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Performance Modeling of Distributed CODASYL Structures

Frank Germano, Jr.

Digital Equipment Corporation
1L16 Main St., ML3..2/ELH, Maynard, MA 017514

University of Pennsylvania
Philadelphia, Pennsylvania 19107

Abstr act

A series of analytic performance models has been

developed to compare various software

architectures or strategies of distributing
CODASYL—like structures. Each model uses a

given global schema structure and transaction

mix to minimize operational costs, which include

disk costs, cpu—memory costs, and communication

costs. Although formulated as optimization
models, only simple heuristics, implicit
enumeration, and decision support facilities are

used at this time to arrive at solutions. This

note summarizes the nature of these models and

the underlying distribution strategies.

The implementor of DDBMS software can choose from a large
number of possible software architectures. Although there

are many important operational characteristics to consider

when choosing an architecture, performance issues are a

central factor. Analytic performance models are developed
to assist the system implementator in this difficult

comparison. Is the use of a high—level data language,
parallelism, or data redundancy always indicated? What

happens when communications costs are high or low? What

effect does a change in the retrieval vs. update mix have

on architecture choice?

Four architectures or strategies have been identified for

distributing CODASYL—like structures.
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— the Remote Area Model (RAM) —— use independent
database management systems at each host and

support global views

— the High—level Language Model (HLLM) —— use a

high—level DML with remote databases and global
views

— the Parallel Processing Model (HLPP) —— use a

high—level DML, global views and parallel set

component processing and polling.

The network environment supporting the distributed

database is composed of multiple hosts, each capable of

maintaining a local data structure. Underlying each

architecture design is the desire to support transparent
data access, i.e. the application programmer has no

knowledge of data location. Each host operates components
of the distributed database management system. In the

remote area model this component is nothing more than a

remote file system interface. In the other cases, the

remote components support a three schema architecture

containing user views, local structures and global
(multi—host) views.

Figure 1 summarizes the general structure of each model.

All are extensions of the Integrated Database Model

Gerritsen et al.].

Schema Hardware

Logical Characteristics

Structure
I

V V

Transaction

Structure——>

—--—> MINIMUM

Usage COST

Patterns———>

V

Optimal
Structure

Figure II. Model Structure
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The model inputs include hardware parameters, including
communications characteristics; database logical
structure, represented by a global schema; and transaction

information, including access path and usage patterns.

Based on this environment certain database decisions (data

location and local structure decisions) are made to

minimize operational costs. Operational costs include

local disk storage costs, local CPU—MEMORY usage charges,
and communications costs. Time performance impacts the

CPU—MEMORY charges and the maximum turn—around time

constraint on each transaction.

The transaction mix is represented by transaction

structural characteristics and usage pattern. The

structure of a transaction is represented by its access

path, the series of sets accessed to get to the record

once the entry record type has been established. Access

to a transaction entry record is indicated to be “for all”

of a given record type or “for one” identified by key
equality. A transaction’s usage pattern is represented by
the number of times the transaction is run from each host

in a given time period.

Schema logical structure includes the length of data

records, their origin host(s), and record—set structure.

An indication whether each record type in the transaction

is added or updated is included.

Hardware parameters include the cost of disk block

storage, CPU—MEMORY usage, and the cost of communications,
a matrix representing the cost of sending “x” characters

from host A to host B. A similar matrix representing
communications time is also used.

The basic unit of distribution is the CODASYL record,
except in the remote area model, where the area (file) is

the unit of distribution. Data redundancy, handled as a

special case of each architecture, is in terms of the unit

of distribution. The unit of distribution is assigned to

a host.

All models share the following local data structure

decisions:

X —— record location via set of caic location

Y —— set implementation
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Z —— record membership in singular set

B —— number of processing buffers at each host

P —— number of pages in each area

An additional decision, not present in the remote area

model, is the record location mode binding time decision,
R. The decision of where to locate record instanäes can

be made at schema definition time or execution time. If

all records of a given type are stored at a single host

determined at execution time, the record location mode

decision is static If the record location mode decision

depends upon execution time characteristics, the decision

is dynamic Two types of dynamic mode can be considered.

The term dynamic—local will refer to the situation where

all records originating at a site are stored locally at

that site. The term dynamic—mobile will refer to the

situation where a record’s location is specified at

execution time by the user or the system. Current model

formulations do not support dynamic—mobile location mode

because of the increased complexity.

The High—Level Data Language modeled is a series of

adjacent or imbedded FOR EACH
.. .

ENDFE constructions, a

loop construction representing processing of all records

of a given type in an area, caic—set or member—set

Germano]. The record selection clause of the FOREACH

reduces the number of member records which must be sent

back to a requestor. Processing includes the application
of system functions (COUNT, MIN, MAX, SUM, AVERAGE) or

user procedure to the retrieved records.

In order to capture the behavioral characteristics of a

High—Level data language program the following information

must be estimated for each transaction. First, for each

record—type accessed along the access—path, what

percentage of the data record is actually required
(derived from items referenced)? Second, after the

application of set—domain functions, how many characters

need to be returned? And finally, what percentage of the

records pass the qualification test?

Some sets defined in the global schema may have data

instances at hosts different from their owner record. If

a distributed set has a chain implementation mode, the set

members cannot be retrieved if a single host holding
member records goes down. For this reason alternative
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representations of record sets must be used in a

distributed environment.

A new construction is defined to support distributed sets.

It is currently defined in terms of additional records

which can automatically be generated by the schema

definition processor. Defining additional records allows

us to “piggyback” a distributed CODASYL implementation on

top of existing DBMS implementations. Figure 2 summarizes

this structure for distributed set j whose owner is of

record type o and whose member is of type m.

At owner instance site At each member instance site

of the set instance of the set instance

I -I I I

I I I I

record o I record im

I (ptr to o)
I I I I

I
___________

I I
____________

1*

*j~ SET *im SET

1: 1 correspondence

— — — —

‘I r
— — — — /

V /

-( -/ I

record io

(pointer ,‘ record m 1

L~c.L~_J/ * L

Figure 2. Implementation of Distributed Set j.

The record/set structures flagged by * represent
information added to the local data structures to support
distributed sets. This information is not present in the

global schema. The io record holds a pointer to the

remote distributed set header; the im record holds the

pointer to the remote owner of the distributed set. The

im record also serves to anchor the group of records of

represented set j which reside at this host. This

implementation of a distributed set forms the basis of a

distributed directory.
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The models, as currently formulated, are complex

non—linear, 0—1 integer programming problems. Although
sophisticated 0.R. techniques may lead to efficient

solution procedures, our current efforts have been

directed towards using simple heuristics, implicit
enumeration, and decision support facilities. We

currently are using a two—stage approach: distribute the

data and then optimize the local structures. Use of

heuristics for some database decisions appears to be

beneficial. If the models are used to support a Data Base

Administrator in a distributed environment, the need for

efficient solution procedures becomes more critical.

Since we only wished initially to compare architectures we

could be less sophisticated.

General conclusions are difficult to make, because results

are dependent on how a data structure is used.

Nevertheless, a few remarks are in order. It was no

surprise when the remote database model dominated the

remote area model for a few sample databases, but it was

surprising to find domination of 10 to 100 times!

As with all modeling efforts of this nature certain

objections can be raised. First, the amount of

information required in large and expensive to capture.
The schema information is available. Much of the

transaction structure information can be derived

automatically from well—designed transaction writing
systems or manually as transactions are written. The run

frequencies can be captured periodically in an on—going
system or estimated as part of systems analysis for new

systems. The communication cost function is dictated by
policy, either external or internal.

Second, the mathematical structure of the models is

complex. Even though we must rely on intuition and

heuristics, and as the problems become more defined,
better 0.R. techniques, the information and understanding
that we develop, can only assist the system implementor
and data base administrator. They have so little to work

with now.

Finally, the models have not been validated against live

situations. At some point this should be attempted, not

so much to verify the exact costs and times, but to hold

true. Even without validation, however, the models offer

a starting point for the system implementator and data

base administrator. Despite the objections raised,
development of the models has sharpened our insight into
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some of the problems of distributing structures, and if

for no other reason than this, the model development has

been valuable.
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REPORT ON IFIP TC—2 WORKING CONFERENCE

Ann Ellis Bandurski

David Taylor Naval R&D Center

One hundred percent of all constraints relating to a

database (e.g., allowable data values, relationships, and

processing) must be specified in the conceptual schema,
according to Sjir Nijssen of Control Data Europe, so that

no constraints remain embedded in application programs.
The need for capturing a complete description of stored

data, including its semantics and how it is distributed in

a network environment, was a theme addressed repeatedly at

the 1979 IFIP TC—2 Working Conference on Database

Architecture.

Nijssen’s comments were part of a report of the latest

thinking of members of the IFIP Working Group 2.6 (Data
Base Systems) which he chairs. The Working Group 2.6

report was presented along with 18 technical papers to

approximately 70 invited discussants at this year’s
Working Conference in Venice, Italy June 26—29. The

Working Conference was sponsored by IFIP Technical

Committee 2 (Programming), 2.6’s parent organization.
Previous Working Conferences on Data Base Management
issues have been held in 19714 in Cargese, Corsica, in 1975
in Wepion, Belgium, in 1976 in Freudenstadt, Germany, and

in 1977 in Nice, France.

A three—level architecture, where a database is described

in terms of conceptual, internal, and external schemas,
was generally accepted as a model by attendees, and papers

suggesting more complete descriptions did so within such a

framework.

A Siemens group spoke on extensions to its Conceptual
Schema Language (CSL) including a calendar system and

semantic rule specification capabilities. The calendar

system allows a fixed reference point to be defined (e.g.,
the birth of Christ) and is used in specifying data

associations as valid within a time interval, beginning
and ending with atomic events, or for specifying a

temporal unit for change (e.g., weekly, monthly). A

signification language within CSL is used to actually
specify the semantic rules. Events can be specified and

procedures defined which, when invoked, check whether

actual parameters meet the requirements specified (e.g.,
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formats, occurrence frequencies, consistency: valid

states, persistence: valid change, existence).

Ron Stamper of the London School of Economics and

Political Science suggested facilities for defining
semantics within the LEGOL language for formal description
of legislative rules. He further discussed the relevance

of the facilities within LEGOL to the specification of

semantic rules for a database through its conceptual
schema. His Context Division would allow specification of

jurisdiction in terms of geographical or organization
hierarchies, of a hierarchy describing the problem subject
area which a law addresses, and of periods of language

usage so that written laws may be understood in terms of

the usage of the language in which they were written at

the time they were written. His second division, a Rules

Division, would allow specification of “prescriptive laws”

(i.e., man—made laws) as separate from “descriptive laws”

(i.e., natural laws). The division covered in most detail

is the third: the Surrogate Division. This division

describes classes of entities which can be “things,”
“conditions,” or “states” and which are used as surrogates
in an intermediate structure between the laws which

specify things about the real world and all of the facts

about the real world which are relevant to those laws.

Carlo Zaniolo of Sperry Research Center, Sudbury,
Massachusetts, addressed one of the issues in 3—level
architecture theory: multi—model external schemas;
specifically, mapping between a CODASYL conceptual schema

and relational and hierarchical external schemas. He

discussed both bottom—up conceptual schema design based on

first defining application views (external schemas), which

is possible when schemas need not be designed around an

existing database, and top—down schema design based on an

existing database where new external schemas are designed
after the conceptual schema. To design a relational view

of a CODASYL schema, Zaniolo first generates a relation

from each (applicable) record type. Then, 1:n

relationships, represented by sets in CODASYL, are

introduced by migrating Duplicates—not—allowed data items

(unique keys) or data item combinations ~rom owners to

members.

Lazlo Mercz of Control Data France also addressed the

question of relational interfaces to CODASYL conceptual
schemas. He spoke of the need for the definition of

operators at each level of the 3—schema architecture,
which would be useful at the external schema level for
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transaction level. The CODASYL conceptual schema requires
additional semantic definition facilities before

sufficient information will be available to form

relational views. For example, CODASYL provides no

mechanism for specifying that two values in different

record types are from the same domain and are therefore

comparable. An expanded semantic specification facility
is also warranted to increase system control when Manual,
Optional, and Set—selection options are used. The

information—bearing properties of CODASYL sets also need

to be explicit.

In a discussion led by Tom Steel of AT&T, it was pointed
out that some facilities which can be considered integrity
constraints already exist in the CODASYL DDL, but that

additional facilities are needed for this language to

fulfill the requirements for conceptual schema definition.

Existing CODASYL facilities include Automatic (similar to

a trigger——if one action is specified, others are

automatically performed also), Mandatory, Fixed, Source,
and Duplicates—not—allowed data items. The question was

brought up of how to accomplish meaningful updating from a

relational user view and whether it is possible to let a

user assume that if he can’t see a portion of the

database, he doesn’t have to worry about it. It was also

pointed out that constraints may be specified in a

conceptual schema, but unless they are connected to an

integrated semantic description of the database, it may

become unclear why they were originally included, and

other, inconsistent constraints may be specified without

their relationship being apparent.

Francois Bancilhon of France’s IRIA Laboratory presented
his work on assuring database integrity under updates from

relational external schemas. His criterion for evaluation

of update acceptability was to check whether, when a user

adds a tuple and then deletes it, not only the view but

also the database is returned to its original state. His

findings showed that, if and when additional information

is (can be) provided defining the complement within a

relation of the users view of it, then sufficient

information is available to the system to know what should

be done with the update specified by the user. Derivation

of a complement depends on the operators allowed to

specify a view (join and projection were examined) and on

the integrity constraints involved (dependencies)

Other papers presented database system and language design
(especially for distributed database systems), algorithms
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