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CONFERENCE OVERVIEW

-1t is an honor to report on the program of
the Third International Conference on Data
Bngineenng This year, we have received 209
submissions from fourteen countries. The
level of international partlclpation is tabulated
as follows.

Submitted Acceptedv Prog.Comm.
0 .

Africa 7 1 ;

Asia 11 3 6 -
Australia 2 0 1
Europe 35 8 13
N. America 154 60 75

Bach submitted paper was reviewed by

one of the Program Committee Co~-Chairs and
by at least two members of the Program Com-~
mittee, sometimes aided by local reviewers.
The Committee met in Chicago on
August 9-10, 1986, and decisions were made on
all submitted papers and panel-session propo-
sals. The following table shows an approxi-
~ mate classification by topics of the submitted
and accepted papers.

Submitted  Accepted

Database Design

and Modeling .38 9
Performance Evaluation

and Algorithms 18 8
Integrity, Security,

and Fault Tolerance 17 8
Query Language 10 4
Artificial Intelligence 12 3
Knowledge Base 22 7
Database Machines 15 7
Distributed Database

and Processing 11 K)
Distributed Database

Control 40 15
Software Engineering 10 1
Applications 16 7

We have organized the submitted papers into
21 sessions. Two of these sessions (Sessions 20
and 23) are devoted entirely to papers on
industrial applications and experience.

A current working definition of data
engineering was proposed by the IEEE Com-
puter Society Technical Committee on Data
Engineering, which states that “the study of
data engineering focuses on the key technical
issues related to data and knowledge about the

vii

data in the design. developmcnt, management,
and utilization of information systems, such as
languages to define, ‘access, and manipulate
databases as well as knowledge bases, and, in
general, numerical, textual, and pictorial infor-

‘mhation; strategies and mechanisms to provide

system ‘modeling ‘and  desiga- and data access.
security. im,egnty*ufd cohtrol; architectures.
systems and to provide data ser-
Vices within cen and distributed infor-

‘mation systems; atith dWélopment of ways to

prolong the useful life of data.” Most of the
topics covered by the- accepted papers are
related to one or more aspects of the above
definition. With the limited time and
resources, it would be quite impossible to cover
thoroughly all the aspects of data engineering.
However, the accepted papers represent some
of the best results in both the theoretical and
applied aspects of data engineering.

We will have a discussion concluding
each session with contributed papers. This was
an experimental idea at the Second Data
Engineering Conference that was well received.
A discussant will be assignéd to these sessions
and will lead a discussion relevant to the
presentations in the session. The discussant
will present a short position statement address-
ing questions such as “where do we stand?” and
‘which way should we go? The papers
presented in the session can also be used as a
basis for the discussion.

We are also complementing these discus-
sion sessions with six traditional panels in
areas where research directions are being set.

We are privileged to have three outstand-
ing keynote speakers who are scheduled to
speak on the first two days of the conference.
On the first day Philip Neches will speak on his
experience building real database machines.
His presentation will be followed by a track on
architectural support and parallel processing
throughout the first day.

We are privileged to have Lofti Zadeh
and Jerold Kaplan to keynote the conference on
the second day. Dr. Zadeh is wcrld renowned
for his research on fuzzy logic and artificial
intelligence. He was particularly instrumental
in developing methods for uncertain data
management, which he will address in his key-
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note speech. Dr. Kaplan is known for his work
on.making database act cooperatively with the
users. He will share with us his retent experi-
“ence in building new commercial products
which provide intelligent and flexible databases
for individuals. Their presentations will be
followed by a track on artificial:intelligence
and knowledge representations throughout the
second day. .

, In the final plenary panel we will sum—
marize this conference by addressmg qu,snons
around the general theme: “What Have We
Learned?” We hope thn ﬁm you have heard
the presentations in. this ¢pn ference, we can
have a fruitful dlscg,wsiou £ dmg what we

learned in this conference and possible
improvements for future Data Engineering
Conferences:

The Technical Committee on Data
Engineering which sponsors this conference
produces a quarterly bulletin, with each issue
devoted to one topic of interest to the Data
Engineering community. ‘An application form
tequesting membership’ can be found at the end

of these proceedings.

I believe that this year's Program pro-
vides all participants with varied, in-depth
technological insights and ideas. All sugges-

‘tions for the improvement of future Data

Engineering Conferences are welcome.

Benjamin W. Wah
Program Chairperson
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ABSTRACT

Linear hashigg is a techzig:: for consmﬁag
anmic files for direct access, an advantage over
gymar dynamic methods in_that it kacks ‘a directory.
However, a wat;‘knm of the method is g: at high
ot i d may o satc mihoc
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page size is an
By choosing an appropriate overiiow |
may obtain results which are also betté
to those of other variants of linear hashing. In ac
. the paper analyzes the eéffacts of varying pri
page size, the o w page size, anc
factor on retrieval mance. 5

o

When computer cations ifivolve volumes of

data too large to be main memory, the necessity
of placing it in auxiliary storage brings with it a
degradation in performance when accessing records
directly. By using a direct access scheme to retrieve the
records stored in these files, instead of accessing the
records sequentially, the average number of accesses 10
the auxiliary storage ‘may drastically reduced.
However, to directly access a record, it is required that
the address of that record within the file be known rior to
its retrieval. - To. ‘obtain the address of a record, most
g.if&ct wm schemes mlva the ges_ignatifon of a key
n record and the application of a mapping

function that téansforms the key into an address in the
file. The situation- Is complicated, however, by the fact
that any function that maps a set of | keys

than n m
. address or addresses. N

* Fotiocing Camlesoad hasting [1.2)
ng co

[3). Each of these J’iﬂm

application of a single : ;

keys to be glaced in the file. best hashing functions

are those that distribute the keys evenly throughout the

Y

ok erous collision resolution
to deal with this problem,
and computed chaining
methods involves the

address space, which requires that the size of the .
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mom than one key o some

2 ng function to each of the

the size of the

address space be included in ,mgmﬁmtgfm of the hashing

advance of storing any records, and it must never
the records previously stored would

" not be retrievable. Files based on any of these collision

require a complete reorganization for

~resolution methods
b thoﬁlesizetobech&ngod. ;

More recent developments have lead to hashing

"and collision resolution schemes that allow the file size to
“change as

Hashing [4], Ext ible Hashi [s‘ir'rd'e 'et-tledh' s?amig
; , Extendi shing [5], Trie Hashing [6], an
Unemas,_ i [ﬁdeach address the problem of changing
file size in different ways. This paper will describe a
modification to Linear Hashing and discuss experimental
results obtained using the standard method and the
modified method.

; STANDARD LINEAR HASHING

The concept behind linear hashing is that it is
rossible to have more than one hashing function in use
or a given file, as long as you can be certain as to which
one to use to retrieve a given key. Linear hashing usesa
scheme that lets two different hashing functions & active
at any given time. The initial number of main pages, N,
for the file may contain any number of records. A
hashing function involying N, such as hp = key mod N is
used toissw. rr;I"lhe h&'l‘( w;uctl\f ah record shov.;ldatée

laced C) ey). If this page is alre

Il, the record is placetgl in an overflow page. A link frorg
the main page points to the overflow page. In this way, a
main page may be the start' of a chain of pages
containing records that hash to the same main page. As
records are stored in the file, a count is kept of the
number of records stored and the space available for
storage. When the ratio of these two exceeds a
mtg“emﬁergt level, the upper bound for the packing

(page 0) is split to create a new
page, numbe +1.pa'P g
‘ e

o indicate that page O is the

' mﬂﬁ ) to split, a pointer is maintained that
¥ to 0. The hashing function is

: b¥‘ ng N with 2N, giving h1 = key mod
2*N, and the records stored on page O are reinserted
using the new hashing function. The pointer indicating
the next page to split is advanced to page 1. When we
have reached the point at which all the pages which were
in the file initially have been spliit, we know that all the
records in the file have been stored using the hashing
function h1. Thus hg is no longer needed to retrieve an
of the records. At this level the two hashing functions will



be h{ and h2=key mod 2*(2*N). It can be seen that the
two hashing functions active for a given level will be

hle\ae| = key mod N*2level ()
an
hlevel+1 = key mod N*2level+1 @

This scheme addresses the problem of how to
allow the file size to change while maintaining direct
access to the records in a simple and elegant manner.
The fact that no extra storage space is required to
impilement linear hashing is an advantage that it has over
other dynamic methods, most of which use an index of
some type which requires extra storage. However the
fact that overflow chains may develop degrades the
retrieval performance.

Other modifications to linear hashing include the
ideas of 1) having the file exgand through a series of
partial expansions [8,9,10], 2) incorporating overflow
records into the main file {9], and 3) using multiple
overflow chains [10]. Mulien has also described a
method for eliminating the need for an overflow file [11].
Ramamohanarao and Sacks-Davis [12] presented an
algorithm for dealing with overflow records through
recursive applications of the linear hashing algorithm .

LINEAR HASHING WITH PRIORITY SPLITTING

It is apparent from the previous description that
one of the main contributors to poor performance by the
standard linear hashing scheme is the possibility that
long overflow chains may develop and remain un-spiit for
long periods of time while the pointer moves through the
pa%es one by one. The primary strengths of the
technique are that it allows variable file size and requires
no exira storage space in the fite. The modification de-
scribed here attempts to minimize the degradation of
retrioval performance due to long overflow chains and to
preserve the standard method's strengths.

The fundamental' idea behind the modification is
that performance will be improved by splitting the page
with the iongest overflow chain immediately, rathér than
wailting for the pointer to advance step by step through
the file. An example which demonstrates the differences
between standard Linear Hashing and Linear Hashing
with Priority SplittingL is shown in the figures below.
Figure 1 shows a Linear Hashing file with N=2, 4
records per main page, and 1 record per overflow page.
The file is at lavel 1, and page O has already been spiit.
The pointer, NEXT, identifies page 1 as the next page to
split. Notice that an overflow chain has developed on
page 3.

Assuming that the next record added to the file
causes the upper bound for storage utilization to be
exceeded, the state of the file will be as shown in figure 2
if standard Linear Hashing is used. -Notice that the page
identified by NEXT has been sﬁm; ?reaﬂng a new page
with an index of NEXT + N'2level =5~ The records
ﬁreviously stored on page 1 using the hashing function

level (h1) are redistributed between pages 1 and 5
using hlevel+1 (h2). NEXT has been advanced to
indicate the next page in the sequence, 2, as the next
page to spiit. The overflow chain on page 3 remains un-
changed, and will continue to degrade retrieval
performance until the records in its overflow chain are
redistributed.

R st {
R2 52
R3 s3
R4 s4

Flgure-'l:
Linear Hashing File
(level 1, page 0 already split)

0: 1: 2: 3: 4 S
Rl S1 R3
R2 52 R4
S3
S4

HHxmz .

Figure 2:
Linear Hashing Flie
After Standard Splitting

) Figure 3 shows the results of using Linear Hashing
with Priority Splitting in the same situation. Rather than
splitting the page identified by NEXT, the page with the
longest overflow chain, page 3, is split. The records on
page 3 and its overflow chain ar?.r‘ednstributed between
page 3 and page 7 (3 +N'2level) Thg retrieval
peridrmarice is immediately improved since the overflow
chain attached to page 3 no longer exists.

0: 1 2: 3. 4
R1 S1
R2 52 .
R3 s3

Figure 3:
Linear Hashing File
After Priority Splitting

Implementing this change requires that seVerai
problems be overcome. First it must be observed that as

the pointer advances through the file in the standard
method, it serves as a "division marke" betwesn those
pages that have been split ard thosa that have not. If the
pages are no longer going to be split in order, some other
method of determining whether a page has been spiit or
not must be devised. Next is the problem of determinin%
which of the chains to split, and maintaining a record o
the iengths of the chains. Finally, there is the question of
what to do if there are no pages with overflow chains
whien the upper bound is exceeded, and a page must be
split.



The approach taken in producing this modification
was 10 use the standard method as a "worst case”, and to
add logic to the insertion algorithm that would improve on
this if possible. As with the standard method we begin
with N pages in the file, maintain a varieble, LEVEL to
record the active level, and a variable, NEXT, to point to
the next page to be split. We use the same hashing
functions (1 and 2) described in the previous section.

In addition to these, the modification requires 1) a
heap structure with a node for each primary page which
has a chain of overflow pages, and 2) a powerset
structure (e.g. Pascal's SET?with a number of bits equal
to the maximum number of pages in the file.

The heap structure will be used to maintain a list of
the chains that are candidates for splitling. Each time an
overflow page is added to a chain, the heap wiil be
updated so that the node containing that page number is
either inserted (if this is the first overfiow page for that
chain) or it's length field is updated and it is moved up in
the heap (if necessary to keep it in proper order}). We will
be able to split only those pages that were originally in
the file at the beginning of a level until all the pages at
that level are split. Therefore we must order the heap
based on whether the chain represented is "splitable” at
this level, and on the length of the chain (in that order of
precedent). The set structure will be used to keep track
of the pages that have been split. One bit in the structure
will represent each page of the file, and that bit will be set
when the corresponding page is split. When all the
pages at the current level have been split, all the bits will
be clearedto 0. , o

We begin with LEVEL=0, NEXT=0, the queue
empty, and the bits of the indicator set cleared. Each
record is hashed using hjgvel and placed in the
corresponding main page. If the main page is full, the
record is added to an overflow page, and the main page
link is set to point to the overflow page. The number of
the main page, and the length of the chain (1 in this case)
is inserted into a node and added to the heap. If another
overflow page is added to the same chain, the same
node is updated for the new length, and the heap is re-
ordered. If an overflow page is added for another chain,
a new node is added (in order) with a length field of 1.
When the specified upper bound is exceeded, a chain
must be split. First the root node in the queue is
checked. 1f it is a chain that is splitable at this level, i.e.
the bit correspanding to that page number is not set to
one in the indic...or set and the page number is less than
N*2level then that node is removed from the heap, and
the chain it represents is split. The new page added to
the file is given an index- of the split page’s index +
N-2level and the records are placed using the hievel+1
hashing function. Just as with standard linear hashing,
we are certain that ail the records stored at a page will
hash to either the same page or the new page. If we
must split a page, and the heap is empty or the head of
the queue is a chain that has already been split, we know
that there are no overflow chains for the pages remaining
to be split, and we split the page that is being pointed ta
by NEXT. Having split a page, we advance NEXT to
point to the next page that has not yet been split at the

current level. In this fashion, we can take advantage ot .

splitting the longest chains first, while using the standard
method's technique to fall back on when no chains can

be split.

An algorithm for insertion of records into a file
using Linear Hashing with Priority Splitting is given below.

I. Determine the chain, m, which the record maps to
using m=hievel(key).

Il. Check whether the chain has been split by checking
the mih bit in the indicator set.
If the bit is set, the chain has split, then

A setme= hm...ﬁ (key).

IIl. Insert the record into chain m. ‘
If the record will not fit on the main page, then

A. follow the overfiow links untii a page with a null
link is found, and count the number of
overflow pages in the chain.

B. if that overflow pagse is full (or if there is not yet
an overflow page), then

1. create a new overflow page, link it to the
chain, and update the heap by

a. if a node for this chain exists; then
update the length, else add a
new node

b. ordering the updated heap by
level (ascending) and length
(descending) .

IV. Check the upper space utilization bound. If it is
exceeded then .

A. Check the heap 10 see if the root node is at the
current level.
If it is, then ‘
1. remove it from the heap, set
] IN to that chain number,
2. otherwise set SPLIT_CHAIN to NEXT.

B. Set the bit corresponding to this chain in the
indicator set to show that it has been spiit.

C. Create a new chain with index equal to
SPLIT_CHAIN + N*2level,

D. For gact:’f: record on the chain m, determine
whether to move it. If hy ke
NEXT then Plevel+1(key) <>

1. Move the record to the new chain.

E. Update the parameters. Set NEXT to the next
chain still at the current level (using the
indicator set to determine whether a chain
has been split).
ff, >= N*2level, afl of the chains on
the current level have split, Then

1. Reset NEXT to 0, re-initialize the
indicator set, and create a new level

by setting LEVEL to LEVEL + 1



