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Preface

This publication discusses the operation
of the I/0 supervisor. It is directed pri-
marily to IBM customer engineers and to IBM
system programmers.

The publication is divided into an
introduction and five sections to provide
both general and detailed presentations of
the following areas:

* EXCP supervisor
e I/0 interruption supervisor

e Error routines
4.
e SVC transient area routines '

e Control blocks, tables, and queues

| All options that may be added to the
control program are included in the presen-
tations. These are multiprogramming with a
fixed number of tasks (MFT or Option 2) and
multiprogramming with a variable number of
tasks (MVT or Option 4). The control pro-
gram options are explained in the publica-
tion IBM System/360 Operating System:
Storage Estimates, Form C28-6551.

Fifth Edition (November, 1968)
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The input/output (I/0) supervisor is the
portion of the control program that issues
the privileged I/0 instructions and super-
vises the resulting I/0 operations for any
program that requests I/0 device activity.
The I/0 supervisor has two purposes:

e To handle I/0 requests, which are
requests for the execution of channel
programs.

e To handle I/0 interruptions, which
result from the execution of channel
programs and from operator
intervention.

To facilitate the handling of the I/0
requests and interruptions, the I/0 super-
visor is divided into two major program
sections:

e Execute channel program (EXCP)
supervisor.

e Input/output (I/0) interruption
supervisor.

These major sections reside in main
storage and provide control program support
for the execution of channel programs.

The EXCP supervisor handles all I/O
requests issued by means of the EXCP macro
instruction and SVC 15. The I/O interrup-
tion supervisor handles all I/O interrup-
tions, provides error recovery supervision,
indicates to the user when an I/0 request
is complete, and restarts available devices
and channels.

S .
Z~ Dynamic >
Area

/'—_\

Nonresident Error. SVCLIB

Main Routines and 1/O Partitioned

Storage Purge Routine Data Set

SVC Transient
NUCLEUS
r 1/O Supervisor Transient Area Area Routines Partitioned
Data Set
Fixed i
2 Fxed | SVC Tenient Ao EXCP Supervisor, 1/G /C_,/
Interruption Supervisor,

Resident Control Program

0

Figure 1.

Introduction

Routines and control areas used with the
I/0 supervisor are:

Error routines

Purge routine and restore routine
DEVTYPE routine

IOHALT routine

Control blocks, tables, and queues

Error routines are transient and are
called by the I/0 supervisor to handle
device and channel errors and unusual con-
ditions. The purge and restore routines
are also transient and are used, respec-
tively, to remove from the system I/0
requests that are active or waiting to be
started and to reschedule I/0 requests that
were previously removed. The DEVTYPE rou-
tine passes information concerning I/0
device characteristics to the user. The
IOHALT routine allows the graphics or tele-
communications user to halt I/O activity on
any device except a direct access device.

Control blocks, tables, and queues all
reside in main storage. Control blocks are
created either by the user at assembly time
by means of control statements and macro
instructions, or by the system at system
generation time. Tables, and also the con-
trol fields for queues and the elements to
be queued, are created at system generation
time. The gqueues are then maintained by
the I/0 supervisor.

Figure 1 shows the organization of the
I/0 supervisor within main storage.

System Residence Volume

A
~_

LINKLIB
Partitioned
Data Set

Modules, and Control Areas

Organization of the Input/Output Supervisor Within Main Storage
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The Input/Output Supervisor

The I/O0 supervisor starts and supervises
I7/0 operations for programs that request
170 device activity.

Processing programs and the control pro-
gram request I/0 device activity via a
macro instruction. The type of macro
instruction that is used depends upon the
use of an access method.?

If an access method is used, the expan-
sion of the GET/PUT or READ/WRITE macro
instruction contains a branch to access
method routines. These routines construct
a channel program, provide control block
information, and cause control to be routed
to the I/0 supervisor via an EXCP macro
instruction.

If an access method is not used to re-
quest the execution of channel programs,
the processing program or the control pro-
gram must issue the EXCP macro instruction.
Before doing so, it must provide the neces-
sary channel program and the control block
information required for the I/O
supervisor.2

Figure 2 illustrates the relationships
among a processing program or the control

program, an access method, and the I/0
supervisor.
Processing Access Input/Output
Program Method Supervisor
Organize
Specify an Information Perform the
Input/ GET for the EXCP Input/
Output PUT Input/ Output
Operation READ Output Operation
WRITE Supervisor

Figure 2. Relationships Among a Process-—
ing Program or the Control Pro-
gram, an Access Method, and the

Input/Output Supervisor

1Access method descriptions are contained
in the IBM System/360 Operating System:
Supervisor and Data Management Serxrvices
publication, Form C28-66U6.

2The necessary information is contained in
the section "Execute Channel Program
(EXCP) Macro Instruction®" of the System
Programmer's Guide.
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When a channel program must be retried
because of an error in its execution, SVC
15 is issued, usually by IBM-supplied error
routines.

Execution of the EXCP macro instruction
or SVC 15 causes an interruption. This and
all other interruptions in the system are
handled by the first level interruption
handlexs (FLIH).2 After storing the program
status word (PSW) and saving the contents
of general registers, a FLIH routes control
to the routine that performs the functions
required by the interruption.

The I/0 supervisor receives control from
a FLIH after the following interruptions:

e Supervisor call (SVC) interruptions,
caused when SVC 0 (EXCP) and SVC 15 are
executed.

e T/0 interruptions of all types.

An SVC interruption also occurs when SVC
16, 17, 24 or 33, respectively, for the
PURGE, RESTORE, DEVTYPE or IOHALT macro
instruction is executed. A FLIH gains con-
trol; however, if the required purge or
restore routine is transient, it must be
called into the SVC transient area before
control is given to it.

Figure 3 shows the flow of control
within the system and within the I/0 super-
visor from the time an SVC or I/O interrup-
tion occurs until the time the interruption
is handled and the control program or a
processing program is given control.

The mainline code of the I/0 supervisor
is assembled as a single object module at
system generation (SYSGEN) time. Included
are five modular areas (these are not load
modules). Three of these areas are within
the EXCP supervisor and two are within the
I/0 interruption supervisor. The size and
function of each of these areas depends
upon system configuration and their inclu-
sion in the I/0 supervisor is determined at
SYSGEN time. Hence, the assembly listing
produced as SYSGEN output is the only list-
ing of I/0 supervisor mainline code.

3The FLIHs are described in the IBM System/
360 Operating System: Fixed-Task Supervi-
sor, Program Logic Manual, Form Y28-6612
(for PCP and MFT users) and the MVT Super-
visor, Program Logic Manual, Form Y28-6659
(for MVT users).
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Figure 3. Control Flow Within the System and the Input/Output Supervisor

The modular areas, shown in Table 1, Table 1. Modular Areas Within the Input/
N are: Output Supervisor
C S 1
|Majoxr | Modular Area
¢ Test channel. A test channel module | Program} T 4
determines if a channel is available |Section| Name | Features |
for the device that is to be used for } } + .|
an I/0 request. | | Test |One module per logical |
| |Channel |channel; created at |
| | | SYSGEN time. |
e Enqueue and dequeue. An enqueue module | b + 4
queues I/0 requests that cannot be | EXCP | Enqueue | Two modules; created |
immediately started. After an I/O |Super- | and lat SYSGEN time. |
request has finished, a dequeue module |visor |Dequeuej |
removes the request from the queue. | k + |
| |start |One module per device |
| |I/0 |class; selected at |
. e Start I/0. Start I/0 modules provide | | | SYSGEN time. |
device information and actions preced- I3 + + 4
ing the issuance of a start I/0 | |Channel|One module per physical |
instruction for the device. {70 | Search |channel; created at
. |Inter- | | SYSGEN time. |
| ruption} + i
e Channel search. When an I/0 request |Super- |Trap- |One module per device |
has finished such that a channel |visor |code |class; selected at SYSGEN|
becomes available, a channel search | | |time. |
module determines the next I/0 request L 1 L 4
to be started on that channel by
searching queues constructed by enqueue The load module names for the I/0 super-
modules. visor are IEAATIHOO for PCP and MFT and

IEAQFX00 for MVT. This load module
includes the mainline code of the I/0

e Trapcode. Trapcode modules establish supervisor, the five modular areas
. information for a device after an I/0 described above, and in addition, includes
c\ interruption associated with that the dispatcher, the exit effector, the

device.

FLIHs, and the communication vector table
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(CvT) of the task supervisor. The load
module names for the various error routines
and the purge and restore routines are sum-
marized in Appendix A.

Routines that supplement the handling of
I/0 requests and interruptions are appen-
dages to the I/0 supervisor. (They do not
alter the I/0 supervisor program.) These
appendages may be supplied by the user of
the I/0 supervisor.

Appendages are called into main storage
by the open routine and are removed by the
close routine or at the end of a job
step.®* When the I/0 supervisor branches to
an appendage, the current PSW has all
interruptions except machine check inter-
ruptions masked as disabled; it indicates
the supervisor state, and a protection key
of zero.

There are five exits from the I/0 super-
visor to an appendage vector table; the
table contains addresses, which may or may
not route control to an appendage. (The
appendage vector table is described in Sec-
tion V: Data Extent Block.) If control is
not routed to an appendage, the I/0 super-
visor retains control and continues normal
processing.?2

The five appendage exits are:

e End-of-extent. The provision for an
end-of-extent appendage is included
within the EXCP supervisor for direct
access device I/0 requests. The appen-
dage is given control when the EXCP
supervisor determines that execution of
the request will violate the extent
limits of the data set.

e Start I/0. The provision for a start
I/0 appendage is included within the
EXCP supervisor for all I/0 requests.
The appendage receives control preced-
ing the execution of the start I/0
(SI0) instruction for the request.

e Program-controlled interruption. The
provision for an appendage for a
program-controlled interruption (PCI)
is included within the I/O interruption
supervisor. The PCI appendage returns
control to the I/0 interruption super-
visor where normal processing
continues.

1The OPEN and CLOSE routines are described
in the publication IBM System/360 Operat-
ing System: Input/Qutput Support (OPEN/
CLOSE/EQV) , Program Logic Manual, Form
Y28-6609.

2Additional information regarding the use
of appendages can be found in the EXCP
section of the System Programmer's Guide.
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e Channel end. The I/O interruption
supervisor exits to a channel end ap-
pendage after a channel end interrup-
tion occurs, before indicating to the
user how the I/0 request completed.
(The channel end appendage is also
entered when the channel end interrup-
tion is accompanied by a wrong length
indication or a unit exception, or
both.)

e Abnormal end. The I/0 interruption
supervisor exits to an abnormal end ap-
pendage whenever there has been an
error associated with the processing of
an I/0 request..

EXCP SUPERVISOR

The EXCP supervisor is the portion of the
I/0 supervisor that starts the channel pro-
grams requested by use of the EXCP macro
instructions and SVC 15. It performs the
same procedures when initiating the channel
programs for both. Chart 01 shows the
functional flow of the EXCP supervisor, and
also of the I/0 interruption supervisor.
(A1l charts precede Appendix A.)

Before accepting a channel program for
execution, the EXCP supervisor determines
if:

e The control blocks for the I/0 request
are valid.

e The device for the I/0 request is
available.

* A physical channel for the device is
available.

If the first of these conditions is not
met, either a program check results or the
task requesting the I/O activity is abnor-
mally terminated. If either the device or
the channel is not available, the I/0 re-
quest is queued for subsequent processing.

When the required conditions are met,
the EXCP supervisor issues an SIO instruc-
tion, which in turn initiates the commands
in the channel program. The following con-
ditions may result:

¢ The channel program may be accepted and
the I/0 operations successfully
started.

e An error may occur during initiation of
the channel program, in which case,
control is given to the I/0 interrup-
tion supervisor and the reason for the
error is determined. If necessary, an
error routine is scheduled.
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e The control unit for the device may
signal busy. In this case, the channel
program is not accepted and the 1I/0
request is queued.

After the resulting condition is
handled, control returns to the FLIH.

I/0 INTERRUPTION SUPERVISOR

An I/0 interruption occurs after signals
from I/0 devices have been generated (in
response to channel program execution and
operator action) and accepted by the cen-
tral processing unit (CPU). The 1I/0 inter-
ruption supervisor analyzes status bits in
the channel status word (CSW), which is
stored as a result of the I/0 interruption,
to determine the reasons for the I/0
interruption.

The I/0 interruption supervisor pro-
cesses the following, when denoted by the
CSW status bits:

e Attentions. The appropriate attention
routine is entered.

e Status modifier situations. Status
modifier conditions, such as a control
unit busy condition that causes an I/0
request to be queued, are handled.

e control unit end, channel end, and
device end interruptions. These inter-
ruptions indicate normal ending condi-
tions and normal processing continues.
Normal completions are indicated to the
user.

e Busy conditions. When the selected 1I/0
device or control unit is unavailable,
the I/0 request is queued.

e Unit check. A sense command is issued
to obtain additional information
regarding the unit check.

e Errors and unusual conditions. When
errors, such as program, channel chain-
ing, and protection checks, and unusual
conditions, such as unit exception and
wrong length indication, are detected,
an error routine is scheduled. An
uncorrectable error is indicated to the
user as a permanent error condition.

e Program—controlled interruptions. A
PCI appendage supplied by the user of
the I/0 supervisor is entered.

e Channel errors. If channel control
check or interface control check
occurs, three possible procedures
exist: (1) If no recovery management
options are included in the system, the

| If either SERO,

wait state is entered immediately. (2)
SER1, or MCH is in the
system, the system environment is

is entered. (3) If the channel-check
handler (CCH) is in the system, an ana-
lysis is performed to prepare for poss-
ible retry by a device dependent error
routine.

I recorded before a possible wait state

Note: If the system is generated to oper-
ate in the multiprocessing mode, both CCH
and MCH must be specified as recovery
options.

The completion of an I/0 request is
indicated by a channel end or a channel end
and device end interruption. The I/O
interruption supervisor indicates this com-
pletion to the user.

After the reason for the I/0 interrup-
tion has been determined and the interrup-
tion processing completed, the I/0 inter-
ruption supervisor determines the state of
the channel upon which the interruption was
received. Pending I/0 interruptions are
accepted and handled. If the channel is
free, an attempt is made to restart it with
a queued I/0 request (one that was pre-
viously requested, but could not be started
immediately). The appropriate queues are
searched until an I/0 request is started or
until it is determined that there are no
I/0 requests that can be started on the
free channel. Control returns to the FLIH.

The Error Routines

Standard IBM-supplied error routines are
selected at SYSGEN time for each type of
I/0 device in the system. Error routines
are transient and reside in the SVC
library. However, the portions of the
direct access device error routine that are
necessary for the system residence device
and for frequent unusual conditions (end-
of-cylinder, head switching, alternate
track procedures, etc.) reside in main
storage. The names of the error routine
load modules are in Appendix A.

Whenever an I/0 interruption occurs and
the I/0 interruption supervisor detects an
error that requires error recovery proce-
dures, it determines whether or not an IBM-
supplied error routine is to be used. An
indication of the required error routine
and of the channel program that developed
the error are passed to the task supervi-
sor's exit effector and an asynchronous
exit is requested. The error routine must
be scheduled asynchronously because immedi-
ate in-line processing of the error would

| hinder efficient channel scheduling.
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The appropriate error routine is entered
into the I/0 supervisor transient area
(providing the error routine is not resi-
dent) and, when scheduled, is given con-
trol. The error routine determines the
type of error and, where possible, issues
SVC 15 in an attempt to retry the channel
program and to recover from the error. At
completion of error processing (successful
or unsuccessful), the error routine issues
SvVC 15 so that the I/0O request can be prop-
erly terminated by the I/0 interruption
supervisor. The completion is indicated to
the user and the error routine returns con-
trol to the task supervisor.

The Purge and Restore Routines

The SVC purge and restore routines are
transient and are called into the SVC tran-
sient area whenever a PURGE or RESTORE
macro instruction (SVC 16 and SvC 17,
respectively) is issued. The load module
name for the SVC purge routine is IGCOO0O01F
and for the SVC restore routine is
IGC0001G. Purge may be a resident routine,
if this option is selected at SYSGEN time.

The SVC purge routine removes active or
queued I/0 requests from the system. The
SVC restore routine reschedules I/0
requests that were previously purged.

There is also an I/0 purge routine; the
load module name is IGE0025E. This routine
is used only by the I/0O supervisor and
should not be confused with the SVC purge
routine, which is called by means of a sys-
tem macro instruction. The I/O purge rou-
tine removes certain requests from the sys-
tem whenever there has been a permanent
error. It is discussed in Section II:
Error Routine Interface.

The Control Blocks, Tables, and Queues

The I/0 supervisor, as well as other por-
tions of the control program, records the
status of devices, data sets, and internal
routines in control blocks, tables, and
queues.

The control blocks supply information to
the I/0 supervisor regarding I/0 requests
and devices, and regarding the data sets
required for the execution of the requests.
The tables point to device- and channel-
dependent modules and are used internally
by the I/0 supervisor. Queues are used by
the I/0 supervisor for I/0 requests that
cannot be started immediately. Section V
contains detailed formats and explanatiomns
of the control blocks and tables.
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CONTROL BLOCKS

Control blocks contain the information that
concerns the status and activity of 1I/0
devices, requests, and interruptions. The
I/0 supervisor is concerned with the fol-
lowing control blocks:

e Input/output block
e Data control block
e Data extent block

e Event control block
e Unit control block

These control blocks, and the pointers
indicating their relationships, are shown
in Figure 4.

|
T
|
|
|

ECB DCB

List

I
I
|
|
I CCw
!
|
!

Unprotected
Storage

N |

| |

-

Protected
Storage

ucCs

Figure 4. Control Blocks Used by the

Input/Output Supervisor

Input/Output Block

An input/output block (IOB) is the communi-
cation medium between a routine that
requests I/0 operations and the I/0 super-
visor. The address of an IOB is passed to
the I/0 supervisor when an I/0 request is
given.

The contents of an IOB include:

¢ The address of the channel program,
which consists of a group of channel
command words (CCW), to be executed.

e An indication that the channel program
is or is not related to other channel
programs. (Related channel programs
are all associated with the same data
set. Each is dependent upon the suc-
cessful completion of its preceding




related channel programs. If a per-
manent error occurs that is associated
with a related channel program, the I/0
purge routine purges the remaining
related requests for the data set.)

e A storage area for the CSW, which is
stored by the I/0 supervisor at the
completion of an I/0 request.

e The initial seek address for a direct
access device.

e The address of the data control block
and the event control block.

e Flags which are used by the device
dependent error recovery routines and
which provide communication between
these error routines and the I/0
supervisor.

Data Control Block

A data control block (DCB) contains infor-
mation that pertains to the current use of
a data set and contains the address of a
data extent block. A DCB provides the I/0
supervisor with the status of error correc-
tion procedures for each data set and indi-
cates whether or not IBM-supplied error
routines are to be used for the data set.

Data Extent Block

A data extent block (DEB) is an extension
of the information contained in a DCB.

Each DEB is associated with a DCB, and the
two blocks address each other. A DEB
describes the extent of a data set; it
indicates the storage medium, the location,
and the boundaries of the data set, con-
tains an appendage table address, and pro-
vides data protection and priority
information.

Event Control Block

An event control block (ECB) is used by the
I/0 supervisor to indicate to the user when
and how the execution of his channel pro-
gram completed. A normal completion is
determined by either a channel end or a
channel end and device end interruption.
The I/0 supervisor indicates a request has
completed, successfully or not, by posting
the request complete by use of the post
routine of the task supervisor.?

iror information concerning the post rou-

tine, refer to the Fixed-Task Supervisor,
Program Logic Manual for PCP and MFT, and
the MVT Supervisor, Program Logic Manual

for MVT.

Unit Control Block

A unit control block (UCB) is the means by
which the I/0 supervisor notes and deter-
mines the activity and status of each 1/0
device attached to the system. A UCB
represents the I/0 device for the volume
upon which a data set resides. It is
addressed by a DEB.

There is one UCB for each I/0 device or
telecommunications line addressed in the
system. One UCB per volume is required if
a data set resides on two or more volumes
that are mounted concurrently upon separate
I/70 devices. In this case, each of the
UCBs is addressed by the same DEB.

The contents of the UCB include:

e The channel and unit address, which is
used in the SIO instructions for the
device.

e The type of device the UCB represents
(e.g., IBM 2311 Disk Storage, IBM 2400
Magnetic Tape Unit, etc.).

e Flag bits, which indicate the current
status of the associated I/0 device.
For example, the UCB busy bit may be
set to indicate that the device is cur-
rently in operation. Other flag bits
may be set to indicate UCB not ready,
control unit busy, post, etc.

e An area for sense information, which
details the conditions, such as a pro-
gramming error or equipment malfunc-
tion, that cause a unit check interrup-
tion. When the I/0 supervisor issues a
sense command, up to six bytes of sense
information from the control unit of
the device is read into this area; the
number of bytes of information that is
meaningful varies with the device type.

e Reference fields,
indexing value or an address, that
refer to tables. When the reference is
an indexing value, the I/0 supervisor
adds it to the starting address of the
pertinent table to obtain the address
of the proper entry. When the
reference is an address, it is of the
proper entry.

consisting of an

e A work area for direct access device
error recovery procedures.

TABLES

Tables contain pointers to control blocks
and to device- and channel-dependent rou-
tines, modules, and queues. They also pro-
vide an area for device statistics. The
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I/0 supervisor contains the following
tables:

UCB lookup table

Channel table

Device table

Statistics table
Attention table

Request element table
Logical channel word table

These tables, and the pointers indicating
their relationships, are shown in Figure 5.

UCB _Lookup Table

The UCB lookup table contains the address
of each UCB in the system and the values
that are necessary to locate these UCB
addresses within the table. The table is
divided into channel values, control unit
values, and UCB addresses.

After an 1/0 interruption occurs, the
I/0 supervisor calculates the address of
the UCB that represents the I/0 device
associated with the interruption. The
table values and the I/0 address, which is
stored in the PSW, are used to perform the
calculation.

Channel Table

The channel table is used by the 1I/0 super-
visor to re-enable a channel for additional
I/0 interruptions and to locate the channel

search module for the channel. The table
contains one entry for each physical chan-
nel attached to the system.

Device Table

The device table is the means by which the
I/0 supervisor determines the proper
device-dependent modules for a device.
Each entry in this table contains the
address of a start I/0 module, an enqueue
module, and a trapcode module. )

Statistics Table

The statistics table contains one entry,
which includes up to eight statistics
counters, for each physical I/0 device
attached to the system. Each statistics
counter is used by the IBM-supplied error
routines to count the number of temporary
read and write errors, equipment checks,
interventions required, and other statis-
tics that depend on the particular device
type.

Whenever a statistics counter overflows
or a permanent error occurs, the SER pro-
gram's statistical data recording routine
uses the statistics counters to update sta-
tistical data records. Statistical data
records are expansions of the statistics
counters. They reside on the system resi-
dence device, so that they are available
for recall and analysis.

Figure 5.
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Attention Table

The attention table is constructed at SYS-
GEN time to contain the addresses of atten—
tion routines. Attention routines are spe-
cified by system routines to service atten-
tion interruptions.

There are two types of attention
interruptions:

e Normal attention interruptions, which
are indicated by the attention bit in
the CSW status field.

e Unsolicited device end interruptions,
which are caused by the transition from
the not-ready to the ready state that
occurs when the operator presses the
ready button.

When a system routine desires that an
attention or unsolicited device end inter-
ruption is to be handled, it places an
indexing value into the UCB for the device.
When the indexing value is added to the
starting address of the attention table,
the address of the appropriate entry within
the table is obtained. The system routine
must have placed into this entry, at SYSGEN
time, the address of the attention routine
for the device. Since the attention table
is constructed at SYSGEN time, it is avail-
able only to routines that specify their
attention routines at SYSGEN time.

When an attention interruption occurs,
the I/0 supervisor passes control to the
attention routine. If execution of the
attention routine is not desired, the sys-
tem routine must place a zero into the UCB
instead of an indexing value. The first
entry in the attention table contains a
branch back to the I/0 supervisor; thus,
when an attention interruption occurs, the
starting address added to zero yields the
address of the first entry in the table and
the I/0 supervisor regains control.

Request Element Table

The request element table! consists of a
number of request elements that are used to
represent I/0 requests. The number of ele-
ments in the table is determined at SYSGEN
time and remains fixed.

The I/0 supervisor issues a request ele-
ment to represent each I/0 request given by
means of the EXCP macro instruction. An
element is not issued when an I/0 request

1In program listings the request element
table is referred to as the 12 star (12%)
table and its request elements as 12#*
elements.

is retried by means of SVC 15. When the
element is issued, the I/0 supervisor
stores information into it, which includes
the addresses of the UCB, DEB, and IOB
associated with the I/0 request, the
priority of the request, and the TCB ID for
PCP and MFT or the TCB address for MVT.

Each request element can be in one of
three states:

s Available
e Active
e Queued

An example of the linkage relationships of
the available, active, and queued request
elements within the request element table
is presented in Appendix B.

Available Request Elements: Available
request elements are not in current use;
they are either unused or contain informa-
tion that is no longer needed by the I/0
supervisor. These request elements are
issued to represent incoming I/0 requests.

The available request elements are
linked together by means of a "link field"
that is contained in the first two bytes of
each element. This linkage of available
request elements forms a "freelist". Each
element in the freelist points to the next
element. Because other request elements in
the request element table might be active
or queued, members of the freelist are not
necessarily contigquous within the table.

The first element in the freelist,
referred to as "next available", is always
the next request element issued by the I/0
supervisor for an incoming I/O request.

The "freelist pointer" contains the address
of the next available request element. It
resides within the I/0 supervisor and is
addressed by an entry in the communications
vector table (CVT).=2

The last element in the freelist is the
last available request element and is iden-
tified by means of a "dummy address" in its
2-byte link field. The dummy address is a
hexadecimal FFFF (i.e., has all bits on).
When there are no available request ele-
ments, the freelist pointer contains the
dummy address to indicate that the freelist
is empty.

Active Requést Elements: Active request

elements correspond to I/0 requests that
have been started but have not yet been
completed. The I/0 supexrvisor indicates
that a request element is active by placing

2The CVT is described in IBM System/360
Operating System: System Control Blocks.
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the address of the active request element
into the UCB that represents the device
being used for the I/0 request. When an
I1/0 interruption associated with the device
occurs, the I/0 supervisor finds the active
request element, which is then used to find
the various control blocks that are used
during the processing of the I/0
interruption.

Queued Request Elements: Queued request
elements correspond to I/0 requests that
could not be started immediately. The ele-
ments belonging to the same queue are
linked together by means of the link fields
located in the first two bytes of the ele-
ments. The last element in each queue is
denoted by means of the dummy address
within its link field. During the queueing
procedure, only the contents of the link
fields in the request elements are changed.

Logical Channel Word Table

The logical channel word table contains a
logical channel word entry that corresponds
with each logical channel in the system. A
multiplexor channel has one logical chan-
nel; a selector channel may have more than
one. (For further information concerning
logical channels, refer to Appendix C.)

A logical channel word designates the
first and last request elements in the log-
ical channel queue associated with a logic-
al channel. If the queue is empty, the
logical channel word contains in its first
two bytes the dummy address of hexadecimal
FFFF. A logical channel word also contains
the address of a channel-dependent test
channel module.

QUEUES

The I/0 supervisor uses logical channel
queues for I/0 requests.

18

The logical channel queues consist of
request elements that represent 1I/0
requests for the execution of channel pro-
grams on either sequential or direct access

| devices.

Logical Channel Queues

1/0 operations awaiting execution are held
for subsequent processing in a logical
channel queue. There is one logical chan-
nel queue associated with each logical
channel in the system. (See Appendix C.)

A multiplexor channel has one logical chan-
nel queue; a selector channel may have more
than one. The last request element in each
logical channel queue is identified by the
dummy address in the link field of the
element.

Queuing Procedures

The I/0 supervisor effects linkage within
the queues of request elements in the requ-
est element table by means of the first-in-
first-out (FIFO) or priority queuing
procedures.

In FIFO queueing, a request element is
queued according to the order in which its
corresponding I/0 request is received
(pushup queue). The queue is constructed
and maintained so that the next request
element to be retrieved is the oldest ele-
ment in the queue.

Priority queuing is available with MFT
and MVT. 1In priority queuing, either
priority or FIFO is specified for each
device. Requests for devices that have
priority queuing are queued high to low
according to the priority of the requesting
task. Requests for devices that have FIFO
queuing are placed lowest on the queue; a
FIFO request has priority zero.

C
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Section I: Execute Channel Program Supervisor

The EXCP supervisor receives control ini-
tially from the SVC FLIH after either an
SVC 0 or an SVC 15 interruption. When the
EXCP supervisor is entered, the current PSW
has all interruptions except machine check
interruptions masked as disabled, indicates
supervisor and running states, and has the
supervisor protection key of zero.

The EXCP macro instruction (SVC 0) is
used to request normal I/O processing of a
channel program. SVC 15 is used by the
error routines to request that a channel
program whose execution encountered an
error be retried and also to indicate a
permanent error or a successful retry.
I/0 purge routine uses SVC 15 to return
control to the I/0 supervisor after related
requests are purged.

The

The user of EXCP or SVC 15 is responsi-
ble for certain fields within the DCB and
the IOB associated with the I/0 request.
Within the DCB, the user must ensure that:

e DCB exception bits set to 11, indica-
ting a permanent error on the data set,
are reset to 00. If this is not domne,
further related requests for that data
set are posted as complete without
execution.

e DCB exception bits set to 01, indica-
ting error recovery procedures are in
progress, remain at this setting.

e The tape block count remains unchanged
until the IOB associated with the re-
quest has been posted complete.

.Within the IOB, the user must ensure
that:

e The block count increment amount for
tape block counts is reset if the chan-
nel program indicated by the IOB
changes.

The field must be zero if block count
updating is not desired.

The field must be negative for a
backspace.

The field must be zero for a rewind;
the DCB block count field must also
be zero.

e The unrelated flag is on to indicate
the I/0 request is unrelated or is off
to indicate the I/0 request is related,
and must be handled as such.

Section

e The start address contains the address
of the first CCW to be executed in the
channel program.

e The channel program description indi-
cates the type of chaining in the chan-
nel program, as follows:

00 No chaining

10 Data chaining

01 Command chaining

11 Data and command chaining

e The ECB address contains the address of
the corresponding ECB.

e The DCB address contains the address of
the DCB for the data set on which I/0
processing is requested.

When the EXCP supervisor receives con-
trol, the address of the IOB that contains
the information necessary for the I/0O re-
quest must reside in general register 1.
Processing of the I/0 request then takes
place.

After the operation of the EXCP supervi-
sor is complete, control returns to the
type 1 exit of the SVC FLIH, which deter-
mines whether control is to be given to the
dispatcher or to the routine giving the I/0
request.

Chart 02 shows control flow among the
subroutines and the modules within the EXCP
supervisor.

General Operation Procedure

For a normal I/0 request, the EXCP validity
check subroutine is entered directly from
the SVC FLIH. This subroutine checks the
validity of the control blocks associated
with the I/0 request. It also initializes
certain IOB fields that are to be used in
later processing.

For an error retry, the EXCP validity
check subroutine is entered from the error
EXCP routine. The error EXCP routine
ensures that the I0B fields are not ini-
tialized, since their content is necessary
for the error retry.

After the EXCP validity check subroutine
is executed, the get request element sub-
routine assigns a request element to a
normal I/0 request. It stores address
information required by the I/0 supervisor
into the next available request element.
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| Because a request element is assigned for
all normal I/0 requests, an additional re-
quest element is not issued if an error
retry for a particular 1/0 request becomes
necessary.

The flag bits within the UCB that denote
the status of the I/0 device are inspected
to determine if the requested device is
available for processing.

When the device is available, a test
channel module determines if a physical
channel in the device's logical channel is
available. The correct test channel module
is selected by means of the logical channel
word table.

If conditions associated with the device
prohibit processing or if the test channel
module does not find an available physical
channel, the request element is queued for
subsequent processing of the I/0 request.
The appropriate enqueue module is selected
by means of the device table entry for the
particular device.

When a channel is free and the device is
available, a test channel module selects
the appropriate start I/0 module for the
device by means of the device table and
gives control to it. The start I/0 module
performs device-dependent functions and
branches to the start I/0 subroutine, which
in turn issues the SIO instruction for the
I/0 request.

The condition code and the CSW (if
stored) that results from the execution of
the SIO instruction indicate whether the
channel program for the request has been
started, whether the request element must
be queued, or whether the SIO instruction
for the I/0 request should be reissued.

The  start I/0 subroutine and the post-start
I/0 subroutine handle these results.

Once the operations for an I/0 request
are terminated (because of completion,
error, or external action on the device),
an I/0 interruption occurs. Information
concerning the operation of the I/0 inter-
ruption supervisor is contained in Section
II: I/0 Interruption Supervisor.

Operation of the Subroutines and
Modules

The following subroutines, routines, and
modules are used to perform the functions
of the EXCP supervisor (Chart 02 shows the
flow of control between these routines):

EXCP validity check subroutine
Get request element subroutine
Error EXCP routine

Test channel modules
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Enqueue and dequeue modules
Select subroutine

Start I/0 modules

Start I/0 subroutine
Post-start I/0 subroutine

EXCP VALIDITY CHECK SUBROUTINE

For both normal (SVC 0) and error retry
(SVC 15) entries into the EXCP supervisor,
the EXCP validity check subroutine vali-
dates the control blocks associated with
the request. These control blocks are:

Input/output block
Data control block
Data extent block
Unit control block

The addresses of the control blocks are
placed into general registers. During this
process, the DEB and UCB identification
fields are checked, the pointer to the DCB
within the DEB is checked, and if applica-
ble, the DEB protection tag is compared
against the task control block (TCB) pro-
tection key. In MVT, the routine checks
that the DEB is in system-protected storage
(i.e., that its storage protection key is
zero). If the subroutine finds that the
control blocks are on improper boundaries,
a program check occurs. On other errors,
the ABTERM routine interface of the I/0
interruption supervisor is entered and the
task is abnormally terminated.

When the EXCP validity check subroutine

is used for normal I/O processing, the fol-
lowing IOB fields associated with the last
I/0 request processed on the currently
requested I/0 device are reset:

e Error count

e Flags 1, 2, and 3
e CSW

s Condition code

e Sense

e ECB code

When the subroutine is used for error
retry, these fields are not reset and con-
trol returns to the error EXCP routine.

RESIDENT SYSJOBQE ROUTINE

After the EXCP validity check subroutine is

executed, the resident job queue routine
(if selected at system generation) interro-

gates the request to determine if it refers

to the resident portion of the job queue.

If it does not, control is passed to the

get request element subroutine. If it does
refer to the resident portion of the job

' queue, the requested information is moved
to its target location, an ECB is posted,

| and a type-1 exit is taken.

Ne s
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GET REQUEST ELEMENT SUBROUTINE

After a
request
it. If
request

normal I/0 request is validated, a
element is assigned to represent
an error retry for a particular I/0
becomes necessary, an additional
request element is not required because one
had been previously issued. Control block
information is loaded into the request ele-
ment, and UCB conditions, which determine
if the request element must be queued, are
tested.

If there is no available request element
(i.e., the freelist pointer contains the
dummy address of hexadecimal FFFF), the
EXCP supervisor decrements the instruction
address in the SVC old PSW by 2 and stores
the new updated address in the SVC old PSW.
For PCP and MFT, the EXCP supervisor
executes an enables/disable instruction to
allow I/O interruption to occur. If an
interruption occurs, the I/O interruption
supervisor processes the interruption and,
if the interruption signifies completion of
an 1/0 request, returns the associated re-
quest element to the freelist. The EXCP
supervisor then gains control and returns
to a type 1 exit which returns to the
user's SVC 0 instruction, which gives EXCP
control again.

The EXCP supervisor uses the request
element that is returned to the freelist to
represent the I/0 request. However, if no
request element can be returned to the
freelist, or if no I/0 interruption occurs,
the EXCP supervisor repeats the enable/
disable loop.

In MVT, no enable/disable instruction is
executed. The TCB in question is marked
non-dispatchable before the EXCP supervisor
returns to a type 1 exit.

The EXCP supervisor places the following
information in the next available request
element:

e Address of the UCB, which represents
the I/0 device to be used for the
requested operations.

/

e TCB identification, as noted in the TCB

for the task requesting I/0 operationms.

(In an operating system in which option

4 is included, the address of the TCB

is also placed into the request

element.)

e Address of the I0B, which indicates the
channel program to be executed.

e Dispatching priority of the request, as
noted in the DEB. (If no priority is
specified, this field is not
significant.)
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e Address of the DEB, which indicates the
location of the data set to be operated
upon.

If the
permanent
unrelated
code, the

request is related and there is a
error, as indicated by the IOB
flag and the DCB permanent error
request cannot be executed. (An
error has occurred on a previous related
I/0 request for the data set.) 1In this
case, the abnormal end appendage exit is
taken. For a normal return from the appen-
dage, the request is posted complete with
the purge code and the request element is
returned to the freelist. Control returns
to the task supervisor.

UCB condition Test: The conditions asso-
ciated with the I/O device that may prohi-
bit immediate processing are denoted by the
following bits contained in the UCB:

Control unit busy
Device busy

Not ready

Disk arm seeking

Error routine in control

If any of these bits are on, the request
element is queued by an enqueue module for
subsequent processing of the I/0 request.
If none are on, the device is available,
able to accept the request, and a test
channel module is entered.

is

ERROR EXCP ROUTINE

The error EXCP routine directs the retry of
I/0 requests (and the results of each
retry) to the I/0 supervisor. The routine
is entered from the SVC FLIH after the SVC
15 interruption. Chart 03 shows the flow
of control in the error EXCP routine.

SVC 15 is provided to simplify error
recovery procedures with respect to request
elements; an additional request elewment
need not be issued by the get request ele-
ment subroutine.

IBM-supplied error routines issue SVC 15
to retry channel programs because of an
error, and also issue it when the error has
been corrected, when another retry is
necessary, and when the error is permanent.
(See Section III: IBM-Supplied Exror
Routines.)

The I/0 purge routine issues SVC 15 when
it has purged all related requests and the
abnormal end appendage must be entered.
(See Section II: Error Routine Interface.)

The resident portion of the direct
access device error routine returns (it
need not issue SVC 15) to the error EXCP
routine: when an error is corrected; and
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when a request element must be gueued for
error recovery purposes. In the first
case, the channel end appendage is entered;
in the second, the channel restart subrou-
tine of the I/0 interruption supervisor is
entered.

The only parameter that the user of SVC
15 must furnish is the address of the re-
quest element that represents the I/0 re-
quest that is to be retried. The request
element contains the address of the IOB
associated with the I/0 request and is
loaded into general register 1 for entry to
the EXCP validity check subroutine.

The EXCP validity check subroutine
checks the validity of the control blocks
pertinent to the request and loads their
addresses into general registers. The EXCP
validity check subroutine then returns to
the error EXCP routine; the IOB fields are
not reset.

When an error routine is in control (the
IOB error correction indicator flag is set)
and the request must be retried, the error
EXCP routine tests the following UCB condi-
tion flags:

e Device busy

e Not ready

e Disk arm seeking

e Disk data transfer

The EXCP supervisor determines the result
of the test, and the request element is
either enqueued or a test channel module is
entered.

When the error has been corrected and
the error routine is no longer in control,
the channel end appendage is entered. If
the error has not been corrected, the error
routine interface of the I/0 interruption
supervisor is entered, which indicates a
permanent error condition and enters either
the I/0 purge routine or the abnormal end
appendage, depending on whether or not the
request is related.

TEST CHANNEL MODULES

When the device necessary for the I/0 re-
quest is available, a test channel module
determines whether or not a physical chan-
nel in the device's logical channel is
available for device operation. If a phys-
ical channel is not available, control
passes to an enqueue module and the request
element is queued.

| A selector channel test channel module
exists for each logical channel in the sys-
tem. One multiplexor channel test channel
module exists for the logical channel asso-
| ciated with the multiplexor channel. In
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addition, common test channel code is used
for both multiplexor and selector channels.

Module Selection: The test channel module
associated with the device and its logical
channel is selected by means of the logical
channel word indexing value, which is con-
tained in the UCB, and the logical channel
word table. The proper logical channel
word contains the address of the test chan-
nel module for the device.

Each test channel module (XCPCHl1 --
XCPCH7) sets up the channel address and
branches to common test channel code
(XCPTCH or XCPTCH3).

Test Channel Operation

The test channel processing depends on the
type of physical channel to which the
requested device is connected.

MULTIPLEXOR CHANNEL PROCESSING: For the
multiplexor channel, the common test chan-
nel code is entered at XCPTCH3. In this
case, the common code does not issue a Test
Channel instruction (TCH), since the condi-
tion code can indicate that the channel is
free, although the needed subchannel is
busy. The remaining processing, common to
both multiplexor and selector channels, is
described in "Common Processing."

SELECTOR CHANNEL PROCESSING: For selector
channels, the common test channel code is
entered at XCPTCH. It issues a Test Chan-
nel instruction for the channel path
selected by the invoking test channel
module (XCPCH2 -- XCPCH7). If the channel
is busy, control is returned to the invok-
ing test channel module in order to deter-
mine if there are additional paths to the
device. 1If there are additional paths, the
test channel module will select a new chan-
nel address and again branch to the common
test channel code. This process continues
until either all possible physical channels
have been tested and none is free, or a
free channel is found.

If all possible physical channels are
busy or unavailable, the I/0 request cannot
be serviced. Control returns to either of
two modules:

e An enqueue module to queue the request
for future restart (see "Enqueue and
Dequeue Modules").

e The channel restart subroutine to
determine the next valid queued request
that may be restarted (see "Channel
Restart Subroutine").

COMMON PROCESSING: If at least one physic-
al channel is not busy (or the multiplexor
channel is selected), the common test chan-




nel code can continue (at XCPTCH3). It
determines whether to branch to the appro-
priate device-dependent Start I/0 module.
The determination consists of testing the
UCB intercept flag for an "intercept" con-
dition, an abnormal condition remaining
from a previous request for the same
device.

If an intercept condition does not
exist, the common test channel code gets
the address of the appropriate Start 1I/0
module and branches to the module. The
common test channel code gets the address
of the Start I/0 module from the device
table, by means of an index value in the
device's unit control block. (For further
information, see "Start I/0 Modules".)

INTERCEPT PROCESSING: An intercept condi-
tion means that a previous I/0 operation
ended with an abnormal status (e.g., device
end and unit check). Correction could not
be attempted then because the event had
already been posted complete. However, the
abnormal status in the channel status word
(CSW) and the sense bytes were saved in the
device's unit control block (UCB).

The intercept processing code (XCPTCHS)
handles the intercept condition as follows:

e Moves the saved CSW status bytes and
the sense bytes from the UCB to the
input/output block (IOB) associated
with the current request. (The status
and sense bytes are thus available for
use by the error recovery routine that
may be scheduled.)

e Sets the intercept code (hex. '7E') in
the ECB code field of the IOB. The
code (changed to hex. '44') will be
posted in the event control block for
the current request, if the intercept
condition proves to be uncorrectable.

e Branches to the dequeue module (XCPPDQ)
to remove the request element from the
request queues. Control is then given
sequentially to the user abnormal end
appendage and the error routine inter-
face (INTERR). If the user has
selected the use of IBM error recovery
procedures, the request element is used
to schedule an error recovery routine.
Otherwise, the request is posted com—
plete with permanent error.

ENQUEUE AND DEQUEUE MODULES

If the channel program for an I/O request
cannot be immediately started because a
device or a physical channel is unavail-
able, the request element that represents
the I/0 request is queued. The queuing
procedure used depends on the type of
enqueuing specified by the user at SYSGEN
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time. FIFO and priority queuing procedures
| are available.

Module Selection: The address of the
enqueue module is contained in the device
table entry for the device class of the
particular device. The proper entry in the
table is found by use of the device table
indexing value contained in the UCB that
represents the device.

The dequeue module is entered by a
direct branch.

Normal Enqueue Module

The normal enqueue module queues request
elements in a FIFO arrangement. This
module places the address of the request
element that represents an I/0 request into
the link field of the last request element
in the pertinent logical channel queue.
This request element becomes the "last"
element in the queue and the dummy address
is placed into its link field. The pre-
vious last request element is then updated
to point at the new last request element.

Priority Enqueue Module

At SYSGEN time, the user specifies priority
queuing for certain devices. The request
elements that represent the I/0 requests
are queued in an order that maintains the
priority specified in the DEB for the per-
tinent task.

Priority queuing is effected by search-
ing the logical channel queue until the
priority point at which the request element
is to be queued is found. The address of
the request element is placed into the link
field of the next highest or equal priority
request element in the queue. The highest
priorities are at the top of the queue.
Within a given priority, requests are in a
FIFO arrangement.

Dequeue Module

The dequeue module is used by the I/0
supervisor to dequeue request elements from
queues maintained in FIFO and priority
arrangements. A search is made of the
queue until the request element to be
dequeued is located. The element is
unlinked and the queue is relinked by means
of the 2-byte link field.

START I/0 MODULES

When a device and channel are both avail-
able for an I/0 request, a.,start I/0 module
is entered. It establishes the prerequi-
site device-dependent commands (set mode
command for tape, set file mask command for
direct access devices, etc.), the CCW
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address fields for the channel address word
(CAW), and the CCWs necessary for the
operation of an I/0 device. The start 1/0
subroutine is then entered to issue the SIO
instruction.

Module Selection: There is one start I1I/0
module for each device class in the system.
The address of the appropriate start 1/0
module is obtained by the common test chan-
nel code. It adds the device table index-
ing value contained in the UCB that repre-
sents the device to the starting address of
the device table. The entry in the device
table at the resultant address contains the
start I/0 module address.

Graphics, Unit Record, and
Telecommunications Start I/0 Module

The graphics, unit record and telecommuni-
cations start I/0 module is used for all
I/0 requests on unit record equipment and
telecommunications devices. It loads a
general register with either the IOB start
or the IOB restart address field, depending
on the setting of the IOB start/restart
flag. Control is then given to the start
I/0 subroutine where the CAW is loaded with
the contents of the register.

However, when an immediate operation is
required by an error routine, control goes
directly to the start I/0 subroutine.

Tape Start 1/0 Module

The tape start I/0 module is used for all
I1/0 requests on the 2400 tape series,
including the 2420 Model 7. This module
prepares the following command chained
CCWs, contained within I/0 supervisor
storage, for execution by the start I/0
subroutine:

e First CCW. A set mode command, which
is specified in the modifier byte of
the DEB extent by the open routine, is
placed in the command code field. This
command sets the mode (parity, density,
etc.) of operations on the tape unit.

¢ Second CCW. The command code field
contains a transfer-in-channel (TIC)
command. The data address field is
loaded with the IOB start or restart
address.

control passes to the start I/0 subroutine.

Tape Unit Positioning: When repositioning
(backspacing, forward spacing, erasing) is
necessary for error recovery procedures,
control passes immediately to the start I/0
subroutine where a CCW is loaded with the
repositioning command code, and chained to
a NOP CCW. The code is specified in the
IOB modifier byte by the 2400 tape series
error routine.
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After a data check during a read or
read-backwards operation, the I/0 Supervi-
sor uses the following command-chained
CCWs. These CCWs prepare for an error
recovery attempt in the opposite direction:

s First CCW. A set mode command, which
is specified in the modifier byte of
the DEB extent by the open routine, is
placed in the command code field. This
command sets the mode (parity, density,
etc.) of operations on the tape unit.

e Second CCW. The command code field
contains a track-in-error (TIE) command
to send the second sense byte to the
control unit.

e Third CCW. The command code field con-
tains a transfer-in-channel (TIC) com-
mand. The data address field is loaded
with the UCB RORCCW address. The
RORCCW is used for read opposite
recovery.

Cyclic Redundancy Check Correction: When
cyclic redundancy check (CRC)* correction
is required, the tape start I/0 module
loads the first CCW command code field with
a "track in error" command code (hexadecim-
al 1B). It also places the second sense
byte, which contains the track-in-error
information, into the CCW for later transf-
er to the tape adapter unit (TAU).

Direct Access Start I/0 Module

The direct access start I/0 module is used
for all I/0 requests on direct access
devices. The extent limits of the data set
are checked; if they will be violated, the
end-of-extent appendage exit is taken. If
the requested device has movable access
arms, a stand alone seek and a subsequent
start data transfer seek are used to start
the channel programs. If the request is
for a device such as the 2301 drum storage
unit (which has a fixed access mechanism)
the stand alone seek is not necessary, and
only the start data transfer seek is
issued.

If the request is for a shared direct
access device (indicated by bit 2 of the
optional features byte of the UCB device
class field), the module issues a reserve
command with the stand-alone seek to pre-
vent access arm movement caused by another
CPU before the subsequent start data
transfer seek is issued.

Stand Alone Seek: The stand alone seek is
a preliminary seek command that is neces-
sary to position the access arm before a

1Information regarding a CRC error is con-
tained in the IBM 2400 and 2816 Model 1:
Component Description publication, Form
A22-6866.




channel program for a direct access device
can be initiated. The stand alone seek
starts the access arm seeking for one I/O
request while allowing other I/O operations
on the same physical channel.

The stand alone seek is issued by means
of a stand alone CCW contained within I/O
supervisor storage. The module loads the
CCW with the seek command code and a point-
er to the seek address provided by the user
within the IOB. The file mask at this time
allows all seeks, having been automatically
reset following the last operation.

Before issuing the stand alone seek, the
direct access start I/0 module ensures that
all user-specified seek addresses are
within the extent limits indicated by the
DEB that is associated with the data set to
be operated upon. The module stores the
I0B seek address into the UCB for later
start data transfer seek procedures and
then indexes the extent area of the DEB
with the M EXTENT field of the IOB to lo-
cate the correct extent.

The module checks the I0OB seek address
to determine whether or not it is within
the limits of that extent. If not, an end-
of-extent appendage is entered.

If the seek address is within the extent
limits, the direct access start I/0 module
sets the disk arm seeking flag in the UCB
to indicate that the direct access device
is involved in a seek operation and loads
the address of the stand alone seek CCW in
a general register. Control passes to the
start I/0 subroutine, which stores the con-
tents of the general register in the CAW,
enters the start I/0 appendage, and then
issues the stand alone seek to position the
access arm for the direct access device.

If a CSW is not stored upon return from
the start I/0 subroutine, the module
effects a loop with a test I/0 (TIO)
instruction until the CSW is stored. The
stored CSW indicates that channel end has
occurred and that the seek address has been
transferred to the head register of the
control unit. Then the module tests for
any abnormal conditions received as a
result of the TIO instruction. If no
abnormal conditions are indicated, the sta-
tus is stored in the associated IOB.

The module tests to see if the access
arm has reached its destination (device
end). If the seek was not completed, the
module either branches to the enqueue rou-
tine if the module was entered via the EXCP
subroutine, or gets the next request via
the channel search module if the module was
entered via the channel restart procedure.
If the seek was completed, the UCB busy and
post flags are turned off indicating that
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the device has reached its destination and
that the data transfer operation can be
started.

If the module was entered via the EXCP
subroutine, the data transfer portion of
the channel program is started. Otherwise,
the module branches to the channel search
subroutine to obtain the next request in
the queue.

The address of the request element for
the I/0 request was placed into the UCB at
SIO time.

Start Data Transfer Seek: Device end for a
stand alone seek indicates that the access
arm is in position for data transfer opera-
tions and that the channel program may be
initiated. The start data transfer seek is
issued when the channel search module
within the I/0 interruption supervisor
determines that the associated physical
channel and direct access device are avail-
able. The start data transfer seek
initiates the channel program.

At system generation time, three CCWs
are provided for each channel which con-
tains any direct access devices. The
direct access start I/0 module finds the
appropriate set of command chained CCWs by
obtaining pointers to the corresponding
channel search code.

To issue the start data transfer seek,
the direct access start I/0 module first
determines if the device is shared. If it
is, the module checks the reserve count in
the UCB. If the reserve count is zero, the
module sets up a device release command as
the first CCW. The release command frees
the device for use by another CPU as soon
as the data transfer is completed. The
module then prepares the following command-
chained CCWs. (If the device is not
shared, or if the shared device's UCB
reserve count is not zero, the following
CCWs are the only ones used.)

e First CCW. The command code field con-
tains a seek command. The data address
field contains the address of the seek
address that was stored in the UCB dur-
ing the stand alone seek operation.

When the command is executed, the
seek address overlays the control unit
head register. The head register must
be reinitialized to the proper seek
address because the seek address from
the stand alone seek associated with
this channel program might have been
destroyed by subsequent seek commands
to other direct access devices on that
control unit.
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e Second CCW. The set file mask speci-
fied in the DEB, which describes the
types of write and seek commands that
can be initiated on this data set, is
loaded into this CCW.

e Third CCW. The command code field con-
tains a TIC command. The data address
field is loaded with either the IOB
start or the IOB restart field, depend-
ing on the setting of the IOB start/
restart flag.

When the command is executed, con- -
trol passes either to the user channel
program or to an error recovery channel
program. :

The direct access start I/0 module sets
|the disk data transfer flag in the UCB, and
branches to the start I/0 subroutine, which
initiates the CCW execution. The results
of channel program execution are handled by
the post-start I/0 subroutine.

End-of-Extent Appendage

Entry into the end-of-extent appendage is
made by means of the appendage vector
table. Upon return, the appendage speci-
fies one of the following:

e To disregard the error and try again.

e To skip execution of the request and
have it posted complete.

¢ To indicate a permanent error, enter
the abnormal end appendage, and then
post the request complete.

START I/0 SUBROUTINE

The start I/0 subroutine issues all SIO
instructions for the start I/0 modules.

When tape and unit record start I/0
modules require immediate operations or
unit repositioning, the start I/0 subrou-
tine places the operation code contained in
the IOB modifier byte into a stand alone
CCW for execution. It places the address
of that CCW into the CAW.

The start I/0 appendage exit is then
taken before the SIO instruction is issued.
This exit is not taken, however, when a
start data transfer seek is to be issued
(unless it is a drum type device) or when
an error routine is in control. If the
protection feature is specified at system
generation time, the protection tag is
moved into the CAW location from the DEB
for MFT and from the TCB for MVT.
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Before the start I/0 instruction is
issued, the start I/0 subroutine stores the
channel and unit address and the request
element into the associated UCB. The start
I/0 subroutine issues the SIO instruction
directly.

Execution of the SIO Imnstruction: The
start I/0 subroutine issues the SIO
instruction after loading the CAW with the
address of the starting CCW and after load-
ing the SIO instruction with the unit
address contained in the UCB.

After execution of the SIO, the SIO sub-
routine checks for condition code 2 which
indicates that the path to the device is
busy. If the path is busy the routine
stores the control unit busy indication in
the CSW. The PSW condition code, the
instruction length code, and program mask
from the PSW are stored in the IOB. The
UCB associated with the SIO is stored in a
channel table to be used at interruption
time. Also, the UCB busy and post flags
are set.

The SIO subroutine then tests for condi-
tion code 3 (device not operational). If
the condition code is 3, a branch is made
to a subroutine to simulate intervention
required; otherwise control is passed to
the post SIO subroutine.

Start I/0 Appendage

A start I/0 appendage is given control pre-
ceding the execution of the SIO instruction
for an I/0 request. For direct access
devices, the appendage receives control
preceding the execution of the SIO instruc-
tion for the stand alone seek. Entrance to
a start I/0 appendage is by use of the ap—-
pendage vector table. Its address is
placed in the DEB by the open routine.

The start I/0 appendage returns control
to the EXCP supervisor with the indication
to continue with normal processing or to
skip processing of the request. If the
result is skip, control is given to the
dequeue module and the I/0 request is not
posted complete.

POST-START 1I/0 SUBROUTINE

The post-start I/0 subroutine determines
the results of the SIO instructions issued
by the start I/0 subroutine. It analyzes
the condition code and, if the CSW is
stored, the CSW status bits.

SI0 Instruction Accepted: A condition code

setting of 0 indicates the acceptance of
the SIO instruction. This implies that the
channel program is successfully started.
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The request element is dequeued from the
logical channel queue and its address is
placed in the UCB.

CSW Stored: When the CSW is stored, indi-
cated by a condition code setting of 1, the
CSW status bits may indicate the following:

e Channel errors. When a channel error
occurs, control goes either to the SER
interface or the CCH interface.

e Busy. The following flags are set to
zero in UCBFLAG:

UCB busy

Post

Disk data transfer
Disk arm seeking

If busy is accompanied by control unit
end, the I/0 request is retried. 1If
not, the UCB is marked with the control
unit busy flag. If the status modifier
bit in the CSW is on, the post SIO sub-
routine returns to the test channel
subroutine. If the status modifier bit
is off (busy alone is indicated), the
post SIO subroutine returns to engueue
or to get the next RCE.

e Channel end. The operation was an
immediate command. The I/0 request is
posted complete and, if device end is

also on, the UCB busy bit is cleared.

e Program or Protection Check. The
abnormal end appendage is entered and,
if the check is not reset, the task is
abnormally terminated. The I/0 request
is posted complete with an error code
(*41").

e Unit check. The sense subroutine
issues a sense command, the abnormal
end appendage is entered, and then the
error routine interface is entered.

e Attention. An attention interruption
for the device may be brought in. The
attention routine interface is given
control.

Condition Code 3 -- Device not Available:

A condition code 3 implies that the device
is not available or that a path to the
device is not operative. If the device has
more than one path, and if this is the
first time this inoperative path has been
encountered, an error routine is entered to
issue an informational message to the
operator. If the inoperative path has been
encountered previously, the test channel
module is entered to check for another path
to the device.
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MULTIPROCESSING EXTENSIONS

The I/0 Supervisor is extended to implement
multiprocessing, if the M65MP option is
selected at system generation. In multi-
processing, all I/0 devices except the con-
soles and teleprocessing devices are
accessible from each CPU through its own
channels. If the CPU originating an I/O
operation finds that its own channel is not
available, it tests the availability of the
corresponding channel of the other CPU (all
channel-control unit-device addresses are
the same for both CPUs). If the other
CPU's channel is free, the originating CPU
issues a "shoulder tap," causing an extern-
al interruption on the receiving CPU, which
then initiates the I/0 operation.

Tables and Work Areas

The Unit Control Block (UCB) is extended by
a full word for multiprocessing. (See
Figure 22, Section 5.) The first byte of
this word contains flags indicating whether
both CPUs or only one has access to the
associated device, and which CPU started
the current 1/0 operation, if one is in
progress. The extension is located "in
front of"™ the UCB, but does not affect the
displacement of other UCB fields. It is
addressed by subtracting four from the UCB
address.

Multiprocessing requires a new Channel
Availability Table in the Prefixed Storage
Area (PSA) of each CPU. (See Figure 9,
Section 5.) A channel is marked unavail-
able in this table when:

e SIO is issued. This condition is
cleared by the I/0 Interruption Super-
visor when the I/0 operation completes.

e The Nucleus Initialization Program
determines that the channel is not
operational or not configured in the
system.

e A VARY CHANNEL or VARY CPU command from
the operator places the channel
offline.

Extended Test Channel Logic

The test channel common routine (XCPTCH) of
the EXCP Supervisor, under multiprocessing,
makes a second test after finding that the
requested physical channel is busy or not
available. The test channel common routine
determines if the corresponding channel of
the other CPU is free by testing the Chan-
nel Availability Table in the other CPU's
Prefixed Storage Area. If the table shows
the channel is free, and the UCB extension
flags indicate the other CPU has access to
the device, the shoulder tap interface sub-
routine (XCPSTI) is given control. The
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subroutine sets a flag in the shoulder tap
control word (STMASK), then branches to the
shoulder tap routine (SHOLDTAP). The
shoulder tap routine issues the Write
Direct instruction to notify the other CPU.
on return from the shoulder tap interface
subroutine, the I/0 request element is
queued to that channel, where the othexr CPU
will find it after the supervisor is
unlocked by the requesting CPU (only one
CPU executes the I/0 Supervisor at a time).

If neither CPU has an available channel,
the request element is queued pending an
interruption on either CPU.

Multiprocessing Subroutines

The following subroutines (with entry
points in parentheses) are included in the
I1/0 Supervisor for the multiprocessing
option:

e Shoulder Tap Interface -- Sending.
This subroutine sets a flag in the
shoulder tap control word in the PSA of
the sending CPU that indicates to the
receiving CPU which channel an I/0
operation is requested for. The sub-
routine branches to a common system
routine to execute the Write Direct
instruction causing an external inter-
ruption on the other CPU.

e Shoulder Tap Interface —-—- Receiving
(IECISHTP). This routine receives con-
trol from the external FLIH after an
I/0 shoulder tap. It tests the channel
flags in the shoulder tap control word
of the sending CPU's PSA, and for each
channel flagged, goes to the channel
restart routine of the I/0 Interruption
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Supervisor to start the request, which
has been placed on the channel queue by
the sending CPU. @:ﬁ

VARY Interface (IECTIOMP and IECTCHMP).
This subroutine issues the Test I/0 and
Test Channel instructions for the VARY

command handling routines.

Accessability Test. This code is part

of the common test channel code

(XCPTCH2). It tests the device acces-
sability flags of the UCB extension to

ensure that a CPU about to start an I/0
operation has access to the device. A

CPU does not have access to the other .
CPU's console, and only one CPU has

access to teleprocessing devices.

Halt I/0 Check (IECMPHIO). An I/O .

operation can only be halted by the CPU
that initiated it. The PSA of each CPU
contains a unique identifier which is
placed in the UCB extension whenever
SIO is issued for a device. When a
Halt I/0 is requested, this routine
compares the identifier of the execut-
ing CPU to the identifier in the UCB
extension. If they are the same, con-
trol is returned to the resident HIO
routine. If different, flags are set
in the shoulder tap control word and
the UCB extension, and a shoulder tap
is performed.

Shoulder Tap Halt I/0 (HLTIOUNT). This
routine receives control following a
shoulder tap for Halt I/0. It searches
for the flags set by the Halt I/O Check
routine, and passes control to the
resident HIO routine.




Section II: I/0 Interruption Supervisor

When an I/O interruption occurs, the I/0
First Level Interruption Handler (FLIH)
passes control to the I/0 interruption
supervisor. The I/0 interruption occurs
either in response to channel program
execution or because of operator interven-
tion. The conditions that cause the I/0
interruption are indicated in the CSW.

When the I/O interruption supervisor
receives control, the current PSW is in the
supervisor and running states, has the
supervisor protection key of zero, and has
all interruptions, except machine check
interruptions, masked as disabled.

After operation of the I/0 interruption
supervisor is complete, control returns to
the I/0 FLIH, which branches to the dis-
patcher (IEAODS). The dispatcher gives
control to either the current task or
another ready task.

Charts 04 through 12 show the control
flow among the subroutines and modules
within the I/0 interruption supervisor.

General Operating Procedure

The I/0 interruption supervisor finds the
address of the UCB that represents the
interrupted device by picking up the last
UCB started on this channel which was
stored at SIO time or by means of the UCB
lookup routine. This routine uses an
algorithm with the values contained in the
UCB lookup table to find the UCB, which in
turn contains the address of the active re-
quest element for the interrupted I/0 re-
quest. (In cases where the request element
was already returned to the freelist, such
as when an I/0 interruption occurs because
of an error after channel end, there is no
active request element.) From the UCB and
the request element, the pertinent control
blocks, tables, and modules are located.

The I/O interruption supervisor analyzes
the CSW status bits to determine the reason
for the I/0 interruption and then proceeds
to service it. For example, when channel
failures occur (indicated by channel con-
trol check or interface control check
bits), either the SER interface or the CCH
interface is entered. When the PCI bit is
set, a PCI appendage is entered. When the
attention bit is set, the attention routine
interface is entered and control is given
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to an attention routine. For a unit check
condition, the sense subroutine is entered;
this subroutine issues a sense command and
reads additional information regarding the
I/0 interruption into the sense field of
the UCB. If an error or unusual condition
occurs (the I/0 request did not complete
normally), the error routine interface is
entered; this routine determines whether or
not an IBM-supplied error routine should be
scheduled for the condition.

When the I/0 request completes normally
(indicated by an interruption caused by
channel and/or device end), a trapcode
module is entered. The device table is
used to select the correct trapcode module
for the type of device. For direct access
devices, the trapcode module determines if
the stand alone seek is completed. For
tape, the trapcode module updates the DCB
block count. For other devices, a trapcode
module only facilitates device
independence.

The I/0 request is posted complete by
the task supervisor's post routine, which
is entered by means of the I/0 interruption
supervisor's post routine interface. The
type of completion (error, normal, etc.)
is specified in the ECB. When the I/0 re-
quest is completed and the channel is free,
the I/0 interruption supervisor attempts to
restart the channel.

A channel search module for a particular
channel is selected by means of the channel
address and the channel table. The module
searches the logical channel gqueues asso-
ciated with the channel for a request ele-
ment that represents an I/0 request that
can be started on the channel. The channel
search module is re-entered until a request
that can be started is found or until it is
determined that there are no such requests
available.

The I/0 FLIH regains control when the
channel is either restarted (by the start
I/0 routines described in Section I) or it
is determined from the queues that there is
no request that can be started.

When the channel has been restarted
after an interruption, the I/0 supervisor
enables all channels to test for stacked
interruptions. If none are pending the I/0O
supervisor again disables the channels and
returns to the dispatcher.
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Operation of the Subroutines and

Modules

The following subroutines, routines, and
modules are used to perform the functions
of the I/0 interruption supervisor. Major
entry points are indicated within
parentheses:

UCB lookup routine (INTO001)

I/0 interruption analysis (IECINT)
Trapcode modules

Channel restart subroutine (INT030)
Channel search modules

Sense subroutine (INTSEN)
Interfaces

I/0 purge routine (PRGCONMA)
Channel-check handler (CATNIP)

UCB LOOKUP ROUTINE

The UCB lookup routine locates the address
of the UCB for the device associated with
the I/0 interruption by use of the 11-bit
I/0 address, stored in the 1I/0 old PSW, in
conjunction with the values in the UCB loo-
kup table. The I/0 address consists cof the
channel, control unit, and device addresses
associated with the I/0 interruption. The
UCB lookup table, consisting of the chan-
nel, control unit, and UCB address list
portions, is described in detail in Section
V: UCB Lookup Table.

The I/0 interruption supervisor locates
the UCB for all types of I/0 interruptions
except for catastrophic errors and for the
setting of the CSW control unit end bit
alone. A figure showing the algorithm used
to obtain the address of the UCB can be
found in Section V: UCB Lookup Table.

The UCB contains the address of the
active request element (representing the
I/0 request for which the I/O interruption
occurred), which in turn contains the
addresses of the associated IOB and DEB.
The DEB contains the address of the DCB.
The addresses of these control blocks are
placed into general registers, which are
not changed during the processing of the
I/0 interruption.

If the I/0 interruption is such that the
I/0 request has been previously posted com-
plete, there is no active request element;
the element has already been returned to
the freelist. This occurs for devices that
have channel end and device end status pre-
sented separately.

I/0 INTERRUPTION ANALYSIS
The I/0 interruption supervisor analyzes

the CSW status bits, stored as a result of
an I/0 interruption, to determine the cause

30

of the interruption and the processing pro-
cedure that must be followed. The CSW sta-
tus bits are analyzed in the order in which
they are described. Charts 04 and 05 show
the details of the I/0 interruption
analysis.

Channel Data Check, Channel Control Check,
Interface Control Check Bits

The CSW status bits may indicate the pre-
sence of a channel data check, a channel
control check, or an interface control
check. These are considered catastrophic
unless the channel-check handler routine
(which attempts recovery from channel con-
trol and interface control checks) is part
of the system. The possible actions are:
(1) the system is placed in a wait state,
(2) control is passed to the SER interface,
or (3) control is passed to the CCH inter-
face, depending upon the recovery option
selected at system generation time.

Catastrophic errors are checked, and
thus detected, upon entry into the I/0
interruption supervisor. If such an error
exists, the other CSW status conditions may
not be accurate.

Control Unit End Bit

The setting of the control unit end bit
alone, (without a channel end, device end,
or unit check bit setting) is a response to
the "control unit busy" condition (busy
with status modifier) that is presented
when the control unit is interrogated while
executing an operation. It may occur when
a control unit that is shared by two or
more I/0 devices or channels becomes free.
The channel restart subroutine is given
control.

PCI Bit and PCI Appendage

If the PCI bit is set, the PCI appendage
supplied by the user of the I/0 supervisor
is entered. Because a PCI condition may
ride in with other I/O interruptions, chan-
nel status conditions (program, protection,
chaining checks) as well as unit status
conditions are inspected upon return from
the appendage. If no additional status
conditions are present, control returns to
the I/0 FLIH. If status conditions are
present, analysis is continued and the con-
ditions are handled.

Channel End Bit and Channel End Appendage

The channel end bit indicates the comple-
tion of an I/0 request. The I/0 interrup-
tion supervisor moves the CSW status to the
I10B for subsequent examination by the user
of the I/0 supervisor. The trap code
module is entered and then the channel end
appendage exit is taken.
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The appendage returns control to the I/0
- interruption supervisor and specifies one
( ] of the following:
e Post request complete, and return re-
quest element to the freelist (normal
return)

e Do not post complete, but return re-
quest element to the freelist

e Reschedule the request for another try

e Ignore the interruption pending an
asynchronous user routine

. Device End Bit

Device end is caused either by the comple-
tion of an I/0 operation at the device or

. by the manual change of the device from the
not-ready to the ready state. The follow-
ing conditions may be present with device
end:

e Device end with the UCB busy flag set,
which indicates that an 1I/0 device has
completed its most current operation.
The UCB busy flag is turned off and the
operational status of the associated
channel is interrogated.

e Device end alone (without the UCB busy
or post flags set), which indicates
that the I/0 interruption is an unsoli-
cited device end caused by the transi-
tion from the not-ready to the ready
state. The attention routine interface
is entered.

e Device end with the UCB post flag set,
but with no channel end bit set, which
indicates either that channel end has
been suppressed by command chaining or
that an error occurred at channel end.
The UCB busy bit is turned off, and the
CSW status bytes are moved to the IOB
for the user. If there are any errors,
the sense command is issued and an
error routine is scheduled. If no
errors are indicated, the device depen-
dent trap code module is entered, fol-
lowed by the channel end appendage.

e Device end with the UCB busy flag set,
with the UCB post flag not set, and
with a unit check or unit exception
status, which indicates that an error
occurred at device end. The UCB inter-
cept flag is set to indicate that the
error must be inspected at the next I/0
request for the device.

Attention Bit

When the attention bit is set, the atten-
tion routine interface is entered. The

attention routine interface is discussed
later in this section.

Unit Check Bit and Abnormal End Appendage

When the unit check bit is set, the sense
subroutine is entered so that additional
information about the I/0 interruption may
be obtained. The unit check bit usually
occurs with channel or device end bit set-
tings (or both) or during the initial
selection of the device.

The I/O interruption supervisor sets the
IOB exception flag to indicate an error may
be present, and takes the abnormal end ap-
pendage exit. The appendage returns to the
I/0 interruption supervisor and specifies
one of the following:

Continue normal processing

Skip further processing of request
Reschedule request

Enter IBM-supplied error routine

When an error routine is entered, error
correction is attempted; however, if the
error routine determines that the error is
permanent, the abnormal end appendage is
re-entered. The preceding returns are
applicable.

Unit Exception and Incorrect Length Bits

The unit exception and incorrect length
bits indicate that a device-dependent con-
dition is present. The IOB exception flag
is set to indicate that an error may be
present, and the channel end appendage is
entered. When control returns to the I/0
interruption supervisor, the error routine
interface is entered, unless the appendage
specifies otherwise. On return from the
error routine, the abnormal end appendage
is entered.

Program Check, Protection Check, and

Chaining Check Bits
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When the chaining check status bits are
set, the abnormal end appendage exit is
taken. Upon return, the error routine
interface is entered to schedule an error
routine that will inspect the type of sta-
tus bit indicated, unless the appendage
specifies otherwise.

When the program check or the protection
check status bits are set, the abnormal end
appendage is entered. If the appendage
does not change the setting of the bits and
specifies to continue normal processing, an
error routine is scheduled. The error rou-
tine sets the permanent error condition.
After control is returned to the I/0 super-
visor, the abnormal end appendage is
entered again. On normal return from this
appendage, the request is posted.
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Status Modifier and Busy Bits

| The status modifier and the busy bits ind-

~icate a control unit busy condition. (See

"control Unit End Bit.") The UCB is located
by means of the UCB lookup routine and the

UCB control unit busy flag is set.

TRAPCODE MODULES

A trapcode module, or the capability for
it, exists for each device class. The
trapcode modules provide device-dependent
functions for channel end and device end
interruptions. Upon return, either the
channel status is interrogated or the chan-
nel end appendage exit is taken, depending
on the settings of the UCB post flag.

Module Selection: The appropriate trapcode
module is selected by use of the device
table, which contains the address of the
trapcode module to be used with a particu-
lar device class.

Unit Record and Telecommunications Trapcode
Modules

The unit record and telecommunications
trapcode modules perform no functions. A
branch is made back to the I/0 interruption
analysis.

Tape Trapcode Module

The tape trapcode module updates the block
count in the DCB using the block count
increment amount specified in the IOB.

Direct Access Trapcode Module

The direct access trapcode module deter-
mines whether or not a seek is complete.

At the completion of a stand alone seek,
indicated by a device end interruption, the
UCB disk arm seeking flag on, and the UCB
data transfer flag off, the direct access
trap code module enters the channel restart
module for a possible start of the data
transfer portion of the channel program.

If a seek end has not occurred, the
module returns directly to the I/0O inter-
ruption analysis. The "both on" or "both
off" settings of the disk arm seeking and
disk data transfer flags in the UCB for the
interrupted device indicate that there is
no seek end.

Device End Post Trapcode Module

The device end post trapcode module guaran-
tees a device end posting environment for
graphic devices.
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CHANNEL RESTART SUBROUTINE

The channel restart subroutine attempts to
restart the channel after an analysis of
the I/0 interruption. A flag is set mark-
ing the channel to be restarted, and I/0
interruptions are enabled. If an interrup-
tion occurs, the I/0 interruption supervi-
sor will receive control from the I/O
first-level interruption handler. If no
interruption occurs, I1I/0 interruptions are
disabled and channel restart continues.

| A channel search module provides the
channel restart subroutine with the address
of the logical channel. To provide for
overlapped seek and data transfer opera-
tions (on separate devices), the logical
channel is searched for all requests which
require seeks. Then it is searched again
for a data transfer operation. When direct
access devices are attached to this chan-
nel, a common channel search module is used
to search the logical channel gqueue for
direct access devices. When a request ele-
ment for a seekable device is found in the
queue, the status of the device is tested.
If the device is not available, the module
searches for the next request element for a
seekable device. If the device is avail-
able, a test channel module is entered to
determine if the channel is available.

A test channel module is not entered if
the request is "related" and if a permanent
error is indicated in the associated data
control block (DCB). A related request is
one issued for the same data set as a pre-
vious request. The related request is
started only if the previous request has
successfully completed. The request is
recognized as related if the "unrelated"
flag in the associated input/output block
(IOB) is not set.? If the request is
related, the channel search module tests
the exception flag of the associated DCB
for a permanent error condition.2 If the
DCB indicates a permanent error, the chan-
nel search module starts the following
sequence:

e Places a "purged request"™ code (X'48')
in the event control block code field
(offset 04) of the associated input/
output block. This code will eventual-
ly be used by the post routine inter-
face (XCPPST) when it prepares to post
an event control block.

iThe "unrelated" flag is bit 6 of the
FLAGS1 field (offset zero) in the IOB.
For this test, the FLAGS1l field (IOBFL1)
should not be hex. '02°'.

2The DCB exception flag, when set, is
denoted by hex. 'C0' at offset '2C' in
the DCB.

C



e Branches to the dequeue module (XCPPDQ)
to remove the request element from the
request queue and return it to the
freelist. The dequeue module passes
control to a user abnormal-end appen-
dage, if one exists. It similarly
removes other requests related to the
purged request.

e Posts the request complete, via the
post routine interface (XCPPST). The
completion code is X'48', as stated
above. It similarly posts other
requests related to the purged request.

e Passes control to another task in the
system, via the I/0 first-level inter-
ruption handler (location DISMISS) and
the dispatcher (IEAODS) of the
supervisor.

If the channel is not busy, control is
passed to the direct access Start I1I/0
module, which sets up for the stand-alone
seek operation. When this operation is
accepted, the channel search module and the
channel restart module continue searching
for more direct access devices which need a
stand-alone seek operation. When the last

' request element is reached, the channel

search and channel restart modules start
searching for requests which require data
transfer operatioms.

If the request element contains a dummy
address, there is no request element queued
for the available channel. However, if the
request element does not contain a dummy
address, the associated UCB data transfer,
busy, and not ready flags are inspected.
The channel search module regains control
if any of the UCB flags are on to indicate
that the device is not available.

If the request has been purged and left
on the logical channel queue, the sense
subroutine is entered to issue a stand-
alone SIO to release the device.

When a data transfer operation is
started, the channel is busy for any furth-
er requests, and the channel restart sub-
routine again enables for any pending I/O
interruptions. If an interruption occurs,
the interruption supervisor receives con-
trol from the I/0 FLIH. If no interruption
occurs, the exit procedure tests flags in-
dicating additional channels to be
restarted (from previously handled inter-
ruptions). If one or more channels are
flagged, the channel restart subroutine is
re-entered. If no channels remain to be
restarted, control is returned to the 1I/0
FLIH.

CHANNEL SEARCH MODULES

The channel search modules supply the
addresses of the logical channel queues for
a particular channel to the channel restart
subroutine until an I/0 request is found
that can be started on the channel or until
it is determined that there is no such 1I/0
request. There is a channel search module
for each of the following:

e Multiplexor channel with burst devices
attached.

e Multiplexor channel with no burst
devices attached.

e Selector channel included in only one
logical channel.

e Selector channel included in two or
more logical channels.

Module Selection: The channel restart sub-
routine multiplies the address of the
available physical channel by four and then
adds it to the starting address of the
channel table. The entry at the resultant
address contains the address of the channel
search module to be used for that channel.

Multiplexor Channel With Burst Devices

Whenever a burst device is operating on a
multiplexor channel, that channel is tied
up and other devices cannot be serviced.
Because of this, those devices may overrun.

When data is transferred to or from an
unbuffered control unit, overrun can occur
if the channel fails to respond on time to
a request for service from a device. The
data (input or output) is considered inval-
id. Overrun also occurs during command
chaining when a device receives a command
that is too late for the data.

The devices are classified within the
UCB as being burst, overrunable byte, or
non-overrunable byte. The following rules
are applied to their operation:

e Only one burst device can be operated
at one time.

e A burst device and an overrunable byte
device cannot operate at the same time.

e More than one overrunable byte device
can operate at the same time.

e A non-overrunable byte device can oper-—
ate at any time.

Burst Device: Whenever a request is for a
burst device, or whenever a request element
representing a request for a burst device
is the first element in the logical channel
queue, it must be determined whether or not
any other burst devices or an overrunable
byte device are operating. If they are,
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the request is not started and control is
returned to the task supervisor. No other
request elements in the logical channel
queue are inspected until that burst re-
quest is started.

The request is started if no other burst
device or overrunable byte device is
operating. A flag byte is then set to 'FF'
to indicate that a burst request is operat-
ing. (The flag byte is reset when the re-
quest is completed.) Either the channel
restart subroutine is entered with the re-
quest element for the burst request or con—
trol is returned to the select subroutine.

Overrunable Byte Device: Whenever a re-
quest element for a request on an overrun-
able byte device is the first request in
the logical channel queue, it must be
determined whether or not any burst devices
are operating. If none are, the channel
restart subroutine is entered and the re-
quest is started. A counter is incremented
every time an overrunable byte device is
started and decremented every time an over-
runable byte device terminates its
operations.

If a burst device is operating, control
is returned to the task supervisor. No
other request elements are inspected until
that request is started.

Non-Overrunable Byte Device: Whenever the
request element for a non-overrunable byte
device is the first element in the logical
channel queue, the request is started
regardless of the types of devices operat-
ing on the multiplexor channel.

Multiplexor Channel With No Burst Devices

The address of the logical channel gqueue
associated with the multiplexor channel is
passed to the channel restart subroutine.
If the request on this queue can be
started, the select subroutine is given
control. Otherwise, the module is
re—-entered.

When the addresses of all request ele-
ments queued in the logical channel queue
have been checked or when none of the I/O
requests represented by the request ele-
ments could be started, control returns to
the task supervisor.

Selector Channel Included in Only One
Logical Channel

To start seek overlap, this module passes
to the channel restart subroutine the
address of the logical channel queue. The
channel restart subroutine searches the re-
_quest elements in this queue for a direct
access device and then checks the avail-
ability of the device. If the device is
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busy, the subroutine searches the queue for
the next request element associated with a
direct access device. If the device is not
busy, a seek is initiated. The channel
search module is then reentered until all
possible seek requests on the logical chan-
nel queue are initiated.

After all seeks have been initiated so
that seek overlap is started, the same log-
ical channel queue for the channel is
searched until a data transfer request is
started on the channel, or until it is
determined that there are no requests that
can be started. Control returns to the
task supervisor.

Selector Channel Included in More Than One
Logical Channel

This module starts seek overlap in the same
manner as the module for a selector channel
included in only one logical channel,
described above. It then starts the high-
est priority request in each logical chan-
nel queue for the available selector chan-
nel. (When priority queuing is not imple-
mented, the address of the first request
element is passed to the channel restart
subroutine.)

To determine the highest priority re-
quest elements, the module places the 2-
byte link fields from the first request
elements in each logical channel queue for
the selector channel into the scratch field
of the logical channel word for the asso-
ciated queue. The scratch field maintains
the address of the request element within
the queue that is next to be compared for
priority. The priority of the request ele-
ments are then compared.

The address of the highest priority re-
quest element is passed to the channel
restart subroutine, which determines wheth-
er or not the represented request can be
started. If it can, the select subroutine
is entered. Otherwise, the address of the
next highest priority request element is
passed. This procedure continues until a
request is started, or until all queues
have been inspected and it is determined
that no request can be started on that
selector channel. Control then returns to
the task supervisor.

SENSE SUBROUTINE (INTSEN)

The sense subroutine is entered when the
analysis of the CSW status bits after an
I/0 interruption shows that the unit check
bit is set. The subroutine issues a sense
command to read into the UCB additional
information regarding the unit check condi-
tion for the device in error.
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The sense subroutine is entered from the
channel restart subroutine which uses the
sense subroutine as a stand-alone SIO rou-
tine to issue a release command to a shared
direct access device when a request which
had a stand-alone seek in progress is
purged. After the release is performed,
the request element is dequeued and made
available for reuse.

Issuing the Sense Command: Before a sense
command can be issued, the sense subroutine
must inspect the UCB busy flag to determine
whether or not the device represented by
the UCB is busy.

If the device is busy, the sense subrou-
tine sets the IOB sense flag to indicate
that an error occurred. The I/O interrup-
tion supervisor checks the IOB sense flag
at device end for the busy device and, if
it is on, "ORs" the CSW field from the IOB
(stored there at channel end) to the pres-
ent CSW bits. Thus, the channel end error
appears as a channel end/device end error
and the sense command is issued.

If the device is a shared direct access
device, a Read Home Address command and a
Read Record Zero command are chained to the
sense command to provide HA and RO informa-
tion for the error routines. The error
recovery routines normally return to the
I/0 supervisor when this information is
required to accomplish defective track
recovery.

When the device is available, a CCW that
contains the sense operation code is con-
structed and the SIO instruction is issued.
The sense information is read into the UCB
sense area. If the initial response to the
SIO instruction is busy, the SIO is reis-
sued. If the CSW was stored on the SIO
operation, the status is tested for channel
errors. If any channel errors are present,
SER/CCH is entered. If unit check occurs
on SIO, equipment check is indicated in the
first sense byte in the UCB and the second
UCB sense byte is set to X'FF' to indicate
the malfunction. This status is then moved
into the I0B field.

CSW _Inspection: The sense subroutine
"spins" on a TIO instruction until the CSW
is stored, unless the device is a shared
direct access device or a teleprocessing
device. 1In these cases, the UCB status
modifier flag is set to route the interrup-
tion back to the sense routine and control
is returned to the I/0 interruption handl-
er. If the sense subroutine does wait for
the CSW to be stored, it performs'the fol-
lowing procedures for resultant CSW
conditions:
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e Channel error.’ The SER or CCH inter-
face is entered.

e Unit check. Equipment check is set in
the first sense byte of the UCB. X'FF'
is set in the second UCB sense byte.
This status is moved to the IOB sense
field.

e CSW busy bit. The SIO instruction is

re-issued.

e CSW status modifier bit. The UCB sta-
tus modifier flag is set and control
returns to the I/0 interruption
supervisor.

All other CSW conditions are disre-
garded, and the first two bytes of sense
information is stored in the I0B. Control
is returned to the I/0O interruption
supervisor.

INTERFACES

Interfaces are routines that are used as
common points of departure from, and that
direct the transfer of control from, an
operating system routine to another system
routine. The interface positions data in
the form required by the system routine to
be entered and also provides a return
point. The following interfaces are used
by the I/0 supervisor (major entry points
are shown within parentheses):

Attention routine interface (INATT)
Error routine interface (INTERR)
SER interface (SERRO4)

ABTERM routine interface (XABEOT)
Post routine interface (XCPPST)

Attention Routine Interface

The attention routine interface routes con-
trol to the proper attention routine after
an attention interruption occurs. (See
"Introduction: Attention Table.")

The appropriate attention routine is
indicated by the index value to the atten-
tion table that is contained in the ATNTAB
field of the UCB that represents the device
requiring the attention routine. The user
sets the index value when execution of an
attention routine that was specified at
SYSGEN time is desired. The attention rou-
tine interface adds that index value to the
starting address of the attention table.
The entry at the resultant address contains
either the address of the pertinent atten-
tion routine or, if the index value is
zero, a branch back to the I/0 interruption
supervisor.

After the attention routine has been

executed, control returns to the 1I/0
supervisor.

I/0 Interruption Supervisor 35




l Error Routine Interface (INTERR)

The error routine interface controls execu-
tion of the error routines required by the
I/0 supervisor for error recovery proce-
dures. It tests the I1I/0 supervisor error
key (contained in the DCB) and determines
whether or not error recovery procedures
are to be used. If a transient error rou-
tine must be scheduled, the error routine
interface routes control to the exit effec-
tor. In the case of a related request with
a permanent error, the error routine inter-
face calls the I/0 purge routine, so that
the related request elements for the data
set will be purged.

I/0 _Supervisor Error Key Test: Providing
that the IOB does not indicate a permanent
error, in which case the post routine
interface is entered, the I/0 supervisor
error key is tested to determine when IBM-
supplied error routines are to be used.
They may be used for:

e All errors. For direct access devices,
the error routine interface branches to
the resident portion of the direct
access device error routine, which
handles the error or calls in transient
routines. For sequential access
devices, the error routine interface
passes the request element to the exit
effector for subsequent scheduling of
the appropriate transient IBM-supplied
error routine.

e No errors.
permanent.

The error is posted as

Scheduling of an Asynchronous Routine: If
the I/O supervisor error key indicates that
an IBM-supplied error routine is to handle
an errxor, the error routine interface
branches to the direct access device error
routine or, if the error routine is tran-
sient, causes it to be scheduled asynch-
ronously. Chart 14 shows the scheduling
procedure.

For direct access devices, the resident
portion of the direct access device error
routine is entered, and if necessary, the
transient portions are called in.

For sequential access devices, the error
routine interface passes the address of the
request element in error to the exit effec-
tor of the task supervisor. The exit
effector places this element into the asyn-
chronous exit queue for scheduling. The
exit effector then completes the name of
the required error routine by use of the
ERRTAB byte in the UCB. This byte, when
appended to the name in the system inter-
rupt request block (SIRB) yields the name
of the error routine within the SVC
library. (If the freelist is empty, the
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error routine interface returns the request
element in error to the next available, and
enters the ABTERM routine interface. The
associated task is abnormally terminated
because in scheduling the required error
routine, the contents supervisor uses the
EXCP macro instruction.)

The BLDL routine of data management
(IECPBLDL) uses the 8-character name to
search the SVC library for the error rou-
tine. When found, the error routine is
read into the I/O supervisor transient
area, and then given control.

The I/0 purge routine is called into the
I/0 supervisor transient area in the same
manner as the transient IBM-supplied error
routines. The error routine interface
passes the request element for the related
I/0 request to the exit effector, which
places it into the asynchronous exit queue
for scheduling of the routine.

The constant that is used to complete
the name of an error routine to be sched-
uled asynchronously, which is normally
obtained from the ERRTAB byte in the UCB,
resides however, for the I/0 purge routine,
in a location following the UCB lookup
table. The address of a location that
reflects this change is placed into the UCB
address field of the request element.

Thus, this location simulates that of the
ERRTAB byte of the UCB, and the exit effec-
tor uses it to complete the name of the I1I/0
purge routine within the SVC library. Wwhen
the I/0 purge routine gains control, it
replaces the UCB address field in the re-
quest element with the actual UCB address
for the device so that later processing is
not affected.

I/0 Purge Routine: The I/0 purge routine
is transient and is called by the error
routine interface whenever a related 1I/0
request develops a permanent error condi-
tion. (The name of the I/0 purge load
module is IEC0025E.) All other related I/0
requests for the same data set must be
purged because they are dependent upon the
successful completion of the preceding
related I/0 requests, one of which has
failed.

The I/0 purge routine removes all queued
request elements for the related 1/0
requests from the logical channel queues
that are associated with the particular
data set extent(s) defined in the DEB.

(The correct queues are found by means of
the logical channel word index indicated in
the UCB.) The I/0 purge routine returns
the request elements to the freelist,
chains the IOBs associated with them to the
DEB system purge chain field, and posts the
ECB that corresponds to each IOB complete
with a permanent error code.
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The I/0 purge routine returns control to
the 1/0 supervisor via SVC 15 and the
abnormal end appendage exit is taken.

SER or CCH Interface

The SER or CCH interface (SERRO4)1 is
entered whenever the 1/0 supervisor detects
a catastrophic error (i.e., when a CSW
channel data check, channel control check,
or interface control check bit is set). It
routes control one of the following reco-
very management routines:

e SERO or SER1l.
e The channel check handler.
e The machine check handler.

The choice depends on the option selected
at system generation.

If the channel check handler is present,
the CCH interface branches to it. (See
"Channel Check Handler.")

If the channel check handler is not pre-
sent, the SER interface places the address
of the request element in error into loca-
tion 280 and places the unit address at
location 58 of the I/0 old PSW. The hexa-
decimal code OF, which indicates an I/O
channel failure, is then placed into loca-
tion 115 of the machine check (MCH) new
PSW. The MCH new PSW indicates the wait
state and has all interruptions masked as
disabled. The SER interface then loads the
MCH new PSW. The loading of the MCH new
PSW gives control to either a SER routine
or the machine check handler. Hardware
indicators can then be inspected.

ABTERM Routine Interface

The ABTERM routine interface routes control
to the ABTERM service routine of the task
supervisor, which abnormally terminates a
task.

The ABTERM routine interface is entered
from the I/0 supervisor whenever the fol-
lowing occur:

e Invalid DEB or UCB identification
field.

e DCB specification error in the DEB.
e The protection key specified in the DEB

does not match the protection key spec-
ified in the TCB.

iThe CCH interface is part of the I1I/0

Supervisor only if the channel check
handler has been specified at system
generation.

Section II:

e (MVT only) The protection key in the
request element is nonzero and is not
the same as the storage protection key
of the 10B, DCB, and ECB. The protec-
tion key comparison is made at inter-
ruption time.

The I/0 request associated with these
conditions is not posted complete.

Post Routine Interface

The post routine interface routes control
to the post routine of the task supervisor.
The post routine interface prepares the
30-bit completion code that describes the
manner in which an I/0 request has com-
pleted and passes it to the post routine
(IEAOPTO01), where the code is posted in the
ECB for inspection by the user. It also
passes the address of the TCB of the task
for which the I/0 request has completed.

If a WAIT macro instruction had been
issued, the post routine clears the wait
bit in the ECB. The post routine also
clears the wait bit in the request block.

The post routine interface is also used
by the purge complete subroutine to post
the completion of an SVC purge request
(described in Section IV).

CHANNEL-CHECK HANDLER (CATNIP)

The channel-check handler (CCH) is an
optional extension of the I/0 supervisor on
confiqurations using the 2860/2870 chan-
nels. (If the system is generated to oper-
ate in the multiprocessing mode, CCH is
required as a recovery function.) It faci-
litates recovery from channel-check condi-
tions (channel control check and interface
control check), so that these conditions
are not necessarily catastrophic.

The two major functions performed by CCH
are the formation of the error recovery
procedure interface bytes (the ERPIB) and
the formation of the record entry. The
interface bytes provide information to the
IBM-supplied device dependent error rou-
tines which attempt to set up a retry of
the failing operation. When the device
dependent error routine is subsequently
entered, if there are no interface bytes
for the error, the device dependent error
routine assumes a channel error to be per-
manent. The flow of the channel-check
handler is shown in Chart 13.

On detection of a channel-check, the CCH
can be entered from seven points within the
I1/0 supervisor. The four types of failures
handled by CCH and the points within the
I/0 supervisor from which entry can be made
are:
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Sense Subroutine
Two points in the sense subroutine:
following an SIO or TIO instruction.

Stand Alone Seek
The post-start I/0 subroutine.

Two points in the direct access start
I/0 module: following a stand alone
seek SIO instruction or a seek TIO
instruction.

I/0 Interruption Supervisor failure
One point within the I/0 interruption
supervisor: upon detection of a chan-
nel check on initial entry to the
routine.

Halt I/0 failure
The Halt I/0 subroutine.

Before branching to the CCH, the routine
detecting the channel check identifies
itself by placing a unique code in a prede-
fined register.

Upon entry, the CCH places a code in the
machine-check new PSW to identify itself to
the Machine-Check Handler (MCH) program
should a machine check occur during CCH
processing. CCH then locates available
areas for forming the ERPIB and the record
entry. The interface bytes will contain
the results of CCH analysis for use by the
device dependent error routine, and the
record entry will contain a description of
the environment of the channel failure.

The record entry is formed by CCH and is
later written by the statistical data reco-
rder, on the SYS1.LOGREC data set.

The areas for building the interface
bytes and record entry are located by way
of the communication scheme illustrated in
Figure 6. The addresses are established at
system generation, and the flag field is
initially set to zero.

If one or more of the following condi-
tions exists, normal CCH processing
continues:

e The UCB post and/or busy bit is set.

e The error occurred in the sense
routine.

e The CSW attention or device end bit is
set.

If none of these conditions exists, CCH

exits immediately by loading the machine
check new PSW.
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Interface

CVT First 4 bytes of Byte Table
LOGREC DCB
Parameter
+116| CVTIDCB | Table ij

+4 <

Record Entry
+8 | 4 4 Table

Flag
Entry CCH Base
Code Register
Value E]

Channel-Check Handler Communi-
cation Scheme

Figure 6.

If the failure occurred on a multiplexor
channel, CCH determines whether a system
reset has occurred. If a system reset has
occurred, CCH , after performing its analy-
sis, places the system in the wait state.

The record entry is always produced
unless space for the record entry is not
available. This can occur when a series of
channel errors has occurred without oppor-
tunity for the statistical data recorder to
write them on the SYS1.LOGREC data set.

The ERPIB are produced unless the channel
check occurred in the sense subroutine and
was corrected or unless it followed a Halt
I/70 instruction. If the channel check
occurred in the sense subroutine, control
may be returned to the sense subroutine for
retry of the sense operation. However, if
a channel check is found not suitable for a
retry in the CCH sense intercept routine,
or if after three attempts the sense opera-
tion is not successfully completed, the
ERPIB are produced with the 'no retry' bit
set.

In the case of a Halt I/0 instruction,
retry is not necessary because the effect
of the channel check is the same as that of
the instruction. Control can be returned
to the instruction following the Halt I/O.

As a result of the CCH operation, execu-
tion can continue in the I/0 supervisor
with the scheduling of a device dependent
error recovery procedure to retry the fail-
ing operation, as in the case of a non-
catastrophic error. The last function per-
formed by CCH before relinquishing control
is to remove its identifying code from the
machine-check new PSW.

C

¢



Section IIl: IBM-Supplied Error Routines

A device-dependent error routine may be
entered following a unit check, a unit
exception, a wrong length indication, a
program check, a protection check, a chain-
ing check or a channel data check indica-
tion in the CSW status bytes. In addition,
if the optional channel-check handler (CCH)
is included at system generation time, a
device-dependent error routine is entered
following a channel control check or an
interface control check. When such a con-
dition exists, the I/0 supervisor passes
control to the error routine interface,
which tests the 1I/0 supervisor error key in
the DCB, which indicates whether or not an
error routine is to be used, and if one is,
branches to or has the appropriate error
routine scheduled asynchronously. Chart 14
shows the scheduling of an IBM-supplied
error routine.

There are three types of IBM-supplied
error routines:

e Device-dependent routines
e Common routines

e I/0 inboard and outboard recording
routines

Device~dependent routines attempt error
recovery and correct errors for particular
device types according to the standard IBM
error recovery procedures (ERP). All of
the device-dependent routines, except a
resident portion of the error routine for
direct access devices, use the I/0 supervi-
sor transient area for execution.

Common routines are used by the device-
dependent routines. The common routines
are the error interpreter, which is resi-
dent, and the write-to-operator and statis-
tics update routines, which are transient.
Also, the I/0 inboard and outboard record-
ing routines are used as an extension of
the device-dependent error routines.

The I/0 inboard routine writes on the
system residence device channel inboard
records that have been created and for-
matted by the channel-check handler (CCH).
I1/0 outboard recording routines maintain
external records on the system residence
device. These records contain information
regarding the operation of each I/0 device.
These routines are the statistical data
recorder and the outboard recorder; they
are always provided when IBM-supplied error
routines are included in the system.

Section

The device-dependent and common routines
determine the type of error. When the
error is such that the I/0 request can be
retried, the error routine issues an SVC 15
to retry the channel program, and then
returns to the task supervisor by means of
SVC 3. As each retry is executed, control
returns to the error routine.

When an error is corrected by an IBM-
supplied error routine, the routine issues
SvC 15 and an SVC 3 to return control to
the I/0 supervisor. The I/0 supervisor
posts the ECB with a normal completion code
and normal processing continues.

At the completion of error processing
(successful or unsuccessful), the common
error routines, when necessary, update the
statistics table, write error messages to
the operator, and call the I/O outboard
recording routines for external error
recording.

Also, when the IBM-supplied error rou-
tine cannot correct the error, the routine
issues SVC 15. Upon receiving control the
I/0 supervisor purges any request elements
related to the request element in error by
use of the I/0 purge routine. The I/O
supervisor points to the purged requests
with the system purge field in the DEB for
the appropriate data set. The purge rou-
tine returns the related request elements
to the freelist and posts the ECB with a
purge code.

Device-Dependent Routines

The device-dependent routines correct
errors according to the standard IBM error
recovery procedures. The routines are:

e 1052 (2150) erxrror routine, which
handles errors on the console typewrit-
er. (The load module name is
IGE0000D.)

e 2540 (2821) error routine, which
handles card read and punch errors.
(The load module names are IGE0001C and
IGE(O101C.)

e 1403, 1443 error routine, which handles
printer errors. (The load module name
is IGE0000G.) ’

e 1442, 2501, 2520 error routine, which
handles card read and punch errors.
(The load module name is IGEOOOOCE.)
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e 2671 (2822) paper tape reader error

routine, which handles errors on the
paper tape reader. (The load module
name is IGE0002I.)

2400 tape series (including the 2420)
error routine, which handles magnetic
tape errors. (The load module names

are IGE0000I, IGE0100I, IGE0200I, and
IGE09001I.)

Direct access device error routines,
which handle errors on direct access
devices and perform alternate track
procedures. (The load module name for
the transient portion is IGEOOOOA.)
Most of this error routine resides in
main storage; the load module for the
resident portion can be one of the fol-
lowing, depending upon device type and
selection of the track overflow
feature:

IEC23XXB - 2311 without overflow
IEC23XXC - 2311 with overflow

IEC23XXD - 2311 ands/or 2302, 2303,
without overflow

IEC23XXE - 2311 and/or 2301, 2302,
2303, 2314, with overflow

Note 1: On the 2301 and 2314 the over-
flow is a standard feature.

Note 2: 1In all of the above modules,
code is included for the 2321 to record
statistics. All 2321 error handling,
however, is performed in transient
modules.

2321 data cell device error routine,
which handles errors on the 2321 data
cell drive. The 2321 data cell device
error routine is composed of five tran-—

sient load modules: IGEOQO002H,
IGE0102H, IGE0202H, IGE0302H, and
IGEO402H. When an error is detected

for a direct access device, one of the
above resident direct access routines
is entered. If the resident direct
access routine detects a 2321 error,
control is passed to the first 2321
transient load module (IGEOOO2H).

2250 error routine, which handles
errors on the 2250 display unit.
load module name is IGE0010A.)

(The

2260 error routine, which handles
errors on the 2260 display station and
associated 1053 printer. (The load
module names are IGEO010B and
IGE0110B.)

e 2280/82 error routine, which handles
errors on the 2280 film recorder and
the 2282 film recorder/scanner. (The
load module name is IGE0010C.)

GENERAL OPERATING PROCEDURE

The device-dependent routines, with the
exception of the resident direct access
device routine, gain control through the
contents supervisor in PCP (or via the
stage-3 exit effector in MVT). Although
each routine has characteristics pertinent
to the device type, the programming techni-
ques used for each routine are similar.

The routines set the IOB error indicator
bits, examine the sense and CSW status bits
stored in the IOB to determine the type of
error, and where possible, attempt to re-
cover the error by retrying the channel
program by means of SVC 15.

Chart 15 shows the general operating
procedure for all device-dependent routines
except the 2250, 2260, and 2280/82 error
routines. The general operating procedure
for these routines is shown in Chart 16.

Setting Errxor Indicators: All device-

dependent routines upon entry, turn on the
I0B exception bit and error flag. These
flags indicate to the error routine inter-
face that an error routine is in control,
and that control must be returned to the
error routine until the error is corrected
or is determined to be uncorrectable. An
uncorrectable error is a permanent error.

When the error is permanent, the IOB
exception bit is left on and all error
flags and counts are reset to zero. If the
DCB exception bits are set to 01 (i.e.,
indicate that error correction is in pro-
gress), the I/0 supervisor resets the bits
to 11, indicating the permanent error con-
dition. Until the DCB exception of 11 is
cleared, all further related requests for
the particular DEB are rejected and posted
as a permanent error.

When the error is corrected, the IOB and
DCB exception flags and the IOB error flags
and counts are reset to zero.

IOB Channel Program Description Bit Test:

In all error routines, except the direct
access device, 2671/2822, 1052, 2150, 2250,
2260, and 2280/82 error routines, the IOB
channel program description bits are
inspected for the type of chaining within a
channel program in error so that the proper
restart procedure is taken. The direct
access device, 2671/2822, 1052, 2150, 2250,
2260, and 2280/82 error routines always
retry the channel program in error from the
top of the CCW list (at the first CCW);
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thus, they handle any type of channel pro-
gram and chaining is not significant.

The procedure taken for chained channel

| programs, shown in Chart 15, is as follows:

e Data and Command Chaining. The error
routines do not retry any channel pro-
grams that have mixed chaining (IOB
channel program description bits set to
11); the routines write an error mes-
sage to the operator and indicate a
permanent error by means of the DCB
exception bits. SVC 15 is issued so
that the request element will be
returned to the freelist, and then con-
trol is returned to the task supervisor
via an SVC 3 instruction.

e Command Chaining. When a channel pro-
gram is command chained (IOB channel
program description bits set to 01), it
must be restarted at the proper CCW
address. When a channel program has
been retried and the error is
corrected, a subsequent error may
occuron a different CCW. This error is
detected when the address of the
erroneous CCW does not equal the
restart address in the IOB. In this
case, the channel program is restarted
at the erroneous CCW address. However,
if an error occurs at the execution of
the SIO instruction for this retry, the
accuracy of the CCW is unpredictable.
This error is indicated by the condi-
tion code setting of 01. The channel
program is again started at the address
of the erroneous CCW, which is the
restart address in the IOB.

e Data Chaining or No Chaining. When the
channel program has data chaining or no
chaining (IOB channel program descrip-
tion bits set to 10 or 00, respec-
tively), the channel program is
restarted from the top of the CCW list,
which is the start address in the IOB.

Determining the Type of Error: The type of

error is indicated by the setting of the
CSW status bits, and in the case of a unit
check condition, the sense bits. The error
routines (except the 2250, 2260, and 2280/
82 error routines) examine the setting of
these bits by means of the error interpret-
er routine. Instructions within the 2250,
2260, and 2280/82 error routines test the
bits; the other device-dependent routines
branch to the error interpreter with a list
of codes and address constants following
the branch instruction.
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Each entry in the list is 2 bytes in
length. The order of the entries depends
upon IBM standard error recovery proce-
dures, upon the type of device-dependent
routine in control, and upon the meaning
the CSW status or sense bits have for the
type of device.

Each entry contains a 1-byte code that
corresponds to the relative position of
either a CSW status bit or a sense bit and
a 1-byte index factor that indicates the
point at which the error interpreter is to
return to the error routine after determin-
ing the type of error.

The error interpreter routine compares
each code to the CSW status or sense bit.
If the particular status or sense bit is
set, the error routine regains control at
the point indicated by the address
constant.

The error routine then handles the con-
dition denoted by the particular status or
sense bit. The following procedures are
taken:

e Permanent error. A permanent error is
one that either cannot be corrected or
fails to be corrected after standard
error recovery procedures. A permanent
error is indicated by the IOB exception
bit. The statistics update and the I/O
outboard recording routines are called
for error recording and then SVC 15 is
issued.

After the I/0 supervisor routines
have posted the request complete with a
permanent error, have entered the
ABTERM routine interface in the case of
a program or protection check, have
purged any requests related to the
request in error, and have entered the
abnormal end appendage, control returns
to the error routine. The error rou-
tine uses SVC 3 to return to the task
supervisor.

s Operator Intervention. When it is
determined that operator intervention
is required, the write-to-operator rou-
tine is entered for the writing of the
"intervention required" message. SVC
15 is issued, then SVC 3 is issued to
return control to the task supervisor.

e Recoverable errors. The channel pro-
gram is retried by means of the SVC 15
instruction, and if the error is
corrected, the IOB exception and error
flags are set to zero and normal pro-
cessing continues.

If the error is uncorrectable, the pro-
cedure for a permanent error is taken.
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Statistics Update: In unit check cases,
the statistics update routine is always
called to update the error counters in the
statistics table and, if a statistics coun-
ter overflows, the statistical data record-
er is called for external error recording.

DEVICE-DEPENDENT CHARACTERISTICS

Since each device type has different chara-
cteristics, the meaning of the CSW unit
exception bit, the sense bits, IOB flags 1,
flags 2, and flags 3 fields, and the IOB
error count field vary according to the
type of device. The CSW status bit inter-
pretation and their order of inspection is
shown in the coding for the IBM-supplied
error routines. The sense bit meanings are
shown in Table 2 and are explained in the
appropriate component description publica-
tion for the device. The IOB flags 1, 2,
and 3 fields and the IOB error count field
are also shown in Table 2.

1052 (2150) Error Routine (IGE000OD)

Special considerations are necessary for
errors on the console typewriter. Messages
can be issued through the common write-to-
operator routine only for read errors. The
operator is notified of other types of
errors by use of the console alarm bell.

The following CSW conditions are treated
as permanent errors: program check, unit
exception, protection check, channel data
check, channel control check, interface
control check, chaining check, and inco-
rrect length. Control is returned immedi-
ately from the 1052 error routine to error
EXCP for abnormal termination of the task.

The 1052 error routine tests bits MO and
M1 in the third byte of the IOB flags to
control its procedure on subsequent entries
after the original error. If both are set
to 0, the common interpreter is entered to
determine the type of error. If MO has
been set to 1, it indicates error EXCP was
entered to ring the console alarm to signal
a permanent error. Control is returned via
SVvC 15 for abnormal termination. If M1 has
been set on, intervention required has been
signalled, and the original channel program
is to be retried.

Actions taken to recover from error con-
ditions indicated in sense byte 0 are
described below.

Bit 0: Command Reject.
This bit is set when an invalid com-
mand code is detected. The IOB error

flag is turned off and the IOB excep-
tion flag turned on, indicating a per-
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Bit 1:

Bit 2:

Bit 3:

Bits

manent error. Control is returned to
I/0 supervisor via SVC 15 for abnormal
termination.

Intervention Required.

This bit is set when the printer runs
out of forms or when the not-ready key
has been depressed. The error routine
places the control command to ring the
console alarm in the reposition modi-
fier field of the I0B. Modifier flag
1 is set in the IOB to signal error
EXCP to build a CCW employing this
command code. Bit M1l is set in the
IOB and control returned by SvC 15.
The intervention required condition
does not terminate a read or write
operation that is already in progress.

Bus-Out Check.

This bit is set when a parity error is
detected on a command or data byte.
The 1052 error routine sets the bus
out flag in the IOB and retries the
user's channel program via sSvC 15. If
the error recurs, the control command
to ring the console alarm is placed in
the reposition modifier field of the
I0B, and modifier flag 1 is set to
signal error EXCP to construct a CCW
with this command. IOB bit MO is set,
and control returned via SVC 15.

Equipment Check

This bit is set when one of the fol-
lowing occurs:

e Keyboard parity error.
Keyboard-printer compare check.

e Printer failed to take a mechanical
cycle during a read or write
operation.

If the error occurred on a read com—
mand, a permanent error is assumed and
the write-to-operator routine is
called; it writes a message indicating
failure to read input messages. For
write errors, the error routine re-
tries the channel program via SVC 15.
On the second occurrence of the error,
the console bell is rung via the pro-
cedure described above for bus-out
check.

4-7: should not occur.

If these bits are set, a catastrophic
error is assumed. A permanent error

is signalled to error EXCP and abnor-
mal termination takes place.
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2540 (2821) Exrror Routine

When a card jam causes a punch error indi-
cation on the 2540 punch, operator restart
procedures are necessary.

No recovery is attemped under program
control on a punch error (equipment check)
unless the queued sequential access method
(QSAM) is in use and requests recovery.

The 254072821 error routine attempts
recovery from channel data checks. It
treats all other channel errors as
permanent.

The bits in the first sense byte (byte
0) have the following meanings for the 2540
error routine:
Bit 0: Command Reject

The setting of this bit indicates one
of the following permanent errors:

backward or write command was
to the reader.

e A read
issued

backward control other than
NOP or a read feed and stacker
select command was issued to the
punch without the PFR feature.

e A read

e A read backward or control command
was issued to the punch with the PFR
feature.

e An incorrect sequence of instruc-
tions was issued.

e A command was received which the
device was not designed to execute.

Bit 1: Intervention Required

The setting of this bit indicates a
not-ready condition due to one of the
following:

e Cards are not at each station (not
EOF for the Reader).

e Stacker is full.

e Hopper is empty (not EOF for the
Reader) .

e Stop key is depressed.

e Chipbox is full or removed.

e Card is jammed.

A message is typed, and the operator
must perform the right action. Upon

correction, the last operation which
was interrupted is repeated.

Section

Bit 2: Bus-Out Check

The setting of this bit indicates a
parity error on bus-out on a command
or data byte during either initial
selection or command execution.

When this error is detected, no punch-
ing occurs. The operation is retried
once and if it occurs a second time,
it is considered a permanent error and
a message is written.

Bit 3: Equipment Check

The setting of this bit occurs after
one of the following:

e Hole count error

e Buffer parity error
e Translate check

e Address check

This error applies to the previous
card punched for which data was trans-
mitted; it is considered permanent.

Bit 4: Data Check

The setting of this bit indicates an
invalid card code was detected. The
operation is retried five times. On
the sixth occurrence, it is denoted as
a permanent error.

Bit 5: Unused

Bit 6: Unusual Command Sequence

This bit is set due to a read follow-
ing a read with no intervening feed.
This error is considered permanent.

Bit 7: Unused.

1403, 1443 Error Routine

The 1403/1443 error routine treats all
channel errors as permanent.

The bits in the first sense byte
(byte 0) have the meanings described below.
Bit 0: Command Reject

This bit is set when one of the fol-
lowing occurs:

e A read backward command is received.

e A carriage instruction to space more
than three lines is received.

e A carriage instruction to skip to

channel 0, 13, 14, or 15 is
received.
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e A command is received that the
device has not been designed to
execute.

These errors are permanent.

Bit 1: Intervention Required
This bit indicates a not-ready condi-
tion due to one of the following:

e Printer has run out of forms or
forms have jammed.

e Stop key is depressed.
e Cover interlock switch is open.

e Typebar remove switch is set to the
off or remove position.

A message is typed and the operator
must correct the condition. When the
interruption occurs due to the correc-
tion of the error, i.e,.,, the unit goes
from not-ready to ready status, the
last operation is repeated.

Bit 2: Bus-Out Check

The setting of this bit indicates that
a parity error has occurred during the
initial selection of a control unit/
device. This error is considered
permanent.

Bit 3: Equipment Check

The setting of this bit indicates a
program resettable malfunction was
detected in the printer or in its con-
trols. The errors are buffer or ham-
mer checks, and are reset by the next
write or control command.

Bits 4 and 5: Type Bar Selection
(1443 only)

These bits are used in combination and
indicate the following:

52 character set (00)
13 character set (01)
39 character set (10)
63 character set (11)

* 0 0 0

These bits can be changed only by
repositioning the type bar character
indication switch.

Bit 4: Data Check (1403 only)

If the universal character set feature
is installed, the setting of this bit
indicates that a code in data storage
did not match any code generator
storage. This is considered a per-
manent error.

e

If the universal character set feature
is not installed, this bit should not
be set.

Bit 5: Code Generator Storage Parity Error
(1403 only)

If the universal character set feature
is installed, this bit indicates that
a parity error was detected on data
being written into or read from code
generator storage. If it occurs while
loading generator storage, a retry is
done. If it occurs at any other time,
it is treated as a permanent error.

If the universal character set feature
is not installed, this bit should not
be set.

Bit 6: Should Not Occur.

If this bit is set, a catastrophic
error is assumed. The Log Out bit in
the IOB is set and the permanent error
procedure is performed.

Bit 7: Channel 9
This bit is set when a hole is sensed
in channel 9 of the carriage control

tape during execution of the last
write or control command.

1442, 2501, 2520 Erroxr Routine

The bits in the first sense byte (byte 0)
have the meanings described below.

Bit 0: Command Reject

This bit is set when a read backward
command is issued or a command is
received which the device has not been
designed to execute. The error is
considered permanent.

Bit 1: Intervention Required

This bit is set when one of the fol-
lowing occurs:

e Power is off.

e Cards are not registered at the read
station.

Stacker is full.

Feed check light is on.

Stop key is depressed.

Chip box is full or removed.

No cards are in hopper and end of
file is not on.

e Cover interlock is open.

® o & o O

A message is typed, and the operator
must correct the condition. Upon
correction, the last operation that
was interrupted is repeated.

I
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Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bits

Bus-Out Check

This bit is set when there is a parity
check on bus-out during command or
data bytes, but not during the time
period of address-out or command-out
proceed.

on a command byte, one retry is made;
if upon return the error is not
corrected, it is considered permanent.

Oon a data byte, the card is already
punched; the error is considered
permanent.

Equipment Check

This bit is set at the following
situations:

e Punch operations - the punch echo is
checked for invalid card codes;
i.e., rows 1 through 7 have more
than one punch in one column.

e Read or punch operations - egquipment
check detects an error from the 9
bit match. The invalid card code
part of equipment check is not set
during card image punch.

Data Check

The setting of this bit indicates an
invalid card code was detected during
a read operation; i.e., rows 1 through
7 have more than one punch in any one
column. (This is not indicated when
the read command is in data mode 2.)
This error pertains to the card for
which data was sent.

A message is typed, and the operator
must reposition the cards for one
retry. If the error persists, it is
considered permanent.

Overrun

This bit is set during a read opera-

tion if the interface has not trans-

mitted the last previous character by
the time the next character is to be

read into the register.

The operator must reposition the cards
and the operation is retried once. If
the error persists, it is considered
permanent.
6 and 7: Should Not Occur.

If either or both of these bits are
set, a catastrophic error is assumed.
The Log Out bit in the IOB is set and
the permanent error procedure is
performed.

2671

(2822) Error Routine

The 2671/2822 error routine treats all
channel errors as permanent.

Because the paper tape reader cannot be
backspaced or repositioned under program

control, all unit
bus-out check are
The bus-out check
not corrected,

check errors except a
considered permanent.
is retried once, but if

is then considered

permanent.

The sense bits
(byte 0) have the

Bit O:

Bit 1:

Section

in the first sense byte
meanings described below.

Command Reject

This bit is set for the 2671 Paper
Tape Reader when a read backward or a
write command is received at the tape
reader or when valid commands have
invalid modifier bits.

A parity error on the command prevents
these conditions from being detected.

Intervention Required

This bit is set when the device is

"not ready". This is best described
by stating the conditions for ready.
The device is considered ready when:

e Power is on
e Tape is properly loaded
e Start key is pressed

The tape reader becomes not ready
immediately when:

e The stop key is pressed while no
read operation is in progress.

e The load key is pressed.
The power-on and reset key is
pressed.

The 2671 Paper Tape Reader becomes not
ready at the completion of a read
operation when:

e There is an overstep condition (the
tape did not stop on one character)
on a normal or abnormal tape stop.

e Tape jamming occurs in the take-up
stacker (special feature). The tape
transport mechanism is immediately
released.

e The end of tape is detected at the
reading station (with EOF light
off).

e The stop key has been depressed dur-
ing the read operation and a normal
or abnormal completion has occurred.
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As soon as the device is restored from
the not-ready conditions back to a
ready condition, a device end inter-
ruption is generated to inform the
program of this transition.

Bit 2: Bus-Out Check
This bit is set for the 2671 Paper
Tape Reader when a parity error has
been detected for a command issued by
System/360. A transmission error or a
command byte is thus separated from a
programming error as an invalid
command.

Bit 3: Equipment Check

This bit indicates that a time-out has

been detected in the tape reader since

the last data byte was sensed at the

tape read station. This time-out of

approximately 1 second can be caused

by:

e A failure of the photo cells or the
light projection system.

e A tape drive motor failure.

¢ An unusual tape creeping condition.

A length of tape without punching.

e Tape jamming in the optional
stackers.
Bit 4: Data Check
This bit is set for 2671 Paper Tape
Reader when an invalid character is
read. Parity of the data to be read
can be checked if the parity switch is
set to either the odd or even posi-
tion. Regardless of the tape code
used, the data sent to the system is
in odd parity.
Bits 5-7: Should Not Occur.
If either or both of these bits are
set, a catastrophic error is assumed.
The Log Out bit in the IOB is set and
the permanent error procedure is
performed.

2400 Tape Series Error Routine

Minimum tape record lengths are 12 bytes
for a read operation and 18 bytes for a
write operation. This minimum length has
been established to distinguish noise rec-
ords from data records. There is no check
for noise unless there is a data check.

If an ending status (e.g., channel end,
device end, or unit check) is indicated in

48

the CSW, the error routine increases the
block count in the associated data control
block (DCBBLKCT). The block count is
increased by the amount shown in the "block
count increment" field (offset 1C) of the
associated input/output block.

If the error condition is not corrected
after the specified number of retries or if
no retries are attempted, control is trans-
ferred to module IGE0025C (WTO). For all
error conditions except Command Reject,
Load Point, Data Converter Check, and Not
Capable, the IOB logout bit is set on
before control is transferred to the write
to operator module. This indicates to the
write to operator module that it should
transfer control to the outboard recorder
after a message is written to the operator.

The sense bits which cause Unit Check to
be set and the methods in which they are
handled are described below. The bits are
discussed in the same order in which they
are handled. :

Byte 0, Bit 3: Equipment Check
No retries are attempted.

Byte 0, Bit 2: Bus-Out Check

1. No Device End in Unit Status: The
command is reissued.

2. Device End in Unit Status: If
this condition occurs during a
write, the tape is repositioned
and the command is reissued. If
this condition occurs during
another type of command, the com-
mand is reissued.

This procedure is followed until five
retries have been attempted.
Byte 0, Bit 1: Intervention Required
1. No Device End in Unit Status: TU
Status B (sense byte 1, bit 2) is
tested. If TU Status B is off,
the device is non-existent. No
retries are attempted. If TU Sta-
tus B is on, an operator interven-
tion required message is provided
and when the drive is made ready,
the command is reissued.

2. Device End in Unit Status: If the
command was a Rewind-Unload, pro-
cessing continues. Otherwise the
intervention required condition is
ignored and the checking of sense
data continues.

Byte 0, Bit 0: Command Reject
No retries are attempted.

N
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Byte 0, Bit 5: Overrun

The tape is repositioned and the com-
mand is reissued. This procedure is
followed until five retries have been
attempted.

Note: A data check during overrun
suppresses the overrun condition.

Byte 1, Bit 4: Load Point
No retries are attempted.

Byte 0, Bit 4: Data Check

If the operation is a read or read back-
wards, and if the noise bit (Byte 1, Bit 0)
is on or if more than 11 bytes were read,
the tape is repositioned and the read or
read backwards is retried. If the noise
bit is off and the block size is less than
12 bytes, another block is read and opera-
tion continues. This procedure is followed
until forty retries have been attempted.
Every fifth retry is preceded by a tape
cleaner action. A TIE (Track-in-Error)
command is issued before every reread to
send sense byte 2 to the tape control
unit.® Sense byte 2 contains track-in-error
information.

If the above procedure does not recover
from the error, the error routine tries to
recover by reading in the opposite direc-
tion. If, however, any of the following
conditions exists, the routine does not
attempt opposite direction recovery:

e Data chaining is being performed.

e Data conversion mode and 7-track tape
are being used.

e The original CCW count is less than the
physical block size on the tape.

e "Suppress data transfer" is specified
in the original CCW.

In attempting opposite-direction reco-
very, the error routine first prepares to
read without repositioning the tape. It
issues a Track—-in—-Error command to send to
the tape control unit the sense byte 2
obtained during the last original-direction
retry. The routine then issues a Read or
Read Backwards command as its first retry.
On subsequent retries, it repositions the
tape, issues a Track-in-Error command, then

i1For further information on tape commands,
refer to IBM 2400 and 2816 Model 1 Com—
ponent Description.

Section III:

a Read or Read Backwards command. Before
every fifth retry, the routine causes a
tape-cleaner action. The routine continues
its retries until either it is successful
(i.e., no unit check occurs) or it has made
40 unsuccessful retries. During this reco-
very procedure, no temporary error statis-
tics are accumulated by the statistical
update routine (IGE0025D).

The read-opposite CCW has the "suppress
data transfer®” bit set until the first suc-
cessful retry.2 If successful, the routine
issues a Forward Space Block or Backward
Space Block command to reposition the tape
past the block being read. It also alters
the read-opposite CCW so that it can
transfer data. The alteration consists of
clearing the "suppress data transfer" bit
and placing the "exact" count and the data
address into the CCW. The "exact"™ count
equals the block size to be read.

If all 40 read-opposite recovery
attempts are unsuccessful, the routine
makes one final retry, this time attempting
to read in the original direction. Unlike
previous attempts, it does not issue a
Track in Error command before the Read or
Read Backward command. Note: The routine
avoids the final read attempt if either a
permanent bus-out check occurs when the
repositioning command is issued, or an e-
quipment check occurs.

If the operation is a write or write
tapemark, the tape is repositioned, an
erase gap command is issued, and the write
or write tapemark command is reissued.
This procedure is followed until fifteen
retries have been attempted.

If the operation is an erase gap, the
command is reissued. This procedure is
followed until three retries have been
attempted.

Channel Data Check

If this condition occurs during a read or
write operation, the tape is repositioned
and the command is reissued. If this con-
dition occurs during a control command,
the command is reissued. This procedure
is followed until five retries have been
attempted.

Byte 0, Bit 7: Data Converter Check

No retries are attempted.

2This CCW is located at offset hex. 30 in
the unit control block.
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Byte 1, Bit 7: Not Capable
The tape is repositioned to Load Point.
No retries are attempted.

No Previous Sense Bits On

No retries are attempted.

Chaining Check

The tape is repositioned and the command
is reissued. This procedure is followed
until five retries have been attempted.

Interface Control Check or Channel Control
Check

Control is passed to the 2400 Series Tape
Error Routine if the channel-check handler
(CCH) is in the system and an ICC or CCC
occurs.

No retry is attempted if one of the fol-
lowing conditions exist: (Refer to Sec-
tion V: Control Block and Table Formats
for a complete discussion of the ERPIB.

ERPIB Byte 4, Bit 7 on (unconditional
no-retry).

ERPIB Byte 6, Bit 3 or 4 or 5 off
(retry code invalid, unit status in-
valid, or command address invalid).

ERPIB not produced.

ERPIB Byte 7, Bit 0 and 1 both on
(system reset).

ERPIB Byte 4, Bit 2 on (TIO with no
pending interrupt stored a CSW).

ERPIB Byte 4, Bit 3 on (HIO stored a
CSW) .

ERPIB Byte 4, Bits 0 and 1 both on or
both off.

ERPIB Byte 4, Bit 5 off (if Unit Check
is indicated in Unit Status).

Unit Check and Equipment Check are
also present.

ICC or CCC occurred during tape ERP
repositioning (Unless cc=1).

If none of the above conditions
exists, retries are attempted for the
following ERPIB termination code and
retry combinations (Byte 7).

Termination code 10, Retry Code 010
Write command -- retry once
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Termination Code 01, Retry Code 011
and
Termination Code 01, Retry Code 101

Write command -- reposition and
retry once

Read command -- reposition and
retry once

Other Commands (excluding set mode
and transfer-in-channel) -- Opera-
tion is complete and no recovery
action is required.

Direct Access Device Error Routines

There are five direct access device error
routines available to the user. The one
used depends on the devices in the user's
system. The routines are:

1. 2311,2321/2841 resident error routine
without overflow.

2. 2311,2321/2841 resident error routine
with overflow.

3. 2301/2820 (2302,2303,2311,2314,2321/
2841) resident error routine without
overflow.

4. 2301/2820 (2302,2303,2311,2314,2321/
2841) resident error routine with
overflow.

5. 2321/2841 transient error routine.

After gaining control, the resident
direct access device error routines inspect
the UCB status byte for a unit check condi-
tion. If unit check has occurred, the last
two bytes of the statistics table, the sta-
tistics table work area, are updated.

Then, if a 2321 error has occurred, control
is passed to the first load module of the
transient 2321 error recovery routine.

All direct access device error routines
attempt to restart the channel program in
error from its original starting point, the
first CCW. This eliminates the problem of
repositioning required by disk, and allows
the handling of channel programs that
include command and data chaining. Any
errors within errors are also handled. For
example, if a data check occurs and upon
retry a seek check is encountered, the
error counts for both the data check and
seek check are incremented and recovery is
still possible. An unrecoverable error is
not indicated until the error is retried
the standard number of times.

The handling of track condition check is
an exception to the general practice of
restarting the channel program at the orig-
inal start location. In this case, the



home address and RO record on the track is
read to determine if the track is a defec-
tive or alternate track and to locate the

corresponding alternate or defective track.

If it is an alternate track, the address
of the defective track, plus one, is used
in a seek command. (This is found in the
ID field of the RO record.) The operation
is resumed after a search to the desired
track position.

If it is a defective track, the address
of the alternate track is used in a seek
command. (This is found in the ID field of
the RO record.) The operation is resumed
after a search to the desired track.

The direct access device error routine
also handles both cylinder and head switch-
ing for sequential and split cylinder.

On a no-record-found error, no console
message is issued if the arm has sought the
correct track. Instead, a permanent error
is flagged in the IOB.

If the device-dependent error routine is
entered because of a channel data check,
the error is handled exactly as if it was a
device data check. If CCH is included in
the system, and the routine is entered
because of a channel control check or
interface control check, the recovery pro-
cedure is the same as if the error was a
seek check.

When the overflow incomplete bit is set,
a CCW for the remainder of the record must
be constructed, because only a partial
record has been either read or written.
The command code for the CCW to be con-
structed is taken from sense byte 5. Since
it is required to construct the command
outside of the original CCW list and then
TIC to the original channel program, the
data chaining must not extend beyond this
CCW. Data chaining that includes a TIC may
result in an uncorrectable overrun
condition.

Whenever an overflow incomplete, in con-
junction with a file mask violation, end-
of-cylinder, or track condition check is
detected, the direct access device error
routine assumes that the continuation of
the overflow record on the following track
has the Record 1 in its ID field. This
assumption is necessary because the error
routine must orient the interrupted channel
program to the first data record on the
following track.

Sense Byte 0: The bits in the first semnse
byte have the meanings described below.

Bit O:

Command Reject

When this bit and bit 5 of sense byte

1

are both set, the write inhibit por-

tion of the file mask has been vio-
lated; when it and bit 3 of byte 1 are

both set, one of the following has
occurred:
e A write command was not preceded by

the necessary search or write
command.

A set file mask, reserve, or release
command has been issued in a chain
in which a previous set file mask
was given.

Head switching is being attempted in
a command chain without a prior
seek.

Space count has been chained from a
write command.

A formatting command is being
attempted after RO on a defective
track or following a record which is
flagged as an overflow record.

When Command Reject occurs with Seek
Check (byte 0, bit 7), one of the fol-
lowing has occurred:

The 2841 has detected an invalid
seek address. No seek is initiated.

Less than six bytes of seek address
were given. No seek is initiated.

When Command Reject occurs with none
of the above, one of the following has
occurred:

Bit 1:

An invalid command or a command
associated with an uninstalled fea-
ture has been given.

An invalid file mask has been given.

The sum of key length plus data
length exceeds 216-1.

An IPL command has been given after
a set file mask has been issued.

command out has been presented in
response to the request for the
first byte of a write home address
channel command word.

Intervention Required

This bit indicates that the specified
file is:

Section III:

Not physically attached to the
system.
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Bit 2:

Bit 3:
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e Physically attached to the system
but not available for use because
the file motor is not on, a cover
interlock is open, etc.

Bus-Out Parity

This bit indicates that a data parity
error has been detected during the
transfer of information from the chan-
nel to the 2841. This check is an odd
parity check and occurs on control,
write, and search operations. This
check is done by the 2841. A parity
error detected during a command
transfer is a bus-out check and not a
command reject.

The sequence is repeated ten times if
the error continues to occur. On the
eleventh occurrence of the error con-
dition, a message is written to the
operator and the control unit is con-
sidered inoperative.

Equipnment Check

This bit indicates that an unusual
condition has been detected in the
control unit or device. A message is
written to the operator.

The conditions that cause the bit to
be set are defined in sense byte 2, as
follows:

1. ©Unsafe (Byte 2, Bit 0) - This bit
is used to indicate that a file
has given an unsafe indication.
some of the causes are:

e More than one head has been
selected.

e The file is trying to read and
write at the same time.

® The write gate is off, and the
write driver is omn.

e The write gate is on, and the
write driver is off.

e The erase driver is off, and the
erase gate is on.

e The erase driver is on, and the
erase gate is off.

e One of the DC file voltages has
been lost (2311 only).

2. Serializer/Deserializer Check
(Byte 2, Bit 2) - This bit indi-
cates that a bit has been either
lost or gained when the parallel
channel data is converted to seri-
al file data during a write
operation.

Bit U4:

Bit 5:

3. 2841 Arithmetic Logic Unit (ALU)
Check (Byte 2, Bit 4) - This bit
indicates that the microprogram
has detected impossible condi-
tions, indicating an equipment
malfunction. Some examples are:

e Addition of nonzero quantities
has resulted in a zero result
with no carry.

e Counting has been found to be
not synchronous with cyclic
check processing during a write
operation.

e File status decoding yielded
self-contradictory results.

4. TUnselected Status (Byte 2, Bit 5)
This bit indicates that at least
one of the file status lines is on
without any file module being
selected. This indicates a file
malfunction of some kind since no
line should be on prior to
selection.

A message is written to the operator.
Data Check

This bit indicates that a data error
has been detected in the information
received from the file.

Data Check is never set in the key
field when executing a read data com-
mand nor is it set in the Home Address
(HA) when executing a read RO command.

Data Check will usually occur when
trying to read a record which over-
flows a track.

Ooverrun

This bit indicates that either a
service-out signal was not received in
the 2841 within the specified time
allowed after service-in or that a
chained CCW was issued but that it was
received too late to be properly
executed. Detection of an overrun
during reading or writing causes an
immediate stop of data transmission.
When writing, the remaining portion of
the record area is padded out with
valid zeros. On reading or searching,
indication is given as soon as it is
detected.

The original sequence of operations is
repeated ten times if the error con-
tinues to occur. On the eleventh
occurrence of the error, a message is
written and the task is abnormally
terminated.

£
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Bit 6: Track Condition Check

This bit does not apply to the 2301.
It is set for other direct access
devices whenever the following condi-
tions are detected.

e Any single track command other than
search HA, read HA, or read RO is
executed on a defective track. Note
that after seeking to a defective
track, it is necessary to execute a
single track command if a track con-
dition interrupt is desired; other-
wise, none of the flag bytes on the
defective track will ever be read
and the interrupt cannot occur.

* Any multitrack command or overflow
operation other than search HA, read
HA, or read RO switches to a defec-
tive track.

e Any multitrack command (including
read HA, read RO, or search HA) or
overflow operation attempts to
switch from an alternate or defec-
tive track on which some read or
search has been executed. Unless
some flag byte has been "read" (in
the current chain) by the 2841, the
2841 cannot "know" when it is
switching from such a track. When
such an interrupt occurs, head
switching does not occur.

Bit 7: Seek Check

This bit indicates that the file has
been unable to successfully complete a
seek because:

e The transferred seek address is out-
side the valid address boundaries of
the file. Command Reject is also
set.

¢ Less than six bytes of seek address
are sent. Command Reject is also
set.

» A hardware failure which results in
the access mechanism failing to
detect correctly has occurred.

» The last three bytes of the Home
Address of the track (C, H, H) are
not identical with the last three
bytes of the seek address.

Sense Byte 1: The bits of the second sense
byte have the following meanings.

Section

Bit 0: Data Check in Count Field

This bit indicates that a data error
has been detected in a count field
read from the file. Data Check, bit 4
in sense byte 0, is also set. Error
detection is the same as described for
Data Check. The operation is ter-
minated at the end of the count field.

Bit 1: Track Overrun

This bit indicates that writing has
not been completed by the time index
point is detected. This type of error
is created during a write RO, write
count-key-data, write key-and-data,
write data, or space count operation.

If a bad record thus written is read
during subsequent read commands, Track
Overrun will not be set. Data Check
will be set if a data check occurs.

Bit 2: End-of-Cylinder

This bit indicates that the CCW com—
mand chain has not been completed, but
that end-of-cylinder has been
detected.

Bit 3: 1Invalid Sequence

This bit indicates that an attempt has
been made to execute an invalid
sequence of CCWs. Invalid sequences
are normally related to write opera-
tions. The Invalid Sequence bit will
also be set if two set file mask CCWs
are attempted in the same chain of
CCWs, if head switching is attempted
in a command chain without a prior
seek, or if space count was chained
from a write command. Command Reject,
Bit 0 of byte 0, is also turned on
when an invalid sequence is
encountered.

Valid sequences are defined in the
individual command descriptions. A
summary of valid sequences follows:

1. Write HA

2. Write HA
Write RO
Write count-key-data

3. Search HA
TIC *-8
Write RO
Write count-key-data

4. Search ID Equal (RO)
TIC *-8
Write count-key-data
Write count-key-data
Write Special count-key-data
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Bit 4:

Bit 5:

Bit 6:

5. Search ID Equal (Previous ID)
TIC #*-8
Write count-key-data

6. Search Key Equal (Previous Key)
TIC *-8
Write count-key-data (Rn)
Search ID (Rn)
Read key-and-data (Rn)
Write count-key-data (Rn+1)

7. Search ID Equal
TIC*-8
Write key and data or Write Data

8. Search Key Equal
TIC *-8
Write Data

No Record Found

The No Record Found condition occurs
whenever the following occurs:

e The 2841 senses two index points
while performing a single track read
or search operation other than read
RO or read HA.

e Either the home address or RO cannot
be found on a track. Byte 1, Bit 6,
Missing Address Marker, is also set.
This combination usually indicates
that the 2321 failed to pick up a
strip.

e A space count command is executed
under different conditions.

File Protected

This bit indicates that a seek, write
CCW, or M/T read or search command was
issued that violates the file mask.
The write file mask, if violated, also
causes the command reject bit to be
set.

Track Condition, bit 6 of byte 0, is
set instead of the File Protected bit
for M/T commands which attempt to
switch from defective or alternate
tracks.

Service Overrun (2301) or Missing

Address Markers (2841)
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The service overrun bit is turned on
when a service out signal is not
received in the 2301/2820 within the
specified time allowed after the ser-
vice in signal. The overrun bit (bit
5 of sense byte 0) is also set.

Bit 7:

The incident of a missing address
marker is detected during the execu-
tion of any command or chain of com~
mands which operate successive count
fields on a track.

The detection is accomplished by iden-
tifying that two successive records on
a track have equal bit conditions in
bit 0 of the flag bytes. In normal
conditions, bit 0 of the flag byte is
always a zero for all even numbered
records and is always a one for all
odd numbered records.

Upon detection of a missing address
marker, bit 6 of sense byte one (miss-
ing address marker) is turned on for
all commands or chained commands
except search ID CCWs. The search ID
CCW may be used to pass over the miss-—
ing address marker so that the remain-
ing data on the track can be
retrieved.

When the missing address marker bit is
set with bit 4 of byte 1, the no rec-
ord found bit, it probably indicates
failure to pick up a strip (2321).

The missing address marker bit is set
with bit 7 of byte 1, the seek check
bit, to indicate a 2321 ballast cell.

Overflow Incomplete

This bit is used with the optional
record overflow feature. It is set as
follows:

o Overflow to a bad track: overflow
incomplete and track condition check
bits are set.

e Overflow from an alternate track:
overflow incomplete and track condi-
tion check bits are set.

e Overflow to a file protected bound-
ary: overflow incomplete and file
protected bits are set. (Track con-
dition check is set instead of the
File Protected bit for M/T commands
which attempt to switch off defec-
tive or alternate tracks.)

e Overflow to wrong track: head num—
ber compares unequal: overflow
incomplete and seek check bits are
set.

e Overflow to end of cylinder: over-
flow incomplete and end-of-cylinder
bits are set.



2250 Exror Routine

The 2250 error routine attempts recovery
from interface control checks and channel
control checks. (See the flowchart, “Gen-
eral Operating Procedure, Graphics.")

The bits in the first sense byte have
the meanings described below:
Bit 0: Command Reject
The setting of this bit indicates that
there was an invalid modifier bit in a
command, or an invalid command
sequence. This is considered a per-
manent error.
Bit 2: Bus-Out Check
This bit is turned on when a parity
error is detected on a command or data
byte during bus-out. The operation is
retried once, and on the second occur-
rence of the error condition a message
is written to the operator.
Bit 4: Data Check
The setting of this bit indicates that
a buffer parity error was detected
either during a read operation or dur-
ing image regeneration. The operation
is retried once, and on the second
occurrence of the error condition a
message is written to the operator.
Bit 6: Buffer Running
This bit is set when orders are being
executed in the buffer.
Bits 1, 3, 5, 7: Should Not Occur
If any of these bits are set, a catas-
trophic error is assumed. The Log Out
bit in the IOB is set, and the per-
manent error procedure is performed.

2260 (1053) Exrror Routine

The 2250 error routine attempts recovery
from interface control checks and channel
control checks. (See the flowchart, "Gen-
eral Operating Procedure, Graphics.")

The bits in the first sense byte (byte
0) have the meanings described below:
Bit 0: Command Reject
The setting of this bit indicates that
there was an invalid modifier bit in a
command, or an invalid command
sequence. This is considered a per-
manent error.

Bit 1:

Bit 2:

Bit 3:

Bits

Section III:.

Intervention Required

The Intervention Required bit is set
if a Write 1053 Printer command is
encountered, and the 1053 Printer is
not ready.

Bus-Qut Check

This bit is turned on when a parity
error is detected on a command or data
byte during bus-out. There are three
cases:

1. Bus-Out Check Initial Selection,
command or data byte parity for
2260 or 1053.

2. Bus-Out Check Data Transmission,
data byte parity for 2260 follow-
ing Write Line Address or Erase
command.

3. Bus-Out Check Data Transmission,
data byte parity for 2260 follow-
ing Write Buffer Storage command.

For 1 and 2, the operation is retried
once, and on the second occurrence of
the error condition a message is writ-
ten to the operator.

For 3, an Erase Buffer Storage command
is issued, and the Write command is
reissued; on the second occurrence of
the error condition a message is writ-
ten to the operator.

Equipment Check

The setting of this bit indicates that
a parity error was detected during a
manual read input operation.

When this condition occurs, the 2260
error routine transfers control to its
second load (load module IGE0110B),
which erases the message in error.
Anerror message is then displayed on
the screen. No automatic retry is
provided. If a retry is desired, the
necessary coding must be included in
the user's program. If the error is
encountered a second time, the error
should be considered permanent.

4-7: Should Not Occur

If any of the "Should Not Occur" bits
are set, a catastrophic error condi-
tion is assumed. The Logout bit in
the IOB is set, and the permanent
error procedure is performed.
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2280/82 Error Routine

The 2250 error routine attempts recovery
from interface control checks and channel
control checks. (See the flowchart, "Gen-
eral Operating Procedure —-- Graphics.")

The IBM 2280/82 Standard Error Recovery
procedures will attempt to retry and to
recover from any errors which occur before
execution of orders in the 2840 buffer.

Any errors that occur subsequent to execu-
tion of device orders will not be retried
by the error recovery module. This is pri-
marily due to the fact that photographic
film is not reuseable in the same way that
magnetic disk, tape, or drum, are consi-
dered to be reuseable. Secondarily, the
control unit and buffer programming capa-
bilities are so extensive that the buffer
program is capable of modifying itself
while it is being executed. Since the
Graphic Access Method has no facility to
insure the reuseable condition of the buff-
er program once it has been started, recov-
ery of error conditions encountered while
using film will require each user to deve-
lop recovery procedures that best suit his
application.

Sense Byte 0: The bits in the first sense
byte have the meanings described below.
Bit 0: Command Reject
The setting of this bit indicates that
there was an invalid modifier bit in a
command, or an invalid command
sequence. This is considered a per-
manent error.
Bit 1: Intervention Required

The setting of this bit indicates one
of the following conditions:

a. Connect Recorder order was per-
formed but the Recorder was not
ready.

b. Connect Scanner order was per-
formed but the Scanner was not
ready.

c. A connected unit became not ready
while Device End was outstanding.

Device End and Unit Check status will
be presented to the control unit and
the buffer program will be stopped. A
standard intervention required message
will be written to the console opera-
tor but when the device is made ready
the IBM 2280/82 Error Recovery Module
will not attempt to retry the I/0
operation. The Error Recovery Module
will return control to user by allow-
ing the IOS to post a permanent error
condition.
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Bit 2: Bus Out Check

The setting of this bit indicates that
a parity error occurred on a command
or data byte. Unit Check status
occurs on a command parity error.
Device End and Unit Check status
occurs on a data parity error. If Bus
Out Check occurs, the IBM 2280/82
Standard Error Recovery Module will
attempt to retry the I/0 operation
once.

Bit 3: Equipment Check

The setting of this bit indicates that

equipment errors have been detected in:

the film unit. Equipment check errors
cause the buffer orders to be stopped
and set the Device End and Unit Check
status bits. Since this error occurs
subsequent to the execution of buffer
orders, it will not be retried by the
IBM 2280/82 Standard Error Recovery
Module.

Bit 4: Data Check

The setting of this bit indicates one

of the following conditions:

a. A buffer parity error occurred
during a Read Buffer Command.
This condition will cause Unit
Check status to accompany Channel
End and Device End. The IBM
2280/82 Error Recovery Module
will attempt to retry the command
once.

b. A buffer parity error occurred
during the execution of the buff-
er order program. This condition
will cause Unit Check to accom-
pany Device End status and will
not be retried by the IBM 2280/82
Exrror Recovery Module.

Bits 5, 6: Should Not Occur
If either or both of these bits are
set, a catastrophic error is assumed.
The Log Out bit in the IOB is set, and
the permanent error procedure is
performed.

Bit 7: 1Illegal Sequence

The setting of this bit indicates one

of the following conditions:

a. The location specified by a Start
command or a Transfer order did
not contain a set mode byte
(x'2A").

b. A fixed length control order
(i.e., GCON) was not immediately
followed by a set mode byte.
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c. An odd address or count was spec-
ified by a Transfer class order,
or a LoadsStore class order.

Any of these conditions will stop the
execution of buffer orders and will
cause Unit Check to accompany Device

Column 2 is empty. Buffer order
execution stops immediately and Unit
Check and Device End occurs. The IBM
2280/82 Error Recovery Module will not
attempt to retry the I/0 operation.

End status. The IBM 2280/82 Error Bits 3 (2280 only) and 4: Should Not Occur
Recovery Module will not attempt to
retry the I/0 operation. If bit 3 is set during a 2280 error or
if bit 4 is set during either a 2280
Sense Byte 1: The bits of the second sense or 2282 error, a catastrophic error is
byte have the following meanings. assumed. The Log Out bit in the IOB
is set and the permanent error proce-
Bit 0: Read Count Check dure is performed.
The setting of this bit indicates one Bit 5: 2840 Output Check
of the following conditions:
The setting of this bit indicates that
a. The Read Byte count was less than a parity error in orders or data bound
8 when a Read All End-Points for the film unit was detected at the
order was executed. 2840 output bus. Buffer order execu-
tion stops immediately and a Device
b. The Read Byte count was less than End and Unit Check occurs. The parity
8 at the end of a U4-byte read error is propogated to the film unit
operation in graphic mode. and causes an Equipment Check (sense
byte 0, bit 3), to occur.
c. The Read Byte count became zero
while reading in stroke mode or Bit 6: 2840 Input Check
when leaving character mode.
The setting of this bit indicates that
Any of these conditions will stop the a parity error was detected at the
execution of buffer orders and will input to the 2840 in data received
cause Unit Check to accompany Device from the film unit in response to a
End status. The IBM 2280/82 Error Read Device Register command. The
Recovery Module will not attempt to command is not terminated. Unit
retry the I/0 operation. Check, Device End and Channel End are
set upon completion of the command.
Bit 1: Recorder Film Low If this error occurs the IBM 2280/82
Error Recovery Module will attempt to
The setting of this bit indicates that retry the I/0 operation once.
the Recorder film supply is low. This
bit will be set by each Film Advance Bit 7: Graphic Check
order to the Recorder when the supply
cassette indicator shows there is 10%5 The setting of this bit indicates that
feet remaining on the reel. Buffer an overflow of the deflection system
order execution will be stopped imme- was caused by one of the following
diately and Unit Check and Device End conditions:
status will occur. The IBM 2280/82
Error Recovery Module will not attempt a. A relative vector when overflow
to retry I/0 operation that cause this is disabled.
condition.
b. A space in Stroke mode or
Bit 2: Recorder Forced Gap Variable-Space Character mode
when overflow is disabled.
The setting of this bit indicates that
a film file gap was forced during the c. A new-line condition in Fixed-
recording of a frame. Buffer order Space Character mode when the Y
execution stops immediately and Unit coordinate is less than the
Check and Device End occurs. The IBM required new-line space and over-
2280/82 Exrror Recovery Module will not flow is disabled.
attempt to retry the I/0 operation.
Any of these conditions will stop the
Bit 3: Film Motion Limit (2282 Only) execution of buffer orders and will
cause Unit Check to accompany Device
The setting of this bit indicates that End status. The IBM 2280/82 Error
backward moving order was attempted on Recovery Module will not attempt to
the Scanner when Column 1 is full or retry the I/0 operation.
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Common Routines

Common routines are used by the device-
dependent error routines to analyze the
type of error, to write console messages,
and to update the statistics tables. These
routines are:

e Error interpreter, which tests the
sense bits and the CSW status bits to
determine the type of error. This rou-
tine is resident; its load module name
is IECINTRP.

e Write-to-operator routine, which con-
structs an "error"™ or "intervention
required" message and writes that mes-
sage to the operator. This routine is
transient; its load module name is
IGE0025C.

e Statistics update routine, which keeps
the counters in the statistics tables
up-to-date with the temporary and per-
manent errors determined by the device-
dependent error routines. This routine
is transient; its load module name is
IGE0025D.

ERROR INTERPRETER ROUTINE

The error interpreter routine determines
the types of errors for which error correc-
tion is required. The address of the rou-
tine is contained in the communication vec-
tor table (CVT).

The error interpreter “ANDs" the codes
in the code and address constant list of
the device-dependent routine to the corres-
ponding sense or status bit. (See Section
III: General Operating Procedure.) If the
result is not zero, the bit is on and
correction procedures for the specified
sense or status condition must be taken.
The address constant is added to the link-
age register and an address within the
device-dependent routine is obtained. Con—
trol returns to the device-dependent rou-
tine at that address.

WRITE-TO-OPERATOR ROUTINE

Device-dependent routines use the IOS
write-to-operator routine (IGE0025C) to
format and write any of three types of mes-
sages. These are the intervention-required
message, the error message, and the
inoperative-path message. The write-to-
operator routine writes the appropriate
message by issuing an SVC 35 instruction.

The intervention-required message (coded
IEAQOQ00A) alerts the operator to needed
action. Such action may consist of: mak-
ing the I/0 unit ready, clearing a card
jam, inserting paper in the printer or
printer-keyboard, etc.
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The error message (coded IEAQ000I) is
used when a permanent error has occurred.
If the logout bit! in the input/output
block is set, the write-to-operator routine
passes control to the outboard recorder
(IGE0025F). The outboard recorder con-
structs a record describing the error and
writes the record on the SY¥S1.LOGREC data
set.

The inoperative-path message (coded
IEAQ01I) is issued when at least one, but
not all, of the possible paths to a device
is inoperative. The message is for the
operator's information only, since an
alternative path will be used if possible.
If no path is operative, the intervention-
required message is issued instead.

The message formats contain a standard
message code, message text, channel and
unit address, command code, status bits
from the channel status word, and the sense
bytes from the device's control unit. The
job name and, when applicable, the volume
serial number are included. For direct
access devices, the cylinder and track
addresses are also written. For tape, the
block count is included. (For the exact
message contents and meanings, refer to the
Messages and Codes publication.)

STATISTICS UPDATE ROUTINE

The statistics update routine updates the
4-bit counters contained in the statistics
table for the device-dependent routines.
(See Introduction: Statistics Table.)

The work area of the statistics table
entry for a particular device indicates the
counters that must be updated. (See Sec-
tion V: Statistics Table.) The first byte
of the work area corresponds to the bits in
sense byte 0. The second work area byte
corresponds to sense byte 1, or, if sense
byte 2 is significant for the device type,
to bits from both sense bytes 1 and 2. The
order of correspondence is device-dependent
and indicated by the counts maintained in
the statistics table entries shown in Sec-
tion V.

The first (low-order) bit of the work
area corresponds to the first U4-bit counter
in a statistics table entry. This corres-
pondence continues through the counters and
the last bit of the work area.

When determining the counters to be
updated, the statistics update routine
inspects the work area starting at the last
work area bit (high-order). The table

1 The logout bit is bit 7 of the IOBFLG3
field, offset 8 of the IOB.
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entry counters are thus updated from the
right side of the table to the left side
starting from the bottom. However, if a
data check is indicated, the read and write
counters are updated first.

If an overflow occurs in the counters,
the statistical data recorder is entered
for external error recording. (See follow-
ing section.)

I/O Inboard and Outboard Recording
Routines

The I/0 inboard and outboard recording rou-
tines, the outboard recorder (OBR) and the
statistical data recorder and channel-check
recorder (SDR/CCR), are part of the reco-
very management facilities. They are pro-
vided as an extension of the IBM-supplied
error routines. The OBR and SDR/CCR use
the I/0 supervisor transient area.

The OBR and SDR/CCR collect environmen-
tal and statistical data regarding errors
that occur in I/0 devices and control
units. These errors are termed I/0 out-
board errors. The OBR and SDR/CCR format
the data and enter it as an external error
record on the system residence device.

The channel-check handler (CCH) collects
and formats environmental data regarding a
channel failure. This type of error is
termed an I/0 inboard error. SDR/CCR
enters the record created by CCH on the
system residence device.

THE OUTBOARD RECORDER

The OBR may be called by an IBM-supplied
error routine whenever an I/0 device has a
permanent error. OBR is also called for a
temporary or permanent channel failure. In
the latter case, OBR tests the logout bit
in the IOB to determine if an inboard
record is to be entered on the system resi-
dence device. If so, OBR gives control to
SDR/CCR. (See Table 2 for format of the
logout bit.)

If an outboard recording, rather than a
channel recording, is to be made, OBR con-
structs a record entry that contains a
description of the device environment at
the time of the failure and writes the
record entry, and an end-of-file on the
system residence device. OBR then passes
control to SDR/CCR.

OBR Interface: When I/O outboard recording
is required, the address of the request
element associated with the error is passed
to OBR in register 1. From the request
element, OBR obtains the addresses of the
UCB and the IOB. The UCB indicates the

device in error and is also used to deter-
mine the address of the statistics table
entry for the failing device. The IOB is
used to determine such data as program
identity, CCWs, and the CSW for the failing
device.

The error routine which invokes the OBR
loads the last 4 digits of the module name
for OBR in a register. Control is routed
to the task supervisor. The supervisor
uses the digits in the register to complete
the name of OBR, which is then loaded from
the system residence device into the I/0
supervisor transient area and given con-
trol. No other error routines can use the
I/0 supervisor transient area until OBR has
completed its processing.

OBR terminates by passing control to
SDR/CCR when its processing is completed.
It can also be terminated by SER1 or the
machine-check handler (MCH) before finish-
ing its processing. When SER1 or MCH
detects a machine check, it frees the requ-
est element associated with the error that
OBR was processing. No I/O outboard re-
cording is written in this case.

THE STATISTICAL DATA RECORDER AND
CHANNEL-CHECK RECORDER

The SDR/CCR has two functions: (1) placing
I/0 inboard error records created by the
channel-check handler (CCH) on the system
residence device and (2) updating the sta-
tistics counters on the system residence
device whenever one of the error statistics
counters in the statistics table overflows.

When a temporary or permanent channel
failure occurs, the SDR/CCR is called
indirectly by the channel-check handler
(CCH) via the statistics update routine if
the CCH option was selected at system
generation.

Whenever the statistics update routine
(an extension of an IBM-supplied error rou-
tine) finds that one of the 4 bit error
statistics counters within the statistics
table for a device contains a count of 15,
the statistics update routine calls the
SDR/CCR. The SDR/CCR adds that 4-bit coun-
ter plus the partial counts within the
other counters to the expanded statistics
counters on the system residence device.
Thus, a summary list of the various device
failures is available for inspection.

SDR/CCR Interface: SDR/CCR is called in

Section III:

the manner described above in "OBR Inter-
face.™ It is called either by an error
routine when a statistics counter overflows
or by the channel-check handler or OBR when
a permanent error occurs. If SDR/CCR is
called by an error routine to perform a
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statistical update, it resets the statis-
tics table counters for future use. After
its processing is completed, SDR/CCR
returns to the supervisor via SVC 3.

Whenever the statistics update routine
detects that a statistics counter has over-
flowed at the same time that a permanent
error has occurred, it calls the OBR to
perform the outboard recording. The OBR
then calls the SDR/CCR, which performs the
statistical update.

MODULE OPERATION

Three modules, all of which use the I1I/0
supervisor transient area, make up the I/0
inboard and outboard recording routines:

e The OBR module, load module name
IGEQO025F.

e The SDR/CCR module, load module name
IGEQOS525F.

e The error message module, used by both
the OBR and SDR/CCR, load module name
IGEOU425F.

The OBR module is executed whenever a
permanent error occurs. The SDR/CCR module
is executed whenever a temporary or per-—
manent channel error occurs or whenever a
counter reaches the value of 15. If an
error occurs during module execution, the
error message module is called.

After an error routine determines that
I/0 inboard or outboard recording is
required, it loads the name of either the
OBR or SDR/CCR for the transfer control
(XCTL) routine of the contents supervisor,
and branches to the XCTL routine.

After being loaded, the OBR or SDR/CCR
module gains control from the common con-
tents supervision subroutine, which masks
all interruptions as disabled. The module
is executed and then brings the next
required module into the I/0 supervisor
transient area via the XCTL routine. The
last module to be executed issues an SVC 15
and an SVC 3 (EXIT) on completion, and con-
trol returns to the supervisor.

Depending upon the type of system resi-
dence device and the number of UCBs in the
system, the SER routine requires a data set
extent, on the system residence device, of
at least two tracks. These tracks are for-
matted and initialized by the SYS1.LOGREC
initialization program.?

1For information concerning this program,
refer to the IBM System/360 Operating Sys-

tem: Utilities, Program Logic Manual,
Form Y28-6614.
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The extent is termed the SER output data
set and contains in contiguous positions:

Header record
e Statistical data records
e Record entries

A detailed description of these records may
be found in Appendix D.

Note: For both statistical data records
and outboard records, a 2314 direct access
storage facility is considered to be nine
devices. The devices are differentiated by
the physical location returned in the fifth
sense byte. This value does not necessari-
ly correspond to the device address in the
logical unit address.

If the control program configuration is
MFT or MVT with SER1 or MCH, the OBR and
SDR/CCR modules use a 256-byte area
appended to the SER resident DCB as a work
area. For any other control program con-
figuration, (PCP or MFT or MVT without SER
or MCH), the OBR and SDR/CCR use the
machine logout area (decimal locations 128
through 383).

If a machine check occurs, SER1 or MCH
gains control. They simulate the termina-
tion of OBR and SDR/CCR. Priority is given
to any machine check occurring during the
operation and only that CPU check is re-
corded. To read and write the header
record, statistical data records, and
record entries, the OBR and the SDR modules
use the EXCP macro instruction. The IOB is
loaded with the DCB, ECB, and CCW list
addresses. For error messages, the error
message module uses the WITO macro instruc-
tion. Before these macro instructions are
issued, however, the system is enabled.

The channel programs necessary for
operations upon the SER output data set
consist of the following CCWs:

e Read home address (required only by the
SDR) .

e Search on ID or key equal for the
appropriate record.

e TIC to the first CCW until the record
is found.

e Read or write the record.

After execution of the channel program
and when the I/0 request is complete, the
modules inspect the ECB completion code,
which provides the status of the execution
as follows:

e Normal. The record has been read into
the log out area or written onto the
system residence device with no errors.



e Intercepted. The IOB for the request
was intercepted for other error recov-
ery procedures because of an error at a
previous device end; the EXCP macro
instruction is reissued.

e Fail. The request has failed because
either the data set is not within the
extent specified or a permanent I/0
error has occurred; an error index
value and the load name for the error
message module is set and an SVC 3
instruction is issued.

Note: An SVC 3 instruction is also
issued when the header safety byte is
zero.

The function of each module follows.
The flow among them is shown in Chart 17.

OBR Module

Upon gaining control, the OBR module tests
a flag in the SER resident DCB. If the
flag is on, OBR uses the 256-byte area
appended to the SER DCB for a work area.
If the flag is off, OBR uses the machine
logout area. OBR then reads the header
record from the system residence device
into the area selected. OBR formats and
writes the following fields on the system
residence device:

Record entry label
Record entry type
Device type

Date

Program ID

First CCW

Failing CCW

CSW

Sense information
Channel and device address
Last seek address
Volume label

Time

OBR then writes an end-of-file, updates
the header record, and writes the updated
header record on SYS1.LOGREC. The name of
the SDR/CCR module is loaded into the XCTL
register and OBR branches to the XCTL
routine.

Whenever an error occurs (for example,
when the records to be written do not fit
on the extent) OBR calls the error message
module by loading its name into the XCTL
register and branches to the XCTL routine.

SDR/CCR Module

The SDR/CCR module first determines if a
CCR recording is to be written. (It checks
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the SYS1.LOGREC DCB for the presence of the
channel-check handler in the system.) If a
CCR recording is to be made, SDR/CCR writes
all channel recordings, writes an end-of-
file, and updates and writes the header
record on the system residence device. If
necessary, SDR/CCR calls the error message
module. A check is made to find out if SDR
recording is to be made. If not, SVC 15 is
issued to free the request element and con-
trol returns to the task supervisor via an
svc 3.

If an SDR recording is to be made, the
program reads the statistical data records
for the particular device from the system
residence device and obtains the internal
statistical counters which are to be added
to the external counters in the statistical
data record. SDR/CCR then adds the appro-
priate statistical table entry counters to
the external statistical data record coun-
ters and writes the record back onto the
system residence device. If necessary,
SDR/CCR calls the error message module;
otherwise, it issues SVC 15 to return the
request element to the freelist, and an SVC
3 instruction to return control to the task
supervisor and, from there, to the I/0
supervisor.

Exror Message Module

This module handles all errors occurring
within the I/0 inboard and outboard record-
ing routines and writes a message to the
operator about them. If the OBR routine
was in control when the error occurred, the
error message module calls in the SDR/CCR
module. If the SDR/CCR module was in con-
trol when the error occurred, the error
message module returns to the task
supervisor.

The following error messages may be
written to the operator:

1. IFB001I I/O ERROR DURING SER
2. IFBO03I SER RECORDING AREA FULL
3. IFBOO4I SER DISK AREA FORMAT ERROR

SYS1.LOGREC DATA SET STATISTICS UPDATE
ROUTINE

The SY¥S1.LOGREC data set statistics update
routine, IFBSTAT-IGCO0007F, is a transient
SVC routine (SVC 76). It adds counts of
recoverable errors maintained by the I/0
supervisor error routines in the statistics
table ("Section V: Control Block and Table
Formats") to the statistical data on the
SYS1.LOGREC data set. The routine is
entered when the operator issues a HALTEOD
(halt-end-of-day) command.
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Section IV: SVC Transient Area Routines

The SVC transient area routines are type 3
SVC routines that are called into the SVC
transient area in response to system macro
instructions. The macro instruction names,
load module names, and SVC numbers are:

e PURGE: Load module IGCO001lF and
IGC0101F (SVC 16)

Load module IGC0001G (SvVC 17)

Load module IGC0002D (SVC 24)
Load module IGC0003C (SvC 33)

® RESTORE:
e DEVTYPE:
e TOHALT:

SVC PURGE ROUTINE

The purge routine removes (purges) request
elements that are associated with a task or
a data set. Depending on the options spe-
cified in the purge input parameter list,
request elements can be purged either from
the I/0 supervisor logical channel queues
only, or from all of the following queues:
the asynchronous exit queue of the task
supervisor, the request blocks chained to
the TCB, and the logical channel queues.

If a request for a shared direct access
device is to be purged, and the stand-alomne
seek has been issued, but the data transfer
operation has not begun, the request ele-
ment is not dequeued. Instead, the purge
routine turns on the HIO flag in the UCB
(bit 0 of the UCBHA field). This allows
the I/0 supervisor to release the device.

Request elements are purged according to
the options specified in the purge option
byte of the input parameter list. The for-
mat of the parameter list is:

Word 1
Byte 1
Purge options (see below)

Bytes 2, 3, and 4
DEB address

Word 2
Byte 1
Completion code

Bytes 2, 3, and 4
TCB address

Word 3
Byte 1
Count field for quiesce option
contains the number of request
elements whose I/0 operations
have not completed.
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Bytes 2, 3, and 4

Address of the initial link field
for chaining IOBs to be purged.
The initial link field can be the
user purge field in DEB,
DEBUSRPG, or any area the user
selects. The initial 1link field
points to the first IOB in the
chain. (The IOBRESTR field of
the last IOB contains X'FF' in
the low order byte.) Figure 7
illustrates the IOB chain.

No chaining is done when the TCB/
HALT I/0 option is specified.

Input Parameter List

Word 3
L \
User Purge Field in
DEB or Other
Initial Link Field
| N
108
JOBRESTR
108
JOBRESTR l
108
IOBRESTR
L e ]
Figure 7. 1IOB Chain For Purge
OPTIONS BYTE (Word 1, Byte 1 above):
Bit 0 - Specified DEB or DEB chain.

Purge request elements
associated with complete
DEB chain starting at the
DEB specified in bytes 2,
3, and 4 of word 1.

Purge only the request ele-
ments associated with the
DEB specified in bytes 2,
3, and 4 of word 1.



Bit 1 - POST requests purged or

ignore posting.

Do not POST the purged
requests.

POST the purged requests.
ECB Completion code =
Xx'48°".

Bit 2 - HALT I/0 or quiesce active
requests.

Allow the active requests
to quiesce.

HALT the I/O operations.
(The HALT I/O is simulated
if the operation is a
seek.)

Bit 3 - Purge all requests or purge
related requests only.

Purge all requests.

Purge only related
requests.

Bit 4 - (Not used)
' Bit 5 - Purge all queues or bypass
RB purge.

Purge AEQ, RB, and I/0
supervisor logical channel
queues.

Purge only the I/0O supervi-
sor logical channel
queue(s) .

Bit 6 - Purge by TCB or purge by

DEB.

=0 - Purge by DEB.

=1 - Purge by TCB.

Note: This bit must be zero in
order to honor bit 0. If this bit
is one, all requests associated
with the TCB are purged, and bit 0
is ignored.

Bit 7 - (Not used)
After the request element is purged, the
SVC purge routine returns the element to
the freelist, and if the element is not
active, dequeues it from the logical chan-

| nel queue. If the quiesce and/or DEB
option is specified, the non-active IOBs
addressed by the purged request element are
placed in the chain specified by the input
parameter list (Word 3). (See restore
routine.)
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Note: If purging by DEB with the HIO
option, all IOBs are chained. If purging
by TCB with the HIO option, no IOBs are
chained. If purging by TCB or DEB with the
QUIESCE option, only the inactive IOBs are
chained.

The following procedures are used to
purge the logical channel queues of the I/0
supervisor:

1. If purging by DEB (option bit 6 = 0),
the SVC purge routine examines its
extent (s) for the device(s) where the
data set resides, and purges the asso-
ciated logical channel of requests for
the DEB. Option bit 0 determines if
requests associated with a chain of
DEBs or requests associated with a
specific DEB only are to be purged.

2. 1If purging by TCB (option bit 6 = 1),
the SVC purge routine examines the re-
quest element table and removes each
active request element associated with
the TCB from its corresponding queue

in the following manner:

Find the requests which are not on

a.
the freelist, starting at the
beginning of the table.

b. Get the logical channel address
associated with the request.

c. Purge all requests on the logical

channel associated with the
device. Repeat a through c until
the request element table is
exhausted.

If the quiesce option is specified, two
counters are incremented for those active
requests awaiting completion:

1. A main purge counter in the parameter
list. (word 3, byte 1).

2. A sub-counter in each associated DEB.

Note: When the purge routine is entered,
an ENQ macro instruction is issued to
ensure exclusive use of the DEBs by the
issuing task. A DEQ macro instruction is
issued when all requests have been quiesced
and/or purged. The resource names for the
ENQ, DEQ macro instructions are:

QOname=SYSIEC16
Rname=F0

the
list is

When all requests are processed,
main purge counter in the parameter
tested for a count. If there is no count,
a X'7TF' is placed in the completion code
byte of the parameter list and the SVC

| purge routine issues an SVC 3 instruction.
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If there is a count, the routine issues a
WAIT macro instruction to the purge ECB
(word 2). When the WAIT is satisfied,
i.e., when the purge ECB is posted by the
purge complete subroutine, the SVC purge
routine again scans the system for out-
standing requests to purge according to the
original options. The scanning continues
until there are no more requests to
quiesce. (See purge complete subroutine.)

The SVC purge routine contains six sub-
routines that purge the queues according to
the options specified. These subroutines
are:

e Asynchronous exit queue (AEQ) purge
subroutine. Purges the asynchronous
exit queue via the check subroutine.

e Request block (RB) subroutine. Purges
the RB list via the check subroutine.

e Check subroutine. Purges the AEQ and
RB list according to the options speci-
fied. Uses the validity check subrou-
tine to determine if the TCB or DEB is
valid for the request.

e Validity check subroutine. Determines
if the purge option is for TCB or DEB
and performs validity checking
accordingly.

e DEB purge subroutine. Obtains the UCB
address from each extent in the DEB.
Uses the UCB purge subroutine to purge
the logical channel associated with the
extent. Determines if the purge option
specified one DEB or a chain of DEBs.

e UCB purge subroutine. Purges the log-
ical channel queue of the request ele-
ments associated with either the DEB or
TCB specified by the option byte. Uses
the validity check subroutine.

Purge Complete Subroutine

Whenever the SVC Purge is entered with the
option to quiesce, the SVC purge routine
must allow the active I/0 requests to
quiesce.

The SVC purge routine keeps a main coun-
ter in the purge parameter list (word 3,
byte 1) for all active 1I/0 requests. It
also keeps a sub—-counter in each DEB for
all active requests associated with that
DEB. Whenever SVC purge increments the
counters, a pointer to the purge parameter
list is stored in the DEB Purge ECB field,
DEBECBAD.

The purge complete subroutine gets con-
trol when the I/O interruption supervisor,
at completion of an I/0 request, determines
that an address is stored in the DEBECBAD
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field. The purge complete subroutine
decrements the counters for each valid re-
quest that is completed. As each DEB coun-
ter is zeroed, the DEBECBAD field in the
DEB is also zeroed. When the main counter
in the parameter list is zero, the subrou-
tine posts the ECB for the purge request
complete, via the post routine interface.
If the main counter is not zero, control
returns to the I/0 interruption supervisor.

RESTORE ROUTINE

The restore routine re-introduces purged
requests (IOBs) to the system. Because the
requests are strictly for I/0 operations,
the EXCP macro instruction is issued for
each previously chained request. Register
1 contains a pointer to the address of the
first IOB to be restored. Subsequent IOBs
are chained through the IOBRESTR field.

The RESTORE macro instruction requires
that the IFLGS field in the DCB be initial-
ized in the same way as for the EXCP macro
instruction.

DEVTYPE ROUTINE

When SVC 24 is executed, the DEVTYPE rou-
tine is loaded into the SVC transient area
and receives control. The expansion of the
DEVTYPE macro instruction places parameters
in general registers; the DEVTYPE routine
uses the parameters to identify the device,
and to place device information in an out-
put area.

The DEVTYPE routine looks at the parame-
ter that specifies the address of a field
that contains a DD name. Using that DD
name, the routine finds the corresponding
TIOT entry, and uses it to locate the prop-
er UCB. The DEVTYPE routine then moves the
UCB device code field to the high order
word of the output area specified by the
area parameter.

If the DEVTAB parameter is specified in
the DEVTYPE macro instruction, and the
device is a direct access device, the out-
put area must be 5 words long. The DEVTYPE
routine locates the device characteristics
table via the communications vector table,
moves the appropriate entry into the low
order three words of the output area, and
moves the blocksize field to the second
word of the output area.

If the DEVTAB parameter is not speci-
fied, the output area must be 2 words long.
The DEVTYPE routine determines the maximum
block size from the device characteristics
table (if the device is a direct access
device) or from internal constants, and
moves it to the second word of the output
area.



When processing is complete, the DEVTYPE
routine places a return code in general
register 15. An error return code of 04
indicates one of the following conditions:

e No output area specified: the area pa-
rameter is missing from the DEVTYPE
macro instruction.

e DD name not found: there is no TIOT
entry that corresponds to the DD name
supplied.

e Invalid UCB unit type field: the UCB
unit type field (byte 4 of the device
code field) does not specify a direct
access, tape, or unit record device.

If the request is completed satisfactorily,
the DEVTYPE routine places a return code of
00 in general register 15, and exits via
Svc 3.
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IOHALT ROUTINE

When the IOHALT routine (SVC 33) receives
control, it is given the address of the UCB
associated with the device to be stopped.
It checks that address for validity, then
inspects the UCB device code field to make
sure that the device is not a direct access
device.

IOHALT branches to a resident I/0 Super-
visor subroutine to issue the HIO instruc-
tion and examine the resulting condition
code. If no error occurs, control returns
to IOHALT.

The appropriate condition code is placed
in general register 15. If the operation
was successful, the IOHALT routine places a
post code (X*48') in the ECB code field of
the IOB and issues SVC 3 to exit.
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have been loaded, issues return code 0 and

returns.

If neither the IOADONLY or NOVERIFY
option is specified, IEHUCSLD opens the
printer DCB for BSAM. It skips the printer
to the next page and prints a header line
that specifies the unit, type ID, and mode
(fclding or non-folding). Then IEHUCSID
spaces two lines and prints two 120
character lines to display the images it
has loaded into the 2821 generator storage.

If the header line requires irages that
were not supplied ky the user, and the
reset block data check mode is specified in
the rrinter DD statement, the IEHUCSID pro-
gram does not space two lines after the
header. If the user does not specify reset
block data check mode in his printer DD
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statement, the space will occur; in either
case the images that were not supplied will
print as blanks.

When the three lines have been printed,
IEHUCSID skips the printer tc the next page
and tells the operator to check the images,
using message IEH501A.

The operator must reply, 'OK' or °'NG'.
If the reply is 'NG' the images are printed
once more, and the operator is again
requested to check the images. A second
'NG' reply causes the rrogram to close the
printer CCB and return with code 4.

If the reply is 'OK', IEHUCSLD closes
the printer DCB, lcads return code 0, and
returns.




CHANNEL AVAILABILITY TABLE

The Channel Availability Table is created only if the M65MP option is selected at system

generation.
is available.

It is used by the I/0 Supervisor to determine if a channel of the second CPU

The Channel availability Table has the following characteristics:

e Creation. The Channel Availability Table is created at system generation, and ini-

tialized by the Nucleus Initialization Program.

e Storage Area. The table resides in the Prefixed Storage Area (PSA), which means each
CPU has its own Channel Availability Table.

e Size. The table consists of two bytes for each of seven possible channels, no matter
how many channels are actually configured in the system. For convenience, other
fields located with the table in the PSA are shown in the format below.

e Means of Access.

The entry for each channel is addressable by a label consisting of
the characters "CHANn" where "n" is the number of the channel.

) 1
|Hex Dec |
I 0 0 T T 1 |
1 | MPCVT ADDRESS | CHANO | CHAN1 | |
I 8 8 } I 4 4 I
r 1 T 1§ 1
| | CHAN2 | CHAN3 | CHANL | CHAN5 | |
| 20 16 } t : L 1 |
| | CHANG6 | reserved | OTHER PSA | |
| 18 24 | L : T 1 |
| | IOCPUID | CPUID | reserved | |
| 20 32 } + 4 1 |
| | SHOULDER TAP MASK | reserved | |
l L L J l
| |
L J

Figure 9. Channel Availability Table Format

MPCVT ADDRESS (4 bytes)
Pointer to the M65MP extension to the
Communications Vector Table.

CHANO - CHAN6 (2 bytes each)
Byte 0

Bit 0: Channel busy. Set to 1 fol-
lowing SIO by the EXCP Super-
visor, and set to 0 by the
Interruption Supervisor after
channel end.

Bit 1: cChannel not operational. Set
to 1 by the Nucleus Initiali-
zation Program (NIP) if the
channel responds "not opera-
tional" (cc = 3) to Test Chan-
nel. This flag is also set to
1 following a VARY CHANNEL
command placing the channel
offline.

Bit 2: Channel not in system. Set to
1 by NIP if the channel is not
included in system generation.
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Bit 3: Channel not available.
Assembled as a 1, and set to 0
by NIP following a Test Chan-
nel response indicating avai-
lability. This flag is also
set to 1 following a VARY CPU
command placing the channel's
CPU offline.

Bit 4: Not used.

Bits 5-7: The physical channel
address, from 0 through 6.

Byte 1

Not used.

OTHER PSA (4 bytes)

A pointer to the Prefixed Storage Area
(PSA) of the other CPU.

IOCPUID (4 bytes)

Set by NIP to X'00000000' for CPUA and
X'00000008* for CPUB. Used by EXCP
Supervisor to set bit 4 of the M65MP
flags in the UCB following SIO. The
Interruption Supervisor uses this
field to test the UCB flags following
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an interruption. If the setting does
not match, the interruption is identi-
fied as the second of two device ends
presented when a device changes status
from "not ready" to "ready." Some
control units present one device end
for this change to each attached
channel.

CPUID (1 byte)

An identification byte set by NIP to
X'c1i* ( = C'A') for CPUA and to X'c2'
( = Cc*B*') for CPUB.

STMASK (4 bytes)
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Bit settings in the issuing CPU's
Shoulder Tap Mask word are tested by
the receiving CPU following a shoulder
tap to see what actions are requested.
In each case, the performing CPU
resets the flag to 0 when the action
is completed.

Bit 0: A Write Direct instruction has
already been issued, but not

Bit
Bit

Bit

Bit
Bit
Bit
Bit
Bit
Bit

Bit

6:
16:

17:

accepted by the other CPU.
Additional bits may be set
"on" without issuing another
Write Direct instruction.

Halt I/O requested.

A QUIESCE command is pending.

A VARY CPU command

pending.
I/0 for
I/0 for
I/70 for
I/0 for
I/0 for
170 for

I/0 for

Channel
Channel
Channel
Channel
Channel
Channel

Channel

0.

1.

2.

is

‘B
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CHANNEL TABLE

The I/0 supervisor uses the channel table to find the proper channel search module and to

re-enable for additional I/0 interruptions.

The channel table has the following characteristics:

e Creation. The channel table is created at system generation

time.

e Storage Area. The table resides, as a permanent part of the resident supervisor,

in protected resident storage (when protection is available).

e Size. The table contains one 4-byte entry for each physical channel attached to

the system.

e Means of Access. The address of a particular physical channel is multiplied by 4

and added to the starting address of the channel table to obtain the address of

the entry for that physical channel.

e Format. The format of the channel table is shown in Figure 1

0.

f 1
] |
l ) v T 1 |
I _ 000] | | [ |
| (Multiplexor | Channel Search Module Address | Channel Mask | Unused | |
| channel) | | | | |
| 001 i | i |
| (Selector | Channel Search Module Address | Channel Mask | Unused | |
| channel 1) | i | | |
I | r L
| (selector | channel Search Module Address | Channel Mask | Unused | |
| channel 2) | | | | |
| t 1 + i |
| etc. - ] . . . | |
| - ; : D |
| L y |
| 1< 2 bytes >|<-—1 byte—-——->|<-—1 byte—-——>| |
| 1< 4 bytes > | |
! !
Figure 10. Channel Table Format
Channel Search Module Address (2 bytes) to be started on that channel when it

This 2-byte field contains the address becomes available.

of the channel-dependent channel

search module associated with the

physical channel. A channel search Channel Mask (1 byte)

module exists for each physical chan- This byte contains the channel re-

nel and it determines the next request enable mask.

Section V: Control Block and Table Formats
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DATA CONTROL BLOCK

A data control block (DCB) is used primarily by the open and close routines of data mana-
gement, but the I/0 supervisor is concerned with several of its fields.

The characteristics of a DCB are as follows:

e Quantity. There is one DCB for each data set.

e Creation. Space for the DCBs is reserved at problem program assembly time. The

DCB is completed at open time.

e Storage Area. All DCBs reside in unprotected problem program storage.

e Size. Refer to IBM System/360 Operation System: System Control Blocks for the

size and description of the entire DCB.

e Format. The DCB fields used by the I/0 supervisor are shown in Figure 11.

] T T T 1
| FIELD | CONTENT | SIZE | SECTION |
[ 4 4 1 4
1] ¥ L] T 1
| IFLGS | I/0 Supervisor error flags | 1 byte | Foundation |
| | | | Block |
! DEBAD ! DEB address ! 3 bytes ! }
1) T L) T h)
| BLKCT | Tape block count | 4 bytes | Tape |
L L L 1 J

Figure 11. Data Control Block Fields Used by the Input/Output Supervisor

IFLGS (1 byte)
These are flag bits used by the I/0
supervisor in communicating error con-—
ditions and in determining corrective
procedures. They decode as follows:

Bits 0 and 1: DCB Exception

These two bits are used during error
recovery procedures when accessing
sequential files where positioning is
important. The flags indicate the

routine should be entered. The key is
checked by the error routine inter-
face. The flags have the following
value:

00 Always use IBM-supplied error
routines.

11 Never use IBM-supplied error
routines.

Bits 6 and 7: Reserved

error status for the pertinent data DEBAD (3 bytes)

set, and must always be present. They
have the following value:

00 Normal conditions are present.

01 Error correction is in progress.

11 A permanent error condition
exists.

This DEB address field contains the
actual address of the data set's asso-
ciated data extent block. The DEB
contains the location and boundaries
of that data set. The DEB address
must always be present in the DCB
foundation block after open time.

Bits 2 and 3: Printer Overflow BLKCT (4 bytes)

These bits are set by error routines
when printer overflow occurs. They
have the following value:

10 Channel 9 printer overflow.
01 Channel 12 printer overflow.

Bits 4 and 5: I/0 Supervisor Error Key

This key is mandatory and indicates
whether or not an IBM-supplied error

70

This device-dependent area is used by
the I/0 supervisor to accumulate the
tape block count for a data set on
tape that is either being read or
written. The block count designates
physical unit position, not relative
data set position. At the normal com-
pletion (channel end/device end) of
all I/0 requests, the IOB block count
increment amount is added to this DCB
block count field to form the updated
tape block count.

@:}

(.



Notes: An incorrect block count field
results when an error occurs in the middle
of a command chained channel command word
list. 1In this case, it is the user's
responsibility to adjust the DCB block
count field. He must determine which CCW
had the error and then decrement the block
count so that it reflects the true count.

Section V:

When an uncorrectable error occurs, the
block count field is updated as usual. The
effect of a halt I/0 request by the purge
routine on the block count field is unpre-
dictable, since the 1I/0 interruption condi-
tion is determined by the disposition of
the device and control unit, which are
variable.
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DATA EXTENT BLOCK

A data extent block (DEB) describes the location and boundaries (extent) of a data set
and points to the pertinent UCB(s) for the device(s) upon which the data set resides.
The characteristics of a DEB are as follows:

e Quantity. There is one DEB for each DCB.

¢ Creation. The DEBs are created by the open routine.

e Storage Area. All DEBs reside in the dynamic area.

System Control Blocks for the

e Size. Refer to IBM System/360 Operating System:

size and description of the entire DEB.

e Format. The DEB format is shown in Figure 12.

i i
| |< 4 bytes >1 |
| -16 1 - |
| PREFIX|
| -4t ! - |
| |
| 0 T 1 - |
| | NMSUB | TCB ADDRESS | A
|+ 4} + 1 I
| | AM LENGTH | NEXT DEB ADDRESS | | |
I +8 + i I
| | OPEN FLAGS | IRB ADDRESS | | |
| +12 } t 1 I
| | OPEN FILE TYPES| SYSTEM PURGE CHAIN | | |
| +16 } + { BASIC|
| | NMEXT | USER PURGE CHAIN | | |
| +20 } t 1 I
| | PRIORITY | PURGE LIST ADDRESS | 1 1
| +24 | T + 1 I
| | PROT TAG|DEB ID| DCB ADDRESS | | |
| +28 | 1 t : 1 I
| | EXTENT SCALE | APPENDAGE VECTOR TABLE ADDRESS | v |
I L L d - '
| |
| +32 T 1 Tape or -
| | MODE SET BYTE | UCB ADDRESS | Unit A
= L L 4 Record = I
| +32 T 1 = ||
| | FILE MASK | UCB ADDRESS | A DEVICE |
| +36 } 1 T i | DEPENDENT |
| | B B | C (START) C | Direct | |
| +40 } } { Access 1 1
| | H (START) H | C (END) C | | | |
| +44 } 1 i | I
| | H (END) H | NMTRK | v v |
I L L 4 - - '
| |
| p 1 ACCESS METHOD |
| | | DEPENDENT |
| and |
| | | SUBROUTINE |
| L 1 SECTION |
| The I/0 supervisor does not use the shaded fields. |
| |
L 4

Figure 12. Data Extent Block Format
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TCB ADDRESS (3 bytes)
This field contains the address of the
TCB associated with this DEB.

NEXT DEB ADDRESS (3 bytes)
This field contains the address of the
next DEB in a chain of DEBs running
under the same task.

IRB ADDRESS (3 bytes)
The interruption request block (IRB)
address for system error exits is con-
tained here.

SYSTEM PURGE CHAIN (3 bytes)
This field contains the address of the
first IOB in the chain of IOBs for I/0
requests purged by the I/0 purge
routine.

NUMBER OF EXTENT ENTRIES (1 BYTE)
This byte contains the number of
extent entries specified in this DEB.

USER PURGE CHAIN (3 bytes)
This field contains the address of the
first I0OB in the chain of I0Bs for 1I/0
requests purged by the purge routine
for sSvcC 16.

PRIORITY (1 byte)
This field contains a binary number,
assigned by the open routine, which
indicates the dispatching priority of
the task associated with an 1I/0
request.

PURGE LIST ADDRESS (3 bytes)
This field contains the address of a
parameter list for an SVC purge re-
quest. The I/O supervisor uses this
field when purging to locate the
appropriate purge ECB to post
complete.

PROTECTION TAG (4 bits)
These bits contain the protection tag
for the associated task.

DEB ID (4 bits)
These four bits identify this block as
a DEB by means of a hexadecimal "F".

DCB ADDRESS (3 bytes)
The address of the DCB corresponding
to this DEB is contained here.

EXTENT SCALE (1 byte)
This byte contains a shift factor used
to determine the size of the extent
entries in the DEB. This field con-
tains 4 for a direct access device and
2 for a non-direct access device.

APPENDAGE VECTOR TABLE ADDRESS (3 bytes)
This field contains the address of the
appendage vector table that is con-

Section V:

structed at open. The appendage vec-
tor table consists of address con-
stants (adcons) as follows:

r 1
0 | DC A(EOE) | End of Extent

.|
4 | DC A(SIO) | Start I/O

8 | DC A(PCI) | PCI

k
12 | DC A(CE) | Channel End

16 | DC A(XCE) | Abnormal End

b -d

| <-4 bytes->|

The I/0 supervisor uses the respective
adcon as a branch address to the five
types of appendages. If an appendage
is not used, the respective adcon
points to a branch back to the I/0
supervisor "normal" processing return.

When no appendages are required, this
table contains five adcon's pointing
back to the "normal" processing
return.

FILE MASK or MODE SET (1 byte)
This field contains either the file
mask for a direct access device or a
mode set byte for tape.

UCB ADDRESS (3 bytes)
This field contains the address of a
UCB associated with this DEB.

BB (2 bytes)
This field contains the bin number of
a direct access volume (data cell
drive).

CC START (2 bytes)
This field contains the cylinder
address for the start of an extent on
a direct access volume.

HH START (2 bytes)
This field contains the read/write
head number for the start of an extent
on a direct access volume.

CC END (2 bytes)
This field contains the cylinder
address for the end of an extent on a
direct access volume.

HH END (2 bytes)
This field contains the read/write
head number for the end of an extent
on a direct access volume.

NMTR (2 bytes)
This field contains the number of
tracks allocated to a given extent on
a direct access volume.
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DEVICE TABLE

The device table is used by the I/0O supervisor to locate the device-dependent start 1/0,
enqueue, or trapcode module that pertains to the device in use.

The

following characteristics are pertinent:
Creation. The device table is created at system generation time.

Storage Area. The device table resides, as a permanent part of the resident
supervisor, in protected resident storage (when protection is available).

Size. Each entry in the device table is 6 bytes in length. There is always one
entry per device type per enqueuing option specified for the device types at sys-
tem generation time. For example, direct access devices using priority enqueuing
would have one entry, direct access devices using FIFO queuing would have one
entry, etc.

Means of Access. The DEVTAB byte in the unit control block (UCB), when added to

the starting address of the device table, gives the address of the proper entry in

the table for the device.

Format. The format of a device table entry is shown in Figure 13. The possible
entries in the device table and their order, are:

Unit Record
Priority
FIFO
Tape
Priority
FIFO
Direct access (Disks)
Priority
FIFO
Direct access (Drums)
Priority
FIFO
Telecommunications
Priority
FIFO
Graphics
Priority
FIFO

[ e G e e G e S ot e 02

r T 1) 1
|Address of Enqueue Module|Address of Start I/O Module|Address of Trapcode Module]
L L L J

| <-=—————2 bytes >|< 2 bytes >1< 2 bytes——————— >|

I<

6 bytes >

e

Figure 13. Device Table Entry Format
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ERROR RECOVERY PROCEDURE INTERFACE BYTES

Error recovery procedure interface bytes are produced by CCH to facilitate retry of a
failing channel operation by the appropriate device dependent error routine. The format
of the ERPIB is shown in Figure 14.

Byte 0 1 2 3 4 5 6 7

( k) T T T R L) 1
|Multi- | | Program | |validity |Term/Retry|
| processing| UCB Address |Flags bits| Not Used |Ind. bits |bits 0, 1,|
|Ind. bits | {0-3, 5-7 | |3-5, 7 |5-7 |
L 1 L L L L J

Figqure 14. Error Recovery Procedure Interface Bytes Format

Error Recovery Procedure Interface Bytes e Validity Indicators (byte 6). This
Field Definition field contains validity indicators.
Note that a particular bit may indicate
e Multiprocessing Indicators (Byte 0) that its associated field is invalid
even though the field may contain some
Bits 0, 1, 2 - Unused. useful information. The error routine
normally should not use any field whose
Bit 3 - Multi-System Feature present. contents have been declared invalid.

Bit 4 - ID of failing CPU.
If CPU1l, bit 4 is zero.

If CPU2, bit 4 is one. Bits 0, 1, 2 - Unused.
Bit 5 - Unused. Bit 3 - Retry code valid.
Bits 6,7 - CPU status: Bit 4 - Unit status valid. The unit
00 - Shared status has been indicated with
01 - Partitioned correct parity.
10 - shared, but reconfigured
out. Bit 5 - command address valid. The CSW
contains a valid command
Note: If Multi-System Feature is not address. This field minus
present, byte 0 of the ERPIB contains eight bytes (CA-8) is the
all zeros. address of the CCW for the
channel at the time of the
e UCB Address Pointer (bytes 1, 2, 3). channel error.
This field contains the UCB address for
the failing channel/unit used to locate Bit 6 - Unused.
the correct interface bytes for the
current error. Bit 7 - Device address valid. A valid
device address was indicated
e Program Flags (byte 4). This field and appears in the I/0 old PSW.
contains program flags indicating the The bit is set for reference by
selection or interrupt sequence at the I/0 supervisor and should not
time of storing the CSW, etc. be used by the error routine.

Bit 0 - SIO instruction stored a CSW.
e Termination code (byte 7, bits 0, 1).

Bit 1 - I/0 interrupt or TIO to an I/0 This field contains a termination code
interrupt stored a CSW. which specifies the termination
sequences (signals) used on the I/0
Bit 2 - TIO with no pending interrupt interface after the channel has
stored a CSW. detected an error. The bits are inter-

preted as follows:
Bit 3 - HIO stored a CSW.
00 — Interface Disconnect (HIO

Bit 4 - Reserved. sequence) .
01 - Forced Ending Sequence (STOP).
Bit 5 - Sense Data stored. The channel responded with Com-
mand Out to Service In after an
Bit 6 — Valid count appears in CSW. error was detected.
10 - Selective Reset.
Bit 7 - Unconditional No-Retry. 11 - System Reset.
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e Retry Code (byte 7,

bits 5, 6, 7).

This field contains a code which speci-
fies the time at which the channel
detected an error. This code has mean-
ing only when CSW channel check bits 45
or 46 are set and interface bytes are
present for the device. It is not to
be used when an error routine is
involved with a unit-check condition.
The bits are interpreted as follows:

000 - An error occurred while executing
a TIO instruction. This code is
used to distinguish a TIO error
from a TIO clearing an error
interruption.

001 - Command Out has been sent by the

channel but the unit status has

not yet been analyzed by the
channel. This retry code may
indicate unpredictable device
movement, depending on whether
control units start movement on

Command Out.

010 - The command has been accepted by

the device, but no data has been

transferred. This code is needed
for tape devices. Tape drives do
not begin motion on a write com-
mand until the first byte of data
has been transferred.

011 - At least one byte of data has
been transferred over the inter-
face, and the command address in
the CSW reflects this particular
data transfer. In general, this

means movement may have taken

place if Interface Disconnect was

issued.
100 - The command has been rejected by
the control unit, or Command Out
has not been sent to the control
unit for the command address
stored in the CSW. In either
case, no device movement has
bequn for this CCW. Hardware
Test I/0 may have occurred.
101 - The command has been accepted but
data transfer is unpredictable.
If an Interface Disconnect is
given at the time of error, most
devices can be retried; a tape
Write Command is an exception to
this.

110 - Spare.

111 - No other codes apply.

CHANNEL STATUS (FOR MULTIPROCESSING)
(CHANSTAT)

If the Multi-System Feature is present, CCH
records the channel status for each CPU in
a 2-byte field called CHANSTAT in the
Inboard Record Entry, illustrated in Figure

29.

The first seven bits of each byte

correspond to the seven possible channels
for each CPU, and each is set to one if

that channel is offline.

The last bit of

each of the 2 bytes is unused.

-~
<{ '/‘
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EVENT CONTROL BLOCK

An event control block (ECB) is used to post the completion of an I/0 request.

It indi-

cates whether or not the request has completed successfully.

The

e Quantity.
e Creation.

e Storage Areas.

e Size. An ECB is 4 bytes in length.

¢ Format.

following characteristics are pertinent:

There is one ECB for each I/0 request.

The ECBs are created by the user of the I/0 supervisor.

All ECBs reside in unprotected problem program storage.

The ECB format, after it is posted complete, is shown in Figure 15.

e s ol
e s o c——————— )

Whenever

When inter-

This

r
|
| W C
l ] ] Ll
| | 0| 1| COMPLETION CODE
l L i L
| 0 1 2 31
|
L
Figure 15. Event Control Block Format After Posting
Bit 0: W 000100 IOB intercept code.
an error occurs after a chan-
nel end interruption for a
This is the wait bit and is set to 0. device, the 1I/0 request for
that device has already been
posted complete and the re-
Bit 1: C quest element returned to the
freelist. To handle the
This is the complete bit and is always error, the I/0 supervisor sets
set to 1 when the I/0 request has com the UCB intercept flag to in-
pleted, regardless of the success of dicate that the next I/0 re-
the event. quest for that device must be
intercepted.
Bits 2-31: Completion Code (30 bits) cepted, the IOB for the new
I/0 request and the CSW and
This code, along with the complete sense data for the error are
bit, is the ECB code as contained in passed to the error recovery
the IOB. The completion code indi- procedures for the device. If
cates to the user in what manner the a permanent error exists, the
I/0 request has completed. When the ECB for the intercepted IOB is
first bit of the completion code is posted complete with the IOB
off, the request was not successfully intercept code.
completed. The next five bits indi-
cate the cause and the remaining 24
bits are 0. There are six different 001000 Not started or purged.
completion codes; the six significant code signifies either that the
bits for these codes are: I/0 request has not been
started or that it has been
111111 Normal completion (no errors). purged.
000001 I/O permanent error code.
000010 Extent permanent error code. 001111 Error could not be retried.

This code indicates that the
seek address specified in the
I0B is out of the extent spec-
ified in the DEB.

Section V:

This code signifies that the
home address and/or RO could
not be read during error re-
covery procedures.
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INPUT/OUTPUT BLOCK

An input/output block (I0B) contains information that pertains to a requested I/0 opera-
tion and is used by the I/0 supervisor. The address of an IOB is passed as the only
parameter of the EXCP macro instruction.

The

characteristics of an IOB are as follows:
Quantity. There must be one unique IOB for each I/0 request.
Creation. The IOBs are created by the user of the I/0 supervisor.
Storage Area. All IOBs reside in unprotected problem program storage.
Size. An IOB is 32 or 40 bytes in length.

1. The 32-byte field is always present for all devices.

2. The 32-byte field plus 8 additional bytes are present for direct access and
telecommunications devices.

Format. The IOB format is shown in Figure 16.

| |
| |< 4 bytes >| |
| + 0 g T T 1 - |
| | FLAGS 1 | FLAGS 2 | SENSE BYTES | A |
| + 4} + L 1 | |
| ] ECB CODE | ECB ADDRESS | | |
|+ 8 = : 1 |
| | FLAGS 3 | | | |
| +12 } J CHANNEL | | i
i | STATUS WORD | ALL |
| +16 } T i DEVICES ]
| | SIO CC | START ADDRESS i | |
| +20 } t 1 | |
| | | DCB ADDRESS | | |
| +24 } + i | |
i |REPOS. MODIFIER| RESTART ADDRESS | | |
| +28 } L T 1 | |
| | BLK CNT INC AMT (TAPE) | ERROR COUNT | v |
I L L 4 - l
| I
| +32 T 1 - |
| | M EXTENT | SEEK ADDRESS | DIRECT ACCESS|
| +36 } 4 | AND T/P |
| | (If T/P, these bytes are pointers for QTAM or BTAM.) | |
| ‘ T
L i)
Figure 16. Input/Output Block Format

FLAGS 1 (1 byte) Bit 2: IOB Error Correction Indicator

Bits 0 - 1: cChannel Program Description

These two bits indicate the construc-

This bit is set by an IBM-supplied

tion of the CCW list, and are set by request associated with the IOB is
the user of the I/0 supervisor. They under control of the error routine.
decode as follows:

Bit 3: Modifier Flag 1

00 No chaining

10 Data chaining only This bit is set by an error routine to
01 Command chaining only

indicate that the device in use must

11 Data and command chaining (mixed) be repositioned by use of the command
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error routine to indicate that the I/0
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code specified by an IBM-supplied
error routine in the IOB reposition
modifier byte. (See Section I: Tape
Start I/0 Module.)

Bit 4: Modifier Flag 2

This bit is set by an IBM-supplied
error routine to indicate that cyclic
redundancy check (CRC) correction is
required for the tape. (See Section
I: Tape Start I/0 Module.)

Bit 5: IOB Exception

This bit is set to indicate that an
error occurred during the I/0 request
associated with this I0OB. The bit is
turned off when the error is
corrected; if uncorrected, the excep-
tion bit is left on.

Bit 6: Unrelated

This bit is set by the user of the I/0
supervisor and identifies all I/0
requests (for use of a data set) that
are not related to any other request.
Requests that are related are executed
in a first-in first-out (FIFO) ar-
rangement and no related request is
started until all prior related
requests have completed. (Related is
0, unrelated is 1.)

Bit 7: Start/Restart

This bit is set by an IBM-supplied
error routine to indicate that the
restart address in the IOB is to be
used for the I/0 request; when 0, the
start address is used.

FLAGS 2 (1 byte)

Bit 0: Halt I/O Issued Flag

This bit is set by the SVC purge rou-
tine to indicate that it has issued a
halt input/output (HIO) instruction
for the device in use for the I/0
request. The request is associated
with the IOB and is being purged.

Bit 1: Sense Flag

This bit indicates that a sense com—
mand should be issued by the sense
subroutine because of an error at the
previous channel end. At device end,
the device is free and the sense com-
mand is issued.

Bit 2: Purge Flag

This bit is turned on by the SVC or
1/0 purge routine when awaiting com-

pletion of the device and allowing the
I/0 request to quiesce.

Bit 3: Read HA RO Flag

This bit is turned on by the direct
access error routines when no seek is
required.

Bit 4: No Test for Out-of-Extent Flag

This bit is turned on by the direct
access error routines when an alter-
nate track is in use.

Bit 5: CCHH Update Flag

This bit is turned on by the direct
access device errxor routines when
updating the seek address because of a
cylinder end or file mask violation
condition.

Bit 6: Device End Post Flag

This bit is turned on by the Device
End Post trapcode module to signify
that a graphic class device has had
Device End status ORed with Channel
End Status.

Bit 7: IOB QSAM Flag

This bit is turned on by the Queued
Sequential Access Method routines when
error recovery (using three buffers)
is to be provided for a 2540 card
punch.

SENSE BYTES (2 bytes)

The sense subroutine loads these bytes
with the first 2 bytes of sense infor-
mation read into the UCB when a sense

command is given.

ECB CODE (1 byte)

The I/0 supervisor places the comple-
tion code for the I/0 request asso-
ciated with the IOB into this area.
This code is also placed into the
event control block (ECB) when the
request is posted complete. (For
additional information, see "Event
Control Block".)

ECB ADDRESS (3 bytes)

These bytes are set by the user of the
I1/0 supervisor to contain the address
of the event control block (ECB) that
corresponds to the IOB and is to be
posted complete at the completion of
the I/0 request described in the IOB.

FLAGS 3 (1 byte)

This byte is used by IBM-supplied
error routines and is defined in Sec-
tion III: Device-Dependent
Characteristics.
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CHANNEL STATUS WORD (7 bytes)
These bytes contain the low-order
seven bytes of the channel status word
(CsSW), as stored by the I/0 supervisor
at channel end.

SIO CC (1 byte)
Bits 2 and 3 (the third and fourth
bits) of this byte are set by the
start I/0 subroutine to contain the
condition code resulting from issuance
of the SIO instruction for the asso-
ciated I/0 request.

START ADDRESS (3 bytes)
These three bytes are supplied by the
user of the I/0 supervisor and contain
the address of the first CCW that is
to be executed in the channel program.

DCB ADDRESS (3 bytes)
These bytes are supplied by the user
of the I/0 supervisor to contain the
address of the data control block
(DCB) that corresponds to the IOB.

REPOSITION MODIFIER (1 byte)
This byte is loaded with a positioning
command code by IBM-supplied error
routines that are used for device
repositioning procedures when the IOB
modifier flag 1 is on.

RESTART ADDRESS (3 bytes)
This address is used as the CCW
address in the channel program for an
error restart by IBM-supplied error
routines during error correction
procedures.

80

BLOCK COUNT INCREMENT AMOUNT (2 bytes)
This is the tape block count increment
amount set by the user of the I/0
supervisor and is used by the I/0
supervisor at device end (completion
of the I/0 request) to update the tape
block count (BLKCT) field in the DCB
associated with the IOB. The field is
signed and may contain an increment or
decrement up to +32767. When an unco-
rrectable error occurs, the I/0 super-
visor uses this field to update the
DCB block count as usual.

ERROR COUNT (2 bytes)
These bytes contain flags and counts
used by the IBM-supplied error rou-
tines and are explained in Section
III: Device-Dependent Character-
istics.

M EXTENT (1 byte)
This byte is set by the user of the
I/0 supervisor to indicate the number
of the DEB extent that is to be used
for the request. (The first extent is
indicated by the character 0, the
second by 1, the third by 2, etc.)

SEEK ADDRESS (7 bytes)
The user supplies the initial seek
address BBCCHHR required for the I/0
request for the direct access device.
For teleprocessing devices, this field
contains QTAM and BTAM pointers.



LOGICAL CHANNEL WORD TABLE

The logical channel word table consists of the logical channel words that control the
logical channel queues. It is used by the I/O supervisor and the I/0 purge and SVC purge
routines.

The logical channel word table has the following characteristics:
e Creation. The table is created at system generation time.

e Storage Area. It resides, as a permanent part of the resident supervisor, in pro-
tected resident storage (when protection is available).

e Size. The table contains one 8-byte logical channel word per logical channel
queue.

e Means of Access. The LCHTAB byte in the UCB, when multiplied by 8 and added to
the starting address of the logical channel word table, gives the proper logical
channel word for the device and its associated logical channel queue.

e Format. The format of a logical channel word is shown in Figure 17.

) 1
| !
l r T 1 L] 1 |
| | FIRST REQUEST | LAST REQUEST | SCRATCH | TCH MOD ADDR | |
| k + t 1 i |
| | <-——2 bytes—-->|<—2 bytes —->|<-—2 bytes ——->|<-—2 bytes ——->| |
| 1< 8 bytes > |
! !

Figure 17. Logical Channel Word Format

FIRST REQUEST (2 bytes) 2. When there is only one request
These two bytes contain either an element in the queue, both "first
address or an index value to the first request™ and "last request" con-
request element in the logical channel tain the address of that element.
queue.

LAST REQUEST (2 bytes) ,

These two bytes contain either an SCRATCH (2 bytes)

address or an index value to the last This field is used as a temporary

request element in the logical channel storage area for an address or index

queue. value. It is used when more than one
logical channel queue for a physical

Notes: channel is searched in order to find
the highest priority I/0 request with

1. When a logical channel queue is which to restart the channel.

void, the "first request" field
contains a dummy link address of
hexadecimal FFFF and the "last

request" field contains the TCH MOD ADDR (2 bytes)
address of that logical channel This field addresses the device-
word. dependent test channel module.
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REQUEST ELEMENT TABLE

The elements in the request element table are used by the I/0 supervisor to represent

active or queued I/0 requests.

ing I/0 request representation.

The unused elements in the table are available for incom-

The request element table has the following characteristics:

e Creation. The table is created at system generation time.

e Storage Area. It resides, as a permanent part of the resident supervisor, in pro-
tected resident storage (when protection is available).

e Size. The total number of request elements in the table is defined at system
generation time. The request element table for a system in which MVT is excluded
contains a 12-byte request element for the maximum number of I/0 requests expected
at any one time; and for a system in which MVT is included, a 16-byte request

element.

e Means of Access. The active request elements are addressed by the LAST REQUEST
field in the associated UCB. The available request elements are contained in the
freelist, which is addressed by the freelist pointer in the CVT. The queued re-
quest elements are within the particular logical channel queue referred to by the

logical channel word.

e Format. The I/O superxrvisor is concerned with all information in a request ele-
ment. The format of a 12-byte and 16-byte request element is shown in Figure 18.

1
|
|
|
|
|
|
|
|
|
|
|
|
|
L

Format of a 12-byte Request Element

T
LINK FIELD | UCB ADDRESS
1

T
TASK ID | IOB ADDRESS

I
T

| PRIORITY DEB ADDRESS
L 1

- e

— e s o e el s el

|<1 byte>|<1 byte>|<----2 bytes---->

Format of a 16-Byte Request Element

1
|
|
r k] 1 '
| LINK FIELD | UCB ADDRESS | |
L L 3
] 1 ] 1 I
I == | I0B ADDRESS | |
t + i I
| PRIORITY | DEB ADDRESS | |
L 1 4
] L] | I
|REY | TCB ADDRESS l |
t t i |
|<1 byte>|<1 byte>|<----2 bytes—--->| |
|
d

Figure 18. Request Element Formats

LINK

FIELD (2 bytes)

This is a 2-byte link field used to
link the request elements that are
members of a particular queue or
belong to the freelist.

UCB ADDRESS (2 bytes)

TASK

This field addresses the UCB asso-
ciated with the queued 1I/0 request.

ID (1 byte)
This byte contains the task control

block identification of the task that

originally initiated the 1I/0 request.

IOB ADDRESS (3 bytes)

This field contains the address of the

IOB associated with the I/0 request.

PRIORITY (1 byte)

82

This byte contains the priority of the

1/0 request represented by this re-
quest element. The priority is
assigned at open time according to the
priority of the associated task.

DEB ADDRESS (3 bytes)

This field contains the address of the
DEB associated with the data set for
this I/0 request.

KEY (1 byte)

This field contains the protect key
associated with the request.

TCB Address (3 bytes)

This field contains the address of the
task control block for the task that
initiated the I/O request.

@



STATISTICS TABLE

The statistics table contains the statistical data required to maintain statistical data
records. It is used by IBM-supplied error routines and the statistical data recorder
(SDR) of SER.

The

statistics table has the following characteristics:
Creation. The statistics table is created at system generation time.

Storage Area. The table resides, as a permanent part of the resident supervisor,
in protected resident storage (when protection is available).

Size. The statistics table contains from 0 to 128 ten-byte entries; there is one
entry for each device attached to the system. There are however, 9 entries for a
2314,

Means of Access. The STATAB byte in the UCB contains a factor, which when multi-
plied by ten and added to the starting address of the statistics table, provides
the address of the proper entry for a device. For the 2314, the low-order four
bits of the fifth sense byte are added to STATAB to get the correct entry.

Format. The format of each entry in the table varies with the type of device.
The first 8 bytes of an entry contain statistical data; the last 2 bytes are a
work area used by error routines. The device type formats are shown in Figure 19
note that the work area is not shown.

-
’

Unit Record Equipment 2400 Tape Series

I k] 1 r T 1
1052 | Temporary | Temporary | | Temporary | Temporary |
2150 |Read Failures |Write Failures | |Read Failures |Write Failures |
1015} b i 1 i
1285 | |Bus out | | Intervention |Bus Out |
1402 | |Check | |Required | Check |
1442 t + I + 1
1404 | Equipment | | |Equipment | Overrun |
2201 | Check | Overrun | | Check | |
1403} + § ot t i
1443 | ' | | | Word |Data |
2501 |Device-Dependent|Device-Dependent | |Count 0 | Converter Check |
2520t 4 1t ¢ i
2671 | | | |R/W Vertical | Longitudinal |
2701 | | | | Redundancy Check|Redundancy Check]|
2702 } it b 1
7770 | | | | Skew |Cyclic |
77172 | | | | | Redundancy Check|
2250  } { 1t 3 1
2260 | | | | Skew Reg VRC | Noise |
1053 | | Lo [ |
2280 | } i t {
2282 | I . | |

| I I | |

L L J L L J

| <=—==——=~~=—~—1 byte > R e —— 1 byte >|

bt s s s e s o — — —— ———— — — — —— —— — — — —— — w—— S—— — — t—— w—— s e}

igure 19. Statistics Table Entry Formats (Part 1 of 2)
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2841 Control Unit

2820 Control Unit

1 3 Ll L) ¥ T 1
| Temporary | Temporary | | Temporary | Temporary |
|Read Failures |Write Failures | |Read Failures | Write Failures |
L. 1 i | 1 1 J
1 ] L 1 1 ] L]
|Intervention |Bus oOut | | Intervention |Bus Out |
|Required |Check | |Required |Check |
L. 1 i} L 1 J
1] 1§ 1 r ] 1
|Equipment | |Overrun | | Equipment | |
| Check | | |Check | |
L L 4 L L d
| LB 1 1 ] Li |
| Track | Seek | | Track | |
|condition | Check | |Condition Check | |
[N 1 4 L L J
L ) T L] 1) LE 1
| | | | | Track |
|Unsafe | | | | Overrun |
[N 1 " L L ]
1 3 . . T . ] 1) T L)
|Serializer/ |Control Unit | | | |
|Deserializer |Tag Line | | | |
L 1 4 i L 4
] . . T L 1 § 13 1
|Arithmetic | | |No Record | |
|Logical Unit | | | Found | |
L. L i} L 1 J
1) . . T 1] 1 3 ] 1
|Missing Address | | | | |
|Marker l || | |
L L J L 1 J
1< 1 byte > | | <=—==——==—=———-=1 byte >
2280
r T 1
| Temporary | Temporary |
|Read Failures |Write Failures |
L L 4
| Ll |
|Intervention |Bus Out |
|Required |Check |
L s 4
4 . T 1
| EQuipment | |
|Check | |
L N 4
) T b}
| | |
| | |
L [ d
1 ) T‘ b}
| | |
|Byte Count 0 | |
b t {
|Recorder Forced | |
|cap | |
L [l 4
r T ]
| | |
| | |
I8 i d
1] T 1
| | , I
| |Graphics |
L L 4
T 1
| |
|Work area |
L 4
¥ 1
| |
|Work area |
L ¥}
1< 1 byte >

Figure 19.
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UCB LOOKUP TABLE

The UCB lookup table is used by the I/0 interruption supervisor to obtain the address of
the UCB associated with an I/0 interruption.

The UCB lookup table has the following characteristics:
e Creation. The table is created at system generation time.

e Storage Area. The table resides, as a permanent part of tne resident supervisor,
in protected resident storage (when protection is available).

e Size. The size of the table is dependent upon the number and the unit addresses
of I/0 devices, control units, and physical channels attached to the system.

e Means of access. The table values are used in the algorithm routine described in
Section II: UCB Lookup Routine. The table is addressed by the CVT. The
algorithm shown in Figure 20 is used to obtain the address of the UCB.

e Format. The UCB lookup table is segmented as shown in Figure 21.

It is obtained from the UCB address
list portion of the UCB lookup table.

) 1
|IECILK1 + 3-bit channel address —----—- > K |
|IECILK1 + U4-bit control unit address + K -———- > L |
|IECILK2 + 2 (4-bit device address) + 2L -----> the actual UCB address |
| THE -—-—- > reads "is the address of." |
| |
|IECILK1 K |
| is the starting address of the UCB is the index value obtained from the |
| lookup table. channel portion of the UCB lookup |
| table. |
| |
| IECILK2 L |
| is the starting address of the UCB is the index value obtained from the |
| address list portion of the UCB control unit portion of the UCB lookup|
| lookup table. table. |
| |
| Note: The addresses of both the Actual UCB address |
| IECILK1 and the IECILK2 are is the 2-byte address of the UCB |
| contained in the CVT. associated with the I/0 interruption. |
| |
| |
L ]

Figure 20. UCB Lookup Algorithm

1) 1
| |
I L) L] Ll T T L] T T L} T v T T I
| Ki | K2 | Ks | K¥ | K*¥ | K¥ | K¥ | Ly | Lo | L3 In 2 |In 1+ | In |UCBO1}|UCB0O2 UCBN |
If L L L L L i % 1 L L 1 _} L 1‘
| | <————- ————Channel Portion >|< Control Unit Portion---—->|<UCB Address List>||
! ,I
L ] 1
|Kn (1 byte) |
| The channel portion contains index index values that are relative to the|
| values that are relative to the start- starting address of the UCB address|
| ing address of the entire UCB lookup list. |
| table. |
| UCBn (2 bytes) |
|In (1 byte) The UCB address list contains the |
| The control unit portion contains addresses of the UCBs in the system. |
L J

Figure 21. UCB Lookup Table Format
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UNIT CONTROL BLOCK

Every device is represented by a unit control block (UCB). A UCB indicates device acti-
vity and provides the linkage to device-dependent code and tables. The properties of a
ucB follow:

e Creation. The UCBs are created at system generation time.

e Storage Area. All UCBs are located below 32K in protected resident storage (when
protection is available), and are a permanent part of the resident supervisor.

e Size. A UCB is from 24 to 288 bytes.

e Quantity. There is one UCB per unique, physical device address defined for the
system. Each telecommunications line on a transmission control unit and a device
attached to a shared control unit or a tape unit switch has only one UCB. A 2314
direct access storage facility has eight UCBs.

e Format. The UCB format is shown in Figure 22. (For the format of a UCB for a
2321 data cell, refer to the publication, IBM System/360 Operating System: System
control Blocks.)

86
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x Dec
4 - 4

+10 +16
|+14 +20
| +18 +24
=+18 +24
| +1C +28
=+20 +32
|+18 +24
=+1c +28
[+20 +32
. [+204 +36
‘z | :+28 +40

=+18 +24

|+1C +28

=+20 +32

:+2a +36

+28 +40

+30 +48

+37 +55

i< 4 bytes > |
r ) 1
| M65MP FLAGS | NOT USED |
L 1 4
r k] T T 1
| INTERNAL JOB NO|ALLOC CHAN MASK| UCB ID X| STATUS A |
L IR i i J
r T L] T 1
| CHAN ADDR  |UNIT ADDRESS X| FLAGS1 | DEVTAB INDEX X|
L 4 i ' 4
¥ L] T T 1
| ERRTAB X| STATAB INDEX X| LCHTAB INDEX X| ATNTAB X|
(& [ | 8 1 4
v T 1
| FLAGS/CHAN MASK| UNIT NAME X|
t i 4
T Al 1
| | DEVICE TYPE X|
(8 L 4
v L] 1
i LAST REQUEST ELEMENT | SENSE INFORMATION |
L L J
r 1
| UCBUCSID |
F !
I UCBUCSOP |
L d
r L] T 1
| SENSE INFORMATION | USE COUNT | CONTROL BYTE |
[ L L 4
U 1
| TASK ENTRY ADDRESS |
L 4
r L}
| RESTART ADDRESS |
L 4
v L) 1
| DEVICE INDEX | BUFFER TABLE ADDRESS |
L L J
T 1
| SENSE INFORMATION |
b 4
v 1
| VOLUME SERIAL NUMBER |
| f L) {
| | STATUS B | DATA MGMT CTR |
L N L 4
L T 1
| SEQUENCE COUNT | SEQUENCE NUMBER |
i L J
v 1
| DATA SET SERIAL NUMBER |
| r i
| i RESERVED |
b L 1
| CCW FOR READ-OPPOSITE RECOVERY |
L ]

M65MP ONLY

e

ALL
DEVICES

| G————

ucs
PRINTER
EXTENSION

-

GRAPHIC
DEVICES
|
I

———

MAGNETIC
TAPE
DEVICES

|

|

|
v

b e o e s — —— — — — — —— — — — —— — — — —— — —— — — — — — — — — S———— — — — — S—— — — — — —— — — S— —— — p— —t—— a— )

® Figure 22. Unit Control Block Format (Part 1 of 2)

-
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1]

' BN

|Hex Dec |< 4 bytes > il

[+18 +24 , - L

| | SENSE INFORMATION | A

|+1C +28 } 1 | |

| l VOLUME SERIAL NUMBER | | |

1+20 +32 | r T i | |

| | | STATUS B | DATA MGMT CTR | |

[+24 +36 } L L i |

| | ADDRESS OF VTOC 1 ]

|+28 +u40 } T 1 | |

| |Reserve Count | Note 2 | |

| } 1429, 44— RESERVED FOR I0S | i

| | | |

|+30 +u48 } 1 |

| | | DIRECT | .

| ] DIRECT ACCESS ADDRESS OF LAST SEEK 1 ACCESS |

DEVICES

—_— 1 | e

| | NUMBER OF USERS| DIRECT ACCESS ECB ADDRESS | | | .

|+3C +60 } L i | |

| | | | |

| ERROR RECOVERY WORK AREA | |

| | | |

I+6u +100i i : =

| OVERFLOW WORK AREA | |

| | | v |

|+8C +140L J - |

| |

| Note 1: The X areas are loaded at system generation time; all |

| except ATNTAB, which is changed by system routines, |

i remain constant. | P

| ] .

| Note 2: OUTSTANDING RESERVE INDICATOR | S~

| J
eFigure 22. Unit Control Block Format (Part 2 of 2)

M65MP FLAGS (1 byte)
Bits 0-1: Not used.

88

Bit

Bit

Bit

Bit

Bit

Bit

23

S:

Set to 1 by CPUA if CPUB is to
perform a Halt I/0 operation
following a shoulder tap.

Set to 1 by CPUB if CPUA is to
perform a Halt I/O operation
following a shoulder tap.

Set to 0 if CPUA started the
last I/0 operation; set to 1
if CPUB started the last 1/0
operation.

Not used.

Set to 1 by the Nucleus
Initialization Program (NIP)
if this device is not access-
ible from CPUB.

Set to 1 by the Nucleus
Initialization Program (NIP)
if this device is not access-
ible from CPUA.

UCB ID (1 byte)
This is an encoded field of hexadeci-
mal "FF" that identifies this block as
a UCB.

HIO (1 bit)
This bit is turned on when a halt I/0
(HIO) instruction is issued for the
device represented by this UCB.

| sM (1 bit)
This bit indicates that a sense com-
mand was attempted for the represented
device, but that the CSW status modi-
fier flag was set in response to the
sense command. When the device is
free, the sense is reissued.

| Bits 2, 3, and 4: Not Used.

| CHANNEL ADDRESS (3 bits)
Bits 5 to 7 contain the physical chan-
nel address of the last physical chan- -
nel used for the device represented by @;;
this UCB. -



UNIT ADDRESS (1 byte) Bit 6: Disk Arm Seeking
. This byte gives the absolute device This bit indicates, when the UCB
‘:: and control unit address that pertains represents a direct access device,
to the device represented by this UCB. that the device is currently involved

The address of the physical channel to in a seeking operation.

be used by the device is calculated

when a physical channel becomes avail- Bit 7: Error Routine in Control

able. The total I/0 address, consist- This bit is turned on by an error rou-
ing of the unit address and the chan- tine to indicate that error recovery

procedures are in progress for the
device and that any related requests
must not be started.

nel address, is used in the start 1I/0
(SI0) instruction.
Note: A device accessed through a
tape unit switch must always have the
same control unit address. DEVTAB (1 byte)
This field provides the indexing value

FLAGS 1 (in bytes) from the beginning of the

Bit 0: UCB Busy device table to the significant device

6‘
b
L

This bit is turmned on by the I/0O
supervisor when the represented device
is started and remains on until device
end.

Bit 1: UCB Not Ready

This bit is turned on when the I/O
supervisor determines a device not-
ready condition and indicates that
operator intervention is required. A
message is displayed to the operator
by the error routine handling the
condition.

Bit 2: Post

This bit indicates that channel end is
awaited.

Bit 3: UCB Intercept

This bit indicates an error has
occurred after channel end for the
last request processed on the device
and that an error routine must be
called when the next request for the
device is given. (Refer to IOB inter-
cept code in "Event Control Block".)

Bit 4: Control Unit Busy

This bit is turned on whenever a bit
setting of busy and status modifier
are detected in the CSW after issuance
of a SIO imstruction. The setting of
the control unit busy bit indicates
that requests issued for the repre-
sented device by means of the EXCP
macro instruction cannot be started.
This bit does not, however, prevent
queued requests for the device from
being started by the channel restart
subroutine. This bit is necessary
because the control unit end CSW indi-
cation sometimes presents itself to
the channel with a different address
than was presented with control unit
busy.

Bit 5: Disk Data Transfer

This bit indicates, when the UCB
represents a direct access device,
that the device is currently involved
in a data transfer operation.

class entry in the table for the
device represented by the UCB. The
device table entry contains the
addresses of the device-dependent
enqueue, start 170, and trapcode
modules for the device type. (For
additional information, refer to
"Device Table.")

ERRTAB (1 byte)

This byte contains a numeric constant
that is used by the exit effector to
complete the 8-byte name of an IBM-
supplied error routine within the SVC
library for the represented device.

STATAB (1 byte)

At SYSGEN time, a device number rang-
ing from 0 to 128 is assigned to each
I/0 device attached to the system.

The number for the represented device
is stored in this byte. The statis-
tics table contains an 8-byte data
area, in which information regarding
the device's operation is maintained,
and a 2-byte work area for each
device. The I/0O supervisor locates
each data area by using the product of
the STATAB byte and ten as an indexing
value. This value is constant for the
eight 2314 UCBs. (Refer to "Statis-
tics Table.")

LCHTAB (1 byte)

This field, when multiplied by eight,
gives the indexing value (in bytes)
from the beginning of the logical
channel word table to that logical
channel word associated with the
represented device. The logical chan-
nel word indicates the status of the
particular logical channel queue to be
used when the I/0 supervisor must
queue a request for the device. (For
additional information, refer to "Log-
ical Channel Word Table.")

ATNTAB (1 byte)

This field contains the indexing value
(in bytes), set by system routines,
from the beginning of the attention
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table to one of its U4-byte entries.
The entry contains the actual address
of the attention routine required for
the represented device. (For addi-
tional information, refer to "Atten-
tion Table.")

FLAGS AND CHANNEL MASK (1 byte)

UNIT

Bit

Bits Settings Meaning

0 1 SYSIN

1 1 SYSOUT

2 1 This device will be
allocated for a public
volume request.

3 Reserved

u-7 (variable)I/0 supervisor channel

mask

NAME (3 bytes)

This field contains a symbolic name in
EBCDIC characters for the device
represented by the UCB. This name is
used for device allocation and also by
error routines in messages to the
operator concerning this device.

DEVICE TYPE (4 bytes)

LAST

20

The contents of this field describe
the type of device and pertinent char-
acteristics of it. The first 4 bits
of the first byte are flags that deco-
de as follows:

Bit 0: Unassigned.
Bit 1: Overrunable Device
Wwhen on, this bit indicates that the

device is overrunable.

Bit 2: Burst Device

When on, it indicates that the device
operates in burst mode; when off, the
device operates in byte mode.

Bit 3: Data Chaining

When this bit is on data chaining is
allowed for the device. If it is off,
data chaining is not allowed.

The remaining bits and bytes are not
used by the I/0O supervisor; they are
discussed in the publication IBM
System/360 Operating System: System
Control Blocks.

REQUEST (2 bytes)

The I/0 supervisor issues a request
element to represent each I/0 request
for a device. When the I/0 request is
started, the address of the request
element is placed into this field
(LAST REQUEST) which then indicates
the last I/0 request for the device.
The information in the request element
is used during interruption proces-

sing. (For additional information,
refer to "Request Element Table.")

SENSE (2 to 6 bytes)

wWhen the I/0 supervisor issues a sense
command, up to 6 bytes of sense infor-
mation from the device's control unit
is read into this area of the UCB.

The number of bytes of sense informa-
tion that is read varies with the
device type; however, all information
significant to the use of the device
is normally provided within the first
two bytes. The I/0 supervisor then
places these two bytes into the IOB.

RESERVE COUNT (for Shared DASD option only)

This area contains the reserve count
for shared direct access devices. The
count is incremented by a RESERVE
macro instruction. If the reserve
count is greater than zero, the device
is reserved for a particular CPU;
other CPUs may not use it. The
reserve count is decremented by a DEQ
macro instruction.

OUTSTANDING RESERVE INDICATOR (1 byte)

LAST

This field is used only for the Shared
DASD option. The field is set by the
direct access SIO module when a Start
I/0 instruction for a data transfer
has been successful. The module moves
the contents of the Reserve Count
field (hex. +28) to the Outstanding
Reserve indicator. The field is
tested by the supervisor's ENQ/DEQ
Purge routine (IEAQEQO01) during an
abnormal termination. If the field is
nonzero, the ENQ/DEQ Purge routine
concludes that the device has been
physically reserved by the terminating
task's CPU and must be released.

SEEK ADDRESS (8 bytes)

This area contains the seek address
MBBCCHHR for the last seek on the
direct access device represented by
the UCB.

CCW FOR READ-OPPOSITE RECOVERY (8 bytes)

This area is used by IBM-supplied mag-
netic tape error routines to build a
CCW for opposite-direction recovery
attempts. Such recovery is tried
after a data check during a read or
read-backwards operation.

ERROR RECOVERY WORK AREA (40 bytes)

This area is used by IBM-supplied
error routines for the CCWs necessary
for the alternate track procedures and
the head and cylinder switching proce-
dures for direct access devices.

OVERFLOW WORK AREA (40 bytes)

This area is used if the track over-
flow feature is installed.
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Charts

e Chart 01. Functional Flow of the Input/Output Supervisor
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RE.T RNS CONTROL VIA AND THE DISP. TCHER (IEAODS)
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Chart 02.

SVC FLIB (IEAgSCOO)
AFTER SVC INTERRUPTI
(EXCP MACRO INSTRUCTION)

Control Flow Within the EXCP Supervisor
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t“‘#Bl*t‘tt*t“' *O‘#‘BZ‘*‘#Q*“‘* dhkkRRBIkkkkkkhkk®
*XVCKO1 *XCPTS * * THIS ROUTINE
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11T TRY
. *.AGAIN SUBROUTINE XCP112 Sk XERX01 XCPPDQ DEQ MODULE
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e Chart 03. Control

FROM SVC FLIH
AFTER SVC 15 INTERRUPT

Flow Within the Error EXCP Routine

4-ENTRIES FROM RESIDENT PORTION OF DIRECT ACCESS ERROR ROUTINE
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* * * * * * * * * *
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IOB EXCEPTION
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El * E2 *, IS SET ek REIRFRE KRR kRK
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ARERERE R KRR EREK *, % *, %
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e Chart 0O4. General Flow Within I/0 Interruption Supervisor
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* * * *
L et et B S B T Bt * PCI
+ FIND THE UCB * % APPENDAGE
+ TFOR THIS  * *
* DEVICE * * *
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* NO * *REF
*khk * * *EEk
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*"NO * EEE Y * A
*kkk *kkk * * *
* * * * * G3 * * J4 *
* HL *-> ~>%* E3 * * * *
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+ QEagEro) s +  GET_NEXT *  (——— % LOG CHAN - BUSY
* * RQE * * QUEUE *CHAN . .
% ERBOR ROBIINE * *LCH
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EEEEI SR LSS L LR * * * *, * * * *
*  RETURN TO % * AND THEN YES . ¥ OF . Cl * *
* TASK PR S—— SABL RS .. SEAKCH LY BUSY #om——e———>% TEST IF CHAN *
*, SUPERVISOR % INTBRRUPTTONS* *. o* . . * 1s BUSY *
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e Chart 05. I/0 Interruption Supervisor (Part 1 of 8)
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*'No
*hkx * * EE L L]
* * *05 * * *
* C2 *-> * B3* —>% C2 *
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FEAG IN CHAN ¥ “wAS : *Eﬁfm‘a : JTerESeaesseees
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e Chart 06.

96

I/0 Interruption Supervisor

(Part 2 of 8)
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ucB 't.
.+  OR CSW * .,
P e e e K SHOWS OTHER ¥ FROM
STATUS .* 5D3
. L I TIt e
.. *06 *
* YES * D3% -
A * %
FROM*06 * *
05D5#% D2 *->
* * ATTENTION RQUTINE
TBI.I; v INTATT2 | (ATTENTION RTN INTERFACE) . (SPECIFIED AT SYSGEN)
iy p2’ =, t*tt#D3l*tttttttt b4 T*, FADO KRB R
.*¥ CSW *, * * *, * *
o* SHOWS *. YES *GET INDEX VALUE* INDEX *. NO * HANDLE *
*., ATTENTION ,#%-——————— >* TO ATTENTION "'—-——————)* VALUE=0Q o Fmmm e >* ATTENTION *
*.* C o ¥ * TABLE * . ..“ * CONDITION **
T, o4 FERRRRR AR KRR Ry FEREERR A
* NO 1 YES
<
INTO013 o*.
TESTS E! .
BIT CSW  *.
IN CSW.* SHOWS *. YBS
. ONIT R S
*, CHECK .*
*, L * *kk Ak To SENSE SUBROUTINE
*, L% *10 * INTSFNS) TO ISSUE _
+ N0 * AL+ S COMMAND e
*** TEST RESULTS {
e
TEST POST
G_IN UCB ¥, TO INT030 TO
LAGS1 F2 *. PREPARE FOR
ELD * * CHANNEL RESTART




e Chart 07.

I/0 Interruption Supervisor (Part 3 of 8)

(SEE CI;IART 12)

FROM INTERRUPT SUPV. bbby VAL S S LT
FOLLOWING TRAP RTN * *
(06J4) OR FROM POST * CHANNEL END *
SIO RIN (02J5) IF * ABNO! *
UCB I TERCEPT CONDI- * END APPENDAGE ‘
TION IS DETECT *
-
s
*07 *
* B2 *->
*
e
B2

4
INT023 .

Rk
*. NO _* * (SEE RETURN TABLE
s*¥—ews>% F2 *# ON CHART 12)
* * *
¥ *EE¥

*.

TEST_IOB .* ANY

.
EXC FLAG .+  ERROR . YES
(I0BEX) .  THIS P S
+. REQUEST .+ Y
.. . ##%% TO ERROR INTERFACE
o M1 TAIERR T0°E SCHEDULE
+'NO *,A2+ AN ERROR RECOVER
FROM*%* %%
11B3+07 *
OR * E2 *->
12D4* *
hphd POST RTN INTERFACE
XCPPST
SAE2R kR R Rk

* PLACE *
* NORMAL CMPL *
* CODE IN ECB,
* REAI

ASK
KEEE KRR RE kK
FROM_SVC Py Pk
PURGE ROUTINE *07_* _|<—% F2 &
TR Rl 7
EEEE EX 223
-*INTO24B
. t““F3“"'$*"*
% ENTRY *. 'PRGCOMA
TESTS DEB FOR .* OM *. YES *- -‘-**“"*"-"‘
PURGE LIST *., SVC_PURGE .*—w——ww-u>*DECR PUR
ADDRESS ENTRY *, TN ¥ *POST COMPLTE Ii"
. ok *ALL REQS PURGED#*
. o ¥ FERFEREEERR BN RN kR
* NO
e
*07 *
* G2 *->
* * <
LEd )
INT025A
““‘Gz‘*"t““*
* *
* ELLME“T *
* LABLE *
* LIST *
* *
AEEREFRERER KRR
MVT ONLY
R T TR R P PP TP PP PPNy b iwhé§L£g§ %g Rg%%gENT'
- N S
I INTO25B .4, ! AND_IS LOCATED AT OFFSET
. . IS . tototna:ot.tsaooc + 32.2 IN THE TCB
N A_TAS: YES #-&-0-’-‘-#-0—'-0 .
. .HAITING FOR A.’—-“—-—)‘ CLEAR *
. . * FOR~R| E' B;T * .
. ‘; -‘ * IN TCB' * .
N o PRSPt T TN
. NO .
. < !
D P
GENERAL *%*#* INT027
ENTRY FOR*07_* INTOQ27A
CHANNEL #* J2% INT030
RESTART * % k& “72‘"“.*““
* * CALC
L * ADD&ESS OF "
D% EL *
* *
* MODULE *
EAEREEERSRRER KR KK
EF¥
*08 =
F_INTERRUPTIO! * A3%<—1TO CHANNEL
TESTS SETS CHMSK OCCURS THE RE * SEARCH MODULE
s XCPE%‘E FIELD IN UCB POINT IS IECINT (05A2> *EEE
k2" ¥, #tlttkattt#ttta*t ERRFKLERRRE kR A EEEERKS AR R R RR AR
+* ENTRY *. FLAG CU] * * * CLEAR CURRENT *
YES .* FROM *. NO C L FOR * *ENABLE/DISABLE #* * CHANNEL *
ek EXC. e >*RESTAF [' IN CASE*~—————~->%* ALL CHANNELS #-—e——e-- >*%* RESTART FLAG *
*. SUPVSR * O NOTHER * * * * (CHMSK FIELD *
TO CHANNEL**#%%% *, ¥ * INTERRUPTION * * * OF *
SE, * * ¥ HEREER % EEEERERRE IR NR R REEK ER I R T S e L b

8
MODULE * A3+*
* %

*.
*

POST
. * ROUTINE (IEAOPT01)
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®* Chart 08.
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I/0 Interruption Supervisor (Part 4 of 8)

FROM_07K2 *3***

OR 07K5
* A3+ INTCS ¥ CHAN SEARCH MOD
3*“#A3‘**‘**“** (SEE CHART 09)
l * FIND LOG CHAN * * = CHAN NO.
~--~~->¥QUEUE ON WHICH *
CAN BE  *
: TARTED *
khkkkkkF kR Rk R REE kK
v XCPCH1--XCPCHT
B3. ° - EEE R VR L2 S22 L]
% *, *_TEST CHAN MOD *
. 1is *. YES Ak kb ke
*. RESTAR' B T IEST IE eeeeeeee
*.POSSIBLE . * CHAN IS  * I
*, o ¥ Y * *kkkk
., L% ARk kR R KRR Rk A *02 *
* NO * G3*
* *¥
*
TQ START 1/0 MODULE TO
PREPARE TO ISSUE A START
1/0 INSTRUCTION. ~RETURN
INTO33 L. WILL BE TO EXIT (BLOCK F4)
Cc3 * IF A TA TRANSFLR WAS
.+ wWAS R RChRRRE R RRE STARTED. CONTINUE SEARCH
.*+" ENTRY * IF A SEERK OPERATION WAS
+.  FROM EXCP EXIT * STARTED, OR IF THE STAKT
*. SUPVS) * 1/0 INSTRUCTION WwAS WOT
B AR R RR R KRR ACCEPTED (SEE CHART 09)
“*"NO TO XCPO21
FROM INT. Ak EOR EXIT VI
SUPERVISOR *08_* YPE-1 EXIT RTN
(osH1) OR + D3 *-> TTEhoxE00)
FROM CHAN *
EERRCH (09B3) 3sxs’
INTO3
*RRFRDIRKRRRRRRAE
* *
* ENABLE_FOR  *
* ALL 1/0  *
+ INTERRUPTS %
kkkkhkkkhkkkkkkkkk
INTO30A v
kkkk kI k ke kK kkkkFk
+ DISABLE FOR *
* INTERRUPTS  *
*+ “PRIOR T *
* RETURN X
dkkkkkkkkkkkkkkkk
v
F3' Tk
ARE *kkkFUkkRRER RNk
.+  THERE ANY %. NO * *
! CHAN‘S TO BE . #—m—mmmm>* EXIT M
- KESTARTED. * * *
*hkkkkkkkkkkEkkk
T, 0 (H/Q FIRST-LEVLL INTERRUPTION
+ YEs HANDLER (DISMISS), THEN TO
DI SPATCHER  (TERoDS) WiIch
GIVES CONTROL TO A READY TASK.
**#*#Ga‘*t#**tt**

*WHICH CgANgnLS :
* RESTARTLD :
*

dkER Rk AR R AR F

*
TO INT030 TO
RESTART THE CHANNEL
THAT CAUSED THE
INTERRUPTION




¢ Chart 09. 1I/0 Interruption Supervisor (Part 5 of 8): Channel Search Module

c + = CHAN NUMBER

TO INTO038B
INTCS* R0 DE%BEUL
i
EEE LY WELT ISR EY BRANCH 10
* ABNORMAL-END
* ENTRY * APPENDAGE
e S L L *kkk
* * * %
* BL * *02 *
*k kK * * * J5%
* * KKk *kkkk
* B2 *-> A TESTS DCB
* * EXCEPTION
ok k FLAGS
\' INTO34G W EL YES.*.
LRLET3:-PE LT P S *, BS .
* *NO MORE o ¥ *, .* PERM_ *.
* SET POINTER LCH QUEUE ¥ IS *, YES -* ERROR IN *.
* [ s *#.  REQUEST  .*———e——e >*.  PREVIOUS  .*
* DCH QUEUE * b4 *. (ELATED .* *. REQUEST .*
et * * *Ekkk *, . *, L*
* * P et Lt d *08 * *, % . F
* B2 * ANOTHER * D3% * N0 *§O OR
* * AR LCH QUEUE * ¥ UNDETERMINED
*EEE * * *
I * C2 *-> TESTS IOB
. * * ERROR
YES ** Ak {7 CORRECTION
INT036 -*. L ¥ JFL <%, INDICATOR
Ccl *, Cc2 *. cy *. c5 *.
¥ *. ¥ *. +% ENTRY *. .*¥ 1S *.
¥ Is *, SEEK .* *, YRS .* FROM *. YES .* ERROR *.
¥, THIS LAST .*<e————e——¥, TYPE ¥ —————— EXCP @ ¥ e *. ROUTINE IN .*
*. RQE? o ¥ A *. OF REQ .* ‘; *. SUPVSR .* *. CONTROL .*
*, ok *, oE I *, E *, ok
< . L% *. % *02 ¥ . . *. %
* NO *DATA * C3% * NO *"NO
**‘*** TRANSFER ‘i*
* D2 *-> TO XCP010A
TESTS * * IN EXCP SUPVR TO Ak *kkx
UCB *hEE TEST DEVICE *02 * * *
FLAGS .*. ¥, AVAILABILITY I * D3* * C2 *
. D2 *. PREPARATION FOR * % * *
- *. .* IS *. NEW ST, * *HEk
- * Is *. NO .* THIS THE *. YES INSTRUCTION CHAN MOD
*. DEVICE B g *. LAST REQ o ¥mmm (XCPCH1-XCPCH7)
* AVAILABLE. * *. ELEMENT .* IN PREPARATION
*, o * *, oF FOR NEW START
*. L¥ *. .k I/0 INSTRUCT1ON
* YES * NO kK
* *
* B2 *
* *
TESTS *kkk
CB
FLAGS ¥, ¥
E1 *, E2 *.
¥ IS *. ¥ *,
.* DEVICE *. NO ¥ Is *. NO .
*. A DISK LHo—d *. DEVICE PR SR S
*¥. DRIVE .* * . AVAILABLE.*
*, o* *, L *
*. Lk *, L%
\ * YES * YES KK
' * *
! * D2 *
A * *
S, Kk
INT03’45 .*. ¥,
*. F2 *.
* *. -* IS *.
YES o Is *. NO ¥ DEV A *.
~~-~*_, LAST REQ a* e *, DISK ¥
* lMPORTANT *° *.* DRIVE *.*
R *, %
* N * YES
EET T
t * * NOTE: ON’LY DISK REQS THAT
>* B4 * FOR OVER! APPED
SEEK OPERATIONS ARE
*xEE PROCESSED IN THIS FLOW
¥, INTO038 S
G1 *, G2 -
. WAS *. ¥
T THE *. YES o* Is
~~>%. LAST RE8 o F—— *. SEEK
TARTED .* *,COMPLETE .*
. ok *. ¥
*, L * *, L%
* NO *dkkk * YES
*02 *
* D3*
* *
*
(NOTE 1)
- P oFL
. H2 .
<*¥ WAS *, o F WAS *,
.*¥ REQUEST *. NO o* *, NO
*. PURGED FROM .*——- *, ISSUED FOR  .¥%——
*. QUEUE? .* *,THIS REQ .*¥
*. o *, L*
*, L* S
* YES * k% * YES
4 Rk * *
* * * C2 * j}
* J1 *->
* * *kkk kK
ko k * *
INTO34E * J1 ¥
PRI LER Ry * * NOTE 1: BRANCH IS TO A TEST CHANNEL
* ‘*** *E Xk MODULE (XCPCH1--XCPCH7)
* CLEAR * (BLOCK G1) IN PREPARATION FOR A START
* 'CONTROL UNIT *-—-—-—)* BY4 * I/0 INSTRUCTION.
: BUSY' FLAG : *****

LR E L R LS LS L 2
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e Chart 10. I/0 Interruption Supervisor (Part 6 of 8): Sense Subroutine (Part 1)
e (SEE_CHART 18 FOR
* AL* REMAINDER OF SUBR)
* *
*
FROM 06E2 IF UNIT CHK OCCURS (SHARED DASD
OPTION ONLY)
INTSEN * INTSOL . o TR
Al *, R Vi L bttt FERKKATRERKERRKEK .
TESTS _ .* * * SET THE IOB * $SET STATUS MOD . . o
UC] s +. YES * SENSE FLAG TO * A6, IN * : TESTS UCBTYP+2,
BUSY *.  DEVICE A >+ INDICATE SHAR $—-—mcm—->% CHAN ADDR 0 + . FIELD OF UCB -
FLAG . BUSY * * SENSE COMMAND * * FNBLCARR DRV * N g
. . IS NEEDED . . s
*, % ‘*#t*#t##t#tt*t*t ##t*&!*tt*#“*tt* - *, ,t %
+"No . * YES !
*kkk «
*07 * Pl -
SHARED DASD OPTION ONLY —>* J2 * (
DR B T TO CHAN¥ % . K
. : R4 RESTART*##¥ N . -
<TESTS k. Cetmcareenaanes ot § Y s
.ucs:rvpoz BL. . *. ! BY k., . TESTS ucﬁggm&
FIELD % 15 ‘. L+ CAN ¥, CAN “%. . FIELD OF UCB-
SO ppvice s, ves .+  DEVICE o GDEVICE N
.UCB *.  DIRECT c#ic——e——_>*%_ BE SHARED *. BE SHARED .t»>
. *. ACCESS .+ *. o .
. - . *. .* *. K
N €. . L *,
- NO * L il * YES
. . *ClL *
. hhE
INTS02D v . INTRROO . o
*ttt*cll tt#'tttt . :tovfczh-nﬂ»ut« ERROR RECOVER! ch *, A TESTS * &Y
) ‘ * SET UP TO DO RTIN MAY NEED HOME .+ IS Tk, SEEKING Fms.
SET ADDR OF * . *READ HOI ME AD ADDR t BADDR AND REC 0 INFO . No .+ RELEASE '+. IN FLAGS 1 . 4
->*ucs SENSE AREA * ¢ *§ REC OTHER CPU ~>¢~—*. COMMAND -* FIELD OF 5
IN SENSE CCW * b St s CRAINGD ¢ BAS GATNED CONTROL +«SBROGRBSS . + . i
. # TO SENSE CCW) * OF THE DEVICE. . o* 5
EE L R S T LT T s . SRESRBREIRRR TR E ¥ *, . F T
EE L L . ¢ *hkE *
* * . ' K
* Cl * . - . * K2 *
* Y P o R VSR ]
T N P L L
INTSO3h .+ 2
FRERED]RRFRFERRER ps” w, TESTS u/o B ;{
+ PLACE ADDR  * . IS e, IN CHAN AD!
*  OF SENSE * - NO .*  RELEASE *. FIELD UeB <
* CCW IN CHAN *<———ommmemme P *. TION  .* . 5
1 ADDR WORD - *. OMPLETE .+
REERRF R AR Rk R R - *, .i N - %
*xrx N YES B
LS L e * * - wkkE .
FROM¥10 * <% E1 N * * P
1832% E1 *—>  « * - * B4 *->[< — ‘
* * *XRE - *
*hkH o« b
INTS03 INTSO2B _ .*. - NTTIO .*.
FHREAE] E2° . o EY4
*ISSUE SIO INSTR* ok & *#%%% ABLE . *STATUS *. -
+FOR SENSE CCW, * YES .* CSW . * - OR ' .* OF SENSE * P
* OR SENSE' #<—mmmmsms N SHOWS THo——>% H5 oo F2 Rk DATA e %VSY "
* AN HA % USY * * L. *«NOT *, TRANSFER .+ cC= 2)
*AND READ RE . . Laa . *#*+OPERA- . . . ;
#**t**#ttt***t#*‘ *, ¥ - TI *, . N b iy
* . * N ., 5
A : #* 'SW STORED : CR
o *10 * ey ) - . i
: FROM$ Fl4_ %> PROPIPEPIIION" A 0 S sr
- 18C2* * S
- o ‘
INTS02A : INTS0SF H
Rt Vb bbbt d - #*‘.'Fu*‘*‘**‘.“" .
*INDICATE EQUIP * FHEh K SET UP A CODE % 4
*+ERROR_IN SENSE * * - *THAT INDICAT: S
ELD *<o—m* F2 ¥ p #TQ T H
: UNIT CONTROL M Y ekks PO :gy SENS] su%u ‘ 4 .-
Fhkkkkk kR kR R R Rk *10 * - ‘ﬁﬂtttgt'tﬁtift" 51 * *
A *G3* Do o i by * EL *
*F Naveevelveresdiaereolevveivoinaan * *
* *¥¥*TO INTSO3
< A TO REISSUE
CcH OPTION ONLY YES| SIO FOR
sewemesasbosslas. . (EQUIP MALFUNCT. SENSE
N M 3) L4 .%. INTS02 *. INTSO02B.
o REEREGL AR AERERAES G2 *, . G5 .
< * SET UP A cong * ¥ *.  CSW STORED .* CHAN ~*.TESTS DID TESTS .* CSW  *. Rk
« *THAT INDIC L%  STATUS . (CC = 1) .* ROR  #CSW TR cm( *CS .*"  SHOWS  *. * *
. *TQ THE CCH 'rmu"-u——- >+, OF SIO S¥e——me-l3%.  FROM SIO . #————eee >#. KESULT FROM N S >+. DEV OR CU _.¥<—* G5 #
. 1810 Has ISSUED * , *. . *. OR TIO _.* NO %’ NO A %, BUSY .+ * *
. ENSE ‘SUBR. * . *. .* + o* T, o+ *. .+ kK
. 3vuuannsntu N *, *, Lk . *. .
N . * BUSY OR *'YES , *"YES * NO
S SIO" ACCEPTED FROM ***% R,
18F2 +10 * *10 TESTS 'ARM
+ H4 *—> FROMY 0554 HS *—> SEEKING'
TO SER, CCH, *#+#% * 18D2%* ¥+ FLAG IN
v R McH, VIA *05_* Dot .
.+ ER/CCHl * B3* INTSQ2A ooty
H2 T+ INTERFACE * % Aakkaqgy At g
kR o *, * ok * INDICATE * v .
* *  YES ¥ DEV *. * * * EQUIP CHECK * NO
* E1l *<o——_# OR _CU o * G5 #<———* IN uCB LR )
* * *. BUSY .* * * SENSE FIELD * .
*hEE **%% (CC=2) *, 3 ETTTY * '
* * *x, % FITITITI ST T TS .
* AL * NO (SIO ACCEPTED) RS add
* * *REK ‘0 *
*EEkk * * ¥ J4 %
A * J4 *——. TESTS i TO
TELEPROC. |OPTION ONLY * * l UCB POST | *%%« INT02C
YES pevsrasasaVesossenngs *hkx FLAG ' R
LE. . N i INTS02C _ .*. .
J1 » J. *, * EE L ENKE LS LTI 2L LY *, .
S B L% IS s, % * SAVE SENSE  * .*% DID "*. . =
. +0 .*% THIS A ®.  (TESTS * BYTES BY * YES .*  DEV END '*. i NO..
«"pash opnou [#<o————-lo#] TELEPROC . ,UCBTYP * MOVING THEM *<————-———%.0CCUR WITROUT. #<mmwmmet,
*-IN SYSTEM.* . #. DEVICE _.% *  FROM_UCB * CHAN »
. . . * TO IOB “#. END_.%° .
t . *, FEkARRFRRE R KR *, Lk M
*N caensssuan * o B
Rk YES™ TO CHAN Pl .
* * RESTART *07 * .,
* K2 *-> —>% J2 % L .
E2ETY * * * N E ssg](ng(;'
* * *kkk *kkk . 3
* E4 * INTSOY XCPP XCPPD i INTSO2E. / _IN UCB
* * EEA R L B L ELE L L L FRR R AL IR R ARk Rk k E R R U e S ‘ #t‘t*{(S#"")’”‘t
EEE LS * *DEX MOD* *DE( * . - *
SET SM * INDICATE THAT * P e e e e P R e i . * égm a
FLAG IN (——* SENSE_COMMAND * ——* REMOVE RL}:g ——* REMOVE RE * otk I‘RM b4
ucB + "WAS ISSUED  * *+ ELEMENT FOR + ELEMENT FROM * . b4
¥ JREQ QUEUES * . KEQ QUEUES & .
1*ttt*t#t:tat.:tt FEEFERERXRER IR R AkRRRERERRR RN F K ttotoa‘tt"ﬁtoitt
CHAN***% * L Shid s .

100

To
RESTARTY07 b % PERMITS
DEV knD

*EEk
RET_TO SENSE*12 * TO ABNORMA.

VIA 05F2, WHEN # DZ* END APPENDAGE,

OCCURS * *  VIA INTO3L

*07 * TO INTO25A TO
* G2* RETURN REQ TO
* ¥ FREELIST

Se v
(SHARED DASD
OPTION ONLY)

N



® Chart 11. I/O Interruption Supervisor (Part 7 of 8): Error Routine Interface

i ! INTERR
g LR WL T
*

*
* ENTRY *
* *
dkkkkkhk ek
Rk
*11 *
¢ B2 +->
*
*Ek¥
. INTO2Y POST INTERFACE
B2 +B3%
* ILAOPTOl *+ posT
. ERM #-4H-k—4-¥—#—% RN
ECB_CODE * ERRO S+POST ECB ERROK, #oone e
B *. * *KEADY - REQUES- % 4
.. o* + TING TASK *4k4% TO INTOR4B
*, % ﬁ*“**“*“ *07 * IN INT SUPVbR
+'NO + k2% TO RETURN REQ
+ % ELEMENT TO
+  AVATLABLE LIST
REPARE TO
RESTART CHANNBL
INTERR3 v
ERERRC2 KRR AR REER
- * *
+ CLEAR DCB *
*+  DERMANENT  *
+ ERROR FLAGS *

*EEFEEEERERER KR KK

INTO50 V
TESTS DCB o *, INTO057 WF, TESTS ECB o,
ERROR_KEY D2 *, D3 *. CODE IN D4 *. FREREDSKERRE R R Rk
(IFLGS FIELD) « *SHOULD '. WAS 108 . * *. * INDICATE PERM *
YES .* SYSTEM NO L PERMANENT *. NO .* INTERCEPT *. NO * ERROR INn *
——————~~—————————%_. ERROR RTN'S .*-—-—————>* ERROR ET IN e >%. CONDITION _ u*————mmm >* ECB CODE *
*. BE USED . ¥ *, EXIST .* * FIELD OF 1I0B *
. B 1 Tkl PREV o ¥ *, o* * *
*, L% . . *, L% B T T T TP
* YES YES
* %
*11 *
* D3%
*RERK
INT022 V. FROM 03E2
El *.* OR 02C5
# a1s "#. TESTS IOB
*, REQUEST - *UNRELATED
*. RELATED .* FLAG
R
FERERF] KR RRRRERKE
* *
* EXCEP FLAG *
* TO INDICATE *
* ERROR RTN *
* IN CONTRO *
FRERRRRRRERR SRR A
v L
TESTS IOB
UNRELATED TESTS IO0B ERRO!
INTO055 N INTO058 .V FLAG INTO031B o*L CORRECTION INDICATOR
Gl *. G2 *. G3 *.
-* - ¥ *. .*x IS *. Rk
-* DIRECT *. NO ¥ Is *. NO ¥ ERROR *. YES * *
*. ACCESS o H g *, REQUEST e >*. ROUTINE IN .*———->%* B2 *
*. DEVICE .* *. RELATED .* A *. CONTROL .¥* * *
*. -* *. . * *, ¥ *xkk
. o ¥ * * *, %
* YES *° * NO
l :*;** TO INT12C IN CHAN~END/ABNORM~END APPENDAGE EXIT
->% D2 *
* *
kK
e ¥,
FEREH] ARk R R R
* * ¥ INDICATE *. YES
b * EXIT * *. PERM E I QRS
* * * FROM PREV *”
#t#tttt##t‘ttt* RE!
2311 . ox
ERROR RTN * NO
(NOTE 1)
----------- >
“
INT059
FEJ2kk Rk hkE NOTE 1: FOR_THE NAME OF THE APPROPRIATL
* IEAQEF0Q * (BLOCK #1) LOAD MODULE, SEE TABLE 3,
*-k—%—%k—%k—%—%-% STAGE-2 MODULE RWAMES®.

*SCHEDULE ERROR * EXIT EFFECTOR
* RECOVERY *

* ROUTINE *
LRSS SRS 22 2]

*kkk

*07 * TO CHANNEL
~>* J2 * RESTART

* * (INTO030)

*kkk
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e Chart 12.

Interface
LI VRS S PER 2L
*
* ENTRY *
* *
*EkkEF Rk kEE RSk
*kE ¥
FROM_TRAP *12 *
ROUTINE (06H2): BZ**—>
*kkE
INTO019
*EFRRkPBIRKF R R KT KR
* *
* RESET ALL UCB *
* EXCEPT *
: 'BUSY"'
Ahkkkkkkkkkkkr ko
TESTS I0B
ERROR CORRECTION
INDICATOR K,
Cc2 *,
ok *,
o* ERP *, YES
i *, IN . *
| *, CONTROL .*
i * o ¥
*, %
* NO
*ttt
FROM ERROR RTN INTERFACE *12
(11G3) OR_FROM ABNORM-END * D2 *->
| BASE INCREMENT SETUP (INT031)* **
INTI
*kkkERDD2 R ER kR ER KK

* GET APPENDAGE *
* ADDR FROM *

* APPENDAGE *
* TABLE *
* *
*kkkkh bk rkhkkEkk

¥,
E2

* ANY
o * ERROR *. NO
*. CONDITIONS

“x

#—--.

*

*, %
* YES

INTQ12 v
*EERAF2RERE B R RN K
+INDICATE ERROR *

SETTIN
* IOB EXCEPTION *

#%###tt#*****&ﬁ##

I/70 Interruption Supervisor (Part 8 of 8):

Channel-End/Abnormal-End Appendage

**%%*% TO ERROR ROUTINE INTERFACE

*11 _* (INTERR) TO RE
**Bg* ERROR RECOVERY ROUTIN:

SCHEDULE THE

P E———

INT12B v
AEG2REKEX Kk
* USER CHAN **
* ABNORM END *
*‘ APPENDAGE **

kkkkkkkkkkk

kR RH2 ¥Rk Rk Rk E

*
* RETURN *
* *

HhRREE R R ARk K
SEE_RETURN
TABLE
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RETURN TABLE
INT023 o+,
pu’ T+,
*kkkDIkkkkkkrkk *
+  NORMAL * .+’ ERROR  *. YES
¥ KETURN | >#1, CONDITION I#—---——e 3
P *, o *%x%%*TO ERROR RTN
ok +11 *INTERFACE
TESTS IOB * NO + B2+ (INTERR)
EXCEPTION + %
FLAG
*kkkk
*Q7 *
* E2%
* ¥
*
TO POST ROUTINE
INTERFACE  (XCPPST)
INTO24B
FRREFI R ARk E ko
+ SKIP * TO ENQUEUE RTN
* OST [ (XCPPNQ) TO QUEUE
*  RETURN * Y REQ, THEN T CHAN
FhEERRERRERERARR P RESTAR
*07 * t
* Fo% +02 *
* ¥ * Blh*
* *kkkk
TO INTO24B A
IN I/0 INT SUPVSR 1 o
INT17A ..
FRRFEGYRERRR R KRR F G5~ %,
P + SET NORMAL  * .+ EXCP *.
* EXCP * +ECB COMPLETION * .+ SUPVSR OR *.
+  RETURN #emmeee>%  CODE IN  #m——m—mme >%.  ERROR RTN .*
+ *.IN CONTAL.*
*kkkkkkkEkk kR kk * *
*kkkkkkkkkkkhkkkk *
« Vs
+%4TO CHAN
+07_RESTART
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e Chart 13.

*EKKC2RR KKK RERE
*  EMERGENCY  *
* EXIT *
* *

kkkkkkkk ok kR kR K

LOAD WAIT STATE PSW

Channel-Check Handler (CCH)

CATNIP

*RkkAZkKkkkkkk%  FROM CCH INEERQACE

(SERRO4) Wil
* CHANNEL FAILURE

* ENTRY
* * OCCURS.

AEERRRRRRRRRKER

HEARRBI KKK KRR
*INITIALIZE CCH *
* AND_TEST *
* FAILURE *
: ENVIRONMENT :
Fhkk kR Rk KRR KRR

AR EDIR R R R R KRR R
*FIND AVAILABLE *
* SPACE FOR *
*INTERFACE BYTES*
* AND RECORD *

* ENTRY *
FkAkk Rk Rk Rk Rk Rk kK

FEXRKEI kAR R LR
* LLECT *

*HH R
San
HER00
ZOP R
.
o
o

*
*
RECORD *

NTRY *
A ARk Rk Rk KRRk

Ak kKT 3R A ARk KRRk
*
*
* FOR_SYSTEM *
* RESET *
*

kkkkkkkkkkkkkrkk

BRANCH
TABLE .*.*

o * *.
«* FAILURE *.
*‘*PROCESSING *.*

T, .*# NOTE: EKPIB = ERROR KECOVERY
*, ok PROCEDURE INTER-
i FACE BYTES

CCHSNS CCHO16
CCHTIOS v CCHO33
FEERRH] ARk KRRk *ER KRG kR Rk kR Ak
PREFORM RETRY * * PERFORM RETRY *
OF FAILURE  * * OF FAILURE  *
IN SENSE * * IN SVC 16 OR *
SUBROUTINE  * * sVC 33
LR RS E R A L

* e F X

*
FkkkkkkkkkkkRkhkk

CCHSSK

CCHINT S
CCHT10SK CCHSIO

CCHTIOPC
ERARREL YRR A K
* PREPARE ERPIB :

* FOR 1/0C

* INTERRUPTION * *
* SUPERVISOK * *
* FAILURE * *
EREERRREER R KA KK *

}

FAILURE
Fkk ARk R Rk Rk Rk RRk

EEE R A S22 2
*
M EXIT <
TO CCH INTERFACE *hkkkEEkE kR kkkkk
RETURN VECTOR
TABLE (SERRO4)
FOR_RES|

UMED
SYSTEM OPERATION

FAAERTIRE R R AR AR
* FIND AND
CE_UCB
* ADDRESSES IN
* RECORD ENTRY

*
*
*
*
* *
*kkkkkkhkkkkkkkkk

K3 .
LR AL EE S S S
EMERGENCY * LOAD MACHINE-CHECK
EXIT : NEW PSW

FERKRERRF RN KR RE

Charts

103




e Chart 14. Scheduling an IBM-Supplied Error Routine
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e Chart 15.
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General Operating Procedure for Device-Dependent Error Routines
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e Chart 16. General Operating Procedure-Graphics
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e Chart 17. Onboard Recorder and Statistical Data Recorder/Channel Check Recorder
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