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SUMMARY

In a continuing program to provide high quality digital
selsmic data for reuvearcih in detection and identification of
contained nuclear explosions, ARPA plans to expand the existing
digital selsmic network to obtain more extensive worldwide
coverage, particularly for long period data. Three additional
small on-line digita:r arrays and 15 to 20 single point stations
recording on digital maonetic tape are to be operational in
1975. The resulting seismic data collection network will pro-
duce a formidable library of valuable digital seismic data which
must be organized and made avallable to the seismic research

.«\“:&?‘Wm%m‘h PR A ':&"E'fg 'ﬂ'*ﬁiﬁﬂlh& C B Ty

community.

Although this data collection network is not intended as
an on-line survelllance system, an up-to-date epicenter 1list
1s essential for effectively accessing such a large, complex
data base. The creaticn of an epicenter list requires extensive
orocessing in addition to the computation tasks involved in the

AR R e

research program.

Several recent advances in the areas of digital communica-

y - tion and computer-related systems appear to offer new capabilities
that may be applicable to the seismic data handling problemn.
f Specifically, 1) the development of the ARPANET, a computer-

controlled digitnl comminication network, 2) the ILLIAC IV
parallel array processor, and 3, th2 Unicon and TBM mass storage
systems may be directly applicable to various phases of selsmic
data collcetion, processing, and storage.
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Under the present contract, Bolt Beranek and Newman has pre-
pared a recommendation of a system design for the worldwide seismic
data network with particular attention paid to the possible appli-

cation of these recent or impending developments in the digital
processing and communication field. Background data for the design !
was provided by the VELA Seismological Center and the Seismic Data
Working iroup.

The major conclusions incorporated into the proposed system
design are summarized in the following paragraphs:

[romsEN

1) With the present state of digital processing and
communication technology it 1s most efficient to perform '
seismic array detection processing at the seismic station

in the majority of cases. | '

2) The ARPANET is a suitable communication system for [] ' *
sending detection logs and selected data from the seismic i

field station to network event processing and storage (
centers. By using Very Distant Host protocol from the ]
seismic station tc the nearest ARPANET node, the seismic
neftwork can take advantage of future ARPANET expansion,
use the ARPANET error control logic, and have the option
of a variable data rate. H

3) A seismic network control center should be established
at SDAC. Th= functiois of this control center will be

to acquire, relormat, and dicstribute data from the net-
work and to 2id and interface with a network operator
responsible for monlitoring the network status and initia-
ting maintenance and backup operations.

[V
J

5
)

3 I s [ s
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L) The existing large array event processing system at
SDAC is a reasonable starting point for the evolution of {
a short period network event processing system. The

1
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processing capacity of the existing event processor
seems adequate for the anticipated network event
processing.

5) Long period event processing is essentially a
variable load off-line function that can make use of
ARPANET processing resources. In particular, the
ILLIAC IV appears to be well sulted to the long period
array processing requirements in the 1975 era and the
development of a long period event processing package
for the ILLIAC IV should be initiated.

6) The Datacomputer service, with an appropriate
tertiary storage, will provide a sophisticated large
capacity data management system at a minimum cost to
the seismic program. Accessibility of the Datacomputer
service over the ARPANET insures that the seismic dat.
library will be avallable to an expanding community of
users with a minimum expense to each user for communi-
cation and equipment. A package or seismologically
orlented retrieval programs available on one or ~ore
ARPANET server Hosts would greatly simplify access to
the data base for seismologists.
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1. INTRODUCTiON

Under the VELA Uniform project ARPA has sponsored a
research and develcpment effort resulting in a major improvement
in seismic sensor systems and in the sophistication of aad
facilitles for procescing ot the data from those systems. The
objective of this research has been, and is, the development of
the technical capability to detect small seismic events and to
separate explosive and natural events based on their seismic

signatures.

At the present time, the primary data for this research
are digital tapes of 1) short period sensor array data from
the Large aperture Seismic Array (LASA) in Montana and the
Norwegian Seismic Array (NORSAR), and 2) long period sensor
arrry data from LASA, NORSAR, and the Alaskan Long Pericd Array
(ALPA). These data are often augmented with digital data from
other stations such as the Tonto Forest Seismic Observatory
(TFS0).

In order to maintain an up-to-date catalog of seilsmic
events to facilitate the use of the resulting data base and to
aid in selection »f data to be saved in the data base, detection
processing and event analysis are performed on the short period
data from LASA anrl NORSAR. The result of tnlis routine analysis
is a preliminary event list available within about 2 days of
real-time. Users often augment this list with data from the
Preliminary Determination of Epicenter (PDE) list.

The best criterion for the identification of explosive
events 13 a combination of event depth and the ratio of the
surface wave magnitude (Ms) and body wave magnitude (mb). Use
of the magnitude ratio requires that the short perlod body

N c——

Rl

. T

1

,.“_L s




e

o

Report No. 2632 Bolt Beranek and Newman Inc.

waves and long perliod surface waves be detected for each event
analyzed. With the existing sources of research data discussed
above the detection threshold of short period body waves is
significantly lower than that for the long period surface waves.
In order to lower the long perioﬁC}hreshdld to that for short
period data and to provide better azimuthal coverage for research
involving multinle and overlapping events, ARPA plans to augment
the primary data collection network to include at least three
additional overseas stations.

In conjunction with the effort to expand the data collection
network. ARPA 1s sponsoring a revliew of the communization,
processing, and storage facilities for collection, analysis, aad
distribuii.n of the data from the network and for preparing and
disseminating the 1list of detected events.

Under the present contract, Bolt Beranek and Newman Inc.
has been asked to prepare a system dcosign for the worldwide
seismic data nctwork with particular attention paid to the
possible application of recent or imminent state-of-the-art
developments in digital communication, processing, and storage.
This document is the final report of the system design study.
In section 2 of this report we attempt to summarize the system
requirements for the currently envisioned sensor network to be
operational about 1975 and for possible future expansion or
modification of that network. 1In section 3 we review the
resources that are avallable for meeting the requirements.
These in¢lude existing resources owned and operated by Vela,
Vela-funded sites now owned and operated by other agencies or
governments, and new state-or~the~-art resources that may be
applicaile to the seismi: network problem. In section 4 we
present the ~ystem desigr. for the 1975 system, including
estimated costs, schedules and potentlal problem areas.
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2. SYSTEM REQUIREMENTS

2.1 System Overview

It 1s assumed that the primary 1975 worldwlid: seilsmic data
2ollection system will consist of the sites listed in Table I
augmented by about 15 Seismic Research Observatory {(SRO) and
10 Long Perlod Experiment (LPE) statlons whose data will be
recorded on digital magnetic tape and malled to a system entry
point.

Although thls data collectlon network is not intended as
an on-line survelllance system, an up~to-date epicentcs> 1list 1is
almost essentlal for effectively using such a large seilsmic data
base. Is 1s, therefore, assumed that an initial event list will

be prepared within a couple of days of real-time. The event list

willl at least 1nclude source time, source location, body wave
magnitude, and Kaylelgh Wave magnitude. The event 1list and at
least some set of processed data wlll be avallable on-1line to
the user community. In addition, sensor data for at least some
events or time periods will be avallable from the 1library elther
on-line or easlly mounted on request.

The system deslign must acer 1t for 1) collection and for-
matting of digital data from the sites in Table I, 2) trans-
mission of these dati or some sucset thereof to a central 1lib-
rary via phone lines or mall, 3) processing the short period
data from selected sites either at the site or at a central

location to detect and locate tele-seismic events, U) processing

of long and short period data to estimate body and surface wave
magnitudes of all detected events, and 5) storage and recall
of the data generated in the previous steps.
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Table I
Seismic Network Data Sources
3 Component Short Period
Site LP Sensors Sensors

Current LASA 17 345

Projected LASA 9 14%

NORSAR 27 132

ALPA 19 —_

IRAN 7

KOREA 7 19

Site II 7 19

uso 1 3 (1 3-component)

SROs 1 each 3 each

(1 3-compnent)
LPEs 1 each —_—

* 13 LASA sensors may actualiy be 13 small arrays with hard -
wired averaging so that they appear as 13 sensors, one channel
will be a Tow-gain signal for observing large events.
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2.2 Site Processing, Communication and Storage

As shown in Table I, two of the array sites in the 1975
system are exclusively long period sites. Because of the large
difference in data rates and processing requirements for long
period and short period sites, the two classes of sites will be
discussed separately.

a) Long Period Sites

\

Since the present system philosophy allows long period
processing to be docne on an event basis after short period detec-
tion and location, there is no on-line processing required for
long period data. The requirements for long perlod sites con-
sist of digitizing and communication and/or recording relatively
low rate data. Available communication link bandwldths are
quantized to Teletype rates on the order of 100 bits per second,
voice grade bandwidths from about 2 to 10 kc, and wider band
circuits around 50 kc and higher. The data rates from the locng
period array stations are in the range of 330 to 1000 bits per
gecond. The long period array aata rates are, thus, too large
for Teletype lines, but only a fraction of the available band-
width of a voice grade circuit. Therefore, the major system
problems are efficient use of communication bandwidth and pro-
vision for reasonable buffering and error control procedures to
minimize the loss of data due to transmission errors and short

duration circuit outages.
b) Short Period Sites

In the 1975 system the primary short period statlons include
two very different groups. The first group consists of the two
large arrays, LASA and NORSAR. The data rate from NORSAR is
about 30 kc and the useful data rate from LASA at present appears

-~
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to be about the same, although the actual data rate from all the
sensors in LASA is almost 200 ke. However, plans are belng
formulated to reconfigure the LASA to a much snaller sensor sys-
tem. As shown in Table I, the LASA configuration for 1975 may

be reduced to a data rate of about 2.3 to 2.4 kec. In the 1975
system the large array or arrays will control the detection
threshold and, due to their large aperture, will provide starting
locations for associating network detection timnes from the other
stations. Erfflcient operation of the network requires near-real-
time detection processing on the short period data from the
primary short period arrays. The processing for the large arrays
shold cover all likely source regions such as seismically active
zones and known test sites. The detection processing load for
each of the large arrays essentially uses more than the total
capacity of a large configuration of a 360/40. Both large arrays
now have associatea detection processors, and all data from the
large arrays is recorded on uigital magnetic tape by the uetec-
tion processors. An existing 2400-bit-per-second communication
circuit transmits the NORSAR detection 1list, long pericd data,
and selected short period data to tne LASA detection processor.

The second group of short period sites for the 1975 system
consists of 2 small arrays with data rates on the order of 4 to
10 k¢ (i.e., well conditioned voice grade circuits). For the
1975 system, the effect of these small arrays on the network
detection threshold will be important only for selected regions
from 20 to L0 degrees from these 2 small arrays. Thus, most cf
the improvement in network detection from the small arrays could
be realized with 10 to 15 beams from each array. The present
plans are to include a station processor at each of the small
arrays in the 1975 system. The station processors are capable
of detection on about 16 beams and of connecting to a 4.8 ke
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communication circuit. This communication capability will be
used to transmit the detection list, the data from long period .

instruments at the site, and possibly selected short period
" channels or bea..s. The raw data can be recorded on magnetic
tape by the station processor. r]

The reconfigured version of LASA will probably have a
detection capavility similar to the small arrays, but the larger
aperture will provide a better localization capabllity for those .
events that it detects. In order to use the localization cava- ; l

bility for the detected events outside the cover-age of NORSAR, |
* the LASA processing should include beams covering at least all
seismically active teleseismic reglons.

Additional sites that must be considered for the 1675
system are the approximately 15 SRC sites, 10 LPE sites, and .
1 USO site.- Short period and long period data from the SRO and {
LPE sites wlll be recorded on tape at the site. The tapes will
be maile¢ to a central location where quality control and tape

-y

duplication will be performed. A copy of the tapes will then

—_—

be available to the network processing and storage system. Dat.
from the USO site will enter the system by satellite communica-
tion from a small ground terminal at the site. s

) In addition to the network requirements for handling the
data from the foreign stations, the local owner/operator organi-
i zations (e.g., local university seismologists) will impose
requirements for data recording and analysis. Local communi-

} cation regulations and capabilities will place further contraints - ’
on the site configurations. Because of these varlous local o
g requirements and constraints, the system configuration must be ] '

flexible enough to accommodate a variety of site configurations.
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2.2 System Processing ‘equirements

2.3.1 Detection Processing

Detection processing is done only on short perfcd data in

the present design. The processing required fcr a short period

array consists of teamforming, filtering each beam, integration
of the output power over a chort and a loag window, and a test

to see whether the ratio of the powers in the two windows 1is

outside preset limits. Experience has shown that for optimal

beamforming gzin the minimum sensor spacing should be 3 km or

-

The maximum spacing is controlled by the homogeneity of

more.
The

the crust anc¢ upper mantlie 1 the region of the array.

number of beams thai aave to be formed from an array 1s deter-

mined by the maximum sensor spacing in the array. In practice,

the number of beams required for both large arrays and small

arrays has usually been in the range of one to three times the

number of sensors. Due to the large spacing between the effec-

tive sensor locations in the reconfigured LASA, the number of
beams for complete teleseismic coverage from that array 1s more
likely to be 1N to 30 times the number of sensors.

Each of the primary short period arrays in the 1975 system

will, at least initially, have a detection processing capability

local to cr assoclated with the array. The detectlon processing

capablility associated with the small arrays,; however, will only
be capable of forming about 1/3 of the optimal number of beams
for the array.
adequate for the objectives of the 1975 system.
may eventually be more efficlent for the entire network to

perform all the detection processing at a central specialized

Although 1t

o
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computer center, the detection processing for each array in the i
1975 system would probably continue to be done locally except )
for LASA detection processing. If more short perlod arrays are ‘}
added to the network or if cptimal use of the criginal small
arrays in the system becomes necessary, then additional detection
processing capability will be required.

2.3.2 O0ff-line Processing Requirements )

The objective of the off-line processing for the network ‘}
will be to generate a list of the events seen by thz network

and summary descriptions of each event. The event list will '}
include sonrce time, location, body wave magnitude (mb), and

Rayleigh wave magnitude (MS) for each event detected by a large );
array or by more thar two stations.

The required processing includes 1) associating detections ;i
from the short period stations, 2) computing event location
from associated detection times, 3) computing the "best" short fi o 4
neriod waveform (ieam) for each array site from whatever data ‘ |
is avallable, U4) measuring amplitude and period and computing 7
m from the best SP waveform from each site, 5) computing the ! ‘
} best long period waveform for each long period station, and 6) ’
measuring Rayliegh wave magnitude for each station. 1_ }

The computation losd associated with grouping or associa- iy
tion of detection times from the network can be greatly reduced
by taking advantage of rouch event locations from the large M

} arrays. Previous experience with assoclation of network times J ]
by computer when only arrival times are available 1s, therefore,

!
'
'
H
|

r of dubious value for estimating processing load. I
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Since the off-line processing is done by event, the number
of detected events a day controls the total off-line processing
load. Day-to-day, the number of detected events can vary by a
factor of five or more in extreme cases.

Another characteristic of event processing, particularly
for a network of stations, is that it often requires the judge-
ment of an analyst to control and interpret the processing
operations. This is varticularly true for small, emergent, or
overlapping events. The analyst <an also recognize and account
for such effects as variations 1in propagation paths, directional
variation in characteristics of the source radiation, and data

from sources near the receiver such as local earthquakes and

impulsive ncise cources. Interaction between the analyst and
the event processing is greatly enhanced by graphic output on
a CRT or chart recorder. The analyst should have a great deal

of flexibility in what he looks at and tine scaling and alignment

of the outpnt,

2.3.3 Processing SRO, LPE, and Uy) Data

The processing of duta from the Seismic Research Observa-
tories (3RO) could be considered a part of the off-line proces-

! sing. TIhe major contribution from SRO data will be additional
] arrivel times to improve the network event location capability.

The riost useful measurements from the SR data will, therefore,
be cetection times for events already detected by the primary

- ——
2 -

stations. Since there is only one SP intrument at each SRO,

detection processing consists of filtering, integrating the

—_——
ot A

power over two windows, and computing the ratio of the power in
the two windows. After searching the SRO detectlion lists fcr

ShENS... i
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)
arrivals assoclated with previously known events, the residual ,S.
detection times may be added to a list of unassociated times i
from the primary stations and anotih.er a’!“empt made to group the B |

unassoclated times to find new events. For this pass through ’ 1
the detection time 1ist there will be no preliminary large array -
locations. Previous experlience in preparing event llsts from ii
unassociated times is valid for this pass, and that experience

o ey

indicates that the processing load 1s large for the few addi-
tional events that will be found. Since the additional events N
are not likely to be of auch interest for the discrimination

[

prcolem, it s2ems reasonable that this processing should only
be perforued for selected experimental periods during which the

g Ty

maximum detecvion capability of the network is of interest.

The SRO processing will also include the measurement of {} ‘ '
short and long period magnitudes for network events detected on |
the SRO data. For these measurements, the SRO waveforms will f‘
be treated the same as the best SP and LP beams from an array
site. The load placed on the sy~tem by the SRO processing will f}-
include a small constant detection processing load plus a hizhly )
varyling analysis lcad depending on the number of detected :2vents
and on particular network experiments that may be conducted. S

The LPE statior.s . ave only one extended frequency 3-compo- }
nent set of long perlod instruments at each station. They will v
provide additional long-period magnitude estimates for some i

events. The processing load from these sites will be small.

The USO statlon is primarily an experiment 1n operation of { iﬁ i

an un.anned station. Because of the ocean nolse and the large

i

number of local events, routine processing of data from the

{

station for a contribution to network detection end locaticn b 5

1

will not be very productive. In ary case, the implied processing

~mp—_
-

1

S

..0oad would be small.
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2.4 Data Storage Requirements

For this discussion there are essentially 4 classes of data
generated by the network. These include SP sensor data, LP sensor
data, processed waveform data, and processed alpha-numeric data.

The short period sensor data from the primary network sites
repr2sent about 95% of the total seismic data generated. After
detection processing, on the order of 10% of that data may ‘e
used for forming the best beams from each array site for event
analysis (assuming about 50 events per day and 2 minutes per
event) of detected events. Probably 10% or less of the processed
events will be of sufficient interest that further reference will
ever be made to the SP sensor data. Thus, on the order of 2%
(certainly less than 5%) of the sensor data will ever be used
after 1nitial event processing. Data of .interest to one user are
often of interest to a wide community of users, so that while the
chance that anyone will be interested in any random sample of SP
sensor data 1s small, the chance that a second user will be
interested in the data once used 1s much greater. On the other
hand, the cost of transmitting and storing the SP sensor data is

very large.

The LP sensor data represent a much smaller total volume of
data. JSince the LP surface wave propagation 1s dispersive, a
single event i1s usually spread over 10 tc 20 minutes of data.

As a result, over half of the LP data is reauired for event
processing and 10% or more will be used again after event proces-
sing Due to the spreading of LP energy, the likelihood of
events overlapping in LP data 1s much higher than for SP data and
optimal use of the LP arrays 1s therefore more important than for

SP processing.
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Thus, although most of the cost for transmitting and saving
all sensor data would go into SP data, most of the sensor data
used would be LP data.

Frocessed waveform data for this network consist of LF and
SP "best beams" for each event. 1In principle, if all senscr
data covering event arrivals were saved then the choilce of stor-
ing or regenerating these waveforms could be based on the trade-
off between processing cost and storage space. The choice could
be 1nvisible to the user. If the sensor data for all events are
not saved, then waveform data from the teams or sensors used for
magnitude measurements for the network event list are valuable
to users who want to make measurements other than magnitudes
(e.g., complexity, spectral ratios, etc.) and to users who want
to verify the system performance.

The processed alphanumerric data consist of the network
event 1list including at least source time, source location,
depth estimate, My and Ms for located events, and signal descrip-
tions (arrival time, amplitude, period, and possibly estimated
azimuth and velocity) for events not located but detected at
some site with sufficlent signal level that reliable measurements
can be made.

A user accessing the file system will normally btegin by
reviewing the alphanumeric file to find a list of events of
interest for hls application. He may then look at assoclated
processed waveform data for the selected events, and finally
may lock z: si¢nsor data for a few events of particular interest.
Users interested in waveform da*a will often want standard
transformations performed on the <ensor or beam waveform data
as a first step in thelr analysis.

16

o o e S g e

i

|

e
1




-1

Report No. 2632 Bolt Beranek and Newman Inc.

Another broad class of users wlill enter the system with
the question, "Did any network station see an event occurring
at a particular place and time?" or, "What data is available
from the network corresponding to the eapected arrival time of
an event at a particular time and location?" When using array
data, the user will want to form a beam optimized for the hypo-

thesized source.

Thus, a smart retrieval system with the p-wer to compute
arrival time from source time and location and to c¢ompute varlous
routire transformations on waveform data would save users consi-
derable inconrvenience and wculd reduce the duplication of effort
required for each user to write his own programs for these com-

putations.
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82 RESOURCES AND STATUS

3.1 Ex.«ting VELA Computer Resources

Sac

SDAC, in Alexandria, Virginia, has resources bocth for recor-
ding and processing of LASA, NORSAR, and ALPA data and for con-
ducting seismic research. The on-line system at SDAC requires
dedicated use of a Special Processing System (SPS) and an IBM
360/40 computer for detection processing of LASA data. A second
IBM 360/40 is being used for event processing and is loaded
slightly over two shifts per day at present.

The 360/40s each have 256K bytes of core memory and assorted
peripherals including a card reader/prnch, high speed line prin-
ter, 2311 disk units, and a number of tupe drives. Each 360/40
has been augmented by a sum-of-products hardware unit (which
contains an 8 x 8 multiplier and adder matrix, several registers,
partial results adders and miscellaneous control logic) and
special micro-programmed instructions to carry out the operations
of beamforming, recursive filtering, convolution filterirg, and
rectify/integrate. The SPS, in addition to its function as a
communiications interface for tne detection processor, is also

micro-programmed to do subarray beamforming and filtering.

A Digital Equipment Corporation (DEC) PDP-i5 system and an
IBM 360/44 machine are also available at SDAC. Although the
PDP-15 1s used primarily to provide interactive graphics asso-
clated with seismic research, some background scientific batch
and support of utility functions (e.g., tape-to-tape, card-to-

tape, plotting) exist as well.
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The PDP-15 has 64K of core memory and the VT15 graphic
display console. In addition it has a large collection of ;
peripherals, including fixed and moving head disks, DEC tapes, f
7 and 9 track magtapes, a card reader, a line printer, a Calcowp ‘
plotter, a Varian electrostatic printer/plotter, and an A/D
converter. The PDP-15 runs uncder the DEC RSX real-time operating
system and 1s expected to be heavily loaded supporting the above
mentioned tasks.

The off-line 360/44 is being used primarily for research
computations. Much of this is related to long-period data
processing necessary to add surface wave data to the LASA station
bulletin. Studies are being carried out by Teledyne Geotech and
Texas Intruments in this area.

The 360/44 has 384K bytes of memory and assorted peripherals
including a reader/punch, a printer, the Calcomp equivalent of A
3 2314 disk units, and a number of 7 and 9 track tape drives. ]
The 360/44 runs DOS-GRASP 24 hrs/day, 7 days/week to service the :
previously mentioned load. This 364/44 ~1lso provides SDAC access
into the ARPA Network. All of tne equipment at SDAC is purchased.

LDC

There are two cornuters at the LASA Data Center (LDC) in 8
Billings, Montana. A =tripped IBM 360/44 computer is used for :
data editing and computation prior to transmission over the 50Kb
line to SDAC. A DEC PDP-7 is used for array control and for
backup recording of the array data in case the 360/44 or the ,
phone 1line is inoperative. Neither of these machines 1s currently 1
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available. The 360/44 has only 131K bhytes of core, and a card _i
reader, plus required data acquisition and communication equip- I
ment. In addition, the processing unit lacks a number of useful
features including a floating point processor. The PDP-T7 has
16K of memory and U tape drives.

ey
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Simiiar to the on-line system at SDAC, the on-line system
at NDPC requires ded'lcated use of a Special Processing System
(SPS) and an IBM 260/40 computer for Geteztion processing. As
at SDAC, the two 360/40s at NDPC have been enhanced by sum-of-
products units and both the 360/40s and the SPS have been micro-
programmed to speed up the operations of veamforming and filter-
ing. The second 360/40 at NDPC is being ucred for both event
processing and seismic research computations. The computer

— s
e

resources at NDPC are totally committed with their current load.

3.2 ARPANET and Connected Computing Resources

k"J’\-—J

3.2.1 ARPANET Communications i

s sy
m—

The ARPA Network [1l, 2] provides a flexible, reliable, and 1 S BN
economically attractise means for dissimilar, <eographically ‘

w,
et 4
.

distributed computers (Hosts) to communicate via common-carrier
circuits. Each Host connects into the network through a small

% H

} local computer called an Interface Message Processor (IMP); each
IMP is connected to several otﬁer IMPs via wideband (typically

50 kilobit) communication lines. The IMPs, all of which are
virtually identical, are programmed to store and forward messages
to their nelghbors based on address information contained in

— gt ) e
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each received message. The route that a message will take
through the network between 1ts scurce and destination 1s not
fixed in advance but 1s determined dynamically to take 1nto
accounrt network loading as well as IMP and line failures. Ter-
minal IMPs (T1Ps) provide a mechanism for connecting terminals
directly to the network without the need of an intervening Host
computer.

The ARPA Network has been in operation for over 4 years and
conslderable experience regarding its use has been accumulated.
There are currently some 40 computers of about 20 different types
connected in a 40-node multiply-connected net. The network has
been in a continual state of expanslon as additional research
centers and government agenclies have initiated use of the network.
As befits the growing operational character of the ARPANET, ARPA
is making efforts to transfer the network from under ARPA's
research and development auspices to an operational agency or
speclalized common carrier of som:> sort.

Aside from a continued growth in the number of network nodes
and level of network activity, there have been a number of
technical improvements which are at various stages of becoming
operational. Arrangements have been made to allow Host-IMP
connections at large distances cover common-carrier circuits, the
Very Distant Host (VDH) connection. A significant extension of
the network began in January 1973 with the establishment of a
satellite link to Hawail; a similar link to Europe was added in
August. Work is proceeding on the development of techniques for
efficiently sharing a satellite's channel capacity. Another
current actlivity 1s the provision to 2llow ccnnection of remote-
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Job~-entry terminals to an IMP. Finally, a major effort is under
way to design a new "high speed modular IMP", HSMIMP, based on

a minicomputer/multiprocessor that will be capable of operating
at megabaud data rates, or of providing a low ¢. t connrection
Into the net for lower rate service.

3.2.2 Special Purpose Computing Facilities

The ARPA Network provides a means of making specialized
one~of-a-kind systems availlable and a large user community over
which to amortize the cost of such major resources. Currently,
one such resource of particular interest to the members of the
selsmic data processing community 1s the large parallel processor,
ILLIAC IV [3, 4], located at the Institute for Advanced Compu-
tation at the NASA Ames Researclh: Center. The operations of
beamforming, digital filtering, and rectify/integrate on a large
number of short period beams which are basic to the detection of
selsmic events appear well suit<d to a large array processor.

It makes sense to conslider using the ILLIAC IV for processing
long period seismic data as well,

The ILLIAC IV array consists of a single master control unit
(CU) that sends instructions to 64 inderendent pfocessing elements
(PEs) and sends addresses to individual memory units (PEMs)
associated with these PEs. Although a single sequence of instruc-
tions controls the operation of the entire array, each PE generally
carries out the operation on different data. Each PE is a power-
ful computer in its own right with a wide range of arithmetic
and logical operations. Each FEM has 2K 64-bit words with an
access time of roughly 3%5) ns. The time required to do 64
parallel adds 1s less than a microsecond. Special routing
instructions exist to move data from PEM to PEM.
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This architecture permits highly parallel execution of
detection processing and data reduction algorithms. Initial
estimates indicate that the time required to process SP sensor
data from the current LASA array using direct (rather than two-
stage) beamforming and existing algorithms for filtering and
rectify/integrate/threshold would be on the order of 1 second
of ILLIAC IV time for 60 seconds worth of data. This would
require, of course, the facility to buffer on the order of 2
megabits of data accumulated over a 60 second period. For a
typical small seismic array, perhaps forming 40 beams from 25
short period sensors, both the ILLIAC array time and the required
buffer space would be significantly reduced.

The ILLIAC IV array processor is only one part of a sophis-
ticated computer complex at NASA Ames. It 1s important to
consider its part in this complex. The system which 1is planned
in the near future is a star configuration around a large (500 K
words) central memoiy. Connected to the central memory will be
a swapping drum, the modified Precision Intruments Unicon Mass
Store (1012 bits), the ILLIAC IV array processor and its asso-
clated disk (109 bits, 107 bits/second), a Burroughs B6700, and a
number of TENEX PDP-10 systems (currently 1). The TENEX systems
are to provide overall control of the system and are to be connec-
ted as Hosts to the ARPA Network. 1In order to use the ILLIAC IV
array processor in real-time, seismic data would have to flow in
from the ARPANEY, through a TENEX system and central memory, and
out ontu the ILLIAC disk where it would be &accumulated waiting
for its turn to use the ILLIAC IV array. These data could also
be archived on th? Unicon if desired.
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The status of the ILLIAC IV system is best described as
minimally operational. As indicated above, not all of the hard-
ware has been delivered, let alone working. In particular, the
central memory is not scheduled for delivery until December 1973.
The PEs and CU have continued to have reliability problems,
although tnis situation seems to be improving. Although software
to provide batch access to the ILLIAC array is currently being
developed, there does not appear to be any work in progress %o
make the system capable of guaranteeing a user a fixed fraction
of real-time as required by the detection processing algorithms
mentioned earlier. Development of this type of real-time service
will apparently wait until the batch service can be provided
reliably. Both the development of a real-time monitor and a
substantial imirovement in total system reliability will be
required before it becomes feasible to do on-line detection
processing at Ames. Processing long period data in the batch
mode, however, may be something which can be attempted much
sooner.

Nothing 1s firm at this time with regard to the cost of
ILLIAC IV service. However, as a very rough estimate one can
take the annual ILLIAC IV budget of $10,000,000 and assuming
4000 hours of available time per year come up with an operating
cost to ARPA of $2500/hour.

3.2.3 General Purpose Computing Facilities

Aside from providing general access to one-of-a~kind compu-
ter resources, the ARPA Network provides a convenient way of '
communicating with general purpose batch and time-~sharing
computers. These resources wlll probably be of interest to many

seismic researchers as sites for program development. One such
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site, the UCLA-360/91, is already being used to develop algorithms
for long period processing. Although there are a large number of
machines connected to the ARPANET, not all of the servers have
sufficient excess capacity to permit more than a minimal amount

of network load. Nevertheless, th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>