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PREFACE 

This manual describes the theory and operation of the 
IBM 2841 Storage Control Unit Stage 2, serial nwn­
bers 30101 (domestic) and 70-21147 or 73-21600 
(W. T . C .) and above, with the IBM 2311 Disk Storage 
Unit. 

Other manuals necessary for understanding the 
2841 follow: 

IBM Systems Reference Library Manual, 
System 360 Component Descriptions 
(Order No. GA26-5988)* 

IBM Field Engineering Preschool Manuals, 
System/360 

IBM Systems Reference Library Manual, 
System/360 Principles of Operation 
(Order No. GA22-6821) 

IBM Field Engineering Maintenance Manual, 2841 
Storage Control Stage 2 (Order No. SY26-3688) 

IBM Field Engineering Manual of Instruction, 
SLT Packaging (Order No. SY22-2800) 

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

Fourth Edition (July, 1970) 

IBM Installation Manual, 2841 Storage Control 
!l!!!!. (Included in System Diagram Manual) 

IBM Maintenance Diagram Manual, 
2841 Storage Control, Order No. SY26-4137 
(FEMDM) (Included in System Diagram 
Manual Volwne 8) 

It is assumed that the CE has completed and 
understands IBM System/360 preschool; the 2311 
Disk Storage Unit; a IBM System/360, Model 30 or 
larger; and channel operation. 

Because the 2311 is the standard device used 
with the 2841, most of the references in Chapters 
1 through 4 of this manual refer to operation with 
the 2311 interface. 

This manual is based on version 007 of the 
system diagrams and information available as of 
July, 1969. 

This publication, Order No. SY26-4000-3, is a reprint of Order No. SY26-4000-2 and 
Supplement SS27-0715. 

Significant changes or additions to the specifications contained in this publication are 
continually being made. When using this publication in connection with the opera­
tion of IBM equipment, check the latest FE Publications Systems Sequence Listing, 
Order No. SY20-0073, for revisions or contact the local IBM Branch Office. 

The illustrations in this manual have a code number in the lower comer. This is a 
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. 

(9 Copyright International Business Machines Corporation, 1966. 
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1.1 GENERAL INFORMATION 

• The IBM 2841 Storage Control Unit provides a 
method of attaching serial direct access storage 
units to the IBM System/360. 

• Up to eight 2841's may be attached to a chamiel. 

• The basic 2841 can control up to eight 2311 Disk 
Storage Units. 

• Types of units: 2311 (standard), 2302, 2303, 
and 2321 (optional). 

• Any combination of units can be connected to one 
2841. 

• 2841 us.es Solid Logic Technology. 

• 2841 uses read only storage for control. 

The IBM 2841 Storage Control Unit (SCU) is designed 
to attach serial direct access storage devices to the 
IBM System/360, Models 30 and above. The SCU 
provides all the buffering and control necessary to 
attach these devices to the I/O channels through the 
standard I/O interface (Figure 1-1). 

The 2841 provides the ability to interpret and 
execute commands, to translate data as it moves 
between the serial-by-bit direct access device and 
the parallel-by-byte System/360 interface, to check 
the integrity of the information that is transmitted 
to and from the device, and to Iurnish status informa­
tion to the using system. 

The 2841 is designed so that circuits common 
to all direct access devices are housed in one section 
of the unit while circuits associated with a specific 
device are housed in. a separate area. 

The features available for the 2841 Storage Con­
trol are: 

1. 2311 Attachment (standard part of 2841) 
2. 2302 Attachment (optional) 
3. 2303 Attachment (optional) 
4. 2321 Attachment (optional) 
5. Additional Storage 2302 (optional) 
6. Two-Channel Switch (optional) 
7. File Scan (optional) 
8. Record overflow (optional) 

CHAPTER 1 INTRODUCTION 

2302 Attachment: This feature provides the circuitry 
required to attach a 2302 Disk Storage to a System/360 
via the 2841. This feature is described in Chapter 5. 

2303 Attachment: This feature provides the cirCUitry 
required to attach a 2303 Drum Storage to a System/ 
360, Models 40, 50, 65, and 75 via the 2841. This 
feature is described in Chapter 5. 

2311 Attachment: The IBM 2311 Disk Storage Unit is 
the 'Standard unit for operation with the 2841. This 
manual is written primarily for 2311 operations. 

2321 Attachment: The 2321 Attachment Feature pro­
vides the circuitry required to attach a 2321 Data 
Cell Drive to a system via the 2841. This feature is 
described in Chapter 5. 

System/360 
CPU 

Other Channels 

I/O 
Channel 

Other Control Units Other Control Units 

t , Maxim!m of 

2841 
8-2841'son 

Storage Contro I 
One Channel 

Unit 

+ 1 • t 
2311 2302 2321 2303 
Disk Disk Data Drum 

Storage Storage Cell Storage 
Unit Unit Drive Unit 

Figure 1-1. 2841 Storage Control Unit Configuration 
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Two-Channel Switch: The Two-Channel Switch Fea­
hire provides the switching circuitry required to 
attach the 2841 Storage Control Unit to a second 
channel. This feature is described in Chapter 5. 

Additional Storage: The Additional Storage Feature 
provides circuitry to attach up to 16 access mecha­
nisms to a 2841. The additional eight access mecha­
nisms must be 2302 accesses. This feature is 
described in Chapter 5. 

File Scan: The File Scan Feature provides an auto­
matic rapid search for a specifiC identifier condition. 
This feature is described in Chapter 5. 

Record Overflow: The Record Overflow Feature 
allows a record to overflow from one track to another. 
This feature is described in Chapter 5. 

The 2841 utilizes Solid Logic Technology 
(SLT) and a Transformer Read Only Storage (TROS) 
to control its operations. 

The use of disk storage provides the IBM System/ 
360 with the ability to record and retrieve externally 
stored data either sequentially or randomly. It per­
mits immediate access to specific areas of informa­
tion without the need to sequentially examine all data 
recorded in the same file. Fast access to data 
storage locations enables the user to maintain up-to­
the minute files and to refer frequently and directly 
to data for the retrieval of stored data, regardless 
of the time of record insertion or the physical 
location of the data. 

The extensive data storage capacity, swift ac­
cess to recorded data, high data transmission rates, 
and broad flexibility of file maintenance and organi­
zation provided by disk storage devices introduce 
new and advanced data processing methods and allow 
simplification of procedures. 

1. 2 PHYSICAL DESCRIPTION 

The physical characteristics of the 2841 are (Fig­
ures 1-2 through 1-10): 

1. 2. 1 Dimensions 

Height 
Depth 
Width 
Weight 

60" (from floor) 
30" 
44" 
8001bs. 

The 2841 has two swinging covers on the right side 
and two swinging covers on the left side. 
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Figure 1-2. Top View 

1. 2. 2 Power Requirements 

Voltage: 

Plug: 
Mating Connector: 
KVA: 

3-phase 208 vac ±10%, 30 amp, 
60-cycle, four wire cable (fourth 
wire is equipment ground) 
Russell & Stoll FS 3760 
FS 3934 
1.9 

NOTE: The 2841 can be adapted to operate on the 
following 50-cycle, 3 phase voltages in accordance 
with IBM Corporate Standard 3-2-5103-0: 

1. 195 volts ±10% 
2. 220/380 volts ±l0% 
3. 235/408 volts ±10% 

1. 2.3 Cable Entry 

Power and signal cables enter the unit from under­
neath. A raised floor is deSirable but not required. 



Figurel-3. Rear View 

1. 2.4 Operator'sPosition 

The control unit has no operator's positIon other than 
the meter-enable switch on the front of the 2841 
(Figure 1-2). 

1. 2. 5 EnvironmentalConditioris 

J'emperature 
Relative Humidity 
Maximum Wet Bulb 

Non-

50 _1100 F 
8- 80% 
80

0 

1.2.6 ... Power Control-

When power is present in the control unit, .it 
is . available to . all devices ' attached to the · unIt. 
The control unit may be placed in one. oUtS 
two modes, local mode or remote mode, by 
using a switch in the control unit. Normally 
the switch is in the remote position. In remote 
mode, power sequencing is controlled by the 
processor. In local mode, the power sWitches 
in the control unit must be operated. In 
local mode the processor cannot control 
sequencing. 
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CE 
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2MI to 
TROS 
Ribbon 
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·2841 to 
Channel 
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Cables 

Use 
Meter 

Figure 1-4. Front View 

1. 3 FUNCTIONAL DESCRIPTION 

• The 2841 consists of six logical sections (Fig­
ure 1-11): 
1. System/S60 Channel Interface 
2. Arithmetic/Logical Unit 
3. Serializer/Deserializer Unit 
4. Fourteen General Purpose Registers 
5. Transformer Read-Only Storage Unit 
6. Device Interfaces 

a. 2311 Disk 
b. 2302 Disk 
c. 230SDrum 
d. 2321 Data Cell Drive 
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A Gate 
TROS 

SALS 
Indicator Plug 
(I/O Tester 
Input Plug) 

DC Power 
Distribution 
Terminal Boards 
DB 1-7 

2311 DC 
Simplex 
Connectors 

1. 3.1 System/a60 Channel Interface 

The System/360 Channel Interface provides . a method 
for attaching I/O control units to System/360 channels. 

1. 3.2 Arithmetic/Logical Unit 

The Arithmetic/Logic Unit (ALU) can add, SUbtract, 
OR, AND, exclusive OR, and generate correct parity. 

1. 3. 3 Serializer/Deserializer Unit 

The Serializer /Deserializer Unit (SERDES) converts 
parallel-by-byte data to serial-by-bit data when 



TROS Current 
Potentiometer 

A Gate 
TROS 

Channel 
Bus/ Tag 

DC Simplex 
Connectors 

Power , 

Commoning 
Board 

B Gate TROS 
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Transformer 
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Figure 1-5. Right Side View 

writing, and serial-by-bit data to parallel-by-byte 
data when reading. 

1. 3. 4 General Purpose Registers 

There are 14 general purpose registers within the 
2841. The microprogram uses the registers for 
various purposes. Chapter 3 includes a more de­
tailed description of the usage of these registers. 

1. 3. 5 Transformer Read-0nly-Storage 

Transformer Read-Only Storage (TROS) consists of 
2 , 048 addressable words. Each word is 48 bits in 
length and is one step in a sequence of words called 
a microprogram. The TROS storage cycle is 500 ns. 

TROS furnishes control for all logical units within 
the 2841. Chapter 2 includes a more detailed de­
scription of TROS. 

1. 3.6 Device Interface s 

The device interfaces contain data and control lines 
unique to a particular device type. 

1. 3. 7 Basic Write .Data Flow 

1. A byte or data is requested from a System/ 360 
channel by the channel interface. 

2. The channel places the byte on the bus-out lines 
and notifies the channel interface that the data 
is ready. 
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Use Meter 

Figure 1-6. Gate A and CE Panel 

3. The byte is transferred from the channel inter­
face through ALU (No arithmetic operation is 
performed on it.) to one of the general purpose 
registers. 

4. The byte is transferred from the general purpose 
register to SERDES. 

5. SERDES converts the parallel-by-byte data to 
serial-by-bit data, and sends thiS data through 
the device interface to the device. 

6. TROS controls each of these operations except 
for the parallel to serial conversion within 
SERDES. 

1. 3. 8 Basic Read Data Flow 

1. Sedal-by-bit data from the device is read in 
through the device interface and sent to SERDES. 

1-6 

CE Panel 

Al Board 
Bl Board 

C 1 Board 

A2 Board 
B2 Board 
C2 Board 

A3 Board 

B3 Board 

Gate Blowers 

2. SERDES converts the serial-by-bit data to 
parallel-by-byte data. 

3. When SERDES has a complete byte (8 bits), the 
byte is transferred to one of the general purpose 
registers. TROS is notified of this transfer. 

4. The byte is transferred from this general pur­
pose register throughALU to another general 
purpose register. Correct parity is generated 
when the byte is transferred through AL U. 

5. The channel iIlterface notifies the channel that 
the 2841 has a byte ready for transfer. 

6. When the channel is ready to receive the byte, 
the channel iIlterface is notified and the byte is 
placed on the Bus In lines. 

7. The channel takes the byte and notifies the 2841 
of this action. 



Figure 1-7 . Right Side View o f TROS Unit 

1.4 TRACK FORMAT 

• 

• 

• 

• 

• 

A track consists of these areas and records: 

1. Home Address 
2. Record Zero 
3. One or more variable length data records. 

An index marker indicates the physical beginning 
of each track. 

Record zero (track descriptor record) has been 
designed for a ~pecial purpose, flagging. 

I 

An address mark designates the beginning of 
data records. 

Each record is self-formatting. That is, it 
contains information defining the length of the 
records. 

• 

• 

Each record contains 

1. Count area 
2. Data area 
3. POSSibly a key area. 

Two areas facilitate finding data: Identifier 
(part of count) and key area. 

The following information concerning track format 
(Figure 1-12) pertains to the 231.1 drive, However, 
all storage devices which attach to the 2841 use a 
common track format which differs from unit to unit 
mainly in the maximum capacity of an individual track. 

1,4.1 Index Marker 

The index marker (IX) indicates the physical begin­
ning of each track. All tracks use the same index 
marker. 
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Figure 1-8. Left Side View of TROS Unit 

1. 4. 2 Home Address Area 

The home address area (HA) consists of seven bytes 
which define track conditon and the physical location 
within the storage device. There is one HA area per 
track. This must be the first area written on each 
track and is created by a write HA operation. Con­
tained within HA are five data bytes. 

Name Bits 

1 Flag 0-5 

6 

7 
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Function 

No purpose - always 
zero 

Track Condition 
o - good track 
1 - defective track 

Track Use 
o - primary track 
1 - alternate track 

Byte Name Bits Function 

2,3 Cylinder* All Specifies cylinder 
address 

4,5 Head* All Specifies head address 

6,7 Code All Error detection 
Check 

"The data recorded in the cylinder and head bytes must agree with 
the physical address of the track. The HH bytes must differ by 
one in ascending sequence from surface to surface. This format 
is followed because portions of these bytes are checked against 
the seek address on some operations. . 

Example: Assume the track is ~ood, the cylinder is 
173, the head is 3. Then the HA area 
equals: 

F 

o 
C C H 

o 173 0 

H 

3 

CC 

** 
""Value assigned by microprogram during a write HA operation. 

CC 

** 



Figure 1-9 . Device and Channel Cabling Area 

1. 4 . 3 Track Descriptor Record (RO) 

The first record following home address on each track 
is the track descriptor record (record zero). Record 
zero is created by. a write RO operation. Although 
record zero may be used to store data, RO is used by 
IBM Programming Systems to describe the track and 
to enable an entire track's data to be moved to an 
alternate track if a portion of the recording surface 
becomes defective. This process is called "flagging" 
and is described in Chapter 3. The description in this 
section is for normal RO records only. 

A count area and a data area are contained within 
RO. RO may include a key area, but IBM Program.:. 
ming Systems does not require this . 

1. 4 . 3 . 1 Count Area 

This area is always 11 bytes in length. It can be 
divided into four logical sections. 

1. Flag, Byte 1. This byte is generated by the 

microprogram as RO is written. Bits 0 - 5 equal 
zero . Bits 6 and 7 are propagated from bits 6 
and 7 of the HA flag byte. 

2. Identifier (ill), Bytes 2 - 6. This section is 
composed of five bytes - cylinder, cylinder, 
head, head, record number (CCHHR). (CCHH) 
is normally identical to the (CCHH) recorded in 
the HA area. (R) is the record number of this 
record. In the case of RO, the record byte is 
always zero. 

Basically, the user can locate data in two 
ways . One way is to search for a particular ill, 
that is, a particular (CCHHR). Therefore, the 
purpose of the ill section of a count area is to 
furnish the user a method for locating the de­
sired information. The second way is to search 
for a particular key area. 

3. Format, Bytes 7 -9. On some previous disk 
storage systems, records were of fixed length 
(1401- 1311), or a separate track (format track) 
was used (7631-1301) to describe the length of a 
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Figure 1-11. Functional Data Flow 

record. Records on devices attaching to the 
2841 can be of variable lengths. Therefore, 
some method was needed to define these record 
lengths. Bytes 7, 8 and 9 of each count field 
fully describe the record length as follows: 

Byte 7 - Key Length (KL). This byte defines 
the number of bytes (excluding code check bytes) 
in the key area. If the record has no key area, 
the KL byte is zero. KL can indicate a key 
length of 0 to 255 bytes. Normally for RO, the 
byte is O. 

Bytes 8 and 9 - Data Length (DL). These 
two bytes define the number of bytes (excluding 
code check bytes) in the data area. Two bytes 
(16 bits) can indicate a data length of 0 to 65,535 
bytes. 

Zero data length indicates an end-of-file 
record. This may be used for any purpose by 
the user. The maximum quantity appearing in 
these two bytes for a 2311 is 3625. 

4. Code Check - Bytes 10 and 11. Used for error 
detection. 

1-11 



I-" 
I 

I-" 
t-:> 

Typical 
Track 
Layout 

Home 
Byte 

Address 
Area 

Track 
Byte 

Descriptor 
Record 0 

Byte 
Data Record 
with 
Key Area 

Data 
Record 
Without 
Key!vea 

B):'te 

I- HA +-Track Descriptor 
Area Record - RO --1------ Dolo Record 1 

2 4 

~ Counl !vea ~l 

'------10 

I" . Count !veo ~ 

10 

r~-' Counl Areo ~I 

10 

Figure 1-12. 2841 and 2311 Data Track Format 

Dolo Record N----f 

,~ 

Data Area 
{Variable} 

2 345 6 n--l 

L..o ~I Key!vea r'" ~I 

1 to 255 Bytes 

I'" Dolo !veo ~l 

1 to 3625 Bytes 

~, 

,... Dolo Area 

1 to Less Than 
3625 Bytes 

~I 

122328Al 



1. 4. 3. 2 Key Area 

The programmer decides whether or not to use a key 
area in RO. Refer to the Data Record Key Area sec­
tion of this manual for a description of key area. 

1. 4.3.3 Data Area 

Length and content of the data area of RO depends on 
the type of programming used. 

The IBM I/O Supervisor System/360 program 
uses this area to describe the balance of the track. 
The field will always be eight bytes in length. If the 
program is operating in direct access mode, the first 
five bytes contain the ID of the last record on the track, 
the next two bytes contain the byte count of the amount 
of track that is left to write on, and the last byte is not 
used. If the programmer has not called for this type 
of operation of the data field has no meaning. 

Code check bytes are recorded at the end of the 
data area for error detection. 

1. 4. 4 Data Record 

One or more records may follow RO on a track. 
Count areas make each record self-formatting for 
maximum data organization and flexibility. An 
address marker area and a count area are located 
before each data area. Depending upon the type of 
file organization, there may be a key area between 
count and data areas. 

1.4.4.1 Address Mark 

This 3-byte area indicates the beginning of each data 
record. Address marks are written by the 2841 as 
data records are created. They are used by the 2841 
to locate the beginning of a record for searching, 
writing, and reading operations. This allows the 
2841 to begin an operation anywhere on the track 
instead of at index point. 

1. 4. 4. 2 Count Area 

This 11-byte area describes the key and data areas 
which follow. Bytes 2 - 9 are created in the CPU by 
the program used to write the record. 

Flag: Byte 1 of the count area is generated by the 
2841 as each record is written. It is not sent from 
the CPU. 

Bit Function 

rO o for even-count records (RO, R2 , R4, 
R6)· 

1 for add-count records (Rl' R3 , R5)· 

Used by the 2841 to ensure that all 
address marks (and records) are 
present. The 2841 signals a missing 
address mark when two consecutive, 
identical bits are encountered (uDless 
an index point intervenes). 

1 Used with Record Overflow feature. 
o for all non-overflow records and for 
the last record of an overflow chain. 
1 for each record except the last seg-
ment of an overflow record. 

Flag 2 Zero 
Byte 

3 Zero 

4 Zero 

5 Zero 

6 Track Condition 
o indicates operative track 
1 indicates defective track 

7 Track Use 
o indicates primary track 
1 indicates alternate track 

Bits 6 and 7 are propagated from the 
flag byte of the preceding record. 

Cylinder - Bytes 2 and 3 contain the cylinder 
number of the track on which the data is stored. 

Head - Bytes 4 and 5 contain the read/write head 
number of the track on which the data is stored. 
Generally the cylinder and head information are 
identical to the cylinder and head information re­
corded in the HA area. 

Record Number - Byte 6 designates the sequen­
tial number of the record on the track. 

Key Length - Byte 7 specifies the number of 
bytes in the key area. This may vary from 0 to 255 
bytes (0 meaning no key area). 

Data Length - Bytes 8 and 9 specify the number 
of bytes in the data area. 'fhis may vary from 0 to 
3625 bytes for a 231l. 

Cyclic Code Check - Bytes 10 and 11 are used 
for error detection. See Error Detection. 1. 4. 6. 
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1. 4. 4.3 Key Area 

As mentioned previously, the user has two ways of 
locating his data. One way to locate data is to search 
for a particular ID (CCHHR). 

Another way to locate data is to search for a 
particular key area. The key area length ranges 
from 1 to 255 bytes. The key area could contain 
identifying information about a record, such as serial 
number, social security number, policy number, etc. 

Cyclic code check bytes are recorded at the end 
of the key area for error detection. 

1.4.4.4 Data Area 

This area contains the information identified by the 
count (ID) and key areas. This area may vary in 
length from 1 to 3625 bytes for a 2311. 

Cyclic code check bytes are recorded at the end 
of the data area for error detection. 

1.4.5 Gaps 

Gaps are used to separate records and areas within 
records on the tracks. There are three types of gaps. 

Gap 1 - The gap between index and the HA area. 
A fixed length - 36 bytes. This gap is referred to as 
the HA gap. 

Gap 2 - The gap between the end of HA and RO 
count field. Also the gap between areas of a record. 
Fixed length - 18 bytes. This gap is referred to as 
the alpha (a) gap. 

Gap 3 - The gap between the end of the data area 
of one record and the beginning of the count area of 
the next record. Variable length - 27 bytes plus 5% 
of the sum of the previous records key and data 
length. This gap is r.eferred to as the beta (f3) gap. 
The beta gap also contains two address mark bytes. 

A more detailed description of the contents of 
these gaps is in Chapter 2, under the heading -
Serializer /Deserializer Unit. 

Gap size and byte contents vary with the feature 
devices (refer to Chapter 5). 

1.4.6 Error Detection 

As information is being transferred from the parallel-
by-bit using system to the serial-by-bit device 
(write), the 2841 strips off the parity bit associated 
with each byte. Parity bits are not recorded on the 
storage devices. For transfer to the channel (read), 
the 2841 assembles the serial-by-hit device data 
into a parallel-by-bit byte, adds a parity bit, and 
transm.its the complete byte to the using system. 

1-14 

In the serial/direct access storage devices used 
with the 2841, the validity of the recorded information 
is maintained by adding a string of 16 bits (two bytes) 
to the end of each area. This type of checking is 
called cyclic code checking. 

The 2841 accomplishes code checking by first 
filling two I-byte registers with all bits. Each 
character read or written is exclusive ORed to one 
of the two registers. All even numbered characters 
go to the same register and all the odd characters go 
to the other. The final result is,two "hash" total 
characters. These are used as the two code check 
characters. 

For a write operation, the two bytes of cyclic 
check code are added to the end of the record and 
written on the track. 

On a read operation, the process is continued 
until the cyclic code bytes on the end of the record 
are operated upon. If no error has occurred, the 
result is all zeros in the cyclic code check registers. 

Example: Write 

Register 1 

Set to ones 1 1 1 1 1 1 1 1 
1st Char. 1 1 1 1 0 0 0 1 

Result 0 0 0 0 1 1 1 0 
3rd Char. 1 1 1 1 0 0 1 1 

Result 1 1 1 1 1 1 0 1 

Code Check byte one 

Register 2 

Set to ones 1 1 1 1 1 1 1 1 
2nd Char. 1 1 1 1 0 0 1 0 

Result 0 0 0 0 1 1 0 1 
4th Char. 1 1 1 1 0 1 0 0 

Result 1 1 1 1 1 0 0 1 

Code Check byte two 

Example: Read 

Register 1 

Set to ones 1 1 1 1 1 1 1 1 
1st Char. 1 1 1 1 0 0 0 1 

Result 0 0 0 0 1 1 1 0 
3rd Char. 1 1 1 1 0 0 1 1 

Result 1 1 1 1 1 1 0 1 
Code Check one 1 1 1 1 1 1 0 1 

Result 0 0 0 0 0 0 0 0 



Register 2 1. Detects all errors in which an odd number of 
bits is wrong. 

Set to ones 1 1 1 1 1 1 1 1 2. Detects single bursts of errors that are 16 bits 
2nd Chl'll", 1 1 1 1 0 0 1 0 01" 1~8:; in l~ngth. 

Result 0 0 0 0 1 1 0 1 
4th Char. 1 1 1 1 0 1 0 0 

Result 1 1 1 1 1 0 0 1 1.5 PROGRAMMING 

Code Check two 1 1 1 1 1 0 0 1 
Result 0 0 0 0 0 0 0 0 Refer to SRL, Form Number A26-5988 for input/out-

put operations and programming of the 2841. 
The cyclic code check used in the 2841 has the A summary of the 2841 operation codes is in-

following checking properties: cluded in Figure 1-13. 

0 1 2 3 4 5 6 7 

MIT HI = C K 0 CHANNEL 

Write Data 0 0 0 0 0 1 0 1 
Write Key, Data 0 0 0 0 1 1 0 1 
Write Count, Key, Uata 0 0 0 1 1 1 0 1 
Write Home Address 0 0 0 1 1 0 0 1 
Write RO 0 0 0 1 0 1 0 1 
Control Erase 0 0 0 1 0 0 0 1 

Search Equal 10 - 0 1 1 0 0 0 1 
Search Equal Key - 0 1 0 1 0 0 1 
Search Equal Home Address - 0 1 1 1 0 0 1 
Search Equal KeY, Data - 0 1 0 1 1 0 1 
Search Hi 10 - ~ 0 1 0 0 0 1 
Search Hi Key - 0 0 1 0 0 1 
Search Hi Key, Data - I 0 0 1 1 0 1 
Search Hi Equal 10 - 1 1 1 0 0 0 1 

I Search Hi Equal Key - 1 1 0 1 0 0 1 
Search Hi Equal Key, Data - 1 1 0 1 1 0 1 

Read Data - 0 0 0 0 1 1 0 
Read Key, Data - 0 0 0 1 1 1 0 
Read Count, Key, Data - 0 0 1 1 1 1 0 
Read Home Address - 0 0 1 1 0 1 0 
Redd RO - g g 1 0 1 1 0 
Read Count - 1 0 0 1 0 
Read Initial Program Load (IPL) 0 0 0 0 0 0 1 0 

Control Seek (BBCCHH) 0 0 0 0 0 1 1 1 
Control Recalibrate 0 0 0 1 0 0 1 1 
Control Restore 0 0 0 1 0 1 1 1 
Control Space Count 0 0 0 b 1 1 1 1 
Control No Op 

~ 0 0 0 0 0 1 1 
Control Cyl. Seek (CCHH) 0 0 0 1 0 1 1 

I Control Head ::'eek (':fH) g U 0 1 1 0 1 1 
Control Set File Mask 0 0 1 1 1 1 1 

Test I/o 0 0 0 0 0 0 0 0 

Sense I/O 0 + + + 0 1 0 0 

Write Spec-Count, 
Overflow) 

Key, and Data (used with Record 0 0 0 0 0 0 0 1 

Reserved 0 0 1 b 0 0 1 1 

Note: On Search and Read commands BO can be either 0 or 1 . If "0", head switching wi II not take place when Index Point is detected. 
If 1 , head switching will take place when Index Point is detected. On a Sense Command Bits 1, 2, and 3 of the Code are "don't care" 
conditions (-+'). 

Figure 1-13. Bit Structure of 2841 Operation Codes 
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SYSTEM/360 I/O INTERFACE 

1. 6 CHANNEL INTERFACE INTRODUCTION 

• The IBM System/360 Interface: 
1. Provid~s a method of attaching I/O units to 

the IBM System/360. 
2. Consists of 34 lines. 
3. Accommodates up to eight control units. 

The input-output interface provides a uniform method 
of attaching input/output (I/O) control units to IBM 
System/360 channels. The interface can accommo­
date up to eight control units with addressing capa­
bilities for up to 256 I/O devices. 

The interface establishes requirements for sig­
nal transfers between control units and the servicing 
channel. Therefore, interface lines provide a com­
mon information format and signal sequence for all 
input/output devices. Figure 1-14 categorizes inter­
face lines according to their general functions. 

Except for signals that establish priority among 
control units, all interface signals are sent over a 
common bus. Any interface signal that the channel 
generates is available to all control units, but, only 
one control unit at a time is logically connected to 
the interface. After a control unit is selected, it re­
mains logically connected to the interface until the 
control unit transmits or receives the required in­
forma:tion or until the channel signals the control unit 
to disconnect. 

The rise and fall of signals transmitted over the 
interface are interlocked with the corresponding re­
sponses. This interlocking makes the interface ap­
plicable to a wide variety of circuits and data rates, 
and permits the connection of control units of differ­
ent circuit speeds. 

Each control unit contains an address card that 
designates its interface address; no two control units 
on the same interface can have identical addresses. 
To begin an I/O operation, the channel must transmit 
the address of the desired unit. 

Interface adapter circuits located in each control 
unit: 

1. Convert interface line sequences and coded com­
mands to the control lines necessary to operate 
the control unit. 

2. Establish communication between the control cir­
cuits in the unit and the interface. 

1. 7 INTERFACE LINES 

• Interface lines are divided into five types: 
1. Bus lines 
2. Scan controls 
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Inbound Tags (3 lines) 

Address-In 
Status-In 
SeI'Vice-ln 

Bus-Out (9 lines) 

Bus-Out Bit Positions 
P,O,1,2,3,4,5,6,7 

Bus-In (9 Lines) 

Bus-In Bit Positions 
P,O,1,2,3,4,5,6,7 

Outbound Tags (3 Lines) 

Address-Out 
Command-Out 
Service-Out 

Channel 

Scan Controls (4 lines) 

) 

Interlocks (2 Lines) 

Special Controls (4 Lines) 

suppress-ouS 
Clock-Out 
Metering-Out 

~Metering-In 

Figure 1-14. Interface Lines 

3. Tag lines. 
4. Interlock lines. 
5. Special controls. 

2841 
Control 
Unit 

Figure 1-15 shows channel and control unit connec­
tions to the interface. Note that the select lines 
(select-out and select-in) connect serially through 
each control unit for the purpose of establishing 
priority; other lines connect in parallel. 

1. 7 • 1 Bus Lines 

• Bus lines carry information between the channel 
and control unit. 

• There are nine bus-in lines and nine bus-out 
lines. 

Up 
to 
8 



CPU Channel 

.L1 ~ 
LJ ~ 

• Out 
Lines 

Select 
In 

Control Unit 1 

rY1 I ~ I 
~ 

Control Unit 2 Control Unit 3 Terminator 

rY1 • X I ' < I :L '" Out 

~ 
Lines 
~ ~ 

Highest Priority Lowest Priority Second Highest 
Priority 0-- Terminator [IJ--Receiver 0--Driver 

Figure 1-15. Interface Connections 

Information is transmitted over the interface from 
the channel to the control unit on bus-out, and from 
the control unit to the channel on bus-in. Bus-in and 
bus-out each contain eight information lines and one 
line for odd parity. 

Information on the in and the out bus is arranged 
so that bit position 7 of a bus always carries the 
lowest-order bit within an eight-bit byte. The 
highest-order bit is in position O. 

1. 7.1. 1 Bus-Out 

• Bus-out transfers information from the channel 
to the control unit. 

• There are eight data lines and one parity line. 

The nine bus-out lines transfer information from the 
channel to control units. The channel conditions an 
outbound tag line to identify the type of data trans­
mitted on bus-out lines. For example, when the 
address-out tag and bus-out lines are active concur­
rently, information on bus-out lines deSignates an 
address. 

Tag lines control the period during which bus­
out lines contain valid information. When transfer­
ring the address of an I/O device, information on 

bus-out lines is valid from the rise of address-out to 
the rise on one of the following: operational-in, 
select-in, or status-in. When transferring informa­
tion other than an address, signals on bus-out lines 
are valid from the rise of the identifying outbound 
tag to the fall of the responding inbound tag. 

1. 7.1. 2 Bus-In 

• Bus-in transfers information from the control 
unit to the channel. 

• There are eight data lines and one parity line. 

The nine bus-in lines transfer information from the 
selected control unit to the channel. The control 
unit conditions an inbound tag line to identify the type 
of information transmitted on bus-in lines. For ex­
ample, when the status-in tag and bus-in lines are 
active concurrently, bus-in lines contain a status 
byte. 

Tag lines control the period during which bus-in 
lines contain valid information. Signals on bus-in 
lines are valid 100 nanoseconds (ns) after the rise of 
the identifying inbound tag to the rise of the respond­
ing outbound tag. 
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1. 7. 2 Scan Controls 

• Select-out, hold-out, and select-in are controlled 
by the channels. Request-in is controlled by the 
control unit. 

• The scan controls are independent of CPU non­
I/O operations. 

• Scan controls enable the channel to contact con­
trol units attached to it. 

• Scan controls permit control units to-request 
service from the channel. 

• Scan controls establish contact between the chan­
nel and the control units on a priority basis. 

1. 7 .2.1 Select-out 

• Select-out connects each control unit in series. 

• It determines the priority of control units. 

The select-out lines provide the loop that allows the 
channel to interrogate each control unit in priority 
sequence. 

Logically, the select-out line connects serially 
through each control unit by connecting: 

1. The channel to the control unit having the highest 
priority. 

2. A control unit to the next control unit in descend­
ing priority sequence. 

The physical location of a control unit (with re­
spect to the channel) does not establish the unit's 
designated priority. For example, the control unit 
farthest from the channel might be the first unit to 
which select-out logically connects; this unit would 
then be the unit to which the highest priority is as­
signed. 

When an I/O control unit receives the select-out 
signal it must either raise its operational-in line in 
response to it (request service) or immediately prop­
agate the select-out signal to the next control unit in 
the series. Once a control unit has propagated 
select-out, it cannot raise its operational-in line 
until the next incoming select-out line to the control 
unit rises. 

The channel must hold select-out active until it 
receives a signal on either the select-in or the 
address-in line. When select-out is transferred to 
the control unit with the lowest priority, the control 
unit either 1) raises its operation-in line, and later, 

1-18 

its address-in line, initiating a signal sequence with 
the channel, or 2) sends the incoming select-out to 
the channel. The signal on the select-out line's 
return path to the channel is called select-in. 

If a control unit conditions operational-in when 
the incoming select-out is active, it does not trans­
fer select-out to the next control unit (or select-in 
to the channel). By conditioning operational-in, the 
control unit interrupts the channel's scan loop. Then, 
the control unit transmits an address byte on bus-in 
lines and conditions address-in. The control unit 
must hold operational-in active until communication 
with the channel is complete. The channel can drop 
select-out after receiving address-in, or can hold 
select-out active through the complete I/O operation. 
In no case can the control unit cancel operational-in 
before the channel drops select-out. 

1. 7.2.2 Select-In 

• The select-out line's return path to the channel 
is select-in. 

The control unit provides an option to connect its 
selection logic in series on either the select-out or 
select-in line (Figure 1-15). Descending-order 
priority from the channel can be established on the 
select-out line, and the remaining control units can 
maintain the descending-order priority from the 
channel on the select-in logic. For clarity, in this 
manual, the selection logic is assumed to be con­
nected to the select-out line. 

Select-in is a line from the lowest-priority con­
trol unit to the channel. It is the outgoing select-out 
line of that conttol unit and provides a return path to 
the channel for the select-out signal. The definition 
of the select-in line is the same as that of a select­
out line coming from any control unit. 

1. 7.2.:3 Request-In 

• This is a request for service from the control 
unit to the channel. 

• May initiate a polling sequence at the channel. 

A control unit conditions the request-in line to indi­
cate that it will initiate a signal sequence when 
select-out polls that unit again. The channel need 
not condition select-out to scan the attached control 
units until the request-in line indicates that a control 
unit requires servicing. This operation allows the 
control unit with the highest priority to receive atten­
tion in a minimum amount of time after the request-in 



line is conditioned. To illustrate the function of 
request-in, consider the following example: 

Assume that the highest interface priority is as-
cdnon.o.ri.f.n .f.'h.o. TIn rI.o."".j,."o T'f,';.f.'h "'''''.0. 1,';"''''1''\014- A"".f."" _ ....... ,0 ...... o~.L-- "V " ... .1._ ~f ___ " ... __ " ... 111 ...... " ... .L"" ...... LO ...... _U'"' _u"", ... "'''_ 

and that the device with the slowest data rate has the 
lowest priority. The unit with the lowest priority 
can wait longest for service; so, each time that the 
request-in line is conditioned, that unit is the last to 
be polled. Because the I/O device with the highest 
priority can wait the least time for service, each 
request-in indication causes th!l-t unit to be polled 
first. 

1. 7.2.4 Hold-Out 

• Hold-out is used in conjunction with select-out. 

• It allows the channel to cancel the effects of 
select-out and control polling. 

The channel conditions the hold-out line to all control 
units in parallel to allow select-out to perform its 
designated function in a control unit. The hold-out 
line allows the channel to cancel the effects of select­
out at each control unit at the same time. If the 
channel is holding select-out active and cancels hold­
out, .no control unit can make use of select-out; a unit 
can only propagate the incoming select-out to the next 
unit. Therefore, the channel receives select-in in 
.the shortest possible time. 

1.7.3 Outbound Tag Lines 

• These lines carry instructional signals to an 

• 
• 
• 

They identify information on bus-out lines. 

Two out-tags cannot be active at the same time. 

Each line remains active until an inbound tag 
responds to it. 

1.7.3.1 Address-Out 

• Address-out normally identifies information on 
bus-out as an address. 

• On a halt-I/O instruction, address-out instructs 
the control unit on the interface to disconnect. 

The channel transmits a signal over the address-out 
line (Figure 1-16) to indicate either of two conditions: 

1. Address-out initiates selection of an I/O device 
causing all attached control units to attempt to 
decode the address on bus-out lines. Because 
each control unit address is different, only one 
unit can decode the address. If the control unit 
that recognizes the address is not busy, it must 
respond by conditioning operational-in when 
select-out is conditioned to that control unit • 

~A~d=dr~e=$~-O~ut~ ________ ~----

(Not) Select-Out 
Disconnect from Interface * A 

A 
Operational-In 

Operational-In B 
Select-Out** r--- Op-In 

~r--- Address-In 
Control Unit A 
Decodes Address I'---Fl--

(Not) Address-Out*** 

~A~d~dr~e~$~-o~ut~~ ______ ~~ 
Qata on Bus-Out U 

* Control Unit must drop Op-in within' 6tJsec. 
** Select-out rises a minimum of 400 ns after address-out 

*** Rise of Op-in causes address-out to fall. 

A Meaning to 2841 
B logical Circuit 

Figure 1-16. Address Out 

A 

r-

Decode Address on Bus-Out A 
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Address-out precedes the rise of select-out by 
at least 400 nanoseconds. The channel must 
hold address-out active until it receives 
operational-in, select-in, or status-in. Select­
in indicates that no control unit decoded the 
address. This occurs when the specified control 
unit is off line. Status-in indicates that the des­
ignated control unit is busy and cannot be inter­
rupted to execute another operation. The channel 
responds to the status-in reply by canceling 
select-out. It then waits for status-in to fall and 
cancels address-out. 

2. On a Halt I/O instruction, address-out instructs 
the control unit on the interface to disconnect. 
If the unit is selected, the channel will: 
a. Condition the select-out line (may already be 

up). 
b. Receive operational-in from a control unit, 

(will already be up). 
c. Condition the address-out line. 
d. Cancel select-out and hold address-out active 

until the control unit allows operational-in 
to fall. 

The control unit must cancel operational-in within 6 
microseconds (jJ.sec) after receiving the interface 
disconnect indication. The I/O operation proceeds 
to the normal end, but the data is not transferred 
across the interface. 

1. 7 . 3. 2 Command-Out 

• This indicates a command byte on bus-out in 
response to address-in during channel initiated 
selection. 

• It means "proceed" in response to address-in 
during control unit initiated selection. 

• It causes the control unit to stack the status in 
response to status-in. 

• It means "stop" in response to service-in. 

The channel conditions the command-out line (Figure 
1-17) to respond to a signal on an inbound tag line. 
During the initial selection sequence, the channel 

. activates command-out to reply to address-in, indi­
cating that a command byte is on bus-out lines. This 
command byte specifies the I/O operation to be per­
formed. Only at this point in the initial selection 
sequence does command-out cause the selected con­
trol unit to decode the byte on bus-out lines. 

A command-out response to service-in means 
"stop" and causes the control unit to terminate the 
data transfer. 
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Command-Out 

Address-In 

Channel Initiated 
Selection Sequence 

A 

~se~rV~i~ce~-~ln~~ _______ ~ 
.sammand-Out LJ 
Status-In 

A 
Command-Out 

'Logical tvleaning To Control Unit 

Figure 1-17. Command Out 

Decode Command Byte' 
A on Bus-Out 

Proceed * 
A 

N 

Stop, 

Stack Status ~ 

Whether during the initial selection sequence or 
at the end of the operation, the command-out reply 
to status-in causes the selected control unit to stack 
(hold) the status data. The control unit can present 
the stacked status only if suppress-out and address­
out are down when select-out rises at the control 
unit. 

1. 7.3.3 Service-Out 

• This identifies information on bus-out as data in 
response to service-in on write, search, and 
control operations. 

• It indicates that the channel received data in re­
sponse to service -in on read, and sense 
operations. 

• It indicates that the channel accepted the status 
information in response to status-in. 

• It indicates chaining in response to status-in 
with suppress-out active. 

Service-out, a line from the channel to all attached 
control units, signals the selected device when the 
channel recognizes a signal on the service-in or 
status-in line (Figure 1-18). A signal on the service­
out line indicates to the selected device that the 
channel has accepted the information on bus-in, or 
has provided on bus-out the data requested by 
service-in. 

When service-out is sent in response to service­
in during read or sense operations, or to status-in, 



Service-In 
Channel Has Data Byte on Bus-Out 

A or Received Byte on Bus-In; Proceed .. 
Service-Out 

End the Operation * 

N 
A 

Chained 

Status-In 
Suppress-Qut 

A Operation * 

A 
Service-Out 

Initiate the Operation * 
Zero Status A 

Initial Selection 

*I..ogical Meaning at Control Unit 

Figure 1-18. SelVice Out 

the service-out signal must rise after the channel 
accepts the information on bus-in. In these cases, 
the rise of service-out indicates that the information 
is no longer required to be valid on bus-in. When 
service-out is sent in response to service-in during 
a write, search, or control operation, the rise of 
service-out indicates that the channel has provided 
the requested information on bus-out. In this case, 
the signal must rise after the information is placed 
on the bus. Service-out must stay up until the fall 
of the associated service-in or status-in signal. 

Service-out cannot be up concurrently with any 
other "out" tag. 

A service-out response to status-in while 
suppress-out is up indicates to the control unit that 
the operation is being chained. See Suppress-Out for 
further details. The status is accepted by the 
channel. 

1.7.4 Inbound Tag Lines 

• 

• 
• 

These lines carry instruction signals from the 
control unit to the channel. 

They identify information on bus-in lines. 

They remain active until an outbound tag re­
sponds to it. 

• Two "in" tags cannot be active at the same time. 

Control units transmit instructional signals to the 
channel over inbound tag lines. Two or more in­
bound tag lines cannot be active concurrently. The 
control unit must hold the inbound tag line active 
until the channel responds by conditioning an 

out-bound tag line. The control unit must then can­
cel the signal on the inbound tag line to allow the 
channel to drop the responding outbound tag line. 

1.7.4.1 Address-In 

• This identifies information on bus-in as an I/O 
unit address. 

• The channel responds with command-out. 

Address-in is a line from all attached control units 
to the channel (Figure 1-19). It is used to signal the 
channel that the address of an I/O unit is on bus-in. 
The channel responds to address-in with command­
out. 

Address-in remains active until the rise of 
command-out. It must then fall in order that 
command-out can fall. 

1. 7.4.2 Status-In 

• This identifies information on bus-in as status 
information. 

• It remains up until command-out or service-out 
rises, or until select-out falls if address-out is 
up. 

Address-In 

_o~p_e_ro~t_io_n_a_I-_I_n ____________ ~~ 
Decode Address 
Byte on Bus-In * 

*Meaning to Channel 

Figure 1-19. Address In 

2841 Stage 2 FETO (7/69) 1-21 



Address-Out ______________ ---Ir-- Busy Sequence* 

~--------~--~-------------
A 

Status-In 

~r-- Decade Status Byte on Bus-In * 

A ~----------------~--------
Operational-In 

*Meaning to Channel 

Figure J -20. Status In 

.. 
A control unit activates the status-in line to indicate 
to the channel that a status byte is on the bus-in 
lines (Figure 1-20). The status byte has a fixed for­
mat and contains bits describing the current status 
at the control unit. 

Status-in must remain up until the channel re­
sponds with: 

1. Service -out, indicating that the channel accepted 
the status. 

2. Command-out, indicating that the channel has 
suppressed the status. 

If status-in is the control unit's reply to address­
out, during initial selection, it must remain up until 
select-out falls. 

1. 7.4. 3 Service-In 

• This identifies information on bus-in on data 
read or sense operations. 

• It indicates a control unit request for data on 
write and control operations. 

• It remains up until command-out or service-out 
rises. 

A control unit activates the service-in line (Figure 
1-21) to: 

1. Signal the channel that a data byte is on the bus­
in lines (read, or sense operations). 

2. Request that the channel transmit a data byte on 
the bus-out lines (write, search, or control 
operations). 

The channel responds to service-in with: 

1. Service-out, when data is accepted or trans­
mitted. 
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2. Command-out, to stop data transfers and end 
the operation. 

1. 7.5 Interlock Lines 

• 

• 
• 

These lines permit only one control unit on the 
interface at a time. 

They gate the tag lines. 

They reset the control unit. 

1. 7.5.1 Operational-Out 

• Gates on all interface lines except suppress-out. 

• Operational-out provides a reset to the control 
units. 

Operational-out (Figure 1-22) originates at the chan­
nel, rising when the CPU is power-on reset. It stays 
up as long as the channel is operable. The fall of 
operational-out resets control units on the interface 
either selectively or concurrently depending on the 
status of suppress-out, a special control line (Figure 
1-24). Operational-out is a gate on all outbound tag 
lines. Outbound tag lines have no effect if operational­
out is down. If the channel drops operational-out 
while a control unit is operating on the interface, the 
operation must be reset. If the operational-out and 
the suppress-out lines are down concurrently for 6 
microseconds, all contrpl units operating in the 
on-line mode are reset. ' 

1. 7.5.2 Operational-In 

• 

• 

This line signals the channel that a device is 
selected. 

It remains up until select-out falls and the signal 
sequence is completed. 
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To initiate an interface signal sequence, a control 
unit conditions operational-in while the incoming 
select-out line to the control unit is up. The control 
unit must, at the same time, block select-out from 
reaching the next control unit. No other control unit 
can connect to the interface while operational-in is 
up. 

When operational-in is raised for a particular 
signal sequence, it must stay up until all required 
information is transmitted between the channel and 
the device. Operational-in must drop at the same 
time, or after the rise of the outbound tag associated 
with the transfer of the last byte of information, if 
select-out is down. For burst-mode devices, 
operational-in can drop, if select-out is down or 
drops after receipt of the stop signal sequence. 

Signals on bus-in and on the inbound tag lines 
are significant only when operational-in is up except 
in the case of the control-unit-busy selection se­
quence. When operational-in is down, the channel 
must disregard any signals on these lines. On 
the other hand, each control unit must provide inter­
locks to ensure that it does not place any signals on 
bus-in and the incoming tag lines unless its 
operational-in line is up. 

1. 7.6 Special Controls 

• The four special-purpose lines are: 

1. Clock-out. 
2. Metering-out. 
3. Metering-in. 
4. Suppress-out. 

1. 7 .6. 1 Clock-Out 

• This indicates when the CPU is in a halt or wait 
condition. 

• It designates when the control unit is free to 
change status. 

The clock-out line (Figure 1-23) carries signals from 
the channel to indicate to each control unit that the 
processing unit is not in the halt or wait condition. 
Because a control unit can switch between the enable 
and disable states only when the processing unit is 
halted or waiting, clock-out designates the interval 
at which a control unit is free to change states. When 
the customer meter that registers processing unit 
time is disabled and the meter that indicates CE 
processing unit time is recording, the channel does 
not condition clock-out. 

1. 7. 6. 2 Metering-Out 

• This conditions customer meters to register 
time. 

The channel transmits metering-out to each control 
unit when the customer meter is recording process­
ing unit time. Metering-out causes customer meters 
to register time in each control unit that is not dis­
abled. 

1. 7. 6.3 Metering-In 

• This indicates to the channel that the customer 
meter is recording time. 

A control unit transmits metering-in t'J the channel 
when the customer meter on the control unit is re­
cording time. Metering-in causes the customer 
meter that records use of the processing unit to 
accumulate time even though the processing unit may 
be in the halt or wait condition. 
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1.7.6.4 Suppress-Out 
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TO 

OR 

A 

• The suppress-out line has these functions: 

1. Suppress status. 
2. Suppress data transfer. 
3. Chain command control. 
4. Selective reset. 

Suppress-out is used alone or with an outbound tag 
line to provide the following special functions (Fig­
ure 1-24). 

Suppress status: When a control Unit ends an I/O 
operation, it transmits a status byte on bus-in lines 
and conditions the status-in tag line to the channel. 
The status byte indicates whether errors were en­
countered in performing the operation and signals 
the channel that the operation is complete. A chan­
nel may respond to status-in with command-out, 
causing the control unit to stack the status data. 

The next time select-out rises at a control lDlit 
holding stacked status data, that control unit will not 
activate the interface to present the status byte if 
suppress-out is active. The channel must condition 
suppress-out at least 250 ns before the control unit 
receives select-out to ensure that the stacked status 
data is not transmitted. The rise of suppress out, 
after a control unit begins a status cycle, does not 
interfere with the transmission of the status byte. If 
a control unit conditions request-in to offer status 
data, and suppress-out rises before the control unit 
receives select-out, suppress-out drops request-in. 
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Reset all On-Line* 

A Control Units 

Clock-Out 

Suppress Data Transfer: For noncyclic I/O devices 
(buffered I/O devices, not applicable to 2841) that 
can wait for data transfers without indicating an 
overrun condition, suppress-out blocks service-in. 
The channel must condition suppress-out at least 250 
nanoseconds before the previous service-out tag 
drops to ensure that the subsequent request for data 
or offer of data will be suppressed. 

Chain Coll!tnRnd Control: To indicate a chained com­
mand, the channei conditions suppress-out after the 
selected control unit begins the cycle to transfer the 
ending status byte and before the channel responds to 
status-in with service-out. The active state of the 
suppress-out line and the service-out response to 
status-:-in combine to hold selection of the control unit 
and the I/O device. The next command from channel 
must be directed to that control unit and I/O device. 

Selective Reset: If the channel conditions suppress­
out at least 250 nanoseconds before allowing 
operational-out to fall and holds suppress-out active 
until 250 ns after operational-out rises again, only 
the I/O device presently operating on the interface is 
reset. 

1. 8 INTERFACE OPERATIONS 

1. 8.1 Initial Selection Sequence 

• In this sequence the channel: 

1. Selects a control unit and device 
2. Specifies the operation to be performed. 
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Figure 1-24. Suppress Out 

Selective Reset * 

• The sequence is standard for all units and 
operations; 

The interface signal sequence in which the channel 
selects a control unit and I/O device and specifies 
an operation to be performed is called the initial 
~election sequence (Figure 1-25). Regardless of the 
unit selected or the operation designated, the signal 
sequence in the initial selection is standard. 

The channel begins the initial selection sequence 
by transmitting an address byte on bus-out lines and 
conditioning address-out. The address byte selects 
the unit to execute the operation. Each control unit 
attached to the interface attempts to decode the ad­
dress, but, because all interface addresses are dif­
ferent, only one unit can interpret the coded byte. 

When select-out is active at the control unit that 
successfully decodes the address byte, that control 
unit conditions either: 

1. Status-in, indicating that the selected unit is 
busy and cannot execute another operation, or 

2. Operational-in, indicating that the designated 
unit will complete the initial selection sequence. 

Black Service-

A In to Channel 

However, the operational-in response to 
address-out does not commit the control unit 
or the channel to perform an operation. 

If no control unit decodes the address byte (spec­
ified control unit is off line, the address byte is in­
valid, etc), the control unit with the lowest priority 
propagates select-in to the channel when its incoming 
select-out is conditioned. The select-in or status-in 
reply to address-out causes the channel to cancel-out 
and terminate the selection sequence. 

When operational-in causes the channel to drop 
address-out, the selected control unit transmits an 
address byte on bus-in lines and conditions the 
address-in line. The channel compares this address 
to the address it placed on the bus-out lines to ensure 
that the right device has answered. 

After checking the address, the channel responds 
to address-in by trans_mitting a command byte and 
conditioning command -out to the control unit. The 
command byte deSignates one of the thirty-four oper­
ations and establishes conditions to control execution 
of the operation. 

The control unit must then drop address-in, and 
after command-out falls, the control unit places its 
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I Operational-Out r 
2 Address-out n 
3 Select-Out *** ----1 1** 
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8 Service-out* 7 r-1 

* A multiplex chonnel will respond ta status-in with either 
command-out or service-out. Normally, a selectar chonnel 
will respond to stotus-in with only service-out. 

** Depending on the chonnel controlling the operation, select-out 
might drop during the initial selection sequence or remain 

/ active after the sequence is complete. Operational-in cannot 
drop until select-out is inactive. 

*** Select-Out and Hold-Out up together. 

Figure 1-25. Initial Selection Sequence 

status information on bus-in and raises status-in. If 
the I/O device is available, the status byte is zero. 
If the channel accepts this status byte, it responds 
with service-out. The signal completes the initial 
selection sequence. 

Polling: When a control unit that does not have 
operational-in up requires service, it raises its 
request-in line to the channel. The next time select­
out rises at any control unit requiring service and no 
I/O selection is being attempted by the channel 
(address-out down), the control unit places the ad­
dress of the device on bUS-in. It then signals on 
both the address-in and the operational-in lines, and 
removes the request-in signals. When the channel 
recognizes the address, a command-out signal is 
sent to the control unit, indicating "proceed." After 
address-in drops, the channel responds by dropping 
the conunand-out signal. The remainder of the se­
quence is the same as a channel-initiated initial 
selection sequence. 
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1. 8. 2 Data Transfers 

• A control unit can send data to, or request data 
from the channel. 

• Service-in and service-out are the controlling 
tag lines. 

Data transfer may be requested by a control unit 
after a selection sequence. To transmit to the chan­
nel, the control unit places a data byte on bus-in and 
raises service-in; the tag and the validity of bus-in 
must be held until an outbound tag is raised in re­
sponse. To request data from the channel, service­
in is raised. The channel places the data on bus-out 
and signals with service-out. The channel maintains 
the validity of bus-out until service-in falls. When 
service-in falls, the channel responds by dropping 
service-out. 

1. 8. 3 End Operation 

• An operation is completed when the control unit 
and device present ending status to the channel. 

• The channel acknowledges receipt of the status 
byte with service-out or command-out. 

When any I/O operation except test I/O and command 
immediates have proceeded to their normal end, the 
control unit assembles and transmits a second status 
byte to the channel. The meaning and format of this 
status byte are identical to the purpose and format of 
the status byte transmitted during the initial selection 
sequence. 

To acknowledge receipt of the status byte, the 
channel conditions either service-out or command­
out. Service-out indicates that the channel has ac­
cepted the status data and resets the operation. 
Command-out causes the control unit to stack the 
status. 

If the channel conditions suppress-out 250 ns 
before select-out rises at the control unit holding 
stacked status data, the control unit does not trans­

,mit the status byte again until suppress-out drops. 
When the channel cancels suppress-out, and select­
out to the unit is active, the control unit sends its 
address, "and retransmits the status byte to the 
channel (Polling). 

If the channel does not condition suppress-out 
before select-out rises at the control unit holding 
stacked status data, the control unit initiates 
another cycle to transmit the status byte again. 



The ALD's for the 2841 stage 2 are drawn for full 
feature operation. This means that the ALD's show 
the blocks used by all of the special attachments even 
though on a given machine one or more of the fea­
tures may not be installed. 

A code name or number for one of the features 
appears in the block on the ALD under the card type 
(A, OR, N, etc.). This line is blank if the block is 
for the basic machine. If a code name appears in the 
block, the circuit is only in the machine if the fea­
ture is installed. In some cases jumpers are in­
stalled if the feature is not installed and is indicated 
on the card type line. 

The codes are: 

WCH2 Two Channel Switch 
WDRM 2303 Drum Storage 
DCDR 2321 Data Cell Drive 
DSKA = 2302/2321 Attachment 
2302 2302 Attachment 
NCH2 Not Two Channel Switch 
NDRM = Not 2302 
NDCD = Not 2321 
DSAS 2302 Additional Storage 
OPTA Optional Features Gate A 

The SLT large boards are wired for full feature 
operation. Features are added or removed by adding 
or removing cards and jumpers or in some cases 
large boards. 

The ALD volumes include the Maintenance Dia­
gritm Manual (lVIDM's). The MDM includes: The unit 
data flow for the basic 2841 circuits, data flows of 
the channel and device attachments, logic flows of 
2841 operations, error check analysis diagram, I/O 
operation diagrams, timing charts, and track format 
charts. 

2.1 MACHINE CLOCK 

• Provides basic timing pulses for 2841. 

The machine clock consists of a four latch ring 
counter (Figure 2-1) which gives four equal timed 
output pulses of 250 ns duration each. These pulses 
are labeled clock 1, 2, 3, and 4 and are distributed to 
each board of logic within the machine. 

Each board converts these pulses to form other 
pulses, clock A, B, C and D. Each one of these 
pulses is 125 ns in duration (Figure 2-2). 

CHAPTER 2 FUNCTIONAL UNITS 

The clock is free running and is only stopped 
during a power-on-reset. This resets clock 1, 2, 
and 3 and turns on clock 4. 

2.2 REGISTERS 

• The basi'c 2841 contains 19 registers; A, 
Partial Sum, GP, ER, GL, BY, BX, FR, 
KL, DL, DH, OP, ST, UR, DW, DR, W, 
X, and IG (Figure 2-3). 

• A, Partial Sum, W, X and IG registers have 
specific uses as explained later. 

• All registers except ER, W and ST 
contain 8 bits. 

• The abbreviation used to designate each register 
has a specific meaning during particular opera­
tions but no meaning at all during other opera­
tions. The use of these registers within a par­
ticular microprogramming sequence is c()vered 
in detail in Chapter 3. 

• The A register and B bus are entry pOints to ALU. 

• The DR register can be used as a general pur­
pose register. In read or write sequences, it is 
used as a buffer to SERDES. 

• The ST register is primarily used by the micro­
program for branching decisions. 

• The ER register is used to hold conditions that 
occur during an operation; write-data-error, 
halt I/O, bus-out-parity, control-unit-addressed 
while busy, ALU check, and address-out. 

• The Wand X registers are used for TROS 
addressing. 

• The IG register is used for channel control. 

• IG and IH are gates for bus-in and bus-out. 

2. 2 . 1 General Purpose Registers 

The following 11 registers contain 8 bits plus parity 
and use polarity hold latches. The register abbrevi­
ations are explained, but it should be understood that 
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Figure 2-1. Machine Clock 

these registers are general purpose registers and 
mayor may not serve the particular function desig­
nated by their abbreviation. Chapter 3 contains a 
qetailed explanation of the use of these registers in a 
particular microprogramming sequence. 

1. G~ - general purpose register 
2. GL - gap length register (not used for this 

purpose) 
3. BY - code check burst register 
4. BX - code check burst register 
5. FR - flag register 
6. KL - key length register (not used for this 

purpose) 
7. DL - data length low register 
8. DH - data length high register 
9. OP - operation code register 
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10. UR - unit address register 
11. DW - data write register 

All of the general purpose registers (Figure 2-3) 
have an output to ALU on the A-bus. In addition the 
BY Register may also be gated to ALU on the B 
bus. UR is also used to select a particular file. 

2.2.2 A Register 

This register serves as the common entry to the 
arithmetic/logic unit from the A-bus. It contains 8 
bits plus parity and uses polarity hold latches (Fig­
ure 2-3). 

2.2.3 Partial Sum Register 

The partial-sum-register is one entry to the ALU. 
The partial-sum -register is set by the output of 
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Figure 2-2. Machine Clock Timing 

exclusive ORing the A register output with the B bus. 
The register contains 8 bits, 0-7, and uses polarity 
hold latches. 

2.2.4 DR Register - Data Read Register 

The DR register consists of 8 bits plus parity and 
uses polarity hold latches (Figure 2-3). Inputs to DR 
are from CE switches, ALU (D-bus), or the file data 
register (in SERDES) when reading. Outputs of DR 
are to the A or B-register assemblers, or to FDR 
(in SERDES) when writing. 

It should be noted that, when reading, DR may 
or may not contain good parity since parity is not as­
signed until the read byte is transferred from DR 
through ALU to one of the general purpose registers. 

It should also be noted that the transfer of data 
from FDR to DR (Read) is not under microprogram 
control. Whenever FDR has a byte (8 bits), this byte 
will be transferred to DR. The microprogram is no­
tified of this transfer by setting of status register bit 
4 (means DR is full on a read). The microprogram 
must move this byte out of DR within approximately 
6.4 p.sec (2311) or the next byte from the 2311 will 
destroy the original byte in DR. When writing, the 

L 

'--__ ---Jr 

L 

transfer of data from DR to FDR is also outside of 
microprogram control. Whenever FDR is empty, 
DR will be transferred to FDR. The microprogram 
will be notified of this transfer by the setting of sta­
tus register bit 4 (DR has been used on a write). 
Unless the microprogram reloads DR with a new byte 
of data within approximately 6.4 Jlsec (2311), the 
original byte will be retransferred to FDR and writ­
ten on the disk storage again. 

2.2.5 ST Register - Status Register 

The status register (ST) consists of 8 bits (no parity) 
and uses flip latches (Figure 2-3). The ST is used 
by the microprogram for branching control. That is, 
bits in the status register may be set and reset under 
microprogram control to indicate conditions within 
the machine; i. e., ST 6 on could mean write gate is 
on, ST 7 could mean erase gate is on. The micro­
program can, at a later time, branch on status bits 
to the proper routine, i. e., ST 6 on and index - drop 
write gate. 

The ST register has inputs from the D-bus (in 
CE mode only) and the status assembly logic (one bit 
at a time). It has outputs to the A-bus (in CE mode 
only) and the CH-CL branching circuits. 
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The following status bits have definite meanings. 
ST (1) - Turned on with a selected index pulse after a 
microprogram statement of l-ST(l). The statement 
l-ST{l) turns on the allow index latch. 

A CL decode of 11 (CL statement INDEX) allows 
the microprogram to branch on ST(l) after it is set 
by the index pulse. 

ST(I) is reset by the statement o-ST(l). 
ST(4) - Read Operation - Turned on when FDR 

is "transferred to DR. Means DR is full. Write 
operation - Turned on when DR transferred to FDR. 
Means DR has been used. 

The other status bits are used by the micropro­
gram for different meanings in different sequences. 
Chapter 3 has a more detailed discussion of the use 
of status bits within a particular microprogram 
sequence. 

2.2.6 ER - Error Register 

This register is used to hold conditions that occurred 
during an operation. It consists of six flip latches 
(Figure 2-3). 

ER(O) is set on if there is a serial data error in 
SERDES during writing. ER(O) lights the data check 
lamp. Op In reset turns off the ER(O) flip latch and 
turns off the lamp. 

ER(l) is not a latch. However, address out is 
gated into the ER(I) assembler for testing by the 
microprogram. 

ER(2) is set on if bus out parity is detected on 
the command or data bytes. ER(2) lights the data 
check lamp. Op In reset turns off the ER(2) flip latch 
and turns off the lamp. 

ER(3) is set on during the short control unit busy 
sequence. When the control unit goes not busy, the 
microprogram initiates a control unit end polling in­
terrupt sequence. A more detailed description of the 
short control unit busy sequence is found under 
Channel Interface Attachment, 2.3. 

ER(4) is set on under the following situation: 

1. ALU bypass being used- (A register to D bus), 
and, 

2. A register parity does nCJt agree with parity 
computed by AL U, and 

3. Bus-out parity did not occur on this byte. 

ER(4) lights the data check lamp and the machine 
stops. 

ER(7) is set on by a halt I/O command. It is al­
so used in the short control unit busy sequence in 
setting of ER(3). 
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2.2.7 Miscellaneous Registers and Controls 

2.2.7.1 TROS Addressing Registers 

The Wand X registers are used to address the 
transformer read only storage (Figure 2-3). Wand 
X contain 12 bits giving the 2841 the ability to ad­
dress 4096 individual TROS words. Since the 2841 
has only 2048 words (2K), the high order bit of the W 
Register is not used. 

2.2.7.2 Channel Control Register (lG Register) 

The IG register (Channel Control Register) is used to 
raise and lower tag-in (i. e., address in, status in) line: 
to the channel. IG consists of 8 latches (Figure 2-3). 

IGO - Write latch - Used to set up the service in/out 
controls for write, search, and control opera­
ti'ons 

IG1 - Operational In (Op In). Used to reset the 
operation-in latch. 

IG2 - Read latch - Used to set up the service in/out 
controls for read and sense operations. 

IG3 - Queued latch - Used for presenting any status 
other than device end through the polling in­
terrupt sequence. Raises request-in if 
suppress-out is down. 

IG4 - Poll enable latch - Allows any gated attention 
to initiate a polling interrupt sequence. 
Raises request-in if suppress-out is down. 

IG5 - Status In. 
IG6 ~ Used for presenting outstanding device end to 

a multiplexer channel when command word 
chaining is indicated. This is accomplished 
by means of a non-suppressible polling inter­
rupt sequence. Raises request in (not gated 
by suppress-out). 

IG7 - Address In. Also conditions operational in. 

2.2.7.3 Service In/Out Controls 

In addition to IG, five latches (transfer control 1, 
transfer control 2, service request, service in, and 
steering latch A) are used for controlling responses 
to the channel (Figure 2-3). 

2. 2.7.4 Bus Out Gates 

IH is a set of 9 gates. It allows bus out to be gated 
to the A bus (Figure 2-3). 



2.2.7.5 Bus in Gates (IG Gates) 

IG gates (Bus In Gates) is a set of 9 gates. It is tied directly 
to the DW register and is used for gating data to the channel 
(Figure 2-3). 

2.3 2311 INTERFACE ATTACHMENT 

• The 2311 interface attachment (Figure 2-4) con­
sists of: 

1. Two registers (FC and FT). 
2. Four gating networks (MS, SC, FS, OA). 
3. Associated assemblers. 

Assignment of device type (2311-2321-1302) to a 
module address is done by the CE, as requested by 
the customer, by changing constants in the micro­
program. For the 2311, the microprogram sets FT 
register bit 7 to select the 2311 Interfaces. 

Unit selection is done by decoding the three po­
sition field with the microprogram. A binary zero 
(000) decodes to UR register bit 0 and a binary seven 
(111) decodes to UR register bit 7. 

2.3.1 FT - File Tag Register 

The file tag register (Figure 2-4) consists of eight 
polarity-hold latches. It is used to raise and lower 
tag lines to the 2311, and to identify the file type 
(FT-7) to the 2841. Polarity hold latches are used 
so that individual bits in the register may be turned 
on or off without affecting the remainder of the reg­
ister. The D bus output (Figure 2-5) is the control 
input to the polarity hold latch. CN-5 is the data in­
put to the latch. 

Example 1 

Assume the follOwing: 

1. FT is equal to zero 
2. ALU statement says 128-FT. CN-5 equals a 

one. 

All eight FT latches have a data input of one but 
only BIT 0 has control. Therefore bit 0 is the only 
latch affected and is turned on. 

Example 2 

As sume the following: 

1. FT equals 128 

2. ALU statement says 128-FT 
3. CN -5 equals 0 

All FT latches have a data input of zero. Bit 0 
is the only latch that has control. Therefore' bit 0 is 
the only latch affected and is reset. 

2.3.2 FC - File Control Register 

The file control register (Figure 2-4) consists of 
eight polarity-hold latches and is similar to FT in 
operation. It is used in conjunction with the FT reg­
ister to define an operation to the device. For 
example: 

1- FC2 1, FTO = 1 - Return to zero 
2. FC2 1, FT1 = 1 - Load CAR in 2311 with 2 
,3. FC2 1, FT2 = 1 - Select head 2 - go back-

ward when you receive 
Seek Start 

4. FC2 1, FT3 1 - Load the 2311 Difference 
Counter with 253 (ones 
complement of FC) 

FC (Figure 2-5) uses polarity-hold latches and 
CN -5 so that individual latches may be affected with­
out disturbing the remainder of the register. For 
example: 

Assume: 
FTO = 1 - Control tag 
140-FC - Head select, write and erase 

gates are on 
The microprogram is operating on a write 
CKD command. When index is detected 
write gate is dropped. 

Solution: 
Index reached - AL U statement will say 

128-FT and CN-5 equal to 
zero. All latches have a 
zero data input. Only 0 has 
control, therefore, only bit 
o is affected and is turned 
off. 

2.3.3 MS - Module Select Gates 

MS is a set of gates (Figure 2-4) used in selecting a 
particular file. The unit address register (UR) (Fig­
ure 2-3) contains the module select number (one of 
the 8 bits on). This is fed to MS. If FT bit 7 is on, 
the contents of UR is gated through MS to the 2311. 
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Figure 2-5. FT or Fe Register 

2.3.4 SC - Seek Complete Gates 

SC is a set of gates (Figure 2-4) used in gating gated 
attention (Seek Complete) from a 2311 to the 2841 A 
bus. 

Bit 0 

Bit 1 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

All gated attentions are ORed together and develop 
the interrupt-channel-A line, interrupt-channel-A is 
sent to the channel interface. If the poll enable latch 
is on and the channel is not selected to some other 
control unit, interrupt-channel-A causes request-in 
to be raised. This initiates a polling interrupt se­
quence with the channel. 

2.3.5 FS - File Status Gates 

FS is a set of gates (Figure 2-4) used in gating file 
smtus from :l selected 2311 to the 2811 ... A,. bus. Five 
status bits are transferred from the 2311 to the 2841. 

Name Bit PQsitions in FS 

Ready 
On Line 
Unsafe 
Strip Ready (Forced) 
End-of-Cylinder 
Seek Incomplete 

o 
1 
2 
4 
5 
7 

Unsafe and seek incomplete are error condi­
tions. End-of-Cylinder indicates that an attempt has 
been made to advance the head address register in 
the 2311 past 9 . 

Ready, on line, safe, not end-of-cylinder and 
not seek incomplete are ANDed together to develop 
file operable. File operable feeds IS bit 3. The mi­
croprogram can test this one bit to see if the file is 
functioning properly. If IS bit 3 is not on, then the 
microprogram can test FS to find out which condition 
caused the device to go not operable. 

2.3.6 OA - Old Address Gates 

OA is a set of gates (Figure 2-4) used in gating the 
cylinder address register in the selected 2311 to the 
2841 A bus. 

2. 3 • 7 IE - Input Element Gates 

The 2311 interface has a FT register. The 2302, 
2303, and 2321 interfaces share another FT register. 
Particular bits in these registers are used to indi­
cate to the microprogram (Figure 2-3) which type of 
device is selected. This is necessary since there 
are small differences in the internal operation of the 
2841 for different devices. A summary of FT bits 
used and IE bit positions affected follows: 

2311 
2302 
2303 
2321 

FT-7 feeds IE-7 
FT-5 feeds IE-5 
FT-6 feeds IE-3 and IE-6 
FT-6 feeds IE-6 

2.4 TRANSFORMER READ ONLY STORAGE - TROS 

2.4.1 Purposes and Use of TROS 

• Output of TROS controls machine functions. 
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• One output word of 48 bits is read out at a time. 

• Output of word is called a micro-instruction. 

• A chain of micro-instructions is called a micro­
program. 

The contents of any TROS word can be read out and 
stored in latches. This latched information is de­
coded and used to control machine functions. Part of 
the information read out of a particular TROS word 
is used to determine the next TROS word to be 
addressed. 

The TROS words are addressed in a particular 
sequence, and this sequence of addresses is called a 
microprogram. To perfo~ any operation in the 
machine, the various parts of the 2841 (ALD, regis­
ters, status bits, etc.) are controlled by the micro­
program to perform certain fuctions in a given 
sequence. 

2.4.2 Characteristics and Capacity 

• TROS contains fixed predetermined information. 

• TROS can only be read out. 

• A 12 bit address is used to select the next word 
to be read out. 

TROS contains fixed, predetermined information 
which can only be read out. The stored information 
can be altered only by physically changing TROS. 

TROS units can be built in various storage ca­
pacities. The 2841 stage 2 uses a 2K model of 
TROS-2 and a 4K model of TROS-2 if the 2303 fea­
ture is installed. Early models of the 2841 stage 2 
with the 2303 feature use a 4K model of TROS-1. 
The TROS-1 and TROS-2 are functionally the same 
but differ in physical layout. There are 2,_04 8 TROS 
words in the 2K model of TROS. 

A 12 bit address register (Wand X) is used to 
address the 2,048 words in the TROS unit. The 
TROS word in the 2841 is 48 bits long, and has a 
maximum possible length of 60 bits. The 12 addi­
tional bits are not presently used in any of the 2841 
words. 

TROS is built up of modular units, each having 
256 addressable words, and each word having a 
length of 48 bits. The TROS for the 2841 contains 8 
modules and has a capacity of 2,048 words. 

? 4. 3 PrincIples of Operation 

• TROS uses the current transformer principle. 
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• Sixty transformers are selectively linked with a 
drive line to provide one TROS word output (only 
48 transformer positions are actually used). 

• A drive line links with a transformer in posi­
tions where a 1-bit output is required. 

• A drive line bypasses a transformer in positions 
where a O-bit output is required. 

• Each of two drive lines on one flexible plastic 
tape links the selected transformers. 

• One of the two drive lines on each tape is se­
lected to read out a TROS word. 

• The TROS transformer consists of a U-core and 
an I-core. 

• Etched eopper drive lines on a plastiC tape are se­
lectively interrupted by punched holes to ,either 
link or not link transformers. 

TROS Transformer Principle: When a current pulse 
is passed through the primary winding of a trans­
former (Figure 2-6), it induces a current pulse in 
the secondary winding. If no primary current pulse 
flows (or there is no primary winding), there is no 
output in the secondary winding. 

Drive Line Linkage with Transformers: The pri­
mary of the transformer is an addressed drive line 
and the secondary of the transformer forms the 
sense winding. When a drive line links with a trans­
former core, a current pulse in this drive line in­
dtices a current pulse in the secondary winding. If 
the same drive line bypasses a transformer, no cur­
rent pulse is induced in that particular sense wind­
ing. A pulse in the sense winding represents a 1-bit. 
No sense winding output represents a O-bit. Addi­
tional drive lines could be used in a similar manner. 

Example (Figure 2-6): 

A current pulse in drive line A gives an output of 
101. 

A current pulse in drive line B gives an output of 
011. 

The 60 transformer cores associated with each 
TROS tape give an output of 60 bits (only 48 are 
used). Two drive lines for each set of 60 cores al­
low two different bit configurations depending on 
which drive line is selected. 
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Figure 2-6. Principle of TROS 

Drive Line B 

Drive Line A 

TROS drive lines are etched in copper on flexi­
ble plastic tapes. On each tape, two drive lines are 
printed, both in the form of a ladder network. Holes 
are punched between the rungs of the ladder so that 
U-cores can be inserted through the tapes to mate 
with the I -cores (Figure 2-7). 

Transformer Cores: The core of a TROS transform­
er consists of two parts, a U-core and an I-core. 
Both the U-core and the I-core are made of soft, 
low-remanence ferrite. To reduce flux ~eakage, the 
U and I cores are first coated with an insulating ma­
terial and then copper plated. A sense winding of 35 
turns is wound on the I-core and the U-cores are 
gapped on their outside face to prevent the plating 
from acting as a short circuited turn. 

Interrupting the Drive Lines to Store a Logical 0 or 
!: Each leg of the U-core, when inserted in the tape, 
is encircled by the sides of the ladder network and 

Etched Copper 
Land Patterns 

Figure 2-7. Tape with U and I Core 

two of its rungs. By physically interrupting either 
side of the ladder, the conductor (drive line) may by­
pass or link with the core (Figure 2-8). In (A) of 
Figure 2-8, note where the sides of the ladder must 
be punched to obtain a logical 0 from a given bit po­
sition. In (B) of Figure 2-8, note where the sides of 
the ladder must be punched to obtain a logical 1 from 
a given bit position. The asterisked arrows in Fig­
ure 2-8' are intended to show the direction in which 
the current in the conductor tends to wrap, or link 
with the U-core. In both (A) and (B) of Figure 2-8, 
note that the currents for an A word and B word logi­
call wrap the U-core in the same direction, thus 
giving the same polarity signal to the sense amp for 
a logical 1. The currents for a logical 0 in both A 
and B words bypass the cores. However, a very 
small current noise signal is generated in the sense 
line. The logical 0 signal is blocked at the sense 
amplifier. 

2.4.4 Module Physical Construction 

A TROS module is the building block for every TROS 
array. The following description refers to numbered 
references on both Figures 2-9 and 2-10. 

Plastic Tapes (Figure 2-9): The 128 plastic tapes 
(18, 19) are contained in a tape deck carrying a total 
of 256 TROS words. Holes are punched between the 
ladder network of the tllpe to accept the U cores (21) 
which pass through the tapes to mate with the I-cores 
(4). The I cores (4) are held in a core carrier as­
sembly consisting of parts (3), (5), and (6). 
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TROS Tape Section - Showing Punching for Logical 1 & Logical 
o in A & B Words 

Centra I Legs B Word 

o Punching shown for a logical 0 
in these bit positions. 

Note: To program a logical 0 in an 
A word the centra I leg must 
be punched. To program a 
logical 0 in a B word the 
centra I leg must be punched. 

Punching shown for a logical 1 
in these bit positions. 

Note: To program a logical 1 in an 
A word the outer leg must 
be punched. To program a 
logical 1 in a B word the 
inner leg must be punched. 

* The arrows indicate direction of current flow as the conductor tends 
to wrap around the core. It will be noted that for a logical 1 the 
current wraps in one direction, while for a logical 0 the current 
wraps in the other direction. 

Figure 2-8. TROS Tape Section 

Core Carrier Assembly (Figure 2-10): The core 
carrier assembly consists of a core carrier (1) into 
which the I-cores (2) are inserted. Springs (3) are 
placed behind the I-cores to ensure proper contact 
with the U-cores. The springs and the I-cores are 
held in position by clipping the strips (4) into the 
core carrier. The sense windings are wound round 
the core carrier, encircling the I pieces. The ends 
of the sense windings are connected to the pins on the 
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contact strip. On one end of the core carrier there 
is a boss (5) to enable correct visual orientation 
when placing the core carrier onto the support rods 
(1, Figure 2-9). If assembled incorrectly it would be 
impossible to connect the module to the TROS gate. 

Module Assembly (Figure 2-9): The tapes are lifted 
on and off the module by the rails (9) and located by 
means of the aligning pins (20), screwed into the 
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1 = Core Carrier 
2= I Core 
3 = Compression Spring 
4 = Contact Strip 
5 = Locating Boss 

Figure 2-10. Core Carrier Assembly 

support (8). The blocks (2) carry the two rods (1) 
for the core-carrier assemblies to clip onto. There 
are thirty carriers. The support (8) and chassis (7) 
screw into the blocks (2) and are spaced by the rails 
(9). 

The U-cores (21) are held in the module by the 
retainer (22) and insulator (23). The retainer (22) 
screws into the support (8) and chassis (7), and 
forces the U-cores (21) against the I-cores. 

Connections to the Module: Connected to the chassis 
are the module end boards (10) to carry the diodes 
(11) used for TROS word addressing and connections 
to the tapes in the tape deck. The diode board near­
est the I-cores is defined as the bottom end board, 
and the diode board nearest the U-core retainer (22) 
as the top end board. 

The connections to the TROS tape consist of pins 
placed in plated thru holes in the diode board on 
which the four tape terminal connections are 
pressed. 

Input! output connections to the module end 
boards are made by the C and Z tapes and paddles 
(12), (13) and (14). The C and Z tapes have pins 
passing through plated holes in the diode boards (10) 
and soldered to printed circuitry on the diode boards. 
The C and Z tapes (12) (13) are clamped to the chas­
sis (7) by the clamps (17) so as to relieve any strain 
in the connections to the diode boards (10). 
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Laminar Bus (Figure 2-11): When a number of mod­
ules have been assembled, the sense windings asso­
ciated with each particular bit of a module are con­
nected in parallel. In Figure 2-11 the sense 
windings for a particular bit in each of the 8 modules 
are shown connected in parallel with a 200 ohm ter­
minating resistor. The terminating resistor is 
shown connected to the laminar bus. Each laminar 
bus consists of four conductors printed on a strip of 
non-conducting material. Each conductor has pins 
connected to it, coinciding with the pins on the core 
carrier. The pins of the core carrier are soldered 
to those of the laminar bus bars. 

2.4.5 TROS Tape Deck 

• The TROS tape deck is numbered from top to 
bottom: 64-127, 63-0. 

• Three types of tapes reduce inter-tape capaci­
tance. 

• A resistance tape isolates tape 127 from tape 63 
and provides a resistance loop around each leg 
of each l!-core to dampen resonance. , 

2.4.5.1 Tape Numbering and Identification 

The upper 64 tapes in the modul.e are installed faCing 
in the opposite direction from the lower 64 tapes 
(Figure 2-13). This creates more space for the con­
nection of the tape ends to the module end boards. 
The bottom of the module is defined as the side near­
er the I -cores. The tapes in the lower half of the 
tape deck are numbered 0 - 63 from the bottom up. 
The tapes in the upper half of the tape deck are num­
bered 64-127 from the top down. 

On the end of the TROS tape there are two cop­
per tabs which serve to identify the tape (Figure 
2-14). The seven digit number represents the part 
number of the tape. The three high order positions 
of the part number will be 221 to identify the tape as 
belonging to the 2841. The fourth pOSition of the part 
number represents the module where the tape is 
located. 

The nine digit number is broken down as follows: 
the three high order digits represent the sequence 
number of the tape in the tape deck, the low order 6 
digits represent the E/C level of the tape. Above the 
E/ C level is a letter (A, B or C) to identify the type 
of tape for tape stagger purposes (Figure 2-12). 

2.4.5.2 Types of Tapes - A, Band C 

To reduce the capacitance between the drive wires on 
adjacent tapes, three different tYpes of tapes are 
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Figure 2-11. Laminar Bus 

used. On each type, the conductor pattern is dis­
placed from the U-core hole by a different amount. 
These three types are labelled A, B and C and are 
arranged sequentially throughout the deck of tapes. 

2.4. 5. 3 Resistance Tape and Insulating Tape 

To damp any resonance which might be caused by 
inter-tape capacity and flux leakage, a distributed 
loss is introduced. This is achieved by including in 
each module a plain plastic resistance tape (Figure 
2-15) on which single turns of resistance foil are 
etched. These resistance loops are then covered 
with a plastic insulating tape. The single resist­
ance loops encircle each leg of each U-core, and 
have an approximate resistance of 0.6 ohms. 

The tapes in the tape deck are divided equally 
into sections, with end terminations passing on 

I 

~ QQ Q" :: • • 
Top Side Of Strip 

bc 0 : 00 0 

Lower Side Of Strip \ 
Epoxy Paper 

Laminate j22354AI 

either side of the chassis. Since all tapes are simi­
lar in their basic construction, the bottom set of 
tapes is completely reversed with respect to the top 
set. Therefore, to prevent the wiring on.tape #63 
and tape #127 from touching, the resistance tape is 
located between these two tapes. 

2.4.6 Addressing TROS 

• 12-bit address register is used to address 
TROS. 

• Addressing of any of the 2,048 words of TROS is 
accomplished by the outputs of a 32 by 64 ma­
trix; 32 gates and 64 drivers form the inputs to 
the matrix. 
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• Each of the eight TROS modules is addressed by 
a matrix made up of the 64 drivers and four of 
the 32 gates. 

• One driver and one gate are required to address 
any of the 2,048 TROS words. 

Addressing for the 256 word lines of a single module 
(Figure 2-16) is accomplished by a matrix made up 
of 64 drivers and four gates. The 64 drivers are 
common to all· eight modules. Module 0 (Figure 
2-16) is driven by 4 of the 32 gates (Gates 0 - 3). 
Module 1 is driven by gates 4 - 7, etc. 

To address any word in TROS, a drive circuit is 
needed at one end of the drive line, and a gate circuit 
at the other end. For example (Figure 2-16), the 
drive line for word 5 is energized by turning on driv­
er 1 and gate O. The diodes on the driver side of the 
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drive line prevent back circuits through other drive 
lines and drivers. 

Module End Boards: The 128 tapes in a module are 
terminated on two module end boards (Figure 2-17). 
The isolating diodes in the form of FDD (four double 
diode) substrate blocks are also mounted on the two 
module end boards. The commoning of lines on the 
module end boards follows: 

Drive Commoning: Because 64 drivers are used for 
256 word lines, four word lines from each module 
are commoned to one driver. The 4 word lines are 
the A and B lines on any particular tape together with 
A and B lines on the corresponding tape in the other 
(upper or lower) half of the module. For example, 
the A and B words on tape 95, together with the A 
and B words on tape 32 are common to driver 32 
(Figure 2-17). 

Gate Commoning: Each module has 256 word lines 
and 4 gates with 64 word lines commoned to each 
gate. In the upper half of the module, all the A lines 
are taken to one gate, all the B lines to another gate 
and similarly in the lower half of the module. The 
leads to the gates are numbered 0 - 31. Gates 0 - 3 
are connected to module 0, gates 4-7 are connected 
to module 1 etc. For example, the B words of tapes 
64 through 127 are commoned to gate 3 and the A 
words of tapes 64 through 127 are commoned to gate 
2. In the lower deck all the A words are commoned 
to gate 0, all the B words to gate 1. 

Diode Substrate: The diodes in series with the word 
lines of the driver are in FDD substrate blocks in the 
module end boards. Each board carries 16 substrate 
blocks, each containing eight diodes. Figure 2-18 
shows the printed circuit on the ends of the boards, 
and the layout of the isolating diodes. 

2. 4. 7 Decoding the Address Register 

• Bits 11-6 of the address register develop the 
gate address (Figure 2-19a). 

• Bits 5-0 of the address register develop the 
driver address. 

• The binary weight of the address register posi­
tions 10-6 gives the gate number. 

• The binary weight of the address register posi­
tions 10, 9, 8 give the module number 0-7. 

• The binary weight of the address register posi­
tions 7, 6 give the gate number (0, 1, 2, 3) on 
each module. 
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Figure 2-13. TROS Tape Deck 

• The binary weight of the address register posi-
tions 5-0 gives the driver number. 

Gate Decoding: The gate and module numbers can be 
determined by either of two methods. Once the gate 
and module numbers are known, the decoder circuit 
required to develop the module and gate can be found: 

1. The binary weight of positions 10-6, gates only, 
(Figure 2-19b) gives the number of the gate. 
Example: 11001 = Gate 25. From Figure 2-19b, 

gate 25 goes to module 6. Decoder outputs of 5 
and 20 are required. The switching in the de­
coder required to give these outputs can now be 
determined. Note that the relation between gate 
25 and decoder outputs 5 and 20 is not sigfiifi­
cant. Regard the decoder output line number as 
line labels only. 

2. The binary weight of positions 10, 9, 8 gives the 
module number. The binary weight of positions 
7, 6 gives the gate number (0, I, 2, 3) on each 
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module (Figure 2-19a). For example, module 6 
gate 0 is gate 24, module 6 gate 1 is gate 25, 
etc. 

Once the module and gate are determined, the 
required switching can be found as noted in item 1. 
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Tape Stagger 
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Driver Decoding: The driver number and decoder 
Switching can be determined by either of two meth­
ods. 

1. The binary weight (address) of positions 5-0 
gives the driver number (Figure 2-19c). A 
study of the matrix, once the dr_iver is known, 
gives the required decoder output lines. For 
example, driver 16 requires decoder output 
lines 0 and 20. The example bit pattern of 
010000 gives this decoder output. 

2. Bits 2, 1, 0 can be decoded to give the decoder 
output low order octal digit. Bits 5, 4, 3 can be 
decoded to give the decoder high order octal dig­
it. For example, in Figure 2-19c, the interac­
tion of lines 0 and 20 in the matrix gives driver 
16. 

Determining Tape Number: After the driver is se­
lected, the tape number can be determined by exam­
ining the bit in position 7 (XO). From Figure 2-17, 
gates 0 and 1 select tapes 0 to 63, and gates 2 and 3 
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Figure 2-J6.PrincipJe of Driving and Gating 

select tapes 64-127. If XO is on, gate 2 or 3 is se­
lected and the actual tape number is determined by 
subtracting the previously determined driver number 
from 127 (Figure 2-19a). If XO is off, the driver 
number equals the tape number. 

Determining A or B Word: A or B word on this tape 
is determined by examining the bit in position 6 (Xl). 
From Figure 2-17, gates 1 and 3 are connected to B 
words. If Xl is on, gate 1 or 3 is developed and thus 
a B-word is addressed. 

Tape Tape 
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A B A B 
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3 

J 
·1 
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I 

To 
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Nrodule 
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o 

2. 4. 8 TROS Functional Operation 

• TROS timing is developed from a 2841 clock 
'pulse in a delay line. 

• TROS cycle time is 500 ns. 

• Voltage level at input to sense amplifier is re­
stored so the sense amplifier can accept infor­
mation to be read. 

• The Wand X address registers are decoded to 
select a gate and driver. 
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Figure 2-17. Diode Boards on Tape Modules 

•• 

• The gate strobe switches on the selected gate. 

• The driver is selected and when the driver 
strobe comes on, array current flows through 
the selected word line. 

Tape 96 

• The sense strobe samples the 48 sense line out­
puts to turn on the selected sense amplifier. 

• Non-selected drivers are isolated by reverse 
biased diodes. 

2.4.8.1 TROS Timing 

The timing for TROS is obtained by feeding a 2841 
clock pulse to TROS every 500 ns (Figure 2-20), put­
ting this clock pulse into a series of delay lines, and 
tapping the delay line at various points to obtain the 
required time pulses (Figure 2-21). 
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NOTE: These time pulses are interrelated and a 
failure at one point in the delay Circuitry could alter 
the entire TROS timing. A procedure for checking 
the TROS timing is outlined in the IBM Field Engi­
neering Maintenance Manual, 2481 Storage Control 
Unit. 

The TROS cycles continually at a speed of 500 ns. 
Figure 2-21 shows the internal and external timing of 
TROS. The cycle starts when a 2841 clock pulse is 
fed into the delay line. 

The sense amplifier is designed so that before a 
sense pulse appears at the input, the input of the 
threshold stage must be restored to a controlling 
level by applying a constant sense restore voltage for 
a time. The restore circuit is activated by the sense 
restore strobe. 

While the sense amplifier threshold is being re­
stored (Figure 2-21), the Wand X address register 
is decoded to select a gate and driver as shown on 
Figure 2-20. When the gate strobe appears at the 
selected gate, the gate switches on. 
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Figure 2-18. Module End Board Showing FDD Substrates 

Until a driver is selected, 1).0 array current can 
flow. The selected gate has time to bring the 64 
word lines connected to its output down to near 
ground potential, giving a quicker rise of the array 
current. 

Simultaneously with the gate, the driver collec­
tor supply is turned on, the driver to be activated is 
selected, and after the driver strobe has activated 
the selected driver, the array current starts to flow. 

The sense strobe appears at the input to the 
sense amplifiers about 100 ns after the start of the 
array current. In these 100 ns the noise of zeros 
being read dies away while the one's, which are 
much longer, are still present. The sense latches 
have been reset, and are now set with the new TROS 
word. 

Note: All tape positions and tape 
cable terminations have plated 
through holes between top and 
underside land potterns. 

The driver collector supply is turned off, stop­
ping the array current. 

2.4.8.2 Isolating Non-selected Drivers 

The only forward biased diode at the driver collector 
supply output is the diode connected to the selected 
driver. The other seven diodes become reverse bi­
ased as soon as the array cqrrent starts to flow, 
isolating the other 56 not-selected drivers. 

At this point, the function of the diodes in series 
with the word lines also becomes apparent; the 63 
not-selected word lines connected to the driver have 
a not-selected gate at their other end. All these gate 
outputs are positive. When the current starts to flow 
through the selected word line, the voltage at the 
driver output drops to 1 to 2 volts, reverse biasing 
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the 63 diodes of the not-selected word lines. which 
are at 3 to 4.5 volts. In this way. the load capaCi­
tance formed by the 63 not-selected word lines is 
isolated from the driver output. resulting in a faster 
rise of the array current. 

2.4.8.3 TROS Inhibit 

TROS inhibit prevents the setting and resetting of the 
sense latches by inhibiting the generation of the 
sense reset and sense strobe pulses. The last word 
set into the sense latches before the rise of inhibit 
remains unchanged until the fall of inhibit. 

2.4.9 Array Layout 

• TROS-l-4K logic carried on two large boards. 

• TROS-2-2K logic carried on one large board. 
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• TROS-2-4K logic carried on two large boards. 

• TROS-110gic carried to TROS array(s) via two 
module connection (commoning) board. 

• TROS-2 logic carried to TROS array(s) via one 
module connection (commoning) board. 

The general layout of the TROS. as used in the 2841 
stage 2 is shown on Figure 2-22. The entire TROS 
array is considered as C-gate in the 2841; however, 
the card locations in the automated logic diagrams 
(ALD's) do not reflect this C-gate notation. The de­
coders, drivers, timing cards, sense amplifiers and 
sense latches are on the large board(s) to the left of 
the TROS array. These boards are designated Al 
and A2, and are considered the A-gate of the TROS. 

The connection between the TltOS modules and 
the large circuit boards (AI and A2) is via the mod­
ule connection or commoning board(s). These com­
moning boards are considered the B-gate of the 
TROS and will carry this notation in the ALD's. All 
necessary module interconnection wiring for drivers 
and gates is done on this board. The C and Z paddle 
connectors from the TROS module are plugged into 
the module connection boards that carry the gate cir­
cuit cards, and the gate strobe card. There is one 
gate circuit card for each module, and one gate 
strobe card for every eight modules. 

2.4.10 TROS Output Word 

• Output word (48 bits long) split into'15 separate 
control fields. 

• Each control field, controls a separate part of the 
2841 hardware. 

The 48 bit word is split into 15 control fields as fol­
lows (Figure 2-3): 

Field CN - output bits 0, 2, 4, 6, 8, 10 - used to 
provide bits 0 - 5 of the X register for the next word 
to be addressed in the microprogram. 

Field PN - output bit 12 - used to maintain odd parity 
in the CN field. 

Field CD - output bits 14, 16, 18, 20, 22 - used t9 
control the destination of the information on the D bus. 

Field CV - output bit 24 - used to gate the B bus in 
true or complement form to the A or B entry 
exclusive OR's. 
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The gate decode is similar to the dri ver decode, 
but it is nat a true octal decode. Nate the 
combination of bits used. Thus, two decoder 
outputs do not combine to give the gate in octal. 
However, by weighting the six binary bits as 
shown, the selected lines do give the indicated 
gate. 

Figure 2-19b. Gate Decode 
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outputs gives the driver in octal. 

Drivers Shown at 
Intersection of 
Matrix Lines 

I 

24 32 

25 33 

26 34 

27 35 

28 36 

29 37 

30 38 

31 39 

-

40 

41 

42 

43 

44 

45 

46 

47 

7 
48 56 

49 57 

50 58, 

51 59 

52 6 o 

53 6 

54 62 

55 63 

22032 



- Driver Collector Supply Timing 
Cord 007 Driver Strobe Output I 
0 

Driver Outputs 0-31 To Bottom Diode Board 
X R 5 6 7 • Driver U Dd·v"ei 

eg " Decodes - ...... 

)Dd.~ 00',." 0 - 63 C~ To All Modol~ -,.-- Bit Pos-
0-7 r 

Driver --
.---- '-- X Reg 2,3,4 

Decodes Driver - Driver Outputs 32 - 63 ToT op Diode Board BitPos- II 
~iming 00-07 
Icard 
Ie Sense Strobe 

X Reg 1 & 
'--,.-- W Reg 6,7 Gate 

Bit Pos- Decodes Gate 0-3 - Module 0 
0-7 - ...... 4 -7 - Module 1 

) Gore 0."",. 8 - 11 - Module 2 

.---- --- 0-31 12-15 - Module 3 
~iniing 

X Reg 0 Gate 
W Reg 4,5 Decodes Gate 16-19 - Module 4 

Card BitPos- 20-23 - Module 5 B 00-70 ~ 
From TROS Array 24-27 - Module 6 Sense Latch Reset Sense Winding 

28-31 - Module 7 '--r--

--- Sense :--Strobe 
.-- - Sense Sense Outp ut ---- Sense Amp Latch 

Restore 1 
'--- 10f 10f 

Timing Gate Strobe Strobe 48 48 
Card 

Sense Restore Strobe I A 
Sense 

T Latch 
Inhibit Reset 

2841 Clock 
Pulse 

Figure 2-20. TROS Logic Layout 

Field CC - output bits 26, 28, 30 - used to control 
carry functions and logical operation of ALU. 

Field CS - output bits 32, 34, 36, 38 - used to con­
trol set and reset of the ST register. 

Field PC - output bit 40 - used to maintain overall 
odd parity of the following fields CC, CD, CD ALT. , 
CS, CV, BP, and PC fields. 

Field PS - output bit 42 - used to maintain overall 
odd parity of the following fields, CA, CA ALT. , 
CB, CK, CH, CL and PA fields. 

Field BP - output bit 46 - when active (I-bit) the A 
register is presented directly to the D bus. The A 
register is also presented directly to the AL U for 
parity checking. If the output of the ALU parity bit 

1",6,AI 

and the D register parity bit do not match, an ALU 
check is indicated. 

Field CH - output bits I, 3, 5, 7 - used to control 
the X register bit position 6 for branching purposes. 

Field CL - output bits 9, 11, 13, 15 - used to control 
the X register bit position 7 for branching purposes. 

Field CA - output bits 17, 19, 21, 23, 25 - used to 
control the A register data source. 

Field CB - output bits 27, 29 - used to control the B 
register data source. 

Field CK - output bits 31, 33, 35, 37, 39, 41, 43, 
45, ..,. used to provide a constant to the B bus or W 
register. 
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Field PA - output bit 47 - used to check Wand X 
register parity. 

CD, CS, CN5 

The purpose of the control latch is to have the con­
trol field output available for a whole cycle (500 
nanoseconds) as the sense latch output is available 
from D to approximately C time. 

Bit 44 - Not used. 

2.4. 11 Control Latches 

The following fields of the TROS word have control 
latches, set from the. sense latches at Clock 1 time 
and reset at A time. 

2-26 (7/69) 

2.4.12 TROS Address Check 

• Detects internal addressing failure. 
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• Causes an address check. 

• 2841 stops with the control word information of 
the word in which the error occurred. 

• 2841 stops with the SALS latches set with the 
data of the word addressed that was in error. 

The Wand X register parity bits are exclusive-ORed 
and the results set into a polarity hold latch at clock 
2 time of every cycle. The output of the polarity 
hold latch is analyzed along with the PA bit and/or 
the CN field parity at A time of every cycle (SAL's 
will be good). If an address check condition is pres­
ent, the address error latch is set and the 2841 
comes to a hard stop. 

Turning on the address error latch brings up 
three inhibit lines which have the following functions: 

1. Inhibit 1 - comes up with address error and pre­
vents the reset and setting of the SALS, the 
SAL's therefore contain the information from 
the word which was in error. 

2. Inhibit 2 - comes up with inhibit 1 and clock 3 to 
block CA, CB and CD latch set and the Wand X 
register set. Since the Wand X registers are 
set at clock 4 time, it is too late to keep the ad­
dress of the word that actually failed. There­
fore, the Wand X registers contain the address 
of the next word in the microprogram and under 
an address error condition they cannot be relied 
upon to be correct. 

3. Inhibit 3 - comes up with Inhibit 2 and Clock 1 to 
bloc k further AL U output. 

2.4. 13 TROS Sense Amplifier Chec k 

• Detects failure of SALS in certain fields of the 
TROS word. 

• Even bit count causes a Sense Amp Error. 

The CA, CA ALT., CB, CK, CL, CR, PS, and PA 
fields are checked for a total odd bit count at A time 
of every cycle. The PS bit is punched in the TROS 
tape to make the total bit count odd. A total even bit 
count causes the sense amp error latch to turn on at 
an A-time and the 2841 to come to a hard stop. Once 
the sense amp error latch is set, the sequence of 
bringing up the inhibit lines is the same as described 
for TROS address check. The sense amp error is 
indicated on the CE console, along with the address 
of the next word in the microprogram. The informa­
tion in the SALS is that of the word in which the 
error occured. 
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2.4.14 TROS Control Register Check 

• Detects failure of the SALS in those fields of the 
TROS word which feed the control register 
latches. 

• Even bit count causes a control register check. 

The CC, CD, CD ALT., CV, CS, PC, BP fields are 
checked for a total odd bit count at A time of every 
cycle. The PC bit is punched in the TROS tape to 
make the total bit count odd. A total even bit count 
causes the control register error latch to turn on at 
A time and the 2841 to come to a hard stop. Once 
the control register error latch is set, the sequence 
for bringing up the inhibit lines is the same as the 
sequence described for TROS address check. The 
control register error is indicated on the CE console, 
along with the address of the next word in the micro­
program. The information in the SALS is that of 
the word in which the error occurred. 

2.5 ARITHMETIC/LOGICAL UNIT (ALU) 

• AL U has inputs from the A and B entry 
asmemblers and carry control. 

• The B entry may be in true or ones complement 
form. This is controlled by the CV field decode. 

• ALU can: 

Add, subtract (add with one's complement input 
from B entry), AND, OR, and exclusive OR. 

• The type of ALU function is controlled by the CC 
field decode. 

• The output of ALU is placed on the D bus. It 
may be directed to any of the general purpose 
registers under microprogram control. 

• ALU output may be tested for zero by the micro­
program. 

• AL U output of not zero may be used to turn on 
status register, bit 2. 

• A carry out of the high order position may be 
used to turn on status register, bit 3. 

• ALU generates correct odd parity any time it 
performs an operation. 



• ALU may be bypassed by the bypass micro­
program statement. 

2.5.1 ALU General Description 

The arithmetic/logic unit (AL U) is used to perform 
add, subtract, AND, OR, and exclusive OR opera­
tions within the 2841. It also assigns parity (odd) to 
data passing through it (Figure 2-23). 

Inputs to AL U are from the A and B entry 
assemblers and the carry in latch. The input from 
the B Entry may be in true or one's complement 
form. This is determined by the CV 0 bit of the ROS 
word. The type of operation performed by the ALU 
is determined by the CC field decode section of the 
ROS word. There are eight different ALU (CC de­
code) operations (Figure 2-23). 

Data from one of the B entry sources enters the 
true or complement exclusive ORs with the YCV 0 
bit. When the YCV 0 bit is present the B entry is 
complemented. The output of the true-or­
complement exclusive ORs, with the data from one of 
the A entry sources, enters the A-or-B-entry exclu­
sive ORs. The output of the A or B entry exclusive 
ORs turn on or off the partial-sum-register latches 
to give the sum without carrys. 

The A and partial-sum register outputs enter the 
ALU with the control lines, from the YCC decodes, 
and the output of the carry-in latch where they are 
ANDed together to give the sum bits and carrys to 
the next higher order bit during arithmetic opera­
tions. 

The sum lines are gated to the D bus and the 
output sampled at clock 3 time after all carrys have 
been propagated. 

The output of ALU can be gated to the D bus. 
Two latches, D-equal-zero and carry-out, monitor 
the results of the ALU operations and may be tested 
by the microprogram. 

The A register can be transferred to the D bus 
directly, thereby bypassing ALU.- This operation is 
effected by placing bit 46 (bypass) of the ROS word 
On. When bypassing ALU, the ALU still receives 
the A and B inputs. The ALU computes parity for 
the byte. If the A register parity does not agree with 
the ALU computed parity (parity bits only are com­
pared) the ALU check latch turns on, stopping TROS 
and lighting the data check lamp. The A to D trans­
fer is negated if bus out parity occurred on the byte. 
In this case the byte goes through the ALU to the D 
bus. The ALU corrects the parity. The micropro­
gram remembers that bus out parity occurred by 
means of the ER register, bit 2 latch. 

Five symbols are used to represent the five 
arithmetic operations of ALU: 

+ True Add/Positive 
Complement Add/Subtract 
AND - Logical 

n OR 
¥ Exclusive OR 

2.5.2 Summary of ALU Statements 

The following statements assume no bypass state­
ment. Refer to CLD pages QA004 or Figure 2-39 for 
field layout. 

CC Decode of 000: A CC decode of zero causes the 
AL U to add/ subtract the A and B entry inputs with a 
carry in of zero from the carry in latch. The CC 
decode of 000 does not set the carry out in status 
register 3. This operation is represented symboli­
cally as follows: 

A±B + O--D Note: Carry in of zero does not 
always appear in ALU 
statement 

For example: 

DR = 163(10)' KL = 29(10) 

ALU statement KL + DR--GL 

A input (KL) 
B input (DR) 
D bus output (GL) 

00011101 - 29 
10100011 - 163(10) 

~10) 
11000000 - 192(10) 

CC decode of 001: A CC decode of one causes ALU 
to add/ subtract the A and B entry inputs with a carry 
in of one from the carry in latch. The CC decode of 
001 does not set status register 3. This operation is 
represented symbolically as follows: 

A±B+1--D 

For example: 

BY = 143(10)' DH = 7(10) 

AL U statement DH + BY + 1--BX 

A input (DH) 
B input (BY) 
Carry in 
D bus output (BX) 

10001111 
00000111 

1 
10010111 

143(10) 

~ (10) 

151(10) 
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2 Control YCC Latch 
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Gate Carry To 2841 
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And On Off Off 
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1 1 0 Add Operation - Add in St 3 - Latch Carry Out to St 3 

1 1 1 Exclusive OR 

Figure 2-23. ALU Block Diagram And Control 
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CC Decode of 010: A CC decode of two causes ALU 
to AND the A and B entry inputs. This operation is 
represented symholiml.lly a.R fOnOWR~ 

A· B-D Note: The B entry may be gated 
in complement form. In 
this case the statement 
symbolically would be: 

A· -B-D 

For example: 

KL = 181(10)' DR = 56(10) 

ALU statement KL . DR-GL 

A input (KL) 
B input (DR) 
D bus output (G L) 

10110101 
00111000 
00110000 

i81 
56(10) 

4"8(10) 
(10) 

CC Decode of 011: A CC decode of three causes ALU 
to OR the A and B entry inputs. This operation is 
represented symbolically as follows: 

AnB-D 

NOTE: The B entry may be gated in complement 
form. In this case the statement symbolically would 
be: 

A n-B-D 

For example: 

BY = 29(10)' GP = 207(10) 

ALU statement GP n BY-KL 

A input GP 
B input (BY) 
D bus output (KL) 

11001111 
00011101 
11011111 

207 (10) 
29 

223(10) 
(10) 

CC Decode of 100: A CC decode of four causes ALU 
to add/subtract the A and B entry inputs with a carry 
in of zero from the carry in latch. - The carry out 
from the high order position of ALU is stored in sta­
tus register 3. This operation is represented sym­
bolically as follows: 

A ± B + O-DC 

NOTE: The carry in of zero may not be shown. The 
C on the right side of the equal sign means store the 
carry out in status register, bit 3. This can be used 
on non arithmetic operations to reset ST 3. 

For example: 

#1: DR = 19(10)' BX = 128(10) 

ALU statement BX + DR-GLC 

A input (BX) 
B input (DR) 
D bus output (GL) 

10000000 
00010011 
10010011 

(No carry out. 
Reset ST 3.) 

#2: DR = 9\10)' BX = 204(10) 

ALU statement BX + DR-GLC 

A input (BX) 11001100 
B input (DR) 01011101 
D bus output (GL) C--00I01001 

(Carry Out of 
one. Set ST 3. ) 

128(10) 
...!Q(10) 
147 (10) 

204(10) 
~(10) 
41(10) 

CCDecode of 101: A CC decode of five causes ALU 
to add! subtract the A and B entry inputs with a carry 
in of one from the carry in latch. The carry out _ 
from the high order position of ALU is stored in sta-­
tus register 3. This operation is represented sym­
bolically as follows: 

A ± B + I-DC 

For example: 

BY = 223(10)' OP = 32(10) 

ALU statement OP + BY + 1-BYC 

A input (OP) 00100000 
B input (BY) 11011111 
Carry in (1) 1 
D bus output (BY) C--OOOOOOOO 

(Carry out of one. 
Set ST 3.) 

32 
223(10) 

1 (10) 

o 
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CC Decode of 110: A CC decode of six causes ALU 
to add! subtract the A and B entry inputs with a carry 
in equal to the present condition of status register 3. 
The carry out from the high order position of ALU is 
stored in status register 3. This operation is repre­
sented symbolically as follows: 

A:i: B + C--DC 

NOTE: A C in the carry in position of the ALU 
statement means to use the present condition of ST3 
as the carry in to the low order position of the ALU. 

For example: 

DR = 28(10)'. KL = 36(10)' ST 3 

ALU statement KL + DR + C--GPC 

A input (KL) 00100100 
B input (DR) 00011100 
Carry in (ST 3) 1 
D bus output (GP) 01000001 

(No carry out. 
ST 3 reset at 
end of opera­
tion. ) 

1 

36 (10) 

2~ (10) 

65 (10) 

CC Decode of 111: A CC decode of seven causes the 
ALU to exclusive OR the A and B entry inputs. This 
operation is represented symbolically as follows: 

A¥ B--D 

NOTE: The B entry may be gated in complement 
form. In. this case the symbolic statement is: 

A¥-B--D 

For example: 

BY = 53(10)' GL = 150(10) 

AL U statement G L¥ BY -- KL 

A input (GL) 
B input (BY) 
D bus output (KL) 

10010110 
00110101 
10100011 

150 (10) 
53 

163(10) 
(10) 

Subtract Functions: The five different add/subtract 
functions can be made into subtract functions by 
transferring the complement of the B entry to the 
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AL U. This is accomplished by making the CV field 
decode equal to one. 

For example: 

GL = 38(10)' BY = 24(10) 

ALU statement GL - BY--KL 

A input (GL) 00100110 
B input (BY) 00011000 complement 11100111 
D bus output (KL) C -- 000011 01 

13 (10) 

The answer is 13(10) and is off by one because one's 
complement subtraction is used. The carry out sets 
the carry out latch in the ALU. The carry out latch 
can be tested by the microprogram. The result in 
true form can be obtained by either adding one to the 
KL register, or by executing the ALU statement: 

GL - BY + 1--KL 

A input (GL) 00100110 
B input (BY) 00011000 complement 11100111 
Carry in (1) 1 
D bus output (KL) C-- 00001110 

14 (10) 

NOTE: Twos complement subtraction. 

2.5.3 Functional Description and Basic Timing 

Functionally the operation of the ALU (Figures 2-23 
and 2-24) can be thought of as beginning in D time of 
the previous machine cycle (a machine cycle is A, B, 
C, and D time). During this t.ime, CA and CB fields 
of ROS are decoded. They control the gating of in­
formation to the A and B buses. 

A Time 

1. A and B buses gated to ALU. The A register 
is latched up. 

2. The CC, CV, and CD field decodes are reset and 
set. The set overrides the reset. 

3. The A and B enteries and CV decode turn on or 
off the partial-sum-register latches. 

4. The applicable ALU control latches AND ± OR, 
Not AND, Allow Carry are set or reset and the 
ALU begins performing the function called .for. 



2841 Clock Time 

n •• • .\" ,n 
"t::~ I;) It::n, TV ,.... I-\na 0 

Buses (CA,CB, Decode) 

Bus to A Reg 0 

A Reg. Lotched 
(Some Bit) 

CC, CV, CD, CS 
SALS Output 

CD, CS Field Latch 
Reset 

CD, CS Field Latched 
(Different Bits) 

Portio I Sum Latc;hed 

ALU Control Decode 
Latched (Ce; Decode) 

ALU Output On D Bus' 

D A B C D A B C D 

D=O And Corry Out Latch --------------r------------------r--------

D Bus To Destination 
Register 

Figure 2-24. ALU Basic Timing 

B Time 

1. The CC, CV, CD reset is removed. These 
latches remain latched through D time. 

2. ALU finishes the operation. The answer is now 
on the D bus. 

C Time 

1. The D bus is sampled for zero. If it is zero, 
the D = 0 latch is set. 

2. Carry out from the high order position of ALU is 
sampled. If there is a carry out, the carry out 
latch is set. 

• Could be A Register if ALU Bypass On 

3. CA and CB decodes are reset. 

D Time 

1. The register (if any) designated by the CD field 
is loaded with the output of AL U. 

2. Status register 3 is set or reset if the operation 
was one which stored the carry out in ST 3 (-DC). 

3. Status register 2 is set now if the ROS word contained 
a DNST21 statement and the D bus did not equal 
zero. 

4. The next ROS word is now available for field de-
coding. 

2841 Stage 2 FETO(7/69) 2-33 



ALU Bypass 

If the microprogram is uSing ALU Bypass, the ALU 
statement will appear as follows: 

A-D BYPASS 

The word BYPASS appearing in the AL U state­
ment means that bit 46 of the ROS word is a one. All 
AL U times remain the same with the exception that 
the A register is gated to the D bus. 

If the ALU computed parity does not agree with 
A register parity, the ALU check latch is turned on, 
stopping the 2841 TROS unit. 

Bypass statements appear only in blocks that do 
not have a B bus entry statement. 

2.6 SERIALIZER/DESERIALIZER UNIT 

• Changes parallel-by-byte data to serial-by-bit 
data when writing on the storage devices. 

• Changes serial-by-bit data to parallel-by-byte 
data when reading from the storage devices. 

• Generates clock pulses used in NRZI double fre­
quency writing. 

• Separates data from clock pulses when reading. 

• Checks byte parity when writing. 

• Finds address marks under control of the mi­
croprogram. 

2.6.1 SERDES General Description 

The serializer deserializer unit (SERDES) is used 
for the writing and reading of data on the storage 
devices. 

SERDES is controlled externally by the micro­
program with three lines (Figures 2-3 and 2-4). 

1. Read gate. 
2. Write gate. 
3. Address-mark-search line. 

The turning on of read-gate allows the data from 
the selected device to enter the SERDES unit. The 
SERDES unit synchronizes with the data by use of the 
VFO circuit. The serial data is placed into the file­
data-register in the SERDES unit. When a full byte 
of data is in the file-data-register, the micropro­
gram is notified by the setting of status register bit 4. 
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Read-gate and address-mark-search lines cause 
the SERDES to search for an address-mark in the 
data coming from the selected device. An address 
mark consists of two bytes of data with some missing 
clock bits and a byte called the sync byte. When 
SERDES has located the address-mark and read the 
sync byte, the microprogram is notified by the set­
ting of status register bit 4. 

The turning on of write-gate by the micropro­
gram causes SERDES to write clock and data pulses 
on the selected device. Before the microprogram 
brings up write-gate the first byte of data to be writ­
ten should be placed in the DR register. The 
SERDES transfers, automatically, the information in 
the DR register to the FDR register, takes this par­
allel byte of information and writes serial-by-bit in­
formation on the selected device. 

The microprogram bringing up write-gate and 
address-mark lines causes SERDES to write an 
address-mark hyte in the gap before the count field. 

SERDES can be divided into three functional 
sections.: 

1. Write Section: This area contains a 2. 5 mega­
cycle crystal oscillator, write clock and data 
controls, write address-mark controls, and a 
write parity check circuit. 

2. Read Section: This area contains a variable fre­
quency oscillator (VFO), used in synchronizing 
the frequency of the 2841 read circuits to the 
frequency of the data coming in from the device 
selected. This section also contains read con­
trol circuits used in detecting address.-marks. 

3. Common Section: The read and write sections 
share some common circuits, namely: 
a. Two bit rings (~ bit ring and bit ring) 
b. The file-data-register (FDR). 

The bit rillgs and the FDR perform parallel-to­
serial conversion when writing and serial-to-parallel 
conversion when reading. 

2.6.2 Write Operation: 

• Write-oscillator, write-trigger, write-phase-X 
and write-phase-Y triggers are running all the 
time. 

• Write operation begins with the microprogram 
bringing up write-gate. 

• The 1600-ns-single shot is used to delay the turn 
on of the write-clock-gate for 1600 ns and to re­
set VFO-gate which in turn resets read-clock­
gate if it is on. 



• With both the read-clock-gate and the write­
clock-gate off, delta-reset comes up, turning 
on the bit-ring-reset latch. The bit-ring-reset 
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by pulling them off. The delta bit ring latches are 
turned off except for 115 which is pulled on. 

• The allow-phase-Y latch insures that the bit­
ring receives the first advance pulse (phase X). 

• Coincidence of write..,gate and not-write-clock 
gate brings l;lP the write-start line. The write­
start line turns off the counter one flip-latch of 
the 4-position counter. Counter one is turned on 
or off by each data bit written. 

• At the end of each byte, the counter one FL and 
the FDR parity bit are checked. Both FL's 
should be on or both FL's off to prevent an 
error. 

The write operation sequence begins with the micro­
program bringing up write-gate (Figures 2-25 and 
2-26). Write-gate coming on starts the 1600 ns sin­
gle shot timing to bring up 11 reset. At the same 
time the 4-position-counter-reset is dropped. At the 
end of the 1600 ns single shot timing the write-clock­
gate FL is turned on, 11 reset is dropped and the bit­
ring and delta-bit-ring are allowed to run. The 11 -
bit-ring was held reset to delta 5 and the bit-ring 
reset to no count. The first drive pulse to the bit­
ring sets the bit-ring to bit ring 5. 

Each time the write-trigger is off a clock pulse 
is developed on the double-frequency-write-data line 
and sent to the selected device. At l1-bit-ring zero 
time the FDR register is reset and the information in 
DR is placed in the FDR register. At bit-ring zero 
time data is ready to be gated from the FDR register 
to the double-frequency-write-data line, if a bit is on 
in theFDR register. Each bit ring time gates the 
respective position of the FDR register. The write­
trigger on allows data-pulses, if available, to be 
written on the device and the write-trigger being off 
allows the clock pulses to be written. 

As data is being written on the device a check is 
made for proper parity in the attachment. Counter­
one FL of the 4-position-counter and the FDR parity 
bit are used to make this check. When write gate 
comes on write-start turns the counter-one FL off. 
Each bit of data that is written on the device causes 
the counter-one FL to change states. At the end of 
each byte, the relative positions of FDR parity and 
the counter-one FL are checked. If the FDR parity 
bit and the counter-one FL are both on no error oc­
curs or if both the FDR parity and counter-one are 
off no error occurs. If an error does occur, the 

error register bit 0 is turned on so that the micro­
program can check for this condition. Counter one is 
reset on at the start of each byte (11 zero, bit-ring 

At bit-ring 0 time of each byte after the FDR 
register has been set, the set-ST-4Iatch is turned 
on. This latch then causes the ST4 bit to be set so 
that the microprogram may branch on this condition 
and know that the character has been moved from the 
DR register to the FDR register. The microprogram 
then must place a new character in the DR register 
before SERDES is ready to transfer the next charac­
ter to FDR to prevent writing the same character 
over again. 

When the microprogram wishes to write an 
address-mark it brings up the address-mark line. 
The address-mark line and write-gate and bit-ring 
zero time turns on the write-address-mark latch. 
The write-address mark FL on blocks the writing of 
clock pulses. The write-address-mark FL remains 
on until delta bit-ring 5 time when it is turned off and 
clock pulses can again be written. 

When write gate comes up, the write FL is 
turned on. While in a write operation, if index is 
sensed, the index FL is turned on. If the write-gate 
is still on when the index pulse falls, the block-file­
interface line is brought up to reset the FT and FC 
registers and prevent write operations of the devices 
past index. 

To end a write operation, the microprogram 
drops write-gate. After write-gate falls, no more 
data can be gated to the devices. However, the 
serializer / deserializer circuits are still operating 
as if writing was taking place. The bit-rings oper­
ate, the write-triggers operate, and double­
frequency-write-data is generated. The write 
serializer-deserializer circuits remain in this status 
until a new write operation is started or a read oper­
ation starts. 

2.6.3 Read Operation 

The 2841 uses a double frequency non return to zero 
(NRZI) method of recording. Due to variations in 
speed of the device from the time a record may be 
written to the time that a record may be read, the 
frequency at which it is received in the 2841 may 
vary. Also packs written on one drive may be read 
on a different drive. This is compensated for by the 
use of a variable frequency oscillator circuit which is 
described as a separate component in this section. 

The 2841 track format of count, key, and data 
necessitates various types of gaps between portions 
of the record (Figures 2-30 and 2-33). All of the 
gaps have at least 4 bytes of zeros included in their 
format. These are used to synchronize the VFO with 
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the clock pulses only. There are some variations in 
the number of bytes of one's and zero's between the 
gaps, however basically there are two types on gaps; 
hOmtl auurel:ll:l or alpha gap, and the beta gap which 
includes the address mark. These two types are 
covered as a separate item in this section. 

2.6.3.1 Description of VFO Components 

• Synchronize 2841 to device data. 

• Separate clock and data pulses. 

• Generate data or clock-gap sense. 

• Determine if incoming data is a zero or one. 

Ramp Generator and VFO Trigger: (Figures 2-29 
and 2-28) The ramp-generator consists of a con­
stant current source generating a linear ramp @. 
The frequency of this ramp. is normally 2.5 mc. The 
discharge (negative going portion of the sweep) com­
plements the VFO-trigger. One state of this trigger 
is used as a clock pulse gate @; the other for a data 
pulse gate G). 

The ramp generator is started with a VFO-Gate 
input. It is always running except: 

1. During a write operation. 
2. During VFO reset time in a read operation. 

The frequency of the ramp is variable and is un­
der control of the error signal ® generated by the 
error-detector. 

Error Detector: The error-detector controls the 
frequency of the ramp-generator. This is necessary 
since the frequency of the incoming data may not be 
the same as the normal frequency of the ramp. The 
read data and the 2841 are synchronized as follows: 

1. A clock or data pulse CD arrives from the device 
and samples the ramp output. 

2. If the sample time is correct (the device and 
2841 are in step), no error signal ® is 
generated. 

3. If the input pulse samples early or late on the 
ramp, an error level of negative or positive po­
larity is generated on the error signal line ® 
and begins to correct the frequency output of the 
ramp-generator @' When the 2311 and 2841 
are in step again, the error signal will be 
minimal. 

This frequency correction is continuously taking 
place whenever a device is selected. It is not de­
signed to correct for an instantaneous frequency 
change, but rather a gradual change (i. e., speed of 
drive). 

Gate Generator: T:le gate-generator is a differenti­
ating network that ccnverts the ramp toa noil­
symmetrical square wave @. The gate-generator 
output develops separated data @. 

The circuit is adjusted for a 280 ns up level cen­
tered on the delayed-data-pulse ® during the VFO 
adjustment procedure. 

Adjustable Delay Line and Single-Shot: It is desira­
ble to have the data @ and clock @ pulses cen­
tered on their respec~ive outputs from the VFO­
trigger. It is necessary, due to inherent delays in 
the other circuits (namely VFO-trigger), to intro­
duce a fixed delay in the data line. The fixed delay 
is introduced by a tapped delay line ®, adjustable in 
increments of 5 ns, from 0 to 125 ns. During the 
VFO adjustment procedure, the delayed-data is cen­
tered on one of the outputs of the VFO-trigger. 

The single-shot serves as a pulse shaping net­
work for clock and data pulses. 

Gap Sensor: This circuit is used to detect clock and 
data gaps. 

If· separated data pulses are absent for 2.4 J.l.sec, 
data-gap-sense rises @ . 

. If separated clock pulses are absent for 2. 8 
J.l.sec, clock-gap-sense rises @. 

Zeros Detector: When looking for an address mark, 
the VFO may be 1800 out-of-sync. Therefore, some 
type of circuit is needed to identify a particular area 
as having a zero or a one. 

The zeros -detector identifies an area by looking 
at an 800 ns period without regard to which pulse is 
clock and which' one (if any) is data. If it finds one 
pulse during the period, it raises the zero-count-line 
@ . Two pulses in the period raise the ones-reset 
line @. Ones-reset remains up until the next zero 
is detected. 

The zeros-detector is a special circuit that acts 
as a single shot on the zeros-count output and as a 
latch on the ones-reset output. 

The voltage divider networks generate the ramps 
shown in Figure 2-28. When the pulses are 800 ns 
apart the zeros-ramp times the zeros-count single 
shot. When the pulses are 4QO ns apart the zeros­
ramp does not time the zeros-count single shot and 
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Figure 2-27. Variable Frequency Oscillator Circuit Operation 

the ones-reset ramp sets the ones-reset latch. The 
ones -reset latch· is turned off by the next zeros count 
pulse. 

2. 6. 3.2 HA or Alpha Gap Sequence 

• The microprogram knows the orientation of the 
read heads to the track data when attempting to 
synchronize in an alpha or HA Gap. 

• The operation is initiated with the raising of 
read-gate by the microprogram in the leading 
zeros area. 

• The VFO synchronizes to the data in the remain­
ing bytes of zeros. 

• The bit rings are freed after the turning on of 
read -clock-gate. 

• The allow-phase-Y latch insures that the bit­
ring is stepped first. 

• DR is loaded with the last three bits of the sync 
byte. 
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And 
Separated 

Clock Gap Sense Clock Gate 

SD061 SD061 

• ST 4 is set to indicate to the microprogram that 
SERDES has found a sync byte. 

General (Figures 2-29, 2-30, and 2-31): The HA 
and alpha gaps are similar in content, except that HA 
has more bytes of leading zeros. This is necessary 
because of the time required for head Switching that 
can occur at index. Key and data gaps have bytes of 
ones ahead of the bytes of zeros. 

Synchronization of the VFO with read-data is 
initiated when the microprogram raises read-gate. 

For a command which operates on HA, the mi­
croprogram branches on index, delays a fixed amount 
of time into the HA gap. and then raises read-gate. 

When synchronizing in an alpha gap (i. e. , be­
tween key and data areas), the microprogram must 
stay in a timing loop. During this loop, read-gate is 
down. When the timeout occurs (approximately 80 
Ilsec), the microprogram raises read-gate in the 
leading zeros area of the alpha gap. The dropping 
and raising of read-gate in this gap accomplishes 
two things: 
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Figure 2-28. VFO Circuits Timing 

1. The VFO and bit rings are resynchronized on the 
data from the data area. This is necessary 
since the key and data areas may not have been 
written with the same command and may even 
have been written on different drives. 

2. The microprogram does not have to count the 
number of bytes in the gap. The microprogram 
is notified by SERDES when the sync byte is in 
DR by the setting of ST 4. 

Description: Figure 2-31 shows the timing relation­
ship of the circuitry in Figure 2-29. 

Read-gate raising resets the VFO-sync latch and 
VFO-gate latch for 1600 ns·. The VFO-sync latch al­
lows the VFO-gate latch to turn on with the next clock 
pluse. The ramp-generator is started with VFO gate. 

During the remaining bytes of zeros. the ramp's 
frequency is adjusted to the read-data frequency by 
the error~detector circuit. During this time the 
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bit-rings are held reset; bit-ring to no latches on, 
and delta-bit-ring to 5. 

The bit-ring-sync latch is set with the first data 
bit in the gap. 

Data-gap-sense sets data-good. The first data 
bit of the sync byte sets the read-clock-gate to drop 
delta-reset. The allow-phase-Y latch is off so that 
the first bit-ring advance is a phase-X pulse and 
steps the bit-ring to 5. 

Bit-ring-5 turns on the allow-phase-Y latch and 
allows bit 5 of the sync byte to be set into FDR. 

The bit rings continue to step, allowing separa1;­
ed data to be placed in FDR by the respective bit ring 
time. Although the sync byte equals 14(10) only the 
last three bits are gated into FDR and consequently 
to DR at bit ring 0 time. The microprogram is noti­
fied of this action by the setting of ST 4 (bit-ring-O, 
C time, and not-search-AM). DR should equal 6(10) 
and is checked by the microprogram. SERDES is 
now in step with the data of the field, and the se­
quence is continued by the microprogram until the 
count of the field has been read. 

2.6.3.3 Beta Gap Sequence 

• The microprogram does not know the orientation 
to the track of the read heads. 

• The operation is started when the microprogram 
raises the read-gate and address-mark-search 
lines. 

• The VFO synchronizes on the read data and 
looks for a yarticular combination of bits. 

• If bits are incorrect, the operation is restarted. 

• Eventually the proper bit configuration is found. 

• DR is loaded with last three bits of the sync 
byte. 

• ST 4 is turned on. 

General (Figures 2-29, 2-32, and 2-33): The beta 
gap is unique in that it contains two address mark 
bytes. These should be the only bytes (on a track) 
that have missing clock bits. 

The microprogram initiates the beta gap se­
quence by raising read-gate and the address-mark­
search lines. The microprogram generally does not 
know where the heads are located in relation to the 
track data when it raises these lines. SERDES, 
therefore, looks for the beta gap (address mark), 
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and notifies the microprogram (by setting ST4) when 
it has found an address mark and read the sync byte. 

Description: Figure 2-32 shows the timing relation­
ship of the circuitry in Figure 2-29. 

The microprogram raises read-gate and the 
address-mark-search lines. This can happen any­
where on the track. Figure 2-34 shows this happen­
ing in the last byte of ones in the beta gap. 

The VFO sync latch is heldresetfor 1600ns. The 
bit rings are held reset because the read-clock-gate 
is off. When the reset times out, the VFO is started 
with the incoming data. The timing chart shows a 
data pulse starting the VFO, therefore, the VFO is 
1800 out-of-sync. 

The zeros-detector finds one bits (400 ns pulses) 
in the read data and raises the ones-reset-line. 
This holds the 4 -position binary counter off. 

The zeros-detector finds zero bits (800 ns 
pulses) in the read data, turns off ones-reset and 
raises zeros-count. Since the read-clock-gate is off 
at this time, each zeros-count pulse steps the 4-
position counter until it reaches 8.' If there are nine 
zeros in a row, this may be a beta gap. 

A decode of count 8 resets the VFO circuits, and 
turns on the read-clock-gate latch. The VFO cir­
cuits are reset here so that they may resync in a 
zeros only area. Mter 1600 ns the VFO circuits 
have resynchronized. Read-clack-gate turning on 
removes the reset to the bit rings. The allow­
phase-Y latch ensures that the bit-ring is stepped 
before thedelta-bit-ring. The bit rings start step­
ping at bit-ring 5 time. Since read-clock-gate is on, 
bit-ring-4 is used to step the 4-position counter. 
During the remaining bytes of zeros, the ramp's fre­
quency is adjusted to the read data frequency by the 
error-detector circuit. 

The AM-1, -2, -3, and AM good latches are se­
quenced by clock-gap-sense, in AM bytes one and 
two. Data-gap-sense, occurring in the sync byte, 
resets the read-clock-gate latch and sets the data­
good latch. 

Read-clack-gate dropping: 

1. Resets AM 1, 2, and 3 latches. 
2. Delta -reset resets the bit rings so their count can 

be adjusted for bits 5, 6, and 7 of the sync byte. 

Data-good turning on drops the search-AM line 
and allows the AM -good latch to turn on with the next 
separated-data pulse. 

Read-clack-gate is turned on again with the first 
data pulse of the s:;''llc byte. The allow-phase-Y latch 
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ensures that the bit-ring is stepped to bit-ring 5 be­
fore the delta-bit-ring steps to 6. 

The bit rings step. Bits 5, 6, and 7 of the sync 
byte are gated into FDR, and subsequently into DR at 
bit-ring-O time. The microprogram is notified that 
SERDES has found an address mark by the setting of 
ST 4 (bit-ring-O, C time, and not-search-AM). 

The microprogram checks DR for 6. If it is 6, 
the operation continues. If it is not 6, the micropro­
gram drops read-gate and AM-search, delays, and 
reinitializes the operation. If SERDES cannot find a 
good address mark,between index pOints, unit-check 
in the status byte and no-record-found in the sense 
data is indicatea. 

Restart Conditions: 

1. Ones-reset, when the read-clock-gate is off, 
resets the 4-position counter. This means that 
fewer than 9 zeros in a row were read. 

2. Decode-8 of the counter and ones-reset. This is 
the area where the VFO is resynced on clock 
pulses. If a one bit is here, the VFO is still out 
of sync with the read data. 

3. AM-Ion, data-gap-sense, and not-AM-good. 
Checking for missing data bits in the two AM bytes. 

4. AM-Ion, clock and data-gap-sense. This could 
occur in some area where no clock or data had 
been written. 

5. Counter 14. No data-gap-sense in an area 
SERDES thought should have been the sync byte. 

Restart conditions 2, 3, 4, and 5 reset: 

1. The read-clock-gate latch. 
2. The 4-position counter. 
3. The AM-good latch. 
4. AM 1, 2, and 3 latches when read-clock-gate 

drops. 

2.7 CHANNEL INTERFACE ATTACHMENT 

• The channel interface consists of seven sections 
(Figure 2-34). 

1. Selection controls out. 
2. Tags out. 
3. Selection controls in. 
4. Tags Ill. 

5. Bus out. 
6. Bus in. 
7. Service in/out controls. 

Due to the full feature drawing of the ALD's the 
channel attachment has line names for the two chan-
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nel switch feature. The switched-to-A line is float­
ing to give the active level and the switched-to-B line 
is jumpered to ground to hold it inactive, when the 
feature is not installed. 

This section covers the basic attachment only. 
The various sequences which the channel inter­

face goes through are presented to tie together the 
seven sections. The microprogram philosophy is in­
troduced where necessary to accomplish the 
sequence. 

2.7.1 Initial Selection Sequence 

• The initial selection sequence (Figure 2-34) is 
used to connect the channel to the 2841. 

• Initial selection ends with the transfer of the ini­
tial status byte. 

The initial selection sequence is as follows: 

1. Initial condition - Steering-Iatch-A is off. 
2. Channel places an address byte on bus-out and 

raises address-out. 
The address byte contains the access and 

control unit number: 

Uni t Address Format 

Ct1. Unit No. Add'd Access 
4 bits 1 bit 

Access Mechanism Number = 0-7 

0- Access Mechanism Number = 0-7 

1 - Add'l Access Mechanism 
Number = 8-15 

1--------- Control Unit Number - speCified at 
time of installation 

L-_______ High Order Bit is always a 1 for the 
2841 on a multiplex channel 

The control unit number may be any configura­
tion selected by the customer at installation. 

3. The 2841 compares bits 0, 1, 2, and 3 of the ad­
dress out byte with its prewired address. It al­
so checks parity (odd) of the entire byte. If the 
address is the same (address compare) and par­
ity is good, the steering-Iatch-A is turned on. 
If the address doesn It compare or the byte has 
incorrect parity, the select out steering latch is 
left off. 

4. Channel raises select out. 

If the steering-Iatch-A is on (address compare 
and good parity), initial-select-A is raised in the 
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2841. Up to this time, the 2841 has been operating 
on channel timing. It is now necessary to get in step 
with the microprogram timing. The SELTO latch is 
turned on at the next 2841 clock C time. SELTO is a 
condition that can be tested by the microprogram. 

NOTE: If the steering-Iatch-A is off (address did not 
compare or bad parity), select out is propagated to 
the next control unit. 

5. The microprogram branches on SELTO, goes 
through several ROS words, and sets the 
address-in latch with the ALU statement 1 - IG 
(D bus bit 7). 

6. The address-in latch on turns on the operational­
in FL and causes the operational-in line to be 
sent to channel. 

7. The operational-in line causes the channel to 
drop the address-out line. 

8. The address-out line dropping causes the 
address-in line to be sent to channel. Before 
raising the address-in line, the 2841 micropro­
gram places the address-in byte in the DW 
register. 

9. The command-out line is sent from the channel. 
The COMMO latch is set on at the next C time. 
The microprogram branches on COMMO recog­
nizing that command out has been sent. 

10. The microprogram drops the address-in line 
with the ALU statement ER33 -+ IG. 

11. The channel drops the command out line. 
12. The microprogram loads the DW register with 

the status byte and raises the status-in line with 
the A LU statement 4 - IG (D bus, bit 5). 

13. The channel responds to the status in line by 
raising the service out line. The SERVO latch 
is turned on at the next C time. 

14. The microprogram causes the status-in line to 
drop with the ALU statement 0 - IG. 

15. The channel drops the service out line. 
16. This completes the initial selection sequence. 

2. 7. 2 Data Transfer Sequences 

• 

• 

• 

The 2841 contains circuitry that controls the 
service in/service out responses to the channel 
(Figure 2-34). 

The controls are in read mode for read and 
sense commands. 

The controls are in write mode for write, 
search, and some control commands. 

The service-in/out controls are used for two types of 
operations: 

1. Data transferred to channel - read or sense. 
2. Data transferred to the 2841 - write, search or 

control. 

2. 7. 2.1 Read Operation 

1. The microprogram sets the read latch (Figures 
2-34 and 2-35) with the ALU statement, 32 -IG. 

2. When a byte of data is ready for transfer to the 
channel, the microprogram issues the ALU 
statement DR- DW (DR is placed on the A bus). 

3. This statement sets DW (bus in) with the byte of 
data and allows transfer control 1 FL to turn on 
at the following D time. 

4. The service request latch turns on the following 
B time raising SORSP. SORSP is tested by the 
microprogram. In a read operation, it means 
that the channel has not yet responded to 
service-in with service-out. 

5. The transfer control 1 FL is turned off at C 
time. 

6. The transfer control 2 FL is turned on at D 
time. 

7. The transfer control 2 FL turning on and not­
service-out cause the service-in latch to be 
turned on, raising the service-in line to the 
channel. 

8. The service-request latch is turned off at A 
time. SORSP is held up by the service-in latch. 

9. The transfer control 2 FL is turned off at B 
time. 

10. The channel responds with the service out line. 
(The byte has been transferred to the channel.) 

11. The service-in FL is turned off by the service­
out line. 

12. The SORSP latch is turned off at C time. This 
indicates to the microprogram that the byte has 
been transferred to channel. 

13. The microprogram and the service in/out con­
troIs repeat steps 2-12 for each byte. 

14. When the microprogram is finished with the read 
operation, it turns off the read latch with the 
ALU statement O-IG. 

2. 7.2. 2 Write Operation (Figures 2 -34 and 2-36) 

1. The microprogram turns on the write latch with 
the ALU statement 128 - IG. 

2. The service-request latch is turned on. 
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Figure 2-35. Service In/Out Timing for Read and Sense Operations 

3. The transfer control 2 FL turns on at the follow­
ing D time. 

4. Transfer control 2 FL and not-service-out set 
the service-in latch, raising the service-in line 
to the channel. 

NOTE: The 2841 has requested a byte of data. The 
SORSP line is down and stays down until the channel 
raises the service-out line indicating a byte of data 
on the bus-out lines. 

5. The channel raises the service out line. 

NOTE: If the channel raises the command -out line 
instead of the service-out line, the microprogram 
recognizes this and resets the service-in latch with 
a ER - D ALU statement. 

6. The SORSP latch turns on at the following C 
time. 

7. The microprogram recognizes SORSP and per­
forms the ALU statement, IH - register x. The 
byte of data is now stored within the 2841. 
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8. The transfer control 1 FL turns on the following 
D time. 

9. The service-in latch is turned off the following A 
time dropping the SVC-request PI line. 

10. The SORSP latch turns off the following C time. 
11. The transfer cantrall FL turns off the following 

C time. 
12. steps 2-11 are repeated for each byte of data. 
13. When the write operation is finished, the micro­

program turns off the write latch with the ALU 
statement 0 - !G. 

2.7.3 Ending Sequence 

• The ending sequence is used to present an ending 
status byte to the channel, and to disconnect 
from the channel (Figure 2-34). 

The ending sequence is as follows: 

1. The microprogram places the ending status byte 
in the DW register. 
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Figure 2-36. Service In/Out Timing for Write, Search, and Control Operations 

2. The microprogram raises the status-in line with 
the ALU statement 4-IG (D Bus, bit 5). 

3. Channel responds with the service-out or 
command -out lines. 

4. The microprogram drops the status-in line with 
the ALU statement 0 -IG. 

5. The microprogram waits for the select-out line 
to fall (SE L TO). 

6. The microprogram turns off the Operational-In 
FL with the ALU statement 64 - IG (D Bus. bit 1). 

2. 7.4 Short Control Unit Busy Sequence 

The short control busy sequence indicates control­
unit-status to the channel without going through the 
initial selection sequence (Figure 2-36). 

• It is used when the 2841 is addressed with a new 
start or test I/O command and the 2841 is busy. 

• If addressed while busy, the 2841 performs a 
polling interrupt sequence when it goes not busy. 
Control-unit-end is indicated in the status byte. 

Definition: Indicates control-unit-status to the chan­
nel without going through the initial selection se­
quenc,e. Presents the status -in line in response to 
the address-out line. 

The short-control-unit-busy sequence is used by 
the 2841 in the following situations: 

1. No chaining, and 
2. The last command in the chain was a write, and 
3. Channel-end and device-end have been trans­

ferred to the channel, and 
4. Write gate or erase gate is on, and 
5. A start or test I/O instruction is given to the 

2841. 
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NOTE: During write-key-data and write-data opera­
tior.s, erase-gate is on for approximately 60 ",secs 
after channel-end and device-end were presented to 
the channel. 

During write-HA, RO, CKD operations, write 
gate is on to index. Erase gate is on for approxi­
mately 60 ",secs past index. 

pperation: (Figure 2-34) 

1. After dropping the operational-in line at the end 
of a write command, and the program is not 
chaining, the 2841 sets the status-in latch. 
Status-m is not sent to channel since the 
Operational-in line is down. 

2. The not-operational-in line and the status-in 
latch on raise the ER bit 7 line. 

3. At this time, ER register, bit 7 is held reset. 

NOTE: Assume the 2841 is addressed while busy. 

4. The not-select-out line and the addres's-compare 
line turn on the steering-Iatch-A FL. 

5. The channel raises the select-out line which 
brings up the responding-on-A line and blocks 
the reset to the ER register bit 7 FL to bring up 
the disc" busy line. 

6. The disc + busy line brings up the CU-busy­
status line and turns on the CU-end-A FL. The 
CU-busy-status line brings up the status-in line 
to the channel. 

7. The CU-end-A FL brings up the Error 3 line and 
bits I, 3, and parity of bus-in to the channel 
(status modifier, and busy bits). 

NOTE: The 2841 does not go through the normal ini­
tial selection sequence. 

8. The channel drops the select-out and address­
out lines and turns off the steering-Iatch-A FL. 

9. The steering-Iatch-A FL off drops the 
responding-on-A, and CU-busy-status lines. 
(status in drops) 

10. The turn off of the responding-on-A line causes 
the ER register, bit 7 latch to turn off. 

The only latch not in its original condition after this 
operation is the CU-end-A FL. When the micropro­
gram finishes with the write operation, it tests ER 
register, bit 3. If ER register, bit 3 is on, the mi­
croprogram sets up to take a control-unit-end­
polling-interrupt. 

2.7.5 Halt I/O Instruction 

• The halt I/O instruction causes the 2841 to re­
lease the channel immediately. 

• The operation in progress continues to its ending 
point. 

• When the operation in progress is finished, the 
2841 initiates a polling-interrupt-sequence. 

The halt I/O instruction causes the 2841 to release 
the channel immediately, stopping the transfer of 
data (Figure 2-34). The operation in progress when 
the halt I/O was given proceeds to its ending point. 

When the operation reaches its ending point, the 
microprogram initiates a polling-interrupt-sequence. 

2.7.5.1 Halt I/O Sequence 

Assume some operation in progress. Therefore, 
operational-in is up. 

1. The channel drops the select-out line (may al-
ready be down on multiplexer channels). 

2. The channel raises the address out line. 
3. The ER register, bit 7 latch is turned on. 
4. Operation-in to channel is degated by the disc + 

busy line. 
5. Command-out is forced up within the 2841-
6. This completes the halt I/O line sequencing to 

channel. 

Command-Out is forced up so that the micropro­
gram can branch on it. This normally means that 
the channel's byte count has gone to zero and tells 
the 2841 to stop the data transfer. However, the mi­
croprogram also finds ER register, bit 7 on. This 
indicates halt I/O to the microprogram and causes 
the microprogram to reset operational-in. 
Operational-in dropping turns the ER register bit 7 
latch off causing command-out to drop within the 
2841. 

If the 2841 is not working on any command when 
the halt I/O is given, the 2841 will ignore the halt 
I/O. 

2.7.6 Polling Interrupts 

• A polling interrupt is a means of connecting the 
2841 to the channel without giving a start or test 
I/O command (Figures 2-34 and 2-37). 
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• . The sequence is normally used to present a sta­
tus byte after the channel and the 2841 have dis­
connected. 

• A channel can tell the control unit to hold (stack) 
the interrupt by raising the command-out line in 
response to the status in-line. 

2. 7 . 6. 1 Polling Interrupt, Definition 

Polling interrupt is a means of connecting the 2841 to 
the channel and of presenting an outstanding status 
byte without the channel giving a start or test I/O 
command to 2841. 

2.7.6.2 Polling Interrupt Routine 

The 2841 uses the polling interrupt sequence in- the 
follOwing command word sequences to present out­
standing status information to the channel. 

1. Not chaining - A seek command to a different 
cylinder or a restore command is given. 
Channel-end is presented to the channel. The 
channel and the 2841 disconnect. Device-end is 
still outstanding. The microprogram turns on 
the poll enable latch. When gated attention oc­
curs, a polling interrupt sequence is initiated to . 
present a device-end status byte to the channel. 

2. The 2841 is addressed with a new start or test 
I/O command while busy (after a write com­
mand). The 2841 indicates control-unit-busy to 
the channel on the start or test I/O. When the 
2841 goes not-busy it initiates a polling interrupt 
sequence with control-unit-end in the status 
byte. 

3. A halt I/O is given to the 2841 while it is operat­
ing on some command. The 2841 disconnects 
from the channel. When the original command 
reaches its logical ending point, a polling inter­
rupt is initiated with the applicable- status infor­
mation in the status byte. 

4. Not chaining - The 2841 has presented channel­
end and device-end after a write command. 
Write gate or erase gate is up because the field 
has not been completed. The 2311 drive goes 
inoperable for some reason (not ready, not on 
line or unsafe, etc.). The 2841 initiates a poll­
ing interrupt sequence with the control-unit-end 
and Unit-check bits on in the status byte. 

2-60 

5. Assume: 
a. Multiplexer channel. 
b. Cylinder seek or restore command. 
c. Command word chaining. 
d. Channel-end presented to the channel. 
e. Select-out line from the channel is down. 
The 2841 then drops the operational-in line, dis­
connecting from channel. The microprogram 
sets the IG-6 latch so that any gated-attention 
can raise request-in, thereby initiating a polling 
interrupt sequence with device-end in the status 
byte. During the time between channel-end and 
device-end, the channel has kept the suppress­
out line up. This prevents any other control unit 
from initiating a polling interrupt. Note that 
when request-in is raised by means of IG-6 and 
gated-attention, the suppress-out line from the 

channel cannot suppress the polling interrupt re­
quest. This is the only type of 2841 polling in­
terrupt that cannot be suppressed by the channel. 

6. Changing a 2311 from not-ready to ready initiates 
a polling interrupt sequence with device-end in 
the status byte. 

2.7.6.3 Stacked Status 

Definition: When the channel brings up the 
command-out line in response to the status-in line, 
the 2841 must hold (stack) the status byte. 

The channel and the 2841 disconnect. The 2841 
attempts to transmit this stacked status byte to the 
channel by means of the polling interrupt sequence. 

2.7.7 Resets 

General Reset 

The channel is able to reset all on-line control units 
by dropping the operational-out line and not raising 
suppress-out line. This provides a general reset to 
the 2841 (Figure 2-34). All registers are reset and 
the microprogram restarts in TROS address zero. 

2.7.7.1 Selective Reset 

The channel issues a selective reset by raising the 
suppress-out line and dropping the operational-out 
line (Figure 2-34) . .If the 2841 has .operational-in up, 
all 2841 registers are reset (with the exception of 



ST(7), reset on) and the microprogram restarts in 
TROS address zero. 

An example of why the channel might issue a 
,...._1 __ .... ~ ________ ..... .S!_11 ___ ._. 

Dt::U,t";I".LV,", ,L-t::n:::it::a, .LV11VWb; 

Assume: ROS error in the 2841 while not se­
lected to channel. 

A ROS error stops the microprogram and at­
tempts to set the operational-in latch. When channel 
next addresses the 2841, initial select rises, setting 
the operational-in latch. No other lines are raised 
on the interface. The channel decides that some­
thing is wrong with one of the control units. Some 
channels may attempt a halt I/O routine first. Note 
that ROS error stops the ER register, bit 7 from 
being turned on; therefore halt I/O does nothing 
within the 2841 (operational-in is still on). 

Eventually the channel gives a selective reset. 
This resets the error condition, drops operational­
in, and allows the microprogram to begin operating 
at TROS address zero. 

2.8 CE PANEL 

• Allows Customer Engineer control of 2841 
operations (Figure 2 -38) . 

• Displays error checks. 

• Displays read only storage address register. 

• Displays A register output. 

• Displays BX, BY, DH, DL, DR, DW, FR, GL, 
GP, KL, OP, UR, ST, ER, and SW register/3 by 
reading them into the A register. 

• Allows setting of a byte of data into a selected 
register. 

• Allows stopping on errors. 

• Can stop at a preset address. 

• Can start the microprogram at a preset address. 

• Provides for single microprogram step 
operation. 

• Provides a sync pulse at a preset address. 

• Provides for recycling between two micropro­
gram addreSSes. 

• Provides for local power control. 

2.8.1 CE Switches 

2.8.1.1 Normal/CE 

The normal/CE switch in the NORMAL (on line) posi­
tion allows power sequencing and signals from the 

using system to control the 2841. The normal/CE 
switch in the CE (local) position degates signals to 
and from the using system if the enable-disable 
.rt ... 117.; ... ,.. ..... .: .... .:_ T"\TOA"DT 'C" n ............................. _ .............. 1 :_ + ................ ..:1 __ 
,""n ... "",.LI. AD £U .LI.LIrJ.C':l,.LlLJ.&.:.I. .c-uwc ... \.iVU".I.VI. .Let W.LOll U.L.lUO.1. 

control of the 2841 power on/off switch. If the 
enable-disable switch is in ENABLE, the 2841 is in 
CE on line mode. 

2.8.1. 2 Lamp Test 

When pressed, in either CE or normal mode, lights 
all lamps. 

2.8.1.3 Interface Degate 

When transferred drops power to the selection relay 
and blocks all in lines to the channel and turns off 
usage meter. 

Caution: 
Operating the interface degate switch out of the 
proper sequence can cause CPU problems. 

The Following Switches are Active Only in CE Mode. 

2.8.1.4 Register Select 

Allows selection of certain registers for display or 
data entering. 

2.8.1. 5 Display 

Displays the selected register data !n the A register 
lamps. The contents of the selected register are 
displayed only as long as the display button is 
pressed. 

2.8.1.6 Enter 

Enters data, stored in the two low order start ad­
dress switches, into the selected registor. 

2.8.1. 7 Set ADDR 

Places the address contained in the start address 
switches into the W and X registers. 

2.8.1.8 Check Reset 

Resets sense amplifier, control register, address, 
and data check indicators. 

2.8.1.9 Reset 

Resets all indicators and registers. 
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2.8.1.10 stop 

The sense latch reset and sense strobe lines are in­
hibitAO, The TaOH continues to cycle internally, 
The 2841 is func~ionally stopped. 

2.8.1.11 start 

starts TROS at the address sitting in the W and X 
registers. 

2.8. 1. 12 Single Step 

Operate TROS for one machine cycle each time the 
start switch is pressed. 

2. 8. 1. 13 Check Stop/Run 

Check Stop Position - causes· TROS to stop on a 
sense amplifier, control register, address, or data 
check error. The probe latch can also be jumpered 
into this circuit in order to stop the 2841 at a given 
point in the microprogram. 

Run - Machine does not stop on errors. In normal 
mode TROS stops for four error conditions: 

1. Sense Amplifier. 
2. Control register. 
3. Address. 
4. Data Check (ALU - ER 4 bit). 

2. 8.1. 14 Address Compare 

Run: The microprogram runs to its own ending 
pOint. 

stop: The microprogram runs to the address set 
in the stop-address switches. 

Recycle: The microprogram runs to the address set 
in the stop-address switches. It then restarts at the 
address set in the start-address switches. 

NOTE: Do not recycle on scan words, 004, 100, 
200, etc. 

Scan: A position of the switch, used in conjunction 
with micro diagnostic statements (G P + 0 + 1 - G P, 
A-X), which allows one TROS module's 256 words 
to be read out repetitively for parity checking by the 
ROS parity checking circuits. 

2.8.1.15 start Address 

Two functions: 

1. The two low order switches are used as a data 
source. When the enter switch is pressed, the 
selected register is loaded. 

2. All three switches are used as a starting ad­
dress for the microprogram. The switch output 
is loaded into W and X registers when the set­
address switch is pressed. 

2.8.1.16 stop Address 

The Stop-address switch is used in conjunction with 
the address-compare switch to control the sequence 
of the microprogram. When the microprogram stops 
at the stop-address switch setting, that address has 
not yet been read out of TROS. 

NOTE: The stop-address-sync hub furnishes a nega­
tive going pulse in either CE or normal mode. The 
sync pulse is 325 ns in duration. The sync pulse 
starts at D time of the cycle where the contents of 
the W and X registers are the same as the address in 
the three stop address switches. This sync pulse is 
useful in tracing an operational CAS microprogram 
through the CLD's. 

2.8.2 CE Indicators 

The W, X and A registers are normally displayed. In 
CE mode, the A register can be loaded with a se­
lected register by pressing and holding the display 
switch. 

2.8.2.1 Sense Amp 

When on, indicates a parity error in CA, CA Alt. , 
CB, CK, CR, CL, PA, or PS control fields. Refer 
to 2.4.13 TROS Sense Amplifier Check. 

2. 8.2.2 Control Register 

When on, indicates a parity error in CV, CS, CD, 
CD Alt., CC, BP, or PC control fields. Refer to 
2.4.14 TROS Control Register Check. 

2.8.2.3 Address 

When on, indicates a parity error in X register P 
bit, W register P bit, CN, PN, or PA TROS fields. 
Refer to 2.4.12 TROS address check. 
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2.8.2.4 Machine Stop 

When on, indicates that the microprogram has 
stopped. The machine clock and TROS continue to 
run. The contents of the TROS sense amplifier 
latches (SALs) are frozen. The W and X registers 
display the next microprogram address that would 
have been executed. 

2.8.2.5 Probe 

The probe indicator is used as a diagnostic tool. See 
check-stop/run switch. 

2.8.2.6 Data 

The data indicator is on for three reasons: 

1. Serial write data error. 
2. Bus out parity error. 
3. ALU error is developed when a bypass ALU 

statement is used and A register parity does not 
agree with ALU parity. ALU error also turns 
on the machine stop indicator in normal mode, 
or in CE mode if the check-stop/run switch is in 
the CHECK STOP position. 

2. 8. 2. 7 Meters Disabled 

Lights when both the channel A and channel B 'meter 
enabled' latches are off. 

2.9 CAS MICROBLOCK 

• 48 bits are read from TROS each 500 nanosec-
onds (us). 

• The 48 bits form one TROS word (bits 0-47). 

• SAL 44 (TROS bit 47) is not used. 

• The word is divided into 15 fields. 

• Collectively, the fields define the 2841 operation 
for the next 500 ns. 

48 bits are read out of the TROS array every 500 ns 
and are called a TROS word. The word is divided 
into 15 fields. Collectively, these fields define the 
operation of the 2841 for the next 500 ns. 

This section of the manual defines these fields, 
shows how they are represented in a microblock, and 
includes a sample usage of several microblocks to 
perform a logical function (Seek). 

2.9.1 TROS Bit ASSignment Chart 

The TROS word is divided into 15 control fields (Fig­
ure 2-39). Each one of these fields performs a par­
ticular function during one machine cycle. A de­
scription follows: 
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2.9.1.1 CN 

The value contained in CN is loaded into the six high 
order bits of the X register. In addition, CN -5 is 
used as the data source when loading the FT register 
and FC register. 

2.9.1.2 PN 

PN is a parity bit for the CN and PN fields. Total 
parity should be odd. 

2.9.1.3 CD 

The value contained in this field gates the output of 
ALU (A register if bypass bit on) to one of seventeen 
destinations (i. e., 7 - DH would gate the output of 
ALU to the DH register). 

NOTE: Even though the data was loaded into a regis­
ter, it is still on the D bus and can be tested by the 
microprogram. A + B - D means to place the output 
of ALU on the D bus only. 

2'.9.1.4 CV 

The value contained CV determines if the B entry is 
gated in true or ones complement form to ALD. 

2.9.1. 5 CC 

The value contained in CC determines the ALD oper­
ation. There are eight different ALU statements. 
Five different symbols are used to indicate the arith­
metic operation: 

+ Add positive 
- Complement add/subtract 

AND 
n OR 
¥ Exclusive OR 

CC=O: Add or subtract (CV) the A and B entry inputs. 
Carry In of zero to the low order ALU position. 
Example: KL+BY+O-DH 

CC=I: Add or subtract (CV) the A and B entry inputs. 
Carry In of one to the low order ALU psoition. 
Example: KL+ BY+ 1 - DH 

CC=2: AND the A and B entry inputs. Example: 
KL' BY-DH 
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None SW None K .... W Statements. 0 .... X7 0 .... X6 Statements when 

GL Stop l_X7 I .... X6 
0 0 

the next Address BY 
T T 

BY CK ST3 STO is the Contents 

BX DR ST5 OP6 
E E of the Register 

FR ST7 ST2 3 3 Defi ned by the CA 

KL D=O ST4 Field in the ALU 

DL A_X ST6 Statement. 

DH File Note 2 File Note 2 eN5 is Sometimes 

OP SERVO CK_W(0_X6) Shown as a 1 or 0 
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UR SELTO COMMO when it is used as 
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DR SC OP3 Unused Registers 
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NOTES 
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File branching is a hardware decode of the IE register; Where CH .CL 00 = 2302, 01 =2311, 10=2303, 11=2321. 

PA is parity bit for address of the word reading out PA. 

PS is parity bit for CA,CB,CK,CL,CA ALT, PA,CH 

PC is parity bit for CD,CD ALT, CV,CC,CS,BP 

PN is parity bit for CN. 

BP is set by bypass statement in line 3 of microprogram box. It Activates the AlU checking circuits .. 

CC decode of 4,5 or 6 sets ST3 with carry out (DC). 

CC decode of 6 sets carry in with contents of ST3 (+C). 
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CC=3: OR the A and B entry inputs. Example: 
KUlBY-DH 

CC=>4: Add or subtract (CV) the A and B entry inputs. 
Carry In of zero to the low order ALU position. If 
there is a Carry Out of the high order ALU position, 
set ST(3). Example: KL+BY+O-DHC 

CC=5: Add or subtract (CV) the A and B entry inputs. 
Carry In of one to the low order ALU position. Carry 
Out, set ST(3). No Carry Out, reset ST(3). Example: 
KL+BY+1- DHC (C means set ST(3». 

CC=6: Add or subtract (CV) the A and B entry inputs. 
Use the present condition of ST(3) as a Carry In to the 
low order position of ALU. If there is a Carry Out, 
set ST(3). No Carry Out, reset ST(3). Example: 
KL+BY+C-DHC 

CC=7: Exclusive OR the A and B entry inputs. 
Example: KI¥BY-DH 

2.9.1. 6 CS 

The value contained in this field controls the setting 
and resetting of individual bits in the status register; 
i.~., CS=6 (DN ST 21) means if the D bus does not 
equal zero set ST (2) to a one. The only way to turn 
ST(2) off is with a CS=5 (0-ST2) statement. 

2.9.1.7 PC 

PC is the parity bit for CV, CS, CD, CD Alt., CC, 
BP and PC fields. Total parity should be odd. 

2.9.1. 8 PS 

PS is the parity bit for CA, CA Alt., CB, CK, CH, 
CL, PA and PS fields. Total parity should be odd. 

2.9.1.9 BP 

The value contained in BP determines whether the 
ALU or A register output is placed on the D bus. 
With this bit on, a parity check of the A register P 
bit and the ALU generated P bit is made. An error 
stops the 2841 with the data-check lamp on. Example: 
KL+O-DH, BYPASS. 

2.9.1.10 CH 

The value contained in CH (hex) allows a particular 
condition in the machine to be tested. X register bit 
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6 is set or reset depending upon the result of the 
test. A summary of CH branching conditions 
follows: 

CH=O: Set X 6 off. 

CH= 1: Set X 6 on. 

CH= 3. D, E. or F - Test am OP register bit. If it 
is on, set X 6. If not, reset X 6. 

CH = 2, 4, 5 or 6 - Test a ST register bit. If it is 
on, set X 6. If not, reset X 6. 

CH = 7: Test 2321 Interface selected. It it is on, set 
X 6. If not reset X 6. 

CH = 8: ResetX6. Gate bits, 3, 4, 5, 6, and 7 of 
the CK field to the W register if the microblock con­
tains a CK-W statement. 

CH = 9: Test the ALU carry out latch. If on, set X 
6. If not, reset X 6. 

CH=A: Test command-out. If on, set X 6. If not, 
reset X 6. 

CH=B: Test suppress-out. If on, set X 6. If not, 
reset X 6. 

CH = C: Not used. 

2.9.1.11 CL 

The value contained in CL (hex) allows a particular 
condition in the machine to be tested .• X register bit 
7 is set or reset depending upon the result of the 
test. A summary of CL branching conditions 
follows: 

CL= 0: Set X 7 off. 

CL=1: Set X 7 on. 

CL= 2, 3, or 4: Test a ST register bit (3, 5 or 7). 
If on, set X 7. If off, reset X 7. 

CL=5: TesttheALU, D=Olatch. If on, set X 7. If 
off, reset X 7. 

CL = 6: Do not gate CN 0-5 and the results of the CH 
and CL branch tests to the X register. Instead, gate 



the contents of the A bus to the X register. This 
statement should be used only when the address com­
pare switch is in SCAN, since it actually give!': a 
256-way branch. 

CL = 7: Test optional interface selected. If it is on, 
set X 7. If off, reset X 7. 

CL=8: Test service-out. If it is on, setX7. If off, 
reset X 7. 

CL = 9: Test service-out response. If it is on, set X 
7. If off, reset X 7. 

CL =A: Test select-out. If it is on, set X 7. If off, 
reset X 7. 

CL =B, C, D, or F: Test an OP register bit. If on, 
set X 7. If off, reset X 7. 

CL=E: Test for index. If index, set X 7, if not, 
reset X 7. 

NOTE: Before index can be gated to the CL branch­
ing circuits, the microprogram must allow index by 
issuing the CS statement I-STl. 

2.9.1.12 CA 

The value contained in CA gates a particular source 
to the A bus, i. e., CA= 0 places zero on the A bus. 
CA = D places the contents of ER on the A bus. 

CA = 11, STOP, is a special use of the CA field. 
This statement is used in the microdiagnostics. 
Check stop/run switch in the CHECK STOP position 
and the stop statement stops the 2841. Refer to ALU 
microdiagnostic for examples of the stop statement. 

2.9.1.13 CB 

The value contained in CB gates a particular source 
to the B Bus, i. e., CB = 0 places zero on the B bus. 
CB=3 places the contents of DR on the B bus. 

2.9.1.14 CK 

The value in the CK field is used as a constant data 
source by the microprogram, i. e., KL+9 - DL. The 
nine is in the B entry position in the ALU statement. 
To gate CK to the B bus, it is necessary to make the 
CB field equal 2. 

Bits 3, 4, 5, 6, and 7 may also be gated to the 
W register for module switching in TROS. This is 
accomplished by making the CH field 8 and issuing a 

CK-W (i. e. 3-W) statement. CK 3 is used as W 
register parity bit. 

2.9.1.15 PA 

PA is the parity bit for the combined Wand X 
registers. 

w x 

P 4 5 6 7 P 0 1 2 3 4 5 6 7 Hex address 58B 

1 0 1 0 1 1 1 0 0 0 1 0 1 1 

The sum of the bits is even. Therefore, PA is 
punched for an output of one from TROS tape. 

2.9.2 Microblock Symbology 

• The microbloc~ is divided into eight lines of in­
formation (Figure 2-40). 

• Each line identifies a particular function of the 
machine. 

LIne 
Leg Hex 

Identifier Address 

2 E Emit Value 

3 A Alu Statement BYPASS 

4 Not Assigned 

5 C Status Set 
And Reset 

Branch 
6 R CH ~ Statements • C L 

7 F Replaceable Word Code 

8 Drawing Leg Box 
Coordinate --- Selector Serial 

122388AI 

Figure 2-40. CAS Microblock 
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2.9.2.1 Line 1 

Line 1 contains a leg identifier and the hexadecimal 
address of the microblock. 

The leg identifier COilsists of two characters 
which are indicative of the setting of X 'register, bits 
6 and 7 for this block. Valid symbols and their 
meanings follow: 

o Appropriate X bit is off 
1 Appropriate X bit is on 
X Setting of appropriate X bit is not i1hown in 

leg identifier. 

The hexadecimal address consists of three dig­
its. The first one represents the value set in the W 
register. The other two represent the value set in 
the X register. 

2.9.2.2 Line 2 

Line 2 contains an emit value. This represents a bi­
nary picture of the CK field when the CK field is used 
in ALU statements. It is identified by an E on the 
left side of the microblock, 1. e. , KL + 29 -- BY; emit 
value = 00011101. 

2. 9. 2. 3 Line 3 

Line 3 contains the AL U statement. It is identified 
by an A on the left side of the block. A summary of 
the line AL U arithmetic symbols follows: 

+ Add Positive 
Complement Add/Subtract 
AND 

U OR 
¥ Exclusive OR 

Symbolic AL U Statement: 

A + B + C ..... D C 

[ 11 ~"~~~'mm 
, 

D Bus ,destination if any 

Is set LDto 

Carry In. if any (ST3) 
L-________ B Bus source, if any 

L-______ --- CC and/or CV decode 

L-__________ A Bus source, if any 
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A summary of the eight ALU statements follows. 
The DH, KL, and BY registers are used in the 
examples. 

CC Decode 

o KL :l:BY-- DH 

1 KL:l:BY+l-- DH 
2 KLoBY--DHorKLo-BY--DH 

3 KLoOBY -- DH or KL!2-BY -- DH 
4 

5 

6 

7 

KL :I: BY --DHC 

KI. :I: BY + 1 -- DHC 
KL :I: BY + C --DHC 

KL Tf-BY -- DH or KL¥ -BY -- DH 

Line 3 also contains the BYPASS statement. 

2.9.2.4 Line 4 

Line 4 is not presently used. 

2.9.2.5 Line 5 

Line 5 contains the status register set/reset state­
ment. The line is identified by a C on the left side of 
the microblock. 

The status set/reset statement, if any, takes the 
format shown in the bit assignment chart (Figure 
2-39). 

2.9.2.6 Line 6 

Line 6 is used for the branChing test statements. It 
is identified by an R on the left side of the micro­
block. Refer to the .hit assignment chart (Figure 
2-39) for the conditions which may appear in this 
area. 

NOTE: CK-W statement appears in the CH poSi­
tion. It causes X register 6 to be reset. 

2.9.2.7 Line 7 

Line 7 contains replaceable word code information. 
The line is identified by an F on the left side of the 
block. 

The replaceable word code is defined as follows: 
Every announced feature is assigned a code 

number, starting with 1 and progressing to 999. The 
basic machine has no number assigned. 



When a location in the ROS is used by more than 
one option (basic or feature), each definition of the 
word. as shown by a CAS logic block, must contain 
the code of the feature which requires the word. If 
two or more features require the installation of the 
same word, all the feature numbers must appear in 
the block, with a comma (,) to indicate AND or a 
slash (/) to indicate OR. Only one type of symbol 
can appear in a block. 

If a ROS word location is not assigned a basic or 
feature use, or is assigned only to a feature and the 
feature is not installed, the contents of that location 
is zero with correct parity in all fields, and the next 
address (CN field) is its own physical address. 

Examples: 

F = 4, 

F == 1,2,6. 

Indicates that this word is in­
stalled if feature 4 is installed. 

Indicates that this word is in­
stalled only if feature 1 and 2 and 
6 are installed at the same time. 

F = 1/2/12. Indicates that this word is in­
stalled by either feature 1 or 2 or 
12 or any combination of them. 

Initial replaceable word code assignment: 

2302 1 
2321 2 
2303 3 
Additional Storage 5 
File Scan 6 
Record Overflow 7 
2 Channel Switch 8 

2.9.2.8 Line 8 

Line 8 contains a drawing coordinate. leg selector. 
and box serial designation. 

The drawing coordinate and box serial designa­
tion are used mainly by engineering and design auto­
mation in physically locating the blocks on a CAS 
sheet. 

The leg selector consists of two or three char­
acters. If there are three, the first one (leftmost) 
represents the condition of CN-5. It is used as a 
data input to the FT and FC registers, and is always 
a one or a zero. 

The other two characters indicate X register, 
bits 6 and 7 settings for the next microblock. Valid 
characters and their meanings follow: 

o Set appropriate X bit to 0 
1 Set appropriate X bit to 1 
X Setting of the appropriate X bit is not shown in 

the leg selector (see Cline) 
* Setting the appropriate X bit is under con­

trol of condition tested in CH or CL branch­
ing statement. 

2.9.3 Sample Usage of Microblocks 

This example (Figure 2-41) shows how several mi­
croblocks may be joined to perform a logical func­
tion. 

Test B of the non-resident diagnostic module is 
used. 

Test B restores and seeks head 00 from cylinder 
00 to cylinder 198 and back. Test B also reads the 
HA at cylinders 00 and 198 to verify the seek opera­
tion. 
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Introduction to 2311 Dla nostic Test 
(B) Seek Restore. Head 00. From C IInder 000 

to Cylinder 198. 
(I) This Program: 

(A) Returns the 2311 Acceu Arm to Zero. 
(B) Reads and Checks Home Address. 
(C) Seeks ta Cylinder 198 
(D) Reads qnd Checks Home Address. 
(E) Repeats Step (A) • 

(2) Install the C.E. Disk Pack on t~ 2311 
(3) Place the Check Sw In Stop Position 
(4) Place the Address Compare Sw In Run Position. 

I QX2601 OAI 

(5) Press Reset Buttan. 
(6) Place All Flies. Other Than The 2311 to be 

Selected. In Off Line Condition. 
(7) To Select the Desired Module Manually Set 

The Proper Bit Into The UR Register al Follows: 
Desired UR Bit Data 
Module Position Switches 

o 0 OBO 
I I 040 
2 2 020 
3 3 010 
4 4 008 
S S 004 
6 6 002 
7 7 001 

(8) Set Start Address Sw to .3AI (QX260). 
(9) Press Set Address Buttan. 
(10) Press Start Button • 
(II) The Program May Be Stopped On 

Address 3A3 (QX250). 
(12) Index Is Found In Word 032(QX200) • 
(13) Passing Through Word 060 (QX230) • 

Means That the Byte of 14 In the 
Alpha Gop Preceedlng Home Address 
was Not Properly Read. 

(14) If Home Address Is not Properly Read 
The Progrom will St.op On Either 
Word OA9 or OM (QX300) • 

:tnt 

QX300.DED 
(001) 

001 -
E 00000001 
A I-FT 

-l 
C 0-ST6 

~QX200 I (100) 

I QX2001 

___ DAE __ QX260.DAE --E 
(100) A 

8--QX2S0.DPF~ 

100 -- 034 
00000010 
2-FC 

C 

101-
E 10000000 
A 128-FT 

I 
E3-100 - DA 
Select 2311 Interface 
0-ST6 Indicates 2311 
Seek Only 

030 100 

A lBO.BY H 10111100 
XX -- 086 

BX+O+I-BXC 

Carry 
I 

A 

(100) I 

OX -- ocs 
BY+O+C-BYC 

C2 -IOI-DA 
Set Return To Zero 

IX -- OC7 
E 10000000 
A I 28-FT 

C 0.ST3 

I 
C3- 100 - DB 

Set Cantrol 
C4_XX_ DC 
InItialize BY Reg For 
Proper Count In 
FollowIng Loop 

CS-·X _ DO 
CS And E6 Allow A IS 
ms De lay Before DroppIng 
Control 

C7- 01X- DE 

Drop Control 

E6- XX - DG 

01X -- 082 OOX -- 081 01X -- 083 OXO-- 032 OXI -- 033 
E 00000010 

Ir1 
10000000 E 01 Olll 00 

Iri ~ OOOOOlOO A 2_FC FS+128-D A 92_DL IS6_BY 4_F 

Carry C I_STO I_STI C O_STI 

I Index I 
C8- OOX- OF J4 - O·X- OJ JS- OXO- OX J6_ OX· - DL J7 -1lI - OM 

Reset Return To Zero Walt For File Ready Set DL For Timing Walt For Index. Set Select Head 
Through HA On Page Initialize BY For Proper 
QX220 Caunt On Pages QX270 

And QX310 

07F 010 111 -- 067 

QX220_DME 
(111) 

I QX2201 E 
A 

QX200. DMEl (111) 

111 --
1I1l1110 
254-DH H 

OXO --
10000000 
12S-FT 

STO 

A 126.-DL HE 01111110 

~QX230 __ DCE-@ I (OXO) 

J2 - OXO - DA 
Set DH For Proper 
Count In NS 

STO = 0 Indicates One Of The Followlng­

Write - Read AM 
Wrl te - Read Any Byte 
Write Any Byte 

Figure 2-41a. Sample Usage of Microblocks 

2-70 

J3- 1 1- DB E4- OXO- DC 
Set Control Set DL For Proper 

Count On Page QX230 

STO = 1 Indicates One Of The Followlng­

Read Trock 
Read HA 
Read Alpha Gap 
Read AM 



(~) J<eads and Checks Mame Address. 
(C) Seeks ta Cylinder 198 
(D) Reads and Checks Home Address. 
(E) Repeats Step (A) • 

(2) Install the C.E. DIsk Pack an the 2311 
(3) Place the Check Sw In Stop Position 
(4) Place the Address Compare Sw In Run Position. 

(5) Press Reset Buttan • 
(6) Place All File •• Other Than The 2311 to be 

Selected. In Off Line Condition. 
(7) To Select the Desired Madule Manually Set 

The Proper BIt Inta The UR Register as Fallows: 
iies i red UK ~it iiata 
Madu Ie Pasltlan Switches 

o 0 OBO 
I I 040 
2 2 020 
3 3 010 
4 4 008 
5 5 004 
6 6 002 
7 7 001 

(8) Set Start Address Sw to 3AI (QX260). 
(9) Press Set Address Button. 
(10) Press Start Button • 
(11) The Pragram May Be Stopped On 

Address 3A3 (QX250). 
(i 2) index is Found in Ward 032(QX2ilO) • 
(13) Passing Thraugh Word 060 (QX230) 

Means That the Byte af 14 In the 
Alpha Gap Preceding Home Address 
was Nat Proper Iy Read. 

(14) If Horne Address Is not Properly Read 
The Pragram will Stop On Either 
Word OA9 or OAA (QX300) • 

IQX2601 

:rntr 
QX300.DED 
(001) 

C 

E 
A 
~ 

C 

I 

001 -" 
,00000001 
'I-FT 

0,0\1 I QX2001 I-QX200 --- DAE -- QX26O.DAE --E 
(1 00) (100) A 

8--QX250.DPFi 
(100) 

100 -- 034 
00000010 
2-FC 

101 -E 10000000 
A I 28---FT 

C3- 100-

E3-100 - DA 

030 

Select 2311 Interface 
0-S1'6 Indicates 2311 
Seek Only 

100 

H 
10111100 
180_BY 

DB C4_XX_ 

C2 -IOI-DA 
Set Return To Zero 

o~ 
XX -- 086 IX -- OC7 

E 10000000 
BX+O+I-BXC A I 28-F-T 

Carry C 0_ST3 

I OX -- OC5 I 
A BY+0+ C-BYC 

DC C5_ 'X _ DO C7- OIX-' DE 
Set Control Initialize BY Reg For C5 And E6 Allow A 15 

Drop Can trol 
Proper Count In 
FollowIng Loop 

OIX -- 082 OOX --
~ 00000010 

Iri 
10000000 

2_FC FS+I28-D 

Carry 

C8- OOX- OF J4 - O'X-
Reset Return To Zero Walt For File Ready 

I QX2201 E 
111 --

11111110 
254_DH 

QX220_DME 
(111) 

A 
QX200. DMEl (111) 

ms De lay Before Dropping 
Control 

E6- XX - DG 

081 OIX -- 083 OXO-- 032 OXI -- 033 
E 01011100 

Iri 
~ 00000100 

A 92-DL 156_BY 4_FC 

C 1--5 TO I_STI C O_STI 

I Index I 
OJ J5- OXO- OX J6_ OX' _ DL J7 -Ill - OM 

Set DL For TimIng Walt For Index. Se t Se lect Head 
Through HA On Page Initialize BY For Proper 
QX220 Caunt On Pages QX270 

And QX310 

07F 067 

H 
OXO --

10000000 
12S-FT 

STO 

010 111 --

A 126_DL HE 01111110 

!--QX230 __ DCE-Q) I (OXO) 

J2 - OXO - DA J3 - I I - DB E4- OXO- DC 
Set DH For Proper 
Count In N5 

STO ~ 0 IndIcates One Of The Followlng­

WrIte - Read AM 
WrIte - Read Any Byte 
Write Any Byte 

Figure 2-41a. Sample Usage of Microblocks 

Set Control Set DL For Proper 
Count On Page QX230 

STO = I Indicates One Of The Followlng­

Read Track 
Read HA 
Read Alpha Gap 
Read AM 
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2.10 READING MICROPROGRAMS 

The microprogram is a series of logical steps 
(instructions) used to control data flow and machine 
operations within and between machine elements of 
the 2841 storage Control. Microprogram instruc­
tions are similar in function and purpose to the 
stored binary program instructions used by various 
digital computers. Unlike the stored binary pro­
gram instructions for digital computers, which are 
stored in a read/write core storage, the micropro­
gram instructions for the 2841 are stored in a 
transformer read-only storage (TROS) module. 
The TROS module is a combination of electronic 
circuits and programming. 

The microprogram for the 2841 consists of a 
series of program routines similar in concept and 
function to the stored program routines for a digital 
computer. Each program routine performs a 
specific operation: reset, search, read, write, 
and so on. The program routines are divided into 
subroutines that alter the program routine. A sub­
routine can correct bad parity, sense machine 
conditions, modify the address to change routines 
or subroutines, and so forth. Thus, the 2841 micro­
program is a subprogram (for the 2841) of the sys­
tem to which the 2841 is attached. The using system 
instructs the 2841 to perform a specific program 
routine or series of routines. Upon completing the 
routine(s) (or determining that the routine cannot be 
completed) the 2841 signals the system that the 
routine is complete. The system can then accept 
data, transfer data, or initiate another operation. 

Each microprogram instruction is represented 
by a 48-bit TROS word. The TROS word is punched 
into a flexible plastic tape called the TROS tape. 
Each TROS tape contains two words, designated A 
and B. A total of 126 tapes can be inserted over 
256 U-shaped cores within a TROS module. The 
open end of each U core is capped by an I core, 
which contains a sense winding. 

The selection of a TROS tape word is similar to 
the selection of a core storage word. The address­
ing scheme for the 2841 TROS consists of a four-bit 
module select code (W register) and an eight-bit 
tape word select code (X register). When the W 
and X register bits are decoded, a single tape drive 
line is selected and pulsed with a current. If the 
TROS tape was punched for a 1 bit, the drive links 
with the core (transformer action) and induces a 
current pulse into the sense winding; if the TROS 
tape was punched for a 0 bit, the drive pulse by­
passes the core (no transformer action) and no 
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current pulse is detected in the sense winding. The 
current pulse in the sense winding is detected by and 
stored in a sense amplifier latch (SAL). A total of 
48 SAL's are required to store the 2841 TROS tape 
word. Every 500 ns a new word is read into the 
SAL's. 

Each 48-bit TROS word consists of 15 fields. 
Eleven of the 15 fields are used to control machine 
operations and to select the next TROS word. The 
remaining four fields are parity bits for the TROS 
tape word. The 11 fields used in controlling 
machine functions in the 2841 are: 

1. CA field: A five-bit field which selects an A 
bus entry. 

2. CB field: A two-bit field which selects a B 
bus entry. 

3. CC field: A four-bit field which determines 
the arithmetic logic unit (ALU) control function 
(add, AND, and OR with the true value of the 
B entry). 

4. CV field: A one-bit field which causes the B 
bus entry to be complemented. 

5. CD field: A five-bit field which selects a 
register in which to store the data produced 
by the ALU control. 

6. CK field: An eight-bit field which can be the 
B entry to ALU (selected by a CB field code) 
or can be used to modify the contents of the W 
register (selected by a CH field code). 

7. CH field: A five-bit field which is used to 
sense machine conditions and cause a program 
branch by modifying bit 6 in the X register. 
This field can also cause the four low-order 
bits of the CK field to be gated to the W 
register. 

8. CL field: A five-bit field which senses ad­
ditional machine conditions and causes a pro­
gram branch by modifying bit 7 in the X 
register. This field can also cause the eight 
bits of data on the A bus to be gated to the 
X register. 

9. CN field: A six-bit field which is gated to A reg­
ister bits 0-5. This field contains O's when the 
A register is gated to the X register by the CL' 
field. 

10. CS field: A five-bit field which is used to set or 
reset specific bits in the status (ST) register. 

11. BP field: A one-bit field which allows data 
from the A register to bypass ALU. If this 
field contains a 1 bit (bypass) the CB field 
must be coded with O's. 



The IBM document which contains the micro­
program instruction listing is the Control Logic 
Diagram (CLD) manual. Each 48-bit microprogram 
instruction is shown pictorially in the CLD. The 
instruction pictorial is called a Control Automated 
System (CAS) microblock. Each CAS microblock 
depicts a 500 ns machine cycle and the machine 
operations that take place during the machine cycle. 

Figures 2-42a through 2-52b illustrate the CAS 
microblock format, correlate the 11 TROS fields to 
the CAS microbl6ck statements, briefly explain each 
statement that may be used within the CAS micro­
block, explain the TROS unit address decoding 
scheme, and illustrate and explain selected examples 
of CAS microblocks from the 2841 CLD's. 

Figures 2-42a and 2-42b introduce the format 
of the CAS microblock and the format of the ex­
amples that are explained later. Observe that the 
figures consist of five-Rarts. Four of them are 
numbered CD, ®, <e>, and II]; the fifth is the 
CAS microblock example, located to the right of 0. 
(See Figure 2-42a.) The contents of the W and X 
registers are shown above and below the CAS micro­
block. The contents above represent the address 
for the illustrated CAS microblock; those below, the 
address for the next CAS microblock. Numbers CD 
and ® explain the addressing for the illustrated 
CAS microblock; CD relates to X register data 
shown in the upper left corner of the CAS micro­
block; and ® relates to the Wand X register data 

shown in the upper right corner of the CAS micro­
block. Number ~ explains data and operations 
shown on lines E, A, C, R, and F of the CAS micro­
block. (See left side of the CAS microblock shown 
in Figure 2-42a.) Number I 4 I explains how the 
address for the next CAS microblock is developed 
in the illustrated CAS microblock. 

Figures 2-43a and 2-43b explain the Significance 
of the characters used in addressing, and corre­
lates the TROS fields to an example of a CAS micro­
block. 

Figures 2-44a through 2-44d explain the use of 
the CK and CN fields and the modification of data in 
the Wand X registers by the CK- Wand A-X 
statements. 

Figures 2-45a and 2-45b show CAS microblock 
arithmetic symbols, and show how to determine the 
module, gate, driver, tape number, tape word, and 
type of tape. 

Figures 2-46a through 2-46e describe the function 
of each mnemonic used in the various TROS fields 
represented in the CAS microblock. In addition the 
hex and decimal value of each mnemonic are given. 

Figures 2-47a through 2-52b are descriptions 
of the CAS microblocks taken from the CLD's. 
These examples start with the easily understood 
machine reset block and progress to the more 
difficult status set/reset, D = 0, DNST21, and 
counter blocks. 
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2.10 READING MICROPROGRAMS 

Leg Identifier 
How You Got Here ..... 

This portion of the following figures contains the 
Leg Identifier description. 

What You Do Here ..... o This portion of the following figures contains descriptions 
for the: 

E. Emit value (CK field) 

A. ALU operations 

C. Status conditions 

R. Branching statements 

F. Feature code 

Leg Selector 

Where You Are Going ..... 

This portion of the following figures contains description 
for the: 

Leg Selector (X register bits 5,6, and 7). 

E. Emit value for CK .... W transfers 

A. FC and FT register set/reset with CN 5 bit in Leg Selector 

R •• ·Set/Reset of X register 6 and 7 

Figure 2-42a. Introduction to Microblock Line Functions 
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Hex Address 

Where You Are ..... 

This portion of the following figures contains the 
Hex Address description. 

Field cNlcHlcL ~ CK 

X Reg W Reg 

Bypass 

Field CN!C~CL 
X Reg 
567 

p I I I I 
3 4 5 6 7 

CK Field • 
to 

WReg 

CN 

X Reg 

To Next 
Block 

CN Field 
to 

X Reg 

567 

567 
CHC 4 Field 



Leg Identifier 
How You Got Here ..... Three low order X register bits controlled 

CD 
, by the previous microblock. This is a 

, repeat of the data in the Leg Selector of 
, the previous microprogram block. 

i 
I 
I 
I 
I , 
\ 
\ 
\ , 

Fields on this line represent address data 
developed in the previous microblock. 

:y ............ . 

Hex Address 

Where You Are ..... Three hex characters controlled by 
the previous microblock. 

~ ..... 
..... , CD , 

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

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

X Reg W Reg X Reg 

, , , , , 
\ 
\ 
\ , , , 

51617 34567rp01234567 : 

I I PI I I I I I I I I 

What You Do Here ..... ------. ;Ji __ L _\_. ,~ __ ~,// 
<3> E. Data to use here •••••••••••••••• (Emit Value) •• E CK Field 

A. The registers and arithmetic functions I 
used here ••••••••••••••••• (ALU Statement) •• A CA,CB,CV,CC,CD 

Input tl Not used in 2841 
C. Status conditions to set or reset •••••••••• (Status) •• C CS Field 

I 

BP Fields •••• Data bypasses ALU (Bypass). 

To Next 
Block 

:: ::. mM::::::;:~':::::: :~B::":~;::~;;;:~r;)r-c~ ~~" 

" 
" 

, 
1f .' .... ' .. 

I ____________ , 

-,-' 
---' Leg Selector '- - - - - - - - - - - - "'\ I '- - - - - - - - - - - -

Where You Are Going ..... ______ - ------
Branching statements on line R modify 
X6 and X7 bits. Thus, permitting 1,2, 
and 4 way branches from a microprogram 
block. X5 bit (CN5) controls FC and FT 
set/reset when CK field is used as a B entry 
in line A statements. 

Figure 2-42b. Introduction to Microblock TROS Tape Fields 

,----' __ 1-, 
I 
I 
\ , 

' ..... 

to 
X Reg 

.. - - Fields on this line represent address data 
developed in this microblock for the next 
microblock. W reg'ister data can be the 
existing data in this register or new data 
from the CK field. X register data (XO· 
X5) can be from the CN field or the 
A register. X6 and X7 are determined 
by the CH and CL fields except when 
the X register receives data from the 
A register. 
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Leg liJentifier 
How You Got Here ..... 

Indicates the branching conditions of 
the previous block. 

If 2 bits, indicates X register 6 and 7. 

If 3 bits, indicates CN5,(X register 5) and 
X register 6 and 7. 

CN5 Bit X Reg 6 and 7 

0= CN5 in Leg Selector 0= Bit off in 
of previous block was previous 
O. block. 

1 = CN5 in Leg Selector 1 = Bit on in 
of previous block was previous 1. block. 

(See Leg Sector) X= Bit not 
controlled 
in previous 
block. 

Leg Selector 

Where You Are Going ..... 

Indicates the branching conditions for this block. 
If 2 bits, indicates X register 6 and 7. 
If 3 bits, indicates CN5 (Xregister 5) and X register 
6 and 7. 

CN5 Bit X Register 6 and 7 

o = Reset the bits in FC * = X bit is set if 
or FT register that branching 
corespond to the 1 condition is 
bits in the Emit met. 
Field. 0= X bit is a 0 

1 = Set the bits in the 1 = X bit is 1. 
FC or FT register 

X = X bit is not that corespond to 
the 1 bits in the controled by 
Emit Field. branching 

statement. 

See also 244a 

Figure 2-43a. Location of Address Data for the Microblock 
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Hex Address 
Where You Are ..... 

CK 

Indicates the address in TROS for 
this block. 
Always 3 digits for 2841. 
First digit is contents of the W 
register. 
Second and third digits are the 
contents of the X register. 
(Note the third digit in this address 
should agree with the X register bits 
in the Leg Identifier portion of this 
block). 

CN 

X Reg W Reg X Reg 

5 

o 

r OXO 

E 
I 

i 
C 

I 
i 
F 
I 

J8- 0 Xl 

Field CN!CH!CL 
X Reg 
567 

o 

See 244b See 244b and 
244c 



Leg Identifier 
How You Got Here ..... 

What You Do Here •...• 

0 E. This line represents the CK field. 
The CK field consists of 1 byte 
of data which is used as a B 
entry for ALU operations. 

A. This line represents the CA, CA 
alternate, CB, CC, CD, CD alter· 
nate, CV, and BP fields. Each 
ALU statement requires codes in 
a minimum of 4 of theSe fields; 
the CA, CB, CC, and CD. The CA 
alternate field (CA A) extends the 
CA field; the CD alternate field 
(CD A) extends the CD field; the 
CV field (complement B entry) 
extends the CC field; the BP 
field causes A entry data to 
BYPASS ALU (the CB, CC, and 
CV fields are coded with zeros 
when the BP field is used). 

C. This line represents the CS field. 
The CS field is used to set or 
reset individual bits in the ST 
register (status). 

R. This line represents the CH and 
CL fields. These fields are used 
to sense various register bits and 
conditions within the 2841. When 
the designated bit or condition is 
sensed, the X6 or X7 bit is set and 
the microprogram branches to the 
desired microblock. 

F. This line is used to flag micro· 
program blocks that are NOT 
used by all storage devices that 
can be attached to the 2841 

Figure 2-43b. Location of TROS Fields for a Typical Microblock Example 

Hex Address 

Where You Are ..... 

X Reg 

CK 

WReg 

3 4 567 

p I I I I 

P I I I I 
3 4 5 6 7 

CK Field ~ 
to 

W Reg 

CN 

X Reg 

To Next 
Block 

CN Field 
to 

X Reg 

5 6 7 

567 
CHCL~ Field 

2841 Stage 2 FETO (7/69) 2-75 



TROS Tape 31133135137139141143145 

06107108109110111 11 2 11 3 

Hex Address 
Where You Are ..... 

Field 

Field Bit Position 

Binary Value 

CK Field 

0 1 2 3 4 5 

12864 32 16 8 4 

B Reg Entry 

6 7 

2 1 

CK 

X Reg WReg 

3 4 567 

P I I I I 

What you Do Here ••••• 

o E. (1) } CN5 bit = 0, data in CK field and A I r CK field 
A. (1) buss entry to FC or FT register. I 

1 bits in the CK field reset the cor· - 0 l AI CL, CB, CC, and CO fields 
responding FC or FT bits. CN5 bit 1 
for this and the next X address is a O. 

C 
E. (2)} CN5 bit = 1, data in CK field and A I I 
A. (2) buss entry to FC or FT register. R 

1 bits in the CK field §!ll the cor· - 1 - or I 
for this and the next X address is a 1. I ~\ I::::. X 

--- /'1' ..... 

responding FC or FT bit. CN5 bit ~ I 

Line E of the microblock always shows the 8 bits of the Field CNIC~CL 
CK field. X Reg 

Line A of the microblock (ALU statement) is shown as 
a decimal value to the FC or FT register. 

Examples: 

1. {! 10000000 
3~ {! 00000000 

128-FC O-O--FT 

2. {! 10101100 
4. A O-O--FC 172--FT 

5. A O--FT 

Examples 1 and 2 are coded on the TROS tape as (1.) 0 + 128-FT 

567 

X X 

p 

3 

Dest. Is FT Or FC 

Not Opt. Sel. 
FT or FC Reset 

·and (2.) 0 + 172-FT but are not written this way in the CAS micro· 
blocks. Examples 3 through 5 are valid operations and are used occasionally. 

D Bus 
Bit 0 

Normally the CK field is used with the CN5 bit to set or reset the FC or FT 
registers. However, the conditions which allow entry to the FC and FT registers 
are: 1. a destination of FC or FT 3 data on the 0 buss 

2 CN5 equal to 0 or 1 

Thus, FC and FT selective set/reset is initiated by a CD field decode of FC.or 
FT (Hex 0 or E). See figure below. The CN5 bit is present each time a new 
X address is read from a TROS tape and all ALU operations place data on the 
o buss. 

Figure 2-44a. CK Field and CNS Bit Used to Set or Reset Bits in the FC and FT Registers 
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DTime 
D Bus 
Bit 7 
Not Block File Interface 

CN-5 Latched 

CN 

X Reg 

7 

• Address for this micro-
program block 

i These bits must be the 
same as CN5 in Leg 
Selector of this micro­
program block 

Address for next 
microprogram block 

7 
CN Field 

to 
CHC • Field 

X Reg 

PH Bit 0 
Bit 
0 

PH Bit 7 Bit 
7 

~ 



.... --------..... ., , , \ 
Hex Address 

Where You Are ..... 
,....... TROS Tape Illi~§E~~~ 

Field 

Field Bit Position 

Binary Value 

What you Do Here ..... 

0R. 

Leg Selector 

CK Field bits 3, 4, 5, 6, and 7 set W register 
on CK -- W statements (CH field is 8) and 
X6 is set to O. 

The CK -- W statements always states the 
decimal value (0 to 5) which is to be set 
into the W register. 

If the AlU statement also uses the CK field 
the binary value of the CK field is shown on 
line E. 

All AlU statements (line A) are valid EXCEPT 
BYPASS' 

Where You Are Going ..... 

10 

24 29 

eN Field 

o 1 234 5 

Next Address XO-5 

CN field contains X address 
normally. Exception is 
A - X statement. 
(see figure 2-44d) 
CN5 allows set or reset of 
FC or FT register bits. 

~ 

CK 

X Reg WReg 

3 4 5 6 7 

P I I I I 

r 
E CK field 
I 
A 

• CN 

I X Reg 

1Pl012345 

111111 

To Next 
Block-: I 

\ ... 1 
~R CH field -, tCl field I , 

r .. 
o X 

Field CN!C~Cl 
X Reg 

5 6 7 

P 

3 
CK Field 

to 
W Reg 

I -+ 
" " ,---------

CN Field 
to 

I X Reg 
~ .. 

• • • • • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Figure 2-44b. CK Field Transfers to W Register and CN Field Transfers to X Register 

ICHlcl 

6 7 

CHCl ~ Field 
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TROS Tape 

Field 

Field Bit Position 

Binarv Value 

31133135137139141143145 

06107108109110111\12\13 

CK Field 

0 1 234 5 6 7 

1286432168 4 2 1 

B Reg Entrv 

I 
\ 
\ 
\ 

Field 

What Vou Do Here ..... 

" '..." 
..."..." 

..."..." 

/a' E. } CK field is a data source "'V" A. via the B buss for ALU statements. 

..."..." 
..."..." 

Line E of the microblock always shows the 8 bits 
of the CK field. Example: 10000000 

Line A of the microblock (ALU statement) shows 
A entry, ALU control, B entry (decimal value) and 
destination (normal ALU statement) 

..."..." , 

The Bypass statement cannot be used because there is 
a B entry. 

Examples: 

. [GP + 1_GP~B entry is from CK field) 

A entry t l B entry Destination kALU control 

O,Q-O-D 

" 

B entry..J rDestination 
~ { A entry is 00 from A buss 
4-IG ------------ B entry is 04 from CK field 

ALU control is + 

This statement (4--IG) is coded on the TROS tape as 
0+ 4--IG but is not written this way in the CAS 
microblocks. 

Figure 2-44c. CK Field Used as a Data Source for ALU 
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Hex Address 

Where You Are ....• 

CD 

CK 

X Reg WReg 

3 4 567 
pi I I I 

, 
r\ 
E CK field 
I 

• 

and CD Alt fields. 
AI CA, CA Alt, CB, CC, CV, CD 

C 

I 

i 
I 

Field CN!C~C 
X Reg 
567 

p 

3 

CN 

I X Reg 

tp]o 1 234 5 

I I I I I I 

To Next 
Block 

ICHlcL 

6 7 



Leg Identifier 
How You Got Here ..... 

What You Do Here ..... 

} Data from the A register assembler is gated to the 
X register on A- X statements (CL field is 6). 

The A - X statement causes the contents of 
the A entry register specified by the CA and 
CA alternate fields to be transferred to the X 
register. The data going to ttie X register is 
NOT changed by the ALU control statement 
or data from the B entry register. 

All valid ALU statements including Bypass are 
used with the A - X statement. 

Normally a CH field branch is NOT used with the 
A" X (CL 6) statement, However, the 1 bit inputs 
to the X register are ORed and the absence of ALL 
1 bit inputs to an X register bit position sets the X 
register bit position to a O. Thus, any CH field branch 
that sets X6 to a 1 overrides a 0 bit from the A 
register assembler. 

Figure 2-44d. A Register Assembler to X Register Transfers 

r 

Hex Address 

Where You Are ..... 

X Reg 

CK 

WReg 

3 4 567 

Pll 1 1 

• 

CH field ... , CL field 

" 

~ 
X X 

Field CN!CHlcL 
X Reg 

5 6 7 

-' " 

X X 

I 
I 

CN 

X Reg 

To Next 
Block 

567 

I P 
I ~3~~~~~~~-L~~~~ 

I CK Field A Register CHCL ~ Field 
II to Assembler to ..:. 

W Reg X Register l1'li\ 
I Contents of register ' 
I specified by CA and Only if set 
I CA alternate fields. to a 1. \ f " , ------------------
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TO CONVERT HEX ADDRESS TO TROS GATE AND 
DRIVER DECODE: 

GATE DECODE 

1. Use W register bits 4·7 and X register bits XO and X1. 

2. Convert W4, W5, and XO bits to decode for the OCTAL ,tens 
position (00, 10,20, and 30 normally, but to 50 in machines 
with 2303). 

3. Convert W6, W7 and X 1 bits to decode for the OCTAL units 
position (1-7). 

4. Use the decodes from 2 and 3 with this table to determine 
the gate and module. See examples on next page. 

00 10 30 40 

o o 

o 2 

- 0 -==iii=- = Module Number 

1 I 3 

DRIVER DECODE 

1. Use X register bits 2-7. 

Tape 
Word 

A 

B 

A 

2. Decode bits X2, X3 and X4 for the OCTAL tens position. 
(00, 10,20 through 70). 

3. Decode bits X5, X6 and X7 for the OCTAL units position (0, 1, 
2, through 7). 

4. 

5. 

Use the decodes from 2 and 3 with this table to determine the 
driver. See examples on next page. 

OR; Convert the OCTAL decode to decimal for the driver line 
(0 through 63). 

TO CONVERT HEX ADDRESS TO TROS MODULE 
NUMBER AND TAPE NUMBER: 

1. W register is the TROS module number. See examples. 

2. XO = 0 the tape number is 0-63. 
XO = 1 the tape number is 64-127. 

3. Convert bits X2-X7 to decimal. 
If XO = 0, X2-X7 is the tape number. 
If XO = 1, Subtract the decimal value of X2-X7 from 127. 
The answer is the tape number. See examples. 

4. If X1 = 0 the microblock is tape word A. 
If X1 = 1 the microblock is tape word B. 

See examples on next page. 

TO DETERMINE TYPE OF TAPE: 

1. Divide tape number by 3. 

2. If the remainder is: 
a. 0 the tape is an A type 
b. 1 the tape is a B type 
c. 2 the tape is a C type 

3. Tape 00 is an A type. 
Tape 01 is a B type. 
Tape 02 is a C type. 
See examples on next page: 

Figure 2-45a. TROS Addressing: Driver and Gate, Tape Number and Tape Type 
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EXAMPLES 

Address 65F 

W Register 0110 
X Register 0101 1111 

W4, W5, XO 010=208 
W6, W7, X1 101=58 
Gate/Tape Word 25/B 

X2-4 011=308 
X5-7 111=78 
Driver 31 

W4-7 0110=6 
Module 6 

XO (tape) 0=0-63 
X1 (tape word) 1=B 
X2-7 011111=31 
Tape Number 31 

Octal/Decimal 378=31 

Tape Type 3~3=10 R1 
R1=B 

ARITHMETIC SYMBOLS 

Symbol Definition Example 

+ True Add/Positive A + B: B is added (true) to A. 

- Complement Add/Subtract, Negative A - B: B is complement added to A. - Is Set I nto (transferred to ) A-B: A is set into B (destructive read-in is implied). . Is ANDed With (logical) A' B: A is ANDed with B. 

n Is ORed With (logical) An B-C: A is ORed with B and the result is set into C. 
"V' Is Exclusive ORed With A"V'B-C: A is exclusive ORed with B and set into C. 

Figure 2-45b. Examples of TROS Addressing and Microblock Arithmetic Symbols 
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TROS FIELD CODE DESCRIPTIONS 

TROS Tape 
Word Bit 
Position 

Field 

Field Bit Position 

Binary Value 

Use 

TROS Tape 
Word Bit 
Position 

Field 

Field Bit Position 

Binary Value 

Use 

17119121123125 

45100101102103 

CA CA Field 
A 
0 1 2 3 4 

16 8 4 2 1 

A Register Entry 

Alt Normal 

None 

GL 

BY 

BX 

FR 

KL 

DL 

DH 

OP 

GP 

UR 

DW 

DR 

ER 

IE 

IH 

SW 

Stop 

SC 

FS 

OA 

IS 

~ 04 05 

CB 

0 1 

2 1 

BEnt -
None 

BY 

CK 

DA 

TAOS Tape 46 
-
46 

Field BP 

I 
I 
I 

Hex 

00 
01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

OD 

OE 

OF 

10 

11 

1C 

10 
1E 

1F 

0 

1 

2 
3 

Decimal Description 

0 
1 

2 

3 

4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

28 

29 

30 

31 

I 
I 
I 
I 

0 

1 

2 

3 

I 
I 
I 
I 
I 

G ate Hex 00 from the A buss to the A register. 
\ 

If 

} 

Gate the contents of the specified 
register to the A register via the A buss. 

CHECK STOP switch is on stop the 2841 microprogram. 

Gate the contents of the specified 
register to the A register via the A buss. 

Codes 18 through 27 (Hex12-1B) 
are not decoded. 

Gate Hex 00 from the B buss to the B entry assembler. 

Gate BY register to B entry assembler via B buss. 

Gate data in CK field latches to B entry assembler via B buss. 

Gate DR register to B entry assembler via B buss. 

Field Bit Position ~O+ ___________________ _ 

o Data from ALU is gated to the D buss. 

A register data is gated to the D buss, bypassing ALU. 

Figure 2-46a. CA. CA A, CB and BP Fields: A and B Entry and Bypass 
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TROS Tape 
Word Bit 
Position 

Field 

Binary Value 

Use 

TROS Tape 
Word Bit 
Position 

Field 

Field Bit Position 

Use 

22 1116118 [20 

35 31\32\33\34 

CO CD Field 
~I~ ; :2 :3 
VI V 

16 8 4 2 1 

Destination Reg 

!Alt Normal 

0 

GL 

BY 

8X 

FR 

KL 
OL 

OH 

OP 

GP 

UR 

OW 

DR 

FT 

FC 

IG 

SW 

24 26128 [30 I 36 37\38\39 

CV CC I 0 0 1 2 

1 4 2 1 I 
ALU Control 

A+B __ O 

A+B+l .... 0 

A.B __ O 

A{\B~O 

A+B .... OC 

A+B+l--0C 

A+B+C .... OC 
A"I/'B __ 0 

A- B -- 0 
A- B +1 __ 0 

A.- B ... 0 

Af\-B --0 

A-B --DC 

A-B + .... OC 

A-B+C~OC 

A "I/'-B--O 

Hex Decimal Description 

00 0 G ate ALU to D buss. 

01 1 

02 2 

03 3 

04 4 

05 5 

06 6 

07 7 

08 8 

09 9 
Gate ALU to specified register via the D buss. 

OA 10 

OB 11 

OC 12 

OD 13 

OE 14 
OF 15 

10 16 

I I 
I I 
I I 

Example 

0 0 B is added (true) to A. BX + BY--GL 

1 1 B is added (true) to A and a carry in of 1 is forced to ALU. BX+BY+ 1--GL 

2 2 A is ANDed (logical) with B. GL. CK-GP 

3 3 A is ORed (logical) with B. ER.QCK-UR 

4 4 B is added (true) to A, and carry out is set in ST3. BX +CK-GPC 

5 5 B is added (true) to A and a carry in of 1 is forced, any carry out is set into ST3. GL + BY + 1--URC 

6 6 B is added (true) to A and ST3 is gated to carry in, and carry out is set into ST3. BX + CK + C--GPC 
7 7 A and B are Exclusive ORed. BX-V-BY-GP 

10 8 

11 9 

12 10 

13 11 
Same as above except that B is complemented. 

14 12 

15 13 

16 14 I 
17 15 

Figure 2-46b. CD, CD A, CC, and CV Fields: Destination and ALU Control 
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TROSTape 
Word Bit 
Position 

Field 

Field Bit Position 

Binary Value 

Use 

32T34136 1 38 

40141142143 

CS 
0 1 2 3 

8 4 2 1 

ST Control 

Not Used 

O_STO 

I_STO 

O-STI 

I_STI 

O_ST2 

DNST21 

O_ST3 

I-ST3 

O-ST4 

O_ST5 

I_ST5 

O-ST6 

I-ST6 

O_ST7 

I-ST7 

Hex 

0 

1 

2 

3 

4 

5 

6 
7 

8 
9 

A 

B 

C 

D 

E 
F 

Decimal Description 

0 Not used. 

1 
J 

2 Set indicated bit position 

3 in the ST register to 0 or 
1 as indicated. 

4 ------- .--------- ----- ------ ----- - - --- -- ----Allow Index. 
5 

6 If D buss is non-zero (1 or more) set ST register Bit 2 to 1. 

7 

8 J 9 
10 I Set indicated bit position 
11 in the ST register to 

12 
o or 1 as indicated. 

13 

14 

15 

Figure 2-46c. CS Field: Status Control 
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TROSTape 
Word Bit 
Position 

Field 

Binary Value 

Use 

TROS Tape 
Word Bit 
Position 

Field 

Field Bit Position 

Binary Value 

Use 

09111113115 

14115116117 

CL Field 

:: ~ :2 3 

8 4 2 1 

Branch X7 

0_X7 

1_X7 

ST3 

ST5 

ST7 

0=0 

A_X 

File 

SERVO 

SQRSP 

SELTO 

OP1 

OP3 

OP5 

Index 

OP7 

01103105107 

18119120121 

CH Field 

0 1 2 3 

8 4 2 1 

Branch X6 

o _X6 

1 _X6 

STO 

OP6 

ST2 

ST4 

ST6 

File 

C~(o-K6 

Carry 

COMMO 

SUPPO 

Unused 

OPO 

OP2 

OP4 

Hex Decimal Description 

0 0 Set X register bit 7 to O. 
1 1 Set X register bit 7 to 1. 
2 2 j 

3 3 > If indicated ST register bit is a 1, 
Set X register bit 7 to a 1. If ST register bit is 0 set X register 7 to O. 

4 4 
5 5 If D buss is zero set X register bit 7 to a 1. If D buss is not zero set X 7 to O. 

6 6 Gate the contents of the A register (0-7) to the X register (0-7). 

7 7 If optional interface is selected, set X 7 to a 1; if not selected set X 7 to O. 

8 8 If Service Out is up, set X 7 to 1; if Service Out is down set X 7 to O. 

9 9 If Service Out Response is up, set X 7 to 1; if Service Out Response is down, set X 7 to O. 
A 10 If Select Out is up, set X 7 to 1; if Select Out is down set X 7 to O. 

B 11 

C 12 
If indicated OP register bit is a 1, set X 7 to a 1; if OP 
register bit is a 0, set X 7 to a O. 

D 13 
E 14 If ST1 is a 1 and index is detected, set X 7 to 1; no index, set X 7 to O. 
F 15 If OP register bit 7 is 1, set X 7 to 1; if OP register 7 is 0, set X 7 to O. 

Hex Decimal Description 

0 0 Set X register bit 6 to 0_ 
1 1 Set X register bit 6 to 1. 
2 2 

3 3 

4 4 If indicated ST or Op register bit is 1, set X 6 to 1; 

5 5 
if ST or OP register bit is 0 set X 6 to O. 

6 6 
7 7 If optional interface is selected, set X 6 to 1, if not selected, set X 6 to O. 

8 8 Set X 6 to 0 and gate CK Field bits 4,5,6 and 7 to the W register. 

9 9 If Carry Out latch is set, set X 6 to 1; if Carry Out is reset, set X 6 to O. 

A 10 If command Out is up, set X 6 to 1; if command Out is down, set X 6 to O. 

B 11 If Suppress Out is up, set X 6 to 1; if Suppress Out is down, set X 6 to O. 

C 12 Not used. 
D 13 

If indicated OP register bit is 1, set X 6 to 1; 
E 14 ? if OP register bit is 0, set X 6 to O. 
F 15 1 

Figure 246d. CH and CL Fields; Branch Control X6 and X7 
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Leg Identifier 
How Yau Got Here .•... 

17\1 Previous TROS \V tape word. 

What You Do Here •.••. 
A ThisTROS 
~ tape word. 

Word Bit Position --Field Name 

Field Bit Position 

Binarv Value 

Use 

16 0 

17 1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

28 12 

29 13 

30 14 

31 16 

L/1g Selector 

Where You Are Going ..... 

0 ThisTROS 
tape word. 

TROS Tape (SAL 8id 

Word Bit Position 

Field Name 

Field Bit Position 

Binarv Value 

Use 

o 

Hex Address 

Where You Are ..... 

f2\ Previous TROS \V tape word. 

Figure 2-46e. Location of TROS Field Data in CAS Microblocks 

TROS Tape (SAL Bitl_ 

Word Bit Position 

Field Name -... 

Field Bit Position ..... 

Use _ 

Word Bit Position 

Field Name 

Field Bit Position 

Binarv Value 

Use 

CK 
to 

WReg 

--~~~CN~F~ie~ld~~;~:~~:~~P~N 
_0123 4!!~!!0 

- !i!i!i!!:-
_INext Address X0-5!)t P I 

. :.:.:::.: . 

(see CL Field) • CN 
to 

X Reg 

Block 

TROS Tape (SAL Bit) 

Word Bit Position 

Field Name 
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MICROBLOCK EXAMPLE, MACHINE RESET 

Leg Identifier 
How You Got Here ..... 

The RESET .switch was pressed. This caused all registers 
and indicators to be reset. Thus the address 000 in the 
Wand X registers. 

What You 00 Here ..... 

~ A. This statement says; transfer 0 from the A register to the 
~ OW register. The operation is valid but meaningless since 

the OW register was reset to 0 by the machine RESET. 

R. This statement performs 2 functions: 
1.. Transfer 5 from the CK field to the W register. 
2. Set X registeF bit 6 to O. 

Note that X6 ~an also be zeroed by the statement 
0-X6. 

Leg Selector 

Where You Are Going ..... 

This portion of the microblock indicates that the TROS tape 
contains 2 branching statements on line R. The CH field 
statement sets X6 to a O. The CL field statement, which does 
not show on line R, says set X7 to a O. 
It is typical in CAS logic to indicate the X6 and X7 set/reset 
statements in the Leg Selector. Thus 0 -X6. 1 -X6. 0 -X7, 
and l-X7 statements do not appear on the R line. 

The address of the next microblock is W register 5, the con­
tents of the CN field from this TROS tape, and X6 and X7 
equal to O. You determine the contents of the CN field by 
looking at the address shown in the next microblock. 

Figure 2-47a. CK to W Register Transfer 

2-88 (7/69) 

Hex Address 

Where You Are ..... 

X Reg 

7 

o 

This is module 0, tape word A. tape 00. Resetting the 
machine cleared the Wand X registers. The internal clock 
in the machine causes TROS to read out address 000 and 
enter the Reset Entry block of the TROS. 

CK 

WReg 

3 4 5 6 7 

plola 1010 

eN 

X Reg 

5 6 7 

o 0 0 

r XX 000 

E 
I i O-OW 

C 

I 
i 
F 
I 

J5- 00 -AA 

Field CN!CH!CL 

XI Rerg 
5 6 7 

1 0 1 0 

pl0ll1011 
3 4 5 6 7 

CK Field ~ 
to 

W Reg 

To Next 
Block 

CN Field 
to 

X Reg 

1 0 0 
567 

CHCL ~ Field 



TAOS Tape (SAL Bit) _ 

Word Bit Position -Field Name -Field Bit Position -tslnary value 

Use 

2841 
Clock 

16 

17 

28 

29 

30 

31 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Time TROS Decode or 2841 Function 

D Select TROS tape addressed by Wand X registers. 
Decode CA, CA alternate and CB Fields, 

A A and B busses gated to AlU. The A register is latched up. 
Set and Reset CC, CV, and CD Fields. AlU operation is started. 

B CC, CV and CD Field reset is removed and these fields are 
latched. AlU operation is completed and answer is on D buss. 

C Sample D buss for zero and set carry latch if there was 
a carry. 

D The register (if any) designated by the CD field 
is loaded with the output of AlU. 
Status register 3 is set or reset if the operation 
was one which stored the carry out in ST 3 t--DC). 

Status register 2 is set now if the ROS word con· 
tained a DNST21 statement and the D buss did not 
equal zero. 
The next ROS word is now available for field de­
coding. 

A·C Same as above. 

Figure 2-47b. CK to W Register Transfer: Timing and TROS Fields 

to 
W Reg 

... To Next 

.. Block 
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MICROBLOCK EXAMPLE, SCAN 

Leg Identifier 
How You Got Here ..... 

By resetting the machine, setting the ADDRESS COMPARE 
switch to SCAN and setting the START ADDRESS switch 
to 004 and starting the machine. 

What You Do Here ••••• o A. This statement says to transfer the GP register to the A 
register, add 1 to the A register and transfer the sum 
back to the GP register. 

E. The CK field contains the value 1 which is to be added 
to the A register. 

R. This statement says that the contents of the A register 
are to be transfered to the X register and used as the 
address for the next microblock. 

Leg Selector 

Where You Are Going ..... 

In this microblock the OOin the Leg Selector is meaningless. 
The address for the second microblock (000) is transferred 
to the X register from the GP register(A-X). The address 
for the third microblock (004) is transferred to the X 
register from the START ADDRESS by the Recycle FL. 
The fourth microblock address is again transferred from 
the GP register to the X register. Remember that the GP 
register is incremented by 1 each time the program enters 
microprogram block 004. Thus, this block is a one block 
program (to check addressing) that alternates from address 
004 to 000 back to 004 to 001, back to 004 to 002. back 
to 004 etc. 

Figure 2-48a. Module 0 Address Scan 

2-90 (7/69) 

Field 

Hex Address 
Where You Are ..... 

CD This module 0 tape word A tape 04. 

CK • CN ICHlcL 

X Reg W Reg I X Reg 

5 7 3 4 5 6 7 tBo 1 234 5 6 7 

o plolololo 101010101011 0 0 

r 00 
------004 

E 00000001 I . 
A GP+ l-GP 

C 

I 
i 
F • Ll_ 00 

SCAN Field CN!CHICL 
X Reg 
567 

o 0 

_AE 

plolololo 
3 4 5 6 7 

CK Field ~ 
to 

WReg 

000 
567 

eN Field CHC ~ Field 
to 

X Reg 



TROS Tape (SAL Bit) _ 

Word Bit Position -Field Name 

Field Bit Position -tslnary value 

Us. 

16 0 

17 

3 

4 

5 

6 

7 

8 

9 

10 

11 

28 12 

29 13 

30 14 

31 15 

Machine 
Reset 

2841 
Clock 

All registers and indicators RESET. 
2841 clock is RESET to D time. 

2 
o Select module 0, tape word A, tape 04 

as indicated by START ADDRESS 
switch. 
Decode CA, CA alternate and CB fields. 

A Gate A and B busses to ALU. Set and 
reset CC, CV and CB field latches. 
Start ALU operation. 

B Remove reset from CC, CV and CB 
field latches complete ALU operation, 
Answer is now on the D buss. 

C Sample D buss for zero. Set carry 
latch if a carry is detected. 

o Perform CD, CH and CL field operations. 
Read next word from TROS. 
Decode CA, CA alternate and CB fields 
from new TROS word. 

A-C Same as above. 

Note: The recycle ~Iatch causes the microprogram 
to alternate between this microblock and 
the GP register for the X address. 004, 000, 
004, 001, 004, 002, 004 etc. 

Figure 248b. Module 0 Address Scan Timing and TROS Fields 

is the Contents 
of the Register 
Defined bV the 
CA Field in the 
ALU Statement. 

to 
W Reg 

... This Block Loops 

... back on itself 

to 
X Reg 

Field 
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TYPICAL MICROBLOCK STATEMENTS 

Leg Identifier 
How You Got Here ..... 

The Leg Selector in the previous microblock contained 
a OX branching condition. Since the X address for this 
block contains 01 the CL field in the previous tape con· 
tained a 1 --X7 statement. 

What You Do Here ..... 

A. The DW--OP Bypass statement gates the contents of 
the DW register to the A register via the B buss. From 
the A register this data is gated to the Op register Via 
the D buss BYPASSing the ALU. ALU does perform 
the normal parity check. 

C. The 0--ST3 statement resets the ST3 bit. 

R. If the OP3 bit is 1, set X7 to 1, If the OP3 bit is 0, 
set X7 to O. 

Leg Selector 

Where You Are Going ..... 

The next microblock is located in module 5 (W register 
is unchanged). The X register is either 16 or 17 depend· 
ing on the OP3 bit. Since X6 is a 1 this CH field contained 
a 1 -- X6 statement. 

Figure 2-49a. ALU Bypass, ST3 Reset and X7 Branch 

2-92 (7/69) 

Hex Address 

Where You Are ..... 

@ This is TROS module 5, tape word A, tape 01. 

X Reg 

5 7 
X 

r OX 

E 
I 
A DW--OP 

I 
C 0--ST3 

I 
R 
I 
F 
I 

E5-

CK 

W Reg 

3 4 567 

plo 11 10 11 

501 

Bypass 

OP3 

X * --AK 

Field CN!C~CL 
X Reg 
567 

PjOl 1jOjl 
3 4 5 6 7 

CK Field ~ 
to 

W Reg 

eN 

X Reg 

567 

o 0 1 

t To Next 
Block 

1 1 * 
5 6 7 

CN Field CH C ~ Field 
to 

X Reg 



Leg Identifier 
How You Got Here ..... 

The Leg Selector in the previous microblock contained 
a vv branching conditiun. 

What Yau Do Here ....• o E. The CK field contains the value 4. 

A. The 4 -IG statement gates the contents of the C K field 
to ALU via the B buss, and transfers the data from 
ALU to the IG register. 

C. The 1-ST3 statement sets bit 3 in the ST register to 
a 1. This condition can be used by a future microblock 
as a branching condition. 

R. The 4 -W statement transfers the CK field to the W 
register. This transfer causes the microprogram to 
go to module 4 for the next TROS tape. 
NOTE that the CK field was used twice by this micro· 
block. 

Leg Selector 

Where You Are Going ..... 

The next microblock is located in module 4 and X6 must 
be a 0 (4-W sets X6 to 0). The remainder of the X register 
(XO through X5 and X7) is controlled by the CN and CL 
fields. By looking at the next microblock it can be de· 
termined that the CN field on this tape (864) contains 
zeros, and that the CL field contains a 1-X7 statement. 
Thus, the OX in the Leg Selector is not accurate. The 
actual condition is 01 which gives a truer indication of 
the address of the next microblock. 

Figure 2-49b. CK Field to IG and W Registers and ST3 Set 

Hex Address 

Where You Are ..... 

CD This is module 8, tape word A, tape 36. 

X Reg 

5 7 
o 

r 00 

E 00000100 
I 
A 4-IG 

I 
1-ST3 C 

I 
R 
I 

4-W 

F 3 
I 

Q4-

Field 

CK 

W Reg 

3 4 567 

pilla 1010 

864 

0 X --FN 
CNiCHiCL 

I I 
X Reg 

5 6 

p 

3 

7 

to 
W Reg 

CN 

X Reg 

t To Next 
Block 

to 
X Reg 

567 

a a 

a 0 1 
5 6 7 

CHC • Field 
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Leg Identifier 

How You Got Here ..... 

CD The previous microblock contained a OX branching condition. 
The 40 X address indicates that the CL field is the previous 
microblock contained a 1_..X7 statement. 

Hex Address 

Where You Are ..... 

CD This is module 4. tape word B, tape 13. 

CK • CN 

X Reg WReg I X Reg 

5 7 3 4 5 6 7 1Pl012345 
X plol1 JO 10 loJl10101111 

ICHicL 

6 7 

0 1 

What You Do Here ..... o E. The CK field contains the value 128. r OX 44D 

A. The 128-.FC statement and CN5 = 0 indicates that bit 
o in the F C register is reset. 

C. The 0-.ST6 statement sets ST6 to a O. 

R. The FI LE. FILE statement is a 4·way branch depending 
on the selected file interface. 
000= 2302 
001 = 2311 
010 = 2303 
011 =2321 

Leg Selector 

Where You Are Going ..... 

The next microblock is in module 4. The X address can be 
68, 69, 6A or 68 as determ ined by the F I L E, FILE branch. 

E 
I 
A 

I 
C 

I 
R 
I 
F 
I 

Figure 249c. FC Register Reset, ST6 Reset and 4·Way Branch (X6 and X7) 
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10000000 

128-'FC 

0-.ST6 

FILE 

C3-
Field 

FILE 

o * * -AC 

CN!C~CL 
X Reg 
567 

plolllolo 
3 456 

CK Field 
to 

W Reg 

t To Next 
Block 

0** 
567 

CHCL ~ Field 
to 

X Reg 



Leg Identifier 
How You Got Here ..... 

The Leg Selector of the !lrevious block contained either" 
00 branch or X register bits 6 and 7 were set to 00 by 
o --X6 and 0 -X7 statements. 

What You Do Here ..... o E. The CK field contains 14. 

A. The value in the CK field is to be transfered to the OW 
register. Since there is no carry from this operation, 
the C statement resets the ST3 bit. 

C. The 1 _ ST7 statement causes the ST7 bit to be turned 
on. This function will be used as a branching condition 
later on in the microprogram. 

R. The OP1 statement causes the microprogram to branch 
if OP1 is set to a 1. This is one of the conditions that you 
must keep track of when using CAS logic. 

Leg Selector 

Where You Are Going ..... 

If OP1 is set the microprogram branches to 01. If OP1 
is zero (reset) the microprogram branches to 00. The 
X6 bit is a 0 as a result of a 0 -X6 statement in the CH 
field. 

Figure 249d. ST3 (Carry) Reset, ST7 Set and X7 Branch 

Hex Address 

Where You Are ..... 

Thic: ie: TRn~ mnNlllo n "'~nA \lIInl"'n ~ +~no 1?"l .----.- - ---- ... _-_.- -, ~-r-- .. _.- -, ...... ,." ... --. 

X Reg 

5 7 

o 

r 00 

E 00001110 
I 
A 14-0WC 

I 
C 

I 
1-ST7 

R 
I 
F 
I 

N5 
Field 

CK ~ CN ICHIcL 

W Reg I X Reg 

3 4 5 6 7 1Pl012345 6 7 

plojojolo 111110101011 0 0 

OC4 

t To Next 
Block 

OP1 

0 -- AP 
CNlc~CL 

X Reg 
567 

plolololo 
3 4 5 6 7 

o * 
567 

CK Field ~ CN Field 
to 

CHC ~ Field 
to 

W Reg X Reg 
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Leg Identifier 
How You Got Here ..... 

The previous block contained a double branch in the Leg 
Selector. This block indicates that a branch was made on 
the CH field. (Remember that the branching statements 
could be 1- X6 and 0-X7 for this block.) 

What You Do Here ..... 

o A. This statement indicates that the A buss is ORed with 
the complement of the B buss. Since no registers are 
gated to these busses, both contain zeros. The com· 
plement of Hex 00 is Hex FF. Thus, the buss is nOll-
zero. 

C. This statement asks if the 0 buss is non-zero. Since 
the 0 buss contains Hex F F, ST2 is set to 1. 

Leg Selector 

Where You Are Going ..... 

The Leg Selector Bits indicate that the next address must 
be 3,7, B or F. The CH and CL fields are punched with 
1-X6 and 1-X7 statements. 

Figure 2-4?e. DNST21: Forcinl!; the D Bus to FF to Enable Setting ST2 
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Hex Address 

Where You Are ..... o This is TROS module 4, tape word A, tape 02. 

CK ~ CN ICHIcL 

X Reg WReg I X Reg 

5 7 3 4 5 6 7 ru012345 6 7 
o pl0111 O l0 101010101010 1 0 

r 10 402 

E 
I 
A 

I 
C 

I 
R 
I 
F 
I 

00-0-0 

ONST21 

J7-- 1 1 --AH 
Field CN!CHICL 

X Reg 
567 

p 

3 
CK Field 

to 
W Reg 

t To Next 
Block 

CN Field 
to 

X Reg 

1 1 
5 6 7 

CHC ~ Field 



Leg Identifier 
How You Got Here ..... 

Tho nro."inll~ hln,..t, ".nn+~i"D"'!::I rI,.. ... hlo hr!::ln,..h in +hD I.cr.n ... -,..._ ... _-- ..... __ .'" -_ .. .- ...... _ .. _ .... __ .... -'-"-" ... ""'" --;, 
Selector. Both branching conditions were met. 

What You Do Here ..... o E. The CK field contains a value of 1. 

A. The contents of the A and B busses are gated to the A 
register. (The 1- DC statement is equivalent to 
A+B-oC.) On completion of the ALU operation the 
D buss contains the value 1. There is no CAR RY (C) 
so the ST3 bit is turned off. 

C. The DNST21 statement asks if the D buss is non·zero 
at the end of this ALU operation. Since 1 was transfered 
to the D buss, this statement (DNST21) turns on the 
ST2 bit. 

Leg Selector 

Where You Are Going ..... 

There are no branching conditions to be met in this block. 
However, the Leg Selector indicates that the next address 
is even (X register bit 7 is set to 0 by the CL field statement 
0-X7.) 

Figure 249f. DNST21 and ST3 Reset using the CK Field 

Hex Address 

Where You Are ..... 

Th!~ !s TROS mcdt!!e 3, t~pe '.."..'o=-d .il., t~pe 39. 

CK ~ CN ICHIcL 

X Reg WReg I X Reg 

5 7 3 4 567 0..012345 6 7 

PIO 10 11 11 101011101011 1 1 

r 11 327 

E 00000001 

I 
1-DC A 

I 
DNST21 C 

I 
R 
I 
F 
I 

69--
Field 

t To Next 
Block 

X 0 --AK 
CN1CHlcL 

I I 
X Reg 

5 6 

P 

3 

7 

to 
W Reg 

CN Field 
to 

X Reg 

X 0 
567 

CHCL ~ Field 
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X ADDRESS MODIFICATION FROM A BUSS 

Leg Identifier 
How You Got Here ..... 

The previous microblock contained either an X6 branch or 
a 0-X6 statement. 

What You Do Here ..... o E. The CK field contains 240. 

A" The contents of the IS register are gated to the A buss 
(assume the IS is AA) and the contents of the CK 
field are gated to the B buss. ALU ANDs the A and B 
busses and transfers the answer to the BX register via 
the D buss. 

IS = 10101010 = AA 

CK = 11110000 = FO 

BX = 10100000 = AO 

C. The 0-ST4 statement resets the ST4 bit. 

Leg Selector 

Where You Are Going ..... 

There are no branching conditions to be met in this 
microblock. The W register remains at 3.and the CN field 
in this tape contains new data for X register bits 0 through 
5. X register bits 6 and 7 mayor may not be changed by 
the CH and CL fields. . 

Figure 2-50a. ANDing the IS Register and CK Field 
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Hex Address 

Where You Are ..... 

CD This is TROS module 3, tape word B, tape 67. 

CK 

X Reg WReg 

5 7 

X 
3 4 5 6 7 

pl0101111 

r OX----- 3FC 

E 11110000 
I i IS, 240-BX 

C 0-ST4 

I 
i 
F 
I 

J2------ X X 
Field CN!CHICL 

X Reg 
5 6 7 

p 

3 

Bypass 

-BA 

CN 

X Reg 

567 

o 0 

Go to microblock 
on next page 

1 0 
5 6 7 

CN Field C CL ~ Field 
to 

X Reg 



Leg Identifier 
How You Got Here ••... 

The orevious microblock modified the X reaister with the 
contents of the CN field and placed 10 (via CH and CL 
statements) in X6 and X7. 

What You Do Here ..... 

~ A. The BX-- 0 statement gates the contents of the BX 
~ register (AO as set in the previous microblock) to the 

o buss. 

Hex Address 

Where You Are ..... 

(2) This is TROS module 3, tape word B, tape 62. -....-

CK CN 

X Reg WReg X Reg 

5 7 

X 
3 4 567 

P1 01011!1 
567 

o 

r XX 
------37E 

E 
I 

R. The A--X statement transfers the contents of the A 
register to the X register. Because of the BX--D 
statement the A register contains AO. 

A BX-D 
From I 
Previous 
Page C 

.. To Next 

.,. Block 

Thus, the address for the next microblock is Hex 3AO. 

Leg Selector 

Where You Are Going ..... 

The contents of the W register are unchanged and the X 
register contains the Hex address AO. 
Note that the A--X statement transfers A register bits 
o through 7 to X register bits 0 through 7. 

Figure 2-S0b. A Bus to X Register Transfer 

I 
i 
F 
I 

J3 XX -- BB 
Field CN!C~CL 

X Reg 
567 

pi010111 1 
3 4 5 6 7 

CK Field • 
to 

W Reg 

o 0 0 

5 6 7 
CN Field CH CL • Field 

to 
X Reg 
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USING eNS BIT TO SET FT REGISTER BITS 

Leg Identifier 
How You Got Here ..... 

CD The Leg Selector in the previous microblock contained a 11 
branching condition. 

-What You Do Here ..... o E. The CK field contains the value 2. 

A. The 2-FT statement and CN5 = 1 indicates that bit 6 
of the FT register is to be set. 

C. The 0 -STO statement sets STO to a O. 

Leg Selector 

Where You Are Going ..... 

The next microblock is in module 5, the X address is F4. 
The Leg Selector for this microblock shows that CN5 in 
the next microblock is a 1 and that the CH field for this 
block contains a 0 -X6 statement. By looking at the 
address in the next block (next page) it can be determined 
that the CL field for this block contains a 0-X7 statement. 

Figure 2-5Ia. Selecting 2321 or 2303 Interface (FT2 Bit) 
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Hex Address 

Where You Are ..... o This module 5, tape word A, tape 7. 

X Reg 

5 7 

r 11 

j 00000010 i 2-FT 

C O-STO 

I 
i 
F • 

CK 

W Reg 

3 4 567 

PI 0 11 10 11 

507 

J7-- 1 0 X --AN 

Field CN!C~CL 
X Reg 

567 

P 

3 
CK field 

to 
W Reg 

CN 

X Reg 

5 6 7 

Go to microblock 
on next page 

eN Field 
to 

, X Reg 

100 
567' 

CHCL ~ Field 



Leg Identifier 
How You Got Here ..... 

Hex Address 

Where You Are ••... 

The LeQ Selector in the previous microblock contained a 
10X branching condition. Since the X address for this tape 
is 04 the CH field on the previous tape contained a 0-X6 
statement and the CL field contained a 0 -X7 statement. 

This is module 5, tape word B, tape 75. 

X Reg 

5 7 

X 

What You Do Here..... r 10X o E. The CK field contains the value 128. E 10000000 

A. The 128-FT statement and CN5 '" 1 indicates that bit ~r0'!l 1 128-- FT 
o of the FT register is to be set. revlous I 

Page 

R. The ST7 statement sets X7 to a 1 if ST7 is a 1, or sets X7 
to a 0 if ST7 is a O. I 

I 
F 
I 

CK 

WReg 

3 4 567 

pl0111011 

5F4 

ST7 

G8- 1X* --AQ 

Leg Selector 

Where You Are Going ..... 

The next microblock is located in module 5, the X address 
is CC or CD as determined by the ST7 branch. 

Figure 2-51 b. Raising the Cc;mtrol Tag (FTO Bit) 

... Field CN!CHICL 
... ... X Reg 

5 6 7 

eN 

X Reg 

To Next 
Block 

5 6 7 

o 0 

1 0 * 
567 

CN Field CH CL ~ Field 
to 

X Reg 
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MACHINE SYNCHRONIZA nON AND PROGRAM DELAYS 

Leg Identifier 
How You Got Here .•... 

The previous microblock contained a 00 branch 
in the Leg Selector. 

Hex Address 

Where You Are ..... 

CD This is module 5, tape word B, tape 119. 

CK CN 

X Reg WReg X Reg 

5 7 

o 
3456 7 ~O 1234567 

PI0111 0 11 111110101 1 1000 

What You Do Here ..•.. 

E. The CK field contains the value 53. 

A. The 53--DR statement transfers the contents of the 
CK field to the DR register via the 0 buss. 
Note: Remember that this is a constant value. 

R. The COMMa statement checks for the rise of Command 
Out. If Command Out is detected, X6 is set to a 1, if 
not X6 is set to a O. 

r 00 

E 00110101 
I 
A 53 .... DR 

I 
I 
R COMMa 
I 
f 

5CB 

A4-- * 0 -AD 

Field CN!CH!CL 
Post unselected X Reg 
file sense infor· 5 6 7 
mation. Wait for 
rise of Command 
Out. 

Leg Selector 

Where You Are Going ..... 

This microblock synchronizes the 2B41 and CPU operations. The 
address of the next microblock is identical to the address of this block 
except for the X6 bit. As long as Command Out is not detected, 
the microprogram returns to this block. Command Out sets 
X6 to a 1 and allows the microprogram to branch to address 5CA. 
Observe that reguardless of the number of times the microprogram 
loops on this block the contents of the DR register remain at 53 
(see A. above). 

Figure 2-52a. Synchronizing 2841 Operations to Command Out from the CPU 
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pl0111 0 11 
3 4 5 6 7 

CK Field • 
to 

W Reg 

To Next 
Block 

CN Field 
to 

X Reg 

0*0 

567 
CHCL. Field 



Leg Identifier 
How You Got Here ..... 

(1) - The Leg Selector of the previous microblock contained 
a 11 branch. 

What You Do Here ..... 

E. The CK field contains the value 244. 

A. The 244-BX statement sets the BX register to 
244 (F4). 

C. The 1-ST5 statement sets the ST5 bit to a 1. 

E. The CK field contains the value 4. 

A. The BX + 4-BX statement adds 4 to the contents 
(244) of the BX register. 

R. The 0= a statement checks the 0 buss for 00. If 
o = a the program branches to address 587, if 0 '" a 
the program loops on address 586. 

Leg Selector 

Where You Are Going ..... 

Hex Address 

Where You Are ..... 

The first block is module 5, tape word A, tape 55. 
The second block is module 5, tape word A, tape 121. 

CK • CN ICHIcL 

X Reg W Reg I X Reg 

3 4 567 tiiJ012345 6 7 

p I I I I I I I I I I 

11 __ 577 XO _ 586 
E 11110100 E 00000100 -*t 244"'BX * ____ A BX+4 ...... BX 

C HST5 I * 
-*1 i 0=0 

G3- XO -AA G4- X* -AB 

Initialize BX for timer 
activity in Block G4. 

p 

Delay before testing file 
status. (Must wait 3.5 
microseconds after file 
selection-OB050.AC) 
On exit BX = 4 (DE 
status). 

To Next 
Block 

1 1 1 

The purpose of the 2 blocks shown above is to delay execution 
of the program for a specific period of time (3.5 us) .. This is 
accomplished by using a register (BX) in the 2841 as a counter 
and incrementing the register each time the program makes a 

3 
CN Field 

to 

567 
CHCL~ Field 

pass through the register. By presetting the register, the programmer 
can determine the length of the delay. Each pass through the micro· 
block requires 500 ns. Thus 3.5 us requires 7 passes. On the 6th 
pass the BX register contains 00. This is detected by the 0 = a 
statement on the 7th pass, and the BX register is incremented by 
4 for the last time. The X7 bit is set to 1 and the program branches 
address 587. 

Figure 2-42b. Timing a Delay with the BX Register, CK Field and D=O Statement 

to 
W Reg X Reg 

• 
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3.1 STATUS INFORMATION 

• The status byte consists of eight bits. 

• It is used to notify channel of the conditions of 
the 2841. 

• All 2841 commands, with the exception of Seeks 
and Command Immediates, transmit two (initial 
and ending) status bytes to channel. 

• Cylinder seeks and the restore commands trans­
mit three bytes (initial, channel end, device end) 
to channel. 

• Command lmmediates (No-Op and Release) 
i~ansmit one status byte (channel and device end 
in initial) unless they are chained after a write 
command. In this case, they transmit two 
(initial and ending). 

The status byte contains information which reflects 
the status of the 2841 and the selected device 
attached to the 2841. The significance of each bit in 
the status byte is listed below: 

Bit ~ 

0 Attention 

1 Status Modifier 

2 Control Unit End 

3 Busy 

4 OIannel End 

5 Device End 

6 Unit Check 

7 Unit Exception 

Note 

Not used. 

Used with Search and Control Unit 
Busy. 

The Control Unit has finished an 
operation. 

Addressed Access Mech.anism is moving 
or used in conjunction with Status 
Modifier to indicate Control Un it Busy. 

The Control Unit has received all the 
data from the channel needed to do the 
operation called for and the channel is 
freed. 

Indicates that an access mechanism is 
free to be used. 

Indicates that a Control Unit or pro­
gramming error or device hardware 
check has been detected. 

End -of -File. 

A more detailed description follows: 

Attention (Bit 0): Not Used. 

CHAPTER 3 THEORY OF OPERATION 

Status Modifier (Bit 1): This bit is set whenever a 
search high, search equal or a search high or equal 
command has been executed and the condition 
satisfied. 

The status modifier is also set whenever the 
2841 is busy. This bit in conjunction with the busy 
bit Signifies control unit busy. 

Control Unit End· (Bit 2): This bit is set if a control 
unit busy status has been generated previously and 
the busy condition has been terminated. Bit 2 is 
also set with unit check when unit check occurs after 
device end. 

Busy (Bit 3): The busy bit may indicate either device 
busy or control unit busy: 

1. Device Busy: The busy bit indicates that the 
selected device is busy. It will be set when a 
new command chain is initiated while the se­
lected access mechanism is still in motion due 
to a previous seek command. Busy is also 
included in the response to any command except 
Test I/O if there is outstanding status for the 
device. 

2. Control Unit Busy: The busy bit in conjunction 
with the status modifier bit indicates the control 
unit is busy. It will be set when a new command 
chain is initiated while the 2841 is causing a 
track to be erased following a format write 
command or an erase command. It is also set 
if an attached 2321 is addressed while perform­
ing an automatic strip restore. 

Channel End (Bit 4): This bit is set when the channel 
to control unit operation is completed. 

Device End (Bit 5): This bit indicates that an access 
mechanism is free to be used. After a seek or a 
restore command, device end is presented to the 
channel together with the unit address to indicate a 
seek complete. It is generated simultaneously with 
channel end at the end of all other commands. 
Device End is also generated when an attached device 
goes from a not ready to a ready condition. 

Unit Check (Bit 6): This bit is set whenever an 
unusual or error condition on the selected device is 
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detected in the 2841. Sense bytes 0, 1 and 2 provide 
detailed information as to the nature of the condition. 
Channel end and device End are always presented 
with unit check unless the unit check is presented 
in initial selection sequence. 

Unit Exception (Bit 7): This bit indicates that an 
end-of-file has been detected during a read IPL, 
read RO, read CKD, read KD, read D, write KD, 
write D or search-key-data operation. It is not set 
for read count, write CKD or search key or ID 
commands. Unit exception results from a data 
length of zero. The key field, if any, is trans­
ferred. 

All 2841 commands result in two status bytes 
(initial and ending) with the following exceptions: 

1. Immediate Commands: No-op and release are 
processed as immediate commands only if the 
control unit is not writing or erasing at the time 
the command is received (chained). If not 
writing or erasing, channel and device end are 
indicated in the initial status byte (one status 
byte only). If writing or erasing, zero is 
transmitted in the initial status byte. Channel 
and device end are indicated in the ending status 
byte when the 2841 finishes writing or erasing. 

2. SEEK type commands: A seek (CCRR, or 
BBCCRH) that causes the access to move or a 
restore command results in three status bytes: 
a. Initial 
b. Channel end after data transfer from the 

CPU. 
c. Device end after the device has stopped 

seeking (gated attention). 
3. A third status byte may occur on write com­

mands if channel has already accepted device 
end. This could occur, 1. e., if the device went 
unsafe while completing a formatting write. In 
this case a status byte containing control-unit­
end and unit check would be transmitted to 
channel via the polling interrupt sequence. 

3-2. SENSE INFORMATION 

Six bytes of sense condition information are provided 
by the 2841 to completely identify the setting of the 
unit check bit in the status byte. These six bytes are 
transferred to the channel by issuing a sense 
command. 

3.2. 1 Sense Byte 0 

Command Reject (Bit 0): This bit indicates that the 
2841 has received an invalid operation code, an 
invalid sequence of commands, or an invalid seek 
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address. Detection of a bus-out parity with a com­
mand does not set command reject. If a write-file 
mask is violated, command reject is set along with 
file protect. 

Intervention Required (Bit 1): This bit indicates that 
the specified device is: 
a. Not physically attached to the system. 
b. The specified device is physically attached to 

the system, but it is not available for use be­
cause the motor is not on, a cover interlock is 
open, etc. 

After this sense bit is set the program may try the same 
command again but not another command without 
causing other errors. 

Bus Out Parity (Bit 2): This bit indicates that a data 
parity error has been detected during the transfer of 
information from the channel to the 2841. This 
check is an odd redundancy check that occurs on 
control, write and search operations. The check is 
done by the 2841. A parity error detected during 
command transfer is a bus out check and not a 
command reject. 

Equipment Check (Bit 3): This bit indicates that an 
unusual condition is detected in the control unit or 
device unit. The conditions that are covered by the 
bit are defined in Sense Byte 2. 

Data Check (Bit 4): This sense bit indicates that a data 
error has been detected in the data received from the 
device during a read, ,search, space or clocking operation. 

Overrun (Bit 5): This bit indicates that a service out 
signal was not received in the 2841 within a specified 
time allowed after service in or that a chained CCW 
was issued but that it was received too late to be 
properly executed. Detection of an overrun during 
reading or writing immediately stops data trans­
mission. When writing, the remaining portion of 
the record area is padded out with valid zeros. 

Defective Track (Bit 6): (Flag Byte-Track Condition 
Bit 6 = 1) - A Track condition check is generated for 
a defective track whenever: 

1. Any read or search (except search RA, read 
RA, read RO) is attempted on the track in either 
multi-track or single track mode. The interrupt 
occurs prior to transmission of any data to or 
from the channel. 

2. An overflow record being read, written, or 
searched overflows to a track flagged as defec­
tive. The interrupt occurs after the last 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. Sense 
byte 5 is also set to define the operation in 
process at the time of the interrupt. 

Alternate Track (Bit 6): (Flag Byte-Track Condition 
Bit B7 = 1) - A track condition check is generated 
when command chaining and multiple track mode 
signals indicate that operations are to continue on 
the next higher-order track or the record is not the 
last segment of an overflow record. The track con­
dition check indication inhibits the incremental head 
switching. 

Seek Check (Bit 7): This bit indicates that the device 
has been unable to successfully complete a Seek due 
to: 

1. The transferred seek address is outside the 
valid address boundaries of the device. The 
unused bytes must contain zeros. This condition 
also sets command reject. 

2. Less than six bytes of seek address is sent. 
This condition also sets command reject. 

3. Failure of hardware which results in the access 
mechanism failing to detent correctly. 

4. On multi-track operations, the home address 
of the track advanced to does not compare with 
the physical address. 

5. Seek check bit and missing address marks (bit 6) 
set when a 2321 is addressed indicate that sub 
cell 0 of a ballast cell has been accessed. 

3.2.2 Sense Byte 1 

Data Check in Count Field (Bit 0): This bit indicates 
that a data error has been detected in a count field 
read from the device. Data check in byte 0 is also 
turned on. Error detection is the same as described 
for data check (Byte 0, Bit 4). The operation is 
terminated at the end of the count field. 

Track Overrun (Bit 1): This bit indicates that writ­
ing has not been completed by the time index pOint is 
detected. This type of error is detected duringwrite­
RO, write-count, key and data, write-key-and data, 
write data or space count operations. 

If the bad record is read with subsequent read 
commands, the track overrun condition is not set. 

End-of-Cylinder (Bit 2): This bit indicates that the 
CCW command chain has not been completed, but 
that end-of-cylinder has been detected. 

Invalid Sequence (Bit 3): This bit indicates that an 
attempt has been made to execute an invalid sequence 
of CCW's. Invalid sequences are normally related to 
write operations. lnvalid sequences also occur if 
two set file mask CCW's operations are attempted in 
the same chain of CCW's, if head switching is 
attempted without prior seeking, or if a space count 
is preceded by a write command. Command reject 
(Byte 0 - Bit 0) is also turned on when an invalid 
sequence is encountered. 

No Record Found (Bit 4): The no record found 
function is included in the 2841 so that the program­
mer may use a sequence such as: 

Search ID (MTM Off) 
TIC* - 8 
Read Data 

without the possibility of the program getting trapped 
in an endless loop in the event that the desired record 
is not contained on the track being searched, The no 
record found function occurs as follows: 

1. An index passed condition is turned on whenever 
index point is sensed on the device. 

2. The index passed condition is turned off when­
ever the 2841 performs a read operation in a 
HA or data field area, any write command, a 
sense command or any control command. 

The index passed bit is also reset when 
chaining is broken. 

3. No record found condition occurs whenever the 
2841 senses index point while performing a 
single track read or search operation other than 
read 0, or read HA and the index passed latch 
is already on. 

4. A no record found condition occurs when Index 
is sensed while executing a space count com­
mand following HA and no address mark is found. 
A no record found condition occurs with missing 
address mark when neither HA or RO can be 
found on the track. 

5. A no record found condition and missing address 
mark (bit 6) occurring when a 2321 is addressed 
indicate: 
a. a missed strip, 
b. a strip that has not been initialized, 
c. or a ballast cell other than sub cell 0 has 

been accessed. 
The following programming notes apply: 

1. Read CKD, read-key-data and read-data reset 
the index passed bit at the time the data field is 
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read from the track. Hence, No record found 
may occur while one of these commands is being 
executed; most notably, No record found will 
occur when one of these commands is given and 
there is no address mark detected on the track. 

2. The programmer should insure that spurious no 
record found conditions cannot occur. For 
example, in the sequence: 

Read Count 
Search Key 
TIC* - 16 
Search ID (of Count Field read above) 
TIC* - 8 
Read Key Data 

the index passed bit is not reset prior to the 
read key data command and index point is passed 
once after the key is located prior to orienting 
on the desired ID. If the index passed latch is 
on at the time the desired key was found (this 
cannot be predicted if the sequence was started 
with random orientation), then no record found 
condition will occur. The sequence may be cor­
rected by inserting a read HA or Read RO 
immediately prior to the search ID command 
(this is the best method since the added command 
will also eliminate unnecessary search ID 
sequences between the located key and the end of 
the track) or a no-op may be inserted. Also a 
read HA or read RO could be included at the 
beginning of the sequence. 

File Protected (Bit 5): This bit indicates that a seek 
or write CCW or MTM read or search command was 
issued that violated the file mask. The command 
reject bit is also set on detection of this condition if 
a write file mask is violated. 

Missing Address Marks (Bit 6): A missing address 
mark is detected during the execution of any com­
mand or chain of commands which operate on suc­
cessive count fields on a track. The detection is 
accomplished by identifying that two successive 
records on a track have equal bit conditions in bit 0 
of the flag bytes. Under normal conditions, bit 0 of 
the flag byte is always a zero for all even-numbered 
records and is always a one for all odd-numbered 
records. 

Upon detection of a missing address mark, bit 
six of sense byte one (missing address mark) will be 
turned on for all commands or chained commands 
except search ID CCW's. The search ID CCW is 
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used to pass over the missing address mark so that 
the remaining data on the track can be retrieved. 

Overflow Incomplete (Bit 7): This bit is used with 
the optional record overflow feature. It is set as 
follows: 

1. Overflow to a bad track-Set overflow incom­
plete and track condition check. 

2. Overflow from an alternate track-Set over­
flow incomplete and track condition check. 

3. Overflow to file protected boundary-Set 
overflow incomplete, file protected. 

4. Overflow to wrong track-Head number com­
pares unequal -Set overflow incomplete and 
seek check. 

5. Overflow to end of cylinder-Set overflow 
incomplete and end of cylinder. 

3.2.3 Sense Byte 2 

Unsafe (Bit 0): This bit is used to indicate that a 
device malfunction has been detected. Some ofthese 
malfunctions are: 

More than one head has been selected. 
The device is trying to read and write at the 

same time. 
The write gate is Off and write driver is On. 
The write gate is On and the writer driver is Off. 
The erase driver is Off and the erase gate is On. 
The erase driver is On and the erase gate is Off. 
One of the DC file voltages has been lost (2311 

only). 

Bit 1: Reserved 

Serializer/Deserializer Check (Bit 2): This bit 
indicates that a bit has been either lost or gained 
when the parallel channel data is converted to serial 
data during a write operation. 

Bit 3: Not Used 

2841 ALU Check (Bit 4): The microprogram has 
detected an impossible condition, indicating an 
equipment malfunction. This check is made only 
on the BYPASS microprogram statement. The 4 bit 
is turned on if the A register P bit and the ALU P 
bit are not the same. 

Unselected Status (Bit 5): This bit indicates that 
some bit in the file status lines is on without any 
module being selected. This indicates a device 
malfunction of some kind since no bit should be on 
prior to selection. . 



Bit 6: Reserved 

Bit 7: Reserved 

3.2.4 Sense Byte 3 

Byte 3 2311 2321 2302 2303 

o Ready Drive Ready Access Ready Drum Ready 

1 On line Drive Operative Access Operative Drum Operative 

2 Unsafe Read Safety Read Safety Read Safety 

3 ------------- Write Safety Write Safety Write Safety 

4 On line' Strip Ready On Line' On Line' 

5' End af Cylinder Invalid Address -----------------

6 ------------- Aula Restore -----------------
7 Seek Incomplete CE Cell Located CE Cylinder Located 
<Forced On Line 

3.2.5 Sense Byte 4 

This byte is all zeros. It is included for compati­
bility with other control units. 

3.2.6 Sense Byte 5 

This byte is zero at all times except when overflow 
incomplete occurs (Byte 1, Bit 7). Information on 
the bit meanings is given in Chapter 5 - Record 
Overflow. 

Sense Information Summary 

Status Byte Sense Bit Sense Bit 
Condition Condition Position 

Unit Command Reject-includes Invalid Byte 0, 

Check Command, Invalid Sequence, & File Bit 0 

Protected 

Intervention Required Bit I 

Bus Out Parity Bit 2 

Equipment Check Bit 3 

Data Check Bit 4 

Overrun Bit 5 

Track Condition Check Bit 6 

Seek Check Bit 7 

Data Check in Count Byte 1, 

Field-also causes Byte 0, Bit 4 Bit 0 

(Data Check) Ia be turned on 

Sense Information Summary (Continued) 

Status Byte Sense Bit Sense Bit 
Condition Condition Position 

Unit Track Overrun, Indicated an Write Bit 1 

Check End-of-Cylinder Bit 2 

(Cant) Invalid Sequence-also causes Command Bit 3 

Reject (Byte 0, Bit 0) to be turned on 

No Record Found Bit 4 

File Protected-also causes Command Bit 5 

Reject (Byte 0, Bit 0) 

Missing Address Marker Bit 6 

Overflow Incomplete Bit 7 

Unsafe Byte 2, 

Bit 0 

Not Used Also tum Bit 1 

Serializer/ on 

Deserial izer Equipment 

Check Check Bit 2 

Not Used Byte 0, Bit 3 

2841 ALU Bit 3 

Check Bit 4 

Unselected 

Status Bit 5 

3.3 MISCELLANEOUS OPERATIONS 

3. 3. 1 Multiple Tr~ck (MIT) Operation 

The 2841 can automatically select the next sequen­
tially numbered head on an access mechanism under 
control of BO of the command byte. Head switching 
will not take place at index point if BO is a O. Head 
switching will take place at index point if BO is a 1. 
A seek CCW must be given in each chain of com­
mands in which a MIT command is given. 

The MIT bit is recognized on all read and 
search commands. Therefore, a certain amount of 
discretion should be used when making BO a I-bit. 
For example, if during a search operation the MIT 
bit is a 1 and index is encountered before the search 
condition is satisfied, the head is automatically 
switched to the next track. The operation continues 

2841 stage 2 FETO (7/69) 3-5 



until the end-of-cylinder is detected. This condition 
can occur if the search was initiated beyond the pOint 
where the record was located on the track. On the 
other hand, by correctly utilizing the MIT bit, it is 
possible to search a complete cylinder of ill's or 
keys. 

Each time head switching occurs, the units 
cylinder and head number (CRR) in the home address 
of the new track is read by the 2841. If the head 
number is incorrect, seek check is set. 

3.3.2 End-of-File 

The end-of-file indication is written by executing a 
write-count-key-and-data CCW that has a data 
length of zero indicated in the count area. Execution 
of the write-count-key-and-data CCW with a DL of 
zero, causes the 2841 to automatically write one byte 
of O's in the data portion of the end-of-file record. 
The KL portion of the count area can either be zero 
or up to 255 bytes. If KL = 0, the end-of-file record 
contains the contents of the count area and the data 
area (one byte of a's). If KL =f 0, the key whose 
length is specified by KL is written in the key area of 
the end-of-file record.. . 

As a logical file is being read, the count area of 
the records is examined. Detection of a DL of zero 
in the count area causes a unit exception signal to be 
generated. The unit exception signal is always 
generated at the normal ending time of the read op­
eration that was scheduled to be performed. No data 
from the data area is transferred. 

NOTE: Key data is transferred. 

The unit exception is possible during read IPL, 
read RO, read CKD, read KD, read D, write KD, 
write D, and search KD operations. 

3.3.3 Defective Surfaces 

• Provision is made to continue a logical file of 
more than one track when a track with a defect 
is found. 

• The defect must not be in the record zero area. 

• The condition of the track and the alternate 
track are indicated in the flag bytes. 

• The address of the alternate track is written in 
the record zero count field. 

The 2841 has the ability to handle defective recording 
areas that may appear during the life of the storage 
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medium. The instrument that permits defective 
areas to be circumvented is the track descriptor 
record (RO). Implementation of the RO concept is 
dependent upon the availability of a perfect recording 
area on each track that extends from the index point 
to the end of RO. 

RO is always the first record on the track follow­
ing the home address. The schematic representation 
of RO is: 

Track Descriptor Record - RO 

F Flag Byte. Bits 6-7 of the flag byte are 
called the track condition bits and are used 
to determine the condition of the track. 
This condition code is propagated to all 
records on that track. The Significance of 
the track condition bits is as follows: 

ID 

KL 

DK 

CC 

G 

B6 
B6 
B7 
B7 

° 1 

° 1 

good track 
defective track 
not an alternate track 
alternate track 

BO of the flag byte is used internally by the 
2841 to check for missing address marks. 
B1 is used for record overflow feature. 
B2 - B5 of the flag byte are not used. 

Identifier. The ID includes cylinder, head 
and record number. Cylinder number is 
two bytes in length. Read number is two 
bytes in length. Record number is 1 byte 
long and identifies the sequential position of 
the record on the track. The total ID is 5 
bytes long. 

Key Length. The key length is 1 byte long 
and contains the length of the key area. 

Data Length. The data length specifies the 
number of bytes in the data portion of the 
record. DL is two bytes long. 

Code Check Bytes. This is a series of bits 
used for error detection purposes. CC is 
two bytes long. 

Gap. The gap l;Ieparates the various areas 
associated with' the record. 



K Key. The key area is used to identify the 
data area. 

Data. This is thtil llllurm~tion associated with 
the record. The data area can be variable in 
length. 

Note that an RO type record is not preceded by 
an address marker. 

Read-RO and write-RO are special commands 
that are associated with the RO function. Read-RO 
operates the same as a read CKD with the exception 
that it never sets track condition. Write RO operates 
the same as write CKD. 

The RO (alternate) approach to the defective 
area problem permits entire tracks to be repositioned 
independently of the way the file is organized, i. e. , 
random or sequential. In either case, the following 
conditions prevail: 

1. Original track (good). In this case, the track 
condition bits (B6, B7) are set at 00. 

2. Original track (defective). In this case the 
track condition bits are set to 10. 

3. Alternate track (good). In this case the track 
condition bits are set to Ol. 

4. Alternate track (defective). In this case the 
track condition bits are set to 11. 

The sequence of events that are required to 
move the data from a defective track to a good track 
is as follows: 

1. Determine track is defective by repeated write 
and read-check operations. 

2. If track is considered to be defective, assign 
alternate track. 

3. Read as much information as possible from 
defective track into central processing unit. 

4. In CPU change count portion of RO of original 
track to address of alternate track. 

5. Set flag byte to 10 and put flag byte and home 
address in core memory. Execute a write-home 
address command to change track condition bits. 
Chain to write RO. 

6. Re-write new RO on defective track. The balance 
of the track is erased. 

7. Set ID (CCHH) of alternate track RO count to equal 
the ID (CCHH) plus one of original defective track. 

S. Set flag byte of alternate track home address to 
01 to indicate alternate track. 

9. Initiate seek to alternate track. 
10. Command chain from seek to set file mask to 

write-HA to write-ROo 

11. Copy data from original track onto alternate track. 
The count fields of records other than RO are the 
same as they were on the defective track. 

During normal processing runs, detection of a 
defective recording area and the selection of its 
alternate area could be accomplished in the following 
manner: 

1. Assume access mechanism has been properly 
positioned and desired head selected. 

2. Execution of a command causes the track con­
dition bits to be examined. 

3. If the track condition bits indicate that this 
track is defective, channel end, device end, and 
unit check (track condition check on sense) 
signals are generated. 

4. The interrupt routine associated with RO causes 
count (address of alternate track) to be read 
into core memory. 

5. This address is used to select alternate track 
(seek operation). 

6. At the completion of the seek operation, the 
access mechanism is positioned on the alternate 
track and the proper head selected. 

7. It is now possible to process the sequence of 
instructions called for in item two. 

S. If multiple track mode and command chaining 
operation is being used, channel end, device 
end and unit check occur at index time, and 
track condition occurs on a sense. The using 
system then issues a seek to the address of the 
Original track plus one (found in RO count field). 
Normal operation resumes when the desired 
track is reached. 

The procedures described above apply when it 
is necessary to relocate an entire track and to proc­
ess on a relocated track. It is also possible on 
sequentially organized data files, where the track is 
not preformatted, to handle defective areas as they 
are detected, thus eliminating the need to relocate 
an entire track unnecessarily. 

One method that might be used in this instance 
is: 

1. Write desired records on selected track. 
2. Read-check track just written. 
3. If error is detected, rewrite and read check 

several times to determine if defective area 
exists. 

4. When defective area is found, search on last 
good ID or key and execute appropriate write 
commands. Execution of the last write com­
mand causes the remainder of the track to be 
erased. 
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3.3.4 Initial Program Load (00000010) 

• Provides a method of setting a program into the 
CPU from an access mechanism. 

An initial program loading (IPL) procedure is pro­
vided for the initiation of processing when power is 
turned On or when the contents of storage are not 
suitable for further processing. 

The IPL procedure for random access devices 
is as follows: 

1. The channel, control unit, and access mecha­
nism from which the first IPL information is to 
be read are determined by setting the IPL load 
unit switches on the system console to the 
desired address. 

2. Pressing the IPL key on the system console 
causes a complete system reset including all 
2841 registers. 

3. At the completion of the reset operation, the 
IPL hardware initiates a start I/O command and 
forms the initial CCW which is a read command 
(00000010) with the command chain bit on. 

4. Execution of the read command causes the 
selected access mechanism to move to track 
zero (cylinder zero, head zero). A search for 
index point is initiated. 

5. When index point is sensed, the microprogram 
causes home address and RO to be skipped over 
and the data portion of record 1 to be read into 
core memory. This data is a PSW and two 
CCW's. The two CCW's that are read into core 
memory are used to control the progress of the 
read-in procedure. 

3. 3. 5 File Protection 

• Logical file areas are protected from inadvert­
ent change by the use of set file mask commands. 

File protection is accomplished by the logic circuits 
in the 2841 Storage Control and the checks within the 
control programs serving the system. 

The 2841 portion of the file protection function 
utilizes set file mask commands and its associated 
controls. 

The set file maks command is a control com­
mand whose bit structure is 00011111. Execution of 
a set file mask command causes one byte of data to 
be transferred from the channel to the 2841. At the 
completion of the transfer, channel end and device 
end signals are generated. The byte of data that is 
sent to the 2841 describes the write and seek func­
tions that can be performed. 
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The significance of the file mask bits is: 

BO Bl 
o 0 Inhibit Write Home Address and Write RO 
o 1 Inhibit all Write Commands 
1 0 Inhibit Write Home Address - Inhibit Write 

RQ-Inhibit Write Count, Key, and Data 
1 1 Permit all Write Commands 

B3 B4 
0 0 Permit all Seek and Restore Commands 
0 1 Permit Seek CCHH & Seek HH CCW's 
1 0 Permit Seek HH CCW 
1 1 Inhibit all Seek Commands 

B2 B5 B6 B7 
0 0 0 0 

NOTE: For the 2841 Storage Control, B2, B5, B6 
and B7 of the mask must be zero. If these bits are 
not zero, the mask is considered to be invalid and a 
unit check signal is generated. When a subsequent 
sense command is executed, a command reject is 
signaled. 

A set-file-mask command can be issued any 
place within a CCW chain. At the completion of the 
CCW chain, the file mask is reset to all zeroes. A 
set-file mask command can only be issued once within 
any given CCW chain. If an attempt is made to 
issue more than one set-file-mask command with a 
given CCW chain, a unit-check signal is generated 
in the status byte. A subsequent sense command 
signals command reject and invalid sequence. 

If a write command is issued that vIolates the 
file mask set, the write command is not executed, 
and a unit-check signal is generated in the status 
byte. A subsequent sense command signals com­
mand reject and file protect. 

If a seek command that violates the file-mask 
set is issued, the seek command is not executed, and 
a unit-check signal is generated in the status byte. 
A subsequent sense command signals file protect. 

A system reset or selective reset causes the 
file mask to be set to all zero's. 

3.4 COMMAND FLOW CHARTS 

Included in this section are 2841 command flow 
charts (Figures 3-1 thru 3-22). These charts 
present, in a logical fashion, the sequence which the 
2841 goes through for a particular op code. Basic 
error checks are included. All op codes are not 
included, however, it should be realized that some 
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Gate 
Address 
Byte Into 
2841 

Raise 
Operational 
In 

Convert Unit 
Address In 
Address Byte 
To Mod Select 
Address 

Convert Mod 
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To device Type 
2303,2311 
2321 

Select 
Interface 

Check For File 
Status Before 
Selecting 
Device 

Loop 

Figure 3-1. Initial Selection 

Address Out 
Address 

Compare. 
Select Out 

No 

No 

Unit Check In 
Status Byte • 
. Unselected 
File Status 
On Sense 

Put Address 
Byte On 
Bus In 

Raise 
Address 
In 

commands differ only slightly, i. e •• a search­
key-equal and a search-key-high command differ 
only in the area where the actual comparison 
occurs. 

No 

Yes 

Break Out To 
Command 
Decode. Go To 
Each Command 

These charts are at a higher level than the 
individual microblocks on the CLD's. 

To locate a routine in the CLD's refer to the 
Maintenance Diagram flow charts in the AW's. 
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Figure 3-2. Seek - 2311 
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Figure 3-4. Set File Mask 2311 
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Figure 3-5. Read Home Address - 2311 
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Auu .... 
No Previous Command 

Drop 
Address 
In 

Decode 
Command. 
READ RO 

Raise 
Status 
In 

Drop 
Status 
In 

Figure 3~6a. R~ad Record Zero ~ 2311 
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. Figure 3-6b. Read Record Zero - 2311 
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No 
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Assume: 

No Previous Commands 

Drop 
Address 
In 

Decode 
Command 
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Place Zeros 
On Bus In 

Raise 
Status 
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Drop 
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In 

Raise Read 
Gate to Device' 
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Raise Address 
Mark Search 
line To SERDES 

Figure 3-7. Read Count - 2311 
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Assume: 
CC SRCH KEY = 
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Length Were 
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Commands 

Chained 
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Raise 
Status 
In 

o..op 
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In 

I 
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Figure 3-8a. Read Count - Key - Data - 2311 
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End Now 
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Figure 3-8b. Read Count - Key - Data - 2311 

3 ... 18 

Load A 
Counter 
With Data 
IDw Byte 

Read In and 
Transfer to 
Channe I Data 
IDw Area 

No 

Rai.e Read 
Gote to 
Device and 

SERDES 

Set up a Counter 
to Send 256 Bytes 
to Channel.Reduce 
Data Length High 
Count bOne 

Chonnel End, 
Device End, Unit 
Check in StatUi. 
Data Chock on 
Sense 

No 

Channel End 
Devic::e End in 
Statu •• 

End 
Proc.d ..... 

Ves 

Set Up a Counter to 
Send 256 Bytes to 
Channel. Reduce 
Dolo Length High 
Count By One. 

Ves 

Redd In Two Cad. 
chick Byte. and 
Compare with Code 
Check De~eloped 

'Drop Read Gat. 
to Device and SERDES 
Set up Counter for 
Gap Control 

Unit Exception 
In Statu •• 

End Procedure 
(Drop Read 
Gate) 



Assume 
Read Key Data 
Chained From A 
Seorch 10=. 

Raise 
Status 
In 

Drop 
Status 
In 

Find Out Where 
You Ale In The 
Gop. 

Raise Rood 
Gate To Device 
And SEROES 

• Decode 
Command 
Read Ooto 

*AppBcable 

To Read Data 

Figure 3-9a. Read Data and Read Key - Data - 2311 
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• Load Counter 
Dar/ IT ro",f .. 
To Channel. 

'Clock Through 
Key Area Don't 
T ranlf., To Channel 

~~:~kIB:i:!' kT 
Co_re With Cade 
Check Developed 
From Key Area 

Drop Read 
Gate To Device 
And SERDES 

Compare 
Error 

V .. 

Raise Read 
Gate To Device 
And SERDES 

Figure 3-91>. Read Data and Read Key - Data - 2311 
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Set Up A 
Counter With 
Data Length 
low Byte 

Read In And Transf.r 
To Chann.1 Data 

No 

Set Up A Counter 
To S.n,!" 256 Byte. 
To Chonnel. Reduce 
Data Length High 
Count By On. 

V .. 

End 
Procedure 

End Procedure 
(Drop Read Gale) 



Chalnod 
R ... I.ctlon 

Drop 
Address 
In 

Decode 
Command 
Write 
HA 

Place ZerOi 
On 8u. In 

Raise 
Slatus 
In 

Unit Check In Status 
"">---.l Bus Out Parity On Sense 

Unit Check in Slatus. 
Commond R. iect and 
File Protect on 
Sense 

Initial SlahJs Byte 
8eing Set Up 

Figure 3-10a. Write Home Address - 2311 

Stili Writing Zeros 

Turn on Write 
and Erase Gate 

Begin 
Writing Bytes 
of Zeros 

Delay 
Approxi mate Iy 
165 ~sec 

Set Up a Counter 
to Request Five 
Bytes from 
Channel (F ,C, 
C,H,H) 

Delay 
Approxi'lnCltely 
Another 55 
".ec 

Write One" 

8yte of 1 '. 

Write Sync 8yte 
(00001110) 

Write 
Flag 
Byte 

Save BIIs 0,1 ,6 &7 
of F lag Byte for 
Possible 
Propagation If Next 
Command I. Wrt RO 

Unit Check in Status. 
File Unsafe on Sense. 
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r-­
I 
I 
I 
I 

If Channel's Byte 

I r­
JI 
_.J COLlnt is less Than Five, 

2841 Will Record 0'. to 
Satisfy F,C,C,H,H --, 

-'1 Re ulrem n 

I L_ 
I 
I 
I 
I 
I L __ 

Post File 
Unsafe. Drop 
File Control 
Line (Stop Writing 

Chon M & Device 
End & Unit Check 
In Statu. 
Appropriate Error 
Condition in 
Sense 

Yeo 

Write Two Code 
Check Byte. 
Developed from 
HA Dato 

Write One 
Byte of Hex CC 

Raise 
Statu> 
In 

Figure 3-10h. Write Home Address - 2311 
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No 

Post Bus 
out Parity 

Channel and 
Device End 
In Status 



b:> 
00 or:. ,... 

~ ff 
~ 
b:> 

I'%j 
t:j 
~ o 
~ 
0) 

~ 

c,., , 
b:> 
c,., 

~ 1;. 

" ! 
~ 

~ .. 
f 
~ 

i 
N 
W 

Set ~ a Caunte( for 
Chaining Control, Used 
for Ovr.run. Read Gate 
Contro , WrIte and 
&ase Gate Control 

Write HA or 
ony Read, Search 
or Seek Command 

--, 

Continue 
Writing 
to Index. Then 
Do This 
Comman, 

I , 
I 

tNo 

Drop 
Op 
In 

Continue 
Writing 

Reselactlon 
Sequence 
Decade 
Command 

No 

Refer to Other Command 
F low Charts and Figures 
2-30 and 2-33 for Gap 

onflgurations • 

Do 
Command 

Go to the C.U. 
End Polling 
Interrupt 
Sequence 

If Addressed While Busy 
Remember This so Vou 
Con Take a C.U. End 
Polling Interrupt When 
Vou Ga Not Busy. 

Ves 

Drop 
Write 
Gate 

Delay 
Approximately 
6O)JSec. 
Drop &018 Gate 

Ves 

Loop 

Continue 
Writing 
Zeros 

Drop 
Op 
In 

Set Up to 
Indicate C.U. 
Busy If Addressed 
Whlle8usy 

Continue 
Writing 

Zeros 

Drop Write And 
Era,e Gate.,. T ake 
Polling Interrupt 
With Attention and 
Unit Check Bits on., 
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c.:> 
I 

t>:) 
II>- i 

" 'f 
0> 

~ 
@" 

::c 
" " SOl 
Q.. 

N 

" .... o 

IV 
W -

Valid WRT RO Sequences 

G)CCSFM 

I 
I L ___ _ 

CC WRT HA 
W'RT RO 

loop 

Waiting 
for ReseJeclion 

Ye' 

Transfer 

No 

Stay In Write Routine 
Until Normol Command 
Ending Point. Not 
Actually Writing. 

I22JIO.OAI 



t.:l 
00 ... 
i-' 

l 
(D 

t.:l 

~ 
trJ 
>-3 
o 
~ 
......... 
m 
<:D 

W 
I 

t.:l 
01 

~ 
Ei 
(1) 

'f - ./ v._, .. _<, "-
?' 

Yes 

~ 
~ 
~ 
(1) 
() 
0 

'"' 0-

N 
t!l 
0 

tv 
W 

No 

No 

Continue Writing 

No 

Set Up a Counter to 
Request 256 Bytes 
from Channel. Re­
duce data Length 
High Count by one 

Set Up a Counter to 

Request 256 Bytes 
From Channel. Reduce 
Data length High 
Count by One. 

No 

No Data length 
High Byte 
Equals Zero 

Yes 
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Loop 

Keep Count Of Where You 
Are In The Gap After The 
Count Area 

Unit Check In Status 
Bus Out Parity On Sense 

Unit Check In Statu •• 
Command Reiect And 
Invalid Sequence On Sense 

Unit Check In Stotus. 
Command Relect And File 
Protect On Sense 

Initial Status Byte 
Being Set Up 

,-------, 
WRT CKD Seguences I I 

3. CC Search ID= 4. CC Search Key= 
1. CC WRT RO 2. CC WRT CKD I TIC '-8 I TIC. - 8 

WRT CKD WRT CKD L_ ':RT CKD __ J WRT CKD 

I 
I 

Chained Reselection _J 

Loop Waiting 
For Reselection 

Go Through 
Selection 
Sequence 

Drop 
Address 
In 

Decode 
Command 
WRT CKD 

At The End Of Search I D=, 
The Key And Data Length 
Were Retained For Use By 
Subsequent Commands. 

Synchronize 
VFO 

Figure 3-12a. Write Count - Key.., Data - 2311 

3-26 

No 

No 

Raise 
Status 
In 

Command 
Out 

Down 

Yes 

Service 
Out 

Yes 

Drop 
Status 
In 

Find Out Where 
You Are In The Gop 

Raise Read 
Gate To Device 
And SERDES 



II Compare Check, End No 
With Unit Check in Stotus 

nd Data Check on Sense 

Synchronize 
VFO 

Yes 

Pick Up Key Length 
Count. Put I nto A Counter 
For Use In Clocking 
Through The Key Area 

Clock Thru 
Key Aroo 

Rood In 
Two Codo 
Check Bytes 

Drop Rood Ooto. 
Set Up A Counter 
For Gap Control 

Figure 3-12b. Write Count - Key ~ Data. - 2311 

II Compare Check, End Now 
With Unit Check in Stotus 
and Data Check on Sense. 

No 

Pick Up Data Longth 
Count. Put Into A Counter 
For Uso In Clocking 
Through The Data Area 

Clock Thru 
Doia Area 

Read In Two 
Code Choc k 8ytes 

Drop Rood Gate. 
Set Up A Counter 
For Gop Control 

Write 5% 01 The 
Previous Key And 
Dotil Length. Sli II 
.Writing Ones. 

C 

Dato Length 
High And Low 
Bytes Must 8e 
Counted Through 

AI"'r Clocking Through 
Key And Dota Areas, The 
Sum Of Key And Dato 
Length Is Soved For 8eto 
Gop Creation 

Approximately 
10 Bytes Of 
Oop Have 
8 •• n Skipped 

Beta Gap 
Crootlon 

Sot Up A Counter 
To Control This 
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Save Bits 0,1,6,7 
For Propagation If 
Next Command Is 
A WRT CKD 

.... 

C? 
Write Four Bytes 
Of Zeros, Still In 
B,eta Gap Creation. 

+ 
Set Up A Counter To 
Request Count Area 
Data From Channel. 
(C,C,H,H,R,K~,DL,DL) 

t 
Writ.e One Byte Of Ones, 
StIli Creating Beta Gap 

+ 
Raise Search Address 
Mark line To SERDES 

• 
Write Two Address Mark 
Bytes. (Ones With 
Missing Clock BIts) 

+ 
Drop Search Address 
Mark line To SERDES 

t 
Write Sync Byte 
(00001110) 

• Write Flag Byte. 
Propagated From Previous 
Record's Flag. Bit 0 
Is Complemented. 

t 
From ThIs PoInt On Wrt CKD 
Is Identical To A WRT RO 
Command. Go To The 
Wrt RO Flow Chart For The 
Remainder Of The Operatior 

~ 
Figure 3-12c. Write Count - Key - Data - 2311 
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1+ 
Tell SERDES To 
Vlrite Address Mark 



L ________ _ 

Keep Count Of Where 
You Are In Tho 
Gap Altor The 
Count Ar .. 

Unit Chock In Statu •• 
Bus Out Parity On Sense 

Unit Check In Status. 
Command Roloct And 
Invalid Sequence On 
Sense 

Unit Check In Status. 
Command Relect And 
File Protect On Sense 

Inltl.1 Statu. Byt. 
Bolng Sot Up 

Chained 
Rosoloctlon 

Go Through 
Selection Sequence 

Drop 
Adcross 
In 

Decode 
Command 
Wrt Oat. 

Figure 3-13a. Write Data - 2311 

At The End 01 Srch 10: 
The Key And Oat. Length 

- Were Retained For Use By 
Subsequent Commands 

Synchronize 
VFO 

Pick Up Koy Length 
Count. Put Into A 
Counter For Use In 
Clocking Through 
The K. Aroo 

Clock Thru Key Area 
Using Key Length 
Byte Set Up In 
Counter For Control 

Raise 
Statui 
In 

Drop 
Status 
In 

Find Cut Where You 
Are In The Gap 

I Compare Check End 
'----.-::---'1 Now With Unit Check 
...-___ "-___ ,\ In Status And Dot. 

Check On Sense. 
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Yes 

Raise Write And 
Erase Gate To The 
Device And SERDES 

Start Writing 
Bytes Of Zeros 

Set Up A Counter 
To Contra) Writing 
Of· These Bytes 

Write One Byte 
Of Ones. Alpha Gap 

Write Sync Byte 
B·efore Dota Area. 
Alpha Gap 

Figure 3-13b. Write Data - 2311 
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r---------------------------------------~------~H 

You Have Skipped 
Approximately 10 Bytes 
Of The Alpha Gap 

No 

No 

6 Bytes Of Zeros. 
Will Be Written. 
Alpha Gap 

Vau Have Detected An 
End-of-~il. Record 

Pmt Channel End-Device 
End-Unit Exception In 
Status 

Ves 

Channel, Device End, 
Unit Check In Slotus. 
Appropriate Eiror 
On Sense. 

Set Up A Counter To 
Request 256 Bytes From 
C hanne I. Reduce Data 
High Count By One. 

Write One Byte Of 
Ones. Alpha Gap 

Write Sync .yte 
Before Data Area 

Write 256 
Byte. 

C 

No 

No 

Continue 

Writing 

Unit Check 
In Status 
Track Overrun 
On Sense 

Chon And evice End. 
Chan. And Devi¢e 
End And Unit 
Exception For 

d~Of-FiI. 



~------------~t 

Continue 

Writing 

Unit Check 
In Status. 
Track Overrun 
On-Sense 

No 

Figure 3-13c. Write Data - 2311 

Load A Counter 
With Doto Low 
Byte 

Write One Byte Of 
Ones. Alpha Gap 

Write Sync 
Before Dafa Area. 
Alpha Gap 

Write Data 
19w Area 

Write Two Code 
Check Bytes and 
Byte of Hex CC 

Drop Write Gate 
To Device and SERDES 

Raise 
Status 
In 

Set Up A Counter 
To Control Dropping 
Of Erase Gate 

Approximately 60 IJsec 
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Note: Chaining takes 
place while 
timeout proceeds 

Drop 
Status In 

Drop 
Op 
In 

Drop Erose 
Gote To Device 

Do The 
Next 
Command 

Figure 3-13d. Write Data - 2311 
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Go To The CU End 
Polling Interrupt 
Sequence 

Drop Erose 
Gate To Device 

No 

Yes 

Return To 
Initial 
Selection 
Loop 

Drop 
Stotus In 

Drop 
Op 
In 

Set Up To Indicate 
C.U. Busy If 
Addressed While 
Time Out Is 
Proceed in 

I ndi cote CU Busy To 
Channel. Set Up T" 
Take A CU End Polling 
Interrupt When 
Timeout Is Completed 



C-" 
I 

C-" 
C-" 

WrIte Key· Data Sequences 
1. CC SRCH 10= 

TlC·- 8 
WRITE KEY· DATA 

Figure 3-14. Write Key - Data - 2311 
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~~~es5 
In 

Decode 
Command 
Search HA 

Raise 
Status 
In 

Drop 
Status 
In 

~.t I,JpA 
Counter To 
DeloY Into 
The HA Gap 

Figure 3-15. Search Home Address - 2311 

3-34 

After Delay 
Raise 
Read Gate 

Read In 
Flog Byte 

POit 
Truncated 
Seoroh 
Indlc:ator 

Place Status 
InloOn 
Bus In 

No 

Raise 
Stah"s 
In 

Drop 
Read 
Gate 

Set Up 
Counter 
For Gop 
Control 

End 
Procedure 

Chained 
Reselection 



SERDES HOI Found Sync 
Byte Before Count Areo 

Unit Check In Status ,_ Bu. 
Out Parity On Sen.e 

Unit Check In Status, Cormnand 
Relect In Sen •• 

Initial StaM Byle 
Being Sot Up 

Unit Check In Status, Bus 
Out Parity on Sense 

look For Address Mark ) 

Figure 3-16a, SearchIDEqual-2311 

1 
~=-____ ---J 

Unit Check In Statu., No 
Record Found in Sense 

Wrl te Mode to Channe I, Read 
Mode to 2311 

Save Bit 0 for Possible Missing 
Addr, Mark Detection on Next 
Command 

Unit Chock In Status, Track 
Condition Chock In Sense 

If Compare Check End With Unit Check 
In Status and Data Check in Sense 

Chan, May Have A Byte CQunt <5, 
In Tnls Cas. Compare Takes Place 
Until Channel's By to Count 
I. Exhau.iod 

1 
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Post 
Truncated 
Search Indicator 

Note: At The End of a Search 10=, 
Key And Data Length Are Saved 
Within The 2841 for Use by 
Subse uent Commands. 

Figure 3-16b. Search ID Equal - 2311 
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Read In KL, 
DL & DL Bytes 
From Device 

Save KL, DL & 
DL In 2841 For 
F amat Control 

Read In 
Two Code 
Check Bytes 

Compare With 
Code Check 

Place Status 
Info On Bus 
In 

Raise 
Status 
In 

Drop 
Read 
Gate 

Set Up Counter 
For Gap 
Control 

End 
Procedure 

Chained 
Reselection 

Unit Check in Status Byte. Data 
Check & Data Check In Count Field 
In Sense. 

Normally a Search 10 equal is 
Chained to Another Command 



Note: Assume Search 
Key Equal Is The FiBt 
Command In A Chain. 

Drop 
Address 
In 

Command 
Search 
Key Equal 

Raise 
Status 
In 

Drop 
Status 
In 

Raise Read Gate 
Ta SERDES 
And 2311 

Unit Check In Status. 
Bus Out Parity On Sense 

Unit Check rn Status 
Command Reject In Sense 

Initial Status Byte 
Being Set Up 

Figure 3-17a. Search Key Equal - 2311 

SERDES Has Faund A 
Sync Byte Before 
A Count Field 

Raise Search 
Address Mark 
Line Ta SERDES 

Drop Search 
Address Mark 
Line To SERDES. 

Unit Check In Status. 
No Record Found In Sense 

Raise Read Gate 
To Device And 
SERDES 

No 

Post Index 
Passed 
One Time 
Indicator 

Drop Read Gate 
And Search Address 
Mark Urye To 
SERDES 

Set Up A Counter 
To Delay Into 
HA Gop 

After Delay Raise 
Read Gate To 2311 
And SERDES 

Clock Thru 
HA Area 
(F ,C,C, H, H,CC,CC 

Drop 
Read 
Gate 

Delay Into 
Gap Between 
HA And RO 
Caunt Field 

3-37 



c.:I 
I 

c.:I 
00 

Bit 1 
Eqvol To Zero 

Save Bit 0 
For Possible 
Missing Address 
Mark Detection 
On Next Command 

Unit Check In Status 
T rack Condition Check 
In Sense 

Unit Check In 
Status Data 
Check & Dato 
Check In Covnt 
Field In Sense 

Figure 3-17b. Search Key Equal - 2311 

If A Search Key eo h 
Chained From A Search 
10 Or Read Count Command 

This Could Vent Generally 
Be Considered The Entry 
Point 

Approximately 
80 ~sec 

From One T (I 255 Bytes 

Did 

Y .. 
Compore 

Equal 

the Compare", No 
Toke Place On AU '» _________ -, 

Of The Key· 
Device 
.Doto 

Ye, 

Unit Check In Status. 
8us Out Parity On Sense 

Unit Check tn Status. 
Data Check On Sense 

Normally A Search Key = 
Will Be Chained To Another 

Commclnd. At The End Of A 
Seorcli Key =, Key And Ooto 
length Are Saved Within The 
2841 For Use By Subsequent 
Commands 

~ 



Decode Command. 
READ IPL 

Ral •• 
Status 
In 

Figure 3-i 8a. Initial Program Load - 2311 

Delay 125 
)Jsec 

Raise Read 
Gate To Device 
And SERDES 

Rais. Search 
Address Mark Line 
To SERDES 

End Now 

Unit Check In 
StaM. Track 
Condition 
Check In Sense 

Post Index 
Passed Once 
Incicator 

Set Up Counter 
To Clock Thru 
Count Area. 

Read In F lag Byte, 
Drop Search 
Address Mark Line 
To SERDES 

Clock Thru C,C, 
H,H,R, KL, DL, 
DL Of Count 
Area. 

Sav. KL, DL, Dl, 
For Format 
Control 

Rood In Two 
Code Chec k Bytes 
And Compare 
With.Code 
Check Developed 

End 

Unit Check 
In Status 

No Record Found 
On Sense. 
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Unit Check In 
Status. Data Chec 
And Data Check In 
Count Area On Sen 

Drop Read Gate 
To Device And 
SERDES Set Up 
A Counter for 
Read Gate Control. 

Raise Gate 
To Device And 
SERDES 

Load Counter 
With Key 
Length Byte. 

Clock Thru 
Key Area 

Read In Two Cod 
Check Bytes. 

Drop Read Gate 
To Device And 
SERDES Set Up A 
Counter for Read 
Gate Control 

Figure 3-18b. Initial Program Load - 2311 
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Load A 
Counter With 
Data Low 
Byte 

Yes 

Read In And 
Transfer To 
Channel Data 
Low Area 

Set Up A Counter 
To Send 256 Bytes 
To Channel Reduce 
Data Length High 
Count By One 

Channel End. 
Device End In 
Status. 

Raise Read 
Gate to Device 
And SERDES 

Yes 

Note: After 24 Bytes Have 
* Tronsferred To Channel, 

Dota Transfer Will Stop. 
End Wi II Not Occur 
Until After The Data 
Area Code Check Bytes. 

Drop Reod Gate 
To Device And 
SERDES: Set Up 
Counter For 
Gap Control 

Unit Check, 
Channel End 

Set Up A Counter 
To Send 256 Bytes 
To Channel. Reduce 
Data High Count 
By One. 

Read In And 
Transfer To 
Channel 256 
Bytes 

Yes 

Unit Exception 
In Status. 

End Procedure 
(Drop Read Gate) 



Decode Test 
I/O Command. 
Drop Address 
In 

Reise 
Status 
In 

Drop 
Status 
In 

Drop 
Op in 

Return To 
initial 
Selection 
Loop 

Yes 

No r - --.; 
I 

Place Device 
End On Bus 
In 

L __ _ 

SIO 

Place Device 
End And Busy 
Bit On Bus In 

Yes 

Figure 3-19. Test I/O, or Start I/O with Device Inoperable or Outstanding Status 

Unit Check 
In Status 
ALU Check 
In Sense 

Reset Gated 
Atiention 
From Device 
(Clear Status) 

No 

Unit Check In 
Status 
Intervention 
Required In 
Sense 

A 
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Decode 
Command. 
Sense I/O 

Drop 
AddrelS 
In 

DrOp 
Status 
In 

Sei Up Channel 
Interface SVC 
In/OutCOritrols 
FOr Read, 

Figure 3-20, Sense 1/0 

3-42 

Place Device 
End On 
Bu. In 

SIO 

Place Device 
End And Bu.y 
Bits On Bu. In 

Raile 
Statu. 
In 

Drop 
Status In 

NOTE: Refet To Chapter 3, Sen •• 
InfOrmation, Far Definition 
Of Sense Inform .. ti';n 

Drop 
Op 
In 

Return To 
Initial 
Selection 
loop 

Note: A Sen •• Cdn Be 
Chained. In That Case 
Go To Chained ReselectlCln. 



Assume: CC SRCH KEY = 
TIC * - B 
Space Count 

At the end of Srch Key =, 
the key and dato length were 
~~~=!~~d r~ ',I~,. hy 'lIbu,,~uent 
commands 

Bus Out Parity On 
Sense 

No 

No 

Chained 
Rese lection 

Raise 
Status In 

Orop 
Status In 

Figure 3-21. Space Count Command - 2311 

Tell SEROES To 
Look For AddreS$ 
Mork 

Post Index 
Passed Once 
Indicator 

Keep looking 

End 

Unit Check 
In Status 

No Record 
Found On 
Sense 

No 

Raise Read Gate 
To Device And 
SERDES 

Ra ise Search 
Address Mark 
Line to SEROES 

Force File I'Aosk 
To Inhibit All 
Writes 

Drop Address 
Mark Line 
To SERDES 

Enter Write Routine 
And Read F log And 
Fint Cylinder Byte 
From Device 

Turn On Write 
Control To 
Channel 

Transfer Key And 
Dato length Bytes 
From The Channel. 
Read Second Cylinder, 
Heod,And Record 
B tes From Device 

Tum Off 
Write Control 
To The Channe I 

Reod Key,Oota,And 
Code Check Byles 
From The Device 

Channel End 
Device End 
In Status 

Raise Status 
In 

End Procedure 
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Keep Count Of 
Where You Are. In 
The Gap 

Unit Check In Status 
Bus Out Parity On Sense 

Unit Check In Status 
Command Reject And 
Inva lid Sequence On Sens 

Unit Check In Status 
Command Reject And File 
Protect On Sense 

Initial Status Byte 
Being Set Up 

Chained Reselection 
After Search 10 
Equal or WRT CKD 

Go Through 
Selection 
Sequence 

Drop 
Address In 

Decode 
Command 
Erase 

Figure 3-22a. Erase Command - 2311 
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At The End Of Search 10= 
The Key And Data Length ' 
Were Retained For Use By 
Subse uent Commands 

Yes 

Yes 

Raise 
Status In 

Drop 
Status In 

No 

End Of Data Field 
Write Imm4ldlate 

Unit Check In Status Unsafe 
And Equipment Check In .... --/ 
Sense 



No 

No 

No 

No 

Pick Up Key Length 
Count I Put I nto A 
Counter For Use In 
Clocking Through The 
Key Areo 

Clock Through Key 
Area U.ing Key Length 
Byte Set Up In 
Counter For Control 

Rood In Two 
Code Check Bytes 

Drop Rood Gate 
Set Up A Counter 
For Gap Control 

Figure 3-22b. Erase Command - 2311 

1 
No 

No 

No 

No 

Ral •• Rood Gat. To 
Device And SERDES 

Pick Up Data Length 
Count, Put Into A 
Counter For Use In 
Clocking Through The 
Dota Areo 

Clock Through Dota 
Area Using Dota Length 
Byte Set Up In 
Counter For Control 

Rood In Two 
Code Check Bytes 

Drop Rood Gate 
S.t Up A Counter 
For Gap Control 
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Unit Check In Status 
Unsafe And Equipment 
Check In Sense 

Post Channel End-Device 
End-Unit Exception In 
Status' 

Channe I, Device End, 
Unit Check In Status 
Appropriate Error 
On Sense 

Figure 3-22c. Erase Command - 2311 
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No 

Tum On The 
Write And 
Erase Gates 

Set Up 
To Write Ones 

No 

Yes 

Check For Bus Out 
Parity, SERDES Check, 
And File Safe 

Raise 
Status In 

Set Up A Counter 
To Control Dropping 
Of Erose Gate 

4 

No 

Chan And Device End 
* Chan And Device 
End And Unit 
Exce!!.tlon For 
End-Of-Flle 

Approximately 60 psec 



Note: Chaining takes place 
while timeout proceeds 

/ 
/ 

No 

No 

/ 
/ 

/ 

Figure 3-22d. Erase Command -2311 

Drop 
Statu. In 

Drop 
Op In 

Yes 

Drop Erase 
Gate To Device 

Do The Next 
Command 

Go To The CU End 
Polling Inlerrup! 
Sequence 

No 

No 

Drop Erose 
Gole To Device 

Drop 
Status In 

Drop 
Op In 

Set Up To Indicate 
CU Busy If Addressed 
While Time Out I. 
Proceeding 

Return To Initial 
SE:lection Loop 

No 

Indicale CU Busy To 
Channel.Set Up To Take 
A CU End Polling 
Interrupt When Timeout 
In Completed 
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3. 5 CONDENSED MICROPROGRAM LOGIC 

The purpose of this section is to give the overall 
organization of the microprogram (Figure 3-23). A 
functional description of each section of the program 
is included. 

Register usage and bit coding is given on CLD 
pages QA008 and QA009. status register and OP 
register bit usages are given on the CLD pages on 
entry to a section of the microprogram. 

The microprogram is printed on the CLD's in 
full feature form. To follow the CLD's use the 
blocks that are in the machine depending on the 
features installed .. (Refer to microblock symbology, 
line 7 for replaceable-word-code assignments.) 

Refer to the TROS bit assignment chart (Figure 
2-39), Figures 2-3 and 2-4, and the CLD's to the 
follow the flow. 

3.5.1 General 

The operational microprogram is divided logically 
into five general sections and several sub-sections 
within each section (Figure 3-23). These,sections 
are: 

1. Select the 2841 . 
a. Initial selection 

1) Channel initiated (start or test 1-0) 
2) Polling interrupt (2841 initiated) 

b. Chained res election (command word 
chaining) 

2. Command decode 
3. Initial status presentation 

a. Write immediate 
b. General 

4. Command executi()n 
a. Load counts 
b. Control commands 
c. Read and clocking commands 
d. Write commands 
e. Search/scan commands 
f. Gap spacing routine 
g. Burst byte and exit decisions 
h. Decode sense information 

5. End procedure 
a. Disconnect from channel 
b. Deselect file 

3. 5. 2 Initial Selection 

After a power on reset or at the end of a chain of 
commands, the microprogram enters the initial 
selection routine. The program loops, and is waiting 
for SELTO to rise. Two ways for SELTO to rise 
are: 
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1. A start or test I/O is given and the control unit 
part of the address out byte matches the pre­
wired 2841 CD Address. 

2. The 2841 raising request in (polling interrupt) 
allows SELTO to rise when channel transmits 
select out. 
SELTO up causes the 2841 to branch out of the 

loop to microblocks which test for type of selection. 
SELTO can be raised by one of the following: 

a. SELTO comes up via polling interrupt and 
is most likely a result of interrupt channel A 
from unchained SE EK commands. 

b. SELTO comes up via polling interrupt with 
ST (2) on, indicating some status informa­
tion stacked in the 2841. 

c. If SELTO comes up via polling interrupt 
with ST (2) on, this indicates that the 2841 
was addressed while finishing a write op­
eration. This condition indicates that the 
CD was busy when addressed and is not now 
busy causing request-in to be set by the 
queued latch. The CD now transmits a 
CD end status byte. 

d. SELTO was raised from channel by a start 
or test I/O command. 

e. In this case outstanding status is also held 
in the 2841. 

The following items are accomplished in the 
initial selection routine: 

1. Operational-in raised. 
2. Poll-enabled and queued latches reset. 
3. The file mask information is reset. 
4. The device part of the address-out byte is con­

verted from 3-bit channel coding to one of eight 
bit module select type coding. 

5. Address-in is raised. 
6. The module select number is used in determin­

ing the type of device selected. This is ac­
complished by two CE punched ROS words. It 
is necessary for the 2841 to know the device 
type since there are slight differences in the 
microprogramming for each type. 

7. The device type interface is selected. For 2311 
this is accomplished with an 1- FT statement. 
This selects the 2311 file tag interface register, 
thereby routing the output of DR to the 2311's. 
2 - FT or 4 - FT selects the feature device file 
tag register, and blocks the 2311 file tag regis­
ter. In this way, the output of DR is routed to 
the feature devices. 

8. The interface is checked for unselected status. 
If there is any, the microporgram posts unse­
lected status, waits for command -out, goes to 
the end procedure, transmits unit-check to the 
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chaJlnel, and eXPaJlds the error into 3 sense 
bytes, when a sense command is received. 

9. Select a file by placing module select number in 
DR. 

10. Wait for command-out. 
11. Check operable. If inoperable, expand into 

either off line, busy, unsafe, seek-·incomplete, 
or end-of-cylinder indication. 

12. Check gated-attention. If gated-attention from a 
selected device is up on a test I/o operation, 
device-end in the initial status byte is set. 
Device-end and busy are set in the initial status 
byte on a start I/O operation. For both com­
mands, device-end is cleared if channel does 
not stack the status byte. 

13. Raise control and head-select tags. 
14. The microprogram now exits to command 

decode. 

3.5.3 Command Decode 

Command Decode has entries from initial and 
chained res election. In this section, the command 
is first decoded into either control, read, search, 
write, or test/sense I/O. The commands are then 
further decoded into IPL, RA, count, key, data (or 
combinations of these), control, sense or test I/O. 
Testing of the command by the file mask is done in 
this section. If the command violates the mask, the 
program exits to end procedure. In this section, 
the original command byte is destroyed and a new 
one formed. (Refer to QA009 for coding of the 
orientation data which identifies where the last 
command ended. ) 

All of these commands exit to the initial status 
presentation routine in order to present initial 
status to the channel. As the microprogram must 
have a method of entering the section of the micro­
program selected by the command decode after 
presenting status, the operation register is set with 
a constant to allow branching to the selected section. 

In addition, one of the registers is set with a 
code to indicate to the microprogram the types of 
fields. if any. to space over before starting the exe­
cution of the commaJld. 

Examples: 

1. An unorientated read data command with the 
MTM bit off. BY equals: 00010110. This indi­
cates a read data operation. with a skip of two 
fields before execution. 

2. A write data command chained from a search 
key equal. BY equals: 10011000. The last 
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command ended after a key area. The micro­
program next begins in a data area. 

3.5.4 Initial Status Presentation 

3.5.4.1 General 

This section is used to present initial status to the 
channel. In addition, the timing relationship to the 
track is maintained if the microprogram is oriented 
to the track. Also. index is checked in case read or 
write gate is still up. Read gate, if down, is 
turned on by the initial status routine. If the com­
mand does not need read gate up, it is reset in the 
command section. 

3. 5.4. 2 Write Immediate 

This area is used to present initial status to channel 
for all commaJlds which begin writing immediately. 
The timing relationship to the track is maintained. 

At the proper time, write and erase gates are 
raised. Based on the previous s.etting of ST register 
bits, the microprogram either begins writing bytes 
of zeros (alpha gap), or continues writing bytes of 
ones (After a formatting write, not HA). 

If there are no errors, exit is to the load counts 
section. OP now contains the type of operation aJld 
the track orientation necessary to accomplish the 
operation. 

3.5.5 Load Counts 

The load count routine is used on read and search/ 
scan operations. It checks the type of command 
(CKD, KD, D), the present orientation to the track 
and sets up to read or clock the next field. The 
routine must maintain the totals of key length and 
data length for use in the gap spacing routine. 

Load count also checks for end-of-file, data 
length of .zero condition, missing key area, and key 
length zero. The load count routine sets up the con­
trols to handle these conditions in the read or 
search/scan routines. 

3.5.6 Write Operations 

The write routine is entered from either the general 
section or the write immediate section of initial 
status. The write routine writes gaps (including 
address markds), handles service in/service out 
responses to receive data from the channel, and 
ST4 responses to supply bytes to SERDES. 



This routine ha~ its own load count section. It 
must keep track of orientation to the track for for­
matting the track and writing the beta gap. The al­
pha gap is written in the gap spacing routine. The 
routine loops within itself until the last area is writ­
ten. It then exists to the end procedure. 

3.5.7 Control Operations 

The control command section is a group of routines 
which handle the control commands. The device type 
and the type of operation to be done are determined 
by the microprogram. Seek limits are set up de­
pending on device type. The service in/service out 
responses are handled in order to transfer the ad­
dress data to the 2841. The address data limits are 
checked. The address data is decoded. The address, 
data and the proper tags are sent to the devices. The 
tags vary depending on the device type. '" 

This section also handles the set-file-mask 
command. The mask data is received from the 
channel and stored for use on seek and write com­
mands. Checking commands with the file mask is 
done in the command decode section. 

The space-count and erase commands are 
handled in the write section even though space-count 
is classed as a control command. 

3.5.8 SenseOperations 

The sense I/o routine is entered from the initial 
status presentation routine after the status byte has 
been accepted by the channel. 

A test is performed to see if the sense infor­
mation is stored. If the information is not stored, 
the routine transfers bytes of zeros to the channel 
with the exception of the file status byte. If the in­
formation is stored, up to six bytes of information 
are transferred to the channel depending on the count 
in the COW. The routine controls the service-in! 
service~out responses for the transfer and keeps 
track of how many bytes have been transferred. 
Exit is made to end procedure. 

3.5.9 Flag Byte Processing 

The flag byte processing routine is entered on all 
address-mark-search, read or search HA and read, 
write or search RO operations. This routine checks 
for missing address marks, overflow records, and 
track condition bits. On search HA commands, the 
routine also stores the flag byte to be used in writing 
flag bytes on other records on the same track. 

Exit is to the read/clocking or search/scan rou­
tine if the track condition is good. If the track con­
dition is defective, exit is to end procedure. 

3.5. 10 Index Processing 

The index processing routine may be entered from 
initial selection on read, write, search HA or RO 
operations. 

This routine checks for missing address marks, 
no-record-found indications and timing conditions 
when index is needed to control the operation. 

On write-horne-address operations, the index 
processing routine requests the flag byte from the 
channel and sets up to control the size of the HA gap. 

On multi-track operation, this routine handles 
head advancing and checks for an end-of-cylinder 
condition. . 

3.5.11 Read/Clocking 

The read/clocking routine is entered from flag byte 
processing, search/scan or gap spacing. 

The read routine must service the ST4 responses 
from SERDES, transfer the byte through ALU to in­
sert the parity bit if needed, generate burst bytes 
and handle the service-in/service-out responses to 
transfer the information to the channel. The routine 
also handles field count decrementing to determine 
when the field operated on has been completed. 

The routine is used for clocking over areas that 
are not needed for the command being done, i. e. , 
key area on a read data CCW. This is done by not 
setting up the service-in/service-out response. 
Therefore, no data is transferred to the channel. 
Burst byte generation is done but errors do not cause 
an exit to end -procedure while clocking. 

Orientation to the track is updated in the read/ 
clocking routine so that the proper decisions may 
be made in the burst byte and exit decisions section. 

3.5.12 Search Operations 

The,search routine handles the service-in/service­
out responses in write mode in order to transfer 
data from the channel. The search routine also 
handles the ST4 responses' from SERDES in order to 
transfer data from the device. The routine transfers 
data through the ALU for parity generation. Burst . 
bytes are also generated. The data from the channel 
and the data from the device are compared on a byte­
for~byte basis for high, low or equal as determined 
by the command. The routine sets controls which 
later cause setting of the status modifier if the 
conditions are satisfied. 
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Exits are made to burst byte processing or 
clocking routines as called for by the type of 
command. 

3.5.13 Scan Operations 

The scan routine replaces the search routine if the 
scan feature is installed. 

Search operations work in the same manner as 
before. 

Scan operations are the same as search opera­
tions with these exceptions: 

1. The scan routine must be able to suspend com­
paring when a mask byte (Hex FF) is received 
from the channel. 

2. Because scan operates on the data area as well 
as on count and key areas, the scan routine 
must decrement a two-byte count. 

Exit is made to burst byte processing or clock­
ing routines. 

3.5.14 Burst Byte and Exit Decisions 

Entry to the burst byte and exit decisions section is 
from read/clocking or s.earch/ scan routines. 

This routine reads the two code check bytes 
and exclusive OR I S the two check bytes with the 
generated burst bytes, and checks both bytes fo.,.. 
zero. If the result is not zero, set burst errOr 
condition for use in the sense bytes. 

Track orientation is updated in this routine and 
an exit decision is made to return to read/clocking 
or search/scan by way of the gap spacing routine or 
exit to end procedure. 

3.5.15 Gap Spacing Operations 

Entries to the gap spacing routine are from the 
burst byte and exit decision routine, or from the gap 
writing routine. The gap spacing routine contains a 
timer which is set up to control the resetting of read 
gate and the timing out and turniilg on of read gate. 
Read gate is turned on in order to read the sync byte 
in the gap to locate the next record. Exit from the 
read gap spacing routine is to the index processing 
routine on overflow records or to the initial status 
presentation routine. Entry to the initial status 
routine is made after the presentation of status is 
complete in order to make decisions on entering the 
next area. 

The gap writing routine contains a timer to con­
trol the number of bytes written in the gap. The 
routine also controls the byte configuration for the 
gaps. The number of bytes written varies depending 
upon the type of device being used. This routine 
writes up to, but not including, the sync byte which 
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is taken care of in the write routine. Exit from the 
gap writing routine is back to the write routine. 

3.5.16 End Procedure 

Entry to the end procedure routine is made from 
command -decode, initial-status -presentation, write, 
index processing, burst byte or exit decisions rou­
tines. Entry is also made from any place where an 
error may have occurred or an end of operation de­
tected.. End procedure determines if a chained or 
unchained end of operation exists and presents the 
ending status of the operation. 

To present the ending status, the status-in/ 
service-out response within the end procedure rou­
tine is controlled. This routine also sets up a timer 
on chained operations to determine if the next com­
mand is received without an over-run condition. The 
end procedure routine also regenerates the address 
of the selected device for use in the chained and 
initial selection routines. 

Exits from the end procedure timed section for 
chaining operations are to the chained reselection 
section. Exit from the end procedure untimed rou­
tine is to the initial selection loop to wait for the 
next operation. 

3.5.17 Chained Reselection 

Entry to chained res election is from end procedure 
in operations that are indicated as being chained from 
the previous operation. Because the next operation 
must come within a given amount of time in order to 
prevent running into the next area of the track, a 
timer is maintained to control the turning on and off 
of read gate, write gate and erase gate. 

Checks are made within this routine for index, 
in case index may enter into the sequence of the op­
eration. If an index is detected, the program exits 
to the index processing routine. A check is also 
made to see if the selected device is safe or unsafe. 
If the device is found to be unsafe, the routine exits 
back to end procedure in order to indicate to the 
channel that the selected device can no longer be used. 

Before exiting from the chained reselection rou­
tine, an indicator is set up to indicate to command 
decode, whether the device is oriented for a write or 
a not-write condition. Exit from the chained re­
selection routine is to command decode in order to 
wait for the command and decode it before going on 
with the next operation. 

3.5.18 Command Orientation Summary 

Refer to Figure 3-24 for the valid orientation at the 
beginning and end of each command. 



Command Valid Orientation Orientation State 
Command 

Prerequisite State at Beginning at Completion of 
of Commond Command 

Reod CKD None AM Doto 
,..- - . 
.... UUIII 

Reod KD None AM Data 
Count 
Key 

Read 0 None AM Data 
Search Equal Count 

Count or Key Key 
Write CKD (Also Write CKD Data Data 
Write Special CKD) Write RO 

Search Equal Count 
Write KD Count Data 

Search Equa I Count 
Write 0 Count or Key Key Data 
Search 10 None AM or IP Count 

AM 
Search Key None Count Key 

AM 
Search Key-Data None Count Data 
Search Home Address None IP Home Address 

Home Address 
Read RO None IP Data 

SFM 
Search Equa I 

Home Address 
Write RO Write HA Home Address Data 
Read HA None IP Home Address 
Write HA SFM IP Home Address 
Read IPL None AM Data 
Read Count None AM Count 
Control Space Search (any) 
Record Read (any) AM Reset Orientation 

Search Equa I 
Count or Key Count 

Write CKD Key 
Control Erose Write RO Data Data 
Control NOP None Any Reset Orientation 

Figure 3-24. Command Orientation Summaty 
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4.1 GENERAL POWER SUPPLY DESCRIPTION 

The 2841 contains the necessary power supplies for 
the operation of 2841 circuitry and certain voltages 
for the attached devices. The 2841 power supplies 
furnish the following voltages for internal use: 

+6vdc, +3vdc, -3 vdc , +12vdc, -36vdc 

In addition, the 2841 supplies the following volt­
ages to the attached 2311 's in the subsystem: 

+6 vdc, +3 vdc, -3 vdc, -36 vdc 

Power input to the 2841 is 208/230 vac 3 phase 
30 amperes for 60 cycle machines. Power input for 
50 cycle machines in 195, 220/380, or 235/408 vac 
3 phase. Taps are provided on the input trans­
formers of the power supplies to match the voltage 
supplied by the customer. 

Each power supply is equipped with a voltage 
regulator card and a circuit breaker for over­
current protection. The output voltage of each of 
the supplies can be adjusted by means of a potenti­
ometer on the supply. For more information on 
power supplies refer to IBM Field Engineering 
Manual of Instruction Solid Logic Technology Power 
Supplies, Form 223-2799. 

All power supplies are brought up together ex­
cept the + 12 vdc supply which must wait until +6 vdc 
comes up. 

The 2841 provides a controlled ground to the 
attached 2311's and 2303's to control power on and 
off sequencing of the devices. When 2303 Drum 
Storage units· are installed, the sequencing controls 
first power up the 2303 units and then power up the 
2311 'so 

The 2841 provides 208/230 vac, 3 phase power 
to the attached 2311 's and 2303's via CB-2 and CB-3. 
AC power to 2303's comes directly from CB-3. AC 
power to the 2311's is controlled by K2 and CB-2. 

The 2303's power up and down under control of 
the 2841 power sequence controls. The 2841 power 
down sequence is held up until the 2303's have 
powered down. 

I CAUTION: 208 vac is available to the 2303 even 
when the 2841 power is down. The 208 vac is used 
in the 2303 to keep the drum housing blower going 
at all times. 

CHAPTER 4 POWER SUPPLIES AND SEQUENCING 

All DC power for the 2303 is supplied by the 
2303. 

Due to the AC power reqUirements of the 2303, 
the number of 2311 's also on the same 2841 must be 
reduced. With one 2303, from zero to three 2311 's 
can be attached. With two 2303's, no 2311's can be 
attached. 

There are RPQ's (request for price quotation) 
available to attach additional 2311 's. 

Power on/off control of the 2841 is controlled 
by the CE/normal (remote) switch. With the CE/ 
normal switch in the CE position, power must be 
brought up and down by means of the ON/OFF switch 
on the 2841 CE panel. With the CE/normal switch 
in the NORMAL position, power on and off is under 
control of the using system and the CE panel controls 
are inoperative. Emergency Power Off can drop 
power regardless of the position of the CE/normal 
switch. (Figures 4-1, 4-2, 4-3, 4-4.) 

4. 1. 1 Power Supply Components 

4. 1. 1. 1 Circuit Breakers 

CB - 2 
CB - 3 

20A - AC power to 2311 's 
30A - All power to K2, eB 2, 

and convenience outlet 
and 15 vac, 40 vac, 24 
vac transformers. 

4.1.1. 2 Circuit Protectors 

CP - 1 3A - +6 vdc power supply 
no. 2 

CP - 2 3A - -3 vdc, -36 vdc, 
CP - 3 3A - +3 vdc, +6 vdc no. 1 
CP - 4 lA - 24 vac, +12v (1.5A, 

50 -) 
CP - 5 (60 ..... only) 5A - Convenience outlets 

-115v 

4.1.1. 3 Contactors 

K - 1 
K - 2 
K - 3 

convenience outlet contactor 
2311 and power supplies contactor 
Emergency power off contactor 
(There will be no 24 vac control 
power if K3 is not up) 
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K2 
Pick 

R6 
Pick 

R5 
Pick 

208 Vac 
3/Phase 

2841 

I 
C83- This Wi II Bring Power To 24 Vac Control XFRMR 

I 
24 Vac 

I 
Kl, K3 
Picked 

KI - Power To Convenience Outlet 
K3 - Emergency Power Off Circuit Is Normal 

Normal CEA r----------------------( Normal )-----------------------, 

2841 
Pc;>wer On 

Button 

----\ 
----\ 
-( 

I 
R2 • R3 

Pick 

I 

208 Vac To 2311 's - 2841 Fans 
2841 Power Supplies 

6 VDC Supply 
Is Up 

Power On Hold - All Circuit 
Protector Normal - R5-2 N/O 
Provides Hold To K2 Contactor 

Using System 
Initiates Power 
Up Sequence 

Start 
Rl 

Timing 

2 Sec 
Delay 

Ready Relay Picks - Power On }-- R4 2841 Is 
Reset Drops - Give Logic Start Pick Powered 
To The 2841 Up 

l...-_r----J 

Pass Pwr Seq 
Control To 
Next Cant 
Unit 

Figure 4-1. Power On Sequence 
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Press 
2841 

Power Off 

Remove "Controlled Ground" 
From 2311's To Initiate 
Power Off To Files 

R4 R5 
Drop 

K2 
Drop 

R6 
Drop 

2841 Is Powered Down­
KI, K3, And RIO 
Remain Up Unless CB-3 
Is Turned Off 

Figure 4-2. Power Off Sequence 

CE 

Open 

2841 
Power Is Up 

R2-R3 
Drop 

Rl 
Drop 

Drop "Ready" And 
Power On Hold 

Drop AC Power To 
Supplies And 2311's 

Normol 

Closed 

Using System 
Drops Power 
Control Hold 

Stop Power Off Sequence 
Until All 2311 Heads Are 
Retracted-Insure Voltages 
To Maintain File Safety 
And Drive To Hydraulic Unit 
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Emergency Power 
Off Activated 

I 
Drop K3 

In 
2841 

I 
Drop 24 Vac 

Control 
Power 

I 
Drop All Relays 
And Contactors 
In 2841 

I 
Power Is Removed From 2841 
Back To The Input Of Kr & K2 

Figure 4-3. Power Off Sequence - Emergency Power Off 

Drop "Reody" And Power 
On Control Hold 

I----{ Drops When 6 VDC Drops 

At This Point The 2841 Will Not Automatically Sequence Up When 
The Circuit Breaker Is Restored - Place The CE/Normal Switch In CE 
(This Activates The Power On/Off Controls On The 2841 CE Pane 1)­
Press The Power Off To Restore The 2841 Power Sequencing Controls­
Press Power On (On 2841) To Bri ng Power Bac k Up Ago in. 

Figure 4-4. Power Off Sequence - Power Supply Overload or 
Circuit Protection Trip 
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4. 1. 2 Thermal Considerations 

There are four thermal cutout switches. One is 
mounted in the TROS gate A. One is mounted above 
board Bl and one is mounted above board C2. The 
fourth thermal is mounted above the power supplies. 
Opening of any of the thermal switches drops R6 which 
drops R4 and R5 causing a normal pow~r down sequence. 

4. 1. 3 Marginal Checking 

No facilities for marginal checking are provided in 
the 2841 other than actually varying the voltages at 
the power supplies. 

4. 1. 4 Power Distribution 

The power supply outputs are fed to bus bars on the 
front side of the 2841. From these bus bars, the 
voltages are distributed to various points in the 
machine. 

The A gate receives its power via a laminated T 
bus which ends in terminal strips on the bottom of the 
A gate. The A gate receives the following voltages: 

-36 vdc 
+12 vdc 
+3 vdc 

-3 vdc 
+6 vdc 
ground bus 

The TROS gate receives the following voltages 
via a laminated T bus on boards Al and A2 on the 
TROS array; 

+3 vdc 
-3 vdc 
+6 vdc 
ground bus 

Cooling fans for the A gate, TROS array and the 
power supply stack receive their ac power from 
terminal strip TS-l located within the ac sequencing 
box on the left side of the 2841. 

4.1. 5 Power Interlocks 

Relay 1 is a 2 second time delay relay which begins 
timing when power sequencing is started on the 2841 
(CE or NORMAL (REMOTE». Two seconds after the 
sequencing has begun, the power on hold control is 
transferred to relay 5, if relay 5 has not picked at 
this time, power will sequence down. The 2 second 
time delay also allows 2 seconds for power on surge 
current to settle down before allowing the next con­
trol unit to begin its power up sequence. 



5. 1 2302 MODELS 3 AND 4, 2321 AND 2303 
ATTACHMENT 

• Provides circuitry to attach 2302 Models 3 and 
4, 2303, and 2321 devices. 

• Provides signals to control device operation. 

• Provides signals to the basic 2841 from the 
devices. 

• Circuitry for all three devices is on one large 
SL T board A3. 

Board A3 provides the circuitry to attach the 2302, 
Models 3 and 4, 2303, and 2321 devices to the basic 
2841-2311 (Figures 5-1 to 5-11). 

Signals provided by the microprogram are devel­
oped and sent to the devices to control the operations. 
Signals from the devices are gated so that they may 
be used by the microprogram. 

Cell Number 
Type 

Byte 0 Byte 1 

2311 0 0 

2302 Mod. 3 Mod. 4 0 0 

2303 0 0 

2321 0 0-9 

Example of a 2311 Cell Number 0 

binary address (bit configuration) 00000000 00000000 

CHAPTER 5 FEATURES 

Selection of the feature interface is done by the 
microprogram checking the unit address with con­
stants set in the microprogram by the CE to assign 
the device type to a unit address. 

The microprogram selects the 2311 interface 
with the statement 1 - FT; the feature interface is 
selected with a 2 - FT or 4 - FT statement. A de­
scription of the interface lines for these feature de­
vices is included in the applicable device FETO. 

The attachment consists of the same basic units 
as the 2311 attachment; FT and FC registers, mod­
ule selection, attention and file status gating. 

The FT and FC bit decodes vary from the 2311 
decodes and vary with each of the devices. The mi­
croprogram varies the set up of the control lines and 
timings for the type selected. 

Figure 5-12 shows the differences in capacity and 
timing for the devices controlled by the 2841. Figures 
5-13 and 5-14 show the differences in line names and 
controls for the devices controlled by the 2841. 

The addressing scheme for the seek address 
varies with the different devices as shown in the fol­
lOwing chart: 

Cylinder Number Head Number 

Byte 2 Byte 3 Byte 4 Byte 5 

0 0-202 0 0-9 

0 0-249 0 0-45 

0 0-79 0 0-9 

0-19 0-9 0-4 0-19 
Subcell Strip Bar Head No. 

Cylinder Number 163 Head Number 5 

00000000 10100011 00000000 00000101 
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Drive Select 
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FT 0 = Control 
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Notes: 2 Usee Per Division 

1 .. Set pulse duration is 2,1J1ec minimum. 
2 .. Address lines shall be activated from 
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Figure 5-5. Serial Address Sequence 
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Figure 5-7. Device Control Gate 

5. 1. 1 Device Attachment Limits This feature permits the installation of 2302, 2303 or 
2321 direct access storage devices. Any combination 

5. 1. 1. 1 Attachment Limits of Basic 2841 of devices that does not exceed eight accesses can be 

A maximum of eight 2311 's may be attached. installed. For this count, the number of accesses 
per physical device is: 

5. 1. 1. 2 Feature Device Attachment: 
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Figure 5-10. File Status 

Unit Maximum number of units/configuration with no 2303's Type 

*2302-3 43332222221111111111000000000000000 
2302-4 00001000001110000000211111000000000 
2311 02100432102106543210043210876543210 
2321 00120012340120123456001234012345678 

Unit Maximum number of units/configuration with one 2303 Type 

*2302-3 33222211111100000000 
2302-4 00000011000011110000 
2311 10321010321032103210 
2321 01012301234501234567 

Unit Maximum number of units/configuration with two 2303's Type 

*2302-3 321 1 00 
2302-4 001010 
2311 000000 
2321 020426 

* A 2302-4 should be substituted for each multiple of two 2302-3',. 

In all cases the 2302 must be an even module 
select number. The 2302-3 must connect to either 
D, F, H, or K I/O connector. The 2302-4 must con­
nect to either D or H I/O connector. 2321's must 
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Useable Area 
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FT 6 ~ Optional 
Interface 

AltCA 13 
Selected 

always be the first units connected to the 2841 on the 
multiplex cable. 

5.1.2 2302 Operation 

• Provide selection, address transfer and head 
selection of 2302. 

When the channel command calls for a 2302 operation, 
the microprogram determines that a feature device 
is called for and gives a 4-FT statement to select 
the feature attachment. FT bit 5 and not FT bit 6 
determines that the 2302 is selected. (Figures 5-1, 
5-2, 5-4, and 5-5). 

The operation is the same as for a 2311 with the 
exception of the head-address transfer to the 2302, 
which is a 16 bit address for the 2302. First, the 
units byte is placed in the address register and then 
the high order byte is placed in the Fe register. 
The address register and the Fe register are gated 
to the 2302 as a 16 bit word. 



FT 5 or FT 6 Optional Interface Selected 

2303 Operative 

ACC or Drive Operative 

ACC or Drive Ready 

Not Invalid Address 

Not Write Gate 

Read Safety A 

OR 

Write Safet 

Not Erase Gate 

A 

Erase Gate OR SSI 

A 

Write Safet 

Not Write Gate 
A 

Optional Fi Ie Interface 

Set FT Reg 

Figure 5~11. Fail Safe 

The 2302 has the same bit rate and format as 
the 2311 and uses the same read and write circuits 
in SERDES. The HA gap is larger than the HA gap 
for the 2311 (Figure 5-15). 

5.1.3 2321 Operation 

• Provide selection, address transfer and head 
selection of 2321. , 

When the channel command calls for a 2321 opera­
tion, the microprogram determines that a feature 
device is called for and gives a 2 .- FT statement to 

Safe Latch Safe To Head Select 

FL 

To Write Gate 

Safe Control 

FL 

Alt CA 12 ---------l A 
CN5 

D Time --------t A 
OR 

select the feature attachment. FT bit 6 and 2321 on 
line determines that the 2321 is selected. (Figures 
5-1, 5-3, 5-4, and 5-5.) 

The 2321 operation is different than the opera­
tion of the 2311 and the 2302. The address transfer 
sequence and timing for the 2321 are shown in Fig­
ure 5-5. 

The slower byte rate of the 2321 requires the 
use of a 875 kc-write-oscillator. The selection of 
a 2321 operation gates the 875 kc oscillator and de­
gates the basic 2. 5 mc oscillator. 

The slower byte rate also requires a different 
VFO circuit. The operation of this VFO is the same 
as the basic VFO but at a slower timing rate. The 
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Function 2311 2321 2302 2303 

Pack or Module 7.25 million 8 bit bytes 400 million 8 bit bytes 112.79 million 8 bit bytes 3.91 million 8 bit 
lCapacity Per Module . bytes 

Tracks Per 2,030 200,000 11,500 800 
Module or Access 

Tracks Per Head 203 5 250 1 

Number of Heads 10 20 46 800 

Track Capacity 3,660 2,031 5,046 4,892 

Maximum Record 3,625 2,000 4,984 4,892 

Rotation Period 25 ms . 50 ms 33.83 ms 17.5 ms 

Byte Rate 156.2 kc 51.1 kc 156.3 kc 303.8 kc 

Access Time 
Maximum 135 ms 600 ms 180 ms 17.5 ms 
Average 85ms --- 162 ms 8.6 ms 
Minimum 25 ms 95 ms 50 ms 0.0 ms 

Figure 5-12. Differences in Specifications 2311, 2302, 2303, and 2321 

block-bit-ring-advance single shot is timed for 
4600 ns instead of 1600 ns (Figures 5-16 through 
5-19). 

The track format is changed for the 2321 by 
the addition of an address mark ahead of the HA 
field. 

On the 2321 if a defect is found on the strip in 
the HA or Record 0 areas they may be moved approx 
imately 800 bytes from index. This is done by 

5-14 (7/69) 

making the flag byte bits 1 and 6 one's and by doing 
a write-HA-CCW. 

A restore command is added with the 2321. This 
command causes the 2321 to take the strip from the 
read station and return it to the cell (Figure 5-20). 

The 2321 attachment circuits, flow charts of 
operations, and timing charts are shown in the 2841 
Stage 2 FEMDM (pages 1221, 1613, 1712, 1737 and 
included on other diagrams). 



Function 2311 Selected 2321 Selected 2302 Selected 2303 Selected 
by FT 7 bl FT 6 by FT 5 by FT 6 
IE 7 I 6 IE 5 IE 6 & 3 

Seek Address 20~ t~~cks in one binory Cell, subcell,strip,head Cyli,nder ~~~ hea~ 80 cylinders ond 
COded Dyre, posirion and head number, numDer, L!)U rrac kS 10 heads. 
Head address sent 200,000 tracks and 20 and 40 heads (46 heads 
later heads if flag trac ks used). 

Address data 1 byte parallel 5 bytes serial. 2 bytes serial. 2 Bytes serial 
transfer to 
interface 

Address data 1 byte parallel 5 BCD digits serial. 4 BCD digits parallel. 3 Digits parallel FT 1 set 
transfer to device. FT l=set cylinder FT 1 set cell FT 1 set cylinder. Seek Complete FT 3 sets 

FT 2 set head number. FT 2 set head number. head address to OA 
FT 3 set finger. FT 4 set flag. Register 
FT 4 set head position. FT 3 sets head address 
FT 5 set sub cell. to OA register. 

Seek start Separate command Separate command Seek operation starts No motion required but 
(FT 0 and FC 2) (FT 0 and FC 2) when cy Ii nder address selection starts with head 

transfered to dev i ce. address set FT 2 
Seek Complete Signal 
turned on by FT 1 • 

Head address. 10 heads in portion 20 heads in 5 bits. 40 heads in 2 BCD 10 heads in one 
of binary coded byte. digits, byte. 

and 6 flag heads for 
a total of 46 tracks. 

Head address Separate transfer Separate transfer May be separate or sent Same as 2302 
transfer to device. parallel (requiring sepa- parallel (reset not at seek address trans- SetbyFT2. 

rate reset operation). required) , Set by fer time (reset not 
Set by FT 2. FT 2. required) . Set by FT 2. 

Head advance Incrementing head Static register in device. Static register may Same as 2302 
(multiple track). register steps ahead Head address stored in be incremented (Ot 

one when FT 4 and interface register. Read decremented) by setti ng 
FT 0=1 out to A bus, incremented new head address. 

in ALU and read back to Operation same as 2321 
interface register. Set 
to device with FT 2 

Select head. Must be latched into Same as 2311. Same as 2321. Same as 2321 
FC 5 but kept on Set by (FT 0 and FC 5) Set by (FTO and FC 5). Set by (FTO & FC 5) • 
thro~hout entire if write safety (from 
read write operation. device) is down. 

Read gate. Must be held up Not required by 2321. Same as 2321 Same as 2321 
throughout entire read Developed in interface erase gate control 
operation. Set by FT 0 for serializer/deserializer. required. FT~, 
and FC 1. FT 0 and FC 1. FC 0 and FC 4. 

Write gate. Must be held up Same as 2311 Write gate must be held 
throughout entire data except erase gate not up throughout data 
transfer to 2311 • 2311 required, instead write transfer. Neither erase 
requires erase gate control status Ii ne to 2311 must 
when write gate used. be controlled when gate or write status 

FT 0, FC 0 and FC 4. write gate is used. required. FT 0 & FC O. 
FT 0, FC 0 and FC 4. 

Figure 5-13a. Differences in Opel'ations 2311, 2302, 2303, and 2321 (Sheet 1 of 4) 
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Function 2311 2321 2302 2303 

Erase gate. Must be held up through- Erase gate not used, Same as 2311 except E rase gate not requ i red 
out data transfer. Must however equivalent erase gate must ~e held (FT 0 & FC 0 provides 
be held 9 btes after signal is write status. up a minimum of 40",5 write gate) • 
write gate ails. FT 0, Write status must rise (more than 7 bytes) • 
Fe 4 and FC 0) • .5",5 prior to write gate. FT 0, FC 4 and FC 0) • 

FT 0, FC 4 and FC O. 

Return to 00 Used for initial program Return to 00 not No such function No such function. 
load. To position used, an equivalent aVClilable in 2302-3 
access to cylinder 000. signal restore used to and 4. Can be achieved 
F~ 0 and FC 6. replace strip in cell. by seek operation to 

FT 0 and FC 6. invalid address followed 
by see k to any address. 

Set difference Used to indicate direct No such ~unction. Same as 2321. Same as 2321 • 
seek data. FT 3. All seeks are direct 

, seek. 

Head reset. Used to set head address Equivalent function Same as 2321 • Same as 2321 • 
to 00. is set head oddress. 

FT 2. 

Set control Used to indicate Used to gate data bus Same as 2321. Same as 2321 • 
that bits on data line signals to proper cable 
represent control data. connections on 2321 
FT O. channel. FT O. 

Attention. Signal from 2311 to Same as 2311. Signal Some as 2311. No motion required. 
2841 that seek operation is turned off by FT 0 However ,Attention signal 
has been completed. and FC 1 on next module is response to set Seek 
gated to ALU by ALT select operation to 2321 Complete Operation at CA 12. SC=Mod #. concerned. SC= Mod # 

gated by ALT CA= 12. present ,reset by mod select. 

Old address. lines to 2841 which Used to read old head Same as 2321. Same as 2321 • 
represent present nu mber from head address 
cylinder position. register in interface. 
gate~, to ALU by Gated by ALT CA 14. 
ALT CA 14 

Figure S-13b. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 2 of 4) 
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Function 

SlATUS SIGNALS 

Ready 

On line 

Unsafe 

2311 

As explained individually 
below. Gated by ALl 
CA 13. 
Indicates selected device 
is safe and ready ta 
perform. FS 0 and ALl 
CA 13. 

When up indicates 
selected 2311 is operable 
but not necessari Iy ready. 
Goted by ALl CA 13 and 
FS 1 

Signal from 2311 that 
indicates selected 2311 
is unsafe and will not 
perform any operation. 
Gated by ALl CA 13 and 
FS 2 

2321 

Same as 2311 • 
gated by ALl CA=13. 

Exact signal not avai lable 
Equivalent is drive 
ready indicating that 
a strip has been picked 
and is ready or that the 
interlocks are satisfied 
and a seek operation may 
be started. FS 0 and All 
CA 13. 

When up indicates that the 
module number addressed 
was a 2321. 
Separate on line signals 
provided for 2321 and 2302 
and are sent to I E as bits 
3, 5 and 6. If interface 
is selected and no module 
select operation has been 
done or the module selected 
does not exist, all three 
bits (3, 5 and 6) are be on. 
When a module is selected 
only the bit for that type 
is left on. This permits 
the program to test for 
wrong type or missing de­
vice (misplugged cable) or 
selection fai lure. If 2321 
is selected IE=8it 6. 

Signal is generated in 
interface and indicates 
that drive ready, or 
drive operative, or 
read/write safety 
failure has occurred. 
When unsafe condition 
occurs, drop write gate 
deselect head and drop 
write status, for maximum 
protection to data; however, 
the not safe condition is 
latched on for testing pur­
poses until FT register is set. 
2321 unsafe is indicated 

by IS 2=0. Gated by All 
CA 15. File safe indicated 
by IS 2=1 

Note: FC is not reset by 
unsafe if CE switch is in 
local and 2321 is on 
CE track. 

Figure 5-13c. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 3 of 4) 

2302 

Sa me as 232 1. 

Exact signal not available. 
Equivalent is access ready 
indicating that access has 
arrived and seek operation 
may start FS 0 and ALl 
CA 13. 

See 2321 except if 
2302 selected 
IE=8it 5. 

See 2321. Except 
signals tested (moni­
tored) in interface 
are access ready, 
access operative, read 
safety, and write safety. 

2303 

Same as 2321 • 

Signal not avail. 
Equivalent is 2303 
On Line indicated 
by IS 2 & ALTCA 
13 or by IE 3 & 6. 

See 2321 except if 
2303 selected 
IE-Bits 3 & 6. 

Exact Signal not 
Available-- only 
sIgna I returned by 
2303 is 2303 On 
Line. lhis signa I 
is interpreted as 
fj Ie safe. 
2303 unsafe indicated 
by IS 2=0 
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Function 2311 2321 2302 2303 

Seek incomplete Indicates that seek Signal not available. Signal not available. No such signal 
complete did not OCCUI Equivalent signals are Equivalent signals are exists. Equivalent 
within 600 ms after drive inoperative access inoperative condition is fai lure 
seek command was given. (indicalion of motion (indication of motion to get seek camp lete FS 7 gated by control malfunction) circuit fai lure} or CE 
ALT CA 13. or invalid address in cylinder located signa I from 2303. 

file register or a (access located on Seek complete 
physical misposition of non-data surface). Failure indication 
the drive). Drive Access inoperative SC=Not Mod II 
inoperative FS 1=0. FS l=O,CE cylinder Addressed. Gated by 
Invalid address FS 5=0. located FS 7=1. Gated ALT CA 12. 
Gated by ALT CA 13. by AlT CA 13. 

End of cylinder Indicates selected 2311 Signal does not exist. Same as 2321. Same as 2321 • 
has head address of information avai lable 
10 o~ 11 (invalid). from count field on 
FS 5 gated. by AlT CA 13. data track or in OA 

register. in interface. 

Any file attention This is an OR of the atten- Same as 2311 . IS 6 Same as 2311 except Same as 2311 except 
tion signals. IS 7 gated by gated by AlT CA 15. IS 6 gated by AlT CA IS 6 Gated by AlT CA 15 AlT CA 15. 15. 

Figure 5-13d. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 4 of 4) 

Function 2311 2321 2302 2303 

Strip ready Exact si gna I does not I ndi cates that the Exact signal does not Exact signal does 
(2321) exist. Equivalent clutch has been exist. Equivalent not exist. Equivalent 

signal is on line. FS 4 picked and has signal is on line. signal is On line FS 4. 
gated by ALT CA 13. passed early index. FS 4 gated by ALT Gated by AlT CA 12. 

FS 4=1 gated by CA 13. 
AlT CA 13. 

Drive operative Exact signal does not Indicates that drive is Exact signal does not Exact signal does not exist. 
(2321) exist. Equivalent functionally capable exist. Equivalent signal Equivalent signals are: 

signal is ready. FS 0 and a proper drive was is access operative. 1) 2303 On line IE3& 6. 
gated by ALT CA 13 selected and not in CE FS 1=1 gated by AlT 2) File Safe IS 2. 

mode. FS 1=1 gated by CA 13. 3) Attention SC=Mod II. 
AlT CA 13. 4) Any Seek complete.lS 6=1. 

Auto restore Signal does not exist. Indicates that strip is Exact condition does Signal does not 
(2321) being (or has been) not exist. Equivalent exist. 

returned to cell condition is rezero, 
because drive has not indicated by CE 
been addressed for 800 cylinder located. 
ms. FS 6=1 gated by FS 7=1. 
ALT CA 13. 

I nva lid address Equivalent conditions 
(2321) are: 

1) End of cylinder FS=5. Indicates that address in Exact signal does not Condition does not 
2} Seek incomplete, register is invalid or that exist. Equivalent exist. 

FS 7 gated by ALT drive is physically mis- signal is CE cylinder 
CA=13. positioned. FS 6 gated located. FS 6 gated 

by AlT CA=13. by ALT CA=13. 

CE cell located Signal not available. Indicates CE cell I ndicates that access Signa I does not 
(2321) located at access located at non data exist. 
CE cylinder located 
(2302) 

station. surface. 

Figure 5-14. Functions not in the 2311 
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Figure 5-19a. Beta Gap Timing Diagram - 2321 (Sheet 1 of 2) 
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Figure 5-19b. Beta Gap Timing Diagram - 2321 (Sheet 2 of 2) 
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5.1. 4 2303 Operation 

• Provide selection, address transfer and head 
selection of the 2303. 

When the channel command calls for a 2303 opera­
tion, the microprogram determines that a feature 
device is called for and gives a 2 ___ FT statement to 
select the feature attachment. FT bit 6 and 2303 on 
line determines that the 2303 is selected (Figures 
5-1, 5-2, 5-4. and 5-5). 

The 2303 drum storage has a capacity of 3.91 
million bytes, contained in 800 tracks of 4, 892 bytes 
of data. The byte rate is 3.29 /-Ls per byte which is 
much higher than the 2311 byte rate. 

Because of the higher byte rate and the differ­
ences in gap size and bit configuration, (Figures 5-21 
and 5-22) many parts of the basic microprogram 
cannot be used for 2303 operations. 

lead Area 65 Bytes Ones 

Figure 5-23 shows the areas of the program that 
are branched into for 2303 operations. These rou­
tines operate in much the same manner as the basic 
routines, but they handle only 2303 operations, so 
they can operate at a high byte rate. 

The 2303 microprogram tapes are located in 
modules 0, 1, and 2 of the C gate of TROS. The hex 
addresses of these modules are: S·XX, 9XX, and 
AXX. TROS address bit 11 causes the modules on 
gate C to be addressed. 

System programming for the 2303 is much the 
same as for the 2311. A list of differences follows: 

1. Multiple track operation: Allows for multiple 
track operation on all 800 tracks. A full seek 
or cylinder seek command must precede a mul­
tiple track command in a chain of commands. 

2. Defective track flagging: There is no need for 
defective track flagging as the 2303 has extra 
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Y 
t 
e 

lead Byte 

Ones Ones 

Variable 
length 

33 Bytes of Ones 

Ones Ones Ones 

Variable 
length 

Bit Ring Sync Area 

Zeros 

Variable 
length 

65 4 (5 + 2) Bytes By36tes (9 + 2) Byte. (9 + 2) Bytes 36 36 (0 To 4892) 4 
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Figure 5-21. HA or Alpha Gap Bit Configuration - 2303 
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Figure 5-24. 2303 Clock Phase Timing 

heads to rewire to replace defective track 
surfaces. 

3. File scan feature: The file scan command is 
rejected if the 2303 is selected. 

4. Restore command: This command is treated as 
a no operation if the 2303 is selected. 

5. Recalibrate command: This command is treated 
as a no operation command if the 2303 is 
selected. 

2303 Serializer IDeserializer 

When the 2303 is selected for a read or write opera­
tion, the basic serializer/deserializer (SiD) is 
blocked by the 2303-selected line. The 2303-selected 
line controls: 

1. Selected-read-data (blocked). 
2. Bit-ring-reset (held active). 

The 2303 on-line signal blocks the writing of 
clock pulses. 

PhOfe 1 I 
I I 

Phase 5 PhOfe 2 1 
I I 

Clock 120 ns I 
I I I 

1 
50 ns 18505 I 
I ~ 

250 /'IS 120 ns I I I 
320 ns 1r I 

I Clock 

I 
320 ns 50 ns I 
I I I 

I 
I 

~ 

The 2303 SiD is needed because the 2303 uses a 
clock track, because the 2303 records only data pulses 
on the data tracks, and because of the high data rate 
of the 2303 must use circuit cards faster than the 
normal SiD. 

Serializer IDeserializer Write Operation: These are 
the objectives of a 2303 write-horne-address 
operation: 

1. Select the 2303 interface. 
2. Select the 2303. 
3. Select the 2303 head. 
4. Set up to write 65 bytes of ones in the gap. 
5. Wait for the index pUlse. 
6. Bring up the write-gate line to activate the 

serializer I deserializer (SD). 
7. Write 65 bytes of ones. 
8. Bring up address-mark line to activate the 2/3-

frequency oscillator. 
9. Write 20 bits at 2/3 frequency (address mark). 
10. Drop address-mark line. 
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11. Write one byte of normalfrequency ones. 
12. Write one byte of zeros. 
13. Write one sync byte (hex 14). 
14. Transfer to SiD and write data (home address). 

Before a write operation can take place, the 
2303 must be selected and the proper head selected 
with a seek command. When the 2303 is selected, 
clock-track pulses from the 2303 are sent to the 2841 
(Figure 5-25). The clock-track pulses are fed to a 
time delay circuit and ANDed together to develop 
phase zero through phase five pulses that are used 
for timing the write operation (Figure 5-26). 

Assuming a write-home-address operation, the 
microprogram brings up write-gate after index and 
sets the DR register to hex FF to write the index 
gap of 65 bytes of hex FF (Figures 5-25 and 5-26). 

Write-gate coming up starts the 1600 ns single 
shot timing to give VFO-reset which resets the 
delta-bit:-ring (lon, all others off) and the bit"-ring 
(all off) and holds the write-clock-gate FL off to 
allow the clock-track pulses to recover from the 
noise pulses found at index. Write-gate and 
not-write-clock-gate gives the write-start pulse 
to transfer the DR register contents (hex FF) to 
the file-data register (FDR) and the two position 
buffer register. 

When the VFO-reset single shot has timed out, 
the write-clock-gate FL turns on and at the next 
phase zero time starts the delta-bit-ring and bit­
ring running. 

At bit-ring 2 time, the buffer register bits are 
transferred into the 0 and 1 positions of the FDR. 
Because the FDR contains all one bits at bit-ring 2, 
phase-three time, the write-data line to the selected 
2303 is brought up for the first time and is brought 
up at each phase three thereafter. 

Each write-phase-data pulse changes the state 
of the write FF. At bit-ring seven time of each byte, 
the output of the write FF is checked with the output 
of the FDR parity bit to see that the proper number 
of data bits were written. If a write-data-error is 
detected, the ER register bit one is turned on. 

At delta-bit-ring 7 time, the 2303-data­
transferred FL is turned on to signal the micropro­
gram, by turning on ST register bit 4, that the 2303 
SiD is ready for a new byte. 

At bit-ring 0, phase-one time the write FF and 
the FDR FL's are reset. At bit-ring 0, phase-two 
time the new byte is transferred from DR to FDR. 

This sequence is repeated for 65 bytes of hex FF . 
The microprogram then brings up the address­

mark line which turns on the write-address-mark 
FL. The write-address-mark FL gates the 2/3-
frequency oscillator, blocks the write-data line, and 
brings up the address-mark-write-data line to send 
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2/3-frequency-data pulses to the selected 2303. 
While the 2/3 frequency pulses are going to the 2303 
the bit-rings, the FDR, and the 2303-transferred FL 
are operating at normal clock track frequency. The 
microprogram drops the address mark line after 
four byte times have passed and places a byte of hex 
00 in DR. 

Because of timing, one more byte of hex FF is 
written then the byte of hex 00. The microprogram 
sets up the sync byte (hex 14) in DR and starts to 
transfer the home address data (F, C, C, H, H) from 
the channel. 

Serializer /Deserializer Read Operation: These are 
the objectives of a 2303 read-home-address operation. 

1. Select the 2303 interface. 
2. Select the 2303. 
3. Select the 2303 head. 
4. Wait for the index pulse. 
5. Bring up the read-gate and address-mark lines 

to activate the serializer / deserializer (SD). 
6. Search for the address mark. 
7. Read the byte of zeros. 
8. Synchronize bit-rings to the data from the 2303. 
9. Read the sync byte serial data and set the data 

in the file-data register. 
10. Transfer the sync byte in parallel to the DR 

register. 
11. Repeat items 9 and 10 for each byte of home 

address data. 

Before a read operation can take place, the 2303 
must be selected and the proper head selected with a 
seek command. When the 2303 is selected, clock­
track pulses are fed to a time delay circuit and 
ANDed together to develop phase-zero through phase­
five pulses that are used for timing the read opera­
tion (Figure 5-24). 

Assuming a read-home-address operation, the 
microprogram brings up the read-gate and the 
address-mark lines after a time out period after in­
dex has passed (Figures 5-27 and 5-29). 

The read-gate line coming up brings up the VFO 
reset line to turn off all the bit-ring FL's and turn 
off all the delta-bit-ring FL's but the delta-bit-ring 
one FL which is turned on. The read-gate line com­
ing up starts the select-phase latch, hold-phase FL 
sequence but because the address-mark line comes 
up the select-phase and hold-phase FL's are turned 
off. The address-mark line turns on the search­
address mark FL. 

When the bit-ring reset line drops, the delta­
bit-ring and bit-ring start running. 

With the search-address-mark FL on the 
address-mark-detection FL's (500-720, leading-
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edge-det. and AM det.) start their sequence. The 
timing of the 500-720 FL and the leading-edge-det. 
F L with the normal data input rate prevents AM Det. 
FL from turning on until the address mark data is 
reached. 

The bit-rings are driven by the address-mark­
bit-present line to keep the rings in step with the 
data. 

The 8 bits FL is turned on when eight address­
mark bits have been read. The AM-good FL is 
turned on at the next bit-ring-7 ti.me. 

The select-phase F L is turned on at the next 
bit-ring-3 time. The leading-edge-detector FL is 
turned on with the fall of the next data pulse allowing 
the hold-phase FL to turn on with the following data 
pulse. The hold-phase FL blocks the advance of the 
latch sequence with some combination of latches on. 
The latches on and the phase time from the clock­
track delay circuit gives selected-phase to lock the 
SiD circuits to the data from the 2303. 

The selected-phase line turns off the AM-good 
FL and the bit-rings are reset to delta-bit-ring 1, 
and bit-ring all off. 

At the end of the byte of ones following the ad­
dress mark bytes, the zeros-count line comes up to 
drive the bit-rings while the byte of zeros is read. 

The 8 bits FL is turned on at delta-bit-ring 1 
time of the sync byte to turn off the search-address­
mark FL and bring up the 2303-read-gate line. 

The 2303-read-gate line allows the selected­
phase line to drive the bit-rings in step with the data. 

The data pulses from the 2303 turn on the file­
data register (FDR) FL's or the buffer register FL's. 
The contents of FDR are transferred to the DR reg­
ister at bit-ring-O time of each data byte. Because 
of the timing conditions, 2303-data oulses for 
bit-ring-O and 1 times are set into the buffer register. 
The FDR FL's are turned off at bit-ring-1 time. 
The buffer FL contents are transferred to the FDR 
zero and one FL's at bit-ring-2 time. 

Iri the 2303 attachment, the development of the 
burst bytes is done by the circuits and not by the 
microprogram (Figure 5-28). The microprogram 
enables the circuit by giving a 16 - Fe statement and 
setting constants in the BX and BY registers before 
the sync byte is reached. The burst-latch FL is 
turned on at bit-ring-5 time of the sync byte. Be­
cause the burst FF was held off until the 2303-read­
gate line came up, the BY-burst-gate line is up to 
set the sync byte data into the BY register. The con­
stants set into the BX (HA-AM=246) and BY (255) 
registers plus the sync byte data from FDR (HA-AM 

=9) leave the BX and BY registers with all ones after 
the sync word. The contents of the BY register are 
transferred to the BB register and exclusive ORed 
with the contents of the FDR resulting in the BY reg­
ister being equal to 255. 

The burst FF is turned on at delta-bit-ring-3 
time of the 1st data byte and the BX-burst-gate line 
comes up. The contents (255)· of the BX register are 
transferred to the BB register and exclusive ORed 
with the contents of the FDR (1st data byt~) and set 
into the BX register. 

This bursting sequence is continued to the end of 
the field and the microprogram checks the BX and 
BY registers for zero. 

5.2 ADDITIONAL STORAGE FEATURE 

• This feature allows attachment of additional 
units of 2302 Models 3 and 4 to a basic 2841. 

• A maximum of sixteen accesses in any combina­
tion of 2311, 2321, 2302-3, 2302-4 and 2303's is 
provided. 

• All accesses above the basic eight must be 
2302-3's or 2302-4's. 

• Maximum of eight WlitS. 

The 2302-3 has two access mechanisms in each phys­
ical unit. Two consecutive access addresses must 
be assigned to each unit beginning with an even ad­
dress (0-1, 2-3, 14-15). 

The 2302-4 has four access mechanisms in each 
phYSical unit. Four consecutive access addresses 
must be assigned to each unit beginning with an ad­
dress divisible by four (0, 1, 2, 3-12, 13, 14, 15). 

It is presumed that there will be no more than 
one 2302-3 on a 2841. This is because one 2302-4 
has the same functions as two 2302-3's for substan­
tially less rental. 

The hardware capability is: 

1. Standard. A total of two physical 2302-3 or 
2302-4 units attached to a 2841 in any of the 
following combinations: 

2302-3 

2 

2302-4 

o 
Total Accesses 

1 1 
o 2 

4 
6 
8 
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2. Standard plus Additional Storage Feature. A 
total of four physical 2302-3 or 2302-4 units 
attached to a 2841 in any of the following 
combinations: 

2302-3 2302-4 Total Accesses 

4 0 8 
3 1 10 
2 2 14 
1 3 14 
0 4 16 

Two additional I/O connectors are added to the 
feature file connectors. They are addressed with a 
module select of 8 and 12 respectively. 

As shown in Figure 5-8, the FT register bit 7, 
with the optional interface selected, gates the sec­
tion of the additional accesses. 

5.3 FILE SCAN FEATURE 

• The file scan feature allows search operations on 
the data field. 

The file scan function provides an automatic rapid 
search for a specific identifier or condition (Figures 
5-30 and 5-31). The search applies to both the key 
and data fields. A control mask consisting of bytes 
of information on which a comparison is or is not to 
be made is placed in core storage. The bytes on 
which a comparison is not to be made are identified 
by a special configuration of bits (aU one's). A scan 

command must be given for each key and data field 
to be scanned. 

This feature provides three new commands, each 
of which may be used in multitrack mode. 

Search Key - Data Equal (0010 1101) 
Search Key - Data High (0100 1101) 
Se!lrch Key - Data High or Equal (0110 1101) 

If a logical comparison on equal is encountered, 
channel end, device end, and status modifier signals 
are generated. If a logical comparison is unequal, 
only channel end and device end signals are generated. 

The length of the search is dependent upon the 
setting of the M/T bit of the search command and the 
sequence of commands given by the channel. If the 
M/T bit is a 1, the search continues until the speci­
fied condition is met or until the end-of-cylinder is 
encountered. Should the M/T bit be a 0, the search 
continues until the condition is satisfied or until two 
index points are sensed at which time unit check (no 

5-40 (7/69) 

record found), channel end, and device end signals 
are generated. 

A KL of zero compares data only to the core 
mask. 

If the CCW count is greater than (KL+DL), the 
search operation is completed when (KL+DL) equals 
zero. The 2841 terminates the command with status 
of channel end and device end. The status modifier 
bit is generated if the logical comparison was 
satisfied. 

If a bus out parity error, overrun, or data check 
is detected during a search-key and data equal opera­
tion, unit check, channel end, and device end status 
is generated at the completion of the command. 

If the 2303 is attached the file scan feature does 
not apply to the 2303 but may be used on the other 
devices. 

5.4 TWO-CHANNEL SWITCH FEATURE 

• The two-channel-switch feature provides the 
circuitry required to attach the 2841 Storage 
Control unit to a second channel. Switching 
from one channel to the other is done elec­
tronically under program control. 

The two-channel-switch feature allows the 2841 
Storage Control unit to be switched to either one of 
two channels or to a neutral position. (Figure 5-32). 

The channel selection switch has three posi­
tions: channel A, channel B and neutral. When the 
switch is in the neutral position, the 2841 is selected 
by the first channel to complete the selection se­
quence. In the event both channels attempt to se­
lect the 2841 simultaneously, the tie is resolved by 
the switch logic. 

Once the 2841 has been selected by a channel, 
it remains selected to that channel until ending 
status is presented. At that time the channel selec­
tion switch returns to neutral unless: 

1. The channel indicates command chaining, 
2. The last status byte was part of a channel­

initiated signal sequence and was stacked by 
the channel, 

3. The last status byte contained the unit-check bit 
(Contingent Connection), or 

4. No command other than test I/O or no-op has 
been iniiiated since condition (3) occurred. 

While a channel connection is being maintained 
as a result of condition (3) or (4) above, the 2841 
will not respond to polling by the channel except to 
present stacked status, or control-unit-end. Once 
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Figure 5-30, Expansion of Search/Scan Data Compare Loop 
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Note: Assume Search 
Key and Data= Is The 
First Command in A 
Chain, and That Search 
Mask is Set up in Core 
Storage 

Drop 
Address 
In 

Decode 
Command 
Search 
Key =. 

Raise 
Status 
In 

Drop 
Status 
In 

Y., 

SERDES Has Found A 
Sync Byte Before 
A Count Field 

Unit Check In Status. 
Bus Out Parity On Sense 

Unit Check In Status 
Command Reiect In Sense 

Initial Status Byte 
Being Set Up 

Raise Address 
Marker Search 
line To SERDES 

Drop Address 
Marker Search 
Line To SERDES, 

Unit Check In Status. 
No Record Found In Sense 

Raise Read Gate 
To Device And 
SERDES 

Figure 5-31a. Search/Scan Key and Data Equal 
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If A Search Key and Data = 
Is Chained From A Search 
I D or Read Count Command 
This Could Very Generally 
Be Considered The Entry 
oint .,;l 

.-------------------------~~ 
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From One To 255 Bytes 
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Between Count and 
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Figure 5-3Ih. Search/Scan Key and Data Equal 
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Bus out or Tag out Lines 
from Channe I A 

Bus out or Tag out Lines 
from Channel B 

Figure 5-32. Two Channel Switch Data Flow 

Channel A Reset 

Tie 
Breaking 
and 
Interlock 
Circuits 

Channe I B Reset 

this connection is terminated, the sense information 
is reset by any signal sequence other than test I/O, 
sense I/O, or no-op over either interface. 

If channel A (B) attempts to select the 2841 
while the 2841 is selected to channel B (A), the 2841 
responds to channel A (B) with the short control­
unit-busy sequence. (Under no circumstances does 
the 2841 post control-unit-busy and control-unit-end 
in the same status byte.) This short control-unit­
busy sequence may occur on any channel-initiated 
selection sequence (IPL, test I/O, and all initial 
commands of a CCW chain). 

Whenever the short control-unit-busy sequence 
occurs, the 2841 attempts (by means of the request­
in line) to present to channel A (B) a status byte con­
taining 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 pending 
control unit condition, in itself, does not cause the 
2841 to appear busy to channel B (A) as long as the 
channel selection switch is not actually connected 
to channel A (B). 

Both request-in lines may be up at one time if 
the channel selection switch is in the neutral posi­
tion. The request-in line on one channel is de­
gated whenever the channel selection switch is 
connected to the other channel. 
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FL 
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Bus in or T~g in .-----1 
Lines to Channel B 

The 2841 responds with unit check (command­
reject) to all commands in the sense group other 
than sense I/O, device reserve or device release 
regardless of whether or not the two-channel-switch 
feature is installed. 

5.4.1 Device Reserve Command (1011 0100) 

The device reserve command includes all of the func­
tions of the sense I/O Command, and in addition, 
causes the addresse~ device to become reserved to 
the channel issuing the command. Once a device 
becomes reserved to a channel, it remains reserved 
until that channel causes the 2841 to execute a device 
release command addressed to that device or to per­
form a system reset. 

A device reservl'l command is executed regard­
less of any abnormai device status conditions such 
as off line, unsafe, etc. 

A device reserve command which is preceded in 
the same command chain by a set-file-mask com­
mand is rejected with unit-check (command-reject 
and invalid-sequence). 

The device reserve command is rejected with 
unit-check (command-reject) by a 2841 which does 
not have the two-channel-switch feature installed. 



5.4.2 Device Release Command (1001 0100) 

The device release command includes all of the func­
tions of the sense I/O command, and in addition, 
causes the reservation of the addressed device to be 
terminated. 

A device release command is executed regardless 
of any abnormal device status conditions such as off 
line, unsafe, etc. 

A device release command which is preceded in 
the same command chain by a set-file-mask command 
is rejected with unit-check (command-reject and 
invalid-sequence). 

The device release command is rejected with 
unit-check (command-reject) by a 2841 which does 
not have the two-channel-switch feature installed. 

5.4.3 Device Status 

5.4.3.1 General Condition 

Whenever a device is busy for any reason, including 
reservation to channel A (B), any command from 
channel B (A) addressed to that device is rejected 
with busy status. This, in turn, causes the 2841 to 
attempt (by means of the request-in line) to present 
to channel B (A) a status byte containing device-end 
after the busy condition is terminated. The address 
byte associated with this status byte is the same as 
that associated with the busy-status byte. 

No request-in is presented on channel A (B), as 
long as the requesting device is reserved on channel 
B (A). 

Device-end status resulting from any channel 
command which causes mechanical motion of an ac­
cess is presented to the channel that issued the com­
mand. 

Device-end status resulting from a not-ready to 
ready trans ition is presented to both channels. Each 
channel must accept this device-end before it can 
use the device. 

If, as a result of control unit initiated switching, 
a channel stacks a status byte containing device-end 
or control-unit-end alone, the channel selection 
switch returns to neutral and the control unit is not 
control-unit-busy to other device addresses from 
either channel, but attempts to present the stacked 
status again under control of suppress-out. 

5.4.3.2 Contingent Connection 

A contingent connection state exists in the control 
unit after a unit check is generated, and lasts until an 
initial status byte of zero is given to some command 
other than test I/O. In this state, the control unit 
operates in the following manner: 

1. Does not raise request-in or respond to polling 
caused by status pending in a device. (However, 

status pending in the control unit does cause request-in. ) 

2. Stays connected to the channel on which the unit 
check occurred. 

3. Maintains a logical connection to the device unless 
another device attached to the control unit is ad­
dressed while no status is pending in the control 
unit for this channel. This logical connection 
makes the device unavailable (busy) to other 
channels. 

5.4.4 Miscellaneous 

5.4.4.1 Addressing 

The base address (four high-order bits) of the 2841 
on one channel is independent of the base address of 
the 2841 on the other channel. However, the four 
low-order address bits for any attached device must 
be the same on both channels. Bit position 4 of all 
device addresses must be zero. 

5.4.4.2 System Reset 

A system reset can be initiated by either channel at 
any time. A system reset causes all reservations 
and status conditions stored in the 2841 and related to 
the resetting channel to be reset. Reservations, 
operations, and status conditions related to the other 
channel are not affected. Both channels may initiate 
system resets at the same time. If a channel initiates 
a system reset when the channel selection switch Is 
not selected to the other channel, the 2841 performs 
a machine reset. A selective reset has no effect on 
deVice reservations or status. 

5.4.4.3 Interface Timing 

OccaSionally, an interface signal sequence requires 
more than 32 ,.,. sec. This cannot occur on any CCW 
following the first CCW in a chain. All signal se­
quences require less than 64 ,.,. sec. This is an ex­
ception to the interface definition. 

5.4.4.4 Use Meter 

A single usage meter records process time in the 
2841; however, a separate meter-enable switch is 
provided for each channel interface. These switches 
allow each interface to be disabled independently and 
provide a partitioning capability. While in the dis­
abled state, an illterface always propagates select­
out and cannot raise any inbound tag line. 

An optional feature is available to remove the 
meter-enable switches from the 2841 and place them 
on a remote configuration unit (such as the IBM 2167) 
for time sharing systems. 

In order to disable a channel interface, the fol­
lowing conditions must exist: 
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1. The enable switch for that channel must be in the 
DISABLE position, 

2. The channel selection switch in the 2841 must not 
be selected to that channel, and 

3. The clock-out line from that channel must be down. 

In order to allow a channel interface to return to 
the enabled state, the following conditions must exist: 

1. The enable switch for that channel must be in the 
ENABLE position, and 

2. The clock-out line from that channel must be 
down. 

Programming Note: If a CPU is allowed to enter the 
stopped or wait state when the 2841 contains out­
standing status, the status may be made unavailable 
if the meter enable switch has previously been set to 
DISABLE. 

The clock-out line to the attached devices is up 
if either interface is enabled and has clock-out up. 

5.4.4.5 Power Control 

A power control interface is provided for each chan­
nel. If either channel indicates power on, the 2841 
turns on. The 2841 will turn off only if both channels 
indicate power off. The normal CE power control is 
available as described in Chapter 4. 

The emergency power off (EPO) line from 
either channel A or B drops the 2841 EPO relay. The 
dropping of the E PO lines is controlled by channel 
power control circuit. 

5.4.5 Two-Channel Switch Circuit Description 

The two-channel switch feature provides the circuits 
for: the two sets of channel interface connectors 
(A and B), two select out jumper cards, two address 
decode jumper cards, selection circuits for each 
channel, gated 'in' and 'out' lines to and from both 
channels, and eight SW registers. The two-channel 
circuits are shown on FEMDM pages 1450-1 through 
1450-4. The selection circuits shown on FEMDM 
1450-1 are activated as follows: 

1. 'Address out' from channel A is activated and 
passes through the address jumper card and 
address compare circuits to activate the 'addr 
compare A' line. 

2. 'Addr compare A' and '(not)select out A' lines 
AND to turn on the 'steering latch A' (1450-1). 

3. 'Select out' from channel A is activated and 
passes through the selection relay (1450-4) to 
turn on the 'select out' latch, activating the 
'select out A' line. 
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.4. 'Select out A' and 'steering latch A' lines 
(1450-1) are ANDed to activate the 'switched to 
A' line. The' switched to A' line gates the 'bus 
out' lines from channel A and blocks the 'switched 
to B' line, preventing a selection by channel B 
until channel A deacti~ates the 'hOld out' line. 

The balance of the operation is the same as a single 
channel interface using the circuits gated by the 
'switched to A' line. 

There are ei~t SW registers added to the 2841 
with the two-channel switch feature (1450-4). The 
SW registers are used by the microprogram to keep 
track of the status of each device for each channel. 
The specific UR register 'module select bit' that is 
on determines the SW register to be used for an 
operation. 

Each SW register is functionally divided into 
two parts. Bit positions 0-3 are related to chan­
nel A, and bit positions 4-7 to channel B. 

0 1 2 3 4 5 6 7 

Res. DE* DE* DE* Res. DE* DE* DE* 
to Pack SC Seek to Pack SC Seek 
A Change + In B Change + In 

BUsy Frog. Busy Prog. 
+ + 

Busy Busy 

Channel A Channel B 

SW Register for the Selected Module 

The SW bit position assignments are as follows: 

Position 

o 

1 

Reserve Unit 
"x" A 

Device end* 
pack change 
"x" A 

Meaning 

Bit 0 is turned on by the 
microprogram when chan­
nel A issues a reserve 
command and the module 
is not reserved to chan­
nel B. 

This bit is turned off 
when channel A issues a 
release command. 

This bit is turned on by 
the microprogram when 
the 'gated attention' line 
(from the selected mod­
ule) is detected, and no 
previous seek command 
has been issued. This 
condition means the 'at­
tention' was caused by: 



Position 

1 
(Cont) 

2 

3 

Name 

Device end* 
seek complete 
+ busy "x" A 

Seek in 
progress + 
busy "x" A 

Meaning 

a power-on seek, a pack 
change, or the meter 
switch (on the module) has 
been transferred from 
DISABLED to ENABLED. 

This bit is turned off 
when the 'device end' has 
been presented to and ac­
cepted by channel A. 

This bit is turned on by the 
microprogram when the 
'gated attention' line from 
the selected module (fol­
lowing a previously issued 
seek command) is detected 

If the module is reserved 
to channel B and channel A 
attempts to select the mod­
ule, bit 2 is turned on. 
This 'device end' condition 
is presented to channel A 
after channel B has re­
leased the module to allow 
channel A to determine that 
the module is available. 

This bit is turned on by the 
microprogram when the 
'seek start' condition is 
sent to the module (seek 
command issued by chan­
nel A). 

This bit indicates a seek 
is in progress and is used 
(with bits 1 and 2) by the 
microprogram to deter­
mine if a 'gated attention' 
from the selected module 
is the result of a seek com­
mand or a pack change. 

The bit is turned off when 
the 'gated attention' from 
the module is acknowledged 
by turning on bit 2. 

Position Name Meaning 

4 Reserve Unit __ 
"x" B 

5 Device end* 
pack change 

These bit positions have 
"x" B 

the same functions as bit 

6 Device end* 
positions 0-3 respectively, 

seek complete 
but are related to channel 

+ busy "x" B 
B. 

7 Seek in 
progress + 
busy "x" B 

The SW registers have entries from the D bus 
and exits to the A bus. 

I
P R~:671 I~O _________ R_E:O_R_l _________ 7~1 P UR 7 

RUOOI 

The SW register circuits are shown on FEMDM 
1450-4. 

The SW register output lines 'reserve unit B' , 
'device end* S. C. + busy A', 'device end* pack 
change A', 'seek in progress + busy A', and 'seek 
in progress + busy B' lines are used in developing 
'attention unit "x" Ch A' lines to poll the channel 
(1450-4). 
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5.4.6 Command Examples 

The following is an example of how the two-channel 
switch feature operates. Assume the following: 

1. A 2841 with eight 2311's attached, and the two­
channel switch feature installed, is being shared 
by two CPU's (Figure 5-33). 

2. Interface A is attached to the MPX channel on 
System/360 Model 30. 

3. Interface B is attached to a selector channel on 
a System/360 Model 40. 

4. The 2841 is looping, waiting for selection, and 
all hardware has been reset. 

5. The System/360 Model 40 (channel B) contacts 
the 2841 first. 

The sequence of events is: 

Channel B issues a 'reserve' command to the 
2311 module 2; then channel A issues 'reserve' 
and seek commands to the 2311 module 5. 

5.4.6.1 Reserve Command Execution (Channel B) 

The System/360 Model 40 (channel B) issues a 
'reserve' command to the 2311 module 2. The 
'switched to B' line turns on the ER6 bit during initial 
selecti~n. ER6 indicates that channel B is working 
with the 2841 and allows the microprogram the capa­
bility of detecting which channel is acting with the 
2841. Only channel B can turn on the ER6 bit. 

The microprogram in the 2841 executes the 
'reserve' command and turns on bit position 4 of SW 
register 2. Bit position 4 being on indicates to the 
microprogram that the 2311 module 2 is nowexclu­
sively reserved to channel B. This ends the 're­
serve' command execution. 

If, at this time, the System/360 Model 30 (chan­
nel A) tries to select the 2311 module 2, then the 
microprogram examines SW register 2, and finds bit 
position 4 on. Bit 4 on indicates that the 2311 mod­
ule 2 is exclusively reserved to channel B. The 
microprogram then sends a device busy condition 
back to the System/360 Model 30 (channel A) during 
initial selection status presentation. The busy status 
indicates that this device cannot perform any work 
for channel A. The microprogram turns on bit posi­
tion 2 (device end* seek complete + busy 2 A) in SW 
register 2. The posted 'device end' condition does 
not !:!Ifect any operations while the 2311 module 2 is 
reserved to channel B. When channel B no longer 
requires the 2311 module 2, it issues a 'release' 
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command to cancel the previous reservation. The 
microprogram then finds that bit position 2 in SW 
register 2 is on. Bit 2 on indicates that channel A 
attempted to use the 2311 module 2 while it was re­
served to channel B. Because channel B has re­
leased module 2, the microprogram sends a 'device 
end' condition to channel A, indicating the 2311 
module 2 is now available. 

5.4.6.2 Seek Command Execution (Channel A) 

The System/360 Model 30 (channel A) contacts the 
2841 to issue a 'reserve' command to 2311 module 5. 
The microprogram checks to see if the 2311 mod­
ule 5 is reserved to channel B. Since it is not, bit 
position 0 in SW register 5 is turned on indicating 
the reservation of this device exclusively to chan­
nel A. 

The System/360 Model 30 issues a seek cylin­
der command to the 2311 module 5. The micro­
program checks the ER register 6 bit to see which 
channel is working with the 2841. In this example 
ER6 is off because only channel B can turn ER6 on. 

The microprogram initiates the transfer of the 
six seek bytes from the CPU to the 2841. The 
microprogram establishes contact with the 2311 
module 5 and transfers the necessary seek informa­
tion to set up CAR, HAR, and the difference counter. 
'Seek start' condition is sent to the 2311 module 5 to 
initiate movement of the access mechanism. 

The seek is now under way and the micro­
program turns on bit position 3 (seek inprogress + 
busy 5 B) in SW register 5. 

Ending status is now presented to channel A 
with the 'channel end' bit on in the status byte. The 
'device end' bit is not turned on, because the seek 
has not been completed. 

Upon completion of the seek operation by the 
2311 module 5, the 'gated attention' latch is turned 
on indicating the seek has been completed. The 'gated' 
attention' and 'poll enable' lines AND to cause 're­
quest in I to be raised to channel A for presentation of 
'device end' status (1450-4). During the selection se­
quence with channel A, the microprogram detects the 
outstanding attention on the 2311 module 5 and enters 
into a routine to determine if the attention is a result 
of a 'power "'On seek', 'pack change', or a previously 
issued 'seek' command, and the microprogram now 
turns on bit position 2 (device end* seek complete + 
busy 5 A) in SW register 5. Bit position 3 (seek in 
progress) is reset in SW register 5, because the 
seek has been completed and the type of 'gated atten­
tion' at the 2311 module 5 has been identified. 
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The 'gated attention' condition is reset in the 
2311 module 5 because a record of that attention 
exists in SW register 5, bit position 2. The' device 
end' condition is now presented to channel A. If the 
channel should respond to the presentation of device 
ending status with 'command out', the 2841 has a 
record of the 'device end' in SW bit position 2. 

5.4.6.3 Microprogram Flow Chart 

The two-channel switch feature requires changes to 
the microprogram. To illustrate the changes, a 
flow chart of a 'reserve' or 'release' command is 
given in Figure 5-34. ~ly the direct path is shown. 
The flow chart assumes that channel B is selecting' 
the 2841 and all modules are ready. There is no 
outstanding status stored, and aU SW registers are 
at zero. 

5.5 RECORD OVERFLOW FEATURE 

• The record overflow feature allows a logical 
record to be more than one track in length. 

The record overflow feature allows a logical record 
to overflow from one track to another. Record 
overflow is useful in achieving a greater data pack­
ing efficiency and in formatting records which ex­
ceed the capacity of a track. The limiting factor in 
the size of a record which can be overflowed is the 
cylinder boundary. 

? 5. 1 Formatting Overflow Records 

The portion of an overflow record which is written 
on one track is called a record segment. Each 
record segment is processed as a normal record 
during format write operations (Figure 5-35). The 
write special CKD CCW (0000 0001) is the command 
used for formatting all segments of an overflow 
record except for the last segment. The last seg­
ment is written by the normal write CKD CCW. 

The write special CKD CCW causes a I-bit to 
be written in bit position one of the flag byte of the 
record segment being written. Otherwise, the write 
special CKD CCW functions just like the normal 
write CKD CCW. Note that a write special CKD 
CCW is not a valid prerequisite for a normal write 
CKD CCW and results in the record flagged as a 
segment of an overflow record being the last record 
on a track. 

When formatting overflow records, all seg­
ments other than the first must be recorded in the 
first record position following the RO record on a 
track. 
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All segments, other than the first segment, are 
normally recorded without a key field, since only the 
key field of the first segment has significance. 

All segments of an overflow record, other than 
the first and the last segments, are the only records 
on the track following the RO record. 

An overflow record may be formatted with a 
sequence of CCW's similar to the following. This 
sequence assumes that a set file mask instruction 
was performed prior to the initiation of the scan 
sequence. 

1. Seek Position access mechanism 
and select head. 

2. Search lD Determine beginning location. 
3. Write Special Write first segment. 

CKD 
4. Seek Head Select next head. 
5. Search HA Locate next record. 

or RO 
6. Write CKD Write last segment. 

Items 3, 4, and 5 are repeated as often as 
needed. 

5.5.2 Processing Overflow Records 

The read-data, read-key and data, read-count-key 
and data, write-data, write-key and data CCW's 
operate on an overflow record as though it were a 
normal record (Figure 5-35). 

The 2841 detects that bit position on in the flag 
byte is a one bit. After completing the read or write 
operation in the first segment, the 2841 causes a 
search for the index point. At index point, the next 
sequential head is selected and. a comparison of 
head number in the home address is done. If the 
comparison is equal, the 2841 searches for the first 
address mark on the track. Then, under control Of 
the data count in the count field, it processes the 
data field of thi:S record segment. This operation 
continues until the 2841 detects a record segment 
which contains a zero bit in bit position one of the 
flag byte .. At the end of this record segment, the 
operation is terminated. 

Only the data fields of aU record segments ex­
cept the first segment are processed when reading 
or writing, i. e., read-CKD reads CKD of the first 
segment and data only of all ather segments. 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 desirable to repeat the key 
field in aU record segments if the chain of CCW's 
is dependent on a satisfied search key equal. 
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Search-ID, search-key and read-count cCW's 
operate on each record segment as though each seg­
ment were a normal record. 

5.5.3 Unusual Conditions 

In addition to the checks providedinnormal process­
ing of any record, certain conditions can occur which 
are unique to overflow records. The commands stop 
immediately on detecting the following conditions: 

Overflow To a Bad Track: Overflow incomplete and 
track condition sense bits occur when overflowing .to 
a track which has been flagged as being bad and two 
additional sense bytes, Bytes 4 and 5, are presented 
to the channel. 

1. Byte 4 - This byte is all zeroes. It is a dummy 
byte inserted for control unit compatibility of 
byte 5 with other control units. 

2. Byte 5 - This byte is zero at all times except 
when overflow incomplete occurs (Byte 1, 
Bit 7). When overflow incomplete occurs, this 
byte has one of the following configurations. 

00000110 - A read command was in progress 
when the overflow incomplete inter­
rupt occurred. 

00000101- A non-formatting write command was 
in progress. 

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

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

01100101- A search key-data high or equal com­
mand was in progress, and the com­
pare was equal to this pOint. 

01010101 - Any search key-data was in progress 
and the compare was low, or a search 
equal key-data was in progress and 
the compare is unequal to this point. 
(i. e. , it has already been determined 
that no status modifier bit would be 
set in the entire logical record.) 

01110101- A search high or high-equal key data 
command was in progress, and the 
compare was high to this point, i.e., 
it has already been determined that a 
status modifier bit would be set in the 
logical record. 

Byte 5 is used by programming systems to resume 
the scan loop ~er seeking to a new track. 

Oyerflow From an Alternate Track: Overflow­
iIicomplete and track-condition-check sense bits are 
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set if an attempt is made to overflow from a track 
flagged as an alterate. 

Overflow to a File Protected Boundary: Attempting 
to overflow in violation of a file mask sets overflow­
incomplete, file-protected, and command,...reject. 

Overflow to a Track with Incorrect Head Number: 
Overflow-incomplete and command-reject sense bits 
are set if the head number compare is unequal during 
an overflow. This condition occurs if the last seek 

. address issued to the 2841 is not the address of the 
track with the overflow record and an overflow 
record is being read or written. 

5.6 CHANNEL ISOLATION FEATURE 

The channel isolation feature allows the 2841 to be 
powered up or down while the system is operating. 

The feature is installed in all new machines, 
and may be installed on field machines, at no cost, 
on an as required basis. 

The feature is identified by the version 007 indi­
cation on the ALD pages and by the different place­
ment of the channel connectors. 

To power down the 2841: 

Caution 
Operating the interface degate switch out of the 
proper sequence can cause CPU problems. 

1. The meter switch(es) is transferred to 
DISABLE. 

2. When all outstanding status has been presented 
to and accepted by the channel(s), the meters 
disabled indicator light comes on. 

3. The interface degate switch is transferred. 
4. The mode switch is changed to CE mode, and 

the power off switch is transferred. 

The circuits for the feature are shown on 
FEMDM 1450-1 through 1450-4. 

On 1450-4 a relay is added in parallel to the se­
lection relay. A point of this relay is grounded when 
the relay is not energized. The relays drop when the 
+6V supply power is dropped or the interface degate 
switch is transferred. The ground on the n/ c point 
deactivates the 'power off gate' line. This blocks 
the 'in tag' lines, and the 'bus in' lines to prevent 
unwanted signals from being sent to the channel as 
the 2841 powers down. 

On 1450-2 the 'select out latch' is added to hold 
the 'select out A(B)' line up until the channel drops 
the 'hold out' line. 

The meters disabled indicator is shown on 
1450-3. The 'meter enabled' latch cannot be turned 
off until the outstanding status has been accepted. 
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Stop Address 2-63 

CH and CL Fields: Branch Control X6 and X7 2-85 
CH Field 2-66 
Chain Command Control 1-24 
Chained Reselection, Microprogram 3-52 
Channel 

Control Register (IG) 2-6 
End Status Bit 3-1 
Interface Attachment 2-50 
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Channel (Continued) 
Interface Introduction 1-16 
Interface, System/360 1-16 
Isolation Feature 5-56 

Channel and 2841 Interface Polling Interrupt Sequence 2-59 
Channel Command 

2302 5-12 
2303 5-26 

Channel Connection 5-40 
Channel Control Register (IG) 2-6 
Channel End 3-1 
Channel End Status Bit 3-1 
Channel Interface Attachment 

Channel and 2841 Interface Polling Interrupt Sequence 2-59 
Data Flow-Channel A Attachment 2-51 to 2-54 
Data Transfer Sequences 

Circuits Used In 2-53,2-54 
Read Operation 2-55 
Read Timing 2-56 
Write Operation 2-55 
Write Timing 2-57 

Ending Sequence 2-56 
Halt I/O Instruction 2-58 
Initial Selection Sequence 2-50 
Polling Interrupts 

Definition of 2-60 
Described 2-58 
Flow Chart of 2-59 
Routine 2-60 
Stacked Status 2-60 

Service In/Out Timing for Read and Sense Operations 2-56 
Short Control Unit Busy Sequence 

Definition 2-57 
Operation 2-58 

Service In/Out Timing for Write, Search, and Control 
Operation 2-57 

Channel Interface Introduction 1-16 
Channel Interface, System/360 1-16 
Channel Isolation Feature 5-56 
Channel Selection Switch 5-40 
Characteristics and Capacity 2-10 
Check Reset Switch 2-61 
Check Stop/Run Switch 2-63 
Circuit Breakers 4-1 
Circuit Protection Trip or Power Supply Overload­

Power Off Sequence 4-4 
Circuit Protectors 4-1 
CK Field 

and CN5 Bit Used to Set or Reset Bits in FT and 
FC Register 2-76 

Described 2-67 
to IG and W Registers and ST3 Set 2-93 
Transfers to W Reg and CN Field Transfers to 
X Reg 2-77 

Used as a Data Source for ALU 2-78 
to W Register Transfer 2-88 
to W Register Transfer: Timing and TROS 

Fields 2-89 
CL Field 2-66 
Clock 

Described 2-1 
Out Line 1-23 



CN Field 2-64 
Code Check 1-8 
Code Check Bytes (CC) 

Data Record 1-13 

Generation of 1-14 
Home Address Area 1-8 
RO 1-11 

Code Checking 1-14 
Command 

Decodes, Microprogram 3-50 
Flow Charts 3-8,5-51 
Orientation Summary 3-52 
Out-Line 1-20 
Reject Sense Bit 3-2 

Command Decode 3-50 
Command Decodes Microprogram 3-50 
Command Flow Charts 3-8 

Erase Command - 2311 3-44 to 3-47 
Initial Program Load - 2311 3-39,3-40 
Initial Selection 3-9 
Read Count 3-16 
Read Count-Key-Data - 2311 3-17,3-18 
Read Data and Read Key-Data - 2311 3-19,3-20 
Read Home Address - 2311 3-13 
Read Record Zero - 2311 3-14,3-15 
Recalibrate 3-11 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35 , 3 -36 
Search Key Equal - 2311 3-37,3-38 
Seek - 2311 3-10 
Sense I/O 3-42 
Set File Mask - 2311 3-12 
Space Count Command - 2311 3-43 
Test I/O or Start I/O with Device Inoperable or 

Outstanding Status 3-41 
Write Count-Key-Data - 2311 3-26 to 3-28 
Write Data - 2311 3-29 to 3-32 
Write Home Address - 2311 3-21 to 3-23 
Write Key-Data - 2311 3-33 
Write Record Zero - 2311 3-24,3-25 

Command Orientation Summary 3-52,3-53 
Command-Out 1-20 
Command-out Line 1-20 
Command Reject 3-2 
Command Reject Sense Bit 3-2 
Condensed Microprogram Logic 

Burst Byte and Exit Decisions 3-52 
Chained Reselection 3-52 
Command Decode 3-50 
Command Orientation Summary 3-52,3-53 
Condensed Microprogram Logic 3-49 
Control Operations 3-51 
Diagram of 3-49 
End Procedure 3-52 
Flag Byte Processing 3-51 
Gap Spacing Operations 3-52 
General 3-48 
Index Processing 3-51 
Initial Selection 3-48 
Initial Status Presentation 

General 3-50 
Write Immediate 3-50 

Condensed Microprogram Logic (Continued) 
Load Counts 3-50 
Read/Clocking 3-51 
Scan Operations 3-52 
Search Operations 5-51 
Sense Operations 3-51 
Write Operations 3-50 

Condensed Microprogram Logic 3-49 
Condensed Microprogram Logic - 2303 Feature 5-28 
Configuration of 2841 1-1 
Connections to the Module 2-14 
Contactors 4-1 
Contingent Connection 5-45 
Control 

Address Indicator 2-63 
Fields 2-22 
Operations, Microprogram 3-51 
Register Indicator 2-63 
Unit Busy Status Bit 3-1 
Unit End Status Bit 3-1 

Control Cylinder Seek (CCHH) 
Bit Structure of 1-15 

Control Erase 
Bit structure of 1-15 
Flow Chart of 3-44 to 3-47 

Control Fields 2-64 
Control Head Seek (HH) 

Bit Structure of 1-15 
Control Latches 2-26 
Control No Op 

Bit Structure of 1-15 
Control Operations 3-51 
Control Operations, Microprogram 3-51 
Control Recalibrate 

Bit Structure of 1-15 
Flow Chart of 3-11 

Control Register Indicator 2-63 
Control Restore 

Bit Structure of 1-15 
Control Seek (BBCCHH) 

Addressing Scheme 5-1 
Bit structure of 1-15 
Flow Chart of 3-10 

Control Set File Mask 
Bit Structure of 1-15 
Command Reject 3-2,3-8 
File Mask Bit, Significance 3-8 
Flow Chart of 3-12 
Invalid Sequence 3-3,3-8 

. Reset 3-8 
Restrictions 3-8 
Selective Reset 3-8 
System Reset 3-8 
Unit Check 3-8 
Unit Check Signal 3-8 
Within A CCW 3-8 

Control Space Count 
Bit Structure of 1-15 
Flow Chart of 3-43 

Control Unit Busy 3-1 
Control Unit Busy status Bit 3-1 
Control Unit End 3-1 
Control Unit End Status Bit 3-1 
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Core Carrier Assembly 2-12,2-14 
Count Area 

Data Check In 3-3 
Data Record 1-13 
RO 1-9,1-11 

Count Field (See Count Area) 
CS Field 2-66 
CS Field: Status Control 2-84 
CV Field 2-64 
Cyclic Check Code 1-14 
Cyclic Code Check - Bytes 10 and 11 1-13 
Cyclic Code Checking 1-14 
Cylinder 1-8 
Cylinder - Bytes 2 and 3 1-13 
Cylinder Selection 1-13 

m 
D (Data) 3-7 
D Time 2-32 
Data (D) 

Area 1-13,1-14 
Check in Count Field Sense Bit 3-3 
Check Sense Bit 3-3 
Described 3-7 
Indicator 2-64 
Read Register 2-3 
Record 1-13 
RO 1-13 
Track Format 1-12 
Transfer Sequence 2-55 

Data Check 3-2 
Data Check in Count Field 3-3 
Data Check in Count Field Sense Bit 3-3 
Data Check Indicator 2-64 
Data Check Sense Bit 3-2 
Data Flow 

Basic Read 1-6 
Basic Write 1-5 
Basic 2841 and Channel Attachment, Figure of 2-4,5-2 
Channel A Attachment 2-51 to 2-54 
Basic Read 1-6 
Basic Write 1-5 
2311 Attachment 2-8 
2841 Channel A Attachment 2-52 

Data Indicator 2-62 
Data Length (DL) 

Described 3-6 
Bytes 8 and 9 1-13 

. Data Read Register (DR) 2-3 
Data Record 

Address Mark 1-13 
Alpha Gap Bit Configurations 2-44 
Alpha Gap Timing Diagram 2-45 
Beta Gap Bit Configuration 2-49 
Beta Gap Timing Diagram 2-47,2-48 
Beta Sequence 2-46 
Count Area 

Cyclic Code Check - Bytes 10 and 11 1-13 
Cylinder - Bytes 2 and 3 1-13 
Data Length - Bytes 8 and 9 1-13 
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Data Record (Continued) 
Count Area (Continued) 

Flag - Byte 1 1-13 
Head - Bytes 4 and 5 1-13 
Key Length - Byte 7 1-13 
Record Number - Byte 6 1-13 

Data Area 1-14 
Gap 3 1-14 
HA or Alpha Sequence 2-40 
Key Area 1-14 

Data Track Format 1-12 
Data Transfer Sequences 2-55 
Data Transfers 1-16,1-26 
Decoding the Address Register 2-16 
Defective 

Surface, Operation 3-6 
Track Sense Bit 3-2 

Defective Track 
Sense Bit 3-2 
2303 5-26 
2321 5-13 

Delay Lines, Adjustable 2-39 
Destination and ALU Control Field Codes 2-83 
Determining A or B Word 2-19 
Determining Tape Number 2-18 
Device 

Attachment Limits 5-9 
Busy 3-1 
Control Gate 5-9 
End Status Bit 3-1 
Interfaces 1-5 

DH (Data Length High) Register 2-2 
Differences in Device Operations 5-15 to 5-18 
Differences in Device Specifications 5-14 
Dimensions 1-2 
Diode Boards on Tape Modules 2-20 
Diode SUbstrate 2-16 
Display Switch 2-61 
DL (Data Length Low) Register 2-2 
DL (Data Length) 3-6 
DNST2 2-96 
DNST21 and ST3 Reset Using the CK Field 2-97 
DR Register (Data Read) 2-3 
Drive Commoning 2-16 
Driver Decode 2-24 
Driver Decoding 2-16 
Driver Isolation 2-21 
DW (Data Write) Register 2-2 

II 
Emergency Power Off, Power Off Sequence 4-4 
End 

of Cylinder Sense Bit 3-3 
of File 3-6 
Operation 1-26 
Procedure 3-52 

End-Df-Cylinder 3-3 
End of Cylinder Sense Bit 3-3 
End-of-File 3-6 
End-of-File Operation 3-6 
End Operation 1-26 



End Procedure 3-52 
Ending Sequence 2-56 
Enter Switch 2-61 
Environmental Conditions 1-3 
EPO (Emergency Power Off) 4-4 
Equipment Check 3-2 
Equipment Check Sense Bit 3-2 
ER (Error) Register 2-6 
Erase Command - 2311 3-44 to 3-47 
Error 

Detection 1-14 
Detector 2-39 
Register 2-6 

Error Detection 1-14 
Cyclic Code Checking 1-14 

Error Detector 2-39 
Error Register (ER) 2-6 
Examples of TROS Addressing and Microblock Arithmetic 
Symbols 2-81 

Execution of Commands with Overflow Record Feature 5-55 
Expansion of Search/Scan Data Compare Loop 5-41 

II 
F Flag Byte 3-6 
Fail Safe 5-13 
FC (File Control) Register 2-7 
FC Register Bits (File Control) 

Address Register 5-8 
Conditions for Set/Reset 2-76 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Fail Safe 5-13 
Feature Device Interface 5-6 
File Status 5-12 
Microprogram FC Reset Example 2-94 
Microprogram FT Set Example 2-100 
Module Select Gate 5-10 
Reset, Block-File-Interface 2.:..35 
Seek Complete Gate 5-11 
SERDES Read Circuits, 2311 2-42,2-43 
SERDES Write Circuits, 2311 2-36,2-37 
Serial Address Sequence 5-7 
Use of CN5 

Described 2-64,2-69 
In Leg Selector 2-74,2-76 
Set Example 2-100,2-101 
Reset Example 2-94 
Define Device Operations 2-7 

2302 4 - FT Statement 5-12 
2302, 2303, Figure of 5-4 
2311 

Described 2-7 
Figure of 2-8,2-9 

2321, Figure of 5-5 
FC Register Reset, ST6 Reset and 4-Way Branch (X6 and 
X7) 2-94 

Feature Device Attachment 5-1,5-9 
Feature Device Interface 5-6 
Feature Interface 5-1 
Feature, Additional Storage 5-39 
Feature, File Scan 5-40 

Feature, Record Overflow 5-50 
Feature, Two-Channel Switch 5-40 
Features 

Additional Storage 5-39 
Address Register 5-8 
Beta Gap Bit Configuration - 2303 5-27 
Beta Gap Bit Configuration - 2321 5-22 
Beta Gap Timing Diagram -.2321 5-23,5-24 
Channel Isolation 5-56 
Condensed Microprogram Logic - 2303 Feature 5-28 
Device Attachment Limits 5-9 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Differences in Device Specifications 5-14 
Execution of Commands with Overflow Record 

Feature 5-55 
Expansion of Search/Scan Data Compare Loop 5-41 
Fail Safe 5-13 
Feature Device Interface 5-6 
File Scan 5-40 
File Status 5-12 
HA or Alpha Gap Bit Configuration 

2302 5-19 
2303 5-26 
2321 5-20 

HA or Alpha Gap Timing Diagram - 2321 5-21 
Module Select Gate 5-10 
Record Overflow 5-50 
Restore Command - 2321 5-25 
Search/Scan Key and Data Equal 5-42,5-43 
Seek Address Addressing 5-1 
Seek Complete Gate 5-11 
Serial Address Sequence 5-7 
Two Channel Switch Feature 

Addressing 5-45 
Circuit Description 5-46 
Command Examples 5-48 
Configuration 5-49 
Data Flow 5-40 
Device Release Command 5-45 
Device Res~rve.Command 5-45 
Device status 5-45 
Flow Chart 5-51 to 5-54 
Interface Timing 5-45 
Power Control 5-46 
System Reset 5-45 
Use Meter 5-45 

2302 Models 3 and 4, 2321 and 2303 Attachment 
Device Attachment Limits 5-9 
General 5-1 
2302 Operations 5-12 
2303 Operation 5-26 

2302-2303 Attachment Data Flow 5-4 
2303 Burst Circuit 5-36,5-37 
2303 Clock Phase Timing 5-29 
2303 sID - Read Data Circuits 5-34,5-35 
2303 sID - Read Timing 5-38 
2303 sID - Write Data Circuits 5-30,5-31 
2303 sID - Write Timing 5-33 
2321 Attachment Data Flow 5-5 

Field, TROS 
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Field, TROS (Continued) 
BP 2-25 
CA 2-25 
CB 2-25 
CC 2-25 
CD 2-22 
CH 2-25 
CK 2-25 
CL 2-25 
CN 2-22 
CS 2.,.25 
CV 2-22 
PA 2-26 
PC 2-25 
PN 2-22 
PS 2-25 

File 
Control Register 2-7 
Protected Sense Bit 3-4 
Protection Operation 3-8 
Scan Feature 5-40 
Status Gates 2-9 
Tag Register 2-7 

File Control (FC) Register 2-7 
File Protected 3-4 
File Protected Sense Bit 3-4 
File Protection 3-8 
File Protection Operation 3-8 
File Scan 1-2 
File Scan Feature 

Described 5-40 
File Scan Feature 5-40 
General Information 1-2 

File Status 5-12 
File Status (FS) Gates 2-9 
File Tag (FT) Register 2-7 
Flag 

Bits Described 1-9,1-8 
Byte (F) Described 3-6 
Byte 1 Described 1-9,1-13 
Byte Processing, Microprogram 3-51 

Flagging 1-9 
Format, Bytes 7-9 1-9 
Format, Track 1-7 
Formatting Overflow Records 5-50 
FR (Flag) Register 2-2 
Front View of 2841 1-4 
FS (File Status) Gates 2-9 
FT (File Tag) Register 2-7 
FT (File Tag) Register Bits 

Additional Storage 5-39 
Address Register 5-8 
Bit 0 

SERDES Read Circuits, 2311 2-42 
SERDES Write Circuits, 2311 2-36,2-37 

Bit 2 
2303 5-26 
2321 5-13 

Bit 4, 2302 5-12 
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FT (File Tag) Register Bits (Continued) 
Bit 5 

Select Feature Interface 3-48 
2302 2-9,5-12 

Bit 6 
Select F~ature Interface 3-48 
2302 5-12 
2303 2-9,5-26 
2321 2-9,5-13 

Bit 7 
Additional Storage Features 5-39 
Select 2311 Interface 3-48 
2311 2-9 

Conditions for Set/Reset 2-76 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Fail Safe 5 -13 
Feature Device Interface 5-6 
File Status 5-12 
Function of 2-10 
Microprogram FC Reset Example 2-94 
Microprogram FT Set Example 2-100 
Module Select Gate 5-10 
Reset, Block-File-Interface 2-35 
Seek Complete Gate 5-11 
Serial Address Sequence 5-7 
Use of CN5 Bit 

Described 2-64,2-69 
In Leg Selector 2-74,2-76 
Set Example 2-100,2-101 
Reset Example 2-94 

Used to Define Device Operations 2-7 
2302 Selected 5-12 
2302, 2303, Figure of 5-4 
2311 

Described 2-7 
Figure of 2-8,2-9 

2321 
Figure of 5-5 
Selected 5-13 

Functional 
Data Flow 1-11 
Description 

Arithmetic/Logical Unit 1-4 
Basic Read Data Flow 1-6 
and Basic Timing 2-32 
Basic Write Data Flow 1-5 
Device Interfaces 1-5 
Functional Data Flow 1-11 
General Purpose Registers 1-5 
Serializer /Deserializer Unit 1-4 
System/360 Channel Interface 1-4 
Transformer Read-Only-Storage 1-5 

Units 2-1 
Functional Units 2-1 

ALU Basic Timing 2-33 
ALU Block Diagram and Control 2-30 
Arithmetic/Logical Unit (ALU) 2-28 
Beta Gap Bit Configuration - 2311-2302 2-49 



Functional Units 2-1 (Continued) 
Beta Gap Timing Diagram 2-47,2-48 
CAS Microblock 2-64 , 2-67 
CE Panel 2-61,2-62 
Channel and 2841 Interface Polling Interrupt 

Sequence 2-59 
Channel Interface Attachment 2-50 
Core Carrier Assembly 2-14 
Data Flow - Basic 2841 and Channel Attachment, 

Figure of 2-4,2-5 
Data Flow - 2311 Attachment 2-8 
Diode Boards on Tape Modules 2-20 
Driver Decode 2-24 
FT or FC Register, Figure of 2-8 
Gate Decode 2-23 
General Arrangement of TROS Hardware - TROS 1 2-27 
HA and Alpha Gap Bit Configuration 2311 2-44 
HA or Alpha Gap Timing Diagram 2-45 
Laminar Bus 2-15 
Machine Clock 2-1 
Machine Clock Timing 2-3 
Module End Board Showing FDD Substrates 2-21 
Principle of Driving and Gating 2-19 
Principle of TROS 2-11 
Registers 2-1 
Resistance Tape 2-18 
Sample Usage of Microblocks 2-70,2-71 
SERDES Read Circuits 2-42,2-43 
SERDES Write Circuits 2-36,2-37 
SERDES Write Timing Chart 2-38 
Serializer /Deserializer Unit 2 -34 
Service In/Out Timing for Read and Sense 

Operations 2-56 
Service In/Out Timing for Write, Search, and Control 

Operation 2 -5 7 
Tape Stagger 2 -16 
Tape with U and I Core 2-11 
Transformer Read Only Storage (TROS) 

Address Decode 2-22 
Bit Assignment Chart 2-65 
Description of 2-9 
Logic Layout 2-25 
Module 2-13 
Tape Deck 2-19 
Tape Identification 2-18 
Tape Section 2-12 
Timing 2-26 

Variable Frequency Oscillator Circuit Operation 2-40 
VFO Circuits Timing Chart 2-41 
2311 Interface Attachment 2-7 
2841 Machine Clock 2-2 

m 
G (Gap)(See Gap) 
Gap (G) 

Described 3-6 
Purpose of 2-35 
Sensor 2-39 
Spacing, Microprogram 3-52 

Gap Bit Configurations 
Defined 

Alpha Gap 1-14 
Beta Gap 1-14 

Gap Bit Configurations (Continued) 
Defined (Continued) 

Gap 1 
Gap 2 
Gap 3 1-14 
HA Gap 1-14 

2302 
Alpha 5-19 
HA 5-19 

2303 
Alpha 5-26 
Beta 5-27 
HA 5-26 

2311 
Alpha 2-44 
Alpha 2-45 
HA 2-44 , 2-45 

2321 
Alpha 5-20 
Beta 5-22 
HA 5-20 

Gap Sensor 2-39 
Gap Size and Byte Contents 1-14 

Alpha 
Figure of 2-44 
2302 5-19 
2303 5-26 
2311 2-44 
2311 Alpha 2-40 
2311 HA 2-40 
2321 5-20,5-21 

Beta 
Figure of 2-49 
2302 2-49 
2303 5-27 
2311 2-49 

Described 
2302 5-12 
2303 5-29 
2311 1-14 
2321 5-13 

Figure of 2311 2-44 
HA 

Figure of 2-44 
2302 5-19 
2303 5-26 
2311 2-44 
2321 5-20,5-21 

Gap Spacing Operations 3-52 
Gap Spacing, Microprogram 3-52 
Gate 

A and CE Panel 1-6 
A, View 1-6 
Commoning 2-16 
Decode 2-23 
Decoding 2-17,2-80 
Generator 2-39 

General Arrangement of TROS Hardware - TROS 1 2-27 
General Description 2-34 
General Information 

Additional Storage 1-2 
File Scan 1-2 
Record Overflow 1-2 
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General Information (Continued) 
Storage Control Unit Configuration, Figure of 1-1 
Two-Channel Switch 1-2 
2302 Attachment 1-1 
2303 Attachment 1-1 
2311 Attachment 1-1 
2321 Attachment 1-1 

General Power SUpply Description 
Marginal Checking 4-4 
Power Distribution 4-4 
Power Inter locks 4-4 
Power SUpply Components 4-1 
Thermal Considerations 4-4 

General Purpose Registers 1-5 
General Reset 2-60 
GL (Gap Length) Register 2-2 
GP (General Purpose) Register 2-2 

m 
HA and Alpha Gap Bit Configurations 2311 2-44 
HA Area (Home Address) 

Configuration 
2302 5-19 
2303 5-26 
23n 2-44 
2321 5-20 

Data Bytes, 2311 
Code Check 1-8 
Cylinder 1-8 
Figure of 1-12 
Flag 1-8 
Head 1-8 

Defined 
Gap 1 1-14 
2311 1-7 

Read HA 5-32 
Sequence for 2-40,2-46 
Timing; 2321 5-21 
Write HA 5-32 
2302 5-12 
2303 Read Operation 5-32 
2303 Write Operation 5-29 
2321 5-13 

HA or Alpha Gap Bit Configuration - 2302 5-19 
HA or Alpha Gap Bit Configuration - 2303 i)-26 
HA or Alpha Gap Bit Configuration - 2321 5-20 
HA or Alpha Gap Sequence 2-40 
HA or Alpha Gap Timing Diagram 2-45 
HA or Alpha Gap Timing Diagram - 2321 5-21 
Halt I/O 2-58 
Head 1-8 
Head - Bytes 4 and 5 1-13 
Head Selection 1-13 
Hold-Out 1-19 
Hold-Out Line 1-19 
Home Address 1-8 

(See Also HA Area) 
Home Address Area 1-8 

(See Also HA Area) 

D 
I/O Connector 

Additional Storage 5-39 
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I/o Connector (Continued) 
2302 Requirements 5-12 

I/O Interface, system/360 1-16 
ID (ld('lntifier) 3-6 
Identifier (ID) 

Described 3-6 
Bytes 2-6 1-9 

Identification of TROS Tapes 2-14 
IE (Input Element) Gates 2-9 
IG Gates (Bus In) 2-7 
IG Register (Channel Control) 2-6 
Immediate Commands 3-2 
Inbound Tag Lines 1-21 
Index 

IPL 3-8 
Marker 1-7 
No Record Found 3-3 
Processing, Microprogram 3-51 

Index Marker 1-7 
Index Processing 3-51 
Indicators (See CE Indicators) 
Inhibit All Seek Commands 3-8 
Inhibit All Write Commands 3-8 
Inhibit Write 3-8 
Inhibit Write Home Address 3-8 
Inhibit Write Home Address and Write RO 3-8 
Initial 

Program Load (IPL) Operation 3-8 
Selection Sequence 1-24,2-50 
Selection, Microprogram 3-9 
Status Presentation, Microprogram 3-50 

Initial Program Load (IPL) - 2311 3-39 
Initial Program Load (IPL) 3-8 
Initial Program Load Operation 3-8 
Initial Selection 

Described 3-48,3-50 
Flow Chart of 3-9 

Initial Selection Sequence 1-24,2-50 
Initial Selection, Microprogram 3-9 
Initial Status Presentation 

General 3.50 
Write Immediate 3-50 

Input Element (IE) Gates 2-9 
Interface 

Attachment 2-7 
Connections 1-17 
Lines 1-16. 
Operations 1-24 
Timing, Two Channel Switch 5-45 

Interface Lines 
Bus-In 1-16 
Bus Lines 1-17 
Bus-Out 1-17 
Figure of 1-16 
Inbound Tag Lines 

Address-In 1-21 
Service-In 1-22,1-23 
Status-In 1-21 

Interface Connections 1-17 
Interlock Lines 1-22 
Outbound Tag Lines 

Address-Out 1-19 
Command-Out 1-20 



Interface Lines (Continued) 
Outbound Tag Lines (Continued) 

Service-Out 1-20 
Scan Controls 

TT_ t _, ,, __ -' ........... 
nUJ.U-VUL .1.-J..V 

Request-In 1-18 
Select-In 1-18 
Select-Out 1-18 

Special Controls 
Clock-Out 1-23 
Metering-In 1-23 
Metering-Out 1-23 
Suppress-Out 1-24 

Interface Operations 
Data Transfers 1-26 
End Oper"ation 1-26 
Initial Selection Sequence 1-24 

Interface Selection Statements 
Feature Interface 

2 - FT or 4 - FT Statement 5-1 
2 - FT Statement 5-13 
2302 Selected 5-12 
2321 Selected 5-13 
4-FT 5-1,5-12 

2311 Interface (1 - FT) 5-1 
Interface Timing Exception 5-45 
Interface Timing, Two Channel Switch 5-45 
Interlock Lines 1-22 
Interrupting the Drive Lines 2-11 
Intervention Required 3-2 
Intervention Required Sense Bit 3-2 
Introduction to Microblock Line Functions 2-72B 
Introduction to Microblock TROS Tape Fields 2-73 
Introduction to 2841 

Channel Interface Introduction 1-16 
Functional Description 1-4 
General Information 1-1 
Interface Lines 1-16 
Interface Operations 1-24 
Programming, 2841 1-15 
System/360 I/O Interface 1-16 
Track Format 1-7 

Invalid Sequence 3-3 
Invalid Sequence Sense Bit 3-3 
IPL (Initial Program Load) 

Described 3-8 
Flow Chart of 3-39,3-40 
System Reset 3-8 

Isolating Non-Selected Drivers 2-21 
Isolation 

Feature, Channel 5-56 
Of Drivers 2-21 

Isolation of Drivers 2-21 

II 
K (Key) 3-7 
Key (K) 

Described 3-7 
Area 1-13,1-14 
Length (KL) 

Described 3-6 
Byte 7 1-13 

KL (Key Length) 3-6 

KL (Key Length) Register 2-2 

II 
Laminar Bus 2-14,2-15 
Lamps (See CE Indicators) 
Lamp Test Switch 2-61 
Left Side View of 2841 TROS Unit 1-8 
Lights (See CE Indicators) 
Line Functions Not in the 2311 5-18 
Load Counts 3-50 
Load Counts, Microprogram 3-50 
Location of Address Data for the Microblock 2-74 
Location of TROS Fields Data in CAS Microblocks 2-87 
Location of TROS Fields for a Typical Microblock 

Example 2-75 

II 
M/T (Multiple Track) Operation 3-5 
Machine 

Clock 2-1 
Probe Indicator 2-64 
Stop Indicator 2-64 

Machine Clock 
Described 2-1 
Figure of 2- 3 
Timing Chart of 2-3 

Machine Clock Timing 2-3 
Machine Probe Indicator 2-64 
Machine Stop Indicator 2-64 
Marginal Checking 4-4 
Metering-In 1-23 
Metering-In Bus 1-23 
Metering-Out 1-23 
Microblock Symbology 

Line 1 2-68 
Line 2 2-68 
Line 3 2-68 
Line 4 2-68 
Line 5 2-68 
Line 6 2-68 
Line 7 2-68 
Line 8 2-69 

Microblocks, Sample Usage 2-69 
Microprogram Logic, Condensed 3-48 
Miscellaneous Operations 

Defective Surfaces 
CC (Code Check) Bytes 3-6 
D (Data) 3-7 
DL (Data Length) 3-6 
F (Flag) Byte 3-6 
G (Gap) 3-6 
ID Identifier 3-6 
K (Key) 3-7 
KL (Key Length) 3-6 
Track Descriptor Record (RO) 3-6 

End-of-File 3-6 
File Protection 

Command Reject 3-8 
File Mask Bit, Significance 3-8 
Flow Chart of 3-12 
Invalid 3-8 
Restrictions 3-8 
Unit Check Signal 3-8 
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Miscellaneous Operation (Continued 
Initial Program Load (IPL) 3-8 
Multiple Track (M/T) Operation 3-5 

Miscellaneous Registers and Controls 2-'6 
Missing Address 3-4 
Missing Address Marker Sense Bit 3-4 
Module 

Assembly 2-12 
End Boards 2-16 
Select Gates 2-7 

Module Assembly 2-12 
Module End Board Showing FDD Substrates 2-21 
Module End Boards 2-16 
Module Physical Construction 2-11 
Module Select Gate, Feature Devices 5-10 
Module Select (MS) Gates 2-8 
Module Select Number 

Additional Storage 5-39 
2302 Requirements 5-12 

Module 0 Address Scan 2-90 
Module 0 Address Scan Timing and TROS Fields 2-91 
MS (Module Select) Gates 2-7 
Multiple Track (M/T) Operation 3-5 
Multiplex Cable, 2302 Requirements for 5-12 

m 
No Record Found 3-3 
No Record Found Sense Bit 3-3 
Normal/CE Switch 2-61 
Numbering of TROS Tapes 2-14,2-18 

m 
OA (Old Address) Gates 2-9 
Old Address (OA) Gates 2-9 
OP (Operation Code) Register 2-2 
OP Code Bit Structure 1-15 
Operation Codes, Bit Structure of 2841 1-15 
Operations, Differences in 5-15 to 5-18 
Operational-In Line 1-22 
Operational-Out Line 1-22 
Operator's Position 1-3 
Optional Attachment 

2302 1-1,5-1 
2303 1-1,5-1 
2321 1-1,5-1 

Oscillators \ 
2.5 mc (MHz) 5-13 
2321 Operation 5-13 
875 kc (kHz) 5-13 

Outbound Tag Lines 1-19,1-21 
Overflow 

Incomplete Sense Bit 3-4 
Record Formatting 5-50 
Record Processing 5-50 

OVerflow Records 
Formatting 5-50 
Overflow From an Alternate Track 5-56 
OVerflow to a Bad Track 5-56 
O"erflow to a File Protected Boundary 5-56 
Overflow to a Track with Incorrect Head Number 5-56 
Processing 5-50 
RO 3-6 
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OVerflow Records (Continued) 
Sense Bytes 5-56 
Unusual Conditions 5-56 

OVerrun 3-2 
Overrun Sense Bit 3-2 

PA Field 2-67 
Partial Sum Register (B) 2-2 

Restriction 2-34 
PC Field 2-66 
Permit All Seek and Restore Commands 3-8 
Permit All Write Commands 3-8 
Permit Seek CCHH and Seek HH CCW's 3-8 
Permit Seek HH CCW 3-8 
Physical Description 2841 

Cable Entry 1-2 
Dimensions 1-2 
Environmental Conditions 1-3 
Front View of 2841 1-4 
Gate A and CE Panel 1-6 
Left Side View of 2841 TROS Unit 1-8 
Operator's Position 1-3 
Power Control 1-3 
Power Requirements 1-2 
Power Sequencing Panel Area 1-10 
Rear View of 2841 1-3 
Right Side View of 2841 1-5 
Right Side View of 2841 TROS Unit 1-7 
Top View of 2841 1-2 
2841 DeVice/Channel Cabling 1-9 

Plastic Tapes 2-11 
PN Field 2 -64 
Polling 

Defined 1-26,2-60 
Interrupt Routine 2-60 
Interrupts 2-58,2-60 

Polling Interrupts 2-58,2-60 
Power 

Control, General 1-3 
Control, Two Channel Switch 5-46 
Distribution 4-4 
Interlocks 4-4 
Requirements 1-2 
Sequencing 4-2 
Sequencing Panel 1-10 
Supply 4-1 
Supply Components 4-1 
Supply Marginal Checking 4-4 
Supply Thermal Considerations 4-4 

PoWer Control 1-3 
Power Control, TWo Channel Switch 5-46 
Power Distribution 4-4 
Power Interlocks 4-4 
Power Off Sequence 4-3 
Power Off Sequence - Emergency Power Off 4-4 
Power On Sequence 4-2 
Power Requirements 1-2 
Power Sequencing 4-2 
Power Sequencing Panel 1-10 
Power Supplies and Sequencing 

General Power Supply Description 4-1 
Marginal Checking 4-4 



Power Supplies and Sequencing (Continued) 
General Power Supply Description (Continued) 

Power Distribution 4-4 
Power Interlocks 4-4 
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Thermal Considerations 4-4 
Power Off Sequence 4-3 
Power Off Sequence - Emergency Power Off 4-4 
Power On Sequence 4-2 

Power Supply 4-1 
Power Supply Components 4-1 
Power Supply Marginal Checking 4-4 
Power Supply Thermal Considerations 4-4 
Principle of Driving and Gating 2-19 
Principle of TROS 2-11 
Principles of Operation 2-10 
Probe Indicator 2-64 
Processing OVerflow Records 5-50 
Programming 1-15 
Programming, 2841 1-15 
PS Field 2-66 
Power Off Sequence - Power Supply OVerload or Circuit 

Protect Trip 4-4 
Power Supply OVerload or Circuit Protect Trip, Power 

Off Sequence 4-4 

II 
Raising the Control Tag (FTO Bit) 2-101 
Ramp Generator 2-39 
Ramp Generator and VFO Trigger 2-39 
Read/Clocking, Microprogram 3-51 
Read Count 

Bit Structure of 1-15 
Flow Chart of 3-16 

Read Count-Key-Data 
Bit Structure of 1-15 
Flow Chart of 3-17,3-18 

Read Data 
Bit Structure of 1-15 
Flow Chart of 3-19,3-20 

Read Data and Read Key-Data - 2311 3-19,3-20 
Read Gate 2-34 
Read Home Address 

Bit Structure of 1-15 
Flow Chart of 3-13 

Read Home Address - 2311 3-13 
Read Initial Program Load (IPL) 

Bit Structure of 1-15 
Described 3-8 
System Reset 3-8 

Read Key, Data 
Bit Structure of 1-15 
Flow Chart of 3-19,3-20 

Read Operation 2-35 
Read Operation, Channel Interface 2-55 
Read Record Zero - 2311 3-14,3-15 
Read RO 

Bit Structure of 1-15 
Described 3-6 
Flow Chart of 3-14,3-15 

Reading Microprograms (CAS Logic) 
A and B Entry and Bypass Field 2-82 
A Bus to X Register Transfer 2-99 

Reading Microprograms (CAS Logic) (Continued) 
A Register to X Register 2-79 
ALU Bypass, ST3 Reset and X7 Branch 2-92 
ANDing the IS Register and CK Field 2-98 

CK Field and CN5 Bit Used With the FC and FT 
Registers 2-76 

CK Field as a Data Source 2-78 
CK Field to IG and W Registers and ST3 Set 2-93 
CK Field to W Register and CN Field to X Register 2-77 
CK to W Register Transfer 2-88,2-89 
D=O Statement 2-103 
Described 2-72 
Destination and ALW Control Field 2-83 
DNST21 2-96 
DNST21 and ST Reset with CK Field 2-97 
FC Register Reset 2-94 
Forcing the D Bus to FF to Enable Setting ST2 2-96 
FTO Bit 2-101 
FT2 Bit 2-100 
Introduction to Microblock Line Functions 2-72B 
Introduction to Microblock TROS Tape Fields 2-73 
Location of Address Data for the Microblock 2-74 
Location of TROS Field Data in CAS Microblock 2-87 
Location of TROS Fields for a Typical Microblock 

Example 2-75 
Microblock Arithmetic Symbols 2-81 
Module 0 Address Scan 2-90,2-91 
Raising the Control Tag 2-101 
Selecting 2321 or 2303 Interface 2-100 
Status Control Field 2-84 
ST3 (Carry) Reset, ST7 Set and X7 Branch 2-95 
ST6 Reset 2-94 
Synchronizing 2841 Operations to Command OUt 2-102 
Timing a Delay with the BX Register 2-103 
TROS Addressing 2-80,2-81 
4-Way Branch 2-94 

Rear View of 2841 1-3 
Recalibrate 2311 3-11 
Record 

Number 1-13 
OVerflow Feature 5-50 

Record Number - Byte 6 1-13 
Record Overflow 1-2 
Record OVerflow Feature 

Described 5-50 
Execution of Commands with Overflow Record 

Feature 5-55 
Formatting Overflow Records 5-50 
General Information 1-2 
Processing Overflow Records 5-50 
Unusual Conditions 5-56 

Register Select Switch 2-61 
Registers 

A Register 2-2 
B Register (Partial Sum) 2-2 
Controls, Miscellaneous 2-6 
Data Flow - Basic 2841 and Channel Attachment. 

Figure of 2-4 , 2-5 
DR Register (Data Read) 2-3 
ER (Error) Register 2-6 
General Purpose 

Bus In (IG) Gates 2-7 
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Registers (Continued) 
General Purpose (Continued) 

Bus Out Gates 2-6 
BX (Code Check Burst) Register 2-2 
BY (Code Check Burst) Register 2-2 
Channel Control Register (IG) 2-6 
DH (Data Length High) Register 2-2 
DL (Data Length Low) Register 2-2 
DW (Data Write) Register 2-2 
FR (Flag) Register 2-2 
General Information 1-5,2-1 
GL (Gap Length) Register 2-2 
GP (General Purpose) Register 2 ... 2 
KL (Key Length) Register 2-2 
OP (Operation Code) Register 2-2 
Service In/Out Controls 2-6 
TROS Addressing Registers 2-6 
UR (Unit Address) Register 2-2 

Miscellaneous Registers and Controls 2-6 
Partial Sum (B) Register 2-2 
ST Register (Status) 2-3 
SW 5-46,5-49 

Registers and Controls, Miscellaneous 2-6 
Registers, General Purpose 1-5,2-1 
Request-In 1-18 
Request-In Line 1-18 
Reserved 

Bit Structure of 1-15 
Described 3-4 

Reset 
General 2-60 
Selective 2-60 
Switch 2-61 

Reset Switch 2-61 
Reset, Selective 2-60 
Resistance Tape 

Descdption 2-15 
Figure of 2-18 

Resistance Tape and Insulating Tape 2-15 
Restart Conditions 2-50 
Restore Command 

Defined 5-14 
Flow Chart of 5-25 
2303 5-26 
2321 5-13 

Restore Command - 2321 5-25 
Right Side View of 2841 1-5 
Right Side View of 2841 TROS Unit 1-7 
ROS Word Bit 2 .. 34 
RO (Track Descriptor Record) 

Alpha Gap Bit Configurations 2-44 
Alpha Gap Timing Diagram 2-45 
Alternate Track Address In 3-6 
Beta Gap Bit Configuration 2-49 
Beta Gap Timing Diagram 2-47,2-48 
Beta Sequence 2-46 
Count Area 

Byte 7 - Key Length (KL) 1-11 
Bytes 8 and 9 - Data Length (DL) 1-11 
Flag, Byte 1 1-9 
Identifier (ID), Bytes 2-6 1-9 

Data Area 1-13 
Defective Surfaces 3-6 

X-14 (12/69) 

RO (Track Descriptor Record) (Continued) 
Described 3-6 
Flag (F) Byte 3-6 
Flagging 1-9 
Format, Bytes 7-9 1-9 
Gap 2 1-14 
HA or Alpha Sequence 2-40 
Key Area 1-13 
Track Condition Bits 3-6 
Track Descriptor Record (RO) 3-6 

RO - Inhibit Write Count, Key, and Data 3-8 

II 
SID (See Serializer /Deserializer) 
Sample Usage of Microblocks 2-69 to 2-71 
SC (Seek Complete) Gates 2-9 
Scan 

Controls Interface Lines 1-18 
Operations, Microprogram 3-52 

Search Equal Home Address 
Bit Structure of 1-15 
Flow Chart of 3-34 

Search Equal ID 
Bit Structure of 1-15 
Flow Chart of 3-35,3-36 

Search Equal Key 
Bit Structure of 1-15 
Flow Chart of 3-37,3-38 

Search Equal Key, Data 1-15 
Search High Equal ID 1-15 
Search High Equal Key 1-15 
Search High Equal Key, Data 1-15 
Search High ID 1-15 
Search High Key 1-15 
Search High Key, Data 1-15 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35,3-36 
Search Key Equal - 2311 3-37,3-38 
Search Operations, Microprogram 3-51 
Search/Scan Key and Data Equal 5-42,5-43 
Seek 

Check Sense Bit 3-3 
Commands 3-2 
Complete Gates 2-9 

Seek - 2311 3-10 
Seek Address Addressing 5-1 
Seek Check 3-3 
Seek Commands 3-2 
Seek Complete Gate 5-11 
Seek Complete (BC) Gates 2-9 
Select-In Line 1-18 
Select-Out Line 1-18 
Selecting 2321 or 2303 Interface (FT2 Bit) 2-100 
Selective Reset 1-24,2-59 
Sense 

,Amplifier Indicator 2-63 
Bytes, Overflow Record 5-56 
Bytes 0 through 5 3-2,3-5 
Bytes 4 and 5 5-56 
Information 3-2 
Operations, Microprogram 3-51 

Sense I/O 
Bit Structure of 1-15 



Sense I/O (Continued) 
Flow Chart of 3-41,3-42 

Sense Information 
Sense Byte 0 

Alternate Track (Bit 6) 3-3 
Bus Out Parity (Bit 2) 3-2 
Command Rejeot (Bit 0) 3-2 
Data Check (Bit 4) 3-2 
Defective Track (Bit 6) 3-2 
Equipment Check (Bit 3) 3-2 
Intervention Required (Bit 1) 3-2 
Overrun (Bit 5) 3-2 
RO 3-7 
Seek Check (Bit 7) 3-3 

Sense Byte 1 
Data Check in Count Field (Bit 0) 3-3 
End-Of-Cylinder (Bit 2) 3-3 
File Protected (Bit 5) 3-4 
Invalid Sequence (Bit 3) 3;'3 
Missing Address Marks (Bit 6) 3-4 
No Record Found (Bit 4) 3-3 
Overflow Incomplete (Bit 7) 3-4 
Track Overrun (Bit 1) 3-3 

Sense Byte 2 
ALU Check (Bit 4) 3-4 
Not Used (Bit 3) 3-4 
Reserved (Bit 1) 3-4 
Reserved (Bit 6) 3-5 
Reserved (Bit 7) 3-5 
Serializer /Deserializer Check (Bit 2) 3-4 
Un selected Status (Bit 5) 3-4 

Sense Byte 3 3-5 
Sense Byte 4 3-5,5-56 
Sense Byte 5 3-5,5-56 
Sense Information Summary 3-5 

Sense Information Summary 3-5 
Sense Operations, Microprogram 3-51 
SERDES 

(See Also Serializer /Deserializer) 
General Description 2-34 
Read Circuits 2-42 
Read Operation 2-35 
Write Circuits 2-36 
Write Operation 2-34 
Write Timing Chart 2-38 

SERDES, 2311 
Beta Gap Bit Configuration - 2311-2302 2-49 
Beta Gap Sequence 

bescription 2-46 
Restart Condition 2-50 

Beta Gap Timing Diagram 2-47,2-48 
General Description 2-34 
HA and Alpha Gap Bit Configuration 2311 2-44 
HA or Alpha Gap Sequence 

Description 2-41 
General 2-40 

HA or Alpha Gap Timing Diagram 2-45 
Read Operation 2-35 

Adjustable Delay Line and Single-8hot 2-39 
Error Detector 2-39 
Gap Selisor 2-39 
Gate Generator 2-39 
Ramp Generator and VFO Trigger 2-39 

SERDES, 2311 (Continued) 
Read Operation (Continued) 

Zeros Detector 2-39 
SERDES Read Circuits 2-42,2-43 
::S.I:!;.ttUE::S Write Circuits 2-36,2-37 
SERDES Write Timing Chart 2-38 
Variable Frequency Oscillator Circuit Operation 2-40 
VFO Circuits Timing Chart 2-41 
Write Operation 2-34 

Serial Address Sequence 5-7 
Serializer /Deserializer 

Basic Read Data Flow 1-6 
Basic Write Data Flow 1-5 
Check 3-4 
Control Lines from Microprogram 2-34 
Unit 2-34 
Write Circuits, Figure of 2-36,2-37 
Write Gate 2-34 
Write Timing Chart 2-38 
2302 

(See Also SERDES 2311) 
Operations 5-12 
Read Operation 5-32 
SERDES Write Timing Chart 2-38 
Write Circuits Figure of 2-36,2-37 
Write Operation 5-29 

2303 
Operation 5 -26 
Read Data Circuits 5-34,5-35 
SERDES Write Timing Chart 2-38 
Write Circuits Figure of 2-36,2-37 
Write Data Circuits 5-30,5-31 
Write Timing 5-33 

2321 Operation 5-13 
Serializer /beserializer Check 3-4 
Serializer /beserializer Unit 1-4,2-34 
Service-In 1-22,1-23 
Service-In Line 1-22 
Service In/Out Controls 2-6 
Service In/Out Timing for Read and Sense Operations 2-56 
Service In/Out Timing for Write, Search, and Control 

Operation 2-57 
Service-Out 1-20,1-21 
Service-Out Line 1-20 
Set ADDR Switch 2-61 
Set File Mask 

2311 3-12 
2841 3-8 

Short Control Unit Busy Sequence 2-57,5-44 
Single Shot, Block-Bit-Ring-Advance 5-14 
Single Step Switch 2-63 
SL T (Solid Logic Technology) 1-2 
Solid Logic Technology (SLT) 1-2 
Space Count Command - 2311 3-43 
Special Controls, Interface Lines 1-23 
ST (Status) Register 2-3 
Stacked Status 2-60 
Start Address Switch 2-63 
Start Switch 2 -63 
Status 

In-Line 1-21 
Information 3-1 
Modifier Status Bit 3-1 
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Status (Continued) 
Register 2-25 
2302 Circuits 5-12 
2303 Circuits 5-12 
2321 Circuits 5-12 

Status Bits (See Status Information) 3-1 
Status Control (CS) Field Codes 2-65,2-84 
Status-In Line 1-21 
Status Information 

Attention (Bit 0) 3-1 
Busy (Bit 3) 

Control Unit Busy 3-1 
Device Busy 3-1 

Channel End (Bit 4) 3-1 
Control Unit End (Bit 2) 3-1 
Device End (Bit 5) 3-1 
Status Modifier (Bit 1) 3-1 
Unit Check (Bit 6) 3-1 
Unit Exception (Bit 7) 3-2 

Control-Unit-End and Unit Check 3-2 
Immediate Command 3-2 
Seek Type Commands 3-2 

Status Modifier 
Status Modifier Status Bit 3-1 
Status Register (ST) 2-3 
Stop Address Switch 2-63 
Stop Switch 2-63 
ST3 (Carry) Reset, ST7 Set and X7 Branch 2-95 
Subtract Functions 2-32 
Summary of ALU Statements 2-29 
Suppress 

Data Transfer 1-24 
Out Line 1-24 
Status 1-24 

Suppress Data Transfer 1-24 
Suppress-out 

Chain Command Control 1-24 
Selective Reset 1-24 
Suppress Data Transfer 1-24 
Suppress Status 1-24 

Suppress-out Line 1-24 
Suppress Status 1-24 
SW Bit Position Assignments 5-46 
SW Registers 5-46,5-49 
Switch Registers 5-46,5-49 
Symbology, Microblock 2-67 
Synchronizing 2841 Operations to Command Out From the 

CPU 2-102 
System Reset 

IPL 3-8 
Set-File-Mask 3-8 
With .Two-Channel Switch 5-45 

System Reset, Two-Channel Switch 5-45 
System/360 I/O Interface 

Channel Interface Introduction 1-16 
Interface Lines 1-16 
Interface Operations 1-24 

a 
Tape 

Identification 2-14 
Number Determination 2-18 
Numbering 2-14 

X-16 (12/69) 

Tape (Continued) 
Plastic 2-11 
Resistance 2-15 
Types 2-14 

Tape Identification 2-14 
Tape Number Determination 2-18 
Tape Numbering 2-14 
Tape Numbering and Identification 2-14 
Tape Resistance 2-14 
Tape Stagger 2-16 
Tape Types 2-14 
Tape with U and I Core 2-11 
Tapes Plastic 2-11 
Test I/O 

Bit Structure of 1-15 
Flow Chart of 3-41 
Initial Selection 3-48 

Test I/O or Start I/O with Device Inoperable or Outstanding 
Status 3-41 

Theory of Operation 
Command Flow Charts 3-8 
Command Orientation Summary 3-53 
Condensed Microprogram Logic 3-48,3-49 
Erase Command - 2311 3-44 to 3-47 
Initial Program Load - 2311 3-39,3-40 
Initial Selection 3-9 
Miscellaneous Operations 3-5 
Read Count 3-1(i 
Read Count-Key-Data - 2311 3-17,3-18 
Read Data and Read Key-Data - 2311 3-19,3-20 
Read Home Address - 2311 3-13 
Read Record Zero - 2311 3-14,3-15 
Recalibrate 2311 3-11 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35,3-36 
Search Key Equal - 2311 3-37,3-38 
Seek - 2311 3-10 
Sense I/O 3-42 
Sense Information 3-2 
Set File Mask - 2311 3-12 
Space Count Command - 2311 3-43 
Status Information 3-1 
Test I/O or Start I/O with Device Inoperative or 

Outstanding Status 3-41 
Write Count-Key-Data - 2311 3-26,3-27 
Write Count-Key-Data - 2311 3-28 
Write Data - 2311 3-29 to 3-32 
Write Key-Data - 2311 3-33 
Write Record Zero - 2311 3-24,3-25 

Thermal Considerations 4-4 
Timing a Delay with the BX Register, CK Field and D = 0 

Statement 2-103 
Timing Exception, Interface 5-45 
Timing of TROS 2-20,2-26 
Top View of 2841 1-2 
Track 

Descriptor Record (RO) 1-9 
Format 1-17 
Overrun Sense Bit 3-2 

Track Condition Bits 3-6 
Track Descriptor Record (RO) 1-9 
Track Format 

Data Record 1-13 



Track Format (Continued) 
Data Record (Continued) 

Address Mark 1-13 
Count Area 1-13 
Data Area 1-14 
Key Area 1-14 

Error Detection 1-14 
Figure of 1-12 
Gaps 1-14 
General 1-7 
Home Address Area 1-8 
Index Marker 1-7 
Track Descriptor Record (RO) 

Count Area 1-9 
Data Area 1-13 
Flagging 1-9 
Key Area 1-13 

Track Overrun 3-3 
Track Overrun Sense Bit 3-3 
Transformer Cores 2-11 
Transformer Principle 2-10 
Transformer Read-only-8torage (TROS) 

Address Check 2-26 
Addressing TROS 

(See Also Decoding the Address Register) 
Diode Substrate 2-16 
Drive Commoning 2-16 
Gate Commoning 2-16 
General 2-15 
Module End Boards 2-16 
Register 2-6 

Array Layout 2-22 
Bit Assignment Chart 2-65 
Characteristics and Capacity 2-10 
Control Latches 2-26 
Control Register Check 2-28 
Decoding the Address Register 

Determining A or B Word 2-19 
Determining Tape Number 2-18 
Driver Decoding 2-18 
Gate Decoding 2-16 
General 2-16 

Diode Boards on Tape Modules 2-20 
Driver Decode, Figure of 2-24 
Functional Operation 

General 2-19 
Isolating Non-Selected Drivers 2-21 
TROS Inhibit 2-22 
TROS Timing 2-20 

Gate Commoning 2-16 
Gate Decode, Figure of 2-23 
General Arrangement of TROS Hardware - TROS 1, . 

Figure of 2-27 
General Information 1-5,2-9 
Inhibit 2-22 
Laminar Bus, Figure of 2-15 
Module End Board Showing FDD Substrates, Figure 

of 2-21 
Module Physical Construction 

Connections to the Module 2-14 
Core Carrier Assembly 2-12 
Laminar Bus 2-14 
Module Assembly' 2-12 
Plastic Tapes 2-11 

Transformer Read-Only-Storage (TROS) (Continued) 
Operation Compared to Core Storage 2-72 
Output Word 

Bit 44 2-26 
Field BP 2-25,2-72 
Field CA 2-25,2-72 
Field CB 2-25,2-72 
Field CC 2-25,2-72 
Field CD 2-22,2-72 
Field CH 2-26,2-72 
Field CK 2-25,2-72 
Field CL 2-25,2-72 
Field CN 2-22,2-72 
Field CS 2-25,2-72 
Field CV 2-22,2-72 
Field PA 2-26 
Field PC 2-25 
Field PN 2-22 
Field PS 2-25 

Principle of Driving and Gating, Figure of 2-19 
Principle of TROS, Figure of 2-11 
Principles of Operation 

Drive Line Linkage with Transformers 2-10 
Interrupting the Drive Lines 2-11 
Transformer Cores· 2-11 
Transformer Principle 2-10 

Purposes and Use of 2-9 
Resistance Tape, Figure of 2-18 
Sense Amplifier Check 2-28 
Tape Deck 

A, Band C Tapes 2-14 
Resistance Tape and Insulating Tape 2-15 
Tape Numbering and Identification 2-14 
Types of Tapes 2-14 

Tape stagger, Figure of 2-16 
Tape with U and I Core, Figure of 2-11 
Timing 2-20,2-26 
Transformer Principle 2-10 
TROS Tape Deck, Figure of 2-19 
TROS Tape Identification, Figure of 2-18 
TROS Tape Section, Figure of 2-12 
TROS Timing, Figure of 2-26 
Word Fields Described 2-'12 
Use 2-9 
Word Control Fields 2-4 

TROS Address Check 2-26 
TROS Address Decode 2-22 
TROS Addressing 2-14 
TROS Addressing Register 2-6 
TROS Addressing; Driver and Gate, Tape Number and 

Tape Type 2-80 
TROS Bit Assignment 2-64 
TROS Bit Assignment Chart 2-65 
TROS Characteristics and Capacity 2-10 
TROS Control Latches 2-26 
TROS Control Register Check 2-28 
TROS Drive Commoning 2-16 
TROS Functional Operation 2 -19 
TROS Gate Commoning 2-16 
TROS Inhibit 2-22 
TROS Logic Layout 2-25 
TROS Module 2-11,2-12,2-13 
TROS Output Word 2-22 
TaOS Principles of Operation 2-10 
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TROS Purpose 2-9 
TROS Sense Amplifier Check 2-28 
TROS Tape Deck 2-14,2-17 
TROS Tape Identification 2-18 
TROS Timing 2-20,2-26 
TROS Transformer Principle 2-10 
TROS (Transformer Read Only Storage) 
TROS Use 2-9 
TROS Word Control Fields 2-64 
TROS 1 2-22 
TROS 1 Array Layout 2-22,2-27 
TROS 2 Array Layout 2-22 
Two Channel Switch 

Circuit Description 5-46 
Commands 5-44,5-48 
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