






























































































































































































































































































































































a circle on the film. Phase 2 continues to operate until a found element differs from its pre­

dicted value by more than an acceptance parameter, and it then reverts to Phase 3. 

The usual course of track following is an alternation of Phase 2 and Phase 3. If either phase 

enters a IIconfused" region, however, Phase 3 is called. A confused region might consist of a 

missing element or a scan cell containing more than one element satisfying the prediction. 

Phase 4 establ ishes a pointer marking the last accepted element in the track bank, and then 

makes a parabol ic fit to a number {ten} of accepted elements. Th is fit is used to predict 

beyond the confused region. If no elements are found on a given step beyond the confused 

area, prediction and checking occurs for the next area over, up to a maximum distance. If 

an element{s} is found, it is provisionally accepted, and a fit is made using the provisional 

element{s} and the accepted elements. This procedure continues {to a maximum length} until 

a series of IIsafell elements have been established. These elements are added to the accepted 

elements already in the track bank, and the track follower returns to Phase 3. In Phase 4 all 

predictions are made only on the basis of accepted elements; provisional elements are not used. 

If the confusion persists after predicting for the maximum length allowed in Phase 4, the track 

bank is closed. This would usually occur because a track actually stopped or left the field 

of view of the photograph but it could also occur because the film became very messy and the 

track is not in fact measurable. 

The net result of track following is a track bank containing all safe elements associated with a 

particular track. The bank may contain gaps, but the elements lying beyond the gaps have 

been certified by the track following procedure as being consistent with lying on a single track. 

The track following is done in both directions from the starting element, so the track bank spans 

the identifiable length ·of a track. The effect of track following is to provide the connections 

{dotted I ines} between the elements in Figure 3c. The performance of the track follower is 

shown in Figure 3a. 

When tracks have been identified on a photograph, the remaining pattern recognition task is 

to connect the tracks into lIevents, II determining which tracks intersect in a vertex {rather 

than crossing} and measuring the location of the vertex. This is not an easy job to do by scan­

n ing because a vertex area is by nature a confused area. The event recogn ition, therefore, 

relies on the data already in the track banks. Likely candidates for an event are chosen, and 
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a program is used to find the point which minimizes the sum of the squares of the distances 

from a II assoc iated tracks. Th is provides both the measurement of the vertex and, us i ng the 

residual distance, a means of testing the reasonableness of the ass ignment of tracks to events. 

The result of the event recognition is illustrated in Figure 3d. 

The process of pattern recognition has provided a map, giving locations along all tracks be­

longing to events. This map itself is not yet a precision measurement because, in the interest 

of speed, the pattern recognition has been done in the low precision mode of operation. It 

is now a relatively simple and rapid process to measure points along the tracks. The measured 

tracks are at this stage only planar projections of a 3-dimensional event in a bubble chamber. 

To complete the job of digitizing the real event, three views of each event are measured, and 

later this information is used to make a geometrical reconstruction. 

A PRODUCTION FILM PROCESSING SYSTEM 

The basic modules for a fi 1m measurmg system have been described. The hardware of the PEPR 

system has been built and is working. The major software components--precision cal ibration, 

element recognition, track following, event recognition--have been written and tested singly 

and in combination. What remains is to organize a production system. 

Two considerations are important in setting goals for a production system. The first is that it 

must be fast to justify its use economically. The second is that it must be effective. The 

criteria for effectiveness in this case is that the system must be able to process most of the 

'- '-.. I· • I .J I 'c· .. . . . I I r • I • pllotograplls giVen it. It is certainly expeCieu tnat tne first systems In operaTion Will rail TO 

recognize and measure many photographs that can be "reclaimed" by human scanning. But, 

considering the amount of film involved, a rejection rate of over 10% of the photographs would 

be rather high. 

Operating speed depends on both the scann ing hardware and on the program running time. The 

actual hardware scanning time needed to completely digitize a section of film 50 mm x 50 mm 

is only a I ittle over 1 sec. The necessary nonscanning time used by the computer is (for the 

PDP-l) greater by a factor of 100 or so. This time is used simply to direct scanning (setting 

parameters in the control I er and retrieving data) and to perform el ement recognition. Thus, 

a complete area scan of a photograph would require 1 or 2 min and would be only the prelude 
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to the next steps of pattern recognition. On the other hand, track following requires about 

3 to 5 sec to follow 10 cm of track. A prerequisite for a production system is to minim ize 

the amount of area scanning needed to select starting points for track following. 

Our experience has shown that the effectiveness of the system depends primarily on the track 

follower. Unless the tracks can be measured for a reasonable length, the event cannot be 

recognized or measured. In turn, the success of track following depends on getting a good 

start. If enough elements have been measured along a track, prediction past confused areas 

is usua II y successfu I • 

The first production system--called Point Guidance--wi II incorporate guidance features to 

increase speed and rei iabil ity. Part of the guidance consists of rough digitizing and scanning 

of the film before it is run on the PEPR System. Human scanning with rough digitizing is a 

relatively rapid procedure, taking a technician about 5 min to scan and digitize three views 

of a photograph with equipment costing far less than precision measuring machines. The guid­

ance information provided will include a starting point on each track, an indication of the end 

point for each track, and of the vertex point for each event. Additional information is pro­

vided where the track passes through confused areas on the fi 1m. 

This form of guidance eliminates extensive area scanning of the film, as the tracks are known 

to be in relatively small regions. Point guidance should also increase the reliability of track 

following because the starting points for the track following are chosen to be in "safe" areas. 

Such guidance does not eliminate the job of pattern recognition, but it does restrict the pat­

tern recognition to smaller areas and (hopefully) less difficult problems. 

Some difficult problems will still arise, and for these the Point Guidance System incorporates 

on-line human aid. When an event cannot be recognized or measured, a picture of the film 

as seen by the scanning hardware wi II be displayed on the computer display scope. The oper­

ator can cause additional information to be displayed, such as the elements in a track bank, 

or the guidance points. He can then help the system by adding or detecting information using 

the light pen and scope display, and the programs can try again. We expect that this feature 

will reduce the number of rejected photographs and also serve as a powerful debugging aid. 
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FUTURE PROSPECTS FOR PEPR 

Although no production has been done with PEPR, we feel that the hardware and basic pro­

gramming ideas are sound. The first production system, Point Guidance, is now being written, 

and we expect to begin measuring events with it sometime during the summer. We expect it 

to begin by processing a few hundred events per day, and as experience suggests improvements, 

the rate should increase to about a thousand per day. Since logic operation and arithmetic 

in the computer take much longer than the actual scanning of film, the easiest improvement is 

to replace the PDP-l with a faster computer. Thus we are acquiring a PDP-6, and we will 

move the Point Guidance System to the PDP-6 as soon as it is running on the PDP-l . 

Beyond the increase in speed, we hope to reduce the amount of guidance suppl ied in the pre­

scanning. How this is done will depend on our experience from operating the Point Guidance 

System. There are also other pattern recognition strategies, depending on the nature of the 

experiment being analyzed. For experiments done with a charged particle beam, one might 

follow all beam tracks until one arrives at a vertex, thus eliminating extensive area scanning. 

Another strategy would be to prescan, digitizing only one point near each event vertex, and 

then use a restricted area scan near that point to select tracks to be measured. 
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DEXTER-THE DX-l EXPERIMENTERS 
TAPE EXECUTIVEROUTINE* 

by 

Jerome M. Cohn 

Wolf Research and Development Corporation 
West Concord, Massachusetts 

Abstract DEXTER is an executive routine designed to facil itate the operation of 
the DX-l dynamic data processing system during experimental runs. It affords the 
experimenter full communication with the system from the console of one processor 
while maintaining the advantages of dual computer processing. 

The software for DEXTER consists of a two-part executive routine and several main­
tenance routines. Other programs are written in a DEXTER Compatible Format and 
stored on the executive magnetic tape. At run time, DEXTER is loaded into two com­
puters which are connected through an information exchange, a one-word communica­
tion I ink. Each processor is equipped with a magnetic tape on which are stored the 
necessary routines. The order in which these are loaded and executed by the execu­
tive program may be specified either by the experimenter from the on-I ine typewriter 
or by the program itselfas a result of computation, etc. This gives the desired flex­
ibilitywithoutsacrificingspeed orefficiency. Whena program is called, the execu­
tive routine restores itself and searches for the correct block. If the program is not 
found, control is returned to the experimenter at the keyboard. If it finds the pro­
gram, DEXTER loads the routine, over itself if necessary, repositions the tape and 
transfers control to the program. The program must return control to DEXTER when it 
is finished so that other programs can be called. 

Other DEXTER features are: minimum programming restrictions, minimum storage 
I imitations {sel f-restoring}, full debugging features, and comprehensive editing pro­
grams for preparing the executive tape. A basic version of DEXTER for a minimum 
PDP-l is available and will be described. 

THE INSTALLATION 

The Experimental Dynamic Processor (DX-l) at the Data Sciences Laboratory, AFCRL, centers 

around the use of two PD P-l computers. The two processors can communicate through the 

"information-exchange" channel and share much of the auxiliary equipment. The machines 

are usually kept in the "normal" configuration as shown in Figure 1. When required, units 

can be switched between processors to make up another configuration for a special program. 

*Work supported by the Data Sciences Laboratory, Air Force Cambridge Research Laboratories, 
Bedford, Massachusetts. 
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The programming language is AMP, an assembler with provision for macro programming. Sym­

bol ic programs are entered via paper tape and the AMP system uses two scratch tapes plus its 

own system tape for assembly. The system tape contains library routines which can be pulled 

in by program references or by macro instructions. 

THE PROBLEM 

In an on-line experimental computing facility many programs are written, tested, and then 

used only infrequently. Many runs are made up of segments of several programs used in various 

sequences. The experimenter should have a wide variety of programs at h is fingertips so he 

should not have to weigh the inconvenience of finding and loading a program against its pos­

sible benefit. He should not have to "make do" in order to avoid the bother of getting a pro­

gram into the machine. 

The experimenter shou Id be spared the handl ing of paper tape as much as possible. Loading 

paper tapes is a time-consuming chore, prone to error and requiring constant attention. The 

scientist may be so occupied by the task that his attention is diverted from on-I ine innovation. 

In the DX-1 installation an additional problem is present. Many programs utilize both pro­

cessors working together on a single problem. Use of paper tapes forces the operator to walk 

back and forth between the two consoles to change the program. Th is is distracting and time 

consuming. 

Occasionally a program may be too large to fit in core all at once. A possible way around 

this is to segment into two smaller programs. If the nature of the problem is such that the two 

segments must alternate many times in memory, the constant reloading of paper tape is very 

inconvenient. A subroutine might be written to use magnetic tape for the swapping procedure. 

This method is convenient for the operator but imposes an extra burden on the programmer and 

uses scarce storage space. 

It is not possible for a program to automatically read in another program from paper tape. If 

the sequence of programs is determined by the data, one program must type out the name of 

the next and allow the operator to load it manually. 
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DEXTER 

Purpose 

In view of the problems inherent in paper tape handl ing, WRDC has designed and implemented 

a magnetic tape executive system, DEXTER, for the DX-1. A resident routine selects programs 

from a magnetic tape by means of three character identifiers. When the program is finished, 

it returns control to the executive, instead of halting, so that the next program can be called. 

All programs currently in use at the installation are stored on the system tape. The DEXTER 

system tape, in turn, is stored as a separate fi Ie at the end of the AMP assembler system tape. 

With this arrangement, a user can use the assembler and DEXTER without changing tapes. 

An editing program for the system tape was also written. This allows for additions, deletions, 

or substitutions and a Iso allows the programs to be rearranged on the tape. Thus an operator 

can assemble a symbol ic program with AMP, append it to the DEXTER fi Ie with the editor, and 

then run the program under DEXTER control all in one run without magnetic tape change and 

with no paper tape handling other than reading in the original symbolic. 

Organization 

In the DX-1 system, programs that use both processors always use one as the controll ing ma­

chine and the other as a sate II ite. Ideally, the operator should be able to exercise all con­

trol from the main console. DEXTER was designed with this in mind. There are two versions 

of the resident monitor, DEXTER A and DEXTER B. DEXTER A, designed for the primary pro­

cessor, permanently occupies locations 100-177 of core o. In addition, it uses locations 200-

1000 when load ing programs. The rest of memory is untouched. Th is means that no program 

can use the block 100-177 for any purpose. The area 200- 1 000 can be used by programs but 

is destroyed by subsequent program ca lis. All the rest of memory can be used and is never 

destroyed by the executive: therefore data can be left by one program for the next in these 

areas. 

The resident program in the satell ite mach ine is DEXTER B. This program permanently occupies 

locations 7000-7777 of core 1. This area cannot be used by any program but all other locations 

are untouched. 
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DEXTER A permanently occupies locations 100-177 but must restore itself from 200-777 when 

used. The part of the program that must be restored is kept on the system tape, just I ike any 

other program, with an identifier of 000. When a program returns control to the executive, 

the first thing that is done is to restore this segment. 

The arrangement of programs on the system tape has no effect on DEXTER. However, to reduce 

tape passing time, the most frequently used programs should be near the beginning. The tape 

is backspaced to the start of the file after each search. The format of each program block is 

as follows: 

[10] 3-character name of program 

[IA] initial loading address 

[FA] final + 1 loading address 

[SA] starting address 

[program] 

The last program on tape is followed by an end of file mark. If the file mark is read before a 

program is found, a message is typed tell ing the operator the program is not on the tape. The 

first three programs in the file are usually the restore segment of DEXTER A (10=000), DEXTER 

B (lD=B i.e., 746272 octal), and the tape editor (ID=edi). 

Use 

The system tape is mounted and the paper tape of the AMP monitor is read in. This is the only 

paper tape that has to be handled. The DEXTER system is called by a type-in to the AMP 

monitor. If a dual-processor system is used, DEXTER B must be called into the second computer 

in a similar fashion. The operator calls the program that he wants by typing in its 3-character 

10. This program is brought into the control I ing processor and can send the 10 of the program 

to be loaded into the sate II ite processor through the information exchange. The control and 

sate II ite programs then run to end of job at which time each returns control to its resident 

executive. Another pair of programs can now be called by type-in of the main program 10. 

Further convenience is built into the system by allowing a type-in of a list of up to five pro­

gram lOis at one time. In this case, the first program will be called and executed. When it 
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returns control to DEXTER, the second program will be called immediately without operator 

attention. This will continue until the list is exhausted. This allows the operator to set up a 

run, consisting of several programs at one "sitting" at the typewriter. The same program may 

appear in the list several times if desired. 

The normal return to DEXTER control consists of a CAL with a cleared accumulator. Another 

option, however, allows the program to return with the ID of another program in the accu­

mulator. In this case DEXTER will call in that program automatically. This is extremely use­

fu I when programs must be segmented due to lack of storage or when the next program to be 

called depends on computation or decisions in the present program. This type of automatic 

call takes precedence over a I ist of IDls from the keyboard. That is, the next program on the 

list is called only when a return to DEXTER is made with a cleared accumulator. 

If a program executes the CAL with minus zero (177777) in the accumulator, this is considered 

an error return. This is used whenever the program could not proceed to its normal end of job. 

In this event I the executive types an error message. It also assumes that any continuous chain 

of computation has been broken and accordingly cancels IDls on the I ist entered from the key­

board, if any. 

If a program does not return control to DEXTER for any reason (e.g. an undebugged program 

does not run to end of job), the executive may be restarted at 100. Th is has the effect of 

cancelling any list of IDls. 

Severa! features are available to the operator for convenience in debugging. !f sense switch 

one is turned on, a halt will occur before the jump to a loaded program is executed. This 

allows program modification before running. In addition, by typing an overbar and an octal 

number, the operator can set a II of memory to that number. This provides "background II for 

any program subsequently loaded. This is useful in locating transfers out of the programls area 

or faulty table lookups, etc. 

Compatible Programs 

The restrictions on programs to be run under DEXTER control have been made as unobtrusive as 

possible. The philosophy has been that if the system is to be used, it must not interfere seri­

ously with programming. 
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A program cannot use magnetic tape drive 1 for any purpose. This drive is reserved for the 

systems tape. Also a compatible program cannot use any locations reserved for the executive. 

If it is a main program, this means that locations 100-177 cannot be used. A satellite program 

cannot use 17000-17777. In addition, a main program cannot use locations 200-777 to pass 

data to another program. 

These restrictions have been found to be a negl igible obstacle in obtaining the full power of 

the DX-1 • 

DECUS VERSION OF DEXTER 

A version of DEXTER A has been written which will run on an 8K PDP-1 with Type 52 Control 

and one drive. This version contains all the features mentioned above except all provisions 

for control of a satell ite processor. The system tape editor is also available in a DECUS version 

requiring two tape drives. Listings, symbol ic and rim tapes, and a complete writeup have 

been submitted to the DECUS Program Library. 
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THE USE OF A SMALL COMPUTER WITH REAL TIME TECHNIQUES* 
FOR OCEANOGRAPHIC DATA ACQUISITION, 
IMMEDIATE ANALYSIS, AND PRESENTATION 

Robert M. O'Hagan 

Digital Equipment Corporation 
Maynard, Massachusetts 

Abstract A compact, high-speed digital computer has been programmed to imme­
diately analyze and evaluate data gathered from in situ data collecting instruments. 
This paper describes the system and its output. --

The computer can be located either aboard an oceanographic vessel or at a land­
based station. Using the computer aboard ship, the oceanographer can change the 
sampling depth intervals to obtain the most significant incremental changes in tem­
perature, salinity Sigma-T, and sound velocity, all of which have been computed 
from primary data. The computer also obtains and stores data at internationally ac­
cepted standard depths. 

With the computer separated from the sensors, a telemetry link to handle data from 
buoy systems permits the computer to become a data monitoring and buffering device 
between the sensors and data storage, as well as a tool to make possible immediate 
decisions. 

I NTRODUCTI ON 

Currently the digital computer is generally thought of as a very fast and efficient method of 

processing collected oceanographic data • However, its recent use in industrial process con-

trol has shown that it is also a valuable tool in acquiring information and making logical de­

cisions concerning the acquisition of data while concurrently storing, processing, and display­

ing information. Certain Iy a method of data manipu lation simi lar to industrial control techniques 

could be advantageous to the oceanographer either aboard a vessel while it is in the marine 

environment or ashore when the marine environment is sampled via a telemetry I ink. 

181 



INTERFACING MARINE SENSORS 

Marine sensing instruments are often considered unique devices that do not lend themselves to 

being connected directly to a computer; however, by the use of basic standard interface types, 

most instruments can be connected directly to the computer with little additional equipment. 

Let us examine the basic types of interfaces that would be necessary to interconnect the com­

puter to oceanograph ic sensors. 

I NTERFACE TYPES 

Parallel-Parallel Input Signal Buffer 

This buffer permits the direct parallel insertion of a digital number into the computer, a method 

in which the number becomes a computer word immediately. Examples of devices feeding data 

in by this method are shaft encoders used with Loran and Decca receivers, ship1s heading and 

speed encoders, certain current meters, fathometers and other all ied devi ces. Figure 1 shows 

the general method. 

SEI>ISQR COMPUTER 

DEC T'fP£ GATING 
1(802 

Figure 1 Digital-Parallel Signal Buffer 
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This method can accommodate signals or pulses from a minimum range of 0 to minus 10 millivolts 

up to a maximum of 20 to minus 15 volts. The system can include one buffer for each of several 

dozen variables. Each buffer generates a separate pulse to tell the computer when a new word 

has been assembled. 

Serial-Parallel Input Signal Buffer 

This method would be used principally in telemetry systems, where the transmitter is either 

aboard the ship or on a buoy, and the system is able to transmit a number of input words one 

bit at a time, along a single conductor cable or by radio. See Figure 2. Examples of the 

sources of this type of input are pressure, temperature, and salinity sensors, current meters, 

and strings of sensors. 

SENSOR --------1 
SERiAL P',JlSE TRAIN 8 t o I o I o I I I o I o I I I o I I o I I DEC TYPE 

I 1(801 

I I I I I I I I I GATING I I I 

COMPUTER 

Figure 2 Serial Buffer Input 

This buffer can convert a serial pulse train to a 12-bit word in 6 microseconds, or 1 bit every 

500 nanoseconds. It accommodates ranges of input levels from a minimum of 0 to minus 10 

millivolts, up to a maximum of 20 to minus 15 volts. The flexibility provided in this buffer 

lets the engineer or oceanographer format data before they are finally assembled as computer 

words. That is, he can insert octal constants in the spec ific serial word of h is choice. It 

provides the programmer with the following additional instructions in the computer: 

1. Skip if data flag = 0 

2. Skip if start flag = 0 

3. Clear data flag and start flag 

4. Read data into the accumulator 
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Mu ltiplexed Analog-to-Digital Conversion Input 

This method is particu larly advantageous in data acquisition when many devices such as therm­

istors, pressure sensors, and conductivity sensors are working together. One example of where 

this method would prove advantageous is a thermistor chain in which each thermistor, pressure 

sensor, or conductivity sensor could be individually sampled by the computer. Figure 3 indi­

cates this relationship. 

SENSORs{r 

Q 

MULTIPLEXER ANALOG TO 
HRU - DIGITAL ... COMPUTER CONTROL - -CONVERTER 
n 

Figure 3 Mu Itiplexed Analog-to-Digital Conversion 

Switching from one input to the next in the multiplexer is accomplished in 2 microseconds, and 

up to 64 separate inputs can be sampled directly by the computer. The analog-to-digital con­

verter uses the range of 0 to minus 10 volts. This system costs $4,500. 

PROGRAMMI NG 

The task of writing a special-purpose program for each installation could be a formidable prob­

lem involving a great deal of time and money. In order to alleviate th is problem, Digital 

Equipment Corporation has written an algebraic compi ler that allows the oceanographer to 

format his data acquisition problem in a simple language similar to algebra. By using this lang­

uage, he is given a great deal of flexibility concerning the interface hardware that he has. 

This program also allows him flexibi lity in choosing the frequency and conditions under which 

he samples the marine environment. It also makes possible the adding or changing of sensors 

without the maior task of reprogramming in machine coding. This program is available for 

the PDP-8, a compact 12-bit computer with a 1 .5-microsecond cycle time, or the PDP-7, a 

medium size 18-bit machine with time sharing capability and a 1.75-microsecond cycle time. 

Using th is program, the investigator cou Id sample the following inputs: 

Up to 96 independent data variables using digital-parallel input 

Up to 64 independent data variables using a mu Itiplexed A to D converter 

Up to 25 independent data variables via serial buffer input 
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Each independent variable can be sampled at a rate of up to 100 times per second. 

Input 

Data can come to the computer from the digital-parallel input buffer, the serial input buffer, 

and the mu Itiplexed analog-digital converter. Each of these devices includes in its message 

a symbolic name that tells the computer what device is transmitting information. 

The symbols are: 

DGIN: 

BUFR: 

ADCV: 

Digital-parallel signal buffer; input can be converted from Grey 

code to binary 

Serial buffer input 

Multiplexed analog-digital converter 

Output 

Data output can be distributed to a number of speci fically named devices to allow immediate 

presentation as well as permanent storage. The following output symbols and their associated 

devices are presently avai lable: 

TYPE: 

PNCH: 

DCTP: 

PLDT: 

On-line teleprinter. Variables can be typed in decimal or octal. 

Decimal is specified by t immediately following the variable 

name. 

High speed paper tape punch. Variables can be punched in deci­

mal or octal. Decimal is specified by t immediately fol lowing 

the variable name. 

Digitalis compact DECtape. Variables are recorded magnetically 

on DECtape in binary with identifying words. 

x-Y plotter. The plotter pen is moved to a new position each time 

output to it is specified. 

185 



DIG 1, 
DIG 4: 

Up to four digital outputs are available through parallel buffers to 

other devices such as relays, buffers, sense lines, and range switch­

ing devices. 

Variables 

Input variables to the computer are assigned alphanumeric symbols by the oceanographer. They 

can be one to four characters long, and must begin with a letter. Examples of these are as 

follows: 

T 123, SURF, DEEP, AIR, X, Y, TEMP, H20, H202 

In addition, variables that are inputted through the multiplexer have specified channels; that 

is, T 123 (1) wou Id be input through channell of the mu Itiplexer. 

Time 

Four types of time can be used by the computer: basic, program, variable, and reference. 

Basic Time 

Basic Time represents the basic interval in which a clock interrupts the program. In the PDP-7 

and PDP-S, the program is interrupted every .01 second. 

Program Time 

This time represents the basic rate at which the investigator desires to interrogate the sensors. 

It is some multiple of the basic time and is under program control. Its symbology is simply ex­

pressed as fo I lows: 

QUNT: 62 62 is the octal equivalent of 50 decimal. Thus the investigator 

has speci fied that the Program Time wi 1\ be (62S) x (.01) = 0.5 

seconds; that is, each sensor wi 1\ be sampled every 0.5 seconds. 

If he desires the fr:-stest rate possible he would have expressed 

the fo \lowing: 
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QUNT: 1 in which case each variable will be sampled every 0.01 seconds. 

Variable Time 

In order to allow more flexibility in timing, digital inputs can be sampled at a slower rate than 

the program time specifies. For example, the following expression specifies that the digital 

input variables Ll and L2 

D GIN: L1 (4, L2 (4 

shou Id be sampled once in four cyc les of the program time or every (4) x (0.5) = 2 seconds. 

Reference Time 

It is often desirable to know the reference time in order to associate data with time. Within 

the program is a three-word variable, CLOK, which counts the number of seconds, minutes, 

and hours that have elapsed since start-up time, and it can be used as an output variable to 

reference data with time. 

Ari thmeti c Operations 

Addition, Subtraction 

Variables can have constants added to or subtracted from them as they are sampled, or the 

variables can be added to or subtracted from each other. 

All arithmetic operations are done in 2 1s complement arithmetic, with the operands being con­

sidered signed fixed point numbers. The following examples mean that the variables wi II have 

constants added or subtracted before output: 

T2 + 137 add a constant to the variable 

T2 - 3 subtract a constant 

T2 + T3 add a second variable 

Arithmetic Comparison 

Variables can be compared against constants, compared against other variables, or compared 

against themselves with respect to sample time. The basic comparison instructions are: 
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IFEQ X, V 

IFLS X, V 

IFGR X, V 

if IX I is equal to Iv I 
if IX I is less than Iv I 
If IX I is greater than IV I 

An example of the comparison of a variable against a constant is as follows: 

I FE Q X, 1 OOOi 

Meaning that if X is equal to 1000, execute the operation following the semicolon. Otherwise 

go to the next line. 

Every time a variable is recorded and outputted, its value is preserved and is given the name 

of the original variable. Thus, X and@ X are the same variable recorded and outputted at 

succeeding times. 

An example of the comparison of a variable and its predecessor is as follows: 

IFLS X, @ Xi 

Meaning that if X is less than it was when last recorded and output, execute the operation 

following the semicolon. Otherwise go to the next line. 

Gray Binary Conversion 

Gray binary code can be converted to simple binary under program control if the input method 

is digital (DGI N). This provides the investigator a rapid means of conversion in order to inter­

compare the usual shaft encoded Gray binary numbers, if the shaft encoder does not convert 

from Gray Code to simple binary prior to buffering. 

The conversion is accompl ished by inserting t immediately before the time mu Itiple. 

DGIN Llt4 

This means that the Gray binary variable L 1 is sampled every fourth time through the program 

and is converted to a simple binary number before comparison or storing. 
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Format Statements 

Format statements are numbered from 1-17 (octal). They contain the names of variables and 

their output forms (octal or decimal for the Teletype or punch). Format numbers appear along 

with a device name in every output statement. Thus, the statement 

FORM: 1, X, Y t, Z 

indicates that the variables X, Y, and Z are to be outputted to the Teletype, with X typed in 

octal, Y typed in decimal, and Z typed in decimal. 

GOTO Statement 

Program control can be unconditionally transferred through the use of the GOTO statement. 

PROGRAM EXAMPLES 

Problem 1: A Simple Programming Problem 

An in situ pressure, temperature, and salinity sensing instrument is lowered into the ocean. 

Data are transmitted along a single conductor cable and are brought into the computer using 

a serial buffer input. 

We want to sample the ocean in the following manner: 

1. From the surface to 100 meters, record at each meter the pressure, tem­

perature, and sal inity. 

2. From 100 meters to 1000 meters, record the pressure, temperature, and 

salinity whenever the absolute change of temperature is greater than .05°C 

or the absolute change of salinity is greater than .02 %0. Also record the 

pressure, temperature, and salinity every 100 meters from 100 meters to 

1000 meters. 

Let us assume that the oceanographic sensors have the following precision, that is, unity is 

equal to the following: 
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1 unit of pressure = 1 meter 

1 unit of temperature;:: .010 C 

1 unit of salinity;:: .01 0100 

A program to accomplish this sampling is written as follows: 

BUFR : 
FORM: 

2 

PRES, TEMP, COND 
1, PRES, TEMP, COND 

OUTP (1, DCTP 
IFGR PRES, 144; GOTO 2 
IFGR (PRES -@PRES), 1; OUTP (1, DCTP) 
GOTO 1 
IFLS (PRES -@PRES), 144; IFLS (TEMP -@TEMP), 5;­
IFLS (COND -@COND), 1; GOTO 2 
OUTP (1, DCTP); GOTO 2 

END 

Th i s prog ram says, i n e ffec t: 

BUFR: PRES, TEMP, COND 

Three variables named PRES, TEMP, and COND are to be sampled us ing the serial buffer. 

FORM: 1, PRES, TEMP, COND 

Three variables named PRES, TEMP, and COND are to be outputted together. 

: OUTP (1! DCTP) 

This says output is to be recorded on magnetic tape. 

l:IFGR PRES, 144; GOTO 2 

This states that if the absolute change of pressure is greater than 100 (144
8

), the control of the 

sampling will be transferred to statement number 2; otherwise it will go to the next line. 

: I FGR (PRES -(gJPRES), 1; OUTP (1, DCTP) 

This line states that if the absolute change of the pressure between two successive readings is 

greater than 1, then output onto magnetic tape according to Format 1; that is, OUTP (1, DCTP) 

which means store data on DECtape using Format 1; otherwise, go to the next line. 
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GOTOl 

This says to go to statement number 1 and test the environment again. 

2: IFLS (PRES -@PRES), 144; IFLS (TEMP -@TEMP), 5;1 
IFLS (COND -@COND), 1; GOTO 2 

This states that if the absolute change of pressure is less than 100 meters or the absolute change 

of temperature is less than .05°C, or if the absolute change in salinity is less than .02 %0 then 

go to statement number 2 wh ich begins the tests over again. Otherwise go to the next line. 

: OUTP (1, DCTP); GOTO 2 

This says to output data onto magnetic tape and transfer control to statement number 2. The 

sampling and testing procedure begins again. 

END 

This last instruction is self explanatory. 

As shown in the above description, the computer has been programmed to make logical deci­

sions specified by the investigator in sampling the marine environment. It also has been used 

as a means of storing data. In the above instance, data have been stored on magnetic tape 

and can be used in other programs to determine variables such as Sigma T, anomaly of specific 

volume, and sound velocity. Figure 4 shows a portion of the calcu lated output from stored 

data on magnetic tape transport number 1 that can be run immediately after the sample program. 

INPUT SOURCE? T 
OBSERVED VALUES 

DEPTH TEMP. SALIN. SIGMA-T DELTA-A SOUND-VEL 
0000 8.35 34.17 +26.590 +145.53 +1483.4 
0001 8.28 34.19 +26.616 +143.08 +1483.2 
0002 8.20 34.21 +36.644 +140.45 +1482.9 
0003 8.13 34.24 +26.678 +137.20 +1482.7 
0004 8.05 34.26 +26.706 +134.59 +1482.4 
0005 7.98 34.28 +26.732 +132.19 +1482.2 
0006 7.91 34.31 +26.766 +128.98 +1482.0 
0007 7.83 34.33 +26.793 +126.38 +1481.7 
0008 7.76 34.35 +26.819 +123.94 +1481.4 
0009 7.69 34.37 +26.845 +121.45 +1481.2 
0010 7.61 34.39 +26.873 +118.89 +1480.9 

Figure 4 Reduc ed Data 
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Problem 2: A More Sophisticated Program 

For a better demonstration of the flexibi lity of this programming technique, consider the fol­

lowi ng program. 

An investigator desires to use a thermistor, pressure, and conductivity chain towed from an 

oceanographic vessel. He will also sample at the same time a telemetering buoy that transmits 

data from three current meters. In addition, he desires to obtain Loran lines of position and 

sample the ship·s speed and ship·s heading. These can be summarized as follows: 

1. Log the time on magnetic tape every 50 meters of distance traveled. Ship·s 

speed is 10 knots; it will cover 50 meters in approximately 9.70 seconds. 

2. Sample each thermistor, conductivity, and pressure sensor in the chain 

every half second. This defines the program time thus, QUNT: 62. 

3. Sample the Loran, ship·s speed, and ship·s heading every 2 seconds thus, 

L1 {4, L2(4, SP(4, HEAD(4. 

4. Conditional Output - Since the near-surface values of temperature and 

conductivity will fluctuate the most, it might be most desirable to set thres­

holds so that relatively large changes of temperature and salinity will be 

stored • However, deeper values wi II not change as signi ficantly, so small 

incremental changes have more meaning and thus shou Id be outputted and 

stored: Arbitrarv values have been chosen and are shown in Fiaure 5_ - - - - - -, - - - . - - - - - - - '" -

Determination of Octal Constants to be Used in Testing - In order to test the 

variable we must know to what its unit value corresponds. This is found by 

dividing the range of the thermistor, pressure transducer, or other device by 

the precision of measurement; thus if the range of the thermistor is 20°C and 

the precision of measurement is 1 part in 2000, then each unit equals. 01 °C. 
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Summarizing then~ 

Variable Range Precision UNITY Corresponds to 

Thermistor 20°C 1 :2000 '::::! .01°C 

Pressure 100 meters 1 :2000 "'" .05 meters 

Conductivity 20 %0 1 :2000 - • 01 % ° 

Vane 360° 1: 120 ~ 3° 

Compass 360° 1: 120 
N 

3° 

Rotor 
~ 1 centimeter per second 

5. General Output Requirement 

Every variable should be recorded on magnetic tape if the specified con-

ditions are met. 

Plot TO versus SO if it is recorded. 

Type Current Meter Data in Decimal if it is recorded. 

Punch TO, PO, and SO if they are recorded. 

By outlining the problem, the investigator will have thresholds established for recording changes 

in the variables listed in Figures 5, 6, and 7. Figure 8 shows the equipment needed to do the 

work. 

Depth Thermistor 
Multiplexer 

Record if Pressure 
Mu Itiplexer 

in Variable Channel # 
Absolute Variable Channel # 

Meters Name Change of Name 

0 TO (0) • 1° C PO (6) 

10 T1 (1 ) .07°C P1 (7) 

20 T2 (2) .05°C P2 (10) 
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Depth Thermistor 
Multiplexer Record if Pressure 

Multiplexer in Variable Absolute Variable 
Meters Name 

Channel # 
Change of Name 

Channel # 

30 T3 (3) .03°C P3 (11 ) 

40 T4 (4) .02°C P4 (12) 

50 T5 (5) .01°C P5 (13) 

Depth Record if Conductivity 
Mu Itiplexer Record if 

in Absolute Variable 
Channel # Absolute 

Meters Change of Name Change of 

0 .5 meter SO (14) .05 %0 

10 .5 meter Sl (15) .05 %0 

20 .5 meter S2 (16) .04 %0 

30 .3 meter S3 (17) .03 %0 

4{) .2 meter S4 (20) .02 %0 

50 . 1 meter S5 (21) .01 %0 

Figure 5 Multiplexer A-D Converter Assignment (ADCV) 

(Data Originating in Thermistor Chain) 

Vane Compass Rotor 
Variable Variable Record if Variable Record if 

Name Name Name 

Current Meter 1 V1 C1 V1 +C1 =9° R1 R1 > 10 

Current Meter 2 V2 C2 V2 + C2 = 6° R2 R2> 10 

Current Meter 3 V3 C3 V3 + C3 = 3° R3 R3> 10 

Figure 6 Serial Data Input Buffer Assignment (BUFR) 

(Data Originating in Moored Current Meter String) 
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Variable 
Name 

Time 
M.J ltiple 

Gray 
Code? 

Loran Line Ll (4 

Loran Line L2 (4 

5hip·s 5peed 5P (4 

5hip·s Head HEAD 14 yes 

Figure 7 Digital Input Buffer Assignment (DGI N) 

(Data Originating in 5hip·s Instrumentation) 

The program listing to sample these variables and record those which exceed the established 
thresholds is given below. 

ADCV: 

BUFR : 
DGIN: 
QUNT: 
FORM: 

FORM: 
FORM: 

FORM: 
FORM: 

[ 
3 

1 
2 

TO(O), Tl (1), T2(2), T3(3), T4(4), T5(5), PO(6),· 
Pl(7), P2(10), P3(11), P4(12), P5(13), 50(14), 51(15),· 
52(16), 53(17), 54(20), 55(21) 
Vl, Cl, R 1, V2, C2, R2, V3, C3, R3 
Ll (4, L2(4, 5P(4, HEAD t(4 
62 
1, TO, Tl, T2, T3, T4, T5, PO, Pl, P2, P3,· 
P4, P5, 50, 51, 52, 53, 54, 55 
2, TO, 50 
3, Vl , Cl , R 1 , V2 , C2 , R2 , V3 ,. 
C3 , R3 
4, TO, PO, 50 
5, L 1, L2, 5P, HEAD, CLOK 
< 5, DCTP, 22> 
OUTP(l, DCTPh OUTP(2, PLDT); OUTP(3, TYPE); OUTP(4, PNCH) 
IFEQ (Vl+C2), 3; GOTO 1 
IFEQ (V2+C2), 2; GOTO 1 
IFEQ (V3+C3), 1; GOTO 1 
IF L5 R 1, 12; I FL5 R2, 12; 1 FL5 R3, 12; GOTO 2 
OUTP (3, TYPE) 
I FL5 (TO - @TO), 12; I FL5 (PO -@ PO), 12; I FL5 (50 - @50), 5;· 
IFL5 (Tl -@Tl), 7; IFL5 (Pl -@Pl), 12; IFL5 (51 -@51), 5;· 
IFL5 (T2 -@T2), 5; IFL5 (P2 -@P2), 2; IFL5 (52 -@52), 4;· 
I FL5 (T3 -@ T3), 3; I FL5 (P3 -@ P3), 6; I FL5 (53 -@ 53), 3; I 

IFL5 (T4 -@T4), 2; IFL5 (P4 -@P4), 4; IFL5 (54 -@54), 2;· 
IFL5 (T5 -@T5), 2; IFL5 (P5 -@P5), 2; IFL5 (55 -@55), 1;· 
GOTO 2 
OUTP(l, DCTP)i OUTP(2, PLDT); OUTP(4, PNCH)i GOTO 3 

END 
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SUMMARY AND CONCLUSIONS 

Three basic types of interfaces are used with the PDP-7 and PDP-8 computers in order to re­

ceive data from marine environment sensors. These interfaces allow data to enter the computer 

under control of a simple real-time symbolic compiler that gives the investigator the following 

flexibility when he samples the environment: 

1. A variety of preprogrammed interface devices that easi Iy connect the com­

puter to oceanograph ic instrumentation. 

2. Simple symbolic assignment of identifying names to input variables such as 

pressure, temperature, sal inity, current meters, and navigation equipment. 

3. Absolute control in sampling the marine environment with respect to time 

and distance. 

4. Computer compatibility with respect to rapid response marine sensors using 

up to 176 separate sensing devices. 

5. Capability to make logical decisions concerning the acquistion of data wh ile 

sampling the environment. 

6. Storage of data for future computations as well as immediate output for 

checking quality while obtaining data. 
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THE USE OF A DIGITAL COMPUTER IN THE 
SETUP, CHECKOUT, AND MAINTENANCE OF 

HYBRID COMPUTER SYSTEMS 

by 

Stephen F. Lundstrom 

Appl ied Dynamics, Inc. 
Ann Arbor, Michi gan 

Abstract The use of a digital computer as a tool of the engineer and technician in 
setup, checkout, and maintenance of hybrid computer systems has been prompted 

by the development of a large-scale analog system. The SPOUSE (Stored Program 
OUtput-Setup Equipment) and MAID (Maintenance AI D) systems have been developed 
at Applied Dynamics, Inc. for such a use. 

SPOUSE is a hardware-software combination which is used to control the automatic 
problem setup and checkout specified by the operator. The software is problem-oriented 
and may be utilized in a hybrid operating system. A SPOUSE system which controls 
a multiple analog console hybrid faci I ity with mu I ti-teletype inputs wi II be discussed. 

MAID is a hardware-software combination which is used as a diagnostic tool during 
checkout of the analog computer subsystem. MAl D uses many of the software and 
hardware elements of SPOUSE. 

One of the recent advances in computation involves the development of large-scale hybrid 

computer systems. This development has come from the basic limitations of analog computers 

and digital computers. The hybrid configuration combines the best characteristics of the analog 

and digital computers into one system. A major disadvantage has remained with the analog sub­

system. Problem setup and equipment checkout on the analog computer has required manual 

procedures. The following is the approac h taken by Appl i ed Dynam ics, Inc. to sol ve these 

problems using the SPOUSE (Stored Program OUtput-Setup Equipment) and MAID (Maintenance 

AI D) systems. 

The type of hybrid computer considered in this paper will be that consisting of an analog com­

puter, a digital computer, and an interface between the two. Figures 1 and 2 show the con­

figuration of a typical large hybrid computer system. Figures 3 and 4 show a configuration of 

a typical small hybrid computer system. A basic famil iarity with the digital computer wi11 be 

assumed here; however, a description of the analog computer follows. 
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Figure 1 Model of Hybrid System with Four AD-256 Consoles and PDP-6 

The analog computer is basically an electronic device that solves differential equations by 

setting up an electrical analog to the differential equations. The electrical elements required 

to set up such an analog are many, such as: coefficient devices, summers, integrators, dif­

ferentiators, multipl iers, and many other spec ial-purpose elements. All el ements have the 

inputs and outputs terminated on a patchboard which is used by the programmer to connect 

elements appropriately. To allow ease of connecting the analog system to a digital system, a 

number of hybrid elements such as comparators, AID, DIA, and track-hold devices are usually 

included. Often a group of patchable logic elements are also included. 
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Figure 3 AD-BO and PDP-5 Hybrid Computer System 

A typical large-scale analog console with a basic SPOUSE control system using a PDP-5 is 

shown in Figure 5. The coefficient devices in this computer are mostly servo-set potentiometers. 

The functions of the integrators (operate, hold, initial condition) may be under individual con­

trol of the patchable logic provided in the console. Facility to interconnect many consoles is 

provided through patchable trunks. Each of the computing elements is assigned an address, 

much as addresses are assigned to each word in the core of a digital computer. These elements 

may be accessed through an addressing system on the console and their voltage displayed on an 

osci "oscope, a voltmeter, recorder, or other output device. 

202 



PDP-8 

PARALLEL 
INPUT I 
OUTPUT 

PRIORITY 
INTERRUPT 

PARALLEL 
INPUT I 
OUTPUT 

HYBRID JUNCTION BOX r----------
I 
I 

- - - -, POT 
I 16-POT COEFFICIENT L1NI3. COEFFICIENT 
I - DAC 

I 
I 
I 

~' 

I 
I 24 ADDRESS LINES 

--" 

I 
I 

J 16-BIT I 24- BIT j -·1 REGISTER REGISTER 

~------~------~ 

H :~E~:R I I :~E~R J 
'--~--r--"'" 

I 
I 
I 
I 
I 
I 
I 

12-BIT 
REGISTER 

-j J i I: 2 POT SET LINES 

~ ____ -+ _______ +1_3_M_O_D_E_V_E_R_IF_Y_L_IN_E_S_-, 
I 

I 12 MODE CONTROL LINES --" 
I 

I 
I 17-BIT READOUT 
I 

I 
I LOGIC OUTPUT 
I -
I FLAG INPUTS 
I 

ADDRESS 
SELECTION 

SYSTEM 

CONTROL 
SYSTEM 

DVM 

= ~,----ti---t CONS6~T~~~ING 1III-..... _______________ ---iir-P_R_IO_R_IT_Y_I_N_TE_R_R_U_PT __ -1 PATCHBOARD 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I D I A CONVERSION I 4 CHANNELS 

I --" I I (EXPANDABLE TO 32) 

= ~ i' WORO BUFFERS CON $t:TE RS i 
I A I D CONVERSION I 4 CHANNELS 

(EXPANDABLE TO 32) 
AID 

CONVERTER MULTIPLEXER 

I POWER I 
SUPPLY 

I 
I 
I 
I 
I L _________ _ __ .J 

-

Figure 4 Linkage Subsystem of a Small Hybrid Computer System 

203 

AD-80 
ANALOG 

COMPUTER 



Figure 5 AD-256 and PDP-5 Hybrid Computer System 

After patching the problem, the engineer must set all coefficients and initial conditions. The 

output of each element must be checked to verify proper initial operation. This setup and 

checkout procedure is time-consuming and subject to human error and oversight. To verify 

proper operation of the equipment, the technicians are required to perform various diagnostic 

tests, also involving manual check of the outputs of each element in the computer for known 

inputs. Again, this procedure is slow and subject to operator error. To aid the engineer and 

technician in their setup, checkout, and maintenance chores, Applied Dynamics, Inc. has 

developed the SPOUSE (Stored Program OUtput-Setup Equipment) and MAID (Maintenance 

AID) systems. Both systems are a combination of hardware and software. The hardware required 

is simply the basic elements in the interface of the hybrid computer system and a digital computer. 

The software requ ired consists, for the most part, of a I ibrary of hybrid operatins system sub­

routines and appropriate system programs for control purposes. 
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SPOUSE consists of a digital computer, a SPOUSE system program in the digital computer, a 

library of hybrid and input-output subroutines, the input-output devices connected to the dig­

ital computer, and an interface between the digital computer and the analog computer. The 

current SPOUSE configuration allows up to ten analog consoles to be controlled. The hybrid 

interface necessary for SPOUSE consists of an analog-digital (A/D) channel, a digital-analog 

(D/A) channel, and various control lines. A system currently being installed by Applied 

Dynamics, Inc. uses a PDP-8 digital computer to control two AD-256 consoles, each with 

Teletype input-output communication. The SPOUSE software discussed below is designed to 

handl e mul tipl e consol e input-output. 

The SPOUSE system software is an interpreter oriented to accept instructions in a form famil iar 

to those using analog computers. It allows the user to interrogate any point on any console 

from the keyboard he is using by typing the appropriate instructions. In addition, he may pre­

pare a paper tape for input through one of the system paper tape readers. SPOUSE can give 

automatic typeout of voltage values or of errors from specified voltage values or ground. The 

user is able to set any servo-controlled pot from the keyboard and has the option of requesting 

a readback of the pot set to allow verification of the problem setup. 

One of the obvious advantages of a programmed system is the ease of carrying out various 

courses of action depending on conditions. SPOUSE allows the user to specify a number of 

optional courses of action in case of various conditions arising. One of the options provided 

is that if the error on a particular reading is greater than the error allowable (as specified by 

the user), the SPOUSE system will halt further processing until the user gives an indication 

that he has observed the error. A similar option is available for the condition of pot-set 

failure. Another option allows the user to request a paper tape record of his operation. Such 

a record is in a format compatible with the SPOUSE system and may be used at a later date to 

reset an entire problem. The user may request the deletion of typeouts of voltages on elements 

meeting the specifications as another option. 

The instructions recognized by the SPOUSE interpreter are in three general classes: operating 

instructions, specifications and requests, and uti! ity instructions. The operating instructions 

are instructions which actually perform the setup and readout of the analog console. Instruc­

tions to read-out the voltage on individual elements, sequential blocks of elements, or random 
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blocks of elements are provided in this class. Coefficient setting and the check of the outputs 

of elements by comparison against specified values are also carried out by instructions in the 

operating instruction class. The specifications and requests are those instructions which are 

used by the SPOUSE interpreter to set up flags and comparison switches internally to satisfy 

the various options requested by the user. The util ity instructions are provided for the con­

venience of the octal dumps, binary and RIM paper tape reading and punching, and the typein 

of octal programs, all under keyboard control. When SPOUSE has more than one keyboard for 

input, a special class of instructions allows an operator to lock out other keyboards and connect 

particular analog consoles to his keyboard only, as well as to release all possible constraints. 

Many of the subroutines used by the SPOUSE interpreter may be used by hybrid programmers. 

All the necessary routines for A/D and OJ A conversion and discrete controls are provided in 

the library. Also programs to perform functions such as reading and typeout of the A/D channels 

and comparison of the A/D channels to specified values are included. As mentioned earlier, 

one of the disadvantages of analog computers has been the lack of automatic diagnostic pro­

cedures. Manual checkout techniques have proved to be time consuming and prone to human 

error and oversight. Applied Dynamics, Inc. has developed the Maintenance AID (MAID) 

system to provide a nearly complete automatic diagnostic check on the analog console. The 

MAID system consists of a checkout maintenance system (CMS) and the SPOUSE system de­

scribed above. The CMS consists of two special prewired analog patchboards along with two 

prewired logic patchboards and a trunk patchboard. MAID provides a functional check on 

nearly every analog component in the analog console. Continuity checks for each component 

and each patchboard hole, static accuracy checks and dynamic gain checks for analog com­

ponents and operational tests for analog components and operational tests for hybrid elements 

are performed. MAID, through the' use of SPOUSE, controls the checkout of the analog system 

automatically. A standard system test tape consisting of SPOUSE instructions and some special 

programs is used for control. Test results are automatically confirmed and printed out and tapes 

are punched for verification and comparison. 

The following mentions some typical areas of hybrid computer appl ication. This discussion 

conveys the importance of hybrid systems in order that the preceding discussion of the SPOUSE 

and MAID systems wi" not be considered ends in themselves. They are definitely expeditionary 

devices to increase the percentage of time which the hybrid system can devote to hybrid com­

putation. 
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Sampled data or computer-controlled system simulations requiring the combination of continuous 

and discrete variables or data is one typical class of problems which could be solved easily on 

hybrid computers. For example, simulation of a large power distribution system which is under 

control of a digital system. Another c lass of problems is systems of differential equations to be 

solved at very high speed for prediction or optimization. The high-speed simulation of a space­

craft on an interplanetary mission would be an example of this class, as well as the simulation 

studies involving systems with both high-and low-frequency characteristics. Notice that on 

an interplanetary simulation exercise, the absolute position is a function that changes slowly 

but which must be known accurately (this is computed in the digital subsystem). The structural 

vibrations caused by mid-course maneuvers are high frequency and must, in general, be calcu­

lated on the parallel analog subsystem to keep the time base as high as possible. Hybrid com­

puters are also useful in the study of systems with transport delays because of the ease of creating 

various length temporary storage tables in the digital subsystem for variable length delays. Sys­

tems requiring on-I ine, real-time statistical analysis, data filtering, smoothing and editing, 

and systems described by very large simultaneous sets of ordinary differential equations are also 

among those systems which find hybrid computation techniques valuable in their analysis. 

Notice that the high accuracy and logical capabil ity of the digital subsystem and the high 

speed and wide bandwidth of the analog computer complement extremely well in all of the cases 

ment ioned above. 

To conclude, it should be mentioned that both the SPOUSE and MAID systems are operational 

systems. As with all systems involving software, they are undergoing continuous revision to 

expand their capabilities and their flexibility. This revision will undoubtedly soon lead into 

areas not mentioned herein. However, the general use to speed up and make more accurate 

the setup, checkout, and maintenance of hybrid computer systems through the use of digital 

computers will remain paramount. 
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APPENDIX 1 

SOUND-OFF SESSION 

Moderator: J. Ridgeway 

Panel Members: L. Hantman r J. Shieldsr C. Frazierr D. Cotton r T. Johnson r and J. Jones 

Because of the difficulty in recording the questions and answers during the discussion r we are 

not able to report the session verbatim. Howeverr we did not want to omit the information and 

have included the questions and answers as close to the actual panel discussion as possible. 

QJestion No.1 

Is the Engineering Department planning on doing anyth ing about lowering the noise level on 

the 570 Tape Transport? 

Answer 

We have put in a smaller compressor which has cut down on the noise considerably. We also 

put in some mufflers on the overflow valves. Presently r however r because it really isn It caus­

ing that much of a problem r our Engineering Department is not pursuing it any further. 

Question No.2 

I was wondering about the compatibi I ity between the PDP-4 and PDP-7 programs. We are 

having trouble assembling the PDP-7 program.> on our PDP-4. 

Answer 

We are currently involved in transforming PDP-4 programs to PDP-7 and have assembled 4 and 

7 programs on both the PDP-4 and PDP-7. SpecificallYr the only thing that has to be changed 

are the timing loops and the FIODEC to ASCII conversions. We are also in the process of chang­

ing all of the documentation for the PDP-7 so that there wi II be a complete new PDP-7 library. 

In regard to assembling r there is a switch note that is wrong on the directions in the PDP-7 
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Assembler Manual. An instruction in the front of the manual does not agree with the comment 

in the back of the manual regarding the use of switch 9 and 10 for the input of ASCII and FIODEC 

code. Bit 10 shou Id be used for FIODEC and bit 10 up for ASCII. Using FORTRAN, bit 10 has the 

same function in the Compi ler and Assembler. In the Compiler, bit 9 has the same function (up 

for ASCII, down for FIODEC) for output. 

Question No.3 

What is the status of PDP-4 documentation? PDP-4 program manuals? 

Answer 

We recently rewrote the documentation for the Editor, DDT, FORTRAN, and the Assembler. 

We printed different manuals for the PDP-4 and PDP-7 basically because of the FIODEC and 

ASCII code difference. We have a large supply of manuals for both machines, which are 

avai lable upon request. 

Question No.4 

One of the major problems with FORTRAN is the way it is set up. There may be empty parts 

of core, but they are usually in the middle and we have no way of getting to them. 

Answer 

FORTRAN is now in the process of being c leaned up. One problem some users have is that they 

do not know where the low end of FORTRAN is. Right now, I believe, FORTRAN stops at 12000 

on the way down and that is the beginning of the Common Storage Area. Anything you define 

as being in Common will work its way down from location 12000 which is defined as End. 

Question No.5 

We are having some difficulty reading in our programs for DECtapei what do you recommend? 

Answer 

The DECTRIEVE Program is designed to write out over itself and to read in over itself. No 

matter where your program is in memory, if you want to write it out in one continuous bunch 
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(11m not sure that this is always possible) you can use the DECTRIEVE Program to get something 

in or out. They wi II read in complete core, that is from location 1 to 17777. As a matter of 

fact, DECTRIEVE for the PDP-7 wi II eventually transfer information in and out of extended mem­

ory. The write-up for DECTRIEVE also states that all of core beginning from location 0 to 1 can 

be read in. 

Question No.6 

Are there going to be any more programming c lasses on the PDP-1 ? 

Answer 

There are no plans for PDP-1 programming classes at this time; however, we suggest that ques­

tions regarding PDP classes be directed to Mr. Robert Pate, who is in charge of customer train­

ing at Digital. 

QJestion No.7 

Does DEC have any intention of supporting a sophisticated assembler for the medium and larger 

machines like the PDP-4 and PDP-7, for example: Midas, Macro, Conditional Assembler or 

Relocating Assembler? 

Answer 

At present, there isnlt any plan for a sophisticated assembler on either the PDP-4 or 7. There 

is a lot of interest on the outside and internally by our own programmers, but we haven It decided 

to develop one. On matters such as these, it is important that the users express their interests 

regarding software and hardware requirements. DEC is interested in your comments and would 

be helpful in developing future work. 

Dr. Oliver pointed out in his luncheon talk that special projects such as developing a sophisti­

cated assembler, compiler, etc. can be one of the functions of the users I group, and DECUS 

can serve as a means for assembling those people interested in using such a compiler, etc. and 

then sponsor it. 
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Question No.8 

How do I know I have the latest DEC library tape? 

Answer 

The practice has been that when a revision is made in the program the tape goes to the library 

with the proper documentation and the librarian is to destroy or not issue the previous copy. 

Periodically, customers are notified by mass mai I ings of changes or revisions in the DEC library 

programs. We are also considering using the DECUSCOPE as a means of informing the users of 

the status of software at DEC. 

Question No.9 

Is there any internal documentation for the PDP-5 FORTRAN System? 

Answer 

It is presently being written for the PDP-8. The internal documentation is being done by Larry 

Portner. We now have a DECtape system and we have a FORTRAN on th~ PDP-5/8 which is 

usable on high-speed readers and punches. 

Question No. 10 

Are there any plans in the future of DEC coming up with an updated version of the PDP-l? 

Answer 

So far, the answer appears to be no. I might say that we might fi II what appears to be a gap 

in the product line with either two considerations; a souped-up PDP-7 or a stripped down PDP-6. 

It cou Id be done rather easi Iy, however we don It see the market place for it at this time. The 

PDP-7 pretty well does what the PDP-l did at the same speed; admittedly, it does not begin 

to have the same instruction set or the I/O hardware that the PDP-1 had. One of the things 

we are trying to do essentially is to help PDP-l users to develop an easy transition between the 

PDP-l and PDP-6. This is one of the places our interest has turned. Of course, for obvious 

reasons, some of our -1 users are about to get a -6. Th i s looks I ike the way many of our -1 users 

would like to go. 
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Question No. 11 

I understand there is a market for second-hand PDP-lis. Can you tell me what the sell ing price 

would be? 

Answer 

On the basis of a couple of quotes we made recently on used PDP-lis, a PDP-l with 4K of mem­

ory would cost somewhere in the neighborhood of $50,000 or $60,000 reconditioned. 
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APPENDIX 2 

SPRING SYMPOSIUM PROGRAM 

Place: Center for Cognitive Studies 
Wi Iliam James Hall 
Harvard Un iversi ty 

Date: May 20-21, 1965 

PROGRAM 

THURSDAY 

8:30 - 9:20 Registration and Coffee 

9:30 

9:35 

9:45 

10: 15 

10:45 

11: 15 

11 :45 

Opening of Meeting 

Welcome - Dr. Donald Norman, Harvard University 

Guest Speaker - Harlan Anderson, Digital Equipment Corporation 

II Computer-Ai ded Desi gnll 
Professor Steven A. Coons, Massachusetts Institute of Technology 

IIDECADE - Computer-Aided Design on Low Cost Hardware ll 

Charles W. Stein, Digital Equipment Corporation 

II Use of a PDP-5 for the Collection of Mossbauer Experimenta I Data ll 

Ronald H. Goodman, Department of Mines and Technical Surveys (Canada) 
John E. Richardson, Digital Equipment of Canada 

Lunch 
Luncheon Speaker - Dr. James R. Oliver, Dean of the Graduate School, 

University of Southwestern Louisiana 

1:30 IIA High-Speed Man-Computer Communication System ll 

Earl H. Brazeal, Jr. and Taylor L. Booth, University of Connecticut 

2:00 II PDP-5 Projects at Lawrence Radiation Laboratoryll 
Sypko Andreae, Lawrence Radiation Laboratory (Berkeley) 

2:30 IIComputer Systems for Recording, Retrieval and Publication of Information ll 

Richard J. McQuillin and Joseph T. Lundy, Inforonics, Inc. 

3:00 II The Savage System: A Monitor Systemll 

Bernard I. Savage, Consu I tant 

3:30 Coffee 

3:45 Tour and Demonstrations - Center for Cognitive Studies, William James Hall 
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4:00 Business Meeting 

5:00 - 6:30 Social Hour 

FRIDAY 

8:30 - 8:45 Registration and Coffee 

8:55 

9:00 

9:30 

10:00 

10:30 

12:00 

2:00 

2:30 

3:00 

3:30 

3:45 

4: 15 

4:35 

Opening of Second Day's Session 

II PDP-5/PDP-1 On-Line Data Collection and Editing System" 
Pablo Larrea, Princeton-Pennsylvania Accelerator 

II A Version of LISP for the PDP-6" 
William A. Martin, M.I. T. Project MAC 

"A Report on the Implementation of the Keydata System" 
Charles W. Adams, Adams Associates, Inc. 

Tours and Demonstrations - Keydata Facilities and Project MAC 

Lunch - Harvard Faculty Club 
Sound-off Session 

"A Chalk River PDP-5 Pulse-Height Analyzer" 
Dallas C. Santry, Chalk River Nuclear Laboratories (Canada) 

"A Description of the PEPR System" 
David Friesen, Laboratory for Nuclear Science, M.I. T. 

"DEXTER - The DX-1 Experimenters Tape Executive Routine" 
Jerome Cohn, Wolf Research and Development CorpOration 

Coffee 

liThe Use of a Small Computer With Real-Time Techniques for Oceanographic 
Data Acquisition, Immediate Analysis, and Presentation" 
Robert M. O'Hagan, Digital Equipment Corporation 

Film: liThe NRU Atomic Reactor Control Computer Experiment - Part III 
Display Techniques" 

liThe Use of a Digital Computer for Automatic Setup, Checkout, and Maintenance 
of a Hybrid Computer System" 
Stephen F. Lundstrom, Applied Dynamics 
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