FEATURE

The Shiaer-Mellor method
is good for applications
with welldefined
requirements, such as
databases. It supports
bottom-up development
and produces better
abstract objects than
most methods.
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USING THE SHLAER-
MELLOR OBJECT-ORIENTED
ANALYSIS METHOD

As part of the guidance-software
group at McDonnell Douglas’s Mis-

sile Systems Division, we examined the
feasibility of adapting object-oriented
analysis to engineer the requirements of a
mission-planning system.

Before starting this project, we evalu-
ated several object-oriented require-
ments-analysis methods and selected the
one developed by Sally Shlaer and Ste-
phen Mellor."* The Shlaer-Mellor Ob-
ject-Oriented Analysis Method provides a
structured means of identfying objects
within a system by analyzing abstract data
types. The analyst uses these objects as a
basis for building three formal models: in-
formation, state, and process.

Our group successfully adapted the
Shlaer-Mellor method and used it to engi-
neer the requirements for the Mission
Generation System, which is described in
the box on p. 50. The MGS development
team consisted of six software engineers
and a domain expert with five years soft-
ware-development experience. All team
members had a minimum of three years
experience in Ada software development
and two years experience in object-ori-
ented methods.

In adapting the Shlaer-Mellor method,
we learned that it consistently produced
better abstract objects than other object-
oriented methods (in which data objects
and operations are packaged according to

|EEE SOFTWARE

0740-7459/93,/030C/0043,/503.00 © [EEE

43



‘ {02) Waypoint_Definition ::=

h @ Waypoint_Number
“ o |+ Waypoint_Lafitude
. —=  +Woypoint_Longitude
“ P ; N4 + Waypoint_Heading
Defines wa h | +Abitude_Command : . ] n%ﬁ i
i  sogment conneded f o + Distance_Waypoint_to_Waypoint : i "po’inioir‘ ]?W'
“ S . 5o + Waypoint_Turn_Radius :
o - o +Bank_Angle_Limit
f [ {01 Mision_Defiiton = + Planned_Atmospheric_Bmperature
: @ Mission_I(D + Mission_ID (R.) )
I J + Number_of_Waypoints + Tirget_Waypoint_Indicator

{03) Secondary_Track_Area_Definition ::=

@ Secondary_Track_Area_Number ‘
+ Nominol_Distance / }

; + Number_of _Secondary_Track_Areas + Waypoint_Number_for_Entry_Point (R)
‘ | + Launch_Point_Lafitude + 0ff_Nominal_Altitude_Command

l + Launch_Point_Longitude + Latitude_of_Latest_Turnpoint ‘ J
‘i | +Trget_E + Longitude_of _Latest_Turnpoint j
S +Trget_F + Distance_Between_NTP_and_0P ‘

i +Torget_G ‘
( f +Altitude_of_Ground_at_Torget [ (‘
+ Inifial_AY_Weight

J + Launch_Leg_Mach_Command 1 }
+ Dtal_Mission_Range ‘
i + Planned_Launch_Altitude |
‘ + Plonned_Launch_Airspeed_Mach_Number | ‘

| i
L - -

Figure 1. The information model for the Mission Generation System. The information model bas both textual and graphical representations. A textual representation
‘\ - The inj ; ) ) d 48 .
consists of u set of textual definitions (semantics) for each object, attribute, and relationship describing the basis of abstraction. Uhe graphical representation provides a !‘
global view of the entire MGS. '

. the method’s rules), and that it is bestap- ~ APPLICATION ' The information model can be pro-
‘1 plied to information systems or to reen- © ) . , duced both as textual and graphical repre- 1
| gineering situatons, in which data objects T'he ﬁl‘“ step in the Shlaer-Melllor ' sentations. A textual representation con- I
© arealready identified. method is to define the information | sists of a set of textual definitions
(3 model, which consists of data objects, at- | (semantics) for each object, atribute, and ”
WHY AN OBJECT-ORIENTED APPROACH? tributes, and relatonships derived from | relationship describing the basis of ab-

the real-world problem. It took us about | straction. The graphical representation |
‘ We decided to use an object-oriented o months to develop the information | provides a global view of the entire MGS,
1 approach for two reasons. - model. Once we had completedit, weused 35 Figure 1 shows. !
_‘ First, we had successfully used Fd  state models to formalize the life cycles of To create the informaton model, vou
I Colbert's approach to object-oriented  objects and relationships according to the  jdentify objects, determine the objects’ at-
‘ software development’ to developa hard- ~ operating policjes, laws, and rgleg of the ' tributes, and construct the model itself |
' ware-in-the-loop simulation. This type of pmbkm domain. Fach state within a life * from the atributes and the relationships
H simulation provides a real-time environ- ~ Cycle is used to generate a process model.  petween objects. The Shlaer-Mellor
,
|
|

ment for simulating a hardware system, I'he process models represent the final | method provides various tests to help you
which in this case was a missile-guidance ~ stepin the analysis. determine what objects exist, as well as de-

. computer in flight? ! fining object interrelationships. i
“ Second, we found a number of short- Creating the information model. The infor-
comings in structured analysis and design  madon mode] addresses the static aspects Objects. An object is the abstraction of a

H approaches. The translation fromrequire-  of all the objects and is the method’s cor- | set of real-world things. An object has in-
 ments analysis to design is ill-defined and  nerstone. Figure 1 shows the information ' stances, each of which represents one real-
[ difficult. Mapping and tracing between  model for the MGS. The model describes | world thing. All instances must have the
“ development phases are usually done the relevant objects in mission planning  same characteristics and are subject to and

manually using walkthroughs and inspec-  (the application domain) but ignores the ' must conform to the same rules."” i
“ tions. Finally, for our application we  temporal dimension. It uses a  notation In the Shlaer-Mellor method, most

needed support for Ada packaging and  similar to that of an entty-reladonship ' objects fall into five categories, which are |
‘i class definitions, which is not provided. model. used onlv to assist in object definidon
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(after an object is defined, they are mean- ' An example is a mission definition. All ob- ¢ Or test. The inclusion criteria in the
ingless). (The authors give no basis or ra-  jects of MGS are specification objects, as ~ object description must not use the word

donale for these classifications): "Table 1 shows. (The table also gives exam- : “or” in a significant way.

¢ Tangibles. Tangible objects are ab-  ples to illustrare other categories.) & More-than-a-list test. The inclusion
stractions of something in the physical | The Shlaer-Mellor method provides a - criteria in the object description must not
world. An avarmnlaicaniere nfamiinment cat of refinement criteria to heln vou iden- be merelv a list of instances.

Oria. An CXampic 15 a piece G Cquipiment set ol rennement aricna ¢ NCip you laen DC mercly a istorin

¢ Roles. Role objects represent the pur-  tify the right objects and reject the wrong

pose or assignment of a person, piece of , ones. Each object must meet all these cri- Atiributes. An attribute is a single charac- |

equipment, or organization. An example is | teria, which form the basis for the object- * teristic possessed by all the endties that |

a supervisor. " test matrix in Table 2: were abstracted as an object. It is essen-
¢ Incidents. Incident objects represent o Uniformity test. Each instance must  tally data about the object, which the sys-

tem must store and retrieve. Attributes can
be normalized by applying the following

an occurrence or event, something which = have the same set of characteristics and be
happens at a specific time, such asan election. | subject to the same rules.

¢ Interactions. Interaction objects gen- & More-than-a-name test. An object | criteria, which form the basis for the object- !
erally have a transaction or contract qual- | must have characteristics other than its  attribute test matrix in Table 3:
ity, and are related to two or more other name thatyou canuse todescribeit. These @ One value per attribute. An instance

objects in the model. An example is a user ; characteristics are attributes. A person | can have only one value for each attribute.
request Or a CoNtract. (object) has a name, Social Security ! & No internal structure. An attribute
& Specifications. Specification objects | number, and an address (attributes), for * must have no internal structure. For ex-

represent rules, standards, or quality criteria.  example. ample, the attribute “age” for the object

TABLE 1
MATRIX OF OBJECT TYPES
| Object Tangibles Roles Incidents Interactions Specifications ‘
MGS objects ‘
Mission definition X
Waypoint definition X l
Secondary track area X i

Tlustrative objects
Mission summary* X

| User request” X “

*Mission summary is a graphical representation of a selected segment of a miission presented to the user in u foym selected by that user. User request is an action by the user in which some
mission-planning tool option is selected to complete some desired task.

TABLE 2
MATRIX OF OBJECT TESTS
Objedt Uniformity fest More-than-a-name test Or test More-than-g-list test
MGS objects ‘
Mission definition Pass Pass Pass Pass |
Waypoint definition Pass Pass Pass Pass i
Secondary track area Pass Pass Pass Pass 1
THustrative objects |
Mission summary Pass Pass * Pass !
User request t t Pass t 1

Objects are defined in Table 1.
*Although mission sunmmary does not use “Or” prominently, a supmary can appear as a hardcopy oy on a screeen, which may warvant two objects vuther than one.
Fdn attribute of user vequest, Action to Be Completed, may not be uniform and hence may not conform to the rules.
FUser request may be considered a list of user options.

IEEE SOFTWARE 45



AR attribute of user request, Action to be Completed, can have more than one value.
+Action to be Completed may represent an internal structure.
§Option Requested, an attribute of user request, and Action to be Completed are functionally independent.

(1) "Generate prompt for mission not present’;
2) "Get mission response”;

3) "Generate prompt for mission definition”;
(4) "Get mission definition field entries";

(5} "Perform mission definition validity checks";
| (6) "Save mission definition attributes”

Waiting_for_Waypoint_
Dato/

(1) "Get waypoint
response command"

Mission_Definition_Deleted/

TABLE 3
MATRIX OF OBJECT-ATTRIBUTE TESTS

| | Attribute choracteristic Represent characteristic |

| Object One value per attribute No internal structure e ch P I
|| of entire object of instance named X
[
‘ FMGS objects L
I |
” Mission definitdon Pass Pass Pass Pass |

| Waypoint definition Pass Pass Pass Pass L
/‘ f‘ Secondary track area Pass Pass Pass Pass | H

[ Tllustrative objects |
| | Mission summary Pass Maybe" Pass Pass |
|1 User request Fail’ Maybet Fail$ Fail® f‘
‘ Objects ave defined in Table 1. |
( *An attribute of mission surmary, Mission Range Selected, muty represent an internal structure. “

i

St
o

Cafeulate_Attribute_Values/

(1) "Perform mission calculations”;
*Calculate number of waypoints
Calculate total mission range
Calculate forget unit vectors
(aleulate number of secondary
track areas™;
{2) "Save complete mission definifion”

i

|
L
L
|
|
|
|
|
J
|
/
\
I

(1) "Mission definition deleted" . , ﬁ & m » - —

“Selected mission definition no longer exists g 7 Waiting_for_Modifcation_Dota/ |
M7: Mission definition delete complete™

Generate M7: Mission definition delete complete ‘ § {1) "Generate prompt for obect’; Ji
] (2) "Get selection entry"; |
! (3) "Perform entry check”; I
Confinue_Delete_Selected 1 WA-Hodiy (4) "Generate prompt for object |
[ e Mision | defiition modifcaton’, !
| Waifing_for_Delete_Confirmation/ (oncel_Delete_ %Jugmg_solr? / Definiion_ | (3)"Get obiect definifo field |
| Seectod ption_Seletion, Selocted ({,)"I(I,de(s?{'?ns'; e/l N
(1) "Generate prompt for confirmation”; 1) et o | {6) "Get modiication confinue/ cancel response; I
“‘ {2) "Gef confrmation response” Ty m s;e:tll)o:n el (7) "Get attributes and perform validity check I
Mission_Selected Modﬁicnﬁon_l [
| Selected i

different states. Arvows indicate transitions during an event.

“person” would pass the test because it is
only one thing. “Address” would not be-
cause it is composed of street, city, state,
and zip code.

& Attribute characteristic of entire object.
When an object’s identifier has two or
more attributes, every attribute that is not
part of the identifier must represent a
characteristic of the entire object, not just
partofit.

¢ Represent characteristic of instance
, named. Each attribute that is not part of an
identifier must represent only a characteris-
tic of the instance named by the idendfier.

Relationships. A relationship is the abstract
set of associations that systematically hold
among objects. Relatonships show how
each object is related to the other objects
and how it forms a part of the whole sys- |

Figure 2. The life cycle of the mission object shown as a state-transition diagram. in which each state and its /O are maintained separately. The rectangular boxes show

tem. Relationships are represented by
lines drawn between objects. Fach rela-
tionship is described by two verb phrases.
For example, relationship R1 in Figure 1
defines the waypoint-light segment con-
nected to a mission and the launch and
target points associated with each mission.
This relationship is a one-to-many rela-
tionship. Relationship R2 in the figure is a
one-to-one relationship between the
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waypoint and secondary-track-area defi-
nitions. The MGS information model
does not contain a many-to-many rela-

donship.

Creating state models. State models for-
malize object life cycles and relationships
by constructing a life-cycle diagram for
each nontrivial object in the information
model. (We defined an object as nontrivial
on the basis of our team’s domain knowl-
edge.) Each state in the life cycle repre-
sents a condition of the object during
which a defined set of rules, laws, and pol-
icies apply.

Each state in the life cycle accomplishes
atleast one action. An action can be made
up of any number of smaller action pro-
cesses which, as a whole, complete the ac-
tion for that state. An object does not
change state until the action of that state is
completed.

An event is an occurrence that tells
when an objectis moving or needs to move
from one life-cycle state to another. An
event s the object’s actual transition.

There are two types of state models.
State-transition diagrams show each
object’s dynamic behavior; an object-
communication diagram represents object
interactions graphically.

Figure 2 shows a state-transition dia-
gram, in which each state and its /O — in
the form of communicating events — are
maintained separately. The Shlaer-Mellor
uses E.F. Moore’s state-transition dia-
grams, in which actions are performed
when the object enters the state.’

Figure 3 shows an object-communica-
don diagram. Each object is shown as a
rectangle; connecting arcs are labeled with
communicating events.

Process models. The process model de-
picts the action processes associated with
each state within a state model. Itis essen-
dally a dataflow diagram, similar to thatin
structured analysis, that describes the ac-
dons associated with transitions. Figure 4
is a process model of the MGS’s mission
object state “enter mission definition
data.” Fach circle in the diagram repre-
sents an action process of a given state.
The dataflow diagrams contain processes

(like Get_Mission_Response), data stores,
dataflows (like Mission_ID), which creates
a new mission), and a number of sources

and sinks.

CASE tool support. We used Cadre’s
Teamwork, a computer-aided software-
engineering tool, on Digital Equipment
Corp.’s VAX workstation 2000s running
DEC Windows to directly support
MGS requirements engineering and
analysis. Teamwork consists of tools that
support the development life cycle in a
completely integrated environment and

provides facilities for model configuration
management, document generation, and
report generation.

We chose Teamwork over other
CASE tools, such as Mark V Systems
ObjectMaker, primarily because it pro-
vides a great deal of automated consis-
tency checking between diagrams
through a single data dictionary. It also
directly supports Shiaer-Mellor graph-
ics. It provides entity-relationship, con-
trol-flow and dataflow editors, which
you can use to represent the information
model, state-transition diagrams and

MiOpen |
Mission

M4: Modify Mission
Definition Selected

M&: Delete Mission |
Definition Selected

Mission
Definition

{ Figure 3. Object-communication diagram for the Mission Generation System. Each object is shown as a
| rectangle; connecting avcs are labeled with communicating events.
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Figure 4. Dataflow diagram for the the mission object state “Enter Mission Definition Data State.” Each circle in the diagram represents an action process of a given

state. The dataflow diagrams contain processes (like Get_Mission_Response). data stores, dataflows (like Mission_ID. which creates a new mission), and a number of

sources and sinks.

object-communication diagrams, and from functional-decomposition ap- tes we have experienced with methods
dataflow diagrams, respectively. . proaches, in which the analysis consists of | that begin with the definiton of abstract

By coupling Teamwork’s dataflow dia- | examining processes. It also differs from | objects. In these cases, we found it difficult
grams to its data dictionary, we were able | event-response approaches, in which * to get every requirements analyst to un-

to examine an element of the diagramand ~ analysis consists of examining external  derstand the abstract objects in the same

then expand that element to its dictionary ~ events. Before you decide to use this | way. In the Schlaer-Mellor method, every
parts. If something illegal is tried or an  method, you should consider a number of | analyst agreed on the objects, since the
aspect of the system is missing, the user is ~ issues, including those specific to the = approach was based on concrete rules and
warned. The elements can themselvesare  method, those related to changing to an  notabstract thinking.

easy to examine, and you can quickly . object-oriented culture, those related to . & Object constraints and tests are rigorous.
zoom from one level to another with the | training, and those related to CASE tool  The Schiaer-Mellor method imposes rig-
mouse. The data dicdonary editor in-  support. orous constraints on defining what const-

cludes several very convenient functions | tutes an object. This forces you to do an
such as circularity and redundancy checks | Method-specific issves. The Shlaer- = in-depth analysis, which in turn aids in
and import/export capabilides. | Mellor method offers significant advan-  limiting the scope of the proposed system.

Other advantages include very clean = tagesifitis used for the right type of appli- It also helps you better define system
dataflow and state-transition diagrams | cation. It also produces better abstraction = boundaries. It provides a good starting
and ease of learning, although it takes a | than any methods we have evaluated. point for further analysis by helping iden-
while to grasp the interreladonships of tfy the objects about which the system
menu hierarchies. Object selection. The Schlaer-Mellor = muststore data. Italso offers a set of simple

On the down side, Teamwork docu-  method provides a step-by-step approach  tests or criteria for normalizing the attri-
ment generation requires painstaking or- ' to identifying objects. We observed a i butes of each object. The tests help ensure
ganization and preparadon of notes, and number of things about the way the : that each instance of an object will have

control and process specifications. Itmust  method handles objects: one and only one value for each attribute
also be supported by a publishing package & Object=selection techniques are sound.  identfied, leading to a minimum of data
such as Interleaf Inc.’s Interleaf. Once the information model is developed, = redundancy and ambiguity.

the Schlaer-Mellor method has concrete & The information model must be well de-
LESSONS LEARNED rules for grouping data and forming ob-  velgped. A difficult but manageable prob-

jects based on relational database theory. , lem with the Schlaer-Mellor method is the

The Shlaer-Mellor method differs  These rules eliminate many of the difficul- * need to identify all or most data objects in |
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the first phase. Other object-oriented
methods let you create data objects as you
. individual data items at the start of the

recursively progress through require-
ments analysis. With the Schlaer-Mellor
method, you must start with a well-devel-
oped information model, which is not al-

ways possible, especially in high-technol-

ogy projects, which generally have poorly 1

understood requirements and data objects.
& Antribute description is insufficient. The
attributes used to define objects are de-
scriptive names (like Launch_Point_Lad-
tude). There are a number of drawbacks to

this type of description. First, there isno

way to express attribute values in actual

instances of objects, which might be sup- |

plied by default, might be dependent on
other attribute values, or might have to be
set explicitly. Second, there is no way to

formalize the conditions that some or all

object instances may require. Finally,
many existing information models em-
phasize the significance of an attribute
through its features.

& Support for low-level objects is linited.
The informaton model provides little
support of unstructured objects. Thesc
objects or data types are primitives not
constructed by aggregating Jower level
types like strings, integers, and reals. Ag-
gregation provides a means for specifying
the attributes ofa new object type. Seman-
tic data modeling permits the aggregation
of entity types to form higher order ent-
des (objects).

Application. The Shlaer-Mellor method
includes a well-defined and detailed ap-
proach to object-oriented analysis that
emphasizes up-front system development.
We found that, in the long run, the extra
effort during requirements analysis pays
off in less effort during system design and
implementation. Unfortunately, the flip
side is that analysts can easily become
bogged down in system analysis and lose
sight of the uldmate goal.

The Schlaer-Mellor method is best ap-
plied to information systems or to reen-
gineering situations, in which data objects
are already identified.

Another important application issue is
that the method supports bottom-up de-
velopment. Some other methods, like the

IEEE SOFTWARE

Colbert method, support top-down devel-
opment. A thorough understanding of the

requirements process may vield a design
that is easier to package, especially if the
system is data intensive. Of course, in
some applications, you cannot know de-
tailed data jtemns this early. In our hard-
ware-in-the-loop simulation, for example,

- we did not know most of the low-level data

items, and requirements were not com-
plete. In applications like this, the Shlaer-
Mellor method would not be appropriate.
We observed several application-re-
lated issues:
¢ Abstracts are well packaged. The
Schlaer-Mellor method consistently pro-

duced better abstract objects than the

other object-oriented methods we have
evaluated and used. Like other methods,
this method packages data objects and op-
erations according to its rules. However,
unlike other methods, as analysis pro-
gressed, we found no good reason to im-
prove the objects by repackaging the oper-
adons and data objects differently. With
other methods, we often discovered better
packaging alternatives after further analy-
sis. In many of these cases, the analysis had
progressed so far that we did not feel it was
cost-effective to go back and repackage the
abstract objects, so these difficuldes were
never fixed. The abstract
objects produced by the
Schlaer-Mellor method
are clearly superior to
most other object-ori-
ented requirements-anal-
ysis methods.

& Both single and multi-
ple inheritance are supported.
Inheritance is a technique
for sharing information
among objects linked in
the object hierarchy. Multiple inheritance
lets objects inherit propertes from mula-
ple higher level objects in a specialized hi-
erarchy. The Shlaer-Mellor information
model supports single and multiple inher-
itance, and the method supplies an inheri-
tance diagram for depicting inheritance
relationships.”

& Examples given are stereotypical. As
with other object-oriented methods we

THE METHOD
WORKS BEST
WHEN YOU
KNOW THE
DATA OBJECTS.

have used, we found our application to be
much more difficult than the examples
presented by the authors. This method is
a rigorous approach to building an infor-
mation model, vet the guidelines Shlaer
and Mellor provided for building state and
process models did not seem well de-
fined.! The examples presented for the
state and process models were fairly sim-
ple and limited. In performing our analy-
sis, we encountered situations not ad-
dressed in the book, and had to use our
own interpretations.

& There is a tendency toward the wicked
problem. The Shlaer-Mellor method does
not prevent a solution-oriented model
within the requirements (problem-ori-
ented) model. The object state-transition

diagrams show details that are actually

more preliminary design than require-
ments. This may cause the specification to
be intertwined with the design, the wicked
problem described by C. Ramamoorthy®

& Ways of specifying requirements are
limited. The Schlaer-Mellor method is
geared toward specifying program objects
and system objects (like a computer sys-
tem) or system speciﬁcations.7 This view
ignores problem specification, which, in
our view, Is a serious omission. We be-
lieve that requirements analysis must
deal with the issues of the problem to be
solved, not with issues
of how a system should
be designed to solve that
problem. The Schlaer-

the specification of non-

— system performance,
reliability, and cost con-
straints™ — and envi-
ronmental requirements
— those describing the
environment or domain in which a system
is to be specified.

Modeling and nofafion issues. Notations are
simple, straightforward, and easily under-
stood. Because the analyst is forced to de-
fine system objects in detail up front, the
requirements-analysis products should be
simple and well-organized and have a
minimum of ambiguity and redundancy.

tunctonal requirements ;
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FEATURE

MISSION GENERATION SYSTEM

The Mission Genera-
tion System creates or
modifies a mission file for a
self-guided cruise missile.
The mission file contains
the preplanned flight path
and specific in-route in-
structions for the missile.
Before the missile is flown,

- alaunch computer
downloads the mission file
into the guidance unit of
the missile. The missile au-
topilot processes the file
and directs the missile to
the intended target.

The group responsible
for flight software uses the
system to generate mis-
sions for algorithm devel-
opment and for the
software’s acceptance test-
ing. Many missions need to
be generated to thoroughly
test all the required soft-
ware capabilities.

The MGS operatesin ~ mission in the database.
several modes. Ttsupports  The user provides certain
mission data building, parameters, such as
modification, and viewing  waypoint locations and al-
operations. The systemac-  titude profiles, which the
cepts mission data from MGS uses to generate the
several sources to modify  restof the data, such as
previously developed mis-  flight segment lengths
sions. It provides several and turn control parame-
output formats that are ters.
compatible with existing ‘When the MGS is in ei-
guidance simulations. It ther the mission-data-view-
displays individual mission  ing or -modification mode,
parameters in engineering  the user can examine and
units, letting the operator ~ modify individual mission-
add to or modify thedata ~ data parameters on the
ina screen-edit mode. The  screen. In the modification
user interface has pull- mode, the MGS recom-
down menus foraccessto  putes all mission data ac-
data-modification, entry,  cording to changes that the
and -viewing screens. user has input. The system

When the MGS isin displays a ground-track
the mission-data-building  plot of the selected mission
mode, theuser can createa  on a latitude/longitude
mission from scratch oruse  grid, which the user can
all or part of an existing send toa printer.

On the down side, some of the guidelines
are idealistic, and it is difficult to express
semantics.

‘The graphics are easy to understand,
being taken from the familiar dataflow, en-
tty-relationship, and state-ransition dia-
grams. Other approaches, like the Colbert
method, provide new, unfamiliar graphical
notations like object-interaction, object-hi-
erarchy, and object-class diagrams.*+?

We observed a number of things about

notation:

¢ Data and process analysis are directly
linked. Because a process model in the
form of a dataflow diagram is created for

would require a response from another
object. The object-communicadon dia-
gram attempts to depict these interactions.

& Constraints can be specified. To ensure
the integrity of the informaton model,
you must be able to specify insertion, dele-
tion, and modification constraints. If ob-
jects are connected through relationships,
any of these constraints on an object will
affect the status of objects connected to it.

" The Shlaer-Mellor information model lets
the method’s modeling approach and its :

each state in the state model — whichisin
turn created from the information model -

— thereisa reasonably direct link between
data analysis and process analysis. The
method also coordinates object life cycles.
We discovered, for example, many cases in
which an object at a particular life-cycle state

you specify these relationship semantics.
o Guidelines ave idealistic. Shlaer and
Mellor’s guidelines for creating state and

process models were nearly impossible to

adhere to. They recommend you describe
each process directly on the model
(datatlow diagram) without providing any
process descriptions, since that purpose

. was fulfilled by describing the actions.

When we tried to do this, the dataflow
diagram quickly became cluttered and un-
readable. Rather than break down the of-

! fending processes further, we simply used
Teamwork’s process-specification feature,
which let us declare the child of each pro-
cess to be a process specification. In that
way, we directly accessed the process de-
scription from the dataflow diagram and
kept our process models readable.

Another guideline was equally difficult
to follow: Aside from some systemwide
data items, only attributes from the infor-
mation model can appear on the dataflow.
While the dataflow created on our process
models, with a few exceptions, did consist
of only attributes from the information
model, some dataflow included enough
pieces of data that labeling each one in this
manner soon became impractical. Using
the data dictonary feature on Teamwork,
we abstracted the dataflows that proved
cumbersome and marked the abstracted
dataflows with a **. We could then easily
access the contents of these flows from
their respective process models.

& State models have redundant processes.
We encountered some cases in which a
particular state in one state model would
involve the same set of action processes as
another state in the same or a different
model. Consequenty, some process mod-
els were very similar, and the redundancy
left us feeling as if our analysis was in some
way incomplete even though we had ad-
hered to the method as closely as possible.
| The Shlaer-Mellor method did not ad-
dress this issue.

& Representation views are limited. One
of the main reasons to use an object-ori-
ented model of user requirementsis to un-
derstand them better. Thus, you would
like to read and manipulate specifications
in a variety of representations. The same
. real-world entity can be described in many
r ways, from a high-level, black-box tem-

plate to a low-level, detailed one. In the

‘ Shlaer-Mellor method, requirements

specifications represent only a single view
. of the world.

& Expressing semantics #s difficult. Al-

| though the information model lets you se-

lect an expressive descripton of relation-

poorly and making it harder to understand
the model. It is a significant challenge to
select just the right words to resolve vary-

ships, there is a danger of choosing words |
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ing points of view and to avoid ambiguity. |
The method offers no guidance for select-
ing relationship semantics so as to avoid
overloading words.

o Interaction description is insufficient. |
Although the state model describes each
object’s dynamic behavior separately
through a state-transition diagram, it does
not develop complete descriptions of sys-
tem-object interactions. In addition, the
model’s external states correspond one to
one with externally recognizable object |
states, which can cause an infinite number
of iteradons in the model if the require-
ments are not complete,

& The process model velies on dataflow dia-
grams. The process model’s reliance on
dataflow diagrams is a mixed blessing. Ob-
ject interaction is described indirectly via
the occurrence of dataflow. Processes that
result from decomposing actions into
dataflow are usually highly cohesive.
However, dataflow diagrams themselves !
have some drawbacks. They are not very
helpful for systems or parts of systems that
primarily update and retrieve data. They
make it difficult to identfy transforma-
tons on data and partiioning a transiton
into /O branches can be artificial.® Fi-
nally, the transition from analysis to design
can be challenging.

Cultural-change issves. As with any new
method, there are apt to be changes in
fundamental ways of thinking about the '
problem and how to transfer that new way |
of thinking to the customer.

To deliver a quality object-oriented |
product, project members must think and
design in terms of objects. This means the
focus is on the object as the unit of design.
The history of our team was to localize on
functionality — the system is partitioned |
along functions — not on objects —all the
informaton pertaining to an object, or
class of objects, is grouped in one part of |
the system. In Figure 1, for example, all the
information required by the mission-defi-
nition object would be localized in one part
of the system. Thisis quite a change of think-
ing, a change in the way of doing things, and
a change in conceptual learning.

Customers must also fully understand
the object-oriented method and the tools

. tem. The study should

. plying an object-oriented method. How-

used to develop and represent the system.

They must be fully aware of the impact of |
object-oriented analysis and design on the

entire life cycle. Compared to structured !
analysis and design, a typical object-oriented
analysis and design method produces soft-
ware documents that describe require-
ments in terms of graphical representa-
tions rather than text and may require

' unique tailoring of standards. Customers -

must understand the underlying concepts
to adequately review these documents and
support software reviews.3’

Training issves. The training and educa-
ton of the project team play a major role
in improving object-oriented develop-
ment. However, the curriculum should
not focus on object-oriented analysis and |
design alone. The team needs to see how
these concepts affect subsequent develop-
ment stages as well.

A good way to do this is to emphasize
the need to make requirements traceable |
through the development

i life cycle. You can use a

requirements and design
case study of a system
similar in size and com-
plexity to the target sys-

show you problems that
might arise during re-
quirements analysis and
design. You should also
make this training avail-
able to customers if they
will be evaluating the requirements speci-
ficadon and software design documents
and participating in various reviews.*’
The learning curve is also a factor. We
did not have as much of a problem with |
this because we all had experience in ap-

cver, we were hampered by a general lack |
of familiarity with the Schlaer-Mellor
method and the MGS domain. It took us
about two months to become comfortable |
with the method. If your team has no ex- -
perience with object-oriented methods,
you can expecta learning curve of between
two and four months.

Finally, for a large system, you may ;
need to add a team member, a chief meth-

IT TOOK ABOUT
TWO MONTHS
TO BECOME
COMFORTABLE
WITH THE
METHOD.

odologist, to ensure that the methods and
tools are rigorously followed and to pro-
vide follow-up training to the develop-
ment team when needed.

CASE tool support. Making sure that you

have good CASE tools should be a prereg- |
© uisite to any object-oriented development

effort. An effective CASE tool is important
throughout the development life cycle:3°

¢ System engineers can quickly de-
velop requirements descriptions and eas-
ily maintain themn.

¢ Designers can express their designs

t In a format compatible with the chosen

method.
¢ The tool provides traceability from
requirements through design and code.

+ In addition to satisfying contractual |

requirements, the requirements and de-

" sign documents can serve as working pa-

pers during development.
Bear in mind that you are not likely to
find the perfect tool. Object-oriented
analysis and design meth-
ods are changing rapidly,

are hard pressed to keep
pace. They seem always
to be one or two releases
behind. However, the fol-
lowing selection guide-
lines might be helpful:

¢ Choose a CASE
tool that supports your
selected method and that
runs on the required plat-
form in an organized manner. We recom-

i mend as a first step to select an object-ori-

ented analysis and development method
and then find a CASE tool that supports it

and runs on your equipment. If you |

choose a tool before the method, you’ll
have less flexibility to tailor the method to
meet your needs. It is important select the
method and tool hand in hand. If you don't,

the method you choose may lack ade- |
quate CASE tool support, or the tools |

you select to support the method may not
meet other project requirements. If the

. latter situation arises, you should con-

tinue the evaluation undl you find an op-

and CASE tool vendors '

timal method-CASE tool combina- ;
. '() i

don.®
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- acknowledge the valuable suggestions of anony-

nverall, our use of the Schlaer-Mellor ~ for the MGS has not been completed, we | techniques, a CASE tool that directly sup-
W method was successful. We felt es-  feel that the objects defined when we built + ported our method and provided consis-
pecially comfortable with the objects de- | the information model are well estab- tency checking, and, most important,
fined using object-oriented analysis be-  lished and will not change.

cause object selection was governed by Our success was largely due to our pre-
stringent rules. Although the Ada design  vious experience with object-oriented = struggle through the learning process. ¢

fatal
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