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1. INTRODUCTION

Does KSAM really have an image problem? The answer to that
is very definitely yes. Look at any application on the
HP3000 and you will find lots of IMAGE files and very often
not a sign of a KSAM file. Look at the ads for programmers;
most of them ask for IMAGE, COBOL and VPLUS; how many ask
for KSAM experience? I have heard of companies whose big-
gest marketing problem was the fact that their system used
KSAM and not IMAGE, and therefore many prospective purchas-
ers felt that the system was poorly made.

Is there any good reason for this? In the past, when the
HP3000 was a new computer system, KSAM had a tendency to
have more bugs and problems than IMAGE; however, although
KSAM is now extremely reliable, these prejudices still
remain and many people never consider KSAM as an option when
it might, in fact, be the best method for the job. Outside
the HP world, a database in the style of IMAGE is actually a
little oddball. Most PC databases, such as dBase have B-
tree key structures similar to KSAM. File systems such as
ISAM or VSAM on mainframes are also of this type. KSAM has
some very good company.

The purpose of this paper is to look at the advantages and
disadvantages of KSAM with the hope that it will encourage a
second look at the way in which KSAM can be incorporated
into systems on the HP3000. This is not intended to be an
exhaustive analysis of what can be done with KSAM, but
rather an encouragement to others to come forward with
different ways of putting KSAM to use.

2. COMPARISONS

We will start by comparing IMAGE and KSAM, looking at the
differences and the ways in which these differences lead to
advantages and disadvantages for the two systems. The
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biggest difference, namely the key structure, is intrinsic
to the database systems. The other differences arise from
the particular way that HP chose to put these systems on the
HP3000. Note that comparisons are based on using IMAGE
without "autodefer".

2.1. Global vs. Local Keys

The most obvious difference between IMAGE and KSAM is a
fundamental one in the key system, that I will describe as
the difference between global and local keys. The key
structure of IMAGE is very localized; the hashing algorithm
allows immediate access to master records, but there is no
relationship between a given master record and one with a
closely allied key. Similarly, in a detail dataset, any
given record is tied to its immediate neighbours with the
same key by internal pointers. There is no relationship
with any other records in the file. In the case of KSAM,
the situation is entirely different. Any value of the key
is closely tied to the surrounding values, and hence ulti-
mately to every other record in the file.

These differences in the two database structures lead to the
most obvious advantages and disadvantages of the two sys-
tems. The global nature of the keys is what gives KSAM its
advantage in being able to read sequentially by key starting
at any arbitrary place in the file, something that is impos-
sible with IMAGE. The global nature of the key structure
also leads to a problem: damage to the key file from a
system failure will also be global in nature, sometimes
requiring the keys to be entirely regenerated. For - IMAGE,
on the other hand, a system failure will cause only a local-
ized broken chain, with the rest of the dataset being in
perfect condition. But IMAGE cannot do keyed sequential
access.

2.2. Partial and Overlapping Keys

One of the significant advantages of KSAM is the availabili-
ty of partial keys. I have seen many IMAGE detail datasets
with two and three keys that were only present to allow
access by a partial key, say the first 8 bytes and the first
12 bytes of a sixteen-byte key. Furthermore, because IMAGE
does not permit keys to overlap, the data has to be repeated
three times in the record. KSAM, on the other hand, can
achieve the same result with a single sixteen-byte key.
Purthermore, if accessed by a partial key, the data will be
sorted on the remainder of the key, something that would
require more structure and considerable overhead to achieve
in an IMAGE dataset.
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2.3. Tightness of Control

IMAGE is very tightly controlled whereas control in KSAM is
almost non-existent. IMAGE will not allow the programmer to
make any mistakes that might interfere with the consistency
of the IMAGE database. For example, you cannot update the
database without a lock, if a lock is required. Each IMAGE
update will force data to be written out to disc whether you
like it or not. IMAGE cross-checks everything before exe-
cuting the simplest command, and has a correspondingly high
overhead. On the other hand, it is very easy to mess up a
KSAM file if, as a programmer, you don't follow the proper
rules; and the rules can get quite complicated at times.
However, one can take advantage of this looser structure to
gain efficiency impossible with IMAGE.

This extreme tightness of control in IMAGE initially gave
rise to considerable difficulty, because the database struc-
ture is so rigid that it was impossible to alter it in any
way. Fortunately, several third-party vendors have taken
care of this problem, and it is now almost as easy to reor-
ganize an IMAGE dataset or change its capacity as it is for
a KSAM file.

2.4. Multiple Locking

One of the exceptional features of IMAGE is its locking. In
essence, provided that you stay within a single IMAGE data-
base, all locking problems are taken care of for you. In
particular, multiple locking is made exceptionally easy; no
worries about deadlocking the machine, and no special capa-
bilities needed to do it. On the other hand, if you want to
do something a little different, like holding one lock
longer than the rest, IMAGE will leave you high and dry.

Another nice feature of IMAGE is the locking by key. Howev-
er, this is directly connected to the localization of the
key structure in IMAGE, rather than the particular embodi-
ment on the HP3000.

KSAM doesn't have key locking, because of the global nature
of its key structure. Instead, KSAM files must be locked as
a whole. Furthermore, locking more than one KSAM file at a
time requires the dreaded MR capability, and thus the possi-
bility of locking up the whole system. I believe the fear
of MR is an overreaction, as careful system design and
programming can ensure that deadlock is an infrequent occur-
rence. It should never happen in a production program that
has been thoroughly tested.
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2.5. Logging

IMAGE also does automatic logging and database recovery for
you if you want it. It may not be exactly what you desired,
but the ability to just switch it on and off can save a lot
of programming time. If you use KSAM files then you have to
write your own logging and recovery functions.

3. PERFORMANCE

There are very significant differences in the performance of
IMAGE and KSAM. I will discuss mainly the number of disc
I/0's required to carry out any particular operation, as
this is the most significant performance area. In determin-
ing approximate performance, I will assume the KSAM file has
three key levels, which is a fairly typical situation.

3.1. Reading

Reading data is one of IMAGE's strong suits. The hashing
algorithm generally allows the reading of a master record
with a single disc I/0, a feat that KSAM can never equal.
KSAM must read down through several levels of the key file
before it can retrieve the data needed, so the average keyed
read would require 4 disc I/0's, three in the key file and
one in the data file.

3.2. Adding and Deleting

Adding and deleting single records tend to be rather similar
in -both systems. For example, an IMAGE detail set with
three paths will usually require around 15 disc I/0's to add
a record (see The Image/3000 Handbook, page 125). A KSAM
file with three three-level keys would require about 13 disc
I/0's, 3 I/0's to read each of 3 keys and 4 to write the
data and key records. - .

However, in many situations, it is common to add several
records to a dataset of this type, usually with the same
key, such as line items in an invoice. When we add several
similar records, KSAM has a distinct advantage, since most
of the disc I/0's do not occur until the unlock at the end
of the sequence, whereas IMAGE will force the records out to
disc for each record. Writing five similarly-keyed records
would take 75 I/O's in IMAGE, but probably not more than
about 25 in KSAM, depending on the exact content of the
keys.

There is a very handy trick that can be used to improve the
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performance of deletion in a KSAM file, and this is to use a
special flag to indicate that the record is to be ignored.
I usually use the "delete word" at the beginning of the file
for this purpose. This method requires a small additional
amount of programming to check the flag, but the performance
improvement is very significant. Although this trick can
also be used in IMAGE (see The Image/3000 Handbook, page
135), you must, nevertheless, actually delete the IMAGE
record at some later time by, say, a batch program running
at night. With KSAM, these records can be taken care of in
the reorganization process just as truly deleted records
are, with no significant change in performance.

3.3. Updating

There is little difference between updating a non-keyed item
in KSAM and IMAGE. It takes one disc I/0 in each case, not
including the additional I/0's required to read the record
originally.

3.4. Changing Key Values

Changing key values, at least for secondary keys, is a place
where KSAM really shines. To do this in IMAGE requires a
delete followed by a put. Using our previous example of a
detail with three keys, changing the value of one key would
require a total of 26 disc I/Os. The same operation on the
KSAM file requires only 5 disc I/0Os. When one considers the
possibility of updating several similarly-keyed records at a
time during a single lock, the comparative advantage of KSAM
in disc I/0 can be substantial.

4. EXAMPLES

KSAM thus has certain advantages that should make it the
method of choice in many situations. Good examples of this
are systems that require a sorted, often alphabetic key and
situations with transactions, particularly batched transac-
tions, that go through various stages of processing. These
will now be described.

4.1. Alphabetical Sort

As an example of a common use made of KSAM, we will consider
a customer file that has as its primary key a customer
number. Because this number may sometimes be unknown or
unavailable, we want to access the record alphabetically by
name. The common way to solve this problem is to use an
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IMAGE master dataset with the customer number as its key and
to build a KSAM index file containing the customer number as
a primary key and the name as a secondary sort key. In this
way a name can be looked up on the KSAM file and the data
retrieved from the master dataset.

Sometimes the dataset needs more than one key, maybe a zip-
code or a telephone number. This necessitates the data
being put in an IMAGE detail dataset with several automatic
masters and a KSAM index file constructed in a similar
manner. The most efficient way of doing this is to use the
record number as the primary key so that direct access is
made to the record desired.

However, this mixture of KSAM and IMAGE is unnecessary in
many cases. Why not put all the data into the KSAM file and
dispense with the IMAGE datasets altogether? In the case of
the multiple keys, all the secondary keys can be put in the
KSAM file. This saves a lot of unnecessary updating when
creating or changing the file and unnecessary reads when
accessing the data. The uses made of the file should be
studied to determine the best method. If it is read fre-
quently by customer number and changed infrequently, then an
IMAGE dataset may be valuable, particularly if it is kept as
a master. But frequent changes, particularly to key values,
militate against an IMAGE dataset.

4.2. Transaction Control

One system design problem that I have seen frequently is the
access method to be used for a batch transaction file. Such
a file usually has groups of transactions, each transaction
represented by a single record. Sometimes, the actual data
is kept elsewhere, and the transaction file is used solely
as a way of keeping track of the processing. Usually the
file contains some kind of status field that indicates the
status of the transaction such as "new", "posted", "suspend-
ed", etc. depending on the application. The status is used
as a key so that processing programs can read this key to
determine the records to be processed. However, this key
must then be updated to indicate the change in status. This
process is usually accomplished with a detail dataset, often
with several paths, but I have also seen it done with multi-
ple flat files.

The big problem with using a detail dataset is that changing
the status requires a delete and a put, which are both very
time-consuming. With several paths through the dataset, the
operation becomes particularly inefficient. But the key is
needed, for without it there would be no reasonable way of
finding the desired transactions.

Using MPE flat files tends to be an even greater problem
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than using detail datasets, particularly if additional key
data is needed, such as processing date. This often re-
quires concocting complex file-naming conventions to deter-
mine which file is which. Processing requires a large
number of file opens and closes, and, worse still, this
scheme essentially uses the system directory as a key file.
Since the directory is single-threaded, this method is
likely to have a major impact on the overall system perform-
ance.

Using KSAM for the transaction file solves all these prob-
lems. If we make the status a secondary key, we can access
the data just as easily as we could by using a path through
an IMAGE dataset; but we can change it with a minimal
amount of disc I/O. Furthermore, we may be able to group
our updates, such as all the suspended transactions in a
certain batch, thereby making the updating even more effi-
cient.

An added advantage of using KSAM is that the key, as well as
containing the status, can contain priority fields. Date is
the obvious field to add to the status field, but we can
also add a priority based on urgency of processing. Rather
than a simple FIFO queue, we can then insert transactions
into the queue at any point desired, without any performance
deterioration.

5. PROBLEMS

I am assuming that most people have used KSAM at some point
in their experience on the HP3000, so I don't plan to go
into the simple operations that are readily available in the
KSAM manual. There are, however, some points that are not
completely obvious.

5.1. Setting up the File

When KSAM deletes a record it keeps track of this by placing
high-values in the first two bytes of the data record. The
record is not physically deleted until a reorganization is
done. This can be very valuable if a record is deleted in
error, as it can be retrieved by reading it in special ways
using FCOPY or a similar utility. However, to make recovery
complete, it is important that there is no needed data in
the first two bytes of a KSAM record. For this reason, I
always leave these two bytes blank, and I recommend this
approach to anyone setting up a KSAM file.

I would also suggest that you always make the primary key
unique. It is not absolutely required, but because KSAM
Does KSAM have an Image Problem?
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uses this key to decide which record to update, it can be
very difficult to be sure that you are updating exactly the
right record if the primary key is not unigque.

There is an undocumented feature that I have never used, but
that other people have used apparently with success. This
is the "REUSE" parameter that can be placed on a KSAM file
equation, and will cause the space from a deleted record to
be reused for new records, in a manner similar to IMAGE.
Using this feature will, of course, open you to all the
possible dangers of an undocumented feature, particularly
that it may change or go away with a new version of the
operating system.

5.2. When to Lock

Locking is a major consideration on KSAM files when sharing
access, which is almost always the case in an on-line situa-
tion. The basic rule is really simple: always lock the
file!

This sounds, and is, rather more severe than the KSAM manual
would have you believe, but there are good reasons for it.
The locking can be relaxed in a few places but only with the
proper precautions.

First, always lock when updating the file in any way: add,
change or delete. If this is not done, there is a signifi-
cant probability that the key file will be scrambled and the
only rescue from this is a reorganization. If you don't
lock and the file is well-used, you can count on being down
for reorganization several times a day, so don't take any
chances.

How about locking when reading? The KSAM manual will give
you the bad news; when doing a keyed sequential read you
should lock before the "start" and hold the lock until after
the last read. The reason is simple. If you don't, someone
else may come along and change the key block that you are
using on the disc and you have no way of knowing it. Sever-
al records will apparently vanish into thin air. So, if it
is important to know that you read all the records (and it
usually is) lock the file.

I suppose you are hoping that I will at least let you off
for a read-by-key. After all, the KSAM manual doesn't say
anything about locking in this case, so by implication it
should be unnecessary —-- right? Wrong! Sure, most of the
time you will get away with it, but every so often it will
go wrong.

What is the explanation? Unlike IMAGE, KSAM makes use of
the ordinary HP intrinsics without any special protection.
Does KSAM have an Image Problem?
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When you ask for a read-by-key you will actually be reading
one key for each key record before reading the data record.
If you don't have a lock, someone else can change the key
file in between these reads and again your record will
apparently disappear into thin air. However, there is a
little relief; +this time, you know about it; you will get a
"record not found" error. You may have good reason to be
sure that it does exist, in which case you know you have a
problem. 8o, if you don't want to lock on a read-by-key,
put in a little extra code. If you can't find the record on
the first unlocked read-by-key, lock the file and try again.
This way you avoid the deleterious effects associated with
locking most of the time, but can retrieve the record infal-
1ibly when needed. I am indebted to Lisa Burns for pointing
out this particular peculiarity to me.

Actually this situation of losing records during an unlocked
read can also arise on an IMAGE detail dataset %see Thoughts
and Discourses on HP3000 Software by Eugene Volokh pp. 180-
185). The reason that it occurs less frequently is directly
related to the locality of the keys in an IMAGE dataset. A
put to an IMAGE dataset will affect only other records with
the same key; a write to a KSAM file can affect the keys to
any of the other records on the whole file.

5.3. Using KSAM with Powerhouse

Be very careful. Also, be aware that my comments on Power-
house apply to Version 5.01F and may not all be true of Ver-
sion 5.06. Powerhouse really hasn't come to terms with the
realities of using KSAM properly. For example, although it
claims to always lock when reading sequentially, in fact
this is not true. The standard "find" procedure for a KSAM
file doesn't lock the file when doing a keyed sequential
read. However, this is not overly serious as one can always
override it with a custom procedure that does lock the file.

Be careful if you open a file twice. I ran into a nasty
problem doing a "while retrieving" on a KSAM file and updat-
ing in the loop via an alias of the same file. The lock is
applied to the first open, but not to the second, and the
key file can be scrambled in this way.

Generally speaking, simple operations seem to work well.
Reading and updating single files have given me no problems,
but complex processing will be liable to get you into trou-
ble.

One unexpected, and very unfortunate side-effect of the
Powerhouse system is that Quick will force a disc write of a
KSAM record each time it is placed in the buffer, regardless
of whether the file is kept locked or not. This invalidates
some of my previous considerations about the efficiency of
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KSAM.

Powerhouse will not give you the record number of an IMAGE
detail record, nor will it allow you to do a direct read on
a detail dataset, so the scheme described above for using a
KSAM file as an index on a detail will not work. Probably
the best workaround is to use the KSAM file alone instead of
a detail and a KSAM file.

One very peculiar quirk of Powerhouse is that Quick doesn't
seem to understand about changing secondary keys, and does a
delete and an add in this situation. QTP, however, does it
right and will change a secondary key with an update. This
again, affects my previous statements on the efficiency of
using KSAM.

5.4. FPast Reorganization

One of the major drawbacks to using KSAM is the danger of a
system or power failure and the consequential damage to the
file. A KSAM file must be recovered after a power failure.
In fact, the operating system will not allow the file to be
opened until a recovery procedure has been followed. In bad
cases, a complete reorganization is necessary, and this can
be very, very time-consuming. As an example, I am familiar
with a KSAM file with 250,000 records, each about 30 bytes
long, and with three keys, that takes over 5 hours to reor-
ganize. 1 leave it to your imagination as to how long your
own files might take.

What is the problem with reorganizing? Just as the original
method for increasing the size of an IMAGE dataset was to do
an unload and a reload, so the official method for reorgan-
izing a KSAM dataset is to use FCOPY. As with IMAGE, there
is third party software available that will transform the
reorganization process by using far more efficient methods.
I have tried out one of them, and experienced a five times
improvement in reorganization time. This changes entirely
the prospect of recovering easily from failures.

6. SUMMARY AND CONCLUSIONS

KSAM has an undeserved bad image as a database system, for
historical reasons. It has capabilities that do not exist
in IMAGE, such as partial and overlapping keys, and can
perform some functions more efficiently than IMAGE, particu-
larly updating key values. IMAGE is more efficient when
reading data, has more extensive locking capabilities and
readily available logging facilities.
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KSAM is absolutely irreplaceable if a system needs a file
with a sorted key, such as an alphabetical index. It can be
combined with an IMAGE database or used on its own.

KSAM is invaluable in situations in which a key value must
be changed during an update, such as the control of
transactions. KSAM will also allow the construction of
sophisticated queueing systems that go beyond simple FIFO
queues.

In general KSAM should always be considered as a possibility
when designing a system, as it may well lead to a better

solution, either on its own or combined with other database
systems such as IMAGE.
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SYSTEM DEVELOPMENT METHODOLOGIES

Applications systems fall into three broad categories: Information Systems
(IS), Automated Office Support Systems (AOSS), and Analytic Systems (AS). An
IS (often referred to as a Management Information System or MIS) is usually
developed to automate a single large function, such as payroll process. An
AOSS application usually automates an office procedure. An Analytic System is
developed in quick response to a one-time and/or highly specialized user
requirement (such as a response to the president of the company or a
government agency inquiry).

We utilize two system development methodologies specifically tailored to the
above system applications. These are the Comprehensive Development
Methodology (CDM) for use with IS applications, and the Abbreviated
Development Methodology (ADM) for use with AOSS and AS. Each methodology
defines a disciplined development process, from requirements through system
delivery.

Prior to the expenditure of significant resources on a prospective development
effort, a selection checklist procedure is followed to help determine which
methodology  should be wutilized. This determination leads to  the
identification of the system approach to use as either CDM or ADM.

Since the CDM is the classical development approach, this presentation
focuses on the selection checklist and the ADM methodology. The ADM approach
includes the activities followed to develop an operational system during the
development life cycle.

CHOOSING A METHODOLOGY
Applying the Checklist

To help with the decision between a CDM development versus an ADM development,
the Development Methodology Selection Checklist is applied. The Checklist is
a tool to help the developer decide which one of the two system development
methodologies to use for a particular development project. Please note, the
selection of a methodology does not predispose an application for
implementation on an Hewlett-Packard (HP) type mini-machine, a mainframe, or a
microcomputer.

Using the Checklist requires knowledge of certain basic system requirements
information. This information can be obtained in one meeting with your system
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users. You should not rely exclusively on the Checklist to make the decision
on the development methodology. Remember, the Checklist is a quantitative
tool, the results of which must be factored in with other important
information and guidance. The bottom 1line is the processes used to develop

the end products need to be highly professional, standardized, timely, and
cost-effective.

How to Use the CI list

Prior to beginning a full-scale Requirements Definition stage, the project
leader and the technical manager should evaluate the application, using the
Development Methodology Selection Checklist. See figure 1 for an example.
The evaluation should be based on knowledge of a few basic system requirements
and future plans for the system.

The Checklist consists of eight ratings criteria. Each criterion should be
scored using the descriptions given. If in doubt about which of two (or more)
scores to assign to a criterion, the highest should be used. As an example,
using criterion number 3 (Total number of individual  wusers using
workstations), if the system will be used by only one user initially, but six

might wuse the system in the near future, the higher score of ‘4’ should be
assigned.

Total the eight selected scores. Then, compare the total score to the
Methodology  Selection Table, which follows the Checklist. Select the
appropriate development methodology, CDM or ADM, based on the following:

o The results of the selection table.
o Other important criteria relevant to the particular project.

o Corporate ADP guidelines.
Applying the Methodology

Once the selection of a development methodology is made for a particular
application, the developer should continue in accordance with that
methodology. Avoid wusing "hybrid" or "special situation" methodologies. It
is very important to be consistent in the application of each methodology
because it contributes toward consistent high-quality user products.

THE ADM SYSTEM DEVELOPMENT LIFE CYCLE

ADM is generally for smaller development efforts. It implies a more
simplified approach to development, and requires the use of documentation
guidelines discussed later in this paper. In view of generally limited scope

and size of the effort, you want to apply limited resources to the
development cycle.
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Criterion

_Number Title Description Scores
1 Application criticality to Low criticality 2
the end user mission Medium criticality 5
High criticality 8
2 Resources required 0 to 160 hours 2
for development 161 to 500 hours 6
More than 500 hours 16
3 Total number of individual 1 1
users using workstations 2-4 2
5-10 3
More than 10 4
4 Requirements for concurrent None 1
access to shared data Query/reporting 4
Data update 8
5 Frequency of application One time only 2
system utilization of Occasionally once monthly 4
all users Once daily 6
Multiple sessions daily 8
6 Communications network Stand-alone processing 1
complexity Between no more than two
processors at one time 4
Concurrent data communi-
cations among more than
one processor 8
7 Required completion date Within 1 month 1
Within 6 months 3
Willing to wait 8
8 Future software support None expected 1
requirements Minor modifications/
enhancements 3
Major ongoing support
and maintenance _8
TOTAL SCORE —_
METHODOLOGY Score Appropriate Methodology
SELECTION 11-42 Abbreviated Development Methodology (ADM)
TABLE 38-68

Abbreviated Development Methodology

Comprehensive Development Methodology (CDM)

DEVELOPMENT METHODOLOGY SELECTION CHECKLIST

Figure 1
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Each ADM application system development should consist of the following
activities:

1. Systems Analysis

o Requirements Definition. One or more meetings to discuss, determine,
and analyze user requirements.

o System Design. A proposed design is developed. In addition, an
estimate of the time for completion and an activity schedule to
complete 1is prepared. The requirements, design, and completion
schedule are provided as the analysis design study.

2. Draft System

o Programming. Coding of the system is completed as an initial draft
system from the approved analysis design.

o Testing. The initial draft system is tested to a level consistent with
the complexity of the system design.

o Demonstration of Draft System. The tested draft system is then
provided and functionality demonstrated to the end user.

o System Documentation. At the time of the demonstration to the user, a

draft Application Reference (User) Manual is provided for their review
and use.

3. Operational System

o System Modification. Following a reasonable period of user testing of

‘the draft system, modifications to the system are identified. Any
changes necessary to complete functionality of the system,
consistent with the original requirements, are programmed and tested

as the final system.

o System Installation. The final system is then installed in the end
user environment and demonstrated as the operational system.

o User Training. Appropriate user training is conducted consistent with

the scope of the original user audience and the complexity of the
sys tem.

o System Documentation. Following review of the draft system and its

documentation, any appropriate revisions are prepared to complete the
final Application Reference Manual.
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4. System Certification

o Certification. Acceptance of a system is undertaken only upon your
specific ADP policies and procedures.

The CDM/ADM life cycle comparison chart is shown on figure 2.

ADM REQUIREMENTS ANALYSIS

The purpose of requirements analysis is to define wuser requirements so that
these may be translated into hardware and software solutions. The process

necessary to perform requirements analysis involves two phases: research and
analysis.

Research

The research phase defines the purpose of the proposed system in terms of the
user’'s existing situation, what the user wants to accomplish, the current
limitations, and what is needed to satisfy the user’s requirements. This
process is performed in three tasks. They are:

1. ask Definition nd tiati This step defines the purpose,
objectives, and expected benefits of the new system. Specific roles and
responsibilities of the users are identified, and the system environment and
communications needs are determined. The required time frame for
implementation of the system is determined in order to prepare a primary task
activity schedule.

2. Information _ Collection. You need to first develop an interview
questionnaire to direct your questions with the user organization. A sample
questionnaire is shown in figure 3. You need to address their current method
for handling the application, obtain existing documentation, and determine the
need for enhancements needed for a new system to meet their requirements.
Other information to obtain includes performance criteria, input, key fields,
output, and interface requirements. In addition, you need to learn the user
organization, clarify unfamiliar terms and procedures, and of course obtain
copies of existing reports, original input and update source documents, and an
explanation of each.

3. Information Validation. Compile the user interview finding, and then meet
with the user again to review, correct, and validate the interview summary.
Complete additional research, and obtain final concurrence on the interview
summary from the user. This is very important as it becomes your baseline to
proceed to the analysis phase.

Since much of the research phase involves interviewing the users. Scale the
user interviews to the size of the effort; i. e., they should be long enough
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Comprehensive Development
Methodology (CDM)

Abbreviated Development
Methodology (ADM)

Life Cycle Step

Work Products

Work Products

Feasibility Study/
Cost/Benefit

Analysis
Systems Analysis

and Design

Programming

Documentation

Training

Implementation

System Acceptance
and Turnover

Feasibility Study (*)

Requirements Specification

System/Subsystem Specification

Program Specification
Database Specification (%)

System Test Plan
Programming, Unit Testing,
Integration Testing and
System Testing

System Reference Manual
(Draft)

System Maintenance Directory

(Draft)

Training Guide (%)
User Training

Initial System Operation

Acceptance Test Plan

System Reference Manual (Final)

ADM Systems Analysis (Re-
quirements, Design, and
Estimates for Completion)

Draft System (Includes:
Programming, Testing,
Demonstration of Draft
System, and ADM Applica-
tion Reference Document)

Operational System
(Includes Demonstration
and Installation of
Operational System, User
Training, and System
Documentation)

Certified System (%)

System Maintenance Directory (Final)

(*) = Work Product sometimes not required or combined with another
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SYSTEMS ANALYSIS QUESTIONNAIRE

GENERAL INFORMATION

1. System name:

2. Office:

3. Who has overall responsibility?

4. Are there any critical ("drop dead") dates for implementation
(Y/N)? If yes, list date(s) and reason(s).

5. What is the desired implementation date:

6. How critical is the system to the organization’s operation?

7. Describe the current system:

8. What hardware is currently used?

9. What software is currently used?

10. What are the criticisms of the current system?

11. Number of system users: How many require training?

SAMPLE QUESTIONNAIRE
Figure 3
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12. Location(s) of users:

13. 1Is this a stand-alone system (Y/N)? If no, does it interface with
another system (Y/N)? If yes, list system.

Is concurrent access required?

Can updating be done in batch mode?

Is there a requirement to limit access to the system,
or, to applications or elements of the system?

14. Who is responsible for: Data Entry? Organization:
Calculations? Organization:
Report Preparation? Organization:

15. Input frequency:

16. What specific algorithms are required for the application?

17. Importance of data currency?

18. What is the system output?

19. How timely must the output be?

20. Who uses the output?

i
21. How and when is the output used?

22. What will be the performance criteria for the new system?

23. What security or privacy issues need to be addressed?

24. Are backup and recovery procedures necessary?

25. Other comments:

SAMPLE QUESTIONNAIRE
Figure 3 (continued)
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to insure complete understanding of the project, yet brief enough so as not to
burden the user.

Analysis

The purpose of the analysis phase is to examine the current methods or
processes, and the accompanying documentation, to determine what can be done
to automate or enhance them cost-effectively by implementing a new system.
This is accomplished by examining all pertinent information gathered and
materials collected during the research phase. Then proceed to analyze the
existing and required methods, procedures, and information flows in light of
acceptable and supported automated software tools. Define hardware and

software requirements, data storage requirements, and system interfaces to

determine how the new system will be integrated with existing systems and
procedures.

ADM DESIGN SPECIFICATION GUIDELINES
The purpose of the design specification phase is to propose a system design
that meets the requirements specified by the user. The design specification
phase involves five tasks. They are preparation of design alternative, system
level design, detailed design, documentation, and review.
Design Alternatives

The purpose of this step is to select a design alternative from one of the
following possibilities:

o Identifying an existing system that meets the specified requirements.

o Identify an existing system which may be modified to meet the user

requirements. Possible sources may have been identified in the
previous option.

o Design and develop a new system.
This procedure is illustrated by the flowchart depicted in figure 4.

Let’s assume, for the purpose of describing the ADM methodology, a new system

is to be developed. The design will proceed through the following three
tasks:

o System Level Design.
o Detailed Design.

o ADM Systems Analysis Documentation.
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No

Does a
similar system
exist?

Yes

Does the
existing system
meet the specified
requirements?

Yes

No

No

Can the
existing system be
modified to meet the
requiremencs?

Yes

Determine the cost
of modification.

No

Is the cost of
modification less
than the cost of new
development?

Yes

Modify the existing system to
meet the specified requirements.

\

Proceed to the A new system must be
documentation phase. designed, developed,
and documented.

ALTERNATIVE SELECTION FLOWCHART
Figure 4
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System Level Design

This step specifies the major components or modules to be used in the proposed
system. Reevaluate the objectives, update the requirements, and be certain
the objectives are quantifiable. We will use the statement of objectives
later to ensure the user requirements have been met. Then identify the
hardware configuration and software needed to develop and implement the
application.

The next step is to design the overall system structure. Look at the big
picture first. We do this by using the following design techniques:

o Use a top-down strategy to identify and describe the major system
modules and interfaces.

o Design the most important modules and interfaces first.

o Model the problem solution using appropriate analysis techniques.

o Define each module and the relationship between modules.

o Establish the information flow between components.
Detailed Design
In this step, we completely specify the design of each of the system modules.
This includes the specification of file structures, the design of input and
output formats, edits, and the interfaces to the user and to other systems. We
use the following techniques in developing our detailed design under the ADM
methodology:

o Design the details of each system module.

o Use a structured design to minimize portability and maintainability
of the system.

o Establish a minispecification of each component. The actual coding of
the system should follow the specification.

o Identify or design the source documents to the system.
o Design the formats of all system inputs and outputs.
o Design all menus, screens and reports.

o Design the user interfaces; e. g., detailed procedures for data entry,
queries, and report generation.

o Design edit criteria required for data input by the user.

o Design database and file structures.
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o Design any interfaces to other systems.
o Design any connections to data communications.

o Design measures to implement security requirements, if necessary.

ADM Systems Analysis Documen ion

Requirements analysis and design specifications for an ADM application are
contained in one document called the "ADM Applications Systems Analysis"
document. The wuse of structure diagrams, flowcharts, and similar graphic
media as replacement for text is encouraged. We all must understand that
requirements and design may change over the course of the development effort.
This is especially true in a prototyping environment. Make sure you document
these changes and obtain approval prior to implementation of any changes.

The sections required in the ADM Application Systems Analysis document are:

Section 1: Executive Summary - a short (one-page) summary to include
descriptions of the project objective, user environment, major
requirements, security issues, current procedures or system, and
recommendations.

Section 2: Requirements Analysis
General Information - background information

Existing Methods and Procedures - a brief description of how the
user currently performs the operation being analyzed. You should
highlight shortcomings of the present system, and indicate why
the development effort is being proposed.

Requirements - specific functional and data requirements of a
recommended alternative or enhanced system. These will include
specific interface, reporting, data validation, and data volume
requirements. Inputs and outputs must be clearly and completely
defined. State the data communications requirements, and user
interface requirements such as whether the system will be menu
or command driven, whether help messages or tutorials will be

included, etc. Define processing options (add, change, delete,
etc.).

Note: Section 2 must completely define all user requirements. It doesn't re-
commend a design to meet these requirements; that is the purpose of section 3.
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Section 3: General Design Alternatives - compare and contrast solution
options with each other. Identify and justify one of these
conclusions, based on that review:

o

o

An existing system can be modified to meet current user
requirement.

The cost of modifying an existing system is greater than
the cost of developing a new application.

No similar system is available.

Describe the detailed design of the system and include:

o

Hardware and System Software Specifications - describe the
environment needed to meet the user requirements.

Software Development Specifications - describe the system
architecture and, for each major component, the

processing to be performed and the input/output data
flow.

Data Specifications - describe file (database)
structures, input and output data descriptions, sources
of data, and validations to be performed. Include an
estimate of storage requirements.

Security - describe steps needed to implement defined
security requirements; e. g., sign on, data access, etc.

Communication Specifications - clearly state the data
communications design solution, if needed.

Section 4: Development Plan - an estimate of staff and other resources
needed for project completion. Include time for documentation,
training, and testing by the developer and user. If specific
hardware or software is needed for application development,
discuss these requirements in this plan. Specify delivery date
of the application.

ADM APPLICATION REFERENCE DOCUMENTATION

The ADM operational system documentation includes both user operating
instructions and programmer maintenance information. These are contained in a
document called the "ADM Application Reference Manual".
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The manual contains three major components:

o System Abstract - designed to provide introductory and summary
information about the system.

o Operating Procedures - describes how the operator uses the system.

o System Maintenance Information - for use in subsequent application
maintenance support.

The information required within each of these components is as follows:

Section 1: Abstract - a brief (must be contained on one page) summary of the
system.

Section 2: Operating Procedures - step-by-step procedures which allow the

user to "walkthrough" the operation of the system.

The level of

documentation should be geared to the expected user of the

system, as determined in the analysis phase.

of users are expected, documentation must be geared towards the
least experienced. Specific information to be included as
appropriate includes:

o

o

o

Hardware Operating Procedures.

Software Operating Procedures.

Security Procedures.

Backup Procedures.

Restore Procedures.

Report Samples.

Error Messages and Codes. (This may not be needed if
system messages are clearly explained, and if online help
messages are available).

Data Entry Codes. (This may not be included if codes are

well known to all system users, or if codes are explained
and defined in an online prompt or help message).

Section 3: System Maintenance Information - information provided for use by

programming support staff. This section should include the
following:

o

o

Installation Procedures.

Interfaces.
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o Program Flow Description - (preferably graphically).
o Data File and Database Definitions.
o Macro Definitions - of any spreadsheet or other macros.

o Programs - listing by program name.

QUALITY REVIEW AND CONTROL

With both the Abbreviated and Comprehensive Development Methodologies, there
are three levels of internal quality review and control: peer, task leader,
and technical manager reviews. All three levels use the methodology and other
standards to measure product quality. Peer review is performed by conducting
structured walkthroughs for every major functional component of a development
product. Task leaders provide a second level of quality review to ensure
compliance with technical standards and with their day-to-day direction of the
task. A technical manager reviews and approves all products prior to delivery
to ensure quality and compliance with overall policy and standards.
System certification represents a formal review and acceptance of the system
by independent certifiers and the users.

CONCLUSIONS

The Abbreviated Development Methodology is a disciplined development process.
ADM requires a less rigid approach, and fewer deliverables than the
Comprehensive Development Methodology. It can be used on small information
systems, office automation, and analytic systems efforts. The identification
of a system as an IS, an AOSS or AS does not always indicate whether the
system uses a mainframe, mini or micro computer; or imply that you should use
the ADM or CDM methodology. The Development Methodology Selection Checklist
will  assist you in choosing the appropriate methodology. The use of
prototyping methodology works well in the implementation phase of ADM.

With a generally limited scope and size of ADM applications, it is appropriate

to apply limited development effort. Yet, ADM still provides the users with
the benefits of structure and standardization.
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Abstract

With expenditures on computing resources growing faster than other
segments of companies’ operating costs, increasing productivity in
application development becomes all the more critical. Many have
turned to Application Prototyping as a methodology for increasing
programmer productivity and shortening application development time
over traditional life cycle methods. There is a tendency to accept this
methodology as static. However, in the past few years the computer
industry has undergone tremendous change. New hardware and
software products have appeared at a phenomenal rate. The concept of
application prototyping needs to be updated to reflect these industry
changes. "Prototyping Revisited" takes a practical look at the subject
and describes the new tools, new technologies and industry trends on
this continuously evolving methodology. This paper reviews past
influences and puts prototyping in perspective for today's thinking.
Now, more than ever, prototyping has a significant role in the data
processing industry.

Introduction

'Prototyping’, 'CASE', 'Expert Systems', '4GL', 'Neural Networks',.... The
list of acronyms and 'buzzwords' associated with current computer
applications technology is long. It can be confusing. At times it is
beneficial to take some time to see where we've come from, to look
around at where we are, and to see where we may go from here.

In 1986 Boeing Computer Services - Aerospace Support formed a team
to study the concept of Application Prototyping on the HP3000. The
team's goal was to research methods of increasing programmer
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productivity and shortening application development time. To
accomplish this goal the team began to investigate productivity tools,
project control methodologies and the attitudes and philosophies of
users, programmers, and their management. The team, representing
more than 100 years of combined programming experience, came to
grips with the litany of computerese which swirls around the world of
Application Prototyping. They all knew a bit from a byte, Pascal from
Fortran, but did they know the difference between CAD and CASE, a
4GL and an SQL? Books and articles were read; definitions pinned
down. Eventually a sense and an understanding of this method of
computing began to emerge. (Most of those who had worked in the
Mini/Micro environment for any length of time discovered that they
had been doing at least some aspects of application prototyping all along
- they just didn't know it.)

This paper presents the findings of that team. It defines the
Application Prototyping methodology, and then describes the types of
tools currently available for Application Prototyping (here, among other
things, is where the difference between a 4GL and an SQL will be
revealed). Next it explores existing methodologies. Finally, areas of
concern and future directions are discussed.

In this paper several software products are mentioned as examples of a
particular type of tool for Application Prototyping. Mention of these
products does not constitute endorsement by the authors or the Boeing
Company. Lack of mention of a product does not indicate that it would
not be suitable as a tool for Application Prototyping.

Overview/Definition

To get a sense of what Application Prototyping is all about, imagine a
programmer working alone on a program which will require some kind
of data entry and some kind of output based on that data. The
programmer knows what must be accomplished. His! preparation prior
to code and test probably includes flowcharts, data requirement lists,
etc. After the first successful run of the program, he will view the
screen or printout critically, looking at such things as accuracy,
consistency, ease of use and presentation. Unless it is an extremely
simple program, something was probably overlooked, or the format of
the presentation isn't quite right. So he modifies the program until he is
finally satisfied with it. Once everything is to his satisfaction, the
application continues to run, supplying new or changed input and/or

Are You Missing the Boat? Prototyping Revisited
5105-2



fresh output whenever it is needed. And, if the application is used for
any length of time, he will inevitably discover that at least one
requirement, either for input or output, will change. After an analysis,
the changes are incorporated into the existing program. Hopefully, our
programmer had ‘'documented' the original program with internal
comments and was able to find the flowcharts, etc. which aided in the
program's creation. Testing and implementation take place and the
program runs until a change in requirements comes along or until the
need for it disappears.

Several steps in the development process for this program have
occurred here:

+ Requirements were established.

e Data requirements lists, flowcharts, etc. were developed.

e Program code was written and tesied.

e Program flow and data entry routines were critiqued.

e Output accuracy and format were critically analyzed.

e The program was put into use.

« Modifications were made as requirements changed.

These steps are essentially the same for any software application, no
matter what methods are used to generate a final product. The
difference between Application Prototyping and more traditional
methods of software development is the level of involvement of users
in the development process. Traditionally, the end user doesn't get to
use an application until it has been formally released to him, which may
be months or years after the need for the application was established.
The application meets the requirements, but in reality may not function
as the user actually envisioned. Then too, lack of interaction with the
end user can result in miscommunications. Errors present in initial
phases have gone undetected. In traditional life cycle, the correction of
these errors becomes more expensive as you move further into the life
cycle of the application. In contrast to the traditional approach, in
Application Prototyping only fundamental goals and objectives are
determined. A working model of the application is quickly built with an
advanced programming language (4GL). An iterative process then takes
place between the analyst and the end' user in which revisions and
enhancements are implemented. This rapid interaction between analyst
and end user is made possible by new technologies. - A control
prototyping methodology is necessary to complement these new
technologies.
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Application Prototyping is defined as follows for this paper:

Application Prototyping is a methodology using tools and techniques
to design, develop, and implement a computer application. As user
requirements change or technologies improve these steps are
repeated through the life of the application. This is accomplished
through:

¢ Increased user involvement in the incremental development
of applications.

« Improved availability of easily used tools.

¢ Enhanced analyst role while de-emphasizing the programmer
role.

¢ Consolidated life cycle methodology.

The benefits of this approach are substantial. Since the end user is
provided with a working model early on, he has the opportunity to clear
up misconceptions and because the end user participates in the
development process, the end product is more likely to meet with
acceptance. The time from conception to initial implementation is
shortened and this approach allows smooth transition to improved
technologies. Also, selecting an appropriate 4GL for the application can
yield cost savings, effectively trading expensive labor for intelligent
software.

Prototyping Tools

Our programmer's shop, typical of many other data processing shops,
has a large backlog of requests. In addition, his customer has become
discouraged with the results of the last system that was implemented.
It was months before the system was delivered, and then although it
met requirements it really didn't fulfill the customer's needs. Now,
another new system is to be developed. The programmer, reading
about new tools on the market to increase productivity, is ready to
incorporate some of them in his shop. But what do all the terms mean,
and which tools will truly improve productivity? A review of some of
these tools will help answer these questions.

4GL (4th Generation Language):

This is the name given to any new programming software that will
provide a several fold increase productivity over 3rd generation
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languages, such as FORTRAN, COBOL, PASCAL, etc. These products range
from a product that does one piece of the application to a full
application development tool set. A full development tool set usually
consists of a screen builder, report writer, database and database
interface, and application development language. The screen builder
allows the user to quickly create input screens and menus for the
application. The database and database interface allows for the storage
of data and easy access to that data. The data structures created in the
database are easily modifiable for changes and enhancements. Because
relational databases are easy to use and easily modifiable, data storage
is frequently relational in 4GLs . The report generator provides a tool
for quickly producing reports.  The language used to build the
application can be non-procedural, procedural, or object-oriented. It
provides the user with the capability of building either simple or
complex applications.

Examples of full tool sets: Oracle, RELATE/3000, Today, Speedware
Code Generators:

These are software which are capable of generating source code. The
source code is then available for the application programmer for
maintenance, if desired, although more often the generator is used
again. Some generators have limitations in the complexity of
programming, so it becomes necessary to modify the generated code in
complicated applications. However, once modified, the code can no
longer be maintained by the code generator. Some code generators
have hooks in them to allow execution of programs or routines written
in other programming languages.

Examples of code generators: Protos, Artessa
Report Writers:

These are software which are capable of generating reports on specified
output devices in formats determined by the package or by
programmer specification. Report writers vary in complexity. Different
levels of report writers are available ranging from simple ad hoc
reports designed by end users, to more difficult reporting formats
requiring programmer support. Many report writers designed for end
users are menu-driven, where the user can pick from a list of elements,
and get the report either on the terminal, or on a printer in batch mode
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or while they wait. Many 4GLs have reporting capabilities incorporated
in the package. Some of these are Speedware, Powerhouse, and
Relate/3000.

Examples of End User Report Writers: Data Express, Inform
Example of Programmer Report Writers: Business Report Writer

Debugging:

This is a feature of a language that helps debug a program. Some 4GLs
have built in debugging capabilities which highlight errors as the code is
being written. Online debugging features allow developers to modify
screen or code without terminating the program. Some, such as’
Transact, have debugging routines that can be called when problems are
encountered during testing.

Examples of 4GLs with built in debugging: Flexible/3000, Relate/3000,
Transact

Application Generator:

These are software products which will create the basic program
structure automatically, because the functions will normally be similar
from one system to another. Filling in values on the menu will define
basic transactions, input/output fields and files, and interrelationships
between them.

Examples: Insight, Today, Speedware

Screen Builders:

These products contain easy, automated means of creating basic screens
from dictionaries/encyclopedias. These are the ideal for rapid

prototyping demonstrations for the end user.

Examples of products that have screen builders: Flexible/3000, Today,
Powerhouse, Speedware

Database Utilities:

Good database manager utilities allow easy and rapid changes to
database design as requirements are obtained from the user during the
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prototyping process. Selection of the appropriate database manager is
based on the type of access required. Some 4GL products that have full
function database managers are dBASE, HPSQL/V and Speedware. Other
tools are single function such as Adager or DBGENERAL which modify
database structure, or IMACS*LYNX which manipulates data
dictionaries. Some tools that enhance performance for database
retrieval include OMNIDEX, SUPRTOOL, and SORTMATE

Automated Documentation Tools:

One of the main characteristics of a 4GL is a centralized dictionary for
data element and file information. This becomes the core of the system
documentation. Some 4GLs have generators that print data in a
document format from the dictionary, and from internally maintained
files and tables.

Examples of 4GLs with self-documentation feature: Speedware's
Documenter, Today

Design Tools:

These tools automate the tasks of system planning, requirements
analysis and design. Computer Aided Software Engineering (CASE)
products like Excelerator from Index Technology provide front-end
design tools for 4GLs. Dictionaries/encyclopedias control the integrity of
data element definitions across software packages. Encyclopedias
extend the control of the dictionary by containing diagrams of data flow
or entity relationships of the system. Software can then be generated
straight from the encyclopedia.

Example of utilization of an encyclopedia: SYBASE
Expert Systems:

This is one of the fields in artificial intelligence. This is software
designed for a specific task where the knowledge of the expert has been
built into the software. There are many software products which will
help the knowledge engineer develop an expert system. These range
from languages like Prolog and Lisp to expert system shells. With
Prolog and Lisp, the developer must start from scratch and build
everything that is needed. The shell provides the developer with an
environment for ease of developing an expert system.

Are You Missing the Boat? Prototyping Revisited
5105-7



Examples of Expert System Shells: AION, M.1., Personal Consultant +
(PC+), Knowledge Craft

Platforms (Distributed Processing):

To improve the cost effectiveness of the programmer/analyst the use of
tools that allow easy porting of software from one machine to another
should be used. The computing power on the desk (PCs) needs to be
more efficiently used. There are tools that generate software on a PC
that can be uploaded to either a mini or large scale system and then run
by the end users.

Examples of products executing on multiple platforms: Today,
Relate/3000, System Z, Speedware, Oracle, Powerhouse

Terminal emulation software is available for a PC that will emulate a
terminal that is connected to a host computer.

Examples: Reflection 1, 2, 3, 4, 5

Prototyping Methodology

Our programmer, excited at the prospect of using all of these new tools,
plunges into the task of developing the application. He creates a
prototype and demonstrates it to the users. The users are not happy;
they suggest several dozen minor and major changes that they need
implemented. No problem; the programmer sits down and, using no
formal methodology, immediately makes the changes that they have
requested. These changes are not exactly what the users wanted either;
so they detail further changes. Again, no problem; he puts his
wonderful new tools to work and once again makes all of the changes
that the users have asked for. The users are a little happier with the
application, but there are still several changes that need to be done.
This goes on for several iterations. After about the fifth or sixth
iteration, the programmer is becoming a little confused. He is no longer
sure of the functionality of the system. So many changes have been
incorporated that he no longer understands exactly what some parts of
this system do. In short, he has created a monster application and has
very little documentation to take him through exactly what is going on,
and the users are still surrounding him clamoring for yet still more
changes. He realizes that in order to regain control over the application,
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some kind of prototyping methodology has to be implemented. But
what are his choices? After researching many formal approaches that
have worked for other people, he decided to concentrate on two
methods, Application Development Guidelines (ADG) and Evolutionary
Development Methodology (EDM).

ADG was developed in response to customers' needs by the COGNOS
company. The steps in ADG's methodology are as follows:

Problem Analysis
Requirements Definition
Data Analysis

Iterative Development
System Completion
Implementation

The purpose of the problem analysis section is to determine the scope of
the project, give an overview, state the objectives, define the problem,
and to make preliminary plans. The purpose of the requirements
definition section is to define requirements, analyze the business
functions, define a conceptual solution, design a rough draft of menus
and screens, make general plans, and to communicate the approach
taken.

The third section is data analysis. The overall objective of this section is
to produce a logical definition of the data. There are two different
approaches that can be taken to accomplish this. They are entity
modelling and data normalization. For prototyping purposes, entity
modelling is probably the best way to go.

The fourth section, iterative development, is when the prototyping
comes in. Armed with the requirements definition and the data
definition, development begins. The data base is created, the system
environments are set up, the prototype is written, and user reviews are
scheduled. Here the functions are demonstrated. Requested changes
are documented, implemented, and tested. The new version is then
demonstrated again and the cycle is repeated. This continues on until
the users are satisfied with the product or until a predetermined
number of iterations have been done. This ushers in the system
completion section, where the remaining functions are built, system
interfaces and documentation are done, consistency is ensured, the
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complete system is tested and is prepared for production. The
implementation section is where the system goes into production.

Note: The preceding discussion is based in large part on a presentation
given by Marc Praly of COGNOS on July 20, 1987.2

The other development methodology EDM is supported by EDM
Management Systems. EDM consists of five phases. They are as follows:

Management Study
Technical Review
Feasibility Project
Implementation Project
System Review

The first two phases are done only once, at the beginning of the project.
The last three phases are done per iteration.

The purpose of the first phase, the management study phase, is to
determine whether or not it is in the customer's best interest to
computerize the application. Ideally, this would be done by the
customer, since they would have the best handle on what direction they
want to take. This whole phase is essentially dedicated to the question,
"Does an EDP project look like the way to go?". Outputs from this phase
include a definition of goals and objectives, an analysis of the current
situation, and a prioritized list of business requirements to be
automated.

The purpose of the second phase, the technical review phase, is to
determine what the system will cost, and a rough idea of what it will
look like. This is done by a systems analyst in response to the output
from the management study phase. Outputs from this phase would
include a verification of the strategies and assumptions as given in the
management study, a conceptual definition of the system, a rough draft
of a release strategy, a description of the implementation environment,
a rough data analysis and model, and a cost/benefit analysis. At this
point the customer's management will either approve or cancel further
development.

As said before, these next three phases are done for each iteration. The
purpose of the third phase, the feasibility project phase, is to give the
customer's management enough information to determine whether or
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not to continue on and to implement the proposed changes. Note that if
management refuses to authorize these changes, it does not cancel the
whole system; only that the proposed changes that were going to be
implemented in the current iteration are not to be done. The outputs
from the feasibility projects are a definition of exactly what will be
done during this iteration and how it will be done, a complete analysis
of costs and benefits that pertains to this iteration, a detailed data
model of affected areas, a shell prototype system demonstrating the
viability of the proposed changes, and the customer's evaluation of the
prototype.

The fourth phase is the implementation project. The purpose of this
phase is to deliver a working system as defined by the feasibility
project and to implement it. Along with this is customer acceptance and
training. It is within this phase that the concept of 'Stages' is utilized.
Essentially, Stages are used to chop the overall objective of the iteration
into bite-sized chunks. The Stages are developed independently, but all
must work before the implementation project is completed.  The
outputs from the implementation project are a final data model for the
affected areas, accepted software and documentation, converted data,
trained users, and a final review. The final review verifies that the
current iteration fits in with both previous and planned iterations.

The last phase is the system review phase. There are two objectives to
this phase: to review the success of the iteration and to apply what has
been learned to the future. This serves to keep the overall goals of the
customer in sight and on track. The outputs from this phase are a
review of work done and a release strategy defining future activities.

Note: The bulk of the EDM discussion is based on the document
"Evolutionary Development Methodology: An Overview", by Dave
Wattling, DWM Computer Systems Ltd. and Douglas P. Kelly, Newton
Data Inc.3

Potential Concerns

Our programmer was given a list of concerns from his managers to address
before being given a green light for assembling his new tool box.

e Has the software vendor thoroughly tested the product
before marketing?
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e Does the product perform as advertised or are some of the
features vaporware?

e Software updates occur at a phenomenal rate. Should purchase

be postponed until all the newest features have been incorporated
into the product?

e Are his current applications suitable candidates for a 4GL?

« Without experience in the prototyping tools, how does he evaluate

which ones are right for his shop?

« Will the new software be compatible with existing software and

data base structures? What conversions will be necessary?

e Can our computer system handle the increased overhead usually

generated by a 4GL?

e Will our end user be willing to commit adequate time and effort

to ensure success of the project?

» Will it be portable to all the platforms currently utilized and
how will it mesh with future hardware configuration plans?

e Will performance become an issue if an increase in business
places new loads on the system?

* No one in his shop has experience with a 4GL, let alone a
whole tool box of new products. New products and a new
methodology will move these programmers out of their comfort
zone. How long before he can realistically expect training to be
complete and the whole shop using the new tools with some
proficiency?

In order to answer these and other concerns, our programmer needs to
become knowledgeable in a whole new arena of terms and products. This
will require manager support, budget, time, interest and hard work. Trade
journals can provide background information and a familiarity with the
subject. Vendor shows and seminars provide additional information and a
review of available products. Considering his shop's requirements, two or
three candidates can be selected for indepth investigation. Preliminary
questions as to length of time in business, product support, training, etc.
need to be addressed. If possible a formal training class for the product
could be attended. A -talk with someone who has already invested in the
product, might yield some candid answers for these concerns. Someone
who is already using the product might provide some insight into issues of
performance. The evaluation steps need to be a carefully thought out
process, involving all the personnel concerned with the project. Only after
a complete evaluation can the best possible decision be made for the
business.
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Data Processing Industry Future

There are a number of general areas within our industry which have
shown major advances in the last several years, and we predict will
play a significant role in the future. They are Artificial Intelligence,
Computer-aided Software Engineering (CASE) technologies, the
"Workstation”, and Neural Networks. A number of other areas which
we will call trends could develop into significant contributors, and will
be covered later in this report.

Artificial Intelligence

Artificial Intelligence (AI) is an application technique that more closely
resembles the human mind and the way it works. AI uses a number of
inventive methods of organizing and accessing data. Several areas of Al
have been identified:

e expert systems

e natural language understanding
e perception

» robotics

+ machine learning

e planning

e theorem proving

¢ symbolic mathematics

e game playing

A promising area for the user community, and the most developed at
this time is the expert system. The purpose in building an expert
system is to replicate expertise and/or to combine expertise for a
specific application area. This would result in an increase in
productivity by:

o avoiding delays .

o distributing expertise to remote sites

* making expertise available to less experienced personnel
e preserving corporate knowledge

+ increasing consistency of decisions

* handling routine reasoning and bookkeeping

* leaving an "audit trail".
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The medical system MYCIN is a good example of an expert system. It
was developed at Stanford in the 1959 - early 70's time frame. Its task
is to diagnosis and suggest therapy in certain cases of infectious blood
diseases. It is a rule-based system paradigm using backward chaining.

Another expert system example is "Prospector” which is a geological
prospecting tool. The knowledge is in semantic nets. The savings from
using this program alone would have paid for all early AI research.

Several languages (LISP, PROLOG, etc.), have been developed especially
for AI to take advantage of the AI concepts, however any language can
be used to apply these techniques.

Until recently the AI application community has been restricted by
machine size and speed. With the advent of very powerful desk top
machines, AI is starting to find its way into almost every PC product.
The techniques will become more and more prevalent but will most
likely take the form of the application product, and will not be
identified as AI technology. Expect to be a user of AI technology and
not be aware of it.

CASE Technology

Computer-aided software engineering (known as CASE) has become data
processing's newest buzzword. Computer-aided Software Engineering is
the automation of software development which focuses on the whole
software productivity problem instead of just implementation solutions.
CASE technology has been defined as a combination of software tools
and methodologies.  Software productivity problems are attacked at
both ends of the life cycle by automating many analysis and design
tasks, and combining them with program implementation and
maintenance. CASE products include some grouping of the following
tools: diagramming tools for system design, screen painters and report
writers for prototyping, dictionaries, data base management systems,
and accompanying reporting facilities for storing, reporting, and
querying system information, automated consistency checking against
system specifications, and code generators to automatically generate
executable code from system specifications. In some instances CASE
analysis and design tools serve as front end processors to 4GLs.

For now, actual perception of CASE technology seems to be inconsistent
and somewhat confusing. And perhaps because the products are so new
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to the marketplace, it seems to be an arena filled with vendor hype and
vaporware. No full CASE product exists today. Present day CASE
products range from the simple generation of bubble charts to
sophisticated products which automate requirements analysis through
creation of a physical model of a large system, including screens,
reports, etc. However, major vendors have brought CASE products to
market and future CASE products will automate as much of the analyst's
and programmer's job as possible. CASE products may someday add
some artificial intelligence, such as an embedded expert system which
helps an analyst find his way. CASE seems to be an area which shows
real promise as an aid to application development.

Some examples of CASE technology products are:

e The Yourdon Analyst/Design Toolkit from Yourdon, Inc. -
provides an integrated data dictionary for error and consistency
checking throughout the analysis and design phases.

» ProKit*Workbench from McDonnell Douglas - fully automates
the application of structure techniques of planning, analysis
and design phases.

* The Design Machine from Ken Orr and Associate, Inc -
generates the deliverables of system requirements and analysis.

* DESIGNAID from Nastec Corporation - automates structured
analysis/design techniques.

Most of the CASE tools on the market place today support various phases
of the Life Cycle Methodology. CASE tools to support more rapid
development methodologies are expected to emerge, but we are not sure of
the form or timing of these products.

Workstation.

We define a workstation as a microcomputer on an employee's desk
which has at least the capability to do word processing and spreadsheet
processing and is connected into a "Workgroup" which allows access to
other computers in the network (could be other PCs, or minis, or
mainframes).
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During the last few years more. and more employees are getting
microcomputers on their desks. In many cases these are replacing
dumb terminals and their prime usage is to access another computer
(mini or large scale). This computer power on the desk opens up new
methods of doing normal office operations. Microcomputer applications
are increasing in usage and importance within the company. The most
common usage today is in word processors and spreadsheet processing.

As more powerful microcomputers become available, and as we become
more proficient in using this local computer power, it will play an
increasing role in the DP industry. The AI techniques discussed above
and the CASE tools will have a prime focus on the micros and not on the
more traditional minis or large mainframes. These machines will be
included in the workgroup which may include a complete range of
processors networked together. The possibilities of these networks are
just now beginning to be realized. Electronic mail is finding its way into
the work stations as well as some object-oriented programming
techniques.

Neural Networks.

This is the general area of applying biological memory techniques to
networks of silicon memories. This provides a better replica of the
human brain than we have seen before. Recent breakthroughs in the
technology have made this technique very promising. It is expected to
provide considerable speed as well as vast memory storage with rapid
retrieval. The technology is still in the research labs, but looks to hold
such promise that it is mentioned in this report.

Trends

What does the future hold as seen by the prototyping team? We see
this as a very exciting and rapidly advancing time for the data
processing industry. The items mentioned are the best guess at this
time of what's coming in the future. We look at this section as being
very speculative. We will address these trends in several areas, future
hardware, future software, where is DP going, and the end user.

Future Hardware

There is a trend to place large amounts of computing power on the
desktop. This will have a major impact on large scale and mini
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computer usage as the applications migrate to the desk top computers.
Jean-Louis Gassee, Apple Computer's Senior Vice President of Research
and Development, has a dream of placing a 200 mip PC on every desk .4
He is not sure that he will see it in his lifetime, but he is sure it will
happen. Does this mean that large scale and mini computers are going
the way of the dinosaurs? It may mean that machine size and speed
will no longer be a factor, but how the machine(s) are used will be.

Networking is beginning to mature. The hardware is available to
virtually connect any computer to any other computer. We expect this
function of our business to continue maturing and will become a major
cost factor in the future. This connectivity will make electronic mail a
true reality. The desk top machine will have the phone built in and
have FAX capability.

Disk and memory continue to become less expensive. As this trend
continues all the known restrictions on memory and storage space will
disappear. This, along with networking and larger desk processors will
make distributed processing a household word, not the dream it is
today. Expect to see desk top machines with 16MB memory and many
gigabytes of storage commonplace within the next few years.

Hardware is being placed in office environments instead of a computer
machine room with special environment requirements. As this trend
continues expect to see the operations tasks normally delegated to data
center personnel turned over to the user community as is the hardware
itself.

Hardware technology has been progressing much faster than the
software industry can keep up with it, and the user and DP communities
cannot keep up with the software changes which are much slower than
the hardware changes. As users and DP begin to use these new
hardware technologies expect major changes in the way of doing
business. Micros and Minis are blending into one machine which looks
more like a micro than it does a mini of the 1970s.

Future Software

Expect CASE tools to eliminate the job of the system analysts as we
know them today. Coding will be a thing of the past. The CASE tools
will allow an analyst working with the user to build and maintain a
system with much less effort than is currently being spent. Code
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generators will be built into products and not even discussed. Since
labor is more expensive than hardware, functionality will be the focus,
not efficiency of hardware resources. The CASE tools may allow the
software designers to keep up with the hardware designers.

Look for an increase of user friendly software. Many of the software
tasks now done by the system analyst will be taken over by the end
users. End user reporting is the most common item in this area today
although expect it to extend into system design and maintenance.

Expect to see the life of a software system to be shortened considerably.
This is caused by a number of factors:

¢ New tools make the initial investment much smaller.

« Rewriting the software may be more cost effective than
maintaining it.

« Rewriting the system to make it run on new inexpensive
hardware may be cost effective.

Al techniques will be used in all software. The CASE tools will generate
software which begins to think and adapt itself.

Object-oriented Programming is just emerging. Expect to see more
packages such as Hypercard on the Mac which use Hypertext
technologies, and allow end users to graphically build their own
applications.

DP Trends In Business Applications

Systems will be able to be designed very rapidly. Does this mean that
full time DP Analysts are no longer needed? Some people think so, so
expect to see a migration of DP expertise drifting to the user
communities in part-time DP positions. Others feel that as it becomes
easier and less expensive to generate computer systems, the user
community will demand many more systems than they are now doing,
thereby increasing the need for DP analysts. In either case, we all agree
that the way DP is doing business today is going to change.

The DP role will become more specialized. The DP analyst will
determine network handling and provide consultation on the project
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design and development. The end users will do nearly all of their own
reporting requirements, and most of their machine operations and
simple changes to the system.

What does this mean to the analyst of today and their DP organizations?
Should they be looking for a job in the user community? It appears
that programmers may need to either move to the user community or
to develop their design skills. Analysts who will move into either the
network areas or the consultation areas must become more skilled on
the tools available and how to apply these tools to make them more
productive.  Communication skills will become more important both
written and verbal. During a transition period old systems will need to
be maintained and old data centers need to be staffed until both of
those areas can be phased out to the new methodologies. Plans need to
be made on how to make this transition most efficiently.

Data centers as we know them today may only be needed in extremely
large applications. Most of the mini data centers will be replaced by
user installed and run machines in their own areas.

What should the DP analyst of today be doing? ~We suggest the
following:

* Keep abreast of what is happening and react in concurrence
with your personal goals in the Company/Industry.

* Get as much training as possible in new technologies.
¢ Work on your communication skills.

* Learn as much as possible about your customer's way of doing
business. This knowledge can give you an edge.

End User Trends In Business Applications

As the generation of applications and reports become easier, it is
possible for the non-DP professionals to develop their own applications
and reports. Many users in our shops are currently using ad-hoc report
writers to do their own reports. In the Apple community, many users
are developing their own applications and reports using Hypercard.
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Training vs Education

We do a very good job of providing training on specific tools but do a
very poor job of educating our DP community or our end users of the
trends identified here. More emphasis must be placed on education to
allow all computer users to more fully use the computer potential in
their normal daily jobs. The tools must be made easier and more
friendly so they do not get in the way of getting the job done. (i.e. We
have had enough of stick shifts, we now need automatics.)

In Summary

Competition to increase productivity will force change. The utilization
of new technologies and methodologies to achieve improvement in
software application development becomes all important. Preparation
and education are the keys. The better we understand what the new
tools and hardware can do for us, the better we can make them work
for us. Management needs to be committed to an early selection and
acquisition of new products and to the training of their programmer
analysts not only in the use of these tools, but also in the effective use
of a controlled prototyping methodology. Establishment of a closer
working relationship with the end user becomes a necessity.
Application Prototyping dictates the early and continual involvement of
the end user in the development process. Development time will be
shortened and the resulting software will have a better chance of user
acceptance.

1 Ooops, now we've done it. Well, for ease of writing as well as reading, all gender
references in this paper will be masculine. The reader is politely asked to
mentally switch gender gears as he/she finds necessary.
2Marc Praly, Sales Representative, COGNOS Corporation

Training presentation at Boeing July 20, 1987
3Dave Wattling, President of DMW Computer Systems Ltd.

EVOLUTIONARY DEVELOPMENT METHODOLOGY: An Overview.

May 1986

4 Statement from the Keynote Presentation at MACWORLD Expo in Boston on
August 13, 1988.
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DOCUMENT MANAGEMENT SYSTEM
FOR THE UNSOPHISTICATED USER

Diane W. Harman
Boeing Computer Services
P.O. Box 24346, MS 6R-37

Seattle, WA 98124-0346

Telephone: (206) 234-7116

INTRODUCTION

The Boeing Electronics On-Line Command Media System (CMS) is a document
management system that provides the tools necessary for retrieving a variety of
on-line information both quickly and easily. By using built-in search programs, a
user can retrieve company policies, procedures, instructions and directives.
Selected media can be dis; ﬁ’ayed to the screen or be sent to a local printer. The
media selected can be in form of the procedure itself, or a list of media that was
qualified by the search.

g‘here are two separate components of CMS: a User System and an Administrator
ystem.

The User System consists of:

1. Search and Find function which allows the user to search document
text and cataloging information using document number, document
types, partial titles, and document text as criteria. Searches can be
independent or can be nested.

2. The latest newsletter which can be read on-line or printed by the
user.
3. A menu to locate the nearest hardcopy station.

4. A method of requesting lists of documents that pertain to specific
government audit questions.

The Administrative System contains:
1. Data entry and inquiry screens.

2. Menus to automatically generate administrative reports and
hardcopy indices for the Command Media libraries.
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BACKGROUND

A new Boeing Electronics plant was due to open in Corinth, Texas in the first

a;mrter of 1988. Seattle area Boeing Electronics personnel were asked to provide
is factory with a set of existing comgdany policies and procedures (Command

Media). The manager of Command Media Administration wanted to explore the

%ossibllity of using an on-line cogﬁuterized document management system, so
oeing Computer Services was called in to assess the project.

A requirement of this system was that it be designed for a Hewlett Packard (HP)
Series 70 computer. In order for a system of this type to be successful, it would
have to be designed so that an unsophisticated user could search for information
with little or no training. The administrators of the Command Media were
sophisticated computer users who were already using a PC database that enabled
them to track documents by number, to keep cross reference lists and to produce
reports.. This functionality needed to be included in the new system. Thus, the
two major modules needed to be designed with different levels of user interface to
groyli;iil‘z the search user with ease of use and the administrative user with

exibility.

Two problems were approached in parallel by the Boeing Computer Services
analysts. The first was the problem of what software should be used on the HP to
develop and run the system. The second problem was how to get the documents
into the HP computer to be indexed and searched.

HP CONSIDERATIONS

The database to be used for CMS was IMAGE/3000. This was dictated by
available software and the knowledge of the assigned analyst. OMNIDEX was
selected for the document management system because it provided:

1 The capability that was needed for document cataloging,
management and administration, as well as the ability to be
extensively tailored for this particular application.

2. An interface to Powerhouse 4th generation development language
that would provide quick prototyping capability. This was the
methodology selected to produce this type of user friendly system.

3. Low cost alternative compared to more highly specialized packages.

4, Speed of retrieval for document searches.

5. Quick retrieval and design flexibility that could be used by multiple
projects.
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6. A valuable asset to the prototyping method, by allowing "What if?"
testing of the database. It allowed keys and access paths to be
moved on and off the database to see what would be most effective
for this application. This was a feature that was to become more
valuable to us, the further we proceeded into the project.

Drawbacks to the selection of OMNIDEX were considered to be:

1. Lack of proximity search

2. Lack of synonym list

3. Inability to limit search to areas of text in this application
DOCUMENT INPUT

Document input was approached by analyzing word processor packages to see
which ones gave the most satisfactory conversions to and from ASCII files. Since
the input to the system was to be done by contract labor, a PC word processor that
is commonly used in the industry was required.

Attempts were made to scan hardcopies, but the analysis proved that re-tylping the
documents was cheaper than the cleanup process from the scan of diverse
created and formatted documents, and it resulted in consistently formatte

output. Some documents were obtained electronically and were just uploaded
into the HP from PCs using Reflections scripts. These same scripts were used to
upload the converted word processor files.

DESIGN METHODOLOGY

A team approach to prototyping was the methodology of choice. This meant that
analysts were traimsdp to understand the administrative procedures involved and
administrators were trained to understand the development software. Team
members developed a preliminary design,and then attended OMNIDEX and
Cognos Powerhouse classes together. The process that ensued from this point was
referred to by Takeuchi and Nonaka in The New Product Development é;amg:
Harvard Business Review; Jan-Feb, 1986 as Scrum’. Picture a Rugby scrum,
where the ball is kicked into action while the various members a-e wrestling for
position. The ball is then picked up by a team member, moved dc vn the field and
then passed on to someone else. All members are progressing in a ‘attern toward
the goal at the same time. This gives a general idea of the methodo. gy used by
the CMS team.
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A trial database was designed. OMNIDEX gave us the ca%ability to add, delete
and change keys so that we could design the optimum database for our needs.
Menu screens were developed in a skeleton of the proposed system and
demonstrated to the user for review. Changes suggested by the user were
incorporated and other screens and reports were tied in as designed. The screens
were tested at each stage by people who were not familiar with computers.

In this method, there is continual feedback amongst the administrators and the
developers, and repeated acceptance testing of the system.

IMPLEMENTATION

Once the methodology, software, and document input choices had been approved
by the customer, a parallel implementation of the project took place. As a result
of the planning that went into the design and organization of the project, the
product was quickly delivered in a phased rollout.

The customers for this project were computer oriented, and were able to
participate in the overall design of the database, so as the customers were gaining
computer knowledge of the computer side of the system, the analysts were able to
gain insight into the administrative side of the customer application. As soon as
an overall database design was agreed upon, the analyst moved to complete the
details of the design and write the Powerhouse schema. Documentation was
developed by the analysts in parallel to the design and programming.

While the analysts were proceeding with the database development, the
administrators were overseeing the organization of the documents and the process
of typing the documents into a word processor. By the time the design phases
were completed, a number of documents were waiting to be uploaded to the HP.
An analyst developed a menu driven PC script that allowed entire disks of files to
be renamed and uploaded into specified directories on the HP. A test search
screen to experiment with the core function of the system was put in place first
and default data entry screens were brought up within DATAIgEX, a component
of OMNIDEX. The advantages of this approach allowed everyone involved to
work with the keyword search program and to become familiar with it, and data
entry could proceed in parallel with screen and report development. Thus, the
administrators could be actually using the prototyping stages to input and validate
the actual data that was to be used in production.

The actual process of setting up a document management system requires that the
document files be moved into the HP, that the corresponding cataloging
information (including a field that contains the file name) be entered and that the
file itself be keyworded into the database. In this system, the entire text of the
file, excluding certain insignificant words, was keyworded for retrieval.
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DESCRIPTION OF SYSTEM

The heart of CMS is the Search and Find capability. The documents are stored

on-line as ASCII files in an HP3000, Series 70. The files average five hardcopy

pages in length. Cataloging information, such as: the filename where the

document is stored, pertinent dates, titles, status and cross referencing

information was entered into an IMAGE database enhanced with OMNIDEX.

The entire text of the documents, with the exception of words entered into an
_exclusion list, is keyworded for retrieval.

The user interface was developed using Powerhouse Quick and Quiz. One of the
primary customer requirements was that even the most unsophisticated user could
use the search facility with little or no training. All development was geared
towards producing a "user seductive” system that was fast and forgiving. The
developers were determined that the user should have to have no previous
computer knowledge, other than directions for logging into the system. The entire
system is Function Key driven with incorporated Help documents displayed by
means of OMNIDEX’s ODXVIEW intrinsic.

The completed document management system integrates text files, an IMAGE
database, OMNIDEX enhancements, Powerhouse applications, a Reflections
interface for loading PC files to the HP, and an optional HPDesk interface for the
user.

GENERIC SYSTEM

In order to provide a measure of the system that was developed, a description of
the generic document management application will be given. A generic system,
using an IMAGE database, OMNIDEX intrinsics and the OMNIDEX utility,
DATADEZX, can configure quick prototype default screens with minimal
customization. The basic default screen tor the User Search and Find
(customized to only show pertinent fields) is shown below:
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2,82 Datadex/3888 Data set 4: PRINE
70
% Onnidex subsysten. Type E to exit s

The default data entry screen for the primary master dataset looks like this:

Entry into linked fields in other datasets must be done via "Jumps" and the data
re-entered. There are no validation procedures, or specialized update procedures.
The userdmust have knowledge of Boolean operators, wildcards and DATADEX
commands.
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CUSTOMIZED SYSTEM

The customized system developed with Powerhouse gives the User the following
set of screens:

JlODE: _ACTION: CHSKXSS.PUB
BOEINGEG ELECTRONICS
CONMAND MEDIA HNENU
F1 Search and Find
FZ Neuslotter
F3 Command Media Stations
F4 Command Media Focal Points
FS Audit Rolated Media
SEARCH  NEUS STATIONS FOCALS AUDIT HELP EIT
F1 2 ¥3 F4 1 15 ¥S ¥6 ¥? F8
DE:E ACTION: CHS)KX28 . PUB
CONMNAND NEDIA
DOCUMNENT SEARCH SCREEN

If you Jmouw the specific -.Jh you wish to review, ’enter’
the media number: (press ’return’ for next selection)

HEDIA B2

lt you want to search for media ona Mleulu- subJject,
‘enter’ desired subject: (press ’return’ for mext sslection)
TITLE:

Ir ‘s‘pu want a detailed taxt search, ‘enter’ keyword(s):
TEXT:

Aftor the program has found requested media, select appropriate
’function key’ from commands noted at bottos of screem.

MEDIA FOUND:
VIEW PRINT VIEULIST PRILIST HELP MOREHELP NEU SRCH EXIT
F1 F2 F3 F4 9 18 IS 6 x4 ¥F8
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Note that the system is totally Function Key driven. The Function Keys provide a
menu of choices for the novice user. The Boolean operators are replaced with
English logic words. The user is carefully walked through the Search and Find
procedure, as well as subsequent screens. Help screens are MPE flat files
displayed with ODXVIEW.

By calling up the Search and Find function, a document can be located by:

1. Document number
2. Document type
3. Words in the title
d. ‘Words in the text

Wild cards, nested searches and multiple keywords can be used. The programmer

fed wild card characters, nested search indicators, and English word replacements

fl(ir Boolean operators where appropriate, so that the user did not need to know
em.

If a document number is entered in the first search field, and then a word in the
title and/or a word in the text are also entered as criteria, then an asterisk is
automatically fed to the program to indicate a nested search.

FIODE:E ACTION: ansSKx28 .PUB

CONMAND NMEDIA
DOCUNENT SEARCH SCREEN

If you know the specific media you wish to review, ’enter’
the media nunber: (pross ‘return’ for next selection)
NEDIA #:“1A1%@

If you uant to search for media on a particular subject.
‘enter’ desired subject: (press ’‘return’ for next sslection)
TITLE: «INTERDIVISION®

If you want a dotailed toxt search, ’enter’ keyword(s):
TEXT: MILESTONES

After the program has found requested media, seloct appropriate
’function key’ from commands wotsd at bottom of screen.

MEDIA FOUND: 2

VIEW PRINT VUIEVLIST PRTLIST HELP MOREHMELP NEU SRCH EXIT
16 28
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After a document(s) is located, the user can:

1
2.
3

4.

View a list of qualifying documents.

Print a list of qualifying documents on a slave printer.

View the document(s).

Print the document(s) on a slave printer.

These searches can be intimated without the user knowing to return to the Action
field by feeding a /;action into the Function Key definition.

VIEY

MODE:E ACTION:

a1S)K28 . PUB

l

CONRAND
DOCUNENT SEARCH SCREEN

HEDIA

If you Ynow the specific media you wish to review, ’enter’

the media number: (press “return’ for next selection)

HEDIA B:"1A1"@

If you want to search for media on a particular subject,
enter’ desired subject: (press ’return’ for next selection)

TITLE:

If you want a detailed text search, ’entar’ keyword(s):
TEXT:

Z:PRT2

After the program has found

requested
*function key’ from cosmands woted at bottom of screem.

PRINT

MEDIA FOUND:

VUIEVLIST _PRTLIST
14

nedia, salect appropriats

4

HELP _ MOREHELP MEW SRCH _ EXIT

‘When the user requests a list, the screen code creates a report listing the
documents found. This report is written to a file and then the file is viewed with
ODX'VIEW. This allows the user to move around within the list, rather than just
scroll through it.

An interesting examplé of some of the customization of the search function was
the fact that an identification number could appear in one of five fields in the
database. The user should be able to enter one of several sections of these
numbers to look for a match, and it was immaterial which of the numbers
matched the criterion. The identification number fields consisted of a division
acronym [1:4], a document type [6:8], and a document number [9:24],[10:24].
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OMNIDEX allows grouping of fields to be included in a single search operation,
so the fields were redefined a number of times and all redefinitions for all five
identification fields were grouped so that any meaningful combination of
identifiers could be used as criteria.

With another screen, the employee can locate command media pertinent to a
particular task and can either view or print a list of the documents.

ACCESSIBILITY

The Command Media program has been set up so that HPDesk users can run it
within their HPDesk accounts. This can provide access control to the system.

Surprisingly, the only complaint that was received about the User system after it
was put into production, was that non-HP and "dumb terminal” users could not
access it. As a result, an alternative set of screens was designed that removed
function key capabilities and substituted screen instructions. Unfortunately, this
system requires a little more user training, but extended the availability of the
system to most of the organization. In order to permit our Ethernet VAX users to
access the system, a file server on the DECNET was hardwired to a MUX on the
HP network. This allows ANSI-terminal access to the system.

FiODE:  ACTION: O1SKIGS , PUBY, OIS

ST - Location of Command Media Stations
~ Organization Comnand Media Focal Points
- fudit Related Media

FP

A

HE - Help For Search

W - Help for Vieving — NEW USERS PLERSE READ
EX - Exit Systen

Type the appropriate call letters in Action field
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JHODE:E ACTION: CHSKX28. PUBY

CONNAND HEDI
DOCUHENT SEARC

DIA .
H SCREEHN

HEDIA 8¢
TITLE:

TEXT:
NOTE: Press #/ to go to action area to vieuv or print document
UL - Viev list UD - Ulev document B - Help
EX - Exit

HEDIA FOWRD:

D N NN BN 7 o NN NN SN S

ADMINISTRATION

The Command Media administrators have a rigorous, auditable procedure to
follow in managing the Command Media documents and library. They must be
able to do such things as:

1. Maintain cataloging information on documents.
2. Produce indices of documents for the various books found
throughout the division.

3. Produce reports that indicate status of documents.

4. Identify focal points for documents.

5. Identify which documents answer specific government audit
questions.

6. Be able to cross reference documents that refer to each other, so
that changes on one document can be coordinated by with related
documents.

7. Report on documents by originating division.
8. Keyword new document.

9. Enter information into all datasets.
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10.  Check database capacities.
11.  Maintain a history database.
The following screens show the types of administrative functions available:

JODE: ACTION: CHSKX81,PUB

connaNDd RNEDIA
ADNINISTRATIVE MNENU

81 CoMmAND MEDIA INDICES/REPORTS
62 DATA BASE MAINTENANCE REPORTS
83 DATA ENTRY SCREENS

84 1 LIBRARY PRINTOUTS

85 USER SCREENS
87 REFERENCE SEARCH

L IBRARY ADRIN DATA L1BRARYIRY bt QUICK MORE [29%3 EXIT

JiODE:  ACTION GISKX1S .PUB

CONMNAND HEDIA
INDICES &8 LISTINGS

81 BASIC INDEX 18 PERFORMANCE MEASUREMENT SYSTEM
82 BE OP/OPA’S 11 REFERENCE STATUS IMPACT

83 BAC REFERENCED NMEDIA 12. REFEREMCE RELEASE INPACT

B4 TDP 13 LIBRARY ORDER HEPORT

85 QuIz 14 BECO CANCELS - 6 MOS.

86 SPECIFIC CSE LISTINGS 1S MAILING NEVSLETIER

8?7 CREATE NEWSLETIER 16 OUER 2 YEARS OLD

88 ALPHA-ID REPORT 1?7 SORI-CODE CORRECTIONS

89 HNATHAN 18 NMOVE HISTORY AMD REPORT

1 1 1 ‘Pumets i 0 1 |

The principle data entry screen is shown below. As documents are entered, the
system reference number is stored in a file. Every evening a stream job is run that
looks to see if there are new entries in that file. If there are, a "ghost® QUICK
screen is run that keywords the text referenced by the system number.
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* ACTION: QSKX48.TEST
CONNAND NEDIA
DATA ENTRY SCREEN
1 PRIME NUMBER : fRA
DATES ARE IN THE FORM YY¥Y I71 DD or @
B2 CM NUMBER : REL DAIE:
B3 CM NUMBER : VALID DATE:
B4 CM NUMBER : SUPERSEDES
BS CM NUMBER :
TITLE(S)
SORT CODE @ DOCIMENT FILEMAME:
- DOCUMENT LOCATION:
FOCAL RESPONSIHLE:
18 DOCUMENT STATUS:
[Enter the mode, vhich is E, F or S,
ADD FIND Y

Indices and other reports are generated by selection from QUICK menus. Cross
reference reports are available so that the administrators can determine which
documents are referenced by an altered document, and which documents are
referenced on other documents. This capability has been cited as leading our
industry in the ability to meet compliance audits.

SUMMARY

In conclusion, the Command Media System has been immensely successful. It has
been in production for a year with very few problems. The system is referenced
frequently by the user community, an average of fifty inquiries per day with no
noticeable effect on response time.

The administrators have continued to refine the screens and reports as their needs
evolved. The result has been a high level of automation and satisfaction with the
_system.

The system has received commendations as a well, designed, cost effective project
that is truly usable by the unsotphisticated user. The team members all received
Special Achievement Awards for their effort.

I would like to express my admiration for the fine work of Joseph Fuller
programmer/magician), Marilyn Shelton (administrator/analyst), Sharon Batten
administrator), Sean O’Sullivan (analyst) and Susan Vann
administrator/analyst). The secret to the success of the project was that it really

was a lot of fun. Thanks and good luck to you all.
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Roles of Management in 4GL Application Development

Leigh Solland
Cognos Corporation
2301 E. Lamar Blvd., Suite 250
Arlington, TX 76006
(817) 649-1944

Abstract

This paper explores the roles of non-data-processing manage-
ment during the development of computerized commercial ap-
plication systems, from three perspectives:

1. Senior Management: scope approval, financial funding,
quick policy decisions, resolution of interdepart-
mental issues and moral support;

2. User Department Management: detailed involvement in the
iterative development process, including requirements
analysis, reviews of prototype and subsequent iter-
ations, documentation and implementation.

3. Project Management: keeping the project on track, est-
imating, and coordinating the efforts of the project
team.

The paper expands on several ideas from Cognos' Application
Development Guidelines, with specific reference to the for-
mation and effective use of the Project Review Committee and
the User Committee/Lead Team.

It is based upon personal experience in many application
development projects.
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What is 4GL Application Development?

Since the first computer pioneers decided to automate their
payroll and billing systems, an enormous effort has gone into
making the automation process more efficient, more accurate
and more predictable. After four decades of commercial com-
puting, we are still making the transition from "black art
programming” to a more scientific, professional form of appli-
cation development.

There have been many advances along the way. Some have been
the direct result of research in Computer Science, some have
been logical derivations from advances in computer or com-
munications equipment, and some have been "field developed"
by the masses of working programmers and analysts.

Sometimes advances in software have driven other developments,
or certain incremental improvements have made theoretical
ideas practical.

One such advance was the arrival of Fourth Generation Lan-
guages (4GL's) at the beginning of the 1980's.

4GL's, when properly used, reduce the time and amount of pro-
gramming spectacularly. This in turn reduces the elapsed time
for a given project, and reduces concurrently the number of
people involved, both of which add even more to the overall
efficiency of the effort. Well-designed 4GL-based systems
inherently perform and utilize machine resources very effi-
ciently.

The reduced programming effort has exposed application design
and implementation as the weak links in the development cycle.
This has led to a resurgence of interest in software project
management, and to a brand-new market in so-called Computer
Aided Software Engineering (CASE) tools.

At Cognos, we have learned in a very practical way that dev-
elopment with 4GL's is not the same as development with older
methods and tools. The time gained by reducing the program-
ming effort can best be used in improving the requirements
definition and system analysis process, data design is far
more important than most of us suspected, and the users of the
system are an immensely important and useful resource in suc-
cessful development and implementation of an application.

Roles of Management in 4GL Application Development
5131-2



User Involvement

A key tenet of the modern kind of application development is
that "The System Belongs To The Users!"

What does this mean?

Each completed system (not necessarily the hardware or soft-
ware, but the conceptual system) is the property of the user
departments, and has an "Owner of Record", a manager or other
executive outside the MIS department.

The accuracy of data is the responsibility of the users. If
it is wrong, it is up to them to fix it.

The application is managed and operated by the users. While
professional computer operators may be responsible for tapes,
printers, backups and so on, users make the decisions about
what processes are run, when, and in what sequence.

Development is based on user requirements first and foremost.
The MIS professionals involved in development bring their
knowledge of Computer Science to the process to work out how
best to implement those user requirements. They are also res-
ponsible for taking the more global view of the organization,
considering integration constraints, multiple user access,
shared data, and so on.

Quick, Accurate Development

Three generally unrelated trends have come together to bring
a unique concept to 4GL development: swift development of a
system based on an even swifter functional prototype.

1. Engineering has long used prototypes and models (have you
ever flown in a plane which was not tested in scale model form
in a wind tunnel?). However, software engineering has not in
the past taken advantage of this. One may speculate that this
is because the software system itself is supposed to be the
model (of the real-world processing), or simply because the
programming languages made it sufficiently difficult to devel-
op the system that there was not time to build a prototype
first. A more cynical observer might feel that we have been
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building the prototypes all along; we just haven't been throw-
ing them away and building the production model!

2. Measurement in software development has borne out what many
people instinctively understand, that developers working on
simpler, smaller projects are much more efficient than those
involved in larger, more complex efforts. As Frederick Brooks
says in The Mythical Man-Month, "adding manpower to a late
project only makes it later."

3. A major feature of 4GL's is that they are able to make a
lot of decisions where specifications are incomplete or mis-
sing, using "default logic". This is ideal for the creation
of a "quick and dirty" prototype, with the general function-
ality of the final system but without the myriad of details.
(This may be contrasted with traditional development, where
it was difficult to have anything until one had everything,
even though it has been attempted with structured programming
and other techniques.) Code generators have made this process
even faster and more effortless.

With the first functional prototype working, the detailed re-
quirements may be worked out on a live model, with the active
participation of the users.

The programming is simplified not only by the use of the high
level 4GL language, but also by deliberate analysis and modu-
larization with the 4GL in mind.

To achieve all this, a focused effort on the part of all in-
volved parties is required.

The Project Concept

Many MIS organizations are missing out on the use of project
management to keep their efforts rolling in an agreed direc-
tion. They have historically just made their "best effort"
at getting things done as soon as possible.

Working in a consulting organization, we have found that the
project orientation greatly helps in maintaining focus, man-
aging change and minimizing distractions and interruptions.

The first, smallest and hardest step in instituting a project-
oriented environment is the establishment of a formal scope,
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or charter, for each piece of work to be done. This prevents
wild goose chases and keeps the project within achievable
limits. It also provides a means for getting senior manage-
ment involved in these projects, about which more later.

A project-oriented philosophy will help to keep each project
dealing with business objectives, not the latest desires of
the MIS people. This should be stressed constantly.

Activities will be planned, not just ad hoc. This will help
to ensure that people are aware of and prepared for meetings,
and that sufficient time is built in at the beginning for
analysis, testing, data conversion, documentation and the
myriad of things to be done for implementation.

Scheduling of resources and establishment of clearly defined
deliverables and milestones are the critical tasks in the imp-
lementation of the project concept. A project schedule helps
the users to schedule their own staff and other changes, and
sets realistic expectations as to what can be achieved by
when. However, it takes time and effort to do the estimating
and scheduling up front, and this must be supported by manage-
ment.

Of course, no plan is worthwhile unless it is used. Managing
to the plan requires discipline and training, but can be very
effective in keeping goals in sight. With very creative
people such as software developers, there is always a tendency
to add "just one more feature" or try "just one more idea".
The project plan provides a way for them and their managers
to know when there are no "just one more"'s.

Information Engineering

The current buzzword for computer systems analysis is "Infor-
mation Engineering". This recognizes that the information
provided by the system is the goal, and not the system itself.

Information Engineering is the analysis of business informa-
tion requirements, with the aim of developing a data structure
and process to support those requirements.

Multiple viewpoints must be considered, with the operational,
integrated systems of today. For instance, an order entry
clerk, a sales representative, a sales manager, and an ac-
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counts receivable collector have quite different views of what
a sales order looks like. 1In this instance, the seven blind
men who described the elephant in the old story must all be
considered correct!

Older commercial applications systems analysis concentrated
on modeling the processes of the operation. They then would
attempt to write programs to execute these models. This was
particularly effective in the early batch systems, but proved
less useful with the advent of on-line, interactive systems
where humans were once again involved. In this older method,
data structure and design was secondary to the processes, and
was basically a way to buffer data between processes.

As commercial systems grew up, it became apparent that data
should be shared between systems and programs, to avoid redun-
dant maintenance effort, ensure data integrity and consisten-
cy, and minimize computer storage requirements.

It then became apparent that the data of interest to a busi-
ness has a relatively long life, compared to the processes
that manage it. For instance, even if order processing chan-
ges for an enterprise, it is still interested in orders,
customers, products and so on. In addition, even if a partic-
ular customer comes and goes, the necessity to maintain data
about customers survives.

This all has led to the realization that the data model is
crucial to the successful implementation of systems to serve
the whole organization. The Entity/Relationship (E/R) model
developed by Peter Chen is a convenient way of looking at the
overall structure. Within each entity or association, normal-
ization to 3rd normal form enhances efficiency and identifies
any structural weaknesses and anomalies not shown by the E/R
model.

From this model, the data may be implemented in relational
data bases, network data bases, indexed files or some combin-
ation of these. It is optimized by design for general access,
and may be further optimized by a data base administrator for
specific access.

The data model alone is not enough for complex systems which
do include "process", although it is sufficient for "file
cabinet" applications. It is important to develop a model of
the processes for both current and desired operations.
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This may be done with any of a host of techniques developed
for batch systems.

The process model has the additional benefit of clearly iden-
tifying interfaces between sections of the operation or the
enterprise. These may be used to modularize development where
possible, making each project smaller and thereby reducing its
overhead.

Out of this exercise should come a data dictionary based on
the data model, a structure chart based on the identified
viewpoints, and a process model which can be used for subsys-
tem and program identification.

Iterative Prototyping

It is desirable to generate the functional prototype as soon
as possible, so that the developers and users of the system
may use the working prototype as a focal point for discussion.
Therefore, the first iteration is produced using the best code
generation facility available.

As noted before, if the best code generator available is a
programmer writing COBOL code, the prototype will probably not
be produced quickly enough to be effective. It is important
to show results quickly, to keep everyone motivated and inter-
ested in the project. It is also important to get the system
built before requirements or users change significantly.

Code generation capabilities vary in 4GL languages, but they
typically base their activities on the data model. This im-
plies a somewhat simplified, though not inaccurate, view of
the world as a place where all processing consists of table
management and reporting.

Deliberate enhancements are made to this original prototype
of the system, with user review and input at each step. At
no time is there an effort to build the whole systenm at once,
but rather to put it together a layer at a time.

For instance, the second round will ensure that data valida-
tion is complete, so that only acceptable data will be allowed
into the system. The third round will deal with the addition-
al viewpoints into the system, adding cosmetic features as
required to satisfy each representative type of user. Next,

Roles of Management in 4GL Application Development
5131-7



control, security and any "batch process" requirements are
addressed.

After the iterations are complete and the users are satisfied,
the system must still be completed before it can be implemen-
ted. This involves such "non-user" features as audit trails,
backup/restore procedures, and maintenance documentation.
User "how-to" documentation may be produced at this time by
the user organization, in parallel with the developers' com-
pletion activity, because the "look and feel" of the system
is frozen.

User training should also be carried out at this time. If the
system involves new hardware, it should be in place by now
(The installation of hardware, communications equipment, phone
lines and so on can proceed in parallel with the software
development effort.)

Finally, the system is implemented. This may mean batch or
manual data conversion, parallel operations, starting with
pilot sites, or any number of activities, all of which must
be planned and scheduled. It may also mean having new forms
on hand, counting inventory stock, or other matters completely
out of the realm of "data processing".
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What is Required from Management?

We have learned over the years that for MIS, EDP or whatever
the computer department is called to attempt to do this all
alone is disastrous.

Management support is needed, for moral and financial support,
for requirements and detailed information about the applica-
tion itself, and for general assistance in managing relatively
large efforts.

Senior Management

Senior management has historically not taken a particularly
active interest in the computerization of their organization,
particularly the business portions.

This is rather surprising, considering the impact of the
computer systems on the organization, their cost, and the
potential for competitive advantage with good information.

It may possibly be attributable to a certain discomfort with
the technical aspects of computer systems, or perhaps to a
missing layer of management between senior management and MIS
management which could translate between their two languages
of work.

In any case, senior management involvement will increase the
probability of success. The larger the project, and the more
organizational divisions it cuts across, the higher the level
of management which must be involved.

The first responsibility of senior management is approval of
the scope for each project. Where does this fit in to the
overall business plan? What is it expected to do for the
organization? The business plan may be in a binder, on a
computerized enterprise model, or on the back of an envelope
in the CEO's pocket, but every organization has one.

Funding is always required, and the user manager may or may
not be able to command the necessary resources. Projects need
not only cash, but people, equipment, communications, extra
data storage, tools, software, desks, pens and so on.
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The analytical process is liable to uncover gaps in policy.
It is the responsibility of senior management to make policy
decisions promptly, so as not to slow the project. The alter-
native is to let the programmers create the policy by the way
they write the programs!

Anomalies may be discovered, as well, in the way issues are
viewed by various departments. A very important role for
senior management is to resolve these interdepartmental issues
for the benefit of the organization as a whole.

Finally, senior management can use its "ceremonial" nature to
lend a lot of moral support. Publishing a picture of the
President, Project Manager, and User Department Manager to-
gether in the company newsletter, for instance, can smooth
out a lot of rough spots in a hurry. Typically, senior man-
agers have some talent for leadership and motivation, and this
can be lent to a project with tremendous results.

User Department Management

User managers generally have the most to gain and the most to
lose in the implementation of a new system. They also have
to incur the greatest cost in supplying requirements, checking
for validity and implementing the new system.

The user manager is responsible for identifying the benefits
of the new system (or improvement to the old). While the MIS
manager may be able to estimate development costs, the costs
of implementation are again in the realm of the user manager
(or managers, in a complex system). This cost/benefit analy-
sis should be reviewed periodically during the project, and
especially at the end.

The user department is responsible for providing detailed
requirements to the development team. For the user manager,
this means supplying personal time to the developers, as well
as making available staff representing each viewpoint to be
considered. These will typically be the most creative, pro-
ductive, knowledgeable staff members in each functional area,
which will impact production even further.

Not only are these people required for the initial require-
ments analysis interview process, but also for periodic
reviews of the prototype system and subsequent iterations.
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Users are responsible for documenting how to use their own
parts of the system, although MIS may be able to provide
standard forms to accomplish this. In some large organiza-
tions, there may even be professional writers available, but
in any case the original material should be produced by the
users, in their own wording and style.

Training should also be carried out by the users themselves.
Ideally, each person representing a particular "viewpoint"
will be familiar with the system from the iterative develop-
ment process, and will in turn develop and carry out training
for others in the same viewpoint.

As mentioned earlier, the users should take ownership of their
own systems, and responsibility for the quality of the data.
This means that, although the developers can create some test
data, and are responsible for any mass conversion of data for
a new system, the users have two duties. They can be review-
ing and cleaning up any old data even before the new systen
is implemented, and they should provide representative test
data to the development team.

Finally, the user manager must provide both the resources and
management for the implementation process. By this time, the
technical part of development is completed and it is time to
integrate the new system into the everyday life of the organ-
ization.

Project Management

The MIS group may or may not be able to supply the project
management required, depending on the size of the organization
and the level of people.

This should not prevent the organization from enjoying the
benefits of formal project management, if this skill set is
available elsewhere in the organization.

The advantage of a project manager from outside MIS is that
he may be more likely to consider non-data-processing needs
such as personnel moves, new buildings, phone lines and the
like than someone with a data processing orientation.

The advantage of a project manager from MIS is that he is in
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a position to more realistically evaluate the developers'
technical problems and needs, and to quickly estimate the
impact of a requested change on the development process.

Whether the project manager is from MIS, the user department
or elsewhere, or is even a consultant, the use of formal pro-
ject management will reduce wasted time and interruptions,
keep the technical people on track, and manage changes reques-
ted by an excited user community.
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How Can this be Implemented?

There are some very practical steps which can be taken to make
these ideas a reality.

Naturally, every change has its own disruptions, and every-
thing matures over time, so these ideas will provide more and
more benefit as time passes.

Adopt Project Philosophy

It is every bit as important to start thinking "Project" on
small tasks as it is to see the 2-year MRP implementation as
a project. Otherwise, until people are comfortable with the
project concept, work will be fragmented even more than usual
because "this is just a little fix" means that it does not
need to be dealt with as a project.

The MIS organization has the biggest job, and often the most
to learn.

To start with, scope everything. Require cost/benefit
analysis on everything. Prioritize based on return to the
overall organization and refuse to do work without a clear
benefit (senior management should decide, in the event of a
conflict). And DELIVER!

Assign project managers to everything MIS is working on, to
give even the more junior members of the development staff a
feeling of "ownership" and some experience with project con-
trol.

Estimate and plan everything, without exception.

Manage the work to the plan. If things aren't getting done,
improve the plan. This will, over time, improve the planning
as planners learn and get better at their job.

Always conduct project post-mortems. Review the original
scope and business objectives. Look at the cost/benefit
analysis and justification, and try to measure the resulting
benefits. Add up the costs of the project, and get better at
estimating for next time. This applies to user managers, as
well as MIS developers.
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Obviously, this process will be more or less formal, depend-
ing on the size of the project.

Establish Project Review Committee

A Project Review Committee should be implemented or formal-
ized. This is the mechanism for interface with senior manage-
ment.

It must include sufficient organizational power that quick,
binding decisions can be made. The more power, the better.

It should not include MIS management, although they may have
an advisory role.

It should be small enough to get some work done. A group of
larger than five is too hard to focus, and three seems to work
well.

This body controls the scope and funding of the project. It
approves the original scope, and any subsequent changes in
scope.

It also gives approval to proceed at designated milestones.
Typically, these are: completion of the initial problem analy-
sis, completion of detailed requirements analysis, and comple-
tion of system development. Finally, the Project Review Com-
mittee i