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FIFO LOOK-AHEAD SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the data transfer control
systems, and more particularly to a method and system
for maintaining a data transfer rate through a peripheral
controller to a peripheral storage device without the
loss of data.

2. Prior Art

Data processing systems having a plurality of system
units electrically coupled to a common communication
bus for the asynchronous transfer of information there-
between are disclosed in U.S. Pat. No. 3,993,981 and in
U.S. application Ser. No. 643,439 filed Dec. 22, 1975,
each assigned to the assignee of the present invention.

In the transfer of data from a main memory unit of
such a data processing system to a peripheral storage
device, two problems may occur which cause a degen-
eration of the data transfer rate. If the peripheral con-
troller does not request an additional data word from
main memory immediately upon receiving a data word
in response to a previous request, the communication
bus may be captured by another system unit. Further, if
the peripheral controller requests data at a rate exceed-
ing the transfer rate to the peripheral storage device,
data may be lost.

In prior systems, the data transfer rate has been de-
creased below a safety threshold to avoid the above-
mentioned problems, or data requests have been issned
immediately upon receipt of a data word in response to
a previous request without regard to the availability of
storage locations. In operating environments where the
data transfer rates approach the marginal areas of
safety, neither of these approaches have proven satisfac-
tory.

The present invention provides a method and system
for predicting the storage capacity of a peripheral con-
troller before a data word request is issued. Access to
the common communication bus thereby is maintained
as required to accommodate the data transfer rate, and
no data is lost.

SUMMARY OF THE INVENTION

In a data processing system having plural system
units electrically coupled to a common communication
bus for asynchronous transfer of information therebe-
tween, a logic data transfer control system is provided
for controlling the transfer of data words from a main
memory to a peripheral controller.

More particularly, the logic control system includes
an array of data first-in-first-out (FIFO) buffers and a
predictor FIFO operating in parallel. When a data re-
quest is made to main memory, the predictor FIFO is
loaded with a dummy or flag byte. When the data byte
is received from main memory and loaded into the data
FIFOs, a next data request to main memory is issued if
the input register of the predictor register is not filled. If
the input register of the predictor FIFQ is filled, how-
ever, no additional data request is made until the data in
the input register falls into the FIFO stack.

When the data FIFOs are filled, the predictor FIFO
also is filled, and no further data request to main mem-
ory may be made until a data byte is transferred to a
peripheral storage device. In that event, the flag byte in
the input register of the predictor FIFQ falls into the
FIFO stack. The input register thereupon signals the
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2

occurrence of a favorable prediction for storage capac-
ity, and an additional data word is requested from main
memory. When the data is received from main memory
and loaded into the input registers of the data FIFOs,
the input register of the predictor FIFO again is sensed
as before described. If the data byte transfer to the
peripheral storage device has emptied the input register
of the predictor FIFO, an additional data request is
issued to main memory. Otherwise, no further data
requests are made until a transfer to the peripheral stor-
age device is made.

In one aspect of the invention, data words received
from main memory are stored in a left byte FIFO and a
right byte FIFO. In transferring the data to a disk stor-
age device, the left and right bytes are alternately se-
lected for transfer to the disk storage device. When the
right FIFO is unloaded, the predictor FIFO also is
unloaded to synchronize the operation of the predictor
FIFO with that of the data FIFOs.

DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and for further objects and advantages
thereof, references may now be had to the following
description taken in conjunction with the accompany-
ing drawings in which:

FIG. 1 is a functional block diagram of a data pro-
cessing system having system units electrically coupled
to a common communication bus;

FIG. 2 is a functional block diagram of the disk con-
troller of FIG. 1;

FIGS. 3A and 3B are a graphical illustration of com-
munication words transferred through the common bus
of FIG. 1;

FIGS. 4 and 5 are a detailed functional block diagram
of the disk controller of FIG. 1;

FIG. 6 is a functional block diagram of a firmware
control system used in controlling the operation of the
system of FIGS. 4 and §;

FIGS. 7A and 7B are detailed functional block dia-
grams of the range and offset range control unit of
FIGS. 4 and §;

FIG. 8 is a detailed logic diagram of the data FIFO
unit of FIG. 4, which is an embodiment of the inven-
tion;

FIG. 9 is a timing diagram of the operation of the
system of FIG. 8;

FIG. 10 is a timing diagram of the operation of the
system of FIGS. 4-8 during a data transfer from a disk
device to the common communication bus; and

FIG. 11 is a timing diagram of the operation of the
system of FIGS. 4-8 during a data transfer from the
main memory unit to the disk adapter of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1

FIG. 1 illustrates in functional block diagram form a
computer system having a medium-performance disk
controller (MPDC) 10 in electrical communication
with a central processor unit 11 and a main memory unit
12 by way of a common communication bus hereinafter
referred to as megabus 13. The MPDC 10 is a micropro-
grammed peripheral control subsystem for storing and
retrieving data from mass storage media. The controller
includes a Read Only Store (ROS) memory to be later
described having stored therein microprogram instruc-
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tions. The ROS communicates with mass storage adapt-
ers such as the device adapter 14, which has the facility
to support plural daisy-chained disk devices 15.

The megabus 13 provides an information path be-
tween any two units in the system. The paths are asyn-
chronous in design, thereby enabling units of various
speeds to operate efficiently. The bus accommodates
information transfers including communication re-
quests, control commands, status signals and data trans-
fers between main memory 12 and disk devices 18.

Any system unit requiring communication with any
other system unit issues a bus cycle request. When the
bus cycle is granted, the requesting unit becomes the
master and the addressed system unit becomes the slave.
Some bus interchanges require a response cycle as well
as a request cycle. By way of example, the master unit
may identify itself to a slave unit and indicate that a
response is required. When the required information
becomes available, the slave assumes the role of master
and initiates a transfer to the requesting unit.

In the servicing of bus cycle requests, the central
processor has the lowest priority, the MPDC 10 has the
next to the lowest priority, and the memory 12 has the
highest priority.

A more detailed background description of the sys-
tem of FIG. 1 is given in U.S. Pat. No. 3,993,981 which
is assigned to the assignee of the present invention, and
which is incorporated by reference herein.

FIGS. 2 and 3

FIG. 2 illustrates in functional block diagram form
the MPDC 10 of FIG. 1, and FIG. 3 graphically illus-
trates the binary instruction formats necessary for the
operation of the MPDC.

The megabus 13 is connected to an address logic unit
20 by way of an address cable 21. Logic unit 20 is com-
prised of address transceivers through which memory
addresses, channel destination numbers and function
codes are transferred between the MPDC 10 and the
megabus 13. The logic unit 20 further is comprised of
control logic for distributing information on the address
cable 21 throughout the MPDC.

Logic unit 20 is connected to a range and offset range
logic unit 22 by way of a unidirectional control cable 23,
and connected to an arithmetic logic unit 24 by way of
a bidirectional control cable 25. The logic unit 22 in-
cludes a 16-bit range counter which is loaded with the
number of bytes to be transferred during a read or write
operation. The logic unit further includes a 16-bit offset
range counter which is loaded with a count indicating
the number of leading data bytes to be ignored during a
read data transfer.

The arithmetic logic unit (ALU) 24 is the focal point
of all data operations within the MPDC. Such data
operations may occur between MPDC 10 and the mega-
bus 13, or between the MPDC and the device adapter
14. The ALU performs both logic and arithmetic opera-
tions on incoming data, and is comprised of an A-ope-
rand multiplexer (AMUX), a B-operand multiplexer
(BMUX), an eight-bit arithmetic unit (AU), and an
eight-bit accumulator (ACU) to be further described.
Under firmware control, the AMUX selects one of
eight data fields and the BMUX selects one of four data
fields. The AU performs 8-bit arithmetical and logical
operations on the data selected by the multiplexers, and
supplies the result to the accumulator for temporary
storage.
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4

The ALU receives range and offset range control
signals from the logic unit 22 by way of a control cable
26, and firmware control signals from a microprogram
control store logic unit 27 by way of a control cable 28,
The ALU 24 further communicates with an adapter
logic unit 29 by way of a bidirectional control cable 30,
and with a scratchpad memory unit 31 by way of a
bidirectional control cable 32. In addition, the ALU 24
communicates with the device adapter 14 by way of a
bidirectional control cable 33, and supplies control in-
formation to a bus logic unit 34 by way of a unidirec-
tional control cable 35. The ALU also receives and
transfers data to a data logic unit 36 by way of a bidirec-
tional data cable 37.

The adapter logic unit 29 is connected to the device
adapter 14 by way of a bidirectional communication
cable 38. The logic unit 29 provides the MPDC with a
communication path to control the transfer of data and
status information between the adapter 14 and the
MPDC 10.

The scratchpad memory unit 31 includes logic com-
prised of an index register, an address register, an ad-
dress selector, a scratchpad memory, and the logic ele-
ments controlling the operation of the scratchpad mem-
ory. The scratchpad memory is a 1.024 K-bit by 8-bit
read/write memory which is segmented into indexed
and non-indexed sections, each section containing two
quadrants. The non-indexed section of the memory is
comprised of 256 work locations and 256 reserve loca-
tions. The indexed section of the memory is comprised
of 256 locations for the storage of device-related infor-
mation and 256 reserve locations. The 256 locations for
device-related information are further subdivided into
four sections, each comprising 64 locations per channel.

The address register of the scratchpad memory unit
31 is a 10-bit register, wherein the high order bit selects
either the indexed or non-indexed mode. The second
high order bit selects a 256-location quadrant, and the
next two bits select 64 locations within the quadrant.
The six low order bits select a scratchpad address. Data
is written into the selected address of the scratchpad
memory unit from the AMUX of the ALU 24 during
the execution of a firware memory write command. The
data out of the scratchpad memory is delivered to the
AMUX and the BMUX for distribution throughout the
MPDC.

The microprogram control store logic unit 27 is typi-
cal of that known in the art, and includes a return regis-
ter unit, a selector, a microprogram address counter, a
Read Only Store (ROS) memory, a microprogram in-
struction register (MPIR), a decoder and a firmware
distribution unit to be further described. The ROS pro-
vides permanent storage for resident control firmware
and diagnostic microprograms, and may be addressed to
select various microinstruction sequences for execution.
The ROS provides a 16-bit wide output derived from
the outputs of sixteen 1,024 by 4-bit programmable
Read Only Memory (PROM) chips. The ROS output is
applied to the MPIR which is a 16-bit wide register used
to store the output of the ROS for one clock cycle
during a microinstruction execution.

The bus logic unit 34 receives control signals from
the ALU 24 by way of cable 35, and from the micropro-
gram control store logic unit 27 by way of cable 28 and
a control cable 39. The logic unit 34 is connected to the
megabus 13 by way of a bidirectional control cable 40.
The bus logic unit 34 performs asynchronous handshak-
ing operations by responding to and generating mega-
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bus cycle requests. Further, simultaneous requests and
grants of megabus cycles are accommodated on a prior-
ity basis with the MPDC at an intermediary priority
position and the main memory at a position of increased
priority.

The data logic unit 36 includes error checkers, five 16
word by 4-byte first-in-first-out (FIFO) data buffers and
a read selector for accommodating the transfer of data
or a bidirectional data cable 41 between the MPDC 10
and the megabus 13. Any information entering the
MPDC 10 from the megabus 13 is gated through data
transceivers and checked for parity. The same logic is
used to deliver the MPDC channel number to the mega-
bus 13 in response to a bus cycle request from a system
unit. Four of the five FIFOs receive data, and the fifth
FIFO is used to prevent the MPDC from making a
cycle request when the data FIFOs are full. The FIFO
chips are capable of stacking 14 words, plus retaining
one word in the input and output registers to provide a
total capacity of 16 words.

Clock signals for controlling the operation of the
MPDC 10 are provided by a system clock unit 42 com-
prised of an 8 MHz crystal oscillator. The system clock
signal is applied to 2 clock logic unit 43 which provides
a 4 MHz square wave that is distributed throughout the
MPDC. The clock logic unit 43 also receives control
signals from the microprogram control store logic unit
27 by way of a control line 44 to enable or reset the
logic unit.

The operations performed by the MPDC 10 include a
direct memory access (DMA) read, a DMA write, an
1/0 output command, an I/O input command and an
interrupt operation. Each of the operations require a
single bus cycle except for the DMA read and the I/0
input commands which require two bus cycles.

Referring to FIGS. 3a and 3, the specific parameter
formats for machine instructions used in megabus com-
munications with the MPDC are illustrated. When a
data transfer is to occur, the CPU 11 of FIG. 1 issues a
machine instruction referred to as an 1/0 Output Com-
mand which includes a destination channel number, a
6-bit function code, and a data word as illustrated by the
1/0 output command format of FIG. 3a. The destina-
tion channel number identifies the system device to
which a request is directed, and the function code pro-
vides the address in scratchpad memory unit 31 to
which a data transfer is directed. The function code
further identifies a CPU command as an input or an
output command. The data word may include a task to
be executed, range and offset range counts, a main mem-
ory address, or configuration words used to control the
disk device during a data transfer. As shown in FIG. 34,
the destination channel numbers and function codes are
transferred between the megabus 13 and the MPDC 10
by way of the address logic unit 20. The source channel
number, main memory addresses, range and offset range
and information stored in reserve areas are transferred
between the megabus and the MPDC by way of the
data logic unit 36. If data is to be written into main
memory 12 of FIG. 1, the CPU 11 issues a DMA mem-
ory write operation. In response thereto, the starting
memory address 60q is applied to the megabus 13 via
the address cable 21, and the data 605 to be written into
memory is applied to the megabus via the cable 41. As
illustrated in FIG. 34, the memory address register is a
24-bit register, while the data register is a 16-bit register.

If data is to be read from main memory 12, the CPU
11 issues a machine instruction referred to as a DMA
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memory read request. The instruction includes a 24-bit
memory address 61a, a 10-bitsource channel number
61b, and a 6-bit reserve area 61c. The memory address
61a is received from the megabus 13 via cable 21 leading
to the address logic unit 20. The channel number 615
and reserve area 61¢ are received by the data logic unit
36 by way of data cable 41. In response to the DMA
read request instruction, the MPDC issues a DMA
memory read response instruction comprising a 10-bit
destination channel number 624, a 6-bit reserve area
625, and 16 bits of data 62¢ to be transferred. The desti-
nation channel number and reserve area are transferred
to the megabus by way of the address cable 21, while
the 16 bits of data are transferred to the megabus by
way of data cable 41. It is to be understood that the
contents of the reserve area 625 is identical to that of the
reserve area 61c. Thus, information stored by the CPU
into the reserve area 61c is returned to the megabus by
way of the reserve area 62b.

The CPU 11 may transfer data from main memory
and indicate a task which the MPDC 10 is to perform
upon the data. For example, the CPU may issue an 1/0O
output command instruction comprising a 10-bit desti-
nation channel number 63a to identify the MPDC, a
6-bit function code 634 to identify a scratchpad memory
address, and 16 bits of data 63c to be stored in the indi-
cated scratchpad location. As before described, the
destination channel number and function code are re-
ceived by the address logic unit 20 by way of address
cable 21, and the data is stored in the data logic unit 36.
The data is transferred under firmware control from the
logic unit 36 to the ALU 24, and thereafter stored in the
scratchpad memory unit 31. The CPU 11 issues addi-
tional 1/0 output commands to store into the scratch-
pad a range, an offset range, a main memory address, a
task to be executed and configuration words for con-
trolling the operation of the disk device during a data
transfer. The firmware further may determine from the
low order bit of the function code whether the task
includes an input or an output operation. The task may
include any of the before-described MPDC operations.

If the CPU 11 regiures information from the MPDC
10, an /0O input command instruction may be issued.
The instruction is comprised of a 10-bit destination
channel number 644, a 6-bit function code 64b, a 10-bit
source channel number 64c identifying the source of the
request, and a 6-bit reserve area 64d. In response to the
CPU request, the MPDC issues an /O input response
instruction comprising a 10-bit destination channel
number 65a, a 6-bit reserve area 65b having stored
therein the data appearing in reserve area 64d, and 16
bits of data 65c.

When data is to be written into the scratchpad mem-
ory unit 31, a two cycle operation occurs. The CPU 11
issues an I/0 load output command which is comprised
of two instructions. The first instruction includes an
8-bit module number 664 indicating the high order eight
bits of a main memory address, a 10-bit destination
channel number 865, a 6-bit function code 66¢c, and 16
address bits 664 indicating the low order bits of a 24-bit
main memory address. The module number, destination
channel number and function code are transferred
through address logic unit 20 and ALU 24 to the
scratchpad memory unit 31 under firmware control.
The firmware thereafter accesses the function code in
the scratchpad memory to identify the scratchpad mem-
ory address into which the main memory address data is
to be written. Upon loading the address in the scratch-
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pad memory, the firmware commands the bus logic unit
34 to issue a ready signal to the megabus 13. The CPU
in response thereto issues a second instruction including
a 10-bit destination channel number 674 designating the
MPDC, a 6-bit function code 675, a high order bit 67¢
indicating whether the range count is positive or nega-
tive, and 15 range bits 674 indicating the number of data
bytes to be transferred. The firmware thereupon ac-
cesses the function code to determine the scratchpad
memory locations into which the range and S bit are to
be stored.

In an interrupt operation, the MPDC issues an inter-
rupt instruction comprising a 10-bit destination channel
number 68a, a 6-bit logic zero area 68, a 10-bit source
channel number 68¢, and a 6-bit source priority level
number 684. When the MPDC completes an operation,
the interrupt instruction is issued to the CPU 11. If the
priority level number of the MPDC is higher than the
priority level of the task that is currently being per-
formed by the CPU, the MPDC interrupt will be ser-
viced immediately. Otherwise, the MPDC enters a wait
state uatil a CPU is received.

The formats of two configuration words used to con-
trol the operation of a disk device during a data transfer
are illustrated in FIG. 3b. The configuration words A
and B include an image of an ID field of a disk sector on
which a particular operation will be initiated. More
particularly, the configuration word B includes a 7-bit
area reserved for user (RFU) 69q, a 1-bit track number
69b and an 8-bit sector number 69¢. The sector number
field is incremented by one after each data field is suc-
cessfully transferred during a read or a write operation.

Configuration word A includes a 4-bit RFU field 70q,
a 1-bit platter select field 708, a 2-bit RFU field 70c, and
a 9-bit cylinder number field 70d. The cylinder number
and platter select fields are used as the the seek argu-
ments for disk seek operations.

The operation of the invention may best be described
in the context of a read or a write operation. If the
firmware on evaluating a task word in memory unit 31
detects a command for writing a record onto a disk, the
firmware accesses the configuration words A and B in
memory unit 31 by way of the ALU 24. The firmware
thereafter stores the words in the device adapter 14,
which compares the words with track information read
from the disk. During the period that the logic unit 29 is
searching for an ID match, the firmware commands the
bus logic unit 34 to request data from the main memory
unit 12. In response thereto, the main memory transfers
32 bytes of data to the FIFQOs of the data logic unit 36.
As the data is being loaded into the data logic unit, the
range count in logic unit 22 is decremented and the
address logic unit is incremented.

When an ID match occurs, the adapter 14 initiates a
write gap operation on the indicated record of the disk
system. Sixteen of the 32 bytes of data in the data logic
unit 36 thereupon are moved from the data logic unit 36
to the device adapter 14 by way of ALU 24. As the data
is being transferred to the adapter 14, the firmware
commands the bus logic unit 34 to request additional
data from the memory unit 12. The above-described
process continues until the range field of the logic unit
22 is exhausted.

If data is to be read from a disk device and written
into main memory 12, the CPU 11 first issues machine
instructions for storing configuration words A and B,
range, offset range, a beginning main memory address
and a task to be performed into the scratchpad memory.
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In response to firmware initiated control signals from
the adapter logic unit 29, the device adapter 14 searches
a disk device to find the data record to be transferred.
When the disk track has been identified as before de-
scribed, the data is transferred under hardware control
to the data logic unit 36 by way of cable 33 and ALU
24. The hardware accesses the offset range count of the
logic unit 22 to detect the number of leading data bytes
to be ignored. The logic unit 36 thereafter forms 2-byte
words from the succeeding data, and transfers a word
under hardware control to the megabus 13 each time
two bytes are received. The data transfer continues
from the disk adapter 14 to the data logic unit 36 until
the range register of the address logic unit 20 indicates
that the data transfer is complete.

FIGS. 4and §

FIGS. 4 and 5 illustrate in a more detailed functional
block diagram form the system of FIG. 2.

A 24-bit address shift register 70 is connected to the
megabus 13 by way of a 24-bit data cable 71. The output
of the shift register is applied to the A2 input of an 8 to
1 multiplexer 72 (AMUX). Bits 15 and 16 of the shift
register output are applied by way of a data cable 73 to
the two-bit A1 input of an index register 74. The clock
(CK) input to shift register 70 is connected to a control
line 70a leading to a firmware output terminal to be
further described.

The A1l input to AMUX 72 is connected to the 8-bit
output of an accumulator 75, and the A3 input to
AMUX 72 is connected by way of a data cable 76 to the
output of a range and offset range control unit 77 to be
later described. The A4 input to AMUX 72 is connected
by way of a data cable 78 to an output of an 8-bit
scratchpad address counter 79. The A5 input to AMUX
72 is connected to a data cable 80 leading from the D1
two-bit output of index register 74, and the A6 input to
AMUX 72 is connected to the 8-bit output of a 1K by
8-bit scratchpad memory 81. The A7 input to AMUX
72 is connected to the output of a 16-bit data register 82.
The select (SEL) input to the AMUX 72 is connected
by way of a control line 724 to a firmware output termi-
nal, The 8-bit output of AMUX 72 is connected to the
A1l input of an OR logic unit 83.

A 4-to-1 multiplexer 84 (BMUX) has an 8-bit output
connected to the A2 input of an arithmetic unit 85. The
Al input to BMUX 84 is supplied by firmware on a
control cable 86. The A2 input to BMUX 84 is con-
nected to the output of scratchpad memory unit 81 by
way of a data cable 87. The A3 input to BMUX 84 is
supplied by way of a control cable 88, and the A4 input
to the multiplexer is connected to the output of accumu-
lator 75 by way of a data cable 89. The select (SEL)
input to the multiplexer is supplied by firmware on a
control line 84a.

The Al input to arithmetic unit 85 is connected by
way of a data cable 90 to the 8-bit D1 output of logic
unit 83, and the mode input to the arithmetic unit is
connected to the output of an arithmetic control unit 91.
The 8-bit output of the arithmetic unit is applied to the
input of accumulator 75, and applied by way of data
cables 92 and 93 to the data input of counter 79. Fur-
ther, the output of the arithmetic unit is applied by way
of data cables 92 and 94 to the A2 input of device
adapter 14, and by way of data cable 95 to a data cable
96. The arithmetic unit output also is applied by way of
data cables 95 and 97 to the input of a second half-read
(SHRD) register 98, and by way of data cables 95 and
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99 to the 8 bit data inputs of a 16-bit bus data register
100. The arithmetic unit output in addition is applied to
data cables 95 and 101 leading to the data input of a test
logic unit 102.

The output of accumulator 75 further is applied to a
data cable 103, and to the two bit A2 input of index
register 74. The load (LD) input to the accumulator is
connected by way of a control line 75a to a firmware
output terminal.

The Al input of arithmetic control unit 91 is con-
nected by way of a control line 106 to an output termi-
nal of the firmware contro] system, and the A2 input to
the control unit 91 is connected by way of a control line
107 to the D1 output of a hardware control unit 108.

The A1l input to control unit 108 is connected to a
control line 109 leading to an output of the firmware
control system, and the A2 input to the control unit 108
is connected to a control line 108a. The A3 interrupt
input of control unit 108 is supplied by the device
adapter 14 to a control line 110. The A4 input to the
control unit is connected to a control line 1085 leading
from system hardware control. The D2 output of con-
trol unit 108 is connected by way of a control line 111 to
the Al input of adapter logic unit 29, and the D3 output
of the control unit 108 is connected to a control line 112
leading to the A1 input of a data control unit 113. The
D4 output of control unit 108 is connected by way of a
control line 706 to the load (LD) input of shift register
70, and the DS output is connected to the Al input of
test logic unit 102. The D6 output of the control unit is
connected to a control line 108¢ leading to the system
hardware control.

Firmware generated clock signals on a control line
79b are supplied to the clock (CK) input of address
counter 79, and firmware control signals on a control
line 114 are supplied to the LD input of the counter.
Further, the up/down select input to the counter re-
ceives firmware control signals by way of a control line
79b. Two output bits of the counter are applied to the
Al input of a selector 115. The low order six bits of the
counter output are applied to the A2 input of the
scratchpad memory unit 81.

The A2 input of selector 115 is connected to the D2
output of index register 74, the LD input of which is
supplied by firmware to a control line 74a. The 3 bit
output of the selector 115 is applied to the address
(ADDR) input of scratchpad memory unit 81, and the
SEL input of the selector receives firmware control
signals by way of a control line 116.

The A1 input to memory unit 81 is connected by way
of a data cable 117 to the 8 bit D2 output of logic unit
83. The A2 input to logic unit 83 is connected to the D1
output of data FIFO unit 118, and the A3 input to logic
unit 83 is connected to the D2 output of unit 118. The
A4 input to logic unit 83 is supplied by the device
adapter 114 by way of a data cable 119,

The data input to the data register 82 is connected to
a 16 bit data cable 120 electrically connected to the
megabus 13, and the output of the data register further
is connected to the input of the data FIFO unit 118. The
LD input to the register is supplied by hardware control
on a control line 82a. The output of the register further
is applied to data cables 139 and 140,

The LD input to data register 100 is supplied by data
control unit 113 on a control line 121. The output of
register 100 is applied to the A2 input of a 2-to-1 data
multiplexer 122. The 16 bit A1 input to the multiplexer
is supplied by the SHRD register 99, the LD input of
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10
which is supplied by data control unit 113 on a control
line 98¢. The output of the multiplexer is applied by
way of a 16 bit data cable 123 to the megabus 13.

Referring to test logic unit 102, a status signal is ap-
plied to the A2 input of the logic unit by the firmware
control system on a control line 124. In addition, the bus
logic unit 128 supplies a status signal by way of a con-
trol line 102a to the A3 input of the logic unit 102, and
the control unit 77 supplies an end of range signal to the
A4 input of the logic unit by way of a control line 1025.
The AS input of logic unit 102 is connected to a control
line 125 carrying interrupt signals from the D1 output of
device adapter 14. The test logic unit supplies a control
signal to a control line 126 leading to a firmware control
system to be further described.

The adapter logic unit 29 also receives a firmware
signal on a control line 127 connected to its A2 input.
The output of the logic unit is applied to the A1 input of
device adapter 14. A control line 29¢ leading from the
output of the logic unit is connected to the AS input of
data control unit 113, and to a control line 1185 leading
to the transfer on parallel (TOP) input of Data FIFQ
unit 118,

As illustrated by FIG. 5, the megabus 13 is connected
to bus logic unit 128 by way of a bidirectional data cable
129. The A2 input to logic unit 128 is connected to data
cable 103 carrying the output of accumulator 75, and
the A3 input to the logic unit is connected to a control
line 130 leading to an output of the firmware control
system. The A4 input to logic unit 128 is connected to
the D1 output of control unit 77, and the AS input to the
logic unit is connected to the D1 output of a first-in-
first-out (FIFO) unit 131. The A6 input to the logic unit
is supplied by system hardware on a control line 128q.
The D1 output of logic unit 128 is connected to data
cable 88, and the D2 output is connected to a control
line 132 leading to the select (SEL) input of data multi-
plexer 122. The D3 output of the logic unit is connected
to the A2 input of data control unit 113, and the D4
output is connected to the Al input of FIFO unit 131.
The DS output of logic unit 128 is connected to the SEL
input of a dual 2-to-1 address multiplexer 133, and the
D6 output of the logic unit is connected to control line
102a.

The A2 input to FIFO unit 131 is connected to the
D1 output of control unit 113, and the D2 output of the
FIFO unit is connected to the A3 input of control unit
113. The A4 input to control unit 113 is connected to an
output of the firmware control system by way of a
control line 134, and the AS5 input of the control unit is
connected to line 29a. The D2 output of the control unit
is connected to control line 121, and the D3 output is
applied by way of a control line 135 to a control (CTR)
input of data FIFO unit 118. The D4 output of data
control unit 113 is applied to the Al input of control
unit 77, and the D5 output is applied to control line 984
leading to the LD input of register unit 98.

The A2 input to control unit 77 is connected to the
D1 output of a bus address register unit 136, and the A3
input to the control unit is connected by way of a con-
trol line 137 to an output of the firmware control sys-
tem. The D2 output of the control unit 77 is applied to
data cable 76 leading to an input of AMUX 72. The D3
output of control unit 77 is applied to a control line 77a
leading to the A3 input of device adapter 14, and to
control line 1025 leading to the A4 input of test logic
unit 102 as before described.
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The bus address register unit 136 is comprised of a
24-bit up counter which may be controlled to count
either bytes or words, where a word is comprised of
two bytes. The 8-bit D1 output of unit 136 also is ap-
plied to the B1 input of address multiplexer 133, and the
8-bit D2 output of the unit 136 is applied to the B2 input
of multiplexer 133. The 8-bit D3 output of unit 136 is
applied by way of a data cable 138 to the megabus 13.
The LD input to the register unit 136 is supplied by
firmwave on a control line 1362. The 8-bit Al and A2
inputs to address multiplexer 133 are supplied by data
register 82 by way of data cables 139 and 140.

In operation, the MPDC 10 interfaces with the disk
adapter 14 which in turn may service plural disk devices
as illustrated in FIG. 1.

If an unsolicited bus request is received from the
megabus 13, the bus logic unit 128 issues a signal on line
1022 leading to the test logic unit 102. Further, a device
adapter 14 request is indicated by an interrupt signal on
control line 127. The logic unit thereby is notified
whether a device adapter request or a megabus 13 re-
quest is to be serviced. The test logic unit 102 thereupon
indicates to the firmware by way of a signal on control
line 125 the microinstruction sequence to be executed.
In the event that a request is directed to a disk device
which is already involved in executing a task, the bus
logic unit 128 will issue a not accepted (NAK) status
signal to the megabus 13 under system hardware con-
trol. If a disk device not presently involved in executing
a task is addressed by the megabus 13, but the MPDC is
presently involved in executing a previous task involv-
ing a second disk device, then the logic unit 128 may
issue a wait status signal to the megabus 13. If the disk
device which is addressed is not busy, and the MPDC is
not involved in servicing the device while executing a
previous task, then an accept (ACK) status signal is
issued to the megabus 13.

It is to be understood that in the operation of the
MPDC, the data paths for a data transfer are prepared
by firmware operating in combination with the system
of FIGS. 4 and 5. The data transfer, however, occurs
under system hardware firmware control. Detailed
descriptions of such hardware may be found in U.S. Pat.
No. 3,993,981, and in the following Honeywell refer-
ence manuals: MPDC Reference Manual, Doc. No.
71010241-100, Order No. FMS5, Rev. 0; MPDC Car-
tridge Disc Adapter Reference Manual, Doc. No.
71010239-100, Order No. FM57, Rev. 0; and MPDC
Disc Adapter Reference Manual, Doc. No.
71010441-100, Order No. FK90, Rev. 0.

In a read or a write operation, the CPU 11 of FIG. 1
initially supplies a channel destination number and a
function code to the address shift register 70. The shift
register is compared under system hardware control to
a destination number set in hex rotary switches, and if a
match is detected the bus logic unit 128 acknowledges
the match to the bus 13. As before described, the ac-
knowledgement may be a wait, a nonacceptance
(NAK), or an acceptance (ACK). If an ACK acknow!-
edgement is issued by the logic unit 128 to the megabus
13, the logic unit in addition issues a busy signal to the
megabus 13 to place subsequent bus requests in a wait
state. The system hardware thereafter controls the
transfer of data between megabus 13 and MPDC 10.

In order to provide means for controlling the opera-
tion of the disk during a read or a write operation, the
CPU 11 also supplies a configuration word A to mega-
bus 13 which under hardware control is loaded into the
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data register 82 and address shift register 70. Upon
completing the load operation, the system hardware
issues an ACK signal to the megabus 13 followed by a
busy signal. Firmware senses the busy signal, and con-
trols the transfer of the data in address shift register 70
and data register 82 through the arithmetic unit 85 for
storage into scratchpad memory 81. When the firmware
has completed the memory store operation, it signals
the system hardware which then controls the loading of
the address and data registers with a configuration
word B. The configuration word B then is loaded into
scratchpad memory under firmware control, and the
process is repeated to receive in order a main memory
address, a range count, a task and a status request. When
the task is loaded into the data register 82 and stored in
scratchpad memory 81, the task is executed under firm-
ware control. Upon completing the task, the function
code is interrogated to detect the presence of status
requests which may be honored.

In the memory store operation, the firmware senses
the function code to determine the scratchpad address
in which information is to be stored from data register
82. Further, firmware is able to distinguish between
data formats by interrogating the function code. A func-
tion code of hex 0 7 indicates that a task has been loaded
into the scratchpad memory, a function code of hex 1 1
identifies a configuration word A and a function code of
hex 1 3 identifies a configuration word B. In addition, a
function code of hex O D identifies a range count (data
bytes to be transferred). It is to be noted that the config-
uration words A and B, the task, and the range have
formats as illustrated by the data field of 1/O output
command word of FIG. 3a. A main memory address
input, however, is comprised of the module number and
address fields illustrated by the 1/0 LD output com-
mand word of FIG. 3a.

During a read operation wherein data is read from a
disk device and stored in main memory unit 12, the
system hardware loads the high order bits of a main
memory address, a function code and a channel destina-
tion number from megabus 13 into the address shift
register 70, and loads the low order bits of the main
memory address, a range or a task into the data register
82. Under firmware control, the information in the ad-
dress shift register 70 is clocked through the AMUX 72
and the OR logic unit 83 to the Al input of the arithme-
tic unit 85. Further, in response to a firmware command
on line 106, the arithmetic control unit 91 issues a mode
to the arithmetic unit 85 to select the Al input. The Al
input to the arithmetic the arithmetic unit thereupon is
supplied to the input of the scratchpad address counter
79, and loaded into the address counter under a firm-
ware command supplied to control line 114.

Two bits of the address shift register output on data
cable 73 are supplied to the Al input of index register 74
to indicate the disk device from which information is to
be read. Under firmware control by way of control line
744, the two identification bits are loaded into the index
register. The output of the index register is supplied to
the selector 115 as is the two high-order bits of the
address counter 79.

The firmware further initializes the address counter
79 by issuing an up/down signal on control line 794, and
a clock signal on control line 795. The counter is com-
manded to count up or down at the rate indicated by the
firmware generated clock signal. In response to the
inputs from the index register and the address counter,
the selector 115 addresses the scratchpad memory unit
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81. The data resident in the data register 82 thus is trans-
ferred under firmware control to the scratchpad mem-
ory address indicated by selector 115 by way of a data
path through the AMUX 72, the OR logic unit 83 and
data cable 117. The configuration words A and B, a
main memory address, a range, and a task thereby are
loaded into scratchpad memory.

Upon completing the memory store operation, the
firmware accesses the function code in the address shift
register 70 to determine whether a task is indicated.
More particularly, the firmware supplies a hex code 07
by way of cable 86 to the Al input of BMUX 84, The
BMUX is selected to the A1 input via a firmware con-
trol signal on control line 84a. The hex code thereupon
is routed through the arithmetic unit 85 and stored in
accumulator 75. Thereafter, the ouptut of address
counter 79 is channelled through the AMUX 72 and the
OR logic unit 83 to the Al input of arithmetic unit 85.
Under firmware control, the arithmetic unit compares
the code in the accumulator 75 with the output of the
address counter 79. If a match occurs, a task is indicated
and the test logic unit 102 issues a signal to the firmware
by way of control line 126 to initiate the execution of a
next sequence of microinstrucions. In addition, the bus
logic unit 128 in response to firmware control signals on
line 130 sets the addressed disk device channel busy.
Thereafter, any further information which is sent by
way of megabus 13 to address the device for which the
present task is assigned shall be acknowledged with a
NAK status signal.

Upon detecting the presence of a task, the firmware
accesses the task stored in the scratchpad memory 81
and transfers that information through the AMUX 72
and OR logic unit 83 to the arithmetic unit 85. Under
firmware control, the arithmetic unit 85 and the test
logic unit 102 tests the task information to determine the
command to be executed. For example, the task may
indicate that a disk seek, a recalibrate, a read or a write
operation is required. The results of these tests are sup-
plied by the test logic unit 102 to firmware by way of
control cable 126.

In a write operation wherein data is to be read from
main memory unit 12 and written on a disk device, the
adapter logic unit 29 under firmware control issues a
strobe to the device adapter 14 to load an internal data
counter with a count of four. Further, the adapter logic
unit 29 is commanded to issue a sequence of four strobes
to load configuration words A and B into a data buffer
of the device 14. More particularly, the information is
routed under firmware control from the scratchpad
memory 81 through the BMUX 84 and the arithmetic
unit 85 to data cables 92 and 94 leading to the device
adapter 14.

Before the logic unit 29 issues a BEGIN EXECU-
TION command to the device adapter 14, the megabus
13 must be set up for the transfer of data. The firmware
supplies two dummy bytes of offset range to the BMUX
84 by way of cable 86, and controls the transfer of the
bytes through the arithmetic unit 85 and along data
cable 96 to the bus address register 136. The loading of
the address register 136 is accomplished under firmware
control on line 136a. The firmware then accesses the
range information stored in the scratchpad memory unit
81, and transfers that information through the BMUX
84 and the arithmetic unit 85 to data cable 96 leading to
the bus address register 136. As the range data is loaded
into register 136, the offset range data is transferred to
control unit 77. The two bytes of range data thereafter
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are transferred from the bus address register 136 into
the control uvnit 77 under firmware control, and three
bytes of the address information in scratchpad memory
are stored into the bus address register 136. The MPDC
thereby is prepared for receiving data from main mem-
ory for writing on the indicated disk device.

To initiate a data transfer, the firmware accesses the
scratchpad memory 81 to transfer the MPDC channel
number previously supplied by the CPU 11, and trans-
fers the channel number through the BMUX and arith-
metic unit 85 for storage in the bus data register 100. At
this time, the main memory address from which data is
to be initially read resides in the bus address register
136, and the MPDC channel destination number resides
in bus data register 100.

The firmware also supplies bus logic commands to
the BMUX 84 by way of cable 86, and stores those
commands in the accumulator 75. From the accumula-
tor, the commands are supplied by way of data cable
103 to the bus logic unit 128. These commands in logical
sequence instruct the bus logic unit 128 to issue a re-
sponse-required request to main memory to acknowl-
edge that data is to be supplied to the MPDC, to issue a
main memory channel number identifying the main
memory unit as the system unit addressed, and to issue
an indication as to whether the MPDC is in a byte or a
word mode.

In normal operation, a read or a write command is
always preceded by a seek command wherein the firm-
ware commands the adapter device 14 to position the
read-write heads of the disk device. In addition, the
device adapter is instructed to select the proper head
from which the information is to be read or written. The
device adapter 14 then compares the configuration
words A and B with data read from the surface of the
disk. If a match is detected which indicates that a desig-
nated record is in position, the device adapter 14 issues
a write command to the disk device and begins to write
a header gap on the record. During this period, the
device adapter 14 also issues an interrupt by way of
control line 110 to the hardware control unit 108. In
response thereto, the control unit issues a signal to the
A1l input of test logic unit 102 to notify firmware by
way of control cable 126 that control should be turned
over to the before-described system hardware. Firm-
ware thereupon issues an enable hardware command to
control line 109, and further issues commands by way of
control line 134 to the data control unit 113 to control
the operation of FIFO unit 131 in requesting data from
memory. The FIFO unit 131 operates to anticipate the
availability of space in the data FIFO unit 118 for the
receipt of data word from main memory. More particu-
larly, each time the bus logic unit 128 requests a data
word from main memory, a dummy byte is loaded into
the FIFO unit 131. The bus logic unit 128 thereafter
requests a second word of data only if the dummy byte
has dropped from the input register of the FIFO unit
131 into the FIFO stack. Main memory thereupon is-
sues data words by way of megabus 13 to the data regis-
ter 82.

When the bus logic unit 128 has requested a data
word from main memory and accepted the word, the
logic unit issues a signal to the A2 input of data control
unit 113. In response thereto, the control unit issues a
command on control line 135 to the data FIFO unit 118
to store data from the data register 82. The above-
described operation is repeated until the data FIFO unit
118 is filled with 32 bytes of data.
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When the data FIFOs are filled, unit 118 issues a
signal by way of control lines 118a to the hardware
control unit 108. Control unit 108 thereupon issues a
strobe by way of control line 111 to the adapter logic
unit 20. Logic unit 29 in turn issues a strobe to the de-
vice adapter 14 to indicate that a data byte may be
transferred from the data FIFOs to the device adapter
14. The same strobe is applied by way of control lines
29a and 1185 to the TOP (transfer out parallel) terminal
of data FIFO unit 118. The D1 and D2 outputs of the
FIFO unit thereupon are transferred through the OR
Logic 83 and through the arithmetic unit 85 to the de-
vice adapter 14 by way of data cables 92 and 94.

The logic unit 29 strobe also is applied by way of
control line 29a to the data control unit 113. The recep-
tion of two of such strobes indicates that a two-byte
data word has been transferred from the data FIFO unit
118 to device adapter 14. The data control unit 113
thereupon issues a control signal to the A2 input of
FIFO unit 131 to drop a dummy byte out of the output
register of the FIFO stack. The input register of the
FIFO unit thereby is emptied, and issues a signal to the
bus logic unit 128 to initiate a request for an additional
data word from main memory. The above-described
process continues until the device adapter unit 14 indi-
cates that a record has been written.

It is to be understood that the device adapter 14 con-
trols the write operation on the disk device. As the data
is being written on the disk, the device adapter signals
the test logic unit 102 by way of control line 125 to
cease supplying data until the internal buffers of the
device adapter have been emptied. During this period,
the test logic unit 102 notifies the firmware control
system that control may be transferred from the hard-
ware to the firmware. When the device adapter 14 is
ready to receive additional data, the logic state of con-
trol line 125 is changed. The test logic unit 102 there-
upon notifies the firmware to return control to the hard-
ware to resume the data transfer. This process continues
until a data transfer is completed as indicated by a range
count of zero.

Each time the bus logic unit 128 requests an addi-
tional data word, the data control unit 113 under system
hardware control decrements the range counters of
control unit 77 by one. Further, after a data request
including a main memory address has been issued to the
megabus 13 and accepted by the main memory unit 12,
the control unit 77 increments the bus address register
136 by two and decrements the range counters by one.
When the range count has been exhausted, the range
control unit 77 issues an end-of-range (EOR) signal by
way of control lines 77a and 1025 to the device adapter
14 and the test iogic unit 102, respectively.

It is to be noted that the control cable 125 includes
two interrupt lines. A first interrupt line is a firmware
request line to indicate that control should be returned
to firmware while the device adapter 14 is between
records. The second interrupt line is used to notify
firmware that non-data service requests may be ser-
viced. Such action normally indicates that there is some
type of errcr in the device adapter 14.

If the EOR signal is issued during a record or at the
end of a record on the disk device, the firmware will
terminate the write order. If the EOR signal is received
by the device adapter 14 before an end of record occurs,
the device adapter fills the remaining portion of the
record with dummy bytes. If an EOR signal does not
occur, however, and there is no device adapter error
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indicated on interrupt cable 127, then the firmware will
update the configuration words A and B in device
adapter 14 to point to a next logical sector of the disk
device.

FIG. 6

FIG. 6 illustrates in functional block diagram form a
firmware control system for controlling the operation
of the system illustrated in FIGS. 4 and 5.

The 12-bit output of a 16-bit return register 200 is
connected to the Al input input of a selector 201. The
12-bit output of the selector 201 in turn is applied to the
input of a 16-bit microprogram address counter 202, and
the 12-bit output of the address counter is connected to
the input of a 4.0 K by 16-bit Read Only Store (ROS)
203 having the microinstructions of a microprogram
stored therein. The 16-bit D1 output of the ROS is
connected to the input of a 16-bit microprogram in-
struction register 204, and the D2 output of the ROS is
applied to the A3 input of the selector 201.

The microprogram instruction register 204 further
receives a control signal from the test logic unit 102 of
FIG. 4 by way of a control line 126 to reset or clear the
register. The 16-bit output of the microprogram instruc-
tion register 204 is applied to the input of a decoder 205,
to the Al input of return register unit 200, and to the A1
input of a firmware distributor 206. A one-bit output of
the register 204 is applied to the LD input of return
register 200.

The D1 output of decoder 205 is applied to the A2
input of the selector 201, and the D2 output of the de-
coder is applied to the A2 input of return register unit
200. Further, the D3 output of decoder 205 is applied to
the A2 input of distributor 206. The D1 output of the
distributor is applied to control line 130 leading to the
bus logic unit 128, and the D2 output is applied to con-
trol line 134 leading to the data control unit 113. The D3
output of distributor 208 is applied to control line 127
connected to the A2 input of adapter logic unit 29, and
the D4 output is applied to control line 106 leading to
the arithmetic control unit 91. The D5 output is sup-
plied to control line 109 connected to the Al input of
hardware control unit 108, and the D6 output is con-
nected to line 137 leading to the A3 input of control unit
77. The D7 output is connected to control cable 86, and
the D8 output is applied to control line 114 carrying
load commands to the counter 79. The D9 output is
applied to control line 116, and the D10 output is ap-
plied to control line 124. The D11 output is applied to
control line 706, the D12 output to control line 72a and
the D13 output to control line 84a. The D14 output is
applied to line 75a, the D15 output to line 742 and the
D16 output to line 79a. The D17 output is applied to
line 795 and the D18 output to line 136a. The D19 out-
put of distributor 206 is applied to the LD input of
counter 202, the clock input of which is supplied by the
system hardware by way of control line 207. Control
line 207 further is connected to the LD input of register
204.

The 16-bit firmware commands stored in ROS 203
are divided into four fields: the OPCODE, the AMUX
72 select, the BMUX 84 selected and the miscellaneous
fields. The firmware commands further are segmented
into seven categories each representative of bit configu-
rations for performing a designated operation. The
seven basic categories of firmware commands are: mis-
cellaneous commands, bus logic commands, ALU com-
mands, constant value data commands, memory com-
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mands, test commands, and branch commands. Each of
the firmware categories is identified by a particular
OPCODE which is a binary decode of bits 0, 1 and 2 of
ROS 203.

In operation, the microprogram address counter 202
is loaded from selector 201 under firmware control, and
thereafter clocked by hardware system control signals
on line 207. The address counter output addresses the
ROS 203, which in response thereto supplies microin-
structions to the instruction register 204. The register
204 loads the microinstructions under hardware con-
trol, and applies the microinstruction bit configuration
to decoder 205, distributor 206 and return register 200.

The order in which the microinstruction sequences
stored in ROS 203 are executed may be controlled in
any of several ways. The test logic unit 102 may issue a
reset signal causing a no-op instruction to occur in the
instruction register 204. The instruction register there-
upon skips the current instruction in the register, and
proceeds to the next occurring instruction. In the alter-
native, the address counter 202 may be loaded with a
microinstruction address formed from Read Only Store
203 and register 200. The firmware control system of
FIG. 6 thus offers significant versatility in the execution
of microprograms.

As each microinstruction addressed in ROS 203 is
loaded into register 204, the instruction bit configura-
tion and a binary code from decoder 205 identifying the
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response thereto, the distributor applies firmware con-
trol signals to the system of FIGS. 4 and § as before
described.

A copy of the microprogram stored in the ROS 203 is
reproduced in its entirety, and attached hereto as Ap-
pendix A.

The operation of decoder 205 and firmware distribu-
tor 206 may better be understood by reference to Tables
A-K. The OPCODES are defined in Table A, which
provides a pointer to one of Tables B-K. For example,
the OPCODE 0 0 0 refers to the miscellaneous com-
mands of Table B. The OPCODE of 0 1 O refers to
Table C, the OPCODE 01 1 to Table D, the OPCODE
100 to Table E, and the OPCODE 1 0 1 to Table F.
Further, the OPCODE 1 1 0 refers to Table G and the
OPCODE 1 11 to Table I.

Table A
Opcode Instructions
MICROINSTRUCTIONS
0 0 0 MISCELLANEOQUS
0 0 1 RFU
0 1 0 BUS LOGIC
0 1 1 ALU
1 0 0 CONSTANTS
1 0 | MEMORY
1 1 0 TEST
1 1 1 BRANCH
Table B

Miscellanecus Commands

OPERATION BINARY VALUE MNEMONIC HEX CODE
NO OPERATION 0000000000000000 NOP 0000
CLEAR COMMAND 0001000000000000 CLR 1000
SET ERROR FLOPS 0000100000000000 SEF 0800
ENABLE HARDWARE DATA PATH 0000011000000000 EHP 0600
DISABLE HARDWARE DATA PATH 0000001000000000 DHP 0200
RESET DIAGNOSTIC MODE 0000000010000000 RSD 0080
SET DIAGNOSTIC MODE 0000000110000000 STD o180
HALT 0000000001000000 HLT 0040
RFU 0000000000100000 - 0020
CLEAR FLOPS AND REGISTERS 0000000010010000 CRF 0010
RESET DEVICE ADAPTER 0000000010001000 RDA 0008
SET QLT (BLT DONE) 0000000000000100 QLT 0004
SET BUS ACK 0000000000000010 SBA 0002
RFU 0000000000000001 - 0001
ENABLE READ PATH 0000011000000000 ERP 0600
ENABLE WRITE PATH 0000011000000001 EWP 0601

Table C

Bus Logic Commands

OPERATION BINARY VALUE MNEMONIC HEX CODE
INCREMENT ADDRESSCNTR. 010 0 0 0 010000000 O 1AC 4100
RESET STATUS 010 0 0 0 001000000 0 RST 4080
DECREMENT RANGE CNTR. 010 0 0 0 000100000 O DRC 4040
CYCLE 010 A A7 A] 000010000 A cYc
SET CHANNEL READY 010 0 0 0 000001100 O SCR 4018
RESET CHANNEL READY 010 0 0 0 000001000 0O RCR 4010
SET REGISTER BUSY 010 0 0 0 000000010 0© SRB 4004
RESET REGISTER BUSY 010 0 0 0 000000001 © RPB 4002
RESET INTERRUPT LATCH 010 0 0 0 000000000 1 RIL 4001t
CLEAR BUS 010 0 0 0 001000011 0 CLB 4086
Ao Aj Az Ay = SELECT AOP MUX INPUT.
instruction category are applied to distributor 206. In
Table D
ALU Commands
OPERATION BINARY VALUE MNEMONIC HEX CODE
AOP NEGATION 011 AjA2A3 BpB; C S 0 0 0 0 1 Ag ANT N/A
BOP NEGATION 011 AjA2A; BpBy C S 0 I 0 1 1 Ag BNT N/A
ZERO ALU 011 AjA2A3 BgBy C S 0 0 1 1 1 Ag ZER N/A
AOP TRANSFER 01l AjAzA; BeB; C S 1 L 1 1 1 Ag XFA N/A
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Table D-continued b
i ALU Co
OPERATION BINARY VALUE MNEMONIC HEX CODE
BOP TRANSFER 011 AjAzA; BpBy € § 1 0 1 O 1 Ap XFB N/A
NOR ATO B 011 AjAzA; BBy C § 0 0 0 I 1 Ao NOR N/A
NAND A TO B 011 AjA;A; BgB;y € 8 0 1 0 0 1 Ap NND N/A
XORATOB 011 AjA;A; BB C s 0 1 1 O 1 Ag XOR N/A
XNOR ATOB 011 AfA2A3 BgB; € § 1 0 0 I 1 Ao XNR N/A
AND ATOB 011 AjA2A3 BBy € § 1 0 1 1 1 Ao AND N/A
ORATOB 011 AjAzA; BBy C S | 1 1 0 1 Ag ORR N/A
AOP PLUS ONE 011 AjAzA3; BBy C § 0 0 0 0 0 Ag INC N/A
AOP MINUS ONE 011 AjAA; BBy € S 1 1 1 1 0 A DEC N/A
SUBTRACT B FROM A 01l AjAzA; BBy C § 0 1 1 © 0 Ao SUB N/A
ADDATOB 011 AjA2A3 BoBy C 8 1 0 0 1 0 Ap ADD N/A
LEFT SHIFT AOP 011 A;jAzA; BgBy C S 1 1 0 0 0 Ap LSH N/A
CARRY OUT IN 011 AjAzA3; BeB; 1 S X X X X X Ag COT1 N/A
STORE RESULT IN AOP 011 AjAzA3; BBy C 1 X X X X X A SRIA N/A
AgAj Az Az = AOP REG. SELECT
Bg B; = BOP REG. SELECT
C = DETERMINE CARRY IN
S — DETERMINE A OR B RESULT STORAGE.
Table E
Constant Commands
OPERATION BINARY VALUE MNEMONIC HEX CODE
LOAD CONSTANT TO AOP 100 AjAzA3; CCCCC 0 C 0 CC LCN N/A
AOP ANDED WITH CONSTANT 100 AjAzA; C€cCcCcC o0 C 1t CC ACN N/A
AOP ORED WITH CONSTANT 100 A1A2A3 CcCCccCccCcC 1 € 0 CC OCN N/A
A) Az Aj = AOP REG. SELECT
C = VALUE OF CONSTANT.
Table F
M Commands
OPERATION BINARY VALUE MNEMONIC HEX CODE
MEMORY WRITE 101 A; A2 A3 100000000 Ag MWT N/A
INCREMENT SP ADDRESS 101 0 0 0O 010000000 O IMA A100
DECREMENT SP ADDRESS 101 0 0 O 000000100 O DMA A008
MEMORY WRITE & INC 101 A; Ay A3 110000000 A WIA N/A
MEMORY WRITE & DEC 101 A; Az A3 100000100 Ao WDA N/A
SET SP TEST MODE 101 0 O O 001000000 O SPT A080
RFU 101 0 0 0 000100000 O — A040
LOAD REQUESTING CHANNEL 101 0 0 0 000010000 O LRC A020
LOAD INDEX REG. WITH AOP 101 A, A A3 000011000 Ag LIR N/A
SET MODULE BAD PARITY 101 0 0 0O 000010010 O MBP A004
RFU 101 0 0 0 000000001 O — A002
AgA; Az Ay = AOP REG. SELECT.
Table G
Test Commands
OPERATION BINARY VALUE MNEMONIC HEX CODE
TEST FOR ZERO 110 A; Az A3 0001 T T T T T Ao TFZ N/A
TEST FOR ONE 110 Aj Az Ay 0010 T T T T T A TFO N/A
RETURN it0 o 0 O 1000 0 O O O O 0 RTN C200
Ag A Az A3 = AOP REG. SELECT
TTTTT = 0 TEST MUX INPUT.
Table H

Test Parameters

MNEMONIC  FUNCTION HEX CODE DESCRIPTION

TAHR HDTSRO+00 00 ADAPTER HARDWARE REQUEST
TBCA SHRCOM +00 o1 BUS CYCLE ACTIVE

TRSP BSRSVP +30 0 BUS RESPONSE REQUIRED
TEQZ ALUEQZ +00 03 ALU OUTPUT EQUALS 00
TEQF ALUEQF+00 04 ALU OUTPUT EQUALS FF
TCOT ALUCOT+00 05 ALU CARRY OUT

TREQ CREREQ+00 06 CHANNEL REQUEST
TACK ACKRSP+00 01 BUS ACK RESPONSE

TAX0 ALUAXO-00 08 AOP MULTIPLEXER, BIT 0
TAXI b1 0 } BIT 1

TAX2 12 0A | BIT2

TAX3 13 0B | BIT 3

TAX4 |4 oC | BIT 4

TAX5 15 oD | BITS
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Table H-continued
Test Parameters
MNEMONIC FUNCTION HEX CODE DESCRIPTION
TAX6 |6 0E | BIT6
TAX7 ALUAX7-00 OF AOP MULTIPLEXER, BIT 7
TORZ ORCAR3I—00 10 OFFSET RANGE ZERO
TRGZ EOR(XXX)+00 1 RANGE ZERO
TSBS SBSOBS +00 12 SINGLE BYTE STORED
TSAW SPAWRP+00 13 SP ADDRESS WRAPAROUND
TADB BUSY(XX)+00 14 ADAPTER BUSY
TNDS NDTSRQ+00 15 NON-DATA SERVICE REQUEST
TORH OFRNGZ =00 16 OFFSET RANGE HISTORY
TDCN MYDCNN —00 17 MY DATA CYCLE NOW
TBSY BDRBSY +00 18 BUS DATA REGISTER BUSY
TUBR UBRO(XX)+00 19 UNSOLICITED BUS REQUEST
TINT RESINT +00 1A RESUME INTERRUPT
TNAK NAKRSP-+00 IB NAK RESPONSE
TBYT BSAD23+00 1C BYTE MODE
TATY BSPYCK +00 ID BUS PARITY CHECK
TNBR NOHTRQ+00 1E NO BUFFER REQUEST
TFDR FDTSRQ+00 IF FIRMWARE DATA SERVICE REQUEST
Table I
Branch Commands
OPERATION BINARY VALUE MNEMONIC HEX CODE
GO TO 1111 AAAAAAAAAAAA GTO FXXX
LOADRETURN 1110 AAAAAAAAAAAA LRA EXXA
Table J

AOP Multiplexer Input Selection

Ao A Az A; SELECTED REGISTER (SRTA)* MNEMONIC  SELECTED REGISTER (SRIA)* MNEMONIC
0 0 0 0 ACCUMULATOR AACU ACCUMULATOR AACU
0 0 0 1 SCRATCH PAD MEMORY ASPM SCRATCH PAD MEMORY ASPM
0 0 1 0 SCRATCH PAD ADDRESS ASPA SCRATCH PAD ADDRESS ASPA
0 0 1 1 INDEXREGISTER AIDX SCRATCH PAD ADDRESS (INDEXED) ASPA1
0 1 0 0 ADAPTER DATA REGISTER  AADO ADAPTER DATA REGISTER AADO
0 1 0 1 ADAPTER DEVICE ID AADI ADAPTER DATA COUNTER AADI
0 1 1 0 ADAPTERSTATUS I AAD2 ADAPTER COMMAND REGISTER AAD2
0 1 1 1 ADAPTERSTATUS? AAD3 ADAPTER UNIT SELECT AAD}
1 0 0 0 BUSADDRESSOUT ABUSI BUS REGISTER IN ABUS!
1 0 0 1| BUSDATAOUT! ABUS2 BUS DATA IN | ABUS2
1 0 1t 0 BUSDATAOUT2 ABUS3 BUS DATA IN 2 ABUS3
1 0 1 1 BUSRANGEOUT ABUS4 BUS ADDRESS IN ABUS4
1 1 0 0 ADAPTERRFU AAD4 RESET ADAPTER INDEX COUNT AAD4
1 1 0 1 ADAPTERRFU AADS ADAPTER STATUS & FIFQ CLEAR AADS
1 1 1 0 ADAPTERRFU AADS6 ADAPTER SEEK PULSE AADS6
1 1 1 1 ADAPTERRFU AAD? ADAPTER DATA BYTE TAKEN AAD7

*SRIA AND S$RIA = STORE RESULT IN SELECTED AOP REGISTER.

Table K

BOP MUX Input
SELECTED DATA INPUT

ACCUMULATOR
SCRATCH PAD MEMORY
BUS STATUS
. 0-3 (ZEROS)
.4 BUS YELLOW IND.
.5 BUS NAK
. 6 BUS PARITY ERROR
.7 BUS RED IND.
BOP CONSTANT

MNEMONIC

BACU
BSPM
BBST

-0 o g

(=R =]

The instructions of Tables C-G and I include A-fields
comprised of bits Ag-Aj3. Each of the A-fields refer to
registers providing data to the AMUX 72 of FIG. 4.
Table D further includes instructions having a B-field
comprised of bits Bg and Bj. The B-field is defined by
Table K, wherein it is indicated that the BMUX may be
selected to the accumulator 75, the scraptchpad mem-
ory unit 81, to the bus logic unit 128 by way of cable 88
for bus status inputs, and to the firmware control system
by way of cable 86 for a constant value input. Where
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two-byte arithmetic is being performed by the arithme-
tic unit 85, the C-field of Table D is used to provide a
carry-in feature wherein the result of a previous AU 85
operation may be used in a subsequent operation. The
F-field of the instructions of Table D provides a com-
mand to store the result of the AU 85 operation into a
register designated by the A-field. The remaining low-
order bits of Table D refer to the mode select bits for
commanding the AU 85 to perform the indicated opera-
tion.

The instruction set of Table E includes a C-field for
constant values, and the low-order bits of the instruc-
tions of Table F provide for the generation of strobes
for loading the registers indicated by the A-field
thereof. The instruction set of Table G includes test or
T-fields which are defined by the entries of Table H.
The A-field of Table I refers to the address of the micro-
program to which a transfer is to be made.

Table L provides a cross-reference between the mne-
monics used in the Tables A-K and the component
parts of the system as described in FIGS. 4-8.
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TABLE L
Hardware Device

Microinstruction Mnemonic

RFU Reserved For User

Bus Logic Bus logic unit 128

ALU Arithmetic Unit 85,
Arithmetic Control Unit 91,
Accumulator 75

Accumulator Accumulator 75

Scratchpad Memory
Scratchpad Address

Scratchpad Memory Unit 81
Scratchpad Address Counter 79

BLT Bus Logic Tests

Address Counter Bus Address Counters 300,
302 and 303

Range Counter Range Counters 306-309

AOP AMUX 72

BOP BMUX 84

SP Address Scratchpad Address Counter

Memory Scratchpad Memory Unit 81

FIG.7

FIG. 7 illustrates in a more detailed functional block
diagram form the range and offset range control unit 77,
the address multiplexer 133 and the bus address register
136. A bus address counter 300 receives data from AU
85 on an 8-bit data cable 96, and load commands from
firmware on control line 136a. The clock input to
counter 300 is connected to the clock input of a bus
address counter 302, to the clock input of a bus address
counter 303, and to the output of an address clock logic
unit 304. The 8-bit output of the counter 300 is applied
to the megabus 13 by way of a data cable 305, and to the
data input of counter 302.

In the preferred embodiment described herein, ad-
dress counters 300, 302 and 303 form a 24-bit memory
address up counter.

The load input of counter 302 is connected to control
line 1364 and to the load inputs of counter 303, a range
counter 306, a range counter 307, an offset range
counter 308, and an offset range counter 309. The
counters 306 and 307 form a 16-bit range down counter,
and the counters 308 and 309 form a 16-bit offset range
down counter. The 8-bit output of counter 302 is ap-
plied to the Al input of an address multiplexer 310, and
to the data input of counter 303. The 8-bit output of
counter 303 is applied to the Al input of an address
multiplexer 311, and to the data input of range counter
306.

Address multiplexer 310 also receives at its A2 input
data from data register 82 of FIG. 4 by way of cable
139. The 8-bit output of the multiplexer is applied to a
data cable 312 leading to megabus 13. The select (SEL)
input to multiplexer 310 is supplied by the bus logic unit
128 on a control line 313.

The address multiplexer 311 also receives data from
the data register 82 by way of data cable 140, and
supplies 8 bits of data to a data cable 314 leading to
megabus 13. The SEL input to multiplexer 311 is con-
nected to the SEL input of multiplexer 310,

The 8-bit output of range counter 306 is connected to
the input of range counter 307. The output of counter
307 in turn is applied to the input of counter 308, and the
8-bit output of counter 308 is applied to the input of
counter 309. The 8-bit output of counter 309 in turn is
applied to control line 76 leading to the A3 input of
AMUX 72.

The clock source for the system of FIG. 7 is a 4.0
MHz oscillator 315, which supplies clock signals to
address clock logic unit 304 and a range clock logic unit
316. The logic unit 304 receives enable signals from bus
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logic unit 128 and from firmware on control lines 317
and 318, respectively. In response thereto, the logic unit
304 issues increment commands to counters 300, 302
and 303.

The range clock logic unit 316 receives enable signals
from bus logic unit 128, the firmware and the data con-
trol unit 113 by way of control lines 319-321, respec-
tively. Further, the control unit 113 supplies an offset
range enable signal to the EN4 input of logic unit 316.
When enabled, the logic unit 316 supplies decrement
commands to counters 306-307 or counters 308-309.

If data is to be read from or written onto a disk device
controlled by the device adapter 14, the CPU 11 of
FIG. 1 supplies a channel destination number and a
function code to the address shift register 70 of FIG. 4
as before described. In addition, the CPU supplies con-
figuration words A and B, a main memory address, a
range count, an offset range count, a task and a status
request to the data register 82. The firmware accesses
the function code in register 70 to detect the address in
scratchpad memory unit 81 in which the data of register
82 is to be stored.

The firmware then serially shifts seven bytes of data
a byte at a time from scratchpad memory unit 81 into
address counters 300, 302 and 303, range counters 306
and 307, and offset range counters 308 and 309. Upon
completion of the load operation, a main memory ad-
dress resides in address counters 300, 302 and 303, a
range count in counters 306-307, and an offset range
count in counters 308-309.

In a read operation wherein data is to be read from
the disk device and written into main memory unit 12,
the megabus 13 is supplied both data and a 24-bit ad-
dress in main memory in which the data is to be written.
More particularly, the data resides in the bus data regis-
ter 100. When a data word comprising two data bytes is
to be transferred from the MPDC 10 to the megabus 13,
the bus logic unit 128 selects the multiplexers 310 and
311 to the Al inputs. The main memory module to
which the data is to be transferred thereby is made
available to the megabus 13. The main memory address
in which the transferred data is to be written thereupon
is supplied from address counters 300, 302 and 303 to
cables 308, 312 and 314 respectively. Each time the
main memory unit issues an acknowledgement signal
and accepts data into the indicated address, the main
memory address in counters 300, 302 and 303 is incre-
mented by two.

During a data transfer from device adapter 14 to
MPDC 10, the data control unit 113 of FIG. 5 issues a
logic one signal to control line 322 each time a data byte
is transferred. The range clock logic unit 316 is enabled
thereby to decrement the offset range counters 308 and
309. The output of counter 309 is applied by way of
cable 76 to the AMUX 72 and the AU 85 of FIG. 4. As
long as the offset range count is greater than zero, the
data bytes are ignored and are not transferred to mega-
bus 13. When the offset range count is exhausted, how-
ever, data transfer control switches from the offset
range counters to the range counters 306 and 307, More
particularly, the data control unit 113 disables the EN4
input to logic unit 316, and thereafter issues enable
signals to the EN3 input of the logic unit by way of
control line 321. The logic unit 316 in response thereto
decrements the range counters each time a data byte is
transferred from the device adapter 14 to the MPDC 10.
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Each of the data bytes transferred after control switches
to the range counters are transferred to megabus 13.

When the range count in counters 306 and 307 is
exhausted, counter 307 issues an end-of-range (EOR)
signal on lines 77a and 102b as before described.

A write operation wherein data is read from main
memory and written onto a disk device is accomplished
in a manner similar to that of the read operation. A
channel designation number and a function code are
loaded into the address shift register 70, and data includ-
ing configuration words A and B, a main memory ad-
dress, a range count, a task and a status request are
loaded from data register 82 into scratchpad memory
unit 81. An offset range count is not used in writing data
onto a disk device.

After the device adapter 14 has positioned the write
heads of the disk device, and issued a hardware service
request signal on line 110 of FIG. 4, a firmware loads
two dummy bytes into the offset range counters 308 and
309, a range count into counters 306 and 307, and a main
memory address into counters 300, 302 and 303. The
firmware further transfers a MPDC channel number
from scratchpad memory unit 81 to the bus data register
100, and thence through data multiplexer 122 to mega-
bus 13. Under firmware control, the bus logic unit 128
issues a response-required data request to main memory,
and selects the multiplexers 310 and 311 to their A2
inputs to supply the main memory channel number in
address shift register 70 to megabus 13. The bus logic
unit thereafter selects the multiplexers 310 and 311 to
their Al inputs to supply the main memory address to
megabus 13.

Each time the bus logic unit 128 requests an addi-
tional data byte from main memory, the logic unit also
issues a logic one signal to control line 319 to enable the
range clock logic unit. The range counters 306 and 307
thereupon are decremented by one. Further, after a data
request and a main memory address have been issued to
megabus 13 and accepted by the main memory unit 12,
the bus logic unit 128 enables the EN1 input of the
address clock logic unit 304. In response thereto, the
address counters 300, 302 and 303 are incremented by
two.

When the range count has been exhausted, counter
307 issues an EOR signal to lines 772 and 102% as before
described. The data transfer from main memory unit 12
to disk device 14 thereby is designated complete.

The system of FIG. 7 represents a significant im-
provement over prior firmware data transfer controls,
which required too much time for bookkeeping. Previ-
ously, bookkeeping parameters were stored in memory,
and had to be retrieved and restored when a parameter
was updated. In the instant hardware/firmware inven-
tion, the bus address counters 300, 302 and 303, the
range counters 306-307, and the offset range counters
308-309 may be loaded serially to substantially decrease
the number of microinstructions required in a load oper-
ation. Further, during a data transfer, the counters may
be incremented or decremented under hardware con-
trol to accommodate an increased data flow rate.

FIG. 8

FIG. 8 illustrates in detailed logic diagram form the
FIFO unit 131 of FIG. §, which embodies the invention
described herein.

In referring to the electrical schematics illustrated in
the Figures, it is to be understood that the occurrence of
a small circle at the input of a logic device indicates that
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the input is enabled by a logic zero. Further, a circle
appearing at an output of a logic device indicates that
when the logic conditions for that particular device are
satisfied, the output will be a logic zero. :

An AND gate 400 has one input connected to a con-
trol line 401, and a second input connected to both a
control line 402 and one input of an AND gate 403. A
second input to gate 403 is connected to a control line
404 leading to line 110 of FIG. 4, and a third input is
connected to a control line 417.

The output of gate 400 is connected to the D input of
a flip-flop 405, and to the D input of a flip-flop 406. The
output of gate 403 is applied to the trigger (T) input of
a flip-flop 407.

The trigger input to flip-flop 405 is connected to the
Q output of flip-flop 407, and the reset input of flip-flop
405 is connected to the output register (OPR) output of
a 16-word by eight bit FIFO 408. When the OPR out-
put is at a logic 1 level, the output register is filled.
Further, when the OPR output is at a logic zero level,
the output register is empty. The Q of flip-flop 405 is
applied to the transfer on parallel (TOP) input of FIFO
408.

The Q output of the flip-flop 407 is connected to its D
input, and to the T input of flip-flop 406. The reset input
to flip-flop 406 is connected to the OPR output of a
16-word by 8 bit FIFO 410. The Q output of the flip-
flop 406 is connected to the TOP input of FIFO 410,
and to the TOP input of a 16-word by 8 bit FIFO 411.

The load (LD) input to FIFO 408 is connected to a
control line 412, and the data input to the FIFO is con-
nected to a data cable 4084 leading from data register 82
of FIG. 4. The paralle! data output of FIFO 408 is
connected to a data cable 4085 leading to cable 94. The
LD input of FIFO 410 is connected to a control line
413, and the data input to the FIFO is connected to a
data cable 410a leading from data register 82. The paral-
lel output of the FIFO is applied through a data cable
4105 to cable 94.

The LD input to FIFO 411 is connected to the output
of an AND gate 414. The input register (IPR) output of
the FIFO 411 is connected by way of a control line 415
to one input of an AND gate 416. The IPR output is at
a logic one level when the input register is empty, and
at a logic zero level when the input register is filled. The
OPR output of FIFO 411 is applied by way of a control
line 4115 to line 1025 of FIG. §.

A second input to gate 416 is connected to a third
input to gate 403, and to a control line 417. A third input
to gate 416 is connected to one input of gate 414, and to
a control line 416a. The output of gate 416 is applied to
the T input of a flip-flop 418, the Q output of which is
applied to a control line 419 leading to the bus logic unit
128.

The D input of flip-flop 418 is connected to the out-
put of an AND gate 420, one input of which is con-
nected to a control line 421. A second input to gate 420
is connected to a control line 422.

A second input to gate 414 is connected to control
line 417, and a third input to gate 414 is connected to a
control line 423.

In a write operation wherein data is read from the
main memory 12 of FIG. 1 and written into a disk de-
vice serviced by the device adapter 14, a problem may
arise during the transfer of a sequence of data bytes. If
a request for additional data is not issued by the MPDC
10 when a data byte is received from the main memory
unit 12, other system devices may intercede to commu-
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nicate with the memory unit. The MPDC thus would
not be able to maintain a transfer rate to the disk device.
If a request for data is made without regard for empty
buffer locations, data stored in the data register 82 of
FIG. 4 may be lost before the full range of data to be
transferred from main memory has been written upon
the disk device. The logic system of FIG. 8 provides a
means for obviating such a problem.

In operation, when data is to be transferred from the
main memory unit 12 to the MPDC 10, firmware issues
a logic 1 signal to control line 417. If the megabus 13is
clear for a data transfer, the bus logic unit 128 of FIG.
5 issues a logic 1 signal to control line 422 to indicate
that the megabus 13 is ready. Further, until the data
transfer is completed, the control line 421 leading from
the range and offset range control unit 77 remains at a
logic 1 level to indicate that the range count has not
been exhausted. The output of gate 420, therefore, is at
a logic 1 level which is applied to the D input of the
flip-flop 418.

Prior to any data being transferred to the MPDC 10,
the FIFQ's 408, 410 and 411 are empty. The IPR output
of FIFO 411 thus is at a logic 1 level indicating that the
input register is empty. Further, the bus logic unit 128
supplies a logic 1 signal to control line 416a during a
time period when the MPDC 10 is pot using the mega-
bus 13 in servicing a bus cycle request. Thus, the output
of the gate 416 is at a logic 1 level to toggle the flip-flop
418, thereby issuing a bus cycle request on line 419
leading to the bus logic unit 128.

In generating a bus cycle request for output on the
megabus 13, the bus logic unit 128 issues a logic 1 signal
to control line 423 to indicate that an MPDC 10 bus
cycle request has been issued. The firmware control
signal on control line 417 thereupon is applied through
gate 414 to the load input of FIFO 411. A dummy byte
or control flag byte thereby is loaded into the FIFO
under firmware control, and the IPR output of the
FIFO transitions to a logic zero level. It is thus seen that
each time a cycle request is generated at the Q output of
flip-flop 418 to request additional data from main mem-
ory unit 12, a dummy byte is loaded into the FIFO 411.

When the main memory unit responds to the bus
cycle request, the bus logic unit 128 issues a logic zero
signal to control line 423 and a logic 1 signal to control
lines 412 and 413. Data bytes supplied by the main mem-
ory unit 12 to the megabus 13 thereby are loaded from
data cables 4084 and 410a into FIFO 408 and FIFO 410,
respectively. The bus logic unit 128 thereupon transi-
tions the control line 416a to a logic 1 level to indicate
that the bus cycle request for data has become inactive.
If the dummy data byte loaded into the FIFO 411 has
dropped from the input register into the FIFO stack,
the IPR output of the FIFO will transition to a logic 1
level to again trigger the flip-flop 418 to issue another
cycle request on control line 419.

The above-described process continues until the
FIFOs 408 and 410 are filled as indicated by the output
register (OPR) outputs of the FIFOs. The FIFO 411
thus serves to indicate in advance that if a data word is
loaded into the data FIFOs 408 and 410, the data word
will pass into the FIFQ stack before another data word
can be requested of main memory unit 12. More particu-
larly, each time a data request is made to main memory
unit 12 a dummy byte is loaded into the FIFO 411. If the
dummy byte has passed into the FIFO stack before a
next data request is made to main memory, then the time
delays are such that it is known that the data bytes in the
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FIFOs 408 and 410 shall pass into the respective FIFO
stacks before additional data bytes are received from
main memory.

When the FIFO units 408 and 410 are filled with data,
the OPR outputs of the FIFO units are at a logic zero
level indicating a filled condition. Further, the IPR
output of FIFO 411 is at a logic zero level. The gate 416
thus is disabled, and the generation of cycle requests on
control line 419 is terminated.

When the OPR output of FIFO 411 transitions to a
logic 1 level to indicate that the data FIFOs 408 and 410
are filled, the hardware control unit 108 issues a strobe
to the adapter logic unit 29. The logic unit 29 in turn
issues a strobe to the device adapter 14 to indicate that
the data FIFOs may be emptied. The device adapter 14
thereon issues a logic 1 hardware service request signal
to control line 404, and the firmware in response thereto
issues a hardware enable signal to control line 402. The
firmware farther issues a logic 1 signal to control line
401 to indicate that a write on disk operation has been
initiated.

The flip-flop 407 is triggered by the output of gate
403, and toggles between set and reset conditions. For
example, if the flip-flop is in a set condition, it resets
upon being triggered. Further, if the flip-flop is in a
reset condition, it sets upon being triggered. The Q and
Q outputs of the flip-flop thereby alternately trigger the
flip-flops 405 and 406 respectively. If the flip-flop 405 is
triggered, the Q output of the flip-flop is applied to the
TOP input of the FIFO 408. In response thereto, the
data byte in the output register of the FIFO is supplied
to data cable 408b leading to the device adapter 14.
When the output register is emptied, the OPR output of
the FIFO 408 immediately resets the flip-flop 405. In
like manner, when the flip-flop 406 is triggered, the Q
output of the flip-flop supplies an unload signal to the
FIFO 410. When the output register of the FIFO is
emptied, the OPR output of the FIFO resets the flip-
flop 406. It is apparent that the flip-flop 407 in combina-
tion with the flip-flops 405 and 406 alternately selects
data bytes from FIFO 408 and FIFO 410. The data
bytes transmitted to the device adapter 14 thus are com-
prised of a left byte from FIFO 408 and a right byte
from FIFO 410.

Each time the FIFO 410 is unloaded, the FIFO 411
also is unloaded. As soon as the input register to the
FIFO 411 is emptied, the IPR output of the FIFO tran-
sitions to a logic 1 level to generate a cycle requests as
before described. As data bytes are loaded into the
FIFOs 408 and 410, the FIFOs again are unloaded.
Before a cycle request for a next data byte is requested
from main memory unit 12, however, the input register
to the FIFO 411 must be emptied.

Two conditions may occur which may prevent the
generation of a cycle request on control line 419 when
the input register to FIFO 411 is empty. When the
range count indicating the total number of data bytes to
be transferred from main memory unit 12 to the device
adapter 14 is exhausted, line 421 transitions to a logic
zero. Further, if an unsolicited bus request or other data
occurs on the megabus 13 to cause the MPDC 10 to
issue a NAK, the gate 420 is disabled. The Q output of
the flip-flop 418 thus does not transition to a logic 1
level when triggered, and no further cycle requests may
be made.

In summary, the invention is comprised of a logic
data transfer control system responsive to both firm-
ware and hardware control, and including data FIFOs
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operating in parallel with a predictor FIFO. Each time
a data word is loaded from main memory to the data
FIFOs, the input register of the predictor FIFO is
sensed. If the input register is empty, a data request is
issued to main memory and the predictor FIFO is
loaded with a dummy byte. Since no data request is
issued unless the input register of the predictor FIFO is
empty, no data is lost.

When the data FIFOs are filled, the predictor FIFO
is filled and no further data requests may be made with-
out unloading data bytes to the disk device. Each time
the right data FIFO is unloaded, the predictor FIFO is
unloaded. Synchronization between the predictor
FIFO and the data FIFO thereby is provided.

The look-ahead characteristic of the predictor FIFO
may be seen in the sequence of operating steps. When a
data request to main memory is made, the predictor
FIFO thereafter is loaded with a dummy byte. The data
FIFOs, however, are not loaded until a data byte is
received from main memory. Thus, if the dummy byte
in the predictor FIFO has dropped into the FIFO stack
by the time a data word is loaded into the data FIFOs,
a prediction can be made that the newly received data
word will drop into the FIFO stacks before a next data
word is received. Under these conditions, a next request
for data is issued to main memory.

FIG. 9

FIG. 9 is a timing diagram illustrating in graphic form
the operation of the system of FIG. 8.

It is to be understood that the system disclosed herein
is comprised of devices in intercommunication on an
asynchronous bus. Thus, absolute time values are not
disclosed in the description of the timing diagrams of
FIGS. 9-11. It is the order of occurrence rather than the
absolute time of occurrence which is of primary impor-
tance.

Referring to FIG. 9, a waveform 501 illustrates a
signal issued by firmware to place the MPDC 10 into a
write mode, and a waveform 502 illustrates a cycle
request signal issued by the bus logic unit 128 of FIG. §
in response to firmware commands. A waveform 503
illustrates a bus cycle request made by the MPDC 10 to
the megabus 13, and a waveform 504 illustrates a strobe
issued by the bus logic unit 128 to set the cycle request
logic signals of waveform 502 onto the megabus 13 as
indicated by waveform 503. A waveform 505 illustrates
a logic signal formed on the megabus 13 in response to
the logic signals of waveforms 503 and 504. A wave-
form 506 illustrates a waveform pgenerated in the
MPDC 10 to indicate that the MPDC is busy. A wave-
form 507 illustrates a logic signal issued by a slave to the
megabus 13 in response to a bus request issued by a
master device. A waveform 508 illustrates an acknowl-
edgement logic signal issued by the MPDC 10 to the
megabus 13 in response to a second-half bus cycle signal
from the main memory unit 12 as illustrated by a wave-
form 509. A waveform 510 illustrates the load signal
issued by the gate 414 to the FIFO 411 of FIG. 8, and
a waveform 511 illustrates the logical inverse of the
input register output of the FIFO 411.

In the mnemonics used to describe the waveforms
501-511 in FIG. 9, a plus sign (+) indicates that the
condition signified by the mnemonic occurs when the
associated waveform is at a logic 1 level. A negative
sign (—) indicates that the designated condition occurs
when the waveform is at a logic zero level.
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When data is to be written from main memory unit 12
of FIG. 1 to a disk device serviced by the device
adapter 14, firmware transitions the control line 417 of
FIG. 8 to a logic 1 level as indicated at 501z of wave-
form 501. Since the bus cycle is not active as indicated
at 506z of waveform 506, the MPDC 10 is not engaged
in servicing a previous bus cycle request. Thus the con-
trol line 4164 is at a logic 1 level, and a logic 1 signal
issued by the input register FIFO 411 as illustrated at
S11a of FIG. 11 is applied through the gate 416 to trig-
ger the flip-flop 418. The Q output of flip-flop 418 there-
upon transitions to a logic one level as illustrated at
5024, The cycle request 502a thereby is placed onto the
megabus 13 as control line 419. When a cycle of the
megabus 13 is available, the bus logic unit 128 of FIG.
§ will issue a logic 1 pulse 504a to place the cycle re-
quest 502 onto the megabus 13 as illustrated by the
logic 1 pulse 503a. The signal appearing on the megabus
13 in response to the pulses 5032 and 504« is illustrated
by a logic 1 pulse 5054 of waveform 508.

The bus logic unit 128 issues a logic 1 pulse 5065
concurrently with pulse 504¢ to indicate that the bus
cycle is active, i.e., the MPDC 10 is busy. In response
thereto, the output of gate 414 transitions to a logic 1
level as illustrated by a logic 1 pulse 510a to load a
dummy byte into the FIFO 411. Upon receiving the bus
cycle request from the MPDC 10, the main memory
unit 12 acknowledges its acceptance of the request by
issuing a logic 1 pulse 507a of waveform 507.

When the dummy byte is loaded into the FIFO 411,
the waveform 511 transitions to a logic zero level as
indicated at 511a. Since gate 416 will be disabled during
the time period that waveform 511 remains at a logic
zero level, no further bus cycle requests may be made
until the waveform again transitions to a logic 1 level.

When the main memory unit 12 has retrieved a re-
quested data word and placed it on the megabus 13, the
memory unit issues a logic 1 pulse 5092 to indicate that
the data is available. Further, the memory unit issues a
logic 1 pulse 5055. Upon receiving the pulses 5055 and
5094, the bus logic unit 128 issues an acknowledgement
logic 1 pulse 5084 which appears on the megabus 13 as
logic 1 pulse 5075. Upon receiving the pulse 5075, the
main memory unit releases the megabus 13 to accom-
modate another bus cycle request. Upon issuing the
pulse 5084, the MPDC 10 is no longer in a bus cycle
active state as indicated at 506¢c. Since the output of the
input register of the FIFO 411 is again empty as indi-
cated at 5115, a logic 1 pulse 5025 is supplied at the Q
output of flip-flop 418 to initiate a next bus cycle request
operation.

FIG. 10

FIG. 10 is a timing diagram illustrating the operation
of the system of FIGS. 4-8 during a data transfer from
a disk device to megabus 13.

A waveform 600 illustrates the hardware data service
request signal issued by the device adapter 14 to control
line 110 of FIG. 4, and a waveform 601 illustrates the
hardware enable signal issued by firmware in response
to the waveform 600. A waveform 602 illustrates a
hardware data service enable signal which is a logical
AND of waveforms 600 and 601. Waveform 602 illus-
trates the enable signal applied by firmware to the EN2
enable input of range clock logic unit 316 of FIG. 7
during diagnostic tests.

A waveform 603 illustrates the output of range clock
logic unit 316 in response to the enable signal illustrated
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by waveform 602. A waveform 604 illustrates the out-
put of gate 403 of FIG. 8, and the output of the adapter
logic unit 29 of FIG. 4. A waveform 605 illustrates the
inverse to the Q output of flip-flop 407 of FIG. 8.

Waveforms 606 and 607 each are formed from wave-
forms 604 and 605, and indicate the output states of the
flip-flop 407. A waveform 608 illustrates the bus cycle
request signals issued at the Q output of flip-flop 418 of
FIG. 8, and a waveform 609 illustrates the pulse pairs
generated by the address clock logic unit 304 each time
a cycle request is made as illustrated by waveform 608.

When data is to be read from a disk device, the device
adapter 14 of FIG. 4 issues a logic 1 pulse 600a to con-
trol line 110 to indicate that a data byte is available for
transfer to the MPDC 10. In response thereto, the firm-
ware control system of FIG. 6 issues an enable hard-
ware pulse 601q to the control line 109 of FIG. 4 leading
to the hardware control unit 108. As the data byte is
transferred from the device adapter 14 to the MPDC 10,
the timing signal illustrated by waveform 602 is applied
to the range clock logic unit 316 of FIG. 7. In response
thereto, the offset range counters 308 and 309 are decre-
mented until the offset range count is exhausted. The
range counters 306 and 307 thereafter are decremented
as illustrated by the logic 1 pulses of waveform 603.

Each time data bytes are transferred from the device
adapter 14 to the MPDC 10, the output of gate 403 as
illustrated by the waveform 604 triggers the flip-flop
407. When the Q output of flip-flop 407 is at a logic 1
level, flip-flop 408 is triggered to load a left byte in bus
data register 100 for transfer to the megabus 13. This
condition is illustrated by the logic 1 levels of waveform
605 and waveform 607. When the Q output of the flip-
flop 407 transitions to a logic 1 level, the flip-flop 406 is
triggered to load a right byte in register 100 for transfer
to the megabus 13. This condition is illustrated by the
logic zero levels of waveform 605 and the logic 1 levels
of waveform 606.

When a data word comprising a left and a right data
byte have been formed in the register 100, the bus logic
unit 128 under firmware control issues a bus cycle ac-
tive signal to control line 416a of FIG. 8 to trigger the
flip-flop 418. A bus cycle request thereby is generated
as illustrated by the logic 1 levels of waveform 608.
Each time a busy cycle request is generated, the bus
logic unit 128 enables the address clock logic unit 304 to
issue logic 1 pulse pairs as illustrated by waveform 609.
The main memory address stored in the bus address
counters 300, 302 and 303 thereupon is incremented by
two.

Should an interim condition arise wherein data is not
available for transfer to the MPDC 10 before the range
count has been exhausted, the device adapter issues an
interrupt to line 125 of FIG. 4 to return control from the
system hardware system to the firmware. In that event,
the enable hardware signal of waveform 601 transitions
to a logic zero level as indicated at 6015 No further
MPDC activity occurs until the device adapter 14 indi-
cates that data again is available for transfer by issuing
a logic 1 pulse 6004 to line 110 of FIG. 4. The data
transfer thereafter continues as before described until
the range counter is exhausted.

FIG. 11

FIG. 11 is a timing diagram illustrating the operation
of the system of FIGS. 4-8 during a write operation.

A waveform 700 illustrates the hardware data service
request signal issued by the device adapter 14 to the
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control line 110 of FIG. 4, and a waveform 701 illus-
trates a strobe signal issued by the adapter logic unit 29
to control lines 29¢ and 1185 of FIG. 4. A waveform
702 illustrates the output of gate 403 of FIG. 8, and a
waveform 703 illustrates the logic inverse of the Q
output of the flip-flop 407. A waveform 704 illustrates
the logic inverse of the Q of flip-flop 405, and a wave-
form 705 illustrates the output register (OPR) output of
FIFO 408.

A waveform 706 illustrates the logic inverse of the Q
output of flip-flop 406, and a waveform 707 illustrates
the OPR output of flip-flop 410. A waveform 708 illus-
trates the OPR output of FIFO 411, and a waveform
709 illustrates the logic inverse of the IPR output of
FIFO 411. A waveform 710 illustrates the Q output of
flip-flop 418, and a waveform 711 illustrates a bus cycle
request signal generated by the bus logic unit 128 in
response to the waveform 710.

A waveform 712 illustrates a bus cycle active signal
placing the MPDC 10 in a busy state in response to the
bus cycle request pulses of waveform 711. A waveform
713 illustrates a data cycle signal issued by the bus logic
unit 128 to indicate a time period in which the main
memory unit 12 must acknowledge a data request from
the MPDC 10. A waveform 714 illustrates the bus re-
quest and acknowledgement pulses occurring on the
megabus 13 as a result of the handshaking between the
MPDC and the main memory. A waveform 715 illus-
trates the bus acknowledgement pulses issued by a slave
system device in response to a bus request from a master
system device, and a waveform 716 illustrates MPDC
acknowledgement pulses which are reflected in the
pulses of waveform 715. A waveform 717 and a wave-
form 718 respectively illustrate address increment
pulses and range decrement pulses generated during the
transfer of data from main memory unit 12 to the device
adapter 14,

Prior to the transfer of data from main memory, the
device adapter 14 positions the write heads of a disk
device at a designated record. After the disk device is
prepared for a write operation, the adapter 14 issues a
hardware service request signal as illustrated by pulse
700a to the control line 110. The bus logic unit 128
thereupon requests data from the main memory unit 12.
The main memory unit 12 in response thereto, supplies
data to the data register 82 of FIG. 4. Under control of
the data control unit 113, the data is transferred from
data register 82 into the data FIFOs 408 and 410. When
the data FIFOs are filled, the hardware control unit 108
signals the adapter logic unit 29. The logic unit 29 in
turn issues a strobe pulse 7014 to the device adapter 14
to indicate that a data byte is being transferred. Concur-
rently, gate 403 of FIG. 8 issues a pulse 702a to select 2
data byte from one of the FIFOs 408 and 410 for trans-
fer to the device adapter 14. In response to the gate 403
output, flip-flop 407 of FIG. 8 issues a pulse 703a to
trigger the flip-flop 40S. Flip-flop 405 in turn issues a
pulse 7044 to select a data byte from the FIFO 408.

When the data byte is taken from the output register
of the FIFO 408, the OPR output of the FIFO transi-
tions to a logic zero level as indicated at 705a. The OPR
output further resets the FIFO 405 as indicated at 7046
of waveform 704. When the data byte has been taken by
the device adapter 14, the adapter issues a second hard-
ware data service request pulse 7006. In response
thereto, the adapter logic 29 pulse 7015 and the gate 403
pulse 7025 are generated as before described. Upon the
occurrence of pulse 7025, the Q output of the flip-flop
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407 triggers the flip-flop 406 as indicated at 7036 of
waveform 703. The Q output of flip-flop 406 thereupon
issues a logic 1 pulse 706z to unioad the output register
of the FIFO 410. When the data byte is transferred out
of the output register, the OPR output of the FIFO 410
transitions to a logic zero as indicated at 707q of wave-
form 707. In response to the logic transition of the OPR
output, the flip-flop 406 is reset as indicated at 7065,

As before described, the FIFO 411 is unloaded at the

same time the FIFO 410 is unloaded. Thus, when the 10

OPR output of FIFO 410 transitions to a logic zero, the
OPR output of FIFO 411 also transitions to a logic zero
as indicated at 708¢ of waveform 708. When an addi-
tional dummy byte enters the output register of FIFO

411, the OPR output transitions to a logic 1 as indicated 15

at 708b. In addition, the input register output IPR
changes state as indicated at 709a. A bus cycle request
on control line 419 thereby is initiated as indicated by
logic one pulse 710a. In response to pulse 7104, the bus

logic unit 128 of FIG. 5 issues a strobe pulse 713a to 20

place the cycle request pulse 710a onto the megabus 13
as indicated by pulse 711a. Upon the occurrence of the
strobe 713a and the pulse 711a, a pulse 714a is carried
by the megabus 13 to the main memory unit 12.

When the cycle request pulse 710a is generated, the 25

bus logic unit 128 places the MPDC 10 in a busy state as
indicated by the logic 1 pulse 712a. During the time
period of the pulse 7122, the MPDC 10 issues a data
request to the main memory unit 12 as indicated by

pulse 714a and awaits a response. 30

If the memory unit 12 accepts the bus cycle request
and the main memory address supplied by MPDC 10,

M

the main memory unit issues a pulse 718a. In response
thereto, the bus logic unit 128 of FIG. 5 transitions the
bus cycle request signal illustrated by waveform 711 to
a logic zero level as indicated at 7115. During a time
period not exceeding that indicated by the logic 1 pulse
712a, the main memory unit retrieves the contents at the
indicated main memory address and supplies the data to
the megabus 13. In addition, the main memory unit
issues a pulse 7144 to notify the MPDC 10 that data at
the indicated main memory address is forthcoming. In
response thereto, the bus logic unit 128 issues a strobe
716a to place an acknowledgement pulse 7155 on the
megabus 13. Concurrently therewith, the bus logic unit
removes the MPDC 10 from the busy state as indicated
by the logic zero level 712b of waveform 712.

The above-described process is repeated until the
total number of data bytes indicated by the range count
has been transferred from the main memory unit 12 to
the device adapter 14.

During the data transfer process, the bus address
counters 300, 302 and 303 are incremented and the
range counters 306-309 are decremented. More particu-
larly, the address counters are incremented twice as
indicated by pulses 7172 and 7176 each time a data
request is made to the main memory unit 12 as indicated
by pulse 715a. Further, the range counters are decre-
mented each time a data byte is requested by the MPDC
10 from the main memory unit 12. One decrement com-
mand as illustrated by pulse 7184 is issued when a re-
quest 710a for a data word is issued. A second decre-
ment command as illustrated by pulse 7185 is issued by
the main memory unit 12.
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15000 15 SIXVEEN BITS WIDE WITH THE LEFTMDST THREE BITS
18000 AN EFFECTIVE OP=CDDE. THE FIELD USAGE FOR THE
17000 SEVERAL MICRO=INSTRUCTION TYPES [S5-
la0n0 AY
19000
20000 COMMAND TYPE DP=CODE
21000 2 meecmtenccne cecma-e
22000 \
23000 \ MISCELLANEQUS 000 COMMAND 3=13 AY
24000 RFU o0l COMMAND 3=13 \
25000 B8US LOGIC 010 COMMAND 3-13 \
26000 \ ALY oLl AQP 23=3415=1+BOP 6-2.(MD 8=3 \
27000 \ CONSTANT 100 AQP 3e3s COMMAND 11613 \
28000 AY SCRATCHPAD 101 COMMAND 3-13 \
29000 \ TESY 110 COMMAND 6e4» CONDITION 10«6 AY
300N0 \ BRANCH 138 COMMAND 3+ ADDRESS 4=12 A
3jono
32000 5k1P HOF 1
MODEL: MMDC-REV3U RTL/BU0GO FILk EDIT vasuls?? 124605 PAGE:
REVISION! 000.00 PARAMETER SECTIUN VUC s
LINE #
330Nn0
340n0
315000 \ PAH4METERS 3
3s000
37000

3R0N0 ROMDEF 1AIN3 1694096100008 +88UPCS
390n0 .

4«00Nn0

41000

420N0 BRCHFLD BAD*ABSv4/12 \
43000

%4000

450n0

%60N0 CNSTFLD OP(0/2 \
47000

%80NnQ

4%0N0 CNSTFLD  CaMe3/13
50000

s1onp

BRANCH=ADDRESS FIELD DEFINITION

OP~CODE FIELD DEFINITION

\3

A\ GENERAL COMMAND FIELD DEFINITION \3



“ODEL: MPDCREVI:
REVISINN® 00D.00

52000 CNSTFLD AQPe3/3

55000 CNSTFLD ADPO415/1

58000 CNSTFLD B80P6/2

35

N

A}

\ BOP F1ELD DEFINITION FOR ALU U=0P5

61000 CNSTFLD CONs6/5¢12/1014/2

640N0 CNSTFLD CSWORD«D/16
67000 CNSTFLD SCOMeb/8
70000 CNSTFLD TCOW»1D/%
73000 CNSTFLD TSTeb/é
76000 CNSTFLO  XCOMeb/10
79000 CHSTVLD  ws3/d

82000 CNSTFLD WiB/1
83000 CNSTFLD L.+9/1

880N0 CNSTFLD ALUW10/5

MODEL? MMDC=REV3D
REVISIOM! 000.D0

LINE ¢
49000

90000
91000 CNSTFLD Esll/}
92000

93000

24000 CNSTFLD Tel3/)
95000

96000 Sk 1P HOF

MDOEL: M¥DC-REV3D
REVISION! D00.00

LINE »
97000
98000
99000 CNSTFLD UPCS0040/1
100000
101000
102000 CNSTFLD UPC50Ls1/1
103000
1364000
1050N0 CNSTFLD URCSO2e2/1
106000
107g00
108000 CNSTFLD UPCSD3s3/1
109000
110000
111000 CNSTFLD UPC304sa,1
112000
113000
114000 CNSTFLD UPCSAS5/1
115000
116000
117000 CNSTFLD UPCS06a6/1
118000
119000
120000 CNSTFLD UPCS0T+7/14
121000
122000
123000 CNSTFLD UPCS08+8/1
124000
125000
126000 CNSTFLD WUPC5094¢%/1
127000
128000
129000 CNSTFLD UPCS510+10/1
130000
131000
132000 CNSTFLD UPCSILeilysl
133000
134000
1350n0 CNSTFLD UPCS12412/1
136000
137000
138000 CNSTFLD UPCSL3413/1
139000
160000
141000 CNSTFLO UPCSi4slayl
142000
143000
164000 CNSTFLD UPCS1%413/1
145000
146000 S 1P WOF

\

\

\

\

A}

\

\

\

-

-

-

P

-

-

-

-

-

-

-

-

-

-

-

-

PARAMEYEW SErTIUN
~continued
COMMON A=QP FLELD DEFINITION \
AOP BIT O \

4,159,532

RYL/760000 FIot ELIT

\ CONSTANT FIELD OEFINITION

FULL WORD FIELD FOR HALTS FILL

SCRATCH=-PAD COMMAND DEF. WITH A«QP

TESTeSKIP-wUX INPUT SELECT FIELQ

TEST-COWMAND TYPE SELECTOR

GEMERAL COWMAND FIELDw A=OP CASE

UPAC=SRAR LOAD CONTROL FOR GTO=LRA

COMMAND F1ELD FDR ALU PREVIOUS (=0

COMMAND F1ELD FOR A~QOP DESTINATION

ALU MODEs CEms AND CI# FOR ALU QPS5

RTL/6000 FILE EDIV

PARAMETER

SECTION

COMMAND 817 FOR CONSTANT MICRD

COMMAND BLT FOR CONSTANT MICRO

»]CRO=PROGLRAM

M[CRO=PHOGRAY

%] CRO~PROGRAY

M]CRO=PROGRAY

M CRO=PROGRAY

M1CRO=PROGRAM

M]CRO=PRDGRAM

M]CRO=PROGRAYW

MICRO~PROGRAN

#]1CRO=PROGRAM

M]CRO=PROGRAY

M[CRO=PROGRAM

MICRD=PROGRAY

M1 CRO=PROGRAM

M]CRO=PROGRAM

MICRD=PROGRAM

HTL/6000 FILk EOLT

PARAMETEN

CONTROL-STORE

CONTROL =STORE

CONTROL-STORE

CONTROL~STOKE

CONTROL =STORE

CONTROL=5TORE

CONTROL=STDRE

CONTROL=5TORE

CONTROL=STORE

CONTROL=5TORE

CONTROL-STORE

CONTROL«STORE

CONTRQOL=~5TQRE

CONTROL=SYORE

CONTROL=-5TDRE

CONTROL=STORE

B1y

817

BIT

184

81T

SECTION

ol

02

03

us

ue

o7

')

[

io

il

15

A

\d

\3

\

AY)

M

A%}

\

A

A

\

Ay

Al

A%

A3

A\

A%

\

A%

A\

e

36
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MODEL I MPDC-REV3D

REVISION! 000400 PARAMETER SECTIOM
LINE #

167000

148000

169000 | SCRATCH=PAD SYMBOL {C=ADDRESS YO RELAT[VE=ADDRESS CONVER=

150000 \ SIOQN TAQLE (NOTE THAT [NDICATED ADDRESSES ARE RELATIVE TO \3

151000 \ THE BASE ADDRESS OF THE SEGMENT SELECTED BY THE SPMIR]~

152000

153000 ARGDEF SPA (67/5412/1414/2)

154000 CWD1/00e RNG2/0D# STS3/1A9 DIp2/27# WwLO7 /348

155000 CwD2/01# OFRL/OE# 5T54/1BW CHNI/28# wLOB /35y

156000 1LCl/026 OFR2/0Fy CHN2/298 WLO% /36y

157000 1LC2/030 CNFL/L0s CPCl/2As WL10/37g

15000 CNF2/11s CPCR/28# wL1ll/38y

159000 DATL/05# CNF3/12# 10Fl/s2C# whi2s39y

160000 TSK1/06# CNFa /138 DTAl/20# 10F2/20# LSTRW/FDe

161000 T5K2/07# DTAZ/21m Wi0l/2Ew SKSTK/FEw

162000 ADR1/08# wL02/2F# RWSTK/FFa

163000 ADR2/09# w03 /308 FWRY /308

164000 MON1 /248 WO/ 1w DEVST/3Es

165000 MOG1/08# ST51/189 DMA1/258 wLO5/32# UNSEL /3F ¢

166000 RNG1/0C# 5T52719¢ DIDl/ 260 wWLOb/33¥

167000

168000 Sk 1P HOF
MODEL: MMDC=REV3, RTL,6U00 Fiot EpiT
REVISINNT 000,00 NTCTTONARY SECTION
CINE #

165000 DICTIONARY

170000

E71000  \ FOLLOWING ARE THE MICRO DEFINITIONS. THESE ARE ART|F[c=

172000\ [ALLY HAINTAINED IN ALPHABETICAL ORDER Tu FACILITATE RE-

173000 \ TRIEVAL.

174000

175000

176600

1770N0 M1cRO AACU (AOP/04) A AUP= ACCUMULATUR (ACU) REG

178000

179000

LBOONC MIrRO AADO (AQP/&4#) \ AQPz ADAPTER DATA=REGISTER

iBlono

182000

1B30N0 MICRO AADL (AQP/5#) \ AUP=z ADAPTER IDENTITy BYTE

1B40N0

1B50N0

iBS0N0 MIrRU AAD2 (AQP/6#) \ AOPe ADAPTER STATUS REG. 1

187000

188010

189000 MICRO AAD3 (AGP/74) \ ADPe ADAPTER STATUS REG. 2

190000

191000

192000 M1rRO AAD4 {AQP/4#+ADPO/1a) \ ADP= ADAPTER STROBE

193000

194000

195000 MIcRO AADS (AQP/5#+A0PC/18) \ ADP= ADAPTER STROBE

196000

197000

L98000 MICRO AADS (ACP/6#vAQPO/1e) \AOP= ADAPTER STRDHE

199000

200000

201000 MIcRO AADT [(AQP/TaAQPO/1#) \AOP= ADAPYER STROWE

202000

203000

204000 SK1P HOF
MODELY MYDC-REV3ID RTL/6000 FILE EDIT
REVISION! 000C.00 DICTIONARY SECTION
LINE »

205010

206000  \ THE FOLLOW[NG COMMANDS ARE USED FOR TRANSFERING DATA

207000 EITHER TG OR FROM THE BUS [NTERFACE LOGIC.

208000 THE MEANING OF €ACH CODE IS A5 FOLLOWS—

209000

210000 SRIA BIT NOT SET SRIA HIT SEY

211000 ABUS13BUS ADD OUT ABUS13BUS DATA REG

212000 ABUS2EBUS DATA OUT ABUS2EBUS DATA [N 1

213000 ABLS32pUS DATA OUT 2 ABUSISBUS DATA N 2

214000 ABUS43RUS RANGE OUT ABUS4zRUS ADD IN

215000

216000

217000 MICRC AHUSY (ADP/DReAOPO/1#) \AQPz BUS 1

218000

219000

220000 MICRO ApUS2 (ADP/le+AOPO/Lw) \AQP3RUS 2

221000

222000

223000 MICRO ABUSI (ADP/2#eAQPO/LE) \AQP2BUS 3

224000

225000

228000 MICRO ApUS4 (ADP/3rsAQPO/1#) \AQP=BJS &

227000

228600

229000 MICRO ACN  (OPC/4w1E/0neT/1m) A\ ADP =~ ADP AND CONSTANT

230000

231000

232000 MICRC AUD  (OPC/3#+ALUsL2S) \ ALJ = AQP/ADD/HOP

233000

234000

235000 M[cRO AIDX  (ADP/3#) \ AUP = INDEX REG

236000

237000

238000 MICRO AMD  (OPC/3wsALU/ L Te) \ ALU = AQP/ANG/HOP

239000

240000

261000 MIcRO ANT  (OPC/3ssALU/OLm) \ XFER A«0QP# TO ALU QUTPUTS

242000

243000

244000 MICRD ASPA (AOP/2#) v AOP = SCRATCH=PAD ADD=RFGs

245000

248009

2647000 MICRO ASPAL (ADP/3#) \AOPR 5.P, ADD REG INDEXED

24B0N0

249000

250000 MICRO ASPM (AOP/1s) \ AOP = SCRATCH-PAG CONTENTS i

251000

2352000

253010 5k 1P HOF

37

4,159,532

RTL/6000 FILE EDIT

A%

AR}

N

A%

A

i

AR}

i

A%

\E

N

A

N

N

A

\

A

A%

38
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MODEL: M
REViISION

LINE #
254000
255000
256000
257000
258000
259000
260000
261000
262000
263000
264000
285000
266000
267000
268000
269000
210000
271000
272000
273000
274000
215000
276000
277000
27000
279000
280000
28:C00
282000
283000
284000
285000
286000
287000
288000
289000
2%0000
2%1000
292000
293000
294000
295000
296000
297000
298000
299000

®)

MICRO
MICRO

MICRO

MIcRO
MI1CRQO
MICRS
M1cRO
MirRO
MIcRO
HICRO

MICRD

DC=REV 3
000400

BACU

BNT

Bu5T

THE

BSPM

CLr

CuB

CHST

CoT]

CRF

CSHF

CSNF

5k 1P HWOF

MODEL: MMDC=-REV3D
REVISION! 000600

LINE »
300000
30t000
302000
303000
304000
305000
306000
307000
308000
309000
310000
3i1000
312000
313000
314000
315000
318000
31T0Nn0
3i1a0n0
319000
320000
321000
3z2000
323000
324000
325000
326000
3zT000
328000
329000
330000
33Lonn
332000
333000
334000
335000
336000
337000
33p000
339000
340000
341000
342000
343000
344000
345000
346000
3sT000
368000
349000
330000
351000
352000
3530n0
3540n0
355000

M[ RO

Y

M]1cRO

MICROD

MICRO

MICRO

M[CRO

MICRQ

M1cRO

MICRO

MlcRO

MICRO

M1cRO

MICRO

MICRO

(9 {4

39

(BOP/0w)
(OPC/38+ALU/OBS)

(BOP/22#}

4,159,532

RTL/6000 Fluk bplT
DICTINNANY SiraTron

\ BUPz ACCUMULATOR (ACU) HEG \3

\ XFER B=0OP* TO ALL QUTPUTS \}

\ BUM = BUS STATUS \i

FOLLOWING BITS ARE STORED WHEN BOPe2 15 SPECIFIED
1

8171 0 -

8IT 1 = 0

8IT 2 = 0

BIT 3 =

BIT 4 =

BIT 5§ = BUS NAK

BIT & «

8IT 7 -
(BOP/1#)
(0PC/080COM/LOOCDS
1GPC/728+COM/ 00869
{CON)
(N/1e)
(QPC/0sCOM/OCL0M)
(CSWORG /00408
(CSWDRD/0000)
1DPC/2#4XCOM/020 8

0
BUS YELLOW INDICATOR

BUS PARITY ERRIR
BUS RED INDICATOR N\

\ HOP 3 SCRATCH=~PAD CONTENTS \j

\ CLEARy INITIATES PROM SCAN \3

\CLEAR 8US '

\ FLELD FOR CONSTANT IN UPIR \}

\ ALU C1 = PREVIOUS CO Al

Y CLEAR REGISTERSe FLOPS A%}

\ CONTROL«STORE HALTS FILLER \

NCONTROL STDRE NOOP FILLER \3

RYL/6000 FILE EDIT
OICTIONARY SECTION

A\ CYCLE BUS AS AQP DEFINES i

NOTE THAT THE "Cyc" U=INSTRUCTION USES B1TS
OF A SPECIF1ED ADP FOR CONTROL OF THE BUS AS

FOLLOWS=

BIT O CYCLE

gIT 1L

BT 2

8iT 3

B8IT & BYTE MODE

8IT 5 READ

B8IT & WRITE

8IT 7 RFU
DEC  (OPC/3#sALU/LES)
OHP  (OPC/D#sCOM/02000
OMA (QPC/581COM/000BS)
DRC {OPC/2# 1 XCOM/0404)
ERP  (OPC/08+COM/06004)
EWP  {OPC/0W+COM/D6014)
GTO  (BAD) (OPC/7#4R/10)
HLT  (OPC/0#+COM/OD40N)
1AC  (OPC/2#sXCDM/ 1000
1A (OPC/50+COM/01004)
10 {OPC/340ALUs O
171 (0PC/0wCOM/00984)
LCN  (OPC/4asE/DR1T/00)

MEMORY REFERENCE
RESPONSE REQUIRED
SECOND HALF READ

\E
\ ALY = AOP/MINUS/ONE \:
\ DISABLE HARD DATA PATH i
\DECREMENT S. P. ADDRESS i
\DECREMENT RANGE COUNTER i

N\ ENABLE HARD DATA PATH READS\}

SVENABLE WRITE HARD PATH N3
\ JNCONDITIONAL BRANCH A%}
\ HALT MICROPROCESSOR i

A INCREMENT ADD BUS COUNTEX 1

A SPRC INCREMENT HY ] A%

\ ALU = apP/PLUS/ONL A%

AY INITIALIZEs ALL sUT UPAC A3

\ LJIAD CONSTANT TY A=yl \E

40
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MODEL T MMDCeREV3D
REVISINNI 000,00

LINE »
336000 MIcRO LIR
3s7a00
3%ann0
359000 MI¢RO LuUC
3s0000
3slo00
362000 MICRO LRA
363000
384000
365000 MICRO LKkC
3564000
357000
36A0N0 MICRO L5SH
359000
370000
371000 M]cRO MyP
372000
373000
374000 MICRO MAT
375000
376000
3770n0 MICRO NND
378000
379000
3p00N0 MICRD NOP
3p1000
3p2000
383000 MIcRO NOR
384000
385000
386000 M[CRO OCN
3s7000
388000
389000 M]CRO ORR
390000
391000
392000 MICRO QLY
3193000
394000
395000 MIcRO RCR
396000
397000
39R0NG MICRO RDA
3990n0
400000
4010N0 MICRD RIL
402000
403000
404000 MIFRO RPC
405000
406000
407000 MIcRO RR@
408000
409000
410000 M[CRO RSD
411000

MODEL: MMDC=REV3IpD
REVISIANT 000,00

LINE »

«12000

413000 MICRO RST
414000

415000

416000 MICRD RTN
417000

418000

419000 M[CRO Sya
420000

421000

422000 MICcRO S5CR
423000

424000

425000 MIrRD SEF
426000

427000

428000 MICRO SPT
429000

430000

431000 MICRO Skl
32000

433000

434000 M{CRO 5K]A
435000

43800

437000 MICRO 55PA
438000

439000

440000 MICRQ SS5PAL

441000
42000
443000 MICRO 5Tp
444000
465000
546000 MICRO Sup
447000
448000
4493000 M]rRO TACK
450000
451000
452000 MIrRO TADH
453000
454000
455000 M[CRO TAHR
“56000
«570n0
45BON0 MICRO TAXO
59000
460000
481000 MIrRO TAX)
462000
483000
464000 MICRU Tax2
465000
LhAONO
46700C MIFRO Taxd

41

{OPC/5005C0OM/0CH)
(5PA)

(BAD) (OPC/TwiR/00}
(OPC/50+COM/00204)
<OPC/3meALU/ 180
{OPC/58sCOM/00244)
(OPC/SweSCOM/B0g)
(OPC/3#eALU/O%S)
{OPC/0#vCOM/ 0000 ¥
{OPC/38+ALU/Og)
{OPC/482E/182T/00)
(OPC/300ALU/ L1DN)
{O0PC/00+COM/D0048)
(OPC/209XCOM/0108)
(OPC/0#sCOM/O088Y)
(OPC /241 XCOM/00L»
10PC/54+XCOM/0028)
tOPC /28 +XCOM/0028)

(OPC/081COM/00808)

(OPC/290XCOM/DBGY)
[OPC/8#+TST /a9

(OPC/0N+COM/00028)
(OPC/284C0M/00189)
{OPC/08,COM/0BODS)
{0PC/5#4COM/00808)
(QPC/20vXCOM/ 004 p)

L71e)

(OPC/48+ADP /24 vE/DB T 04)

(OPC/484ADP/394E/00+T/0%)

4,159,532

HTL/6000 Froe EDIT
DICTIONARY SECTION

A\LOAL INDEX REG FROM AOP v

\ SPA LOAD VIA SYMBULIC=REF. \}

\ LOAD RETURN REGISTER A%}

% LJAD REQUESTING CHANNEL 1\

A ALU ® AQP LEFT=5KIFTED \

\ SET MOOULE BAD PAR[TY \i

\ SCRATCH=PAD WRITE FROM AUP \}

\ ALU = (AQP/AND/9OP)# \i

NO=DPERATION A%

\ ALU = ADP/NOR/BOP AL

\ AQP « ADP/DR/COMSTANT AY

AY ALU = AOP/DR/3QP A

\ SET THE QLT FLOP (READY) \}

\ KESET CHANNEL-READY FLOP \}

\ RESET DEVICE ADAPTER A%

\ RESET INTERRUPT LATCH A%}

\ READ=ONLY PARITY CHECK N3

%V RESET REGISTER BuUSY A\

\ RESET OIAGNOSTIC MODE A3

RTL,6000 FILE €DIT
DICYIONARY SECTION

\ RESET BUS STATUS A% ]

\ GO TD RETURN REGISTER AY]

\ SET BUS ALK

A%}

\ SET CHANNEL READY FLOP A%}

\ SET ERROR AND STATUS FLOPS \3

\SET 5, P, TEST MODDE A

\ SET REGISTER-BUSY FLOP A%

\ DELIVER ALU RESULT To A=QP \i

\ SET S-P ADURESS 0P \§

\SEY INGEXED 5.P. Auu \3

(OPC/0#4COM/01808) \ SET DIAGNOSTIC MODE A
(OPC/3meALU/OCE) \ ALU = ADP MINUS HOP A
(TCOM/0TH) A TEST ACKRSHe00s 8US ACK RESPONSE )
(TCOM/Lon) ATEST BUSYXXeJ0vADAPTER dUSY \

(TCOM/008) ATEST HDTSRWL+O0+ADAP HARD Wby v
(TCOM/0uw; VOTEST ALUAXO=D20s A=OP MUX BIT U QuT \:
tTCoMs/099) A OTEST ALUAXL=COs 4=0P MUX uIT 1 ool \4
(TCoM/020) \ TEST ALUAXZ2=T0s 2=0P MUX ulT 2 nul v
(TCOM/Oha) VOTEST ALUAAZ=204 A=0P MUX ofT 3 guf v

42
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4,159,532
43 44

MODEL: MMDL=REV3IU RTL/600C FILE EOIT uessulsT? 1debud PAGES 12
REVISINN! 000,00 . . OICTIONARY SECTION . DUC et

LINE # '

“68000

469000

470000 M]cRQ TAXé (TCOM/OCH) A TEST ALUAX4=00+ A=OP MUK 81T 4 OQUT \}
471008

472000

473000 MIcRO TAXS (TCOM/ODS) \ TEST ALUAXS=00+ A=QP MUX BIT 5 oUT \§
474000

479000

476000 MICRD TAXS (TCOM/OE#) \ TEST ALUAXE=00s A=OP MUX B[T 6 DUT A3
17000

478000

479000 MICRC TAXT (TCOM/OF#) \ TEST ALUAXT+Q0» A=0P MUX BIT 7 auT \3
480000

48l000

482000 MIrRD Yoch (TCOM/0ls) \TEST SHRCOM+00+BUS CYCLE ACTIVE \d
483000

484000

4BSON0 MICRO TuSy (TCOM/LBe) \ TESY BORASY+00s BDR BUSY INDICATOR \3
4846000

87000

488000 MICRO TaYT (TCOM/LICH) \TEST BBAD23+00vBYTE MODE N
489000

490000

491000 MICRO TCOT (TCOM/OSH) A TEST ALUCOT«00s ALU CARRY=QUT LINE \§
492000

443000

494000 uIre0 IO IYCOM Ty NTESY MYUINMeCS: MY OCN v
495000

494000

497000 M1CRO TEUF (TCOM/Qes) \ TEST ALUEOF+00s ALU DUTPUTS ARE FF \§
498000

499000

500000 MIrRO TEQZ (TCOM/03#)1  \TEST ALUEQZ+DO ALV EQUALS 00 \y
501000

502000

$030N0 M]cRO TERR (TCOM/168) \ TESYT MEMERR-00+ DMA~CYCLE ERR FLAG \$
304000

$05000

506000 MICRO TFO  (OPC/6#+TST/2H) \ IF TESTale SK1P NEXT WORD \§
507000

508000

509000 MICRO TFZ  (OPC/6#:TST/IN) A IF TEST=Ds SKIP NEXT wORD \1
510000

511000

$12000 KIcRO TINT (TCOM/1A#) \ TEST RESINT+00s RESUME INTERRUPY 1\
s130n0

514000

515000 MICRG TNAK (TCOM/LB4#) \ TEST NAKRSP¢0Ov NAK IRDICATOR LINE \
516000

517000

518000 MICRO TNOR (TCOM/15#) \TEST NDTSRD+00sNON=DATA REWUEST A
519000

520000

521000 MIcRO TNBR (TCOM/1E#) % TEST NORGT3«00s ND BUFFER REQUEST ¢
522000

523000

-

MODEL| MMDC=REV3ID RTL/6000 FILE EDIT 08/01477 12,605 PAGE: 13
REVISION! 000.00 DICTIONARY SECTION DUCe#:

LINE #

3524000 MICRO TORH (TCOM/16#) \TEST OFRNGZ=00s OFFSET RANGE HISTORY\}
525000

525000

527000 M{CRO TORZ (TCOM/10#) \ TEST OFRGVL=00+ OFFSET RANGE ZERO \}
528000

529000

530000 M[CRO TPTY {(TCOM/1D#) \ TEST BSPYCK+ODs BUS PARITY CHECK  \}
531000

$32000

533000 MIcRO TulY {TCOM/LT#) \ TEST 8SQLTO=00s DLY OUTPUT LINE Ay
534000

535000

536000 M]cRO TREQG [(TCOM/O6d) \ TEST CREREQ+DOs CHANNEL REQUEST A%
537000

538000

539000 MIcRO TRGZ (TCOM/Lie) \ TEST EQRXXX+00s RANGE EQUALS ZERO \}
540000

841000

842000 MIcRO TRSP (TCOM/D24) \ TEST BSRSYP+30s BUS RESPONSE REQU. V3§
543000

544000

545000 MICRO TSAW (TCOM/134#) \TEST SPAWRP+D0vSPA WAAPARQUND A1
544000

547000

568010 MIrRO 7585 {TCOM/12#) \ TEST SBSOB5+00s SING BYTE STOREQ  \1
549000

550000

551000 MIcRO TUBR (TCOM/199) \ TEST UBRGXX+00+ UNSOLICTED BUS HEU \1
552000

553000

554000 MICRO UPIROO  (UPCS00/1¢) \ SET UPCS WORD BIT 00 FOR LRC N3
555000

556000

57000 WICRO UPIROL  (UPCS01/le)  \  SET UPCS WORD BI1T 01 FOR LRC N
558000

559000

5600N0 MICRO UPIROZ  {UPC50Z/1s) \ SET UPCS WORD 81T 02 FOR LRC M
561000

562000

563000 M{CRO UPIRO3 {UPCS03/18) A SET UPZS WORD HIT 03 FOR LRC B
564000

565000

566000 MICRG UPIRO4  (UPCSD4/1#)  \ SET UPCH WORD BIT 04 FOR LRC N3
567000

568000

5690M0 MICRO UPIRDS  (UPL505/l#y  \ SET UPLS WORD BIT U5 FOR LRC
570000

571000

572000 MIrRD UPRO& {UPCS08/1M) \ SET UPLS WORD 8IT G& FOR LRC A1
573000

574000

575000 MIcRO UPIROT  (UPCSOT/le)  \  SET UPCS WORD Wi 07 FUk LRC N3
576000

577000

578000 MICRO UPIRGE  (UPLSOB/ler  n SE
579000

-

UPCS wDRD B1T O FOR LRC A



MODEL: MPDC=REV3:Y,
REVISINN: 000.00

LINE #
580000
531000
582000
5830N0
584000
585000
586000
587000
588000
5893000
590000
591000
592000
593000
594000
5950n0
596000
597000
598000
599000
400090
401000
6020010
602000
604000
405000
606000
607000
608000
$09000
610000
611000
612000
613000
614000
615000
416000
617000
618000
619000
©20000
621000
622000

MICRC

MICRO

M1CRO

MICRO

MICRO

M1cRO

MICRO

MICRO

M1cRO

M{CRO

MI1rRO

M1CRO

MICRC

MIcROD

UPIRQ?

UPIRLD

UPIRLL

UPIR12

UPIRL3

URIRL%

UPIR1S

WA (OPC/5#25COM/B24)

45

(UPCS09/14) A}
{UPCS10/ 1) \
(UPCSL1/ L) \

(UPCSL2/1wy \

(UPCS13/14) \

{UP(514/s14) \

(UPCSL5/1le) A

WIA  (OPC/5w+5COM/CO08)

XFA  (OPC/34sALU/LFS)

XFE  (OPC/3#sALU/L5)

XNR  (QPC/394ALU/ 13wy

XOR  {0PC/34sALU/ODN}

ZER (OPC/3#4ALU/OTe)

Sk 1P HOF

MODEL! MMDC-REV3IU
000,00

REV]S[ON!

LINE #
230100
624000
625000
526000
627000
628000
629000
630000
631000
632000
633000
634000
635000
636000
637000
638000
639900
640000
641000
642000
643000
644000
645000
646000
647000
548000
649000
450000
651000
652000
653000
654000
£55%000
£56000
657000
558000
659000
6560000
661000
662000
663000
464000
645000
666000
667000
568000
569000
870000

[ P

SET

SET

SET

SET

SET

SET

SET

\ COM3INED MWT & IMA DELAYED

UPL5 wORD

UPLS WORD

UPLS WORD

UPLS wORD

UPCS WORD

UPCS WORD

4,159,532

RTL/76000 FILE EDIT
DICTIUNAKY 3ECTION

B1T 09 FOR

8iT L0 FUR

81T 11 FOR

BI1T 12 FOR

BIT 13 FOR

8IT le FOR

LRC

LRC

LRC

LRC

LRC

LAC

UPCS WORD HIT 15 FOR LRC

\COMINED MWT & DMA DELAYED

\ XFER A=0P TO ALU DUTPUTS

\ XFER B-DP TO ALU OUTPUTS

N

ALU = AQP/XNOR /80P

ALU = AQOP/XOR/BOP

ALY

HARDWARE TEST PJINTS

= ZERD

RTL/6000 FILE EDIT
DICTIONARY SECTION

THE FOLLOWING L15T GIVES TEST PDINTS FOR SIGNIFICANT

REGISTER

(1NDEX MODE)

(ADDRESS

SELECTOR)

{ADDRESS

COUNTER)

{MEMORY
QuTPuT)

671000 SkIP HOF

MODEL: MPDC~REV3.
000.00

REVISION?

LINE »
672000
673000
474000
675000
476000
677000
678000
6790N0
680000
681000

P

OUTPUTS=

ACUMULATUR

ALUACO#00
ALUACL+00
ALUACZ+00
ALUACI+00
ALUAC4+00
ALUACS+00
ALUACG+00
ALUACT+00

SCRATCH PAD MEMORY

SPMICF«C0

SPMAS0.00
SPMAS1+00

SPMACO+00
S5PMAC1+00
SPMAC2+00
SPMAC3.00
SPHACG00
SPMAC5400
SPMACG+00
SPMACT+00

SPMOTO+10
SPMOTL+10
5PMQT2+10
SPMOT3+10
SPMOT4+10
SPMOT5+10
SPMOT6+ 10
SPMDTT« L0

HARDWARE TEST PJINTS

BUS DATA REGISTER

MYADL6+00
MYADLT00
MYAD1H#400
MYAD19+00

HTL,/6000 FiLk EOIT
VICTIONARY 2ECTIUN

(CONT )

AR}

A%

A%

A%}

A3

A\

M

3

A3

A%}

A

A%}

R R A P P N e R R R R e

PP

46

VasOLsT?

087014717
QUCaw:

GHiuLsT?
DUCes:

12,005

12.605

1dabuUs

PAGLE :

PRGE:

PAGL :

1%

1%

16



MODEL: MPDC-REV3D
000.00

REVISION!

LINE #
682000
683000
684000
685000
686000
687000
688000
689000
6580000
691000
692010
£93000
654000
695000
696000
L9000
688000
699000
730000
701000
702000
703000
704000
105000
T04Q00
TOrONO

P

47

MYAD20400
MYADZ1e00
MYAD22400
MYAD23400

BDC CHANNEL NUWBER

A BUS ADDRESS BIT

PP

T080NG Sk 1P HOF

MODEL; MPDC-REV3D

REVISION!

LINE #
709000
710000
TL10M0
TE20n0
Ti3on0
TL40OD0
715000
716000
717000
7leo0nqQ
719000
720000
721000
722000
723000
724000
723000
726000
127000
728000
129000
730000
731000
732000
133000
734000
735000
736000
737000
T3s000
739000
760000
741000
742000

000,00

5

\
\
\
\
Y
\
\

\DEF

\

\

\

B5A5W1.00
85A5H2400
B5ASW3«D0
B5A5W4400
B5A5wW5400
B5A5W6¢00
B5A5W7+00

HEX
HEX
HEX
HEX
HEX
HEX
HEX

QaTanw
ROTARY
RITARY
ROTARY
ROTARY
ROTARY
ROTARY

SwrTey
SWITCH
SwiTCH
SWITCH
SWITCH
SWITCH
SWETCH

HSB OF ADAPTER PORT NUMBER
LSB OF ADAPTER PORT NUMBER
DIRECT]ION OF DATA TRANSFERs O =z [NPUT

RTL/6000 FILE EDIT
OICTIONARY SECTION

4,159,532

RYL/6000 Frct EDIT
CICTIONARY SErTION

-continued

LDEFINITION OF CONTROL-BYTES WAINTAINED FOR EACH OF
THE ACTIVE CHANNELS,

INITON-

BIT 0 =

BIT 1 =

BIT 2 -

8IT 3 ~

BIT 4 =

B17

w
]

B1T &

arr T

743000 Sk 1P HOF

MODEL: MMDC-REV3D

REVISION:

LINE »
r44000
T45000
746000
747000
748000
745000
750000
751000
152000
153000
754000
755000
756000
57000
758000
159000
760000
Tsio0n0
762000
763000
764000
765000
Tos000
167000
Ten0n0
T6%000
770000
771000
772000
773000
774000
TT8000
7716000
117000
178000
779000
780000
781000

000,00

\
A

\DEFIN]T]UN~

Ay
\

PP

AY

TE2Z0N0 Sk1P WOF

ail u -

BIT 1 -

BIT 2 -

OMA FLAG BYTE
(DMAL}

RESPONSE REQUIRED » ]5 SET OR RESET 8Y THE
BUS REQUESY ROUTINE ACCORDING TO THE

DIRECTION B1T.
UNUSED

IMPLIED SEEK HITs SET WHEN PERFORMING A
TRACK OR CYL[NDER LING DN A SEARCH OPERAT]ION

1GNORE READ ERRORS, THIS BIY IS SET ]M ORDER
TD READ PACKS FORMATED WITH THE H~-Tlo FORMAT

UNUSED
UNUSED
UNUSED

UNUSED

CHANNEL MONITUR FLAGS
(MON1)

INTERRUPT PENDINGS

RYL,60U0 FILE EOIT
DICTIONARY SECTION

1S SET BY THE INTERRUPY

SUBROUTINE WHEN AN INTERRUPT |5 NAK®y.

TH1S BIT 1S RESET HY THE RESUME [NTERRUPT
SUBROUTINE WHEN THE [NTERRUPT |5 ACK*tD

THIS BIT |S ALSO

RESET wHEN EXECUTING A STOF
170 OR WHEN INITIALIZING.

CHANNEL BUSYs 15 SET 3y THE BUS REQUEST
ROUTINE WHEN A START=UP FUNCTION CUDE

ITASK)IS DETECTE

O,

THIS BIT IS RESET By THE INTERRUPT UR RESUME
INTERRUPT SUBROUTINES.

TH15 BIT |5 ALSO RESET WHEN EXECUTING A STUF
170 DR WHEN INITIALIZING.

STOP 170+ 1S SET BY THE BUS REGUEST ROUTINE
WHEN A STOP 1/0 COMMAND [S DETECTED.

THIS BIT 15 RESET BY THE INTERRUPT ROUTINE
OR BY THE RESUME INTERRUPTY SUBRDUT[NE WHEN

THE INTERRUPT IS ACKYD.
1¥ THE

INTERRUPT ROUTINE
ZERQ.

IT IS RESET BY THE
INTERRUPT LEVEL |5

THIS BIT IS ALS0 RESET WHEN INITIALIZING

s

S Sl

-

48

ussuls??
DUCen:

ous0Ls77
DOCaw:

Uds0LsT7
LUCow:

ldeouS PAGE:

12.605 PAGE}

1es605%  PAGE:

ie

17

18



49

MDDEL! MPDC-REV3D
REVISION! 000400

LINE »
783000
784000
783000
736000
787000
788000
789000
790000
791000
792000
793000
7194000
795000
796000
797000
798000
799000
8000N0
801000
B80Z0N0
203000
204000
305000
804000
807000
808000

MOOCLL; MPDC-REV3ID
REVISIONT 000400

LINE #
805000
310000
811000
8l2000
813000
B14000
815000
814000
817000
818000
819000
820000
821000
822000
823000
824000
825000
426000
827000
azaono
829000
830000
831000
832000
833000
834000
835000
836000
837000
638000
839000
8400N0
841000
842000
843000
844000
845000
844000
847000
848000
849000
850000
851000
852000
453000
854000
855000
856000

857000 SK[P WOF

MODEL; MPDCeREYID

REVISIONS

LINE »
838000
839000
860000
B6lo00
862000
863000
364000
8635000
B640ON0
867000
868000
869000
370000
871000
872000
873000
8740n0
875000
874000
871000
878000
879000
880000
881000
882000
883000

4,159,532

RTL/6000 FILE EDIT oB/s01/77 12.605 PAGE1
CICTIONARY SECTION DUCaw:

50

A CHANNELC MDNITOR {MON1) DEFINITION {CON'T,.)= \
\ \
A \
\ B1T 3 = SEEK ACTIVE BIT. IT |5 SET By THE SEEx
ROUTINE AND [5 USED By THE POLLING LQDP
IN ORDER TO DETERMINE wHEN TO SEND AN
INTERRUPY AT THE COMPLETION OF A SEEK. \
\ BIT 4 « INTERRUPT STOREDv IS5 SET WHEN AN INTERRUPT
CAN NOT BE SENT BECAUSE THE INTERFACE LDGIC
15 LOADED TD EXECUTE A READ OR WAITE OPER-
ATION , THE BIT 15 RESET WHEN THE INTERRUPT
15 SENT AFTER THE INTERFACE BECOMES MON BUSY \
\ 8IT 5 = RECALIBRATE QPERATION» [5 SET IN QRUER TO \
AY SELECT PLATTER ZERD TRACK ZERC AT THE \
\ COMPLETION OF A RECALIBRATE OPERAYION \
\ BIT & = UNUSED A
\ B8IT 7 = UNUSED \
SKIP HOF 3
ATL 0000 Tied cwat IYIY AR 1éebUS pAGE:
OICTIQNARY SECTION LUCew:
\ AOPS
AD AL A2 A3 SKIAs NMN SRIA Nuh
U U 0 O ACCUMULATOR  AACU = ACCUMULATOR AACY
U 0 0 1 5,P. MEMORY  ASPM = 5.P,MEMORY ASPH
U 0 1 O 5,P. ADDRESS ASPA = 5,P,AQRS{INDEXED}® ASPA
U 0 1 1 INDEX REGs AIDX = S.P.ADRS{INDEXED} ASPA]
U 1 0 O ADAP DATA REG AADO = ADAP DATA REGe AADD
O 1 0 1 AQAP DEV. ID AADL =~ ADAP DATA CNTR AAUL
U 1 1 0 ADAP STATS ] AADZ = ADAP COMMAND REG.  AADZ \
v D 1 1 1 ADAP STATS Il AAD3 = ADAP UNIT SELECT AADI
L 0 0 0 BUS ADRS OUT ABUSL = BU5S REGe [N Agusl
L U 0 1 BUS DATA QUTL ABUS2 = guUS DATA [N L Agus;
L 0 1 0 BUS DATA QUT2 ABUS3 - Bu5S DATA [N 2 AGUS S
1 0 1 1 BUS RNG OUT  ABUS4 =~ 8J5 ADDRESS [N AguUS4
L L 0 O ADAPYER RFU AAD4 = ADAPTER RFU RAD4
1 L D 1 ADAPYER RFU AADS = ADAP STSeFIFD CALR AADS
L L 1 O ADAPTER AFU  AAD6 = ADAP SEEK PULSE AALE
L L 1 1 ADAPTER RFU  AADT = ADAP DATA HYTE TKN AADT ©\
\ HOPS
80 Bl
G 0  ACCUMULATOR BACU
o 1 SeP. MEMORY B5PM
I D BUS STATUS B85T
11 USED TO DEFINE A CONSTANT FOR BOP \
v CYCLE EOR READ INPUT RNG
BYTE WRT WRT READ HEAD W/SINGLE  AQD
DEFINITIDN FLD1 FLDN FLD1 FLDN BYTE STORD EYC,
0 =~ CYCLE [} [} 0 1 i
1 = MEMORY REF. H 1 1 1 1 [}
2 = RESPONSE REQ. 1 1 0 ] [ 4
3 = 2MD HALF READ O [} ] ] [+] i
% ~ BYTE MODE X [} X 0 i 0
S = READ [+] [ 1 1 [ [4
6 = WRITE 1 1 0 0 [ 0
7 = RFU [ [} 4 o [ 0 \
3
RTL/6000 FILE EDIT 0y/01/77 12.605 PAGE:
000,00 DICTIONARY SECTION DOC.#:
\ 0 = MISCELLANEQUS
QGPERATION UPIRs BITS 00 = 15
0123 4567891011 1213 14 15 NMA
Np OPERATIOM 00000000006 0 0 0 0 O O NOF
CLEAR COMMAND 0001000000 0 6 0 0 O 0CLK
SET ERRGR FLOPS 0000100000 0 0O 0 0O O O SEF
ENABLE READ PATH 0000011000 0 0D 0 O O O ERF
ENABLE WRT PATH 000001100C 0 0 0 O O L EWF
OSBL HOWR DATA PAYHO 0 0 0001 000 0 0 0O O O 0 pHE
RFSET DIAGs MODE 0000000010 0 0 0 0 O 0 RS
SET DIAG. MODE 0000000110 0 0 0 0 O 05T
HALT 000000000 0 0 0 0 O ©HLY\N
\
000D0000GCO6 1L 0 0 0 O 0O
CLEAR FLOP « REGe O 00D 0000 0C O L O O O O CHF
RFSET DEV, ADAP 6000000000C 0 ©C 1 0 O ORpA
SET QLT (BLT}IDONE 0000000000 & 0 0 1 C 0Ll
SET BUb ACK 000000CO0O0ODC 0 0 0 O L 0O 5B
0000000000 0 6 0 0 O 1
INITIALIZE 0000000010 © I 1 0 O 0 INI AV

2V

21



MODEL: MPDC=REV3D
REVISIONE 000400

LINE # continved
884000 \ 1 = RESERVED \
885000
886000
887000 \ 2 = BUS LOGIC \
688000  \

889000 OPERATION UPIR» BITS OO = 15

890000 01 2 4 567891011 1213 14 15 Nup
891000

892000 INCeADDR CNTR 010 0 0 DO1OO D O 0O O O O IA
893000 RESET STATUS 010 6 6 BOOL1O0 D & 0 0 O ORST
894000 DECR, RNG CNTR. 0 10 © 0 0000L 0 0 G 0 0 OORC
895000 CvCLE 010 0 0 00005 L 0 0 0 0 0CYC
B96000  SgT CHNL ROY 010 0 0 000D0CO 0O L L 0 0 03CA
897000 RESET CHNL RDY 010 0 0 00000 0 L 0 0 U 0O RGN
898000 SET REG. BUSY 010 @ 0 0QCOO 0 0 0 1 O O 5Ra
899000 RFSET HEG A5Y 010 0 0 00CO0 0 0O 0 0 1 ORARA
900000 RST INTRPT LTCH 010 0 0 00000 O 0 0 0 & 1AL
901000 CLEAR BUS 910 0D 0 00010 00 © L 1l 0cCldn
902000

903000 SKIP HOF 1

MODEL: MPDC=REV3D RTL/6000 FILE EDIT

REVISIDNI 000.00 DICTIONARY SECTION

LINE #

304000 \
905000 \ 3 - ALY

906000

907000  OPERATION UPIRs BITS 00 = 15

908000 012 3 4 5 & T8 % 1011 1213 14 15 NN
909000

910000 AQP NOT 01 1Al AZA3BOBILCS D 0 0 O 1 A0 ANT
911000 poP NOT 011 ALAZAIBIBLCS O L 0 1 1 AO@nNT
912000 ZgRO 011 ALAZAIBOBLCS 0 O 1 1 1 AO ZER
913000 ApP 011 ALA2ZA3I @ BLCS L L 1 1 1 AOXFA
914000 BOP 0L 1AL A2AIBORLCS 1 0 | O 1 A0XFB
915000 NOR 01 1ALA2A3B0BLCS 0 O G L 1 AGNR
916000  NAND 01 1ALAZAIRBOBLCS 0 1 O O 1 ADNND
917000 EXx OR 01 1ALAZAIBOBICS O 1 1 0O | AD XOR
918000 €x MOR 01 LALAZAIBIBILCS 1 O 0 1 L A0 KNRY
919000

920000 AND 011 AL AZA3BOBLCS 1 O 1 1 1 A0 aND
921000 OR DL 1 ALAZAIBORLCS 1 1 L D 1 AOORR
922000 [NCR AQP 01 1AL, AZ A3 808l C5 0 0 0 0O 0 A0 [AC
923000 DFCR AQP 01 1A1A2A3IBORICS 1 1 1 | DO A0DEC
924000 AQP MIN BOP O 1 1 A1 A2 A3 80 BLCS O ) 1 0 0 ADSUB
925000 AP PLS BOP 0 1 1 AL A2 A3 B0 BLCS5 1 O 0 1 0 A0 ADD
926000 LFY SHIFT AQP 0 1 1 Al AZ A3 B0 BL C5 1 1 O O 0 AD LSH
927000 CARRY OUT [N O 1 1 AL AZ A3 BO 81 1 5 X X X X X AD COTL
928000 STR RSLT AQP O 1 1 AL A2 A3 BO Bl C 1 X X X X X AD SH]A
929000

930000

931000 SK1P HOF i

MODEL: MPDC-REY3ID RTL/6000 FILE EDIY

REYIS[ONE 000.00 DICTIONARY SECTION

LINE #

932000

933000 \ 4 =~ CONSTANT

934000

935000 OPERATION UPERe BITS 00 = 15

9356000 D12 3 &« 5678 % 1011 1213 14 15 Nen

937000

938000 LOAD CONSTANT LOO AN AZAICCCEC € 0 C 0 C CLCA

939000 AND CONSTANT L1O00ALAZAICCCC C 0 C 1 C CAC

940000 QR CONSTANT LODALAZAICCCC C L € 0 C COC™MY

941000

942000

943000 \ 5 = MEMORY

944000

948000 OPERATION UPIR» B1TS 00 = L5

945000 012 3 &« 5678910111213 L4 15 Nuh

947000

9648000 MFMORY WRITE 101 ALAZAI L1 OO0 O O O O O AQ MWt

949000 INCR 5P ADOR 101 0 0 00100 0 0 O 0 0 O IMA

950000 DFCR 5P ADOR 101 0 0 0O0O0O0C 0 O ) O O DDMA

951000 MEM WRT & INCR 1 O 1 AL A2 A3 1 1 00 0 0 0 0 0 AD #i4

982000 MEM WRT 5 DECR 1 0 1 Al A2 A3 1 003 0 0 1 O 0 AD wDA

983000 SET SP TST MODE 1 01 0 © 00010 D @ 0 0 O 0SPIQ

984000\

935000 101 0 0o 000G} 0 0 8 0 0 O

956000 Ln REQ'G CHAL 101 0 0 60000 L 0 0 0 O OLRC

957000 Lo IR W/AQP 10 1LALA24A3 0000 I L 0 @ 0 A0 LIK

938000 SFT MOU BAD PAR 1 01 0 0 00000 1 ¢ 0 1 O 0 M

959000 101 0D 0 00000 0 O C 0 L @ A

960200

261000 SK1P WOF '
MQDEL: MWDC=REV3. RTL/6000 FiLE EOIT
REVIS]ONT 000,00 DICTIGNARY SECTION
LINE #

962000

963000 v o6 = TEST

964000

965000 OPERATION UPIH+ B175 00 = 1S

956000 Glz 3 & S87891011 1213 1415 NmMa

gs70N0

968000 TEST FuR 2ERC 11 0ARLAZAYDOGOY T T T T T AQTF?

969000 TEST FUR ONE 1 1 CALA2 A3 0010 T T T T T A TFC

970000 RFTURN 110 0 0 0LOOC O 0 0 0 O 0ARINAN

971000

972000

973000 v TEST CONDITIONS

974000 —mmememmmameme.

375000

976000 MNEMONIC HEX DESCRIPTION

977000

97p00U TAHR 00 ADAPTER HARDWARE REQUEST

s1

4,159,532

ATL/6000 FILE EDIT
DICTIQNARY SECTION

52

04/01/77
DOCew:

UBs01s77
OUCew:

oB/01/77
DOCaw:

QasULIT?
DUCaw!

12,80% PAGE:

leo6U5 PAGE:

12.00% PAGE1

124.60% WPAGE:

il
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MODEL! MMDC=REV.

REVISINNT

LINE »
279000
FWOCH0
98100¢
982000
$83000
984000
985000
986000
987000
FgBON0
F89000
990000
991000
992000
993000
994000
995000
996000
937000
998000

. 399000
1o000n0
1001000
100z000
1003000
1004000
1005600
1006000
1007000
1008000
1009000
10i0000

000400
TBCA ol
TR>p 02
TEWZ o3
TEUF 2
Tcar 05
TREY 0%
TACK o7
v TAxO 08
TAK1 08
TAxX2 oA
TAX3 1)
TAX4 o
TAXS [o]e]
TAXb OF
TAX? OF
TOKZ i0
TRGZ 11
15835 12
TSAw 13
TADB 1o
v TNOR 15
TORH 186
TOCN 17
THSY 18
TUBR 19
TINT 14
TRAK iB
T8y T 1C
TPTY 1D
TNBR 1£
TFDOR 1F
SK1P HOF

MODEL: MPDC-REV3ID

REVISIONI

LINE #
1011000
1012000
1013000
1014000
1015000
1016000
1047000
1o180ne
1019000

MODEL 1 MM
REYIS[ON:

LINE #

1020000
1021000
1022000
Luz3goo
1024000
1025000
1028000
1027000
1028000
Lu29000
1030400
1031000
1032000
1033000
1034000
1035000
1034800
1037000
1038000
1039000
10400N0
10%10Nn5
1042000
1043000
L044000
Los9000
1066000
1067000
1068000
1049000
10300064
LO51000
1052000
1053000
1054000
1055000
1054000
1057000
1058000
1059000

000400 DICTIONARY SECTION
\ T = BRANCH
OPERATjON UPIR BITS 00 + 15
0133456789 10111213 1415 NuN
G0 T0 1111 AAAAAA A A A A A A GIO
LOAD RETURN 11 10AAAAAA A A A A A A LRA
SK1P HOF N
30
DC=REY3L RTL/B00C FILE EDJT
080.00 M1CROPRUGRAM SECTION
SEQUENCE! S3UPCS
M CRUPRUGRAM 3
$3UPCS i
s \ NOP FOR PROM SCAN RECIVERY \
NOP H
sSTART=BLY \START OF BASIC LOGIC YEST \
INY 3
s \CLEAR BUS \
LB 1
\ BLT BRANCH TEST EXERCISES THE FOLLIWING COMMANDS \
\ - TEST AND 5KIP \
A - GO TO COMMAND \
$BLI=NEXTOL  \SKIP IF CARRY OUT 15 1 \
TFO TCOT i
s \5K 1P IF CARRY OUT IS © \
TFZ 1cov 3
sBLT=HALTOL  HLT \HALT [F TEST FAILS A3
H \GO YO START OF TESTY \
GTO ($BLT=NEXTOZ2) 1
s HLT \HALT 1f GO TO FAILS Vi
) HLY \HALT [F GO TO ONLY NOPS 1%}
v END OF HRANCH TEST z
SK P HOF 3

MODELT MPDC-REY2L

REV{5I0N!

LINE ¢

1060000
igs61000
1062000
1063000
1064000
1085000
1046000
1057000
1068000
1069000
1070000
1071000
1072000
1073600
1075000
L0T5000
1076000

00C.00

4,159,532

RTL/O0O0 Fiok EDLY
DICTIONAKY SECTION

53

BUS CYCLE ACTIVE

BUS REQUEST REQUIRED

ALU DUTPUT EQUALS 00

ALU OUTPUT EQUALS FF

ALU CARRY QuT

CHANNEL REQUEST

BUS ACK RESPONSE \
AOP MULTIPLEXOR. BIV
AQP MULTIPLEXOR BIT
AOP MULT]IPLEXORs BIT
AOP MULTIPLEXORy 817
AGP MULTIPLEXORs 817
AQP MULTIPLEXDR« 80T
ADP MULTIPLEXORs BIT
ADP MULTIPLEXORs BIT
QFFSET RANGE Z2ERO
RANGE 2ERO

SINGLE BYTE STORED
S« Ps ADDRESS WRAPAROUND

ADARTER BUSY \
NON~DATA SERVICE REGQUEST

OFFSET RANGE HISTORY

MYDCNN+ 00

BUS DATA REGISTER BUSY

UNSOLICITED BUS REQUEST

RESUME INTERRUPT

NAK RESPONSE

BYTE MUDE

BUS PARITY CHECK

NO BUFFER REQUEST

FIRMWARE DATA SERVICE REQUEST A

Y

RTL/6000 FILE EDIT

RTL/6000 FILE EDIT
#1CROPROGRAN SECTION

SEQUENCE: $SUPCS

v BLT STATUS TEST ASSURES THAT CERTAIN STATUS FLOPS ARE A%

\NOT STUCK AT OKE OR STUCK AT ZEROs A
SRk F=NEXTO2 TFO TeQZ \SKIP IF EQZ SETY A% ]
3 TFZ TEQF \SK1P IF EOQF RESET N
$ HLT \HALT= EQZ OR EQF FAILURE A
1 TFO T¢OT \S5K]P IF CARRY QUT SET A
s TFZ TALK \SKIP IF ACK RESET A%
% HLT \HALT= CARRY OuUT OR ACK FAIL M

AULRESS
{HEX)

000

uol

ogz

003
004
005
[ 1)

oot

ooB

AUDRESS

IHEX]

009
00A
ooe
0oC
wop

Q0E

54

uva/suist!
LUCs e

L¢abuS  PAGE: i

us/0LsT?
DOCes:

12.6U% PAGE: 25

UgrULsTT
bUCen:
IMAGE
{HEX)

12.6U5 PAGE: 26

aovy

CU9s

40Bb

COB8A

COeA

0040

F009

0040

0040

08/01/77
DUC»:
IMAGE
{HEX]

L2.60% PAGE: _1

Ccode
(e
0040
CO8A
CO4E

0040
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MODEL { MPDC-REYIC
REVISION! 000.00

LINE »
107t000 s TFZ TNAK
1078000
1079000 5 KLT
Loso0o0
1081000
1082000 Sk1P HOF
MODEL; MFDC=REVID
REV]S{NN! 000,00
LINE ¢
1083000
loBgegne SEF
1085000
1086000 ¢ TFz TEGZ
Losr000
Logsgno ¢ TFQO TEQF
Lug9000
Lagogoo g HLTY
La9i000
1092000 5 TFZ 1¢DnT
1093800
1094000 TFO TACK
1095000
1094000 g HLT
1Q9710nQ
1098000 g TFZ TNAK
1099000
1100000 g TFO TB5Y
1101000
1102000 g HLT
1103000
104000 ¢ CRF
1105000
1106000 § s
L107000
L108000 \ END OF STATUS TEST
1109000

1110000 Sk 1P HOF

MODEL} MPDC-REV3ID
REVISION! 000400

LINE o

illip0o
1112000
1113000
1114000
1113000
L1ll6000
1117000
1118000
l11%000
1120000
1121000
1122000
1123000
1124000
1125000
1126000
11270090
l12a0n0
1129000
1130000
1131000
1132000
1133000
1134000
1135000
L13s000
1137000
1138000
1139000
l1le00n0
lis10n0
1142000
1143000
1145000
1145000
1145000

4,159,532

RTL/6000 FILE €DT
MICROPROGRAM SECTION

SEQUENCE: $SUPCS
-continued

ASK]P IF NAK RESET

\HALT« NAK FAILURE

\3

AL

RTL/0000 FILE EDIT

MICHCOPHGGRAM SECTION

SEQUENCE: $SUPCS

NSET STATUS FLOPS

VSKIR IF EUZ RESET

\SK[P [F EQF SET

\HALT= EQZ OR EQF FAJLURE

\SKIP IF CARRY OUT KESET

\SKIP IF ACK SET

\HALT- CARRY QUT OR ACK FA[L

\SK{P IF NAK RESET

\SKIP IF RBUSY SET

\HALTe NAK OR BUSY FA[LURE

% CLEAR ALL STATUS FLOPS

\CLEAR BUS

A%
AN

AR

A%
Ny
N
Ay}
v
A%

A%

RTL/6000 FILE EDIT

MICROPRUGRAM SECTION

SEQUENCE: $SUPCS

\BLT ALU TEST PERFORMS BASIC OPERATIONS ON THE ACUMULATOR
ATQ TEST THE ALU MODE BITS FOR STUCK AT ONE OR STUCK AT

\ZERO CONDITIOMNS.

saLT=NEXTO3 SRB

XFA AACL
TFO TEQZ
HLT
ANT AACU
TFC TEGF
HLT
[HC AACU
TFZ TEQZ
TFO TCOT
HLT
AACL DEC
TFC TEQF
HLY

\END OF ALU TEST

1147000 SK [P HOF

MODEL; MMDC-REV3(
000.00

REVISINNI

LINE #

li4a000
L14900p
1150000
1151000
1152000
1153000
1154000
1155000
1156000
1157000
L158000
L159an0
1180000
Lisloop
1162000
1163000
1164000
1165000
1188000
1167000
1l1s6p0n0
1169000
1170000
1171000

BACU

BACU

BACUY

BACU

VINHIBIT CLEAR To 8iR

N MOsM3s CE STUCK AT 0§

ASKIP [F AgU=0D

\ALU MODE FAILURE

\ MOsM3 STUCK AT ONE

ASKIP IF ACU NEU FF

“ALU MODE FAJLURE

N MOWM3NCESC| STUCK AT 0

\SCIP [F ACU NEQ U0

\SKIP [F CARRY

VALU MODE FATLURE

\MQMAC] STUCK AT O

ASK]P [F ACU NEW FF

\ALJ MODE FAILUKE

RTL /6000 F it

MICROPROGRAM SECTIUN

SEQUENCE: $$UPCS

V BLE REGISTER TEST USES A SHIFTEL ONES PATTERN TU TEGLT
INTERFACE
STORAGE AND SELECTION CAPABILITy.

\THE ACUMULATORs BUS
\ADDHESS COUNTER FOR

REGISTER,

$ALT-REXTO& \SET SPA TO ZERC

LCN ASPA CNST (DO#
] \LOAD STARTING DATA PATTERN

LCN AACU CNST {0lw)
SRLT=REGTST

XFB ABUS4 BACU SRIA
3 XFB ABUS%® BACU SKIA
5 XFB ABUS4 BACU SKIA
1 XFH ABUS4 BACU SAIA
3 XFB ABUSG BACU SRIA
Y XFB ARUSe BACU SRIA

AND SCRATCH Rap

N ACU

\SFT BUS REG 7 TIMES TO LDAD DATA PETTERN

s

A%
A%
AR}

A

EDLT

5

AVURESS
(HEX)

0QF

uio

AUDRESS
LHEX)

gl
vie
013
Gle
[13%-]
Gls
oL?
Cls
ule
O1A
o0ly

olC

ADPDRESS
(HEX)

010
ClE
0LF

azo

022
023
Qe
025
n2e
w27
02H
u2y

oA

ALURESS
{HEX)

U2y

56

0B/0L/T7 12.6U5 PAGE; 27
OUCaw:

IMAGE

(HEX]

Cove

0040

Ub/buis17 ldebUd  PAGE: 1
LUCe#:

IMAGE

{HEX)

PRI

(42T

COuy

Q040

CUsA

CosL

GOs0

CoTe

cugu

0040

GelLu

“0pe

Oss0LsT? 12.6U3  PAGE: 29
DUCaw:

I[MAGE

(HEX)

400%
603L
Coge
Q040
6002
CCas
0040
6000
CO%e
cO8a
GosU
603C
(€L T]

Queq

Ugeulstt Ldabub  bagh: 3u
LUCew;

IMAGE

{HEX}

EETY
4001
albp

6ot
sCoby
b6
a6l

tl6n
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MODEL: MPDC-HEVID RYL /6000 FILE EDIT
REVISIONI 000,00 MICAOPHOGRAM SECT1ON
ALDRESS
LINE « SEQUENCE: $SUPCS (HE X
-continued
1172000
1173000 s XFB ABUS4 BACU SRIA ' 033
1174000
LiT%000 3 \KFER SPA THRU ALU TO VALIDATE EQZ \ 034
1176000 XFA ASPA SRIA 3
1177000
1178000 s ASK]P 1F EQZ FLOP SET ON PREVIOUS TRANSFER \ 038
L179000 TFO TEQ2 i
1180000
1181000 s \HALT= SPA FAILURE A 03s
1182000 HLT t
1183000
1184000 3 AMOVE ACU TD SPA \ 037
1185000 XFB ASPA BACU SRIA t
1186000
1187000 3 \ND OP FOR TIMING \ 038
1188000 NOP ]
1189000
1190000 Sk1P WOF 1
MODEL | MMDCREV3D RTL/6000 FILE £DIT
REVISION! 500,00 MICROPROGRAM SECTION
ADDRESS
LINE # SEJUENCE: SSUPCS (HEX})
1191000 3 \CLEAR AU \ 039
1192000 ASPA XOR BACU :
1193000
1194000 § AXFER ACU THRU ALU TO ACU TD VALIDATE EOZ \ 03A
1193000 XFB BACYU 1
1196000
1197000 5 ASKIP TF EQZ FLOP SET QN PREVIOUS TRANSFER A 03p
1198000 TFO TEQZ i
1199000
1200000 g \HALT= ACU FAILURE \ 03¢
1201000 HLT 3
1202000
1203000 \MOVE SPA TD ACU \ 03D
1204000 ASPA XFA BACU t
1205000
1208000 ASET 5PA EQUAL TO FF \ O3E
1207000 XNR ASPA BACU SRIA
1208000
1209000 3 \ND OP FOR TIMING A 03F
1210000 NOP 3
1211000
1212000 s \XFER SPA THAU ALU TO SPA TD VALIDATE EOF \ 040
1213000 XFA ASPA BACU SRIA 1
1214000
1215000 s ASKIP [F SPA EQUAL FF \ 041
1218000 TFO TEQF 3
1217000
1218000 s \HALT= SPA FA[LURE \ 042
1219000 HLT . :
1220000
1221000 3 ASET SPA EQUAL TO DATA PATTERN \ [T}
1222000 XFB ASPA BACU SRIA [
Lz23000
iz24000 g \ND OP FOR TIKING \ LT
1225000 NOP 1
1226000
1221000 § \SET ACU EQUAL TGO FF \ 045
1228000 ASPA XNR BACU 3
1229000
1230000 5 \XFER ACU THRU ALY TO ALy TO VALIDATE EWF \ use
1231000 XFB BACU ]
1232000
1233000 ¢ ASK[P [F ACU EQUAL FF \ 047
1234000 TFO TEQF 3
1235000
1236000 5k 1P HOF 3
MODEL; MMDC=REv3i RTL/6000 FILE EDIT
REVISIONt 000,00 MICROPRUGHAM SECTION
AUURESS
LINE & SEQUENCE: SSUPCH THEX}
12370n0
1238000 \RALT= ACU FAJLURE \ Usg
1239000 HLT 3
1240000
1241000 ¢ \SET ACU EQUAL TO DATA PATTERN \ us9
1242000 ASPA XFA BACU 3
1243000
12644000 \SET SPA TO 00 \ 044
1245000 XOR ASPA BACU SRIA b
1266000
1247000 ¢ \COMPARE ACU WITH STORED DATA PATTERN \ © 04B
1248000 ABUS4 XDR BACU SRIA 1
1249000
L250000 5 ASKIP IF DATA IS THE SAME \ 06C
L251000 TFO TEQZ 3
1232000
1253000 \HALT= BUS REG FA[LURE \ 04D
L2540n0 HLT 3
1235000
1238000 g ASHIFY ACU TO NEXT DATA PATTERN \ 04E
1257000 LSH AACU BACUY '
1258000
1259000 g ASKIP IF DATA PATTERN 15 NOW ZERO \ 04F
1260000 TFO TEQZ 1
1261000
1262000 g GYO ($SBLT~REGTST) 3 050
12630600
1264000 4 ASKIP 1F TEST IS REALLY OVER \ 051
1265000 TFO TAXD ABUSS '
L266000
Lz67000 3 \HALT= BUS REG FA[LURE \ 082
1268000 HLY '
1269000
1270000 N END OF REGISTER TEST \
1271000

1272000 Sk1P MOF 3
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Ve /0lsT? 1dabus  PAGE: a0
UUCen:

[MAGE

(HEX}

4CoH

687E
coge
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(3]
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DOCow:

1IMAGE
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6024
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0040
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0040
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MODEL: MPDC-REV3D
REVISION! 000,00

LINE 4
1273000
1274000
1275000
1276000
12771000
1278000
1279000
1280000
1281000
1282000
1283000
1284000
1283000
1286000
1287000
1288000
1289000
1290000
1291000
1292000
1293000
1294000
1295000
1296000
1297000
1298000
1299000
1300000
1301000
1302000
1303000
1304000
1305000
1306000
130T0NC
1308000
1309000
1310000
1311000
1312000

MODELt MMDC~REV3L

REVISION?

LINE #

1313000
1314000
1315000
1316000
1317000
1318000
1319000
1320000
1321000
1322000
1323000
1324000
1325000
1326000
1327000
1328000
1329000
1330000
1331000
1332000
1333000
1334000
1335000
1336000
1337000
1338000
1339000
1340000
1341000
1362000
1343000
1344000
1343000
1346000
1347000
1342000
1343000
13%0000
1351000
1352000
1353000
1354000
1333000
1356000
1357000
1353000
1359000
1360000
1381000
1362000

MODEL} MPDC-REV3D
REVISIONS 000,00

LINE ¢
1363000
13464000
1385000
1368000
1367000
1368000
1389000
1370000
1371000
1372000
1373000
1374000
1375000

59

4,159,532

RTL /6000 FILE EDIT

: MICROPROGRAM SECTION

" ADORESS

SEQUENCE: $SUPCH (HEX)
\ THE FOLLOWING TEST [S USED YO VERIFY THE AB[LITY TO A
\LDAD A RETURN ADDRESS AS WELL AS PROPERLY RETURNe \
saL T=NEXTOS \LOAD STARTING CQUNT \ 032
LCN AACU CNST (O7#) [}
s \5ET RETURN ADDRESS N 054
LRA (SBLT=LRAQOS) ]
s \SEY RETURN ADDRESS \ [LH
LRA {SBLT=LRADO4) '
s \S5ET RETURN ADDRESS \ 0s6
LRA ($BLT=LRAO03} $
s \SET RETURN ADDRESS \ 087
LRA (SBLT-LRAGO2) 3
saLT~LRAOOL  \RETUAN V1A RETURN STACC \ 058
RTM ]
s \MALT IF RETURN FAILS \ 059
HLY
s \HALT IF RETURN ONLY NOPS \ 05A
LT t
salT=LRADOS  \DECREMENT ACY \ 058
DEC AACU 5RIA 3
s \SKIP IF ACU = 0 A [L14
TFO TEDZ 3
s \HALT IF REY. REGe ADD FAILURE \ 05D
HLT [}
\ END OF RETURN REGISTER TEST. \
SKIP HOF 3
RTL /6000 FILE EDIT
00000 MICROPRUGRAN SECTION
AUDAESS
SEQUENCE; SSUPCS (HEX}
\ THE FOLLOWING TEST IS5 USED TQ VERIFY THE PROPER \
\OPERATIQN OF THE DFFSET RANGE COUNTERs RANGE COUNTER )
\AND ADDRESS COUNTERe THIS TEST AL50 CHECKS FOR \
\PROPER RESETTING OF THE OFFSET RANGE FLOP AND THE \
\CORRECT UPERATION OF THE BYTE FLOP o \
$ALT=NEXTO6  \HEX FF TO ACU \ 0SE
LCN AACU CNST (FF#) 3
s \LOAD OFF RANGE LOW \ O5F
XFB ABUS4 BACU SRIA 3
S \LOAD OFF RANGE Wl \ 060
XFB ABUS4 BACL SR1A 3 .
s \LOAG RANGE LOW A 061
XF@ ABUS4 BACU SRIA )
s \LDAD RANGE HI \ 062
%FB ABUS% BACU SRIA 1
s \rEX FD 1O ACY \ 063
LCN AACU CNST (FD#) ]
s \LOAD ADDRESS LDW \ 064
XFB ABUS4 BACU SAJIA s
s \HEX FF TQ ACU \ 045
LCN AACU CNST (FF#) 1
H \LOAD ADDRESS MID A 086
XFB ABUS4 BACU SR1A i
s \LOAD ADDRESS Hl \ o7
XFB ABUS® BACU SRIA 1
s \SET OFFSET RNG CONST AND BYTE MODE \ 068
LCN AACU CNST (089} '
s \LOAD CYCLE ON BUS INTERFACE \ 069
3
s \HEX FD TQ SPA \ 06A
LCN ASPA CNST (FD#) ¢
s \HEX FF TD ACY \ 06B
LCN CNST (FF#) 1
SK 1P HOF i
RTL/6000 FILE EDIT
M1CROPROGRAM SECTION
AUDRESS
SEQUENCE: $SUPCS (HEX)
$BLT=RANGO]  \DECREMENT QFFSET RANGE N (134
DR 1
s \DECREMENT FIRMWARE COUNT \ 060
OEC ASPA SRIA ¢
s \PROPAGATE CARRY \ Q6E
DEC AACU SR1A (DTI 1
s \SK[P IF FIRMWARE COUNT ZERQ \ O&F

TFz TCOT

60

ou/01/77
OUC. o2
IMAGE
{HEX)

124605 PAGES »

8008
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€200

0040

0040
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coee

0040

ous0L/s?7
LUCs o2
IMAGE
(HEX}
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4040
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4,159,532
61 62

MODEL{ MPDC~REV3D RTL/6000 FILE EDIT 08/01777 12,605 PAGE: 235
REVISIONI 000,00 MICROPRUGRAM SECTION DUCa#:
AUDRESS  IMAGE
LINE # SEQUENCE: $SUPCS (HEX) (HEX)
-continued
1376000 3 GTD {SBLT=RANGOL) 1 010 FO6L
1377000
1378000 3 \SK1P 1F QFFSET RANGE NON-2ERQ \ 071 (080
1379000 TFZ TORZ '
1380000
1381000 3 \HALT=DFF RANGE COUNT [NCORRECT \ 07z 0040
1382000 HLY ¢
1363000
1384000 § \DECREMENT OFFSET RANGE \ 073 4040
1383000 ORC s
1386000
1387000 § \SK1P IF OFFSET RANGE ZERD \ 074  COAO
1388000 TFO TORZ 3
1389000
13%0000 § \HALT « OFF RANGE COUNT INCORRECT \ 0TS 0040
1391000 HLT 3
1392000
1393000 5K1P HOF i
MODEL$ MPDC~REVID RTL/6000 FILE EDIY [(TPLIVARS l2.0U5 PAGE: 36
REVISIONT 00000 MICROPRUGRAM SECTION VUCem:
ADURESS  [MAGE
LINE # SEQUENCE: $3UPCS (HEX)  (HEX)
1394000
1395000 s \HEX FF TO ACU N u?e  83tB
1396000 LCN AACU CNST (FFO) f
1397000
1398000 § \HEX FD TO SPA \ 077 8BEY
1399000 LCN ASPA CNST (FD#)
1400000
1401000 splF=RANGD2  \DECREMENT RANGE \ 078 4040
1402000 DRC 3
1403000
1404000 3 \DECREMENT FIRMWARE COUNY N 0T19  eB7C
1403000 DEC ASPA SRIA 3
1406000
1407000 § \PROPAGATE CARRY N 0TA  &OFC
1408000 DEC AACU SRIA COV! 1
1409000 .
1410000 3 \SKIP IF RANGE NON-ZERC \ 078 (062
16411000 TFZ IRGZ 3
1612000 .
1413000 § \HALT « RANGE COUNT INCIRRECT \ Q7C 0040
1414000 HLY 3
1415000
1416000 § \SKIP TF FIRMWARE COUNT 2ERD \ Q1D (O%A
1417000 TFZ TcoT B
1418000
1419000 s Y0 ($BLT=RANGO2) 1 OTE FO7m
1420000
1421000 \DECREMENT RANGE \ OTF 4040
1422000 DRC '
1423000
14264000 3 \NO QP FOR TIMING \ 080 0000
1425000 NOP 3
1426000
1427000 s \SKIP IF RANGE ZERQ \ 081 COA2
1426000 TFO TRGZ s
1429000
1430000 3 \MALT = AANGE COUNT INCORRECT \ 082 0040
1431000 HLY 3
1432000
1433000 SK1P HOF 3
MODEL! MMOCREV3ID RTL/6000 FILE EDIT 08701477 12,605 PAGE: a7
RKEVISION! 000400 MECROPROGRAM SECTION OLCewt
ADDRESS  IMAGE
CINE @ SEDUENCE: $2U7CS (HEX)  (HEX)
1434000
1435000 3 \INCREMENT ADDRESS COUNTER \ 0p3 4100
1435000 1AC 3
1437000
1438000 s \ NDOP FOR TIMING \ og4 0090
1439000 NOP I
L4#0000
L441000 3 \SKIP IF BYTE MODE RESET A 085 COT8
1442000 TFZ TaYT t
1443000
1444000 \HALT = 8YTE MODE NOT wWIRKING \ 086 0040
1445000 HT 1
1445000
1447000 3 \INCREMENT ADDRESS COUNTER \ 087 4100
1648000 1AC 3
1445000
ia30000 ¢ \ NO OP FOR TIMING \ 088 0000
1451000 NoP '
1452000
1453000 3 \SHIFT ADDRESS \ 089  oC3F
1454000 XFA ABUS4 BACU 3
1453000
1456000 3 \SHIFT ADDRESS \ 0BA  6C3F
1457000 XFA ABUSH BACU 1
1458000
1435000 § \SH]FT ADDRESS \ 08B 6L3F
1460000 XFA ABUS4 BACU b
1461000
1462000 3 \SKIFT ADDRESS \ 08C  6C3F
L463000 ) XFA ABUSS BACU H
1#64000
1465000 5 \LOw ADDRESS BYTE TO ACY \ 08D 6CHF
1466000 XFA ABUS& BACU 3
1467000
1468000 s \DR MID ADDR BYTE WITH ACU \ 08E  6C3n
1469000 ORR ABUS% BACU 1
1470000
1471000 3 \DR HI ADDR BYTE wiTH AU \ 08F 6C3p
1472000 ORR ABUS4 BACU '
LeT3000
1474000 3 \SKIP IF ACU ELUAL TO 00 N 090 (0BG
1473000 TED TEQZ i
1476000
1477000 § \HALT ADDRESS COUNTER N3T WORKING \ 091 00el
1478000 HLT 3
1479000

1480000 \END OF RUS [NTERFACE REZ|ISTER TEST \



4,159,532

RTL/6000 FILE €D]T
MICROPRUGRAM StCTION

63

MODEL 1 MPOC=REVID
REVISIONI 000400

AUDRESS
LINE # SEQUENCE:! SSUPCS (HEX)
1483000
1484000 \THE FOLLOWING TEST VERIFIES THE OPERATION OF THE N
1485000 \INDEX REGISTER, \
1486000
1587000  sgLT=NEXTOT  \HEX OC T3 SPA \ 092
1488000 LCN ASPA CNST {00#) 1
1489000
1490000 \MEX 00 YD Acu \ 093
1491000 LCN AACU CNST {0O#) i
1492000
1493000 sggLT=INDEX \SET INDEX REG FOR LCM \ 094
1494000 LIR AACU 1
1495000 .
1496000 \COMPARE ACU W]TH INDEX REGISTER \ 095
1497000 XDR ATOX BACU SRIA 1
1498000
1499000 3 ASKIP 1F ACU EQUALS INDEXED SPA \ 098
1500000 TFO TEQZ '
1501000
1502000 s \HALT - [NDEX REGe BITS STUCK \ 097
1503000 W T N
1304000
1505000 § VINCREMENT ACU A 098
1506000 INC $
1507000
1508000 \SKIP TF ALL CHANNELS CHECKED \ 099
1509000 TFO TAXS AACU 3
1510000
1511000 s \GD TO CHECK NEXT CHANNEL \ 094
1512000 6TO ($BLT~1NDEX) )
1513000
1514000 SK]P WOF i
MODEL| MPDC-REV3D RTL/6000 FILE EDIT
REVISION! 000 20 MICROPROGRAM SECTION
AUDRESS
LINE o SEQUENCE: SSUPCS (HEX)
1515000 \THE FOLLOWING PORTION OF THE INDEX REGISTER TEST CHMECKS
1506000  THE ABILITY TO CORRECTLY ADDRESS [NDEXED SPM. \
1517000
1518000 s \CLEAR ACU \ 0%
1519000 CRF [}
1520000
1521000 s \CLEAR SPA A 09¢C
1522000 LCN ASPA CNST (00#) [}
1523000
1524000 § \LOAD INDEX REGISTER 5 oD
1525000 LIR 1
1526000
1527000 \SET SPA FOR INDEXED MODE A 09E
1528000 LCN ASPAL CNST (O0#) i
1529000
1530000 spLT=10X1 \WRITE MEMORY FROM [NDEX REGISTER A 09F
1531000 MWT AIDX '
1532000
1533000 s \INCREMENT [NDEX REG]STER \ 0AD
1534000 INC ALDX ¢
1535000
1536000 3 \LDAD INDEX REGISTER \ 0Al
1537000 LIR t
1338000
1939000 3 ASKIP IF ALL CHANNELS DONE \ 0A2
1340000 TFO TAXS '
1541000
1542000 670 (SeLT~IDXL) { VA3
1543000
1344000 s@aLT-[0X2 \COMPARE JNDEX REG WITH SPM \ OA4
1594%000 XOR AIDX BSPM '
1346000
1547000 s \SKIP 1F EQUAL \ 0AS
1548000 TFO TEQZ 3
1543000
1530000 3 \INDEX REG OR SPM FAILURE \ GAS
1551000 HLY i
1552000
1593000 3 \DECREMENT [NOEX REG \ 0A7
1354000 DEC A1DX i
1355000
1356000 3 \LOAD INDEX REG \ uag
1357000 LIR 3
1556000
1559000 s \SKIP IF ALL CHANNELS CHECKED A VA9
1560000 TFO TAXS [
1581000
1562000 s GTO {$BLT~1DX2) ' AA
1583000
1564000 \END O [NDEX REGISTER TEST, \
1565000 SkIP HOF l
MODEL: MPDC-REV3D RTL/6U00 FILE EOLT
REVISION: 000.00 MICROPRUGRAM SECTION
AUDRESS
LINE ¢ SEQUENCE: $SUPCS {HEX)
1566000 \ BLT SCRATCH PAD ROW TEST USES ALL ONES DATA PATTERN Tp A
1567000 \CHECK SCRATCH PAD MEMORY FDR ADJACENT ROw INTERFERENCE, A
1568000
1569000
1570000 $gLT=NEXTOB  \LOAD RETURN ADDRESS \ 0Ap
1371000 LRA (SBLT-SPMHOW) i
1572000
1573000 \GO TO CLEAR SCRATCH PAD \ VAC
1374000 GTO (SCLEARSPMOO} 1
19375000
1376000  $pLT~SPMROW  \CLEAR ACU \ 0Ap
1577000 CRF 1
1978000
1579000 3 \CLEAR SPA \ OAE
1580000 LCN ASBA CNST (00#) 3
1381000
1382000 3 \SET 5. P. TEST MODE \ LOAF
1583000 set 3
1384000
1585000 o \SET RETURN REGs FOR TEST DONE \ 080
1986000 LRA ($BLT~SPDONE) 3
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MODEL1 MPDC=REV3D RTL/8000 FILE EDIT Us/uLsTT L2.6U% PAGE: 4D
REV]ISION! 000,00 MICROPROGHAM SECTION UVOCea:
ADDRESS  [MAGE
LINE » SEQUENCE: $SUPCH (HEX)  (HEX)
-continued
1587000
1588000 3 \SET RETURN REGs FOR TESTING 256 LOCATJONS \ 0Bl  EO0pé
1589000 LRA (SBLT-ROWNWRT) 1
1590000
1591000 3 \SET RETURN REGe FOR TESTING 256 LOCAT[ONS \ 082 EDB4
1592000 LRA (SBLT-ROWWRT) 1
1593000
1594000 3 \SEY RETURN REGe FOR TESTING 256 LOCAT[ONS \ 083 EOB4
1595000 LRA (SBLT=ROWWRT) 1
1594000
1597000 $pLT-ROWWRT  \LOAD ACU WETH ALL DNES \ 084 B83EH
1598000 LCN AACU  CNST(FF#) [}
1599000
1600000 3 \STORE ALL ONES A 0B5  A200
1601000 MWT AACU ¢
1602000
1603000 3 \COPY SCRATCH PAD ADDRESS \ 086 6682E
1604000 ASPA XFA BACU i
1605000
18606000 Sk1P HOF s
MODEL§ MPDC.REVID RTL /6000 FILE EDIT 08/04/s17 12,605 PAGE: 41
REVISION! 000400 MICROPROGRAM SECTEON QUC,#:
AUDRESS [MAGE
LINE # SEQUENCE: SSUPCS {HEX) {HEX)
1807000
1600000 $pLT=-RUWADD  \IMCREMENT ADDRESS \ 087 Alog
1609000 IMA [
1610000
1611000 3 \ XFER 5.P CONTENTS THRU ALU TO VALIDATE EQz 0BE 6124
1612000 XFB B8SEM 3
1613000
1614000 s ASK1P IF SCRATCH PAD NOT ALL ZERO A\ 089  CO%e6
1815000 TFZ TEQZ 3
1616000
1617000 5 \GO TEST NEXT ADORESS \ OBA  FOB7
1818000 GTO (SBLT=-ROWADD) :
1619000
1820000 ASKIP TF SCRATCH PAD 15 ALL ONES A oas cose
1621000 TFO TEDF '
1622000
1623000 s HLT  \HALT= SPM FAILURE A 08C 0040
1624000
1625000 3 \CHECK IF RIGHT ADDRESS \ 08D 6dlA
1626000 ASPA XOR BACU 1
1627000
1628000 3 \SK1P I1F RIGHT ADDRESS \ OBE (086
1629000 TFD TEQZ 1
1630000
1631000 § HLT  \HALT= 5PN FAILURE v OBF 0040
1632000
1633000 s \REPLACE ALL ONES WITH ALL ZERDS \ 0CO0  A3U0
1634000 Wik AACU s
1833000
1836000 g A\ ND OP FOR TIMING \ oCi 0000
1637000 NOP ]
1838000
1639000 3 NCHECK FOR 256 BOUNDARY \ 0C2 a7t
1840000 XFA ASPA SRIA 1
1641000
1642000 \SK]P 1F ADDRESS 15 ZERD \ 0C3  Code
1643000 TFO TEGZ 3
1644000
1645000 ¢ \GD TO TEST NEXT ROW A\ 0Cs  FOde
1646000 GTD ($8LT=ROWNWRT) 3
1647000
1648000 g \256 BOUNDARY COMPLETE \ 0C5 200
1649000 RYN 4
1650000
1651000  $aLT-SPDONE  \RESET 5, P, TEST MOOE \ oce  00l1v
1852000 CRF '
1653000
1694000 A\END OF SCRATCH PAD MEMORY ROW CHECK \
16550110 5K [P HOF 3
MODELT MPDCeREVIL RTL/6U00 FILk EDIT CB/UIITT 124605 PAGE! 42
REVISINNG 000,00 MICROPRUGRAM SECT]ON LUCew:
ADURESS  IMAGE
LINE o SEQUENCE: $3UPCS (HEX)  (HEX)
1656000 \THE FOLLOWING ROUTINE 1S USED YO TEST THE SCRATCH z
1657000 \PAD ADDRESS REGISTER AND MEMORY, THE TEST wRITES A
1658000 \LOC 00=0U#s LOC OLl=0L#s LOC D2z024s LIC 03=03ss ETC \
1659000 VTHEN EACH LOC IS VERIFIED FOR THE PROPEK CONTENTS. \
1660000 \NDTE= FURTHER TESTS USE SPM BASED IN THESE CONTENTS, \
L661000
1662000  $pLT-NEXTOS  \CLEAR ACU \ 0c? 00lo
1663000 CRF 3
Lb64000
Lessgon g \CLEAR 5PA \ OCE  B8OU
Less0ng LCN ASPA CNST (00#) i
1667000
1668000 3 \SET 5. P, TEST MODE A\ 0C9  A0BO
1565000 SPY 3
1870000 .
1871000  3pLT=SPKHI0L  \WRITE 5PM FROM SPA \ OCA  AAOU
le72000 MWT ASPA 3
ls730n0
1674000 g \COMPARE ACU TO SPM \ 0CB  &11A
1675000 XOR AACY B5PM 3
1676000
1677000 § \ 5K1P JF VALID COMPAR]SON \ LIS I T
1673000 TFO TEa? ]
1679000
1680000 \MALY = SPA OR SPM ERROR \ 0CD 0040
1681000 MUY ¢
1682000
1683000 ¢ \INCREMENY 5PA \ OCE Alvo
1684000 1MA s
1685000
1686000 ¢ \INCREMEMT ACU \ OCF 6040
1687000 INC AACU SHIA '
1683000
1639000 g ASKIP TF LAST ADDRESS CHECKED A 0D0  CUAL
1690000 TFO TSAwW 3
191000
1892000 5 GTO (SBLT=5PMIO1) 3 o0l FOCA
1693000

1694000 Sk P WOF
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MODEL]1 MPDC-REV3D RTL/6000 FILE EDIY
REVISIONT 0Q0.00 »]CRCPROGRAM SECTION
ADORESS
LINE # SEQUENCE: SSUPCS (HEX)
1693000 \ THE FOLLOWING TEST 1S USED TQ TEST THE SPA REG. {7
1696000 STARTS WITH THE SPA x 00# AND OECREMENTS UNTIL ALL
1697000 ZERQS ARE REACMED. \
1698000
1699000 ¢gLT=5PMDOL  \DECREMENT SPA \ 002
1700000 OMA 1
1701000
1702000 s \DECREMENT ACU \ oc3
1703000 DEC 3
1704000
1705000 ¢ \COMPARE ACYU TO SPM \ opé
1704000 XDR AACU BSPM ]
1707000
1708000 s \SKIP IF VALID COMPARISON \ ops
1709000 TFO TEQZ i
1710000
1Ti1a00 s \HALY « 5PA OR SPM ERROR \ ape
1712000 HLT '
1733000
1714000 s \SK1P JF LAST ADORESS CWECKED \ op?
1715000 TFO 1AW ¥
1716000
1717000 § GTO (38LT=SPMDOL) ' ape
1718000
1719000 \END QF SPA AND SPM TEST A
1720000
1721000 SK1P HOF 3
MDDEL; MMOC=REvV3U RTL/80UVD FILE EDITY
REVISION! 000400 MICRDPROGRAM StCTION
AUDRESS
LINE # SEQUENCE: SSUPCS (HEX)
1722000 \THE FOLLUWING TEST 1S USED TO VERIFY THE LOAD CAPABILITY
1723000 OF THE BUS INTERFACE SHIFY REGISTER. THE TEST LDADS THE
1724000 BUS REG FROM 5PM WHICH wWAS PREVIDUSLY LOADED 8Y THE
1725000 $BLT=NEXT09 ROUTINE. \
1726000
1727000 spLT=HEXTIO0  \CLEAR ACU \ vo9e
1728000 CRF 3
1729000
1730000 s \CLEAR SPA \ 0DA
1131000 LCN ASPA CNST (004) [}
1732000
1733000 $ ASET S.P. TEST HODE \ oo
1734000 SPT 3
1735000
1736000 s \HEX FF TD ACU \ opc
1737000 LCK CNST (FFe)
1738000 :
1739000 s \ACU TO 5PA \ opo
1740000 XFB ASPA SRIA 3
1741000
1742000 s5alLT-BUSSRI  \SPM TO BUS IMTERFACE REGISTER \ OpDE
1743000 XFB ABUS4 BSPM SRIA 3
1744000
1745000 s \DECREMENT SPA \ ODF
1744000 nua N
1747000
1748000 \5PM TO BUS INTERFACE REGISTER \ QEQ
1749000 XFB ABUS4 BSPM SRIA 3
1750000
L751000 \DECREMENT SPA \ OE1
1752000 A [}
1753000
1754000 3 \SPM TD BUS INTERFACE REGISTER \ OE2
1755000 XFB ABUS4 BSPHM SRIA }
1756000
1757000 s \DECREMENT SPA \ OE3
1758000 DMA [}
1755000
1760000 § \SPM TO BUS [NTERFACE REGISTER \ OE4
1761000 XFB ABUS4 BSPM SRIA t
1762000
1763000 § \DECREMENT SPA \ OES
1764000 OMA 1
1765000
1766000 SK[P HOF i
MODELj3 MPDC-REV3Q RTL/6000 FILE EQLT
REVISIDMI 000.00 MICROPRUGRAM SECTION
ADDRESS
LINE # SEQUENCE: SSUPCS (HEX)
1767000 \5PM TO BUS INTERFACE REGISTER \ OE6
1768000 XAFB ABUS% BSPM SR1A $
1769000
1770000 s \DECREMENT SPA \ OE?
1771000 DMA 3
1772000
1773000 3 \5PM TO BUS INTERFACE REG]STER \ QE8
1774000 XFB ABUS4 8SPM 5RJA '
1775000
1776000 3 \DECREMENT SPA \ OE9
1777000 OMA '
1778000
1779000 3 \SPN TO BUS INTERFACE REGISTER \ OEA
1780000 XFB ABUSS BSPM SRIA J
1701000
1182000 3 \DECREMENT SPA A\ QEB
1783000 OMA 3
L T84000
1789000 $pLT=BUSSRZ  \COMPARE ACU TO 8US [NTERFACE REG \ QEC
1786000 XOR ABUS4 BACU SRIA 1
1787000
1790000 s \SK1P TF EQUAL \ OED
1789000 TFO TEQZ 1
1790000
i791000 § \HALT= BUS INTERFACE RES FAJLURE \ VEE
1792000 HLT 1
1793000
1794000 s \DECREMENT ACY \ VEF
1793000 DEC 1
1796000
1787000 ¢ \COMPARE ACU TO 5PM \ OFO
1798000 XOR AACU BSPM '
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MODEL MMDC=-REVID RTL/6000 FILE EDIT c8/uLsT? 12,605 PAGET &5
REVISIONt 000400 MICROPRUGRAM SECTION DOCe# |
ADDRESS  IMAGE
LINE o SEQUENCE: $3UPCS [HEX])  {HEX)
-continued
1799000
1800000 s \SKiP IF EQUAL \ OFL  Cods
1801000 TFO TEQZ [}
1802000
1803000 § GT0 ($BLT-BUSSR2) 3 OF2 FOEC
1804000
1805000 3 \5K]P 1F SPA WRAPARQUND(TEST DONE} \ UF3  COAs
1806000 TFO TSAW '
1807000
1808000 3 GTO ($BLT-BUSSKRL) 3 OF&  FOUE
1803000
L8Loono \END OF BHUS [NTERFACE REGISTER TEST \
1811000
1812000 SKIP HOF 3
MODEL: MMPDC=REVIL RTL/60V0 FiLE EDIT /0L T? 12,0U% PAGE: “6
REVISION! 000400 MICROPROGHAM SECTION VUCam s
AUDRESS  IMAGE
LINE SEQUENCE: SSUPCS (HEX} (HEX)
1813000 \THE FOLLUWI[NG TEST |5 USED TQO VERIFY THE LOAD CAPABIL]TY
1814000 OF THE ADAPTER FIFD, THE TEST LOADS THE ADAPTER #(FOQ
1815000 FROM SPM WHICH WAS PREVIOUSLY LOADED 8Y YHE $8LT=NEXTO9
1816000 HOUT INE. \
1817000
1818000 SpLT=NEXTLL \CLEAR ACU \ 0F5 o00lu
1819000 CRF 3
1820000
LB2100D 5 \RESET ENABLE HARDWARE \ OF6 (050
1822000 TFZ TAXO AACU [
1823000
1824000 TFQ 1AX0 AACU i QOFT  C0%0
1825000
1826000 3 \NQ OP \ OF8 0000
1827000 NOP ]
1828000
Lp29000 s \CLEAR SPA \ 0F9 8800
1830000 LCN ASPA CNST (00#} 3
1831000
1832000 3 \CLEAR ADAPTER COMMAND REGISTER \ CFA 9800
1833000 LCN AAD2 CNST (00#) 3
1834000
1835060 3 \CLEAR ADAPTER FIFO N OFB 7488
18346000 XFB AADS SRIA 1
1837000
1838000 3 \SET 5.P. TEST MODE \ OFC  A0BO
1839000 sPT )
LB400OOD
1841000 § \RESET ADAPTER \ QFD 0088
1842000 RDA 3
1843000
1844000 3 \SET RANGE COUNTER TO NIN ZERO \ OFE 4040
1845000 DRC 3
1846000
1847000 3 \HEX FF TD ACU \ OFF 82EB
1848000 LCN CNST (FF#) 1
1849000
LBS0OND § \ACU TO 5SPA \ 100 68&A
1851000 XFB ASPA SR1A ]
1852000
1853000 5K1P HOF 3
MODEL | MHOC=REV3D RTL/6000 FILE EDIT 08701777 12.6U5 PAGE: 7
REV1SION! 00000 MECROPRUGHAM SECTION 00Cow:
ADDRESS IMAGE
LINE # SEQUENCE: $$UPCS (HEX)  (HEX)
1854000 $BLT=ADFIFO  \SPM TO ADAPTER FIFQ \ 0L TleA
1855000 XFB AADO BSPM SRIA i
1856000
1857000 s \DECREMENT SPA \ 102 A0Ou
1858000 OMA ]
1859000
1860000 \SPM TD ADAPTER FIFD \ 103 T16R
1861000 XFB AADD BS5PM SRIA 3
1862000
1863000 § \INCREMENT SPA \ 106 ALOO
1884000 MA :
1865000
1865000 s \LDAD ADAPTER COMMAND A 105 9802
1867000 LCN ARD2Z CNST (C2#) 3
1868000
1869000 s \ENABLE REAC HARDWARE PATH \ 106 0600
1870000 ERP 1
1871000
18712000 3 \TRANSFER ADAPTER FIFD TO ACU \ 107 603E
1873000 XFA i
1B T4000
1873000 s \UNLOAD BYTE FROM ADAPTER F[FD A 108 TCTF
1876000 XFA AAD? SRIA s
1877000
1878000 SK1P HOF 3
MODEL: MMOC=REY3. RTL /6000 FlLE EUIT Ow/sGisT? 12e0U% PAGE: 48
AEVISION! 000400 MICROPRUGRAM SECTTON DUCens
AUDRESS IMAGE
LINE # SEQUENCE: SSUPCH (HEX) (HEX)
1879000 % \NO UP FOR TIMING \ 109  00UU
1880000 NOP '
18861000
1882000 5 \SKIP IF ADAPTER HARDWARE REQUEST A L0A  CoBO
1883000 TFO TARR [
1B84000
1885000 s \HALT= ADAPTER FAILURL \ i0y 0040
1886000 HLT 3
1887000
1888000 5 \COMPARE ACU TD SPA \ L0C  6ulA
1889000 XOR ASPA 3
1890000
LB910AD s \SKIP IF EQUAL N iou  COse
1692000 160 TEOZ '

i8%30N0
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MODEL ) MPDC.REYID
REV]SIONE 000.00

4,159,532

RTL/6000 FILE EDIY
MICROPROGRAM SECT]ON

AUDRESS
LINE # SEQUENCE: SSUPCS (HEX]
~continued
1894000 g \MALT= ADAPTER F1FQ ERRIR \ LOE
Lea93000 HLT 3 !
1896000
1897000 § \DECREMENT SPA \ 10F
1898000 DMA b
1893000
1900000 3 \LOAD ADAPTER COMMAND A 110
1901000 LCN AAD2 CNST (C2#) ¢
1502000
1903000 5 \ENABLE NEAD HARDWARE PATH \ 1l
1904000 ERP §
1905000
1908000 s \TRANSFER ADAPTER F[FO TO ACU \ iL2
1907000 A 1
1908000
1908000 \UNLOAD BYTE FROM ADAPTER FIFD \ 113
1910000 XFA AADT SRIA 1
1911000
1912000 AND OP FOR TIMING \ (308
1913000 NOP i
1914000
1915000 3 \SK1P 1F ADAPTER HARDWARE REQ RESET \ s
1918000 TFZ TAHR i
1917000
1918000 s \HALT~ ADAPTER FAJLURE \ 118
1919Q00 HLT ¢
1920000
1921000 SKiP HOF v
MODEL; “wn<-eEy3p ATL V0U0 FILE EDIT
REVIS[ON! 000,00 MICROPROGRAM SECTIDN
AUDRESS
LINE o SEQUENCE: $SUPCS (HEX)
1922000 3 \COMPARE ACU TO SPA \ 17
1923000 XOR ASPA '
1924000
1925000 3 \SK1P 1F EQUAL \ il
1926000 TFO TEQZ t
1927000
1928000 \HALT~ AQAPYER FIFQ ERRIR \ i1e
1929000 HLT §
1930000
1931000 3 \DECREMENT SPA \ L1A
1932000 DMA 1
1933000
1934000 g \CLEAR ADAPTER COMMAND v lis
193%000 ZER AADZ SRIA 1
1936000
1937000 s \SKIP IF TEST DONE \ [$14
1938000 TFO TSAM 1
1939000
1940000 3 GTO ($SBLT=ADFIFO) 1 Lp
19¢10n00
1942000 ACLEAR ADAPTER COMMAND \ LiE
1943000 LCN AAD2 CNST (008} 3
1944000
1945000 \END OF ADAPTER WRAPARQUND TEST \
1946000
1947000 SKIP HOF 3
MODEL: MPDLREV3IU RTL/600N Fro v Enty
REVISION 000400 MICROPRUGRAM SECTION
ADDRESS
LINE # SEQUENCE: $3UPCS (HEX)
1948000 \THE FULLOWING ROUTINE 1S USED TQ wRAP THE 8US LOGIC TU
1949003  VERIFy THE DRIVERS AND RECE]VERS A5 wELL AS THE BUS
1950000  ADORESS AND DATA REGISTERS. THE TEST SENDS BAD MODULE
1951000  ADDRESS PARITY [N ORDER TO CYCLE THE BUS w]TMOUT A
1952000  RESPONSE FROM MEMORY, THERE ARE FOUR PORTIONS OF THS
1953000  TEST LEFINED AS FOLLOWS~
1954000
1955000 le CYCLE THE BUS WITH ALL ZEROS PATTERN USING THE
L956000 HARDWARE DATA TRANSFER REGISTERS.
1957000 2, CYCLE THE BUS WITH ALL ONES PATTERN USING THE
1953000 HARDWARE DATA TRANSFER REGISTERS,
1959000 3, CYCLE THE BUS WITH ALL ZEROS PATTERN USING THE
1960000 SECONO WALF READ REGISTERS.
1961000 4, CYCLE THE BUS WITH ALL ONES PATTERN USING THE
1962000 SECOND KALF READ REGISTERS. \
1963000
1964000  $pLT-NEXTI2  \CLEAR ACU \ 11F
1985000 CRF 3 .
1966000
1967000 s \CLEAR CYCLE BYTE \ 120
1988000 cve 3
1969000
1910000 s \CLEAR SPA \ 121
1971000 LCN ASPA CNST (DO#) b
1972000
1973000 § ASET MOBULE RAD DRRITV A 122
1974000 MBP '
1975000
1976000 3 ASET RETURN FROM BUS LOAD \ 123
1977000 LRA ($BLTBUSWRL) {
1978000
1979000  $BLTBUSLDIL \RESET 8US A\ 126
1980000 ]ST '
1981000
1982000 3 ALOAD MS8 DATA \ 125
1983000 XFB ABUSZ SRIA H
1984000
1985000 3 \LOAD L58 DATA \ 126
1988000 XFB ABUS3 SRIA [
i987000

1988000 Sk 1P HOF
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MODEL| MPDCREV3D
REVIS[ON! 000,00

LINE »

1989000
1990000
1991000
1992000
1993000
1994000
1993000
1996000
1997000
1998000
1999000
2000000
2001000
2002000
2003000
2004000
2005000
2006000
2007000
2008000
2009000
2010000
2011000
2012000
2013000
2014000
2015000
2016000
2017000

$BLTBUSLD1A

$BLTBUSLD2Z

s
SK1P HOF

MODEL | MMROC.REY3D
REVISIONT 000400

LINE »

2018000
2019000
2020000
2021000
2022000
2023000
2024000
202%000
2026000
2027000
2028000
2029000
2030000
2031000
2032000
2033000
2034000
2035000
2036000
2037000
2038000
2039000
2040000
2041000
2042000
2043000
2044000
2043000
2066000
2047000

$ALTBUSWR1

s
SKIP HOF

MODEL ) MMDCeREV3D
REV[SINNT 00000

LINE #
2043000
2049000
2030000
20531000
2052000
2053000
2054000
2053000
2056000
2087000
2058000
2059000
2060000
2081000
2062000
2083000
2064000
2045000
2066000
2067000
2068000
2069000
2070000
2071000
2072000
2073010
2074000
20750n0
2076000
2077000
2078000
2079000
2080000
2081000
2082000
2083000
2084000
2083000
2086000
2087000
2088000
20089000
2090000
20910n0

$BL TBUSWR2

s
$8LTRUSWR2A

20920N0 SKIP NOF
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4,159,532

RTL/8000 FILE EDIT
MICROPROGRAM SECTION

ADDRESS
SEQUENCE! SSUPCS (HEX)
\LDAD ADDRESS LDW \ 127
XFB ABUS4 SRIA 1
\LDAO ADDRESS MID A 128
XFB ABUSH SRIA 1
\LDAD ADORESS H] A 129
XFB ABUS4® SRIA s
\CYCLE CONSTANT TO ACU \ 124
LCN CNST (Com) s
\SET BUS CYCLE \ (%]
cye
ASKIP IF MYDCNN SET \ la¢
TFO TDCN i
GTO {($8LTBUSLD2} 3 120
\SET FIRMWARE BUS ACK A 126
S8A 1
\MSB OF DATA REG TO ACU \ 12F
XFA ABUS2 ¢
RTN v 130
i
RTL/6000 FILE ED]T
MICROPRUGRAM SECT]ON
AVURESS
SEQUENCE: SSUPCS (HEX)
\OR L58 OF DATA WITH ACY \ 131
ORR ABUS3 '
\OR LOW ADDRESS WITH ACY z 132
ORR ABUSL ]
\QR MID ADDRESS WITH ACY \ 133
ORR ABUS1 $
\OR M1 ADDRESS WITH ACL N 134
ORR ABUS1 i
\CHECK ACU FOR ALL ZEROS \ . 135
XF® BACU 3
ASKIP [F ACU EQUAL TQ ZERD \ 138
TFO TEOZ '
\HALT« BUS WRAPARQUND FAILURE \ 137
HLT '
\MEX FF TO ACU \ 138
LCN CNST {FF#) i
\SET RETURN FROM BUS LOAD \ 139
LRA (SBLTBUSWR2) 1
670 (SBLTBUSLDY) 1 134
3
RYL/6000 FILE EDIT
MICROPROGRAM SECTION
AODRESS
SEQUENCE: SSUPCS (HEX)
\AND LSB OF DATA WITH ACU \ 138
AND ABUS3 1
\AND LOW ADDRESS WITH ACU \ 13¢
AND ABUSL %
NAND MID ADDRESS WITH ACU \ 130
AND ABUSL '
\AND HI ADDRESS WITH ACJ \ 13E
AND ABUSL i
\CHECK ACU FOR ALL ONES \ 13F
XFB BACU i
\SKIP IF ACU EQUAL TO ONES A 140
TFO TEQF 1
\HALT= BUS WRAPAROUND FAILURE \ i%l
HLT b
\CLEAR ACU \ 162
2ER 1
\RESET 8US \ 143
R57 H
\ONES TO MS8 OF DATA \ Lok
BNT ABUS2 SRIA '
\DNES TO L5B OF DATA \ 145
BNT ABUS3 S5R1A 1
\SET RETURN \ 146
LRA {$BLTBUSWRZA} 3
GTO (SBLTBUSLOLA) s ie7
\SET RETURN FROM BUS LOAD \ 148
LRA (3BLTBUSWR3) '
\ 149

\CLEAR ACU
ZER
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MDOEL

MHDC=REY3IVL

REVISIONT 000,00

LINE @

2093000
2094000
2095000
2096000
2097000
2098000
2099000
2100000
2101000
2102000
2103000
2104000
2105000
2106000
2107000
2108000
2109000
2110000
2111000
2112000
2113000
2114000
2113000
2116000
2117000
2118000
2119000
2120000
2121000
2122000
2123000
2124000
2125000
2128000
2121000
2128000
212%000
2130000
2131000
2132000
2133000

spLTBUSLDA

sBLTBUILDS

s
SKIP HOF

MODEL| MMDC-REVID
REVISION?! 000.00

LINE ¢
2134Q00
2133000
213¢000
2137000
2138000
2139000
2140000
2141000
2142000
2143000
2144000
2145000
2146000
2147000
2148000
2149000
2150000
2151000
2152000
2153000
2154000
2155000
2156000
2157000
2153000
2139000
2160000
2161000
2162000
2163000
2164000
2183000

$aLTBUSWR)

2166000 SK]P HOF

MOOEL 3
REVISION?

LINE #

2167000
2188000
2169000
2170000
2171000
2172000
2173000
2174000
2115000
2176000
2177000
2178000
2179000
2180000
2181000
2182000
2183000
2184000
2183000
2186000
2187000

MMDC=REV3ID

100,00

$BLTBUSWR4A

Z1B80NO SkIP HOF

4,159,532
75

RTLse000 fFILE EOIT
MICROPROGRAM SECTION

ADDRESS
SEQUENCE: $SUPCY (HEX)
\ LDAD MeWs ADDRESS REG LOW \ LeA
XFB ABUS4 SRIA [
\ LOAD HeWe ADDRESS REG MID \ 1oy
XFB ABUS4 SR1A ]
\ LOAD HaWe ADDRESS HI \ 14C
XFB ABUS4 SRIA i
\LOAD M58 OF DATA REG \ Leb
XF@ ABUSZ SRIA '
\LOAD L58 OF DATA REG \ L4E
XFB ABUS3 SRIA f
\LOAD MSB OF SHR REG \ IeF
BNT ABUS1 SRIA 1
\LOAD L58 OF SHR REG \ 150
BNT ABUSL SRIA '
\CYCLE CONSTANT YO ACU \ 151
LCN CNST (0O#) ¥
\SET BUS CYCLE \ 152
(414 1
\SKIP 1F MYDCNN SET \ 153
TFO TDCN 3
GTO ($BLTBUSLDS) ] 154
\SET FIRMWARE BUS ACK \ 155
SBA 1
\MSB OF DATA REG TO ACU \ 156
AFA ABUS2 !
RTN 3 157
]
ATL /6000 FILE EDIY
MICROPRUGRAM SECTION
ADDRESS
SEQUENCE: SSUPCS {HEX)
\NOR LSB OF DATA WITH ACU \ 158
AND ABUS? 3
\AND LOW ADDRESS WITH ACY \ 1%9
AND ABUS} '
\AND MTD ADDRESS WITH ACU \ 15A
AND ABUS1 1
\AND H! ADDRESS WITH ACY \ 156
%OR ABUSI ]
\CHECK ACU FOR ALL ONES \ 15¢
AFB BACU '
\SKIP I[F ACU EQUAL TO DNES \ 150
TFO TEOF 1
\HALT= BUS SHR WRAPAROUND FAILURE \ 1SE
WLT ]
\HEX FF TQ ACU \ \5F
LCN CNST (FF#) '
\RESEY BUS \ 150
RST '
\SET RETURN FROM BUS LOAD \ 161
LRA (SBLYBUSWR®) 1
GTO (SBLTBUSLD3) t 162
'
RTL/6000 FILE EDIT
M1CROPRUGRAM SECTION
AUDRESS
SEQUENCE: 3SUPCS (HEX)
\NAND LSB OF DATA W[TH Acu \ 163
ORR ABUS3 V
\OR LOW ADDRESS WITH ACY \ 164
DRR ABUS1 [
\OR MID ADORESS WITH ACV \ 169
ORR ABUS1 1
\OR H] ADDRESS WITH ACU \ 186
XNR ABUSL '
\CHECK ACU FOR ALL ZERDS \ 187
XFB BACU s
\SKIP IF ACU EQUAL YD ZERO \ 168
TFQ TEOZ |
\HALT= BUS SHH WRAPARDUND FAILURE \ 169
Wt '
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4,159,532
77

MDDEL; MPDCREV3D RTL/6000 FILE EDIT
REV1S1ON! 000,00 MICAQPROGRAM SECTION
ADDRESS
LINE & SEQUENCE; S$SUPCS (HEX}
2159000 \THE FOLLOWING ROWTINE 1S USED TO WwRAP THE MDTHER BUARD
2190000  TI€C TURU THE ADAPTER TO CHECK THE READ AND WRITE Cy<LE
2191000 LDOGIC. \
z192000
2193000 $BLT-NEXTL3  \CLEAR ACY \ 164
2194000 CRF 3
2195000
2196000 3 \RESET ENABLE HARDWARE A 168
2197000 TFZ TAXO AACU 3
2194000
2199000 § TFO TAXG AACU 3 16C
2200000
2201000 % NOP l 16D
2202000
2203000 § \CLEAR CYCLE REGISTER \ 133
2204000 cye [
2205000
2205000 3 \CLEAR ADAPTER COMMAND \ L6F
2207000 LCN AADZ CNST (004} ]
2208000
2209000 s \RESET BUS STATUS \ 170
2230000 RST ¢
2211000
2212000 s NCLEAR 5PA \ in
2211000 LCN ASPA CNST (009} ]
2214000
2215000 & \CLEAR MOTHER BOARD FIFJ \ 172
2216000 RD& '
2217000
2218000 3§ \CLEAR ADAPTER FlFQ A 173
2219900 ZER AADS SRIA ]
2220000
2221000 s \SET MODULE BAD PARITY \ 174
2222000 MBP 3
2223000
2224000 3 \SET 5.Pe TEST WODE \ 175
zz2%000 set 1
2226000
2227000 SK[P HOF i
MODEL$ MPOC-REV3H RTL/6000 FILE EDIT
REVISIONE 000400 MICROPROGRAM SECTION
AUDRESS
LINE o SEQUENCE: SSUPCS (HEX)
2228000 s \HEX FF TQ SPA \ 176
2229000 LCN ASPA CNST (FFw} H
2230000
2231000 s \CLEAR OFFSET RANGE LUWER \ 177
2232000 XFB ABUSS SRIA {
2233000
2234000 3 \CLEAR OFFSET RANGE M| \ iTe
2235000 XFB ABUSS SRIA 3
2238000
2231000 3 VCLEAR RANGE LOW \ 179
2234000 XFB ABUSH SRIA i
2239000
2240800 g \CLEAR RANGE Ml \ 17A
2241000 XFB ABUS4 SATA 3
2242000
2243000 5 \CLEAR ADDRESS LOwW v 118
2244000 XFB ABUS4 SRiA 1
2245000
2246000 5 \CLEAR ADDRESS MID \ 17C
2247000 XFB ABUSG SRIA §
2244600
22649000 § \CLEMR ADDRESS H] \ 170
2250000 AFB ABude SRIA '
2251000
2252000 s \SET RANGE TD NON 2ERC A 17E
2253000 DRC s
2254000
22550N0 SK1P HOF 3
MODEL | MPDC=REV3D RTL /6000 FILE EDIT
REVISIONS 000400 MICROPROGRAM SECTION
ALDRESS
LINE # SEQUENCE; SSUPCS (HEX)
2256000  $pUSCYNRTL \CYCLE CONSTANT TO ACU \ LTF
2257000 LLN CNST (628) ]
2258000
2159000 § \RESET BUS \ 180
2280000 RST '
2281000
2282000 & \SET BUS CYCLE \ 1al
2263000 [$14 {
2264000
2285000 SBUSCYWRT2 \SKIP IF MYDCHNN SET \ 182
2266000 TFO TDCN 3
226 TON0
2268000 3 6TO ($BUSCYWRT2) 5 i8?
2269000
2270000 § \SET BUS ACK \ 184
2271800 SBA i
2272000
22713000 s \LOAD DATA w1} \ 185
2274000 XFB ABUSZ BSPM SR1A '
22714000
2276000 3 SDECREMENT SPA \ 186
2277000 LA $
2278000
2279000 s \LOAD DATA (Ow \ 187
2280000 XFB ABUS3 BSPM SRIA '
2281000
2282000 § \DECREMENT 5PA \ 1o
2283000 DMA '
2284000

2283000 3K [P HOF
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MODEL: MHDCeREVAD

REVISIONS

LINE

2286000
2287000
2288000
2zp9080
2290000
2291000
2292000
2293000
22946000
2295000
2296000
22971000
2298000
2299000
2300000
2301000
2302000
2303000
2304000
2305004
2306000
2307000
2308000
2309000
2310000
2311000
2312000
2313000
2314000
2315000
2314000
2317000
23Ls000
<3l9000
2320000
2321000
2322000

000,00

SBUSCYWRTI

2323000 SK1P HOF

MODEL; MMDC-HEVIL

REVISIONI

LINE »

2324000
2323000
2326000
2327000
23000
2329000
2330000
2331000
2332000
23133000
2334000
2335000
2338000
2337000
2333000
2339000
2340000
2341000
2382000
2343000
2344000
2343000
2346000
2347000
2348000
2349000
2350000
2351000
2352000
2353000
2354500
235%000
23%4000
2357000

000400

SBUSCYWRTAL

SBUBSCYWRTAZ

2258000 Sx 1P HOF

MODELt MPDC-REVIU

REVISTON!

LINE &
2439000
23600N0
2361000
Z3s2000
23463000
2366000
22650N0
2386000
2367000
2388000
2389000
2370000
2371000
2372000
2373000
2374000
2375000
23740600
2377000
2379000
2379G00
2380000
2381300
2332000
2383000
2384000

D00 «00

$BUSCYRDAL

$BUSCYRDAZ

79

4,159,532

RTL/&000 FILE EDIT
MI1CROPROGHAM SECTION

AUDRESS
SEQUENCE: $SUPCH (HEX)
\SKIP 1F MYDCNN SEY \ 189
TFO TDCN 1
GT0 (SBUSCYWRT3) 3 184
\SET FIRMWARE BUS ACK \ 188
A 3
\CLEAR ACU \ i8¢
ZER 3
\SKIP IF MOTHER BOARD FIFQ FULL \ iap
TFZ TBCA l '
GTO (SBUSCYWRT2) i 18E
\CLEAR ADAPTER F[FO \ \8F
XF@ AAD5 SR[A 1
\CLEAR CYCLE BYTE A 190
cYe i
\SET DATA COUNTER TO is& \ 191
LCN AADL CNST (04#) 3
\LDAD ADAPTER COMMAND \ 192
LCN AADZ CNST (Cé#) 3
\CYCLE CONSTANT TO ACU \ 193
LCN CNST (6243 3
\ENABLE WRITE HARDWARE PATH \ 194
EnwpP 3
\SET CYCLE \ 195
cYe 1
3
RTL/6000 FILE EDIT
MICROPROGRAM SECTION
ADDRESS
SEQUENCE: $SUPCS (HEX}
\SKIP IF NO BUFFER REWUEST \ 196
TFO TNBR '
GT0 (3BUSCYWRTAL} ' 197
\WAIT FOR BUS NAK \ i98
TFC TNAK {
GTO (SBUSCYWRTA2) ' 199
\CLEAR ACU \ HT
ZER '
\CLEAR ADAPTER COMMAND \ 198
ZER AAD2 SRIA '
\RESET BUS \ i9¢c
RST 5
\RESET CYCLE BYTE A 190
413 t
vie TO ACu \ 19€
LCN CNST (i0#) i
\SET SPA FOR STARTING ADDRESS OF COMPARE \ 15F
ADD ASPA BACU SRIA §
\SET DATA COUNT TO 1s \ iau
LCN AADL CNST (08#) 3
\LOAD ADAFTER COMMAND \ 141
LCN AADZ CNST (C24} B
3
RTL/6000 FiLk £D)T
MICROPRUGHAM SECTION
ALDRESS
SEJUENCE: sSUPCS (HEX
ACYCLE. CONSTANT T ACU \ 1A2
LCN CNST jass) )
VENABLE READ HARDWARE PATH \ 143
ERP N
ASET CYCLE \ LA4
e 3
2SKIP TF MYDCNN SET N 145
TFO TOCN 3
GTO (SBUSCYRDAZ) : 146
ASET FIRMWARE BUS ACK \ 1a7
LETY N
\COMPARE DATA W] TQ SPM 5 LAy
XOR ABUS2 85PM 1
A\SKIP IF EQUAL \ LAS
TFO TEQZ 1
\ 184

\HALT= FIFO BUS WRAPARQJND FAILURE
HLT
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MODEL I MPOCWREV3IL

81

4,159,532

RTL/6000 Flik EDIT

REVISION! 000.00 MI1CROPROGRAM 5eCTION
AUDRESS
LINE » SEQUENCE: SSUPCS IHEX)
-continued
2385000 ¢ \DECREMENT 5PA \ 1B
2384000 OMA 1
2387000
2388000 \COMPARE DATA LOW TD SPM \ laC
2389000 XDR ABUS3 85PM 3
2390000
2391000 3 \SKIP IF EQUAL A 1AD
2392000 TFO TEQZ '
2392000
2394000 § \HALT= F[FO BUS WRAPAROUND FA[LURE A 1AE
2395000 HLT 3
2396000
2397000 S|P HOF '
MODEL$ MPDC=-REVID RTL/6000 FILE EOIT
REVISION! 000,00 MICROPROGRAM SECTION
ADDRESS
LINE 4 SEQUENCE: SSUPCS CHEX)
2398000 3 \DECREMENT SPA \ 1AF
2399000 DMA 3
2400000
2401000 § \CLEAR ACY \ 180
2402000 ZER 1
2403000
2404000 \CLEAR (YCLE REGISTER A isl
2405000 (444 3
2406000
Z40T0N0 \SKIP If NQ ADAPTER HARDWARE REQUEST \ L8z
2408000 TFZ TAHR b
2609000
2410000 g GTO {$BUSCYRDAL} : Le3
2411000
2412000 s \CLEAR ADAPTER COMMAND \ 184
2413000 LCN AAD2 CNST {0O0#) [}
2414000
2415000 3 \CLEAR MOTHER QDARD FIFD \ 185
2414000 ADA i
2417000
2418000 3 \SK1P 1F TEST DONE \ 1Bs
2419000 TFO TSaw '
2420000
2421000 s GTO (SBUSCYWRTL) 3 a7
2422000
2623000 s \CLEAR MODULE BAD PARITY \ 188
2424000 LAC 5
2429000
2426000 ¢ \RESETY BUS \ 189
2a27000 RST 3
2428000
2429000 \END OF BUS WRAPAROUND TEST 5\
2430000
2431000 5K1P HOF 3
MODEL: MMDC.REY3) ~lusouol rlLe ED]T
REVISION! 000,00 MICROMRDGRAM SECTION
ALDRESS
LINE # SEJQUENCE: $$UPCS (HEX)
2632000 \THE FULLOWING ROUTINE 15 USED TO READ MEMORY LOC. 3E#
26433000 (MEMORY YELLOW COUNTER). THE TEST CYCLES USING ALL CHANNEL
2634000  NUMBERS, WHEN My CHANNEL [S USEDs THE MPDC WILL RESPOND
2435000  wITH AN ACK VERIFING THE CHANNEL COMPARE LOGIC AS WELL AS
2436000  THE BUS ACK LDGIC \
2437000
2638000 $aLT=NEXT14  \CLEAR \ 18A
2439000 CRF i
2640000
2441000 ¢ \CLEAR CYCLE REGISTER A 1Bb
2442000 474 3
2443000
2444000 3 \RESET BUS STATUS \ Lac
2443000 RSY '
2646000
2447000 g \RESET MOTHER BOARD FIF2 \ Lap
2448000 RDA '
2449000
26450000 ¢ \MEMORY YELLOW ADDRESS Tg ACU \ 18€E
2451000 LEN CN5T (3E6) '
24652000
2453C00 ¢ \ACU TO ADDRESS REG LOW \ iBF
2454000 XFB ABUS4 SRIA 1
2453000
2656000 s ACLEAR ACU \ Lo
2457000 ZER i
2438000
2459000 5 \LOAD ADDRESS MID \ 14}
2460000 XFB ABUS4 SR1A J
2461000
2462000 3 \LOAD ADDRESS HI \ ic2
2453000 XFB ABUS4 SAIA '
2464000
2485000 3 \SET SPA WORK LOC \ ic3
24646000 LCN ASPA CNST (0D#) 3
2457000
2468000 § \SET STARTING CHANNEL NJMBER A 1ce
24569000 LCN CNST (O4#) $
2670070
2471000 g AWRITE IN SPm \ 1cs
2472000 wiA 1
2473000
2474000 3 \SET L5B OF STARTING CHANNEL NUMBER \ 16
2413000 ZER 3
2476000
2477000 3 \WRITE [N S5PM \ i
2474000 HaT '
2479000

2480000 5K 1P HOF
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MODEL3 M¥DC=REV3D
REVISIONT DQ0.00

4,159,532

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

83

ADDRESS
LINE # SEQUENCE: $SUPCS CHEX)
2481000 $US=MEM] \SET SPA FOR CHANNEL NUMBER \ 143
2482000 LCN ASPA CNST (00#) 1
2483000
2484000 s \LOAD DATA M5B \ ic9
2435000 XFB ABUSZ SRIA BSPM t
2486000
2687000 s \INCREMENT SPA \ 1CA
2488000 '
2489000
2490000 s \LDAD DATA LSB \ KB
2491000 XFB ABUS3 SR]A 85PM i
2492000
2493000 § \RESET BUS \ 144
2494000 RSY 1
2495000
2696000 \CYCLE CONSTANT TD ACU \ 1co
2697000 LCN CNST (EO#) $
2498000
2499000 3 \CYCLE BUS \ 1CE
2500000 (444 ¢
2501000
2502000 $ \ND OP FOR TIMING \ IKF
2503000 NOP 3
23504000
2503000  $gUS-HEM2 \SKIP TF NO BUS CYCLE AZTIVE \ 1p0
2306000 TFZ TBCA 1
2507000
2508000 3 6TO (SBUS-MEM2) 1 101
2509000
2510000 § \TIME OUT CONSTANT TO ACY \ io2
2511000 LCN CNST (0C#) 3
2512000
2513000 sBUS-MEM2A \DECREMENT ACU \ D2
2514000 [ '
2515000
2516000 ASKIP TF TIME OUT \ 104
2517000 TFO TEQZ 3
2518000
2519000 s GTO 1SBUS-MEM2A} i 124
2520000
2321000 SK[P HOF $
MODEL: MPDC-REV3D G 509% Fice cwild
REVISIONS 000.00 MICROPROGRAM SECTION
AUDHESS
LINE # SEQUENCE: $SUKCS (HEX}
2522000 s \SHIFT LOW AUDRESS BYTE \ 106
2523000 XFA ABUS1
2524000
2825000 s \MASK UNUSED BITS \ 17
2526000 ACN CNST (BO#) t
2527000
2528000 s \COMPARE CHANNEL NUMBER WITH SPM \ 1os
2529000 XDR AACU BSPM [
2530000
2531000 s \SKIP 1F EQUAL COMPARL \ 1o9
2532000 TFO TEQZ 1
2533000
2534000 § GTO ($SBUS-MEM2B) 1 1DA
2535000
2536000 3 \DECREMENT MEMORY ADDRESS \ 108
2537000 OMA ¢
2538000 .
2539000 g \CHANNEL NUMBER TD ACY \ %14
2540000 XFA ABUS} ¢
2541000
2542000 3 \COMPARE CHANNEL NUMBER W1TH 5PM \ 1po
2543000 XDR AACU BSPM 1
2544000
2545000 s \S5K1P 1F NDT My CHANNEL NUMBER A iDE
2546000 TFZ YEQZ 1
2547000
2548000 § GTO {SBUS~MEM3) 3 10F
2549000
2550000 $RUS-MEM2B \SET SPA FOR CHANNEL NUMBER \ 1E0
2931000 LGN ASPA CNST (D1#) ]
2552000
2553000 § V\INCREMENT CONSTANT TQ ACU \ LEL
2554000 LCN CNST {80#) 1
2555000
2556000 § \INCREMENT CHANNEL NUMBER \ 1E2
2357000 ADD AACU BSPM SRIA 1
2558000
2559000 3 \WRITE AND DECREMENT 5PA \ 1E2
2860000 WDA b
2561000
2562000 § \PROPAGATE CARRY \ 1E4
2563000 INC ASPM COTI 3
2564000
2565000 3 \WRITE IN SPM \ LES
2566000 Mu T 1
2567000
2568000 5K[P HOF 1
MODEL] MPDC-REV3D RTL/8000 FILE EDIT
REViSIONT 600,00 MICROPRUGRAM SECTION
AUDRESS
LINE @ SEQUENCE: SSUPCS (HEX)
2569000 s \SKIP TF NOT ALL CHANNELS CHECKED \ LE6
2570000 TFZ YEOZ 1
2571000
2572000 3 \HALT- NO SUCESSFUL MEMORY READ \ LET
2573000 HLT '
2574000
2573000 § GTD (SBUS=MEML) ] LE8
2576000
2577000 $gUS=MEM3 \CLEAR ACY A 1E9
2578000 CRF 3
2519000
2380000 3 NCLEAR CYCLE REG A 1EA
2581000 (419 3
2582000
2383000 § \RESET 8US \ 1€8
2584000 RST 1
2585000
2565000 s \CLEAR MOTHER BDARD FIF2 \ LEC
2587002 ROA '
2588000
2589000 \END OF MEMORY READ TEST N
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85

MODELY MHDCeREVID

REVISION?

LINE &

2592000
2593000
2594000
2595000
2594000
2597000
2598000
2599000
2600000
201000
2602000
2603000
2604000
2605C00
2606000
2607000
2608000
2609000
2610000
2611000
2812000
2513000
2614000
2&150N0
2616000
2617000
2618000
2819000
2620000

4,159,532

RTL/60U0 FILE EDIT
MICRDPRUGRAM SECTIDN

SEQUENCE: SBUPCS

000400

s \RESET 5, P, TEST MODE
CRF

] \CLEAR REGISTERS
INI

\END OF BASIC LOGIC TEST

\ BASIC LOGIC TESY HMAS BEEN SUCCESSFULLY CUMPLETED. SET
VTHE BLT DONE FLOP WHICH WILL EXTINGUISH THE LED.

$RLTSETLONE WSET GLT
LT

SCHE TLCP

) ASET RETURN FOR CLEAR SPM
LRA {$SETUN]TSEL)

2621000 SKIP HOF

MODEL | MPCC=-REV3D

P

8
RTL/6Q00 FILE EDIT

REVISION! 002,00 MICROPRUGRAM SECTION
LINE ¢ SEQUENCE: $3UPCS
2622000
2623000
2624000 \ THE FOLLOWING SUBROUT{NE 1S USED FOR CLEARING A\
2625000 N SCHATCH PAD MEMORY TQ ZERQ, \
2626000
2627000 sCLEARSPMOD ACLEAR ACU A
2628000 CRF s
2829000
2630000 s \CLEAR SPA \
2631000 LCN ASPA CNST (00#) $
2632000
2633000 § \SET SCRATCH PAD TEST MIDE \
2634000 seT [
263%000
2636000 $CLEARSPMOL  \WRITE MEMORY \
2637000 WiA AACU 3
2638000
2639000 § AND OF FOR TIMING \
2640000 NOP 3
2641000
2642000 s ASKIP TF SPA WRAPAROUND \
2643000 TFO TSAW 3
2664000
2645000 5 \CLEAR NEXT LOCAT{OR \
26446000 GTO (SCLEARSPMOL) 3
2647000
2648000 § \RESET S« P. TEST MODE \
2649000 CRF 3
2650000
zes51000 s \RETURN TO CALLER A
2652000 RTN 3
2633000
2654000 SKIP HOF 3
MDDEL] MPDC-REV3D RIL/6000 FiLE EDIT
REVIS[ON! 000.00 MICROPHUGKAM SECTION
LINE # SEQUENCE: 33UPCS
2655000
26560110 5 THE FOLLOWING ROUTINE 15 USED 10 LOAL THE
2657000 INITIALIZED UNIT SELECTION BYTES INTD SCRATCH
2658000 PAD MEMURY. ON ENTERING THIS ROUTINE BOTH THE
2659000 SCRATCH PAD MEMORY AND THE ACU NAVE BEEN
2660000 PREVIOUSLY CLEARED 8y THE SCLEARSPW ROUTINE. \
L6561000
2663000
26630100 gSETUNITSEL  \ ACU TO INDEX REGISTER \
2664000 LIR §
2665000
2665000 3 \SET SPA FOR UNIT SELECT LICATION \
2667000 SSPA| LOC (UNSEL) 3
2668000
4669000 § NINITIALIZE LOCATION = ACU TO SPM AY
4670000 MuT i
2671000
2612000 3 \INCREMENT ACU \
2673000 INC AACU 3
£6T40N0
2675000 5 \SKIP [F ALL CHANNELS INITIALIZED \
2676000 TFO Taxs 3
2677000
2678000 s NIMITIALIZE NEXT CHANNEL \
2679000 G6TO (SSETUNITSEL] 3
2680000

2681000 SK1P WOF

AUDRESS
(HEX)
1ED

1EE

1EF

1f0

AUDRESS
(HEX})

1F1

1F2

iF3

1F&

IF5

1Fe

1F?

iFp

iF9

AUDHESS
IBEX}

1FA

1FB

1fC

 LFD

\FE

LFF

86

oBsulLs1?
DOCaw:
IMAGE
tHEX}

12,605 PAGE: 1]

o0lu

0098

GO0

ELFA

CB/OL/TY
DUCon:
IMAGE
[REX}

12,605 PAGE: &9

0010

8800

AQBO

A300

0000

COAb

FlFe

0010

C2v0

tesulsT?
DUCew:
IMAGE
(HEX}

12.6U%  PAGE: 10

AQ30

8CEY

A200

6000

CO9A

FIFA



MUDEL, MPOC=REVID

HEVISION?

LINE &

£e82000
F6R3000
2884000
<uB33i0
26R8000
2687040
2688000
2HBF00G
2690000
Z4%100Q
2692000
2893000
2494000
2695000
2696000
26971004
28698000
2699000
2700008
27010
2702003
2703000
27104000
2705000
LT0HIN0
2101000
#10B0NY
2TGI0aQ
ZFLacno

2711000 SK|P wOF

HOUEL SMMDC<REVID

REV{SINNL

LIRE 2

412000
2733000
2714000
2715000
ZT16UN0
2117000
27l8aung
2718000
£720000
2721009
2722000
2723600
2724000
27125000
2726000
2727000
2728000
2729000
2730008
2731000
2132000
FaERIC
2734000
2735000
2734000
27371000
213g0n0
4739000

200,00

N THIS RQUTINE 1S USED TO PERFORM THE FOLLOWING FUNCTIDNS=-

.

"au A e se e

4,159,532

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

87

SEQUENCET SSUPCS

INITIALIZE THE DEYICE ADAPYER

L0G THE DEVICE 1.D. CODE IN SCRATCH PAD.

SET THE [NITJALIZE FLAG IN THE CHANNEL MONITGR BYTE.
LOAD THE START UP FUNCTION CODE [N SCRATCH PAD.

LOG THE SYATE (READY DR NONREARDY| IN SCRATCH PAD,
LOG THE CURRENT FIRMWARE REVIS]ONe

LOAD WORKING PARAMETERS IN SCRATCH PAp,

UPDATE STATUS.

RECAL[BRATES THE DEVICEa

GOES TO THE INTERRUPT SUBROUT[NE,

$SETUP=ADP MCLEAR ACU
R

P44

AGD TG SET UP CURRENT CHANNEL
GYO (SSETUP-DEV

$SETUR=LOOP WINCREMENTED INDEX REGISTER TO ACU

00000

3SETUP~

INC &1Dx

YVOKIP T NOT ALL CHANNELS INITIAL{ZED
TEZ TAMS haCy

ASET UP DONE,  STARY POLLING
GTO 1SSTART~wALT)

RTL/60UD FLE EDJT

M1CROPRUGH A
SEQUENCE: SBUPCS

ol VACU TO INDEX REGISTER
LiR
NVRESEY DEVICE ADAPRTER
HDA

NULEAR ADARTER STATLS
SFB AADS SRIA

NCLEAR ADAPTER HARDWARE REQUEST
ZER AADT SRITA

NSET 5PA FOR UMIT SELECT BYTE
SBPA] LOC TUNSEL:

NSELECT DEVICE
XFB AAD3 BSPM SKIA

VSET SPA FOR DEVICE 1. Da
SSPAL LOC (DIDLY

velAw Aow mitm o M3g UF DEWe le De
LN AACU CONST 1238

“5TORE MSB OF DEVICE I, D
WA

2740000 S« 1P HOF

MODELY MPWDC-REV3I(

REVISTONG

LINE #

2741000
2762000
2763000
2744G0U
27435000
2756000
2747000
ZT450N0
ZTRIUNG
2TEDONY
2753000
2152000
2733000
2154000
2785000
21546000
2757006
2158000
27159000
2760000
2761000
2762000
2763500
ET64000
2765000
Z2Teb0na
Zrerong
3Te80N0
2769000
2770000
ZFTLC0Q
277000
2773000
STTRGOTC
PRESTHe0)
PR ELY b
& TrIIONg
218000
Srrenao
L TRQGNN
<rELaNg
Fad:Fiviiil
¢ TR3000
PR R
Ligsong
¢ TRRNA

STETR

000400

3

3

3

FRLTUR-

*

RTL/6000 VILE EDIT
MICROPRUGKA™ SECTION

SEQUENCE: $SURCS

ASTORE LS8 OF DEVICE [. D
HWT AADL

“SET SPA FOR FIRMWARE REY
S5PAL LOT (FWRVI

ASET FIRMWARE REVISION JN ACU
LCH AACU (NST {3D#)

v STORE FIRMWARE REV FOR SOF TWARE USE
M T

WSET SPA FOR DEVICE STATUS

SSPRI LOC (DEvST)

W WRITE CURRENT DEVICE STATUS
M T AADZ

ASKIP #F DEVICE READY
TFO TAX0 ASPM

W60 To NEXT CHANNEL
GT0 (SS5ETUP-DEVL)

VSET SPA FOR STS
S5PRE LOC 1STSY)

WOET REALY CONSTANT [N aly
LCN CHST (8OR)

AUPDATE 5TS)
M T

YOET HETLRN FDR RECALIHIATE
LRe

(35ETUP-LO0R)

Y RECAL]BHATE
LTO (SRECALS

GEvE SSET CHARKEL READY

NERT CHANNEL

ADDRESS
{HEX)
N
\ 200
3
\ z01
H
) 202
i
Ay 203
i
N 204
i
§
SECTION
AUDHRESS
{HEX)
\ <09
§
\ 206
3
h 207
i
) 208
i
\ 209
3
\ 20A
3
\ 20B
3
W 2¢¢
i
\ 20D
1
3
ALDRESS
[HEX)
Y 20F
§
\ Z0F
i
% /n
H
N Fa R
4
N 2
N 213
§
N 214
3
W Fas]
L
y Pt
3
\ 217
N B
i
IS A
i
k) P
) Zib
14
& 21

88

08/s01/77 L2480% PAGE: 71
PUC#:

IMAGE

(HEX)

600E
Fao5
6C00
CO54

Felp

UHIULATT i2esUs  PAGES Lrs
DUCem:
IMaGE
[HEX)
AQ3U
00ny
T4ty
T(sF
8CEB
TooA
aCBA

8003

A300

Our0Ls7T LéabU5  PAGE: 13
DUC.#:

[MAGE

{HEX)

B60OO

BLER

A

A200

HLEA

BAUO

CaS0

Feiy

HCon

B2

AeGl

204

FAFry

401H




MODEL: MMDC-REVID
REVISION! 000400

- 4,159,532

89

RTL/6000 FILE EDIT
MICROPRUGRAM SECTION

ADLRESS
LINE » SEQUENCE: SSUPCS {HEX)
27189000
2790000\ THE wAlT ROUTINE PRIORITIZES THE EXECUTION OF CHANNEL
2191000 ACTIVITIES IN THE FOLLOWING ORDER-
2192000
2793000 1s UNSQLICITED BUS TRANSFERSs INDICATING A TRANSFER
2794000 FROM THE CP wITH THE DATA STURED [N THE 8US
27195000 INTERFACE REGISTER,
27196000
2797000 24 DEVICE REQUESTSs INDICATING THAT THE ADAPTER HAS
2798000 COMPLETED SEARCHMING A FIELD AND REQUIRES SERVICING
2799000 (RELUAD SEARCH ARGUMENTy A WIT ON A SEARCH»
2800000 OR AN EQROR,) \
2801000
2802000
2803000\ THE FOLLOWING ACTIVITIES ARE CHECKED FOR ONLY WHEN
2804000 THE ADAPTER IS NOT BUSYs SINCE UNLY ONE CHANNEL
2805000 CAN BE READ/WRITE/SEARCHING AT A TIME,
28Us000
2807000 3. RESUME [NTERRUPT+ [NDICATING THAT THE CP HAS
2808000 RAISED THE RESUME (NTERRUPT LINE,
2809000
2810000 s SEEKY STACKEDs INDICATING THAT 4 PREV]OUS SEEK
2811000 OPERATION WAS STACKED, A
2812000
28L30N0 3, POLL DEVICESs WHICH CHECKS FOR ANY PREV]OUSLY
2814000 INITIATED SEEKS BECOMING DONE IR ANY ASYCHMRONQUS
2815000 DEVICE STATE TRANSITIONS (OFF LINE TQO READY,
2818000 READY TO OFF LINE) WHICH MAY HAVE TAKEN PLACE.
817000
2818000 6e READ/WRITES STACKEDs INDICATING THAT A PREV]OUS
28319000 READ OR WRITE CPERATION WAS STACKED. \
2820000
2821000
2822000 5k1P MOF 3
MODEL; MPDC-REVID RTL/6000 FILE EDIT
REVIS[OMI 000,00 HICROPRUGRAM SECTION
ADDRESS
LINE » SEQUENCE: SSUPCS {HEX)
2823000
2824000
2825000 $START=WAIT  \RESET BUS REGISTER BUSY \ 2lp
2826000 RRB '
2827000
2828000 syAlT=LOOP \SK[P IF REQUEST IS ON \ 21E
2829000 1F0 TREQ 1
2830000
2831000 g A\GD TO STACKED CHECK \ R21F
2832000 6TO (SWA]T=8USY) 3
2833000
2834000 $wA[T=LOOP] \SET REGISTER BUSY A 220
833000 SRB '
2834000
837000 3 A\LOAD REQUESTING CHANNEL \ 221
2838000 LRC 3
2839000
2840000 ¢ \5K1P JF NOT A BUS REQUEST \ 222
2841000 TFZ TUBR i
2842000
2843000 3 NGO TC SERVICE UNSOLICITED BUS REQUEST \ 223
2844000 GTO {$STARTBUSRD) i
2845000
2846000 3 ASET SPA FOR CURRENTLY ACTIVE R/W CHANNEL \ 224
2847000 SSPA LOCI(LSTRW} 1
2848000
2849000 3 \LGAD INDEX REG]STER \ 225
2830000 LIR ASPM ¢
2831000
2832000 3 \GO TO DEVICE SUPPORT ROUTINE \ 226
2853000 RTN 1
2854000
2855000 \ THE FOLLOWING [5 A LIST OF PUS5[BLE RETURNS
26856000 DEPENDING ON THE OPERATION BEING PERFORMED=
2857000 FRT«REY = FORMAT WRITE 1D
2858000 SCH=RET « SEARCH Ip
2859000 WRT=RET = DATA XFER DURING WRITES
2p80000 READ=RET - DATA XFER LURING READS
2861000 READ=AMK - FIRST T{ME ON ALL READS
2862000 FMT-READ ~ FORMAT READ |D ONLY AFTER
2862000 SPACING DATA FIELD
2884000 DIAG=AMK « DIAGNOSTIC READ (FIAST RET ONLY) A
2865000
4866000 SKIP HOF §
MUDEL: MMOC~REY3D RTL/6000 FIiLk EDIT
REVISION! 000,00 MICROPRUGRAM SECTION
AUDHESS
LINE # SEQUENCE: SSUPCS {HER
2867000
2868000  $wAlT-5USY ASKIP IF NO ADAPTER HARDWARE REQUEST 227
2869000 TAWR TFz 3
2870000
2871000 ¢ \GO TO RETURN tO ADARTER \ 228
2872000 GTO (SWAIT-LOOP1) :
2873000
2874000 g ASKIP IF ADAPTER NOT wuSY \ 229
2873000 TFZ Taos H
4876000
2877600 5 \GO TO wAIT FOR A REQUEST \ 224
28718000 GTO ($5TART=wAlT) i
2879000
ZBB0OND  $POLL=PEND \SKIP TF RESUME [NTERRUPT NOT SET \ 228
£E81000 TINT TFZ 3
2882000 -
2883000 4 \G0D TO RESUME [NTERRUPT \ 22c
24884000 GTO {$STARTRESUM} [
2885000
2885000  $POLLDEVST \SET 8US REGISTER BuSY \ 220
2887000 SHB 8
2888000
2885000 g NCLEAR ACU \ 22¢
2890006 LIN CNST (ogpy 3

90

og/ul/T?
POCes:
IMAGE
{HEX)

12,605 PAGE:

Ce/01/77
DUCe#!
INAGE
(HEX)

12,805

PAGE :

4002
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Faz27

4004

AQ20
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MDDEL }

MPOC-REYID

REVISIONt ODO0.00

LINE ¢

2891000
2892000
2893000
2894000
2895000
2896000
2897004
2898000
2999000
2900000
2801000
2902000
2903000
2904000
2905000
2906000
2907000
2908000
2909000
2910000

$SEEKSTACK

SK1P WOF

MODEL$ MPDC-REV3D
REVISIOM! 000,00

LINE #

2911000
2912000
2913900
2914000
2915000
2916000
2917000
2918000
2919000
2920000
2921000
2922000
2923000
2324000
2925000
2926000
29271000
2928000
2929000
2930000
2931000
2932000
2933000
2934000
2933000
293460010
29370110
2938000
2939000
2940000
2941000
2942000
2943000
2944000
2945000
2945000
2947000
2948000
2949000
2950000
2951000
2952000
2953000

sPOLL=LDOP

2954000 5K1P HOF

MODEL: MHDC-REVID
REVISION! 0003.00

LINE ¢

2955000
2958000
2957000
2958000
2959000
2960000
2961000
2962000
2963000
2984000
2955000
2966000
2967000
2968000
2969000
2970000
2971000
2972000
2973000
2974000
2975000
2976600

3POLLNEXT

SRADWRTSTACK

5K T HCF

4,159,532

RYL/6UOO FILE EOLT
MICROPRUGHAM SECTION

91

ADURESS
SEJUENCE: SBUPCS tHEX)
-continued
\SKIP IF NO UNSOLICITED BUS REQUESTS \ 22F
TuBR TFZ [}
\GO TO SERVICE UNSOLICITED BUS REQUEST \ 230
GTO (SWAIT=LOOP} [
\SET SPA TO SEEK STACKED COQUNT \ 231
SSPA LDC (SKSTK) '
\SEEX COUNT TO ACU \ 2132
XFA ASPM BACU y
\SKIP I1F NO SEEK STACKED \ 233
TFO TEQZ )
\GO TO UNSTACK SEEK \ 234
GTO (SSEEKUNSTKL) 1}
:
RYL/6000 FILE EDIT
MICROPROGRAM SECTION
ADDRESS
SEQUENCE: $SUPCS {HEX)
\LOAD INDEX REGISTER FROM ACU \ 235
LIR AACY v
\SET SPA FOR UNJT SELECT @YTE \ 236
S5PA] LOC (UNSEL) i
\SELECT DEVICE \ 237
XFB AAD3 BSPM SRIA 3
\SET SPA FOR DEVICE STATUS \ 238
SSPAI LDC (DEVST) 4
\SAVE ONLY READY BIT \ 239
ACN ASPM CNST (80#) 1
\SET 5PA FOR 57S1 \ 23A
SSPAL LOC (5T51) 1
\ADD READY BIT \ 234
ORR ASPM BACU v
\RE-WR1TE STS1 \ 23¢C
MW 3
\SET SPA FOR PREVIOUS DEVICE STATUS \ 23p
SSPAl LOC(DEVST) ]
\PREVIOUS DEVICE STATUS TO AcU \ 23E
XFA ASPM BACU 3
\UPDATE DEVICE STATUS \ 23F
MWT AAD2 '
\COMPARE OLD STATUS TO NEW STATUS v 240
XDR AACU BSPM 1
\SKIP TF STATUS EQUAL \ 241
TFO TEQZ '
\GD TQ ANALYZE STATUS CHANGE \ 242
GTO {SPOLLSEEK) ]
H
RTL/6000 FILE EOLT
MICROPRUGRAM ScCTION
ADDRESS
SEQUENCE: $SUPCS (HEX}
\INCREMENT |NDEX REGISTER \ 243
INC AIDX BACU 3
\SKIP TF ALL CHANNELS PILLED \ 244
TFO TAX5 AACY '
\POLL NEXT CHANNEL A 245
GTO {SPOLL=LDOP) 3
\SET SPA TO R/W STACKED COUNT \ b
SSPA LOC (RWSTK) {
\R/w STACK COUNT TO ACU \ 247
XFA A5PM BACU ¢
\SK1P 1f NO R/w COMMANDS STACKED \ 248
TFO TEQZ 1
NGO TO UNSTACK R/W COMMAND \ 249
GTO (SRDWTUNSTKL) :

92

V8oL T?
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INAGE
{HEX)

12,809 PAGE: e
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DOCew:
IMAGE
{HEX)
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4,159,532
> 94

MODELS MWDC-REVID RTL/6000 FILE EDIT 08/01/77
REVISINMY 000,00 MICROPROGRAM SECTION DOCen:
ADDRESS IMAGE
LINE 4 SESWENCL: 3auF(S (HEX} (HEX}
2977000 N THE FOLLOWING ROUTINE 1S USED TO CHECK FOR AN
2978000 [NTERRUPT STORED. THE [NTERRUPT COULD BE STORED
29790Nn0 FOR THE FOLLOWING REASONS=
2940000 . A BUS PARITY ERROR DURING AN UNSOLICITED
2981000 BUS REQUEST WHILE THE ADAPTER 15 BUSY OK
2982000 ANOTHER CHANNEL
2983000 , A S5TQP /0 CONTROL WORD TO A NONBUSY
2984000 CHANNEL WHILE EXECUTING A TASK TO A
2985000 SECOND CHANNEL
2985000
2987000  §POLLINYST NCLEAR ACU 264A BOOE
2998000 ZER
2989000
29493008 5 \SET S8A TO CHANNEL MONITOR 24p 8C88
2991000 S5PAT LOCU (MONL}
2992000
2993000 $pOLLINTSTY \ACU TD INDEX REGISTER 24C  A030
2994000 LIR
2995000
2995000 3 \SkIP TF NO [NTERRUPT STORED 24D (458
2997009 TEZ TAXSG ASPM
299000
2993000 3 \GO TD SEND INTERRUPT 24E F33F
3000000 TO ($STARTINTPT)
3001000
1002000 Sk (P HOF
MODEL: MPDC-REVIS RTIL 6000 FiLE EDIT wssuls??
REVISION! 00D.0U MICROPRUGRAM SECTION UUCes:
AUDRESS  IMAGE
LINE # SEJQURNCE: SSUPCS (rEX) {HEX)
3003000 % LINCREMENT [NDEK REGISTER 24F  bCUO
300A00E TNC AJDX BACU
3003000
3o0ean0 s AIRIP OTE OALL CHANNELS CHECKED 250 CO9A
3007000 TFO TAXS AACY
3008000
3009000 3 NIHECK NEXT CHANNEL 251 F24(
3010000 GTQ (SPOLLINTSTL)
3011000
wpone s \6O TO POLL INTERRUPTS PEMDING 25¢ Fzlp
3U13000 670 {$START-walT)
3014000
3015000
2016000 swAlT=CONTD \SK]P 1F NO ADAP HARUWARE REQUEST 253 (U040
3017000 TAHR TF]
3018000
InEeNNg \RETURN T ADAPTER DATA TRANSFER 254 F257
2020000 G700 (SWAIT=CONTL]
3021000
1022000 3 WSk IP IF DEVICE REQUEST 255 COBC
3073000 TFD TREQ
3024000
3nzs000 4 \GO TO START wAIT 256 F2lp
3026000 GTO ($START=WA|T)
3027000
2028000 swAIT=CONTL  A\SET 5PA FOR CURRENTLY ACTIVE R/W CHANNEL 257 BaEY
3029000 55PA LOU (LSTRw
3030000
3n31000 ¢ NLOAD IMDEX REGISTER 258 A&30
3032000 LIR ASPM
3033000
3034000 8 \NGO TU DEVICE SUPPORT WJUTINE 259 (200
2035000 RTN
3036000
337000 5\ THE FOLLOWING 15 A LIST OF POSSIBLE RETURNS
3038000 DEPENDING ON THE OPERATION BEING PERFORMED=
3039000 FWT=RET - FORMAT WRITE 1D
3060000 SCH-RET = SEARCH
3061000 WRT=RET = DATA XFER DURING WRITES
3042000 READ®RET = DATA XFER DURING READS
3043070 READ=AMK = FIRST TIME DN ALL READS
3044000 FMT-READ = FORMAT READ 1D ONLY AFTER
3045000 SPACING DATA FIELD
1046000 DIAG=AMK - DIAGNOSTIC READ (FJRST RET ONLY)
3u47000
JUL80N0 Sk 1P HOF
MODEL | MYDC-REVID RYL,/$0CT FicE ePIT 0a/01¢77
HEVISTON! DOD.LT MICROPRUGRAM SECTION DOCaw
ADDRESS [MAGE
LINE # SEQUENCE: $SUPCS {HEX) (HEX)
3069000
ps00nd THE RESUME INTERRUPT RDUTINE [S5 CALLED BY THE wAIT
3051000 ROUTINE wHEN THE RESUME INTEARUPT LATCH [S FOUND
3052070 SET AND A PREVIOUS INTERWUPT wWAS STACKEDS
3093000 THE RESUME INTERRUPT ROUTINE wili
3094000 UNBTALK AlLL INTERRUPTS WHICH ARE PENDINGs [.£,
3035000 INTERRUPTS WHICH WERE PREVIOJSLY NAKSD willL BE
3056000 REATTEMETED, TO 0D THIS THE RFQUTINE WILL
3057000 SEQUENTIALLY EXAMINE SLL CHANNELSs STARTING WITH
3IN58000 \ CHANNEL 7ERO, THE CHANNEL MONITOR BYTE (MONL) Witk
3059000 BE CHECKED FOR INTERRUPT PENDING (81T O)s 1F SET,
3060000 AN INTERRUPT BUS CYCLE IS5 ATTEMPTED. IF Thi
3061000 INTERRUPT [S ACK!D BY THE CPs THE [NTERAUPT
3062000 PENOING 81T 1S RESET. OTHERWISE THE INTERRUPT
3063000 PENDING HIT HEMAINS SET AND THE [NTERRUPT WILL
308400 HAVE TO AGATN BE ATTEMPTED ON DETECTION OF ANOTHER
3065000 RESUME INTERRUPT PULSE.
3666000
3067090
30850N0  §STARTUESUM  \SET pUS REGISTER BUSY 25A 4004
3065000 SRB
3370000
071000 % VCLEAR ACU 258 8LOO
3072000 LCN CNST(DO#
3073030
30740040 § LSK [P IR MU UNSLLICITED BUS REQUESTS 25C 072
3075000 TuBk TFZ

3oteano

12.60%

124005

124005

PAGE

PAGE:

PAGE !

"

80

8l



MDDEL | MYDCREVID

REVISIONI

LINE o

3077000
3p78000
3079000
3080000
3081000
3082000
3083000
3084000
3085000
3086000
3patoNno
3vapono
3089000

MODEL :
REV]ISINN?

LINKE 4

3090070
3091000
3092000
3093000
3094000
3095000
3u9s00U
3u97000
3u98000
3099000
3100000
3101000
3102000
3103000
Jiusong
3105000
3104000
3107000
3108000
3109000
31ip0Q00u
3111000
3112000
3113000
3114000
3115000
3116000
3L1r000
3l1s8000
3119000
3120000

000.CT

SRESUM=LDOP

SK [P HOF

MPOC.REVI)

000400

SKIP HOF

MODEL: MPDC-REV3ID

REVISIONI

LINE #
3lz10n0
3122000
3123000
31240Nn0
3125000
3126000
3121000
3128000
3129000
313g0n0
3131000
3132000
3133000
3134000
3135000
3136000
3137000
3138000
3139000
3140000
3lei000

000.00

s

L]

SRESUM=~TNAK

3162000 Sk 1P HOF

MODEL 3
REVIS]ION:

LINE #

3143000
3144000
3La5000
3166000
3147000
3i4pono
2149000
3150000
3151000
3152000
3153000
3134000
3155000
3156000
3157000
3158000
3159000
3Ls00n0
3141000
31s820n0
3163000
3164000
3165000
3166000
3167000
ERLY- [ yl]
3169000
3170000
3171000
3lr2000
3173000
3LTa0NQ
375000

I v

MPDC=REV3,

0oU.0U

SRESUM=TACK

SRESUM=CHS

SRESUM=NEXT

%

s

5

4,159,532

RATL/B0CC FicE EOIT
MICRQPRUGRAM SECTION

95

ADDRESS
SEQUENCE: $SUPCS (HEX)
-continued
\GO TO SERVICE UNSOLICITED BUS REQUEST A\ 250
GTO (SWAIT=LDOP) i
\RESET RESUME [NTERRUPT LATCH \ 25€
RIL '
\LOAD INDEX REGISTER \ 25F
LIR AACY 3
\SET 5PA FOR CHANNEL MONITOR BYTE \ 260
SSPAL LOC(MON1} '
'
RTL /6000 FILE EDIY
MICROPRUGRAM SECTION
ADDRESS
SEQUENCE: S3UPCS CHEX)
\SKIP 1F INTERRUPT PENDING \ 281
TFO TAXO ASPM 3
\NQ INTERRUPT PENDING=GD TO NEXT CHANNEL \ 262
GTO (SRESUM=NEXT} 3
\SET SPA FOR FIRST BYTE CP CHANNEL NUMHER \ 263
SSPAL LOC{ILCR} 3
\CLEAR LOW ORUER BITS \ 264
ACN CNST (CO#) ASPM 3
\LOAD LS8 OF puS ADDRESS \ 265
XFB ABUS4 BACU SA1A 3
\SET SPA FOR 2ND BYTE CP CHANNEL NUMBER \ 266
SSPA] LOC(ILCL) i
\LDAD MID OF BUS ADDRESS \ 287
XFB ABUS4 B5PM SRIA 1
\LDAD M5B OF BUS ADDRESS \ 268
2ER ABUS4 SR1A i
\SET SPA FOR INTERRUPY VECTOR \ 269
S5PA1 LOCCIDF1} 1
\LOAD L58 CF DATA BUS \ 26A
XFB ABUS3 BSPM SRIA ]
. 1
RTL/60U0 FILE EDIT
MI1CROPRUGRAM SECTION
ADDRESS
SEQUENCE: SSUPCS (HEX}
\SET SPA FOR REST OF INTERRUPT VECTOR \ 268
SSPAL LOC (CHNL) :
\LQAD M58 OF DATA 8US \ 26€
XF8 ABUS2 8SPM SRIA :
ACLEAR BUS STATUS A 26D
RST '
\LOAD CYCLE BYTE IN ACU \ 26E
LCN AACU CNST(80#) ¢
NINITIATE BUS CYCLE \ 26F
CYC AACY '
\SKIP IF NQ NAK A 270
TFZ TNAK ]
\NAK RECE[IVED=LEAVE INTERRUPT STACKED \ 27}
GTO (SRESUM=-(8%) '
:
RTL/6000 FILE EDITY
MICROPRUGRAM SECT [ON
AUDKESS
SEJUENCE: $3UPCS (HEX)
ASKIP TF ACK 15 SET \ a2
TFQ TACK s
\NO RESPONSE - wA1T N 213
GTO {SRESUM=TNAK) '
\5ET SPA FQR CHANNEL MONITOR \ 274
SSPAL LOC(MONI) [
NCLEAR ACU A 275
ZER BACU '
\CLEAR MON[TOR \ 278
MWT AACU i
\SET CHANNEL READY \ 277
SCR '
\CLEAR BUS STATUS A 278
RST H
VINCREMENT |NDEX REGISTER \ 279
INC AIGX BACU 3
\SKIP 1F ALL CHANNELS CHECKED \ 27A
TFO TAX5 AACY 3
NCHECK NEXT CHANNEL \ 278
G6TO (SRESUM=LOOR) 1
\GO TO CHECk FOR SEEKS STACKED s 27¢
GTO I$SEEKS ACK) 1

96

08/01/77
DOCans
IHAGE
(HEX)

81

12.60% PAGE:

F2lE

4001

AD30

acag

vs/0Ls77
U0Cew:
1MAGE
{HEX)
490

L2.bU5  PAGE: 82

F2Ty

803

870%

[14.1:]

8C02

6DoB

SC4F

8CAY

696h

0a/0is?7
LUCew:
1MAGE
{HEX)
8CA0

12.6U5 PAGE: &3

6560

4084

8200

4020

ot

F2Ty

UBsULsTT
UUCem:
IMAGL
{HEX)

12.0u5 PAGE: b

CukE

Félo

BCus

HO0E

A200

«0lp

“«084

scoQ

CO0%A

F25F

F231



MODEL: MPOC=-REV3D
REVISIONT 000,00

LINE #

3lraono
3179000
31s00n0
3lgion0
3182000
3le30no
3184000
3185000
3186000
3187000
3188000
3189000
3L90000
3191000
3is2000
3193000
3194000
3193000
3196000
3197000
3198000
3199000
3200000
3z01000
3202000
3203000
3204000
3205000
3206000
3207000
3208000
3209000
3210000
3211000
3z2120n0
3213000
3214000
3215000
3216000
JzLrong
3218000
3215000
3220000
3221000
3222000
3223000
3224000
322%000
3226000
3227000

97

4,159,532

RTL/6000 FILE EOIT
HICROPRUGRAM SECTION

SEQUENCE: SSUPCS

\ THE SEEK UNSTACK RDUTINE 1S CALLED BY THE WALY
ROUTINE wHEN A SEEx OPERATIOM 15 FOUND TO BE
STACKED (5.P« LOCATION SKSTKIe

THE ROUTINE WILL SEQUENT]ALLY EXAMINE ALL CHANNELS
STARTING WITH THE ONE AFTER THE LAST R/W. IF A
CHANNEL [5 FOUND TO WAVE A SEEX STACKED THE
ROUTINE mhILL UNSTACK THE TASC (SEEK) AND BRANCH

TG COMMAND DECODEs

$SEEKUNSTKL

$SEEKVNSTK2

$SEERUNSTKI

s

s

3228000 SKIP HUF

MODEL: MYDC=REV3U

REVISION:

LINE &

3229000
3230000
3231000
3232000
3233000
3234000
3235000
3236000
3237000
3238000
32390n0
32640000
3261000
3262000
3243000
3264000
3245000
3246000
3247000
3248000
3249000
3250000
3251000
3252000
3253000
3254000
3255000
3256000
3257000
3258000
3259000
3260000
3261000
3262000
3283000
3284000
3265000
3266000
3267000
3268000
3269000
3270000
3271000
3272000
3213000
32714000
3275000

\DECREMENT SEEKS STACK
DEC AACU BACY

\RE=WRI1TE UPDATED SEEKS INDICATOR A

MWT AACY

A\LAST R/W CHANNEL TD 5PA
SSPA LOC(LSTRW)

ALAST R/W CHANNEL TD S5PA
XFB ASPA B5PM SRIA

AINCREMENT LAST R/w CHANNEL
1MA

ANQ OP FOR TIMING

NOP

\MASK HIGH DRDER 81TS

ACN CHST{D3#) ASPA

ASK{P TF SEEK STACKED
TFO TAXO ASPM

\GO TD CHECK NEXT CHANNEL
GTO {SSEEKUNSTK2)

ACLEAR SEEK STACKED INDICATOR
ACN CNST(7Fs) ASPM

\RE=WRT1TE UPDATED INDICATOR
MWT AACY

\LDAD INDEX REGISTER
LIR ASPA

\GD TO INJTJATE TASK
GTO (SCMDEC~E])

- e

-

RTL/B0O00 FILE EDIT

0OC.0U MICROPRUGRAM SECTION
SEQUENCE: S$UPCS
\ THE POLLING ROUTINE IS CALLED wHEN THE WAT
ROUTINE DETECTS A CHANGE In DEVICE 5TATUSs THE
RUUTINE ANALYZES THE STATUS CHMANGE TQ DETEKMINE
1F ANY SEEKS WAVE BECOME DONE OR [F ANY DEVICES
HAVE MADE A STATE TRANSITI{UN (DFF LINE TD
READY QR READY YO OFF LINE}, \
$POLLSEEK ASKIP [F PREVIOUS SEEK ACTIVE \
TFZ TAX1 AACU i
s \GO TO CHECK FOR STATE TIANS}TION \
GYD {$POLLREADY) 3
s ASKIP TF NO SEEK ERROR \
TF2 TAX2 ASPM 3
s \SET SEEX £RROR STATUS \
GTO ISPOLLSEEKER) $
s \SKIP IF SEEK COMPLETE A
TFO TAX1 ASPM 3
) \GO TO CHECK FOR STATE YRANSITION A
GTO (SPOLLREADY} '
s ASET SPA FOR CWANNEL MONITOR \
SSPA] LOC (MONL) b
s ASK[P TF NOT A RECALIBRATE \
TFZ TAXS ASpM '
1 \GO TO SELECY PLATTER ZEROw TRACK ZERQ \
GTO [SRECALPLSEL) 3
s \SKIP 1F SEEK ACTIVE BIT SET \
TFO TAX3 ASPM 3
s \CHECK FOR STATE TRANSITION \
GTO {$POLLSEEK]} 3
s \RESET SEEK B[T [N MOMITOR \

3276000 5K1P HOF

MODEL: MYDC=REV3U

REVISION?

LINE #
32rrone
3278000
3279000
3280000
3zsl1000
3zs2000

00000

s

ACN ASPM CNST (EFe)

\RE=WRTTE MON[TOR
MuT

RTL/6000 FILE EDIT

MICROPRUGRAM SECTJON

SEQUENCE: $SUPCY

ASET 5PA FOR TASK
SSPAL LOC(TSk 1)

ASKIP IF NOT [MPLIED SEEX
TFZ TAX2 ASPM

AUDRESS
1HEX)

270

27€

27F

280

281

82

283

284

285

286

287

284

289

AJDRESS
IHEX)

<3A

28C

280

28F

290

2%1

292

293

294

295

2%

ADORESS

(HEX}
297

%8

98

08/01777
DOC.#:
1MAGE
{HEX)

$03C
A200
8BE9?
6964
Al00
0000
8807
€490
F2sl
B5EF
AZDO
AB30

F3o06

08,04s77
OUCew:
[MAGE
(HEX}

COs5¢
F2A4
C454
F29¢
Ce92
F2As
BCBS
C45A
F3ET7
Ce9e
F2zhz
BTAF

A200

odsulsTT
DUCeo:
IMAGE
(HEX}
BCUA

C454

12+60% PAGE:

12,605 PAGE:

l2etU5 PAGL:

L1]

87



4,159,532
99 100

MOOEL i MMDC«REV3L RTL/6000 FILE EDIT o8s01/77 124805 PAGE: 87
REVIS]ON! 000,00 MICROPHUGRAM SECTION DUCew:
AUDRESS  IMAGE
LINE # SEQUENCE: $SUPCH (HEX) (HEX)
-continued
3283000 \GD TO INJTIATE R/wW \ 299 Fas2
3284000 GTO 1$CMDEC-E2) i
3285000
3286000 § \SET SPA FOR DMA BYTE \ 294 BCH9
3287000 SSPA] LOC {DMAL) :
3288000
32890P0 S \SKIP TF NOY AN IMPLIED SEEX \ 298 (456
1290000 TFZ TAX2 ASPM 3
3291000
3292000 § \GOD TO CONTINUE READ/WRITE \ 29¢ Fle2
3293000 610 {SCMDEC-E2) 1
3294000
3z9%000 3 \GD TO SEND INTERRUPT \ 29D F33F
3296000 TG (SSTARTINTPT) 5
3297000
3298000 sPOLLSEEKER  \ADDRESS CHANNEL MON]1TOR \ 29E  Bces
3299000 5SPAL LOC (MONL) 3
3300000
3301000 § \SKIP TF SEEK ACTIVE SET \ 29F  C49¢
3302000 TFO TAX3 ASPM 1
3303000
3304000 $ \SK1P 1F NOT A RECALIBRATE \ 2RO C45A
3305000 TFZ TAX5 ASPM ]
33us000
3307000 3 6TO ($SSEEK=ERR) 3 2AL  FSA4
3308000
33090Nn0  $POLLSEEK! \SET CHANNEL READY \ 2A2 40lB
3310000 SCR i
3311000
3312000 s \SET SPA FOR UPDATED DEVICE STATUS \ 2h3  WCEA
3313000 SSPAI LOC (DEWST) '
3314000
3313000 $K1P HOF 3
MUDEL: MPDC-REVIY RTL/6000 FILE EDIT ubsuls?? 12.6U5 PAGE: 88
REVISIONS 000.0U MICROPRUGKAM SECTIUN UUCesw:
AVURESS  IMALE
LINE # SEQUENCE: SSUPCS (HEX) iHEX)
3316000
3317000  $pOLLREAQY \SKIP IF PREVIOUSLY NOT READY \ 2A4  CO5u
3318000 TFZ TAXQ AACU 3
3319000
3420000 % \GO 1O CHECK FOR OFF L[NE TRANSITION \ 2A%  F2A9
3321000 GT0 tSPOLLOFFLIN) 3
3322000
3323000 ¢ \SKIP !F STILL NOT READY \ 246 (650
3324000 TFZ TAXD ASPM 3
3325000
3326000 s \GO TO SEND ATTENTION ON LINE TRANSITION \ 2AT  F596
3327000 GTO (STERM=ATT) 3
3328000
33230n0 % \GD TD POLL NEXT CHANNEL \ 248 F243
4330000 TO (SPOLLNEXT) 1
3331000
3332000 SPOLLOFFLIN  \SKIP IF NQT READY \ 2h9  C450
3333000 TFZ TAXO ASPM ]
3334000
3335000 8 \GD TO POLL MEXT CHANNEL \ 24k F243
3335000 GTO (SPOLLNEXT) 3
3337000
3338000 s \GO TO SEND ATTENTION OFF LINE TRAMSITION \ 288 F396
3339000 GTO (STERM=ATT) 3
3340009
3361000
3342000 SKiP WOF 1
MODEL$ MPDC-REV3ID RTL /6000 FILE EDIT 08701777 12,605 PAGE: B9
REVISION! 000.0U MICROPRUGRAM SECTION 00Ca#:
ADDRESS  [MAGE
LINE SEQUENCE: $SUPCS (HEX)  (HEX)
3343000
2344000 N THE READ/WR1TE UNSTACK ROUTINE 1S CALLED 8Y THE
3345000 WALT ROUTINE wHEN A READ/WRITE OPERATION 15 FOUND
3346000 TO BE STACKED (5,P, LOCATION .mMSTH),
3347000
3345000 THE ROUTINE WILL SEQUENTIALLY EXAMINE ALL CHANNELS
3349000 STARTING WITH THE ONE AFTER THE LAST R/We IF A
3350000 CHANNEL 1S FOUND TQ HAVE READ/WRITE STACKEDs THE
2351000 ROUTINE wILL UNSTACK THE TASC (READ OR WRITE!
3352000 AND BRANCH TO COMMAND DECODE. \
3353000
3354000
3355000 s$ROWTUNSTKL  \DECREMENT R/w STACK \ 2AC  603C
3356000 DEC AACU BACU 1
3357000
3358000 8 \RE-WRITE UPDATED R/W [NDICATOR \ 2A0  A200
3359000 MWT AACU $
3360000
2361000 % \SET SPA FOR LAST R/W CHANNEL \ 2AE  BBE?
31362000 S5PA LOC(LSTRW) 3
3263000
3364000 $ \LASY R/w CHANNEL TQ SPA \ 2AF 6964
3365000 XFB ASPA BSPM SRIA 3
3366000
3367000 SRDWTUNSTKZ  \INCREMENT LAST R/w CHANNEL \ 280 Aluo
3368000 IMA i
31349000
3310000 % \ND OP FOR TIMING \ 2ul 0000
3371000 NOP 3
3372000
3373000 $ \MASK HIGH ORDER BITS \ 282 8807
3374000 ACN CNST(03#) ASPA 3
3375000
3376000 3 \SK[P IF R/W COMMAND STACKED \ 283 (492
3377000 TFQO TAX1 ASPM '
3375000
3379000 s \GO TO CHECK NEXT CHANNEL A 284 F200
3380000 GTO {SRDWTUNSTK2) '
3381000
3382000 § \CLEAR R/w STACKED INGICATIR \ 285  BOLF
3383000 ACN CNST(BF#) ASPM 3
33B401CG
3385070 § \GO TO LOAD INDEX REGs & INITIATE TASK \ 286 F247
33846000 5TO (SSEEXUNSTK3) 1
3387010

3388000 Sk 1f ADF :



4,159,532
101 102

MODELS MPDC-REY3( RTL /0000 FILE EDIT Ugsuis?v l2e6Ud  PAGL: £1%
REVISION: 00000 MICROPRUGRAM SECTION UGCen:
AUURESS IMAGE
LINE # SEQUENCE! SSUPCHS (HEX) (HEX)
1189000 \ THE BUS KEOUEST ROUTINE 15 CALLED BY THE wAIT
3390000 WOUT INE wHENMEVER AN UNSOLICITED BUS TRANSFER 15
3391000 DETECIED. THE PURPOSE OF THE BUS REJUEST ROUTINE 15 TO
3492000 EXECUIE THE 1/0 REQUIREMENTS UF THE BUS CYCLE AND Tu
3393000 IN|TIATE ANY DEVICE SUPPORT THAT |5 REQUIRED. \
3394000
3395000
31396000 §STARTUUSRY  \SKIP IF RESPUNSE NOT REQUIRED \ 287 (044
3397000 TFZ TRSP :
3398000
3399000 s \RESPONSE [5 REQUIRED GO TD RESPOMSE SEG AY 288 F3ip
3400000 GTO ($BUSRO=RSVP) 3
3401000
3402000 3 \5E71 SPA FOR CHZ (LS56 OF CHANNEL NUMBER) \ 289  8CAL
4403000 S5PAT LOCICHNZ) 3
3604000
3405000 § \STORE BOC CHANMEL NUMBER {LS58) \ 28A  A201
3406000 MwT ABUS] i
34070M0
3%08000 3 \FUNCTTON CODE TO ACU \ 288 84EE
3409000 ACN ASPM CNST(3EW) 3
3410000
3411000 3 \SET SPA FOR CH1 (M58 OF CHANNEL NUMBER) \ 28C  BCAO
3612000 S5PA1 LOCICHNL) H
3413000
3414000 \STORE BDC CHANNEL NUMBER (M58) \ 28D AZ0L
3415000 MKT ABUS1 i
3416000
3417000
361000 s ADDRESS SCRATCH PAD MEMORY w]iTH FUNCTION CODE
3419000 INDEXED BY CHANNEL NUMBER. \
3620000
3621000
3422000 ¢ \ADDRESS SCRATCH PAD WlTH FUNCTION CODE A 2BE  6CHA
3423000 XFB ASPAI BACU SR1A 3
3424000
3425000 3 \STOHE MSB OF DATA \ 2BF AT01
3426000 WIA ABUS2 3
3427000
3428000 $ \ STORE LSB OF DATA \ 20 AAD]
3429000 MWT ABUS3 3
3430000
3431000
3432000 Sq1P WOF 1
MODEL: MPUC=REY3D RTL,6000 FILE EDIT 0g/0L/T7 12.6U5 PAGE: 91
REVISIONI 000.00 MICROPRUGRAM SECTION O0Cas1
ADDRESS [MAGE
LINE # SEQUENCE: SSUPCS (HEX) (HEX)
3433000 \ [F FUNCTION CODE 15 OUTPUT ADDRESS
3434000 . POST DIRECTION BIT IN DMA CONTROL {(DMAls 8ITO)
3435000 . STORE MAIN MEMORY'S MODULE NUMBER AT MOUL
1434000 ELSE GO TO CHECK FDR BJS PARITY ERROR,
3437000 FUNCTION CODEL 5
3438000
34390N00 % \ SET AU FOR QUTPUT ADDRESS COMPARE \ 2Cl  poll
I%400N0 LCN AACU CNST{O9#) 3
3441000
36442000 % \ CUMPARE FUNCTION CODE WITH HEX 09 \ 202 68lA
3443000 XOR ASPA BACY i
3464000
3465000 % \ SkIP IF FUNCTION COLE OUTPUT ADORESS \ 203 Cose
3446000 TFO TEQZ '
3447000
3448000 3 \ GD TO TEST FOH BUS PARITY ERROR A 2¢s  F2pO
3449000 GTO [$BUSRGPTYCK) 3
3450000
2451000 s \ SET SPA #DR DIRECTION BIT \ 2¢S  BCAL
3452000 SSPAL LOCICHNZ) 1
3433000
3454000 A CLEAR ACU \ 2Ce 8000
3455000 LCN AACU CNST(0O#) '
3456000
3457000 § \ SKIP IF DIRECTION 15 ZERO (READ) \ 2CT Cab52
3458000 TFZ TAX1 ASPM 3
3459000
3460000 3 \ SET DIRECTION BIT IN ACU \ <Cy  B200
3451000 LCN AACU CNST(80#) 3
3462000
3463000 3 \ ST SPA FOR OMA BYTE \ 209 BCEY
3464000 SSPAl LOC(DMAL) i
3465000
3464000 8 \ STORE DMA BYTE A 2CA  A20v
3487000 MwT 3
3468000
3459000 5k 1P HOF 3
MUDEL: MMDC-REV3H HTL /B0UD Fiuk EODILT Ve ULz 1? 1abUS  PAGE: 52
REVIS|NNG 000.00 MICHOPRUGHAM SeCTION VUCm:
AUDRESS  IMAGE
LINE @ SEJUENCE: 3SUPCH (HEX) (HEX)
3470000 % v SET SPA FOR MODULE NUMBER A ey BLL3
34 11000 55PAL LOC{MODL) s
36472000
3473000 s y STORE MODULE NUMBER A 200 AUl
3474000 MwT ABUS] 3
4475000
3616000 3 v SKIP IF PARITY ERROK N €U CubR
3677000 TEC TeTy H
3478010
3479070 % v oGl TO HELEASE HUS \ 2CE F33D
3480000 670 ($BUSAG-DONE) i -
3481010
342000 3 \ 0 TO SET PARITY ERKOA \ 2CF Fauw
3413000 610 (SBUSROSETER) 3
1484000

3405000 SK 1P HOF §



MODEL ;: MMDC-REV3D

REVISINNI

LINE #
3486000
3487000
3488000
3489000
3490000
3491000
3492000
3493000
3494000
3493000
3496000
3497000
3458000
3499000
3500000
35031000
3502000
3503000
35040N0
3505000
3504000
3307000
33080N0
3509000
3sioono
3s5L10M0
3312000
asiaong
3514000
3515000
3516000
3517000
3518000
3519000
3520000
3521000
3522000
3523000
3524000
3525000
3526000
3527000
3528000
3529000

000,00

SBUSROPTYCK

SRUSROSETER

103

SEQJUENCE

\ S5kIP IF PARITY ERROR
TFO TPTY

\ GO TO TEST FOR FUNCTION CODE 1
GTO (SBUSRQCODEL)

\ SET ACU FOR [NTERRUPT FUNCTION
LCN AACYU CNST(03#)

\ COMPARE FOR OUTPUT INTERRUPT L
XOR ASPA BACU

\ SKIP [F INTERRUPT CODE
TFO TEQZ

\ GO TO SET PARITY ERROA
GTO (SBUSRQSETER)

\ CLEAR [NTERRUPT LEVEL
NDA

\ CLEAR INTERRUPT LEVEL
MWT

\ SET SPA FOR STATUS BYTE
SSPAL LOC(STS2)

\ SET PARITY ERROR
OCN ASPM CN5T(02#)

\ RESTORE STATUS BYTE
MuT

\ GO TO SET INTERRUPT
GTC ($BUSRQ~5TP4)

% IF FUNCTION CODE EQUALS | THEN

3530000 5k |P HOF

MODEL : MPDC=RLEV3i:

REVISIONE

LINE #

3531000
3532000
3533000
3534000
3535000
3536000
3s370N0
3538000
3539000
31540000
3541000
3542000
3543000
3544000
3545000
3546000
3547000
3543000
3549000
3550000
3551000
3552000
3553000
3554000
3555000
3556000
3557000
3558000
3559000
3560000
assion0
3542000
3%a30n0
3364000
3565000
3566000
3567000
3568000
3568000
3570000
3571000
35712000
3573000
3574000
3573000
3576000
3577000
3578000

000.0U

$RUSRGCLDEL

]

3

s

s

s

s

+ GO YO BLY IF INITIALIZE
« GO TO STOP SEGMEMT [F STOP /0
« ENTER TEST MODE IF TEST IS SET

4,159,532

RTL/6000 FILE EDIT
MICROPRUGRAM SECTION

i SSUPCS

CODE \
:
EVEL \
'
\
i
\
i
AY
1
\
1
\
i
\
1
\
i
A
'
\
i
30

RTL/6000 FILE EDIT

MICROPRUGHAM SECTION

SEJQUENCE

: SSUPCYH

\ LOAD ACU wITH DJUTPUT [ONYROL FUNCTIUN [UuE \

LCN BACL CNST(O1#)

\ COMPARE FUNCTION CODE EQUAL TO O1 \
XOR ASPA BACU 3
N SKIP IF FUNCTION CUUE QUTPUT CONTROL 5\

TFO TEQZ

N GD TO TEST FOR GO CUMMAND
GTO ($BUSRQTSTGO)

VDECREMENT SPA
DMA

A SKIP [F NOT AN INITIALIZE
TFZ TAXC ASPM

\ INITIALIZE

CLR

\ SKIP IF NOT STOP [/U
TFZ TAX1 ASPM

N\ STOP (/0
GTO (SBUSRQ-5TDP)

\ GO TO RELEASE BUS
GTC (SBUSRQ-DONE)

A\ IF THE FUNCTION CODE 15 EUUAL T3 A TASK FUNCTION
CODE~ THEN

SRUSRLTSTGO

s

s

3879000 Sk [P HOF

MODEL: MWDCREV3ID

REVISINNE

LINE #
3580000
35810n0
3582000
35813000
3584000
3585000
3586000
3887000
3589000

000.00

3

s

« RESET CHANNEL READY FLOP
« CLEAR DEVICE STATUS
« ENQUEUE TASK

\ TASK FUNCTION CODE TOQ ACY
LCN AACU CNST(OT#)

% COMPARE FUNCTION CODE TO Q7#¢
XOR ASPA BACU

\ SKIP IF OQUTPUT TASK FJUNCTION CODE \

TFO TEQZ

RTL/60UC FiLE EDIT

MI1CROPRUGRAM SECTION

SEQUENCE:

\ GO TO DONE
GTO (SBUSRQ-DONE!

\ RESET CHANNEL READY

RCR

\ SET SFA FOR CHANNEL MIN]TOR
SSPAY LOC(MONIY

$SUFCH

AUDRESS
(HEX)
200
201
202
2Dp3
204
205
2ce
207
208
209
204

208

AuLURESS
{HEX)
250
2oL
20t
20F
léO
2E1
2E2
ZE3
{34

2E5

2€6
2ET

2E8

AUDHESS
REX}

289

2EA

104

Qus01/77
LVUCamt
IMAGE
(HEX)

l2.0U5  PAGE:
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FZpC

8003

b81A

cose

Fzpe

A208

A200

B8Cal

8412

A200

Fazi

Upsuds?7
LUCenm:
IMAGL
{HEX)

léebUbd  PAGL:

4001
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MODEL; MPOC-REV3D
REVISION! 000,00

105

4,159,532

RTL/60V0 FILE EDIT

MICRAPROGRAM SECTION

ADURESS
LINE # SEQUENCE: SSUPCS (HEX)
-continued
3589000
3590000 3 \ SET BUSY FLAG \ 2EC
3591000 LCN AACU CNST{40#) '
3592000
3593000 § \ 5TORE CHANNEL MON]ITOR \ 2ED
3594000 MWT i
3593000
3596000 \ SET SPA FOR STATUS BYTE \ 2EE
3597000 SSPA] LOC(STSZ) 1
3598000
3599000 3 \ SKIP IF NG PARITY ERROR \ 2EF
3600000 TFZ TAX6 ASPM 1
3601000
3602000 3 \ PARITY ERROR=-SEND INTERRUPT \ 2F0
3803000 GTO (SBUSRQSETER) 1
3604000
3605000 ¢ \ CLEAR BUS STATUS \ 2F1
3606000 RST 3
3607000
3608000 A CLEAR ACU A 2F2
3609000 ZER BACU :
3610000
3611000 s \ CLEAR LS8 DF STATUS \ 2F2
3612000 wDA 3
3613000
3614000 s \ CLEAR MSB OF STATUS \ 2F%
3615000 mMwT 3
3616000
3517000 \ SET SPA FOR COMMAND CIDE \ 2F5
3618000 SSPAL LOC(TSKE) 3
3619000
3620000 s A 5KIP [F SEEK COMMAND. \ 2Fs
3621000 TFZ TAXO ASPM 3
3622000
3623000 s A SKIP JF NDT AN IMPLIED SEEX \ 2F7
35624000 TFZ TAX2 ASPH 3
3625000
3626000 3 \ GO TD SET SEEK STACKED \ 2FH
1627000 GT0 (SBUSRQ-SEEK) 1
3528000
3629000 S5¢[P HOF ¥
MODEL: MPDC-REVID RTL/6000 FILE EDIT
REVISION: 200.70 MICROPROGRAM SECTION
AUDRESS
LINE o SEQUENCE: SSUPCS (HEX}
3630000
3631000 $RUSRO=RW v SET SPA FOR R/W STACKED INDICATOR A 2F9
3632000 SSPA LDC(RWSTK) 3
3633000
36345000 3 \ INCREMENT COUNT A 2FA
3635000 INC ASPM BACU 3
2636000
3s3t000 3 \ RESTDRE CODUNT \ 2FH
3638000 MY t
3639000
3640000 3 \ INDEX REG TD ACU \ 2FC
3641000 XFA AIDX BACU 3
3642000
3643000 3 \ACY TO SPA \ 2Fp
3644000 XFB ASPA BACU 5RIA ]
3645000
3646000 3 % SET R/wW STACKED I[NDICATOR \ 2FE
3647000 OCN ASPM CNST(40#) 1
3648000
3649000 ¢ \ RESTORE INDICATOR \ 2FF
3650000 MwT i
3851000
3652000 s \ RETURN TO WAIT LOOP \ 300
3653000 GYO ($BUSRG=DONE} ]
3654000
3655000 $RUSRA=SEEK \ SET 5PA FOR SEEK STACKED INDICATOR \ 301
3856000 SSPA LOC(SKSTK) '
3857000
3558000 s \ INCREMENT COUNT N 302
3659000 INC ASPM BACU 1
3660000
3661000 § \ RESTORE COUNT A\ 303
3662000 HaT 3
3663000
3564000 § \ INDEX REG TO ACU \ 304
3585000 XFA AIDX BACU 1
3686000
3867000 3 \ACU TO 5PA A 305
3868000 XFB ASPA BACU SRIA 1
3669000
3870000 s A SET SEEK STACKEO INDICATOR \ 308
3871000 OCN ASPM CNST(BO#) 3
3672000
3573000 § \ RESYORE INDICATOR \ 307
3574000 MW s
3675000
3676000 3 \ RETURN TO wAJT LOOP A 308
3677000 GTO {$BUSRQ-DONE} ¢
3879000
3679000
3880000 SK[P HQOF }
MUDEL: MMDC~REYID RTL/BOCO FILE EDIT
REVISION! 000.00 MICROPROGKAM SECTION
ADDRESS
LINE & SEQUENCE: SSUMCH {HEX)
3681000 \ FUNCTION (ODE« wITH STOP |/0 SET HAS BEEN DETECTED.
3582000 « STOP ANY READ OR WRITE wHICH IS IN PROGRESS
3683000 « INITIAL[ZE CHANNEL MUNITOR BYTE
3664000 « INITIATE INTERRUPT \
3685000
3686010 3RUSRQ=STOP  \ SET S5PA FOR LAST R/w CHANNEL \ 309
3687000 S5PA LOC(LSTRW) 3
3688040
3689000 s \ SKIP IF ADAPTER BUSY \ 304
3690000 TFO TAOB '
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“ODEL: MMDC-REV3ID
REVISIONI 000400

107

4,159,532

RTL/6U00 FILE EOIT
M]CROPROGRAM SECTION

ADORESS
LINE @ SEQUENCE: 3$SUYCY (HEX)
-continved
3691000
3692000 § \ GD TO STOP TASK \ 208
3693000 GTO {$BUSRQ-5TP1} '
3694000
3695000 3§ \[5 STOP 1/0 FOR ACTIVE CHANNEL \ 30¢
3696000 XDR AIDX BSPM 3
3697000
2693000 s \ SKIP IF STOP 1/0 IS FOR ACTIVE CHANNEL \ 30D
2699000 TFO TEQZ 1
31700000
3701000 s \STOP 1/0 FOR NON=ACT]VE CHANNEL-DEQUE TASK \ 30
3702000 6TD (SAUSRO=5TPL) i
3703000
3704000 s \ GO TO STOP READ DR WRITE OPERAT{ON \ 30F
3705000 GTO {STERM=NOR) i
3706000
3707000 3$BUdSRA=STPL  \ INDEX REGISTER TO ACU \ 310
3708000 XFA AIDX $
3709000
a7i0000 s \ ACU TO SPA \ 3l
3711000 XFB ASPA BACU SRIA ]
3712000
3713000 s \ CLEAR ACU A n2
3714000 ZER s
3715000
3716000 § \ SKIP |F NO SEEK STACKED A N3
3717000 TFZ TAXO ASPM 3
3718000
3719000 s \ GO TO CLEAR SEEK STACKED \ 34
3720000 GTO ($BUSRO=5TP2) 1
3721000
3722000 8 \ S5K1P IF WD R/W STACKED \ 315
3723000 TFZ TAX] ASPH t
3724000
3725000 % \ GO TO CLEAR R/W STACKED \ 36
3726000 GTO ($BUSRQ=5TPI) 3
3727000
3728000 3 \ GO TO SEND INTERAUPT \ 3T
3729000 GTO (SBUSRQ=STP4) L
3730000
3721000 SKI1P HOF )
MODEL : MMDC-REV3L RYL /6000 FILE EDLT
REVISION! 000,00 MICROPRUGRAM SECTION
AUDRESS
CINE @ SEQUENCE: SSUPCH (HEX)
3732000
3733000 sgULRQ~STP2  \ CLEAR SEEX STACKED INDICATOR \ 31e
31734000 Mw? t
3735000
3736000 % \ SET SPA FOR SEEK STACK INDICATOR \ 319
3737000 SSPA LOCISKSTK) v
3738000
3739000 ¢ \ DECREMENT INDICATOR \ 334
3740000 DEC ASPM 1
3741000
3742000 § \ RE=WAITE [NDICATOR \ 3le
3743000 M T t
3744000
3745000 § \ GO TO SEND INTERRUPT \ 3lC
3746000 GTQ ($BUSRO=STP&) i
3747000
3768000 $RUdAQ=5TPI  \ CLEAR Rsw STACKED INDICATOR \ 3lp
3749000 MwT 4
3750000
3751000 3 \ SET 5PA FOR R/W STACK [NDICATOR \ ER 3
1752000 SSPA LOC(RWSTK) 1
31753000
1794000 s \ DECREMENT INDICATOR \ 2F
3755000 DEC ASPM 1
3756000
3757000 § \ RE=WRITE INDICATOR \ 320
3758000 MW T 1
3759000
3760000 $RUSRG=STP4  \ RESET BUS STATUS \ 321
3761000 RST 3
31762000
3763000 % \ SET SPA FOR CHANNEL MONITOR \ 322
3764000 SSMA] LOC(MONL) ¢
3765000
3766000 $ \ SET INTERRUPT STORED \ 322
3767000 OCN ASPM CNST(DB#) ¢
3768000
3769000 \ RE=WR|TE MONITOR A 324
3770000 MWT i
3771000
3772000 s A GO TO WALT LOOP \ 325
2173000 GTD {SWALT=CONTD) 1
3774000 :
3775000
3776000 SKP WOF ]
MODEL: MMOC-REV3D RTL/6000 FILE EDIT
o MECROPROGRAM SECTION
REYISIONT 000D ADORESS
LINE # SEQUENCE: SSUPCS SHEX)
3777000 \ RESPONSE {5 REDUIREDs LOAD BUS DATA REGISTER W1TH 2
3778000 HYTES FROM SCRATCK PAD USING THE FUNCTION CODE A5 THE
3779000 STARTING ADDRESS. \
1780000
3781000 $gUSRE=RSVP  \ FUNCTION CODE TO ACU \ 326
3782000 XFA ABUSL BACU $
3783000
3784000 § \ MASK UNUSED BITS A 27
3785000 ACN AACU CNST(IE#) 1
2785000
3787000 8 \ ADDRESS 5.P, WITH FUNCTION CODE \ 328
3788000 XFB ASPA] BACU SRIA '
3789000
3790000 \ LOAD MS8 OF DATA IN BJS DATA REGISTER \ 329

3791000

XFB ABUSL BSPM SRIA
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4,159,532
109

MODEL: MPDCREV3D RTL/5000 FILE EDIY
REVISINNI 0B0.00 M3CROPROGRAM SECTION
ADDRESS
LINE # SEQUENCE! $SUPCS (HEX)
-continued
3792000
3793000 3 \ [NCREMENT 5PA \ 32A
3794000 IMA 3
3795000
31796000 § \ LOAD LS8 OF DATA IN BJS DATA REGISTER \ 328
2797000 XFB ABUSL B5PM SRIA 1
3798000
3799000 s \ SET CYCLE PARAMETERS A\ a2¢
3800000 LCN AACU CNST(90W) i
3801000
3802000 s \ INITIATE AUS CYCLE \ 3zp
3803000 CYC AACU i
2804000
3808000 SKIP WOF ]
MUDEL: MHOC=REV3) RYL/60U0 FILE EDIT
REVISION: 000400 M]CROPHUGRAM SECTION
AUDRESS
LINE 4« SEQUENCE: SSUPCS (HEX)
3806000 § N HEX 19 TD ACU \ 32c
3807000 LCN AACU CNST (190} 3
3B0CAOND
3809000 ¢ \ COMPARE FOR INPUT STATUS FUNCTION CURE \ 32F
3810000 XOR ASPA BACU 3
3811000
3812000 ¢ A SK1P IF INPUT STATUS FUNCTION CODE N 330
3813000 TFO TEQZ i
3814000
3815000 s \ DO NDT CLEAR ATTENT]ON \ 3
3816000 GT0 ($BUSRG=SHR) '
3817000
3818000 3 \ RESET STATUS 13 AND 14 \ 332
3819000 ACN ASPM CNST(F9#} '
3820000
3821000 s \ RESTORE STATUS BYTE 2 \ 333
3822000 WDA AACL d
3823000
3IB240N0 ¢ \ RESET ATTENTION BIT \ 334
3825000 ACN ASPM. CNST(BF#) 3
3826000
3827000 3 \ RESTORE STATUS BYTE 1 \ 335
3828000 MwT :
3829000
3830000 SK1P HOF 3
WODEL: MFOC=REV3D RTL/6000 FILE EDIT
REVIS]ON! 000.00 MICROVROGRAM SECTION
ADURESS
LINE # SEQUENCE; SSUPCS (HEX)
3831000
3832000  $pUSRG~SHR v SKIP IF ACK NOT RECEIVED A 336
3833000 TFZ TACK 1
3834000
3835000 & \ ACK WAS RECEIVED GO TD DOWE \ 337
3836000 TG ($BUSRG-DONE} 3
3837000
383000 3 A SKIP IF NAK WAS RECEIVED \ 328
3839000 TEO THAK 3
3940000
3941000 § \ RO RESPONSE LOOP \ 339
3842000 GT0 ($BUSRG-SHR) ]
3843000
3864000 % \ NAK RECEIVED = SET SPA FOR S$TS2 \ 3ia
3845000 SS5PAI LDC(STS2) '
3846000
3847000 § \ SET NON-EXISTANT RESDJRCE ERROR \ 338
3348000 DCN ASPM CNST (04 #) s
3349000
3450000 § \ RESTORE $7S2 \ 33¢
3851000 MwT '
3852000
3853000 $aUSRO=DONE  \ CLEAR BUS STATUS \ 330
3854000 RST '
3855000
3856000 § \ GO TO WAIT A 33E
3857000 GTO [SWA[T=CONTD) 3
3858000
3859000 SKiP HOF 3
MODEL; MMDC-REV3, RTL/6000 FILE EDIY
QEVISIONT 000.00 MICROPHOGRAM SECTION
AULRESS
LINE @ SEQUENCE: SSUPCH LHEX)
3860000 THRE INTERRUFT ROUTINE 1S ENTEKED UPON DETECTJON
3561000 JF & DEy[CE STATE TRANSITIONs 03 AFTER THE EXECUT]ION
3862000 W A DATA TRANSFERs OR AFTER THE EXECUTION OF AN
3863000 LUUTPUL CONTROL wORD \
3864000
3863000
3856000 $5TARTNTPT \ SET SPA FOR [NTERRUPT LEVEL v 33F
3867000 SSPAL LOC(ILCD) i
386A0N0
3869000 § N STRIP 2 HIGH ORDER B1TS N 360
3810000 ACN ASPM CNST (3FN) i
3871000
3872000 s \ CHECK FOR INTERRUPY LEVEL ZERD \ 341
31873000 XFB BACY '
3874000
3875000 3 \ SKIP IF INTERRUPT LEVEL NOT ZERO \ 342
3874000 TFZ TEQZ {
3877000
3878000 s \ INTERRUPT LEVEL ZERO-IESET MON{TOR A 343
38719000 GTO (SINTPT=ACK) 3
3880000
3881000 8 N SET SPA FOR INTERRUPT VECTOR \ 344
3882000 SSPAL LOCYIOFY) 3
3883000
3884000 § \ STORE INTERRUPT VECTOR \ 345
3885000 MwT AACU 3
1886000
3887000 g NSET SPA FOR LSB OF CP THANNAL NUMBER \ 4
3888000 SSPAL LOC{ILC2) 3
3889000

3AF00N0 5k [P HOF
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MODEL§ MPDC-REV3D

REVISIONI

LINE #

3is9eL000
392000
3p93gne
3894000
399%000
3896000
3897000
3p98000
3p99000
3900000
3901000
3902000
3903000
39040000
3905000
3908000
3907000
3908008
3965000
3910000
39311000
3912000
3913000
314000
3gls0n0
3916000
3917000
3918000
3919000
39200060
3921000
3922000
3923000
3924000
3925000
3926000
3921000
3928000
3929000
393cQ00
33931000
3932000
3933500
3934000
393%000
39340N0
3937000
3938000
3935000

000,00

39400N0 Sk1P HOF

MODELS MMDCwREVIL

REVISINNT

LINE #

3941000
3942000
3963000
3944000
3943000
3946000
397000
3948000
3949000
3950000
3931000
19%2000
3953000
3954000
1955000
3956000
35987000
3958000
3959000
3360000
3gei0nC
3962000
3963000
3984000
3965000
3%660000
3957000
3968000
3969000
39r0000
I9TLOGO
agra2o6g
3973000
3974008
3975000
3976000
3TN0
3978000
3979000
3980000
3981000
3ggzono
3983000
3984000
39850N0
3984000
3987000

000400

$INTRT=TACK

S INTPT=NAK

SINTRPT=ACK

$INTPY=EX]T

3988000 5k P HOF

MODEL S MPUC-KEV3D

REVIS IOt

LINE #
3989000
3990000
39910Nn0
3992000
39930Nn0

0p0.00

NOTHE FOLLOWING FIRMWARE [5 THE dEGINNING OF Tat UE

4,159,532

RTL/600Q FILE EDIT

111

MICROPROGRAM SECTION

SEQUENCE: $3UPCS

\ CLEAR LOWw ORDER H1TS
ACN ASPK CNST (C0#)

A LOAD LSB OF U5 ADDRESS
AFB ABUSe® BACU SRIA

\SET 5PA FOR 2ND BYTE OF CP CHANNEL NUMBER
55PAl LoCiiLCl:

\ LOAD MID OF BUS ADDRESSH
XFB ABUS4 BSPW SRIA

N LOAD M58 OF LUS ADDRESY
ZER ABUS4 SRIA

N SEY 5PA FOR L5A OF WPOU CHANNEL NUMBER
SS5PAI LOCICHNZ)

% SAVE ONLY ADDRESS HITS
ACN ASBM CNST iCO¥}

\ SET SPA FOR INTERRUPT vt TOR
SSPAl LOC(IDF1)

A\ GENERATE LS8 DF [NTERIUPT VECTCR
QRR ASPM BACU

v STORE INTERRUPT wECTDR
MWT AACU

% LOAD LSB OF INTERRUPT VECTGR IN BUS REG
XFB ABUS3I BACU SRiA

N SEY SPA FOR mSB OF INTERRUPT WECTOR
SSPAL LOC(CHNLY

\ LOAD M58 OF [NTERRUPT VvECTGR [N BUS REw.
XFB ABUS2 BSPM 3SRIA

NCLEAR BUS STATUS

RST

% SET CYCLE PARAMETERS
LN AACU (NST ¢80}

N SET CYCLE
<Y

RTLEUUL
M1CROWI, ¢

SEQUENCE: SEUPCH

N SKIP If NOQ ACK RESPONSE
TFZ TACK

\ GO TD SET CHANNEL READY
GTQ (STNTPT=ACK)

N OSKIP IF NAK RESPUNSE
TFD TNAK

% ONO NAK GO TD TEST ACK
GTO {$INTPTTACK!

 NAK RECEIVED=SET 5SPA FOR {HANNEL MON]TH
S5PAT LOC (MON1)

N SET INTERRUPT PERDRING
OCN ASPM CNST (BO#)

\ RESTORE MONIFOR C(HANNEL
MWT AACY

N RESET CHANNEL READY
RCR

N CLEAR 8US STATUS AND QETURN TQ wALT
GTO (SINTPT=EX[T)

N OSET SPA FOR (HANNEL MINITOR
5SPAT LOCIMONLY

N RESET MONITUR
IER

A RESTORE MONITOR
MwT AACL

N SET CHANNEL READY
SCR

% RESET BUS STATUS
5T

G0 TD WALT
GTO (RSTART-WAIT)

RTL

M CROPRLLA A&

SESUENCE: $3UPCL

SPECTIFIC RQUTINES DEQICATED T Yk SUPPORT 56 Twd
CAELUS CARTRIDGE DISK.
STANIFICANT STATUS AND wWiRx RELISTERS GHE phb|REy
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' 4,159,532
113

MDUEL ! MMDCoHEVID RTL/60UO FILE EDILT
REVISINNT 000,00 MICROPRUGRAM SECTION
AUDRESS
LINE SEQUENCE: SBUPCS [HEX)
-continued
3994000
3995000 \ ADAPTER DEVICE ]aD» ADAPTER COMMAND (AAD2)
3996000 alT BIY
3997000 0 ~0 0 = ADAPTER BUSY
3998000 1 ~0 1 = DATA TRANSFER
3999900 2 -1 2 - RECALIBRATE
«000400 3.1 3 = DIAGNOSTIC MODE
4001000 4 -0 4 = SEARCH
%002000 5-0 S = WRITE
#0030n0 & = 200 T.P.1s 6 = READ
004000 7 = FIXED VOLUME PRESENT 7 - FORMAT \
4005000
40046000
4007000 | ADAPTER 5TATUS | {AADZ2) ADAPTER STATUS [] (AADY)
4008000 344 BIT
«D09000 O = DRIVE READY O = READ/WRITE ERROR
4010000 | - SEEK COMPLETE 1 « SECTOR PLUSE ERROR
4011000 2 - SEEK TIRMEOUT 2 = UNDERRUN/OVERRUN
4012000 3i-0 3 ~ WRITE PROTECT
«013000 4 -0 & = CRC ERROR
4014000 5 -0 5 « SEARCH MISCOMPARE
%015000 6 -0 6 = ADDRESS MARK ERROR
4016000 7-0 7 - SECOND INDEX DETECTED \
#017000
4018000
4019000 \ CHANNEL MUNJTOR 8YTE OMA BYTE
020000 BIT BIT
4021000 O = [NTERRUPT PENDING O = READ=0y WRITE=zl
4022000 1 « CHAMNEL BUSY 1 = UNUSED
4023000 2 - 5TO0R 1/0 2 = ]MPLIED SEEK
4024000 3 ~ SEEK ACTJVE 3 - JGNORE READ ERRGRS
4028000 4 = INTERRUPT STORED 4 = UNUSED
4026000 5 = RECALIBRATE OPERATION S = UNUSED
«027000 6 « UNUSED 6 = UNUSED
«D28000 7 - UNUSED 7 « UNUSED \
4029000
4030000 SK1P HOF 3
MODEL : MMDC-REV3, ATL/6000 FILE EDIT
REVISION? 000400 MICROPROGRAM SECT 10N
ADDRESS
LINE SEQUENCE: SSUPCS (HEX)
4031000\ TH|S PORTION OF COMMAND DECODE PERFORMS THE FOLLOWING
«D32000 OPERATIONS
4433000 1. SELECTS THE DEV]CE
4034000 2. PARTIAL COMMAND DECODE \
4035000
4036000
%037000 ¢CMDEC=EL \ADDRESS DMA aYTE \ £l
%038000 S5PAL LOC (DMAL) 3
4039000
4040000 3 \RESET ALL BUT DIRECTION @iT \ 367
4041000 ACN ASPM CNST (8O#) ¢
4042000
4083000 g \RESTORE OMA BYTE A 368
“044000 MWT ]
4045000
4046000 § \ ADDRESS UNIT SELECT \ 369
4047000 SSPAT LOCIUNSEL) 1
“040000
4049000 g \ SEND TQ ADAPTER \ 36A
050000 XFB AAD3 BSPM SRIA 3
4051000
#052000 § \ RETURN FROM SEEK DR RECAL [BRATE \ EL:)
«0%3000 LRA ($START=WAIT) ]
4054000
4085000 ¢ \ ADDRESS TASK \ 36C
4056000 SSPAI LDCITSKL) 1
4057000
4058000 g \ SKIP IF NOT wRAP TEST \ 36D
4059000 TFZ ASPM TAKL 3
4D60000
«061000 5 GTO {SCMDEC-E2) ] 36E
062000
«063000 s \ SKIP |F DEVICE READY \ 36F
©064000 TFO AAD2 TAXO $
4065000
4066000 g GTO (3STARTINTPT) 3 370
067000
4048000 ¢ A SKIP IF R/wW 5 n
4089000 TFO ASPM TAXO 3
4070000
4071000 g GY0 ($5k~RCB) : 372
4072000
©073000 SK]1P HOF ]
MODEL 3 MVDC=REVIU RTL/6000 FILE EDIT
REVISION! 000400 MICROPROGRAM SECTION
AUDRESS
LINE # SEQUENCE: $3UPCS {HEX)
4074000 3 \SET SPA FOR UNIT SELECT BYTE \ 373
075000 S5PA] LOC (UNSEL) ‘
4076000
«077000 5 \CLEAR TRACK BIT Y ERL
407RON0 ACN ASPM CNST (FB#) 1
“079000
080000 § \RESTORE \ 315
“0R1000 MwT 3
“0R2000
“0R3000 g \ ADDRESS COMF B UPPER \ 3te
4084000 SSPAT LOC(CNF3) $
»085010
«0B60N0 § \ SHIFT TRACK BIT \ 317
“0BT0GN0 LSH ASPM i
“088000
40p90N0 g A SHIFY TRACK 81T \ aTe
4090000 LSH 1
4091000
4092000 s \ ADDRESS UNIT SELECT A 379
4093000 SSPA] LOC(UNSEL) 3

“094000
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4,159,532
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MODEL$ MPDC-REV3D ATL /6000 FILE EDIT
REVISIONT 000,00 M1CAGPROGRAM SECTION
AUDRESS
LINE SEQUENCE: $SUPCS (HEX}
-continued
«095000 § \ SUPERIMPOSE UN1Y SELECT B1TS \ 3tA
4096000 ORR ASPM 3
4097000
4098000 $ \ SEND YO ADAPTER \ 378
089000 XFB AAD3 SRIA '
4100000
41D10D0 3 \ RESTORE UNSEL WITH NEW TRACK \ EX]4
#102000 MW T '
#103000
4104000 § \ ADDRESS TASK \ k3
4109000 SSPAL LOCITSK1} 1
«106000
#107000 s \ SKIP [F NO SEEK IMPLIED \ 37€
4108000 TFZ ASPM TAX2 )
4109000
110000 s GTO (SSEEK=IMPL) ' 3F
4111000
4112000 s \ SKIP 1F NO SEEK ERROR \ 380
#113000 TFZ AAD2 TAX2 J
4114000
4115000 % GTO (SSEEK=ERR) 1 ETH
4116000
4117000 SK1P WOF 3
MDDEL: MPDC~REV3D RTL/6000 FILE EDIT
REVISIONt 000400 M1CROPROGRAN SECTIDN
ADURESS
LINE # SEQUENCE: $5UPCS (HEX)
#118000
«119000 1\ THIS PORTION OF COMMAND DECGDE=-
4120000 le STURES THE CURRENTLY ACTIVE CHANNEL FOR FUTURE
«121000 uSt BY THE WAIT LOOP.
4122000 2. LOADS THE BUS INTERFACE COUNTERS (MEMORY ADDHESSe
4123000 RANGE s+ AND OFFSET RANGE} FOR USE DUR[NG THE
4124000 PENDING READ/WRITE OPERATION, \
4125000
4126000 $CMDEC-E2 \ ADDRESS LAST R/W \ 382
4127000 SSPA LDCILSTRW) 1
4128000
#129000 3 A STORE CH # N 383
4130000 MWT ALOX 3
s131000
4132000 \ ADORESS DMA BYTE AY 384
#1233000 SSPA] LOC(DMAL) )
4134000
4135000 3 \SK1P IF WRITE MODE \ 385
4135000 TFO ASPM TAXO [}
4137000
4138000 GTO {$CMDEC-LDOF) 1 3806
#139000
4140000 $2ER=0SR v CLEAR OFFSET LOWER \ 327
4141000 ZER ABUS4 SRIA 1
142000
4143000 s \ CLEAR QFFSET UPPER \ 388
«144000 ZER ABUS4 SRIA t
#145000
4166000 s \ ADDRESS RANGE LOWER \ 289
#147000 SSPA] LOC(RNG2) 1
4148000
4145000 s GQTO (SCMDEC=LD) i 38A
4150000
4151000 $CMDEC~LDOF  \ ADDRESS OFFSET LOWER A 388
4152000 SSPA1 LDC1{DFR2) s
4153000
154000 $CMDEC=LD \ LOAD OFFSET RANGE AND RANGE \ 28¢C
4155000 XFB ABUS4 BSPM SRIA [}
4156000
4197000 s \ DECREMENT S5.Pe ADDRESS \ 380
#198000 A ]
4159000
160000 § \NO OF FOR TIMING \ 38€
4161000 NOP 3
162000
163000 3 \ SKIP IF OFFSET AND RANGE LOADED A 28F
4164000 TFZ ASPA TAXS 1
4165000
4166000 5 GT0 (SCMDEC=LD) ¥ 390
4167000
4168000 SK1P HOF '
MODEL: MPDC-REV3D RTL/6000 FILE €DIT
REVISION: 0p0400 MI1CROPRUGRAM SECT 10N
ADORESS
LINE 8 SEQUENCE: $SSUPCS (HEX)
169000 & \ ADDRESS LOWER \ 391
170000 SSPAL LOCUADR2) 1
4171000
6172000 % v LOAD \ 392
4173000 XFB ABUSe B5PW SRIA t
4174000
4173000 ¢ \ DECACMENT SPA \ 393
4176000 DMA v
4177000
4178000 3 \ LDAD ADDRESS MIDDLE \ 394
4179000 XFB ABUS4 BSPM SRIA i
4180000
4181000 5 \ ADDRESS UPPER \ 395
4182000 SSPAL LOC{MOD1} i
#183000
4184000 3 N LOAD \ 2198
4185000 XFB ABUS4 BSPM SRIA 1
4186000
4187000 3 \SET SPA FDR M5B OF CHANNEL NUMBER \ 297
4188000 SSPAT LOCICHNL} i
41B9000
4190090 3 \LOAD M5B OF CHANNEL MU%BER [N BUS REG \ 398
4191000 XFB ABUS2 BSPM SRIA \
192000
4193000 s \SET SPA FOR L5B OF CHANNEL NUMBER A 299
«194000 SSPAI LOCICHN) i

4195000
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MODEL | MPDC-REV3IQ
REVISION! DOO.OD

4,159,532

RTL/8000 FILE EDIT
MICROPROGRAM SECTION

ADORESS
LINE # SEQUENCE: SSUPCS (HEX)
-continued
4196000 s \SAVE ONLY ADDRESS BITS A\ I9A
4197000 ACN ASPM CNST (CO#) 3
4198000
4199000 3 ALDAD LS8 OF CHANNEL NUMBER [N BUS REG \ 9%
4200000 XFB ABUS) BACU 5RIA ]
4201000
4202000 3 ASKIP JF RANGE EQUAL 2ERD \ 39¢
4203000 TFO TRGZ )
4204000
205000 s GTO (SCMDEC~CT) 1 3’0
4206000
4207000 3 ASKIP TF OFFSET RANGE NONeZERO \ 39
4208000 TFZ TORZ 1
209000
4210000 5 GTO (STERM=NOR) 1 I9F
#211000
4212000 SKIP HOF 1
MODELS MPDC=REV3D RTL/6000 FILE EODIT
REVISIONI 000.00 NICROPRUGRAM SECTION
AODRESS
LINE # SEQUENCE: $SUPCS (HEX)
4213000
4214000  SCHMOEC-CT \ ADDRESS TASK \ 340
4215000 55PAL LOC(TSK1) ]
4216000
4217000 s A SKIP IF NDT WRAP ARUUND \ 34l
«218000 TFZ ASPM TAX] 3
4219000
4220000 % GTO (SWRAP) 3 3A2
«221000
4222000 3 \ SETUP FOR 256 BYTE DATA FIELDS \ 343
4223000 LCN CNST{408) s
4224000
“22%5000 ¢ \ SKIP IF DATA FIELDS ARE 256 BYTES \ 3Aé
#226000 TFZ ASPM TAX3 3
227000
228000 3 \ SETUP FOR 576 BYTE DATA FIELDS \ 343
4229000 LCN CNST(909) H
4230000
4231000 g \ ADDRESS DATA LENGTH (LOC #5) \ 36
4232000 SSPAL LOC{(DATL) [
4233000
4234000 3 \ STORE DATA FIELD SIZE » ADDRESS TASK \ 3a7
4235000 WiA 3
#236000
4237000 § y SKIP IF NOT FORMAT \ 3A8
233000 TFO ASPM TAXY $
«239000
4240000 ¢ GTO ($SFORMAT) $ 349
4241000
4242000 3 \ SKIP [F DIAGMOSTIC \ ELL
%2430n0 TFO ASPM TAXe )
©244000
4245000 3 GTO {$5CH=5ET) 3 3AB
4246000 :
4247000 § \ ADODRESS DMA BYTE \ 3AaC
4248000 SSPA] LOC(DMAL) 3
#245000
4250000 8 \ SKIP [F WRITE \ 34D
#291000 TFO ASPM TAXO '
4252000
4233000 GTO (SDIAGREAD} 3 3AE
4294000
«295000 § GTO($SCHeSET) H IAF
4256000
4257000 SKIP HOF $
MODEL; M»DC-REV3D ATL/6000 FILE EDIT
REVISION! 00000 MICROPRUGRAM SECTION
AUDRESS
LINE # SEJUENCE: SBUPCS (HEX)
258000 \ THE IMPLIEU SEEK [5 USED DURIMG AN EXTENDED SEARCH
4259000 AND READ OPERATION. WHEN AUTOMATIC CYLINDER
4260000 LIMKING IS REQUIRED. \
261000
262000
263000 $5EEK=IMPL \ ADDRESS DMA BYTE A 380
4264000 SSPAL LOC(DMAL)} ¥
265000
4266000 § \ SEV SEEK IMPLIED \ 381
267000 OCN ASPM CNST (204} 1
4268000
4269000 § \ RESTORE DMA BYTE \ 3p2
4270000 MWt 1
#271000
#272000 \ THIS PORTION OF THWE SEEK/RECALIBRATE ROUTINE SETS THE
4273000 SEEK ACFIVE BJT IN THE CHANNEL MONITOR BYTE FOR USE
4274000 8Y THE WALT=LODPe TO DETEAMINE WH]CH CHANNELS HAVE
273000 POSITIONERS [N MOTION, A}
%276000
277000 $SK=RCH ASEY SPA FOR CHANNEL MON|TOR \ 33
«279000 SSPAL LOC (MONL) 3
4279000
260000 3 \SET SEEK ACTIVE BIT \ E-14
4281000 OCN ASEM CNST (10#) )
4292000
4203000 3 \RE=WRITE MON]TOR N .5
«284000 MWT L]
©265000
4286000 g A\SET 5PA FOR UNIT SELECT BYTE \ Bs
%287000 SSPAL LOC (UNSEL) 3
“288000
4289000 3 \CLEAR PLATTER AND MSB OF CYLINDER \ 3p?
“290000 ACN ASPR CNST (ET#) 1
4291000 )
4292000 s \RESTORE \ E1T)
4293000 T 1
4294000
4295000 s \SET SPA FOR TASK \ 389
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4,159,532
119 120

MODEL| MMOC-REVID RYTL76000 FILE EDIT DBs0L/TT L2,60% PAGE: i1l
REV]SIONI 000,00 M]CROPROGRAN SECTION DUCes}
: AUDRESS [MAGE
LINE » SEQUENCE! $BUPCS ) {HEX) tHEX)
~continued
1296000 $SPA] LOC (TSk1) i
1297000
1294000 \SKIP TF NOT I[MPLIED SEEX \ 3BA  Ca5é
299000 TFZ ASPM TAX2 i
1300000
1301000 3 GTO {$5EEK) ¥ 3B8 FlBE
1302000
»303000 § \ SKIP 1IF SEEK \ . 3BC  Co%E
1304000 TFO ASPM TAXT ¥
1308000
1306000 3 GTO [SRECAL} ] B0 F3IF)
1307000
1308000 SK[P HUF '
MOOEL: MPDCeREV3D RYL/60V0 FILE EDIT 08/01/77 12.603% PAGE: 112
REVISION! 00400 MICROPROGRAM SECTION DUCon:
AODRESS IMAGE
LINE # SEJUENCE: SSUPCS {HEX) {HEX)
#309000
4310000 $SEEK ASKIP IF NO SEEK ERRDR \ 38E D854
+311000 TFZ TAXZ AAD2 [}
4312000
4313000 § GTO (SSEEK=ERA) $ 3F FS5A4
4314000
“315000 \ADDRESS L58 OF CYCLINDER \ 3¢0  acei
«316000 SSPAL LOC (CNF2) i
4317000
4318000 § ASK1P IF 100 TPl DEVICE \ 3C1  Oa5¢
4319000 TFZ TAXS AADL ]
4320000
4321000 GT0 (SSEEK=2TP1} i 3C€2 FXCF
4322000
4323000 ¢ ALSB OF MAX CYCLIADER T2 ACU \ 3C3 gl2e
4324000 LCN CNST (CCH) i
4325000
4326000 g \CURRENT CYCLINDER MINUS MAX CYCLINDER \ 3Ce  s4le
327000 SUB ASPM BACU 3
4328000
4329000 g \SKIP IF NOY AN ILLEGAL CYCLINDER \ 3C5  CO%A
4330000 TEZ TCOT 1
4331000
4332000 s GT0 (SSEEX=ILL) [} ICs  FSAR
4333000
4334000 § \ADDRESS M58 OF CYCL[MDER \ 3CT  BC40
€335000 SSPAL LOC (CNF1) i
4336000
4337000 § \SKIP 1F NOT AN ILLEGAL CYCLINDER \ 3C8  C45E
+338000 TFZ ASPM TAX? 3
4339000
340000 g GYD ($SEEK=-ILL) 3 3¢9 FSA@
4341000
4342000 $ \ SAVE VOLUME BIT \ ICR  B42e
343000 ACN ASPM CNST (0B#) 1
4344000
4363000 s \ ADDRESS CONF A LOWER \ ICB 8C4l
4346000 SSPA1 LOC(CNF2) 1
4347000
4368000 3 \ SKIP IF M58 CvL B1T = O \ ICC €450
4349000 TFZ ASPM TAXO 1
4350000
4351000 3 \ SEY MS8 OF CYLINDER \ 3C0 8050
4352000 OCN CNST (l0#) 1
4353000
4354000 s GY0 (SSEEKLS50) 3 3CE F30D
4353000
4354000 SK1P HOF L
MODEL ] MMDC-REV3D RYL/6000 FILE EDIY 08/01/77 12,605 PAGE: 112
REVISIONt 000,00 MICROPROGRAM SECTION DOCan:
ADDRESS  [MAGE
LINE # SEQUENCE: $SUPCS (HEX) (HEX)
4357000 $SEEK=2TP] \LSB OF MAX CYCLINDER TJ ACY \ ICF 8260
4358000 LCN CNST (984 3
4359000
4350000 ¢ \CURRENT CYCLINDER MINUS MAX CYCLINDER \ B0 sels
4361000 SUB ASPM BACY 1
4362000
4383000 ¢ \ADDRESS MSB OF CYCLINDER \ 0L 8C40
4364000 SSPAL LOC (CNF1) i
#365000
4366000 5 \SAVE OMLY CYCLINDER 81T v 202 8405
4367000 ACN ASPM CNST (01#) 3
4368000
4363000 § \ADDRESS WORK LDCATION JF SPM \ 303 EBCAA
4370000 SSPAL LDC (WLD1) i
#371000
372000 3 \STORE CYCLINDER BIT' A 304 A200
4373000 T i
4374000
4373000 § \M58 OF MAX CYCLINDER T2 AcCyY A\ 3p$ 8001
376000 LCN CNST (01#) §
4377000
4378000 § \CURRENT CYCLINDER MINUS MAX CYCLINDER MSB \ 306 649
«379000 SUB ASPM BACU COTI '
4380000
4381000 s \SK1P IF VALID CYCLINDER \ 307 C04aA
«382000 TFzZ TCOT 1
4383000
4384000 § 670 (SSEEK=-ILL} i 308 F3AR
4389000
4386000 § \ADORESS CONF A UPPER \ 209 BCw0
4387000 SSPAL LDC (CNF1) 3
4388000
4389000 § \SAVE VOLUME AND CYCLINDER 8ITS \ IDA B42e
4390000 ACN ASPM CN5T {08#) 3
4391000
4392000 \SKIP 1F MSB OF CYCLINDER S ZERQ \ 308 CeSE
4393000 TFZ TAXT ASPM 3
4394000
4395000 § \SET MSB OF CYCLINDER \ 3pc 8050
4396000 OCN CNST (10#} '
4397000

4398000 SKIP HOF 13



MODEL: MPDC-REVID
REVISION: 00000

4,159,532

RTL/6000 FILE EDIT
MICROPRUGRAM SeCTIDN

121

AUDRESS
LINE # SEQUENCE: $SUPCS (HEX)
4399000 $SEEK1IS0 \ ADDRESS UNIT SELECT \ acw
44000N0 SSPAL LOCLUNSEL) ¢

4401000

4402000 \ SUPERIMPOSE SELECTION BITS \ . 3DE
4403000 ORA ASPM 3

©404000

4405000 § \RESTORE A apF
4406000 HWT s

407000

4408000 3 \ SEND YO ADAPTER \ 2€0
4409000 XFB AAD3 SRIA 3

4410000

4411000 3 \ ADDRESS CONF A LOWER A €L

412000 SSPAL LOC(CNF2) 1

4413000

4614000 § \ STURE CYL IN ACU \ €2

4615000 XFA ASPM [}

416000

4417000 3 v SKIP [F 200 TP] \ 3E3

418000 TFO AADL TAXe 3

4419000

4420000 3 N SHIFT CyL # LEFY FOR 100 TP} \ 3E4

421000 LSH [}

#422000

#423000 § A SEND TO ADAPTER \ €5

4424000 XFB AADL SR1A 1

#423000

“%26000 s GTO  ($STROBE) 1 3€s

4427000

4428000 SKIP WOF H

MODEL: MPDCREV3D RTL/6000 FILE EDIT

MICROPROGRAM SECTION

REVISIONS 000400 AODRESS
LINE # SEQUENCE: $SUPCS (HEX}
4429000 \ THIS PORTION OF THE RECALIBRATE RQUTINE |5 USED FOR

©430000 ZEROING THE CONFIGURATIDN wORDS 1IN ORDER TO SELECT

4431000 PLATTER ZERDs TRACK ZERD AFTER THE RECALIBRATE, \

%432000 2ET
#433000 SRECALPLSEL  \RESEY RECALIBRATE BIT A E
434000 ACN ASPM CNST (FB#) i

#435000

4435000 s \RESTORE MON]TOR \ 3€e
«437D00 MW T '

4438000

4439000 s \CLEAR ACU \ 3E9
4440000 2ER ¢

4641000

5462000 3 \5€T SPA FOR MSB OF CONFIGURATIQN WORDS \ 3IEA
%643000 SHPAT LOC (CNF1) '

4446000

%445000 § \CLEAR FOUR BYTES OF CONFIGURAT]ION A 3Ee
%446000 w1A '

4647000

4448000 § wiA § 3eC
«449000

4430000 § wlA ' 3E0
4451000

4452000 MW T 3 3EE
4453000

4454000 § \SET RETURN FOR WA[T LOOP \ 3EF
458000 LRA (SSTART=wALT) 1

4456000

4457000 § GT0 ($SEEK) i 3F0
#458000

#459000 SK|P HOF '
MODEL:! MMDC=REV3, RTL/6080 FIuk EDIT
REYISION: 000,00 MICROPRUGRAM S¢CTION

AUDRESS

LINE » SEQUENCE: $$UPCY {HEX)
44600N0  SRECAL \ SET RECALIBRATE 1N ADAPTER \ 3F1
4461000 LCN AAD2 CNST (208) {

44862000

“443000 s ASET SPA FOR CHANNEL MUNITOR \ 3F2
44664000 SSPAL LDC (MON1I '

4665000

4466000 3 \SET RECALIBRATE @[T \ -3F3
4467000 OCN ASPM CNST (Ok#) ]

4468000

4489000 3 \RESTORE MONITQR \ 3F4
4470000 w? t

4471000

4472000  $STROBE \ SET SEEK STROBE \ 3F5
4473000 XFB AAD& SR]A f}

4474000

4475000 \ ADUHESS DEVICE STATUS \ 3Fs
4476000 SS5PAL LOC(DEVST) )

“477000

4478000 3 \ RESET SEEK COMPLETE BIT \ 3F7
5479000 ACN ASPM CNST (BF#) ]

~480000

«481000 ¢ \ RESTORE \ 3Fs
482000 MwT +

4483000

4484000 § \ RESET SEEX STROBE \ 3F9
4485000 XFB AADG SRIA i

44856000

4487000 § \ RESET ADAPTER COMMAND \ IFA
4488000 LCN AAD2 '

4689000

4490000 g RTN v 38
#491000

4492000 SKIP WOF
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MODEL:T MYDC-HEV3IL
ALVISIONI DOOLOUL

LINE @
4493000
* 496000
469%000
4496000
46497000 3
4698000
4493000
4300000 ¢
4301000
4%02000
4%03000
4504000
4305000 3
4308000

«5307000

#3508000 3
*30%000

%310000

4531000 3
43312700

4%13000

4#5140300 3
4513000

4516000

4317000 g
4318000

4319000

4520000 ¢
4321000

»522000

4323000 3
4924000

4323000

4326000 %
“327000

4528000

929000 %
“%30000

%531000

4332000 Sk TP HOF

SFORMAT

sFwi-ipT

MUDE L ; MPDC-REV 30
REVISIONT 000,00

LINE »
4533000
4534000
“%3%0n0
©335000
«537000 ¢
“%38000

4% 39000
4%0000 3
4941000
4342000
#%4 3000
4344000
A345000)
4348000 3

“%4 1000

4348000

4549000 3
4350000

45%1000

4332000 3
4333000

4334000

4333000 &
4336000

«587000 SK 1P HOF

Swh T=MIDF

swHieHLT

MODEL | MMDC-REVID
REVISIANT 000,00

LINE o
4358010
4359000
4980000
4361000
4362000 3
4%63000
4564000
45565000 3
*366000
4587000
4568000
4389000
4570000
#371000 3
%5372000
«373000
4574000 3
4573000
576000
45377000 3
4578000
4379000
«380000
4381000
4582000 3
4393000
4984000 3
#385000
#580000
4387000 3
388000
4389000 3
4390000
591000
%592000
#593000
4394000 3
4593500

4398000 3
4597000

«358000 5K |P HOF

SEWT=DAT

sFwlent?

$§ NU=GAP

4,159,532

RYL/60O0 FILE EDIY
MICROPRUGRAM SECTION

123

ADURLSS
SEQUENCE D SSUPCD [ Y]
\ ADDHESS DMA dYTE N IFC
SHPAT LOCIDMAL) i
A SAIP IF FORMAT WRITE \ IF0
TFO ASPM TAXO 1
610 ISFMT=READ) 1 3Ft
A SET FORMAT WRITE w]¥H DATA TRANSFER \ IFF
LON CNST (C5m) i
\ ADDRESS TASK \ “0U
SSPAL LOCKTSN]) i
A OSKIP L KOT DIAGNUSTIC MODE \ 01
THZ ASPM TAXe '
A SET DIAGNOSTIC MODE \ «02
OCN CNST (1ue) '
\ SLND COMMAND YO ADAPTEH \ w03
XFB AADZ SR1A '
\ CLEAR STATUS AND FItU [N ApP \ «04
XFB AADS SR1A '
\ LDAD AMK UFPLR \ «0%
LCN AADO CNST (FAm) 1
N LDAD AMK LDWER \ «0n
LCN AADU CNST (AAe) 1
A LOAD DATA CUUNT \ ~07
LCN AADL CNST (ULie) )
\ LOAD HETURN \ “Ou
LRA (3FkWT=DAT) )
3
RTL 0000 pILL EDIT
MICROIMNDGRAN SE¢TTUN
AUDDRE S5
SEJUENCE: SBUFCY [2INY}
ASET KETURN FROM DATA LO0OP \ il
LRA {$WRT-£0F) 3
\SEF BYTE WRITEL MObE \ “UA
LLN CNST (bA#) 3
\SRIP TE RYTE MODE \ Yl
1+0 TRYVY i
\SET wRITE MODE ONLY \ «0C
LCN CNST (620) 3
\SKIP TF ADAPTLR HARDWARE REQULST \ «0L
TFO TAHR 3
\ERROR OR END OF FI[LLDL \ Ut
RTN 3
NENABLE WRITE HARDWARE PATH \ 0t
twP 1
GO ISDATA=LD0P) 1 410
1
RTL/60U0 FILE EDIT
MICROPRUGRAM S€CTION
AUDRESS
SEQUENCE: SSUPCY {HEN)
\ DMK UPPER TO ADP \ “l]
LCN AADD CNST (FD®) 1]
\ DMK LOWER TO ADP \ “l2
LN AADC CNST (DDe) ]
N\ ADDRESS DATA LENGTH \ )3
SHPAL LOLIDATLY 4
% DATA COUNT TO ADAPTER \ 414
XFB AAD) B5P4 SRIA 1
A SET FORMAT WHITE W]ITH NO DATA XFENR \ “ly
LCN AADZ CNST (B5#) i
\ LOAQ RETURN FROM WAIT-LOOP \ “lo
LRA (SFWT-RET} '
GTO ($SSTART-WALT) ] «l7
A\ SCIP [F NOT EOR \ oly
TFZ TRGZ t
L¥0 (SEND=GAP) H “ly
\ SKIP IF END OF FILLUL \ “iA
TFZ TNDR 1
GTO ($TERM=5TS) i “lts
6TO ($SFWT=[pT) | 1<
A SKIP IF NDTSRQ \ 10
1HQ TADR '
GTO (SENU=GAP) 3 “Lt
GTU {$TLRM=NODR} 3 “lt
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MODEL ) MYDC=REY3D

REVIS[NNE

LINE #

45930N0
4500010
L2303 Redpiel
4802000
4503000
#6060N0
*6U5000
406000
4607000
#£08000
«609000
a6 10000
ws11000
4612000
4613000
45614000
#615000
4616000
4617000
4618000
4619600
*HZ20000
46210600
4622000
4623006
4624000
4625000
4626000
462T70N0
4628000
“62%000
4630000
“6310n0
#632000
4633000
4634000
4835010
4635000
*63T000
4538000
«463900G0
4640000
4641000
bb6 2000

000,00

WTHES 15 THE ENIRY POINT FOR LOADING THE ADDRESS MAKK

4,159,532

125

RTL/6U00 FILE EDJT
MICROPRUGKAM SECTION

SEQUENCE: SSUPCS

ANU SEAMCH ARGUMENT DURING A4 SEARCH AND RERD UR A
SEARCH AND WRITE CPERATION,

$SCH=SET

$5CH=ARG

4643000 SKIP HOF

MODEL| MPOC-REV3[D

REVISIONI

LINE #

b&u &0
665000
“84 46000
Le%T0ON0
w658000
MERIOND
©550000
4651000
4652000
*653000¢
«55000
“6535000
655000
4687000
4638000
4655000
4650000

000,00

3

4661000 Sk 1P HOF

MODEL; MPDCREV3

AEVISINNT

LINE o

4862000
4kt 30N0
RL-1-EYlale]
4RE5000
“&eH000
“hb TG0
wHBEON0
“s59000
“eTNONG
“671000
“672000
4673000
wH 16300
4613300
44 THDN0
A4 TI000
4878000
*679000
L&BLOND
#681000
“682000
683000
834000
“HR3000
L6BH0OT
a8 7000
“&BBOMD
L6A9000
«690000
L6910N0
“b32000
H&3I0ND
4654000
469335000
“EIRDOC
YeFT000
“hFHO00
BN

0o, 0U

vOTHIS [5 THE RETURM POINT FRDM THE wA|T-LDOP AFTER THE
ADPTER =A% STGNALED FIRMWARE THAT A SEARCH OF AN (U

N\ CLEAR STATUS « FIFD I% ADP
AFB AADS SRIA

\ LDAD AMK UPRER
LCN RADD CNST(Fae)

% LOAD AMK LOWER
LCN AADO CNST{AA#)

N ADDRESS CONF A UPPER
SSPAL LOCICNFL)

\SEND FIRST BYTE OF SEARCH ARG
XF3 AADD B5PM SRIA

N INCREMENT 5PA

HE

\SEND SECOND BYTE OF SEARCH ARG
XF8 AADD BSPM SRIA

VINCREMENT SPA
1MA

VSEND THIRD BYTE OF SEARCH ARG
XFB AADG BS5PM SRIA

VINCREMENT SPA

A
\SEND FOURTH BYTE OF SEARCH ARG
XFB AADG BSPM SRIA

\ LOAD DATA COUNTER
LCN AADL CNST(O1#

\ STDRE SEARCH » WRITE CONSTANT
LCM CNST(8C#)

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

SEQUENCE: SSUP(CS
\ ARDRESS DMA CONTROL
SSPAL LOCIDMAL}

N SKIP IF wRITE
TFC ASPM TAXO

\ STORE SEARCH ¢ READ CJMMAND
LCN CNST(BAW)

N SEND COMMAND TO ACAPYER
XFB AAD2 SR[A

% LOAD RETURN
LRA {($5CH=RET)

GTO {$START=WA|T)

RTL/OUVO FILE EDIT
MICROPRUGRAM SECTIUN

SEJUENCE: $3UPCS

SIFLD ~RS BEEN (DMPLETEU.

SSCH-RET

5

$SCH=RET]

\SKIP TF ADDRESS MARK EROR
TEQ TAXs AAD3

GTO (35CH-RETH)

ASKIP TF SECONG IMDEX DETECTED
TFG TAXT AAD3

GTO {35CH~5ET)

\ADDRESS 5751
SS5PAL LOC (5T51)

WSET UNSUCESSFUL SEARCH
OCN ASPM CNST (BLW)

GTC (STERM=CLL)

v Sk1P IF EQF4[D
TFZ TNDR

<TO ISTERM=5TS)

AGET STATUS ¢SEARCH CUMPARISON RESULT
XFA AAD3

ASK [P TF NO ERROR (H]T IN SEARCH)
TFD TEQZ

4T0 [$5CH~ERR)

SRESET INDEX MARK COUNTER
ZER AAD4 SRIA

AUURLSS
(HEX)

“21

w22

“27

“28

“2A

“28

“2C

ADDRESS
{HEX)
420

42€E

“2F

AULRESS
{HEX)

126

0B/0L,77 12460% PAGE: 120
DUCe#:

IMAGLE

{REX)

7460
93k2
9242
8C40
Tina
AL00
TLoA
Alo0
Tlea
ALOO
TloA
9401t

8224

ugs0Ls77 12,605 PAGE: 121
BOCew:

1HAGE

{HEX)

8CBY

C%90
8222
THbA
£433

F2lo

Ud/uisT? léebud  pack: i
LOCams

IMAGE

{HEX)

DL

Fula

[Ple]3

F420

aceu
86il

F58L

cOoA

F570
T3

Co8e

FoaE

704F



4,159,532
127 128

MODEL: MPDC-REy3a RTL/6UUO FILE EDIT UssulsT? iZaoud Papk: Loz
REVISINNG 000400 MICHOPRUGRAM SECTJUN VuCen:
AUUKESS  [MAGE
LINE 4 SEQUENCE: 38UPCS (HEX) (HEX)
-continued
4700000 g \ ADDRESS DMA CONTROL \ 460  8C8%
4701000 556AL LOC(DMAL) i
4702000
8703000 § \ SKIP IF WRITE \ el  Co90
4704000 TFO ASPH TAXQ ]
#T05000
«706000 § 6TO (SREAD=DATA) 1 %42 F543
707000
#T080N0 SK [P HOF 1
MODEL{ MPDC-REV3D RTL/6000 FILE EDIT 08704777 12.6US PAGE: 123
REVIS]GHI 000.00 MICROPRUGRAM SECTION OUC,e:
ALUDRESS IMAGE
LINE « SEQUENCE: SSUPCS (HEX) {HEX)
4709000 3 \ LDAD DMK UPPER A 443  93E%
4710000 LCN AADO CNST (FD#) 3
4711000
4712000 % \ LOAD DMK LOWER A\ hhk 9369
4713000 LCN AADD CN5T(DD#} 3
716000
«TL5000 3 \ ADDRESS DATA LENGTH \ 445  BCO9
4716000 SSPAL LOC(DATL) 3
4717000
4718000 § \ SEND DATA LENGTH TO ADAPTER \ 446 T56A
4719000 XFB AADL BSPM SRIA 1
#720060
4721000 § \ ADDRESS TASK \ 47  8COR
4122000 SSPAI LDCITSKD) 3
723000
wT24000 s \ SET WRITE \ 448 8304
47125000 LCN CNST(C4#) 3
4126000
stT2700C 3 N SKIP [F NOT OIAGNOSTIC \ 449 C45C
«T2BODO TFZ ASPM TAXe i
4729000
4730000 3 v SET DIAGNOSTIC \ “4A  B3SB
4731000 OCN CNST (Dée#) 3
4732000
47332000 3 v SENG WRITE CMD TO ADP \ “4B  TBOA
4734000 XFB AADZ SRIA 3
4735000
4736000 3 \ LOAD RETURN FROM DMA=CHK \ “4C  E453
4137000 LRA ($SCH=UPD) 3
4138000
4739000 3 GT0 (SWRT~MODE) 1 44D FaUy
4740000
“T410D0  §SCH=ERR \ SAVE READ ERROR A “eE 8026
#T42000 ACN CMST{CB#) 3
4743000
AT44000 % \ ADDRESS STATUS UPPER \ «uF  8CO0
4745000 SSPAL LOC(STSI) §
4746000
5747000 5 \ SAVE PREVIDUSLY READ ERROR HiT \ 450 6wla
4749000 QRR ASPM i
«T43000
«750000 3 \ RESTORE 5151 \ «51  A200
4731000 MwT 1
“752000
4153000 3 GTU {$5CH-SET) ' 452 Falu
4754000
4735000 SK (P HOF :
MODEL: MPDC=-KEV3U RTL76000 FiuLk EDIT Oyrulst? LeatbuS PAGE:  1é%
REVISINN? 000.0UV MICROPRUGRAM SECTION PUCan:
AVDRESS [MAGE
LINE 4 SEJUENCE: SSUPCS (HE X} (HEX)
756000
157000 \ THIS PORTION OF +IRMwARE 15 USEG FOR TRE FOLLOW[Nu=
7158000 Lo INCREMENTING THE SECTOR NUMBERS
«T59000 Zs CHECKING IF AUTOMATIC TRACK OR CYLINDER
4T60000 LINKING 1S REUUIRED. \
6781000
4762000 $5CH=UND \ ADDRESS SECTOR NUMBER \ 53 BCa3
4763000 SSPAL LOCICNFa) i
4164000
«765000 § A INCREMENT SECTOR \ 54 pelU
«786000 INC ASPM i
787000
4768000 3 \ RESTORE MEW SECTOR \ 455  AZOU
4769000 MwT i
#710000
4771000 § \SET SPA FOR DATA LENGTH \ 4«56 BCOS
4772000 SSPAL LOC (DATL) i
4173000
4774000 g \SET CONSTANT FOR 2& SECTORS \ 457  g0s0
4715000 LCN CNST (las) i
4276000
4777000 g \SKIP TF DATA LENGTH = 258 \ «58 (656
4718000 TFZ TAX3 ASPM 3
4779000
4780000 § \SET CONSTANT FOR 12 SECTORS \ 459 gozw
4781000 LCN CNST (0C#) H
«782000
783000 § \SET 5PA FOR SECTOR NUM3ER \ 45A 4C43
4784000 SSPAL LOC {(CNF43 3
«TR50D0
786000 g \CHECK IF LINKING REQUIRED \ 458 64ln
% 787000 XOR ASPM BACU 3
4T8ROO0
4789000 § A\SKIP IF NO LINKING REUJIRED \ 45( (0%t
4790000 TFZ TEQZ 3
4791000
4792000 3 GTO (SMAX=SECTOR) 3 50 FeB2
4793000
4794000  §SCH=LHA \SET RETURN FOR LOADING SEARCH ARGUMENT A 56 Eull
4795000 LRA {$SCH=5ET} §
«796000
4797000 §SCH=THGZ v Sk1P IF RANGE NOT ZEWD \ 45F (062
4798000 TFL TRGZ §
«799000
48500N0 ¢ GTO {$TERM=LIR} i “s0  FhuC

“BLZ007 Sk 1R HOF t



4,159,532
129 130

MODEL{ MPDC-REVID RTL/8Q00 FILE EOLT 0B/01/77 12,605 PAGE: 125
REVISION! 000400 MEICROPROGRAM SECTION DOCest
ADDRESS IMAGE
LINE # SEQUENCE: SSUPCS {HEX) (HEX)
4803000 A THIS PART OF FIRMWARE |S USED FOR UPDATING SCRATCH PAD
48060N0 AFTER THE SUCESSFULL REAGING QR WAITTING OF A DATA FIELD.
«803000 DURING WRITE OPERATIONS A FIRMWARE UPDATE TAKES PLACE
4808000 SINCE THE HARDWARE WILL BE 16 WORDS INTQ THE NEXT FIELL
4807000 {EXTENDED OPERATION),
4808000 DURING A READ OPERATION, THE BUS INTERFACE COUNTERS ARE
4809000 STORED SINCE THEY ARE EXACT. \
810000
«811000 $pEC~RHG \SET SPA FOR DMA BYTE \ 461 BCay
4812000 SSPA LOC (DMAL) :
4813000
4814000 § \SKIP 1F WRITE OPERATION \ 462 (490
4815000 TFD TAXO ASPM '
#816000
4817000 g \GO YO STORE BUS INTERFACE COUNTERS \ 463 FSg
4818000 670 ($STORE~CTRS) ¢
4819000
4820000 3 \ ADDRESS DATA LENGTH \ 464  8CO9
4821000 SSPAL LOC(DATL) [
«822000
«823000 3 A SKIP IF DATA LENGTH = 258 \ 465 Cw450
4824000 TFZ ASPM TAXD 1
825000
4826000 $ GTO (SDATL-578) 1 “t6 FaT3
4827000
4828000 § \ LOAD CONSTANT FOR 256 A 467 400l
4829000 LCN CNST(014) H
830000
4831000 3 \ ADDRESS RANGE UPPER \ 468 8C20
4832000 SSPA1 LOC(RNGL) $
4833000
4834000 s N SUBTRACT 256 BYTES FROM COUNT \ 469  b4ly
4#B35000 SUB ASPM 3
“836000
4837000 3 \ RESTORE RANGE UPPER \ 46R  A200
4838000 MWT 3
4p39000
“8400N0 3 \ LOAD CONSTANT FOR 256 A “bb #0001
4841000 LCN CNST(OLlw) L]
4842000
4B430N0 \ ADDRESS MEMORY ADURESS MIDDLE \ 60 8C20
48440N0 S5PAI LOCIADRL) i
4B450N0
4846000 5 \ ADD 256 TO MEMORY ADDIESS \ “bL  buZa
#847000 ADD ASPM i
4848000
4849000 § \ RESTORE ApRL \ 46E  A200
4850000 MwT i
46851000
4852000 5K 1P HOF i
MODEL: MPDC~REVI: RTL/6VOQ FoE ELIT upsulsdr l2.6US PaAGL: len
REVISINNT 000.00 MICROMRUGRAM SECTION LUCan:
AUUKESS  [MAGE
LINE # SEAVENCE: $SUPCS (HEX] (HER)
4853000  §INC=MID \ ADDRESS MODULE \ “&F 823
4854000 5SPAL LOC(MOOL} i
«855000
456000 ¢ \ UPDATE MODULE N «70 6480
4857000 INC ASPM COTI l
«858000
4859000 § \ RESTORE MODL \ 471 A200
«8600N0 MwT 3
“w881000
«B62000 8 RTN 3 472 C200
4863000
4864000  §pATL=578 \ LOAD CONSTANT FOH &% \ 473 4100
4865000 LCN CNST (4093 i
4866000
867000 s \ ADDRESS RANGE LOWER \ «Ta 40y
4868000 S5PAI LDC IRNG2} 3
4869000
4aTOCN0 ¢ \ SUBTRACT &4 FRDOM RANGE \ 475  sals
4871000 SUB ASPM 3
4872000
4873000 ¢ \ RESTORE RNGZ AND ADDRESS RANGE UPPER \ «T6  A204
4874000 wbA 5
4875000
4816000 3 \ LDAD CONSTANT FOR 512 \ 477 4002
877000 LEN CNST (024 3
«878000
4879000 ¢ \ SUBTRACT S12 FROM RNG USING PREVIOUS CARRY 478 be9B
«8BO0NG SUB ASPM COT] 3
4801000
«882000 § \ RESTORE RNGI \ 419 A200
4883000 M T i
«884000
48685000 3 \ LOAD CONSTANT FOR 6% \ TR 8100
«886000 LCN CNST{40#) i
4887000
#B88BON0 $K 1P HOF 3
MODEL| MMDC-REY3D RTL/60V0 FILE EDIT 08701477 12,6U5 PAGE: 127
REVIS[ONI 000,00 MICROPROGRAM SECTION DOCums
AUDRESS [MAGE
LINE # SEQUENCE: SSUPCS (HEX) (HEX)
4B8900D § A ADDRESS MEMORY ADDRESS LOWER A 78 BC21
4890000 SSPAL LOC(ADRZ) 3
*ERL000
4B92000 ¢ \ ADD &4 TO ADDRESS \ 47C b424
4893000 ADD ASPM :
%894000
895000 \ RESTORE ADR2 AND ADDRESS ADRI \ “T0  A204
4894000 wDA '
#397000
“898000 3 \ LDAD CONSTANT FOR 5)2 \ «7E 4002
©8990N0 LCN CHST(O2#) '
«9000N0
4901000 s \ ADD 512 TO ADDRESS USING PREVIOUS CARHY A 4TF  asde
902000 ADD ASPM COT| H
«903000
4904000 g \ RESTORE ADRI \ 480 A200
#9080n0 MwT 3
908000
4807000 ¢ GTO (SINC=MDD) H «8) FaoF
4508000

909000 Sk [P HUF '



131

MODEL; MMDC=REV3IL

REVIS|ONI 000,00

LINE »

4312000
4911000
4912000
©913000
4914000
4915000
*916000
4917000
%918000
4919000
~%20G00
«92100C
4922000
4923000
«924000
«925000
@926000
«927000
928000
923000
“930000
4931000
4932000
“933000
4334000
4935000
4936000
4937000
4938000
4939000
4940000
941000
942000
4943000
4944000
4945000
#9446000
4947000
448000
4349000
4950000
4951000
4952000
4953000
4954000

SEQUENCE:

4,159,532

RTL/6000 FILE ELIT

SHUPCS

\ THE MAX=SECTOR ROUTINE [S USED TO DETERMINE IF A HEAD

OR CYLINCER SwITCH IS5 NECESSARY AFTER DETECTING SECTOR

12 DR 24, WHEN SWITCHING [S REQU]IREDs THIS ROUTINE
®[LL UPDATE THE CONFIGURAT]ON WORDS [N SCRATCH PAD

TO THE NEw TRACK AND CYLINDER.

$MAX=SECTOR \SKIP TF NOT END OF RANGE

TFZ TRGZ
GTD {STERM-NOR)

\ ZERO SECTOR NUMBER
ZER

\ RESTORE SECTOR AND ADJRESS TRACK (CNF3

KDA

N LDAD CONSTANT TO UPDATE TRALK
LCN CNST(014)

N TOGGLE TRACK B1IT
XDR ASPM

\ RESTDRE TRACK AMD ADDRESS CYL[NDER

wDA

v SKIP IF TRACK = O
TFZ AACL TAX?

GYO {(SUPDeUNSEL)

\ INCREMENT CYLINDER
[NC ASPM

\ RESTORE CYLINDER AND ADDRESS MS8

OF CYLINDER (CNF1}
WoA

\ INCREMENT M5B BASE) ON PREVIDUS CARRY

INC ASPH COTI
\ RESTORE M5B OF CYLINDER
MaT

49%50N0 SxIP HOF

MODEL; MPDC-REY3U

REVISIaME

LINE #

“956000
435T0N0Q
#358000
«959000
4960000
4961000
4962000
«963000
4964000
4965000
49646900
%967000
4368000
4969000
#$70000
4971000
4972000
4373000
4974000
4975000
4976000
4377000
4976000
4979000
4980000
4981000
4982000
4983000
»984000
©983000
«906000
&38TOND
#988000
#9890N0
4996000
4991000
4992000
4993000
4994000
4995000
*994000
4997000
*998000
#999000
5000000
5001000

060,00 MICROPROGRAM SE
SEQUENCE! $3UPCS
s \ ADDRESS DMA BYTE
SSPAL LOC(DMAL)
s \ SET [MPLIED SEEK BIT
OCN ASPM CNST (204}
s \ RESET FIRST PASS B1T
ACN CNST (BF#)
s \ RESTORE OMA BYTE
HuT
s \ ADDRESS UN[T SELECT
SSPAT LOC(UNSEL)
H \ RESET TRACK 8IT
ACN ASPM CNST(FB#)
s \ RESTORE UMSEL
Ml
Py \RESET MOTMER BOARD FIFD
RDA
s \CLEAR STATUS AND FIFG IN ADAPTER
ZER AADS SRIA
s LRA (SSEEK=]4PL)
s GTO ISPEC-RNG)
SUPD=UNSEL \ ADDRESS UNJT SELECT
S5PAL LOC(UNSEL)
s v SET TRACK % 1
QCN ASPM CNST(O6#)
s A RESTORE UNSEL
M T
[1 \ SEND NEW TRACK TO ADAPTER

AFB AAD3 SRIA

GTO (35CH=LRA)

50020NC SkIP HOF

MODEL: MPDC-REV3o

REVISION?

LINE &«

5003000
S0U0&0N0
SQOSGNO
3006000
5007000
SUUR000
50209000
sc100n0
5011000

C00.U0

)

(CNF2)

RTL/6000 FILE

MICROPRUGRAM SECTIUN

-

-

ECIT
CTION

-~ e

-

RYL/0WU0 FlLE EUIT

A THIS

SEQUENCE: $SUMCS

IS5 THE BEGINNING ODF THE WRAPARQUND FlHMwARE,

ROJTINES PERFORM THE FOLLOWING FUNCTIONS-

THE

2.

LUADS UP TQ 16 BYTES

INTQ E|TER THE MOTHER HOARD

QR ADAPTER F[FQ N ORDER YO VERIFY THE QuUTPUT

DATA PATH,

READS THE DATA PREVIOUSLY LOADED FROM THE MOTHER

BOARD OR ADAPTER FIFOD
DAIA PATH,

IN ORDER TO VERIFY THE INPUT

M]CKOPHUGKAM SECTION

ALDRESS
{HEX)

“83

484

«8%

488

“89

“BA

488

48C

“80

4BE

ADDRESS

(HEX})
“8F

490

491

492

493

“%4

497

“3H
“99

“5A

ALDNESS
(HEA}

132

/ULy
DUCom:
IMAGE
(HEX)

062

F59C
600t

A208
8001
64lA
A204
COSE

Fa9A

©%00

A208

6480

A200

vB/0I/7T
DUCew:
1MAGE
(HEX}
BCBY

5%90
82EF
A200
8CEB
BTET
A200
00us
TanwF

£380
Fesl

(14 3]
deld
A200
TCoA

313

GasLLsT?
LUCaw:
I1MAGE
(HER)

idebud

LZabus

PAGE:

12.605 PAGE:

PAGE :

128

129

130



MUDEL; MEDC-REV3IL

REVISTON?
LINE #

5012000
5013000
3014000
3015000
5016000
5017000
3018000
3019000
5020000
»021000
3322000
5323000
3024000
5025000
30246000
5027000
5028000
5029000
5030000
5031000
3032000
50133000
5034000
5035000
>034000
5037000
503p0n00
5039000
5040000
2041000
3042000
5043000
5044000
3045000
5044000
5047000
5044000
3043000
3050000

000,00

SWRAP

133

4,159,532

KTL/760U0 Fl b EUIT
MICKOPRUGHAM SeCTIUN

SEQUENCE: $SUPCS

\ SKIP IF ADAPTER WRAPARDUND
TFZ ASPM TAXT

\ 60 TO MOTHER BRD WRAP
GTD {SWRAP=MOTH)

\ ADDRESS DMA BYTE
S5PAI LOCIDMAL)

\ SKIP IF WRITE MODE
TFO ASPM TAX0

GTO (SWRAP-READ)

-continued

\ THI5 |5 THE ADAPTER WR]TE WRAPARQJND ROUTINE. [T LDADS
FRUM MEMORY (P TO 16 DATA BYTES INTD THE ADAPTER FIFO, \

SWRAP=aRY

Sk 1P HOF

MODEL } MPDC-REVIAD

REVISIONE

LINE &
3051000
5052000
5053010
3054000
50550N0
50%6000
5057000
305p000
5059000
3060000
5061000
5062000
5063000
90640R0
5065000
30466000
5067000
3068000
5065000
5070000
5071000
5072000
5073000
3074000
5075000
3078000
5077000
207RONQ
5079000
5080000
30810nC
5082000
5083000
3084000
5085000
5086000
5087000
50880N0
5089000
x0snong
091000
5692000
3393000
5094000
4095000
>096000

000.00

SWHAP=WA]T

\ CLEAR ADP S5TATUS AND FIFO
XFB AADS SRIA

% SET DATA CDUNT = Ls
LCN AAD] CNST(O4#)

\ LOAD ADP CMD
LCN AAD2 CNST{Co#)

\ SET BYTE MODE wRITE
LCN CNST(6A#)

\ SKI[P |F BYTE MODE
TEO TaYT

\ SET WRITE MODE
LCN CNST{a2#)

\ENABLE WRITE HARDWARE PATH
EwP

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

SEQUENCE: $SUPCS

\LOAD RETURN
LRA (STERM~CL3)

\ LOAD RETURN FROM DMA=CHK
LRA {STERM=NORL}

\SET CYCLE
(449

\S5K1P IF NO ADAPTER BUFFER REWQUEST \

TFO TNBR
GYD {(SWRAP=WAIT)

GTO (SOMA=CHK)

\ THIS [S THE ADAPTER READ WRAPARQUND ROUTINE. IT TRANSFERS
TO MEMCRY FROM THE ADAPTER FIFD THE DATA BYTES
PREVIOUSLY LDADED BY THE ADAPYTER wRITE wWRAPAROUND

COMMAND »

SWRAP=HEAD

Sx 1P HOF

MODEL: MMDC=REYI:

REW[SINNY

LINE #

5097000
3098000
5099000
5100000
siuionu
3102000
2103000
5106000
5105000
9106000
5107000
5108000
5169000
s1io00n0
21110N0

000400

SwRAP=3EADL

\ SEY DATA COUNT = 1l
LCN AAD] CNST(OB#)

\ LDAD ADP CMD
LCN AAG2 CNST(C2#)

\ SET BUSS = READ BYTE MDDE
LCN CNST 14CH)

\ SKIP IF BYTE MODE
TFO TBYT

\ SET BUS = READ MODE
LCN CNST(44s)

\ENABLE READ HARDWAHE PATH
ERP

N LOAD RETURN FROM DMA=CIHK
LRA (STERM=NDR)

\SET CYCLE \
424 H
3
RT_ /6000 FLt ELIT
MICROFPRUGRAM SECTIUN
SEQUENCE: $3UPCS
ASKI¥ TF NO ADAPTER BUFFER REQUEST \
TFG TNBR 3

570 ($WRAP=READL}

670 (SREAD=EQR2)

A OTHIS 15 THE BEGINNING JF THE MUTHER BJARD WRAPAKUUND

FlumMuARE o

SWRAP=(3TH

\ SET 5PA FOR RANGE UPPER
SSPAL LOCIRNGL)

v THANSFER RANGE UPPER THRU ALY

ALURESS
IHER

“9F

“AQ

“A9

SAA

ADDRESS
{HEX)
4A8

“AL

wAD

“AL

“80

“B2

B3

“Be

405

“Bo

“gy

AJLRESS
{HEX)
“y?

“gA

“88

“BL

“BD

134

ussulst? 1Zabud  PAGE: 13U
[y

IMAGE

IREx)

Cest
FaBC
8CH9
C4%0

Fsgl

T4ap
9408
108
81A2
Cosa
alsz

0601

0B/0L/TT 12,605 PAGE: 131
DOCew:

IMAGE

[HEX]

ES91

ES90
4020
COBC

Fart

FoT&

9420
9802
8128
[€].1)
8104
6600
£59C

“02v

upsuls 17 12.0uU5  pagt: 132
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MODEL:
REV]ISIONG

LINE #

%112000
5113000
2114000
5115000
116000
silrono
3118000
5119000
diz20000
5121000
5122000
3123000
5124000
53125000
5126000
5127000
s1z8000
5129000
3130000
5131000
3132000
5133000
5134000
5135000
3136000
5137000
2138000
5139000
5140000
3l4l000
Yle2000
3143000

MFOC=REYID

000.00

5144000 SKIP HOF

MODEL M¥DC=REV3D
REVISION! 000,00

LINE &
5145000
5146000
9147000
3148000
5149000
5150000
s151000
5152000
5153000
3154000
3155000
31546000
5157000
51%8000
5159000
s1s00n0
Sislono
S1s2000
5183000
5184000
Siss50n0
5168000
516T0N0
3isa0n0
5149000
5170000
5171000
5172000
5173000
5174000
3175000
5176000
3177000
5178000
5178000
5180000
5141000

135

SEJUENCE:

AFB BSPM

\ SKI1P IF RANGE UPPER ZERD
TFO TEQZ

\ ABORT = RANGE GT 1le&
GTO (SWRAP=5TS)

A SET SPA FOR RANGE LOWER
SSPAI LOC(RNG2)

N HEX11 TO ACU
LCN CHNST (1)

\ CHECK FOR RANGE
SUB ASPM BACU

LOWER 6T L&
\ SKIP IF RANGE LOWER LT 16
TFZ TcOY

\ ABORT ~ RANGE GT {6
GTO (SWRAP=STS)

\ SET SPA FOR DMA pYTE
5SPAl LOC(DMAL}

\ SKIP [F WR{TE MODE
TFQ ASPM TAXO

4,159,532

RTL/6000 FlLb

ELIT

MICROPRUGRAM SECTION

SIUPCH

-continued
'

A\ GG TO READ WRAP FOR MOITHER BOARD

GTQ (SWRAP=RDMOI

SEQUENCE:

RTL/6000 FILE
MICROPROGRAM S&

SBUPCS

N THI5 15 THE MOTHER BOARD WR]TE WRAFAROUND ROUTINEs IT
LOADS FROM MEMORY UP TO 1& DATA BYTES INTO THE MOTHER
BOARD F1FO,.

SWRAP=wRTMO

s

SWRAP=WRTML

s

3142000 SkiP WOF

MUREL:
REVISION?

LINE #

5183000
*la«0no
5185000
5186000
5187000
5188000
%189000
3190000
2191000
2192000
5193000
3194300
2195000
21946300
5197000
5198000
5199000
5200000
»zoione
b202000
5203000
3204000
5205000
3204000
5207000
5208000
5209000
3210000
2211000
*212000

MPOCaREV 3D

000,00

N SET BYTE MODE WRITE [N ACU
LCN CNST(6AS)

\ 5k1P JF BYTE MODE
TFO TeYY

\ SET WRITE MODE [N ACU
LCN CNST(62s)

\ SET TEST MDDE

51D

\ENABLE WRITE HARDWARE PATH
w

\ SET CYCLE

\ SKIP IFf RANGE ZERD

TFO TRGZ

\ WAIT FOR RANGE ZERD
GTO (SWRAP-WRTML)

\ LOAD RETURN
LRA {STERM=CL&}

\ LOAD RETURN
LRA (STERM=NORL)

GTO (SDMA=CHK}

SEUUENCE:

RTL/6GUT Fict
MICROPRUGRAM St

$3UMCS

A\ THIS |5 THE MOTHER BOARD READ wKAPARDUND ROUTINE, T
TRANSFERS TO MEMORY FROM THE MOTHER BOARD FIFQ THE pATA
BYTES PREVIDUSLY LOUADED BY THE WRITE WRAPARUUND CUMMANU,

SWRAP=ROMO

s

SWRAP=RDMOL

$

v SET BYVE WIDE READ IN ACU
LCN CNST (#C#)

\ SKIP JF BYTE MODE
TFQ TaYT

N 5¢T READ MODE
LCN CNST (44w

IN ACU
N\ 5ET TEST MODE
570

\ OSET CYCLE
e

\LDAD RETURN
LRA [STERM=NDR}

\ENABLE READ HARDWARE PATH
ERP

\ SEND BYTE To
ZER AADT SRIA

INTERFACE

ANQ P FOR TIMING

AUUHESS
IHEX}
A 13
3
\ 4“BF
H
\ 4C0
i
\ 4C1
1
\ “C2
)
AY “«C3
]
\ “Ch
1
A “C5
i
\ “Co
H
A\ «C?
H
i
EOLT
CTION
AUDRESS
{HEX)
AY
AY “Ce
H
\ “C9
i
AY 4CA
'
\ “cH
i
\ “CC
3
\ L144]
s
\ “CE
3
N «CF
3
A 4«00
3
\ Gl
i
i L1973
i
EULIT
CTiON
ALLKESS
tREXD
A\
\ “U3
'
\ “Lk
i
AY «0%
i
\ )b
I
v »D?
i
\ w4y
3
\ “DY
i
N “CA
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MUDEL: MHOC-HEVIY
REVISINNT 00000

LINE &

5213000

$214000

2215000 gwRAP=HDMO2
42346000

5217000

5218000 §
219000

5220000

5221000 g
2&z20n0

5223000

5224000 s
S225000

8226000

5227000 s
5228000

52290n0

5230000 SKIP HOF

MODEL | MPDCREV3D
REV]S[ON! 000,00

LINE »

5231000

9232000 $WRAP-5TS
3233000

5234000

2235000 5
5236000

5237000

5238000 3
5239000

9240000

5241000 s
5242000

5243000

52644000 3
5245000

5246000

5241000 ¢
5248000

3249000 Sk |P HOF

MODEL: MMDC-REVIL
REVISION: 000.00

LINE »
$250000 SFMT=READ
5251000
5252000
52530100 3
5254000
5255000
52%5000 3
5257000
52%8000
5259000 gREAD=IDT
5260000
3261000
5262000 %
2263000
4264000
5265000 ¢
5266000
5287000 ¢
5268000
5269000
5270000 ¢
5271000
5272000
5273000 s
321000
5215000
5278000 SREAD~IDT!
5277000
5278000
5279000 s
5280000
52681000
5282000 %
52823000
5284000
5285000 g
5284000
5287000 %
5288000
5289000
3290000 3
5291000
5292000
5293000 ¢
5294000
5295000
5296000 5K1P WOF

MUDEL1 MMDC-REV3ID
REVISIONY 000.00

LINE €
5297000 3
5298000
5299010
5300000 3
s3v1000
53p20n0
303000 ¢
53U40N0
$3us000
5306000 §

4,159,532

HTL/60U0 Fiut EDIT
M|CRAQPRUGKAM SECTON

137

AUDRESS
SEQUENCE: S8UPCH (HEX)
-continued
NGP 3
\S5KIP IF BUS CYCLE NOT ACTIVE \ «0C
TFZ TBCA 3
\WALT FOR BUS TO FINISH \ DD
GTO ISWRAP=RDMD2] :
\SKIP [F END OF RANGE A “DE
TFO TRGZ '
\SEND INTERFACE ANOTHER BYTE \ 4DF
6TO (SWRAP=RDMDL} t
\GO TO CHECK FOR SINGLE BYTE STORED \ 4E0
GTO (SREAD=EDR2} :
i
RTL/6000 FILE EDIT
MICROPROGRAM SECT1ON
ADDRESS
SEQUENCE: $SUPCS (HEX}
\ SET STATUS 8YTE 1 IN ACU \ 4E1
LCN CNST{ADS) :
A SKIP IF DEVICE READY \ 4E2
TFQO AADZ TAXD 1
\ SET STATUS BYTE L NOT RDY [N ACU \ 4E3
LCN CNST(208) i
\ SET SPA FOR 5751 \ “E%
$5PA1 LDC(STSL) i
\ UPDATE STATUS \ “€5
MwT H
GTD (STERM~CLZ} 3 SEb
{
RTL/B0U0 FILL EOIT
MICROPRUGRAM SECTIUN
ALDRESS
SEQUENCE: $SUPCS (HEX)
N CLEAR ADP STATUS + FIFD +RESET READ GATE \ SE7
XFB AADS SRIA s
\SKIP 1F RANGE NOT ZERD \ “E8
TFZ TRGZ '
\GD TO TERMINATION \ “E9
GTO {$TERM=NOR) '
\SET SPA FOR LDW ORDEK H3YTE OF Tasg \ “EA
SSPAl LOC (TSK2} '
ASKIP IF [GNORE READ ERRORS SET \ “EB
TFO ASPM TAXO '
GTO (SREAD-IDTL) H “EC
\SET S5PA FOR DMA BYTE \ “ED
SSPA] LOC (DMAL) 3
\ SET IGNORE READ ERRUR B1T A “EE
OCN ASPM CNST (10#) j
\RESTORE DMA BYTE \ 4EF
MwT 1
\ SET FORMAT READ COMMAND \ “FO
LCN CHST{C3#) i
\ ADDRESS TASK \ “F1
SSPAL LOC(TSKI} l
A SKIP [F NOT DIAGNOSTIC MODE \ “F2
TEZ ASOM TAxe '
GTD {SREAD=1DT2) ' 4F3
\ SEND COMMAND TO ADAPTER A 4F &
XFB AADZ SR1A 1
\ LOAD AWK UPPER \ 4FS
LCN AADO CNST(FAS) 1
\ LOAD AMK LOWER \ “wFo
LCN AADO CNST(AAR) i
3
RTL/6000 FILE £DIT
MICROPROGRAM SECTION
ADDRESS
SEQUENCE: SSUPCH (HEX}
\ LOAD DATA COUNTER = 4 \ “F7
LCN AADL CNST(OLM) :
N RETURN FROM READ=EQF Ay 4F8
LRA {SREAD~DATA} P
% RETURN FROM DATA-LQODP [F AAP REQ \ “F9
LRA (SREAD=EOR) §
\ RETURN FROM WAIT=LOUPFIRST TIME ONLY \ 4FA
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MODEL | MMDC-REYIDL
REVISIONS 00000

139

4,159,532

RTL/6000 FILE EDIT
M]CROPRUGRAM SeCTION

ACDRESS
LINE & SEQUENCE: SSUPCY (HEX}
-continued
$307000 LRA (SREAD=AMK] i
5308000
5309000 GTO (SSTARTNALT) ] “FB
5310000
5311000 sREAD=IDT2 \SET DIAGNOSTIC READ 1D v “FC
5312000 LCN AADZ CNST (D3#) |
5313000
5314000 3 GTO (SDIAGREAD#) ' 4FD
5315000
5316000 SREAD~MODE \ SET BUS = READ BYTE MIDE \ “FE
5317000 LCN CNST (4C#} '
53184900
$319000 s \ SKIP IF BYTE MOOE \ 4FF
9320000 TFD TBYY '
5321000
$322000 $READ-REY \ SET BUS = READ MODE \ 500
5323000 LCN CNST (44s) i
5324000
3325000 s \SK[P IF ADAPTER HARDWARE REQUEST \ sol
5326000 TFO TAHR 1
5327000
5328000 s \ERROR OR END OF FlELO \ 562
5328000 RTN L]
5330000 .
5331000 § \ENABLE READ HARDWARE PATH \ 503
5332000 ERP i
5333000
5334000 SKIP HOF b
MODEL1 MPDC=REV3y RYL,6000 FILE EDIT
REVISION! 0OC.00 M]CROFRUGHRAM SECTION
AUDRESS
LINE o SEQUENCE: SSUPCS (HEX)
5335000 \ THIS [5 THE COMMON DATA LOOP USED BY THE READ AND WRITE
5336000 ROUTINES, IT IS USED TO CHECK FOR THE ADAPTER FIFD
5337000 SEING FULL ON WRITES AND EMPTY UN READS IN ORDEH 1O
9338000 OETERMINE 1F AN UNSOLICITED BUS REJUEST CAN Bt
5339000 PROCESSED, \
5340000
5341000 $pATA~LOOP \SET CYCLE \ S04
5342000 cye 3
5343000
5344000 gpATAL \ SKIP IF NQ ADAPTER HUFFER REQUEST \ 505
5345000 TFO TNBR [
%346000
53470010 s GTD {(SDATAL) 3 506
348000
5349000 § \NQ QP FOR T[MING \ 507
5350000 NOP 1
5351000
5352000 § \NQ OP FOR TIMING \ 508
5353000 NOP 1 .
5354000
5355000 \CLEAR ACU \ 509
5356000 ZER [
5357000
9358000 $pATA2 \ 5KIP [F NO BUS CYCLE ACTIVE \ 50A
5359000 TFZ TBCA 1
5360000
$381000 ¢ GTO {SDATA2) 1 508
5342000
3383000 3 \CLEAR CYCLE REGISTER \ 50¢C
5364000 cye 1
5365000
5366000 § \ S5k1P IF ND ADP REQUEST \ 500
5367000 TFZ TREQ 1
5368000
5389000 \ RETURN TQ= SOE
5370000 1le FWT=DAT = FORMAT WRITES
5371000 2. READ=~EOR = ADAPTER REQ DURING READ DATA
5372000 3. WRT-EOF = ADAPTER RED DURING WRITE DATA \
5373000 RTN i
5374000
5375000 SK1P HOF '
MODEL; MPDC-REV3D RTL/6000 FILE EDIT
REVISION 000400 MICROPROGRAM SECTION
ADDRESS
LINE # ' SEQUENCE: SSUPCS {HEX)
53764000 3 \ ADDRESS OMA BYTE \ SOF
5377000 SSPA] LOC (DMAL) '
$378000
9379000 3 \ 5K1P 1f WRITE MOOE \ sio
2380000 TFO ASPH TAXO l
5381000
5382000 3 GTO (SDATA3) ] s1i
5383000
5384000 § \ RETURN FROM WAl T=LQOP \ s12
5383000 LRA (SWRT=-RET; '
5386000
$337000 3 \ RETURN FROM DMA=CHK \ 513
5388000 (RA (SSTART=WA[T} ]
9389000
5350000 3 GTO (SDMA=CHK} ¥ Sie
3391000
5392000 spATAI \ RETURN FROM wAIT=LOOP \ 515
3393000 LRA (SREAD=MODE) '
9394000
53950n0 \ RETURN FROM DMA=CHK \ 516
5396000 LRA (SSTART=-wAIT) ]
5397000
5398000 s GTO {SOMA=CHK) $ 517
5399000

5400000 SkIP HOF
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MODEL ¢
REVISIONS

LINE &

5401000
5402000
5403090
5404000
5405000
5406000
5407000
S4UB0NY
5409000
5410000
5411000
5412000
5413000
5416000
b615000
2416000
5617000
5418000
54}9000
5420000
5421000
5422000
5422000
3424000
»425000
5426000
2427000
5428000
5429000
5430000
5431000
5422000
5433000
7436000
HR35000
5435000
5437000
2438000
4439000
5440010
3441000
5442000
5443000
5464000
%645000

MEDC-REV 3,

0p0.C0

SREAD-EUR

SREAQ-LORZ

3

$READ=AHK

s

SREAD=AMK 1

s
3

SwRT=EOF

Sk 1P HOF

MODEL} MPDC=REV3U

REVISION?

LINE ¢

Be4s000
2647000
5458000
B449000
5430500
5431000
2452000
5453000
5454000
5455000
5455000
3457000
5458000
5459000
5460000
5461000
3482000
5463000
»464000
5465000
5456000
348 T0O00
3448000
2489000
5470000
54T1000
5472000
3473000
5474000
54715000
5476000
34 TTONO
5478000
5479000
54B00N0
341000
S4R20N0
5483000
54BaGN0
5465000
54 B40N0
3487000
5488000
54@50N0

0o0. 00

SREAD-EQF

3

SREAD=5TS

SREAD=STSL

54G0016 SK{P HOF

141

MICROPROGRAM SECTION

SEQUENCE:
N LDAD RETURN
LKA {SREAD=EDJF)

\SKIP IF OFFSET RANGE HISTORY
T€Z TORH

ASKIP 1F SINGLE BYTE STIRED
TFD T58S

GTO {SCMA=CHK)

N LOAD BUS CYCLE
LCN CNST(CCH)

A CYCLE BUS
(449

GTO (SDMA=CHK}

A SKIP 1F NO ADDRESS MA3IK ERRUR
TFZ AADI Thxe

Q70 {SREAD=5TS)

\SK P IF ADAPTER HARDWARE REQUEST
TFO TAHR

\S5K1P 1F NO ERROR
TFZ TREQ

GTO ISREAD=MODE)
6T0 (SREAD=AMK L)

\ SKIP If NOT EOF
TFG THDR

QY0 {SDMA=CHK )

N\ LOAD RETURN FROM OMA«CHK
LRA (STERM=5T75)

670 {SOMA=CHK)

4,159,532

RTL/6000 FLe EDIT

SIUPCS

RTL/H00C FILE EDIT

MICROPROGRAM SECTIDN

SEQUENCE: $SUPCS

NZERO TO ACU \

i
\CLEAR C(YCLE REGISTER \
(819 1
\5K1P IF NO NONeDATA SEAVICE REQUEST \
TFZ TNDP 3
6TO (SREAD-5TS) i
N GET DEVICE STATUS AN

XFA AAD3

\ S5kIP [F ERROR
TFZ TEGI

\ RETURN T0=
le READ=DATA=FCORMAT READ
2. TERM=NOR-EOR

RTM

\ADDRESS OMA BYTE
SS5PAL LOC (DMAL)

\SK1P 1F NOT
TFZ ASPM TAX3

[GNORING READ ERRORS

GTO {(SREAD=5TS1)

\ LOAD HETURN FROM STORE-CTRS
LRA (STERM=5T3S;

670 ($5TORE-CTRS}

\RESET I1GNDRE READ ERROR BIT
ACN ASPM CNST (EF#)

\UPCATE DMA BYTE
MwT

RTN

MICROPRUGKAM SECTIOUN

RYL/6UV0 FILE EDIT

SSUPCY

IN RuSs Al

MODELy MROCanbyd
REVISINND 00C.0U

LINE # SEJUENCE:
3491000

54492000 N THIS HOUTENE ]5 USED T2 STORE THE gUS INTERFACE
54930N0 CUUNTERS (ADDRESSs RANGEY AND OFFSET RANGE)
S6G40N0

9495000 $STORE~CTHS N ACORESS OFFSET LOWER

5496000 SS5PAL LOC(DFR2)

S49T0N0

S«28000 3 N SAVE OFFSET LOWER W 35R2
3%990N0 wUA ABUSH

H500000

3501000 8 N SAVE OFFSET URPER [N D5R1
502000 WDA ABUSS

AUDKESS

(HEX}
bly

519

olhk

51b

51¢C

51k
- 51F

520
521

522

523
524

525

526
527

528

AUDRESS
(HEX}

529

524

528

52¢
520

52E

52F

530

531

533

534

535

936

937

AUURELSS

(rikx}

o3p

9139

EELY
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MODEL; MPDC-REVIL

REYIS[ONI
LINE #

5503000
5304000
5305000
5306000
5307T0oN0
5%0s80n0
5309000
3310009
5811000
5312000
5513000
5314000
5415000
5518000
5517000
5518000
5519000
5520000
3521000
5522000
5523000
5524000
5525000
5524000
2527000
5528000
5323000
35300090
5531000
5532000
3533000
2534000

000400

3533000 SK]P HWOF

MODEL{ MFDC=REV3L

REVIS[aNE

LINE #
*536000
5537000
5538000
5539000
3540000
5541000
3542000
3543000
3544000
5545000
5544000
3547000
5546000
4549000
4550000
5551000
5552000
553000
3554000
5533000
3556000
3557000
5558000
3559000
5560000
5561000
5562000
3563000
5564000
5565000
5566000
53867000
5568000
5563000
5370000

000.00

SREAD~DATA

s

5371000 SkIP HOF

WMODEL: MMDC-REVIU

REVISION!

LINE »

5572000
5573000
2574000
5515000
5574000
2577000
2578000
4579000
$580000
581000
3582000
5383000
5%p4000
5585000
5586000
9587000
3588000
5589000
5590000
9591000

00C0¢

$

5592000 5x 1P HOF

MODEL: MPDC-REV3I(
REVISIONT 000,00

LINE &
53923000
5594000
5595000
%5594000
5597000

SSPACE-DATA

4,159,532

RTL/6000 FILE EDIT
MICRCPROGRAM SECTION

143

ADDRESS
SEQUENCE: SSUPCS {HEX)
-continued
\ SAVE RANGE LDWER IN RNG2Z \ EETY
WDA ABUS# 3
\ SAVE RANGE UPPER IN RNG! \ 53¢
HwT ABUS4 i .
\ ADDRESS ADRZ N 5130
S5PA] LOC(ADRZ} ¥
\ SAVE ADDRESS LOWER A 53¢
WDA ABUS4 3
\ SAVE ADDRESS MID A 53F
MWT ABUS4 i
\ ADCRESS MOD1 \ 540
SSPAL LOC(MODL} i
\ SAVE MEM MODULE \ 541
MHT ABUS4 i
v RETURN 70~ 542
l. END=GAP =~ FORMAT wRITE
2. TEAM=CL2 - NORMAL TERMINATION
3, TEAM=STS = ERROR IN DEVICE STATUS ON ' 4
“u SCH=SET =~ EXTENDED SEARCH AND READ
EXTENDED SEARCH AND WRITE
5a SEEK=IMPL= |MPLICIT SEEK DURING AUTO TRACK
AND CYLINDER LINKING N
RTN l
§
RTL,6000 FILE €DIT
MICROPROGRAM SECTION
AUDRESS
SEQUENCE: S3UPCS (HEX]
\SK[P IF RANGE NOT EQUAL ZERO N 5421
TFZ TRGZ ;
GT0 (STERM~NOR) 3 Sk
\SET SPA FDR DMA BYTE \ 545
SSPA1 LOC (DMAL) i
\RESET IGNORE READ ERROR BIT \ S4b
ACN ASPM CNST (E0#) H
\RESTORE DMA BYTE \ 547
MW T P
\ LOAD DATA MARK UPPER i 548
LCN AADO CNST{FDW¥} i
\ LOAD DMK LOWER \ 549
LCN AADO CNST(DD#) H
\ ADDRESS DATA LENGTH \ 564
SSPAL LOC(DATL: i
\ LOAD DATA LENGTH \ 348
XFB AADL B5PM SRIA i
\ ADDRESS TASK A\ S4
SSPAL LOC{TSKI} 3
\ SKIP IF NOT FORMAT READ [D A 54D
TFZ ASPM TAXS i
OT0 ($SPACE-DATA) B aag
;
RTL 2 &O6 Lt RELT
MICROPRUG w0 90 CT TN
ALUMES L
SEIUENCE: $sUPCS 1RE X
v SET READ (OMMAND [N ADAPTER \ Sub
LCN AAD2 CNST(CZ#)
v RETURN FROM DMA=CHK [f SEARLH AND REAL i B
LRA [$5CH-UPD)
A SKIP IF SEARCH ANp READ \ 551
TFQ ASPM TAXT?
\ RETURN FROW DMA=CHK 1F FORMAT REAL \ EEY:
LRA (SFMT-READ)
y RETURN FROM DATA LOOP [F EUF 4 553
LRA [SREAD=EOR}
v RETURN FROM wWAIT~-LOOP FIRST TimE ONLY 5\ 554
LRA [SREAD-AYK) :
TO ($START-WAIT) H 55%
3
RTL/ZBCOC -0k EDYT
MICROPROGRAM SECTION
AUDRESS
SEJUENCE: 3$UPCH (HEX)
\ SET READ WITHOUT DATA XFER [N ADAPTER 5 556
LCN AADZ CNST(BZ#) '
\ RETURN FROM wAIT L0OP : neT
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MOCEL | MPOC-REV3D RTL/6000 FILE EDIT 08/01¢77 120608 PAGE: 145
REYVISIONL 000,00 MICROPROGRAN SECTION 00Cem:
ADDRESS  [MAGE
LINE # SEQUENCE: SSUPCS (HEX)  (HEX)
-continued
5598000 LRA (SFMT=READ) 3
5599000
5600000 8 GTG (3START-WA[T) i 558 F21iD
5601000
3602000  splAG=AMK A\SKIP TF NO ADDRESS MARC ERROR \ 559 DC5C
5803000 TFZ AADI TAXS [
5504000
5605000 g GTD (SDIAG=AMK2) § S5A  F55F
56046000
5607000 $pIAG=AMK L \SKIP [F ADAPTER HARDWARE REQUEST \ 558 (080
5608000 TFQ TAWR i
5809000
610000 s \SX1P IF NO ERROR \ 55C (C04C
5611000 TFZ TREQ 1
5612000
3513000 5 6TO [SREAD=MODE) 3 55D F4FE
5614000
5615000 s GTO (SDIAG=AMK]) ] 5% FS58
3816000
3617000 $pIAG=AMK2 \ 5KIP IF NO ADAPTER ERRORS A 55F (CObA
5618000 TFZ TNOR 3
5619000
5620000 5 6TD (SREAD=5TS) 3 560 F533
5621000
3622000 SpDIAG=READ \ADDRESS TASK \ 561  8C0A
5623000 SSPAI LOC (TSKk1) 3
5624000
3625000 5 \5K1P If HEAD ALIGNMENT TASK \ 562 (498
56284000 TFO TAXS ASPM :
5627000
5628000 § 670 {$DIAG-READ]) : 563 FSeA
3629000
2630000 3 \SET ADAPTER COMMAND \ 564  9A43
55631000 LCN AADZ CNST (934) 3
5622000
3633000 5K{P HOF 3
“ODELs MPDCoREV3L RTL/6000 FiLt EDIT [(TY VRS 1Z2.6U5 paGgk: leb
REVISIANG 000400 MICROPRUGRAM SECTION DUC.#:
AUDRESS  1MAGE
LINE # SEJUENCE: SSUPCS (HEX) {HEX)
5634000  $plAG=HEAD]L  \RESET BUS A 565 4084
5635000 RST '
5636000
5637000 5 \LOAD DUMMY RETURN N 566 ESen
5638000 LRA {SDIAG=-READZ) i
5639000
2640000 g GTO (SSTART=WALT) § 567 F2lu
5641000
5642010 §plAG=READZ \RESETY [NDEX COUNT \ Y08 TOTF
5643000 XFA AAD® SRIa f
38644000
5645000 s GT0 (SOIAG=READL) 3 569 Fa55
5646000
$647000  $LIAGeWEAD3  \RESET ADAPTER BUSY \ S6A  9UUL
5648000 LCN AAD2Z CNST (00#) 3
3649000
5550000 3 SCLEAR ADAPTER STATUS AND FIFD A "Sep 746l
3651000 XFB AADS SRIA 3
3652000
5653000 3 \LDAD ADAPTER COMMAND \ S6C  9pbZ
5634000 LCN 8ADZ CNST(DA#} 3
2655000
3656000 §yp[AG=READ4  \LDAD AMK UPPER A 560 9362
5657000 LCN AADD CNST (FA#) 3
55658000
5659000 3 \ LOAD AMK LOWER \ 56E  92A2
5860000 LCH AADO CN5T (ARN) 3
3661000
3662000 s v LOAD DUMMY DATA LENGTH \ 56F 9TEW
3663000 LCN AADL CNST(FFm} '
2664000
2665000 s \ RETURN FROM READ=EQF \ 570 E59C
5666000 LRA (STERM=HOR) :
5667000
3568000 3 \ RETURN FROM DATA=LOOP |F ADP REQ \ 571 ES5ls
2669000 LRA {SREAD=EOR) '
5670000
5871000 s \ RETURN FROM WA]T-LOUP FIRST TIME \ 572 E559
3672000 LRA (S$DIAG=AMK) '
38673000
674000 § GT0 ($5TART~WALT) ] 573 F2lo
5675000
5676000 5k1P HOF '
“DDELS MPDC=REVID RTL/6000 FILE EDIT 0B/01/77 12,605 PAGE: 1%7
FEVISIONT 000,00 MICROMROGRAM SECTION DOC.#3
AUDRESS  [MAGE
LINE @ SEQUENCE! SSUPCS (HEX) tHEX)
5877000
5478000 \ THE DMA=CHK ROUTINE STORES THE FOLLOWING BUS 5TATUS
3679000 IMDICATORS BEFORE GOING TO THE WAIT-LOOP TO CHECK
3680000 EOR AN UNSOLICITED BUS REQUEST=
5681000 BIT O =0
3682000 BIT 1 -0
5683000 Bl 2 - ©
3684000 BIT 3 « 0
5689000 BIT 4 =~ BUS YELLOW INDICATOR
56846000 BIT S - BUS NAK
56§7000 BIT & = BUS PARITY ERROR
2688000 8IT 7 - BUS RED INDICATOR A
5689000
5690000  $HMA=CHK \ SKIP IF NO BUS CYCLES ACTIVE \ 574 (02
5891000 TFz TBCA 3
5692000
3893080 3 A WAIT FOR BUS TO FINISH \ 575 F574
3694000 GTO {$OMA-CHK) ‘
56935000
5696000 5 \ ADDRESS STATUS BYTE LOWER A\ 576 8Col
5697010 S5PAL LDC(STSZ) '

5453000



MODEL| MPOC-REY3L

REVISIONI
LINE @

5699000
5700000
2701400
5702000
5703000
5704000
3705000
5706000
3707000
5708000
5709000
$710000
3711000
5712000
3713000

0p0.00

5714000 S5K1P HOF

MODEL ; MPDC-REY3L

REVISION?

LINE #

5715000
5718000
3717000
5718000
5719000
5720000
5721000
»722000
723000
5724000
5725000
5726000
5727000
5728000
3729000
5730000

000.,00

5731000 5K[P HOF

MDOEL| MPDC~REV3D

REY1SIQNM:

LINE #

3732000
5733000
5734000
3735000
5734000
3737000
5738000
5739000
5740000
5741000
$742000
3743000
3744000
57435000
5746000
*74T000
3748000
3749000
ST50000
5751000
5752000
5753000
57%4000
57195000
5735000
5757000
5TSR000
5759000
5760000
3781000
3762000
3763000
3764000
5765000
5764000
8767000
2768000
3769000
5770000
3771000
5772000
5773000
5774000
5775000
57716000
$?7T7000
778000
$779000
4780000

000.00

STERM=STS

STERM=5TS1

5781000 5K P HOF

MODEL; MMDC-REV3Y

REV[SION?

LINE #

5742000
5783000
5784000
5785000
5786000
4787000
>788000
5189000
5730000
5791000
51920170

000.00

STERM=CL]

STERM=CL2

SYERM=CL3

4,159,532

147

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

SEQUENCE: SSUPCS
-continued

\ XFER BUS ERROR TO ACU
ORR ASPM BB5T SR1A

\ RESTGRE
MwT

\RESET BUS STATUS

\MASK BUS YELLOW BIT
ACN AACU CNST (07#)

\SKIP IF BUS RED« BUS NAK» DR BUS PARITY

TFZ Teaz

RTL,6000 FILE EDIT
MICROPRUGKAM SECTION

SEQUENCE: 33UPCS

\ RETURN YO=-
i+ TERM=NOR =~ TEST MODE wWRITE

24 S5CH=UPD = SCH/WRT w/0 ERROR ON pATA

F1ELD

3, FWT=DAY = FORMAT WRITE (EOF ON [D)

4, BTART=WAIT = SERVICE BUS REQUESTS

DURING DATA TRANSFERS
TERM=5TS = DEVICE ERROR ON WRITE

5

OPERAT[ON
b READ=EQF = EOF UN ALL READS

T. SCH-SET = SCH/READ W/0 ERRQR ON DATA
FIELD #]THOUT END OF RANGE
Be FMT=READ = FORMAT READ [D AND DATA

{EQF ON DATA FIELD)
RTN

RTL/6000 FILE ED]T
MICROPRUGRAM SECTION

SEQUENCE: $SUPCS

\ SK[P IF DEVICE READY
TFO AAD2 TAx0

GY0 (STERM=ATT)

\ [NPUT DEVICE ERROR STATUS
XFA AAD3

\ SET READY
OCN CNST (B0N)

\ SAVE 5YS1 ERROR BITS AND READY
ACN CNST(RB#)

\ ADDRESS 5TATUS UPPER
SSPAl LOC(5TS1)

\ SAVE PREVIOUS STORED S5TATUS
ORR A5SPM

\SET S5PA FOR TASK
SSPAL LOC 175k1)

\SKIP IF FORMAT QPERAT[IN
TFZ TAX? ASPM

GTO (STERM=5TS51)

\SK1P IF RANGE NOT Z2ERD
TF2 TRGZ

\CLEAR FORMAT ERROR BIT
ACH CNST(FEW)

\S5ET SPA FDR STS51
S5PA1 LOC (5TSD)

A\ RESYTORE STSL AND INCREMENT TO 5752
wlA

\ INPUT DEVICE STATUS
XFA AAD]

N\ SAVE RWATFRR AND SECERR
ACN CNSTICO#)

% SAVE PREVIOUS STORED 3US STATUS
ORR ASPM

RTL /6000 FILEk EDIT
MICKDPRUGKAM SECTIULN

SEQUENCE: SSUPCS

\ RESTORE STATUS HYTE
MwT

\CLEAR STATUS AND FIFQ IN ADAPTER
XFB AADS SR[4

\CLEAR ADAPTER HARDWARE REQJUEST
ZER AADT SRIA

\CLEAR ADAPTER AND RESET MDC FIFO

AUURESS
{HEX)

577

578

579

5Th

578

AUDRESS
(HEX}
57C

ADDRESS
{HEX)
5T0

5T
5TF

580

58l

82

583

584

45

586

587

584

589

S8A

L]

58¢

ALURESS
(HEX)
b8t
5yf

590

591
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MODEL} MMDC=REV3D
REVIS[ONT 000400

LINE &

5793000
5794000
5195000
5196000
5T97000
3798000 g
»799000
3800000
5B01000 s
5802000
2803000
%80400C 3
5805000
5806000
58071000
>8080NO
5809000 &
5810000

58110n0

5812000 3
5813000

5814000

5B1S000 s
3816000

2817000

5818000 ¢
5819000

5820000

%821000 s
5822000

5823000 Sk[P HOF

STERM=CL o

STERM=ATT

MODEL; MMDCREV3L
REVISINNI 000,00

LINE »
%824000
$825000
3826000
5827000
5828000
3829000
38300N00
5831000 ¢
5832000

$833000

5834000 s
3835000

5836000

5837000 g
5838000

3839000

S340G00 g
5841000

3642000

5843000 s
5844000

5845010

5844000 3
4847000

584000 SkIP WHOF

$TERM=NOR

$TERM=NOR1

“ODEL) MPOCwREVI
REYISION! 000,00

LINE o
IP4LZ0ON0
S550000
9B51000
>p%20n0 §
5953000
3854000
855000 ¢
5856000
5457000
5858000 ¢
583%90n0
5860000
»8810n0 ¢
58620Nn0
58630Nn0
5864000 3
885000
3866000
5867000 %
>8680N0
5869000
5870000
2871060
3872000 s
373000

3874000

5815000 3
5378000

3877000

%*878000 &
38790N0

3880000 SKIF NOF

3SEEK-ERR

SSEEK=ILL

4,159,532

RTL,/6000 FILE EDITY
MICHOPRUGRAM SECTION

149

ALURESS
SEQJUENCE: $S3UPCS (HEX)
-continued
RDA ¥
\CLEAR ACU \ 592
ZER ]
\ RESET BUS CYCLES \ . 593
474 '
\ RESET TEST MODE \ 594
RSD }
GTO (SSTARTINTPT) ] 595
\ ADDRESS DEVICE STATUS \ 596
SSPAT LOC(DEVST) '
\ STORE NEW STATUS A 597
MwT AAD2Z '
\ SAVE READY BIT A 598
ACN ASPM CNST (BO#) 3
N SET ATTENTION B1TY Y 599
DCN CNST (408) 1
\ ADDRESS STATUS UPPER N 594
SSPAl LOCISTSY) 1
GTO (STERM=CL1) ' 598
'
25
RTL/6000 FILE EDIT
MICROPROGRAM SECTION
ADDRESS
SEQUENCE: SSUPCS (HEX)
\ LOAD RETURN N 59¢
LRA (STERM=CL2) ¥
\CLEAR ACU \ 59D
ZER 1
\RESET BUS CYCLE BYTE A 59E
cre 3
\ READY 81T 70 ACU \ 59F
XFA AAD2 3
\ MASK READY BIT \ 5A0
ACN CNST(80#) V
\ ADDRESS STATUS UPPER \ S5A}
5SPAl LOC(5TS1) b
\ RESTORE ST51 \ 5A2
MuT 3}
GTO ($STORE=CTRS) 1 5A3
1
RYL/0U00 FiLk EDIT
MICROPROGHAM SeCTION
SEQUENCE HeS ReESe
TOSSUMC A
\ SET SEEK ERROR BIT 2 \ ‘ ‘21~
LCN CNST(20#) P
\ ADDRESS STATUS LOWEH \ bab
SSPAL LOCISTS2) [
N SAVE PREVIOUS BUS ERROIRS N SAb
ORR A5PM :
\ RESTORE 5752 AND ADDRESS 5TS1 \ YA7
wDA 3
\ READY BIT T0 ACU
AFA AAD2 ; 248
\ MASK READY BIT \ oAg
ACN CN5T(a0s) B
GTQ {(STERM=~CLI1} H SAA
\ SET READY AND ILLEGAL SEEX \ bay
LCN CNST (849 '
\ ADDRESS STATUS UPPER \ A
SSPAL LDC(5Y51) i e
\ STORE S5TATUS \ 5A0
MwT 1
GTO {$STARTINTPT) ' SAE
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MODEL | MPOC-REYID
REVISIONI 000400

LINE » SEQUENCE: $SUPCS
\CONTROL STORE MO OP FILLER

5881006 SUNUSED CSNF

5882000

5883000 g (SFAS)\HALT- |F RETURN FAILS
38840n0 HLT

ssBsoo0c

5884000 sl T=LHAOO2 (SFEN) \DECREMENT ACU
Ses 1000 DEC AACU SRIA
5688000

S8890N0  ggl T=LHAOQ3 {5FC#) \DECREMENT ACU
Se900n0 DEC AACU SRIA
5891000

3892000 sglLT-LRAODS {5FD#) \DECREMENT ACU
3892000 DEC AACU SRIA
5894000

S8W5000 § (SFE#IN

3896000
5897000
3898000
50990040
5900000
3901000
3952000

GTO {SBLTLRAQOL)
SUPCS=LRC (SFF#)\LRC WORD FOR PROW SCAN
LONGPAR (Qy5FE#EVEN)

SK 1P HOF

MODEL! MPDC-REYID
REVISiaN! 000.00
LINE # SEQUENCE: SSUPCS
3903000

9904000 \ THAT!S 1T . THERE 15 NO MORE .

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

RTL/6000 FILE EDIT
MICROPROGRAM SECTION

152
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THERE ARE ND SEVENE MESSAGES IN THE ABOVE FlLE.

THERE ARE ND WARNING MESSAGES [N THt ABOVE FILE.

In accordance with the invention, a logic data trans-
fer control system is provided for predicting the avail-
ability of storage locations in a peripheral controller
before data is requested from main memory. Thus, in a
data processing environment wherein plural system
units are electrically coupled to a common communica-
tion bus for asynchronous transfer of information there-
between, a data transfer rate from main memory to a
peripheral controller may be accommodated without
loss of data.

Having described the invention in connection with
certain specific embodiments thereof, it is to be under-
stood that further modifications may now suggest them-
selves to those skilled in the art, and it is intended to
cover such modifications as fall within the scope of the
appended claims.

What is claimed is:

1. A logic data transfer control system for a periph-
eral controller having hardware control means and
firmware control means, said peripheral controller ser-
vicing a peripheral storage device in a data processing
system having a main memory unit, and plural system
units including said peripheral controller electrically
coupled to a common communication bus for asynchro-
nous transfer of information therebetween, which com-
prises:

a. plural data FIFOs receiving binary information
from said main memory unit in response to data

requests issued by said hardware control means to
said common bus;

. a predictor FIFO responsive to load control signals
initiated at the inception of said data requests for
anticipating the capacity of said plural data FIFOs
to receive said binary information;

c. first logic control means responsive to said firm-
ware and said hardware control means and to input
control signals from said predictor FIFO for issu-
ing bus cycle requests to said hardware control
means and supplying said load control signals to
said predictor FIFO; and

second logic control means responsive to output

register control signals of said predictor FIFO for
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unloading said plural data FIFOs and said predic-
tor FIFO for transfer of data to said peripheral
storage device.

2. The combination set forth in claim 1, wherein said
first logic control means includes:

a. a first AND gate responsive to said hardware con-

trol means;

b. a second AND gate responsive to said predictor
FIFO and to said hardware and said firmware
control means;

c. a flip-flop in electrical communication with said
first AND gate and responsive to said second AND
gate for issuing bus cycle requests to said hardware
control means; and

d. a third AND gate in electrical communication with
said second AND gate and responsive to said hard-
ware and said firmware control means for supply-
ing said load control signals to said predictor
FIFO.

3. The combination set forth in claim 1, wherein said
plural data FIFOs include left byte FIFOs and right
byte FIFOs for storing two byte data words, and said
second logic control means includes;

a. a first AND gate responsive to said firmware and

said hardware control means;

b. a first flip-flop in electrical communication with
said first AND gate for supplying a first output
data transfer control signal to said left byte FIFOs;

“c. a second AND gate in electrical communication
with said first AND gate and responsive to said
firmware and said hardware control means;

d. a second flip-flop in electrical communication with
said first flip-flop and said first AND gate for sup-
plying a second output data transfer control signal
to said right byte FIFOs and to said predictor
FIFO; and

e. a third flip-flop responsive to said second AND
gate and in electrical communication with said first
and said second flip-flops for alternately selecting
either said left byte FIFOs, or said right byte and
predictor FIFOs for output data transfers.
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4. A method of controlling the transfer of data words to receive a second data word before a first data
from a main memory of a data processing system word is loaded into said plural data FIFOs;
through a peripheral controller having plural data c. sensing an input control signal of said predictor
FIFOs operating in parallel in a data path, and further FIFO immediately upon loading a data word from

said main memory into said plural data FIFOs;

d. repeating steps (a) through (c) if said input control
signal indicates said plural data FIFOs shall have

. i data t fi id controller to the capacity to receive additional data; and

e main emory, o said controfier e. unloading said plural data FIFOs and said predic-

b. loading said predictor FIFO with a control flag 10 tor FIFO if said input control signal indicates said
byte upon issuing said data request to provide an plurgl data FIFOs shall not have the capacity to
indication of the capacity of said plural data FIFOs receive additional data.

* * s &

having a predictor FIFO, said controller communicat- 3
ing asynchronously with said main memory on a com-
mon communication bus, which comprises:
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