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Preface

This publication is intended as a reference for operators
and programmers of an IBM System/360 which has an
attached IBM 2841 Storage Control or attaches a 2311
Model I through an Integrated Attachment feature.

The operator or programmer should be familiar with
the following publication: -

IBM System/360 Principles of Operation, Form
GA22-6821.

The following System/360 reference cards list in detail
the data capacities and transmission times for each device
that attaches to the 2841 Storage Control:

2311 Disk Storage Model I, Form GX20-1705.

2302 Disk Storage, Form GX20-1706.

2321 Data Cell Drive, Form GX20-1704.

2303 Drum Storage, Form GX20-1718.

Eighth Edition (December 1969)

This is a major revision of, and makes obsolete, GA26-5988-4 thru 6
and Technical Newsletters GN26-0202, GN26-0210, GN26-0229,
GN26-0235, and GN26-0247. Extensive changes have been made
throughout the manual.

Manuals referred to in this publication that have a form number with a four
character prefix are identical in content to the same manual without the
initial prefix character. (e.g. GA26-xxxx is the same in content as A26-XXXX.)

Significant changes or additions to the specifications contained in this publication
are continually being made. When using this publication in connection with the
operation of IBM equipment, check the latest SRL Newsletter for revisions or
contact the local IBM Branch Office.

The illustrations in this manual have a code number in the lower corner. Thisisa
publishing control number and is not related to the subject matter.

Copies of this and other IBM publications can be obtained through IBM Branch Offices.

A form for reader’s comments is provided at the back of this publication. If the form
has been removed, send your comments to the address below.

This manual was prepared by the IBM Systems Development Division, Product Publications,
Department G24, San Jose, California 95114.
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INTRODUCTION

The IBM 2841 Storage Control provides for the attachment
and control of direct access storage devices to IBM System/
360. These storage devices are:

IBM 2311 Disk Storage, Model 1 (standard feature).

IBM 2302 Disk Storage, Models 3 and 4 (special
feature).

IBM 2303 Drum Storage (special feature).

IBM 2321 Data Cell Drive (special feature).

A single 2841 Storage Control provides for the attach-
ment of up to eight 2311 Disk Storage Drives as a standard
feature. The direct access storage devices listed above may
be combined to provide up to eight access mechanisms.

The following chart indicates the maximum number of
units available with each configuration.
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*A 2302-4 should be substituted for each multiple of two 2302-3's.

With the 2841 Additional. Storage special feature, up to
two additional 2302s having up to eight access mechan-
isms can be controlled by the 2841. The total number of
devices controlled by the 2841 with this feature is limited
to: 1) 16 access mechanisms of which all in excess of
eight must be 2302 access mechanisms; or 2) eight load
units as follows.

IBM 2841 Storage Control

Load Access

Units Mechanisms
2303 model 3 2 2
2302 model 4 2 4
2303 1 1
2311 none 1
2321 1 1

Direct access storage enables record retrieval without
sequential searching through a file. Thus, when only
some of the records of a given run are active, a direct
access storage device provides significantly better through-
put than a device that handles each record sequentially.
Direct access storage also enables random inquiries during
record processing. If desired, a direct access device can
also process records sequentially. Therefore, with a direct
access storage device, records can be stored and/or proces-
sed sequentially or randomly.

Another important characteristic of direct access stor-
age devices is that when a record is updated, the new
record physically replaces the old record.

IBM 2841 Functions
The 2841 performs the following functions:

1. Interprets and executes commands from the channel
attached to the central processing unit (CPU).

2. Provides a path for data between the standard interface
and attached storage devices. ‘

3. Translates data appropriately as it is transferred between
the storage devices and the standard interface.

4. Furnishes operation status information to the channel.

5. Checks the accuracy of data transfer.

DATA FORMAT

Data Characters

The basic unit of data within all components of the IBM
System/360 is called a byte. Each byte contains eight
binary bit positions, which can be set on or off to indicate
a logical 1 or a logical O, respectively. The eight bits in

IBM 2841 Storage Control 1



each byte can be arranged in any of 256 combinations of
1s and Os.

A single byte can represent one alphameric character,
one 8-bit binary number, two decimal digits, or one deci-
mal digit and sign. The bit positions of a byte are:

Decimal Values of Byte Positions

128 641 32|16 | 8 4 2 1

0 1 2. 3 4 5 6 7

A Byte Containing the Binary Number 19

0 0 0 1 010 1|1

11250A

A group of related bytes is called a “field.” A series of
related fields is called a “record.” A series of similar rec-
ords is known as a “logical file.” Both record length and
record organization are variable; their selection is based on
the needs of the data processing application. An example
of records and fields within a file is:

First Record Second Re:
Field Social Security Social Security
Name: Number Name | Address Number N
Bytes . * *
Required: s 30 30 s J
*Two Digits per Byte {Packed Format).
Data Checking

Centralk Proéessing Unit (CPU) — Parity

To check data accuracy, a parity bit is associated with each
byte within the CPU. When the byte is formed, the parity
bit is set to O or 1 to maintain an odd number of 1 bits
within the byte. This condition is called “odd parity.”

Whenever data is accessed by the CPU, its parity is
checked.

Storage Devices — Cyclic Check

In 2841-controlled storage devices, data is stored and re-

As data is transferred from the CPU to an attached
storage device, the 2841 removes the parity bit from each
byte. The 2841 then computes two cyclic check (CC)
bytes, which are added to the end of each area. The two
cyclic check bytes are arithmetically coded to represent
the data in the associated area.

The cyclic check code detects the following types of
errors:

1. All errors occurring within a 16-bit span.
2. All errors involving an odd number of bits over any
span.

During a transfer from a storage device, all areas read
are inspected by the 2841. Cyclic check bytes are recalcu-
lated for each area and compared with those retrieved
from the storage device. An unequal comparison sets data
check error indicators.

As the 2841 transmits data to the CPU, cyclic check
bytes are removed and parity bits are restored as needed to
maintain odd parity.

Data Character Transfer

Information is transmitted between the standard interface
and the 2841 Storage Control one byte at a time. A ninth
bit, the odd parity or check bit, is added as needed and is
associated with each byte. Thus, nine bits are transferred
simultaneously (in parailel) between those two points.

Information is transferred between attached storage
devices and the 2841 one bit at a time (in serial).

The 2841 converts data from serial-by-bit to parallel-
by-byte or from parallel-by-byte to serial-by-bit to provide
data movement between the CPU and the attached storage
devices.

The data transfer format is:

C—

Converts

Parallel ! To : Serial

trieved in areas which contain one or more fields. Storage ?
capacity can be more efficiently used by associating check 20
bits with each area, rather than with each byte. 2 5284‘
’ : Channel 4 torage 76543210 | Storage
5 Control "| Device
} Cyelic] o g Cyclic] & Zf Cyclic 6 Unit
Check Check Check e Zy
J N _/ . 4 P
Count Area Key Area Data Area (=g

2 Component Descriptions




TRACK FORMAT Device | G1 Gap| G2'Gap| G3 Gap
Bytes Bytes Bytes
All direct access storage devices associated with the 2841 2311 36 18 30 +[ (K Lt DL) + 20 %]*
use a similar track format. oRE
2302 41 i8 30+ [(KL + DL) +20 ]-2_8]
Gaps (G)
2303 |, 72 36 59 ]

A gap (Figure 1) is a string of bytes written by the control 2321 A4r+ 14 57+ [ (K, +D) 20 % ]*
unit to delimit recorded areas of a record. The gap contains
no data and is used only by the control unit. *Truncate any fraction. ' .

There are three types of gaps. G1 and G2 are fixed %844 bytes if home address or RO area is defective.
length for each device. G3 varies with the combined

[20635 ]

length of the key and data areas. (2003 |

A G1 gap precedes home address. A G2 gap precedes
RO count field and all key and data fields. A G3 gap pre- Figure 2. Gap Lengths
cedes R1-Rn count area.

The G3 gap contains two bytes that are referred to as an
address marker. The address marker is used by the control
unit to locate the beginning of a logical record. Index

: Marker
For gap lengths see Figure 2.
A Record Zero Rg Data Record Ry Dota Recordg
Index Marker
The index marker indicates the physical beginning of each
track. There is one index marker per recording medium
(disk pack, drum;, strip). All tracks on a device are syn- |
chronized by the same index marker. No index indication Flo9 é
appears on individual records. R § TS5 G o 1
Home Address RO Count Area 35636

Gap (G1)

This is a fixed length gap (Figure 1) generated by the con-
trol unit to separate the home address from index. Its
length (Figure 2) depends on the device. On the 2303 and
2321 the G1 gap contains an address marker.

Figure 3. Home Address

track within the storage device. The last two bytes of
home address are cyclic check bytes.

Home Address Area (Five Bytes plus Two Check Bytes) The purpose of home address is to give each track a

There is one home address (Figure 3) on each track. It fol- unique identity that is not affected by normal program-
lows the G1 gap on the track and is a total of seven bytes ming operations. Each track within a storage device can be
in length. The first five bytes of information describe the located directly by cylinder number and head number in
condition of the track and the physical location of the much the same way as a single home in a large city can be
Index Record Zero Rg Data Record Ry Data Record Ro-Rp,
Marker A A A
r N 7 N r N\
* *
Home Rp Cnt Ro Key Rg Data  [G3| Ry Cnt Ry Key Ry Data |G3| Rz R, R2-R,:' Ro-Rp,
AG] Address G2 Area G2| Area** G2 Area AM| Area G2 Area ** G2 Area AM(Cnt Area G2 KeyArea G2 DataArea
* G3 gap contains an address marker ’
** Key area may not be present

Figure 1. Track Format
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located directly by street name and street number. Normal
programming operations nay use the home address but do

not affect its contents. Home addresses can only be trans-

ferred from the CPU to the storage device by a write home

address command, and from the storage device to the CPU

only by a read home address command.

Home Address Flag Byte (One Byte)

The flag byte in the home address is transferred automatic-
ally to or from the using system by performing a read or
write home address operation on the track. The bit signifi-
cance is:

Function or Setting

Zero
Zero
Zero
Zero
Zero
Zero
Track Condition

Flag
Byte

ocospwn-o |2

0 indicates operative track
1 indicates defective track
0 indicates primary track

1 indicates alternate track

~

Track Use

For description, a primary track is considered the orig-
inal track on which data was stored, and an alternate track
contains data which has been repositioned from a defective
primary track. This repositioning is independent of the
file organization scheme in use.

The home address flag byte, bits 6 and 7, is propagated
automatically by the 2841 into the flag byte for each rec-
ord on the track after the home address. Bits 6 and 7 of
all flag bytes on the track are identical.

Execution of a set file mask command resets the defec-
tive and alternate track bit indications in the 2841.

The only flag byte on any track that is ever transferred
to or from the channel is the one in the home address
area.

Cylinder Number (Two Bytes)

The group of tracks available to the read/write heads at
each access mechanism position is called a cylinder. The
cylinder number (two bytes) identifies the cylinder in the
storage device within which the data is stored. (See Track
Addressing, 2321 for exception.)

Read|Write Head Number (Two Bytes)

The read/write head number (two bytes) identifies a read/
write head within the selected cylinder. (See Track Ad-
dressing, 2321 for exception.)

The combination of cylinder and read/write head num-
ber is used to locate a specific track.

4 Component Descriptions

A more detailed description of addressing schemes is
contained under Seek Commands.

Cyclic Check (Two Bytes)

A cyclic check is used for error detection as described
in the section on data checking. Two bytes are re-
quired for this check.

Gap (G2)

This is a fixed length gap (Figure 1) generated by the con-
trol unit to separate the home address from the RO
count field. Itslength depends on the device.

Track Descriptor Record (RO)

The first record (Figure 4) following the home address on
each track is RO, the track descriptor record. Although RO
can be used to store data, this practice is discouraged,
because RO is designed to enable the entire content of a
track to be moved to an alternate track if a portion of the
primary track becomes defective. A primary track is the
original track on which data is stored. An alternate track
contains data that has been repositioned from a defective
primary track. This repositioning is independent of the
file organization scheme used. RO is not preceded by an
address marker as are other data records on the track.
Special read and write commands are provided that oper-
ate only on RO.

Count Area — RO (Nine Bytes plus Two Check Bytes)

This 11-byte area describes the key area and data area,
which follow.

Flag (One Byte): Byte 0 of the count area is generated by
the 2841 control unit as RO is written. Bit significance is:

Bit Function or Setting

0 Zero For missing address marker
detection. Always a zero in
record zero and alternates
one to zero in subsequent
records.

T Zero

EI:& 2 Zero

3 Zero

4 Zero

5 Zero

6 Track Condition O indicates operative track

1 indicates defective track
0 indicates primary track
1 indicates alternate track

~

Track Use
20637

The 2841 control unit causes bits 6 and 7 of flag bytes for
all records written on a track to be set to the values

of the corresponding bits in the home address flag

byte.



Index
Marker

Record Zero Rg

Home
Address

Data Record Ry

Data Record J

Cyz:lic Fl Cylndr | Head ([Rec|Key| Data | Cyclic
Check 99 No. No. |No.|Lnth|Length | Check
1 1 1

0 1 2 3 4 S 6 7 8 9 10

— Gap ™ ~ —~  Gop
Home RO Count Area
Address

* Address Marker
** Key Area may not be present

Figure 4. Track Descriptor Record (R0)

Record Identifier

The ID (record identifier) is composed of five bytes
(cylinder number, read/write head number, and record
number). In search ID operations, the ID of any record on
a track (including RO) may be examined quickly enough to
read the following key and data areas of that record with-
out using a disk revolution.

Cylinder Number (Two Bytes): Bytes 1 and 2 of RO con-
tain the cylinder number of the track on which RO is
written. (For 2321, byte 1 contains the subcell number
and byte 2 contains the strip number.)

In IBM programming systems, if the track is defective,
the cylinder number of the alternate track is placed in
these two bytes of RO of the defective track. The cylin-
der number of the defective track is placed in the cylinder
number bytes of RO of the alternate track. This arrange-
ment provides a reference between the defective and alter-
nate tracks.

Read/Write Head Number (Two Bytes): Bytes 3 and 4

- contain the read/write head number for the disk surface
on which the record is stored. (For 2321, byte 3 contains
the cylinder number and byte 4 contains the head num-
ber.)

In IBM programming systems, if the track is defective,
the head number of the alternate track is placed in these
two bytes of RO of the defective track. The head num-
ber of the defective track is placed in the head number
bytes of RO of the alternate track.

Cy(rzlic i Cyt':lic AMIF
‘ K;Y Check Pt | check M |Fleg
! 0o 1
Gap hq,.——/ Gap \—
Ry Key Area** Ro Data Area R, Count
Area
20638

Record Number (One Byte): Byte 5 of the count area
designates the sequential number of the récord on the
track. For RO, the record number is zero.

Count Area Key and Data Lengths

Key Length (One Byte): Byte 6 specifies the number of
bytes in the key area.of the record (excluding check bytes).
If the record has no key, this byte is 0. This byte can indi-
cate a key length from zero to 255 bytes. Because of its
intended special use with alternate track procedures, RO
normally has no key area.

Data Length (Two Bytes): Bytes 7 and 8 specify the num-
ber of bytes in the data area of RO (excluding check
bytes).

A data length of zero indicates the end of a logical file.
The 2841 control unit sends unit exception status to the
CPU when an end-of-file record is read or written.

In IBM programming systems, the data length in RO is
set to eight. Hence, end-of-file does not occur when RO is
read.

Cyclic Check (Two Bytes): Bytes 9 and 10 are used for
error detection as discussed in the section on Data Check-
ing.

Gap (G2)

This is a fixed length gap (Figure 1) generated by the con-
trol unit to separate the RO count field from the RO key
field.

IBM 2841 Storage Control ~ §



Key Area — RO (1 to 255 Bytes plus Two Check Bytes)

The length of the key area is recorded in the key-length
byte of the RO count area. Standard use of RO by IBM
programming systems does not include a key area.

A more detailed description of key area can be found in
the Key Area subsection of the Data Records (RI-Rn) sec-
tion in this manual.

Gap (G2)

This is a fixed length gap (Figure 1) generated by the con-
trol unit to separate the key and data fields. This is the
same G2 gap found in data records.

Data Area — RO (D L Bytes plus Two Check Bytes)

IBM programming systems use this area of RO to record
the identifier of the last record on the track and the num-
ber of bytes still available for writing new records. In IBM
programming systems, the data area of RO contains eight
bytes (plus two check bytes).

If the data length is zero, no data is transferred to the
channel from the data area when this record is read, but
unit exception status is set to indicate end of file.

Data Records (R1-Rn)

One or more data records (Figure 5) can follow RO on a
track. Each record has a count area that is used to desig-
nate the track address, record number, and length of the
key and data areas of the record. Count areas make each
record self-formatting. Because of this identification
method, file organization can make use of variable length
records.

Gap (G3) Address Marker
This gap is a variable length gap (see below) generated by

the 2841 control unit to separate recorded areas (Figure 1).

It contains an address marker which indicates, to the con-
trol unit, that the next recorded area is a RI-Rn count
area. Also, this address marker indicates to the control
unit that this is the beginning of any logical record (count,
key, and data or count and data), except RO.

63 *
G3 = C+ [(Ky +D)+20 {75 ]
Gap G3 can be computed approximately from:
G3 (Bytes) = C+.049 (K +Dp)

For value of C refer to Figure 2.

*Truncate fraction. Use only C for 2303.

6 Component Descriptions

Count Area R1-Rn (Nine Bytes plus Two Check Bytes)

This 11 byte area (Figure 5) is composed of the flag, cylin-
der number, read/write head number, record number, key
length, data length, and two check bytes. Bytes 1 through
8 (i.e., not the flag or check bytes) are developed in CPU
main storage by the program used to write the record. As
in RO, the ID (record identifier) of a record is the cylinder
number, read/write head number, and record number bytes
of the count area.

Flag (One Byte): Byte 0 of the count area is generated by
the 2841 control unit as each record is written on a track.
This byte is not sent from the CPU. Bit significance in the
flag byte is:

Bit Function or Setting

0 0 for even records (i.e., RO,
R2, R4, etc.). 1 for odd
records (i.e., R1, R3, R5,
etc,). This bit is used by
the 2841 control unit when
reading adjacent records
{command chaining) to en-
sure that no single record
is missed. The 2841 signals
unit check and missing ad-
dress marker (sense informa-
tion) when two consecutive,
identical bits are encount-
ered (unless an index point

Flag intervenes).

Byte
1 Used for record- O for alt non-overflow rec-
overflow opera- ords and for the last segment
tions of an overflow record.
1 for each segment (except
the last} of an overflow rec-

ord.
2 Zero
3 Zero
4 Zero
5 Zero
6 Track Condition O indicates operative track

1 indicates defective track
0 indicates primary track
1 indicates alternate track

7 Track Use

Bits 6 and 7 are set to the values of the corresponding
bits in the home address flag byte as each record is
written on the track. The 2841 control unit performs
this operation.



Index
Marker

Record Zero Rg

Home
Address

,Head [Rec|Key Data.
’ No. |Lnth| Length
1

S Cyclic
Check AM|Flag

o 1 2 3 4 5 6 7 8 9 10
—— Gop\ ~— —/ Gop
RO Data R] Count Area
Area

*Address marker
**Key area may not be present

Figure 5. Data Records

Record Identifier

The ID (record identifier) is composed of five bytes (cylin-
der number, read/write head number, and record number).
In search ID operations, the ID of any record on a track
(including R0) may be examined quickly enough to read
the following key and data areas of that record without
using a disk revolution.

Cylinder Number (Two Bytes): Bytes 1 and 2 contain
the cylinder number in which the record is stored. (For
2321, byte 1 contains the subcell number and byte 2 con-
tains the strip number.)

Read/Write Head Number (Two Bytes): Bytes 3 and 4
contain the read/write head number for the disk surface
on which the record is stored. (For 2321, byte 3 con-

tains the cylinder number and byte 4 contains the head
number.)

Record Number (One Byte): Byte 5 designates the sequen-
tial number of the record on the track. The values repre-
sented by this byte can be from 1 to 255.

Count Area Key and Data Lengths

Key Length (One Byte): Byte 6 specifies the number of
bytes in the Key area of the record (excluding check bytes).
If the record has no key, the key length is zero. The key
area length values represented by this byte can be from 0 to
255.

Data Length (Two Bytes): Bytes 7 and 8 specify the num-
ber of bytes (excluding check bytes) in the data area of the
record. The data length represented by these two bytes

can be from one to track capacity. (See Record Capacities.

Data Record Ry

RI Key Area** Ry Data Area

For formatting records that exceed the capacity of a track,
refer to Record Overflow.)

Zero data length indicates the end of a logical file. Unit
exception status is sent to the CPU when an end-of-file
record is read or written.

Cyclic Check (Two Bytes): Bytes 9 and 10 are used for
checking information in the count area. (See Data Check-

ing.)

Gap (G2)

This is a fixed length gap (Figure 1) generated by the con-
trol unit to separate the count and key fields.

Key AreaR1-Rn (1 to 255 Bytes plus Two Check Bytes)

The key area can contain record identifying information
such as serial number, social security number, or policy
number.

Commands are provided to search key areas for this
identifying information. When the desired key is found, a
read or write command can be issued and the data area
read or written during the same revolution that read the
key. The data in the key area may be repeated in the data
area.

For a search key operation, key information is sent
from the CPU to the 2841 control unit. A comparison is
then made between the Key read from the track and the
key in the control unit. If the comparison is satisfied, the
operation is completed. (See Search Commands.)

Key area length ranges from 1 to 255 bytes. Two check
bytes are added to the key area by the 2841 control unit.
If the key length (in the count area of the record) is zero,
a key area is not written for that record.

IBM 2841 Storage Control 7



Gap (G2)

This is the same fixed length gap (Figure 1) generated by
the control unit to separate all key and data fields.

Data Area R1-Rn (D L Bytes plus Two Check Bytes)

This area contains the information identified by the count
and key areas. Data information is organized and arranged
by the programmer.

Two error check bytes are appended to the data area by
the 2841 control unit. If the data length in the count field
is zero, the 2841 writes two check bytes and indicates end-
of-file by unit-exception status.

8 Component Descriptions

Cyclic Checking (Two Bytes)

When data is transferred from the CPU to a storage device
the 2841 control unit removes the parity bit from each
byte. The control unit then computes two cyclic check
bytes that are placed at the end of each area. The

cyclic check bytes are arithmetically coded from the infor-
mation to be placed in the associated area. Subsequently,
when the area is read from the disk pack, the control,unit
recomputes the check information and compares it to the
check bytes read from the associated area. Because the
cyclic check bytes are at the end of each area, the 2841 can-
not complete the check until the entire area is read. (Also
see Data Checking.)



A general description of input/output (I/O) operations re-
lated to the 2841 is presented here. For detailed informa-
tion regarding CPU and channel program control of I/O
operations, refer to IBM System/360 Principles of Opera-
tion, Form GA22-6821.

Channel

System/360
CPU

Issues

Channel

Input/Output Operations

Input/output operations (Figure 6) are initiated by 1/0
instructions in the CPU program and subsequently control-
led by commands fetched from main storage by a channel.
Problem program arithmetical and logical decision opera-
tions are performed while the processing unit is in the

Channel Issues Commands (CCWs)

INSTRUCTIONS

and
COMMANDS Drum
Storage
*2311 Model | attaches to

system/360 Model 25
through an Integrated Data
Attachment feature, Cell
Drive

Figure 6. Instructions and Commands

2841*

Storage
Control

Input/Output Operations 9



problem state. For an input/output operation to be started,
the processing unit must be placed in the supervisor state.
The transition from problem state to supervisor state is
normally effected when a supervisor call instruction is en-
countered in the program, or when an 1/O interruption
causes a new PSW (Figure 7) to be loaded and the old one to
be stored.

Some way must be provided to return to the right place
in the program to resume operations in the problem state as
soon as the functions performed in the supervisor state are
completed. The problem state is restored by loading a pro-
gram status word (PSW) specifying the problem state. If
the supervisor state was entered because of an /O interrup-
tion, the program normally reloads the PSW stored at the
time of the I/O interruption.

The operating program initiates a supervisor call (SVC)
and the supervisor program initiates I/O operations with a
start I/O instruction. Bit positions 16-31 of this instruction
identify the channel and I/O device to be used in the opera-
tion. Start I/O causes the channel to fetch the channel
address word (CAW) from main storage location 72 (Figure
8). The command address portion of the CAW designates
the location in main storage from which the channel subse-

Program Status Word

System Mask Key |AMWP Interruption Code

] 78 1112 15 16 31

cfec fPresm Instruction Address
323334 3536 3940 63
FOS\SA{NE;I: Field Designation
0 Channel 0 mask
1 Channel 1 mask
2 Channel 2 mask
3 Channel 3 mask System
4 Channel 4 mask Mask
5 Channel 5 mask
6 Channel 6 mask
7 External mask
8-11 Protection key
12 ASCII-8 mode (A)
13 Machine check mask (M)
14 Wait state (W)
15 Problem state (P)
16-31 Interruption code
32-33 Instruction Length code (ILC)
34-35 Condition code (CC)
36 Fixed-point overflow mask
37 Decimal overflow mask Program
38 Exponent underflow mask Mask
39 Significance mask
40-63 Instruction address
30068

Figure 7. Program Status Word

10 Component Descriptions

quently fetches the first channel command word (CCW)
(Figure 9). The CCW specifies the command to be executed
and the storage area to be used.

If the channel is available, the channel attempts to select
the device by sending the address of the device to all attach-
ed control units. The control unit specified in the address
responds to its selection and awaits further instructions.
The command code is sent to the selected control unit; the
control unit then responds with an initial status byte to the
channel.

The start 1/O instruction is now finished, releasing the
CPU to perform the next instruction. The results of the
attempt to initiate the execution of the command are
indicated by the condition code in the program status
word (PSW). If the I/O operation was not started, new
status information to show why is normally set in the
channel status word (CSW).

All data transfers from the channel to the control unit
are checked for correct parity. If a parity error is detected,
a unit check signal is sent to the channel by the control unit.
If a parity error is detected in the command bytes, the
command is not executed.

When command chaining is specified, a series of com-
mands is executed by the device as the result of a single
start I/O instruction.

The end of an I/O device operation normally is indicated
to the program by an I/O interrupt. If the channel is
masked, the I/O interrupt remains pending. When the inter-
rupt occurs, the CSW is stored with the status bits indicating
channel end and device.end. The channel end condition
indicates that the I/O device has received or provided all
information associated with the operation and no longer
needs channel facilities. The device end condition indicates
that the I/O device has finished the operation. The device
end condition can occur concurrently with the channel
end, or later.

Key | 0000 Command Address

Channel Address Word

CAW fields are allocated for the following purposes:

CAW Bit
Position  Field Designation Function

0-3 Protection Key

Forms the Storage Protection key for
all commands associated with Start
1/O. This key must match the storage

key
4-7 Always zero.
8-31 Command Designates the location of the first
Address CCW In maln storage.

Figure 8. Channel Address Word



Command
Code Data Address
0 78 31
Flags (000 Count
32 36 37 3940 47 48 63

Fields in the CCW are allocated for the following purposes:
CCW Bit Position Field Designation Function ‘

0-7 Command Code Specify the operation to be
performed. The two low~
order bits, or when these bits
are 00, the four low-order
bits of the command code
identify the operation to the
channel. The channel dis-
tinguishes the operations:
Write, Control, Read, Sense,
or Transfer in Channel.
Commands that initiate |/O
operations cause all eight bits
to be transferred to the control
unit.

8-31 Data Address Specify the location of an
8-bit byte in main storage.
This is the address of the area
designated by the CCW.

32 Chain Data
(CD) Flag

When set to one, specifies
chaining of data. Make
sure the data rate of the 1/0O
device permits chaining by
the particular System/360
model before using.

When set to one, and when
the CD flag is zero, speci-
fies chaining of commands.

It causes the operation speci-
fied by the command code in
the next CCW to be initiated
on normal completion of the
current operation.

33 Chain Command
(CC) Flag

Figure 9. Channel Command Word

If command chaining has been specified in the CCW, the
next CCW is fetched by the channel and the operation
designated is commenced. Unusual conditions and errors
terminate the chain, cause an I/O interrupt, and cause the
CSW to be stored.

CHAINING

Obtaining a new CCW upon completion of the operation
for the current CCW without the issuance of a new start
1/O by the CPU program is called chaining. The CCW’s
belonging to such a sequence are said to be chained. There
are two types of chaining, data and command.

In command chaining, each CCW used specifies a new
1/O operation. It is practically mandatory to perform 2841

CCW Bit Position Field Designation

Function

34

35

36

37-39

40-47
48-63

Suppress Length
Indicator (SLI)

Skip Flag

Program-Control-
Interruption
(PC1) Flag

Count

When set to one, an incor-

rect length condition is
suppressed (except when the
CCW count is not exhausted,
channel end is present and

data chaining is indicated).
Should be set to one for

Restore, Recalibrate, No-op,
and some Space Count commands.

When set to one, specifies
suppression of a transfer of
information to storage during
a Read or Sense operation.
Cyclic checking takes place
as though the information
had been placed in storage.
When bit 35 is zero, normal
transfer of data takes place.

When set to one, causes the
channel to generate an
interruption condition upon
fetching the CCW. When
bit 36 is zero, normal oper-
ation takes place.

Bit positions 37-39 of every
CCW other than one speci-
fying transfer in channel
must contain zeros. Viola-
tion of this restriction
generates the program-check
condition. For additional
Information, see Control
Command-Transfer-in-
Channel.

Not used.
Specify the number of 8-bit
byte locations in the

storage area designated by
the CCW.

{25401 B

read or write operations by chaining the commands. One
example is the search operation followed by a read or

write.

A search command searches only the next record that
happens to be passing the R/W head. In order to search
all records on a track, the search command must be repeated
as many times as there are records. This is done by chaining
the search to a transfer in channel (TIC) command. This
TIC causes a branch back to the CCW location containing
the search command. The search is thereby repeated until
it is satisfied. A satisfied search causes the channel pro-
gram to skip the next sequential CCW (in this case, the
TIC) and execute the read or write CCW just beyond.

Time is available in the 2841 to execute command chain-
ing functions in the gaps between record areas. Certain

Input/Output Operations 11



restrictions exist, however, with regard to sequences of com-
mands. (For further information, see the descriptions in
this manual of the commands used with the 2841.)

1/0 Operations (General Information)

A variety of commands and command sequences (chains)
can be used with the 2841 (Figure 10). This section is a

Channel Command Word

e Data Address Flags

Count

[ 78 3132 3637 40 63

"N
o

owvn

Command

z

Write Data

Write Key, Data

Write Count, Key, Data
Write Home Address
Write Record Zero
Write Special CKD

Erase

- 0 -~ — = 0 o lnw

o 0O 0O ©C O o0 o

Search Equal ID

Search Equal Key

Search Equal Home Address
Search Hi ID

Search Hi Key

Search Hi Equal ID

Search Hi Equal Key

— — - -0 00 OO OOOCOO
-~ 0 - O = -0 000 —- - — 0 [|xs
© 000000 OO0 -0 — — —
OO 00000 OO0 0O OO0 o0

P i = N

Read Dota

Read Key, Data

Read Count, Key, Data

Read Home Address

Read Record Zero

Reod Count

Read Initial Program Load (IPL)

OO = O - = =
o 0O O 0 O O O

Control Seek (BBCCHH)
Control Recalibrate
Control Restore *

Control No Op

Control Cyl. Seek (CCHH)
Control Head Seek (HH)
Control Space Count
Control Set File Mask

Test 1/O
(Not written by programmer)
Sense /O

TIiC

- O = O 0O = =0 O - = -~ 0O O =m0 = = 0O =
- — — - 0 0 0O 0 OO0 0O —~ — -0
_- e o v

—_—-—0 O O — O —

IO O OO0 000000 OX X X X X X XX X X X X X O 0 oo o0 o O §o‘
o

1O O OO0 0 0 0000 OO0 00O O O OO
1 ©O O OO0 0 00000 ©OC oo o oo

1o o
- o O
o -

o o o
o o ©

X: On Search and Read commands BO can be either."0" or "1". If "0", head
switching will not take place when Index Point is detected. If "1", head
switching will take place when Index Point is detected (Multiple
Track Mode) .

* Executed as a No Op except on 2321. For special features see Appendix C.

Figure 10. 2841 Command Codes
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brief, general description of operations basic to most 2841
channel programs. Detailed information regarding use of
specific commands and handling of unusual conditions is
presented in other sections of this manual.

Initialization, consisting of writing home address and
record RO, must be performed before a storage device can
be used for application data. If any defective tracks are
found, they must be flagged, and alternate tracks must be
assigned. Also, if the storage device is to contain an IPL
(initial program load) record, then that record must be
placed at cylinder zero, head zero. Utility programs, pro-
vided by IBM, can be used to perform the initializing oper-
ations. (Refer to IBM System/360 Bibliography, Form
GA22-6822, for a listing of publications that describe IBM
programming systems available for System/360.)

Generally, most 2841 operations (whether for initializa-
tion or for application runs) include the following two
steps:

1. First, a set file mask command is issued. This command
transfers a file mask, previously placed in main storage
by the program, to the 2841 control unit. The file mask
(stored in the 2841 until the end of the chain) is used to
prevent execution of commands that should not operate
on the file area accessed. For example, the file mask can
be set up to prevent execution of all write commands.
This procedure could be used to prevent altering a mas-
ter file that contains constant data. If any write com-
mand were inadvertently issued in the chain, the 2841
would set sense information indicating the violation.
(See Sense Bytes.)

2. Next, a seek operation is performed to access the desired
area. If the previous file mask doesn’t allow seeks it will
be necessary to issue the seek command prior to the set
file mask command. A specific track and cylinder can be
accessed through the seek or seek cylinder command. A
specific read/write head (within the currently selected
cylinder) can be accessed by the seek-head command.

A write operation that does not require a search (such as a
write home address command) can now be executed as long
as it is permitted by the file mask. If, however, a specific
record must be found, some type of search must be per-
formed first.

If an equal comparison is not obtained for any ID on the
track, the search can be programmed to continue to the
next track. (This operation can be done through a new
seek to the next track or through use of the multiple track
mode. See Multiple Track Operation for further details.)

A no-record-found sense indication is available in the 2841
control unit if the ID cannot be found on the track (non-
multiple track mode operation). The unit check status bit
is set on in the CSW (channel status word) when a no-
record-found condition occurs. Subsequent inspection of
the sense information (placed in main storage via a sense
command) would indicate that the no-record-found condi-
tion exists.



If the record is known to exist, the no-record-found con-
dition indicates a malfunction; however, in many applica-
tions, the record may or may not be present. In this case,
the no-record-found condition is normal.

For multiple-track and record-overflow operations, an
end-of-cylinder indication is provided if the desired record
is not located within a cylinder.

TERMINATION OF 1/O OPERATIONS

Termination of the input/output data transfer operation is
signalled by channel end, which indicates that the channel is
free to transfer information between other attached devices
and the processing unit. Device end signals that the device
is no longer busy with an operation. Also at the end of the
operation, a CSW is stored in core storage to indicate the
status of the input/output device.

In summary, to initiate an 1/O operation requires an in-
struction, such as start I/O, which in turn causes the channel
to fetch a CCW. The channel then takes over and controls
the input/output operation as defined by the CCW. The
CCW contains the necessary information for the completion
of the operation. Upon completion, the input/output de-
vice initiates an interruption to inform the processing unit
of the completion. The processing unit, in accepting the
interruption, stores the CSW in a fixed storage location.
This CSW contains the status of the input/output device
that caused the interruption. The CSW is available in its
fixed storage location until another CSW is later stored by
another interruption or another I/O instruction.

1/0 INSTRUCTIONS

The System/360 uses only four 1/O instructions: start 1/O,
halt 1/0, test I/O, and test channel. The format and bit
designations concerning 2841 operations are shown in
Figure 11.

Start 1/0

All 1/O operations are initiated by a start I/O instruction. If
the channel facilities are free, start I/O is accepted and the
CPU continues its program. The channel independently
selects the I/O device specified by the instruction.
- The CAW at main storage location 72 contains the pro-
tection key and the address of the first CCW. The CCW so
designated specifies the operation to be performed, the
main-storage area to be used, and the action to be taken
when the operation is completed.

If any unusual conditions exist, start I/O causes the status
portion (bit positions 32-47) of the CSW at main storage
location 64 to be replaced by a new set of status bits. The
status bits pertain to the device addressed by the instruction.
The contents of the other fields of the CSW are not changed.

Test 1/0

The test I/O instruction sets the condition code in the PSW
to indicate the state of the addressed channel, sub-channel,
and device. When the status byte from the 2841 is not an
all 0 byte, the condition code in the PSW is set to 1, and the
CSW is stored at main storage location 64.

Test 1/O clears any pending status but does not reset
previous error conditions.”

A command (operation code 00000000) is generated
automatically by the channel when the channel requires

B) Dy

0 78 15 16 19-20 31

1/O Instruction Format

Fields in the instruction are allocated as follows:

Bit Position Field Designation Function

0-7 Operation (OP)  Designates the operation to be
Code performed.

8-15 Not Used

16-19 Base Address
Register
Location (B7)

Designates the address of a general
register in the CPU. The register is
32 bits in length, but only the low
order 24 bits are used.

20-31 Displacement The sum obtained by the addition of
(Dy the contents of the register at By and
the contents of the D field Identifies
the channel and device addressed by
the instruction, The result has the
following format:

Operation Channel Device
Code Address Address

0 78 15 16 23 24 31

Bit Position Field Designation Function

0-7 Operation (OP)  Designates the operation to be
Code performed.

8-15 Not Used
16-20 Must be Zero

21-23 Channel Address 000 - designates multiplexer channel.
001 - 110 - designates selector
channel 1-6.
111 ~ invalid combination.

For the 2841, a 1 indicates multiplex
channel or sub=channel. On a
selector channel, this bit is included
in the control unit address.

24 Shared Channel
Indicator

25-27 Control Unit

28-31 Access
Mechanism

0-7 control units per channel.

0-7. Bit 28 will be 1 only if
Additional storage feature Is Installed
(indicates 2302 access mechanisms

8-15).

Figure 11. 1/O Instruction Format
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status information from the 2841, It is generated as a result
of processing a test 1/O instruction, or it is initiated as an
internal channel function when the channel requires status.
(A command code of 00000000 should never be written
into a channel program; it is not a valid command.)

Test Channel

Execution of the test channel instruction sets the condition
code in the PSW to indicate the state of the channel ad-
dressed by the instruction. It does not affect the 2841
storage control.

Halt 1/0

When a halt I/O instruction is issued, the channel operation
is terminated and the 2841 is disconnected from the chan-
nel. A halt I/O does not cause a command byte to be sent
to the 2841.

The operation at the file continues to its normal stop-
ping point and the control unit appears busy until the oper-
ation is complete. The ending status for the operation
causes an interrupt when the operation is complete, unless
the halt I/O is given during initial selection. If the 2841
operation in progress (when the halt I/O is executed) is the
result of a write or erase command, the 2841 completes
the command by inserting zeros to the end of the field or
track.

Addressing

The address of the channel and I/O unit are contained in
the start I/O instruction. The address is obtained from the
sum of the contents of the general (base) register specified
in the start I/O instruction, and the value of the displace-
ment (in the start I/O instruction). Only the 11 low-order-
bits of the sum are used. The three high-order bits of this
11-bit address designate the channel to which the I/O unit
is attached. The eight low-order bits identify the I/O unit.
When the 2841 is addressed, the eight low-order bits specify
the 2841 and the storage device as follows:

Bits of Eight-Bit
Unit Address
0 through 3 The control unit address.
4 For Additional Storage feature. (Zero

for access mechanisms 0-7. One for
access mechanisms 8-15.)

14 Component Descriptions

Bits of Eight-Bit
Unit Address

5 through 7 The device address (0-7).

Bits O through 3 designate a control unit address. A maxi-
mum of eight control unit connections ¢an be made to any
System/360 channel.

Bit 4 is used on the 2302 Additional Storage feature to
determine the access mechanism addressing.

Bits 5 through 7 can be in the range 000 to 111 (O to 7
decimal). This provides a unique address for each of the
devices on the 2841.

An attempt to address a device that is not attached to
the 2841 will result in a unit check (intervention required)
condition. (See Sense Bytes.)

The control unit address of the 2841 is determined at
installation, at which time it is intérnally set by an IBM
Customer Engineer.

Channel Status Word (CSW)

The channel status word informs the program of the status
of an 1/O device or the conditions under which an I/O
operation has been terminated. The CSW is formed, or
parts of it are replaced, during I/O interruptions and during
execution of I/O instructions. The CSW is placed in main
storage at location 64. It is available to the program at
this location until the next I/O interruption occurs or until
another I/0 instruction generates a new CSW, whichever
occurs first.

When the CSW is stored as a result of an I/O interrup-
tion, the I/O device is identified by the I/O address in the
old PSW. The information placed in the CSW by an I/O
instruction pertains to the device causing the interruption.

The CSW format is shown in Figure 12. The informa-
tion presented here relates specifically to 2841 operations.
For further details about overall I/O programming and the
fields in channel command words, refer to IBM System/
360 Principles of Operation, Form GA22-6821.



CSW Bit
Key 10000 Command Address Position Field Designation Function
0 34 78 u 36 Channel End Set at the end of each channel com-
+ mand.
Status . . N
Device ~ |  Channel Count 37 Device End Indicates that an access mechanism is
32 3940 prom = free to be used. With unit address,
indicates seek complete following a
Channel Status Word seek or restore command. Generated
simultaneously with channel end at
Fields in the CSW are allocated for the following purposes: the end of all other commands.
CSW Bit Generated when an attached device
Position  Field Designation Function goes from not ready to ready condition.

0-3 Protection Key Form the storage protection key used 38 Unit Check Set whenever an unusual or error condi-
in the chain of operations. tion is detected in the 2841 or the

4-7 Not Used Always zero. selected file device, A sense I/O

8-31 Command Form an address eight positions command Sh;Ot.Jld then be used to identi-

Address higher than the address of the last fy the condition.
CCW used. 39 Unit Exception Indicates an end-cf-file has been de-

32 Attention Not used for the 2841. tected during a read RO, read IPL,

33 Status Modifier Set whenever a search high, search read CKD, reud KC, re?d D, write
equal, or a search high or equal KD, search KD, or a write D opera-
command has been executed and the tion. It results from a data length of
condition satisfied. zero being detected in the count area
The status modifier is also set whenever of a record.
the 2841 is Busy. This bit, in conjunc- When this condition is detected, no
tion with the busy bit, signifies control data is transferred from the dat !
unit busy. See section on Record Overflow. ata s frans e.rr Tom the data area.

If key length is not zero, the key
34 Control Set if a control unit busy status has areaq is transferred.
Unit End been generated previously and the busy
condition has been terminated. Also 40-47 Channel Status Indicate channel conditions as follows:
set with unit check when unit check* . . .
occurs after device end. Bit Designation

35 Busy Indicates that the selected device is 40 Program-controlled
busy. It is also set when a new interruption
command chain is initiated while the 41 Incorrect length
selected access mechanism is still in 42 Program check
motion due to a previous seek 43 Protection check
command. 44 Channel data check
In conjunction with the status modi- 45 Channel control check
lf)ier bifl, indifai‘es thehcontrol Unif/g 46 {nterface control check

usy. It is also set when a start -
is iZsued while the 2841 is causing a 47 Chaining check
track to be erased following a format 48-63 Count The residual count from the last CCW

write command or erase command.
It is also set if a 2321 is addressed
while performing an automatic strip
restore.

See section on Two Channel Switch.

Figure 12. Channel Status Word

used,

30070A
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Channel Commands

BRANCHING IN 2841 CHANNEL PROGRAMS

Normally, the next CCW in a chain is taken from CPU main
storage, starting at an address eight positions higher than
the current CCW. This séquence can be modified in either
of two ways:

1. If command chaining is specified in the current CCW
and execution of this CCW results in a status modifier
indication (without detection of other unusual condi-
tions), the channel fetches the next CCW from a main-
storage location 16 positions higher than the current
CCW (i.e., one CCW is skipped.)

Because all search commands cause a status-modifier
condition (when the search is satisfied), branching from
the chain is accomplished when the search is satisfied.

2. Also, the programmer can modify the CCW chain se-
quence by using the TIC (transfer in channel) command.
This command directs the channel to fetch the next
CCW from an address specified in the data address field
of the TIC. (See Transfer In Channel for additional
information.)

TIC

Command Code Data Address

These methods for modifying the sequence of a chain of
CCWs provitle branching capability in the channel pro-
gram.

Transfer In Channel

The TIC (transfer in channel) command provides for chain-
ing between CCWs not located in adjacent CPU storage
locations. The next CCW is fetched from the location spec-
ified by the data address field in the TIC command.

TIC command is used to loop on a search command
until the search argument is satisfied. Then the TIC com-
mand is skipped and the next sequential command is per-
formed.

TIC (Figure 13) does not initiate any channel I/O oper-
ation, and the I/O device is not signalled that this com-
mand is being executed.

TIC cannot be the first CCW designated by a CAW. One
TIC command cannot transfer directly to a second TIC
command. When either of these programming errors is
detected ot when an invalid address is specified, a program-

0 78

TIC Command Code
Binary

[Hexadecimal Decimal

X8 XXXX1000 X8

Positions Marked " X" Are Ignored

Any Command*

Specifies CPU storage location
from which next CCW will be
taken. CPU storage contains:

Command Code Data Address

Count

Flags 000

0o 78

A
Specified
Location

*Except another TIC
Figure 13. Transfer in Channel Command
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check condition is generated. During command chaining,
detection of these errors causes generation of a unit check
interruption.

Note that a TIC is the only CCW that may have a count
field of zero. An incorrect length indication cannot occur
during execution of a TIC, and the SLI flag is ignored.

The following notation is used in this manual.

TIC*-8

This is IBM assembler programming notation that indicates
that if the TIC is performed, an unconditional branch
occurs to * (address of TIC command) minus a count of
eight. In other words, the address in the TIC CCW speci-
fies that location. An example of TIC is shown in the fol-
lowing sequence, in which the TIC branches back to repeat
the search ID command.

Search ID
TIC*-8
Read data

If, however, the search is successful, the status modifier bit
causes the next instruction to be skipped. The read data
CCW is the next to be used (i.e., the TIC is not performed
because one CCW, the TIC, is skipped).

Sense Command

A sense I/O command (Figure 14) provides information
about the cause of the unit check condition in the CSW
status byte. This command transfers six bytes of sense
information from the 2841 to the CPU.

Sense I/O

The data address portion of the sense I/O- CCW directs
the six bytes of information to a specific CPU storage
location.

Sense Bytes: Unit check status (bit 6 of the status byte)
indicates that the I/O device or control unit has detected
programming errors (such as invalid command sequences),
equipment malfunctions, or conditions requiring operator
or program intervention. The conditions causing unit check
are detailed by sense information (Figure 15). For the
2841 there are six sense bytes, numbered 0 through 5. All
are sent from the 2841 to the channel when a sense com-
mand is executed by the 2841. The data address portion of
the sense command specifies the address in CPU main stor-
age where the sense bytes are to be placed. When a sense
command is sent to the 2841, the sense bytes returned
pertain to the device for which the unit check occurred.

Any information in sense bytes 0, 1, 2,and 5 is reset to
all 0’s whenever an initial status byte of zero is given in
response to a test I/O instruction or 2 command other than
sense, no op, reserve, or release. Also, whenever another
unit check is generated, any outstanding sense information
is reset and replaced by the new sense information. Itis
important to issue a sense command after every unit check
indication even if the sense information is of no interest.
If a sense command is not executed, expected future inter-
ruptions may not occur, and some access paths may be
unavailable.

In the following sense bit descriptions, the condition(s)
applies only if the corresponding bit is on (set to a value of
1). See also Figure 16.

The significance of a “1” condition for each bit is:

Command Code Data Address

0 78

Sense |/O Command Code

Hexadecimall  Binary Decimal

04 0000 0100 04

Specified
Location-

Sense Bytes

1

Figure 14. Sense /IO Command
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Flags 000 Count
31 32 3637 40 63
Specifies CPU storage location to
which sense bytes are to be sent. Usually 6
After transfer CPU storage contains: (0000000000000110)




Sense Byte 0

nyn

Significance of

Byte Bit Designation

0 0 Command
Reject

0 1 Intervention
Required

0 2  BusOut
Parity
Check

0 3 Equipment
Check

0 4 Data Check

0 5 Overrun

0 6 Track
Condition
Check

0 7 Seek Check

Sense Byte 1

Byte Bit Designation

Indicates that the 2841 has received an invalid
operation code, an invalid sequence of com-
mands, an invalid seek address. The write
portion of the file mask has been violated.
(See Set File Mask.)

Indicates that the specified file is not physically
attached to the system or, if physically attached
to the system, it is not available for use because
the file motor is not on, a cover interlock is
open, etc.

Indicates that the 2841 has detected a parity
error during the transfer of a command or data
from the channel to the 2841. A parity error
detected during command transfer signals a
parity check.

Indicates that an unusual condition is detected
in the control or storage unit. Conditions
covered by this bit are defined by sense byte 2
(See Appendix B).

Indicates that a data check error has been de-
tected in the Information received by the 2841
from the storage unit.

Indicates that a chained CCW was issued but it
was received too late to be properly executed;
or that a byte was recelved too late (during
write operation) to be transferred properly; or
the channel did not respond fast enough during
a read or search.

When writing, the remaining portion of the
record area is filled with zeros and the overrun
check is generated. When reading or searching,
the remaining portion of the record is ignored.

Indicates defective track.

A track condition check is generated under the

following conditions:

1. If an overflow record is being read, written,
or searched which overflows to a defective
track, the interrupt occurs ofter the lost
byte on the previous track has been operated
on and before the first byte for the defective

track is requested from or sent to the channel.

In this case overflow incomplete is also set.

2. If o single track command other than a
search HA, read HA, or read RO is executed
on a defective track.

3. If o multiple track command or an overflow
operation attempts to switch from an alter-
nate or defective track after an operation
has been executed.

Indicates that the file has been unable to com-

plete a seek because:

1. The seek address is outside the valid address
boundaries of the storage device. Unused
seek address bytes must be a valid address
for the device selected. Command reject is
also set.

2. Less than six seek address bytes were sent.
Command reject is also set.

3. The equipment failed, which resulted in the
access mechanism going to either the inner
or outer stop.

Significance of "1"

1 0 Data Check
in the Count

Field

Track
Overrun

Cylinder
End

Invalid
Sequence

Indicates that cyclic check ‘error has been de-
tected in a count area read from the storage
device. Data check (bit 4) in byte 0 is also
turned on.

Indicates that writing has not been completed
by the time the index point is detected.

Indicates that cylinder end has been detected,
but the CCW command chain has not been
completed.

Indicates that an attempt has been made to
execute an invalid sequence of CCWs or that
two set file mask commands appeor in the
same command chain.

Valid command sequences are defined in the
write and erase command descriptions. Com-
mand reject (Byte 0 bit 0) is also set when an
invalid sequence is detected.

Figure 15. Sense Bytes 0, 1, and 2
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Byte

1

4

Bit Designation

Significance of "1"

No Record
Found

File
Protected

Missing
Address
Marker

Overflow
Incomplete

Sense Byte 2

Byte

2
2
2

Bit Designation

_alternate track

Indicates that while executing a chain of CCWs-
the 2841 has detected two index points without
completing an intervening command to read or
write or search the data area, read home
address, or read RO. It is also set in
conjunction with missing address marker if
there is no data on the track. No record found
is never set if the multi-track bit in the com-
mand (Bit 0) is on. No record found will be
posted if the address marker in front of the last
physical record on the track is not detected.

Indicates that a command was issued contrary to
the file mask. The command reject bit is also
set by this condition, if the operation violates
the write portion of the file mask.

A missing address marker, which may indicate
a missing record is detected during the execu-
tion of command or chain of commands which
operates on successive count areas on a frack.
The conditon detected is two successive records
on a track with equal bit conditions in bit 0 of
the flag bytes, with no intervening Index Point.
Missing address marker is set in conjunction
with no record found if there is no data on the
track.

This bit is used with the record overflow
special feature. It is set with other indicators
to signal conditions as follows:

Sets Overflow
Incomplete and

Condition Other Indication
Overflow to a Track Condition

defective track (Byte 0, bit 6)

Track Condition
(Byte O, bit &)

Data check
(Byte 0, bit 4)

Overflow from an

Data check in data
area of overflow
record other than last
segment .

File Protected
(Byte 1, bit 5)
Seek Check
(Byte 0, bit 7)

Overflow to file
protected boundary

Overflow to wrohg
track (head number
unequal)

Significance of "1"

Unsafe
Not Used

Serializer/

Indicates that a malfunction was detected.

Indicates that o bit was either lost or gained

Deserializer when the parallel channel data was con=

Check
Not Used

ALU
Check

Unselected
Status

Not Used
Not Used

verted to serial data during a write operation.

Indicates the microprogram has detected an
invalid condition, indicating an equipment
malfunction.

Indicates that some bit on the file status

lines is on without any device being selected.
This condition indicates a device malfunction

because no bit should be on prior to selection.



Sense Byte 3
Byte Bit Designation
2311 2321 2302 2303
3 0 | Ready Drive Access Drum
Ready Ready Ready
3 1 OnlLine Drive Access Drum
Operative | Operative | Operative
3 2 | Unsafe Read Read Read
Safety Safety Safety
3 3 | Not Used Write Write | Write
Safety Safety Safety
3 4 | On Line Strip On Line Ready
Ready
3 -5 | Endof Invalid Not Used Not Used
Cylinder Address
3 6 | Not Used Auto Not Used Not Used
Restore
3 7 | Seek CE Cell CE Cylinder| Not Used
Incomplete| Located Located

Sense Byte 4 (Not Used)

Figure 16. Sense Bytes 3, 4, and 5

CONTROL COMMANDS

Control operations on I/O devices do not involve a transfer
of data between the storage unit and the CPU. However,
in certain control operations, a few bytes may be transfer-
red between the CPU and the 2841 to enable the operation
to take place. These bytes are parity-checked during
transfer.

No-Operation (No-Op)

No-op (Figure 17) causes no action at the 2841. This
command is the only command that may be processed as

No-Op

Command Code

No~Operation Command Code

Hexadecimal|  Binary Decimal

03 00000011 03

Figure 17. No-Operation Command

Sense Byte 5

This byte is used only when overflow incomplete occurs (sense byte 1.
bit 7). The codes in byte 5 indicate the type of command being
executed when the overflow incomplete occurs. The codes and their
meanings when the unit check (overflow incomplete sense) interrup-
tion occurs are:

Sense Byte 5
Code Meaning

00000110 A read command was in progress

00000101 A write command was in progress.

00100101 A search key-data-equal command was in progress,
and the comparison is equal to this point.

01000101 A search key-data-high command was in progress,
and the comparison is equal to this point.

01100101 A search key~data-high-or-equal command was in
progress, and the comparison is equal to this point.

01010101 A search key~-data operation was in progress, and
the comparison is low; or a search key-data equal
was in progress, and the record is high.

01110101 A search key-data-high or high-equal command
was in progress, and the comparison is high.

00000000 Overflow incomplete did not occur.

For further information, refer to the Record Overflow section in this manual.

an immediate command by the 2841. Normally, channel
end and device end status are presented by the 2841 at
initial selection in response to a no-op except when the
2841 is completing a format write operation and the no-op
is chained to it. In this latter case, zero initial status is
given. Channel end and device end are then presented to
the channel after the control unit has completed erasing
the remainder of the track.

No-op should not be used indiscriminately because
it resets orientation information in the 2841. For

example, a no-op inserted between a read count com-
mand and a read data command changes the opera-
tion so that the data field read is in the next

3637 4041

Any value other than
zero. Zero will cause
a program check.

Channel Commands 19



record (i.e., the one after the record in which the count
field is read). Also, any no-record-found (sense byte 1, bit
4) and missing-address-marker (sense byte 1, bit 6) indica-
tions are suppressed by insertion of no-ops after search
commands in command chains.

Seek Commands

A seek command (Figure 18) is used to move the access
mechanism. After a start I/O instruction has selected the
proper channel, control unit, storage device, and access
mechanism, the seek CCW transfers a six-byte seek address
from CPU storage to the 2841. When all six bytes have
been transferred to the 2841, a channel end signal is gener-
ated, and the 2841 initiates any necessary access motion on
the selected I/O device.

Seek CCW count (bit positions 48-63) should specify six
bytes. If the CCW count specifies more than six bytes, only
the six leftmost bytes are transferred from main storage. If
the CCW SLI bit is 0, a wrong length record is signaled to
the channel. If the CCW count specifies fewer than six
bytes, a unit check is signaled to the channel and the seek
is not executed.

The 2841 checks all six bytes of each seek address
to ensure that the address is valid for the direct access de-
vice specified. If the seek address is not valid, seek check
and command reject are set. Unit check, channel end, and
device end are presented in the ending status.

A device end indicationi is signaled to the channel when
the selected access mechanism has reached the specified
address. If no access motion is necessary, channel end and
device end are signaled simultaneously to the channel.

Three seek commands are associated with the 2841
Storage Control: seek, seek cylinder, and seek head. Seek
commands operate in conjunction with the set file mask
command, which can confine seeks to a given strip,
cylinder, or track.

Seek

All six seek address bytes referenced by the CCW are used
to determine the seek address.

Seek Cylinder

All six address bytes are transferred to the 2841 from the
CPU storage but only the four low-order bytes (bytes 2 to

Seek
Seek Cylinder
Seek Head
Command Code Data Address Flags 000 Count
0 7 8 3132 3637 40 63
Seek Command Code Specifies CPU storage Should be 6
- - - location of the 6-byte (0000000000000110)
Command Hexadecimall  Binary Decimal seek address. CPU storage
Seek 07 00000111 07 contains:
Specified Cylinder Head
Seek Cylinder 08 00001011 n Lgco:ion Sey|ecﬁon Selection
v A e,
Seek Head 18 00011011 27
Device [| Byte O | Byte 1 Byte 2 Byte 3 Byte 4 | Byte 5
0-202 0-9
23N X X X cylinder X head
0-249 0-45
2302 X X X cylinder X head
0-79 0-9
2303 X X X cylinder X head
0-9 | 0-19 0-9 0-4 | 0-19
2321 X cell |sub-cell strip cylinder | head
X indicates not used, but all bits must be zero.

Figure 18. Seek Commands
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5) referenced by the CCW are sent to the device for the
seek address. With the 2321, only bytes 4 and 5 are used.

Seek Head

All six address bytes are transferred from the CPU storage
to the 2841 but only the two low-order bytes (bytes 4 and
5) referenced by the CCW are sent to the device for the
seek address. With the 2321, only byte 5 is used.

Restore

This command (Figure 19) is used with the 2321 only. It
causes the 2321 to restore the strip from the drum to the
cell. It causes channel end to be generated upon initiation
of the operation by the control unit and device end when
the strip is fully restored. The restore command operates
exactly like a seek command except that no address is
transferred. The SLI bit in the restore CCW must be on.

A restore command is not restricted by the file protect
mask. When the restore command is given to any device
other than the 2321, the 2841 presents zero initial status
followed immediately by final status of channel end and
device end. The sense data is reset.

Restore

Command Code

Restore Command Code

Hexadecimall  Binary Decimal

17 00010111 23

Figure 19. Restore Command

Recalibrate

Command Code

Recalibrate Command Code

Hexadecimal|  Binary Decimal

13 00010011 i9

Figure 20. Recalibrate Command

Recalibrate

This command (Figure 20) is used only with the 2311 to
recover from a seek error. It causes the 2311 to seek to
head 0 and cylinder 0. It also causes channel end to be
generated in about 15 milliseconds and device end to be
generated when the operation is complete and the access
mechanism is located at cylinder 0. When the recalibrate
command is given to any device other than the 2311, the
2841 presents zero initial status followed immediately by
final status of channel end and device end. The sense data
is reset. The recalibrate command requires a O in the seek
portion of the file protect mask.

The SLI bit in the recalibrate CCW must be on because
no data is transferred by this command.

Set File Mask

Execution of the set file mask command (Figure 21)

causes one byte of data to be transferred from main storage
to the 2841 control unit. This byte specifies the write and
seek commands that the 2841 is allowed to execute (see
Figure 21). If a seek or write command that violates the
mask is subsequently issued (i.e., following the set file mask

3637 404 6

Any value other than
zero. Zero will cause
a program check.

Any value other than
zero. Zero will cause
a program check.
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Set File Mask

Command Code Data Address Flags Count
0 78 31 32 3637 4041 47 48 63
Set File Mask Command Code Specifies CPU Storage Location (0000000000000001)
Hexadecimal|  Binary Decimal of the Mask Byte.
IF oot 111 | 31 opecified
Location
v Mask Byte
0 0|00
0 1 3 4 5 6 7

! 1 | !

] | 1 1

! | 1 I

e

b
Fem—m————mm—— - ' T e 1
Y ittt 4 bommmm oo T
1 | 1 1
1 ! ] ]
\ A/ \
Bg | B1 | Permit Write Commands By | B4 | Permit Seek Commands
0 | 0 | All Except Write Home Address 0| oAl

and Write Record Rg
0| 1 | None 0| 1 | Seek Cylinder or Seek Head
1| 0 | Write Data or Write Key & Data 1| 0 | Seek Head
i

1 1| All 1 1 | None

For the 2841, bits 2,5,6 and 7 of the mask must be
zero. |f thse bits are not zero, the mask is considered
to be invalid and a unit check signal is generated. A
subsequent sense command indicates command reject.

Figure 21. Set File Mask Command

CCW in the same chain), that command is not executed.
Unit check is then presented to the channel by the 2841.
A subsequent sense command obtains sense information
with the file-protect and command-reject bits set on if the
command was a write. If the command not executed was a
seek, only the file-protect sense bit is set on.

The file protect indication takes precedence over the
end-of-cylinder indication. Hence, when file protect is de-
tected, the end-of-cylinder sense bit is not set.

The set file mask command can be issued once in a com-
mand chain.

The set file mask command resets the defective and
alternate track bit indications in the 2841. Therefore,
when included in a CCW chain, the set file mask command
should be given prior to any read or search command.

If an attempt is made to issue a set file mask command
more than once in any CCW chain, unit check status is

22 Component Descriptions

signaled by the 2841. A subsequent sense operation indi-
cates command reject and invalid sequence. At the com-
pletion of the chain, the file mask is reset to all zeros.

A system reset (results from pressing the CPU system
reset key) or a selective reset (i.e., malfunction reset initi-
ated internally by the channel to reset a unit or units that
have a malfunction) causes any file mask in the 2841 to be
reset to all zeros. If a start I/O is subsequently issued, and
a set file mask CCW is not in the chain then used:

e All seek commands are permitted.

e Write count-key-data, write key-data, and write data
commands are permitted.

e Write home address and write RO are not permitted
(i.e., bits 0 and 1 of the mask are set to zeros).



SEARCH COMMANDS

The purpose of a search command is to locate and identify
information or areas previously written on a direct access
storage device. During a search operation the channel oper-
ates in a write mode, sending information from CPU storage
to the 2841, while the 2841 operates in read mode, accept-
ing information from the addressed storage device. The
2841 compares the information coming from the direct
access storage device with the information coming from
CPU storage. Both the channel and the 2841 are busy dur-
ing the execution of any search command.

If the search condition is satisfied, a status modifier indi-
cation is sent to the channel, and the channel fetches the
next CCW in the command chain from a location equal to
the address of the current (search) CCW plus 16. That is,
one CCW, usually a TIC, is skipped. This allows modifica-
tion of the command chain as a result of the data recorded
on the track.

On all search commands, command code bit O deter-
mines whether this is a multiple track operation; that is,
whether switching to the next track in the cylinder is to
occur when the index marker is detected. If bit 0 is not
set (0), track switching does not take place; if bit O is set
(1), track switching does take place. If track switching has
occurred, the next track is used if the search command is
repeated. This procedure allows for sequential searching of
an entire cylinder by repeating the search command once
for each record to be searched. For a multi-track search, it
is important to start the séarch at the beginning of the
track by starting the chain with a read HA or RO command.
(A search command with the multi-track bit on results in

Search HA Equal

command reject and invalid sequence if it is not preceded
by a seek command in the same chain.)

The following command chain illustrates the procedure
for reading record N, identified by a key stored at location
X in the CPU, on a single track.

Command Chain Function

Search Key X Compare key with search argument.

TIC*-8 Transfer back to search, if search is
unsuccessful.

Read Data N Read data area if status modifier

was returned from search.

For explanation of TIC*-8 see TIC commands.
The channel is busy during a search operation.

Search Home Address Equal (Search HA)

This command (Figure 22) causes the 2841 to search for
the index marker, then compare bytes 1 through 4 (cylin-
der and head) of the data coming from CPU storage with
the cylinder number and head number in the home address.
The flag byte is not used during the execution of this com-
mand.

If a logical comparison is equal, channel end, device end,
and status modifier are signaled to the channel. If the logi-
cal comparison is unequal, then the channel end and device
end are signaled to the channel.

If the CCW count is greater than four bytes, the search
operation is completed when the 2841 count equals
zero. The 2841 terminates the command with a channel

Command Code Data Address Flags 000 Count
36 37 63
Search Home Address Fqucﬂ Cctmmcmd Code : Specifies CPU storage Usually 4
Command Hexadecimall  Binary Decimal location to which HA (0000000000000100)
is compared. CPU storage
MT Bit Off 39 00111001 57 contains:
MT Bit On B9 10111001 185 e
Specified
Location
T T
Cylinder Head
Numlber Nun':ber o]
1 2 3

Figure 22. Search Home Address Command
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end and device end. The status modifier is generated if the
logical comparison was satisfied.

If the CCW count is less than four bytes, the logical com-
parison between the data coming from CPU storage and
the data coming from the storage unit continues until the
CCW count reaches zero. At the time the 2841 count
reaches zero, a channel end and device end are generated.
A status modifier is generated if the search condition was
satisfied on the short field.

If a parity check, overrun, or data check is detected, unit
check, channel end, and device end are signaled to the
channel at the completion of the command.

Search Identifier (Search ID)

Search ID commands (Figure 23) cause a comparison to be
made between five bytes of data from CPU storage and the
record identifier (cylinder number, head number, record
number) portion of a count area from the storage unit.

If the CCW count is greater than five bytes, the search
operation is completed when the 2841 count equals zero.
The 2841 terminates the command with a channel end and

Search 1D Equal
Search 1D High
Search 1D Equa! or High

device end. The status modifier is generated if the logical
comparison was satisfied.

If the CCW count is less than five bytes, the logical com-
parison between the data coming from core storage and the
data coming from the file continues until the CCW count
reaches zero, but channel end and device end are not gener-
ated until the 2841 count reaches zero. A status modifier
is generated if the search condition was satisfied on the
short field.

If a parity check, overrun, or data check is detected dur-
ing a search-ID operation, unit check, channel end, and
device end are signaled to the channel.

If command code bit O is zero, the search is confined to
one track and can be repeated until either the search condi-
tion is satisfied or two index markers are sensed. Sensing
two index markers causes unit check (no record found),
channel end, and device end to be generated.

If command code bit 0 is set to 1 (multiple track), the
search can be repeated until the search condition is satis-
fied or the end-of-cylinder is detected. If the end-of-cylin-
der is detected, unit check (end-of-cylinder) is generated.
The search must be preceded by a read HA or RO to ensure
that the search starts at the beginning of a cylinder.

Command Code Data Address Flags 00 Count
0 7 8 31 32 3637 40 41 47 48 63
Search ID Command Code Specifies CPU storage location to Usually 5
e 3 Hewadecimall  Bi Decimal which record identifier is compared. {0000000000000101)
omman exadecima inary ecima CPU storage contains:
Search 1D Equal 3 00110001 49 Specified
Location
Search 1D High 51 01010001 81 v
Search ID Equal 11000 113 Cylilnder Head Rec
or High 7 01110001 Number Number No.

Search 1D Multiple Track Command Code

Search ID Equal Bl 10110001 177

Search ID High D1 11010001 209

Search ID Equal
or High fl

11110001 241

Flag

Cyclic
Check

Cylndr | Head [Rec}Key Data
No. No. |No.JLnth|Length

A

Figure 23. Search ID Commands
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Search ID Equal

If a logical equal comparison is encountered (Figure 23),
channel end, device end, and status modifier signals are
generated.

If the logical comparison is unequal, channel end and
device end signals are generated.

Search ID High

This command (Figure 23) operates in a manner similar to
that of the search ID equal command, except that the com-
parison is made for a high condition. The high condition
indicates that the ID on the track is higher than the ID in
main storage. The comparison is made byte by byte until
the first unequal comparison is detected.

Search ID Equal or High

This command (Figure 23) operates in a manner similar to
that of the search ID equal command except that the com-
parison is made for either an equal or high condition. The
equal or high condition indicates that the ID on the track
is equal to or higher than the ID in main storage.

Search Key

A search key command (Figure 24) causes the 2841 to
compare a key area from CPU storage with a key area read

Search Key Equal
Search Key High
Search Key Equal or High.

from the direct access storage device. The key to be
searched is either the key of the record following the next
address marker or, if this command is chained from a read
count or search ID command, the key is in the same record
in which the ID is read or searched. A search key command
passes over RO unless chained from a search ID command
that has searched the ID of RO.

If the CCW count is greater than the key length written
when the track was formatted, the search operation is
terminated when the number of bytes specified by the key
length in the count area has been transferred to the 2841.
If the search has not yet been successful, the 2841 then
terminates the operation and signals channel end and device
end to the channel. A status modifier signal is sent to the
channel along with channel end and device end when the
search is successful.

If the CCW count is less than the key length written
when the track was formatted, the search operation is
terminated when the number of bytes specified by th
CCW has been transferred to the 2841. If the search has
not yet been successful, the 2841 terminates the operation
and signals channel end and device end to the channel. A
status modifier signal is sent to the channel along with
channel end and device end at any time the search is suc-
cessful and the search conditions are satisfied. If a parity
check, data check, or overrun occurs, unit check, channel
end, and device end are signaled to the channel.

Command Code Data Address

Count

78

Search Key Command Codes

Command Hexadecimall  Binary Decimal
g:g;‘i" Key 29 | 00101001 4
prorch Key 49 | 01001001 73
g:s;‘;"a'(;{gh 6 | 01101001 105

Search Key Command Codes, Multiple Track

Search Key A9

Equal 10101001 169
Search Key

High c9 11001001 201
Search K

E:8;| or :l)ilgh 9 11101001 233

Figure 24. Search Key Commands

63

Usually equal to

Specifies CPU storage
location to which key
is compared. CPU
storage contains:

Specified
Location

Key

Cyclic
Check

Key Area

key length.
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If the multiple track bit is 0, the search can be confined
to one track and can be repeated until either the search
condition is satisfied or until two index markers are sensed.
Detecting two index markers indicates the search is unsuc-
cessful, at which time a unit check (for no-record-found),
channel end, and device end are signaled to the channel. If
the multiple track bit is 1, the search can be repeated until
either the search condition is satisfied or an end-of-cylinder
condition is detected. A multiple track search should be
chained from a read HA or read RO to make sure the entire
track is searched.

The search key command should not be used if the key
length of the record to be searched is zero, because this
would never return a status modifier.

Search Key Equal

If a logical comparison on equal is encountered (Figure 24),
channel end, device end, and status modifier signals are gen-
erated. If the logical comparison is unequal or the record
has no key area, then channel end and device end signals
are generated.

Search Key High

This command (Figure 24) operates in a manner similar to
that of the search-key equal command except that the com-
parison is made for a high condition. The high condition
indicates that the key in the storage unit is higher than the
key in CPU storage. The comparison is made byte by byte
until the first high comparison is.detected.

Search Key Equal or High

This command (Figure 24) operates in a manner similar to
that of the search key equal command except that the com-
parison is made for either an equal or high condition. The
equal or high condition indicates that the key in the storage
unit is equal to or higher than the key in CPU storage.

File Scan (Special Feature)

The File Scan feature provides a convenient means of
searching only selected portions of a record for specific bit
configurations. The search is carried out over both the key
and data areas of the record. Prior to executing a file scan
operation, a “control mask” is set up in CPU storage. The
mask designates which bytes of information are to be
passed over and which are to be compared. The bytes
which are to be passed over are filled with 1s (hexadecimal
FF) in all bit positions prior to the search. .

If the logical comparison is equal, status modifier, chan-
nel end, and device end are signaled to the channel.

If the multiple track bit is off (0), the seazgh can be con-
fined to one track until the conditions are skﬁed or until
two index markers are detected. If two index markers are
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detected, unit check (for no-record-found) channel end,
and device end are signaled to the channel. If the multi-
track bit is on (1), the search can be repeated until the
specified condition is satisfied within the boundaries of the
cylinder in which the operation starts. The file scan should
be preceded by a read HA or RO to ensure starting at the
beginning of a cylinder. When the end-of-cylinder is
reached, an end-of-cylinder is signaled to the channel.

Only the number of bytes specified by the CCW count
are compared during the operation. If the CCW count is
greater than key length plus data length, the search opera-
tion is limited by the number of bytes of key and data
actually recorded on the track. A key length of zero re-
sults in a comparison of data only for the number of bytes
specified in the CCW count or the number of bytes in the
record, whichever is smaller.

If a parity check, data check, or overrun occurs, unit
check, channel end, and device end are signaled to the
channel.

Search Key and Data (File Scan Special Feature)

The File Scan feature and its associated commands (Figure
25) can be used with the 2302, 2311, and 2321. If a file
scan command is issued to the 2303, the 2303 does not
perform the operation; the operation is terminated and
unit check, device end, and channel end are signaled to the
channel.

Search Key and Data Equal (File Scan Special Feature)

This command (Figure 25) causes the 2841 to make a logi-
cal equal comparison between the key and data informa-
tion from the storage device with the information coming
from main storage.

Search Key and Data High (File Scan Special Feature)

This command (Figure 25) operates in a manner similar to
that of the search key and data equal command except that
the comparison is made for a high condition. The high con-
dition indicates that the storage device information is
higher than the information in main storage. The compari-
son is made byte by byte until the first unequal comparison
is detected.

Search Key and Data Equal or High (File Scan Special
Feature)

This command (Figure 25) differs from the search key and
data equal command in that the comparison is made for
an equal or high condition. The equal or high condition
indicates that the storage device information is equal to or
higher than the information in main storage.

A file scan function over an entire cylinder can be
executed by the following sequence of CCWs:



Search Key and Data Equal
Search Key and Data High
Search Key and Data Equal or High

Command Code

Data Address

Flags

000 Count

3132

3637 4041 47 48 63

Specifies number of bytes
in CPU storage (including
"Mask Bytes" to be used
as Search Argument. If
CCW count equals key
length, command is ef-
fectively a "Search Key."

Specifies CPU storage location
which contains search argument.
CPU storage contains:

Search Argument in CPU Storage

Command Code
Command Hexadecimall  Binary Decimal
Search Key &
Data Equal 20 00101101 45
Search Key &
Data High 4D 01001101 77
Search Key & Data
Equal or High 6D 01101101 109
Command Code Multiple-Track
Search Key & Lee
Data Equal AD 10101101 173 izzz::)end
search Key & D 11001101 | 205 v
Data High
Search Key& Dat
Equal or ﬁﬁ. o1 e monor | 237

All

1's All 1's All 1's

“Storage Byte 4 is se
Ii's .

Key Area Check
o 1 2 3 4 5 6
Figure 25. Search Key and Data Commands
Command Remark
1. Seek Position access.
*2. Search ID equal Find record prior to beginning of
(Previous) scan area.
3. TIC On unequal, transfer back 8 bytes
to repeat search.
4, Read count N Read count of record into N
**5. Search key and data  Scan key and data.
equal,
*6. TIC On unequal, transfer back 16

7. Seek head N

8. Read Home Address

bytes to repeat steps 4 and 5.

Reposition access. (Necessary for
overflow record environment
only.)

HA of last track read on step 4,
to prevent spurious no-record-
found if index point is passed
twice (necessary only if step 7 is
omitted.)

Key Area Byte 4 is not
ompored because CPU %
tho

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Data Area Bytes 2 and 3 and 8-11 are
not compared because of "Mask Bytes"
in CPU storage. CCW count of 20
limits search to 20 position span.

count 20

7 This example
assumes CCW

Data Area

0

Key and Data Areas From Storage Unit

1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17

™

Command Remark
#hkQ Search ID N equal Search for ID read in step 4.
10. TIC On unequal, transfer back 8 bytes to
repeat step 9.
**11. Read key and Read key and data.
data
*Multiple track bit is on.

**Multiple track bit is irrelevant.
***Multiple track bit off.

Step 4 of the sequence causes the count information com-
ing from the module to be read into CPU storage. Key

and data information from the device are compared with
the information from main storage on step 5. The compar-
ison is based on the condition specified by the search key
and data CCW. When the specified condition is encoun-
tered, the program must reorient to the beginning of the
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record with steps 9 and 10. Then the desired key and data
is read in step 11.

A search for a low, low or equal, or unequal record can
be done with the following sequence:

Read count.

Search key and data (high equal, high, or equal
respectively).

TIC*+16.

TIC*-24.

For explanation of TIC* see TIC commands.

Space Count

This command (Figure 26) provides a means of bypassing a
defective area on a track in order to recover data immedi-
ately following on that track. This command can be used
for two different situtations.

1. A defective home address or record zero area.
2. A defective count area, other than record zero.

Defective Home Address or Record R0O: This situation sets
unit check and data check, or data check and data-check-in-
the-count-field, to interrupt the program. In this case R1 is
read by the following command chain:

Space Count (SLI bit on).
Repeat Space Count, SLI bit on, for 2303 and 2321.
Read Count, Key, and Data.

If two (three for 2303 and 2321) successive space count
commands are followed by read CKD, record R2 is read.

Space Count

(If space count is the first command in a chain, it searches
for index point, then counts over the home address and
record zero areas. The function is the same if a no-op is the
first, and space count the second, command in a chain.)

Defective Count Area (Record N): This situation sets the
data check and data-check-in-count-field bits, thus prevent-
ing the key and/or data field from being read. In this case,
key and data for record N are read by the following com-
mand chain:

Read Home Address.

Search ID (record N-1).

Transfer-in-Channel (to repeat Search if unsuccessful).
Read Data (record N-1, skip and SLI flag bits on).
Space Count (over record N count area).

Read Key and Data (record N).

The space count CCW must contain a count of three
bytes and the main storage address where the record N key
length and data are located.

The space count address mark search uses a less stringent
address mark test than is used by other commands. The
less stringent address mark test is an aid to recovering ad-
dress marks which would otherwise be “missing.” If index
point occurs before an address mark is found, no-record-
found is set. If index point occurs while spacing over the
eleven bytes, track overrun is set. The three bytes of data
sent by the channel are used by the 2841 for key length
(the first byte) and data length (remaining two bytes) if the
space count command is followed by a read key and data
or a read data.

Command Code Data Address Flags Count
31 32 36 37 40 41 47 48 63
Space Count Command Code Specifies CPU storage location (0000000000000011)
: > : of three bytes used if space
Hexadecimall _Binary Decimal count is followed by a read KD
or a read data. CPU storage
OF 00001111 15 contains:
Specified
Location
v
K 1
€Y | Data Length
Length ) 9 P

0

Figure 26. Space Count Command
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Command Sequence: When space count is chained from a
read, search, or space count command, it searches for the
next address marker. It then spaces over the count area of
that record, reading the values of the key length and data
length from main storage.

If the last command in the previous chain is a read CKD
(instead of read KD), record N + 1 is read and record N is
ignored. The space count CCW key length and data length
are ignored when the next command in the chain reads the
count area.

The space count command is rejected, with invalid-
sequence and command-reject sense bits set, if it is chained
from a write command. Also, a space count command sets
the file mask so that a following write command in the
same chain will be rejected.

READ COMMANDS

A read command is used to transfer information from the
attached direct access storage device to the channel. Read.
commands can operate in either single track or multiple
track mode. Multiple track operations (except 2303) are
limited to one cylinder.but may begin on any track within
the cylinder. (See Multiple Track Operation.)

For all read commands the 2841 checks the validity of
each area of each record as the area is transferred to the
2841 from the direct access storage device. If a data error
is detected during a read operation, the operation is termi-
nated at the end of the area in which the error occurs; unit
check, channel end, and device end are signaled to the chan-
nel. Exceptions: home address data errors occurring during
the execution of a read RO command, and key area data
errors occurring during the execution of a read data com-
mand.

If an overrun condition is detected during a read opera-
tion, the data transfer is terminated immediately; unit -
check, channel end, and device end are signaled to the
channel.

Read Home Address (Read HA)

This command (Figure 27) causes the 2841 to search for
the index marker on the specified track. Detection of
index marker causes the five bytes of home address infor-
mation which follow to be transferred from the storage
device to CPU storage. Exactly five bytes of information, -
including the flag byte, should be transferred. If the chan-
nel count is less than five, only the specified number of
bytes is transferred.

Read HA
Command Code Data Address Flags Count
0 7 8 3132 36 37 63
Read HA Command Code Specifies CPU storage Usually 5
Hexadecimal] Binary Decimal |§:ation to which H?A (0000000000000101)
is to be transferred.
1A 00011010 26 After the command is
- executed, CPU storage
IRead HA Command Code Multiple Trk Contalre: 9
9A 10011010 154 Specified
Location
v
T T
Cylndr | Head
Flag N?. No

Figure 27. Read Home Address Command
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Read Count Read Data

This command (Figure 28) causes the eight bytes of the This command (Figure 30) causes the data area of a record

count area following the next address marker (AM) to be to be transferred from a storage device to CPU storage.

transferred from the storage device to main storage. The The data area to be transferred is one of the following:

number of bytes of information that should be read is

eight. If the channel count is less than eight, only that 1. The data area of the same record read by a search ID or

number of bytes is transferred. search key command from which the read data com-

The count area of RO cannot be read by a read count mand is chained.

command. 2. The data area of the record read by a read count com-
mand from which the read data command is chained.

Read Track Descriptor Record (Read RO) 3. The, data area of the record following the next address

This command (Figure 29) causes the 2841 to search for marker encountered on the track.

the index point. Detection of the index marker causes the
2841 to “count off” the home address and the following

gap. When these areas have been traversed, record RO Read Key and Data .
(count, key and data) is transferred from the storage de- This command (Figure 30) causes the key and data areas
vice to main storage. of a record to be transferred from the storage device to

A read RO command chained from a search HA or read CPU storage. If key length is zero, this command operates
HA is executed immediately and does not cause a search like a read data command. The key and data areas to be
for the index marker. transferred are from one of the following:

Read Count
Command Code .Data Address Flags 000 Count
78 31 32 3637 40 41 47 48 63
S : ISpecifies CPU storage Usually 8
o N ocation to which count (0000000000001000)
Read Count Command Cod is to be transferred.
Hexadecimall  Binary Decimal After command is executed

CPU storage contains:

12 00010010 18

Read Count Command Code, Specified
Multiple-Track Loc;hon
Hexadecimal|  Binary Decimal T T T
Cylndr | Head |Rec|Key| Data
92 10010010 146 No. No. |[No.[Lnth] Length
- I 1 1

0 1 2 3 4 S5 6 7

Count Area

Cylndr | Head |Rec|Key| Data Cy<rzlic
No. No. [No.[Lnth| Length | Check

o 1 2 3 4 S5 6 7 8 9 10

Flag

Figure 28. Read Count Command
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Read RO

Command Code Data Address Flags Count

0 78 31 32 3637 4041 47 48 63

Specifies the number of

Read RO Command Code |
: -~ : - Specifies CPU storage bytes to be transferred to
Hexadecimal  Binary Decimal location to which RO CPU storage from RO.
count, key, and data
16 oootono 2 are to be transferred.
i ted
Read RO Command Code, Multiple-Trk é%&r;;:g: r;i':::i::;cu €
96 10010110 150
Specified
Location
Cyllndr Head |Rec Key Data ' K;y x ) ' ' D'a{ta—' '
. . |No.|Lnth| Length
Nlo No o.[Ln eng o l L

I
0 1 2 3 4 5 6 7 8

Cyclic Cylndr | Head |Rec|Key| Data Cy(rzlic Cyclic Cyclic *
i vl Flog No. | No. [NofLnth|Length | Check Key | ook Deto | ek AM [Flag
1 1 1 1 A
o1z 3 2 5 6 7 & 9 10

N——— Gap ™ ~— — Gap  \e—— Gap “=————p———r  Gap ——’

Home Rg Count Area Ro Key Area** Ro Data Area Ry Count Area
Address

*

Address Marker -

** Key may not be present

Figure 29. Read Track Descriptor Record (R0) Command

1. The key and data areas of the same record read by the Read Initial Program Load (Read IPL)
search ID (fomm.and from which the read key and data This command (Figure 31) is initiated by hardware when
command is chained. the IPL key on the console is pressed with the address of
2. The key and data areas of the same record read by the the direct access storage device in the Load Unit Switches.
read count com'mand. from which the read key and This command causes the 2841 to force the specified
data command is chained. storage device to seek to cylinder 0, track 0, and then
3. The key and data areas of the record following the next search for the index marker on that track. After the index
address marker on the track. marker is detected, the read IPL command reads the data
field of record R1.
Read Count, Key, and Data The read IPL command cannot operate on record RO.
This command (Figure 30) causes the entire record (count, A read IPL cannot be preceded by a set file mask command
key, and data areas) following the next address marker to in the same command chain.
be transferred from the storage device to the CPU storage.
Thus, to read the count, key, and data for record N, the WRITE COMMANDS
program must orient the 2841 to record N-1.
The count, key, and data areas of record RO cannot be A write command is used to transfer data from CPU stor-
read by a read count, key, and data command. age to a specified direct access storage device. During the
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Read Data
Read Key and Data
Read Count, Key,and Data

Command Code Data Address Flags 000 Count
0 7 8 3132 3637 4041 47 48
Read Data Command Codes Specifies number of bytes
C : - T to be transferred to CPU
ommand Hexadecimal|  Binary Decimal storage. May be less than
Read Data 06 00000110 | 06 entire record length.
Read Key & Data 0E 00001110 14
Read Count, Key | 1&g | ooor1110 | 30
Specifies CPU st locati
Read Data Command Codes, Multiple-Track 'ge;}:i:j‘s counts, ir:?zngc‘;la;gn
areas are to be transferred. After
Recd Data 86 10000110 134 transfer, CPU storage contains:
Read Key & Data 8E 10001110 142
Read Count, Key i
’ 9E 10011110 158 Specified.
& Data Location
Specified v After R‘e?d Data
Location Data Field
Specified v After Read KD 4t
: W \(
Location Key Field Data Field
v After Read CKkD Y )
T T T T T T T 1 7[
Count Field Key Field Data Field
[ N T SN SR N _ 1 _ )l
Address Address
Marker Marker
ECyclic Cylndr | Head [Rec|Key| Data Cyélic ‘ Cyc';lic i Cyz:lic
Check AM(Flagl N, No. [No.|Lnth|Length | Check Kety Check D";{a Check AM|Flag
1 1 1 i 1 1 1
o 1 2z 3 4 5 6 7 8 9 10 ) o 1
—— Gap ~ - Gap NI L 7T T N Gop
g’;;; R, Count Area R, Key Area R, Data Area Rcrg:lm
Area Area
* Address Marker
Figure 30. Read Data; Read Key and Data; and Read Count, Key, and Data Commands
transfer, the 2841 adds appropriate cyclic check bits to Write Checking
each area written. At the completion of the command,
channel end and device end signals are sent to the channel. To achieve the maximum level of performance of which
The write CCW specifies the CPU storage location of the 2841 is capable, the program should provide error re-
the data to be transferred and the number of bytes to be covery procedures (Appendix A) when unit check occurs
transferred. Execution of this command causes the speci- on any command. Errors so indicated are often due to
fied number of bytes to be transferred and written on the temporary conditions which can be successfully recovered
addressed direct access storage device. by using the specified error recovery procedures.
Errors detected in record areas which must be passed A write command which does not write correctly be-
over but not written terminate any write command before cause of temporary or intermittent conditions can be de-
data is written. tected by immediately verifying the data just written. In this
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Read IPL

Figure 31. Read Initial Program Load Command

way, any such “temporary” write error can be corrected
while the data is still available in main storage. If this write
check procedure is not followed, the “temporary” write
error becomes a “permanent” error, which can be corrected
only by reconstruction or adjustment. In almost all cases,
permanent data files should be verified as soon as written,
while for transient or work files, verification may not
always be required.

One of the following methods can be used for verifica-
tion:

1. Search Key Data. With the file scan feature installed, a
search ID, search key data CCW chain can be sent to the
control unit. As a result, a byte-for-byte comparison
occurs in the control unit (except for bytes consisting
of hexadecimal FF). This method is not applicable to
the 2303.

Command Code Data Address Flags 00 Count
0 78 31 32 3637 4041 47 48 63
Read IPL Command Code Specifies CPU storage location lipez:ifiesb:'\e nur;aber of
i Bi imal to which information from ytes to be transferred.
Hexadecimal inary Decima eylinder 0, head 0 is fo be
stored. After command is
02 00000010 02 executed CPU storage contains:
Specified
Location
v
Data Field
Index
Marker
* T *
Home Rg Cnt Rg Key Rg Data  |G3] Ry Cnt G3| R2 R, Ro-Ry* Ro-R,,
A Gl Address G2 Area CZ| Area* - Area.  |AM AMICnt Areq G2 KeyArea G2 DataAreq
Cylinder 0 Head 0 v — . ¥ —_ N - _
Record Zero Rg Data Record Ry Data Record Ry-Rp,
* G3 gap contains an address marker
** Key area may not be present

. Cyclic Code Check. If the record just written is read
with a skip bit on (or low CCW count) and the SLI bit
on, the control unit will make a cyclic code check of
the record. If for some reason the write operation was
not started, due either to hardware failure or program
failure, this method will result in verification of the
data previously writter: on the track. This is the method
used by IBM programming systems.

. Read. Read the data into the CPU and make a byte-
for-byte comparison.

Write checking is optional (“verify” option) in IBM
programming systems except for the 2321. With the 2321,
data is always verified. However, the programmer should
weigh the possible system down time and the time con-
sumed in write checking, before deciding not to write
check. For those cases where the 2321 is used without
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IBM programming support, it is recommended that the
programmer always verify the data.

Format Write Commands

The following are format write commands:

. Write Home Address.

. Write RO.

. Write Count, Key, and Data.

. Erase.

. Write Special Count, Key, and Data (Record Overflow
special feature).

VoD W

A format write command is used to initialize tracks and
records, and establish the lengths of the areas within each
record. After the last format write command in a chain has
been executed, the 2841 causes the remaining portion of
the track to be erased. If the format write was the last com-
mand in the chain, the control unit is busy while erasing,
and it signals control unit end at index point if it had pre-
viously signaled control unit busy.

If a command other than a format write command is
command chained from a format write command, the 2841
retains the command and executes it after the track has
been erased and the index marker has been detected.

Detection of a parity error or an overrun condition dur-
ing a format write operation causes a unit check to be sig-
naled to the channel at the end of the operation. The 2841
writes 0’s from the time of the error condition to the end
of the record.

Write HA

Write Home Address (Write HA)

This command (Figure 32) causes the 2841 to search for
the index marker. When the index marker is detected, the
specified data is transferred from CPU storage to the stor-
age device. The CPU transfers the five bytes of home ad-
dress data to the 2841, which adds two bytes of cyclic
check information. At this point, channel end and device
end are signaled to the channel.

If the CCW count is less than five, the 2841 records 0’s
until five bytes have been written. If the CCW count is
greater than five, the 2841 transfers only the first five bytes
of information received from CPU storage. A write HA
command is used to establish track identity within a storage
device. Each track must be initialized with a home address
before a data operation involving that track can take place.

For the 2321, a 1 in flag byte bit 1 causes the 2841 to
add approximately 800 bytes to the home address gap.
This addition of bytes enables the 2841 to flag a track as
defective when the home address area is bad. The 1 in bit 1
will be changed to a 0 by the 2841 before the byte is writ-
ten on the strip.

Chaining Requirements: Execution of this command
is dependent upon execution of a correct set file mask
command (preceding the home address CCW) in the same
command chain.

Write Track Descriptor Record (Write RO)

This command (Figure 33) causes the specified data to be
transferred from CPU storage to the storage device.

Command Code Data Address Flags Count
31 32 3637 40 63
Write H Add Specifies CPU storage location from Usually 5
rite Home Address Command which five bytes of home address-are (00000000000000101)
Hexadecimal|  Binary Decimal to be transferred.
19 00011001 25 Specified
Location
v
Flag Cy|iﬁltier Head
Byte - Number Number
0 1 2 3 4 s

Figure 32. Write Home Address Command
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Write RO

Count

Command Code Data Address Flags 00

0 7 8 31 32 3637 404 47‘ 48 63

Write Rg Command Code

Specifies CPU storage location Specifies fotal R field,

Hexadecimal|  Binary Decimal from which count, key, and lengths count (eight
data bytes are to be transferred. bytes), plus key length
15 00010101 21 Key and data field lengths are plus data IengtK. '
specified in the count area.

Specified
Location

T T T T
Cylndr | Head [Rec|Key| Data 1
No. No. |No.|Lnth[Length Key Field Data Field

Cylndr | Head [R cli " T
rod | et Pkt o | e o EJES
- ~ — Gap  “emmm——  Gap N e’
Count Area Key Area Data Area

Figure 33. Write Track Descriptor Record (R0) Command

The first eight bytes transferred from CPU storage make count area. The 2841 writes the correct cyclic check bytes
up the count area. The flag byte is generated by the 2841. at the end of each area. Channel end and device end are
The remaining data is written in the key and data areas as signaled to the channel after the cyclic check bytes for the
specified by the key length and data length stated in the data are written.
count area. The 2841 writes the correct cyclic check bytes The CCW count field (48-63) specifies the number of
at the end of each area. Channel end and device end are bytes to be transferred from the CPU storage by the chan-
signaled to the channel after the cyclic check information nel. The count should be eight (bytes) plus key length plus
for the data area is written. data length.

The CCW count field (bits 48-63) specifies the number Chaining requirements: This command must be chained
of bytes to be transferred from CPU storage by the channel. from a successful search equal identifier or search equal
The count should be eight (bytes) plus key length plus data key command, or from a write RO or another write count,
length. key, and data command. The search must not be a trun-

Chaining requirements: This command must be chained cated search, or one in which the CCW count is less than
from a successful search HA or from a write HA. the length of the area. A read data or read key and data

CCW may be inserted between a search CCW and a write

Write Count, Key, and Data count, key and data CCW.
This command (Figure 34) causes the specified data to be
transferred from CPU storage to the device. The 2841 Erase
writes an address marker immediately before the count This command (Figure 35) is used to erase a previously
area. written record that overran the track capacity. This com-

The first eight bytes transferred from CPU storage make mand operates exactly like the write count key and data
up the count area. The flag byte is generated by the 2841. command except that the record written is not preceded
The remaining data is written in the key and data areas as by an address marker. Data is transferred and written on
specified by the key length and data length specified in the the file, but it cannot be recovered. The erase command

Channel Commands 35



Write Data
Write Key and Data
Write Count,Key, and Data

Command Code Data Address Flags Count
0 78 3132 3637 4041 47 48 63
Write Data Command Codes Specifies CPU storT‘ge TI:\e CCVQ/ecot;nI; field S%iciﬁes
rric : . location from whic the number of bytes to
Command Hexadecinial|  Binary Decimal data or key and data transferred.
. fields are to be trans-
Write Data 05 00000101 05 fered. CPU storoge
Write Key contains:
& Data 0D 00001101 13 .
. pecifie
prite Gunt 1D | 00011101 29 Location
. - v Write Data
Specified VI
Location Write KD Data Field
Specified v rife )M
Location Key Field Data Field
v Write CKD ) \
Cylndr | Head {Rec|Key| Data . 1
No. No. {No.[Lnth Length Key Field Data Field
Flog Cylndr | Head |Rec|Key| Data | Cyclic Key Cy::Iic Data Cy<l:lic
No. No. [No.|tnth|Length | Check Fie‘ld Check Fienld Check
o1 3 3 7 5 6 7 & 5 1 ' )
N s Gap | — Gap N e’
o
Count Area Key Area
Figure 34. Write Data; Write Key and Data; and Write Count, Key, and Data Commands
writes to the end of the track unless it is chained to a All segments of an overflow record, except the last seg-
write count key and data command. Both the channel and ment, must be the last physical record on their respective
the 2841 are busy during the execution of this command. tracks. The last segment of an overflow record should be
Chaining requirements: This command must be chained formatted using a normal write count, key, and data com-
from a successful search equal identifier or search equal mand. Since this last segment does not overflow to the next
key command, or from a write RO or a write count, key, track, it requires no identification as an overflow record.
and data command. The search must not be a truncated The write special count, key and data command causes
search, or one in which the CCW count is less than the the specified data to be transferred from the CPU storage
length of the area to be searched. A read data or a read key to the storage device (Figure 36). The 2841 writes an ad-
and data CCW may be inserted between a search CCW and dress marker immediately before the count area and also
an erase CCW. sets bit position 1 of the flag byte to 1 as the flag byte is

written, thus marking the record as an overflow segment.
This command is used only with the Record Overflow

Formatting Overflow Records )
special feature.

Write Special Count, Key, and Data (Record Overflow The first eight bytes transferred from the CPU storage
special feature). All segments of an overflow record, make up the count area. The flag byte is generated by the
except the last segment, must be formatted with the use 2841. The remaining data is written in the key and data
of the write special count, key, and data command. During areas as specified by the key length and data length stated
formatting of an overflow record, head selection must be in the count area. The 2841 writes the cyclic check bytes
done by the program, using a seek head command. at the end of each area. Channel end and device end are
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Erase

Command Code Data Address

Flags Count

7 8

31 32

63

36 37 40

Erase Commond Code Specifies CPU storage The CCW count field specifies
Hexadecimall _Binary Decimal location from which the number of bytes to be
data is to be trans- transferred.
n 1 17
0001000 ferred, CPU storage
contains:
Specified
Location
Yo - i
Cylndr.| Head |Rec Key| Data . .
No No. INo.fnth Length Key Field Data Field
No . : — —
Cylndr | Head [Rec|Key| Data | Cyclic Cyclic D Cyclic
Address |Flag No. No. |No.[Lnth| Length | Check Key Check ata Check
Marker L I 1 1 L ! \ “ A
o t 2 3 4 5 6 7 & 9 10
\ v d G e O N e/
Count Area Key Area Data Area
[206134]

Figure 35. Erase Command

signaled to the channel after the cyclic check bytes for the
data area are written.

The CCW count field (bits 48-63) specifies the number
of bytes to be transferred from CPU storage by the channel.
The count should be eight (bytes) plus key length plus data
length.

Chaining requirements: This command must be chained
from a successful search equal identifier or search equal key
command, or from a write RO or another write count, key
and data command. The search must not be a truncated
search, or one in which the CCW count is less than the
length of the area. A read data or a read key and data CCW
may be inserted between, the search CCW and a write special
count, key and data CCW.

Data Write Commands

A data write operation is used for normal record updating
after the track has been formatted. Detection of a parity
error or an overrun condition causes a unit check to be sig-
naled to the CSW at the completion of the command. A
data check occurring in record areas that must be passed

over but not written terminates any write command before
data is written.

Write Data

This command (Figure 34) causes the specified data to be
transferred from CPU storage to the storage device. Writing
occurs only in the data area of the record. The number of
bytes to be written is specified by the write data CCW and
may be less than the data length specified in the count area
when the track was formatted. If the CCW count specifies
a shorter data area than the one written when the record
was formatted, the 2841 fills in the remainder with 0’s.
When the number of bytes specified has been written

on the direct access storage device, the 2841 appends

the cyclic check bytes and signals channel end and device
end to the channel.

If a CCW count exceeds the previously formated count
field, the control unit will transfer data to the device only
until the data length specified by the data length portion of
the count area has been reached. The control unit will then
signal the channel with device end. The CCW will not be
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Write Special Count, Key, and Data

Command Code Data Address

000 Count

Flags

0 78

and Data Command é e

3132

3637 404t 63

47 48

Specifies total of all field lengths;
count feight bytes), plus key

Hexadecimall  Binary Decimal Specifies CPU storage location length, plus data length
from which. count, key,and
o1 00000001 01 data bytes are to be transferred.
Key and data field lengths are
Specified specified in the count area.
Location
A4
T T T
Cylndr | Head [Rec|Key| Data .
No No. [No.|Lnth| Length Key Field Data Field
Flag Rec|Key| Data | Cyclic Key Data Cy;lic
No. No. ({No.[Lnth! Length | Check Field Fiﬁld Check
o 1z 3 1 5 s 7 & 5 m ! I
\ -~ Gap W——/ Goap _ﬁ,_—/
Count Area Key Area Data Area

Figure 36. Write Special Count, Key, and Data Command

zero; therefore, the channel will set a bit 41 (incorrect
length) in the CSW unless the SLI (bit 34) bit is present in
the CCW.

Chaining requirements: A write data command must be
chained from a successful search equal identifier command
or from a search equal key command. The search command
must not be truncated. Unit check (invalid sequence and
command reject sense bits) is signaled to the channel if the
write data command is not properly chained.

Write Key and Data

This command (Figure 34) causes the specified data to be
transferred from CPU storage to the storage device. Writing
occurs in the key area and data area of the record. The
number of bytes to be written is specified by the write key
and data CCW. The length of the key and data areas may
be less than the lengths specified in the count area when the
record was formatted; if so, the 2841 fills in the remainder
with 0’s.

If a CCW count exceeds the previously formatted count
field, the control unit will transfer data to the device only
until the data length specified by the data length portion of
the count area has been reached. The control unit will then
signal the channel with device end. The CCW will not be
zero; therefore, the channel will set a bit 41 (incorrect
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length) in the CSW unless the SLI (bit 34) bit is present in
the CCW.

The number of bytes specified in the CCW count should
be key length plus data length. If the record was formatted
with a key length of zero, this command causes the number
of bytes specified in the CCW count to be written in the
data area, as in a write data command. If a key area is
needed in a record which was formatted without one, the
record must be reformatted.

When the number of bytes specified in the CCW has been
written on the direct access storage device, the 2841 signals
channel end and device end to the channel.

Chaining requirements: A write key and data command
must be chained from a successful search equal identifier
command. The search command must not be truncated.
Unit check (invalid sequence and command reject sense bits)
is signaled to the channel if the write key and data com-
mand is not properly chained.

END OF FILE

The purpose of an end of file is to allow an operation to be
halted at the end of a record whose count area specifies a
data length of zero. Any record on a track may be an end
of file record.



This record is written by.a write count, key, and data
CCW or by a write RO CCW. The indicated zero data
length causes the 2841 to write only the cyclic check bytes
in the data area for that record. When using the end of file
record with one record R1 on a track, the R1 byte capacity
must be calculated using the multiple data record formula.
An end-of-file record may or may not have a key.

As a file is read or written, the count area of each record
is examined. Detection-of a zero data length causes unit
exception status to be signaled to the channel at the end of
the operation in procress. No part of the data area is trans-
ferred. No unit exception occurs during a format write
operation or a read count operation.

MULTI-TRACK (M-T) OPERATION

The 2841 has the ability to select the next sequentially
numbered head on an access mechanism under control of
bit 0 (BO) of the command byte. Head switching does not
take place at the index marker if BO is 0; head switching
does take place at the index marker if BO is 1.

The M-T bit is recognized on all read (except read IPL)
and search commands. Therefore, a read or search should
be chained froma read HA or RO to ensure that the opera-
tion starts at the beginning of a track.

Any multi-track command must be preceded by a seek
command in the chain. If the seek command is not present
in the chain, channel end, device end, and unit check
(command reject and invalid sequence) are signaled to the
channel when head switching is attempted by the 2841. No
data transfer takes place.

RECORD OVERFLOW (SPECIAL FEATURE)

The Record Overflow feature provides a means of format-
ting and processing records which exceed the capacity of
a track. For the 2302, 2311, and 2321, the limiting factor
of the length of an overflow record is the cylinder bound-
ary. This feature is useful in achieving a greater data pack-
ing efficiency. The portion of an overflow record which
resides on a single track is called a segment. Each segment
contains one count area and one data area, and may or
may not contain a key area. The count area preceding a
segment pertains to that segment only and not to the en-
tire overflow record, which may reside on several tracks.

Three main differences are to be noted in the operation
of the 2841 with the Record Overflow special feature:

1. A command is provided (write special count, key, and
data) to format a record which overflows, i.e., is con-
tinued on the following track. This command causes
bit 1 of the flag byte to be set to 1 to identify the
record as an overflow record segment.

2. If a read file scan, search, or non-format write command
is executed on the data area (not key area) of a record
marked as an overflow record, the operation is not ter-
minated at the end of the data area but is continued in
the data area of record 1 on the following track. Each
record marked as an overflow record results in a con-
tinuatiop of the operation on a subsequent track. The
operation is stopped at a cylinder boundary. (See the
2303 section for exception.)

3. If the overflow is unsuccessful or is prohibited by the
existing seek portion of the file mask, an overflow
incomplete condition is signaled to the channel. If an
overflow incomplete condition exists, processing may
continue as described in the section on Processing Over-
flow Records.

Formatting Overflow Records

A portion of an overflow record that is written on one
track is called a record segment. The write special count,
key, and data CCW is used for formatting all segments of
an overflow record except the last segment. The last seg-
ment is written by the normal write count, key, and data
CCW.

The write special CKD CCW causes a bit to be written
in bit position 1 of the flag byte in the record segment
being written. This bit indicates that there is another part
of this record located on the next track of a cylinder.
Otherwise, the write special CKD CCW functions just like
the normal write command.

All overflow segments must be recorded as the first
record following RO on the overflow track.

Overflow segments are normally records without a key
field (though key fields may be used), since only the key
field of the first segment has significance. All overflow
record segments, except the first and the last one, are
full-track records. Each segment has a count field and a
data field. The key length and data length in a count field
always pertain to the segment and not to the entire over-
flow record.

Processing Overflow Records

The following commands operate on an overflow record
as if it were a normal record if the Record Overflow special
feature is installed:

Read Data.

Read Key and Data.

Read Count, Key, and Data.

Write Data.

Write Key and Data.

Search Key and Data (File Scan special feature).
Continue Scan (File Scan special feature).

These commands do not terminate at the end of a
segment. If the 2841 detects a 1 bit in bit position 1 of
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the flag byte, the operation on the first segment proceeds
until the index marker is detected. At the index marker
the next sequential head is selected and the 2841 searches
for the first address marker on the track, and continues the
operation in the data area of record 1. This operation con-
tinues, within a cylinder, until the 2841 detectsa record
segment which contains a 0 in flag byte bit position 1.

(See the 2303 section for exception.) At the end of this
record segment, the operation is terminated.

A command which operates on an overflow record must
be preceded by a seek command in the chain. If the seek
command is not present in the chain, channel end, device
end, and unit check (command reject and invalid sequence)
are signaled to the channel after data transfer to or from
the first segment is complete. Automatic head switching
does not take place.

A CCW chain which starts operation on a record seg-
ment other than the first segment is processed as though it
started on the first segment. This type of operation may
make it advantageous to repeat the key area in all subse-
quent segments if the chain of CCWs is dependent on a
search key equal command.

If an overrun condition is detected during read or
search operations, the operation is terminated immediately
and the overrun condition is signaled to the channel. An
overrun during a write operation causes the operation to
continue to the end of the area, but 0’s are written after
the point where the error was detected.

If a data check or a parity error is detected, a unit check
is signaled to the channel.

The Record Overflow feature is not effective when a
space count command is used, because the flag byte is
spaced over and the segment is not detected as an overflow
segment. Spacing does not occur automatically. For
example, in the following sequence, the read count, key
and data command does not read the next logical record
in the cylinder, but it starts reading in the count area of
the second segment of the first overflow record.

Search ID (for the first segment of an overflow record).
TIC (transfer to repeat the search if not satisfied).
Read CKD (multi-track bit on).

However, the following sequence does read the count, key,
and data areas on the next logical record.

Search ID (for the first segment of an overflow record).

TIC (transfer to repeat the search if not satisfied).

Read KD (skip and SLI bits on — skips all record seg-
ments).

Read CKD (multi-track bit on).

Unusual Conditions: In addition to the checks provided in
the normal processing of any record, certain conditions can
occur which are unique to overflow records. The commands
stop immediately on detecting the following conditions:
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1. Overflow to a defective track. Overflow-incomplete
and track-condition-check sense bits are set if an over-
flow occurs to a track which has been flagged as
defective.

2. Overflow from an alternate track. Overflow incomplete
and track-condition-check sense bits are set if an
attempt is made to overflow from a track flagged as an
alternate.

3. Overflow violating the seek portion of a file mask. At-
tempting to overflow by issuing a command in violation
of the seek portion of the file mask sets overflow-incom-
plete and file-protected sense bits.

4. Overflow to a track with incorrect head number. Over-
flow-incomplete and seek-check sense bits are set if the
head number compare is unequal during an overflow.

5. Overflow across an end-of-cylinder boundary. (See the
2303 section.) Overflow-incomplete and end-of-
cylinder sense bits are set if an overflow is attempted
across an end-of-cylinder boundray.

When one of these conditions occurs while processing
an overflow record, unit check, channel end, and device
end are signaled to the CSW at the completion of the oper-
ation. When the overflow incomplete bit is set, additional
information on the cause is contained in sense byte 5. The
settings of byte 5 are:

Sense Byte Five | Meaning of Setting

0000 0110 A read command was in progress .

0000 0101 A write command was in progress .

0010 0101 * A search key and data equal was in progress, and
the record is equal to the point of error.

0100 0101 * A search key and data high was in progress, and
the record is equal to the point of error.

0110 0101 * A search key and data equal or high was in progress
and the record is equal to the point of error.

0101 0101 * A search key and data was in progress and the record
is low or a search key and data equal was in progress
and the record is high to the point of error.

0111 0101 * A search key and data high or asearch keyand data
equal or high was in progress and the record is
high to the point of error.

* File Scan Special Feature

The recovery from the unusual condition can be pro-
grammed as follows:




1. Use the error recovery procedures described in Appen-

dix A.

2. Insert the command in sense byte 5 into the user’s CCW
chain (with an adjusted count) and continue the opera-

tion.

Continue Scan (Both Record Overflow and File Scan
Special Features)

These commands (Figure 37) are used to assist in
continuing a search key and data command that is

Continue Scan

interrupted during an overflow record. The continue scan
commands are essentially search data commands that oper-
ate like a read data command, except that data is searched
rather than read. The file mask affects these commands in
the same way as it does the search key and data commands.
These commands are developed by the use of sense byte S.
If a data check is detected, the command is terminated

at the end of the field in which the error occurs. Unit

check, channel end, and device end are presented to the
channel, and the appropriate sense bits (i.e., data-check-in-
count-field and/or data check are set).

Command Code

Data Address

Flags

7 8

Continve Scan Command Codes

3637 4041

Specifies CPU storage

Count

47 48

Specifies number of bytes in CPU

storage (including "Mask Bytes”
to be used as Search Argument.
If CCW count equals key length,

command is effectively a "“Search

Key"

location which contains
search argument. CPU

storage contains:

Search Argument in CPU Storage

63

Set Status Mod

Command Hexadecimall  Binary Decimal
E;’:;i”“ Sean 25 00100101 | 37
rominue Scan 45 01000101 | 69
E::;iln;e:i;n 65 01100101 101
Continue Seor 55 01010101 85
Continue Scan, 75 oi0i01 | 17

| g:: g;::ﬁssrf&’ 35 00110101 53

Continue Scan Command Codes, Multiple-Track
Continue Scan
Equal A5 10100101 | 165
fopinue Scan cs | 1oootor | 197
Sy Es | 11100101 | 229
G S | 05 | voowon | 29| o
‘;:,"g‘,";,zj,;;y F5 oo | 245 v
Continue Scan, 85 10110101 181

All
I's

All 1's

Figure 37. Continue Scan Commands

ey Area Byte 4 is not
compared because CPU
torage is set to all 1'

Data Area

0 1 2 3 4

5

6

Key and Data Areas From Storage Unit

7

8

9

10

11

Data Area Bytes 2 and 3 and 8-11 are -
not compared because of "Mask Bytes"
in CPU storage. CCW count of 20
limits search to 20 position span

This example assumes
CCW count 20

12

13

14

15

16

17 18
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If an overrun is detected, it is signaled immed-
iately (i.e., the operation is terminated), and unit
check, channel end, and device end are presented to

the channel.

Continue scan commands have no chaining requirements.

CHANNEL PROGRAMS

The following channel programs are typical examples of how CCW's are arranged to format, read, and write records on the 2841
storage control with a 2311 disk storage drive. The examples given do not include the CPU program which would be used to

initiate the channel program.

All numbers used are hexadecimal numbers unless otherwise mentioned.

Command Code

Data Address

Flags 000 Count

¢} 78

3132 3637 4041 47 48 63

Example 1: Format track 6A on head 8 with home address, record 0, and records R1, R2, and R3 for customer records. Assum-
ing RO has a key length of 0 and a data length of 8 bytes and R1, R2, and R3 have a key length of 6 bytes and a data length

of 03E8 (1000 bytes).

The channel program used is:

Seek
Set File Mask

Write Home Address

Write Record Zero
Write CKD
Write CKD
Write CKD

Summary of Example 1: The first CCW in the channel program is a seek command. All seek commands transfer six bytes of data
from main storage to the 2841. (Thus the byte count of six.) The first three bytes of the seek address are always O’s, the cylinder
number (BA) is specified in the fourth byte, byte five is always O, and byte six specifies the desired head (08 at O3ED).

Seek

Command Code Data Address Flags 00 Count
0 7 8 3132 3637 40 63

Seek Command Code 01000 0006

Hexadecimall  Binary Decimal (Binary)

H
07 00000111 07 AL I
The next command in the channel program is a set file mask command. The mask byte in this case (1100 0000 at address 03EE)
permits all writé and seek commands. The mask is reset to all 0's at the end of each chain of commands.
| 20656.!
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Set File Mask

07D8

Command Code Data Address Flags 000 Count
0 78 31 32 3637 4041 63
Set File'Mask Command Code 01000 0001
Hexadecimall  Binary Decimal (Binary)
IF 00011111 31 O3B!
The write home address command creates the home address area on the track. The home address area is five bytes long
(FCCHH). When formatting tracks, the flag byte is normally zero, the first cylinder byte is always zero, the second cyl-
inder byte contains the cylinder number (6A), the first head byte is always zero, and the last head byte contains the read/
write head number.
Note: Write home address is the only write command in which the flag byte is transferred from main storage. The flag byte
is generated automatically by the 2841 for other write commands.
Write Home Address
Command Code Data Address Flags 000 Count
0 7 8 31 32 36 37 4041 47 48 63
Write Home Address Command Code 0005
Hexadecimall  Binary Decimal
19 00011001 25
o3EF
Following the home address area is record 0. The write record 0 command writes a count area, a key area, (if the key length
specified is not zero) and a data area whose length is dependent upon the value specified in the DL bytes in the count field.
in this example, the data address is at 07D0 and a byte count of 16 is specified.
Since the key length specified is 0, address 07D5 is coded 00 and no key area is written. The data length specified is eight
bytes so addresses 07D6 and 07D7 are coded 0008 and the data in the following eight main storage locations is written in the
data area.
Note that the byte count in the write record 0 command is sixteen and the 2841 requested sixteen bytes (eight for the count
area and eight for data). Therefore no incorrect length error is generated.
Write RO
Command Code Data Address Flags Count
0 7 8 31 32 36 37 40 41 47 48 63
Write RO Command Code 01000 0010
Hexadecimal|  Binary Decimal (Binary)
15 | 00oto103 2 DI R e 0
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The next command in the channel program is a write CKD command. Execution of this command causes an address marker,
count area, key area, (if the key length specified is not zero) and a data area whose length is dependent upon the value spec-
ified in the DL bytes of the count fleld to be written on_the disk. In thls example, the data address is at 0BB8 and a byte
count of eight is specified.

As in the write record 0 command, the first byte written is the first cyllnder byte. Main storage locations 0BB8 to OBBF are
coded with track number, record number, key length, and data length of record R1. Since the key length specified is six, a
key area six bytes long will be created. The data length specified is 03E8 (1000 bytes). Although a byte count of eight is
specified in the CCW, and the channel byte count will go to zero -after eight bytes have been written, the 2841 is committed
to writing a key area six bytes long and a data area 1000 bytes long: Therefore the 2841 mserts Q's into the appllcable byte
positions on the track until the 2841 byte count equals zero.

The difference in the channel byte count and the 2841 byte count will cause an incorrect length indication. Therefore, the SLI
bit (bit 34) is on in the CCW.

In this example, six bytes of O’s will be recorded in the key area followed by two check bytes a gap, 1000 bytes of 0's and two
more check bytes. At a later time, valid data could be recorded in the key and data areas with the following CCW sequence.

Search ID equal (R1)
TIC*-8

Write Key and Data
Search 1D equal (R2)
TIC*-8

Write Key and Data
etc.

The next two commands in the channel program perform the same function as the write CKD (R1). The only differences are
that the record numbers are 2 and 3, and the chain flag is not on in the last CCW.

Write CKD (R1)

Command Code Data Address Flags 000 Count
0 78 31 32 i 3637 4041 47 48 63
Write CKD Command Code O:I 100 0008
Hexadecimal|  Binary Decimal (Binary)
ID 0001110 29 & Sttt & KL DL DL
Write CKD (R2)
Command Code : Data Address Flags Count
(V] 78 3132 f 3637 4041 47 48 63
Write CKD Command Code 01100 0008
Hexadecimall  Binary Decimal (Binary)

ID 00011101 29
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Write CKD (R3)

Command Code Data Address Flags 000 Count
0- 7 8 3132 3637 40 47 48 63
Write CKD Command Code 00100 0008
Hexadecimall  Binary Decimal (Binary)
ID | 00011101 29 G R o
To write valid data in records R1, R2, and R3, increase the byte count in the write CKD CCW's. The specified data from
main storage is then recorded in the key and data areas of the records.
Example 2: Update Frank Smith’s payroll record. Assumed:
1. The disk is organized by key areas.
2. Each key area contains a man number.
3. Frank Smith’s man number is 656151.
4. This man number is located on track OC head 04.
5. Key areas are 6 bytes long and data areas 64 (1001() bytes long.
The channel program used is:
Seek
Search Key Equal
TIC*-8
Write Data
For explanation of TIC*-8, see TIC command.
Summary of Example 2: The first command in this channel program is a seek command. The seek command transfers the
track address to the 2841, moves the access mechanism, and selects the specified head.
Seek
Command Code Data Address Flags 000 Count
0 7 8 31 32 3637 404 47 48 63
Seek Command Code 01000 0006
Hexadecimall  Binary Decimal (Binary)
07 00000111 S 07
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After locating the proper track, it is necessary to find which record on the track is Frank Smith’s. Since the disk is organized
by key areas, a search key equal command is executed. Execution of this command causes the 2841 to search the key field
after the first address marker it finds on cylinder OC head 04. If the key is not equal to Frank Smith’s man number, {main
storage locations 0700 to 07D5) the 2841 signals channel end and device end to the channel and the TIC command (back to
the search key equal) is executed. Subsequent key areas are searched until Frank Smith’s record is found. The 2841 then
signals channel end, device end, and status modifier to the channel. The status modifier condition in the ending status byte
causes the channel to skip the next command (TIC) in the chain, and execute the write data command.

Search Key Equal

Data Address Flags 000 Count

Command Code

63

31 32 i 3637 40
Search Key Equal Command Code 01000 0006
Hexadecimall  Binary Decimal (Binary)

Man Number

29 00101001 41

TIC

Command Code Data Address

0 7 8

63

31 32

TIC Command Code

Hexadecimalf  Binary Decimal

X8 XXXX1000 X8

X = Positions Ignored

The write data command then writes 64 (1001g) bytes of data into Frank Smith’s payroll record from main storage locations
08B8 to 0C1C.

Write Data
Command Code Data Address Flags 000 Count
0 7 8 31 32 f 3637 404l 47 48 63
Write Data Command Code 00000 0064
[Hexadecimal|  Binary Decimal (Binary)
05 | 00000101 05 Data fo Update R :
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If Frank Smith’s payroll record had not been on cylinder OC, head 04, or some other programming error had been made which
would not have resulted in satisfying the search key equal, the program would loop between the search key equal, and the TIC
until every key on the track had been searched {index passed twice}. The 2841 would then signal unit check to the channel.
A subssquent sense command would indicate no record found.

Example 3: Find and read Joe Brown's insurance policy number. Assumed:

The disk is organized by ID — no key areas.

Joe Brown’s man number is 12345.

The data length of each record is 00AA (170 bytes).
His policy number is in the data area.

The data set begins on cylinder OA track 00.

oA WON~

Using the record capacity charts in the 2311 section, it is known that fifteen 170 byte records can be written on the 2311
track. Since the disk is organized by IDs, (Joe Brown's = 12345) the track and record location can be determined by divid-
ing the ID by the number of records per track. In this case.

12345 _ 823 Note: Add 1 to the remainder to establish the
15 address of the specific record.

Thus Joe Brown’s ID is 823 tracks from the beginning of the data set. There is no remainder so the first record on track 823

is Joe Brown's.
The CCHHR for the seek command is then determined by converting the 823 tracks to cylinders and adding the results to the

beginning of the data set.

Cylinder Track Record Cc c H H R
Starting Address: 10 00 0 00 0A 00 00 00
Displacement:* 82 03 1 00 53 00 03 01
Result: 92 03 ' 00 5D 00 03 01

*Determined by dividing 823 by 10

The channel program used is:
Seek

Search 1D Equal

TiC*-8

Read Data

Summary of Example 3: The track and record ID of Joe Brown’s record is computed, the channel program seeks to the
track, searches for the record, and reads the data.

The first command in the channel program is a seek to cylinder 5D (decimal 92} to position the access mechanism for the
search.

Seek
Command Code Data Address Flags 000
0 7 8 31 32 36 37 40 41 47 48
Seek Command Code 01000
Hexadecimall  Binary Decimal (Binary)
07 00000111 07 - B B C C H H
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The search ID equal command causes the first ID encountered on the track to be compared to Joe Brown’s I1D. All unequal
comparisons of IDs cause the 2841  to signal channel end and device end to the channel, and the TIC command {back to the
search 1D equal) is executed. When an equal comparison is encountered, (1D of record 1) the 2841 signals channel end, device
Status modifier causes the next command (TIC) to be skipped, and the read data

end, and status modifier to the channel.

command is executed.

Search ID Equal

If the search ID equal is not satisfied, and the index point is passed twice, unit check is set in the status byte. A subsequent
sense command would indicate no record found. The course of action would then be determined by the error recovery pro-

cedures, Appendix A.
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Command Code Data Address Flags Count
0 7 8 31 32 3637 4041 47 48 63
Search ID Equal Command Code 01000 0005
Hexadecimalf  Binary Decimal (Binary)
31 00110001 49
TIC
Command Code Data Address
0 7 8 31 32 63
TIC Command Code
Hexadecimall  Binary Decimal
X8 XXXX1000 X8 X = Positions Ignored
Execution of the read data command causes the data area, containing Joe Brown’s insurance policy number, to be read into
main storage locations OBB8 to 0D 16.
Read Data
Command Code Data Address Flags Count
0 7 8 31 32 3637 4041 47 48 63
Read Data Command Code ggooo 00FA
Hexadecimal]  Binary Decimal (Binary)
06 00000110 06



Usage Meter

A usage meter is provided for the 2841. It is located on the
end of the 2841 with the enable/disable switch. The meter
operates whenever the control unit is enabled and operating
with the channel.

Enable/Disable Switch

This switch enables or disables communication between the
control unit and the channel. It also enables or disables the
usage meter.

2841 Operator Controls -

In order to disable the channel interface the enable/dis-
able switch must be in the disable position and the CPU
must be in the stopped or wait state.

In order to allow the channel interface to be returned to
the enabled state the enable/disable switch must be in the
enable position and the CPU must be in the stopped or
wait position.

Isolation Control

This feature (standard on most machines) allows the
turn on and off of power on the 2841 without generating
spurious signals.

2841 Operator Controls 49



Two-Channel Switch Special Feature

The Two-Channel Switch feature provides the capability for
the 2841 Storage Control to be shared by two channels and
also allows individual devices (access mechanisms) to be re-
served for the exclusive use of either of the channels. The
two channels may be attached to the same CPU or different
CPUs. Channel switching and device reservation in the 2841
are performed under control of the system program. The
Two-Channel Switch feature is limited to eight access
mechanisms.

Without the Two-Channel Switch feature, device reserve
and device release commands are rejected by the 2841, and
the unit check bit in the CSW status byte is set. The com-
mand reject bit in sense byte O is set to indicate what caused
the unit check condition.

Channe! Selection Switch

This switch has three positions: Channel A, Channel B, and
Neutral. With the switch in the neutral position, the 2841
is selected by the first channel to complete the selection
sequence. Once the 2841 is selected by a channel, it re-
mains selected to that channel until channel end status
exists. The channel selection switch then returns to neutral
unless one of the following conditions exists:

1. The channel indicates command chaining.

2. The last status byte is associated with a channel-initiated
signal sequence, and it is stacked by the channel.

3. The last status byte contains the unit check bit.

4. No command other than a test I/O or a no-op has been
initiated since the last unit check conditioned occurred.

If Channel A (for example) attempts to select the 2841
while the 2841 is selected to Channel B, the 2841 responds
to Channel A with control unit busy. This response, in
turn, causes the 2841 to attempt to present to Channel A a
status byte containing control unit end after the channel
selection switch returns to the neutral position. The
address byte associated with this status condition is the
base address of the 2841 on that channel. This control unit
busy condition may occur on any attempt to select the
2841, including initial program load, test 1/O, etc.

Device Reservation (See Device Reserve and Device
Release Commands)

When a device is reserved to Channel A (for example), any
command from Channel B addressed to that device is
rejected with a busy indication in the initial status byte.
This rejection, in turn, causes the 2841 to attempt to pre-
sent to Channel B a status byte containing device end after
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the reservation has been terminated. The address byte
associated with this status byte is the same as that associ-
ated with the busy status byte.

Device end status resulting from the completion of a
seek command is presented to the channel that issued the
command. A device that generates device end status when
it changes from the not-ready to the ready state causes the
2841 to present this type of device end to both channels.
However, no attempt is made to present such status on one
channel while the device is reserved to the other channel.

A system reset causes all reservations and status condi-
tions stored in the 2841 and related to the resetting chan-
nel to be reset in the 2841. Reservations and status condi-
tions related to the other channel are not affected.

Device Reserve Command

With the Two-Channel Switch feature, a device reserve
command (Figure 38) causes the addressed device to be
reserved to the channel issuing the command. The device
then remains reserved to the same channel until that chan-
nel executes a device release command addressed to the
specific device, or until the CPU is reset.

A device reserve command is rejected with a busy indica-
tion in the CSW if any normal busy conditions exist. How-
ever, a device reserve command is executed regardless of
any abnormal file status condition, such as off-line or
unsafe.

A device reserve command is also rejected when a set
file mask command precedes it in the same command
chain. The unit check bit in the CSW is set when the com-
mand is rejected, and the command reject and invalid
sequence bits are set to indicate the conditions which
caused the unit check.

The device reserve command performs all the functions
of a sense I/O command (e.g., causes the six sense bytes to
be presented to the channel) in addition to the functions
described in this section. The purpose of sending the sense
bytes is to allow the channel to reserve the device (in case
of an error) while the program performs error recovery pro-
cedures.

Device Release Command

With the Two-Channel Switch feature, a device release
command (Figure 39) terminates the reservation of the
addressed device to the channel. This command is rejected
with a busy indication in the CSW if any normal busy con-
ditions exist. However, a device release command is execu-
ted regardless of any abnormal file status condition, such
as off-line, unsafe, etc.



Device Reserve

Command Code Data Address Flags 000 Count
0 7 8 3132 3637 4041 47 48 63
Device Reserve Command Code Specifies CPU storage location to which Usually 6

Hexadecimal]  Binary Decimal sense information will be stored. After (0000000000000110)
command is executed CPU storage contains:
B4 10110100 180
Specified
Location
v
T 1
Sense Bytes
N
o 1 2 3 4 5
Figure 38. Device Reserve Command
Device Release
Command Code Data Address Flags Count
0 7 8 31 32 3637 4041 47 48 63
Device Release Com?nand Code Specifies CPU storage location to Usually 6
Hexadecimal| Binary | Decimal which sense information will be (0000000000001 10)
stored. After command is executed
94 10010100 148 CPU storage contains:
Specified
Location
v
T 1
Sense Bytes
L1 )

Figure 39. Device Release Command

A device is normally reserved to a particular channel
whenever that channel executes a device reserve command.
The device remains reserved to the same channel until that
channel executes a device release command, or until a sys-
tem reset occurs.

A device release command is rejected when a set file
mask command precedes it in the same command chain.
The unit check bit in the CSW is set when the command is
rejected, and the command reject and invalid sequence bits

in the sense byte are set to indicate the conditions which
caused the unit check.

A device release command performs all of the functions
of a sense I/O command in addition to the functions
described in this section.

Addressing

The base address (four high-order bits) of the 2841 on one
channel is independent of the base address of the 2841

Two-Channel Switch Special Feature 51



on the other channel. However, the four low-order address
bits for any attached device must be the same on both
channels.

Resets

A system reset occurs when the CPU system reset key is
pressed. A system reset causes all 2841 reservations and
status conditions related to the resetting system to be reset.
Reservations related to another system are not affected.

A system reset occurring when the channel selection
switch is neutral causes a machine reset. A selective reset
(i.e., malfunction reset) has no affect on device reservations
or status.

Enable/Disable Switch

This switch enables or disables the communication of the
2841 with the CPU. It also enables or disables the usage
meter.

If the 2841 has the Two-Channel Switch special feature
installed a separate switch is provided for each channel;
however, there is still only one usage meter. Providing two
switches allows each interface to be disabled independently
and provides partitioning capabilities. While in the dis-
abled state, the 2841 will not be selected by that channel.

In order. to disable a channel interface the enable/disable
switch for that channel must be in the disabled position.
The channel selection switch in the 2841 must not be

selected to that channel (Two-Channel Switch feature only).

52 Component Descriptions

The CPU must be in the stopped or wait state. To allow

a channel interface to be returned to the enabled state the -
enable/disable switch for that channel must be in the

enable position and the CPU must be in the stopped or wait
state.

Isolation Control

This feature (standard on most machines) allows the turn
on and off of power on the 2841 without generating spur-
ious signals.

Power Control

A power control interface is provided for each channel. If
either channel indicates power on, the 2841 turns on. The
2841 turns off only if both channels indicate power off.

When a 2841 with the Two-Channel Switch feature is
shared by two CPUs and one CPU is to be powered down,
the corresponding enable/disable switch in the 2841 must
be placed in the disable position before turning off the
CPU power.

When a 2841 with the Two-Channel Switch feature is
connected in a multi-system configuration, a special
emergency power off control box must be installed in the
multi-system, so that when the emergency power off
switch in either system is pulled, both systems will
execute the emergency power off sequence.
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IBM 2311 Disk Storage, Model 1

INTRODUCTION

The IBM System/360 is used in many applications which
require that files of medium size be accessible to the cen-
tral processor. These files may contain customer account
balances, current inventory status, payroll information,
computer operating programs, or other information, per-
manent or temporary, to which the central processor must
refer to complete the specific application.

If all files need not be directly accessible (on line) to the
central processor at all times, operating and equipment
economies can be realized if the file can be separated from
the file drive. As with magnetic tape, an unlimited volume
of data can be stored away from the central processor
(off-line). Appropriate data files can be placed on-line as
required by the processing schedule.

It may also be desirable to be able to transfer data files
from one file drive to another (possibly attached to a sec-
ond central processor). This transfer allows one system to
process and update a data file, and another (possibly a
smaller satellite system), to print reports or answer inquir-
ies. This capability also enables a second system to com-
plete a task if the primary system is not available because of
other applications.

The IBM 2311 Disk Storage Drive, with IBM 1316 Disk
Packs, offers processing features which answer the needs of
many data processing applications:

Storage capacity: 7.25 million bytes per disk pack.
High speed

accessibility: 75 milliseconds, average.
Data file removability: Disk pack change time: about
one minute physical handling
(about three minutes “ready to
ready”).
Fast data transfer to 156,000 bytes per second.
the processor:

Multiple-unit growth  Up to eight 2311’s (58 million

potential: bytes), on a single 2841 control
unit.

Compatibility between 1316’s compatible between

units: any 2311 Model 1’s used on

IBM System/360..
Large volume of data Over 36,000 bytes per cylinder.
available at a single
access:
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Device Description
Storage Medium (1316 Disk Pack—Vented Hubs Only)

Each disk pack (Figure 40) consists of six 14-inch disks,
mounted a half-inch apart on a central hub. Data is
recordéd on the inside ten disk surfaces. The two outer
surfaces are covered by protective plates. The entire
assembly of disks, hub, and protective plates is rotated at
2,400 revolutions per minute (25ms per revolution). Each
disk pack weighs about ten pounds.

The two-piece plastic cover is designed to protect disks
against damage. A built-in handle on the top cover makes
carrying easy. A self-locking device in the handle permits
removal of the top cover only when the pack is mounted on
on the disk storage drive.

Access Mechanism

When the 1316 Disk Pack is mounted in the 2311 Disk
Storage Drive, information is written on and read from the
ten disk surfaces by magnetic read/write heads. These
read/write heads are mounted in pairs between each two
disks on a movable comb-like access mechanism. When in
operation, the read/write heads float over the disk surfaces
on a thin film of air.

Figure 40. IBM 1316 Disk Pack



Access Time

Cylinder-to-cylinder (horizontal) access time varies accord-
ing to the number of cylinders traversed. Access time from
a cylinder to an adjacent cylinder is 25ms. Maximum
access time (from cylinder 202 to cylinder 000) is 135ms,
and the average time for “random” accesses is approxi-
mately 75 ms (Figure 41).

Once the access mechanism has reached a cylinder posi-
tion, additional time is required for disk rotation to the
desired record. At 2,400 revolutions per minute, rotation
time is 25ms, and one-half revolution (12.5ms) is the aver-
age rotational delay.

Because the access mechanism includes one read/write
head for each disk surface, no vertical access motion is
required.

Figure 41 shows the approximate times for access
mechanism movement in either direction, excluding rota-
tional delay. This figure may be used as an aid in program-
ming for the most efficient utilization of the storage unit.

Data Storage
Data Record Addressing

As the access mechanism is moved horizontally, it may be
stopped at any of the 203 positions. This capability
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Figure 41. 2311 Access Times
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provides 203 data tracks on each surface. Since all ten read/ Cylinders 000 through 202
write heads are moved by a single access mechanism, a '—L
cylinder (Figure 42) of ten data tracks is available at each
access mechanism position.

Format

Data is stored in the IBM 2311 Disk Storage Drive in the
format (Figure 43) defined by the IBM 2841 Storage Con-
trol Unit. This format is basically the same for all storage
devices attached to the 2841.

Disk Surface
Disk Surface

The intersection of
one of the 203
cylinders with one
of 10 surfaces is
termed a track.

. Disk Surface
Capacity Disk Surface 7
If IBM programming Systems are not used, the first
record on each track (R0) may contain application data.

Based on 200 tracks, with a single full-track record on
each track (record zero) used for application data, a single Disk Surface
IBM 1316 Disk Pack can contain over 7.25 million bytes, or Disk Surface
over 14.5 million packed decimal digits and signs.

IBM Programming Systems reserve the use of the first

record on each track (RO) to store various information

about the track. This information is used by the Program-
ming System, and no application data is included. Using
this format, and assuming 200 tracks, each 1316 disk pack
can contain 7.25 million bytes, or 14.5 million packed . )
decimal digits and signs. Record R1 is the first zpplication Figure 42. Cylinder Concept
data record, and if R1 is the only data record on the track,
it may contain up to 3625 bytes of information.
Because each data record has non-data components,
such as count area and gaps, track capacity (Figure 44) for
data storage will vary with record length. As the number of
separate records on a track increases, additional byte posi- tracks per disk surface are provided to ensure that the
tions are used by gaps so that data capacity is reduced. The stated capacity, based on 200 tracks, is maintained for the
record capacity formulas (Figure 45) provide the means to life of the disk pack.
determine total byte requirements for records of various
sizes on a track. Error-Free 1316 Disk Packs: All 1316’s now shipped from
File organization, overflow areas, packing factors, etc., the factory are error-free using the following programming
determine the final net actual capacity available for appli- utilities as the test:
cation data.
With the high density recording techniques used in the 0S - “DASDI” - 360S-UT-507
2311, minute contamination particles can affect data read- DOS — “Initialize Disk” — 360P-UT-206
ing and writing and may cause loss of bits. Therefore, 203 (formerly 069)
Index Record Zero Rg . Data Record Ry Data Record Ry—Rpy
Marker - N g — A Yy r /s N

* *
Home Rg Cnt Rg Key Rg Data |G3| Ry Cnt Ry Key Ry Data |G3{ R2 R, Ro-Rp ™ Ro=Rp,
AGI Address G2| Area G2 Area** G2 Area AM| Area G2 Area ** G2 Area AM|Cnt Area G2 KeyArea C2|pataArea

* G3 gap contains an address marker
** Key area may not be present

Figure 43. 2311 Track Format
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Index Record Zero Rg Data Record R Data Record Rp-Rp,
Marker p A < P A \ P A
* *
Home Rp Cnt Rp Key Rg Data  [G3| Ry Cnt Ry Key Ry Data |G3f Rz -R, Ro-Rp ™ Ro-R,
AG] Address G2 Area G2 Area** G2 Area AM| Area G2 Area ** G2 Area AM|Cnt Areq| G2 KeyArea G2 DataArea
7 Bytes 11 Bytes KL+ 2 DL +2 11 Bytes K+ 2 D+ 2 11 Bytes K *2 D+ 2
Bytes Bytes Bytes Bytes Bytes Bytes
* G3 gap contains an address marker G1Gap | G2Gop | G3 Gap
** Key area may not be present Bytes Bytes Bytes
36 18 |30+ [(K +D)+2oﬂ]#
L v 128
20670
#Truncate any fraction.
Figure 44, 2311 Track Capacity
: KL = key length
Storage Track capacity in bytes Track capacity Bytes required by data records (DL = dztyc f:r?gfh
when Ry is used as specified when Ro is used Dota records (except for last record) Last record
Units by IBM Programming Systems. for application data Without key With key Without key With key
*[s37o0.] [ *[37 (K D)
1 L L L D 20 + (K, +Dy)
2311 3625 3694 61 +[ 5]2] 81 +L 513 L LT %L
Number of bytes per record when Number of equal length records per 2311 track
RO used as specified by IBM
Programming Systems. 1 2 3 4 5 6 7 8 9 10 | 11 12 113 14 115 116117 1181191 20
Without key 3625117401131 830 [ 651 | 532 | 447 1384 | 334 | 295| 263 | 236|213} 193] 177162149 | 138|127 [ 118
With k Includes key bytes )
ith key ‘Q(KL) + data bytes (DL) 3605 (1720 | 1111] 811 | 632 | 512 (428 | 364 |315( 275 | 244 | 217 | 194| 174 | 158 | 1431130 | 119|108 | 99

* Multiply first; then divide and truncate any fraction,

Figure 45. 2311 Record Capacities

The 1316 provides three cylinders, 200-202, to be used for
assignment of alternate tracks should tracks become dam-
aged while in use.

The following stand-alone utilities may be used for

to the disk drive motor and other 2311 components. When
the disk motor has come to speed (approximately 60 sec-
onds), and other components are ready for operation, the
read/write heads are moved into position and the access

assigning alternate tracks: mechanism performs an automatic seek cycle.

OS — use the GET-ALT function of 360S-UT-507 to
flag tracks and assign alternates.
DOS — use 360P-UT-098 to flag tracks and assign

Pressing the start/stop switch to the stop position
causes the access mechanism to retract from the disk pack
and removes power from the disk drive motor.

Disk pack rotation stops in approximately 30 seconds.

alternates.
Operator Controls and Indicators Select Lock Indicator
Start/Stop Switch When on, this light indicates a machine condition which

This switch is on when it is in the start position.
With the 2311 properly connected in a processing sys-
tem, press the switch to the start position to supply power

requires Field Engineering attention. This condition
causes the disk storage drive to be disabled and stops the
usage meter.
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Enable/Disable Switch

When the CPU is in the stopped state, this switch enables or
disables the communication of the storage drive with the
CPU. It also enables or disables the usage meter.

If the CPU is running when the switch setting is changed,
the storage drive status and usage meter status remain un-
changed until the CPU is placed in the wait or stopped
state. (See also Select Lock Indicator.) If the switch is
switched to enable while the CPU is in the wait or stopped
state, a device end is generated, just as though power had
been turned on.

Ready Indicator

This is a green indicator with the drive number imprinted
on it. It lights when the 2311 is up to speed and ready to
access data.

The following conditions must exist before the 2311 can
be in a ready state:

1. Cover closed.
2. Disk pack properly installed on the drive.
3. Drive motor on and up to speed.

Disk Pack Loading and Unloading

The following procedures should be followed for rapid,
effective disk pack changing:

Loading

1. Open the 2311 cover.

2. Remove the bottom disk pack.cover by turning the
bottom locking knob.

3. Place the 1316 disk pack (still contained in the top
cover) on the 2311 spindle.
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4. Turn the top cover in a clockwise direction until firm
resistance is met.

. Lift top cover from the disk pack.

. Close the 2311 cover.

. Press the 2311 start key.

. Reassemble the top and bottom covers of the disk pack.

. Store the covers in a clean cabinet or on a clean shelf.

O 00 ON O\ W

CAUTION
Do not leave disk pack cover inside disk drive.

Unloading

1. Press the 2311 stop key.
2. Wait until the rotating pack comes to a complete.
stop.
Open the 2311 cover.
Separate the top and bottom disk pack covers.
Place the disk pack top cover over the disk pack.
Turn the top cover in a counterclockwise direction at
least two full turns.
7. Lift the top cover, now containing the disk pack,
from the 2311 spindle.
8. Fasten the bottom cover firmly to the disk pack.
9. Close the 2311 cover.
10. Store the disk pack in a clean cabinet or on a clean
shelf.

Svpaw

Disk Pack Handling and Storage

Careful and correct handling and storing of disk packs is
vital for a successful installation.

For complete details on disk pack handling and storage,
refer to IBM Disk Pack Handling and Operating Procedures,
Form GA26-5756.
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IBM 2302 Disk Storage, Models 3 and 4

INTRODUCTION

The IBM 2302 Disk Storage is a large-capacity, high-speed,
direct-access storage device that is ideally suited for real-
time processing applications. The 2302 provides fast access
to large quantities of on-line stored information. Random
access to specific areas of information enables the location
of any data record within a maximum of 180 milliseconds
plus rotational delay of not more than 34ms.

The 2302 provides:

o 112.79 million eight-bit bytes per module.
e 165ms average access time.

e 156,000 bytes per second transfer rate.

e Variable length data organization.

® 229,000 bytes at a single access.

Device Description

Storage Medium

Disk storage consists of thin metal disks uniformly coated
with a magnetic recording medium. Data and control
information are recorded as magnetized spots on the coated
surfaces of the disks in concentric data tracks.

Access Mechanism

Horizontal positioning of the read/write heads is performed
by a hydraulic access mechanism containing 46 data read/
write heads. During a seek operation, the access mechanism
positions the heads at the program-specified cylinder loca-
tion. No vertical movement is necessary because there is a
head for each data surface. It is not necessary to perform
access motion if the desired record is in the same cylinder
as the previous record; only electronic head selection is
necessary.

Two access mechanisms are used to address the 500
cylinders on the disk surface. One access mechanism ser-
vices the inner 250 cylinders, and the other access mechan-
ism services the outer 250 cylinders (Figure 46 represents
one of the 46 data surfaces).

The two access mechanisms of the 2302 are addressed
as access O for the outer 250 cylinders and access 1 for the
inner 250 cylinders.

The two access mechanisms on the 2302 operate inde-
pendently and may be in motion simultaneously. Each
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mechanism is restricted to motion within its own zone of
operation; accordingly, one access mechanism cannot read
a track written by the other access mechanism.

Access Group: The access mechanism, the attached read/
write heads, and the 250 cylinders serviced by the access
mechanism comprise an access group. Two access groups
are provided with the 2302 Model 3, and four are provided
with the 2302 Model 4.

Disk Storage Module: A stack of 25 magnetic disks (50
disk surfaces) together with the associated read/write heads
and the horizontal positioning mechanisms comprise a

disk storage module.

Model 3 and Model 4 Disk Storage Designation: Model

(3 or 4) designation refers to the number of disk storage
modules provided. Model 3 disk storage contains one mod-
ule of disk storage; Model 4 contains two modules of disk
storage, one above the other.

Access Time

Access to one specific track on a given recording surface is
accomplished by the lateral movement of the whole access
mechanism from a current track location. The time
required for this movement is called access motion time and

500 Data Tracks per Disk;
Two Access Mechanisms
per Module.

Each Access

Services
250 Tracks

Figure 46. 2302 Access Mechanisms



and is related to the lateral distance the arm moves. Figure
47 shows the requirements for access motion time for the
IBM 2302 Disk Storage.

In addition to access motion time, an additional timing
factor known as rotational delay time is encountered. Ro-
tational delay time is the time required for the disk to posi-
tion (by means of rotation) the desired record at the
selected read/write head. Maximum rotational delay time
is 34 milliseconds; average rotational delay time is 17 mil-
liseconds.

The selection of the proper read/write head is performed
simultaneously with access motion time. The read/write
head selection time consists solely of electronic switching
and is negligible.

Total data access time includes the summation of access
motion time and rotational delay time. Average rotational
delay time (17 milliseconds) is generally used in this calcu-
lation.

TO Cylinder Address

000-009
010-019
020-029
030-039
040-049
050-059
060-069
080-089
090-099
100-109
110-119
120-129
130-13¢9
140-149

150-159

Data Storage

Format

The format of the data stored on the 2302 is determined
by the 2841 Storage Control. It is basically the same for
all storage devices which attach to the 2841.

Capacity

If IBM programming systems are not used, the first rec-
ord on each track (R0) may contain application data.
Assuming the use of a record zero as a full track record
for application data, a single IBM 2302 Disk Storage
Drive Model 3 can obtain over 113 million bytes or
226 million packed decimal digits and signs: the Model
4 can contain over 226 million bytes or 452 million
packed decimal digits and signs.

000-009
010-019
020-029

110-119-_
]20_]29*

l30-l39~—
140-149::
150-159 |
160-169_

FROM Cylinder Address

(175)

170179
180-189 |
190-199 |
200-209

210-219 |
20-229 |
230-239
240-249 |

180 ms

For Example, to move the access
mechanism from cylinder 175 to
cylinder 178 (in some access group),
50 milliseconds are required.

3R ETSIZTZ S
T733535§%83%
o O O [=]
SR8 8F
| UOREEES DS TENUNE UUNDN SRS SN SR |
ti71 +§+ t € ¥ ¥ ¥
- 180 ms

o]
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R

=

50 milliseconds

120 milliseconds

D 180 milliseconds

NOTE: These times do not include rotational - delay time.

Figure 47. 2302 Access Times
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IBM programming systems reserve the use of the first properly on the specific track, the data can be relocated on
record on each track (record RO) to store various informa- an alternate track.
tion about the track. This information is used by the pro-
gramming system, and no application data is included. By

using this format, (Figure 48) each 2302 Disk Storage mod- Indicators

ule can contain 112.79 million bytes, or 225.59 million

packed decimal digits and signs. Record R1 is the first Temperature Normal

application data record. If it is the only data record on the Temperature normal indicates that the 2302 has power on,

track, it can contain up to 4984 bytes of information. is up to operating temperature, and is ready to accept or
Because each data record has non-data components, retrieve data on demand of the 2841 Storage Control. This

such as count area and gaps, the track capacity (Figure 49) light is used to determine when the storage device is ready

for data storage will vary with record length. As the num- after power is turned on. The light remains on until power

ber of separate records on a track increases, additional byte is dropped. When 2302 power is turned on, the 2302 takes

positions are used by gaps so data capacity is reduced. The approximately 30 minutes to warm up to operating temper-

record capacity formulas (Figure 50) provide the means to ature.

determine total byte requirements for records of various

sizes on a track. Usage Meter

File organization, overflow areas, packing factors, etc.,
determine the final net actual capacity available for appli-
cation data.

A single usage meter records process time in the 2302. The
operation of this meter is controlled by the enable/disable

With the high-density recording techniques used in the switch.
2302, surface defects or contamination can affect data . )
reading and writing, thereby requiring alternate tracks to Enable/Disable Switch
be used. Therefore, the rated capacity (112.79 bytes per This switch can enable or disable the 2302." To disable the
module) is based on 246 cylinders for each access mechan- 2302 the enable/disable switch must be in the disable posi-
ism (leaving four spare cylinders) to ensure that the stated tion and the CPU must be in a wait or stopped state.
capacity is maintained. To allow the 2302 to return to the enabled status the
Surface defects on the recording media can affect read- enable/disable switch must be in the enable position and the
ing and writing of data. If data cannot be read or written CPU must be in a wait or stopped state.
an:(:Ifer Record Eero Ro Data Record Ry Data Record Ro-Ry

r N r N r \

* *
Home Ro Cnt Ry Key Rg Data [G3| Ry Cnt Ry Ke Ry Data |G3]| Ry R i
G G2 c2| 0 Jlez2| MO ] A | Date ]G3} X2 R R2Rn R R
A Address Area Area** |2 Area AM| Area G2/ Area**|C2 Area AMICnt Areg G2 KeyArea G2 DazfaAnrea

* G3 gap contains an address marker

*k
] Key area may not be present 20669

Figure 48. 2302 Track Format
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Data Record Rp-Rp,
A
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r

Home
Address

Rp Cnt
Area

G2 G2

R0 Key
Areg**

G2

Rq Data

Area

»*
G3
AM

R] Cnt

Area G2

Ry Key
Area**

G2

R] Data
Area

*
G3
AM

Ro R,
Cnt Areq

Ro-Re*

G2 KeyArea

G2

Rp-R,

Data Area

D e—— N st N et Mo e Nty et e N ———t N——— N e Nt

7 Bytes 11 Bytes K +2 D, + 2 11 Bytes K+ 2 DL+ 2 11 Bytes K+ 2 D+ 2
Bytes Bytes Bytes Bytes Bytes Bytes
* G3 gap contains an-address marker G1Gap | G2Gap | G3 Gap
** Key area may not be present Bytes Bytes Bytes
4 18 3o+[m +D)+zofir
L "L 128
#Truncate any fraction, 20671
Figure 49. 2302 Track Capacity
. =k
Storage Track capacity in bytes when Bytes required by data records (5'[ = d:{qT:r?;rh )
Track capacity when
Ro is used as specified by IBM Data records (except for last record) Last record
RO is used for data
Unit Programming Systems. Without key With key Without key With key
* *7537 (K,+D
2302 4984 5053 61 +[5_32L] 8] + #)] b, 20+(K, +D))
512 512
Number of bytes per record when Number of equal length records per 2302 track
RO used as specified by 1BM
Programming Systems. v 2 3] 4] sl el 7|8l joln {12415 ]16]17{18]19] 20
Without key 4984 |2403{1570{1158] 912 | 749 | 634 | 546| 479| 425 | 381 | 344 | 313] 286 | 264 | 244 | 225/ 209 | 196] 183
. Includes key bytes
With key { (K) + data bytes (D) [4964 | 238311550 1139| 893 | 730 | 614 | 527| 460 | 406 362 | 325 294 267 | 245 | 224| 206|190} 176163
* Multiply first; then divide and truncate any fraction, (300798 ]

Figure 50. 2302 Record Capacities
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IBM 2321 Data Cell Drive

INTRODUCTION

Many data processing applications include the maintenance
of very large files of information. Direct access to a large
file (made possible by the 2321) enables the central proces-
sor to answer inquiries about any item in the file. For pro-
cessing economy, transactions are normally batched and
sequenced. However, processing may be interrupted, an
inquiry about another part of the file answered, and pro-
cessing resumed on an “‘up-to-the-minute” basis. Thus, busi
ness decisions can be based on the most current data avail-
able, and applications not previously practical due to
volume and repetition can be accomplished by data process-
ing equipment.

The design of the 2321 is such that batched sequential
processing should be used for high-volume activity. Ran-
dom processing may be used for inquiries or other low-
volume activity.

400 million bytes per 2321
(includes 8 million bytes re-
served for alternate tracks). See
Capacity section for details.

Up to 200,000 bytes per strip.

Large storage
capacity:

Large volume of data
available at single

access:
Medium speed acces- Refer to Figure 54, 2321 Access
sibility: Times (Averages).

Fast data transfer to
the central processor:
Fast rotational period: 50ms.

Multiple-unit growth ~ Up to eight 2321s per 2841.

55,000 bytes per second.

potential:

Data file removabil- 3021 Data Cell change time:
ity: about one minute.
Compatibility between Data cells physically compatible
units: between 2321s.

Device Description

“The IBM 2321 is a direct access storage device capable of
storing and retrieving data on individual magnetic strips.

Data Cell Array

A set of ten strips (each strip containing 100 tracks) is con-
tained in a subcell. Twenty subcells are housed in a 3021
Data Cell; up to ten data cells are attached around the
periphery of a spindle to form a data cell array (Figure 51).
Each data cell is physically removable and interchange-
able with any data cell in any 2321 Drive. To facilitate
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data cell removal, a combination handle/cover is provided.
To protect the magnetic strips during handling, the handle/
cover has been designed so that the data cell cannot be re-
moved from the 2321 without securely attaching the
handle/cover (thereby covering the magnetic strips). A
covered data cell with 200 strips weighs approximately five
pounds. Safety interlocks are provided to prevent 2321
operation when a data cell is not replaced, is improperly

S

DATA STRIP
(100 Tracks per Strip)

SUBCELL ‘
10 Strips per Subcell

LS

/ ”

§

|

I

3
&

T-Pin

10 Cells per Drive

CELL

20 Subcells per Cell

Figure 51. 3021 Data Cell, Subcell, and Data Strip



replaced, or is replaced without removing the handle/cover.
For 2321 operations requiring less than a full complement
of ten data cells, ballast cells are used to dynamically balance
the rotating array.

Strip Access Mechanism

The cell drive rotates the circular array to one of 200 dis-
crete subcell positions in order to place the subcell contain-
ing the addressed strip beneath the strip selection mechan-
ism (See Figure 51). The array can rotate in either direction
and always moves in the direction that requires least travel.

Two coding tabs are provided, at the top of the strip, to
identify the strip’s position in the subcell and provide for
strip separation. When the adjacent strips are separated
from the selected strip, the selected strip stands alone, and
the hole in the top of the strip (called the picker hole) re-
ceives the pickup head latch (See Figure 52).

The selected strip is picked up by the pickup head, which
is attached to the revolving drum. Gliding on a film of air
acting as an aerodynamic bearing, the selected strip is
rotated past a read/write head bar. The read/write head bar
contains 20 magnetic elements. It can be positioned to any
of five positions (cylinders) in order to address 20 of the
100 recording tracks that are on a strip.

During the restore cycle, which may be automatic or
program controlled, the rotational direction of the drum is
reversed and the strip is returned to its original subcell loca-
tion. Restoring a strip can be accomplished by three
methods:

1. Seek Command: Issuance of a seek command to a strip
other than the one on the revolving drum.

2. Restore Command: Issuance of a restore command.
Depending upon the frequency of inquiries, restoring
the strip presently on the drum (after processing) can
save up to 200 ms on the selection time of the next strip.

3. Auto-restore: Whenever a 2321 has been selected, a
command or chain of commands to that 2321 comple-
ted, and the 2321 de-selected, a ““timeout” is initiated.
(In most cases, the 2321 is de-selected when device end
is signaled.) Under these conditions, if 800 ms elapse
after the initiation of timeout but before the 2321 is
selected, the strip on the drum will be automatically
restored.

Rotation Timing

Drum period (50ms) is defined as the time required for an
entire drum revolution. Data time (41.8ms) is defined as
the time required for an entire data track (HA, RO, Rl-n) to
pass the read/write head.

Non-data time (8.2ms) is defined as the time required
for the space between the trailing and leading ends of a
data track to pass the read/write head. This time can be
used by the system for any purpose (other than reading or
writing on the 2321).

Access Time

Access time is defined as the length of time required to
place a selected track in a data transfer position; this may
require electronic selection of a read/write element and/or
movement of the read/write head bar, and/or selection of a
strip from the data cell array. Access times for these
varying conditions are listed in Figure 54, and are illus-
trated in Figure 53.

Average Access Time

Average access time is defined as the average time required
to access a track when processing in a random mode (i.e.,
every track in every cell has an equal probability of being
addressed by the next seek command). A 50 subcell (90°)
move is the average move in the random mode. For the
2321, the average access time is approximately 550ms
when a previously addressed strip requires restoring. (See
‘Figure 54.)

Track Addressing

After the drive has been selected by an appropriate 1/O
instruction, the physical location of an individual recording
track is determined by considering the following (for
further details see Seek commands).

Byte Designation
0 All zeros.
1 Data cell number (0-9).
2 Subcell number (0-9).
3 Strip number (0-9).
4 Cylinder (head bar position) number (0-4).
5 Read/write head (track) number.

When a seek command is issued, each of the above five
numbers (contained in the six-byte seek address) is com-
pared against the five numbers of the present address. From
this comparison, the necessary electronic and electromechan-
ical action required to select the addressed track is deter-
mined. If the new address is the same as the old address for
a particular location, no action is required; or, if the only
difference between a new and old address is the selection of
an adjacent track within the same cylinder position, the
only action is the electronic selection of the proper read/
write head element (providing the strip was not restored in
the interim).

Data Storage

Track Format

Data is stored in the IBM 2321 Data Cell Drive in the format
defined by the IBM 2841 Storage Control. This format is
essentially uniform for all devices attached to the 2841. The
2321 track format differs slightly in that there is an address
marker before the home address. (See Figure 55.)
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Figure 52. Strip Pick-Up Cycle
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No Strip Selection Required (Strip is on Drum)

Read/Write Element Selection:
Track to Track within a cylinder, 100 ps
Cylinder to Cylinder, 95 ms

Strip Selection Without Data Cell Rotation (Next Strip is Within Same Subcell)

Drum Rotational Period, 50 ms
Data Time, 41.8 ms
Non=-Data Time, 8.2 ms

Drum

R/W R/W
Head Head
Bar Bar

Pick Strip (No Strip on Drum): 175 ms (0 Subcell move) Restore & Pick (Previously Addressed

Strip on Drum):
375 ms (0 Subcell move)

Strip Selection With Data Cell Rotation (Next Strip is in Different Subcell)

1 Subcell
\ 250 ms (Pick only)
\ 450 ms (Restore and Pick)

Same Subcell
(see above)

. \ 2 1/2 Cells (50 Subcells)
\ (Avg Travel)

-\ 350 ms (Pick only)
550 ms ( Restore and Pick)

5 Cells (100 Subcells)
(Max Travel)

400 ms (Pick only)

600 ms (Restore and Pick)

Figure 53. 2321 Access Times (Average)
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. Time/Number of Subcell Moves
Function
0 Subcell |1 Subcell | 50 Subcell | 100 Subcell
Read/Write
Element Selection 100 psec
Read/Write @
Head Bar 95 ms
Motion
Strip Selection @
No Strip on Drum 175 ms 250 ms | 350 ms 400 ms
Strip selection ()
with perviously ad= | 375ms | 450ms | 550ms | 600 ms
dressed strip on drum.
Restore and pick.

O]
@

Read/Write element selection, if required is overlapped with
this function.

Read/Write element selection and/or Read/Write head bar
motion, if required, is overlapped with this function.

11304B)

Figure 54. 2321 Access Times (Average) Table

Track Capacity

IBM programming systems reserve the use of the first rec-
ord of each track (RO) for various information about the
track. This information is used by IBM programming sys-
tems, and no application data can be included; therefore,
R1 is the first record available for application data. If R1
is the only application data record on the track, it may
contain up to 2000 bytes of information (without key).

Under the same conditions, but with a key, R1 may
contain up to 1,984 bytes. (Key bytes are included in
this determination; therefore, Dp = 1984-K{ for the max-
imum record length case.)

Because each data record has non-data components,
such as count area and gaps, track capacity (Figure 56) for
data storage will vary with record length. As the number
of separate records on a track increases, additional byte
positions are used as gaps; consequently, data capacity is
reduced. The record capacity formulas (Figure 57) provide
the means to determine total byte capacity for records of
various sizes on the track.

File organization, overflow areas, packing factors, etc.,
determine the final net actual capacity available for appli-
cation data.

Alternate Tracks

Surface defects on the recording media can affect reading
and writing of data. If data cannot be read or written
properly on the desired track, the data can be relocated on
an alternate track.

Error recovery procedures (see Appendix A and verifica-
tion procedures) as provided by IBM programming systems
will minimize the frequency of improper reading and writ-
ing of data. IBM programming systems verifies (write
checks) 2321 write operation by executing a read com-
mand with the skip bit (35) of the CCW set-to one. The
verify option facilities are not provided in the case of the
2321. In throughput analyses, allowance should be made
for the additional drum revolution required for the verify
operation.

Four hundred alternate tracks in each 3021 Data Cell
should be reserved for alternate track assignment. For
this purpose, IBM programming systems reserves the last
four strips of each 3021 Data Cell (strips 6, 7, 8, 9 of sub-
cell 19).

3021 Data Cell and 2321 Drive Capacity

With the use of IBM programming systems as stated pre-
viously under Data Storage, a single 3021 Data cell can
contain a maximum of 39.2 million bytes or 78.5 million
packed decimal digits for record data. With a full comple-
ment (ten) of 3021 Data Cells, a single 2321 Data Cell

Index Record Zero Rg Data Record Ry Data Record Ro-Rp,
Marker A A A
7r N r N I'd
* * *
Home Ro Cnt Rq Key Ro Data  |G3|[ Ry Cnt Ry Key Ry Data [G3| Ry R, Ro-R ¥ Ro-R
2™n 2™"n
A A?AJ\ Address |C2| Area G2 Arear+ |C2 Area AM| Area G2) preq**|C2 Area AMCnt Areq| G2 KeyArea G2 DataArea

*G1 and G3 gaps contain an address marker
**Key area may not be present

Figure 5§5. 2321 Track Format

70 Component Descriptions




Index Record Zero Rg Data Record Ry Data Record Ry-Rp,
Marker A — —
r N r Y r N
* *
*| Home Rg Cnt Rg Key Rp Data |G3| Ry Cnt R Key Ry Data |G3| R2 R, Rp-Rp* Ro-R,
AG] Address G2 Area G2 Area** |©2 Area AM| Area G2 Area ** G2 Area AM|Cnt Areq| G2 KeyArea C2|pataArea
[N — [ —) - N ———’ —————
7 Bytes 11 Bytes KL +2 D+ 2 11 Bytes K+ 2 DL +2 11 Bytes K+ 2 D, +2
Bytes Bytes Bytes Bytes Bytes Bytes
G1G G2G G3G
* G1 and G3 gaps contain an address marker Byt P Byt ap Byt P
' ytes ytes ytes
** Key area may not be present
63 1
## 290 22
44 14 57 + [(KL + DL) + 20 128]
# Truncate any fraction,
## 844 bytes if home address or RO area
is defective. 20673
Figure 56. 2321 Track Capacity
. KL = key length
Storage Track capacity in bytes Track capacity Bytes required by data records (DL = data length
when RO is used as specified when Ro is used for Data records (except for last record) Last record
Unit by I1BM Programming Systems. application data Without key With key Without key With key
*(537 D *[537 (x, + D))
2321 2000 2092 E_L [ L L D 16+(K +D)
_ S TP B L - L Lt
Number of bytes per record Number of equal length records per 2321 track
when R used as specified
by 1BM Programming Systems. 1l 20 3] a4l s 6] 718 |9 {rwof{nu {12131 fis]iel17]18]19] 20
Without key 2000|935 {592 | 422 (320 | 253 | 205| 169 (142 (119 [ 101 | 86| 73 |62 | 53|44 | 37 [30 ]| 24 | 20
. Includes key bytes
With key {(KL) + data bytes (D|)| 1984|920 | 576 | 406 {305 | 238 | 190 | 154126 03 |8 | 70[58]47 | 38|29 21f15] 9
* Multiply first; then divide and truncate any fraction.
Figure 57. 2321 Record Capacities
Drive can have on-line access to a maximum of 392 million Drive Op (Drive Operative) Indicator
bytes or 784 million packed decimal digits and signs. If lighted, indicates that the 2321 has all power on, is op-

erative, and is functionally capable of performing opera-

Operator Controls and Indicators tions. (Note: The enable switch must be on for the drive

The operator panel (Figure 58) on the data cell drive con- to be operative.) This light, if on, does not necessarily
tains indicator lights and manual controls, which provide mean the 2321 is ready to perform normal programmed
the operator with the following information: operations under control of the storage control unit; the

drive ready light indicates that condition.
AC On Indicator

If lighted, indicates that primary ac power is applied to the Drive Ready Indicator

IBM 2321. If lighted, indicates that the 2321 is ready to perform nor-
. mal programmed operations under control of the storage

DC On Indicator control unit, and no interlock conditions exist. (The drive

If lighted, indicates that all dc power within the 2321 is on. operative light must be lighted also.) Interlock conditions,
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| RESTART

Figure 58. 2321 Operator Panel
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(11238]

such as an open entry door or on improperly mounted data
or ballast cell, render the 2321 not ready. (Note: Even if
the drive ready light is on, the 2321 will not perform write
operations if the CE key is inadvertently left turned on in
the CPU.)

Thermal Indicator

If lighted, indicates that a high-temperature condition
exists within the 2321.

Drive Select Indicator

If lighted, indicates that the storage control unit is com-
municating with the 2321.

Enable/Disable Switch

This switch controls the usage meter, which is located in-
side the 2321. The meter must be enabled before the 2321
can become operative. The CPU must be stopped in order
to enable the usage meter.

Reset

This button allows the 2321 indicators to be reset in the
event of an improper status condition. This reset will not
establish a drive operative or drive ready status.

Restart

This button allows the restart of the 2321 after certain
conditions occur, such as a momentary interruption of
power.

Operating Procedures for Removal and Replacement
of 3021 Data Cells

For detailed procedures, see IBM Data Cell Handling Guide,
Form GA26-3633.
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IBM 2303 Drum Storage

INTRODUCTION

The IBM 2303 Drum Storage provides large capacity stor-
age and extremely fast access for System/360.

3.913 million bytes.
Rotational delay only:
average 8.6ms.

303,800 bytes per second.

Storage capacity:

High speed access-
ibility:

Fast data transfer to
the processor:

Multiple units: Maximum of two 2303s per

2841.

The drum is divided into 800 data tracks; each track has a
read/write head and can contain up to 5,008 bytes of data.
The attachment of the 2303 restricts the number of
2311s that may be attached. (See 2841 Storage Control

Introduction.)

Device Description

The 2303 Drum Storage consists of a vertically mounted
drum which is rotated past a stationary array of read/write
heads. The drum, coated with a magnetic recording med-
ium, rotates at about 3,500 revolutions per minute. The
recording surface of the drum is divided into tracks, each
track corresponding to a fixed read/write head position.
Eight hundred addressable tracks, extending around the
periphery of the drum, are used for storing data, and spare
tracks are provided to ensure that each recorded bit can be
stored in a magnetically perfect medium.

Each track has its own individually addressable read/
write head, used for both recording and retrieving data.
The read/write héads are mounted in stationary vertical
arrays that surround the drum.

Access Time

Because of the assignment of an individual read/write head
to each data track, data seek operations and their attendant
access motion time delay are eliminated (although seek
commands must be issued). Therefore, the access time is
composed of only the rotational time of the drum.

17.5ms.
8.6ms.

Maximum rotational time:
Average rotational time:

Data Record Addressing

The arrangement of the read/write heads in stationary
vertical arrays retains the cylinder concept. For addressing,
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the drum is considered to contain 80 data cylinders, each
cylinder containing ten read/write heads.

Multiple-track operations on the 2303 Drum Storage
are not limited to the boundaries of a cylinder; if the
existing file mask is not violated, an operation can proceed
through all 800 data tracks, up to the limit of 65K bytes
in the CCW count. If a multiple-track operation is to pro-
ceed beyond cylinder boundaries, the CCW-command
chain must contain either a seek or a seek cylinder com-
mand; a seek head command terminates the operation at
the end of a cylinder.

Data Storage

Format

Data is stored in the IBM 2303 Drum Storage in the format
defined by the 2841 Storage Control. This format is basi-
cally the same for all storage devices which attach to the
2841. The 2303 track format differs slightly in that there
is an address marker before home address.

Capacity

If IBM programming systems are not used, the first record
on each track may contain application data. Assuming the
use of a full track record zero for application data, a single
IBM 2303 Drum Storage Unit can contain over 4.006 mil-
lion bytes, or over 8.012 million packed decimal digits and
signs.

IBM programming systems reserve the use of the first
record of each track (RO) to store various information
about the track. This information is used by the program-
ming system, and no application data is included. By using
this format, each 2303 can contain over 3.913 million
bytes, or 7.826 million packed decimal digits and signs
(Figure 59). R1 is the first application data record, and if
R1 is the only data record on the track, it may contain up
to 4,892 bytes of information.

Because each data record has non-data components,
such as count area and gaps, track capacity (Figure 60) for
data storage will vary with record design. As the number of
separate records on a track increases, additional byte posi-
tions are used as gaps, so that data capacity is reduced.

The record capacity formulas (Figure 61) provide the means
to determine total byte requirements for records of various
sizes on a track.

File organization, overflow areas, packing factors, etc.,
determine the final net actual capacity available for appli-
cation data.



Index

Record Zero Rgy
Marker A

Data Record R
A

Data Record Ry-Rp
A,

Ve

) r N 4 Y
* * *
Home Ro Cnt Ry Key Rg Data |G3| R; Cnt Ry Key Ry Data |G3|R2 R, Ro-Ry™* Ro=R,
AEA}\ Address |C2| Area G2 Area* [C2 Area AM| Area G2| preq*+|C2 Area AMICnt Areq G2 KeyArea G2 Data Areq
*G1 and G3 gaps contain an address marker
**Key area may not be present
Figure 59. 2303 Track format
Index Record Zero Rg Data Record Ry Data Record Rp-Rp,
Marker y A N A A
r N7 )
* * *
Home Ro Cnt Rp Key Rg Data |G3!R, Cnt Ry Ke Ry Data [G3| Ry R Ry-Ry Ro-R
Gl 0 0 [ 1 Rey 1 2 "Rn 2™"n 27"n
A Address G2 Area | C2| Area** G2 Area Alv\L Area G2 Area ** G2 Area AM|Cnt Areq G2 KeyArea G2 DataArea
) .
7 Bytes 11 Bytes K +2 DL +2 11 Bytes K+ 2 D +2 11 Bytes KL +2 D *2
Bytes Bytes Bytes Bytes Bytes Bytes
*G1 and G3 gaps contain an address marker Gl Ga G2 Ga G3 G
**Key area may not be present Bytes P Bytes P Bytes P 20674
72 36 59
Figure 60. 2303 Track Capacity
ré
. = key length
Storage Track capacity in bytes Track capacity Bytes required by data records (§t= d:{a T:r?gfh
when Ry is used as specified when Ry is used Data records (except for last record) Last record
Unit by 1BM Programming Systems. for data. Without key With key Without key With key
2303 4892 5008 108 +D 146 +(K +D) D, 38 +(K +Dy)
Number of bytes per record when Number of equal length records per 2303 track
Rg used as specified by 1BM
Programming Systems. 1 2| 3| 4 516 718 9 (10 1 ji2(i13|14 1151161171 18}19] 20
Without key ) 48922392 (1558|1142 892 | 725 | 606 | 517 | 447 | 392 | 346 | 308 | 276 | 249 | 225 | 204 | 186 [ 169 | 155 | 142
ith k Includes key bytes
With key {(KL) + data bytes (D )|4854 2354152011104 | 854 | 687 | 568 | 479 |409 | 354 | 308 | 270 (238 | 211 | 187 | 166 | 148 | 131 | 117 | 104
Figure 61. 2303 Record Capacities
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Alternate Tracks

With high-density recording techniques used in the 2303,
minute contamination particles can affect data reading and
writing. Therefore, spare tracks are provided to ensure that
the stated capacity, based on 800 tracks, is maintained. If
a defect is encountered on a track, the entire track is dis-
abled by the Customer Engineer and one of the spare
tracks is substituted. This spare track is given the address
of the original disabled track.
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Enable/Disable Switch

When the CPU is in the wait or stopped state, this switch

enables or disables the communication of the 2303 with

the control unit. It also enables or disables the usage meter.
If the CPU is running when the switch setting is changed,

the 2303 operating status is not changed until the CPU is

placed in the stopped or wait state.



Appendix A. Error Recovery Procedures

Error Condition Table

Sense Byte Setting

Explanation of Setting

Type of Error

Recovery Action

ond Name (See Recovery Action Table)
Byte 0, Bit O 1. The 2841 has detected an invalid command code or a command Programming Action 1
command reject has been given for an uninstalled optional feature.
2. An invalid File Mask has been given.
3. The sum of a key length plus data length exceeds 65535.
4. An IPL command has been given ofter a Set File Mask.
5. Command Out has been presented in response to the request
for the first byte of o Write HA CCW,
Byte O, Bit O 1. The 2841 has detected an invalid seek address. Programming Action 1
command reject 2. Less than six bytes of seek oddress were given.
Byte 0, Bit 7
seek check
Byte O, Bit O 1. A Write command has not been preceded by the necessary Search Programming Action 1
command reject or Write command.
Byte 1, Bit 3 2. A Set File Mask, Reserve, or Release command has been issued
invalid sequence in a chain in which a previous Set File Mask was given.
3. Head switching due to multi-track or overflow record operation
is being attempted in a chain without o previous seek.
4. Space count has been chained from a Write command.
5. A formatting command is being attempted after RO on a defective
track or following a record which is flagged as an overflow record.
Byte O, Bit O The write inhibit portion of the File Mask has been violated. Programming Action 1
command reject
Byte 1, Bit 5
file protected
Byte 0, Bit 1 The direct access device specified by the command is: Device Action 2
intervention 1. Not on line or has not been made ready.
required 2. Not available for use due to a cover open, drive motor off, or
some other interlock condition.
Byte 0, Bit 2 The 2841 has detected an error In the data coming from the CPU. Device Action 2
bus out parity
Byte O, Bit 3 The 2841 has detected a malfunction in an attached device. Device Action 2
equipment check
Byte 2, Bit O
unsafe
Byte O, Bit 3 A bit has been lost or gained while converting data from paraliel Device Action 2
equipment check to serial form during a write operation.
Byte 2, Bit 2
serializer check
Byte O, Bit 3 The micro program has detected an equipment malfunction. Device Action 2
equipment check
Byte 2, Bit 4
2841 ALU check
Byte O, Bit 3 One of the status lines from a device is on when the device is Device Action 2
equipment check not selected.
Byte 2, Bit 5
unselected status
Byte O, Bit 4 A dato check has been detected by the 2841 in the data area, key Device Action 11 (for 2311,
data check area, or home address ared received from the direct access storage 2302, and 2303)
device used in the operation. Action 6 (for 2321 only)
Byte O, Bit 4 A data error has been detected by the 2841 in the count area received Device Action 11 (for 2311,
data check from the addressed direct access storage device. 2302, ond 2303)
Byte 1, Bit O Action 6 (for 2321 only)
data check in
count area
Byte 0, Bit 5 1. A chained CCW was received too late to be properly executed. Device Action 3
overrun 2. Channel response was too slow during data transfer.

30063.0
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Error Condition Table

Sense Byte Setting

Explanation of Setting

Type of Error

Recovery Action

and Name (See Recovery Action Table)
Byte O, Bit 6 1. Any single track command other than Search HA, Read HA, or Programming Action 7
track condition Read RO has been executed on a defective track.
check 2. Command chalning and multi-track command bits indicate that
operations on an altemate track are to continue on the next
sequential track.
Byte 0, Bit 6 An overflow ozeroﬁon has been attempted either to a flagged Progromnting Action 7
track condition defective track or from an altemate track.
check
Byte 1, Bit 7
overflow Incomplete
Byte O, Bit 7 Direct access device has failed to complete a seek due to: Device Action 3 (for 2303)
seek check 1. The access mechanism has failed to position. Action 4 (for 2311
2. A home address compare is unsuccessful after automatic head and 2302)
switching during a multi-track operation. Action 8 (for 2321)
Byte O, Bit 7 A ballast cell was located by the 2321 Operator or Action |
seek check Device
Byte 1, Bit 6
missing address
marker
Byte O, Bit 7 An overflow to a wrong track has occurred. Head number compare Device Action 4
seek check failed.
Byte 1, Bit 7
overflow incomplete
Byte 1, Bit 1 Writing has not been completed by the time the index marker Is Programming Action 1
track overrun detected.
Byte 1, Bit 2 An end of cylinder condition was detected during a muiti-track Programming Action 1
end of cylinder operation before the CCW chain was complete.
Byte 1, Bit 4 Two index markers were detected during a CCW chain with no Programming Action 10
no record found read or write operation being performed on any home address or
Byte 1, Bit 6 data area of any record. During a Search command chaln, this
not present could be expected to happen and appropriate file masks should
be used.
Byte 1, Bit 4 Home address or record RO cannot be located on the track. This Operator or Action 9
no recerd found condition can also indicate that a 2321 has failed to pick a strip, Device
Byte 1, Bit 6 or a ballast cell position, other than subcell 0, was accessed and
missing address read.
marker
Byte 1, Bit 5 The 2841 has detected a Seek, multi-track Read, or multi-track Programming Action 1
file protect Search command that violates the seek portion of the File Mask.
Byte 1, Bit 5 An overflow was attempted to a file-protected area. Programming Action 1
file protect
Byte 1, Bit 7
overflow incomplete
Byte 1, Bit 6 The 2841 has detected two successive count areas with identical Device Action 5 (for 2377,
missing address bit settings in bit O of the flag byte. 2302, and 2303)
marker Action 6 (for 2321 only)
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Action Number

Recovery Action Table

1.

Exit from program and indicate that a program error occurred . [n some cases, the programmer may wish to exit to a special re-
covery procedure .

2.

Repeat the sequence once. If the error condition persists, print error message 1 of the error messages shown at the end
of this table.

Repeat the failing sequence for up to ten times. If the error condition persists for ten retries, print error message 1.

Issue a recalibrate command (the 2302 will require a seek to cylinder 251 followed by a seek to cylinder 000). Seek the original
address. Repeat the failing sequence for up to ten times. If the error condition persists for ten retries, print error message 1,
and exit from the program and indicate that a data error occurred.

Repeat the failing sequence for up to ten times. If the error condition persists for ten retries, the data error is considered to
be a "hard" error. At this point it may be necessary to reconstruct the record. Therefore, print error message 1, exit from
program to recovery routine, and indicate that a data error occured.

6. for 2321 only

a. Repeat the failing sequence for up to eight times.

b. Seek to X-X-X-4-19 (the last track of a strip) followed by a seek to X-X=X-0-0 (the first track of a strip) . Repeat this
pair of seek commands eight times.

c. Relssue the original seek and repeat the sequence that failed for two more times. If the error persists, and the total
number of retries is not a multiple of 32, repeat stepsb. and c.

d. Each time the number of retries is a multiple of 32, issue a seek to the strip with the next lower address; in the case of
strip 00000, issue a seek to the next higher addressed strip . - After completing this (d.) return to c.

e. If the error condition persists for 226 retries of the failing sequence, the error is considered to be hard.

I this is an alternate track, use the address of the defective track, plus one, for a new seek address. The address of the def-
ective (original) track can be found in the identifier portion of the RO count area. Resume the operation after seeking to the
correct address. If this is a defective track, issue a seek command containing the address of the proper alternate track. The
address of the alternate track can be found in the identifier portion of RO. Resume the operation after seeking to the correct
address .

8. for 2321 only

5. lssue one or more seek commands o an address containing subcell, strip, and head position bytes which are different from
the corresponding bytes in the original address.

b. Issue a seek command to the original address.

c. Repeat a. and b. for ten times If the sequence continues to fail .

d. If the error condition persists, print error message 1.

9. a. 2311 - Issue a recalibrate and then a seek to the original address.
2321 - Issue a restore and then a seek to the original address.
2302 - Issve a seek to cylinder 251 followed by a seek to cylinder 000 and then a seek to the original address.
2303 -~ Gotostep b.
b. Repeat the sequence that failed.
c. Repeat a. and b. two times if the error condition persists.
d. Issue a read home address command to a different track but within the same cylinder.
e. If the read home address command is successful, return to the original track and perform action number three .
£. If the read home address command is unsuccessful after two retries and the original error isrepeated, print error message
number one .
10. a. Issue a read home address command to verify that the correct track has been located. (Correct cylinder will suffice
for multi-track operation) .
b. If the location is correct, perform action 1.
c. If the location Is not correct, perform action 4. (for 2311 ond 2302)
d. If the location is not correct (for a 2321):
(1). If the track Is not correct, issue one or more seek commands to an address containing subcell,
strip, and head position which are different from the corresponding bytes In the original address.
(2). Issue a seek command to the original address .
(3). Repeat the sequence that failed.
(4). Repeat steps a.,b., and d. ten times if the sequence continues fo fail. If the error condition persists,
do step 5.
(5). If the error condition persists, do action 1.
1. a. Repeat the original sequence 16 times if error persists.

b. After 16 unsuccessful retries, issue instructions to recalibrate (See action 9 step a.)
and then seek to the original cylinder. Repeat a then b 16 times if error persists.

c. After 16 unsuccessful retries of b; the data error is sail to be "permanent”. At this point, the permanent error
recovery operations may be employed at user option.

d. Print message 1 and exit with data error indication and option information .

Appendix A. Error Recovery Procedures 79



PRINTOUT MESSAGE

The following information for messages should be included in the operating program structure of al!
2841 user programs.

Message 1

This information should be printed out for all errors considered to be permanent or uncorrectable:
message code

. type or error-read, write or control

. device addressed and the actual seek address

. channel designation

. status and sense bytes sent to CPU.

sopoo

Message 2

This information should be printed after the compietion of a job or on the request of the operator:
a. device used
b. number of entries into error routines
c. number of uncorrectable errors
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Appendix B. Status and Sense Bytes

CSW Status Sense Byte |Sense Byte Sense Byte Sense Byte 3 Sense Byte Sense
Byte 0 ! 2 2311 2321 2302 2303 4 Byte 5°
Bit O | Attention Command Data Check | Unsafe Ready Drive Access Drum 0 i
Reject in Count Area Ready Ready Ready
Bit 1 | Status Intervention |Track not used On Line Drive Access Drum 0 ]
Modifier Required Overrun Operative | Operative Operative
Bit 2 | Control Bus-Out End of Serializer | Unsafe Read Read Read 0
Unit End Parity Cylinder Check Safety Safety Sofety
Bit 3 | Busy Equipment |[invalid not used not used Write Write Write 0 See
Check Sequence Safety Safety Safety Note
Bit 4 | Channel Data Check |No Record ALU On Line Strip On Line Ready 0
End Found Check Ready
Bit 5 | Device Overrun File Unselected | End of Invalid not used not used 0
End Protected File Status | Cylinder Address
Bit 6 | Unit Track Condi-JMissing Add- | not used not used Auto not used not used 0
Check tion Check |ress Marker Restore
Bit 7 | Unit Seek Overflow not used Seek C.E. Cell | C.E.Cylinder| not used 0
Exception Check Incomplete Incomplete | Located . Located
*Sense Byte 5 is used only for the overflow feature . The setting of the bits is determined by the
conditions existing at the time of the interruption and the type of operation’in progress. For
further information on the bit configurations, refer to the description in the text of the manual.
81
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COMMAND CODE

COMMAND Single Track Operations Multiple Track Operations DATA ADDRESS COUNT
Decimal | Hexadecimal| Binary Decimal | Hexadecimal |  Binary
Control No Op 03 03 0000 0011 X Not Zero
Seek 07 07 0000 0111 . 6
Seek Cylinder n 08 00001011 CPU storage location of seek | ¢
Seek Head 27 B 0001 1011 acdress 6
Set File Mask 31 1F 0001 1111 CPU storage location of mask byte 1
Space Count 15 OF 0000 1111 X Not Zero
Transfer in Channel X8 X8 XXXX 1000 CPU storage location of next CCW- | X
Recalibrate 19 13 0001 0011 (Must be divisible by 8.)
Restore 23 17 0001 0111 X Not Zero
Sense Sense 1/0 04 04 0000 0100 CPU storage location to which six 6
sense bytes are sent
Switching | Release Device 148 94 1001 0100 X Not Zero
Reserve Device 180 B4 1011 0100 X Not Zero
Search Home Address Equal 57 39 0011 1001 185 B9 1011 1001 4 (usually)
Identifier Equal 49 3 0011 0001 177 B1 1011 0001 5 (usually)
Identifier High 81 51 0101 0001 209 D1 1101 0001 5 (usually)
Identifier Equal or High 13 71 0111 0001 241 F1 1111 0001 5 (usually)
Key Equal 41 29 0010 1001 169 A9 1010 1001 From 1 to 255
Key High 73 49 0100 1001 201 c9 1100 1001 From 1 to 255
Key Equal or High 105 69 0110 1001 233 E9 1110 1001 CPU st location of h From 1 to 255
Key and Data Equal* 45 20 0010 1101 173 AD 1010 1101 mgurj‘effg“ ocation of searc
Key and Data High* 77 4D 0100 1101 205 cD 1100 1101
Key and Data Equal or High* 109 6D 0110 1101 237 ED 1110 1101
Continve Scan Eq* 37 25 0010 0101 Number of bytes (including
Continue Scan High* 69 45 0100 0101 mask bytes) in search
Continue Scan Eq or Hi* 101 65 0110 0101 argument
Continve Scon, No Compare* 85 55 0101 0101
Continue Scan, Set Compare* 117 75 0111 0101
Read Home Address 26 1A 0001 1010 154 9A 1001 1010 5
Count 18 12 0001 0010 146 92 1001 0010 8
Record RO 22 16 0001 0110 150 96 1001 0110 CPU storage location to which Number of bytes to be transferred
Data 06 06 0000 0110 134 86 1000 0110 areas read will be transferred Number of bytes to be transferred
Key and Data 14 OE 0000 1110 142 8E 1000 1110 Number of bytes to be transferred
Count, Key and Data 30 1E 0001 1110 158 9E 1001 1110 Number of bytes to be transferred
Initial Program load (IPL) 02 02 0000 0010 Number of bytes to be transferred
Write Home Address 25 19 0001 1001 5
Record RO 21 15 0001 0101 8+Key Length+Data Length of
CPU storage location from which | Record RO
Count, Key and Data 2 1D 0001 1101 areas to be written will be 8+ Key Length + Data Length
Special Count, Key and Data*| 01 01 0000 0001 transferred 8+ Key Length + Data Length
Data 05 05 0000 0101 Data Length
Key and Data 13 0D 0000 1101 Key Length + Data Length
Erase 17 n 0001 0001

8 + Key Length + Data Length

* Speciol Feature
X Not Significant
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1BM supplies utility programs for track initialization. If the user intends to use 1BM-
supported programming systems, it is recommended that IBM initialization utility programs
be used. In addition to performing surface analysis and initialization, the IBM utility
programs establish o volume table of contents (VTOQ) that is used by the 1BM programming

systems.

The following flowchart and procedure is a guide for the user writing his own initiali-

Appendix D. Track Initialization Procedures

zation routines. This procedure indicates only those steps necessary to ensure data re-
covery and proper surface analysis. The user should also include the necessary error
checking routines to ensure proper overall operation of the 1/O devices used.

This procedure is inten:
condition of each track. Surface analysis must be

prior to analysis of primary tracks.

ded to write home address on each track and to analyze the

completed on the alternate tracks

2311, 2302, ond 2303 Procedures

O )
#

Start

Read home
address.
Check for
flag options.

Flogged
Alternate

Flagged
Primary

Flog removed
or no flog

Write home
address ond RQ,|
Use (hex) 55
for data,

Write home
address and
RO. Use (hex)
00 for data.

S

Read each
track written.

Dota

pattern
hex (00)?,

Rewrite home
address and
standard
length RO.

Read each
track written.

Surfoce
analysis and
initialization
complete.

Read home address of track to be
initialized to check for previous flags.
Initialization programs must have option
to ignore previously flogged tracks or to
unconditionally flag or unflag any indi-
vidual track. This step must be bypassed
when initializing for the first time.

If an altemate trock is flagged and is to
remain flagged, the program should re-
move this track as a possible alternate
and return to step | for the next track.

If o primary track is flagged and is to
remain flagged, go to D step 31 for alter~
nate track assignment.

Write home address and RO with o maxi-
mum-length data field. Use 55 (hexa-
decimal) in each data position. (For the
2311, a list of defective tracks is supplied
by the factory. These tracks should be
flagged as defective.)

Upon error-free operation using 55 (hexo-
decimal) in all data positions, repeot step
3 using 00 (hexadecimal) in all dota
positions.

Perform a read operation on each track.
Compare home address and RO with home
address and RO written to ensure that the
record can be recovered successfully.

If an error occurs during the read operation,
go to the error routine at B step 13. If no
error occuss, continue with step 7.

Retum to step 4 if data bit pattem is not
00 (hexadecimal). If the data bit pattem
is 00 (hexadecimal), continue with step 8.

Rewrite home address and standard length
RO on each track.

Read all records that were written in step
8 to verify that these records can be re-
covered successfully.

If an error occurs during read operation,
go to error routine at B step 13. If read
operation is error free, continue with
step 11,

Repeat steps 1-10 for all tracks.

Surface analysis and initialization are
complete.

Use error

recovery

procedures:

Appendix A.
Reread home
address and
RO. Repeat
ten times.

Resume
analysis of

point of exit.

Data
check or

MAM and
NRF

No

Post message
to the operator.

Resume
analysis at

point of exit.

No
Data
check?
Yes
Use error
recovery
procedutes:
Appendix A.

20.

21,

23.

Analysis of sense information must be
made. If the sense information indicates
a data check (including data check in
the count field), go to step 15, Con-
tinue with step 14 for all other errors.

Use the error recovery procedures as
outtined in Appendix A.

Attempt to reread home address and RO
either ten times or until the error re-
appears.

Continue with step 17 if an error does
not occur. Go to step 18 if on error
does occur.

The track is not defective, Resume

analysis at point of exit.

If the device being initialized is o 2303,
continue with the next step for error
analysis. Go to step 22 far oll other
devices.

Analysis of sense information must be
made. |f the sense information indicates
a data check (including data check in
the count field), or missing address mark
and no-record-found error, continue
with the next step. Go to step 23 for all
other errors.

Post a message to the operator indicating
the defective track. A spare head and
track combination must be wired by a
Customer Engineer.

Resume analysis at point of exit.

Analyze the sense information to deter-
mine if the error is a data check. f the
error is a data check (including data
check in the count field), go to the
altemate track routine ot C step 24.
Continue with the next step for all other
errors.,

Attempt error correction using the error
recovery procedures as outined in
Appendix A.
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Write home
address and
RO. Use (hex)
02in flog byte.

Reod check
home address
ond RQ-.

2311

2302

Disk pack
must re~
paired or
replaced.
Disk must be
replaced by
Customer
Engineer.
Alfznore Alternate
primar

track

Primary

Seek to
alternate
track assigned .

Write ond ver-
ify home od-
dress and RO .

Error?

Yes

Use error re~
covery a3
defined in
Appendix A.

Resume anal-
ysis ot point
of exit.

24.

25.

26.

27.

28.

31,

32.

33.

Write home address and record RO with
the flag byte as (hexadecimal) 02 on the
defective track. The home address is
the physical address of the defective
track. The dota field length should be
kept to @ minimum (but greater than
zero) to avoid spanning the track de-
fect. The content of the data field is
not critical. The RO count field should
contain the address of the alternate
track .

Reod check the home address and RO to
verify that it was written and can be
recovered successfully .

If o dota check (including data check
in the count field), or missing oddress
mark and no-record-found error occur,
continue with step 27. If no error
occurs, go to step 30.

Continue with step 28 if the device
being initialized is @ 2311. If itisa
2302, go to step 29.

The disk pack in question must be re-
ploced or repaired. After reploceqent
or repair, complete surface analysis
ond initialization fmust be repeated .

The disk in question must be replaced
by a Customer Engineer. After replace-
ment, complete surface analysis and
initialization must be repeated .

If the defective track is on alternate
track, the program should remove this
track as a possible alternate and resume
onalysis at A step 1. If the defective
track is @ primary track, continue with
the next step .

Seek to the alternate track assigned

by the user's alternate track address
subroutine. If all alternate trocks have
been used, log the condition and ter-
minate the process.

Write and verify home address and RO
with the flog byte os 01 (hexadecimal) .
home oddress is the physical od-
dress of the track . The original track

address is normally placed in the RO
sount field.

If no error occurs during verification
of home oddress and RO, go to step 35.
{f an error occurs, continue with step 34,

Use the error recovery procedures as
outlined in Appendix A.

Assignment of alternate track is com=
plete. Resume analysis ot point of exit.

2321 Procedures

Start

Read home
address .
Check for

flag options.

Flagged
alternate

Flogged
primary

Flag removed| Q
or no flag

Write cycle
for complete
cylinder.

Read cycle
for complete
cylinder.

Error?

No End of

strip?

Modify address
to next
cylinder.

No Address
unequol

error?

Perform o
head position
check.

36.

37.

40.

41.

42.

44.

45,

Reod home address of tracks to be
initialized to check for previous flags.
Initializotion programs must have option
to ignore previously flagged tracks or
to unconditionally flag or unflag any
individual track . This step must be
bypassed when initializing for the first
time .

If an alternate track is flagged and is to
remain flagged, the program should re=
move this track os o possible alternate
and return to E step 36 for the next track.
If o primary track is flagged and is to
remain flagged, go 1o Q step 87.

Write home address, RO, and Rl with a
maximum data length on all tracks in
the cylinder. Use E5 (hexadecimal) for
the data in R field.

Verify that each trock hos been written
correctly by reading the home address
ond RO ond read checking R1. Compare
home address read with the assigned
home address to ensure that each track
has been written .

if the read cycle is error free, go to
step 42. Continue with step 41 if an
error occurs .

If the error is an address unequal error
detected by the home address compare,
go to the error routine ot L step 75. Go
to the error routine at G step 60. for all
other errors.

Continue with step 43 if the iast
cylinder on the strip has not been
initialized. Go to step 44 if all
cylinders ‘on the strip have been
initialized .

Modify address to the next cylinder to
be initiolized. Return to E step 36.

A head-~position check should be per-
formed by reading the home oddress of
the firsttrack of cylinders O through 4.
Check by programming {(home address
compure{ that each cylinder actually
has been written .

If the head position check is error free,
go to F step 47. f an error occurs
continue with step 46.

If the error is an address unequal error
detected by the home oddress compare,
go to the error routine at L step 75.
Go to the error routine at G step 60 for
all other errors.
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End of
subcell
?

Modify address
to next strip.

Perform o
finger check

Address
unequol
?

Modify oddress
to next subcell,

Perform a
subcell check.

Error ?

Last cell?

Yes

Modify address
to next cell.

Surfoce
analysis and
initialization
complete.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

59.

Continue with the next step if all strips
in the subcell have not been initialized.
If the lost strip in the subcell has been
initialized, go to step 49 .

Modify address to the next strip to be
initialized. Return to E step 36.

A finger check should be performed ot
this point . Reod home address of
cylinder 0, track O of strips O through 9
Check by programming (home oddress
compare) that each strip of the subcell
has been written .

If the finger check is error free, proceed
1o step 52. If on error occurs, continue
with the next step.

“If the error is an address unequal error

detected by the home oddress compare,
go to the error routine at L step 75.
Go to the error routine at G step 60
for oll other errors.

Continue with step 53 if all subcells of
the cell have not been initialized. If
all subcells of the cell have been
initiotized, go to step 54 .

Modify oddress to the next subcell to
be initiolized. Return to E step 36.

A subcell check should be performed
upon completion of each cell. Read
home address of strip 0, cylinder 0,
track 0 of subcells O through 19. Check
by programming (home address compare)
that each subce!l has been written.

If the subcell check is error free, go
to step 57. !f an error occurs, continue
with the next step.

If the error is an oddress unequal error
detected by the home address compare,
go to the error routine ot L step 75.
Go to the error routine ot G step 60 for
all other errors.

Continue with step 58 if all cells have
not been initialized. Proceed to step
59 if all cells have been initiolized.

Modify address to the next cell to be
initialized. Return to E step 36

Surface analysis and initialization ore
complete .

MAM and NRF

covery

Use error re=

procedures:
Appendix A.

Rewrite track
and repeot
failing opero-
tion .

No

Repeat foiling
loperation
two times.

of exit.

Resume anal-
ysis at point

13

Total
retries 113
or multiple
of 16?

Multiple
of 16

Not muitiple
of 16

Seek to next
lower strip
oddress .

Seek to last
and then first
track on strip.
Repeat eight
times .

Issue original
seek .

6l.

62.

63.

65.

67.

69.

70.

7.

Evaluation of sense data must be done
to determine the type of error. If the
error is a data check (including dota
check in the count field), go to step 62.
If the error is a missing address mark
and no record found error {blank track),
go to H step 72. Continue with the
next step for all other errors.

Use the error recovery procedures as
outlined in Appendix A.

Rewrite the track ond repeot the fail-
ing operation.

Continue with step 64 if the error does
not persist. If an error occurs when
repeating the failing operation, go to
step 67.

Repeat the failing operation two more
times .

If an error occurs while repeating the
operation two times, go to step 67 .
If an error does not occur, continue
with the next step .

Resume the onalysis and initialization
at the point of exit.

The program should keep track of the
tota! number of retries. If the total
is a multiple of 16, go to step 68.

1f the total is not o multiple of 16,
go to step &9 . When the total number
of retries reaches 113, go to step 71.

Seek to the next lower sirip address .
If track 0000, issue a seek to the next
higher strip address. .Go to step 70.

{ssue o seek to X=-X=-X-4-X (the lost
track of the strip) . Command chain

to a seek to X=X-X-0-X (the first

track of the strip) . Repeat this sequence
eight times.

{ssue the original seek and return to
step 62.

The error is now considered to be hord.
If the hord error is a data check in RO
or home address, go to the aiternote
track routine ot J step 80. If the
error i3 a data check in R1, go to the
alternate track routine ot K step 81.
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&)

Use error
recovery
procedures:
Appendix A

Resume analy-
sis at point
of exit.

Third

blank track,

cylinder, strip,

or subcel!
2

No

Post messoge
to operator
and terminate
initiolization.

Rewrite Cycle

Origina

error in read

cycle
?

Subcell
Check

Head
Position

that detected
original error
?

9

72.

73.

74.

75.

76.

77.

78.

Attempt correction of the missing ad~
dress mark and no record found error
by using the recovery procedures in
Appendix A

If the missing address mark and no
record found error cannot be corrected,
go to step 75. If the error is corrected,
continue with the next step.

The error is not considered hard .
Resume the analysis at point of exit.

Go to step 76 if the error is the third
blank or incorrectly written (1) track
in a cylinder, (2) cylinder on a strip,
(3) steip in subcelr, or (4) subcell
in a cell. Otherwise go to step 77.

Post @ messoge to the operator describ-
ing the condition and terminate the
the initialization. A machine mal-
function has probably occurred .

The rewrite cycle should rewrite the
following (1) track if the error was first
detected in the read cycle step 39,

(2) cylinder if the error was first de-
tected in the head position check step
44,7 (3) strip if the error was first de-
tected in the finger sheck step 49, or
(4) subcell if the error was first detect-
ed in the subcell check step 54.

If the original error was a read cycle
error detected during the read cycle
step 39, go to R step 39. Continue
with the next step for other errors.

If the original error was a head
position error detected in step 44,
return to M step 44. If the original
error wos a finger check detected in
step 49, return to N step 49. If the
original error was a subcell check

detected in step 54, return to P step 54.

J
Flog track as
defective.
Flag byte as
42 (hex).
Flag track as
defective.
Flag byte as
02 (hex).
Read check
home address
and RO.

Post message
to operator
and terminate
initialization.

Altemate
or primary
track ?

Alternate

Primary

Seek to
altemate track
assigned.

Write home
address and RO
with flag byte
as 01 (hex).

Read check
home address
and RO.

"Yes

No

Resume analy-
sis at point of
exit.

8t.

82.

83.

85.

86.

87.

9.

Write home address and RO with flog

byte as 42 (hexadecimal) on the de-
fective track. The flag byte setting
causes 800 bytes to be added to the

home oddress gop. Home address and
record RO are the only records permitted
on the track . The RO count field should
contain the address of the alternate track .

Write home oddress and RO with flog byte
as 02 (hexadecimal) on the defective
track . The date field length of RO should
be kept to a minimum (but greater than
zero) to avoid spanning the track defect.
The RO count field should contain the
address of the alternate track .

Read check the home address and RO to
verify that it was written and can be
recovered.

If the home oddress and RO cannot be
recovered successfully, go to the next
step, if the home oddress and RO can
be recovered, continue with step 86.

If home oddress and RO cannot be re-
covered os written in step 81, then they
should be rewritten using the method in
step 80. If the home address and RO
cannot be recovered when written using
the method in step 80, continue with the
next step .

Post a message to the operator describing
the condition and terminate the initiali=
zation. The strip must be replaced.

If the defective track is an alternate
track, the program should rémove this
track as a possible alternate and resume
analysis ot E step 36.

Seek to the next alternate track address
assigned by the user's alternate track
subroutines. If all alternate tracks hove
been used, post o message to the operator
and terminate the initialization.

Write home oddress and RO with the flog
byte as 01 (hexodecimal). The oddress
of the original trock is normally placed
in the RO count field.

Read check the home oddress and RO to
verify that they were written and can be
recovered .

If an error occurs or the track was pre=
viously flagged, return to step 87 to
ossign a different alternate track, if the
read check is error free, continue with
the next step

Assignment of alternate track is complete .
Resume onalysis at point of exit.
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AC ON Indicator, 2321 71
Access Group 60
Access Mechanism
2302 60
2311 54
2321 67
Access Time
2302 60
2303 74
2311 55
2321 67
Additional Storage Feature 1,14
Address Marker, Gap (G3) 6
Addressing
General 14
with Two-Channel Switch 51
2303, Data Record 74
2311, Data Record 55
2321, Track 67
Alternate Track
Description 04
2303 76
2321 70
ALU Check 18
Attention 15

Branching in Channel Programs 16
Bus Out Parity Check 18
Busy 15§
Button, 2321
Reset 72
Restart 72
Byte 2

Capacity

2302 61

2303 74

2311 56

2321 66
Chain Command (CC) Flag 11
Chain Data (CD) Flag 11
Chaining 11
Chaining Requirements (see individual command)
Channel Address Word (CAW) 10
Channel Command Word (CCW) 10,11
Channel Commands (see Commands, Channel)
Channel End 10,13,15
Channel Program Examples 42
Channel Selection Switch 50
Channel Status 15
Channel Status Word (CSW) 10,14
Checking

Cyclic 8

Data 2

Write 32
Command Address 10,15
Command Chaining 10,11
Command Code 11,12
Command Codes, Appendix C, 82
Command Reject 18
Commands 12
Commands, Appendix C, 82
Commands, Channel

Continue Scan 41

Device Release 50

Index

Commands, Channel (Continued)
Device Reserve 50
Erase 35
No Operation (No-Op) 19
Read Count 30
Read Count, Key, and Data (Read CKD) 31
Read Data 30 .
Read Home Address (Read HA) 29
Read Initial Program Load (Read IPL) 31
Read Key and Data (Read KD) 30
Read Track Descriptor Record (Read R0) 30
Recalibrate 21
Restore 21
Search Home Address Equal (Search HA) 23
Search ID Equal 25
Search ID Equal or High 25
Search ID High 25
Search Key and Data 26
Search Key and Data Equal 26
Search Key and Data Equal or High 26
Search Key and Data High 26
Search Key Equal 26
Search Key Equal or High 26°
Search Key High 26
Seek 20
Seek Cylinder 20
Seck Head 21
,Sense Command 17
Set File Mask 21
Transfer in Channel (TIC) 16
Write Count, Key, and Data (Write CKD) 35
Write Data 37
Write Home Address (Write HA) 34
Write Key and Data (Write KD) 38
Write Track Descriptor Record (Write R0) 34
Condition Code (CC) 10
Configurations 1
Continue Scan 41
Control Commands
No-Operation (No-Op) 19
Recalibrate 21
Restore 21
Seek 20
Seek Cylinder 20
Seek Head 21
Control Unit Address 14
Control Unit End 15
Count 15
Count (CCW) 11
Count Area
Cylinder Number §,7
Data Length 5,7
Flag 4,6
Key Length 5,7
Read/Write Head Number 5,7
Record Number 5,7
Cyclic Check 2
Cyclic Checking 8
Cylinder Concept 56
Cylinder End 18
Cylinder Number 4,5

Data Address (CCW) 11
Data Area

(RO) 6

(R1-Rn) 8

Index
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Data Cell 66 Format Write Commands 34

Data Cell Drive, 2321 66 Formatting Overflow Records 36,39
Data Cell, Removal and Replacement 72 Functions 1

Data Character Transfer 2

Data Characters 1

Data Check 18 Gaps (G)
Cyclic Check 2 (G1)Gap 3
in the Count Field 18 (G2)Gap 3
Parity 2 (G3) Gap Address
Data Length 5,7 Marker 6
Data Record Addressing Lengths 3
2303 74
2311 5§
Data Records (R1-Rn) Halt I/O0 14
Count Area 6 Home Address Area 3
Data Area 8 Cylinder Number . 4
Key Area 7 Home Address Flag Byte 4
Data Strip 66 Read/Write Head Number 4

Data Write Commands 37
DC ON Indicator,2321 71

Defective Count Area (Record N) 28 I/O Instruction Format 13
Defective Home Address or Record RO 28 1/0O Instructions
Defective Track 4 Halt /O 14
Device Address 14 Start I/O 13
Device End 10,15 Test Channel 14
Device Release Command 50 Test /O 13
Device Reservation 50 I/O Interruption 10
Device Reserve Command 50 I/O Operations 12
Disk Pack ID, Record Identifier 5,7
Handling and Storage S8 Index Marker 3
Loading and Unloading 58 Indicator
Disk Packs, 1316 56 2302, Temperature Normal 62
Disk Storage 2311
Module - 60 Ready 58
2302 60 Select Lock 57
2311 54 2321
Drive Op Indicator, 2321 71 ACON 71
Drive Ready Indicator, 2321 71 DCON 71
Drive Select Indicator, 2321 72 Drive Op 71
Drum Storage, 2303 74 Drive Ready 71
Drive Select 72
Thermal 72
Enable/Disable Switch Initial Program Load (IPL) 31
with Two-Channel Switch 52 Initial Status Byte 10
2302 62 Initialization 12
2303 76 Initialization Procedures, Appendix D. 83
2311 58 Input/Output Operations 9
2321 72 Instructions, I/O 13
2841 49 Intervention Required 18
End-of-File 38 Invalid Sequence 18
Equipment Check 18 Isolation Control 49 ‘
Erase 35 Isolation Control with Two-Channel Switch 52
Error Recovery Procedures, Appendix A. 77
Examples, Channel Program 42 Key Area
(RO) 6
. (R1-Rn) 7
Field 2 Key Length 5,7
File Protected 18
File Scan 26
Flag Light (see indicator)
Byte 4,6 Loading and Unloading
Chain Command (CC) 11 3021 Data Cell 72
Chain Data (CD) 11 1316 Disk Pack 58
Program-Control-Interruption (PCI) 11
Skip 11 )
Suppress Length Indicator (SLI) 11 Mask Byte 22
Format : Message, Printout 80
Data 1 . Missing Address Markers 18
1/O Instruction 13 Multi-Track (M-T) Operation 39
Track 3
2302 61
2303 74
2311 56 : No-Operation (No-Op) 19
2321 70 No-Record-Found 12,18
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Operator Controls, 2841
Enable/Disable Switch 49
Usage Meter 49
Operator Controls and Indicators, 2311
Enable/Disable Switch 58
Ready Light 58
Select Lock Indicator 57
Start/Stop Switch 57
Operator Controls and Indicators, 2321 71
Overflow Incomplete 18
Overflow Records
Formating 36,39
Processing 39
Overrun 18

Parity 2

Power Control with Two-Channel Switch 52
Primary Track 4

Printout Message 80

Problem State 10

Processing Overflow Records 39
Program-Control-Interruption (PCI) Flag 11
Program Status Word (PSW) 10
Programming Example 42

Protection Key 10,15

Read Commands
Read Count 30
Read, Count, Key, and Data (Read CKD) 31
Read Data 30
Read Home Address (Read HA) 29
Read Initial Program Load (Read IPL) 31
Read Key and Data (Read KD) 30
Read Track Descriptor Record (Read R0) 30
Read/Write Head Number 4,5
Ready Indicator, 2311 58
Recalibrate 21
Record 2
Record Capacities
2302 63
2303 75
2311 57
2321 71
Record Identifier (ID) 5,7
Record Number 5,7
Record Overflow 39
Record Zero (R0)
Count Area -4
Key Area 6
Data Area 6
Reservation, Device 50
Reset Button, 2321 72
Resets with Two-Channel Switch 52
Restart Button, 2321 72
Restore 21
Rotation Timing, 2321 67

Search Argument 27
Search Commands
File Scan
Search Key and Data 26
Search Key and Data Equal 26
Search Key and Data Equal or High 26
Search Key and Data High 26
Search Home Address Equal (Search HA) 23
Search Identifier (Search ID)
Search ID Equal 25
Search ID Equal or High 25
Search ID High 25

Search Commands (Continued)
Search Key
Search Key Equal 26
Search Key Equal or High 26
Search Key High 26
Seek Check: 18
Seek Commands
Seek 20
Seek Cylinder 20
Seek Head 21
Select Lock Indicator, 2311 57
Sense Bytes 17
Sense Command 17
Sense [/O 17
Serializer/Deserializer Check 18
Set File Mask 21
Skip.Flag 11
Space Count 28
Start [/O 13
Start I/O Instruction 10
Start/Stop Switch, 2311 57
Status and Sense Bytes, Appendix B. 81
Status Modifier 15
Strip Access Mechanism, 2321 67
Strip Pick-Up Cycle 68
Subcell 66
Supervisor Call (SVC) 10
Supervisor State 10
Suppress Length Indicator (SLI) 11
Switch
Chapnel Selection 50
Enable/Disable
with Two-Channel Switch 52
2302 62
2303 76
231158
2321 72
- 2841 49
Start/Stop 57

Temperature Normal Indicator, 2302 62
Termination of I/O Operations 13
Test Channel 14
TestI/O 13
Thermal Indicator, 2321 72
Track
Alternate 4
Defective 4
Primary 4
Track Addressing, 2321 67
Track Capacity
2302 63
2303 75
2311 57
2321 70
Track Condition Check 18
Track Descriptor Record (R0) (see Record Zero)
Track Format
Data Records (R1-Rn) 6
Home Address Area 3
Index Marker 3
Track Descriptor Record (R0) 4
2321 67
2302 62
2303 75
2311 56
Track Overrun 18
Transfer in Channel (TIC) 16
Two-Channel Switch
Addressing 51
Channel Selection Switch 50

Index
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Two-Channel Switch (Continued)
Device Reservation 50
Enable/Disable Switch 52
Isolation Control 52
Power Control 52
Resets 52

Unit Check 15
Unit Exception 15
Unsafe 18
Unselected Status 18
Usage Meter

2302 62

2841 49

Write Checking 32
Write Commands 31
Data Writé Commands
Write Data 37
Write Key and Data (Write KD) 38
Format Write Commands
Write Count, Key, and Data (Write CKD) 3§
Write Home Address (Write HA) 34
Write Track Descriptor Record (Write R0O) 34

1316 Disk Packs 56

JOSIME

®

International Business Machines Corporation
Data Processing Division

112 East Post Road, White Plains, N.Y. 10601
[{USA Only]

IBM World Trade Corporation
821 United Nations Plaza, New York, New York 10017
[International |

2302 Disk Storage
Data Storage 61
Indicators 62
Introduction 60
Track Format 62

2303 Drum Storage
Data Storage 74
Introduction 74
Track Format 61

2311 Disk Storage
Data Storage 55
Introduction 54
Operator Controls and Indicators 57
Loading 58
Unloading 58
Track Format 56

2321 Data Cell Drive
Data Storage 67
Introduction 66
Removal and Replacement of 3201 Data Cells 72
Operator Controls and Indicators 71,
Track Format 70

3021 Data Cell and 2321 Drive Capacity 70
Removal and Replacement 72
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