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Dear TC DBE Members and Correspondents:

It is a great honor and a challenge for me to serve as the chairperson of the Technical
Committee on Database Engineering. It is a great honor to follow Professor Gio Wiederhold
who contributed significantly towards the growth and prestige of our TC during the past few
years. On behalf of our TC, I wish to express our sincere appreciation for his valuable services.
The chairmanship of the TC is a challenge since we must take rapid action if we are to keep the
Bulletin going in the presence of a severe financial crisis facing the IEEE Computer Society.

Since these problems require our immediate attention, I have taken several steps on which
I need to report to you. Following Gio’s advice, I have appointed Professor Arthur M. Keller
vice chairperson, Professor Leszek Lilien treasurer, and Dr. Richard L. Shuey secretary to help
me tackle these problems. I am also pleased to announce the appointment of Dr. Won Kim as
the new editor-in-chief of the Bulletin. We are grateful to the outgoing editor, Dr. David
Reiner, who has served in this position for several years and wished to step down.

Because of the recent cuts in the Computer Society contribution to the Technical Commit-
tees. it has become necessary for us to find new ways to generate funds to meet the publication
cost of the Bulletin. As Gio pointed out in his letter in the last issue of the Bulletin, it costs
the Computer Society about $18,000 to publish the Bulletin, requiring close to 40% of Computer
Society Technical Activities Board’s reduced budget, whereas a fair and balanced formula based
on a fixed amount per TC plus a fixed amount per TC member who is also a Computer Society
member would net us about $1,900. In light of this imbalance, we are considering several
different options to set up a viable funding mechanism, but we have agreed to take only two
immediate actions.

Beginning with this issue, we are instituting a voluntary page charge for the manuscripts
accepted for publication in the Bullettn. The author’s company or institution will be requested
to pay a page charge of $50 per printed page, which it may pay in full or in part. I wish to
reemphasize that payment of these charges will be strictly voluntary and will not in any way be
a prerequisite for publication. On the other hand, if there are funds in an author’s grant or
organization that have been set aside for this purpose, their use for this is one concrete way to
show support for the Bulletin.

Moreover, we shall starting with the next issue charge $100 per page for any conference
announcements that are included in the Bulletin. In the past, several conference organizers
have volunteered to pay, but there was no mechanism in place to receive the money.

We are considering other options too, including a subscription fee for the recipients of the
Bulletin. Please feel free to write to me (arpanet: jajodia@nrl-css uucp: decvax!nrl-csstjajodia)
about how you feel about our efforts to deal with the issues facing us.

In addition to all the individuals mentioned above, I want to acknowledge the invaluable
help of Professor C. V. Ramamoorthy and Professor Ben Wah in working out the ideas
expressed in this letter. Also, we are fortunate to have Mr. John Musa as the Vice President
for Technical Activities. I appreciate very much his support of our efforts.

There have been many complaints in the past about the need to update the TC member-
ship list. I am pleased to tell you that the Computer Society has recently hired someone for this
purpose and new updates are proceeding rapidly. If you wish to have your name added to the
list, you can do so by filling out a TC Application Form. You can obtain this form by writing
to either me or the Computer Society.

Finally, I would like to mention the Third Data Engineering Conference, which will be held
February 2-6, 1986 in Los Angeles. I along with several other Program Committee members
attended the August Program Committee meeting in Chicago. There were over 200 submissions,
too many of high quality, forcing the Program Committee to make tough decisions. = The end
result, I think, will be an excellent conference, and I do hope that all of you will attend.

Sushil Jajodia
September 15, 1986



Changes to the Editorial Staff of Database Engineering

It is a pleasure to return as Editor-in-Chief of Database Engineering. | would like to thank outgoing
Chief Editor, Dave Reiner, for the great job he has done during the past two years. | also would like to
thank Fred Lochovsky for his services as an Associate Editor during the past three years. [ have
invited Mike Carey and Sunil Sarin to serve as new Associate Editors. Haran Boral, C. Mohan, and
Yannis Vassiliou will stay on as Associate Editors. | look forward to working with these outstanding
colleagues on the editoria!l staff, as well as the new officers of the TC.

Haran Boral has put together the present issue of Database Engineering. The next issue is being put
together by Yannis Vassiliou on the European ESPRIT project. These two issues will complete the 1986
edition of Database Engineering. The uncharacteristic delay in the publication of these two issues is
the result of uncertainty that existed during 1986 about the financial situation of the Database Engineer-
ing TC. It was not clear until late 1986 whether the TC would be able to continue publishing the
Database Engineering bulletin. Sushil Jajodia, the new chairperson for the TC, deserves much of the
credit for making it possible for the TC to publish these two issues.

| am presently organizing an issue for March 1987 on integrated software engineering systems and/or
database requirements for such systems. Mike Carey will edit the June issue on extensible database
systems. Sunil Sarin will follow with an issue on federated database systems in September. C. Mohan
is tentatively scheduled to do the December issue on bridging database theory and practice.

Won Kim

Editor-in—Chief
January, 1987



Letter from the Editor

This issue of Database Engineering is titled “Operating Systems Support for Data Manage-
ment”. Although not widely discussed in the literature, the impact of the operating system
on the DBMS performance is substantial; usually in a negative way as has been originally
discussed by Gray in his Notes on Database Operating Systems and Stonebraker in his

July '81 CACM paper and demonstrated by Hagmann and Ferrari in their March '86 TODS
paper.

For this issue | asked several people to contribute papers describing existing implementa-
tions/experience as well as current work. We are fortunate to have six papers: three
describing running implementations, two describing ongoing research projects, and the
last, examining the relationship between the DBMS needs and the services provided by
current research operating systems.

The first paper, “An Operating System for a Database Machine” by Chris Nyberg of Britton
Lee describes the IDM kernel. The paper discusses the various decisions undertaken in
order to achieve high performance. It is an excellent example of specialization. It is also
the only paper in the issue describing a commercial system.

Kevin Wilkinson and Ming-Yee Lai of Belicore contributed “The JASMIN Kernel as a Data
Manager Base”. JASMIN is an operating system kernel operational at Bellcore. After
describing the JASMIN DBMS and the kernel Kevin and Ming evaluate the kernel both from
an implementation (i.e., were all the services needed there; could they be used easily)
and performance (which of the features hindered overall DBMS performance) points of
view. ‘

“Supporting a Database System on Symbolics Lisp Machines” by Hong-Tai Chou, Jorge
F. Garza, and Nat Ballou of MCC describes the issues encountered in implementing a
DBMS in Lisp on the Symbolics machine. The main issues addressed in the paper are
storage of Lisp objects on secondary storage and transforming Lisp objects between disk
and in-memory representations.

“The Camelot Project” by Alfred Spector and his students of CMU describes a distributed
transaction system to support transactions against a wide variety of object types, including
databases. The project emphasizes generality as well as performance. After a descrip-
tion of the Camelot functions its implementation is outlined with emphasis on its relationship
to Mach, the operating system kernel Camelot runs on.

Eliot Moss of U.Mass. authored the next paper, “Getting the Operating System Out of the
Way”. Eliot proposes DBMS's to be built in a new programming language on top of a
minimal kernel. The paper outlines some of the desirable language features needed. |t
also discusses the pros and cons of the approach.



The last paper “Operating System Support for Data Management” by Michael Stonebraker
and Akhil Kumar of UC-Berkeley examines many of the features of “next generation”
operating systems from the “database guys” point of view. The paper argues that fea-
tures such as transaction management and location independent files are harmful whereas
remote procedure calls and light weight processes are essential.

| hope the DBE readers find this issue as enlightening as | have and join me in thanking the
authors for their excellent contributions.

Haran Boral
January 1987



An Operating System for a Database Machine

Chris Nyberg
Britton Lee Inec.
Berkeley, CA

Introduction

The Intelligent Database Machine (IDM) is a backend database machine manufactured by
Britton Lee Inc. [Ubell 85, Epstein 80]. The IDM has been observed to have “surprisingly good”
performance for multi-user benchmarks [Boral 86, Boral 84]. This paper describes the characteris-
tics of the IDM that allow it to achieve its high level of multi-user performance.

Resident software on the IDM consists of a kernel supporting multiple processes. Each IDM
process implements a connection with a host process, executing transactions (multi-statement
queries or updates) on the host process’ behalf. The special purpose nature of the system allows
the kernel and process code to be highly integrated. The kernel does not need to support hetero-
geneous or potentially hostile processes. This integration results in efficient and coordinated allo-
cation of resources by both the kernel and processes. Resources such as the cpu and process
memory are more effectively allocated than in a general purpose operating system. The integra-
tion also allows the kernel to provide better database support than a general operating system.
Often this support consists of simply letting the processes manage and share their own resources.

The kernel provides a variety of services to the IDM processes. The focus of this paper is on
the parts of the kernel that take advantage of the special purpose nature of the machine and on
the integration of kernel and process code to provide effective database management support.
Features of the kernel such as queue based process management, host communication support and
tape i/o will not be discussed.

Section 1 explains how the kernel allows processes to access shared data and describes the
allocation method for process memory pages. In section 2 the virtues of the nonpreemptive
scheduling policy are given. Section 3 describes how disk management responsibilities are split
between the kernel and the processes. Support provided by the kernel for concurrency control is
presented in section 4.

1. Memory Management

The IDM is based on a 16-bit microprocessor with four virtual 64K address spaces, kernel
program and data, and process program and data. A memory management unit maps the 4 64K
address spaces to main memory (1 to 6 megabytes in size). Each virtual address space is divided
into 32 2K pages. Pages for process data space are divided into per-process data (private data,
stack and heap) and data shared by all processes. The kernel data space contains data private to
the kernel and the data shared by all processes. The program images for both kernel and process
are permanently resident in main memory, as are the kernel data and shared process data.

The kernel allocates main memory for the per-process part of each process’ data image. A
simple, efficient memory management scheme is used that does not involve paging or swapping
virtual images to disk. Moving process data to and from disk was considered too expensive. In
addition paging is incompatible with the nonpreemptive scheduling policy of the IDM (see next
section) since a page fault is a preemption.

IDM processes spend most of their time waiting for a query from the host. During this time
a process’ data image can be taken away and later restored. The kernel uses these facts as the
basis of its memory management algorithm.

To begin a transaction, a process must have data memory allocated to it. The process then
retains its data memory until the end of the transaction. When the process completes its transac-
tion and waits for another query from the host, it is eligible to have its data memory taken away



by the kernel. This is done only if there is another process in need of the memofy. Memory-less
processes are always waiting for input from the host and are not inside a transaction. There is
nothing special about the state of their data images that cannot be easily recreated by the kernel.

A process without memory is simply a process table entry that contains the current data-
base of the process, the network address of its corresponding host process, and input and output
queues for communication with the host process. Such a process will be granted data memory
when it receives a query from its host process if memory is available. If not, the process must
wait on a queue of processes needing data memory. As memory becomes available, it is allocated
to the queued processes on a first-come-first-serve basis.

The limitation of this algorithm is that the number of simultaneous processes is limited by
the amount of available main memory. By storing virtual data pages on disk the kernel could
support more ‘‘simultaneous’ processes. However if processes holding locks were swapped to disk,
the system could very easily thrash. The processes not holding locks are those not currently exe-
cuting a transaction. Rather than swapping virtual data for those processes to disk and back, the
IDM kernel simply scuttles it and restores it later.

The limitation on simultaneous processes is of practical concern only with small memory
configurations. With the largest main memory configuration the kernel can allocate memory for
approximately 200 processes. This number of simultaneous transactions is clearly sufficient to
find bottlenecks elsewhere in the system.

2. No Preemptive Scheduling

Once the kernel allows a process to run it does not preempt the process. The kernel imple-
ments a “soft’’ quantum by setting a global variable in process data space after a process has held
the cpu a fixed amount of time. Processes periodicly check this variable at points where it is con-
venient to relinquish the cpu. If the variable is set a process will call the kernel to deschedule.

Without preemption, processes can perform critical section code that would normally need
to be executed in a privileged address space. Although kernel and process code are differentiated
by separate address spaces, the ‘“‘operating system’ of the IDM extends from the kernel and into
process code. Indeed many sections of IDM code could be executed either in kernel or process
space. Code that involves interrupts (host, disk and tape i/o) or requires numerous memory map-
ping changes, such as lock management (see section 4), runs in the kernel. Other critical section
code can be executed in process space where it can be invoked without suffering the overhead of a
system call.

It is possible to allow preemption if processes obtain locks for their critical sections. How-
ever this uncoordinated allocation of resources leads to inefficient use of the cpu. The classic
example of this is the convoy phenomenon observed in System R [Blasgen 79]. Once a process is
preempted while holding a highly utilized short term lock, a queue of processes waiting for the
lock can quickly form and persist for a long time. There are steps that can be taken to lessen the
degradation of preemptive scheduling on critical sections (such as using finer granularity locks),
however it requires careful monitoring of a preemptive system to identify these degradations. It is
simpler not to allow preemptive scheduling, thereby allowing processes to easily coordinate use of
the cpu with the execution of critical sections.

In addition to critical section execution, nonpreemptive scheduling also allows processes to
make better use of noncritical shared resources. For instance a process will not give up the cpu in
the middle of referencing a disk cache page. If the process was preempted during this time and
the disk page was no longer in the cache when the process was rescheduled, the process would
have to arrange for the page to be read into the cache again. Without preemption IDM processes
can deschedule when they have completed a short term use of a shared resource.

3. Disk Management

Disk management responsibilities are split between the processes and the kernel. At the low
level the kernel schedules disk i/o at the request of processes and supports the optional mirroring
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