAPLCA [ ] Acrediblaexsienciay representacion de la sociedad soficitants.

SI[Y] NO[] NOAPLICA[ ] Presenio la copia cerfificada de la prioridad invocada en los thminos
establecidos en los articulos 10 y 11, Dec. 486.

SI[¥] NO[ ] CUMPLELOSREQUISITOS JURIDICOS

[* ] OBSERVACIONES Y OTROS:
. Camera 13 No. 27-00 Pisos 5, 7 y 10
EXAMINADOR 202027 Conmutador: 382 0840
Bogoté D. C., 11-10-2004 Fax: 350 5220
E-mall: info@sic.gov.co
WWW.SiC.goV.CO

Bogotd, D.C., Colombla



Industria y Come

SUPERINTENDENCIA

]

2020
Bogotd DC

Doctor(a)
DARIO CARDENAS NAVAS *
Apoderado(a)

REFERENCIA:- Radicacién No.  04-84792

Trémite 002
. Evento 001
Actuacion 416
Oficio No. 1571
Folios 001

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, retine los requisitos de forma establecidos
en los articulos 26 y 27 de la Decisién 488 de la Comision de la Comunidad
Andina, y en las demads disposiciones vigentes sobre la materia, se envia el
exdracio de la solicitud a la Oficina de Comunicaciones para efecto de su
pubticacién en la Gaceta de Propiedad Industrial.

De acuerdo con lo previsto por el articulo 40 de la Decisién 486/00, la publicacion
on este caso se hard a pertir del dia 30 de febrero de 2008.

Dado en Bogoté DC, a los Y 5 OCT. 2004

ALIX CARM

Jefe do‘?

CESPEDES DE VERGEL

Carrera 13 No. 27-00 Pisos 5, 7y 10
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