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ABSTRACT

The evolunonary trend toward a database-driven public com-
municanons network has motvated research into database ar-
chitectures capable of executing thousands of transactions per
second In this paper we introduce the Datacycle architecture,
an attempt to exploit the enormous transmission bandwidth of
optical systems to permit the implementation of ligh through-
put multiprocessor database systems The architecture has the
potential for unlmited query throughput, simphfied data man-
agement, rapid execution of complex queries, and efficient
concurrency control We describe the logical operation of the
architecture and discuss implementation issues in the context
of a prototype system currently under construction

1 INTRODUCTION

In this paper, we introduce the Datacycle architecture, a novel
system concept which we believe can permut the implementa-
tion of very high transaction throughput database systems

Our research 1nto high throughput systems 1s motivated by the
archutectural evolution of the United States public telephone
network toward a fully database-driven network In such a
network, a single, logically integrated database would be con-
sulted during call processing to establish caller permissions,
perform name-address translations, execute feature logic, es-
tablish routes, etc In today's network, centralized databases
are consulted only for a small fraction of calls, for example, to
seek authorization to complete the call by validating a credat
card number or to obtain routing instructions specific to a giv-
en call, as in an "800" call attempt In the future, we foresee a
network where access to a global network database 1s the norm
1n call processing, rather than the exception

The database technology challenge posed by this view of the
architecture of the public network 1s one of enormous transac-
tion volume To provide 800 service, each database node
today's public network [She182] receives approximately 100
simple queries per second on 1ts copy of a database of a few
hundred thousand records Each record 1s accessed by a
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single key, updates are batched and executed periodically In
our view of the future network architecture, processors 1n the
network execute tens of thousands of transactions per second,
some quite complex, accessing databases contaiming tens of
mullions of records, and accommodating unpredictable quenes
and random updates while providing consistent views to all
users Wath the current throughput of general purpose
database systems limited to below 1000 transactions per sec-
ond {Gray85], database systems with the performance charac-
teristics required by this view of network architecture do not
appear achievable by conventional architectures

Our approach to achieving the required throughput seeks to
exploit opportunities created by advances in processing and
commumcations technologies Other recent proposals for new
database machines have taken a sumilar approach, e g,
through dense, iexpensive semiconductor memory in the
Massive Memory Machine [Garc84] or through massive par-
allelism 1n VLSI 1in NON-VON [Hill86] While the Datacycle
architecture also depends on VLSI technologies, the primary
motivation for our approach 1s the abundance of inexpensive
communications bandwidth which has become available
through optical communications systems The Datacycle ar-
chitecture 1s communications intensive, stimulated by the hy-
pothesis that if costs for communications bandwidth become
small, communications, processing and storage architectures
for database systems should be reassessed Bandwidth abun-
dance permits repetitive broadcast of the entire contents of the
database to many processing elements, avoiding 1/O bottle-
necks, simplifying data admimstration, and achieving efficient
concurrency control

2 OVERVIEW OF THE DATACYCLE
ARCHITECTURE

As indicated, the strategy 1n the Datacycle architecture 1s to
broadcast database contents over a very hugh bandwidth medi-
um to a multitude of "hstening" processors that observe the
stream 1n parallel and use hardware filters to extract the infor-
mation relevant to the transactions pending locally As 1lus-
trated conceptually 1n Figure 1, the entire contents of the
database are read sequentially from the storage pump,
broadcast repeatedly over the broadcast transmission
channel, and observed passively and independently by many
record access managers, each of which may copy records
of local interest Each access manager 1s associated with a
general purpose computing system, or host, on which appli-
canons reside Transactions on a host request database opera-
tions through a well-defined interface with an associated ac-
cess manager The record access manager decomposes each
requested operation 1nto a set of specifications to be used to
1dentify relevant records when they appear on the broadcast
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Figure 1. The Datacycle Architecture

channel, processes the records to complete the database opera-
tion, and returns the results to the host. To complete a trans-
action and update the database, the host submuts an up-
date/commut request to the access manager Using the up-
stream network, the access manager sends the update re-
quest to the record update manager, which executes a non-
conflicung subset of the update requests received 1n a cycle
The access manager subsequently monitors the database to
determune if the update attempt was successful and notifies the
host. In addition, the access manager can utithze the hardware
momtoring capability to decentralize much of the conflict de-
tection overhead 1n concurrency control For example, with
"optimustic” concurrency control, the associated access
manager can monutor the transaction's read set to detect poten-
tial conflicts due to transactions commutting elsewhere 1n the
system

The Datacycle architecture has sumilanties with information
distribution architectures like teletext [Sige80] and the MIT
Community Information System [Giff85], which employ
broadcast of small databases or database updates to many re-
cewving stations However, these systems are text-onented,
typically distribute relatively small amounts of data, and have
relatively large access times to a given data item  Further, they
do not deal with the 1ssues of updates originating at the re-
cerving stations, transaction management, and query process-
ing 1n the traditional database sense

In a database machine context, hardware filtering and broad-
casting of data to alleviate the I/O bottleneck and to permt par-
allel access to data have been suggested before For example,
1n [Leil78], the data stream 1s searched "on the fly" as 1t 1s read
from disks with parallel read heads In DIRECT [DeW179]
selected pages of the database are broadcast repetitively to
multiple query processors This broadcast feature 1s utihized,
for example, 1n a nested-loop join algonthm for query pro-
cessing In contrast to these systems, the hardware filtering
capability and the repetitive broadcast of the entire database in
the Datacycle architecture are integral to both query processing
and transaction management functions such as concurrency
control

The Datacycle architecture has several strengths No central
I/0 bottleneck exists for record retrieval, regardless of the
number of processing elements required to handle the transac-
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tion load. Since the entire database can be searched on the fly,
a prion knowledge of the precise location of each record in the
database should not be necessary Therefore, the overhead
required for maintamning a directory can be elimimnated, the
system 1s potentially fully content-addressable Further, the
content-addressability and repetiive broadcast charactenstics
of the architecture lend themselves to efficient execution of
complex quertes, such as joins These same architectural fea-
tures permut efficient concurrency control mechamisms when
transactions wish to modify the contents of the database Be-
cause record access managers read data and attempt writes
(updates) without explicit commumnications among themselves,
concurrency control overhead depends only on the volume of
transacttons and does not depend on the number of access
managers (and hosts) provided to handle the transaction vol-
ume The Datacycle approach provides an opportumty to
achieve hugh throughput, efficient execution of complex
quertes, and efficient concurrency control 1n a system with
many distnibuted processors

An assessment of available communications, storage, and
processing technologies indicates that the Datacycle architec-
ture 1s technically plausible Transmussion systems employing
electronic modulation of semiconductor lasers at rates 1n ex-
cess of one gigabit per second are available commercially to-
day Wavelength division multiplexors which can multiplex
the outputs of sixteen such lasers onto a single optical fiber are
also available Thus, with current technology, several giga-
bytes of data can be transmutted over a single optical fiber in
less than a second Transmussion technology 1s advancing
rapidly, and, with the promuse of future coherent optical tech-
mques, the information capacity of a single fiber will be mea-
sured 1n terabits per second

Since storage access to support the broadcast function 1s se-
quential and synchronous, similar to the output of a video
frame buffer, creation of the appropnate read and wrte band-
widths to storage should be primanly an engineening problem
For example, 1n the case of semiconductor memories, word
width, bank mnterleaving schemes, parallel to serial conver-
sion, and multiplexing technologes can be chosen to achieve
the desired broadcast data rate ' With the availability of 16
megabit memory parts, one gigabyte of memory will occupy
less than a single shelf

Finally, at each listening point, the contents of the broadcast
streamn must be examined to 1dentify, and copy, data items rel-
evant to local transactions Because 1n the Datacycle architec-
ture the hardware pattern comparison function 1s integral to
both query processing and concurrency control, 1ts efficient
mmplementation 1s critical to the practical apphcability of the ar-
chitecture Studies of VLSI implementation of selection hard-
ware [Faud85] are promising, projecting that VLSI technology
in the 1990's will permit implementation of 200 to 500 com-
parators per integrated circuit, with each comparator capable of
searching for a different 256 byte pattern

In the remainder of this paper, we describe the logical opera-
tion of the Datacycle architecture and discuss implementation
1ssues 1n the context of an architecture prototype being built in
our laboratory Specifically, Section 3 provides an overview
of query handling i the Datacycle architecture, with concur-
rency control and recovery discussed 1n Sections 4 and 5
Section 6 describes our design for a prototype system. Fmal-
ly, we conclude with a discussion of the domain of apphicabil-
1ty of the architecture and describe ongoing research on the
Datacycle approach to high throughput database systems



3. QUERY PROCESSING

Queries are presented to a record access manager 1n a high-
level database language such as SQL [Date86] Within the
record access manager are many hardware pattern comparators
managed by a supervisory subsystem, comprising processing
elements, buffers, and an interconnection network The su-
pervisory subsystem translates queries 1nto selection primtives
that can be processed 1n the pattern comparator hardware The
pattern comparator accepts commands of the form

Select (data type) From (segment) For (request 1d)
Where (expression)

The data type can be a record, or some fragment of a record,
the segment defines the subset of the broadcast channel (e g,
subchannel or a fragment of a subchannel) to be searched, the
request 1d associates the mstruction with a specific query, the
expression defines the pattern to be matched and consists of
simple boolean expressions relating the fields of a record and
constants through operations such as equals, greater than, etc
Using the select command to return a field or a set of fields
from all records 1n a relation implements a project capability
(without duplicate elimination) 1n hardware Duphicates must
be detected and removed at a higher level to complete the pro-
Ject operation To retrieve all data items that satisfy some ex-
pression, select commands require up to one full cycle ume of
the database to complete

The architecture permuts an efficient join algonthm To per-
form a jon, mn the first broadcast cycle of the database one
pattern comparator performs a hardware project over the jomn-
1ng attribute on the two relations to be joned The projected
values are sent to the supervisory subsystem where a data
structure 15 built to maintamn a count of the number of umes
each value appears 1n each of the two relations The data
structure can be an array if the domain of the join attribute 1s
known 1n advance and 1s relatively small Otherwise, a hash
table can be used. Every value which has non-zero count for
both relations will take part 1n the join, the count gives the size
of the result exactly If enough pattern comparators are avail-
able, the supervisory subsystem loads pattern comparators
with each value that will take part 1n the join, and 1n the next
cycle all the desired records are retrieved. The actual join 1s
then performed n the supervisory subsystem If fewer pattern
comparators are available, more cycles may be required This
Jjoin operation resembles the bit array technique in [Babb79]
and the hardware-assisted semjomn approach 1 [Faud85]
However, the hardware project capability, the cyclic nature of
data presentation, and the content-addressable feature of the
Datacycle architecture permut a particularly efficient implemen-
tation The algorithm has the potential to retnieve all the
records required for a join in only two broadcast cycles

4, CONCURRENCY CONTROL

An efficient concurrency control mechanism 1s critical to
achieving high throughput The concurrency control mecha-
msm 1n the Datacycle architecture ensures database consisten-
cy, permuts record access managers to read and write the
database without explicit communications among themselves,
and decentralizes much of the conflict detection for update
transactions

Concurrency control 1s predicated on the assumptions that each
broadcast cycle of the database has a distinct begmning and
end and that the contents of the database within a single cycle
are guaranteed to be consistent That 1s, the record update
manager provides atomic record updates for the writes of a
transaction, no partially completed updates are permitted 1n a
cycle Thus, an access manager can execute a read-only
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transaction without any concurrency control overhead at all, so
long as 1t reads all records within a single cycle

However, some scheme must be used to control the concurrent
attempts of the various access managers to update the database
in the storage pump Most of the techmques to control simul-
taneous, multiuser access to a single database fall into three
categories - locking, hmestamps and certification [Bern81}
Each of the three techmques has a domain of applicability, 1e,
there are transaction environments for which each techmque 15
best swited. In environments where the number of data items
1s large compared to the number of transactions runmng con-
currently and the probability of overlapping transactions 1s
small (network applications may fall into this category), the
overhead of granting locks or maintaiming timestamps does not
seem justifiable In these cases certification schemes are ex-
pected to perform well The Datacycle architecture permuts an
efficient implementation of such a scheme, which 1s described
here

In general, update transactions include a read phase, an execu-
tion phase, and a commut phase For the present, we consider
only transactions which complete their read phase within a
single cycle and, therefore, obtain a consistent read set In the
read phase of a transaction, the access manager independently
extracts records from the broadcast stream and maintains its
own list of records in use, based on the records required lo-
cally During the execution phase of a transaction, the access
manager monitors the transaction's read set For each record
on the local list of records in use, the supervisory system 1n
the access manager instructs the pattern comparator hardware
to scan the broadcast stream to determine if the record has been
changed (updated) since it was oniginally read for the associat-
ed transacion ‘With this hardware testing capability and the
repetitive broadcast of the database, the access manager can
detect any modification to a pending transaction's read set,
notify the host, and pass the new record values to the transac-
tion Based on these new values, the transaction can abort,
back up, or continue The decision 1s strictly local Unlike
most certification schemes, the "certification with monitoring”
scheme 1n the Datacycle architecture permuts transactions to
abort as soon as a conflict 1s detected, reducing processing
wasted on already doomed transactions

An access manager has responsibility for detecting mterference
with a transaction's read set from the beginning of the transac-
tion through the cycle in which a transaction reaches its com-
mut phase and wishes to wnite to the database This cycle de-
fines a local commut timestamp Then, the access manager
sends an update request, including the new record values, the
1dentities of records 1n the read set, and the commuit tumestamp,
to the update manager

The update manager performs two types of central certification
on the update requests 1t recetves First, 1t validates each re-
quest agaimnst update requests granted 1n the recent past Some
latency will exist between the time a locally certified transac-
tion generates an update request and the time the results of the
update, if granted, actually appear 1n the database Conse-
quently, the update manager 1s responsible for detecting update
attempts mnvalidated by previously granted updates whose ef-
fects appear 1n the database after the local commit timestamp,
escaping detection at the access manager Second, the update
manager also detects update requests that conflict with other
requests submutted with the same timestamp The update
manager accepts a serializable subset of attempts and 1ntro-
duces the changed records into pump storage Failed attempts
are simply discarded by the update manager

Each access manager subsequently determines whether the
transactions with submutted update requests have commutted



successfully by either monitoring the actual data values or
examunung a portion of the bandwidth used to broadcast a log
of commutted transactions Commut authorization 1s then
returned to the host

Extenstons to this basic scheme for concurrency control are
described 1n {Gopa87] For example, multiversion optimustic
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cycle architecture to permat transactions to read over multiple
database cycles and to provide greater overall concurrency, as
well As with the simple optimistic techmique described here,
the multiversion approach decentralizes much of the concur-
rency control overhead and allows read-only transactions to
complete locally

5 FAILURE RECOVERY

Graceful and rapid recovery from subsystem failure 1s a re-
quirement for a practical database machine architecture  The
novel charactenstics of the Datacycle architecture provide con-
ceptually simple mechamisms for recovery to a known consis-
tent state 1f component failure occurs The update manager
and storage pump manage the entire database and must, there-
fore, be made very rehable Because the costs of these central
subsystems are shared over the many record access managers,
traditional approaches to reliabihity through redundancy should
be economucal Redundancy can lead to quick recovery, as
well For example, since the database 1s consistent within a
cycle, the last complete cycle of the database (essentially, a full
database checkpoint) might be kept by a redundant "shadow"
pump Thus, while the active pump 1s transmutting cycle K+1,
the shadow pump retains the database of cycle K If the active
pump fails during cycle K+1, the "shadow" pump becomes
active, and the system "recovers" to the cycle K state If ac-
cess managers wait 10 see that the full broadcast cycle 1s com-
pleted before authonzing transactions to commut, failure of the
pump or transmussion channel during cycle K+1 results m the
set of pending transactions rolling back to the state existing
following completion of cycle K If cycle K+1 completes
successfully, the shadow copy must then be updated to reflect
state K+1

Recovery from access manager failure can also be relatively
simple Record access managers operate completely indepen-
dently of one another; even their connection to the shared opti-
cal broadcast medium 1s through passive taps Hence, the
failure of one access manager can have no effect on the others
Also, 1f one of these subsystems fails, requests which would
normally be served by the failed access manager can be redi-
rected to other access managers, and the system as a whole
will experience little degradation To recover from failure of
an access manager with transactions 1n the phase between
commut request and commut authorization, the update manager
must maintaimn a log of commutted transactions to be accessed
when the access manager recovers or the host 1s rehomed to a
new access manager

6 IMPLEMENTING THE DATACYCLE
ARCHITECTURE

We are currently constructing a prototype of the Datacycle ar-
chutecture, both to demonstrate techmical feasibility and to
serve as a vehicle for further research on the architecture Our
efforts 1n the first version of the prototype focus on the record
access manager, which we consider to be the critical subsys-
tem 1n the architecture, both 1n terms of functionality and cost
Our strategy for the prototype emphasizes flexibility and ease
of implementation over efficiency Nevertheless, the proto-
type design 1s intended to consider the significant architectural
1ssues to be addressed 1n implementing a full scale system To
provide an overview of the structure and scale of the Datacycle

prototype, we first bniefly describe the design of the transmus-
sion channels, storage pump, and record update manager We
then describe our rationale and design for the record access
manager

Transmission Channels To allow for flexibility 1n the
total size of the database, implementation of the pump and the
record access manager must be independent of the total trans-
nussion capacity provided in the broadcast channel The ap-
proach, as illustrated 1n Figure 2, 1s to multiplex together a
number of relatively slow data streams from the pump, carry
out the transmission at the higher aggregate rate, and then, at
each access manager, demultiplex the stream into a number of
slower channels, each of which operates at a rate suitable for
the pattern comparator technology in the access managers A
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age subsystem to the pump and new pattern comparator sub-
systems at each of the access managers Besides providing
flexibihity 1n database s1ze, this approach also reduces the clock
rate required within the pattern comparator electronics
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Figure 2. The Datacycle Prototype

The database prototype uses framing and transmussion elec-
tronics created for an experimental broadband communications
system implemented 1n Bellcore [Hayw87] The basic sub-
channel rate 1s 140 megabits/second, accessible for reading or
wntng through a 17 5 megabyte/second byte parallel interface
provided by an integrated circuit framer Up to sixteen such
subchannels feed cascaded 4 1 GaAs multiplexors to create an
aggregate 2 24 gigabit/second bt stream that modulates a
semiconductor laser The outputs of sixteen lasers can be
multiplexed optically onto one single mode optical fiber

Thus, the transmussion technology available for the prototype
could transmit a database of over four gigabytes mn less than
one second over a single fiber Early versions of the prototype
will use 4 to 16 140 Mbps subchannels

In addition to the primary broadcast channel, an upstream
channel 1s required to transmut record update requests from the
access managers to the record update manager In the simple
version of the architecture presented here, this upstream chan-
nel 1s separate from the broadcast medium and may be imple-
mented by any communications network providing the re-
quired functionality and performance In our prototype, up-
stream communications between access managers and the up-
date manager will be through Ethernet™

Ethernet™ 1s a trademark of Xerox Corporation




Storage Pump. Implementation of the record storage pump
1s driven by system requirements for reading records from the
pump and transmitting them onto the broadcast medum, and
for wniting new or altered records into the pump storage to
update the database An evaluation of the two most popular
storage technologies today, moving head magnetic disk and
semiconductor memory, indicates that semiconductor memory
1s a more appropriate choice for the storage pump application
m terms of cost and design simplicity The sustainable read
rate for most commercial drives—approximately 8 5
megabytes/sec , including seeks, platter rotation, etc , 1n the
case of one high performance drive [Fuj84]—is too low rela-
tive to storage volume That 1s, such a drive can transmut less
than 3% of 1ts capacity 1 a second, n the Datacycle architec-
ture, the extra capacity 1s wasted On the other hand, generat-
ing the appropnate I/O bandwidths for synchronous, sequen-
tial read access to semiconductor memory 1s a relatively
straightforward design exercise The major disadvantage of
semiconductor memory as primary storage for a database ap-
plication 1s 1ts volatility, which affects strategies for system
reliability and recovery (c f , [Hagm86])

In the Datacycle prototype, the storage pump will consist of a
number of 4 megabyte banks of semiconductor memory, with
each bank managed by a microprocessor, as shown 1n Figure
3 Using a DMA-like address sequencer, each bank will, in
turn, create a 17 5 megabytes/second data stream to feed the
framer mterface Dual-ported memory 1n each bank provides
the mechamsm for the update manager to provide new records
to pump storage and to mstruct the bank microprocessor to
delete old records The bank microprocessor 1§ responsible
for maintaiming the memory bank as instructed by the update
manager Assuming that four daisy-chained banks feed a sin-
gle framer, each 140 Mbps transmussion subchannel broad-
casts 16 megabytes repeated every 09 seconds At any time
1n a broadcast cycle, only one fourth of the banks will be 1n
"broadcast” mode, 1n the other banks, the bank microproces-
sors will be adding and deleting records, performing storage
housekeeping duties, etc
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Figure 3 Prototype Pump and Update Manager
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Record Update Manager. The update manager 1n the Dat-
acycle prototype 1s a general purpose microprocessor which
receives update requests from the access managers over a local
area network and provides altered records to the cell
mucroprocessors through shared memory The 1mitial algo-
nithm for resolving update conflicts 1s simply first-come, first-
served For each cycle, the update manager maintains tables
for the read sets and write sets of granted updates Record IDs
of incoming update requests are checked against the tables, if a
non-serializable conflict 1s detected, the update 1s ignored. If
the atormucity of the update to storage can be guaranteed, 1t 15
executed, and the tables are updated to include the new read
and write set If the update atomicity cannot be guaranteed,
due to lack of ime remaining 1n the cycle, the update 1s 1g-
nored. Update throughput can be improved, at the cost of de-
laying transaction completion, by allowing one or more add-
tional broadcast cycles between update request and confirma-
tion Thus, an update request submutted durmg cycle K mght
be introduced 1n the database during cycle K+n. The update
manager has responsibility for detecting conflicts between each
new update attempt and updates which were granted previ-
ously but which were not visible to the access manager

The critical design 1ssue for the pump and update manager 1s
how to provide the guarantee of atomuc updates for each trans-
action without constraimng the update throughput to too low a
level Ths 1s an area of current research that 1s clearly cnucal
to the successful realization of the architecture

Record Access Manager. The access manager provides
1ts host or hosts with the functionality of a typical database
machine, decomposing requests into database primitives, as-
signing the primitives to pattern comparator hardware, and
then processing the returned data items to generate the re-
sponse, as described 1n Section 3 The access manager s1-
multaneously supervises the concurrency control process, one
view of which was described 1n Section 4

The access manager 1s the focus for our imtial research be-
cause of 1ts novel use of both the pattern comparator hardware
and the repetitive broadcast of the database contents for
database quenes and for concurrency control The architecture
18 critically dependent on the efficiency of the pattern compan-
son operation For example, a selection may require dedicat-
g pattern comparators for an exhaustive search of every sub-
channel of the database Monitoring for concurrency control
also increases the demand for pattern comparators, as do com-
plex quenes such as joins

If pattern comparator hardware with the required boolean
functions 1s capable of hundreds of simultaneous compansons
per IC, as [Faud85] projects, then simple, exhaustive search
strategies are plausible On the other hand, if pattern com-
parators are expensive, then more sophisticated and hardware-
efficient query processing, concurrency control, and content
searching strategies may be required. For example, the avail-
able pattern comparators might be more efficiently used by
utthzing the channel structure together with some indexing or
hashing scheme so that only some of the channels need to be
searched for a single pattern Further, segments defined by
sections of time on a channel can also be used 1n the indexing

Our prototype record access manager 1s designed to provide us
an environment 1n which to experiment with altemative ap-
proaches 1n implementing key functions in the Datacycle ar-
chitecture In the Datacycle prototype, the access manager
consists of distinct subsystems, the Query Manager (QM),
Data Manager (DM), and Intelligent Record Retnieval Modules



(IRs), as shown 1n Figure 4 In the model of Section 3, the
QM and DM comprise the supervisory subsystem, and the IRs
contan the pattern comparators
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Figure 4 Record Access Manager Prototype

The Query Manager recerves quernies from a host, decomposes
those queries 1nto operating primutives, and submits the prim:-
tives to the DM for execution The Query Manager also man-
ages the updates for committing transactions, imtiating the up-
date request to the update manager and, 1 conjunction with the
DMs and IRs, confirming the success of the update In our
prototype implementation, the QM 1s a UNIX™ -based mucro-
computer which commumcates with the host and the update
manager using Ethernet

As shown 1n Figure 4, the Data Manager 1 the prototype con-
sists of multiple processing nodes connected to form a net-
work expandable to manage access to many broadcast sub-
channels The DM maps the logical data space (based on rela-
tion names and field values) to the physical data space (based
on subchannels and subchannel segments), routes the primi-
tives to the appropnate IRs, buffers mtermediate results, and
routes the results of the pnmitive database operations to the

Query Manager

Finally, each IR consists of a processor managing four VLSI
pattern comparator units that perform the low level search op-
erations 1 the architecture  The pattern comparator ICs are
being designed for imitial implementation i 2 0 mucron

CM(g)S Their anticipated capabilities include vanable length
predicates, capacity to store up to 150 (four byte) predicates on

UNIX™ s a trademark of AT&T Bell Laboratories
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chip, a throughput of 20 million simple predicate tests per sec-
ond, capability to evaluate simple boolean expressions, and the
ability to switch between target patterns on database segment
boundaries Pattern comparator ICs receive data from the
transmussion subsystem over the 17 5 megabyte per second
byte parallel interfaces provided by framer ICs

7. DISCUSSION

As a system concept, the Datacycle architecture has attractive
charactenstics, both for our original network application and
as a general purpose database system Stll, the architecture
has hmtations and weaknesses, and both technical feasibility
and practicality remain unproven In this section, we discuss
our current view of the domain of applicability of the architec-
ture and 1dentify key open 1ssues and areas of current research

The architecture appears well smted for very high throughput,
read-onented apphcations 1n which transactions have relatively
small, predeclared read sets and wish to access a common
database through any of several keys The "database-driven
network"” problem which motivated our research has these
characterisics The maximum size of a database suitable for
the Datacycle approach 1s a subject of current investigation, for
a fixed broadcast cycle time, a larger database requires a higher
bandwidth channel and, consequently, either more pattern
comparators (to search more subchannels) or faster compara-
tors While databases of hundreds of megabytes appear real-
1zable with sub-second access times using current transmission
technology, the domnant cost of a large database system using
the Datacycle architecture 15 the hardware cost of searching

While the Datacycle approach 1s "read-onented", 1t 1s not a
"read-only" architecture like teletext. Use of the repetitive
broadcast of the database to decentralize confhct detection and
synchromze the actions of the many access managers 1s a key
feature of architecture The architecture should exhibit excel-
lent update throughput when compared with conventional ar-
chitectures While the centralized update manager remains an
ulumate throughput bottleneck 1n the architecture for transac-
tions which write, as well as read, the database, we are inves-
tigating architectures which dustribute the update certification
function to achieve even greater throughput, applying the ap-
proach of [Wein87}

An 1ssue 1n the Datacycle architecture 1s support for transac-
tions which have large read sets and/or extended execution
phases, such transactions may have difficulty completing suc-
cessfully To address this 1ssue, we are explonng concurren-
cy control techmques which increase the proportion of trans-
actions which complete successfully in a high conflict envi-
ronment [Gopa87] One approach 1s to employ a multiversion
scheme, permutting consistent reads to occur over multiple cy-
cles and 1ncreasing concurrency, at the cost of increased stor-
age and bandwidth requirements Other approaches may ex-
plo1t the hardware momitoring capability at the access managers
to permut finer granulanty for local vahdation, predicate-based
validation, and recovery from conflict by partial transaction
backup

A weakness of the architecture 1s the access latency which re-
sults from the synchronous, periodic presentation of data

Thus read latency adversely affects the system response time
for transactions that consist of a senes of dependent reads, that
15, where each database read depends on the result of its pre-
decessor A transaction with K such reads apphed to a
database with cycle ume T can take KT or longer to complete
Two approaches may reduce this problem first, structure the
database and query processing language to anticipate such
quenes, and, second, drive down the cycle ime T As before,



reducing T requires a higher bandwidth channel and more 1n-
vestment 1n search hardware, 1 € , erther more, or faster, pat-
tern comparators

The cost of the hardware pattern comparison operation 1s criti-
cal to query processing, database search strategies, and con-
currency control in the Datacycle architecture  Through the
VLSI design activity 1n our prototype, we are investigating al-
ternative approaches to achieving haghly parallel selection op-
erations in VLSI, technologies to permut very high speed com-
panisons are also desirable, since they permut shortening the
database cycle time and reducing the number of subchannels
required for very large databases We are also exploring tech-
niques exploiting a prior: knowledge of the data placement in
subchannels and subchannel segments to utihize hardware pat-
tern comparators more efficiently, while retaining most of the
simphicity of data management promised by the content-ad-
dressable feature of the architecture

Research on query decomposition explores the dependency of
decomposttion strategy and access manager architecture on the
functionality and cost of the hardware selection operations
More functionality (e g , wild card capability, boolean expres-
stons) can reduce the pattern comparator’s speed or capacity
for simultaneous searches On the other hand, less function-
ality results 1n less efficient filtering of the data stream, 1n-
creasing the I/O and processing burden on the supervisory
subsystem

8 SUMMARY

In this paper, we have described a novel architecture for high
throughput database systems based on exploitation of abun-
dant commumcations bandwidth In thus architecture, repetiive
broadcast of the entire contents of a database to many pro-
cessing elements eliminates read bottlenecks, simphfies data
management, supports rapid execution of complex queries,
and permuts efficient concurrency control The architecture 1s
plausible given current transmission, storage, and VLSI tech-
nologies, a system prototype 1s under construction
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