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ABSTRACT 

The needs for computer analysis in the National Earthquake 
Program are varied, complex, and rapidly growing. Major sources 
of frustration have been the difficulty of keeping up with the 
required analysis, and the difficulties of sharing a wide variety of 
data and computer programs among several hundred researchers 
at dozens of institutions located throughout the U.S. A major 
effort is underway to create a similar computer environment run-
ning on many PDP 11/70 minicomputers located across the coun-
try that encourages widespread sharing of data and "software 
tools" without impeding the free flow of creative ideas in this 
research program. Large libraries of high-level tools are provided 
in a well documented manner. The tools can be readily combined 
into programs using a new interactive language, any compiled 
language, or, in many cases, the Shell command language of the 
UNIX** Timesharing System. New tools are easily written by any 
user. Major system tools provided include advanced general plot-
ting programs and a relational indexed database. Extensions to 
the operating system include text overlays and an 830,000 baud 
graphics interface. 

Background 

The U.S. Geological Survey and 
the National Science Foundation are 
responsible for the management of 
the National Earthquake Hazards 
Reduction Program. The goal of this 
program is "to reduce the risks of life 
and property from future earth-
quakes in the United States" (Earth-
quakes Hazards Reduction Act of 

1977, 95th Congress). The program is 
carried out by scientists at several 
government and industrial labora-
tories and at dozens of universities 
across the country (Hamilton, Geo-
logical Survey Circular 780, 1978). A 
major part of the research involves 
the collection and analysis of data 
recorded continuously from over 
1000 seismographs with data rates of 
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100 samples per second, and 500 
lower frequency instruments such as 
tiltmeters, strainmeters, creepme-
ters, and magnetometers with data 
rates of from one sample per second 
to one sample per ten minutes. 
These instruments are located in net-
works primarily in California but also 
spread throughout the United States 
from New England and Missouri to 
Alaska and Hawaii. The data are 
telemetered to local research 
centers, processed, reported rou-
tinely in bulletins and then analyzed 
by researchers in a wide variety of 
continuously changing ways. Other 
types of data are collected when the 
larger earthquakes occur or in spe-
cial field studies focussed for a short 
period on a specific area. 

Computational needs 

Needs for computers in this pro-
gram range from real-time, on-line 
collection and analysis of data, to 
routine processing of large amounts 
of data (up to 30 or 40 million bits 
per earthquake), interactive and 
non-interactive research analysis, 
large numeric modeling programs, 
word processing, and maintenance of 
financial records. There is a funda-
mental conflict in these needs: the 
routine processing of large amounts 
of data requires high computational 
efficiency and speed using relatively 
fixed programs whereas the research 
processing requires high efficiency in 
programming since a wide variety of 
routines are needed and these rou-
tines are constantly being developed 
and changed. The first case is com-
pute intensive whereas the second is 
person-power intensive. 

Trying to share computers, data, 
and computer programs among a 
wide variety of institutions is particu-
larly difficult in a research environ-
ment. Research scientists by nature 
and training are independent, 
creative, and skeptical. There are a 
wide variety of opinions at any given 
point on how to procede. Some dupli-
cation in a research program is not 

only desirable but necessary. The 
techniques that we believe will be 
most important in five years may in 
fact not turn out to be useful and yet 
computer procurements and pro-
gramming efforts take years to carry 
out. The major cost in a research 
effort is in salaries and overhead. 
Thus a major problem within these 
kinds of constraints is this: How do 
you create a computer environment 
that will encourage widespread shar-
ing of data and programs but will not 
constrain the free flow of ideas and 
will respect the different needs and 
approaches of many first-rate scien-
tists at a wide variety of institutions? 
The ultimate goal is to use a 
minimum amount of the limited 
human energy and money to meet 
effectively the computational needs 
of the Earthquake Program. 

Alternatives 

There are a variety of alternative 
approaches and combinations of 
approaches to this problem. We will 
discuss some of the pros and cons of 
a few of the alternatives here. From 
the hardware point of view, we could 
set up one or two large centralized 
computer systems that all research-
ers in the program would use. This 
alternative was ruled out because of 
the need for high-speed interactive 
display of large amounts of time-
series data. The cost of telemetry 
adequate to handle such work would 
be prohibitive within the scale of a 
highly labor-intensive 30 million dol-
lar national program. Furthermore 
the primary need for quick access to 
the data is at the institution where 
the data are collected. Scientists at 
other institutions are typically 
satisfied to receive such data by 
mail. Much of the analysis needs to 
be done on-line as the data are col-
lected and telemetry would need to 
be 24 hours per day. 

Another alternative for hardware 
is to buy similar minicomputers for 
each site. This approach has the 
drawback of having to fit programs 
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within small machines and requiring 
staff at each site to operate the 
machines. Some clear advantages 
are immediate access to the data 
locally at high rates of speed, local 
control, and a distributed processing 
capability that would likely be 
needed anyway at least to handle the 
immediate on-line analysis of net-
work data. This choice was the one 
adopted. A committee of users was 
formed to draw up the specifications 
for the systems. A competitive 
request for proposals was issued and 
six systems were bought along with 
the option to buy many more. 

From the software point of view, 
there were also a variety of alterna-
tives. At a minimum some standardi-
zation of data format is required. 
This format must, in part, be binary 
because of the large volume of time 
series data. Furthermore, the for-
mat must be versatile enough to han-
dle a wide variety of time-series and 
tabular data. The format should be 
easily readable on systems other 
than the minicomputers bought but 
should be efficient on the minicom-
puters where most of the use will be. 
Weighing these and other considera-
tions we decided first that each data 
tape should be totally self-contained. 
A description of the tape and a pro-
gram to read any special formats on 
the tape should be included on the 
beginning of the tape in "card image" 
format. Secondly we decided to 
store the data in a free format where 
each set of data was preceded by 
descriptors of its type and length so 
that the format is very general. This 
approach has the added advantage 
that it is the same way the data are 
stored on-line in the database, which 
is described later, so that the tapes 
can be used efficiently as an off-line 
extension of the database. 

Standardization of analysis pro-
grams is a much more different prob-
lem. The best chance for standardi-
zation is in the routine analysis. Yet 
even in a program as basic as a 
least-squares, iterative inversion of 

travel-time data to determine earth-
quake locations, there are a variety 
of valid approaches, some of which 
work best for some networks and 
some of which work best for other 
networks. Given these observations 
and a consideration of the changing 
nature of this research environment, 
we concluded that adequate stan-
dardization of specific analysis pro-
grams was not feasible, if not impos-
sible. 

A further analysis of the prob-
lem, however, suggested a viable 
approach. An earthquake location 
program, for example, actually con-
sists of about a dozen steps, each of 
which can be isolated into a subrou-
tine. The variety of approaches to 
locating earthquakes resolves into a 
variety of approaches to writing a few 
of these subroutines. Thus if indivi-
dual subroutines or modules are writ-
ten as general "software tools" that 
can be easily linked, a given scientist 
can combine the tools of interest 
with one or two custom built tools 
and create rapidly a new program to 
meet the specific needs. Thus the 
approach we adopted is to build a 
large library of general purpose tools 
and to create an interactive environ-
ment in which these tools can be 
readily combined, new tools can be 
readily fashioned, and documentation 
of the tools can be readily written 
and distributed. 

While most programmers, in the 
Earthquake Program at least, are 
familiar with tools, for example, in a 
Fortran subroutine library, they are 
not accustomed to writing their own 
programs in a similar self-contained 
manner and are particularly not 
accustomed to trading these 
modules. Despite any logic to the 
alternatives, the momentum is 
immense to continue programming 
as we always have. Conversion to the 
tools approach only seems possible 
when individuals discover for them-
selves that they can get more work 
done faster. This means that 
significant work must be done to 
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develop the tool oriented computer 
environment to a level of high pro-
ductivity before most people will 
become seriously interested. 

Hardware 

Two types of minicomputers 
were bought for each site: a Digital 
Equipment Corporation PDP 11/34 
for data collection and a PDP 11/70 
for data analysis. The 11/34 has 2 
TE16 tape drives, 2 RLO1 disks, 96 
Kbytes of memory, a floating point 
processor, console and an LPA-11 
microprocessor controlled analog-
to-digital converter. The hardware 
configuration of the 11/70 is 2 TE16 
tape drives, an RPOS disk, 256 Kbytes 
of memory, a floating point proces-
sor, DH-11 serial ports, console, tek-
tronix 4014 display with DR11-B 
parallel interface and a Versatec 
1200A printer/plotter. At the center 
of the largest network (containing 
512 seismic stations), the 11/34 is 
being set up in conjunction with an 
11/44 and many custom built 
microprocessors to do the data col-
lection and on-line processing. Most 
11/70 systems have been or will be 
expanded to several disks, more 
memory, and a variety of peri-
pherals. In one case DMC-11s will be 
used to link two 11/70's many hun-
dred miles apart at 9600 baud. 

Groups interested in using the 
analysis software being developed 
have the option of buying an 11/44 
instead of an 11/70. Use of the 11/34 
for running the analysis software is 
not recommended at this point. 

Operating System 

Considerable effort was spent 
over a three month period research-
ing and deciding on an appropriate 
operating system. The hardware ven-
dor supplied IAS and RSX systems 
had the obvious advantages of vendor 
support, strong real-time capabili-
ties, and good hardware diagnostics. 
A major drawback was the difficulty 
within these systems of developing a 
tool oriented environment where 

tools could be "dynamically" linked 
to a command language. Inter-
process communication was difficult 
to use. The UNIX Timesharing Sys-
tem was chosen instead, because it 
was designed using the tools 
approach. Inter-process communica-
tion between many processes was 
easier to use. This system performs 
better than IAS or RSX with a large 
number of users in Timesharing 
mode. It utilizes the hardware capa-
bility for separate instruction and 
data address space thus doubling the 
address space available within any 
process. The UNIX Timesharing Sys-
tem is written in a high level 
language "C" which makes it easy to 
understand, support, and modify to 
fit specific needs. The need for some 
realtime capability was easily imple-
mented. This operating system pro-
vides a particularly favorable 
environment for programmers and 
for utilizing "tools." Some very 
powerful tools for parsing, compiling, 
text processing, typesetting, etc. are 
provided with the system. The UNIX 
Operating System is the most port-
able operating system available. it 
has been brought up on a variety of 
minicomputers and mainframes. The 
principal drawbacks with UNIX from 
our point of view are poor hardware 
diagnostic messages and a relatively 
new Fortran compiler. The lack of 
vendor support has turned out to be 
much less of a problem than antici-
pated because of the profound clarity 
and simplicity of the system. Ini-
tially the users were evenly split on 
the decision to go with UNIX. The 
users are now overwhelmingly 
satisfied with the decision. RSX11-M 
is being used on the 11/34 tem-
porarily until an appropriate driver is 
written for the LPA1 1. 

Programming Languages 

Most scientific programmers, at 
least in the earthquake program, 
know and love Fortran and Fortran is 
the most portable computer 
language available. For these rea-
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sons we started with an overwhelming 
bias of trying to program everything 
in Fortran or Ratfor, which improves 
some of the deficiencies of Fortran. 
After several years of development in 
Fortran on CDC 7600 and Honeywell 
Multics machines and only one year 
on the PDP 11/70 under the UNIX 
Operating System, we have concluded 
that we should have switched almost 
immediately to writing new code in 
the "C" Language. This is particu-
larly true for major tools such as the 
interactive command language, plot-
ting packages, and database system. 
Many programs written in Fortran 
and then totally rewritten in C turn 
out to run one to two orders of mag-
nitude faster. They compile into 
much less code, they are much 
easier to write, far easier to under-
stand, and significantly easier to 
debug and maintain. C makes it easy 
to write table-driven programs. C 
essentially documents itself because 
it is terse and clear. The availability 
of a portable C compiler that has 
been brought up on many different 
computer systems allows code writ-
ten in C to be quite portable. C com-
pilers are also becoming more gen-
erally available. While most of the 
user written tools are likely to 
remain in Fortran, C ends_ up being 
adopted by everyone in our group 
who seriously tries it. 

Interactive Command Language 

Herriot has put considerable 
thought into the development of a 
general purpose interactive 
language. Several versions have been 
written over a ten year period and a 
new and greatly improved version is 
being written for the 11/70 and UNIX. 
Geolab, as it is called, is an interac-
tive "geophysical laboratory" giving 
the user an arena in which to shape 
and test out ideas quickly and con-
veniently. Whereas the Shell, which 
is the UNIX command language, pro-
vides an excellent environment for 
development of tools, Geolab delivers 
those tools within a context dedi-

cated to scientific research. The 
Shell facilitates manipulation of files, 
text editors are for textual informa-
tion, and Geolab is designed to serve 
scientific data applications. While 
Geolab grew out of applications in the 
geosciences, it is equally applicable 
to all areas of research and most 
types of computing. 

The needs for data analysis in 
scientific research are extremely 
varied and demanding. Not only are 
hundreds of mathematical, database, 
and plotting operators required even 
to get started, but it must be possi-
ble to add new tools expeditiously. 
And yet this same environment must 
be easy to use even for the 
uninitiated--its users want to focus 
on their particular applications, not 
on the subtleties of an interpretive 
computer language. 

A typical simply-stated task (but 
often tedious to accomplish) is to 
plot some data from a file. It should 
not be necessary to write a special 
purpose program to do this. Even 
plotting the cosine of all the points in 
a data file should be easily expressed. 
By way of example, here is how this 
would be done in Geolab: 

open "mydata" 
ploton tektronix 
plot 1 (cos getnums) 

Geolab is based around a stack 
that can contain not only numbers 
but strings, arrays, string arrays, 
structures, etc. Array arithmetic is 
direct and natural. The possibility of 
having missing data points in time-
series data, which is a typical prob-
lem in certain types of research, is 
treated automatically in most of the 
arithmetic and plotting operations. 
Arithmetic may be done in postfix or 
infix notation with assignment from 
right to left or left to right. Take an 
example where we want to define a 
new tool or operator called "dolt", i.e. 
a new word in our completely 
expandable vocabulary. We want to 
be able to say: 

doit data number 
where data is an array of time-series 
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data from each element of which we 
wish to subtract the value of number, 
then we will bandpass filter the 
result, take the fourier transform 
and plot it on a new page. In Geolab, 
we would simply type: 

op doit (page plot 1 ( 
bandpass filterorder locut hicut 
fft)) 

Operators may be defined in 
terms of other operators so that new 
vocabularies may be developed easily 
to allow the user to think in terms of 
logical units of work rather than 
functional units of some computer 
language. Yet the user may also 
readily dissect any operator to look 
at each of its parts at whatever level 
of detail is desired. Any operator 
may be written in the Geolab 
language or in any other computer 
language available on the computer. 
Geolab language contains all of the 
flow of control and test constructs 
found in most popular computer 
languages. New constructs can be 
defined easily. Routines can be 
readily defined for analysis of large 
amounts of data. 

The wide variety of "software 
tools" in this system are designed to 
be readily and easily used and com-
bined from Geolab or from a com-
piled language such as Fortran or C. 

Plotting 

A high-level, device-independent, 
general graphics system has been 
developed by Ward that interfaces 
closely with Geolab or any compiled 
language and runs on minicomput-
ers. Geoplot, as it is called, provides 
device independence, but automati-
cally uses, when appropriate, any 
special hardware features of a device 
such as hardware lettering, line dash-
ing, etc. The user has total "hands-
on" control of most features of the 
system from moving or drawing a line 
to a point, to setting the size, aspect 
ratio, spacing, and angle of lettering, 
to setting the width, pattern, inten-
sity, or color of any line, to setting 
the lengths of the tic marks and 

other properties of automatic grid-
ding. Transformations are central-
ized and over 30 are provided includ-
ing 20 map transformations. While 
the experienced user can manipulate 
a wide variety of options, the system 
is easy for the beginner to use 
because default values are set up for 
all options. 

Geoplot runs as a separate pro-
cess within UNIX. Data are sent to it 
by pipes so that even though it con-
sists of a large amount of code, it 
requires only 3000 bytes of the users 
address space. Geoplot may also be 
treated as a device filter from the 
UNIX Shell. 

Relational Database 

A fundamental need of a 
research scientist is to have easy 
access to large amounts of data. The 
heart of this tools approach is a data-
base system that we call Geobase. 
This system gives the user ready 
access to any type of data by name 
rather than by column number in 
some card image. The relational 
database can be considered logically 
to contain a large number of two-
dimensional tables or relations where 
any item in the relation may be a 
number, an array, a time series, text, 
etc. Each table can be readily 
accessed and information from 
different tables can be collated. 
Many items are indexed so that 
searches of these tables can be 
extremely fast. Thus data or groups 
of data can be requested in a natural 
form and delivered without the user 
having to be concerned at all with 
how the data are physically stored. 

Geobase is now in its third major 
rewrite. This new version, written in 
C, requires less than 16 Kbytes of 
address space for text to provide all 
of the storage, retrieval, and indexing 
functions. It utilizes many buffers 
and caches to minimize disk traffic. 
We are developing a query language 
within Geolab. With time Geolab and 
Geobase will most likely grow into 
one unified system. 
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UNIX Extensions 

A number of extensions to the 
UNIX Operating system have been 
developed primarily by Jolitz. Ver-
sion 7 UNIX, as distributed by Bell 
Laboratories, will work only on 
machines with separate instruction 
and data (i&d) spaces such as the 
PDP 11/45 and 11/70. The hints and 
code provided in the directory 
/usr/sys/40 give enough information 
to make a functional system. The 
principal problem is the bootstrap, 
which is harder than it might seem, 
since the boot program on version 7 
itself runs separate i/d, and must be 
run this way to load the separate i/d 
versions of the system. We modified 
significantly the machine language 
startup of the system, and the inter-
mediate bootstrap so that both could 
run independent of the type of 
machine. The bootstrap and the sys-
tem is universal, working on any 
mapped PDP 11 (e.g. 11/ 23, 34, 40, 
44, 45, ... 70). The modifications to 
the system code are conditional, and 
makefiles have been made that know 
about the two different flavors of ker-
nal that are possible. These changes 
have been running on a PDP 11/34 
since July 1979. 

One of the most troublesome 
aspects of the PDP 11 architecture is 
that its addressing space is too small. 
Even with separate i&d spaces, one is 
still limited to 65K bytes of instruc-
tion. For this reason many programs 
have to be run as clusters of 
processes, tied together by many 
pipes. About a year ago C. Haley and 
W. Joy worked out the theory for an 
unusual overlaying method to 
increase the size of programs on 
PDP11's. We have implemented this 
scheme after substantial 
modification of their work, and are 
able to run 200 Kbyte text programs 
on standard PDP11's without much 
loss of efficiency. The overlaying 
scheme is simple because it avoids 
using any overlay description 
language, quick in that overlays can 
be loaded in 100 microseconds, and 

invisible to the program. The system 
as it now exists does not swap unused 
overlays out of memory, but future 
revisions will, allowing programs 
larger than physical memory to run 
on the system. Currently we have 
versions of the Berkeley editor ex 
(version 2.0) and of f77 which run on 
the PDP 11/34 UNIX system. We are 
working on a version of adb to allow 
interactive debugging overlayed 
processes. 

A relativly new and untested 
feature to our system is the addition 
of a limited real time capability 
based on work done several years ago 
by David James at Lincoln Labora-
tories. These modifications allow one 
real time process to run while time 
sharing is active. 

Two new drivers have been 
added to the system. An RM02/3 
driver is provided which has been 
tested on various systems, and even 
works with non-DEC RM02 lookalikes. 
A driver has been made for a fast 
tektronix interface (described else-
where by Ellis) that allows for raw 
dma transfers from the users' buffer 
to a given Tektronix at 830,000 baud 
(e.g. UNIBUS rate limited). This 
driver has been designed to appear 
as a normal tty port with the excep-
tion of ioctl modes which can cause 
output to be routed via a DR11-B 
parallel dma controller. 

As mentioned above, the stand-
a-lone system bootstrap was modified 
to become universal on PDP 11's. 
Additional capibility was added to 
allow other discs to be used (RL01, 
RK06/7, RM02/3), and appropriate 
initial block bootstraps were written 
also. 

The other most significant 
changes that have been made to the 
distributed version 7 software are: 

1. A number of intrinsic func-
tions were added to f77 for 
moving bits. 
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2. David Wasley's corrected Availability 
Fortran i/o library (libI77) 
was implemented on the 
PDP11. 

3. init has been rewritten to 
support a more useful 
/etc/ttys file format that 
includes terminal type and 
location. 

4. su and newgrp have been 
extended to know about 
different kinds of shells 
using the SHELL environ-
ment variable. 

5. Unconverted version 6 pro-
grams included in the dis-
tribution (cu,pstat,...) have 
been converted. 

6. A man command has been 
written that is table driven 
to allow easier tailoring to 
local needs. 

7. Two conversions have been 
added to the dd command 
for reading and writing 
ASCII files. rtrim and rfill 
add a new line and trim 
right blanks or delete the 
newline and add right 
blanks respectively. 

8. Several separate i&d pro-
grams have been re-
engineered to run non-
separate on 11/40 style 
machines. 

Many of these items are included on 
the conference distribution tape. 

Manuals 

A key to the tools approach is to 
have good documentation readily 
available. The UNIX Timesharing Sys-
tem provides excellent tools for this 
purpose and all documentaton is 
available on-line as well as in typeset 
hardcopy form. Each tool is individu-
ally documented and a number of 
papers are written about groups of 
tools or large tools such as Geolab. 
The manual system for UNIX and 
tools is integrated into 8 volumes 
containing over 2000 pages. 

All of the software being 
developed will be available at the cost 
of copying. Geolab, Geoplot, and 
Geobase are written and functioning 
along with a large and ever expanding 
library of tools. While the software 
has been distributed in various forms 
to the sites that we are responsible 
for supporting, it is not yet refined 
enough to be of general use. Sub-
stantial amounts of rewriting, chang-
ing and tuning are underway and we 
do not plan to distribute the system 
widely until at least late in 1980. The 
software is designed for DEC PDP 11 
machines from 11/44's to 11/70's 
and requires the UNIX Timesharing 
System. 

A VAX version is planned in 1981. 

February 4, 1981 
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