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SUDS: Seismic Unified Data System

Peter L. Ward

U.S. Geological Survey, MS 977
345 Middlefield Road
Menlo Park, Ca. 94025
415/329-4736

1. Note
This open-file report is a collection of documents written about SUDS at many different times.
They are collected here as a formality to provide public release of this information.

2. Overview
The Seismic Unified Data System (SUDS) is a system for storing, accessing, and processing all
types of seismic data efficiently. The goals of SUDS are:

1). To promote widespread exchange of data.
2). To promote widespread exchange of programs for analyzing and displaying data.
3). To make it easier for most seismologists to get their work done.

4). To reduce the effort required to write new programs.
5). To provide a transparent way of dealing with the proliferation of computer architectures now
often being networked together.

SUDS is a bus. In the figurative sense it provides a vehicle for many people traveling together.
Like a computer bus, SUDS provides a standardized way to plug together a wide variety of devices or
modules so that they can communicate with each other efficiently. SUDS is also a workshop, a friendly
place containing many of the specific tools needed to complete a project quickly and easily. While
SUDS is based on standardization, it also provides numerous channels for growth and adaptation to fit
the needs of an independent-minded research community. SUDS is developed around seismic data, but
its methods and major tools apply equally well to any type of data in any field.

Overcoming the coefficient of static friction to learn about a new concept, language, or piece of
hardware or software can appear difficult. It seems easier to stick with the familiar. There are many
intricate details to SUDS, but most people will be able to derive the benefits of SUDS without having
to learn these details. It is simply necessary to understand the overall concepts and then proceed to use
the tools. You can fill in the details later when needed.

The building blocks of SUDS are natural, logical groups of data. These data groups are arranged
end to end in a stream of information that can be stored and accessed sequentially, for example in a file
or on a tape, and can be loaded sequentially into a database system where they can be accessed more
randomly. Streams can be directed between different processes running on the same computer or over
networks between processes running on different computers.

3. Introduction

The need for easy exchange of seismic data and data-analysis programs is increasing rapidly as
digital recording systems are added to existing seismograph stations and networks and as we plan and
build major global, national, topical, and portable networks. The advent of relatively inexpensive but
powerful desktop workstations makes it feasible for most seismologists to do sophisticated waveform
processing that we barely dreamed of a decade ago. In the last decade, major amounts of resources,
especially in terms of trained scientific personnel, have been diverted to computer programming. This
trend is likely to increase significantly as the data sources increase by orders of magnitude and our pro-
cessing goals increase in complexity. In theory it is a relatively trivial programming job to convert from
one data format to another and to create analysis programs that input or output (I/O) several optional
data formats. In practice, however, input and output becomes onerous, and some popular programs con-
tain little scientific code but major amounts of I/O code. Furthermore many scientists now wish to use
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database management systems to provide rapid indexed access to large collections of data. Thus a
whole new layer of software is becoming necessary.

A major step forward in seismic data organization was made at Lamont-Doherty Geological
Observatory with the creation of the ah or ad hoc data format. Their approach was to group related
information into C language structures and then to group structures into a header that is added to
waveform data. This grouping leads to a data and file format that interfaces cleanly with dozens of pro-
grams or filters that they have developed.

The purpose of this document is to suggest an extension to Lamont’s approach that is applicable
to a wide variety of seismic data and seismic data processing. The primary concern is to define a com-
mon but succinct set of data that would typically be archived for seismic stations and networks and to
group these data in a manner that will be efficient in terms of storage space, processing time, and pro-
gramming time. The secondary concern is to make sure that this core format is readily extensible to
meet the developing needs of research pursued by independent thinkers spread around the globe. If a
common ground can be defined, we will all be able to exchange easily data and, even more important,
data analysis programs. Such exchange would provide the most rapid route to accomplishing our
individual and collective scientific goals.

4. Scope

My interest in a data system relates primarily to local seismograph networks and the flavor of this
document reflects this interest. Most other users of earthquake related seismic data have similar needs,
however. We all use waveforms, descriptors of waveforms, features picked from waveforms, and events
calculated from these features. There are many areas where these interests overlap with people doing
seismic refraction and reflection processing, strong ground motion analysis, etc. Thus I wish to
encourage readers who have quite different interests not to be put off by the emphasis on local earth-
quakes and to provide advice on how their interests can be represented.

I have tried to take into account other major interests such as the database designed for the Center
for Seismic Studies (Berger, J., North, R.G., Goff, R.C., and Tiberio, M.A., 1984, A seismological data
base management system: Bull. Seism. Soc., v. 74, no. 5, p. 1849-1862)and the Proposed Seismic
Data Distribution and Interchange Format developed at Albuquerque for world-wide data. I have
also reviewed the typical PDE tape formats, ISC formats, and formats being used or developed for
CALNET, the Southern Alaska Net, and SAC (Seismic Analysis Code). Some details from these
representations will need to be added later to the structures discussed here.

The goal of this document is not to present THE ultimate data organization for seismology
but to suggest and illustrate an approach to see if others would think it valuable to march to the
same drummer. We could then work together to develop Version 1.

5. Levels of Agreement

There are four primary levels for agreement:
1.) Agree that a common, widely used, and extensible data format is desirable.
2.) Agree on the groups of data that are most important.

3.) Agree on the specific variables that most people need for present or anticipated routine and
research processing.

4)) Agree on the actual bit representation of each variable, the manner in which variables will be
grouped, and the manner in which groups will be combined to form files, archive tapes or disks,
and databases.

In this document these levels are intermixed in order to organize the topics logically. Readers
may wish to focus their attention at specific levels depending on their degree of interest.



6. Groupings of Seismic Data

Computing typically consists of grabbing groups of data, processing these data, and creating new
groups of data or images of data. Thinking involves much the same process. Just as our thinking is
typically clearer when we can quickly and easily grab a small group of coherent ideas often represented
by a precise scientific term, computer programs tend to be more efficient and shorter when we can
easily grab related pieces of data.

Seismic data have certain natural groupings. For example:

1). Information about the station and component on which data was collected: Name, location, gain
settings, component orientation, instrument type, etc.

2). Information about a station component, such as calibration information, that typically involves
interpretation and calculation and may not be available at the time a waveform is recorded.

3). The digital waveform data for an event often expressed in digital samples or volts.

4). Descriptive information about a waveform such as maximum and minimum amplitude, average
noise, signal to noise ratio, number of clipped samples, etc. Such information is not only useful
for scaling and plotting waveforms but also for searching for waveforms with certain characteris-
tics.

5). Information derived from a waveform such as phase arrival time, phase first motion, phase period,
amplitude, coda length, etc.

6). Event information resulting from analysis of a group of phases, etc.
As research processing continues more derivative forms of data arise:

7). The waveform data expressed as ground velocity or displacement or as spectra or in other numer-
ically filtered forms such as rotated or summed components.

8). "Phase" type data derived by advanced processing techniques.

These groups of data are created at different times. Thus before an event is detected by an online
computer, only group 1 exists. After the event is detected groups 1 and 3 exist. After a small amount of
automatic processing groups 1, 3, and 4 exist. The other groups might be generated automatically but
generally will only be believed after human interaction.

A general data format should recognize these natural groupings and should allow for the fact that
not all groups exist or are utilized at the same time.

7. Overview

A suggested data model is summarized in Figure 1 that reflects the general flow of research which
typically involves installation of instruments at many stations, observation of waveforms, interpretation
of many features from each waveform, and processing these features to derive results. The topics in this
figure are organized from those we create and thus know well at the top to those that involve the most
interpretation and calculation at the bottom. Each box represents a topic or subject that has numerous
attributes and each box will ultimately be represented by a data structure. The arrows with double
stems designate the one-to-many relationships that are typical in these data. For one earthquake there
may be many calculated origins. For one origin there are many arrival times. For one station there are
many waveforms. For one waveform there may be many phase arrivals. Most database systems are built
around these one-to-many relationships. A simple example is a table that presents data on a given topic
or subject. The columns represent features of the subject and the rows represent instances of these
features. In relational database terminology, the table is a relation, the columns are attributes, and the
rows are tuples. The fundamental reason for establishing a new topic is to be able to represent suc-
cinctly these one-to-many relationships. The selection of topics is relatively straight-forward at the top
and bottom of Figure 1 but becomes less clear in the middle. For example, most researchers group
information on stations and events in different tables or files. On the other hand should information on
moment be grouped with magnitude or even contained within the origin? Several principles appear to

apply:



-5-

Logic: In many cases the data fall into natural groupings as discussed above.

History: Some features do not exist for much of the available data perhaps due to tradition or the
development of new features such as moment. Thus while logically moment might be grouped
with magnitude, it is typically not available for small earthquakes nor for most older earthquakes.

Extensibility: Uncertainties for earthquake locations logically should be included with the origin
information, but there are a variety of ways to calculate and represent the precision. Thus it seems
reasonable to include a simple measure of precision with the origin especially for uniform search-
ing of the data but to assume that different researchers may need different ways to represent the
precise errors such as by ellipsoids, by the covariance matrix, etc. Similarly there are many ways
to represent the calibration of an instrument. While such extensibility will be needed to travel into
the future, we should still strive where possible to find single, compact representations for com-
mon parameters from which a variety of traditional representations can be readily derived.

Storage Efficiency: Most computer efficient database and file formats involve allocation of a
fixed record size for each instance. Inclusion of many attributes that exist rarely will typically
waste significant storage space. If these same attributes are relegated to a new topic, then they
need only be stored when they exist.

Half of the topics in Figure 1 can be readily defined to meet common needs either because the
nature of these topics is closely related to experimental design or, as in the case of events, these topics
have been traditionally tabulated for example by the ISC or NEIS. These topics represent the vast
majority of the data and these are the topics that are most typically searched. Thus development of a
unified data system for most of the data is not particularly difficult. Probably the greatest difficulty
and disagreement regarding common formats will center on the rows marked Interpretation and
Calculation. This is the area where there is the greatest diversity and where there will be the greatest
need for expandability in the future. My approach here is to define groups commonly used making sure
these groups can be indexed from the one side of the one-to-many relationships. New groups can then
be defined as needed.

The box marked Association in Figure 1 represents the many ways we may chose to relate obser-
vations to calculations. Association is implementation dependent. In a database there might be a
separate topic or relation that does this association. In the file system or on tape, this association is nor-
mally done by grouping the information in contiguous logical areas. Thus a disk or tape file might con-
tain all data applicable to a single event.

8. Data Representation
The groups of data will exist in different forms with different goals:

A). Off-line archival storage that ideally should include all relevant information about a given event
and its data in contiguous storage space.

B). On-line storage in a format that is indexed for rapid retrieval probably contained within a data-
base management system. Typically for lack of sufficient storage devices, only waveforms of
events being analyzed would be stored on line, but descriptive information of all events should be
available.

C). On-line storage in files using the file system to specify groupings.
D). In-core storage as represented in analysis programs.
E). In some cases the original events as output by the online detector might be archived.

Choice of data storage format involves tradeoffs. Using ascii files for storage enhances readabil-
ity, allows use of existing editors and filters, and makes portability among machines easy, but reduces
efficiency in reading, writing, storing and retrieving data. Efficiency has become an issue on the larger
networks and will be an increasing problem as we expect to collect increasing amounts of data and to
process these data with increasingly sophisticated tools. Since waveform data are most naturally and
normally stored in binary format, I believe it is not much more of a problem if all the data are stored in
binary format. I like Lamont’s approach to using a group of data structures, each of which groups
related data. Furthermore the database that we are presently evaluating as most promising for seismic
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purposes, db_vista, uses data structures as the primary mode of data storage and retrieval. One of
db_vista’s major attributes, is speed. We can assure maximum machine efficiency with data structures.
These structures also provide for excellent programming efficiency in C, Pascal, Modula2, PL/1 and
VMS Fortran. It is rumored that the new Fortran standard expected this year will include structures.

Thus from my point of view, chosing data formats means first agreeing on what data needs to be
stored and then designing a set of data structures that can be used as modules in storage, retrieval, and
processing of seismic data. The rest of this document concerns my suggestions for these structures. It is
assumed that while these structures are being adopted, utilities will be written to readily convert these
structures into and out of ascii format. A good example of such a filter is the Lamont command ah2asc.
Similarly it is anticipated that a common library of low-level routines will be made available for identi-
fying and utilizing these structures. The structures are listed with a description of the data to be stored
in the comment field on the right side of the page and the actual allocation of memory space on the left
side of the page. Many readers may wish to focus only on the right side of the pages to be sure the
appropriate information is stored.

9. Some principles:

a). The structures should be self identifying so that in a general case such as a tape archive, the read-
ing program could determine what structures exist, in which order they exist, and whether the
program knows how to deal with them.

b). The structures should define common groupings of interest, but new structures should be definable
in the future. The structures discussed below might form a core set that is very extensible. The
programs using these structures must be able to identify each structure and to decide whether or
not they can be interpreted by that particular program.

c). There is typically a conflict between storage efficiency and generality. These structures are an
attempt to ride the middle ground. I encourage you to consider other variables that should be
added but to temper your first urge with realism.

d). To enhance portability among machines, some effort should be made to align appropriate byte
boundaries.

10. A Short Primer on C Structures

The appendix is written in C syntax although the ideas presented here do not depend on adoption
of C. A C structure is a grouping of variables of mixed types in a contiguous section of memory so that
the whole structure can be passed between subroutines as a unit or by a pointer. In its simplest form a
C structure is similar to a Fortran common block. In fact on many compilers Fortran common blocks
are referenced in C as structures and C structures can be made available to Fortran programmers either
as common blocks or, when more complex, as a small library of subroutines. Passing structures between
routines and on and off of disk or tape is highly efficient.

In C new variable types can be defined using typedef. typedef x y means henceforth define all
variables of type y to be type x. Thus typedef int phase; phase x; means x is of type phase which is
of type int. Typedefs are used to make the code more modular, readable, and portable and to isolate
custom definitions. Use of typedefs will allow us in the future to take advantage of new languages such
as C++ that allow complete specification of new variable types so that the compiler can check for
improper usage. The following basic typedefs are used throughout this document:

typedef char CHAR A single ascii character
typedef char STRING A character string, null byte terminated

STRING c[10] means a character string with a maximum length of 10. The active length may to
0 to 9 characters terminated by a null byte. Thus note that if a station name is, for example,
defined as STRING name[6), it can contain only 5 characters.

typedef char BITSS An 8 bit field, used for on-off flags

typedef short SH_INT A 16 bit signed integer

typedef long LG_INT A 32 bit signed integer

typedef float FLOAT A 32 bit floating point number, IEEE
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typedef double DOUBLE A 64 bit double precision number, IEEE

11. Special Types of Variables

TIME: A single number representation of time provides the most efficient form for storage,
search, and computation. Such a number is typically defined in terms of seconds from some standard
time. One possible standard is that used by the UNIX operating system, which is now widely used in
seismology. In UNIX time is kept in terms of the number of seconds since 00:00 GMT on January 1,
1970. The newest releases of UNIX also provide for a structure with two long integers, the number of
seconds and the number of milliseconds. A double precision number takes the same storage as 2 longs
and can provide time resolution finer than microseconds from the birth of Christ to a long time in the
future. This precision is more accurate than needed in seismology. Thus I adopt the standard:

typedef DOUBLE ms_time;
The value of ms_time variables can then be easily defined from the system clock and ms_time vari-
ables can be easily converted to ascii strings and other representations using UNIX utility subroutines.

A common use of time is to identify when an instrument was changed or calibrated, when a loca-
tion was calculated, etc. In this case accuracy to 1 second is more than adequate. Given the number of
cases where such a timestamp is desirable, the use of only 4 bytes of storage becomes valuable. Thus I
adopt a second type of time:

typedef LG_INT st_time

LONGITUDE-LATITUDE: A single number representation for degrees is also desirable for

storage, searching, and computation. By defining

typedef LG_INT lonlat;
and counting in units of millionths of degrees, we obtain a variable that uses only 4 bytes, is easily
derived from true degrees, and is accurate to about 0.1 meters. This same type could be used for all
angles, but in most cases a FLOAT seems adequate.

IDENTIFIER: Each phase, waveform pick, etc. needs to be associated with a given station,
instrument type, and component. It is useful to adopt a structure of this information:
typedef struct {
STRING network[4];
STRING name[5];
CHAR component;
CHAR type;
CHAR recorder;
} ident;
Component would typically be v, n, e, r, t but could be any other character. A list of common types of
components and instruments would need to be developed and a subroutine written that returns a charac-
ter string describing each code represented by a character or short integer.

12. Structures and Their Use

The structures are listed in the Appendix in a manner that is compilable. Before getting lost in the
details of each structure, it is important to understand how these structures might be used. The reason
for defining structures is to group related variables in a manner that they can be readily accessed as a
unit. The bit representation of this unit would be identical whether the unit exists on disk or in memory,
it should be identical on magnetic tape for the most commonly used computers, and probably would be
identical when the unit exists in a database depending on the database design. User programs would
read or write these units and would access individual variables by addressing them as components of
these units. In Fortran a subroutine would be called to read the next unit, load the values into a com-
mon block, and return the number of the common block loaded. Of course the values could also be
passed as subroutine arguments when desired. A fundamental feature of this design is that structures
are identifiable, so that they can be combined in any order deemed appropriate and any subset of struc-
ture types could be used. Let’s look at specific examples.

In some seismic networks the data are collected on a computer with a detector algorithm and
written to tape for transport to another computer for processing. Each file on this tape might be
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formated as follows:
For each station in order data are multiplexed:
structtag; stationtrace;
structtag; muxdata;

structtag; data;
In a different application the multiplexed data might be transmitted to a central recording center via

satellite. Since the station information is known to the receive site, the data format might simply be:
structtag; muxdata;
structtag; data;
Many seismic networks do automatic processing online. The data would be demultiplexed and might be
stored in a disk or tape file as:
For each station:

structtag; trace; structtag; data;
We might wish to integrate the same data into a database. In this case the trace and and loctrace struc-

tures would be loaded into the database and the preceding file either kept as is or the trace structures
could be removed.
A useful format for processing might be labeled by origin and contain:
structtag; event; structtag origin;
For each station:
structtag; trace; structag; data;
For each marker:
structtag; marker;
An archive tape on the other hand might contain most of the structures as follows:
structag model;
For each layer:
structtag; layers;
For each event:
structtag; event;
For each station:
structtag; trace; structag; data;
For each origin:
structtag; origin; structtag; error;
For each station marker:
structtag; marker; structtag eventread;

The point is that the groupings can be set to meet local needs and to reflect the order and degree
of processing. Programs would typically ask for the next structure and proceed according to what that
structure is. A program could skip unknown structures or complain about them as desired.

The simplest way to link relevant structures is to group them together within a file. Another way
is to include header information for example about each event within each marker. This is essentially
how a relational database is usually set up. A network database, on the other hand, stores these links
invisibly for the user. Putting the links within the structures creates less ambiguity but increase the
complexity of implementation details and the storage space required. I have designed these structures to
minimize redundancy and to use physical grouping in files to define logical grouping. Thus all arrivals
pertain to the previous mentioned solution. All features refer to the previously described waveform, and
so forth,

13. Physical Tape Format

The unified data system does not require any particular physical tape format. The data are treated
as a stream of information and can be blocked onto tape in any number of ways. I think the easiest is to
use physical block sizes of 20 times 512 or 10,240 bytes or less and to truncate the last block in a
record. This upper limit is the largest block some systems will read. Unix tar tapes provide a nice way
to label and manage multiple files but other standards such as an ANSI Labeled tape format might
work. A standard byte order will need to be adopted and filters provided to swab bytes and change
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data types as necessary. It would be most efficient to adopt the bit formats of the most heavily used
computers in Seismology. Another more general approach would be to use the eXternal Data Represen-
tation language developed for networking.

14. Examples
An example of a structure viewed using st2asc follows:

% s -1 st.sample
-rw-1--1-- 1 ward 76 May 20 13:41 st.sample

% st2asc st.sample
564 0 "kat" "ksv" 'v’ 1 0 0 60.130000 -154.230000 675.000000 °b’ 0 't’
'w’ 115 g’ v’ ’s’ ’d’ 'n’ 4 1000000.000000 1024.000000 55.669998 581100999

% stasc -v st.sample
STRUCTURE: stationcomp (length=64+0=64 bytes)
station/component

STRUCTURE: station ident

network : "kat"
station name : "ksv"
component : ‘v’
instrument type : 1 {sp usgs}
component azimuth : 0
component incidence : 0
latitude : 60.130000
longitude : -154.230000
elevation, meters : 675.000000
enclosure : b’
annotated comment : 0 {no comment}
recorder type t’
rock class ‘u’
rock type 115 {this code undefined}
site condition ‘g’
sensor type ‘v’
data type s’
data units 4’
polarity : ‘n’
status : 4 {filtered}
maximum gain : 1000000.000000
clipping value : 1024 .000000
convert factor : 55.669998
effective date : May 31, 1988 16:56 39 QMT

An example of a data file viewed with stdescribe follows:
% stdescribe st.871005040607

File st.871005040607:
0 5 stationcomp length 64 + 0 bytes katksv.v.l
1 7 descriptrace length 52 + 4312 bytes katksv.v.l
2 5 stationcomp length 64 + 0 bytes katkbte.e.l
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace
stationcomp
descriptrace

length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +
length 64 +
length 52 +

NuguuguduNauay N uaauma g NN unagwna

4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
0 bytes
4312 bytes
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katkbte.e.1
kat.kbtn.n.1
kat.kbtn.n.1
katkbtv.v.1
katkbtv.v.1
kat.krbe.e.1
katkrbe.e.1
kat krbn.n.1
kat.krbn.n.1
katkrbv.v.1
kat.krbv.v.1
katksm.v.14
kat.ksm.v.14
katktp.v.1
katktp.v.1
katkkcn.n.1
kat.kkcn.n.1
kat.pub.v.14
kat.pub.v.14
kat.blm.v.14
kat.bim.v.14
kat.kkce.e.l
kat.kkce.e.l
katkkcv.v.1
kat.kkcv.v.1
kat.www.v.14
kat.www.v.14
kat.kkr.v.1
kat.kkr.v.1

An example of a data files viewed with st2asc follows:

% st2asc -v st.871005040607

STRUCTURE: stationcomp (length=64+0=64 bytes)

station/component
STRUCTURE:
network
station name
component
instrument type

component azimuth :

component incidence :

latitude

longitude

elevation, meters

enclosure

annotated comment

recorder type

rock class

rock type

site condition

sensor type

station ident

"kat"

llksVI'

v

1
0
0

’

{sp usgs}

58.591702
-155.320007
488.000000

{no comment)

{none given)



data type

data units
polarity
status
maximum gain
clipping value
convert factor
channel

spare

- 11 -

’s,
o
NODATA

{none}

0.000000

NODATA
-32768
11648

STRUCTURE: descriptrace (length=52+4312=4364 bytes)

station/component
STRUCTURE :
network
station name
component
instrument type
beginning time
local time diff
data type
data descriptor
digitized by
processed by
number of samples
samples per second
minimum data value
maximum data value
average noise

num clipped samples :

Waveform Data:

263 131 -14
234 175 146
190 161 190
190 175 146
102 73 -14
205 131 14
161 58 73
161 102 29
190 263 161
234 234 190
351 175 161
263 249 175

146
161
146
131
102
205

73
146
131
146
322
263

station ident

"kat"
"ksv"
’v’
1 {sp usgs}
Oct 5, 1987 04:06 07.077 QMT
NODATA
rg?
0 {not given}
0 {not given}
2156
100.000000
-14.000000
73.000000
212.949997
0
175 219 175 14
234 234 175 29
219 249 161 146
146 249 58 43
205 146 73 -14
117 190 205 14
161 175 58 102
73 263 131 102
205 307 307 190
234 336 263 117
307 366 234 205
351 234 263 263

An example of reading structure in a C program:

stream = st_open(input_file, "r");

while ( st_get ( &st_ptr, &st_type, &st_len, stream)!=EOF) {

switch ( st_type ) {
case STATIONCOMP:
load station list;
break;
case FEATURE:
load feature list;

g

205
219
190
146

58
117
-14

43
117
234
380
307

234
190
292
131
117
131
161
117
190
380
424
351



break;
case DESCRIPTRACE:
plot trace;
break;
default: st_free ( st_ptr );
)
)

st_close(stream);

-12 -
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AH2ST(1S) UNIX Programmer’s Manual AH2ST(1S)

NAME
ah2st — convert an ah stream into a suds stream

SYNOPSIS
ah2st [ -¢ clipvalue ] [ -n netname ] [ -0 file ] [ -s factor ] [ files]

DESCRIPTION
ah2st converts a stream of ah or ad hoc structures in the Lamont-Doherty format into suds structures.

For each waveform the suds structures stationcomp, origin, and descripttrace followed by the
waveform are created. If calibration information is included in the ah structure, a suds structure cali-
bration is created. If the ah fields ecomment and rcomnment include information, suds comment struc-
tures are also created.

OPTION-S-c Make the next argument the plus and minus value where clipping of the waveform begins.
-n Make the next argument the network name.
-0 Put the output in the following file instead of stdout.
- Convert the waveform to short integers multiplying each point by factor.

SEE ALSO

st_intro(3s), asc2st(1s)

BUGS
The ah variable rmin is not translated into the suds structures.

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

4 May 1988 USGS 1

4



ASC2ST(1S) UNIX Programmer’s Manual ASC2ST(1S)

NAME

asc2st — convert an ascii stream to a stream of suds structures
SYNOPSIS

asc2st [ -0 file ] [ file... ]
DESCRIPTION

asc2st converts a stream of ascii data into suds structures. Each input line is assumed to begin with the
integer number of the structure type and to contain one data field for each variable within the structure
in order. The data fields may be separated by blank spaces, tab characters, or commas. Presently this
routine simply reads the non-verbose output of st2asc.

OPTIONS
- The following file contains a control file similar to /usr/include/suds/suds_descr.h. The input
format and order can be changed from this control file. NOT IMPLEMENTED YET.
-0 Put the output in the following file instead of stdout.
-S Field separators may only be one of the characters in the following string. NOT IMPLE-
MENTED YET.
-v Ascii data are in verbose format output by st2asc. The input routines will assume any charac-

ters on a line before an unquoted colon are part of the field label. The label is matched to the
standard list to determine which field follows. Thus lines for fields may be in any order within
a structure and may be left out. NOT IMPLEMENTED YET.

-V List input as read. If asc2st fails, this option can show on what field it fails.

SEE ALSO
st_intro(3s), st2asc(1s)

DIAGNOSTICS
BUGS
This routine is presently bare bones and should be expanded to cover a variety of input styles.

EXAMPLES
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

27 April 1988 USGS 1
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CDD(1S) UNIX Programmer’s Manual CDD(1S)

NAME
cdd - contol CDD analog-to-digital converter
SYNOPSIS
cdd
DESCRIPTION
cdd is an interactive program for controlling the Cutler Digital Design analog-to-digital converter. It
provides a menu:
0 open(type msec/sample and number of channels)
r rezero atod
g get data
h get headers
s send control information to atod
t set time (Type day hour min sec)
T set time to computer’s clock(GMT)
¢ change time(type milliseconds)
q quit
A typical sequence of commands to run the atod at 100 samples per second for 16 channels might be:
010 16
114522120
r
h
g
SEE ALSO
plotatod(1s), atod(3s)
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
19 July 1988 USGS 1



PLOTATOD(1S) UNIX Programmer’s Manual PLOTATOD(1S)

NAME
plotatod — plot output of analog-to-digital converter in a window

SYNOPSIS
plotatod options stations device

DESCRIPTION
plotatod collects data from the analog-to-digital converter and plots it in a window on the SUN works-

tation. The program reads 1000 samples of data and calculates the average noise and DC voltage offset
for each channel and scales the plot automatically so that the average noise fits within the part of the
window in the vertical direction assigned to the station. The channel number and station name are plot-
ted at the left together with the scale factor over the millivolts of DC offset. The scale factor is the
number of millivoits from the bar above the name to the bar below the name.

stations is the name of a file containing STATIONCOMP structures (See st_intro.3s). The fields used
that must be set are s¢ _name.st_name, con_mvolts, and channel.

device is the pathname of the atod, normally /dev/rstl

By pushing the right mouse button a menu is displayed to allow changing the vertical and horizontal
scales by factors of 2, to begin autoscaling again, and to exit.

OPTIONS
-d n plot every nth point. Default is 2.
-f number of first station to be plotted counting from one.
-g value Fix scale factor (gain) for all stations at this value in millivolts.
- number of last station to be plotted counting from one.
-m value of milliseconds per sample atod is to be set for.
-n number of stations atod is to be set for.
-p print average noise and DC offset of the stations.
SEE ALSO
cdd(1s), atod(3s)
BUGS
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
21 July 1988 USGS 1
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SCANSEIS (SEIS) UNIX Programmer’s Manual SCANSEIS (SEIS)

NAME

scanseis — scan digital seismic waveform files on a SUN3 workstation

SYNOPSIS

scanseis [ -t tapename ] [ filenames ]

DESCRIPTION

scanseis looks in the current directory, or on a tar(l) tape mounted on /dev/rst0 if the -t option is
specified, for files beginning with eq. or ah. or ending with D that are assumed to contain seismic
waveform data in the USGS online format, Lamont adhoc format, or University of Washington format
respectively. The seismic data in each file are displayed and the user may choose descriptors for the
file using the right mouse button and may then decide to save, delete, or compact the file. If compaction
is chosen, the user may specify the beginning and end of the record to be saved and which stations are
to be deleted. compactseis is then executed in a spawned, asynchronous process. A log of all transac-
tions is appended to the file scanseis.log in the current directory.

Many aspects of the plotting and the contents of the descriptive menu can be specified in a file .scan-
seis in the current directory or if not there then in the user’s home directory. The default for each item
is used unless a different value is specified in a .scanseis file. The format for each line of .scanseis is
label, number, and comment if desired. A label menu may be followed by a list of up to 50 menu
items separated by commas. These may be clustered into as many as 5 groups separated by a slash
character, /. Multiple lines may be used separated by . Only one item in each group may be selected
from the menu by the user. This item is displayed in a different manner in the menu when selected.
All selected items are appended to the line in scanseis.log describing the processing of the event. A
complete sample of .scanseis including all default options is given below.

maxfiles 4 /* Maximuin number of files to process at once */
decimation 4 /+ Decimation factor */

labelx 1000 /* Pixels in X to first station name */

eachlabel 1000 /* Pixels in X between station names */

labely 6 /+ Pixels in Y from center of strip to base of name */
overlap 100 /* percent overlap of traces in Y direction */

height 47 /* Pixels per trace window in Y direction */

second 50 /* Pixels per second in X direction */

tickmark 25 /* Length of time tics in pixels on Y */

xdelete 920 /* Pixels in X to first delete message for compacting */

menu EVENT TYPE, Local event, Regional event, Teleseisin,\
Seismic noise, Telemetry noise, Calibration/SIGNAL LEVEL\
Weak signal, Clear signal, Clipped signal

EXAMPLES

FILES

SEE ALSO
DIAGNOSTICS

BUGS

AUTHOR

Peter Ward, US Geological Survey, Menlo Park, Ca.

3 December 1987 USGS 1



ST2AH(1S) UNIX Programmer’s Manual ST2AH(1S)

NAME
st2ah — convert a suds stream into an ah stream

SYNOPSIS
st2ah [ files]

DESCRIPTION
st2ah converts a stream of suds structures into ah or ad hoc structures in the Lamont-Doherty format.
The only structures processed are ORIGIN, STATIONCOMP and DESCRIPTRACE. The ORIGIN
structure, if it exists, must preceed the STATIONCOMP and DESCRIPTRACE structures and the STA-
TIONCOMP structure must preceed the DESCRIPTRACE structure. Data types allowed for waveforms
are short, long, and float.

SEE ALSO
st_intro(3s), ah2st(1s)

BUGS
This is a quick hack for moving local network data into sunpick and needs to be made more general.

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

22 March 1989 USGS 1



ST2ASC(1S)

NAME

st2asc —

SYNOPSIS

UNIX Programmer’s Manual ST2ASC(1S)

convert a stream of suds structures to ascii

st2asc [ -cfile ] [-h string ] [ -i string ] [ -1 number 1 [-0 file ] [ -s string ] [ -v ] [ file... ]

DESCRIPTION

st2asc converts a stream of suds structures from binary to ascii. One structure is output per line. The
number of the structure is ouput followed by the length in bytes of the structure, the length in bytes of
any ensuing data, and then by the value of each field in the structure in order. The values are separated
by a space, characters are included within single quotes, and character strings are included within dou-

ble quotes.
OPTIONS

- The following file contains a control file similar to /usr/include/suds/suds_descr.h. The out-
put format and order can be changed from this control file as well as the content of label
strings used in the verbose option. NOT IMPLEMENTED YET.

-h Place the next argument as a header at the beginning of the line for each new primary struc-
ture.

-i Make the next argument the string by which lines are indented.

-1 When the output line is greater than the following number, it will be output and the next line
will be indented by the indent string.

-n Do not list waveform data, simply list headers.

-0 Put the output in the following file instead of stdout.

-S Separate the fields in the non verbose option by the following string.

-V Verbose option. Output each field on one line preceded by the field title. Structures nested
within a structure are indented three spaces. Numeric codes defined in suds_codes.h are fol-
lowed by the appropriate explanatory string within brackets.

SEE ALSO
st_intro(3s), asc2st(1s)
DIAGNOSTICS
BUGS
EXAMPLE

Separate the fields by commas:

AUTHOR

st2asc -s "," myfile

Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

27 April 1988

USGS 1
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NAME
stdescribe — describe the suds structures in a file

SYNOPSIS
stdescribe [ -o0 file ] [ file... ]

DESCRIPTION
stdescribe lists the file name followed by a list of structures within the file. The number of the structure
from the beginning of the file is given followed by the structure number, name, the length of the struc-
ture, and the length of any ensuing data. If the first field in the structure is STATIDENT, this sub-
structure is listed.

OPTIONS
-0 Put the output in the following file instead of stdout.

SEE ALSO
st_intro(3s), st2asc(1s)

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

12 May 1988 USGS 1
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NAME

stedit - edit the suds structures in a file

SYNOPSIS

stedit file...

DESCRIPTION

stedit displays one structure in a stream at a time and allows changes to be made to the values. Certain
characters and values are not allowed for some fields where appropriate. The next structure is displayed
by pushing the key F7. The editor may be exited without change by pressing the key F2. You change
fields by pressing Tab, Return or the arrow keys. If any character is typed or changed in a field and
Return is pressed, all characters after the last one typed or changed are deleted. Tab is equivalent to a
Return except that all characters after the last one typed or changed are saved. Note that you may only
type within certain parts of the screen.

stedit writes its output into a temporary file with a name of the form stedit XXXXX. After completion of
the input file, the editor asks whether to save the changes. If the answer is yes the temporary file is
moved to be the input file.

The editor uses stform in suds_descr.h to get field labels, lengths, types, etc. The codes are listed in
suds_codes.h

EDITORIAL

This editor is a quick hack of some other code I had in order to demonstrate some of the features that
might be nice in a real structure editor. It uses curses and is thus terminal independent on output but
the input from cursor keys and function keys is not device independent and thus may not work on some
terminals. UNIX System V curses might improve this. sfedit may not start properly in a SUN-CMD
window. Use Shelltool.

This editor should be integrated with the Lamont waveform editor to allow display and editing of
waveforms in sequence. Waveforms are presently passed through but not noted. It should allow global
changes, that is changes of a specific field for all instances of the given structure. It should allow input
of code fields as numbers or strings.

This general type of editor could improve the quality control of data in seismology immensely and
would help enforce a standardization that will allow computer processing of even the ancillary fields. It
also provides a way for unskilled operators to get work done reliably.

BUGS
Many. Be patient.
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
19 May 1988 USGS 1
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NAME

st_intro, suds — standard buffered input/output package for suds structures
SYNOPSIS

#include <suds/suds.h>
DESCRIPTION

suds or the Seismic Unified Data System consists of an extensible set of structures that associate related
variables into logical groups. The initial structures relate to information about earthquakes, seismic
waveforms, crustal structures, etc., but the methods and programs used apply equally well to any group-
ing of related variables pertaining to any subject. Data typically have natural logical groupings. The
basic concept of suds is to simplify programming, data exchange, and program exchange by taking
advantage of these logical groupings. The programmer can then simply say: "I want to deal with infor-
mation pertaining to hypocenters, stations, or waveforms”, for example, and not have to worry about the
messy details of input, output, and data storage. Many general purpose utilities can be written to
display, edit, store, filter, and massage these structures. The structures are designed to be extensible in
order to allow them to grow and change with the whims of a wide variety of independent researchers.
They also allow for a variety of styles of implementation so that individual institutions can decide on
the best mode of use to meet their needs.

suds is built around streams of data where a stream is simply a sequence of structures contained in a
file, in a pipe, on a tape, as output from an indexed database, etc. The basic input and output routines
for reading and writing the strucures are:

st_close: close an st_stream.

st_flush: flush an st_stream.

st_free: free memory associated with a structure pointer allocated by st_get.
st_get: get the next structure in an st_stream.

st_open: open an st_stream.

st_peek: return the identification of the next structure in an st_stream.
st_put: put a structure into an st_stream.

st_rewind: rewind an st_stream.

st_seek: find the nth structure in an st_stream.

st_tell: return the number of the current structure’s position in the st_stream.
st_unget: back up only 1 structure in an st_stream,

These routines are designed to look like standard, buffered I/O except that errors are handled using
st_error. Fatal errors are reported and then call a user supplied subroutine die which may simply call
exit or may also clear buffers, reset terminal characteristics, etc. st_error provides an easy to use, gen-
eral error handling capability.

Programs using the st_routines should be compiled with the -Isuds flag.

WARNING: Do not mix these routines with stdio(3s) or rawio(2) routines for the same file at the same
time. Follow st_open and other routines with st_close before using open or fopen, and so forth.

Many utility commands or filters are available to operate on suds streams. Basic conversion routines
include:

st2asc: Convert suds streams to ascii streams.

17 April 1988 USGS 1
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asc2st: Convert ascii streams to suds streams.

ah2st: Convert Lamont ah streams to suds streams.

st2ah: Convert suds streams to Lamont ah streams.

ping2st: Convert ping (Carl Johnson andUniversity of Washington) streams to suds streams.
st2ping: Convert suds streams to ping streams.

segy2st: Convert SEG-Y format streams to suds streams.

st2segy: Convert suds streams to SEG-Y format streams.

st2xdr: Convert suds streams to eXternal Data Representation streams (A machine independent binary
standard used in the Network File System).

xdr2st: Convert eXternal Data Representation streams to suds streams.
st2db: Load suds streams into the db_vista database.
db2st: Extract structures from the db_vista database into a suds stream.

General commands for handling suds streams include:

stdescribe: List the names and sizes of structures in a suds stream.
stedit: Edit a suds stream.

stsubset Extract a subset of structures from a suds stream.

Subroutines for use with suds structures include

st_create create a new suds structure and initialize it.

st_init initialize a suds structure.

make_mstime convert years through seconds to a suds time variable.
decode_mstime decode a suds time variable into years through seconds.
list_mstime convert a suds time variable to an ascii string.

get_mstime get the present time-of-day as a suds time variable.
find_code find number representing an ascii string.

list_code find ascii string explaining a suds code.

descr_trace calulate many fields in a DESCRIPTRACE structure from a waveform.
asc2field convert an ascii string to a suds structure field.

field2asc convert a suds structure field to an ascii string.

suds is designed to take advantage of the flexibility of the UNIX shell command language and the
speed of C language I/O. Commands and subroutines that extend these advantages to FORTRAN pro-
grammers and other operating systems include:

The seismic structures and related constants are defined in suds.h The core structures include:
TAG: A label to identify structures and provide a basis to check for errors.

17 April 1988 USGS 2
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TERMINATOR: A marker to identify the logical end of a group of structures.
EQUIPMENT: Equipment making up a station/component.

STATIONCOMP: Station component information available before a waveform is recorded.
MUXDATA: Header for multiplexed data.

DESCRIPTRACE: Descriptive information about a seismic trace.
LOCTRACE: Location of a seismic trace within the filesystem.
CALIBRATION: Calibration information for a station component

FEATURE: Observed phase arrival time, amplitude, and period.

RESIDUAL.: Calculated residuals for arrival times, magnitudes, etc.
EVENTREADINGS: Relation of features to a specific event

EVENT: General information about an event.

EV_DESCRIPT: Descriptive information about an event.

ORIGIN: Information about a specific solution for a given event.

ERROR: Errors related to a specific ORIGIN.

FOCALMECH: Focal mechanism solution.

MOMENT: Information on the seismic moment.

VELMODEL: Crustal velocity model.

LAYERS: Velocity characteristics of individual layers.

COMMENT: Free form comment that can be related to any field of any structure.
SHOTGATHER: Grouping of waveforms related to a given source.
PROFILE: Grouping of SHOTGATHERS into lines.

Extension of suds structures can be done by adding fields to the end of existing structures or adding
new structures. Some care and close coordination with other institutions need to be exercised so that the
wide portability can be maintained and so that old and new programs using these structures can co-exist
harmoniously. Programs that use newly extended structures must check the length of structures on input
and handle the older versions appropriately or give error messages. We strongly urge that you propose
changes to these structures only after you are completely convinced that the existing structures can not
meet your needs. In this way we can all work together to keep future confusion and complexity to a
minimum.
SEE ALSO

ah2st(1s), asc2field(3s), asc2st(1s), descr_trace(3s), find_code(3s), st2asc(1s), st_describe(1s), st_edit(1s),
st_close(3s), st_error(3s), st_flush(3s), st_get(3s), st_init(3s), st_open(3s), st_put(3s), st_rewind(3s),
st_seek(3s), st_tell(3s), st_time(3s), st_unget(3s)

FILES
fust/lib/libsuds.a

fusrfinclude/suds/suds.h
fusrfinclude/suds/suds_descr.h
fusr/include/suds/suds_codes.h
fusrfinclude/suds/st_error.h

17 April 1988 USGS 3
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AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

17 April 1988 USGS 4
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NAME
asc2field, field2asc — convert ascii string to a suds field, convert a suds field to an ascii string

SYNOPSIS
#include <suds/suds.h>

asc2field(string,ptr,type)

char *ptr,*string;

int type;

char *field2asc(ptr,type,verbose)
char *ptr;

int type,verbose;

DESCRIPTION
asc2field converts the ascii string to a variable of a specific type pointed to by ptr which is typically an
address of a ficld in a suds structure. fieldZasc converts the field pointed to by ptr to an ascii string.
type is defined by the "Integer defines for standard variable types" in <suds/suds.h>.

SEE ALSO
DIAGNOSTICS
Errors are reported by st_error and the routines return a zero value or NULL pointer.

EXAMPLES
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

18 May 1988
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NAME

atod_open, atod_settime, atod_incrtime, atod_geterr, atod_reset — contol analog-to-digital converter

SYNOPSIS

int atod_open(device,ms_sample,numchan)
char *device;
int ms_sample, numchan;

int atod_settime(atod_fd,day,hour,min,seconds)
int atod_fd,day,hour,min,seconds;

int atod_incrtime(atod_fd,milliseconds)
int atod_fd,milliseconds;

int atod_geterr(atod_fd)
int atod_fd;

int atod_reset(atod_fd)
int atod_fd;

DESCRIPTION

These routines provide the software interface to the Cutler Digital Design (CDD) Data Sampler.
atod_open opens and initializes the atod with the pathname given by device, typically /dev/rstl, and
returns an integer file descriptor, atod_fd, used in the other subroutines. atod_open checks the byte
order on the host machine and adjusts the CDD atod accordingly. The year is initialized in the atod
with the last digit of the current year in the host machine’s clock. The ms_sample, milliseconds per
sample, may be any value such that the total throughput of the atod is 25,600 samples per second or
less. Thus for 256 channels ms_sample may be 10 or larger, for 128 channels ms_sample may be § or
larger, and for 16 channels (the minimum number of channels) ms_sample may be 1 or larger. num-
chan is the number of individual channels of data to be collected and may be any number from 1 to the
maximum number of input channels installed in the Data Sampler. Since the Data Sampler digitizes in
units of 16 channels, this number is rounded up to the next multiple of 16 by the software.

atod_settime sets the internal clock in the Data Sampler. If day is a negative number, the internal clock
is disabled. atod_settime returns 1 if the time specified is impossible, such as a day of 34 or hour of
25, returns 4 if the atod buffer is overflowed, although the time will still be reset, and returns 0 if there
are no errors.

atod_incrtime changes the internal clock by wmilliseconds, which may be positive or negative.
atod_incrtime returns 4 or 0 as discussed above.

atod_reset clears the buffer in the Data Sampler and resets the digitizing process but leaves sample-rate,
time, and other constants unchanged.

atod_geterr returns the error code from the Data Sampler. When an I/O error occurs the Data Sampler
sends a message to the host machine that an error occurred. The host machine then asks the sampler
for the error number and stores the value of the error in the driver software. atod_geterr returns this
error value and resets the value to 0 so that a second call will return 0. Other return values are 4 mean-
ing the atod’s buffer overflowed and 5 meaning an illegal command was sent to the atod.

DIAGNOSTICS

These routines use st_error(3s) to report errors and call die, which you must provide, after fatal errors.

SEE ALSO

BUGS

cdd(1s), plotatod(1s), st_error(3s)

The maximum throughput rate of 25,600 samples per second may not be attainable on a continuous
basis on a SUN 3/50, depending on the use of the SCSI bus by other peripherals such as the disk and
tape drive. Digitization of 32 stations at 100 samples per second uses less than 10% of the system
resources.

18 July 1988 USGS 1



ATOD(3S) UNIX Programmer’s Manual ATOD(3S)

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

18 July 1988 USGS 2
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NAME
descr_trace — calculate minimum, maximum, average noise, and number of clipped values in a suds
waveform

SYNOPSIS
#include <suds/suds.h>

int descr_trace(sc,dt,waveform)
struct stationcomp #*sc;

struct descriptrace *dt;

char *waveform;

DESCRIPTION
descr_trace calculates and sets the values in struct descriptrace for mindata (minimun value of
waveform), maxdata (maximum value of the waveform), avenoise (average value of the first 200 sam-
ples), and numclip (number of clipped samples). If the waveform type is not short, long, or float,
descr_trace has a return value of 1 and no change was made. Otherwise the return value is 0. If the
pointer waveform is 0, the waveform is assumed to be contiguous to the end of struct descriptrace.
The number of clipped samples is set only if the clip_value is not zero in struct stationcomp

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

4 May 1988 USGS 1
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NAME
find_code, list_code — find or list codes used in suds structures

SYNOPSIS
#include <suds/suds.h>

int find_code(string,list)
char *string;
struct codes *list;

char *list_code(code,list)
int code;
struct codes *list;

DESCRIPTION
Many fields in suds structures contain a char, short or int that represent a specific line of a list.
find_code returns the numeric code for a given string. The list is searched for a line beginning with all
of the characters in string. If none is found, a O is returned. list_code returns a pointer to the string
corresponding to the specified code. If the code is not found a string this code undefined is returned.
list is a codelist specified in suds_codes.h.

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

10 May 1988 USGS 1
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NAME
st_close, st_flush — close or flush a stream of suds structures

SYNOPSIS
#include <stdio.h>

st_close(stream)
FILE #*stream;
st_flush(stream)
FILE *stream;

DESCRIPTION
st_close causes any buffered data for the named stream to be written out, and the named stream to be
closed. Buffers allocated by the standard input/output system are freed.

st_close is performed automatically for all open files upon calling exit (3).

st_flush causes any buffered data for the named output stream to be written out. The named stream
remains open.

SEE ALSO
fclose(3s), st_open(3S)

DIAGNOSTICS
Errors are reported by st_error and then a user supplied subroutine called die(errno) is called (See
st_error(3s) ).

BUGS
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
21 April 1988 USGS 1
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NAME
st_error — general purpose error reporting and handling

SYNOPSIS
#include <suds/st_error.h>

st_error(function,errnum,format [,arg ]...)

int (*function)();
int errnum;
char *format;

extern char *progname;
extern char *st_errout;

DESCRIPTION
st_error reports errors on stderr and calls function before returning. progname should be set equal to
argv[0] in the user’s main. st_error outputs a message "ERROR in progname". The nextline is the
message given in the prinif type format and by args. The third line is the system error associated with
errnum if errnum!=0. The following line is the system error associated with errno (INTRO(2)) if
errnum!=errno. errno is then reset to 0 and the function is called, if it is not equal to NULL, with err-
num as an argument.

function can be exit(2), any user defined function, or NULL.

Errors are normally output on stderr, however if st_errout is set to point at a file pathname before the
first call to st_error, the errors will be put in that file.

Most st_routines call st_error. If the error should be fatal, the function passed is die. A user must
define this function. A simple definition could be:

die(err) int err; { exit(err); }
If the user has set special tty modes, these should be restored in die.

errnum may be equal to errno(INTRO(2)) or one of the following manifest constants defined in
st_error.h:

0 ENO_ERR Ignor errnum

1001 EBADDAY Illegal day

1002 EBADMONTH Illegal month

1003 EBADYEAR Illegal year

1004 EBADVALUE Illegal value

1005 EFEWDATA Not enough data
1006 ENOCONVRG Convergence failure
1007 EUNDERFLOW Underflow

1008 ENOSTATION No such station
1009 ESIZE Structure sizes mismatch
1010 ESINGULAR Singular matrix

1011 ETOODEEP Focal depth too great
1012 EBADPHASE No such phase

1013 ENOFEAS Constraints are inconsistent
1014 EINFIN Solution is unbounded

21 April 1988 USGS 1

ral



ST_ERROR (3S) UNIX Programmer’s Manual ST_ERROR (3S)

1015 EBADSYNC Structure tag sync code wrong
1016 ST_ERR Serious suds I/O error

SEE ALSO
intro(2), st_intro(3s)

BUGS
errno is not typically reset by standard UNIX routines and thus could have a spurious value. It is a
good idea to set errno=0 before calling any routines for which you plan to use st_error to report the
errors.

AUTHORS
Peter Ward and Bruce Julian, U.S. Geological Survey, Menlo Park, Ca. 94025.

21 April 1988 USGS/ 2
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NAME
st_get — get the next suds structure from stream

SYNOPSIS
#include <stdio.h>
#include <suds/suds.h>

int st_get(st_ptr,type,length,sstream)
char **st_ptr;
int *type,*length;
FILE =*stream; st_free(ptr,length)
char *ptr;
int length;
DESCRIPTION
st_get returns a pointer s¢_ptr to the next suds structure in the stream, the type of the structure, and the
length in bytes of the structure. The return value of sz_get is the total length of the structure plus the
length of any data following the structure such as for structure type DESCRIPTRACE and MUXDATA.

st_get uses malloc(3) to allocate space for the structure. When the structure is no longer needed, the
space should be freed using sz_free.

SEE ALSO
st_open(3S), st_put(3S), st_error(3S), st_unget(3S)

DIAGNOSTICS
The most common error is likely to be a Segmentation Violation caused by not passing the addresses

of type and length. Errors are reported by st_error and a user supplied subroutine called die(errno) is
called (See st_error(3s) ). st_get returns EQF on end of file and fype and length are all set equal to

Zero.

BUGS
EXAMPLE
#finclude <stdio.h>

char *ptr;
int type,length,in_num;
in_nums=st_get(&ptr,&type,&length,stdin);

AUTHOR
Peter L. Ward, U. S. Geological Survey, Menlo Park, Ca 94025

21 April 1988 USGS 1
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NAME
st_init — initialize a suds structure

SYNOPSIS
#include <suds/suds.h>

st_init(type,pointer)
int type;
char *pointer;
st_create(type,pointer,datalength)
int type,datalength;
char #+pointer;

DESCRIPTION
st_init initializes all fields of a suds structure to the default values defined in the file suds_descr.h This
initialization is important since fields with no data should be initialized to one of the constants
NODATA, NOTIME, NOCHAR, NOSTRG, or NOLIST defined in the file suds.h. st_create uses
malloc to create space for a new structure and then initializes the structure. datalength is the length of
data in bytes that follow the structure when appropriate. suds.h

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

10 May 1988 USGS 1
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NAME
st_open — open a stream containing suds structures

SYNOPSIS
#include <stdio.h>

FILE *st_open(filename, type)
char *filename, *type;

DESCRIPTION
st_open opens the file named by filename and associates a stream with it. If the open succeeds, st_open
returns a pointer to be used to identify the stream in subsequent operations.

filename points to a character string that contains the name of the file to be opened.
type is a character string having one of the following values:

" open for reading

"w" truncate or create for writing

"a" append: open for writing at end of file, or create for writing
"r+" open for update (reading and writing)

"w+" truncate or create for update

"a+" append; open or create for update at end-of-file

When a file is opened for update, both input and output may be done on the resulting stream. How-
ever, output may not be directly followed by input without an intervening fseek or rewind, and input
may not be directly followed by output without an intervening st_seek, st_rewind, or an input operation
which encounters end-of-file.

st_open may be called with filename equal to "stdin", "stdout”, or "stderr” to allow easy specification
of stdio defaults for files. It is not necessary to specifically open stdio streams.

SEE ALSO
fopen(3s), st_close(3S), st_seck(3S),
DIAGNOSTICS

st_open, retumns a NULL pointer on failure. Errors are reported by st_error and a user supplied subrou-
tine called die(errno) is called (See st_error(3s) ).

BUGS
In order to support the same number of open files as the system does, st_open must allocate additional
memory for data structures using malloc when each file is opened. This might confuse some programs
which use their own memory allocators.

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

10 May 1988 USGS 1
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NAME
st_putc — put a suds structure on a stream

SYNOPSIS
#include <stdio.h>
#include <suds/suds.h>
int st_put(st_ptr,type,ength,stream)
char *st_ptr;
int type;
int len;
FILE *stream;

DESCRIPTION
st_put writes the structure pointed to by s¢_ptr onto the named output stream

SEE ALSO
st_open(3S), st_close(3S), st_get(3S)

DIAGNOSTICS
Errors are reported by st_error and a user supplied subroutine called die(errno) is called (See

st_error(3s) ).

EXAMPLE
#include <stdio.h>

char *ptr;
int type,length,out_num;
out_num=st_put(ptr,type,length,stdout);

AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

21 April 1988 USGS 1
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NAME
st_seek, st_tell, st_rewind, st_peek — reposition a stream of suds structures

SYNOPSIS
#include <stdio.h>
st_seek(stream, offset,direction)
FILE #*stream;
int offset,direction;
int st_tell(stream)
FILE #*stream;

st_rewind(stream)
FILE *stream;

DESCRIPTION
st_seek sets the position of the next input or output operation on the stream. The new position is just
before the nth structure specified by offset counting the first structure in the stream as zero. The offset is
relative to the beginning of the file if direction==0, relative to the present position in the file if direc-
tion==1, and relative to the end of the file if direction==2.

St_rewind(stream) is equivalent to st_seek(stream,0,0).
st_seek and st_rewind undo any effects of st_unget(3S).
After st_seek or st_rewind, the next operation on a file opened for update may be either input or output.

st_tell returns the offset of the current structure relative to the beginning of the file associated with the
named stream.

st_peek returns the number of the next structure to be read by s¢_get.
SEE ALSO
fseek(3S), st_open(3S), st_unget(3S)

DIAGNOSTICS
st_seek returns —1 for improper seeks, otherwise zero. An improper seek can be, for example, an
st_seek done on a file that has not been opened via st_open.

DIAGNOSTICS
Errors are reported by st_error and a user supplied subroutine called die(errno) is called (See

st_error(3s) ).

BUGS
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
21 April 1988 USGS 1
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NAME
make_mstime, decode_mstime, list_mstime, get_mstime — suds time and date utilities

SYNOPSIS
#include <suds/suds.h>

ms_time make_mstime(year,month,day,hour,min,second)
int year,month,day,hour,min;
double second;

int decode_mstime(time,year,month,day,hour,min,second)
ms_time time;

int *year,*month,*day,*hour,*min;

double *second;

char *list_mstime(time,form)
ms_time time;
int form;

ms_time get_mstime();

DESCRIPTION

All times and dates in suds are kept in terms of Greenwich Mean Time (GMT) either as ms_time, mil-
lisecond time, a double precision decimal number of seconds since 00:00:00 GMT Jan. 1,1970 (8 bytes
of storage) or as st_time, stamp time, a long integer representation of the same value (4 bytes of
storage) as defined by typedef in suds.h. These routines provide simple conversion to and from other
forms. year is a four digit number such as 1988, month may be 1-12, day may be 1-31, hour may be
0-23, min may be 0-59, and second is a double precision number of seconds with resolution to
microseconds or better.

make_mstime returns an ms_time variable. decode_mstime returns through pointers the components of
the time variable. lisz_mstime retumns a pointer to a null terminated character string in one of several
formats specified by form. get_mstime returns the computer’s clock as an ms_time variable,

OPTIONS
form may be an integer representing one of the following formats where yr=year (2 digits), mo=month
(1-12), dy=day (1=31), hr=hour (0-23), mn=minute (0-59), and sc=second (0=59):

0 yrmodyhrmnsc.000
1 yrmodyhrmnsc
2 yr mo dy hr mn sc.000
3 yr mo dy hr mn sc
4 mo/dy/yr hr:mn sc.000 GMT
5 mo/dy/yr hr:mn sc GMT
6 Aug 10, 1988 hr:mn sc.000 GMT
7 Aug 10, 1988 hr:mn sc GMT
SEE ALSO
gettimeofday(2), ctime(3), time(3C)
DIAGNOSTICS
Errors are reported by s¢_error and the routines return a zero value or NULL pointer,
EXAMPLES
To use st_time simply cast the values appropriately:
st_time stamp;
3 May 1988 USGS 1
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stamp=(long)get_mstime();
printf("%s\n" list_mstime((double)stamp,1);

AUTHORS
Bruce Julian and Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025

3 May 1988 USGS 2
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NAME
st_unget — push a suds structure back into input stream

SYNOPSIS
#include <stdio.h>

st_unget(st_ptr, stream)
char *st_ptr;
FILE #*stream;

DESCRIPTION
st_unget pushes the structure pointed to by st_ptr back onto an input stream. That structure will be
returned by the next st_get call on that stream. st_unget leaves the file stream unchanged.

Only one structure may be put back on the stream.
An st_seek(35) erases all memory of pushed back characters.

SEE ALSO
st_get(3S), st_seek(3S)

DIAGNOSTICS
Errors are reported by st_error. st_unget returns EOF if it can’t push a character back and ST_ERR
(defined in st_error.h) if stream is an illegal file descriptor.

BUGS
AUTHOR
Peter L. Ward, U.S. Geological Survey, Menlo Park, Ca. 94025
21 April 1988 USGS 1
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Connection of the Analog-to-Digital Converter to the Computer and to the Software
There are four simple steps to connect the A/D converter to the computer:

Reconfigure the operating system so that it knows that the device is attached.

Create a symbolic name that can be referenced by users of the computer.

Physically attach the A/D converter to the SCSI bus.

Use the system software and special routines provided with this tape to control the sampler and
read data from it.

You must be sure your computer is running SUN Operating System version 3.5. The interface
does not work for Version 3.4 because major, bug ridden changes to the SCSI interface software were
made for that release. The interface may work for Versions 3.2 and 4.0, but has not been tested for
these versions.

The computer reads data from the A/D converter sequentially in a manner similar to reading data
from a magnetic tape recorder. Thus the command-set used for the SCSI bus interface is that specified
in ANSI Standard X3.131-1986 for Sequential-Access Devices. For this reason the A/D converter uses
the operating system driver for SCSI based magnetic tape drives. In UNIX this driver is located in
fusr/sys/OBJ/st.0. This routine also calls the low level SCSI driver package /ust/sys/OBJ/si.0. To install
these routines in the kernal of your version of UNIX and point to the new device to be used, you need
to add one line to the configuration file for your system located in fusr/sys/conf and rebuild the operat-
ing system. On Sun computers this process is explained in detail in Chapter 8 Configuring the System
Kernal in the manual section Installing UNIX on the Sun Workstation. The steps are as follows.
Login as root. Edit the file in /usr/sys/conf that has been customized for your computer. If the system
has not been customized and you are using a SUN 3/50 computer with one disk and one archive tape,
you can use the file SEISMIC included on this software tape. If you do not use this file then add a line
in your config file at least after the line

controller  si0 at obio ? csr 0x140000 priority 2

and preferable immediately after the line

WP

tape st0 at si0 drive 32 flags 1
if it exists. The new line should read
tape st1 at siQ drive 40 flags 1

If a line using drive 40 on this SCSI controller already exists it must be deleted if no device is actually
attached or you must change the bus address of the A/D converter. There may be eight controllers
attached to each SCSI bus, numbered from 0 to 7. The highest priority is assigned to controller 0
which is usually the system disk. A single tape unit is usually put at level 4 and the computer’s SCSI
controller is at level 7. Pick a level appropriate for your hardware configuration. Set the DIP switch
inside the A/D converter to that number and change the 40 in the above line to 8 times the number set
in the DIP switch. Now write out the new configuration file and type:
/etc/config SEISMIC

but substitute the name of your configuration file for the word SEISMIC. This name will appear on the
banner line during login telling which version of the operating system you are running. /etc/config
creates a new directory in /usr/sys with this config file name. Change to this directory. For example

type:
cd /usr/sys/SEISMIC

and then type
make
Make compiles and links a new kernal called vmunix. You must move this to the / directory after you

save the old version. Type:
myv /vinunix /vmunix.old
mv vmunix /vmunix

44
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You may only be able to keep two system kernals in / at one time because of the size of the disk par-
tion used. Be sure to keep the old version there until you know the new version works. If the new ver-
sion does not work you can then simply respond to the boot command with
bsd(0,0,0)vmunix.old
WARNING: If you did not save the old version in / and the new version does not work, you may need
to reload all software and software distributions!
Now you must create two entries in the /dev directory that can be used by the software to access
the A/D converter. Type:
cd /dev
mknod nrstl c 18 §
mknod rstlc 181
chmod 0666 nrstl rstl

Of course you may use st2 or st3 if two other tape drives already exist on the SCSI bus. In these cases
add 1 or 2 to the last number, the minor device number. The minor device number should be the
number following st in the name for rst and that number plus 4 for nrstl. Only four tape devices may
be used with the st.o kernal software. The major device number 18 should be the same used for rst0.
Is -1 rst0
Type:
to check that the number is the same. You may use a different name for these files if you wish such as
rsa0 and nrsa0 meaning SCSI analog-to-digital converter. We recommend keeping the st designation,
however, because that is the driver software being used. The programs provided with the A/D con-
verter assume the name /dev/rstl and /dev/nrstl. The difference between these two names is that the
rstl device resets the A/D converter when it is opened or closed and the rstl device does not do an
automatic reset. If you use different names, you will need to change the names used in the software
provided.
Now shutdown UNIX by typing:
/etc/halt

When the system halts turn off the power to the computer and all peripheral devices. Connect the SCSI
bus cables between your computer and the A/D converter. The SCSI bus is a daisy chain with termina-
tors at each end. The total length of the bus should not be longer than 6 meters (19.7 feet). Terminators
are included typically within the computer and the system disk. The terminators have been left out of
the A/D converter so that it can be located between the computer and the system disk or between and
other two devices on the bus. Connect the SCSI bus cable from the computer to the SCSI IN connector
of the A/D converter. Connect the new SCSI bus cable provided to the A/D converter SCSI OUT con-
nector and to the connector formerly attached to the computer. Tumn on the power to the peripherals and
then to the computer. The computer should reboot automatically. During the boot process a line should
appear showing the tape port for the address you specified, such as
stl at si0 slave 40

The A/D converter should now be ready for use.
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