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This manual, Form SY31-0253, describes the operation of
the 5424 Multi-Function Card Unit Attachment. Use
ALDs (automated Logic Diagrams) and the /BM Field
Engineering Maintenance Diagrams, 5424 Multi-Function
Card Unit Attachment, Form SY31-0254 in conjunction
with this manual.

Thus attachment is the interface between the 5424 Multi-
Function Card Unit (MFCU) and the 5410 Central Processing
Unit (CPU). A knowledge of MFCU operations and CPU
operations 1s necessary to understand MFCU attachment
operations.

Other manuals needed to understand and service the 5424
MFCU attachment are:

L. The IBM 5424 MFCU Attachment, Field Engineering
Maintenance Diagrams Manual, Form SY31-0254.

2. ThelBM 5424 MFCU, Field Engineering Theory of
Operations Manual, Form SY31-0213.

3. ThelBM 5424 MFCU, Field Engineering Maintenance
Manual, ¥ orm SY31-0230.

4. The IBM 5410 Central Processing Unit, Field Engineer-
ing Theory of Operations Manual, Form SY31-0207.

5. The IBM 5410 Central Processing Unit, Field Engineer-
ing Maintenance Diagrams Manual, Form SY31-0202.

6.  TheiBM 5410 Central Processing Unit, Field Engineer-
ing Maintenance Manual, Form SY 31-0244.

7. For machine characteristics, refer to the JBM System/3
Installan‘or; Manual-Physical Planning, Form A21-9084.

First Edition

Some illustrations in this manual have a code number in the lower corner. This i |s @
publishing control number and is not related to the subject matter.

Changes are continually made to the specifications herein; any such change wil;be reported
in subsequent revisions or, (23 Supplemm&

»

A form for reader’s Lommen‘;ﬁs provided al the haclg of this publication. If the form has
been removed, cofiments may be addressed to IBM Corporation, Product Publications,
Department 245, Rochester, Mifnesota 55901,

-
\
N\

N
-

© Copyright International Busines} Machines Corporation 1\96@
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The IBM 5424 Multi-Function Card Unit Attachment is the
interface between the IBM 5410 Central Processing Unit
(CPU) and the IBM 5424 Multi-Function Card Unit (MFCU).
The four input/output operations controlled by the attach-
ment are reading, punching, printing, and selective stacking.

In data flow the attachment logic is between the CPU and the
MFCU. Attachment logic components are on gate A panel

A3intheCPU. *~ .

-
L 2 N .

The attachment ciréuits are monolithic system technology

(MST) logic. All magnet contiol interface lines between the

attachment board and the MFCU electronics board are solid

logic dense (SLD) levels. MST conversion occurs at the

attachment board. The CB s:gnals are sent directly to the
- attachment. o

The 5424 attachment provides a way for the MF CU to use

* the facilities of the CPU to comfnunicate with core storage.

Data and contiol information‘are transferred to and received
from the CPU under control of stored program instructions.
Also, sense information indicating attachment and MFGU
status is transféged.¢othe CPU when a programmed sense
instruction is executed. However some eontrol lines from

. the MFCU are not under program control. These control

: attachﬂ‘l

lines are used to control operations.and indicate condmons
requiring operator action. .y

By means of a fixed cycle steal priorit&, I/0O cycle steal
requests are taken between any two CPU ‘cycles to access
core storage for fetchmg or storing data

Each MFCU statnomperforms a specnﬁc function. No pmin
cFutch or index: is used to control or synchronize the read,
punch, print, stack or combmgmbn of these four functions.

_;"The MFCU is an%synchronous device, therefore, the attach-
“ment synchronizes the data transferred between the MFCU
.and the CPU, and synchron(ies the electrical-mechanical

operations. These attachment timing consfﬁerauons prévent
card misfeeds and data frah&r errors.

s

The attachment logic prevents a card from leaving the
selected wait station until the card in the transport is ad-’

""'vanced’!o,a point where the card- ejected from the wait

station cannot-interfere with the card in the transpost. Thisé
et synchrqnization allows the MFCU to perform

all four Suhctwns (on different cards) at the same time, *
Lhereby" allowmg maximum throughput.

Chapter 1. Introduction

Throughput to-and from the MFCU depends upon the
MFCU model. The two 5424 MFCU models and speeds are:

® Model Al—reads 250 cards per miriufe~(cpm) punches 60
cpm, and prints (three lmes) 60 cpm. (The printer has
eight typewheels.)

' ‘ Model A2—reads 500 épm, punches 120 cpm, and prints

(three lines) 120 cpm. (The printer has 16 typewheels.)

Printing four lines slows the Model Al to 48 cpm and the
ModeT A2 to 96 cpm.

DATA FLOW

Commands are received by the 5424 through the signal
cables from the attachment circuits (Figure 1-1). These
commands, in the form of electrical signals, activate the
necessary clutches and magnets. The signals sent to the
attachment unit from the MFCU are read data, punch check
data, photoelectric card lever §|gnals and timing signals. The
card’ lever signals indicate card tion in the transport. The
timing signals are sent to the at‘t)::;l\nkm.as magnetic emitter
pulses {CB pulses). The attachment uses thése pulses to
synchromze the electrical-mechanical functions. *
Dﬂfa is sent from core storag‘e to the attachment over data
bus out (DBO). Data is sent from the MFGU to the CPU
aver data bus in (DBI). Refer to FEMD 3-5 for MECU data
ﬂpw and control. Diagrams 3-010, 3-015, and 3-020 show
data flow and control for the read, punch, :md print opera-
tions.

Central
Processing
Unit .
il ' .
g - Ny
' N Control Lines A
5424 | ) 5424
Attachment Read MFCU.
. : Punch
N L)
€ Print
L2 ﬁi

.\' ﬂ

o i
Figure 1-1, 5424 Data Flow
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INSTRUCTIONS

‘D‘ The LIO instruction loads an MFCU read, punch, or print
" local:store register (LSR) located in the CPU.

® The TIO instruction checks for a condition specified in -

-the N field and branches if the condition is met.
| 1

® The APL is the same as the TIO instruction except the
program advances to the next program level if the con-
dition is met. This instruction is provided primarily for

achines with the dual program feature. Without the

dual program feature, the APL instructign waits until the
condition tested for is not met.

® The SNS instruction stores two sense/bytes from the
attachment or the MFCU to indicat¢ status and timing
conditions.” The SNS instruction also store the con-
té’nts of the three LSRs. /

L The SIO instruction starts the rga/d punch, print, and/or
stack operation(s). /
The LIO \TIO, and SNS’instructions gre one address instruc-
_tions. Théggmstructlons may be three or four _bytes long.
Byte one coftains the op code; byte two contains the Q
byte; and bytes three and four contain the storage address.
The storage a
LlO TIO and SNS instructions l‘nay also use index regnster
one or two. -

1-2 (172/6'97)

dress field can be one or two bytes long. The

Alo

The.APL and SIO instructions are three byte instructions.
Byte one contains the op code; byte two contaihs the Q
byte,and byte three contains the SIO control codes. Byte
threq‘ is not used by the APL instruction.

The CPU sends an 1/0 instruction to all system 1/O devices.
Each device, in turn, decodes the device address ﬁeld If the
device decodes its address, a response must be smt to the

%
CPU to indicate device status. ﬁ.

If the MFCU decodes its address of F (hexadecnmal) the
MFCU sends cogditionA, condition B, or conditions A and
B to the CPU (Fn&ure 1-2).

A condition A signal indimtes:~ a busy: condition; therefore,
the instructiop is rejected. A condition B signal indicates to
the CPU that the instruction is accepted by the MFCU.

If both condition A and cdnditipn B are sent 36 the CPU, a
parity gheck occurs and the instruction is nof accepted.

An invalid address is indicated if neither condition A nor
condition B is sent to the CPU by any device by lQ ¢lock
8 tifne.

FIGURE | FRAME |
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. Clock )
5 (Condition8) | Interidck Instruction Rejected .
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Figure 13, SIO-CPU/MFCU Conirol -
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Load I/0 (u‘o) Instruction

The LIO mstrqcuon loads an MFCU read local store register
(LSR), punch ISR, or print LSR located in the CPU before
the SIO instructi on. These LSR registers contain the storage
address used duting a read, a punch, or a print operation.
For read and punch operations, loading the selected LSR
low order byte tp 00 or 80 hexadecimal (128 decimal) is
good practice. This places the LSR at boundaries of 128
bytes. The print hddress must.be on boundaries of 256 -
bytes with the low order byte equal to 00 (hexadecimal).

The read or punch address registers must be loaded before
each read or punch operation. The print address register
does not require loading before each print operation unless
a different area in core storage. is required.

Figure 1-3 shows the MFCU LIO instruction format and the

control codes for the functions performed

If blt 4 of the Q byte equals one, a dxagnqst:c read or diag-
nostic punch operation is performed dunxfg the next SIO
read or SIO punch command execution. See Chapter 3 for
diagnostic read and diagnostic punch operations.

Storage Address

Op Code Q Byte
Byte 1 . Byte 2 . Bytes3and 4
3 . ’ I1 ’ .
1 1 MN Field Storage Address
7. | L1 ’- |
N . 34 .70 34.5 70 70 7
N — “'3 s P — S, o 3
RN "
OpCode ™. . Staraga Alidress (see notes)
: e .
'31--Direct Addressing The selected LSR is ioaded from.
.71—indexed by XRA1 specified address.” (See op code
;Bt—lndoxod by XR2 for address.)
N S
Device Address N Code:
Equsis 1111 (F) for Bits
MFEY 567
‘\_ ' 00 0—Invalid
SN | 0Q.3-1nvalid
M- O0-NormaiMode | | 007 Imele
M = 1—Disgnostic M
M = 1-Disgnostic Mode 10 0-MFCU Print Address Register (MPTAR)
10 1-MFCU Read Address Register (ARDAR)
11 0—-MFCU Punch Addm. Register {MPCAR)
1 1-|nv.m "

Notes:
1. Storage address can be one pyto or two bytes in iength

.
7 o
' v gl

2. The sefected LSR is losded with two bytes of data from specufnodnddns and from the .
specified address minus one (0401 would load from' storage wdrcs 0400 aald 04011

Figure 1-3. MFCU LI1O Instruction 'Format

14 (12/6%)

Al2



Test 1/0 and Branch (T10) Instruction

The TIO instruction checks for the condition indicated in
the N field of the Q byte. If the branch condition is met,
the instruction branches to tl}g address specified by the
branch address byte of the instruction.

Figure 14 shows the MFCU T1Q.instruction format.

Op Code " QByte i Storage Addres
Byte 1 Byte 2 Bytes 3end 4
c , .
[»] 1 1Mn M N Fieid Branch Address *
E : =~
0 34 70 34 5 70 70 ~ 7

N —————— S r— \,'\/av

- / . : \a

. Op Code: _ o ’ | Branch Address’

? &1 Diveor Addressing Branch to sddress if N Code
D1-Indexed by XR1 condition ismet. (See Op Code
E1-Indexed by XR2 . .| for branch address.)

L

r— N Code: '
Device Address - ° Pits
567 ]
Equals 1111 (F) for s
“ MFCU - 00 O-Specified Feed Not Reedy/Error Condition.
; 00 1—Read/F eed Bysy
i 0 1 0—Punch Data Busy
L

r'— ; - 0 1°1—Resd/Feed Busy or Punch Data Busy

1 0 O—Print Data Busy

M = 0—Select p,imgg; '| 10 1-Read/Feed Busy or Print Data Busy -
‘Feod = - -4 1 1 0—Punch Data Busy or Print Data Busy

M = 1—Selgot'Secondary 11 1-Read Feed Busy or Punch Data Busy or
. Foed Print Data Busy ° '

A :. B

\' ?' .—" . R -

’ pnnoh address may. be one:byte or two bytes long.
».%- . N “-. .

Figure 1-4. MFCU APL lastruction Format

- Al3.
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Advance Program Level (APL) Instruction

The APL instruction is provided pnmanly for machmes wnth
the dual program feature

Figure 1-5 shows the APL mstructlon format and condmons
checked. Operation of the APL instruction is the same as

the TIO.- If the device condition specified by the N field
(Q byte bits S, 6, and 7) exists on machineswith a dual pro-

gram feature, the program advances to the next program ¥

level. If the device conditions are not met, the operation is
eqmvalent to a no-op and no program advance level occurs.

If the device condition specified f)y the N field exists on

machines withoyt the dual program feature, the program

continues to execute the APL instruction until the condition

no longer exists. _The program proceeds to the next sequen-

tial instruction. If the Q byte equals zero and the LPU is in

+ dual program mode, an advance program level.opération is
uncohditionally performed. Tlmnneondxtlonal advance is
equivalent to a no-op

.the type of ¢

Sense 1/0 (SNS) Instruction

The SNS instruction stores two sense bytes from the MFCU
attachment or the MFCU representing status conditions in
the MFCU attachment and the MFCU.. For example, the
stored plograjt can examine the status bytes to determine
ndition. From the information com-
piled from the status bytes, the:action to be taken is then
determined by the prog¥am or by the operator. The SNS
inssruction also stotes the contents of the MFCU LSRs.

Figure 1-6 shows the SNS instruiction and Figure 1-7 shows

,the <.itatus byte mdnmtors

Specml thdmtor byte? Wble as diagnostic aids to be
used in’ troubleshootmg

These specmlsmdwator bytes (Figure 1-8) are used by the
timing analysis prog'am to provide a printed output showing
“dircuit timing relationships in the attachment and the MFCU.
To store the special indicator bytes, the N field must.equal

000 or 001 (Flgure 1-6).

QByte Storage Address
Byte 2 Byte 3

M| N Field Not Used’
34 5 7 0~

N Code:

Bits
867

Device Address

Equals 1111 (F) for
MFCU 00 1—Réed/Feed Busy =

01 o-Puncn‘Bm Busy

1 0 0—Print Data Bdsy

S

M = B-Select Primary

‘ 600-=-§pocuﬁod Feed Not Rndy/EnouCondmon

011- Rnleood‘q_uw or Punch Data 8usy )

| 10 1—-Reead/Feed Busy or Print Data Busy
11 0—Punch Data Busy or Print Dsta Busy

- g

.?f:‘ '

Figure 1.5. MFCU APL Instruction Format®,

16 (1269

Feed , 1.1 1-Read Feed Busy or Punch Data Busy or |
M = 1-Select Secondary | “ Print Dats Busy -
Foed -

e MFCU and the attachment logic. -

[FIGURE FRAME [FIGURET FRAME,)
1-6 Al5 1-8 | Al6 -
Al"’ 1-7 Al5 ' “
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Op Code Q Byte Storage Addres ‘
Byte 1 Byte 2 - Bytes3and4 <
3 | )
7 0 1111 M|N Field Storage Addres *
34 5 70 70 7

Op Code
\ : .
30--Direct Addressing] -
70-Indexed by XR1"
BO-Indexed by XR2

\
I "
. +

s

&

. Operand Address

The two sense bytes are stored in the
specified addres and the specified
sddress minus one.

Device Address N Field {Sense Bytes)
| Equals 1111 (F) Bits
forMFCU* - |*4] [ 567

. [ Should be Zero

r—_ :

0 0 0—Special Indicators |

0 0 1-Special Indicators 11

0 1 0~tnvalid

0 1 1-Status Indicators -

1 0 0—MFCU Print Address Register

¥ 0 1-MFCL) Read Address Register _
1 1 0—-MFCU Punch Address Register

1 1 1-lnvalid

® Storage stidress may be one byta or two bytes iong.

Figure 1-6. MFCU SNS Instruction Format

N Code 011 Byte 1 High Core' Address EB1  Byte 2 Low Core Address EB2
0 Read Check Print Buffer 1 Busy
1 Punch Check Print Buffer 2 Busy
2 Punch Invalid Card in Wait t
3 Print Data Check " Card in Wait 2
4  Print Clutch Check Reserved .
5  'Hopper Check Hopper Cycle no¥Complete
6 Feed. Check Card in Trans/ nter Bit 2
-7

-NO-OP : -

'Cord in Trans/Counter Bit1 .

{mﬁrc 1-7. MFCU Status Byte Indicators
By ;

AlS
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g

Byte 1 High Core Address EB1

Byte 2 Low Core Address EB2

L

O Hopper 1or 2 Magnet Punch CB
1 Hopper Cell Punch Strobe ‘o
2 Gear Count 1,3,5,7,9, +1 Punch Magnet One
; Read Cell Oné*’ . Spere CE Bit
4 Read Cell 18 Print Time
5 Allow Reed - Print Fire OB
6 Hopper CB Print Magnet One
7 . Spare CE Bit Spare CE Bit
4 . B
N Code 001 Byte 1 High Coro Address EBT  Byte 2 Low Core Address EB2
(1] Punch Rogmratnon Roli 1 or 2 Corner Kick Magnet
1 Pre-punch Cell Print Stepper Clutch Magnéet Hold
2 Punch Gate Magnet Post-print Cell
3 | Punch Ejpct Roll Magnet Print Inject CB
- - 4 ' Punch Stepper Roll Magnet Print Kick CB
.5 . Cérper Gell * Print Step CB
R 6 Euncﬁ Stepper CB Print Allow Punch
7 Sparé CE Bit ~ Spare CE Bit

|4

Note: Thm indicators are intended for troubleshooting aids only. Tho mecml

“indicator bytes are listed here for reference purposes.

H

Figure 1.8, MFCU Special Indicators

1

Start I/O (S10) Instruction

The SIO instruction command to the MFEU starts an MFCU
operation. Figure 1-9 deﬁnes the mstructxon bytes and the
pontrol codes.

Three bytes make up the SIO instruction. Byte one (op

- code) equals'F3 (hexadecimal) to indicate an MFCU SIO
instruction. Byte two (Q byte) contains the device address
(DA) a primary or secondary card feed path modifier (M)
"bit, and a command code (N field). Byte three (control
code) is used to define the following functions: .

1. Select the print buffer to be used.

2. Select jnitial program load (IPL) mode.
3. Select three or four lines of print.

4 Select a stacker pocket

“The functions performed by the MFCU are read, feed,

- punch, print, and selective stacking. Any combination of
these fqur functions can be specified ip the same SIO instruc-
tion. For example, a card can be punched, printed, stacked,
and a new card read and placed in the vacated wait station.

A new card is always fed into the vacated wait station as a
result of the SIO insfruction. The card may be read or just
fed as specified by the SIO instruction N code.

1-8 (12/69)

K6 1

Theory of Reading
3 . .
® The SIO instruction read command starts the read
operation. :

® -If bits 5,6, and 7 of the Q byte equals 001, a read opera-
tion is performed.

° The M bit seleqts‘;the primary or secondary feed.

® The reading opcratlo'n begins after the leading edge of
the card covers the read celIs*

® Dataread from the card is gnt to the CPU over DBI and

stored in core gtorage at thé address specified by the
MFCU read data address iegister (MRDAR). The MRDAR
is loaded durmg the L1O instructigm prior to every SIQ -

read command. B

.

The SIO instruction \{@rts the mechamca!'roperauon of the
MFCU. The réad operation is determined by decoding bits

- 5,6,and 7 of the @ byte (equals 001*for g*read operation).

Bit 4 of the Q byte selqctsethe primary gt secondary card

.path. The catd in the selected wgnbstatlon is e)ected and

routed tS the stacker pocktt selected by the current- SlO
control code. .

FRAME
Al7

(FIGURE
149




Op Code - QO-Byte Control Code
Byte1 . \ay\t02 o ¥ Byte 3 7
| I 1111 Jm| N Fisld T Control Code *
I S IR
0 34 70 346 70 ° . 7

Op Code
SIO instruction

*_Control Code

1-IPL Read
Device Address . Bit 2 = 0—Print 3 Lines
¢ . 1—Print 4 Lines
Equais 1111 (F) for o Bits 3 and 4—Must equsi 00-
MFCU e s Ty -
e . _ i Stacker Selection
- < 5 Q]' -
O 0 0—No Soloctnon

N Field Operations
4 0 1 0—No Selection

¢

. Bits 0 1 1—No Selection ~
567 . ¢ 1 1 0 0—Select Stacker 4 -
N S, . 1 0 1—-Select Stacker 1
“B000-Feed 1 § 0—Select Stacker 2
O‘O{Q‘Rm i "]+ ] 1 11-SelectStacker 3

Bit 0 = O—Select Print Butfer 1
= 1-Seiect Print Butfer 2
=Bit t = 0—Read Data (Normal Read)

0 0'1—No Selection

0 ¥ 0—Punch-Feed .
01 I-Puneh-Rood”. N
10 O-Print-Feed

10 14Print-Read

11 0—Punch-Print-Feed
1 1. 1-Punch-Print-Reed

"{ ‘ k .

Mi‘- 0—Select Primary Feed_ "r*
M = 1_Select Secondary Feed

Figure 1-9. MFCU 81O Ipstruction Format

The attachment unﬂ waits'until it receives a hopper CB pulse-
from the MFCU to select and feed a card from the seTected
hopper. The hopper magnet is then enérgized and  card is
fed from the selected hopper into the read inject station. - "’
The card is then sent to the read station by the read inject
feed roll where the card is read.

-
Y.

B ot E

ER < -

The read station has 18 phiotoelectric read cells. When the
leading edge of the card covers the.read cells, a cqunter is
started to control when the reading of card data j Is tpsegm
After the signal to start reading occurs, the cognteg controls
reading and transferrmg of data to CPU core’storage.

The ﬁrsi’ca’rd ci)lumn group read by the 18 read cells are
colimns I, 33, and 65. A read puise gates these 18 bits of
data to aread register. The next read pulse gmes the same
group of 18 bits to-o-rcad check register. A total of three
read pulses per register attempls,to*gate coincident read cell -

data. Only one pulse per register is needed to set the data

in these registers. Fhe first read cel} pulse sets a bit position:

if a read cell senses a punch in the card. Two addmonal

gated refd ulses per register at@mpt to gate data into the *

regnste@’ hree attempts per register for each card column ,

group uilprove reading accuracy if off punching should ex:st
€ ¥ < ¥

- The tead regnster bits are then gated. to the data bus in (DBI)

assembier. ‘Odd ?amy is assigned to the data byte and the

* data is then stored in the cofe storage address specified by

the MRDAR. The outputs.ﬁom these two registers are then
compared. If the register outputs do not compare,aread -
check occurs. S j .

Three data bytes must be sgm to lh¢ CPU for each group of
three columns read. ‘After the first byte is stored, 32 is

added to the L'SR read address register so that column 33

can be stored in the correct core ‘stprage location. The third

data by'te 1s stored 32 storage loemons above thk second -

:’f'
1-9
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data byte. Tfie LSR address register is then decremented by These check signals are gated into punch check latches lo-
63 so that columns 2, 35, nd 66 cart be read and Sloréd In  catedin the MFCU." This check data is assembled into three

the correct core storage locations. Data is read senally. . data bytes and sent to the CPU where the check"data from °

three columns at gtime, until all card columns are read and- 4 the card is compared with the data that was sent to be

stqr_cd_:_m . N : + punched. Checking occurs just proTt to receiving da?a to be/
"""""" * T ’ punched"fn the next card columin gtoup - .

~

The card being read moves to the selected wait statton. The .
card remains in.the wait station until wotherSlO instruc- Three-data bytes must be sent tb the punch circuitry before
- tion selects the same walt station. The card that was ejected  a punch cycle is taken. The first data byte (column 1) is
ﬁom the selected wait, stanon is routed to a stacker pocket " sent to the attachment over data bus out (DBO). Thirty
- two is then added to the '(l;.SR punch address register so that
ddta for column 33 can be sent from the correct core storage

Theory of Pum:hing” - . S . location to the attachmeht. " Thirty two is again added to the

’ ' 4 : . "LSR punch data address register for the third data byte for

e The SIO instruction punch command starts the punch _ ¢ard’ ‘column 65. After the third data byte is sent to the
operatlon : - . ) Erattachmem the LSR punch dats address register is docre-

. : cmented by 64 so that colunns 1, 33, and 65 can be checked
e AnSIO punch command refers to the card in the selected prior to punching the next column group. After checking is -

wait station : . . . completed, and just before receiving data for the next card
) -+ column group, the LSR address register is modified so that -
- 010in the Q byte N field mdlcates a punch feed opera~- the next data group can be sent to the attachment for punch-
tion. ‘o . .« ing columps 2, 34, and 66. In this case 63 is subtracted from
. e s ?‘"’ : . the LSR address register. .
® The M bit selects the pgin\ary or secondary card feed. - - S o
. & “=* Data is punched and checked serially, three columsival a

) Cards are punched serially coJumn by column beginning time, until all card-columns are punched and checked.
~ with colymns 1, 33, and 65. ’ ' ’

After the card is punched, the card is ejected ta the comer

.. @ Data punched in the card generates check signals lhat statﬁn If the SIO instruction indicated a punch-print "/

are sent fo the CPU for checking. operation, the card is printed before it is ropfid to the
- . 'gé . selectea stacker packet. -y

The mstmcuon starts the mechanical operauon of the o

MF@U. The punch operation is determined-by decodmg A card feed or a c_ard réad also otcurs as a:sesult of a punch

bits 5, 6 and 7 of the Q byte (equals 010 for a punch-feed command. The card from the selected hopper is sent to the

operation). Bit 4 of the Q byte selects the primary or - vacated wait station. '

secondary feed path , _— oo

To begin the punch operation, the card is fed from the se» .~ Theory of Prmtmg

lected wait station. The card is registered against the punch R

registrhtiqn gate. Then the panch steppet pressure roll mag-. . ® The si0 mstrucnon starts t‘he pnnt opdration.

net.is de-energized, the puhch registration gate is de-ener-

gized,'and the card is inéremented and’punehed colimnby . e If b:xs 5,6, and 7 of the Q by!e equal IOD a print-feed
column through the punch station. .. .., _ operauon is perfpnned

+_ The punch station has 18 punch posmons (six punch posi-* @ The M bit sclct‘:ts ‘the-primary pr secoridary card feed.
tions per card tier). The ﬁrst card columns punéhed by the . ' s B :

18 punch positions are columns 1, 33, and 65. Three sep- @ Bit 2of cbnuol code‘spcciﬁe;«hrc‘e or four hines of pfmt,
* arate data bytes are sent front the CPU to the attachment. . ‘v
CB pulses are used to synchronize the data wnh the punch L Pnntmg begms af ter lhc.,urd is fcd from | the corner sta-
'?nagnets .. . tion and’ advanccd tq pnm line one posmon
. "

After thie punch data bytes are assembled, ihe punch mag ".®" The card is prmted and féd thxough -the pnnt station in-

- nets are energized if‘the card is to be punched in a specifi e§ " a parallel dnecued, ) . :
position. A 6-bit character mpunched int& each cplumn of ; ' ’ :
thefirst column group. As the data is punched in the card, ® A side motion camk_ge is shifted to allow pnnting 32

18 piezo-electric crystals serise the punches that are activated ., prin{ positions per print lie. .

110 U 2/69)
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The SIO ingtrtction starts the mechanical operation of the.
.MFCU. The print operation is determined by decodmg bits

S, 6,and JIof the Q byjte. Bit 4 selects the primary pr sec- _
- ondary thd feed path Flgure 1- 9)

\"’l

TGW an operatron,[ the card is ejected from the belected
wait ftation. If a punch operation is not specified, ‘the card
pas‘s directly through the punch station to the corner sta--
ng From the corner station, the corner kicker registers

thepmﬂtepperfee&reﬂwhrdrwsteppe&— ~two-for the ext group of print cycles: T

at this time.- The stepper clutch magnet then de-enrgizes

-and the card moves to print line one posmon Line one is
* now ready to be prmted

- GB,.pu}ses are gt fmm the MFCU to the attachment unit

to synchronize électrical-mechanical operations. These CB
pulses are alfo used to .%ep countersiin the attachment unit

“to conigpl the print operation. - >

-
(R4 esmonds iy

After ‘the card is posmoned at line one the print operatrOn
begins. There are 16 print typewheels (Model A2;8 type-

. wheels in Model A1) in the MFCU that rotate on a common
- shaft., A print character counter in the attachment isused -

to determine the character that is ready to be printed.

<

The coment&of—th&pnﬁf eharacter counter are sent to the
CPU over DBI during each print cycle steal. The print char-

. acter count is then compared with the data from each ad-

r~d

dressed core storage pesition to determine whether or not
the character is to be printed by one or more of the type-
wheels, The compar{rson is done by the arithmetic logical
unit (ALU). The result of the comparison is sent to the
attachment ove DBO torthe pnnt £hift register. Aseach
;comparé or no compare signal i

prmt shift register, the data igshifted one shift register posi-

tion. After 16 (Model A2) compdTisons, the print shift regis-

ter-contents are gated to a print register. The prifft regrster

is gated to print the poﬁsitions that have beek selected as the

result of the comparisons. The print fire CB pulse causes
- the print character counter to be advanced one count. A

~ new-group of 16 comparisons (Model 'A2) is made for the

next print éharacter count L

......... y »
Note that there are 16 compansons made for each print
charicter counter.yalue. There are 64 characters counted
for éach revolutio of the typewheels. After one typewheel
revolutron, all characters on the<16 typewheels have been
opnoned for ﬁgmtmg At the completion of the one type-

wheet revolution one-half line is printed (Model A2) The

FIGURE | FRAME |
JLgF—-———-J.

]j'9 /A]7

senerated and sent to.the .

. The MFCU operations provrie
+"Selective stacking is controlled by the program. Stacker

side motion carriage then shifts so that 16 more characters

can be printed on line one. Remember that there are 16

tion is necessary to option all 64 characters per print position
for each line. After the second group of characters is printed,
line one printing is completed. (Three side motion carriage
shrfts are necessary for eight typewheel machines. ) The side
motron carriage returs the card to the starting position.
Aldo, the print stepper dutcl;;rdvance tline

___comparisons for each character and one typewhe:iﬂrevolu-

Thc'printer can print three or four lines per card. If bit 2 of
the control code is 1, four lines are printed. After printing
is completed, the card is sent to a selected stacker pocket.

During the print operation, a card from the selected card
path hopper is fed into the vacated wait station. Reading
of the next card takes place if specified by the N code of

" the print command. .

Theory of Stacking

L Stacker selection in the SIO instruction pertams to the
card in the wait station. "

] Cards from the primary wait station are routed to
stacker pocket one uniess the SIO control code specifies
" the stacker pocket. -

° Cards from the secondary wait station are routed to '
stacker pocket four unless the SIO cantrol code specifies
the stackeg pocket. ~

selective stacking of cards.

pocket selection is-indicated by bits §,.6, and 7 of the con-
trol code in the SIO instruction (Figure 1- -9). The selection
"contained in the control code always pertains to the card in
the selected wdit station. If no stacker control code is indi-
cated, the cards from the primary wait station are routed to
stacker pocket one; cards from the secondary wait station
are routed to stacker/pocket four.

Duying a non-process-run-out (NPRO) operation, cards from
both feeds are routed to stacker pocket one.

‘5424 FETOM Attachment (12/69) 1-11
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MFCU CLOCK

Chapter 2. Functional Units

Outputs from the DBO register are used:

--The MECU clock contains an osciltitor divider, a clock,and._ .. - - -~ During the 170 cycle Toselect the MFCU and to-define

a clock decoder (Figure 2-1).

The oscillator divider contains three flip flops that increase
the 160 narosecond input signal to a 1.28 microsecond out-
put signal. This 1.28 microsecond output signal is used

to step the MFCU clock. The output from the two flip flop
MFCU clock is then decoded by the clock decoder.

The clock decoder generates four MFCU clock signals:

1. ‘MFCU clock A’
2. ‘MFCUclock B’
3. ‘MFCUclock C’
4. ‘MFCU clock D’

These clock signals are used by the MFEU attachment to
synchronize electrical-mechanical operations.

See FEMD 4-005 for a circuit description and a timing chart
of the MFCU clock.

' DATA-BUS OUT REGISTER

Eight data bits and one parity bit are transferred to the
MFCU attachment unit by the data bus out (DBO) lines.
These data bits are sent to the DBO parity check circuits
and to the eight data bus out regjister latches (Figure 2-2).

The parity’check circuits check each data byte sent to the
MFCU attachment for o6dd parity.

Data sent over DBO is set into the DBO register latches by
the CPU ‘clock 5’ signal. The next CPU ‘clock 5’ signal
either gates new data into the register or resets the register.

the function. Bits 4,5, 6, apd 7 are sent to the [-Q
register.

2. During the I-R cycle to select a print buffer, to indicate

. an IPL read mode, to indicate the number of lines to

be printed (three or four), and to select a stacker pocket.

3. During I/O cycle execution to condition punch magnet
and print magnet circuits.

See FEMD 4-010 for a circuit description of the data bus
out register and the parity chegk circuits.

Parity Check
Circuits

Data Bus Out
Register
g 0 . | Device Address
Decode (MFCU
L 1
=~
2
Punch Data
3 3
8 FL o Register
DBO (CPU) 4
5 1Q -
6 = Register
R
7
77
Control
Code Byte

" Figure 2-2. Data Bus Out Register

MFCU Clock A
MFCU mrcu| {MFcu
i )
(CRU) 160 ns. Oscillstor Oxctistor | 128w | Clock | [Clock  po—o Clock B
- Divider Decoder |MFCU Clock C
(3FF) (2-FF) MFCU Clock D
r- AY 'i

Figure 2-1. MFCU Clock
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I-Q REGISTER

The 1-Q register is a four bit register that is loaded during
the 1-Q cycle of ar MFCU instruction. During the MFCU
instrugtion I-Q cycle, bits 4, 5, 6,and 7 are gated toghe
1Q registe}r by a CPU ‘I-Q clock 5C signal (Figure 2-3).

The function to be performed by the MFCU is defined by

. .decoding the output of the 1-Q register. The functions _
-performed depend upon the programmed I/O instruction.
See Chapter 3 for command execution.

$eé FEMD 4-022 for a description of the I-Q register.

DBO 4,56 and 7 _ |-Q Register

READ STATION FUNCTIONAL UNITS

Read Gear Emitter Counter and Decoder

The read gear emitter Eountpr is a 10 position binary counter
(Figure 2-4). This counter,along with a decoder and other
read control circuits, controls reading 96 columns of card
data and sends the card data one byte at a time to the CPU.

The counter is normally reset until the leading edge of the
card covers the read station photoelectric read cells. After
the leading edge covers the read cells, the counter is stepped
by read gear emitter CB pulses from the MFCU.

Select Feed N
Seiect Function

B

Fi tput

1-Q Cycle Clock 5C (CPU) 4
MFCU 1PLCommand OR }—e
5
FL
6
7

Figure 2-3. MFCU I-Q Register

Specisl | ndicator Decodey

P4

Select Disgnostic Mode ,

= . ]
During L10 Instruction

(not) Condition Gear Emitter

Gate Read Sample

A Read Deta Register

unter

Counter Advance

Read Check Register

Set 512

O

Gear Count 0

b

Gear Count 11 Clock B

Gesr Count 46

. Decoder Geer Count 1+3+5+7+9+11

[ RN SN 5N 'J-\

T

Leading Edge
Allow Read ‘

*OR

. Figure 2-4. Read Gear Emitter Counter and Decoder
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- When the counter reaches count 528, the read operation

‘

The colnter then counts from zero to 46, resets and starts
counting again. At count 46, card columns 1, 33, and 65

are ready to be read. Countsof 1, 5, and 9 gate data into

the read-data register (Figure 2-4). Counts 3, 7, and 11 gate
data into, the read check register. During count 11 read cycle
steal request signals are sent to the CPU to start data transfer.

+

* The counté{ counts consecutively after the reset at count 46.

ending sequence completes the read function. For each card
coluifin group read, the counter decoder generates counts

of 15;3,5,7,9,and 11. These counts read data from the
card and start data transfer to the CPU.

See FEMD 4-027 for a description of the read gear emitter

counter and decoder. Refer to Chapter 3 for a read operation

Reed Register and Read Check Register

The read register and the read check r[egister contain 18
latches each. Data is gated into these registers under control
of the read gear emitter counter (Figure 2-5). After 18 bits
of data are read from the three card tiers (columns 1, 33,
and 65, or 2, 34,and 66 etc.), the data from the read register
is sent to the data bus in assembler-in three groups (six

___bits per group). An eight bit byte (with parity) is then sent

to the CPU and stored in core storage.

Outputs from the read register and the read check register
are compared bit by bit. If a bit from the read register and

“the corresponding bitfrom the reagl check register do not
compare, a read check is indicated.

description.
Reed Register
PTX Lite 1 A T
© To
- - :
A FL _ ( Data Bus
) In Assebler
A1 | 1
~ [ .
I |
| |
| I
Emitter 1 or 5 or 9 )\
PTX Lite 18 : A L
Compere |,
- Circuits
Resd Check Register |_ToResd
Check Latch

FL

A A

(L
)]

Emitter 3or 7 or 11 L4

Figure 2-5. Read Register and Read Check Register

FI GURE
2-4

FRAME
BO3
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A normal read operation reads a 6-bit card code from each Data is gated into the data bus in assembler from:
tiese The C and D positions are normally zero. Three
separate data bytes are sent to the CPU for each card golumn 1. The read data register latches and the read check
group. register latches.
‘ 2.  The sense byte indicators.
Tier three positions 8,4, 2,and 1 are used to make up the 3. The punch check data from the punch check crystals

C and D positions in tiers 1 and 2 for an initial program load and latcheslocated in the MFCU are sent to the CPU.
“(IPL) operation or a read command in [PL mode. Tier THis data is used to compare the-data-actually-punched .
three data sent to the CPU during an IPL operation is usually in the card with the data sent to the attachment from
meaningless. .core storage.

’ 4. Theprint character counter.

See FEMD 5-125 for a description of the read register, the 5. The LSR modification data."
read check register, and compare circuits. See Chapter 3 for : )
a description of the read operation and the IPL read opera- During a normal read operation, bit positions D and C of
tion. . the data bus in assembler both equal zero. During IPL
operanon mode, exght bits for tiers one and two are sent .
: to the CPU. The D and.C bits for tier one are the 8 and 4 +
DATA BUS IN ASSEMBLER bits of tier three; the D and C bits for tier two are the 2 and

< . 1 bits of tier three. Data sent to the CPU from tier three
The data bus in assembler has eight latches that divide the is usually meaningless.

read register data into three separate data bytes (Figure2-6).

This data is then stored in the CPU core storage. See FEMD 4-020 for a description of the data bus in
assembler.

Read
Station
Photo-
electric
Read
Cells

Punch
Check
Crystal
Output

DBt
to CPU

" Statos.,
Byte
Latches

Indicator
Byte
Data
(special)

Input Gate Signal

S -

Figure 2-6. Data Bus In Assembler

24 (12/69)

: | BOS



PUNCH FUNCTIGNAL UNITS
Punch Step CB Counter and Decoder

The punch step CB tounter is a six stage binary counter that
is used to control punching data into a card (Figure 2-7).

This counter is reset before a punch function by an ‘MFCU
clock D’ signal and a punch not ready condition. The counter
is stepped during a ‘punch step CB’ pulse (from the MFCU
punch unit) by an MFCU clock B signal.

Outputs from the counter are then decoded and used td
control the punch operation. The decode circuits are degated
whenever the punch CB counter is being stepped.

See FEMD 4-035 for a description of the punch step CB
counter and decoder. Refer to Chapter 3 for a punch oper
ation description.

This two stage binary punch CB counter and decode activates
the punch pick, the pun¢h hold, the punch de-energize, and
the punch check circuits (Figure 2-8)

Each ‘punch step CB’ pulse from the MFCU resets the .
counter The counter is stepped by the ‘condition punch
CB control advance’ signal during MFCU clock A time four
times per card column group (three tiers) punched.

The outputs from the decoder determine when the ~punch
magnets are to be energized and de-energized. Also, the
counter gates the punch magnet hold current.

Checking of a column group that was punched occurs at the
beginning of the next card column group to be punched.

See FEMD 4-030 for a description of the punch CB counter
and decode circuits.

Punch Step
Count 1
Punch Step
Count 4
Punch Step
CB Counter
) Motor Ready 2
§ condition Punch Step Counter Advance A 1 Punch Step
( Count 5
2
a Punch Step
TR Decoder Count 25 ,
8
- Punch Step
16 Count 27
32
Punch Step
FB 421 Count 36
Punch Step
)} Pasch Unit Busy ? N M_

8_201-:: Punch Step Decode

Figure 2-7. Punch Step CB Counter and Decoder

lFIGURE'I FRAME I
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Punch CB

Counter
Condition Punch CB Control a4 | Punch Check CB
. ‘ 1 o
MFCU Advance Clock A Pwr I . FF Punch Pick CB
2 I Punch Hold CB

FB431
Punch Step CB

FF 1{ FF 2| Action

Off | Off | Punch Check CB

Off | On | Not Used .o

On | On | Punch Hold CB

On | Off | Punch Pick CB

Figure 2-8. Punch CB Counter and Decode

FEED CHECK TIME BASE COUNTER

The feed check time base counter is a six stage binary counter

that counts from zero to 63, resets and begins counting
from zero. This counter is stepped every 80 microseconds
for model A1 machines (40 microseconds for model A2
machines) by the ‘condition gear emitter counter advance’

signal (Figure 2-9).

Counter positions 1 and 2 feed decode circuits to generate
three feed check control levels:

1. Feed check control 1.
2. Feed check controtl 2.
3. Feed check control 3.

These control signals are used along with the feed check
time base signals to indicate card progression through the
transport. The feed check control levels are used to control
and gate various feed check circuits.

The decode circuits are degated whenever the counter is
being stepped. Counter positions 4, 8, 16, and 32 feed the
feed check time base decode circuits to generate five feed
check time base signals. These time base sigﬁals are used
todrive the various feed check counters (hopper, wait,
comer, and stacker) for feed checking.

See FEMD 4-100 for a description of the feed check time
base counter and-decode circuits.

246 (12/69)

CORNER KICK COUNTER

The comer kick counter is a three stage binary coumer that
checks card entry into the print station. Thi$ countehs
held reset until a card covers the corner station card cell.
This counter also provides a delay so that the card can be
registered in the corner station before' energ:zmg the corner
kick magnet. -

The counter is stepped every 2.56 milliseconds (1.28 milli-
seconds for model A2 machines) by a ‘feed check time base
4’ signal (Figure 2-10).

When the counter reaches a count of six, the corner kigk and
the corner Kick aligner magnets are energized. The card then
enters the print station side motion feed rolls. The corner
kick counter is then reset after the corner kick signals are
deactivated.

See FEMD 4-090 for a description of the corner kick counter.
See Chapter 3 for a print operation description.

FIGURE | FRAME

2-9 BOS
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Feed Check Time

Base Counter :
Jioot] Feed Check A Decoge—]Feed Check Control 1
)Condition Gear Emitter 1 Feed Feed Check Control 2 ;
(Counm Advancs 2 Check Feed Check Control 3 ¢
N d LControl {
. 4
FF |
8 Decode  LF#8d Check Time Buse 1,
e ] Feed R )
16 Check Feed Check Time Base 2‘
Time Feed Check Time Base 3
Base . Time {
2 —
not) e Geer Emitter Decode FB891 : Feed Check Time Base %
Feed Check Time Base 5,
)
Notes:

1. Model A1 machines—Counter stepped every 80 microseconds.
2. Model A2 machines—Counter stepped every 40 microseconds.

Feed Check Timé Base FF set for FF set for | Time in Milliseconds
' ' 8 hammer | 16 hammer | Model 1 Model 2
Machines Machines

Feed Check Time Base 1 8 16 1.28 1.28
Feed Check Time Base 2 16 32 2.56 2.56
Feed Check Time Base 3 32 k) 5.12 2.56
Feed.Check Time Base 4 16 16 2.56 1.28 _
Feed Check Time Base 5 4 8 .64 .64

Figure 2-9. Feed Check Time Base Counter

Corner

N l Kick Counter
Feed Chaok Time Base 4 A 1
Corner Kick . fEl 2 Corner Kick Delayed Pwr

A A -

- {Corner Kick Count 6)
Motor Ready 2 4
I FB531

Figure 2-10. Corner Kick Counter
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PRINT STATION FUNCTIONAL UNITS
Print Clock Counters -

There are two print clock counters that control the print
function and synchronize attachment operations with the
MFCU mechanical operations. These counters are the low
print clock counter and the high print clock counter. Each
counter is a three stage counter (Figure 2-11).

The counter control inputs are the MFCU clock pulses, the
print kick CB pulses, the print inject CB pulses, and a
print mechanical busy signal.

The start conditions of the print clock counters are:

1. ‘High print clock counter equals 111 (binary)
2. Low print clock counter equals 000 (binary).

After the print mechanical busy line is activated; the low
print clock counter is stepped by €ach print kick CB pulse
or a print inject CB pulse. The high print clock counter is
stepped as a result of activating ‘print clocks 4, or 10, or
16, or 22, or 28’ line. The low print clock counter is reset
each time the high print clock is advanced.

The ouputs of the print clocks are decoded and used by the
print control circuits to control the print operation.

See FEMDs 4-055 and 4-060 for a description of the print
clock counters. See Chapter 3 for a print operation des-
cription.

MFCU Clock A

Low Print Clock COyntcr

* Print Side Motion Counter

The print side motion counter is a three stage binary counter
(Figure 2-12). This counter is used to make sure that the

. side motion cam in the MFCU is at high dwell before encr-
gizing the print side motion cam magnet.

“Fhe-counter-is-stepped b‘yexdr‘fewmkmwz‘ Signal ™
after the ‘print clock 4’ level from the print.clock counters:
is activated. When the print side motion counter equals six,
the side motion magnet latch is set which in turn energizes
the print side motion magnet. The counter is then reset at
the next ‘feed check time base 2’ signal. The side motion
magnet remains energwed until the print opcratxon is com-
pleted. )

See:FEMD 4-085 for a description of the print side motion
ocounter.

7] Print Clock 3

Low 3 ' Print Clock 4 <
MFCU Clock B Print —
—_—— Print Clocks 1+10+16+22+28
Clock
MFCU Clock C 2 : T
:—T—T Countér Print Clocks 4+10+16+22+28
rint Inject 1 . -
it Kick Ca | Controls 1 Print Print Clock 15/
in . ” "
Eom Kick CRyr 1 Clock | print Clogk 22+28
gy Counter
Decode 4+ Print Clock/25
Circuits Print cqu 28
eset i i . . '
tow 3 High Print Clock Counter s Print Request Clock
| High Advanee _ 3
Print High )
—1 Clock FF
@;‘/ Counter J '
Controls 1 ;

Figure 2-11. Print Clock Counters
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Print Side Motion

Print Clock 4 Counter si Motion
. 4 : Print Side Motion Megnet
FF| 2 A FL
,
—— ]
A 1
Fyed Check | | .
TimiBeeZ]
Print Inject CB - ‘ )
‘A

(not) Print Mechanica! Busy

Ed

Figure 2-12. Print Side Mouob Counter and Control

Print Character Counter
.. o and then to the CPU where the count, value is translated to
The print character counter is a six position binary counter extended binary coded decimal interchange. code-(EBCDIC)
(Figure 2-13). Each count value represents a 6-bit card and then compared against the EBCDIC card image data -
character code. for each print wheel. Sixteen (model A2) comparisons are
: . made before the next ‘print fire CB’ pulse; eight comparisons
The ‘print data home CB’ pulse frém the MFCU results in are made on model A1 machines.
resetting th¢ print character counfer indicating'the home , ’ .
position of the print typewheels. ;! . The decode counter outputs are used along wtih the ‘home
,/ ! _ ~(‘\B‘ signal to check that the counter is operating correctly.
This cou’x'ter is stepped after the $Mt fire CB’ pulse by the " : o
‘load print data rank 1’ signal (Figure 2-1 3). The outputs SEE FEMD 4-080 for.a description of the print character
from thé counter are sent to the print data bus in assembler counter.

Print Data Bus in

Print Character .Countu

0
Load Print Data Rank 1 on 97 1 To Data Bus In Assembler
2
4
FF 8
Print Character Count 0
A .
Print Character Count 1
Print Data Home CB Phase 2 8 P
Print Character Count 63
F8622

»

(not) Degate Print Decode

v

r

Figure 2-13, Print Character Coﬁnter
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Print DmCounur

"The print data counter is a three stage counter used (1) 10
control gating to the print data register bank 1, (2) to reset
the print shift register and (3).to enable the load pnnt data
rank 2 counter.

The print data counter is a modified binary counter that is ;\\
i is is then steppedievery 20.48 microseconds. When the load

held reset until the MFCU sends a ‘print fire CB’ pulse to

- Loed Print Deta Rank 2 Counter

-

The load print data rank 2 counter is a four stage binary
counter that is used to reset bank 2 of the print data register.
This counter is initially set. to 0001 (binary). '

from the print data counter
D 4-080). The counter

Thc ‘load pr§nt data rank 1’ si
sets the ‘gate l4d print 2’ latch (F

“the attachment. The counter counts fromOto1, 2, and 4. 4 ‘print data ra rank(2 2 counter equals count 10, the inhibit

A shift of the CPU channel 1 oscillator pulse sets the first
counter latch. Setting'this latch results in gating data to -
bank one,of the print data register (FEMD 4-074). The lohd
print data rank counter is also enabled by setting the * gate
load print 2 latch’ {FEMD 4-080).

After two more channel one oscillator pulses, the counter
equals 4 resulting in resetting the print shift register. A shift
in the next oscillator pulse resets the counter. The counter
remains reset until the next “print fire CB’ ipulse from the
MFCU. : \

See FEMD 4-074 for a description of the priﬁt dz;ta' counter.

~ counter advanoé‘ latch sets (Figure 2-14). Setting this latch
" resets the ‘gate 10ad print 2’ latch. The ‘load print data rank

2’ signal then resets bank 2 of the print data register at
MECU clock A time. - At MFCU clock D time, the counter

is again reset to QOO] (binary).

See FEMD 4-075 for a 3escription of the load print data

Jank 2 counter. See “‘Print Unit Operation Timing” dis-~

cussed under the “Print/Feed Operation™ in Chapter 3 for
timing cpnsiderations utilizing the print data counter and_
the load print data rank 2 counter.

MECU Clock C
" Load Print Data Inhibit Counter l"" Load Print Data Rank 2
. A [ '
20.48 Microsecond B Glock Rank 2 Count?f dvance - A :
| * I L r v
CPU Oscitlator — __I—_— : :
Counter 2 .
Print ["'ii‘e cB “f Control Set 1 F‘E N A
Circuits Reset -
24, ; B
and 8 -
= MFCU Clock D
FB192 ———
Print .
Dats. Load Print Data Rank 1
Counter
Resst Print Dsta Shift Register

‘ Figure 14. Load Print Data Rank 2 Counter
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Print Shift Register

. The print shift register has 16 bit positions (model A2
machines). On model Al machines the print shift register
has 8 bit positions. The character count that represents a
specific character on the 16 (or eight) typewheels is com-
““pared with each corresponding character code stored in core
storage. Sixteen (or eight) comparisons are made for each
- charaeter-count-value.—(Note that the same character'is
ready to be printed by each typewheel for ceach count value.)
As the comparisons are made, the compare result is sent

to the attachment over DBO. The ‘gated print compare’

" After 16 (or eight) comparisons are completed, the data is

gated into bank 2 of the print data register buffer. From

the buffer the dsta is set directly in the print data register.
The set always overrides the reset. The print data register -
output positions are then gated by the ‘print time switch’
signal to energize the print magnet_hammers. After printing
of the first character group, the print data register and the
shift register are reset. The logic citcuits are ready to receive

" “comparison signals from the next character count sent to the

CPU from the print character counter.

-
o

. See FEMDs 4-065 and 4-067 for a description of the print

(or no compare) is gated into the print shift register. Each shift register.
‘load print sample 2’ and ‘load print sample 1’ signals shifts
the data in the shift register one bit position (Figure 2-15).
Print Shift Register
Loed Print Déta Rank 1
. {Bank 1) (Bank 2)
Gated Print Compere . Print Dets Print Data
Register Register
Load Print Sample 2 . - -
A A 8
8 r c 7 A Print Pre-Driver 16
c 6
D 5
g Print Pre-Driver 15
i r4
F 3
G 2 Print Pro-Drivor‘8
H l'ﬁ FL 1
- :
®_.—‘ 8 Print Pre-Dtiver 7
Load Print Sample 1 J 7
. 'K 6 Print Pro'-Dri\.mf
L 5
M 4 Print Pre-Driver 1
N 3
P 2
Q 1
Resst Print Dé;\,
i i R
Load Print Data Rank 1
Load Print Data Rank 2
Print Time Switch " ‘

Figure 2-15. Print Shift Register and Print Data Registers
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 Print Data Registers

“Two 16-bit (or two 8-bit) registérs make up the print data
registers. The print data buffer register receives data from
the shift register (Figure 2-15). Data is gated into the print
data buffer register by-the ‘load print data rank ‘1’ signal .
Data is transferred (without gating) to the print data fegister
(the set overrides the reset). The outputs from the print data
- register are gated by the “print time switch™ signal to energize
the selected print hammers optioned during the 16 (or eight)
character count comparisons. After printing, the print data

Print Cycle-Steal Request Coutrter

-The print cyclc steal request counter is a seven position

binary couster (Figure 2-16). This counter is stepped
after each ‘ptint fire €B’ pulse by the ‘set print CS requut
signal (Figure 2-16).

The counter counts to 64, thereby, indicating one complete

— revolutionrof the print typewheels. “After the countof 64, — — :

all characters on all 16 (Model A2 machines) typewheels have
been optioned for printing. The next operation may be a

registgr is reset by a*load print data rank 2’ signal. See carriage shift, or an advance to the next line. Also, the print
“Print Operation” in Chapter 3 for a description of the Operation may be complete at this time. N
' pnnt operation. . . E . o, : :

Refer to Chapter 3 for a description of the pnnt operation.
See FEMD 4,045 for a description of the pnnt cycle steal

See FEMDs 4-070 and 4~072 for a description of the'pmk
-request counter.

data registers.

¢

. Print Cycle Stesl

Request Counter
Set Print CS Request '
) 1
2
4
FF | 8
16 (inputs) ‘ Modify by + 1
' * Modi -
Print po Von ty Modify by 2
o 64th Character [ Modify by 4 _
aracter Cycle Decode "
Request Circuits Minus 28 or 30
Print Reguest Clock 2 I N 64 I—— A Minus 27 or 29
(not) Inhibit Request Latch - FL
- Load Print Data Rank 1
Figure 2-16. Print Cycle Steal Request Counter
212 (12/69)
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Pick Print Stepper Clutch Delay Counter

The pick print stepper clutch delay counter is a four stage
binary counter that is used to control the time duration of the
pick current to the print stepper clutch magnets. This counter -
also controls the time betw de-enel'gxzmg and encrgmng
the print stepper dutch magneéts while advancing the card .

to the next line of print.

The counter is normally in a reset status until a print oper'a;‘
tion begins. The counter steps when stopping the print
stcpper clutch.in its home posmon at the beginning of the
print operation by ‘fqd check time base 5’ signal. Stepping
also occurs during erp.wdock 1 or 10 or 16 or 22 or 28 times$
(Flgure 2:17). ) . *
A the beginning of a print operation, the print stepper

clutch pick and hold magnets are energized. The counter then
counts 9 ‘feed check time base 5’ signals. At count 9, the
clutch pick magnet is de-energized. The pick magnet is
energized 5.12 milliseconds to 5.76 milliseconds. &

Whenever a card is advanced to the next line, the print
stepper clutch hold magnet de-energizes when the print clock
equals 1 (advance to line 1), 10 (advance to line 2), 16
(advan
Qr count 28 (eject the card after four lines of print). These
' prmt clock counts enable the pick print stepper clutch delay

. counter. If the gard is to be advanced to the next line, the

pick and hold magnets are energized when the e counter

. reaches count 9. The counter resets and then starts oountmg

again. Again at-count 9, the pick magnet is deenergized.
The hold magnet remains energlzed until the €ard is to be
advanced agam

See FEMD 4-105 for a description of ghe pick prix;lt stepper
clutch delay counter. Refer to *“Print}Feed Operation” in
Chapter 3 for a card advancement ription.

Pick Print Stepper
Clutch Delay Counter

Print Clocks 1$10+16+22+28 ! N
MFCU Clock C Stepper 2 Stepper | Ppick Print Stepper Clutch Magnet
Clutch FF Clutch .
MFCU Clock B Counter a Pick and
Feed Time Base 5 Control Hold
o Logic 8 N Control
Logic
Hoid Print Stepper Clutch Magnet

MECU Clock A
Print Stepper Home
Motor Resdy 2 Pwr

Figure 2-17. Pick Print Stepper Clutch Delay Counger
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Print 1/O Cycle Counu_t ~

3

The print I/O cycle counter is a five position counter that
indicates the ‘last print data I/O cytle’ (Figdre 2-18)
for each group of comparisons made by the CPU.

This counter is steppeci after each compali*\ is made by the
CPU. After the print character count vatue for each ty pe-
__ wheel has been compared with the character codes in the

print area of core storage (16 comparisons for model A2~~~

machines; 8 for model A1), the ‘last print data I/O cycle”
signal is used to modify the LSR address so that 16 more

Print 1/0 Cycle

Set Any Print 1/0 Cycle Counter

* Print CS Fequest

comparisons can be made for the next print character count.
The counter is teset and counting begins for the next group
of comparisons. .

°
lad

After a complete revolution of the typewheels, the LSR ad-
dress is modified accordi gly to select the correct core
storage address for pri ting after a carriage shift 0f to begin
printing the next line. Remember that the LSR address

is modified after each cycle steal request. §.:;{“~w
See FEMD 4-050 for a description of the print 1/O cycle
counter. : ‘

{not) Print CS Request

OR Last Print Data | /0 Cycie

Clock 7 (CPU)

8 Hammer Machines

©

Figure 218, Print I/Q Cycle Counter
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;NINE STAGE TIME DELAY COUNTER UP-DOWN COUNTER

y -, . . .
The time delay counter is a nine stage counter that is used The up-down counter is a two stage binary counter that is

to turn off the MFCU motor if no MFCU SI0 command | used to generate the ‘wait to stacker clear’ signal. This signal
is given within about 30 seconds after the completion  allows the motor gfop counter to be stepped by each hopper
of the last feed comxiland (Figure 2-19). CB pulse. 2 ' T

! . , _The up-down counter is reset to three (11 bina tyybya
ped by the ‘print step CB” pulse sent-—— - - power on resét or an NPRO ope(athEMD 4-110). The
‘wait to stacker clear’ signal is active until the first card is
ejected from the wait station. Picking a punch régistration
pressure roll magnet advances the up-down counte't‘ from
three to two (10,binary). The ‘wait to stacker cleaf” signal
is then deac'tiva{d. The up-down counter does not step

The counter is st
. from the MFCU té the attachment. The nine stage time
delay counter is reset and starts counting from zero after
each accepted MFCU:SIO command. If the counter reaches
count 256,&0 MFCU SIO command was given within 30
seconds. The $i¢ comyriand tithe out’ signal is generated

which rés:lts i §?opPing the MFCU frotor. again until the stacker transport courfter equals 21. The

stacker transport counter does not begin stepping until the .
card reaches the post print eell located in the print station.

; ) . ’ o During ‘stacker count 21°, the up-down counter is s ®ped
the nine stage time délay counter is stepped by the “print - three times (FEMD 4-110). The ¢ounter equajs three after
kick CB’ pulse's‘. At count three, the ‘motor ready 1’ line ;

it e . A . ,stepping the counter three times. Also during stacker
, s activated. ‘At count 5 the ‘motor ready 2’ line is activated. - _count 21, the ‘gate down count’ latch was set. Setting this

latch results in setting the ‘inhibit gate down count’ latch.

Setting the ‘inhibit gate down count’ latch results in re-

setting the stacker transport counter. The ‘gate down count”
~ and the ‘inhibit gate down count’ latches are also reset

; : «  thereby preventing further stepping of the up-down cunter.
See FEMD 4-115 fora description of the time delay eounter. The ‘wait to stacker clear’ Sjgnal is again activated. ~

See “‘Motor Start-Stop Operation™ in Chapter 3. ;

An MFCU SIO command ot an NPRO starts the MFCU
motor. As the motqr starts MFECU mechanical motion,

-

U operations start after activating the ‘motor ready 2’
e. This time delay allows the MFCU mator to reach
operating speed before starting c‘z;rd movement.
#

.

See FEMD 4-110 for a 3escription of the up-dow}n counter.

{not] Print Kick CB’

Condition Print , —— T 1 Motor Ready 1
2 -
4
'8
18 B . Motor Ready 2
AN Lo
)
64
A . X {
"(not) Motor Magnet Driver I A 128 .
MFCU Clock B Pwr [ OR 256
Execute Feed Motor Ready 2 A A No Command Time Out
(not) Motor Magnet Driver A
MFCU Clock A"

D

Figure 2-19. -Nine Stage Time Delay Cqunter
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MOTOR STOP COUNTER FEED 'CHECK COUNTERS | :

The purpose of the various feed check counters is to check
card motion as cards move through the transport. There
are f ive feed check counters in xhe MFCU attachment:

by

The motor st*di) counter is a three stage binary counter that
-is Used to stop the MFCU motor after both hoppers are
placed in a not ready status.

_ 1.5 stage hopper-counter (FEMB*H 20).-

This counter e est i the it to Sacker Otar .S stage wait counter (FEMD 4-125).

lige is activated.  The.caunter is then stepped by the ‘hopper N

X R e . ) 3 6 stage stacker tgansport counter. This counter is

CB leading edge’ pulse (Figure 2-20). At count 4, the ‘gate also used for purposes other than feed checks.
stop’ line is activated.. If both hoppers are not ready, the 6 stage corner counter (FEMD 4-130). %
MFCU motor stops. Pressing the stop key places both 6 stage feed check time base counter (see “Feed
hoppers in a not-ready status. This counter along with the - Check Time Base Counter”)
up-down counter causes the motor to stop. Without these . ¢ '
caunters the motor would not stop until a no-command- time- .
out signal stops the motor. Thxs would take about 30 .-
seconds. :

" Figure 2-21 illustrates the basic principles of operation for
. one of the MFCU attachment feed check counters. s. Opera-
tion of the ﬁrst four check counters is basically the same.

See FEMD 4-095 for a description of the motor stop counter.
See “Motor Start-Stop Operations” in Chapter 3.

. Mote# Stop Counter  + " Motor
Hopper CB Leading Edge to/r i o )

Motor Magnet Driver

Wait to Stacker Cleer

(not) Hopper 1 q2 Ready

{not) Feed Cycle Or Exedute Feed

Figure 2-20. Mot’or“Stop Counter
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Feed Chetk Time Base X -

' Check Gate Fools
® 1=
Counsée| | ) tion’,
. \ % Il
] Gircuits

Gate Decode .

Lo . . . . & & . .
Feed Check Control Lide - Check Gewe Y,
Photo Tell Dad — P FL i IREIA SO
Lheck Gate X - - s :

- &
v »

Note: Line names are not .ALD lir;e names.

Figure 2-2]. Check Counters

A feed check counter is allowed to start counting when the
‘check gateline is activated (Figure 2-21). The ¢ounter is
driven by the ‘feed check time base x’ signals. The check
gate latch is set to-indicate when the counter should start
counting. As the card moves through the transport, the -
counter is stepped by the proper feed check time base pulses
from the feed check time base counter. When the card
reaches its destination, the check gate latch is reset and a
new check ga«te is tumed on resultmg in a counter reset.

- The card must reachMeck point prior to a specific
count decode .. If the"card did not-asrive prior to the specified
count to.reset the ‘check gate lat¢h’ (Figure L%%:i
check latch is'set’indicating a feed check condition
MFCU rhotor stops. whenever a check condition occur§ T g

® - o ..
./‘

The feed check 20 indicator tums on when a gear enutter
-check or a fire CB check oceurs A gear emitter check

turns on check light 2@, turns off the Teady light, and stops
the MFCU motor’ A fire CB check turns on check. light

20 and" de-activates the print time switch 16 stop printing.
The MFCU mQ&br does not stop. = °. o 3

See FEMD 2-005 for MFCU error conditions. Chapter 2

in the IBM 5424 MFCU Attachment—Fteld Engineering .

Maintenance Diagrams Manual develops the cause of the &
check.conditions. .

Bi8

t&TAcKER seLchnon REGISTERS

The s.g\cker selection regaters consists of one 3- posmon ‘
regxster ihd five 2-position registers (FEMD 4-140)

an 5, 6 and 7 of the Stﬂ control code are used 1o select a
stacker pocket Note that a card sent from the hopper al-
ways stops in the | wait station. No SIO stacker selection is

. necessary if the selected wait station is empty. The first card

remains ;n the wﬁt stauon until the next SlO instruction..

Dmingﬁég SIO ?R cycle, the stacker control code is gated
into the wait stacker DBO register. Stacker data is gated.in
into the punch stacker regjster when the card is ejected
from the waif station. The wait stacker DBO register 1s
then reset by the ‘trailing edge or hoppei check’ signal or
by a” power or NPRO’ signal (FEMD 4-149).

* As the wrd movesbtoward »thc stacker the stackcr pocket

selection data shifts through the stacker fegisters. ‘The
‘stacker sount 21" signal gates the data to'the stacker magnet
register. “This data is then decoded thereby. energmng a
Stacket selector magnet

ErS
R
-

If not stacker selecuon is specified by the SIO instruction,

* ‘cards from the primary feed-go to stacker pocket 1, cafds
“from the secondary fqed g0 te stacker pocket 4. ‘

| See FEMDs 4-140°and 4-145 fora descnpnon of (he stacker

.sélection registers.
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This'chapter describes the MFCU attachment operations.
References are made to the IBM erld Engineering Main-
tenance Diggrams Manual, 5424 MuIn -Function Card Unit
Atlachment, Form SY310254 (FEMD) to support the
descriptions in this chapter.

The types of diagrams in the FEMD are flowcharts, timing
harts, and second level diagrams or circuit dlagrams These -
mmwt operations. lfiputs to the
attachment from the MFCU and CPU are shown in the ‘
FEMD. Outputs from the Attachment to the MFCUand -
CPU arg¢ also shown. Thesé inputs and outputs show the

timing relatlonshxps among the CPU, the attachmem, and the
MFCU.

The flowcharts are divided-into primary flow and-secondary
flow. The primary flow states the major objectives accom-
plished by an operation, a ¢yde, a request, eic. The primary
flow is set off by heavy weight lines from the stagt of the
operation to the completion of the operation. The secondary
flow support the objectives stated in the primary flow by -
showing the sequence and how the function is performed.

The timing cg‘:ts show when circuits are activated with
respect to eachi gther. Timing relationships between the
attachment :md the MFCU and between the attachment and
the CPU are “also shown.

The circuit diagrams are drawn in positive logic and show
how a {ogical function is performed. Reference is also
made to ;ALDS

The three types of diagrams should be used for learning,
for recall, and for: :troubleshooting. This chapter describes.
attachment’dperauons Refer to Chapter 2 in this manual
and t6 Chapter4 in the FEMD for descriptions of the
functional units.

LOAD /0 INSTRUCTIOI’ OPERATION
. Loads two stofégéad‘dre,ss bytesin the selected LSR®
from'the specified:address in the LIO instruction and

the speciﬁed addréss minus one.

® Consists of an I-Qpcycle 1-Q cycle, CPU addressing
cycles 1-H1, I- Lt{or 1-X1), and two E-B cycles.

® The I:Q cycle decodes the Q byte of the instruction and
- sends & condmon code to‘the CPU. *°

FIGURE | FRAME |

. 102 ATl

, Chapter 3. érinéiples of Operatiof"

K3 An LIO instruction must be executed for éach LSR

address register loaded.
® The LSR address registers are:
1.. MRDAR-MFCU tead address register.

2. MPCAR-MFCU punch address register.
3. MPTAR-MFCU print address register.

“The load 1/O instruction is a single address instruction that

can be executed only if the MFCU is not busy. If the th-
structioh cannot be executed, ‘channel one 1/O condition A’
is sent from the attachment to the CPU indicating non- -

acceptance of the LIO command. The CPU loops on the

LIO command until éommand execution can occur. If CPU
is in dual program mode, the program advances to the next
program level if the MFCU is busy to the LIO igstruction.

Three LlOmstructxons are requued to load the th:ee MFCU
LSR address regxstus (See Figure 1-2 for LIO instruction
format.) After the MFCU LSR address register is loaded, &
start 1/O command can be executed.

1-Q Cycle

During the 1-Q cycle, the following events occurs (FEMD
5005 and FEMD 5-010):

1. The device address is decoded. .

2. Bits4,5,6,and 7 are gated into the I-Q register. Bits -
5,6, and 7 are decoded by the N field decoder.

3. The print buffer 1 and 2, read feed, or punch is checked
for a busy condition as determined by the N code.

4.  The condition code is determined and sent to the
CPU.

An LIO instruction and Q byte sent by the. CPU are received ,
by all attaching I/O devices. The MFCU attachment decodes
the device address (DA) in the Q byte (Q byte bits 0, 1, 2,
and 3) to determine if the LIO is for the MFCU. After .
decoding the N field, the attaciment checks, to determine if
the LSR specified is busy., I the MFCU attachment is’
sefected (DA equals F), and the LSR to be selected is not
busy, a ‘channel 1 I/O’condition code B’ is sent to the CPU.
This indicates to the.CPU that the LIO instguction was
accepted‘

must equal 4, 5,0r6.. Othermse an mvahd Q code occurs
(FEMD 5-005). (Neither condition A nor condition B is

. sent to the CPU for an invalid Q code.)

5424 FETOM Attachment (12/9{)“/3-1
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The selected LSR is loaded with data from core §torag¢ and
the attachment is placed in diagnossic mode when the LIO
Mbit equals dne. A diagnostic mode eperation requires

- that the N field equals 5 for dnagnostnc read moge or6 for.
diagnostic punch mode (FEMDs 5-010 and 5 éﬁ

E-B Cycles

Between the I-Q cycle and the EB- 14'<’:'ycle the CPU takes
I-H1 and I-L1 (direct addressing) or I-X - (indexing) cycles
for core storage addressing purposes. :

During the first EB-1 cycle, the channel LSR sedect lines
are sent to the CPU during ‘clock 2’ time. The first data
byte from core storage is gated into the selected LSR low
order position at CPU 4D time.

\

~%

The second data byte is fetched fom core storage operand
address minus one and loaded into the LSR high order
position of the selected LSR register during the second E-B
cycle.

The selected LSR is now loaded. The CPU starts the
next instruction.

Refer to FEMD 5005 and FEMD 5-010 for LIO instruc-
-tion flowchart, timing charg, and circuit diagram.
TEST 1/0 AND BRANCH INSTRUCTION OPERATION

® Test for conditions specified by N code. -

@. Branch to address specified in branch addre;s if condition

is met.

The test 1/O and branch (TIO) instruction is a one address
instruction that tests the 1/0 device for a specified condition
and branches to a specified addtess if the branch condition
exists. The device address and M bit are bits 0 through 4
of the Q byte. The N field (bits 5-7) contains thé N code

. specifying the condition being tested. The eight conditions
checked for during the\l-Q cycle are:

: el

1. N=000-specified feed not ready or devie’faP error con-
dition (feed specified by M bit).
N=001-read/feed busy. .
N=010-punch data busy. .
N=011-read/feed busy or punch data busy
N=100—print data busy.
N=101-read/feed busy or print data busy.
N=110-punch data busy or print data busy. .

'N=111-read/feed busy or punch data busy or print
data busy.

©NO LW
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-~ instruction. If the specified co

“sent to the CPU.-If co

1-Q Cycle

The ‘TIO’ signal is sent to the attachment durmg the ‘CPU’

- Wnﬂ%ﬁr occurs durmg
e I-Q cycle. If the specified condition does no ra

‘channel 1 I-O~¢ondition B’ signal is sent to the CPU (FEMDs
3-015 and 5-025). The program then advances to the next
tion exists or the specified
annel 1-1-O condition A’ is
ion A exists, the program branches
to the address specified by the instruction branch address

" (Fi igure 14). The program branch occurs during CPU opera-
tion end. :

feed is ready (N equals 0),

<A
Refer to FEMD 5-015, iTEMD.S-'OZO, FEMD 5-025 for
TIO flowchart, timing chart, and circuit diagram.

s

-

ADVANCE PROGRAM LEVEL (APL) INSTRUCTION.
OPERATION : s

® The APL opqraﬁb‘n,tests for specified 1/0 condition.

® The program loops on the- APL instruction until condi-
tion no longer exists on machmes without the dual pro-
gram feature.

- ® The program advances to the next program level if con-

dition tested for exists.
° The condition tested for is specified hy N code.

The APL instruction is a command mstructxon used primar-
ily when the dual program feature is installed in the CPU.
The dual program level feature prov:des the ability to exe-
cute two independent programs on a time sharing basis.
However, for programming compatibility, machines without
the dual program accept the APL instruction. .

On machines without the dual program feature, the APL
instruction tests for the same conditions as a TIO instruction.
If the advance condition.is met, the attachment activates the
‘channel 1 I-O condition A’ line. The program loops on the
APL instruction until the condition being checked for no
longe: exists. If the advance condition Is not met, the
attachment activates the channel 1 1-O condition B’ line.

The program advances to the next sequential ifistruction.

If the condition tested for is met on machines with the dual
program feature installed, the APL instruction advances to
the next program level. If the condition tested for is not
met, the program continues with the same program level.

FIGURE | FRAME
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1-Q Cycle

The 1-Q cycle is similar to that of the TIO instruction. A con-
dition code of A means that the condition being checked

for is busy. The program loops on the APL instruction until
the condition being check is not busy and a condition code
of B is activated. :

L mStructnon execution is the same as the
“TIO instruction exeCuuon refer go the TIO diagrams  *
(FEMD 5015, FEMD 5020, FEMD 5-025)‘for flowchart,
timing chart, and circuit diagram.

SENSE 1/0 INSTRUCTION OPERATION.
® Move two sense bytes from attachmeht to core storage.

® Instruction is always executéd whether or not the device
is busy or needs attention.

L §Consists of an I-op cycle, an I-Q cycle, and two E-B
’ cy{)l.ﬁ&z

® 1-Q cycle decodes the Q byte and sends a condition
code,of B back to the CPU. . oo

® Two E-B cycles are taken to assemble the status bytes'and -
to send the status data to the CPU.

The SNS instruction assembles two sense bytes and stores
these two bytes in core storage. The program examines
these sense bytes to determine MFCU and attachment status.

Status byte data indicates a busy condition, a check
condition, or a card location in the transport. (See Figure
1-6 for MFCU status byte indicators. ) The diagnostic pro-
grams use the MFCU special indicators for troubleshooting.
(See Figure 1-7 for MFCU special indicators.)

A SNS instruction may also store one of the three MFCU
LSR address reglsters

~The DA DA and M fields are located in the Q byte bits 0-4. Bits

5-7°of the Q byte determine the conditions to be sensed. ’
The sense bytes are stored in the specified address and in the

specified address minus 1 (Figure 1-5).

-

The MFCU attachment always accepts an SNS instruction.
- Therefore, the CPU always receives a condition code of B

from the attachment deffing the 1-Q cycle. An N code of

2 or 7 is invalid and causes the CPU to stop with a pro-

cessor check. - An invalid N code sends condition A to the

CPU. A panty check sends condition A and condition B

. to the CPU. .

A

g
[ ]

1-Q Cycle
The attachment decodes the DA the same as the other I/O
instructions. The M bit is meaningless and should equal 0.

B\isy conditions are not checked for during the I-Q cy;cle
of an SNS instruction. If the N field equals 2 or 7,
invalid Q code results. Otherwise, the attachment always

~ sends a ‘channel 1 [0 Condition B’ to the CPU (FEMD

5-045). A parity check rqsults in sending conditions A and
B to the CPU. The SNS instruction is not executed.

The N field decode output detesmines the sense byte that

+is sent to the CPU (FEMD 5-050). If the N field equals 100,

101, or 110, an MFCU LSR address register is-selected and

. the cqntents are stored in core storage.

E-B Cycles

“Two E-B sycles are necessary- to assemble and store the two

sense bytes. Data is gated into the data bus in assembler
during the E-B cycles. Odd paflty is assigned to these sense
bytes and stored in core storage.

If the N code equals four or five or six, an LSR is selected
at ‘clock 2’ time during the two“E-B cycles. LSR datais
stored in storage 1.

Refer to FEMDs 5-030, 5-035, 5040, 5-045, 5-050, 5-055,

and 5-060 for SNS instruction flowcharts, timing charts, and
circuit diagrams.

START 1/0 INSTRUCTION OPERATIONS
¢ The SIO instriction stansf_the specified MFCU operation.

® The SIO instruction consists of an [-op cycle, an l Q cycle,
and an I-R cycle. :

“The I-Q cycle decodes the Q byte of the instruction and
sends a condition code of A or B to the CPU.

f;l
® The execute latches are turned on during the I-R cycle.

#® The control code part of the instruction is used to:

1 Select the print buffer address.

2 Select 8-bit IPL (Initial Program Load) read mode
3. Select three or four lines of print.

4., Select a stacker pocket.

The operations performed by the MFCU are read/feed, . .
punch, print, and selective stackirig. Multi-operations can be
performed on the card from the specified wait station. The

>
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SIO punch, print, and stack commands always refer to the
card in the specified wait station. A card is always read or . -
fed from the specified hopper and stops in the vacated
wait station. Therefore, the read/feed operation specified
by the SIO instruction refers to the card in the specified

- hopper. For example, an SIO instruction can specify that

- address of F (hexadecimal) contained in Q bits 0,4, 2,and 3

e

the card in the wait station be punched and printed and

then stacked in a specifiedStacker pocket. A new card from

the selected hopper is read or only fed and then placed in
the vacated wait station.

*

The SIO instruction starts MFCU operations. A device

setects the MFCU. Bit 4 (M bit) selects the card feed path

~‘(wait station and hopper). Bits $, 6, and T(N ﬁeld) define .

the operation to be performed.

The control byte of the in;'truction further defines the
device operations (Figure 1-9). This instruction control
byte selects the print buffer address, selects 8:bit IPL read
mode, selects three or four lines of print, and se]ects a

.stacker pocket.

The SIO instruction requires three CPU cycles. During the
I-op cycle the CPU sends the SIO instruction to all I/0
devices. The I-Q cycle decodes the device address, M bit,
and N field. During the I-R cycle, the execute latches are
set defining the operation to be performed (such as read,
punch or print). Also, during the I-R" cycle controls are
set as determined by the mstructlon;control code byte.

PR Y
Refer 1o FEMDs: 5-065, 5-070, 5-075, and 5-080 for SIO
mstructlon flowchart, t1mmg chart, and circuit dlagrams

{-Op and 1-Q Cycles
t

* During the I-op cycle the CPU decodes the SIO instruction

or no attention required. Condition B indicates acceptdnce -
- of the SIO instruction. The MFCU then sets up its circuitry
to prepare for the IO operation. No response of condition
A or B indicates that the MFCU did not decode its address.
Conditions of A and B indicate a parity check.

> After the CPU receives condition code B from the attach-

ment, the ‘program interlock’ latch in the CPU is reset
indicating-acceptance of thi¢ SIO instruction (Figyre 1-2).
The M and N fields are stored in the 1-Q registel;:(E;iMD .
. 5-080). This data is then decoded and the command is
stored in the MFCU attachment during the CPU I-R eycie
to define MFCU operations. The M bit selects the primary
or secondary card feed path. The decoded N field deter-
mines the operation to be performed. The N field opera-
tions that are defined are read/feed, punch, and print.

I-R Cycle

During the I.R cycle, the control byte is sent over DBO to
the attachment unit for controlling operations not specified
by the Q code. Also, during the I-R cycle the éxecute
latches are set (FEMD 5-080). Outputs froin the DBO
buffer are decoded to perform functions such as selecting
print byffer one or print buffer two (FEMD 5- 235) selecting
a normal read or an IPL read mode (BEMD 5-320), selecting’
three or four lmes of print (FEMD 5-235), and selecting a
stacker pocket (FEMDs 4-140 and 4-145). If no stacker
selection is specified, cards from the primary card feed path
are sent to stacker pocket one; cards from the secondary
card feed path are sent to stacker pocket four.

A po-op'command results if a feed clieck occurred, or if a
card is not in the specified wait station, or is not on the way?
to the specified wait station (FEMD 5-075). On a né-op
command, the program continues with the next instruction.
_".‘_/'-—— .

and sends the ﬁ@mw%»:xfxncxux {FEMDs

5-075 and 5-080). The attachment receives the ‘SIO
instruction’ signal to start attachment operations.

. During the 1-Q cycle, the Q byte is loaded in the data bus
out (DBO) register (FEMD 5080). The Q byte contains the

device address, the M bit, ang the command. The attach-
ment unit decodes its address and sends a condition code
of A or B to the CPU (FEMDs 5-075 and 5-080).

The CPU sends an SIO instruction signal to all attaching‘
1/0O devices. Therefore, each I-O attachment decodels the
device address in the.Q code. If the device address equals F
(hexadecxmal) the MFCU responds by sending condition A
or. condition B to the CPU (FEMD.5-075). If the MFCU is
busy or requuqs attention, condition A is sent to the EP
The CPU waits (I-R back up) until the MFCU is not b

34 (12/69)

The end of the I-R cycle completes the SlO instruction
execution. The attachment can now begin the specified
operatiop. The CPU continues to execute instruttions until
the MFCU attachment sends a cycle steal request to the CPU.,

Read/Feed Operation

fﬁw read operation Treads 96 card columns from a card

d stores card data in core storage.

® The feed operation is the same as the read operation
that data is not sent to the CPU and the MRDAR
t selected. However, the card is actually read by the
. aytachment circuits.
® The 18 bits read from the three card tiers are sent to the -
CPU as three separate data bytes.

FIGURE | FRAME
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® The attachment generates a cycle steal request for ecach
data byte transferred.

- ® The data is checked by odniparing oytputs from the read
data register and the read check regjster.

® The card being read stops in the selected wait station..

Refer to FEMDs 5-085, 5090, 5095, 5-110, 5-120, 5-125
~and 5-130 for read/feed flowcharts, timing charts, and
circuit dmgrams ;

The ‘execute feed’ and the ‘execute read’ (if read is speciﬁe'ii)
- latches were set during the SIO instruction I-R cycle. The
read or feed operation begins by energizing a primary or a

. secondary hopper magnet (FEMD 5-120). Energizing a

. hopper magnet feeds a card into the MFCU read inject
station. From the read inject station the card is then fed
into.the read station. -After reading the card it is then sent

to the wait station. The card remains in the wait station
until an SIO instruction selects the same card feed path.

The specified hopper magnet cannot be energized if (FEMD’
5-120): a card is in the specified wait station *a card is on
the way to the wait station, the ‘punch éxécute’ latch is
set, or the ‘execute print’ latch is set. However, if the
punch unit is busy and the ‘execute punch’ latch is set, the
clutch can be energized when the ‘punch allow hoppe;
latch is set during a punch operation. If only a read is
specified, a hopper magnet iseneérgized soon after the
punch registration pressure roll magnet is energlzed (FEMD
5-120).
For our discussion, assume that no previous SIO instructions
were executed and that no card is on the way or in the
specified wait station. The specified hopper magnet is
energized when the ‘hopper CB LE’ pulse occurs. The
hopper magnet remains energized until the next ‘hopper
CB LE’ pulse occurs. Energizing the clutch magnet causes a
card to be fed by the pickerknives into the read inject
.station. After the card is registered in the read inject
station, the read inject feed roll starts the card toward the
. read station. . :
L ]
The readmg of data begins when the leading nge of the
card covers the 18 read cells. After the read cells are dark
(covered) the ‘leading edge’ latch is set (FEMD 5-125). The
read gear emitter counter then begins counting (FEMD
5-125). When the read gear emitter countey equals 46, :
the ‘start read’ and the ‘allow read’ latches argset (FEMD
. 5-1295). Also the read gear emitter counter:is Yeset. The
first car® column group (columns 1, 33, and 6% is now in
position to be read.

- As the card column group passes dyer the read cells, the
‘Gated read sample’ signal gates data into the read data -
register and the read check register. Three attempfs are

emitter counts 6f 1, S, and 9. Yhree attempts are also made
to gate data into the read check*fegister on counts 3, 7, and
11 (FEMD 5-125).

made to gate data into the reﬁtre@ster on read gear

. When the read gear'emitter counter equals count 11, the

‘read CS request’ latch is set. Setting this latch indicates
that data is read from the <card and that cycle steal requests

" can now begin;

Data from the read data register is sent to the data bus in
(DBI) asggmbler one byte at a time (FEMD $-130) under
control of a read-punch- pg/ch-ehepk counter. The attach-
ment sends a cycle s¢ gquest (FEMD 5-130) to the CPU
for each data byte from a card column group (3 bytes per
geoup, e.g. columns 1, 33,°and 65 or columns 2, 34, and

66 etc.). Panty generation circuits assign odd parity to each
data byte sent to the CPU:

The datzg in the two registers are then compayed. If the
data does not compare, the MFCU read check and the CPU
channel 1/0 check indicators are turned on. A subsequent
SNS instruction stores a one in bit 0 of status byte one to
indicate a read check. The program may then determine

" the type of error.

The MRDAR in the CPU selects a storage address for each

data byte sent by the attachment. For each data byte trans-

ferred, the attachment selects the MRDAR, for storing data
and for updating the MRDAR. Updating the MRDAR is
necessary so that the card column data group will be stored
in the correct storage locations.

After the first byte is stored one), 32 is added to
the MRDAR. Thirty-two is again added after the second
byte (tier two) is stored. After tier three is stored, the
MRDAR is decremented by 63 so that the first byte of the
next card column group will be stored in the correct core
storage address. Reading continues until all 96 columns (32
card column groups) are read.

Three cycle steal requests are sent to the CPU for each card
column group stored. A cycle steal request is sent at .
clock 4 time to the CPU (FEMD 5-130). The CPU responds
by sending a DBO 0 and DBO 4 to the attachment. The
MRDAR is then selected by sending a channel LSR select 6
and LSR select 7 to the CPU. The MRDAR contents are
transferred to the CPU storage address register to address
core storage for storing the data byte sent from the attach-
ment. After the first data byte is transferred, 32 is sent to
the CPU via the DBI. This results is adding 32 to the
MRDAR so that the secon‘fbyte in the card column group
will be stored 32 locations above the first byte.

" At clock 4 time another cycle steal request is sent to the

CPU. (Cycle steﬁg requests are sent every CPU clock 4 time
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until the CPU responds with DBO 0 and DBO 4 signals.)
Byte 2 is stored and 32 is again added to the MRDAR to
prepare for the third byte from the card column group.

“ATier the third card column group byte is transferred, the.
‘last cycle’ latch is set (FEMD 5-130). This results in sub-
tracting 63 from the MRDAR 30 that the first byte of the

* next card column group will be stored in the correct storage

location. Sixty-three is subtractéd because ‘modify by 32,
‘modify by 31°, and ‘modify minus“signals are activated
(FEMD 5-130). The read gear emittericounter continues to
count until count 11 is again decoded before generating
cycle steal requests for storing the next card cojumn group.
By count 11 the next card column group is in the read data
register and the read check register.

- After 32 card column groups are stored, several read cells
are covered. At count 512 the ‘allow read’ latch is reset
(FEMD 5-125). At read gear emitter count 528 the
‘trailing edge’ latch is set beginning the ending operations
(FEMD 5-120). See FEMD 5-090 flowchart for the ending
operation sequence. At the end of the operation, a latch
is set to indicate a card is in the specified wait station
(FEMD 5-120). The card remains in the wait station until
the next SIO instruction s¢lects that wait station. An LIO

instruction must load the MRBAR before executing another -

SIO read command.

The feed operation is the same as the read operation except
that the MRDAR is not selected and data is not sent to

the CPU. Attachment operations are the same for the

read and the feed commands. The card is sent ti the selec-
ted wait station. No LSR selection or data transfer occurs
on a card feed operation because no cycle steal requests are
generated (FEMD 5-120). ’ '

Punch/Feed Opoution .

® The punch/feed operation punches data in the card from

the specified wait station.
- ® The cards are punched 18 bits at a time.

® Three data bytes are sent to the attachment for each
punch cycle.

*'® The data punched in the card is sensed by punch check
crystals for checking purposes. '

® The attachment sends three bytes of punch check data
to the CPU for checking data that was punched with ‘
the date sent to the attachment.

® The card from the selected hopper is sent to the vacated
wait station. This card may or may not be read at the
read station. '

36 (12/69)

While studying the punch/feed operation, refer to:

1. Punch/feed operation flowcharts~ FEMDs 5-135,
" 5-140, and 5-145.
2. Punch/feed operation timing charts— FEMDs 5-150,
5-155, and 5-160.
3.  Punch/feed operation circuit diagrams— FEMDs 5-170,
5-175, 5-180, 5-190, and 5-195.

The SIO instruction starts the punch operation. If the
MFCU motor was stopped, the SIO instruction causes the
motor 1o start. Also, as the result of thé motor starting,

the punch magnets are energized and de-energized several

times. The ‘rattle punch rattle’ signal is available while the
motor is reaching full speed (see ““Motor Start-Stop Oper-
ations”). The rattle-punch-rattle is active after setting the
‘motor ready 1’ latch and before setting the ‘motor ready
2’ latch (FEMD 5-180).

~

8

“ The ‘execute feed’ and the ‘execute punch’ latches were

set during the SIO instruction I-R cycle. Before the punch
operation starts, the card from the specified wait station
must be registered in the punch station. To register ¥ card
in the punch station, the attachment energizes the following
in the MFCU (FEMD 3-031):

/

L. Primary or secondary punch registration (pressure
roll magnet (FEMD 5-170). .

2. Punch ¢ject pressure roll magnet (FEMD 5-170).
3. Punch stepper pressure roll magnet (FEMD 5-170).
4. Punch registration gate magnet (FEMD'S-1 70).

* No card movement occurs until the punch step counter

equals count one. The counter is held reset until the card
path is dear. For example, a print operation may prevent
card movement because the ‘punch execute’ latch cannot
be set until the ‘print allow punch execute’ line is activated
(FEMD 5-170). The ‘punch unit busy’ latch is set to start
the punch operation. The punch step counter is advanced
to count one after the next ‘punch step CB’ pulse occurs.

At count one, the specified punch registration pressure roll
magnet energizes (FEMD 5-170). Also, the punch eject
pressure roll magnet energizes. i

Energizing the specified punch registration pressure roll
magnet (FEMDs 3-031 and 5-170) causes the card to move
from the wait station toward the punch station. Because

a punch command was specified by the SIO instruction,
the punch ejéct pressure roll magnet is energized to prevent

" sending a card through the punch station. (If a punch

operation was not specified, the card would move through
the punch station, without stopping, to the corner station
because the cject pressure roll magnet and the punch registra-
tion gate magnet would be de-energized.)
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The punch stepper pressure roll magnet is energized until
after the card is registered and after column one is punched.
As the card moves to the punch station, the card is held
against the card rail. Because the registration gate magnet
is energized, the registration gate stops the card at column
group one position.

After the card is registered, the primary or secondary punch
registration pressure roll magnet and the punch registration
gate magnet are de-energized. (The punch eject pressure roll
magnet remains energized.) Note that the punch stepper
pressure roll magnet is not de-energized at this time (FEMD
5-170). This magnet is de-energized when the punch step
counter equals count five. At count five, the punch stepper
pressure roll magnet is de-energized. After a punch cycle is
complete and the punéhes are withdrawn from the card,

the punch stepper mechanically advances the card to the
next card column group.

When the punch step counter reaches count four’, the ;
‘punch allow hopper’ latch is set. Setting this latch allows
a read/feed operation to begin. The card is moved from
the specified hopper through the read station and stops in
the vacated wait station.

Punch Data Cycle Steal Request

Before punching begins, three data bytes are sent from the
CPU to the attachment. The attachment generates a cycle
steal request for each data byte received (FEMDs 5-135,
5-155, and 5-175). These three data bytes are gated into
the punch data register. This data is then punched in the
card.

When the punch step counter reaches count four, the ‘punch
character request’ latch is set. On the next ‘punch check CB’
signal the ‘punch CS request’ latch is set (FEMD 5-175).
After the"punch priority’ latch sets, the attachment circmits
are conditioned to start data transfer operations. Refer to.
FEMD 5-140 for a data transfer flowchart. Refer to FEMDs
5-155 and 5-175 for punch data cycle steal request timin§
chart and.circuit diagram.

The first ‘punch check CB’ signal occurs once per revolution

of the punch handwheel at 83°. A card column group is also
punched for each revolution.

After the attachment circuits are conditioned to transfer
data, a cycle steal request signal is sent to the CPU at clock
4 time. The CPU responds by sending DBO 0 and DBO 4
signals to the attachment. The attachment then responds
by sending LSR select lines to select the MPCAR containing

the storage address of the punch data to be sent to the
punch data register. Also, the ‘channel translate out’ signal
is sent to the CPU (FEMD 5-175). The CPU then sends the
first data byte to the attachment over the data bus out _
(DBO) lines (FEMD 5-180). The read-punch-punch check”
counter controls the gating of data from WU into the
punch data register (FEMD 5-180). - A

After the attachment receives the first data byte (tier one),
32 is added to the MPCAR so that the second byte (tier
two) can be sent to the punch data register. Because the
‘last cycle’ latch (FEMD 5-175) is still reset, a modify by
32 is sent to the CPU over DBI. During the punch cycle,
the LSR is selected at clock 8 to allow data transfer from
the CPU. The LSR is also selected at the next clock 4 time
to allo® for MPCAR address modification (FEMD 5-175 ).

Thirty-two is added to the MPCAR after the CPU sends
byte two to’the attachment. After byte three (tier three)
is sent, the MPCAR is decremented by 64. After byte
three is sent to the attachment, the “last cycle’ latch is

set (FEMD 5-175). Setting this latch causes the ‘modify
by 64’, and the ‘channel binary subtract’ signals to be sent
to the CPU. Subtracting 64 from the LSR restores the
MPCAR to the address of the card column group that was
punched. The MPCAR is at the correct storage address so
that the punched data can be checked. (See FEMDs 5-135,
5-155, and 5-175 for cycle steal request execution.) Parity
circuits check each data byte sent to the attachment for odd
parity. -

The punch CB ;:ounter controls the pick and hold signals

_ to the punch magnets. After the punch data register is

filled with data, the ‘gate punch pick magnets’ signal gates
the data to the punch magnets. The next punch CB pulse
steps the punch CB counter and the ‘punch current hold
control’ is sent to the MFCU to hold the punch magnets
until after punching is complete. If the punch magnet picks,
a hole is punched in the card for the corresponding bit:
position.

When the punch step counter equals count five, the punch
stepper pressure roll magnet is de-energized. After punching
card column group one and after the punches are withdrawn
from the card, the punch stepper mechanically advances the
card to the next card column group to be punched.

Punching of the card occurs between 122° and 238°. The
card is advanced to the next card column group between
266° and 108°. After the card is advanced to the next card -
column group, the three data check bytes are sent to the
CPU for checking before the attachment receives punch

data for the next card column group.
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Punch Data Checking

Punch check crystals in the MFCU punch unit sense the 18
possible data punches for each card column group. As the
punch unit approaches 180°, a selected punch compresses
the punch crystal; if a punch is not selected, the crystal is
not compressed.

A transistor shunts all the punch check crystals until the
‘punch hold current control’ line is de-activated (FEMD
5-180). De-activating this control line allows a capacitor to
charge for each hole punched in the card during the crystal

release cycle. This charge indicates that a hole was punched °

in the card. The capacitor stores this data until it can be _
gated to the-check latches in thé MFCU. There are six
latches located in the MFCU for storing the check data;
therefore, three sample signals are required to send the
check data to the attachment.

Three sample signals are sent to the MFCU when the
‘enable punch check’ latch is set (FEMD 5-195). The data
from the MFCU latches are gated to the data bus in
assembler and then to the CPU for checking. The next
sample signal turns on the transistor for the tier being .
checked\ If the capacitor is charged the check data storage
latch in the MFCU is set.

During punch step count four, the ‘punch pick CB’ signal
sets the ‘punch check CS time’ latch. This occurs when

the punch magnets are picked (FEMD 5-190). After the
next ‘punch check CB’ signal, the ‘punch checkCS register’
latch sets to start cycle steal requests for punch data
checking. This occurs just before receiving data for the
next card column group that is to be punched. A cycle steal
request is generated for each of the three check bytes sent
to the CPU. During the punch check cycle the ‘enable

punch check’ latch allows the read-punch-punch check
cou:{\cr to gate data from the MFCU to the attachment DBI
assembler (FEMD 5-195).

As each check byte is sent to the CPU, a corresponding data
byte from storage is accessed and placed in the CPU B
register. Data from the attachment is sent to the CPU A
register. These two data bytes are then compared in the
ALU. The result should be zero (no DBO bits). If a check
condition exists, an ‘any DBO bit’ sets the ‘punch check’
latch indicating a punch check condition. However, the
punch operation continues.

After the first check byte is sent to the CPU, 32 is added
to the MPCAR. Thirty-two is also added after the second
byte is compared. After the third check data byte is com-
pared, 63 is subtracted from the MPCAR. The correct
address is in the MPCAR for the next sequential card
oolumn group that is to be punched.

38 (12769

After the last check byte is sent from the MFCU fo the
CPU, the “last cycle’ latch is set and the ‘punch check CS
request’ latch is then reset (FEMD 5-190).

The ‘punch CS request’ latch is then set to begin data cycle
steals for punching the next card column group (FEMD .
5-180). Data is transferred from the CPU to the attachment
and punched in the card. After punching a card column
group, the data is checked prior to punching the next card
column group. The transfer and checking of data continues
until 32 card column groups (96 card columns) are punched.

SEnding"Operations

During count 36 of the punch step counter, the last card
column group is transferred to the punch data register and
then punched in the card. After the last data byte is
punched, the ‘punch character request’ latch resets ending
data transfer from the CPU (FEMD 5-175).

During-count 37, the punch data from the last group
punched is checked. Also, the ‘punch check CS time’ latch’
is reset. The last punch data check cycle completes the
punch operation (FEMD 5-190).

After the card is punched, the punch stepper pressure roll
magnet is energized and the punch eject pressure roll magnet
is deenergized. The card then advances to the corner
station. If 3 print aperation was not specified by the SIO
instruction, the card is sent to a stacker pocket (FEMDs
5-145 and 5-150). The punch control circuits are restored to
their starting condition.

. A card is either read or fed and sent to the vacated wait

]

station during the punch operation (FEMDs 5-120 and 5-170).
Also, refer to the “Read/Feed Operation™ in this chapter.

Print/Feed Operation
°

 Print three or four lines in card print area.

Print character counter contents are sent to the CPU
during each data cycle steal request.

.

Print character counter value is compared with the core
storage print image as addressed by the MFCU print
address register (MPTAR) located in the CPU.

lh,? results of the compare are sent to the print shift
register.

‘® After one complete revolution of the typewheels, eight

(model A1) or sixteen (model A2) print hammers\yere
energized unless a blank appears in the core storage print
area print position.

i
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@ A side motion carriage shifts the card to print the next
character group on the line being printed.

® After last line is printed, the card is sent to a stacker
pocket.

While studying the print/feed operation, refer to:

1. Print/feed operation flowcharts— FEMDs 5-200,
5-205, 5-210, and 5-215.

2. Print/feed tumng charts— FEMDs 5-220, 5-225, and
5-230.

3.  Print/feed circuit dngnms——FEMDs $-235, § -240,
5-245, 5-250, 5-255, 5-260, and 5-265.

The ‘execute feed’ and ‘execute print’ latches were set during -

the SIO instruction I-R cycle. Bit 0 of the control code

selects print buffer address 1 or print buffer ad
(FEMDs 5-200 and 5-235). Also, the control

three or four lines of pridt (FEMD 5-235).

e Selects

end of an MFCU SIO I-R cycle (FEMD 5-2 Setting this
latch conditions the punch/feed circuits to feed a card
through the punch station to the corner sfation by sending
the ‘print allow punch execute’ signal to/the punch/feed
_circuits (FEMDs 5-240 and 5-170). The card moves from
the specified wait station to the corner station.
“Three objectives must be accomplishedbefore printing
starts:

If the card path is dear, the ‘print request’ ;;? is set at the

+1.  Execute a print load cycle steal rdquest (CSR) 1-O

’ cycle.

2. Move the card from the corner sum\s)n and reglster the
card in print station. Also, set pnnt mecahnically
busy’ latch.

3. Advance the card to line one position.

Print Load Cycle Steal Request

While the card is;eing registered in the print carriage feed
rolls, the attachment generates an LSR load cycle steal
request to select #hd load the low order byte of the
MPTAR for print buffer 1 or print buffer 2. If print buffer
1 is specified, the MPTAR is set to XX00 to select print
buffer 1. If print buffer 2 is specified, the MPTAR is
loaded to XX80 (hexadecimal) by activating the ‘modify
print LSR by 128’ (FEMDs 5-200, 5-225, and 5-235).

The print load CSR (cycle steal request) begins by setting the
‘LSR load CS request’ latch. At CPU clock 2 time, a ‘CS
priority bit 4’ is sent to the CPU (FEMD 5-250). The CPU
responds with DBO 1 and DBO 4 signals indicating thit the
request is granted. At clock 8C time, the ‘any MFCU

1/0 cycle’, ‘any print 1/0 cycle’, and ‘print loed LSR 1/O
cycle’ Iatches are set. The LSR MFCU print address registes
(MPTAR) is selcted at clock O time. If print buffer address
2 was specified, 128 (80 hexadecimal) loaded into MPTAR
low order byte. The MPTAR contains the starting core *
storage address of the data to be printed.

Print Station Card Registration

The card from the wait station moves through the punch '
station to the corner station. A photoelectric cell senses
when the card is registered in the corner station. From the

corner station, the card is then registered in the print sta‘tivon.“

The first ‘print step CB’ pulse from the MFCU, after the
‘print request’ latch is set, turns on the ‘print stepper home’
latch (FEMD 5-240). The ‘print stepper clutch’ and the
‘print clutch pick’ latches are set thereby energizing the
print stepper clutch magnet. Energizing this magnet stops
the print stepper clutch in its home position. Energizing
this magnet also allows the pick print stepper delay counter
to be stepped by a shift of the ‘feed check time base 5’
signal. After the pick print stepper delay counter equals
count nine, the ‘print clutch pick’latch resets thereby
de-energizing the clutch pick, magnet. The hold current

holds the armature that keeps the clutch in its home position.

Also, the pick print stepper delay counter is reset until
the card is to be advanced by the print stepper clutch
(FEMD 5-240). After the card is registered against the
print stepper rolls, the print stepper clutch magnet is de-
energized and the card advances to the print line one.

To register a card in the print station, the print stepper

_clutch magnet, the corner alignment magnet, and the corner

kick magnet are energized to kick the card into the MFCU
print carriage feed rolls that are now stopped (FEMDs
5-200, 5-220, and 5-240).

After setting the ‘print stepper home’ latch, the ‘print

comer kick’ latch is set when the card covers the corner
station cell and after the next ‘print inject CB’ pulse from
the MFCU (FEMD 5-240). After setting the ‘print corner
kick’ latch, the ‘print mechanical busy’ latch is set. Also

the corner kick counter is conditioned to allow the counter
to advance by the ‘feed check time base 4’ signal. The
reason for the corner kick counter is to allow the card to
register in the corner station after covering the corner station
cell. The corner kick counter counts to six. At count six,
the corner kick and the corner alignment magpets are
energized. The card is pushed by the corner k{cker into the
pqnt stepper clutch feed rolls.

. As the card is regtstered in the vprmt station, the corner

station cell uncovers resulting if setting the ‘card in print
station’ latch (FEMD 5-240). The card is registered in the
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prim station and the *print mechanical busy’ indicates a
condition. (See FEMD 5-200 for a flowchart
D 5-220 for a timing chart.)

Advence Card to Line One

The print address register was set and the card was registered
in the print stepper rolls during count zero of the print
clock. Refer to FEMD 5-205 for a flowchart that shows
card advancement. Setting the ‘print mechanical busy’ latch
allows the print clock to be advanced after each ‘print

pick CB’ and ‘print inject CB’ pulse (FEMD 5-245).

During count one of the print clock, the ‘inhibit clutch
hold’ latch is reset thereby de-energizing the print stepper
clutch magnet. The print stepper clutch turns advancing
the card to line one. Also, the:‘gate print step counter’ latch
is set allowing the pick print stepper delay counter to step.
When the counter reaches count nine, the ‘inhibit print
clutch hold’ latch sets whi¢h results in energizing the print
stepper clutch pick and hold magnets. Also, at count nine,
the ‘gate print step counter’ latch resets. The pick print
stepper delay counter is also reset. Becpuse the ‘print
clutch pick’ latch is set, the ‘gate print step counter’ latch

FCU clock C time. The pick print stepper c{utch
delay counter again steps to nine. At count nine, the
*print clutch pick’ latch resets de-energizing the pick magnet
coil (FEMD 5-240). The held coil remains energized until
the card is to be advanced again. When advancing the card
to line one, the hold current is off for 5.12 millisecond to
5.76 milliseconds. The pick-current is on for 5.12 milli-
seconds to 5.76 milliseconds.

No further action occurs until the print counter equals
count four. At this time, the ‘side motion gatg latch sets
allowing the print side motion Counter to step every ‘feed
check time base 2’ signal. When the side motion counter
equals count 6, the print side motion cam is at high dwell.
At this time, the print side motion magnet is energized
(FEMD 5-240). This magnet remains energized throughout
the print operation. Printing begins when the print counter
equals count five "

Print Cycles

_ Thefirst *print request cdock’ signal (print counter equals
five) sets the ‘print character request’ latch (FEMD 5-255).
Note that the ‘inhibit request’ latch was reset by a previous
‘condition print clock advance’ signal.

Print cycle steal request cannot occur until the attachment
receives a ‘print fire CB’ signal from the MFCU. Because

the print data register (bank 1 and bank 2) is reset, no
printing occurs until after t “print fire CB’ signal «

310 (12/69)

* machines) to tlie CPU via the DBI assembler/

)
A cycle steal request results in the following (FEMDs 5-210,
5-230, 5-255, 5-260, and 5-265): -

1. The contents of the print character counter are sent
to the CPU (FEMD 5-260).

2. Contents of core storage are fetched as specified
by the MPTAR.

3. Contents of core storage and contents of print char-
acter counter are compared in the CPU ALU.

4. A compare is indicated by sending O's to the attach-
ment over DBO (FEMD 5-265).

5. A compare results in setting the first position of the
print shift register. All other bits in this register are
shifted one bit position (FEMD 5-265):~~-

6.  The MPTAR is increased by 2 (16 Kammer mathines)
or by four (8 hammer machine$). See FEMD 5-268,

The :ﬁrs_t“prim fire CB' after the *print character request’ -
latch was st results in resetting the print data register bank

. 1. The print shift register is reset shortly after bank 1 is

reset (FEMD 5-265). As a result of the print fire CB pulse,
the load print data rank 2 counter is stepped every 20.48
microseconds. About 200 microseconds after the ‘print load
data rank 1’ signal. print data register bank 2 is reset. "

The ‘load print data rank 1’ signal also sets the ‘print CS
request latch. Cycle steal requests are sent to the CPU every
clock 2 time (FEMD 5-255). The CPU responds with a
DBO 1 signal and a DBO 4 signal. During clock 8 time the
‘any MFCU 1/O cycle’, ‘any print /O cycle’, and ‘print data
1/0 cycle’ latches are set. The channel LSR 7 and LSR 4
signals select the MPTAR at clock 8 time. The data accessed
from storage is placed in the CPU A register. After the

CPU responds to a cycle steal request, the contents of the
print character counter are sent to the CPU A register

via DBI (FEMD 5-260). Also, data is fetched from storage
and placed in the CPU B register. The CPU A and CPUB
register contents are then compared by performing a binary
subtract operation (a ‘channel binary subtract’ is sent to the
CPU). The results of the comparison is sent to the attach-

" ment over DBO. If ‘any DBO bit’ is sent to the attachment -

(FEMD 5-265), a zero is placed in the first position of the
print shift register. No bits (except a parity bit) sent over
DBO indicates a compare and a one is placed in the print -
shift register. The bits in the shift register are shlftcd one
bit position after each compare. ;

At clock 2 time, the MPTAR is selected for address modifi-
cation. The ‘gate address modify’ signal sends a ‘modify

by two’-(16 hammer machines) or ‘modify by 4’ (8 hammer

After the first cycle steal request, the chagicter for the first
typewheel character was compared with
for that typewheel. Because two _(
Al) was ad ed to the MPTAR  the saghe character count
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for the next typewheel is compared with a different location

in core storage. Two (model A2).or four (model A1) is
again added to the MPTAR for the third comparison. Six- .
teen comparisons (model A2) are necessary for each print
character count value. These comparisons result in option-
ing each hammer for a character that is in the print position
for a given fire CB pulse. When 16 (model A2) comparisons
(8 for model Al) are complete, data from the shift register
is gated to the print.data register after the next ‘print fire
CB’ pulse by the ‘load print data rank 1’ signal (FEMD -

5-265). Data from bank one of the print data register sets
print data register bank two. The ‘print time switch’ line
was activated when the ‘print mechanical busy’ latch was
set. The bits set in bank two select the print hammer mag-
nets to prin the selectéd characters. (See “Print Unit
Operation Timing” in this chig}\e: for shift register and
print data register operations.)

~

The print 1/0 cycle counter counts the number of compari-
sons made (FEMD 5-255). After 16 comparisons (model
A2), the ‘last print-data 1/O cycle’ signal resets the ‘print
CS request’ latch. The print CS request counter is stepped
at this time to count the characters optioned (FEMD 5-255).
To prepare for the next group of comparisons, 30 (model
A2) or 28 (model Al) is subtracted from the MPTAR
(FEMD 5-260). The next ‘print fire CB’ pulse advances the
print character counter. Sixteen more comparisons are -
made before energizing the print hammers. Again, the print
1/0 cycle counter counts the number of typewheels optioned
per character. The print CS request counter counts the
number of typéwheel character groups compared during
each revolution of the typewheels (FEMD 5-255). Sixty-
four groups of sixteen comparisons are necessary for each
. halfdine printed (model A2). Sixty-four groups of eight
comparisons are made for each one-quarter line printed on
eight hammer machines.

-

-~

~-Aftér one complete revolution of the typewheels, the print
Cng“?egucst counter equals 64. At count 64, the ‘64th
characi’e{ cyclc latch is set causing the ‘print character
request’ latch to reset. The last data group compared is

printed. The first one-half line is completed for 16 hammer

machines; one-quarter line is printed for 8 hammer machines.

After printing the first one-half (model A2) line the print
carriage shifts so that columns 2, 4, 6, 8, etc. can be printed.
To prepare the MPTAR for printing after the carriage shift .
operation, the MPTAR is decremented by 29 (model A2)

or by 27 (model A1). See FEMDs 5-210 and 5-215 flow-
charts, 5-230 timing chart, and 5-260 circuit diagram.

Note: Print clock character reqyest times are different for
model Al machines. See FEMD 5-230. -.

The print clock advances to coun

attachment print control circuits wait until com
the carriage shift.

The next print’ request clock occurs when the print clock
equals count s¢ven This results in setting the ‘print char-
acter request’ latch. The starting sequence for the second
one-half line is the same as the starting sequence for the
first one-half line. See FEMDs 5-210 and 5-215 flowcharts

—forprinting one line of print. After 64 more groups of 16

comparisons, tineone is completed. (Eight hammer machines
require two more carri w two more cycles of 64
groups of 16 comparisons.) — b

;,Qf ter line one printing is completed, one mtq‘e

MPTAR. The MPTAR now contains the starting add\
fat the next line of print. The attad gircuits wait fo
the print clock to equal count 10. When the p ock
equals count 10, the print stepper clutch hold magnet is
de-energized. The card advances to print line 2. Circuit
operation for moving the card to line two is similar to the
operation for moving the card from the home position to
line one. The print side motion carriage returns to its origi-
nal high dwell position. The pnnt circuits are prepared for
the next line of print. /

Prmt cycle steals and data transfer are the same as described
in printing line one. The carriage shifts for each revolution
of the typewheels. After one typewheel revolution, every
character was compared with core storage location for the
positions being printed.

s

Ending Operatibns -

If four lines are to be printed, the card is advanéed and
one more line is printed. The ‘last print clock’ signal is
inhibited until print clock 28’(FEMDs 5-215 and 5-245).

When printing three lines, the “last print clock’ signal occurs
at print clock 22 time (FEMD 5" -245). The last print clock
resets the ‘print stepper clutch’ latch. This de-energizes the
print stepper clutch hold magnet and the card is sent to a
stacker pocket. The ‘card in print station’ latch and the
‘print mechanical busy’ latch are reset (FEMDs 5-215 and
5-240).

Print Unit Obe'rau'on Timing

A characteristic of the print unit is that the print magnets
must be energized about 800 microseconds for each char-
acter printed. Data is available at the inputs to the print

register buffer bank one for about 600 microseconds (FEMD
5-265). '

5424 FETOM Attachment (12/69) 3-11
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The ‘load print data rank 1’ signal gates the print data

shift register contents to bank one of the print data register.
The data from bank one is forced directly to bank two of
the print data régister. A set level from bank one always
overrides the reset level to bank two. Because the set over-
rides the reset, the first ‘load data rank 1’ (reset) signal does
not reset the bank two. The same data is still in bank one
because bank one has not been reset, The next comparison
group is always different from the first comparison group.

The next comparison group is loaded into bank one 600
microseconds after the first comparison group. Bank two now
contains the result of both comparison groups. The first
comparison group has energized the selected print magnet
for 600 microseconds when the second group begins to
energize the selected magnets. The bank two data from the
first comparison group is reset 200 microseconds later
resulting in energizing the print magnets for a total of 800
microseconds. Because data from two comparison groups
are in bank two for 200 microseconds, the end result is ener-
gizing the print magnets for 800 microseconds.

STACKER SELECTION
® The wait stacker DBO bits 5, 6, and 7 are loaded during
the SIO instruction I-R cycle. The control code (bits

5-7) of the SIO instruction specifies the stacker pocket.

If no stacker pocket is specified, cards from the primary
card feed path are sent to stacker pocket 1; cards from
the secondary card feed path are sent to stacker pocket
4.

Stacker data is shifted through the stacker seléction
registers as the card moves through the MFCU transport.

During the SIO instruction I-R cycle bits 5, 6 and 7 of the
.instruction control code are' gated to the wait stacker register
(FEMD 4-140). These bjtsindicate the stacker pocket for
the card in the wait station during SIO instruction execution.
The stacker pocket selection codes for bits 5, 6, and 7 are:

M —no selection.

001 —no selection.
010—no selection.
011—no selection.
100—stacker pocket 4,
101 —stacker pocket 1.
110—stacker pocket 2.
111-stacker pocket 3.

®No LB

If no stacker pocket selection is specified, the cards from
the primary card feed path are sent to stacker pocket 1;
cards from the secondary card feed path are sent to stacker

pocket 4.

312 (12%/69)
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"4 the card moves along the MFCU transpoﬁ, the stacker.

pocket data is shifted in sequence through the stacker
selection registers (FEMD 4-140). Data is gated to the punch
stacker register 6 and 7 when the ‘punch registration pressure
roll 1 or 2 SS’ signal occurs. This indicates that the card is
moving from the wait station. _ (‘\

Because the specified wait station was vacated, the wait .
stacker DBO register is available for new stacker data during
the next SIO instruction command. ,
After the card moves through the punch station, the corner
station cell is covered. When the card leaves the corner
station, uncovering the corner station cell gates the stacker
data to the corner station register.

 After the card leaves the corner station and is regiStered in

the print station, the data is shifted to the print stacker
register. Decoding stacker counter count 1 and count 21
gates the stacker data to the stacker register and then to the
stacker magnet register. The selected stacker magnet ener-
gizes causing the card to go to the selected stacker pocket.

If DBO S bit is not on and if the primary card feed path is
selected, the ‘punch stacker 7’ latch is set resulting in
selectmg stacker pocket 1 magnet; if the secondary card feed

“path is specified, no stacker magnets are energized and the

card goes to stacker pocket 4 (FEMD 4-140).

INITIAL PROGRAM LOAD (IPL)

® An IPL operation reads program instructions into core -
storage.

® An [PL operation is started by pressing the CPU program
load key or by executing an IPL SIO read instruction.
Bit 1 of the SIO control code must equal .

® An SIO IPL can select either hopper.
® The program load key selects only the primary hopper.

@ The IPL operation performs a read operation with the 8
and 4 bits in tier 3 becoming the D and C bits for tier 1,
~and the 2 and 1 bits of tier 3 becoming the D and C bits
“for tier 2. Tier 3 data stored in storage is usually meaning-
less.

When studying the IPLfoperation, refer fto:

1.  IPL Operation Flowchart—FEMD 5-315.

2 IPL Operation Circuit Diagrams—FEMDs 5-320 and
5-325.

3. “Read/Feed Operation” in thxs chapter and to FEMDs
5-085, 5090, 5095, 5-110, 5-120, 5-125, and 5- 130
for flowcharts, timing charts, and circuit diagrams.
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The IPL operation assembles 8-bit bytes of program instruc-
tions from a card and stores the program in core storage’

Because a 6-bit card code is normally used, DBI bit positions
0 and 1 equal 00 during a normal read operation. However,
during an IPL operation, 8-bit bytes are read and stored in
core storage. These bytes are the program instruction codes.
Because an 8-bit code is necessary, bits 8, 4, 2, and 1 of tier
3 are used as the D and C bits for tiers 1 and 2.

During an IPL operation, bits 8 and 2 from tier 3 become
the D bit for tiers 1 and 2; bits 4 and 1 from tier 3 become
the C bits for tiers 1 and 2 (FEMD 5-320).

Bits 8 and 4 from tier 3 are gated as D and C bjts when
‘gate read data byte 1’ gates the first byte to the-DBI
assembler (FEMDs 5-130 and 5-320). Bits Z(md 1 from
tier 3 are gated as D and C bits to the DBI assembler by the
‘gate read data byte 2’ signal.

* S10 IPL Opetation

An SIO read instruction starts the read operation because

Q byte bit 7 of the I-Q register is set. The ‘execute primary’
and the ‘execute read’ latches are set durirlg the I-R cycle
(FEMD 5-080). If bit 4 of the I-Q register is set, the secon-
dary hopper is selected. Because bit one of the SIO instruc-
tion control code equals 1, the I-R cycle ‘SIO command
sample’ signal sets the ‘execute IPL’ latch (FEMD 5-320).

A normal read operation is executed except that bits 8, 4,-

2, and 1 are ORed with the D and'C positions and gated to -
the DBI assembler (FEMD 5-320).

Program Load Key Op‘nuon

Pressing the program load key on the (ZPU operator panel
starts the IPL operation. The CPU sends a ‘system or power
reset’ and “data bus out 7’ signals to the attachment (FEMD
5-325). When the program load key is pressed and released,
* the ‘IPL command stored’ latch is set by a CPU ‘clock §°
pulse. The MRDAR LSR select levels are sent to the CPU.
Selecting the MRDAR at this time results in resetting the

MRDAR to 0000 by a system reset. The ‘MFCU IPL )

command’ signal results in setting I-Q regxster bit 7 and
‘execute IPL’ latch. The ‘execute primary’and the ‘execute
read’ latcheS.are set after setting the I-Q fegister bit :
(FEMD $-320) because the ‘lPL command’ latch Was set.

An IPL read operation is then executed the same as the
normal read, except that bits 8, 4, 2, and | are ORed with
the D and C positions and gated to the DBI assembler
(FEMD 5-320). After reading of the card is completed,

‘channel 1 1-O condition B’ is sent to the CPU (FEMD 5-325).

Sending condition code B allows the CPU to start instruction
execution beginning from core storage location 0000.

> For the NPRO key to be active, both card feed paths gust be

NON-PROCESS-RUNOUT (NPRO) OPERATION

® Clears cards from the MFCU tnmpon and sends cards
to stacker pocket one.

® Resets feed check indicators. |

® Both card feed paths must be not ready and one or both
hoppers must be empty.

® The NPRO key must be preaed two times to clear both
wd feed paths.

® Cards must be manually removed from all card lever cells. :

When studying the NPRO Operation, refer to:

1. NPRO Operation Flowchart—FEMDs 5-275.
2. .- NPRO Operation Circuit Diagrams—FEMD 5-280
and 5-290.

The NPRO operation clears cards from the 5424 MFCU
primary or seconary card feed paths. Cards are sent, from
both card feed paths, to stacker pocket one. An NPRO
operation also resets any feed check indicators that may be

on.

<]

be not ready and one or both hoppers must be empty. - Any
cards that cover the photo cell sensors must be manually
removed »

The MFCU motor must be Stopped before pressing the NPR

NPRO key. If both hoppers are not ready, one or both

hoppers are empty, and no cards are in the card feed trans-
port, pressing the NPRO key causes the ‘execute NPRO time’
latch to set on the next MFCU clock A signal (FEMD 5-280).
Setting the ‘execute NPRO time’ latch starts the MFCU

‘motor and energizes stacker pocket one magnet. Setting

this latch also resets the ‘NPRO SS’ latch generating a reset
signal until the next ‘MFCU clock C’ pulse. The ‘NPRO
SS’ latch is normally set.

When the ‘NPRO SS’ iatch is set, the *NPRO select’ latch
selects punch register pressure roll one or two (FEMD 5-290).
The table on FEMD 5-280 shows hopper status and ‘NPRO
select’ latch status after an NPRO reset.

The card is ejected from the selected wait station through

the punch station to the corner station. From the corner
station, the card goes through the print station to stacker

pocket one. (See FEMDs 4-140 and 5-280 forstacker pocket
one sefection.}y
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When the nine stage time delay counter equals count 8, the
‘execute NPRO time’ latch resets stopping the MFCU motor
and de-energizing stacker selector one magnet.

The NPRO key must be pressed the second time to empty
the other card feed path

v

MOTOR START-STOP OPERATION

‘e An SIO instruction starts the MFCU motor.

® An NPRO operation starts the MFCU motor.
4
¢ A feed check condition, a power-on reset, a no command
time out, a not ready condition, and an interlock cover
open stops the MFCU motor (FEMD 5-295).

Refer to motor control circuits shown on FEMDs 5-295,

5-297, and 5-300 whén studying motor start-stop operations.

When power is applied to the system, a power-on-reset
resets the ‘motor on’ latch. When an accepted MFCU SIO
instruction is executed, the ‘motor on’ latch is set, which in
turn starts the MFCU motor (FEMD $5-295). iy

Tbe nine stage time delay counter outputs are used to allow
the MFCU motor to reach operating speed before the SIO
operation starts (FEMD 5-300). This counter is reset each

“time the ‘execute feed’ latch is set. Countmg then begins

agam from zero. The ‘motor ready one’ latch is set when -

. thenine stage time delay counter reaches three. Between

P

count three and count five, the ‘rattle-punch-rattle’ signal
operates the puﬁch magnets about 15 times before feeding a
'¢ard. This operation occurs regardless of the operation to
be performed. Operating the punch magnets helps prevent
suckmg armatures because of dust or oil.

If the nine stage time delay counter réacbés a count of 256,
a “go command timeout’ signal resets the ‘motor on’ latch

“at *MFCU clock A’ time. The MFCU motors then stop. The

counter reaches 256 to stop the motor because no SIQ, in-
struction selected the MFCU within the 30 second time

limit.

.- An MFCU SIO mstrucuon or an NPRO operanon restarts

the MFCU motor (FEMD 5-295).

The up-down counter indicates when the wait to stacker
transport is clear of cards. The ‘wait to stackeRclear’ signal
allows the gate motor stop counter to be stepped by the
‘hopper CB leading edge’ pulses. Whenever the gate motor

- stop counter equals count 4, a ‘gate stop’ signal occurs

(FEMD 5-297). The ‘gate stop" signal is used to stop the

314 (12/69)

- latches to modify the

MFCU motor after both hoppers go to a not recdy status and
after the SIO instruction command is completed. Both hop-
pers go to a not ready status when the following occurs:

" The'stop key was pressed.
Both hoppers empty during program execution.
An interlocked cover is opened.
A stacker full condition occurred.
A hopper check or feed check occurred.

VAN

. These controls allow for an early motor stop; otherwise, the

‘no command timeout’ is used to stop the motor. This
requires about 30 seconds. :

DIAGNOSTIC READ-PUNCH OPERATIONS

\
® A diagnostic re#d stores the read check register 128 bytes
‘above the read ¢ata

® A diagnostic puneh stores the punch check data 128 bytes
above the original punch data.

To place the attachment in diagnostic read or diagnostic
punch mode, MJO Q byte bit four must equal one. The
LIO Q byte N field imust also select an MRDAR or an
MPCAR. An SIO rdad or SIO puach must then follow the

LIO instruction to perform the diagnostic operation.
\ . .

During the LIO mstl\ucuon execution, the LSR regjsters
are loaded with the specified address the same i y LIO

-instruction. In additjon,the ‘read diagnostic’ Iitch or

‘punch diagnostic’ latch is set during the LIO insturction
E-B cycles (FEMDs 5!010 and 5-360). If the N field equals
five, a diagnostic read|is specified by setting the ‘read
diagnostic’ latch. If the N field equals six, the ‘punch
diagnostic’ latch is set indicating a diagnostic punch oper-
ation. An SIG instruction operation allows the diagnostic
cified LSR so that.check data
will be stored 128 bytes above the original data is storage.

The read-punch-punch check counter stepping is inhibited

at *clock 6C’ time during a diagnostic read or a diagnostic
punch operation. This aliows time for the check byte to be
stored in storage. The check byte is then stored 128 bytes
above the original data. In order to store the check byte, 128
is added to the LSR. A rjormal read or a normal punch
operation is performed. g“}'he only basic difference between

a normal read and a diagriostic read or between a normal
punch and a d:agnosuc p\lnch opgration is that the check data
is stored in core storage. Data is checked during the diag-
nostic operations.
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= At the end of the specified SIO bperation, the ‘read diag-
nostic’ latch is reset by the ‘trailing edge or hopper check’
signal; the ‘punch diagnostic’ latch is reset by the ‘end
punch cycle’ signal.

Diagnostic Reed

When studying the diagnostic read operation, refer to:
" 1. “Read/Feed Operation” in this chapter.

2. Diagnostic read flowcharts— FEMDs 5-330, 5- 335,
5-340, and 5-345. :

3. Diagnostic read timing charts—FEMDs 5. 350 and
5-355.

4.  Diagnostic read circuit diagrams— FEMDs 5-360,
5-365, and 5-370.

 Card feeding from the hopper to the read station is the same
as for a normal read/feed operation. Reading of data starts
when the leading edge of the card covers the 18 read cells.
After the read cells are covered, the ‘leading edge’ latch is
“ set (FEMD 5-125). The read gear emitter counter begins
counting. When the read gear emitter counter equals count
46, the ‘start read’ and the ‘allow read’ latches are set (FEMD

, 3-125). Also, the read gear emitter counter is reset. The

* first card column group (columns 1, 33, and 65) is now in

position to be read.

As the card column group passes over the read cells, the
‘gated read sample’ signals gate data into the read data
register and the read check register. Three attempts are
made to gate data into the read data register on read gear
emitter counts of 1, 5,and 9. Three attempts are also made
to gate data into the read check register on counts 3, 5, and
T (FEMD 5- 125)

When the gear counter equals 11, the ‘read CS request’ latch
is set (FEMD 5-365). Setting this latch indicates that data has
has been read from the card column group and that cycle
steal requests can now begin. The ‘read priority’ latch is then
set and the next clock 4 sends a ‘CS priority bit 4’ signal to
the CPU. The CPU responds by sending a DBO 0 signal and
a DBO 4 signal to the attachment. As a result of this re-

- sponse, the ‘any MFCU 1/0’ latch and the ‘read 1/O cycle’
latch are set (FEMD 5-365). Setting these latches result i in
selecting the MRDAR and actlvatmg control lines to the”
CPU.

The diagnostic read operation requires two cycle steal re-

- quests per card tier. During the CPU cycle resulting from

the first cycle steal request, data from the read data register
is stored in core storage. Quring the second cycle steal  © -
request, the data from the read check register is stored 128
bytes above the first data byte location. The two cycle e
steal requests are called (1) first diagnostic read-punch 1/0

cycle and (2) second diagnostic read-punch 1/0 cycle
(FEMD 5-360). -These Cycles result because the ‘read diag-
nostic’ latch was set by 4 previous LIO instruction.

During normal read opera\ons, the read-punch-punch check
counter is stepped at clock 6C time and at-clock 7 time.
Therefore, the ‘gate read check byte’ signal is blocked during
‘clock O thru 1’ time. Because the ‘clock 6C’ signal is inhi-
bited during diagnostic operations, bit 1 of the read-punch-
punch check counter can then be used to control check byte
data transfer and address modification after the check byte
transfer.

The first data byte from the read data register is sent to the
DBI assembler under control of the read-punch-punch check
counter (FEMD 3-370). Odd parity is assigned to the data
byte and the data is then stored i in core storage as specified
by the MRDAR.

After the first read data byte is sent to the CPU, 128 is
added to the MRDAR. Updating the MRDAR occurs before
stepping the read-punch-punch check counter (FEMDs
5-360 and 5-365). The first data byte transfer occurred
during clock 0 thru 1 time. Data from the read data register
and the read check register are then compareﬁ at clock 2
thru 3 time (FEMD 5-370). A cycle steal request occurred
at clock 4 of a previous CPU cycle (FEMD 5-350).

The read-punch-punch check counter is advanced at clock 7 ,
time. Because bit 1 of the counter is set, the ‘gate read -
check byte’ signal sends the first read check byte (tier 1) to
the DBI assembler during the next clock O thru 1 time.

During address modification of the second diagnostic read-
punch I/O cycle, 96 is subtracted fromythe MRDAR because
the ‘modify by 64’ and ‘modify by 32’ signals are sent to

the CPU along with the ‘channel binary subtract’ signal
(FEMDs 5-340 and 5-365). This prepares the LSR wgateww
tier two data into the correct storage address. Read &heckm%
is again performed. N < ‘

The read-punch-punch check counter is advanced. Anoth;r -
cycle steal request is sent to the CPU. After the CPU re-
sponds to this-cycle steal request, the second datd byte (ti

2) is stored. The next cycle steal request résults in stori

the read check byte (tier 2). Read checks are performed ‘\
after each by te transfer. Ag'ter the secorid check byte from
tier 2 is transferred, 96 is sabtracted from the MRDAR to
prepare the LSR for data byte transfer from u% .

kY
%
1Y

The data byte from tier 3 m,vgn sent to the CPU. During
the transfer of the check bytedrom tier 3, the ‘last cycle’
latch is set. The ‘read CS fequest’ latch is reset which inhibits
cycle steal requests until after the next card column group is
read. Setting the ‘last.cycle’ latch which results in activating
the ‘modify by 128’, ‘modify by 31, ‘modify by 32, and
‘channel binary subtract’ lines (FEMD 5-365). This results

.
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in subtracting 191 from the MRDAR. The MRDAR now - When the read-punch -punch check counter equals count 1 °

contains the address for the next card column group to be withi bit 1 off, the attachment circuits perform a punch

stored. A ~ check cycle because the “first dnguostnc read-punch check
1/O cycle’ line is active. When bit one of the read-punch-

The card moves to the next card column group. When the punch check counter is set, thé second diagnostic read-punch

read gear emitter counter again equis count 11, three more check 1/0 cydle circuits are activated (FEMD 5-360). Be-

data bytes and three check’ Bytes are stored in core storage. cause a diagnostic punch operation is specified, 128 is added

Data transfers and address modifications oo¢ur until all 32 to the MPCAR dunng the first diagnostic read-punch I/0

a card column groups are stored. Storage ROW contains data cycle. .
’ from the read data register and data from the read check
registe
‘gls " During the second read-punch check 1/0 cycle, the punch

:ll'_ke ending operation is the same as for a normal read/feed. , check data is sent to the CPU core storage. This data is

e ‘read diagnostic’ latch is reset zi'ter the ‘trailing edge’ ~~ stored 128 bytes above the original punch data. The ‘channel
latch sets (FEMDs 5-345 and 5-360) A hopper check also store data’ line is active during the second diagnostic read-
resets this latch. The card is then sent to the wait station punch check 1/O cycle. Also during the second diagnostic
and the read cucmts are restored ﬁo their startmg conditions  Punch check I/O cycle, 96 is subtracted from the MPCAR

specifies the storage location for the second byte (tier 2).
Fhe second byte is checked and stored in core storage the

Diagnostic Punch | (dme as the first check byte.

During the second diagnostic punch check 1/O cycle of tier

When studying the dia ‘\stic unch operation, refer to: '
ying . gno P pe 3 (byte 2) transfer, the last cycle latch is set. Setting this

1.  “Punch/Feed ORe\ration” in this chapter. lateh results in subtracting 191 from the MPCAR. The
2. Diagnostic punch flowcharts—FEMDs 5-380, 5-385, ‘modify by 128’, ‘modify by 32’, ‘modify by 31”, and
and 5-390, - ‘modify minus’ signals are sent to the CPU for this address
3. Diagnostic’ punch timing charts—FEMDs 5- 395 and modification. '
‘ 5400. :
4.  Diagnostic punch cir‘cuit diagrams—FEMDs 5-405, The card moves to the next card column group. Data is
5410, and 5415. - punched, checked, and the punch check data stored in
~. storage.
The card is registered in the punch statwq Jhe same as for a N
normal punch feed operation. After the card is registered, While the last check byte is being stored in core storage, the
the punch control circuits wait for the ‘punch pick CB’ ‘last cycle’ latch is set. The ‘punch check CS request’ latch
pulse after the punch step counter equals count 4. The is then reset (FEMD 5-405).
“punch CB-CS time’ latch is then set. The next ‘punch check
CB’ sets the ‘punch check CS request’ latch. The punch control circuits then wait for punch step count

37. After the punch step counter equdls 37 the ‘punch

Three data bytes are sent to the attachment the same as ©  check CS time’ latch is reset. The punch stepper pressure
«described in “Punch/Feed Operation” in this chapter. Data  Toll magnet is energized and the punch eject pressure roll

is punched in the card and data is stored'in th&MFCU punch magnet is deenergized. The card then advances to the
chqgk circuits. comner station. The card is then sent'to a stacker pocket.

The punch controls are then restored to their starting

Because the ‘punch diagnostic’ latch is set, the read-punch- condition.

punch check counter steps at clock 7 time only. This results o ) L

in sending the data check bytes to the CPU twice. The first A C‘_’rd ‘Sﬂ_mér r °a‘! or fed'and senit to the Vacated wait

data byte sent to the CPU is compared-fpainst the contents ~ Station during the diagnostic punch operation (FEMD:s 5-120
of the original data punched in the card. The second data and 5-170). Also, refer to the “Read/Feed Operation” in
check byte sent to the CPU is stored 128 bytes above the . this chapter.

original data. . .
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Chapurlt Features

There are no features applicable to the MFCU attachment.
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g Chapter 5. Power Supply and Control

Power is applied to the attachment circuits from the CPU
power supplies.

"CONTINUED ON
FRAME DOl
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) Chapter 6. .Console and Maintenance Feature

~—

Refer to /BM 5424 Multi-Function Card Unit Field Engi-
neering Theory of Operation, Form SY31-0213 for MFCU

console and maiftenance features.
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Appendix A. Machine Characteristics

Not applicable.
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. Appendix B. Special Circuits

There are no special circuits in the MFQU attichment
circuits.
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