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I. INTRCDUCTION

Data base management has received a great deal of
emphasis in the 1last few years as business and government
alike became aware of the rcle a data base plays in computer
applications. Several data base management systems (IS,
System 2000, 1IDMS, TOTAL, ADABAS, etc. (1)) have been
implemented to fulfill the needs ¢f various organizations.

In spite of their power, existing data base management
systems have some drawbacks.. One problem is that data base
management manipulations require large amounts of computer
resources, which can disrupt the performance of the system
as a whole. The problem of data base security has received
some attention in most implementations, but the application

program, cdata base management system, and the cdata base

v

itself still reside on the same machine. With & little
ingenuity, it may bke possible to bypass a data base
management system”s security provisions or access the data
base without the use of the data base management system at
all. An organization would also 1like to protect the
pnysical media upon which the data base 1s Xept. Some
organizations keep multiple copies of a data base on
machines which may be separated by great distances, but the
major problem with this method is keepinc all copies of the
data base correctly updated. These are only a few of the
problems facing current data base management systems.

The purpose of this repcort is toc provide a déscription
cf a prototype distributed data base management system which

will alleviate some of the problems described above.



5

Chapter two gives basic definitions used in this report and
compares other work in distributed data bDbase management
systems to the methods used. in this report. Chapter three
discusses the hardware used in the system and the major
software mocdules. The fourth chapter describes the software
in some detail, while the fifth chapter discusses results
obtained in this implementation. Chapter six lists several
proposals intended to improve thé system, and chapter seven

conclucdes the report.



II. BACKGROUND

Distributed data bases and associated problems haQe
been widely discussed (2-16) but relatively little has been
implemented. For this report, the following definitions
will be used:

1. Fron;-end = acts-as user interface, receives input,

transmits cutput.

2. Host - executes application program.

3. Back-end - ‘controls data access by execution of

data base operations.

4. Bi=-functicnal - combines host and back-end

functions.

These are the same definitions used in the technical report
authored by !laryanski, et al. (17).

Canaday., et al. (18) implemented an experimental
distributeé data base management system called XDiS which is
siﬁilar to the implementation discussed in this report.
Canaday s implementation consisted of a single back-end
(Digital Scientific META-4) and a UNIVAC 1108 as the host
computer, whereas this implementatioﬁ will use the Interdata
8/32 as a bi-functional machine and the Interdata 7/32 as a
back-end. A second difference is that the XDiS software as
written to conform to the CODASYL DBTG standards, while this
implementation ufilizes TOTAL (which does not conform
completely to the CODASYL DBTG standards) as the data base
management system. A separate message system and a series
of interface routines between the application program and

+he data base management system complete the implementation
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tc make it a distributed 'data base management system.
Canaday achieves a multi-user system by using re-entrant
code, whereas this implementation achieves a multi-user
system by including the small interface routines in each
application program’s task. The last difference is that
Canaday s system allows concurrent changes to the data base
and provides rollback  and recovery featﬁres. Since this
implementation is based on the version of TOTAL available on
Interdata machines, concurrent update, rollback, and

recovery are not found in this implementation.



III. SYSTEM ORGANIZATIOXN

The hardware utilized in a distributed data base
management system could range from mainframes for hosts,
front-ends, and back-ends, a combination 6f mainframes and
minicomputers, or a system based on minicomputers only. The
use of minicomputers in a distributed data base system
provides an economical and reliable alternative to the use
of mainframes (4, 8, 17). This implementation is based upon
an Interdata 8/32 and an Interdata 7/32. the Interdata 8/32
acts as both host, front-end, and back-end, while the
Interdata 7/32 acts solely as a back-end. There is nothing
in the hardware or software which ‘would prevent the
Interdata 7/32 from acting as host c¢r front-end if so
desired. The hardware associated with each computer and the
lines connecting them are shown in FIGURE 1.

The softwa;e.can be divided into four categories: the
data base management syétem, the interface routines, the
message system, and the application program. The <concepts,
functions, and relaticonships of these software modules are
discussed in references (2, 17, 21). An attempt was made to
use existing software in the implementation. A commercial
data base system, TOTAL, by CIWNCOM, IWNC. (20), was chosen
for the data base management system. The message system is
a generalized system implemented in Concurrent PASCAL, which
was developed for the HIMICS network (19). The interface
routines are the host interface (HINUT) and the back-end
interface (BINT), both of which are written in COBGCL. These

interfaces allcw the application program, also written in
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COBOL, to access any data base in the network wvia the
message system without the user knowing upon which machine
the data base resides. A third interface routine named
HESSINFC, written in Interdata Common Assembler Language, is
necessary to allow HINT and BINT to communicate with the
message system.

The following steps are taken when a task on the
front-end (host) machine issues a data base command:

1. A data base command in the application program

produces a call to the host interface (HINT).

2. HINT formats the data base command intc a message

and through MESSINFC instructs the message system to

send the message to the appropriate back-end interface

(BINT);

3. The message system transmits the message from HINT.

4., BINT receives the message through NMESSIHFC and

unpacks the message.

5. BIHT calls the data base management system to

perform the operation specified.

6. The data base management system executes the data

base command.

7. The data base mnanagement system returns the data

(if any) and the status to BINT.

€. The results returned by the data base management

system toc BINT are repacked and sent back through

HMESSINFC to the message system for return to HIUT.

9. HESSIUFC receives the returned message which HINT

unpacks before returning contrel to the application
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program.
These steps are almost identical to those given in reference
{(17). A diagram of the software components of each

front=-end and back=-end task is shown is FIGURE 2.
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iv. SOFTWARE DESIGHKH

There were two major objectives in mind when the
sowaare for the distributed data base management system was
written. First of all, a high degfee of portability was
desired so that a variety of computers could be incorporated
into the distributed data base system network. To achieve
this objective the application programs , back-end interface
(BINT), host interface (HIHT)., and the-message system are
written in high-level languages. Only a small amount of
code, called MESSINFC (see APPENDIX F), 1is written in
machine dependent assembler language. The second objective
was to make no changes in the TOTAL data base management
system and place minimal restricticons on the application
program. Both of these objectives have been met reasconably
well.

Two data bases were c¢reatecd 1in this implementation:
PERSOW (see APPENDIX B) resides on the Interdata 7/32 and
STUDET (see APPENDIX C) resides on the Interdata 3/32, as
shown in FIGURE 3. Both data bases are “synthetic” in that
the contents of each cdata base 1is arbitrary, they are used
only in proving the <feasibility of the system. liote that
the normal DEGEN C3S supplied by CINCOIl, INC. regquires the
use of background when generating a data base from the DDL.
Because of the configuration of the Interdata machines and
the functicns they perform, it Qas desirable to do all data
base generations in the foreground. To d¢o this, two new C3585
programs,  DBGEN1l and DBGEN2 (see APPEIUDIX A) werse written.

DEGENL must be executed and terminated normally bLefore
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executing DBGEN2. The remainder of the steps taken during
the creation of a TOTAL data base up through and including
the DBFORMAT remain the same.

The COBCL source code for I832BINT and I732EINT., the
baék-end interfaces for the Interdata 8/32 and the Interdata
7/32 respectively, is given in APPENDIX C and APPENDIX H.
These routines are nearly identical copies of each other.
This was done as a first step towards a generalized BINT.

The actions of I732BINT can be described as follows:
upon activation of the back-end task, I732EINT issues a call
in paragraph ESTAB-TASK-ID to the message system in order to
establish a connection to it. If the return status code of
the connection attempt 1is non-zero, an error message is
displayed and the task is terminated. Experience has shown
that the cause of a bad connection 1is generally in the
message system itself, so the back=-end task should not be
re-activated until the message system 1is cleared. Upgon a
return code of zero, execution proceeds to paragraph
HELLC-THERE where it asks the message system £for any
regquests awaiting it. It will continue to loop in this
paragraph until it receives a request or until it has a bad
receive. If it is a bad receive, execution branches to
paragraph S5YS-SINOF where I732BINT disconnecﬁs frem the
message sSystem ana terminates execution. With a good
receive from the message system, I732BINT proceeds to
paragraph BIXNT-UNPACK to unpack the input parameter, and it
executes paragraph BIWNT-EXCECUTE-CALL where it LSranches to

the correct paracraph for executing the reguested cata Dbase
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management function. Should the requested function be
invalid, BINT-ERROR is executed. Paragraphs BVl through BVé6
select the parameters required for the requested call to
DATBAS, makes the call, and branches to BINT-REPACK. BUF1l
is repacked with the data and the status returned by the
call to DATBAS (or from BINT-ERROR) in BINT-REPACK in
preparation for th; return through the message system.
Paragraph GOOD-EYE attempts to send the contents of BUF1
back to the front-end task. This paragraph will loop until
it successfully sends BUFl into the message system, in which
case it returns to MAIN-LOOP for the next reguest, or until
the return status indicates a bad receive by the messace
system (which causes I732BINT to disconnect and terminate).
When the last user issues a SINOF commanéd to the cata base
management system, I732BIlN will automatically terminate
execution.

To create a new versicon of the back-end interfaces to
run in a second task on the same machine, or to accept
cormmands from another front-end task, the FRCHID and TOID
must te changed to the correct machine and task 1identifying
code. The message system needs these codes to know who sent
it the message (FRONID) and where it is to senc a message
back tec (TOID). For example, in I732BINT, FROHID has the
character string value "AAUQ  which indicated the 1Intercata
7/32 with the characters "AA”~ and the particular task is
identified by the "UQ . The character string value "ABRU’
of TOID 1indicates the Intercata 8/32 with the characters

- -

"AB° and the particular task with "RH™.
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A second change which may need to be made is the
lengths of some elements in the input parameter BUF1l.
Referring to I732BINT again, the length of the first element
is set by the fact that there are only six diffenent types
'of calls to DATB.AS that 1I732BINT can make. The next five
elements in BUFl1l have lengths required by TOTAL. The
elements BCTRL, BVELEM, and BVAREA,. however, have lengths
which may vary as the application programs using the system
change. For example, BCTRL (the data base control key) has
been given a length of nine even though the data base PERSON
has a control key with a length of six. This is because the
data base STUDNT had a contrél key with a length of nine.
Should another data base with a control key length of twelve
‘be added to the network of distributed data bases, all of
the BINT routines would need to have the length of BCTRL
changed to twelve. This 1is another step taken towards a
generalized BINT. Similar changes must be macde to BVELEY
and BVAREA as necessary. When changes such as these are
made, the same type of change should alsc be macde in the
parameters CTRL, VELEEH, and VAREA which are used in the
calls to DATBAS.

Cnce a data base has been created and necessary changes
have been made in the BINT routine which accesses it,
another CSS program is wused to link HMESSINFC, the EBINT
routine, and the data base together in a single task. This
CSS was named COBlEST, ancd its code may be seen in APPENDIX
E. VWhen this €SS is executed, the resulting back=end task

is named according to the interface name suppiied to it as a
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parameter, e.g.-
COBlEST I732BINT,USR6:MESSINFC,TOTAL,PERSON
will create a back-end task named I732BINT.TSK. If several
back-end tasks are to be <created, the Interdata RENAME
commané can be used to change the name of this task as
needed, e.g.-
REN I732BINT.TSK,PERSBACK.TSK

The COBOL source code for I732HINT and I832HINT, the
host interfaces for the Interdaté 7/32 and Interdata 8/32
respectively, is given is APPENDIX K and APPENDIX L. As a
part of the move towards a generalized HINT, these routines
are also nearly identical copies of each other.

The actions of I732HINT can be describecd as follows:
the most often used elements of the message system parameter
BUFl are given values from the parameters passed to it from
the application program. Paragraph HINT-CALL-SELECT
determines which function the wuser wants the data base
management system to execute and branches to the appropriate
paragraph. If an invalid function 1is requested, an error
status is loaded and I732HINT returns control to the
application program. The paragraph CALL-HINT-V006 1is
responsible for connecting the front-end task to the message
system or disconnecting 1t from the message system upch
receiving the SI!ICN or SINOF data base management £function
request. The paragraph SYS-SINON thru SYS-SIUON-EXIT is
performed to connect the front-end and the message system.
If the connection is not good, I732HINT returns control to

the application program. Paracragph SYS=SINOF  thru
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SYS-SINOF-EXIT is executed when the application program
issues a SINOF data base management command. Paragraphs
CALL-HIWT=-V00l thru CALL-HINT-V006 select the parameters
required for executing the reguested data base management
function and places them in BUFl. The number moved to the
element CALLER of BUFl1 will tell the back-end task which
call to use 1in requesting a function from the data base
management system. It then performs CALL-BINT thru
CALL-EXIT to pass the contents of BUFl through the message
system to the correct . back=end. If BUFl is not passed to
the message system correctly in CALL-BINT1l, it will either
loop until the message system accepts the parameters
correctly or it will display an error message and return to
the application program if there 1is a serious error
involving the message system. If the message system accepts
the parameters correctly, execution of I732HINT proceeds to
thé next paragraph, CALL-BINT2, which will loop until it
correctly receives the expected message back £from the
back-end task or it will display an error message and return
to the application program 1if there 1is a serious error
involving the message system. Assuming that BUFl was
transmitted and received with no problems, I732HINT will
return control to the applicaﬁion program witn whatever data
and status the application program would expect from the
data base management system.

The application programs are LOADPEOP, which accesses
data base PERSCON, and LOADSTUD. which accesses data base

STUDKT. The COBOL source code for each program is found in
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APPENDIX W and APPENDIX O respectively. The application
programs accept only the following commands: ADD-M, DEL=M,
WRITHM, READM, READV, DELVD, ADDVC and WRITV. It is felt
that this is a reasonable selection of commands to implement
and test. Both application programs have almost identical
structure, so only the basic functions of LOADPEOP will be
discussed here. Upeoen initiation of the frbnt-end task,
LOADPEQP will attempt to sign on, to the data base PERSON
through the message system in the paragraph SIGN=-CQON. If the
SINON command is not executed correctly, control passes to
paragraph CLOSE=-EM and executicn terminates. If the SINON
command is executed <correctly, paragraph GET-COMMAND 1is
executed. The user is expected to enter one of the TOTAL
functions listed above (or the word CEASE to terminate
execution} and the number of successive times the user
expects to use the command. LOADPECP will then perform
paragraph MASTER-TRANS or VARIABLE-TRANS, depending on the
function, the specified number of times. The user may enter
data or a carriage return as necessary in these paragraphs.
When the wuser has entered the CEASE command, execution
branches to paragraph CLOSE-E!l to issue the SINOF command to
the data base and terminates execution.

Application programs using TOTAL in a “normal”
environment and these programs, designed to utilize the
distributed data base management system, are not coded in a
radically different way. The differences are listed belcw:
1. Every call to DATBAS is replaceé by a call to HINT.

2. BEvery call to iIINT must have nine parameters, some
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of which may by dummy parameters. The ordering of
these parameters is important. Using the terminology
of CINCOM, INC., the parameters and their order is:
FﬁNCTION. STATUS, FILE, REFERENCE, LINKPATH, CONTROL,
ELEMENTS, DATA AREA, END. ‘

3. Some parameters may have to be padded with a FILLER
clause or be declared to have a length somewhat longer
than what it would have when not wutilizing the
distributed data base management system.
These are very straight foward changes to make. A
pre-processor could be used to scan the call statements in
the application program and change the calling name to BINT,
add dummy parameters as necessary, and change parameter
lengths to those specified by the data base administrator.
This would be a good step toward a fully user-transparent
distributeé data base system. The reason for difference 1
should be obvious at this time. Difference 2 is to provide
a single calling format to HINT for all data base management
function requests. As previously discussed, HIKT and BINT
will determine which parameters are needed in the call to
DATBAS. Since a generalized HINT and BIKT is an objective
to be met 1in the near future, the parameters CONTROL,V
ELENEKTS, and DATA AREA must be declared to have lengths
corresponding to the lengths of these parameters in HINT and
BINT. Since the longest control key passing through HINT
and BINT in this implementation had a length of nine (for
data base STUDHT), all parameters in the application

programs, HINT, and BIWNT corresponding to the CONTROL



22

parameter must have a length of nine also. Similarly, the
longest ELEMENTS parameter passing through HINT and BINT
appears in application program LOADSTUD when accessing the
variable record CRSE with data base STUDNT. This parameter
(CRSE-DATA) has a length of sixty, so all other parameters
corresponding to elements in the application programs, HINT,
and BINT must also be declared to have this length. Lastly,
the longest DATA AREA parameter passing through HINT and
BINT appears in application program LOADPEQOP when accessing
the master record PEQOP within data base PERSOU. This
parameter (PEOP-RECORD) has a 1length of eighty-two, so all
other parameters corresponding to DATA AREA in the
application program, HINT, and BINT must also be declared to
have this 1length. These differences are not numerous or
cifficult to implement.

To create a front-end task wusing an application
program, a HINT routine, and MESSINFC, a CSS program is
used. This CSS was named COBESTAB, and its code may be seen
in AP2ENDIX J. When this €SS is executed, the resulting
front-end task 1is named according to the interface name
supplied to it as a parameter, e.g.-

COBESTAB I732HINT,USR6:RICH3,U§R6:HESSIHFC
will create a front-end task named I732HINT.TSXK. If several
front-end tasks are to be «created, the Interdata RENANE
command can be used to change the name of this task as
needed, €.g.-
REN I732EIUT.TSK,PERSBACK.TSK

When bringing up the distributed data base management
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system, the following steps should be taken in order:
l. 1Initiate the message system.
2. Initiate the back=end task(s).
3. Initiate the front-end task(s).
Since the message system is wvital to the front-end and
back-end, it should be started first. The back=end is
started second since it must be executing normally before
the front-end can be used. The front-end is brought up last
since it relies on having both the message system and the
back-end executing normally.
To initiate a back=-end task, the following steps are
taken at a user”s console:
LOAD back-end task name
ASSIGN 0,CON:
START
To initiate front-end tasks, enter the following at the
user”s console:
LOAD front-end task name
ASSIGL 0,CON:
ASSIGN 1,CCHN:
ASSICGN 2,hard copy device code

START
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V. RESULTS

This implementation gt a distributéd data base
management system does appear to be a viable approach. liost
of the testing of the system was done as changes were Dbeing
made in the system. As such, no exhaustive system testing
has been done at this time. A wide variety of activities,
such as execution of COBOL, FORTRAN, PASCAL, and Assembler
programs, editing, etc., taxe place on the Intercata
machines. During a majority of the periods when the
cistributed data base management system was being tested,
these other activities represented a sicnificant lozd on the
machines. This may make up for at least part of the loading
heavy cata base work would create.

.hen accessing a <data base in the normal manner, the
response time was instantaneous for all practical purposes -
on rare occasicns 1t took perhaps two seconds to return.
Response time iIincreased significantly when using the
distributed data base management system. A front-end task on
the Interdata 6/32 accessing a cata base on the same machine
haa a respcnse time of rouchly four seconds. When using a
front-end task on the Interdata 3/32 to access a cata base
on the Interdata 7/32, response time jumped to seventeen
seconds. These response times are unacceptatle in a

cormuiercial environment, but continuing developments in the
distributed data base management system are expected tc make
the response times acceptable. It should e noted, however,
that response time would not Dbe further lengthenec when

rurning mueltiple front-end tasks, wiich would make thesze



response times seem more reasonakle.

25
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vI. FUTURE ENHANCEMNENTS

WWork 1s currently un@erway to incorporate an IEH
370/158 in the system. fhe 1data base management system is
TOTAL (22) as on the Interdata machines. There are a few
differences in TOTAL for the Interdata and TOTAL for the
IBHM, but these differences are not great. One difference is
that on the IBM machine a data base must be opened, signhed
on, and then closed and signed off, while the Interdata
version only has the sign on and sign off to execute. The
cdata base residing on the IBM is called PIECES (see APPEXNDIX
D), and the back-end 1interface 1is «called IBMBINT' (see
APPENDIX I). The function of IBHBINT is virtually the same
as I732EINT and 1832BINT. The message system on the IBM 1is
written in Assembler Language, so no equivalent of IMESSINFC
_and WEWINFC is needed - IBHEBINT runs as a sub-task of the
message system. Because of this, the methcd of-checking fcr
bad receives and sends 1is made 1n a separate call tec the
message system after the <¢all for a receive or send. The
ilost interface 1is «called IBHHINT (APPENDIX ), which 1is
modified to handle the TOCTAL, OPENWH, CLCSM, and DEQUE IBI
TOTAL functions and to pass the ID"s correctly. These 1ID's
must be specified carefully so that the correct ASCII tc
ELCDIC conversion occurs. The <calls to TRANSA and TRANSE
provicde translation for BUFl1 and BUFLLTi. Since the message
system coes not handle flcating point numbers, care should
be taken tc see that they are avoided in the application
programs. The application program LCADPART, listed 6% o1

APPLNIDIX. 2, is also guite similar tc the cother application



programs. Since this segment of the project is not fully
operaticonal, the programs 1listed in the appendices may be
subject to many changes.

A second enhancement to the system will be a directory
disk file in which +the unigue machine identifiers (TOID s
and FROLID s} for all tasks and all data base f£iles will be
kept. Rather than editing the HINT routines to create a nevw
front-end task cr to add a data base to the system, the data
base administrator will add& the appropriate codes to thne
directory. The host inﬁerface will then search this
directory ancd find the coces it needs.

A third improvement‘to the system woulc he +he creation
of a re-entrant code version of HINT anac BINT to reside in
system library space. Implementing this and the directory
file will eliminate the worx now needed tc expanc the
system, improve performance, and perhaps preovide some extra
system security. With pretectea directecry £files, new CS53
pregrams to create front-enc¢ and back-end tasiis, anc C3S8
nrocrams to initiate tasks, the generalized HINT and SINT
wvould help security by allowing the system user tc have
virtually nec knowledge of the distributed data base
manacement system’s software, harcware, and their
inter-relationships.

The overall response time o©f the svystem could be
lowered by both hardware and software mocifications. From a

1

harcdware point of view, high spead modenms ancd transmission

9]

lines would help speed up the system, but the major Ifactor

in the high response time seens to ve In the message systen
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software. Greater speed could probably be obtained by
coding the message system in Common Assembler Languadge
rather than in PASCAL, but this would be at the expense of
portability. These changes would be somewhat harder to make

than the preceeding ones.
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VII. CONCLUSIONS

This implementation shows distributed data Dbase
management systems can be <created with minimal changes to
existing data base management systems and with little or no
additional hardware expense. With further work on the
system, it «could become competitive with the current
non-distributed data base management systems 1in terms of
econony, security, reliability, and ease of use.

A distributed data base management system in which an
Interdata 8/32 and Interdata 7/32 could act as bi-functional
machines, i1f so desired, was implemented. Cther processors
could be connected 1into the system easily as they are
needed. The software utilized TOTAL, a commercially
dvailable data base management system, a PASCAL message
system previously implemented at Xansas State University,
and several front-end ané back=-end interface rcutines
written 1in COBOL and Common Assemblef Language. The
hardware and software implementation details of the
Cistributed data base management system are almost

completely hidden from the user.
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The purpose of this project is to design a distributed
data base management system which runs on a variety of
processors and ié transparent to the user.

A prototype version o©f the distributed data base
management system will be implemented. This implementation
runs on the Interdata 8/32 and Interdata 7/32 processors,
both utilizing the 0$/32-MT3 operating system. The data
base management system is CINCOI, INC,’S TOTAL, while the
remainder of the software is written in an assortment of
languages. Data bases may reside on either machine and few

restrictions are placed on the user.



