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PREFACE 

The purpose of this m.anual is to provide a detailed technical 
description of the S-2000 Input Output Processor to m.eet the require
m.ents of TRANSAC Custom.er Engineering and other groups. 

This de sc ription is based upon the Serial No. 31 lOP as of 
August 19590 It is not to be considered as the authoritative document 
in final details. The working schem.atic s should be the reference 
documents consulterl: for any specific system.. 

For sim.plicity of presentation, functional logic drawings are 
employed as references for most of the description. The effect sought 
in these drawings is con:.~iseness of representation. To achieve this, 
a direct translation from. the schematic logic drawings is not always 
used. For exam.ple, a gate as shown on the functional drawings may 
not exist, per se, on the schematic logic. 
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1. INTRODUCTION 

The lOP Function 

The lOP is used as a connecting unit between the computer mem.ory 
and three types of devices to coordi:nate the transfer of data between memory 
and input-output: 

1) Magnetic Tape. Transports 

2) Universal Buffer~Controllers 

3) High-Speed Printers, Model 257 

In this manual, only operations pertaining to the Magnetic Tape 
Transports will be considered. 

Magnetic Tape Application 

Magnetic Tape has several characteristics which make it an 
important input-output medium: 

1) Relatively low cost for large amounts of stored informationo. 

2) Compact permanent storage. 

3) Convenient for off-line processingo 
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2. DATA REPRESENTATION ON TAPE 

Physical Characteristic s of Magnetic Tape 

The tape used in the TRANSAC system is a one inch wide Mylar 
base type which corn.es on reels containing up to 3600 ft.. Tape moves on 
a transport a.t a rate of 120 in. /seco in either direction while processing 
and at 180 in. / sec. 'while rewindingo 

There are 16 read heads and 16 write heads in a tran.sport which 
can process 90,000 char .. /seco (This t.ransfer rate applies as long as 
information is passing under the heads o Since~ as will be seen, almost 
half the tape does not contain inforrna;tion:l an average tra.nsfer rate, of 
about 45 1 000 char .. / sec 0 can be expected. ) 

Up to 4 transports may be processing data sirnultaneouslY:J under 
which condition an a.verage data transfer. rate of 4 x 45,000 ,(or 180, 000) 
characters per s'econd may be achievedo 

The write heads are spaced .39 in .. in front of the read heads 
. (as seen by forward moving tape) thus permitting :readback of written 
information .(for checking purposes:' concur:rent with writingo 

NRZ Recording Method 

Binary digits . (ones or zeros) can be written on tape by each of 
the 16 write heacis in 10ngitudin~il channels.. The Non-Return to Zero 
(NRZ) method of writing is used (See Figu.re 2-1)0 

In the NItZ method each binary 1 is represented by a single flux 
change (either fto ... or "'" to +]0 Zeros are indicated in this method as 
simply the lack of a flux change. The rnechanics of reading and writing 

, with the NRZ' rnethod will be elaborated in. later sections 0 

Info rrnation. For:mat 

The basic unit of info:rm.ation(Goded as binary digits) .represented 
on tape is analphanum.eric character (by a group of 6 bits)o Associated 
with each character on tape is a Itparity b.it". The parity bit is given a 
value, (0 or 1) so that the total nu:rn.ber of ones in the seven bit group is 
odd. This isterrned, Itodd parity" 0 
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NOTES: 
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)1 

REVERSE READ 
REL.ATlVE MOTION OF HEADS 

MODE 1 

I 1\ 
lst REA D. IF ERROR-6 _ P.C. 

COUNT P.C. T07 , READ WHILE SPACE 

COUNT P.C. TO 0 2nd. READ IF MAJORITY ERROR-HALT . 
MODE: 2 

)1 1 GAP 1 ~~~~~ 1 GAP 1 1 1 \ 
lOt READ, IF ERROR-6-+ P.C. 

COUNT P.C. TO 7 , READ WHILE SPACE 

CANNEL 
PARITY 
FRAME 

COUNT P.C. TO 0 2nd. READ.IF MAJORITY ERROR-HALT 

MODE 3 

)1 1 GAP 1 ~~~~~ 1 GAP 1 1 1 \ 
lst. READ. IF ERROR-6_P.C. 

COUNT P.C. TO 7 , READ WHILE SPACE 

COUNT P.C. TO 0 2nd. READ CONTINUE TO NEXT BLOCK • 

DUMMY 
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WRITE 
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MODE 1 
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IF ERROR-HALT,2nd.WRITE COUNT P.C. TO 0 

MODE 3 

21 1 1 \ 
IF ERROR-I_P.C. lot. WRITE 

BACK SPACE • COUNT P.C. TO 2 

REGARDLESS OF ERROR 

lit. READ NEW BLOCK
I 

IF ERROR-ERASE ,2nd. WRITE COUNT P.C. TO 3 

ERASE ALL INFO. 8.M.SPROCKET • COUNT P. C. TO 4 

IF ERROR- BACKSPACE ,let ATTEMPT TO WRitE SAME INFO. NEXT BLOCK. 

BACKSPACE • COUNT P.C. TO 6 '. COUNT P. C. TO 5 

IF ERROR-ERASE,2nd. WRITE COUNT P.C. TO 7 

ERASE a HALT • COUNT P.C. TO 0 

o o o o 

u L-------------4lr--. 

ILL.USTRATION OF NRZ METHOD OF RECORDING 
(FLUX PATTERN ALONG A PORTION OF A SINGLE CHANNEL. 

THE NUMERAL.S INDICATE THE VALUE RECOGNIZED IF TAPE IS 
STROBED AT THAT TIME.) 

FORWARD 
TAPE MOTION 

WRITE HEAD READ HEAO 

!L.39"~ 
REL.ATIVE SPACING OF RD/WR. HEADS 

(.39" '" /46 FRAMES I 

00000oo 

TAPE MOVEMENT F"OR-l READ ORDER AFTER FORWARD READ 
RELATIVE MOTION OF HEADS 

BACKSPACE .COUNT P.C. TO 7 

COUNT P.C. TO 0 ,READ FWD.S HALT PLACE-I INTO ANY CORE ADDRESS 

WHOSE WORD CONTAINS A PAR. ERROR 

TAPE MOVEMENT FOR-l READ ORDER AFTER REVERSE READ 

\1 
RELATIVE MOTION OF HEADS 

- ~ READ INST.- 6 "'P.C, 

ERROR HALTt 

I BACKSPACE COUNT P.C. TO 7 

COUNT PC. TO 0 READ REV. S.HALT, PLACE-l INTO ANY CORE'ADDRESS 

WHOSE WORD CONTAINS A PAR. ERROR. 

TAPE MOVEMENT FOR ERASE ORDER AFTER WRITE OR FORWARD READ 
,REL.ATlVE MOTION OF HEADS 

ERASE 6 HALT. C'DUNT P.C. TO 0 

TAPE MOVEMENT FOR ERASE ORDER AFTER REVERSE READ 
RELATIVE MOTION OF HEADS 

,BACKSPACE COUNT P.C. TO 7 

ERASE BI HALT. COUNT P.C. TO 0 

1) "MAJ06ITY ERROR" MEANS ERROR IS SENSED DURING 2 OF ;, PASSES OVER BLOCK 

Figure 2-1 Magnetic Tape Format and Movements 
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Two characters1 with parity bits, can be written across the tape 
as shown in Figure 2-1. Such a set of two characters is called a "frame". 
A group of frames, together with certain control information, form a 
"block ll

• 

Reference to Figure 2-1 shows a block to consist of the following: 

1) A Beginni~g Block Marker (BBM), for forward tape motion, 
which consists of 32 binary ones spaced. 00133 in.' apart in a 
single cllannel. (At a tape speed of 120 in. / sec., a bit will 
appear und~r the heads every 11. 1 J1.s) 

2) An End Block Marker (EBM)~ for forward tape motion, 
which consists of 33 binary ones with a spacing identical 
to the BBM and written ,in the same channel. 

3) Sprocket pairs (515), which consist of binary ones, are 
written in the channels indicated. The P?irs are spaced 
. 00266 in. apart. Note that one set of sprockets appears 
in the same channel as the BBM and EBM. The first 
sprocket pair is located about 0.4 in. from. the BBM and 
the last pair is about o. 048 in. from the EBM. 

4)" A Channel Parity Frame, located between the 514th and 
515th sprocket pairs, which contains bits as follows: 

In each channel(except those. containing sprockets), the 
Channel Parity Frame contains a Iii' this will make the 
total number of ones in the channel ,(for this block) even. 
In all other channels, the Channel Parity Frame contains 
a O. 

5) . A Dummy Frame> located between the 1 st and 2nd sprocket 
pairs, the two characters of which are zeros (1. e. 000000). 
The parity bits associated with these characters are, of 
course, ones. 

6) Information Frame s (512) interlaced betwe~n the 2nd 
through 514th sprocket pairs. 

7) A single" 1" in the non-block mark sprocket channel 
corresponding to the 33rd bit of the EBM. Thus, flux in 
both sprocket channels in a gap is always the same, say 
negative. 
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A block is' the srnalle st quantity of inforr.nation which, can be 
processed by a single instruction, (although less than a full block may be 
readi£ a combination of instructions is used). The usable information in 

,the block ,(1. e. -' the 512 information frames) amounts to 128 TRANSAC 
:words. 

Division of the tape into blocks facilitates changing (1. e.
rewriting) relatively small amounts of information without disturbing the 
entire tape. That a division such as this is necessary results, from 
using the NRZ method of recording. Refer to the flux pattern on Figure 
2-1. which illustrates the problem. Attempting to change the value of 
any, of the bit positions re sults in modification of other bits in the channel. 
Hence, to change any'bit in a channel, the entire channel must be rewritten. 
In fact, due to practical considerations, all channels in a block are always 
rewritten during a write-type instruction. However J the channel containing 
the BBM, EBM, and one set of sprockets is not rewritten in the BBM 
region. 

The BBMand EBM define the area within which the information 
content of the block will be found. Before any processing of a tape can 
be done, the entire reel must be laid off into blocks by a process called 
Editing. This process places BBM's' and EBM's on tape at the required 
intervals. EBM' s are rewritten after the information frame s during 
each write instruction, but the BBM can only be:.rewritten by the editing 
operation. 

Because lOP ~diting do_e~-E0t_J.!:y.,!!g~J.! .. ~P,r.9,~~~J9" an edited EBM 
consists of 32 "ones" and no restoring' bitis'writt'en':in the non-block 'mark 
sprocket channel. Thus, gap flux after editing is the same as after a 
write operation. 

The sprockets serve as indicators which inform the lOP that 
a cha~acter has passed over the read heads. Note that a sprocket follows' 
each character whether reading takes place in the forward or reverse 
direction. 
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3. OPERATIONAL CHARACTERISTICS 

.IO:? Sub-Sections 

The lOP may be conveniently subdivided into several sections for 
the purpose of logical description. Refer to Figure 3-1 for a block 
diagram of these sections and their relationship to the Central Computer 
(CC) and the Transports. 

The Assembly Unit JAU) contains the following: 

(1) Data registers, which temporarily hold data that is 
moving between, CC and tape . 

. (2) Control registers, which hold information necessary to 
execute a tape instruction (e .. g., the type of instruction, 
the amount of data to be transferred, etc .. ). .An error 
indicating register is included in this group. All control 
registers communicate" (indirectly) with ce. 

,(3) Execution Circuits, which carry out the. operations' 
indicated by thel Control Registers .. 

There may be from one ~o four AUs in each rop; the number~ of 
transports which can operate simultaneously corresponding to the 
number of AUs present. 

The Multiplexer- handles the following control functions which 
,are made necessary by simultaneous operation of two or more AUs: 

,(1) Assignment of a specific- AU to perform each order 
received from CC,(except the Rewindorde:r:s, which do not 
require an AU). , This includes, in; some instances, the 
establishment of communication paths between the selected 
AU and the required transport. 

(2.) , Establishing a core memory acces's for any AU which 
requires it.· When more than one AU requires a memory 
access, the, Multiplexer provides a s~,quence for satisfying 
the access requirements. 
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The Matrix contains the circuits needed to maintain communication 
between any AU and any transporto Connection. of a specific AU to a 
specific transport (referred to as "marking" the M.atrix) is accomplished 
by the Multiplexer. 

Basic Error Detecting Capabilities 

The rop automatically tests for the following conditions: 

(1) A character which does not 'contain an odd number of 1 's 
(including parity bit) or a channel (except a: sprocket 
channel) which does not contain an even number of 1 '5 

(including channel parity bit)o Either of these conditions 
indicate the pickup or dropout of information on tape and 
are termed "Parity Errors" when reading or writing, or 
"Space ErrorsJl when spacing or positioning a tape. 

(2) A block mark, (BBM or EBM) wliichdoes not coIitain at least 
25 binary ones'. This condition is referred to as a 
"Format Error u • 

(3) The existence within a block of other than exactly 515 
pairs of sprockets, each pair satisfying certain skew 
timing tolerances. This situationis called a "Sprocket 
Error" when reading or writing or a "Space Error II when 
spacing. 

,(4) A transport which has gone into Local Command status ,(io eo , 
can no longer be controlled by the IOP) while connectedto an AU 
via the matrix. This condition is called "Transport 
Disabled" 0 

:(5) An attempt to moyetape forward 'or backward (except by a 
, Rewind order) beyond the ends of the ta.pe. This re suIts 
in an "End Tape Error" (if forward motion is attempted) 
or a IIBegin,. Tape Error "(if backward motionis attempted). 

All of the,se error situations will be discussed in, detail later 0 

The outline above is to provide the necessary background for unde1:'standing 
,the tape orders. 

PI'", 

\ 
Ii: 

( 
( 

') I II,'",.' • 
i,1 j 

\ 
'J 



TIO Instruction and 10 Orde r s 

The prirnary rneans of operating the Magnetic Tape Systern is 
through the stored prograrn in Core Memory. Operation is initiated by a 
TIO instruction being executed in the PR Register. (The Skip instructions 
are discussed elsewhere. ) 

Execution of the TIO instruction has two re suIts: 

(1) The contents of the "D" Register (the 10 Order) are rnade 
. available to lOP, conveying information. as to what type 
of tape operation is required~ what transport is to be used 3 

how far the tape is to be spaced or positioned and how 
rnuch data is to be processed. See Figure 3-2. 

(2) The address part of the TIO instructionis Il1.ade available 
to the lOP to provide the first core memory address from 
which information will be taken when. writing, or into which 
inforrnation will be placed 'when reading. 

Note that, as with other input output operations, the "D" register 
must be loaded with appropriate control information prior to executing the 
TIO instruction. 

For any order which reqllires writing,editing, or erasing of tape~ 
a IIWrite Ringll rnust be present on the selected tape reel. Absence of the 
ring results in the refusal of the lOP to accept the order o 

The . amount of data to be processed is specified as "Nurnber of 
Blocks"; each block containing 128 TRANSAC words. Words are always 
transferred frorn, or placed in, core memory·in sequential addresses 
starting with the address specified by the TIO instruction. When rnore 
than one block is processed, the sequence of rnemory addresses is 
maintained from block to block. 

The Number of Blocks field is also referred to as the NBP field 
(for Nurnber of Blocks to Process}o 

The transport address to be used is specified by the "Which 
Tape" field of the lID" register; also called the Transport Address (TA) 
field. Since this field contains four bit positions ~ anyone of sixteen 
transport addresses (numbered 0 through 15) maybe specified; which 
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I o 0 I 

II o I 0 

II 0 

II 0 0 

II o I 

II I 0 

II I t 

o REGISTER 

REAL TIME DEVICE-. CORE 

CORE ------. DRUM 

DRUM-. CORE 

CORE -. PAPERTAPE PUNCH 1 

PAPER TAPE READER ----+ COREl 

CORE --.. HIGH SPEED PRINTER 1 

CORE ---.1/0 DEVICE 2 

I/O DEVICE -.BUFFER Z 

FUNDAMENTAL CODES 

0000 REAL TIME DEVICES 0100 PAPER TAPE 1 

000 I MAGNETIC CORE 0101 

00 I 0 MAGNETIC DRUM 0110 HIGH SPEED PRINTER l. 

00 I I BUFFER - CONTROLLER o III I/O DEVICE Ii! 

BUFFER----+ CORE 1000 THRU 1111 INCLUSIVE ARE USED FOR MAG. TAPE 

CORE ---.MAG. TAPE] 
MODE' I 

MAG. TAPE ----+ CORE 

CORE -+ MAG. TAPE] 

MODE 2 
MAG. TAPE --+ CORE 

CORE -----+ MAG. TAPJ MODE 3 

MAG. TAPE -+ CORE 

MAG. TAPE -+ CORE - MODE 

MAG. TAPE --+ CORE - MODE 

MAG. TAPE ----+ CORE -

CONT IN U E 

STOP 

RESUME 

REWIND 

REWIND W / LOCKOUT 

MAG. TAPE 

RELEASE 

-1 READ 

ERASE 

ED I T 

FOWARD 
NOT E S 

I - CODES 0100 AND 0110 ARE USED IN INSTALLATIONS 

WHERE THESE DEVICES DO NOT OPERATE THROUGH 

A BUFFER - CONTROLLER. 

REVERSE 2 - CODE 0111 IS USED FOR ANY DEVICE OPERATING 

THROUGH A BUFFER-CONTROLLER. 

3 - THESE BITS ARE USED ONLY WHEN THE I/O DEVICE 

SPECIFIED IS A PUNCHED CARD SYSTEM 

4 - UNUSED FIELDS' ARE INDICATED BY A LINE IN 

PLACE OF A LEGEND. 

Figure 3-2 Input-Output Orders 
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transport is selected by a given address is determined by the transport 
address plugs. Up to four transports m.aybe operated sim.ultaneously 
and independently. As previously m.entioned, the num.ber of transports 
which may operate simultaneously corresponds to the number of AUs 
present in the rop. For ease of future discus sion, transport 0 will be 
considered. as being .. as signed addre s sO, transport 1 addre s s 1 etc. , 
unless otherwise stated. 

The four bit field "Number of Blocks to be Spaced" (NBS), 
specifieds the num.ber of blocks on tape which are by-pas sed before 
processing (as indicated by the Number of Blocks field) begins. 

The Com.mand field indicates which of the eighteen possible tape 
orders, is to be performed. Before giving a detailed description of 
each instruction, several terms must be ",defined: 

(1) Busy - an AU is busy if it is connected (via the matrix) 
to a transport. This matrix connection is established (or 
"m.arked") at the beginning of most instructions. 

(2) Release - to break the m.atrix connection between a 
transport and. an. AU (i. e., make the A'U n()n-busy). 
Releasing occurs in various. ways which will be discussed 
withthe individual instructions. 

(3) Run - .an. AU is in run status if tape is m.oving, or is in 
the process of starting or stopping, under control of the 
AU 0 For practical purposes~, an AU which is in run status 
is also busy, although the converse. is not necessarily true. 

(4) Transport Address in. AU ~ Stored in each AU is the 
address of the last transport which was connected to, or 
the transport which is currently connected to, the AU. 
This address helps to determ.ine which AU (if any) should 
be used for each instruction. 

(5) Class A orders = A group of orders consisting of: 

W rite (any m.ode) 

Read 'Forward (any m.ode) 

Read Backward .(any m.ode) 

Edit 
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To accept an order in this group, an AU must be in non-busy 
status. 

(6) Class BOrders - A group of orders consisting of: Stop, Release, 
and Continue. 

To accept an order in this group, an AU must contain the transport 
address specified by the Qrder. 

(7) Class COrders - A group of orders consisting of: -1 Read, Erase, 
and Resume. 

To accept an order in this group, an AU must contain the transport 
address specified by the order and alsG be in non-run status. 

(8) Backspace - to move tape without accessing memory, in a 
direction opposite to that specified by the last (or current) 
Class A ordero Thus, if backspacing occurs during a Read 
Forward, Mode 1 order, tape will move backward; but backspacing 
during a Read Backward, Mode 1 order causes tape to move 
forward. 

For any order to be executed, the required transport must exist 
(as indicated by the presence of aU.Assigned (Address), and the transport 
nlust not be rewinding or in Local Command status. Furthermore, for 
execution of orders which require writing, erasing, or editing of tape, 
a "Write Ring" must be present on the selected tape reel. Failure to meet 
any of these conditions results in :the TIO instruction terminating without 
skipping. 

lVlagnetic Tape Or-ders 

Read Forward, Mode 1 (Command field coding 10010001 ). 

This order, when successfully executed, results in data being 
transferred to Core Memory from tape while the tape is moving forward .. 
The quantity of information transferred is specified by the NBP field of 
the "D" Register, and the first Core Memory address is specified by the 
addre s s part of the TIO instruction .. 
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The Transport from which data is read is indicated by the T A 
field. Spacing, (i, e., by-passing) of blocks prior to reading occurs as 
specified by the NBS field. (If both the NBP and NBS fields are 0, 16 
blocks are read). 

For this order to be executed, selection of an AU must be made 
in one of the following ways: 

(1) If the transport address in any AU is the address in the 
TA field of the "D" Register and that AU is non-busy, it 
will be selected to execute the order. Should the AU be 
busy, the order cannot be executed. 

(2) If the transport addre s s specified by the T A field is not 
contained in any AU, the highest numbered, non-busy AU 
will execute the order. Should all AUds be busy, the order 
cannot be executed, and the "Multiplexer Busy" indicator 
light will be lit on the operator panel. 

The number in the TA field of the "D" Register is placed in the 
selected AU if the order can be executed. 

Upon selection of an AU, the matrix is marked, and the AU is 
thus in busy status. Succe s sful cornpletion of the order (i.e., termination 
of the order, not due to an error) results in the AU being released. 

If a Format Error occurs during a spaced block, the space portion 
of the order will be finished and the tape will stop with NBS = .a '. NBP = 
initial value, the Format Error Indicator "ON" and the matrix connected 
to the AU. A Format Error detected during reading will cause the tape to 
stop at the end of that block (or at the end of recycling over that block 
caused by parity or sprocket error s). The matrix will remain connected, 
the Forrnat Error w"ill be "ON" and NBP will indicate the nurnber of 
blocks that were not processed by the order. 

Occurrence of an End Tape Error results in termination of the 
order. Because no block marks exist in the vicinity of the end of tape, 
the tape will stop in a gap with NBS and/or NBP non-zero and the matrix 
connected. The End Tape Error Indicator is cleared by the first sense 
of a BBM on a subsequent operation which reverses tape motion. Termina
tion of the order also re suIts if the Transport Disabled condition is 
recognizf!d~ This. leaves the matrix connected e However, this catastrophic 
condition re sults in head positions which are unknown with respect to gap 
or block and rewinding is necessary. 



If a parity or sprocket error occurs while spacing~ the Space 
Error indicator is turned on:> but the order is not terminated. 

1c':;':':':::~7';;:.~~ 

If a parity or sprocket error occurs while processing v the tape 
stops at the end o(the error block. and back~,spaces over the block. 
While back-spacing~ a check is· :made for' recurrence of the error but 
no :me:mory accessing exists. Should the error recur u the tape is read 
forward over the block into the original :me:mo:ry locations and the order 
is ter:minated. If the error does not recur during back=spac.ing~ the 
block is also reread into the original core rneITlory locations. A :,t'ecuru 
renee of the error during this second read results in terrnin.ating the 
order at the end of the block. Should the reread prove e:r.'ror=free~ 
the order continues as though no error occurred. 

When a sprocket or pa!"ity error ter:minates the order (or 
For:mat Error) ~ an appropriate visual indicator is lit on the lOP Operator U s 
Panel, the :matrix re:mains connec.ted even though the last block of the 
order :may have been involved o The AU Control Registers retain all 
information necessary to Resu:me the order D if required ~gene:ral1y if 
NBP lO)o 

Because the nu:mber of sprocket pairs read fro:m tape deter:mine 
the nu:mber of :me:mory accesses v li:miting and correcting circuits{lp 
prevent :more than 128 counts of the core address counter in the event of 
excess sprockets detected du:r.ing ;a, block; and (2) provide the additional 
counts necessary to give a total of 128 if sprocket pairs are missing. 
Such action is neces sary to as Sllre proper "ju.:mping out" of error cycle s 
if sprocket errors do .not persist:., or proper resu:ming if they do persist. 

Ter:mination of the order~ either by co:mpletion or due to error~ 
does not, in itself3 affect: the progress of the progra:m in ·CC. Only by 
executing further TIO instruction.s o:r Skip type instructp,ons ~ can the 
progra:m be :made cognizant of the status of the :tOPa 

The initiation of the order clears the Parity and Sprocket. Error 
indicatorso ~-i·"t(( S 1·)i~'(·C.,-.-.·" 

Read Forward D Mode 2 (Co:mrnand Field coding 1010 0001) 

This order is identical in every respect to the Read Forward, 
Mode 1 ~ order 0 Its inclusion as a sepa:rate order provides a future :method 
of incorporating "interrupt" a.nd IInon=interrrupt" read orders in the lOP. 



Read Forward, Mode 3 (Conunand Field coding 1011 000 1) 

This order is similar to the Read Forward, Mode 1. ~ order ~ 
except when a parity or sprocket error occurs while processing (not spacing) 
a block\, A retry is made to read the error b lock (just as in the Mode 1 
Read), but the order is not terminated if the retry is unsuccessful. Instead 
processing of the next block contiriues as though the retry were successful. 

The questionable information read from the error block is retai.ned 
in its proper sequential area of Core Memory (see sprocket limiting and 
correcting circuits described above). Upon termination of the order!) if 
no error other than parity or sprocket has occurred~ the AU is released. 
There is no visual indication:> upon termi.nation of the order, that an 
uncorrected parity or. sprocket error has occurredo Furthermore~ 

subsequent TIO or Skip instructions will not be cognizant of the error 
having occurred. 

Read Reverse, Mode 1 (Command Field coding 1101 0001) 

This order is similar to the Read Forward~ Mode 1 order:> 
ex:cept that tape moves in the reverse direction while being reado In 
consequence, the words read are placed in Core Memory in a sequence 
opposite to that which occurred while reading forwardo 

Consider, for exarnple~ a block of information, consisting of 
words WI, W2, W3, ... , W128 (as seen by forward moving tape»~ which 
is written on the tape. Reading this block forward with a starting Core 
Memory address of L, results in WI being placedin location Lv W2 in 
location (L + 1), etc. ~ until ·W128 is placed in ~L + 127). Whenthis same 
block is read in the reverse di.rection~ again with a starting Core Memory 
Address of L, W128 is placed in L, W127 is placed in (L + 1 L etc.:> until 
Wl is placed in (L + 127). 

The arrangement of characters within a word is the same for 
forward and reverse reading. 

Spacing· can occur before reading in reverse; the spacing also 
being in the reverse direction. 

To read a given block in the reverse direction~ the block must 
of course~ start from a different position relative to the read heads than 
when reading the same block forward. 



It will be noted that the time from the completion of data process~ 
ing in a block until the end block mark is sensed is larger (3.5 milliseconds) 
for reverse reading than for forward reading (600 p.sec.) because of the 
effect of head gap spacing on tape format. This fact is of some importance 
in the programming of continue, skip check and skip fault orders. 

Activity, when errors occur, is similar to that which occurs when 
reading forward in Mode 1. (substitute Begin Tape for End Tape). (Note 
that back-spacing, when required while reading in the reverse direction v 

results in tape being moved forward. ) 

Read Reverse, Mode 2 (Command Field coding 1110 0001) 

This order is identical to the Read Reverse~ Mode 1, order and 
is included for future interrupt purposes. 

Read Reverse, Mode 3 (Command Field coding 1111 0001) 

This order is similar in operation to the Read Forward~ Mode 3 ~ 
order. The arrangement of words in Core Memory is similar to that 
achieved by the Read Reverse, Mode 1, order. 

Write, Mode 1 (Command Field decoding 000 1 100 1) 

This order, when successfully executed, results in information 
being transferred from Core Memory to tape while the tape moves forward. 
The amount of information to be written, the transport to be used~ and 
the number of blocks to space before writing are specified~ respectively? 
by the NBP, TA, and NBS fields of the "D" Register. If both the NBP 
and NBS fields are 0, 16 blocks are written. The first Core Memory 
address is specified by the address part of the TIO instruction. 

Selection of an AU to execute the order is si.milar to the 
selection for a Read Forward, Mode 1, order. The number in the T A 
field of the lID" Register is stored in the selected AU if the order can 
be executed. 

Selection of an AU results in the Matrix being m.arked~ thus 
putting'the AU in busy status. The AU is released when the order is 
terminated (if this termination was not due to an error). 



Term.ination of the order by Format or End Tape error s, or by 
sensing the Transport Disabled condition occurs in the same manner, and 
has the same effect as described for the Read Forward v Mode 1 ~ ordero 

Concurrent with writing, the written information is read back 
and checked for parity. (Character parity only; channel parity is not 
checked while writing.) Detection of a parity error, or sprocket error, 
during this read-back, results in the tape being back~spaced and the 
block rewritten. If this second write is executed without error, process
ing of the next block proceeds as if no error occurredo Should the error 
recur, however, the order is terminated at the end of the block. 

The status of the AU after termination of the order (either 
successfully or due to an error) is the same as after a similar termination 
of the Read Forward, Mode 1, order . (Except that the Command Register 
indicates Write instead of Read. ) 

Determination of position within a write order by means of NBS, 
NBP and word counter is the same as on a read order. That is, a word 'tvC'l-rC ') 
is considered to be processed when it is played back by the read heads, C(-lC(l\ 

not when it is written. Counting down' of NBS or NBP occurs on the fourth _'\ ~~:;:"~. 
sprocket pair detected by the read heads at which time the word counter 
ripples from 0 to 1270 Thereafte!' in the block, the word counter alone 
counts down once every fourth t~me a pair of sprockets is received. 

It should be remembered that, when writing, the sprocket 
channels and EBM are rewritten in any blocks in which writing of 
information oc cur s. 

The initiation of the order clear s the Parity and Sprocket Error 
indicators. C-ll./ .S, t:'··C.·l ______ · .. ·· 

Write, Mode 2 (Command Field decoding 0001 1010) 

This order is identical to the Write, Mode 1, order. and is 
included for future interrupt purposes. 

Write, Mode 3 (Command Field decoding 0001 1011) 

This order is similar to the Write, Mode l~ order~ except 
when a parity or sprocket error occurs o In this case an attempt is 
made to rewrite the block as during a Write v Mode 1, ordero 1i this 
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rewrite is successful~ the order proc.eeds as in Wr.ite D Mode 1. Should 
a parity or sprocket e:!:'!'or occur during the rewrHe!) the follo'wing action 
take s plac e: 

(1) The tape is back~,spaced~ during which process the 
entire block (including sprock.et channles and block marks) 
is erased. 

(2) An attempt is made to write (the same information) in the 
next block 011 ta.pe; retrying if the first attempt is 
unsuccessful. 

If vii'riting in the new block is succes5ful~ the order proceeds as 
if no error had occurred. However~ if w'riting is not successful~ the 
block is erased and the order is teJ.'minatedo Note that autom.atic erasure 
can only occur folloViring a parity or sprocket error" Other errors may 
terminate the order without erasing. 

If sprocket or parity err'ors persist in all four attempts to write 
a block, termination of the order leaves the matrix connected but no 
sprocket) parity ~o:r format) erro:~ lights a~t'e lit SinlGe the two erasures 
removed all errors from ta.pe. If a format er~r.or terminates the order 
when either no parity nor sprocket. error has existed in the block~ or 
rewriting has cleared up sprocket or parity errors!) the tape stops with 
the matrix connected and the Format Error light lit since the format 
error still exists on tape. 

When erasing and rew:di:ing in a new' block is required D the entire 
operation is counted as only one bIock. p~'ocessed (for purposes of satisfying 
the NBP requ.i rernent. » 

The Clas s C Ol<>de:i~s 

The three orders in this group a:r'e used~ pI'ilnarilYD as corrective 
steps following the ter:mlnation of a. Class A o:r.de::r due to a.n error" An 
order in this group ,will be accepted by an AU if the transport address in 
the AU is the saIne as the address specified hy the TA field. of the "D" 
Register and if the AU' is in non~->run statuso All th:ree orders are capable 
of marking the matrix if for some reason the latter ViTere disconnected 
prior to the is suance of the order 0 
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The -1 Read Order (Command Field coding 1100 1101) 

This order can be used following Read (but not Write) orders 
which have terminated due to a persistent parity error. Execution of this 
order results in the last block which was read being reread (in the same 
direction as the original read), into the same Core Memory locations 0 

However) any word containing a parity error on the reread is not placed 
in Core Memory. Instead the number II,,~ 1" (in twos complement form) 
is placed in that Core Me:mory location. A block read in this manner 
does not count NBP; the core address at the termination of the order is 
the same as before the order was is sued; and the state of the AU command 
register corresponding to the previous Class A order is preserved. Thus, 
a -1 Read block is not counted as a block processed if the original order 
is resumed. 

Upon completion of the order, the tape is in the same position, 
relative to the heads:> as it was when the order was given. The Parity 
~..2.!.. indicator is reset, but the Matrix remains connected. 

In order for reading to take place in the same direction as the 
Clas s A read, the tape is automatically back-spaced one block prior to 
the rereading portion of the order. 

The initiation of the order clears the Parity and Sprocket Error -_. ._-_. 
indicator So 

The Erase Order ~Command Field coding 1100 1110) 

This order is used to eliminate a block (including the sprockets 
and block marks) from tape. The block erased is the last block that 
was processed; i. e., if the last Class A order (or resumed Class A 
order) called for forward motion~ the AU would erase one block backward; 
if the last command were a reverse order, the tape would be spaced for~ 
ward one block and then erased one block backward. Successive blocks 
m.ay be erased by the issuance of successive Erase orders. 

The Erase commandholds c~eared the Form.at, Sprocket and 
yarity Error indicators and leaves the :!:!!.etr!?C ~_9.~g.~.~~.t_e.g:; at the term.ination 
of the order Q Neither NBP nor the Core Address counter is stepped and 
the state of the Command register is preserved for Resume purposes. 



The Resume Order 

This order is used to complete a Class A order which has been 
terminated due to an error. Usually this order is preceded by either 
the -1 Read or Erase Order. However, initiation of a Resume always 
clear s the Parity and Sprocket Error indicator s 0 The activity of the 
Resume Order arfrersd'ep'e'ndI~;'g-'o"i-l whether the last Class A order was 
a read or write. 

Following a read order, the Resume order simply re-starts the 
Class A order from the point where it was terminated. From that point, 
processing is considered as Class A in all respectso Consider, for 
example, the following case: . 

A Read Forward, Mode 1, order is given~. which specifies that 
five blocks be processed. The first Core Memory location is Lo During 
the processing of the second block, a parity error occurs which is not 
eliminated by re-readingo Thus the order terminates. If the Resume 
order. is now given, and no further error terminations occur, Core Memory 
will contain information as follows: 

Locations 

Locations 

Locations 

L through (L + 127) c.ontain the 1st blOCk.. } 

(L + 128) through (L + 255) contain the 2nd block 
(in error) 

(L + 256) through (L + 383) contain the 3rd block 

Locations (L + 384) through (L + 511) contain the 4th block 

Locations (L +512) through (L +639) contain the 5th block 

Read by 
theori:ginal 

order 

Read follow
ing.the 
Resume order 

It is interesting to note that the above sequence of orders gives 
the same effect as originally performing a Read Forward, Mode 3 order 
(when only sprocket and parity errors occur). 

If a -1. Read order is given prior to the Resume. order, the same 
Core Memory format results; except that any words in the second block 

. which contained parity errors would be replaced in Memory by -1. 
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Following a write order D the Resume orde:r' initiates rewriting of 
the information which could not be written by the original order. This 
attempted rewrite. is in the next sequential block to the one which was 
erroneously writteno Of (:ourse~ if an Erase order is given prior to the 
Resume ~ (the usual procedure), the e:rToneously written. block will no 
longer exisL The following example illustrates this: 

A Write, Mode 1 order is given vi?hich specifies that 5 blocks be 
processed. The first Core Mem.o:t''Y~ location is L. Termination of the 
order occurs following the 2nd block due to a persistent Sprocket Error. 
If an Erase order is now giyen~ followed by a Resume order:> inform.ation 
is on tape as follows: 

The 1st block contains locations L through (L + 127) =- Written by the 
original order 0 

The 2nd block has been erased. = Due to ,the 
Erase orderQ 

The 3rd block contains locations ~L +128) through \{L + 2,55) 

The 4th block contains locations (L +256) through (L + 383» 

The 5th block conta,ins locations ~L + 384~ through ~L + 511) 

The 6th block contains locations (L + 512} through (L + 639» 

Written 
follow = 

ingthe 
Resurne 
ordero 

Had the Erase order not been given~ the same information would 
be in blocks 1;> 3, 4~ 5 and 6. Block 2 would still be pre8ent~ however~ and 
it would contain the inform.ation from. (L + 128~ through ~L + 255) improperly 
written. 

If the Resum.e order is given (following a Read or "Space Only" 
Write) and no more processing remains to be done per the original order 
(NBP = O):r 16 additional blocks will be processed in the n:lanner specified 
by these previous Class A orders. Core Memory locati.ons will be used 
which follow sequentially those rnem.ory locations actually accessed by the 
original order. If none were accessed~ the starting, location will be that 
given in the original order. In.the case of an NBP # 0 Write Order terminated 
with NBP =: 0:> the Resume will rewrite once the last block of the Write 
command. 
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The Release Order (Command Field coding 1100 1100) 

This order allows the AU which contains the transport address 
specified by the T A field of the liD" Register to be released from the 
Matrix" If no AU contains the required transport address, the order will 
not be executed. Furthermore, if the Format Error, Begin Tape Error, 
End Tape Error, or Transport Disabled indicator is set, the order is 
accepted (as indicated by skipping after the TID instruction); but releasing 
of the AU does !lot. occur. 

';'';,..~-.-a 
.. ..-.f' 

When the Release order is given while a previous order is still 
being processed, the order in progress is terminated at the end of the 
current block except as follows: 

1) If a retry of the current block is called for (or if 
a retry is in progress when the Release. order is 
given), this will be completed before terminating 
the order 0 Note that in the case of the previous 
order being a Write, Mode 3, the 3 rewrite attempts 
and 2 erasures provided for may all be accomplished 
(if required) before terminationo • 

2) If the Release order is given during the backspace 
phase of a -1 Read or Erase order, termination 
will not occur until the order is completeo 

3} If the NBS Reg. does not contain 0 at the end of the 
current block, spacing continues until the condition, 
NBS = 0, is satisfiedo. 

The Stop Order (Comm.and Field coding 1111 1000) 

This order is similar to the Release order with the following 
exceptions: 

The order is not affected by any error indicators being set; and 
execution of the order results in the ~9_:_~~~ .... :g;.rr.:.9!,,_ B.egi.n Tape:Er..r~~:tr, SI) S 2-
End Tape Error; and Trans~<?:r.,!.)?J~c:tJ?led indicators being~!."~~~,~. / 
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No retrys are allowed "by the Stop ordero If a retry is in progress 
when the order is executed, the retry is terminated (at the end of the current 
block) regardless of its statuso Since termination of retrys may occur fol
lowing backspacing (or erasing in the Write, Mode 3 order), the position of 
the heads relative to the last processed block (and hence all other blocks) is 
questionable following Stop orders o (That is, the heads may be either at 
the beginning or end of the lai:;t p:i.·ocessed block. ) 

Termination while backspacing can also occur if a Stop order is 
executed during performance of the -1 Read'or Erase orders. 

Like the Release order~ the Stop order cannot terminate a pre
vious order until the NBS = 0 condition is satisfiedo (A primary fu.nction 
of the Stop order is to terminate memory accesses, within a given time, 
to allow a real-time input to function. Spacing, which does not require 
memory acces ses, need not be terminated. ) 

The Edit 01'der (Command Field coding 11~O 1 ji.ll) 

Execution of this order results inBBMRS and EBM'S being written, 
at the proper intervals, until the end of tape is sensedo The final E,BM may 
be written after sensing the end of tape. Normally the order is initiated 
with the uquick disconnect" device just on the takeu,p reel side of the headso 

Only one A. U., AUf/!~, can execute the Edit order. (Note: A r 
change is anticipated which will put the Edit function in AU 1.0) So far as the 
Multiplexer is concerned, however» the Edit order is simply a class A order; 
and an AU is assigned on that basis. Therefore special precautions must be 
observed to ensure the use of AU#/.. , 

The simplest method is to place Ao U. IS 1,3, and 4 (if they exist 
in the particular lOP) in Manual Mode status by operating toggles on the 
Operator's Panel. -t' (These toggles are discussed in detail latero) This 
leaves only Ao u .. #~J, availa.ble to accept an order from Co C. (the Edit order). 
Of course Ao U. #j., ynust be non-b'l.1sy"~ and the required transport must not be 
in Local Command, Rey:;inding~ or Read Only status. 

If desired, the Edit order may be executed without placing any 
A. U. 's in Manual Mode status if the following requirements are observed: 

I 
1) No Ao U., other than Ao Uo =It~ may contain the required 

transport addre s s. 
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2) 

3) 

AU's ~ and 4, if they exist, must be busy; or AU fir must 
contain the required transport addresso (Note: An antic
ipated change will make the order of preference of AU's 
1, 2, 3, 4 instead of 4, 3, 2, 1 when more than one AU 
can accept an ordero This, in addition to having the Edit 
circuits in AU I, will make condition (2) unnecessary~ 

'/ 

Ao Uo it'- must be non-busy& 

While executing the Edit order, no error indicators, except 
Transport Disabled and End of Tape E;:rror can be set. (The EOT Error 
indicator is set when the order is 'complete.) Upon completion of the order 
the Matrix remains connected. Execution of the Stop or -Release orders 
during the -Edit has no effect. 

Upon completion of the Edit command, the end of tape region 
should be cleaned up by issuance of several erase orders followed by a 
Stop or Release and Rewind. Write orders should then be issued to lay 
down sprockets over the entire length of tape • 

• The Continue Orde;r(C'o;mmand Field cod~ng,,1000 1000) 

. T~~S order. following a} Class A or,de;. pro~ides a means of 
processing ¥lore than.r6 blocks o~ informa~ion without/ stopping tape ",motion. 
(If'two con~~cutive pi'ass A ordel'{s are given, tape m~st stop betV';'reen the 
first and s~cond 9.rders. ) \, .,,/// ' // 

""' '-.~,............... ~ ,; ,/'.." 
" /,.".r '" 

~'T~~/specific operating characteristics of this orp:er are not 
available at"·present. \~,,/' 

The Rewind Order (Command Field coding 1000 1010) 

This order causes tape to move in the reverse direction (at 180 
in/sec) until the metallic begin tape leader is sensed. Unlike the orders 
considered so far, the Rewind order does not require the use of an A. U. 
for its execution. Upon issuance of the order, the Multiplexer tests for 
the following: 

1) t~'1at an Assigned Address Plug for the required transport 
is in place. 

2) that the required transport is neither in Local Command 
status nor already rewinding. 
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3) that the required transport is not presently assigned 
(i. e., connected, via the Matrix) to an A. U. 

If these conditions are met, rewinding of the transport occurs, 
and the TIO instruction initiates skipping; otherwise, the TIO instruction 
terminates without skipping. 

The transport remains in Rewind status (as sensed by the Multi
plexer) for 4 seconds after actual rewinding is complete~ This allows for 
s lowing down of the drive motor. During the rewind and the subsequent 4 
second delay, the Rewind indicator on the transport is lit. 

If a Rewind order is issued to a transport which is already 
rewound, the order will be accepted (as indicated by skipping after the TIO 
instruction), but no tape motion occ urs. 

Since the Rewind order does not require the use of an A. U., it 
can be executed even though all A. U. 's are busy. Furthermore 9 any number 
of transports may be rewinding simultaneously. 

The Rewind and Lockout Order (Command Field coding 1000 1011) 

This order is similar to the Rewind order except that~ upon 
iss uanceof the order, the transport is placed in Local Command status. 

The Skip Instructions 

The two instructions, Sk~p Check and Skip if no Fault, are used 
to inform the CC of the status of the lOP and the transports (as well as 
other Input/Output media). Execution of these instructions does not modify -
the status of the rop or transports in any permanent way (i. e.» -after 
the complete ion of these instructions, the lOP and transports are in 
exactly the same state as they would have been had the instruction not been 
given). 
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A full description of these instructions is given in the TRANSAC 
Technical Manual.\> Central Computer,\> Section 6. 15. In the paragraphs 
below, the possible tests pertinent to magnetic tape operation, are sum
mari:z;edo 

The .Skip Check Instruction (SKC) 

Use of this instruction allows the following conditions to be tested: 

1) .. Whether a particular AU is busyo 

2) Whether a particular AU is either in lil"illn" status or 
making an e:rro1" retry~ 

3) Whether a particular transport is connected to .an Ao Uo 

4) Whether a particular transport is mechanically available. 

5} Whether a particular transport is rewindingo 

6) Whether a particular t!'f3.nsport is in IiReadOnly" status. 

7) . Whether or not more than a given amount of information 
(say N words) remains to be processed from, or to, a 
particular transport to satisfy the last (or current) class 

.A ordero If the test is made during an error retry, or 
while writing the first block of a R.esumed Write order 
(except in the case where 110 blocks had been written prior 
to reSu.m1.n.g),. or while the word count is being changed, 
and indication IS given that more information remains to be 
processed than specified by N, no :matter how largeN may 
beo .{Actually N has a maxi1:num value of 15 blocks plus 
127 words~ or 2047 wordso ~. J(f no AU~ while processing 
its last (or current) class A order, used (or is using) the 
transpo:rtspecified by the Skip Check instruction, an 
indication is given that less information (or. an equal amount) 
remains to be processed than specified by Nl1 no matter how 
small N may be. 

For purposes of. the Skip Check instruction, the least significant 
bit .0£ the Word Counter is effectively held equal to "1" from BBM time until 
the channel parity and sprocket error tests have been completed. Thus, 
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the SKC instruction cannot indicate that all information in a block has been 
processed until it has been determined that no error retrys will be required. 
The effective hold to "I" is released before the test for EBM errors is made. 

The Skip if No Fault instruction (SKF) 

Use of this instruction allows testing for fault indications in the 
AU which was last connected to (or is currently connected to) the transport 
specified by the SKF instruction. The fault indications which may be tested 
are, in order of increasing seriousness: Space, End of Tape, Beginning of . 
Tape, Parity, Format, Sprocket, and Transport Disabled. (Note: Actually, 
the Format Fault is considered more serious than the Sprocket Fault. An 
anticipated change will allow the SKF instruction to recognize this. ) 

A single SKF instruction indicates whether a fault (or combination 
of faults) more serious than a given fault (or combination of faults) exists. 
Hence t to dete rmine that a particular fault (or combination of faults) exists, 
more than oneSKF instruction must be used. 

If no A. U. contains the required transport address, the effect is 
the same as if an A. U. containing no fault indications were interrogated. 

Operator's Panel Control and Indicators (lOP) 

The functions of the various indicators, switches, and plugs 
located on the lOP Operator's panel (see Figure 3-3) are discussed in this 
section. 

I/O Instruction Address Lights 

These lights indicate the order address as specified by the TA 
field of the .liD" Reg. The indication is maintained as long as the liD" 
Reg is made available to the rop (1. e., -during all, or part, of IT2 time. ) 

I/O Unit Lights 

These lights, numbered 0 through 15, denote actual physical 
locations of transports .. This number will correspond to the number on 
each transport. 
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Assigned Address Plugs 

This section consists of 16 removable Assigned Address Plugso 
Each plug is numbered and denotes a unique instruction addresso For 
example, if assigned address plug number 5 were inserted beneath I/O unit 
number 2, physical transport #2 would now be logically designated and 
program addressable as unit number 5. The plugs have two positions in the 
receptacles: an "in" position for assignment (plug light illuminated) and an 
"out" position for storageo 

Read Forward One . Block Buttons 

For these buttons to be operative, the associated AU must be in 
Manual Mode .. '(Refer to the description of the AU Manual-Auto ,Switches for 
the method of obtaining Manual Mode Status.) Furthermore s for proper 
reading, the AU must be connected to a transport via the Matrix. (Refer to 
the description of the Manual AU Assign buttons for the method of marking 
the Matrix manuallyo ) 

When one of the buttons is depressed (with the above condition 
satisfied) the as sociated AU is prepared for reading forward, but actual 
reading does not begin. 

Now~ depressing the Initiate button will cause reading of one 
block, without error retrys, into Core Memory addresses starting with ad-
dress zero .. Further depressions of the Initiate button will cause additional 
blocks, up to a total of 15, to be read; one block for each depression 6f the 
button. When more than one block is read in this mannerl) the sequenc-y of 
Core Memory addresses is maintained from block to block. 

Upon reading the 15th bloc;k,i,the Matrix is releasedo: ',If, at any 
time before the 15th block is reC}d, the Read .Forward One .. Blockl'buttoil is 
depressed again p the :count of 15 blocks begins anew with ,Core Memory 
address 0 the first location accessed. 

Space Forward One Block Buttons 

The operation of these buttons is similar to that of the Read For
ward One Block buttons except that spacing occurs rather than readingo 

Also, after spacing 15 blocks s further depressions of the InitIate 
button will cause reading {of up to 15 blocks} 
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Space Backward One Block Buttons 

The operation of these buttons is the same as that of the Space 
Forward One Block Buttons except that spacing (and possibly reading) takes 
place in the reverse directiono 

Initiate Button 

This button is used in conjunction with the Read Forward One 
Block, Space Forward One Block ll and Space Backward One Block buttons. 
Refer to the descriptions of those buttons o 

The output of the Initiate button is available to any AU which is in 
Manual Mode; hence manual reading or spacing of two or more transports 
simultaneously is possibleo 

Clear Faults Buttons 

These buttons reset all error conditions, including Trans.port 
Disabled, which exist in the associated AU 0 

Test Mode Switch 

This switch has no specified function at presento It will,however, 
interfere with normal lOP operation if not in the OFF position;. 

Spr ocket Light 

These lights (one for each AU) indicate, when litll tha,t. an incor
rect number of sprockets· has been sensed in the preceding processed block. 

Block Mark Light 

These lights (one for each AU) indicate, when lit, that an insuf:';'
ficient number of flux changes has been detected in a block mark, either at 
the beginning or end of the block" If the indicator is lit following spacing, 
any of the spaced blocks may have been fault Yo 

. Parity Light 

These lights (one for each AU) indicate9 when lits that a parity 
error was detected on tape in the preceding processed blocko The error 
can be either character or channel parity p 
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. End Tape .Light 

These lights (one for each AU) indicatel) when lit, that the trans
port connected to the assembly unit indicated, has sensed the physical end 
of tape while tape was moving forward. 

Begin Tape Light 

These lights (one for each AU) indicateD when lit, that the trans
port connected to the AU indicated p has sensed the physical beginning of 
tape while tape was moving backwardo 

Space Light 

These lights (one fo~each AU) indicate, when lit, that a parity 
error or sprocket error has been detected while spacing over one or more 
blockso 

. Read/Write Mode Lights 

These Lights (one pair for each AU) indicate the Mode of the 
current order as follows: 

Read forward orbackward D or write ll mode one if 2.0 is on and 
21 is off. . Read forward or backward ll or write, mode two if 2 0 is off and 
21 is ono . Read forward or backward ll or write ll mode three if 2 0 is on and 
21 is ono . Edit ll manually space p or manually read if 2 0 is off and 21 is offo 

Address Not Assigned Light 

This light indicates l) when litll that the I/O instruction addres s 
(specified by the TA field of the liD" Reg) is not assigned to any 1/0 unit 
by an Assigned Address Plugo 

. Read Only Light 

This light indicates D when lit, that an order has been issued to a 
transport which does not have .a write enable ring on the supply reeL 

Local COInmand Light 

This light indicates, when litD that the I/O unit» which has been 



addressed, is in Local Command status and cannot accept instructions from 
a remote source . 

. Rewind Light 

This light indicates, when lit, that the I/O unit which has been 
addressed is in the process of rewinding and cannot accept an instruction. 

Unit Disabled Light 

This light indicates, when lit, that at least one I/O has gone into 
Local Command Status while connected to an AU (commonly due to long or 
short loops in vacuum columns) . 

. Continue Error Light 

This light indicates, when lit, tha t the conditions neces sary to 
execute the continue order do not exist in the AU which contains the trans
port address specified by the TA field of the IIDn Reg. 

Assembly Unit Reassigned Light 

This light indicates, when lit, that a command requiring an AU 
has been issued with address different from that existing in any AU (Class 
Band Corders cannot be acceptedo ) 

Multiplexer Busy Light 

This light indicates, when lit, that all assemply units are busyo 
A new class A order cannot be executed until one is released. Note that an 
AU in manual mode is considered busy . 

.system Clear Button 

This button, when depressed, resets all data and logical circuits 
to starting conditiono 

Neon Test Button 

This button, when depressed, turns on all display neons to 
determine that they are functioning properly. 
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As sembler Displayed Switch 

This rotary switch will display in the neons to the right, the 
information contained in assembly units, 1, 2, 3, or 4. For a description 
of the display, see the next five items. 

Blocks to be Spaced Lights 

This four bit display will indicate the number of blocks remaInIng 
to be spaced by the instruction in the assembly unit specified by the Assembler 
Displayed Switch. 

Unit Addres sLights 

This four bit display indicates the address contained in the 
assembly unit specified by the Assembler Displayed switch~ 

Blocks to be Processed Lights 

This four bit display indicates the number of blocks remaining to 
be read or written by the instruction in the assembly unit specified by the 
Assembler Displayed switch. 

Command Lights 

This four bit display indicates which Class A order is being 
executed (or was last executed) by the assembly unit specified by the 
As sembler Displayed switch. The mode of the command is indicated else
where. 

Memory Addre s sLights 

This 15 bit display indicates the next Mcpgnetic Core. Memory 
address which will be accessed by the AU specified by the Assembler Dis
played Switch. 

Power On Light 

This light indicates when lit, that power may be turned OFF or 
ON Irom a .remotepos·ifion. It will be ON when the power switch'is in .the I 

UP pos itionQ 

3-28 



Power Switch 

This is a three-position switch, which, when in the UP position, 
will allow power to be controlled by the power switch on the computer 
console e 

When in the center position, all power is removed from the unit. 

When in the down position» power is supplied to the I/O Processor 
regardless of the status of the computer" 

Power LOCAL Light 

This light indicates 9 when lit~ that power is on locallY9 and can
not be turned off from the computer console. 

I/O Units Manual.- Auto Switch' 

When in the Auto position, this switch allows normal program 
selection of AU's; when in the Manual position, this selection is inhibited. 
The Rewind orders and the Skip t:;rpe instructions are not affected by the 
pos ition of this switch .. 

Also» the I/O Unit Assign push buttons are activated when the 
s witch is set to ManuaL 

AU Manual - Auto Switches 

When in the Auto position:> these switches allow the associated 
AU to be selected and used only by orders from CCo 

When in the Manual position, the switches cause the associated 
AU to be placed in the "Manual Mode" of operation provided the AU is in 
non-run and non-busy statuso Manual Mode operation (indicated by the AU 
Manual light being lit) provides the following effects: 

1) The AU appears to be busy when interrogated by the 
Multiplexer (even though it may not be connected via 
the Matrix). This prevents the acc:eptance of Class A 
orders from CC. 



2) The AU effectively contains no transport addresso This 
prevents the acceptance of Class Band C orders from CC. 
Furthermore, skip type instructions cannot interrogate the 
A. Uo (Note: The Unit Address lights will still indicate a 
transport address, but this address cannot be recognized 
by the Multiplexer. ) 

3) The Release, Manual AU Assign, Space Forward One Block, 
Space Reverse One Block, and Read Forward One Block 
push buttons as sociated with the AU are activated. 

4) The output of the Initiate push button is made available to 
the AU" 

Upon '1"emov'ing the AU from Manual Mode (by returning the AU 
Manual-Auto switch to Auto), all of the effects listed above~ except (2), are 
terminated. The AU continues to effectively contain no transport address 
until it accepts another class A order from CC. This is necessary to 
prevent the possibility of two or more AU's indicating t1iat they contain the 
same transport address. 

Note that placing the AU Manual-Auto switch in Manual position 
while an order froTI1 CC is being executed will not affect performance of the 
order since the AU must be in non-run and non-busy status before Manual 
Mode can be achieved .. 

AU Manual Lights 

These lights (located to the left of the AU Manual-Auto switches) 
indicate, when lit, that the associated AU is in Manual Modeo Refer to the 
descrip~ion of the AU Manual-Auto switcheso 

Manual AU Assign Buttons 

These push buttons allow. manuaLnlarki~g!,of: thei,Mattix!.uride'r the 
following conditions: 

1) The I/O Units Manual~Auto switch must be in the Manual 
position. 

2) ,The .AU associated with the particular button must be in 
Manual Mode (i. e.; the AU Manual light must be llit .. ) 



3) The Manual AU Assign push button must be depressed con
current with one of the I/O Unit Assign push buttons. 

When the above conditions are met, the AU associated with the 
Manual AU Assign button is connected to the transport associated with the 
I/O Unit As sign button. A light, on a horizontal line from the Manual AU 
Assign buttdn and a vertical line from the 1/0 Unit Assign button, will light 
when the Matrix connection is rnadeo (Note:· It is possible to connect more 
than one transport ata time to an AU by this method. This should be a
voided~ ) 

Release Buttons 

Depres sing one of these buttons rele.ases any Matrix connection 
that may exist involving the associated AUo The associated AU must be 
in Manual Mode for the button to be effective .. 

I/O Unit As sign Buttons 

These buttons may be used in conjunction with the Manual AU Assign buttons 
to manually :mark the Matrixo Refer to the description of the Manual AU 
As sign buttons <> 

The nurnbersiJ 0 through 15, associated with these buttons refer 
to physical locations of transports rather than logical addresseso 

Matrix Connection Lights 

This group of 64 lights is located below the I/O Unit Assign buttons 0 

A light being on indicates that the physical transport associated 
with the column is connected to the AU associated with the row a 

Transport Controls and Indicators 

The controls located below the transport door are described in 
the Ampex FR 300 ManuaL 

The transport top indic~tor;~panel$ located abo¥ethe door;; contains 
several indicators and controls (Figure 3 -4). 
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Rewind Lockout Light and Reset Switch 

This light indicates that a Rewind and Lockout order has been 
accepted by the transport. The Rewind Lockout indication must be removed 
(by depressing the indicator) before the transport can be removed from 
Local status. 

~ocal Light and Re set Switch 

This light indicates that the transport is in Local status (10 eo ~ it 
cannot be controlled from the lOP). H the condition which put the transport 
in Local status no longer is presentJl the transport can be removed froIn 
that status by depressing the Local indicator .. 

Remote Ready Light 

This light indicates that the transport can only be controlled fron'l 
the lOP. (If the Local light is also lit, the transport cannot be controlled 
from any source) The ReInote Ready light is lit wh~n the Auto-Standby
Manual switch, below the door, is in the Auto position. 

Unit Light 

This numeral indicates the physical location of the transport. 

End Tape Light 

This light indicates that the metallic leader, at either the begin
ning or end of tapel) is being sensed at the appropriate sensing posto When 
the leader moves away froIn the post" the light is extinguished. 

Write Enable Light 

This light is lit when a -Write Enable ring is on the supply tape reeL 

Rewinding Light 

This light indicates that a Rewind ,l or Rewind Lockout, order has 
been accepted by the transport. While the Rewinding light is lit~ orders 
from the lOP cannot be acceptedo The light is extinguished when rewinding 
is complete .. 



4. AU DATA AND CONTROL REGISTERS 

The Data Registers 

The Data Registers are shown on Figure 4-l. Consider the flow 
of data during a forward read type instruction. 

Information from the rea'd heads in the transport is placed in the 
Matrix Buffer Register (MBR) via the Matrixo The MBR is a 14 bit register 
made up of two sections; one for each character in a frame 0 In general, 
due. to skew, information will not arrive at all 14 positions of the MBR 
simultaneouslyo All bits' as sociated with a character must, however, be 
received by the MBR before the sprocket following that character is 
sensed. 

Sensing of the sprocket allows each character in the MBR to be 
testecl for parity. Concurrent with this test, (MBR) are transferred to 
the Shift Buffer Reg. (SBR) and the. Write Counters. (Note that the parity 

. bits are not sent to the. SBR). The MBR is cleared following this transfer 
in preparation for receiving the. next character. From the ti~e of sensing 
a sprocket, until the MBR is cleared, the reading of bits into the MBR from 
the transport is inhibited. 

The SBR is a 48 bit register capable of shifting, either left or 
right, 12 pQ..sit;o_I.!~ at ,a tiIrl~. During a shift left, for example, the binary 
digit in the 2-=-35 p~-;iti~ni'~ transferred to 2 -23 ,etc. The registe~ is 
composed of shift FFr s which permit shifting without an auxiliary register 
(fontrast with shifting in the Central Computer) 0 The shifting procedure 
is as follows: 

; First, all flipflops in the register are reset to D. If, before this 
reset, a flipflop contained aI, a pulse is propagated through a delay 
network. ' After the resetting pulse is removed, the output of the delay 
network can be gated into the new position. 

In addition to shifts within a register, this method can be used 
to transfer the contents of one register to anothe r. 

It has been mentioned that following a sprocket pulse the contents 
of the MBR are gated into the SBR. For forward read .typeinstructions, (MBR) 
are gated to positions 2 -36 through 2 ~4 7 (referred to as "Stage 4"). Prior. 
to tranSferring (MBR) to SBR again, the SBR is shifted left (12 places). 
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/ Name 

.... AU New Order Fyls 
Address Comparison FF 
AU Instruction Dela.y 5S (FNOI' 
Auto Reset FF 
AU Select Register 
Backspace Error FF 
BBMTI FF 
Begin FF 
Degin Tape Error FF 
Block FF 
BlocklCap FF 
Block Mark FF 
Block M;uk Counter 
B . M. Recognition S5' • 

* Block Mark 55'. 

Change FF 
Char. Parity Write (Even) 
Cha.r. Parity Write (OnD) 
C('Intinue FF 
Core Addreas Buffer Reg. 
Core Addrea. Reg. 

·ICore'-Tape Req. FF 
Core Addreaa Adjust FF 
D. R. Copy SwitfO:h FF 
D.R. Error F.F. 
n.R.ll1tCopyFF 
D.R. lnd Copy FF 

EditFF 
Edit Continue FF 
End Tape Error FF 
Eraae FF 
Error Read FF 
Error Set OK FF (Even) 
Error Set OK FF (ann) 

Fault Register 
First Pas a FF 
FNO Timing FF 
Format Error FF 
Forward FF 
Forward Holding FF 

• Full BM not Received FF 

Initiate FF 
Initiate Timing FF 

• lOB Fu\lFF 

LNOI55 
LNOZ 55 

• Manual Mode F·F 
Manual Read Forward FF 
Marking 55 (Matrix) 
Matrix. Buffer Reg 

Matrix Marking FFls (Path) 

Mode AFF 
Mode B FF 

NBP Regilter 
NDS Register 

08C. Counter 
Oac. Counter Exteneion 
Oac. FF 
O.e. 55'. 

Parity Error FF 
Patte rn Counter 
Print FF 

INC~X OF f'F'S, 5S'S,COUNTERS,8 REGISTERS 

/ Card t/Fig/ Co·ord 

2·88/87 5·1 C.15 " ZQ 
1·50/75 'l.Z J·5 
Z·90 5-1 1l-9 
1-3/78 7·1 A·ll 
Z·7& 5·1 11·18" ZO 
Z-71/70 4-2 M.l 
1·2/77 7·1' Gel 
2·98 
1·13/88 4·2 5·18 
1·3/78 7-1 1),8 
1·3/78 7.1 B·7 
1·3/78 '7-1 0-5 
1·25/100 7·1 1l·23 
1·25/100 7·1 A·ZI 
z·n/7l 7·1 C·Z4 

1.1/76 4·2 II·Z7 
1·45/70 4·1 11.4 
1·30/55 ,4.1 11.6 
1·4/79 '4-Z ,F-19 

: 1-16/91 4·2' M·ll 
' 1·35/40· 

60/65 4·2 ,K_ll 
• 2·85/84 5-1 n-I 

7-1 w-zs 
1·12/87 
1·13/88 4·2 $.14 
1·IZ/87 
I-IZ!87 

1·4/79 4·2 F-13 
2·98 
1·13/88 4.Z 'S-lO 
1-4/79 4-Z F-17 
I·Z3/98 4-Z j{.Z9 
1·18/93 7·1 5-Z8 
1.718Z ,1·1 S·28 

4·Z 5·9·ZZ 
I·Z/77 4·Z 'K·17 
2·90 5.1 C·9 
1-13/88 4-Z 5-12 
I·ZZI97 4·2, 1'·1 
1·1/76 7·1 F·7 
Z-73/7Z 7·1 D-Z3 

2-96 
Z-96 
Z·85184 5·1 R·4 

2·77 5-1 D-Z7 
Z-77 5.1 0·30 

2·95/94 
1-ZI/96 

,2-79 5.1 M·Z5 
1·9/16/ 

84/91 4.1 N.15 
5-1 5-Z6 

I·ZZ/97 4-Z F·IO 
I·ZZ/97 ' 4.Z F-Il 

1-39/64 4-Z J-15 
1-36/61 4~Z !l·15 

1-36/61 7·1 D·16 
2·98 
1-12/87 7-1 T-4 
2·92 5·1 U-17 

1.13/88 14-2 5-14 
I·ZI/96 4·Z ;'1-26 
1·4/79 4·Z F·14 

/ Name / Card t /Fig/ Co·ord 

Rea.d FF I.zz/n 4.Z ; F .. 3 
Read Enable FF 1.1/76 7·1 G·4 
Release Matrix. 5S ,Z-95/94 7·1 W-Il 

*Relcase Order FF Z-71/70 4.Z F·ZZ 
Resume Write FF 1·4/79 4·Z K·ZO 
Reaume Write Enable FF 1·4/79 4.Z 11.19 
Reverse 'FF I-ZZI97 4-l F-8 
Reverse Holding FF 1-1/76 , 7·1 F·8 

Senae FF Z·98 
Shill FF (Even) '1-17/n' 7-1 5.16 
Shill FF {ODDI ' 1-8/83 7-1 5-16 
Shift BuUe r Re g. 4·1 D·9 

*Shift Duffer Reset 55 :Z·73/72 7·1 'F.Z6 
Shift Transfer Ctr. (Even) '1.17/92 7.1. 5·14 
Shilt Transfer Ct •. (ODDI 1·8/83 7-1 5-14 
Space FF ,1.Z4/99 7·1 X·ZO 
Space Error FF 1·13/88 4·Z !S·ZI 
Sprocket Error FF 1.13/88 4.2 5.)) 
Sprocket Write (Even) 1·45170 ;7.1 'X·6 
Sprocket Write .(ODD) 1-30/55 17• 1 V.6 
STI TI 55 1·18193 ,7·1 K·4 
STI TZ SS 1-7/82 7-1 K·4 
ST2 TI FF 1.18193 7-1 K·14 
STZ TZ FF 1·7182 17• 1 K·14 
ST3 TI 55 1·18193 ,7·1 K·Z2 
ST3 TZ SS 1·7/8Z !7-1 K·ZZ 
ST4 TI FF 1- 18/93 '7.1 K·Z8 
ST4 T2 FF 1-7/8Z 17.1 K.Z8 
ST4 Memory FF (Even) 1-5/80 '7·1 5·30 
ST4 Memory FF (ODD) 1·5/80 7·1 '5·30 
Start FF 1.3/78 7.1 ~ D·4 

Stop FF 1-3/78 7-1 D-6 
Stop at End Block FF I.Z4/99 7.1 E·Z9 

*Stop Order FF 2·95194 4.Z F-ZO 
*STTSprocket Enable FF Z.67/66 ,7.1 C·18 

*Tape-Corc Req. FF (Even HalI) 'Z·85184 5·1 R·Z 
*Tape-Core Req. FF {ODD lIalIl 'Z.85/84 5·1 'R.3 
*Time Out Caunte 1" 2_67/66 7.1 IE.16 
*Time Out Counter Enable FF Z-67166 7-1 C-16 

Transport Addresa Reg. 1-50/75 4.Z J-4 
Tranliport Disabled FF I·Z4199 4·Z 5·9 
Transport Manua.l FF Z·96 

Word Buffer Register \4~1 :B-9 
Word Counter 1·39164 4.Z R·4 
Write FF I·Z2./97 4·Z ',F.S 
Write Counter FF'e 4-1 IN-3 
Write Enable FF 1-1/76 7-1 C-6 
Write Sprocket Enable FF 1-1176 7·1 G-2Z 
-I Read Bit FF I.Z4/99 4·1 B·16 
- IRead FF 1.4/79 4.2 F.16 
2.0 .. 2. 1 Counter Z·98 
Z SSS 1 SS 1·5/80 7-1 U-30 
Z SSS Z SS 1·5/80 7·1 U·31 

*3 Frame Delay Ctr. 2·75/74 7.1 U·Z3 
16 Reset FF 1-3/78 1.1 A·9 
Z2/44 "a Counter 2-83 5-1 V-IS 

t, 2-Relera to carda 
in the SZOOO cabinet. 

I-Refers to cards 
'in the 51000 cabinet. 

* 1 card required pe r AU 

F ):;-,~ h J ? /-:~ () /::> 

5S 

/ 
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This process is repeated until 4 frames have been assembled into 
a TRANSAC word in the SBR. At this time (SBR) are transferred to the Word 
Buffer Register (WBR). 

The WBR is another 48 bit register composed of Shift FF'so Unlike 
the SBR, no shifting occurs within the WBR. The shifting feature is used 
only to transfer (SBR) to the WBR during read instructions or to transfer 
(WBR) to the SBR during write instructions 0 During read operations the 
WBR holds~fhe assembled word (received from the SBR) until it can be 
transferred to the lOB (in C. C. ) for storage in memory. 

Memory access' considerations (variable) determine how long the 
WBR m.ust hold each word. The necessity for the: WBR arises from the 
fact that the SBR must be free to assemble, the first frame of the following 
word within 22 J1.s of completing assembly of the first word. Since memory 
access, (for this AU) may not be provided by this time, a temporary storage 
location is required. 

The test for channel parity is made in the Write Counters; a 14 
bit register composed of counter flipflops. During a read operation each 
frame (including dummy and channel parity) is gated from the MBR to 
the Write, Counters concurrent with the transfer from MBR to SBR. Each 
binary 1 received by one of the Write Counter FF' s, results in the flip
flop being upset to the opposite state. Thus, since the, Write Counters 
are not reset between frames, an indication is available (after the entire 
block is' read) as to whether an odd or even number of l' s were sensed in 
each channel. 

A similar flow of data occurs during reverse read operations 
except that (MBR) are gated into positions 2 0 thr,ough 211 of the SBR 
(referred to as "Stage 111), and the SBR is shifted right during assembly 
of a word. 

The preceding discussion, for simplicity, dealt with data 
movement in terms of frames (from MBR to SBR, and through the SBR)o 
Actually each character of a frame is handled independently under control 
of the associated sprocket o Thus, the even character may be transferred 
from MBR to SBR and to the Write Counters while the odd character is 
still being formed in the MBR (or vice-versa). Furthermore, the even 
and odd characters may be shifted through the, SBR and gated into the WBR 
independently. The: WBR m.ust wait until both sets of characters are 
received, however, before a transfer to lOB Reg. request can be made 
by the A. U. 
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During write type operations the data flow is as follows: 

A word from core memory is placed in the SBR via the lOB and 
WBR. When writing is to take place. (Le. - every 22 Jls within a block), 
Stage I of the SBR is transferred to the Write Counterso Any positions of 
the Write Counters which receive a I will be upset to the opposite state. 
This change of state of a flipflop results fn:areversal of current through 
the corresponding write head (in the transport) which is the necessary con
dition for writing a I in the NRZ method. 

Each character is the SBR (Stage 1) is encoded to determine if the 
. Write Counter positions for character parity must be upset. 

The SBR is shifted left (12 positions) after each frame is written. 
Every fourth frame, a new word is brought in from core memoryo 

Writing of the dummy frame is accomplished simply by writing 
a frame. with the SBR cleared to zero.. Note that a parity bit (1) is written 
with each character of the dummy frame .. 

Before writing of a block begins, the Write Counters are reset 
to 0 I s. After writing the dummy frame and 512 information frames, the 
Write Counters are again reset.. The output of the Counters at this time 
writes the channel parity frame. Since the flipflop for a channel in which 
an odd number of 11 s had been written will undergo a change of state 
during this reset, the required effect of channel parity (that all channels 
contain an even number of l's) is achieved. 

During the readback phase of a write operation, information is 
received by the MBR just as when performing a read operation. While in 
the MBR each character is checked for parity, and the MBR is then 
cleared. No transfer of data to the SBR or to the Write Counters occurs 
since this would interfere with the writing process" It follows from the 
foregoing that channel parity cannot be checked during write operations. 

Note the lines "Read Enable" and "Write Enable" going into the 
matrix. These. lines must be active for data fromthe read heads (in the 
transport) to reach the MBR (Read En. ) and for data in Write Counters 
to reach the write heads (Write En. ) 

While performing a write operation, both of these lines are 
active (Read En .. must Qe active both for sensing the block marks and 
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for readback). During read operations only the Read En. line is active. 
Thus, when reading, even though the Write Counters are being stepped 

_ (for channel parity checking) no writing can take place. 

The data flow during a-I Read order is identical to other read 
operations except where a character parity error occurs. When this 
happens the -1 Read Bit FF [B-16 ] ~:~ is' set to 1 after the word is 
completely assembled in SBR. The Transfer from SBR to WBR is 
overriden since WBR is held to zero by the -1 Read FF being in the 1 
state. Now, when (WBR) are transferred to the lOB, all zeros will be 
sent except in the 2 0 position which is ORed with the -1 Read Bit FF. 

Control Registers 

The -Control Registers, mentioned earlier, will be discussed 
here in rn.ore detail. Included in this group· are the: 

1) Command Register 

2) Core Storage Address Register (CSA) 

3) Core Address Buffer Register (CAB) 

4) Number of Blocks to Space Register (NBS) 

5) Number of Blocks to Process Register (NBP) 

6) Transport Address: Register (TAl' 

7) Word Counter (WC) 

8) Error Register 

All of these -registers are shown on Figure 4-2. 

The Command Register 

The CO:rnn:land Register holds information indicating the instruction 
to be perform.ed by the AU. Com.prising the register are the following 
flipflops: 

~'< ,: Symbols in brackets refer to drawing coordinates. 
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Read, Write, Forward, Reverse, Mode A, Mode B, Edit, Print, 
-1 Read, Erase, Continue, Stop Order, and Release Order [F-3 through 
F-22] 

Forward, Reverse, Mode At and Mode B are used in Read and 
Write instructions to establish the direction of tape motion and the mode. 
The Mode A and Mode B FF' s form a mode indicating register of which 
Mode B is the low order bite Thus~ for examp1e~ during a Read Fwd, 
Mode 1 instruction the Read, Foward, and Mode B FFI s would be set to 1. 

Other FF' s in the register are set during the appropriate 
instructions. The details of setting and resetting these FF's as well as 
their function in the execution of an instruction, will be covered in the 
description of the individual instructions .. 

The CSA and CAB Registers 

The CSA Register [K-11] is a counter type register which 
contains the address of the next core memory location to be accessed by 
the AU. Its, size (15 bits) permits addressing of a 32K core memory. 
For smaller memories, 1, 2 or 3 of the high order positions would not be 
used. 

Since the first memory location to be accessed is indicated by 
the address part of the TIO instruction, the GSA Reg is loaded from the 
PRin C.C .. (via the MA Register, also in C.C.) 

When a memory access is required, the CSA Reg. is transferred 
to the 10 MA Register (in C. C.) from where the actual addressing is 
performed. Following each memory access the CSA Register is counted 
up by one o 

There are several cases where the starting address of a block 
must be restored followin.g the processing of the blo:ck from or to memory 
(1. e. after counting the GSA Register 128 times, the address contained 
before counting began must be restored).. These cases are: 

1) If reprocessing of the block is required due to an error in 
the previous processing. (Reference here is to automatic 
reproces sing as provided by the Read and Write instructions) 

2) If a -1 Read instruction is given 
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, 3) If a Resume instruction is given following a Write instruction 
which has processed at least one block (not necessarily 
immediately following, as long as the Write FF is still set). 
The restoration is made on the first resumed block only. 

The CAB Register [M-lOJ facilitates this restoration. This 8 
position register can receive information from, or send information to, the 
8 high order positions of the eSA. The positions of the CSA connected to 
the CAB are referred to as eSA High; the remaining 7 positions being eSA 
Low. 

Note that when the eSA Register is counted 128 times (while 
processing a block), CSA Low will contain the same number as when counting 
began, but the CSA High portion will be increased by 10 Prior to processing 
the block the CAB Register was loaded with (eSA High); now, if restoration 
of the eSA is required, the CAB can be transferred back to CSA high. Thus, 
CSA High is', restored from CAB while CSA Low is restored by the counting 
process. 

The NBS Register 

This 4 bit register is loaded from the NBS field of the "D" Register 
(when required) and is counted down each time a block is spaced over. The 
contents of the NBS register must be ze:ro before processing to or from 
C. C. can begin. 

The, NBP Register 

The NBP is also a 4 bit register which is loaded from the "D" 
Registero For each block processed the .NBP Register is counted down by 
1. The NBP Register is not counted during the reprocessing of a block due 
to error nor is it counted during -1 Read or Erase Instructions. If a 
Resume instruction is given following a Write instruction (1. e. - while the 
Write FF is set to 1) which has processed at least one block, the NBP Reg 
is not counted during processing of the first resumed block. The assumption 
here is that the last block p'rocessed during the Write instruction contained 
an error and must be rewritten, but this block was counted when previously 
processed. 

During- Skip Check instructions, (NBP) are gated to AN2 positions 
2 7 through 2 10 for comparison with the address part of the Skip Check 
instruction. 
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Transport Addres s Register 

When a TIO instruction is given, the TA Register holds the address 
of the last transport which was processed through the AU. This information 
is used by the Multiplexer in determining which AU (if any) will perform the 
current instruction. The determination is based on a comparison of the T A 
Register with the TA field of the "D" Register. If these two quantities are 
equal, the "TAO = TA'~II line becomes active. Use of this line will be 
covered later. ill'the line title "TAO = TA~d', 0 has the value corresponding 
to the particular AU (i. e. -1, 2, 3, or 4). 

Note that the Compare FF [J ",,5] must be set to 1 for the 
"TAO = TA*" line to be active. This FF is set to 1 by the first Class A 
instruction to use the AU and is only reset when a System Reset or Manual 
Mode operation is initiated. The Compare FF effectively allows the T A 
register a "no address II state as contrasted with zero which represents an 
address. 

During TIO instructions, comparison is initiated by the upper leg 
"of gate 31 becoming active. This leg represents the four lines from the 
TA field of the "D" Register being gated by the line nIO Command ". The 
conditions under which this line becomes active will be covered under Multi
plexer operation. 

The TA Register is also used in Skip Check and Skip Fault 
instructions to select the proper AU for interrogation. When those 
instructions are being performed, the TA Register is compared with a 
portion of the PR to generate the liT AO '= T Atp' condition.. In the case 
of the Skip instructions, "TAO = TA~~II gates information to AN2 (in C. C. ) 
instead of controlling Multi~lexer action. Further details of this operation 
will be given with the Skip instruction analysis 0 

The contents of the TA Register can only be altered when a Class 
A instruction is assigned to the AUg 

\ 

The Word Counter (WC) and Sprocket Counter (SC) .. 

The WC [R-4] is a 7 position counting register which indicates 
the number of words remaining to be read in a block. 

. Closely associated with the WC is the Sprocket Counter (SC) 
,[R-6] a two position counter. The SC is counted down once fo~ each 

sprocket pair sensed following the f,irst 3 pairso Thus the SC is ·stepped 
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512 times while reading a block. Each time the SC counts from () to 3 
(L e. - every 4th count), the, WC is counted down by one.. This follows 
from the fact that 4 frames are required to make a word. The first 3 
sprocket pairs are not counted because there are 3 more sprocket pairs 
than there are information frames. 

The status of the WC and SC, with relation to the amount of 
information actually remaining to be read, is shown in Table I. 

Du'ring a Skip Check fnstruction, the contents of the, WC are gated 
to the 7 low order positions of AN2 (in C. C. ) where comparison with the 
address part of the Skip Check instruction t~kes place. (Remember that 
the contents of the NBP were gated to positions 27 through 2 10 of AN2 
by the Skip Check instruction) 

Table I indicates a precaution necessary when interpreting the 
result of the, Sk,ip Check instruction. When the WC indicates that N words 
remain to be 'read, there may actually be N + 1/2 remaining. In other 
words, if the result of the Skip Check instruction is taken to mean that 
128-N words have been read, the (128 -N) th word may not yet be in 
memory. This fact is further aggravated when several A. U. I S are being 
multiplexed; a delay of approximately one word time may exist between 
the complete assembly of a word and its transfer to memory. Programming 
precautions must be taken to overcome this time offseto After processing 
a block the WC and SC should be counted back to their initial settings. A 
test is made for this condition, and if it does not exist the Sprocket Error 
FF is seto 

The Error Register 

The Error Register is made up of the following, 7 FF's (starting 
with the low order position): 

1) Space Error 

2) End Tape Error 

3) Begin Tape Error ') 

4) Parity Error 

5) Form.at Error 
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TABLE 4-1 

Words Actually 
SG we Remaining to be Read 

Before Reading 0 0 128 

After 1 st SP. PRv 0 0 128 

After 2nd SP. PRo 0 0 128 

After 3rd SP. PR. 0 0 127-3/4 

. After 4th SP. PRo 3 127 127 -1/2 

Afte r 5th SP. PRo 2 127 127-1/4 

After 6th SP. PRo 1 127 127 

After 7th SP. PRo 0 127 126-3/4 

After 8th SP. PRo 3 126 126-1/2 

Status after 9th through 

SlOth pairs follows pattern 

established by 5th through 8th 

pairs. 

511th 0 1 3/4 

, 512th 3 0 1/2 

513th 2 0 1/4 

514th 1 0 0 

515th 0 0 0 
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6) Sprocket Error 

7) Transport Disabled 

The Space Error FF is set if a parity error of sprocket error occurs 
while spacing prior to processing. If parity or sprocket errors occur while 
spacing due to a retry or due to a -1 Read or Erase instruction the Space 
Error FF is not effected. Resetting of the FF occurs when a Class A order 
is received or when the Clear Fault button on the Operator Panel fs--p"re's:·sed. 

The End Tape Error FF is set if an attempt is made to move tape 
forward into the metallic end-of-tape leader. The flipflop can be reset as 
follows: 

1) By giving an instruction, other than Rewind or Rewind 
L. 0., which moves tape in the reverse direction. 
(e. g. - Read Reverse, -1 Read J or Erase). 

2) By Rewinding and then giving an instruction which move s 
tape forward (e. go - Read Forward or Write). 

3) Bype.r'forming the Stop instruction. 

4) By pre s sing the Clear Fault button. 

The Begin Tape Error FF is set if an attempt is made to move 
tape backward into the metallic beginning-of-tape leader. Resetting occurs 
as follows: 

1) By giving an instruction which m.oves tape forward (e. g. -
Read Forward or Write) .. 

2) By perform.ing the St9P Instruction. 

3) By pre ssing the Clear Fault button. 

The Parity Error FF is set if a character parity error or channel 
parity error is detected while processing a block (except when spacing or 
erasing for any reason or when a channel parity error is detected on -1 
Read). The FF is reset as follows: 

1) By backspacing due to retry of a write operation (EBM time). 
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2) By erasing due to either an Erase instruction or a Mode 3 
Write. 

3) Following a retry during a Mode 3 Read (EBM time). 

4) By backspacing without a parity error or..sprocket .e.r,ro'r. 
during". a.~r¢adretr.y pperation (EBM ti:i.'lie). 

5) By the initiation of any order which moves tape except 
Rewind and Rewind Lockout. 

6) During a -1 Read instruction following each word that 
contained a parity error. 

7) By pressing the Clear Faults button .. 

The Format Error FF is set if 9, but not 25, contiguous B. M. 
pulses are received. Resetting occurs for the duration of the. Stop and 
Erase-£omm~.p.ds. Erasing due to Mode 3 Write also resets thTF. F-:-"as 
does pressing the Clear Faults button. 

The Sprocket Error FF is set if the WC and se have not been 
counted back to their original settings (10 e. SC = 0, we = 0) or if either 
channel alone has picked up an extra sprocket when reading of a block is 
complete. Also, if 2 even sprockets are sensed between two odd sprockets 
(or vice versa) the FF is set; this implies the loss of an odd (or even) 
sprocket or the pickup of an even (or odd) -s.pr'o"cketwi~hin:the sprocket 
region. Resetting of the FF is identical to that for the Parity Error FF 
with the exception of (6)u 

The Transport Disabled FF is set if the selected transport goes 
into Local Command status while connected to the AU'. via the matrix. 
Reset is by the execution of a Stop order or pressing the Clear Faults 
button. 
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Gate 20: 

. 1) If a Class A order is in the "D" Register(i. e. - the 
output of gate 1 is active):1 and 

2) If the address of the transport required by this order 
is not contained in the TA Reg of any AU, and 

3) If at least one AU is "non-busy" (i. eo - is not connected 
to the matrix) 

Gate 21: 

1) If a Clas s A order is in the rrD" Register, and 

2) If the address of the transport required by this order 
is contained in the TA Register of an AU, and that 
particular AU is non-busyo 

Gate 22: 

1) If a Stop order or Release order is in the "DI1 Register, 
and 

2) If the address of the transport required by this order 
is contained in the TA Register of an AUo 

Gate 23: 

1) If a Continue order is in the liD" Register, and 

2) If the address of the transport required by this order 
is in the TA Register of an AU, and that AU will 

Gate 24: 

accept a Continue ordero (as indicated by the "C'ontinue 
Permit" line being active. This will be covered with 
the Continue instruction) 

1) If a Class C order is in the "D" Register ,(i. e. the 
output of gate 3 is active), and 
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2) If the address of the transport required by this order 
is in the TA Register of an AU~ and that particular 
AU is in "non-run" status(i. e. - tape is not moving 
in the transport indicated by the TA Register. ) 

Under certain conditions a "Set 10 Fault" signal (from gate 29) 
will be sent to C. C. if none of the gates 20 through 24 are satisfied. These 
conditions are specified by gates, 26 through 28 as follows: 

Gate 26 is active if a Continue orde;r is in the "D" Register but no 
. AU TA Register contains the required address or, if an AU does 
contain the address, that AU will not accept a Continue Order. 

Gate 27 is active if a Stop order or a Release order is in the "D" 
Register and no AU TA Register contains the required address . 

. Gate 28 is active if a Class C order is in the "D" Register and no 
AU TA Regist¢r contains the required addr~ss" 

Note that the absence of an active output from gate 25 does not 
necessarily imply an active output from gate 29 (eo. g. - a Class A order 
in the' "D" Register and all . AU'pl busy). The FNO FF is reset (via gate 
7) when an 10 command is not preseI;lt. 

In the operations just described it was necessary to determine 
. if the address contained in the TA field of the liD" Register was the same 
. a~ that in one of the AU TA Registers. The TA field is gated to the TA 
Registers for comparison (via gates 45 through 48 [L-16J by the "10 
Command" signal which is the output of gate 4. Con1.paria:on. is made 
~imultaneou!3ly in all AU's. 

When the output of gate 25 goes active, it has been established 
that an AU is available to perform the instruction~ Now. po particular AU 
must be selected. 

The output of gate 25 sets the ANO 1 FF (Assembly Unit New 
Order -AU 1) to 1 which results in the FNO FF being reset., When this 
occurs the Qutput of gate 31 becomes active conditioning ,gates 34, 3S and 
36. Ana~tive output from one of these gates indicates that AU 1 can 
peJ;"form the current instruction. 

Gate 34 is active if the instruction is Class A, AU lis non-busy, 
and the required transport address is not contained in the TA Register of 
some othe r AU. 
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Gate 35 is active if the instruction is Glas s B and AU 1 contains 
the required transport address. 

Gate 36 is active if the order is Class C, AU 1 contains the 
required transport address~ AU 1 is in non-run status» and AU lis not in 
the process of retrying due to an error or cycling in a -1 Read or Erase 
order. 

Should any of these 3 gates becom.e active, the AU Select Register 
[J -19] will be set to 0 via gates 37, 3.9 and 410 

When the output of gate 31 becam.e active, the ANO 2 FF was set 
to 1, thus resetting ANO 1~ This allowed gate 42 to go active; testing AU 

. 2 for acceptance of the order just as gate 31 tested AU 1. Testing of AU 
2 takes place even though AU 1 has accepted the order, and if AU 2 can 

. accept the order, the AU Select Register is set to 1 (gates 39 and 40). 
Note that .if both AU 1. and AU 2 accepted the order, the AU Select Register 
would be set to 1 since that was the later set. Thus, if m.ore than one AU 
can accept an order ( a Class A order where TAN ~ TA*) the highest 
num.bered AU will be assigned the execution of the order. The AU Select 
Register is decoded by gates 72 through 75 to provide an appropriate 
select line. Before this line can be used, however, it must be established 
that the required transport is able to perform the order. 

The output of gate 42, in addition to testing AU 2, provided a 
"Transfer Requested TAli line (gate 43), which gates the TA field of the 
"D" Register (gates 49 through 56) to the Assigned Address Plugs via a 
decode network. If a plug is in place for the required transport address, 
a signal will be sent to the transport and to gate 570 Note that if the 
required plug is not in place, the Address not Assigned light will be turned 
on via gate 58. 

In the transport, tests are m.ade as follows: 

Gate 59 indicates that the Write Ring is in the reel. 

Gate 60 indicates that the transport is not rewinding 

Gate 61 indicates that the transport is not in Local Cornm.and 
Status. 

Gates 62, 63 and 64 accept sim.ilar signals from. other transports. 
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If the selected transport is neither rewinding nor in. Local Corn.rn.and, 
gate 66 will be active via gates 63 and 64. Furtherrn.ore, if the Write Ring 
is in the reel, or if the current order is not a Write, Edit, or Erase order, 
gate 65 will be active rn.aking gate 67 active. 

Gate 67 fires the Matrix Marking single shot and partially conditions 
the rewind and rewind lockout gates (99) and (98). 

The Matrix Marking single shot sustains the "Transfer Requested 
TAli line active via gate 43 and resets the ANO 2 FF. The 5S output also 
will partially condition (via gate 71) the set of 4 gate s of which gate 80 is 
typical. . (The lower leg. of gate 71 is conditioned by the output of gate 5, 
which is active during assignrn.ent of Class A, B, or C instructions). 

One of the 4 gates will have an active output (which one depends 
on the setting of the AU Select Register) which partially conditions the 
inputs to a group' of FF' s (the Path FF' s) in the Matrix.. The output of 
the Assigned Address Plug gated by (71) provides the other condition for 
setting one of the FF's in the group. 

For exarn.ple, if transport #1 is required by the instruction, and 
AU # 1 is as signed to execute the instruction; the FF as sociated with gate 
91 will be set. 

The setting of this FF (1.. e. - rn.arking the Matrix) establishes a 
path for 22 lines. from transport to AU and 22 lines from AU t9 transport. 
Furthermore, gate 97 [V ... 20J is conditioned by this FF (or any of the 
FF' s as sociated with AU I) to generate the "AU 1 Connected" signal, which 
in turn is used to indicate that AU 1 is busy (see gate 32 [n~ 15] ). 
Similar gates provide an indication that other AU's are connected. 

After the Matrix Marking S5 times out, the LNO 1 SS is fired via 
gate 76. During this. SS tirning(lo 5 Ils), the 4 gates of which gate 81 is 
typical are partially conditioned. The gate corresponding to the selected 
AU will have an active output to provide a condition for gates 83 and 84. If 
the orde r is, Class A, the following will be performed: 

1) Part of the Command Register (the Read, Write, Fwd, 
Reverse, Mode A, and Mode B FF's) will be cleared. 

2) The TA Register will be cleared 

3) The CSA Register (both High and Low) will be cleared 
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4) The NBS Register and NBP Register will be cleared (to ones) 

5) The Space Error; FF will be cleared. 

6) The Resume Write. Enable FF:may be set. 
'The function of this FF is discussed later. 

If the order is not Release, the Pattern Counter (PC) will be 
reset to O. The use of this counter is discussed in a later section • 

. Following, the time out of LNO 1) LNO 2. fires. 

Through gating similar to that for LNO 1, LNO 2. provides a setting pulse 
to load the Control registe.rs with the information required to execute the 
instruction. Note that setting of the Command Register is not gated by 

. "Class A" (as was the reset). LNO 2." in the absence of a stop or Release 
order, clears the Spr.ocicet: and p'ar.ity· Er.'r.or.' FF's and the Stop at End oI 
Block FF; under the same conditions a signal is given to start tape. 

Finaliy, the LNO 2 SS provides a "Continue to C. C. " signal 
which allows the C. C. timing to advance from IT2. to IT3. 

Timing Pulse Generating Circuits Figure 5 -1 ; 

Certain pulses are continuously being generated in the Multi
plexer for use by all AU'so . These pulses originate with the 90 KC 
oscillator [T-19] which has an output as shown on the. Write Timing 
diagram.(Figure 8-1). The direct output of the oscillator is referred 
to as "<1>0". When the <1>0 line goes active) the <I> 1 S5.is fired, producing 
a 0.75 Jl.S pulse. The <f> 0 line becoming inactive fires the <I> 2. 55 
producing another 0.75 Jl.s pulse. A displacement of 1.2. }ks (i. e. -the 
dur~tion of <I> 0) exists between <p 1 and cj> 2.. 

When the <t>2. line goes inactive a 0.5 Jl.s delay 55 is fired which, 
when tim.ed out, fires the cp 3. SSe This o. 75 Jl.s pulse (<I> 3)is displaced 
1 .. 2.5 p.s from <f> 2. (i. e. - the duration of <1>2. + the. 5 Jl.S delay). Another 
pulse (cp4) is generated from. <t> 3 in a sim.ilar manner. 

Note t1:l.at each <t> 3 steps the 22/44 p.s Count'eT low order FF. 
This prod'llces activity of the "22 p.s gate" line as shown i~ Figure 8.,.1. 

4 Also, every fourth <t> 4 pulse is gated through gate 102 to provide a 
, "44 <f> 4'1 pulse. 

Remember t:b.at these pulses are available to all AU's as long 
as power: is applied to the lOP 0 

5-7, 



5. THE MULTIPLEXING CONTROL 

Assignment of AU by the Multiplexer (Figure 5-1) 

In the following discus sion, the method whereby the Multiplexer 
assigns an AU to perform an instruction will be covered. Only instructions 
which require the establishment of~a matrix path will be discussed. This 
exclude s the Rewind and Skip type instructions 0 

Assignment activity is initiated by the TIO instruction being 
executed in C. C. This instruction is discussed in detail elsewhere; the 
main points.pertinent to lOP operation are as follows: 

1) At IT2 the output of the command part of the. liD" Register 
.(2 ... 40 _.2-47 ) is made available, via a decode network, 
to the lOP. On. Figure 5.:.1 the outputs of the decode network 
are shown as t.he inpu,ts to gates 1, 2, and 3. (The 6 Read 
instructions and the 3 Write instructions are represented 
as the single lines "All Reads" and. "All Writes" respectively). 
The Rewind instructions, which also come from the decode 
network, are discus sed later. 

2) Upon receipt of a "Continue to C. C. " signal from the lOP, 
the TIO instruction proceeds to IT3. If the. f1Continue to 
Co C. signal does not arrive in C. C. within 20 J,LS of the 
start of IT2, the TIO instruction proceeds to IT3. In IT3, 
skipping is initiated if the "Continue to Co Co " signal is 
present; otherwise the next sequential instruction is 
performed. 

3) The address part of the TIO instruction is rnade available 
to the lOP via the MA Register. 

When an active output is generated from gate 1, 2, or 3, the FNO 
. (Fir st New Order) SS is fired via gate s 4 and 5 (the Transport Manual FF 
may be assumed in the 0 state. See Chapter 18 for details). Firing of 
the FNO 5S sets the FNO FF to 1, and after FNO S5 times out (.75 J,Ls) 

the output of gate 9 becomes actiyeo While gate 9 is active, a test is 
made for the availability of an. AU to perform the instruction. If an AU 
is available the output of gate 25 ("New Order Signal") will be active. 
Gate 25 can be made active by anyone of the gates, 20 through 24, having 

.' an active output. These gates are activated as follows: 
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6. BLOCK MARK AND SPROCKET RECOGNITION 

As mentioned in the discussion of tape format, Block Marks are 
used to define the beginning and end of each block o Since Block Marks 
are written in the same channel as one set of sprocket pulses, it is necessary 
to be able to distinguish between Block Mark pulses and sprocket pulses. 
The distinguishing feature is the time interval between pulses (which is 
11 J.l.sec for BM pulses and 22 J.1.s for sprocket pulses). 

For BM Recognition, not only must pulses be sensed at 11 J1.sec 
intervals, but requirements must be met as to the number of pulses 
received. Remember that, when originally written, a BBM consisted of 

\3'-Z;flux changes while an EBM contained(33;changeso When sensing, (either 
'ci--"BBM or an EBM) the following te sts a~e"'-~ade: 

1. If 9 contiguous BM p1,llses are sensed, recognition of a 
BM is acknowledged. 

2. If, after satisfying condition (1), 16 more contiguous BM 
pulses are sensed, the BM has not deteriorated to a point 
where rewriting is con'sidered necessaryo 

Should condition (1 ) be satisfied but not condition, (2 L a Format 
error is indicated, allowing corrective action (e. g. - Erasure) to be taken. 
Deterioration of a BM to the point where it cannot meet condition (1) usv.ally 
means that the entire tape will hawe to be re-edited. Condition (2) is 
designed to detect gradual deterioration while relatively mild corrective 
action is still possible. 

The circuits us ed for BM Recognition are on the BMC card. 
Refer to the functional diagram of this card, (Figure 6 -1) for the following 
description. 

Assume pulses to be arriving at input 27 every 11 J1.secs as 
shown in the timing diagram. Also as sume the three single shots to be 
in the non-fired state as the first pulse arrives. 

The first pulse arriving fires S8! and partially conditions gates 
1 and 2. Since neither SS2 nor S83 are fired when the first pulse arrives 
the output of gate 3 is inactive. Thus gate 2 is inhibited and gate I 

, conditioned allowing the BM counter to be reset to zero (via gate 4). Note 
that gate 7 insures that the output of gate 4, once active, remains active 
for the full duration of S81. This relatively long reset pulse overrides 

6-1 



any counting effect which may have resulted from changing a FF from 
the 1 to the 0 state, and ensures correct ope:ration{or very narrow 
sprockets. 

While SS! is fired, the outputs of gates 5 and 6 are both active. 
When SSI times out, the output of gate 5 goes inactive~ and SS2 fires. 
Since the BM Counter 2 0 FF is in the 0 state at this time, the output of 
gate 6 remains active and SS3 cannot fire. SS2 conditions gate 2, (via gate 
'3) for 10 J.Ls. 

The second pulse arriving at input 27 fires 5Sl again and steps 
the BM Counter (via gate 2). ' When 5Sl times out, the output of ga.te 6 

,becomes inactive, but the output of gate 5 l'e:mains active (since the 2° 
FF is now equal to 1). Thus 5S3 fires to condition gate 2 for the next input 
pulse. 

Each input pulse will now step the BM Counter just as the second 
one dido When the 2 3 FF is set to 1 (after 9 :Rulses), the AU.is notified 
that a BM has been received., When both the 2 3 and 24 FFls are set to 
1 (after 25 pulses), the AU is notified that the BM has not deteriorated 
beyond a safe lir.r.Lit (i. e. - a Format error has not occurred). 

If, at anytime while counting the BM Counter, two consecutive 
pulses do not arrive within about 15 J.Ls of one another, the BM Counter 
will be reset to zero on the second pulse since SS2 and SS3 will be timed 
out. Hence the condition that pulses forming a BM must be contiguous. 

Logically, the work of 5S2 and SS3 could be performed by one 
single shot which is not conditioned by the 2 0 FF. 5\lch an arrangement 
would, however, result in an excessive duty cycle for the one· 55. 

Recognition of incoming pulses (at input 27) as Sprocket pulses 
simply depends on the transport read head being in the area where 
Sprockets should be found (i. e. - within a block rather than in the inter-, 
block gap)o This area' is de"fined by the STT Sprocket En. FF, the 
operation of which will be covered in the description of the reading 
process. 

6-2 



r--

)( 

cc 
I-
el 
:E 

tv 37 

Il. N 5)1.s ~~ II)l.S-.f 
II) ! SS 

1 SP J1 n n n 
SSI ~ ~ r--; q 
SS2 

... n l 

-~ 
IO)1.S 0 0 10)1.5 

SS?> I I I 
BMC 2°: I I I I 

51" STEP BMC n n n 
RESET BMC .S! 

L-., 
I l 

""'n .... _-.,l 
1 

-

~,~ 
-

~ 
.... .... 
I-
llJ 
(I) 

0 ~0 
I !£ 

I t>-V ~ J i 0 
- -0 T T T T 

.-tl 0 r1 I 0 ,-JI 0 4H I 0 4~ I 0 

2° 2' 22 2 3 24 

-..:-- N 
CD . 

~ - - - a:: - a: .. I- M I-
0 ~ u ..:- u 

::{ Il. U U U U Il. ::E 
:E Il. 0 I- ::E ::E ::E :E :E I- III 

U) .n I- ID CD ID ID ID N el ID - -
~- --

4 28 14 34 10 13 29 47 30 46 31 45 32 35 33 36 42 43 
I-- -

'--- -

Figure 6-1 Block Mark Recognition 



7. LOGIC OF READING WITHQ.UT ERROR 

Read Forward One Block. Without Spacing (no error) 

The following discus sion as sum.e s that, upon execution of a TIO 
instruction, the Multiplexer has selected an AU to perform. the reading of 
one block of inform.ation into CC without spacing. This im.plie s: 

1) In the Com.rnand Register, the Read FF and the Forward 
FF are set to 1; the Mode A and Mode B FF's are set 
according to the mode of reading; and all other FF's' are 
set to 00 

2) NBS contains 0 

3) NBP contains 1 

4) CSA contains the first memory address 

5) . Any other register or FF, the resetting of which is not 
specifically discussed, may be assum.ed reset to 0 by 
a previous operation. 

6} The Matrix has been marked o 

7) A signal is received from the Multiplexer indicating the 
AU should proceed. (This signal is generated by the 
LNO 2 SS) 

Reference throughout this section should be made to Figure 7-1 
. and the Read Timing diagram Figure 7-20 

Starting Tape Motion 

If the AU is not in JlRun" status when the LNOS signal is received 
fromthe Multiplexer, the Start FF [D-4 ] will be set to 1 via gates 165, 
1, and 2 and the Block/Gap Counter FF will be cleared. (The latter action 
serves as a system clear for the Block/Gap FF,o) The AU will not be in 
"Run" stablS if the Forward Hold, Reverse Hold, and Stop, FF' s are all 
set to a (see gate .12 (G-10] ), and this condition prevails per the 
initial as sumptions. 
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The upper leg of gate 5 [ F-4] will be conditioned (again from. 
the initial assum.ptions), so that Start FF = 1 makes the "Set Normal Hold 

. Signal" line active through gate 7. This line, when LNO 2 retires, in 
conjunction with Forward FF = 1 (initial condition), sets the Forward Hold 
FF to 1 yia gate 11. 

Gate 13 will have an active output!! "Move Tape Forward", which 
is sent to the selected transport, via the Matrix, to initiate tape m.otion. 
The AU is now in "Run" status (gate 12). 

A delay of 1.4 m.s is provided, before reading of tape begins, to 
inhibit starting transients from. entering the AU. This, as well as other 
delays required in the AU is provided hf the Oscillator Counter (OC). 

The OC [ A-16] is a 9-position counter which may be assum.ed 
reset to all ones initially. The positions of the counter are referred to 
as OCO (low order) through OC8. When the Start FF was set to 1, gate 
16 [ D-12] was partially conditioned through gate 15.· Each 44<f>4 
pulse will now provide a "Step OC" signal (gates 16 and 17)0 After Oe5 
is stepped up to 0 (i. e. -. a count of 32), the AUT Reset FF [A-II] is 
set to 1 via gates 18 and 19. Since 444>4 pulses arrive every 44 p.s a 
delay of 1.4 InS was achieved between setting the Start FF and setting the 
AUT Reset FF. 

When the AUT Reset FF is set~ the Read Enable FF . [G-5 J. is 
also set via gate 60 This FF provides a level, through the Matrix to the 
transport , which allows information sensed by the transport read heads 
to be sent to the lOP. In particular, the lOP may now receive BM pulses .. 

During the </> 2 tiIne follovling the set of AUT Reset to I, the 
Start FF is reset to 0 and the OC is reset to zero (gates 20 and 23). At 
<p 3 tim.e, the OC is rippled to all ones via gates 24 and 17; and at </> 4 
the AUT Reset FF is reset to 00 

Note the two step method of resetting OC to all ones. Firstthe 
counter is reset to zero and then it is stepped once to leave it set to all 
ones. This method is used to avoid the spurious counting effect which 
can result from. setting the counter. directly to all ones with a short 
duration pulse. Note also that the </> 4 clear of the AUT Reset FF 
overrides spurious sets of the FF at 44cj>4 when the OC counts. 
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Further activity awaits the recognition of a BBM (as described 
previously). When the BM Counter equals 8, the BM FF is set to 1; and 
OC can again be stepped with 44<1>4 pulses (gates 15, 16 and 17). 

The BM FF being set to 1 fires the Block Mark SS I D-25 ] 
which in turn sets the Full BM Not Received FF to 1. When ,(and if} the 
BM Counter reaches a count of 24, the Full BM Not Received FF will be 
reset via gate 44. As will be :mentioned!;~'f:ihortly, a test is made of this 
flipflop at a ti:me when the entire BM has passed under the read heads. 
If the flipflop has not been reset at this ti:me the For:mat Error FF will 
be set. 

The OC 3 FF going to 0 (i. e. - a count of 8) allows the 16 
Reset FF [B-9] to be set to 1 (gate 25) whichin turn resets the BM 
Counter to 0 (gate 49). The delay provided by OC (fro:m theti:me the 
BM FF is set to 1, until the 16 Reset FF is set) is sufficient (. 35 :ms) 
to allow the re:mainder of the BM to pass under the transport read head. 

During the next <I> 1 pulse, the BBMT 1 FF [G-20] is set to 
1 via gates 35 and 38 (since the Block/Gap FF [B-7] is stilIO). At 
<p 2 ti:me, the Block/Gap FF is upset to 1 (gate 21) while the BM FF is 
reset to 0 and OC is reset to zero. When <p 3 arrives OC is stepped to 
ones and the Block FF [D-8] is set to 1 (gates 22 and 31). Also, 
during cp 3, the BBMT 1 FF is reset (gate 36) and the "BBMT3" line is 
active (gate 39)0 The 16 Reset FF is reset at cf> 4. 

The BBMT 1 and BBMT 3 signals just generated, perfor:m 
various housekeeping operations prior to actually processing data.. A:mong 
these operations are: 

1) The re setting of the SBR by BBMT 1. 

2) The resetting of the CAB Reg by BBMT 1, followed by 
the transfer ,(CSA High) - CABby BBMT 3. This 
action is taken in case the block :must be reprocessed 
due to an error 0 

3) Testing of the Full BM Not Received FF [D-24] by 
BBMT 3 (gates 45 and 46), and setting the For:mat Error 
FF if the FF has not been reset to O. 
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4) The setting of the STT Sprocket Enable FF [C~·J8 J by 
BBMT 3. This flipflop conditions gates 47 and 48 to allow 
sprocket pulses to reach the necessary circuits when 
reading. Gate 48 was inhibited until this ,time to prevent 
the BBM from being interpreted as a series of sprocket 
pulses. 

Other operations of BBMT 1. and BBMT 3 will be discllssed as 
they become relevant to the overall discussion. 

Setting the Block FF to 1 allowed the OC to begin counting Ctgain 
via gates 15, 16, and 17. Note that after the first count, gate 112 
[ G-15 ] is conditioned generating, an "End Block Delay" signal. This 
in turn sets the AUT Reset FF to I via gates 34 [A-12] and 19. During 
the next cp2, cp 3, and cp 4 times ,the OC is cleared to ones and the Block 
FF and AUT Reset FF are reset to O. This activity produced by the Block 
FFhas no useful effect while reading; the purpose of the Block FF will be 

. clarified when writing is discussed. 

At this point~ where actual re'ading of information into eeis 
about to begin~ it will be helpful to briefly state what must ,take place: 

1) When the 1st sprocket is sensed, the MBR must be 
clea;red to receive the first character .. 

2) When the 2nd sprocket is received, the dummy character 
is in the MBR. This character must be transferred to 
the Write Counters (for channel parity check) but not to 
the SBR (since it does not go to ee)., While in the MBR, 
the character is checked for character parity. 

3) For each of the next 512 sprockets received, a character 
is in the MBR which must be tested for character parity, 
transferred to the Write Counters (for channel parityL 
and transferred.to the SBR (to be sent to eC). Shifting 
of the SBR,and transfers from the SBR to the WBR must 
occur at the appropriate times .. 

4) When the last sprocket is sensed the channel parity 
character is in the MBR. It must be transferred to the 
Write, Counters, (for channel parity) and is also seht to 
the SBR. This character is not, however !I sent to the 
WBR or CC. 
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5) The SC ,(Sprocket Ctr) must be stepped by each sprocket 
pai r exc ept the fir st 30 

q) .. ' The NBP Register must be stepped down once. 

7) A test must be made for the pickup or drop out of a single 
sprocket within the block, and the Sprocket Error FF set 
if one is found. (A test of the WC which is made later, 
indicates an incorrect number of sprocket pairs; the pickup 
or drop out of a single sprccket within the blcck. wculd not be 
detected by this test). The test referred to. here cannct 
detect an extra sprocket if it is at the beginning cr end of 
the blcck. A test fcr this conditicn is prcvided later. 

This discussicn pertains to. the prccessing cf infcrmation by 
c1;laracters, rather th,an by frames, since this is the actual prccedure used. 
On Figure 7',..:1, all"cf the circui;tswithiilthe' dcuble lines. 
are duplicated .. That is one set cf circuits exist fcr each character ina 
frame. 

When theJst sprccket is sensed, the STl. SS I K-4] is fired 
via gate 62. The line "Ordinary Reads & Sprocket" :ccridi'tionedthe gate 
"Ordinary Reads" being active during the -1 Read order as well as Class 
A Read orders. 

ST 1 partially ccnditions gates 70 thrcugh 73. Another condition 
on these gates is that the Shift FF [S-16] be:set to 1 and the Space FF 

X-20 ] be set to. O. The Shift FF was set to. 0 by BBMT 1, and the 
Space FF was cleared to. 0 as themstructicn began. (Gate 150 [V -20 ] 
was activated by LNO l-:(STOP' V RELE-ASE)}. T.hus,. sinc:.e':gates 70through 
73 are in4ibited, shifting cf the SBR or transferring between SBR and 
WBR doe s not occur at this time. 

The line "Enable Set Osc. FF = I" (from·ST 1) is of consequence 
cnly when writing. 

Gate 75 [:;N-12 ] will be fully ccnditioned by ST 1 since the 
Read FF is set to 1. This allows the ST 2 FF to. be set via gate 78. Ncte 
that when ST 1 is fired cr when ST 2 is set, gat~ 77 _ [N-13] is made 
activ'e via gates 75 and 76 respectively. Th~ cutput of gate 77 inhibits 
setting new informaticn into. the MBR while the ccntents cf the MBR are 
being processed .. 
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Gate 161 is inactive because the Error Set O. K. FF [S-28] 
was reset to 0 by BBMT 10 

When ST 1 times out, gate 105 has. an active output which strobes 
a num.ber of gate s with the following effects: 

1) Gates 162 and 88, and the line "0 -- Osc. FE·, ", are only 
of interest when writing. 

2) Gates 84, 85, and 86 are inhibited by gate 79 (which is a 
condition for gate 80) being inactive. (The Shift Transfer 
Counter STC [S-14] is a 2 position counter which was 
set to 1 by BBMT 1)0 

3) Gate 87 is inhibited by the Error Set O. K. FF 

4) Gate 89 is active o 

Hence the ST4 FF [K-28] is turned on via gate 98 
[M-26J . 

5) The ST 2 FF is reset after a delay. 

Note that the delayed output of gate 98 strobes gate 171. If the 
ST4 Memory FF [ S-30 ] is in the one state during this st'rbhe·::the 
Sprocket Error FF will be set. At present the ST4 Memory FF is in the 0 
state due to BBMT 1. 

ST4 being on conditions gate 96 [N-26] to maintain the 
"Inhibit Set of MBR!! line active. This is effectively the same inhibit 
discussed in connection with STI and ST2. 

When the setting signal to ST4 subsides, the output of gate 127 
becomes active with the following results: 

1) ST4 Memory and Error Set OK FFI s are set to 1. 

2) MBR is cleared to zero. 

3) STC is counted to Z (via gates 99 [N-29 ] and 104 [T-13] )., .. 

4) ST4 FF is reset. 
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The ST4 Memory FF provides an active leg for gate 101 [U-29]; 
the other leg becomes active when the ST4 Memory FF associated with the 
other character is set. An active output from gate 101 thus indicates that a 
sprocket pair has been sensed. When gate 101 becomes active, a o. 75 j.t s 
SS is fired to generate a 2SS8l" signaL When this SS times out, another 
SS.(2 IJs) is fired to give a "2S8S2" signal. The "2S882" pulse resets both 
8T4 Memory FF1s to O. Other functions of the "2S881" and "2SSS2" 
signals will be covered later. 

When the ST4 FF was reset, the inhibit on setting the MBR was 
removed o From this time until the next sprocket is sensed, information 
from the read heads will be accepted by the MBR. Thus ~ of the 22 J.L s 
between sprockets, more than 19 J.L s are available for loading the MBR. 
This allows for considerable skew. 

Sensing of the 2nd sprocket (at which time the dummy character 
should be in the MBR) again fires STI SSe Activity during this, ST 1 time 
is similar to the first, since the Shift FF is still in the 0 state o 

During the 2nd. ST 2 time, however, the output of gate 87 is 
active since the Error Set OK FF is set to 1. Hence the contents of the 
MBRare gated to the Write Counters to start the channel parity count. 
Also, gate 161 is active to test the contents of the MBRfor character 
parity. The ST4 FF is set via gates 89 and 98 as before. 

Activity during ST4 is similar to the previous ST4 except, of 
course, the STC is now stepped to 3. 

Arrival of the next sprocket, indicating that the first infor
mation character is in the MBR, fires ST 1 as usual. Again no activity 
occurs during STl except the setting of ST2. 

In. ST2 time, the contents of the MBR are again te sted fo r 
character parity and sent to the Write Ctrs. (gates 161 and 87). Further
more, since the STC is now set to 3, gate 79, and hence gate 80, are 
active. 

Gate 80 being active allows the Shift FF to be set to 1 via gates 
84 and 168. Also, since gate 81 is active, an "MBR - SBR Stage 4" 
signal is generated via gate 850 

Activity during ST4 time is as before (With STC being stepped 
to 0). 
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During the next STl tim.e (initiated by the 4th sprocket), gate 70 
f N-5] will be active since the Shift FF is now set to 1 and the STC is 
not set to 3. (Gates 63, 64, and 65 have been active from. the beginning of 
the instruction) The output of gate 70 going active causes the SBR to be 
shifted left 12 positions (that is, the half of the SBRassociated with the 
character, odd or even, under discussion). Thus,. Stage 4 is ready to 
receive the 2nd character. 

Action in ST2 and ST4 ti:mes is similar to that for the first 
character. The. STC is counted to 1 during ST4. 

The next 2 character s are handled just as the 2nd one was, there by 
filling the half of the SBRassociated with even (or odd) characterso When 
the last of thes·e characters was transferred.to the SBR, the STC was 
stepped to 3 during ST4 ti:meo 

The following ST 1 time finds gate 70 inhibited (STC == 3) but gate 
72 enabled. (The Core Address Adjust FF was set to 1 when the 4th sprocket 
pair was sensed. More will be said of this FF later.) Instead of shifting, 
half of the SBR is transferred to the WBR. When both halves of the SBR 
have been transferred to the WBR, a Memory .access is requested and the 
WBR is sent to MeIllory via the lOB registero The details of this process 
will be covered in a later section. 

By transferring the SBR to the WBR, the SBR was cleared to 
accept the 5th character at ST2 time. 

Processing of the reIllaining characters in the block follows the 
pattern established by the first 4 characters. Sensing of the 515th . 
sprocket initiates transfer of the SBRto the WBR for the 128th (and last) 
tiIlle. During the ST2 tiIlle following this transfer, the MBR, which nOW 

contains the channel parity character, is transferred to the SBR. as well 
as to the Write Ctrs. Since the SBR will be cleared before the:.next use 
(cleared by the next BBMT 1) , the presence of the parity character 
there presents no problem. 

Consideration IllUst now be given to the method of counting the 
Sprocket Counter (and consequently the Word Gounter) and the NBP Register 
Refer to the 3 Frame Delay Counter [U-24] ,which was reset to 0 
by the 16 Reset FF. 
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This Counter is stepped, via gate 151, as each 2SSS2 signal 
retires unless the Counter is in the state lXO. When the state lXO is 
reached, the output of gate 151 remains active; hence, the level shifts 
required to count cannot be sensed. 

Note the unusual counting sequence. The first four counts put 
the counter in the states 011, 010, 101, and 100 respectively. Since the 
state 100 :meets the condition lXO, only four counts can be m.ade. before 
resetting (with another 16 B.eset signal). 

Now refer to gates 152 and 153 [U-24] 'which are strobed by 
the "25551 II signal. Gate 152 will have an active output during the 4th 
1125551" pulse (since the 3 Fram.e Delay Counter reached the status 1 XX 
following the 3rd 1125552 11 pulse), and all subsequent 1125551 11 pulse s until 
the 3 Fram.e Delay Counter is reseto 

Thus, the output of gate 152 steps the se for each sprocket pair 
after the third, which is the necessary effect. 

Gate 153 can only beco:me active when the 3 Frame Delay Counter 
is in the statelXl. Since this state exists only during one 11255S1" 
signal (the 4th), gates 154 and 155 can be strobed only once per block. 
Activation of gate 153 sets the Core Address Adjust FF to 1; the latter 
rem.ains set because the sim.ultaneous stepping of the sprocket counter 
removes the clear condition we = O. Q se = 0 (The se input trigger is 
AC coupled)!, 

The NBS Register is set to 0 (per the initial assum.ptions), and 
the Space FF is in the 0 state; so gate 155 will have an active outpu.t to 
count down the NBP Register. (The First Pass FF ,\vas set to 1 by BBMT 
1 for this instruction. More will be said about this FF in the section on 
error retrys. ) 

Recall that sprocket pulses Vlere gated to the ST timing circuits 
by the STT Sprocket Enable FF being set to 1. It is necessary that this 
FF be reset before sensing the EBM to prevent interpreting the EM pulses 
as sprockets.. This reset is accom.plished by the Tim.eout Counter 
[ . E-l6 .] , a 3 position counter. 

Associated with the Ti:meout Counter is the Tirneout Enable FF 
[ E-16]. which vias set to 1 by the fir st 112S8S2 11 pulse.. After this FF 
is set, each 44<f:>4 pulse steps the TiIneout Counter via gate 106. l\lote, 
however, that each "2SS82 11 pulse resets the counter to 0.. Since 1128882 11 
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pulses occur twice as frequently as 44cp4 pulses, the counter cannot go 
beyond a count of 1 while sprocket pairs are being sensed o 

After the 515th sprocket pair, no more "2SSS2" pulses are 
generated; and the counter proceeds to a count of 40 This results in the 
STT Sprocket Enable FF being reset via gate 1080 The test of the Write 
Counters for channel parity and sprocket error sensing are made when 
the 'timeout Counter = 2 and 3 (i. e. 2 1 = 1) or not less than 44 J.Lsec 

after the last sprocket pair 0 Pickup, or dropout, of a single sprocket 
at the beginning or end of the block is detected at this time. Furthermore, 
any sprockets, single or pairs, which occur after the Timeout Counter 
reaches a count of 2 are recognized as erroneous. When the STT Sprocket 
Enable FF is reset, both the Timeout Enable FF and the Timeout Counter 
are reset to O. 

Also after the 515th sprocket pair, the SC and we have counted 
back to zero, which condition resets the C;oreAddress Adjust FF to O. 

To complete the performance of this instruction, the EBM must 
be sensed, tape :motion stopped, and the Matrix path released. 

Sensing of the EBM and setting of the 16 Reset FF occurs just 
as when sensing the BBM. At cp 1 time, after the 16 Reset FF is set, 
gates 35 and 37 [F-20] will be active to generate an "EBMT III signal. 
This signal tests the Full BM Not Received FF [D-23] for a Format 
Error during sensing of the EBMo During cp 2 time, the OC and Block 
Mark FF are reset as before. The Block/Gap FF is stepped back to the 
o state. 

At cp 3 time, the OC is stepped (to l's) and an attempt is made to 
set the Stop FF [D~6] to 10 Note that this flipflop will be set if the 
Stop At End of Block FF [E-29] is in the 1 state 0 Since gate 117 
[ A-27Jhas been active from the time the NBP Register was counted 
dow'n, the Stop at EOB FF will be held in the 1 state via gate 119. 

Setting of the Stop FF allows oe to begin counting again; and at 
the cpO tim.e after a count of 68 is reached, gates 26 and 27 [F-1I] are 
active to reset the Forward Hold FF. When this occurs, tape is no 
longer being m.oved by the transport. The OC provided a delay of 3 MS 
between reading the EBM and stopping tape m.otion. This allowed the 
read heads to be approximately centered in the inter-block gap in case 
the next operation requires reverse reading. 
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The OC continues counting after the Forward Hold FF is reset~ 
and, at the <1>'0 tiIlle following a count of 104, a "Finis rr signal is generated 
viagates26and28 [F-11] 

11 Finis II turns the AUT Reset FF on again (gate 19) which results 
in the Stop FF being reset to 0 (at <f>2). OC is. also reset as usual. Note 
that when the Stop FF is reset, gate 12 (G-I0] becomes inactive 
returning the AU to non-run statuso 

The "Finis" pulse also strobes gate 132 [ W-9] which will have 
an active output,. since it is assumed that no errors have occurred. The 
output of gate 132 fires the Release Matrix SS [W -14 1 via gate 136. 
This SS provides a reset for all Path FF's (in the Matrix) associated with 
this AU (Of course, only one Path FF in this group was set. ) 

Resetting the Path FF's returns the.AU to non-busy status. 

Between resetting the Forward Hold FF .(at OC = 68) and 
generating the IIFinis l1 Signal (at OC = 128), approxim.ately2. 7 MS 
elapsed. This delay ensures that complete mechanical stopping of tape 
has been accomplished prior to returning the AU to non-run and non--busy 
status. 

Reading More Than One Block Without Spacing (no errors) 

When more than one block must be read (by a single TIO 
instruction) the first block is treated as when reading a single block 
until the second time the 16 Reset FF is set. 

At this time, which follows sensing of the EBM, the Stop at 
EOB FF [ E-29 ] will not be set. (Since the NBP Register has not 
counted down to 0, gate s 11 7 and 119· could not becom.e active 0) Thus, 
the Stop FF Viflll not be set, the Forward Hold FF will not be reset, and 
the "Finis" signal will not be generatedo This means that tape motion 
continues and the AU rem.ains in run and busy status. 

Reading of the second, and subsequent, blocks is siInilar to 
the first, except that the start FF will not be set prior to processing 
these blocks. 

7-13 



When the final block is being processed, the NBP Register will 
be counted to 0; and stopping will occur, under influence of the Stop at 
EOB FF, as previously described. 

Reading 16 Block (no error) 

Reading of 16 blocks occurs if the NBP and NBS fields of the liD" 
Register are both 0 when a read order is begun. This occurs as follows: 

Reading of the fir st block begins before any interrogation of the 
NBP or NBS registers is made. While reading this block, the NBP 
Register is rippled from 0 to 15, thereby deconditioning gate 117 [A-27] . 

Since gate 117, and hence gate 119, had been active prior to 
this count down of NBP, the Stop at EOB FF will be set to 1. When 
"EBMT i II is generated, however, gate s 164 and 122 [ C-3l ] will be 
active to reset the Stop at EOB FF via gates 124 and 163. Thus, the 
Stop FF cannot be set by the following <p 3 pulse. The AU now must 
process 15 more blocks (the number now in the NBP Register) before 
stopping 0 

Note that resetting of the Stop at EOB FF by the "EBMT 1" 
signal is attempted even when stopping must occur (i. e. - when NBP 
has been counted to 0 by the current block). In this case, however, 
gate 119 has an active output after the I'EBMT 1" signal subsides. This 
restores the Stop at EOB FF to the 1 state in time for the Stop FF to be 
set by <p 3. 

Spacing Before Reading 

The case considered here is when the NBS field of "Dnis not 
o when a read order is begun (the Man .. Read Forward FF::: 0).. The 
Start FF is set as during a read without spacing; but when OC reaches 
a count of 3 1 the Space FF [X-20] is set via gates 145 [V -18] and 
147. All other activity while the Start FF is on, and while sensing the 
BBM is similar to a read without spacingo 

Sensing of the first sprocket initiates, as usual, the timing 
sequence ST 1, ST2, and ST3. Note that gates 70 through 73, strobed 
by ST 1, cannot have active outputs while the Space FF is set to 1. 
Note, too that:gates ,84, 85, and "S6,strobed at ST2 tim~, "cannot become 
active since gate 80 is inhibited by the Space FF .. · 
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Thus~ while spacing, no shifting or transferring of the SBR occurs 
nor is infor:mation gated fro:m the MBR into the SBR.. Parity checks are 
:made on the contents of the MBR as usual, and the MBR is gated to the 
Write Counters for channel parity checkingo If a parity error (either 
character or channel) is detected, the Space Error FF, rather than the 
Parity Error FF, will be set~ Refer to Figure 4-2 for the setting of 
these FF's. 

While spacing, the 3 Fra:me Delay· Counter is stepped as usual, 
and gate 153 [W ~24 ] beco:mes active at the proper ti:me.. This results 
in gate 154 beco:ming active to count down NBS. 

When the EBM is sensed,. the "EBMT I" signal will reset the 
Space FF ·(via gates 149 and 150) if NBS were counted down to 0 during 
the blocko Stopping of tape :may now be initiated (if NBP is set to 0). 
or the reading phase of the instruction :may begin (NBP f:. 0). 

If the Space FF is not reset by the "EBMT I" signal, the AU 
proceeds to space oyer the next block. 

Reverse Reading (no errors) 

Reading "in the reverse direction is si:milar to reading forward, 
with the f~llowing exceptions: 

1) The Block Marks which were written as EBMls are 
sensed as BBMls (andvie;e,-versa) .. 

2) The Reverse FF is set in the Command Register instead 
of the Forward FF 0 

3) The Reverse Hold FF is set (via the lower leg of gate 
10 [E-61.linstead of the Forward Hold FF. 

4) Information transferred from the MBR to the SBR(at 
ST2 time} goe s to Stage 1 instead of Stage 4 (gate 86 

[N=16] )0 

5) Shifting of the SBR (at ST I time) is to the right instead 
of to the left (gate 71 r N~ 7] )0 
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8. LOGIC OF WRITE WITHOUT ERROR 

Writing One Block Without Spacing (no errors) 

This discussion assumes familiarity with the reading process 
previously described. The initial as'sumptions are the same as when 
reading, except that the Write FF is set in the Command Register instead 
of the Read FF. References in this chapter are to Figure 7 -1 and the 
Write Timing Diagram ,(Figure 8-1). 

Prior to the sensing of the BBM, all activity which occurred while 
reading occurs during writing. Note that Y start (Gate 2) clears the 
Sprocket Counters to ensure pre-sprocket flux consistent with that of freshly 
edited tape. In addition, when the Read Enable FF is set (via gate 6 
[ G-3] ), the Write Enable FF is also set (via gates 8 and 9). 

This FF allows the output of the Write Counters to be sensed by 
the Write Amplifiers (in the transport) and hence for magnetization of the 
tape to occur • The Write Enable FF also allows the writing of sprockets 
in the channel which doe s not contain block marks. 

Sim.ultaneous with the setting of the Block Mark FF, the Write 
,Sprocket Enable FF [G-23] is set via gate 41. This FF allows the 
w,r.iting' of sprockets in the channel containing Block Marks. Note that 
the Write Sprocket Enable FF was not set until the write heads were 
beyond the BBM; this is neces sary to prevent erasure of the BBM. 
Furthermore, erasure in the block mark channel occurs when the block 
mark is sensed or before the Block FF is set, which initiates the writing of 
new sprockets. 

Activity during the "BBMT 1" signal is similar to that when 
reading. However, during the "BBMT 3" pulse, several things occur 
which did not occur when reading. 

1) The Shift FF [8-16] is set to 1 via gates 168 and 169. 

2) 8TC [8-14] is set to 2 via gate 103. 

3) A Illemory request is Illade via Ga:..te 172 [N-10] to 
preload the WBR (cleared by Y Start, Gate 2) with the first 
word to be written in the block. 
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22 J..l SEC GATE 

44 cp 4 

START FF = I 

AUT RESET FF = I 

16 RESET FF = I 
OSC CTR COUNTING 
l NOTE 31 

READ ENABLE 

WR ITE ENABLE 

WRITE SPROCKET EN. 

BLOCK MARK CTR 

BLOCK MARK FF'" I 

BLOCK I GAP FF = I 
BLOCK FF = I 

B B M T1 

BBMT3 

EB M T1 

STOP FF = I 

5T 1 SS 

ST 2 FF = I 
OSC FF = I 
STEP WRITE SPROCKET FF'S 
(NOTE 51 

STEP WRITE CTR'S 
( NOTE 6) 

WRITE EBM 
(NOTE 71 
FWD HOLD FF = I 

(1) LNOZ • Stop Order· Releue Order 
(Z) Start FF = 1 • Fwd FF = 1 
(3) Start FF = I • 4404 
(4) Sta.rt FF = I • OC = 3Z 
(5) AUT Reset FF = I • Oz 
(0) 04 
('1) Start FF ~ I • AUT Reaet FF = 1 
(S) AUT Re~et FF = l'9h . 
(9) BM Pulses 

(10) BM eTR = 8 
(11) BM FF = 1 • 44~4 
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(13) 16 ReBet FF = I· t)z 

I , I , I I , I , 
I I I L...----I L-----I L...-......I '------I L...-......I L-----I I' 1 I , I 
: l I I I I 1 I 1 II 1 I 1 I· I 1 ' I I 
I ~~I __ ~I __ ~ __ ~I __ ~I __ ~I __ ~I~I ~I' __ ~I __ ~' __ ~I __ ~ __ ~ __ ~~I I : I I 

N I I N I 'I I I 1 ' INN I ~ I lJJN I 
I-
w I 1WI- I , I. - I I' J I 1 I W W , 

~ I I ~ II 1 I I I"! I I I I I 'I I ~ ~ I ~ ~ I 
I I : ! ~ y I I I: Z ! Z I 
: I 'I I I 1 I I 'I I I , 

N 

W 
I
a 
z 

<;2r~ I I II II II~ lH I 
4 6 II ~ , I I ~I -----I, 22 6' I I @, {~ 

I ~~'l I® II II II j-1~ I 
~Pi fJl ~i@ @ i i I@!' @l'rll'ilt!il I'll: I~' ~ : ®ri I~i@ @r.

1 
1-~-""'5""'-R®-8-

~ nr- I II IF---!: II i ha......;;@_ 
~ r;ll I , I I I: I ~L-~_ 

I Ln I ' , I I 1-----1 ~~ I I 
----i:~ I I h@111 II~ I, I, ~ ',I 1----

----II l1i F=i@ I I I I l@nh@l--l--
----.,i~ H-lt-~I : Ii ! ~!! ~@ i :1---
----'I !--l ~@ I II I I H I I I 
----.1 Lt l@llllill I I 1----1: I 1--1 --

----II , I 1 I I ' I I I! . I H I@II ~, __ : Iii III ,I II I I II II 
----I, HI II ,I :1 I HI~ I ~I ® 

, I II @, II I I I ,I , 
----;1 ~HI' II II II I H, I I 

@II 'I Ii' I ~ , I ~, ' I , II@@. 11i----
_---'I, H I 9 -I ----I 0 ....----u , I I' I I I I i ~--
------il H I@ f 12 ,3 I I ,512 1

514 
,515 I I--__ ~I ' I H I I I 

I HI l@iJUMMYFR. f ,2 II I-__ ...&...,5_1I ____ ....&1_51_2 ____ ®_1 .L.~_cH_A_N._PA_R_.f___lR.11 1-,.'..--___ , I I I I I 1-, ----

-~, 1 I II ~ ~I I HI I I 
®-=J H1----J I II I I Li : I: I: I@I--I--
~I III III 'II I I 'I' II I' II I'-t-I---

(14) 16 Reeet FF = 1 • Block/Gap FF = 1 • <)3 
(IS) 10 ReBet FF = 1 
(16) 16 ReBet FF = 1 • Block/Gap FF = 0 • <)1 
(17) 16 Reset FF = I • Q3 
(18) 16 Reset FF = I • Block FF = I • 03 
(19) "Write FF 2 I· Space FF = 0 • BM eTR = 8 
(ZO) BIDclt FF 2 I· 44<)4 
(ZI) Stop FF z I' 44\'>4 
(ZZ) "Write FF = I • Block FF = I • OC. 31Z 
(Z3) Stop FF = I • OC = 104 • QO 
(Z4) EBMTI 
(25) 16 Reset FF = I • Block/Gap FF .. 1 • f) I 
(Z6) Stop at EOB FF = I • Block/Gap FF = o· 

(Z7) ose FF = I • 01 (and others) 
(Z8) ose FF ,. 0 • 01 (and others) 
(Z9) STl' Qi 
(30) STZ 
(31) oe = Z57 ·01 
(3Z) oe = 266 thru 273 • 01 
(33) Stop FF .. I • OC = 48,'00 

Notes: 

1) Time 8cale varies from section to section. 
Z) Top 6 signab Are only shown in large sca.le area. They are present continuously. 
3) Number above pulse indicates No. of counts rather than contents. URn indicates ripple to ones. 
4) Logical equations .hown do not always indicate all conditions. 
5) Gate 158 on Flguro 7-1 
6) Gate 157 or 156 on Figure 7-1 
7) Gate 59 on FIgure 7-1 . 

START FF:: I 

AUT RESET FF = I 

16 RESET FF:.I 

OSC CTR COUNTING 
(NOTE 31 

READ ENABLE 

WRITE ENABLE 

WRITE SPROCKET EN. 

BLOCK MARK CTR 

BLOCK MARK FF = I 
BLOCK I GAP FF = I 
BLOCK FF=I 

BB MTI 

BB MT3 

EBMTI 

STOP FF =1 

sT 1 SS 

ST 2 FF:::; I 

OSC FF = I 

STEP WRITE SPROCKET FF'S 
( NOTE 51 
STEP~WRITE CTR'S 
( NOTE 61 
WRITE EBM 
( NOTE 71 

FWD HOLD FF =1 

16 Reset FF = I· Q3 

Figure 8-1 Write Timing 8-2 



Actual writing begins' when the Block FF is set. (This FF is set 
during 16 Rese~ time, as' when reading.) At thispolnf it may be helpful 
to state the operations which must occur while writing the block. The se 
are: 

1) SIS pair s of sprockets must be writteno 

2) . A dummy frame, consisting of 2 BCD zeroes with parity 
bits, must be written between the 1st. and 2nd pairs 
of sprockets .. 

3) S12 information frames must be interlaced among the 
2nd through S14th sprocket pair s. 

4) A channel parity frame must be written between the 
S14th andS1Sth sprocket pairs. 

Throughout the following discussion, reference should be made 
to Figure 8-1. 

At the fir st <j> 1 time following the set of the Block FF to 1, the 
output of gate 55 [ T-2] is activeo (aC8 = 1 at this time since ac has 
been reset.) This output strobes gates 157 and IS8. Note that BBMT 1 
set the asc FF to 0; hence the output of gate 158 is active at this time. 
The even Sprocket Write FF [X-6] is stepped by this output while the 
odd Sprocket Write FF [W -6 ] is stepped by the output of gate 61. Also, 
both. ST' L SS' s [K-4] are fired. 

Stepping of the Sprocket Write FF's resulted in writing the 1st. 
sprocket pair. (The Sprocket Write FF's cause writing in the same way 
as the Write Counters do). 

Whe;n ST 1 is fired, the output of gate 70 will be active since the 
Sllift FF was set to 1 and STC set to 2, at BBMT 3 time. Shifting left of 
SBR is thus pel'f6 .. rmed.'~; but this action has rto real effect since SBR was 
reset by BBMT 1. 

Also, during ST 1 time, the asc FF is set to 1 via gate 56 
[ T-3 ] This setting signal comes from the ST 1 associated with the odd 

characters .(i. e. - ST 1 T2). Gate 56 is conditioned by <p 1 to ensure that 
gates 157 and 158 cannot both have active outputs during the same <p 1 pulse. 
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Note that ST 1 doe s not set the ST2 FF when writing. 

Upon arrival of the next cp 1 signal, gate 157 is active (via gates 
55, 53, and 52) to condition gate 159 [V-2] Gate 156 [V-ljis inactive 
at this time, so Stage 1 of SBR is gated to the Write Counters to write the 
first frame. Since SBR is reset, the proper conditions exist for writing the 
dummy frame. Writing takes place by frames (in contrast to reading 
which occurs by characters) since skew is no problem. 

Concurrent with the writing of the dummy frame, the ST2 FF 1.s. 
turned on via gate 78 [K-14] When gate 78 becomes inactive (L e -
when cp 1 subsides) the output of gate 105 becomes active, resulting in an 
active output from gate 88 [ N-18 ] Thus ,. STC is stepped from 2 to 3 
via gate 104. 

When ST2 is reset (by the delayed output of gate 105)J the output 
of gate 162 [N-15] undergoes a change from active to inactive. This 
fires the Reset SBR 5S [F-26] which in turn partially conditions gate 
115. Since STC is now set to 3, gate 115 will be active to reset SBR via 
gate 116. This action is superfluous at present since SBR is already 
reset. Subsequent outputs from gate 115 will, however, prepare SBR to 
accept a new word from WBR. 

In addition to the foregoing action, the asc FF was set back to 
the 0 state by the outputs of gate 105. Hence, the following cp Ipulse:'can 
write the second sprocket pair. 

The ST 1 SS is again fired while writing the sprocket pair, 
and gate 73 [ N-9] has an active output .(since STC is now set to 3. ) 
This allows the contents of WBR (the word obtained by early memory re
:qu~st}: to be transferred to SBR, thus putting the first frame of infor
mation in position to be written. As before, asc FF is set to 1 by ST 1 SS. 

Writing of the first inform.ation frame takes place during the 
next cp 1 time, and as before, gate 105 becomes active when 4>1 subsides. 
STC is counted from 3 to 0, so that when the Reset SBR. SS is fired, gate 
.115 [G-2 7] is inhibited. 

During the next ST 1 tiII).e(while the 3rd sprocket pair is being 
written) gate 70 becomes active to shift the second information frame 
into position for writing (L e. - into Stage 1). 
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The foregoing establishes the pattern for writing the block. Each 
time 5TC reaches a count of 3, SBR is cleared (by the SBR Reset 5S) and 
a new word is transferred from WBR to SBR. 

It must now be shown that the proper number of frames and 
sprocket pair s are written. 

When the Block FF was set to 1, 44 <1>4 pulses began stepping 
OCvia gates 16 and 17. Note that an "End Block Delay" Signal is not 
generated via gates 112 and 114 [G-15 ] (as when reading), but must 
wait until OC' reaches a count of 312 (i. e. - when gate III is satisfied). 

To see how OC controls' writing, refer to gate 52 [ R-l] The 
left leg of this gate is active .(and thus enables writing via gates 53 and 
55) until OC reaches a. count of 256. During the time OC is set to 256, 
gate 52 is maintained active via gate 51 and the upper leg of gate 50. 
When OC is stepped to 257, gate 52 is kept active for 22/)' s via gate 51 
and the lower leg of gate 50. Reference to Figure 8-1 will help to clarify 
the timing sequence. 

Writing of the block was accomplished as follows: 

1) Before the first OC count, the first 2 sprocket pairs 
and the dummy frame were written. 

2) Before each subsequent OC count (up to a count of 257) 
2 sprocket pair sand 2 information frame s were 
written. Thus, after the first OC count and before the 
257th count, 512 sprocket pairs and 512 information 
frames were written. 

3) In the first 22 JJ s after the 257th OC count, the channel 
parity frame and the final sprocket pai,r were written. 

The channel parity frame is written, via gates 54 and 156, by 
the first <f> 1. after OC receives its 257th counto Returning the Write 
Counters to the initial setting resulted in writing, a 1 in. any channel 
which contained an odd number of 1 r s. Normal writing, via gate 159, is 
inhibited while writing the channel parity frame. 
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Note that transfers from WBR - SBR (and corresponding memory 
r~quests) are rn.ade when the 2nd, 6th~ lOth, etc.J sprockets are written. 
In accordance with the early memory request, exactly 128 transfers and 
127 requests must be made within the block. A 129th transfer and request 
corresponding to sprocket 514 is inhibited by the right leg of gate 68. A 
l28th request corresponding to the l28th transfer (sprocket 510) is prevented 
by holding cleared the Core to Tape Request FF. Writing of the EBM begins 
when OC receives its 266th count. At this ti.rn.e gate 58 [T-4 ] has an. active 
output (the center input is active) conditioning gate 59. Each <I> 1 pulse which 
is now passed through gate 59 steps the odd Sprocket Write FF (i. e. -
writes a 1 in the odd Sprocket channel). Note that the center leg of gate 
58 is active during boththe 266 and 267 counts of OC~ the right leg is active 
du.ring 'Counts 268 through 271, and the left leg is active during counts 2.72 
and 273. Thus the output of gate 58 remains active for 8 OC timing s during 

. which 32 cJ> 1 pulses are sent through gate 59. 

Consider the state of the Sprocket Write (odd) FF at this time. 
Befo1,"e writing of this block began, the. FF was in the 0 state because 
of the Y Start Clear. During the writing of this block the FF will have 
been stepped 547 times (515 times while writing sprocket pairs and 32 
times while writing the EBM·). Since this is an odd nurn.ber, the FF will 
now be set to 1. 

When OC received its 274th count, following the writing of the 
32nd. EBM pulse, the. left leg of gate 128 [U-6] became active. The 
next cJ> 1 pulse can now set the. Sprocket Write (odd) FF to 0 and thereby·write 
the 33rd. EBM pulse. Similarly, the clear will write a 1 in the other 
sprocket channel at this time because the Sprocket Write (even) FF had 
been upset exactly· 515 times. 

Note the interval between the last sprocket pair and the first 
EBM pulse. The 1 st. EBM pulse is written by the 35th <p 1 after the last 
sprocket pair is writteno This is a time interval of 389 p. s and a distance 
(at .120 in/sec) of ~ 0~'047.in. 

Throughout the preceding discussion <I> 1 was mentioned as the 
pulse which controls writing (i. e. - it conditions gates 53, 59 and 128). 
Howeve.r, in AU 2, cp 2 performs these functions (<I> 1 is used in AU 1). 
The use of different write times for the AU· s helps to reduce crosstalk 
in the Matrix. 
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The next activity occurs when OC receives its 312th count. 
(This is ~ 1.67 ms after the 33rd. EBM pulse was written). Gate 111 
[ F-15] becomes active at this time, and makes the "End Block Delay" 
line active via gate 114. This, in turn, sets the AUT Reset FF to 1 via 
gates 34 and 19. Resetting of OC and the Block FF occurs during the 
time the AUT Reset FF is set. 

At this point it may be shown that no writing can take place via 
gates 55 [T-2] and 59 [T-5] except that already described. Note that 
for gate 55 to be fully conditioned, gate 52 must have an active output. 
Remember that this output became inactive after the 22 11 s count pulse 
subsided with OC set to 257. Gate 51 cannot have an active output again 
unless OC reaches a count of 320 (to make the right leg of the gate active), 
or is resett'o l's. Since OC was reset after a count of 3.12, the possibility 
of reaching a count of 320 was eliminated. After OC fs' steppedl6 1 's., <p 1 
pulses will be gated through gate 53, but by this time the Block FF has 
been re set to 0 to inhibit gate 55. 

A similar situation exists at gate 590 In order for gate 58 to 
condition gate 59 after OC is stepped to 274, a count of 330 must be 
reached. The reset of OC at a count of 312 prevents this. 

Note that gates 54 [T-1] and 128 [T-6 ] have active outputs 
at frequentinte~vals other thanthose mentioned. (always after those 
mentioned)o These have no effect however since they merely apply 
resetting pulses to FF's which are already reset. 

Note, too, the condition "AUT Reset FF:: 0" on gates 55 and 59. 
This is important in AU's which use <p 2 as the writing pulseo Since OC 
is being cleared to 0 at <p 2 time, which may result in a spurious output 
from gates 52 or 58, gates 55 and 59 must be disconditioned through the 
indeterminate period. 

Readback During a Write Operation 

. Reading ba.ck during a write operation differs from a straight 
read operation in the following ways: 

1) The ST 1 and ST 2 timings cannot be used. 

2) T:Fansfer of information from the MBR to the SBR 
cannot take place. 
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3) Transfer of information from the MBR to the Write Counters 
(for channel parity checking) cannot occur. 

4) Stepping of the STC during ST 4 time cannot occur. 

Checking of the character in the MBR for character parity, 
counting of SC and WC, and sensing of the EBM must all occur during 
both read and write operationso 

Sensing of the first sprocket by the read head, fires the ST 3 SS 
[ K-22] via gate 91. When. ST 3 is fired, gate 93 is partially conditioned. 
Since, however, the Error Set O. K. FF was reset to 0 by BBMT 1, this 
gate cannot have an active output. The ST 3 SS tu~ns on the ST 4 FF via 
gate 98. (The usual test for sprocket error is made via gate 171). 

Activity during ST 4 time is the same as for read operations, 
except that STC is not stepped. 

When the ST 3 SS is fired by the next sprocket, gate 93 is fully 
conditioned, and the character parity te st is made. 

Operations involving the 3 Fram.e Delay Counter and the Timeout 
Counter are the same as when reading. Note that when writing, the WC 
contains a count of words remaining to be read back rather than the number 
of words still to be written. Note, too, that the test for channel parity is 
made (by the Timeout Counter) when writing. This .test should find the 
Write Counters all reset due to writing the channel parity frame. 

Sensing of the EBM and stopping of tape at the end of a block is 
accomplished as when reading. When writing, however, the Write 
Sprocket Enable FF is reset to 0 by the "EBMT 1 II pulse (gates 42 and 
167). The Write. Enable FF is turned off by the "Finis~' signal. 

Writing More Than One Block Without Spacing (no error) 

The conditions which re suIt in reading more than one block .also 
apply to writing. That is, if the Stop At EOB FF is not held set to 1 
(due to NBP being set to 0), writing of another block occurs. Note that 
the Write Sprocket Enable FF is cleared by each EBMT 1 and is set 
again by the sense of the next block mark to a-yoid erasing the BBM. 
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Spacing Before. Writing 

Spacing prior to writing is similar to spacing before reading, 
except that the abbreviated readback cycle. (using. ST 3 and. ST 4 timings) 
is used instead of the full read cycle (ST 1, ST 2, & ST 4). Hence 
channel parity is not tested while spacing prior to writing. 
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9. ERROR RETRYS 

Automatic Reversals of Tape Motion 

During error retrys and while the Erase and -1 Read orders are 
being performed, automatic reversals of tape motion must occur. (Auto
matic is meant to imply that the action occurs without further signals from 
CC or Multiplexer.) These reversals are achieved under control of the 
Pattern Counter (PC) and Change FF. 

The PC is a 3 position counter which satisfies the condition PC = 0 
when no tape motion reversals are required. Any quantity other than 0 in 
the PC indicates[) in 8's complement form, the number of sequential motion 
reversals which may be required for a particular operation. 

The Change FF provides an indication of wheth,er motion should be 
in agreement with, or contrary to, the direction specified by the Forward 
and Reverse FF1s 

Consider the following example which illustrates the use of the 
PC and Change FF: 

If a parity error is detected while executing a Read Forward, 
Mode 1 order, the tape must be backspaced and then reread in the forward 
direction. To achieve this the PC is set to 6 and the ,Change FF set to 0 
when the error is detected. The PC setting indicates that two motion 
reversals are required ll and the Change FF being in the 0 state indicates 
that the next tape movement must be contrary to the setting of the, Forward 
and, Reverse FF1s (1. e.» reverse motion must occur. ) 

Stopping at the end of the block and restarting for the backspace 
are initiated by the PC t- 0 conditiono 

During the backspace the PC is counted to 7 (indicating one .more 
reversal needed) and the, Change FF is stepped to the 1 state indicating 
that the next tape movement should agree with the setting of the Forward 
and Reverse FF1s (i. e., forward motion must occur. ) 

" Stopping and re starting are again effected by the condition PC ~ o. 

While rereading, the PC is counted from 7 to 0 (since it is. a 3 
position counter)!) but the Change FF is left in the 1 state. (As will be 
seen, the setting of the ChangeFF at this point is immaterial. ) 



Since the PC has reached the 0 state ll it can no longer influence 
tape motion .. Whether or not the tape stops or continues at the end of the 
reread is determined by other circuits. 

The detailed logic of some of the general aspects of PC and Change 
FF operation will be discussed in the remainder of this section. Activities 
peculiar to the'various error retry situations and the -1 Read and Erase 
orders are discussed with those operations. 

Refer to Figure 7 -1. Note here how the condition PC f 0 sets, 
and holds, the Stop at EOB FF [7 -E-28]~!t! to 1 via gate 119 . 

. When the tape stops with the PC not set to 0, a "Finis-" signal is 
generated and the AUT Reset FF is turned on as usual. During the <P 3 time 
after the AUT R~set FF is turned on, gate 32 [7 -C-2] is active to turn on 
the Start FF via gates 1 and 2. (The AU is in non-run status, as required 
by gate 29 since the Stop FF was reset at CP2. ) 

In operations discussed previously (1. eo, Read or Write with no 
errors) gate 5 became active when the Start FF was Set. Now, however, 
since gate 33 has an active output v gate 5 is inhibited, and gate 3 or 4 will 
be active depending on status of the Change FFo 

If the Change FF is in the 1 state, gate 4 is active to condition 
gate 7. This sets the Forward Hold FF or Reverse Hold, FF in agreement 
with the settings of the Forward and Reverse FF's just as an active output 
from gate 5 did. Should the Change FF be in the a state when the Start FF 
is set, gate 3 is active to set the Hold FF's contrary to the Forward and 
ReverseFF settings. 

Note that the LN02 signal must be gone before setting of the Hold 
flip-flops can occuro This ensures that when a -lRead or an Erase order 
is received, gate 33 will be active at the time of the set. 

The conditions for stepping the PC are shown on Figure 4-2. A 
stepping pulse is provided from gate 108 at each BBMT 1 time while gate 107 

>:~NOTE: In this, and subsequent, sections references are frequently made 
both to Figure 4-2 and Figure 7 - 10 To simplify the text v the figures are 
referred to simply as [4-X-XJ and [7-x-xl respectively when coordinates 
are specified. If a 2-position coordinate is given, the proper figure should 
be clear from the context .. - For convenience Figures 4-2 and 7 -1 are 
repeated in this chapter. 
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is made active by the condition PC lfO. Setting of the PC to 0, I, 6, or 7 
is discussed later. 

Stepping of the Change FF L4~H-27] occurs at each BBMT3 time 
while t~e PC # 0 condition exists (gate 97). Note that the Change FF is set 
to 0, via gate 96, whenever the PC is set to 1, 6 or 7. 

Read,. Mode 1 or 2 Error Retry 

If either the Parity Error FF [4-8-14] or Sprocket Error FF 
[4-8-10] is set while reading a block, a 6 --:- PC signal will be generated via 
gates 83 (4-B-25], 84, 94, and 95 (since the Read FF and the First Pass 
FF are both in the 1 state).. Also, the Error Read FF [4-K-29] will be set 
to 1 by the output of gate 84. 

Stopping of the tape at the end of the block occurs since PC"f O. 
Note that the attempted reset of the Stop at EOB FF during EBMT 1 time 
(via gates 164 [7-C-31], 122, 124, and 163), which occurs during reading 
or writing without error, is now inhibited (at gate 122) by the Parity Error 
FF or Sprocket Error FF being set to 1. This is of no cons equence to the 
Stop at EOB FF (which is maintained in t~e 1 state by PCt- 0), but the 0 -
Error Read FF signal (the output of gate 124) must not become active at 
this time. 

Note also that the First Pass FF [4-K-17] is reset at EBMT1 
time as usual. 

As the "Finis" signal is generated, the following conditions (among 
othe rs) prevail: 

1) The PC is set to 6. 

2) The Change FF is set to 0 . 

3) The Error Read FF is set to 1. 

4) The Parity Error FF or the Sprocket Error FF (or both) 
are set to 1. 

Following the "Finis" signal, tape motion is restarted by the pcf. 0 
condition as previous ly des cribed. Motion is in direction oppos ite to the 
indication of the Forward and Reverse FF's; and the Space FF [7 -X-2G1]is 
set as movement begins. (Gate 137 [7-U-16] and either gate 139 or 140 are 
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active; hence gates 138, 141, 142, and 147 are active to set the SpaceFF. ) 
This action (tape movement contrary to the Forward and Reverse FF settings 
while the Space FF is set) is referred to as IIbackspacing". 

Backspacing over the block is similar to spacing prior to reading 
with the following exceptions~ 

(1) At BBMT 1 time, the PC is stepped from 6 to 7. The CAB 
register is not cleared during BBMT 1 time since gate 47 
[4-L-13] is inhibited. Als 0, the First Pas s FF is not set at 
BBMT 1 time since gate 51 [4-K-171is inhibited. 

(2) At BBMT3 time, the Change FF is stepped back to the 1 
state via gate 97 [4-H-26] 0 The CSA Hi Register is not 
transferred to the CAB Registero 

(3) The NBP Register or NBS Register cannot be stepped since 
gate 186 [7 - W -23] is inhibited by the First Pass FF. ~~-.---. 

(4) If a parity error or sprocket error is detected, the Space 
Error FF cannot be set since gate 115 [4-J;t-21] is inhibited 
by the Error Read FF, Instead ll the Backspace Error FF 
[4-M-27] is set via gate 98. 

(5) At EBMT 1 time ~ 

If no error was detected 9 and hence the Backspace Error FF 
is in the 0 state (to which it is set at every'BBMT3 time) the 
Parity Error FF and Sprocket Error FF are reset via gates 
102 [4-P=27] and 1050 An attempt is made to reset the 
Space FF [7-X-20] via gates 149 and 150, but the FF is held 
to 1 via gate s 142 and 147. 

Note that gate 89 [4-C-28] is inhibited at this time by the 
Space FF, so the PC cannot be reset .. Similarly, gate 122 
[7 -C-31] will not become active" even if the error FFls are 
reset during EBMTl, since the Space FF ~ 1; hence the 
Error Read FF cannot be reset via gate 124. 

(6) 'Stopping at the end of the block occurs due to PC f O. 

(7) When the AU goes to non-run status (as the Stop FF is turned 
off) the·Space FF is reset via gates 148 and 150 [7.-W-20] . 



prevail: 

(Gate 142 became inactive when the Forward Hold and 
Reverse Hold FF's were reset, so the Space FF is no longer 
held to the 1 state.) 

At "Finis" time, following, the backspace, the following conditions 

(1) The PC is set to 70 

(2) The Change FF is set to 1. 

(3) The Error Read FF is set to 1. 

(4) The Stop at EOB FF is set to 10 

(5) The Parity Error FF or Sprocket Error FF (or both) and 
the Backspace Error FF are set to 1 if an error was detected 
while backspacing; otherwise they are all set to O. 

Following" Finis" time, motion is initiated via gate 32 as before; 
except now the direction of motion corresponds to the setting of the Forward 
and Reverse FF's (since Change FF = 1). The Space FF is not set during 
this pass since gate 141 is not active. 

Activity during this pass differs from the backspace in the 
following ways: 

( 1) 

(2) 

(3) 

(4) 

During BBMT 1 time, the PC is counted from 7 to 0; hence 
the Change FF cannot be stepped via gate 97 [4-H-26] (1. e, 
it remains set to 1.) 

The CSA Hi Register is cleared by BBMT 1 and receives the 
contents of the CAB Register at BBMT3 time~ since gates 
40 and 41 [4-K-9J are active via gates 38 and 39. 

Transfer of information to CC tapes place since the Space 
FF is not set. If a parity error or sprocket error is 
detected, the corresponding error FF is set. (The PC and 
the Change FF cannot be set via gate 84 [4-C-25) since the 
First Pass FF is not set.) 

, Re setting of the Parity Error FF and ,Sprocket Error FF can
not occur at EBMT 1 since gate 102 [4-P-27] is inhibited by 
the Space FF. 
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(5) The usual attempt to reset the Stop at EOB FF and Error 
Read FF via gates 164, 122 and 124 [7-C-311 is made. If 
neither the Parity Error FF nor the Sprocket Error FF are 
in the 1 state, this attempt is successful, and the original 
ord.er procee.ds 'as -though D.o.,:erro;r :occurred·~ Shou1d:~it.her 

error FF still be set, the tape will stop. 

When the tape stops due to a recurrent error, restarting via gate 
32 [7 -C-2 1 cannot occur since the PC is now set to O. Thus the order is 
terminated. During the last" Finis" time, when the order is terminated, 
the Stop at EOB and Error Read FF's are reset via gates 123 [7-A-291 
'and 124. 

Read, Mode 3 

The activity when an error occurs in this mode is similar to that 
which occurs in modes 1 and 2 with the following exceptions: 

At EJ3MT 1 time of the second read (not the backspace) gate 103 
[4-N -29J is fully conditioned. This allows the Parity Error and Sprocket 
Error FF's to be reset (if on due to a recurrent error) via gate 105. 
Furthermore, gate 121 [3-B-31] is fully conditioned which allows the Stop 
at EOB FF and Error Read FF to be reset. via gates 124 and 163. As in 
Mode 1 and 2 operation, resetting the Stop at EOB FF and Error Read FF 
allows the order to proceed as if no error occurred. 

Write, Mode 1 or 2 

When a character parity error or sprocket error is sensed during 
the readback portion of a write order 9 setting pf the PC, change FF, and 
Error Read FF occurs as when readingo 

A backspace operation is initiated which is similar to the read 
backspace except for the following: 

1) The Backspace Error FF is maintained in the 0 state via 
gates 99 and 100 [4-L-27 ] causing the Parity Error and 
Sprocket Error FF's to be reset via gate 102 [4-P-27] 
regardless of the sensing of errors during the backspaceo 

2) The abbreviated read cycle, using ST3 and ST4;> is used. 
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After backspacing» rewritting is attenlptedo During this rewrite 

the readback is again tested for errors and action is taken similar to that 
when reading (i. e., the order contin ues if no error is sensed, the order 
terminates otherwise}o 

Write J Mode 3 

If a parity error or sprocket error is detected while writing in 
this mode J the PC is set to 1 via gate 87 [4~C -2 7 ]". The output of this gate 
also sets the Change FF to 0 via gate 96. Backspacing is performed as in 
a mode 1 or 2 write; the PC being stepped to 2 in the processo . Rewr'fting 
is 'atteIIlpted as when writing in mode lor 2» except that the Change FF is 
stepped back to 0 at BBMT3 tim.e ~since the PC is stepped to 3 at BBMT 1 
time. ) 

Should the rewrite be successfull) the PC is reset to 0 via gates 89 
and 92 .[4-C-28]at EBMTI time. In this case the Stop at EOB FF, after 
being reset via gate 122 [7 -C-31] 1) cannot be :t'etu1"ned to the 1 state. 

When the rewrite is unsuccessful, the tape stops at the end of the 
block with the PC set to 3 and the Change FF set to 0 0 

. Following the "Finis" signal, the Start FF is set again via gates 
32, 1 and 2 [7-C-2 J. This initiates motion in the reverse direction (as 
when backspacing). At this time, erasing of the block occurs, rather than 
spacing. 

The Erase FF [4-F~ 17] is set to 1.» via gate 104 [4-N -3019 con
current with setting the Start FF. Refer to the description of the Erase 
order for the activity while erasingo As the block is being erased v the PC 
is ~tepped to 49 the Change FF is stepped to 1» and the Parity Error FF 

~ ) 

and Sprocket Error FF are reseL 

When erasure is cornpletel) the tape StOPSll -a "Finis" signal is 
generated, and motion is again initiated in the forward direction via gates 
32, 1 and 2. 

During the '.'Finis H signal ll the Erase FF was reset via gates 24 
and 25 [ 4 - E - 18] . 

Rewriting is now' atte:mpted in the next sequential block to the one 
erased (since this is the first "block sensed during forward znotion) 0 The 
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mechanics of the rewrite are similar to the previous rewrite~ except the 
PC is stepped to 5 in the process. 

Successful writing, as before, result,s in the PC being reset to 0 
and the order continued as though no error occurred. 

If~ however, the error persists, a backspace and another write 
attempt are made. These operations are similar to the corresponding 
operations on the first block, except the PC is stepped to 6 and 7 during 
the backspace and rewrite~ respectively. 

Again, successful rewriting allows resetting of the PC and con
tinuance of the order. 

Should the error still persist D the block is erased while moving 
tape in reverse.. This erasure is similar to the erasure of the first block; 
the PC being stepped to 0 in the process. The order is terminated following 
this erasure~ since gate 32 [7 =C-2] is inhibited. 

Note that during each attempted rewrite, the contents of the CAB 
Register are placed in the CSA Hi Register since gate 38 [4-K-:-7] is active. 
Thus all writing is done from the same group of Core Memory Locations .. 

It is interesting to note also, that if any of the attempted rewrites 
are successful!) allowing the order to proceed, the -Change FF is left in the 
o state.. This is of no consequence since the Change FF is only effective 
when the PC 1 0 condition exists (1. e., when the output of gate 33 [7 -D-2] 
is active). 

-Status of the Matrix Following, Errors 

It has been mentioned how firing of the Release MatrixSS [7 - W -13] 
(via gates 132 and 136) releases the Matrix following Class A orders which 
are ternlinated without error. Gate 132 is inhibited, however, if any error 
condition (except Space Error) exists when the "Finis" signal is generated 
Note, also, that if the PC t- 0 condition exists, gate 132 is inhibited.. Thus 
releasing of the Matrix cannot occur during retry operations (unless the 
error is corrected.) 

Other inhibits on gate 132 are discussed with descriptions of the 
-1 Read, Erase, and Continu.e orders .. 
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1p. LOGIC OF CLASS CORDERS 

The -1 Read Order (Command Field Coding 1100 1101) 

Before executing this order ll the Read FF and either the Forward 
or Reverse FF should be set in the Command Reg of the assigned A. U. 
Upon receipt of the" LN02" signal from the Multiplexerthe-·l Read FF 
[ 4-F-16] is set to 1 via gate 21. Concurrent with the setting of the -1 
Read FF, the PC is set to 6 via gates 86 and 95 [4-C-26]" The output of 
gate 95 also sets the Change FF to 0 via gate 96. 

Setting of the Start FF occurs via gates 1659 1 and 2 [7-B-2]as 
with Class A orders. Since gate 33 [7=D-2] is active (PC#- 0) and the 
Change FF is set to 0, tape motion is initiated in a direction opposite to 
that indicated by the Forward and Reverse FF's. When the appropriate 
Hold FF is set, the Space FF [7-X=20] is also set via gates 142 and 147. 

While the tape is backspacing, the PC is counted to 7 and the 
Change. FF is stepped to 1. Since gate 50 [4-L-15] is inhibited, the First 
Pass FF cannot be set, nor can the CAB Reg be loaded from the CSA Hi 
Reg. However, the CAB Reg is gated to theCSA Hi Reg since gate 39 
[4-K-7] is active. CO~!!.!!~gof ~~e ~.~f> Reg via gates 186 and 155 [7 - W -24] 
is inhibited by the First Pass FF" In other respects this backspace is 
s~ila:~--to-s-pacing before reading Class A. Note tha.t t~.~ ... _Pc:.:~!Y .. _.~.!'_~.~!"._~!:l.cl
Sprocket Error FF's are reset at EBMT 1 time via gates 102 and 105 [4-P-28] . 

Since the PC -# 0 condition exists, tape motion stops at the end of the 
block. The Space FF is reset at this time via gates 148 and 150 [7-W-20]. 

Tape motion is restarted in the direction indicated by the Forward 
and Reverse FF's since PC# 0 and the Change FF is in the 1 state. 

As when backspacing, the CAB register is gated to the CSA Hi 
Reg. This allows the same Core Memory locations to be accessed during 
the -1 Read order as were accessed by the block read by the original order. 

The PC is stepped to 0 at BBMT 1 time. 

Reading of the block into Core Memory now proceeds as when 
reading Clas s A except for the following: 
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The Parity Error FF is maintained in the 0 state (via gates 77 
[4-P~ 16J 78, 79~) until both STeis reach a count of 3. This cancels parity 
errore detected -In the dUJnmy iraITIe {during for,vard reaqs) or the 
channel parity frame (during reverse reads). Only errors in the infor
mation frames are relevant to the -1 Read ordero Before the STeis are 
counted from 3 to 0, the Shift FF is set to 1, thus preventing further activity 
of the leftmost two legs of gate 77 for the remainder of the block . 

Now, following ea.ch ST timing cycle during which the SBR becomes 
full (i. e. I - the cycles in "which the STC is stepped to 3) , gate 166 [7 ... M-3Z] 
is fully conditioned, at 2SSS2 timev if the Pa:rityError FF is in the 1 ~tate. 
An active output from this gate resets the Parity Error FF (gate 79 [4-S-16] .) 
and sets the -1 Read Bit FF to l~Figure 4~ 1 [B ~ 16] '0 

Referring to Figure 4-1, note that the -1 Read Bit FF provides 
a reset:to the WBR via gate 11 [C-I5] 0 Furthermore, gate 10 [A-13] 
is pa:rtialiy conditioned while gate 7 is inhibited o Thus when the II (WBR) -~ 
lOB (AU 1)" signal arrives~ gate 6 (which represents 48 similar gates, one 
for each bit position) will only be active in the" 2° posjtion~ This allows the 
number "-1" (in 2 1s compliment form) to be sent to the MeTIlory via gate 8"!~ 

Upon completion of the (WBR) ~-t> lOB transfer, the = 1 Read Bit: FF is ":r:eset by 
the "Count CSA Reg:". signal. 

More detail on the generation of the 'i{WBR) ___ lOB (AU 1)" and 
"Count CSA Reg" signals is given in the chapter on Memory Access Multi
plexing. 

The foregoing procedure can occur as many times as necessary 
while processinglhe blocko 

Stopping occurs at the end of the block since gate 119 [7 -C-28) 
is conditioned by the -1 Read FFo When the tape stops, the -1 Read F:F is 
reset via gates 1 and 4 [4-C-2J. The Matrix is not released after a -1 
Reade"" order since. gate 132 [7-V-9] is inhibited by the-l Read FFo (Note 
that the -1 Read FF is not reset until the q(2 ti:me following the ~'Finislf 

signal. ) 

When the -1 Read order terminates»" the P"arity Error FF is in the 
o state since it was reset (via gates 77 [4~P~ 16] , 78 and 79 3 when the 
STT Sprocket Enable FF was returned to the 0 state by the Timeout Ctro 
Note that channel parity errors and character parity errors in the channel 
parity frame (the dummy frame on reverse reads) are canceled by this reseto 
However, a Sprocket Errol" indicationD if generated" is retained. 
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The Erase Order (Command Field coding 1100 1110) 

The Erase order causes the block marks and sprockets ,(and usually 
the information channels) of the erased block to be eliminated. 

Erasing must take place while tape is moving in reverse in order 
for the read heads to recognize theEBM before'jLis e,rasea. Because of, 
this, and since erasure is always performed on the last block processed, 
the operation is different following forward and reverse orders. 

When erasing follows forward orders, simply moving the 't~pe one 
block in the reverse direction, with the Write Enable and Write Sprocket 

': Enable FF's set, will give the required effect. 

Upon receipt of the LN02 signal from the Multiplexer, the Erase 
FF is set via gates 22 and 23 [4-E-17], the PC is set to 7 via gate 88 
[4-C-2~] , the Change FF is set to 0 via gates 88 and 96, and the Start FF is 
set via gates 165, 1 and 2 [7-B-2]. 

After the Start FF is set, the .... ReadEnable and Write Enable FFls 
are set via gates 6, 8 and 9 [7 -G4] 0 . Since gate 33 [7 -D-2] is active, the 
Reverse Hold FF is set. 

When theBBM is recognized, the Write Sprocket Enable FF is set 
via gate 41 [7-G-22I. 

At BBMT 1 time, the CAB Reg~ cannot be cleared, nor can the 
First Pass FF be set, due to gate 50 [4-L-15]' being inhibited. Likewise, 
the CSA Hi Reg cannot be gated into the CAB Rego at BBMT 3 time. The 
CAB Reg. cannot be gated into the CSA :tIi Re.g. 'since gate 39 [4-K-8] is 
not active. (It is essential that neither the CSA Hi Reg. nor the CAB Reg. 
be altered while erasing since a subsequent order may require the informa
tion from either. ) 

'From this point operation is basicly a read or write (as indicated 
by the Command Reg. ) modified by the Erase FF being set. 

Note that gate 55 [7.;.;S-2] is inhibited by the Erase FFbe'ingin the 
1 state. This is necessary to prevent writing via gates 15Tand 158 [7 - V~3'] 
when erasing is done with the Write FF set to 1. 

While erasing ll the "End Block Delay" signal,. is gene,r,ated from. 
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gate 114 [7 -G-16] via gate 113 after the eighth count of the OC (following 
the set of the Block FF)o This signal, as us ual, turns on the AUT Reset FF, 
which in turn allows the Block FF and the OC to be reset. It is important that 
the OC be reset before gate 58 [7 -S-4] can become active since writing in 
the odd sprocket channel via gate 59, must not occur. 

When erasing while the Read FF is set to 1, the Sprocket Write FF's 
17 - W -6] : cannot be stepped because gates 55 and 59 are inhibited. Stepping 
of the Write Counters (and hence writing in the information channels) can 
occur, however, via gate 87 [7 -N -17] at each ST2 timeo . Since no block 
marks are associated with this psuedo writing, it does not detract from the 
effectiveness of the erase. 

Transfers from SBR to WBR, or from WBR to SBR, (generated by 
the output of gates 72 and 73 [7 -N ~8] must not be permitted during the erase, 
as this would allow core memory accesse so These transfers are inhibited 
by the Shift FF [7 -S-16] being held in the 0 state via gate 1810 

. Stopping of tape at the end of the erased block occurs since the 
Erase FF conditions gate 119 .f7-C-28]. The Erase FF is turned off via 
gates 1 [4=C-2] ~ 4, and 25 whennon~run status is reachedo Note that the 
Matrix is not released since the Erase FF is still set at "Finis" time to 
inhibit gate 132 [7 -N -9]. Note also that the Write Sprocket Enable FF is 
cleared by "Finis" rather than by EBMT 1 (gates 42 and 167, r 7 -F-23] ) to 
assure erasure of the End Block Marko 

. During execution of the Erase orderD. __ ~~!:~_ SP':'~':}:~~~ __ .~~_~.9~J).".:fJ.~.r.:Jty 
Error, and Fo~mat Error FF's are reset, and held, to 0 via gates 68 
[4-R=-riT·-:-79-[4--R-i6f .. · .. ~-··"~;;d··71 [4-S-13] respectively. 

If the Reverse FF is set when an Erase order is given, the tape 
must be spaced in the forward direction (1. eo D backspaced) one block before 
erasing. 

When the HLN02" signal is received, the PC is set t06 via gates 
85, [4-C-26:L 86, and 95; the output of gate 95 also setting the Change FF 
to 0 via gate 96 0 . Setting of the Erase and Start FF's is the same as beforeo 

As tape begins moving forward, the Space FF is set via gates 143 
and 147 [7 - W -11] 0 The PC is stepped to 7 at BBMT 1 and the ChangeFF 
is counted to 1 at BBMT3 0 Setting of the Write Enable and Write Sprocket 
EnableFF's cannot be accomplished at this time since "Space FF= 0" is a 
condition on gate 8 [7 ... F - 5] and gate 41 [7 -F -22] 0 
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A transfer from CSA Hi Reg. to CAB Reg, or from CAB Reg ... to., 
CSA Hi Reg, is not possible since gates 50 [4-L-15] and 39 [4-K-S] are 
both inactive. 

Tape motion stops after spacing one block since gate 119 [7-C-2S] 
is conditioned.. The Space FF is reset at this time (gate 148 [7 - V -20]), 
but the Erase FF remains set since gate 1 [4-C-~] is inhibited by the PC 
setting. 

Motion is reinitiated, following the backspace, via gate 32 [7 - C -2] 
from which point erasing is similar to erasing following forward motion. 

The Resume Order '(Command Field coding 1000 1001) 

Operation of this order differs some,what dependin~ on ,whether 'it 
follows a Read or a Write order. 

If a Resume order is given following a Read order (i .. e., while 
the Read FF is set to 1), the Start FF is set via gates 165 [7-B-2], 1, and 
2. From this point, operation is the same as if a Read order had been 
given. No new information is placed in the Control Registers when the 
Resume order is accepted; these registers are used in whatever state they 
were left by the preceding Read order.. (Except, possibly, the Fault 
Register which may have been modified by an intervening order. Also, 
acceptance of the Resume order provides a reset to the Parity Error and 
Sprocket Error FFls .. ) . -----_ •.. _ .•........• 

If the NBP and NBS Registers both contain a when the Resume order 
is given (with Read FF = 1), 16 blocks will be read .. 

When a Resume order is given following a Write order (i.. e., while 
the Write FF is set to 1), two situations are possible: 

(1) If the original Write 0 rder did not write at least one 
block (that is, if only spacing occurJ;"ed), the Resume 
Write Enable FF [4-H-19] will be in the 1 state. (An 
exception to this is noted in the next paragraph. ) 

(2) If actual writing did occur,· thisFF.,wilLbe' in the a state. 

These situations result from the fact that the "Set Write Sprocket 
En .. FF" signal (which also sets the Resume Write En. FF to 0) is only 
generated when actual writing is going to occur" 
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r. (Note: If an Erase order is interjected between a Write order 
(which only spaces) and a Resume order, the Resume Write En. FF will be 
'in the 0 state when the Resume order is accepted .. The ramifications of 
this atypical sequence are of concern only from the programming point of 
view. ) 

Case 1: 

When the Resume Write Eng FF is in the 1 state, operation of the 
Resume is similar to that which occurs following reading, (i. e .. , the Start 
FF is set, and subsequent activity is dictated by the existing settings of the 
Control Registers). In this case, if theNBP and NBS Registers both 
contain 0 when the Resume order is accepted, 16 blocks are written. 

Case 2: 

If the Resume Write Enable FF is in the 0 state when the Resurne 
order~ is:received, the Resume Write FF [4-K-20] is set to 1 via gate 53. 
This allows the CAB Register to be gated to the CSA Hi Register at BBMT3 
time. (Gates 40 and 41 [4-K.-B] are conditioned via gate 39, while gate 45 
and 46 l4-K-1Z] are inhibited.) Furthermore, the First PassFF cannot be 
set since gate 51 [4-J-17] is inhibited" 

Because the CAB Register is transferred to the CSA Hi Register, 
writing in the first block is from the same Core Memory locations accessed 
by the last block of the original Write order. Since the First Pass FF 
inhibits gate 1B6 [7 - V -24] , theNBP Register is not counted down during the 
first block. Thus, the first block written following a Restirne order (with 
Resume Write Enable FF.= 0) is essentially a retry of the last block written 
by the or iginal Write order. -_....... -----.. -._-.: __ .... --

The Resume Write F:E' is reset at /EBMT 1 time of the first block, 
from which point operation is the same as" in ease 10 If the NBP and NBS 
Registers both contained 0 when the Resume order was accepted, only one 
block is proces sed. 

Note that the Resume Write FF provides an active input to gate 
117 [4-B-25] to allow the IfEPCES". signal to be generated (and thus initiate 
error retrys) when parity or sprocket errors are detected in the first 
block. 
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11. LOGIC OF THE STOP AND RELEASE ORDERS 

The Stop Order ,(Command Field coding 1111 1000) 

Acceptance of the Stop order resu·~ts in the Stop Order FF [4-F-22] 
being set at LN02 time. This FF does the following: 

(1) Sets and holds the Stop at EOB FF to 0, via gate 119 
[ 7 -C-28] 0 

(2) Sets and holds the PC to 0, via gate 92 [4-E-30 J.. 

(3) Sets and holds to 0, the Transport Disabled FF, the 
Format Error FF (gate 71 [4-S-13] ), and the BOT 
Error andEOT Error FF's (gate 113, [4-S-19] ). 

Tape motion, if it exists when the Stop order is received, stops 
at the end of the block provided gate 180 [7 -C-30] is inactive when gate 
30 [7 -C-6] is strobed. (Gate 180 is the only source of a "0 ~ Stop at 
EOB FF" >:c signal which can be active concurrent with the strobing of 
gate 30.) If the Stop orde r is received during the space portion of a 
previous order, gate 180 allows that portion to be completed before tape 
motion ceases. Acceptance of the Stop order cannot initiate tape motion 
since gate 165 [7 -B-2] cannot beactivatedo Furthermore, automatic 
restarting of tape motion via gate 32 [7 -C-2] cannot occur after the Stop 
FF is set, since the PC has been cleared to 00 

When non-run status is achieved (and, of course, this status may 
already exist when the Stop order arrives), the .Release Matrix SS is fired' 
via gates 133 [7 - W -11] and 136 0 Firing of this 5S, in addition to 
releasing the Matrix, resets the Stop Order FFo 

N:ote that the Stop at EOB FF and the' Error Read FF are reset 
at "Finis" tiIne via gates 123 [7-B-29] and 124. 

* ':Note:. When a setting pulse is applied to both sides of a 
FF at the same time, the state of the FF is ambiguous (on the 
functional drawing only; not electrical}y). Thisambiguity 
can be removed, when necessary (eo g., gate 30 [7-C-6] ), 
by ·"artificially" making one of the setting pulses a condition 
along with the state of the FFo 
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The Release Order (Command Field coding 1100 1100) 

, Acceptance of the Release order causes the Release Order FF 
[4-F-22J to receive a setting pulse at LN02 time (gate 28). 

Note, however, that if the Format Error, BOT Error, EOT E.rror, 
or Transport Disabled FF's are not all in the 0 state, or if the Release 
Matrix 88 is firing, the Release Order FF is held in the 0 state via gate 29. 
In this case, the effect in the .AU is the same as if the Release order had 
not been given. Furtherlllore, if gate 29 becomes active (except due to the 
Release MatrixS8) after the Release Order FF is set, the Release order is 
also effectively nullified . 

. Assuming that gate 29 is not active and setting of the Release 
Order FF occurs, the Stop at EOB FF [7~E-29] is set and held to 1 via 
gate 119. Hence, unless gate 180 [7-C-30] is.alsoactive, stopping of 
tape motion (if motion exists) will occur at the end of the .current block. 

Gate 180, as usual, allows the condition NBS = 0 to be satisfied 
before tape motion stops. 

- If the PC contains 0 when non-run status is reached, gate 134 
[ .7 - W -12_] becom es active to fire the Release Matrix SSe In addition to 
releasing the Matrix, this 88 resets the. Release Order FF via gate 29 
[ 4-E-22] . 

Should the PC not contain 0 when non~run status is achieved, gate 
134 is inhibited, and restarting of tape motion via gate 32 [7-C-2] occurs. 
Thus, error retrys and the -1 Read and Erase orders are not interrupted 
by acceptance of a Release order .. 

Note that when a Release order is accepted while gate 29 [ 4-E-22 ] 
is active, gate 134 [7-W-12] is strobed by the "I - Release Order FF"* 
signalev.en though the Release Order FF is never actually set to 1. If at 
this time: the PC is set to 0 and the AU is in non-run status, the only 
inhibit on gate 134 is provided by gate 183 [7 -T -8]. . (Notice that the out
put of gate 183 is effectively the negated output of gate 29 [4-E-22] .) 

Acceptance of the Release order cannot initiate tape motion since 
gate 165 [7 -B -2] is inhibitedo 

* Note: Refer to footnote on page i1l.-1.. 
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12. CORE MEMORY ACCESSING AND MULTIPLEXING 

In this chapter information transfers between the WBR's and Core 
Memory will be discussedo * For these memory accesses .to be accom
plished p the following steps are required: 

1) The AU which requires the access must so inform the Multi
plexer. 

2) The Multiplexer notifies CC that an access is requiredo 

3) ,CC informs the Multiplexer when core memory is available for 
acces sing. It is pos sible that following Step 1:> and before Step 
3, other AU's have informed the Multiplexer of their need for 
a memory access. Before Step 3 occurs, the Multiplexer will 
have selected one AU to receive the coming access. 

4) The Multiplexer starts the core memory timing chain. At this 
time the contents of the CSA Reg .. of the selected AU are made 
available to CC to specify the core address to be accessed. If 
the selected AU is reading from tape, the contents of the WBR 
must be available to CC .. 

5) '. CC informs the Multiplexer that the lOB Reg. contains the word 
being transferred.. If the selected AU is currently reading from 
tape l) the lOB Reg. was loaded from the WBR; if writing on tape 
is taking place ~ the lOB Reg .. was loaded from core memory. 

6) The Multiplexer gates the contents of the IOB Reg .. into the 
WBR of the selected AU (if writing on tape) or clears the WBR 
(if reading from tape).. The CSA Reg .. of the selected AU is 
incremented by one, and the indication that the AU requires .a 
menlory access is removedo As far as the selected AU is con~ 
cerned the present access is complete.. :(Steps land 2, re
questing another access for a different AU, may already be 
accomplished at this time.) 

7) In CC the contents of the lOB Rego are placed in l.'T.le:moryo If 
reading from tape is in progress, the word received from the 
WBR is now in memory! if writing, the word originally in 
memory is restored .. 

*Note: . Fora full understanding of the operations discussed in this chapterl) 
some knowledge of CC organization relative to memory accessing is re
quired. This can be obtained from the Central Computer Section of the 
TRANSAC Technical Manual, particularly Section 6. 3 0 
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8) The Core Memory Timing Chain completes its cycle indi
cating that memory is again available. l~ Steps 1 and 2 
have already taken place (for another AU), . Step 3 will now 
occur. 

,Memory Accessing While Reading 

The details of obtaining a memory access while reading from tape 
will now be cons idere.d in detaiL 

Referring to Figure 12-1, which shows the accessing circuits for 
AU 1, note how the T -~·C Req FF's .(Even and ODD) [N -6] are set to 1 via 
gates 15 and 16. Gates 15 and lQ.are the same gates which provide the 
'~(SBR)~ WBR" signals already discussed (Chapter 7) •. When both T -C Re
que~t FF1s are set (i. e., when both halves of the SBR have been gated in-
to the WBR), gate 20 becomes active and in turn makes gates 21, 27 and 
28 active. The output of gate 28, "M. T.- Request", is the signal to CC 
that an AU requires a memory access. 

In CC the "M. T. Request" signal pa:r:tially conditions gates 3..fB-I0] 
and 6, while inhibiting gate 7_~ If memory is not presently assigned (i. e. 9 

if no access is in progress), g5tte; 3 \V,iII be fully conditioned to reset the 
.Assign FF to 0 via gate 4. Should a memory access be in progress, the 
resetting of the Assign FF to 0 must await generation of a MT 13 pulse 
from the Core 'Memory Timing Chain. 

When the output of gate 4 becomes inactive (when the AssignFF 
leaves the 1 state or when the MT 13 signal subsides), gate 5 becomes 
active with the following effects: 

1) Both the lOB and laMA Registers are cleared to O. 

2) The M. T. FF is set to 1 via gate 6. 

Now gate 8 is active, providing a "Mem. Assigned to M. T. " 
signal to the lOP. This signal indicates that Core Memory is availahle 
for an access by the lOP. 

In the lOP the "Mem~ As signed to M. T. " signal partially conditions 
gate 19.JL-12]. The other condition on gate 19 (that gate 29 be active) will 
be present if the ,Multiplexer has selected AU1 for the present access. (It 
may be assumed~ at present, that this is the case; the details of the multi
plexing proces s will be covered late r.) Gate 19 be coming active achieve s 
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the following: 

1) The contents of the CSA Reg. are gated into the lOMA Reg via 
gates 26 [R-l1 L 39 [ H-31 ], and 38 since the lOB Full FF 
[ N - 10 ] is in the 0 s ta te. 

2) The contents of the WBR are gated into the lOB Reg. via gates 
24[R-7], 37 [H-25], 35, and 34. (If the -1 Read·Bit FF is 
in the 1 state, gate 36 is used instead of 37.) 

3) A "Start Read Cycle" signal is sent to CC via gates 24 and 41. 

Arrival of the "Start Read Cycle" signal in CC sets the 10MI FF 
[D':'2] to 1. It also starts the Core Memory Timing. Chain via gate 1. 

At MT4 B time, the readout of the required core memory address 
has occurred, thus leaving the address cleared. Note that the contents of 

. the memory location cannot be placed in the lOB Re g. since gate 2 is 
inhibited. 

During MT 5B time the signal "Read Transfer Complete" is sent 
to the lOP where it sets the lOB Full FF [N -10] to 1 via gate 18 and resets 
the WBR via gate 25 [R-8] 

When this "Read Transfer Complete" pulse subsides (it is a SS 
output) gate 17 [L-9] becomes active resetting the T -- C Request FF's. The 
output of gate 17 also steps the CSA Reg. via gate 10 [M-2] and resets the 
-1 Read Bit FF ,is necessary. 

In CC the Core Memory Timing Chain proceeds to MT 8, at which 
time the contents of the lOB Reg are placed in meml)ry. When the timing 
Chain reaches MT13 the AssignFF is again reset via gate 4 .. 

Now, since gate 8 is inactive D the lOB Full FF is reset to O. Note 
that the lOa Full FF had been maintaining gate 27 [N -13] , and hence gate 29, 
active. As these gates become inactive the multiplexing circuits are freed 
to test AU2 for an access requirement. 

Note that if AU2 initiates an access request (i. e., makes the right 
leg of gate 38 (p-16] .active) before gate 5 ID-l01 becomes inactive, the 
access will be granted immediately. 
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Memory Accessing While·Writing 

The process of memory accessing while writing on tape differs. 
somewhat from the process just described for reading. -

When AUI requires a memory access, the C ->T Req. FF [N;..3] 
must be set via gate 13. Note that gate 13 can be made active in two ways: 

1) Gate 14 becomes active during each (WBR) -5BR Signal 
(refer. to Chapter 8)0 However, at the first (WBR) -- SBR 
signal, the WBR Inust already contain the first word to be 
written. Hence, the first memory access in each block must 
be initiated by other means. 

2) Gate 11 provides the first memory access of each block by 
setting the C -T Req. FF at BBMT3 time. 

T:he C --~T Req. FF, when set, provides a "M. T .. Request" signal 
to CC and partially conditions gate 29 just as the T ~C Req. FF's did while 
reading. 

Activity in CC when the "M. To Request" signal is received is 
identi¢al to that which occurs while reading. That is, as soon asa memory 
access is available, the laMA and lOB Registers are cleared and the "Mem. 
As signed to M. T. " signal is returned to the lOP. 

Now, with gate 19 [M-12] active (the assumption is again made 
that gate 29 is active due to selection of AUI by the multiplexing circuits), 
the contents of the CSA Reg are sent to the laMA Reg (as when reading), and 
a "Start Write Cycle" signal is sent to CC via gates 22 [S-4] and 40. 

In CC, receipt of the "Start Write Cycle" signal initiates the Core 
Memory Timing Chain via gate 1 [ B-3] and sets the IOlvI! FF to O. 
Now, at MT4B time the contents of the accessed core memory location are 
placea in the lOB Reg since gate 2 [D-5] is fully conditioned. 

When the "Read Transfer Complete" signal is -generated at MT 5B 
time, the lOB Full FF [N .. 10] is set to 1 via gate 18 (as when reading) and 
the contents of the lOB Reg. are transferred to the WBR via gate 23 [S-5] 0 

After the "Read Transfer Complete" signal subsides, gate 17 
[L·-9] becomes active to reset the C - T Req. FF (via gate 12) and count 
the CSAReg. (via gate 10). 
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ReIllaining activity is the saIlle as when reading. It is interesting 
to note that, so far as GG operation is concerneclll the only difference between 
accessing IlleIllory while reading and while writing is the state of the 
.lOM>! . FF' [D- 2 land its effect on gate 2. 

Since, 129 setting pulses are applied to the C--fO.T Req. FF in each 
block (1 via gate 11, and 1:28 via gate 14), the final set :must not be allowed. 
The condit-ion ttOC= XOOOOOOOX" . on gate 12, which is present during the 
last II(WBR~"'SBR" signal (since the OC has Illade 254 counts at that time) 
provides the necessary inhibit. 

Adjustment of the CSA Reg. While Reading 

The Core Address Adjust FF [K-I0] provides a " Illonitor" effect 
while reading which ensures the following: 

1) That no Illore than 128 Illemory acces,ses per block can occur. 
This is neces sary to prevent spurious Illodification of Illem.ory locations. 

2) That the, GSA Reg. is counted exactly 128 times during each 
block. 

This is necessary for proper addressing of mem.ory during subsequent 
reading, 

That a special provision IllUst be made to ensure these cohditions 
results froIll the possiblity that m.ore or less then 515 sprocket pairs 
may be recognized while reading a block (1. e., sprocket errors Illay 
occur.) , 

Note that the Gore Address Adjust FF is set to 1, via gate 42, 
after the third sprocket pair is sensed. This is in tim.e to condition gates 
15 and 16 [L- 5] when the fir st IlleIllory, access is required (following the 
7th sprockets ~) The FF is reset when the WG and SC return to the original 
(i.e., satisfied) state; norIllally after 515 sprocket pairs are sensed. 
Since any sprockets which m.ay be sensed after the 515th pair will find 
gates 15 and 10 inhibited, condition (1) is ensured. 

If fewer than 515 sprocket pairs are sensed when the T. O. En. FF 
(refer to Fig. 7-1 [C-15]) returns to the 0 state, the SG and,We IllUSt be 
stepped artificially:to :the"satisfied" count. ~The T. O. En. FF will 
return to the 0 state whenever 2 consecutive sprockets, in the saIlle 
channel, are not sensed. This FF being in the 0 state implies that the 
STT Sprocket En.FF is also set to O. Hence no further ST tiIllings can 
occur to provide stepping of the SC. 
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Counting of the SC after the T.O. En.FF is reset occurs at each 
q,2 tiIne via gates 44[ L-1] and 45. As soon as the "WC and SC = Sat" 
condition is met these counts stop since the Core Address Adjust FF is 
reset. Each time that the SC is counted to 1 (i. e., every 4th count), the 
CSA Reg is stepped by the following cpl pulse. (The SC contains a count of 
1 when normal stepping of the CSA Reg., following a memory access, 
occurs.) Thus condition (2) is ensured. 

The adjustment of the WC and SC in the 'process of adjusting 
the CSA Reg. is incidental. Since the WC and SC are reset at each 
BBMTI time, their status at the end of a block is immaterial. In fact 
during write and space operations the Core Address Adjust FF is held 
in the 0 state via gate 43 ,[ J -11], so that counting of the SC via gate 45 
cannot occur regardles s of the state of the WC and SC after the T. 0 0 

. En.FF is reset. No adjustment of the CSA Reg. is required while writing 
since memory accessing and hence counting of the CSA Reg. is controlled 
by highly reliable (since completely electrical) circuits rather than by 
sprockets sensed from tape. When spacing, 'of course, no memory 
accesses or counts of the CSA Reg. occur. 

Note that adjustment of the CSA Reg. does not produce additional 
me:mory accesses 0 Thus, fewer than 128 accesses per block rnay occur. 

The Multiplexing Process 

It has been rnentioned that when concurrent :memory acces s 
requests are made from 2 or :more AU's the Multiplexer must select one 
AU for the following access. Even when only one AU is making a request~ 
selection must be made. For the means of accomplishing this selection, 
refer to the loop consisting of gates 29, 30, 31 and 32 [L-15]. (The 
discussion here will be confined to the multiplexing of 2 AU r s; the intro
duction of more AU's would simply lengthen the loop.) 

When neither AU is making a memory request, the center legs 
of gates 29 and 31 will be inactive, and the loop may be considered "free 
running" . 

While free running, activity in the loop is as shown in the timing 
diagram [P-26]. Consider the effect of point A becoming active: 

After a short delay, point B beco:mes active via gate 30. 
Later point C is active, and still later point D. Point D becoming active 
re suIts in point A, bec oming inactive followed by points B, C, and D.. The 
return of point D to inactive status allows point A to again become 
active. Thus a flwave of activity" is continuously circulating around the 
loop. 

12-7 



Now note the effect of the center leg of gate 29 becoming active 
due to a memory access request by AU 1. As soon as point B is active 
while point A is inactive (shown as "Gate 29 Strobe" on the timing diagram), 
gate 29 is fully conditioned. At this tirne AU 1 has been selected for the 
next acces s (the partial conditioning of gate 19 [M-13] reflects this selection ~. 

Gate 29 becoming a-ctive allows point B to remain active, via 
g·ate 30, after the right leg of gate 30 has become inactive. Thus the loop 
is no longe r free running, but is maintained in the state shown on the right 
portion of the timing diagram. Notice, in particular, that point C is active, 
thereby inhibiting gate 31 and the selection of AU2. 

The memory access required by AUl is now performed (as previously 
described) following which, gate 27 [N -13] becomes inactive. This allows 
gates 29 and 30, and hence point B, to become inactive. 

Now, when point C becomes inactive~ if the center leg of gate 31 
is active, the selection of AU2 for an access will occur. If selection of 
AU2 does not occur, the loop returns to its free running state. 

The "wave of activity" in the free running loop travels quite 
rapidly, having a period (i.n a 2 AU system) of .6 us. (The delays shown 
on the timing diagram between points A, B t C and D were assumed equal 
for simplicity, but will probably not actually be so.) 
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Que otion 2c 

Queation 3t. 

Que8tio,n <:...: 

,Ano\vcr to 
que stiotl ot1: 

2.nd finally 1"::!cord ncntinel blocko on a t~lrH! to ind.icati,'! 

the end of tape? }Tinally, c;::n tht!oe bloclcD be read 

in the reVCl'D~! diT~ction? 

Ag~in roferring to th~ Bituation of re2,chinG cnd-of-i2.pB 

leave UD? Specifically, v!hat io the reaction \'~/hcn pk"O-

C(!:J ~Jillg the bloch. during -;/hich tiIne Hv.:! t.!11d-of-tapc in-

dic~:d;ion is l'(J<lchcd, in the ca~lC of pc.rity orr()r~ uprockct 

(.!rror J forrna t l! rror? 

In an (:1"1"01' cycL~, which tal~c::; place durinG readinG: 

io the firr.Jt p<l.LiS ",--:ihich i:"1 opposite to the dil°ection of 

the oriHin~J :read, one of £Jp:lcin~ or reading? 

During th,~ L.'.ot forward p2.!J s of an error eye!..:·; J 'when 

the CI"l'or l'ccurl·{:!d during tIh; bac1.n-:ard Gp2.ciug portion 

c.;- /y'J..( 

of the; 01'rOl· cycle, io th~! ior'\.7ard operation oc of read-· 

ins or Dp(icing? 

(ikD intt~rpr::;tcd by J. Stone) 

Xn the ov,'~nt of parity Ot" Gprock(!t errol' dUI'iun read, 

autol1'l2.tic retry is initiated.. During the backopacing 

prior to a second atten1pt to reaci v the usu.al Cl"l-Ol' 

checl;:u are rn~~d.;~; hoo;;,reve r J the inforula. Hon is not ..,~ 

trarHlferred into men1.ory~ H.egardlcGD of \."lhetlHn' an 

error io detected during b::::ckspacin.g, on the reread 

-2-



Que::rtion 5: 

iUHJ \/(':. r to 
qucotion 5: 

attcrnpt, inforn:l2.tion ie tranof(;!rred into rncrno:ry" 

In reference to a read for:..;·!ard, nHH.lc 3 order, -.;:,hen a 

p.::n~ity Cl'ror is detocted durinG the laot bloc!:. to L1(! pTO-

c~Llncd by the order: ;).1'e the pz!.:rity and fjprocl~ct flip-

f1opo ;Jct or aloe t.hoy cleaTed by tl!(! orawr? Fi!1~uly, i0 

3 read? 

(floG intc:qnoeted by J .. Stone) 

it. rca d f 0 rVl2. 1:' d rn <.) d~.! 3 0 r d '';: r i~:J .ttl .,:.,. ().. Y 3 au. c c ::; u u full yeo In -

.A.t the cOlnpletion of thiD OrdCl" !1.'::!ithcr p\.lrity nor uprock::t 

~i.:t.L~!.Lt of a forrnat {;TrOr i!1 diifercnt.e :;'i'orrnat ~rT01·':-. "\7ithout 

e::ccptiOll t '~vill pr0~.rcnt the cornpletion of the lJl"oc(:: G Gin[5; of 

<.~ny tn"c.h"!:r.. If a iorm.2.t error occur:] during proceuDing 

the end of the blocl~. during \7hic9- the [ol'mat error io d(~-

h:ctud. "fhe proco;-;ninG of the. blocl: vlil1 includ,~ any auto-

n1.atic reread ',;:-Jhicn maybe initiated by' th(! c:.:iutencc of 

parity and flPl'ockct e:i.:"ro::o.. If a forrl1.at error in d~::!tect(~d 

v7itHe GpZlcing OVC1" blocks the order 'will continl.H~ until the 

rcqu:il'ed nl.unbcr of bloch.G) Bpecified in the ol'der for npac-

i112, have been Hpac~!d over. 

- 3 -
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PH1LCO .. 2000 H.LGiiE'n:C TAPE CHiu1AC'.cEHISTICS 

'ftl8 ::lenni t.y of l·r.:.,c01,~di.ng (i~1 li',,"=[;n.:rt.t.,:: t.:lpe ts )75 b1'('s perc inch 
~ipa0d j.G 120 inches P'~H" t.:~ti'~·;oxKl (IP~;)" The El,nd~oi\ ... bloch: g::tp i8 

th0 dtd:,:l tr~.:,r,LB:tOf:"-' 1"[:.'(.1:.1 1.3 90.1) COO ChD.:,"2ctartl pen" sGcond" 

"n\o ttlpa is i'ul"'llJ.i:Jh~d to tho U3idJ:" (;,':rmp1etGly ud.i tt",d on n PL~6ci!.d_on A'ElC;:,-l,

j~;:,eh ::'6101 ls :Cm'11iIJhe:1 i~1 ~ 11ghtuaight p135ti~ !:l·L01~[l.ge; (;ont2.i:n~.n" Cj 

HYL~ll HAGNETIC TAPE 

T'(d.8 sp,)cific;:d:,ion (~ov.,;;:rs 2.11 j.nstru.l.1:;:·mtatioll or CO,'I!putor gr:J.dG t,''lP!.! $ui<t,~iJ;I;J 

foy.~ d..igi \~z.l :hlf02"Lvw.tion ::itor2:.ge l:rit.h:in the PHILGO'M2000 Syut·om unda::- t,h2 
.tol1.cftdng condi t:lorw ~ 

OPEJ1.~tvrING COHDJ1'IOHS 

HOCbr'ding 1.1i11 be dig:lt,::\l~, N1iZI~1 ;1.t a. dens:tty of 3?S bits p~r :':..neh (BPI) f0J~' 
:i~~1f'OJt'iil:;:..tion '(,l"':::C:h:E.i; 16 clw .. nxw12 arE:~ oquGuly 8pacod ,'lcrosu one·~int!h tr~p0;" 

1:1:lP:::: £, 'i;;~hilG in l:ttn.".:?J:'Y ~r(,Gr:"2:1(j .:'ind :tn SystdM UGO \Iil1 bu ~;mb:J{)e t,Bcl t.o t.::mrtH~X"'·· 
:;:.ttU,'¢{j e:\:Gu .. \"i:l1(j~lt) frOiil 5(; dO{n'.8cl$ F.:ih!,enheit to 100 d(ijr.~x·E.'lt)S F:::.hrcz)11sit t,j:l'Ul 
,,:, .... :."] ~"l~~ . ."lv.:'f' .. ', il~"p'·~ri',4 ,~."i,,'l' '1"·,.\r::"'i"'~;;}7 lr',,';'';;'o,·.,;:.~.'i~·l· (0 f:,t",d 9~ p,.. • .L .. ·c·e'tl? • ·( .... i)· {",."'I\""£j. ~·'r~':J'~r'J·;"C'~'·";· .c.~ .. ,,:.u .......... "'~ ... ~ ~ .... ' ..... \,.<-'-4'-4e';,."-~ei ..-I'..:W"J..!;"A.'!.> u.;J.lJ ... J,;:;J ..... J, .;; "a.~~ ... J OI.,J , ... v", aolJ. ""' ... s.t,,., ~ v ...... ,~ ... ..J.,,!.. .. ~j: 

::;:,'tUJ'~~ Ji~r)i3t ,'311 phy~.d(~.1J. zlt":d l;w'"gnetJ .. c ~)p8eifiC:'-ltic:wJ t\11d,~1' thrJU0 dl"J"~1."UO ':';<Jnd5~'-

tj.,:;tU)v J,K: ,:::.dd:U:,lon;j tho t~Lp;J nil1 b0 3ubjr:;;cr ... ,jdji dtu"'lnZ tl"antdt~ t,C/ ri1.{)I·{~) 



~h3'1.rGre onv:Lr'Om,'i6nt,;u cond:t tJ .. on~ Q 

b\:~ ~)l a t8!ll.pOl."":;~J~y TIC. tU:t'8., 

.. 2 -

Bafo:C8 bainz pl.uc8d :1i1 Boy'vicG ~ th~:; tape ~r.l.ll be in~lp(~e ted for conformane~; to 
sp5ci:fie~;:tion8... 11wpaction ~fill b(, pel'·.r01'1rl6d in ~,~ eOlltl"ollQd~ dns{,··frsd :~re,,\ 

by' t.l:·::~.:!.liQHi pl);tsonnol using preei~.d(jn oquiplllt:?nt" During irwpeetion,v tap,s ·:rl11 
b{j udi v3d~ 

Edi \~iDg sh.:Ll..l d '3fine uutili18 C::l"oaa (;If the t;:~pe .. rith beg:Lnn:Lng and 13'uci-,of·,·.t,.1pe 
block max·k(l}."::;;" 

PHYSICAL CHARAC·ll~~HI.sTICS 

T:.:.p~ Hidy-ru 1,,0'001: '\\. •. COO 
.". "ooh 

&lget1!> ";.!i'l&n O'::::;:'.m.:LclUa mic:coacop:l..~ nlly.ll sh;ill ShOll no tcnrs J 8pli ts OI' edge 
(~x'ndr.lng ~ In t:ddit1oH;. tnpQ lrI!l3t bt~ fr~h1 of .iil olitting duut", 

B;::i.eking~ 1 ltDJ. nmd.li,ll Iiy<Ulx'o Vai'i2.uOil in thickness uith:i.n ::'. r'sel must 
no 'it. b.3 greater t.hc.,n "S7;, ···10J~" 

COi),ting 'I111cknotj£J~ 0,,4) Inj~ m::\."C" 
0 0 30 mil m;ln" 

I.Dngitudixu:u Ctu";'5':2.tU:C6 munt be less than 3/8 inch pur 3 feet of t,\p.\~ a 

HtJ.:lm.H"0Jli18nt is to bG madn 'W:tth ondn gUrf~1Ge placed on a plane and 'kith 
the c,:'l.p,a pormi t'i.:,ed. to nlJau.rca tt.s KE1tural curV.'1ture Q, 

Ul timn.te 'l'endilty Stl'<:'lngth at l"OQli! t6mpar:;~t'lu"e:!. t 50% Relative Hum:tdit.y (EH): 
25.,oeo PSI" 

Yield Sti"'angth :.~hmI1 b(~ mocd'uL'cKl ~J..t ,1 coru:rtant rat.e of elongation (l(K;:~/min.)" 
At tho j"ield pcd.n,t (1] S)OOO PSI) elc'H1gu.tion sh;'lll not exceed 6 pBrec'nt.~ Up 
to th-J :~ri~ild point th::-; st!"OSS !1hal1 be propol .. tionnJ. to t.hH str.::.in., P8rm,:;~:H3nt 

'1· . . \ ~ /':,,, ~ 1 ~ J d t . , "" -Jl· "" .~ "1
1 

I 0.~C:(ll~~:I.'(.,).on ;;.1 lAiR' j nOUl"'S unt"Hl:" ;. paun. 3 enUlon Sfhu nol, OXCBeu .,E.::! p':G1":::!Cf:t'l,.) 

r" 
]'.,1 oJl. lCf~;J :i.nt~hes/inch/% RH 
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n;'t~ tap~ !3h,~lll (~:rhfbi 1:, no !Jtickinz 0:' lay-ai:,~y,o-l:!.~vo~," .::.cih~Jsion '.Jh(-)n '('6tit'dcl 

in ~CCli't~r!n(~~1 "li th Hf.L .... l·-21029 Spueifi.c::l.tiGn" 

GOdff:trdtH'1t of f:::Lct:~on on coati~:lg uida JhtilJ. lWt oxeeud 0 ~ 33 1JhOll 1',;'::J':'WUI'fJo. 

~\(;(~ord:Lng to PcU:>;l~r-.~\pb h" h ~ 7 ()f' BuShips Spec:LfJ.e: :3.tion u-T-0061 ') 

'l\'b.t3 m:1@;n~tic 1;~~y-0:£~ of t.ho t,71PCt 8hr.-.ll dhoH no 0'tridunce of 7'JnChol-age l'2J.illu";;; 
·;th0:n t(j'st&::d :in ~.c;G<.)1td;::.ncl'.j 'ili th PartJgr,:~'ph 1..~ ~ II" 9 ot BuSh1.pfl Spucific~~t,ion 
H·"'1l,,,0061 .::tz1d 3h;.~11 exh::.ol t no 'r~'"isiblu doi"'oet;;.l .. 

'I'!,:~p& i:'ihnJJ. bB 1101tnd ~"~t ttnifol"J'fl tr.:m.cion (not to axce~d l~- pounds) on lO~'<i;;~ch 
di:,U1:-!d:.tn:" pi."Gcision ;::':1010, Hind 8h~~LJ. be Hylar side OUG" 

?ACKAGTNG 

(~Cr.:.pn r'Bt:?l :3hall b() G8::..I&d in CIt3lUl Polyothylona bt!.gs uhieh ~Jh211 b~J he8.~~ 

!J8::U8d t:nd p!.wb:ld in P~\POI'~iJo.'1!.!:-cl boxt3G "G.h::. t hub ~upport the l~tjol to prErv:.:n:~f:. 

!Oool J.Y~d t,;'lp.:J dam.,::~go ,J VI:..dbla dUGt 0);" diz";:' in th0 PolY0thylena ba{; t3h~llJ.. 

he C,~U83 for !'O,j0t;t:i.on" 

HD.n.ui.::cturor sht:Jll fJh:ip tho t.:;~)O ~.n ;~i. stu:cdy p:tp;:;rbourd cont.c:inof' that. l:J 
lueib1y 1tL'1}ck,~d ';·dth t.h~ h1C:{~."!.1f'c~(:tm:-0r~ 3 prl.:ct fiillllb81"y b:'YGch number',D l"j''!d d,:.t;:) 
of n.Gl1ufnc"r;ure ~ 

iX'his te,pe trill be t,Z:JUt,Jd:,J edited) ;;:~nd usod on the Philco tr~U1l3port" 
h;.g chu:::":..".Ctoi.:·iuti(~~i of this tt'i,mspo~'t ~.Ihich are p8rtinent to 801l1e of 
qu.l!'(m:~'(ltG 01' this St·joei.:Li..cat.i.on nl'E; 2.8 follolm~ 

On.p Hidth~ 
H.e::!. ta Cu:~"ztH~lt ~ 

H~7)" of ~2i"t~.~kd ~ 
~l~~' s~ck U~J~l th ~ 

120 IPS ~.3% (1ihon Il1a~.!.gured b8tUEJOn pulses 2;~. 2 

375 BPI NHZI., 

f'j(';O~j~JI9 (TA'\i'}'''h~n(j ,r~ ~l) (') .. v " ..... ~ •• "", 'lo0:oi U,.",.~'-.J ~ ,_ 

85 i1U:~;, 0 to pe~.k .. 
16 equ;,~11y apC:.,(!~3d C\c:r."OSS 1 n T~'ipe ~ 
'\ t' !~, n ~V,J' 1-'''''05' .:J1":'1. (,(: ~ ~p j... ..:- Q I..fJ ll1 () 

R;.;J,:,~d ,., ,,025 ",,,, ,,0005 in .. , 

Opnr~~t.·" 
thr~ £'3<~ 



l~li\GNE'l'IC FR.OPERTIES 

He (O~r8ted8) 2~O-275 
B!" (GC.UGs) 850-1100 
dtu (LJ.nGS/~~I) 0 0 6 + lO~~~ 

RECORDING PROPER'l"'IEE 

Hc::wurod at H :: 
lOCO O~l"BtGd~J 

'TheG;) pJ:"opertios 0..1"8 L\ pr)~lit3 rnquir",1ment ~1Jld shal1 ~ if necessat-y J tako 
p1"'\:~codunc(3 ovor t.hoso li~1tCid. abO'lli) tn HAG1ffiTIC PROPER'n:ES. 'l't'5tin~~ 1J1.11 
bd dOltl(; on ~l l-=,dlco tj;"'~mHport h.:wintJ the ch(.'~.r"'lcteristics descriood abOY'3 
in PEPji'ORHAHCE CHt\Ri:.CT£HIS~l'ICS (. 

OU'fr'UT ~~ Infonu.:::.t:1.on tn.'·i ttDn ~.:t. 375 BPI NUZI 3h.:111 produce :l nomi.n.:~.l 
vutput t::JiglV~J. 01' 1'/ Itl"lr + 4Q5 m:\I;> poole t.o pG:uc) uhen m€)'.:-~sured :.tCl."OSi:; ~:. 
2Ji( OhllW rcsi8ti\i'o loc1,~~ 

R}~;'-50LU~rION - InfolL·I.E~t:t.on ~lill bo '[{('itton a~j a 8tOp function recording ~'C 

33 BPIo Rise t:\.11~3 of 't,rri to pU.lS8 ·t'rill be 2 mic r032conda maximum b(-jtHG0n 
thD 10 and 90 parc(,nt point~[j~ At u tapa DpHGd of 120 IPS ... +3ZJ the -;Tidth 
of the pl.?\yb,::d~ :::dgnal!J lilGt'..su};:--t3d ::~ t. 20~~ of p'Jalc tUl'lpli tud0 01'" nomil1J".l 
plJ,yback sia:l1:.lls sh:~lJ. not o;ccsed J.E micl"oseconds 0 

ERRORS fjh:.tll be defined Q~~ dl-'Op~oUt8, uh,:,l'cin th!3 signc.l in any t:->2I.ck.? 
Y"8(~ordod at 375 BPI 3 NRZI., .f ~11~ bel 01:1 E .. 5 mv pe ak to peak :u:rp11 tUC~13; and 
pick~.np~) iI sign:l13 in nny t .. z~:!ck Hhieh oxceed 1.5 mv peak to pecl< ;)Jnpli tudo 
.:)1' tt.n" D Q C G En.~ [ttl t3 a 
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