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to the pie chart and report automatically. That is, all three renderings of the 
same underlying data are dependent on that data. In terms of our design 
principles, one or more content objects contain the data and several user 
interface objects depend on those content objects. Put another way, the 
dependent objects must receive notification whenever the underlying con­
tent objects change their state. In object-oriented design, this general 
problem of dependency and change notification is part of dependency 
management. Dependency management has been studied since the early 
days of Smalltalk and several object-oriented class libraries provide 
generic facilities in this area, including Smalltalk and MacApp version 3.0 . 

..,.. Basic Principles 

The basic idea in dependency management is to provide two facilities. 

1. An object can register itself as being dependent on another object. We 
use the terms dependent object for the object that receives subsequent 
notifications and notifying object for the object on which it depends. In 
almost all cases, the notifying object is a content object, while the 
dependent object may be of any type. 

2. Whenever a notifying object changes its state, it can send a change 
notice to all dependents or cause such a notification to be sent 
indirectly. 

The exact mechanisms for implementing these concepts vary from one 
environment to the next. The brute force implementation keeps the entire 
implementation within the notifying and dependent objects, in ways that 
we will discuss in a moment. The more elegant treatment is to set up a 
dependency manager, which is a single, globally accessible object that 
handles all aspects of registration and notification. A dependency manager 
maintains a dependency graph, a data structure that encapsulates all 
information about who is dependent on whom. 

For architectural purposes, it really doesn't matter which implementa­
tion you use. Either allows you to escape from a Hobson's choice; either 
violate the rule that content objects know nothing about non-content 
objects or adopt an ugly, inflexible architecture in which manager objects 
have to know a great deal about one another. In the spreadsheet example, 
suppose you did not use dependency management. There would only be 
two ways to implement the notification required. 

1. Have the content objects send messages directly to the user interface 
objects, thereby giving them knowledge of those interface objects. 



266 ..,.. Chapter 1 O Design 

This is a gross violation of our rule for content objects that states they 
should have no knowledge of the objects in other parts of the 
architecture. 

2. Have the manager that causes the content objects to update also send 
along notification to the managers of the other renderings. If the 
update comes through the grid presentation of the data, the manager 
of that rendering needs to know about the other renderings (pie chart 
and report) in order to send notification to their managers. This means 
the manager objects are not independent of one another and, there­
fore, are likely to be difficult to maintain and reuse. 

Providing an abstract means of registering dependence and sending 
change notifications avoids both of these problems. Dependency manage­
ment is such a powerful technique and so easy to implement if it is not 
provided for you, that the authors have trouble justifying ever not using it. 
Because of this, a special variation of the collaboration symbol from VOL 
is used to indicate a change notification that indirectly results from one 
object changing state, as shown in Figure 10-11. 

Scenario #: 153 
Authors: JV A,NLG 
3/17/92 

Technology Plane 

r:J"""-rMWLoatioru 
.....,......,,.....,=...,..,C.,.o...,m1<>0,...ne""""+ -~- - · · 

iew::DoUpdate in response to notification 

Dashed collaboration arrow indicates 
dependency notification. 

Figure l 0-11 . VDL convention for change notification 
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This shows the sequence of events when the data in the grid is updated. 
As you can see, the renderings indirectly receive change notification and, 
therefore, know to redraw themselves. This notation avoids having to 
constantly include the dependency manager object in scenarios. 

..... A Generic Scenario for Dependency 
Management 

Figure 10-12 shows a generic scenario for dependency management. There 
are three objects pictured: the dependency manager, a dependent object 
and a supporting object. 

As you can see, there isn't much involved. The dependency manager has 
three responsibilities: register the dependency of one object on another, 
remove a dependency, and send a change notification . .(The "remove" 
responsibility actually takes three forms: remove a specific dependent/ 
notifying pair, remove all pairs for a given dependent, and remove all pairs 
for a given supporting object. We have omitted the detail here.) The 
notifying object has two responsibilities: tell the dependency manager 
when it changes state and send a termination notice to the dependency 
manager immediately before it is destroyed so that all references to it can 
be removed from the dependency graph. The dependent object has three 
responsibilities: register its dependencies, accept change notifications 
from the dependency manager, and notify the dependency manager 
immediately before the dependent object is destroyed so that all references 
to it can be removed from the dependency graph. The arguments to the 
change notification are the object that has changed, the type of change, and 
the locus of change. The latter two data types vary according to the 
implementation and the needs of the application, but in the spreadsheet 
example they might be, respectively, "update" (vs. deletion or creation) 
and a range of cells affected. 

DoesntDependOn <Dependent Notifier) 

DependsOn (Dependent, Notifier) '-. Changed <Notifier. How. Where) 

ti n=~ \ 
1
1
1 =C=ba=n-'<'lg=ed.,_,,,,.(H""o~w~,~W~h,=re..._ 

De endOn Notifier ,.."-~-----.. 
,,,,Changed <Notifier. How. Where) Notifier 7 

Dependent- ,. ======9'-

Figure 10-12. Generic dependency management 
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This might not correspond exactly to the implementation available 
to you, but the basic structure is common to almost all dependency 
managers . 

...,. Implementing Dependency Management 

If you don't have dependency management available, do not despair. It is 
always possible to implement a simple version of dependency manage­
ment in a few days. The guts of the implementation are in the dependency 
graph, which has the responsibilities shown in Figure 10-13. Inside this 
object, the actual graph can be treated as a set of dependent/notifying 
object address pairs, implemented using your favorite data structure: 
sparse array, linked list, hash table, binary tree, or anything else you can 
steal from standard texts on sorting and searching. An alternate approach 
is to have dependency management inherited from "dependent" and 
"notifying" abstract classes (in single inheritance, combine these into a 
master class such as MacApp' s TObject). This approach is shown in Figure 
10-14. This approach has its drawbacks, but it is quick, simple, and reliable 
to implement. 

Note: An Iterator is an object that supports FJ.rst-Next iteration 
over a set of objects, in this case Dependents and Notifiers. 
The Each methods return iterators for use by the caller. The 
EachDependentOf method is used by the Dependency Manager 
to send notices to all dependents of a notifier. 

void,. First (void) 

/ 1 7/ void,. Next (void) 
terator / 

Figure 10-13. Dependency graph object 
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Figure l 0-14. Using a master class to implement dependency 
management 

~ Calibration, Part Ill: Synchroniza.tion 
So far, we have taken in-depth looks at two of the three forms of calibration: 
correlation and synthesis. Correlation is the way you make sure that 
double descriptions are consistent with one another. This applies between 
the Reference and Solution Models and otherwise applies only between 
regions of different planes. Synthesis allows you to integrate scenarios 
with one another and with the overall model. Synchronization rounds out 
the picture by providing a way to ensure consistency within a plane. 

There are five basic types of synchronization, all of which derive from 
common sense principles. However, even though the principles are 
simple, it is a challenge to apply them rigorously. The types of synchroni­
zation are 

1. Knowledge of other objects and data 
2. Creation and initialization 
3. Destruction 
4. Message protocol 
5. Connectedness 
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...,. Knowledge of Other Objects and Data 

Ultimately, collaborations are messages sent from one object to another. In 
order to send a message to a receiver, the sender must have its address. 
How did the sender acquire that address? This may sound like a trivial 
question, but it is one of the most important design issues you will face. On 
the one hand, greater knowledge allows more flexible collaborations. On 
the other hand, the more widely known an object is, the more difficult it is 
to change it without side effects. 

Let's look at an example from the Technology Plane of the payroll 
application. Suppose we have a window that contains an editable text 
field. In that field, we display the name of an employee. The name itself 
resides in the Content Model, while the editable text field is part of the 
User Interface Model. Clearly, the two must collaborate. Figure 10-15 
shows one possible treatment of this collaboration in which the editable 
text object asks the content object for the information and tells the content 
object when to change the information. 

DisplayNaroe (yojdl 

(f-EName-vw/ ~ 

Str255 ProyideName Cyoi~ 

LEEName/ 

Figure 10-15. Collaboration between user interface and content 
objects 

This is all well and good, but how did the editable text field find out about 
the content object? Does it have the address of the content object as an 
attribute, as in Figure 10-16? If so, how did that attribute get set in the first 
place? Did the user interface object create the content object, or was it 
handed the address of the already created object at some time in the past? 

I EEName ( 4 DisplayName (void) 

/!ENameVie7 

Figure l 0-16. Object address as an attribute 
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Alternatively, does the user interface object ask some other object for 
the address as needed, as in Figure 10-17? If so, how does it have knowl­
edge of that third object, and how does that third object have knowledge 
of the content object? 

DisplayName Cvojd) 

;f,---EName_V,, ~ 

EEName ProvideName (voi~ 

L_Employee/ 

Figure 10-17. Obtaining an object's address on request 

In general, there are two choices: store the address as an attribute or ask 
somebody for it. It is often necessary to recursively trace the knowledge 
through several other objects. For the moment, we are not concerned with 
which approach is correct, only that the decision be made and the knowl­
edge accounted for. Any collaboration for which we have not explained the object 
knowledge is a dangling thread. 

Continuing on the same theme, if one object sends data to another, how 
did it acquire the data to send? Again, there are two legitimate answers: the 
data is stored within the object, or the sender has to ask someone else for 
it as required. This can be an evolving issue, as data stored within an object 
is distributed to subassemblies or other objects. However, as with knowl­
edge of other objects, knowledge of data must be accounted for or be 
treated as a dangling thread. 

... Creation and Initialization 

If one object is to collaborate with another, both must exist at the time. This, 
too, sounds trivial at first, but actually making sure that objects are created 
before they are needed is not so easy. For any given collaboration, we seek 
to account for when and how the collaborator came into being and to verify 
that the creation occurred in time. This becomes entwined with the first 
type of synchronization, knowledge of other objects, since it is at the 
time an object is created that its address comes to be known. This form 
of synchronization should also be extended to initialization of non­
object data. 
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~ Destruction 

The flip side of synchronizing creation is synchronizing destruction of 
collaborators and non-object data. In order to be a collaborator, an object 
must not only have been previously created; you must also assure that it is 
still around when needed! This requires tracing, for each collaboration, 
how the collaborator will ultimately be destroyed and verifying that it is 
not destroyed prematurely. The result is often a scenario like the one 
shown in Figure 10-18. 

/ 7- -r. ------------------1----
/ 7--t----------r--

/ /----------
Figure l 0-18. Creation and destruction of objects 

Synchronization of destruction also requires demonstrating that each 
object is properly destroyed when it has outlived its purpose. Recall that 
in Chapter 9 we discussed the concept of "information ownership," in 
which the object that ultimately must return information is described as 
the "owner" of that information. It is important not to confuse information 
ownership with object ownership, which describes which objects destroy 
which others. Let's assume for the moment that you are using a language 
like C++ or Object Pascal, which does not have automatic garbage collec­
tion like Smalltalk and Macintosh Common Lisp. If object A is the only 
object with the right (and responsibility!) to destroy object B, then A is 
said to be the owner of B. If an object has any owner, it can have only one 
owner. 

It is also possible for an object to have no owner and to be a self-owned 
object that destroys itself when it is no longer needed. Consider the 
following example from the payroll application. Employee information is 
stored in a file on a disk and retrieved in the form of employee records. 
Each employee record is represented by an object in memory, but obvi­
ously we only want some of the records in memory at any one time. When 
a client object, such as a paycheck, needs an employee record, it asks the 
file object to find it. The file object looks at its cache of in-memory record 
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objects to see if it is already in memory. If not, it reads the information 
from disk and creates a new memory-resident employee object, returning 
its address and setting its initial "reference count" to 1. If the record is 
already present, its address is returned after incrementing its reference 
count. When a client is through with a record, it sends a message to the 
record object releasing it, which results in decrementing the reference 
count. Thus, at any point in time, the reference count is the number of 
clients that are referencing the record. If that number goes to zero, the 
employee record removes itself from the cache list, then destroys itself. 
This is a classic self-owned object. There are many other ways to imple­
ment the same basic idea of an object that is smart enough to know when 
it is no longer needed and destroys itself at that time. 

If you are fortunate enough to be using a language with automatic 
garbage collection, ownership is not all that important a ·concept. Simply 
by removing references to objects, you allow objects that are no longer 
referenced to be cleared out automatically by the system. Unfortunately, 
automatic garbage collection is expensive, and few systems have the 
luxury of applying a single scheme uniformly . 

.,._ Protocol 

This form of synchronization verifies that the sender and receiver of a 
message both expect the same protocol to be used. Specifically, the infor­
mation passed as part of the message must be agreed to by both ends of the 
line. This is taken into account as part of the synthesis process described in 
Chapter 9 . 

.,._ Connectedness 

Except for deliberate provisions for future growth, everything in your 
run-time architecture should somehow contribute to the program's func­
tion. This means that every responsibility should under some circum­
stances be called during execution, every attribute should be accessed at 
some time, and every run-time object should be used. Object-oriented 
programs for the Macintosh, as we have previously observed wait for 
events to occur, then react to the events. Events include mouse and 
keyboard activity, Apple Events messages, operating system interrupts or 
other external inputs, or the initial launch of an application. As part of 
synchronization, you should make sure that every feature of your run-time 
architecture is ultimately connected to external events. 

A responsibility called in direct response to some event is by definition 
connected. A responsibility that collaborates with a connected responsibil-
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ity is also connected. The same definitions can be used to identify con­
nected attributes, which are accessed by connected responsibilities. Test­
ing for connectedness is a matter of recursively applying these rules. By 
implication, the connectedness test also identifies a set of unconnected 
responsibilities and attributes, which are not specifically marked as con­
nected. An unconnected responsibility does not necessarily indicate a 
design flaw, but it should raise a red flag. For an unconnected responsibil­
ity, one of the following must apply. 

1. The responsibility is truly not needed to implement the scope of the 
Solution Model and Technology Plane. The only justification for 
leaving it in is to simplify future expansion of the program or to use 
it as a "hook" for maintenance and testing. The remedy is to remove 
the method or classify it as "future expansion" or "maintenance." For 
example, in the payroll application we might define a responsiblity 
for ranking an employee based on annual earnings, but leave this as 
an unimplemented future feature. 

2. It may be a synonym for some other method. This is common. Early 
in the design process, something is given one name and later, for 
whatever reason, a new name is used in scenarios. This is uncovered 
by the synthesis process described in Chapter 9 and, therefore, is not 
really subject to a separate test as part of synchronization. In the 
payroll application we may have defined two responsiblities: "Com­
pute hourly compensation," and "Compute compensation" that may 
turn out to be the same when we further define these behaviors. 

3. There may be some missing but necessary connection. This is also 
common. Often one will plunge into the middle of some area of the 
design, planning on later connecting it to other parts of the design. It 
is easy for connections to be missed. The remedy is to create scenarios 
that connect the unconnected methods. In the payroll application, we 
might discover that we neglected to use scenarios for employees to 
elect periodic charitable contributions. We would have to add sce­
narios that connect the scenarios that connect them to the methods to 
the employee object. 

The same logic can obviously be applied to attributes as well. There are 
subtle implications for correlation of the Execution Plane to the Technol­
ogy plane inherent in this test. If a responsibility is essential in the 
Technology Plane-that is, it is an implementation of some responsibility 
of the computer from the Solution Model but is unconnected in the 
Execution Plane, you have a problem. You have specified that the program 
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is capable of doing something in the Solution and Technology Planes, but 
have not provided any external events that can cause that activity to be 
carried out! Perhaps you left out some feature of the user interface or some 
interface to the operating system or external devices and networks, or 
perhaps the capability was not really needed in the upper planes in the first 
place. If you identify an unconnected responsibility, consider its correla­
tion to the Technology Plane in deciding how to resolve the problem . 

...,. Applying Synchronization 

As noted, some synchronization tests are implicit in the way one performs 
synthesis. Specifically, synthesis, properly applied, validates protocol 
and synonyms for method names. Otherwise, synchronization is usually 
the laggard in the analysis and design race. The tendency is to blast ahead 
by creating lots of scenarios and synthesizing them, occasionally correlat­
ing to tie up dangling threads. We don't need to immediately synchronize 
those objects, as long as the synchronization is not put off for too long. 
Synchronization tends to bring out of the woodwork all sorts of very 
serious oversights in the conceptual or actual design. It is best to get these 
problems on the table early, before the design sprouts deep roots. The first 
time to synchronize is when an initial batch of scenarios has covered some 
central topic pushed down from the Technology Plane. From this point 
on, synchronization should occur whenever any sort of milestone of 
expansion is reached in either the Technology Plane. Expect synchroniza­
tion to take some time and to cause you to expand dramatically both the 
User Interface and Content Models, particularly during the early stages of 
the project. 

....,. Managing the Design Phase 
The design phase uses the same basic techniques used for analysis: CPC, 
scenarios, synthesis, correlation, and prototyping. To this we add syn­
chronization. The process is driven by the set of scenarios chosen at the 
conclusion of the analysis phase to form the basis of project scheduling 
and measurement, the design set. Each scenario in the set must be drilled 
down to the Execution Plane at some point during the design phase. 
Choosing an appropriate order in which to tackle these scenarios is not as 
important as making sure that all are dealt with and that the cumulative 
quantity correlated downward is consistent with the schedule at any 
given point in time. Prototyping will be freely used for all the same 
reasons cited in Chapter 9, resulting in a substantial body of code at the 
conclusion of the phase. 
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...,. Use of Scenarios 

In Chapter 9, we talked about using scenarios, not just as a tool for 
model-building and exploration, but for project management as well. The 
schedule for the design phase should be based on a specific set of sce­
narios chosen from all scenarios available at the end of the analysis phase 
for the purpose of organizing the project. This design set should collec­
tively cover all of the Technology Plane and any work performed on the 
Execution and Program Planes during the analysis phase of the project. 
No scenario in the set should be completely redundant with any other; 
when in doubt, include borderline scenarios in the set. It is perfectly 
acceptable to generate new scenarios from existing ones, specifically for 
inclusion in the design set. 

The design set then becomes the fundamental unit of organization 
during the design phase. Schedules should be based on completion of 
scenarios or groups of scenarios. Team members should be made respon­
sible for completing the design and synchronization of scenarios or groups 
of scenarios. This is a much better basis for scheduling, assigning tasks, and 
monitoring progress than other schemes based either on a top-down 
decomposition of the project or by object/ class. 

You should expect that it will take roughly the same amount of effort per 
scenario throughout the design process. In the early days, there will be little 
other material to draw on, but calibration will be easy. Later, there will be 
a good body of design scenarios as starting points, but calibration will take 
longer as scenarios accumulate. A good way to develop the design sched­
ule is to pick a few representative scenarios from the design set and drill 
them down to the Execution Plane, keeping track of productivity as you go. 
This can then be extrapolated to the rest of the design set. 

...,. Priorities 

Although the design phase need not proceed in any particular sequence, 
the emphasis is usually in the following order of priority. 

1. Content Architecture. As the ultimate source of the program's func­
tionality, the Content Architecture is where most of the technological 
hurdles must be jumped. These hurdles tend to be not just difficult 
but also central to the design. Thus, it is common to spend much of 
the early effort on the Execution Plane dealing with the tougher 
content issues. 

2. User Interface Architecture. As the look and feel of the program grows 
in importance during the project, so does the user interface. As 
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synchronization takes place, much of the consequent changes force 
you to bounce between the content and user interface portions of the 
design. 

3. Environment Architecture. If your application deals with attached 
devices or networks, this may move up in importance. In most 
applications, however, there simply isn' tmuch there. The class library 
handles most of the rote stuff for you; you need only customize the 
behavior of the library. 

~ Prototyping 

You must drill down to the Program Plane in order to get the Execution 
Plane right. All of the reasons cited for prototyping in Chapter 9 are 
equally valid in the design phase. Prototypical code helps demonstrate 
engineering feasibility, particularly acceptable levels of performance. It 
serves the Heisenberg Prototyping objective of testing your designs in the 
fire of running code. It can provide runnable code to use as the means of 
obtaining critical feedback, both from the software engineers and others. 
Prototyping provides good measures of implementation productivity, 
which is useful in choosing from otherwise competing design alterna­
tives. Finally, design proceeds somewhat unevenly in a typical project. 
Some areas proceed rapidly and smoothly, while others bog down. Ev­
eryone participates in some areas, while others are the province of spe­
cialists. Whenever someone is not busy designing, there is no good reason 
not to go ahead and make progress with the code. 

A prototype should completely cover one or a small number of scenarios. 
Your objective is to validate that those scenarios are correct or feasible or 
desirable. This is best done by covering entire scenarios, not pieces of them. 
It also makes it easier to perform the calibrations that result from new 
insights gained through the prototype. 

In general, it is best to use the most straightforward implementations 
of run-time objects during the design phase. That is, in most cases 
implement a single run-time object as a single concrete class that does not 
inherit any more than is necessary to complete the prototype. When 
choosing subjects for prototyping, focus on specific members of catego­
ries or abstractions. Staying away from inheritance allows you to make · 
rapid progress, a key to successful prototyping. Don't worry about 
throw-away code: much of the code you write will ultimately be cut and 
repasted elsewhere in the final hierarchy, but little will be thrown away. 
We stress the value of examples because they tend to expose problems 
with generalizations. Counterexamples lead to very expensive problems 
and should be exposed as early as possible. If you have described a single 
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responsibility that turns out to require two or three distinct implementa­
tions, or if you have created an abstraction that turns out to be flawed, it 
will cost dearly if not discovered until a class hierarchy has been put in 
place. Remember: Inheritance is the optimal way to implement the 
run-time objects, but optimizations should come only after the basic 
behavior of the objects is well understood . 

...,. When Is the Design Phase Complete? 

The design phase ends when three conditions are met. 

1. The Technology Plane has been completely correlated to the Execu­
tion Plane; that is, every feature of the Technology Plane is accounted 
for in the architecture. 

2. The Execution Plane is completely synchronized, according to the five 
tests outlined in this chapter. 

3. The Execution Plane covers all known sources of events, whether 
from the user, the Macintosh systems software, or attached devices 
and networks. 

4. A credible project plan for completion of implementation is in place. 

Unlike the rather fuzzy definition of when analysis ends, the first three 
of these conditions provide a very precise, verifiable test of completion. 
The last, preparation of a project plan, requires judgment regarding the 
technical risks still faced. Ideally, these risks have already been managed 
through prototyping before the design phase is declared complete. 

Let's assume that your architecture has passed the above tests, meaning 
that the design phase is now complete. Congratulations! You now have an 
extremely detailed, well-validated design that is just short of code, along 
with a body of prototypical code developed to support analysis and 
design. Next comes the easy part: implementation . 

...,. Managing the Transition to Implementation 

As with the transition from analysis to design, the central problem in the 
transition from design to programming is identifying a set of scenarios 
that completely covers the scope of the Execution Plane. This implementa­
tion set is then used as the basis for project planning, estimation, and 
tracking. Scenarios of the implementation set should be handed to spe­
cific individuals in related groups, with the groups appearing on the 
project planas distinct tasks. The implementation set should not contain 
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scenarios completely redundant with others in the set, but when in doubt, 
include too many rather than too few. If it is not possible to estimate the 
implementation effort for a scenario or group of scenarios, your design 
phase is not complete. You need to do some prototyping to nail down the 
implementation risks and estimates. Once the implementation set has 
been constructed and the project plan for implementation is in place, you 
are on the home stretch . 

...,_ Summary 
This chapter focuses on the Execution Plane, which describes the detailed 
program objects we design to construct the system envisioned in the 
Solution Model. 

• We develop the Execution Plane by applying CPC, paying a great 
deal of attention to calibration. The objects we design are program 
objects, not real-world objects, and we must construct them to con­
form to the rigorous requirements of object-oriented programming. 
Many objects exist to support the implementation rather than to 
model the external world. Some of these implementation-related 
objects are supplied to us, such as pre-existing application class 
libraries; some, such as automation and auxiliary objects, we have to 
design ourselves. 

• In the Execution Plane we describe sets of objects using abstractions, 
which may or may not turn into classes in the final program. We add 
a lot of detail to our solution-based model as we drill down the 
Content, User Interface, and Environment Models. We define the 
specific calling sequences for responsibilities and break them down 
as far as possible. We define accessor functions for each attribute to 
encapsulate objects. A major concern is synchronization: An object 
must exist before it can send or receive a message, and the sender 
must know the address of the receiver. We must also correlate to 
ensure that all categories from the higher planes are mapped into 
Execution Plane objects or abstractions. In the Execution Plane we 
design how our application will exploit the objects associated with 
the Macintosh platform. 

• Again, in the Execution Plane we check that each responsibility has a 
purpose that is ultimately used in response to some event. We use 
design sets of scenarios to manage our efforts. Our general priority 
order is to focus on the Content Architecture, followed by the User 
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Interface Architecture, and then the Environment Architecture. 
Prototyping is necessary during this effort if we want to design the 
Program Plane properly. 

• We are done with the Execution Plane when the Technology Plane is 
fully correlated to it, when it is synchronized, and when it covers all 
known sources of events. The transition to the programming phase is 
managed by identifying an implementation set of scenarios that cov­
ers the Execution Plane, then using that set as the basis of project 
estimation, organization, and planning. 
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...,. What This Chapter Is About 
This chapter describes the programming phase of Solution-Based Model­
ing. In the programming phase you will create a program that, when 
compiled and run, produces the run-time objects of the Execution Plane. 
There are two central activities during this phase: designing a class 
hierarchy that optimizes the implementation and implementing the meth­
ods and attributes. One of the primary considerations during the program­
ming phase is how to properly implement the abstractions of the Execution 
Plane. As you will see, inheritance is only one of many techniques and it is 
not always obvious which is best. The decision is driven by technical 
objectives and the software engineering objectives embodied by the Four 
Itys: Maintainability, Reliability, Extensibility, and Reusability. 

This chapter also discusses management of the programming phase. 
Finally, we will discuss how a program developed using Solution-Based 
Modeling evolves after its initial release . 

...,. Overview 
Figure 11-1 shows the relationship between the Execution and Program 
Planes. 

281 
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B Environment Architecture CJ 

UIF Architecture 

Content 
Implementation 

Figure 11-1 . Implementing the Program Plane 

The Program Plane is broken into the same regions as the Execution 
Plane, but they are called "implementations," rather than "architectures." 
The Program Plane is the implementation of the application, not just a 
model or design of it. Here we deal with all of the restrictions and features 
of the language and class library. Specifically, we take into account restric­
tions on inheritance; restrictions on names of classes, methods, and 
attributes; the need to create run-time objects from concrete classes; and 
any peculiarities of the class library that prevent it from aligning precisely 
with the desired architecture. Recall that in the Execution Plane you merely 
indicate collaborations between library classes and run-time objects. In the 
Program Plane, you must decide exactly what form those collaborations 
will take, through inheritance or otherwise. 

In the Program Plane, we leave behind objects and deal with classes. For 
each run-time object in the Execution Plane, we must make sure there is a 
fully implemented concrete class in the Program Plane. That concrete class 
is instantiated at run time to produce the needed object. The concrete 
classes are arranged into a class hierarchy that provides an optimal 
implementation of the program, taking advantage of inheritance to share 
code between objects and polymorphism to simplify the logic of the 
program. 

This is by far the easiest phase of a Solution-Based Modeling project. In 
the Execution Plane, you recorded enough information to completely 
specify the interfaces to all run-time objects. Their responsibilities were 
decomposed to the point that most will be implemented as methods made 
up of a few lines of code in the Program Plane. You have also probably 
implemented a good deal of prototype code at this point, much of which 
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can be reused in the final implementation. The design has been reviewed 
by interested parties external to the software team from several vantage 
points: how it supports business needs, how it uses technology, and, to a 
lesser extent, how understandable and robust the software architecture is. 
All that remains is to design the class hierarchy and provide code that 
implements the responsibilities as methods. 

The first step, designing the class hierarchy, should be viewed as an 
exercise in software engineering. Classes are designed to achieve soft­
ware engineering objectives, rather than because they have "meaning." 
The objectives are principally the Four ltys, Maintainability, Reliability, 
Extensibility, and Reusability. The last of these takes two very distinct 
forms. The first is reuse within the application. Where run-time objects 
have code or attributes in common, inheritance is often, though not 
always, the best way to avoid reimplementing the same code for each 
object's concrete class. An entirely different issue is reuse of code from 
one project in another. Reuse within this project is the main objective; 
reuse across projects is generally a consequence of doing a good job of 
design on this one. 

Implementation of methods and attributes is a pretty mechanical pro­
cess. Other than specialized algorithms for image processing, number 
crunching, or the like, most methods are between one and ten lines of code 
that directly reflect the architecture of the Execution Plane. By the time the 
Program Plane is reached, all collaborators of each responsibility are 
known. All that remains is to write specific code that calls the methods that 
implement collaborating responsibilities, implements if-then and iterative 
logic, declares and uses local variables, and so forth. 

As you have probably already guessed, these two activities-designing 
class hierarchies and implementing methods-play off each other. It is not 
always possible to spot the best way to use inheritance until methods are 
written for concrete classes. On the other hand, decisions on the use of 
inheritance certainly affect the code. Neither comes before the other; 
instead, as with all of Solution-Based Modeling, programming is a highly 
iterative process. 

As with the design phase, the programming phase of the project is 
organized around scenarios. This applies equally to estimation and sched­
uling, assigning tasks to team members, tracking progress, and testing . 

...._ Designing Class Hierarchies 
Let's start by getting one thing straight: Inheritance is only one of many 
ways of implementing the abstractions of the Execution Plane. It is wrong 
to assume that you can or should simply gather up all the abstractions left 
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lying around in the Execution Plane and turn each one into a class. It is 
common to do so, but there are often better alternatives. In fact, depending 
on the language you are using and other factors, it may not even be possi­
ble to turn some abstractions into classes. One of the hallmark differences 
between the expert and the novice is the ability to choose wisely from 
among these alternatives. 

..... (At Least) Six Ways to Implement Abstractions 

Suppose we have two run-time objects in the Execution Plane that share 
some abstraction, as shown in Figure 11-2. 

Responsjbilityl 
,------11/ L Objectl r 

Abstraction 

Figure 11-2. An abstraction 

The most obvious way to implement these objects is to turn each into a 
concrete class, each of which inherits from an abstract class that mirrors 
the abstraction, as shown in Figure 11-3. 

Res onsibilit 2 

Figure 11-3. Implementing an abstraction using inheritance 
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However, there are at least five other approaches to implementing 
an abstraction. Let's take a look at each of these to establish that alterna­
tives exist, and then return to a discussion of when each technique is 
appropriate. 

Separate Implementations 

The simplest alternative to Figure 11-3 is to provide a separate implemen­
tation of each run-time object. This means creating a concrete class for each, 
with no sharing via inheritance. An abstraction may, on rare occasions, be 
a useful device for describing the run-time objects but turn out not to be all 
that useful in the implementation. This is shown in Figure 11-4. 

Figure 11-4. Separate implementations of an abstraction 

Copy/Paste 

A related strategy is to create one implementation, then duplicate it to 
create the implementation of another class. This often requires nothing 
more than the sequence of steps shown in Figure 11-5. 

~ MalceNewQass -- ... CustomizeNewQass LeayeEarlyForOnc::e 
You L _ -~ - - - - -~ - -"":- - --~ - ____ - _. 

DuplkateFile EditFile 

~/-~---------~- -----------

~--------
+ 

Gew Fi!i)- - - - - -- -: - - - - - -- - -

Figure 11-5. Using copy /paste to implement abstractions 



286 .,.. Chapter 11 Programming 

That is, you first implement one version, then copy it and customize the 
copy to prod~ce the second version. Often this requires nothing more than 
a global search and replace of the class name plus changes to a few lines of 
code. A variation on this theme is to create MPW scripts or even simple 
programs to do the copying and renaming automatically. 

Helper Objects 

Figure 11-6 shows an alternative implementation that uses helper objects, 
first discussed in Chapter 2. 

Res onsibilit 2 

Figure 11-6. Implementing an abstraction using helper objects 

Here, we create a class specifically to implement the abstraction's 
methods and attributes, then attach an instance of that class to each of the 
run-time objects we specified in the Execution Plane. A variation on this 
theme uses inheritance, but not in the same way as in Figure 11-3. In 
Figure 11-7, the abstraction is turned into an abstract class. For each 
run-time object, we attach a helper object that comes from a subclass of the 
abstract class. 

Combinations of these strategies are also possible. One of the run-time 
objects might descend from the abstraction's class, while the other uses a 
helper. The helper may be a direct instance of the abstraction's class, or it 
may be an instance of a descendant of that class. 

Combine Abstractions 

Figure 11-8 shows an expanded version of Figure 11-2, in which there are 
now two abstractions that overlap. 

There are many different strategies that present themselves here. The 
ones we have already discussed certainly apply. In addition, we might 
consider several ways to accommodate the overlap. Figure 11-9 shows one 
technique: Form an abstraction of the two abstractions and assign it the 
shared properties. 
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Figure 11-7. Another implementation using helper objects 

Figure 11-8. Overlapping abstractions 

Object2 

Responsibilit;y3 
-+---+---/ ResponsjbiHty4 

/ Responsjbility6 
/ 

Responsibility6 
~--+---/ 

Figure 11-9. An abstraction of abstractions 
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This translates into a class hierarchy, diagrammed in Figure 11-10. 
Another approach is to combine the two abstractions into a single 

abstract parent for both concrete classes. This is done by combining all of 
the properties of both abstractions to form a single class, then implement­
ing each concrete class in such a way that it uses only those properties that 
come from the original abstraction. This is shown in Figure 11-11. 

Responsjbi!ity3 
/R "bT 4 esponsu 1ty 
/ 

Figure 11-10. Abstraction hierarchy implemented as a class hierarchy 

Figure 11-11. Combining abstractions 

Responsibility3 
/ Responsibility4 
/ Responsjbmtys 
/R "hT f. espansu 1ty 
/ 

A variation on this theme is called single-threaded inheritance, in which 
you form an artificial class hierarchy that does not mimic the abstraction 
hierarchy. Each of the two abstractions becomes a class, but now one of 
them inherits from the other, as in Figure 11-12. 
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Responsibility3 
/ Responsibility4 
/R 'hT ¥fi espons1 ut 
/ 

Figure 11-12. Single-threaded inheritance 

As you can see, this has the same net result: a concrete class that holds all 
the required properties without requiring either multiple inheritance or 
helper objects. The shared properties are usually assigned to the super­
class, as in Figure 11-12. 

Split Abstractions 

The opposite strategy is also possible: Form one abstraction with the 
shared properties and two more to represent the non-shared properties, 
then implement each as an abstract class, as shown in Figure 11-13. 

Figure 11-13. Splitting abstractions 
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Combination Strategies 

Finally, there are myriad ways to combine these strategies. For example, 
one can inherit from the common properties and use helpers for the 
non-shared properties, as shown in Figure 11-14. 

Figure 11-14. A combination approach to abstractions 

~ Choosing the Best Strategy 

Some of these strategies may seem a little contrived, especially the copy I 
paste technique and its variants. The authors have had occasion to use 
every one of these, including every variation listed. Each has its place and 
choosing the best technique for a given situation is much of what sets the 
expert apart from the beginner. The choice is dictated by many consider­
ations, some of which follow. 

•Are the abstractions static, or do they change over the running life of 
the program? 

• Does the language support multiple inheritance? Object Pascal does 
not. Even if you are using C++, if you are using it with MacApp you 
will have to stick to single inheritance with any class that descends 
from a MacApp class. 

• Does the language support dynamic inheritance or creation and modi­
fication of classes at run time? Object Pascal and C++ do not, but 
Smalltalk, Macintosh Common Lisp with CLOS, and a few other 
languages do. 
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• What will yield the greatest potential code reuse, both within this 
project and across projects? 

• What is the phase of the project: analysis, design, or programming? 
• Are you creating a prototype, developing the program, or polishing 

the code in a final pass? 
• How do classes of the class library collaborate with the run-time 

objects and abstractions? 

As you can see, this list spans issues of architecture, language, class 
library, software engineering, and project management. Let's revisit each 
of the five basic techniques, this time to formulate rules for when to use 
each technique. 

Copy/Paste 

This is appropriate at almost any time, but particularly during 
prototyping. When you write a prototype, it probably deals with one or 
two specific types of run-time objects. These are implemented without 
regard to other similar objects in the interest of making rapid progress. As 
the prototype is expanded, more run-time objects are thrown into the pot, 
but one or two at a time. It is still more productive to clone the existing 
prototype code and customize it for the new objects, rather than spend a lot 
of time on optimizing a class hierarchy. For all of the various reasons to 
prototype, constructing a class hierarchy is not a high priority. 

Copy/paste is also a good way to work around language restrictions. 
Take, for example, the following linked list class. 

class List { 
private: 

List *next in_list; 
public: 

List (void) {next_in_list =NULL;} 
-List (void) 

{if (next_ in _list l =NULL) 
delete next_in_list; 

} 
List *GetNext (void) {return next_in_list;} 
void SetNext (List *next) {next_in_list =next;} 

} ; 

This is a straightforward class that does nothing more than maintain a 
linked list of instances of class List. Now look at the following subclass: 
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class FunnyString private List { 
private: 

char c; 
public: 

void PrintString (void) 
{ 

} 
} ; 

putchar (c); 
if (GetNext() !=NULL) 

((FunnyString*)GetNext())->PrintString(); 
else 

putchar ('\n'); 

The details have been spared here in the interest of brevity. In the real 
class, one also makes provision for setting the character values and so forth. 
Notice the line 

((FunnyString*)GetNext())->PrintString(); 

Doesn't this seem a little tortured? One would like instead to simply say 

GetNext()->PrintString; 

but that does not work: GetNext ( ) has been defined to return a List, 
not a FunnyString. Now envision a class that has many methods, not 
just FunnyString, that need to walk through the list. Each time you 
access GetNext ( ) , you must coerce it to point to a Funnystring. If 
client objects need to walk through the list, this only gets worse since they 
also need to do the type coercion. Even if you are willing to put up with 
the clumsy syntax, you will have lost the strong type checking otherwise 
applied by the compiler; that is, the compiler cannot warn you if you stick 
a Foo into the list instead of a FunnyStr ing and then attempt to print the 
list. When you write ( ( FunnyStr ing * ) x) ->DoSomething ( ) , you 
are saying to the compiler, "Trust me, I know what I'm doing." It is far too 
easy to make a mistake in these situations; when you do, you will end up 
in a low-level debugger trying to figure out where that bus error came 
from. 

This is a case where you might prefer to simply copy the text of the 
List class and change the name List to FunnyString, adding new 
methods and attributes like Printstring and c. 
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class FunnyString { 
private: 

} ; 

FunnyString *next_in_list; 
char c; 

public: 
FunnyString (void) { next in list NULL; } 
-FunnyString (void) 

{ if (next_in_list != NULL) 
delete next_in_list; 

} 

FunnyString *GetNext (void) { return next_in_list; } 
void SetNext (FunnyString *next) { next in list = next; } 
void PrintString (void) 

{ 

putchar (c); 
if (GetNext() I= NULL) 

GetNext()->PrintString; 
else 

putchar ( ' \n' ) ; 
} 

This is much better. There is no type coercion, which means the com­
piler performs full type-checking. Also, it is easy to customize the code 
without worrying about what happens to other sibling subclasses of a 
List class. In C++, one can sometimes improve further on this by using 
#define macros, at the expense of making the code more obscure. (This 
does not work for Object Pascal, since there are no #define macros in 
Pascal.) 

These situations fall under the specific heading of genericity. Some 
languages provide language-level support for generic classes (for 
example, classes whose instance variables and method arguments can 
hold different data types). Unfortunately, the current versions of Object 
Pascal and C++ do not provide this support. Copy /paste or macros are 
often the cleanest and most reliable way to share code across classes. 

Other reasons to use copy I paste might include the following. 

• There might be competing superclasses in a single-inheritance lan­
guage. There are, of course, other work-arounds to make up for the 
lack of multiple inheritance, but copy /paste is a viable strategy. 
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• You are borrowing code from another project or library, but using 
inheritance to access the code is unworkable. 

• The inheritance hierarchy is set and you need to make "just this last 
change," usually with the boss standing, arms crossed, foot tapping, 
eye glued on her watch while blocking the door out of your office. 
Using inheritance in the optimal way often takes more, not less, time 
than brute force techniques. Your Four Itys will be happier if you 
polish the inheritance, but your boss may not be if it means slipping a 
critical ship date. 

Helper Objects 

We already discussed one of the principal reasons to use a helper object in 
Chapter 2: to implement multiple inheritance through a side door when 
using a language like Object Pascal that only supports single inheritance. 
Note that all MacApp classes and their descendants are restricted to single 
inheritance, even if you use C ++with MacApp. This decision was made to 
ensure compatibility with both languages. 

A second reason is that in most languages, inheritance is compiled into 
object code, although the behaviors may change dynamically as the 
program runs. Consider a simple rectangle-drawing program. This is like 
any typical Macintosh drawing program, except that it has only two tools 
in its palette: an arrow tool used to select and drag objects and a rectangle 
tool used to draw new on11s. A portion of the run-time architecture from the 
Execution Plane is shown in Figure 11-15. 

Note: exactly one of these four is 
chosen, based on which tool is in use 
and whether a rectangle was hit. 

/RectObject• WbatsAt <Point) -- • Boolean lsTbisYou? <Point> 

/,...-V-i-ew--/-~ L RectObjeci/ 

Figure 11-15. Rectangle-drawing program 
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Now consider what the drawing's manager must do when confronted 
with a mouse click in the drawing. 

1. If the arrow tool is in use and the mouse did not hit a rectangle, the 
manager must launch a marquee-selection process to select all rec­
tangles within the area dragged over. 

2. If the arrow tool is in use and the mouse hits a rectangle, the rectangle 
must be selected and possibly dragged. 

3. If the rectangle tool is in use, a new rectangle must be formed with 
corners at the locations of the mouse down and mouse up. 

These are three distinct sets of behaviors. One way to account for these 
behaviors is to sprinkle the manager with if-then or switch-case logic. 
Another approach is illustrated by MacApp 3.0's TEvtHandler class. 
TEvtHandler maintains a linked list of ''behavior" objects. When an event 
arrives, it is handed off to each behavior in the list until one grabs the event. 
If none grabs the event, the TEvtHandler itself does the work or hands it to 
the next TEvtHandler, which then uses the same logic. This allows the 
program to add and delete from the behavior list at run time rather than 
compiling in the inheritance of all capabilities that might be used. Figure 
11-16 shows what happens when the user clicks on the arrow tool, and 
Figure 11-17 shows what happens when the rectangle tool is selected. 

For the arrow tool, we install two behavior objects, the first of which 
grabs a mouse down when nothing has been hit and the second of which 
handles selection and dragging. For the rectangle tool, we install a single 
behavior for drawing new rectangles. This is a nice, modular architecture 
that replaces a very messy problem of inheritance. This is a good example 
of using helper objects to achieve dynamic changes in behavior. 

Finally, a helper object may be reusable, but direct inheritance may not. 
A helper class that has no knowledge of the object being helped is a 
particularly good candidate for reuse. 

Combining Abstractions 

There are three variations of this technique, each with its own distinct uses 
and drawbacks. In the first variation, you form a hierarchy of abstractions 
that is then turned directly into a class hierarchy, as in Figure 11-10. 
This avoids implementing the shared properties separately for each 
abstraction. Often this second-tier abstraction has an intuitive meaning, in 
which case it provides a natural way to describe the concrete class. If the 
shared methods or attributes are heavily referenced by the non-shared 
methods, it can also produce clean inheritance by concrete classes. In 
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&;;;rus;IZ- -
Add CSelectBehavior) : 

------~ --------

/ArrowMgrJ7- _ 

ninstall <void> /Ra<Mgr /-L-\ _____ _ 
tf-ectBehavi~ - - - - - - --

Figure 11-16. Selecting the arrow tool 

+ 

Repeat for each arrow behavior 
(marquee, move, etc.) 

general, however, this imposes an extra layer of inheritance which, as we 
will see, is to be avoided where no good justification exists. 

The second technique involves implementing two or more abstractions 
in a single abstract class, as shown in Figure 11-11. This achieves exactly 
the same effect as the first variation, but does not require the use of 
multiple inheritance. In a single-inheritance language like Object Pascal, 
this strategy can sometimes be used to good effect as an alternative to 
helper objects, but it hinders reuse of code for other concrete classes that 
require only some of the combined properties. 

The third variation, single-threaded inheritance, is really a compromise 
between the first two. The higher of the two abstract classes remains 
"pure," unpolluted by its subclass, but the subclass is, in effect, just the sort 
of combined class produced by the second variation. This is also a popular 
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L . /SelectArrowTooJ(void) 
V1ewMgr _ ___ ---------------------

,&'ha;orLis;;z- -

/ArrowMgr/- ____ _ 

/ RectMgr /- _____ _ 

Repeat for each arrow behavior 
(marquee, move, etc.) 

Figure 11-17. Selecting the rectangle tool 

technique with single-inheritance languages, but carries the same baggage 
as the second variation in addition to imposing an extra level in the class 
hierarchy. Single-threaded inheritance is also a cheap way to change the 
behavior of a whole class hierarchy with minimal changes to off-the­
shelf classes. For example, if you want all descendants of MacApp's 
TEvtHandler to record in a file all events received and their disposition, 
you can transform the hierarchy in Figure 11-18(a) into that of 11-18(b). 

The only change to the original TEvtHandler is its name. A new sub­
class has been slipped in between the old TEvtHandler and the remaining 
classes in your program, with the new capability built in. You would 
never dream of designing such a monstrosity from scratch, but you are 
stuck with an off-the-shelf hierarchy and instructions from your boss to 
do minimal or no damage to the original MacApp source. Even if it were 
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(a) 

Han l Event 

(b) 

ec r<iEvent 4 -- HandleEvent 

~I~ 
HandleEvent 

TOldEvtHandler is the original 
TEvtHandler renamed. This can 
be done with a single search and 
replace editing operation. 

Figure 11-18. Redirecting inheritance in TEvtHandler 

available, multiple inheritance would not help here. Hold your nose and 
use single-threaded inheritance. 

Here are some specific rules for use of each technique. 

1. First variation-Two-tiered hierarchy-Works with multiple inherit­
ance if the shared properties are referenced by the non-shared meth­
ods. If they are independent of the non-shared methods, split abstrac­
tions should be used instead (next section). If only single inheritance 
is available, this technique is obviously not available. 

2. Second variation-Mash the abstractions together into a single class. 
If multiple inheritance is available, the rule is simple: Don't do it. If 
you are tempted anyway, take a walk, sip some herbal tea, then come 
back and use some other technique. With single inheritance, make 
sure that the separate abstractions are not going to be reused any­
where else. In other words, look for other run-time objects that 
conform to one, but not both, abstractions. If you find any, don't use 
the mashing technique. 

3. Single-threaded inheritance-Use with either single or multiple 
inheritance to minimize changes to an off-the-shelf class library. In all 
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other cases where multiple inheritance is available, this is a poor way 
to implement any architecture the authors can think of. With single 
inheritance, the technique can be used sparingly to cut down on the 
number of objects created by eliminating helper objects, knowing that 
reuse will suffer as a result. There are times when the number of 
objects at run time is a significant factor in performance, particularly 
the allocation and deallocation of memory for the objects. Eliminating 
helper objects can then become an important implementation goal. 

Splitting Abstractions 

Splitting abstractions requires implementing the shared properties in their 
own abstract class, then using multiple inheritance to combine the shared 
and non-shared properties in the concrete class, as shown in Figure 11-11. 
This achieves the same objective as creating a hierarchy of abstractions 
(Figure 11-10), but does not create an extra layer of inheritance. This can be 
very useful if the shared methods and attributes are not referenced by the 
non-shared methods: The abstract class representing the overlap may 
prove highly reusable. However, if the shared methods and attributes are 
referenced by the non-shared methods, the result can be something that is 
strongly discouraged in object-oriented programming: making inherit­
ance from one class dependent on also inheriting from another class. 
Consider Figure 11-19, in which one of the original abstractions is now 
used to implement yet another concrete class. The new concrete class must 
specify inheritance from two superclasses. If any of the combined abstrac­
tion techniques had been used, inheritance from only one superclass 
would have been required, as in Figure 11-20. 

It is generally a good idea to minimize the levels of inheritance, but not 
at the expense of creating complex networks of dependencies, in which 
inheriting from a single class no longer works without also inheriting from 

This does nothing but 
Responsibility3 delegate to the inherited 

._______,~/,,,, , .. ,.ion 

Figure 11-19. Would you buy a used car from this programmer? 
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Figure 11-20. Use of a two-level abstraction 

or using helper objects of other classes. This issue of dependencies in a class 
hierarchy is complex and will be addressed further in a moment. 

Combination Strategies 

Combinations of different ways to implement abstractions can be used to 
address special cases. For example, there may be overlapping abstrac­
tions in which only one of the abstractions references the shared proper­
ties from the non-shared properties, or in which one, but not both, of the 
abstractions will be reused elsewhere. Copy /paste strategies combine 
well with all of the other techniques, particularly during prototyping. 

~ Object-Oriented Software Engineering 
Using Inheritance 
Interwoven with all of the practical rules we have just laid out are the 
principles of object-oriented software engineering discussed in Chapter 9. 

• Limit responsibilities 
• Limit data knowledge 
• Limit implementation knowledge 
• Limit relationships 

To these four we add a fifth objective, which applies to the use of 
inheritance. 
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• Limit type knowledge; that is, make clients of an object unaware of 
whether they are dealing with a subclass or the superclass by which 
they know the object. 

Of this list, three are important objectives in laying out the class hierar­
chy: limiting data knowledge, limiting relationships, and limiting type 
knowledge. Limiting responsibilities and implementation knowledge is 
more a function of decisions you make in the Technology and Execution 
Planes. 

So far, we have discussed these limits in terms of objects, not classes, but 
you should get used to thinking of each class as a module, separate from 
its superclasses and subclasses. The separation is not as strong as with 
distinct run-time objects, but many of the same principles apply. For 
example, attributes and their use can be partitioned using a class hierar­
chy. Attributes declared in a class can be hidden from subclasses and 
superclasses by also placing the methods that use the attributes within the 
class. This limits data knowledge through inheritance, one of our three 
objectives. Relationships are the most important factor in code reuse, both 
within a project and across projects; the more relationships a class has, the 
less reusable it is. If you arrange your class hierarchy so that the 
upper-level classes have only attributes, interfaces, and implementations 
and few or no relationships, then implement relationships in lower-level 
subclasses, the higher-level classes will probably be reusable, even if the 
lower-level ones are not. Limiting type knowledge is a critical objective in 
designing a class hierarchy. We will explore this subject in some depth 
in a moment; for now, we simply observe that limiting type knowledge 
can be tricky when using inheritance and almost impossible without 
inheritance. 

Although the use of inheritance is often perceived as one of the black 
arts of the expert, we can quickly clear up some of the mystery by placing 
inheritance in a clear theoretical framework. This involves revisiting just 
what it is that a class inherits from its superclasses and looking at two 
fundamentally different uses of inheritance, normal and non-normal. We 
will condude with a final look at a somewhat controversial assertion 
about inheritance: Object-oriented programming can be a step backward in 
software technology when inheritance is not used properly . 

...,.. What Does a Class Inherit? 

The traditional view of inheritance simply observes that a subclass inher­
its methods and attributes from its superclass(es). As we are about to 
demonstrate, this is an accurate but woefully incomplete perspective. 
Consider the following fragment of code. 
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class foo { 

} ; 
class bar { 

private: 
foo *aFoo; 

}; 
class subbar 

} ; 

public bar { 

The traditional view states, "subbar inherits the attribute aFoo, which 
is a pointer to an object of class foo." In reality, this should state, 
"subbar inherits one or more relationships with an object of class foo." 
An attribute that holds the address of another object is not the same as an 
integer, string, or other piece of data. It represents structural and/ or 
behavioral relationships between two objects. These relationships are 
inherited along with methods and other kinds of data. Now consider the 
following abstract class. 

class drawthing { 
public: 

virtual void Draw (void) = O; 
} ; 

class square : public drawthing { 
public: 

virtual void Draw (void); //Draws a square 
} ; 

The seemingly trivial class drawthing may, in fact, form the top of an 
entire class hierarchy. When the class square inherits from drawthing, 
just what is it inheriting? There are no attributes, no relationships, and no 
methods, the sum total of what one normally thinks of in connection with 
inheritance. What is inherited is the interface to drawthing, which in this 
case means the interface to the method Draw ( ) . We need to be careful in 
distinguishing what we mean by inheritance of a method; it might mean 
the interface, the implementation, or both. 

This alters our view of inheritance. Instead of simply inheriting methods 
and attributes, a subclass may actually inherit any of the four features 
shown in Figure 11-21: data, interface, implementation, and relationships. 
When designing inheritance, all four must be taken into account. 
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@ RectShape::DrawTrajectory (void) 

@ { fTrajf tocy->Draw (); } 

@ ~---====--t11~~~~y © 
<D 

RectShape::Draw (void) 
{ Rect r; 

@ r = fBounds; 
FrarneRect (&r); 

Figure 11-21. Four aspects of inheritance 

CD Data 
@ Interface 

@ Implementation 
© Relationship 

One of the authors recently came across a good example of this prin­
ciple. When designing a MacApp 3.0 program, he implemented a series of 
behavior objects, as described above for the rectangle drawing program. 
These objects had little in common except for their relationships to the 
display container (view, in MacApp parlance). He created an abstract 
class that had nothing but the address of the display container and some 
simple methods implementing the simple relationships. The subclasses 
did all of the real work. This is an example of using inheritance to reuse 
relationships and nothing else. The resulting program had the structure 
shown in Figure 11-22. 
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Figure 11-22. Example of using inheritance of relationships 

~ Normal Inheritance 

Let's assume for a moment that we have a method in a superclass that has 
an implementation; that is, it is not a pure virtual method. There are 
two ways to override such a method in a subclass: inherit its interface 
only, providing a completely different implementation, or inherit the 
implementation as well as the interface by calling the superclass 
implementation from within the subclass's override. In C++, this means 
that somewhere in the implementation of the override, you place a call 
to Superclass: :Method();, in Pascal, INHERITED Method;, where 
Superclass is the name of the superclass and Method is the name of the 
overridden method. When a method calls its overridden, inherited coun­
terpart, we say that the inheritance is normal. If the implementation is 
completely overridden, the inheritance is non-normal. Since a pure vir­
tual method has no implementation, all overrides of pure virtual methods 
are considered normal. We can extend this definition to inheritance of 
entire classes: If all overridden methods of a subclass inherit normally, the 
subclass as a whole inherits normally. This seemingly simple distinction 
between normal and non-normal inheritance is actually one of the most 
important factors in achieving the Four Itys. 

Consider the inheritance shown in Figure 11-23. 
In this scenario, the class YJunction inherits from the class Track. There 

is a display container class, Layout View, which is a client of the superclass 
Track. When you subclass Track, you must not only make sure that the 
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ValidateConnections void 

Figure 11-23. Simple inheritance-or is it? 

class YJunction produces the right run-time objects; you must also make 
sure that any clients of Track, such as the one shown, do not misbehave 
when presented with a subclass like YJunction. In this example, suppose 
we asserted that Track had relationships to two other instances of Track, a 
"left-hand" instance and a "right-hand" instance, on the assumption that 
most members of Track are straight pieces with two connectors. Those 
relationships could, in theory, be completely overridden in the subclass 
YJunction, which has three connectors. This, in turn, might upset a client 
that relies on the two relationships of the superclass. LayoutView might, 
for example, try to walk through the track by proceeding left-then-right 
from any given piece of track. This may or may not be good design for that 
particular task, but that is beside the point. If you use non-normal inherit­
ance, at best you will end up spending a lot of time scratching your head 
in designing the clients, convincing yourself that everything will work 
properly. At worst, clients will have to constantly ask themselves, "Just 
which subclass am I dealing with now?" This kind of type knowledge is to be 
avoided wherever possible. It leads to very poor modularity, little or no 
code reuse, and very confusing, unstable designs. 

The problem gets worse if a method of the superclass that is overridden 
by the subclass has side effects. Figure 11-24 shows just such a situation. 
The problem is now not just maintaining relationships with other objects, 
but maintaining the very consistency of the object itself! Furthermore, 
anyone trying to understand what this program is doing cannot tell what 
is going on without bouncing up and down the inheritance tree. This 
problem has been called the "yo-yo" phenomenon of inheritance. 
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The superclass version of ComputeGross has a side effect -
setting the value of fGross - not shared by the overridden 
version. Other parts of the program that rely on that side 
effect will not work with the subclass, requiring type 
knowledge to compensate. The override is suspect, but the 
real problem starts with the design of the original 
ComputeGross, which does not lend itself to normal 
inheritance. 

Figure 11-24. Calling an overridden method from the superclass 

These problems are reduced, though not always eliminated, by using 
normal inheritance. If each overridden method is required to call its 
superclass counterpart, there is a good degree of assurance that relation­
ships and behaviors of the superclass expected by clients will be main­
tained. There may be additional behaviors in the subclass, but there are no 
big surprises for clients of the superclass. It is also unlikely that the 
superclass or its clients will need to use type knowledge in order to carry 
on their business; that is, they will not need to have code like the following. 

if (x->GetType() == kFoo) 
do_this(); 

else if (x->GetType() == kBar) 
do_that(); 

and so on. This use of type knowledge takes many subtle forms: returning 
an integer type code of some sort, directly asking for the class identifier, or 
asking for other information from the object that controls the sort of 
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Figure 11-25. Using a pure virtual interface to achieve normal 
inheritance 

if-then or switch-case logic seen above. One of the most important 
objectives in designing a class hierarchy is to avoid this kind of type 
knowledge in your program. Normal inheritance is a very important tool 
in achieving that objective. 

One key strategy in achieving normal inheritance is to make liberal use 
of pure virtual methods in abstract superclasses. Suppose that you have 
two run-time objects that differ only in the way they draw; say, a rectangle 
and a piece of text. Figure 11-25 shows the correct way to handle this by 
creating an abstract class from which both can inherit the same interface. 
All methods other than Draw are either not overridden or are inherited 
normally. The Draw method is completely different for the two run-time 
objects, so the only abstraction that can be formed is the interface. 

Figure 11-26 shows a common mistake in handling this situation. Here, 
the text class inherits from the rectangle class. The Draw method is 
completely overridden by the subclass, since they have nothing in com­
mon. This non-normal inheritance may seem benign at first glance, but it 

Figure 11-26. Non-normal inheritance for no good reason 
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isn't. Suppose the superclass version uses relationships with other objects 
to carry out its purpose, such as asking some other object for its size? 
Suppose we want to change the implementation of the superclass version 
of Draw so that side effects are introduced. Can we do so by looking only 
at that class, or must we consider all subclasses at the same time? What if 
Draw is called from other objects, expecting the standard behavior pro­
vided by the superclass? The Four Itys run for cover in these situations. It 
is usually easy, and well worth it, to find ways to turn non-normal 
inheritance into normal equivalents. 

The most defensible reason to use non-normal inheritance is that we are 
stuck with an existing class which is unusable otherwise. This may be an 
indication of poor design, or it may mean that the program was designed 
for one set of requirements and must now be changed minimally to add 
additional capabilities. Though it is undesirable, non-normal inheritance 
may be unavoidable under such circumstances. Another reason might be 
the use of a single-inheritance language. Mashing two abstractions 
together into a single superclass is most likely to make sense when you are 
stuck with single inheritance. When that happens, it is inevitable that 
some inheritance will end up being non-normal. If you really must use 
non-normal inheritance, try to limit it to methods that do not use relation­
ships with other objects, are not called directly from outside the super­
class, and do not have side effects such as changing the values of at­
tributes . 

...,.. lnjleritance: The GOTO of the '90s? 

The best way to view a class hierarchy is as a set of superimposed 
modules. Modularity in object-oriented software can be achieved 
through creating separate, collaborative objects, but it can also be 
achieved by dividing the data, relationships, implementations, and inter­
faces into superclasses. As with any technique of modularity, simply 
forming modules is not enough to guarantee good design. Modules must 
be independent of one another, simple, reusable, and maintainable in 
order to provide benefits. This means that classes should be as indepen­
dent of one another as possible, not just across relationships, but up and 
down their inheritance structure as well. Subclasses will always depend 
on their superclasses, but it is surprising how tempting it can be to make 
superclasses dependent on their subclasses! Type knowledge and the 
yo-yo phenomenon lead to just such violations of modularity through 
inheritance. 

Back in the language wars of the Dark Ages of Computing, circa 1970, 
the most telling argument against using GOTO was that it prevented you 
from looking at a line of code and telling exactly how your program got 
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there. No matter where you were, the program could suddenly swoop in 
out of nowhere. Poorly designed inheritance has the same effect. Looking 
at a method, it may be difficult or impossible to tell without examining the 
entire program how, when, and why the program might execute that 
method. For this reason, inheritance in object-oriented programs-par­
ticularly non-normal inheritance-might well come to be known as the 
GOTO of the 1990s . 

...,. Programming 
The implementation of methods and attributes is almost an anticlimax in 
Solution-Based Modeling. For each method, the semantics of the method 
and its collaborators have already been determined. Even the order and 
circumstances in which collaborators are called by a method have in 
many cases been defined through dynamic scenarios of the Execution 
Plane. Furthermore, it is likely that by the time you reach the Program­
ming Phase a good deal of prototypical code has been implemented. What 
follows are some useful guidelines. 

1. Write concrete classes for spedfic examples of objects first. This is true 
of prototyping and the same strategy continues into the programming 
phase. Worry about abstract classes and optimized class hierarchies 
only after you have working, concrete classes. 

2. Dare to reorganize. At any point during the programming phase, you 
should be prepared to reorganize the class hierarchy and the accom­
panying implementations as new ideas and information are uncov­
ered. At a recent conference, one company told of overhauling a 
MacApp application containing in excess of 150,000 lines of code. It 
took less than three days. This is very common in object-oriented 
software development and not to be feared. You lose very little code 
during a reorganization; most ends up copy /pasted somewhere in 
the revamped program. 

3. Look for shrinkage in lines of code. In traditional programs, the 
number of lines of code grows as the project goes forward. In 
object-oriented software, the number of lines of code expands to a 
point, then starts shrinking as completion is approached. This is due 
to better reuse of code and elimination of type knowledge as the 
design is optimized for final release. If the number of lines stabilizes 
or starts to shrink, you are on the home stretch. 

4. Keep up the paperwork. You will uncover new information during 
programming, some of which will undermine scenarios previously 
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drafted. Be sure to keep the scenarios up to date, despite the tendency 
to take a" damn the torpedos, full speed ahead" attitude as the project 
winds down. This will help prevent oversights that occur when 
everyone is in the heat of programming and assures that quality 
assurance and on-going maintenance will have a solid base of docu­
mentation. 

5. Implement scenarios, not classes. We have discussed this several 
times before: Design and implementation should be organized 
around scenarios, not objects or classes. It is important to maintain 
control over the programming phase, and that is best done by work­
ing from scenarios that can be checked off against a project plan as 
they are completed. 

One of the most common forms of reorganization of the code is illus­
trated by the following sequence. Start with the following code fragment 
(in pseudo-code). 

class·foo { 
public: 

void Draw (void); 
} ; 

void foo::Draw (void) { 

} 

I I This may actually be several lines of code 
do_some_of _the_drawing; 
do_the_rest_of_the_drawing; //As may this 

Now introduce a superclass and split the implementation as follows. 

class bar { 
public: 

virtual void Draw (void); 
} ; 

class foo : public bar { 
public: 

virtual void Draw (void); 
} ; 

void bar::Draw (void) { 
do_some_of_the_drawing; 

} 



void foo::Draw (void) { 

} 

bar: :Draw(); 
do_the_rest_of_the_drawing; 
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In Object Pascal, the initial form would be as follows. 

foo = OBJECT 
PROCEDURE Draw; 

END; 
PROCEDURE foe.Draw; 
BEGIN 

{ This may actually be several lines of code } 
do_some_of_the_drawing; 
do_the_rest_of_the_drawing; {As may this} 

END; 

The reorganized code then becomes 

bar = OBJECT 
PROCEDURE Draw; 

END; 

foo = OBJECT (bar) 
PROCEDURE Draw; OVERRIDE; 

END; 

PROCEDURE bar.Draw; 
BEGIN 

do_some_of_the_drawing; 
END; 

PROCEDURE foe.Draw; 
BEGIN 

INHERITED Draw; 
do_the_rest_of_the_drawing; 

END; 

Notice that no code was lost. The implementation was simply split up, 
with one part assigned to the superclass and the rest left in the subclass. 
This allows the initial part, do_some_of _the_drawing, to be reused by 
other subclasses. An equivalent reorganization follows. 



312 ~ Chapter 11 Programming 

class bar { 
protected: 

void PartialDraw (void); 
public: 

virtual void Draw (void) O; 
} i 

class foo : public bar { 
public: 

void Draw (void); 
} i 

void bar::PartialDraw (void) { 
do_some_of _the_drawing; 

} 

void foo::Draw (void) { 

} 

this - PartialDraw(); 
do_the_rest_of_the_drawing; 

Or, in Object Pascal, 

bar = OBJECT 
PROCEDURE PartialDraw; 
{ A pure virtual method - implementation does nothing} 
PROCEDURE Draw; 

END; 

foo = OBJECT (bar) 
PROCEDURE Draw; OVERRIDE; 

END; 

PROCEDURE bar.Draw; 
BEGIN 
END; 

PROCEDURE bar.PartialDraw; 
BEGIN 

do_some_of_the_drawing; 
END; 



PROCEDURE foe.Draw; 
BEGIN 

SELF.PartialDraw; 
do_the_rest_of _the_drawing; 

END; 

Figure 11-27 
(a) Before optimization 
Fool::Draw (void) 
{ do_some_of_the_drawing; 

do_the_rest_of_the_drawing; 

f . 
Draw v01d 
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Foo2::Draw (void) 
{ do_some_of_the_drawing; 

do_something_different; 

f 
Draw void 

(b) Putting common code into the overridden method 

Fool::Draw (void) 
{ Bar: :Draw(); 

do_the_rest_of_the_drawing; 

f . 
Draw v01d 

~~awwid 
1 

Foo2::Draw (void) 
{ Bar::Draw(); 

do_something_different; 

f 
Draw void 

Bar::Draw (void) 
{ do some of the_drawing; 
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(c) Splitting out common code into a separate method 

Fool::Draw (void) 
{ Bar::PartialDraw(); 

do_the_rest_of_the_drawing; 

f 
Draw void) = 0 

Foo2::Draw (void) 
{ Bar::PartialDraw(); 

do_something_different; 

f 
Draw void 

Partia!Draw void 

l 
Bar: :Draw (void) 
{ do_some_of_the_drawing; 

Figure 11-27. Reorganizing the implementation to share code 

Figure 11-27 (a) shows the "before" scenario and (b) and (c) show the two 
alternative "after" scenarios for these code fragments extended to illustrate 
code reuse by two concrete classes. 

Both approaches use normal inheritance. The second is a little cleaner 
because it separates the inheritance of an interface from the inheritance of 
a partial implementation, but the authors have no quibble with either 
approach. In both cases, if you measure the magnitude of the reorganiza­
tion by lines of code affected, you must conclude that almost everything in 
the program has changed. On closer examination, it is clear that almost 
nothing in the implementation really changed; it was the class hierarchy 
that got shuffled. This is very common, particularly as the program nears 
completion and you start worrying more about optimization and less 
about whether the project will finish in time. This sequence is especially 
common if you heed the previous guidelines and work first on examples 
of objects, then later design the class hierarchy. The tendency under those 
circumstances is for code to migrate up the hierarchy, not down, as in this 
example. 
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We can illustrate the third guideline by continuing the example. It may 
well be that do_ some_ of_ the_ drawing was repeated at first in several 
classes and that the reason for creating the extra layer of inheritance was 
specifically to share that code. If so, the net effect is likely to be a reduction 
in the total lines of code. Or it may be that by introducing a pure virtual 
interface, you eliminate some if-then or switch-case logic, again 
reducing the overall size of your program. The combination of these two 
factors explains much of the reduction in code experienced by companies 
that have reengineered existing software products using object-oriented 
techniques. The resulting programs have typically been one-fourth to one­
tenth the number of lines of code used by the original program. 

..... Managing the Programming Phase 
The programming phase uses the same basic techniques used for analysis 
and design: CPC, scenarios, synthesis, correlation, and synchronization. 
The process is driven by the set of scenarios chosen at the conclusion of the 
design phase to form the basis of project scheduling and measurement, the 
implementation set. Each scenario in the set must be implemented at some 
point during the programming phase. Choosing an appropriate order in 
which to tackle these scenarios is not as important as making sure that all 
are dealt with and that the cumulative quantity completed is consistent 
with the schedule at any given point in time. 

This chapter discusses techniques specific to object-oriented program­
ming and SBM, but you will certainly use traditional tools of programming 
as well: source code control systems such as the MPW Projector tools, 
conventions for source code formatting and organization, debuggers and 
the accompanying standards for initial testing of source code, and other 
useful development tools and techniques. SBM does not replace any of 
these techniques, but they are beyond the bounds of this book. 

~ Use of Scenarios 

In Chapters 9 and 10, we talked about using scenarios, not just as a tool for 
model building and exploration, but for project management as well. The 
schedule for the programming phase should be based on a specific set of 
scenarios chosen from all scenarios available at the end of the design 
phase. This implementation set of scenarios should collectively cover all of 
the Execution Plane. No scenario in the set should be completely redun­
dant with any other; when in doubt, include borderline scenarios in the 
set. It is perfectly acceptable to generate new scenarios from existing ones, 
specifically for inclusion in the implementation set. 
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The implementation set is the fundamental unit of organization during 
the programming phase. Schedules should be based on completion of 
scenarios or groups of scenarios. Team members should be made respon­
sible for completing the implementation of scenarios or groups of sce­
narios. This is a much better basis for scheduling, assigning tasks, and 
monitoring progress than other schemes based either on a top-down 
decomposition of the project or by object/ class. A good way to develop the 
programming schedule is to pick a few representative scenarios from the 
implementation set and code them, keeping track of productivity as you 
go. This can then be extrapolated to the rest of the implementation set. 

...,. Quality Assurance 

The process you have used to get this far-scenarios, calibration, and an 
overall team approach-means that testing and quality assurance began 
with the start of the project. However, that is no substitute for a formal 
software testing process at the completion of the programming phase. 
Ideally, QA personnel have been part of the entire project, from analysis 
through programming. In the early stages, QA got up to speed on the 
requirements, saving time later; provided feedback on how testable the 
scenarios drafted for the Business and Technology Planes are; and began 
selecting scenarios of those planes to be the basis for the final check-out 
testing. If you did not bring QA in at earlier stages, get them involved now, 
as soon as the programming phase begins. They will have a good deal of 
preparation to do before the software is released for its final check-out. 

...,. Use of Prototype Code 

Prototype code developed in early phases should not be treated as sacred. 
Remember that 75 percent of your investment in developing that code was 
in analysis and design, not programming. Recreating hastily drafted, 
proof-of-concept code is much less expensive than was the initial drafting. 
That said, it is likely that much or most of the prototypical code accumu­
lated so far will end up being used in the finished product. It may be 
shuffled around, as discussed previously, but there is usually a place for 
good code in the finished product. 

...,. When Is the Programming Phase Complete? 

The programming phase ends when the program implements the sce­
narios of the Execution Plane, has been accepted by QA, and has been 
released for alpha and beta testing. This requires that someone in authority 



..,.. Beyond Programming 317 

says that the phase is done; there is no rigorous, air-tight test for comple­
tion. However, if QA has selected scenarios of the Business and Technol­
ogy Planes to use as the basis of testing, and if you have properly calibrated 
the Execution and Program Planes, there is a firm foundation on which to 
render that judgment. 

~ Beyond Programming 
What happens after the project T-shirts have been issued and everyone is 
back from a well-needed vacation? The software, of course, must evolve. 
So far, we have behaved as if every SBM project starts from scratch or from 
software not developed using SBM. However, you are now ready to reap 
one of the biggest benefits SBM has to offer: carrying forward the body of 
scenarios and documents into the full life cycle of the software. When we 
said earlier that the Reference Model was simply one region of the Business 
Plane, we described only initial use of SBM, not changes to a prior SBM 
project. If you are maintaining and changing a program developed using 
SBM, the true Reference Model is actually the combination of all four 
planes-the Solution Model, Technology Plane, Execution Plane, and 
Program Plane-as of the last release of the software. As you work toward 
the next release, you will correlate this entire model to its counterparts in 
the new SBM in exactly the same way you correlated the Reference and 
Solution Models at the beginning of this project. However, this correlation 
will be at four levels, not one. The concept of an Impact Analysis also carries 
forward. Where before the Impact Analysis was a measure of change to the 
business, now it is a measure of change to the business, conceptual design, 
architecture, and program. 

This explains some of the curious, glossed-over inconsistencies in the 
Business Plane. Why was it that correlation applied only across planes, 
except between the Reference and Solution Models? The answer is that the 
Reference Model was actually at the top of a four-tiered, separate model, 
the bottom three tiers of which were, at that time, empty. Why is it 
"Solution-Based Modeling," not "Reference-Based Modeling," since we 
encouraged you to start with the Reference Model? Again, the true 
solution-based model has only one region on its topmost plane, the 
Solution Model. 

By recasting the overall model in this way, evolution is seen as a natural 
outgrowth of what you've been doing during the initial development. The 
same techniques and principles apply over the useful life of the software. 

We can now also, in the closing pages of the book, close one other open 
issue. If you are developing several, cooperative programs at once, each 
gets it own complete solution-based model. These models share all or part 
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of a unified Solution Model, but underneath can be treated as separate 
projects. With this change, SBM can be easily extended to cover distributed 
systems and multitasking networks of programs. It is beyond the scope of 
this book to provide more details in this area, but the extensions should be 
quite natural to anyone who has come this far . 

...,.. Summary 
This chapter focused on the programming phase of Solution-Based Mod­
eling, the final step in constructing the initial version of the system 
envisioned in the Solution Model. Since we are developing systems for 
the real world, this initial system is actually the beginning of an evolving 
series of systems that will satisfy your business needs. This is the easiest 
phase of SBM, because we simply code the responsibilities defined in 
minute detail in the Execution Plane to obtain the Program Plane. 

• During the programming phase we spend a great deal of time deciding 
how to properly implement the objects of the Execution Plane using 
inheritance and other techniques. We have many strategies to choose 
from, including copy /paste and other "low-tech" approaches. Our 
choice of how to implement the abstractions and run-time objects of 
the Execution Plane as class libraries and program modules will 
greatly influence how well our application system satisfies the Four 
Itys, Maintainability, Reliability, Extensibility, and Reusability. These 
are best achieved by thinking of inheritance as passing along relation­
ships, interfaces, and implementations and not just attributes and 
methods. 

• Implementation of methods and attributes is straightforward and uses 
the same techniques and technology as for any other programming 
project. Object-oriented programs are frequently reorganized, even up 
to the closing days of a project. Prototypical code is often, but not 
always, reused in the finished product. 

• When our software has been tested, passed an independent quality 
assurance process, and survived an appropriate, prescribed period of 
user testing, we reap the reward of SBM: an application system 
designed to serve the business needs set out in the Solution Model. 
From that point, the entire Solution-Based Model becomes the new 
Reference Model for subsequent work, thereby closing the life cycle on 
the methodology. 



Appendix 

A Manual Database for 
Solution-Based Modeling 

This appendix describes a simple database that both facilitates all three 
forms of calibration and functions as an index to the set of scenarios. It can 
be maintained manually on paper or index cards but is also easy to 
automate using HyperCard or database programs. To use this database, 
each scenario should be assigned a unique identifier, typically a document 
number. For each object, category, or class, we create a summary card and 
for each responsibility, a relationship card. A sample summary card is 
illustrated in Figure A-1. 

Plane/Region: ---------­
Element Name:----------

Scenarios:------

Attribute Name Data Type Scenarios 

Figure A-1. Summary card 

319 
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The plane, region, and name together uniquely identify the object, cat­
egory, or class. The upper right of the card lists all scenarios in which the 
object appears. The table lists all attributes, their data types, and the 
scenarios for each. Figure A-2 shows a sample relationship card. 

Plane/Region: ------------
Scenarios: _____ _ 

Element Name: 
~~~~~~~~~~~-

Responsibility: 
~~~~~~~~~-~-

Relationship Plane/Region/Element Responsibility Scenarios 
of Relative Type of Relative 

Figure A-2. Relationship card _.......__,,, 

The plane, region, and name are as in the summary card. Many relation­
ships connect a responsibility of this object to another object. If that is the 
case, the name of the responsibility is listed in the heading. The table lists 
all relatives of this responsibility. The second column identifies the object. 
The third column identifies the responsibility of the relative, which may 
be blank. The relationship type is one of the VDL relationship symbols. 
-- .., means "calls" while "" -- means "called by" the relative. 

---~means "creates" and means "created by'' the rela-
tive. The last column lists scenarios that contain the relationship. The 
scenarios listed in the upper right corner are those in which the responsi­
bility occurs without relationships. 

For a given element, there will be one relationship card with the respon­
sibility left blank for relationships such as "created by'' or "is part of," plus 
one card for each responsibility. The former is called the open relationship 
card and has special significance for synchronization. A relationship is 
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always listed in two places, corresponding to the element on each end. 
Responsibilities in the . Execution and Program Planes are listed with 
complete calling sequences in addition to the name. 

This is a simple and effective cross-reference to synthesized scenarios. Its 
use for synthesis is obvious. It is the "overall model" we spoke of in 
Chapter 9. For correlation, scan each relationship card for "implements," 
"implemented by," and "replaces" relationships. For synchronization, the 
open relationship cards quickly identify scenarios in which objects are 
created and destroyed. Dangling threads are indicated with an asterisk or 
stick-on, color-coded dot. Cards should be maintained either in pencil or 
on-line, as the information changes frequently. 

All processes of Solution-Based Modeling are supported by this simple 
database. More sophisticated database programs can provide automated 
support for all three forms of calibration. 
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cial or that have been of special help in our own research. The bibliogra­
phy is divided into three general subjects: software development, cogni­
tive science, and graphic arts. 
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We have found the following books particularly useful in helping us 
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You need look no further for graphic arts information than the following 
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Macintosh-like interfaces. 



INDEX 

3 Dimensional visualization, 107, 
108, 136 

and escaping flatland, 112-113 
4th Dimension, 101 

A 
Aboriginal tribe, 95, 96 
Above/below organization, 115, 

130, 136 
Abstract Data Types. See ADTs 

(Abstract Data Types) 
Abstraction(s), 58, 63, 93, 126, 

152-153 
vs. classes, 251-252 
definition of, 56 
and the Execution Plane, 257-

258, 279 
and natural world models, 140 
and the Programming Phase, 

286-287, 295-299 
single-threaded, 288-289 
six ways to implement, 284-290 
split, 289, 299-300 
validation of, 235 
and VDL, 124 

Accessors,216,257 
Accountability, 199 
ADTs (Abstract Data Types), 29, 

259,260 
Advance Scouting, 237-238 
Aesthetics, 224 
Algorithms, 13, 19, 185, 217, 235 
AMOL (Aunt Millie's Object 

Language), 25, 46 
Analysis Phase, 169-203 

completion of, 238-240 
design and programming 

during, 171-172 
and estimating, scheduling, 

and planning, 239-240 
objective of, 170-171 
overview of, 170-173 
and the Technology Plane, 205-

241 
Ancestors, 35, 38, 39, 123, 250. See 

also Inheritance 
Angles, right, 126 
Antecedent relationships, 55 
Anthropomorphism, 32-33, 50, 

209 

329 



330 .... Index 

and the Content Model, 211 
definition of, 47 
and Model Railroad CAD, 75, 76 

AppleEvents, 263, 273 
AppMaker, 237 
Architecture 

black box, 214-215, 217, 240 
client/server, 214...:215, 217 
Content, 150-152, 154, 208, 237, 

255,259-260,276,279-280 
Environment, 150, 151-152, 

255,259,263-264,277 
User Interface, 150, 152, 231-232 

Arrow tool, 296 
Ashton-Tate, 104 
Attributes, 96, 108, 150, 152-153 

and basic categories, 93 
definition of, 51 
and lexical analysis, 71 
and the Programming Phase, 

301 
and synchronization, 270 
and top-down method, 72 
and VOL, 122, 124-125 

Aunt Millie's Object Language. 
See AMOL (Aunt Millie's 
Object Language) 

Australia, 95, 96 
Authority, lines of, 199 
Automation, 136, 141 

and the Content Model, 210 
and the Impact Analysis, 199 
and the Reference Model, 141, 

143 
and the Solution Model, 193-

195, 196 
Automobiles, 217-219, 225 
Autonomy, 76, 89 

B 
Background, 115, 133. See also 

Foreground-background 
organization 

Behaviors, 124, 153-154 
and astonomy, 89 
the payroll example, 86-87 
and Model Railroad CAD, 76 
and OOSD, 51, 54 
and real-world analysis, 75 
and the Reference Model, 185 
and VOL, 127 

Behavior sets 
definition of, 175-176 
and Solution Model, 191 

Binary trees, 26 
Biology, 51, 59, 93 
Black box architecture, 214-215, 

217, 240 
Black hole model, 9 
Blocks World, 53-55 
Boards, multi-layer, 225 
Booch, Grady, 58 
Budgets, 170, 171, 192. See also 

Costs and benefits 
Bugs, 45, 165-166. See also Errors 
Business Plane, 141-145, 160, 162, 

164-203, 238-241 

c 

and the Content Model, 212 
and mapping responsibilities 

onto objects and categories, 
213 

and the User Interface Model, 
231 

C (programming language), 28, 
45,80 

C + + (programming language), 
5, 19, 80 

and compilers, 45 
general description of, 45, 46 
and the Execution Plane, 249-

252, 260, 272 
Apple extensions to, 45 
and handling OOP at the 

language level, 44-45 



and implementation, 29-31 
and inheritance, 39 
and making all data members 

in the object private, 29 
and objects, definition of, 27 
and OOP, 25, 27, 29-31, 34-35, 

44-46, 48 
popularity of, 25, 46 
and the Programming Plane, 

290,293,294,304 
reasons for using, 25 
and the tradeoff between 

performance and dynamic 
changes, 48 

Calibration, 153-154, 156, 158, 
160-163, 164, 166, 236. See 
also CPC (Center-Periphery­
Calibrate); Correlation; 
Syncronization; Synthesis 

and the analysis phase, 172 
and the Content Model, 222 
Correlation, 219-223 
and dangling threads, 172 
and essential responsibilities, 

180, 181 
and the Execution Plane, 243, 

244,269-275,276 
relationships, 128 
and the Solution Model, 192 
Synchronization, 161, 269-

275 
Synthesis, 183-188 
three techniques of, 161 
and the User Interface Model, 

231-232 
Calling 

a method, definition of, 32 
sequences, 253-255 

Candidate lists, 83-84, 89 
Categories, 92-97, 180 

basic, 92-93, 94-95, 96, 108 
vs. abstractions, 252-253, 257-

258 

..,. Index 331 

cognitive, 97-98, 100-101, 105, 
108, 145-146, 230 

as containers, 257-258 
and context, 100-101, 108 
definition of, 92, 100-101 
functional, 93 
hierarchies of, 96 
and Macintosh User Interfaces, 

104-107 
mapping responsibilities onto, 

213 
membership in, 108 
"natural," 103 
natural way of forming, 96-97 
natural world, 122-123, 144, 

179 
non-basic, 93-95, 97-98 
preconceptual,92,93,96, 108 
and prototype effects, 108 
refinement of, 100-101 
rules for using, 99 
and the sheer cliff principle, 

102-103, 102-107 
and reusability, 101-102 
and VDL, 122-123 

Cause and effect, 15 
Center-Periphery-Calibrate. See 

CPC 
Center-periphery organization, 

107 
and VDL, 115, 132 

Check boxes, 105 
Class( es) 

and abstraction, 56, 123, 251-
252 

and ancestors, 35, 38 
base class, definition of, 35-36 
and categories, correspondence 

of, 91, 96-97 
concrete, 57, 63, 123, 152-153, 

295-296, 309 
and descendants, definition of, 

35 



332 ..,. Index 

Class (continued) 
and folklore, 55-57, 63, 67-69, 

77 
hierarchy, 51, 58, 72, 120, 261, 

283-289,301,314-315 
and inheritance, 35, 38, 301-304 
and lexical analysis, 67-69, 71 
master, 269 
membership in, 50, 51, 55-56 
definition of, 27, 31 
and objectivism, 53-54, 58-59, 

62 
and OOSD, 49, 51, 55-57, 62-63 
and shared properties, 51 
and the sheer cliff principle, 

102-107 
sorted list, 102 
sub-,34-35,36,37,51, 152 
super, 35, 36, 51, 53-55, 63, 152, 

301-308 
and reusability, 58, 101-102 
TEditText, 261 
TEvtHandler, 295, 297-298 
TList, 259, 260 
TObject, 268 
and VOL, 116, 122, 123. 
See also Class libraries 

Class libraries, 42-44, 151, 155, 
160, 152 

CLOS, 251 
definition of, 43, 48 
and the Execution Plane, 246, 

251, 258-260, 262, 264-265, 
279 

and minimizing costs, 235 
and Model Railroad CAD, 76 
and prototypes, 237 
and User Interface Architec­

ture, 151 
and the User Interface Model, 

149,225 
and VOL, 120 

Clipboard, 14, 79-80, 104 
Cloning, definition of, 32 
Code 

error-checking, 37 
implementation of abstractions 

in,252 
and library classes, 264 
and the myth of reusability, 

102 
and objects, 26, 47 
and the Program Plane, 153 
pseudo-, 151 
prototypical, 165-166, 171, 237, 

277, 278, 316, 318 
reorganization of and the, 

Programming phase, 309, 
310-314 

shrinking lines of, 309 
Cognitive science, 50, 92-101 
Cognitive categories, 97-98, 100-

101, 105, 108, 145-146 
Collaborations, 127, 181, 270, 272-

273 
Color 

as an attribute, 51 
and image schemas, 107 
and interface guidelines, 224 
and Model Railroad CAD, 75 
and precognitive categories, 92 
and VOL, 116, 136 

Communications, 12,55, 127-128, 
140, 159,233. See also Messages 

and the Content Model, 221-
222 

and demonstration and confi-
dence building, 236 

and distortion, 17 
and escaping flatland, 113-114 
and noise factors, 193-194 
and relative importance, 131 
and VOL, 111-114, 127-128, 131 

Compatibility, 45 



Competition, 173, 200 
Compilers, 45 
Confidence building, 236 
Connectedness, 273-275 
Constraints, 191-192 
Containers 

definition of, 123, 126 
and the Execution Plane, 243, 

246,260,262 
and VDL, 115, 122, 123, 126 

Content Architecture, 150-152, 
154, 208, 237 

and the Execution Plane, 255, 
259-260,276,279-280 

Content Implementation, 154 
Content Model, 145-146, 149-154, 

160, 166,233-235,240 
and the analysis phase, 205 
building of, 208-213 
and elements and relationships 

of, 207-208 
and the Execution Plane, 246, 

259,270,279 
expansion and refinement of, 

from five directions, 208-209 
and the object candidate list, 

207, 209-213 
overview of, 207 
and the Solution Model, 

correlation of, 219-222 
and the User Interface Model, 

224,225,227,229,230,231 
Context, 100-101, 108 
Copy I paste applications, 4, 285-

286, 291-294, 300, 318 
Correlation, 161, 185, 189, 315 
Costs and benefits, 15, 145, 166, 

192, 235-236 
and impact analysis, 199-200 

CPC (Center-Periphery-Cali­
brate), 139, 159-163, 167, 233. 
See also Calibration 

~ Index 333 

definition of, 161-162 
and the Execution Plane, 244-

245, 279 
and frames, 176-178 
process, outline of, 161-162 
and the Programming Phase, 

315 
and the Reference Model, 202 
and scenarios, 162-163 
and the Solution Model, 189, 

194, 196 
and solving the right problem, 

141 
and "stuckness," 222 
vs. top-down techniques, 165 

Creation, 128, 271 
Curves, 122, 194 

D 
Dangling threads, 180-181, 196, 

221,241 
in the Business and Technol­

ogy Planes, 239 
and calibration, 172 
and correlation, 222 

Data flow diagrams, 32, 97, 112 
Data members, 27-28, 31, 33, 47. 

See also Attributes 
Debugging, 45, 165-166. See also 

Error(s) 
Decomposition, 97, 181, 276 

and the Programming Phase, 
316 

and responsibilities, 256-257 
Demonstrations, 236, 241 
Dependence 

definition of, 219 
and the Execution Plane, 243, 

264-269 
Dependency Management, 264-

269 



334 ..,. Index 

Descendants, definition of, 35. 
See also Inheritance 

Design Phase 
and the Execution Plane, 275-

279 
management of, 275-279 

Design set, definition of, 275 
Destruction, 128, 272-273 
Dialog(s) 

boxes, 105-106 
and the Execution Plane, 263 
items, 105 
modal, 107, 226 

Display Containers, 262-263 
Distortion, 17, 22 
Documents, definition of, 78-79 
Dyribal aboriginal tribe, 95 

E 
Elements 

of the Content Model, 207-208 
definition of, 122 
and the Environment Model, 

233 
and models, contents of, 116 
natural world, 122 
program, 123-124 
scenario, 134 
and the User Interface Model, 

225-231 
and VOL, 116, 122, 123-124, 134 

Encapsulation, 216-218 
definition of, 29, 31, 47 
whole/part, 214, 218-219 

Engineering feasibility, 235 
Environment Architecture, 150, 

151-152, 255, 259, 263-264, 
277 

Environment Model, 112, 145, 
148, 155, 166,232-233,240 

building, 232, 233 

and the Content Model, 208 
and elements and relationships 

of, 233 
and the Execution Plane, 279-

280 
Envisioning information, 112 
Estimation,235,241 
Event dispatching, 150, 152 
Evolution, 17, 59-61, 164, 182, 214 
Execution Plane, 141-142, 150-

152, 153, 160-161, 166, 167 
and abstractions, 251-253, 257-

258 
and accessors, 257 
and adding calling sequences, 

253-255 
and adding detail, 245-246 
and adding new objects, 246 
building of, 253-264 
and calibration, 269-275 
and connectedness, 273-275 
and the Content Architecture, 

259-260 
and the Content Model, 208, 

210 
and CPC, 244-245 
and creation and initialization, 

271 
and decomposing responsibili­

ties, 256-257 
and dependency management, 

264-269 
design and construction of, 

243-280 
and destruction, 272-273 
and display containers, 262-263 
and Environment Architecture, 

263-264 
and knowledge of other objects 

and data, 270-271 
and limiting responsibilities, 

215 



and managing the Design 
Phase, 275-279 

and mapping objects onto 
classes of the class library, 
258-259 

and Model-View-Controller, 
262-263 

overview of, 244-246 
and priorities, 276-277 
and the Program Plane, 294, 

301, 315-317, 318 
and program objects, vs. 

conceptual objects, 245 
and protocols, 273 
and prototyping, 234-237, 277-

278 
and Renderings, 261-262 
and run-time objects, 246-253 
and scenarios, use of, 237, 276 
and synchronization, 255, 269-

275 
and the transition to imple­

mentation, 278-279 
and User Interface Architec­

ture, 261-263 
Experts, 21, 22, 23, 207, 216 

F 
File handling, 150, 152 
Finder (Macintosh), 78, 88, 107, 

263-264 
Folklore 

and ask-an-expert method, 74, 
86 

and categories, 91, 108 
definition of, 49-50 
and the Macintosh User 

Interface, 76, 77 
and lexical analysis, 67 
and Model Railroad CAD, 76, 

79 

..,.. Index 335 

and the myth of reusability, 
101 

and objectivism, 61, 62 
and OOA, 63 
and OOSD, 61, 62, 63 
and put-it-in-context method, 

73 
and sample applications, 65 
and semantic modeling, 51-52 
and the sheer cliff principle, 

102-103 
and simulation, 83 
and top-down methods, 72, 89 

Foreground-background organi­
zation, 115, 130, 132 

Four Itys, 59-61, 100, 102 
and the analysis phase, 205-206 
and the Programming Phase, 

281, 283, 318 
and the Technology Plane, 172 

Frames, 133, 154-155, 167 
building of, 176-178 
and the Content Model, 208 
and the Reference Model, 174-

176, 180-184, 190, 191 
and the Solution Model, 189-

195 
Front/back organization, 114-

115, 116, 130, 136 

G 
Generalization, 181 
Gestalts, 93, 155 
Global variables, 30 
GOTO, 308-309 . 
Graphical User Interface. See GUI 

(Graphical User Interface) 
Greek culture, 11, 50 
Groupings, 92. See also Catego­

ries; Class(es) 
and calibration relationships, 

128 



336 ~ Index 

Groupings (continued) 
and the lexical approach, 69 

GUI (Graphical User Interface), 
12-13, 46-47, 108, 146 

H 
Hard angles, 122 
Hardware devices, specialized, 

148, 155 
Helper objects, 286, 287, 294-295 
Hiding data, 29, 116 
Hierarchy 

of categories, 96 
class, 51, 58, 72, 120, 261, 283-

289, 301, 314-315 
inheritance, 57 
and prototypes, 277 
and top-down method, 72 

Homonyms, 184, 185, 202 
Horizontal/ vertical organization, 

114-115 
Human Interface Guidelines, 223, 

224 
HyperCard (Apple), 79, 101, 229, 

236,237 

Icons, 14, 48, 77, 115, 264 
Image schemas. See Schemas, 

image 
Impact Analysis, 145, 173, 189, 

191 
and the Evolution Phase, 317 
and the Reference Model, 191, 

199-203, 220-222 
Implementation set, 278-279, 315-

316 
Inheritance, 33-42, 150 

and ancestors, 35, 38, 39, 123 
class-based, 38 
and concrete classes, 57 

as a convenient way to de­
scribe things, 38 

definition of, 47-48 
and the Execution Plane, 243, 

250 
and the expression of concepts 

to make implementation 
easier, 41 

four aspects of, 302 
as an implementation conve­

nience, 38 
multiple, 38-42, 48, 153 
normal and non-normal, 301-

309 
and OOSE, 300-309 
and the Programming Plane, 

293,296,301-304,318 
and prototypes, 277-278 
and scenarios, 237 
single, 41 
single-threaded, 288-289, 297-

300 
and VDL, 120, 123 
yo-yo phenomenon of, 305 

Initialization, 271-272 
Instance, 28 
Instance variables, 32 
Interrupts, 152, 273 
Interviews, 181 

K 
Knowledge 

L 

of data, 214, 215-216, 219, 300-
301 

of implementation, 214, 217-
219, 300-301 

type,214,301,305,306-307 

Lakoff, George, 59, 92, 95, 97-98 
Layering, 116, 125, 130 



Left/right organization, 114-115, 
119, 130, 136 

Librarians, project, 166 
Libraries. See also Class 

application-independent, 102, 
108 

and the myth of reusability, 
101, 102 

Line(s), 103, 195 
weight, 107, 116, 130, 132 
width, 194 

Lineage, 38. See also Inheritance 
Linear development techniques 

(traditional), 12-14, 20, 139, 
140-141, 171, 219 

and the "waterfall" model, 8-9, 
13 

Lisp, 25, 46, 251, 272, 290 
Logic, 59, 112 

if-then and switch-case, 134-
135 

and propositional relation­
ships, 98 

M 
MacApp, 45, 77, 80, 101, 120, 152, 

156,235,268 
and the Execution Plane, 246, 

258-259,260,261,264 
and the Programming Phase, 

290,294,295,297-298,303, 
309 

TObject class in, 123 
Macintosh, 4-5 

"desktop" concept, 146 
documents, and the payroll 

example, 87-89 
drawing programs, 294 
and the Execution Plane, 244 
Finder, 78, 88, 107, 263-64 

..,. Index 337 

Macintosh Common Lisp, 25, 46, 
251, 272, 290. See also Lisp 

and OOP, 46-47, 48 
as platform, 154, 155, 240, 279 

Macintosh Programmer's Work­
shop (MPW), 152, 
315 

standards, programming, 155, 
160, 223, 224, 225 

upgrading existing applica­
tions on, 201 

User Interfaces, and categories, 
104-107. See also GUI; 
Toolbox (Macintosh) 

Main event loop, 150, 152 
Maintainability, 59-63, 102 
Maintenance, 167, 221-222, 274 
Managers,243,246,262,265-

266 
Marketing, 171, 173 

and demonstration and confi­
dence building, 236 

and positioning strategy, 173-
174, 200 

MDRC (Manager-Display 
Container-Rendering­
Content), 263 

Mechanization, 193-195 
Membership,55-56 

definition of, 31, 47 
in categories, 96, 108, 144 
in classes, 28 
and instance, definition of, 125-

126 
and VDL, 125-126 

Messages, 154, 167, 226. See also 
Communication 

AppleEvents, 263 
sending a, definition of, 32 
and Synchronization, 273, 279 

Metainformation, 250 



338 ~ Index 

Metaphors, 59, 76, 77, 146, 240 
and the Content Model, 209, 

211 
metaphoric relationships, 98, 

99-100 
and the User Interface Model, 

228 
Method(s), 28, 31, 32, 47 

calling a, 32 
Metonymic schemas, 185 
Model(s). See also specific models 

building of, approaches to, list 
of, 181 

and double descriptions and 
correlations, 178-179 

natural world, 140, 167 
technical architecture, 119, 120 
and VDL, 116-121 

Model railroad, 65, 66-80,. 118-
119, 120, 169 

and the ask-an-expert method, 
74-76 

and the Content Model, 209, 
212,214 

and defining the problem, 176 
and the Execution Plane, 258, 

260 
and lexical analysis, 67-71 
and the put-it-in-context 

method, 73-74 
and the Reference Model, 175-

176, 182, 187 
and relationships, 195-196 
and top-down analysis, 72-73 

Modeless operation, 14 
Modularity, 59-61, 63, 102, 219, 

227-228 
basic rule of, 84 
and the payroll example, 84, 85 

Montana, Joe, 95 
Mouse, 13, 147,295 

and the Macintosh screen, 46 

andtracking,75, 120,227 
and the User Interface Model, 

230 
Multiple inheritance work­

arounds, 40-41, 42 
MVC (Model-View-Controller), 

262-263 
Mythology, 95 

N 
Names 

and basic level categories, 93 
and polymorphism, 47 

Nature, 60, 76 
Nested views, 235-236 
Networking, 152 
Newtonian physics, 62 
Node classes, 26, 35, 36 
Notation, 35, 115-116. See also 

VDL 
Notification, 265-266, 268 
Nouns, 68, 71 

0 
Object(s), 26-33 

abstraction, 56 
application, 263-264 
automation, definition of, 210 
auxiliary, definition of, 210 
basic level, 196 
c + +I 249-252 
candidate, 68, 69 
candidate lists, 83-84, 89 
classes, 31, 43, 47 
cognitive, 145-146 
command,226-227,230 
concrete, 56 
content, 265-266 
definition of, 26-31, 47 
dependent, definition of, 265 
directly manipulated, 209 
document, 227-231 



finding, and the Content 
Model, 210-213 

and folklore, 52-54, 67-69, 84 
manufactured, definition of, 

209,225 
mapping responsibilities onto, 

213 
mental images of, definition of, 

50 
natural world, 122, 144, 174 
new, addition of, 246 
notifying, definition of, 265 
program, 123-124, 151,245 
reconstructed, definition of, 

210 
run-time, 124, 150, 151, 153, 

246-253, 318 
self-owned, 272-273 
size of, 44 
Smalltalk, 124 
specialization, 56-57 
temporal, definition of, 210 
types of, definition of, 28 
and VOL, 116, 120, 122, 123-124 

Objectivism, 63, 92, 144. See also 
Objectivist methodology 

definition of, 50-51, 62 
and high fidelity, 52 
and OOSD, 52, 53, 57-62, 89 
problems with, 61-62 
and the sheer cliff principle, 

103 
and specialization, 57 

Objectivist methodology, 57-61. 
See also Objectivism 

basic steps, 58 
and categories, 92, 97 
comfort of, 59 
definition of, 49-50 
and extensibility, 60 
and maintainability, 60-61 
and Model Railroad CAD, 75 

...., Index 339 

and modularity, 60 
and program evolution and the 

four Itys, 59-61 
and reusability, 61 
and sample applications, 65, 75 

Object-Oriented Design, With 
Applications (Booch), 58 

Object-Oriented Software 
(Winblad), 58 

Object Pascal, 5, 19, 80 
vs. C + +, use of, 25 
and the Execution Plane, 249-

251, 252, 272 
and OOP, 27, 29, 30-31, 39, 45-

46 
and the Programming 

Plane,290,293,294,296, 
311-314 

and the tradeoff between 
performance and dynamic 
changes at run time, 48 

OOA (object-oriented analysis), 
4,80 

definition of, 62-63 
and high fidelity, 52 
and lexical analysis, 71 

OOD (object-oriented design), 4, 
5,52,80,216 

OOP (object-oriented program­
ming), 4, 5, 27-28, 31, 33, 47, 
80. See also C + +; Object 
Pascal; Smalltalk 

and anthropomorphism, 32-33, 
47, 50, 76 

as worth the effort, 21-22 
and C, 28, 45 
and C + +, 25, 27, 29-31, 34-35, 

44-46,48 
and class libraries, 42-44, 48 
and encapsulation, 29, 31, 47 
and fields, 26, 27, 28, 32, 47 
and files, 27, 28, 32, 47 



340 ..,.. Index 

OOP (object-oriented program­
ming) (continued) 

and inheritance, 38-42, 47-48 
and Object Pascal, 27, 29, 30-31, 

39, 45-46 
and objectivism, 51-52 
on the Macintosh, 45-47, 48 
and OOSD, 51-57 
and overriding, 35, 37, 47 
and the payroll example, 85 
and polymorphism, 33-42, 47-

48 
and the sheer cliff principle, 

104 
and simulating the real world, 

73 
and Smalltalk, 25, 44-46 
the technologist's perspective 

on, 25-48 
variations on a theme of, 44-46 

OOSD (object-oriented software 
development), 4-23, 63, 91. 
See also Software develop­
ment 

and abstractions, 56, 58, 63 
and attributes, 51, 54 
benefits of, 18-20 
and categories, 97 
and five characteristics of a 

good model, 16-18 
folklore of, 20, 49-63 
and methodologies, 20 
and objectivism, 52, 53, 57-62, 

89 
and the payroll example, 85, 

87 
problems with, 20, 23 
and relationships, 54-55, 63 
and reusability, 59-61, 63, 102 
and the sheer cliff principle, 21, 

23 
and simulation, 89 

summary regarding, 22-23 
use of the term, 52 
and the way people perceive 

and organize their thoughts, 
49,51,59,62 

and wholes and parts, relation­
ships between, 50, 54-55 

as worth the effort, 21-22 
OOSE (Object-Oriented Software 

Engineering), 213-219 
and conflicts among limits, 

218-219 
and limiting data knowledge, 

215-216 
and limiting implementation 

knowledge, 216-217 
and limiting relationships, 217-

218 
and limiting responsibilities, 

215 
overview of, 214 
using inheritance, 300-309 

OOTB (object-oriented 
tecnobabble), 19 

Optimization, 313-315 
Outlining, 104 
Overall model, concept of, 185 
Overriding, 35, 37, 47, 75, 306, 

313 
Ownership, 55, 74 

p 
Palettes, 105-106, 146-148 
Paradigms, 19 
Paralellism in solution-based 

models, 142 
Pasting, 14, 79, 136 
Payroll examples, 80-89, 169, 173, 

175, 235 
and the Content Model, 210, 

211,212 



and the Execution Phase, 254-
255, 259, 261, 270, 272-274 

and the Reference Model, 176-
188, 200 

and Solution Model, 190, 191, 
200 

Phone directories, 211 
Physics, 9-10, 15, 62, 234-235 
Physiology, 92, 96, 108 
Pirsig, Robert, 222 
Planes. See also specific planes 

definition of, 116 
and regions, 130-131 
and VDL, 116, 130-131 

Polymorphism, 33-42, 44, 150, 
151, 152 

definition of, 47-48 
and the Execution Phase, 243, 

250 
and reusability, 61 
and the User Interface Model, 

227 
Positioning, relative, 130 
Preconceptual formation, 92 
Primitives, 93 
Program Plane, 141-142, 150-153, 

160-169, 171-172, 193, 197, 
233-238, 317 

and advance scouting, 237-
238 

and the Content Model, 210 
and the Execution Phase, 276 
and limiting responsibilities, 

215 
and the Programming Phase, 

282-283, 317 
and prototyping, 234-237 

Programming Phase, 281-318 
and choosing the best strategy, 

290-300 
classes, and inheritance, 301-

304 

..,. Index 341 

and combination strategies, 
290, 300-301 

and combining abstractions, 
286-287, 295-299 

completion of, 316-317 
and copy /paste strategies, 285-

286, 291-294, 300 
and designing class hierar­

chies, 283-289 
guidelines for, 309-315 
and helper objects, 286, 287, 

294-295 
management of, 315-317 
and object-oriented software 

engineering using inherit­
ance, 300-309 

overview of, 281-283 
and prototype code, 316-317 
and quality assurance, 316 
and scenarios, 315-316 
and separate implementations, 

285 
and single-threaded inherit­

ance, 288-289 
and six ways to implement 

abstractions, 284-290 
and split abstractions, 289, 299-

300 
Project teams, 11-12, 17-18, 96-97 

276,316 
Properties, 51 
Protocols, 154, 273 
Prototype(s), 165, 171, 172, 234-

237, 240-241 
and the analysis phase, 206 
and the Execution Phase, 275, 

277-278 
kinds of, summary of, 236-237 
and the objectives of 

prototyping, 234-235 
and the Programming Phase, 

291, 316-317 



342 ...._ Index 

Prototype(s) (continued) 
and the User Interface Model, 

231-232 
Public interface, and encapsula­

tion, 47 

Q 
Quality, assurance, 166, 316 

and mechanization, 194 
and the Solution Model, 194 

QuickDraw, 261 

R 
Railroad, model. See Model 

railroad 
Reasoning, and metaphor, 99 
Redundancy, 215-216 
Reference model, 143-145, 160-

164, 169, 172-189, 197-203, 
238 

and the Content Model, 212 
and existing computer sys­

tems, 201-202 
and finding objects, 211 
and frames, 180-184, 154, 190, 

191, 194, 202 
and the Programming Phase, 

317 
and synchronization, 269 

Reflection, 181 
Regions, 130-131, 139, 141-142 

definition of, 116 
Relationships, 152-154 

and categories, 97-98 
and classes, 63, 69, 73, 74 
and the Content Model, 214 
and the Environment Model, 

233 
image-schematic, 98-99 
and implementation, 128-129, 

156 

and inheritance, 302 
limiting, 217-219, 221-222, 300-

301 
and membership, 125-126 
Metaphoric, 98, 99-100 
metonymic, 98, 100 
and Model Railroad applica-

tions, 195-196 
and models, contents of, 116 
and OOSD, 54-55, 63 
and OOSE, 217-218 
propositional, 98, 99 
and the put-it-in-context 

method, 73, 74 
and the Reference Model, 179-

180 
and replacement, 129-130 
and the Solution Model, 195-

196 
and the User Interface Model, 

225-231 
and VDL, 125-130 
and wholes and parts. See 

Wholes and parts 
Relative importance, 131-132 
Relevance, 75-76 
Renderings, 243, 246, 261-262 
Resource allocations, 241 
Responsibilities 

connected, 273-275 
and the Content Model, 214, 

215,240 
and the Execution Phase, 256-

257 
and impact analysis, 199 
limiting, 219 
and OOSE, 215 
and the Programming Phase, 

300-301 
and the Reference Model, 202 
and the Solution Model, 197, 199 



and the User Interface Model, 
230 

and VDL, 122, 124, 125 
Reusability, 59-61, 63, 76, 84, 89, 

108 
and context, 101 
myth of, 101-102 

Run-time objects, 124, 150, 151, 
153, 246-253, 318 

s 
SBM (Solution-Based Modeling), 

20, 44, 110-318. See also 
Analysis Phase; Design 
Phase; Programing Phase 

and architectural levels, 119-
120 

and behavior modeling, 124 
and calibration relationships, 

128 
and defining the problem, 176 
definition and description of, 

3-5, 6 
eleven regions comprising, 139, 

141-142 
and essential responsibilities, 

179, 180 
and existing computer sys­

tems, 201-202 
and solving the right problem, 

140-41, 167 
and the foundation of catego­

ries, 140 
for the Macintosh, 139-167 
models, discussions of, 139, 

141-159 
models, process used to create, 

139, 159-166 
and natural world models, 140, 

167 
objectives of, 139-141 

~ Index 343 

projects, four phases of, 164-
165, 167 

project management, 166 
project organization, 163-166 
and spatial effects, 130 
and the sheer cliff principle, 

103-104 
three principal process in­

volved in, 159-163 
and VDL, 111-137 

Scenario(s), 133-135, 155-159, 167, 
237, 239-240 

and the analysis phase, 172 
and calibration, 183-188 
and CPC, 162-163 
and symbol of, 117-118, 134 
and the design phase, 275-279 
examples of, 155-157 
and the Execution Phase, 

276 
formation of, 159-163, 172 
four phases of, 139 
modified, 185-187 
overlapping, 155, 160, 219 
and the Programming Phase, 

310, 315-316 
and the Reference Model, 

181 
and the Solution Model, 197-

199 
and synthesis, 183-188 
and the User Interface Model, 

231,234 
Schedules, 170, 235, 238, 241 

and the Execution Phase, 276 
and the Programming Phase, 

316 
Schema(s) 97-101 

and categories, 104-107 
image, 108, 115 

Self, notion of, 33 



344 ..,. Index 

Separation 
into layers, 115 
and VOL, 115, 130, 136 

Shading, 107, 135 
Shadowing, 116 
Shakespeare, William, 33 
Sheer cliff principle, 21, 23, 102-

107 
avoidance of, 103-104 
why it exists, 103 

Side effects, minimizing, 222 
Simulation, 73, 74, 89, 237 

benefits of, lack of, 84 
and the payroll examples, 83-

84, 87 
Sisyphus, 11 
Size 

relative, 107, 116 
and VDL, 116, 130, 131-132 

Smalltalk, 19, 25, 48 
and debugging, 45 
and the Execution Plane, 262-

263, 272 
general description of, 45, 46 
and OOP, 25, 44-46 
status of objects in, 124 
and the Programming Plane, 

290 
Software Uncertainty Principle, 

9-10, 13 
Software development. See also 

specific methods 
and ambition, 14-15 
and attention to detail, 14 
black hole model of, 9 
and communications, 12 
four classical goals of, 63 
and experts, mystique of, 21, 

22,23 
faulty assumptions about, 11-

12 

five characteristics of a good 
methodology, 16-18 

and good models, characteris­
tics of, 15-16 

and the human psyche, 49, 
50 

and modeless operation, 14 
and project teams, 11-12, 17-18, 

96-97, 276, 316 
successful, 15-20 
traditional, 8-9, 13, 14, 16, 20, 

139, 140-141, 171,219 
and the Uncertainty Principle, 

9-10, 13 
Solid center, 91 
Solution Model, 143-149, 154-155, 

160-173, 188-203, 232-234, 
238,240 

building of, 196-199 
and calibration relationships, 

231 
and connection, 274-275 
and the Content Model, 206, 

208, 219-222 
definition of, 190 
and existing computer sys-

tems, 201-202 
and finding objects, 211 
and frames, 189-195 
and mapping responsibilities 

onto objects and categories, 
213 

overview of, 188-189 
and the Programming Phase, 

318 
and the Solution Model, 154-

155 
and synchronization, 269 
and the User Interface Model, 

223,231 
Space, negative, definition of, 132 



Spatial relationships, 98-99 
and extensions, 136 
and VDL, 116, 130-132, 134, 136 

Speed, 192 
Storyboards, 119,236-237 
Stretching, 194 
Stroke weight, of lines, 116 
Structure charts, 112 
Symbology, 122 
Synchronization, 161, 167, 185, 

233, 269-275 
and the analysis phase, 172 
application of, 275 
and the Content Model, 208 
and correlation, 222 
and the Execution Plane, 243, 

244,255,269-275,279 
and the Program Plane, 315 
types of, summary of, 269-270 

Synonyms, 184, 185,202 
and the Execution Plane, 253-

255, 274 
Synthesis, 161, 167, 181, 183-188 
System 7, 107 
System objectives, 82 

T 
Taxonomy,51,59,93 
Technology Plane, 141-154, 160-

167, 169, 172, 193,202,240-
241 

and connectedness, 274-275 
and the Content Model, 207 
and the Execution Phase, 244-

246, 253-256, 257, 270, 276, 
278,280 

and limiting responsibilities, 
215 

and the Program Plane, 301, 
317 

and scenarios, 237 

..,.. Index 345 

Testing, 165-166 
Thesaurus, 104 
ThinkC, 152 
Time 

and budgetary constraints, 
155 

compilation, 123, 250 
lines, definition of, 130 
run-, 48, 124, 150, 151, 153, 246-

253, 318 
sequence, 131, 156, 158 
turnaround, 194 
and VDL, 119, 123, 130, 131 

Toolbox (Macintosh), 4, 89, 80, 
101, 147, 152, 160,210 

and the Execution Plane, 246, 
259,264 

Top-down method (traditional) 
12-14, 20, 89, 139, 140-141, 
171, 219 

and knowing when to stop, 71-
72 

and simulating the real world, 
73 

Transmission, information, 215 
Tufte, Edward R., 107, 112 
Turnaround, rapid, 17, 22 
Type(s), 20 

u 

and behaviors, 20 
knowledge, 85 
of objects, definition of, 28 

Uncertainty Principle, 9-10, 13 
User interface 

and the analysis phase, 170 
and content, separation of, 148-

149 
mockups, 172 

User Interface Architecture, 150, 
152, 231-232 



346 ..,. Index 

User Interface, Macintosh, 
and MacApp, 77 
and OOP, 46-47, 48 
standards, 77, 79, 89, 155, 160, 

223,224,225 
and VDL, 115 

User Interface Model, 145-149, 
155, 160, 166, 223-231, 233, 
240 

v 

building of, 231-232 
and command objects, 226-227 
and the Content Model, 208, 

221 
document objects, 227-231 
and elements and relation­

ships, 225-231 
and the Execution Phase, 243, 

255,261-263,276,279-280 
and manufactured objects, 225 
overview of, 223-224 
and responsibilities, 230 

VDL (Visual Design Language), 
107, 111-137 

and abstractions, 124, 126 
and attributes, 122, 124-125 
and behavioral relationships, 

124, 127 
and calibration relationships, 

128 
and center-periphery organiza­

tion, 115, 132 
and communication, 111-114, 

131 
and collaboration, 127-128 
and constraints on notation, 

115-116 
and the contents of the models, 

116 
and creation, 128 

and dependency notification, 
266 

and destruction, 128 
elements of, 122-125 
and escaping flatland, 112-115 
example of, 117-121 
and the Execution Plane, 266 
and extensions, 136 
and foreground-background 

organization, 115, 132 
and frames, 133 
and implementation relation­

ships, 128-129 
and line weight, 132 
and messages/ collaborations, 

127-128 
and natural world objects, 122 
and natural world categories, 

122-123 
and natural world elements, 

122 
and planes and regions, 130-

131 
and program classes, 123 
and program elements, 123-124 
and program objects, 123 
and relationships, 125-130 
and relative importance, 131-

132 
and responsibilities, 125 
and scenarios, 133-135 
and size, 116, 130, 131-132 
and spatial effects, 116, 130-

132, 126 
summary of, 37 
and time sequence, 131 
and vertical slicing, 135 
and whole/part relationships, 

116, 126-127, 134 
Verbs, 71, 89 
Vertical slice, definition of, 135 



w 
Wholes and parts, 19-20 

and the Content Model, 217 
and limiting responsibilities, 

215 
and OOSD, 50, 54-55 
and propositional relation­

ships, 99 
and the Reference Model, 181 
and scenarios, 134, 155, 156, 

157, 159 
and VOL, 116, 126-127, 134 
and whole/part encapsulation, 

214, 218-219 
Whole system, emphasis on, 171, 

178 
Winblad, Ann, 58 

..,._ Index 347 

Windows, 14, 77, 88-89, 107, 227-
230 

and the Execution Plane, 262, 
263 

nesting views within, 235-
236 

and the User Interface Model, 
227 

Women, Fire and Dangerous Things 
(Lakoff), 59, 92, 95 

WYSIWYG (what you see is what 
you get), 4 

z 
Zen and the Art of Motorcycle 

Maintenance (Pirsig), 222 
Zoology, 59 



Titles in the Macintosh Inside Out Series 

... Extending the Macintosh® Toolbox 
Programming Menus, Windows, Dialogs, and More 
f ohn C. May and fudy B. Whittle 
A complete guide to programming the Macintosh interface. 
352 pages, $24.95, paperback, order #57722 

.,.. Programming QuickDraw™ 
Includes Color QuickDraw and 32-Bit QuickDraw 
David A. Surovell, Fred M. Hall, and Konstantin Othmer 
The first in-depth reference to the Macintosh graphics system. 
352 pages, $24.95, paperback, order #57019 

.,.. Programming for System 7 
Gary Little and Tim Swihart 
A complete programmer's handbook to the newest version of the Macintosh system software. 
400 pages, $26.95, paperback, order #56770 

.,.. Programming with AppleTalk® 
Michael Peirce 
An accessible guide to creating applications that run with AppleTalk. 
352 pages, $24.95, paperback, order #57780 

.,.. The AIUX® 2.0 Handbook 
fan L. Harrington 
A complete and up-to-date introduction to UNIX on the Macintosh. 
448 pages, $26.95, paperback, order #56784 

.,.. System 7 Revealed 
Anthony Meadow 
A first look inside the important new Macintosh system software from Apple. 
368 pages, $22.95, pape:rback, order #55040 

.,.. ResEdit™ Complete 
Peter Alley and Carolyn Strange 
Contains the popular ResEdit software and complete information on how to use it. 
576 pages, $29.95, book/ disk, order #55075 

.,.. The Complete Book of HyperTalk® 2 
Dan Shafer 
Practical guide to HyperTalk 2.0 commands, operators, and functions. 
480 pages, $24.95, paperback, order #57082 

.,.. Programming the LaserWriter® 
David A. Holzgang 
Now Macintosh programmers can unlock the full power of the LaserWriter. 
480 pages, $24.95, paperback, order #57068 

.,.. Debugging Macintosh® Software with MacsBug 
Includes MacsBug 6.2 
Konstantin Othmer and fim Straus 
Everything a programmer needs to start debugging Macintosh software. 
576 pages, $34.95, book/ disk, order #57049 



.. Developing Object-Oriented Software for the Macintosh® 
Analysis, Design, and Programming 
Neal Goldstein and Jeff Alger . . 
An in-depth look at object-oriented programnung on the Macintosh. 
352 pages, $24.95, paperback, order #57065 

.. Writing Localizable Software for the Macintosh® 
Daniel R. Carter 
A step-by-step guide which opens up international markets to Macintosh software developers. 
352 pages, $24.95, paperback, order #57013 

.. Programmer's Guide to MPW®, Volume I 
Exploring the Macintosh® Programmer's Workshop 
Mark Andrews 
Essential guide and reference to the standard Macintosh software development system, MPW. 
608 pages, $26.95, paperback, order #57011 

.. Elements of C++ Macintosh® Programming 
Dan Weston 
Teaches the basic elements of C++ programming, concentrating on object-oriented style and syntax. 
512 pages, $22.95, paperback, order #55025 

.. Programming with MacApp® 
David A. Wilson, Larry S. Rosenstein, and Dan Shafer 
Hands-on tutorial on everything you need to know about MacApp. 
576 pages, $24.95, paperback, order #09784 
576 pages, $34.95, book/ disk, order #55062 

.. C++ Programming with MacApp® 
David A. Wilson, Larry S. Rosenstein, and Dan Shafer 
Learn the secrets to unlocking the power ofMacApp and C++. 
624 pages, $24.95, paperback, order #57020 
624 pages, $34.95, book/ disk, order #57021 

Order Number Quantity Price Total 
Name 

-- -- -- Address 

-- -- --

-- -- -- City /State/ Zip 

-- -- -- Signature (required) 

TOTAL ORDER _Visa 
---

Shipping and state sales tax will be added Account# 

_MasterCard 

automatically. Addison-Wesley Publishing Company 
Order ~artment Credit card orders only please. 
Route 1 

Offer good in USA only. Prices and avail- Reading, MA 01867 
ability subject to change without notice. To order by phone, call (617) 944-3700 

_AmEx 

Exp. Date 



Macintosh Programming 

Developing Object-Oriented 
Software for the Macintosh® 

NEAL GOLDSTEIN 

J EFF ALGER 

Based on Neal Goldstein's widely acclaimed 
Object-Oriented Design and c++ seminars 
at Apple Computer, Inc., Developing 
Object-Oriented Software for the 
Macintosh® takes Macintosh software 
developers step by step through the 
object-oriented software development 
process. This is the first book to deal with 
the complete process of developing 
object-oriented software, from analysis 
through design and programming. 
Programmers, systems analysts, managers, 
and anyone concerned with Macintosh 
software development will benefit from the 
concepts and methodology of this practical, 
hands-on guide. 

The book first covers the basics of creating 
object-oriented software, focusing on the 
essential concepts and principles. It then 
presents the author's acclaimed Solution 
Based Modeling methodology and notation 
for analysis, design, and programming in 
object-oriented development. Special 
attention is paid throughout to problems 
inherent in large-scale Macintosh 
development, and code examples are 
provided in C++ and Object Pascal. 

You will also learn how to: 

• Design efficient, maintainable 

object-oriented programs 

• Design for portablility to other computers 

Cover design by Ronn Campisi 

Addison-Wesley Publishing Company, Inc. 

• Communicate object-oriented designs 

effectively to both programmers and 

non-programmers 

• Control projects from initial requirements 

through the development process. 

Developing Object-Oriented Software 
for the Macintosh is essential reading for 

all Macintosh software professionals. 

Neal Goldstein is widely 

known for his Apple Developer 

University courses on C++ 

and object-oriented design. 

Jeff Alger lectures at the Apple Developer 

University and is Chairman of the Board 

of Directors of the MacApp Developers 

Association, the leading organization for 

the object- oriented development for the 

Macintosh. 

9 780201 570656 

ISBN 0-201-57065-3 
57065 


