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PREFACE

This manual contains internal programming information for the CONTROL DATA®
FA710-A/B/C/D Disk Controller, FA719-A /B/C/D Disk Controller, FA720-A/B/C/D
Disk Controller, FA722-A/B/C Disk Controller, and FA723-A/B Disk Controller.
The sections contained in this manual and their applicability to the various equip-
ment models are described as follows:

General Description - This section describes the physical makeup of each
of the equipment configurations.

Subsystem Processor Instructions - This section provides programming
information which is applicable to the subsystem processor used in all of

the equipment configurations.,

Function Codes - This section describes the function codes used for
communication between the subsystem processor and the control logic.
Section 3 is applicable to all equipment configurations.

Status Reporting - This section describes the status codes used for
communication between the subsystem processor and the control logic.
Section 4 is applicable to all equipment configurations.

Control Logic Instructions - This section describes the instruction
set used in the control logic portion of the disk controller., Section 5 is

applicable to all equipment configuration’s.

Director Sequencing and Selection - This section provides programming

information for use of the instruction set used in the control logic.

Section 6 is applicable to all configurations of equipment.

Special Hardware Considerations - This section contains information
on hardware features which may be of interest to the programmer.
Section 7 is applicable to all configurations of equipment.

Error Detectioﬁ and Correction - This section contains information
regarding the error detecting and correcting capabilities of the

hardware. Section 8 is applicable to all equipment configurations.

6000 Coupler Programmring - This section contains programming
information for the 6000 System Coupler used in the FA719-A/B/
C/D, FA722-A/B/C, and for the DT209/DT220 6000 System Coupler
which can be used with the FAT710.

7000 Coupler Programming - This section contains programming
information for the 7000 system coupler used in the FA720-A/B/C/D,
FAT723-A /B, and for the DT210 7000 System Coupler which can

be used with the FA710.

iii



Refer to the following manuals for additional information on the subsystem.
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GENERAL DESCRIPTION

INTRODUCTION

This manual provides reference information for the FA710-A/B/C/D Disk Controller,
FA719-A/B/C/D 6000 Disk Controller, FA720-A/B/C/D 7000 Disk Controller and FA
722-A /B Disk Controller. The following paragraphs describe the physical configurations
of these equipments.

FA710-A/B/C/D DISK CONTROLLER

The FAT10 Disk Controllers consist of two programmable asynchronous processors
and a 4K memory which they share. The two processors are the subsystem processor
and the control logic. Each processor has a unique instruction set and performs

a unique function within the system. The FA710 does not include a system coupler.

A DT209 6000 System Coupler must be added to configure the disk controller for

single channel 6000 applications. For dual channel 6000 applications, the DT220-A
Dual Access Option must also be used. A DT210 7000 System Coupler must be added to
the FA710 to configure the disk controller for 7000 applications.

FA719-A/B/C/D DISK CONTROLLER

The FAT19 6000 Disk Controller is identical to the FA710 except that it includes a
6000 system coupler and is specifically configured for single channel 6000 applica-
tions. A DT220-B Dual Access Option may be added for dual channel operations.

FA722-A/B/C 6000 DISK CONTROLLER l
The FAT722 Disk Controller has one functional difference between it and the FA719, the
FA722 can check parity on the CYBER 170 PPU interface. Physical differences between

the two are in the cabinet dimensions and in the chassis arrangement. Thus, they have

different card placements. The DT220-C Second Channel Feature can be added for dual
channel operations.

FA720-A/B /C/D DISK CONTROLLER

The FA720 7000 Disk Controller is identical to the FA710 except that it includes a
7000 system coupler and is specifically configured for 7000 applications.
FA723-A/B 7000 DISK CONTROLLER

The FA723 Disk Controller is functionally identical to the FA720. The difference between
the FA720 and FA723 are entirely in the cabinet size, color, and weight.

Figure 1-1 is a block diagram showing the relationships between the major functional
blocks of the disk controller. The diagram also provides a guide to the contents of
this manual.

60364500 H - 1-1
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SUBSYSTEM PROCESSOR

The subsystem processor is a general purpose processor which uses a 16-bit instruc-
tion set and controls overall system activity. The subsystem processor communicates
with the higher level processor via the system coupler and controls the activities of
the control logic. Section 2 of this manual describes subsystem processor instructions
and their formats. Function codes and status signals are exchanged between the sub-
system processor and the control logic via the normal channel interface. Function
codes are described in section 3 and status signals in section 4 of this manual,

CONTROL LOGIC

The control logic is a special purpose processor designed to control disk storage
units (disk drives) and to perform other special purpose functions related to disk
storage. The instruction set for the control logic varies in length from 16 to 64 bits.
The instructions are called directors to distinguish them from subsystem processor
instructions, Section'_5 of this manual contains director formats and descriptions.
Director sequences are selected by the subsystem processor dependent on the opera-

tion which is to be performed.

They are then loaded into the control logic where they control disk drive operations
and perform data handling and processing. All data is streamed directly between the
control logic and the higher level processor without being processed by the subsystem
processor. This method provides for a higher transfer rate. Section 6 contains
director sequencing information. Some of the major functional components of the
control logic and their effects on internal programming are discussed in section 7.
Section 8 contains information on error detection and correction which is performed
by the control logic as specifiea by the director software.

CORE MEMORY

The core memory contains 4096 16-bit words and is shared by the subsystem pro-
cessor and the control logic. Although the core memory has a potential cycle time
of 750 nanoseconds, the effective cycle time is dependent upon the activities being
performed by the subsystem processor and the control logic (see section 7). The
subsystem processor uses the memory to control overall operation of the disk con-
troller and to select director sequences for the control logic. The control logic
references memory to obtain the director sequences which then control the operation

60364500 E 1-3



of the disk drives and all data handling operations. All memory references are

routed through the memory scanner in the control logic so that the highest priority

references are handled first.

6000 SYSTEM COUPLER

The 6000 system coupler provides an interface with one standard I/O channel from a
CDC 6000 Series, CDC CYBER 70, ‘Model 72, 73, 74, or CDC CYBER 170 family
computer system. This coupler is included in the equipment configuration of the
FA719-A/B/C/D 6000 Disk Controller, and FA722-A/B/C Disk Controller. The
FA710 Disk Controller does not includes a system coupler. The DT209 6000 System
Coupler must be added to the FA710 for 6000 applications. Although the equipments
are configured in a different manner, the 6000 system coupler used in the FAT719
and the DT209 6000 System Coupler are functionally identical. The FAT722 coupler
has one functional difference between it and the other couplers: it checks and gen-
erates parity on transfers between the PPU and coupler. Parity is used only in a
CYBER 170 cbnfiguration. A switch on a coupler logic module disables the parity
circuits in a 6000 or CYBER 70 configuration.

7000 SYSTEM COUPLER

The 7000 system coupler provides an interface with two pairs of I/O channels from a
CDC 7000 Series or CDC CYBER 70, Model 76 computer system. This coupler is
included in the equipment configuration of the FA720-A/B 7000 Disk Controller.

The FAT710 does not include a system coupler. The DT210 7000 System Coupler
must be added to the FA710 for 7000 applications. Although the equipments are
configured in a different manner, the 7000 system coupler used in the FA720,
FA723, and the DT210 7000 System Coupler are functionally identical. Section 10
provides programming information which is applicable to these couplers.

1-4 60364500 H
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FUNCTIONAL DESCRIPTION

The subsystem processor is the major control element in the disk controller. It
receives function codes from the higher level processor through the system coupler
and then selects a list of directors for execution by the control logic. The function

codes, their format, and their method of transmission are dependent on the subsystem
software and the type of higher level processor. When the subsystem processor has
accepted a valid function, it selects a director sequence and informs the control logic.
The control logic accesses memory directly and begins loading the director sequence
into its director buffer. Execution of the director sequence is initiated by the subsystem
processor. Execution of the directors results in the operations necessary to transfer
data to or from the disk drive. Communication between the subsystem processor and

the control logic is via the normal channel interface of the subsystem processor.

60364500 E 1-5
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SUBSYSTEM PROCESSOR INSTRUC TIONS

INTRODUCTION

The subsystem processor provides central control of the disk storage subsystem.

The subsystem processor is a small scale, internally programmed, parallel mode

digital computer which contains a control section, an arithmetic section, and inter-

face units, Since both the address and data words consist of 16 bits, the subsystem
processor uses hexadecimal coding,.

DATA FORMATS

Data within the arithmetic section of the subsystem processor or within memory may
be treated as 16-bit words or 8-bit bytes. ‘ ’

WORD FORMAT

Registers and storage locations contain 16-bit words with the following bit designations.

MSB \ LSB
oololJo2|o3josajos|oe|o7|os8floofiOo]|1l J12]13]|14]15

0O 1 R 2494 ¢ ¢ MU g A B DEFE

Bit 00 is the leftmost bit and bit 15 is the rightmost bit, For signed quantities, the

1 state of bit 00 denotes a negative two's complement quantity and the 0 state denotes
a positive two's complement quantity.

BYTE FORMAT

Registers and storage locations contain two 8-bit bytes within each 16-bit word with
the following designations.

60364500 A . 2-1



MSB : LSB
O0}J Ol |02 103 |04 |05 |06 [O7T |08 |09 [10 [Il [12 |13 |14 |15

LEFT- MOYST BYTE RIGHT- M(;ST BYTE

The leftmost byte occupies the leftmost bit positions, 00 through 07, and the rightmost
byte occupies the rightmost bit positions, 08 through 15.

INSTRUCTION FORMATS

Two instruction code formats are used to program the subsystem processor, a
no-address format and a single-address format. The no-address format is used for
codes which control operations, contain an immediate operand, or perform operations
with the directly addressable registers (A, Bl, and B2). The single-address format

is used for codes which carry an address.

FORMAT 1 - NO-ADDRESS

The fofri_aat for the no-address instruction codes is as follows:

00 04 05  0O7 08 12 I5

The instruction fields are defined as follows: - S

f = function code
a = sub-function code
s = channel designator, instruction condition designator, or the leftmost four bits
of an 8-bit immediate operand
t = bit designator, right-shift count, or the rightmost 4 bits of an 8-bit
immediate operand
2-2 60364500 A
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Format 1 instructions contain no execution address since they perform control opera-
tions, contain an immediate operand, or perform operations involving only directly
addressable registers. The single exception is the LOAD FROM (A) instruction
(17XX) in which the A register initially contains the base address.

FORMAT 2 - SINGLE-ADDRESS

The format for the single-address instruction codes is as follows:

00 04 05 06 O7 08 15
f i r m

The instruction fields are defined as follows:

f = function code
i, r = addressing mode designators
m = base address (before modification)

ADDRESSING MODES

Addressing modes for format 2 instructions are described with respect to the forma-
tion of the execution address, M. Parentheses are used to indicate the contents of

a register or storage location. Where the rightmost 8 bits (m bits) of an instruction
are used directly or arithmetically to form a 16-bit address, zeros are appended to
m in the leftmost bit positions, 00 through 07. All address arithmetic is performed
in two's complement mode and does not alter the state of the adder generate bit.

The addressing modes are as follows:

1, Direct Address (i =0, r = 002)

A direct address is formed by using only the rightmost 8 bits of the instruction

word, This mode provides direct access to the first 25610 storage locations.

M=m

60364500 A 2-3



"Index B1 (i =0, r = 015)

An index Bl modified address is formed by adding the contents of the Bl
register to the m bits of the instruction word.

= (B1) + m
Index B2 (i=0, r = 102)
An index B2 modified address is formed by adding the contents of the B2
register to the m bits of the instruction.

= (B2)+ m
Relative Forward (i =0, r= 112)

A relative forward address is formed by addmg the cbntents of the P register
to the m bits of the instruction word.
=(P)+m
Indirect Address (i =1, r = 002)
An indirect address is formed by reading the contents of the storage location

designated by the m bits of the instruction word.
= (m)
Indirect/Index B1 (i =1, r = 019

An indirect/index Bl modified address is formed by reading the contents of
the storage location désigﬁated by the m bits of the instruction word and
adding the contents of the Bl register.

= (m) + (B1)

: Indlrect/Index B2 (1 =1, r =10,)

An indirect/index B2 modified address is formed by reading the contents of
the storage location designated by the m bits of the instruction word and

adding the contents of the B2 register.
= (m) + (B2)
Relative _Backward_(i =1, r = 112)

A relative backward address is formed by subtracting the m bits of the

instruction word from the contents of the P register,

M= (P)-m

60364500 A
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INTERNAL FLAGS

CONDITION BIT

The condition bit is an internal flag that may be altered and sensed by program means.

In the 1 state this flag is referred to as condition true and in the 0 state it is referred

to as condition false,

this flag.

Set condition equal: internal tests (08XX)
Set condition equal: bit t of channel s (09XX)
Test index B1, no address (14XX)

Test index B2, no address (15XX)
Test index B1 (30XX through 37XX)

Test index B2 (38XX through 3FXX)

Input block transfer (FOXX through F7XX)
Output block transfer (F8XX through FFXX)

ADDER GENERATE BIT

The adder generate bit constitutes the 17th output bit of the adder and reflects the

The following instructions are capable of altering the state of

generation of an end-off carry following operand arithmetic for the following instruc-

tions.

Add no address (10XX)

Subtract no address (11XX)

Add (60XX through 67XX)
Subtract (68XX through 6FXX)
Replace add (80XX through 87XX)

Replace add one (88XX through 8FXX)

60364500 A



The adder generate bit does not convey any information concerning a conventional
arithmetic overflow. During multiple precision arithmetic operations, this flag
provides an indication of register overflow when adding like-signed operands. When
the flag is absent, it indicates register overflow when subtracting unlike-signed

operands,

INSTRUCTIONS

The following paragraphs describe the format 1 and format 2 instructions used in
programming the subsystem processor. The abbreviations used in the descriptions
have been previously defined. In addition, the subscript i is used to denote initial

and f to denote final, and both refer to the contents of registers or storage locations.

Instructions, which serve no purpose except to increment the contents of the P register

by one, are referred to as resulting in no-operation,

Instruction words in which bit positions are unused must have the unused bits in the
0 state., When these bit positions are in the 1 state, the results of the instructions

are undefined,

In the case of the SELECTIVE STOP instruction (00XX), the s and t fields are unused
to the extent that they do not participate in the execution of the instruction. These
fields may be nonzero and are defined as having no effect. In this instruction, these

fields may be used for-identification, temporary storage, or other program purposes.

FORMAT 1 INSTRUCTIONS

Table 2-1 lists the format 1 instructions used to program the subsystem processor.
The hexadecimal codes for the f and a fields are given for each instruction. The s
and t fields are designated by an X when the bits are used and by a 0 when they

are not used. The individual instruction descriptions explain the coding of the s and
t fields. In addition, the table contains the mnemonics and execution times for each

instruction,

2-6 60364500 A
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TABLE 2-1. FORMAT 1 HEXADECIMAL INSTRUCTION CODES

Hex Execution
Instruction Code Time=
Selective Stop 00 XX 1
Selective Set Bit t of A 01 0X 1
Selective Clear Bit t of A 02 | 0X -1
Selective Complement Bit t of A 03 0X 1
Count of Leading Zeros in A; to Af -04 00 1
Shift A Right, t Places 05 XX 1
Transfer A to Bl; 06 XX 1
Transfer A to B2; 07 XX 1
Set Condition Equal : Internal Tests 08 | XX 1
Set Condition Equal : Bit t of Channel s 09 XX 1
Input to A From Channel s oC X0 1
Set Channel s from A 0D XX 1
Clear Channel s from A OE XX 1
Transfer A to Channel s oF XX 1
Add No Address 10 XX 1
Subtract No Address 11 XX 1
Exclusive OR No Address 12 | XX 1
Logical Product No Address 13 XX 1
Test Index Bl No Address 14 XX 1
Test Index B2 No Address 15 XX 1
IL.oad A Complement No Address 16 XX 1
Load From (A) 17 XX 2
* Instruction times in number of storage reference cycles.
*%* See instruction description for mnemonic.
60364500 A 2-17
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Selective Stop 00 XX ‘
The execution of this instruction is dependent on the state of the NOP-00 signal which
appears on the input of the station control interface. When the NOP-00 signal is in
the 1 state, this instruction results in a no-operation, When the NOP-00 signal is /
in the 0 state; this instruction results in an immediate halt of program execution.
& /
Once halted, the program execution may be resumed with the reading of the next in- '
struction at P+1 through the use of additional control inputs on the station control -
interface.
Selective Set Bit t of A 01 0X

This instruction unconditionally sets bit t of the A register, where the 4-bit designator
t specifies one of the 16 bit positions in A, The remaining 15 bits of A are left un-
changed.

If bit t of Ai is already in the set state (1), this instruction effectively results in a
no-operation, "

Selective Clear Bitt of A 02 0X

This instruction unconditionally clears bit t of the A register, where the 4-bit designa-
tor t specifies one of the 16 bit positions in A, The remaining 15 bit positions of A
are left unchanged.

If bit t of Ai is already in the clear state (0), this instruction effectively results in
a no-operation.

TN
\
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'Selective Complement Bit t of A - 03 0X

This instruction complements bit t of the A register, where the 4-bit designator t
specifies one of the 16 bit positions in A. The remaining 15 bit positions of A are
left unchanged, '

The'complement operation is performed so that when bit t of Ai is set, bitt of Af is
clear and when bit t of Ai is clear, bit t of Af is set,

Count of Leading Zeros in Aj to Af 04 00

This instruction scans the contents of Ai from left to right, and transfers the count
of leading zeros into Af as a 5-bit right-justified quantity, The leftmost 11 bits of
Af are cleared.

Shift A Right, t Places 05 0X and 05 8X

This instruction shifts the contents of A to the right t bit positions, where t is a 4-bit
shift count.

The shift may be circular or end-off. When bit 08 of the instruction is in the 1 state,
the shift is circular with the rightmost bits shifted end-around into the leftmost bit

positions. When bit 08 is in the 0 state, the shift is end-off with zeros inserted into
the leftmost bit positions of A.

When t = 0, this instruction effectively results in a no-operation.

Hexadecimal
Code - Operation
050X Shift Right Circular
058x>§' Shift Right Open
60364500 A 2-9



Transfer A to Bl; (A) + s and t -— Bl : 06 XX

This instruction adds the rightmost 8 bits of the instruction WOrd, with zeros extended,
to the contents of the A register and transfers the sum to the Bl register, -

The state of the adder generate bit is unaltered by the execution of this instruction.

Transfer A to B2; (A) + s and t - B2 07 XX

This instruction adds the rightmost 8 bits of the instruction word, with zeros extended,
to the contents of the A register and transfers the sum to the B2 register.

The state of the adder generate bit is unaltered by the execution of this instruction.

Set Condition Equal: Internal Tests | 08 0X through 08 7X

This instruction forces the state of the condition bit to reflect the state of selected
internal tests. The s field designates the internal test(s) to be performed. The t

field specifies which bit of the A register is to be tested when the s field designates
an A register bit test. A 080X code forces the condition bit false.

For the following code descriptions, X and Z are defined as follows:

X = any hexadecimal digit
Z=1or3or5orfT
2-10 60364500 A
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The following codes force the condition bit true (to the 1 state) for the following listed

reasons,

081X

@2 X

083X

~ . /,r"
085X—

086X

087X

For 08ZX codes,

08z0
08z1
08z2
08z3
08z4
0825
0876
08217
0828
08z9
08ZzA
08ZB
08ZC
08ZD
08ZE
08ZF

60364500 A

Shi'T €o v ]
The A register bit specified by the t field is a 1.

The adder generate bit is a 1.

The A register bit specified by the t field is a'1 or the adder generate
bit is a 1.

The A register contains an odd number of 1 bits,

The A register bit specified by the t field is a 1 or the A register
contains an odd number of 1 bits,

The adder generate bit is a 1 or the A register contains an odd
number of 1 bits,

The A register bit specified by the t field is a 1, the adder genei‘ate

bit is a 1, or the A register contains an odd number of 1 bits,

the t field specifies the A register bit to be tested as follows:

A register bit 15 is to be tested
A register bit 14 is to be tested
A register bit 13 is to be tested
A register bit 12 is to be tested
A register bit 11 is to be tested
A register bit 10 is to be tested

'A register bit 09 is to be tested

A register'bit 08 is to be tested
A register bit 07 is to be tested
A register bit 06 is to be tested
A register bit 05 is to be tested
A register bit 04 is to be tested
A register bit 03 is to be tested
A register bit 02 is to be tested

‘A register bit 01 is to be tested

A register bit 00 is to be tested



Set Condition Equal: Bit t, Channel s 09 XX

This instruction forces the state of the condition bit to reflect the state of the selected

bit on the selected normal input channel,

The condition bit is forced true (1) if bit t of normal input channel s is true (1).
The condition bit is forced false (0) if bit t of normal input channel s is false (0).

The 4-bit designator s specifies one of 16 possiblé normal itiput channels and the
4-bit designator t specifies one of 16 bit positions to be tested within the selected
channel. If the selected input channel is not physically present, the condition bit is

forced true.

Input to A from Channel s 0C X0

This instruction transfers a word from no'rmal input channel s to A.

The 4-bit designator s specifies 1 of 16 possible normal input channels. If the
selected channel is not physically present, Af will contain all ones (FFFFIG)._

Set Channel s from A 0D X0 or 0D X8

This instruction sets bits on normal output channel s according to the contents of the
A register, ’

If bit 12 of the instruction is a 0, this instruction sets bits on normal output channel

s where corresponding bits are present in the A register, Where zeros are present
in the A register, corresponding bits on the selected channel are left unchangéd.

2-12 60364500 A
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If bit 12 of the instruction is a 1, this instruction sets bits on normal output channel
s where corresponding zeros are present in the A fegister. Where ones are present

in the A register, corresponding bits on the selected channel are left unchanged.

The 4—bit designator s specifies 1 of 16 possible normal output channels, ' If the

selected channel is not physically present, this instruction effectively results in a
no-operation, -

Clear Channel s from A 0E X0 or OE X8

This instruction clears bits on normal outpuf channel s according to the contents of
the A register.

If bit 12 of the instruction is a 0, this instruction clears bits on normal output channel

s where corresponding zeros are present in the A register., Where ones are present
in the A register, corresponding bits on the selected channel are left unchanged.

If bit 12 of the instruction is a 1, this instruction clears bits on normal output channel
s where corresponding ones are present in the A register. Where zeros are present
in the A register, corresponding bits on the selected channel are left unchanged.

The.4-bit designator s specifies 1 of 16 possible normal output channels. If the

selected channel is not physically present, this instruction effectively results in a
no-operation,

Tfansfer A to Channel s | OF X0 or OF X8 ]

This instruction transfers the contents of the A register either directly or in one's
complement mode to normal output channel s,

60364500 A



If bit 12 of the instruction is a 0, this instruction force transfers the contents of the

A register directly to normal output channel s.

If bit 12 of the instruction is a 1, this instruction force transfers the one's comple-
ment of the contents of the A register to normal output channel s.

The 4-bit designator s specifies 1 of 16 possible normal output channels. If the

selected channel is not physically present, this instruction results in a no-operation.

Hexadecimal
Code Operation
0FX0 Transfer (A) to channel s
0FX8 " Transfer (A) complement to channel s
Add No Address : ' 10 XX

This instruction adds the rightmost 8 bits of the instruction word, with zeros extended,
to the contents of Ai and transfers the sum to Af.
The adder generate bit receives the end-off carry from the adder at the time the

result is transferred to Af.

Subtract No Address i ' 11 XX

This instruction subtracts the rightmost bits of the instruction word, with zeros
extended, from the contents of Ai and transfers the difference to Af.
The adder generate bit receives the end-off carry from the adder at the time the
result is transferred to Af.

Exclusive OR No Address 112 X)d

2-14 60364500 A
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This instruction performs an exclusive OR with the rightmost 8 bits of the instruction.
word and the rightmost 8 bits of Ai’ and places the results in Af. The leftmost. 8 bits
of Ai remain unchanged.

The exclusive OR operation is performed according to the following truth table.

Bit n of Ai Bit n * Bit n of Af
: Immediate Operand
0 0 0
0 1 1
1 0 1
1 1 0
Logical Product No Address 13 XX

This instruction performs the logical product with the rightmost 8 bits of the instruc-
tion word and the rightmost 8 bits of Ai’ and places the results in Ap. The leftmost
8 bits of Af are cleared.

The logical product operation is performed according to the following truth table,

Bit n of Ai Bit n Bit n of Af
Immediate Operand
t
0 0 0
0 1 0
1 0 0
1 1 1
Test Index Bl No Address 14 XX

This instruction compares the rightmost 8 bits of the instruction word with the right-

most 8 bits initially contained in the Bl index register.

60364500 A 2-15



If the quantities are equal, the condition bit is forced true (1) and the contents of Bli

are left unchanged.

If the quantities are not equal, the condition bit is forced false (0) and the contents of

Bli are increased by one and transferred to Blf. '

Test Index B2 No Address 15 XX

This instruction compares the rightmost 8 bits of the instruction word with the right-

most 8 bits initially contained in the B2 index register.

If the quantities are equal, the condition bit is forced true (1) and thé contents of B2i
are left unchanged.

If the quantities are not equal, the condition bit is forced false (0) and the contents of
B2; are increased by one and transferred to B2;.

Load A Complement No Address 16 XX

This instruction performs the two's complement on the rightmost 8 bits of the instruc-

tion word and transfers the result, with ones extended, into the A register.

Load from (A); ( (A) +sandt)—~ A, 17 XX

N
This instruction transfers thefexecution ﬁiress M to the A register,

The execution address M is formed by adding the rightmost 8 bits of the instruction
word to the contents of Ai‘

2-16 60364500 A
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FORMAT 2 INSTRUCTIONS

Table 2-2 lists the format 2 instructions used to program the subsystem processor.

The hexadecimal codes for the f, i, and r fields for each instruction are given. A

description of the addressing modes for the m field of format 2 instructions can be

found at the beginning of this section,

2 instructions.

Table 2-3 lists the execution times for format

Enter A With Address

18 XX through 1F XX

This instruction transfers M (address after modification) to the A register, The

following table lists the codes for the eight addressing modes used with this instruction.

Hexadecimal
Code

18 XX
19 XX
1A XX
1B XX
1C XX
1D XX
1E XX
1F XX

Operation

Enter Bl With Address

20 XX through 27 XX

This instruction transfers M (address after modification) to the Bl index register.

The following table lists the codes for the eight addressing modes used with this

instruction,

60364500 A



TABLE 2-2, FORMAT 2 HEXADECIMAL INSTRUCTION CODES

Addressing Mode

o
0T “- w - o &
_Instruction - > 5 3] oM oM | > g
‘ b o » T2 a L | Bx BT
o v | o I e "0 | a0 |87
H5 1l om|lwm (98 | B |[BT |BT |T8
a | 5 5 = g | E5 | EE |mm
Enter A with Address 18 19 1A 1B 1C 1D 1E 1F
Enter B1 with Address 20 21 22 23 24 25 26 27
Enter B2 with Address 28 29 2A 2B 2C 2D 2E 2F
Test Index B1 30 31 32 33 34 35 36 37
Test Index B2 38 39 3A 3B 3C 3D 3E 3F
Load A 40 41 42 43 44 45 46 47
Load A Complement 48 49 4A 4B 4C 4D 4E 4F
Load Left-Most Byte 50 51 52 53 54 55 56 57
Load Right-Most Byte 58 59 5A 5B 5C 5D 5E 5F
Add 60 61 62 63 64 65 66 67
Subtract 68 69 6A 6B 6C 6D 6E 6F
Exclusive OR 70 71 72 73 74 75 76 77
Logical Product 78 79 TA 7B 7C 7D TE TF
Replace Add 80 81 82 83 84 85 86 87
Replace Add One 88 89 8A 8B 8C 8D 8E 8F
Replace Left-Most Byte 90 91 92 93 94 95 96 97
Replace Right-Most Byte 98 99 9A 9B 9C 9D 9E oF
Store A0 Al A2 A3 A4 AS A6 AT
Store Zeros A8 A9 AA AB AC AD AE AF
Destructive Load BO B1 B2 B3 B4 B5 B6 B7
Unconditional Jump B8 B9 BA BB BC BD BE BF
A Zero Jump Co C1 Cc2 C3 Cc4 C5 C6 Cc17
A Nonzero Jump C8 C9 CA CB cC CD CE CF
A Positive Jump po| pi| p2 | D3 | D4 | D5 | D6 | DT
A Negative Jump D8 D9 DA DB DC DD DE DF
Condition True Jump EO El E2 E3 E4 ES5 E6 E7
Condition False Jump E8 E9 EA EB EC ED EE EF
Input Block Transfer FO F1 F2 F3 r4 F5 ¥6 7
Qutput Block Transfer F8 F9 FA FB FC FD FE FF
2-18 60364500 A
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TABLE 2-3,

FORMAT 2 INSTRUCTIONS EXECUTION TIME

Instruction

Execution Time*

Relative
Forward

Index B1

Index B2

Backward

Enter A with Address

Enter Bl with Address
Enter B2 with Address

Test Index B1
Test Index B2

Load A
Load A Complement

Load Left-Most Byte
Load Right-Most Byte

Add
Subtract

Exclusive OR
Logical Product

Replace Add
Replace Add One

Replace Left-Most Byte
Replace Right-Most Byte

Store
Store Zeros

Destructive Load
Unconditional Jump

A Zero Jump
A Nonzero Jump

o N jWwWi kb Rl WWIWW|WW| WW|[wWww| N NIndirect

3]

v o |wwlanlbbl ww|lwwlww|ww|ww| | ojIndirect

A Positive Jump
A Negative Jump

Condition True Jump
Condition False Jump

mrlrr R, Rrw| oo ww] v MMM |0 (oo~ = = |Direct

PR =W N W ww M| N NN NN [N | =)~ Tndex Bl

Rl RrR R, M W[ ww M MO (oo~ =] = |Index B2

He e R W INNN]WW | WWI NN DN NDN|DNDDN (DD ] =

NN (NN b [Ww Ad | dh| wwlww|ww]ww|ww|do|o|Indirect

el e e m e N ww|wwl o v oo o (o |~ | = |Relative

Input Block Transfer
Output Block Transfer

1+k
1+k

1+k
1+k

1+k
1+k

1+k
1+k

2tk
2+k

1+k
1+k

* Instruction times in number of storage reference cycles.

“* The execution time for block transfer instructions is dependent upon the number of
transfers to be performed as well as the time required for each transfer.

above table is defined as follows:

K in the

k= (1+c) where:
" n = number of transfers
1 = one storage reference cycle
c = a constant determined by the characteristics of the
coupler attached to the coupler interface of the sub-
system processor,
60364500 A 2-19



Hexadecimal
Code

20 XX
21 XX
22 XX
23 XX
24 XX
25 XX
26 XX
27 XX

Operation

m - Bl

m + (Bl) - Bl
m + (B2) - Bl
m+ (P) - Bl
(m) - B1

(m) + (B1) - Bl
(m) + (B2) - Bl.
-m + (P) - B1

Enter B2 With Address

28 XX through 2F XX

This instruction transfers M (address after'modificatién) to the B2 index register,

The foilowing table lists the codes for the eight addressing modes used with this

instruction.,

2-20

Hexadecimal
Code

28 XX
29 XX
2A XX
2B XX
2C XX
2D XX
2E XX
2F XX

Operation

m -~ B2

m + (Bl) - B2
m + (B2) - B2
m + (P) - B2
(m) - B2

(m + (B1) ) - B2
(m + (B2) ) - B2
-m + (P) -~ B2

Test Index Bl

30 XX through 37 XX

60364500 A
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This instruction compares the contents of M (address after modification) with the
contents of Bli. If equal, the condition bit is forced true (1 state) and the contents
of Bli are not changed. If unequal, the condition bit is forced false (0 state) and the
contents of Bli are incremented by one and transferred to Blf.

The following table lists the codes for the eight addressing modes used with this
instruction. '

Hexadecimal Executi‘onb
Code M
30 XX m
31 XX m + (B1)
32 XX m + (B2)
33 XX m+P
34 XX (m)
35 XX (m) + (B1)
36 XX : : (m) + (B2)
37 XX -m + (P)

Test Index B2 ] 38 XX through 3F XX

This instruction compares the contents of M (address after modification) with the
contents of B2i. If equal, the condition bit is forced true (1 state) and the contents
of B2i are not changed. If unequal, the condition bit is forced false (0 state) and the
contents of B2i are incremented by one and transferred to B2f.

The following table lists the codes for the eight addressing modes used with this
instruction.
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Hexadecimal

Execution
Code Address
38 XX m
39 XX m + (B1)
3A XX m + (B2)
3B XX m + (P)
3C XX (m)
3D XX (m) + (B1)
3E XX (m) + (B2)
3F XX -m + (P)

Load A 40 XX through 47 XX

This instruction transfers the contents of M (address after modification) to the A reg-

ister.

The following table lists the codes for the eight addressing modes used with this

instruction.

2-292

Hexadecimal
Code

3

40 XX
41 XX
42 XX
43 XX
44 XX
45 XX
46 XX
47 XX

Operation

m - Af

m + (B1) - A,
m + (B2) - Af
m+ (P)—~ A
(m) ~ A,
(m) + (B1) -~ A,
(m) + (B2) - Af

-m + (P) - Af

f
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Load A Complement

48 XX through 4F XX

This instruction transfers the two's complement of the contents of M (address after

modification) to the A register,

The two's complement of 000016 and 800016 leaves the number unaltered. The hard-

ware does not detect these as exceptions.

The following table lists the codes for the eight addressing modes used with this

instruction.

Hexadecimal
Code
48 XX
49 XX
4A XX
4B XX
4C XX
4D XX
4E XX
4F XX

Operation

m — Af

m + (Bl) - Af
m + (B2) - Af
m + (P) - Af
(m) -~ A,

(m) + (B1) -~ Ay
(m) + (B2) - A,

-m + (P) -~ Af

Load Left-Most Byte

50 XX through 57 XX |

This instruction transfers the leftmost byte from the contents of M (address after

modification) to the rightmost byte position in the A register and clears the leftmost

byte in the A register.

The following table lists the codes for the eight addressing modes used with this

instruction. -

60364500 A



Hexadecimal
Code

50 XX
51 XX
52 XX
53 XX
54 XX
55 XX
56 XX

57 XX

Operation

m—-Af

m + (B1) — Af

m + (B2) —~ Af

m+ (P) -+ Af

(m) -~ 'Af'
(m) + (B1) ~ A,
(m) + (B2) ~ A,

-m + (P) - Af

Load Right-Most Byte

58 XX through 5F XX

This instruction transfers the rightmost byte from the contents of M (address after

modification) to the rightmost byte position in the A register and clears the leftmost

byte in the A register.

The following table lists the codes for the eight addressing modes used with this

instruction,

Hexadecimal
Code

58 XX
59 XX
5A XX
5B XX
5C XX
5D XX
SE XX

5F XX

2-24

O'Eeration
m — Af
m + (Bl) - Af
m + (B2) - Af
m + (P) - Af
(m) — Af
(m) + (B1) - Af
(m) + (B2) - Af

-m + (P) -~ Af

60364500 A
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Add

60 XX through 67 XX |

This instruction adds the contents of memory location M (address after modification)

to the contents of the A register (Ai) and transfers the sum to the A register (Af).

The adder generate bit receives the end-off carry.

The following table lists the codes for the eight addressing modes used with this

instruction.
Hexadecimal
Code Operation
60 XX m + (Ai) - Af
61 XX m + (Bl) + (A,)) ~ A,
62 XX m + (B2) + (Ai) - A;
63 XX m + (P) + (Ai) - Af
64 XX “(m) + (Ai) ~ A
65 XX (m) + (B1) + (A)) = A,
66 XX (m) + (B2) + (Ai) - Af
67 XX -m + (P) + (Ai) - Af
Subtract 68 XX through 6F XX

This instruction subtracts the contents of memory location M (address after modifica-
tion) from the contents of the A register (Ai) and transfers the difference to the A

register (Ag). The adder generate bit receives the end-off carry.

The following table lists the codes for the eight addressing modes used with this

instruction,

60364500 A
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Hexadecimal ,

Code Operation
68 XX , L. m - '(Ai‘) - Af

- 69 XX ‘ o " m+ (Bl) - (Ai) - Af
A XX m + (B2) - (A)) ~ Af
6B XX - ' _ m + (P) - (Ai) - Af
6C XX (m) - (Ai) - Af
6D XX (m) + (B1) - (Ai) - Af
6E XX (m) + (B2) - .(Ai) - Af
6F XX -m + (P) - (Ai) - Af

Exclusive OR 70 XX through 77 XX |

This instruction performs an exclusive-OR with the contents of memory location M
(address after modification) and the contents of the A register (Ai); the result is
transferred to the A register (Af).

The exclusive-OR operation is performed according to the following truth table.

Bit n of Ai Bit n of (M) Bit n of Af
0 0 0
0 1 1
1 0 1
1 1 0

The following table lists the codes for the eight addressing modes used with this
instruction,
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Hexadecimal
Code

70 XX
71 XX
72 XX
73 XX
74 XX
75 XX
76 XX

77 XX

Operation

m + (Ai)—» Af

m+ (Bl) + A, ~ A
m + (B2) + A ~ A

m+ (P) + Ai-»Af

(m) + Ai-> Af

(m) + (B1) + Ai'-» A
(m) + (B2) + Ai—- A

-m + (P) + Ai—-Af

[ Logical Product

78 XX through 7F XX |

This instruction performs the logical product with the contents of memory location M

(address after modification) and the contents of the A register (Ai); the results are
transferred to the A register (Af). ‘

The logical product operation is performed according to the fbllowing truth table.

The fdllowing table lists the codes for the eight addressing modes used with this

instruction.

60364500 A

" Bit n of (M)

Bit n of A Bit n of A
0 0 0
0 1 0]
1 0 0
1 1 1
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Hexadecimal

Code ’ Operation

78 XX m (8, ~ A,

79 XX - m + (B1) (&) ~ A,

T 7A XX m + (B2) (A) ~ A,

7B XX m + (P) (Ai) - A

7C XX (m) (Ai) - Af

7D XX (m) + (B1) (Ai) - Af

TE XX (m) + (B2) (Ai) - Af

T XX -m + (P) (Ai) - Af
Replace Add 80 XX through 87 XX

This instruction adds the contents of memory location Mi (initial address after modifi-
cation) to the contents of the A register (Ai) and transfers the sum to the A register
(Af) and to Mf.

The following table lists the codes for the eight addressing modes used with this

instruction.
Hexadecimal ;

Code . ‘ Operation
80 XX m + (Ai) - Af_, Mf
81 XX m + (B1l) + (Ai) - Af, Mf
82 XX , m + (B2) + (Ai) - Ap M,
83 XX . o m + (P) + (Ai) - Af, Mf
84 XX ) (m) + (Ai) - Ap M,

~ - R . . . - '
85 XX . (m) + (B1) ¢ (Ai) Af, le
86 XX (m) + (B1) + (Ai) - Af, 1V[f
87 XX -m + (P) + (Ai) - Af. Mf

2-28 60364500 A
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LReplace Add One 88 XX through 8F X.\I—l

This instruction adds one to the memory location M, (address after modification) and
transfers the result to Mf and the A register (Af). The adder generate bit receives
the end-off carry. | '

The following table lists the codes for the eight addressing modes used with this
instruction.

Hexadecimal
Code QOperation
88 XX mole A M
89 XX | | m (B 11 QAf - M,
8A XX | o om (B2 41~ A~ M
8BXX , , _ | m+j(P)+1~>Af—>1Vlf
8C XX (m)+1->Af»Mf
8D XX B (m) + (B1) + 1= A~ M,
8E XX 4 (m) + (B2) 1 1~ A~ M,
8F XX . m+(P) 1 1~ A~ M,
Replace Left-Most Byte | LsJo XX through 97 XX |

This instruction stores the rightmost byte of the contents of the A register (Ai) into

the leftmost byte position of storage location M (address after modification). The
rightmost byte of M is left unchanged.

The following table lists the codes for the eight addressing modes used with this

instruction.
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Hexadecimal
Code

90 XX
91 XX
92 XX
93 XX

- 94 XX
95 XX
96 XX

97 XX

AF =N F

I'e¥ 15

Operation

08-15

>

08-15
08-15
08-15
08-15
08-15

08-14

L

08-15

—

m A= Moo Ays

m + (B1)

m + (B2)

- m + (P)

(m)

- (m) + (B1)

-

-

(m) + (B2)

-m + (P)

Replace Right-Most Byte

98 XX through 9F XX

This instruction stores the rightmost byte of the contents of the A register (Ai) into

the rightmost byte position of storage location M (address after modification). The

leftmost byte of M is unchanged.

—

The following table lists the codes for the eight addressing modes used with this

instruction,

Iexadecimal
Code

98 XX
99 XX
9A NX
9B XX
9C XX
90 XX
91 XX

91 XX

2-30 ﬁ /::' W) F

0§71

Operation
Aog-15 = ™
Apg-15 — ™ * (B1)
Agg_15 = ™ + (B2)
Agg.ys = m * (P)
Agg-15 = (M)
Agg-15 ~ (M) + (B1)
Agg_y5 = (m)+ (B2)
Apjg 15 = "m + (P)
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[ Store

A0 XX through A7 XX |

This instruction stores the contents of the A register at memory location M (address
after modification). '

The following table lists the codes for the eight addressing modes used with this

instruction,

Hexadecimal

Code

A0 XX
Al XX
A2 XX
A3 XX
A4 XX
A5 XX
A6 XX
A7 XX

Operation

(A) = m

(A) - m + (B1)
(A) = m + (B2)
(A) - m 1t (P)
(A) - (m) :
(A) ~ (m) + (B1)
(A) - (m) + (B2)
(A) = -m + (P)

Store Zeros

A8 XX through AF XX

This instruction stores all zeros at storage location M (address after modification).

The followihg table lists the codes for the eight addressing modes used with this

instruction.

60364500 A
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Hexadecimal
Code

A8 XX
A9 XX
AA XX
AB XX
AC XX
AD XX
AE XX
AF XX

Operation
0> m
0> mt (Bl)
0 - m+ (B2)
0-—-mt (P)
0 > (m)
0 ~ (m) + (B1)
0 - (m) t+ (B2)
0~ -m+t (P)

Destructive Load

<B0 XX through B7 XX

This instruction transfers the contents of storage location M (address after modifica-

tion) to the A register and stores all zeros at storage location M.

The following table lists the codes for the eight addressing modes used with this

instruction.
IHexadecimal
Code Operation

B0 XX m-»A;O—-Mf

1 XX m+ (B1) ~ A; 0~ M,
B2 XX m + (B2) - A; 0 ~ M,
B3 XX mf(P)-»A;O—»Mf
B4 XX (m) ~ A; 0~ M,
B5 XX (m) + (B1) - A; 0 ~ M,
B6 XX (m) + (B2) - A; 0 — M,
BT XX -rr1+(P)—-A;O—>1\/[f
[ Unconditional Jump | B8 XX through BF XX

2-32

60364500 A

N
S

TN



C

-
L

C

O
_/

)

O C

)

e

p—

)

—.

)

—

D

(

(J

This instruction unconditionally performs a jump exit to the specified storage location

M (address after modification),

The following table lists the codes for the eight addressing modes used with this

instruction,

Hexadecimal

Code

B8 XX
B9 XX
BA XX
BB XX
BC XX
BD XX
BE XX
BF XX

" Operation

- m

+

{m)

¢

m + (B1)
- m + (B2)
- m + (P)

- (m) + (B1)

j > (m) + (B2)
j= -m ¢+ (P)

A Zero Jump

C0 XX through C7 XX

This instruction performs a jump exit to the specified storage location M (address

after modification) if the A register contains all zeros (0000

The following table lists the codes for the eight addressing modes used with this

instruction.

Hexadecimal
Code

C0 XX
Cl XX
C2 XX
C3 XX
C4 XX
€5 XX
C6 XX
7 XX

60364500 A

If (A) =
If (A)

If (A) -
If (A) -
If (A)

If (A) -
If (A) -
If (A) =

167

Operation

0, j=- m

0, j = m+ (B1)
0, j ~ m i (132)
0, j—~ m 1 (P)
0, j - (m)

0, j =~ (m) + (B1)
0, j = (m)+ (B2
0, j - -m (P)
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A Non Zero Jump C8 XX through CF XX

This instruction performs a jump exit to the specified storage location M (address

).

after modification) if the A register does not contain all zeros (000016

The following table lists the codes for the eight addressing modes used with this

instruction.
IHexadecimal

(‘ode Operation
8 XX If(A)#0, j- m
9 XX If (A #0, j - m + (B1)
CA XX If (A) #0, j—~ m+ (B2)
B XX : If (A) #0, j— m + (P)
CCe XX o : If (A) # 0, j -~ (m)
D XX If (A) #0, j— (m)+ (B1)
CE XX If (A) #0, j—~ (m)+ (B2)
ClI XX If (A)#0, j -~ -m + (P)
A Positive Jump - o J DO XX through D7 XX

‘

This instruction performs a jump exit to the specified storage location M (address

after modification) if the contents of the A register are equal to or greater than zero

(> 0000 4).

The following table lists the codes for the eight addressing modes used with this

instruction.
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lHexadecimal

Code

D0
D1
D2
D3
D4
D5
D6
D7

SN
AN
NN
NN
XX
XX
XN
XX

Operation
If (A) >0, j~ m
If (A) >0, j - m + (B1)
If (A) >0, j~ m + (B2)
If (A)>0, j -~ m + (P)
If (A) >0, j -~ (m)
If (A) >0, j—~ (m) + (B1)
If (A) >0, j - (m) + (B2)
If (A) >0, j~ -m + (P)

"A Negative Jump

D8 XX through DF XX

This instruction performs a jump exit to the specified storage location M (address
after modification) if the contents of the A register is less than zero (< 0000, .).

The following table lists the codes for the eight addressing modes used with this

instruction,

Hexadecimal -

Code

D8 XX
D9 XX
DA XX
DB XX
DC XX
DD XX
DE XX
DF XX

Operation

If (A) < 0, j - m

If (A) < 0, j~ m+ (B1)
If(A) < 0, |~ m + (B2)
If(A) <0, j— m+ (P)
If (A) <0, j—~ (m)

If (A) < 0, j - (m) + (B1)
If (A) < 0, j = (m) 1 (B2)
If (A) <0, j - -m ¢+ (P)

Condition True Jump

60364500 A

| E0 XX through E7 XX |
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This instruction performs a jump exit to the specified storage location M (address

after modification) if the condition bit (internal flag) is true (1 state).

The following table lists the codes for the eight addressing modes used with this

instruction.

Hexadecimal
Code

EO0 XX
El1 XX
E2 XX
E3 XX
E4 XX
ES XX
E6 XX
ET XX

[_iondition lalse Jump

If CB -
IfCB -
IfCB -
If CB =
IfCB -
IfCB -

If CB

If CB -

-

Operation

1, j » m

1, j— m i (B1)
1, j - m (132)
L j=- mi(P)
1, j - (m)

1, j = (m)+ (B1)
1, j =~ (m)+ (B2)
1, j.» -m (P)

E8 XX through EF XX

This instruction performs a jump exit to the specified storage location M (address

after modification) if the condition bit (internal flag) is false (0 state),

The following table lists the codes for the eight addressing modes used with this

instruction.,

60364500 A



)

A
/

O C

e’

—

Hexadecimal

Code Operation

E8 XX ' IfCB-0, j- m

o XX ’ IfCB=0, j~ m+ (Bl)
I5A XX v IfCB=0, j—~ m+ (B2)
ER XX IfCB=0, j~ m+ (P)
EC XX IfCB -0, j - (m)

D XX IfCB~0, j~ (m)+ (Bl)
IDIDENG IfCB =0, j—» (m)+ (B2)
IDYCENON IfCB -0, j - -m+ (P)

| 170 XX through F7 XX

Input Block Transfer

This instruction transfers data from the coupler interface into storage beginning at
storage location M (address after modification), This instruction requires that the
initial contents of the A register (Ai) be set to the two's complement of the total

number of words to be transferred,

If the READY signal on the coupler interface is a 0 at the time this instruction is
read from storage, the condition bit is forced false (0 state) and an immediate normal
exit is performed with the initial contents of the A register (Ai) left unchanged.

If the READY signal is a 1 at the time this instruction is read from storage, the
execution address (M) is formed and then transferred to the S register. As each word
is supplied to the coupler interface, a storage reference cycle is performed to store
the word at the address specified by the contenfs of the S register. At the same time,
the contents of the A register are incremented by one and the S register is incremented

by one.

The instruction terminates the block transfer, performs a normal exit, and forces
the condition bit true (1 state) when the contents of the A register are equal to zero.

The instruction will also terminate the block transfer, perform a normal exit, and
force the condition bit false (0 state) if a TERMINATE signal is received on the.

coupler interface.
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If the initial contents of the A register (A;) are equal to zero (000016)’ the number of
words to be transferred is translated as 65, 53610.
The following table lists the codes for the eight addressing modes used with this

instruction.

Hexadecimal Execution
Code . m
FO XX | m
F1 XX - m + (B1)
F2 XX m + (B2)
F3 XX o m + (P)
F4 XX ' (m)
Fb XX (m) + (B1)
F6 XX (m) + (B2)
F7 XX - -m + (P)

F8 XX through FF XX

.Output Block Trangfe:y

This instruction transfers data from storage to the coupler interface beginning at
storage location M (address after modification). This instruction requires that the
initial contents of the A register (Ai) be set to the two's complement of the total

number of words to be transferred,

If the READY signal on the coupler interface is a 0 atthe time this instruction is read

from storage, the condition bit is forced false (0 state) and an immediate normal exit
is performed with the initial contents of the A register (Ai) left unchanged.

If the READY signal on the coupler interface is a 1 at the time this instruction is read .
from storage, the execution address (m) is formed and transferred to the S register.

A storage reference cycle is performed to réad each output word from the address
location contained in the S register, increment the contents of the A register by one,
and increment the S register by one, Each output word is present on the coupler

interface until either a REPLY signal or a TERMINATE signal is received on the
interface. ' ' ' : ‘
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This instruction terminates the block transfer, performs a normal exit, and forces

the condition bit true (1 state) at the time the last output word is accepted on the

coupler interface.

force the condition bit false (0 state) at the time an output word is rejected by a
TERMINATE signal on the coupler interface.

This instruction will also terminate the block transfer, perform a normal exit, and

If the initial contents of the A register (Ai) are equal to zero (000016), the number of

words to be transferred is translated as 65, 53610.

The following table lists the codes for the eight addressing modes used with this

instruction.

Hexadecimal

60364500 A

Code

F8 XX
F9 XX
FA XX
FB XX
FC XX
FD XX
FE XX
FF XX

Execution
Address
m

m + (B1)
m + (B2)
m + (P)
(m)

(m) + (B1)
(m) + (B2)
-m + (P)
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FUNCTION CODES

NORMAL CHANNEL INTERFACE

The normal channel interface of the subsystem processor is tied directly to the
‘control logic and the system coupler. These interface lines are defined in the
- FA710 Disk Controller Customer Engirieering Manual, the FA722-A /B Disk
Controller Maintenance Manual and the FA723-A /B Disk Controller Main-
tenance Manual. ‘

SUBSYSTEM PROCESSOR/SYSTEM COUPLER

Normal input channels 00 through 03 and output channels 00 through 07 are dedicated
to the system coupler. Coupler programming is described in section 9,

SUBSYSTEM PROCESSOR/CONTROL LOGIC

The normal channel interface lines to the control logic are dedicated to specific
purposes. The channel assignments and code descriptions are discussed in the

remainder of this section,

FUNCTION CODES (NORMAL OUTPUT CHANNEL 08)

Function codes from the subsystem proceSsor to the .control logic are carried on
normal output channel 08. Only bits 10 through 15 are active., All other bits must
be set to zero. The hexadecimal function codes and their descriptions are as follows:

Hexadecimal .

Code Description

0018 ‘ Load director buffer -~ This function causes the control
logic to start loading its director buffer from memory.

0020 Master Clear - This function code generates a 15 micro-
second delay to allow completion of any memory references.
It then issues a 2 microsecond pulse which clears or voids
all control logic registers and drops all tag and select
lines to the disk drive.
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Hexadecimal
Code Description

0022 Execute directors - This function code causes the control

logic to begin ekecuting the directors in its director buffer.

0024 Stop execution - This function code causes the control
logic to stop executing directors, Directors in process
will complete and then turn off the write and erase heads
in the disk drive. It does not master clear the control
logic.

0025 .Clear parity error - This function code clears the parity
error flip-flop and drops the composite status bit if no

other error conditions exist. The 0018 and 0022 function

codes are required to continue operation,

0028 Enter clock step mode - This function code inhibits the

internal clock and puts it under program control,

0029 Exit clock step mode - This function code disables the
' clock step mode and puts the clock in normal internal
mode,
002A Step clock - This function code is used to step the clock

during the clock step mode,

0038 Stop loading directors - This function code causes the
control logic to stop loading the director buffer. An
0018 code is required to resume director loading.

SPECIAL FUNCTION CODES (NORMAL OUTPUT CHANNEL A09)

Special function codes from the subsystem controller to the control logic are carried
on normal output channel 09, The hexadecimal function codes and their descriptions
are as follows:

Hexadecimal

Code ' o Description
0080 Clear internal status ~ This code clears the following

status flags: checkword error, compare done, correctable
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Hexadecimal
Code Description
error, uncorrectable error, RAP abort, lost data, sector
length error, and compare condition not met..
0800 This code generates simulated read data transitions dur-

ing a simulated read operation. It is used in conjunction
with clock step mode only.

STATUS SELECT CODES (NORMAL OUTPUT CHANNEL 09)

Status select codes from the subsystem controller to the control logic are carried on
normal output channel 09. The status remains selected until a new seléct code is out=
put. All status indications are dynamic. Only normal operating status word 1 should
be used during normal operation. The other status indications are used only following
fault conditions or for maintenance purposes (clock step mode). Status from the
control logic to the subsystem controller is input on normal input channel 04, Status
bit assignments and descriptions are contained in section 4. - The hexadecimal status

select codes and their descriptions are as follows:

Hexadecimal
Code Description
0000 Select normal operating status word 1
1000 Select register file bus status
2000 Not used
3000 Select word counter status
4000 Select normal operating status word 2
5000 Select data buffer output status
6000 Not used
7000 Select bits 16 through 31 of CRC register
8000 Select bits 00 through 15 of CRC register
9000 ’ Select disk status
A000 Select director register bits 00 through 07 and 24 through
' 31
60364500 A 3-3



Hexadecimal
Code

B0000
C0000
D000

| E000

F000

Description
Select byte counter status
Select bit counter/pointer status
Select address register status
Not used | |

Select director bits 08 through 23

SPECIAL CONSIDERATIONS (NORMAL OUTPUT CHANNEL 09)

Although the functions on normal output channel 09 are considered as 16-bit hexa-

decimal codes, they are actually bit oriented. The status select codes use only bits

00 through 03, the test data code uses only bit 04, and the clear internal status code

uses only bit 08. ‘This causes an interaction between these functions. For example,

when the test data code (0800) or the clear internal status code (0080) are used, the

upper 4 bits are all zero and ﬁormal operating status one is automatically selected.

If a specific status is desired during test data operations, the function codes must be

combined. For example, code 5800 will select the data buffer output status during

test data operations.

3-4
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STATUS REPORTING

INTRODUCTION

All status from the control logic to the subsystem processor is input on normal
input channel 04 after being selected on normal output channel 09 (section 3).
Channel 09 can select up to 15 status words. Each of these status words is
described below. The description includes a discussion of individual bit assign-
ments, where applicable, and the select code which is output on channel 09 to

select the particular status word.

NORMAL OPERATING STATUS WORD 1 (SELECT CODE 0000)

Bit assignments for this status word are as follows:

Bit : ‘ Status Indication When Set

00 B Read-in‘progr‘ess - This bit indicates that the control logic is
ekécuting a read or a cdmpare type director. A normal director
sequence will begin with a RAP (read address pattern) director
which will be 'followed by additional RAP dir»e’ctors, the read or

‘ compa-re director, and a read checkword director. The read in
progress bit will be set from the beginning of the first RAP
-director to the completion of a read checkword director unless
the sequence is abnormally terminated by lost data, RAP abort,
or sector length error. These conditions will clear the read in

progress bit.

01 .. Write in progress - This bit indicates that the control logic is
executing a write type director. The write in progress bit is set
by the first WAP director in a write sequence, and is cleared by
the first nonwrite data director unless abnormally terminated by
sector length error or lost data, either of which will clear the

write in progress bif.
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Bit

02

03

04

05

06

Status Indication When Set

Checkword error - This bit indicates that the immediately pre-
ceding data transfer was unsuccessful. The bit is updated follow-
ing -each read checkword operation.

Composite status - This bit indicates that one or more of the

following conditions has occurred..

Checkword error (see bit 02)

Parity error in control logic (see bit 04)
RAP abort (see bit 05)

Lost data (see bit 906)

Sector length error (see bit 07)

Compare done and condition not met (see bits 11 and 12)

Parity error in control logic - This bit indicates that the control
logic has detected a parity error. Director loading and execution
will stop, but a director in process will continue to completion.

The subsystem processor will continue to cycle.

RAP abort - This bit indicates' that the control logic was not able
to successfully complete a read address pattern operation and has

stopped operation. Two conditions may cause this error.
e The correct address pattern was not found following
a RAP specify.

e The correct address pattern was not found within two

sector marks.

Liost data - This bit indicates that data was lost in an operation
using the data buffer, and that the control logic has stopped
operation, Directors in process will not complete. One of two

conditions has occurred.

° During a write operatibn, data was required for the

disk, but the data buffer \was empty.
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Bit

07

08

09

10

11

12

13

60364500 G

Status Indication When Set

e During a read operation, data was available from the
disk, but the data buffer was full.

Sector length error - This bit indicates that the byte count has
exceeded the physical sector size and the control logic has stopped
operation. Directors in process will not complete.

Execute - This bit indicates the control logic has been enabled to
execute directors. It will clear if control logic operation is
terminated by a parity error, RAP abort, lost data, or .sector
length error and by a terminate director or a stop execution
function code.

Not used - (Applies only to controllers without 10333-1 Double
Density Option, ) ,

Double density 844 unif - This bit indicates that a double density
disk unit is selected. (Applies only to controllers with 10333-1
Double Density Option. )

Not used

Compare done - This bit indicates that the compare decision has

been made and that the status indication at bit 12 is wvalid.

Compare condition not met - This bit indicates that the compare
condition was unsuccessful (condition not met). This bit is not

valid unless bit 11 is set.

NOTE

Bits 11 and 12 are both cleared at
beginning of the next compare operation.

Correctable error - This bit indicates that a previously detected
disk recording error is correctable. Status select code 8000 will
input the correction vector. Status select code B000 will input
the information needed to compute the correction vector place-

ment in the data buffer.
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Bit

14

15

Status Indication When Set

Uncorrectable error - This bit indicates that a previously detected

disk recording error is uncorrectable.

NOTE

Bits 13 and 14 are cleared at the
beginning of the next Initiate error
correction director.

Not used

REGISTER FILE STATUS (SELECT CODE _1000)

Bits 00 through 15 of this status word contain the contents of the register file

bus.

WORD COUNTER STATUS (SELECT CODE 3000)

Bits 00 through 15 of this status word contain the contents of the word counter.

NORMAI OPERATING STATUS WORD 2 (SELECT CODE 4000)

Bit assignments for this status word are:

Bit

00
01
02
03
04
05
06
07
08
09
10

Status Indication When Set

Director buffer empty
Data buffer empty

Read decode

Function decode

Write decode

Compare decode

Disk status enable decode
Disk function decode
Disk select decode

Load decode

Data output from writer (data to disk)
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Bit Status Indication When Set

11 Not used

12 Serial input data to checkword generator
13 Not used

14 Not used

15 Net=mwetf A L]

DATA BUFFER OUTPUT STATUS (SELECT CODE 5000)'

Bits 00 through 15 of this status word contain the contents of the data buffer
output lines.

CHECKWORD STATUS (SELECT CODES 7000 and 8000)

These select codes input the lower (16 through 31) and upper (00 through 15) bits
of the 32-bit checkword generator respectively. (See Figure 8-1.)

DISK STATUS (SELECT CODE 9000)

This inputs the status of the disk drive. Individual bit assignments may be found
by referencing the enable disk status director in section 5.

SELECT DIRECTOR REGISTER (SELECT CODE A000)

This status word contains bits 00 through 07 and 24 through 31 of the director
register in bit positions 00 through 15 respectively.

BYTE COUNTER STATUS (SELECT CODE B000)

Bits 00 through 15 contain the contents of the byte counter.

If bit 13 (correctable error) of normal operating status word 1 is set, the byte

counter contains the remainder of the shift count supplied by the initiate error
correction director (section 5).
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BIT COUNTER AND POINTER STATUS (SELECT CODE C000)

Bits 00 through 03 contain the position of the director buffer input pointer. Bits
04 through 07 contain the position of the director buifer output pointer. Bits 11
through 13 contain the contents of the bit counter. Bits 08 through 10, 14, and
15 are not used.

ADDRESS REGISTER STATUS (SELECT CODE D000)

Bits 00 through 15 contain the current memory address.

SELECT DIRECTOR REGISTER (SELECT CODE F'000)

This status word contains bits 08 through 23 of the director register.
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CONTROL LOGIC INSTRUCTIONS

INTRODUCTION

The control logic is a special purpose processor which executes a unique set of instruc-
tions called directors. A director sequence is selected by the subsystem processof
depending on the operation required. All directors are 32 bits in length except for

two 16-bit directors and one 64-bit director. The directors are divided into two
classes: data directors and support directors. The formats and functions of each
class of directors are discussed separately in the following paragraphs. Information

on director sequencing is provided in section 6.

DATA DIRECTORS

These directors are executed in real-time with the rotation of the disks. They control
the disk format and the transfer of data to and from the disk. All data directors are
32 bits in length.

DATA DIRECTOR FORMAT

The general format used for data directors is shown in Figure 5-1. Since all directors
are made up .of 16-bit syllables, each syllable is shown separately. A data director

is made up of the top syllable and one of the three bottom syllables. The overlapping
areas indicate alternate field identification for certain bits and groups of bits. The
use of each field and its individual bits is described following the format, All unused

bits in a director must be set to zero.

09 10 |
00 04 05 06 07 08] E |1 12 13 14 15
A ZEANEREIE) VK
16 E 21 24 27 28 30
H J Ir
K

Figure 5-1, Data Director General Format
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Field

cw

Description

Function Code

This is a 5-bit field which identifies the function to be

performed. Bit 00 must always be zero for a data director,

Bits 01 and 02 identify the basic function, that is, read,

write, or compare. Bits 03 and 04 identify subfunctions
of the basic function, that is, normal, address pattern,

checkword, or delay.

Compare and Save

When bit 06 is set in a compare director, information
read from the disk will be saved in the register file begin-

ning with register location zero, The I/O length of the
compare operation can not exceed 32 8-bit bytes or 6-bit

characters. Fields D and Gr cannot be set when Ba is set.

Generate Checkword

Bit 07 set requires the generation of a 32-bit checkword.
If clear, checkword generation will be inhibited.

Mark Start

This is bit 08 and is used only with a delay director. When
set, it indicates that execution of the director will coincide
with the leading edge of the pulse defined in field E.

Byte Handling (within DDC)

This field is bit 09 and controls byte héndling. Since the
hardware is 16-bit oriented, this bit allows beginning of
an operation at either the odd or even byte.

When this bit is clear, the first data byte is taken from the
upper byte position (bits 00 through 07) of the 16-bit source
register or placed in the upper byte position of the destina-
tion register. When this bit is set, the first data byte is
taken from the lower byte position (bits 08 through 15) of
the source register or placed in the lower byte position of
the destination register.

60364500 A
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Description
Select Register File

This field is bit 10 which selects the register file for
use during a data handling operation, When this bit is
set, data is transferred to or from the register file be-
ginning with register location zero. When this bit is
'used, the I/O length of the data operation must be speci-
fied in field I of the director and cannot exceed 32 8-bit
bytes or 6-bit characters,

If this bit is clear, data is transferred to or from the

data port selected by a preceding address director.

' Mark Start Condition

This field is bits 09 and 10 which define the start condition
required by the Bms field. The bits are coded to designate
the condition which will cause the director to begin execu-
tion. The codes and their conditions are:

Bit 09 Bit 10 Condition
0 0 Index mark
0 1 Sector mark
1 0 Sector alert
1 1 Not used

Compare Condition

Bit 13 set causes a compare for data equal, indicating the
data supplied from the data port is equal to the data read
from the disk. During the compare operation, data
supplied from the data port is compared bit by bit with
the data being read from the disk. The compare decision
is made when the first nonequal bit is encountered, or
when the byte counter has decremented to zero., Bits

11 and 12 (compare done and compare condition not met,
respectively) of normal operating status word 1 provide

the results of the compare operation.

-3
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Field

- Description

NOTE

Data lengths must be equal for compare
operation.

This is bit 15 of the director - It is interpreted differently
depending upon the type of director being executed. The
bit notations for the various usages and descriptions of
the usages are given below,

Select head advance - If this bit is set in a read checkword
or write checkword director, it will cause a head advance
pulse to be sent to the selected drive.

Select pattern byte - This bit allows selection of one 8-bit
byte from the register file location specified in bits 28
through 31. If this bit is clear, bits 00 through 07 of the
register file location will be selected. If this bit is set,
bits 08 through 15 will be selected. This bit is used in
the RAP and WAP directors. In 6-bit mode, only bits

02 through 07 or 10 through 15 are used.

Register file pointer - If this bit is set, the I/O length for
the data operation must be obtained from the register file
location specified by field L. (bits 28 through 31).

Function Condition 2

This field is bits 16 through 18 of the first WAP director
that control operating parameters during data operations.

The field entries are described as follows:

H1 through H3 control the write and erase heads during

write operations., Bit assignments are:

H1 - Bit 16 set indicates that head control operations are

required.

H2 - Bit 17 set turns on the write head. When clear, it

turns off the write head.

60364500 A
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Description

H3 - Bit 18 set turns on the erase head. When clear, it
turns off the erase head,

Hg - Bit 16 of the first read address pattern director in
a read operation. When set, this bit turns on the read

gate in the selected drive.

I/O Length

This field is bits 16 through 31 that specify the number of
byte/characters of data to be transferred. This field is

not used if the data length is referenced to a register file
location, '

Register File Location

This field is bits 28 through 31. If bit G_ (bit 15) is set,
this field contains the register file location which contains
the I/O length.

NOTE

If field D (bit 10) specifies a data transfer
to or from the register file, the I/O length
cannot be referenced to the register file.

Function Condition 3

This field is bits 21 through 27 that control hardware
operations during a read address pattern director. These
bits provide the detailed compare instructions which allow
a sequence of RAP directors to establish bit and byte
synchronization with the serial data stream being read
from the disk. The individual field entries and their use
are described as follows.



Field

5-6

Description

J1 - Bit 21 determines at what point in the serial bit
stream a compare will be made. When set, a compare
is attempted at every bit position (RAP anyplace) without
reference to the bit counter.

When clear, the compare is attempted only when the bit
counter is at position 5 (6-bit mode) or position 7 (8-bit
mode), This is a RAP specific.

J2 - Bit 22 set causes the bit counter to be set to the bit

position contained in field Jf.

J3 - When bit 23 is set, the compare condition will be
satisfied by any pattern except the specified pattern.
(This allows a search for NOT pattern).

J4 - When bit 24 is set, a full byte time will expire before
a RAP anyplace (bit 21 set) is attempted.

Jf - This field is bits ZFthrough 27 that contain the count
to which the bit counter will be set if J2 (bit 22) is set,

Delay Director Byte Count
This field is bits 16 through 31 that contain a count of one

byte less than the bytes of delay required.

NOTE

If field B,,g (mark start) is set, the byte count
delay will not begin until the mark start condi-
tion has been satisfied.
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DATA DIRECTOR DESCRIPTIONS

The following paragraphs describe the use and format of each of the data directors.
The format indicates the fields applicable to each director. The fields themselves
are described above. Each director description lists the purpose of the director and
any pertinent characteristics (programming considerations) which will aid the pro-
grammer in using the directors most effectively. The director descriptions are listed
in the order of their fL.fnction codes and are identified by their function names, Table
5-1 lists the function code and name of each of the data directors. General considera-

tions concerning the use of data directors immediately follows the data director
descriptions,

~

TABLE 5-1. DATA DIRECTORS

Function Code Director
(Binary) : - Name

Q 0010‘0 Read normal

' 0010} Read skip
2 00110 Read checkword
= 0011j1 . Read address pattern
9 01000 Write normal
¢ 01001 Write Nx
5 01010 Write checkword
5\0101“1 ‘ Write address pattern
é 0110?0 Compare normal

> ouiil , Delay

60364500 A



READ NORMAL

W o XX

NOTE

Loading requires 3.6 microseconds (maximum). All
data directors require one byte/character time to
decode and execute. Based on a bit time of 147 nano-
seconds, in 6-bit mode this will be about 900 nano-
seconds and in 8-bit mode, about 1.2 microseconds.

" Variations from these times will be included in the

programming considerations for the individual“direc-'ﬂf
tors. (K

(; 6’ 7 ’vml;(\ll?uym\\?é o 10
ool N ,
Function Code - 00100 | w0
L7
00 0495 08 09 10 ,}I 14 I5
777880 77/
16 28 3l

Purpose - This director transfers data from the disk to the destination designated by

the associated address director. The I/O length is determined by field I (bits 16 through

31) or is obtained from the register file location designated by field L.

READ SKIP

~O 0

Function Code - 00101

ATOX

Purpose - This director is identical to the read normal director except that no data is

transferred.
checkword is generated.

Even though no data is transferred during execution of this director, a
The 1I/0 length is determined by field I (bits 16 through 31)

or is obiained from the register file location specified by field Ir,

5-8

.
\

60364500 A



[y

C\:

@

@

o O O

\
/
_

S

S

)

Y
\/

O

O

@

O

O

O

C

O

. Function Code - 00110

wx [ U

Programming Considerations

1, This checkword can be used to verify a sector of data. The read skip director
will cause generation of the checkword without transferring any data to or from
the HLP. A read checkword director can then be used to verify the data,

This director can be used in place of a compare director for rapid verification
without requiring the HLP to retransmit the data.

READ CHECKWORD ' ;)\—7 /

00 04 14 15

31

77

Purpose - This director causes the hardware to treat the next 32 bits from the disk

as a checkword and to compare it with the checkword generated by the hardware.

The results of the compare are saved in a flip~-flop for use by subsequent directors.
The contents of the checkword generator will be retained until execution of the next
RAP director. If bit 15 is set, the controller will generate a head advance pulse to

the selected drive, providing the function tag specifying control select has been enabled
via an enable disk function director. AQ.5-microsecond head advance pulse is sent

to the drive after the completion of the read checkword director and causes the head
counter to be incremented by one. This allows rapid switching of heads when reading

from one track to the next.

60364500 A 5-9
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RAP 3

READ ADDRESS PATTER:
Function Code - 00111

3 Qo X 00 0405 14 15| = ko RF

: Z%%%%%%%%%%%%%%7'%

16 rr 2| 23 2425 2728 3|
SELRUL
REND CATE

Purpose - This director is used to establish bit and byte synchronization with serial
information received from the disk drive. It is actually a compare operation which
compares data from the disk with address patterns previously loaded into the register

file. If Gp is clear, the pattern is taken from bits 00 through 07 of the spec1f1ed
register file. If Gp is set, the pattern is taken ‘from bits 08 through 15, Through
proper selection of J field entries, a list of RAP directors can be developed which
will establish synchronization, Additional information regarding the use of the RAP

director is provided in section 6. Bit 24 must be set in the first RAP to ensure that
a full byte time expires before a compare is attempted.

Programming Considerations

1., The last RAP director in a RAP sequence must be a RAP specific. If the

proper pattern is not found, the control logic will cease operation and will
set the RAP abort and composite status bits.

2. The register file must be loaded with all required patterns prior to the
decoding of any RAP directors.

3. A RAP sequence will be abnormally terminated if one of the following occurs.

a. The correct pattern is not found during execution of a RAP specific
director,

b. A sector mark occurs during a RAP sequence,

Either of these conditions will clear the read in progress bit, set the RAP

abort status bit, and set the composite status bit.

5-10 ’ 60364500 A
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* 4, The first RAP director in a sequence must have field Hg set (bit 16) to turn

on the read gate. The read gate will remain on until a nonread data director

— is decoded. This will normally be the director immediately following the

read checkword director,

to make a valid compare until one byte time has elapsed.

g 5. With bit 24 set, the first RAP in a sequence (RAP anyplace) will not attempt
This allows the
residue in the shift register to be shifted out and only valid data used for the

O compare, \ 0
RV
O WRITE NORMAL D\% pu < ChE®
. Function Code - 01000 \ G\
~ o |
‘ ‘ 00 04 35 06 c;'; 98 09 |02 14 15
™ 16 o8 31
I I,

O O C

WRITE NX
Function Code - 01001

C O

!
, 54

Purpose - This director transfers data to the disk from thé data port designated by
the associated address director. The I/O length is determined by field I (bits 16
through 31) or is obtained from the register file designated by field Ir‘

Format ) ,
00 0495 06 0\7 08 09 10 II 14 15
C ;/g};x*( A 2% A ¢ | ° 17777770
' 16 28 3i
O I I

60364500 A



Purpose - This director is identical to a write director except that it causes one 6-bit
character or 8-bit byte to be written consecutively on the disk surface. The length of
the write operation is obtained from the I (bits 16 through 31) field or from the index
register designated by the L. field.

Programming Considerations

1, This director may be used to write long fields of redundant information,

such as an area of zeros preceding a field for synchronization purposes.

2. I bit 10 (field D) is set, the write data will be taken from the byte position,
specified by field C, in register file location zero. All references will be
made to this location until the I/O length is satisfied.

NOTE

If a write Nx from register file is specified (field D
set), the I/O length cannot be referenced to the register
file. ’ - ' ‘ ’

WRITE CHECKWORD
Function - 01010

Format :_)\ Q\ L‘\

>< 00 04 05 06 07 08 ' 14 15

R

3l

Purpose - This director will cause the cohtents of the 32-bit redundancy field generator
to be transferred to the disk. This will be the checkword generated during the immedi-

ately preceding write operation. Bit 15 (Gh) provides an optional head advance pulse.
Bit 07 must always be set.

5-12 60364500 A
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Programming Considerations
1. All write operations must end with a write checkword director.

2. If another write type director dbes not follow the write checkword director,

the following actions will occur.

a. Drop erase gate* ' : |
'b. Write the checkword

c. Write pad byte

d. Drop write head

e, Drop write in progress bit

f. Advance head (only if selected)

3. If another write type director follows the write checkword director, the
checkword is written, and the next write type director is executed,

WRITE ADDRESS PATTERN:

Function Code - 01011 B (O O
Format ’

l<ioweR KT
00 04 05 14 15

28 3l

HI-3 82/////////////////////% Ir

Purpose - This director allows writing special synchronization patterns on the disk, -

) /
wWap | Ht 'Q -
wWRIR /Y X

AT A | Plrs sep/c PATTERN

*Applies only to controllers without 10333-1 Double Density Option. I

60364500 G 5-13



Programming Considerations

1,

The required pattern is taken from bits 00 through 07 of the specified register

, file location if Gp is clear. Bits 08 through 15 are used if Gp is set.

The first WAP director in a write sequence will delay five bit times before
executing the data portion of the director. This allows byte synchronization
to occur., Head switching will occur at the beginning of the execution time

without any delay.

Since this director only requires one byte time to execute, do not attempt to

execute a support director during a WAP sequence.

COMPARE NORMAL 2 55
Function Code - 01100

Format

CO XX
b XX

00 04 05 06 08 09 10 Il 1213 /|4 5

A AV <1 D00 e

16 28 3
I I,

Purpose - This director is similar to a combination read/write operation. Data is

read from the dlSk and compared ‘with data bemg supphed from-the system coupler,

core memory, or register file, Bits 11 and 12 of normal operatmg status word 1

(compare done and compare condition not met) provide the result of the compare
operation. The length of the operation is obtained from field I (bits 16 through 31)
or from the index register specified by field Ir,

Programming Considerations

1,

2.

Each time a compare is entered, the compare condition flip-flops are cleared.

Bits 06, 10, and 15 provide three separate uses of the register file during
this director. Only one of these bits may be set at a time, If more than one

is set, the operation is undefined.
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l]?‘frifzn Code - 01111 3 / ,
00 04 05 Or _08_ 09 101l ’ I
79xo = V-1 Vo,
16 3l
K

Purpose - This director causes a delay which is one byte greater than the byte count
(8-bit mode) or character count (6-bit mode) contained in the K field. The following
data director must be made available during the delay period so that it can begin
execltion when the delay period has expired. Sl;lpxpOI‘t directors may be execkuted dur-

ing the delay period.

Programming Considerations

1. If a mark start is specified (field B), the byte count delay will not start until
‘the mark start condition is satisfied.

2. The unit must be selected before a mark start delay is executed to ensure
starting on the leading edge of the disk condition specified by field E.

General Considerations for Data Directors

1. All data directors except read skip, write from register file, or read
to register file preceded by an associated address director to establish
data port and the starting address.

2. A data director which uses the register file as a data port cannot use the
register file for referencing the I/O length.

3. All read sequences and compare sequences must be preceded by at least

three read address pattern directors to establish byte synchronization.

4. All write and write Nx sequences must be preceded by at least one write
address pattern director.

60364500 D 5-15



10,

11,

5-16

The desired disk drive must be selected and all necessary functions initiated
through the use of support directors before any data directors involving that
drive can be executed. The control select tag line must remain enabled
during execution of the data directors so that the heads can be controlled by
the data d1rectors R B

Two separate and d1st1nct clocks are used durmg data handlmg operat1ons
An internal write clock is used for write operations (write, write Nx, write
checkfword,, and write address pattern)., All compare and read type opera-
tions use a read clock generated by the disk drive. The delay director uses
the internal clock.*

Three separate and distinct clocks are used durmg data handhng operat1ons

A write clock generated by the disk drive is used for write operations (wrlte

write Nx, write checkword, and write address pattern). All compare and
read type operations use a read clock generated'by the disk _dr1ve. The delay
director uses an internal clock, **

When operating in 6-bit mode, the two most significant bits of each 8-bit byte
are discarded. The 6- b1t bytes are comprtsed of bits 02 through 07 and 10
through 15. Bits' 00, 01, 08, and 09 are set to zero.

If data length explres with an odd byte (b1ts 00 through 07), that data buffer
rank will be considered used.

The read gate is actlvated by settlng bit 16 of the f1rst RAP director ina

read sequence. It will drop automatically when a nonread data director is
decoded.

The write and erase gates are both turned on by a WAP director. The erase
gate is turned off vby a write checkword directer. The write gate is turned off
when the WIP bit drops (bit 01 of normal operating status word 1), A
conditional branch director provides a special means of turning on the erase
gate,*

The write gate is turned on by a WAP director and is turned off when the WIP
bit drops (bit 01 of norrnal operating status word 1), **

Ensure that another director is ready for execution at the time the previous
director has completed execution, '

Applies only to controllers without 10333-1 Double Density Option.
Applies only to controllers with 10333-1 Double Density Option.

60364500 G

)

7



(/)
(/"-\ SUPPORT DIRECTORS
R
— Support directors are used to establish hardware conditions which must exist before
U the data directors can be executed. They are not dependent upon disk rotation and

_ can, therefore, be executed at any time providing they do not interfere with any data
\) handling which might be in progress.
\_J SUPPORT DIRECTOR FORMAT
C) Support directors vary in length from 16 to 64 bits. The function code is always

contained in bits 00 through 07. The remainder of the director is basically bit-oriented

['/‘“\’ and the format is shown for each individual director.
N’ B
C,,\\ NOTE ;

- Unused bits in director fields (or related register file

entries) must always be set to zero.

SUPPORT DIRECTOR DESCRIPTIONS

The following paragraphs describe the use and format of each of the support directors,
( The discussion includes descriptions of the various director fields, the purpose of the
~ director, director execution. time, and any pertinent characteristics which will aid
= the programmer in utilizing the directors effectively. Table 5-2 lists the function code
N and name of each of the support directors. General considerations concerning the use
of support directors immediately follow the support director descriptions.

60364500 A 5-17
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TABLE 5-2, SUPPORT DIRECTORS

I'\

Function Execution Time
Code (Hex) Director Name (usec)*
00 Load register file from 1.23¢ Y3253
memory o
02 < Address 1. 018 min to
1,482 max.
04 Conditional branch 2.1 + 2.073
- 0.073
08 < Terminate
‘10 Subtract 1.250 & 0,073
12 Add 1,250 & 0. 073
14 Test (with decrement) 1,250 + 0,073

&S 6

80
82

84
86

88
92
94
98

Cco
C8
EO0
FO

Complement

Load register file

Key point

Looad polynomial

Load hardware conditions
Copy disk status

Stop loading directors
Unconditional branch

Store register file

Enable disk functions
Disable disk functions
Enable/disable disk status

Initiate error correction

1,250 + 0,073

0.514 &+ 0.073

- 0,220 + 0,073

0.220 + 0.073
0.220 + 0.073

1,249 = 0.073

+1.553
-0,073

1,234
3.6 + 0,073
3.6 + 0.073

0.220 + 0,073

0. 147 per bit (max)

*See individual director descriptions for variations to the times listed.

5-18
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LOAD REGISTER FILE FROM MEMORY
- Function Code - 00, .

FUNCTION/CODE' W R.F. LOC

Purpose - This director transfers the contents of a memory location specified by bits
16 through 31 into the register file location designated by bits 12 through 15.

Programming Considerations

1. This director must not be executed during a read, write, compare, RAP, or
WAP, unless the address director I/O lengths (word count) are satisified.
2, The minimum execution time of this director is 1, 161 microseconds, This

time could increase to 2, 787 microseconds depending on the length of time

required to complete the memory reference,.

ADDRESS 'r-
Function Code - 0216
00 07 08 15
FUNCTION CODE I70 LENGTH
16 , 23 24 25 26 27 28 31l
% %
1/0 LENGTH A | V7777
32 47
ADDRESS (BITS 00-I5)
48 63
ADDRESS (BITS 16-31)
60364500 A 5-19



Purpose - This is a 64-bit director which establishes the path for a data transfer

operation. It also determines the direction of data flow, the data port to be used,

and whether or not buffering will be required,

Bits 00 through 07 contain the function code.

The field entries for the director are:

Bits 08 through 23 cdntain the letigth of the data transfer in 16-bit words,

Bits 24 specifies the data port. A0 designates the system coupler; a 1

designates core memory.

Bit 26 specifies data flow direction. A zero designates data flow from the data

buffer to the shift register (write or compare operations) and a 1 designates

data flow from the shift register to the data buffer (read operations).

Bit 27 - When set, this bit specifies that no end of record pulse will be sent

or is expected, When clear, this bit specifies an EOR must be sent or

received after the data transfer. This bit applies to.coupler transfers only

and has no affect on transfers to or from memory.

Bits 32 through 63 contain the starting address of the data operation.

Programming Considerations

1,

Use this director to provide address references for read, write, write Nx,

and compare directors.

A second address director can be issued before the first has completed its

execution., If the data port to be addressed cannot accept address information,

execution of this director will wait until the data port can be accessed.

The execution time for this director assumes that the entire director (64 bits)

is in the director buffer when execution begins. If execution of the director

begins before the entire director is loaded, additional time must be added to

allow for the additional memory references required.

60364500 A
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CONDITIONAL BRANCH
Function Code - 0416

00 07 08 09 10

12 13 14 15

FUNCTION CODES

%

16

3l

BRANCH ADDRESS

Purpose - This director will cause the hardware to branch to the specified memory

address if the flag bit indicated by the specified condition is set. The field entries

for the director are:

e Bits 00 through 07 contain the function code.

e Bit 08 causes a branch if the "condition equal’ flag is set.

e Bit 09 causes a branch if the ''condition greater than' flag is set.

e Bit 10 causes a branch if the ''condition less than'' flag is set.

e Bit 12 causes a branch if the compare condition is not met.

e Bit 13 causes a branch if checkword does not equal zero.

e Bit 14 causes a branch if the bit compare flag is set.

e Bit 15 causes execution of the conditional branch director to wait until the

read in progress status bit drops.

e Bits 16 through 31 contain the branch address.

Programming Considerations

1. The flags which are checked by the conditional branch director must be

conditioned by a preceding test director, compare director, or read check-

word director. More than one flag can be checked by one director.

2. If the conditional branch is made, the branch address is transferred to the

address register and the director buffer is cleared (input and output pointers
equal and director buffer empty). The director buffer will then start load-

ing from the new address location.

60364500 A



3. If bit 15 of the conditional branch is set, the conditional branch will be decoded
and the execution stopped until the read in progress status bit drops indicat-
ing the end of a read operation. At that time, the conditional branch director

will resume its execution. If the specified branch condition is not made,

If the specified branch condition is not made, signals will be sent over the
disk interface port to enable the erase head of the drive. The drive must
have had the control select tag sent to it by a previous operation. It will
be necessary to complete the execution of a write address pattern data
director within 18 microseconds to turn on the write head to prevent an
844 drive from detecting a fault condition, *

4, The execution time for this director is 2.1 &+ 0,073 microseconds, - If bit 15
is used to delay execution of this director, the execution time could increase

to 6.8 + 0,073 microseconds to allow completion of the read checkword

director.
TERMINATE O S
Function Code - 08, Y
00 07 08 15

FUNCTION CODE ///////////////////%

Purpose - This director causes the hardware to stop executing directors as soon as
it is executed. This is a 16-bit director.

Program Considerations

1. It stops director execution as soon as it is executed. Director loading will
continue.

2. The subsystem processor must issue an execute directors function code
(0022 on normal output channel 08) to restart execution, Execution will then

begin at the director buffer location existing at the time of the terminate,

3. Data directors which are in process will continue until both the address
director and data director data lengths (word count and byte count) are
satisfied.

| *Applies only to controllers without 10333-1 Double Density Option.
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SUBTRACT 7 ‘g N
. T 2 9 -3
Function Code - 1016
00 . 07 08 15
FUNCTION CODE OPERAND
16 23 24 27 28 31
OPERAND W R.F.LOC

Purpose - This director subtracts the opefand in bits 08 through 23 from the contents
of the register file location specified by bits 28 through 31, The difference is then
placed back in the specified register file location,

Programming Considerations

1, All quantities used in the subtract operation must be positive.

2. All subtract operations are performed in two's complement mode.

3. The hardware has no provision for sensing overflow,

ADD —
Function Code - 1216 : B ’8\ BCJ
00 07 08 5
FUNCTION CODE OPERAND
16 23 ;4 ' 27 28 3|
OPERAND ////////% R.F. LOC

— Rt
Purpose - This director adds the operand in bits 08 through 23 to the contents of the

register file location specified by bits 28 through 31, The sum is then placed back in
the specified register file location,

60364500 A 5-23



Programming Considerations

1, All quantities used in the add operation must be positive,

3. The hardware has no provisions for sensing overflow.

TEST
Function Code - 1416
00 07 08 15
FUNCTION CODE OPERAND
6 23 24 25 26 27 28 31
OPERAND [ /]  RrLloc

. . ¥ ot
L/ L SRR
o U [ - LI

iF

Purpose - This director subtracts the operand in bits 08 through 23 from the contents
of the register file location specified by bits 28 through 31. Bits 24 through 26
establish the compare conditions as follows (only one bit may be set at a time).

e Bit 24 - When set, this bit causes a compare for relative magnitude, that is,
s e equal, register file greater than operand, or register file less than operand.
: The compare conditions set flags for subsequent use by a conditional branch

director.

NI e Bit 25 - When this bit is set, it causes a bit compare in which a flag is set
VAR . . . .
Lo if there are any 1 bits in the register file corresponding to the 1 bits in the
»;‘ operand field, Other bits in the register file are disregarded.

e Bit 26 - When this bit is set, it causes a test aﬁd decrement. The contents
of the register file are tested in the same manner as for bit 24, The respective
flag (equal, greater than, or less than) is set following the test. If the quantities

were not equal, the contents of the registef‘ file are decremented by one.

5-24 60364500 A
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Programming Considerations

1. This director pre-clears all test flags before making any tests. The flags
will- remain set until the next test director. This allows more than one

conditional branch director to follow each test director.

COMPLEMENT

Function Code - 16, S— Q40
= FUNCTION CODE = WWZ
| L A S N IS

¥y o

Purpose - This director causes the contents of the register file location specified by

bits 28 through 31 to be complemented and then replaced in the register file,

Programming Considerations

1. Complement operations are performed in one's complement mode. (This
is a bit by bit complement, ) '

LOAD REGISTER FILE 5
- S~ A%/
Function C(_)de - 8016

00 07 08 15
‘FUNCTION CODE OPERAND
16 23 54 27 28 3l
OPERAND %/////////////é R.F.LOC
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Purpose - This director causes the operand in bits 08 through 23 to be loaded into the
register file location specified by bits 28 through 31.

Programming Considerations

1. This director cannot be used if the register file is being used for data handl-

ing operation.

KEY-POINT
Function Code - 82 16

SuPPeRY

D(EI\P%EPC;’Se - The keypoint instruction is a no-operation instruction that loads the*ﬁg@nf
=
-dmmg«c\atch- register with operand bits 08 through 23 from the director. The outputs

of this register are available on test points on boards B0l and B02 and in the backpanel

for instrumentation purposes.

This instruction provides a negative going pulse at C09 testpoint 32 which is 100 to
140 nanoseconds wide. The operand bits are stable at the testpoints on B01 and B02

on the positive edge of the trigger pulse.

BO1 B02

Bit Testpoint Bit Testpoint
08 07 16 07
09 06. 17 06
10 05 18 05
11 08 19 08
12 32 20 32
13 31 21 31
14 26 22 26
15 21 23 21
5-26 60364500 A
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LOAD POLYNOMIAL

Funétion Code - 841

6

00 ' 07 08 o 15
FUNCTION CODE OPERAND

16 23 24 25 26 27 28 29 3

TR )

Purpose —‘This director loads the operand in bits 08 through 23 into the proper error

control register. Bits 25 through_28 identify the operand and the associated error
control generator.

e Bit 25 - Load the divide polynomial associated with bits 00 through 15 of the

32-bit generator.

Bit 26 - Load the divide polynomial associated with bits 16 through 31 of the
32-bit generator,

Bit 27 ~ Load the multiply polynomial associated with bits 00 through 15 of the
32-bit generator,

Bit 28 - Load the multiply polynomial associated with bits 16 through 31 of the
32-bit generator,

Programming Considerations

1. Because multiply and divide polynomials are 32 bits in length, two directors
are required to load each polynomial,

2, Once loaded, the polynomial will remain until a new polynomial is loaded.

3. I the polynomial operands are identical, they can be loaded simultaneously
by setting two or more of the select bits.

4,  Figure 8-1 illustrates the registers associated with checkword generation,

5. See section 8 for use of this director.
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LOAD HARDWARE CONDITIONS
Function Code - 8616

= FUNCTION CODE 07;/8//////%2 - - }/////I4 2

Purpose - This director preconditions the hardware for conditions which will remain
relatively static for all hardware operations. The selectable conditions are:

e Bit 11 - When set, this bit presets every stage of the 32-bit checkword
generator. When clear, this bit preclears every stage of the 32-bit checkword

generator,

e Bit 12 - When set, this bit selects 8-bit mode. When clear, this bit selects
6-bit mode.

e Bit 15 - When set, this bit will cause a zero fill to the end of the sector upon
receipt of an end of record (EOR).

e Bits 16 through 20 contain a sector notch count which is one less than the
number of physical sector notches required per logical sector. A zero count

equals one physical sector notch per logical sector,

COPY DISK STATUS

Function Code - 8816 z;\ ~&%6

= FUNCTION CODE 070/}/////////////////////////2
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Purpose - This director copies status from the selected disk drive and places it in
the register file location designated by bits 28 through 31. The status word will
always contain the status previously selected by an enable disk status director. If

bit 24 is set, it will also contain the unselected status for the selected disk drive.

Programming Considerations

1, This director must be preceded by an enable disk status director which
enables the contents of a selected register within the disk drive. If bit 24
is clear (no unselected status), bits 00 through 05 of the status word will

contain zeros,

2, If bit 24 is set, bits 00 through 05 of the status word will contain the follow-
ing unit status.

Bit 0 - Sector alert
Bit 1 - Seek error
Bit 2 ~ Unit busy
Bit 3 - Unit selected

Bit 4 - Unit ready
Bit 5 - Unit on-line

3. Bit 06 of the status word is unused.

4. Bits 07 through 15 of the status word contain the selected status. See
Table 5-3 and the bit descriptions which follow it.

5. If no unit is selected, the status word will be all zeros.

6. The sampling of drive information takes place 1.176 microseconds after the

start of execution.
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TABLE 5-3. STATUS SELECT LINE FUNCTIONS (UNIT TO CONTROL LOGIC)

0¢-6

Status Read Read Read Read Read Read Read Read Read
Bus Cyl. Diff. Head Sec. Sec. Interlock Position Fault Control
Sel. Cnt. Reg. Cntr. Reg.
Bit 15 1 1 1 1 1 Pack on Forward W+E+R: Sector
On Cyl.(D
Bit 14 2 2 2 2 2 Sector Reverse (W+E): R Pack
Block @ ' ® Unsafe
Bit 13 4 4 4 4 4 Heads Cyl. Pulse Current Seek
Loaded Error @
Bit 12 8 8 8 8 | 8 Brush End of , On
Cycle Travel + Volt Cylinder
Bit 11 16 16 16 16 16 Start Fine
Switch Servo - Volt Index
Bit 10 32 32 Local Amplitude
Remote Speed Seek Monitor 1)
Bit 09 64 64 ‘ Spindle AC Write End of
Motor On Fault (g) Cylinder
Bit 08 128 128 Power Amplitude
Supply Monitor 2 (@)
Temp.
Bit 07 256 256 : Cntr Logic Amplitude
Valid Temp. ' » Monitor 3
Bit 06@®| 512 ®| 5120
» | @ This is W+R+ On Cyl. for double density option. ® This is EOT seek error for double density option,
§ ® This is control interlock for double density option. ( Used only with 10333-1 Double Density Option.
§ ® This is W-R for double density option. @ This is logic temperature for double density option.
; @ This is seek incomplete for double density option. Not used with double density option.
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Status Select Line Bit Descriptions

1. Read cylinder select (control logic to unit). This signal gates the contents
of the unit cylinder register to the control logic on the status bus.

2. Interlock select (control logic to unit). This signal gates unit interlock status

to the control logic with bit assignment as follows on the status bus.

Bit 15

Bit 14

Bit 13

Bit 12
Bit 11

Bit 10

Bit 09

Bit 08

Bit 07

Signal
Pack on

Sector block

or

Control interlock

Heads loaded

Brush cycle
Start switch

Local/remote

Spindle motor

Power supply
temp.
or

Logic temp,

Logic temp.

3. Read head register select,

Function
Indicates a pack is mounted on the spindle.

Indicates the unit cover is closed and

sector block is in position to sense sector
disk.

Indicates the unit cover is closed, all dc
circuit breakers are closed, and the start
switch is on. (Applies to double density
option only. )

Indicates heads have been loaded on the

disk pack.
Indicates pack brush cycle is in progress.

Indicates start switch is on.

Indicates unit sehquencing power is under
control of the disk drive (local).

Power is applied to the spindle motor,

Indicates power supply temperature ﬁormal.

Indicates logic chassis temperature normal.

(Applies to double density option only. )

Indicates logic chassis temperature normal,
(Not used with double density option. )

This signal gates the contents of the unit head

register to the control logic on the status bus.

60364500 G
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Read difference counter select. This signal gates the one's complement of

the contents of the unit difference counter to the control logic on the status bus.

Read sector counter select, This signal gates the contents of the unit sector
counter to the control logic on the status bus. Bit 7 is sector counter valid
signél. When this line is true, the output of the sector counter is not in the
process of changing. The counter contents are one number ahead of the
actual sector count.

Read sector register select. This signal gates the contents of the unit sector
register to the control logic on the status bus.

Read position status select. This signal gates positioner control status to
the control logic on the status bus with bit assignments as follows:

Signal Function
Bit 15 Forward Indicates the forward latch is set.
Bit 14 Reverse Indicates the forward latch is cleared.
Bit 13 Cyl. pulse Transmits cylinder pulses during a posi-

tioning function.

Bit 12 End of travel Indicates the heads have been positioned
beyond the usable recording field in either
the forward or reverse direction,

Bit 11 Fine servo Indicates the heads are being positioned
under fine servo control and are less than

1/2 track from the final destination,

Bit 10 Speed & mtr on Indicates the pack is rotating at a speed
safe for flying the heads,

Read fault status select. This signal gates the contents of the fault register
to the control logic on the status bus with bit assignments as follows:

60364500 G
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Bit 15

Bit 14

"Bit 13

Bit 12

Bit 11

Bit 10

Bit 09

9. Read control status select.

Signal
W+E+R-
On Cyl.

or

W+R- On Cyl.

(W+E)- R

or

Current

+ Volt
- Volt

Seek

AC write fault

Function

Indicates a write, erase, or read gate has

been received while unit was off cylinder,

Indicates a write or read gate has been re-
ceived while unit was off cylinder. (Applies
to double density option only. )

Indicatesa write or erase gate has been

received while the read gate is true.

Indicates a write gate has been received
while the read gate is true. (Applies to
double density option only. )

Indicates one or more of the following

fault conditions,

a. More than one head selected.
b. Erase and no write driver on.
c. Write driver on and no erase.
d. Both write drivers on.

e. Write gate without write data.

Indicates a below normal condition of the

positive voltages in the unit,

Indicates a below normal condition of the

negative voltages in the unit.
Indicates a seek error has occurred.

Indicates write gate without write data. I
(Applies to double density option only. )

This signal gates the following control functions

to the control logic on the status bus.

60364500 G
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Signal
Bit 15 Sector mark

Bit 14 Pack unsafe
Bit 13 Seek error

or

Seek incomplete

Bit12 On cylinder

Bit 11 Index

Bit 10 Amplitude

monitor 1

or
EOT seek error

5-34

Function

Indicates start of record,

Indicates a unit fault has occurred.

Indicates unit was unable to complete a
move within 500 milliseconds or that the
carriage has moved to a position outside
the recording field.

Indicates unit was unable to comiplete a
move within 575%175 milliseconds or that
the carriage has moved to a position out-
side the recording field. (Applies to
double density option only. )

A return-to-zero seek command will clear

the seek error or seek incomplete condition,

return the heads to cylinder zero, and en-

able an on-cylinder signal to the control logic.

Indicates unit has completed a move to

the addressed cylinder.

Track reference signal. This signal
occurs once per revolution, The leading
edge is coincident with the leading edge

of the sector zero sector mark,

Indicates the average amplitude of the
data signal envelope has dropped below

a selected minimum value,

Indicates that the carriage has moved to
a position outside the recording field. A
return-to-zero seek command clears the
EOT seek error condition, returns the
heads to zero, and enables an on-cylinder
signal to the control logic. (Applies to
double density option only. )
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Signal

Bit 09 End of
cylinder

Bit 08 Amplitude

monitor 2

Bit 07 Amplitude
monitor 3

60364500 G

Function

This line indicates the head counter has
been advanced beyond head 18,

This signal is a monitor of short duration
changes in data signal amplitude with a
threshold of approximately 25 percent of
the average amplitude and indicates that
marginal data may foilow. (Not used with
double density option. ) |

This signal is a monitor of short duration
changes in data signal amplitude with a
threshold of approximately 50 percent of
the average amplitude. This function is
intended as an aid in certifying the pack
during the formatting process. The

format pattern should be all ones or zeros.
This line should be monitored only during
the data field. (Not used with double '
density option, )

NOTE

Amplitude monitors 2 and 3 have
a pulse forming circuit in the out-
put with minimum pulse duration
of 5 microseconds.,
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STOP LOADING DIRECTORS _
Function Code - 92¢¢ b oy

00 07 08 15

FUNCTION CODE A

Purpose - This is a 16-bit director which will cause the control logic to stop loading

directors. This director will not affect director execution,

Programming Considerations

1., This director is not loaded into the director buffer. It is decoded in a

look-ahead register and immediately executed.

2. Dvirecktor loading will resume when initiated by an 0018 function on normal
output channel 08 (load director buffer).

3. Requires loading time only.

UNCONDITIONAL BRANCH

Function Code - 94, ¢ 1::: ”:.7 i -
| o : ;.‘.:\,l
00 07 08 | | 5 A
FUNCTION CODE V/////////////////////// L
BRANCH ADDRESS

Purpose - This director will cause the control logic to unconditionally branch to the
address specified by bits 16 through 31.
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Programming Considerations

1. This director is not loaded into the director buffer. The director is decoded
in a look-ahead register and executed immediately. Succeeding directors
are loaded from the branch address location.

STORE REGISTER FILE 3 ‘D\L%? .

Function Code - 9816

| FUNCTION CODE ] Rrewoc,

Purpose - This director causes the contents of the register file location specified by
bits 12 through 15 to be transferred to the memory location specified by bits 16 through
31,

Programming Considerations

1. - This director must not be executed unless the word counter is at zero. This
indicates there is no data transfer in progress between the control logic and

core memory,

2. The minimum execution time for this director is 1, 161 microseconds, This
time could increase to 2, 787 microseconds depending on the length of time

required to complete the memory reference.
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ENABLE DISK FUNCTION 3 "3\ % Q

Function Code - CO16

00 0708 09 10 Il 12 13 14 15
FUNCTION CODE
16 23 24 25 26 27 28 3|
OPERAND (INCLUDES BIT I5)., A //% R.F. LOC.

Purpose - This director sends control information to the disk interface. Bits 08
through 14 set tag lines which specify how the information is to be used. The required

information can either be supplied from the operand field (bits 15 through 23) or from
the specified register file location (bits 07 through 15), The field entries and their
purposes are:

Bit 08
Bit 09
Bit 10
Bit 11
Bit 12
Bit 13
Bit 14
Bit 24

Bit 25

Enable unit select
Disable unit select

Load difference register
Load cylinder register
Load sector register
Load head register
Enable control select line

Disable reserve on oprosite channel

Use register file location specified by bits 28 through 31

Programming Considerations

1,

Figure 5-2 shows the relationship between the tag lines (bits 08 through 14)
and the operand field bits. If the register file is used (bit 25 set), bits 07

through 15 of the specified register file location correspond to the operand

field

60364500 A
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This director requires 3.6 microseconds to execute, but the information is

presented to the drive 588 nanoseconds after execution begins.

Only one of the tag line bits (8 through 14 and 24) may be set at one time.

Director bit 08 enables the select line for the unit specified by bits 21 through
23. It will also pulse the release and clear fault lines if bit 18 or 19 is set,

Director bit 09 disables the unit ‘select line.

Director bits 10 throughl 13 generate a 1, 0-microsecond minimum pulse

which loads the designated quantity into the specified disk drive register.

Director bit 14 enables the control select line which controls specific actions
associated with the selected drive. When this bit is set, any operand bits
which are set will enable the associated line to the drive and any operand

bits which are clear will disable the associated line to the drive, Two

control select functions must be issued to create a pulse; for example, one

to enable the required line and one to disable the line. This method is used
for the three seek operations (forward, reverse, and RTZ). When data strobe
margins or carriage offset operations are required, the associated line must

remain enabled for the entire operation,

NOTE

After a carriage offset instruction is issued, there
must be a programmed delay to allow the positioner

to reach the offset position before attempting to read
data from the drive,

The control select line must be enabled during all data transfers to or from
the drive to allow control of the read, write, and erase heads during data

director execution.,

To exit the control select sequence, a disable control select director (C8)
must be executed.

Director bit 24 issues a pulse which releases all drives from the reserve
imposed by the opposite channel. This bit should be used only when it is
known that the controller on the opposite channel is inoperative and cannot
release the units it has reserved.

60364500 A
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O O O C O C O O C O Cc O wC
OPERAND TAG LINE SELECT BITS
BITS BIT 08 BIT09 BIT10 BIT 11 BIT 12  BIT 13 BIT 14
23 Unit no. 29 NU 20 20 20 20 NU
22 Unit no. 2 NU 21 21 21 o1 NU
21 Unitno. 22 _NU 22 22 22 52 Seek forward or offset
20 NU NU 23 23 23 23 NU
19 Clr fault NU 24 24 24 24 NU
18 Release NU 25 25 NU NU Seek reverse or offset
17 ok NU 26 26 NU NU Return to zero seek
16 etk ‘NU 27 27 NU NU Data strobe early
15 NU 28 28 NU NU Data strobe late
- kol NU NU 2%k 29%pwnk NU NU NU

*Bits 15 through 23 of the operand field correspond to bits 07 through 15 of the specified register file
location.

*#*NU indicates the bit is not used.

00

07 08 09 10 11

i2

‘Reserved for external programming use.
<Not possible to load cylinder select and difference select bit 29 from operand field.
“Used only with 10333-1 Double Density Option,

I3 1415

23 24 25

26 27 28

3l

FUNCTION CODE

OPERAND

%

R.F. LOC.

Figure 5-2,

&_

CONTROL SELECT
HEAD SELECT
-SECTOR SELECT
CYLINDER SELECT
DIFFERENCE SELECT
DISABLE UNIT SELECT
ENABLE. UNIT SELECT

Director Bit Relationships for Disk Functions

DISABLE OPPOSITE
CHANNEL RESERVE



DISABLE CONTROL SELECT

Function Code - C816

00 , 07 08 15

FUNCTION CODE %///////////////////////

3l

Purpose - This director drops the control select line previously enabled by the enable

disk function director.

Programming Considerations

1, This director must be executed to disable the control select tag line from an
enable disk function director,

ENABLE/ DISABLE DISK STATUS
Function Code - EO16

00 or I 12 13 14 15

" FUNCTION CODE 7//%

6 17 18 19 '

31

’2/0///////////////////////////////%

Purpose - This director enables a specific disk drive status to the hardware. The
desired status is specified by setting one of the following bits.

e Bit 11 - Read cylinder register
e Bit 12 - Read difference register
e Bit 13 - Read head register
e Bit 14 - Read sector counter
5-40 .60364500 A
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e Bit 15 - Read sector register

e RBit 16 - Read interlock
e Bit 17 - Read.position
e Bit 18 - Read.fault

e Bit 19 - Read control

Any clear bits disable the associated status.

Programming Considerations

1. This director enables the status from the selected disk drive to the hardware.
A copy disk status director must be executed to gate the selected status into
a register file location,

2. One director can be used to disable a previous status selection while also

selecting new status,

IF‘I\IJIIZIt?;ECiIZ{j?i (inREC TION ’ ’3 - 1 S‘ é
o

Purpose - This director tests the 32-bit checkword generator for all zeros in bit
positions 11 through 31. If these bits are not all zeros, the checkword generator is
shifted end-around one position, the shift count is decremented, and the test is re-
peated. This action is repeated until bits 11 through 31 are all zeros or until the
shift count decrements to zero. (See section 8 for an explanation of error correction
and a description of associated directors. )
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General Considerations for Support Directors

1. Support directors, except initiate error correction, can be executed while
a data director is executing, provided that in time ‘critical situations, the
support director is completed before the next data director is requiféd.
For example, support directors can not be executed during a RAP or a WAP

sequence.

2. A conditional branch director will inhibit director memory references until ‘
the branch or not-branch decision has been made and the conditional branch

director has completed execution,
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DIREC TOR SEQUENCING AND SELECTION

DIRECTOR SEQUENCING

Directors, once they have been loaded and execution has started, control all operations
needed to perform data handling and control of the disk drive. Each director has a
specific role to play in performing these operations. The director sequences must,
therefore, be formatted so that all necessary operations are performed in the proper
order and with due consideration for the real-time constraints imposed by the data
handling process.

The directors are divided into two groups: data directors and support directors (see
section 5), The data directors include all read, write, and compare directors and
the delay director. These directors are executed in relation to the rotation of the
disk surface and must be executed in real-time, The support directors establish
supporting parameters for the data directors and need not be executed in relation to
disk rotation. In most cases, it is possible to execute a support director while a data
director is béing executed, except if there is a conflict in data paths.

To properly format a list of directors to perform a given operation, the characteristics
of each director and the format of the information of the disk surface must be known.
Each of these areas should be studied thoroughly before attembpting to format a director
sequence, The remainder of this discussion assumes that the reader is thoroughly
familiar with these areas. In order to create a meaningful discussion, only the disk
format and director sequences required for an 844-2/21/41 disk storage unit will be 1

considered.

DISK STRUCTURE FOR 844-2/21/41 DISK STORAGE.UNIT : I

A disk =~ck consists of several disks on a single spindle which are divided into cylinders,

tracks, ..nd sectors. These are further defined as follows (see Figure 6-1).

e A cylinder consists of all the information under all the heads in one position.
It includes one track for each disk surface in the disk pack.

e A track consists of all the information under one specific head in one position,
It is further divided into sectors.
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SECTOR

Figure 6-1. Disk Structure

® A gsector is the smallest addressable area on a disk and is further divided into

information fields. Figure 6-2 shows the sector format for an 844-2/21 disk
unit, The total number of bits in each sector is 4722, At 147 nanoseconds
per bit, total sector time is 694. 134 microseconds. Figure 6-2,1 shows the
sector format for an 844-41 disk unit. The total number of bits in each sector

is 4485. At 155 nanoseconds per bit, total sector time is 695. 2 microseconds,

DIRECTOR USAGE

A disk sector (see Figure 6-2) consists of three types of information:

1,

A synchronization area which is used to synchronize the control logic with
the data stream

A data field which may consist of either address information or actual data

A checkword field which contains redundant information which is used to
check the validity of its associated data field

60364500 G
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Each of these areas has certain directors associated with it, These‘ directors are
called data directors because they control data flow and formatting. These directors
are listed in Table 5-1. The read address pattern and write address pattern directors
are concerned with the synchronization area, the read checkword and write checkword
directors are concerned with the checkword area, and the remaining directors are

concerned with the data field,

To better understand this, consider a typical write operation for one field. First,

the éynchronization information must be written. A hardware restriction requires

that all write sequences begin with a write address pattern (WAP) director., A write
Nx director is then used to write a series of zeros which will be used as the synchroni-
zation area. Next, one more WAP director is executed to write the address pattern
needed to achieve bit and byte synchronization when the data is read back. This is
followed by a write director to write the data field and a write checkword director to
write the checkword information. This provides a basic set of directors for writing

a field of information as follows:

Director Usage
WAP Begin write sequence,
Write Nx . Write zero bytes on the disk surface for

synchronizing control logic and drive

electronics.
WAP Write byte synchronization pattern.
Write Write data field.
Write checkword » Write checkword information on the disk.

This list is not sufficient to perform the actual task of writing the data on the disk but
is illustrative of the directors required.

To read this information back from the disk, it is necessary to establish bit and byte

synchronization, read the data field, and read the checkword field, The following

director list is typical of the directors required.
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Figure 6-2,

Sector Mark

Head Gap #1 (120 bits, 17.64 microseconds)

Sync Pattern #1 (300 bits, 44.10 microseconds)

Sync Byte #1 (6 bits, 0.88 microseconds)
Address Field (24 bits, 3.53 microseconds)

Address Checkword (32 bits, 4. 70 microseconds)
Head Gap #2 (120 bits, 17,64 microseconds)

Sync Pattern #2 (78 bits, 11.47 microseconds)
Sync Byte #2 (6 bits, 0. 88 microseconds)

Data Field (3, 864 bits, 567, 81 microseconds)

Data Checkword (32 bits, 4. 70 microseconds)
End of Record Byte (6 bits, 0. 88 microseconds)

Tolerance Gap (0 to 134 bits, 0.0 to 19. 70 micro-
seconds)

Sector Format for 844-2/21 (CYBER)
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A
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Sync Byte #2 (6 bits, 0,93 microsecond)
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Figure 6-2, 1 Sector Format for 844-41 (CYBER)

Sync Pattern #1 (312 bits, 48,37 microseconds)

. Address Field (24 bits, 3.72 microseconds)

Address Checkword (32 bits, 4.96 microseconds)
Sync Pattern #2 (102 bits, 15,81 microseconds)

- ° Data Field (3864 bits, 599. 07 microseconds)
- ° Data Checkword (32 bits, 4. 96 microseconds)
~— L End of Record Byte (6 bits, 0,93 microsecond)
< g Tolerance Gap (102 bits, 15,81 microseconds)
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Director Usage

Read address This RAP looks for an all zeros pattern to

pattern (RAP) synchronize control logic and disk electronics.

RAP ' This RAP finds the bit synchronization
pattern.

RAP This RAP finds the byte synchronization
pattern,

Read Read the data field.

Read checkword Read the checkword field.

This is the basic director sequence for reading a data field. By substituting a

compare director for the read director, the information read from the disk will be

compared with information being supplied by the data buffer,

In addition to the data directors, there are the support directors to be considered.

These directors are listed in Table 5-2. They are used to augment the action of the

data directors, and with certain exceptions, may be executed while data directors

are in progress. Typical usages for these directors are:

Precondition hardware to specify data paths, addresses, and direction of
data flow.

Select the desired disk drive and position its heads to the proper area.
Enable and input status conditions,

Branch operations,

Arithmetic operations.

Miscellaneous operations such as terminate or stop loading directors.

The remainder of this section explains how to construct detailed director sequences

and provides examples of these sequences for specific operations.
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DIRECTOR SELECTION

The preceding paragfaphs of this section provided an overview of the hardware elements
which affect director loading, decoding, and execution and also provided general guide-
lines regarding director selection. The following paragraphs provide detailed infor-
mation on how director sequences are constructed and include specific examples for

various basic operations.

INITIAL DIRECTOR SELECTION

The first requirement in building a director sequence is to determine all operations
which are required to achieve the desired end result. In disk operations, these include

the following:
1. Selection of the desired disk drive,
2. DPositioning the heads to the desired cylinder and track.

3. Preconditioning hardware to select data paths and to specify the required

hardware conditions.
4. Locate the proper address (sector) on the disk track.

5. Perform the desired operation (read, write, compare).

6. Read or write checkword for data verification.

When all of the above operations have been determined, directors should be selected
which will perform the required actions. These directors can then be separated into

three categories as follows:

1. Those operations which are completely divorced from real-time constraints

such as disk selection and positioning operations.

2., Those operations which are not real-time constrained except that they must

be performed in conjunction with data directors which are real-time constrained.

3. Those operations which are directly related to the rotation of the disk are
therefore real-time constrained. All data directors fall into this category.

6-6 60364500 A
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)

SECTOR MARK

HEAD GAP # )
120 BITS, IT.64u SEC

v

I

SYNC PATTERN # |
300 BITS, 44.1uSEC

A

SYNC BYTE # |

6 BITS, .88 u SEC
ADDRESS FIELD
24 BITS, 3.53, SEC

ADDRESS 32 BIT CRC,
32 BITS, 4.70 4 SEC

HEAD GAP w 2
120 BITS, 17.64 u SEC

SYNC PATTERN # 2
78 BITS, 1.474 SEC

SYNC BYTE # 2
6 BITS, .88, SEC

LN S S

DATA FIELD
© 3,864 BITS, 567.81u SEC

DATA 32 BIT CRC
32 BITS, 4704 SEC

END OF RECORD BYTE
6 BITS, 884 SEC

TOLERANCE GAP
O TO 134 BITS =
00 TO i9.70 4 SEC

N -

Director Timing Chart

SECTOR MARK
TOTAL BITS = 4,722

TOTAL TIME =694.134 4 SEC



Directors in category 1 can be initiated at any time in which a data handling director
is not being executed. Normally, a list of directors required to perform several
parallel positioning operations will be constructed and executed. The first drive to
come "on-cylinder" can then be used for data handling while the others are being

positioned. This method will save positioning time between transfers.

Directors in categories 2 and 3 must be interlaced so that the desired operations are
performed within the real-time constraints of the disk rotation. The best method of
sequencing these directors is to construct a chart similar to that shown in Figure 6-3.

This chart shows time flow from top to bottom and contains a row for each of the follow-
ing actions.

1. Director loading
2. Direction execution

3. Subsystem processor actions

The chart also shows the format of a disk sector so that all operations can be visualized

with respect to disk rotation. Proper use of the chart will result in director sequences
in which all of the above actions can be performed without conflicts.

The remainder of this section contains director lists which perform specific operations.
Each director in the lists is described so that its function in the operation is apparent.
A sequencing chart is provided where applicable, so that the reader can understand

how the director sequences were derived.

PRELIMINARY SEQUENCES

Prior to perfornding a data transfer operation (read, write, or compare sequence),

the hardware must be preconditioned for the transfer. There is no specific sequence
for performing this process as the operations involved are not time-critical. The
directors involved are those which fall into category 1 operations which were discussed
earlier. These operations will be used to select the desired drive, check its status,

load the proper drive registers, and position the heads to the desired track.

6-8 60364500 A
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Additional directors would be used to precondition the control logic for the specific
data transfer. For the read and write sequences which are discussed in subsequent
paragraphs, this involves loading the register file with the required address patterns

and sector counts and establishing the necessary data paths.

Section 5 provides sufficient detail on the directors required to perform these opera-

tions. Since they are not time-critical, no timing chart or sample sequences are

provided.

READ SEQUENCE (1:1 INTERLACE)

Figure 6-4 illustrates the use of the director timing chart to create a read sequence,
This is a repetitive sequence which will transfer a number of sectors of data using a
1.1 sector interlace, The method of entering and exiting the sequence is not shéwn.
The basic purpose of this chart is to depict the time-critical areas of director loading
and director execution. Table 6-1 lists all of the directors used in this sequence with

a description of each director's purpose in the sequence.

WRITE SEQUENCE (1:1 INTERLACE)

Figure 6-5 illustrates the use of the director timing chart to create a write sequence.
This is a repetitive sequence which will transfer a number of sectors of data using a
1:1 sector interlace. The method of entering and exiting the sequence is not shown.
The basic purpose of this chart is to depict the time-critical areas of director loading

and director execution. Table 6-2 lists all of the directors used in this sequence with
a description of each director's purpose in the sequence.
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TIME CRITICAL
PROCESSOR CODE

PROCESSOR
AVAILABILITY

NEXT SECTOR
DIRECTOR LOADING

DIRECTOR EXECUTION

FIELD NAME AND LENGTH

8 CYCLES wORST CAse

[OR{:1] E
Q@ rr CHECK FOR EXD OF DATA
(OR{L. FIELD (RIP BIT)
@ we
Lo
[OR(1]
A FIELD
& o } ERROR CHECK ON DATA FIE
3 CYCLES 4 CYCLES
00 T OUTAUT GEN 8 ™ }
; RIP BIT UPY
8 ol } IS D
14 CreLEs 3 CYCLES
— T ERROR CHECK
[ORC BRI [ORL]
L on sommess
@ STILL UP? @1 FIELD
12 eveLes

@ T¢87L, g 81T up FOR DATA FIELD?
@

MOTES;

ALL INITIALIZATION PROCEDURES HAVE
OCEYRRED PRIOR TO THESE EVENTS.
IKOEPENDENT 7000 COUPLER STATUS PATH
WO 7000 STATUS FUNCTIONS BETWEEN SECTORS.
ZERO TOLERANCE GAP.
ERROR FREE TRANSMISSION.
BUFFER UNLOADING DELAY PLUS COUPLER
TRANSFER DELAY=AT; AT 18 CURRENTLY
UNDEFINED. TH1S WAY AFFECT DIRECTOR
NUMBER 2.
THE BUFFER CONTROLLER WiLL PERFORM THE
FOLLOWING TASKS DURING THE DATA FIELD
TRANSFER;

A. UPDATE DISK ADDRESS.

B. CHECK FOR LAST SECTOR (T0

TERMINATE SEQUENCE.)
C. MISCELLANEOUS HOUSEKEEPING.

e ©

()

Figure 6-4.

27. READ DATA CHECKWORD

16. LOAD DATA CRC PREMULT . MARK START, DELAY (4) BYTES) .
18, RAP 2. CONDITIONAL BRANCH
19. RAP 3. ADDRESS (FROM MEMORY FOR ADDRESS
COMPARE)
4. LOAD ADD. CRC PREMULT
5. LOAD ADD. CRC PREMULT
2 20. RAP
CYCLES 21. READ DATA
22. TEST DECREMENT
23. CONDITIONAL BRANCH
—t
7. RAP (BIT 1420)
* N0 DIRECTOR LOADING 8. RAP (BIT J4=1)
16 . 180
CYCLES "IYS
1 { 9. RAP (SYNC BYTE) (81T 14s1) >
1‘ 24, TEST DECREMENT 10. COMPARE AND SAVE }
CYCLES
i 25. CONDITIONAL BRANCH t1. READ ADDRESS CHECKWORD
T 26. UNCONDITIONAL BRANCH TO 27 12. DELAY (21 BYTES)
10 27. READ DATA CHECKWORD 13. CONDITIONAL BRANCH
CYCLES 1. MARK START. DELAY (41 BYTES) 4. ADDRESS
| 4D DATA
2. CONDITIONAL BRANCH 3 tgAD g‘h C mu
. 18. RAP (BIT m:ol
CYCLES * N0 DIRECTOR LOADING 19. RAP (BIT 14+ 1)

20. RAP(BIT 14 =1)

3-15 stc.

SPARE DIRECTOR
SLOTS ¢ SLOTS

21, READ DATA

22. TEST, DECREMENT

23. CONDITIONAL BRANCH

24. TEST, DECREMENT

25. COMDITIONAL BRANCH

26. UNCONDITIONAL BRANCH T0 27
27! READ DATA CNECKWORD

28° UNCONDITIONAL BRANCH 70 I,

28. READ DATA CHECKWORD

29. OELAY
30. CONDITIONAL BRANCH

TERMINATION SEQUENCE

D
3
E
6

T
[

L

s
T

T

Read Sequence Timing Chart for 1:1 Interlace

0.

SECTOR MARK

HEAD GAP # |
120 BITS, I7.64, SEC

SYNC PATTERN # |
300 BITS, 44.)1uSEC

SYNC BYTE # |
6 BITS, .88 4 SEC
ADDRESS FIELD
24 BITS, 3.53, SEC

ADDRESS 32 BIT CRC,
32 BITS, 470 SEC

HEAD GAP # 2
120 BITS, 17.64 u SEC

SYNC PATTERN # 2
78 BITS, 11.47, SEC

SYNC BYTE # 2
€ BITS,

.88, SEC

L DATA FIELD
3,864 BITS, 567 .81 u SEC

ATA 32 BIT CRC

2 BITS, 470, SEC
ND OF RECOSD BYTE
BITS, .86, S

OLERANCE GAP
TO 134 BITS =
0 TO 19.70 4 SEC

ECTOR MARK

OTAL BITS = 4,722
OTAL TIME =694.134 4 SEC
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TABLE 6-1. READ SEQUENCE DIRECTOR LIST (1:1 INTERLACE)

Item

Director Name

Director Usage

27

Read Checkword  ___

Delay, Mark Start

Conditional Branch

Address

Load Polynomial

Load Polynomial

Deleted

This director reads the data checkword for the previous
sector. It executes when the I/O length for the previous
sector decrements to zero,

This director allows the immediately preceding checkword
to be analyzed for an error condition. It also keys off the
sector notch to ensure that the next data director is decoded
and executed within the sync pattern area. Delay period is
41 bytes.

This director determines if an error occurred in the pre-
vious data transfer. If an error occurred, the hardware
will branch to a new set of directors. If no error occurred,
director execution continues sequentially,

This director obtains, from memory, the disk address
which was supplied by the higher level processor. This
will be compared to the address field read from the disk
to ensure that the proper sector is being read. The disk
address is loaded from memory into the data buffer upon
execution of this director. This loading time preempts

director loading time.

This loads the first 16 bits of the multiply polynomial
used to check the address field checkword.

This loads the second 16 bits of multiply polynomial.
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TABLE 6-1. READ SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd)

Item

Director Name

Director Usage

10

11

12

13

Read Address Pattern
3¢0 0KYEY

Read Address Pattern

S o003

Read Address Pattern

N g 0003

Compare

CFOY 6 0d

Read Checkword
200000050
Delay

Conditional Branch

This is a RAP anyplace which searches for an all zeros

pattern,

This is a RAP anyplace which searches for a 1 bit, This
should be the start of the sync byte. When the condition

is found, the bit counter is set so the sync byte can be
interrogated properly after it is shifted into the bit counter.
As soon as this director is decoded, all director loading

stops.

This is a RAP specific which checks for the sync byte.

If the sync byte is not found the sequence will be aborted,
If the sync byte is found, the sequence continues sequen-
tially, ‘

‘This is a compare and save director which compares the

address field data with the information in the data buffer
which was obtained by director 3. The address field is

saved in the register file in case an error occurs.
This director reads the address field checkword.

This director provides a 21 byte delay to ensure that the

next data director executes within sync pattern 2.

This director checks for a checkword error condition or

a compare error condition. If no error exists, director

execution continues sequentially.
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TABLE 6-1, READ SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd)

Item Director Name Director Usage

14 ~ Address This director establishes the data path for the data which
will be read from the data field.

15 Load Polynomial This director loads the first 16 bits of the multiply poly-

Q;k} é dgaom/ o nomial used to check the data field.
16 Load Poiynomial This director loads the second 16 bits of the multiply poly-
@ Qo2 4god nomial,

17 Deleted

18 Read Address Pattern Directors 18 through 20 perform the same functions as
directors 7 through 9.

19 Read Address Pattern

20 Read Address Pattern

21 Read This director reads the data field.

22 Test This director checks the sector count in the register field
to determine if this is the last sector to be read. It also
decrements the count after testing.

23 Conditional Branch This director checks the results of the preceding test
director. If this is the last sector, branch to director
28. If not, continue sequentially.

24 Test This director checks the sector count in the register file
to determine if this is the last sector on the track. It
also decrements the count after testing.
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TABLE 6-1, READ SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd)

Item

Director Name

Director Usage

25

26

27!

28’

28

29

30

Conditional Branch

Unconditional Branch

Read Checkword

Unconditional Branch

Read Checkword

Delay

Conditional Branch

This director checks the results of the preceding test

‘director. If this is the last sector on the track, branch

to director 27' (27 prime). If not, continue sequentially.

This director is not loaded into the director buffer. It
causes a branch to the beginhing of this sequence (director
27), '

This director reads the checkword for the data field. It
is identical to director 27 except that bit 15 is set which
will cause the heads to automatically switch to the next

track.

This director causes an unconditional branch to director 1.

It is not loaded into the director buffer.

This director is executed only if this is the last sector of
data to be transferred. It performs the same operation

as director 27,

This director allows the immediately proceding read
checkword to be analyzed for an error condition at the

proper time. The delay period is 40 bytes.

This director performs the same function as director 2.

The remaining directors in this sequence would constitute

a termination sequence,




TIME CRITICAL PROCESSOR NEXT SECTOR
PROCESSOR CODE AVAILABILITY DIRECTOR LOADING . DIRECTOR EXECUTION FIELD NAME AND LENGTH
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D C

2.

o

WRITE DATA CHECKWORD

6 CYCLES WORST CASE 17 WRITE FILL 1. WARK START, DELAY (W BYTES) SECTOR MARK
s 18. AP (SYNC BYTE) 2. ADDRESS (FROM MEMORY FOR ADDRESS
8 FaR CHECK FOR END OF FIELD 19. WRITE DATA COMPARE) HEAD GAP #

w

LOAD ADD. CRC PREMULT. 120 BITS, 17.644 SEC

-
TN “wir T }
RJR
20 20. TEST, DECREMENT
3 CYCLES CYCLES 21. CONDITIONAL BRANCH
O Te 22. TEST, DECREMENT
® ERROR CHECK OK DATA FIELD 23. CONDITIONAL BRANCH
SYNC PATTERN # |

=

« LOAD ADD. CRC PREMULT.

300 BITS, 44.1u SEC

3 CYCLES ¥ CYCLES 6. RAP (FIND ZERQ BIT) BIT 140
— 7. RAP (FIND NON ZERO 81T AND SET BIT
LoD OUTPUT GEN (1) ¢
* MO DIRECTOR LOADING 1 =
% ou} mms T ) pap M BT UP? 6 RING} BIT 14 =1

CYCLES

18 CYCLES " 3 ovoes
—== - SYNC BYTE # 1
(8 YCI} ;IP It (@ T¢8T|_ ERROR CHECK 8. RAP (SYNC BYTE) BIT 14=1 6 BITS, .88 u SEC
TR TILLUP? (D 1u1 [ ON ADDRESS ADDRESS FIELD
FIELD . 24. UNCONDITIONAL BRANCH TO 25 9. COMPARE AND SAVE 24 BITS, 353, SEC
CYCLES ADDRESS 32 BIT CRC
25. WRITE DATA CHECKWORD 10. READ ADORESS CHECKWORD 32 BITS, 470, SEC |
] 1. MARK START, DELAY (W) BYTES) T 1t conrrionae srancy
4 2. ADDRESS (FROM MEMORY FOR ADDRESS 72 |12. DELAY 12 BYTES (10.6u5) HEAD GAP # 2
12 CYCLES CYCLES COMPAR BITS 13, ApORESS 120 BITS, 17.64 4 SEC
S 3. LOAD ADD. CRC PREMULT. 4 |14, LoAD REG FILE WiTH ZERO
Tes | 4. (0AD ADD( CRC PREMILT 1§, wip
8 m} WIP BIT UP FOR DATA FIELD ?
: 17, WRITE FILL

SYNC PATTERN # 2
78 BITS, 11.47, SEC

SYNC BYTE # 2

18. WAP (SYNC BYTE) 6 BITS, .88, SEC

6-16 etc. (9. WRITE DATA
20. TEST, DECREMERT
21, CONDIT [ONAL BRANCH
SPARE DIRECTOR 22. TEST, DECREMENT
TEs: SLOTS®6 SLOTS 23. CONDITIONAL BRANCH
(D ALL INITIALIZATION PROCEDURES HAVE . ::. ::fu JOITIONAL BRANCH TO 25
OCCURRED PRIOR TO THESE EVENTS. ; WRITE DATA CHECKWORD
(D INDEPENDENT 7000 COUPLER STATUS PATH 26 UNCONDITIONAL BRAKCH TO |
8 N0 7000 STATUS FUNCTIONS BETWEEN SECTORS
ZERO TOLERANCE GAP.
(5 ERROR FREE TRANSMISSION.
@ BUFFER UNLOADING DELAY PLUS COUPLER
TRANSFER DELAY=AT; AT IS CURRENTLY
UNDEFINED. THIS MAY AFFECT DIRECTOR
NUMBER 2.
@ THE BUFFER CONTROLLER WiLL PERFORM THE
FOLLOWING TASKS DURING THE DATA FIELD DATA FIELD
TRANSFER: r 3,864 BITS, 567.81 4 SEC
A. UPDATE DISK ADDRESS.
B. CHECK FOR LAST SECTOR
{TO TERMINATE SEQUENCE)
C. NISCELLANEOUS HOUSEKEEPING. Al
DATA 32 BIT CRC
26. WRITE DATA CHECKWORD } 32 BITS, 4.70. SEC
} END OF RECORD BYTE
6 BITS, .88, SEC
} TOLERANCE GAP
C TQ 134 BITS =
00 TO 19.70u SEC
TERMINATI1ON
= SECTOR MARK
TCTAL BITS = 4,722
TOTAL TIME =694 134, SEC
Figure 6-5. Write Sequence Timing Chart for 1:1 Interlace
60364500 A : 6-15



91-9

TABLE 6-2. WRITE SEQUENCE DIRECTOR LIST (1:1 INTERLACE)

Item

Director Name

Director Usage

25

V 00S6%9€09

Write Checkword

Delay, Mark Start

Address

Looad Polynomial

Looad Polynomial

Deleted

TN N N N N S T N A
; " J . . J . 7 \ . . /

This director executes when the previous sector's write
operation is complete, In addition, it performs the

following:
e Turns off erase head at beginning of execution.

e Writes the 32-bit checkword on the disk.

e Writes the pad byte. | ]\,r .
. SNV

e Clears the write in pi‘ogress bit.
e Turns off the write gate at completion.

This director is used to ensure that the next data director
is decoded and executed within the sync pattern. The delay
period is 41 bytes.

This director obtains, from memory, the disk address
supplied by the higher level processor. This will be
compared to the address field read from the disk to ensure
that the proper sector is being read. The disk address is
loaded from memory into the data buffer upon execution of
this director. This loading time preempts director loading

time.

This loads the first 16 bits of the multiply polynomial used
to check the address field checkword.

This loads the second 16 bits. of the multiply polynomial,
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TABLE 6-2, WRITE SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd)

Item

Director Name

Director Usage

vV 00S$9£09

LT-9

10

11

12

Read Address Pattern

T R L S
AU T O S R T

Read Address Pattern

L)

Read Address Pattern
L,,‘ {i '@ ) ol S

COmpare ’

Read Checkword

39 00 000
Conditional Branch

Delay

This is a RAP anyplace which searches for the all zeros

pattern.,

This is a RAP anyplace which searches for a 1 bit. This
should be the start of the sync byte. When the condition
is found, the bit counter will be set so the sync byte can
be interrogated properly after it is shifted into the bit

counter. As soon as it is decoded, director loading stops.

This is a RAP specific which checks for the sync byte. If
the sync byte is found, the sequence continues sequentially.
If not, the sequence is aborted.

This is a compare and save director which will compare
the address field data with the information in the data buffer
obtained by director 2. The address field data read off

the disk, is saved in the register file in case an error

occurs,
This director reads the address checkword.

This director checks for a checkword error condition or

a compare error condition. If no error exists, director
execution continues sequentially, Bit 15 must be set so

that the erase heads are turned on by this director,

This director provides a 12-byte delay to ensure that the

next data director executes within head gap 2.

O

\
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TABLE 6-2. WRITE SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd)

Item

Director Name

Director Usage

13

13.5
14
15
16
17
18
19
20

21

22

23

Vv 006%9¢09

Address

Deleted

Load Register File
Deleted

WAP

Write Nx

WAP

Write

Test

Conditional Branch

Test

Conditional Branch

This director establishes the data path for the data which

will be written in-the data field.
This director sets register file location 0 equal to 0000.

This director turns on the write gate to establish sync.
This director writes 20 bytes of zeros on the disk.
This director writes the sync byte.

This director writes the data field.

This director checks the sector count in the register file
to determine if this is the last sector to be written, It

also decrements the count after testing.

This director checks the results of the preceding test
director. If this is the last sector, branch to director 26.

If not, continue sequentially,

This director checks the sector count in the register file
to determine if this is the last sector on the track. It

also decrements the count after testing.

This director checks the results of the preceding test
director. If this is the last sector on the track, branch

to director 25' (25 prime). I not, continue sequentially.
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TABLE 6-2, WRITE SEQUENCE DIRECTOR LIST (1:1 INTERLACE) (Cont'd).

Item

Director Name

Director Usage

24

25!

26'

26

Unconditional Branch

Write Checkword

Unconditional Branch

Write Checkword

This director is not loaded into the director buffer. It
causes a branch to the beginning of this sequence (director
25).

This director writes the checkword for the data field. It
is identical to director 25 except that bit 15 is set which

causes the heads to automatically switch to the next track.

This director is not loaded into the director buffer. It

causes an unconditional branch to director 1.

This director is executed only if this is the last sector to
be transferred. It performs the same operation as director
25.

The remaining directors would constitute a termination

sequence,




READ SEQUENCE (2:1 INTERLACE)

Figures 6-6 and 6-7 illustrate the use of the director timing chart to create a read
sequence at a 2:1 interlace. Figure 6-6 shows the operations which must occur during
the dead sector. Figure 6-7 shows the operations which must occur during the active
sector., The two sheets form a repetitive sequence which will loop until all desired
sectors are read. The method of entering and exiting the sequence is not shown.
Table 6-3 lists all of the directors used in this sequence with a déscription of each

director's purpose in the sequence.

6-20 60364500 A
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TIME CRITICAL PROCESSOR CODE

PROCESSOR
AVAILABILITY

NEXT SECTOR
DIRECTOR LOADING

DIRECTOR EXECUTION

FIELD NAME AND LENGTH

NSTRUCTION
T 0 ACTIVITY

NOTES:

LPN 1

8 CYCLE TIMES xx17 20. READ CHECKWORD
Tce | B
@ 3 TR xx2 21, DELAY (MARK START O SECTOR
7CB | RIP DOWN ? MARK + 100 BYTE TIMES)
TOR 1 10} 22. COND BRANCH
@ 418 1L couposire envon bt 2
TV 2
UJT 2 RETURN TO IDLE LOOP ""Ll
TCB
i 1 ?
fon :} IS A NEW FUNCTION AVAILABLE
TAN |
SBN | ' IS IT GENERAL STATUS REQUEST ?
241 2
TIAN |
§ 1 OUPLER FORMAT
STD 2} TORE PREVIOUS COUPLER FO THIS 100 BYTE DELAY ALLOWS THE PROCESSOR
EhA | > SELECT COUPLER PATH TO HAVE COMPLETE ACCESS TO MEMORY
LDD 2 SELECT FORMAT TYPE FOR GENERAL (EXCEPT FOR THE LOADING TIME OF
QAA | STATUS AND CLEAR DEAOMAN TIMER DIRECTORS XX1.XX2. AND XX3.)
SCB 'L SEND FUNCTION REPLY
cce |
LCN | PREPARE STATUS WORD COUNT
TCB 1
® {“R .} WAIT FOR PPU CHANNEL TO GO ACTIVE
GTDi OUTPUT THE GENERAL STATUS WORD
31
+2 Q
33
+. 6 @
39 CYCLE TIMES
1.8 SEC (MAX. MEMORY CYCLE TIME}

~ x
9
~l
®x

6 MEMORY CYCLES OF DIRECTOR LOADING TIME

THE PPU MUST EXIT FROM THE BLOCK INPUT INSTRUCTION AND DO 1KPUT
HOUSEKEEPING AND ISSUE A GENERAL STATUS FUNCTION WITHIN THIS
INTERVAL OF TIME. (10, SEC)

THESE INSTRUCTIONS MAY BE EXECUTED AGAIN IF CHANNEL 1S NOT
ACTIVE DURING FIRST LOOK.

%704 SEC (WORST CASE) FROM DEAD SECTOR MARK UNTIL GENERAL STATUS
1S SENT BACK TO THE PPU.

THE REMAINDER OF THE PROCESSOR CODE 1S EXECUTED DURING THE HEAD
GAP PORTION AND PART OF THE SYNC PATTERN OF THE SECTOR TO BE
READ NEXT.

= 25, SEC (WORST CASE) OF DEAD SECTOR TIME UNTIL THE NEXT SECTOR
MARK 1S PRESENT. TKE PPU MUST SEXD A NEW READ COMMAND AT LEAST
254 SEC PRIOR TO THE END OF THE DEAD SECTOR TO MAINTAIN 2:1 READ.

READ [N PROGRESS DROPS HERE.

TCB

1
1
sCe |
cca |
TCB |
FOR |
IAN 4
SBN | 1S 1T GENERAL STATUS REQUEST 7
ZiT 2
ADN |
2

STD RESTORE THE FUNCT ION COMMAND AND SAVE |T

} IS A NEW FUKCTION AVAILABLE ?

MASK THE FUNCTtON COMMAND TO DETERMING IF IT IS AN 1/0

74 cvcLEs FUNCTION.

Figure 6-6,
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23. DELAY

SUPPORT DIRECTORS

24. DELAY

SECTOR MARK

HEAD GAP # |
120 BITS, 17.64 4 SEC

L, SYNC PATTERN # |
300 BITS, 44,1, SEC

SYNC BYTE # 1
6 BITS, .88u SEC

ADDRESS FIELD
24 BITS, 3,53,SEC

ADDRESS 32 BIT CRC,
32 BITS, 4,704 SEC

P
HEAD GAP # 2
120 BITS, 17.64 4 SEC

SYNC PATTERN # 2
78 BITS, I1.4T7u SEC

SYNC BYTE # 2
6 BITS, ,88uSEC

DATA FIELD
3,864 BITS, 567.81 4 SEC

DATA 32 BIT CRC
32 BITS, 4.704 SEC

END _OF RECORD BYTE
6 8ITS, .88 u SEC

TOLERANCE GAP
0 TO 134 BITS =
0.0 TO 19.70 4 SEC

I

SECTOR MARK
TOTAL BITS = 4,722
TOTAL TIME = 694.134, SEC

Read Sequence Timing Chart for 2:1 Interlace, Dead Sector



FIELD NAME AND LENGTH

PROCESSOR | NEXT SECTOR
TIME CRITICAL PROCESSOR CODE AVAILABILITY |DIRECTOR LOADING DIRECTOR EXECUTION
INSTRUCTION
8 CYCLE TIMES AcTiviTy
SBN 1Ly THIS AN 1/0 COMMAND TO BE 24, DELAY [um START ON_SECTOR
ZuT 2 PROCESSED AT 2:1 INTERLACE 7 NO LOADING K + 23 BYTE TIMES)
THIS 15 THE REMAINDER LoD 2 OCCURS HERE
OF PROCESSOR CODE TO SBN | 1S THIS A READ COMMAND ? X B
PROCESS A 2:1 READ NJT il abiad
COMMAND LON ,
. SYR ®
+
EAR 1. DELAY 17 BYTE TIMES
ST 2} PREPARE RETURN ADDRESS 2. LokD R MEMORY
LON I~ WASTE TIME HR I
=16 pu SEC LDR 2 LOAD LOST 2:1 FLAG 5. ADDRESS
ZJR | JUMP IF WE CAN'T MAINTAIN 2:t INTER- S
sce | 6. READ ADDRESS PATTERN
7

NOTES:

~ -

w

=

o

o

®

b

FACE.
cCB | SEND FUNCTION REPLY

. THIS SEQUENCE 1S ONLY FOR READING DATA AT A 2:1 INTERLACE FOR 6000.
. MEMORY SCANKER TIMING CONSIDERATIONS

~32 BIT DIRECTOR LOADING = 3.6 u SEC
=BUFFER CONTROLLER MEMORY CYCLE TIME= .40 . SEC MIN
= 1.80 4 SEC MAX

. BUFFER LOADING/UNLOADING DELAY PLUS COUPLER TRANSFER DELAY = At:

(At 1S CURRENTLY UNDEFINED)

. 6000 HAS ALLOWED THE DSS 100 SEC OF THE DEAD SECTOR TIME TO

a) DO MISCELLANEOUS HOUSEKEEPING AND OUTPUT GENERAL STATUS {SOSEC)
b} ACCEPT A NEW FUNCTION (504 SEC)

. THE DSS UTILIZES 204 SEC OF THE NEXT SECTOR (TO BE READ) TIME TO

PROCESS THE NEW FUNCTION REQUEST. THUS THE DSS HAS 120 u SEC OF
DEAD SECTOR PLUS NEW SECTOR TIME TO
a) OUTPUT GENERAL STATUS -S70 SEC ACTUAL
b) ACCEPT NEW FUNCTION - = U5 SEC ACTUAL
%178 4 SEC

. THE 6000 MUST SUPPLY A NEW READ FUNCTION PRIOR TO 25 SEC BEFORE

THE END OF THE DEAD SECTOR IN ORDER TO MAINTAIN THE 2:) INTERLACE
TRANSFER.

INFORM HAROWARE CONTROLLER THAT A READ COMMAND IS PRESENT TO BE
PROCESSED AT A 2:1 INTERLACE. {THE INTERFACE WORD WHICH SPECIFIES
THAT A READ COMMAND 1S PRESENT MUST BE SET PRIOR TO EXECUTION OF
DIRECTOR 2.

% 204 SEC (WORST CASE) FROM SECTOR MARK UNTIL PROCESSOR MUST
INFORM HAROWARE CONTROLLER THAT A NEW READ FUNCTION 1S PRESENT TO
READ DATA AT 2:1 INTERLACE.

IT TAXES Gl SEC (WORST CASE) FOR THE DSS TO SEND THE FUNCTION
REPLY BACK FOR THE READ FUNCTION USED TO MAINTAIN 2:1 INTERLACE.
IF THE FUNCTION REPLY TAKES LONGER. 1T IS BECAUSE THE 2:1 INTERLACE
HAS BEEN MISSED AND THE DSS MUST PERFORM SOME INITIALIZATION
PRIOR TO RETURNING A FUNCTION REPLY. (THIS INITIALIZATION PREPARES
THE DSS TO READ THE DESIRED SECTOR ON THE NEXT DISK REVOLUTION.)

Figure 6-17,

. READ ADDRESS PATTERN

8. READ ADDRESS PATTERN

9. COMPARE AMD SAVE

10. READ CHECKWORD

11, DELAY 20 BYTE TIMES
12, COND BRANCH

13. ADDRESS

14. LOAD MULT POLY

5. LOAD MULT POLY

16. READ ADDRESS PATTERN
(7. READ ADDRESS PATTERN

18, READ ADDRESS PATTERN

19. READ

20. READ CHECKWORD

SECTOR MARK

HEAD GAP # |
120 BITS, 17,64, SEC

SYNC PATTERN # |
300 BITS, 44 14 SEC

SYNC BYTE # 1
6 BITS, ,88 4 SEC
ADDRESS FIELD
24 BITS, 3.53 4 SEC

ADDRESS 32 BIT CRC,
32 BITS, 4,70 4 SEC

HEAD GAP # 2
120 BITS, I7.64 4 SEC

SYNC PATTERN # 2
78 BITS, 1,47, SEC

SYNC BYTE # 2

6 BITS, ,88u SEC

L DATA FIELD
3,864 BITS, 567,81 uSEC

\L DATA 32 BIT CRC
7 32 miTs, atopsEc

} END OF RECORD BYTE
6 BITS, B8u S

TOLERANCE GAP
0 TO 134 BITS =
0.0 TO 19 70 4 SEC

SECTOR MARK

TOTAL BiTS = 4,722
TOTAL TIME = 694 134, SET

Read Sequence Timing Chart for 2:1 Interlace, Active Sector

60364500 A

P

.-

N

P

Neees




N

O

@,

V 006%9€09

€¢-9

)

o O O

O oo >0 00000 0

TABLE 6-3. READ SEQUENCE DIRECTOR LIST (2:1 INTERLACE)

Item

Director Name

Director Usage

20

21

22

23

24

Read Checkword

Delay, Mark Start

Conditional Branch

Delay

Support Directors

Delay, Mark Start

This director reads the data checkword for the previous
sector. It executes when the previous read command

terminates,

" This director keys off the sector notch of the dead sector

which follows a data sector in 2:1 interlace mode. A delay
period of 100 bytes follows the sector notch. This delay
allows the subsystem processor to have complete access to
memory during the delay period (except for the loading time
of the directors which replace those directors executed under
the 100-byte delay period).

This director determines if an error occurred in the pre-
vious data transfer, If an error occurred, the hardware
will branch to a new set of directors. If no error occurred,

director execution continues sequentially,

This is a 1-byte delay which prevents the execution of the
following support directors until the previous 100-byte delay

has expired.

These support directors are utilized to prepare the drive
unit to handle the next data transfer at the next 2:1 interlace
disk address. The address field premultiply polynomial is

prepared during this time,

This director keys off the sector notch of the next data

sector to be read. A delay period of 23 byte times
(=2 20 psec) follows the sector notch. This delay allows
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TABLE 6-3. READ SEQUENCE DIRECTOR LIST (2:1 INTERLACE) (Cont'd)

Item

Director Name

Director Usage

24

Delay, Mark Start

Delay

Load RF Memory

Test

Conditional Branch

Address

the subsystem processor to have complete access to
memory during the delay period. Prior to or during this
delay period, the subsystem processor must accept a new
read command from the HLP and set the appropriai:e :
decode flag., Read at 2:1 interlace will not continue if the

decode flag is not set prior to the end of the delay period.

This is a 17-byte delay (=2 15 usec) which causes the
control logic to start searching for the sync pattern 240

bit times from the sector notch. The following four support
directors execute under this delay period.

Load the decode flag from memory.

Determine if a new read command has been accepted by

the subsystem processor.

Branch out of the read at 2:1 interlace director sequence

if a read command was not present.

This director obtains, from memory, the disk address
which was supplied by the higher level processor or updated
by the subsystem processor. This will be compared to the
address field read from the disk to ensure that the proper
sector is being read, The disk address is loaded from
memory into the data buffer upon execution of this director.

This loading time preempts director loading time.
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TABLE 6-3., READ SEQUENCE DIRECTOR LIST (2:1 INTERLACE) (Cont'd)

Item Director Name Director Usage

vV 00S%9€09

G¢-9

6 Read Address Pattern This is a RAP anyplace which searches for an all zeros
pattern. This director also causes the read gate to turn

on.

7 . Read Address Pattern This is a RAP anyplace which searches for a 1 bit, This
should be the start of the sync byte. When the condition

is found, the bit counter is set so the sync byte can be
interrogated properly after it is shifted into the bit counter,

8 Read Address Pattern This is a RAP specific which checks for the sync byte. If
the sync byte is not found, the sequence will be aborted. If

the sync byte is found, the sequence continues sequentially.

9 Compare This is a compare and save director which compares the
address field data with the information in the data buffer
which was obtained by director 5. The address field is

saved in the register file in case an error occurs.

10 Read Checkword This director reads the address field checkword.

11 Delay This director provides a 20-byte delay to ensure that the
next data director executes within sync pattern 2.

12 Conditional Branch This director checks for a checkword error condition or
a compare error condition. If no error exists, director
execution continues sequentially.

13 Address This director establishes the data path for the data which

will be read from the data field.
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TABLE 6-3. READ SEQUENCE DIRECTOR LIST (2:1 INTERLACE) (Cont'd)

Item Director Name Director Usage
14 Load Polynomial This director loads the first 16 bits of the premultiply
polyndmial used to check the data field.
15 Load Polynomial This director loads the second 16 bits of the premultiply
polynomial. '
16 Read Address Pattern Directors 16 through 18 perform the same function as
directors 6 through 8.
17 Read Address Pattern
18 Read Address Pattern
19 Read This director reads the data field.
-~ N s - ’ B - N - N ~ N e e
YT Oy oY) ' \ Y O Y )
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COMPARE SEQUENCE (1:1 INTERLACE)

The compare sequence is very similar to the read sequence (1:1 interlace) except that
the compare director is substituted for the read director and tests are performed to
determine the results of the compare. The address director (item 14 of Figure 6-4)
establishes the data path for the compare data from the memory or system coupler.
Since this sequence is identical to the read sequence in all time-critical areas, the

individual directors are neither illustrated nor explained.
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SECTION 7

SPECIAL HARDWARE CONSIDERATIONS
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SPECIAL HARDWARE CONSIDERATIONS

INTRODUC TION

The control logic contains some hardware elements which may affect program execu-
tion. The effect of these elements must be considered before any director sequences

are constructed. The following paragraphs discuss these elements.

MEMORY SCANNER

Since the memory unit is shared by the subsystem processor and the control logic, a
memory scanner is used to avoid all memory conflicts which could arise between these

two elements.

The memory scanner assigns priorities as follows:
First priority - Data handling references from control logic

Second priority - Director buffer references from control logic

Third priority - Subsystem processor references

‘Although the subsystem processor is given the lowest priority, it is not normally tied

to any real-time constraints and will have a larger proportion of access time available
to it. Each of these priorities is discussed below, including effective memory cycle
time,

DATA HANDLING REFERENCES

When data is being transferred to and from memory, the memory scanner will lock
out all other references until the data buffer is full (empty when going to memory) or
until the word count for the transfer is satisfied. When either of these two conditions
occurs during a data transfer, the memory scanner will allow other references to
memory until another data request is made. The memory cycle time for data requests
is 900 nanoseconds.
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DIRECTOR BUFFER REFERENCES

During director buffer loading, the subsystem processor is not locked out, but the
director reference is given perference. One director reference will be made for each
subsystem processof reference. With an average cycle time of 900 nanoseconds for
each director reference, this gives an average director load time (two 16-bit words)
of 3.6 microseconds. This time includes two subsystem processor references. A
32-bit director could load in as little as 2,7 microseconds or as much as 3,6 micro-

seconds. The loading time will never exceed 3.6 microseconds.

SUBSYSTEM PROCESSOR REFERENCES

When the subsystem processor is the only unit accessing memory, its memory cycle
time is 1,60 microseconds typical (1. 40 minimum, 1,80 maximum). When it is
sharing the memory with the director references, it will be given one memory access

for each director reference for a memory cycle time of 1, 8 microseconds.

DIRECTOR BUFFER

As directors are read from memory, they are loaded into the director buffer., This
is a circular buffer which will hold 16 32-bit words. The discussion of its operation

is divided into the following areas.
1. Director buffer control
2. Director loading and look~-ahead decodes

3. Director execution

DIRECTOR BUFFER CONTROL

The director buffer is loaded and unloaded under control of input and output pointers
and flags which set if the buffer is empty or full. The buffer is considered to be
empty if the input and output pointers become equal when the output pointer is incre-
mented by"one. The buffer is considered to be full when the input and output pointers
become equal when the input pointer is incremented by one, From a full condition,

only the output pointer can be moved. From an-empty position, only the input pointer
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can be moved., The director buffer is also controlled via the normal channel interface

of the subsystem processor. This control is via functions received over normal out-

‘put channel 08, These function codes and their effects on the director buffer are listed

below.

0020 Master clear - This function code clears the director buffer and
places it in an empty condition. It also clears the address register
so that the first director reference is made from location zero in

memory.

0018 Looad director buffer - This function code causes the director buffer
to start loading directors. It will cause the director buffer to re-
ference memory through the memory scanner. The memory location
addressed will be that address which is in the address register.

This will be address zero following a master clear function (0020).

0022 Execute directors - This function code causes the director buffer
to begin execution., If the buffer is not empty, the first director is
extracted and placed in the director register. The output pointer
is then incremented by one. The next director will be extracted as
soon as the first has completed execution. If the buffer is empty
when this function is sent, the next director loaded into the buffer

will execute immediately.

DIRECTOR LOADING AND LOOK-AHEAD DECODE

When the director buffer has received an 0018 function code (load director buffer),
it accesses sequential locations in memory. After each 16-bit access, the address
register is incremented by one. Since these are only 16-bit references, and the
director buffer is 32 bits wide, two references are required before the input pointer
is moved, The first reference (bits 00 through 15 of the director) always contains
the director function code. The function code is examined before the director is
loaded into the director buffer to determine if one of thé following directors is in-

volved.
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1, Unconditional branch - This director is not loaded into the director buffer.
InStead, the second 16 bits are obtained and immediately placed in the address
register. Succeeding references are then obtained from the new address

location.

2. Stop loading directors - This director is not loaded into the director buffer,
It is only 16 >bits in length and will stop director loading immediately after
it is decoded. An 0018 function code is needed to restart director loading.
Loading will continue from the address in the address register.

3. Address director - This director is 64 bits in length. When it is decoded by
the look-ahead decode, the next three memory references are placed into
the director buffer without being examined for any special conditions. This

prevents an address reference from being decoded as a director.

If none of the above conditions exist, the first 16 bits of the director are loaded into
the director buffer and another memory reference is made. The next 16 bits are not
examined by the look-ahead decode since these bits will not contain a function code.
As soon as these bits have been loaded into the director buffer, the input pointer is

incremented and another memory reference is made.

DIRECTOR EXECUTION

As soon as an 0022 function code (execute directors) is received (assuming the director
buffer is not empty), the first director is transferred from the director buffer to the
director register and the output pointer is incremented by one. The director is
immediately decoded and starts an execution cycle which strobes the director infor-
mation out of the director register. The next director is immediately transferred
from the director buffer into the director register. It is decoded while the first
director is completing its execution. When execution of the first director is completed,
the second begins execution, and the next is transferred into the director register for
decoding. Execution of data directors is considered to be complete as soon as all
director parameters have been established, even though the complete data transfer

is not done. This allows support directors to be decoded and executed while data is
being transferred. Another data director, however, cannot be executed until a data
transfer for a previous data director is complete,
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If a terminate director is decoded, no further directors are extracted from the director
buffer, but the output pointer is incremented by one. Director execution will resume

with the next director location as soon as an 0022 function code (execute directors) is
received on the normal channel.

REGISTER FILE

This is a buffer which will hold sixteen 16-bit words. It operates under director con-
trol and is directly addressed, or used as a buffer depending on the director being exe-
cuted. All direct access operations have the register file location in the associated
director. For those operations which use the register file as a buffer, all accesses
begin at register location zero. Input and output references share the same data lines

and cannot be made simultaneously.

DATA BUFFER

The data buffer is a stack-type buffer which will hold four 16-bit words. During both
read and write operations, data can be entered into one end while being taken from the
other end. A data multiplexer allows access to the buffer from either the system
coupler or the core memory under director control. The data buffer assembles/dis-
assembles 16-bit words from 8-bit bytes or 6-bit characters.

ADDRESS REGISTER

This register holds the address location in memory from which directors are being
loaded into the director buffer. Following a master clear from the subsystem pro-
cessor, the register is clear and its first reference will be to location zero in the
memory. The address register is incremented by one following each memory refer-
ence. The contents of the address register can be changed in one of two ways. An
unconditional branch director changes the address register immediately so that the
next reference comes from the branch address location. A conditional branch director

changes the address register only if the branch condition is met.
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BRANCH ADDRESS REGISTER

The branch address register is used to catch the branch address for a conditional
branch director. When the decision is made to branch, the contents of the branch

address register are transferred to the address register,

CLOCK

The control logic has an internal clock which is generated from a 6.8 MHz oscillator
and has a 147-nanosecond cell time. This clock controls all operations concerned
with writing data on the disks and most internal clocking requirements. A read clock
supplied by the disk drive controls read operations and internal requirements related
to read operations. (For 7054-41/-42 controllers the write clock is supplied by a
6.451 MHz oscillator in the 844-41 DSU and the clock has a 155~nanosecond cell time.)

SPECIAL PURPOSE ELEMENTS

The control logic also contains several special-purpose elements which operate under
direct control of the director software or work in conjunction with the elements

discussed earlier. Some of these special-purpose functions are buffer control,
compare operations, branch operations, write address pattern operations, shift

register, and functions directly related to disk drive operations.

ARITHMETIC OPERATIONS

With one exception, the control logic performs all arithmetic operations in two's
complement, The one exception is the complement operation which is done in one's
complement, In order to avoid confusion between these two numbering systems, their

similarities and differences are discussed below.

Positive numbers have the same representation in both systems. Negative numbers
differ by one count. The reason for this difference in the negative numbers is that
the one's complement system allows two representations for a zero quantity positive
zero (00000) and negative zero (11111), The two's complement system does not
recognize a negative zero. The following example shows the difference in the two
systems.

7-6 60364500 G



N
)
Y Count Two's Comp One's Comp .
N
+2 00010 00010

© +1 00001 00001
~ +0 00000 00000
o -0 Not used 11111
\_) -1 11111 11110
-2 11110 11101
‘L\./
: Note that one's complement representation for a negative number is found by subtract-
/;) ing each bit of the number from one. For example:

11111
9. -00010

11101 (complement of +2 equals a -2)

This representation can also be obtained by merely substituting 1's for 0's and 0's for
7t IIS-

The two's complement expression for a negative number is found by adding one to the

N one's complement expression. Using the example above, the two's complement
expression for a negative two would be:

- 11101 (one's complement)
+ 1
{k/) 11110 (two's complement)

60364500 A -7






SECTION 8

ERROR DETECTION AND CORRECTION






o

C

)

S

(

)

™
@

S

8

N\

ERROR DETECTION AND CORRECTION

The control logic uses a 32-bit checkword generator for error detection and correction.
This generator and its associated polynomials can detect whether or not an error has
occurred during transmission of the related data, If the error occurred in a single
error burst of 11 bits or less, the correction capability will generate an 11-bit correc-
tion vector and provide an address (bit displacement from beginning of data buffer) at
which to exclusively OR the correction vector. Prior to a read or write operation, a
divide polynomial must be loaded into the checkword generation network., This poly-
nomial establishes the basic characteristics of the coding mechanism. Prior toa

read operation, a multiply polynomial must also be loaded into the checkword generation
network. This polynomial is directly related to the length of the data field and is used

to optimize error correction.

Following a read, the contents of the 32-bit checkword generator are checked. If the
residue is equal to zero, the data transmission was error free. If the residue is not
equal to zero, the subsystem processor can issue an Initiate Error Correction director.
This director includes a shift count which is equal to the number of bits in the sector
data field (due to the proper selection of the divide and multiply polynomials). Error
correction consists of shifting the checkword generator once for each bit in the shift
count, The divide polynomial is used during this operation. The operation continues
until bits 11 through 31 of the checkword generator are all zero or until the shift count
becomes zero., In the first case the error is correctable and bit 13 of normal operat-
ing status word 1 will set, Status select codes 8000 and B000O will input the correction
vector and the shift count remainder, respectively. If the shift count becomes zero,
the error is considered noncorrectable and bit 14 of normal operating status word 1
will set. Figure 8-1 shows the registers used during error detection and correction
and their relationships to each other.

Table 8-1 contains the polynomials and shift counts used for various length data fields.
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TABLE 8-1. CHECKWORD GENERATOR DATA
Data Upper Lower Upper Lower
Field Divide Divide Multiply Multiply Shift
Length* Polynomial Polynomial Polynomial Polynomial Count
24 bits 00A0 0805 3DC4 01EE 0018
3840 bits 00AO0 0805 E360 0713 0F00
3864 bits 00A0 0805 6920 0348 0F18
32, 768 bits 00A0 0805 61E0 230F 8000 -
42,987 bits 00A0 0805 00AOQ 0805 ATEB
*This column is decimal, all other columns are hexidecimal.
s
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(

A
(“ ;
N

~

)

C

7N,

~.
N

y

h

C

TN
——

LOAD POLYNOMIAL OPERAND
(DIRECTOR BITS)

DIVIDE POLYNOMIAL
REGISTER

MULTIPLY POLYNOMIAL
REGISTER

o8 23
515 20
25% —q (JAB 26%

00 1 15 16 l 3
23! 20
27* 2%

00 15 16 3|

FOR A CORRECTABLE ERROR,
CORRECTION VECTOR THESE BITS EQUAL ZERO

A\ A
”~ ~ -~ ™~

00 10 1l _15 16 3l

 CHECKWORD GENERATOR |3l 20

00 15 00 i5

CHECKWORD STATUS 015 20| 515 20
NORMAL OUTPUT CHANNEL 09 (8000) (7000)

STATUS SELECT CODE

% DIRECTOR SELECT BITS

Figure 8-1, Registérs Associated With Checkword Generation

60364500 A

8-3






,,,,,

YO Oy O ¢

O O

®

( N
)
"

SECTION 9

6000 COUPLER PROGRAMMING



o oG



6000 COUPLER PROGRAMMING

INTRODUCTION

The 6000 Coupler used with the FA710, FA719, and FA722 Disk Storage Controllers pro-
vides the hardware interface between a Control Data 6000 series data channel and the con-
troller. This section describes the coupler/subsystem processor interface, the coupler/
control logic interface, autoload, coupler function/reserve/connect, and the coupler dead-

man timer.

SUBSYSTEM PROCESSOR INTERFACE

The coupler exchanges data and control signals with the block transfer interface,
normal channel interface, and station control interface. The block transfer interface
exchanges all I/O control signals and contains the normal data path between the coupler
and the processor. The normal channel interface receives coupler status and sends
out the path select and format select. The coupler sends signals to the station control
interface during autoload operations only. (Unless otherwise noted, the subsystem

processor will be called the processor in the subsequent text.)

SIGNALS FROM THE COUPLER TO THE BLOCK TRANSFER INTERFACE

Coupler Ready (CREADY)

This signal indicates that the coupler will respond immediately to an input block

transfer or output block transfer instruction in the processor,

Coupler Reply (CREPLY)

This pulse indicates that the coupler has accépted a data byte from the processor or
that the coupler has a data byte available for the processor. The coupler responds to

an input request or output ready with this signal.

Coupler Terminate (CCTERM)

Following an input r. lest or an output ready, the coupler can terminate an input block

transfer or output block transfer instruction by sending this signal. The processor will
not send a parity strobe.
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Data (CCI-00 to CCI-15)

These 16 lines carry data pulses from the coupler to the processor,

SIGNALS TO THE COUPLER FROM THE BLOCK TRANSFER INTERFACE

Output Ready (OUTRDY)

This pulse indicates that the processor has data available for the coupler.

Input Request (INPREQ)

This pulse indicates that the processor can receive another byte of data from the
coupler, ’

Parity Strobe (CK-PAR)

This pulse indicates that the proéessor has accepted a data byte from the coupler.

Master Clear (MC-CC)

This pulse clears registers and controls in the coupler.

End of Operation (EOP-CC)

This pulse accompanies the last output ready signal during a block transfer to indicate
that the transfer is complete. It will also be returned to the coupler following a
terminate signal from the coupler, or following the reply to the lastb input request
during a block transfer.

Data (CC0-00 to CC0-15)

These lines carry data pulses from the processor to the coupler.
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NORMAL CHANNEL INTERFACE

Normal Input Channel Data (103-00 to 103-15)

These 16 lines provide a multiplexed data path for up to 64 status bits. The channel
select signals determine which status byte will be sent to the processor,

Not Select Input Channel 0 (SELI-0)

A 0 on this line gates coupler status through the multiplexer to the processor
on the input channel data lines. Bit definitions are listed below,

Processor Normal Input Channel 0

PROCESSOR
BITNUMBER O | 2 3 4 5 6 7 8 9 IOIIIZ 13 14 15

Lllll[l llllﬂ

‘ AN .
T CHAN ASSEMBLY/DISASSEMBLY
. FORMAT STATUS
ERRQR‘ '
: BLOCK NOT USED

FUNCTIO

DATA FRAME COUNT STATUS
MODE COUPLER READY

—— DEADMAN TIME OUT

—RESERVED

—FUNCTION

Function 7 ale

A 1 in this bit indicates that a function code is available on normal input channel 3,

Reserved (2‘ /7—/

A logical 1 in this bit indicates that the coupler is in an operational mode (not idling).
This bit sets when the coupler processes a function code from the PPU and clears at

the completion of the subsequent data transfer,
* FAT22-A /B only
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Deadman Timeout @ ,ﬁ: ol

A 1 in this bit indicates that the deadman timer has expired and the coupler has been
disconnected. ‘

Data Mode B ;‘j \3

A logical 1 in this bit indicates that the coupler is reserved and the PPU has activated

the channel. The coupler is now ready to transfer data.

Channel Parity Error (FA722-A/B only) BT 4

A 1 in this bit position indicates that the coupler detected a parity error on the PPU I/O
channel. This bit is cleared by bit 04 of output channel 0. (Note: This bit is used in a
CYBER 170 configuration only). i

Block Function J /7 z

A 1 in this bit position indicates that the coupler will not process a function code from the
PPU. Block function does not clear until the processor sends an EOP or sets the inactive
bit (bit 21 of NOC 0), or if the coupler data mode is cleared by terminating an operation

in any way.
Coupler Ready B |T L

A 1 in this bit indicates that the coupler is ready to transfer data to/from the processor
or control logic. This bit is always a 1 if the data path between the control logic and

processor is selected.

Frame Count

Bits 7, 8, 9, and 10 carry a code to indicate frame count in the coupler. The processor
must use this code along with format to identify valid data bits in the last word of a

data transfer from the PPU. The frame count and format must be sampled before
selecting another format, and before the PPU activates the channel for the next trans-

fer., Frame count codes are listed below and discussed-at the end of this section.

Count Bit7 8 9 10
0 0 0 0 0

0 0 0 1

2 0 01 0

3 0 0 1 1

4 01 00

5 01 0 1

6 011 0

7 01 1 1

8 1 0 0 0

9 1 0 0 1

10 1 0 1 0

BT l|~C‘Duf/<E€ F/AA AAST /5’7775 ALL
Y3 Ts arer fM/;CEsgj—z‘?A// Va LD 60364500 F
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A/D Format

Bits 12, 13, 14, and 15 contain a code indicating in which assembly/disassembly for-
mat the coupler is operating during a data transfer with the PPU. This code, along
with frame count, identify valid data bits in the last byte of a data transfer from the
PPU. The processor must check this before changing formats and before the PPU
activates the channel for the next transfer. The format codes are listed below.

Format Bits 12

—
w
(=Y
S

15

(=)

© 00~ O U R W N
= = O O 0O OO oo o
o O = B B H O O O ©
o O = = O O B B O O
= O H O H O = O = O

Not Select Input Channel 2 (SELI-2)

A 0 on this line gates 16 coupler data bits from the PPU to the processor as status.

This allows the processor to monitor data sent from the PPU to the control logic,

Not Select Input Channel 3 (SELI-3)

A 0 on this line gates 9-bit function codes from the PPU to the processor. The
function bits are placed in the upper 9 bits of the input channel. Function bit 0 (20)
is placed in channel bit position 15 (20).

Status bits are also available to the processor on normal input channel 3.

These status bits reflect conditions in the coupler and are defined as follows:

PROCESSOR
BIT NUMBER 0O I 2 3 4 5 & 7 15
FUNCTION
CODE
A___ INPREQ2
ORDYCH
A-CONNECT
B- CONNECT
UPPER FULL
LOWER FULL
TERMINATE
60364500 F 9-5



Terminate (Bit 0): A 1 in this bit position indicates that the coupler has terminated
an operation. Until this condition is cleared by a PPU function pulse or a master

clear, the coupler will not respond to I/O signals from the processor or control logic.

Lower Full (Bit 1): A 1 in this bit position indicates that the lower 16-bit half of

the coupler data register contains data.

Upper Full (Bit 2): A 1 in this bit position indicates that the upper 16-bit half of the
coupler data register contains data.

B-Connect (Bit 3): A 1 in this bit position indicates that the coupler is connected
to PPU B, indicating that only PPU B can access the coupler. This bit is valid only

in a dual access coupler.

A-Connect (Bit 4): A 1 in this bit position indicates that the coupler is connected
to a PPU A, indicating that only PPU A can access the coupler. This bit is valid
only in a dual access coupler.

ORDYCH (Bit 5}: A 1 in this bit position indicates that the coupler is receiving an

output ready from the processor or a COREQR (output data request) from the control
logic. PCorAL

INPREQ2 (Bit 6): A 1 in this bit position indicates that the coupler is receiving an
input request siganl from the processor or a CIRPLY (input data reply) from the
control logic.

Normal Output Channel Data (O07-00 to O07-15)

These 16 lines provide a multiplexed path for up to 64 control bits. The channel

select signals determine the definition of the information on the lines.
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DO O 0O 00

OO0 C OO OO0 O0

O O

Not Set Output Channel 0 (SET Q - 00)

The bit definitions of O07-00 to O07-15 when this signal is a 0 are listed below.

PROCESSOR
BIT NUMBER O | 2 34 5 6 7 8 9 I0 Il 12 13 14 15

A NOT USED ~
CLEAR PARITY ERROR LASSEMBLY/DISASSEMBLY
CLEAR DEADMAN TIMER CODE
INACTIVE
DISCONNECT

——FUNCTION REPLY

Function Reply R ;70O

The processor responds to a function by setting and then clearing this bit.

Disconnect Bal~]

The processor can disconnect an existing PPU/coupler connection by setting and then
clearing this bit. This replaces the function reply and serves as both a reply and
disconnect.

Inactive 05 )=l

The processor can disconnect the PPU and terminate any operation in progress by
setting and then clearing this bit. ‘

Clear Deadman Timer [ )7—2

By setting this bit the processor clears the deadman timer., If the bit remains set,

. the deadman timer is disabled. If the bit is set and then cleared, the deadman timer

begins to time-out again,

Clear Parity Error (FA722-A/B only) P T

By setting and then clearing this bit, the processor clears bit 4 (parity error) of

normal input channel 0. This clears the parity error condition on the coupler/PPU

channel that was detected by the coupler. (Note: This bit is used in a CYBER 170
cenfiguraticna oaly.)
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Assembly/Disassembly Format Code e

The processor selects a coupler A/D format by sending a code in bits 12, .13, 14,

and 15, The codes are listed on the following page and discussed at the end of this
section,
Format Bit 12 13 14 15
0 o 0 o0 O
1 0 0 o0 1
2 0o 0 1 o
3 0 0 1 1
4 0o 1 o0 o0
5 0 1 0 1
6 0 1 1 o0
7 0 1 1 1
8 1 0 0 0'
9 1 0 0 1

Not Set Output Channel 4 (SET O - 04)

: A 0 on this line allows the processor to select the coupler data path by sending a code

in O07-14 and O07-15, The codes are listed below.

Processor Bit Number

14 15 Path Selected

0 0 Processor to PPU

0 1 Controller to PPU

1 0 Processor to Controller

1 1 Local Autoload to Processor /o7 u SAD

?RE.S/:MT/

NOTE

A master clear or autoload function will force the
processor to PPU path,

60364500 F

SWeNaNS

o)

OO

{'
A

~



O

O

B

¢

s

O O

O

(

( J

O

O O O O

Q)

D,

STATION CONTROL INTERFACE

The following signals precede an autoload operation only. All signals go from the
coupler to the processor.

Not Cycle Stop (CYCLES)

The coupler sends this pulse to the processor to halt execution of the processor

program at the end of the current memory cycle (regardless of its relationship to

the end of the current instruction),

Not Master Clear (MC)

The coupler sends this pulse to clear the processor and its memory.

Enable Output (ENOUT)

The coupler holds this signal to a 0 level to enable the block transfer input instruction
during an autoload.

Not Force Function (FORCEF)

This pulse, in conjunction with enable output, forces the processor to initialize a
block transfer input instruction.

Not Go (GO)

This pulse starts execution of the block transfer input instruction.

CONTROL LOGIC INTERFACE

SIGNALS TO THE CONTROL LOGIC DATA INTERFACE

Input Data Request (CIREQ)

The coupler sends this signal to the control logic to indicate that the coupler has data
available to send to the control logic. This signal clears when the coupler receives
an input data reply from the control logic.
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Output Data Reply (CORPLY)

The coupler sends this signal to the coupler to indicate that it has accepted a data byte
from the control logic, Output data request clears this signal.

End of Record Input (EORIN)

The coupler sends this pulse to indicate that it has sent the last word of a data record
to the control logic. It can also indicate that the PPU is terminating a transfer from

the control logic.

Data (CIB-00 to CIB-15)

These 16 lines carry data from the coupler to the control logic.
Halt

This pulse indicates that the coupler has received a master clear from the channel,

detected a deadman terminate, or decoded an autoload function. This pulse clears
the control logic.

SIGNALS FROM THE CONTROL LOGIC DATA INTERFACE

Input Data Reply (CIRPLY)

This pulse indicates that the control logic accepted a data byte.

Output Data Request (COREQ)

This signal indicates that the control logic has data available for the coupler. This
signal must remain a 1 until the leading edge of CORPLY.

End of Record Output (EOROUT)

This pulse indicates that the control logic has sent the last word of a record.

Not Write (WRITE)

A transition from a 1 to a 0 on this line indicates that the control logic has initiated
an input operation,

9-10 60364500 F
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Data (COB-00 to COB-15)

These 16 lines carry data from the control logic to the coupler. Data must remain
stable from the leading edge of COREQ to the leading edge of CORPLY.

EUNCTION /RESERVE/CONNECT

The coupler checks each function code sent to it for the equipment number and legal
function. The equipment number of the coupler is hardwired to 0., Bits 9, 10, and 11 of
the function code contain the equipment number so these must all be 0's. A legal coupler
function is one from 0000g to 0477g. A legal function with the correct equipment number
reserves the coupler (if it was not previously reserved). The coupler remains reserved

until the PPU issues an inactive signal, the processor disconnects the coupler, the dead-

man time expires, or the coupler receives a master clear.

NOTE

The PPU sends an operation complete
function to the processor which causes it
to disconnect the coupler at the end of an
operation. '
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A dual access coupler must be connected to one of the PPUs before the PPU can initiate a
data fransfer. A legal function sent to an unreserved and unconnected coupler automatically
connects and reserves the coupler. The connect condition prevents the other PPU from
performing any operation with the coupler except checking status. A scanning connect switch
in the dual coupler determines which PPU will be connected if both PPUs attempt to send

function codes to the coupler simultaneously.

If a PPU is connected to the coupler and the other PPU attempts to send function codes to

the coupler, the following action takes place.

1. The coupler checks the function codes for a status request code (00128). If it is
a status request, the coupler returns an inactive signal to the PPU that sent the

request.,
2. The PPU activates the channel.

3. The coupler returns a full signal and sets bit 210 on the data lines., The other

bits are ignored. Bit 210 indicates that the coupler is connected.
4, The PPU sends an empty to the coupler in response to the full,

5. The coupler sends an inactive signal to the PPU, disconnecting the channel.

If the function does is not a status request, the coupler does not respond and the PPU must
wait. The coupler retains the function code and processes it when the other PPU becomes
disconnected. The PPU may clear this function by sending an inactive signal or a master

clear.

The coupler responds to two functions:
1. Autoload (04148)

2. Status request (00128)

DEADMAN TIMER

A PPU/coupler connect condition activates the deadman timer. The timer expires if the
coupler does not receive a reply from the processor or controller within approximately

4 seconds. When the timer expires, the coupler clears the connect, sends an inactive to
the PPU, and sends a terminate to the processor or a halt to the controller. It also sets
bit 2 of normal input channel 0. If the processor sets bit 3 of normal output channel 0, the
deadman timer is cleared. If bit 3 remains set, the timer is disabled; if it set and then
cleared, the timer starts to time-out again. |
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The coupler responds to the status request only if it is a dual access coupler that is con-
nected, and the unconnected PPU is making the request. The coupler transfers all other
functions (and status request if the preceding condition is not true) to the processor on
normal input channel 3. The function code is placed in the nine lower order bit positions
(2%-28) of NIC 3.

The coupler automatically establishes format and data path during a function. The function
code is available to the processor on normal input channel 3. The coupler sets bits 0 of
normal input channel 0 to indicate that the function is available to the processor. The pro-
cessor must monitor this bit to detect a function. It replies by setting and then clearing
bit 0 of normal output channel 0. If the processor does not respond to the function, the
channel will hang up until the deadman timer expires. When the coupler receives the

reply to the function, it responds to the channel by returning an inactive signal,

STATUS

The PPU can not check coupler status except to check bit 210 to determine whether the

coupler is connected to the other PPU. To sample coupler status, the PPU must prearrange

a status transfer from the processor. The coupler will treat this like a data transfer from
the processor to the PPU.

The processor can check status by reading the information on the normal input channels.
These bit definitions are listed in a preceding area of this section, The general types of
status are:

Normal input channel 0 - Miscellaneous coupler status

Normal input channel 1

Controller status

Normal input channel 2 - PPU data

Normal input channel 3 - PPU function codes (bits 20 to 28)

coupler status (bits 29 to 215)

AUTOLOAD

The processor memory can be loaded through the coupler from the PPU data channel.
Function code 04148 initiates the autoload from the PPU, Autoload causes the following
sequence to occur.

1. The coupler forces a coupler to processor data path. Any path selected prior to

the autoload sequence will be cleared. The autoload function sends a halt pulse

to the control logic.
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Assembly format 0000 will be automatically selected. Any format selected prior

to the autoload will be cleared.

The autoload sequence forces the coupler to send the Cycle, Force Function, Go,
and Masier Clear signals to the processor. This prepares the processor to receive
autoload data.

The coupler sends an inactive signal to the PPU, Inactive is a response to the
autoload function, indicating that the coupler is ready to receive the autoload
data. The autoload data will be transferred to the coupler in exactly the same

way as a normal PPU data output.

Autoload data transfer terminates when the PPU sends an inactive signal to the

coupler, or when deadman timer expires.

The coupler sends a terminate to the processor following either of the conditions
listed in step 5. This causes the processor to start execution at address 0001
of its program.
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FORMAT AND FRAME COUNT

During data transfers between the PPU and the disk controller, the coupler must
assemble 12-bit bytes into 16-bit bytes and disassemble 16-bit bytes into 12-bit bytes.
Five assembly and five disassembly formats are available in the coupler. These 10
formats are described and illustrated below. All even formats are used for assembly
(12- to 16-bit transfers). All odd formats are used for disassembly (16- to 12-bit

transfers).

FORMATS 0000/0001

In format 0000 the coupler assembles two 12-bit bytes into one 16-bit byte. The 4
upper order bits (8 through 11) of each 12-bit byte are disregarded. In format 0001,
the coupler disassembles one 16-bit byte into two 12-bit bytes. The 4 upper order
bits (8 through 11) of each 12-bit byte are filled with zeros. See Figure 9-1,

8
WORD | 7
FC 4 15
o}
8 WORD |
] 7 FC |
8
WORD 2 7
FC 3 0
o)
i
%,
WORD 3 7
FC 2 )
o—-—-
" 8. WORD 2
7 FC
% f
WORD 4 7
FC | 0
oL
HL7o Loa D
Figure 9-1. Formats 0000 (Assembly), 0001 (Disassembly)
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FORMATS 0010/0011

In format 0010, the coupler assembles four 12-bit bytes into three 16-bit bytes. In

format 0011, the coupler disassembles three 16-bit characters into four 12-bit bytes.

See Figure 9-2,

- = /. .L
~ STATUS
" RT3
WORP 4 W TT———— JCappER
3
. — R
[ru Il ~ .
WORD 2 37— —0 w T &~
ORD 2 s MUK
LT [T koo
s | s WORD 2
7 FC 2
WORD 3 -
FCo 2 4l ] 1o
°—}g 'S UPRR )|
1 — >
8 8 WORD 3
WORD 4 U Bl
FC | B T FC !
0t— —0
PR A 14
N ET BLRYS STaroe-

Figure 9-2. Formats 0010 (Assembly), 0011 (Disassembly)

FORMATS 0100/0101

In format 0100 the coupler assembles one 12-bit byte into one 16-bit byte. Bits 6,
7, 14, and 15 of the 16-bit byte are set to zeros., In format 0101 the coupler dis-
assembles one 16-bit byte into one 12-bit byte. Bits 6, 7, 14, and 15 of the 16-bit

s

byte are disregarded. See Figure 9-3.
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WORD | < Zza WORD |
6| | 6,7 FC 2
FC 2 5 5
oL L—Jo
zm,us
||r ‘13 .
\ 8 WORD 2
WORD 2 || , ZGJ FC |
FC | 5 5
ol —0o

Figure 9-3. Formats 0100 (Assembly), 0101 (Disassembly)
FORMATS 0110/0111

In format 0110, the coupler assembles one 12-bit byte into one 16-bit byte. The 4
upper order bits (12 through 15) of the 16-bit byte are set to zeros. In format 0111
the coupler disassembles one 16-bit byte into one 12-bit byte. The 4 upper order .
bits (12 through 15) of the 16-bit byte are disregarded. See Figure 9-4.

15
i :?
Yot < WORD. |
° o .
ForeTyne ConEn LT

Figure 9-4. Formats 0110 (Assembly), 0111 (Disassembly)
e )
FORMATS 1000/1001 ao7 USE ¥

In format 1000, the coupler assembles ten 12-bit bytes into seven 16-bit bytes. The

4 upper order bits (8 through 11) of the first and sixth 12-bit bytes are disregarded,

In format 1001, the coupler disassembles seven 16-bit bytes into ten 12-bit bytes.

The 4 upper order bits (8 through 11) of the first and sixth 12-bit bytes are set to
zeros. See Figure 9-5,

60364500 A 9-15



WORD
FC

WORD
FC

WORD
FC

WORD
FC

WORD
FC

WORD
FC

WORD
FC

WORD
FC

WORD
FC

[ ]

Z O wp

~No

— O ud

~N®

o wb

~ @

O up

~N®

Figure 9-5.

—15
— |8 WORD |
7 FC 7

— —0

L — !5
E | |8 WORD 2
7 FC 6

— —I0

— —115
| | |8 WORD 3
7 FC 5

nl —
| ] | |s WORD 4
7 FC 4
Z/'——O
—15
L__ .
| |8 WORD 5
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- | |8 WORD 6
7 FC 2
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r— —15
| |ls  WORD 7
7 FC |

Formats 1000 (Assembly), 1001 (Disassembly)
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VALID DATA BITS

Table 9-1 lists the valid data bits by format and frame count.

TABLE 9-1,

VALID DATA BITS

Format and Frame Count

Valid Data Bits

60364500 F

0000
0001
0001
0001
0001
0002
0002
0002
0003
0003
0003
0003
0004
0004
0005
0005
0006
0007
0008
0008
0008
0008
0008
0008
0008
0009
0009
0009

FC1
FC4
FC3
FC2
FC1
FC3
FC2
FC1
FC4
FC3
FC2
FCi1
FC2
FC1
FC2
FCl1
FC1
FC1
FC7
FC6
FC5
FC4
FC3
FC2
FC1
FC10
FC9
FC8

4 -

0-7
0-7
0-17
0-17
0-15
4 - 15
8 - 15
0-11
8 -11
4 - 11
0-5,
0 -5,
0-11
0-11
0-11
0-11
0-15
8 - 15
0-15
8 - 15
0-15
8 - 15
8 -15
0- 11

11

Not possible

8 - 13
8- 13

Not possible

* The initial word count must be known in this case.
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TABLE 9-1. VALID DATA BITS (Cont'd)

Format and Frame Count

Valid Data Bits

0009 FC7
0009 FC6
0009 FC5
0009 FC4
0009 FC3
0009 FC2
0009 FC1

0- 11
Not possible
8-11
0-71
Not possible
8 - 11
4 - 11
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7000 COUPLER PROGRAMMING

The 7000 coupler contains four interfaces:

7000 Channel Interface
Processor Interface

Control Logic Interface

Signal definitions and interface characteristics are described in the following paragraphs.

All signals are valid at a 1 logic level unless otherwise noted.

7000 CHANNEL INTERFACE

Each 7000 PPU communicates with the coupler through two bidirectional channels.

is dedicated to the transfer of data in both directions, and the other is used to send

function codes from the PPU and status information to the PPU.

One

Write refers to transfers from the PPU to the subsystem; read refers to transfers from
the subsystem to the PPU.

Each channel has three control signalé. These signals are defined in the following

paragraphs.

1.

Write Data Word Pulse

The PPU sends this pulse with each data byte to notify the coupler that a
byte is available.

2. Write Data Resume
The coupler sends this pulse to the PPU to indicate that it has accepted the
data byte. Deadman time out forces this signal to a static 1 until the PPU
sends a function record pulse. The subsystem processor can force this to
a static 1 by setting bit 25 on normal ouput channel 0,

3. Write Data Record Pulse
The PPU sends this pulse to the coupler to terminate either a PPU write
or read operation. To terminate a write, this signal must be sent after
the resume for the last data word. To terminate a read, it must be sent
when the input word flag is set.

60364500 F
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10-2

Read Data Word Pulse

The coupler sends this pulse to the PPU to indicate that a data byte is
available for the PPU,

Read Data Resume

The PPU sends this signal to the coupler to indicate that the PPU accepted
the data byte.

Read Data Record Pulse

The coupler sends this pulse to the PPU to indicate termination of the trans-
fer., The coupler sends this at the end of every record, and whenever the
deadman timer expires. The processor can generate this pulse by setting
bit 25 of normal output channel 0.

Function Word Pulse

The PPU sends this pulse to the coupler to indicate that a function code is
available on the function channel data lines.

Function Resume
The coupler sends this signal to the PPU under the following conditons,

a. The processor replies to a function code by setting bit 215 of normal

output channel 0,

b. An automatic response by the coupler if the other PPU has reserved the
coupler.

c. The coupler receives a function record pulse.

d. The deadman timer expires.

Function Record Pulse

The PPU sends this signal to the coupler to:

a. Clear the coupler reservation (of the PPU which sent the pulse only).
b. Clear the static write data resume following a deadman timeout.
c. Generate a function resume and write data resume., (This initializes

PPU channel flags. )

Status Word Pulse

The coupler sends this pulse to the PPU to indicate that status is available on
the status data lines., The coupler generates this pulse when the processor
sends status on normal output channel 5.
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11, Status Resume

The PPU sends this signal to the coupler to indicate that it has accepted the
status byte.

12. Status Record Pulse

The coupler sends this pulse to the PPU to indicate that the deadman timer

has expired.

PROCESSOR INTERFACE

The coupler exchanges data and control signals with the processor block transfer inter-
face, normal channel inferface, and station control interface. The block transfer inter-
change exchanges all I/O control signals and contains the normal data path between the
coupler and the processor. The normal channel interface receives coupler status, control
logic status, and sends out the path select, and format select. The coupler sends signals

to the station control interface during autoload operations only.

SIGNALS FROM THE COUPLER TO THE BLOCK TRANSFER INTERFACE
1. Coupler Ready (CREADY)

This signal indicates that the coupler will respond immediately to an input

block transfer output block transfer instruction in the processor.
2. Coupler Reply (CREPLY)

This pulse indicates that the coupler has accepted a data byte from the pro-
cessor or that the coupler has a data byte available for the processor. The

coupler responds to an input request or output ready with this signal.
3. Coupler Terminate (CCTERM)

Following an input request or an output ready, the coupler can terminate an
input block transfer or output block transfer instruction by sending this signal.

The processor will not send a parity strobe.
4. Data (CCI-00 to CCI-15)

These 16 lines carry data from the coupler to the processor.
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SIGNALS TO THE COUPLER FROM THE BLOCK TRANSFER INTERFACE

1.

NORMAL

1.

10-4

Output Ready (OUTRDY)

This 35 to 65 NS pulse indicates that the processor has data available for

the coupler,
Input Request (NPREQ)

This 35 to 65 NS pulse indicates that the processor can receive another byte

of data from the coupler.
Parity Strobe (CK-PAR)

This 35 to 65 NS pulse indicates that the processor has accepted a data byte

from the coupler.

Master Clear (MC-CC)

This signal clears registers and control in the coupier.
End of Operation (EOP-CC)

This pulse accompanies the last output ready signal during a block transfer
to indicate that the transfer is complete. It will also be returned to the
coupler following a terminate signal from the coupler, or following the reply

to the last input request during a block transfer,
Data (CC0-00 to CC0-~15)

These lines carry data from the processor to the coupler.

CHANNEL INTERFACE
Normal Input Channel Data (103-00 to 103-15)

These 16 lines provide a multiplexed data path for up to 64 status bits. The

channel select signals determine which status byte will be sent to the processor.
Not Select Input Channel Zero (SEL-IO)

A logical 0 on this line gates coupler status through the multiplexer to the
processor on the input channel data lines. Bit definitions are given in the

following paragraphs.
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Processor Normal Input Channel Zero

PROCESSOR
BITNUMBEROI23 4 5 6 7 8 9 10 Il 12 13 14 15

[ T LT T T 1 1 1 |

_T A FRAME COUNT ASSEMBLY /
FUNCTION STATUS Dn?__tc\)%sMEA\ATBLY

DEADMAN TIMEOUT
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RESERVED NOT USED
COUPLER READY
DATA MODE STATUS RESUME
—— NOT USED

Figure 10-1. NIC 0 Bit Designations

Function

A logical 1 in this bit indicates that a function code is available on
normal input channel 2,

Reserved

A logical 1 in this bit indicates that the coupler is in an operational mode
(not idling). This bit sets when the coupler processes a function code
from the PPU and clears upon receipt of a function record pulse or when
DMTO expires.

Deadman Timeout

A logical 1 in this bit indicates that thé deadman timer has expired and

the coupler reserve has been cleared.
Status Resume

This bit changes state each time the PPU does a status input. The bit
is not affected by master clear or any other signal.

Data Mode

A logical 1 in this bit indicates that the coupler is reserved and a data

transfer is in process.
Coupler Ready

A logical 1 in this bit indicates that the coupler is ready to transfer data
to/from the processor or control logic. This bit is always a 1 if the

data path between the control logic and processor is selected.
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Table 10-1 lists the valid data bits by format and frame count.

3.

10-6

g. Frame Connt

Bits 7, 8, 9, and 10 carry a code to indicate frame count in the coupler.

Frame count codes are as follows.

Count Bit 7 8 9 10
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0

. Not Select Input Channel Two (SELI-2)

A logical 0 on this line gates 16 coupler data bits from the PPU to the pro-

cessor as status., This allows the processor to monitor data sent from the

PPU to the control logic.

also.

The processor receives functions on this channel
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TABLE 10-1. VALID DATA BITS

A

C

®

—

)

O C

Format and Frame Count Valid Data Bits
0000 FC1 %
0001 FC4 0-7
0001 FC3 0-17
0001 FC2 0-17
0001 FC1 0-1
0002 FC3 0-15
0002 FC2 4 - 15
0002 FC1 8 - 15
0003 FC4 0-11
0003 FC3 Not possible
0003 FC2 g -11
0003 FC1 4 -11
0004 FC2 0-5, 8-13
0004 FC1 0-5,8-13
0005 FC2 0-11
0005 FC1 0-11
0006 FC1 0-11
0007 FC1 0-11
0008 FCT7 0 -15
0008 FC6 8 -15
0008 FC5 0-15
0008 FC4 8 - 15
0008 FC3 0-15
0008 FC2 8 - 15
0008 FC1 8 -15
0008 FC10 0-11
0009 FC9 Not possible
0009 FC38 4 -11
0009 FCT7 ' 0-11
0009 FC6 Not possible
0009 FC5 8 - 11
0009 FC4 0-7
0009 FC3 Not possible
0009 FC2 8-11
0009 FC1 4 -11

O

O

’
—

* The initial word count must be known in this case.
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10-8

Normal Output Channel Data (O07-00 to O07-15)

These 16 lines provide a multiplexed path on which the channel select signals
determine the definition of the information on the lines.

NOTE

Because of the reconfiguration of the normal channel
interface, the clear channel bit and set channel bit in-
structions apply to normal output channel 0 only.
Individual channel bits on normal output channels 1, 2
4, and 5 should be set and cleared by doing an output
from the A register.

Not Set Output Channel Zero (SET 0 -00)

The bit definitions of O07-00 to O07-15 when this signal is logical 0 are
given in the following paragraphs.

PROCESSOR
BIT NUMBER O I 2 3 4 5 6 7 8 I2 I3 14 15
CLEAR DEADMAN TIMER FORMAT CODE
NOT USED CLEAR COUPLER
NOT USED TERMINATE PPU

FUNCTION REPLY
Figure 10-2, NOC 0 Bit Designations
a, Function Reply

The processor responds to a PPU function by setting and then clearing
this bit.

b. Clear Deadman Timer

By setting this bit the processor clears the deadman timer. If the bit
remains set, the deadman timer is disabled. If the bit is set and then
cleared, the deadman timer begins to time out again.

C. Terminate PPU

Setting this bit when a write format is selected causes the coupler to
send a static write data resume signal to the reserved PPU. The

resume remains static until this bit clears.

Setting this bit when a read format is selected causes the coupler to send

a read data record pulse to the reserved PPU,

d. Clear Coupler

Setting this bit clears all control logic in the coupler except PPU reserve.
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e. Assembly/Disassembly Format Code

The processor selects a coupler A/D format by sending a code in bits
12, 13, 14, and 15. The codes are as follows:

Format Bits 12 13 14

—
[9)]

© o N1 m U AW N RO
- - O O O O O © © O
© O = M MR O O O O
© O = H O O F — O O
O = O = O = O = O

6.  Not Set Output Channel Four (SET O-04)

A logical 0 on this line allows the processor to select the coupler data
by sending a code in O07-14 and O07-15., The codes are as follows:

Processor Bit

Number 14 15 Path Selected
0 0 Processor to PPU
0 1 Control logic to PPU
1 0 Processor to control logic
1 1 Not Used

NOTE

A master clear or autoload function will force
the processor/PPU path.

7. Not Set Output Channel Five (SETO-05)

A logical 0 on this line gates normal channel bits O07-15 to O07-04 (20 to 211)

into the status register in the coupler. This causes the coupler to send a
word pulse to the PPU status channel. The PPU can then read these 12
status bits.

60364500 F

10-9



STATION CONTROL INTERFACE

The following signals precede an autoload operation only. All signals go from the coupler

to the processor.

1.

Not Cycle Stop {CYCLES)

The coupler sends this pulse to the processor to halt execution of the processor
program at the end of the current memory cycle (regardless of its relationship
to the end of the current instruction).

Not Master Clear (MC)

The coupler sends this pulse (8 microseconds minimum) to clear the processor

and its memory.
Enable Output (EN-OUT)

The coupler holds this signal to a logical 0 level to enable the block transfer input

instruction during an autoload.
Not Force Function (FORCEF)

This pulse in conjunction with enable output, forces the processor to initialize a

block transfer input instruction.

Not Go (GO)

This pulse starts execution of the block transfer input instruction.

CONTROL LOGIC INTERFACE

1.

10-10

Input Data Request (CIREQ)

The couple_r sends this signal to the control logic to indicate that the coupler
has data available to send to the control logic. This signal clears when the

coupler receives an input data reply from the control logic.
Output Data Reply (CORPLY)

The coupler sends this signal to the control logic to indicate that it has
accepted a data byte from the control logic. Output data request clears this

signal,
End of Record Input (EORIN)

The coupler sends this pulse to indicate that it has sent the last word of a data

record to the control logic.
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4. Data (CIB-00 to CIB-15)
These 16 lines carry data from the coupler to the control logic.

5. Halt

This pulse indicates that the coupler has detected a deadman terminate, or

decoded an autoload function.
6. Not Master Clear (MC-CC)

The coupler sends this signal to the control logic when it has received a master
clear from the processor.

SIGNALS FROM THE CONTROL LOGIC DATA INTERFACE

1. Input Data Reply (CIRPLY)
This pulse indicates that the control logic has accepted a data byte.
2. Output Data Request (COREQ)

-This signal indicates that the control logic has data available for the coupler.
This signal must remain a logical 1 until the leading edge of CORPLY.

3. End of Record Output (EOROUT)
This pulse indicates that the control logic has sent the last word of a record.
4. Not Write (WRITE)

A transition from a logical 1 to a logical 0 on this line indicates that the

control logic has initiated an input operation.
5. Data (COB-00 to COB-15) -

These 16 lines carry data from the control logic to the coupler. Data must
remain stable from the leading edge of COREQ to the leading edge or CORPLY,

COUPLER RESERVE

The coupler can be accessed by two PPUs, designated odd and even accesses. A function
code sent by either PPU reserves the coupler unless it is already reserved by the other
PPU. If the coupler receives function codes from both PPUs simultaneously, a hardware
scanner in the coupler determines which PPU reserves the coupler. No priority is given
to either PPU.
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The PPU which has reserved the coupler can clear the reservation by sending a function

record pulse. The other PPU cannot clear the reservation. The processor cannot clear

the reservation, but expiration of the deadman timer will,

If the coupler receives a function code from the even access when it is reserved by the

odd (or vice versa), the even access will not reserve the coupler, the odd access remains

reserved, and the coupler sends a function resume to the even access, Also, the coupler

sends a status word pulse and a status byte to the even access. The status word indicates

that the function attempt was unsuccessful. It remains on the lines until the PPU reads

the status and sends a status resume to the coupler.

If the coupler is a single access version (connected to one PPU), the reserve logic

operates exactly the same way.

FUNCTION

The PPU initiates all data transfers by sending a function code to the coupler on the

function channel, If this reserves the coupler (or the cbupler was reserved by this

access before receiving the function), the coupler takes the following action.

1.

10-12

Determines if it is an autoload code (0414). If it is, an autoload sequence

begins.
Automatically selects disassembly format 0110,
Gates the code to the normal input channel interface.

Sets bit 215 of normal input channel 0. The processor must scan this bit to
determine if a function code is available from the coupler. The processor
must then do an input of normal input channel 2 to receive the function code.
When the processor has accepted the code, it replies by setting bit 215 on
normal ouput channel 0. If the processor does not reply, the deadman timer

expires in approximately 4 seconds.
When the coupler receives the reply, it sends a function resume to the PPU,

The assembly/disassembly format will revert to its previous selection after

the coupler has sent the function resume.
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STATUS

The coupler sends status to the PPU and makes status available to the processor. Two
different status bytes can be sent to the PPU. Three different status bytes are available

to the processor.

STATUS TO THE PPU (The following status bytes are sent to the PPU-)
1. Processor Status '

This is available when the processor does an output on normal ouput channel
5. This causes the coupler to send a status word pulse to the reserved PPU,
When the PPU reads the status, it sends a status resume to the coupler.
This toggles bit 210 on normal input channel 0. The processor may use the

transition of this bit to determine when the PPU accepted the status.

NOTE

Normal ouput channel 5 is not bit-alterable.
Status may be placed on this channel by using
processor instruction OF5X if the status to be

- sent consists of more than one bit, If only one
bit of status must be sent, processor instruction
OAbBX may be used. All other bits are filled
with zeros.

2. Coupler (Busy) Status

The coupler returns this status byte to the PPU on access A when the coupler
is reserved by the PPU on access B, and access A attempts to function the
coupler (or vice versa). When this happens the coupler sends a status word
pulse to the PPU and puts the following status byte on the lines. (This also

occurs when deadman timeout expires.)
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PROCESSOR 2!l 20
BIT NUMBER o | 2 3 4 5 6 7 e 9 IO ||
USED L_DEADMAN
NOT TIMEOUT
COUPLER STATUS REPLY REMOTE AUTOLOAD
NOT USED NOT USED
MEMORY PARITY ERROR

Figure 10-3 Coupler (Busy) Status Bits
a. Coupler Status Reply

A 1 in this bit indicates that the status did not originate in the processor.
b. Memory Parity Error

A 1 in this bit indicates that the processor detected a parity error.
c. Remote Autoload

A 1 in this bit indicates that an autoload operation from the other PPU

is in process.
d. Deadman Timeout

A 1 in this bit indicates that the deadman timer has expired and the

processor has not cleared it.
STATUS TO THE PROCESSOR

Status is available to the processor on the following normal input channels.

Channel Status
0 Coupler status (see normal channel interface definitions)
1 Control logic status
2 Coupler data (to the control logic from the PPU). (Also, the

processor receives the function data on this channel.)
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DATA TRANSFERS

All data transfers are defined relative to the PPU. A write operation indicates that
PPU is sending data to the coupler., A read operation indicates that the coupler is
sending data to the PPU.

Before a data transfer through the coupler, the PPU must reserve the coupler. Next,

the processor must select the assembly/disassembly format and data path.

The processor selects the format by sending a code in bits 12-15 (20 to 23) of normal
output channel 0. It selects the path by sending a code in bits 14 and 15 (29 and 271

of normal ouput channel 4. The path and corresponding code are as follows:

NOC 4 21 20 Path
0 0 Processor/PPU
0 1 Control logic/PPU
1 0 Processor/control logic
1 1 Not Used

COUPLER DATA BUFFER CAPACITY

The coupler contains two 16-bit data registers. The effective buffer area is two 16-bit
words except assembly/disassembly formats 0, 6, and 7 which have one 16-bit word of

buffering.

AUTOLOAD

Processor memory can be autoloaded through the coupler from the PPU data channel,
Function code 04148 initiates the autoload from the PPU., Autoload causes the following

sequence to occur.

1. The coupler forces a coupler to processor data path. Any path selected

prior to the autoload sequence will be cleared.
2.  The autoload function sends a halt pulse to the control logic.

3. Assembly format 0000 will be automatically selected. Any format selected

prior to the autoload will be cleared.
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The autoload sequence forces the coupler to send the cycle, force function, go,

and master clear signals to the processor. This prepares the processor to
receive autoload data.

The coupler sends a resume pulse to the PPU, Resume is a response to the
autoload function, indicating that the coupler is ready to receive the autoload
data. The autoload data will be transferred to the coupler in exactly the same

way as a normal PPU data output.

Autoload data transfer terminates when the PPU sends a write data record

flag to the coupler, or deadman timer expires.

The coupler sends a terminate to the processor following one of the two
conditions listed in step 6. This causes the processor to start execution
at processor program address 0001.

DEADMAN TIMER

A PPU reserve condition activates the deadman timer. The timer expires if the coupler

does not receive a write data reply or read data reply within approximately 4 seconds.

If the processor set bit 212 of normal output channel 0, the timer is disabled. When the

timer expires, the coupler takes the following action.

1.
2.

Clears the PPU reservation.

Sends a record pulse to the reserved PPU status channel. |

Sends a terminate to the processor (if the processor is in block transfer mode).
Sends a halt to the control logic.

Sets bit 213 of normal input channel 0.

Terminates the reserved PPU by the following methods.

a. Sends a record pulse to the read channel.
b. Sends a resume to the function channel.
C. Sends a static resume to the write data channel.

To clear the static resume (6-c) so that the coupler can receive another function, either

PPU must send a function record pulse.

that the coupler is busy) to a PPU attempting to function the coupler when the static resume

is present.

10-16
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FORMAT AND FRAME COUNT

During data transfers between the PPU and the processor or control logic, the coupler
must as'semble 12-bit bytes into 16-bit bytes and disassemble 16-bit bytes into 12-bit
bytes. Five assembly and five disassembly formats are available in the coupler.
These 10 formats are described and illustrated in section 9, Figures 9-1 through 9-5.
All even formats are used for assembly (12- to 16-bit transfers). All odd formats are

used for disassembly (16- to 12-bit transfers).

The frame count, in conjunction with the format, determines which step of the assembly/
disassembly sequence the coupler is in. The procesSor sends a code in bits 12-15 of
normal output channel 0 to select format. This sets the frame counter in the coupler to

a value appropriate to the format. The frame count decrements each time a 12-bit word
is sent to the PPU or a 16-bit word is accepted by the control logic or processor.

When the count decrements to 0, the counter is reset to the starting count. The counter
does not stay at 0 but is reset immediately to the starting count (that is, 0 is not an

enabling frame count for assembly/disassembly.
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