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PREFACE

This manual describes the operation of the IBM 7201-02
Computing Element which is used in the IBM 9020D and
9020E systems for air traffic control. The manual is d1v1ded
into four chapters and four appendices:

Chapter 1, Introduction, describes how the Computing
Element fits into the 9020D and 9020E Systems,
discusses the program execution and control, intro-
duces the functional units (adders, registers, counters,
etc.) in the Computing Element, and describes the
instruction set with which the Computing Element
operates.

Chapter 2, Functional Units, analyzes the operation of
each functional unit individually, except where two
functional units work together to perform a specific
function (for example, variable-field-length register and
its associated byte counter).

Chapter 3, Principles of Operation, analyzes in detail
instruction fetching and instruction execut1on by
instruction class.

Chapter 4, Manual Controls and Maintenance Facilities,
discusses the operation of controls on the Computing
Element’s control panel and describes the maintenance
facilities for the Computing Element.

Appendix A, Special Circuits, identifies the special
circuits in the Computing Element.

Appendix B, Interface Lines, defines all interface lines
between the CE and other elements/units in the
system.

Appendix C, 1052 Adapter, describes the operation of
the 1052 Adapter attached to the Computing Element.

Appendix D, Numbering Systems, Instruction Coding,
and Data Formats, discusses (1) the hexadecimal (hex)
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number system,(2) the eight-bit zoned character codes,
(3) the instruction formats and operand designations,
and (4) the various data formats.

The illustrations supporting the text in this manual are
divided into two groups: (1) purely instructional and (2)
maintenance oriented. The purely instructional illustrations
are referred to as “figures” (e.g., Figure 3-1) and are located
in this manual. The maintenance-oriented illustrations are
referred to as “diagrams” (e.g., Diagram 4-3, FEMDM) and
are located in the companion FE Maintenance Diagrams
Manual.

Prerequisite and companion manuals are:

Prerequisite Manuals
9020E System Introduction, Theory of Operatlon
Manual, Form SFN-0103
9020D System Introduction, Theory of Operation
Manual, Form SFN-0104

Companion Manuals

720102 Computing Element, Maintenance Diagrams
Manual, Form SEN-0202

720102 Computing Element, Maintenance Manual,
Form SFN-0203

720102 Computing - Element, Installation Manual,
Form SFN-0204

720102 Parts Catalog, Form SFN-0205

9020 D/E Power Controls and Distribution, Theory of
Operation Manual, Form SFN-0105

This manual has been prepared by IBM Product Pubh'cation's, Kingston, N.Y.

©International Business Machines Corporation, 1970
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This chapter introduces the IBM -7201-02 Computing
Element (CE), which is an integral part of the IBM 9020D
and 9020E systems for air traffic control. The chapter is
divided into two sections.

Section 1 describes the relationship of the CE to the
9020D and 9020E systems and discusses the overall
operation of the systems under the control program.

Section 2 introduces the functional units within the CE
and describes the major CE operations and facilities; i.e.,
configuration control, storage addressing, instruction fetch-
ing and execution, interruption and direct control facilities,
interfacing with other elements, and maintenance features.

SECTION 1. RELATIONSHIP OF THE CE TO THE
9020D AND 9020E SYSTEMS

The IBM 7201-02 Computing Element (CE) is the nucleus
of the 9020D Central Computer Complex (CCC) and the
9020E Display Channel Processor (DCP) systems. It is the
primary element for computation, logic, and control within
these systems.

Because the two systems differ in structure and in the
tasks they perform, the function of the CE is somewhat
different in the two systems. The CEs are physically the
same, however; each is equipped to perform all of the
functions required by either system. Specific physical
adaptation required for a CE to operate in a particular
system is provided by plug cards contained in the logic. The
physical plugging of these cards provides such information
to the CE as type of system, amount of available storage,
number of other elements installed on the system, etc.
These plug cards can be altered by maintenance personnel if
the system structure is changed for any reason.

The two systems are described briefly in the following
paragraphs. For an extensive introduction to either system,
refer to the applicable introduction manual:

9020E System Introduction Manual,

9020D System Introduction Manual,
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- CHAPTER 1. INTRODUCTION

IBM 9020D CENTRAL COMPUTER COMPLEX (CCC)

The IBM 9020D Central Computer Complex (CCC) is the
collection of computers and computer-controlled -equip-
ment responsible for the real-time processing of air traffic
data for subsequent use by flight controllers in performing
the air traffic control' task. The CCC receives data from
many sources, processes it, and makes it available in the
form of flight progress strips; various operational messages,
and display ‘data. It is directly responsible for outputting
flight strips and operational messages, and passes partially
processed radar and weather data for additional processing
to an IBM 9020E Display Channel Processor (or similar
display processing equipment).

A CCC may contain as many as four CEs. These CEs
provide a pool of processing capability more than equal to
the air traffic control (ATC) task; thus, a malfunction in
one CE can be tolerated even under the heaviest workload.

1In the CCC, The CEs operate in conjunction w1th the
following elements:

. IBM 7251-09 Storage Elements (SEs)

. IBM 7231-02 I/O Control Elements (IOCEs)

. IBM 7289-02 Peripheral Adapter Modules (PAMs)
. IBM 726502 System Console (SC)

. IBM 2803-01 Tape Control Units (TCUs)

. IBM 2314-A1 Storage Control Units (SCUs)

The CEs do not contain main storage or channels;
mstead they depend on SEs and TOCEs to provide these
functions. A maximum of ten SEs provide main storage in
blocks of 524,288 bytes per SE. I/O channels are provided
by IOCEs which, under control of the CEs, perform all I/O
operations for the CCC. Because the IOCEs have direct
access to main storage, this arrangement frees the CEs from
the time-consuming process of transferring large amounts of
I/O data to and from storage. A maximum of three IOCEs
may be installed, each of which may have one multiplexer
channel and three selector channels (except for the third
IOCE, which may have only two selector channels). A
selector channel operates with one device at a time; a
multiplexer channel is time-shared between several devices.
In addition to channels, IOCEs also contain an IOCE-
processor feature, which enables a CE to delegate minor
tasks to the IOCE. '

The PAMs contain adapters of various types so that the
CCC may interface with a variety of external equipment for
data input and output. A maximum of three PAMs may be.
installed on the CCC system.

AU BAWN =
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Up to three TCUs control the operation of IBM 2401
Magnetic Tape Units (TUs). Each TCU has a dual interface,
which permits it to be connected to selector channels in
two different IOCEs.

Up to three SCUs can be attached to each CE SCON
interface. Each SCU has a dual interface which permits it to
be connected to selector channels in two different IOCEs.

The SC provides a central location for monitoring and
control of the 9020D system. Only one SC is provided,
since all critical controls and indicators are duplicated
elsewhere in the system. The SC contains an adapter for an
IBM 1052 I/O Writer and manual controls for attaching the
1052 to any installed IOCE. An IBM 2821 I/O Control Unit
is also manually switched at the SC to any of the attached
I0CEs. The 2821 is.the control unit for an IBM 2540 Card
Reader/Punch and an IBM 1403 High Speed Printer. An
interface is also provided to a system maintenance monitor
console (SMMC) which monitors both the CCC and the
DCP systems.

IBM 9G20E DISPLAY CHANNEL PROCESSOR (DCP)

The IBM 9020E Display Channel Processor (DCP) receives
radar and weather data from the CCC system via channel-
to-channel (CTC) adapters, which connects IOCEs in the
two systems. This data is further processed and passed on
to display equipment. The DCP also handles input and
output data for radar keyboard equipment. The display and
rader keyboard equipment are external to the DCP system.

A DCP system may contain as many as four CEs, which,

as in the CCC system, provide sufficient redundancy so that -

a malfunctioning CE can be tolerated under peak workload
conditions. CEs in the DCP system utilize special display
instructions for the processing of radar and weather data.
These display instructions are implemented in the CEs of
the CCC system as well, since all 7201-02 CEs are alike.
However, it is only in the DCP system that these instruc-
tions are useful.

In the DCP system, the CEs operate in con]unc‘uon with
the following elements:
. IBM 7251-09 Storage Elements (SEs)
. IBM 7289-04 Display Elements (DEs)
. IBM 7231-02 I/0O Control Elements (IOCEs)
. IBM 7265-03 Configuration Console (CC)
. IBM 2803-01 Tape Control Units (TCUs)
. IBM 2701-01 Data Adapter Units (DAUs)

AN AW N =

The SEs, IOCEs, and TCUs are the same as those in the
9020D CCC system and perform the same functions. The
DEs, CC, and DAUs are used in the DCP system only.

A DE is similar to an SE in many respects. The storage
section of a DE is used to buffer display data for the
display equipment. The switch unit portion of a DE
interfaces with up to four display generators (DGs), each of

12 (6/71)

which control six character vector generators (CVGs). The

CVGs request and receive data from the DEs and use the

data to control plan view displays (PVDs), one PVD per

CVG. '
Each DE is also capable of interfacing with four CEs and

receives data from them as a result of the CEs execution of

the display instructions. The DEs are also provided with a

wrap bus, which makes possible the testing of DEs by

returning data (which would normally go to CVGs) to the

CEs for checking. The CE is provided with a DE wrap

interface for this purpose.

The DAU connects to radar keyboard -multiplexers
(RKMs) to provide a data path between IOCE multiplexer
channels and keyboard equipment located at the radar
consoles.

The CC is similar to the SC in the CCC system, with the
following exceptions:

1. Additional units, called reconfiguration control units
(RCUs), are housed within the CC. The function and
purpose of the RCUs is explained in the 9020E System
Introduction Manual.

2. No 1052 adapter is housed in the CC; adapters housed in
the CEs are used instead.

3. The SMMC interface:is of a different type. The SMMC
interface for each system is explained in Chapter 3 of .
the respective System Introduction Manuals.

4. Additional indicators are installed to permit the status of
display equipment to be indicated.

CE INTERFACING

As the controlling element in the system, the CE interfaces
with every major element and unit. A brief discussion on
CE interfacing is presented below. (For a complete dis-
cussion of element.interfacing, refer to Appendix B of this
manual.)

Figure 1-1' shows CE interfacing in simplified form. Five
main types of interfaces are shown: =~ :
1. CE-CE
2. CE-SE and DE

] 3. CE-TCU, SCU, and PAM or RCU

4: CE-IOCE
5. CE-SCor CC

The CE to CE interface provides data paths for configura-
tion information, ATR information, and direct control.
(Note that each CE also interfaces with itself for these
purposes.) Other interfacé lines conduct the system reset,
direct control signals, and the ‘element check’ (ELC) signal.
These control lines enable any CE to monitor the operation
of the other CEs and to coordinate them in multisystem
operation. '

Each CE interfaces with each SE and DE in the system.-
These interfaces are very similar. A Storage Data Bus In
(SDBI) and a Storage Data Bus Out (SDBO) provide for the
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®Figure 1-1. Computing Element Interfacing

transfer of data, a doubleword at a time, between the CE
and storage. The SDBI is also used to transfer configuration
data to SEs and DEs. No separate configuration bus exists
to these elements. Separate interface lines are provided for
storage addresses and keys. A number of additional
interface lines permit synchronized operation and permit
the CE to monitor for SE or DE errors or abnormal
conditions. :

In the.CE to DE interface, special lines permit the
testing of DEs without interfering with display equipment.
Request “lines from the CE to the DE permit the CE to
request data from the DEs which normally -would be
transferred to the display equipment. A special “DE Wrap”
bus is provided for return of the data to the CE. -

The CE interfaces with TCUs, SCUs, and with either
PAMs or RCUs, depending on whether the system is a
9020D or a 9020E. These interfaces are very similar.
Provision is made for configuration data to be transferred

to these units and for the signals necessary to permit the CE
to select the units for configuration and monitor them for
errors or abnormal conditions. '

The CE to IOCE interface is relatively complex com-
pared with the other interfaces although no direct data path
is available between these two element types. Shared
storage is used for this purpose. The major portion of the
CE to IOCE interface consists of a control bus used for the
following purposes: SCON and SATR information, IOCE-
processor start, I/O instructions, IPL, interrupts, and
logout. In all but the first two of these, the CE’s PSBAR is
placed on the bus to enable the IOCE to access the PSA.
The IOCE to CE interface lines consist mainly of signal
lines which permit CE and IOCE operation to be synchro-
nized when necessary and which permit the CE to monitor
for errors and abnormal conditions. Direct control signals
are provided between CEs and IOCEs, but no direct control
data path exists: :
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The CE interfaces with the SC or CC to enable the CE
status to be displayed at the console and to enable various
CE control panel functions to be controlled remotely from
the console.

In all the interfaces mentioned, certain common char-
acteristics exist. Provision is made for the CE to configure
all elements and to monitor them for abnormal conditions.
A system reset signal is also provided to each element.

Note in Figure 1-1 that lines are shown entering and -
leaving the CE to connect with a 1052 adapter. This

adapter is housed in the CE for use in the 9020E system. It
connects an JOCE multiplexer channel to a 1052 1/O writer
located at the CC. (The operation of the 1052 adapter is
described in Appendix C of this manual.)

CONTROL PROGRAM

Because of the size and internal processing speed of the
9020 systems, it is not practical to manually load and
control the many subprograms (which run in as many as
four CEs), nor is it possible to respond manually to all of
the exceptional and abnormal conditions that arise and still
retain real-time processing capability. Therefore, the 9020
systems are designed to operate under a control program
(sometimes called a supervisor or monitor program). The
control program, operating at machine speed, can respond
rapidly to changes in workload and to various exceptional
and abnormal conditions. This rapid response is necessary

for the fail-safe, fail-soft operation required by the ATC

task. The control program for the ATC system is called the
executive control program (EXC).

The EXC program is responsible for many different
aspects of system operation. This section discusses these
various aspects and describes how certain hardware-
implemented facilities of the 9020 systems enable the EXC
program to achieve control over them.

Privileged Instructions

The EXC program has available to it certain privileged
instructions. These instructions, which can be executed
only by the control program, enable the EXC program to
initialize and control a number of operations and system
conditions. For example, all I/O instructions are privileged,
thus placing all I/O operations under direct control of the
EXC program. :

The manner in Wthh prmleged instructions are reserved
for control program use is shown later in this section.

Configuration Control

As noted in the system descriptions, the 9020 systems
contain more elements than are required to perform the
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ATC task, eveﬁ under peék workload conditions. The spare

elements are termed redundant; they may be used to
replace failing elements. Elaborate interfaces between
elements enable one element to be substituted for another
by changing the interface gating. This gating is controlled
by a configuration control register (CCR) in each major
element and unit. Because manual reconfiguration is too
time-consuming, the 9020 systems are designed to be

‘reconfigured under program control. A privileged instruc-

tion called Set Configuration (SCON) enables the EXC

“program to set the CCRs in each element unit.

Fields in the CCR determine for each element (1) other
elements/units with which it may communicate, (2) CEs
from which it may accept future reconfigurations, and (3)
the element state it is to assume. The first of these is
self-explanatory. The second field mentioned, called the
SCON field, enables the EXC to force an element to accept
reconfigurations only from the CE in which the EXC, itself,
is running. '

The element state field determines, for each element,
which manual controls are enabled. This enables the EXC
program to place the element under tight control or to
permit varying degrees of manual control for such purposes
as maintenance or program debugging.

Element states are discussed more fully later in this
section. The subject of configuration control is discussed in
relation to the CE in Section 2. System aspects of
configuration control are described in detail in Chapter 4 of
the system introduction manuals cited at the beginning of
this chapter.

Address Translation

Storage elements are reconfigurable even though each SE
represents a fixed block of addresses which ordinarily could
not be substituted for a different block of fixed addresses.
This substitution is made possible by an address translation
facility implemented in the CEs and IOCEs. The address
translation facility enables automatic translation of logical
addresses from the program into physical addresses in the
SE actually occupying a particular address block. This is
accomplished via an address translation register (ATR) in
each CE and IOCE. There are ten slots in the ATR for SE
identifiers (SE and DE identifiers in the 9020E system).
High-order bits of a logical address decode ATR slots rather
than SEs. The EXC program can set SE identifiers into the
ATR slots via another privileged instruction called set
address translator (SATR). This must be done prior to
executing the SCON instruction so that CEs and IOCEs will
decode the proper SEs to which they are configured. By
changing the ATR setting, the EXC program can substitute
one SE for another in the event of an SE failure.

The subject of storage addressing is discussed more fully
in Section 2 of this chapter and is described in detail in



Chapter 5 of the system introduction manuals cited at the
beginning of this chapter.

Preferential Storage Areas

Each CE in the system must have a unique area of storage,
called the preferential storage area (PSA), which is set aside
for storing certain data critical to the operation of that CE’s
programs. The PSA occupies 4096 bytes of storage. As will
be seen later, in the discussion of interruptions, the PSA
must be accessible both to the CE’s programs and to
hardware.

In the 9020 systems, in which SEs may be substituted
for each other, the PSA for a particular CE may be located
anywhere in storage on 4096-byte boundaries. A special
register, called the preferential storage base address register
(PSBAR) is used in each CE and IOCE to retain the current
location of the PSA. When a program running in the CE
addresses the lowest 4096 bytes of storage available to that
CE, address bits from PSBAR are substituted automatically
so that the actual location of the PSA is generated.
Low-order bits of the original address are retained so that
the program may specify particular locations within the
4096-byte PSA.

Again, a privileged instruction is available to the EXC
program for loading the PSBAR. This instruction is called
Load Preferential Storage Base Address (LPSB).

Provision is made to automatically search the ATR for
the next configured SE should a CE fail to gain access to
the SE containing its PSA. The EXC program is responsible
for establishing, in addition to PSAs, alternate PSAs for
each CE. The alternate PSA must be kept updated so that
data critical to continued operation will be available in the
event of a malfunction in the PSA SE.

This subject is discussed more fully in Section 2 of this
chapter and is described in detail in Chapter 5 of the system
introduction manuals cited at the beginning of this chapter.

Direct Control

Provision has been made for CEs to pass data directly
between them, one byte at a time, and for direct control
signals to pass between them. Certain direct control signals
may be passed between CEs and IOCEs also, but no direct
control data path exists between them. This facility
provides the EXC program with the ability to coordinate
simultaneous operation of CEs so that more than one
subsystem may operate under EXC program control. Via
this facility, the EXC program can start and stop CEs and
IOCE-processors and direct their activities into a coor-
dinated multisystem operation.

The direct control instructions are discussed in Section 2
of this chapter. A description of multisystem operation is
given in Chapter 6 of the system introduction manuals cited
at the beginning of this chapter.

Interruptions

An interruption may be considered as an automatic
program branch. That is, the current sequence of instruc-
tions is interrupted, and a branch (interruption) is taken to
a new instruction sequence. The interruption facility of the
9020 is hardware-implemented and, in most cases, is
completely automatic.

When an interruption occurs, the current status of the
CE is stored in a fixed location within the CE’s PSA.
Information is fetched from another location in the PSA to
control CE operation while the interruption is being
handled. For this reason, each CE must have a unique PSA
accessible by hardware as well as the program.

The status of the CE is saved at the time of the
interruption in a doubleword called a program status word
(PSW). The contents of the PSW describe the CE’s status
completely so that the original instruction sequence can be
continued later as though no interruption had occurred.
PSWs in which status is saved during an interruption are
called old PSWs. Information fetched to control the CE
during the handling of an interruption is in the form of a
new PSW. Both old and new PSWs have fixed locations
within a CE’s PSA so that they can be stored and fetched
automatically when an interruption occurs.

The EXC program is responsible for establishing the new
PSWs in its own PSA so that they will properly direct the
CE’s operation when called into use during an interruption.
This includes setting next-instruction addresses in each new
PSW that point to instructions that will handle the
particular type of interruption.

Five classes of interruptions occur in the 9020 systems:
. Machine-check
. Program
. Supervisor call
. External
. Input/output

LR W N

Both an old and a new PSW location exist in a CE’s PSA
for each class of interruption; thus, there are five old PSW
locations and five new PSW locations. The current status of
the CE is contained in the current PSW, which is not
located in storage at all. The current PSW is the total status
of the CE as represented by a number of control triggers in
the CE circuitry. There is no single location for all the bits
of the current PSW.
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As an interruption occurs, the condition of all the
triggers making up the current PSW is saved in the old PSW
for that interruption class. The new PSW for that interrup-
tion class is then fetched, and the triggers making up the
current PSW are set to agree with the bits of the new PSW.
This is shown in Figure 1-1 for a supervisor call interrup-
tion.

A special field in the old PSW is used to retain an
interruption code which provides the reason for the
interruption. Since the old PSW is accessible to the program
as well as to hardware, the program can examine this
interruption code to determine what action is required.

A privileged instruction called Load Program Status
Word (LPSW) provides the EXC program with the cap-
ability to load a PSW into the current PSW hardware from
anywhere in storage. Thus, after handling an interruption,
the EXC program can return to the original instruction
sequence simply by loading a PSW from the old PSW where
status was originally saved. For example, in the supervisor

call interruption, the EXC program would do an LPSW

from the location of the supervisor call old PSW to return
to the original instruction stream.

External Old I

Supervisor Call Old

Program Old I

Machine Check Old —I

1/0 Old |

l Current PSW J

External New I

Supervisor Call New }/

Program New I

Machine Check New I

1/0 New |
PSA

The contents of the PSW are described later in this
chapter. For the present, it is pointed out that each PSW
contains program state bits, one of which indicates whether
the CE is in supervisor state or not. Only in supervisor state
can privileged instructions be executed. Since LPSW is a
privileged instruction, the EXC program can load PSWs for
subprograms so that they do not run in supervisor state,
reserving that state for itself. It also is pointed out here that
provision is made in the PSW for masking interruptions.
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That is, a mask field in the PSW with bits corresponding to
interruption types may be used either to permit an
interruption to occur or to prevent it from occurring (mask
it off). This allows interruptions to be handled in an orderly
fashion and avoids the condition in which one interruption
follows immediately after another before the first can be
handled.

The five classes of interruptions provide the EXC
program with a high degree of control over system
operation and with the capability to monitor for error and
abnormal conditions. Each interruption class is discussed
here in terms of the special facilities it provides to the EXC
program. Masking is not considered here. A complete
introduction to interruptions is included later in this
section.

Machine-Check Interruptions

A machine-check interruption is caused by machine-
checking circuits detecting a machine malfunction. A CE
automatically logs the contents of various triggers and
registers into a logout area in the PSA when a machine
check occurs. At completion of the logout, a machine-
check interruption takes place-so that the control program
can analyze the logout and take appropriate action.

A machine check condition in an IOCE also results in a
logout into the PSA of the controiling CE, but the 10CE
must first request permission to log out and to interrupt.
Facilities are also available to enable a CE to request logout
information from SEs and DEs when the need arises.

The machine-check interruption facility alerts the con-
trol program to malfunctions in its immediate subsystem;
the logout facility provides additional information about
the malfunction so that the machine-check handling routine
in the control program can initiate appropriate action. For
example, the control program may elect either to replace
the failing element through system reconfiguration or
simply to record the error and restart the program
operation.

Program Interruptions

A program interruption occurs when certain conditions
(such as incorrect operands or programming errors) are
encountered in a program. The exact error is indicated in
the interruption code of the program old PSW. Program
interruptions alert the control program to program errors
within itself or within subprograms for which it is re-
sponsible. Depending on the cause of the interruption, the
instruction being processed may be suppressed, terminated,
or allowed to continue.



Supervisor Call Interruptions

The supervisor call interruption results from the execution
of the Supervisor Call (SVC) instruction. The interruption
code is used to convey the reason for the SVC. In this way,
a subprogram may call upon the control program to
perform various services such as initiation of I/O instruc-
tions, handling of unusual conditions encountered by the
subprogram, allocation of additional storage, etc.

External Interruptions

The external interruption facility of the 9020 systems is
quite elaborate because it is the primary means available to
the EXC program of monitoring for malfunctions and
abnormal conditions in the entire system. External inter-
ruptions result from four sources, which are described in
the following paragraphs.

Interval Timer at Limit. The interval timer is a fullword at
location 50 hex in the PSA, which is automatically fetched
from storage approximately every 16.7 ms, decremented,
and stored back again. It can be used for keeping the
correct time or for timing intervals between events. When
the timer overflows from a positive to a negative value, an
external interruption occurs. This permits the program to
reinitialize the timer values.

Interrupt Pushbuttons. An external interruption may be
manually initiated from a pushbutton on the CE control
panel or from a pushbiitton on the system or configuration
console.

Direct Control. CEs and I0CE-processors can initiate
external interruptions via direct control. These are gated by
the CCR in the CE so that they will not be accepted if the
CE is not configured to the interrupting element.

A special register, the processor interrupt register (PIR),
is used in the CE to identify an interrupting 10CE-
processor. A PIR bit in the external old PSW interruption
code alerts the program to examine the PIR. CEs sending
direct control interruptions are- identified directly in the
interruption code.

Abnormal Condition Signals. For external interruptions
resulting from abnormal condition signals, the interruption
code is not sufficient to code all the possibilities. Its
function is expanded by a register called the diagnose
accessible register (DAR) in the same way as it is expanded
by the PIR for IOCE-processor interruptions. As stated
previously, facilities are available in the PSW for masking
off interruptions. These facilities, too, are expanded by a
register, the DAR mask register (DARM). This is discussed
later in this section under “Interruption Masking”.
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Bits are set in the DAR of a CE by abnormal condition
signals received from CEs (including itself), SEs, IOCEs,
TCUs, and PAMs or RCUs. The abnormal condition signals
include: ‘element check’ (ELC), ‘out-of-tolerance check’
(OTC), and ‘on battery’ signal (OBS). In general, an ELC
indicates a malfunction in the logic of an element,an OTC
indicates an overtemperature condition, and OBS indicates .
that an element has switched over to battery backup power.
For details regarding the meaning of these signals, as sent
by different elements, refer to Chapter 8 of the system
introduction manuals cited at the beginning of this chapter.
The last point, OBS, should be clarified here, however.

Each major element is equipped with a battery backup
power source capable of sustaining operation for approxi-
mately 5 seconds (in the event of loss of external power).
Receipt of the OBS signal permits the EXC program to
close out operation of an element (or the whole system if
all power is lost), in a convenient and orderly manner, in
preparation for a power-down condition at the end of the 5
seconds. In this way, checkpoints can be established by the
program so that very little reinitialization is required when
power is restored.

Receipt of an abnormal condition signal from a given
element sets a particular bit in the DAR and, provided all
masking conditions are met, initiates an external interrup-
tion. A DAR bit in the external old PSW alerts the control
program to examine the DAR and determine the exact
cause of the interrupt. : :

Input/Output Interruptions

1/O interruptions provide a means by which IOCEs can
notify their controlling CE of special conditions concerning
the attached I/O devices. The address and channel of the
interrupting device is made available in the 1/O old PSW
interruption code. '

Responsibilities of the Control Program

We have examined the special facilities that are available to
the control program and which enable it to monitor and
exert control over total system operation. Now, the various
responsibilities of the control program may be summarized.
The major responsibilities of the control program are listed
as follows:

1. Configuring the system into subsystems appropriate for
the current tasks and, also, reconfiguring as conditions
vary.

2. Assigning SEs to subsystems and initializing the address
translation hardware in the CEs and IOCEs.

3. Establishing PSAs and alternate PSAs and initializing
PSBAR in the CEs.

4. Loading and operating subprograms.
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5. Sharing .areas of main storage among subprograms
needing access to common information.
6. Scheduling and controlling /O operations.
7. Providing services to subprograms, when requested via
supervisor calls.
. Coordinating multisystem operation.
9. Monitoring for errors, malfunctions, and other ab-
normal or exceptional conditions.
10. Keeping a running log of machine checks and I/O
errors.
11. Providing standard error- and malfunction- handhng
routines, such as error analysis and reconfiguration.
12. Accommodating manually entered requests for mainte-
nance elements or subsystems when conditions permit.
3. Interfacing with operating personnel via operational

\ messages.

ELEMENT STATES

o

Each major element and unit in the 9020 systems can
operate in any one of four element states, depending on the
state bit settings in the CCR. The state of an element
largely determines its availability to the ATC system
because it affects the element’s response to reconfiguration
and the degree to which manual control over the element is
permitted. In the case of the CE, the capability to execute
the SCON instruction effectively and the capability to mask
ELCs received from other CEs is also affected by the state.

There are four element states, O through 3. State 3 is the
highest operational state; i.e., it is the state in which the
EXC program has maximum control of the element and
manual control is minimal. State O is the lowest operational
state, with maximum manual control permitted.

State 0 is divided into two substates by a TEST switch
on each element (including the CE). The major effects of
placing an element in ‘test’ (turning the TEST switch on)
are preventing the element from being “configured away”
by some CE executing a SCON instruction and enabling
maintenance personnel to power the element up and down.

Table 1-1 summarizes the effects of element state on a
CE. Table 4-1 in Chapter 4 shows how manual controls are
affected by state and by the setting of the TEST switch. In
connection with the enabling and disabling of manual
controls, one other condition must be considered. That is
the setting of the SYSTEM INTERLOCK switch. - This
locking switch enables certain CE panel controls to permit
SC or CC functions to be duplicated at the CE.

A similar SYSTEM INTERLOCK switch at the system or
configuration console permits a number of CE panel
control functions to be initiated from the console. The
SYSTEM INTERLOCK switch at the console overrides the
switch on the CE panel if both are turned on.
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PROGRAM STATUS WORD

A doubleword, the program status word (PSW), contains
the information required for proper program execution. In
general, the PSW controls instruction sequencing and holds
and indicates the status of the CE in relation to the
program being executed. The PSW has the followmg
format:

Interruption Code \

System Mask | Key Uw P Syhs,‘f:;i\(

0 78 MI2131415 16 19 20 » )
frog Instruction Addr

ILC|CC Mask nstruction Address

2N UBB WK : &

Bits 0—7 and 16—19, System Masks. Associated with 1/O
and external interruptions as follows:

System Mask Bit Interruption Source

0 Multiplexer channel O

1. Selector channel 1

2 Selector channel 2

3 Selector channel 3

4 Multiplexer channel 4

5 Selector channel 5

6 Selector channel 6

7 Timer, Interrupt pushbuttons, Direct

Control, PIR, and DAR

16 Selector channel 7
17 Multiplexer channel 8 -
18 Selector channel 9
19 Selector channel A

Note: Channels 0—3 = IOCE 1; channels 4—7 = IOCE 2; channels
8—A=I0CE 3

When a system mask bit is 1, the associated source can
interrupt the CE; when bit is a 0, the interruption remains
pending. '

Bits 8—11, Key. Contain the CE storage protection key.
The key is matched with the storage key whenever data is
stored. or whenever data is fetched from a location that is
fetch-protected.

Bit 12, U (USASCII-8). Affects decimal operations only.
When bit is a 1 and in unpacked format, decimal digits are
represented by USASCII-8. When bit is a 0, EBCDIC is
specified.

Bit 13, M (Machine- Check Mask). When b1t isal,a
machine check causes the CE to log out its status to main
storage and to take a machine-check interruption. If the
machine-check mask is a 0, the machine check remains
pending. As a maintenance aid, the CHECK CONTROL




Table 1-1. Effect of Element State on CE Operation

CE Panel Controls (Note 7) System
or
Execute Issue Accept CE ELC Configuration
CE SCON SCON SCON (Note 6) CCR, Console
State Instruction (Note 3) (Note 4) Maskable Operator Maintenance Power | Controls
Three Yes Yes Yes Yes No No No Yes (Note 8)
Two No (Note 1) N/A Yes No No No No Yes
One No (note 1) N/A Yes No Yes No No Yes
Zero, and
Test Switch
Off Yes Yes Yes No Yes Yes No Yes
Zero, and '
Test Switch
On Yes (Note 2) No (Note 3) No (Note 5) Yes Yes Yes Yes No
Notes:

(1) Execution of Set Configuration instruction is suppressed and a specification interruption is taken.

(2) Manual control of CCR settings is provided. The Set Configuration instruction may be executed when the state bits are manually
set to Three or Zero. The selection of other system elements and the propagation of the configuration mask are suppressed. All
instruction exceptions are recognized and program interruptions are taken. If Set Configuration instruction is attempted while the
state bits are set to One or Two, note (1) applies.

(3) "Issue SCON” refers to the ability to select external elements and present the configuration mask information when executing the
Set Configuration instruction.

{4) “Accept SCON’* means to accept the configuration mask bits into the CCR. The Scon bit for the issuing CE must be already set in
the receiving CCR. If either the Scon bit is off or the mask is accepted with improper parity, condition code 2 is set in the issuing
CE. (Two important exceptions to this rule should be noted: Whenever any receiving element has detected improper parity on the
content of its CCR, or has its state bits set to Three, Two, or One and has all scon bits set off in its CCR, configuration mask bits
are unconditionally accepted from any issuing CE.)

(5) All external configuration selection and mask signals are ignored. A self-issued configuration mask is accepted provided its own scon

(6)

bit is already set in the CCR.

Incoming CE ELC's (element checks) are masked off when the Scon bit for the issuing CE is off in the CCR of the receiving CE.
Where ““yes’’ is entered the CE ELC is also maskable by the external interruption mask, PSW bit 7. “No’’ indicates that any
additional masking provided is ignored. The receiving CE has its state bits set to Three, and an abnormal condition interruption is

taken. Refer to chapter 7 of 9020 System Introduction Manuals for details.
(7) A limited number of operator’s controls on the CE control panel are activated. Refer to Table 4-1 in Chapter 4.
(8) A number of the CE control panel facilities are enabled on the system console and configuration console.

switch on the system control panel can modify the
machine-check mask bit functions when the CE is in state
0. This bit also masks the 10CE special machine-check
interruption.

Bit 14, W (Wait State). When bit is a 1, CE is in the Wait
state; instructions are not executed until an external or 1/O
interruption or an IPL occurs. When bit is a 0, the CE is in
the Running state. ,

Bit 15, P (Problem State). When bit is a 1, CE is in the
Problem state. When bit is a 0, CE is in the Supervisor state.

Bits 20-31, Interruption Code. Identify the cause,
purpose, or source of the interruption. (Code has no
meaning in a new PSW.)

Bits 32 and 33, ILC (Instruction Length Code). Indicate
the length, in halfwords, of the last processed instruction.
This code is predictable only for most program and

supervisor call interruptions. For 1/O and external interrup-
tions, the interruption is not caused by the last interpreted
instruction, and the code is not predictable for these
instructions. For machine-check interruptions, the setting
of the code may be affected by the malfunction and,
therefore, is unpredictable. A code of 0, used only for
program interruptions, indicates that the instruction ad-
dress in the PSW is not the location of the instruction
following the instruction that caused the program interrup-
tion.

Bits 34 and 35, CC (Condition Code). Contain the
condition code that reflects the result of most arithmetic,
logical, or I/O instructions. Each of these operations can set
the code to any one of four states, and the conditional-
branch instructions can specify the state to be used as the
criterion for branching. For example, the CC may reflect
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such conditions as nonzero, overflow, and underflow. Once
set, the CC remains unchanged until modified by an
instruction that reflects a different code. The two bits of
the CC provide for four possible binary settings: 00, 01, 10,
and 1l. This manual refers to the CCs as 0, 1, 2, and 3. (The
CC has no meaning in a new PSW.)

Bits 36—39, Program Mask. Each bit is associated with a
program interruption as follows:

Program Mask Bit Program Interruption

36 Fixed-point overflow

37 Decimal overflow

38 Exponent underfiow (floating-point)
39 Significance (floating-point)

When a program mask bit is a 1, the associated program
interruption results in an interruption; when bit is O, the
interruption is lost.

Bits 40—63, Instruction Address. Specify the leftmost
byte address of the next instruction.

The active or controlling PSW is called the current PSW.
The information making up the current PSW is held in
triggers and registers in the CE and is constantly updated as
instructions are executed. (The instruction-address field of
the PSW, for example, is held in the instruction counter and
is updated to give the address of the next instruction to be
executed.) When an interruption is taken, the PSW is
assembled in the ST register and is transferred to a fixed
location in main storage corresponding to the interruption.
(The stored PSW is called the old PSW.) In this way, the
program can preserve, for subsequent analysis, the status of
the CE at the time of interruption. To complete the
interruption, a new PSW is introduced into the CE from
another unique main storage location, and the instruction
at the specified location is fetched.

In certain circumstances, the entire PSW is loaded into
the CE; in others, only part of it. As explained in the
preceding paragraph, when the CE is interrupted, the entire
current PSW is stored, and an entire new PSW is loaded.
The state of the CE may be changed by executing the Load
PSW instruction, which introduces a new PSW. New
program mask and system mask bits may be specified by
altering the corresponding fields in the PSW through the Set
Program Mask and Set System Mask instructions, re-
spectively. The Set Program Mask 'instruction also changes
the condition code.

Program States
There are eight paired states, Problem/Supervisor, Oper-

ating/Stopped, Running/Wait, and Interruptable/Masked.
All of these states, except Stopped, are defined in the PSW.
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The following paragraphs define the program states and
discuss the PSW. The eight program states that determine
the overall CE status differ in he way they affect the CE
functions and in the way their status is indicated. Refer to
Table 1-2 for pertinent information about the program
states.

Table 1-2. Program States

State Comments

foad PSW, Set System Mask, Diagnose, Load
PSBAR, Store PSBAR, Set Configuration, Set|
Address Translator, and Start |/O Processor|
instructions, and all 1/0, storage protection, and
direct control instructions are invalid. These
instructions are termed privileged instructions.

Problem

Supervisor All instructions are valid.

. CE processes instructions (if not in Wait state)
and interruptions (if not masked off). Entered
by: : )

1. Depressing START at SC or CC with CE

selected and SYSTEM INTERLOCK on.

2. Depressing START on CE control panel with
CE in_ state zero or with SYSTEM INTER-
LOCK on at CE and off at SC or CC.

3. Starting an IPL operation.

Operating

Instructions and interruptions are not processed;
interruptions remain pending. The timer is not
updated. Execution of program is not affected
by stopping CE. Entered by:

1. Depressing STOP at SC or CC with CE
selected and SYSTEM INTERLOCK switch
on or, depressing ALL STOP at SC or CC
with SYSTEM INTERLOCK switch on.

2. Depressing STOP on CE control panel with
CE in state zero or with SYSTEM INTER-
LOCK on at CE and off at SC or CC.

3. Detecting equality on an address-compare
stop operation with CE in state zero or one
with SYSTEM INTERLOCK on at CE and off
at SC or CC.

4. Completing one instruction when in instruc-
tion-step mode with CE in state zero or one
with SYSTEM INTERLOCK on at CE and off
at SC or CC.

5. Turning power on or following a system reset
with CE in state zero and TEST switch on.

Stopped

Instruction processing proceeds in normal

manner.

Running

Wait No instructions are processed, and main storage
is not addressed. The CE waits for an 1/O or
external interruption to occur before executing
further instructions, or for an IPL. operation.

Interruptable
Masked

Interruptions are accepted.

System and machine-check interruptions remain

pending, and program interruptions are ignored.




Problem/Supervisor

In the Problem state, all privileged instructions are invalid.
A privileged instruction encountered in the Problem state
constitutes a privileged-operation interruption and inter-
rupts the operation. In the Supervisor state, all instructions
are valid. Because of the Problem/Supervisor program

states, programs run in Problem state (such as subprograms

running under the EXC program) are often called problem
programs and programs like the EXC are often called
supervisor programs.

The CE is switched between the Problem and Supervisor
states by changing PSW (15). When PSW (15)is a 1, the CE
is in the Problem state; when a 0, the CE is in the
Supervisor state. This bit can be changed only by intro-
ducing a new PSW. Thus, the status switching for Problem/
Supervisor state may be performed by an interruption
operation or by a Load PSW instruction containing a new
PSW with the desired value in bit 15. Because the Load
PSW instruction is a privileged instruction, the CE must be
in the Supervisor state before the switch. The CE status can
also be changed between Problem and Supervisor states by
issuing a Supervisor Call instruction or an initial program
load (IPL). The Supervisor Call instruction causes an
interruption which will load new PSW data. This new PSW
data may change the state of the CE. Similarly, the 1PL
introduces a new PSW. The new PSW may introduce the
Problem or Supervisor state, regardless of the preceding CE
state.

Operating/Stopped

When the CE is in the Stopped state, instructions and
interruptions are not executed. When the CE is in the
Operating state, instructions are executed as long as the CE
is not also in the Wait state. Interruptions are taken if they
are not masked off. A change in the Stopped/Operating
states can occur only by manual intervention or by machine
malfunction. No instruction or interruption can start or
stop the CE. The CE is placed in the Stopped state when
STOP on the CE control panel is depressed, detecting
equality on an address-compare-stop operation, completing
one instruction when in instruction-step mode, and after
power is turned on or following a system reset, except
during IPL. For these manual controls to be enabled, the
CE must be in element state 0, 1, or test; or must have the
SYSTEM INTERLOCK switch (at the CE control panel)
turned on while the SYSTEM INTERLOCK at the SC or
CC is turned off. The CE may also be placed in the Stopped
state from the SC or CC by turning on the SYSTEM
INTERLOCK switch there and depressing ALL STOP or
STOP with that CE selected.

The CE is placed in the Operating state by depressing
START or LOAD on the CE control panel, provided the CE

is either in state 0, 1, or test; or if the SYSTEM
INTERLOCK switch is turned on at the CE control panel
and off at the SC or CC. The CE is also placed in the
operating state if START or LOAD is depressed at the SC
or CC with the CE selected and the SYSTEM INTERLOCK
switch on at the SC or CC.

Changing from the Operating state to the Stopped state
occurs at the end of instruction execution and before the
start of the next instruction execution. When the CE is in
the Wait state, the change from Operating to Stopped
occurs immediately. All interruptions pending and not
masked off are taken while the CE is still in the Operating
state. The interruptions cause an old PSW to be stored and
a new PSW to be fetched before entering the Stopped state;
interruptions are no longer taken but remain pending.

Running/Wait

In the Wait state, no instructions are processed, and main
storage is not addressed. In the Running state, instruction
fetching and execution proceed in the normal manner. The
CE status is switched between the Wait and Running states
by PSW(14). When PSW(14) is a 1, The CE is in the Wait
state; when a O, CE is in the Running state. This bit can be
changed only by introducing a new PSW. Thus, switching
from the Running to the Wait state may be achieved by the
privileged instruction Load PSW, by an interruption such as
given by a Supervisor Call instruction, or by an IPL.
Switching from the Wait to the Running state may be
achieved by an 1/O or external interruption or by an IPL.
The new PSW may introduce the Wait or Running state
regardless of the preceding CE state.

Interruptable/Masked

The Interruptable/Masked state of the CE is determined by
the system mask bits PSW(0—7, 16—19), the machine-check
mask bit PSW(13), and the program mask bits
PSW(36—39). If a mask bit is a 1, the associated interrup-
tion is accepted; if it is a 0, system and machine-check
interruptions remain pending, and program interruptions
are ignored. The PSW bits and interruptions that will occur
if the bit is active are listed in Table 1-3.

The Interruptable/Masked state of the CE is switched by
changing the mask bits in the PSW. The program mask may
be changed separately by the Set Program Mask instruction,
and the system mask may be changed separately by the Set
System Mask instruction. The machine-check mask bit can
be changed only by introducing an entirely new PSW, as in
the Problem/Supervisor and Wait/Running states. Thus, a
change in the entire masked status may be achieved by the
privileged instruction Load PSW, by an interruption (such
as for the Supervisor Call instruction), by an IPL, or by a
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Table 1-3. PSW Interruption Mask Bit Designations

PSW Bit Interruptions
System Mask
0 Multiplexer Channef O
1 Selector Channel 1
2 Selector Channel 2
3 Selector Channel 3
4 Multiplexer Channel 4
5 Selector Channel 5
6 Selector Channel 6 .
7 Timer, INTERRUPT Pushbuttons,
External Signals, DAR, or PIR
16 Selector Channel 7
17 Multiplexer Channel 8
18 Selector Channel 9
19 Selector Channel A
Machine-Check Mask
13 Machine-Check
Program Mask
36 Fixed-Point Overflow
37 Decimal Overflow
38 Exponent Underflow {Floating-Point)
39 Significance (Floating Point)

PSW restart operation. Regardless of the preceding program
state, the new PSW may introduce a new mask status.

Interruption Masking

Sometimes it is not desirable to allow an interruption. This
condition becomes apparent when I/O interruptions are
considered (Figure 1-2). Assume an I/O operation is
completed, resulting in an [/O interruption. The current
PSW is stored as the old PSW to give the supervisor the
reason for (or the source of) the interruption. This old PSW
also enables the supervisor to return to the interrupted
problem program. A new PSW is then brought out of
storage to become the current PSW, which indicates the
first instruction of the I/O interruption-handling routine.
At this time, if a second I/O interruption (perhaps caused
by operator intervention at an I/O device of another
channel) were allowed, the old PSW stored as a result of the
first I/O interruption would be lost. The supervisor can
prevent this second I/O interruption from being accepted
until it has processed the first I/O interruption by means of
mask bits in the new PSW. If the corresponding mask bit is
a 1, the interruption is taken; if bit is a 0, the interruption
is ignored or remains pending. External and I/O interrup-
tions may be masked" off by the system mask field of the
PSW; machine-check interruptions may be masked off by
the machine-check mask bit; 4 of the 15 program interrup-
tions may be masked off by the program mask field.

System Mask Field. The system mask field consists of 12
bits PSW(0—7, 16—19), which can be used selectively or

1-12 (7/70)

collectively to mask all I/O and external interruptions.
These are shown in Table 1-3.

To prevent an I/O or external interruption before the
first interruption has been processed, the system mask of
the new PSW should contain 0’s. When a system mask bit is
a 0, the associated I/O or external interruption remains
pending.

The system mask field may be changed by introducing a
new PSW, or it may be changed separately by the Set
System Mask instruction.

External interrupts resulting from bits set in DAR by

abnormal condition signals are masked by corresponding
bits in the DAR mask register. These bits are set via a
privileged instruction called Diagnose. Refer to Chapter 7
of the system introduction manuals cited at the beginning
of this chapter for further discussion.
Machine-Check. Mask Bit. The machine-check mask bit
PSW(13) controls the acceptance of a machine-check
interruption. If this bit is a 0, machine-check interruptions
are ignored and remain pending. If this bit is a 1,
machine-check interruptions are taken, depending on the
position of the CHECK CONTROL switch on the CE
control panel. If this switch is in the PROC (normal)
position, the CE stops, and the status is logged into main
storage; a machine-check interruption then takes place. If
the CE CHECK CONTROL switch is in the DSBL (disable)
position, the CE does not stop upon detection of a machine
check, and no logout or interruption takes place. If the
switch is in the STOP position, the CE stops upon detection
of a machine check, but there is no logout of data, and no
interruption takes place.

The usual mode of operation is to have the CHECK
CONTROL switch set to the PROC position and PSW(13)
settoal.

The machine check mask bit can be changed only by
introducing a new PSW.

Program Mask Field. The program mask field consists of
four bits, PSW(36-39), each of which is associated with a
program check:

Program Mask Bit Program Interruption

36 Fixed-point overflow

37 Decimal overfiow

38 Exponent underflow (floating-point)
39 Significance (floating-point)

When a program mask bit is a 1, the associated program
check results in an interruption; when a 0, no interruption
occurs, and the condition does not remain pending.

The program mask field may be changed by introducing
a new PSW, or it may be changed separately by the Set
Program Mask instruction.



PROBLEM PROGRAM

(" Assume first [/O interruption
Instr occurs at this time. Asa
result, the current PSW is
Instr stored into location 56 as
the old PSW, and a new
Instr PSW is fetched from location
-¢ 120. This new PSW becomes
Instr the current PSW, which
addresses the first instruction
Instr of the 1/O interruption=~
handling routine.

Instr

SUPERVISOR s
(17O INTERRUPTION- v
HANDLING ROUTINE) /s

Instr -
Instr

Instr

-

-t
Instr
Instr [Load (Old) PSW] If a second |/O interruption
were allowed to occur at
this time, the current PSW
would be stored at location
56, thus destroying the old
L PSW from the problem program.

Figure 1-2. Example of Need for Interruption Masking

PREFERENTIAL STORAGE AREA

Each CE in a 9020 system has a 4096-byte area of its
assigned storage set aside for the storage of PSWs, channel
control words (CAW and CSW), interval timer, and the
diagnostic logout area. This area is called the preferential
storage area (PSA). Table 1-4 shows those contents of the
PSA that must be at fixed locations within the PSA so that
they are accessible to hardware. The remaining portion of
the 4096-byte area may be used at the discretion of the
programmer.

Programs written for the 9020 are based on the
assumption that the PSA is in the lowest 4096 bytes of
storage. Thus, referring to Table 1-4, the CSW is accessed
by addressing the doubleword at the absolute address of

Location 56

Old PsSW

Current PSW

Location 120

New PSW

v

hex 40. This assumption is valid provided the control
program has properly initialized the PSBAR in the CE that
is executing the program. Hardware in the CE monitors for
addresses having the 12-high-order bits 0’s. Such an address
indicates that the program is attempting to access the PSA.
When such an address is detected, high-order bits from
PSBAR are ORed with the address, and the location in the
actual PSA is accessed.

The IOCE is often required to access its controlling CE’s
PSA. For example, the CE’s PSA must be accessible to the
IOCE for I/O operations, interruptions, and an IOCE
logout. A PSBAR in the IOCE is updated by the CE, via a
bus called the control bus, whenever the CE requests the
IOCE to perform an I/O operation (including IPL) or grants
permission to interrupt on logout.
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Table 1-4. Preferential Storage Areas

H\ﬂain Storage

Address
Dec Hex Length Information Stored’
0 0 Doubleword Initial program loading
PSW
8 8 Doubleword Initial program loading
Channel Command
Word 1 (CCW 1)
16 10 Doubleword Initial program loading
CCw 2
24 18 Doubleword E xternal interruption,
old PSW
32 20 Doubleword Supervisor call inter-
ruption, old PSW
40 28 Doubleword Program interruption,
old PSW
48 30 Doubleword Machine check inter-
ruption, old PSW
56 38 Doubleword 1/O interruption, old
PSW
64 40 Doubleword Channél Status Word
(Csw)
72 48 Word Channel Address Word
(CAW)
76 4C Word Unassigned
80 50 Word Timer
84 54 Word Unassigned
88 58 Doubleword E xternal interruption,
new PSW
96 60 Doubleword Supervisor call inter-
ruption, new PSW
104 68 Doubleword Program interruption,
new PSW
112 70 Doubleword Machine check inter-
ruption, new PSW
120 78 Doubleword 1/O interruption, new
PSW
128 80 64 doublewords Diagnostic' log-out area
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Note that an IOCE-processor has a PSA also, but it is
located in an internal storage, called MACH, which is not
part of main storage and is unrelated to PSBAR.

CONTROL OF I/O OPERATIONS
The following paragraphs discuss how I/O operations are
controlled by instructions, commands, orders, and control

words; and illustrate how the I/O system works, usmg the
Start 1/O instruction as an example.

Instructions, Commands, and Orders

Input/output operations are initiated and controlled by
three types of information: instructions, commands, and
orders. Instructions are decoded by the CE and are part of
the CE program. Commands are decoded and executed by
the IOCE, and they initiate I/O operations such as reading
and writing. Instructions and commands are fetched from
main storage and are common to all types of devices.
Orders specify functions peculiar to an 1/O device, such as
rewinding tape or spacing a line on a printer. Orders are
contained in the control command; they are decoded and
executed by the device. '

The action in an I/O device initiated by a command is
termed an I/O operation. Five I/O operations are available:
write, read, read backward, control, and sense. The IOCE
channel initiates the operation by executing the associated
command.

The Write command initiates a write operation at the
device. Data from main storage is fetched in an ascending
order of addresses and transferred to the device.

The Read command initiates a read operation at the
device. Data is read from the device in the same sequence as
it was written by a Write command. Data is placed into
main storage in an ascending order of addresses.

The Read-Backward command initiates a read-backward
operation at the device. Data is read from the device in a
sequence opposite to that in writing. Data is placed into
main storage in a descending order of addresses.

The Control command contains information, termed
orders, that controls the selected device. Orders are unique
to the particular device in use and specify such functions as
backspacing or rewinding magnetic tape. Orders are fetched
from main storage in an ascending order of addresses and

- transferred to the device.

The Sense command initiates a sense operation at the
device. Data transferred during a sense operation provides



information about unusual conditions detected during the
last operation and the status of the device. Data is placed
into main storage in an ascending order of addresses.

I/O Control Words

Three I/O control words are used during an I/O operation:

1. Channel address word (CAW), which initiates I/O se-
quencing.

2. Channel command word (CCW), which controls 1/O
operations and sequencing.

3. Channel] status word (CSW), which indicates channel
status.

Channel Address Word

The CAW specifies the address of the first CCW associated
with the Start I/O instruction. The CAW is assigned
permanent main storage address 72 (decimal). The IOCE
channel refers to the CAW only during execution of the
Start 1/O instruction. The pertinent information is stored in
the IOCE channel, and the CE program is free to change the
contents of the CAW. The CAW has the following format:

LKey JO 00 Ol Command Address 1
0 34 78 3

Bits 0—3 Key. Specifies the storage protection key for
all commands associated with the Start I/O instruction.

Bits 4—7. Must be all 0’s.

Bits 8—31, Command Address. Designates locatlon of
the first CCW in main storage.

Channel Command Word

The CCW specifies the command to be executed and, for
commands initiating I/O operations, desi