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1.0 INIRCLUCTICYN

Information 1is a prime ccmmodity in today's hurried
existence. Managers make decisicons based cn the best
informaticn available to them at the moment. Strategic
planning is based c¢n dinfcrmaticnm compiled from wmany
different sources. Every asrect of modern day 1life is
influenced Lty informaticn., Informaticn is cften related to
pcwer.

What is infereaticn? It is the meaningful
interpretation of data which has Ekeen collected and
intergrated. (1) To reet the needs of today's =soceity data
must be ccllected in great guantities. 1In order for massive
arounts of data to te useful tc a user, he wmust have real-
time access to it and have a means of synthesizing the
available data intc meanircgful collections =o that it might
be interpreted into useful infcrmation.

Systems have keen developed which prcvide the user with
mass stcrage of data, quick access tc the data, and a means
of éysthesizing the accessed data. The systems, known as
Data Base Management Systers (DBHS),A allow a user to
retrieve, manipulate, and stcre data without requiring hin
tc know how the data is organized or sfored uithin the
storage device,

The user views the data in prespecified lecgical groups
linked tcgether in scme crganized structure, The more
ccemon LCEFS structures are known as network and hierarchy.

In such views, data may Le regresénted in three ways: (2)



1. The content of the record (e.g., Maryanski's Dept =
C5.) 3

2. The linkage Lketween records (e.g., Maryanski's Dept
record occurs in the hierarchy below the Ccllege Reccrd
for Ccllege of Arts and Science.); and

z The ordering cf records (e.g., BAll cf the

departrent records are stored in alphaketical crder.).

Usage of such DB#MS requires that the user have knowledge of
the rerresentation chesen (e.g., FINC NEXT RECORD of
Ccllege-Cept Set).

The mest recent additicn to the ©CBMS family is
represented by the FERelaticnal Cata Fodel which @makes
pcssible the eliminaticn cf the representaticn-dependency
frcm the user's interface. The relational model represents
informaficn at the wuser's inferface only Ly data value,
‘This rerresentation-independence within a DEMS has generated
encugh interest within the industral community that research
is keing funded within the area.

Critical to the develépuent of a Relational LData Base
is a user knowledgeatle of the data-items which will
ccmprise the data rase., T[Cata-items are the smallest logical
unit of data within a data tase. Tata-items with the sane
characteristics are categorized by Data-Name-Iten
(Attribute). Each Data-Name-ltem (CNI) has a domain within
which are all data-itess describted Ly it. Sets ¢f Data-

Name-Iters are combined to form relations or groups of



related Lata-Name-Items., Each relaticn pust pcssess one or
mcre Data-Naﬁe-Item ﬁhicﬁ can ke used as a key to reference
the other Cata-Name-Items of the group. The association
between the key Data-Name-Iters and other Data-Name-Itenms in
the group is referred to as functional dependence., The ncn-
key Data-Nare-Items are said to be functionally derendent
upon the key Data-Name-Iters. The set of Data-Name-Items is
kncwn as a Functional Cependency and the data rase develorper
must ke alkle to recognize ther within his data.

The implementaticn of a CEKS Lased upon the Relational
Data Mcdel requires the developmemt of a system which

enconpasses a minimam cf three critical areas. (3)

1) 2 subsyster tc accept the unscphisticated user's
data and organize it fcr rrocessing.

2) A subsystem tc irteract with the'user, thus guiding
hir in the generaticr c¢f Functional LCerendencies.

3) A subsyster tc antomatically syrnthesize the
generated Functicnal Dependencies into Third Horrmal

Form (3N¥F).

This report presents the design, implementaticn and
testing cf the interative sulsystem, Functional Dependency
Generater (FLCGEN), which enatles the wuser to generate

Functional Cependencies (FL).



2.0 EACKGECUND

A user interfaces with a ©DBEMS through an application
program or query language. The program prcvides the user
with predefined views of data, independent cf their stored
ccnfiguraticn. The life expectancy c¢f application programs
is significantly increased when used with relational
DEMS. (4)

A relational data tase prcvides for the collecting of
data-iters in a relaticn ard the formation of 1logical

associaticns Lketween the relaticns.

The purpose of a relational data tase is fcurfold: {5)

1. To free the <collecticn of relations from
undesiratle inserticn, update, and deletion
dependencies;

2. 1Tc reduce the need fcr restructuring the ccllection
of relations as new types of data are introduced, and
thus increase the life span of arplication programs;

3. To make it feasikle to represent any trelation in
the data base; and

4, To make the ccllecticn of relations neutral to the
query statistics, where these statistics arerliahle te
change as time gces lLy.

Befcre a Relaticnal TCata Ease can fulfill its purpcse

its relaticns must be in Third Normal Forrm.



2.1 THE EECELEM OF THIEL BCRMAL FORM
To meet these requiremerts of a relational data base
each data relation must ke in Third Normal Form. Each must

meet the following test: (€)

1. Each data-iter in the relation must te Lased on a
simple domain(it rust Le atomic);

2. Within each relaticn data-items are separated intc
key data-items and ncn-key data-itens. Every non-key
data-item must te fully dependent on every key data-
item in the relaticn;

3. Every non-key data-item in the relation must bhe
"independent of all c¢ther non-key data-items in the
relaticn; and

4, Every kef data-item in the relatign rust be fully
derendent on every cother kéy data-item in the relation

of which it is a fpart.

A data relation cannct be tested to see if it is in 3NF
before its Eunctional Eependéncies have teen identified. &
Functional Dependency amcng the data-items of a relation
must ke cf the following fcrm: (7)

A data-item L c¢f relaticn C is functicnally derendent

upcn data-item E if, at every instant cf time, each B-

value in C 1s asscciated with cnly one L[-value. The

relaticnship is expressed ty the notation B --> D, and

says that B deterrines L cr D depends on B. Likewise,



a set cf data-iters in C may ke functicnally derendent

on another data—iteﬁ cr set of data-items. The data-

iter (cr set of data-items) oﬁ the 1left side of the
arrcw (B) is called the LCeterminant.

A user often exfperiernces difficulty trying to determine
the Functicnal Dependencies arcung the data-items cf a data
relation, thus increasing the protatility that the schema
designed would not reet the requirerments c¢f a relational

data Lacse.

The automatic generaticn cf 3NF relations is a major
step toward the develcprent of relational data Lases. NCR,
Inc. provided a grant tc fund the developrent of a prototype
systen which would interactively guide an unscophistocated
user in the development of 3INF relaticmns. The system design

provided for four suksystems: (8)

Ta The User Interface suksystem - An interactive
prcgrar which refcrpats input data into hierarchical
reccrds, called reports, rased c¢n respcnses tc queries
frcm the system and prcduces an cutput file of records;
2, The FLGEN sulksystem - An interactive fprogram which
inputs the data ffrcduced Lty the User Interface
sultsysten, interactively generates Functional
Deperdencies and rrcduces as output a file of

Functicnal TCependencies and a hardccpy 1listing of



Functicnal pependencies fer the user;

3. 1The Functional Cependency Analysier (FLCA) sutbsystenm
- A rrcgram which inputs the data produced ty the FDGEN
suksystem and synthesis the Functional Dependencies
intc 3NF relaticnms. It produces as output a hardcopy
of the 3NF relaticns; and

4., The Editor =sulsystem - An interactive program which
provides the user with the means to insert, delete, or

change any porticn of the original input file.
The diagram of the system is pictured in figure 2-1.(9)

2.3 FDGEK

The generation of Functicnal Cerendencies (FLC) is not
an autoratic process. It requires the interaction cf a user
whc is fariliar with the data-items input intc the system.
Data-iters entered as a group must relate to each other so
that a logical relaticn can te estatlished. The logically
related data-items tecome the input to the FLGEN. The
suksystenm defines terms, provides instructicns, and directs
the wuser in the manipulaticn of the related data-itenms
enatling him to form the desired FD. The génerated FD's are

stcred in an output file fcr later use as input for the FLA.



System Liagram

Figure 2-1
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3.C EUNCIICNAL DEEENLENCY CGENERATOR

The Functional T[Cependency Generator (FLGEN) is an
interactive program which accepts as input a file generated
by the User Interface Frcgram and produces as cutput a
Functional Cependency Talkle (F-D-Takle) which is stored on
disc apd wused as input fcr the Functicnal Dependency
Analyzer Frcgram(FLCA). (10)

The FLCGEN processes the input data an constructs a Data
Name Takle (DNT) which is used throcughout the remainder of
the prcgrar. The rrccessed data 1s presented to the
interactive user alcng with the necessary instructions to
guide bhirn through the various rfhases of functional
derendency generation, A1l fprocessed data has asscciated
with it a hierarchical ccde which allows distinctive data
relations to be'generated and presented te the user. The
user's ©Eprircary cbjective is to redefine the generated
relations into logical Functicnal Cependencies (FD). Data
manipulaticn facilities are provided which allow the
necessary reconstructicn c¢f relaticns. A bardcopy of the
generated FL's is provided tc the user upon completion of
data manipulation,

An exarple of a reccnstructed relation is illustrated
by the follcwing relaticn with Data-Name-Items (DNI) OWNER,
HCUSE, CAR, BUSINESS, and FAFF. The user would manipulate
the CNI's so that the fcllcwing FD is generated and output,

CWNEE --> HOUSE CAR EUSIMNESS FRRM

The FD says that OWNER identifies the other Data-Name-items



within the relatione.

3.1 IHE FLGEN ALGORITH

The algorithm for the generation of FD's is seperated

into eleven logical stegs.(11)

Step 1.

Step 2.

Step 3.

Read the next reccrd from the Input File into a

tuffer. The fcrmat-and function of the Input File
are provided in figure 3-1. #

Celete the first four charactergﬂgrom the buffer.
Assign the fifth and sixth characters to Status and
Ievel respectively. Separate the remaining data in
the buffer apd assign each delipited set of
characteréﬁdic a unique position within the DNT.
Assign apprcpriate values to the associated fields.
Llink each level '0Q°? positioﬁﬁﬁizﬁgzg successors
level '0' pcsiticn. Mark the end of the CNT. The
format and functicn cf the DNT are provided in
figure 3-2.

When all reccrds have been read and all data has
Leen stored in the CNT display each CNI cne at a
time, Aék the wuser to identify all virtual-Cata-
Items. Enter a ccde '3' in the determ-flaqg field

of the DNT fcr each CNI identified as a Virtual-

Cata-Item, A Virtual-LCata-Item is a CNI which is



Input File Function and Format

Figure 3-1
Line nc | Status Level Text
XXXX X X X-70-X

Input File Format

Functicn of the Inpot File: To store user input
text (CNI's) with their associated attritutes (the
level of the group, its status , and the group's

positicn within the tatle {line no)).

1



Data Name Takle Function and Forrat

Figure 3-2

Nane Level-no Link-code Determ~-flag

X-1C-X X XXX X

Data Name Takle Format

Functicn of the [Lata Name Talble: 1Initially to
stcre in the proscrited format the input data from
the Input File as well as the associated special
link ccdes (concatenation links) which are derived
frce the associated level-no and status. Urdated
codes will be entered as LNI's are defined through

user interaction.

12
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derivable from other LCNI's within the data Lase. The

Virtual-Cata-Items selected will te eliminated frcm the

report, Figure 4-4 pictures an example where the LCNI ERICE

has teen identified as a Virtual-rLata-Item and a code '3

has teen entered. ”

Step 4. Identify pctential Ceterminants Ly performing an
intersection ty L[NI cf each report with every other
regort in the LCNI. Fecr each intersected LCNI enter
a code of '2' in its associated determ-flag field
in the DNT. An exanple of intersected LCNI's 1is
pictured in figqgure 4-5.

Step 5. Cisplay for the wuser the list of all [NI's of the
current repcrt which have asscciated with then
identical link ccdes., If a displayed LNI has ccde
'2' 1in its associated deterr-flag field display an
asterisk to its tight; The asterisk identifies a
CNI as a potential Ceterminant of the displayed
gICup. The user rust identify cne Or ncre
(pcssibly all) CKI's as TCeterminants cf the group.
An ekample cf a marked intersected DNI is pictured
with its grcup on fpage 63.

Ster 6. {a) If the current grcup from which the Determinant
was selected has a level greater than the levels
cf previously ccnsidered grcups from the current
report, then Ceterrinants for the previously
ccnsidered grcups nrust e concatenated to the

current Ceterrminant tc form the Ceterminant Set for



Step 7.

14

the current groug. The concatenated Ceterminant
Set' MCDEL, ENG-ﬁC, STYLE, EXTERICR, and INTERICR is
shcwn in the Ccncateration Stack pictured in figure
4-8,

(£) If the grcur from which the Leterminant was

selected has a level greater than cne kut less than

or equal to any level of a previous group from the
current repcrt, then those group Determinants whose
levels are greater than.aié; equal to the current
group's level wmust te discarded and the remaining
Ceterminants ccncatenated to the Deterrinant of the
current grCUF. This situaticn can Lest be
illustrated ty example: Consider the LCeterminant
set in figure 4-8, If the next Determinant
selected by the user has asscciated with it a
concatenaticn link ccde of *22' all Determinants
with codes cf 121" would te discarded from the
Concatenaticn Stack and the new CLCeterminant would
ke concatenated with FCDEL tc form the new Set.

If two or @more greocup Deterrinants have Dbeen
ccncatenated, then display the CTeterrinants and
mark the most current with aqﬂf asterisk., Provide
the user with the following cptions:

a) Elect to leave the determinant configuration
unchanged. |

k). Elect tc redefire all ncn-current Determinants

as non-Deterrxinants,



Step 8.

Step 9.

15

c). Elect to select cne or rore Deterrinants to be
redefined as ncn-determinants.

An example <cf such a display is pictured on page
67.

If two or ©@mcre grcup Deterrinants have been
concatenated and they identify themselves, then
display the ccncatenated Ceterrinants and mark with
an asterisk those [Leterminants from the current
group. Frcvide the wuser with the following
cptions:

a). Elect nct tc change the determinant
cenfiguraticn,

f). Elect to redefine all ncn-current Determinants
as non-deterrinants.

c). Elect tc select cne or more LCeterrinant to be
redefined as ncn-detereinants.

The queries which [frcvide the user options are
shcwn on pages €5 and 66. The Ceterrinants are
marked the sare as thcse displayed cn page 67.

Upcn selecticn c¢f an option Lty the user, add the
new FD to the F-C-Taktle, The FD is added to the
takle in four steps as follous: | |

a) Enter the nurnkter cf Determinants.,



Functional Cependency Takle Function and Format

Figure 3-3

List

nc. of Ceterminants

Leterninant Names

nc. ¢f nocn-determinants

ncn-determinant names

X-10-X

Functional Cependency Taltle Format

Functicn of the Functioral TCependency Talkle: To
stcre the Functicnal Lependencies generated Lty the
precgran through interaction with the user.
Stcrage will be sequential from the low index and
will regin with a obpumeric (N), follcwed by (N)
Ceterminant names, ancther numeric (M), follcwed
by (¥) DNI's, This sequence of events is repeated
for each FD to ke stcred. It is the sole source
of input for the FLTIABLE output fiie, and the
seccndary output cf the FLGEN prcgram when written

to the line printer.

16
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tE) Enter the Leterrinant narmes.
c) AEnter the nuﬁter of non-determinants.
d) Enter the non-determinant names.
The F-D-Table forrat and functicns are provided in
figure 3-3.

Step 10. Stcre the F-L-Talle cn disc for future use as input
fcr the FDA.

Step 11. Hestructure the ccntents of the F-D-Tatle Lty FD and

cutput each FL in the format shown in figure 3-4,

CUTPUT FORKAT CF FUNCTICNAL DEPENDENCIES

FIGURE 3-4

DETERNMINANT STRING 1 NCN-CETERMINANT STRING

The akstract code fcr the FDGEN algorithr is provided

in appendix A.

3.2 AMELIFICATION CF THE ELGEN ALGCRITHE

A detailed explanaticn of data flow, data manipulatich,
and user interactions are prcvided in amplificaticn of the
FLGER Algcrithm,

The FLCGEN Program accefpts as input a current maximum of

2C0 Data-Name-Items, These T[NI's are extracted frem the
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ipput file which was froduced ty the User Interface
Program. (12) The file is logically a tatle c¢f reccrds of
fcur fields. The first field contains a four digit line
nunter which is discarded since it serves nc purpose in the
FLGEN Prcgram, The seccnd field contains the status of the
text field. The status ccnsist of one alpha-character and
is used tc 1initiate link ccde generaticn.  The third field
ccntains the relative 1level number of the text in the text
field, 1The level nurkter is relative cnly within the current
report. The 1level nurkter 1is used to develop a hierarchy
among the groups of LNI's within a report. It is analogous
tc a PLy/1 structure cr a CCECL record. A tfpicture of a
hierarchical structure cf [NI's is prcvided in figqure 3-5.

The last field is the text field which contains the
DNI's. The data within the text field is delimited by
spaces. At least one space must seperate each LNI; hcwever,
spaces may also precede the first TLCNI as well as fcllow the
last one.

| The record shown ir fiqure 3-5 1is degicted in the
format cf the Input File and pictured in figure 3-6.

The Input File 1is read cne record at a time until all
records have been read. Following the ieadiné of each
record the status and level rurber are extracted and saved
fcr later use, then the I[NI's are extracted cne at a time

from the text field.



Bierarchical Structure of Data-Name-Itens

Figure 3-5

Reccrd BRAutonmctile
01 rake
01 Mcdel
02 Eody-no
02 Interior
02 Exterior
02 Style
02 Eng-no
03 Weight
03 Cost

03 Price



Input File Exanfple

Figure 3-6
LINE TEXT
¢ocCo Automctile
0G10 Make Fcdel
0020 Body-nc Intericr Exterior Style Eng-nc
cCc30 Weighkt Cost Price

LINE: Lirne Nunter.
5 : Status.
L : Level Nurker.

Text: TLata-Name—-Items.

20



21

The data extracted frce. the Input File is used to build
the DNT, a éample of which is pictured in fiqure 3-7. The
DNT is the major data structure within the gfrogram. Data
stcred in this takle is used tc service all other structures
of the progqranm.

The name field is limited to tem characters; however,
it is easily expanded. The level nusber field may contain
any one digit integer while the concatenation link field may
ccntain the characters °'NOUL! agé any three digit integer.
The determ-flag field is restricted tc a one digit integer.

The CNI constructicn is ccntinuous while data is Leing
read frce the Input File and the text field data is keing
serarated. As each L[NI 1is extracted it is placed in the
nape field of the LNI. If a DNI exceeds the allowatle
nunkter of characters, an errcr message will ke output and
all excess characters will be truncated. The level nunter
for the current record is placed in the level numker field,
The status does not Lecome a part of the Cata Narme Table,
but is used to initiate ccde updates.

Each status field may ccntain one of four characters:

'y, 'C*, 's?', or 'N*, The characters 'S'" and *N' alert the
program that the norral hierarchical structuring is atout tc
be interrupted. The character 'Y' simply allcws the norﬁal
hierarchical structuring tc ccntinue while the 'C' causes
the prcgram to gaintain the current level of
structurirg. {13) The character 'S' instructs the p:égram tc

maintain the current level Lut



Sample Lata Name Table

Figure 3-7
_;s\,“;e?"rl
Name |[Level |Ccncatenaticn|Determinant
Numker|ILink Flag
Automobile 0 NUL 7/s7 1 0
KETS
Make 1 11 0
¥odel 1 11 0
Ecdy-no 2 21 0
Interior 2 21 0
Exterior 2 21 0
Style 2 21 0
Eng-no 2 21 0
Weight 3 ER | 0
Cest 3 31 0
Erice 3 31 3
ENC XXX

22
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that the current reccrd is nct a continuaticon of the prior
record, Thé s L causeé the prograr to accept the level
numkber prcvided by the user , rut unless the level numker is
.1, not to consider the current record as a ccntinuation of
any pricr records that might fpossess the same level number.
These various conditicns cecntrcel the values that are placed
in the ccncatenation link field.

#hen a DNI has a level nurkter of 0 and no status, it is
assuped tc ke a report narme. The nare and level numker are
entered intc the tatle. The concatenation 1link field is
used tc link ccnsequt;ve reports together. The
ccncatenaticn link field asscociated with the current report
name will receive the characters 'NUL'. If a predecessor
report exists, then the address of the current report is
placed in the concatenaticn link field associated with the
predecessor report name. If hcwever, the.predecesscr repert
exists in nare only (nc LKI's associated), an error message
will be output and the user will be allcwed tc deleté the
erIIcneous report.

The remaining DNI's associated with the current repcrt
are entered in sequence c¢f extracticn and the associated
ccncatenaticn link field is  locaded from the Ccncatenation
Ccde Tatle which is indexed by the level nurker. The talle
is reinitialized at the leginning of each new report. It
has nine elements and each element contains a two digit
integer. ' The first elermert ccntains 11 and each successive

element receives the value of its predecessor plus 10.
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For each occurrence cf a status, 'S' or ‘'N', the
Ccncatenaticn Code Takle 1is updated. The update is
equivalent to the moverent of a pointer to the next sibling
in an iteration traversal cf a hierarchical tree structure.
The table is updated at the current index (level nunrber) and
all succeeding elements ky adding 1 to the integer value of
each elepent, To illustrate the takle's use, a sarple Input
File with status *'S' and 'N' and the corresponding LNT are
pictured in figure 3-8,

The determ-flag field of each entry is initially set tc
zero, Fcllcwing the insertion c¢f the last entry, the end of
the table is marked ty insertion of an 'END' in the name
field and 'XXX' in the concatenation link field. See figure
3-7 for an example of a clcsed table.

The program provides the user with a tutcrial of
Virtual-LCata-Items and the necessary instruction to allow
him to identify Virtual-Data-Items. The only user responses
throughcut this phase cf the program are ‘YES' and 'NO®,

| The TL[NI's are read fror the CNT c¢ne at a time and
displayed for the |user. Each CXI displayed 1is alsc
identified ky report name. This phase, in essence, provides
the user with a sequential view of the DNT; |

The wuser 1is ask tc interact with the prcgram by
responding with a 'YES' or 'NC' to the guestion, is this [NI
a Virtual-Lata-Item, A *NC' response allows the program to

cycle tc the next DNI in =sequence;



Sample Extracts of an Input File and Lata Nare Table

with Status cf *SY and "N?

Figure 3-8
Line S| E TEXT
060 ¥|2|textl text2
CC7C Y|3|textl textd
coec S|3|text5 texté6
ccoc N|2|text? text8

Extract cf an Input File

Nare |L|C-L| D-F

text1{2|21 0
textz|2]|21 0
text3|3(31 0
textly |3}31 0
text5(3|32 0
text€ (3|32 ¢

text?7]2122 0

textB|2{22 0

Extract of a correspcnding Data Kame Takle Segment
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hcwever, if a 'YES' respcncse is recorded, the value in the
determ-flag field asscciated with the seleceted ©[NI is
changed to '3°, The [NI 1is eliminated from futher
consideraticn by virtue cf the code '3', Fcllowing the
update cf the code the prcqrar cycles to the next DNI.

when all DNI's have Lteen listed an the user has
responded, he 1is prcovided the opportunity to verify thcse
selected Virtual-Data-Items. If a ‘'YES! resronse is
recorded, the program searches the DNT in sequential order
for CNI's whose asscciated determ-flag field contains the
value '3°'. For each code '3' found, the program displays
the asscciated TCNI and asks the gquesticn; 'is this a
Virtual-Cata-Iten'. If the wuser's response 1is 'YES' the
program ccntinues its search until it reaches the end of the
takle, tvt if the 1response is 'NC' the value within the
associated determ-flag field is <changed tc '0°, This
facility allows a user to correct a possiktle selection
error, If the user had elected not to verify the 1list of
Virfual—nata—ltems by enterirg 'NC' the prograr would have
asked if the wuser desired to review a listing of the DNI's
again, If a 'NO' respcnse is recorded the program continues
tc the next phase, Ltut if a "YES!? reSponse‘ is récorded the
pregram returns to the LEeginning of the virtual
identification phase and tegqgins the cycle once again. The
only new aspect to this cycle is that for each cccurrence of
a Virtual-TCata-Item the Frogram will inform the user that

the disrlayed DNI has previcusly been selected as a virtual-
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Data-Iter. The user may restcre Virtual-Data-Items to DNI's
only during the verify sulphase of the proqgranm.

The intersecticn rphase c¢f the program gpreforms a
pairwise corparison of every LCNI in every regcrt with the
DXI's 1in every other regcrt. (14) Each pairing cf ©DNI's
which prcduces a match causes the value in both asscciated
determ-flag fields tc ke changed tc '2°', CNI's with an
associated determ-flag field value of *'3' are nct ccnsidered
fcr pairing., The pairing for comparison is facilitated by
the repcrt linkage estaklished in the ©DNT during the
ccenstructicn of the tatle. This linkage allcws the DNI's of
the first report to ke paired and compared with the DNI's of
all succeeding reports. Upcn completion of each current
report, its successor repcrt tecomes the current report and
its DNI's are péired and conpared with the CNI's of all
succeeding reports. 1his prcéess is continued until the
last regrcrt becomes the current report. The last report is
identified ty having the characters 'KUL' in the determ-flag
field asscciated with the repcrt nare, The end of the DNT
is identified by the values stored in the name and deternm-
flag fields, 'END' and 'XXX' respectively.

Four data structures which are used during the
determinant identification phase must ke identified prior tec
presenting a detailed explanation of this phase.

1. The Concatenation Stack is a taktle of reccrds with

twe fields., 1ts fcrmat and function are shown in

figure 3-9.



Link Stack (Concatenaticn Stack) Format and Function

Figure 3-9

L-Nare|lLev

X-10-%| XX

Link Stack Forrat

Functicn of the Link Stack: To store the selected
Determinant and its level code. The level code is
syncnysous to the ccncatenation link code of the
DNT. It stores the T[Ceterminant Set for the
current repbrt. It provides a source of input to

the F-C-Tatle.

28
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2. The Storage Stack is a table of elements. The
forrat énd functicn .cf this structure are Gprcvided in
figure 3-10.

3. The Save Stack is identical to the Ccncatenation

Stack except that its field names have Ieen changed.

Its format and functicn are presented in fiqure 3-11.

4. The Functicnal LCependency Table's function and

format are provided in figure 3-3,

The determinant identificaticn phase is highly
interactive and requires input from the interacting user in
order tc generate the resultant FLC's., The Fprogram cycles
through each report and grcup in the same manner. Cifferent
ccdes asscciated with various groups may trigger different
reactions to each grcup; hcwever, each group is prcvided an
egqual cprortunity tc activate each facility within this
phase.

The rrcgram begins this rhase ty displaying a brief
tutorial cn LDeterminants and asking the user if a futher
exrlanaticn is desired. See display samples cn page 56. A

"YES!' resgcnse will prcvide the user



Storage Stack Forrmat and Functicn

Figure 3-10

ATIR

X-10-X

Stcrage Stack Forrmat

Function of the Storage Stack: To stcre LNI's cf
a particular group as they are extracted from the
DNI. 1To store a ccpy cf the group Determinants as
selected by the wuser. To provide a scurce cf

ingput to the F-TL-1Tatle.
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Save Stack Forrat and Function

Figure 3-11

S-Nane |[Slev

X-10-X XX

Save Stack Foermat

Functicn of the <cave Stack: To stcre the
Deterrinant Set asscciated with the rredecesscr
grcup cf the report teing considered. It provides
a source of input tc the Link Stack, but is seldonm

used.

11
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with a view of an exarple c¢f a Deterrinant as it identifies
a set of EﬁI's. Upch é signal from the user the prograr
initiates determinant =selecticn. It ltegins by extracting
informaticn from the first repcrt in the [LNT. The report
nare displayed 1is fcllcwed ty a set of instructicns which
exrlain hcw to use the facility. See sample displays on
pages 57 apd 58. Tc the - left of the instructions are
displayed all DNI's frcr the current report which have the
same concatenation link ccde. A sanple display is shown on
page 59.

Link codes are generated in a hierarchical sequence
beginning with an digpitial ccde of 117, The progran
ccmpares the generated ccde with that stored within the
&é?g;ﬁiggég field of the INT. W®When a match is found the DRI
is extracted from the asscciated name field and displayed in
addition tc keing fpushed ortc the Stérage Stack, The
program searches the report sequentially for other matching
codes, Asscciated deterr-flag fields are checked at each
occurance cf a matched code. 1If the determ-flag field value
is 2 the associated name field values has been matched with
ancther CX¥I of another repcrt and an asterisk is displayed
adjacent to the DNI. When all identical codes have been
fcund and their associated CNI extracted, the user is asked
to identify the Determinants which will  uniquely identify
the remaining DNI's cf the grcup. The user is instructed to
first consider as possiltle Ceterminants, all DNI's which are

marked ty an asterisk.
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The user enters the selected Ceterminant names one at a
time as directed by the frogram. LCNI's spelled incorrectly
will nct te accepted and will produce an error message,
When all Ceterminants have Lteen entered, the user must
respond to the next response Ly entering *XX'. See example
on page €3. This respcnse signals the program to enter the
next segrent.

As each Determinant is entered it is pushed ontoc the
Storage Stack and a «ccunt of their numkter 1is maintained.
Additionally, the Ceterminant is pushed ontc the
Ccncatenaticn Stack fcllcwing some mincr investigations.,
The investigations ccnsist of determining the level of any
previously loaded Deterrinants., The fprocess is as follows:

1. If no prior Ceterrinant from ¢this repcrt is on the

stack, then push the Leterminant onto the stack alcng

with its concatenaticn ccde (code) ;

2, If a Determinant has keen 1lcaded and its code was

"1', then push the Ceterrinant cnto the stack with its

code;

3. If a Deterrinant has keen loaded and its code is

less thaﬂyor equal‘to the current Determinant's code,

then push the Determinant onto the st&ck uith its code;
or

4, If a Detercinant has teen 1loaded and its code is

greater than the current Ceterminant's ccde , then pog

the stack until a TCeterminant is found with a level

numker value 1less than the level <¢f the <current
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Determinant. Fush the current TCeterrinant cnto the

stack with its cocde.

Follcwing the <ccncatenation of CLCeterminants in the
Ccncatenaticn Stack, those Determinants which were pushed
onto the Stcrage Stack are deleted along with all matching
DNI's on the stack. The reraining CNI's regresent the non-
determinants of the currert group. An example of a Storage
Stack befcre and after deleticn of Deterrminants is pictured
in figure 4-8. Follcwing the deleticn of Teterminants, if
the Storage Stack is erpty, a special situatuicn exiéts. A
case of all Determinants identifing themselves will have
been detected., Two alternatives are presented tc the user.

1) Elect to leave the T[eterminant configuration as it

existgy in which case the program will generate a unique

syerkcl and push it cnto the Storage ‘Stack. This will
identify the FD as cne which is self-identifing. The
syrkcl consist cf a colon (:) fcllowed ty a unigue twe
digit integer. The first integer will Eke '0C1°', If

Determinants from cnly cne groug exist this cpticn is

automatically selected., See example in figure 4-20.

2) Elect to change some or all of the Ceterrinants to

non-determinants.

a) The decisicn to change all non-current
Leterminants tc ncn-determinants is signified by the
user entering *YES°’. This action initiates the
moverent of L[NI's fror the Concatenation Stack to

the Storage <stack. The value of each Ceterminant's
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code is compared with the current ccde. If they dc
nct match the Ceterrinant is removed from the
Concatenation Stack tc the Storagé Stack. This
FICCESS is regeated until all CNI's 1in the
Concatenation Stack have been checked. Follcwing the
transfer, the remainirg DNI's in the Concatenation
Stack are compacted to the kcttom cf the stack.

k) The decision tc individually select these
Leterminants which are to e restored to ncn-
determinants 1is initiated simply Lty rressing the
carriage return. 1This response is answered by a new
set of instructicns which tell the user how to enter
the selected Letermrinart name and hew tc signal the
prcgram that no futher entégg-are to ke made.

As each selected LCeterminant 1is entered, the
prcgram searches the Concatenation Stack from the
tottom until the Leterminant 1is fourd. If the
Ceterminant is not found a sSpelling error has been
detected and the user is asked to enter the name
again.

The identified Leterminant is deleted from the
Ccncatenation <Stack and pushed oﬁto the Storage
Stack. The Ccncatenation Stack 1is compacted to
insure contigucus stcrage. The left side count,
nuckter of Deterrinants, is decreased Lty one and the
right side count, npmher of non-determinants, 1is

increased ty cne, This fprocess is repeated until the
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user enters 'X)°'. This signals the program that nc
more entp&ies are tc ke made.

A seccnd special case will exist, if fecllowing the
deletion of Determinants frcwm the Storage Stack, the Storage
Stack is nct empty and the Ccncatenation Stack ccntains a
set of concatenated TCeterrirants, This special case ray
also introduce a third special case which will te discussed
on page 37.

The second srecial case detects the fact that
Determinants from RCLE than c¢ne group have been
ccncatenated. The prograe prcvides the user an opportunity
to manipulate Ceterminants cnce again,

A list of all Ceterrinants in the Concatenation Stack
are displayed along with an asterisk tc mark the most
recently selected Determinants. The user is offered the
sare Deterrminant manigpulation cftions as he was in the first
special case. He is permitted to select the marked
Determinants as well as the unmarked. See sample display on
page 67. This facility allcws the user to alter the
hierarchical structuring of [eterminants within the repcrt
by allowing him the cption of selecting the Determinant Set
for the current grcup withcut reguard to the generated
hierarchical structure. The opticn is exercised by
selecting from the 1list those Ceterminants which are to be
restored tc non-determinants. This action causes the
selected [NI's to be transferred to the ncn-determinant side

of the FL.
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The third special case can Le detected only within the
ccnstraints df the seccnd special case. First there must
exist a set of concatenated Ceterminants and =secondly, the
current group and its predecessor must be at the same level
but have different ccdes. This case is regresentative of a
tree structure where the rparent ncde has two or mcre
successcr nodes, The successcr nodes are at the scme level
but neither is a ccntinuaticn of the other. The norral
hierarchical structure is depicted by an n-ary tree
structure, but there exists the possitility that the user
elected, during the T[Ceterminant manipulaticn of the last
grcup, to change the ancestcrs in the LCeterminant Set to
ncn-deterrinants; breakiecg the hierarchical «chain, This
situaticn wculd mean that there would not ke a hierarchical
structuring of TCeterminants which could ke <ccncatenated to
the current Determinant tc forr a completé Ceterminant Set.
The hierarchy, if destrcyed, is reccnstructed when the third
special case is detected. An example of the third special
case can Lke observed in figure 4-21. NOTE: The third FL
generated troke the hierarchical chain by défining 'A' as a
non-deterrinant, The chain was restored and trcken again in
the fourth FD and reccnstructed once again in the fifth.
This example incorpcrates the first, seccnd, and third
Stecial cases.

The program, upcn detecting the third special case,
ccmpares the code values of the [Ceterminants in the Save

Stack with those cf the Concatenaticn Stack, All
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Determinants in the Save Stack with codes smaller than the
smallest in the Concatenaticn Stack are roved to the botton
of the Ccncatenation Stack. They are moved one at a time to
the Concatenation Stack which is now being used as a DEQUE.
The current data in the stack 1is moved one possiticn higher
for each addition. All ccunters are updated tc reflect all
changes. The hierarchical structure will have been
reconstructed following the movement of the required
Determinants, thus allcwing a continuation of the seccond
special case processing.

The user's interacticn with the program ends following
the special case prccessing. The program has continually
added FD's to the F-LC-Takle as the user directed their
ccnstruction. The end <¢f the F-L-Table 1is marked by
inserting a string of ¥'s, See sample F-D-Talle in figure
4-12,

The completed F-[C-Tatle is copied to the Functional
Dependency Cutput File on disc for future use as input for
the FDA. The Output File forrat and function are provided
in figqure 3-12. The remaining task cf FLGEN 1is tc provide
the user with a hardcopy cf the FD's generated. See sanmfle
output in figure 4-14, ‘

The prcgram beqins reading data sequentially from the
lcw end c¢f the F-D-Talle., The first element read is an

integer (N) which tells the progranm



Functicnal Dependency Cutput File Format and Function

Figure 3-12

F-CL-Taltle-ele

X-10-X

Functional Ceperdency Output File Format

Functicn of the Functional Dependency Cutput File:
To store a copy of the Functicnal CDCependencies
stcred in the F-L-Talle. It is the sole scurce of
input to the FDA Frogram and the primary output of

the FLCGEN Program.
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how many Ceterminants fcllcw. The LCeterminants are read and
ccncatenated onto a string delimited Ly one space. An arrow
'--->' is concatenated cntc the string fcllowing the
Determinants., The [F-LC-Taltle pointer is incremented by one
and the next element is read. Its value is an integer (¥)
which tells the prograr the number c¢cf non-determinants tc
fcllow, If (N+M+1) is nct greater than twelve the non-
determinants are read and concatenated onto the string which
is then written to the line printer. If the value of
(K+M+1) is greater than twelve the FL will exceed cne line.
The numter of lines 1is deterrined Lased cn a maximum of
twelve elements per line. Fach line is printed as it is
generated from +the F-L-Takle, The program terrinates when
it encounters the string cf %'s which marks the end of the
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4.0 IXPLEFENTATION

The Functional Lerendency Generation Proyram was
implemented on an NCR 8250 System wusing NCR interactive
CCBCL version 02,02,02 running under IMOS. A ccmpléte copy
of the COBOL code is provided in appendix BE. Included in
the INOS software package was the operating system, level II
COBOL ccomgiler, runtize interpreter, text editor, and
interactive debug modules, (15)

Hardware:
The 8250 hardware consist of the fcllcwing:
1 6850 preccessor
128K kytes MOS memory
1 cassctte drive
2 Hawk 656 disc drives
2 796-101 CR1I's
1 349-300 line printer
1 368 card reader
2 Asynchronous adapters (2400 Fkaud)
1 battery back-up.

The prcgram inputs data from an Input File, accerpts
input interactively, cutputs data to a Functional Cependency
Output File, and manipulates data in five internal tables,
These takles were described in chapter 3.

The Functional Defpendency Generator (FDGEN) was
designed and inplemented as an interactive prcegram. The

minimum interacticns a user might have with the program is
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seven, ©plus one additicral fecr each Data-Name-Item (DNI)
entered. The maximum interactions would depend c¢n the
numter and size of the rerorts entered as input. In order
to provide a clear view of the prograe in acticn, a walk-
through of an example will ke conducted which will include
all majcr phases of the pregram. The walk-through will also
include system gqueries, user rTesponses, views of internal
structures, and the resultant Functional Cependencies (FL)
produced. More «complex examples will be fpresented during
the explanation of testing. These examples will not be used
to show the manipulation of the internal data structures.
The sample walk-through will use as input the following
data which is depicted in a format that would te viewed by a

user at a CRT.

Feport Nanme
0000 Automobile

001C Model Make Y
0020 Eng-no Style Exterior Interior Body-no Y
0030 Body-no Year Reight Cost Price Y
0040 END

Report Nare
0000 Engine
0010 Eng-no No-cyl Displac Eng-wt Eng-cost HE ¥
0020 ENXNT

The displayed repcrts are entered by the user one line
at a time, These reports are used by the User Interface
Program tc dgenerate the Input File. The ¥Y's displayed at

the exterme right are system generated bLased on user
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responses tc system queries, They are used by the systen
to generate the status for the particular grcup cf DNI's, A
view of the Input File as generated from the above data is
pictured in figure u4-1,

The FDGEN is executed by NCR 8250 J3Cl. The following
is a complete walk-through of the FLGEN Program wusing the
input data displayed in the Input File and picturing all
System queries and user responses,

The first syster gquery is in the forn of an

introductory instruction statement.

ANY INFORMATION THAT APPEARS ON THE SCREEN
WITHOUT ANY INSTRUCTICNS MAY BE REKCVED BY
DEERESSING NEW LINE %% PRESS NEW LINE,

The wuser must trespcnd by pressing 'NEW LINE', thus
allowing execution to continue,

The Input File rrcvides the seccnd input to the FLGEN.
The file 1is automatically accessed and read a reccrd at a
time until the entire file has been input. As each record
is read the first four characters are discarded, leaving the
group's status, level nurber, and éssociated LNI's. The
program also discards all ENLC's which are [preceeded by twc
blanks. The =status is used to initiate the update of the

Concatenation Code Tatle. The level tecomes an entry in the



Input File

Figure 4-1

LN |3

L TEXT

0000

CC1QY
0020}y

CC3QY

0040

¢o0co

OlAutomobile

liMocdel Make

2lEng-No Style Exterior Intericr Body-Ngo

3JBody-No Year %eight Cost Price
END

OEngine

0010Y1Eng-No No-Cyl Cisplac Eng-wt Eng-ccst HP

GC20

END

Line nunmnker
Status
Level Numter

Data-Nare-Item

by
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Data Name Table (LNT) and the current index to the
Concatenaticn Code Table, from which 1is extracted the
concatenation link entry to the DNT. A status cf 'N' or 'S!
is required to initiate the update of the Concatenation
Code Table, The Concatenation Code Tatle is reinitialized
at each determinaticn of a new report. The initialized
table is pictured at figure u4-2,

The DNT is ccostructed independently of user
interaction. The end of the takle is marked by inserting an
*END' in the 1last pame field and 'XXX' in the 1last
concatenation link field. The logical internal view of the
takle is fpictured in fiqure 4-3,

If a report name or L[NI has Lkeen entered that exceeds
the maxirum allowable number cf characters the program will
alert the user of the error ty displaying the follcowing

€ITO0r messSage.

DATA NAME ‘'DATA-NAME-ITEMN' EXCEEDS THE ALLCWABLE
NUMBER OF CHARACTERS, EXCESS CHARACTERS WILL BE
TRUNCATED.

The wuser's response is to press 'NEW LINE'. The
program truncates the excess characters by assignment and
continues,

If a report nare was entered and was not followed by



Concatenation Code Tatle

Figure 4-2

Conc—-code

1

21

31

41

51

61

71

81

91

Indexed ty level nunber

Lo



logical Internal View of the Cata Name Takble

Figure 4-3

Index Name "Level-No Conc-Link | Ceterm-Flag
1 |Automobkile 0 14 0
2 |Model 1 1 0
3 |rake 1 11 0
4 |Eng-no 2 21 0
5 |Style 2 21 0
6 |Exterior 2 21 0
7 |lnterior 2 21 0
8 |Eody-no 2 21 0
3 |(Body-no 3 3 0
10 |Year 3 31 C
11 |Weight 3 3 0
12 |[Cost 3 31 C
13 |Price 3 31 0
14 Engine 0 NUL 0
15 Eng-no 1 11 0
16 No-Cyl 1 11 ¢
17 Disrlac 1 1 0
18 Eng-wt 1 11 C
19 Eng-cost 1 1 0
20 HP 1 11 C
21 END ; XXX

47



48

at least cne DNI an errcr ccndition will exist. The progranm

detects the error and queries the user as fcllows.

YREEORT NAME®

ERROR -~ THIS REPCRT HAS NO ENTRIES. ©DC YCU WISH
IT ELIMINATEEL - YES/NC.

The prcgram is not designed to accept null reports., If

the user responds by entering
b:1¢]

tbhe prograr will generate erronous information as output;

whereas, if the user's response is

the-null rerort is elirinated from the DNT by overlaying.
The [NT 1is the primary sourse ¢f infeocrmaticn for the

remainder of the prograr. The DNT 1is first used during the

interactive identification of Virtual—DataQItems iVDI). The

following user instructions are provided.
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USER INSITRUCTICHS
Rk kb ok ok kR kR kR

VIRTUAL DATA ITEM IDENTIFICATICN EHASE

THE USER MUST ITENTIFY ALL VIRTUAL DATA ITEMS
WHICH HAVE BEEN ENTERED AS DATA-NAKE-ITEMS. THIS
WILL EE DONE BY ENTERING A YES FOR EACH IDENTIFIED
VIRTUAL DATA ITEM. THE SYSTEM WILL DISEFLAY ONE
POTENTIAL VIRTUAL ©CATA ITEM AT A TIME. YOU MUST
ENTER A YES(Y) IF 1T IS A VDI AND A NOC (N) IF NOT.

DO YCU DESIRE AN EXPLANATION OF A VIRTUAL DATA
ITEM? ENTER YES OR NC.

If the wuser's response 1is 'NO' the ©[prograr will
ccntinue, cn the other hand, a 'YES' response will produce

the following description and example of a VDI.

A VIRTUAL DATA ITEM IS A DATA-NAME-ITEM WHICH IS
DERIVAELE BY COMPUIATICY INVOLVING DATA-NAME-ITEMS
FRCM WITHIN THE SAME CATA BASE. THIS SAYS THAT
THE DATA-NAME-IIEMNS CAN BE DERIVED FROM CTHER
DATA-NAME-ITEMS THAT ARE WITHIN THE SAME DATA BASE
OR POSSIBLY THE SAKE REPCRT.

AN EXAMPLE OF A VIRTUAL CATA TITEM WOULD BE TOTAL-
HOUR S-WORKED

WHEN WITHIN THE SANKF REFORT THE FOLLOWING DATA-
NAME-ITEMS ARE AVAILARLE: .
HOUES-WORKED-PEL-WEEK

WEEKS-WORKED-PER-YEAR

IF YCU REQUIRE ACLCITIONAL ASSISTANCE ENTER HELP
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If the user enters 'HELP' the program will respond by
providing the phone numter and nare of the development
coordinator for the system, otherwise the user pressed 'NEW
LINE' and the system will respond by displaying this

message.

WE RRE REALY TO START

The user simply presses 'NEW LINE' when he is ready tc
begin the VDI identificaticn Fhase.

The program begins ty displaying the repcrt name
associated with the DNI's to be presented to the wuser for
possible selection, The user must respond tc each newly
presented DNI. The progfam cycles wuntil all ENI's in the
DKET have been presented. The following sequence is repeated

for each DNI rresented to the user.

REECRT TC BE CHECKEL FCR VIRTUAL ©DATA ITEMS IS
YREECET NAMNE!

'DATA-NAME-ITEM!

IS THIS DATA-NAME-ITEM A VLI? (YES or NO)

A user response cf 'KO' allows the process to continue,
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but a response of 'YES' interrupts the cycling process lcng
enough tc tag the seleceted VDI. The tagging is
acconplished by inserting the code '3' into the asscciated
determ-flag field for the selected DNI. 1In our example the
DRI 'PRICE' will be selected as a VLI. The updated section
of the DNT is pictured in figure 4-4.

Af ter setting the tag, the program ccntipues the
cycling prccess, Upcn completion, the user is presented

with the following guery.

ALL REEORTS AND THEIR RESPECTIVE DATA-NAME-ITEMS
HAVE BEEN DISPLAYED. DC YOU WISH TO VERFIY THE
LIST CF VIRTUAL [L[ATA ITENS. ENTER ‘'YES' OF 'HO',

A user resgpcnse of 'YES' will produce the following results.

PRICE

IF THIS IS A VALIC VIRTUAL [DATA ITEM ENTER YES
OTHERWISE NO.

In the example only one VDI was selected. Had there
been more, the above display would be repeated until all
selected VCI's had been displayed and the user provided the

opportunity to verify their status.
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Updated Section of the Data Name Table

Figure 4-4
Index Namc Level-HRo Conc-Link | Doterm-Flag
12 Cost 3 31 0
13 Price 3 31 3
14 Enjyinc 0 NUL 0
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If the  user respcnds with a 'YES! the program
centinues; however, if the response is 'NO' the =status of
the VDI 1is <changed to that of a non-VILI. This is
accomplished by changing the tag, code '3', back to a cade
of '0'. This is the cnly flace in the program where an
earlier decision may Le reversed. 'PRICE', will remain a VDI
in this exarple.

When all selected VLI's have Lkeen displayed and the
user has responded tc all gueries, the system will present

its next query.

DO YOU WISH TO REVIEW THE LIST OF DATA-NAME-ITEMS
OF EACH REPORT AGAIN TO INSURE THAT ALL VIRTUAL
DATA ITEMS HAVE EEEN ICENTIFIEL, ENTER YES OR NG,

A 'NO' response tc this gquery will terminate the
virtual identification phase. A 'YES' respcnse will cause
all pointers to be reset tc the beginning and the user will
be given the opportunity to repeat the initial
identification process again. This recycling of events
includes another opportunity to verify the selected list Ss
well as ancther review of all DNI‘s.l The only addition to
additional cycles will te the system's identificaticn of all
previously selected VDI's. This is depicted throuqgh a
display of the previously selected VDI 'PRICE' when it is

prescnted tc the user as fcllcws.
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REECRT TC BE CBECKREL FCR VIRTUAL DATA TIEMS IS
YREPORT NAME?

ERICE! IDENTIFIED AS A VDI

IS THIS DATA-NAME-ITEM A VDI? (YES OR NC)

A 'NC' response will not change an identified VDI to a ncn-
VLCI; whereas, a 'YES' response will change a non-VDI to a
VDI. An identified VLI can only te changed tc a non-VLI
during the verificaticn of the VDI's.

The intersection phase of the progranm is- not
interactive., The purpose of this phase is tc identify thcse
DNI's which appear in mcre than one report. The identified
DEI's are tagged by entering a code '2' in the deternm-flag
field asscciated with the bNI. If the DNI has Leen selected
as a VDI, it is not considered during intersecticn., A view
of the wupdated DNT following intersection is pictured 1in
fiqure 4-5,

The determinant iderntification phase depends heavily
upon user interactions, Upon entering this rfphase the

program displays the fcllcwing user requirements.



Updated Logical View cf the Data Name Takle

Figure 4-5
Inde Name Level-¥No Conc-Link |Determ-Flag

1 (Automobile c 14 0
2 |Model 1 11 0
3 |Make 1 1 0
4 |Eng-no 2 21 2
S |[style 2 21 0
6 |Exterior 2 z21 0
7 |Interior Z 21 V]
8 |Eody-no 2 21 0
9 |Body-no 3 31 0
10 |Year 3 31 0
11 |Weight 3 31 0
12 Cost 3 31 0
13 Price 3 31 3
14 Engine 0 RUL 0
15 Eng-no 1 11 2
16 No-Cyl 1 1 0
17 Disglac 1 11 0
1€ Eng-wt 1 11 0
19 Eng-cost 1 11 0
20 HP 1 11 0
21 END XXX

55
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USER REQUIREMENTS
Ekkhkk ok okok koK

DETERMINANT IDEKTIFICATICN FHASE
YOU MOUST IDENTIFY FROM EACH GROUP OF DATA-NAME-
ITEMS DISPLAYED - THCSE ITEMS WHICH WILL UNICUELY
IDENTIFY THE REMAINING TITEMS WITHIN THE GROUP.
THOSE DATA-NAME-ITEMSE WHICH IDENTIIFY THE REMAINING
ITEFVS ARE CALLEL CETERMINANTS. EACH DETERMINANT

IDENTIFIED MUST BE ENTERED UPCN RECUEST. SEELLING
IS CRITICAL. ANY CUESTIONS? YES/NO

A user response cf 'YES' will produce the following

example and explanation.

THE FCLLCWING T[CATA-NAME-ITEMS ARE DISPLAYED****%
WAREHOUSE-NO, SPACE-AVAILABLE, ITEMS-STOREL,
STCEAGE-LEVEL**%x% THE SINGLE DATA TITEM WHICH
COULL IDENTIFY THE OTHER ITEMS WOULD BE WAREHOUSE-
NO #*#***]T IS THE DETERMINANT**%*%%

a 'NC' response, or following the display, the following

statcment is presented to the user.

ENTER GO WHEN YCU ARE READY TO START.

Wwhen the user is ready to Legin the identification

phase he must press 'NEW LINE'., This action allows the
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program to continue. It produces the following ressage.

GRCUE TO BE DISELAYELC ARE FROM REPORT 'REPORT NLME'

Displayed immediately fcllowing the report name is a
variable explanation of what 1is to come. The display is
variable tecause the variables WORD, ARTICLE, CNE-ARE-MORE,
and VEEER are assigned the correct words to rmake the
explanaticn grammatically correct. The explanation is
displayed only during the listing of groups from the first

reporte.

*WCEL' OF THE LISTET CATA-NAME-ITEMS MATCHED OTHER
DATA-NAME-ITEMS IN OTHER REPORTS. THIS MEANS THAT
YOU HAVE YARTICLE' CIUE AS TO WHICH DATA-NAME-
ITEKS MIGHT BE °*CNE-BAGE-MORE'

The values the variatles may receive are:

WORLC: Kone, One, Several;

ARTICLE: no, a, c=everal;

CNE-ARE-MORE: a Leterminant, Determinant;

VERB: is, are.

The following is a continuation of the above. The
first text is wused if no DRI's were intersected in the

current report, otherwise the second text is used,
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First Text

PLEASE ENTER THE LCATA-NAME-ITEM WHICH MEETS THE
REQUIREMENTS OF A DETERMINANT FOR THE GRCUF.
THEKE CAN BE MOKE THAN CNEF DETERMINANT PER GROUP.
FAILURE TO IDENTIFY AT 1LEAST CNE DETERMINANT WILL
CAUSE AN ERROR CCRLITION. THE SYSTEM WILL REQUEST
THAT YOU ENTER EACH SELECTED DETERMINANT KAME ONE
AT A TIME WHEN INLICATED. IF ALL DETERMINANT
NAMES HAVE BEEN ENTERED, ENTER XX WHEN THE NEXT
RECUEST APPEARS. EACH NAME ENTERED MNUST BE
SPELLED EXACTLY AS IT APEFEARS CN THE SCREEN.

Second Text

THE DATA-NAME-ITEMS WHICH ALSC APEEAR IR CTHER
REECETS 'VEREB' MARKEL BY *, WHEN CONSIDERING WHICH
DATA-NAME-ITEMS IDENTIFY THE REMAINING ITEHS IN
THE GRCUP--FIRST CCNSILCER THE MARKED ITEMS. THERE
CAX PBE MORE THAN OCNE LCETERMINANT PER GROUP,
FAILURE TO IDENTIFY AT LEAST CNE DETERMINANT WILL
CAUSE AN ERROR CCRLITION. THE SYSTEM WILL REQUEST
THAT YOU ENTER EACH SELECTED DETERMINANT NAME ONE
AT A TIME WHEN INCICATEED. IF ALL DETERMINANT
NAMES HAVE BEEN ENTERED, ENTER XX WHEN THE NEXT
RECUEST APPEARS. FACH NAME ENTERED MUST BE
SPELLED EXACTLY AS 1T APEEARS CN THE SCEREEN.

Within the current report the program searches and displays
to the left of the atove instructicns the 1list cf DNI's
possessing the same ccncatenation 1link code. The program
will generate matching codes in sequence, thus allcwing for
a segquential presentaticn c¢f groups within the current
report, When a generated@ code can not ke matched, new codes
are generated until a match is found, or until a logical
number of 1levels beyond the last matched level have been
searched an found nct to exist. At this point the progranm

will have completed a report cycle and will select the next
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report as the current repcrt to be considered.

The following view, 1less instructions, is seenrn by the

user.
GRCUP TO BE DISFLAYED RARE FRCHM
REECRT AUTOMOBILE
MODEL INSTRUCTICNS
MAKE NOT

SHOWUN

Immediately following the aktove display, the system requests
that the user select and enter a LCeterminant. The user

enters YECLDEL?',

ENTER THE CETERMINANT NAME. MODEL

If the wuser spells the entry incorrectly, the progranm

detects the error and presents the follouiné messagye,

YOU SPELLED IT WRCNG**TRY AGAIN**PLEASE,
PRESS NEW LINE
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The press '"NEW LINE' response causes the incorrect
resoponse to be disrcgarded and a new request for a
Determinant, TIf the user inadvertently enters a Determinant
name twice the progras detects the error and presents the

followling message.

DUELICATE DETERMINANT ENTRY -- ENTER A DETERMINANT
NAME ONLY ONCE PER UNICUE GROUE. PRESS NEW LINE

The press 'KEW LINE' response causes the incorrect resgonse
to Lke disregarded and the =system to ask for the rnext
Determinant nane.

A user wishing tc delete a group from a report may do
so by hot identifing an identifing Deterrinant fcr the
_grcup. This editing fprccess is accomplished by entering
*¥X*' when asked to enter the Deterrxirant nare. The *XX?
response causes the r[fprogram toc recycle to the beginning of
the identification phase, thus by-passing the Load FDTable
Section. The system detects the actions and displays this

message.

A DETERMINANT HAS NOT BEEN IDENTIFIED FOR THE LAST
GROUP--GROUP IS DISCARDED
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At the same time as the INI's were teing displayed on the
screen they-were being éushed onto the Storage Stack. The
selected Leterminant, 'MCLEL', was pushed onto the Storage
Stack as well as the Cconcatenation Stack. Their internal
logical view is pictured in figure U4-6.

Duplicate DNI's are deleted from the Storage Stack and
the first FD is loaded intc the F-D~Table., A picture of its
logical view is at figure 4-7,

The Frogram recycles to the beginning of the
determinant identificatiion phase, clears the Storage Stack,
generates the next sequertial search code '21%, and begins
its sequential search within the current report area of the
DNT. The next view fpresented to the user is the currennt
report name, a report of the instruction since report one is
still current, and a listing of the next group in the

seguence,



logical view of the Concatenation and Storage Stacks

Figure 4-6

D-Name|Lev Attr Attr
Model 11 Kodel Make
Make btbb

Concatenation Stack Model

Storage Stack
Storage Stack after duplicates
before duplicates are deleted

are deleted

btkk: Blanks

Logical View of the F-L-Takle

Figure 4-7
List
Make
01
tcdel
01

F-D-Table
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GROUPE 10 BE DISPLAYELC ARE FRO¥ REEORT

AUTCKCEILE
ENG- kC *
STYLE INSTRUCTICNS
EXTERICR
INTERIOR NOT
BOCY-NC

.SHOHN
ENTER TEE TETERMINANT NAME. ENG-XNO
ENTER THE DETERMINANT NAKE. STYLE
ENTER TBE LETERMINANT NAME. EXTERIOR
ENTER THE DETEREINANT NAME. INTERICR

ENTER TEE CETERMINANT NAME. XX

Each 'ENTER THE DEIERMINANT NAME.' required a user
response. The tables tuilt and updated thus far during this
cycle are pictured in figure 4-8.

Prior to updating the F-L-Takle the program checks for
two special cases which if detected will allow the user the
opportunity to restructure the current FD.

The first special case exists when the Determinant Set
doces not identify any non-determinants. The example being
used does not activate this facility; however, the user's
options are the same as those provided in the second special
case. An explanation and example of the first special case
was presented on pages 34, 35, and 36. The queries fcr this

case are shcown on page 65.
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Current view of the Concatenation and Storage Stacks

D-Nare |Lev

Internal| 21
Extericg 21
Style 21

Eng-nc 21

Model 11
Concatenation
Stack

Figure 4-8

Attr

Internal
Exterior
Style
Eng-no
Body-no
Interior
Exterior
Style

Eng-no

durlicates are

deleted

Attr

Body-nc
bbbbEbbk
EEkbEbb

bbbbLtbk

EEbbEbb

Storage Stack After
duplicates are

de}eted

Storage Stéck Eefore
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The second special case is detected when there exists a
Determinant Set which consist of Determinants from more than
one JrLGuf. This case 1is detected as can be seen by
referring to the Concatenation Stack pictured in figure 4-8,
If the second special case 1is detected the progranm
immediately checks for the third special case, This case
does not exist in the exarple but was explained on page 37.

The proyram responds to a first special case situation

by qyuering the user as fcllows.

SEECIAL SITUATIOK

THE FCLLOWING DATA-NAME-ITEMS HAVE BEEN
CONCATENATED 10 FCRM A DETERKINANT. THE
DETEFMINANT AS STRUCTUREL IS SELF-IDENTIFYING.

LIST CF
DETERIMNANTS
NCT SHCHN

IF THE DATA-NAME-ITEMS MARKED * UNIQUELY
IDENTIF1ES ANY OF THE CTHER LISTED ITEMS

**ENTEF YES** TIF NO -- THE RELATION IS ASSUMED
CORRECI--PRESS NEW LINE.

A 'WES' response continues the akove guery.

ARE ALL UNMARKED DETERMINANTS JIDENTIFIED BY THE
MARKED DETERMINANIS? ENIER YES #** OTHERWISE PRESS
NEW LINE,
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A 'YES' response will transfer all unmarked Determinants
fron the Concatenaticn Stack to the Storage Stack, update
all counters, and load the gyenerated FD intc the F-D-Table.
A response cf '"NEW LINE' produces the following continuation

to the query.

LIST THOSE DATA-NAME-ITEMS WHICH ARE IDENTIFIED.
ENTER XX TO SIGNAL NO MOBRE ENTRIES ARE TC EE MADE.

Following these instructions the user enteries the selected
Determinants and the frogram transfers each entry from the
Concatenation Stack to the Storage Stack. Upon entry of
*XX', the generated FD is lcaded into the F-LC-Takle. Any
entry that 1is spelled incorrectly will <cause an error
ccnditicn to exist. The program responds with the

following error message.

YOU SPELLED IT WRCNG**TRY AGAIN*#*PLEASE
PRESS NEW LINE

The second special case, when detected, causes a user
query sirilar to the first special case. The walk-through

will provide several examples of this case.



67

ARE ARY OF THE FOLLOHING DETERMINANTS UNIQUILY
IDENTIFIED BY THE DEITERMINANTS PFARKED WITH THE *.
ENTER "YES'"**QT EEhw ISE PRESS NEW LINE.

INTERIOR
EXTERIOR
STYLE
ENG-NO
MCDEL

#* 4 % @

The response selected 1is 'NEW LINE'. This resronse
generates nc futher queries of the user. The progranm saves
the set of concatenated [eterminants in the Save Stack and
loads the F-D-Table. An internal view of the Save Stack and
an updated view of the F-IL-Talle is pictured in figure 4-9,
The program wupdates its search code to '31' and
recycles to the beginning of the current report in the DNT.

The Storage Stack is cleared and the user is queried again.

GRCCP TI0O EE CISPLAYED AFE FROM
REFCRT AUTOMOBILE

BODY-NO INSTRUCTIONS
YEAR
WEIGHT NCT
COST
SHCHN

ENTER THE CETERMINANT NAME. BODY-NO

ENIER THE DETERMINANT NAME. XX



Figure 4-9

current View of the Save Stack and F-D-Takle

S5-Name [Ele

v

List

Interior| 21
Extericr| 21
Style 21
Eng-no 21

Model 11

Save Stack

Body-no

01
Interior
Exterior
Style
Eng-no
Model

05
Make

01
Hodel

01

F-LC-Takle
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The user selected 'BCDY-NC' to be the Determinant for
this groupAuhile keepihq in mind that all higher level
Determinants for the current report are being concatenated
to form the CLCeterminant Set. The internal data structures
as created and updated are pictured in figure 4-10.

The second special case 1s once again detected. The

program irrediately gqueries the user as before.

ARE ANY OF THE FOLLCWING DETERMINANTS UNICUELY
IDEKTIFIED BY THE LCETERMINANTS MARKED WITH THE =*,
ENTER 'YES'"**OTHERWISE NEW LINE.
* ECLY-NO

INTERIQR

EXTERIOR

STYLE

ENG-NO

MCDEL

The selected response is 'YES'. This causes the query to be

ccntinued.

ARE ALL UNMARKEL L[ETERMINANTS ICENTIFIEC BY
THE FAEKED DETE EMINANTS? ENTER 'YES'*#
OTHERWISE PRESS NEW LINE.
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Currect view of the Ccncatenation and Storage Stack

D-kame |Lev

Body-nc | 31

Interior] 21

Extericr 21

Style 21

Eng-nc 21

Model 1
Concatenation

Stack

Figqure 4-10

Attr

Bod y-no
Cost
Weight
Year

Body-no

Storage Stack
tefore duplicates

are deleted

Attr

Cost
Weight
Year

EEbbE

Storage Stack
after duplicates

are deleted
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The selected response is 'YES'. This response
causes ail unmarked ﬂeterminants to be transferred from
the Concatenation Stack to the Storage Stack. The
Concatepation Stack ccntents are compacted to the low
end and its contents saved in the Save Stack. The
generated FD is lcaded intc the F-D-Table. The logical
views of the interral tables (less DNT) are pictured in
figure 4-11.

The prograr recycles to the beginning of the
determinant identification section; is unakle tc match a
search code; <c¢lears the Save, Concatenate, and Storage
Stacks; and enters the next sequential report within the
DNT. The new search ccde selected is '11', and the user

is gueried as follous.

GRCUPS TO BE DISPLAYED ARE FROM
REFCRT ENGINE

ENG-NC *
NO-CYL
DISELAC
ENG-WT
ENG-CCST

HP

ENTER THE CETERMINANT NAME. ENG-NO

ENTER THE DETERFIKANT NAME. XX



Current Logical View of Internal Tables

D-Kage |[Lev
Body-nc} 31
Concatenation
Stack
S-Nare |[Slav
Interior| 21
Extericr 21
Style 21
Eng-no 21
Body-no | 31

Save Stack

Figure 4-11

Attr
Interior
Exterior
Style
Eng-no
Mcdel
Cost
Weight
Year

Storage Stack

List

Interior
Exterior
Style
Eng-nc
Model
Cost
Weight
Year

08
Body-no

01
BEody-no

01

Intericr
Exterior
Style
Eng-no
Model

05
Make

01
Model

01

F-D-Table
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No special cases are detected. The program dgenerated and
updated tables are pictured in figure 4-12, The program is
unable to match additicnal search codes within the 1last
report of the DNT. This condition terminates the
determinant identificaticn phase.

The program's last section 1is the print F-D-Table.
Within this section each FD within the F-C-Takle is
extracted one at a time, reformated as pictured in figure
4-13 and written to the 1line printer. This output provides
the user with a readatle hardcopy of the generated FD. The
hardcopy ray be used by the user to implement changes to the
Input File an regenerate the FL's, The hardcopy out of the
user generated FD's fcr the example are pictured in figure

4-14,



Final view of Prcgiax Gencrated and Updated Tatles

Figure 4-12

C-Name| Lev
Eng-no 11

Concatenaticn
Stack

S-Name|Slev
Empty | 00

Save Stack

Attr
Eng-no
HP
Eng-cost
Eng-wt
Displac
No-Cyl
Eng-no

Storage Stack befcre
duplicates are deleted

Attr
HE
Eng-cost
Eng-wt
Displac
No-Cyl
bbbbbkbb

Storage Stack after
duplicates are deleted

List

AXXXXXXXXX
HP
Eng-cost
Eng-wt
Displac
No-Cyl

05
Eng-no

01
Interior
Extericr
Style
Eng-no
Model
Cost
Weight
Year

08
Body-nc

01
Body-noc

01
Interior
Exterior
Style
Eng-no
Model

05
Make

01
Mcdel

01

F-D-Takle
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Functional Defpendency Output Format

Figure 4-13

DETERMINANT SET N NCN-CETERMINANT SEI

Walk-Through Generated Functional Dependencies

Figure 4-14

Model ---> HNake

Model Eng-no Style Exterior Interior =---> Body-nc
Body-nc ---> Year Wweight Cost Model Eng-no Style
Exterior Interior

Eng-nc ---> No-Cyl Displac Eng-wt Eng-cost HF
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The FDGEN Frogram was desiqned in a top-dcwn
configuration, The top-down design enhanced wmodular
implementation which simplified the syntactical
debugging process and enhanced modular testing.
Testing was ccnducted in three phases; syntactical
debug testing, program testing, and system testing.

The syntactical debug rphase was conducted
immediately following insertion c¢f each mcdule into the
system. The only tccl used during this phase was the
COECL compiler which provided a 1limited set of
diagncstic outputs. During the program testing phase
two input files were used, They are Tfictured in
fiqure 4-15 and fiqure 4-16.

Test file 1 and 2 were used to _debug the logical
construction of the progtam prior to insertion of the
special case modules, The COBOL conpiler was once
again the major debugging tool wused during this phase.
The complier diagnostics were augmented by an abundance
of cutfput staterents. The statements were positioned
so as to provide the tester with a ccmplete internal
view cf all data at and around the point of concern.
This procedure was continued until all paths had been
tested for which the test data had been designed and
all errors had Lkeen corrected.

The system test rhase incorporated test files 1

and 2 in addition to



Ipput Test File 1

Figure 4-15

LN 5L TEXT

0000 OInventory

0C1CY1Product+ Prcduct~Description
0020C1Cuantity Manufacturer Shipping-Weight
0C3C END

0040 OCustomer -

0C50Y1Custoner+ Customer-Name Address Fhone
0060 END

007C CInvoice

0080Y1Invoice+ Customer+ Data-of-Invoice
008CC1Gross-Ancunt

0100Y2Product+ Froduct-Cescription
011CC2Cost

0120 END

0130 CAccounts-Receivable
0140Y1Custoner +

015CY¥21nvoice+ Arcunt-Receivable
0160N1Custoner -Total

0170 END

0180 OBacklog

019CY¥1Preoduct+

0200Y2Custoner +

021CY¥3Invoice+ Amount-Backordered
0220N2Bl-for-Customer
023CN1Total-for-Frecduct

0240 END

0250 END

+: Number

17
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Input Test File 2

Fiqure 4-16

LN SL TEXT
G000 OAreport

LN SL TEXT
027012 X1 B

0010Y1a €280 END
C020Y2B1 B2 0290 OHrepcrt
0030s2c C2 €C300Y1B
CO40ON1ID1 0310Y2C X2
0050Y2E1 E2 €320 END
CO60N1F 0330 OIreport
0070Y2G1 0340Y 1K1

0080 END 0350C1K2

0090 OBregort 0360CIK3
€100Y18 1 0370C1KY

0110 END C380C1K5

0120 OCreport 0390C1K6
0130Y1I J C400Y2L1

0140 END 0410C2K4

0150 Olregecrt 0420C2K5
C160Y1H J 0430 END
0170 END C440 OError
0180 OErepcrt 0450¥12
0190Y1X1 0460 END
0200Y2%2 A D 0470 OStrange
0210 END Cug0yY 11

0220 OFreport 0490¥2N
0230Y1C A C500x10
6240Y2D X1 12 0510 END
0250 END €520 END

0260 0OGreport
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test file 3 which is pictured in figure u4-17. The systen
test phase was designed to test the flow and correct
manipulaticn of data through the four subsystens; User
Interface, Bditor, FDGEX, and FDA. The primary test
objectives of the FDGEN sulsystem were that the data placed
into the Input File was ccrrectly read; that xhe input data
was accurately presented to the interactive user; that the
data as defined by the user was correctly manipulated by the
subsystem; and that the F-D-Table producted (Output File)
was properly generated as output, bcth as user output as
well as input for the FLA.

The FDGEN test schema is presented at figure 4-18. It
insures that each path through which data may traverse is
tested fcr each condition which 1is allowed to occur along
that path, The test path diagram is pictured at figure
4-19. Each test case consist of a group of test segments.
.Each segment consist of one or more rcutines which are to be
tested using one or more conditions. Segments without
stated conditions are tested tky virtue of the fact that the
data must fass through their routines. The test segments

are as follows:

SEGHMENT ROUTINE .CCNDITICNS
A Farse-Record 1. Reports with groups with
Ur-Level status of C, N, Y, and S.
Build-C-N-Tatle 2. LNI's with more than ten
Pill-it " characters.
B Virtual-elim 1. Select, verify, and review
VDI's.

2. Select, verify, restcre, and
review VDI's,
3. Select, review, and select
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Input Test File 3

Figure 4-17

IN 5L TEXT

0000 Q0Test1

0010Y1SSANK~ID STR-ADDHESS CITY-ADDRESS ZIP-CDOE TELEPHONE
0020C1MAR-STATUS VEH-STATE LIC-NO MAKE YEAR LCECAL-NC
0030C1PEC-FE-CORG SOC-FR-0KG REL-EMPLMT EMP-ON-CAM EMP-OF-CAN
D04QCITUIT-ASST SVC-BRANCH TOT-SAL

0050Y¥2THIS IS A JUNK TEST GROUP

0060 END

0070 OTEST2

00BOY1SSAN-ID STU-NAME CITY-BIRTH ST-BRITH DATE-EBIRTH
O0090CIHS-NAME HS-CITY ES-STATF DR-GRAL NOK-NAME NOK-ADD
0100CINOK-CITY NOK-STIATE NCK-ZIPF NCK-TELE DT-ENEOLL
0110C1PECJI-GR-LCT ST-CCLLECE LEVEL-ID PRI-MAJOR SEC-MAJOR
012CC1ADV-NAME DEG-SCUGHT NO-SIST NC-BRCTH SCC-FR-0EKG
0130C1PREC-FE-0ORG TUIT-ASST MAR-STATUS

0140Y23STU-NAKE F-NAME M-NAEE

0150 ENC

0160 OTEST3

0170Y1SEECIAL TEST TC SHOW

O180Y2THAT

0190Y3THE WCRKS

0200N1THAT WHAT HAPPENS 1S

0210 ENC

0220 OTEST?

0230YTHMCDEL NAKE

0Z40Y2ENG-NO STYLE EXTERICR INTERICR BODY-NC
0250Y¥3BCCY-NO YEAR WEIGHT COST PRICE

0z60 END

0270 OTESTY

0Z8CYTENG-NO NO-CYL DISFL ENG-WT ENG-COST HF

0290 ENLC

0300 OTESTIHNE

0310Y1STYLE EXTERIOR INTEERIOR

0320Y2EXTERIOR NO~DOCRS PAINT-CCDE TRIM-PK
0330S2INTERICR CARGO-SF UFHOLSTERY SEATS ASSARY-PK

0340 END

0350 OTESTSS8

0360Y1PAINT-CODE COLOR-1 TICNE-NC

0370Y2TCNE-NO COLOR-2

0380 END

0390 EXNC



Case No

E R S N S

Test Schenma

Figure u4-18

TEST CASES

Segments
A12 E1 C D E12 F H
A1 B3 CD E1TFHTI
A1 E1 CTCT E1 GHI
A1 B1ICDEIFHUH
A1 E1 CC Ei FHH
A1 BT CDEITFHH

A1 E1 CTC E1T F HH

A1 B1CDEIFHHN

A1 E1 CC E1 FHU

IJ KU Q2
JKUOUD2Y
JL 0OUuly
NU U2V W
O U U279V W
PQU U2V
PR S5 U U2
PRTU U2

U2 v W

=

81



FDGEN Test Path Diagram

Figure 4-19
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Feport-Intersect
Intersect
Loop2

Determidentify
CleadFD
Make-null
Cat-Clear

Savclear
Fill-it
Check-Nane
Check-DName
Set-Key

Load-Cat-Stack
Push-Stack
Cat-union

load-Cat-Stack
Pcp—-Stack
Eush-Stack
Cat-union

Euild-F-D-Tatle
De-lete

Eemove
Check-List

Spec-Case
Disg-Det

Next-C
E-New—Relation
L-tc-R
Fack-it-Down

Mcve-Det?

Sel-items
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VDI's.

One or more reports with
intersectable DNI's.

1. Two or more reports with two
Or more grcufps.

2. Misspell Determinants.

3. Enter duplicate Deterrinants
for the same group.

4. Non-selection of Determirnant
for one group.

1.Y Two groups with at least cne
Determinants each. The level
of the second must Le greater
than the first.

2.N Two Determinants of the same
level but seperated by Leterm-
inants of different levels,

3.C Ccntinued group.

1.5 Two groups with levels not
equal to cne, both groups
seperate ftut of the sare
level.

2.N Two groups - cne with a level
greater than one, the second
Determinant selected with a
level less than the first.

Select a Ceterminant.

Leterminants identify themselves,
The set remains unchanged.

Elect to change the set
configuraticn.

Elect to move all Determinants

which have been concatenated to
the last grcup's Deterrinant,

Elect to move one or more of



U1

u2

Mcve-Det-Rt
Search-Stack
Cempact

Srec-Case2

Sav-HMore
Transfer-Det
Make-Roon
Savclear
New-Union—-Main
New—-union
Compact

Sav-Last

Cisp-Det

Sav-Last

Sav-Last
Next-Cues

Sel-itens
Kove-Let-Rt
Search-Stack
Compact

B-New-Relaticn
L-to-R
Pack-it-D
Move-Deter

Lcad1

Lcad?2

Next—-Proc
Lcad-Table
Last-Froc
Print-F-D-Table
Genout

the Determinants which were
concatenated to the last
group's Determinant. Vary the
numker moved.

Two or more Determinants of
different groups ccncatenated
tcgether.

The current Determinant level
must equal the successor level.
Use status S and levels 1

and 2 intermixed.

The current Determinant
level is not equal to the
successor level.

The current Determinant
level is not equal to the
successor level.

Elect not to change the set
configuraticn.

Elect to change the set
configuraticn.

Elect to move one or more

of the Determinants wkich
was concatenated to the
last group's Deterrinants.
Vary the size of the set
moved.

Elect to move all

Ceterminants not of the
current group.

Self identifing Deterrminant.

Non-determinants exist.

84
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Build-L-5S

W Build-R-5 Less than twelve Deterrinants

and non-determinants.

X BEnild-R-S More than twelve Deterrinants
More-Lines and non-determinants,

Y Print-it Mcre than 24 Determinants
Ruild-R-S and non-determinants.
Build-R-S

A Build-R-S Twelve or less Deterrinants

and non-determinants.

The user's output of input test file 1 is pictured in
fiqure 4-2C., The file specifically tested the following
segments and associated test conditicns: A1(C,N,Y), 22, B1,
BZ, B3, C, D, B1, F1, F3, G2, H, 1, L, M, E, K, S, U, U1,
v2, v, and W.

The user's output cf input test file 2, as manipulated
to test segments A1(C,N,S,Y), C, D, E2, F1, F2, F3, G1, G2,
H, 1, J, ¥, ¥, O, P, O, R, 8§, T, U, U1, U2, V, and W, is
pictured in figure 4-21.

Input test file 3 is seperated into test reports. Each
repért name specifies the specific test case to be tested.
The file must be input three times inorder to test all
conditions, The user's output is presented in figures 4-22,
4-23, and 4-24. The Cutput File generateﬁ froﬁ the F-D-
Table is pictured in figure 4-25, This file is =stcred on

disc an is later used as input for the FDA subsysten.



86

User's Cutput of Test File 1

Fiqure 4-20

PECDUCT+ -——=> PRCLUCT~CE CUANTITY MANUFACTUR SHIPPING-W
CUSTOMER + i CUSTICMER-ADDRESS PHONE

INVCICE+ ——D2 CUSTCMER+ [L[ATE-OF-IN GROSS-AMOU

PRODUCT + - PRODUECTI-DE COST INVCICE+

CUSTCMEE+ -——D> :01

CUSTOMER+ INVOICE+ R A¥KOUNT-EEC

PRCDUCT+ —p :02

PRODUCT+ CUSTIOMER+ -—=> :03

CUSTCMEE+ INVOICE+ ———c AMOUNT-BAC PRODUCT+

BL-FOR-CUS ———D : 04



X1

X2

User's Output of Test File 2

Figure 4-21

-——=> L1 F
B1 ---> B2
-—=> C2 - A
---> E2 A
G1 -—=>  :01
—> I
-——=> J
-—> J
-=-=> 1302
--=> A D X1
-—=> 2
-—=> X1 X2
-—=> X1 B
~==> :03
-—=> X2
K2 K1 ——>
K4 L1 -—>
-==> :04
-—=> 0

KU

K3

87
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K2
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Test Run 1 -- Input Test File 3
Figure 4-22
SSAN-ID -—=> STR-ADDRES CITY¥-ADDERE ZIP-CCLE TELEPHOKE
MAR-STATUS VEH-STATE LIC-NO MAKE YEAR DECAL-NO PRO-

FR-ORG SOC-FR~ORG REL-ENMPIMI EME-ON-CAM EMP-CF-CAM TUIT-ASST
SVC-BRAKCH TOT-5AL

IS THIS —===> SSAN-ID TEET ‘

SSAN-ID -==> GS5TU-NAKE CITY-BIRTE ST-BIRTH DATE-BIRTH
HS-NAME HS-CITY HS-STATE DR-GRAD NOK-NAME NCK-ADL WOK-
CITY NCE-STATE NOK-Z1IF NOK-TELE DT-ENROLL PROJ-GHR-DT ST-
COLLEGE LEVEL-1D PRI-MAJCR SEC-MAJCR ADV-NAME CLCEG-SOUGHT
HC-SIST NC-BROTH SOC-FR-ORG PRO-FR-ORG TUIT-ASST HMAR-

STATOS

STU-NAME =---> F-NAFKE M-NAME SSAN-ID

SPECIAL TEST -=-=> 10 SHOW THAT WHAT HAEPENS IS
SEECIAL TEST THAT -==> 301

T HAT THE =-==> SPECIAL TEST WCRKS

MCDEL ---> MAKE

MODEL BODY-NO —-——D ENG-NC STYLE EXTERICR INTERIOR
MCDEL ECLY-NC i YEAR WEIGHT COST PRICE
ENG-KO ———D NO-CYL DISEL ENG-HT ENG-CCST HE
EXTEKIOF STYLE —=-> INTERIOR

EXTERIOR SIYLE ===> NC-DOCRS PAIRT-CCDE <TEIM-EX
STYLE EXTERIOR INTERIOR —-——> CARGO-SP UPHOLSTERY
SEATS ASSARY-PK

PAINT-CCLE -——> CCLCR-1 TONE-NO

TONE-NO -} COLOR-2 PAINI-CODE
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Test gun 2 -- Input Test File 3

Fijure 4-23

SSAN-1D -—=> STA-ALCRES CITY-ADDRE ZIP-COTDE TELEPHCHN:
BA-5TATUS VEH-STATA LTC-NO MAKE YEAR DECAL-NO PRO-
FR-ORG SCC-FR-ORG REL-LKPLET EMP-ON-CAM ENP-CF-CAN TUIT-ASST
SVC-SRANCH TOT-SAL

SSAN-1ID --=-> STU-KAkKE CLTIY-BIRTH ST-BIRTH DATE-BIREH
HS-NAME HS-CITY HS-STALE L[a-GxAD RCK=NAWME NCK-ALD NOK-
CITY NOK-STATE NOK-ZIF HCK-IlELE DI-EWROLL FRCJ-wuR-DT 5T-
CCLLEGE LEVEL-TID PRI-MAJCKk SCF-MAJOz ADV-NAME DEG-SOUGHI
NGC-SIST XC-EROTH SOC-FE-0ORG PRO-FR-OBRG TULT-ASST KMAR-STATUS

STU-HNANE -——>» FPF-NaEk F-NANE SSAN-ID

SFECIAL 5T -—=> 10 SHOW THAT WHAT HABEENS IS
SEECIAL TEST TEAI -=-=> :

THAT THE -==> SPECIAL TEST WORKS

MCLEL -==> HAKE

BHCDEL  INTERIOR EXTERIOR STYLE ENG-NO -==> BODY-INC
MCLLL INTERIOR EXTehICE STYLE BODY-NO i ¥ YEAR
WEIGHT CCSI PRICE ENG-NC

ENG-HO -=-=-> HNO-CYL DISFEL ENG—-WT ENG-CO5T HP

STild -=-=> BXTER1CGR INTIERICR

S1YLE EXTERIOR --=-> NO-DCCRS PAINT-CODE TRIM-FER

S1YLE INTERIOR SR CARGO-SF UPHOLSTERY SEATS
ASSARY-FK :
PALNL-CCCE ---> (CCLCik-1 TCNE-NO

TCNE-NO -=-=> COLCBR-Z PAINT-CODE
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Test Run 3 -- Input Test File 3
Figure 4-24
SSAN-ID —===>» STR-ALLCRES CITY-ADDRE ZIP-CODE TELEPHONE

MAR-STATUS VEH-STATE LIC-NC MAKE YEAR DECAL-NO PRO-
FE-CHG SCC-FR-ORG REL-EMPLMT EMP-ON-CAM EMP-OF-CAM TUIT-ASSI
SVC-BRANCH TOT-SAL

THIS -=-=> 15 A JUNK TEST GROUP SSAR-ID
STU-NAME SSAN-ID ===> CITY-BIRTH ST-BIRTH TCATE-BIRTH
HS-NAME HS-CITY AS-STATE DR-GRAD NOK-NAME NOK-ADD

NOK-CITY NOK-STATE NOCK-ZIP NOCK-TELE DT-ENRCLL PROJ-GR-
DT ST-CCLLEGE LEVEL-ILC PEKI-MAJOR SEC-MAJOR ADV-NAME DEG-
SOUGHT NO-SIST NO-BROTH SCC-FR-ORG ERC-FR-CRG TUIT-ASST

SEECIAL TEST --=-> TO SHOW THAT WHAT HAPPENS
15

SEECIAL TEST T HAT -——> :C1

THAT THE ~--=-> KORKS TEST SPECIAL

MCDEL -==> MAKE

MODEL STYLE ENG—-NOC ~==> EXTEEIOR INTERICR EOLCY-NO
BCDY-NO -=-=> YEAR WEIGHT COSsT EEICE MODEL STYLE
ENG-NO

ENG-NO -=-=-> NO-CYL LISPL ENG-WT ENG-COST HP
INTERIOT EXTERIOR -==> S5TYLE

EXTERIOE -=-=> NO-LCCRS PAINT-CODE TRIM-PK INTERIOR
EXTERIOR INTERIOR -—2 CARGC-SF UEHCLISTERY SEATS
ASSARY-EK

PAINT-CODE --=> COLOR-1 TCHNE-NC

TCNE-NO -==> COLCH-Z EAINT-COLE



Output File Generated Fror F-D-Tatble

Fiqure 4-25

001

SSAN-1ID
018
STR-ADDRES
CITY-ACDRE
| Z2IP-CODE
TELEEHCNE
MAR-STATUS
VEH-STATE
LIC-NO
MAKE
YEAR
DECAL-NO
ERO-FR-ORG
SOC-FR-ORG
REL-EMPLMT
EEP-CN-CAM
EMP-QF-CAM
TULIT-ASST
SVC~-ERANCH
T0T-SAL
002

1S
THIS

002
SSAN-ID
TEST

001
SSAN-1ID

028
STU-NAME
CITY-BIRTH
ST-BIRTH
CATE-BIRTH
HS-NAME
ES-CITY
HS-STATE
LB-GRAD
NCK-NAME
NOK-ALL
NOK-CITY
NOK-STATE
NCK-ZIP
NOK~-TELE
DI-ENRCLL
EROJ-GR-DT
ST-CCLLEGE
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Figure 4-25 Continued

LEVEFL-ID
PRI-MAJOR
SEC-FAJOR
ALV-NAME
DEG-DCUGHT
NO-SIST
RO-BRCTH
SOC-FR-0ORG
ERO-FR-0RG
PTUIT-ASST
MAR-STATUS

001
STU-NAME

003
F-NAME
E-NAKE
SSAN-1ID

002
SPECIAL
TEST

006
T0
SHOW
THAT
WHAT
BAPEENS
IS
, 003
SPECIAL
TEST
THAT

001
:01

002
THAT
THE

003
SPECIAL
TEST
WORES

001
MODEL

001
MARE

002
MODEL
BCDY¥-NO

ooy
ENG-NO
STYLE
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Fiqure 4-25 Continued

EXTERICOR
INTERIOR
002
MCDEL
BEODY-NO
004
YEAR
WEIGHT
COST
ERICE
001
ENG-NO
005
NC-CYL
CISFL
ENG-WT
ENG-CCST
BP
002
EXTERIOR
STIYLE
001
INTERIOR
002
EXTERIOR
STYLE
003
NC-DCCRS
PAINT-CODE
TRIM-FK
003
STYLE
EXTERIOR
INTERIOR
oou
CARGC-5P
UPHCLSTERY
SEATS
ASSARY-PK
001
PETNT-CODE
002
COLOR-1
TONE-NO
' 001
TONE-NO
002
COLCR -2
EAINT-CODE
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5.0 CONCIUSICH

To the ﬁnsophistocatéd user a Relational Cata Model is
difficult to conceptualize. It presents him with a unique
task of data relaticn development which normally woculd be
beyond his capability. The FDGEN as implemented provides
the wuser with a sophistocated tool +to aid him in the
developrent of a Relational Lata Base. The user is able tc
enter his data in 1logical segments and transform it into
sets of related data which can be manipulated into
Functional Dependencies. The manipulation of the data is
guided by the FDGEN Frogram kut directed by the user, This
process allcws for maximum interaction with the user, the
one who knows most atout the data and its interrelaticnship.
The final product is a set c¢f FD's which is provided to the
user and is made availatle for synthesis into 3NF Relaticns
by the FDA Program c¢f the Third Normal Form Synthesis

Systenm, {16)

5.7 ENHANCEMENT CONSIDERATIONS

The FDGEN was designed tc provide its user with a copy
of its final product - a list of the Functional Pependencies
generated. A user after reviewing the list of FD's and
discovering that inccrrect FD's were generated might not be
able to recall the interactive gquery resgonses which
produced the incorrect FD's. This would mean that the user
would have to regenerate the FD's and hope that he did not

make the same error again.
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The possiblity of trial and errcr manipulaticns by a
user can ke eliminated by making a few modifications to the
FDGEN design, The essence of the modification wculd be tc
provide the user with a ccpy of each query and his response
to that query. This modification wculd allow the user tc
map a Dnew course of acticn prior to regeneration of the
FD's.

The mcdifications can be accomplished by assigning each
guery as a constant to an elementry data item; reglacing
each guery in the Prccedure Division with its equivalent
elementry data item; ahd following each query, 1insert the
assignment of the query tc the output file for output to the
line printer. All query responses are output to the line
printer alsc. The mcdificaticn can be implemented without
increasing the current program size,

A seccnd enhancement which is applicable for inclusion
in the FLGEN Subsystem 1is a data relaticn prerrccessor
module, The preprocesscor mcdule would extend the capability
of the unsophistocated user with respect to the generation
of FD's. It would allcw him to enter all related data as
logical sets, This means that data could ke entered while
in First Normal Form (INF). In order. for the data to be in
1KF all rCata-Name-Items in the relaticn must be atoric. The
current system restricts each relation to those Data-Name-
Items which will be used for the cchnstruction of c¢ne FD.
Included in the FD pay be concatenated Determinants from

other relations within the hierarchical report. The
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relation as used is synonymous to a group.

The addition of a‘preprocessor rodule to the FDGEN
Program would require major design modificaticns to the
input mcdules of the rrcgrar. The preprocessor would be
interactive and would replace the current Parse-Record

module and its submodules.
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APPENDIX-A FDGEN ABSTRACT CCLE

The FDGEN is of modular construction. All rajor modules

are suppcrted by subwocdules. All variables are global to all

mecdules,

Standard Declaraticns are assumed.

Module:
FDGEN:
Begin.
Do until all records have been read.
Read a record. Discard line number. If
reccrd -~= END then parse remainder of
record.
END.
Insert end marker at end of Data-Name-Table. Mark
all virtual-Data-Items., Mark all Data-Name-Items
which appear in more than one report. TIdentify
Determinants. Frint ocutput table.
END.
ENLC FLGEN.

Sul-Module:

-Farse remainder of records:

Parse-Reccrd:

Begin.
Separate record into status, level-nuater,
remainder of the record.
If regcrt has no entries than error. If

of record then return. If level-number

and

end

is
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equal tc c¢r less than the 1last level-numter

and is not a continuation then increase the

concatenaticn code by 1 for all remainﬂﬁng

levels.

Do until erd of recorde.

END.

ENL.

END Parse-Record.

Check length of first Data-Name-Item in
record. If length > 10 +then error,
truncate remaining characters. Remcve
first Data-Name-Iten from record.
Continue construction of the Pata-Name-

Tarlrle.

~Increase concatenation code:

Up-level:
Begin.
Wwith level-number as index. From current
index--increment each concatenation ccde by 1 - Tc
end of table.
ENLC.

END up-1level.

-Continue construction of the LCata-Nare-Table:

Build-D-N-Table:

Begin.
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Increment takle inﬂex by 1. Assign Data-Name-Itenm
tc name field (f1l4d). Assign level-number to
level-no £1d. Assign 0 to LCeterm-flag fld,
Begin.
Reinitialize concatenation-list, Assign
NUL tc concatenation-link fld. If not
first report +then assign 3index cf new
rercrt to last report's concatenation-
link fld FLSE assign concatenaticn-ccde
tc concatenation-link fla@.
END.
END.

END Build-C-K-Table.

—-Reipitialize concatenaticn-list:
Fill=it:
Begin.
Index <-- 1.
Assign 11 to first indexed location.
Do 8 tiges.
Increment index by 1. Increment assign
value by 10. Assign new value to
concatenation-code (index).
E¥D.
END,

ENT Fill-it.



-Fark all Virtual-rcata-Items:
Virtual-Elim:
Begin.
Index <-- 1. C[Cisplay instructions and a tutorial
cf a Virtual-Data-Item.
Lo until end of Cata-Name-Table.
Display 1epcrt name.
Do until report name changes.
If 1level-no = (0 then error. Cisplay
value of name fld. If DetermFlag fld =
3 then name previously identified. Ask
if pnare is a Virtual-Data-Item. If yes
then assign 3 to Determ-Flag £fld.
Increrpent index by 1.
END.
END.
ENLC.

ENC Virtual-Elim.

-Fark all LCata-Name-Items which appear in mcre than one
report:
Report-Intersect:
Begin:
Select first report.
Dec until selected rerort's conc-link fld = NUL.
If level-no f£1d = 0 then conc-link is index

to next regpcrt. Compare each name fld of the
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current report with each name £f14 of all
subseguent reports within the Data-Name-
Table. Select the next report in Sequence as
the current report.
END.
ENLC.

END Report-Intersect.

-Compare each name field of the current report...:
Intersect:
Begin.
Select namge fl1d tc be compared. If name f£f1ld
previously matched then return. Select Lkeginning
index from which to begin comparing. Compare name
flds until end of tatle.
END.

EED Intersect.

-Compare nare fields urtil end of table:
Loop2:
Begin.
Select name f143 to Le compéred.
Dc until end of table.
If name flds match and selected name is not a
report name cr a Virtual-Data-Item then
assign 2 to the Determ-Flag fld. Select next

name fld tc be compared.



ERD.
END.

EKD Loop2.

~Identify Determinants:
Determ~Identify:
Begin.
Cisplay instructions and a tutcrial of a
Determinant. Clear the Functional Tependency
Table, S-Stack Taltle, and the L-Stack Table,
Initialize indices.
Do until end of Cata-Name-Tatle,
Reinitialize ccncatenation-list.
Do until end of current report.
Increrent index by 1. If level-no fl4 =
0 then conc-link f14 1is index to next
regort. Display report name.
Lo until all unique conc-link f£14d values
have Leen found.
fisplay all name £fl1d values of
current report with the same conc-
link fi1d value. Assign each
selected name fld value to the S-
Stack Tatle. TIf name f1d4 value is
an intersected item then display
asterisk Ly nanme.

END.
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Disgplay instructions as to Determinant
selection.
Lo until no more selections.
Accert selected determinant, If
spelled incorrectly then errcr ELSE
If duplicate entry then error ELSE
assiqn reply to S-Stack Table., Set
Determ-Flag f14d to 1.
ENL.
If no Determinant selected for displayed
group then error--discard group ELSE
assign reply to L-Stack Tatle ané count
all new eptries. Build next part of the
Functicnal Dependency Table (FDT).
END.
END.
Erepare to write the FDT to disk.
END.

EKD Determ-Identify.

-Duplicate entry:
Check-DName:
Begin.
If reply is = to any previcus reply fcr the
displayed grcup then error.
ENL.

END Check-DNare.



-Spelled incorrectly:
Check-Narzce,
Begin.
If reply dces nct match
Stack then error.
ERD.

END Check-Name,

—-Prepare to write the FDT to disk:
Load-table:
Begin.

Assign one record at a

Werking Stcrage tc a file

disk until all files have

ENL.

ENC Load-tatle.

-Assign reply to L-Stack Tatle and

entries:
Load-Cat-Stack:

Begin.

Ligit gets first digit of

Case.

any ATTR £fl1d@ value in S-

tire from the FDTABLE in
name, Write the file to

been written.

ccunt the number of new

cocnc~-link f13d value,

Ligit > last key: Push all Deterrinants

cn L-Stack.

Ligit = 1: Push all Determinants on L-

Stack.



END

Ligit = last key and last key -~= 1:
Ecp Determinants off L-Stack until
Lev fld value < digit. Fush all
DPeterminants on L-Stack.

Digit < last key:
Fop TCeterminants off L-Stack until
Llev fld value < digit. Push all

Leterminants on L-Stack.

Case.

Last key <-- digit.

ENLC.

ENLC Load-Cat-Stack.

NCTE: Last key is initially 1.

-Push all Determinants cn lL-Stack:

Push-Stack:

Begin.,

Lo count times.

Increrent index of L-Stack by 1. D-Name £f1d

<-- Attr fld value. UDecrement index of S-

Stack ty 1.

END.
ENL.

ENLC Push-5Stack.

-Fop all rCeterminants off L-Stack wuntil Lev fld value <

digits
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Pop-Stack:
Begin.
Co until Lev £f1d value < digit or wvalue = 1.
Decrement IL-Stack index by 1.
ERD.
END.

END EFop-Stack.

-Set Determ-Flag field tec 1:

Set-Key:
Begin.
Set index to teginning of current repcrt.
Dc until all name flds of current report have been
compared.
Increrent index of Data-Name-Table Ly 1. If
not a Virtual-Cata-Item and nare f£18 value
matches Attr field value of S-Stack then
assign 1 to LCeterm-Flag fld.
END.
END.

ENLC Set-Key.

-Build next part of the Functional Cependency Tatle:
Build-F-D-Takble:
Begin.
Status <-- 0, Save 1-Stack and S-Stack indices.

Lelete Determinants from S-Stack. Save the number
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of Data-Name-Items in Hold-no. If the last level
number was gveater than 1 then special-case2 Save
the last level number referenced. Increment F-C-
Table index Lty 1. Assign number of Detercinants
in L-Stack tc list fld.
(The numker must be right justified)

Lcad that nurber éf Determinants into F-D-Table.
If a Determinant identifies itself then build a
unique symbecl ccnsisting of a colon (:) followed
by a unique 2-digit number ({i.e., :01).

Increment index ty 1. Assign number cf Data-Name-
Itemrs in S-Stack to F-D-Table. Load that numker
of Data-Name-Items into F-D-Table. If S-Stack is

expty then lcad the special symbol.

END build-F-D-Table.

-Special-casel:

Spec—-Case:

Begin.

ENC,

Display tutcrial. Initialize L-Stack. UDisplay L~
Stack. Display instructions. Ask questions. If

yes then ask next guestion.

END Spec-Case.

~-Display I-Stack:
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Disp-Det:
Begin.
Display each Deterrinant. Count the number of
Leterminants,
END.

EXD Disg-Let.

-Ask next gquestion:
Next-C:
Begin.
Ask question. If yes then move all Determinants
whose level number does not match the saved level
number to the right side., Compact L-Stack.
If no then select the Determinant to Lbe moved.
ENLC.

.END Next-Q.

-F¥ove all Ceterminants whose level numrber...:
B-New-Relation:
Begin.
Initialize L-Stack index to 1. Determine the
number of Ceterminants to be moved., Mcve that
many Determinants tc the right side.
END.

END B-New-felation.

-Move that rany Deterrcinants to the right side:



L-to-R:
Begin.
Increment S-Stack index by 1. ATTR f£14d <-- D-Name
f1d value. Increment L-Stack index by 1.
ENL.

ENLC L-to-R.

-Compact L-Stack:
Pack-it—dcwn:
Begin.
Mcve all remaining D-Name f1ld values to the low
end of L-Stack.
END.

END Fack-it-down.

-Move all remaining D-Name...:
Move-Det2:
Begin.
Compact to the low end of L-Stack all values in L-
Stack. Level fld <-- 11,
END.

EKD Move-Let2.

-Select the Determinant to ke moved.
Sel-iters:
Begin.

Display instructicns.
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Do until no more Ceterminants are selected. ATTR
£1d <-- D-Narme fld value selected.
END.

END.

END Sel-itenms.

-ATTR field <-- D-Name field value selected:
Move-det-rt:
Begin.
Set a flag, L-Stack index <-- 1, Search L-Stack
fer the selected Determinant. If flag still set
then spelling error. L-Stack dindex <-- 1.
Compact L-Stack again. Increment the size of S-
Stack by 1.
END.

END FKove-det-rt.

-Search L-Stack for the selected Determinant:
Search-stack:
Begin.
If D-Name fld value selected then ATIR £14 <~ D-
Name £14 value Change flag setting. Increment L-
Stack index ty 1. ELSE increment L-Stack index by
1.
END.

END Search-Stack.



A-15

-Compact L-Stack again:

Compact:
Begin.
Mcve all remaining D-Name and level fld values to
the low end of L-Stack.
END.

EKD Comract.

-Special-case2:

Spec-casel:

Begin.

END.

If the level saved is equal to the last level
referenced and that level is not 1 then STATUS <--
S. If STATUS is S then move all Determinants from
Save-Stack tc 1-Stack which have higher levels
than the highest 1level listed in Level fld. L-
stack index <-- 0. Union all D-Name £fld values.
If only one Ceterminant exists then Save L-Stack
in Save-Stack ELSE Ask question.

Display L-Stack. If yes then save L-Stack in

Save-Stack. Ask next question in sequence.

ELSE save L-Stack in'Save—stack.

END Spec-case2,

-Move all Determinants frcm Save-StacKkee.:

Sav-move:
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Begin.
Save stack index <-- 1. Transfer all Ceterwminants
which meet the requirements. Save-Stack index <--
1. Clear cSave-tStack.

ENLC.

END Sav-move.

-Transfer all Determinants which meet the requirerents:
Transfer-det:
Begin.
Set L-Stack index to top of stack. Save-Stack
index <-- 1. 1If S-Name has a higher 1level than
the tested D-Nawme then Move all L-Stack values
one position higher. L-Stack index <-- 1. D-Name
fl1d <-- S-Name f1d value. ELSE check the next 5-
Name fld values level.
END.

END Transfer-det.

-Move all L-Stack values cne postion higher:
Make-roonm:
Begin.
~Move each element of L-Stack one positicn higher
sc that the lcw position will be vacant.
ENLC.

END Make-rocnm,



-Clear Save-Stack:
Saveclear:
Begin.
Fill Save-Stack with spaces,
END.

END Savclear.

-Union all D-Name field values:
New-union-main:

Begin.

Increment L-Stack index ky 1. Match <-- D-Nanpe

£14 value. Flag <-- 1. Perform union operation.

If flag is 3 then compact L-Stack again

decrement Ll-Stack index by 1.
ENC.

END New-unicn-main.

-Ereform union operation:
New-unicn:
Begin.
Increment 1-Stack index by 1. If match
Name f£1d value than flag gets 3.
ENDC.

EXD New-union.

-Save L-5tack in Save-Stack:

Sav-last:

ELSE

equals D-
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Begin,
Save-Stack <——- L-Stack.
ENL.

END Ssav-last.

-Ask next question in segquence:
Next-Ques:
Beygin.
Display instructions. If yes then move all
Determinants whose level nuster does nct match the
saved level number to the right side.
Fack L-Stack again. if no then select the
Determinant to be mcved.
END.

END Next-Ques.,

-Fack L-Stack again:
Pack-It-D:
Begin,
Mcve all repaining D-Name and Llevel f£14 values to
the low end of L-Stack.
END.

ERD Fack-It-D.

-Move all remaining D-V¥ame and level field value...:
Move-Determ:

Begin.
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Compact to the low end of L-Stack all values in L-
Stack.
ENLC.

ENC Move-Deternm.

~ILoad that number of L[eterminants intc F-D-Table:

Load1:
Begin.
L-Stack index <-- 1.
Do until L-Stack is enmpty.
Increment F-L-Takle index by 1. List £14 <--
D-Name f1ld value. Increment L-Stack index by
1.
END.
END.
END load1.

-Delete Ceterminants from S—-Stack:

De-lete:
Begin.
Delete each Determinant assigned to L-Stack from
S-Stack twice,
END.

END De-lete, (Delete includes Remove and Check-List)

-Load that number of Data-Name-Items into F-D-Table:

Load 2:
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Begin.
S-Stack index <-— 1.
Cc until S-Stack is empty.
Increment F-D-Table index by 1. List fld <--
ATTR £1d value. Increment S-Stack index by
i . ,
END,
ENLC.

END load2.

-Print cutput file:
Print-F-C-Table:
Begir.
F-D-Table index <-- 1. Do until end cf F-D-Table.
Build 1left side of output. Add arrow to
output, Puild right side of cutput. Print
output.
END.
END.

END Frint-F-D-Table.

-Build left side of cutput:
Build-L-S:
Begin.,
Increment FE-[-Taltle index Lty 1.
D¢ list £14 value times.

Generate a string of Determinants separated
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by blanks. Increment F-D-Table index by 1.
END.
END.

END Build-L-S.

-PBuild right side of cutput:
Build-R-S:
Begin.
Increment F-L-Takle index Ly 1.
Do list f1d valve times.
Continue generating the string consisting of
Deterrirants and the arrow by adding Data-
Name-Items to the string. Increment F-D-
Table irdex by 1.
END.
END.

END Build-E-S.
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Infcrrmation 1is a rrime  commodity in today's diverse
world. Its évailability is enhanced through the use of Data
Base Management Systems (LEMS) which control the automatic
~storage and retrieval cf data. These systems allow users to
view data independently of its physical storage
confiquraticn.

A type DBMS based on the Relatiional Data Model allows
a user tc view data in 1lcgical groups. It makes possikle
the elimination of the representaticn-dependency frcm the
user's interface, thus simplifing the nuser's interface
requirements, A prototype system to automatically generate
Third Nermpal Form Relaticns (3NF) has keen developred. The
system developed produces 3NF Relations in three phases: (1)
produces a hierarchical representation of the input data;
(2) generates a set cf Functional Dependencies; and (3)
synthesizes the Functional Cependencies into 3NF Relations.

The report 'The Interactive Generation of Functional
Dependencies', descrilkes in detail the algorithm fcr the
interactive generaticn c¢f Functional Dependencies. The
design, implementation, and testing of the algorithm are
presented in detail, ircluding a comprehensive walk-through
of the tested program. The atstract code and NCR level II
COBOL ccde are provided in appendices. Enhancements to the
system which would expand and simplify the user's

interacticns with the system are discussed.



