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Figure 1. IBM 7320 Drum Storage Figure 2, IBM 7631 File Control



IBM 7320 DRUM STORAGE WITH IBM 7090-7094-7094 II

DATA PROCESSING SYSTEMS

High data transmission rates to and from the IBM
7090-7094-7094 II Data Processing Systems and elimi-
nation of "seektime' to both randomly and sequentially
stored information are provided by the IBM 7320
Drum Storage (Figure 1). Intended primarily for use
with the higher data capacity IBM 1301 and 1302
Models 1 and 2.Disk Storage units, the lower capac-
ity, higher speed 7320 Drum Storage complements

a disk-oriented random access storage subsystem to
produce highly efficient random and sequential data
processing facilities, permitting expanded program-
ming versatility, reduced systems loading time and
operations, and greater data channel utilization.

APPLICATIONS OF DRUM STORAGE

With the associated IBM 7631 File Control unit
(machine serial number of 12,000 or higher) Models
2 or 4 (Figure 2), the 7320 substantially contributes
to the following data processing functions and appli-
cations in 7090-7094-7094 II operations:

Program and Reference Table Storage: Systems
Program Residence - IBSYS Basic Monitor, IBJOB
Processor, FORTRAN Compiler, etc.

Operational Systems Residence: Subroutines, error
recovery routines, mathematical function tables, rate
tables, etc.

Indexing Facilities for Larger Capacity Storage Units:
Disk storage indexing operations, tape indexing
operations, etc.

High-Transaction-Frequency/Low-Data-Volume

Activities: Reduces need for extensive searching

and batch processing operations.

Intermediate (Scratch) Storage Facility: For large

problem storage extension, program interrupt data,
check point and restart procedures, etc.

Temporary Storage Facility: For master files,

compacted programs, preprocessed input data.

The following table shows some characteristics
of the IBM 7320 Drum Storage as used in the 7090~
7094-7094 II systems.

Number of Addressable Data Tracks per Drum 400
Number of Cylinders per Drum 10
Number of Tracks per Cylinder 40

Data Track Record Capacity
6-bit Characters* 3,180
36-bit Wordsk* 530
Maximum Data Capacity per Drum

6-bit Characters* 1,272,000
36-bit Wordsk* 212,000
Maximum Data Capacity per Cylinder
6-bit Characters¥ 127,000
36-bit Wordsk* 21,200
Character Transfer Rate (per second)
6-bit Characters 202, 800
Access Motion Time 0
Average Rotational Delay (milliseconds) 8.6
Maximum Number of 7631-File Control
Units per System 2

* Adjusted for 6-character, 36-bit fixed-length words used in
7090-7094-7094 1I operation,
** Based on HA2 of six characters.

IBM 7320 Drum Storage with IBM 7090-7094-7094 II Data Processing Systems



DRUM STORAGE OPERATION

The 7320 Drum Storage consists of a vertically
mounted drum and its associated electronic circuitry.
The drum, coated with a magnetic recording mate-
rial, rotates at about 3,500 revolutions per minute.
The surface of the drum is divided into tracks. These
addressable tracks, extending around the periphery
of the drum, are used for storing data, format or-
ganization, and drum control purposes as follows:

400 Standard Data Tracks
1 Standard Format Tracks
up to 40 Alternate Data Tracks

up to 2 Alternate Format Tracks

The alternate tracks are provided to insure that
each recorded bit can be stored in a magnetically
perfect medium. If a defect is encountered on a
track, the entire track is disabled and one of the al-
ternate tracks is substituted. This alternate track
is given the address of the disabled track.

Each standard data track has its own read/write
head, used for both recording and retrieving data.
The data read/write heads are fixed in position on 20
vertical racks that surround the drum. Each rack
contains 20 data read/write heads. The read/write
head for the format track is also mounted on one of
the vertical racks. If required, heads are readily
moved, by the customer engineer, from disabled
tracks to one of the alternate tracks.

The read/write heads contain tiny, coil-wrapped
magnetic cores. During writing operations, these
cores convert electrical signals, received from the
computer, into magnetic flux to magnetize defined
spots on the drum surface. During reading opera-
tions, the action is reversed; the magnetized spots
on the drum surface generate a magnetic flux. This
flux is converted to an electrical signal by the read/
write head and transmitted to the computer.

DATA ACCESS TIMES

Because of the assignment of an individual read/write
head to each standard data track, data seek opera-
tions, with their associated access motion time de-
lay, are eliminated. Two interrelated modes of data
access are involved in drum storage operation as
compared to three in disk storage operation. One
access mode is mechanical and the other access
mode is electronic.

Figure 3 shows a simplified drum module depict-
ing several data tracks and associated read/write

heads. As shown, rotational delay time (TR) is the
only time-consuming factor involved in drum stor-
age operations. Rotational delay (TR) is the time
required for the particular record on the rotating
drum to come under the read/write head. TR is a
variable from zero to 17.4 milliseconds, the full
rotational duration of the drum. Because TR will
vary, an average rotational delay of 8.6 milliseconds
is generally used in drum timing calculations.

The selection of the proper read/write head is
electronic and is performed during rotational delay
time. Read/write head selection time (Tg) is so
negligible, it is generally considered nonexistent.

DRUM CYLINDERS

Arrangement of read/write heads on vertical racks
permits the organization of data to be stored in
""cylinders' of data. Cylinder operations with drum
storage units allow up to 40 tracks to be written on
or to be read with a single drum storage order.
Cylinder mode of operation with the 7320 is provided
by the cylinder mode optional feature in the 7631
File Control and furnishes compatibility between the
7320 and up to ten cylinders of the 1301/1302 Disk
Storage units.
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Figure 3. Simplified Drum Storage-Access Modes
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A cylinder in a 7320 is defined as a group of 40
tracks as follows:

Cylinder Track Numbers

0 0000 to 0039
0040 to 0079
0080 to 0119
0120 to 0159
0160 to 0199
0200 to 0239
0240 to 0279
0280 to 0319
0320 to 0359
0360 to 0399

W 0o N U b W N~

Cylinder mode of operation can start at the begin-
ning of any track within a cylinder and proceed until
processing of the cylinder is completed or until the
computer issues a stop signal whichever comes first.
No wrap-around feature is included in cylinder op-
eration to cause operation to restart at the low-order
read/write head after the high-order head has com-
pleted its reading or writing operation.

Figure 4 shows the layout of tracks and cylinders
for the 7320,

MODULE NUMBERING

A maximum of five 7320 Drum Storage units may be
attached to a 7090-7094-7094 II Data Processing Sys-
tem. The module number for eachdrum storage unit is
determined by the fixed assignment of cable connectors
between the IBM 7631 File Control unit and the at-
tached drum storage unit.

7631 Cable Connector Drum Module

First 0
Second 2
Third 4
Fourth 6
Fifth 8

DATA TRACK ADDRESSING

To address a particular data track out of the maxi-
mum possible total of 2,000 (five 7320 Drums), it is
necessary to specify the following:

Module
Access
Track Number

0,2, 4,6, o0r8

0 (access number in drum storage is always 0)

0000-0399 (internal circuitry will select the
specific read/write head involved)

DATA TRACK ORGANIZATION

The basic recording area of the drum storage unit is
the data track; however, the entire recording area of

track cannot be used exclusively for data storage.
Certain identifying information must be recorded on
the track before its use as a record storage area. On
subsequent read or write operations, this informa-
tion is used by the machine to identify the track and
each of the record areas reserved for data storage
on that track.

A data track and the data to be written or read
from a track are identified by means of a home ad-
dress 1 (HA1l), a home address 2(HA2) and as many
record addresses (RA) as there are record areas to
be established on the data track (Figure 5).

Home Address 1 (Track Number)

Home address 1 (HA1l) is the first information on each
data track and follows the index point for that track.

It is a four-digit number and is the actual physical
address (0000-0399) of a track. The high-order digit
(always zero) is used for 7320-1301/1302 compati-
bility and in address comparison operations. The
track number is prerecorded in each data track and
cannot be written by the user.

Home Address 2 (Home Address Identifier)

Home address 2 (HA2), which follows HA1 in each
data track, is the home address identifier. It con-
sists of two or more characters (numeric, alphabetic,
or special) written by the user, in six-bit mode on
the 7090-7094-7094 II. Although the home address
identifier can be greater than two characters inlength,
only the first two characters are compared in address
verification in operations. (Address verification is
the confirmation that the correct track location has
been reached.) In subsequent references to HA2, in
general, only the first two characters are considered.

HA2 must be written on the data track by the user
before actual writing or reading operations are per-
formed on that track. From an addressing or refer-
ence viewpoint, the combined HAl and HA2 become
the actual address of a data track in a module; HA2
provides a method by which the user is able to fur-
ther define the address of each data track. This
identification of a track, in subsequent recording and
retrieval operations, must indicate both the pre-
recorded HA1 address and the HA2 address estab-
lished by the user.

In addition to its use as the home address identi-
fier, the HA2 address can serve other useful pur-
poses. For example, HA2, incorporated as part of

Index
Point Record Record

: HA1 HA2 Address 1 Record 1 Address 2 Record 2
5 GAP __ mumam GAP ‘ GAP GAP

Figure 5. Drum Track Address and Data Arrangement
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the track address, can be used as a coded file pro-
tection device. That is, in using this file protection
scheme, a HAl address without a proper HA2 ad-
dress will not allow a data track to be referenced.

Record Address

The data track storage area, following the HA1 and
HA2 addresses, is one long continuous area for the
data storage. How this space is to be organized,
the number of records to be stored, the number of
characters in each record, and how each record area
is to be identified are determined solely by the user.
Operations necessary to accomplish layout (format)
of data must be performed before the data track can
be used for reading or writing. The manner in which
this is accomplished is discussed in '"Format Track."
Each record area established for a data track is
preceded by a record address (RA) (Figure 5). The
record address consists of 6 or more characters,
which may be numeric, alphabetic, or special char-
acters. They are assigned and written by the user to

fit any convenient addressing scheme. A record ad-
dress need not have any relationship to the home ad-

dress of the track where it is written. When the rec-
ord address (6 characters) is verified, only the
numeric portion (4 low-order bits) of the first 4
characters is verified. All bits of the last 2 char-
acters are checked during address verification op-
erations. Characters of a record address exceeding
6 in number are not verified. Because of the ability
of the 7320 Drum Storage to store different length
records, highly efficient use of drum storage and
flexibility of data organization are provided.

Data Records

Records on a data track can be of any length, from a
minimum of 2 characters to the full length of the data
track, less necessary character spaces for a home

address, record address, and required gaps.

Data Track Gaps -

The gaps on the data track following the information
areas are required for machine control and code
checking purposes. As each information area of the
drum is being written, HA1, HA2, record addresses,
records, and machine check information are auto-
matically generated and placed in the gap following
the area being written. As each of these information
areas is read in subsequent operations, new check
characters are automatically generated and compared,
bit-for-bit, with the check characters placed in the
gap when the information area was written. If they
do not compare, an error is indicated.

Note: The track index is used as a machine reference
point on the track; that is, it indicates both the begin-
ning and the end of the track. The track index is used
by the 7631 file control in conjunction with the file
control-drum storage synchronizing functions.

DATA RECORDING

Information is recorded on a drum track serially by
character and serially by bit. A space bit separates
characters within a record.

Information to be written on drum is transferred,
character-by-character, from core storage to the
7631. An odd-bit parity check is performed on each
character. A space bit is inserted and the character
is written on the drum. During reading, information
is read from the drum, character-by-character. The
space bit is removed, an odd parity is generated, and
the character is sent to core storage.

Data Track Capacity

Each data track on the 7320 Drum Storage has a
capacity of 3,230 six-bit character positions for re-
cording information. (This figure has been adjusted
to compensate for the character positions used in the
prerecorded home address 1 (HA1) and accompanying
gaps for the home address.) To determine the number
of character positions available for storing data rec-
ords, the character positions required for HA2, the
record addresses, and the additional required machine
gaps must be considered.

The maximum number of data characters that can
be recorded on a data track in 7090-7094-7094 II
operation can be calculated as follows:

3,230-HA2* - n (RA** + 38) = 3, 180 maximum (six-bit)

where: n = number of records per track

*HA2 - normally six characters for 7090-7094-7094 II operation

**RA

The constant of 38 characters is used to accommo-
date all machine gaps relating to records. Note: 7320
records must be a minimum of 2 characters in length.

- minimum of six characters

The following table shows the number of records per
track for different record lengths and the remaining
number of character positions that can be used, as de-
sired, by the program. To calculate the size of addi-
tional record(s) that can be placed in the remainder of
a track, subtract 44 from the remainder. (The 44
consists of 6 characters for the record address and
38 characters used as a constant.)

Variable Record Length Formula and Partial Capacity
Table--Six-Bit Characters

3224
Record Length + 44

= No. of records per track

Drum Storage Operation 9



Record
Record Length plus Track
Length Record Address Records per Remainder

(Characters) (Characters) Track (Characters)

6 50 64 24

12 56 57 32

18 62 52 0

24 68 47 28

30 74 43 42

60 104 31 0

90 134 24 8

120 164 19 108

240 284 11 100

360 404 7 396

480 524 6 80

720 764 4 168

1440 1484 2 256

1800 1844 1 1380

2400 2444 1 780

2800 2844 1 380

3000 3044 1 180

3180 3224 1 0

FORMAT TRACK

The advanced characteristics of the IBM 7320 Drum
Storage permit the user flexibility in establishing
drum storage space to be allocated, organized, and
addressed. While this flexibility of drum storage use
makes possible a wide variety of storage formats to
meet the needs of many applications, it also requires
that the user organize the drum storage in some
particular format before its use as a data storage
device. These activities can be compared to wiring
a control panel for unit record machines, to house-
keeping preparations for a program, or to masking

a storage area for future use. For understanding drum
storage, it is important that the operations required
for establishing the format of drum storage are not
confused with the operations related to the use of
drum storage.

Before any data can be written on or read from a
data track, a format track for the drum storage must
be written. One format track is used for the 400
tracks of the 7320 Drum Storage.

Function of the Format Track

The function of the format track is to control the use
of the data tracks of the drum. Once a format track
has been written, it establishes the location, char-
acter size, and mode of reading or writing which can
take place inthe home address area, the record address
areas, the record areas, and certain gap areas. Data

Track Identifier
(2) (1)

Home Address Area-—»1¢— Record Address Area

to be written on or read from each data track must
conform to the format established by the format track.

The layout and writing of the format track areun-
der the complete control of the user. Once written,
however, the format for a drum remains fixed until
the format track is rewritten.

To prevent unintentional changes to the information
recorded on the format tracks, each drum module is
provided with a two-position key-lock switch. Afor-
mat track canonly be written upon when the switch is
in a Write position. The switch is normally placed in
a Read position.

Format Track Control Characters

The control characters used to write a format track
must first be organized in core storage as a record
(format control record). The prepare to write format
order followed by a write command transfers the core
storage format control record to the 7631 File Control.
It is converted to a special bit configuration for ma-
chine control purposes, and it is written onthe format
track. Since the format track defines, in machine
form, the control action previously defined in core
storage format control record, explanation of how
the data tracks of a drum are organized will be made
in terms of the core storage format control record.
Four different characters, BCD 1, 2, 3, and 4,
compose a format control record in core storage.
The BCD characters 1 and 2 define data track areas
that will be handling data in a six-bit mode. The BCD
characters 3 and 4 define data track areas that will

be handling data in an eight-bit mode. (When used
in 7090-7094-7094 II, the 7320 normally operates in

six-bit mode. However, Gapl, HA1l, and Gap2 in
core storage format layout are recorded in eight-bit
mode.)

Note: Certain areas of the format track are used
for machine control and data checking purposes.
These areas must be provided unconditionally in the
core storage format control record.

Figure 6 shows a typical core storage layout of a
format control record for 7090-7094-709411 operation.

Format Track Arrangement

The core storage format control record is trans-
mitted to the specified format track by appropriate
programming. In 7320 Drum Storage operation, one
format track is used for all 400 data tracks. Figure
7 shows format track arrangement and associated
field number information.

Record Address Area!
(2)

Data

444333333333433333333334111111111122222222222211111111112111111111121111“111111211111 ————————

HA 2

app—HA 1 Gap 2 X Gap —»4—RA
1

3180 _.
3264 - 46 - 38 (1) = 3180 characters 6 530 words

Figure 6, Format Track Core Storage Layout (Single Record)
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P01ni Record Record o0
o HA2 Address 1 Record 1 Address 2 Record 2 % Filler
GAP 2 I X GAP Y GAP X GAP GAP [¢)
) e 1 > le— 15
l:1234567 10 11 12 3 | 14
Field Numbers
The field numbers with accompanying information are:
Field Number Digit
Number Characters Used Comments
1 3 4 Pre-HA1 timing gap (Gap 1)
o
2 9 2 T ° 3 This field defines home address 1 (HA1)
< ' ©
g5 8
2E3
-
3 1 E = ;'?. 4
b=
EES
4 10 gz i 3 Pre-HA2 timing gap (Gap 2)
=< E
]
5 1 g l 4
B
6 10 1 This field defines home address identifier 2 (HA2)
7 12 2 Pre-RA timing gap (Gap X)
8 10 1 This field defines the record address (RA)
9 1 1 2
&
10 10 0 1 Pre-record timing gap (GapY)
-
11 1 l 2
12 7+L 1 This field defines the record area. Seven characters are for machine
requirements
13 Fields 7 through 12 are repeated for each additional record area required
14 1 2 This timing gap field follows only the last record area on a track (Gap 3)
15 As needed 1 This field is used when necessary with fixed word length computers to fill out
the last format word in core storage (7090-7094-7094 11-7040-7044)
15%% Minimum of 11 - This field is automatically generated by 7631 for machine requirements
L = Number of characters in record area
* 1's or 2's are used for six-bit mode, 3's or 4's are used for eight-bit mode in Gap 1, HA1, Gap 2.
** This field is never in core storage; it appears only on the format track
Figure 7. Format Track Arrangement --7320
Drum Storage Operation 11



IBM 7631 FILE CONTROL UNITS

7090-7094-7094 II SYSTEMS REQUIREMENTS

A maximum of five IBM 7320 drum modules may be
attached to a 7090-7090-7094 II system through one or
two IBM 7631 File Control units. File control units
with a machine serial number of 12,000 or higher are
required for 7320 operation. The Drum Storage
Adapter, Feature #3451, must be installed in the
7631 for drum storage operation.

The 7631 is available in two models, Model 2 and 4,
for 7090-7094 and 7094 II operation and can beusedas
control units for the IBM 1301 Disk Storage, Models
1 and 2; the IBM 1302 Disk Storage, Models 1 and 2;
and the IBM 7320 Drum Storage. These storage units
may be intermixed in any fashion up to a maximum of
five storage units per 7631 File Control unit. The
optional feature "Cylinder Mode," Feature #3213,
installed on the 7631 serves all combinations of
disk/drum cylinder mode operations. The 7631 File
Control, Model 2, is used in single system disk/
drum storage operations.

The 7631 File Control, Model 4, is used in shared
system disk/drum storage operations. The 7631
Model 4 permits the storage and retrieval of data
in disk and/or drum storage units physically attached
to any combination of two of the following IBM Data
Processing Systems: IBM 7070-7074, 7080, 7090-
7094-7094 II, 7040-7044.

Notes: 1. IBM 1302 Disk Storage, Models 1 and 2,
are not available for use with the 7070 Data Process-
ing System.

2. IBM 7320 Drum Storage is available only on
the 7040-7044, 7090, 7094, and 7094 II Data Proc-
essing Systems.

Figure 8 shows one possible configuration of
1301-1302/7320 units in shared system operation be-
tween a 7040 and a 7090 Data Processing System,

FUNCTIONS OF 7631 FILE CONTROL

The 7631 File Control performs a variety of functions
in a drum storage processing operation. Some of these
functions are:

1. Decode and execute orders transmitted from
the computer main storage to the drum storage by
way of data channels.

2. Assemble and disassemble, as required, char-
acters transmitted between the computer and drum
storage.

3. Perform data and program checking (parity
checking, address verification, invalid operation
codes, error detection, etc.) of information received
from or going to the computer.

12

4. Provide monitoring services and allied pro-
grammed interrogation and program interrupt be-
tween the drum storage and the attached computer by
the use of communication signals to indicate various
drum storage processing conditions. Some of these
monitored conditions are: file control receipt of a
transmitted order, successful or unsuccessful exe-
cution of a drum operation, and indication of the
status of the several drum modules.

Communication Signals

In the continual communication between drum storage
and the computer, three types of monitoring signals
are transmitted from the drum storage-file control
subsystem back to the computer, and one signal is
trangmitted from the computer to the file control-
drum storage subsystem. These signals are: end,
unusual end, attention, and stop.

End: The end signal is issued by the 7631 File Control
and is transmitted to the computer to indicate com-
pliance with an order sent to drum storage. The end
signal indicates that the order has been received and
decoded and that execution has resulted in the suc-
cessful completion of the order.

Unusual End: The 7631 checks for 12 error or unusual
conditions possible in drum storage operation. The
occurrence of any of these conditions (see Error and
Unusual Conditions) causes the issuance of an unusual-
end signal . Causes of the unusual-end signal are
recorded in the 7631 File Control circuitry. This
recorded information, known as status data, can be
transmitted to the computer main storage for stored
program interrogation. The status data are retrieved
from the 7631 by the use of a data channel sense
command, which is similar to a read command ex-
cept only ten 4-bit characters are transmitted to the
computer.

Sense data words are used to transmit the status
data and may consist of up to two sense words--
incorporating both error-condition indications and
attention indications, as listed . If an unusual-end
signal is generated by the 7631 and the computer is
not programmed to issue a sense command to re-
trieve the recorded status data, the status data will
be lost upon the issuance of the next data channel
command.

Attention: In 7320 Drum Storage operation, the at-
tention signal is used primarily for compatibility
purposes with 1301-1302 Disk Storage.



7040 System I 7090 System
System Bounda:
Central 4 I i Central
Processing Processing
Unit I Unit
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IBM 7904 | IBM 7909
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Systems
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Figure 8, Shared Disk/Drum Storage
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Stop: The stop signal is generated by the computer
and is transmitted to the file control to indicate the
completion of a CPU operation. Upon receipt of the
stop signal, the 7631 responds back to the CPU with
either an end or unusual-end signal.

Error and Unusual Conditions

The twelve error and unusual conditions checked by
the 7631 and resulting in an unusual-end signal are:

Parity or Character Check indicates the gain or loss
of bits during a read or write check operation.

The 7631 is an odd-parity machine. As characters
are transferred from the computer, a vertical parity
check is performed. If an even number is detected
(indicating an error) a data check bit is produced and
set into the status data.

The character code check is made by generating
three check characters for each address and record
as bits are read from the drum surface during a
read operation. The newly generated characters are
then compared bit-by-bit with those previously gen-
erated and recorded in the gap following each address
and each record during the write operation. Failure
to compare will indicate the occurrence of an error.

Invalid Address Check occurs if a seek operation is
attempted using an invalid address (e.g. above 0399
in drum operations) and a read or write command is
given.

Response Check indicates that a character was not
received by the 7631 within the allotted time. Re-

sponse check can only occur as a result of a read

or write operation.

Data Compare Check occurs only during a write-
check operation. The condition indicates that a
compare error was detected somewhere during write
check. During a write-check operation, data are
read from the drum surface and compared bit-by-bit
with those transferred from the computer.

Format Check occurs during either a format wrife
or a write check of a format track. The cause may
be either an illegal code (other than a BCD 1, 2, 3,
or 4) or because stop signal was not sent to the file
control prior to sensing the index point.

No Record Found occurs. if the file control fails to
locate the track address that was issued to it on a
prepare to verify order.
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Invalid Sequence can occur in two ways during write
operations. In one case, it occurs when a write
command is received by the file control without a
preceding and properly executed prepare to verify or
prepare to write format order. In the second case,
invalid sequence occurs when a prepare to write
check order is preceded by other than write com-
mand. When reading, a prepare to verify is the only
legitimate order that can precede a read command.

Invalid Code occurs when the file control is given an
order that is not defined for the drum file.

Access/Module Not Ready can be caused by a power-

off condition on a 7320 Drum, or the Drum can be in
CE mode or off-line.

Drum Storage Circuit Check indicates a circuit fail-
ure in the drum storage unit.

File Control Circuit Check occurs because of mal-
functioning of the 7631 circuitry.

The status data bits and their assignment in the
two sense words are:

Sense Bit BCD

Word Pos Bits Status Indication Comment

1 1 Reserved Summary Byte
Program Check Summary Byte
Data Check Summary Byte

Exceptional Condition Summary Byte
Program Check
Program Check
Program Check

Program Check

NG W

Invalid Sequence
Invalid Code
Format Check

11 No Record Found

[ T = s L
[
o ©

R D NN D N>

13 Invalid Address Program Check
15 Response Check Data Check
16 Data Compare Check Data Check
17 Parity or Check Char Data Check
Code Check
1 19 A Not Used 7320 Operation
1 21 4  Access/Module Not Ready  Exceptional
Condition
1 22 2 Drum Storage Circuit Check Exceptional
Condition
1 23 1 File Control CircuitCheck Exceptional
Condition
1 25 A Reserved Data Mode
1 27 4  Six-Bit Mode Data Mode
1 28 2  Reserved Data Mode
1 29 1 Reserved Data Mode
1 31 A Module 0 Attention
1 34 2  Module 2 Attention
2 1 A Module 4 Attention
2 4 2  Module 6 Attention
2 7 A Module 8 Attention



The control panel of the 7631, located on the right
front cover, is intended primarily for maintenance
purposes. In addition to the exposed section, the con-
trol panel has a covered section for customer engi-
neering use. On the exposed section there are 122
indicator lights that reflect status of data and controls
within the 7631. The customer engineer section con-
tains 35 switches for simulation of data and machine
control. Operator switches are available in a switch
and light assembly above the indicator section of the
control panel.

7631 SWITCHES AND LIGHTS

Power-On Switch sequentially turns on the ac and dc
power to the 7631 and attached 7320's. Depression
of this switch, with de power off, will generate dc
power.

Power-On Light turns on when ac power is on in the
7631.

DC-On Light turns on when dc power is on in the 7631,

DC-Off Switch turns off dc power in the 7631 and the
7320.

Power-Off Switch, when depressed, removes dc and
ac power from the 7631 and all connected 7320's.

HAO Switch must be in the On position to execute the
home address operation

SWITCHES AND LIGHTS

Write Inhibit Switch, when on, allows the customer
engineer to perform a write sequence of operations
without the actual writing, thus not disturbing cus-
tomer's data.

Write Inhibit Light is on when the write inhibit switch
is on,

Test Mode Light indicates that the 7631 and the at-
tached drum storage units are not available for
customer use.

Thermal Light automatically turns on if the internal
machine temperature exceeds 115 degrees Fahrenheit;
dc power is automatically turned off. DC power can
be restored with the operation of the power-on switch
after the machine temperature returns to normal
operating limits.,

Fuse Light turns on and dc power is removed if any
auxiliary ac or dc circuit breakers are tripped.

7320 SWITCH

Write Format Track Switch is a key-operated lock
switch with a read (RD) and write (WR) position. To
position the switch, a key must be inserted and turned.
In normal operation, the switch is in the RD position.
The switch must be set to the WR position to perform
a write format track operation. The position of this
switch has no effect on any operation except write
format. Each drum module has its individual write
format track switch.

Switches and Lights 15



DRUM STORAGE OPERATIONS

Operations performed by the 7631 File Control, 7320
Drum, and IBM 7909 Data Channel are based on the
execution of instructions, commands, and orders.

Figure 9 shows the span of control and resulting
activities of the execution of instructions, commands
and orders in a 7090, 7094 and 7094 II drum storage
operation.

INSTRUCTIONS

Instructions are system-coded information that is
decoded and executed by the central processing unit
to perform specific operations such as the selection
of data channels, resetting and loading of data chan-
nels, starting of data channels, etc.

COMMANDS

Commands are system-coded one-word instructions
to the data channel. The commands are decoded and
executed by the IBM 7909 Data Channel to perform a
specific operation in the data channel or between the
data channel and the 7631 File Control.

Four basic commands are executed by the data
channel and cause activity in the 7631, The com-
mands are read, write, sense, and control.

Read and write commands set up control circuitry
in the 7909 to permit information transmission be-
tween the drum storage and the main computer sys-
tem through the 7631.

Sense commands cause transmission of status
data from the 7631 to the main computer system to
indicate status conditions existing in the 7631 and
the drum storage.

The control command is used to transmit orders
to the 7631 and to supply the file control with one or
more order words that contain operation and address
information.

DRUM STORAGE OPERATING MODES

Reading and writing of drum storage data may be
performed in five modes: home address operations,
single record operations, track operations, track
without addresses operations, and cylinder operations.
Each mode causes a comparison activity,
followed by a transfer of information activity (pro-
vided the comparison has been successful). The
transfer activity effects transmission of data to or
from the drum, according to the mode of data han-
dling involved. The comparison is accomplished by
a bit-by-bit confirmation of the address incorporated
in the order, as received from core storage, and
compared to the actual address selection of the drum
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storage. If the comparison is successful, data are
transferred to or from specific areas of the drum
storage (as determined by the mode of operation
involved). If the comparison is unsuccessful, a no-
rcecord-found indication and an unusual-end signal are
issued to the system by the 7631. A brief explanation
of each of the operating modes follows:

Home Address Operation: The physical home address

(HA1) is compared with the HA1 in the order, followed
by the transfer of the HA2 plus all additional addresses
and records on a given track.

Single Record Operation: The record address selec-
ted on the drum storage is compared with the record
address in the order, followed by the transfer of the
associated single record only.

Track Operation: The entire home address (HAl and
HA2) of the selected home address on the drum
storage is compared with the home address in the
order, followed by the transfer of all record ad-
dresses and records on a single track.

Track Without Addresses;: The entire home address
of the selected track on the drum storage is compared
with the home address in the order, followed by the
transfer of all data records contained in the remainder
of the track.

Cylinder Operation (Optional Feature): The entire
selected home address of a particular track in a
cylinder is compared with the entire home address
in the order, followed by the transfer of all records
contained in the particular track and all succeeding
tracks of higher address within that cylinder.

ORDERS

Orders, in the form of characters (Figure 10), are
decoded and executed by the 7631 and specify what

Operation Code
Access
Module Number
Track/Head Number
Home Address Identifier

XXXX
X = BCD Numeric Character
Y = BCD Alphameric Character

Figure 10. Simplified Order Format



Reset Channel

Restore Channel Traps
Store Channel Diagnostic
Load Channel

7909 Commands

Wait and Tronsfer

Transmit

Transfer in Channel

Leave Interrupt Program
and Transfer

Leave Interrupt Program

Copy and Proceed

Copy and Disconnect

Trap and Wait

Load Assembly Register

Store Assembly Register

Load Control Counter

Transfer and Decrement Counter

Insert Control Counter

Transfer On Condition Met

Set Mode and Select

Eight-Bit Mode

Core Storage
Instructions Orders
Commands Data
Y A Y
Multiplexor
Instructions [ !
Commands
Orders
Data Data
™ Instructions Comn:wnd; > Orders
Central File
Processing < Data End, Unusual-End s Control
Unit Channel
Data
5 Stop - 7320
.1 Trap Signals . t Drum
- P 2!9 < 20 przrrzs . Storage
< Attention .
Instructions l/ Commands Orders
Reset and Start Channel " Control No Operate
Start Channel -2 Control and Read Release
Store Channel & Control and Write Seek
Enable {_Sense Six-Bit Mode

Prepare to Verify (Single Record)

Prepare to Write Format

Prepare to Verify (Track Without Addresses)
Prepare to Verify (Track With Addresses)
Prepare to Verify (Home Address)

Prepare to Write Check

Prepare to Verify (Cylinder Operation)

Figure 9. Span of Control — Instructions, Commands and Orders

Drum Storage Operations
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non-data operations will be performed and where they
will be performed in the drum storage. The orders
are transmitted from core storage as one or two

core storage words, depending on the number of
characters required in each order. Some orders
require only two characters, other orders require

a full complement of ten characters.

Operation Code: This is a two-digit code, expressed
as a BCD numeric character. The operation code is
all that is required for such operations as no-
operation, drum release, eight-bit mode; and six-bit
mode.

Access and Module Number: These two positions of
the order are always numeric. The access in the
7320 is always referred to as access 0. The module
number is determined by the cabling of the 7631.

Record Home Address: The use of these character
positions depends on the operation to be performed.
In operations in which the address is not required,

it is not necessary to use these positions. For
operation codes that require addressing of the home
address, these positions must contain the track/head
number and record number. For operations affecting
only a single record, these positions should contain
the record address of the desired record. In a
checking operation, these positions contain the home
address or the record address used in the write
operation to be checked.

IBM 7631 FILE CONTROL ORDERS

The 7631 will decode and execute up to 13 orders
transmitted from core storage by the control com-
mand. Only 12 of these orders are applicable to
7320 operation; DSAI is not normally used. The
7631 decodes the transmitted order, accepts address
information, performs the designated function, and
then transmits an end or unusual-end signal to the
data channel. At completion of the seek operation,
the 7631 sends an attention signal to the data channel.

The 7631 File Control orders for 7320 Drum Stor-
age operations are shown in Figure 11 with mne-
monics, operation name, byte configuration, and
numeric code.

Some orders require one word in 7090-7094-
7094 II core storage, while others require two con-
secutive locations in core storage. Orders requiring
two locations are indicated by an arbitrary symbol
and the arbitrary symbols plus one.

No Operation (DNOP-00)

Operation

/- Code *\\

Unused

Byte B1 | Byte B2 | Numeric

Mnemonic  Operation 8421 (8421 Code
DNOP No Operation 10101010 00
DREL Release 1010|0100 04
DEBM Eight-Bit Mode 1010|1000 08
DSBM Six-Bit Mode 10101001 09
DSEK Seek 10001010 80
DVSR Prepare to Verify

(Single Record) 1000(0010 82
DWRF Prepare to Write

Format 10000011 83
DVTN Prepare to Verify

(Trackwithout Addres§i1 0 0 0 |01 00 84
DVCY Prepare to Verify

(Cylinder Mode)* 1000i0101 85
DWRC Prepare to Write

Check 1000|0110 86
DVTA Prepare to Verify

(TrackwithAddress) {1 0001|1000 88
DVHA Prepare to Verify

(Home Address) 10001001 89

* Optional Feature

Figure 11. Drum Storage Orders

Drum Operation: This order requires only a two-
digit operation code and is accepted by the 7631 as a
programming modification convenience only. No
function is performed by the 7631 for this order.

Release (DREL-04)

Operation

/~ Code -\

4
2 5678 niz 35

Unused \

-

Drum Operation: This order requires only a two-
digit operation code and has meaning only for shared
system operation. When either system selects and
gains control of the 7631, it remains in control of
that system until the release order is issued to
permit the file control to be available for either
system. The 7631 is reset to six-bit mode at the
end of each release order.

Eight-Bit Mode (DEBM-08)

Operation
[ Code ~ N\ \

s, 12 5678 112 35

Drum Operation: This order requires only a two-
digit operation code and conditions the 7631 to process
data in eight-bit mode. The-eight-bit mode order is
used when data is to be shared with a system designed




for processing data in cight-bit mode. The 7090-
7094-7094 II does not process data in eight-bit mode.

Six-Bit Mode (DSBM-09)

Operation Unused
Code

’ n7n////////////////////////

5678 "z

Drum Operation: This order requires only a two-
digit operation code and conditions the file control to
operate in six-bit mode. The 7090, 7094, 7094 II
systems normally process data in six-bit mode. The
7631 is normally in six-bit mode uniess programmed
otherwise.

Seek (DSEK-80)

Operation Access Module _ Track Address _
/ Code /N
% I Storage
n% %A % M // Location A
5'7 5678 TH1213 14 17181920 23242526 29303132
Track Address

Unused

\ \
'ERER 0 el

172 5478

|
>

Drum Operation: This order is used in drum opera-
tions primarily for 1301-1302/7320 program com-
patibility. If a seek is issued to a drum module, an
attention signal will immediately be sent back to the
computer.

Prepare to Verify, Single Record (DVSR-82)

Operation Record Address

/- Code \/Access\ Module
/ERER RN IR BN Il

s. 12 5678 11121314 17181920 23242526 29303132 35

—

‘D' R
. a2 I7Iﬁ

Storage
Location ¢

Record Address

i Alphameric \ /_‘ Unused—\

I HesdPn

Drum Operation: This order conditions the 7631 for
a single-record type of operation and

1. Selects the desired module.

2. Specifies the address to be verified.

3. Prepares to transmit data from or to the
addressed record in response to a subsequent
single-record read or write command.

The order sent to the 7631 is used with the read
or write command. Access and module number
specify the unit to be selected.

The file control (in single-record mode) compares
each record address, as it comes under the read
head, with the address furnished by the order until
the desired address is found.

Information can be read from or written into
record areas only as defined by the format track.
Reading or writing continues until either a stop signal
is issued by the computer (write) or the 7631 recog-
nizes the end of record (read).

Prepare to Write, Format (DWRF -83)

Operation
pCode N\ Access \ Module\/-—Trcck Address —

7If0 / s U~ ' K T 1332’3:”

.12 678 11121314 23242526 29303‘32

\l

A

o~

17181920

/-T rack Address -\[ Unused -\
0 [ e

Drum Operation: This order conditions the 7631 to
write a format track for the drum module specified by
the address portion of the order (the last two positions
of this order are insignificant). To address a format
track, the format two-position key-lock switch must
be in the write position. To write a format track,
DWRF must precede the write command.

Prepare to Verify, Track without Addresses (DVTN-84)

Operation
/ Code —\ /Access\\/Module

B BN %_Ifl‘ifﬁiw

1121314 17181920 73247526 29303132

Track Address
=

§\§\

“
~

Track Address HA 2

S Tidentifier N /O
IHEl Il I e

2

N ~

Bl

Drum Operation: This order, followed by a read or

write command, permits reading or writing only the
records on a particular track; all addresses are
skipped. The address portion of this order must
specify the home address.

This order instructs the 7631 to:

1. Select the desired module.

2. Supply the home address to be verified.

3. Receive or transmit only the records in re-
sponse to a subsequent read or write command.

Reading or writing begins at the first record
following the home address and continues through the
records, skipping addresses, until the computer
signals stop or the 7631 recognizes the end of the
data areas. Nonverification of the home address

Drum Storage Operations 19



results in a no-record-found indication, with no
transmission of data to or from drum storage.

Prepare to Verify, Cylinder Operation (DVCY -85)

0 tion Cod
g peration Col 6\/_ Access \/ Modu|e\/— Track Address

Storage
! T 3] Location A

S B~

11121314 17181920

,IZ 5 78 23242526 29303132

HA2
, Track Address\/——— Identifier ~™\ /" Unused —

S.17 5678 11121314 7181920 23

Drum Operation (Optional Feature): This optional
feature permits reading or writing of data (skipping
addresses), beginning at the first record after the
home address of the addressed track and continuing
through successive record locations and tracks of

the cylinder until either the end of cylinder is reached

or the computer signals a stop. This order is
always followed by a read or write command. The
following functions are performed in the cylinder
operation mode:
1. Select desired module and read/write head.
2. Specify desired home address to be verified.
3. Transmit data after the subsequent read or
write command has been given.

Prepare to Write Check (DWRC-86)

Operation

ke TAccess —V—Module-v— Record Address -\

K RN N b

5,12 5678 1M1213 104 17181920 23242526 29303132 35

Record Address
/ \ Alphomeric \ —— Unused —

1

$.12 56768 mna2 1718 2
** Must be the HA2 Identifier (1) used in the write operation to be checked.

Storage
Location § +1

Drum Operation: This order is used with a write
command to check any record track or cylinder of
tracks of information; it performs a bit-for-bit com-
parison, comparing the information recorded on the
drum with the same information stored in core stor-
age of the computer. If data agree, the order ter-
minates with an end signal; if data disagree, the
order terminates with an unusual-end signal. The
sequence of commands and orders to write and check
recorded data is:
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Seek  eeeeaaaa

Prepare to Verify

(Single, Track, Cylinder) XXXXXXXX*
Write — eeeemaa
Prepare to Write Check XXX XXX XX*

Write e

*Must be same address

The use of the write check operation is optional
depending on the application.

Prepare to Verify, Track with Addresses (DVTA-88)

Operation

/ Code _\/Access\ /Module\/— .
p Z '
A M % T % T ul Loc::tgi:nsb

17181920 23242526 29303132

Track Address

Track Address HA 2 Unused

/ N/  dentifier \/ -\

Storage
Location ¢ + 1

17181920 23

Drum Operation: This order, followed by a read or
write command, permits reading or writing a full
track of information, including record addresses and
records. It makes use of the home address that
defines the track address.

This order instructs the file control to:

1. Select the desired moduie and read/write head.

2, Supply the home address to be verified.

3. Condition the 7631 to operate on a full-track
basis and receive and transmit both record addresses
and record areas in response to a subsequent read or
write command.

The order is normally used when changes are to
be made to record addresses and insertions or when
deletions are to be made on a track that contains
randomly distributed records.

The execution of this order is similar to that per-
formed by the prepare to verify, cylinder operation,
in that only the home address is verified. If verifica-
tion is successful, reading or writing begins at the
following record address and continues through the
records and the record address until the computer
signals a stop or the 7631 recognizes the end of the
data areas. Nonverification of the home address
results in no-record-found indication with no trans-
mission of data to or from the drum storage.



Prepare to Verify, Home Address (DVHA-89)

Operation Track Address

/ Code

8 1121314 171819 20 23242526 29303132 35

/Access\ /Module\

Storage
Location P

\/

Drum Operation: This order prepares the 7631 to
read or write an entire track of data and addresses
including the home address identifier (HA2). The
home address must be supplied for subsequent veri-
fication. For execution of this order, the home
address switch must be on. (The switch is on the
7631 File Control.) This operation is terminated
by a stop signal from the computer or when the 7631
recognizes the index point.

WRITE OPERATIONS

A drum write operation is a processing activity in
which information from the computer is transmitted
and recorded on the drum surface. The information
may be written on a track as data or on a format
surface for format control. Data can be transmitted
and written in five operating modes:

Write Home Address

Write Track with Addresses

Write Track without Addresses

Write Single Record

Write Cylinder (Optional Feature-R-W Cylinder)

All written data can be verified for accuracy and
fidelity of recording by a write check operation.

A write command must always be preceded by a
prepare to write check, prepare to write format, or
a prepare to verify order. A write command not
preceded by one of these orders is terminated with an
invalid-sequence indication with no transmission of
data to the file control. (A no operation order can be
inserted between prepare to and write commands.)

Write Format Track

To write a format track, three conditions mustbe met:

1. The format switch must be in the write posi-
tion; otherwise, no writing of the format track will
take place.

2. A prepare to write format order with a track
address of one of the tracks must be received and
normally terminated by the 7631.

3. The prepare to write format order must be
followed by a write command specifiying a core

storage location that contains the field of BCD char-
acters used to write a format track.

Write Home Address

The conditions necessary for this operation are: the
home address switch on the 7631 is on, a prepare to
verify home address order is issued to the file
control; and the write command immediately follows.
The file control compares the physical address por-
tion of the home address on the track and begins the
write operation at the beginning of the HA2 area.

The first characters must be the home address iden-
tifier of the particular track. The home address
identifier must be a minimum of two characters. If
desired, this area may be extended to six characters
to match the word length of the 7040 and 7044 sys-
tems. The number of characters requested by the
7631 for the home address identifier is determined
by the number of BCD 1's previously written on the
format track. All characters of the home address
identifier after the second are nonsignificant and

are not a part of address compare operations.

This operation continues with the file control de-
tecting the gap between HA2 and the first record
address. On detection of the gap, the file control
writes the three-digit check character. The opera-
tion continues writing record addresses and records
to the end of the track. If a stop signal occurs before
the end of the track is sensed, data transmission
stops but the file control continues writing blanks to
the end of the track. A write home address opera-
tion is mandatory every time the format track is
changed.

Write Track with Addresses

Conditions necessary for this operation are a prepare
to verify track with addresses order, followed by a
write command. Under control of the prepare to
verify track with addresses order, the file control
searches the data track for a home address and
compares this address bit-for-bit against the ad-
dress previously issued with the prepare to verify
track with addresses order. If the home address
fails to compare (both HA1 and HA2 are compared,
including all bits of the HA2), the file control issues
an immediate unusual end and indicates in its status
word a no-record-found bit. On a successful home
address compare, the file control transfers the rec-
ord address and proceeds in the usual manner. The
file control continues filling the record area with
data (both records and addresses) from the computer.
The file control also supplies the check characters
to be written at the end of each area. When the last
check character area is reached, a normal end will
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be issued to the computer if no error conditions have
been detected; otherwise, unusual end results., If
the computer signals a stop in the middle of a record,
data transmission stops, but the file control writes
blanks to the end of the record area in which it is
operating, writes the check characters, and signals
normal end or unusual end.

Write Single Record

The conditions necessary for this operation are that
a prepare to verify order is issued to the file control,
followed by a write command. The record address
area is recognized in the file control by sensing the
end of a long gap in the format. On finding a record
address area, the file control reads off the address
contained in the area and compares it bit-by-bit with
the address previously supplied to the 7631 during
prepare to verify single record. If the address does
not compare, the file control continues searching
succeeding address areas and comparing the address
contained in each. If the file control passes the
index point twice without comparing the address, it
registers the no-record-found status bit and issues
an unusual end to the computer without transmission
of data. On an address-compare-true, the file con-
trol causes the drum to write over the record imme-
diately following the compared address. Data are
furnished by the system. The file control automati-
cally transmits the code check characters following
the end of the record area as defined by the format
track.

If a stop signal is received at some point in the
record area, the file control continues to write the
record, with blanks, until the end of the formatted
area is reached. After the check characters are
recorded, a normal end is issued to the system
unless a data check has occurred, in which case
unusual end would result.

Write Track without Addresses

The conditions necessary for this operation are a
prepare to verify track without addresses order,
followed by a write command. The address received
with the prepare to verify track without addresses
order is compared with the home address transmitted
from the drum (both HA1 and HA2, including all bits
of the HA2). If the home address fails to compare,
the no-record-found bit is registered and unusual

end is issued to the system. If the address compares
true, the file control skips the first address area into
the record area and writes the record. The file
control continues skipping addresses and writing the
records until the end of the last record on the track
is sensed. A normal end is issued to the system if
no error conditions occur during data transfer. In
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case of a parity error, the operation will be ter-
minated at the end of the record in which the error
was detected and unusual end is issued.

If the computer signals a stop in a record, data
transmission stops, but the file control continues
writing blanks to the end of the record area in which
it is operating, then writes the check characters and
signals normal end or unusual end.

Read or Write Cylinder

Operation in the cylinder mode is an optional feature
of the 7631. A cylinder mode read or write is set up
by having the computer send a prepare to verify
cylinder operation order to the file control. The
address issued with the order is the home address of
the track on which the operation is to start. The
complete home address (HAL and HA2) is compared
bit-by-bit in the 7631 after the read or write is
received. All bits of HA1 and HA2 are compared .

On a compare equal, the data transfer operation
begins with all records on the addressed track being
read or written and with the record addresses ignored
in the same manner as a track without addresses
operation. Rather than causing an end signal when
the last record of the track has been processed, the
7631 sends a new head address to the drum, and
reading or writing continues. The head address sent
to the drum is one address higher than the previous
head address. By indexing one head address on each
disk revolution, the 7631 continues reading or writing
until the entire cylinder of information has been
processed. The end signal is generated in the 7631
when the highest-order head of the cylinder has been
operated on.

If the computer signals a stop in a record, data
transmission stops; but, if reading, the file control
continues to the end of record and then compares
check characters. If writing, the file control writes
blanks to the end of the record in which it is operating,
then writes the check characters and signals normal
end or unusual end.

No wrap-around feature is included in cylinder
operation to cause operation to begin again at the
low-order head after the high-order head has com-
pleted its reading or writing.

Write Check

Each write operation has an associated write check
operation, the use of which is optional and under pro-
gram control. The operation requires the following
sequence of orders and commands:

Prepare to Verify XXXXXXXX
Write L
Prepare to Write Check XXXXXXXX
Write



The 7631 compares the data recorded in the ad-
dressed record, bit-by-bit, with the write data from
the system, at the same time generating check char-
acters that will be compared with those previously
generated and recorded on the track. The end of this
operation is the same as a standard write operation.
A compare error during a write check sets the data-
compare check bit in the status data.

During a write check operation on a format track,
the format gap detector circuits in the 7631 are
checked to determine if they are within their speci-
fied tolerance. A file control circuit check is noted
if the circuits do not meet specifications.

On receipt of a stop signal, the 7631 compares
up to and including the last character received, then
continues reading until the end of the record area
and issues a normal-end or unusual-end signal.

READ OPERATIONS

A drum read operation is a processing activity in
which data recorded on the drum surface are re-
trieved and transmitted to the computer. Data may
be read and transmitted to the computer in five
operating modes:

Read Home Address

Read Track with Addresses

Read Track without Addresses

Read Single Record

Read Cylinder (Optional Feature-R-W Cylinder)

Read Home Address

This operation requires that a prepare to verify
home address order is sent to the 7631 and that a
read command follows. The most useful application
of this operation is to recover tracks of information
in a file-dump operation. The 7631 compares the
physical address portion of the home address and
begins reading with the home address identifier. All
address and record data of the track are read. The
termination of this operation occurs when the 7631
senses the index point. At that time either normal
end or unusual end is issued, depending on the state
of the data check. The computer may terminate the
operation earlier by issuing a stop. On receipt of
the stop, the 7631 terminates data transmission and
internally completes reading the record on which it
was operating at the time of the stop. At the end of
the particular record, the 7631 sends either normal
end or unusual end, depending on the state of data
check. The read home address operation is partic-
ularly useful in the event data must be retrieved
after an undesired erasure of the format track.

Read Track with Addresses

Conditions necessary for this operation are that a
prepare to verify track with addresses order is
issued to the 7631, followed by a read command. The
file control begins the operation by comparing the
home address that accompanied the prepare to verify
track with addresses order against the recorded

home address on the selected track. A failure to -
compare causes a no-record-found signal to be set

in the status data and causes an unusual end to be
issued to the system. A successful compare permits
the 7631 to begin reading at the first record address
area. The record address is read out in its entirety
and sent to the system, followed by the record, and
then the next address and record, etc. The operation
terminates when the 7631 senses that it has completed
comparing the check characters of the last record of
a track. At that time, a normal end or unusual end is
issued, depending on the state of data check. A stop
signal before the logical end of this operation causes
the 7631 to stop data transmission and signal a normal
end at the end of the record it is operating on at the
time of the stop signal.

Read Single Record

This operation requires completion of a prepare to
verify single record order and read command. As
with write (single record) operation, the read (single
record) operation has no predetermined starting

point on the drum; that is, when the instruction is
received by the 7631, it immediately begins searching
for a record address. On finding one, the 7631 does
a bit-by-bit comparison. A failure to compare causes
the control to continue searching on the next record
address. No record found is registered if the 7631
passes the index point twice in its search for a par-
ticular record. On obtaining an address confirma-
tion, the 7631 causes the record immediately following
that address to be read and the data to be sent to the
system. The 7631 verifies the legality of the check
characters following the end of the record and sends
the normal end or unusual end at that time. A stop
signal before the logical end of this operation causes
the 7631 to stop data transmission and to signal a
normal end or unusual end at the end of the record.

Read Track without Addresses

This operation requires that a prepare to verify track
without addresses order and a read command, in that
sequence, be executed. The 7631 waits for the home
address area before beginning to compare the address
supplied with the prepare to verify order with the
recorded home address. A compare failure causes
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the 7631 to register no record found in the status
word. If the address compares successfully, 7631
carries out the read-track operation by skipping over
the first record address and reading the first record.
The operation continues with addresses ignored by
the 7631 and only record data being sent to the
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system. The operation ends when the 7631 finishes
the last record of the track. At that time the appro-
priate end signal is issued. An early end may occur
because of a system stop signal. Inthat case, the 7631
finishes the record in which it is operating and issues
a normal end or unusual end, as the case may be.



The following procedures form the basis of the error
recovery routines used in IBM Programming Systems
applied to IBM 1301 and 1302 Disk Storage and 7320
Drum Storage operation. For efficient utilization of
IBM 7090, 7094, 7094 II Data Processing Systems,
the use of these error recovery procedures is rec-
ommended in writing routines involving the 1301,
Models 1 and 2, the 1302, and the 7320.

Figure 12 shows the 7631-1301/1302, 7320 error
conditions that can occur in 7090, 7094, 7094 II Data
Processing Systems operation and specifies the minimum
action recommended upon the encounter of the error
conditions. All data check error conditions should
be examined and handled before correcting program-
check and exceptional-condition error conditions.

Action 1

1. Repeat the original sequence (that is, prepare
to verify order and subsequent read or write command)
once.

2. If the error condition still occurs, print
message type 1.

ERROR RECOVERY PROCEDURES

Action 2 (For Combined 1301-1302/7320)

1. Repeat the original sequence (that is, prepare
to verify order and subsequent read or write com-
mand) four times.

2. After the fifth error indication, issue a DSEK
order (using any of addresses 9 @ 00 to 9 @ 39).

Note: The @ is a convenient method of addressing the
customer engineering (CE) track, which is used in
access arm recalibration on the disk storage.

The seek order, addressed to module 2 and track
39, would appear (in binary) as shown in Figure 13.
The binary representation shows how the order would
appear in the two required locations of core storage.

1301/1302 Activity

1. When a 1301/1302 is addressed, the DSEK
(9 @ 00 to 9 @ 39) causes the access mechanism to
be recalibrated by going to the CE track.

Sense Bit When When Encountered When
Assignment  7090-7094- Encountered During During a Write or Encountered During
BCD 709411 Status a Read Operation Write Check Operation | a Control Operation
Bit Bit Pos Condition Comment 1301-1302-7320 1301-1302-7320 1301-1302-7320
A 1 Reserved
4 3 Program Check Summary
2 4 Data Check Byte
1 5 Exceptional Condition
A 7 Invalid Sequence Program Check Action 1 Action 1 Not Applicable
4 9 Invalid Code Program Check Not Applicable Not Applicable Action 1
2 'g 10 Format Check Program Check Not Applicable Action 1 Not Applicable
1 E 11 No Record Found Program Check Action 2 Action 2 Not Applicable
g
A & 13 Invalid Address Program Check Action 4 Action 4 Not Applicable
‘,:}: for 1301-1302;
: Action 4, 7320
4 g 15 Response Check Data Check Action 1 Action 1 Not Applicable
2 K 16 Data Compare Check Data Check Not Applicable Action 3 Not Applicable
1 17 Parity or Check Char Data Check Action 3 Action 3 Action 1
A 19 Access Inoperative Exceptional Action 1 (Not Action 1 (Not Action 1 (Not
Cond Applicable, 7320) Applicable, 7320) Applicable, 7320)
4 21 Access (Module) Not Exceptional Action 1 Action 1 Action 1
Ready Cond
2 22 1301-1302-7320 Exceptional Action 1 Action 1 Action 1
Circuit Check Cond
1 \ 23 7631 Circuit Check Exceptional Action 1 Action 1 Not Applicable
Cond

Figure 12, Error Conditions

and Actions Required--7631, 1301-1302, 7320
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Track Address

Code  \— Access v—Moduley/ _\
o
Word 0% 2 ? i
° $,12 5678 11121314 17181920 23242526 29303132 35
Q01000000000 000QQC0O00000IOD0Q0QO0OI001 00 I 100

DSEK Order

Figure 13,

2. Upon recalibration, issue a DSEK to any valid
address. (This positions the access mechanism to
cylinder 0.) .

3. Issue DSEK to the original error-producing
address.

4. Repeat the prepare to verify order and read/
write command sequence four times.

5. After the ninth error condition occurs, print
message type 1.

7320 Activity

1. If a 7320 is addressed, the DSEK (9 @ 00 to
9 @ 39) will result in an unusual end (invalid address
indication).

2. Issue DSEK to the original error condition
producing address.

3. Repeat the prepare to verify order and read/
write command sequence four times.

4. After the ninth occurrence of the error condi-
tion, print message type 1.

Action 2 (For 7320 Only Error Recovery Routine)

1. Repeat the original sequence (prepare to
verify order and read/write command) four times.

a. Issue DSEK to the original error condition
producing address.

b. Repeat the prepare to verify order and
read/write command sequence four times.

c. After the ninth occurrence of the error
condition, print message type 1.

Action 3

1. Repeat the original sequence (prepare to ver-
ify order, read/write command) four times. (For
write check, the sequence is: prepare to verify, write,
prepare to verify, write check.)

2. After the fifth occurrence of this error condi-
tion, print message type 1.
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Action 4

1. Issue a DSEK order to any valid address.

2. Reissue the original DSEK together with the
prepare to verify order and read/write command
one time.

3. 1If the error condition continues, print message

1

tvpe 1.

Message Type 1

Message type 1 identifies an uncorrectable error and
is used as a diagnostic aid. Further use and pro-
cedure are determined by the application involved.

Message Type 1 Format

Minimum: Items 1 to 3, inclusive.

Recommended (if core storage permits): Items 1 to 7,
inclusive.

Maximum: Items 1 to 9.

1. Type of error: Read, write, write check or
control.

2. Unit involved: Access number, module number,
track number.

3. File control status word: Bytes 0 to 4,inclusive.
An examination of byte 0 will reveal any multiple
error conditions.

4. Channel designation and final status or control
word for the channel at the time of the error.

5. File control status word: Bytes 5 to 9, inclu-
sive.

6. Nature of data: Packed or unpacked (7090,
7094, 7094 II do not operate in packed mode).

7. Preceding control orders.

8. Previous unit involved: Access number, mod-
ule number, track number, FROM address (the pre-
ceding address sought on the module in error).

9. Current unit involved: Access number, mod-
ule number, track number, TO address (the address
to which the access was going, or which it had
reached, at error time).

Message Type 2

This message provides statistical print-out at the end
of a program segment or run, or at some convenient
time.

Message Type 2 Format
1. Access number, module number,

2. Number of entries into error routine.
3. Number of type 1 messages printed.
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