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PREFACE

The System/360 interface provides a connection be-

tween the PDP-8 and the multiplexor channel of System/360 models
30, 40, and 50, as well as the 2870 Multiplexor Channel attached

to other models. Eithe. byte-interleaved or burst-mode opera-
tion can be sustained at transmission rates up to 70 kilobytes-
per-second. 1lnterface control operations are supervised via
the PDP-8 accumuiator and interrupt facilities, while data
transfer operations are directed via the three-cycle data break
facility. The interface is attached directly to the channel-
control unit interface cables which interconnect the IBM equip-
ment and occupies one control unit position on the channel.

The equipment satisfies all original equipment manufacturer's
fOEM) specifications as described in the following IBM publica-

tions:

1. System/360 1/0 Interface: Channel to Control Unit
Orig:nal Equipwent Manufacturer's lnformation, 1BM
Corporation, Form A22-6843-3.

2. System/360 Power Control Interface: Original Equip-
ment Manufacturer's Information, 1BM Corporation,
Form A22-6906-0.

The accompanying photographs on the next two pages
show the Data Concentrator, including the System/360 interface
together with its test panel. The interface itself is as-

sembled in the bays immediately above the test panel.
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SYSTEM/360 INTERFACE ENGINEERING REPORT

I. INTRODUCTION

The Systew/360 interface apoears to the resident
System/360 control program as similar to the 2702 Transmission
Control. This approach is felt more fruitful in the face of
heavy commitments to s.fiware support provided by the manufac-

turer. lts pertinent features are as follows:

a. The interface recognizes a class of device ad-
dresses that are assigned according to tiie conventions estab- i
lished by IBM.

b. Recognition of command codes and generation of
status responses are in most cases under the control of the

resident PDP-6& control program.

¢. Several buffer registers isolate the two machines

so that the exchange of control and data information does not .

affect the timing of other coatrol units that may be attached

to the channel. \
d@. Data transmission between the two machines pro-

ceeds in a byte-interleaved or burst-mode fashion at an ag-

gregate data rate which may be programmed by the PDP-8 and

indirectly by the System/360.

The System/360 interface consists of two principal
components: th~e command interface, which services initial
commands issucd by t! -~ System/360 control program through
the multiplexor channel, and the service interface, which trans-
mits data and status information between the two machines.

Both of these interfaces operate independently and in an over-
lapped fashion except at the channel interface circuitry it-
self, which is necessarily sequential in operation. At the
channel interface the entire PDP-8 system appears to the
System/360 as a control unit and accesses the interface trans-

mission lines in the fashion prescribed for these devices.

-1-
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II. CHANNEL INTERFACE LINES

The System/3€0 interface is conuecteld to the multi-
plexor channel via a set of 34 lires which are common to all
other control units serviced by the channel. All of these
lines except one are simply looped through the interface and
attached to the various bus drivers or receivers as required.
Thus in off-line or power-down situations it is not necessary
to physically reroute or switch these lines, but merely to
gate off the bus drivers and receivers. The one exception
(the SEL OUT line) is physically broken at the interface. The
interface-inbound SEL OUT line is routed to a terminator
and bus receiver, while the interface-outbound SEL OUT line
is routed from a bus driver. During normal equipment opera-
tion, signals received on the inbound SEL OUT line are processed
internally and then propagated to the next control unit via the
outbound SEL OUT line. During off-line or power-down conditions tt
the terminator, bus receiver, ~nd driver are bypassed with a HE
relay. s
The interface lines and their nomenclature used it
throughout this document are summarized in Figure 1. Following
is a brief description of the function of each of these lines.
For greater detail, the reader is referred to the pertinent

IBM publications.

BUS QUT. A set of nine lines, including a parity line,
which propagates outbound information a byte at a time from
the channel to all control units serviced by the channel.
The information is conditioned by the outbound tag lines
(ADR 0OUT, CMD OUT, SRV QUT) actuated by the channel and
may represent a device address, a control unit command,

or an outbound data byte. -

BUS IN. A set of nine lines, including a parity line,
which propagates inbound information a byte at a time from

a selected contiol unit to the channel. The information

-2-
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is conditioned by the inbound tag lines (ADR IN, STA IN,
SRV IN) actuated by the control unit and may represent a

device address, a status byte, or an inbound d&cta byte.

Outbound Tags. Three lines: ADR OUT, CMD OUT, and
SRV OUT used to condition information on BUS OUT. 1If ADR

OUT is up, the channel is attempting to gain initial selec-
tion of a controi unit in order to transmit a command byte.
When selection is achieved, CMD OUT 1indicates that a com-
mand byte is available on BUS OUT for interpretation by

the control unit. SRV OUT is used as an interlock during
data and status transmission cycles. These tags are also
used in ccembination during certain control sequences not
involving the use of BUS OUT.

Inbound Tags. Three lines: ADR IN, STA IN, and
SRV IN used to condition information on BUS IN. 1If ADR IN
is raised by the control unit, the information provided on
BUS IN identifies the particular devicc requesting channel
service. If STA IN is raised by the control unit, the in-
forma<ion on BUS IN is the status byte pertaining to the
device, and if SRV IN is raised, the control unit is re-

questing charnel service fcr a data byte.

Selection Controls. Seven lines controlling the

seizure and sequencing of transmission operations between
the channel and the control unit. SEL OUT and SEL IN form

a loop from the channel outbound through all control units
in turn and finally inbound to the chaanel. A signal
propagated on this line is intercepted by a control unit
depending upon its position along this loop, which in effect
establishes its priority for channel service. OPL OUT and
GPL IN are conditioned by the channel and the control unit

respectively and indicate the availability and connection
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status of each of these devices. In particular, a control
unit raises OPL IN when it has achieved selection on the
interface, and is held up for the duration of the partic-
ular channel-contrcl unit sequence involved. HLD OUT is
used in conjunction with SEL O!T to minimize propagation
delays through the select circuitry of the control units,
SUP OUT is raised by the channel to inhibit control unit
seizure of the inverface under certain conditions. REQ IN
is raised by each control unit requesting channel service
and conditions the channel to poll the interface for
seizure. Certain combinations of these selection control
lines are used to indicate special conditions such as
system and selective reset, and in conjunction with the
outbound tag lines to indicate special conditions such

as interface disconnect.

Metering Controls. Three lines used to condition

usage meters on the various devices of a System/360 complex.

The equipment described herein makes no use of these lines.

II11. CONTROL SEQUENCES

A number of countrol sequences are possible between
the channel anl the interface and, of these, most have several
variations. All sequences can be grouped in one of three

classes, however:

1. those involving initial-command selection,
2. theose involving data transmission, and
3. those involving presentation of ending status.

For any one device, these sequences proceed in the order nimed;
that is, the Jevice is selected and logically connected to the
channel, then transmits its data, and finally transmits status

regarding the condition of the 1/0 device at the conclusion of




the operation. However, certain conditions can occur which are
asynchronous to the progression of an operation through the
states corresponding to the three principal sequences. Such
cwiditions include those that halt data transmission and those
that test device status dur:ng the course of an operation,
Some of these can be produced by the channel without interven-
tion by the program. The operation of the interface using
typical sequences is summarized below. Additional details of
operation in exceptional cases are discussed in the pertinent

IBM publications

3.1 1initial Selection Seqguence

Figure 2* shows the sequence of interface tag line
signals during an initial selection procedure. This sequence
is used for all channel commands and, in addition, for the Test
I1/0 (TIO) sequence. The sequence begins when ADR OUT is raised
by the channel while a device address is on BUS OUT. 1f the

address has odd parity and lies within the block recognized by -
a control unit, that control unit prepares to seize the channel 1
when SEL OUT rises on the interface. When this occurs, the i

control unit

a. inhibits prcpagation of SEL OUT to the next lower-
priority control unit on the interface,

b. raises OPL IN to indicate to the channel that the -
control unit has in fact seized the interface, and

c. internally stores the device address presented on
BUS OUT.

The channel then acknowledges OPL IN by dropping ADR OUT. The
control unit then places the just-stored device address on BUS
IN with odd parity and raises ADR IN This returned address

is checked by the channel for correct parity and for match

* Wave forms shown in bottom of figures correspond to inter-
face circuitry signals described in Section V. Timing in-
formation 1s given in the form of channel sequence photo-
graphs in Appendix B.
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against the address first transmitted on BUS OUT. If these
tests fail, the channel performs a malfunction reset, which
affects all I/0 devices attached to the channel. Depending
upon the particular machine model, this operation may result
1n a processor check or in a bit set 1n the Channel Status
Word (CSW) stored as the result of the channel operation.

Following reception of a correct address on BUS IN,
the channel next places the command byte (all zero bits for
a TIO, nonzero for a valid channel command) on BUS OUT, and
raises CMD OUT. The control wunit stores the channel command
internally and checks the byte for odd parity. Following this
operation, the control unit drops ADR IN, which the channel
acknowledges by dropping CMD OUT, an 1invitation for th. control
unit to present a status byte.

In most IBM control units, the allowable channel
commands are well prescribed and represent only a few of the
possible 255 codes Accordingly, it 1is possibie to detect
immediately upon storage of the channel command byte whether
the control unit can accept the particular command or not.
Thus the control unit has the option of either accepting the
command by presenting the channel with an all-zero status byte =
or rejecting the command with a status byte containing the unit
check bit. In the equipment described here, the command may 8
undergec analysis by the PDP-8 program, a process which may
require a lengthy period compared to the channel selection
sequence. Accordingly any channel command, other than TIO,
is always accepte., even 1f it does not have odd parity. It
is up to the PDP-8 program to interpret the particular command
code and to transmit possible rejection using an ending-status
presentation containing the unit check bit.

Thus, following the acceptance of the channel com-
mand, the control unit places an all-zero status byte on BUS IN
and raises STA IN, to which the channel responds with SRV OUT.

The control unit now drops all inbound tag and bus lines and
disconnects from the interface. If the channel forces burst

mode at this time, SEL OUT wil! still be up at the control unit,

33
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and a sequence of SRV IN-SRV OUT signals is expected by the
channel to transmit the data associated with the operation.
llowever, the multiplex channel will force burst mode ouly in
connection with an Iniftial Program Load (IPL) operation. There-
fore the equipment considered here is not normally expected to

operate under channel-forced burst mode conditions.

5.2 Service Cycle

Figure 3 shows the sequence of interface tag line
signals during a service cycle procedure. This sequence is i
used for all data and status byte transmission betweern the
channel and the control unit. In the byte-interleaved mode,
one such sequence is executed for each data byte separately.
In the control-unit-forced burst mode, the initial part of
the service cycle sequence is followed by alternate SRV IN-
SRV OUT pairs.

The service cycle sequence differs from the initial
selection sequence in that the transmission is initiated by
the control unit rather than by the channel. A control unit
requesting service raises the REQ 1IN tag line when the 3UP
OUT tag line is down at the control unit {(Certain sequences
arc¢ expected to override the SUP OUT signal; see below.)

When the channel next polls the control unit interface by
raising SEL OUT, the highest priority controi unit requesting
service inhibits the propagation of SEL OUT, places 1ts device
address on BUS 1N, and raises OPL IN and ADR IN The channel
checks the device address for odd parity, retrieves the ad-
dressed subchannel status in its active registers, and issuecs
CMD OUT.

The control unit recognizes CHMD OUT as permission
to proceed with the operation, and it aext drops ADR IN. When

the channel drops CMD OUT the control unit raises either

a. STA IN and places a status byte on BUS IN,

L X33
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b. SRV IN and places a data byte on BUS IN for trans-

mission to the channel, or

c. vraises SRV IN and waits for a SRV OUT channel
acknowledgment that a data byte has been placed on BUS OUT for

transmission to the control unit.

If the device address does not nave odd parity,
the channel performs a malfunction recset. 1f a status byte
doec not have odd parity, an interface control check condition
is generated. If, in the case of channel-inbound transmission,
a data byte does not have odd parity, a channel data check
condition is generated Depending upon the particular machine
model, these indications appear as a processor or memory check
and as abit set in the CSW stored as the result of the channel
operation.

The channel acknowledges the receipt of a data or
status byte, as appropriate, with SRV OUT. This responrce 1is
also used by the control unit to verify the presence of a data
byte on BUS OUT where appropriate. The channel may alterna-
tively respond to SRV IN with CMD OUT, indicating that the
data region in its main storage s exhausted, and may respond
to STA IN with CMD OUT, indicating that the status btyte is to
be stacked in the control unit for later presentation to the
channel.

In any case, the control unit responds to an out-
bound tag line at the end of the service cycle seguence by
dropping all inbound tags and disconnecting from the inter-
face. The channel 1:- now free to continue polling for other
corntrol units on the interface or to issue new commands to
the same or other cortrol units. In particular, under some
conditions, cert ‘n chanunel-generated comnands may be directed
to a busy control unit before device-end status has been

serviced by the channel (ser below).

il
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3.3 Special Sequences

furing the course of normal equipment operation and

in ce~tain abncrmal situations, special control-unir inter-

face sequenc:'s mcy be generated by the channel.
into two classes:

Trese fall

those intended to stop device activity by
request from the System/360 program, and those genzrated either by
manual intervention or by the machine itself for the purxpose

of temporarily disconnecting the device from the system.

The first class of sequences includz2s the interface

disconnect sequence generated by the channel in response to a

Halt I/0 (HIO) instruction executed by the System/360 progranm.

Such a sequence can occur at any time, either within an initial

selection or a service cycle sequence. The sequence is

signaled after tiue device address has been checked by the chan-

nel and when ADK OUT is up at the control unit while SEL OUT

is doewn. The sequence usually occurs before the command byte N

is stored on initial selection, but may occur after CMD OUT

rises during a service cycle.

Figure 4 shows an interface disconnect sequence on

initial selection. Following such a sequence, the control

unit is expected to remove immediately all signals frowm the

interface and to present ending status following its device

oreration. The ending status is to be transmitted only if

the associated System/360 subchannel was working at the time :
of the sequence aand may be cleared by a channel-generated TIO -

command prior to program intervention.

The second class of sequences includes the selective

and system reset sequences generated by the channel in re-

sponse either to manual intervention or equipment malfunction.

The system res=t sequence is indicated when both CPL OUT and

SUP OUT are down at any countrol unit. This sequence occurs

when power is first applied to the system, or when either the
SYSTEM RESET, LCAD, or PSW RESTALRT pushbuttons are depressed

on the System/36C operator's control panel.

[
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reset sequence is indicated when OPL QUT 1is down while SUP QUT
is up alt a centrol unit during an operation involving that
control unit. This sequence o:curs when the channel has de-
tected a malfunction of the control uni* or chaunel circuitry.
Such a malfunction may involve invalid BUS IN parity, improper
signal sequencing, or excessive sequence timings.

In the case of either the system or selective reset
sequences, the control unit is expected to disconnzct from the
interface withonrt presenting ending status for the operation.
Since the control unit may be reselected immediately following
a reset sequence, the control unit must appear busy to the
channel while any internal time-dependent reset operations

are completed.

3.4 Polling Operations

Since both the channel, its attached control units,
and their attached devices operate asynchronously with respect
to each other, conventions for device polling and acknowledg-
ment are required. The polling-acknowledgment conventions

appear at three levels:

a. during the initial selection of a control unit,

b. during the channel seizure procedure by a control
unit, and

c. during the selection and deletion procedures of a

device attached to a control unit.

Additional conflicts for both channel and subchannel access
by the System/360 program are resolved by the channel and in
some systems by the channel controller.

The channel selects an attached contrcl unit with
the initial selection sequence. If the control unit is free
to accept a command {without respect to the status of its
attached devices), it responds with the sequence shewn in

Figure 1. 1f not, then the control unit responds with the

s

e
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control unit busy sequence shown in Figux: 5. This sequence
begins in the same fashion as *the initial selection seguence;
tuaat is, the channel places a device address on BUS OUT and
raises ADR QUT. When SEL OUT rises at the contrel unit servic-
ing the device, and if the control unit is busy servicing some
other device, the control unit responds by placing a status
byte on BUS IN and raising STA IN. The channel responds with
SRV OUT unconditionally, ollowing which the control unit
disconnects from the interface. Note that this sequence does
not require the control unit to store the device address
presented on BUS OUT or to present stored status for the de-
vice, even if it is availabl: somewnere in the control unit.

The status byte presented to the channel during the
control unit busy sequence may take two forms. One form in-
cludes both the status modifier und busy bits, which by con-
vention inform the System/360 program that the control unit
is busy and will present a status byte containing the control
unit end bit at some future time. The other form includes
all three of these bits, which by convention inform the System/
360 program that the control unit is temporarily busy and that the
operation which was rejected by the control unit should be
immediately retried. The second form of status byte is used
when the centrol unit busy condition is expected to last some-
what less than a millisecond, the interrupt processing time of
typical System/360 programs, and the first form is used in all
other cases.

Waen the channel is not busy with some internal
operation and is not in the process of issuing an initial selec-
tion sequence directed to some attached contro! unit, the chan-
nel normally reverts to the rolling mode. In this mode the
channel interprets REQ IN as a request to poll the interface
with SEL OUT, an operation that presumably will result in some
control unit raising OPL IN. In some models of the System/360
product line, the polling mode may be entered at interesting

times, for instance while the channel is retrieving the Channel
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Address Word (CAW) or a channel command from main storage.
Since the System/360 CPU is interlocked berween the time that
an I/0 instruction is decoded ard the time that the channel or
the addressed device responds, it is important that the control
unit sequence following REQ IN be as short ac possible In
extreme cases cf control unit delay during a Start 1/0 (SIQ)
operation (either addressed to the contro! unit or not), a
processor check may occur when the Svstem/360 CPU microprogram
attempts to update ifts interval timer

Data byte transmission operations for any particular
device take precedence over all other channel operations, and
are guaranteed to proceed without interference to the subchan-
nels connected to other devices serviced by the channel. Status
byte transmission operations, on the other hand, are considerab-
ly move involved and may take one of two alternate forms de-

pending upon whether the subchannel in question is busy or not.

An ending status presentation to a busy subchannel must

contain the channel end bit, but may contain others as well.
Such a status presentation will always be accepted by the chan-
nel with a SRV OUT response to a STA 1IN during the service
cycle. Once this status has been stored in local subchannel
storage, the channel requests a System/360 CPU interrupt which
causes a channel status word (CSW) containing the subchannel
status to be stored in main stecrage An ending status presenta-
tion to a subchannel not in the busy state wil! be automatical-
ly stacked in the control un:t with a CMD OUT response to a

STA IN tag during the service cycle Before sraching the status
at the control unit, however, the channel stores the device ad-
dress of the requesting control unit in a special register
called the Interrupt Buffer (IB) (or Interrupt Queue) At this
time the cnrannel requests a System/360 CPU interrupt, and, when
granted, cauce: a channel-generared pseudo-Test [/0 command

to be issued to rthe device whose address 1s stored 1n the IB.
The contrel unit in question now furnishes this status as the

result of an initial selection sequence rather than the service

Lpttmrestraareee
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cycle sequence o iginally requested. Not al'l IBM control units
can tolerate this interesting procedure; and, in fact, well-
known machine hang-ups revealed in IBM documentation in con-
nection with the 2702 Transmission Control ar: due to the

failure of that device to process the pseudo-Test 1/0.

3.5 Equipment Failure Diagnostics

Most control unit component malfunctions can be
diagnosed by the channel; and, in many cases, the System/360
control program can recover from the malfunction condition,
record the failure, and continue system operation. In the
case of the programmable control unit equipment considered
here, certain invalid programming sequences can also produce
such malfunction indications to the channel. Six malfunction
conditions are i12cognized by channel circuitry as probably
originating in an . .ached control unit. These may or may
not be detected separately or as distinct from a processor

check, depending upon the machine model:

1. Channel timeovt. The System/360 CPU had not
been released a pre-set interval (typically 150 microseconds)
following issuance of an I/0 instruction.

2. Addr:ss-in check. The channel detected a
parity error on the address received from the control unit
during a service cycle.

3 Status-in check. The channel detected a parity
error on the status byte received from the control unit,

4. Incorrect selection The address received from
the control unit during an initial selection sequence does not
match that trancmitted by the channel

5. No response The control u- . © did not respond
to re-selection en a chain-command operat-on

6. Incorrect tag sequence. The control unit dis-
connected from the channel before the channel dropped the
SEL OUT tag line
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Any of these malfunctions cause the channel to assume

an interface control check condition, which may be indicated
as a bit set in the CS¥ stored as the result of the cperation
and further detailed in the log-out area peculiar to the
model. Condition 6 can occur on the multiplex chanrnel only
as the result of an Initial Program Load (1PL) opecration and
will always be produced when such an operat:on is directed to
a control unit such as the 2702 Transmission Control or the

interface equipment described herein

IV. PROGRAMMING CONSIDERATIONS
FOR IBM SYSTEM/360 INTERFACE

The System/360 interface 1s composed logically of
two subinterfaces: the command interface and the service in-
terface. The command interface stores the channel command
and device address developed during the multiplex channel
initial selection sequence and presents the appropriate status
byte to the channel to terminate thc sequence. At the conclu-
sion of the sequence, appropriate bits are set 1n a control
register tc indicate the particular type of sequence to the
PDP-8 interrupt processor The service interface supervises
data break operations between the PDP-8 and the multiplexor
channel. This interface is started by the PDP-8 program by
loading a three-bit command code in the control register,
following which three-cycle data breal cperations occur for
data transmission betwecn a block of PDP-8 memory and the
channel. Both data and ending-status bytes are transmitted
in this fashior. At the conclusion of the operation, either
at channel-stop or word-count-equal-zero times, bits are set
in the control! register to indicate the termination condition
to the PDP-8 interrupt processor

Five registers in the interface are available to
the PDP-8 program Two of these, ARl and BRLl, are used in
connection with the command interfuace, while another two, AR2

and BR2, are used in connection with the service 1nterfuace
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The fifth register, CTL, is common to both interfaces, and
serves as the controlling element for the various operations.
The ARl, BR1, and AR2 registzrs can be read, cleared, and
loaded (one's-transfer) from the AC of the PDP-8. The BR2
register is connected only to the data break facility. The
CTL register can be read, inverted, and tested bit-by-bit with
appropriate microinstructions(see below) Some of these
registers need not be read or loaded during the common inter-
face operations; the general read/load facility is included
primarily for diagnostic utilities Figure 6 illustrates the
cocding of the various register bit assignments and establishes
the 10T microinstruction codes for their access.
The operation of the control register invert-under-
mask (CTL INV) and test-under-mask {(CTL TST) microinstruction
is as follows: Both of these instructions address the twelve
control register bits in one-to-one correspondence with the ]
bits of the AC The operation of the CTL INV microinstruction -

results in a bit-wise inversion of each bit in the control

register for which the corresponding bit in the AC is a one. -
The operation of the CTL TST microinstruction results in a 11
single-instruction program skip if each control register bit -

which is in correspondernce with a one bit in the AC is a one.
If any control register bit in correspondence with a one bit

in the AC is a zero, no program skip is generated. An uncon-

b

ditional skip 1s generated if the AC contains all zeros.

The RD, CLR, and WR modifiers may be applied to the
registers designated AR1, BRl, and ARZ2 The sequence of the
10P pulses is such that the micro-operations are performed
in the order listed. The RD, TST, ard INV modifiers may be
applied to the register designated CTL The micro-operations s
are performed in that order. Appendix F illustrates segments

of code that are applicable in common programming situations.
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4.1 Command Interface Operations (Figure 7)

Three of the four System/360 I/0 instructions will
result in a channel sequence in the command interface, and
two of these will normally end by interrupting the PDP-8 pro-
gram. An SI0 instruction executed by the System/360 will result
in one or more channel commands being fetched from System/360
core storage and transmitted te a control unit. If the device
address specified in the S5°0 instruction lies within the block
recognized by the command interface and if the interface is not
busy (i.e., holding a previously issued command), then the inter-
face will seize the channel and store the device address in ARl
and the command byte in BR1., 1If the channel sequence is gener-
ated as a result of a valid channel command,the command byte
stored in BR1 must be nonzero, and will be an odd number if
channel-outbound service is indicated and an even number if
channel-inbound service is indicated.

Note that in oxder for the seiection sequence to be
initiated, the parity of the device address must be odd. If
this parity is odd and yet the parity cof the command byte is
not odd,then the CMD PCK bit of the control register i: s.t.
This situation, interpreted as a BUS OUT parity check, does
not affect the progre.s of the selection sequence or the status
byte subsequently transmitted to the channel.

At the conclusion of the initial selection operation,
the CMD END bit of the control register is set if the chanuel
accepted the interface-generated all-zero status uytec and
the CMD STK bit if the channel rejected the byte. If the
channel sequence is generated as the result of a valid channel
command, an occurrence of the later situation must be inter-

npreted a: a System/360 machine check.* Wh2n cither the CMD END

or CHD STK bits are set,the FLr-8 is interruptcd.

* Note that in curcent System/360 chinnel equipment, stack on
initial selecticn (CMD STK) never occurs on an all-zero
status byte., In the case of a nonzerc status byte, stack on
initial selection will be generated only in certain cases
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| abrR out [ ]
CMD OUT [ Bof0 |
STA IN [B1=0 |
SRV _OUT ¥ 1
CMD END r

INITIAL SELECTION-STATUS ACCEPTED

ADR 0OUT I I
CM™ QYT 30=0
STA IN i I BI=10 l

CMD OUT l |
CMD STK I

INITIAL SELECTION-TIO STATUS STACKED

ADR OUT I | ’ I
SEL OuT l l

CMD HLT i

INITIAL SELECTION-HIO

FIGURE 7.




My

-24-

A Hait I/0 (HIO) instruction executed by the System/360
causes a special channel sequence to be transmitted *to a control
unit. If the device address specified in the HIO instruction
lies within the block recognized by the command interface and
if the interface is not busy, tnen the interface will seize the
channel and store the device address in ARl. BR1 will be
forced to an all-zero byte. This sequence ends by setting the
CMD HLT bit of the control register. A selective reset sequence
generated by the channel during the progress of any command in-
terface operation will also set this bit.** When the CMD HLT
bit is set, the PDP-8 is interrupted.

A Test I/0 (TIO) instruction executed by the System/360
causes a special channel sequence which is identical to tne SIO
sequence except that the command byte contains only zero bits.

If the device address specified in the TIO instruction lies
within the biock recognized by the interface and if the inter-
face is not busy, then the sequence ends by the transmission to
the channel of a status byte containing onlv the status-modifier
bit. If the channel accepts this byte, the interface is released
and the PDP-8 is not disturbed. If the channel rejects the
status byte, then the CMD STK bit is set in the control register
and the PDP-8 program is interrupted. It is the responsibility

involving command chaining. Since the command interface
generates a nonzero status byte only in response to a Test
1/0 instruction, and since this "instruction' may not occur
as an element of a channel-command sequence, it is not at
all clear from extant documentation whether the CMD STK bit
can ever be set in any likely programming situaticn.

** A selective reset sequence is generated by channel equip-
ment, at least in some mocels, in resporse to a status
presentation of bad parity and possibly in response to an
invalid tag-line sequence. A presentation of a device ad-
dress of bad parity in conjunction with ADR IN will usually
result in a channel-generated system reset sequence. A
presentation of a data byte ~f bad parity is not always
detected by the channel itself, but may be detected by the
CPU or memory bus register circuitry and cannot be dif-
ferentiated from parity errors due to other causes.

iy
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of the PDP-8 program to retransmit a status byt. corncaining

the status modifier bit via the service interface when allowed
by the channe! (however, see preceding footnote). Note that
this behavior in cznnection with the TIO instruction is con-
sistent with that of the IBM 2702 Transmission Control and
implies, in particular, that the command interface cannot pro-
vide rtatus in response to a program-generated TIO instruction.
Note further that pseudo-TIO instructions can be gene:ated by
the channel without intervention by the prcgram, and in these i
cases the command and service interfaces must cooperate in the
successful transmission of a status byte to the channel. Such
situations arise in connection with ending-status transmissions
to subchannels not in the busy state (see below).

If a system reset sequence i3 generated by the ch n-
nel, either as the result of power-up, initial program load,
or manual operator intervention, the CMD RST bit of the control
register is turned on. This operation clears all other bits
of the control register and results in a PDP-8 program inter-
rupt. All System/360 registers znd subchannels are reset and
placed in the available state. Pending data and status trans-
missions on the part of the PDP-8 should be suspended.

If any System/360 channel operation is directed to
the command interface when either the CMD STK,CMD RST,CMD HLT,
or CMbL END control register bits are set, the command inter-
face will immediately reject the operation with the control
unit busy sequence, which involves the transmission to the
channel of a status byte containing the status modifier, busy,
and control unit end bits. This sequence is by convention
interpreted by both the channel and the System/360 program
as an indication to immediately retry the operation. For this
reason, the resident PDP-8 program should give high priority
to command interface interrupts, since the System/360 program
may be hung up during the response interval. The PDP-8 in-

terrupt processor clears such interrupts by inverting the

@i
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appropriate bit of the control register to a zero. Previous
to this operation, meaningful contents of both the ARl and

BR1 register must of course be preserved in core storage by
the interrupt processor. It is possible in some System/360

programming systems tha: tight Tl0 or HIO loops may be exe-

cuted under certain conditions. In the case of the HIO instruc-

tion, the resultant load on the command interface will most
certainiy lock up the PDP-8 interrupt processor, which then
must clear the System/360 condition, presumably by the trans-
mission of ending status to the channel. In any case, the
PDP-8 program must be aware of situations inherent in the
particular parent System/360 supervisory programming system
in which T10 or H10 loops are involved or in which the multi-
plex channel is masked against interrupts, and must give high

priority tc channel service under those conditions.”

4.2 Service lnterface Operations (Figure 8)

1n all service-interface operations, a block of data
is transferred either channel inbound or channel-outbound.
The three-cycle data break facility of the PDP-8 is used for
this block transfer operation, which once initialized by <“he
PDP-8 program, continues until the PDP-8 residual word
count decrerments to zero, until the channel detects

that a System/360 core memory storage area is exhausted,

or until the System/360 program issues an HIO instruction. All

transmission operations make use f only the low-order eight

* A typical instance of a tight TIO loop occurs after present-

ation of a uait check to certain present System/360 pro-
gramming cystems. Programming constraints imposed by other

control unit:, in particular the 2841, require that a TIO be

directed to the contiol unit immediately following a unit

check. In such a case, the selector channel must be disabled
before issuance of the TIO. 1n such cases, the same behavior

may exist on the multiplexor channel, a behavior which is
strongly disadvised, since not only the command interface
but other 1BM control units as well will hang up the system
for some time.
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bits of a PDP-8 core memory location. The four high-order
bits are ignored in channel-inbound operations, and are re-

placed bty zeros in channel-outbound operations. Either data

bytes or status bytes may be transferred using the appropriate

interface order codes (see below). In the case of status byte

transmission, the service interface will automatically re-

present status to tle channel following a stack-status channel

sequence.

All data and most status operations involving the
service interface take place only when the associated System/
360 subchannel i3 busy, that is when a valid channel command
has been stored by the command interface. If the low-order
bit of the channel command is a zero, then channel-inbound
service 1s requested and the PDP-8 program must select the
interface-outbound data operation. If the low-order bit of
the channel command is a one, then channel-outbound service
is requested and the PDP-¥ program must select the interface-
inbound data operation Violation of these constraints will
usually result in either a channel check, processor check,
or storage check, depeuding upon the particular System/360
model.

Status presenia .0 the channel when the sub-
channel is busy will not usually be stacked by the channel;
and, if a status presentation happens to be stacked, it can
eventually be cleared by re-presentation to the channel. If
the subchannel is available to the System/360 program, then
any status presentation will be automatically stacked and
must be cleared by a channel-generated pseudo-TIO command.
Such considerations dictate a careful organization of the
PDP-2 program to avoid System/360 hangups due to conflicts
at the command and service interfaccs

A7l service interface operations involve a pro-

grarmed procedure whaich

[ F1)
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a. presets the word count and current address lcca-

tions accessed by the three-cycle data break facility,

b. loads AR2 with the specified device address,
and finally

c. loads a three-bit order code into the control

register,.

The service interface then proceeds with alternate channel
sequences and three-cycle data break operations until either
the PDP-8 word count is decremented to zero, or until a stop
sequence 1s generated by the channel. The appropriate bits
are then set in the control register and the PDP-8 program
is interrupted. The interrupt is cleared by inverting the
appropriate contrel register bits to zeros.

In the case of data operations, operation can be
selected in either the byte-interleaved or burst mode. The
byte-interleaved mode is appropriate for either low-speed
operations with all models or both low- and high-speed opera-
tions with the higher-numbered models. Depending upon the
width of the data paths to core mamory and the degree of CPU
involvement in the multiplexor channel operations, the burst
mode may be appropriate for high-speed operations with the
lower-numbered models.

A channel-outbound byte-interleaved data operation
is started by loadiny an octal 2 into the high-order three
bits of the control register. Amn octal 3 starts the same
operation in burst mode. These orders initiate a data opera-
tion from the channel to the PDP-8 core memory. When the
PDP-8 word count decrements to zero, the SRV END bit is set
in the control register. When a stop sequence is transmitted
by the channel in response to a servi.e request by the inter-
face,the SRV HLT bit is set in the control register. No
data byte is transmitted to the PDP-5 core memory on a SRV
HLT cycle.
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This operation is suppressible That is, if the
channel is undergoing some critical sequence which should not
be interrupted for lower priority operations, the service
interface will suspend data transmissiocn. Such 1s the case
when another control unit con the channel 1s operating in
burst mode or when certain status operations are pending at
the channel. TIf an operation is nct outstanding in the
System/360 subchannel addressed by ARZ2, then, depending upon
the model, the channel wi'' either respond unconditionally
with a stop sequence or @ interface disconnect sequence,
either of which sets the SRV HLT bit of the contro! register,
or hang up the channel. 1f a data byte presented by the
channel does not have odd parity, then the SRV PCK bit is
set in the control register. This condition does not affect
the further progress of the operation and in particular does
not cause a PDP-€ program interrupt.

A crannel-inbound byte-interleaved data operation
is started by loading an octal 4 into the high-order three
bits of the control register. An octal 5 starts the same
operation in burst mode. This order initiates a data opera-
tion from the PDP-8 core memory to the channel. When the
PDP-8 word count decrements to zero, the SRV END bit is set
in the control register. The last byte fetched from FDP-8
memory on the SRV END cycle is transmitted to the channel.
When a stop sequence is transmitted by the channel in response
to a service request by the interface, the SRV HLT bit is
set 1n the control register. The last byte obtained from
PDP-8 memory on a SRV HLT cycle is then lost whether or not
the SRV END bit is set during the same cycle.

The commenis above under channel-outbound data trans-
mission concerning data suppmession and operation with an
available subchannel apply also to channel-inbound data trans-
mission Odd parity is automatically generated on all channel-
inbound operations whatever their nature, and the SRV PCK

control-register bit is never affected by such coperations.
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When either the SRV END or the SRV HLT control reg-
ister bits become set as a result of a service interface

operation, the PDP-8 program is interrupted. The interrupt
processor can determine how many data bytes have been success-
fully transmitted by inspecting the residual word count
stored by the three-cycle data break facility and applving the
modifying factors shown in Table 1. If the SRV HLT bit is
not on at the conclusion of an operation, the opportunity
exists to transmit additional data blocks. If both the
SRV HLT and SRV END bits are set in the control register
following a channel-outbound data operation, an interface
failure is evident.

At the conclusion of the transmission of all data
blocks, and in any case following any operation terminated
by the SRV HLT bit, a status presentation is expected by the
channel. Such a presentation must include the channel end
bit and may include others as well. Following the presenta-
tion of channel end, the subchannel involved reverts to the
interruption-pending state and may allow certain I/0 instruc-
tions addressing the subchannel to proceed directly to the
command interface. The subchannel reverts to the available
state upon receipt of an interrupt response from the System/
360 CPU, following which any I/0 instruction may be directed
to the command interface. The channel end and device end
bits may be cembined in a single status byte.

A standard status operation is one in which a status
byte containing the channel-end bit is to be transmitted to a
working subchannel. Such an operation is started by loading
an octal 7 into the high-order three bits of the control
register. This order initiates a status operation involving
status byte transmission from the PDP-8 core memory to the
channel., Usually only oane byte will be transmitted to the
channel on any one operation; but, regurdless of the number
of bytes actually transferred, the operation can legitimately

terminate only when the PDP-8 word count decrements to zero,
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a condition that sets the SRY END bit in the control register
and interrupts the PDP-8 program. 1f an interface disconnect
or selective _-eset sequence is transmit ed by the channel in
response to a status presentdtion, then the interface will
immediately disconnect from the channel and cause the

SR. HLT bit to be set in the control register.

The standard status operation is not suppressible
by the channe'. That is, status présentations cannot be
locked out of the system if the channel is disabled but
has an interrupt pending for another device. Under
these conditions, a T10 instruction issued by the System/360

program can clear pending status at the service interface. o

Such a proc:dure is called for following presentation of unit H
check in a status by-e to certain System/5360 programming i
systems (see preceding footnote). Such systems reguiarly -

[

“ollow presentation of unit check by a Sense channel commnand

while the channel is disabled, and rely on clearing d~vice

=)

e
I A, N

status using a TIO loop. Note that in such cases a busy

4

iudication is returned to the System/360 program as long

4

as the subchannel is working; and, in particuler, the TIO

Tt

i"
R

is not propagated to the device itselt. Thus, if the

subchannel is werking, a standard status operation will

9
et

always terminate with the channel accepting the presentation

W

by the se.vice interface, and in particular without the

G-

generation of pseudo-TIO0 commands on the part of the channel.
1f a standard status presentation is once stacked

by the channel for any purpose, then the interface itself
automaticaily "demotes" the priority to that of a special status
presentaticn. A special status operation is ome in which a :
statcs byte is to be transmitted to a subchannel not in the =
working -tate. That is, a subchannel in either the avasilable =%
or irterruption-pending -tates. Such an cperation is started -
by loading an cctal & into the high-order three bits of the
control register. This order initiates a status byte trans-

o

mis_ion in the same manner as the standard operation, with
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the exception that the presentation is suppressible by the

channel. Such behavior is necessary to avoid the lockout of

a channel-end status presentation of a lower-priority control

unit on the channel interface cable by an unsolicited status

presentation by the service interface. As in the standard

operation, the special operation ends by setting the SRV END :
bit in the control register.

To summarize the applicatrion of the two kinds of
status operations, the standard operation is used to transmit
a status byte, which must contain the channel-ond bit, to a
working subchannei; and the special operation is used to trans-
mit a status byte to a non-working subchannel. A failure to
make this distinction will result in a machine hangup in the
lower-numbered models of the System/360 product line and in
an interface control check (channel timeout) in the higher-
numbered models. Such situations may result in a diagnostic
Channel Status Word (CSW) to be stored by the System/360.

If SUP OUT is up when SRV OUT is raised by the channel
in response to aan ending status presentation, the CMD CHN bit
cf the control register is set. Such an action is interpreted
as an indication that the channel is command-chaining the
previous operation and is about to reselect the interface for
issuance of a new channel command. The indication of the CMD
CHN bit is only advisory to the PDP-8 program and does not
affect the piogress of any chann2l or interface sequence. De-
pending upon the circumstances involved, the PDP-8 program
may process this indication as a request to save such status
presentations as the attention bit until the end of the
System/360 channel program, or to assigun high priority to
command interface operations son that the immediately “ollowing

reselection procedure will not delay the channel.
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4.3 System/360 Control Program Operations

Interface programming considerations for the System/
360 resident control progvams are siailar to those for the
2702 Transmission Contrco However, due to the somewhat
richer architecture of the interface, the behavior of the

two machines will be slightly different. The main differences
are:

1. <channel-end and device-end status presentation
do not necessarily have to occur in the same bhyte,

2. burst-mode operation can be sustained,

3. nc immediate channel command operations are

possible,

4, unsolicited status presentations are possible.

Considerations 1 and 2 imply that it is possible
to use the interface on a shared subchannel, effecting a cost
reduction in channel equipment on some models. However, since
it is not possible to determine at initial selection .ime
whether a particulzr device attached to the PJP-8 and logical-
ly connected to a particular System/360 subchannel can or
cannot accept a channel command (consideration 3), use of
this capability would be rather awkward. Consideration 2
implies that system performance at moderate data rates can
be materially imp.oved in the lower-numbered models by pro-
gramming the PDP-8 to operate in short multi-byte burs.s.
The System/360 programming problems in connection with burst-
mode operations are similar to those arising in connection
with tape coatrol unit operations on the multiplexor channel.
Consideration 3 is another implication of the general inter-
face characteristic that all commands are accepted if the
interface 1is not busy. Consideratior 4 is an implication
of the capability of the interface to clear asynchronous
unsolicited status presentations as the result of a pseudo-
Test 1/G instruction.
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Following is a short summary of the operation of
System/360 1/0 instructions when directed to a device ad-
dress recognized by the interface. Only thos=2 features of
operatinon dependent upon the peculiar characteristics of

the interfa e are emphasized.

Start 1/0

Issued to a nonworking channel and subchsnnel,
this instruction will always result in a commaid interface
operation involving the transmission of a channel command to

the interface. 1f both the command and service interface

taren: sarserrai

are idle before transmission of the channel command, then
cendition code 0 is set at the conclusion of the Start I/0
operation. I/0 activity is begun and the subchaniel is
placed in the working state. If the command interface is
busy,then conditio: code 1 (CSW stored) is set at the con-
clusion of the operation. The device status fievld of the CSW
contains the busy, control uni. end, and status modifier
bits. No I/C activity is started and the command interface
is undisturbed following this ecperation. Normally the in-
dicated busy condition ma;y be expected to last in the order
of a few hundred micrcseconds, representing the interrupt
processing time of typical PDP-8 programs. If the command
interface is idle and the service interface is holding
pending status for the device addressed by the Start I/0
instruction, then condition code 1 is set at the conclusion
of the operation. The device status field of the CSW con-
tains the status presented by the service interface and in
addition the busy bit., No I/0 activity is started and both
the command and service interfaces are idle following the

operation.

Halt 1/0.

Issued to a nonworking channel, this instruction
will always result in a command interface operation without

regard to the state of the subchanne] In addition, the

(12}

3
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subchannel will be set up to signal the service interface to
stop data transmission the next time a service cycle is re-
quested. If the command interface is idle prior to the is-

suance of a Halt 1/0 instruction, then condition code 1 is

sat at the conclusion of the Halt 1/0 operation and the status

field of the CSW s replaced with zeros. 1/0 activity is
stopped by the addressed device, which will then provide end-
ing status under control of the resident PDP-8 program. If
the command interface 1s busy, then condition code 1 is a:so

set following the operation, but the status field of the CSW

contains the busy, control unit end, and status modifier bits.

The Yalt 1/0 indication has not been stored by the command
interface, although the subchannel is set up to signal this

condition when the service interface next requests a service
cycle

Test 1/0

Issued to a nonworking channel and subchannel, this
instruction will always result in a command interface opera-
tion but will not affect the PDP-8 program unless status
presented is stacked by the channel (Ard whether this can
ever happen 1is highly dubious—see comments elsewhere in this
document.) Condition Code 1 will always be stored at the
conclusion of the Test 1,0 operation If the command inter-
face is bu.sy prior to the issuance of this instruction, then
the status field of the CSW will contain the busy, control
unit end, and status modifier b:its If the command inter-

face is idle and status for the addrcscsed device is available

at the service interface, then that status repiaces the status

field of the CSW If neither of these conditions hold, then
the single status mod:fier bit is placed in the status field
of the CSW

S

Rtk
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PrggrammingﬁNotes

Contrary to published doctrine, it is evidently
possible to cause I/0 interrupts from devices whose subchan-
nels are working, but without including the channel end bit
and without affecting the status of the subchannel. It is
not at all clear whether this is possible on all models or
whether unknown machine incompatihlities can occur. Use of i
this feature (for instance as an attention inte: upt) in '
real-time control environments is obvious.

In some programming systems, an automatic Sense |
channel command is issued (with channels disabled) when a
unit check bit is set in a status byte These systems rely
on a Test I/0 loop to clear ending status from the Sense
command. If the Test I/0 loop is looking for device end,
then the cooperating PDP-8 program must present channel end
and device end together on the status byte which ends the
Sense command., Alternatively, the PDP-8 program must arrange
that a channel end status presentation for a particuiar device
address be followed onl, 'y status pertaining to the same
device. Otherwise conflicts between the channel and the inter-
face can occur in which the channel is asking for status (via
a programmed or pseudo-Test I/0) for a device that the service

interface is just not prepared to surrender.

V. ARCHITECTURE OF SYSTEM/360 INTERFACE*

The System/360 interface contains the registers and
control circuitry to provide a bidirectional asynchronous
transmission of both command, status, and data bytes be-
tween the System/360 multiplexor channel and the PDP-8. Tne
interface consists of four data registers, their transfer
gates, a cortrol register, and various secqueacing circuitry.

The organization of these components 1s shown in Figure 9.

* Logic symbology in this section corresponds to IBM standard
usage Se: Preface
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Referring to Figure 3, the four data registers are
designated Address Register 1 (AR1), Buffer Register 1 (BR1l),
Address Register 2 (AR2), and Buffer Register 2 (BR2). All
four registers are provided with jam-transfer direct-coupled
diode-capacitor-diode (DCD) gates from the test switches,
and, in addition, all except BRZ are provided with ones-
transfer DCD gates from the PDP-8 AC. ARl is used to hold
the device address presented by the channel during the initial
selectinn sequence and is provided with jam-transfer direct-
coupled (DC; gates from BUS OUT BR1 is used to hold the
command byte presented by the channel during the initial
select*nan sequence and is provided with ones-transfer DC
gates 1rom BUS OUT. AR2 is used to hold the device address
presented to the channel during a service cycle. No inbound
transfer gating is provided except for the DCD gates mentioned
above. BRZ2 is used to hold a status or data byte during a
service cycle and is provided with ones-transfer DCD gates
from the POP-8 MB and with ones-transfer DC gates from BUS OUT.
BUS IN is provided with ones-transfer DC gates from ARl, AR2,
and BRZ as well as constant generators 10, 40, and 70 (hex),
whick are used to synthesize certain status bytes. The
PDP-8 AC is provided with a special set of ones-transfer DC
gates called the EAC bus, which is in turn provided with
ones-transfer DC gates from AR1l, BR1l, and AR2. The EAC bus
is used both to isolate the PDP-8 AC bus from the loading of
the transfer gates ana to provide a uniform interface for
additional equipment, other than the interface, which may
be connected to the PDP-8. The PDP-8 MB is provided with ones-
transfer gates from BR2. These gates are used in connection
with a special data multiplexor described elsewhere.

A nine-bit parity detector connected to BUS GUT
indicates that odd parity is present on these lines and is
used in conjunction with AR1l, BR1, and BRZ2 when these re-

gisters are loaded from BUS QUT A parity error during the

Rre
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BR1 or BR2 lcading operation will set the CMD PCK or SRV PCK
bits of the control register respectively. An eight-bit
parity generator connected to the BUS Iis transfer gates pro
vides odd parity for the BUS IN (P) line and 1s used in con-
junction with all BUS IN cperations.

An eight-bit zero detector connected to BRI is
used during the initial selection sequence to detect the occur-
reice of a Test I/0 channel command and to conditicn the follow-
ing BUS IN status accordingly. An eight-bit compare circuit
is connected to ARl and AR2 to detect when these two registers
contain identical bits and ir used during the pseudo-TIQ
status sequence.

A three-bit decoder connected to BUS OUT is used
during the initial selection sequence to determine whether
the device address present on BUS QUT falls within the block
serviced by the interface. Eight uvlocks of addresses, each
consisting of a contiguous block of 32 addresses, may be i
selected by a jumper card. ;

The twelve-bit Control Register (CTL) is composed of 1
a three-bit Order Register {OR) and a nine-bit Status Register
(SR). The OR is used to hold the order code during a service
cycle and is automatically reset following the ccnclusion of
a block transfer operation. The SR is used to hold tae
various bits that indicate termination conditions of the
interface sequences. However, the SR has no direct connection
with any status byte that may be presented to the channel.

The logical details of these registers and their
transfer gates are shown in Figure 10. Figure 11 shows the
logical details of the PDP-8 data paths, and Figure 12 shows
those of the BUS IN data paths Circuit names, which appear
only in this simplified descriptinn, are indicated on these
diagrams. In some cases the actual circuit names and logical
details differ from those recorded here The logical details
of the circuitry for all of these components are straight-
forward and are recorded in Appendix E. The logical organiza- in

tion of the control and sequencing circuitry, however, is =
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central to the operation of the interface and is discussed
below.

Figures 13 and 14 show respectively ihe logical
organization of the circuitry used to intercept polling
signals from the channel and that used to seize the control
unit interface for the various kinds of sequences. During an
initirl selection sequence, the OUR ADR gate {Figure 13) :
detects the conditions for channel-requested service (initial
selection) and the REQ IN gate detects the condition for

control-unit requested service (service cycle). These gates

et coor14bt 3411 e et Voo OO M1

may not respond simultaneously.

The remaining circuitry shown in Figure 13 is used
in conjunction with the channel polling signal to detect the
conditions under which the interface may seize the channel.
The principal function:l block in this circuitry is the
select latch, shown in simplified form in Figure 13 but
actually consisting of two interconnected flip-flops. This
rather interesting circuit is a high-speed two-input switch
with inputs derived from SEL GUT and from the two service-
request gates OUR ADR and REQ IN. An analy .s of this circuit
is given in Appendix C .

When SEIl. OUT rises at the interface while either of
the two service-request gates OUR ADR and R:Q I have true-
valued outputs, the interface will fall into one of three
states: CMD CYC, SRV CYC, or CU BUSY (seez Figure 14). 1If
OUR ADR is true and if the cummand interface is not busy
(i.e., contains no previously stored command), then CMD INT
is fals2 and CMD CYC state is entered; 1f OUR ADR is true
and if the irterface is busy, then CMD INT is true and the
CU BUSY state is entered. TIf OUR ADR is false and if REQ IN
is true, then the SRV (YC state is entered Entrance into
either the CMD CYC or the SRV CYC state causes OPL IN to be
raised after a short delay to allow the circuitry to stabi-
lize, and entrance into the CMD CYC state causes the address

presented by the channel on BUS OUT to be jam-transferred to
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ARl1. Entrance into the CU BUSY state causes the control-unit-
busy byte to be placed on BUS IN, and STA IN to be raisecd
without disturbing any of the active interface *egisters. The
CMC CYC and SRV CYC {lip-flops each have their own reset line,
whith is connected to gates described below. The CU BUSY flip-
flop is reset when SEL OUT drops.

Figure 15 shows the iogical organiration for the
circuitry used during the command-stovage/proceed phases
of the sequences initiated by entrance into cither the CMD CYC
and SRV CYC stzies. Both of these sequences begin by placing
on BUS .N the contents of ARl or AR2 as appropriate and pro-
ceeding through the channel sejuence until CMD OUT is dropped.
During tie CMD CYC sequence the byte on BUS OUT is transferred
to BR1 wiien CMD OUT is raised by the channel. The short delays
indicated on Figure 15 allow time for cthe parity circuitry to
stabilize before bus transfers are exezuted.

Following the command-storage/proceed phase of either
the CMD CYC or SRV CYC sequence, both the CMD I'L7 and CHL SRV
flip-flops are set. These fiip-flops are reset when OPL IN
drops. When the CHL SRV flip-flop becomes set, a byte of
data or s%=2tus information may be transferred between the
channel and the interface. If the CMD CYC flip-flop is set,
then the sequence ends by presenting to the channel either an
all-zero status byte or a status byte containing the status
modifier bit, depending upon whether BR1 has been stored as a
nonzero byte or a zero byte respectively. If the SRV CYC flip-
flop is set, then the sequence ends by transterring a byte
from BUS OUT to BR2 (channel-outbound service requested) or
from BR2 te BUS IN (channel-inbound data or status service
requested) with the appropriate tag line. If the CU BUSY
flip-flop is set, then a status byte containing the status
modifier, control unit end, and busy bits is placed on BUS IN.
Appropriate delays are included to allow time for the parity
circuitry to stabilize and for shkew distortion tc stabilize.

Outbound parity-checking circuitry is shown in Figure 17.
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If a status request is pending at the time an iritial
selection procedure is signalled by the channel, then, if tae
contents of ARl match those of AR2, the SRV CYC flip-flop will
be set when the channel command is stored in BR2. 7 ee gate
next to SRV CYC flip-flop in Figure 14.) This special condition
is detected when the status byte is transmitted to the channel.
If both CMD CYC and SRV CYC flip-flops are set following the
command-storage/proceed phase of the sequence, then BR2 (s
transferred to BUS IN and STA IN is raised. If, furthermore,
the command byte stored in BRIl during the sequence €ontains
nonzero bits, then the busy bit is logically OR'ed into the
status byte. Figure 18 shows the detcils of the BR2 gating.

The terminating conditions for the CMD CYC sequence
are showr in Figure 19. If a nonzero command byte has been
stored in BR1 duiring a CMi® CYC sequence, and if the channel has
responded to presentation of the all-zero status byte with SRV
OUT (any other response is an equipment check), then the CMD
END bit is set in the control register. If an all-zero com-
mand byte has been stored in BR1 during the sequence and if
the channel has responded to the presentation of the status
byte containing the status modifier bit with CMD OUT (stack
status on initial selection), then the CMD STK bit is set in
the control register. These are the only two bits that can
be set following a complete CMD CYC sequence, and they are
mutually exclusive.

If at any time, either during an interface opera-
tion or not, both SUP OUT and OPL OUT are down at the inter-
face, the CMD RST bit is set in the control register. This
operation clears ail control register bits except the CMD RST
bit, which is forced to the set condition, and in addition
clears ail flip-flops in the interface to the channel-disconnect
condition. If during a CMD CYC sequence ADR OUT is up at the in-
terface while SEL OUT is down (interface disconnect) or SUP OUT
is up while OPL OUT is down (selective reset), then the CMD HLT
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bit of the control register is set. This operation clears
all fiip-flops in the interface to the channel-disconnect
condition.

The terminating c-nditions for the SRV CYC seque (ce
are shown in Figure 20. This sequence may end in three ways:

a. 1in a request for a data break operation to
fetch a data or status byte from PDP-8 core memory (SRK REQ),
b. 1n an ending condition which steps data trans-

mission and interrr pts the PDP-8 program (SRV END and SRV HLT),
or

9 esearts habboptiLycist sartoned b donesebe 4 b4 £i01 1 e 1431 o1

c. 1in a stack-status condition which disconnects
the interface from the channel and immediately re-requests
channel service.

The PREP END flip-flop is set on a data or status
operstion in which the PDP-§ block transfer word count de-
crements to zero. In the channel-inbound case the channel
nust either accept or reject the byte before an ending-con-
dition bit (SRV END or SRV HLT) is set in the control register.

Following the ending operation in the case either
of a CMD CYC or SRV CYC Sequence, the interface is disconnected
from the channel with the circuit shown in Figure 21. Here
the various terminating conditions are detected and the reset
signals for the CMD CYC a 3RV CYC flip-flops are generated.
in addition, signals are derived that condition the PDP-8
interrupt bus {INT REQ) and that indicate that the command
interface is busy (CMD INT).

The channel-request circuitry is shown in Figure 22.
Note that when a chanael-outbound request is initiated a
special pulse is generated which sets the CHL REQ flip-flop
and starts the operation. Conversely, when a channel-inbound
data or status request is initiated,a special pulse is gener-
ated which sets the BRK REQ flip-flop (see Figure 20) and
starts the operation.

ars
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INT REQ

(PDP-8)
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Additional details of interface operation are sum-
marized in flow chart form in Appendix A. Circuit details
are shown in Appendix E.

ARt S0

TR TR RO

e






Fy

[Fove—— areert
seorarni e oo b4 448 g 900 0

APPENDIX A

) CHANNEL SEQUENCE FLOW CHARTS

=Y

L — TR

pT

L I L3




)

RAISE
STA IN
(70+B1)

-64-

NO

PROPAGATE
SEL QuT

DROP
ALL TAGS

FIGURE A1l.

END

CHANNEL SEIZURE

YES

CTL=7
(SPC STA)

o
Lt

rwmmw»q I:w sy L‘“ ol

I'Hmmwm

sy

iy
i Hon R

FE

ey

&,

g
ritstametsig

0

N
(rtboretiriad

{

U




E

H
i

YES

BO+AR1
0 +BR1

]

SET
CMD CYC
LATCH

1

RAISE
OPL IN

ADR OUT

NO

RAISE
ADR IN
(AR1+BI)

L

NO

-65-

YES

BO-+BR1

FIGURS A2.

STA_REQ
AR1=AR2

SET

SRV CYC

LATCH

COMMAND BYTE STORAGE

venvonnbisdabbe b gt

{123



-66-

YES
BR1=0
NO
RAISE RAISE
CHL SRV STA IN STA IN
LATCH (00-+BI) (40+BI)

CMD OUT

SET
CMD STK
LATCH

J

SET
CMD END
LATCH
RESET A‘\\

CMD CYC
LATCH

RESF
DROP . CMD DLY AND
ALL TAGS CHL SRV
LATCHES

FIGURE A3. COMMAND STATUS PKESENTATION

o
i |

J

i
:.,,..;»m.

i

mmmmn- ]

Iu n(lum‘ln

o

v

) st

L

bt

z'uuwwﬂ
Rha i)

TGS DA RSO HSH 1 00 O bbbt

‘M“Ml’
Laui




Sisemsnstiol

]

3

i
SPC
=3 STA /
3 /

-67-

CMD ouT

YES

|

RAISE RAISE
STA IN STA IN
l(naz+10*sx) (BR2+BI)
= NO
RESET
CHL REQ SRV OUT CMD OUT
LATCH YES e
cs SET
PREP END SRV END
LATCH y
NO
SET
BRK REQ
LATCH
RESET RESET
CMD CYT AND DROP CMD DLY AND
SRY LYC ALL TAGS CHL SRV
LATCHES LATCHES
FIGURE A4. SPECIAL STATUS PRESENTATION

i
i
i
H
i
i
i
i

L LT



ESRLabtlhe i bid sadd

SRV CYC
LATCH

SET

!

(AR2+BI)

AND ADR IN]

RAISE OPL ;J

CMD ouTt

YES

CMD QUT

NO

BO REQ

YES

. <

C+8R2

NO

YES

NO

-68-

SET
CHL SRV
LATCud

prag

FIGURE AS.

BI REQ
YES YES
RAISE
RAISE S
SRV 1IN (BR2+B1)
- |
3
SRV
END
; RAISE
STA IN
(BR2+BI)

SERVICE CYCLE

emm——

. .
-

:

e

1ib
o 41444 HIOAAS

!

[ GEDEREY

P

l""u-mwlg

ey

Spiy
1

H-v -u-nlﬁ'}

E RLITRN

"

N

THRRRTN

" "
| el E.;

Ry

4

IR

g ]

 R——

i




RO

ssertsen

o
| ST—

-

-69-
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PREP END SET
SRV HLT
LATCH

END

FIGURE A7. PDP-8 DATA BREAK CYCLE
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CHANNEL SEQUENCE PHOTOGRAPHS
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FIGURE Bl

INITIAL SELECTION (lus/cm)

Line Name Signal Name Pin Polarity
1 ADR OQUT ADO 1B@1S 1 BM
2 OPL IN oP1 1BP1D 1BM
3 ADR IN ADI 1BP1H I1BM
4 CMD OUT CMO 1BPIT I1BM
5 STA IN ST1 1BP1E 1BM
6 SRV OUT SRO 1B31D I1BM
FIGURE B2
SERVICE CYCLE (lus/cm)
Line Name Signal Name Pin Polarity
1 REQ IN REI 1B31M TBM
2 OPL IN OP1 1Bg1p I1BM
3 ADR IN ADI 1BP1H I BM
| CMD OuT CMO IBJIT I1BM
5 SRV IN SR1 1BP1K 1BM
6 SRV 0OUT SRO 1B31D 1BM
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ADR OUT

SEL OUT

STA IN

SUP OUT

1uS/CM
Fig. B3 CONTROL UNIT BUSY

ADR OUT

SEL OUT

OPL IN

ADR IN

SUP OUT

0.5.5/CM
Fig. B4 INTERFACE DISCONNECT
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FIGURE B3

CONTROL UNIT BUSY (lus/cm)

Line Name Signal Name Pin Polarity
] ADR oOUT ADO iBp1s IBM
2 SEL OUT SEL OUT 1BP1P IBM
3 STA IN STI 1BP1E IBM
4 SUP QUT Suo 1BP1lV IBM
FIGURE B4
INTERFACE DISCONNECT (0.5us/cm)
Line Name Signal Name Pin Polarity
1 ADR OUT ADO 1BP1S IBM
& SEL ouT SEL OUT 1Bp1P 1BM
3 OPL IN orl 1BP1D I1BM
4 ADR 1IN ADI 1BP1H IBM
5 SUp our sut 1Bp1V I1BM
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0.5u5/M
Fig. B5S CHANNEL SEIZURE

10 SCM
Fig. B6 GATE TRANSFERS

ADR OUT
OUR ADR
SEL OUT

CU SEL

CMD CYC

OPL IN

OUR ADR
BO-+ARI
ADR IN(DLY)
ARI-+B!

CMD OUT

BO-BRI
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FIGURE BS

CHANNEL SEIZUR: (0.5us/cm)

Line Name Signal Name Pin tolarity
1 ADR OUT ADO+ 1B18P DEC «+
2 OUR ADR OURAD+ 3B1@P DEC +
3 SEL CUT SEQ+ 1A22N DEC +
4 Cu SEL SEL+ 3B1QF DEC +
5 CMDb CYC CMDCY+ 3812L DEC +
6 OPL IN 1B@1D IBM
FIGURE B6

BUS TRANSFERS (1.0us/cm)

Line Name Signal Name Pin Polarity
1 OUR ADR OURAD+ 3B1¢D DEC +
2 BO+AR1 BOAR1+ 3B13P DEC +
3 ADR 1IN BADI+ 2AP9D DEC +
4 AR1-+BI AR1BI+ 3A13D DEC +
5 CMD OUT CMO+ 1A25U DEC +
6 BO+BR1 BOBR1+ 3A13J DEC
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1.0uS/M

Fig. B7 MAJOR STATE-SERVICE CYCLE

1.0 S/CM
Fig. B8 DATA BREAK-SERVICE CYCLE

CHL REQ

CU SEL

SRV CYC

CMD DLY

CHL SRV

BRK REQ

MPX REQ

MPX SEL
BRK STA

CHL REQ
BT

BT2A

wen
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FIGURE B7

MAJOR STATES-SERVICE CYCLE (lus/cm)

Line Name Signal Name Pin Pularity
1 CHL REQ CHNRQ+ 3818P DEC+
2 CU SEL SEL+ 3B1¢F DEC+
3 SRV CYC SRVCY+ 3B13N DEC~+
4 CMD BLY CMDLY+ 3AG7J DEC+
5 CH'. SRV CHS2V+ 3AQ07P DEC+
6 BRK REQ 5RKRQ+ 3B17pP DEC+
FIGURE B8
DATA BREAK-SERVICE CYCLE(lus/cm)
Line Name Signal Name Pin Polarity
1 MPX REQ REQ1 3A17D DEC-
2 MPX SEL SEL1- 2r 220 DEC-
3 BRK STA BRKSTA 1B0sP DEC+
4 CHLREQ CHNRQ+ 3B18°P DEC+
5 BT1 BT1 3B29S DEC(P)
6 BTZ2 BTZA 3B29T DEC(P)
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Zp.S/CM
Fig. B9 TESTI/O LOCP

..................................

Fig. BIO SEL OUT/SEL IN DELAYS

ADR OUT

OPL IN
CMD OuT

STAIN

SRV OUT

SUP OUT

1L SAM
SEL OUT

SEL OUT PROP

SEL IN

0.1us/CM

SkL OUT

SEL OUT PROP
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FIGURE 89

TEXT 1,0 LOOP (2us/cm)

Line Name Signal Hame Pin Polarity
1 ADR OUT ADO 1BP1S I8M
2 OPL IN OPI 1Bf1D IBM
3 CMD OUT CMO 1BP1T IBM
4 STA IN STI 1BA1E IBM
5 SRV OUT SRO 1B@1D IBM
6 SUP OUT Suo 18P1V IBM
FIGURE B10

SEL OUT/SEL IN DELAYS

Line Name Signal Name Pin Polarity

(lus/cm)

1 SEL OUT SEL OUT 1B@1P TBM

2 SEL OUT PROP SEL PRP 1Bp2pP IBM

3 SEL TN SEI 159 1M IBM
(0.1lus/cm)

1 SEJL. OUT SEL OUT 1BgLp IBM

2 SEL OUT PROP SEL PRP 1Bp1P IBM
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ANALYSIS 0F SELECT LATCH CIRCUITRY

s



BLANK PAGE



N

Rl

P

QU I |

L

e

S

ANALYSIS OF SELECT LATCH CIRCUITRY

The select latch consists of two interlock'ng flip-
flops interconnected as shown in Figure Cl. The outputs of
one flip-flop are designated 0 and 1 in the diagram and thoss
of the other flip-flop as 2 and 3. The latchback lines con-
nect from 1 to 1' and 3 to 3' resp=zctively. The request
signal is designated —REQ and the select signal as SEL.

By straightforward analysis, “he state table of

Figure Cl1 is derived, which gives the outputs of the circuit

as a function of the inputs. Four states may be recognized;
and these are called Q, R, §, and T . (T does not appear
for any output and is an unstable state.)

A transition diagram for this circuit is shown in
Figure C2. The stable states are designated idle (no activity),
select (this control unit selected), and bypass {some other
control unit selected). Gates connected to the circuit detect
the select and bypass states and inhibit propagation of SEL OUT
in the bypass case. These states and the output decoding are
so arranged that races between states cannot occur and so that
no noise appears on any output during transitions.

The circuitry is implemented using standard modular
components of about 35 nS propagation delay. Decisions and
state transitions must be completed in times comparable to
this.

Two of these circuits are used in the System/360
interface. One is connected to the CU SEL line a~d used in
the channel seizure operation; and the other 135 connected to

the CU BUSY line and used in the cont-ol unit busy operation.
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TABLE 1

OUTFUTS

INPUTS

SEL

STATE

3

o

3'

-REQ
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00,

SELECT

('5!"|'|01,11
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SS

01,11

BYPA

TABLE

LATCH STATE

SELECT

FIGURE C2.
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ADDITIONAL CONSTRUCTION DETAILS

Dl. System Configuration

The System/3G60 Interface as a component of the Data
Concentrator is assembled in two equipment racks which also
house a high-speed paper tape reader/punch and the various
power supplies and cornectors which service the system. The
eugipment layout in these racks is shown in Figure D1. The
FDP-8 occupies one of these racks in winich space is available
for further expansion of extended memory, from the now
present 12K. The other rack contains interface circuitry, the
reader/punch, and the power supplies. The top three bays con-
tain the interface circuitry itself. These bays are connected
to the Test Panel immediately below, to the PDP-8, and to the
Channel Interface connectors (bottom bay) with DEC module con-
nectors. The tape transport for both the reader and the punch
are mounted on slides immediately above the operating table
as- shown. The two logic bays which service this equipment
are installed immediately belcw the tablec. Except for the
attacrned PDP-8 cables, wnich are routed through the interface,
this equipment is entirely independent of the interface.

At the bottom of the rack is a panel which carries
the four channel interface connectors. The eight cables which
connect to the Data Concentrator side of these connectors are
routed to DEC module connectors on Bays 1 and 2 above. The four
cables which connect to the IBM side of these connectors enter
through the fan hole in the bottom of the cabinet. The fan
itself has been reiocaved to a panel on the rear plenum door
immediately below the power supplies,.

The power supplies and AC distribution system are
mounted on the rear plenum door. A resonant-transformer—

regulated supply provides +10 volts aand -15 volts to the in-

terface equipment and Test Panel. A separate supply provides
various voltages to the reader/punch equipment. Power for
-J0-
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RACK 1 RACK2
SPARE SPARE
BAY 1
BAY 2
PDP-8 B

INDICATOR PANEL

PCOl1 TAPE
READER/PUNCH

MEMORY EXTENSION

PCO1 BAY 1

PCO1 BAY 2

SPARE

CHANNEL CONNECTORS

FIGURE Dl. PHYSICAL CONFIGURATION
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margin-check operation is obtained from an :nternal supply of
the PDP-8. Switches mount=d on each mounting opay allow power
for that bay to be obtained either from the regular supply

or the margin-check supply. The Power Control Unit provides
AC pewer to the Data Concentrator in response to control
signals issued by the parent IBM system. Power requirements
for the Data Concentrator, including the PGP-8, total about
two kilowatts at 115 VAC. A single 30-ampere circuit is used

to power the equipment.

D2. Power Control Unit

All line power to both the PDP-8 and the interface
circuitry is controilcd by the Power Control Unit. This
equipment sequences power on and off in response to standardized
signals furnished by the System/360. The operation of the
equipment in response to these signals is summarizud in

System/360 Power Control Interface-Original Equipment Manu-

facturers' Information, IBM Corporation, Form A22-6906-0.

The Power Control Unit (Figure 22) includes a
24V DC power supply, which is connected to the line power
at all times, and two relays. One o the relays is actuated
by the power sequence control of the channel and turns on the
line power to the PDP-8 and interfac. circuitry. The other
relay is actuated by a DC power supply in the interface
circuitry and enables the power sequence control of the channel
to step to the next control unit on the interface.

Two switches are used to control the operation of
the equipment. One of these, the LOCAL/REMOTE switch, is
used to transfer control of thc equipment between the channel
(REMOTE) and the local controls (LOCAL) for maintenance pur-
poses. This switch should not be actuated while the equip-
ment is in the on-line state. The other switch {(PIWER ON/OFF)
actuates a relay which turns on line power to the PDP-8 and
interface circuitry. It is effective only when the LOCAL/

REMOTE switch is in the LOCAL stare.
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D3. IBM/DEC Interface Modules

The accompanying circuits have been designed to
provide IBM/DEC compatibility in a package appropriate for
installation in DEC 1543 Mounting Panels. Characteristics
have been chosen to satisfy the rejuirements outlined in

System/360 I/0 Interface—Channel-to-Control Unit Original

Equipment Manufacturers' Information, Form A22-6843. None

of the available DEC modules satisfy these requirements,
notably that which specifies that the components not disturb
the interface bus lines in the event of power failure or off-

line operation.

BUS DRIVER (Figure D3)

Ingut

DEC standard levels of -3v and ground. The circuit
acts as an AND for negative true-valued inputs and as an OR
for positive inputs. Other input characteristics are identi-
cal to those of the Rill Diode Gate.

Qutput
IBM Standard SLT bus levels of ground and +3v. SLT

conventions assign a logical 0 to ground level and a lo;aical
1 to +3v. The leakage in the 0 state is less than 1nA at +3v
and the output voltage in the 1 state is 3.85V at 59.3 mA and
4.5 at 30 pyA. In 2 power-off condition the leakage in either
state is less than 1lnA.

Performance

Propagation delay is 45ns for output rise (0 to +3V)
and 25ns for output fall (+3v to 0). Transition time jis 20ns
for output rise and 10ns for output fall. Ch-racteristics
are not significantly affected for power supply variation of

45V on either the +10V or the -15V supply.
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BUS RECEIVER (Figure D4)

Ingut

IBM standard SLT bus leveis of ground and +3V. SLT
conventions assign a logical 0 to ground level and a logical
1 to +3v. The circuit is non-inverting. Input bue load-
ing is +250uA at +3V and-90pA at ground. (+equals conven-
tional current into the receiver input.) The input impedance
(at lkc/s) is 10K ohms. 1In a power-off condition the input
bus is loaded at Z85uA for an input voltage level of +3v,
and linearly decreases to zero as the input voltage falls
to zero.

Outgui

DEC standard levels of -3v and ground. Output
characteristics are identical with those of the R111 Diode
Gate.

Performance

Propagation delays and transition times are all
20ns for both output rise and output fall. Characteristics
are not significantly affected for power supply variations

of +5V on either the +10V or -15V supply.

SELECT-OUT BYPASS (Figure D5)

This module contains an encapsulated DPDT relay,
together with its driving circuitry, and in addition an
electronic switch which provides termination for the SEL OUT
signal on the channel-control unit interface cables. The
terminator is a 92-ohm resistor. Bus voltage levels are

expected to be in the range zero to +5V.

Inputs
DEC standard levels of -3v and ground. Relay driver:
ground level activates relay armature. Terminator switch:

ground level causes terninator to he disconnected.
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PB2 S.T. SWARz‘ 2B24
Slwsgi [0 F X AND
2486 pEig
_J
OFTST- )
. PACAR?2
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B M BOBRZ- BOBR2+
DR NAND | INV.
SRO+ Nlpi21 R197
BOREQ+ Plis26 1825
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CHSRV+ Nlp o1t
BIREQ+* PliB24
& S NAND R BR2BI+
SRSTA- Th121
SPSTA- U] 1824
J H SRI
NAND b
R121
SRVCY+ M SCCSBO 1B25S
CHSRV+ N g?g? L 3
s ZBR2 ZBR2
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CTLRP+ S BRKST-
BRKggA NAND P
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FIGURE E7. BR2 GATING
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CTL(P-2)~ >

CTL(P-2)+ :>>

NANDL N
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CTLAC- P.A. R285
_ls R6P3 3B16
2B16 3B17
AND
(DCD)
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—
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FIGURE E8. CONTROL REGISTER
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oPo+ pINAND 'y INN. [
g —{R111 R1D7
- 3BP8 |3819
DISABL L |EXTREQ " QURAD-
CHNRQ+ N] AND M,P,S
r] R901 3893
3807 )
M N P BREI-
TINAND
R111
fes Ll3pps
SEQ+
SEL-
M NAKD PROP I M H " SEL+
Ty NAND Ny, fom————
N L F
S{R121 2 R121[L |R.D7
SEL-? 3BPo6 [ 3BP9 1A27
E ROP Y j
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CMDCY + M NAND 4PBI- 4@BI+
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FIGURE E20. COMMAND CYCLE END.
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FIGURE E32. TEST PANEL PUSH BUTTON GATING
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FIGURE E34. PDP-8 CABLLE CONNECTORS (Page 1 of 3)
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FIGURE E34., PDP-8 CABLE CONNECTORS (Page 2 of 3)




-136-
BBIP+ D
e £ Elwp2imy
BBI1+ Fl CA3LE (ISQLATORS ON ALL LINES)
BBIZ2+ H| TO
BBI3+ J] TEST |
BBI4+ K| PANT
BBIS+ e
BBI6+ M
BE17+ N
CTupP+ P
CTLPL+ R
CTLP2+ S
E}L¢3+ T
CTLg4+ U
CTL@S+ v
BOP+ D
200 E{wp2ims
BOl+ Fl CABL- (ISOLATORS ON ALL LINES)
BO2+ Hf ToO
BO3+ J ;?izi
Bo4~ A4 2832
BOS+ L
BO6+ M
BO7+ N
CTLP6+ p
CTLP7+ R
CTL@B+ S
CTLP9+ T
CTL1@+ U
CTL11l+ v
e J
SBOP
(SWITCH FILTERS Wg21MJ SBO@
ON ALL LINES) CABLE SBO1
TO SBO2
TEST SBO3
iﬁﬂﬁ; SBO3
SBOS
SBO6
SBO7

FIGURE E36.

TES<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>