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This paper shares SOMe of MY experiences in developino sYSeMS With
COBOL and fourth qeneration lanquaqes. The fourth oeneration lanquaoes
to be hiohliohted will be INFORM/3000. PROTOS and QUIZ.

INFORM/3000 is the report writinQ product of Hewlett-Packard's (HP)
RAPIDi3000. PROTOS is a product developed by PROTQS SOFTWARE COMPANY
of AUSTIN. TEXAS that qenerates COBOL source code. QUIZ is the report
writinq section of POWERHOUSE products developed by COGNOS of CANADA.

A Qood workinq knowledqe of the Hewlett-Packard database lanquaoe
IMAGE and screen forMatter VPLUS Must be Mastered before the user can
acquire all the potential that the fourth qeneration lanquaqe PROT OS
can offer. The user of QUIZ and INFORM does not need a knowledoe of
the database lanquaqe or screen forMatter. The difference is that
PROTOS is a productivity tool deSIqned to be used Mostly by
proqraMMers. while QUIZ and INFORM packaqes are tools used by end
users.

There is a learninq curve to be conSIdered when first beQinninq to use
the new lanquaQes. I have learned all of the lanquaqes on MY own
without havinq the ooportu~nitv of attendino a forMalized class on any
product. Manuals supplied with all products are excellent, well
written and orqanized. A person could beCOMe proficient in the
lanquaQe with about 40 hours of concentrated study and practice for
PROTOS. about 20 hours of effort for QUIZ. and about 10 hours for
INFORM.
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OBSERVED PROBLEMS
ProbleA 1:
I have observed that when a fourth Qeneration lanQuaQe is installed at
a site a strono tendancy prevails to let the user play a predoMinate
role in developino reports. After the database has been bUilt. and the
data loaded into the SysteM. the screens are developed and a user can
access data on-line. The user is usuallY very pleased with the
Quickness of the on-line screens. but in tiMe. they always want a
hardcopy report that shows everythinQ. Hardcopv reports that show
everythino. sorted two or three different ways are not thinQs that
process very fast.

Possible solution to proble~ 1:
Ourino SysteM analysis all anticipated reports should be analyzed and
an aQreeMent reached with the user and analyst as to content before the
analyst or prOQraMMer is transferred to another project. Reports that
Miqht take a lonq tiMe to process Miqht be faster in execution tiMe if
the proqraMs creatinq theM were written in COBOL. If the report
accesses More than one file and various types of cro5s-checkinq and
validation are involved within the report then the use of COBOL is
reCOMMended. Reports such as these are best addressed durinQ
develoPMent.

Proble~ z:
On the other hand are 'ad-hoc' reports. These reports are those Quick.
short reports that answer 'Questions of the MOMent'. Fourth qeneration
lanouaQes are usually excellent for these types of reports. These
Quick reports are usually answerinQ Questions of data content. The
data content is either of a certain field of data. or durino a
particular tiMe period. There is usually a selection verb involved and
one or More paraMeters associated with it. A probleM arises if the
prOQraMMers are busy with other thinos and the end user knows nothino
other than the report writers of the fourth oeneration lanQuaQe. The
probleM is that production reports are written with the report writer.
and SOMe of the reports are Made Quite extensive in scope of data
reported. A user can beCOMe very attached to a packaoe and try to see
just how intricate he can Make a report before the entire SysteM is
brouQht to its knees. This type of cripplinq affect is not necessary.

POSSible solution to oroble~ Z:
More thoUQht and on-qoino support should be oiven the user by the
proqraMinQ staff. COMPlicated production reports should be written in
COBOL. or PROTOS. and SOMe restraints should be placed on the user
abusinQ the power of the report writers for 'ad-hoc' reports. This type
of Mal-practice causes lack of systeM control. and Mav very well cause
the buvinQ of More and More disk drives. and More powerful CPU's. all
in the naMe of 'Qivino the user what they want'.
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How is the oroara~~ina staff suppossed to acco~olish this on-eoine
support when they are already backloQQed with requests. Here are a few
5uQQestions that May help. Situations differ. of course. froM site to
site. The reasons for backloQs are surely not all the saMe.

SUQQestion nu~ber one: More uniforMity of orocraMMinc style.

If all proqraMs were to look alike, Maintenance people would know where
to look for a oroblem. If a chance were to be Made to orocraMS, the
chanqe would be predictably placed. and a better estiMate of tiMe
involved could be qiven. Uniformity of style also includes uniforMity
of code. Copylibs should be used wherever possible. Skeleton proqraMs
should be the basis for all types 0f proQrams. Screen proqraM
develOPMent, report prOQraMS, and Maintenance type prOQraMS all should
have a well thouqht out pre-defined basis for their develOPMent. The
cries of prOqraMMer creatiVity should be drowned out. If a person has
a better way of doinQ a routine, or proqraM. then let the idea be
shared for the benefit of all. HavinQ More than one style of code in a
shop, or worse within the saMe SysteM. is a niqhtMare to Maintain.
Besides, when you execute fourth Qeneration lanQuaaes, you are tradina
individual creatiVity for speed. The speed COMes frOM the predictable
way of expressinQ the syntax of the developMent lanauaqe.

SUQQestion nu~ber two: More interaction between users and the DP staff.

If a user is becoMinq obsessed with a packaae. and beQins to be abusive
with its capabilities. do not let it continue until the entire CPU is
openly cryinQ for help. Fourth Qeneration report writers are ideal for
certain types of reports. DeterMination of best use is always needed.

SUQQestion nu~ber three: NorMalize the database whenever possible.

Fourth aeneration lanquaoes work best in databases that are nor~alized.

NorMalization is linkinQ of data With the use of keys and related
information. A proce5S of deliMitlnq the data to a SMaller and SMaller
nUMber of records to scan is Quicker than lookinq at all records in a
file. RandOM access can be used with keys. Seauential search is
needed if no keys are available.

Review the present structure of the database and see if benefits could
be realized with SOMe structured Modifications. This sUQQestion could
beCOMe very expensive to incorporate on existinc SysteMS. It may not
be practical or pOSSible on vendor SysteMS. When developinq SysteMS
in-house it is a priMary concern.
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MAINTENANCE

Different products take different approaches to their operation.
PROTOS. because it will Qenerate COBOL code as the output utilizes its
own database to orqanize itself. QUIZ will utilize either
DICTIONARY/3000 or a cOMPiled scheMa. called QSCHEMAC. to oroanize and
operate. INFORM utilizes DICTIONARY froM which it extracts data.

Sche~a description

A scheMa is a flat file describinq each data eleMent of a SysteM in its
Most priMary forM. For exaMPle last naMe is a alpha-nuMeric eleMent of
twenty characters. and iteM cost is a nUMeric eleMent with two deciMal
positions. The scheMa then qoes on to describe where eleMents are
found within a file. In addition to file layouts. redefinitions of a
eleMent May be found. For exaMPle the eleMent of telephone nUMber May
be redefined as cOMPosed of an area code. prefix or exchanQe. and the
station nUMber or last four diQits. EditinQ inforMation can also be
found in sOMe scheMas. This inforMation is usually identified after a
verb in the scheMa. such as the verb TYPE. TYPE Dollar would indicate
that all eleMents followinq should be forMatted with two deCiMal points
when shown to a user. Other TYPE editinq would be Date in MOY or YMD
forMat. or a picture clause such as Type 999.9999. a nUMber havino four
deCiMal places.

Maintenance of the 5che~a

If the QSCHEMA Method is eMPloyed then a scheMa file
USlnQ an editor subSysteM. This editor file will contain
IMAGE database and forMfiles. In addition the naMes of
files to be used are also listed. The identification of
used. size. type. and record layout of each file is also
editor file. After the editor file is created. use
prOQraM creates the QSCHEMAC flle.

is Maintained
the naMes of
flat and keyed
each eleMent

listed in this
of a utility

Each data eleMent's size and type Must be entered into the SysteM by a
user at least once. Each file naMe and layout Must be entered into the
SysteM by a user at least once. These two stateMents are to be done
whether OICTIONARY/3000 or an editor file is used with the products.
So why use DICTIONARY/3000? Because ~ore vendor products interact with
and thru DICTIONARY/3000 than an editor file.
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Maintenance of the dictionary

When usinQ QUIZ the choice of usinq OICTIONARY/3000 or QSCHEMA is left
to the custo~er. DICTIONARY is probably a better choice.
OICTIONARY/30~0 1S available on the HP-3000 whether or not a fourth
qeneration lanQuaQe is in use. The dictionary could be used as a stand
alone reference source. ProQra~ DICTDBM.PUB.SYS (Diet database
~anaQer) ~aintains the dictionary. OICTDBM is not as easy to use as
the QDoR product to input inforMation into oICTIONARY/3000. The QoOR
packaoe also has so~e other nice features associated with it that are
helpful in the Maintenance or develOPMent phases of projects. There is
an option that autoMatically qenerates COBOL copybooks for all the
divisions of a COBOL prOQraM. In addition a user can view all
inforMation concerninq a data eleMent. dataset. database or file
residinq in OICTIONARY/3000. When OICTIONARY/3000 is used there is
another product Made by COGNOS called QDOR that uses Menus and screens
to update the DICTIONARY/3000. This is iMPortant if Many flat files.
or KSAM files are used in the SysteM. The record layout of flat files
and KSAM files are not autOMatically copied into DICTIONARY/3000.
IMaQe database rootflles (showinQ database scheMa inforMation) and
FORMSPEC. containinQ forMatted screen inforMation. are autoMatically
copied into OICTIONARY/3000 usinQ a few SiMPle utility prOQraMS.

Maintenance of standards for proqra~5 - CODvbooks

While thinkinQ of ways to increase productiVity and Quality of software
used in today's SysteMS. let's not overlook SOMe of the More COMMon and
less expensive Methods available to proqraMMers.

The COMMunication area (COMAREA) of the buffer for the screen handler
VPLUS/3000 is not SiMPle. Use of a copybook MeMber for the COMAREA
standardizes and thus SiMplifies the use of VPLUS/3000. The copybook
MeMber for the IMAGE area contains all the redundant paraMeters the
IMAGE calls require. database naMe field. dataset naMe field. Modes.
buffer na~e field. etc. Usinq copybooks insure that those data
eleMents appearinq 1n Many prOQraMS will always be naMed the saMe
thinQ. This is appreciated by those persons doinQ Maintenance on
prOQraMS after the oriQinal author has departed. It is also
appreciated by the oriQinal author when tryinQ to Qet a prOQraM
finished by a deadline.

Another use of copybooks would be to store the forMat to be used
within the Identification division of a COBOL prOQraM. Within this
forMat is an expanded ReMarks section. Expansion would include all
pertinent inforMation about the prOQraM and how it relates to other
prOQraMS and files within the SysteM. This can prove to be an
invaluable asset durinQ Maintenance of the SysteM.
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Type of syste~s developed
Nor~ally MY work is in a Manufacturinq environ~ent. Users of MY
SysteMs include plant Manaqers. production supervisors. operators.
office clerks. and secretaries. In qeneral. ManaQers require sUMMarial
inforMation. operators need siMPle data entry screens which require
MiniMal trainina to use. and secretaries need siMPle and flexible
capabilities with their screens. Usually the systeMs developed are a
cOMbination of on-line prOQraMS involvinq data entry or inquire
screens. and batch proqraMS. In developina the screen prOQraMS
VPLUS/3000. or FORMSPEC. was the screen aenerator used.

ThoUQhts on chooslnQ a develop~ent lanQuBQe
If only one of the lanquaQes were utilized to develop a SysteM the
followinQ drawbacks Miqht be encountered. COBOL prOQraMS take tiMe to
develop and the services of a proqraMMer. PROTOS would require a
knowledqeable prOQraMMer or user. INFORM and QUIZ are liMited when it
COMes to doina intricate edit checkinq.

Factors to consider when ~lxl~Q the lanQuaQes
COBOL only
If COBOL is the only lanquaqe used there is usually a backloQ of user
requests. These requests can be for new SysteMS. Modifications to
SysteMS. corrections to proqraMS. updates to 'hard-coded' tables. or
need for More proQraMs. This delay results frOM a variety of factors,
the quality of the proqraMMinq staff. the size of the proqraMMinQ
staff. the tenure of the staff. The DP staff's inexperience in
prOqraMMinq. or their understandina of a SysteM under consideration.
Qreatly affects the speed at which requests are satisfied.

COBOL and INFORM
When COBOL and INFORM are used there is an assuMPtion that data sOMehow
found its way into a database. or file and a user is extractinq data
alMost in a reference type Mode. INFORM can be used to create links
between various datasets in a database. but in its siMPlest Mode it
reports data eleMents Within a sinqle dataset. Durinq develOPMent work
this can be a Qreat asset. The product itself is very Menu/panel
driven which is Qood for novice user. however the proQression of panels
qets tirinq quickly. A More experienced user is Qiven the option of
strinqinq out his request for a panel. The More experienced user can
enter a strlnq of "1.5.3" and will qet to the data eleMent screen
within the database they want. enablinq theM to do what they want to
do. NorMalization of any database is stronqly suqqested when usinq a
fourth qeneration report writer. NorMalization will affect the
retrieval tiMe for requested inforMation. Searchino for keys Within
the data uses a short strinQ of data called an index to locate the
desired data. If the user requests data that is not indexed then all
the data ~ust be read to Match the 'strinq of data' requested.
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COBOL and QUIZ
When COBOL and QUIZ are used a More dynaMic environMent can be
More readilY established. By usinq the ACCESS statMent in the QUIZ
lanquaqe linkaqe to various datasets is Quickly and easily
aCCOMPlished. The SELECT stateMent is used to retrieve a subset of
inforMation. The SORT stateMent allows a More readable report.

Steps necessary before and durinQ use of fourth Qenerat10n lanQuaQes
First the dictionary has to be created. To aCCOMPlish this run the
proqraM OICTINIT.PUB.SYS. This will establish the OICTIONARYi3000
database. After the dictionary database is created it Must be filled
wIth lnforMation. To fill the dictionary database a utility prOqraM is
ran. The naMe of the proqraM to fill the dictionary is
DICTOBD.PUB.SYS. Fillinq the dictionary with inforMation about
databases and forMfiles is an easy Matter. With the COMMand LOAD and
the naMe of the database or forMfile the prOqraM ooes to the rootfile
or forMfile and oets all inforMation of data eleMents. datasets. and
forMs. At this point the user can access the dictionary and flnd
inforMation concernlnq dataset naMes. and what data eleMents are in the
datasets. To allow uers to access inforMation located in More than one
dataset at the saMe tiMe. relational Ilnkaqes or qroups Must be set up
in the dictionary.

Once the qroups are established a user can More fully utilize the
dictionary to extract inforMation in a More looial form.

INFORM - Run the proqram INFORM.PUB.SYS. A series of panels 1S

presented to navioate the user thru the prooraM to extract data.

QUIZ - The dictionary Bqain has to be established prlor to USlno QUIZ.
The dictionary can be oenerated by usinq the Method discussed wlth
INFORM. or another Method can be used. QUIZ is a CGGNOS product. and
the purchase of QDOR could also be Made in additon to QUIZ. QDOR is a
series of forMatted screens which allow data entry into
DICTIONARY/3000. Once the dictionary is Made QUIZ uses its own
lanquaoe to extract and report data. StateMents such as ACCESS. SORT.
REPORT. 60. LINK and others are used to Manipulate the data and
datasets or files. QUIZ is powerful in that with the ACCESS and LINK
stateMents Many datasets and/or files can be lOQically tied toqether to
extract needed inforMation. No previous links need to be established.
such as in usinQ INFORM. The use of teMPorary subsets of inforMation
is also a useful idea. As a QUIZ jobstreaM executes the user can
direct that subsets of inforMation be saved either perManently or just
for the duration of the .10bstreaM. This allows for easier Qeneratlon
of rather intricate reports. Much More detailed reports can be
qenerated usinQ QUIZ than INFORM with the saMe aMount of effort
involved.
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PROTOS The dictionary involved with this product is not the
DICTIONARY/3000. Rather PROTOS uses its own" dictionary oenerated fro~

a scheMa that this product recoqnizes. There are More steps and
planninq involved usinq this product in cOMParison to QUIZ or INFORM.
But we are talkinq apples and oranqes here. PROTOS is a COBOL
qeneratinQ lanQuBqe. and is More powerful in what it can do than the
other choices beinQ cOMpared in this paper.

In planninq for PROTOS a PROSCHEMA Must be Made. A PROSCHEMA involves
naMinQ the databases and forMfiles to be accessed. Declarations of
data eleMent's type can be Made. These declarations involve date
forMattinq. currency forMattinq. deciMal aliqnMent and redefines of an
iteM into sub-iteMs. Files are declared and their associated record
layouts are qiven. PROTOS. when defininq datasets and files. will qive
a prefix to the iteMS associated With theM. In the COBOL code these
internally qenerated prefixes appear. An option is available where the
prefixes are predefined by the user.

Several User Defined COMMands (UDC's) are then used to initialize and
ready the PRDTOS product for use. The three Main UDS's are PROINIT.
PROBUILO. and PROCOPY.

PROINIT will build the PROTOS database dictionary and initialize it
for use. The dataset capacities are pre-defined. but can be
overridden.

PROBUILD will read the PROSCHEMA and fill the dictionary with
inforMation as directed by the PROSCHEMA.

PROCOPY will build a copylib. In the copylib will be all the file
layouts. and buffer areas that will be needed by future prOQraMS. In
addition all IMAGE and VPLUS buffer areas will be in the copylib.

At this point the user has a dictionary. a linkaoe defininq database.
and a copylib. PrOQraMS written in PROTOS syntax can now be written.
The PROTOS lanQuaQe is easy to learn and not exceptionally COMPlicated.
It is very helpful to understand how IMAGE and VPLUS work when writinQ
a prOQraM. PROTOS is a lanQuaqe of few words. A proqraM that will do
Quite a lot can be written With very few lines of code. This is where
the increase in productivlty can best be observed. However because the
lanquaqe is 50 powerful. a thorouQh understandino of what can be
aCCOMPlished by a sinole COMMand is necessary.
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After the PROTOS source code is written it Must be converted to COBOL
code. The UDC to accoMPlish this is the PROWRITE udc. After the COBOL
code has been qenerated the norMal cOMPilinq.and prepinq Must be done
prior to savinq the object and COBOL source code. SOMe installations
save both the PROTOS and COBOL code. while others discard the COBOL
code after the executable code has been saved. It is adVisable to Make
any future Modifications to the PROTOS source and not the COBOL source
code. Within the qenerated code any calls to IMAGE or VPLUS are
perfor~ed usino the SL provided by PROTOS. Beinq that all error
checkinq is done within the SL. user edit checkinq and exception
handlinq Must be thouohtfully done.

Factors involved when choosina a lanQuaQe

All three vendors have excellent reputations. and all three qive very
oood custOMer support. Let us approach this QUest10n of choosinq a
product frOM what the desiqn of the SysteM deMands.

DesiQn ConSiderations

If the new SysteM is in its buddinq staqes the analyst Must converse
with the user to deterMine what are their expectations of the SysteM.
Will the SysteM have Many on-line screens. Will the screens be very
intricate or will they display inforMation found pretty Much in a
10Q1cal area of data. A loqical area of data is sOMethino like basic
personnel inforMation. COMPonent Makeup of a product. current payroll
inforMation. etc.

If the data eleMents are SOMehow loqically linked toqether then those
iteMS Miqht be contained within a sinqle dataset. If a screen 1S to
show ~any iteMS upon a sinqle request frOM the user the screen beCOMes
More intricate. A user May 11ke 'busy' screens that show .lust as ~uch

inforMation as can possibly be displayed 1n eiqhty colUMns and
twenty-four rows. Another user will like Menu driven SysteMS that take
theM to a certain area of infor~ation and display only requested iteMS
of inforMation.

Data entry screens usually look SiMPle enouqh but internally Many Many
checks have to be done to deterMine proper linkage to ~aster datasets.
I aM speakino of a user defined conditions that Make data entry More
valid and accurate. Does a purchase order have a vendor? Is the vendor
valid? Cr05s-checkinq and validation of data can beCOMe as involved as
the user. MOney. tiMe and expertise of people involved allow.
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FORMSPEC can be used to develop the screens. The prOQraM5 will be
written in COBOL with or without the help of PROTOS. If PROTOS is to
be used there are SOMe considerations as to how screens are Made. The
naMino conventions are Most prOMinent. Data eleMent naMes within the
PROSCHEMA will only be fifteen characters lana. This liMitation of
field size allows PROTOS to interact with the FORMSPEC product. PROTOS
allows a very convenient technique to be applied to screens workina
with detail sets. The technique involves fillinq up the screen with as
Many detail records as the screen will allow. The screen is defined in
the PROSCHEMA usinq the REPEAT verb and naMinq of the screen. When
PROTOS operates it treats the area of the screen as a MatriX. and
autoMatically tracks data fields within the Matrix. With this
technique inquiry. and updatinq of Many detail records is possible with
a screen full of data.

If the SysteM is to be fairly static any of the lanquaqes will do
nicely. Static Means once the inforMation is loaded into a database
the user will access the SysteM to retrieve inforMation in Much the
saMe way as a reference library is used. The data May be updated
daily. weekly or less often but at the MOMent the user is reQuestinq
data. the SysteM is fairly static. Personnel. payroll. and SOMe
inventory applications are in this area of a reference SysteM. If the
SysteM will stay within one area of a plant. then this too beCOMes a
reference type SysteM showinq a status of the area.

When SysteMS cross departMents. or location boundaries the systeMS
beCOMe More interactive and More COMPlicated. More cross-checkinq and
validation is needed to insure accuracy and SMoothness of operation
between the various areas of the SysteM. In these situations a lanquaqe
other than a report writer is needed. COBOL proqraMS. or proqraMS
qenerated by usinq PROTOS. are needed to build the SysteM. If Many
reports are needed PROTOS is very well suited to qenerate cOMolex
reports with MiniMal effort on the part of the proqraMMer. Reports
written in PROTOS are Much easier to write and Modify than a straiqht
COBOL proqraM. The reason for this is the use of the FORMAT verb in
PROTOS. The proqraM shows the 'forMat' or report layout of the report
in the prOqraM. The fields are then defined by just naMinq the data
eleMents to be shown. and control breaks are identified by naMinq data
eleMents after the BREAK verb.
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QUIZ is a very powerful report writer. It is easier to use than
PROTOS. If the report is a listinQ of data ele~ent values it is very
easy to use. The user accesses the dataset or file. and Qives the
REPORT verb na~inQ the data ele~ents desired. Then the GO verb is used
and the report is forMatted. colu~n headers included. and Qenerated to
printer or other device. If subsets of inforMation are needed. the
SELECT verb Makes Quick work of extractino the needed data. A SORT
verb is also easy to use and declare. AQain. if the report is a set or
subset of inforMation QUIZ is excellent to use. The way that the
database is orqanized can oreatlv affect the perforMance. but that is
the probleM of the analyst or database desiqner. not the lanquaoe. It
is when the data to be extracted is not a SiMPle subset of inforMation
that QUIZ is More difficult to use. Extraction beCOMes difficult if
the conditions to select data are based on data eleMents not defined
within the dataset itself.

SUMMary

When usinQ fourth Qeneration lanQuaqes orqanization of data and
preparation for use of the tool is very iMPortant. Various types of
dictionaries and various dictionary utilities have been reviewed in
this paper. Data structure has been shown to be the foundation for the
fourth oeneration lanquaqes. SoMe dictionary Maintenance products have
been Mentioned and briefly reviewed. In reviewino these products
eMPhasis has been placed on how the product is set-up for operation.
In oeneral. the COMPleXity of a proqraM will dictate what type of
fourth qeneration product to use for an application. The More COMPlex
a proqraM the qreater the need for COBOL. Once the dictionary is bUilt
and loaded With data of the SysteM. extraction of inforMation has been
oreatly siMolified by these lanQuaqes. It is this SiMPlification of
extraction that can affect SysteM perforMance. Reports should be
scrutinized to deterMine if the power of the lanquaqes 1S beinq used
effectively. SvsteM adMinistrators should be aware of how a user is
accessing the data to deterMine effiCiency and "bottle-necks" caused by
abuse.
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