


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CE. The following is a summary of the read-in and test

sequence:

1. While the FLT is being scanned into the CE, a
continuing check for storage and/or input errors is made.
Storage errors might occur between storage and the CE.
Input errors might occur between IOCE and storage
while the next FLT is being read into the alternate
buffer. ‘

2. When scan-in is complete, the ‘scan mode’ trigger is
reset, and an unconditional branch to the ROS word
addressed by MCW(8—19) is performed.

3. The ‘scan counter control’ trigger is set, and the FLT
counter keeps track of the number of CE cycles
specified by MCW(26—-31). The CE clock is stopped
when the FLT counter equals 0.

4. Following a successful scan-in and clock advance, a
scan-out operation places the test result in T. The
combination of MCW(4) and MCW(21-25) determines
the scan-out word that is transferred to T.

5. At this point, the mask is fetched from storage and
transferred to S. A result comparison between the mask
and the scanned-out word is made, and the ‘pass’ or ‘fail’
trigger is set, depending on zero reset and MCW(7). The
next operation to be performed is determined by pass,
fail, unconditional-, or conditional-terminate conditions.

6. Execution of this FLT is repeated until a ‘TIC’ or ‘end
of record’ (‘gap’) signal is received. When either is
received, the decision to stop or continue is made, and
appropriate controls are set.

Hardcore Tests

Functionally, the hardcore tests at the beginning of the
FLT tape are identical with the ROS hardcore tests. The
differences are in the format and control of the tests. FLT
hardcore tests have the same format as zero-cycle and
one-cycle tests except that all scan-in words other than
words 1 and 16 are 0’s. Word 1 contains the mask and
"~ MCW, and word 16 contains the TN/ATN. These words are
used in the same manner as in the ROS hardcore tests.

FLT hardcore tests are controlled by the FLT ROS
microprogram instead of by hardware, as in the ROS
hardcore tests. Successful testing terminates on three
hardcore stops (correct stops), and, upon restart, the CE
enters zero-cycle tests. Maintenance personnel may attempt
isolation and repair on an error stop encountered during
hardcore tests according to the procedure in LADS A6511.

Zero-Cycle and One-Cycle Tests
® Scan-in loads CE with test data.

e Test cycle allows CE to act on scan-in data.

e Scan-out collects data after clock advance.
o Mask is compared with scan-out data.

e Testing ends or continues, depending on result com-
parison, with expected result [MCW(7)] .

Each FLT follows a similar five-step routine under ROS

control (with the exception of scan-in and scan-out, which

may be either under ROS or hardware control). The FLT
sequence may be summarized as follows:

1. Scan-In. When a storage buffer has been filled with an
FLT and the CE receives a ‘TIC’ pulse, scan-in begins.
The address sequencer is set to 15 by a micro-order, and

~ words O through 15 are read into the CE. These words
enter the CE via Q or ST and are scanned into various
registers and triggers throughout the CE, using normal
data paths, to set up the machine environment for a
particular test. During scan-in, certain micro-orders are
interpreted for scan control rather than for functional
operations. From T, the MCW is transferred to the
address sequencer, the FLT counter, and the MCW
register when the address sequencer equals 1. When the
address sequencer equals 0, scan-in is completed except
for ST, and the test-cycle phase is entered. A micro-
order transfers T to ROSAR, and, on the next cycle, ST
is scanned in.

2. Test Cycles. The count in the FLT counter, set by the

MCW, determines the number of cycles taken by the CE.
A micro-order, specified by MCW(8—19), controls this
portion of the test. When the FLT counter equals 0, the
CE clock is stopped and scan-out begins.

3. Scan-Out. The status of the ‘exit” trigger is placed in T.
The scan-out word containing the status of the ‘exit’
trigger is specified by the count in the address sequencer.
MCW(4) determines whether the right or left word
contains the ‘exit’ trigger status. If the count in the
address sequencer is 14 or greater, scan-out is controlled
by hardware. If the count is 13 or less, scan-out is
controlled by ROS.

4. Result Comparison. The ‘exit’ trigger is compared with a

known value, one that is predicted on the basis of the
information scanned in. This comparison is accom-
plished by fetching the mask from storage, placing it in
S, then ORing the scan-out word and the mask in the
scan-out bus. The mask contains all 1’s except for the
position corresponding to the ‘exit’ trigger, which is a 0.
Assuming the ‘exit’ trigger is set when it is ORed with
the O in the mask, the output is transferred to PAL as a
0. Next, the CE compares the output of the OR with
MCW(7), the ERSLT bit. With all 0’s in PAL and
MCW(7) = 1, the CE determines that the test has passed
and sets the ‘pass’ trigger. If the comparison is unfavor-
able, the ‘fail’ trigger is set. Because the test is
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continually repeated until the next ‘TIC’ pulse is
received, both the ‘pass’ and ‘fail’ triggers can be set.
After the result comparison, the CE must decide
whether to terminate testing or continue.

5. Terminate or Continue. This decision is a major point in
the FLT sequence. Four triggers determine what the CE
will do mext: ‘pass’, ‘fail’, ‘UT" [MCW(5)], and ‘CT’
[MCW(6)]. The CT bit is always set in current FLTs
(except for certain hardcore tests). Depending upon the
setting of these triggers, the decision that will be made is
as follows:

Trigger Output

‘UT’_‘CT’_ ‘Pass’_‘Fail’ Action
0 0 1 0 Continue — alternate test.
0 1 1 .0 Continue — next test.
0 0 0 1 Continue — next test.
0 1 0 1 Stop — gate alternate test on restart.
1 0 1 0 Stop — gate alternate test on restart,
1 0 0 1 Stop — gate alternate test on restart.

The CE repeats the current test until the “TIC’ pulse is
received from the channel. At that time, the decision to
stop or continue is made. If the CE is to continue, the
test in the opposite buffer is scanned in. No count is
made of the number of times the test is repeated.

6. TN/ATN Comparison. This comparison is accomplished
in hardcore and whenever the LOAD pushbutton is
depressed. The TN located in word 16 is compared with
the ATN left in T by the last test to be executed. Also, a
specific TN may be entered into the T-register via the
DATA switches and STORE pushbutton and the CE
searches for this number to the exclusion of all other
tests. As FLTs are now set up, the ATN in each test is
the number of the next FLT on the tape (with the
exception of hardcore tests).

Scan-In Highlights
o Test pattern establishes trigger status before test.

o Test words are read into S, T, or Q, then distributed
throughout CE under microprogram control.

The scan-in portion of an FLT consists of fetching a test
pattern to establish a trigger status before a test. Scan-in
test words are read into S, T, or Q from the FLT buffers.
From these registers, the data is transferred throughout the
CE, under microprogram control, via special scan circuits
and normal CE paths. Transfer paths are determined by the
microprogram, which is repeated without variation for each
FLT. At the end of scan-in, the CE clock is allowed to cycle
the number of times required to condition the ‘exit’ trigger.
Scan-in fetches 16 words from storage into the CE.
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A scan-in is started with the address sequencer set to 15
(Diagram 6-116, Sheet 2, FEMDM). A scan storage request
fetches scan-in word 15 of the record. This word is
transferred to ST, and the address sequencer is reduced by
I.

Another scan storage request is made for word 14.
Scan-in continues to operate for words 13—2 exactly as it
did for word 14. Word 1 (mask and MCW) is loaded into
ST, and a check is made for a ‘TIC’ or ‘gap’ pulse. Before
word O is transferred into the CE, the mask and MCW
(word 1) are transferred out of ST. Diagram 6-116, Sheet 4,
shows that T(32—39) is transferred to the MCW, T(53—57)
is transferred to the address sequencer, T(58—61) is
transferred to the FLT counter and FLT clock, and the
‘scan counter control’ trigger is set. Word O is loaded into
ST after T(40-51) is loaded into ROSAR. The ‘scan
counter control’ latch is then set to allow the test to be
performed.

Test Cycles. The CE clock is allowed to advance a number
of cycles as specified by MCW(26—31). A portion of the
microprogram, starting at the address specified by
MCW(8—-19), is performed. Note that at this point the CE
seems to be running a program. However, this is not the
case. The micro-orders being performed merely allow the
scan-in test pattern to be transferred through the logic
being tested to change the state of the ‘exit’ trigger. If
setting these triggers at scattered points causes three legs of
an AND to be tested, then 1’s are directed to those triggers
when testing the AND. If the three triggers happen to be
those normally set during I-Fetch, for example, this fact is
incidental to FLT testing. '

As soon as the CE clock cycles begin, the FLT counter is
stepped in synchronism with the clock. When the proper
number of cycles have been taken, the FLT counter steps
to 0, which causes the ‘cycle counter equals zero’ latch to
be set. The “‘SOROS’ and ‘MMSC’ triggers and the ‘sync®
latch are then set. The ‘MMSC’ trigger stops the CE clock.
As soon as the ‘sync’ latch is set and the operation is
synchronized with the scan and FLT clocks, the ‘MMSC’
trigger is reset. The operation proceeds under ROS or scan
logic control, depending on the value in the address
sequencer. ’

Scan-Out. During scan-out (Diagram 6-116, Sheet 3), the

‘exit’ trigger status is transferred from the indicator driver
circuits, through PAL, to T. This path is the same path used
for logout operations.

The word scanned out is determined by the scan-out
address in the address sequencer. The setting of the address
sequencer determines which roller switch on the system
control panel contains the desired information, and
MCW(4) determines whether the right or left half of the
word should be scanned out. Scan-out is first controlled by



scan hardware and then by the microprogram. The hard-
ware-controlled portion of scan-out is always performed
first regardless of the value in the address sequencer,
although only those fields addressed by a value of 14 or
greater are scanned out. If the ‘exit’ trigger is in a scan-out
word whose address is 13 or less, the field is scanned out
under microprogram control.

ROS control is resumed by forcing one address, if the
address sequencer is greater than 13, and another address if
it is less than 14. The microprogram started by the former
is ready to perform a result comparison because the ‘exit’
trigger value is in T. The latter program first branches on
MCW(4) to determine whether the left or the right half of
the doubleword addressed by the address sequencer should
be scanned out. The LSWR is gated to T by a normal CE
gating signal; therefore, a branch must be made on address
sequencer equal 13. Because the LSWR is contained in the
right half of word 13, a branch on address sequencer equal
13 is unnecessary if MCW(4) equals 1. By means of these
branches, the microprogram transfers the field to be tested
to T and thus begins the result comparison.

Result Comparison. FLTs check logic by moving data
through a group of logic to an ‘exit’ trigger and by causing a
change in the state of this trigger. To determine the success
or failure of a test, the change in the ‘exit’ trigger must be
sensed on the basis of the data entered into the logic. This
change is predictable, and the data on the test tape
designates whether the trigger is to be a 1 or a O at the
conclusion of each test. The expected state of the trigger is
contained in the MCW as the ERSLT bit.

The scan-out S-and-T function (Diagram 6-116, Sheet 5)
determines the setting of the ‘exit’ trigger by comparing a
mask with the scan-out word containing the status of the
trigger. Scan-out places the selected scan-out word in T.
The mask word, fetched from storage, is placed in S. The
mask contains all 1’s except for the bit position corre-
sponding to the ‘exit’ trigger in T. This bit position is a O,
and therefore the ‘exit’ trigger determines the setting of
PAL.

If the ‘exit’ trigger is set, a O is transferred to the
corresponding PAL bit; if reset, a 1 is transferred to PAL.
Thus, PAL equals O only if the ‘exit’ trigger equals 1. If the
ERSLT bit [MCW(7)] also equals 1 or if PAL does not
equal 0 (indicating that the ‘exit’ trigger is reset) and the
ERSLT bit equals 0, the ‘pass’ trigger is set. If MCW(7)
equals 1 and PAL does not equal 0 or if MCW(7) equals 0
and PAL equals O, the ‘fail’ trigger is set. In any case, if
both the ‘pass’ and ‘fail’ triggers are set, the ‘intermittent’
trigger is also set.

Terminate or Continue. When the mask was loaded into S,
the address sequencer was set to 16 and a scan storage
request was initiated to fetch scan-in word 16 (TN/ATN).

At the samie time that the mask is compared with the

scan-out word, scan-in word 16 arrives from storage and is

gated to ST. The result in PAL and the ERSLT bit are used
to set the ‘pass’ or ‘fail’ trigger and thus record the result.

The address sequencer is then decremented, resulting in a

repeat of the same test just executed.

Assuming the test was successful and no errors were
found, the operation described is repeated until the buffer
is filled with the next test or until an end-of-record gap is
signalled. These conditions are repeatedly sampled for
during scan-in. If a ‘“TIC’ or ‘gap’ pulse is received, scan-in
execution is abandoned. The address sequencer is set to 16,
and the TN/ATN of the test in progress is fetched and
loaded into ST. After a system reset which clears the CE
registers, a stop or continue check is made (Diagram 6-116,
Sheet 5). If a continue condition results, the operation
proceeds to the setting of scan mode to start the next or
alternate test as determined by the stop or continue
controls. In case of a stop conclusion, the ‘stop scan’ signal
causes the CE to drop ‘IPL’ to the IOCE and reset it to the
halt loop with ‘subsystem reset’. The UT bit [MCW(5)] is
set, and the CE enters a microprogram loop.

After a stop condition, manual intervention is necessary.
The operation then depends upon the pushbutton
depressed, as follows:

1. START (with SCAN MODE, REPEAT switch off). Runs
the test that causes the stop one time and causes another
stop.

2. START [with SCAN MODE, REPEAT switch in the
Repeat (down) position] . Continues to run the test that
caused the stop until SCAN MODE, REPEAT is turned
off.

3. STORE. May be used to set a different ATN into T.
(BACKSPACE FLT and then LOAD are used.)

4. BACKSPACE FLT. Sends ‘backspace’ and ‘IPL IOCE
(X)’ to the IOCE, which causes it to backspace one
record. To restart after a failing test, BACKSPACE is
depressed twice (backspace to the front of the test
record, then to the front of the restart IPL record which
precedes each test record), then LOAD.

5. LOAD. Initiates a subsystem reset and an IPL. Resets
the MCW and ‘buffer 1’ and ‘fail’ triggers. Sets the ‘pass’
trigger. This combination causes an ATN search.

TN/ATN Comparison. Every FLT contains the TN and the
ATN of the test which the CE is to execute upon
completion of the current test. This information is con-
tained in word 16 and consists of the TN and ATN in both
true and complement form.

The hardcore tests verify the ability of the CE to
conduct a TN search by comparing the TN (in S) with the
ATN (in T), using the ‘scan out S and T’ signal. A 0 output
indicates a favorable comparison, and the CE then executes
the test. If the inverted-OR output is not sensed as all 0’s,
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the CE rejects the test and continues searching. The bit
configuration in hardcore tests cannot strictly be called a
TN, but the functions of comparison, acceptance, or
rejection of the test are valid.

During zero-cycle and one-cycle tests, the TN search is
rarely used. If the CE does not encounter a failing test once
it has entered the FLT sequence, word 16 is not even used.
The address sequencer is set to 15, and scan-in begins
immediately.

However, if a failing test is encountered, the last action
the CE takes is to place the ATN in T. The test immediately
following the failing test has a TN that is the complement
of the ATN. After manually restarting, when this TN is
brought into S and compared with the ATN, a O output
results, and the CE begins testing again with this test. This
action allows the maintenance person to get past a failing
test when he wishes to do so. This situation could happen,
for example, when an FLT is failing because of an
engineering change and the maintenance person is aware
that failure is not due to a malfunction. Each FLT has the
TN of the next sequential FLT as its ATN.

For example, assume the computer has just run TN 01
09 and the test has failed. The next test is TN 01 OA.
BACKSPACE FLT is depressed twice, followed by LOAD,
to get past the failing test. The TN of each test is the record
is brought into S for comparison with the ATN left in T by
the failing test. The comparison is favorable when the test
immediately following the failing test is encountered, and
the CE resumes testing at that point. TN 01 09 leaves the
following configuration in T (right half of word 8):

ATN Complement ATN

FE Fb5 01 0A

TN 01 OA, the next test, has the following configuration
in the left half of word 8 which was brought into S:

TN TN Complement

01 0A FE F5

The following binary bit configuration is scanned out:
T: 1111 1110 1111 0101 0000 0001 0000 1010
S: 0000 0001 0000 1010 1111 1110 1111 0101

PAL: all0O's

The CE resumes testing with TN 01 OA and continues
until another failure is encountered or to the end of the
testing sequence.
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RIPPLE TESTS

The ripple tests may be uscd to exercise either main storage
or local storage and several functional units within the CE.
The tests use only the internal hardware of the CE,
including several ROS words, and storage. The procedure
stores the contents of the DATA switches in all locations of
storage or displays the contents of all storage locations.
(See *“Storage Ripple Store and Display Functions” in
Section 1 of this chapter.)

The ripple tests may be used as a quick confidence test
of CE and storage operation or as a means of identifying,
with the parity-check indicators, a failing major functional
unit within the CE. The overall ripple test routine is
contained in 7201-02 FEMM, Form SFN-0203, and is also
discussed under ‘“‘Storage Ripple Store Function” in
Section 1 of this chapter.

DIAGNOSTIC PROGRAMS

For a list and discussion of the diagnostic programs
available for the 9020D and E, refer to the 7201-02 FEMM,
Form SFN-0203.

MARGINAL CHECKING

The marginal checking facility enables several units in the
system to be operated with nonstandard voltage conditions,
thus providing a means of detecting critical circuits that are
deteriorating to a critical voltage-sensitive operating point.
In addition, the CE may have its clock period decreased
from 200 ns to 195 ns, thus providing a means of detecting
circuits that have developed a slower switching speed.

Several of the power supplies in the CE may be varied
from the nominal output voltage by controls at the CE. The
CE power supplies are varied directly from the system
control panel. (The adjustment procedure for these controls
is contained in 7201-02 FEMM.)

The marginal checks are performed by running the ROS
tests and FLTs with all 6V marginable power supplies in the
CE reduced to 5.5V dc and the ROS power supply reduced
to 80% of nominal. If the tests passed, rerun them with
normal voltages but with the FREQUENCY ALTER-
ATION switch set. After a successful run of the ROS tests
and FLTs, run selected diagnostic programs with -the
marginable power supplies in the CE, storage units, and
channels set from nominal to higher or lower output.



SECTION 3. DE FORCE REQUEST AND DE WRAP OPERATIONS

This section discusses the operation of the DE Force
Request and DE Wrap functions of the Diagnose instruction
and their use in the on-line testing of DEs.

GENERAL DESCRIPTION

e Permits on-line testing of DEs,

o Initiated by CE, using Diagnose instructions.
e Force Request simulates CVG requests.

e Wrap returns CVG data to CE for verification.

DE Force Request and DE Wrap operations allow the
diagnostic programmer or maintenance personnel to check
DE operation in an on-line environment. Both are initiated
at a CE by issuing the Diagnose instruction with the CE in
state zero and the proper MCW bits set to 1. The DE must
be in state zero, and the CE, DE, and display equipment
interfaces must be properly configured for these operations
to be successful.

The Force Request operation is used to test the priority
logic and display equipment controls in the DE by
simulating display equipment requests for data. The Wrap
operation permits the verification of display data and
display equipment addresses by “wrapping” them back to
the CE from the DE. In both operations, the display
equipment action is simulated and the display equipment is
therefore undisturbed.

Figure 4-9 shows a simplified overall view of the
relationship between the CE, DE, and display equipment
and of the manner in which Force Request and Wrap
operations are implemented. The display equipment con-
sists of up to eight attached display generators (DGs), each
of which is associated with up to six character vecior
generators (CVGs). Only four DGs are shown for simplifi-
cation since only four may be configured and operating at
any one time. Each CVG is associated with a plan view
display (PVD) and requests display data from the DE for
that display.

In normal operation, up to four DGs, each with up to six
CVGs, are configured to four data buffers, A through D.
Display data is placed in the DE via the normal display data
interface (SDBI). A control area of storage is associated
with each data buffer and contains one octword (eight
words) for each of six CVGs configured to that data buffer.

This control area is initialized by the program and directs
each requesting CVG to the correct area of display storage.
The octword CVG control areas provide other information
as well, including a test byte which the DE automatically
sets to all 1’s to service a request from the associated CVG.
This byte may be tested by the program tc determine
whether the DE has handled a request from a particular
CVG.

Figure 4-9 shows 24 CVG Request lines entering the
priority circuitry of the DE through OR circuits (48 lines
exist, but only 24 at a time originate from configured
CVGs). Also entering the OR circuits are the Force Request
latch outputs and the Wrap Request lines. The Force
Request latches may be turned on through execution of a
Diagnose instruction in the CE; the latches permit testing of
the priority circuits in the DE. The diagnostic program may
check that these simulated requests have been handled by
examining the CVG control areas to determine whether the
test byte has been set to all 1’s. The Force Request latches
may be turned off through execution of another Diagnose
instruction at the CE.

Wrap Requests may be generated at the CE via the
Diagnose instruction also. Note that these requests do not
latch up in the DE. Note, too, that the Wrap Requests also
gate the Wrap Bus so that data intended for CVGs as a
result of honoring the Wrap Requests is diverted to the CE
where it is set into the K-register.

The display equipment is not disturbed during Force
Request or Wrap operations because these operations can
be executed only with the DE in state zero, which disables
the display equipment interfaces.

Details of Force Request and Wrap operations are given
in the following text.

DE FORCE REQUEST OPERATION

e Up to 48 CVG requests can be simulated, but only 24
are effective due to configuration limitations.

® Requests are continually presented to DE priority
circuits until reset.

@ No data is transferred from the DE.
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The Force Request operation is initiated at the CE by
execution of a Diagnose instruction with MCW bit 47 set to
1. Three fields in the MCW select the CVG or CVGs for
which simulated requests are to be generated:

DE Selected, MCW(32-35): This field is coded with one of
the hexadecimal DE identifiers from 6 to A to select a
particular DE.

DG Selected, MCW(36—39): This field is coded with one of
the hexadecimal digits O through 8. The digits from 1 to 8
specify DGs 1 to 8; 0 specifies all eight DGs.

CVG Selected, MCW(40—45): This six-bit field corresponds

to the six CVGs attached to the selected DG with the

leftmost bit corresponding to CVG 1. Any combination of
the six CVGs may be selected by setting the bits for the

desired CVGs to 1.

It is possible to generate 48 requests by setting the DG
Select field to all 0’s (select all eight DGs) and the six CVG
Select bits to all 1’s. Only 24 of these requests can be
effective, however, because only four of the eight DGs can
be configured at any one time.

As stated previously, the forced requests are latched in
the DE and are continually serviced in priority order until
reset. Resetting is accomplished by issuing another
Diagnose instruction in which the same DE is selected, all
DGs are selected (DG Selected field = 0), and no CVGs are
selected (all CVG Select bits set to 0). Note that the Force
Request latches in the DE are not reset by System Reset.

The forced requests are handled by the DE as if they
were normal CVG requests except that the display data is
ignored once it is read out; i.e., the data is neither
transferred across the DE-DG interface nor to the wrap bus.

Two applications of Force Request are:

1. A DE logout can be forced by (1) placing bad parity
data in the DE display storage via Diagnose and (2)
specifying a Force Request operation with another
Diagnose.

2. A check can be made to determine whether all CVG
requests are handled by the DE. First, all 0’s are stored
in the test bytes of each CVGs control octword. A Force
Request is then specified, using the Diagnose instruction.
The program then delays, allowing the DE sufficient
time to service all the requests. If DE operation is
correct, the test bytes for all CVGs serviced will contain
all 1’s.

DE WRAP OPERATION

® Any combination of six CVGs attached to any one DG
may be selected for Wrap operation.

e Data transferred to K-register in CE via Wrap bus and
subsequently placed in storage by microprogram.

e Count field in MCW specifies number of quadwords
transferred.

e Hardware in CE controls CE clock, checks CVG address,
and controls Wrap data gating per timing signals received
from DE.

The Wrap operation allows the verification of (1) the data
normally sent to a DG by a DE and (2) the address of the
selected CVG. The display data takes the normal path
through the DE circuitry but is diverted to the DE Wrap
bus instead of being gated to the DG. From this bus, the CE
stores the data in an SE via K- and ST-registers. The data
can then be refetched from the SE and compared with data
intended for the selected CVG. If the data received is
identical with the data sent, the data, data path, and
addressing circuitry for the selected CVG(s) in the DE are
functioning correctly.

A DE Wrap operation is initiated at the CE via the
Diagnose instruction. To perform a Wrap operation, bit 51
of the MCW must be set to 1. The same three MCW fields
are used to select CVGs as are used in the Force Request
operation.- However, only one DG may be selected at a
time. Thus, wrap requests can be generated for up to six
CVGs, using one Diagnose instruction.

A count field, MCW(21--31), is used to specify the total
number of quadwords to be transferred to the wrap bus as a
result of all of the requests called for in the CVG Selected
field. Because the count field actually counts halfwords, the
low-order bits (29-31) must be made 0 to specify
quadwords. For example, if two CVGs were selected and
two quadwords were to be transferred as a result of each
request, a quadword count of four would have to be
specified in the count field. Thus: '

MCW Bit: 21 22 23 24 25 26 27 28 29 30 31

Count: 0 00O0O0OTI1T0O0O0OO00O0

This is a count of 32 halfwords or, ignoring bits 29-31, 4
quadwords.

The Wrap operation terminates when the counter has
been decremented to zero. If no data is received from the
DE as a result of a malfunction, a 50-ms timeout occurs
(KU 631-KU635) and the counter is decremented. If data is
never received, the counter is decremented every 50 ms
until it goes to zero, at which time the Diagnose is
terminated. If the Diagnose is terminated as a result of wrap
timeout, condition code 1 is set to alert the program.
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To understand the CE’s action during a wrap operation,
one must be familiar with the format and timing of the data
appearing on the DE wrap bus. The transfer of one
quadword (four words) of data and the CVG address to the
CE via the DE wrap bus is accomplished in 3.6usec. This
time is divided into four 900-ns cycles: a setup cycle, an
address cycle, and two data cycles. The sequence chart in
Diagram 6-201, FEMDM, shows these cycles and the data
on the bus at the different times.

Two lines, ‘sample’ and ‘sync’, are timing pulses from
the DE. Another line, ‘address’, is used to serially send the
three CVG address bits plus parity from the DE to the CE
via the DE wrap bus. The DE follows a set sequence when
addressing the CVGs. Thus, there may be cycles when no
data will appear on the wrap bus, depending on which
CVGs are selected by the wrap operation. Diagram 6-201
shows the circuitry that gates the CVG address line (serial
address) into the CE, compares it with the address specified
in MCW(40—45), and, if a good address is received, gates a
quadword of data (one halfword at a time) from the DE
wrap bus into the K-register.

The ‘wrap inhibit osc.” latch stops the CE clock until the
‘data’ latch is turned on. This synchronizes the wrap
microprogram (Figure 4-10) with the data received from
the DE; i.e., the microprogram does not begin until the
‘data’ latch is turned on. After this latch is on, the CE clock
is stopped at the beginning of each DE sample pulse to
compensate for the difference in timing between the clock
and these pulses. One CE clock cycle is 200 ns; one sample
pulse cycle is 225 ns.

The CE uses the pulses received from the DE over the
‘sample’ and ‘sync’ lines to develop CE sample pulses ‘zero’
through ‘three’ which gate a CVG address from the
‘address’ line into three address latches and a parity latch.
The address (1 through 6), binarily decoded from these
latches, is compared with MCW bits 40—45 (bit 40 is CVG
address 1; bit 41, CVG address 2, etc). The three address
latches also feed a parity-predict circuit which determines
whether the address parity bit should be a 1 or 0. The result
of the prediction is used to check the state of the ‘address
parity’ latch. If the compare circuits indicate that a good
address and good parity have been received (the MCW bit
corresponding to the decoded address is a 1 and the
‘address parity’ latch equals the predicted parity), the ‘data’
latch is turned on to begin gating data from the wrap bus
into the K-register. Figure 4-10 shows the operation of the
wrap microprogram. The microprogram accepts the data
from K and stores it, a doubleword at a time, until the
specified number of quadwords have been stored.

The CE ‘sample’ pulses gate the data into K. The ‘data’
latch, ANDed with DE ‘sample’ pulses, keeps the CE clock
synchronized with the data on the bus by turning on the
‘wrap inhibit osc.” latch. This allows the microprogram to
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gate the wrap data one word at a time (as K is filled), into
ST. The data is then stored in an SE (a doubleword at a
time) at the storage location specified by D. This location is
immediately after the MCW of the Diagnose instruction
which initiated the wrap operation. The address sequencer,
set to the value of the quadword count in the MCW during
the Diagnose instruction, is checked for a value of zero
after a complete quadword is stored. When the sequencer
reaches zero, the microprogram terminates the instruction
and the wrap operation is ended.
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The only special circuits in the CE are in ROS, for the
differential (sense) amplifiers, sense latches, and array
drivers. These circuits are described in Chapter 2, Section 2
of this manual. For a discussion of the standard SLT
circuits, refer to SLT Component Circuits, FETOM.

APPENDIX A. SPECIAL CIRCUITS
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The CE executes the EXC control program and is therefore
the controlling element in the overall system. Because of
this overall system control, the CE is in direct communi-
cation with each of the major system elements. The
communication takes many forms, including data, controls,
and indications.

All of the signal lines or buses that enter or leave the CE
are listed on the following pages. Along with each line or
bus is a short explanation of its basic purpose or function.
Additional information on interfacing may be found in the
System Introduction manuals.

CE-CE INTERFACING

The CE is the only element that directly communicates
with other elements of its kind. One set of distributed
simplex lines originates in a given CE, and three identical
sets are received from the other CEs. Also, three sets of
simplex lines originate in a given CE, and three identical
sets are received.

The interface intercommunication is concerned
primarily with direct control operations, which include data
communication (one byte) and external CE starts and
logouts. In addition to the direct control function, there are
controls for reconfiguration and element check monitoring.

Control Bus: This 36-bit bus is used for both configu-
ration control and ATR assignment.

Configuration control (established by the configuration
mask) is used to define which elements constitute a
subsystem and to avoid interference between subsystems.
The configuration control registers in the various elements
contain positions to define the other elements with which
any given element may communicate at a given time, The
CCR positions, or bits, enable or inhibit data and control
paths between elements. Refer to the chapter on Configu-
ration Control.

ATR assignment establishes a correlation between logical
addresses referred to by the program and actual storage
elements within the system.

System Reset (1, 2): A double-railed signal (two lines)
which performs hardware resets. The reset is not gated by
the CCR. All bits in the CCRs of major elements not in test
are reset to 0’s except the SCON bits, which are set to 1’s.

Element Check (ELC): The ‘element check’ signal is sent
to all other CEs within the system. This signal may result
from a CCR or ATR parity error, certain PSBAR stepping
situations, and certain hard stops or CE error conditions.

APPENDIX B. INTERFACING LINES

Direct Out Lines: During execution of a write direct
CE-to-CE data communication, this bus represents eight
data bits and one parity bit fetched from a storage element.
This byte of data remains as static signals until the next
Write Direct instruction is executed.

Signal Out Lines: This set of five lines is used in
conjunction with the ‘direct out’ lines. The five commands
that follow are sent on these lines:

- CE External Start command: This command is issued by
a Write Direct instruction and causes the receiving CE
to start execution after it obtains a new PSW from
location 00000 of its PSA. The receiving CE must be
properly SCONed to the sending CE to perform the
external start operation.

CE External Stop command: This command is issued by
a Write Direct instruction and causes the receiving CE
to perform an element reset and go to the stopped state
with the MANUAL light on. The receiving CE must be
properly SCONed to the sending CE to execute the
external stop operation. ‘

CE Logout command: This command is issued by a
Write Direct instruction to cause the receiving CE to
initiate logout procedures. To perform the logout, the
receiving CE must be properly SCONed to the sending
CE and must now have machine checks masked off in
the current PSW. ‘

CE Write Direct command: This command is issued by a
Write Direct instruction and indicates a data-communi-

_cation-type operation between the sending and
receiving CEs. The command causes an external inter-
rupt at the receiving CE by setting a unique bit in its
external interrupt register, provided the receiving CE is
properly configured (CCR 20-23) to listen to the
originating CE.

CE Read Direct command: This command is issued by
the Read Direct instruction and indicates that a byte of
data has been taken from the direct data bus. The
command causes an external interrupt at the addressed
CE by setting a unique bit in its external interrupt
register. The receiving CE must be properly configured
(CCR 20--23) to the originating CE.

Reconfigure Select: This line, carrying a 5.0-usec pulse
from the CE to another CE, causes the CE to set into its
configuration register the mask on the output bus. The CE
will honor the select if the selector’s SCON bit is on in the
receiving CE’s CCR. ‘

SATR Select: This select line signals and conditions the
selected CE to receive the address translation assignment
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mask on the 36-bit control bus. Three select pulses are
required, one for initial selection and two for transmission
of ATR 1 and ATR 2.

SCON/SATR Response: This line is sent to the CEs in
response to configuration select, provided the select was
honored and the CCR parity is correct. This response signal
is also used as a SATR response to acknowledge that the
receiving CE was properly SCONed and that the ATR 1 and
2 assignment masks were properly received.

CE — SE INTERFACING

All main storage is located in storage elements (self-
contained units, electrically remote from the computing
element). Because these SEs are self-contained units, a
complete set of buses and interlocking control signals must
be provided to ensure proper synchronization and data
transfer. :

CE to SE Interface

The interface from the CE to an SE involves the following
distributed simplex buses: storage data bus in (SDBI),
storage address bus (SAB), mark bus, inkey bus, three
logword number lines, and the two-line system reset. In
addition, two groups of control lines are involved: one
group is distributed simplex; the other is simplex. A
description of the individual buses and lines follows.

. Storage Data Bus In: This group of 72 lines carries data
and configuration information from one CE to up to five
SEs. The accessed SE gates its receivers to accept the signals
from the bus. During a SCON operation, the CE transmits
the SCON mask over the SDBI.

Storage Address Bus: This bus consists of 19 lines
labeled 1—19 and a parity bit for bits 1—5. Bits 1—4 specify
the particular SE and are called the ‘box tag’. Thus, the
P(1-5) bit is sometimes referred to as Prp, for tag parity,

even though bit 5 actually specifies high or low storage.
Parity for the address lines (bits 6—19) is sent separately on
simplex lines labeled P A and Pp.

Mark Bus: This bus consists of eight bits (0—7) plus a
parity bit and represents the store or regeneration control
lines for each of the eight bytes of the doubleword accessed
by the CE.

In Key Bus: This bus consists of five bits (0—4) plus a
parity bit. The high-order four bits are compared with the
key bits stored in the storage protection area of the SE. The
low-order bit (bit 4) indicates that fetch protection is
active.

Logword Number: Three lines carry the logword number
from the CE to an SE. The lines gate the logwords onto the
storage data bus out.

B-2 (7170

System Reset (1, 2): These signals cause a storage reset
when a system reset occurs. In addition to resetting the SE
itself, the storage reset causes the SE’s CCR to be reset to
all 0’s (except for parity and SCON bits, which are set to
1°’s). These reset lines are not gated by the CCR.

Set Key: This signal from the CE causes an SE to
perform a set-key cycle, i.e., to set the protection key from
the CE into the storage protect array. '

Insert Key: This signal causes the SE to place the key
from the storage protect array on the out key bus.

Store: This is a control line which permits the SE to
perform a data store.

Test and Set: This signal causes the SE to perform a
test-and-set storage cycle in which a doubleword is fetched
and regenerated into storage (except for the addressed byte,
which is set to all-1’s before being returned to storage).

Cancel: This signal causes the SE to regenerate the data
fetched from storage without transferring it to the user
element.

Defeat Interleave: This signal indicates to the SE that
the DEFEAT INTERLEAVE switch on the CE is active or
the CE has been placed in Defeat Interleave mode via a
Diagnose instruction. While the CE reverses SAB bits 6 and
20 to defeat interleaving, the IOCE does not. Therefore, the
‘defeat interleave’ signal is sent to enable the SE to reverse
the roles of IOCE address bits 6 and 20. This is accom-
plished by (1) substituting bit 20 for bit 6 when gating the
IOCE storage address buffer to SESAR and (2) sampling bit
6 (bus bit 14) to determine whether the access request is
for the odd or even half of storage.

Defeat Interleave and Storage Reverse: This signal has
the same significance as ‘defeat interleave’ except that
IOCE address bit 6 (bus bit 14) is inverted before it is used
for selecting odd or even storage.

Address Compare Sync: This signal provides a negative
significant sync pulse for scoping when the address switches
on the CE control panel match the SAB and the ADDRESS
COMPARE switch is in the normal position.

CE Power On: This signal is raised during CE power on
reset and falls to ground level before power goes off. It
inhibits the output of the associated communication bits in
the CCR of the SE.

- Double Cycle: This signal guarantees two sequential even
or odd storage cycles by inhibiting priority scanning in the
SSU until the second select from the issuing CE. The CE
must issue the second select within the SE timeout period
or the SE will issue a pulse ELC, reset the priority circuitry,
and become available for new requests. The SE does not
wait for ‘logout stop’ and does not reset outstanding
selects.

Normal Op: This signal ensures that control bus driver or
receiver failures do not cause multiple operation execution,
resulting in lost data. The ‘normal op’ signal is valid with
fetch and store operations only. If it is not sensed with




fetch or store; or if it is sensed with ‘test and set’, ‘set key’,
‘double cycle’, ‘suppress log check’, or ‘insert key’; an
address check is issued to the using CE, the entire SE stops,
ELC is issued to all CEs, and the SE waits for ‘logout stop’.

Select Even: This signal is sent to an SE to request an
even storage cycle. ~

Select Odd: This signal is sent to an SE to request an
odd storage cycle.

Logout Stop: This signal sets the ‘SE stopped’ latch in
the SE, causing the SE to halt all activity at the end of the
cycle in progress (if not already stopped). The SE issues ‘SE
stopped’ to the using elements and a level ELC to all CEs. It
then remains stopped until logged out, reset, or reconfig-
ured.

Logout'Select: This signal is sent to the SE to request a
doubleword of logout data. The signal is used in con-
junction with the three ‘logword number’ lines, which
specify the doubleword to be transferred. ‘

Logout Complete (Check Reset): The CE sends ‘logout
complete’ to the SE at the completion of a logout and
during a subsystem reset. The SE senses this signal as a
check reset, and storage control logic is reset. At the
completion of the reset sequence, the ‘SE stopped’ latch is

reset.
Reconfigure Select: This signal causes the SE to gate

portions of the SDBI into its CCR, provided the SE is
properly SCONed to the issuing CE. If a CCR parity error
exists in the SE when ‘reconfigure select’ is received or
when no SCON bits are on and the SE is not in state 0,
CCR gating is ignored, and the SE accepts the SCON data.

Suppress Log Check: This signal suppresses ‘data check’ -

and its associated ELC signal.
P, and Pp: Parity conversion circuitry in the CE

develops the P A and Pp parity bits for 14 of the SAB bits
(bits 6-19) in two groups of seven bits each: P A for bits
6—12 and Pp for bits 13—19. This parity generation takes

into account the bit-20 and bit-6 reversal involved in ‘defeat

interleave’ and the bit-6 inversion for ‘storage reverse’.
Because generation of the parity introduces several

nanoseconds of delay, the P A and Pp are sent separately to

each SE via simplex lines rather than with the rest of SAB
(which uses a distributed simplex bus).

SE to CE Interface

The SE to CE interface comprises the storage data bus out
(SDBO), the out key bus, and two groups of control lines.
The buses and one group of control lines are multiple-driver
simplex lines. The remaining control lines are simplex. A
description of the SE to CE interface buses and lines
follows. '

Storage Data Bus Out: This is a 72-bit bus that carries
eight 8-bit bytes and the associated eight parity bits. The
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eight bytes consist of data from a normal fetch operation or
logout information during a storage logout operation.

Out Key Bus: This bus consists of five key bits and a
parity bit. The high-order four bits represent the storage
key; the low-order bit is the fetch-protect bit. The bus
carries the key to the CE during an insert key operation.

Advance SDBO: This is a single multiple-driver simplex
line sent in advance of data on a fetch operation and
together with data on all other storage cycles. It is used by
the CE as a signal to sample for errors.

Advance Keys: This is a single multiple-driver simplex
line activated by the storage-protect feature in the SE
during an ‘insert key’ cycle to allow the CE to ingate the
key from the ‘out key bus’.

Protect Check: This is a single multiple-driver simplex
line activated by the storage-protect feature of the SE when
the protection key and the storage key do not agree during
a normal store or fetch operation.

-l The following control lines are simplex lines:

Accept:. This signal indicates that the SE has received a
‘select’ from the CE and has started the storage cycle.

Logout Advance: ‘Logout advance’ is sent to alert the
CE that logout data is available on the SDBO.

Element Check (ELC): ELC may be a pulse or a level. It
is sent to all CEs, regardless of configuration, when an error
or other abnormal condition occurs at the SE.

Pulse ELC is coincident with CCR parity error, temper-
ature out of tolerance check (OTC), ‘on battery’ signal
OBS, and ‘storage check’, ‘address check’, or ‘data check’.

Level ELC is coincident with overvoltage or overcurrent
condition, power off or power check, and ‘SE stopped’.

Reconfigure Accept: This signal indicates to the CE that
the SE has loaded the reconfiguration data from the SDBI
into the CCR and that good parity exists.

SE Stopped: This signal is issued to all configured CEs to
indicate that the SE has stopped in response to a ‘logout
stop’ (LOS) signal from a CE or IOCE. This signal inhibits
all operations except logout, reconfiguration, and reset.

Logout SE Stopped: This simplex line has the same
timing as ‘SE stopped’ except that it is not degated in
Diagnose Logout mode. It enables the CE to store the final
word of the SE logout and allows correct operation of CE
SCI logout controls after the rise of ‘logout complete’.

SE Ready: This signal indicates to the using element that
the SE is available; i.e., the SE has power up, is not in test,
is properly configured, and is not being reset.

SBO Gate: This signal is used by the CE to identify the
SE.

Address Check: This signal is activated by the SE when
any of the following addressing errors occur: mark parity,
address parity, tag parity, tag mismatch, multi-accept
condition, storage-protect parity, inkey or outkey parity
or an invalid op error. This signal is always accompanied by
a pulse ELC.
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- Data_Check: This signal is activated by the SE when it
detects a storage data parity error unless inhibited by
‘suppress log check’.

CE-DE INTERFACING

The CE-DE interface has three major purposes:

1. Allows data transfers for store and fetch operatmns and
for reconfiguration. :

2. Simulates the request capability of 24 CVGs so that the
priority circuitry in the DE can be tested.

3. Allows data normally transferred to the CVGs to be
returned to the CE via the wrap bus for validity
checking. )

Most of the interface lines are the same as the storage
element interface and are used in the same way to allow the
DE to perform as a storage device. Additional interface
lines implement the priority and CVG data-checking
facility. The additional lines consist of 12 lines from the CE
to the DE and a 19-ine bus from the DE to the CE, as
follows:

CE to DE:
CVG REQUEST (6 lines) -
DG Selected (4 lines)
Wrap (1 line)
Set Force Request (1 line)
DE to CE:
Wrap Bus (19 lines)
CE to DE Interface

The CE to DE interface involves a number of distributed
simplex buses and control ‘lines as well as a group of
simplex buses and control lines. All-distributed simplex
lines are. positive at the active level except for ‘system
reset’. The simplex lines are negative at the active level
except for ELC. A description of each bus and control line
follows.

Storage Data Bus In: A group of 72 lines carrying data
and configuration information from one CE to one of four
DEs. The accessed DE gates its receivers to accept the
signals from the bus. During a SCON instruction, the DE
gates 27 bits of data plus 4 parity bits from the SDBI into
its CCR.

Storage Address Bus (SAB): The SAB consists of 19
lines labeled 1-19 and a parity bit for bits 1-5. Bits 1-4
specify the particular DE and are called the “box tag”. For
this reason, the P(1-5) bit is sometimes referred to as P,

for tag parity, even though bit 5 is not included in the tag.
Parity for the address lines (bits 6—19) is sent separately on
simplex lines labeled P, and Pp.
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Mark Bus: This bus consists of eight bits (0—7), plus a
parity bit, and represents the store or regeneration control
lines for each of the eight bytes of the doubleword accessed
by the CE.

In Key Bus: This bus consists of five bits (0—4) plus a
parity bit. The five bits are compared with the key bits
stored in the storage-protection area of the DE.

Logword Number: Three lines carry the logword number
from the CE to a DE. The lines gate the logwords onto the
‘storage data bus out’ under CE control. They are always at
the zero state when not in use.

System Reset (1, 2): These signals cause a storage reset
when a system reset occurs. In addition to resetting the DE
itself, the storage reset causes the DE’s CCR to be reset to
all-0’s (except for parity and SCON bits, which are set to
1’s). These reset lines are not gated by the CCR.

CVG Request (Six lines): These lines are used by the CE
to simulate CVG requests. They are made active by the CE
executing a Diagnose instruction and remain active until
reset by the CE. '

DG Selected (Four lines): These lines are used by the
CE, executing a Diagnose instruction, to select any com-
bination of four of the eight DG interfaces in the DE. The
‘DG selected’ lines are used in conjunction with ‘wrap’ and
‘set force request’ all under control of the Diagnose
instruction.

Set Key: This is a signal from the CE, causing a DE to
perform a ‘set key’ cycle; i.e., to set the protection key
from the CE into the storage protect array.

Insert Key: This signal causes the DE to place the key
from the storage protect array on the ‘outkey bus’.

Store: This is a control line that permits the DE to
perform a data store.

Test and Set: This signal causes the DE to perform a test
and set storage cycle in which a doubleword is fetched and
regenerated into storage (except for the byte specified by
the R1 field, which is set to all-1’s before being returned to
storage).

Address Compare Sync: This signal provides a negative
significant sync pulse for scoping when the address switches
on the CE control panel match the SAB and the ADR
COMPARE switch is in the normal position.

CE Power On: This signal is raised during CE power-on
reset and falls to ground level before power goes off. It
inhibits the output of the associated communication bits in
the CCR of the DE.

Double Cycle: This line is not used at the DE except to
check ‘normal op’.

Normal Op: This signal ensures that control bus driver or
receiver failures do not cause multiple operation execution,
resulting in lost data. The ‘normal op’ signal is valid with
fetch and store operations only. If it is not sensed with
fetch or store; or if it is sensed with ‘test and set’, ‘set key’,




or ‘insert key’; an ‘address check’ is issued to the using CE,
the entire DE stops, ELC is issued to all CEs, and the DE
waits for ‘logout stop’.

Wrap: By executing a Diagnose instruction, the CE uses
the ‘wrap’ signal in conjunction with the ‘DG selected’
signals to gate one of the four DG/DE interfaces to the

~‘wrap bus’ and to initiate ‘wrap’ requests.

Set Force Request: This signal is used by the CE,
executing a Diagnose instruction, to initiate simulated CVG
requests.

Select Even: This signal is sent to.a DE to request an
even storage cycle.

Select Odd: This signal is sent to a DE to request an odd
storage cycle. -

Logout Stop (LOS): This signal sets the ‘DE stopped’
latch in the DE, causing the DE to halt all activity at the
end of the cycle in progress (if not already stopped). The
LOS signal must be issued by a CE in conjunction with the
“first ‘logout select’ to establish logout priority; it must
remain active throughout the logout procedure to retain
priority: Upon receipt of LOS, the DE issues ‘DE stopped’
to the using elements and a level ELC to all CEs. It then
remains stopped until logged out, reset, or reconfigured.

Logout Select: This signal is sent to the DE to request a
doubleword of logout data. The signal is used in conjunc-
tion' with the three ‘logword number’ lines, which specify
the doubleword to be transferred.

Logout Complete (Check Reset): The CE sends ‘logout
complete’ to the DE at the completion of a logout and
during a subsystem reset. The DE senses this signal as a
check reset, and storage is reset. At the completion of the
reset sequence, the ‘DE stopped’ latch is reset.

Reconfigure Select: This signal causes the DE to gate
portions of the SDBI into its CCR, provided the DE is
properly SCONed to the issuing CE. If a CCR parity error
exists in the DE when the ‘reconfigure select’ is received or
no SCON bits are on and the DE is not in state 0, CCR
gating is ignored and the DE accepts the SCON data.

P A and Pp: Parity conversion circuitry in the CE

develops the P, and Pp parity bits for 14 of the SAB bits
(bits 6—19) in two groups of seven bits each. P A is the
- parity bit for bits 6—12; Py is the parity bit for bits 13—19.

Because the generation of the parity introduces several
nanoseconds of delay, P A and PB are sent separately to

each DE via simplex lines rather than with the rest of SAB
‘(which uses a distributed simplex bus).

DE to CE Interface

The DE to CE interface consists of a number of buses and
control lines which are multiple-driver simplex; i.e., drivers
in up to four DEs share the bus to a given CE. In addition, a
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group of control signals are sent via simplex lines.
Individual buses and lines are described below.

Storage Data Bus Out (SDBO): The SDBO consists of 72
lines (64 data bits and 8 parity bits) which are used to
transfer data from the DE to the CE dunng a fetch or
logout operation.

Out Key Bus: This bus consists of five data bits and a
parity bit. The bus is used to transfer the key bits from the
storage protect array in the DE to the CE during an insert
key operation. It is multiple-driver simplex.

Wrap Bus: This bus is a 19-bit-wide, multiple-driver/
multiple-receiver simplex bus used to return or wrap data,
which normally goes to CVGs, to the CE for checking
purposes. This path is also used to check the DE/DG
interfaces and DE control logic without the use of the DG.
The first two bits are for timing; these are the ‘data sample
timing’ line and the ‘word sync timing’ line. The third bit is
the ‘CVG address’ line. The remaining 16 hnes (labeled
0—15) constitute the data bus itself.

I Advance SDBO: Advance SDBO is a single multiple-.

driver simplex line that is activated by the DE in advance of
data out on the SDBO for all storage cycles.

Protect Address Check: This is a multiple-driver simplex
line that is activated by the storage-protect portion Qf the
DE to indicate to the CE that the keys do not match during
an attempted store or an attempted fetch from a fetch-
protected location.

The following control lines are simplex: ,

SBO Gate: This signal is used by the CE to identify the
source of data on the SDBO during a fetch cycle.

Accept This sxgnal indicates that storage has been
started in response to the CE’s request (select).

Logout Advance: This signal is sent to the CE to indicate
that logout data is valid on the SDBO.

Element Check (ELC): This signal is sent to all CEs
(regardless of configuration) to alert them that an abnormal
condition has occurred. Unlike other simplex lines from the
DE, the ELC signal, which may be a pulse or a level, is
positive when active.

Pulsed ELCs are coincident with:
. CCR parity error
. Temperature out of tolerance (OTC) condltlon
. On-battery supply (OBS)
. Logic check:
Data parity check
Address, mark, key, or box-tag parity check
Box-tag mismatch
Normal-op check
Multi-accept check
Refresh parity check
‘DG data register parity check
Local store parity check

SN =
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Level, or static, ELCs are coincident with:
1. Power check or power down
2. DE stopped

Reconfigure Accept: This signal indicates to the CE that
the DE has loaded the CCR with reconfiguration data from
the SDBI and that correct parity and no redundancy check
exists. A redundancy check results when an attempt is

~made to configure more than one data register to a DG
register, or vice versa. A redundancy check inhibits ‘recon-
figure accept’ but does not cause an ELC.

DE Stopped: This signal indicates to all configured CEs
that the DE is stopped for logout. It results from the setting
of the ‘DE stopped’ latch, which inhibits all operations
except logout and reconfiguration.

DE Ready: This signal indicates to the CE that the DE is
available for use. Specifically, it indicates the DE has power
on, is not in test, is not configured away from the particular
CE, and is not being reset.

Storage Data Check: This simplex line indicates a storage
data parity error to the CE. It is accompanied by a pulse
ELC to all CEs.

Storage Address Check: This is a simplex line which
indicates to the CE that one of the following errors has
occurred: mark parity, address parity, key parity, box-tag
parity, box-tag mismatch, or multi-accept. All of these are
associated with storage addressing. A storage address check
is accompanied by a pulse ELC to all CEs.

CE-IOCE INTERFACING

‘The 9020D and 9020E systems include a maximum of
three IOCEs, each of which controls one multiplexer
channel and up to three selector channels. All system
communication (except configuration) with 1/O units is
accomplished through the IOCEs by means of the following
I/O instructions:

Start I/O
- TestI/O

Halt I/O

Test Channel

Set PCI

Because all 1/O operations are initiated by I/O instruc-
tions, the CE must have control over the IOCEs. Any CE
can control any IOCE. One CE may have several IOCEs
on-line (configured) at one time. However, communication
between a CE and the IOCEs is in an interleaved manner,
allowing an operation between the CE and only one IOCE
at a given instant. On the other hand, any IOCE may be
under control of only one CE at a time.

During I/O operations, certain control signals pass
directly between the CE and IOCE via the CE-IOCE
interface; control information is passed between the CE and
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IOCE via main storage. During execution of an I/O
instruction, the CE signals the selected IOCE which channel
and unit are to be selected and which of the I/O
instructions is to be executed. The CE also transmits a
quantity called the preferential storage base address (PSBA)
which indicates to the IOCE which preferential area
contains the CAW, CSW, PSWs, and other critical control
information. the CAW and CSW locations are used for
CE-IOCE communication. Upon completion of the I/O
instruction, the IOCE transmits a value to be placed in the
CE’s condition code register. Subsequent CE instructions
may be used to test the condition code to determine the
result of the I/O instruction.

I/O interruptions are also controlled over the CE-IOCE
interface. The CE transmits the system mask portion of its
current PSW to the IOCE. The IOCE uses the system mask
to gate the channel interruption conditions when signaling
its controlling CE of an outstanding interruption. At the
end of its current instruction, the CE supplies the PSBA
and signals the IOCE to proceed with the interruption. At
this time, the IOCE performs the highest-priority pending
interruption that is not masked off. After the CSW has been
stored, the IOCE stores the associated channel and unit
address and a portion of the system mask in the proper
location in main storage to partially form the old PSW for
the I/O interruption. Upon completion of the channel
portion of the interruption, the IOCE signals the CE to
complete the interruption.

The CE-IOCE interface is also used to perform other
specific functions such as IPL, FLT load, logout, start I/O
processor, and direct control.

CE to IOCE Interface

Interfacing for the CE to IOCE includes a contro!l bus and
associated signal lines. The control bus transfers infor-
mation such as configuration masks, ATR assignment
masks, PSBAR indications, IPL and FLT operations, 1/O
instructions (including Start I/O Processor), and direct
control commands such as Write Direct Processor Start,
Stop, or Interrupt. The control bus is never used to transfer
data. Control signals define the information on the control
bus and synchronize the operations. The various lines and
buses are described below.

Control Bus: This bus contains 36 multiplexed lines: 32
bit positions plus 4 parity bits. It services the configuration
control register, address translation register, I/O processor,
1/O instructions, IPL, logout, interrupt signals, and FLTs.
1. ‘Reconfigure select’ and ‘SATR select’ use the bus to set

the configuration control register or the address trans-

lation register.

2. 1/O instructions use the bus to transmit the channel and
unit address, preferential storage base address (PSBA),
and the I/O instruction identification.



3. IPL and FLT load use the bus for the channel and unit
address and PSBA.

4. Logout uses the bus for PSBA only.

5. ‘Permit interruption’ uses the bus for PSBA only.

6. ‘Start I/O processor’ uses the bus to transmit a storage
key and an address.

System Reset (1, 2): This is a 1-ms signal which precedes
a system IPL. The ‘system reset’ is sent on two lines. Line 1
must go negative and line 2 must go positive simultaneously
to cause the reset. These lines are not gated by the CCR.

When active, the ‘system reset’ performs hardware and
microprogram resets in the IOCE, provided the. TEST
_switch is not on. ‘System reset’ causes the CCR to be reset
to 0’s, (except for the SCON bits, which are set to all 1’s).

Subsystem Reset (1 line): This line is activated by the
CE to cause the IOCE to do an element reset. To be
effective, the IOCE must be properly configured to the
sending CE. The IOCE does not reset its CCR as a result of
‘subsystem reset’.

System Mask Bits 16 19: These lines are sent to all
IOCEs and are used to form the first portxon of PSW byte 2
on channel interrupts. (See also system mask bits, under
simplex lines.)

360 ‘Mode Operation: This signal causes the IOCE to
operate in the 360 mode. IOCE 1 must be configured to CE
1.

The following lines are all simplex:

I/0 instruction: This line is sent to a selected IOCE. The
preferential storage base address, unit address, channel
address, and the decoded I/O instruction are placed on the
control bus. The I/O instruction line is then brought up to
tell the IOCE to take the information from the control bus.
The line remains static until a response is received from the
IOCE.:

- FLT Load: This line is not used by the CE in the 9020E
system. The ‘initial program load’ line is used during the
performance of an FLT from a CE.

Injtial Program Load: This line, generated in the same
manner as an I/O instruction, indicates to the selected
IOCE -that it is to perform an IPL. The control bus contains
the preferential storage base address and the unit and
channel address when this line is brought up. . -

Permit 1/O interrupt: This line is sent to thé' IOCE in
response to an IOCE I/O interrupt request. This signal
allows the IOCE to store its CSW and interrupt code field
of the PSW.

Logout: This line is issued from a Write Direct instruc-.

tion and causes the IOCE to begin a logout operation. The
IOCE must be SCONed to the sending CE. :

- Reconfigure Select: ‘Reconfigure select’ consists of three
lines, one to each IOCE. Each line is generated from the
select mask: and- gates. the configuration bits from. the

control bus into the IOCE. The IOCE must have the i 1ssu1ng
CE’s SCON bit on.

System Mask: The system mask lines .are static lines
from the CE’s PSW register bits 0—6 and 16—19. These

- lines -mask the channels in the IOCEs and are dlstrlbuted as

follows: -
PSW bits 0—3 to' IOCE 1
PSW bits 4—6, 16 to IOCE 2
PSW bits 17—19 to IOCE 3
PSW bits 16—19 to all IOCEs

Bits 16—19 are sent to all IOCEs and are used in forming
the first portion of PSW byte 2 on channel interrupts.
However, these  bits (16—19) are sent via distributed
simplex lines.

Permit Machine-Check Interrupt Request A line sent to
configured IOCE in response to a machine-check interrupt
request. This signal allows the IOCE to contlnue with the
logout. .
FLT Backspace: This signal causes the IOCE to branch

from its wait loop and backspace the FLT tape over one

record. When the operation is completed, an ‘FLT com-
plete’ signal is returned to the CE. _

SATR Select: This line signals and conditions the
selected IOCE to receive the new address translation .
assignment mask on the 36-bit control bus. Three select
pulses are required, one: for initial selection and two for
transmission of ATR 1 and ATR 2.

Write Direct Start: ‘This line causes an IOCE processor to
leave the stopped state and go to either the running or wait
state. This signal is sent to the [OCE when the CE executes
an SIOP instruction. When SIOP is sent, the control bus has
data‘in the format labeled “Start I/O Processor”,

Write- Direct ‘Stop: This line causes an IOCE processor to
go to the stopped state at the end of the current processor
instruction.

Write Direct Interrupt: This signal causes an external
interrupt of an IOCE processor. -

I0CE to CE Interface

‘Interfacing from the IOCE to the CE is concerned primarily

with control-type signals. The control bus, which transfers
information from the CE to the IOCE, is strictly a one-way
bus and perform no functions in this section. Programming
restrictions allow an IOCE to be configured to only one CE
at a time. JOCE to CE interface lines are described below.

Condition Code: Two lines sent to the CEs as the result
of an I1/O operation, indicating a value to be set into the
PSW.

SCON/SATR Response:: A response sent to the CE after
the SCON instruction has been accepted and the IOCE has
set -its CCR without detecting a parity. error in the CCR.
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This response signal is also used as a set address translation
response to acknowledge that the receiving CE was properly
SCONed and that the ATR 1 and ATR 2 assignment masks
were properly received.

Response: A line sent to the CE to indicate that the
condition code for an I/O operation is present, IPL is
complete, I/O interruption is complete (CSW and the

interrupt code field of the old PSW are stored), or machine

check interrupt is complete (CLU logout).

Check Resporise: A signal line to the CE, indicating that

a parity check has been detected in the IOCE on data from
_the CE via the control bus.

Reset ROS Timeout: A signal sent to the CE, indicating
that the IOCE will process the I/O instruction but is
presently processing data. The signal resets the CE’s
countdown loop to its maximum value, preventing it from
timing out.

PSA Lockout: A line indicating that the IOCE tried to
access the PSA but did not receive a reply from the storage
.element accessed or that the PSA access was issued to a
logout-stopped SE. This signal causes a program inter-
ruption in the CE.

FLT Complete: A response to the CE indicating that the
FLT backspace request has been completed.

Write Direct Interrupt: This line is used by the I/O
processor to signal the CE to take an external interrupt.

TIC: This signal is sent to the CE to indicate that a
Transfer In Channel (TIC) command has been encountered
in the channel. It is used by the CE when running FLTs.

Gap: This line is sent to the CE to indicate that the
channel has encountered an inter-record gap, i.e., the end of
a tape record. The CE uses this signal when running FLTs.

Element Check: This signal is issued by an IOCE as a
pulse whenever a parity error is detected in the ATR or an
error condition is detected that requires a CLU or selector
channel logout.

The ‘element check’ signal is issued as a level if, during a
CLU logout, the IOCE detects a condition that will not
permit logout to be performed. An ‘element check’ signal
causes an external interrupt in the CE.

On Battery Signal (OBS): This signal, when issued as a
static condition to the CE, indicates that the IOCE is
operating on its battery supply. The ‘OBS’ is issued as a
pulse whenever CCR parity is detected during execution of
the SCON operation in the IOCE. This signal causes an
external interrupt in the CE.

Out of Tolerance Check (OTC): A signal to the CE,
indicating that the IOCE temperature-sensing thermals have
detected an out-of-bounds temperature. This signal causes
an external interrupt in the CE.

I/O Interrupt Request: A signal from the IOCE,
informing the CE of status changes in the channels or I/O
devices. When a status change is detected by the IOCE and
the channel is masked on, an I/O interrupt request is sent to
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the CE. The channel that requested the interrupt waits for a
“permit I/O interrupt” from the CE before storing a
channel status word which indicates the reason for the
interrupt request.

Also stored are the channel and unit address, IOCE
address, mask bits 16—-19, and the interruption code in the
old PSW. If the channel control check or the interface
control check bit is on in the CSW, a selector channel
logout has been performed.

Machine Check Interrupt Request The detection of a
CLU error by an IOCE causes the IOCE to stop and request
a PSBA for logout via the ‘machine check interrupt
request’.

A CE in an I/O instruction or interrupt process with the
IOCE issuing the machine check interrupt request,
terminates the process and proceeds to the next I-fetch.
That I-fetch, or any I-fetch, has an exception branch to a
special microprogram routine. This routine issues a ‘permit
machine check interrupt’ and enters a timing loop while the
IOCE performs a logout. The IOCE holds up ‘reset time
out’ while logging out. The CE waits for a response line or,
in the event of further IOCE error, a timeout. In either
case, the CE completes a ‘machine check interrupt’ by
storing and fetching the correct PSWs. No logout occurs in
the CE. The old PSW contains the IOCE identity in the
interrupt code as follows:

Bit
IocE 3. 3t
1 4] 1
2 1 0
3 1 1

A timeout condition should always be accompanied by
an IOCE element check. Simultaneous I/O interrupt
requests for MC interrupt from multiple IOCEs are serviced
in priority of IOCE 3,2, and 1.

CE-PAM/TCU/SCU INTERFACING

Interface lines between the CE and PAM, between the CE
| and TCU, and between the CE and SCU, for the most part,

represent reconfiguration, system reset, and element
checks. Other than these lines, there is no control or data
flow directly to or from the CE.

| CE-to-PAM/TCU/SCU Interface

Conﬁgﬁration Mask: Only the required 11 positions of the

-overall configuration mask are sent to the PAMs and TCUs.

The items sent include the two state bits, the four-bit
SCON field for reconfiguration, and the three-bit field to



define the controlling IOCEs. Two parity bits are used in
the transfer.

System Reset (1, 2): The ‘system reset’ signal results
from a system IPL. It causes a hardware reset to the PAM,

I TCU, or SCU. The reset is not gated by the CCR. All bits in
the CCR are reset to 0’s (except the SCON bits, which are
set to all-1’s).

Configuration Select: This line, carrying a 5.0-usec pulse,
causes the PAM, TCU, or SCU to set the configuration
mask into its CCR."The PAM, TCU, or SCU will honor the
select if the selector’s SCON bit is on in the receiving PAM,
TCU, or SCU’s CCR.

| PAM/TCU/SCU-to-CE Interface

Element Check: A level simplex signal is sent from each
] PAM/TCU/SCU to all CEs when one of the following

conditions occur:

1. Parity check in the CCR

2. Power failure

Configuration Response: This line is sent to the CE in
response to configuration select if the select was honored
and the CCR parity was correct.

CE-SYSTEM CONSOLE (SC) INTERFACING

The greater portion of the interface is concerned with
sending indication (status) signals from the CE to the SC
and control signals from the SC to the CE. The CE cannot
initiate any data transfer directly to the SC via the
interface. Subsystem configuration indications, for
example, which are under program control, are initiated by
the CE and handled as a normal I/O operation via the
IOCE.

CE-t0-SC Interface

Many of the indications from the CE to the SC represent
the current status of the CE. The most important dynamic
indications include the state of the CE, logic checks,
current instruction address, and manual or wait status. The
CE to SC lines and buses are described in the following
paragraphs. '

Data Indicator Lines: These 36 multiple-driver s1mplex
lines provide for the display of four bytes of data from a
main or local store location. They originate in the CEs at
the T-register. .

Load Indicator: This multiple-driver simplex line
originates in one or more CEs and turns on a common
indicator. The indicator is lit by the respective CE from the
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time an IPL operation starts until the operation is com-
plete.

Invalid Selection: This multiple-driver simplex line
originates in one or more CEs and turns on a common
indicator. The selected CE lights the indicator whenever an
invalid or illegal storage address is specified by the operator
during a manual operation.

Instruction Counter (IC) Indicators: These 27 simplex
lines provide data to the SC for the display of the current
instruction -address at the CE. One set of these lines is
indicated at the SC for each CE.

Manual Indicator: These simplex lines originate in each
CE and terminate in a unique indicator at the SC to
indicate when the associated CE is in the stopped state.

Wait Indicator: These simplex lines originate in each CE
and terminate in a unique indicator at the SC to indicate
when the wait bit in the associated CE’s PSW is set to 1.

State Indicators: These four simplex lines originate in
each CE and terminate in unique indicators at the SC. Only
one of these four signals will always be active to reflect the
present status of the originating CE.

Logic Check Indicator: These simplex lines originate in
each CE and terminate in a unique indicator at the SC to
indicate that the CE has detected one of its own logic check
conditions. :

Power Check: This signal line indicates that the temper-
ature in the CE has drifted to within about 10 percent of
the shutdown tolerance. The signal also indicates the loss of
voltage or a normal power-off (but not an element master
power-off) condition.

Battery: This signal indicates that the CE has switched
to battery power. :

SC-t0-CE Interface

All SC controls to the CEs are gated by the system
interlock switch, which requires a key operation to activate
the logic. SC operations require that the CE TEST switch
be off. In addition, all functions going to the CE (except
for ‘all stop’) are further gated in the appropriate CE by a
‘select CE’ signal originating from the select CE rotary
switch on the SC. The interface lines are described in the
following paragraphs.

Address Keys: These 24 signal lines (+3 parity) result
from the 24 instruction address keys on the SC and provide
addressing of any addressable local store or main storage
location.

Data Keys: These 32 signal lines (+4 parity) result from
the 32 storage data keys on the SC and provide manual data
for storing into any addressable local store or main storage
location. '

CE Select: These four select lines result from the
four-position rotary switch at the SC. Proper CE selection is
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under switch card control in the receiving CEs. This signal
provides the necessary gating in the CEs for all manual
operations (except All Stop) issued from ‘the SC. The
SYSTEM INTERLOCK switch must be turned.on fér this
select switch to be enabled.

Stop: This signal places the selected CE in the stopped
state without destroying its environmental status. The
selected CE proceeds to the end of the instruction being
executed at the time the stop is initiated. If the current
instruction causes a program interrupt, program status
words (PSW) will be changed before stopping. An I/O
device will be allowed to complete its operation, although
I/O or external interrupts will not be recognized.

Start: This signal starts the selected CE. If start is issued
after a manual stop, the CE continues as though no stop
- occurred.

Store Select Main: This signal results from the
STORAGE switch being in the MAIN position and causes
main storage addressing at the selected CE during either
fetch or store manual operations. This signal line is not
active with the STORAGE switch in the LOCAL position,
causing local storage addressing at the selected CE.

Display: This signal causes the selected CE to place the
contents of a storage location, specified by the address keys
and STORAGE SELECT switch, onto the data indicator
lines to the SC.

Store: This signal causes the selected CE to store the
contents of the SC storage data keys in the storage location
specified by the 24 address keys and the STORAGE switch.

Set Instruction Counter (IC): This signal transfers the
contents of the SC address keys to the instruction counter
of the selected CE. ‘

Interrupt: This signal results from depression of the
interrupt key and causes a console interrupt signal, which
sets bit 25 in the PSW of the selected CE.

Address Compare Stop: This line conditions the selected
CE so that any storage access to the address specified in the
SC address keys causes the CE to enter the stopped state at
the end of the instruction that made the memory reference.

Address Compare Loop: This line causes the selected CE
to loop between the address set in the SC address keys and
the address set in the storage data keys. When the selected
CE makes a storage access to the address specified in the
address keys, an unconditional branch is made to the
address specified in the storage data keys. Programming can
establish a loop.condition between the two sets of keys.

Rate: This signal operates with the- selected CE and the-

START and STOP keys on the SC. With this signal, each
depression of the START key results in one complete

instruction being executed. Any machine instruction can be -

executed in this mode.
Load: This signal line initiates an IPL in the selected CE.
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Load Unit Address Bits: These eight signal lines (+
parity) result from two of the three rotary-type -LOAD
UNIT switches on the SC. These two hexadecimal charac-
ters provide an I/O unit address for use durmg IPL
operations.

Load Channel Address Bits: These four signal lines (+
parity) result from one of the three rotary-type LOAD
UNIT switches on the SC. This hexadecimal character
selects one of the 11 possible channels on the 9020 system.

Load Storage Select Bit: These four signal lines (+
parity) result from a rotary MAIN STORAGE SELECT
switch on the SC. This hexadecimal character represents a
main SE to be selected during IPL or manual operations.

Activate: This signal causes the SCON bits at the
selected CE to be set according to the setting of the control
CE switches on the SC.

Control CE: These four signal lines (+ parity) result from
individual switches on the SC and allow manual setting of
the SCON bits in the configuration register. Actual setting
of the SCON field occurs with depression of the ACTIVE
key on the SC.

All Stopped: This signal causes all CEs to enter the
stopped state. The SYSTEM INTERLOCK switch must be
turned on to activate the all-stop key, but the setting of the
select CE switch does not affect this operation.

CE-CC INTERFACING

The CE-CC interface may be considered as divided into two
sections: '

1. CE control and indication.

2. RCU configuration and monitoring.

The greater portion of thé interface is concerned with the
first of these; that is, with sending indication (status) signals
from the CE to the CC and control signals from the CC to
the CE. The CE cannot initiate data transfer directly to the
CC via this portion of the interface. Subsystem configu-
ration indications, for example, which are under program
control, are initiated by the CE and handled as a normal
I/O operation via the IOCE.

Except for the line, ‘subsystem load’, this first portion
of the interface is like the interface between a CE and the
system console in a CCC system. The remaining portion is
concerned with configuration, control, and monitoring of
the two Reconfiguration Control Units (RCUs) in the CC.
Specifically, this portion of the interface consists of the
‘configuration data bus’, ‘reconfigure select/response’ lines,
and the ‘system reset’ lines from the CE to the RCUs,
together with the ‘element check’ lines from the RCUs to
the CE.



CE to CC Interface

Many of the indications from the CE to the CC represent
the current status of the CE. The most important dynamic
indications include the state of the CE, logic checks,
current instruction address, and manual and wait status. In
addition to lines indicating the status of the CE, there are
lines concerned with configuration control for the RCUs.
These include the ‘configuration data bus’, the ‘reconfigu-
ration select/response’ lines, and the ‘system reset’ lines.
The ‘system reset’ lines from CE to CC are strictly for
resetting the RCUs. The CE to CC lines and buses are
described below.

Data Indicator Lines: These 36 multiple-driver simplex
lines provide for the display of four bytes of data from a
main or local store location. They originate in the CEs at
the T-Register.

Load Indicator: This multiple-driver simplex line
originates in one or more CEs and turns on a common
indicator. The indicator is lit by the respective CE from the
time an IPL operation starts until it is complete.

Invalid Selection: This multiple-driver simplex line
originates in one or more CEs and turns on a common
indicator. The selected CE lights the indicator whenever an
invalid or illegal storage address is specified by the operator
during a manual operation.

Configuration Data Bus: This bus is an 11-bit distributed
simplex bus which conveys the ‘configuration mask’ for the
RCUs to the CC during execution of the SCON instruction
by the CE.

System Reset (1, 2): These two distributed simplex lines
provide a reset to the RCUs when activated by the CE.

Instruction Counter (IC) Indicators: These 27 simplex
lines provide the CC with data for the display of the current
instruction address at the CE. One set of these lines is
indicated at the CC for each CE.

Manual Indicator: These simplex lines originate in each
CE and terminate in a unique indicator at the CC to
indicate when the associated CE is in the stopped state.

Wait Indicator: These simplex lines originate in each CE
and terminate in a unique indicator at the CC to indicate
when the wait bit in the associated CE’s PSW is set to 1.

State Indicators: These four simplex lines originate in
each CE and terminate in unique indicators at the CC. Only
one of these four signals will always be active to reflect the
present status of the originating CE.

Logic Check Indicator: These simplex lines originate in
each CE and terminate in a unique indicator at the CC to
indicate that the CE has detected one of its own logic check
conditions.

Power Check: This signal line indicates that the temper-
ature in the CE has drifted to within approximately 10
percent of the shutdown tolerance. The signal also indicates

the loss of voltage or a normal power-off (but not an
element master power-off) condition.
Battery: This signal indicates that the CE has switched

. to battery power.

Reconfiguration Select/Response: These two multiplex
lines are used by the CE to signal the two RCUs to gate
data from the configuration data bus into the CCRs.

Note: This same line is used by the RCU to.respond to the
SCON and may also be considered part of the CC to CE
interface. Note also that there are physically three ‘recon-

figuration select/response’ lines because the same circuitry

is used for the RCU SCON bus in the CE as would be used
for the three PAMs in a CCC system. Only two of the three
are used by the RCUs,

CC to CE Interface

All CC controls to the CEs are gated by the system
interlock switch, which requires a key operation to activate
the logic. CC operations require that the CE TEST switch
be off. In addition, all functions going to the CE (except
for ‘all stop’) are further gated in the appropriate CE by a
‘select . CE’ signal that originates from the select CE rotary
switch on the system console.

One simplex ELC line originates from each RCU. The
interface lines are described below.

Address Keys: These 24 signal lines (+3 parity) result
from the 24 instruction address keys on the CC and provide
addressing of any addressable local store or main storage
location.

Data Keys: These 32 signal lines (+4 parity) result from
the 32 storage data keys on the CC and provide manual
data for storing into any addressable local store or main
storage location.

CE Select: These four select lines result from the
four-position rotary switch at the CC. Proper CE selection
is under switch card control in the receiving CEs. This signal
provides the necessary gating in the CEs for all manual
operations (except “all stop’) issued from the configuration
console. The SYSTEM INTERLOCK (key) switch must be
turned on for this select switch to be enabled.

Stop: This signal places the selected CE in the stopped
state without destroying its environmental status. The
selected CE proceeds to the end of the instruction being
executed at the time the ‘stop’ is initiated. If the current
instruction causes a program interrupt, the change of
program status words (PSW) will be accomplished before
the stop. An I/O device will be allowed to complete its
operation, although I/O or external interrupts will not be.
recognized.
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Start: This signal starts the selected CE. If ‘start’ is
issued after a manual stop, the CE continues as though no
stop occurred. '

Store Select Main: This signal results from the
STORAGE switch being in the MAIN position and causes
main storage addressing at the selected CE during either
fetch or store manual operations. This signal line is not
active with the storage select switch in the local store
position and causes local storage addressing at the selected
CE.

Display: This signal causes the selected CE to place the
contents of a storage location, specified by the address keys
and STORAGE switch, onto the data indicator lines to the
CC.

Store: This signal causes the selected CE to store the
-contents of the CC storage data keys in the storage location
specified by the 24 address keys and the STORAGE switch.

Set Instruction Counter (IC): This signal transfers the
contents of the CC address keys to the instruction counter
of the selected CE.

Interrupt: This signal results from depression of the
interrupt key and causes a ‘console interrupt’ signal, which
sets bit 25 in the PSW of the selected CE.

Address Compare Stop: This line conditions the selected
CE so that any storage access to the address specified in the
CC address keys causes the CE to enter the stopped state at
the end of the instruction that made the memory reference.

Address Compare Loop: This line causes the selected CE
to loop between the address set in the CC address keys and
the address set in the storage data keys. When the selected
CE makes a storage access to the address specified in the
address keys, an unconditional branch is made at the end of
the instruction to the address specified in the storage data
keys. Programming can establish a loop condition between
the two sets of keys.

Rate: This signal operates with the selected CE and the
START and STOP keys on the CC. With this signal, each
depression of the START key causes one complete
instruction to be executed. Any machine instruction can be
executed in this mode.
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Load: This signal line initiates an IPL in the selected CE.

Subsystem Load: This line allows a subsystem IPL to be
initiated from the CC.

Load Unit Address Bits: These eight signal lines (+
parity) result from two of the three rotary-type load unit
switches on the CC. These two hexadecimal characters
provide an I/O unit address for use during IPL operations.

Load Channel Address Bits: These four signal lines (+
parity) result from one of the three rotary-type load unit
switches on the CC. This hexadecimal character selects one
of the 11 possible channels on the 9020 system.

Load Storage Select Bit: These four signal lines (+
parity) result from a rotary main storage select switch on
the CC. This hexadecimal character represents a main
storage element to be selected during IPL or manual
operations.

Activate: This signal causes the SCON bits at the

selected CE to be set according to the setting of the control

CE switches on the CC.

Control CE: These four signal lines (+ parity) result from
individual switches on the configuration console and allow
manual setting of the SCON bits in the configuration
register. Actual setting of the SCON field occurs with
depression of the ACTIVE pushbutton on the CC.

All Stopped: This signal causes all CEs to enter the
stopped state. The SYSTEM INTERLOCK switch must be
turned on to activate the all-stop key, but the setting of the
select CE switch does not affect this operation.

Element Check: This simplex line is used to set a bit in
the diagnose accessible register (DAR) in the CE when one
or more of the following conditions exist at the RCU:

1. Power failure.
2. Parity check in the CCR.
3. Out of tolerance check (OTC).

An interruption is taken by the CE if the associated
RCU bit is not masked off in the DAR mask and bit 7 of
the PSW is not masked off. One ELC line originates in each
RCU.



SECTION 1. INTRODUCTION

The appendix describes the operation of the 1052 adapter
contained in the computing elements of the 9020E system.
This adapter is not provided for computing elements of the
9020D system.

The 1052 adapter connects an 1/O printer keyboard to a
multiplexer channel in an IOCE. The printer and keyboard
are mechanically and electrically independent, although
they are both housed under the same cover.

The I/O printer keyboard provides two basic functions:
facilities for manually entering data and facilities for

CHANNEL INTERFACE SIGNAL SEQUENCE

One of the most important assumptions of this appendix is
the reader’s prior knowledge of the signal sequence of the
channels to which the 1052 adapter can be attached. For
review, the following material is presented at this time.

Initial Selection

Figure C-1 illustrates the sequence of interface signals for a
compléte write operation on a multiplexer channel. The
channel itself begins the initial selection sequence. The
channel raises the ‘address out’ and ‘hold out’ lines to all
control units connected to the interface. The ‘select out’
line is raised to the control unit with the highest priority.
The address byte designating a particular control unit is
placed on the ‘bus out’ lines at the same time. The first
control unit compares the address byte against its own
address. If the two do not match, the control unit
propagates ‘select out’ to the control unit with the
next-lower priority. This attempt at address matching
continues at each control unit in turn until the control unit
whose address is on the ‘bus out’ lines is reached.

APPENDIX C. 1052 ADAPTER

printing data; both are under control of 2 monitor program.

When attached to a multiplexer channel operating in
Multiplex mode, the adapter receives one eight-bit byte of
data from, or transmits one to, the channel. The adapter
then releases the channel to service other I/O devices. This
byte mode of operation continues until the end of data
transmission. With this mode of operation, the adapter
releases the channel within the microsecond range for each
byte of data.

When the designated control unit makes the address
match, the control unit raises the ‘operational in’ line to the
channel. The channel recognizes the ‘operational in’ and
drops the ‘address out’ line. When the control unit
recognizes that the ‘address out’ line has been dropped, it
raises the ‘address in’ line to the channel, and places its own
address on the ‘bus in’ lines.

The channel accepts the address byte and the ‘address in’
tag line, and in response raises the ‘command out’ line and
drops the ‘select out’ and ‘hold out’ lines. The channel also
places a command byte on the ‘bus out’ lines at this time.
For the sake of illustration, we are considering the
command byte to indicate a Write-Inhibit Carrier Return
(ICR) command.

The control unit reacts to the ‘command out’ line from
the channel by dropping the ‘address in’ line, and the
channe] then drops ‘command out’ in response to the
dropped ‘address in’ line. Now, the control unit raises the
‘status in’ line to the channel, indicating to the channel that
the control unit has a status byte to send. The channel
responds to the ‘status in’ line with ‘service out’, indicating
the acceptance of the status byte. When the ‘service out’
line comes up, the control unit drops the ‘operational in’
line and the ‘status in’ line, and the channel in turn drops
the ‘service out’ line. The initial selection sequence is
complete.
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Data Service

The sequence of signals during the data transfer is begun by
the control unit raising the ‘request in’ line to the channel.
The control unit raises ‘request in’ automatically for the
first data byte following the initial selection sequence. The
channel replies to the ‘request in’ with the ‘hold out’ and
‘select out’ lines. The ‘address out’ line is not raised by the
channel at this time, because this is not the initial selection
sequence. Channel has already established the fact (during
initial selection) that it is in communication with this
particular control unit. Therefore, as soon as the control
unit recognizes the ‘hold out” and ‘select out’ lines, it raises
the ‘operational in’ line to the channel and, then, raises the
‘address in’ line to the channel and places its own address
on the ‘bus in’ lines.

The channel responds with ‘command out’ at this time.
During the initial selection sequence, the channel placed a
command byte on the ‘bus out’ lines at the same time that
it raised the ‘command out’ line. During the data transfer
sequence, however, the bits on the ‘bus out’ lines are all 0’s
(with the exception of the parity bit). The ‘command out’
line rising at this time during the data transfer sequence,
with the command byte bits set to 0’s, indicates “proceed”
to the control unit. .

The control unit, in response to the ‘command out’ line
from the channel, drops the ‘address in’ line, and the
channel in turn drops the ‘command out’ line. The control
unit reacts to the dropping of the ‘command out’ line by
raising the ‘service in’ line. This indicates to the channel
that the control unit is now ready for a data byte. The
channel places the data byte on the ‘bus out’ lines and
raises the ‘service out’ line to the control unit. The control
unit receives both the data byte and the ‘service out’ line
and, in turn, drops the ‘service in’ and ‘operational in’ lines.
At this point, the data transfer sequence is complete. When
the 1052 has finished printing the character, the control
unit raises the ‘request in’ line to begin the next data
transfer sequence to get the next character from the
channel.

End Sequence

The data transfer sequences continue until all characters to
be sent by the channel have been received by the control
unit. When the control unit raises the ‘request in’ line,
requesting another character, and when all of the characters
have been sent, the channel begins the ending sequence.
The sequences of the ‘request in’, ‘select out’, and ‘hold
out’ lines are as previously described. The control unit again
brings up ‘operational in’ in response to the ‘hold out’ and
‘select out’ lines and sends the ‘address in’ line and the
address byte in to the channel. Channel again responds with
‘command out’, indicating proceed, and the control unit
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replies with ‘service in’, indicating that the control unit is
ready for the data byte. The channel, however, replies with
‘command out’ instead of ‘service out’. ‘Command out’
coming up in response to the ‘service in’ line indicates
“stop” to the control unit.

When the control unit recognizes the stop indication, it
drops the ‘service in’ line and indicates to the channel that
it is going to send status to the channel by raising the
‘status in’ line. If the channel is able to accept the status
byte at this time, it indicates this by raising the ‘service out’
line to the control unit. When the control unit receives the
‘service out’ reply from the channel in response to the
‘status in’ line, the operation is complete, and the ‘oper-
ational in’ line is dropped. The I/O control unit is finished
with the full write operation and is free to be used for
another operation by the channel.

The Write ICR command was considered here because it
is a typical sequence. All other signal sequences may be
treated as variations of these basic initial selection, data
transfer, and ending sequences.

INTERFACE LINES
o Channel interface
e 1052 interface

The 1052 adapter has two sets of interface lines: those
connecting to the channel and those connecting to the
1052. The interface lines between the channel-and the 1052
adapter are:

From Channel From Adapter

to Adapter to Channel
Bus Lines
Bus Out Bit P Bus In Bit P
Bus Out Bit 0 Bus in Bit O
Bus Out Bit 1 Bus In Bit 1
Bus Out Bit 2 Bus In Bit 2
Bus Out Bit 3 Bus in Bit 3
Bus Out Bit 4 Bus in Bit 4
Bus Out Bit 5 Bus In Bit 5
Bus Out Bit 6 Bus'In Bit6
Bus Out Bit 7 Bus In Bit7
Tag Lines
Address Out Address In
Command Out Status In
Service Out Service In
Scan Control Lines
Select Out Select In
Hold Out Request In

Suppress Out
Interlock Lines

Operational Out Operational In

Clock Out



Operational Out ” PP 4o 55 Operationol Out
50 usec
Request In —_——
'.- ¢ ¢ Request In
J ) S
HO'd OU" -——Jf—-
N P 1 s ' (5 r Hold Out
Select Out N
N (\ P C\ ¢ D Select Out
i
Select In [f . / : .
{C {C elec n
Address Out g | ’
p e Jrlr ‘ / ;} Address OUf
Operational In ¢ \L I , / | / ‘ Operational T
Address In —_—y ’ Add |
: ress In
Command Out - —4#— Command Out
Status In . ' :

—f L ” / ] / . Status In
sorvice In —+ | Service In
service Out ‘ Service Out

(Valid) ’ Address Address Stat
Bus In (9 lines) ” Address Status Address atus
. r—l l—l e . ,_l I I—I P I_I J—l Bus In (9 lines)
wal 30  Zero 7 30 30 30 Byte
Valid) First Byte d  Lost Byte C d C d
Bus Out (9 Lines) ” Address Command Command 4 Comman 4 omman omman
I 30 | I——| (¢ ﬂ cc | I [_I 5 ,_l l—l Bus Out (9 lines)
Write i Proceed Data - Proceed Data Proceed  Stop
Suppress Out (F Suppress Out
System Reset — i |nitial Selection Data Transmission (Single Byte) Data Transmission (Single Byte) T Ending Procedure ———————s=
- Multiplex Operation »

Figure C-1. Channel Interface Signal Sequence
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The bus lines carry the data, sense, status, and address
bytes between the channel and the 1052 adapter. The tag
lines identify the bytes on the bus lines. The scan control
lines control the sequence of priority of the various control
units on the channel. The interlock lines provide the
controls for connecting to, and disconnecting from, the
channel.

The interface lines between the adapter and the 1052
are:

From Adapter to-1052 From 1052 to Adapter

T1 Keyboard BCD 1
T2 Keyboard BCD 2
R1 Keyboard BCD 4
R2 Keyboard BCD 8
R2A Keyboard BCD A
R5 . Keyboard BCD B
Aux (Check) Keyboard BCD C
Space Keyboard Strobe
Backspace . End of Forms Contact
Tab RH Margin
Line Feed 1052 Busy
Carrier Return-Line Feed 1052 Not Busy
Upper Case Shift Request PB N/O, N/C
Lower Case Shift Ready PB
Lock Keyboard Not Ready PB
CE (Test) Panel Indicators (20 lines) Cancel PB

Enter PB

CE (Test) Mode

CE (Test) Read

CE (Test) Continuous
Write

Power On (+48V)

The first six lines to the 1052 energize the tilt/rotate

magnets. Each of-these magnets energizes the cycle clutch

magnet. The seventh line picks the check magnet to
energize the cycle clutch magnet for the rotate +5, tilt 3
character (none of the tilt or rotate magnets are picked for
this ‘character). The next seven lines energize the function
magnets, and the last line operates the keyboard restore
magnets to lock the keys. The 20 CE (test) panel indicators
are shown in Figure C-13.

The first seven lines from the 1052 to the control unit
are from the keyboard bail contacts, providing the BCD
coding for each key. The eighth line provides an indication
to the control unit that a BCD bit configuration has been
set up in the bail contacts and that these contacts are to be
sampled. The ‘end of forms contact’ line signals the control
unit when the 1052 has run out of paper.

The tenth line from the 1052 to the adapter signals the
adapter when the 1052 carrier has reached the end of the
writing line. The adapter then causes the carrier to return to
the left-hand margin. The ‘carrier in motion’ line indicates
to the adapter that the carrier is in motion as the result of a
carrier return or horizontal tab function.

The ‘carrier in motion’ line is deactivated when the
carrier stops moving. The ‘not cam cycle’ line indicates to
the adapter the failure of the printer to take a mechanical
cycle (should it fail) when the printer is directed to printa
character or to perform one of the following functions: up
shift, down shift, space, backspace, or tabulate.

The next five lines are activated by the READY, NOT
READY, and REQUEST pushbuttons (mounted on the
cover, to the right of the carrier RETURN key) and by the
CANCEL and ENTER pushbuttons (located at the left side
of the keyboard). The CE (Test) panel switches (Figure
C-13) provide the CE ‘test’, ‘mode’, ‘read’, and ‘continuous
write’ signals. The ‘power on’ (+48V) signal is active if the
keyboard-printer has +48V available from the supplying
element (the CE).

' COMMANDS

e Seven valid commands: Test I/O, Sense, Control No-Op,
Control Alarm (No-Op), Write-ACR, Write-ICR, Read.

The 1052 adapter decodes commands from the channel and
indicates the acceptance or rejection of the command to
the channel. If the command is accepted by the adapter and
requires a printer output (write), the adapter requests data
from the channel. The data is received as a byte consisting
of eight bits plus a parity bit. This eight-bit byte is
translated into a tilt/rotate code, to pick the proper
tilt/rotate magnets in the printer for a printable character,
or into a function code to pick the proper function magnet
in the printer.

If the command is accepted by the adapter and requires
the operator to enter data (read), the operator keys in the
desired character or printer function. The adapter receives
the data from the keyboard one byte at a time, each byte
consisting of six bits plus a parity bit. This data is translated
into an eight-bit-plus-parity byte for subsequent transfer to
the channel. The adapter requests service from the channel
and places the character on the bus-in lines. When the
channel accepts the data byte, the character is printed on
the printer, or the printer function is performed. No
commands (other than Read and Write) accepted by the
adapter require the direct participation of the IO device.

" On the multiplexer channel, Read, Write, and Sense
require an initial selection sequence; then the adapter
disconnects from the channel. Each byte of data trans-
mitted or received by the adapter requires the adapter to
first transmit its address and then request service from the
channel. Upon acknowledgement of the request by the
channel, the adapter again disconnects from the channel.
This procedure continues until data transmission is ended.
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Read

Upon acceptance of the Read command, the keyboard is
unlocked, and the proceed light is lit. The proceed light
indicates that the operator may key in a character. When
the operator keys in a character, it is parity checked (six
bits plus parity) from the keyboard, translated to an
eight-bit byte, and set into the data register. The adapter
then requests service from the channel. When the channel
accepts the data byte, the proceed light is extinguished, the
keyboard is locked, the character is translated to-a tilt/
rotate or function code, and the printer either prints the
character or performs the function. The keyboard is
unlocked, and the proceed light is again turned on. This
procedure continues until a termination is indicated.

A Read command may be terminated in one of three
ways: byte count equals O at the channel, an ‘enter’ signal
given by the keyboard operator, or a ‘cancel’ signal given by
the keyboard operator. The enter ‘signal’ is issued as a
result of the operator’s depressing the ENTER pushbutton.
The ‘enter’ signal is used to indicate the end of a block of
data. The ‘cancel’ signal is issued by the operator’s
depressing the CANCEL pushbutton. The ‘cancel’ signal is
used to indicate an operator error in the message; in this
case, the entire message must be re-entered.

When the adapter detects any of the above terminating
signals, it locks the keyboard (which stays locked until a
new Read command is issued), turns off the proceed light,
initiates a carrier-return operation, and sends a Channel-End
status to the channel. The unit exception status bit is sent
with the Channel End if the termination was accomplished
by the ‘cancel’ signal. When the carrier is returned to the
left-hand margin, the adapter requests service from the
channel to present a status byte consisting of Device End.
The unit check status bit sent with Channel End or Device
End indicates one or more of the following conditions:
BCD parity error from the keyboard, no mechanical cycle
of the printer, or an error between the BCD keyboard
output and the output of the printer translator.

Write

Two Write commands are available: Write-Auto Carrier
Return, and Write-Inhibit Carrier Return. Write-Auto
Carrier Return automatically returns the carrier to the left
margin at the end of the write operation. Write-Inhibit
Carrier Return does not cause the carrier to return at the
end of the write operation.

Write-ACR

Upon acceptance of the Write command, the adapter
disconnects from the channel. It then requests service from
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the channel for each data byte and disconnects after each-
data byte. When the ‘stop’ signal is presented by the
channel, the adapter sends Channel-End status and discon-
nects from the channel. When the carrier is returned to the

- left margin, the adapter signals for a device-end interrupt.

Device-End status is sent when the channel responds.
Write-ICR

This command proceeds the same as Write-ACR, except
that upon receipt of the ‘stop’ signal the adapter transmits
both Channel-End and Device-End in one status byte.

Test I/O

If the Test I/O command reaches the adapter and no
outstanding status bits are present, a zero status byte is
returned to the channel.

If status information is pending, all status bits present
(except busy, when caused by Channel End, Device End,
Attention, or status stacked) are transmitted to the
channel.

Control No-Op

The Control No-Op command is a control immediate.
Channel-End and Device-End status are transmitted
together in the initial selection sequence.

Control Alarm (No-Op)

The Control Alarm command is a control immediate. This
command resets the sense byte and causes a general
selective initial reset. Channel End and Device End are
transmitted during the initial selection status.

Sense

The Sense command transmits one eight-bit byte plus
parity to the channel. This byte consists of the contents of
the ‘sense’ triggers. After this data transfer, a final status
byte consisting of Channel End and Device End is sent to
the channel. The adapter does not disconnect from a
multiplexer channel between transmission of the sense byte
and final status (forced Burst mode operation).

1052 ADAPTER PRIORITY
o Determined at time of installation

o Pluggable

The priority of the 1052 adapter is not necessarily dictated
by the physical placement of the control unit on the I/O



interface. The adapter can be plugged to receive either

‘select out’ or ‘select in’ as the scanning line. The priority of

the scanning line is set at the time of installation. The
adapter provides the option of connecting its selection logic
in series on either the ‘select out’ or the ‘select in’ line.
Ascending-order priority from the channel can be estab-
lished on the ‘select out’ line, and the remaining control
units can maintain a descending-order priority from the
channel on the ‘select in’ line. Plugging location for the
select-out bypass card is 02ED1-B6 (refer to ALD ZP080).
See Figure C-2.

DATA FLOW

e Diagram 6-28, FEMDM illustrates both data flow and
control.

o Data flow path from data register to printer is the same
for both read and write.

Controls

The interface controls govern the sequence of signals the

1052 adapter sends to the channel on the inbound ‘tag’ and
‘selection control’ lines. The interface controls are acted

upon by both the active and inactive states of the outbound
‘tag’ and ‘selection control’ lines. They are also acted upon
by the command decoder, the command register, and the
address compare circuits.

The address and command bytes are received from the
channel on the ‘bus out’ lines. The address byte is
compared with a fixed address plugged within the 1052
adapter. The command decoder decodes the command byte
to determine whether the command is one of the seven
acceptable to the adapter and, if so, to determine which of
the seven commands it is.

Write Data Path

Data bytes are received on the ‘bus out’ lines during a write
operation. Each data byte is checked for parity when it is
taken from the ‘bus out’ lines, and the parity bit is then
dropped. The eight-bit byte is stored in the data register by
the data register controls. The contents of the data register
are then analyzed by the function decoder to determine
whether the character in the data register is a function
character or a printable character.

If the data register contains a printable character, that
character is translated [by the eight-bit to tilt/rotate
(printer) translator] from the eight-bit code to the tilt/
rotate code.

10CE Control Control Control Terminator
Mpx Channel Unit 1 Unit 2 Unit 3 Block
Out Lines Qut Lines
. - 55—
In Lines In Lines
< - 5§
ﬁ Ifl
T
Select Out Select Out
- —— —O-— — —O— - : 46
o] (o] +] [o] ][]
Logic Logic Logic Y
A
Select In Select In
- -0~ - —-O- - - O-—— O 5§
Highest Lowest Second
Priority Priority Highest
Priority

-=- Terminator ‘E -- Receiver

Figure C-2. 1/O Interface Interconnections

EI -~ Driver
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Read Data Path

The keyboard generates data and function bytes in a
six-bit-plus-parity code during a read operation. The output
of the keyboard is powered, parity checked, and fed to the
BCD-to-8-bit (keyboard} translator. The keyboard trans-
lator translates the BCD code to the eighi-bit code. and the
data register controls store the eight-bit character in the
data register. (Figure C-3 illustrates the translation of the
keyboard code and the corresponding printer output.) At

channel.

When the channel responds, the data byte is gated to the
‘bus in’ lines through the parity generator. The parity
generator inserts P-bits us required to make the byte on the
‘bus in’ lines odd parity. The byte is sent to the printer at
the same time it is sent to the ‘bus in’ lines. The character
path to the printer from the data register is the same for
both read and write.
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Address-In, Sense, and Status Bytes

The address generator is gated 1o the ‘bus in’ lines during
those 1/O interface signal sequences requiring the adapter to
send its own address into the channel. Because the parity
bit is plugged along with the rest of the bits in the address
generator, the output of the address generator is not passed
through the parity generator.

The output of the sense-bit latches is gated to the “bus
in’ lines during the execution of a Sense command. This
byte is passed through the parity generator because the bit
structure of the byte varies. and the parity bit must be
inserted as needed. The output of the “status’ triggers is
gated to the ‘bus in’ lines during an initial selection
sequence and during an ending sequence. Correct parity
must also be generated for the status byte because the
structure of the status byte is also variable.



Lower Case Upper Case Lower Case Upper Case
6-Bit Code Keyboard 8-Bit Code Keyboard 8-Bit Code 6-Bit Codel Keyboard 8-Bit Code Keyboard 8-Bit Code
(PTand T) Print (EBCDIC) Print (EBCDIC) (PT and T) Print (EBCDIC) Print (EBCDIC)
BA8421 Function 01234567 Function 01234567 BAB421 Function 01234567 Function 01234567
000001 1 11110007 = oo 100011 | 1001001 L 11010011
000010 2 11110010 < 01001100 100100 m 10010100 M 11010100
00001 T 3 1111001 ; oM 100101 n 10010101 N 11010101
000100 4 Hniooo 01110100 100110 [ 10010t10 o] 11010110
000101 5 11110101 Y% 01101100 100111 p toocron i P 1Moo
ooot10Q [ 11110110 ! ornrIriol 101000 q 10011000 Q 11011000
000111 7 111101 > 01101111 101001 r 10017001 R 11011001
001000 8 11111000 * 01011100 101011 $ 01011011 ! 01011010
001001 9 11111001 ( 01001101 110000 & 01010000 + 01001110
001010 0 11110000 ) 01011101 110001 a 10000001 A 11000001
001011 # onmon " 01001111 110010 b 10000010 B 11000010
010000 @ 01111100 ¢ 01101110 110011 c 10000011 C 11000011
010001 / 01100001 ? 01100011 110100 d 10000100 D 11000100
010010 s 10100010 S 11100010 nool e 10000101 E 11000101
010011 t 10100011 T 11100011 110110 f 10000110 F 11000110
c10100 u 10100100 U 11100100 nain g 10000111 G 11000111
010101 v 10100101 v 11100101 111000 h 10001000 11001000
010110 w 10100110 w 11100110 111001 i 10001001 | 11001001
otoinl X 10100101 X 1ttooril mon orooiori B 01011111
011000 y 10101000 Y 11101000 000000 Space 01000000
01100 z 10101001 z 11101000 001110 Up-Shift _—
orton , 01101011 | 01001111 011101 LF 00100101 {Line Feed)
100000 - 01100000 - 01110010 101101 CRLF 00010101 (Carrage Return Line Feed)
100001 i 10010001 J 11010001 101110 BS 00010110 | (Backspace)
100010 k 10010010 K 11010010 111101 TAB 00000101 (Horizontal Tab)
111110 Downshift

Figure C-3. 1052 Keyboard Code Translation and Printer Output
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SECTION 2. FUNCTIONAL UNITS

o Data register

e Read/write clock

e Printer translator

o Keyboard translator
e Shift controls

¢ Function decoder

o 1052 Printer-Keyboard

DATA REGISTER

¢ Used for Read command

@ Used for both Write commands

The data register comprises eight latches, one for each of
the bit lines O through 7. Each latch has three possible set
and reset lines. Figure C-4 illustrates the input and output
controls for the data register.

Write Operation

One group of set lines for the eight latches comes from the
‘bus out’ lines from the channel. These lines are ANDed
with SS 1, not CE (test) mode, and not busy or stop to set
the data byte on the ‘bus out’ lines into the data register.
The function decode circuits activate the ‘function’ line at
SS 2 time if the character in the data register is a function
character. SS 2, Write command, and not busy, sets cycle
time.

Cycle time gates either the function decoder output
(function character in the data register) to energize a
function magnet in the printer, or the 8-bit-to-tilt/rotate
(printer) translator output (printable character in the data

Bus QOut
Teanslate (BCD to 8-Bit 8
L ) it) ry
U 8 Function e
mm A | l e Decode A Pick Funct
8 r—
8 — PGA2] 7 Magnets

Data PG201 $53

Register  PG211 Function

2EEEET

Translator Pick /R
8-8it to ags
Tilt/Rotate
PGA411
Not Busy Or Stop —
Not CE Mode A Set Data Reg
S5 1 to Bus Out
A Bus In
Read = 8
A Set Data Reg _1

SS 6 to Keyboard
Not Busy Or Stop A
CE Write Set Data Reg Read Cmd
$S 1 to CE Bus Service In 1 A | Gate Data Reg
Read
555 QR
Mot Shift Change R
Weite Dato Register Reset
554

Gen Sel Init Reset

Figure C-4. Data Register, Input and Output Controls

C-10 (7/70)




register) to energize the tilt/rotate and cycle clutch magnets
in the printer. Cycle time also sets the ‘printer busy’ laich
when SS 2 times out.

SS 4 ANDs with *write’ and ‘not shift change’ to reset
the data register. The ‘not shift change’ line indicates that
the character in the data register did not require case-
shifting the printer. If the data register had contained an
uppercase character and the printer had been in lowercase,
or vice versa, the character would have been held in the
data register while the printer was shifted. The clock would
have run through SS 4 during the shifting, but the data
register would not have been reset, the reset having been
blocked by the ‘not shift change’ line being inactive. When
the shift is complete, the clock is again started at SS 1. The
data register cannot be set again because the ‘printer busy’
latch is on when the clock starts again at SS 1. When the
clock runs through SS 4 the second time, the data register is
reset.

Read Operation

A second group of set lines for the data register latches
comes from the BCD-to-8-bit (keyboard) translator. The
read/write clock is started at SS 5 for a read operation, and
SS 5 ANDs with read to reset the data register. SS 6 ANDs
with read to gate the translated keyboard output into the
data register. SS 7 requests service from the channel by
raising the ‘request in’ line to the channel, indicating that
the 1052 adapter has a data byte ready for transfer to the
channel.

When the channel responds and connections are
established between the channel and the adapter, the
‘service in’ line (ANDed with Read command) gates the
output of the data register to the ‘bus in’ lines. The channel
responds to ‘service in’ with ‘service out’, and the adapter
ANDs ‘service in’ with ‘service out’ to start the read/write
clock at SS 3. From this point, the data byte proceeds to
the printer exactly as described for the write operation. The
data byte has now been placed on the ‘bus in’ lines and has
also been printed.

READ/WRITE CLOCK
@ Used for Read and Write commands.
o Used to return carrier, space, and shift.

@ Start and stop points vary with operation.

The read/write clock is used for three of the seven valid
commands accepted by the control unit: Read, Write-Auto

Carrier Return, and Write-Inhibit Carrier Return. The clock
is stepped sequentially from SS 1 through SS 7 for both of
the Write commands.

During the data transfer sequence of a Write command,
the adapter activates the ‘service response’ line (Figure C-5)
by ANDing the ‘service in’ and ‘service out’ tag lines.
Service response then starts the clock by firing SS 1. §S 1
gates the data byte on the ‘bus out’ lines into the data
register (Figure C-3).

SS 2 fires when SS | times out. SS 2 controls the
‘lowercase/uppercase’ latch and the ‘shift change’ latch
(Figure C-8). The outputs of SS 2 and SS 3 are overlapped,
but the duration of SS 2 is only 200 ns while the duration
of SS 3 is 40 ms. The effective duration of SS 3 then is 39.8
ms. When SS 2 has finished timing out, the ‘printer busy’
latch is set by SS 3 ANDed with not SS 2.

SS 3 is ANDed with the outputs of the function decoder
and the printer translator to pick the function or the
tilt/rotate magnets in the 1052 (Figures C-6 and C-9).

SS 4 fires when SS 3 times out. For a Read command
the SS 4 output resets the ‘shift change’ latch if it has been
set. It also sets the ‘printer busy’ latch for the Read
command. For the Write command, if the ‘shift change’
latch has not been set, SS 4 resets the data register and fires
SS 5.

For the Read command, SS § is fired by the ‘read’ line
ANDed with the keyboard sirobe. The read/write clock is
started at SS 5 for the Read command. When SS 5 times
out, it fires SS 6 if the carrier is not being returned to the
left-hand margin. If the carrier is in the process of being
returned, the ‘carrier in motion’ latch is on, and SS 6
cannot be fired until it is turned off.

Note the ‘carrier in motion’ latch (Figure C-5). The tatch
is turned on when the normally open carrier return
interlock contacts make. The latch is turned off when these
contacts open. When the latch turns off, the 30-ms SS is
fired; this blocks the AND function that sets the ‘carrier in
motion’ latch. This means that the latch cannot be turned
on again for 30 ms after it has been turned off. This is a
bounce-protection device. If the carrier return interlock
contacts bounce closed after opening, the ‘carrier in
motion” latch will not be set again.

SS 6 is used to gate the output of the BCD-to-8-bit
(keyboard) translator to the data register for the Read
command. SS 6 also turns on the ‘service request’ latch, to
indicate to the channel that the adapter is ready for another
data byte (Write command) or ready to send another data
byte to the channel (Read command).

SS 7 fires when SS 6 times out. S8 7 resets the ‘shift
change’ latch for the Write command. It also fires SS 3
during the Read command if the ‘shift change’ latch has
been set. The clock outputs are related in detail to the
various operations in Section 3 of this appendix.
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PRINTER TRANSLATOR
o Translates eight-bit code to tilt/rotate code.

Figure C-6 illustrates the 8-bit-to-tilt/rotate transiator. The
series of ANDs and ORs connected to the data register
output decode the eight-bit byte stored in the data register
into the corresponding tilt/rotate code. Note that all
translating AND/OR functions except T2 use negative logic;
that is, making the OR prevents the energizing of the
corresponding tilt/rotate magnet. T2, the exception, is
picked when the OR is made.

The “even” function at the bottom of Figure C-6
energizes the aux (auxiliary, or check) magnet if an even
number of tilt/rotate magnets is energized. Since one is an
odd number of magnets, none is an even number; therefore,
if no magnets are energized, the even function picks the aux
magnet. The result of picking the aux magnet alone is a tilt
motion of +3 and a rotate motion of +5. If two, four, or six
tilt/rotate magnets are picked, picking the aux magnet has
no effect.

The output of this translator is gated with SS 3 and ‘not
function’. If the byte in the data register is a function
character, the function decoder (Figure C-9) activates the
function line at SS 1 time, when the data byte is set into
the data register. Conversely, if the data byte in the data
register is not a function character, the function line is
inactive and allows SS 3 to gate the lines picking the
tilt/rotate and aux magnets.

KEYBOARD TRANSLATOR
o Translates six-bit code to eight-bit code.

Figure C-7 illustrates the translation of the BCD output of
the 1052 keyboard to the eight-bit code. Not all of the
AND/OR logic is illustrated because all functions are
similar. Note that four of the eight output lines are negative
logic in that activating the output line prevents the
corresponding bit from being set into the data register. The
other four output lines are positive logic; activating these
lines results in setting the corresponding bit into the data
register.

Also note the ‘lower/upper case’ latch. The output of
this latch is ANDed into the translator to control the
translation of the BCD output of the keyboard. Each key
results in the same BCD coding for both the upper and
lower case. The translation to either uppercase or lowercase
eight-bit code is controlled by the ‘lower/upper case’ latch.
For example, the output of the letter key “B” is
BAB427 in the BCD code. This code is the same for
both upper and lower case. When the ‘lower/upper case’
latch is on (lower case), the BA8Z 2T is translated to
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01234567. When the ‘lower/upper case’ latch is off
(upper case) BA84 27 is translated to 01234567,
The control of the ‘lower/upper case’ latch is described in
the following paragraphs under “Shift Controls”.

SHIFT CONTROLS
e Controls case hemisphere of typing element.

Figure C-8 illustrates the ‘shift change’ latch, the ‘lower
case/upper case’ latch, and the circuits that decide whether
the character in the data register is an uppercase character
or a lowercase character. The only circuit that produces no
interaction between the ‘lower case/upper case’ latch and
the ‘shift change’ latch is the function that ANDs the
‘carrier return’ and ‘stop’ latches. This AND function
activates the ‘turn on lower case’ line at the end of a read
operation and at the end of a write-auto carrier-return
operation, to insure that the typing element in the printer is
returned to the lowercase hemisphere.

During a write operation, the ‘lower case/upper case’
latch and the ‘shift change’ latch are controlled by the
output of the decision circuits at the top of Figure C-8. If
the ‘lower case/upper case’ latch is on, indicating that the
printer is in lowercase and the character in the data register
is an uppercase character, the printer must be shifted to
upper case before the character can be printed. The ‘upper
case character’ line is activated by the uppercase character
in the data register. ‘Upper case character’ is ANDed with
‘lower case’ latch on and SS 2 to turn the ‘lower case/upper
case’ latch off and, also, to turn on the ‘shift change’ latch.
The ‘shift change’ latch coming on causes the character to
be held in the data register while the clock is run to shift
the printer to the upper case. After the shift cycle is
complete, the clock is again run to print the character.

Had the printer been in upper case, and had the
character in the data register been a lowercase character,
the printer would have been shifted to lower case before
gating the output of the data register to the printer
translator. If the printer had been in upper case, the ‘lower
case/upper case’ latch would have been off, and SS 2 would
have been ANDed with not upper case character and lower
case latch off to turn both the ‘shift change’ latch and the
‘lower case/upper case’ latch on. Again, the ‘shift change’
latch would have caused the character in the data register to
be held there while the clock was run to shift the printer to
the lower case. After the shift cycle was completed, the
clock would have been run to print the lowercase character.

The read operation is similar to the write operation. The
major difference lies in the control of the two latches.
When the shift key on the keyboard is operated, the
keyboard sends the BCD bits C BA84 2T to the adapter.
The keyboard strobe is also sent to the adapter. The
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Figure C-8. Shift Controls

keyboard strobe starts the clock at SS 5, and the upshift
BCD bit configuration is ANDed with SS 6 to turn off the
‘lower case/upper case’ latch and turn on the ‘shift change’
latch. The ‘shift change’ latch causes the read/write clock to
run to shift the printer from lower case to upper case. The
‘shift change’ latch also blocks SS 7 from setting the
‘service request’ latch to raise request-in to the channel. No
byte is sent to the channel for shifting.

When the shift key is released at the keyboard, a
sequence similar to that described in the above paragraph
occurs. The BCD bits differ in that instead of CBA 8421
(upshift) the keyboard sends C BA 8421 to the adapter
along with the keyboard strobe. The ‘lower case/upper case’
latch is turned on along with the ‘shift change’ latch. The
clock is started by read ANDed with keyboard strobe; the
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printer is shifted to the lower case, and the request-in line is
blocked.

FUNCTION DECODER

e Determines whether the data register contains function
of printable character.

e Operates printer function magnets.

Figure C-9 illustrates the function decode circuits. These
circuits analyze the character in the data register to decide
whether that character is to perform a function at the
printer. Just as the tilt/rotate magnets are energized by
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cycle time, so are the function magnets. The eight-bit bytes
for the space and carrier return-line feed characters activate
the ‘function’ line. This line is activated at SS 1 during a
write operation when the data register is set with the
character on the ‘bus out’ lines, or at SS 6 when the data
register is set with the output of the keyboard translator for
the read operation.

Note that the carrier return-line feed magnet may be
operated by either a carrier return-line feed character in the
data register or the ‘carrier return’ latch. Note also that the
‘function’ line is activated by either the ‘shift change’ latch,
the ‘carrier return’ latch, or any function character in the
data register.

The lowercase shift magnet and the uppercase shift
magnet are operated from the ‘lower/upper case’ latch. Any
time the case of the printer is to be changed, the ‘shift
change’ latch is turned on, and the output of the ‘shift
change’ latch activates the ‘function’ line. Cycle time then
may be ANDed with the on or off output of the
‘lower/upper case’ latch to perform the shifting in the
printer.

1052 PRINTER-KEYBOARD
e Selectric printer
e Keypunch keyboard

The IBM 1052 Printer-Keyboard is a page printer with
printing mechanism similar to the IBM Selectric* type-
writer. The 1052 keyboard is a modified IBM 024/026
keyboard housed in the same cover as the printing
mechanism of the IBM Selectric typewriter. The printer and
keyboard are electrically (not mechanically) connected by
means of the 1052 adapter, which allows these two units to
operate independently.

Printer

The 1052 printer is a self-contained package including the
drive motor. It is designed for placement on a flat surface
convenient to the operator. The printer is cable-connected
to the 1052 adapter, which contains the 8-bit-to-tilt/rotate
(printer) translator. The printer can accept data at a
maximum rate of 15.5 characters per second from the
channel. The printer has a removable print head, allowing
the selection of different print arrangements. The
arrangement of the characters on the print head is
illustrated in Figure C-10.

*Trademark of IBM, Inc.
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The printer recognizes 44 printable characters in the
Upshift mode, and 44 in the Downshift mode. The printer
performs four functions: space, carrier return and line feed,
upshift, and downshift.

A paper presence control constitutes part of the inter-
lock circuitry that places the printer in a Ready status. As
the trailing edge of the last form reaches a point about 2
inches from the printing line, the printer signals this
condition to the adapter and reverts to a Not Ready status.
Printing is not interrupted by this action.

The horizontal tab and carrier return-line feed interlocks
interrupt the printing operation to allow enough time for
the printer to complete these functions. More than one
character time will normally be required. When the printer
begins either a tab or a carrier return-line feed function, the
‘carrier in motion’ latch is set in the adapter. The ‘carrier in
motion’ latch interlocks the adapter until the printer has
completed the function. When the function is completed,
the printer resets the ‘carrier in motion’ latch, and the
adapter resumes its operation.

The basic printing operation is as follows: The tilt and
rotate selector latches in the printer are controlled by the
tilt and rotate (tilt/rotate) magnets in the printer. If the
character in the data register in the adapter is a printable
character, the corresponding ‘tilt/rotate’ lines in the adapter
are activated to energize the tilt/rotate magnets in the
printer. If the character in the data register is a function
character, the corresponding printer ‘function’ line is
activated to energize the function magnet in the printer.

Keyboard

The 1052 keyboard is an adaptation of the IBM 024/026
keyboard, with the numeric keys located in a fourth bank
similar to a typewriter keyboard. The keyboard is mech-
anically independent of all other units and is connected
electrically only to the 1052 adapter. Data may be sent
from the keyboard to the channel and/or the printer only
through the adapter.

The basic arrangement of the four-bank keyboard is
shown in Figure C-11. There is a total of 53 function and
character keys. Each key, except the ALTN CODING key,
generates a BCD code for the character or function
associated with that key. The two SHIFT keys and the shift
LOCK generate the up shift code when depressed. The
down shift code is generated when either SHIFT key is
released. Output from the keyboard is the- IBM paper tape
and transmission code and is in odd parity. Figure C-12
illustrates the arrangement of the bail, latch, and keystem
contacts in the keyboard.
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Keyboard Common Contact Numbers 1 and 2. These contacts open when the
keyboard-restore magnets are energized. Number 1 common contact discon-
nects the supply voltage from the bit lines and prevents sending any bits
during a keyboard-restore operation.

Number 2 common contact opens the direct circuit to the restore magnets
and puts a current=limiting resistor in series with the restore magnets. This
permits locking the keyboard by continually energizing the restore magnets.

Left-Hand Latch Contact (Tab and Z). Thislatch contact closes whenever the
Z or tab key is pressed. When the tab key is pressed, the tab keystem contact
is closed and the B-and 4-bit keyboard lines are pulsed to complete the tab code.

Figure C-12. 1052 Latch, Bail, and Keystem Contact Arrangements
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Right Bail Contacts

Strobe Bail Contact. When any permutation bar drops, the strobe boil con~-
tact mokes and starts the read/write clock in the adapter.

Right-Hand Latch Contact (Carrier Return and Line Feed, and Line Feed-
CR/ALF and LF). The contact closes whenever the return or line-feed key is
pressed. When the return key is pressed, the right-hand latch contact closes
and pulses the B-bit keyboard line to complete the CR/LF code. When the
line-feed key is pressed, the right-hand latch contact closes and the line-
feed keystem contact also transfers, and the A-bit keyboard line is pulsed to
complete the line-feed code.




KEYBOARD CONTROLS

REQUEST pushbutton

READY pushbutton
e NOT READY pushbutton

e ENTER pushbutton

CANCEL pushbutton

REQUEST Pushbutton

The REQUEST pushbutton is mounted on the 1052 cover,
to the right of the keyboard. When operated, it sets the
‘store request’ and the ‘attention status’ latches. (See
Diagram 6-33, FEMDM.) The ‘attention status’ latch, in
turn, activates the ‘attention interrupt’ line, and the
‘attention interrupt’ line activates the ‘status conditions’
line. (See Diagram 6-31, FEMDM.) The ‘request in’ line is
raised to begin a status transfer sequence with the channel
in which the status byte with 0-bit transferred to the
channel. The O-bit then indicates that the REQUEST
pushbutton has been operated.

Note the store request latch in Diagram 6-33, FEMDM.
The ‘store request’ latch and the unnamed latch to the left
form a single reset-dominant-latch configuration. The ‘store
request’ latch is reset by the ‘reset attention stored’ line,
and the unnamed latch is reset by the ‘inverted request
pushbutton’ line.

The ‘store request’ latch may be reset within
nanoseconds after the REQUEST pushbutton is operated,
and the operator may still be holding the pushbutton after
the reset drops. When this condition occurs, the unnamed
latch prevents the pushbutton from setting the latch again.
The pushbutton must be released and depressed once more
to set the ‘store request’ latch again.

READY and NOT READY Pushbuttons

The READY and NOT READY pushbuttons are mounted
on the 1052 cover, to the right of the keyboard. The
READY pushbutton sets the ‘ready’ latch. (See Diagram
6-33, FEMDM.) The NOT READY pushbutton resets the
‘ready’ latch. The ‘ready’ latch may also be reset by the
end-of-forms contacts when the printer runs out of paper.

A 6-bit is set into the status byte by the ‘unit check’
latch when the ‘ready’ latch is reset. When the ‘ready’ latch
is first set, it fires a singleshot to set the ‘store device end’
latch. (See Diagram 6-31, FEMDM.) The ‘device end
interrupt’ line then requests a status transfer sequence from

the channel to signal the channel that the 1052 is ready; no
status bits are set.

ENTER Pushbutton

The ENTER pushbutton signals the adapter to terminate a
read operation in the normal manner. When the operator is
through keying data to the channel, he depresses the
ENTER pushbutton. The ‘enter’ signal to the adapter sets
the ‘stop’ and ‘device end’ triggers, initiating the ending
sequence. (See Diagram 6-31, FEMDM.)

CANCEL Pushbutton

The CANCEL pushbutton notifies the system that a keying
error has been made during a read operation. When the
operator is keying data to the channel and makes an error,
he may depress the CANCEL pushbutton to terminate the
read operation. The ‘cancel’ signal sets the ‘cancel’ latch in
the adapter. The ‘cancel’ latch sets the ‘stop’, ‘channel end’,
and ‘unit exception’ latches. ‘Channel end’ initiates the
ending sequence. Presenting ‘unit exception’ status to the
CE causes the program to ignore the erroneous data and
allows the operator to enter correct data.

POWER Indicator

The POWER indicator indicates that the printer-keyboard
has +48V dc available from the supplying element (the CE).

CE (TEST) PANEL

A CE (test) panel is mounted in the vertical portion of the
1052 cover, just above the keyboard. This panel is
illustrated in Figure C-13. There are two switches on the
panel: CE MODE/ON LINE, and CONTIN WRITE/READ.
The CONTIN WRITE/READ switch is inoperative when the
CE MODE/ON LINE switch is set to the ON LINE position.
When on-line, the 1052 is operated in conjunction with the
channel and the 1052 adapter.

Switches

For diagnostic purposes, the 1052 and the adapter can both
be taken off-line by setting the CE MODE/ON LINE switch
to the CE MODE (Test) position. The adapter and the 1052
are then under control of the CONTIN WRITE/READ
switch. When the CE MODE/ON LINE switch is set to the
CE MODE and the CONTIN WRITE/READ switch is set to
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CONTIN WRITE, the output of a character emitter in the
adapter is gated to the data register. From the data register,
the characters follow the normal data path for a write
operation. The character emitter must be plugged by the
maintenance personnel to emit two characters in the
eight-bit code. Figure C-14 illustrates the operation of the
emitter. Note, in the figure, that when the switches are set
to CE MODE and CONTIN WRITE, the ‘CE write’ line is
activated. The ‘CE write’ line starts the read/write clock
with SS 1 (Figure C-5), gates the CE bus to the data register
(Figure C-3), and also operates the binary trigger at SS 4 of
each clock cycle.

The Continuous Write mode provides a semifixed means
to check up to 90 percent of the printer controls within the
adapter, check decoding of the EBCDIC code to appropri-
ate printer functions and characters, and mechanically
check the printer portion of the 1052. The Continuous
Write mode allows the maintenance personnel to set up any
two EBCDIC codes and perform the desired operations
alternately by the printer. The plugging is performed on the
pin side of SLT board X1. The board is factory-wired
(yellow) for zero alternating with uppercase A.

SLT board X1 location for the 720102 CE is 02E D1.

See Figure C-15 for plugging instructions and Figure
C-16 for the EBCDIC code set.

CE test read permits keying in of all characters on the
keyboard and performing the desired operation, i.e.,
printing or printer/function. All read controls can be
checked, including PTTC/8 to EBCDIC translation and
EBCDIC to tilt/rotate or printer function. The data register
indicators contain the PTTC/8 to EBCDIC translation and
remain set until a subsequent character is keyed.

CE Read/
CE Mode/On Line

CE Mode

Read

CE Mode/On Line
CE Reset (Not Used)

Lights

The six CONTROL lights on the test panel indicate the
controiled state of the 1052. The READ lamp is lit
whenever the ‘read command’ latch in the adapter is on or
when the switches on the panel are set to the CE MODE
(test) and READ. The WRITE lamp is lit whenever the
‘write command’ latch in the adapter is on or when the
switches on the panel are set to CE MODE (test) and
CONTIN WRITE. The INHIB CR lamp is lit whenever the
‘inhibit carrier return’ latch is on in the adapter. The
UPPER CASE lamp is lit whenever the ‘lower/upper case’
latch in the adapter is off, indicating that the printer and
keyboard are in upper case. The PRTR BUSY lamp is lit
whenever the ‘printer busy’ latch in the adapter is on, (the
printer is taking a cycle). The PRTR CYCLE lamp is lit
when the ‘printer cycle’ latch in the adapter is on. It
indicates that the printer failed to take a mechanical cycle
when signalled to print a character or perform a function
(space, backspace, tab or case shift).

The DATA REGISTER lamps indicate the contents of
the data register. Each lamp indicates the on-state of its
associated ‘data bit’ latch. The SENSE lamps indicate the
on-state of the ‘sense bit * latches. The PROCD (proceed)
lamp is lit whenever the keyboard is unlocked to allow the
keying of data or functions from the 1052 keyboard. The
ATTN (attention) lamp is lit when the REQUEST push-
button on the 1052 keyboard cover is operated. The lamp
remains lit until the ‘gate status in’ line comes up. The lamp
indicates the on-state of the ‘store request’ latch.

Contin Write '—o_—_ﬁ Contin Write (CE Write)

Binary
( ﬁ CE Write Trigger Cycle A
I FF
Wri .
J&_A OR Flip Binary Latch Pluggable A CE Bus Out To Data
SS 4 -— A N A OR d
ot Emitter Reg
Not Shift Change A

PG701 CycleB

Note: 'CE' equals 'test’.

Figure C-14. CE Write
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Example (see sample wiring above)
Print lowercase W on A cycle
Print uppercase M on B cycle
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N oD w - O

Cycle

Leave open

1toB

210 A

3to B

4 to ground

Leave open

6to A

A
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EBCDIC Code (see Figure C-16)
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SECTION 3. OPERATION

e 1052 Adapter operational diagrams are FEMDM

Diagrams 6-28 through 6-33.

o All commands are described within the framework of
initial selection, data transfer, ending sequence.

This section presents the detailed circuit descriptions of the
1052 Adapter (by command). FEMDM Diagrams 6-28
through 6-33 present the information in positive logic form,
with the sequence of the circuits in those diagrams
corresponding to the 1/O interface signal sequence for the
command being described. The seven valid commands, and
the command byte bit configuration of each, are as listed
below:

Command Bit Configuration

P O 12 34656 7
Test 1/O 1 00 00O0O0O0OO
Sense 000O0O0OO0OCT1TOO
Control No-Op~ 1t 00 0O0O0O0 11
Control Alarm (No-Op) 00O0O0O0T1TO0 11
Write-Auto Carrier Return 100001001
Write-Inhibit Carrier Return 0 0O0CO0OOOOO "1
Read 1000017010

All other command byte bit configurations with correct
parity are considered to be invalid commands.

WRITE
e Initial selection sequence
e Data transfer sequence

e Ending sequence

Initial Selection Sequence

The initial selection sequence for the write operation
(write-ICR or write-ACR), begun by the channel, is
illustrated in Diagram 6-29, FEMDM. The channel raises the
‘select out’, ‘hold out’, and ‘address out’ lines and places
the address byte of the 1052 adapter on the ‘bus out’ lines.
The adapter matches the address byte against the internally
plugged address, and, if the two match, the ‘address match’
line is activated and ANDed with ‘address out’ to turn on
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both the ‘initial select’ trigger and the ‘address in’ trigger.
The on-output of the ‘address in’ trigger turns on the
‘operational in’ trigger to raise the ‘operational in’ line to
the channel.

The channel drops the ‘address out’ line when it receives
the ‘operational in’ line from the adapter. When ‘address
out’ drops, the adapter raises the ‘address in’ line to the
channel and gates the output of the address bit generator to
the ‘bus-in’ lines, thereby generating the address-in byte.

The channel receives the address byte and the ‘address
in’ line and responds by placing a command byte on the
‘bus out’ lines and raising the ‘command out’ line. The
‘command out’ line from the interface (command-out cable
out) ANDs with the on-output of the ‘operational in’
trigger to raise the ‘command out’ line with the adapter. A
few nanoseconds after ‘command out’ is raised, ‘the
command out delay’ line becomes active. The delay is the
result of passing ‘command out’ through two inverters, each
of which introduces a few nanoseconds delay into the
signal.

‘Command out’ sets the operational-in interlock and
activates the ‘command gate’. ‘Command gate’ raises ‘sense
gate’, and ‘sense gate’, in turn, raises ‘write gate’. ‘Write
gate’ then sets the ‘write command’ latch (the bit configu-
ration of the command byte having activated valid
command and write command bits) and the ‘service
request’ latch.

‘Command out delay’ resets the address-in trigger,
dropping address-in to the channel. When the channel
recognizes the dropped ‘address in’ line, it drops ‘command
out’. The inactive ‘command out’ line now turns on the
‘status in’ trigger in the adapter. The ‘status in’ trigger raises
‘status in’ to the channel and gates the status byte to the
‘busin’ lines.

The channel receives the ‘status in’ line and the status
byte and replies with ‘service out’, indicating its acceptance
of the status byte. The initial selection sequence is
complete at this point.

Data Transfer Sequence

The ‘service request’ latch is set during the initial selection
sequence (Diagram 6-29), but its on-output is not used until
the end of the initial selection sequence. The ‘service
request’ line in Diagram 6-29 activates the ‘status con-
ditions’ line. ‘Status conditions’ activates the ‘request in’
line to the channel as soon as the ‘operational in’ trigger is



reset. The ‘request in’ line causes the channel to raise the
‘hold out’ and ‘select out’ lines as during the initial
selection sequence. The channel, however, does not raise
‘address out’, nor does it place an address byte on the ‘bus
out’ lines. This allows the ‘address in’ trigger to be set, but
not the ‘initial select’ trigger. The adapter responds with
‘address in’ and its address byte as before, and channel, in
turn, activates ‘command out’ to the adapter.

The channel does not place a command byte on the ‘bus
out’ lines during the data transfer sequence; therefore, the
‘write gate’ (Diagram 6-29) is not activated in the adapter,
and the ‘service request’ latch is not set by ‘command out’
during the data transfer sequence. The ‘write command’
latch is set during the initial selection and remains set
through the data transfer sequence.

The ‘busy condition’ latch (Diagram 6-30) is set when
the ‘initial selection’ trigger is reset by ANDing ‘not initial
select’ trigger with ‘write command’. The ‘busy condition’
latch is set at the end of the initial selection sequence. The
on-output of the ‘busy condition’ latch is then ANDed with
‘service request’, ‘operational in’ trigger, ‘not address in’
trigger, and ‘not command or service out’ to set the ‘service
in’ trigger when ‘command out’ falls during the data
transfer sequence. The ‘service in’ trigger raises ‘service in’
to the channel, indicating the adapter is ready for a data
byte.

The channel replies to ‘service in’ with ‘service out’ and
places a data byte on the ‘bus out’ lines. The adapter ANDs
‘service in’ and ‘service out’ to activate ‘service response’
(Diagram 6-30) and start the read/write clock at SS 1. SS 1
gates the data byte from the ‘bus out’ lines to the data
register. The clock runs through SS 7 to complete the
operation by gating the output of the data register to and
through the printer translator and/or function decoder.

SS 2 is ANDed with not ‘printer busy’, ‘write’, and ‘not
stop’ to activate ‘turn off service in’ to reset the ‘service in’
trigger and drop the ‘service in’ line to the channel
(Diagram 6-30). Channel then drops ‘service out’, and the
data transfer sequence is complete. SS 6 is ANDed with
‘not end of line’, ‘write’, ‘not busy or stop’, and ‘not service
in and service out’ to activate ‘turn on service in’ (Diagram
6-29). The active ‘turn on service in’ line sets the ‘service
request’ latch, and ‘service request’ activates status con-
ditions (Diagram 6-30) to begin another data transfer
sequence by raising ‘request in’ to the channel. The data
transfer sequences are continued until an ending sequence
occurs in place of a data transfer sequence.

Ending Sequence
The Write-ICR and Write-ACR commands are distinguished

by the ending sequences. The ‘inhibit carrier return’ latch is
set during the initial selection for the Write-ICR command,

allowing the adapter to present both the channel-end and
the device-end status bits to the channel during the same
ending sequence. .

The Write-ACR command does not set the ‘inhibit
carrier return’ latch during the initial selection. Therefore
only the channel-end status bit is presented to the channel
during the first ending sequence. The carrier is started
moving to the left margin at about the same time the
channel-end status is presented to the channel. A second
ending sequence is required to present the device-end status
bit to the channel when the carrier reaches the left margin
and stops moving.

WRITE-ICR

The ‘inhibit carrier return’ latch is set during the initial
selection sequence. ‘Write gate’ (activated by ‘command
out’) ANDs with ‘not bus out 4’ to set the ‘inhibit carrier
return’ latch during the time the command byte is on the
‘bus out’ lines (Diagram 6-31). The ‘request in’ line is
activated to the channel at the end of the previous data
transfer sequence (Diagram 6-30). The channel, however,
has no more data to send to the adapter (channel byte
count has gone to zero). The following signal sequence
occurs: channel raises ‘hold out’ and ‘select out’; adapter
raises ‘operational in’ and ‘address in’ and places its address
byte on the ‘bus in’ lines; channel raises ‘command out’;
adapter raises ‘service in’. Thus far, the sequence is the same
as for a data transfer sequence. Now, however, channel
raises ‘command out’ a second time as a reply to ‘service
in’, instead of ‘service out’. A ‘command out’ reply to
‘service in’ indicates stop.

Diagram 6-31 illustrates the ending sequence for both
Write-ICR and Write-ACR. ‘Service in’ and ‘command out’
are ANDed together to activate ‘write/read turn on channel
end’. ‘Write/read turn on channel end’ sets both the
‘channel end’ and the ‘stop’ latches. The on-output of the
‘stop’ latch sets the ‘busy condition’ latch and the ‘store
device end’ latch. The on-output of the ‘store device end’
latch activates ‘device end interrupt’, which sets the ‘device
end’ latch.

In Diagram 6-30, the ‘service in’ trigger is reset when the
channel replies to ‘service in’ with ‘command out’. Channel
then drops ‘command out’ when ‘service in’ drops. In
Diagram 6-31, the ‘channel end’ latch activates the ‘status
conditions’ line, and ‘status conditions’ ANDs (in Diagram
6-29) with ‘operational in’ trigger, ‘not address in’ trigger,
‘not service in’ trigger, and ‘not command or service out’ to
set the ‘status in’ trigger and raise the ‘status in’ line to the
channel. The on-outputs of the ‘status bit’ latches are gated
to the ‘bus in’ lines at the same time.

The channel replies with ‘service out’ to ‘status in’ from
the adapter, indicating the acceptance of the status byte.
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‘Device end’ ANDs with ‘status in’ (Diagram 6-30) to
activate ‘command reset’. The ‘write command’ latch and
the ‘inhibit carrier return’ latch are reset by ‘command
reset’.

WRITE-ACR

The ending sequence for the Write-ACR operation begins
the same as the ending sequence for Write-ICR. The major
difference lies in the effect of not setting the ‘inhibit carrier
return’ latch during the initial selection. When the ending
sequence proceeds to where the channel replies to ‘service
in’ with the second ‘command out’, indicating ‘stop’, the
‘write/read turn on channel end’ (Diagram 6-31) sets both
the ‘channel end’ and ‘stop’ latches. The ‘channel end’ latch
again activates the ‘status conditions’ line, and the ‘status
conditions’ line again sets the ‘status in’ trigger (raising
‘status in’ to the channel) when ‘command out’ falls the
second time.

Because the ‘inhibit carrier return’ latch is off, the
‘carrier return’ latch is set (‘stop” ANDed with ‘not printer
busy™ and ‘not inhibit carrier return’ (Diagram 6-30), and
the read/write clock is started ‘at cycle time. Cycle time
then sets the ‘printer busy” latch, picks the carrier return-
line feed magnet in the printer, and picks the lowercase
shift magnet in the printer if the printer was in upper case.
The ‘printer busy’ latch now ANDs with ‘stop’ and ‘carrier
return’ to set the ‘inhibit carrier return’ latch (Diagra
6-31). :

Up to this point, the channel end status bit has been sent
to the channel and the carrier has started returning to the
left margin, but the device-end status bit has not been sent
to the channel. The ‘turn on device end’ line becomes active
(to set the ‘store device end’ latch Diagram 6-31) when the
carrier has finished returning to the left and the ‘busy’ latch
is reset. The on-output of the ‘store device end’ latch then
activates ‘device end interrupt’, and ‘device end interrupt’
in turn activates the ‘status conditions’ line to raise ‘request
in’ to the channel (Diagram 6-31).

The following sequence occurs: adapter raises ‘request
in’ to the channel, channel raises ‘hold out’ and ‘select out’;
adapter raises ‘operational in’ and ‘address in’ and places its
address byte on the ‘bus in’ lines; channel raises ‘command
out’; adapter drops ‘address in’; channel drops ‘command
out’; adapter raises ‘service- in’; channel again raises
‘command out’; adapter drops ‘service in’; channel drops
‘command out’. Up to this point, the sequence is the same
as when the channel-end status bit was sent to the line. The
difference is that this sequence was begun by the ‘device
end interrupt’ line raising ‘request in’ to the channel.

The ‘device end interrupt’ line has been active during the

" above sequence, and ‘device end interrupt’ has kept the
‘status conditions’  line active. When channel drops
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‘command out’ the second time, the ‘status in’ trigger
(Diagram 6:29) is set by the ‘status conditions’ line. ‘Status
in’ is raised to the channel, and the on-output of the ‘device
end’ latch is gated to the ‘bus in’ lines as the ‘device end’
status bit. Channel rejects the status by replying to ‘status
in’ with ‘command out’, and the status is stacked.

READ
o Initial selection sequence
e Data transfer sequence

e Ending sequence

Initial Selection

Initial selection for the Read command is almost identical
with the initial selection for the Write command. The
‘inhibit carrier return’ latch is not set during the initial
selection sequence because the read command byte
contains the 4-bit. The ‘read command’ latch (Diagram
6-29) is set while ‘command out’ is up and the read
command byte is on the ‘bus out’ lines. Note that the
‘service request’ trigger is not set at command-out time
during the initial selection sequence. Recall that for the
Write command the ‘service request’ latch was set by
‘command out’ and the write command byte. This led to
the first data transfer sequence.

Data Transfer

The 1052 keyboard is unlocked when the ‘read command’
latch is set. Diagram 6-32 illustrates the circuits used for the
data transfer sequence of the Read command. When a key
is operated at the keyboard, the ‘keyboard strobe’ line
becomes active and is ANDed with ‘read’ and ‘not 1052
busy’ to start the read/write clock at SS 5. SS 5 resets the
data register, and SS 6 sets the output of the keyboard
translator into the data register (Figure C-3). SS 7 ANDs
with ‘not shift change’, keyboard strobe’, and ‘not stop’ to
activate ‘turn on service in’ to set the ‘service request’ latch
(Diagram 6-32). ‘Service request’ in turn activates ‘status
conditions’, and ‘status conditions’ raises the ‘request in’
line to the channel.

The channel replies to the ‘request in’ with ‘select out’
and ‘hold out’, and the data transfer sequence proceeds the
same as the data transfer sequence for the Write command,
with one exception. For the Write command, data is placed
on the ‘bus out’ lines by the channel when the channel
raises ‘service out’. For the Read command, the adapter
places data on the ‘bus in’ lines when the adapter raises



‘service in’. The last character remains stored in the data
register since the register is not cleared until a general reset
occurs or until SS 5 time occurs during the following
keyboard strobe.

With respect to Diagram 6-31, ‘select out” ANDs with
‘request in’ to set the ‘address in’ trigger; the ‘address in’
trigger, in turn, sets the ‘operational in’ trigger, raising
‘operational in’ to the channel. Because ‘address out’ is not
active when ‘operational in’ comes up, the adapter raises
‘address in’ and gates its own address to the ‘bus in’ lines.
Channel replies to ‘address in’ with ‘command out’, and
‘command out delay’ drops the ‘address in’ line by resetting
the ‘address in’ trigger. Channel drops ‘command out’
because the adapter drops ‘address in’. The ‘service in’
trigger is set when ‘command out’ falls, raising the ‘service
in’ line to the channel and gating the output of the data
register to the channel.

Channel responds to ‘service in’ with “service out’, and
the adapter ANDs ‘service in’ with ‘service out’ to activate
‘service response’ to start the read/write clock at cycle time.
Cycle time causes the printer either to print the character in
the data register or to perform the function called for by
the character in the data register. The output of the
keyboard has now been transferred to the channel and the
printer, and the sequence is complete.

Ending Sequence

The ending sequence is similar to that for the Write-ACR
command but can be started three different ways. First, the
adapter can try to send one more data byte to the channel
after the channel byte count has gone to 0. In this event,
the sequence described under data transfer proceeds to the
point where the character is stored in the data register and
the adapter raises ‘request in’. Channel makes a reply to
‘service in’ from the adapter. Instead of replying with
‘service out’ as during the data transfer sequence, channel
replies with ‘command out’ for the second time, indicating
stop. From this point on, the ending sequence is identical
to the ending sequence for the Write-ACR command.
Service response is not generated (Diagram 6-31) to start
the read/write clock because ‘service out’ is not given as a
reply to ‘service in’. The last character stored in the data
register is not printed because the clock is not started, nor
is it accepted by the channel.

The second means of obtaining the end sequence for the
Read command is through the use of .the ‘enter’ signal.
When the operator has finished keying in data, if the byte
count in the channel has not previously gone to zero, he
may end the read operation by depressing the ENTER
pushbutton. This causes the ‘enter’ line in Diagram 6-31 to
activate the ‘write/read turn on channel end’ line. From this
point on, this ending sequence proceeds exactly the same as

the ending sequence described in the preceding paragraph.

The third means of obtaining the ending sequence for
the Read command is through the use of the ‘cancel’ signal.
If the operator has made a keying error, he may cause the
channel to ignore the block of data in which the error was
made. The operator depresses the CANCEL pushbutton.
This activates the ‘cancel’ line in Diagram 6-31 and causes
the ending sequence to proceed as described in the first
paragraph of this section.

Status Byte Composition

The status byte transferred to the channel may be
composed of any six bits. Diagram 6-33 illustrates the
composition of the status byte. Bit position O indicates the
REQUEST pushbutton on the 1052 has been operated. Bit
position 3 indicates that the channel has attempted to
execute an initial selection sequence with the adapter while
the adapter was busy executing another command. Bit
position 4 indicates the adapter has finished executing a
command and the channel has not yet been made aware of
this condition. Bit position 5 indicates the 1052 has
finished executing a command and the channel has not yet
been made aware of this condition. Bit position 6 indicates
an error condition has occurred. Bit position 7 indicates the
CANCEL key has been operated (Read command only). Bit
positions 1 and 2 are not used in the status byte.

The individual error conditions indicated by bit position
6 are not defined in the status byte. The channel must issue
a Sense command to determine the particular cause of the
error indication.

SENSE COMMAND
e Initial selection sequence

e Sense byte transfer sequence

o Ending sequence (a continuation of the sense byte
transfer)

The Sense command is normally issued following an error
indication in the status byte of an ending sequence for
either a Read or Write command. If the status byte contains
the unit check (6) status bit, the channel usually issues a
Sense command to determine the cause of the error
indication.

Initial Selection Sequence

The initial selection sequence for the sense command is
almost identical with the initial selection sequence for the
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Write command. When the sequence proceeds to the point
where the channel raises ‘command out’ and places the
Sense command on the ‘bus out’ lines, the adapter sets the
operational-in interlock, the ‘sense command’ latch, and the
‘service request’ latch (Diagram 6-29). The ‘operational in’
trigger is reset at the end of the initial selection sequence,
and the adapter disconnects from the channel.

Sense Byte Transfer Sequence

The adapter raises the ‘request in’ line to. the channel when
the ‘operational in’ trigger is reset because the ‘service
request’ latch is on. The channel and adapter then proceed
through a signal sequence identical with a read data transfer
sequence to the point where the adapter raises ‘service in’
to the channel. Diagram 6-33 shows that when the adapter
raises ‘service in’ with the ‘sense command’ latch on, the
‘gate sense in’ line is activated, gating the on-output of the
‘command reject’, ‘bus out check’, and ‘equipment channel
check’ latches to the ‘bus in’ lines. The off-output
(on-output inverted) of the ‘ready’ latch is also gated to the
‘bus in’ lines at this time. The configuration of the sense
byte then indicates just what condition caused the 6-bit to
be set in the status byte.

Ending Sequence

For the Read and Write commands, the adapter disconnects
from the multiplexer channel after a byte is transferred to
or from the channel. This disconnect does not occur
between the sense byte and the final status byte for the
Sense command. The ‘operational in’ trigger is reset when
the operational-in interlock turns off (not operational-in
interlock) (Diagram 6-29) but the ‘command’ latch is not
reset by ‘service in> ANDed with ‘service out’ while the
‘sense command’ latch is on (Diagram 6-29).

In Diagram 6-31 ‘sense command’ is ANDed with
‘service in’ and ‘service out’ to set both the ‘channel end’
and ‘device end’ latches. The ‘channel end’ latch activates
the ‘status conditions’ line, and (in Diagram 6-29) the
‘status conditions’ line sets the ‘status in’ trigger when the
‘service in’ trigger is reset. ‘

Therefore, as soon as the channel accepts the sense byte
by replying to ‘service in” with ‘service out’, the adapter sets
the ‘channel end’ and ‘device end’ latches (Diagram 6-31),
resets the ‘service in’ trigger (Diagram 6-30), and sets the
‘status in’ trigger (Diagram 6-29) to present the channel end
and device end status bits to the channel. When the channel
replies to the ‘service in’ with ‘service out’, the operation is
complete.
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CONTROL COMMANDS

There are two Control commands: Control Alarm and
Control No-Op. Both cause only an initial selection
sequence to take place. The channel end and device end
status bits are included in the initial selection status byte.
Initial selection for these two commands proceeds the same
as the initial selection for the write commands to the point
where the channel raises ‘command out’ and places the
command byte on the ‘bus out’ lines.

When the adapter raises the sense gate (Diagram 6-29),
the control command byte bit configuration activates the
‘control’ line (Diagram 6-31) to set both the ‘channel end’
and the ‘device end’ latches. These two latches being on
when the ‘status in’ trigger (Diagram 6-29) is set allows the
status byte to contain both the channel end and device end
status bits.

The only difference between the two commands is the
4-bit. The Control Alarm command contains the 4-bit,
while the Control No-Op command does not. Control
No-Op is a programming aid producing no useful function
within the adapter or 1052. Control Alarm activates the
general selective initial reset and resets the sense byte.
Diagram 6-31 illustrates the ‘control alarm’ line that
initiates the resets.

TEST I/O

The Test I/O command is issued to interrogate the status of
the adapter. An initial selection sequence will complete the
operation. The channel raises ‘service out’ in reply to ‘status
in’ to end the operation.

The ‘test I/O’ latch (Diagram 6-29) is set during the time

. that ‘command out’ is up. ‘Not initial select’ trigger resets

the ‘test I/O’ latch as soon as the initial selection sequence
is completed. If the Test I/0O command is issued while the
adapter is executing a Read, Write, or Sense command the
channel control examines the unit control word and
recognizes that a previous operation is in progress. Initial
selection does not take place; the channel itself sets the
busy bit.

Test I/O clears any of the following pending interrupt
conditions: attention status device end status, channel end
status, and status stacked. The busy bit is not included in
the status byte when any of these four conditions are
cleared.

HALT I/O

Halt 1/O is not a command in the same sense as Read,
Write, Sense, Test I/O, and Control. These five commands



result in at least an initial seléction sequence, with the
channel placing a command byte on the ‘bus out’ lines
while raising the ‘command out’ line. Halt I/O is, instead, a
condition of the interface lines where ‘address out’ and
‘operational in’ are up while ‘select out’ is down.

This condition is generated by the channel to stop a read
or write operation currently in progress. The halt I/O
function (Diagram 6-31) is activated by ‘operational in’
trigger ANDed with ‘address out’ and ‘not select out’. These
three conditions result in activating the ‘turn on stop, busy,
channel end’ line. This line sets the ‘stop’, ‘busy condition’,
and ‘channel énd’ latches. The halt I/O function activates
the ‘general’, ‘selective’, or ‘I/O disconnect reset’ line
(Diagram 6-31), resetting the ‘operational in’ and ‘initial
select’ triggers (Diagram 6-29), the ‘service request’ latch
(Diagram 6-29), and the “service in’ trigger (Diagram 6-30).

The ‘channel end’ latch (Diagram 6-31) raises ‘request in’
to present channel end status to the channel. This channel
end interrupt is cleared by the channel accepting the
channel end status byte by replying to ‘status in’ with
‘service out’.

GENERAL OR SELECTIVE RESET

The general or selective reset lines are illustrated in Diagram
6-31, Selective reset affects only the control unit whose
‘operational in’ trigger is on. This reset then affects only the
one control unit connected to the channel when ‘opera-
tional out’ is dropped. General reset affects all control units
on the channel, since the ‘operational in’ trigger is not one
of the limiting conditions.
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APPENDIX D. NUMBERING SYSTEMS, INSTRUCTION CODING, AND DATA FORMATS -

This appendix discusses: (1) the hexadecimal (hex) number
system, (2) the eight-bit zoned character codes, (3) the
instruction formats and operand designations, and (4) the
various data formats.

HEXADECIMAL NUMBER SYSTEM
o System uses 16 symbols: 0—9, A—F.

e Base of system is 16.
e System is shorthand notation for binary numbers.

e Four binary bits are re‘presented by one hex symbol.

Byte is represented by two hex symbols.

Binary numbers have approximately 3.3 times as many
terms as their decimal counterparts. This increased length
presents a problem when talking or writing about binary
numbers. A long string of 1’s and 0’s cannot be effectively
spoken or read. A shorthand system is necessary, one that
has a simple relationship to the binary system and that is
compatible with the basic eight-bit byte used in the CPU.
The hexadecimal (hex) number system meets these
requirements.

The hex system has 16 symbols: 0—9, A—F. Counting is
performed as in the decimal and binary systems. When the
last unique symbol (F) is reached, a 1 is placed in the next
position to the left and counting resumes with a 0 in the
original position, as follows:

0 10 20 A0
1 11 21 A1l
2 12 22 A2
3 13 23

4 14

5 15

6 16 and so on
7 17

8 18

9 19

A 1A 9A

B 1B 9B

C 1C 9C

D 1D 9D

E 1E 9E

F 1F 9F

One hex symbol can represent four binary bits. Thus the
8-bit binary byte, in turn, can be represented by two hex

symbols. The relationship between the hex, binary, and
decimal systems is as follows:

Hex Binary Decimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 o111 7
8 1000 8
9 1001 9
A 1010 10
B 1011 1
C 1100 12
D 1101 13
E 1110 14
F 1111 15

The important relationship to remember is that four
binary positions are equivalent to one hex position.

Hex numbers are represented in the same manner as
decimal and binary numbers, except that the base is 16.
The terms of the number represent the coefficients of the
ascending powers of 16. For example, consider the hex
number 257 (decimal equivalent equals 599):

257 = (2 x 162) + (5 x 161) + (7 x 16°)
= (2 x256) + (5 x 16) + (7 x 1)
=512+80+7

= 59910

EIGHT-BIT ZONED CHARACTER CODES

All 1/O devices requiring a zoned character code use either
the Extended - Binary-Coded-Decimal Interchange Code
(EBCDIC) or the USA Standard Code for Information
Interchange extended to eight bits (USASCII-8). The
EBCDIC and USASCII-8 codes for the hex characters 0—F
are listed below. For charts showing the complete EBCDIC
and USASCII-8 codes with associated graphic characters,
refer to 9020D/E Principles of Operation. The codes do not
have a symbol defined for all 256 eight-bit codes. To
represent codes that do not have a defined symbol, two hex
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terms (representing four bits each) may be used instead of
the eight-bit code.

Hex Printed EBCDIC USASCII-8
Code Graphic Code Code
0000 0 1111 0000 0101 0000
0001 1 1111 0001 0101 0001
0010 2 1111 0010 0101 0010
0011 3 11110011 01010011
0100 4 1111 0100 0101 0100
0101 5 11110101 0101 0101
0110 6 11110110 0101 0110
0111 7 11110111 0101 0111
1000 8 1111 1000 0101 1000
1001 9 1111 1001 0101 1001
1010 A 1100 0001 1010 0001
1011 B 1100 0010 1010 0010
1100 C 1100 0011 1010 0011
1101 D 1100 0100 1010 0100
1110 E 1100 0101 1010 0101
1111 F 1100 0110 1010 0110
INSTRUCTION CODING

The 7201-02 CE uses the Universal instruction set, which

enables it to execute fixed-point, floating-point, decimal,

logical, branching, status switching, and I/O instructions. In

addition, special 9020D/E multiprocessing instructions and

9020E display instructions have been designed into the CE.
The total instruction set uses five instruction formats:

RR, RX, RS, SI, and SS. Operands are designated as first,

second, or third operands. For addressing purposes, the

operands are grouped into three classes:

1. Effectively addressed operands in main storage.

2. Immediate operands in the instruction format.

3. Operands in local storage (LS).

Instruction Formats

e Five instruction formats are available: RR, RX, RS, SI,
and SS.

e Halfword is basic building block for instruction.
o Instructions are made up of 1, 2, or 3 halfwords.

o First halfword contains 8-bit op code and, depending on
format:
4-bit LS address for operand, or operand address
component.
4-bit mask.
8-bit immediate operand.
4-bit or 8-bit length fields.

¢ Second and third halfwords contain:
4-bit LS address for operand address component.
12-bit displacement.

D-2 (7/70)

Five instruction formats are available, denoted by the
format codes RR, RX, RS, SI, and SS. The format codes
express, in general terms, the operation to be performed.
RR denotes a register-to-register operation; RX, a
register-to-indexed-storage operation; RS, a
register-to-storage operation, SI, a storage and
immediate-operand operation; SS, a storage-to-storage
operation. The overall instruction set for the CE may be
divided into nine classes; the breakdown by format is as
follows:

Instruction Class Format
Fixed-Point RR, RX, RS
Floating-Point RR, RX
Decimal SS

Logical RR, RX, RS, SI, SS
Branching RR, RX, RS
Status Switching RR, Sl

/0 si

Multiple Computing

Element RR, SI,SS
Display RR, RX

The basic unit of length for instructions is the halfword,
consisting of two bytes. The length of an instruction format
can be 1, 2, or 3 halfwords. It is related to the number of
initial main storage references necessary for the operation.
An instruction making no reference to main storage (RR)
consists of one halfword; an instruction making one
reference (RX, RS, or SI) consists of two halfwords; an
instruction making two references (SS) consists of three
halfwords. All instructions must be located in main storage
on an integral boundary for halfwords. The five formats are
shown in Figure D-1.

For purposes of describing the execution of instructions,
operands are designated as first, second, or third operands,
referring to the manner in which the operands participate in
the operation.. The operand to which a field in an
instruction format pertains is denoted by the number
following the letter designation of the field; for example,
the R1 field is the address of an LS register containing the
first operand; R2, the second operand.

As shown in Figure D-1, the first halfword of each
format consists of two parts. The first byte contains the
operation code (op code), which identifies the operation to
be performed. Bits 0 and 1 specify the format, bits 2 and 3
specify the class of instruction, and bits 4 through 7
identify the instruction within the class. The second byte of



First Halfword |
| I

Second Halfword

Third Halfword

| |
RR Op Code |R1 | R2 ¢ i I
° 78 "2 15| | |
| ) ! |
RX Op Code (RLLGI X2 B2 D2 I
0 78 Wiz 1516 1920 a I
! | ' |
| | ] |
RS Op Code R1 R3 t| B2 D2 |
0 78 112 15 16 19 20 3l
[ | |
| | | |
S| Op Code 12 - f B D1 I
'o 78 1516 19 20 :nl i
| | I
| LL : | |
t — . ] !
55| OpCode | L1 | 2] b1 | DI B2 D2
0 78 n2 15 16 19 20 332 353 4

f Not used in some instructions.

Figure D-1. Instruction Formats

the first halfword is used as either two four-bit fields or a
single eight-bit field. The fields and the information
contained within the fields are as follows:

1. Ri, R2, and R3: four-bit address of an LS register
containing the first, second, and third operands,
respectively.

2. M1: four-bit mask used in some branching instructions.

3. X2: four-bit address of an LS register containing the
index value used in generating the effective second
operand address.

4. 12: eight-bit byte of immediate data (second operand).

5. L1 and L2: four-bit length (up to 16 bytes) of first and
second decimal VFL operands, respectively.

6. LL: eight-bit length field (up to 256 bytes) for logical
VFL operands.

The second and third halfwords always contain the same
information: a four-bit address of an LS register containing
the base value to be added to the following 12-bit
displacement field.

Operand Addressing

For addressing purposes, operands are grouped into three
classes: (1) effectively addressed operands in main storage,
(2) immediate operands in the instruction format, and (3)
operands in LS.

Effectively Addressed Operands
e Operands are either fixed-length or VFL.

e Fixed-length operands are located on integral boundary.

e Length of VFL operand is specified by L or LL field.

o L and LL fields denote number of bytes to right of
addressed byte.

o Effective operand address is sum of 24-bit base address,
12-bit displacement, and 24-bit index value.

o Base address and index value are located in LS.
o Displacement is located in instruction format.

An effectively addressed operand is selected from a main
storage location not related to the location of the
instruction referring to it. It is specified by means of a main
storage address. When the operand consists of more than
one byte, the address gives the location of the first byte;
subsequent bytes are located in the next-higher addressed
byte locations. Both the first and second operands of an
instruction can be effectively addressed.

Effectively addressed operands can be of either fixed
length or variable field length. The length of VFL operands,
in terms of the number of bytes to the right of the
addressed byte, is specified by the L or LL field of the
instruction. The LL field can be eight bits long and thus can
specify a maximum operand field length of 256 bytes.

In the instruction format, an effectively addressed
operand is specified by a base address, a displacement, and,
in some cases, an index value. The base address and the
index value are contained in LS general-purpose registers
addressed by the B and X fields, respectively, of the
instruction. The registers contain 32 bits, the low-order 24
of which constitute an unsigned address component (base
address or index value). The high-order eight bits of the
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register are ignored. The 24-bit base address is included in
every address computation. The 24-bit index value is
included in the address computation as specified by the RX
instruction format.

The displacement value is a 12-bit number contained in
the D-field of the instruction. It is included in every address
computation. The displacement provides for relative
addressing up to 4095 bytes beyond the base address.

In computing the effective operand address, the base
address and the index value are treated as 24-bit positive
binary integers having no sign position. The displacement is
similarly treated as a 12-bit positive binary integer. The
three numbers are added. Because every operand address
includes a base address, the sum is always 24 bits long. Any
overflow above the 24 low-order bits of the sum is ignored,
causing a lower address to be generated. If this lower
address is above the maximum available storage, an
addressing program interruption occurs. If the lower
address is available the CE accesses that location.

An instruction may contain zeros in the B, X, or D field.
In the case of the B and X fields, a zero does not denote the
address of LS general-purpose register 0, but indicates that
base and index values of zero are to be used in generating
the effective operand address. Similarly, a D field of zero
indicates a displacement of zero.

Fixed-length fields, halfwords, words, and doublewords,
must be located in main storage on an integral boundary for
that length field. A boundary is called “integral” for a field
when its storage address is a multiple of the length of the
field in bytes (Figure D-2). For example, words (four bytes)
must be located in main storage so that their address is a
multiple of the number 4. A halfword (two bytes) must
have an address that is a multiple of 2, and doublewords
(eight bytes) must have an address that is a multiple of 8.

Main storage addresses are expressed in binary form.
Therefore, integral boundaries for halfwords, words, and
doublewords can be specified only by binary addresses in
which 1, 2, or 3 of the low-order bits, respectively, are zero

(Figure D-2). Thus, integral boundaries for words are binary
addresses in which the two low-order bit positions are zero;
for example, 00000, 00100, 01000, and 01100.

VFL fields are not limited to integral boundaries, but
may start on any byte location.

Immediate Operands

Immediate operands are contained in SI instructions for
logical operations. They are one byte (bits 8—15) long,

serve as the second operand, and are designated 2.

Operands in Local Storage

instruction format.

LS GPR’s are addressed 0—15.
LS FPR’s are addressed 0, 2, 4, and 6.

For fixed-point doubleword operands, the register

address implies use of a pair of adjacent registers.

Fixed-point and floating-point operands may be located in
16 general-purpose registers (GPR’s) and the 4
floating-point registers (FPR’s), respectively, of LS. The
registers are addressed by a four-bit field in the instruction,
designated the R-field. The GPR’s are designated by
addresses 0—15, whereas the FPR’s are identified by
addresses 0, 2, 4, and 6. (When an FPR is designated by any
other address, a specification program interruption occurs.)
The op code of the instruction implies whether the GPR’s
or the FPR’s are to be used.

The GPR’s are 32 bits (one word) in length. Fixed-point
operands normally have an implied length of one word. In
some operations, one register address implies the use of a
pair of adjacent GPR’s, thus providing a doubleword. For
these instructions, the addressed register (say R1) contains
the high-order operand bits and must have an even address,
and the implied register (R1 + 1) contains the low-order

the

operand bits and has the next higher address.

LS registers are addressed by four-bit R-field in

r

Doubleword Doubleword
1
Word Word Word Word
0 1 2 3
Halfword Halfword Halfword Halfword Halfword Halfword Halfword Halfword
0 1 2 3 4 5 6 7

Byte Byte Byte v Byte Byte Byte Byte Byte Byte Byte Byte Byte Byte Byte Byte Byte

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Y Y Y \) A4 Y Y \4 \J A\ \ \J W‘ Y Y \J \
ii::rre);s ‘ 00000 I 00001 I 00010 ’ 0001 ‘ 00100 I 00101 | 00110 ! 00111 ‘ 01000 l 01001 \ 01010 ’ o101 ‘ 01100 I 01101 | 01110 ’ onm |

Figure D-2. Main Storage Integral Boundaries

D4 (7/70)



The FPR’s are 64 bits or a doubleword in length, and
can contain either a short (one word) or a long
(doubleword) floating-point operand. A short operand
occupies the high-order bits of an FPR; the low-order bits
are ignored.

DATA FORMATS

Data can be numeric, alphabetic, or logical, and fixed or

variable in length. Numeric data is distinguished as

fixed-point, floating-point, or decimal. The data may be
divided into four classifications:

1. Fixed-point numbers, having a binary radix and a fixed

"~ length, usually a word or a halfword.

2. Floating-point numbers, represented by a 7-bit
characteristic and a signed hex fraction, occupying either
a word or a doubleword.

3. Decimal numbers, represented by four-bit
binary-coded-decimal (BCD) digits, usually packed two
digits to a byte, and variable in length.

4. Logical information, represented by eight-bit zoned
character codes, and fixed or variable in length.

Fixed-Point Data

Fixed-point instructions are available for loading, adding,
subtracting, comparing, multiplying, and dividing. A pair of
conversion instructions, Convert to Binary and Convert to
Decimal, provides transition between decimal and binary
radix without the use of tables. )
The basic fixed-point operand is the 32-bit binary word.
To improve performance and storage utilization, 16-bit
halfword operands may be specified in most operations. In
both lengths, bit position 0 holds the sign of the number,
with the remaining bit positions designating the magnitude
of the number. To preserve precision, some products and all
dividends are 64 bits long. ‘
Because a 24-bit address can be accommodated in the
32-bit word, fixed-point instructions can be used both for
integer operand arithmetic and for address computation.
This combined usage provides economy and permits the
entire fixed-point instruction set to be used for address
computation. Thus, multiplication, shifting, and logical
manipulation of address components are possible.

Number Representation

e Positive numbers are represented in true binary form
with sign of 0.

o Negative numbers are represented in 2’s complement
notation with sign of 1. :

All fixed-point operands are treated as signed integers.
Positive numbers are represented in true binary form with a
sign bit of 0. Negative numbers are represented in 2’s

complement notation with a sign bit of 1. In all cases, the
bits between the sign bit and the leftmost significant bit of
the integer are the same as the sign bit; i.e., all 0’s for
positive numbers, all 1’s for negative numbers. Therefore,

when an operand must be extended with high-order bits,

each nonsignificant bit is made equal to the sign bit.

Negative fixed-point numbers are formed in 2’s
complement notation by complementing the true binary
representation of the number and adding 1. For example,
to convert the decimal number +26 to 2’s complement
form (—26), proceed as follows:

S 1-a—Integer—~ 31
Decimal +26 to true binary form: 0 0000000 880001 1010
Complement the binary number: 1 111111133 11100101
Add 1: 1
Result is -26 (2's complement form): 1 1111111% 11100110

The result is equivalent to subtracting the number
00000000 00011010 from 1-00000000 00000000.

The largest positive number consists of a sign bit of 0
with all 1’s in the integer field, whereas the largest negative
number consists of a sign bit of 1 with all 0’s in the integer
field:

S 1 -«—Integer—» 31 Decimal Number

Largest positive i

number: 011111114( 1111111 - +2,147,483,647
Smallest positive

number: 0 00000004(0000000

1]
o

Smallest negative

number: 11111111381‘111111

I
'
-

Largest negative
number:

1 0000000 SS 0000000 =-2,147,483,648

Formats

Fixed-point numbers occur in 16-bit halfword, 32-bit word,
or 64-bit doubleword operands. Bit 0 is the sign bit, and the
remaining bits make up the integer:

Halfword operand

S Iﬁfeger I

01 . ) 15

Word operand

S Integer

01 31
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Doubleword operand

S Integer /[

In LS, fixed-point operands are a word long. In some
operations, such as multiply. divide, and shift, the operand
may be a doubleword. The doubleword operands are
located in a pair of adjacent 32-bit GPR’s and are addressed
by an even address that refers to the leftmost
(lower-addressed) register of the pair. In this case, the
sign-bit position of the rightmost register may contain an
operand bit instead of a sign bit. The sign-bit position of
the leftmost register must always contain a sign bit.

In main storage, fixed-point data may be a halfword, a
word, or a doubleword. This data must be located on
integral storage boundaries for these units of information.
When a halfword operand is fetched from main storage, it is
extended to a full word. The original signed integer
occupies bits 16 through 31, and is operated on as a full
word. When the operand is extended to a full word, bits 0
through 15 assume the state of the original sign bit, now in
bit 16.

Floating-Point Data

e Scientific and engineering calculations require that very
small and very large numbers be represented.

e Scientific notation uses powers of 10 to simplify
calculations with high and low magnitude numbers.

e Floating-peint instructions operate upon data that uses
powers of 16 to represent numerical quantities.

e Quantity expressed by floating-point number is product
of signed hex fraction and 16 raised to power designated
by exponent.

When performing calculations for scientific and engineering
work, very small or very large numbers must sometimes be
represented. Consider the problem of a nuclear physicist
who wants to write an equation that contains the value for
the mass of a subatomic particle. If he wrote the number as
a decimal fraction, he would have to put down a decimal
point followed by more than 20 zeros and a few numerals.
At the opposite extreme, an astronomer may be calculating
distances between objects that may be millions of millions
of miles apart.

To overcome the pointless effort of having to write
many zeros when working with such numbers, a
mathematical method using powers of 10 is used. This
method is called scientific notation. For example, in

scientific notation, the mass of an electron can be written
as 9.107 x 10° “® grams; and the astronomical distance of
one light year can be written as 5.878 x 1012 mies.
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Consider the parts of a number represented in scientific
notation. The example of the mass of an electron, for
instance, can be divided into three distinct parts: (1) a
signed mixed number (+9.107) multiplied by, (2) 10 raised
to the power designated by, (3) a signed exponent {--28).
By changing the position of the decimal point and adjusting
the exponent to compensate for the change, the number
can also be written as a fraction times a power of 10
(+9107 x 10'27), or an integer times a power of 10
(+9107 x 10731),.

For scientific and engineering applications where
quantities may be of the magnitudes mentioned above, the
CE has instructions for handling them. These instructions,
called floating-point instructions, manipulate data in a
manner similar to scientific notation. However, because the
CE is primarily a binary machine in which numbers can be
easily worked upon in hex (four-bit) units, a quantity is
represented as a hex number times a power of 16 rather
than as a decimal number times a power of 10. Except for
this difference in base, floating-point notation is similar to
scientific notation; the same rules of algebra apply to
powers of 16 as to powers of 10.

Number Representation
o Fraction represents number expressed in hex digits.
e Characteristic specifies exponent to which 16 is raised.

e Characteristic is expressed in excess 64 notation; range is
—64 to +63.

o Radix point is to left of high-order hex digit.
® True zero result yields positive sign.

A floating-point number contains the same components as a
number written in scientific notation. However, due to the
nature of the computer, the format is different and certain
rules are imposed upon the way a floating-point number
may be represented. The number to be multiplied by a
power of 16 is a hex fraction with a fixed length, and the
16 is understood rather than shown. Therefore, as
represented in the CE, a floating-point number consists of a
sign, which is the sign of the fraction, a signed exponent,
called a characteristic, and a hex fraction. The quantity
expressed by this number is the product of the fraction and
16 raised to the power designated by the characteristic
(exponent).

The fraction of a floating-point number is expressed in
hex digits. The radix point (representing the base 16) of the
fraction is assumed to be immediately to the left of the
high-order fraction digit. To provide the proper magnitude
for a floating-point number, the fraction is considered to be
multiplied by a power of 16 (fraction x 16" power). The
characteristic (bits 1—7) indicates the power (exponent).



Bit O designates the sign of the fraction; it is a O if the
fraction is a positive number and a 1 if the fraction is
negative. Both positive and negative quantities are in true
form, with the difference indicated by the sign.

The exponent may also be either a positive or negative
number. For example, — A8 x 162 is an example of a
floating-point number with a negative fraction and a
negative exponent. Therefore, to represent both positive
and negative exponents, cxcess 64 notation is used. Excess
64 notation simply means that +64 (+40 hex) is added to
the true exponent and the value obtained is used as the
characteristic. Therefore, the characteristic varies around a
base of 64; ie., an exponent of 0 is represented by a
characteristic of 64, a positive exponent is represented by a
characteristic greater than 64, and a negative exponent is
represented by a characteristic less than 64. In the example
just given, for instance, —2 is the exponent. Adding +64 to
—2 yields +62, which is the value of the characteristic in
excess 64 notation.

Performing the same calculation in binary gives the
following results:

Bits 01 2 3 456 7
s 1111110 2’s complement of 2 {-2)
S 1 0 00 0 0 0 +64(+40 hex)
S 01111 1 0 =+62(+3E hex)
Cagry

If the exponent were +2 (positive exponent), adding +64
yields +66, the characteristic value placed into bits 1—7. In
binary, the addition is as follows:

Bits 0 1 2 3 4 5 86 7

S 0O00O0O0T1O0 +2 exponent
S 1000O00O0QO0 +64 (40 hex)
S 1000010 = 466 (42 hex)

Note in these examples that a negative exponent in
excess 64 notation caused bit 1 (high-order bit of the
characteristic) to be a 0, and a positive exponent caused bit
1 to be a 1. This rule holds true for the range of positive
and negative exponents, as can be seen in Table D-1. The
table also shows that because only seven binary bits (1—7)
are available to represent the characteristic in floating-point
format, the most negative exponent that can be expressed is
—64 and is represented by an all-zero characteristic. The
most positive exponent is +63, and is represented by all 1’s
(7F hex). Midpoint between these two extremes is a 0
exponent, which is represented by a +64 (+40 hex)
characteristic.

Table D-1. Characteristic Notation

Excess 64 Notation
Binary Decimal Hex Exponent
0000000 0 0 -64
0000001 1 £ -63
0111111 63 3F 1
1000000 64 40 0
1000001 65 411 +1
1111110 126 7E 62
1111111 127 7F 63

For another example of converting an exponent to an
excess 64 characteristic, assume the value of *M x 16%8
must be stated in excess 64 notation. The characteristic of
the fraction then becomes 48 + 64 = 112 (0110000 +
1000000 = 1110000). The floating-point number thus takes
the following form:

s{1110000 M Si J
+ 1 7 8 31 0r 63
Radix Point

To illustrate how numbers are represented in
floating-point format, assume that the decimal number
149.25 is to be converted to a floating-point short operand.
This conversion is accomplished as follows:

1. The number is separated into a decimal integer and a
decimal fraction:

149.25 = 149 plus 0.26

2. The decimal
representation:

integer is converted to its hex

149 95

10”216
3. The decimal

representation:

fraction is converted to its hex

025,.=04

10 16
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4. The integral and fractional parts are combined and
expressed as a fraction times a power of 16 (exponent):

- 2
95'416 =(0.954 x 16 )16

5. The characteristic is developed from the exponent and
converted to binary:

Excess 64 + exponent = characteristic
64 + 2 = 66 = 1000010

6. The fraction is converted to binary and grouped
hexadecimally:

'95416 =1001 0101 0100

7. The characteristic and the fraction are placed in the
short precision format; the sign position contains the

sign of the fraction:
S Characteristic Fraction

0 1000010 1001 0101 0100 0000 0000 0000

Other examples foltow:

Number Powers of 16 S Charistic Fraction

1.0 =+1/16x 16" =0 1000001 0001 0000 ¥ 0000
05 =+8/16x16° =0 1000000 1000 0000 X 0000
1/64  =+4/16x167 =0 011111 0100 0000 2 5000
0.0 =+0x 1694 =0 0000000 0000 0000 2 0000
450  =-15/16x16' =1 1000001 11110000 0000
2x1078=4+1/16x16%* =0 0000000 0001 0000 R 0000

7x107% = (11166 x 1653 =0 1111111 1111 1910 Qi

Formats

e Data format consists of 1-bit sign, 7-bit characteristic,
and 24- or 56-bit fraction.

® Results are 32 bits (short operand) or 64 bits (long
operand) long.

e Multiply product is always 64 bits.

¢ Guard digit is retained.

Floating-point data is represented in the CPU in one of two
fixed-length formats, depending upon whether a full-word
short operand or a doubleword long operand is desired.
Both formats may be used in main storage and in the eight
LS FPR’s used exclusively by floating-point instructions.
The data formats for short and long operands are:
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Short Operand

[————— Even FPR of an even/odd FPR pair ———Al

S| Charistic Fraction I

ot 778 3
Radix Point

Long Operand

!‘—_ Even FPR —'———*—‘-———odd FPR —»

i ! !

[S] Charistic }’ Eraction ” I

o s 32 rEy
Radix Point

For both formats, the first bit position is the sign bit and
the subsequent seven bit positions constitute the
characteristic. The following 24 or 56 bits represent the
fraction; short operand fractions are 24 bits or 6 hex digits;
long operand fractions are 56 bits or 14 hex digits.

When short operands are specified, the results are usually
32-bit floating-point words; the odd FPR of the even/odd
pair of FPR’s does not participate in the- operation and
remains unchanged. However, in multiply instructions, the
product occupies two FPR’s (64 bits).

When long operands are specified, all operands and
results are 64-bit floating-point doublewords.

Although final results have 6 or 14 hex fraction digits,
intermediate results in addition, subtraction, and compare
operations may extend to 7 or 15 fraction digits. This extra
digit, called the guard digit, occurs when one of the
fractions is shifted right (as part of the characteristic
equalization process that occurs during execution of
add-type floating-point instructions; see Chapter 3, Section
3, Add, Subtract, and Compare). The guard digit increases
the accuracy of the final result if normalization occurs. In
normalization, the fraction is shifted left until a significant
digit appears in the high-order digit position of the fraction;
thus the guard digit becomes part of the 6 or 14 hex digits
of the final result. This saving of the guard digit becomes
especially significant where the high-order 6 or 14 digits of
the intermediate result are all zeros.

Normalization

o Normalized fraction has nonzero, high-order hex digit;
unnormalized fraction has one or more leading hex
Zeros.

e Characteristic is adjusted on normalization cycles.
e Postnormalization is normalization of final resuit.

Prenormalization is normalization before result
computation.



® Results are shifted right if fraction overflow occurs.

A quantity can be represented with the greatest precision
by a floating-point number of a given fraction length when
that number is normalized. A normalized floating-point
number has a nonzero high-order hex fraction digit. If one
or more high-order fraction digits are zero, the number is
said to be unnormalized. Normalization consists of shifting
the fraction left until the high-order hex digit is nonzero
and reducing the characteristic by the number of hex digits
shifted. A zero fraction cannot be normalized, and its
associated characteristic therefore remains unchanged when
normalization is called for.

An example of an unnormalized floating-point number

in numerical terms is .OOOOOA1 6 X 162. To convert this

number to its normalized form, the number must be shifted
five hex digits to the left and, because five shifts are
necessary, five is subtracted from the exponent. The result

is .A00000,;¢ x 1673, In the CPU, the original number

would have the following format:

Charistic Fraction
S (Binary) (Hex)
lo[1000010] 0 0 0 0 0 A
01 7 8 3

After normalization, the format would be:

s
[0[0111101 A 0 0 0 0 0
0 7 8 k1

Because normalization applies to hex digits, the three
high-order bits of a normalized number may be zero. For
example, if the high-order digit of a fraction is a hex 1,
normalization will not occur although normalization is
specified and bits 8—10 = 000:

[s] charistic [o oo1foooofpooog

0 7 8 a2 1516 19

Floating-point operations are performed with or without
normalization. Addition and subtraction may be specified
either way depending upon the instruction op code. The
multiply, divide, and halve instructions always specify
normalization. The load, compare, and store instructions
specify unnormalized results. Normalization usually occurs
when the intermediate arithmetic result is changed to the
final result. This function is called postnormalization. In
multiplication and division, the operands are normalized
before the arithmetic process. This function is called
prenormalization.

When an operation is performed without normalization,
high-order zeros in the result fraction are not eliminated. In

both normalized and unnormalized operations, the initial
operands need not be in normalized form.

Decima] Data
e Operands and results are located in main storage.
® VFLis 1-16 bytes.

e Four-bit BCD digits are packed two to a byte for
arithmetic.

e Unpacked (zoned) format is used for transmitting data
to 1/0 devices.

o Pack and Unpack instructions are provided.

Decimal instructions are designed for operations requiring
few computational steps between the source input and the
documented output. Processing of this type is frequently
found in commercial applications. Because of the limited
number of arithmetic operations performed on each item of
data, radix conversion from decimal to binary and back to
decimal is not justified, and the use of registers for
intermediate results yields no advantage over
storage-to-storage processing. Hence, in the CE, decimal
instructions are provided and both operands and results are
located in main storage. Decimal instructions include
addition, subtraction, multiplication, division, and
comparison.

Decimal arithmetic operates on data in the packed
format, in which two four-bit BCD digits are packed two to
a byte. They appear in fields of variable length (from 1 to
16 bytes) and are accompanied by a sign in the rightmost
four bits of the low-order byte. The use of packed digits
within a byte and of variable-length fields within storage
results in efficient use of storage and in increased arithmetic
performance.

Decimal numbers may also appear in a zoned format for
use with 1/O devices operating in that format. The zoned
format is not used in decimal arithmetic operations, but
only for transmitting data to the 1/O device. Instructions
are provided for packing and unpacking decimal numbers so
that they may be changed from the zoned (unpacked) to
the packed format and vice versa.

Processing takes place right to left between main storage
locations, except in the divide operation which is processed
left to right. All decimal instructions use the two-address SS
format. Each address specifies the leftmost byte of an
operand. Associated with this address is a length field,
indicating the number of additional bytes that the operand
extends beyond the first byte.

Number Representation

Numbers are represented as right-aligned true integers with
a plus or minus sign. Decimal digits 0—9 are represented in
the four-bit BCD form by 0000 through 1001, respectively.

7201-02 FETOM (7/70) D-9



Codes 1010—1111 (10-15) are not valid as digits and are
reserved for sign codes: 1010, 1100, 1110 and 1111
represent a plus; 1011 and 1101 represent a minus.

Digit Code Sign Code
0 0000 + 1010
1 0001 — 1011
2 0010 + 1100
3 0011 - 1101
4 0100 + 1110
5 0101 + 1111
6 0110
7 0111
8 1000
9 1001

All valid sign codes are recognized in decimal operations;
however, the appropriate sign codes (and zone codes for the
Unpack instruction) generated during the operation depend
on the character set specified by PSW(12). If PSW(12) =0,
EBCDIC is selected, and code 1100 is generated for a plus
sign, code 1101 is generated for a minus sign, and code
1111 is generated for a zone. If PSW(12) = 1, USASCII-8 is
selected, and code 1010 is generated for a plus sign, code
1011 is generated for a minus sign, and code 0101 is
generated for a zone.

Formats

Decimal operands reside in main storage only. The operand
field length may range from a minimum of one byte to a
maximum of 16 bytes. The operands need not occupy the
entire field length but are always right-aligned in the field;
i.e., the sign of the operand is always in the rightmost byte
of the specified field. This rightmost byte contains the
lowest-order operand digit and the operand sign. All
decimal instructions (except Divide) process the operands
from low order to high order, or from right to left between
main storage locations.

Data may be in the packed or unpacked (zoned) format.
In the packed format, two four-bit BCD digits are placed
adjacently in an eight-bit byte, except for the rightmost
(low-order) byte of the field. In the low-order byte, a
four-bit sign (sign of the decimal number) is placed to the
right of the decimal digit.

Packed VFL Dato
U 16 B
Upto yres) Rightmost

Leftmost
—  Byte —-In—Byte—’l ————— Byte ~———

Digit Digir_l Digit | Digit I [ Digit Sign

In the unpacked or zoned format, a decimal digit
normally occupies the four low-order bits of a byte, the
numeric. The four high-order bits of a byte are called the
zone. An exception is the rightmost byte in the field, where
the sign of the decimal number occupies the zone position.

D-10 (7/70)

Unpacked VFL Data
to 16 Bytes
Leftmost Ue vtes) Rightmost

le— Byte *—-li—Byre—-{ ————— |.-—— Byte  —

Digit I Sign Digit

Zone Digit | Zone

Logical Data
e Data is fixed-length or VFL.

o One byte of immediate data is held in some instruction
formats.

The logical instructions provide for moving, comparing, bit
testing, bit connecting, translating, editing, and shifting
operations. Except for the editing instructions, data is not
treated as numbers. Editing converts packed decimal digits
into alphanumeric characters; the digits, signs, and zones
are recognized and generated as for decimal instructions.
Data resides in main storage or in LS, or is contained in
the instruction format. The data may be a single byte, a
word, a doubleword, or variable in length. When two
operands participate in the operation, they have equal
length, except in the editing instructions. The data format
depends on the type of operation performed:
1. In storage-to-storage operations, data has a VFL format,
starting at any byte address and continuing for a
maximum of 256 bytes; it is processed left to right.

< Up to 256 Bytes
in Main Storage

Character Character Character

0 8 16

2. In storage-to-register operations, the main storage data
may be either a word or a byte. The word must be
located on a word boundary; that is, the low-order two
bits of its address must be 0’s. Data in GPR’s normally
occupies all 32 bits. Bits are treated uniformly, and no
distinction is made between sign and numeric bits, In a
few operations, only the low-order eight bits of the
register participate, leaving the remaining 24 bits
unchanged. In some shift operations, 64 bits of an
even/odd pair of GPR’s participate.

l‘* 8, 32, or64 Bits :JJ
l

Fixed-Length Logical Dota ]

3. In operations which introduce data directly from the Sl
format instruction as an immediate operand, data is
restricted to an eight-bit byte. Only one byte may be
introduced per instruction, and only one byte from main
storage takes part in the operation.



AB and ST Byte Counters:

AB Byte Counter 2-33

ST Byte Counter 2-33
AB Register:

Input 2-29 , .

Output 2-29 ' o
Add, A (5A);FixPt,RX 3-33
Add, AP (FA);Dec, SS:

Complement Add Sequence 3-115

Discussion 3-111

GIS 3-112

True Add Sequence 3-112
Add, AR (1A);Fix Pt, RR 3-33
Add Halfword, AH (4A); Fix Pt,RX 3-33
Add Logical, AL (5E); Fix Pt,RX - 3-35
Add Normalized, AD (6A); F1Pt, RX (Long) 3-79
Add Normalized, ADR (2A); F1Pt, RR (Long) 3-78
Add Normalized, AE (7A); F1Pt, RX (Short) 3-77
Add Normalized, AER (3A); F1Pt, RR (Short) 3-73
Add-Type Instructions, Floating Point  3-71
Add Unnormalized, AU (7E); F1Pt,RX (Short) 3-80

Add Unnormalized, AUR (3E); F1Pt, RR (Short) 3-80

Add Unnormalized, AW (6E); F1Pt, RX (Long) 3-82
Add Unnormalized, AWR (2E); F1Pt, RR (Long) 3-81
Address Compare Stop/Proc/Loop Switch 4-8
Address Generator, Scan Storage 4-26
Address Sequencer Decoder, Scan Logic  4-25
Address Sequencer, Scan Logic  4-25
Address Switches 4-5 R
Address Translation Register (ATR) 1-31, 241
Address Translation: B
Definition 3-192
Introductionto 3-192
Physical Address Derivation (Diagram) 3-192
Addressing, Instruction:
Invalid Address Detection 3-20
Invalid Instruction Address Microprogram 3-23
Specification Detection - 3-20
Addressing, Local Storage; Manually 4-5
Addressing, Main Storage:
Manually 4-5
SET IC Pushbutton 4-9
Addressing, ROS:
Introduction = 1-20
Manually 4-5
ROSAR 29
ROSAR(0—-10):
Decoding 2-12
Description  2-11
ROSAR(11) Function 2-13
STOP ON ROS ADDRESS/REPEAT ROS ADDRESS
Switch 4-13
Addressing, Storage 1-31
AND Function:
ASC Test 3-9
Logical Instructions 3-150
AND, N (54); Lgic, RX 3-151
AND, NC (D4); Lgic, SS 3-152
AND, NI (94); Lgic, SI  3-152
AND, NR (14);Lgic, RR 3-151
ATN, ROS Tests 4-34
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INDEX

ATR, Address Translation Register 1-31

BACKSPACE FLT Pushbutton 4-17
Balance Lines, CROS 2-5
Base Address D-3
Branch and Link, BAL (45); Br, RX 3-170
Branch and Link, BALR (05); BR,RR  3-168
Branch on Condition, BC (47); Br, RX - 3-167
Branch on Condition, BCR (07) Br, RR 3-166
Branch on Count, BCT (46); Br, RX 3-172
Branch on Count, BCTR (06); Br, RR 3-171
Branch on Index High, BXH (86); Br, RS 3-172
Branch on Index Low or Equal, BXLE (87); Br, RS 3-174
Branching Instructions:
Condition Codes 1-82
Data Flow 1-81
Instruction Formats 1-81
Program Interruptions 1-82
Bus, Scan-Out  4-29
&
Capacitive Read Only Storage (see CROS)
Carry (see Parallel Adder)
CAW (Channel Adder Word) (see Control of I/O Operations)
CC (Condition Code) (see Instructions)
CC-to-CE Interface B-11
CCR (Configuration Control Register) 1-30
CCW (Channel Control Word) (see Control of I/O Operations)
CE CHECK CONTROL Switch 4-14
CE Control: :
Configuration Control 1-29
Data Transfer 1-17
PSW Register 1-27 -
Read-Only Storage (ROS):
ROS Addressing and Branching 1-20
ROS Control of CE  1-24
ROS Data Flow 1-23
ROS Word 1-19
Timing 1-17
CE Identity Code 3-187
CE Interfacing 1-2, 1-3 (Fig. 1-1) -
CE Response to Exceptional Conditions 1-46 (Table 1-6)
CE Scan/IOCE Interface 4-31
CE Storage Requests 1-35
CE Switches, Operational Environment 4-2 (Table 4-1)
CE-to-CC Interface B-11
CE-to-CE Interface B-1
CE-to-DE Interface B-4
CE-to-IOCE Interface B-6
CE-to-PAM/TCU/SCU Interface B-8
CE-to-SC Interface B-9
CE-to-SE Interface B-2
Central Computer Complex, 9020D (CCC) 1-1
CHECK REG 1 Indicator 4-18
CHECK REG 2 Indicator 4-18
Check Registers 2-44
CHECK RESET Pushbutton 44
Circuits, Special  A-1 )
Clock:
Control and Signal Distribution 2-2
FLT 4-23
Scan 4-22
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Signal Development and Distribution  2-4 (Fig. 2-3)
Signal Generators 2-1
Signals 2-3 (Fig. 2-2)
Timing 2-1
Trigger and Latch Data Relationship  2-2 (Fig. 2-1)
Compare, C (59); Fix Pt,RX 3-38
Compare, CD (69); F1Pt, RX (Long) 3-88
Compare, CDR (29); F1Pt, RR (Long) 3-87
Compare, CE (79); F1Pt, RX (Short) 3-87
Compare, CER (39); F1 Pt, RR (Short) 3-86
Compare, CP (F9); Dec, SS 3-116
Compare, CR (19); Fix Pt, RR  3-38
Compare Halfword, CH (49); Fix Pt, RX 3-39
Compare Logical, CLC (D5); Lgic, SS 3-150
Compare Logical, CLI (95); Lgic, SI  3-149
Compare Logical, CL (5§5); Lgic, RX 3-149
Compare Logical, CLR (15);Lgic, RR 3-149
Condition Codes: :
Branching Instructions 1-82
Decimal Instructions 1-73
Display Instructions 1-91
Fixed-Point Instructions 1-59
Floating-Point Instructions 1-67
Input-Output Instructions 1-87
Logical Instructions 1-78
Multiple CE Instructions 1-89
Status Switching Instructions 1-86.
Configuration Control:
Configuration Control Register (CCR) 1-30
External Register 1-30
Select Register 1-30
Configuration Control Register (CCR):
Communication Fields 243
ILOS Field 2-43
Input 243
Output 243
SCON Field 2-43
State Field 242
Control, Direct 1-§
Control of I/O Operations:
1/0 Control Words:
Channel Address Word (CAW) 1-15
Channel Command Word (CCW) 1-15
Channel Status Word (CSW) 1-15
1/O System Operation 1-16
Control Program:
Address Translation 14
Configuration Control 1-4
Direct Control  1-5
Interruptions:
External:
Abnormal Condition Signals 1-7
Direct Control 1-7
Interrupt Pushbuttons 1-7
Interval Timer at Limit 1-7
Input/Output Interruptions 1-7
Machine Check Interruptions 1-6
Program Interruptions 1-6
Supervisor Call Interruptions 1-7
Preferential Storage Areas (PSA) 1-5
Privileged Instructions (E&C) 14
Responsibilities 1-7
Control Triggers, Functions 2-83 (Table 2-3)
Control Triggers, Scan Logic  4-31
Control Words, /O 1-15
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Convert and Sort Symbols, CSS(02):
Introduction 3-214
Altitude Mask  3-219
Beacon Input:
GPR’s 3-217
Interrupt Handling  3-221
Introduction 3-220
PVD Index 3-221
Corner Filter 3-219, 3-220 :
GPRs, FPRs, Contents of Explained = 3-217, 3-218
GPRs, FPRs, Contents of, for Beacon Data Blocks  3-217
GPRs, FPRs, Contents of, for Primary Radar/Single
Symbol Data  3-216
Input Data Stream - 3-216
Introduction 3-214 )
Output Word, Assembly  3-220
Primary Radar/Single Symbol Input  3-219
Simplified Diagram 3-215
Sort Bin Address 3-220
Type Filtering 3-219
Convert to Binary, CVB (4F); Fx Pt, RX 3-51
Convert to Decimal, CVD (4E); Fx Pt, RX 3-53
Convert Weather Lines, CVWL, (03):
Coordinate Conversion 3-226
Data Doubleword 3-224
Geographic Filter 3-225
GPRs, FPRs, Contents of  3-222, 3-223
Header Doubleword 3-224
Input Data Stream  3-223, 3-224
Interrupt Handling.  3-228
Introduction 3-221 -
Mixer Gating  3-227
Output Doubleword, Assembly:
Format Word One 3-227
Format Word Two  3-226, 3-227
Format Word Zero  3-226
Output Doubleword, Format of 3-228
Simplified Diagram 3-222
Sterile Area Filters 3-225
Truncation 3-225, 3-226
Counter: ’
FLT 4-27
Scan Logic Cycle. 4-28
CPU Store in Progress Exceptional Condition:
Discussion 3-15
Effect on I-Fetch 3-15
CROS:
Bit Capacitors 2-7
Electrical Theory 2-5
Physical Package 2-8
Plane Pressure Mounting Assembly 2-11 (Fig. 2-9)
Planes 2-5
Sense Lines 2-6
CSS Input Data, Example 3-201
CSW, Channel Status Word (see Control of I/O Operations)
CVWL Input Data, Example 3-202

D-Register:

Input 2-26

Operational Functions:
Branch and Execute Operations 2-28
Fixed-Point Operations 2-28
Floating-Point Operations 2-28
Interruption Operations 2-28
Manual-Control Operations 2-28



Shift Operations 2-28

VFL Operations 2-28
Output  2-26
Data and Control Registers 2-19
Data Flow:
Branching Instructions 1-81
Decimal Instructions 1-72
Display Instructions 1-90
Fixed-Point Instructions 1-58
Floating-Point Instructions 1-66
Input/Output Instructions 1-87
Logical Instructions 1-77
Multiple CE Instructions 1-87
Status Switching Instructions 1-83
Data Formats:
Decimal D-10
Fixed-Point ~ D-5
Floating-Point D-8
Logical D-10
DATA Switches 4-5
DE-CE Interface B-5
DE Testing:
DE Force Request 4-51
DE Wrap 4-53 =
DE Wrap Bus 2-48
Decimal Data:
Discussion D9,D10
Number Representation D-9
Decimal Instructions:
Condition Codes 1-73
Data Flow 1-72
Data Handling 1-68
Instruction Format 1-72
Program Interruptions 1-73
Decrementer, Scan Counter 4-24
DEFEAT INTERLEAVING Switch 4-9
Delay, DLY (0B) 3-188
Diagnose Accessible Register (DAR) 241
Diagnose Accessible Register Mask (DAR MASK) 2-41
Diagnose Instruction MCW for CE in State 0 4-19
Diagnose Instruction MCW for CE in State 3,20r1 4-20
Diagnose (83); Stat Sw, SI; Operation 3-185
Diagnostic Programs 4-50
DISABLE INTERVAL TIMER Sw1tch 4-14
Displacement D-3 )
Display Channel Processor, 9020E (DCP) 1-2
Display Instructions:
Condition Codes 1-91
Convert and Sort Symbols, CSS (02) 3-214
Convert Weather Lines, CVWL (03) 3-221
Data Flow 1-90
Instruction Formats 1-89
Introductionto  3-199
Introduction to CSS and CVWL  3-201
Introduction to RPSB  3-199
Load Chain, LC (52) 3-228
Program Interruptions 1-91
Repack Symbols, RPSB (0F) 3-204
DISPLAY Pushbutton 4-12
Display Registers 2-44
Divide, D (5D); Fix Pt, RX 3-49
Divide, DD (6D); F1Pt, RX (Long) 3-105
Divide, DDR (2D); F1Pt, RR (Long) 3-104
Divide, DE (7D); F1 Pt, RX (Short) 3-103
Divide, DER (3D); F1Pt, RR (Short) 3-102.
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Divide, DP (FD); Dec, SS  3-127

Divide, DR (1D); Fix Pt, RR  3-45

Divide, Fixed-Point:
Divisor Multiple Selection 3-46
DVDLO Micro-Order Function 3-46 *
DVDL1 Micro-Order Function 346
Examples 3-50 (Figs. 3-8, 3-9)
Partial Quotient Bits, Detennmatlon of 3-46

Divide, Floating-Point:
Characteristic Computation 3-97
Data Flow and Algorithm 3-100
DVDLO Micro-Order Function 3-100
DVDL1 Micro-Order Function 3-101
Example 3-104
Fraction Division 3-98
Normalization 3-98

Division, Nonrestoring 3-98

Division, Restore 3-98

E-Register:
Incrementers 2-24
Input 2-21
Output 2-21
Early End Op:
Discussion 3-3
Instruction Fetching 3-4
EBCDIC D-1
Edit, ED (DE); Lgic, SS 3-160
Edit and Mark, EDMK (DF); Lgic, SS 3-160
Element States 1-8
End-Op:
‘Branch 3-2
Discussion 3-1
Function 3-1
Instruction Fetching 3-3
Normal 3-1
Normal, Deviations from  3- 12
Operand Prefetching 3-2
End-Operation (see End-Op)
Exceptional Conditions:
CE Response = 146 (Table 1-6)
Discussion 1-46
Effect on I-Fetch:
CPU Store in Progress 3-15
Invalid Instruction Address Test 3-19
Manual Control Repeat 3-18
Manual Control Stop 3-18
Manual Control Wait 3-18
Program Store Compare 3-19
Q-Register Refill 3-24
Timer 3-14
Exclusive-OR, X (§7);Lgic, RX 3-155
Exclusive-OR, XC (D7); Lgic, SS  3-155
Exclusive-OR, XI (97); Lgic, SI  3-155
Exclusive-OR, XR (17); Lgic, RR  3-154
Execute, EX (44);Br, RX 3-175
Exponent Overflow 3-65:
Exponent Underflow 3-65
External Register:
Input 244
Output 244

F-Register:
Input 2-34
Output 2-36

7201-02 FETOM (5/72).



Page of SFN-0201-1
Revised by TNL: SN31-0020

Fetch Protection, Detection of 3-22
Fixed-Point Data:
Discussion D-5
Formats D-5
Number Representation D-§
Fixed-Point Instructions:
Condition Codes 1-59
Data Flow 1-58
Instruction Formats 1-58
Program Interruptions 1-59
Floating-Point Data:
Discussion D-6
Formats D-8
Normalization D-8
Number Representation D-6
Floating-Point Instructions:
Condition Codes 1-67
Data Flow 1-66
Instruction Formats 1-66
Program Interruptions 1-67
FLT MCW 4-21
FLT Tests:
Introduction:
FLT Hardcore Tests 4-43
FLT Tapes 4-41
One-Cycle Tests 4-43
Tape Generation 4-42
Zero-Cycle Tests 4-43
Operational Analysis:
FLT Tests 4-44
Scan-In Highlights 4-48
Zero-Cycle and One-Cycle Tests 4-47
FMTN 2-49 (Table 2-1)
FMTO 2-49 (Table 2-1)
FMTW  2-49 (Table 2-1)
Format Micro-Orders 2-49 (Table 2-1)
Formats:
Data D-§
Instruction D-2, D-3 (Fig. D-1)
FREQUENCY ALTERATION Switch 4-17

G-Register 2-36
General Initialization Sequence (see GIS)
Geographic Filter 3-202
GIS:
Decimal Instructions 3-111, 3-112
Logical Instructions 3-146

Halt 1/O, HIO (9E);1/0 SI  3-178
Hexadecimal Number System D-1

I-Fetch:
ASC Test 3-9
Basic, Deviations from 3-12
Block I-Fetch Trigger 3-13
Branching Instructions 1-79
CPU Store in Progress Exceptional Condition 3-15
Early End-Op 3-3
End-Op, Branch 3-2
End-Op, Early 3-3
End-Op, Normal 3-1
Exceptional Conditions, Recovery from 1-46
External Interruption 3-17
Fetch Protection, Detection of 3-22
Functional Units:
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D-Register 1-39
E-Register 1-37
Instruction Counter (IC) 1-37
Instruction Path  1-39
R-Register 1-36
General 3-1
Instruction Address Specification, Detection of 3-20
Instruction Path 1-39
Interruption Routine, Common 3-18
Interruptions, Recovery from 146
Invalid Address Detection  3-20
Invalid Instruction Address:
Microprogram 3-23
Test Exceptional Condition 3-19
1/O Interruption  3-17
Machine Check Interruption 3-15
Manual Control Repeat Exceptional Condition 3-18
Manual Control Stop Exceptional Condition 3-18
Manual Control Wait Exceptional Condition 3-18
Microprogram Selection 3-4
Obtaining New Instructions from Main Storage 1-44
Prefetching of Operands 1-41
Program Interruption 3-16
Program Store Compare Exceptional Condition 3-19
Q-Register Refill Exceptional Condition 3-24
RR, Basic 3-5
RR, 2-Cycle 3-24
RS, Basic 3-6
RS, 2-Cycle 3-25
RX, Basic 3-6
RX, Forced Cycle 3-25
Sequencers 3-12
SI, Basic 3-6
SI, 2-Cycle 3-25
SS:
ASC Test  3-9
Detailed Description 3-9
General 3-7
Supervisor Call Interruption 3-16
Timer Exceptional Condition 3-14
IATR, Insert ATR (0E) 3-187
Identity Code, CE  3-187
Index Value D-3

‘Indicate Roller 1 Position 6 4-17

Indicators, (see Specific Indicator)
INHIBIT CE HARDSTOP Switch 4-15
Input/Output Instructions:

Condition Codes 1-87

Data Flow 1-87

Instruction Format 1-86

Program Interruption 1-87
Insert ATR, IATR (0E) 3-187
Insert Character, IC (43); Lgic, RX 3-156
Insert Storage Key, ISK (09); Stat Sw, RR  3-183
Instruction Counter:

Incrementing IC(0-20) 2-26

Incrementing IC(21-23) 2-26

Input 2-24

Output 2-24
Instruction Execution:

Execution Sequences (see Specific Instruction)

Functional Units:

AB and ST Byte Counters 147
AB Register 1-47

Arithmetic Function 1-48



F-Register 1-47
G-Register 1-48
K-Register 1-48
LM-Register 148
Local Storage  1-51
Local Storage Add Registers (LAL and LAR) 1-52
Logical Functions 1-49
Mark Triggers 1-47
Mixer 1-48
N-Register 1-48
Parallel Adder 1-49
Serial Adder 148
ST-Register 1-47
Status Triggers 1-52
XY Register 1-48
Instruction Fetching (see I-Fetch)
Instruction Formats:
Branching Instructions 1-81
Decimal Instructions 1-72
Display Instructions 1-89
Fixed-Point Instructions  1-58
Floating-Point Instructions 1-66
Input/Output Instructions 1-86
Logical Instructions 1-77
Muttiple CE Instructions 1-87
Status Switching Instructions 1-83
Instruction Path  1-39

Instructions:

Branching 1-79

Decimal 1-68

Display 1-89

Fixed-Point 1-52

Floating-Point 1-59
Input-Output 1-86

Logical 1-73

Multiple Computing Element’ 1-87
Status Switching 1-82

Integral Boundaries, Main Storage D-2
Interfacing, CE  1-2

Interfacing Lines:

CE-CC Interfacing: :
CC-to-CE Interface B-11
CE-t0-CC Interface B-11

CE-CE Interfacing  B-1

CE-DE Interfacing:

CE-DE Interface B-4
DE-CE Interface B-5

CE-IOCE Interfacing:
CE-to-IOCE Interface B-6
IOCE-to-CE Interface B-7

CE-PAM/TCU/SCU Interfacing:
CE-to-PAM/TCU/SCUInterface  B-8
PAM/TCU/SCU-to-CE Interface B-9

CE-SE Interfacing:

CE-SE Interface B-2
SE-CE Interface B-3

CE-System Console Interfacing:
CE-to-SC Interface B-9
SC-to-CE Interface B-9

INTERRUPT Pushbutton 4-14
Interruptions:

Common Routine 3-18

External:

Discussion 1-7
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Effect on I-Fetch 3-17 -
1/0:
Discussion 1-7
Effect on I-Fetch 3-17
Machine Check:
Discussion 1-6
Effect on I-Fetch  3-15, 3-16
Program:
Discussion 1-6
Effect on I-Fetch 3-16
Supervisor Call:
Discussion 1-7
Effect on I-Fetch 3-16
Supervisor Call Instruction, SVC  3-181
Introduction to CSS and CVWL:
Common Routines 3-204
Control Information (CSS) 3-202
Control Information (CVWL) 3-202
Geographic Filter 3-202
Input Data (CSS), Example 3-201
Input Data (CVWL), Example 3-202
Introduction to Display Instructions:
Input Data Streams, Explanation 3-199
Purpose of Instructions 3-199
Refresh Memory, Definition 3-199
Introduction to Logout, ROS Tests and FLTs 4-21
Introduction to RPSB:
Current Data, Example 3-199
Descriptor Table, Definition - 3-199, 3-200
History Data, Example 3-199
Input Data, Radar Class Type 3-199
Input Data, Single Symbol Class Type 3-199
New Descriptor Table, Building of 3-200, 3-201
New Descriptor Table (NDT), Definition  3-200
Old Descriptor Table (ODT), Definition 3-200
- Work Control Table, Explanation 3-200
-Work Control Table Orders, Listing  3-200
I0CE-to-CE Inteiface B-7
IPL:
Subsystem 4-5
System 4-4

K-Register:
Input 248
Output 2-48

LAL (see Local Storage Address Registers)
LAMP TEST/ALLOW INDICATE Pushbutton 4-17
LAR (see Local Storage Address Registers)
LM Register:

Input 2-44

Output 2-44
Load Address, LA (41); Lgic, RX - 3-157
Load and Test, LTDR (22); F1Pt, RR (Long)  3-68
Load and Test, LTER (32); F1 Pt, RR (Short) 3-68
Load and Test, LTR (12); Fix Pt, RR  3-29
Load Chain, LC (52) 3-228
Load Complement, LCDR (23); F1Pt, RR (Long) 3-69
Load Complement, LCER (33); F1Pt, RR (Short) 3-69
Load Complement, LCR (13); Fix Pt, RR ~ 3-29
Load Halfword, LH (48); Fix Pt, RX 3-28
Load Identity, L1 (0C) 3-187 N
LOAD Indicator 4-17 '
Load, L (58); Fix Pt, RX ~3-27
Load, LD (68); F1Pt, RX (Long) 3-67
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Load, LDR (28); F1Pt,RR (Long) 3-67

Load, LE (78); F1Pt, RX (Short) 3-66

Load, LER (38); F1Pt, RR (Short) 3-66

Load, LR (18);Fix Pt, RR 3-27

Load Multiple, LM (98); Fix Pt, RS 3-31

Load Negative, LNDR (21); F1Pt, RR (Long) 3-71
Load Negative, LNER (31); F1 Pt, RR (Short) . 3-70 .
Load Negative, LNR (11); Fix Pt, RR  3-30

Load Positive, LPDR (20); F1Pt, RR (Long) 3-70
Load Positive, LPER (30); F1Pt, RR (Short) 3-70
Load Positive, LPR (10); Fix Pt, RR  3-30 ‘

Load Preferential-Storage Base Address, LPSB (A1) 3-189 -

Load PSW, LPSW (82) 3-180
LOAD Pushbutton 4-4
Local Storage: )

Addressing and Data Flow 2-52

Data Transfer Controls 2-52

LS Timing 2-55

Read LS Operation 2-§5

Write LS Operation  2-55
Logical Data D-10
Logical Instructions:

Condition Codes 1-78

Data Flow 1-77

Instruction Formats 1-77

Program Interruptions 1-78
Logout:

Introduction 4-32

Operational Analysis:

Hardware-Controlled Sequence 4-32
ROS Controlled Sequence 4-33

Logout Controls, Scan Logic  4-30
LOGOUT Pushbutton 4-16

Machine Check Interruption:
Discussion 1-6 :
Effect on I-Fetch 3-15 :
MAIN STORAGE SELECT and LOAD UNIT Sw1tches 44
Maintenance Facilities:
Diagnose Instruction 1-91
Diagnostic Programs 1-92
Logout 1-91
Marginal Checking 1-92
Microprogram Diagnostic  1-92
Ripple Tests 1-92
ROS Tests and FLTs 1-91
MANUAL Indicator 4-17
Marginal Checking 4-50
Mark Triggers 2-34
Masking, Interruption 1-12
MCW:
Diagnose (83) 3-185
Diagnose Instruction MCW for CE in State 0-  4- 19
Diagnose Instruction MCW for CE in State 3,20r1 4-20
FLT MCW 4-21
ROS Test MCW  4-20
MCW Register 2-38
Mixer 2-44
Move, MVC (D2); Lglc SS 3-146 -
Move, MVI (92); Lgic, SI  3-146
Move Numerics, MVN (D1); Lgic, SS 3-147
Move with Offset, MVO (F1);Dec, SS  3-143.
Move Word, MVW (D8):
Source and Destination on Doubleword Boundary 3-190
Source and Destination on Word Boundary 3-190
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Source on Doubleword Boundary, Destination on
Word Boundary 3-191
Source on Word Boundary, Destination on Doubleword
Boundary 3-191
Move Zones, MVZ (D3); Lgic, SS  3-148
Multiple Computing Element (CE) Instructions:
Condition Codes 1-89
Data Flow 1-87
Delay, DLY (0B): Simplified Diagram 3-188
Insert ATR, IATR (0E): Simplified Diagram 3-187
Instruction Formats 1-87
Introduction 1-87 ,
Load Identity, L1 (0C): Simplified Diagram 3-187
Load Preferential-Storage Base Address, LPSB (A 1): Simplified
Diagram 3-189
Move Word, MVW (D8): Simplified Diagram 3-190
Program Interruptions 1-89

Set Address Translator, SATR (0D): Simplified Diagram 3-193

Set Configuration, SCON (01): Simplified Diagram 3-196
Test and Set, TS (93): Simplified Diagram 3-197
Multiple Selection Fixed-Point 3-40
Multiply, Fixed-Point:
Multiple Selection 3-40
Partial Product, Formation of 3-41
Partial Product Bits, Extraction of 341
RR Format Examples 342 (Fig. 3-6), 343 (Fig. 3-7)
Termination 341 )
Multiply, Floating-Point:
Data Flow and Algorithm 3-90
Example 3-92
Multiply Halfword, MH (4C); Fix Pt, RX 3-44
Mutltiply, M (5C); Fix Pt, RX 3-44
Multiply, MD (6C); F1Pt,RX (Long) 3-95
Multiply, MDR (2C); F1Pt, RR (Long) 3-95
Multiply, ME (7C); F1Pt, RX (Short) 3-94
Multiply, MER (3C); F1Pt, RR (Short) 3-93
Multiply, MP (FC); Dec, SS  3-118
Multiply, MR (1C); Fix Pt, RR  3-40

N-Register:

Input 249

Output 2-49
NDT (see New Descriptor Table)
New Descriptor Table (NDT), Definition 3-200
9020D Central Computer Complex (CCC) 1-1
9020E Display Channel Processor (DCP) 1-2
Number Representation:

Decimal D-9

Fixed-Point D-5

Floating-Point D-6

Obtaining New Instructions from Main Storage 1-44
ODT (see Old Descriptor Table)
O1d Descriptor Table (ODT), Definition  3-200
Operands:
Effectively Addressed D-3
Immediate D-4
In Local Storage D-4
OR Function, Discussion 3-152
OR, O (56);Lgic, RX 3-153
OR, OC (D6); Lgic, SS 3-154
OR, OI (96); Lgic, SI  3-153
OR, OR (16); Lgic, RR 3-153
Orders, Work Control Table, Listing  3-200



Pack, PACK (F2); Dec, SS  3-139
Page Controls 1-35
PAM/TCU/SCU to CE Interface B-9
Parallel Adder:
Arithmetic Function Sequence 2-74
Carry Lookahead:
Bit-Level Carry-Into Logic - 2-73
Group-Level Carry-Into Logic  2-73
Group-Level Carry Logic  2-70
Section-Level Carry-Into Logic  2-70
Section-Level Carry Logic  2-70
Convert-to-Decimal Operatlon 2-77
Data Input  2-65

Error Checking:
Full-Sum Checking 2-77
Half-Sum Checking 2-77
Full-Sum Development 2-74
Individual Bit-Pos Logic:
Carry-into-Bit Logic - 2-68
Full-Sum Logic 2-69
Half Adder 2-68 .
Latch-Shifter Logic  2-69
Parity-Predict Logic 2-76
Set Condition Code 2-78
Partial Product Bit Extraction, Fixed-Point 3-41
Partial Product Formation, Fixed-Point 3-41
Partial Quotient Bit Determination, Fixed-Point 3-48
Postnormalization D-9
Power 1-92
Preferential Storage Area:
Introduction 1-13 .
Load Preferential-Storage Base Address LPSB (A1) 3-189
Store Preferential-Storage Base Address Register,
SPSB (AQ) 3-188
Preferential Storage Area Assignment (see Load Preferential-
Storage Base Address, LPSB (A1)
Preferential Storage Base Address Register (PSBAR):
Discussion 1-31
Loading of 3-189
Storing of 3-188
Prefetching of Operands 141
Prenormalization D-9 ' -
Processor Interrupt Register (PIR) 2-44

Program Interruptions:
Brancing Instructions 1-82
Decimal Instructions 1-73
Display Instructions 1-91
Fixed-Point Instructions 1-59
Floating-Point Instructions 1-67
Input/Output Instructions = 1-87
Logical Instructions . 1-78
Muttiple CE Instructions 1-89
Status Switching Instructions 1-85
Program Status Word, (PSW): ’
General 1-8 '
Program States:
Discussion 1-10 (Fable 1-2)
Interruptable/Masked 1-11
Interruption Masking 1-12
Operating/Stepped 1-11
Problem/Supervisor 1-11
Running/Wait 1-11
PSBAR:
Counter 2-39
Discussion 2-38
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Logical 2-39
Physical 2-39
PSBAR, Preferential Storage Base Address Register 1-31
PSW (see Program Status Word)
PSW Register 2-36
PSW Register, CE Control 1-27
PULSE MODE Switch:
COUNT Position  4-15
PROC Position 4-15
TIME Position 4-15

. Pushbutton Switch (see Specific Switch)

Q-Register: ;

B-Field and D-Field Transfer:
B-Ficld Transfer 2-20
D-Field Transfer 2-21
General 2-20

Data Flow 2-19 (Fig. 2-14)

General 2-19

Input 2-17

Op-Code Transfer 2-20

R-Register:
General 2-21
Input 2-21
Output 2-21
Predecoding 2-21
Radar Instructions (see Display Instructions)
RATE Switch:
Description  4-9
Instruction Step 4-10
Process 4-10
Single Cycle 4-10
Single Cycle Storage Inhibit Position 4-10
Read Direct, RDD (85) 3-185
Read Only Storage (see ROS)
Refresh Memory, Definition 3-199
REGISTER SELECT Switch 4-12
REGISTER SET Switch 4-12
Repack Symbols, RPSB (0F):
Delete Orders, Explanation = 3-209
Descriptors Section  3-209
Entry to Execution- 3-209
General 3-204
GPRs, FPRs, Contents of  3-205
Insert Order, Explanation 3-210, 3-211
Interrupt Handling and Recovery 3-213, 3-214
INTRPID 3-205, 3-209
Mixer Micro-orders 3-211, 3-213
Modify Order, Explanation 3-210
Move History Descriptors, Explanation 3-210
Output Doubleword, Assembly 3-213
Radar Class/Type 3-208, 3-209
Simplified Diagram  3-204
Single Symbol Class/Type 3-208
Symbols Section  3-211
Time Clock Updating 3-214
Work Control Table (WCT) 3-207, 3- 208
Repeat Instruction Switch:
Repeat Multiple Instruction  4-11
Repeat Single Instruction 4-11
Resident Micro-diagnostic 4-21
Ripple Tests 4-50
ROS:
Addressing 2-8
Bit Capacitors 2-10 (Fig. 2-8)

7201-02 FETOM (5/72)



Page of SFN-0201-1 '
Revised by TNL: SN31-0020

Read-Only Storage Address Register 2-9 Scan Counter Decrementer ~ 4-24
Sense Line Layout  2-9 (Fig. 2-7) . ’ : Scan Counter Latches and Decrementer 4-23
ROS Addressing: 8 . ) Scan Mode Control of ROS 4-31
Read-Only Storage Address Register (ROSAR): ' Scan-Out Bus:
Introduction 2-9 ' Data Path  4-29
ROSAR (0-5) 2-11 ) Logout Controls 4-30
ROSAR (10) 2-12 ‘ ScanOutSand T 4-30
ROSAR (6-9) 2-12 ‘ ’ Scan Timing 4-22
ROSAR (11) 2-12 ' o ) Scan Stop-CE-Clock Logic 4-30
ROSAR (0-10): Storage Address Generator 4-26
Array Drivers  2-13 , . Scan Mode, Control of ROS  4-31
Decoding 2-12 _ SCAN MODE REPEAT Switch 4-16
Select Lines 2-12 SCAN MODE ROS/PROC/FLT Switch ~ 4-16
Strobed Drive Lines 2-12 . ) . SCI, (Storage Control Interface) -1-33
ROSAR (11) Function 2-13 SE-CE Interface B-3
Sense Amplifiers 2-13 ' ' Select Register:
ROS Control of CE  1-24, 1-25 (Fig. 1-6) General 2-43
ROS Data Flow: ‘ Input 243
General 2-13 ‘ ‘ Output 2-43
Maintenance Aids: ' Sequencer Decoder, Scan Logic Address  4-25
Discussion 2-14 v ' Sequencer, ROS Test 4-28
Previous ROS Address Registers 2-15 Sequencer, Scan Logic Address 4-25
PROSAR A & PROSAR B Alternator 2-15 . Sequencers, I-Fetch 3-12
ROS Back-up Register 2-15 .
ROS Error Checking  2-17 ' S Serial Adder:
ROSAR Latches 2-14 ‘ Adder Operation 2-56
Scan Mode Operations 2-17 Contr(_)ls 256 L
ROS Data Register and ROSDR Latches 213 Functional Desctiption:
ROS Decoders 2-13° Binary Add 255

Decimal Operation 2-59
Error Detection 2-65
General 2-59
Logical Functions 2-60
Parity Correction 2-60

General 2-56 -

Input and Output 2-56

Set Address Translator, SATR (0D):
Address Translation, Introduction to 3-192

ROS Sense Latches 2-13

ROS Timing 2-14
ROS Data Flow, ROS Control Field Decoder 2-14 (Fig. 2-10) .
ROS Test MCW  4-20
ROS Tests: o

Hardcore Test 4-37

Initial IPL Highlights 4-36

Introduction 4-34

Operational Analysis 4-35

ROS Bit Tests  4-39 , ' General - 3-192
Summary of Hardcore Tests 4-38 : Issuing CE:
Theory of Hardcore Tests 4-38 ATR Slot Assignments  3-194
ROS TRANSFER Pushbutton 4-12 Response Bits  3-194
RR I-Fetch: Setting Issuing CEs ATR  3-194
Basic 3-5 - Simplified Diagram  3-193
2-Cycle 3-24 o Receiving CE  3-195
RS I-Fetch: Set Configuration, SCON (01)  3-196
Basic 3-6 ’ SET IC Pushbutton 4-9
2-Cycle 3-25 ' ' Set Program Mask, SPM (04) 3-181
RX I-Fetch: ) Set Storage Key, SSK (08) 3-182
Basic 3-6 . : ) Set System Mask, SSM (80) 3-181
Forced-Cycle 3-25 ‘ ‘ Shift Left Double, SLDA (8F); Fix Pt, RS * 3-60
: ) Shift Left Double, SLDL (8D); Lgic, RS 3-164
SC-to-CE Interface -B-9 - . o Shift Left Single, SLA (8B); Fix Pt, RS 3-58
Scan Logic Functional Units: L ‘ Shift Left Single, SLL (89); Lgic, RS 3-164
Address Sequencer 4-25 Shift, Logical Instructions; Discussion 3-164
Address Sequencer Decoder ~ 4-25 ; ’ Shift Right Double, SRDA (8E); Fix Pt, RS 3-63
CE Scan/IOCE Interface 4-31 _Shift Right Double, SRDL (8C); Lgic, RS  3-165
Control Triggers 4-31 ‘ Shift Right Single, SRA (8A);Fix Pt, RS 3-62
FLT Clock Highlights 4-23 ’ Shift Right Single, SRL (88); Lgic, RS 3-165
FLT Counter: ) : SI I-Fetch:
Cycle Counter 4-28 ) o k * Basic 3-6
FLT Counter Decrementing 4-27 o _ 2-Cycle 3-25
Input 4-27 S SS I-Fetch:
Input and Output 4-24 - ASC Test  3-9
ROS Test Sequencer 4-28 ) Detailed Description  3-9
Scan Clock Highlights 4-22 . General 3-7
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IC(21,22) =00 at End Op 3-11
1C(21,22) =01 at End Op 3-12
1C(21,22)=10atEnd Op 3-12
1C(21,22) = 11 atEnd Op 3-12
ST Register:
Input 2-29
Output 2-33
Start I/O Processor, SIOP (9A) 3-191
START Pushbutton 4-4
STATE THREE, TWO, ONE, ZERO Indicators 4-18
States, Element 1-8
States, Program 1-10
Status and Control Triggers:
STATA 2-79
STATB 2-79
STATC 2-81
STATD 2-81
STATE 2-82
STATF 2-82
STATG 2-82
STATH 2-82
Status Switching Instructions:
Condition Codes 1-86
Data Flow 1-83
Diagnose (83) 3-185
Insert Storage Key, ISK (09) 3-183
Instruction Formats 1-83
Load PSW, LPSW (82) 3-180
Program Interruptions 1-85
Read Direct, RDD (85) 3-185
Set Program Mask, SPM (04) 3-181
Set Storage Key, SSK (08) 3-182
Set System Mask, SSM (80) 3-181
Supervisor Call, SVC (0A) 3-181
Write Direct, WRD (84) 3-184
Sterile Area Filters 3-203, 3-204
Stop Loop 4-3 '
STOP Pushbutton 44
Storage Addressing:
Address Translation Register (ATR) 1-31
Preferential Storage Base Address Register (PSBAR)
Storage Area, Preferential 1-5
Storage Assignment (see Set ATR, SATR (0D)
Storage Control Interface:
Address Decode and Gating  2-95
Basic Control and Timing Considerations 2-91
Basic Interface Considerations 2-85
Basic Operating Considerations 2-89
Basic Operational Sequence 2-93
CE Storage Request -1-35
Converting SAB Parity 2-100
Detection and Handling of Invalid Address 2-97
Distributed Simplex Lines 2-87
Initial Handling of Requests 2-93
Insert-Key Operation 2-101
Major Interface Lines 1-33
Multiple Driver Simplex Lines  2-89
Page Controls 1-35, 2-99
PSBAR Operations 2-99
Resetting of SCI Logic 2-100
SCI Error Handling 2-98
Select to Storage 2-96
- Simplex Control Lines 2-86
Single-Cycle Operation 2-102
Stopping the CE Clock 2-96

1-31
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Storage Timeout 2-98
Store Operation 2-101
Test-and-Set Operation  2-102
Three- and Four-Cycle Fetch Operation 2-101
Storage Control Set-Key Operation 2-102
Storage Protection Key Assignments 3-183 (Fig. 3-27)
Storage Protection Key, Setting of 3-182
Storage Requests, CE  1-35 :
Storage-Ripple Microprogram:
Storage-Ripple Display Function 4-13
Storage-Ripple Store Function 4-13
STORAGE SELECT Switch 4-8
Store Character, STC (42); Lgic, RX 3-156
Store Halfword, STH (40); Fix Pt, RX 3-56
Store Multiple, STM (90); Fix Pt, RX 3-57
Store Preferential-Storage Base Address Register, SPSB
(AO0) 3-188
STORE Pushbutton 4-11
Store, ST (50); Fix Pt, RX 3-55
Store, STD (60); F1Pt, RX (Long) 3-107
Store, STE (70); F1Pt, RX (Short) 3-106
Subsystem IPL.  4-5 '
Subsystem PSW Restart 4-13
Subtract Halfword, SH (4B); Fix Pt,RX 3-36
Subtract Logical, SL (5F); Fix Pt, RX 3-37
Subtract Logical, SLR (1F); Fix Pt, RR  3-37 -
Subtract Normalized, SD (6B); F1Pt, RX (Long) 3-84
Subtract Normalized, SDR (2B); F1Pt, RR (Long) 3-83
Subtract Normalized, SE (7B); F1 Pt, RX (Short) 3-83
Subtract Normalized, SER (3B); F1Pt, RR (Short) 3-82
Subtract, S (5B); Fix Pt, RX 3-36
Subtract, SP (FB); Dec, SS:
Complement Add Sequence 3-115
Discussion 3-111
GIS 3-112
True Add Sequence 3-113
Subtract, SR (1B); Fix Pt, RR  3-35
Subtract Unnormalized, SU (7F); F1Pt, RX (Short) 3-85
Subtract Unnormalized, SUR (3F); F1Pt, RR (Short) 3-84
Subtract Unnormalized, SW (6F); F1Pt, RX (Long) 3-86
Subtract Unnormalized, SWR (2F); F1Pt, RR (Long) 3-85
Supervisor Call Interruption:
Discussion 1-7
Effect on I-Fetch 3-16
Supervisor Call, SVC (0A); Stat Sw, RR  3-181
SVC, Supervisor Call (0A) 3-181
Switches, ADDRESS 4-5
Switches, DATA 4-5
System Coding D-1
System Configuration (see Multiple Computmg Element
Instructions)
SYSTEM Indicator 4-17
SYSTEM INTERLOCK Switch 4-3
System IPL  4-4
System PSW Restart 4-13
SYSTEM RESET Pushbutton 4-3

1052 Adapter:

CANCEL Pushbutton C-21

CE Panel:
Lights C-23
Switches C-21

Channel Interface C-1

Channel Interface Signal Sequence:
Data Service C-2
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End Sequence C-2
Initial Selection C-1
Commands:
Control Alarm (No-Op) C-6
Control No-Op C-6
Read C-6
Sense C-6
Test /0 C-6
Write C-6
Write-ACR  C-6
Write-ICR C-6
Control No-Op C-6
Data Flow:
Address-in, Sense, and Status Bytes C-8
Controls C-7
Read DataPath C-8
Write Data Path  C-7
Data Register C-10
ENTER Pushbutton C-21
Function Decoder C-16
Functional Units:
Data Register C-10
Function Decoder C-16
Keyboard Translator = C-14
Printer Translator C-14
Read/Write Clock C-11
Shift Controls C-14
1052 Printer-Keyboard C-18
General or Selective Reset C-3
Halt1/O0 C-30 :
Interface:
Channel C-2 '
1052 C-2 )
Keyboard Translator C-14
NOT READY Pushbutton C-21°
Power Indicator C-21
Printer C-18
Printer-Keyboard - C-18
Printer Translator C-14
Priority C-6 '
Read: - :
Data Transfer Sequence C-28
Ending Sequence C-29
Initial Selection Sequence C-28
Read Operation C-11
Read/Write Clock C-11
READY Pushbutton C-21
REQUEST Pushbutton C-21
Sense Command:
Ending Sequence C-30
Initial Selection Sequence C-29
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Sense Byte Transfer Sequence C-30

Shift Controls C-14
Status Byte Composition C-29
1052 Interface  C-2 :
1052 Printer/Keyboard:
Keyboard C-18
Printer C-18
TestI/O C-30
Write:
Data Transfer Sequence C-26
Ending Sequence C-27
Initial Selection Sequence C-26
Write-ACR  C-28
Write-ICR C-27
Write Operation C-10
Test and Set, TS (93) 3-197
TEST Indicator 4-17
Test I/O, TIO (9D);1/0, SI  3-179
TEST Switch 4-3
Test Under Mask, TM (91); Lgic, SI  3-156
360 MODE Switch 4-16
Timing, Scan 4-22
Translate and Test, TRT (DD); Lgic, SS 3-158
Translate, TR (DC); Lgic, SS  3-157
Translation, Address 1-4
Truncation, Weather Line 3-225, 3-226

Universal Instruction Set D-2
Unpack, UNPK (F3);Dec, SS 3-141
USASCII-8 D-1

WAIT Indicator ~ 4-17
WCT (see Work Control Table)
Weather Line Truncation 3-225, 3-226
Word Overlap:
Decimal Instructions, General 3-109
Move With Offset, MVO (I'1); Dec, SS  3-143
Pack, PACK (F2); Dec,SS 3-139
Unpack, UNPK (F3);Dec, SS  3-141
Work Control Table (WCT):
Explanation 3-200
Listing 3-200
Typical Sequence 3-200
Write Direct, WRD (84); Stat Sw, SI  3-184

XY Parity Prediction (see Mixer) -
XY Register:

Input 246

Output 246

Zero and Add, ZAP (F8);Dec, SS  3-117
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