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3 FOREWORD

! his report will present the results of a study to deter-
mine the most promising mini-computer processor using current
K. hardware technology for implementing the Integrated Database

Management System (IDMS) and ultimately leading to a commer-

cially viable back-end database management system. The intent of
this study has been to determine the requirements of a back-end
processor including both hardware and software and to analyze

a variety of commercially available mini-computers to see how
they meet these requirements. Certain data collected from hard-
ware manufacturers concerning both their hardware and their soft-
ware is documented in this study together with a comparison of

their products.

It must be noted that this study is the result of a ﬁutual
interest in back-end database management systems by Cullinane
Corporation and various government agencies and reflects a desire
on the part of Cullinane Corporation and others to investigate
the technical and economic feasibility of back-end database manage-~
ment systems. onsequently, Cullinane Corporation has invested
significant time, of its key management personnel in this study.

In addition, Culllnane Corporation has let substantial contracts

in support of this study with Kansas State University, Manhattan,
Kansas. As a result, the costs in the aggregate far exceed the

dollar amount of the contract.

A discussion is presented to give the user a fundamental

working knowledge of the gualitative and gquantitative approaches
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to back-end database management systems, database software,
mini-computer systems evaluation, selection and interfacing,

and hardware, software and firmware integration.

In addition, a separate letter regarding Cullinane Corpora-
tion's view of the market potential of back-end database machines
has been included. This information is proprietary to Cullinane

Corporation and is not considered a part of this report.

Cullinane Corporation has made a recommendation in this report
regarding the best candidates for successful back-end data manage-
ment systems including a prototype. In arriving at any such con-
clusion, many factors are taken into consideration, in addition to
the relative technical merits of the manufacturer's hardware and
software. Of significant importance is the manufacturer's interest
in back-end database management systems, his willingness to develop
systams to be responsive to this potential market, his willingness
to cooperate with Cullinane Corporation, the ease of conversion of
IDMS to the manufacturer's hardware and the market penetration of

his products.

The reader is advised that Cullinane Corporation has found
both great interest and some disinterest on the part of the various

computer manufacturers in back-end database management systems.

Since Cullinane Corporation has an interest in following
through with the implementation of a back~end database management
system, these considerations are of the greatest importance and

impact on Cullinane Corporation's conclusions significantly.
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1.0 BACK-END DATABASE MANAGEMENT CONCEPT

Today's database management systems operate in a single
CPU as shown in Figure 1. All run-units that request database
service are in the same CPU as the DBMS. Communication across
partition/region boundaries is provided to one copy of the DBMS
so that concurrent access can be monitored on a task-by-~task

basis and main memory requirements kept to a minimum.

As an organization integrates more and more of its data
into an independent corporate database, the DBMS may need to be
resident for a good part (or all) of the day. Real and virtual
main memory requirements, CPU time, I/O time, and channel traffic
and contention to support DBMS activity can be viewed as a single

cost.

It is not uncommon to see an installation witﬁ heavy tele-
processing activity off-load the T/P receiving and scheduling
activity to a "front-end" computer. This front-end monitors the
outside world, establishes priorities in message queueing, and
only interrupts the "host CPU" when necessary. Installations
with heavy database management activity may in similar fashion
wish to off-load that activity to a "back-end" machine. The
configuration would then resemble Figure 2. Such a concept is

the subject of this report.

The back-end CPU in this arrangement is dedicated to the
database management function. As a result, a small, rather

specialized CPU can be employed.

.
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Mini-computers in today's market are capable of handling this

specialized task quite easily.

The back-end CPU need not be restricted to servicing a
single host. The back~end computer can serve as the interface
between one or many host computers and their databases. Each
host machine will require some software to interface with the
back-end. This interface will be responsible for collecting the
database management requests from the application programs and
traﬁsmitting them to the back-end. 1In turn, it will accept
results and status from the back-end and distribute them to the
application programs. This interface should be transparent to
the application program, i.e., the application program should
not be coded any differenﬁly if it is to be run on a standalone

CPU or in a host/back-end arrangement.

In order to better understand the advantages and disadvantages
of the host/back-end database management configuration, consider
the placement of the functional database management software
modules in a host-only configuration (Figure 3). Each application
program requiring database service links an interface routine with
itself to intercept the database calls. Interface routines then
concurrently request service from the multi-tasking monitor. The
multi-tasking monitor passes the requests to the DBMS after deter-
mining and resolving conflicts and deadlock situations. The multi-
tasking monitor also maps the DBMS to the proper database descrip-

tion tables.
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These same functional modules are required in the host/back-
end arrangement (Figure 4). However, additional functional

modules have been introduced to provide inter-CPU c.mmunication.

o S S S s s ir s i U RSt

1.1 Advantages of the Back-End Database Management System

Many advantages accrue from the back~-end database management
system‘approach. These advantages have been grouped into the :

following categories:

A. Performance Advantages

System performance can be characterized by a set of

external observable factors such as turnaround time and
throughput. These factors reflect the behavior of
other factors such as CPU and I/O activity. The sub-

sequent discussion will consider the effect on system

performance of both sets of factors when a back-end mini-

computer is incorporated into the system.

Each request for database service in an application pro-

gram may result in several I/O operations to the database.

Each access requires some CPU time to operate on the

‘- data. This CPU time is consumed by file management, device

I management, protection procedures, and the actual database
operations. The number of I/0 operations is a critical

factor in the performance of a back-end DBMS since it

v
3 ‘

dictates to a large degree the amount of time the host

program must wait for a response. Since I/0 devices

are much slower than the CPU, the total number of I/O

Sy SR

operations in the back-end becomes the dominant factor.

Overall I/0 device utilization is improved in a host/

e

back-end arrangement because of the separation of database
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I/0 and other I/O activity which provides a reduction

in I/0 channel contention.

Another important consideration in performance analysis
is the level of multiprogramming in the host processor.
When an application program makes a request of the

DBMS, it must wait for a response before proceeding.
Therefore, in a single partition system, the host CPU

is idle while the back-end processes the request. If

the number of accesses is large, the CPU utilization of
the host machine will be severely degraded. However,

if multiprogramming is supported in the host, the host
can process other programs while the back-end is perform-
ing the necessary database operations. The most critical
factor i~fluencing turnaround time is maximizing the CPU
overlap between the two processors. For example, if an
application uses 75% of the available host CPU cycles for
execution of which 25% is in DBMS, then in a host/back-end
system, a second program with the same characteristics
could be multiprogrammed in the host against the first.
Although process turnaround time would be lengthened,
multi-programming would result in an increase from 50%
utilization of the system to utilization approaching 100%

or a near doubling of throughput (number of programs run).

A comparative analysis of performance in a host-only
system and in a host/back-end configuration leads to the

conclusion that the host/back-end configuration gives
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higher throughput than the host-only system in a multi-
programming environment. The overall performance and
throughput in the host/back-end configuration would be
best when the host CPU is able to give each of its pro-
cessing cycles to one of the programs running in its
main memory and similarly that the back-end machine can
respond to requests for database service from programs
running in the host quickly enough that the host is not

waiting idle for the responses.

Host Main Memory Advantages

Since requests for database service are being sent to
the back-~end processor for execution, the DBMS will not
be resident in the host processor. This will reduce the
main memory requirements and the processing cycles re-

quired of the host processor considerably.

Additional memory savings in the host can be realized
when control of all peripheral devices is moved to the
back-end. Host memory which normally would hold I/O
drivers, I/0 buffers, spooling algorithms and spool
buffers is released. The cost/performance ratio of a

system in which functions are moved to the back-end

improves due to the cheaper cost of mini-computer memories

and their comparable speed.

Cost Advantages

Since a mini-computer is currently an order of magnitude

™




less in cost than large scale processors, the cost per
instruction executed is reduced. A back-end mini-computer
also provides considerable benefits in terms of economy of
procurement, operation, and maintenance. By moving the
DBMS to the back-end, host machine resources such as CPU

cycles and primary memory are made available to process

more programs, increasing throughput.

The inherent modularity of a back-end system makes upgrading
considerably easier than in a large mainframe environment.
Upgrading a back-end system can be accomplished by either
replacing the back-end CPU with a more powerful mini-computer
or incorporating another mini-computer into the system in
parallel. 1In either case, the cost of a new CPU is again far
less than that of a large mainframe upgrade. Because of the
lower purchase price, maintenance agreements for mini-~-computers
are less expensive than similar contracts for larger machines.
In addition, the simplicity of the mini's make the possibility

of in-house maintenance quite attractive for many installations.

D. Database Recovery Advantages

The reliability of a computer system is threatened by the
occurrence of either hardware or software failure. In the
host/back-end configuration, transaction logging could be
accomplished by logging input transactions on the host system
and database updates on the back-end system. If a failure
occurs in the host system, the back-end can "rollback" any

currently active transactions and log the failure of the host.

-

- - : —
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If the back-end were functioning with only one host processor,
at this time it could quiesce itself forming a checkpoint
where restarts are possible. If it were serving several
other processors, it would continue handling them as normal.
On the other hand, if the host system determines the back-end
processor has failed, it could cease to request services of
the back-end, notify all users qf necessary shutdown and inform
the master console operator. If the failure has destroyed the
integrity of the database, utilities could be used to restore
the database to a known condition at some previous time and,
upon restarting the back-end, the host could reprocess all

transactions using its log tape.

In view of the above, two or more machines would be less
influenced by the failing of one system, and, upon failure,

recovery should be more orderly.

Security Advantages

With a back-end system, data is available only to the appli-
cation via the inter-computer message system. If an applica-
tion program in the host system shculd abend requesting a

dump of the system's main memory at time of abend, it could
only obtain a few database records since all system buffers
would be in the back-end system. Data set allocation and de-
allocation would be done by the database administration function

using the back-end system directly.

-10-
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With the back-end machine being a single function processor,
breaches of security become more difficult. Authorization

can be built into the system at several levels. First,

all necessary authorization to process on the host CPU must

be obtained. Second, the DBMS interface routine of the host
system can determine if the program is authorized to communicate
with the back-end system. Third, the inter-CPU communication
system would examine each message sent to the back-end to
ensure that it is a standard request for database service.
Fourth, the subschema tables in the back-end system will control
retrieval and update of any and all records in the database.

And fifth, if desired no application programs would be allowed

to run in the back-end itself.

Shared Data Advantages

The ability to share data among different processors would
eliminate redundant data and extra secondary storage devices.
The CPU and elapsed time saved by not having to transfer data
between computer systems--physically moving disk packs,
switching secondary storage devices from one system to another,
or transmitting files over some type of computer network--
would result in a cost savings. If the transfer is to take
place between two or more computer types using different
internal representations, or even two computer systems of the
same type but with different file structures, then considerable
character reformatting and translation is required in one or

more machines. With the back-end concept, however, data can be

~ll=
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transferred between very different host machines
R without much difficulty (if a restricted character
\ set is used) as the back-end would be able to deter-

i mine the desired format and do the required trans-

lating. This translating of character coding
| schemes (eg. ASCII to EBCDIC and vice versa) is con-
£ sidered a major advantage when multiple hosts utiliz-
ing the different coding schemes are using a single
back-end and replaces the translation and duplication

of entire file structures each time data is to be

shared among those processors.

1.2 Dpisadvantages of the Back-End Database Management System

{‘ There are some major disadvantages to the back-end approach.
.

The additional cost of the back-end machine itself can be considered

i a disadvantage. While this cost is considerably less than the cost
of a larger host CPU, it is nonetheless an additional cost which
. may be a severe problem in the marketability of such a system. A

¢ second disadvantage is that an organization may.have made a large

investment in disk drives and disk controllers which are not compati-

ble with the back-end processor, and there is no interface hardware

"

available from mini-computer manufacturers. (Some interface hard-

~—
[ 4 ‘

ware is available from independent vendors.) This may necessitate

the purchase of additional back-end compatible peripherals.

The host and back-end processors may be separated by such a

oo [ i

distance that a channel-to-channel adapter between the two machines

is impossible. A teleprocessing line connection may then be sub-

«]2=




—y
L]

»

)

)

> - P o ooy . |  a— e

-

L

-———

.

stituted but the difference in channel-to-channel and tele-

processing line speeds would severely degrade response times.

Also, teleprocessing line charges may be significant.

Since the host/back-end configuration requires hardware from
multiple vendors, the danger of circular fingerpointing by the
vendors in case of any failure must be considered. The fact
that more hardware is required in this arrangement increases the

probability that some component will fail.

If the host processor uses a different character set from the
character set of the back-end, then data conversion is required
of every transmission between the two machines. The CPU time required

to do this translation may become significant.

The introduction of the inter-CPU communication system requires
reliable communications hardware and offsets some of the host CPU

main memory savings.

Finally, the introduction of a new hardware/software architec-
ture for database management will require some new and special
skills to be developed among the database adminisstration staff. 1In
particular, the control and tuning of the inter-CPU communication

system is a new skill.
1.3 Conclusion

In considering the above, the Cullinane Corporation concludes
that the advantages far outweigh the disadvantages and intends to

proceed with the implementation of such a system.

=l 3=
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2.0 HOST/BACK-END CONFIGURATIONS

Many different connections of host. and back-end machines
could be constructed based on the needs of the end-user to process

data.

2.1 Single Dedicated Back-End Configuration

Figure 5 illustrates a single dedicated host/back~end configur-
ation. The host computer executes the application program which
generates requests fcr information from the database. These access
requests are sent via the host message system and the I/O devices

to the back-end systemn.

Once a request has reached the back-end system, it must attain
a unique identity so that it will not be lost. In the back-end
machine, these requests activate the DBMS and in doing so are queued
as individual messages belonging to an active task corresponding to
a particular program in the host. Each request is scheduled by the
back-end message system to access the database a number of times
until the appropriate DML operation has been performed. Upon comple-
tion of the database operation, a message is returned to the proper
application program via the intervehing message systems, I/0O drivers
and inter-computer communications channel. Such messages consist
of requested data and success or error conditions on store and

search requests.

2.2 Multiple Dedicated and Distributed Back-End Configuration

The back-end DBMS configuration shown in Figure 2 is composed

of two computers. However, several extensions of this basic config-

1d~
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uration are possible. Let us consider first the multiple back-
end configuration portrayed in Figures 6 and 7. There are two
versions, the dedicated system (Figure 6) in which each back-end
computer has exclusive access to a particular database, and the
distributed system (Figure 7) in which all databases may be

accessed through any back~end machine.

As in most networks, there is no restriction that all com-
ponents of a multiple back-end DBMS be physically located at the
same installation. Such a configuration would allow a centrally
located host to access databases in remote locations. A dedicated
multiple back-end DBMS would be best suited for an installation
with several remote or functionally distinct databases. A distri-
buted multiple back=-end DBMS would be best employed in a heavily
multiprogrammed system where the majority of the tasks involved

DBMS operations.

2.3 Multiple Host Configuration

The multiple host configuration is shown in Figure 8. This
configuration is intended when the percentage of DBMS activity
in a large system is relatively low or for a centrally located

database with remote processors.

2.4 pedicated and Distributed Network Configurations

The network configurations consist of several host and
several back-end machines. The back-end processors may be dedicated
(Figure 9) or distributed (Figure 10) as in the multiple back-end
configuration. The network DBMS configuration allows for both

remote processors and databases as well as centrally located facili-

«16=
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ties. The selector shown in Figures 7 and 10 is a microprocessor
which controls record lockout. No software is required in the

selector.

In all previous discussions of back-end DBMS, it has been
assumed that the back-end machine will be dedicated to database
operations. In some cases, this restriction may inhibit full
utilization of system resources. Provided that the back-end machine
has a real time executive system, there should be no difficulty in
allowing the back-end to perform tasks other than DML operations.
In a generalized situation, a processor could be performing opera-
tions on a database while at the same time executing an application
program which requests database information of another processor in
the system. Thus, a processor may act as both host and back-end.
The only restrictions as to the function of the processor is its
physical connections to secondary storage. Note, however, that in
this arrangement there is no true back-end processor and some of

the advantages stated in Section 1.1 are no longer true.

.

2.5 Network Configurations with Bi-Functional Nodes

Figure 11 depicts a DBMS network configuration with host,
back-end and bifunctional nodes. A typical application of such a
network might be a company-wide system. 1In this environment, the
home installation could consist of a host and back-end with the
central database. -Each branch installation could have a bifunc~
tional computer capable of supporting a local database and of access-
ing the central database. The host machine at the home installation

also would have the ability to access branch databases through the

«20=




appropriate back-end machines.

Note again, however, that while this arrangement offers
some useful advantages in certain environments, since there is no

true back-end processor some of the advantages stated in Section

1.1 are no longer true.

-21-




{ DATA BASE 1

! BI-FUNCT | B1-runcr

e 1 M

(

L

f v [ ] ©

3

[ DATA BASE 2 : DATA BASE M+l

[ FIGURE 11 NETWORK CONFIGURATION WITH BI-FUNCTIONAL MACHINES

«22=

g




e G e R e

3.0 DATABASE TECHNOLOGY

To implement any of the hardware configurations shown in
Figures 5 through 10 a large collection of software is needed in
the form of DBMS programs, message systems, and operating system
subroutines. To determine the requirements of the message systems
and operating system subroutines, certain specifications of general-

ized database management systems must be presented.

3.1 The CODASYL Database Specifications

The Conference on Data Systems Languages (CODASYL) is an
organization composed primarily of data processing specialists in
the user community who (among other things) develop specifications
for data processing languages. CODASYL is perhaps best known as
the founder and developer of the COBOL language. Since 1966, task
groups and committees within CODASYL have been developing specifica-
tions for database management systems. The specifications are
gaining wide acceptance in the data processing community, particularly

the government sector.

The CODASYL database specifications contain a data definition
language (DDL) for describing a database to be accessed by a program,
and a data manipulation language (DML) which prescribes the manner
in which data is to be transferred between the program and the
database. The DDL can be divided into two components: schema DDL
and subschema DDL. The schema DDL is employed to describe the entire
database in terms of the characteristics of, and the relationships

between the data items. The subschema DDL provides for subdescrip-
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tions of the database, or the logical view of the database that

an application program has. The subschema DDL generates an object
subschema which contains a logical representation of the data
structure, record placement control, record characteristics,
currency status, database operation statistics, and constraints

on DML operations. In general, the object subschema controls the
operations to and access from the database for each program which
invokes it. CODASYL approved the specifications for schema DDL

and subschema DDL in 1973.

The DML is used to augment the host high-level language of
the database management system. The DML provides the capability
of performing complex data manipulations in a single high-level
statement. The host language may be any general purpose high-
level language. CODASYL approved DML statements for use with the
COBOL host language in March 1975, and is currently developing

specifications for DML statements for other host languages.

In addition to facilities for defining and operating upon data,
an effective database management package must contain certain
other features. Among the most important of these features are
the device-media control for specifying the mapping of the database
to physical devices, database utility routines, recovery routines,

and privacy and protection facilities.

3.2 The IDMS Implementation

The database management system that Cullinane Corporation would
use in implementing any back-end database management system is its
Integrated Database Management System(IDMS). IDMS is a subset of

the current CODASYL DDL and DML language specifications.

-24-




IDMS is designed to provide database facilities for ANS

COBOL and PL/I programs at the DML level, and any other host lan-

guages supporting a CALL statement or its equivalent at the CALL
level. it provides DML statements which are used to store, retrieve,
and otherwise manipulate data stored on random access devices. DML
statements may be included anywhere within the procedure coding of
COBOL or PL/I application programs. Before compilation, a pre-~
processor validates and converts all DML statements into CALL state-
ments. Working storage is used to establish database record I/0
areas and communications between the user and IDMS. A direct access
method is used as the file management for physical I/0C between IDMS

and the direct access storage device.

IDMS provides separate language facilities for the description

of data and the manipulation of data. This separation removes

the data description function from the scope of the application
programs. It also allows the integration of all data ani data
relations into a database which is common to all application pro-
grams that use it. 1In addition to the schema DDL and subschema DDL,
{ IDMS provides a Device-Media Control Language (DMCL) to map the ﬁ

schema description to physical devices and define buffer pools.

f IDMS supports a network or a hierarchical type of data
l. \
{ structure. This facility permits user definitions of structures

5 most suitable to the applications which operate on the data. ;

The following explains the distribution of IDMS software

L‘ in a single CPU (host CPU) configuration and the communication i
= among the individual modules (the numbers in parentheses refer
‘ [- to Figure 12):
m g




5,_ : (A) A DML statement appears in the object program as

a CALL to the interface routine(l). The CALL
identifies the type of database service desired
and any additional information such as record-
name, set-name, and area-name required to interpret

the CALL.

(B) The interface routine analyzes the CALL using
information stored in the object subschema (2).
If the CALL requires the use of the DBMS, the
user-supplied information is augmented by in-
formation from the object subschema before con-

trol is passed to the DBMS (3).

(C) The DBMS performs the requested database ser-
vice using information supplied by the interface
routine. The operation which is performed de-
pends upon the type of DML statement executed.
In the event of a CALL to locate a record (FIND
or OBTAIN statement), the DBMS will look in the

{ system page buffers (4, 5, 6) to see if the re-

quested record occurrence is present. If the

——

record is not in the system page buffers, a re-

-
‘ ).

quest will be made to the operating system (4)

to input a database page from the direct access

*

storage to the system page buffers. No input is

initialized if the record is already present in

o

the system page buffers.

—
e M
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Any changes to the database are recorded on the

databvase journal file (7).

The DBMS will perform the requested database
service using additional information contained in
the subschema.

Whenever a specified record occurrence is lo-
cated by the DBMS, the database-key and other
system information related to the record is

moved from the system page buffer to locations
within the object subschema (8). This informa-
tion represents the currency status of the area,
sets, and record-type of the record occurrence

which has been located.

If the CALL to the DBMS specified movement of
the contents of a record to the user working
area (GET or OBTAIN statement), data will be
moved from a system page buffer to a specified
record area in the user working area (9). Only
the data portion of the requested record is de-
livered to the user; system-controlled structure
data is retained by the DBMS to ensure database
integrity. Data movement from the user working
area to the system page buffers will occur ~in

response to a STORE or MODIFY statement.
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The DBMS returns to the interface routine with
an indication of the success or failure of the
database service which was requested in Step C

(10) .

The interface routine moves status information
regarding the outcome of the DML statement ex-
ecuted in Step A to locations within the user

working area of the program (11).

Control is returned to the user's program at
the statement following the DML statement just

executed (12).

The user must determine the status of the pre-
vious'DML sﬁétement'by examining the contents of
system status information (13): For example, if
a FIND statement was executed, the contents of
system status information would indicate whether
the specified record occurrence were located or
not. If the system status information indicates

the the service requested was completed success-

fully, the user would then access the user working

area as needed (14).

One can see how in a standard multiprogramming environment
the execution of a single DML command (the store of a record par-
ticipating in many set relationships) could lead toc the DBMS

gaining and releasing control of the host CPU many times consuming

considerable CPU time and requesting many I/0 operations.

B——
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duce this overhead, some of this software may be transferred

from the host to the back-end machine.




oy

——

ey

p 4

”

po——e

——

e M oM™

. gan

4.0 DISTRIBUTION OF SOFTWARE IN A HOST/BACK-END CONFIGURATION

The software necessary for a host/back-end configuration
can be broken into three parts. The first part consists of
the software used to define and operate upon the data (database
software). The second portion of the software is the operating
system routines and executive routines (system and control software)
in the host and back-end machines. The third part can be classi-
fied as control software and includes multi-tasking routines and
the inter-CPU message systems (inter-computer communication system).
The first two parts are discussed in this chapter and the third

part in the following chapter.

4.1 Database Software

To implement a back-end configuration, both breprocessing
and execution software modules are necessary. The preprocessing
modules include the DDL schema processor, the DDL subschema pro-
cessor, Device Media Control Processor for mapping the databases
to physical devices, the DML preprocessors for high-level languages
such as COBOL and PL/I, and all utility routines. The major execu-
tion modules are the database interface routines (DBINT), the data-
base manager (DBMS), the database I/0O routine (DBIO), and the central
access and multitasking program (CAMP). The Device Media Control
pro:essor and Subschema Processors build control blocks for use by

the DBMS at run-time (DMCL and SUBSCHEMA, respectively).

In keeping with the philosophy behind the back-end concept,

modules and tables used in managing and accessing the database are

=3]=




D 2o

——_——

-

——

o~y S— g o~ o

——

transferred to the back-end. Figures 13 and 14 depict the
distribution of éoftware between the host and back-end computers.
This distribution is intended to minimize the number of requests
the host CPU makes of the back-end machine and to keep the

amount of information actually transferred between machines at

a minimum. Intermachine communication is accomplished by
employing the inter-computer message system to transmit informa-
tion between the interface routine (DBINT) and the database manager

(DBMS) .

To optimize overall system performance, the DBMS, the recovery
portions of CAMP, and the recordkeeping operations must be performed
in the back-end. Since the database operations will be performed
by the back-end machine, it is necessary to have the subschema
available for validation of the DML requests. Positioning the sub-

schema in the back-end machine will also substantially reduce the

amount of traffic on the inter-computer message system.

A substantial portion of the database software is removed
from the host machine. Since the subschema has been moved to the
back-end, much of the validation formerly performed by the interface
routine can be performed on the back-end machine by the DBMS. The
interface routine now needs only to transmit information between
the application program and the message system. The functions of
CAMP on the host machine are to check for abnormal termination in
the application program and to insure that the area associated with
each DBMS task is open. The former task control functions of CAMP
are handled by the message system and the back-end operating system

in a back-end environment.
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As a result of this distribution of software, primary
memory requirements are reduced in the host machine for two
reasons. By moving the database functions and buffer areas to
the back-end machine, primary memory is released in the host.
Using IDMS as an example, approximately 40K will be saved by
transporting CAMP, DBMS, and the DMCL tables to the back-
end machine. 1In addition, the size of the interface routine will
be substantially reduced in the host, resulting in another reduc-
tion of approximately 5K. Since each application program has its
own copy of the interface routine, this saving will be multiplied
by the number of application programs. The subschema of each
application is also transported to the back-end machine, saving
about 3K. Thus, the overall reduction in primary memory require-
ments of IDMS in a back-end environment is 40K+ (Nx8K), where N

is the number of application programs in each host machine.

The above discussion is concerned with run-time DBMS software.
The placement of the Schema Compiler, DMLC Compiler, Subschema
Compiler, Reports Program, DML Processors and utility programs

must also be considered.

The Schema, DMCL, Subschema Compilers ancd the Reports
Program comprise the DDL Subsystem of IDMS and must all execute
entirely on the back-end. The data dictionary, control blocks and
status reports generated by these programs are the responsibility
of the database administrator and control ahd document the security,
privacy and integrity of the database. Since these compilers in
the IDMS implementation are qguite large (160K bytes for the Schema

Compiler), addressability, memory management and task management




will be important factors in selecting a mini-computer for the

back-end.

Application programs are compiled on the host and, therefore
the DML Processors for COBOL and PL/I must execute on the host.
However, the Processors require accéss to the data dictionary
which resides on the back-end. Since the Processors are written
as standard application programs and use IDMS for all database
activity, they would make use of the same software modules (DBMS,

message system, etc.) already described.

Most utility programs in support of the database must execute
on the back-end. The programs include database dumps and restores,
journal rollforward and rollback, database initialize, restructuring
and displays. These utilities and their use are, like the DDL i
subsystem, the responsibility of the database administrator and as

such are properly restricted to back-end use. A utility such as

the high speed data load utility which is user-oriented would continue ]

to run on the host.

4.2 System and Control Software

The function of the operating system in a back-end machine

is to act as the common interface and to synchronize between the
various tasks. The operating system accepts requests from tasks
performing database functions and presents these requests to the

I/0 drivers to control movement of data among the host, the data-

base, and the peripherals. The I/0 drivers then merely format
the information and transfer the data to or from the external

devices.
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SR A minimum list of operating system characteristics required

s, for proper back-end performance are listed below:

(A) Multiprogramming must be supported. This permits
l overlap of back-end CPU, host CPU, and optimized I/O

accesses, thus utilizing each resource to its maximum.

p— ey

; (B) Several levels of task priority must be available from
which the scheduler function of the operating system

can select tasks for execution. This is necessary for

the back-end to provide optimal scheduling of database

accessing and maximum overlap of resource usage. Since

I/0 is the critical performance factor, tasks issuing

numerous I/0 requests must be given high priority.

(C) There must b¢ ‘~ommunication between tasks for status

checking and error handling.

(D) " Interrupts must be automatically serviced.

(E) Resource allocation must be supported. The operating
system must be able to re-allocate memory and devices
based on an equitable policy towards DBMS and dependent

upon requests generated by such tasks.

The control software includes executive routines and I/0
drivers to communicate with the other machines in the system. These
routines and drivers can be standardized to handle communication
with any machine in the system. The actual transmission of informa-
tion between processors occurs under the aegis of the inter-CPU

message system.
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Several mini-computer operating systems currently provide
all of the above minimum features. All operating systems are to
some degree modular so that routines that are not needed can be
excluded from the resident copy. Some unneeded routines may need
to be present because of lack of good modularity in the operating
system. A typical memory requirement for a standard mini-computer
operating system is 32K bytes for 16 bit mini-computers and 60K
bytes for 32 bit mini-computers. However, it is quite possible
to generate an operating system for 32 bit mini's which provides
all of the support necessary for a back-end DBMS and requires less

than 15K bytes.

While stripped-down special purpose operating systems might

save some main memory, the effort required to develop such an oper-

ating system would be considerable. Thersfore, Cullinane Corporation

would expect to utilize vendor-supplied system software in an actual

implementation.
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5.0 THE INTER-COMPUTER COMMUNICATION SYSTEM (ICCS)

The ICCS prototype has been developed apart from this study
to provide the requisite communication between the host computer
and the back-end computer. Certain details pertinent to this

study will be discussed here. The ICCS consists of two subsystems,

as shown in Figure 15, which coordinate the exchange of both con-

trol information and data. The Multicomputer Communications System

pra—

(MCCS) executes on the host machine and the Inter-Task Communication

System (ITCS) executes on the back-end machine.

———

I‘ MCCS and ITCS perform identical functions, i.e., control the
exchange of messages between machines. But they were constructed
under quite diverse constraints. MCCS is a single task implementa-
tion of the message control system and was targeted to execute under
L a single task operating system such as IBM's CMS. ITCS is a multi-
tasking version and is constructed to run under a multi-tasking
system with an efficient inter-task communications system such as

L those provided in real-time operating systems on mini-computers.

The MCCS would need to be upgraded in a prototype implementation to

o

support multi-tasking.

ICCS currently exists as a prototype system which controls
the exchange of information between tasks on a back-end Data General
NOVA and on a host IBM 370. These machines are connected via a 1200
baud asynchronous line. The teleprocessing control software in the
CMS machine which executes MCCS views the NOVA as if it were a tele-
type; and the ITCS views the 370 as a paper tape reader/punch.

That is, neither end of the communication line requires a sophisti-
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cated hardware interface to support ICCS (but as we will see

later, it will provide additional efficiency).

The operation of the host/back-end system proceeds as dis-
played in Figure 15. The application program issues DML state-
ments. These DML requests are converted to a series of messages
to be exchanged between the interface routine and the DBMS tasks.
Each message is sent to a unique DBMS task in the back-end via
MCCS and ITCS. Each is routed to the appropriate task (indicated
by a unique name) via the chosen hardware link (telecommunication
or channel-to-channel adapter). Upon receipt of a message at
ITCS, it is queued until requested by the DBMS task. Upon comple-
tion of the DML function, messages are transmitted back to the appli-
cation program interface. These messages compose the response to
the task in the host that issued the DML statement. These messages

are again transmitted via the MCCS/ITCS communication link.

The current level of sophistication of the protétype implement-
ation reflects only the level of effort achievable in a few months
of time. Further work is proceeding to support all of the hardware

configurations discussed in Chapter 2.0.

In the remainder of this section we describe the function
and structure of ICCS as it currently exists, and its relationship
to current software and hardware communications devices. First,
a general discussion of the software is presented; and then a
general description is presented of the hardware communications

devices which are necessary to support such software.
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5.1 ICCS Software Structure

The functional characteristics of the ICCS are as

follows:

(A) It provides synchronization between tasks as

well as processors.

(B) It provides a message exchange system between

tasks through which can pass both data and

control inforwation.

(C) It handles buffer management in both the host

and back-end processor.

(D) It isolates the IDMS interface and the DBMS
tasks from any knowledge of the physical loca-
tion of the others, i.e., whether they exist in
the same or different machines and whether the
host and back-end are connecteé'locally or re-

motely.

(E) It provides a well-defined interface (the CALL
statement) to both the IDMS interface and the

DBMS task.

(F) It is modular and hierarchical in nature so as

to permit the straightforward modification nec-

essary to adapt ICCS to most operating and tele-

processing system environments.

[
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The hierarchical structure of ICCS will be discussed in
terms of its integration into the operating system, I/0 control,
and teleprocessing systems on conventional computers. Figures 16 A,
B, and C display the different levels of software necessary for
application programs to do I/O. Figures 17 A, B, and C display
examples of currently available systems. For local devices, the
I/0 driver isolates the operating system for iﬁterrupt handling.
In order to handle remote devices, the line protocol handles error
detection and retransmission, code transparency, and line control.
(See next section for clarification of terms.) In all cases, the
application program activates the operating system by a supervisor
service call. But at this level the application programmer still
must do his own syhchrOnization, buffer management, and routing
(addressing to machine as well as task). The message system ICCS

was created to relieve the application programmer of such complexity.

The current structure of ICCS is presented in Figure 18. The
IDMS interface gains control from the application program via the
CALL. IDMS in turn invokes ICCS with a sequence of fixed block
messages which compose the data and/or request to be made of (i.e.,
sent to) the DBMS tasks in the back~end machine. The CALL specifies
only a task name as the address of DBMS, and has no concern as to
its location. MCCS either sends the sequence of buffers to ITCS
(if it has space available in the back-end) or queues the messages
in its own buffer space until space becomes available. If IDMS
wishes to wait for a result, it will issue another CALL to MCCS to
receive data from a task. This is noted by MCCS and when ITCS

sends a response (also using the CALL interface between ITCS and
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the DBMS task) MCCS communicates the message to the appropriate
application program - again by its unique process (program, task)

name. (See Figure 19 for message flow possibilities).

Since ICCS is comprehensive in its message exchange capa-
bilities, an application to distributed databases is possible.
That is, since communication is at the task level, the DBMS task
may be running on the host or on the back-end. 1In either case,
ICCS will perform the correct transmission of buffers. Note in
Figure 19 that the application program can activate DBMS tasks in
the host using path 1; and it can invoke a back-end DBMS task via

path 2.

ICCS queues messages destined for a host in the "out" list of
MCCS first. Then it merely links it to the "in" list of MCCS.
In the case where a back-end DBMS task is to be invoked, the messages
are sent by MCCS via the hardware connection to be queued, when
buffer space is available, in ITCS. The reverse operation is
achieved in the same manner. This generalized message exchange
mechanism achieves the symchronized operation of the application

program and the DBMS tasks that serve it.

5.2 Hardware Interface Considerations

As described in Chapter 2.0, several methods of hardware inter-
computer connection are possible. The machines can be connected

locally or remotely. The distance between the two nodes dictates

the software support necessary, and the requisite hardware devices
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of the connection. All software and hardware upon which ICCS
depends are commercially available. Note that efficiency is
best achieved if the machines are attached locally. The prototype
implementation of ICCS can be upgraded to support any of the

software and hardware structures shown in Chapter 2.0.

The requisite hardware interface can be a channel-to-channel
attachment or a telecommunications support device. The direct
channel devices run at speeds which range from 300KB to 4 MB per
second. These compare with speeds of 1200 baud to 50K baud for ;
telecommunications lines. Some special interface devices to 3
large mainframes (IBM, CDC, UNIVAC) are available from mini- }
computer manufacturers such as Data General, Interdata, DEC, Varian,

and others.
=

Each device utilizes a unique mode of operation and, therefore,
requires unique software drivers which are again available from
the manufacturer. For example, the Interdata to IBM 360/370 inter-
face emulates a paper tape reader punch; and the current prototype
NOVA to IBM 360/370 configuration emulates a magnetic tape unit.
Both are sequential devices which are supported by I/0O drivers.
Therefore, the I/0 operations available to ICCS are well-defined
and directly adaptable. The utilization of such software is via
the basic sequential access method available on the mini-computer
back-end (ITCS) system. The connection of MCCS to such scftware
in the host is via the channel-to-channel software drivers already

in MCCS. That is, in order to permit host application programs to

access host IBM DBMS tasks in CMS machines under VM/370, MCCS
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implements a virtual channel-to-channel connection between
CMS machines. This software is directly utilizable on real

channel adapters.

The alternative inter-computer connection is via tele-
communications lines. Here the efficiency of the host/back-end
is degraded somewhat by the differential in interface speeds as
previously specifiedf Additional overhead in error detection and
retransmission, code transparency conversions, and control infor-
mation is inherent in the line protocol. This added software
overhead is obvious in Figures 16 and 17. 1In each case, there is
an additional level of software between the I/O device and the

application program for the remote connection versus the local

connection.

The ICCS prototype includes its own error detection and

retransmission procedures, and its own code transparency conversions.

This direction was chosen to permit ICCS to establish inter-task
communication over the simplest of all line connections, i.e.,
asynchronous lines with no associated protocol. However, this is

inefficient since the software must perform all these operations

at the software level above the operating system. This means that

all access to external devices must go through several levels of
software invocation and that such procedures execute at software

speeds as opposed to hardware speeds.

The use of binary synchronous or SDLC line protocol would
allow the removal of the code transparency and error detection

procedures since those are included in the standard line proto-
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i col drivers. As a result, efficiency would increase signifi-

cantly.

As can be seen from Figure 19, DML requests can be
initiated in the host and receive responses from either the back-
end DBMS tasks or the host DBMS tasks. However, the ICCS is
general enough with its inter-task message exchange philosophy
that additional application programs could be running in the back-
end. It could then issue DML requests to host DBMS tasks or back-
end DBMS tasks. This permits databases to be distributed across
machines. This mechanism is not sufficient to allow shared access
by multiple machines to a single random access device containing
the data. The logic to provide this shared access and to determine
and resolve database deadlock problems among application programs

is provided by the multi-tasking monitor (CAMP).
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6.0 INTRODUCTION TO MINI-COMPUTER ARCHITECTURE

In order to select properly a mini-computer system for a
back-end processor, it is necessary to understand the architec-

ture of a computer system.

The architecture of a mini is the key to its performance
and an indication of its relative utility and power. Machine
design has a direct bearing on the mini's operating character-
istics, such as speed and efficiency, how instructions are
carried out, and how easy or difficult it is to program the

system.

The following units are the basic building blocks in a

mini:

= Memory
= Arithmetic and logic unit
= Control

- Input/Output (I/0) unit

The above subunits are interconnected by several lines or
wires wnich provice paths for data. These lines are commonly

]

called data highways or buses.

The memory, also referred to as the main storage unit,
stores actual data as well as instructions that tell the control
unit what to do with the data. The arithmetic and logic unit
temporarily stores data received from memory and performs calcu-

lations and logic operations on this data. The arithmetic and

logic unit contains one or more registers, which, in turn, contain

«$3=
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the data being operated on as defined in the instruction.

The control unit, as the name implies, controls the flow
of data in the system, fetches instructions from memory, and
decodes the instructions in one or more instruction registers.
The control unit executes instructions by enabling the proper
sequence of operations performed by the arithmetic and logic
unit and the input/output unit. Finally, it changes the state

of the computer to that required by the next operation.

The input/output unit provides the interface and, in some
systems, buffering to peripherals connected to the computer,

transferring data to and receiving data from the outside world.

The control unit and the arithmetic and logic wunits
with buses and registers are referred to as the central process-
ing unit (CPU). The earliest, and still the most widely used,
architecture is based on the CPU reading from and writing to
memory over a high-speed memory bus and to all external devices

over an I/O bus.

Some mini-computers, however, treat the memory as an ex-
ternal device and communicate with it over the same I/0 bus,
just as they would with an external peripheral device. Inter-
face registers act exactly the same as main memory registers.
There is, therefore, no need for special I/O instructions.

The full power of the entire instruction set can thus be used
in manipulating the interface registers. The single bus organ-

ization offers several advantages over the more conventional
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mini-computer architecture for more general systems. It
permits the user to mix various speed memories in the same
system. Furthermore, it permits a considerakle amount of
standardization to be applied to the interface design. The
interface itself is somewhat more complex due to the univer-
sality of the single bus and the volume of traffic through

the single bus may degrade seriously performance. The main
advantage of the single bus architecture lies in the simplified

functional programming for control applications.

Most mini-computers employ a technique of staging
instructions to be executed into some higher speed memory than

main memory. This staging area can be a cache or lookahead stack.

A cache is usually several hundred words of high speed memory
into which a page (series of consecutive main memory addresses)
is loaded. The cache can contain instructions and data. When
the next instruction to be executed is outside the cache, the
current page of the cache is rewritten to main memory if changes
have been made to it while in the cache, and the page containing

the next instruction is read into the cache.

Lookahead stacks are typically employed in pairs and are a
word or two each in size. Instructions only are loaded into the
stacks in an interleaved fashion--while the CPU is executing the
instruction from one stack, a fetch of the next instruction into

the other stack is taking place.
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7.0 BACK-END HARDWARE REQUIREMENTS FOR A DATABASE

MANAGEMENT SYSTEM

The minimal requirements for a back-end computer supporting
IDMS include features such as addressability of 64K bytes of main
memory, main memory speed comparable to large-scale hosts, 12-16
general purpose registers internal to the CPU, several levels of
automatic I/0 interrupt and a general instruction set. Most stan-
dard 16-bit mini-computers have sufficient power to satisfy these
minimal requirements. In addition, the peripherals supported by
the mini-computer must include standard magnetic tape drives and
movable head disc drives which accommodate auxiliary long and short
term storage and a high-speed swapping device for program rolling

and roll-out.

The back-end's performance can be enhanced in several ways.
Such obvious improvements as faster memory, interleaved memory,
and cache memory improve performance at an additonal cost. In
addition, certain mini-computers provide tailored instruction sets
for manipulating chains and lists. Each occurrence of these in-

struction sets improves the efficiency of dealing with database

information structures. A primary consideration in the performance
of the back-end computer will be the management of the database in
main memory. Therefore, another factor in performance will be the
extent of directly addressable memory without memory management

overhead.

Since the back-end machine serves as the I/0 handler, message

switcher and DML executor, it is the central interrupt handler

=BE.
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in the configuration. 1It, therefore, must service the interrupts
from the host and all the I/O devices accessed by the DBMS in an
efficient manner. A performance factor in handling interrupts

is the amount of system state that needs to be saved and later
recovered on each event. Therefore, it is highly desirable that
the back-end possess several sets of internal registers so that

these registers need not be saved on every interrupt.

A related performance issue involves the I/0 data rates needed
between the host and the back-end and the I/O devices and the back-end.
The minimum acceptable rate is considered to be 5 megabytes per
second. Lower rates immediately introduce response times slower
than a host only configuration. In addition to this I/O rate, the
data bus organization is important. For example, if all I/0O is over
a single, asynchronous bus, serious throughput problems occur with a

heavy I/0 load.

Database management systems in the future will take advantage of
microprogramming techniques to speed processing. Microprogramming
can take the form of a Read Only Memory (ROM) or a Writeable Control
Store (WCS). ROM is only accessable by the CPU. The instructions
sequenced in this memory are "hardwired"” by the manufacturers and not
changeable in the field. Information (instructions) in this form can
only be constructed by the manufacturer. WCS is another level of
very fast access memory and the user under program control can input

and output information from this level of memory, and execute instruc-

tions in it.
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In order to use microprogramming, one must modularize the
DBMS into a tree structure of hierarchy, then define those most
heavily used modules that are the lowest part of the hierarchy.
By placing these modules in the control store they can be executed
faster than in main memory. The routines are executed or invoked
when controlled by a user level instruction in main memory. In

terms of performance, if modules are written to reside in the

writeable control store, they would typically run 2 to 3 times

{‘ faster than if they were in main memory. If these modules are known
3 prior to machine manufacture and can be put in the ROM, then they

i will typically execute 4 to 5 times faster than if they were in main
s memory.

{

The microprogramming feature is anticipated to be of significant

s

value in reducing the instruction access times of a DBMS and a query

facility in the mini-computer.
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8.0 MINI-COMPUTER EVALUATION

Several mini-computer vendors were interviewed during this
study. Where interviews were impossible or refused, data was
collected from available documentation. Substantial detail was

considered for each machine in Appendix A.

Statistics were collected on the usage of IDMS at several
locations. Factors such as CPU time, I/O time and main memory
requirements were adjusted to represent the load and requirements
on a back-end machine. As a result of this exercise, the table
of important mini-computer features to support database management
functions (Figure 20) was constructed. By comparing the data of
each mini-computer considered to the requirements in Figure 20,
four machines were selected for final éonsideration: DEC PDP 11/70,

Interdata 8/32, MODCOMP 1IV/25, and SEL 32/55.

Figure 21 shows a comparative analysis of the important mini-
computer features for these four machines and also statistics for
an IBM 370/158 to provide a base of reference. The following dis-

cussion addresses each of those features in sequence.

The PDP 11 and the MODCOMP 1V have 16 bit word sizes, the Inter-
data 8/32 and the SEL 32/55 have 32 bit word sizes. With the
exception of the PDP 11/70, all of the finalists have a 32 bit in-
ternal data path. The Interdata and SEL, therefore, are the only

full 32 bit machines.

While the maximum memory of each machine is large enough to

hold DBMS routines, the direct addressability limit of 64K for
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the PDP 11 and MODCOMP IV requires considerable software over-
head of task switching in the implementation because some IDMS
programs are larger than 64K. Also a query facility operating
in the back-end is expected to occupy more than 100K bytes,

requiring even more overhead in these two machines.

A cache memory improves throughput by prefetching the next
or a series of instructions into a staging area which can be
accessed faster than main memory. The one word lookahead technique
of the Interdata, MODCOMP, and SEL are considered equal to the

cache page technique of the PDP 11 for the IDMS implementation.

The number of registers and levels of interrupts are very
important in terms of efficiency of task switching and ordering
priorities. While oge set of 16 registers is satisfactory, a second
set of 16 is valuable. The first set of 16 could be used for the
message system, the second could be dedicated to the DBMS module,
thereby saving and reloading one set. Several interrupt levels are
required to establish levels of priorities - for example, the message
system might need a higher priority than disk I/0 which in turn
might need a higher priority than the journal file or console communi=-

cations.

All systems provide the desirable data rates and addressing
schemes. SEL has a clear advantage in the I/0 data rate category
with an astounding 26.7 megabyte per second rate, even though no I/0
device can operate at that speed. All four systems utilize a DMA

technique to attain these I/0 speeds.
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i While the number of instructions available is not important
per se, the addressing attribute of the instruction is. Interdata 1

provides a long instruction format (6 bytes) which provides a

growth potential of 16 megabytes of direct addressing. The Inter-

data instruction set is also very similar to the IBM instruction

P —
s

£ set and cross-assembly of many IDMS programs is possible. i

The effective memory speed of each machine is in the 300

to 600 nanosecond range. Activity in most database structures is ]
f' I/0 bound but data structures can be designed which result in a

: heavy CPU load. It is important to note that these mini-computer
memory speeds are competitive with large mainframes. Effective i

memory speed is somewhat of an estimated speed and as such is open

to comment and criticism. In order to better rate this feature,

{“ the execution times of certain instructions which are frequently

used in a database management system were charted in Figure 22.

The total time for these instructions was considered in addition to
= the effective memory speed value to determine scores. It is inter-
o esting that Interdata and SEL can process 32 bits as fast as the

PDP 11 can process 16 bits.

e

Only Interdata and SEL offer hardware I/0. Hardware I/0 1

—

.

simply means that no software program needs to be executed to

o

accomplish the I/0; the logic for the transfer is in the form of a

microprocessor. All machines provide a real-time clock. ;

While all the machines have relatively powerful macro assem- ﬁ

g

blers, only DEC has a COBOL release in the field. Interdata has
an apparently quite good ANS COBOL compiler in beta test and is

due to release it in December, 1975. A COBOL compiler is valuable

e BN e
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as several IDMS off-line processors are written in COBOL. Without
" COBOL these programs would require rewrite in the macro language.

The COBOL compiler may also be an important item if any user

3 problem programs are to be written for the back-end.

Interdata offers the best in power and flexibility in the
microprogramming area with the availability of 2000 bytes of

writeable control store.

j The finalists all support synchronous communication, binary

synchronous communication, and all state that they will eventually
support SDLC. SEL and MODCOMP appear to have the best flexibility
in telecommunications support because their control units are micro-

processors and can be programmed to support any function.

One way of achieving interprocessor communication is through
common memory. Multiple processors can be attached to the same
memory bank and can communicate by placing data in memory. The

SEL 32/55 can attach up to 16 processors on a common memory and

e the Interdata 8/32 has a prototype 14 processor system on common
= memory now. This is important for a future expansion of the back-

end computer system. A less tightly constricted arrangement of

ey

multiprocessors is through a network arrangement in which each

computer is tied to another computer by a telecommunication link,

o~ —
'

e —

. either synchronous or asynchronous. At this point in time, MODCOMP

with its network operating system (MAXNAT) and DEC with DECNET are

T

the only systems that support the distribution of tasks through the

—
]

system in a network. These vendors support a network control language

s RS 3

that allows the movement of tasks and data throughout the network

——y
.- 4+
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and allows communication between computers at either a local
or a global arrangement. Interdata is soon to announce a similar

4

system.

All four systems support a direct access method with a
relative block addressing scheme. Each has file and block size
restrictions but these restrictions can be masked from the user by

the IDMS device media control language.

The prices shown were obtained from a marketing representative
of each vendor. Pricing is highly competitive with various dis-
counts available for quantity orders and to OEM suppliers. The
amounts shown are averages including discounts for the purchase of

five configurations.

Based on the hardware prices shown in Figure 21, the cost to
acquire the hardware and software necessary to operate a single
host/single back-end database management configuration can be esti-

mated as follows:

Back-end CPU $ 75,000

500 megabytes disk storage 125,000
(based on database size)

Modems 2,000

Complete IDMS Software 60,000

TOTAL: (except for teleproéessing
lines and host ports) $262,000
Teleprocessing lines and host ports would most likely be
rented. Hardware and software maintenance contracts would cost

approximately $20,000 per year.
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Finally, in the area of vendor interest and willingness to
cooperate and participate, two vendors stand out. Both DEC and
Interdata have been accomodating throughout the study and aggressive
in the;r efforts to demonstrate their machines. Assistance in the
development of a back-end database management machine by either of

these two vendors is considered a real possibility.

8.1 Final Technical Rating of Back-End DBMS Candidates

Each of the four mini-computers was rated on each of the items
in Figure 21. The rating was multiplied by the weight factor to
determine a score. The score in each category was then totaled.
The detailed ratings and scores are shown in Figures 23, 24, 25 and

26. The summary of the technical ratings follows:

Machine Rating Score
DEC PDP 11/70 210 2000
Interdata 8/32 258 2470
SEL 32/55 228 2130
MODCOMP 1v/25 209 1920

Consistent with these scores, the Cullinane Corporation finds
the use of the Interdata 8/32 with 256K bytes of main memory has
superior technical characteristics for back-end database management.
Performance of the system is expected to be excellent due to the
large direct addressability, number of optional registers, levels of
interrupts and effective memory speed. The availability of ANS
COBOL in December of 1975 will allow the machine to be used for

business data processing as well as serving the back-end function.

-§ 3=
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Based on our experience in converting IDMS to various
computer mainframes, a prototype system with an IBM 370 host and
an Interdata 8/32 back-end would require five man-years of effort
spread over two calendar years. The cost of such an effort is
estimated at $300,000, consisting of $200,000 salary and overhead

expense, and $100,000 machine and material expense.
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FIGURE 20

FEATURE

DESIRED QUANTITY OR ATTRIBUTE

Word Size

Internal Data Path
Maximum Memory
Directly Addressable Memory
Cache Memory

Number of Registers
Levels of Interrupts
Data Rate

Addressing Schemes
Number of Instructions
Task Switching
Effective Memory Speed
Hardware I1/0

Real Time Clock

COBOL Compiler

Macro Assembler
Coding Scheme
Microprogramming

Synchronous Comm
Asynchronous Comm
Bisynchronous Comm
SDLC

Mul tiprocessing
Direct Access Method
CPU + 256K
Vendor Interest

Price:

Vendor Willingness to
Cooperate

-65-

32 bits

32 bits

1 Megabyte

256K bytes

Yes

16

4 levels of 16 eaéh

5 Megabytes/second
Direct/Indirect/Indexed/Stack
Yes
500
Yes

nanoseconds

Yes
Yes
Yes
ASCII or EBCDIC

Writeable Control Store or
Read Only Memory

Yes

Relative Block Addressing
$75,000 maximum

IMPORTANT MINI-COMPUTER FEATURES
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INSTRUCTION TIMES IBM DEC INTERDATA SEL MOD
370/158 | PDP 11/70 8/32 32/55| COMP

(Register to Memory) (32 (16 (32 (32 (32
bits) bits) -bits) bits)| bits)

Load .588 1.30 125 = <15 1.60

Store .645 1.8 2.00 .15 | 2.16

Integer Add .900 WP 1.25 1.20 2.08
Integer Multiply 2.000 3.9 3.54 6.00 5.32
Integer Divide 9.900 8.3 5.80 10.80 |11.80
Compare .703 1.35 1.78 1.20 2.08

TOTAL: 14.736 18.35 15.62 20.10 |25.04

FIGURE 22 INSTRUCTION EXECUTION TIMES
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FEATURE VALUE WEIGHT RATING SCORE \
5 Word Size 16 5 6 30 |

. Internal Data Path 16 5 6 30
10 Maximum Memory 2 meg 10 10 100
10 Dir. Adr. Memory 64K 10 4 40
10 Cache Memorvy 2K 10 10 100
10 No. of Registers 16 10 7 70
10 Levels of Interrupts 4 10 7 70
10 Data Rate (I/0) 5 meg 10 7 70
10 Addressing Schemes All 10 10 100
10 _Instructions 400+ 10 8 80
10 Task Switching Yes 10 8 20
20 Effective Memory Speed 300ns 20 8 160
10 Haxdware I/0 No 10 7 70
10 Real Time Clock Yes 10 10 100
10 COBOL Compiler Yes 10 Z 70
10 Macro Assembler Yes 10 10 100
20 Avg. Disk Access Time 36ms 20 7 140
NR Coding Scheme ASCII NR - =
10 Microprogramming No 10 0 0
5 Sync Comm Yes 5 10 S0
5 Async Comm Yes 5 10 50
5 Bisync Comm Yes 5 10 50
5 SDLC No 5 0
5 Multiprocessing No 5 40
10 Direct Access Method Yes 10 10 100
10 Price: CPU & 256K _| 80,000 10 9 50
10 Price: 500M bytes 150,000 10 5 50
10 Vendor Interest Yes 10 10 100
10 Vendor Willingness Yes 10 10 100
TOTAL SCORE: 210 2000

FIGURE 23 DEC PDP 11/70 RATING

e i

Eam
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FEATURE VALUE WEIGHT RATING SCORE
Word Size 32 5 10 50
Internal Data Path 32 5 10 50

10 Maximum Memory 1 meg 10 10 100
10 Dir. Adr. Memory 1 meg 10 10 100
10 Cache Memory 4bytes 10 10 100
10 No. of Registers 8sts.ofl6 10 10 100
10 Levels of Interrupts 4 lvls| 10 70
10 Data Rate (I/0) 6 meg 10 7 70
10 Addressing Schemes All 10 10 100
10 _Instructions 227 10 10 100
10 Task Switching Yes 10 10 100
20 Effective Memory Speed 300ns 20 10 200
10 Hardware I/0 Yes 10 10 100
10 Real Time Clock Yes 10 10 100
10 COBOL Compiler Yes 10 8 80
10 Macro Assembler Yes 10 10 100
20 Avg. Disk Access Time 32ms 20 9 180
NR Coding Scheme ASCII NR - -
10 Microprogramming 2K VICS 10 10 100
5 Sync Comm Yes 5 10 50
5 Async Comm Yes 5 10 50
5 Bisync Comm Yes 5 10 50
5 SDLC No 5 0 0
5 Multiprocessing Yes 5 10 50
10 Direct Access Method Yes 10 10 100
10 Price: CPU & 256K $ 70,000 10 7 70
10 Price: 500M bytes $110,000 10 10 100
10 Vendor Interest Yes 10 10 100
10 Vendor Willingness Yes 10 10 100
TOTAL SCORE: 258 12,470

FIGURE 24

ITERDATA  8/32 RATING
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FEATURE VALUE WEIGHT RATING SCORE

5 Word Size 32 5 10 50
5 1Internal Data Path 32 5 10 50
10 Maximum Memory 1 meg 10 10 100
10 Dir. Adr. Memory 812 K 10 10 100
10 Cache Memory 4 bytes 10 10 100
10 No. of Registers 8 10 3 30
10 Levels of Interrupts 128 10 10 100
10 Data Rate (I/0) 26 meg 10 10 100
10 Addressing Schemes All 10 10 100
10 Instructions 152 10 c 8 80
10 Task Switching Yes 10 10 100
20 Effective Memory Speed 600 ns 20 5 100
10 Hardware 1/0 Yes 10 10 100
10 Real Time Clock Yes 10 10 100
10 COBOL Compiler No 10 0 0
10 Macro Assembler Yes 10 10 100
20 Avg. Disk Access Time 30 ms 20 10 200
NR Coding Scheme ASCII NR - -
10 Microprogramming ROM 10 6 60
5 Sync Comm Yes 5 10 50
5 Async Comm Yes 5 10 50
5 Bisync Comm Yes 5 10 50
5 SDLC NO 5 0 0
5 Multiprocessing Yes 5 10 50
10 Direct Access Method Yes 10 10 100
10 Price: CPU & 256K $ 60,000 10 9 90
10 Price: 500M bytes $135,000| 10 7 70
10 Vendor Interest - 10 5 50
10 Vendor Willingness - 10 5 50
TOTAL SCORE: 228 2,130

FIGURE 25

SEL 32/55 RATING
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FEATURE VALUE WEIGHT RATING SCORE

5 Word Size 16 5 6 390

_ Internal Data Path 32 5 10 50
10 Maximum Memory 512K 10 5 50
10 Dir. Adr. Memory 128X 10 6 60
10 Cache Memory 60 kvtes 10 10 100
10 No. of Registers lests.ofl§ 10 10 100
10 Levels of Interrupts 16 lvls] 10 10 100
10 _Data Rate (I/0) 2 meg 10 2 20
10 Addressing Schemes All 10 10 100
10 Instructiomns 255 10 '8 80
10 Task Switching Yes 10 10 100
20 Effective Memory Speed 500ns 20 4 80
10 Hardware I/0 Yes 10 10 100
10 Real Time Clock Yes 10 10 100
10 COBOL Compiler No 10 0 0
10 Macro Assembler Yes 10 10 100
20 Avg. Disk Access Time 35ms 20 7 140
NR Coding Scheme ASCII NR i =
10 Microprogramming ROM 10 6 60
5 Sync Comm Yes 5 10 50
5 Async Comm Yes 5 10 50
5 Bisvnc Comm Yes 5 10 50
5 SDLC No 5 0 0
5 Multiprocessing Yes 5 10 50
10 Direct Access Method Yes 10 10 100
10 Price: CPU & 256K $ 55,000 10 10 100
10 Price: 500M bytes $150,000 10 50
10 Vendor Interest - 10 5 50
10 Vendor Willingness - 10 5 50
TOTAL SCORE: 209 1920

FIGURE 26

MODCOMP  IV/25 RATING
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9.0 DBMS PERFORMANCE IN MINI-COMPUTERS

Tests have been completed on an early stand-alone version of
IDMS on the PDP 11/70. After issuing a representative mixture of
DML commands in a sample program, an average elapsed time of 80 ms.
per DML call was measured. This test made use of no special hard-

ware or peripherals. The test issued 620 DML functions as follows:

STORE 50
OBTAIN 360
FIND 15
MODIFY 180
DELETE 35

620

In order to perform these particular DML functions for the
DBMS module issued 1698 I/O operations split into 924 reads and 774
writes. The reason for the large number of I/0O operat;ons is that
the PDP 11 direct access methods requires blocks to be formatted
to a size of 512 characters. 1In this test the IDMS page was 1024

characters in size requiring 2 I/0O's for each page read or write.

The same measurements on the IBM version of IDMS on a 370/158
gave an average time of 40 ms. per DML call. The different between
the 40 ms. average time for this problem on the IBM 370/158 and

the 80 ms. average on the PDP 11/70 can be explained as follows:

Dual I/0O for each read or write

(2.7 I/0 operations per DML function) 20 ms.
Speed difference in 3330 and RP04

(1.3 operations per DML function) 8 ms.
2 task switches in PDP 11 version

per DML call 6 ms.
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Instruction speed difference 3 ms.
(see Figure 22)
30% of CPU time

Implementation differences required
by 16 bit architecture 3 ms.

40 ms.

A new software feature will alter the PDP 11/70 times: multi-
sector I/0 or multiple chained reads for one start I/0 command.
This feature is being implemented by DEC at Cullinane's request
and will reduce the average time from 80 ms. by the 20 ms. stated
above to an expected 60 ms. per DML call. Optimization of the
PDP 1l version of IDMS is expected to eliminate the task switching
resulting in an expected timing for this particular problem of 54

ms. per DML call. This number is used in Figure 27.

The average instruction time of the Interdata 8/32 is 20%
faster than the DEC PDP 11/70. In addition, the Interdata 8/32
processes 32 bits at a time like the 370/158. With the large
direct addressability of the Interdata 8/32 no task switching is
required to process DML functions. The average access time for RP04
disk on the PDP 11 is 36 ms. and for the M46 disk on the 8/32 it is
32 ms. In view of the above, we estimate the execution time of
this same sample problem at 45 ms. per DML call on the Interdata
8/32. This assumes that any implementation problems or software
deficiency such as those experienced on the PDP 11 would be

corrected by Interdata as they were by DEC.

™
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As a result of these timings and estimates, the following
table can be presented for a stand-alone version of IDMS running

this particular sample problem:

4
MACHINE ELAPSED TIME
IBM 370/158 40 ms. per DML call
DEC PDP 11/70 54 ms. per DML call
Interdata 8/32 45 ms. per DML call
(estimated)

FIGURE 27 BENCHMARK PROBLEM TIMINGS
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10,0 RECOMMENDATION FOR THE DEVELOPMENT OF A PROTOTYPE
BACK-END DATABASE MANAGEMENT MACHINE

As a relatively quick and economical way of demonstrating
the feasibility of a host/back-end database management system,
the Cullinane Corporation recommends the implementation of a
prototype system using the Digital Equipment Corporation PDP 11/70
computer linked to an IBM 370 host machine. Since IDMS (Integrated
Database Management System) is already operational on the PDP 11,
such an approach would allow Cullinane Corporation to concern it-
self with other considerations and problems pertinent to back-end
database management. Another import;%t consideration is that there
are so many computers in the PDP 11 family either in use or con-
templated being used by the Federal Government, that should such a

system prove satisfactory, there would be a ready market for addi-

tional users of the prototype or enhanced system.

In summary, by using a PDP 11/70 computer the Cullinane Corp-
oration could develop a host/back~-end database management system

prototype within a year of project start. Any other approach would

require a minimum of two years or longer to develop a prototype with

great additional expense to the Cullinane Corporation and/or the

government.
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APPENDIX A - MINI-COMPUTERS REVIEWED
IN THIS STUDY
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CAL DATA-1

Computer Automation LSI 2/60
Computer Hardware CH 12130
r Data General Nova 840

L
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Data General Nova Eclipse
- : : Digital Computer Controls D-116H
( DEC PDP/15
DEC PDP/11/45
DEC PDP/11/70
Digital Scientific Meta 4

A —r £ IS W ey

! Electronic Associates Pacer
General Automation SPC-16/85

i GR1-99 Model 50

L Harris System 240

. Hewlett-Packard 2108A
Hewlett-Packard 3000CX

Honeywell System 7000
Information Comp. System ALP3
_ Interdata 7/32

[ Interdata 8/32

‘ IBM System 7_
Lockheed MAC 16 -
Micro Data 3200
Modcomp IV/25
Nanodata QM-1A

Prime 300

Raytheon RDS~500
ROLM 1602

SEL 32/55 i
Texas Instruments 980B

Univac 1816
Varian V75
Westinghouse 2500
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