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TAPE FORMAT 

The heart of the Microtape system is the pre-recorded timing and mark 

track. In the previous section the importance and use of the timing track was 

explained. This section will include a complete discussion of the mark track. 

First I however I the reader should completely understand the meaning of 

the words "pre-recorded." At present I one of the programs provided with the 

Microtape system is one wh ich wi II write the tim ing track and block format des­

ired for the individual user. The Microtape system includes a programmed mode 

of operation called "Write Timing and Mark Track" and a manual switch which 

both permits writing on the timing and mark tracks and also activates a clock 

wh ich produces the tim ing track and flags for program control. Unless both the 

mode and the switch are used simultaneously I it is physically impossible to 

write on the mark or tim ing tracks. A red indicator I ight wi II be I ighted on all 

transports connected to the appropriate control when the manual switch is in 

the "on" position. In this mode only, information channel Irone" (high order 

bits 0-5) is also connected to the mark track channel. Therefore, in one pass 

of the tape, the timing track, mark track, block format, and block mark numbers 

are created. Since part of the data word must be reserved to produce the mark 

track I it is impossible to write intell igent data in the information channels at 

the same time. For this reason also, only twelve of the eighteen bits are used 

for block mark identification, and bits 0-5 must be "anded" out when checking 

block mark numbers. (See figure 6 for format of bits on the tape). It is possible 

that the tape manufacturer may, in the future, supply tapes which will have the 

correct format actually pre-recorded on the tape. Once the format has been 

recorded the user is able to use the Microtape system for actual data storage. 

The actual mark track wh ich is written on the tape (see figure 2) was 

selected after careful consideration and provides many functions not readily 

discernible at a casuaJ glance. Some of these are I isted below and will be 

discussed fully. 
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a) Program synchronization 

b) Block and detection 

c) Error checking and prevention 

d) Protection of control information 

e) Block and word addressabil ity 

f) Automatic bi -directional compatibil ity 

g) End of tape detect ion 

h) Variable block format 

i) Inclusion of marks to allow expansion for more automatic systems 

of the future 

For complete understanding of the questions of program synchronization and 

block end :.Ietection, figures 2 through 6 should be studied closely, using the explana­

tion which follows to clarify certain main points. 

There are three main programmed modes of operation which require that the 

user either provide information to the Microtape system, or accept ·information . 

from the Microtape system. These are the "Search," "Read,1I and "Write ll modes. 

(A fourth mode, IIMOVE,It simply moves the tape without supplying or requesting 

information.) In order to indicate to the programmer that the system is ready to 

transfer information, certain flags are raised*. When these occur, the programmer 

must either load new information to be written, or unload information iust read, 

and must do so within a specified time to prevent loss of information and error 

indications • 

In order to produce these flags, the mark track is read by passing the bits 

through an 8-bit "moving window" which shifts bit by bit as the tape moves. A 

decoder associated with the window interprets the pattern present, and raises the 

*If the program interrupt mode is being used, assume that the raising of any of 

the flags mentioned also causes a sequence break in which the individual flags 

must be interrogated. 
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appropriate flags, if necessary. An 8-bit window is used, even though each mark 

is six bits long, to provide greater reliability, since a mark will not be recognized 

as legitimate unless the last two bits of the previous mark were legitimate. This 

is one of the reasons requiring ordering of the marks on the tape, the other will be 

mentioned later. Note that whether the program is reading or writing, the mark 

and timing tracks are always being read. 

In Search mode the Data Flag will be raised when, and only when, a Block 

Mark mark is read (see figure 3). The program must unload the buffer within 

53 ms, and bits 6-17 will contain the block mark number. Bits 0-5 will contain 

the mark code. 

In Wr ite mode, the Microtape system automatically writes the reverse 

check sum and raises Data Flags when it requires information to be written on 

the tape (see figure 5). The first data flag requests the first data word of the 

block I -and the last data flag requests the last data word of the block; therefore 

there are a total of 256 data flags for a 256 word block. Note that the program 

loads each data word as the Microtape system is writing the previous one; thus 

a flag is raised requesting a data word when it has just passed the place on the 

tape two words ahead of where the word is to be written. Compare this with 

Read mode discussed below. Time between Data Flags is approximately 200 micro­

seconds. When the pre-final mark is detected, a Block End Flag is raised which 

accomplishes two th ings. First it i~ a request for the program to load the calculated 

check sum (normally the complement of the 18 bit ring sum of the reverse check sum 

and the data words), and second, it allows the program to detect the fact that a 

block has been completed, without the use of any programmed counters. After 

the check sum is written the writers are turned off, to avoid any possible way of 

destroying the control portion of the block. Approximately, 1.2 ms is available 

to switch to Search mode if a check of the next block mark number is desired. 

If the control remains in Write mode the Microtape system will write the next 

reverse check sum and raise the next Data Flag after approximately 1 • 6 ms. 

In Read mode, the first Data Flag is raised when the reverse check sum 

has been read (see figure 4). The reason for this becomes fairly obvious when one 
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remembers that we may read a block in either direction independent of the direction 

in which it may have been written. The first word read, therefore, is used to set 

the register which the program will use to accumulate the check sum. Each succes­

sive Data flag indicates that a data word has been read, and should be unloaded 

from the buffer, stored in memory and accumulated in the check sum. When the 

check sum mark is detected, a Block End Flag is raised indicating both the end of 

the block and the fact that the check sum is in the buffer. This word would normally 

be unloaded and added to the accumulated check sum produc ing a total of zero. 

Any other result indicates that the tape has been read incorrectly, and the programmer 

has the option of continuing in any manner desired. Note that when reading there 

are 257 Data Flags for a 256 word block, and that each flag states that the associated 

data word is in the buffer. Note also that in the present system, val idity checks 

on the data portion of the tape, are done by program control only. As a matter of 

fact, if for some reason a check sum is not desired, the check sum word can be 

used as simply another data word. 

Checking of the mark and timing tracks is accomplished through the hard­

ware and the physical characteristics of the mark track itself. One check, i.e. , 

that of checking the last two bits of the previous mark, has already been mentioned, 

however another interesting fact emerges if we examine figure 6 and see what happens 

as the tape passes by the mark detecting window, bit by bit. Close examination will 

show that unless the window is actually looking at a legitimate mark on the tape 

(except an End mark) the bits in the window will differ by at least two bits from 

any possible legitimate mark. * This guarantees that a one bit error any pjoce on the 

mark or timing tracks can not cause an erroneous mark to be detected. It also 

allows checking for asynchronous marks. For example, once the window is in 

synchronization (normally by passing over a block mark) a Mark Track Error will 

*In the rare instance where they are only 1 bit different, the window has been 

cleared for other control purposes, so that one bit can make no difference at all. 
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be indicated (and the Error Flag raised), if a leg itimate mark is found in less than 

six shifts of the window, or if a legitimate mark is not found after each six shifts 

of the window. These combinations of checks makes it virtually impossible to misin­

terpret the mark track and thereby destroy information. 

Nothing in the system prohibits the changing of modes at any time during 

the movement of the tape. Thus it can be seen that, with some limitations* , one 

might find a particular block in Search mode, count passed n words in Read mode, 

write one word or the rest of the block in Write mode, then switch back to Search 

mode to find the next block. Within those limits almost any combination of modes 

can be used, and because of the polarity sensed recoding technique, even indi­

vidual words can be replaced. 

One other unique feature of the mark track is that the six control marks 

before the data marks are, what we have chosen to call II complement obverses tr
, 

of the six control marks after the data marks. ** The data mark is the complement 

obverse of itself. Thus, since when reading in the reverse direction, the flux 

reversals on the tape are opposite to those when reading forward, and the bits 

are read in the reverse order, the mark track window sees exactly the same thing 

in both directions. With one exception, no special logic is required to dis­

tinguish the format of the tape in either direction. The one exception involves 

the shifting of information into the Microtape buffer. Since the assembling of the 

l8-bit word is done by the hardware, it is necessary to shift the buffer in opposite 

directions for opposite movement of the tape in order to present words to the 

*Some of the things to be careful of include the difference in counting words when 

switch ing from read to write or from wr ite to read, the recovery of the read ampl i­

fiers after writing (about 2 word times) and the fact that writing in various locations 

in the block will invalidate the check sum at end of the block. 

** The complement obverse of a word is defined as the complement of a word with the 

bits read in the reverse direction, i.e.: 
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computer as they were originally written. This means that if a record is read 

opposite to the way in which it was written, each la-bit word will appear in 

the buffer exactly as it originally appeared in memory; however, the last word 

written would be the first one read, etc. 

The End marks on either end of the tape illustrate this bi -directional 

ability even better. As the End marks are complement obverses of each other, 

only that end of tape will be recognized, at which the tape will physically come 

off the reel if further movement continues. Thus, here again, no special hard­

ware is needed for opposite ends of the tape and there is no harm in coasting 

into or turning around in the end zones. Errors will be indicated only if attempt­

ing to go further into the end zone. The particular bit structure of the end marks 

is a repetitive one so that any sh ift of three bits in the window wi II appear as another 

end mark. This makes it virtually impossible to pull the tape off the reel in any of 

the normal modes. Sensing of the appropriate End mark will stop the tape and raise 

the Error Flag, if the tape is in any of the normal modes. * 

It can be seen therefore, that although the blocks are structurally al ike 

in terms of the types of marks on the mark track, they need not contain the same 

number of data words. Indeed every block on the tape can be of different length, 

if such a format was created originally. The system will operate in the manner out­

lined no matter what the length of the block. One other feature exists which 

*There are only two "abnormal ll modes. One is the Write Timing and Mark Track 

mode mentioned previously in which no marks can be detected since they are 

being written. The other is the case where a tape has been left moving but not 

connected to the control (deselected). In this case, only the marks on the actually 

selected tape will be recognized. In only these two circumstances can the tape be 

pulled off the reel. 
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may prove useful, especially in future designs. If for any reason the distance 

between blocks must be lengthened it can be done simply by adding nOl n codes 

between the Reverse Block Mark of block N and the Forward Mark of block 

N+ 1 (see figure 6). Since the pattern nOl 0101 01 n already appears at the junc­

tion of the two marks, it may be continued indefinitely without harm. 

Additional flexibility has been retained for future expansion. For example, 

in the future the contents of the Lock Mark might be used to determ ine if the 

block is rtfi Ie protectedU
, i.e., cannot be written on. The Final Mark could be 

used to request the check sum from the hardware, in a system having automatic 

sum check ing, etc. 

AVAILABLE PROGRAMMED SUBROUTINES 

Three main groups of programmed subroutines are provided with the Micro­

tape system for both the PDP-l and the PDP-4. The first is a basic set of sub­

routines for search ing, reading and writ ingj the second is a set of maintenance and 

diagnostic programs which can accomplish combinations of Microtape functions 

using the toggl e switches on the console (MICROTOG); and the third is a simple 

routine to save programs or data on Microtape, and allow quick retrieval via 

the toggle switches (MICROTRIEVE). Both MICROTOG and MICROTRIEVE use 

the basic read, write and search subroutines as provided for the programmer, and are 

basically the same for both the PDP-l and PDP-4. There are however, some differ­

ences in the basic subroutines which will be described below. 

For the PDP-l, the basic subroutines are designed to read or write one 

block of information, in either direction, depending on the current position of the 

tape and the direction in which the tape must be searched. If the tape is used in 

the reverse direction, data will be transferred starting with the end of the block 

in core storage; otherwise data will be transferred normally starting with the begin­

ning of the block in memory. This allows the direction of reading to be independent 

of the direction of writing without destroying the normal order of the words in 
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memory. The search subroutine needs only the appropriate unit, block number, and 

an error return as parameters. The read and write subroutines, which require a unit, 

block number, starting address and an error return as parameters, automatically enter 

the search subroutine to find the block requested. All three subroutines leave the 

tape running when completed, to allow additional tape functions if desired. Pro­

grams have been written in MACRO for both the single channel and sixteen-

channel sequence break systems. Multi-programming will occur only during search­

ing however, as the total machine time is preempted during the actual transfer of 

data. Errors are detected, saved in status bits, and indicated by a special return, 

at which point the programmer has the option of continuing in any manner desired. 

Approximately 200
8 

words of core storage are used. 

The basic PDP-4 subroutines allow the user to specify the total number 

of words to be transferred irrespective of the block format on the tape. Searching 

will occur in either direction; however, reading and writing will be done in the 

forward direction only. If the number of words spec ified during writing is not a 

multiple of the block length, the final" block is completed with words of plus zero 

(+0). On reading, only the correct number of words will be stored in memory; 

however, reading witt continue until the end of the last block so that the final check 

sum can be calculated and checked. The program assumes the use of the program 

interrupt. One auto-index register must be defined by the main program, and 

"DISMIS" must be defined as a JMP to the instructions which dismiss the interrupt. 

Instructions to check the appropriate flags must also be included in the programmer's 

interrupt sequence. 

The search subroutine, which requires a unit, block number and error 

return as parameters, will search for the specified block and either stop, remain 

running in the forward direction, or remain running in the reverse direction accord­

ing to the subroutine entrance used. As soon as searching is started, a return is 
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made to the" main program to allow simultaneous multi-programming. 

The read and write subroutines which require a unit, block number, 

starting and ending core addresses, and an error return as parameters, automatically 

enter the search subroutine to pos ition the tape. During data transfers no multi­

programming is permitted, and when the transfer is completed the tape is stopped. 

Errors are detected, coded numerically, saved in status bits and indic~ted by a 

special return. The progr~mmer can decode the type of error and continue in any 

manner desired. Approximately 3508 words of core storage are used. 

MICROTOG for both the PDP-l and PDP-4 is a collection of fairly short 

programs which allow the user to perform various Microtape functions using, as 

input to the program, only the toggle switches on the console. The programs 

available include those which will allow: creation of the mark track and desired 

individual block format, reading or writing specified portions of the tape, writing 

a Uvirgin IJ tape (tape with known block content for test purposes) in either direction, 

sum checking specified portions of the tape in either direction, IIrocking ll the tape 

in both directions in specified modes for indicated times or distances, generation 

of specified types of data blocks, and exercising the tape by writing, reading and 

sum checking in both directions. Errors are completely analyzed and typed out 

together with the number of the block causing the error, and the exact status of 

the Microtape at the time of the error. Detailed descriptions of the use of the 

various sub-programs are currently available. 

MICROTRIEVE allows the user to specify via toggle switches the information 

necessary for the storing and retrieving of data or programs on a Microtape library 

tape. When storing data the program will search for the block indicated, and 

write the indicated area of memory on the tape together with an identification 

and two control words. A message is typed upon completion which includes the 

starting and ending block numbers used for storage and a number indicating the 

total check sum of the entire area written. When retrieving the information, only 

the unit and block number need be specified, as the control words on the tape will 

indicate the starting address and length of the information in memory. A check 
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is made to guarantee that the block specified is actually the start of a storage area. 

Upon completion a message is typed which shows the starting and ending block 

numbers and the total check sum. This can be checked against the data typed 

during writing to insure that the correct information was read. Errors are fully 

analyzed and typed as in M ICROTOG • 

FUTURE TRENDS 

As has been described, the Microtape system for the PDP-l and PDP-4 

is basically an la-bit control operating in the program interrupt mode. Since 

the introduction of the PDP-5 and PDP-6 which are 12 and 36 bit computers 

respectively, much thought has been given to the desirability of making the 

tapes produced with the various systems compatible. Therefore it is expected 

that a control will be introduced in the future which will allow the assembling 

of variable length words which are a multiple of three bits. To achieve this 

fiexibil ity certain changes wii i have to be made. For instance, the caiculating 

and checking of the check sum will be done automatically, so that no difficulty 

arises in checking tapes produced on a machine with different word length. 

In addition the data will be placed on the tape in a slightly different manner 

so that the length of the word does not affect the order in which the bits are 

assembled. 

PRESENT SYSTEM PROPOSED SYSTEM 

Mark 1 1 1 0 0 0 1 0 0 0 

0 3 6 9 12 15 

4 7 10 13 16 

2 5 a 11 14 17.. 

Data! 
5 4 3 2 0 

11 10 9 a 7 6 

17161514 13 12 

Figure 7 

Placement of Bits on Microtape 
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An Additional mode, nWrite all Information Bitsn will permit writing in the informa­

tion channels of the control words of the block, allowing a simpler creation of the 

block format, and giving additional flexibility to the programmer. 

Transfer of information will be in terms of full blocks; however, Data 

Flags will still be provided at each word so that in desired cases, the user can 

still address individual words of the block. 

APPLICATIONS 

It is of course, impossible for the writer to list all of the possible applica­

tions of the Microtape system. There are certain characteristics of the system, 

however, which make it particularly" suitable for certain applications, and these 

will be covered briefly. As Microtape is used in the field, additional applica­

tions will most certainly suggest themselves and will be reported on. 

The first appl ication is simply as a storage device for programs and 

data. Since the tape handling is extremely simple, it is easy, and in fact, des­

irable to store the programs one needs on Microtape, and simply carry it to the 

computer for use when needed. T6 carry the same amount of data on either cards 

or paper tape would be unwieldy to say the least. Different I ibrary tapes can be 

changed easily if necessary, and retrieval of any portion of the tape is relatively 

fast. If modifications to the programs are necessary, the tape need not be 

either re-written entirely to preserve the order, or added to at the end. The pro­

gram can be read in, modified, and re-written in the same location on the tape, 

providing its block length is not changed. Th is indicates also that man y programs 

can be written utilizing a minimum number of drives. 

On an on-line system, use of individual Microtapes to store infor­

mation keyed in by individual users provides a fairly cheap and efficient 

way of handling data. The ability to multi-program during searching {which 

requires by far, the greatest amount of time} means that more than 

one individual can have access to the computer without appreciably af­

fecting internal processing, and without causing an inordinate 
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amount of waiting time for the user. An extension of this is discussed in the next 

appl ication. 

Since the Microtape reel is fairly small, and the system can read or write 

in both directions, random access to any point on the reel is relatively fast. A 

fairly large amount of data can be stored however and for example, one tape can 

hold more than 22 complete 4K memories. In a real-time, multiple-user, random 

access system, many tapes can be moving simultaneously even though data can be 

transferred on anyone tape at a time. For example, let us imagine a system with 

several remote teletypes, each requiring random access to information stored on 

several Microtapes. When the first request occurs, the program can place the ap­

propriate tape in Search mode and begin searching for the block. If another request 

occurs, the program can note the approximate position of the first tape in relation to 

the block requested, select the new tape (leaving the old tape moving) and start 

searching for the new block. A programmed clocking device or timing loop can be 

used to determine when to re-select the first tape, check for the correct block, and 

transfer the data. As new inquiries enter the system, a queue can be formed with 

the request for the nearest information and the time needed to reach it, at the top 

of the queue. As information is found, the clock is reset to the time necessary to 

reach the next request and so on. In this way, multiple requests for information 

on a single tape can be fairly easily handled, if both records can be found by 

searching in the same direction. There will be times, of course, when data will 

be reached on more than one tape simultaneously. In this case the tape searching 

for the later request can either be stopped before the record is reached, or can be 

turned around if the record has been bypassed. In terms of overall time to the user, 

very little difference will be noticed. Of course if two separate Microtape controls 

are used, data can actually be transferred on more than one tape simultaneously, 

providing the program is fast enough to react to the various flags. 

A th ird type of appl ication involves the continuous movement of the 

tape. There are many instances when it is desirable to store sampled data on a 

tape for future analysis by other programs. Memory fills up rapid~y however, and 
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during the time information is transferred onto the tape, sampl ing is usually stopped 

to avoid synchronization problems. Thus the information stored usually consists of 

data relating to many relatively short samples. With M icrotape, one whole tape 

can be written with one command and therefore, an extremely long sample of fairly 

rapid data can be achieved. If desired the entire tape can be considered as one 

long block of information. Storing of information from an analog-digital converter, 

would be a logical use of such a system. 

Some thought has been given to the question of sorting and merging using 

Microtapes. Though all of the problems have not yet been worked out, it appears 

that the continuous motion of the tape, and the ability to read and write in both 

directions, may make certain types of sorting very efficient. For example, in an 

unbalanced polyphase sort, one could continuously store information on every third 

or fourth block on the tape in both directions. Depending on the final position of 

the tape, some rewinding would have to be done to re-read the information for the 

next pass. However, once the information has been read, new data can be stored 

beginning with the current position of the tape. The tape then theoretically be­

comes an endless loop, and rewind time is reduced apprec iably. Depending on the 

speed of the program, if the tape can remain moving continuously except for turn­

around time, there need not be any start-stop time delays from the tape unit. It 

is obvious however that the relatively small size of the reels would limit the amount 

of data which could be sorted, and the programming necessary to compensate for 

the normal roll of the tape, may also become prohibitive. 
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APPENDIX A 

MICROTAPE INSTRUCTION LIST 

PDP-l PDP-l PDP-4 PDP-4 
Mnemonic Binary Mnemonic Binary Function 

MRD 720501 MMRD 707512 READ. Clears 10 or AC and 
transfers one word from MMIOB to 
bits 0-17 of 10 (PDP-l) or AC 
PDP-4) 

MWR 720601 MMWR 707504 WRITE. Transfers one word from 
bits 0-17 of 10 (PDP-1 ) or AC 
(PDP-4) to MMIOB. 

MSE 720301 MMSE 707644 SELECT. Connects the unit 
designated in bits 2-5 of the 10 
(PDP-1) or AC (PDP-4) to the 
Microtape Control 

MLC 720401 MMlC 707604 LOAD CONTROL. Sets the M icrotape 
Control to the proper mode and direc-
tion from bits 12-17 of the 10 (PDP-1) 
or AC (PDP-4), as follows: 

Bit 12 = Connect (Go) 
Bit 13 = Reverse 
Bit 14 = Spare 
Bits 15 -17 = Mode: 0= Move 

1 = Search 
2 = Read 
3 = Write 
4 = Spare 

* 5 = Read 
through 

* 
block ends 

6 = Write 
through 
block ends 

7 = Write 
timing and 
mark track 

i • e. 42 = Read Forward 
62 = Read Reverse 
43 = Write Forward 
41 = Search Forward 
61 = Search Reverse 

*Not presently connected 
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MICROT APE INSTRUCTION LIST (CONTINUED) 

PDP-l PDP-1 PDP-4 PDP-4 
Mnemon ic Binary Mnemonic Binary 

MRS 720701 MMRS 707612 

MMDF 707501 

MMBF 707601 

MMEF 707541 

Function 

READ STATUS. CI ears the 10 or AC and 
transfers the Microtape status conditions 
into bits 0-8 of the 10 (PDP-l) or AC (PDP-4) 
as follows: 

Bit 0 = Data Flag 
Bit 1 = Block End Flag 
Bit 2 = Error Flag 
Bit 3 = End of Tape 
Bit 4 = Tim ing Error 
Bit 5 = Reverse 
Bit 6 = Go 
Bit 7 = Mark Track Error 
Bit 8 = Tape Unable 

Skip on Microtape Data Flag 
In Search Mode: Block mark number 

should be unloaded via (M) MRD instruction 
In Read Mode: Data or Reverse Check Sum 

should be unloaded via (M) MRD instruction 
In Write Mode: Data should be loaded via 

(M) MWR instruction 

Sk ip on Microtape Block End Flag 
In Read Mode: Unload forward Check Sum via 

(M) MRD instruction 
In Write Mode: Load calculated forward Check 

Sum via (M) MWR instruction 

Sk ip on Microtape Error Flag 
Timing Error, Mark Track Error, End of Tape, or 

Tape Unable Condition has occurred. Use (M) 
MRS instruction to detect spec ific error. 

NOTE: MMSE and MMLC clear the Error Flag and MMSE, MMLC, MMRD, and MMWR 
clear the Data and &lock End Flags. 
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FLAG 

Data Flag 

cleared on 

mmrd 
mmwr 
mmlc 
mmse 

Th is flag causes 
interrupt 

Block Flag 

cleared on 

mmrd 
mmwr 
mmlc 
mmse 

Th is flag causes 
interrupt 

Error Flag 

cleared on 

mmse 
mmlc 
(also clears MISS, 
END, MTE) 

Th is flag causes 
interrupt. 

APPENDIX B 

MICROT APE OPERA nON CHART (PDP-4) 

MOVE MODE 

No Data Flags raised. Tape motion 
is continuous until End marks are 
sensed at for end of tape. 

Should not occur 

Error F lag means that an error 
has occurred. An mmrs command 
will load AC bits 0-8 with 
status information. (END is 
only possible error.) 
EN D Status bit is set when 
tape reaches for end. Error 
F lag is ra ised • Tape stops. 

SEARCH MODE 

Data Flag means that the MMIOB 
contains a Block Number. 
Write mode may be specified with­
in 400 microseconds to transfer 
the block. Read mode may be 
specified within 600 microseconds. * 
Any other mode (including Stop), 
may be commanded at any time. 
Transfer of Block Number must be 
completed in 53 mill iseconds to 
avoid a MISS. ** 

Should not occur 

Error Flag means that an error 
has occurred. An mmrs command 
will load AC bits 0-8 with status 
information. (END, and MISS are 
only possible errors.) End status 
bit is set when tape reaches far end. 
Error Flag is raised. Tape Stops. 
MISS Status bit is set when a Data 
or Block Flag has not been cleared 
from previous use. 

* All times are nominal for forward direction. In reverse direction add ± 20%. 

** MISS indicates a programmed timing error; i.e., information will be lost (missed) because 
the rout ine is tak ing too long to transfer data t :lor from the buffer. 
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APPENDIX B 

MICROTAPE OPERATION CHART (PDP-4) 

FLAG 

Data Flag 

cleared on 

mmrd 
mmwr 
mmlc 
mmse 

Th is flag causes 
interrupt. 

Block Flag 

cleared on 

mmrd 
mmwr 
mmlc 
mmse 

Th is flag causes 
Interrupt. 

Error Flag 

cleared on 

mmse 
mmlc 
(also clears MISS, 
END, MTE) 

This Flag causes 
interrupt. 

READ MODE 

Data Flag means that MMIOB 
contains a data word. P,n mmrd 
must be given within 200 micro­
seconds for data transfer. 
First Data Flag in block indicates 
Reverse Check Sum. 
Change to other modes poss ible 
with in 200 microseconds. If 
Wri te mode is desired, a one word 
delay occurs after mmwr is given. 

Block Flag means that Check Sum 
is in MMIOB. First Data Flag of 
next block wi II automatically occur 
in I. 4 mi" iseconds. 
Change to Search mode must be made 
in next 800 microseconds in order to 
catch next mark. Change to Write 
mode must be made with in next 1.2 
mill iseconds in order to start new 
block (not recommended - Block 
Number should be checked by Search 
Mode). 

WRITE MODE 

Data Flag means that MM lOB is 
ready for Data wo rei. An mmwr 
must be given within 200 micro­
seconds for data transfer. In itia I 
(-0) Check Sum is written auto­
matically. First flag in block is 
a request for first Data word. 
Change of mode possible within 
200 microseconds. Since tape 
system is bidirectional the initial 
Check Sum written may be placed 
at either Forward or Reverse Check 
Sum location in block, depending 
only on direction commanded. 

Block F lag means that Check Sum 
shou Id be loaded into MM lOB with 
an mmwr. 
First Data Flag of next block will 
occur in 1.6 milliseconds. Change 
of mode commanded at last Data 
word (0256) is delayed w:hi Ie Check 
Sum is wn ften • 
Change to Search mode must be made 
within 1.2 milliseconds to read 
next Block Number. Preferred method 
of stopping is to change to Search 
mode, then check succeeding Block 
Number for correctness before stopping. 

Error F lag means that an error has occurred. An mmrs command will 
load AC bits 0-8 with status information. (END, MISS, ,yark Track 
Error (MTE) are only possible errors.) 
END status bit is set when tape reaches far end. Error Flag is raised. 
Tape stops. M ISS status bit is set 'when a Data or Block Flag has not 
been cleared from previous use. 
Mark Track Error (MTE) Status bit is set upon discovery of certain 
Mar~ ... rack and tim ing track Errors. 
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APPENDIX C 

PRELIMINARY SPECIFICATIONS 

TAPE AND REEL 

WORD TRANSFER RATE 

SPEED 

DENSITY 

START TIME 

STOP TIME 

TURN AROUND TIME 

START AND STOP DISTANCE 

ACCE LERAT ION 

COMMAND SIGNALS 

INFORMATION SIGNALS 

POWER REQUIREMENTS 

WEIGHT OF TRANSPORT 

DIMENSIONS OF DUAL 
TRANSPORT 

260 feet of 3/4 inch tape on a 3 1/2 inch reel. Tape 
is 1 .0 mil Mylar. 

One 18-bit word each 200 (± 10) microseconds. Bit rate 
is constant when moving forward. Although velocity 
varies slightly, bit density changes serve to maintain a 
constant bit rate due to the constant rate timing 'rack. 
In reverse direction the variation in time between words 
becomes ± 20% depe~ding on location along the taFe. 

Varies according to reel diameter from 70-80 ips. 

375 (±60), 3-bit characters per inch. 3 mi II ion bits 
per reel. 

Less than 0.2 seconds. 

less than O. 15 seconds. 

Less than 0.3 seconds. 

Less than 8 inches. 

700 (± 150) inches per second per second 

Contact closures: Select, Go, Reverse, and a 10-wire Select 
Buss. One Two-wire write interlock loop. 
Two connector plugs wired in parallel for easy bussing. 

5 shielded triplets. 5 millivolt p-p normal read signal 
over 30 feet of cable. 120 ma nominal write current. Phase 
or Manchester recording used with reference to timing track 
zero cross ing for read and write tim ing • 

110 to 120 volts, 60 cps, 400 watts maximum. 

65 pounds. 

19 inches wide, 16 inches deep, 11 inches high. 1 3/4 
inch switch panel. Mounts in 19 inch standard rack. 
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ABSTRACT 

ON-LINE INPUT l)F GRAPHICAL DATA 

William E. Fletcher 

Bolt Beranek and Newman Inc. 
los Angeles, California 

Immediate input to a computer of data whi.ch exi~ts on p.aper in. g~~p~i­
cal form is often desirable but rarely posslble uSlng avallable dlgltlzmg 
devices. This paper will discuss a device developed by Bolt, Beranek 
and Newman Inc. to facilitate rapid input of graphical data. The tip of 
a pen held by the operator is traced over a curve of interest or poin~ed 
at discrete spots. A light-weight arm connects .the pen to the d.evlce 
which then makes the digitized position of the polnt of the pen avallable 
to the computer. Suitable programming allows the construction of a 
complete digital representation of graphs, charts, maps, or freehand 
sketches in the time that it takes to trace or sketch them byhand. Accu­
racy, cost, versitility, ease of use, and applications will be discussed. 
This device has been in daily use in conjunction with aPDP-I Computer 
at the Los Angeles office of Bolt Beranek and Newman Inc. for more 
than six months. 

I NTRODUCTI ON 

In general the digitizing of data existing in graphical form is accomplished by manually 

positioning x and y cursors over the desired points on the data or its projected image by 

rotating knobs. This process ties up both hands of the operator and except in the case 

of operators with rare skill, must be done sequentially, i.e., position the x cursor, 

then the y cursor. In addition, the medium on which the data to be digitized is re­

corded is rather restricted. It is usually best if it is on fi 1m. Though it is possible to 

project data from opaque surfaces, such as paper, the form of the paper is subject to 

restrictions. A page in a book or report, or a large architectural drawing wi II not do. 

About a year ago Bolt Beranek and Newman Inc. faced the problem of obtaining a 

digital representation of a large body of data which existed in graphical form. In par­

ticular, this data consisted of 1/3 octave band (08) and spectrum level acoustic and 

vibration curves obtained during a missi Ie research and development program. These 

data were processed by three different agents and existed in a multitude of bound and 

unbound reports and were printed on various grades and sizes of paper. It was this 

situation which led us to develop the device and techniques to be described in this 

paper. 
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A GRAPHICAL INPUT DEVICE 

To the obvious requirement that the device must be able to accomplish the iob we faced 

as outlined above, we added three more: 

1. The device should be easy to use, i.e., human engineered. 

2. The device should utilize existing special purpose equipment in our 

computer laboratory - in particular, a computer controlled A/D con­

verter and a computer controlled bank of relays. 

3. The device should be usable on-line to facilitate error checking. 

With these ends in mind the device shown in Figure 1 was constructed. A precision 

power supply appliesaknownvoltage across a rectilinear and an angular potentiometer. 

A pen and anti-parallax assembly is attached to the end of the shaft on the rectilinear 

potentiometer. The recti I inear potentiometer itself is held in a gimbal mechanism 

which allows it to rotate left and right and move up and down. The angular potentio­

meter is coupled to that part of the gimbal which moves left and right. The up and 

down movement is not detected. It can be seen that the two voltages existing on the 

wiper arms of the potentiometers at any particular time wi II uniquely define the position 

of the point of the pen if it is in the same plane as the bose of the gimbal mechanism. 

The errors caused by the point of the pen moving up and down as much as 1/2 inch are 

not significant when compared to other errors in the system. A block diagram of the 

device and its connections to a PDP-1 computer is shown in Figure 2. 

The first of our additional requirements - human engineering - is well satisfied by the 

device shown. After the initial calibration procedure, which will be described lat~r, 

the operator need only place the pen at points of interest on the she~t of paper, page 

of a book or magazine or report, or large drawing in a manner and with an instrument 

which he has been using since age three. lines can be traced or drawn over with the 

same ease. The device shown meets the rest of our requirements by omission. It is 

simple; therefore the program can be as compl icated and versati Ie as desi red. 

PROGRAMMING FOR THE DEVICE 

The programs we eventually developed worked for the particular type of data with 

which we had to deal. However, the problem of handling graphs of arbitrary sizes was 

approached in a very general fashion and the program to do this wi II be described next. 

Let us consider the input of points from x-y graphs which will fit on a single sheet of 

8-1/2" x 1111 paper. The device may be located with respect to the paper at any place 
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POWER 

SUPPLY 

GIMBAL 

SIGNAL SWITCH 

Angular pot 

Rectilinear 

TYPEWRITER 

COMPUTOR A I 0 
OPERATED ~---~ CONVERTER 
RELAYS 

PDP - I COMPUTER 

FIGURE 2. LAYOUT OF GRAPHICAL INPUT DEVICE CONNECTIONS. 
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x - axis 01 graph 

s/ x II sheet 01 poper on 
which graph is printed. 
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Note: 0.O,O show successi~tJ positions 01 pen point durin, cmibrtJf/on. 

FIGURE 3. SCHEMATIC SHOWING THE RELATION BETWEEN 
THE DEVICE AND A GRAPH DURING CALIBRATION. 
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where the pen can reach all pertinent points on the paper. The device wi II remain in 

its position because it is relatively heavy but the paper must be clipped or taped down 

to remain motionless. Next, the point of the pen is placed at the following three 

positions in order and the computer notified of each position by use of a signal switch. 

1 . x minimum, y maximum (upper left corner) 

2. x minimum, y minimum (lower left corner) 

3. x maximum, y minimum (lower right corner) 

At this point the program has six voltages to work with. They are: 

1 . A
l
, Bl r, 9 voltages corresponding to x minimum, y maximum. 

2. A
2

, B2 r, 9 voltages corresponding to x minimum, y minimum. 

3. A3, B3 r, g voltages corresponding to x maximum, y minimum. 

In addition the program has the following constants which were determined when the 

device was built: 

Radians/volt on the angular pot. 

Volts from pivot to electrical zero on the rectilinear pot. 

Figure 3 shows the situation schematically. With the information in hand it is possible 

to calculate the position of the pivot point of the device in the coordinate system of 

the graph (xd ' y d) and the length of the x and y axes of the graph (X and Y). With 

these values calculated it is simple to convert each subsequent r,g voltage digitized 

into x and y re the graph origin. Even more useful is x/X and y/Y giving a percent­

age value re the axis as pointed out during the calibration. 

The basic program, called xyin, performs the functions outlined above. It accepts the 

fi rst three poi nts to defi ne the graph and then converts subsequent poi nts to the cor­

responding x/X, y/Y values. Higher level programs can then form digitized repre­

sentations of particu lar types of graphs without worrying about the absolute size of the 

graph, its aspect ratio, its position relative to the device, or its angle relative to the 

device. 

In the particular data processing problem we had, the higher level programs accepted 

typed input describing the data, the maximum and minimum values of x and y on the 

graph being digitized, and scale type (log, linear, dB, etc.) and then produced a 

standard digital data element for subsequent processing. 
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ACCURACY 

When the device was initially designed the accuracy desired was ± .0211. Since the 

device operates over an area of 8-1/1' x 11" this amounts to .20/0 if the graph occupies 

nearly the whole area. The calculated error was contributed to by non-I inearity in the 

potentiometers (.1%), drift in the power supply (.05%
), mechanical play in the mount­

ing system (mostly in the anti-parallax assembly) (.10/0), and A/D conversion error 

(.050/0). Carefu I measurement with high qual ity graph paper indicated that the calcu­

lated maximum error was realized in actuality but only if the operator was extremely 

precise when pointing with the pen. After about 700 graphs were digitized using the 

device, we gave our system an end-to-end accuracy check in the following manner. 

Nine copies of a particu lar 1/3 octave band curve were produced and three of these 

were digitized by each of three individuals. The nine data elements thus produced 

were analyzed to determ ine the mean, 1st percenti Ie, and 99th percentile of the set. 

The results are plotted in Figure 4. It can be seen that we can expect 98% of the in­

puts to be within ± 1/4 dB or ± .360/0. A Gaussian distribution of the errors about the 

mean was assumed. 

COST 

The cost of acquiring and then running a device of this sort must be considered before 

discussing other possible uses. We estimate the cost considering design and production 

of the device, programm ing, and special computer equipment (A/D converter, relays, 

signal device) at about $15,000. The computer time to input a typical 1/3 octave 

band graph (36 discrete points) was two minutes, which cost $2.00 at our current 

charge-out rate. Considering that this represented the entire cost for translation from 

points on a piece of paper to a digital data element ready for processing, it is not too 

great. However, we have since realized that the immediate error checking capability 

which we had by being on-line is not in all cases worth the cost of being on-line. We 

have undertaken to design an off-line unit which will record the position information 

on punched paper tape. This system, outlined brieflyin Figure 5, will consist of the 

gimbal and pen mechanism, a special purpose keyboard with foot or hand switch, a 

single panel of electronics for rack or table mounting and a paper tape punch. The 

Data Equipment Company in Santa Ana, California, is presently proceeding with pro­

duction of this off-line system. The commercial version is expected to cost about $8,500 

and will be available by 1 April 1964. The program xyin will be converted to accept 

its input from paper tape and versions of the program prepared for computers other than 

the PDP-l. 
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FIGURE 5. SCHEMATIC OF PARTS FOR OFF-LINE DEVICE. 
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SPEED 

The system we used could only digitize a maximum of 25 points per second. This re­

striction was caused solely by the slow operation of the relays which were used for 

commutating our AID converter. The off-line system presently being constructed will 

be I imited by the punch to about the same maximum rate. The new system wi II be 

capable of a rate of 1000 points per second if it is connected to some device which will 

accept data at that rate. The slow rate (25 pps) is sufficient for slowly traci ng by hand 

a continuous curve but is not sufficient for recording a freehand sketch. The high rate 

(1000 pps) is sufficient for sketches and signatures. It will allow at least .02" accuracy 

for movement rates up to 20"/ sec. 

APPLICATIONS 

There are many areas where the accuracy limitations of the device described here 

would preclude its use and it would be necessary to fall back on a system with cursors. 

We have, however, used it in a situtation where the accuracy was quite adequate. In 

the use described it is unlikely that the data we digitized was plotted in the first place 

with as great an accuracy as we achieved while digitizing it and even more unl ikely that 

the measurements were anywhere near that accurate. 

Before outl ining possible appl ications it is necessary to point out another mode that is 

easi Iy possible but has not yet been mentioned. The xyin program as described assumes 

that all of the data of interest on a particular graph exists within the 8-1/2" x 11" area 

over which the device can move. With relatively minor program changes the device 

could be used to digitize strip chart data by starting as with a single graph and then pull­

ing the paper to the left through guides until the point which was previously x maximum, y 

minimum is at the extreme left. At this time two points are digitized. One is the previous 

x maximum, y minimum which is now at the left, and the other is the new x maximum, y 

minimum. This procedure could be continued until a chart many feet long was completely 

digitized. Another case to consider is that of a large drawing or map. Since the device 

is small, relatively lightweight, and designed to work on a desktop without being anchored 

down, there is nothing to prevent the physical movement of the device over a large draw­

ing and then treating each small area of interest as a separate graph. 

The following is a I ist of possible appl ications that have occurred to us. It is by no means 

claimed to be complete nor are we sure all the suggestions are really feasible. 
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1. Maps 

2. Strip Charts 

3. Graphs 

4. Photographs 

5. Blueprints 

6. Pantograph 

Extraction of contour information for cut and 
fill calculations. 

Oscillograph records. 

Stock market trends, integration or differentiation 
of functions. 

Nuclear tracks (bubble, spark, cloud chamber) 
point or circle areas of interest for subsequent 
more accurate investigation by other means. 

Encoding information from mechanical drawings 
for programming of automatic machine tools or 
production of system drawings from sets of complete 
drawings. 

Scaling drawings or graphs for publication. 

7. Long Distance Communication of Signatures 

Bank record checking, signing of checks or 
documents. 

8. "Spur-of-the-Moment" Sketches and Drawings 

CONCLUSION 

Battlefield maps, input of curves generated on the 
basis of judgement or intuition to be used in a data 
processing problem. 

The device and techniques described here have worked out quite well for our original 

problem. We are presently beginning to use it to input airport layouts, flight paths, and 

flight profiles to a program intended to evaluate projected noise levels on the ground around 

various airports. We have found it convenient to use and reliable and expect that it will be 

useful to others for similar problems of inputting graphical data. 

The information contained in this paper is the private property of Bolt Beranek and 

Newman Inc. and is suppl ied as restricted information for the DECUS group. The paper 

and descriptions of the equipment contained therein is not to be circulated or repro­

duced in any form without prior approval of Bolt Beranek and Newman Inc. 
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THE HYBRID COMPUTATION FACILITY AT 
UNITED AIRCRAFT CORPORATION RESEARCH LABORATORIES 

R. Belluardo, R. Gocht, G. Paquette 

United Aircraft Corporation Research Laboratories 
. East Hartford, Connecticut 

ABSTRACT: This paper presents a description of the hybrid computation facility at United 
Aircraft Corporation Research Laboratories. Reasons for adopting a hybrid system are dis­
cussed. These include a reduction in time and effort required for large problem set up,' and 
improved reliability and repeatabil ity. The possibi lities associated with having a large ran­
dom access memory, (large by analog standards), and the logical capabi I ity of a general 
purpose digital computer as part of a large analog facility are also discussed. 

Hardware contained in this facility includes a general purpose digital computer having 
4,096 words of 18 bit core storage (expandable to 64,000 words). The operational speed 
of this computer is roughly one half that of an IBM 7090. The analog computer presently 
being used in this facility contains 100 operational amplifiers, 20 time division electronic 
multipliers, 10 quarter square multipliers, 20 diode function generators, 150 potentiometers 
and a Digital Output-Input Translator (DO-IT). Conversion equipment consists of an analog 
to digital converter, a 20 channel multiplexer with sample and hold and 10 channels of 
digital to analog conversion. The digital computer and conversion gear may be used in con­
i!Jnction with the analog either open or closed loop. The performance of this combination 
on proiects I isted below is discussed. 

Among the systems presently being studied with this facility are complete VTOL aircraft and 
advanced aircraft and engine systems. An aircraft simulation is frequently done in real time 
since certain studies involve use of a dual cockpit from which realistic inputs can be intro­
duced by a human operator. Techniques for using the digital computer to perform static and 
initial condition checks on analog circuity contained in the problem are also discussed. 
Check voltage values are calculated in the digital computer by means of a special program 
(UAC-8). These voltage values are automatically compared with those that exist in the an­
alog computer through a special interface between the digital computer and the DO-IT sys­
tem on the analog computer. 
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THE HYBRID COMPUTATION FACILITY 

AT UNJTED AIRCRAFT CORPORATION RESEARCH LABORATORIES 

INTRODUCTION 

R. Belluardo, R. Gocht, and G. Paql.lette 
United Aircraft Corporation 

The hybrid computation facil ity at United Aircraft Corporation Research Laboratories 

was installed during the latter part of 1962 as an addition to the analog facility which 

then consisted of three large analog consoles and associated equipment. 

As part of the analog facil ity, the hybrid system is presently being used to sim­

ulate complete VTOL aircraft, advanced aircraft and engines systems. 1 Aircraft simu-

lation is frequently done in real time since certain studies involve the use of a dual 

cockpit from which realistic inputs can be introduced by a human operator. All of the 

systems involve the simultaneous solution of non-linear algebraic and differential 

equations. 

The hybrid system was selected to help relieve some of the problems associated 

with analog solution of very large systems of equations; namely, time and effort requir-

ed for large problem machine set-up, reliability and repeatability. Performance of the 

hybrid facility as compared to all analog simulation of a large problem is given in 

Section III A of this paper. 

Techniques for using the digital computer to perform static and initial condition 

checks on analog circuity contained in the problem are discussed in Section III B. 
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II EQUIPMENT 

A} Analog Computer 

The analog portion of the system is a standard moderately sized analog com­

puter. With the expectation that the digital computer would absorb much of the 

algebraic calculations, less emphasis than normal was placed on non-linear equip­

ment • Accordingly, this console contains 100 operational amplifiers, 20 time 

division electronic multipliers, 10 quarter square multipliers, 20 diode function 

generators and 150 potentiometers. 

Automatic read-out and set-up features are needed. A Beckman Ease 2133 

Analog Computer and DO/IT (Digital Output/Input Translator) was selected for this 

application • 

B) Digital Computer 

The digital computer is of a rather simple design and also moderate in size. 

It is a single address, single instruction, stored program machine and has a word 

length of 18 bits which is more than coosistent with analog computer accuracy and 

dynamic range. In a typical simulation, the digital computer executes the same 

sequence of instructions periodically. The digital computer samples analog vari­

ables, performs calcul.ations using these variables, and returns answers to the analog 

computer. The operating speed of the digital computer is of utmost importance since 

all calculations must be performed in some limited time (say 1/50 of a second). A 

5 tJ Sec per cycle machine allows 2,000 to 4,000 instructions to be performed in 1/50 

second which would indicate that a 4,000 word memory is of adequate capacity for 

both instructions, and stored data. Since high-speed arithmetic operations are the 

computer's prime concern, high speed multiply and divide capabilities are mandatory. 
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The input/output features of this digital computer are versatile enough to allow 

the tie-in of analog-to-digital and digital-to-analog converters and any control logic 

required. In addition to this special input/output equipment, a paper tape reader 

and punch and a typewriter have to date proven sufficient. The Digital Equipment 

Corporation PDP-1 was selected as best meeting the above requirements. 

C) The Linkage System 

The linkage system can be divided into two distinct parts: the computing link­

age and the slower control and set-up linkage. 

Digital-to-analog and analog-to-digital converters make up the computing 

linkage. The emphasis here was placed on ease of util ity and simplicity of design. 

The converters are placed under complete program control. 

The digital-to-analog converters (of which there are 10) each have a 14 binary 

bit flip-flop buffer storage which can be loaded from the PDP-lis in/out register. A 

computer instruction is associated with each digital-to-analog converter. This in­

struction will take the contents of the in/out register and load the appropriate flip­

flop buffer. The final output voltage appears at the analog patchboard as output of 

a decoupling ampl ifier. A full range scale of plus to minus 128 volts was selected. 

Analog-to-digital conversion equipment consists of a 20-channel Packard Bell 

multiplexer, sample and hold amplifier and a multiverter. A "select channel ll in­

struction fa' each of the 20 analog-to-digital channels is provided. Once the pro­

gram specified channel is selected the converter is set in operation with a "convert" 

instruction. The PDP-1 allows several options with respect to in-out timing. In the 

"convert" case one option stops the program sequence until conversion is complete. 
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Another option allows the computer to proceed with instructions that follow. In any 

case when it is certain that the proper time has elapsed a "read converter buffer" 

instruction loads the computer's in-out register with the converted voltage. Again 

full scale was selected to be ± 128.0 volts. 

The control I inkage system allows the PDP-l to control analog computer modes. 
I 

A single instruction corresponds to each of the analog computer modes. 

The Beckman Ease analog computer has the Digital Output/Input Translator. 

This unit allows typewriter or paper tape control over the analog computer. For 

example, through its use the pot settings of an analog computer program can be re-

corded on paper tape. This paper tape can then be used to set the potentiometers 

after which digital voltmeter values are read and fed to the digital computer for 

checking purposes. Any analog component can be selected and its output voltages 

read. Hardware has been provided such that any DO/IT input-output feature can 

now be handled by the PDP-l. Actually the system has been designed to provide 

control over three separate analog computers. 

III SOME EXAMPLES OF HYBRID COMPUTER USES 

A) Hybrid Simulation of a Single Rotor Helicopter 

An example of hybrid computing appl ication is found in UAC's Single Rotor 

Helicopter Simulation. The simulation consists of three basic portions. 

1) Total force, 6-degree of freedom fuselage dynamics with virtually unre-

stricted motion. 

2) Rigid, hinged blade main rotor dynamics including effects of mach number 

and ·stall. 
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3) A fixed base, fl ight simulator including fI ight instruments and a Norden 

Conalog three dimensional, television display. 

All dynamics and simulator intercommunications are contained in the analog 

portion with a minimum of non-linearities. 1 

The digital computer provides most of the algebraic and trigonometric opera-

tions and function interpolations. Basically, the digital program includes the 

following: 

9 Bivariant functions 
2 Univariant functions 
7 Trigonometric functions 
2 Square root 
2 Two-dimensional coordinate transformations. 

Numerous term calculations. 

Functi~ interpolation2 is completely digital using I inear interpolation, a reasonable 

replacement for analog diode function generation. 

The digital program is time shared between rotor and body data. Outputs occur 

at 175 points per second for the rotor and 35 points per second for the body. 

The algebraic operations provided by the digital computer have been compared 

to an all analog simulation. The digital program corresponds to 150 amplifiers, 250 

potentiometers, 110 variable products and 64 function curves of analog equipment. 

In the latter, the digital curves include 22 63-segment and 42 31-segment curves 

actually requiring 258 11-segment diode function generators for exact substitution. 

Set-up time required for this portion of the hybrid program is about two (2) minutes. 

In addition to the on-line hybrid system, a digital program is being prepared to 

provide rapid parameter modification in both computers. Pot changes on the analog 

will be automated using the DO/IT linkage directly from the PDP-l • 
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B) Analog Computer Symbolic Set and Debug 

A group of three PDP-l programs provide problem checks for analog computer 

users. The program group includes an equation loader, an interpretive mathematical 

and logical equation solver, and an output printer or puncher. 

The digital program communicates directly with the analog computer to set 

potentiometers and read check values by means of the DO/IT linkage. Checks on 

the analog and on-line converter values are made by the digital program within user 

specified tolerances and error indications are printed. 

The user communicates with the analog check program by paper tape or type-

writer using an equation language which defines the components of his computer and 

their relations. These equations may be defined directly from the circuit diagram by 

technical aide personnel. 

Analog computer components are identified by a letter and a four digit address 

identifying the component type, console number (up to four consoles may be in-

eluded), and component address. Component types include amplifiers, function 

generators, servo multiplier-resolvers, electronic multipliers, trunks, and potenti-

ometers. In addition, dummy codes for switches, relays, test voltage,etc .,not read 

by DO/IT are available. All the above components except potentiometers may be 

defined by equations relating to other components. Potentiometers can be defined by 

numeric value only. In addition to assigning component or test values, numeric 

values are used to state gains, references, and function coordinates. 

tv\athematical or logical operations permitted include the following: 

Addition 
Subtraction 
Multiplication 
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Division 
Square root 
Function interpolation or extrapolation 
Trigonometric operations sine, cosine, and arctangent 
Dead zone, symmetri ca I or not 
Limit, symmetrical or not 
logical term control by greater or less than test as with 

operational relays 

In addition, operators are used to signal function coordinate data and non-standard 

comparison tolerances. 

A looding program is used to enter the equations and data from typewriter or 

paper tape. In addition, the loader allows the user to change existing equations or 

add to the current check system. 

An interpretive equation solving program processes all mathematically defined 

components and checks results with analog voltages as solutions are obtained. Equa-

tions to be solved must represent an open loop system, i.e. equations are solved 

sequentially, not simultaneously. The order of equations presented is irrelevant as 

the program automatically determines the order in which solutions may be obtained. 

An output program provides typed solution values with their component codes. 

In addition, the output program provides the user with an optional punched or printed 

copy of his updated equation language. 
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ABSTRACT 

USES FOR THE PDP-l AT LlVERMORE* 

Norman Hardy 

Lawrence Radiation Laboratory 
Livermore, Cal ifornia 

The PDP-l was bought for serving as a peripherial computer to the LARC. 

The machine has magnetic tape, paper tape, and cards. It has a printer, 

typewriter and Type 30 and 31 scopes. A large majority of programs which 

are run on the machine are for the purpose of transforming information in 

one medium to another medium. The ultra precision scope in coniunction 

with a photo multiplier is used as a programmed scanner for transparencies. 

A number of small simu lotion programs of various types have been written 

for the machine. The main reason for this is the accessibility of a fast in­

expensive computer with a display. 

*This paper was not submitted in time for publ ication. 
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ABSTRACT 

THE PDP-l AS A DISPLAY MAINTAINING CONSOLE* 

Alan Kotok 

Massachusetts Institute of Technology** 
Cambridge, Massachusetts 

The M.I.T. {E.E.} PDP-l is being connected to the M.I.T. Computation 

Center's IBM 7090 via Dataphone. Information specifying the nature of 

the display is passed to the PDP-l, and return information regarding the 

light pen is sent to the 7090. Since the Dataphone is a low capacity 

channel it is necessary to encode the display format. The PDP-l then 

continuously displays the required points and can update the display lists 

by request from the 7090. 

*This paper was not subm itted in time for publ ication. 

**Mr. Kotok is presently employed at Digital Equipment Corporation, Maynard, 
Massachusetts . 
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