Data Base
Engineering
=

Vol.1 Neo.1 Contents Mareh 1977

RESEARCH INTO DATABASE MACHINES AT THE UNIVERSITY OF UTAH
Diane C. P. Smith and John Miles Smith Page 1

COST ANALYSIS OF DATA DISTRIBUTION
Geneva G. Belford and John D. Day Page 5

WORKSHOP ON OPERATING AND DATABASE MANAGEMENT SYSTEMS,
MARCH 21-22, 1977, NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS

PROGRAM Page 13
ABSTRACTS OF PAPERS Page 15
MEMBERSHIP LIST OF TC ON DATABASE ENGINEERING Page 24

EDITOR'S NOTES Back Inside
Cover

MEETINGS OF INTEREST Back Inside
Cover

A Quarterly Bulletin published by
the IEEE Computer Society Technical Committee on
Data Base Engineering




Data Base Engineering Bulletin
Volume 1, No. 1.
March, 1977

A Quarterly Publication of the IEEE Computer Society
Technical Committee on Data Base Engineering

Chairman: David K. Hsiao Vice-Chairman: Vincent Lum
Department of Computer and IBM Research Laboratory

Information Science Monterey and Cottle Roads
The Ohio State University San Jose, California 95193
Columbus, Ohio 43210 (L08) 256-T654

(614) L422-3083

Editor: Jane W. S. Liu
Department of Computer Science
University of Illinois

Urbana, Illinois 61801

(217) 333-0135

Editorial Committee

Roger W. Elliott Edward Feustal

Department of Industrial Rice University
Engineering P.0. Box 1892

Texas A & M University Houston, Texas TT7001

College Station, Texas 77844 (713) 527-8101

(7T13) 845-5531

Michael E. Senko Carlo A. Zaniolo

IBM T. J. Watson Sperry Research Center
Research Center 100 North Road

Yorktown Heights, New York 10598 Sudbury, Massachusetts 01776

(91k) 9hs5-1T21 (617) 369-kL000

Data Base Engineering Bulletin is a quarterly publication of the IEEE Computer
Society Technical Committee on Data Base Engineering. Its scope of interest
includes: data structures and models, access strategies, access control techni-
ques, data base architecture, data base machines, intelligent front ends, mass
storage for very large data bases, distributed data base problems and techniques,
data base software design and implementation, data base utilities, etc.

Contribution to the Bulletin is hereby solicited. News items, letters, techni-
cal papers, book reviews, meeting previews and summaries, etc., should be sent

to the Editor. All letters to the Editor will be considered for publication
unless accompanied by a request to the contrary. Technical papers are unrefereed.

Opinions expressed in contributions are those of the individual author rather
than the official position of the TC on Data Base Engineering, the IEEE Computer
Society, or organizations with which the author may be affiliated.

Membership in Data Base Engineering Technical Committee (at $5 per year) is open
to IEEE Computer Society members, student members, and associate members. Non-—
members of IEEE Computer Society may join the Technical Committee (at $10 per
year). Library subscriptions are available (at $10 per year).



Research into Database Machines
at the University of Utah

Diane C.P. Smith
John Miles Smith

Department of Computer Science
University of Utah

The current concept of a "database machine" is that of a machine
in which relatively expensive relation (or file) processing functions
such as boolean searching, cross-referencing and updating are consigned
to hardware [1, 4, 5, 8]. These functions, oriented towards relation-
at-a-time processing, are higher-level than the "GET" and "PUT" primitives
of current tuple (or record)-at-a-time processing. The attraction of
this is in its promises of a more rapid execution of these functions and
a representation of information closer to the way it is visualized by
users.* However, the database machine concept can be further extended
by considering even higher-level functions, which in addition to searching
and updating, maintain consistency within and between relations. Data-
base machine research at the University of Utah is concerned both with
the investigation of boolean-search associative devices and with the develop-
ment of consistency maintaining functions appropriate for hardware (as
well as software) implementation.

The investigation of boolean-search associative devices has taken
three forms:

1) the development of an architecture for a head-per-track rotating

associative device (4],

2) a study of efficient use of the boolean-search primitive to

*This latter feature is important to the production of more reliable data-
base software.



implement additional relation-oriented functions such as sorting
[3], and
3) a study of cost-effective ways of providing the boolean-search
primitive to large scale database applications [2].
The architecture developed for head-per-track rotating associative devices
is called the rotating associative relational store (RARES). It is an
associative memory constructed by adding a relatively inexpensive content-
addressing mechanism to an existing head-per-track rotating device. It
is distinct from other designs in that it utilizes a novel "orthogonal"
storage layout. This layout allows a high output rate of selected tuples
even when a sort order in a stored relation must be preserved.

The study of the search function as a primitive in defining other
database functions concentrated on the sort function. An algorithm called
the "bucket sort" was developed to exploit the associative search capability.
Compared to the standard sort-merge algorithm, this algorithm requires
at most the processing time necessary for the initial run generation and
the first pass of the merge operation.

The designs of rotating associative devices are currently based
on head-per-track technology. Such associative devices can be used effec-
tively for small scale (<lO7 byte) applications. However, the order of
magnitude cost differential (for current and predicted for new storage
technologies) between head-per-track and movable-head devices dictates
that large scale databases be stored on the movable-head devices. To
make the boolean search capability available to large scale applications,
either a head-per-track associative device can be used in a memory hier-
archy as a cache into which data can be paged from conventional movable-
head devices, or the search logic can be moved to the heads of the movable-

head devices.



The associative cache and the associative movable-head devices can
be thought of as two different ways of distributing search logic. 1In the
associative cache approach, the logic is concentrated on a small number
of head-per-track devices, one logic unit per track. If the data items
to be located are not in the cache, more data must be paged in from
conventional movable-head devices. In the associative movable-head
device approach, the iogic is distributed across a large number of movable-
head devices. If the data items to be located are not found on the
cylinder being accessed, the head (and logic) are moved. Thus, the
relationship between the two approaches is that a page transfer in one
is conceptually equivalent to a head movement in the other. However,
if both approaches use the same amount of parallelism, the associative
cache is less efficient than the associative movable-head devices.

The tradeoffs between these two approaches are being investigated further
and the design of an associative movable-head device is being developed.
Research at the University of Utah has also concentrated on the
development of data accessing primitives that will guarantee consistency

within and between relations [6, 7]. This investigation is based on

a semantic approach that treats an integrated database as a model of

some real-world system. Constraints existing in the real-world system
must be represented in the model (database) by the actions of the operators
and the interrelational structure of the database. For example, if a
relation is to model a set of distinct real-world objects, there must

be a unigque identifier associated with each tuple in the relation. An
insert should maintain the invariance of this condition. Similarly,

if the existence of a value for some domain in one relation implies



the existence of an object represented by a tuple in another relation,
a delete in this second relation must maintain the invariance of this
condition. In [6] and [7] a set of invariants is identified that capture
constraints true of all real-world systems. The universality of these
invariants recommends them for hardware support. However, the method

of providing this support remains to be determined.
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Cost Analysis of Data Distribution*

by
Geneva G. Belford
and
John D. Day

Center for Advanced Computation
University of Illinois at Urbana-Champaign
Urbana, Illinois 61801

Introduction

The advantages of distributing a data base in a network
environment have been the subject of much discussion. There has been a
scarcity, however, of research attempting to quantify these advantages
or to investigate the various tradeoffs and to determine just how great
the advantages are. Because of this lack of quantitative data, we
recently undertook a preliminary study of the costs of data distribution.
Our goal was to gain some understanding of where the major costs are
incurred and under what circumstances distributing a file system is
worthwhile. Space limitations preclude our giving more than an overview
of the work here. Readers interested in the details may consult our
report [1].

The Model

For many of the cost-related questions that arise in the de-
velopment of a distributed data base system (such as those concerned
with the costs of queries, updates, backup, recovery, etc.), the system

can at first be viewed as a storage hierarchy. That is, to a local
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process or user submitting a query to a remote site, storage devices at
that site appear as further levels of the hierarchy. From this point of
view the network is another channel with some special cost considera-
tions. We have constructed and analyzed such a simple, storage-hierarchy
model of distributed data processing. This approach allowed us to
investigate the tradeoffs offered by various strategies without becoming
involved in extraneous issues, such as which remote site in the network
is the best location for the data. 1In future refinements of the model,
we plan to include effects of processing data at the remote site in
order to take advantage of cheaper computation or possible parallelism.

Modeling storage hierarchies. Well before networks existed,

the question arose as to where one should place a given file in a
storage hierarchy - i.e., a set of memory devices of varying accessi-
bility (core, disk, tape, etc.) connected to a single computer. A
particularly comprehensive cost model [2] for this problem has recently
been developed by Lum and co-workers at IBM Research (San Jose). This
model differentiates between random and sequential forms of data access
and includes considerations of staging, channel costs, CPU overhead,
etc. Because of its completeness, we considered this model an appropriate
one for extension to the network case.

Lum's model primarily addresses the problem of '"data staging"
or "data migration'. In other words, when a file or data set is not
being used (i.e., is inactive) it is stored on one device (usually a
relatively slow, inexpensive one). Then, when the data set -is to be
used, it is moved to a faster, more expensive device so that the program
will waste fewer resources waiting for data. The basic question addressed
is: given the accessing characteristics (number of reads and writes,

proportion of time the file is in use, etc.), where in a given hierarchy



should the data set be stored when it is inactive and where should it be
stored when it is active?

Lum develops an objective function which gives the cost of
accessing a data set which is stored on one device when inactive and
another (possibly the same device) when active. In his model the
entire data set is moved from the inactive device to the active one.

(We relaxed this requirement in our model.)

The selection algorithm is then quite straightforward. The
objective function is evaluated for each pair of devices in the hierarchy.
The lowest cost then indicates on thch pair of devices the data should
be located.

Lum and his co-workers make several simplifying assumptions,
most of which can be relaxed at the cost of a more complex cost function.
They assume that, for data sets, system paging activity will not signifi-
cantly affect cost. However, it would probably be necessary to relax
this constraint if one wished to comsider costs incurred by program
activity. They further assume that transfers are direct rather than
through core and that there are no flow control problems (i.e., a fast
device can always accept data from a slow device). They also assume
that transfers are not constrained by the capacity of the device the
data set is being moved to. Fortunately, these last two assumptions can
both be dropped at the cost of a more complex cost formula. When a
network is added to the hierarchy, flow control cannot be ignored.

There are, however, more troublesome deficiencies in the IBM
group's approach. First, they implicitly assume a very low rate of data
access. Costs which may in fact grow very rapidly with increased load
are assumed to be proportional to the number of accesses or to the

amount of data handled. Second, they include a number of terms which



represent lost CPU time induced by delays in accessing devices. This
seems to represent an effort to parcel out, in a simple way, the cost of
the inevitable CPU idle time among the wvarious processes. At the same
time they omit some real CPU costs which are incurred in the data transfer
process and which may be significant. In addition, they assume that

only CPU idle time adds significant costs and ignore costs due to other
idle equipment, such as channels.

Adding a remote site to the hierarchy. 1In spite of our reserva-

tions, we decided to work initially with Lum's model. We began with
Lum's cost formula, with its terms for storage, data transfer, and
accessing, and added network terms - including costs for data transfer
to, from and over the network, as well as protocol costs. In adding
these terms, we felt that, if only for consistency, we should follow the
spirit of Lum's model. Hence the extended model also has terms involving
costs of "lost" CPU idle time.

The cost formula we arrived at has six components:

COST = {storage} + {cost to move data between inactive }

cost remote level and highest remove level

cost to move data between highest + network

remote level and the network costs

cost to move data between the + costs for the process

network and the local active level to access the local
active level

The basic situation to which our formula is designed to apply
can be described briefly as follows. A local process, active for a portion
of each day, manages the queries to and updates of a data base. The data
base is stored permanently on a mass storage device at a remote site on
the network. When the local process becomes active, it causes the data

base to be moved to a rapid-access device at the local site. At the end



of the day's work, the data base is moved back across the network to
the permanent storage location.

Notice that moving the data base over the network is a multi-
step process. The data must be first staged at the remote site, then
moved onto and across the network, and then finally picked up from the
network by the local host. In contrast, local data staging from one
device to another involves only one such transfer. Essentially, the
third, fourth, and fifth terms of the cost formula are missing when the
permanent storage device is local.

Cost Analysis

It is clear that, in order for remote storage to be cost
effective, there must be sources of savings large enough to counter-
balance the three additional cost terms in the network model. Further-
more, examination of the cost formula shows that potential savings are
limited to the first two terms. That is, either storage or staging (or
both) must be cheaper at the remote site than they are locally. This is
not an unreasonable requirement. However, the magnitudes of the cost
differentials are critical.

To see how large the savings must be, we have carefully
examined typical costs incurred in transferring data over a network.

The actual network costs have two major components: the setup cost for
using the network and the cost of the traffic sent on the network. The
former includes protocol negotiation and processing costs. The latter
includes the cost of transmitting protocol messages as well as trans-
mitting the data base itself, Not surprisingly, the major cost -
generally by an order of magnitude or more - is that of actually trans-
mitting the data base across the network. (The costs for data transfer
between host and network can become comparable when the network bandwidth

is very small.)



At the present time, it is not cheap to transmit a large
amount of data across a network; One quoted commercial rate is $1.25
pér 1000 125-byte packets. A one-megabyte data base would then cost $10
to ship., If this much data is staged frequently (daily, say) from a
remote site, the cost is clearly far more than could possibly be saved
because processing and/or storage is cheap at the remote site. (Disk
storage of a megabyte for a month is unlikely to cost more than $200
anywhere. Thus, even if remote storage is free, the cost differential
will not be enough to offset the network costs. It is also unrealistic
to hope for large differentials in processing costs.)

As the amount of data shipped back and forth across the network
decreases, the likelihood that a distributed strategy will be cost-
effective increases. We have therefore used our cost formula to get a
preliminary idea of the value of local data caching. Under this strategy,
the local system maintains a partial copy of the data set. The contents
of this copy are determined by the results of past accesses or in some
cases by some knowledge of what will be needed. When the user requests
data, the system first looks to see if the data is local; if so it is
fetched from the local storage medium; if not then it must be retrieved
from the master copy over the network. This is a sort of "network
working set" strategy. Investigating the properties of such a strategy,
we found a rather steep rise in cost as the fraction of requests that
must use the network increased. Of course, whether or not most requests
can be answered locally depends upon the size of the local store and the
degree of locality exhibited by the requests. However, if the fraction
of remote requests can be kept low, it appears that significant savings
can be achieved by the local caching of data. Further study is needed

of the locality properties of data base activity, the goal being to

10



determine what the size of the local store must be so that a large
fraction of the requests may be satisfied locally.
Conclusions

The main result of our study was that heterogeneity is a
necessary requirement for remote storage to be cost effective. This
conclusion is intuitively reasonable. Transferring data over the net-
work must cost something - and this additional cost is inevitably
incurred if the data is stored at a remote site. In order to offset
the network costs, the remote site must be significantly cheaper, in
some respect, than the local site.

It should be emphasized that in most situations the cost
differential due to heterogeneity must be sizable - not small percent-
ages, but orders of magnitude. As the amount of data transported over
the network decreases, the network costs can decrease to the point where
smaller cost differentials can make remote storage economical.

There are several ways in which the necessary heterogeneity
may be achieved:

1. Excess capacity. That is, some sites may be less heavily

loaded either because of usage patterns or because of system
differences. Thus, even though 'real" system costs are not
very different, it may be worthwhile to store the data base at
a remote, underutilized host.

2, Inexpensive storage. Special facilities, such as the ARPA

Network Data Computer, may be available at one site.

3. Artifically-induced heterogeneity. This may be achieved by

arbitrarily setting charging rates at some sites so that they
are significantly cheaper than at other sites. (There could
be various policy reasons for doing this - including encouraging

the use of underutilized sites.)
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