MICROTAVE MANUAL



SECTHON 1
SYSTEM SUMMARY

Microtape provides the flex'biiity, speed, and storage capabilities of magnetic tepe while
maintaining the convenience of paper tape. lis size und portabillty, in oddition to the rell-
ability obtalned by the tape format and irack heod arrangement, render its integration info
overall sysiems an easily accomplished tack. The Microtope system described In this monual
consists of a Type 550 Miciotape Contol unit and a Type 555 Dual Mic ciane Tramspedt Unit,
This system s used with either a PDP-1 or PDP-4 %o provide u fast, convenient Inpui-ouiput

device,

MICROTAPE CONTROL TVPE 550

The Microtape Control Unit 550 s o program break confrel, That is, it allows the {ansfer of
information word by woird between the computer and the Miciotape Transport Unit 556. Since
the confrol does not deal with blocks of irformatlon from the tope, words can be individually
read ond written within certaln general imits. Since the computer Is required jo atiend to the
needs of the control on u word by word basls, however, more of s tima Js spent in hondling the
needs of the confrol than would be the cuse If the confrol were of the block fransfer type.

The Microtape Control Unit 550 contains electonlc cireuitry necessary for performing the log-
ical and timing functions essentlal fo the operation of the system; the Microtape fransport unlt
confains the fape handling elements, the diive mechon’sm, and relays for switching the tape

heads onlo a master bus system.

MICROTAPE TRANSPORT TYPE 555

Operation of the Miciotape iTenspoct is, rommally, controlled by an assecluied computer., How-
ever, manual contrel Is also afferded, by mean: of the contiols focated on the font ponel of the
unit, A description of each control en the panzl Is included In Section 3 of this menual,

A gracimum of four fape transport vnils (eight d ives) may be controlled by the Type 550 Congral
Linit by means of the mark frack, which gives format infosmation fo the control, and the progiem
interrupt facility of the PDP-4 and 1. The computer is permisted to do computation in the ma’n
progrom during tape operations. Information is fransferred with progrommed check’ng by mears
of the subroutines supplind, but these routines cio no? allow simulionsous computotion during word
transfers since these progrums are gensral purpoie and Soke most of the computer’s time for thelr

operations .



USES OF MICROTAPE

Microtape is particularly sultable for certaln applications. Some of these cre covered

biriefly below.

£

Sage

The fiist application Is simply os o sforage device for prog ums and data. Since the fape
hondling is extremely simple, it is eosy, and In fuct desi-able, fo siore the program on
Microtap® and simply cory It to the computer when necded. To carry the same amount of
data on either cords or poper tape would be unwleldy fo soy the leest. Different likray tupes
can be chenged easily, 'f necessary, and retrieval of uny portion of the jupe s relatively

Editing

if modifications to the programs are necessary, the fope resd not be either revritten entirely
o preserve the order, or vdded to ot the end.  The program can be read In, modified, and
rewritien in the same locarion on the dope if s block length is not changed. This indicates

alse that many programs can be writien uttlizing o minimum number of drives.

On=Line Sysiem Data Handiing

Un an on=line system, we of Individue! Miciotapes to store information keyed in by individ-
werl wsers provides a falzly cheup and efficien: woy of handling date. The obility ro multi-
program during searching (which requires by {2+, the grecles! amourns of time) means thai
mose than one individual con have access fo the computer without appreciably aoffecting
internal processing, and without causing an Inordinale amcunt of waiting Hime foir the user,
An extension of this is discussed in the nex? epplication.

o,

Slnce the Microlape reel s only 3-1/2 fnches in diameter, and the syslem can read o7 write
in both dirvections, random acccess to any poin® on the reel js relatively fast, A falsly laige
arscunt of dafa can be stored, however, For axample, one tupe con hold more thun 22 come-
piete 4K memories. In o real-time, multiple-user, rondom aceess syibsm, moany tapes can be
moving simulionecusly even though dota can be transfe ved on any one tape of a time, For
uxample would be o system with several remote Teletypes, each of which requires randem
mecess to information stored on several Micretupes., When the fist request ocaurs, the program
con place the appropriate tape In search mode and begin searching for the block. I anothes
jequast occuss, the program con nofe approximate position of the fin’ tope in relation fo the
block requested, select the new tape (leaving the old &apé moving! and start searching for
the new block. A programmed clecking device or timing loop can be used to determine when
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to reselect the first tape, check for the correct block, and fransfer the data. As new in-
quiries enser the system, o queue can be formed with the request for the nearest information
and the time needed fo reach It of the fop of the queuve., As information is found, the clock
fs reset fo the time necessary to reach the nest request and so on.

In this way, multiple requesis for information on a single fape can be eosily haxdled if both
records con be found by searching in the same direction. There are fimes, of course, when
datta is reached on more than one tape simultcneously. In this case, the tape searching for
the later request can elther be stopped before the record Is reached or can be turned arouwnd
if the record has been bypossed. [n terms of overall 8ime to the user, very little difference
will be noticed. OF course If two separate Microtape conirols are used, data can actually be
transferred on more than one tape simultaneously, If the program is fust enough to reac? fo the

varfous flags.

Sampling of Data

A fourth type of applicotion involves the continuous movement of the tape. There are many
instances when it s desirable to store sompled dota on a taps for future analysis by other
programs. Memory fills up rapldly, however; and during the fime info:mation is ironsferred
onfo the fape, sempling is vsually stopped 1o avoid synch-onlzation problems. Thus, the -
formation stored usually consists of data reluting fo many relatively short samples, With
Microtupe, one whole tape can be written with one commund, and tharefore an exfremely
long somple of fairly rapid data can be achieved. If desived, the entire tape can be con~
sidered as one long block of information. Storing of informations from on analog=to~digital
converier would be a logical wse of such a system,

SPECIFICATIONS

Listed below ave the physical and electrical churacteristics of the combined 550 and 555
Micsotape Unit. All values are approximate.

HEIGHT 12 inches
WiDTH 19 inches
WEIGHT 65 pounds
TAPE AND REEL 260 feet of 3/4 inch tope on @ 3-1/2 inch reel. Tape
, is 1.0 mil Mylar.
WORD TRAINSFER RATE One 18-bit word esach 200 (£10) microseconds. Bit rate

is constant when moving forward. Although velocity
varies sligihtly, bit density changes serve 3o mainicin a
constan? bit rate due fo the constant rate Yiming track.
In reverse direction the variation in time between words
becomes +20% depending on location olong the tape.
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TAPE SPEED
DENSITY

START TIME

STOP TIME

TURN AROUND TIME

START AND STOP DISTANCES
ACCELERATION

BLOCK SIZE

NUMBER OF HEADS

TRACK DUPLICATION

MOVEMENT COF TAPE

COMMAND SIGNAL LEADS

INFORMATION SIGNAL LEADS

POWER REQUIREMENTS

TAPE HEAD EFFECTIVE GAP WIDTH

READ)

TAPE HEAD EFFECTIVE GAP WIDTH

{WRITE)
WRITE CURRENT
READ SIGNAL

80 irches per second

375 '#60), 3-bit characters per inch. 3 million bits
per reel.

200 millisecomds

150 millisaconds

300 milliseconds

8 inches

700 (150} inches per second

Arbitrary segments of any length determined by fomat
contiol fracks.

10 heads fo read ov write 5 channels. Each channel
Is duplicated for reliability purposes.

Pair of tape heads, wired in series, associated with
2 identical fracks. The polarity of the analog sum
of the voltages fiom the individual heads of fhe pal-
datermines the coirect value of the bis,

Accomplished by recipiocal voltages applied to the
motars driving fhe spools. These voltages control
the forque of each motor,

Contacy closures, Select, Go. Rovere and 10-wiie
select bus, One 2-wire w-ite interlock loop. Two
connactor plugs wired in paraliel

Five shielded triplets
115 volts 60 eps, 1.5 omps

600 (£100) microlnches

500 /%100) micioinchas
100 milliamperas
5 millivolis p~p, minimum

FEATURES.

The general features incorporated in the Microtupe system ares bidirectional reading and
writing; Manchester type polarity sensing; prerecorded mask and #iming trocks; pretested
subroutines; individually addressable blocks; opd in the sense explained elsawhere in this
manval, individually addresscble words. The simplified mechanical consiruction of the
Microtupe franspect ylelds good reliability ot the expense of quick stops and stars.

Recording Technique

Most of the cbove features are the result of the type of recording technique used iIn the system
{Manchester, or polarity sensed). Briefly, this technique utilizes o change in magnetic flux



for every data bit on the fape. OFf importance in this technique is the direction of each flux
chonge., A "negative-golng"” change represents a 1; o "positive-going” change s 0. The
polarity of the voltage generated by shese flux changes Is sensed $o determine the type of bit
written ot o porticular location on tape. A thaing track is recorded on the tape for puiposes
of stvobing the dats fracks. The timing strobe is lssued to colncide with the maximum rate of
change in flux of a doto bit, thus ot the point of maximum read voltage.

Freprogrammed Subscutines

information s tvansferred with progrommed checkling by means of the subroutines which may be
obivined from Digitel. Theve are threo types of subroutines currently avatiable. The fisst fs
o baslc set of subroutines for searching, reading, and writing. The second, colled Microtoy,
is a sei of maintenonce and diagnostic programs entirely under conizol of tuggle switchas on
the raain computer comsole, The third, cailed Microtrieve, Is a routine which pemits the
saving of progroms or data on Microtape, with a quick retrieval feature using foggle switches.
A more detaiied descriptlon of these programs is Included of the end of Seciion 2.

FORMAT

Miciotape uses o ten tvack recording head # rend and write five duplexed channels, The
five fracks actually written consist of the timing track, used to strobe the other $racks; the
mudk frack, used fo rafse flags in the progrom, create sequence bracks, detect block mark
numbers, and protect conirol parifons of the fape; and three dato racks. An 18-bit word

therefore uses six slots of three blis each on the tape.

fope Skew

Some tape systewns sirobe on the fisst bit of o slot, then lmpose some arbitrary delay after which
all signals present ore read. This produces problems since diffarences may oceur in the two
directions. Varlations in fope spesd betwean write time and read time would result in nom
compensated changes In the nocesscry delay. In the Microtape systen the redundant heods

wre placed in o relationshlp to each other which, eliminote most of the cross-talk between

the most imporyont fracks. This relotionship also places the timing fracks of the edges of the
fupe so that sivobing on the analog sum of the timing frack signals gucranteas that the data
iracks are recd when they are In the most favarable position. The data fracks are ploced in
the middie of the tape where the effect of skevs Is at o minimuem.

Timing and Mark Tracks

the heort of the Microtape system I3 the presecorded #iming ond mark tracks. !f s necessary
o understand the meaning of the woid "prerecorded.” At present, one of the programs pioe



vided with the Microtaps system (1-127 1O) writes the timing track and block forma$ destred
for the individual user. The Microtape system includes o programmed mode of operation
called "write timing and mark track™ and o monual switch which both permits wrliing on the
timing and mark tracks and «also activates a clock which produces the timing track and flags
for program control. Unless both the mode and the switch are used simultonecusly, It is
physically impossible to write on the mark or timing tracks. A red indicator lights on all
fransperts connected fo the appropriate conizol when the manual switch is in the "on® poesition,
in this mode only, information channel "one" ‘high order bits 0-5) Is also connected fo the
mark rack channel. Therefore, in one pass of the tape, the timing track, mark frack, bilock
format, and block mark numbers are created. Since part of the data word must be reserved to
produce the mark track, it is impossible to wilte Intelligent data in the information channsls
at the same time. For this recson also, only 12 of the 18 bifs are used for block mail iden~
tification, and bits 0~5 must be ANDed out vhen checking block mark numben. See Figure
6 for format of bits on the tape.) Once the format hos been recorded, the user is able to use
the Microtape system for actual data storage.

The aciual mark track which is weitten on the tape ‘see Figure 2} was selected ofter careful
consideration and provides many functions no! readily discernible ot a casual glance. Some
of these are listed below

Program synchronization

Block end detection

Error checking and prevention

Protection of control information

Block and word addressabliity

Automatic bidirectional compattbllisy

End of tape detection

Variable block fornat

inclusion of marks to allow expansion for more cutomatic systems of the future,

for complete understanding of the questions of program synchronization and block and detec-
fion, Figures 2 through 6 should be studied closely, using the explanation which follows %o
clarify certain main points,

Modes of Operation

There are three maln programmed modes of oparation which requira that the user elthe: pro-
vide infosmation fo the Miciotape system or aecept information from the Microtape system.
These ave the secrch, read, and write modes. A fourth mode, move, simply moves ihe tope
without supplying or requesting information. In ‘order fo indicate to the programmer that
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the system s ready fo tronsfer information, certain flags cre raised. When these occur, the
programmer must efther load new information to be written, or unload information just rend,
and must do so within o specified thne fo prevent loss of information and error indications., I
the program interrupt mode is belng used, the ralsing of any of the flags mentioned alse causes
a breck in which the individual flags must be interrogated.

~ In order to produce these flogs, the mark track is read by passing the bits through an 8-bit

“moving window" which shifis bit by bit cs the tape moves. A decoder associated with the
wincow interprets the pattern present, and raises the appropriate flogs, if necessary. An
8-bit window is used, aven though each marl is six bits long, fo provide greater reliability,
since o mark will not be recognized o ligitlmate unless the last fwo bits of the previous mark
were legitimate. This Is one of the reasons which requires ordering of the maiks on the tape.
Note that whether the program is reading o> writing, the mark ond fiming fracks are always
heing read.

Search Mode

in the search mode the data flag is ralsed oniy when a block mark s read ‘see Figure 3'. The
progrem must unload the buffer within 53 miliiseconds, and bits é=17 contaln the block maik
number, Bits 0-5 contain the maik code.

Write Mode

in write mode, the Microtape system automarically writes the reverse check sum and raises
data flags when it requires infoimotion to be wiltten on the tape (see Figure 5!, The first
dota flag requests the first data word of the block, and the last date flag requesis the lost
data word of the block; therefora there are ¢ total of 256 data flags for o 256 word block .
Note that the progrom loads ecch data word as the Microtape system is writing the previous
one; thus a flag is raised requesting o data word when 18 hos just passed the place on the tape
fwo words chead of where the woid Is fo be writien., Compare this with read mode discussed
below. Time batween data flags Is appiustimately 200 microseconds. When the prefinal mark
is detected, a biock end flag is valsed which accomplishes two things. Fiist it is o request

* for the progrem to foad the calculated check sum (nomally the complement of the 18-bit
ring sum of the reverse check sum and the data words); and second, it allows the progrem jo
detect that a biock has been completed without the use of any progrommed counters. After
the check sum is written, the writers are turned off to avoid any possibility of destroying the
conivol portion of the block. Approximately 1.2 milliseconds are available to switch to
search mode if a check of the next block maik number Is desired. If the contvol remains in
write mode, the Microtape system writes the next reverse check sum and raisesthe next dato
flag ofter opproximately 1.6 milliseconds.
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Read Mode

in the read mode the first data flag is roised when the reverse check sum has been read (see
Figure 4). The reason for this becomes cbvious since a biock may be read in either divection
independent of the direction in which it may have been written, The fisst word read, there-
fore, sefs the register which the program uses to accumulate the check sum. Each successive
data flag Indicates that o data word has been read and should be unloaded from the buffer,
stored in memory, and accumulafed in the chick sum. When the check sum mark is detected,
a block end flag is raised, indicating both the end of the block and that the check sum is in
the buffer, This word would nommally be unlcaded and added to the wocumulated chack sum
producing a total of zero., Any other result indicates that the tupe has been read incorrectly,
and the programmer has the option of continuing in any manner desired,

When reading, there are 256 duta flags for a 256 word block, und euch flag siates that the
associated data word is in the buffer. In the present system, validity checks on the data
portion of the tape are done by progrom control only. As a matter of fact, if for some reason
a check sum is not desired, the check sum word con be used as simply another data word.,

Checking of the mark and #iming tracks is accomplished through the hordware and the phys-
ical characteristics of the mark irack ifself. One check, that of checking the lost two bits
of the previcus mark, hos already been mentloned. However, another interesiing fact emesr~
ges from what happens s the tape passes by the mark detecting window, bit by bii see Figure
é). Close examination shows that unless the window is actually looking at a legitimate mask
on the fape (except on end mark), the blis in the window differ by af least fwo bits from any
possible legitimate matk. (In the rave instance where they are only one bit different, the
window has been cleared for other control puiposes, sc that one bit can make no difference
ut all.} This guarantees that a 1-bit esvor any place on the mark o timing tracks can not
cause an erronecus mark to be detected. It also allows checking for asynchronous marks.,

Yor example, once the window #s in synchionization (nommally by possing over a block mark),
o mark frack error is indicared and the esror flag raised if o legitimate mork is found in less
than six shifis of the window or if a legitimate mark is not found after each six shifis of the
window, These combinations of checks moke it virtually impossible to misinterpret the mark
frack and thereby destroy information.

Nothing in the system prohibits the changing of modes ot any time during the movemaent of
the tape. However, care should be taken %o include the difference in counting words when
switchirg from read fo write or from write to read, the recovesy of the read amplifiers after
writing (obout two word times) and the faci that writing in vavious locations in the block

u ?
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tnvalidates the check sum af end of the block. Wiihin those limiis clmost any combination
of modes can be used; and because of the polarity sensed recoding technique, even individual .
words can be replaced. |

Complemeni Obverses

One other unique feaiure of the mark frack Is that the six conirol marks before the dota marks
are, what we have chosen to call "complemant obverses, " of the six conirol marks ofter the
date marks. The complement cbverse of a woerd Is defined os the complement of a word with
the bits read in the reverse direction, for example:

010110 (26} and 100101 (45)

001000 (10} and 111011 (73

The data mark is the complement obverse of fiself. When reading in the reverse direction,
the flux reversals on the ape are oppesite to those when reading forward and the bits are
read in the reverse order. Therefore, the mask frack window sees escactly the same thing in
both directions.

Bidirectional Abiliry

With one excepticn, no special logic Is requlred fo distinguish the format of the sape in
althar divection. The one excepilon involves the shifilng of information Into the Microtape
buffer. Since the assembling of the 18~bit ward is done by the hordware, it is necessary o
shifs the buffer in opposiie directions for opposite movemeni of the tape In order fo present
words §o the computer as they were originally writien. This means that if a record Is recd
oppusite to the way in which it wos written, each 18-bit word appears in the buffer exacily
as it originally appeared in memory; however, the last word writien would be the fisst one
read, e¥c.

The end marks on elther end of the tape Hllusirate this bidirectional obility even better. As
the end marks are complement obverses of each ather, only recognized is that end of tope
which will physically come off the reel if furiher movement coniinues. Again, no special
hardware is needed for opposite ends of the fope, and there & no harn in coasting into or
jurning around in the end zones. Ervors are indicaied enly if attempiing to go further inio
the end zone. The particular bl struciure of the end marks Is o repetitive one, so that any
shift of three biis In the window appears cs another end mark. This makes it virfually im-
possible to pull the tape off the reel In any of the normal medes. Sensing of the appropriate
and mark stops the tape and raises the error flag if the tape Is in any of the normal modes.

There ore only two “"cbnormal” modes. One Is the write timing and mark rack mede, men-
tloned previously, in which no marks can be detecied since they are being writien, The other
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is the case where u fape has been left moving but not connected fo the control (deselected) .
in this case, only the marks on the actually selected tape ove racognized. In only these twe
circumstances can the tape ke pulled off the reel.

Bleck Size
Therefore, although the blodks are structurally alike in terms of the types of morks on the
raark irack, they need not contoln the same aumber of date words. Indeed every block on
the tape can be of different length, - if such o format was cieated originally. The system will
operate in the manner outlined no matier what the length of the block. One other feaiure
oxists which may prove useful, especiaily in the future designs. W for any reuson the distence
between blocks must be lengthened, it con be done simply by adding "01" codes befween
the reverse block mark of biock N and the forward mark of block Nt1 (see Figure ). Since
the pattern "01010101" clready cppeors ot the junction of the two marks, it may be continued
indefinitely without harm.

Additional flexibility hos been retained for fulure expansion. For example, in the fusure the
zontends of the lock mark might be used o determine if the block is "file protected, " thot is,
cunnots be weisten on. The final mark could be used o raquest the check sum from the havd~

ware in a system having automatic sum checking, eic,



SECTION 2

QPERATING INSTRUCTIONS AND PROGRAMMING

The operuting imstructions for the Microrape system consist, busically, of tope loading and
monual switching operations. Each is described below. Following them Is o subsection de--

voted to programming information.

LOADING THE PROGRAM

There are no special instructions other than the ones for using the computer. There are,
however, some standard pirfalls. First be sure the program is the coireck one for the computer
os well as for the desired operation. Insert the paper tape in ifs proper orientation. There is
one correct way ouft of fou:, If the program does not load {(in the case of a FDP-4}, check
the ioader instructions. Remembes that i it is an 8K machine add 010000 to all instructions
sther than 10T's, Then follow the written program clesely.

LOADING THE TRANSPORT

To ioad the framsport with a full spool of tape, proceed os follows. Make sure that the shiny
side of the tape is wound face out from the hub, or spindle hole, of the spsol. During
threading, keep the shiny side of the tape up . First, place the spooi over the left hand
spindie and press in until the spool is firmly snated on the spindie. Thread the tape over the
tape guides, and over the tape heads see Figure .} Imsert the fres end of the tape down
against the interlor hub of the empty take~up spool. Moake sure the tape end touches the hub.
The power switch should now be turned on. The electrostatic created by the furning of the
empfy spool is sufficient to couse the free enc of the tape fo be token up and ausomatically
wound about the spool hub, effectively completing the threading process. Afier the tape hes
been so threaded, allow the spools to continue rotating for approximately iwo seconds, During
this time, observe the spools for possible wobble und correct if present. Alwoys use Cervified
tape. Other tape may confain defecis which will cause problems from she start.
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Certified Tape

Microtape systems give the user, for the first ¢ime, o means of "ceifying" or marginal
checking his own tape. Certifying is done by recording o paitern on tape, reducing the
cignal read from the head by a foctor of five, and making sure that the tape still works.
This process assures that, for the conditions ot the time of the itest, there was an amplitude
margin of at least five fo one for the signal from the tape. The attenuation is accomplished
by replacing a jumper plug on the back ponel of the control (at C1¥ and C24} with another
which has o resistor attenuator on it. The module number of the jumper plug is 1033,

DEC can provide certified fape. This tape has written on it a mark track, o timing frack,
and a pottern of 577 blocks sach 256 words long. !t has been checked as above with the
further refinement that recd amplifiers of average gain margins were used and the signal was
attenuaked fo an average of 1.6 millivoits peak to peck. When ordering o ceriified tape,
include the serlal number of the 550 conirol unit.

SWITCH FUNCTIONS

WRTMR switch Is located just below plug AZZ on the 550 Contrel. lis function is fo furn on
the clock which is used only when writing ths timing and mark #rack on the tape.

SELECTOR switch is the 8-position switch located on the 555 Control Panel. The numbar ic
which the switch is sef becomes the unit number of that particuler drive.

WRITE LOCK switch has three functions. OFf turns the 115 VAC off fo the motors. Write-
lock allows the 550 conirol to command any made except write. The Wilte position ullows
the control to write information either in the data channels ¢i mask and fiming channels

depending upon the program used.

the FWD-REVY switch manually controls the niotion of tape.,

Tugning OFf Unit

s

Ovdinarily, the Microtape system is controlled by an assocloted compute: which turns the

system off. When off, the fape should be chaecked for ancess siack, ond corrected, if

necessary, by using the AL switches which control the Individuol dvives. If compuier contiol

is not provided, the Microfape unit can be tuined off by simply throwing the power switch,
FROGRAMMING

i e AR R DL

Included at the end of this subsection ure 10T's of relevance when the Miciotape system: is
used in conjunction with a PDP-1, PDP-4, computer.



Preprogramied Subroutines

As mentioned earlier in this monual, three types of program sulwoutines are furnished with, o
can be obtained for use with, the Microtape system. The first Is o basic set of subroutines

for searching, reading, and writing. The second, Microteg, is o set of maintenance ond
diagnostic programs which can accemplish cembinations of Microtape functions using the
ioggle switches on the console. The third, Microizleve, is a routine which saves programs

or data on Miciotape and permits quick refrieval by means of toggle switches on the computer
console. Microteg and Microtrieve both employ the basic read, write, and search subroutines
described above. These latter subroutines, with small differences are basically the same

for both the PDP-1 and PDP-4.

Subroutines fon’ PDP-1

For the PDP-1, the bosic subroutines are designed fo read or write one block of infomation

in either direction, depending on the position of the tape and the direction in which the tape
is searched .. Searching in the reverse direction resulis in o transfer of data, the start of which
coincides with the end of the block in core storage. In the forward direction, data is
ransferred upon encountering the beginning of the block in question. Thus, the direction

of reading is independent of the direction of writing, and memory words are preserved, In
searching, the appropriate unit designation, the block number, and the error return are used
as parameters. the read and write subsoutines both vequire a unit designation, block numbe:
skarting address, and error refurn os parametes, The recd ond write subroutines automatically
enter the search subroutine fo find the reques’ block.

After completion of the subroutines mentioned above, the tape s not siopped, but allowed o
run if so programmed.

Subsoutines for PDP-4

Subroutines applicable to the PDP-4 permit specification of the totel number of words for
fronsfer regordiess of block format. Searching is permiifed in both the forword and reverse
directions, however, both reading ond writing cre permiited only in the forward direciion.
Should the number of words specified for tronsfer result in use of only a puiiion of some
block, the remainder of the block would be filled in with zeres {(if writing) i the

vemainder of the block would be reud if reaciing) even though the words so read are not uiii-
tzed in any manner. The purpose of this latter action s o peimit the chack sum fo be calou-
lated or checked. It should be noted thai the progrom inferrupt mode of eperation constitupss
the busis for the above discussion, and that one auto=index register i defined by the main
program.  The instruction dismis is defined as a jmp fo the instructions which dismiss the in-

tesrupt, Instructions to check the appropriate: flags are olso included in the inferrupt sequence .

23



For whe FP-4, the seorch subroubine requites o unit designotion, bleck numbe:, ond eror

sefirn up porametens. Seasching terminoies with either a siep, or o running in either the

fepwen or teverse diveciion, according so the subrostine enfionce used., As soon os searching

ke syaived, a rewurn is made jo the moln progrom to sllow simultaneous multiprogramming.

“ow the vead and write subroutines, the unit designation, biock number, starting and ending
woaig GUOYESSes, and eyror rehum ore requited as parameters. tThese routines couse outormaiic
,,,,,, vy init the search mode to position the fcpe, Dusing deta wansfers, no multipregramming
b pemivied, After complerion of wansfer, the tape is siopped. Enown are detected, coded
cumerically, soved in sfotus blis, and indicoted by o special return.,  The coding of the

st dype may be followed by continuance of the desived program,

Micraiog

The Miciokog subroutines are applicable for use with either the PDP-1 or PDP-4. These
subrovtines corsist of a number of short programs which check out the vartous Microtupe
uneiion, under the conitel of the comsole joggle switches, Seme of these short programs aie:
wreating the metk ack os individual block formal; reading or wiiting specific portions of the
sape; writing o cleor tape in either divection; sum-checlking specified modes for indicated
Hmes or distances, goneration of specified types of data blocks, ond exercising the tape by
wiiting, ieading, ond sum-checking in both directions. Evrors are analyzed ond indicoted by
iwppout,. The typeout includes the block causing the error and the exoct status of the Micio-
e of the Hime of the error,

rieve

]

Moo

35 TR, T

The Mieoirleve subroutine permits, by use of loggle switches on the main console, the sioiing
oo ratrieving of data in specified locotions. During storing, o search is made for the block
Indicoted; then the indicated crea of memory Is wiriiten on the tape, accompanied by an iden
e cziaém'j designaiion info conivol words. Upon complerion of the storage process, o typeout
s exesuted., Tne iypeout lists the siariing end ending biock numbers used for the storage and

= umber representing the total check sum o7 the entire ores so wriiten.

ring reivieving, o portion of data informaiion on the fape is stored in core memory., s
iecation is indicated by the status of the foggle switches. For retrieving, the unit designation
cd block number must be specified; the confrol weords on the tape indicate the starting oddress
ond jength of infosmation in memory. In fhis subroutine, the chech is made to Insure that the
hinck specified is actually the siart aif“ the storage area. Upon completion of retrieval,

wypeout is effected which lisks the starting and ending block rumbeis and the total check sum.

@

wise froms can be checked against the typein data as o verificatlon of the reirievol. Hroms

wsa



e unaiyzed os noted above under Micratoa.,

o3ty yctions

PR

input-output fransfer instructions for use when Microtape is employed with o PDP-1 o PDP-4

aie given in Tables 3-1 and 3-2. Table 3~3 aives a somple of Microtape operation with a

POP4,

001 PDP-1

mrd 729501
ARGy ;’,2360 i
Nse 720301
mic 720401

PiIP.4
#dnemonic Binary  Mnemonic

minrd

nwi

amse

nmlc

* Mot oresently connected.

PDP-4

707512

707504

707644

707604

MICROTAPE INSTRUCTION LIST

Binary  Function

READ. Clears %O or AC and tronsfers one word
$rom M}{'AEOB fo biis 0=17 of /O PDP=1} or AC
POP-4),

WRITE, Transfers one word from bits 0= 17 pf
QO (PDP=1) or AC (PDP=4} 0 MMICB

SLELECT. Connects the unié designated in bifs
2~5 of the /O (PDP~11 or AC PDP-4) to the
iAlcrotape contial.

LOAD CGNTROL. Sets the Miciotape control
5 the proper mode und direction from bits 12+
i7 of the /O (PDP=1} or AC (PDP-4), as follows:

B3t 12 = Connect ‘Go)
i 13 = Reverse
Bik 14 = Spaie
iy j5=17 = Mode: 0 = Mowve
| = Seoich
7w Reod
A Weite
aow hpora
“n v Read threugh block ends
“h = Wrlte through block ands
“F = Weite fiming and mark
i

42 = Read forward

" A2 = Reod reverse
41 = Write forwa-d
41 = Sagreh forward
61 = Search reveiss

foams
G
je

n



YABLE 2-2 MICROTAPE INSTRUCTION LIST (continued)

READ STATUS, Clears the i/0Q or AC and
rarsfers the Microtape status conditions into
bits 0«8 of the 1/ PDP-1) or AC (PDP-4) o5

Bis 0 @ Data flog

Bit 1 = Biock end flag

it 2= Bverfloy mMiss <
Bt 3 = End of tope
bit 4 = Timing ssmor

Bit 7 = Mark track eror
it 8 = Tape unable

Skip on Microtape deta flag

In search mode: Block mark number should be
unloaded via (m) med instruction

in read mode: Dato or reverse check sum should
be unloaded via (m) rrs instruction

in write mode: Data should be looded via
im) mwr insiruction.

Skip on Microtape block end flag.

in read mode: Unload forward check sum viu
n) med Instruction.

1 Loud calculated forwaid check

sum via ) mwr instruction.

PDP-1 PDP-1  PDP-4 PDP-4
Mnemonic  Binary  Mnemonic  Binary Funciion
mrs 720701 mms 707612
follows:
Bit 5 = Reverse
Bit 6 = Go
mendf 707501
mmbf 707601
In write mode:
mmef 707541

Skip on microtope eror flag. Yiming enor,
matk frack error, end tape, or iape unable
condliion hos ocourred., Use (m) mis Instruc-
ilon to detect specific eror,

MOTE: mmse and mmlc clear the error flag; cnd mmse, mmle, mmid, and mmwr clear the

data ond block end flags.

2ol



FLAG

Data flag
cleoved on

mmrd

FOWT

mmlc

mmse

This flag causes
intesvupt .

TABLE 2-3 MICROTAPE OPERATION CHARY (PDP.4;7*

MOVE MODE

e e i om0 AV A i

MNo daio flags rolsed. Toape
motion is continuous uniil
end marks are sensed af far
end of fope.

e ra

SEARCH MODE

L VA AR T ST R

Data Fleg means thot the MMIOB
contains a block number. Wiite
mode may be specified within
400 rmicroseconds to twonsfer the
black., Reaod mode muy be spec-
ifted within 600 microsaconds, ”
Any other mode including siop),
may be commanded of any fime.
Transfor of block number must be
complered in 53 milliseconds to
owoid a MISS &

Block Flag
cleared on
mmsd
MW
mmle
mmse

This flag causes
interiupt.

Sheuld not occwr.

Should not ocour

e ﬁmgi
closred on

e
mimel

{ulso clears MISS,

END, MTE
This Flag cavses
intariupt.

Ewor flag means thet an

eivor hos cccurred, An mmis
zommond will load AC bils
U~8 with status infomation,
{(END 15 only possible wror.)
END stufus gi@ is set when fope
reaches fur end, Eror flag Is
raised. Tope stops.

Ervor flog means that an ervor

hos occurred, An mmrs command
will load AC bits 0-38 with status
information. (END, and MISS
are only possible errors.) End
sfatus bit s set when fope rea~
ches for end. Error flag is raised,
Tupe stops. Miss Status bit Is set
when a dato or block fiag has not
been cleared from previous use.

All times are nomino! for forward divection,

In reverse direction add £20%.

*2  MISS indicates o programmed timing encr; t.e., information will be lost (missed)
becouse the routine is toking too long to transfer duta to or from the buffer,
5 Opigeation for the PDP-1 Is similar except thay the /O Is relerenced rother than the AC.



TABLE 2-3_ MICROTAPE OPERATION CHART PDP-4 fcontinued)

FLAG

Data flag
cleared on

mmird
mmwr
mmlc
mmse

This flag causes
interrupt

READ MODE

Y —— T T RGO

Date flag means that MMIOB
contains a data word . An mmed
must be given withir 200 mic~-
roseconds for data transfer.

First data flag in block indi-
cafes revesse check sum.,
Change to other modes pos~
sible within 200 micreseconds.
I write mode is desived, a 1-
word delay occurs after mmwr
is given.

WRITE MODE

Deta flag means that MMIOB

is ready for dofa word. An mmwr
must be given within 200 micio~
s2conds for dafa iransfer.

Initial -0} check sum is written
automatically. First flag in
block is a request for firsk dota
word, Change of mode possible
within 200 microseconds. Sinc3
tape system is bidirectional the
initial check sum written must be
placed at either forward or reverse
check sum location in block, de~
pending only on direction com~
manded .

Block flag
cleared on

mmrd
mmwi
mmlc
mmse

This flog couses
inten‘up °

Block flag means thet check
sum Bs in MMIOE., Fist data
flag of nexs block automatically
ocaeurs in 1,4 milliseconds.
Change %o search mode must be
made in next 800 microseconds
n order to catch naxt mark.
Change o write mode must be
made within next 1.2 millisec-
onds in order fo star new block
{not recommended ~ Block num-
ber should be checked by search
mode)

Block flag means that check sum
should be loaded into MMIOB
with an mmwr .,

First deta flag of nexi block oc~
cuts in 1.6 milllseconds. Change
of mode commonded ot last data
word (Dosg) is delayed while
chack sum is written.

Change o search mode must be
made within 1.2 milliseconds to
read next block number. Preferved
mothod of stopping is to change fo
search mode, then check suc-
caading block number for correct=
ness betore stopping.

Errar flag

cleared on
mmse
mmic

{also clears MISS,

END, MTE]
This fleg causes
interrupt.

e

&ror ﬂa%)mecms shai an eror hes occurred. An mmrs command will

load AC

its 0«8 with stafus information, (END, MISS, mark trock

srror (MTE) are only possible emors,}

End status bit is set when tape reachss far end. Bror flag is raised.,
Tape stops., Miss stotus bit is set when a doto o block flag bos not
been cleared from p-evious use. Motk track eror (MTE] status bit
fs set upon discovery of certain mark trock and timing tvock erors,




SECHON 3

THEORY OF OPERATION

ENGINEERING DRAWINGS

Ail the microtape prints are fully cross referenced. The numbers shown in porentheses on the
block dicgram refer fo the block schemeiic print numbers and geographical references as foliows:
the first two cheracters (EM, IN, C2, C1, eic.) Indicote the mnemonic tltla of the appropiiate
block schemotic, and the second two characiers B4, C2, etc.) indicate where on the nomed
pring the reference is mede. The latter indicates the vertical dimension, which is shown on the
~ight and feft hand margins; and the number indicates the horizontal direction, which is shown
across the top or across the botiom. The destinations {or origins) of all signals are shown within
the block schematics. If a given signal goes to two places, both af the some geometricel print
locotion, this location is indicated twice. In this way a section of the wiring list can be buily
up for purposes of detailed roubleshooting or coirections to the hordware. Wiring lists are not
muinktained once the machinery Is shipped.

MICROTAPE SYSTEM

The basic block diagram of the microtape sys-em Is shown in D-550-0-BD. At the top of this
diagrem, a horizontal line representing inforination and contro!l plugs 3J1 ond 0JZ serves to
seporare the computer (sbove) from the Microtape system {below). Asnother horizontal line
located af the bottom of the diagram, representing the information bus plugs of €21, 22 and
the control bus at B3, 4, serves fo sepurate the tape drive mechanism (below) from the control
system above it. The purpose of this diagrem is to depict the inter-relationship of major signals
utilized in the Microtape system. Some of these signals ave shown o input-output trorsfes
SOT's). These are iocated at the top of the diagram, and are designoted as being relevant i
either the PDP-1 or PDP~4 computer. Input-output transfess without such designetions

mee common fo both computers. Thus, the 10T MMRD o5 shown is common to both comgputars;
wheveas the IOT MMEF is relevant only to the PDP--4.

ihita fransters

information iransfers are routed to or from the accumulator (AC) if a PDP-4 is used. or to
feom the input-output buffer (1O) if the PDP-1 is used.

ilata ransfers hetween computer and tape are via the in-out register ond the shifi register in
e control unit, us shown of the left of the diogrem (B-550- -BDj). From the AC o VO of



the computer, information tlows to the toape through 18 lines which connect the AC or I/ O to
the fn-out register. These lines are ons-directional only; o binary one is indicated by a ground

g e
Ty 4RO

loformaiion from the tape is foswarded to the AT or ¥/ O from the in-cut register of the control

unik by means of another set of 18 lines; a one is ‘ndicated by ~2 on ¢ line,

& teowster of information between the in-out ragister of the control unit in the shilt register is
aucompiished by a double set of 18 lines. Information How berween these vegisters is accomplished
by simuitaneous.  pulsing thelr in-gotes by means of an interchange pulse. During writing, the
sontends of the shift register are fransferved to the tape through the write amplifiers and tape

heods; during reading, Information is teansferred from the tape through the read omplifiers o

the shifi vegister. A detciled discussion of the shifi register, in-cut register, and read and

write omplifiers is included later in this section,

CONTROL FUNCTIONS

The botie conirol functions of the control unit are listed below. The titles of the block

=

wnematics which contain the indicated circuitry are shown in parenthesis.

feoding of timing track. The bits on the timing rack are read und fronsformed into timing

ruilses which conivol the ssquence of microtape operation. ({ivi).

Reoding of mark track. The mark frack is read and decoded to obtain flog signals, sequence

iweaks, mork numbers, oand block ends. (W),

Tyemster of information. Signals ere generated 6 dencle the direction of intonnation exchonge
Lenween vhe compute; and the microtape. Infarmation fo or from the computer is iransterred

in purctlel form; information fo or from the tape iiself is transierred in serial form. (IN),
Cionaration of control responses . The timing pulses (p), the marks, and the mode of operation
sead, wiite, search, efc.) wre used fo generate proper contiol responses (Flags, shift signals,
infmchonge pulses, etc.). (62, TM}. Memory of mode, seleation, and motion commands of

iz progian ars shown in (K1),

Reauing of Timing Track

The basic timing pulses (TP1 ond YPO) are derived from the timing trucks of the tape. TP is
generafed during the negotive-going zevo-crossings of the timing track voltages picked up by
the tape heuds. Tope head voltages, appeer as sign waves. The zero-crossings of the voltages
picked up by the head are tronsformed by the read amplifier into square waves, the transitions
oF wrhich oceur in synchronism with the zero~crossings of the original head voltages. The read
wiopiifiers, which have high and uncontrolled gein, saturate at ony input signal over 100 mocro-
wolis pook-~to-peok .,



{iming pulse TP marks the time the change In direction of flux of the data or mark bits is at
maximum, and therefore ready for transfer to storage registers. During writing it is used to
write the flux reverse which represents the bir. Timing pulse TPO denctes between-bit time,
that is, the appropriate time to shift info the writers the next bits that are to be writien. in
effect, TPO designates the time that the head is passing through the boundary region between
bit locations on the tape.

Another timing pulse designated as TP2 is obtained by delaying TP1 approximetely 4.5 micro-
seconds. TP2 is used to check maik track Infosmotion picked up by the TP1 preceding it. The
vime interval between TPl and TP2 is sufficieni to allow CO gotes tc set up. In effect, TP2

commands an inspection of the control word (if any). TPO is sometimas used to accomplish the

same thing.

Timing pulses TPO, VP1, and TP2, after being generated, ore gated with various other signals.
One such signal is the delay in progress (DIP' signal, which is in effect whenever the proper
iape speed is in the process of being attained, whenever turn around of the tape is ccourring,
or whenever the process of tape transport selection Is baing carried out. During such times,
timing track information is considered to be Invalid insofar as proper operation of the system is

concerned.,

in addition to the above, the timing pulses undergo goting to reduce the effect of cross talk
during writing. Such gating introduces a delay after actual origination of 10 microseconds
for any TP signal mentioned above. After gating (or before gating) the time iapse between
TPl and TPG, or between TPO and TP1, is 15 microseconds.

The OFF level occurs whenever the GO flip-flop is clear, provided that the write enable
flip~flop (WREN) is in the ZERO state. This AND function of the write enable signal is to
prevent the timing pulses to contiaue even though the GO signal may be present.

Relay Timing and Mark Signel

The relay timing and mark signal RELTM]) functions to suppress timing pulses picked up from
the tape during this mode of operation. In addition, the RELTM signal encbles the timing and
murk track writers and physically connects them to the TT and MTS, it also starls the WRTM
{write timing and mork load clock). In addiiion fo the above, the RELTM signal tights a red
lomp on the driverss.

The clock mentioned in the pasagraph abova drives a gray code ¢ unter which, in turn drives

the track writers and gencrates quadratuie phase TP puises by means of the same pulse amplifiers
which nomally buffer the timing pulses. It should be noted that the T writers are switched at

fimes which are in quadrature with the timing pulses this ensures the preservation of the relationship
between the negative-going, zero~crossing ¢f a timing signal and the coincidence of the flux reversal
cf the data or merk bit.

5 oy
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Reading the Mark Track

The mork track is read in the same manner os are the information or data tracks. That is,
timing puise TP1 loads the fisst flip-flop of a shift register from the f{push pull) outputs of the
sead omplifier. This occurs af the time of maximum flux reversal of o data or mark bit passing
wnder ¢he head. This same flux reversal was previously wrltten on the tape by means of the
same ¥P] ~ during on earlier writing operation -— now under consideration. Since the head
senses maximum flux reversal at TP1, an accurate outpu? is obtained from the associated read
emplifier. It should be mentioned that the direc:ion of the flux change detarnines the polarity
of the vead amplifier cutput, henceo the kind of bit being read ~ one or zerc, An inspection
of Figure ____ discloses the relationship between flux directions and binary value as recorded

an the iape.

Uinlike the data words, which are routed as described above between tape and computer, the
mewk track bits are routed only to the conirol unit. In the control unit, the mark track bits
ore shifted into the window register. This 8~bit register always holds the iast eight bits vead
ircm the mork track. Each new reading of a new mark track bit shifts the register so thot the
naw bit is shifted in, and the old eight bit shifted out. Since mark track bits are read in
succession, theve is a succession of shiftings of the window register. Afrer each shift however,
the window register accurately reflects the last 8 bits read from the mork track.

Window Regjster

the ouiputs of the flip~flops of the window register are fed to a group of AMND circuits. The
function of these latter circuits is to detect partleular patterns as they appeor in the register.
Fimy particulor pattern of bifs in the register remuins such only for a period of approximately
33 microsaconds; at the end of this time, the next TP1 pulse shifts the register, to create
{possibly) o new pattern. Accordingly, the AND circuit outputs can be asserted only for 33
microseconds. Thus, after the mark track heads vead into the window register ¢ particular
putfern as creafed by the last bit read, the AND circuits, fad by the register, are allotted u
time interval of 33 microseconds in which to reccgnize the pattern and produce the appropriate
YESPONSES .

The AND circuits are comprised of diodes which drive inverters. The circuits are arranged so
that any porticular inverter cutput Is of ground whenever Its associated flip-flop in the register
is enobled. (During the writing of timing and merk ivacks, the RELTM signal is used to inhibit
the shifting of the window register to prevent the accldentol detection of marks during this

Hocess. )

Although referred to as an 8-bit register above, the window register stores a ninth bit which,
aithough not part of the pattern fed into the AND gates, serves to control the accurate reading



of marks during starting or when switching to a running ransport. Bit 7 is set into the register
on a shift pulse only if bit 8 is a 1. Bit 9 is cleaved by the clear window pulsa, which cleas
ail other flip-flops in the register. When nof present, bit 9 prohibifs operation of the AND
zircuifs into which the window register feeds . When prasent, bif 9 enables these circuiss.

The importance of bit ? vesides in its power t> prohibit the reading of mark track patterns until
the proper conditions are met. Thus, ot the stort of the mark track reading process, after
clearing of the window register, a one from the mark track must be shifted thtough the window
register, o posifion nine in the register in arder thot a nattern (bit arrangement) in the register
may be detected by the AND circuitry mentioned above. In this way, bit 9 prevents partial
potterns from being erroneously detected. (Other circuits also function to prevent erroneous
detaction: these civcuits cleor the entive window reoister wwhen aciivuted.)

The patterns or bit arrongemenits presented by the window register to the AND gates for de~-
tection are six bits long. The window register itself holds eight bits. The ninth bit, clthough
forming o part of the registes, Is in no way utilized by it in the pattern detection process.
Because of this circuit configuration, the window register Is capable of providing 8-bit patterns;
the ovder of code patterns is fixed in the shif: vegister patterns. f(he 8-bit pattem capability
utilizes the last two bits of the praceding paitern,

MSY Register

The window register and the associated decoding eircuitry do not completely decode the mark
tvack paiterns. To achieve complete decoding, the MSY register circuit is used. The ftunction
of this MSY vegister is to decode the four blockstart marks L OCK, REV CHECK, D1, and D2),
and th2 four block end marks (prefinal, final, check, and spare).

The MSY register is loaded when a block ma-k is detected. Loading of a MSY register con~
sists of inserting the binary arrangement 1000 into the vegister. Each time a block start mark
is detected, a shift in the MSY register occuvs. This shift causes the initial one o ravel
dowm through the register as other ones follow it. Thus, the first shifi would causa the registes
o vead 1000; the second, 1100; the third, 1110; and the fourth, 1111, The MSY register
states are ANDed with detected block siart inarks to obtain the initiel four marks mentioned

above .

The four block end marks also cause four shifts of the MSY register. However, zevos rother
than ones are propagated or shifted down the ragister. In this case, the initial state of the
register is 1111, At the first shift, the state of the register is 0111 ; o the second, 0011;
the third, 0001; and the fourth, 0000. This last, or fourth, stals is deceded during trouble--
shooting procedures.



The shifting of the MSY register occurs of TP2. The block start and block end imarks are de-
tected between one TP and the next. As a consequence of this, the useful output of the mark
defection circuityy considered as a whole occurs af TF2.

Wiiting the Mark Track

Mark trock words furnished by the computer are written on the merk truck of the taps when
the Microtape system is in the RELTM mode. The WRTM command (@ result of the computer~
issued MIMLC instruction) must olso be jisued to effect mark trock writing. Normally, the
writing of the mark track is initiated when the Microtape system is in the stop condition.

This permits the delay inherent in start up, at which time the DIP signal is effective, to render
the timing pulses from the local clock ineffective. In this way, flags normaily raised by the
timing pulses are kept absent ,

Word Counter

Afrer start up, data floge are roised automatically ot each word time. These flags are raised
by the EK lor word counter) circuit. This circuit comsists of a ring orrangement of six flip-
flops in which a single one Is caused fo circulate. Ab the ssuonce of each data flag, the
zomputer loads the word fo be writien on the mork track into the OB, The word remains in
the IOB until issuonce of the nextt fiog request, ot which time the word is shifred into the
shift register. From the shift register it is wransferred through the write amplifiers and fape
heads t:c the mork frack. Since the shift register is logically divided inte three sections, the
writing of a mork track Is accompanied by an identical writing of dota track number one.

MARK TRACK ERRORS

Merk track errors are detected, if present, as follows. There ara specific marks which occur
soch sixth time the window regisier is shifted. By using these specific marks, an error check
procedure based on verifying the passage of six timing pulses between each such specific
raovk is effected. Utilized for this procedure is the EK (word counter) ssed also in the mark
frack writing process.

The EK is present at the same time that a block mark is detected (ot TP2). The EK is rotuted

hy TPO's. After six such rotations, caused by shi successive TPO's, the EK is returned to its
initial condition. As eoch initicl position is recched, a new specific block mark should also be
present. Thus, assuming no error, the initial condition of the EK and the detection of a specific
block mark should exist concurrently. Should the two not exist concurrently, an error has

securred .



Since the EK is shifted at TPO, and since the window register is shifted at TP1, the concurrency
of the initial state of the EK and the existence of the specific block mark is valid only after
791 is issued and only before the following TPO is issued. Because of this. the concurrency is
checked, or strobed {since it is in gate form) at {P2.

it should be noted that there are particular times during Microtape operation when any error
checking procedure is superfluous. For instance. during search, errors obtained from portions
»f the tape not yet read or written are irrelevant. Similarly, in the RIM node, the WRTM
mode, and the MOVE mode, any MTE is also frr2levant.

Four the above reasons, the negative (for error} output of the ervor detecting circuitry is
clomped to ground and rendered inoparative unless @ particular mode such = write, read,
«wite all, or read all, unclamps it.

lndications resembling errors, but not errors as such, are eliminated by clzoring the window
segister during their "presence” . In this respect, the two araas on the merk frack located

aear the block mark most resembiing errors are suppressed.

uring the interval of time which elapses between the start of tape operation end the attain-
ment of proper tape speed, the synchronization signals for the EK are nonaxistant, Thus,
arvor-detection cannot be performed. The BMF flag is set by the block mark ead is used to
gate out MTE's detected during this period. The tape system, when in this condition, would
ascormally be in the search mode, rendering errer defection superfluous, as described above.
However, when in this condition, the tape system may be in the read mode. The BMF flag
is then cleared by the clear window pulses.

Transfer of Information

in addition to furnishing information for, or receiving information from, the tepe, the AC or
10O can also forward a portion of iis contents to the control unit for purposes of control only.
3y means of IOT instructions, the computer is able to select o tape unit (1 out of a possible 8
»lus zero,or no unit), direct the motion of the tape, and command one of sevaral possible
modes. The selection of a tape unit is controlled by the arrangement of bits 2 thiough 6 in

the AC or 1O. These bifs are loaded info the se!ection register by the mmse instruction. A
areund on any of these lines indicates a binary ONE.

Load Contvol Instruction ~ The mmlc Instruction, or load control instruction, if formed by the

arrangement of bits 12 through 17 in the AC or 1D. These bits are transferred by means of six
ines to the command logic circuliry and the motion contro! circuitry. This circuitry then
wvanslates the bit arrangement inio a specific tops direction and a specific equipment mode
move, search, read, write, WRTM, recd a!l, write all, and read in moda}). A ground on
any of these six lines represents a binary one. There are eight possible modes which can be
czommanded by the command to the logic circuitry.

¥
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Yiming Pulses and Mark Treck Information

B e an A U D T T T ST 1 € Y

Like the accumulator or 10, the tape can furnish information to the control unit for control
purposes only. This information comes from the work and timing fracks and s not pessed through
to the computer as data information. Instead, it is routed to the iiming pulse generator circuifty
and mark defection network {and window register). The information so routed consists of the

timing puises and mark track information derived from the tape.

The timing bits from the tape are picked up from the bus which is connected to a particulor
timing frock head by the selection cireuits, fed through a read amplifier and forwarded to the
¥iming pulse generator. This generates three timing pulses: TP1, TP2, and TPO. These timing
puises are forwarded to other circuits in the control unit.

#Maovk track information, picked up by the mork track heads, is forwarded to the mark detection
natwork circuitry. In accordonce with the information received the mark detection network
=ircutiry issues signals signifying that one of the various mark codes written on the work track has
just passed over the head.

Ogerating in conjunction with the timing pulse generator is the WRTM clock clrevitry. The
ourpose of this circuitry is to write mark track information on the taps. Informetion is forwarded
from the clock to the tape through a write amplifier.

»»»»»» [

Yhe Microtape control unit transfers non~data information into the AC or I/ O by means of the
mrmes instruction. Although the bits constituting this instruction are temporarily stored in the
AC or YO, they do not represent any part of tha dota work or words. As shown on the overall
block diagram (D-550~0-BD), the six leads comoosing the MMRS comist of REV, GO, UNABLE
MK TK ERROR, MISS, and END., The MMRS command also reads the three flag levels into

bits 0-2.

oo o2 Canr

Another major group of signal leads of importance in Microtape system operation are those
generared by the flag response net circuitry. This circuit issues fo the computer the data flag,
block end flag, and esvor flag signals. In the PDP-4, these signols are used to produce a
program break request, enable the skip logic, end are sent to the AC on a MMRS.

in the PDP-1, the data flag sipnal (MMDF) is an indication to the computer that a particulor
duta word being recd or written is assembled and ready for transfer. The block-end flag
{(MMBF) indicates to the computer to unload the check sum if reading, or to load the calculeted
check sum if writing —— indications to which th2 computer can respond by issuing a MMRD



instruction or @ MMWR instruction. An error flag (MMEF) indicates to the computer that one
of four esror conditions has occurred; accompanying this error flog signal is the MMRS format
idescribed above) stipulating the type of ervor responsible for issuance of arror flag.

Generation of Control Responses

in genesrai, the timing relationships between the computer and the Microtope system is governied
by the ordinary program break conivol function. That Is, the computer selects the mode of
“Aicrotape system operation by furnishing it with a MMLC instruction; this instruction directs

the Microtape system to search, read, or write. The Microtape system, In accordance with

mode generates the flags appropriate to the moce. The generation of flags and other responses
soniinues until the fape is stopped by command, the mode is changed, or the tape end is reached.

the Microtape System control is in large part based on actions caused by reading of the mark
yack. These actions consist in the main of the initiating flag signals. A block mork is de-
rected each time the tape heuds encounter the boundary between data words. Depending upon
ihe type of mark detected, ond the mode of operaiion, a flag signal is Issued. For example,
in the secrch mode, the data flog is Issued if the block mark is detected ot TP2. The block
mark and the TP2 signal and its attendant flag couse issuance of the interchange pulse, which
shifts data between the shift register and the in-out register.

,’?’y;'fee”m’chin‘g

in the search mode, block number codes as read from the tape are forwarded to the computer

for comparison purposes. Such forwarding is accomplished by means of the interchange pulses
which transfer the block number codes from fapa to the in-out register. During search, such
wansfers occur every 53 milliseconds {for @ 256~word block). Each block number code so
tvansferred is accompanied by the data flag. Should the computer fail to recognize the data
flag before the next raise data flag pulse is issued, an error flag signal is issued. This flag
signal is generated by a CD gate which has os inpuis the RDF signal and the DF signal. The
autput of this gote seis the miss flip-flop to the INE state. The encountering of an end mark
sndomarically sets the end flip-flop and the go flip-flop is reset, stopping the tape.

Writing

The commanding of the write mode by the computer results in the issuance of a data flag by the
confyoi unit to the computer. The purpose of this flag is to indicate to the computer that the
in~out register is prepared to accept a word from the computer for writing on the tape. The
compurer that transfers the word to be written to the in-out register by means of a MMWR
vommand. The MMWR command extinguishes th:: data flag. (The WDA level results of a ORing
nr the block start and data marks. This level appears when the write date flags are to be raised.)



the computer, during wiilte, hos ronsferved ¢ word inte the in-out regiskar, the word is
Han interchanged and shiffea, This nrocess requires betweers 140 ard 480 microseconds, depend-

tag on speed ond program timing. During this thne, neither the stop mode ror the read mode gon

: nommanded.  Should the computer divect the writing of information exceeding a blark fanath,
he Microtape svsten responds by shifting to the reading mode {in the biock end oreni, weiting

s taverse check sum, and raising tha first flacs: the Misrotope system then reverts to the write
sode nd urilizes TPOs for shifting piwposes in wiiting.

“ince the command to stop writing iz inhibited ir the boundary registar betwean the last dotn

wined and the check sum, any read command glven during this fime is temporarily held in

“nevance. At the raising of the block flag (reac mode). @ minimum delay of 240 additional
sicroseconds is necessary in order that a stop corimand be corried ouf.

feadirg

_snivy info the read mode is accompanied by the bsuance of data flags signifving readiness of
yeds fer transfer fo the comouter. The dota flags ere generated by the RDA signals end the

t2 pulses. The RDA signals, in turn, are genercted by the OR formad by combining of the
“1, D2, dato mark, prefinal, and final signals.

timin tlags are lowered by the computer-issued MARD signals. The MMRD sionai strobes the
wiwd in the in-out register into the computer.

twitching from Write to Read Mode ~ In the read mode, any switching to the wiite mode while

.
i B

thin a particular block cause the following to occur. The data fiag freod mode! signifying
Yz readiness of the word in the in-out register fo: trarsfer to the computer is fowered by on
#ARRD. Assuming an MMLC ferite) Is iszued just prior to the fransfer, the first word to be
eiten in the new write mode is writien in the third word spoce following the word space from
which the lost word wos read. Switching from recd to wilte within a block necessitates the los
o rwa word spaces, which ere neither written into or read from. The first data flag raised
ey the switchover indicates that the lost word read hos been trarsferved to the computer, anc
srst Phe sscond word to be writien can be relecsed by the computer.

Tneas is on exception to the cbove: if the fiist werd to be written after switchover oceunies

2opemoas

1 jmst i word space In the block, an RBF is roised. Also, if the first word so written falis

invo the chack sum word space, no flag is immedictely raised; instecd the next flag is issuad
v The start of the next blozk.

e



Any switching from write to read occurs in the boundary region following the last word loaded
for weiting. In this boundary region, a dummy flag signal is issued. Howevar, this flag signal
sorvesponds fo no special action; this flag is lowered when the first flag for read is vaised.
decause of the switchover. no validity check of the first three or four words read is possible.

J-11



SECTION 4

INTERFACE

This section will be supplied at a loter date.,



SECTION S

MAINTENANCE

iaintenance of the Microtupe control and fransport consists of procedures repeated periodic~
ally os preventive maintenance s well aos corrective maintenance if equipment should mal-
function. Maintenance activities require the items listed below in addition to stendard hand
fools, cleansers, and test cables and probes..

}‘esi* Lnshruments

. Tekironix Scope
Type CA plug in
Type E plug in

P
i

-]

iest Programs
Rnckes’
Sierciser

Microtog

PREVENTIVE MAINTENANCE

R

Praventive maintenance consists of tasks performed prior fo the initial operation of the equip~
ment anl periodicolly during ifs operating life to ensure thai it is in sotisfaciory operaiing
condition. Faithful performance of these tasks will forestall possible future failure by cor=
recting minor damage and discovering progressive deterloration of an early stage, Data found
during the performance of each preventive maintenance task should be recorded in a log book.
Analysis of this data will indicate the rate of circuit operation deterioration and provide in-
formation to determine when componenis should ba replaced to prevent failure of the equip-
meng,

Lieaning
Clean the exterlor and the interior of the equlpment cabinet using a vacuum cleaner or clean
cioths moistened in nonflommable solvent.

Cleon the head and guldes with the proper solvent, These are such an Ampex Head Cleaner
or Freon 5. Check condition of guldes ard head at regular intervals. Always handle the
tape with care. Creases tend to destroy the magnetic coating and dict is a common culprit
when dealing with magnetic tape systems,

Visual Inspection

i AR RS TR

Visually inspect the equipment for completaness and general condition. Repaint any scratched

5



or corroded areas with DEC blue tweed paint number 5150-8565 or DEC gray enamel number
3277~iR55. Inspect ell wiring and cobies for cuts, breoks, fraying, deterioration, kinks,
strain, and mechanical security. Tape, solder, or replace any defective wiring. lrspect the
following for securlty: switches, knobs, jacks, connectors, ransformers, fan, capocitors,
lamp assemblies, etc. Tighten or replace as required. Inspect all racks of logic to asure
that each module is securely seated in its connector. lInspect power supply capocitors for
leaks, bulges, or discoloration. Replace any capacitors giving these signs of malfunction,

Mergiral Checls

Marginal Checks are parformed fo aggravaie borderling circuit conditions within the control
logic to produce cbservable foults, Thereforz, conditions caused by marginal componenis con
be corrected during scheduled preventive maintenance o forestall possible future equipmeni
failure, These checks can be used as a troubleshooting aid to locate marginal or Intermittent
components, such cs deteriorating transisiors. By recosding the level of blas voltage ot which
circuifs fail, progressive deterioration can be plotted ond expecied fuilure dates predicted,
Therefore, these checks provide a means of planned replacemant. The checks are perfomesd
by operating the logic circuits fiom an adjusiable externol power supply, such as the DEC
Type 730 Dual Varicble Power Supply.

To perfornn the checks:

1. Set the +10 MC/OFF/=15 MC switch on the marginal~check power supply to the +10
MC position.

2. Adjust the ouiput of the marginal-check power supply so thot the MARGIMAL CHECK
voitrmeter indicutes 10 volis.

3. Stary Microtape operation in o noimal program or in u routine which fully utilizes the
circuits in the rack to be tested. f no program is suggested by the normal system appli-
cation, selecy an appropriate maintenance routine,

4. Set the top nomal/marginal switch to the up pusition on the rack fo be checked,

5. Decrease the volt marginal~check power supply outpus until rnoimal sysiem opecaiion
is intesrupted. Record the marginal-checl: voltage. At this point morginal transisiors con
be located and replaced, if desired,

6, Start operation. Then increase the voit marginai-check supply ouviput until rormal
operation is interrupted, af which point record the marginal-check volrage. Transistors
can again be located ond replaced.

7. Return the top noimal/marginal switch to the down position.

4
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8. Repeat steps 2 theough 7 for the center normal/marginal switch on the logic rack being
checked,

9. Set the +10 MC/OFF/-15 MC switch on the marginal-check power supply to the =15
MC position and adjust the output unfil the MARGINAL CHECK volimeter indicates 15
volts,

10, Repeat step 3.
11, Set the bottom normal/marginal switch o the up position for the rack to be checked.

12, Repeot steps 5 and 6, then return the botiom nmmci/ma?giml switch to the down
position.

13. Repeat stcps 1 through 12 for each madule rack o be fested.
14. Adjust the output of the marginal-chaeck power supply fo zero volis and set the
+10 MC/OFF/-15 MC switch fo the OFF position.

Maintenance Programs

Programs are available for detecting ervois in the Microtape control and may be used wigh
marginal checking, Microteg, consisting of five subroutines, s vsad with the PDP-4. The
Microtape Rocker and Exerciser programs periom similor funceions for the FDP-1, See Section
2 for a description of the maintenance routines.

Periodic Adjustiment of Stop Time

A idicrotape unit is commanded to stop by the action of energizing the siop velay. This relay
hos o single normally closed contact on it which carries the holding cument to the go relay.
Therefore, (after 15 milliseconds) the go relay drops out followed, after a delay, by the
vimer reloy. The time between go and #imer dropping out defines a “siop pulse™ which i
caused o drive the irailing moior and stop the tape. If this stop pulse Iy teo long the drive
reverses rather thon stops, and if it §s oo shai, the drive does not come to rest al all but
iather coasts fo a sluggish stop. The length of the stop pulse is determined by the chargs on
the capacitor in the filter network ond by R2 which s in series with the times relay coll, i
the drive Is only porfially up to speed, o shorter stop pulse s desived. Ctherwise the long
stop pulse will cause a reverse rather than a stop. For this reasen, the chaiging resistor,

R1, s included so thai the copaciior charges up af approximately the same rove that the drive
picks up speed in the first place. The procsdure for adjusting R1 and R2 Is now outlined.

To perform the adjusimeni:

!. Run a program soon to ke provided in Microtog) which storts the d-ive ond allows it to

!- #
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#un for one second or mare, ard then commands stop, followed by a puuse of one second ond
another run period of one second or more in the opposite direction. This program then couses
the tape fo rock in one direction, pause, rock in the other direction, etc. It ossures that the
capacitor across the timer relay has achieved full charge vegardiess of the seting of R1.

2, Wish this "long sunning time" program operating, adjust the oppropriate potentiomerers
(see figure) for a good abrupt stop in either direction over the entire reei .

3. Run the same program, but with the running times changed fo 120 milliseconds, to just
barely get started before commonding o stop (which should last for one second as chove! ond
adjust the appropriate shost running $ime pot for good stop time. Repect 3feps | and 2 fou
check,

CORRECTIVE MAINTENAMNCE

the equipment is constructed of highly reliable transisiorized modules. Use of these circuits
and faithful performance of the praveniive maintenance tasks ensure relatively litile equipment
down time due to failure. Should a malfunction occur, the condition should he analyzed and
correcfed as indicoted in the following procedures. For corrective meintenance no special
tools or fest equipment are required other than a broad bandwidth escillescope and o standord
multimeter,

Troubleshooting Randem Information Creors

B S A e S e

A check for strobe timing is a good first step when troubleshooting random information eivoss.
The position of the TP1 pulse ganém%ed fram the timing frack with respect fo the Information
located on the information fracks determines the margins the system has for skew and ampli-
tude variations. The TPi ‘or siroba} should b centered on the Informaiion contained in the
information channels (Figure 8). Unforfunately, this centering is primarily a function of para-
mefers which are nof congrolled in the field. The main factors are: the gap width of the heod,
the velocity of the tape, and the switching time of the head,

Yo a lesser extent, however, the write curren?, tape tersion, ond the delays present in the
reader and the writer do affect the strobe time,

The method for doing this is to use o scope with o high gain differenticl preamplifier such os o
Tektvon'st Type D or E. Also needed is a shieided cable with clip leads to conneci the preamp-
lifier #o the tracks under consideration. The method i fo look of any porticular information
channel and sync on the #iming track TP1'%s, or with a dual beam scope, look ot both the thming
frack output and this informetion signal. % & possible o sse o bit of noise reflecied cnto the
input of the information amplifiers because of timing pulses oceurring of the output. This noke
joo, gives a good clue os to when the signal is being sirobed,
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A she outset, the delay through the timing pock cmplifier should be meawced and aflowad
for by checking the zern cosding of the inpat 1o the timlng vack anplilie ond those ar s
autpure  IF the output wave form s not of 50% duty cyele or If the iwo sides do not switeh
simultaneousiy for low level slonals ‘use the aiterwation slug fo chack) the #infng track Reac
amplifier knobs may have wo be cdjusted. Ir hos never been necessury, however. %o odjust
fse in the fleld, The ilme delay of the render amplifiar should be subtracted Fram vhe thoe
dalays chserved in the next pait of the mocsdure fo achieve un bonest uppzisel of vhen the
wuipui of the infomation chart armplifies - 1l be sircbed,

werpreting the resulin:

=h oo large o corriage relurn srobe lute when rsading i the
Bight current too blg coriage rejur direction s vritlen and
Head too fast carioge return Strobes early when raeiding in oppesis
Tave oo slow divection
fiming trock read amplifer delay voo Strekas lofe in 2ither di-astion

Sone

ke procedwe followed for troubiashooting and coirectlog the couse of foull widin sgeatile

siveudts depends wpon the down time ihntiatons of squipment gse, Wheie down Hoe moss e
pied o maiviein

lant of o mindmum, Bt s suggesied ol o proviioning ports progoam be odo

ome snare module of standord compoenens wh ch con be Imserted tato the wokiner whon sysew
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involves module removal by means of a Type 1980 System Module Puller, insertion of o Type
1954 System Module Extender info the logic rack, insertion of the suspect module in the module
extender, ond oseilloscope signol fracing of the module with the equipment energized arid

operating.

Static ond dynomic circuit troubleshooting procedures may be performed af a bench. Visually
inspect the medule on both the component side and the printed-wiring side to check for shori
civeuiis in the etched wiring and for domuged components, If this inspection fails to reveal
the cause of trouble or confirm ¢ fault condition cbserved, use the multimeter fo measure

resistances .

LAUTION

Do not use the lowest or highes! resistonce ronges of the multi-
meter when checking semi-conductor devices. The X10 range is
suggested. Failure to heed this wasning may result in damage to
components..

Measure the forward and reverse resistances of diodes. Diodes shouid measure approximately
20 vhms forword and more than 1000 ohms reverse. If readings in each direction are the same,
end no poralie! paths exist, replace the diodes.

Meosure the emitter—collecior and emirter-bose resistances of tvansistors. Most catastrophic
failures are due fo short civeuits between the collector and the emitter or are due to an open
circuit in the bose~emitter path. A good traisistor indicates an open circuit in both directions
between collector and emitter. Normally 50 to 100 ohms exist between the emitter and the
bese or between the collector and the base in the forwerd direction, and open-circuit condi-
tions exist in the reverse direction. To determine forwerd and reverse directions « fronsistor
can be considered a5 two diodes connected back-to-hack. In this anclogy PNP transistors are
considered to have both cathodes connected together to form the base and both the emitter
and coliector assume the function of an anode. In MPMN transistors the base is assumed to be

a common~anode connection and both the emitter and collector ore assumed to be the cathode.

Multimeter polarity must be checked before measuring resistances since many meters {including

the Triplett 630) apply a positive voltage to the common lead when in the resistonce mode.
Note that although incorrect vesistance readings are a sure indication that a transistor is de~

fective, correct readings give no guoraniee thot the transistor Is functioning properly . A more
relioble indication of dicde or trarsistor malfunction is obtained by using one of the many in-

axpensive in-circuif festers commercially avciluble.

Demaged or cold-solder connections can olio be located using the multimeter. Set the multi-
meter to the lowest resistance range and conrect it acvoss the suspecied connection. Poke af
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the wires or components sround the connection, or alteinately rap the module Hyhtly on n

wooden surfoce, and obsarve the multimetar for open-civeuit indivations.

Often the vesponse time of the multimetsr is too slow o detect the ropid fransients poduced
by intermittent connections. Current intavruptions of very short durations, coused by on infer~
mittent connection, can be defected by wonnacting o 1. 5-volt flashlight bottery in sevies with
s 15300~0hm resistor across the suspected cornection. (Obsesve the voliage across the 1500~

ohr resistor with an oscillascope while probing the sonneation.

CGynomic bench testing of modules can be pesformed through the wse of speciol equipment. A
fype 922 Test Power Cable and either a Typ2 722 or Type 785 Power Supply can be used jo
anevgize a systems module. These supplies provide both the #10 vde and ~15 wde opmrating
supply for the module os well as ground und ~3 volt sources whick may be wed o5 signal in-
puts. The signa! inputs can be connected fo any terming! novimally supplied by logic level

by means of eyeleis provided on the powss cable. Type Y11 Faieh Cords may be ured to ravke
fhese connections between eyelets on the plug. In this monnar logic oparations ond voltags
measwements con be made. When using the Type 765 Bench Power Supply, margiral checls

of an mdividual module con also be obtained.

In all soldering and unmseldering operations in the repoilr and replacement of ports, aveld plac -
ing excessive solder or flux on adjecent purts or service lines. When solde: ing semi-conduntor
devices (hrarsistors, orystal dicdes, and metallic rectifiers) which moy be damaged by hest,
the following special precaviions should be taken:

a. Use o heat sink, such es a pai of pliss, fo grip rhe lead betwaeen the devine
and the joint being soldered.

13 -«

b. ise o b-voli soldering tron with wn iscletion trorsformar, 1Lhs the smaller solder~

ing iron adeguate oy the work .

c. Perform the soldering operation in rthe shostest possible time, o pravent dumags

to the component ond delomination of the module etched wiiing.

When any port of the equipment is removed for repalr ond replucement, make surs thot ald
fzads or wires which are unsoldered, or othe wise disconnected, e legibly faggad o marked
for ideniification with their respective terminals, Replove defective compenents andy wish

parts of equal or greater quality ard tolerance .,
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SECTION 6
PERTINENT DOCUMENTS

PUBLICATIONS

The following documents serve as source material and complement the information in this
manuai. These publications may be obtained from the nearest Digital office or from:

Co

Go

[P

Customer Relotions Depariment
Digltal Equiprient Corperation
146 Main Street

Maynard, Massachusetis

Digital Modules Caitalog, A=-705. This book contains information pertaining
to the funciion and specifications for the bosic modules and accesseries come

prising the Microtape Conivel Type 550.

Microtape brochure, F=03-~550, presents a general description of the Microtape
system.

PDP-4 Handbook, F-45A, gives programming information for Microtape used
with the PDP=-4,

PDP=-1 Handbook, F-15D, gives basic 10T programming Informetion.
Silicon Modules 6000 Series, C~6000, describes the specifications and funciions
of Digital's silicon system modules,

LIBRARY PROGRAMS

The following progromming brochures are available now and may be ordered from the Digital
Program Library at the address given above,

ilo

Go

P-4 Programs

Microtrleve, 4-29-10, allows the programmar o sove aveas of memory on
on Microtope and quickly reirieve such informaiion using the toggle swiiches

"~ on the PDP=4,

Microtog, 4~46~10, describes varfous progrums fo detect any erors in Micro=

faps confrol

Microtape Subroutines, 4=45-10, are programs which allow the programmer to
read, write, or search the Microfape using prewritten and fested subrouiines..
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b.

PRP-1 Programs
Mierotape Control PGM, 1-26~10, is a subroutine which tronsfers data o or
from Microtape.

Microtape Formas Pack, 1=127-10, writes the mark frock, timing irack, and
block numbess from 0 to 1077, on tape. It also allows the operator to check
the supe ofter it wos written.

Data Transfer Test, 1-128-10, snobles the operator to check data fiansfer to
and from the computer and the /Microtape conirol. This program also indicates
which flags are being defected Juring the test.

Microtape Rocker Program, 1-129-10, allows the user fo oscillate tape over o
desired area for debugging purposes.

Mierotape Exerciser, 1-130-10, evaluates the performance of Micictape and
determines $he nofure of any ervors that might occur,

Microtapa Dump and Reirieve, 1-131-10, allows the operator fo store dato on
Microtape or refrieve data from Microtape using the TEST WORD swikches.

Error Message, 1-132-10, funciions with o Microtaps coniral fo fype out
eryors on the on~line fypewrlter.

ENGINEERING DRAWINGS-

Engineering drawings in the following list are supplied with ecch Miciotape system as an old
o understanding and maintaining the control and ramsport.

Madule Schematics

RS~1011 Diode
kS~-1105 bnverter
KS- 1802 Relay
RS-4102 Inverter
R$~-4105 Inverter
RS-4113 Diode
RS-4114 Diode
RE5-4115 Dicde
RS-4116 Diode
k54117 Diode
RS~4127 Capacitor-Diode~Inverter



RS-4129
RS-4151
R5-4202
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Copacitor-Diode-inverter
Binary-to~Octul Decoder
Dual Fiip-Flop
Quadruple Flip-Flop
SRS Kofnier
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Solencid Driver
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Logle

Black Diugrom, 550 Conbol
Control Pring 1

Flag Resporse Data Control Cutputs
In Information Hondling
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Madule Location and Wirlng

Usilization Module Lise

Logic Wiring (42 Sheets}

Cable List (9 Sheets)

Power Wiring

Ground (4 Sheets)

Chessis Wiring for Type 555 Tronsport
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