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I. INTRODUCTION

l.1 THE SEISMIC RESEARCH CENTER: GENERAL CONSIDERATIONS

This design study considers a program whereby
the existing SDAC system can evolve into what will be
called the Seismic Research Center (SRC). The design is pri-
marily one for a research center as opposed to an operational
data processing center which must routinely and reliably pro-
cess real time seismic data with a set of fixed, well deve-
loped algorithms. The research nature of the new system will
be stressed as it is clear that the manner in which many of
the system functions of an operational Seismic Data Center
(SDC) will be performed have not yet been worked out. The
detection algorithms, the association processes, and the event
location algorithms are but a few examples of areas in which
much research is still needed. Thus, we see the SRC design
as being strongly weighted towards a very flexible and powver-
ful computational facility.

The system's flexibility is controlled both by the
physical hardware configuration and by its programability.
The physical configuration must be easy to change, e.g., by
adding processors, peripherals, I/0 channels, etc. These
changes should be quickly and simply accomplished without major
system interference, such as down time, reprogramming time,
etc. In this respect, custom or rare equipment should be
avoided as should obscure programming languages and operating
systems,

The programability of the SRC depends upon the operat-
ing system (software) and upon the availability of an array
of developmental aids such as editors, assemblers, compilers
and, of course, higher-level languages.

Finally, the overall performance of the SRC system
will depend upon its computational power. This includes the

SYSTEMS, SCIENCE AND SOFTWARK




processor speeds, the I/0 bandwidths, the peripheral speeds

- & and the interprocessor bus (or communications) speed. Clearly,
the various CPUs and peripherals must be specified with a

view towards their compatibility.

o e e g

The specific tasks that the SRC must perform include:

1. To act as a research center for experimentation
with selected seismic data sets.

e 4 e o e Sy

2. To perform data services for external users -
© 3 mostly writing special tapes of selected event
waveforms.

3. To archive all incoming real-time data and some
additional alphanumeric (A/N) data.

4. To perform research on automatic seismic event
location (generating a bulletin) using real time
data plus A/N data:

» A. To detect "signals" in the data stream and
form the phase arrival file (PAF).

B. To separate from the continuous data a signal

waveform file (SWF) which contains all the
"interesting" data to be kept on line for
> one day.

L e T SV

e, Ay

C. To associate "events" with arrivals and pro-
duce an automatic bulletin.

As stated earlier, we distinguish between an operational
seismic data center which must receive and process routinely
all incoming data and a seismic research center which can
handle and process the real time data but is not so specifically
designed. The differences ‘in design mainly concern reliabil-
ity and redundancy and the extent to which those characteria-
tics dominate the design. There is nothing mutually
incompatible between the designs of an SRC and SDC and indeed,

3
i
|
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this design study will specifically address the requirements
of an SDC but the emphasis will be upon a flexible research
system. If so required, the SRC suggested in this study would
be capable of performing all the tasks of an operational SDC.

1.2 SPECIFIC TASKS

The requirements of the SRC will include some time
critical tasks. These principally are involved in handling
the real time data. There are also numerous "off-line” or
non-time critical tasks.

Time Critical Functions

e Communications Protocol
e Detection Processing

® Archival Storage

e Building PAF, SWF

Nearly Real Time Functions

® Secondary (Refined) Detection Processing
e Automatic Association
e Data Base Management

Qff-Line Functions

e Visual Data Examination
e Data Services

® Discrimination Research
e Detection Research

e ?

The real time seismic data to be processed by the cen-
ter controls the time critical parts of the system. For de-
sign purposes, we define a communications channel and a seismic
channel as follows:

SYSTEMS. SCIENCE AND SOFTWARE

v
"




Communications Channel - A single modem connected to
one station (or several) with a data rate of 4.8 kilobaud
= 600 bytes per second (BPS).

Seismic Channel - A single bit stream from one compo-
nent of ground motion. Typically there will be three seismic
channels per station (see Table 1.1).

1.3 INPUT DATA RATES

The overall input data rates are, for design pur-
poses, divided into two categories, the 1980 data rate and
the "future" data rate. The former was specified by VSC
personnel to be those stations and sample rates given
in Table 1.2. The future data rate is simply that pro-
duced by 50 stations of the NSS Mod II type (Table 1.1)
each operating over a 4.8 Kbaud communication channel.
These overall data rates are outlined in Table 1l.2.

1.4 HARDWARE CONFIGURATION

The overall block diagram of the complete SRC system

is shown in Figure 1l.1. The details of the system are discussed

in later sections but the basic design as shown consists of
the following four functional modules:

1. The Detection Microprocessor (DuP).
2. The Recording Processor (RP).

3. The Network Analysis System (NAS).
4. The Research System (RS).

The analogy between these modules and the parts of the
existing SDAC is close and intentional so that an evolutionary,
step-by-step implementation of this design can be accomplished.

SYSTEMS. SCIENCE AND SOFTWARE




TABLE 1.1

SEISMIC DATA RATE (NSS MOD II)

Period Sample
Band Rate BPS
Each component of motion sp 40 80
is divided into three MP 4
signals of differing LP 1 2
frequency response 30
x 3
= 270 BPS per station components
5
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Each of these modules will be discussed in detail in later
sections, but we summarize those hardware changes in the pre-
sent SDAC system which are recommended:

1. Elimination of the CCP.
2. Replacement of both IBM 360/40s.

There are several factors which ab initio point us
toward Digital Equipment Corporation (DEC) hardware as vendor
for the replacement hardware. Principally, these are:

l. The existence in SDAC of one DEC PDP 11/70.

2. The existence in SDAC of the Evans and Sutherland
graphics system which utilizes a DEC PDP 11/35.

3. The LL-ASG design for the SDC which is built
around DEC 11 series equipment.

It should be clearly stated that in our view, this type of
equipment is highly suited for these purposes and would
likely be chosen even if these factors were not taken into
consideration. The 1l series of DEC computers offers an
extremely broad range of compatible midi, mini and micro
computers. The company is well-developed, the product line
stable, popular and competitive.

With these comments in mind, we will not consider, in
this report, products outside this line, with the exception
of the microprocessor front end. Even here its compatibility
with the DEC 11l series will be an important factor.

SYSTEMS. SCIENCE AND SOFTWARE
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II. DETECTION MICROPROCESSOR

2.1 DESIGN PHILOSOPHY

It is clear that at a minimum, each communication channel
(modem) will need a separate interface to the RP. A possible
configuration of the RP and DP might be simply a CPU with many
synchronous I/0 ports doing all the protocol handling and de-
tection processing sequentially.

The problem is one of processor loading. If we esti-
mate the time that the bus is occupied by simply writing the
CwW data to tape and some subset of this data to disk files,
we £ind this will likely take up 30 percent of the available
time for the "future" data rate. Add to this the interrupt
handling of, say, 50 synchronous I/O ports and it is easy to
see that even if the CPU is very fast, the machine will be
unacceptably loaded merely performing these simple tasks with-
out any detection processing.

The best way, in our opinion, to alleviate these prob-

interfaces. Obviously, they can handle the communication
protocol, buffer the data, and transfer it into memory via
DMA. But why not also do some reformatting and even detec-
tion processing in this "interface"?

The design we suggest in fact takes all of these tasks
away from the RP and places them in the N front end detection
microprocessors (DuP). These DuPs will each have several
tasks to perform:

1. Handle communications protocol (possibly full
duplex) .

2. Process the data stream for "arrival" detections.

3. Form a signal arrival file.

4. Convert input data into a common format.

lems is to impart as much intelligence as possible to the I/0 i-

l SYSTEMS., SCIENCE AND SOFTWARE




S. Possibly communicate with remote stations via
full duplex for control functions.

6. Upon command transfer data blocks via DMA into
RP memory.

2.2 MARKET SURVEY

We have conducted a market survey of microprogrammable
microprocessors and microcomputers. Our findings are summar-
ized in Appendices A and B. WYe have examined the available
device specifications for the purposes of a DuP with particu-
lar emphasis on:

1. Speed
2. Programability
3. Availability

4. Cost (including development). .

We seriously considered only "off the shelf" micro-
computers as we believe that the cost of developing a micro-
computer from microprocessor and other chips to be not worth
the cost. It may be that when the specific functions of this
DUP are completely determined, and the algorithms it must
perform are decided, a more specialized machine would be justi-
fied, but at the outset flexibility in this part of the system
should be stressed. Thus, we put great emphasis on speed and
ease of programming. These considerations directed our
choice to two candidate microcomputers, the Plessey Miproc-16
and the just announced DEC LSI1ll-23. Their salient features
are outlined in Table 2.1.

2.3 MICROPROCESSOR LOADING

In order to estimate the expected microcomputer pro-
cessing load that will be applied by the specified data rates,

10

SYSTEMS. SCIENCE AND SOFTWARE

A AR EUIIIIS, Sttt .+« 1 - - ey i , — :




B

Plessey Miproc-16

DEC LSI 11-23

Tachnology Shottky, bipolar NMOS
Data word, bits 16 16
Instruction, bits 16 le, 32, 48
Clock 4 MHz
Add time, register to register 0.250 us 1.8 (est.)
Number of instructions 180 80
Number of registers 4 8
Hardware F.P. (In development) Yes
RAM
Capacity 64K 256 KB
Cycle time 100 ns 500 ns
PROM \
Capacity 64K 64K
Cycle time 70 ns 400 ns
I/0
Werd size 16 16
Number of channels 256 Bus
Maximum I/0 rate 3.0 MBPS 1.67 MBPS
SOFTWARE
Resident assembler No Yes
Cross assemblerx PDP11
Monitor or executive Yes RT1l, RSX1lM
Higher level language PL-Miproc FORTRAN, BASIC
Price: $2K, 1976 -, 1979
Comments Fastest Easiest to
program.
11
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we have constructed a hypothetical processor sequence for tim-
> ing purposes. It consists of three distinct parts:

1. Communications handling (interrupt driven).
2. Detection processing and reformatting.
3. DMA transfers to the RP (interrupt driven).

We use an average instruction time (average of add and :
hardware multiplying time) of 0.85 usec for the Miproc-16 and 3’
3.9 usec for the LSI1ll-23. Our estimate of the time required
to execute this sequence of operations on each processor is
given in Table 2.2.

et - SR o

b i dell g

If the estimates in Table 2.2 are realistic, we see

that either microcomputer could handle the job easily, perhaps
: even handle more than one communication channel. Alternately,
: considerably more computing could be performed in this module.
i In particular, more sophisticated detection algorithms may be
desired or more than one running simultaneously may be ad-
; ’ vantageous. Further, data compression schemes, if they can
be devised, would be performed in these "front-end" processors.
In general, the more computational power that can be packaged
in the front end, the more flexible the overall system will

USSR i

e A

i

oy e it a5 A A0

. beo

§? The fundamental trade-off between these two machines

is speed versus ease of programming. The Miproc-16 is without

doubt one of the fastest microcomputers available on the

market today. (It is available in a "Mil-Spec" version.)

However, its programming language is unique, which is a draw-

back, even if it is a relatively powerful language. The de-

'3 velopment system used with this machine could easily be any

C DEC 11 series machine since Plessey supplies a cross-assembler

that allows programs to be written and somewhat debugged on
the DEC machine and then the Miproc-16 instructions are formed
with the cross-assembler and down-loaded into the Miproc-16.
Thus, the system is fairly compatible with the rest of the SRC

A,

e
-

system.

12
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TABLE 2.2

ESTIMATES OF PROCESSING LOAD ON EACH CANDIDATE DuP

(UNLESS NOTED, ALL TIMES ARE IN MICROSECONDS)

Task

Interrupt

Register Save

40 Instruction Interrupt
Service Routine

x 300 Interrupts/Sec
Load

500 Instructions per
each SP Input Word

500 x 3 x 4 = 60K
Instructions/sec

Load

Interrupt

Register Save

40 Instruction Routine
DMA Transfer @ 600 KB/Sec

Load

TOTAL LOAD

Miproc-16
0.55
1.375

34.0

36.0

10.8 ms
1.0%

51.0 ms
5.1%

0.55
1.375
34.0

1000.0

0.1%

6.2%

LSIll-23
!
‘ 6.5

160.0
166.5

50.0 ms
5.0%

234.0 ms
23.4%

: 6.45

160.0
1000.0

0.12%

__28.5%
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The LSI1l-23, on the other hand, is a genuine membar
of the DEC 1l series product line sharing common instruction
sets, operating systems and higher level utilities. Thus,
this type of DuP would be the easiest to integrate into the
system.

2.4 THE CCP

The current hardware configuration at SDAC routes all
data through the CCP before transmission to the IBM 360/40A
DP. This has several drawbacks:

1. The CCP is a custom-designed machine. Hardware
and software developments are very difficult and
time consuming.

2. There is no "development" system. All software
must be written and debugged on the operational
machine.

3. Programs developed for the CCP are non-transport-
able.

Basically, there is no reason to include the CCP in the
design we envisage. All the fupctions it is presently per-
forming can be handled efficiently by either the DuPs or the
Recording Processor.

14
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III. THE RECORDING PROCESSOR

3.1 RP TASKS

The basic function of the RP (or both RPs, if redundancy 1
is desired) is to archive the data being processed through the
detection microprocessors. A requirement to archive all the
incoming data is coupled with the requirement to store some
subset of this data so that it may be accessable by other
modules of the system in near real time. Thus, we will speak
of off-line archival and on~line formation of what is termed
the Phase Arrival File (PAF), the list of all detections
discovered by the DuPs and their relevant parameters plus a
signal waveform file containing a subset of the waveform stored
in the archives. The specific tasks to be performed by the
RP are:

1. To poll the DuPs periodically and transfer data
blocks to memory.

2. To format and record all data and detections.
3. To format and write the PAQ and the SWF.
4. To communicate with the ARPANET.

5. Possibly to communicate with other locations to
send subsets of the real time data elsewhere.

3.2 DATA ARCHIVING

We consider magnetic tape as the only practical media
on which to archive all the data, at least at present. Cur-
rently there are "off-the-shelf" magnetic tape systems for

1] the DEC 11 series machines available utilizing 1600 BPI, 75
IPS and 125 IPS mag tape drives. (6250 BPI drives will prob-
ably also be available within a year.)

e Y mene s

For the on~line data files, disk storage modules are
the only practical systems available now. These units are

15
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readily available from many sources and provide the rapid
random access entry needed for this application.

The load on the RP imposed by Tasks 2 and 3 will be
caused primarily by the bus use of the recording peripherals,
the mag tape and disk drive. Assuming 5 Kbyte data blocks
(one second of network data at the 1980 data rate), this load
is estimated as follows:

Task 2: Tape 1600 BPI, 75 IPS

Start up 5 ms
5 Kbyte data block 42 ms
0.6 inch IRG 8 ms
Stop _Sms

60 ms

Task 3: Disk
Average positional seek 28 ms
Average rotational latency 8.3 ms
5 Kbyte data block 6.2 ms
42.5 ms

Thus, to archive on tape and write to disk all data
will take 102 ms/second representing a 10 percent processor
load for the 1980 data rate. For the future data rate this
will increase by approximately three to produce a 30 percent
processor load.

The capacity of magnetic tape, formatted in a variety
of ways, is given in Table 3.1. It is clear from the tape
consumption figures that with the 1980 data rate 6,250 BPI
drives are highly desirable and by the time of the future
data rate, they are almost a necessity.

SYSTEMS. SCIENCE AND SOFTWARE
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TABLE 3.1

ARCHIVE TAPE CAPACITY
2,400 FOOT REELS

Block 1,600 BPI 6,250 BPI
Size (0.6" IRG) (0.3" IRG)
500 B 15.75 MB 37.98 MB §
2 KB 31.15 MB 92.88 MB f

4 KB 37.14 MB 122.58 MB E
i
i

TAPE CONSUMPTION §

4 KB/BLOCK
1980 Future
1,600 BPI 2.06 Hours 40 Minutes
6,250 BPI 6.81 Hours 2.2 Hours

e g e e e

Assume 15 percent overhead for headers, etc.

17
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3.3 ON-LINE DATA BASE

The requirement for an on-line data base is more
problematical. At the 1980 data rate, data accumulates at
the rate of 432 MB each day. At the future data rate, the
daily accumulation becomes nearly 1,300 MB! Just what should
be written to disk files needs careful consideration. The

possibilities are:

1. All data.

2. Only a subset of detected waveforms.
3. All data, but in a "compressed” form.

The simplest and most straightforward approach is the
first. Table 3.2 compares the capacities of a bank of eight
300 MB storage modules when all the data and 25 percent of
the data is saved. The principal object in keeping several
days (or more) of data on-line is to await the arrival at the
center of arrival picks and event locations (alphanumeric)
data) from other centers. This may take a week or more. We
note, in passing, that in the final analysis the only signal
waveform data of interest is the signal waveforms from the
seismic events. Thus, the "ideal" SWF would contain for each
station:

High frequency phases; 3 SP channels

10 sec of 80 BPS = 2.4 KB
All phases; 3 MP channels
100 sec of 4 BPS = 12.0 KB
Long period; 3 LP channels ; .
1,800 sec of 1 BPS = 5.4 KB
For each event at each station 19.8 KB
Times 50.0 stations
So a network event file = 1 MByte
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The estimates of Chinnery and North (1975) suggest that
there are about 24 earthquakes with Ms > 4.0 each day. Hence,
this "ideal" SWF would accumulate at the rate of 24 MB/day
versus 1,300 MB/day of all the data. This comparison simply
emphasizes the potential gains to be achieved with better
detection algorithms and network processing.

The third method of on-line data storage, utilizing data
compression, is an area where little is known but where research
could potentially be quite rewarding. The idea of data com-
pression is based on the following observations:

1. Data is sampled in the field and transmitted
at the highest rate ever needed. Most of the
time the data is over sampled.

2. Data is sampled with a 16 bit data word. Most
of the time many bits are redundant -- they do
not change from sample to sample.

It seems as if one could make use of these facts in a
processing scheme to greatly reduce the number of bits needed
to represent the data stream and hence greatly reduce the data
storage problems.

3.4 RP HARDWARE

The specific hardware we suggest for this application
is a PDP1ll/34 acting as the RP CPU with 1,600 BPI 75 IPS tape
drives or 6,250 BPI drives as soon as they hecome available,
a bank of eight 300 Mbyte disk storage modules, and DMA I/0
ports for communication with the DuPs. Since only one DuP is
communicating with the RP at one time, this link could be
multiplexed through a single DMA channel into the RP. The
trade-off is basically between the costs (and practical limita-
tions on number of units) of DMA ports versus the cost of
development of a multiplexed bus. For upwards of ten channels,
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the DMA port per channel is probably the most cost effective.
For more channels, a multiplexed scheme is probably desirable.

Shown in the design of Figure 1.1 is an IMPll UNIBUS
interface to the ARPANET IMP. This peripheral will allow the
RP to communicate with the ARPANET, receiving or transmitting
data over this channel. If there is a need to communicate
over regular telephone lines, say to send some of the data
elsewhere, additional DMA, synchronous I/0O ports can be
easily added. Considering that the archival and disk file
writing tasks will represent only a 10 percent CPU load for
the 1980 data rate, considerable bus and CPU processing time
is still available for other tasks.

The communication I/0 port to the local processor net-
work will be discussed in detail in Section VI. Suffice it
to say, there will be such a network in this design so that
all modules in the SRC can communicate easily and at a high
speed with one another.

Finally, the matter of reliability and redundancy is
not addressed in great detail in this design study. Again,
the research nature of the system is stressed and not its

» operational characteristics. However, if it is a requirement
to achieve extremely high reliability, two identical RPs can
be configured so each has access to the data stream from the
DuPs. Either both systems could operate all the time, or

» more practically, a second RP system could perform other

tasks such as data services in the background of a foreground/

background type of operating system (such as DEC's RT-1ll
operating system). When a system fault occurs on the primary
system, a device such as a "watchdog" timer could interrupt
the secondary system, switching it immediately into the fore-
ground process which could be the RP task. It would only be

necessary to keep a mag tape loaded and on-line and a disk l

drive in reserve for this task.
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IV. NETWORK ANALYSIS SYSTEM

4.1 NAS TASKS

The functions of the NAS are basically the same as
those of the Network Event Processor (NEP) in the present
SDAC. The data sent to the system are the detections of the
DuP's stored by the RP in the Phase Arrival File (PAF) and the
Signal Waveform File (SWF). The output from the NAS consists
of the daily event bulletins and the Event Waveform Files (EWF).

In the performance of these functions, the NAS will
access the disk files created by the RP and will act as a host
to the analyst's graphic stations. In the present SDAC con-
figuration, the NEP does not keep up with the data flow for a
variety of reasons. Perhaps the chief reason for this is the
poor global seismic coverage of the current real time data
stream. This means that before the association process can
make much headway, arrival times and event locations from
other sources (i.e., NEIS, UK and Canadian arrays) must be
obtained and it may be in excess of a week before this occurs.
Thus, the NEP must work from the archived tapes rather than
from a disk file and the tape to disk transfer is slow. A
further cause of delay in the processing is the necessity
of intervention by the analyst via the E&S graphics station
but, here again, it is our opinion that more complete seismic
coverage would speed up this process.

It is clearly desirable to make the on-line data span
as much time as possible so that picks from external arrays
and networks can be added to the PAF without the necessity
of mounting the archive tapes as happens in the present
SDAC operation. The total amount of on-line data is really 3
just a function of the cost of the hardware. Utilizing L
standard "off-the-shelf" technology for disk storage modules, ﬂ
a capacity of 2,112 MB is easily attainable.

22
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More important, however, than the total on-line data ‘#

capacity is the rate at which the NAS processes the data.

; No matter how large the on-line capacity, it is obvious that

:j if the NAS processing rate does not equal or exceed the input

! data rate, the on-line capacity will eventually be filled.
Thus, we believe, immediate emphasis should be placed upon re-
search necessary to totally automate the tasks of the NAS.
Once this is accomplished, speed and on-line disk capacity
could be adjusted to facilitate a smooth operation. ’

4.2 NAS HARDWARE

The DEC PDP 11/70 is an adequate machine for the present
demands of an NAS. It may be in the future that the program
and data space restrictions to 32K words of memory total will
eventually prove to be a serious impediment. However, in this
eventuality the NAS may be rather easily upgraded to a VAX
11/780 (see Section V), a virtual memory machine.

The NAS will access the on-line data files created by

the RP both via the dual-ported disk storage modules and via the ‘l
local network (see Section VI). One mode of operation would
be to have the RP writing to one storage module, while the
NAS reads from another already filled. An alternate way of
operation is to have both the NAS and the RP accessing the
same storage module with directory information (which is
dynamically changing) transmitted over the local net. A

i third method of operation is to have all the data transmitted
via the local network. This is practical if the network link
has a high bandwidth and the RP is not too heavily loaded.

» Conceptually, this may seem to be the most elegant design,

but practically its effectiveness will depend upon the RP's
ability to feed the network at the required rate and perform
its other functions. Our design is configured so that experi-
ments may be conducted with any of these methods.
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The NAS system as configured includes the existing E&S
graphics system. The throughput to this peripheral processor
can be made quite high via a DMA I/0 port on each machine.

The disk buffer storage of the E&S system could easily be
increased to facilitate scrolling on the screen or the disk
storage modules of the 11/70 could be used via the DMA access.
More graphics processors of this type could easily be added

to the system but it may be desirable to investigate other

types of devices such as the storage scopes. These devices
(like the Tektronix 4000 series) have been successfully used

at high speed via a DMA port in seismic network analysis, notably
at California Institute af Technology. These units have the ad-
vantage of high resolution and low cost compared to the E&S
system at the price of some reduced graphics capability.

If there is a requirement for the NAS to send data
such as the EWF to external sites, either an ARPANET IMP in-
terface or (and) a regular communications channel could
easily be configured in the system.

4.3 IMPLEMENTATION

A conservative approach to the development of the NAS
is, in the first stage, simply to duplicate the software
now on the NEP 40B on its replacement, the 11/70. This would
be performed with special emphasis placed on eliminating those
bottlenecks existing at present:

1. Recovering signal waveforms from tape.

2. Transfer of signal waveforms from 40B disks to
limited 11/35 disk for display on E/S scope.

3. Reinitializing 11/35 system and recovery of disk
data after a system crash.

As much as possible the NAS will work directly from
disk data. However, the recovery of the signal waveforms
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from the archived tapes will most likely be necessary for some
time.

A second stage of development would clearly include
experimentation with other types of graphics devices. We be-
lieve that several graphic stations should be configured
"directly” into the NAS 11/70 system. There are many candi-
dates for such graphic stations that span the technology from
E&S type systems to the Tektronix storage scope type. The
principal characteristics that are needed are the ability to
display some 20 traces of about 2,400 points each (60 seconds
at 40 samples/second) flicker free and the ability to scroll
one or more traces independently. Writing speed should be
high and DMA access to the 11/70 is clearly necessary. We

recommend further research into these systems.

We further racommend that serious consideration be given
to configuring the NAS with a VAX 11/780 as an upgrade to the
11/70 shown in the design, Figure 2.1 (see Section V).

25
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V. THE RESEARCH SYSTEM

5.1 DESIGN PHILOSOPHY

The overall function of the SRC,as its name implies,
is research. Thus, the research system (RS) is in many ways
the most important element in the SRC design. Clearly, it
is desirable to have the most powerful computing tool that
can be afforded while at the same time maintaining compatabil-
ity with the rest of the system. The only likely candidates
for the RS, within the DEC 1l series line, are the 11/70 and
the VAX 11/780. In our opinion, there is no doubt that
the VAX is by far the more suitable computer. Introduced in
1977, it represents an upward extension of the ll series.

It is a true 32 bit machine. While the addressing modes and
stack structures are similar to those of the 1l series, the
11/780 provides 32 bit addressing to give a large problem
space, as well as 32 bit arithmetic and data paths for pro-
cessing speed and accuracy.

5.2 COMPARISON BETWEEN THE 11/780 VERSUS THE 11/70

Figure 5.1 illustrates the basic architecture of the
11/70 and the 11/780. Table 5.1 provides a comparison of
some of the main characteristics of the two processors. The
significant differences are in:

1. The size of the cache.

2. The memory bus speed.

3. The program space.

» 4. The fact that the 11/70 has no writable control
store.

Y PN e s s

Besides the obvious advantages of a 32 bit word, the
chief increase in computing power (speed) is due to the memory

PRI 4 e
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TABLE S.1

PROCESSOR COMPARISON OF TWO CANDIDATE RESEARCH
SYSTEM COMPUTERS

11/70
2 KB Cache
2 MB Memory
32 bit FpPA
32 bit memory path @ 2 MBPS
16x16 bit general registers
64 KB program space
No control store
360 ns access time

11/780

8 KB Cache

8§ MB ECC MOS memory

32 bit FPA

32 bit memory path @ 13.3 MBPS
16x32 bit general registers

4 MB program space

12 KB writable control store
290 ns access time
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bus structure in the 11/780. It is the system's internal
backplane and bus which conveys addresses, data and control
information between the processor and memory, and between
memory and peripheral controllers. 1In addition to its 13.3
Mbyte per second transfer rate, the bus provides an unusual
degree of throughput and reliability because it uses:

1. Time~division multiplexing.

2. Distributed priority arbitration.

3. Parity and protocol checking on every transfer.
4. Transaction history recording.

The protocol, or sequence in which operations occur on the

bug is time~division multiplexed to increase the effective

bus bandwidth. Time-division multiplexing means that the
transactions constituting one transfer operation are inter-
leaved with the transactions constituting another transfer
operation. Thus, several operations can be in progress over
the same period of time. For example, the CPU can ask a
memory controller to read some data; the same memory controller
might then transfer previously requested data to an I/0 device
before transferring the required data to CPU.

In the 11/70, the processor bus may be tied up for the
entire time required to complete a transfer because a requester
acquires the bus to send an address and then keeps the bus
while it waits for the requested data. In the 11/780, the
bus is not held inactive during the data access time because
bus ownership is relinquished after every cycle. A requester
acquires the bus to send an address, relinquishes the bus,
and then the responder acquires the bus to send the data. 1In
the interim, any number of other transactions can be initiated
or completed. This feature and the fact that transactions are
buffered make it possible for the bus to operate at its full
bandwidth, because a bus transaction can take place every 200
nanoseconds.
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An idea of the relative computational power of these
two systems and of the IBM 360/44 can be obtained from an
arithmetically intensive benchmark we have run on these com-
puters. The test consisted of a 16K Fast Fourier Transform
(FFT) both forward and back. The time to complete the two
transforms was:

IBM 360/44 PDP 11/70 VAX 11/780
97 sec 57 sec* 12 sec
267 sec*

From the hardware considerations, it is clear that
the 11/780 is a superior machine for the RS. However,
software must also be considered. It is desirable to run
as much of the SRC as possible with the same software
operating system. Fortunately, version seven of UNIX is now
marketed by Western Electric and runs on both the 11/70 and
the 11/780. A mini-UNIX is available for the 11/34 RP if so
desired, however, its real time functions may require a dif-
ferent operating system such as DEC's RT-ll.

Both the computer's manufacturer and the operating
system's writers have gone to great length to insure the
compatibility of the 1l series and the 11/780. Through the
use of microcode, the 11/780 can operate in two modes: native

or compatibility mode. In native mode the processor executes
a large set of variable-length instructions, recognizes a
variety of data types, and uses 16 32-bit general purpose
registers. In compatibility mode the processor executes a
set of PDP-1ll instructions, recognizes integer data and uses
eight 16-bit general purpose registers. While native mode is

*

Since the program space in the 11/70 is 32K words, this

test program would not fit on the machine. The 57 second
result is the extrapolation of a 4K FFT result. The 267
second result is the 16K FFT run under the RSX-11lM operating
system using remapping.
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the primary instruction execution state of the machine and
compatibility mode the secondary stage, their instruction sets
are very similar. A program can execute both native mode
images and compatibility mode images.

As the native mode instruction set is a powerful ex-
tension of the PDP-1l instruction set, the programmer with
previous PDP-1ll knowledge who is developing new applica-~
tions will experience a high level of adaptability. Similarly,
11/780 high-level languages are closely compatible with those
of the PDP-~11 family.

Under both the DEC operating system for the 11/780 and
UNIX, almost total compatibility is insured. This means that
in practice programs can be developed, debugged and run on the
11/780 and then down-loaded onto the 11/70. The only restric-
tion of significance is the 11/70's limitation of 32K words
of program space. As both the data formats and the file struc-
tures are common, data file transfers between machines are
simple. Further, since the peripheral busses in the two
machines are the same, MASSBUS and UNIBUS, peripherals can be
common to both. 1In particular, dual-ported disks can be
utilized. Finally, DEC has gone to some length to provide
the full line of network peripherals (see Section VI) for
the 11/780 so that it may be configured as shown in Figure
1.1 in the SRC. Indeed, several installations have been con-

figured this way, notably one at the University of California,
Berkeley, Computer Services Department, which uses the UNIX
operating system.

The costs of an 11/70 system and an 11/780 system dif-
fer chiefly in the CPU and memory price. Using the DEC
list price, we were quoted the following systems:

CPU
67 Mbyte Disc
45 IPS, 1,600 BPI Mag-Tape

8 Line Asynchronous Multiplexer
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for $103K for the 11/70 version and $153K for the 11/780
version. Recently announced price reductions for memory will
make both these prices lower. We believe the money is well
spent. We recommend strongly that the VAX 11/780 be used as
the RS computer. Indeed, if it is within the budgetary
possibilities, we recommend using the 11/780 for both the

NAS and the RS. Since the task of the NAS is only defined

. at present in concept, it too must be a research machine and
it would be wise to endow it with as much power as the
budget can afford.
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1.
2.
3.

1.

VI. INTERPROCESSOR COMMUNICATION

6.1 LOCAL NETWORK DESIGN

The need for a local computer network for the SRC
arises from two general requirements:

Access to a common data base by several pro-
cessors.

Redundancy to provide reliability of the entire
system.

‘ There are a number of ways that local computers can be
connected to form a network. The best system architecture
for this application depends upon several factors, including:

Future expansion envisioned.
Degree of reliability required.

Budget.

The most general, and perhaps most desirable, arrange-
ment is to achieve a fully distributed local network wherein
every processor can communicate with every other processor.
There are several ways to accomplish this goal, two of which
are most applicable for the SRC.

The simplest system for a small number of com-
puters is point-to-point connections. In this
architecture, there is a separate path between
each pair of machines. This provides for a
simple to program, low-overhead and efficient
system. The only drawback is that it takes
N(N-1)/2 interconnections for N machines and,
hence, for more than three or four computers it
becomes expensive and cumbersome.
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2. The second approach is to use what is essentially
a loop structure. 1In this architecture each pro-
cessor is connected ' in a Tee manner to a shared
connecting link. The link can be a serial type
connection or it can be a bus type parallel con-
nection which achieves much higher transfer

rates.

DEC offers hardware and software for beth types of in-
.terconnections. In fact, they have a rather complete range
of communications peripherals for the 1l series machines. For
the point-to-point type of interconnection they offer both
serial devices (DM11C) and parallel devices (DAllB), both of
which can operate in a DMA mode to the connected processors.
The chief difference is in transmission rates, the parailel
connection being some five times faster (600 KBps).
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For the common connecting line architecture, the
PCL11~-B utilizes a time multiplexed bus. The device is a
UNIBUS peripheral which performs data transfers between com-
puters using parallel transfers of 16 bit words on an inter-
connecting bus. It is a full duplex device so that one node
can be both transmitting and receiving at the same time.
Because of this and the multiplexed nature of the intercon-
nect bus, up to all 16 possible conversations may be occurring
concurrently. It performs the data transfers by direct memory
access (DMA) with the computer memory and automatically per-
forms error checking with hardware generated and checked
word parity and CRC-16 block message checking.

The device manages its own protocol on the interconnect
bus so as to completely manage the job of establishing com-
munications with the intended recipient computer and passing,
checking, and acknowledging the data message. Thus, use of
it is essentially transparent to the user who simply directs
the device to take a particular block of data or message of
some specified length and sent it to the intended computer
number N. No further user intervention is required until the
PCL11-B I/0 driver responds with either:

1. an I/0 done indication after successful completion.

2. An I/0 failure indication together with the reason,
such as:

-~ Non-existent node
-- Node busy after multiple retries

-= Continued data errors after multiple retrans-
missions.

The PCL11-B UNIBUS interface consists of bhoth a trans-
mitter and receiver section as well as the electronics for
timing and control of the interconnect bus. Redundant (dual)
PCL11-B bus systems can be built as illustrated in Figure 6.1.
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Figure 6.1. Redundant dual bus PCLll-B system.
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This dual bus structure gives not only redundancy and back-up f
of the key interconnect mechanism, but increased power as
well; since the two busses operate independently, they both ]
can be used simultaneously.

The PCL1ll-B has been designed to provide certain fea-
tures which are desirable for a very reliable system.
Principally, due to its "Tee" structure (as oppossed to a
"daisy chain" structure), individual CPUs can be powered down
or disconnected from the network without ill effect. Further,
each unit contains the logic for timing and control of the bus
and in the event of a failure of the designated master timing

unit, there can be automatic failover to a specific secondary
unit. Any unit may be designated master or secondary.

The interconnect bus can transfer data at speeds up to
one million bytes per second. The bus use can be allocated
in either of two ways; the default method of equal use by
the nodes in the network with "round robin™ time slicing,
or explicitly by means of a software loadable table in
the device, giving the specific time slice sequence to be used %
-=- up to a maximum of half the bus bandwidth to any one node.
In this manner, the bandwidth of each node can be tuned to
best meet the application need. For example, a data base
management computer which receives short inquiry messages and
transmits long data block responses could be set up to have a
greater share of the bus bandwidth.

In summary, there are three standard network communi-
cations that can be considered:

1. DM1llC: Point-to-point. 125 KBPS over serial !
triaxial cable to 2,000 m.

2. DAllB: Point-to-point. DMA transfers to 600
KBPS in half duplex.

ot b alina
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3. PCL1ll1-B: Multiple point. DMA transfers to
multi-CPU bus up to IMBPS. Up to 16 processors
on one bus.

Our recommendation for the local network link is the
PCL11-B as it offers the highest throughput and is specifically
designed for high reliability. A dual bus configuration may
be considered to increase reliability.

6.2 SRC NETWORK HARDWARE

The SRC configuration shown in Figure 1.1 also utilizes
dual-ported disk storage modules and there are two main rea-
sons for this:

1. The reduction in cost resulting from the use ;
of shared peripherals. !

2. Advantage of dual-ported disks as a means of

data base access over access via network link.
When processor 2 accesses the disc, processor 1
experiences no interference, whereas when data

is accessed via network, both processor's busses
are tied up. The lack of bus contention during
these data transfers via this method is considered
to be a significant advantage in the SRC design.

We recommend that dual-ported disc storage modules be
utilized particularly in the RP-NAS link where large quanti-
ties of data must be routinely transferred.
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VII. SUMMARY AND FINAL RECOMMENDATIONS

This design for a Seismic Research Center has emphasized
the role of research in configuring the system shown in Figure
l.1. We have considered the possible requirement that this
system might have to act as an interim operational Seismic
Data Center and our design is quite capable of so doing.

-However, the emphasis throughout was on computational power

and flexibility rather than on reliability or redundancy.
Nevertheless, the path to achieve these goals has been outlined.

We have stressed simplicity in the design using almost
exclusively off-the-shelf components from Digital Equipment
Corporation and Plessey Microsystems, both industry leaders.
The lines of their equipment we chose are well developed,
widely used and supported but yet still evolving. We believe
that such choices will allow the SRC to evolve gracefully
with the technology as new members of these product lines
are introduced.

This design calls for the replacement of both IBM
360/40 mainframes with mini-computers and the elimination of
the CCP. One result of utilizing this smaller and simpler
computer architecture will be a considerable savings both in
maintenance and operating costs -- savings that over a few
years could easily exceed the cost of the equipment.

In summary, we make the following specific recommenda-
tions:

1. The SRC be configured with locally distributed
processors consisting of:

N Detection microprocessors,

1l or 2 Recording processors,

A network analysis system, and
A Research system

connected together in a local network.
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2. An R&D project be initiated to test real-time
detection algorithms in both the Plessey MIPROC-16
and the DEC LSI l1-23 micro-computers.

3. A PDP 1l1/34 be used as the recording processor f
with a second machine connected in parallel if ‘
redundancy is desired.

4. A PDP 11/70 or more preferably a VAX 11-780 be
used as the network analysis system communicating
with the RP both over the network link and via
dual-ported disks.

S. A VAX 11/780 be used as the Research System.

6. The local network connecting all processors in
the SRC utilize the DEC PCL1ll-B network bus
(or similar hardware) with a dual bus structure
used if redundancy is required.

A reasonable time table for the implementation of this
design plan is illustrated in Figure 7.1.

40

SYSTEMS. SCIENCE AND SOFTWARE




*S3U0ISATTW JIBJUSD YOIL9sdI OTWSIVS

QADV'IdAY dd NV

qQaoVIddy 349 NYO

diN OF

‘1°L @anbyy

‘

S¥ 08L-TT XVA

SYN O&L °"V¥°V¥

(asy) °"v'v

ANIT SYN OL 4¥

NOILVYOAILNI d¥ OL dria

SVN O&NO
IYYMEIOS 40 LNISAAd

d4

asy dfa

41

SYSTEMS. SCIENCE AND SOFTWARE




REFERENCE

Chinnery, M. A. and R. G. North (1975), Science, 190, pp.
1197-1198.

42

SYSTEMS. SCIENCE AND SOFTWARE

t
‘t.

e ik e i it sk ety A



' 3¥YMLIOS ONV IONIIDE 'SW3ILSAS @

*3%D0I8 WO13
£88-U3S-"11N O3 peuee1ds
. stqe{tear sjucuodwos (e
so Su0jIR00Y Aicwem 7 ‘$3911033u00 puw 8I108s®O01d
POSN 3q osyr ueo savysybea osodand jeioeds tsr0yvinme
sﬂmau!- Bugainooo swoyjeaedo 103 3os dyyo ejquewvaboad
10WeS-03~A30wew ) A{jwe; ~010%w ° (/14 ‘NVYINOJ)
00665 *u3 3o exn3deIfyory - Iotquesse weabosdoloTn SLNTWIND
w wi stel Aine Kzeattep 3831y 30 e3eg
(001 A3ruend)
[ 128 {4 YN oL r1s ATuo ngd o¥seq Jo edyag
XAITIIGCIIVAY 9 DRIDINA
" o on sATINOeXS 20 I03FUON
ey s on sfenbuet (easi-axeybya
(exvys-ewyl) smy sex ADLOQ SIUMENOD B8 I9jquEeEse 801D
(173 se on J01quessY Juepisey
TUAINLI05 ~m
L
319 91-% 19 91-1 sejiep 837q ‘ezie paom 0/1
TONINGD IN4IN0 INLNT
SpIOA UOTIONIIBUY
sy b 14 setaep ejquesszppe K13I082IP JO Iequnn
eovdenion §t sIvuasITe 4 ”n sowdsyion eIvuisIte 4+ 9f [A sae3stfes evodand.teseusy
69 tL sej3ep SUOTIONIISUT JO Jequny
p3oA w3vp 3ed 0201w
’wez/ey $ (8379 91) S1°0 | rze3eyBea 03 ze3stbes ‘ewys ppy
S P e/tcC o g-1 SHM @ OF Kouenbea3 yoo1d
”n 1 soyITA 831q ‘SI18-PIOA VOTIONIISU]
1 " sjusmeIOUT I1q-9‘ezys Auy 37q ‘e2ys PaoA wawa
TONOMOSEEE 3 TUNLISLIRONY
soun sos 133 Ax330408 41 Kbotouyases dyys
n&e 319-91 ndd 319-91 S01tS I1q-p "
DNIDYADVS
00668 (1nv) 00668 (INV) vi06L WV TEOOR QRY YTUNLIVANRYR
SHALSADONDIN NYOTEINY SHALSASOUIIN NVOTEIHNY uﬁu!—la OUOIN aaDNVAQY
AdANNS YOSSAIOUdOUIIN TIAVWWVHOOUJONdOUDIW
¥ XIANddav
- - ®

SYSTEMS. SCIENCE AND SOFTWARE

EYPRPESS




JYUVYMLJI0S ONV IDONIIDES SWILISAS

" OIqUIIvAR SUOTSUSIN® JOSEeOO0ad
~05/20988001d131he (peubysun
puv peubis) epyarp/Atdyatne
n:.-o. 19800 YIta ®1qyIvdwod sy
2en3JOos feovjiejuy snq erqyyed
~803-$300 I14-8 eanIdeIyyolw
TPUISIUT 9808 3IT9-91 seanIves

6L6T Tyady

N

sex

99-N1d

806 detteju)
ON

e3yAqebew §
uoyIvIveubes
Atowew p 137q-97 30 9 ¢

"t

(319-91 20 )90
T S
"n-s
-8

SO
nao 1q9-9

‘o1qrIvdwod snq

-F3T (uor3vIusmbes Licwom
diys-uo terqetyear uoys
-~UeIN® 10889001d0o/30889502d
~¥yITne lepiatp ¢ Ardragne
‘10Ut or3ewmyytre peubysun
/peubys 37q-91 pue § seinIvey

8L6Y sunp
0s° 118
sex
998-N1a

50 derrevY
ORN

’T ‘o

o3Aqebow
uotIvjusubos
Azomew § f319-91 30 g ¢

"©

(319-91 20 )90

AL

(13
sox
[ 133
sex

8379 97-1

291
ooedgyi0M eIVUILITC + 91

LM
T ot
91

91

SONR
ndd 319-91

Kzsagtop 38373 3O ®avg

(001 X3tauend)
ATuo ndad oyseq Jo eotag

R3ITIGVIIVAY 3 ORIDIW

SATINDSX® IO IOIYUOH

obenbuey YeARy-aeubin

I0TqQUeSEY $801D

asrquesse Jueprsed
TEYYMLIOS

S37q ‘ezys pioa 0/1
TOMIN0D INALNO 2naANI
Spaomn HOTIONTISUT
oTqUSEsIPPY AIIDBITP IO Ivqunmpn
s10381601 esodind-teasuey
SUOTIONIISUT IO Joqunyg

paoa w3ep 39d SPUCINNOIDTE
‘29381692 03 wastbea ‘ewmyy PpY

Kovenbez3 3o01d

S3I7Q ‘OZIS-PIOA VOTIONIISUY

8339 ‘eTys paoa wieg
TDONWOINEE 9 TUNLOIIINONY

Kboyouyoey dyyd
odXy
ONIDVEIVE

N S

er-8

91-0

SOHR

Ndd 3¥q-9t
%08
TaLNT

18/00668 (IMY)
SHALSASOUOIN NVOTUINV

XIAUNS YOSSIADOUAOCUIIW T TAVWWYHOHOUJOUOINW

TNt W

SYSTEMS. SCIENCE AND SOFTWAREK




el

JUYMLSIOS ONVY JONIIDS SWILSAS

‘o1qyesod seryy
Je3egber yevorIippe ‘1wioy
®10387503 g1 twe3sks Luv woij
ru-:uuoo OTITIIN O3 pwubysep »q
Ued> 108se001doroTw edi3-eorls

SL61 a9qo3Id0

00°0t$

OoR
on
ON
oxoye ‘se}

SIUSWOIOUY Iyq-)

erqutaes
]
peITEYTUg

spuodssouvu G
THW S°Z1 03 dn
sTqerae)
°®118/y

108
-o3e
‘a2sousnbes ‘q7v) wopye h«dtq

‘(1062) sae3ysg

=692 dyyo-uo 9t teaenjjos Auv
OZEITIN Urd (pswwwaboidoxdywm
A1In3 fexniseytysae ediy-ed718

0C LTS *WIT06ZOM
08°01$ 1ITT06TM

oM
oN
ON
o101 ‘se)

sIUSWYIOUY 3YqQ-§

slquyawp
11
peItwyTUn

(8319 91)
spuosesousyu (1

(VTI06Z0M) 21 S°6
s1qeIavA
2118 /Y

&L €1

{-03®
‘asouenbes ‘ay) eoyys 319~y

“90w 193Ut wolsis eyqyiedwod
-enqyI(ow fSUOYIBUNg YHQ Juebyl
-to3uy (9391 18)suriy eyiquebew
~SZ°1 fndd pue 301 vesmjeq
INIONIIS VIVP uoTIEDTUNE
-wod pesvq-Liowom f3es uoyy
-ONIISUT SATSUSIUT-0/1 SeININVeI

6L61 sunp

AL

on
oN
SaH deT1e3u]
oR

‘s

%99 + e3/qebow |
319-91 8 319-0r 8
11

I S
1
9 -8

SOHR
20sses01d 0/1 I1Q-91/8

Azeattep 38373 Jo ®3wg

(001 A3y3uend)
A1wo ned oyseq jo eorag

AXITIGVIIVAY 9 ORIDIBE

SATINOOXS 20 JOITUON
obenbuey 1east-aeubin
vIqEesse ss01)
Jeiauesse iuspysey
TUVYNLIOE

*13q ‘sLie piom O/2
TOUINCD INALNO LNANI
SPIOA BOTIONIINUY
srqesseappe ATIVEIIP JO zequny
s3x93181602 esodind-teseuen
SUOTIONIISUY JO Tequni

paon w3ep aed epuOSesOIOTE
‘zea1stbex 03 20381693 ‘ewyy PPV

Aovenbex3 xoo1d

8379 ‘9TIS-PIOA UOTIDONIISUL

S31q ‘ezys paom wIeg
IONNEOSESE 9 TUNLOALININY

Kbotouyoey A1y
odi3
ORIDVIINE

ATINVG 00BO1

1080104

X1INVA 0062
VIOMOLOH

6808
TaINT

TIOON GNY UTUNLOVANNYN

XIAINS YOSSIOOUdOUIIN FTIVWWYHOOUJOYOINW

45

SYSTEMS. SCIENCE AND SOFTWARE

- A L L s




JNVMLIOS ONY JONIIDE SWILSAS

"398 UOTIONIIBUY pBuUTIeP

-
M
2
<
[’
0
"]
Q
2z
<
"
[
b4
.
Q
]
[
X
-
-
[ J
>
L]

~308h feinjonyIs enq o1d ‘orqriyear ‘uoyiediesyp demod posreidep
~¥131nm tbujIsey 31q 3 Buyysew 29171033U0> Idniisju] peiol] pur peeds ybyy sepyacad yorym
sspjacid enq-y fueniod 3 Ao ~99A 'edousnbes weiboadozopw Abotouysey (103-Ax330Y08)
Aq Buisseappe LXiowem (013u0) ‘8de3ae3uy snq ‘Axaed peesyeyoon »10S,. SOSN UOTIONIISUOD dTYD SLHZBI0D
SL6T Atnp 9L61 Iequedeqg LL61 Inquerdeg AzoAagtep 38313 jJo e3wg
(001 A3y3uend)
ozs - sh-zis Atuo nad syseq jo #1314
XLITIGVIIVAY 9 ONIDINA
oN on on SATINDIN® IO I0ITUOH
ON oR ] shenbuey Teae]-30ybyn
Al KVEINO4 oN [ 13 J0TqEeEEe 8801)
oN oN oN serquesse JuspIseN
TVVYALIOS
4 oIqeTIvA €31q ¢ jo serdyatnw 83%q ‘ezys pioA 0/1 0
: A08INOD IN4ZNO IN4NT -
W SPIOA UOTIONIIBUY
{ stqeyae; etqeyaes Z1S | wiquesseippe A13D811p JO I0QUMN
; ot L o s10381692 esodind-teisuen
: +09 o1qeraep TS SuOTIDNIISUY JO IeqEny .
paoa wawp 39d SpUOIISOIDTE !
: 9°0 03 57°0 $31Q 91/51°0 090°'0 | ‘3easyhex 03 aw3stbea ‘ewrd PPV
TN L O3 ¢ THH 8 THR 91 O Kouenbex3z %201D
srqeyawy etqeiawpa . 6 S31q ‘S2§S-PIOA UOTIDONIISUL
eo3ts aed 7 o118/ 5319 » jo serdiarny $31q ‘ezys pioa wavg
TONIMOINEE 9 JMNLIALINDNY
A¥3304y08 1vtodya 131 An3l0yog 41 aetodie KBoyouyoey diyd
TS 319-2 o511 aviod 3I1q-p ®oTIs IV~ odiy
DRIDRDOVE
oot vioszaan 1-¥/¥1062 wWai TEOON GNY MTUNLOVINHYN ;
SOILEINDIS SYILNANOIOOMDIN DAN WOLINONRODINAS IVNOILIVR

AAANNS YOSSAIOUdOUIIW ATEVWWYIOOUJOUIINW




JUVYMLIS08 ONY IONIIDE SWILSAS

.

* spuooes
~0IDTN ( UwY] ESS] UJ UOISTALP
voisjosad-siqnop 319-91 Aq
73-91 * swiojaed fs3zod Ind
=3n0/3nduy tenp ‘rerrered ying

LL6T 393aenb 3ISY

s3a0d 31q-p TeNQ

[ 4
pauyjep-aesn

£1°0 f01°0
SHI 9 !2IM 01
o

’

awrodyg
®OT18 31G-»

SLHIWNOD

Kieaytep as3y3 3o ®awmg

(001 A3p3uend)
Atuo nad> OIswq jo edy3ig

ALYIIGVIIVAY 3 DNIDINMd

SAJINOGAS IO I0IFUOH

sbenbue] yeasy-aeybry

IoTquesse 8801

JoTqwesse JuUSpYSIY
TUIMLIOS

$31q ‘eXyS paom 0/1
0ULNOD INALN0 LN4HI
SpIom UOTIONIIBUY
orqusssappe A735811p JO Ieguny
s193s1bea1 esodand-teasuey
SUOTIDONIISUY JO Ioquny

P3O0 wawp Jod BPUODSSOIOTE
‘aeysibea 03 xeysibea ‘ewyy PPV

Kouenbeay %>01D

831q ‘02}S-pIOA UOTIONIISUT

$37q ‘9216 Paoa waiwg
FONVIRIONNEA ¢ TUOLOALIBOWV

Abotouyosey dyyd

sdiy
ONIDVAING

189510L
SLNINNYIEN] SVXAL

T300N OGNV YUNLOVIONVR

XAAUNS YOSSTIOUdOYIINW ATAVWWTADOYJOUOINW

47

-
3
3
-
&
0
N
Q
z
<
m
]
0
"
[
8
=
°
™
"




JUVYMLIO8 ONVY IDONIIDS SWILSAS @

g had b i
sun3eis pebexced g¢/p ewdyy

Leer Awy

e u9) sec’1s

Lad )
NLN0a

T-187 YEIN poxvn
[ 1}

™ el
’” 02
M 30 ¢

[ (2]
nt
Tewojado

[ 2}

44
Tesogado
(1]

141
tewoyado

]
(Tewoyado 2 +) pet

N Sad $ 44

swsavis pebuyoed g1/y c‘&

et &

T-187 ToyN pexen)

e

™ 11
» 03 »
1 30 9

o
%t
Tewotado

[ L2}

nee
tevoyado
%

als
1swotado

]
(Tewotado g¢ +) g8

~ohs SujIwys-smyl

‘s3sen Snq gois 105 we3

TATI-FATON
9L61 T33dy

[ 238 1

on
sex
“O8V¥é ‘-¥04 ‘Disve
ou
L1

oyt
{214
L}

0°0s
29
tTewoyado

[ 19
n
Atwo peot 008

oDs
N1 o3 A9
tevoyado

L]
ost

|

Azeatep 38273 Jo eaw0

vy 3O Sp3on 31
nin Wwasks DIBvg 30 02338

RLITIGTIIVAY 9 DRIDIWd
SATINOOR® 20 20ITUOK
sbunbuv] 10a01-3046T8
9TqUesS? §8031)
ATQUSESY VepIIeY

WVRLIOS
*O08/8pIOA ‘8ITI O/ XN
sTowuTyd 0/ 3O aegung
S37q ‘exys pIioa 0/1

TOUIROD INALNO/L0ANT
sputsesousy ‘ewyy e1akd
seakq ‘Kazoede)

NN TISVSINED0N ;

H

SpuscassouRy ‘ewyy e1al) 3

seakq ‘Aayovde) {

AB0MIH XINC-OVEN H
spucossouee ‘ewty etaky
seadq ‘Aayowded

AUOHES  SET0V-NOONVE
sae3asthea jo zequnw YeI0l
BUOTIDNIISWS FO JeqUnR

SYSTEMS., SCIENCE AND SOFTWARE

48

paoe waep a0d oIoTe
Ty st i |*3%3site3 03 3WIsyBes ‘ewyy PPV
L N ] suK § M gL' Y02 Aowenbez3 %o01>
T ”"t 2”7 237Q ‘ORyS PIOA WOTISAIISUY
T 20 91 20 ¢ 91 30 9 833 ‘OIS piI0oA WINQ
bl n son Abotouysey
SYOSSTOONE0NIEN
iy 1/8-181 001 Wy TIOON ONY NIULLIVANSVI

ININ GENVR ROZAVHOLAY WELNSN0D

IRIN OZNVE NOIIVHOLIN ¥ILNANOD

SHALSASOUDIY VRETY

AZANNS YALNAWOOOUDIW IATHVWWYEOOUJOUIIW

4 XIQgN3ddv




JNVYMLIOS GNY FONIIOES SWILISAS @

‘o) Aeosung puw 30u3wy Ataewmioy
SLE1 Aswnaqes

[ 11 2 1

[ L)
sea
[ L] 3

on

w0yt ¢
”"et
[ ]

[ 213
b 14

oSt
”»s
Tewo3ado

0081 03 0of¢
0

"l
"

| 184 4
LK
N oI
(]
avjodie

. "olquiIvar
0y & "§ Pue wn &y As pebey 08/% swdiy
$L61 30q0300 Lesy Aew
086’18 (v u8) e60°2s
[ [} ey
.., #Yeiv0s
17 T-187 19N poxwy
on [T
woyItie ¢ | L M
5t voaf
[ 9 30 ¢
(1} oot |
1) e
tewotado
214
PTT) ne
— fewoyado
0001 03 o5t o5s
1T 14 1
e 1ewot3do
PoUTUISIOP-I08Y s
poNTEIDIOp-I08n {Teworado pg o) 213
wn sty
"oy oy
" 03 ”
| 9y 20 9
aejodie i

oort] -

SLNMBI0D

Azseaytop 38333 30 0390

el 3o Sp3oa X1
AIn m3sds ojeeq 3o #0324

S33TICVIIVAY 9 DRIDTES

SATINDENS 3O 203TWON

shenbur) oav]-204bIN

asjguesse $901)

Jojquesse JWepIesy
eNLI08

*D08/8PIOA *BIVA O/) EWR

stouusy> O/1 30 30qURy

833q ‘exys paona 0/1
TAINGD IN4LN0/1DANT

spucoescusy ‘owya #TOAD
ssaky ‘Aasoedey
HO¥ TICVINVED08S

spucoesowss ‘ewyy o1ad)
sealq ‘Layosded
2WOMIN XINO-GVIN

spucoesowss ‘ewpy O134D>
se3le ‘Aatoeded
ABONIN SSIIOV-HOOINY

220291803 3O Joquwe W30
SUDTIORINSNT JO IJequny

Paoa wIOp 304 SPUOISSOISTE
‘aeasyles 03 3eystlez ‘owyy PPN

&owesbesz3 nootd

S33q ‘0218 PIOA WOTIONLISU]
8334 ‘S%yS PIOA VINQ
Asotowysey

we-o
HELSAS °ON1 ‘SIONI1IDE MO1IDE1IN0

IW-0

NIISAS "ON1 ‘SIONILIDS NOILdELEG

06/9-187
JNIN GIIWN ROIIVNOLAY BILAMIOD

AANINS YALNdHOOOUOIN dTEVWWWVYOOUJdONOIW

49

SYSTEMS. SCIENCE AND SOFTWARE




JUVYMLIOS ONVY JONIIDS 'SWILSAS @

‘ot oa®
we3ads Ivewdoressp o“-aro

9461 equeoeg

vy Jo spaon 1) §29°18

83

1119
[ 4
”nt

ost
Ay 03 &p

oSy
n

oSy
14

9
1 13

[ {8 |

M §°1 03 d
" ‘et ‘s

[ ]

soM

*Jvsmsboven Asowen
‘szenpiey "¢’ J ‘seeIppe 31qQ-91

6L61

NTIXSY ‘1134
JISVE/NVEIN0I
seg

sop

oes/epaon 3((e
ong vowmod
”

su OV
1114
son

(*389) ¢°y
" ‘et ‘9t
n

SOMN

*330ddne T1-Xsu PUe [1-2¥

pue 813033

08/ YITA ‘STqrIvdwo> 11-404

3 uopIONIIEN]

SL6T Trady

(20 43R} 066

ST1-X88 ‘T1-28
DISVE ‘NVNINO0J
st-wm3sde g0
sex

”nee
snq wowwo)
”

00y

%9 03 dn xp
00y

208 01 dn ¥
[ 14

19 03 dn xg
(]

[}

[ 3

S €

" ‘Te ‘n
1

SO

Ka0aytop 38373 30 ®avg
Wy 3 Spaoa X1

wyisa weasdhs DISEq 3O 80334

ALITITEVIIVAY 3 ONIDINS

SATIRIGNS 20 30IFEON

obenbue] Yose|-a0ubin

Z0TQUSSST 8803D

S0TQESEST JVEPTINY
WLIOS

*DO8/8PIOK ‘0383 O/] WeN
SToWUeYD> 0/1 3© Jequng
83319 ‘ezys pIon 0/3

TOUINGD IDEIN0/INANT
Spucossouey ‘ouyl 914D
ssskq ‘d3zoede)

NO¥ FTSVANEDONE
Spucossousy ‘owra o104>
so3kq ‘Aagowded

AUONEN 2INO-OVEM
Spucossours ‘omyl 9ol
seakq ‘Katoeded

ANONIN SSZ2OV-NOONVE

820383603 3O Isgunu TwIO]
SUOTIORIIGU] JO IeqEmp

PIOA vIEp 304 SPUOCDSEOIDTS
‘2e3s3b03 03 2038EHe2 ‘OwT PPV

Kowendezy %s071>

831Q ‘S2%s PIOA WOTIONIISH]

831q ‘023 PpIOA ®INQ
Aborouysey
SUOSSZO0NA0NOTH

auy-0NOIN

SEIVIDONY S1ONG0NE DINOMIDEYS

E2-T11877 INBNINDI TViIID10

T1-167 2R3NLIN0 TVLIDIG

AZANNS HALNAWOOOUDIN F'TAVWWVHOOUJOUDINW

50

SYSTEMS. SCIENCE AND SOFTWARE




C JUYMLAOE ONY JINZIDE SWILEAS @ .

‘SIQEIIVAT WOIRIGA TIN
IS4IM » 3w PEINI BuTYOw 3992

9L61 Xzeewep

[ )]

s0:d¥u-14
t11-404/A1 WVNLNOZ
on

u1
”"e
”n

[ [
"y

oL
»y

4
o

[ 2 ]

5y

”

n

aetodiq ‘Ax3zoNos

“pIspuwie
Jepeoy dezasy (200 i T]
1eqeyiuas oote L)

ayweulp pue gosD (Arjee) --8..

‘Wi07 PN ¥ OlqQEITEAr

oule 87 wWedsds .o-’—:-
-.-o.. A3owew SO0MD 21 % 2 ‘Ine
I 9-404 sjvewetde)

J2C ¥3I1A oTqTICdNOD.

461 3equmdeg

tAzomew uy/n) CLe$
(Azome o/ 3TX) G698

sox
03

on
[ [} 3

ipozyuebio sng) »y
4]

o001
spIon Nt
Teuotado

8¢
144
Tewoy3do

0LET Isnbny

[ [}

6-40d 285G ‘®ex

»
paepueas
"
pavpung

[ 4
*0t

L

LI e 4
4]

14

SO

Asoatyiep 383y 30 ®sImg

WYS ) Sp3dA X1
WITR weaske oyewq Jo eD3ag

ALTTIEVITIYAY 3 ORIDIN4
GATIRDONS 20 J0VTNOK
ohbonbuwy toany-Ioubyn
201qESST 8803
J0TUEOSSY JWNPTISOY
TOYNLIOS

“D08/SPIOKR ‘9383 O/ ¥XOK
sSTeWNNY /1 0 Jequng
SI1Q °e2ys paon 0/1

IEINCO 10430720402
Spuocescusy ‘ewiy #154D
eakq 'Aayoede)

0% ITRVIBIVEDOSE
SPUCISSOENY ‘owyl 8154
seakq ‘L3yoede)

ANOMBR 1 INO-OVIN
Spuooesouss ‘swya 9134
se3liq ‘Aayowde)

ANONEH SEIOIV-HOONYE

sa1e3sybes Jo Jequnu TwIOl
SUOTIONIISHT 3O IeqEny

Paoa saep Ied gPEOIEROIDIW
‘an3Isyhes 0y 30381602 ‘ewry PPV

Kowenbeay w301
S350 ‘9218 PIOA WOTIDNAIBU]
837q ‘ezys pion wINg
Atorouysey

SUOESII0NE0EDIN

PT-D0udIH MIEISXSONIIN AISETIL

10-000TS08N
CTI~OMDIH MOLINONODIKES SIVWVH

X3AUNS YALNIHOOOYOIN FATHVWWVUOONAOUOIN

51

SYSTEMS. SCIENCE AND SOFTWARE




JNVYML408 ONV IDONIIOS ‘SWILSAS @

*Aaowsm ¥ pewtzep oq we
o117 30351603-97 30 Joqume

st 1%

(73]

Teoeeg ‘O1sve

Sexoed 33q-91 1| yon|
[ 1) Y

29%0°0
-1

%
20y
prvpunag

"%
n
paspumg

o5y
ay 03 dp
pavpunag

(S3noumo) 908) 91
[ 24

0
"N ¢
”"-9

77
0MN

“Azcwsw w) pewpIep eoq wed
90133 103835601-97 JO equee Awy

LLET Sunp

(WVe opI0M 952) 054

”

teoseq ‘o1sve

ebexyoed 1719-91 tvsasayup
05

%0’y
-1

e
"
pavpuvag

[ 14
9 03 dp
paspuvag

[11]
29 03 dp
pavpunas

(s3usumn) ees) 91
”e

L M
S|
"0~
[ 2]
[

*SUOTINNIISU] L20808-03-A30wu]

i83enpIey #PIATD/ATETITON
i1z0wee ¥y peugyep oq ued
90173 20303%03-97 30 3equny Auy

L6t yIIwH

s3037%0m ¢ 1pavpUNIS
nviavos

oLt wet

"y

(va) w1

260°
1-1

(1)
9 03 dn N9y ‘N
pawpueag

"
13
p3epueas

[ (1]
A9 03 In 291 ‘N9
paspuvag

(s3uswmo) ees) 61
69

(198 3
s
" ‘e ‘N
N ‘e
-

Asvayiep 38333 30 830

NYY 30 Spaom X1
Nin avasds ojseq o 05334

AEFIIEVIIVAY 9 DRIDINE
SATINIGRS 30 20IYWON
obunbuey Yoaoy-30uBTR
aetquEessY 803D
Jetquoese Jvepteey

SYWNLIOS
*O08/8P30R ‘9382 O/] XN
SToveeyd /3 30 IogUNR
831q ‘exy8 pIOn O/1

F0UIN0D 2NLIN0/INENT
spucossowey ‘earty o734k>
soalq ‘Layowde)

MU ZMVMSNED0SS
spucoesowey ‘emya o1ok)
se3lq ‘Aayoude)

AVOUIN X IMO-TTHE
puosesoweN ‘ewyl otaly
ssaly ‘Ayjoeded

V0NN SEZIOV-NOGIVY
839383503 JO JoqEw TW3I0L
SUOTIDNIIGN] IO Iequng

pIon mawp sod

‘z0381603 03 2038% ‘euty PPV

Asuwesdez) wootd
S$31Q ‘9216 PIGA WOTIDATISE]
S3ITQ ‘0¥ PIOR WINY
Aboyowoey

SUOESII0NS0RIIN

WIOT/86¢ M1 2RBMNELEN] SYXIS

HOOT/0066 M3 SINIIISNI BVYREL

/0066 SINDNNULENT VXL

KIAINS HIALNAWOOOUOIW ATAVWWVUOOUJOUDIN

52

SYSTEMS., SCIENCE AND SOFTWARE




. FNVMLIOS OGNV IDNDIDS SWILSAS @

*daowsm wy pouIzepP og wed
SOTTI 20307603-91 JO Jvamua Awy

LLEY ounp

(Nve Spaoa 952) SIIS

Lol

osuoR

obuyoea 314-91 19820ajWn
(o2 3

"t
71-1

[ 1]
"1
pavpung

[ 1]
291
prepuess

(11
"1 o3 &
pIepueis

1s3veumo) oes)
[ 1]

. "
LK
"-n

.

som

WA weishs DISeq O ed13g

8203831003 JO 39qEAL TEIOQ

PIon waEp 30d -
*ze381be3 03 3938y ‘omTy PPV

231Q ‘SIys PIOA WOTASNIIGW]

Aavagyep 3823) 3o eaeg
W 30 SpIon ¥y

AITIIAVIIVAY 9 ONIOTHE

SATINOPES IO I0ITVON
shanbue YeAS]-304biB
s0TquessY 9803)
J0TqUeEsY 3VepTeey

JUVRLIOS
oes/ap3on ‘9383 O/ X
SN 0/3 9 aeqump
$31q ‘P2y8 paon 0/1

F00IN00 3AALIN0/LDANT
SpUOISSOUTE ‘outy e1dhd
seadq ‘Lyjoede)

NOU TTRVMANEDONS
SpuCIesOUTY ‘euT3I 91/
soalq ‘Aajoede)

AV0MIE XTHO-OVEM
spucdesouve ‘ewsy e1si)
se3dq *Aayowded

AU0HEN  SSZIOV-NOTIVY

SUOTIONIINNY JO Jequng

Kswendez; xsotd

$37q 'SRy PIOA mINQ
Abotowyoeg
SU0SERO0UOBIIN

HOBT/066 NL SINDHMILENI SYXSL

AJAUNS YALNAWODOUDIW TTEVWWVUOOMJOWOINW

SYSTEMS, SCIENCE AND SOFTWARE







