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(57) ABSTRACT 
A logic data control system including a first-in-first-out 
(FIFO) buffer predictor is provided for the transfer of 
data between a main memory unit and a peripheral 
control unit of a data processing system. Data from 
main memory is stored into the input registers of the 
peripheral unit, and thereafter loaded into an array of 
data FIFOs for transfer to a peripheral storage device. 
A predictor FIFO operates in parallel with the data 
FIFOs, and is loaded with a dummy or flag byte each 
time a data request is made to main memory. When a 
data word is loaded into the data FIFOs, the input 
register of the predictor FIFO is sensed. If the flag byte 
in the predictor FIFO has dropped from the input regis 
ter into the FIFO stack, a request is issued to main 
memory for an additional data word. When the data 
FIFOs are filled, the predictor FIFO also is filled and 
cannot generate an additional data request until a data 
byte has been unloaded from the data FIFOs to a pe 
ripheral storage device. The input register to the predic 
tor FIFO thereupon is emptied, and another data re 
quest may be made to main memory. 

4 Claims, 13 Drawing Figures 
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FFO 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 issued 
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 FIFO 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 FIFO 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 5; 
FIGS. 7A and 7B are detailed functional block dia 

grams of the range and offset range control unit of 
FIGS. 4 and 5; 
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 MPDC10 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 15. 
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 MPDC10 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 
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logic unit 22 by way of a unidirectional control cable 23, 45 
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 MPDC10 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 con 

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. 

40 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 (MPR), 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 a 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 MPDC10 include a 

direct memory access (DMA) read, a DMA write, an 
I/O 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/O 
input commands which require two bus cycles. 

Referring to FIGS. 3a and 3b, 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 I/O Output Com 
mand which includes a destination channel number, a 
6-bit function code, and a data word as illustrated by the 
I/O 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.3a, 
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 60a is applied to the megabus 13 via 
the address cable 21, and the data 60b to be written into 
memory is applied to the megabus via the cable 41. As 
illustrated in FIG. 3a, 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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6 
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 61b 
and reserve area 61c 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 62a, a 6-bit reserve area 
62b, and 16 bits of data 62c 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 62b 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 I/O 
output command instruction comprising a 10-bit desti 
nation channel number 63a to identify the MPDC, a 
6-bit function code 63b 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 I/O 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 reqiures information from the MPDC 
10, an I/O input command instruction may be issued. 
The instruction is comprised of a 10-bit destination 
channel number 64a, 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 I/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/O load output command which is comprised 
of two instructions. The first instruction includes an 
8-bit module number 66a indicating the high order eight 
bits of a main memory address, a 10-bit destination 
channel number 66b, a 6-bit function code 66c, and 16 
address bits 66d 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 67a designating the 
MPDC, a 6-bit function code 67b, a high order bit 67c 
indicating whether the range count is positive or nega 
tive, and 15 range bits 67d 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. 68b, a 10-bit source 
channel number 68c, and a 6-bit source priority level 
number 68d. 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 until 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) 69a, a 1-bit track number 
69b and an 8-bit sector number 69c. 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 70a, 
a 1-bit platter select field 70b, 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 FIFOs 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 noved 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. 4 and 5 

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 A1 input to AMUX72 is connected to the 8-bit 

output of an accumulator 75, and the A3 input to 
AMUX72 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 AMUX72 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 72a to a firmware output termi 
nal. The 8-bit output of AMUX 72 is connected to the 
A1 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 
A1 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 A1 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 A1 input of arithmetic control unit 91 is con 

nected by way of a control line 106 to an output termi 
nal of the firmware control 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 A1 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 108b leading 
from system hardware control. The D2 output of con 
trol unit 108 is connected by way of a control line 111 to 
the A1 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 70b to the load (LD) input of shift register 
70, and the D5 output is connected to the A1 input of 
test logic unit 102. The D6 output of the control unit is 
connected to a control line 108c 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 
A1 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 9s, the LD input of 
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10 
which is supplied by data control unit 113 on a control 
line 98a. 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 controlline 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 102b. 
The A5 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 29a leading from the 
output of the logic unit is connected to the A5 input of 
data control unit 113, and to a control line 118b leading 
to the transfer on parallel (TOP) input of Data FIFO 
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 A5 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 128a, 
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 A1 input of FIFO unit 131. 
The D5 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 A5 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 A1 input of control 
unit 77, and the D5 output is applied to control line 98a 
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 AMUX72. 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 102b 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 136a. The 8-bit A1 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 
102a 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. FM55, 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. 
710 10441-100, 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 acknowl 
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 MPDC10. 
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 07 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 OD 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 I/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 I/O 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 AMUX72 
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 A1 input. The A1 
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 A1 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 
74a, 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 79a, and 
a clock signal on control line 79b. 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 AMUX72, 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 A1 input of BMUX84. 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 AMUX72 and the 
OR logic unit 83 to the A1 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 
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cable 96 to the bus address register 136. The loading of 60 
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 unit 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 
A1 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 118b 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 102b to the device adapter 
14 and the test logic 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 error 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 A1 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 A1 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 A1 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 70b, 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 74a and the 
D16 output to line 79a. The D17 output is applied to 
line 79b 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 2.03. 

In operation, the microprogram address counter 202 5 
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 2.03 are executed may be controlled in 
any of several ways. The test logic unit 102 may issue a 

10 

15 

18 
response thereto, the distributor applies firmware con 
trol signals to the system of FIGS. 4 and 5 as before 
described. 
A copy of the microprogram stored in the ROS 2.03 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 00 refers to the miscellaneous com 
mands of Table B. The OPCODE of 0 1 0 refers to 
Table C, the OPCODE 0 1 1 to Table D, the OPCODE 
1 00 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 1 1 to Table I. 

reset signal causing a no-op instruction to occur in the Table A 
instruction register 204. The instruction register there 
upon skips the current instruction in the register, and E. 
proceeds to the next occurring instruction. In the alter- 20 CROENSTRUCTIONS 
native, the address counter 202 may be loaded with a 0 O O MSCELLANEOUS 
microinstruction address formed from Read Only Store 0. O RFU 

O 1 O BUSLOGIC 203 and register 200. The firmware control system of 0 ALU 
FIG. 6thus offers significant versatility in the execution 1 O O CONSTANTS 
of microprograms. 25 O MEMORY 
As each microinstruction addressed in ROS 2.03 is Ech 

loaded into register 204, the instruction bit configura 
tion and a binary code from decoder 205 identifying the 

Table B 
Miscellaneous Commands 

OPERATION BINARY WALUE MNEMONC HEXCODE 
NO OPERATION 0 000 OOOOOOOOOOOO NOP 0000 
CLEAR COMMAND 0 0 0 1 0 00 00 000 0000 CLR 000 
SETERRORFLOPS 0 00 0 1 00 00 00 00 000 SEF 0800 
ENABLE HARDWARE DATA PATH 0 000 0 1 1 00 00 00 000 EHP O 600 
OSABLE HARDWARE DATA PATH O 00 000 1 00 00 00 000 DHP O 200 
RESET DAGNOSTIC MODE 0 000 000 0 1 00 00 000 RSD O 080 
SET DAGNOSTIC MODE 0 0 000 OO 00 00 000 STD O 80 
HALT 000 OOOOOOOOOOOO H OO 40 
RFU OOOOOOOOOO 100 000 - 0 0 20 
CLEAR FLOPS AND REGISTERS 0 000 000 0 1 0 0 1 0000 CRF 0 0 1 0 
RESET DEVICE ADAPTER 0 00 0000 0 1 00 0 1 000 RDA 0 008 
SET QLT (BLT DONE) 0 0 000000 00 00 0 1 00 QLT OOO 4 
SET BUSACK 0 00 000 000 00 00 0 1 0 SBA 0 002 
RFU 000000 00 00 000001 0 001 
ENABLE READ PATH 0 000 0 1 1 00 00 00 000 ERP 06 00 
ENABLE WRTE PATH 0 000 0 1 0 0000000 EWP 06 01 

Table C 
Bus Logic Commands 

OPERATION BINARY VALUE MNEMONC HEXCODE 
INCREMENT ADDRESS CNTR. O. 10 O O O 0 1 000 00 00 0 IAC 4 100 
RESET STATUS O O 0 O 0 00 0000 00 0 RST 4 080 
DECREMENTRANGE CNTR O 0 0 0 0 00 0 1 000 00 0 DRC 40 40 
CYCLE 0 0 A1 A2 A1 000 0 1 0 000 A. CYC 
SET CHANNEL READY 0 1 0 0 O 0 00 00 0 1 00 0 SCR 40 18 
RESET CHANNEL READY 0 1 0 (0 O (0) 00 00 00 00 0 RCR 40 1 0 
SET REGISTER BUSY 0 1 0 O 0 0 000 000 0 1 0 0 SRB 4004 
RESET REGISTER BUSY 0 1 0 O O 0 00 00 000 0 1 0 RPB 40 O2 
RESET INTERRUPT LATCH 0 1 0 O O 0 00 00 00 000 RIL 400 
CLEAR BUS 0 1 0 O O. O. O. O. 000 0 1 1 0. CLB 4 086 
AoA 1A2 A3 = SELECT AOP MUX INPUT. 

instruction category are applied to distributor 206. In 
Table D 

ALU Commands 
OPERATION BINARY WALUE MNEMONIC HEXCODE 
AOP NEGATION 0 1 1 A1A2 A3 Bo B1 C S 0 0 0 0 1 A0 ANT NAA 
BOP NEGATION 0 1 1 A1A2 A3 Bo B C S 0 1 0 1 1 A0 BNT N/A 
ZERO ALU 0 1 1 A1A2 A3 Bo B C S 0 0 1 1 1 Ao ZER NAA 
AOP TRANSFER 0 1 1 AA2 A3 Bo B C S 1 l l 1 A0 XFA NAA 
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Table D-continued - 

- ALU Commands. 
OPERATION BINARY WALUE MNEMONC HEXCODE 

BOP TRANSFER 0 1 1 A1A2 A3 Bo B C S 1 0 1 0 1 A0 XFB N/A 
NORATO B 0 l l A1A2 A3 Bo B C S 0 0 0 1 1 Ao NOR NAA 
NAND A TO B 0 1 1 A1A2 A3 Bo B C S 0 1 0 0 1 Ao NND N/A 
XORATO B 0 1 1 AA2 A3 Bo B C S 0 1 1 0 1 Ao XOR N/A 
XNORATO B 0 1 1 A A2 A3 Bo B C S 1 0 0 1 1 A0 XNR NA 
AND A TO B 0 1 1 A A2 A3 Bo B C S 1 0 1 1 1 A0 AND NA 
ORATO B 0 1 1 A1A2A3 Bo B C S 1 1 0 1 A0 ORR NA 
AOP PLUS ONE 0 1 1 AA2 A3 Bo B C S 0 0 0 0 0 A0 NC NAA 
AOP MINUS ONE 0 1 1 AAA3 Bo B C S 1 1 1 1 0 A0 OEC NA 
SUBRACT B FROMA 0 l l A1A2 A3 Bo B C S 0 1 1 0 0 A0 SUB N/A 
ADD A TO B 0 1 A A2A3 Bo B1 C S 1 0 0 1 0 Ao ADO NA 
LEFT SHIFT AOP 0 1 1 Ai A2 A3 Bo B1 C S 1 1 0 0 O Ao LSH NWA 
CARRY OUT IN 0 1 1 A A2 A3 Bo B1 1 S X X X X X Ao COT N/A 
STORE RESULT IN AOP 0 1 1 AA2 A3 Bo B C 1 X X X X X Ao SRA NA 
AAA. As is AOP REG. SELECT 
BB = BOP REG. SELECT 
C - DETERMINE CARRY IN 
S - DSTERMINEA OR BRESULT STORAGE. 

Table E 
Constant Commands 

OPERATION BINARY VALUE MNEMONC HEXCODE 

LOAD CONSTANT TO AOP 100 A A2 A3 C C C C C O C O CC LCN NAA 
AOP ANDED WITH CONSTANT 100 AA2 A3 C C C C C O C CC ACN NAA 
AOP ORED WITH CONSTANT 100 A1A2 A3 C C C C C 1 C 0 CC OCN NA 

AAA = AOP REG. SELECT 
C - WALUE OF CONSTANT. 

Table F 
Memory Commands 

OPERATION BNARY WALUE MNEMONC HEXCODE 

MEMORY WRITE 1 0 1 A1 A2 A3 100 000 000 A0 MWT N/A 
NCREMENTSPADDRESS 0 1 0 O O 0 1 00 000 00 0 MA A00 
DECREMENTSPADDRESS 1 0 1 0 O O OOOOOO 100 0 DMA A008 
MEMORY WRITE & INC 1 0 1 A A2 A3 1 1 00 00 000 A0 WA NA 
MEMORY WRITE: DEC 1 0 1 A A2 A3 1 00 00 0 1 00 Ao WDA N/A 
SET SPTEST MODE 0 1 0 0 0 00 1 00 00 00 0 SPT A080 
RFU 0 1 0 0 0 00 0 1 000 00 0 A00 
LOAD REQUESTING CHANNEL 1 0 1 0 O 0 000 0 1 00 00 0 LRC A020 
LOAD INDEX REG. WITH AOP 1 0 1 Al A2 A3 000 0 1 1 000 Ao LR NA 
SE MODULE BAD PARTY 1 0 1 0 O O 00 00 00 1 0 0 MBP A004 
RFU 1 0 1 0 O 0 000 00 00 0 1 0 -- A002 

An AAA = AOP REG. SELECT. 

Table G 
Test Colmands 

OPERATION BINARY VALUE MNEMONIC HEX CODE 

TEST FOR ZERO 1 1 0 A A2 A3 00 0 1 T T T T T Ao TFZ. N/A 
TEST FOR ONE 1 1 0 A A. As 0 0 1 0 T T T T T Ao TFO NAA 
RETURN 10 0 0 0 1 000 0 O O. O. O. O. RTN C200 

AA AA = AOP REG. SELECT 
TTTTT - O TEST MUX INPUT. 

Table H 
Test Parameters 

MNEMONIC FUNCTION HEX CODE DESCRIPTION 
TAHR HDTSRO-00 00 ADAPTER HARDWARE REQUEST 
TBCA SHRCOM-00 01 BUS CYCLE ACTIVE 
TRSP BSRSVP-30 02 BUS RESPONSE REQUIRED 
TEQZ ALUEQZ--00 03 ALU OUTPUTEQUALS 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 0. BUSACK RESPONSE 
TAXO ALUAXO-00 08 AOP MULTIPLEXER, BIT 0 
TAX 1 09 BIT 
TAX2 2 0A BIT 2 
TAX3 3 OB BIT 3 
TAX4 4 OC BIT 4 
TAX5 5 OD BIT 5 
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Table H-continued 
Test Parameters 

MNEMONIC FUNCTION HEXCODE DESCRIPTION 

TAX6 6 OE BIT 6 
TAX7 ALUAX7-00 OF AOP MULTIPLEXER, BIT 7 
TORZ, ORCAR3-00 10 OFFSET RANGE ZERO 
TRGZ EOR(XXX)+00 RANGE2ERO 
TSBS SBSOBS-00 12 SINGLE BYTESTORED 
TSAW SPAWRP-00 13 SPADDRESS WRAPAROUND 
TADB BUSY(XX)+00 14 ADAPTER BUSY 
TNDS NDTSRQ+00 15 NON-DATASERVICE REQUEST 
TORH OFRNGZ-00 16 OFFSET RANGE HISTORY 
TDCN MYDCNN-00 17 MY DATA CYCLE NOW 
TBSY BDRBSY--00 8 BUS DATA REGISTER BUSY 
TUBR UBRO(XX)+00 9 UNSOLICITED BUS REQUEST 
TNT RESINT-00 1A RESUMENTERRUPT 
TNAK NAKRSP-00 B NAK RESPONSE 
TBYT BSAD23-00 1C BYTE MODE 
TATY BSPYCK-00 D BUS PARTY CHECK 
TNBR NOHTRQ--00 E NO BUFFER REQUEST 
TFDR FDTSRQ--00 F FIRMWARE DATASERVICE REQUEST 

Table I 
Branch Commands 

OPERATION BINARY VALUE MNEMONIC HEXCODE 
GO TO 1 AAAAAAAAAAAA GTO FXXX 
LOAD RETURN 1 10 AAAAAAAAAAAA LRA EXXA 

Table J 
AOP Multiplexer input Selection 

Ao Al A2 A3 SELECTED REGISTER (SRA) MNEMONIC SELECTED REGISTER (SRIA) MNEMONIC 
0 0 O 0 ACCUMULATOR AACU ACCUMULATOR AACU 
0 0 O SCRATCH PAD MEMORY ASPM SCRATCH PAD MEMORY ASPM 
O O 0 SCRATCH PAD ADDRESS ASPA SCRATCH PAD ADDRESS (INDEXED) ASPA 
0 0 1 1 INDEX REGISTER ADX SCRATCH PAD ADDRESS (INDEXED) ASPA1 
0 1 0 0 ADAPTER DATA REGISTER AADO ADAPTER DATA REGISTER AADO 
0 1 0 1 ADAPTER DEVICE 10 AAD1 AAPTER DATA COUNTER AAD1 
0 1 1 0 ADAPTER STATUS AAD2 ADAPTER COMMAND REGISTER AAD2 
0 1 1 1 ADAPTER STATUS 2 AAD3 ADAPTER UNIT SELECT AAD3 
1 O 0 (0 BUSADDRESS OUT ABUS BUS REGISTERN ABUS 

0 0 1 BUS DATA OUT ABUS2 BUS DATAN 1 ABUS2 
1 0 1 0 BUS DATA OUT 2 ABUS3 BUS DATA IN 2 ABUS3 
1 0 1 BUS RANGE OUT ABUS4 BUSAODRESSN ABUS4 

1 0 0 ADAPTERRFU AAD4 RESET ADAPTER NOEX COUNT AAD4 
1 1 0 1 ADAPTER RFU AAD5 ADAPTER STATUS & FIFQ CLEAR AAD5 

0 ADAPTER RFU AAD6 ADAPTER SEEK PULSE AAD6 
ADAPTER RFU AAD7 ADAPTER DATA BYTE TAKEN AAD7 

SRIA AND SRA - STORE RESULT INSELECTED AOP REGISTER. 

Table K 
BOP MUX Input 

SELECTED DATANPUT 
0 ACCUMULATOR 

SCRATCH PAD MEMORY 
O BUS STATUS 

... 0-3 (ZEROS) 
4 BUS YELLOW IND. 
5 BUS NAK 
6 BUS PARTY ERROR 

. 7 BUS RED IND. 
BOP CONSTANT 

MNEMONIC 

BACU 
BSPM 
BBST 

Bo B 

The instructions of Tables C-G and I include A-fields 
comprised of bits Ao-A3. 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 Bo and B1. 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 

SO 

55 
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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 AU85 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 8 
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 BMUX84 
SPAddress 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 136a 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 A1 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 A1 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 60 
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 2. 
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 A1 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 305, 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 AMUX72 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 MPDC10. 



4,159,532 25 
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 A1 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 77a and 102b 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 in 

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. 5, 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 Tinput 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 408a leading from data register 82 
of FIG. 4. The parallel data output of FIFO 408 is 
connected to a data cable 408b 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 
41 Ob 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 4.11b to line 102b of FIG. 5. 
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 



4,159,532 
27 

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 MPDC10, firmware issues 
a logic 1 signal to control line 417. If the megabus 13 is 
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 l 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 FIFO'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 not 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 408a and 41.0a into FIFO 408 and FIFO 410, 
respectively. The bus logic unit 128 thereupon transi 
tions the control line 416a to a logic l 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 FIFO 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 further 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 
FIFOthereafter 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. 

FG. 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. 5 
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 generated 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 l 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 l level as indicated at 501a of wave 
form 501. Since the bus cycle is not active as indicated 
at 506a of waveform 506, the MPDC 10 is not engaged 
in servicing a previous bus cycle request. Thus the con 
trol line 416a is at a logic 1 level, and a logic 1 signal 
issued by the input register FIFO 411 as illustrated at 
511a of FIG. 11 is applied through the gate 416 to trig 
ger the flip-flop 418. The Q output offlip-flop 418 there 
upon transitions to a logic one level as illustrated at 
502a. 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. 
5 will issue a logic 1 pulse 504a to place the cycle re 
quest 502a onto the megabus 13 as illustrated by the 
logic 1 pulse 503a. The signal appearing on the megabus 
13 in response to the pulses 503a and 504a is illustrated 
by a logic 1 pulse 505a of waveform 505. 
The bus logic unit 128 issues a logic 1 pulse 506b 

concurrently with pulse 504a 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 509a to indicate that 
the data is available. Further, the memory unit issues a 
logic 1 pulse 505b. Upon receiving the pulses 505b and 
509a, the bus logic unit 128 issues an acknowledgement 
logic 1 pulse 508a which appears on the megabus 13 as 
logic 1 pulse 507b. Upon receiving the pulse 507b, the 
main memory unit releases the megabus 13 to accom 
modate another bus cycle request. Upon issuing the 
pulse 508a, the MPDC 10 is no longer in a bus cycle 
active state as indicated at 506c. Since the output of the 
input register of the FIFO 411 is again empty as indi 
cated at 511b, a logic 1 pulse 502b is supplied at the Q 
output offlip-flop 418 to initiate a next bus cycle request 
operation. 

FIG. O. 

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 MPDC10. In response thereto, the firm 
ware control system of FIG. 6 issues an enable hard 
ware pulse 601a 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 MPDC10, 
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 405 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 601b. No further 
MPDC activity occurs until the device adapter 14 indi 
cates that data again is available for transfer by issuing 
a logic pulse 600b 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 29a and 118b 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 701a 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 a 
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 405. Flip-flop 405 in turn issues a 
pulse 704a 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 704b 
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 700b. In response 
thereto, the adapter logic 29 pulse 701b and the gate 403 
pulse 702b are generated as before described. Upon the 
occurrence of pulse 702b, the Q output of the flip-flop 
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407 triggers the flip-flop 406 as indicated at 703b of 
waveform 703. The Q output of flip-flop 406thereupon 
issues a logic 1 pulse 706a to unload 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 707a of wave 
form 707. In response to the logic transition of the OPR 
output, the flip-flop 406 is reset as indicated at 706b, 
As before described, the FIFO 411 is unloaded at the 

same time the FIFO 410 is unloaded. Thus, when the 
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 708a 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 
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 710a, the bus 
logic unit 128 of FIG. 5 issues a strobe pulse 713a to 
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 71.0a is generated, the 

bus logic unit 128 places the MPDC10 in a busy state as 
indicated by the logic 1 pulse 712a. During the time 
period of the pulse 712a, the MPDC 10 issues a data 
request to the main memory unit 12 as indicated by 
pulse 714a and awaits a response. 

If the memory unit 12 accepts the bus cycle request 
and the main memory address supplied by MPDC 10, 
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the main memory unit issues a pulse 715a. In response 
thereto, the bus logic unit 129 of FIG. Stransitions the 
bus cycle request signal illustrated by waveform 711 to 
a logic zero level as indicated at 711b. 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 714b 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 715b 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 306309 are decremented. More particu 
larly, the address counters are incremented twice as 
indicated by pulses 717a and 717b 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 718a is issued when a re 
quest 710a for a data word is issued. A second decre 
ment command as illustrated by pulse 718bis issued by 
the main memory unit 12. 
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on TROrso 

CONTRO STOE 

control stoRE 

CoNTRO-5ToRE 

CoNTRouassoe 

contROurSTORE 

NTRol stok 

CoNTRoostore 

controlastore 

contROLaSTORE 

coM TROL-stoRE 

contRossoR 

on TRo-store 

contRO-STORE 
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BT 
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MODEL: Moc-REW3; 
RE'? N: 00000 

INE A. 
2S400 
2550 no M (RO ACU (BOP 0) 
2500 
2s Tono 
2ss 00 MRO 8NT OPC3 Alu Os) 
25900 
2000 
28 000 MRO ests st bOP2 
2s2000 

28.4000 y 
25000 BIT 0 - 0 
25,000 BIT - O 
27000 BIT 2 - 0 
2800 BIT 3 - 0 
2900 8T 4 - 
2700?o 8T 5 as BUS NAx 
27 lood T & or 
2720?o BIT - 
2730? 
274,000 
275000 MCR0 B5 PM (BOP?) 
2700 
27,000 
278 000 MICRO CLR (OPCO con 1000 
2790?o 
2800?o 
280 ACR cus P2A COM 008 
2e2O30 

2a400 MCR0 crist (CON) 
2500 
260fo 

2800 
2900 
2900 to MRO CRF (OP O COMA Oolo 
29 Ocio 
2920?o 
29.300 RO SHF (CSORCOO40 
2400 
29soond 
29600 MRO CSN F CSword Ooooy 
297.000 

2990)0 Sk P of 

Model Mid-REW3D 
REwson t doo. OO 

30,000 MRO CYC DPCA2 XCOMA 020 
3020?o 

4,159,532 
RTL by Jo it. Etul T 

f Ma Y S XM 

v is Pat ACCJMJ AOR (Acu. it y 3 

v. xFER B-OP To Alu ouTPuTs wi 

v. By a suS STATUS v 

the FOLLOWING BITS ARE STORED WEN BOPE2 is specified 

BUS Yellow NdATOR 

bus PARTY ERRR 
US RE NATOR y 

v OP is SCRAtchrpao contenTS v 

v CLEAR NITATES PROM SCAN v 

WCLEAR 8S v 

v field FoR CONSTANT IN up R v 

v AU C E PREVIOUS CO V 

M cEAR REGISTERS Flops V 

v CONTRolesto Re ALTs Fle v 

von TRO STORE Noop fle w; 

R 6000 FE ET 
octorary section 

v CYCLE BUS AS AOP DEFINES v 
sosood 
O40?o Noy THAT THE "cyc" U-NSTRuctoN uses BTs 
30so of A SPECFED AOP FoR contRol 3F THE euS As 
0000 Follows 
soooo IT O cycle 
bosoco T L MEMORY REFERENCE 
sogo?o at 2 RESPONSE RERed 
3000 a T 3 Seco No ALF READ 
31000 8T 4. BYTE Mode 
32000 BIT 5 Re Ad 
3000 bT wRTE 
300 8T 7 RF 
35ono w 
300 
3 fono MCRO dec (OPCy3 Alu Ef y Au is AOPMNUs one w 
300 
3 gono 
32OO?ho MCRO d-P OPCO COM 0200 v disABLE HARD DATA PATH v 
3200 
32200 
32300 MRO d'AA (OPCs com Odds vdecre MENT S. P. AddRESS w 
s2400 

32800 MRO DRc (OP/2 XCOM 040) vdecre MENT RANGE counter w 
327000 
328000 
329000 MRO EP (OPCA of coM 0600) 
3300?) 
3300 
3200 MRO Ewp OPCA 0 COMMO60 l) 
3330?o 

3400 
34lono McRO 1Ac (OP2 XCOM 00: 
34,200 

3 OO 
3700 MRO ic OPCA3 Aluyo, 
3 & 80?.O 
3&9COO 
33000 MCRO , (OPCO COM 0098) 
sco 

3.5500 

(OPA's COM, 01 00 

v ENAse. HAR DATA PATH REAu5vs 

wen AE WRITE HARD PATH V 

v JN cond TNA is ANCH w 

W HAT ARO PROCESSOR w 

y Nic Re MENT Add bus count Er v. 

w SAC NCEMENT HY 4 w 

M AU Ac)P Plus OM w 

v i lit. Allie All out up AC vs 

V A c3NSTANT Tu A-up v 

40 

Oba of 
does 

12 ov's 

26's 

A : 

PAGE: 





4,159,532 
43 44 

MODE: Mic-REws: Rilw8000 FE EuT us full 77 A bus PAG 2 
REwsnN: 000.00 ToMARY SET in N J? : 

NE 
46800 

OO 
470000 Mao TAX4 coM 0. v. TEST AJAX4-00 A-OP Mux B 4 out v 
47 lo?o 
4720?o 
473000 MRO TAxis TCOM odd w TEST ALJAXsoCO A-OP MUX 8 5 out wi 
AAO 
4. To 
476,000 MRO TAxe (TCOM OE) y TEST ALuAxis roo AcoP MUX 3 T 6 out wi 
47700 
47eoro 
4790ro MoRo TAX7 TCOM of w TEST ALUAx7Oc A-Op Mux BT 7 out y 
48000 
48 000 
4.8200 Mirro T3CA (TCOMOA) vTEST SHRCOMOO bus cycle ACT we V 

sold 
4400 
Aesofho MRO T3SY (TCOM le) v EST scoreSY Oog BDR buSY NOATQR v 
4800 
4870? 
4800 MRO HYT COM vTES Ada300 YTE Mode W 
4890?o 
4900 
49 otho Mirro Tcot TCOM/o5 v TEST ALUCOT800 AU CARRY rouT LINE v. 
492d 
43d 
494cc Meer in TcM. : \tes MY:cNice sy DCM w 
4.9500 
4900 
49700 MRO TEF (TCCM/04) w Es Aluefco A outputs ARE FF v. 
49soo 
499CC 
50000 MRO TEQ2 (TCOM/03) vTEST ALUEQZOO Alu EQUALS 00 v 
sootho 
30200 
503 ono MCRO TERR TcOM les) v TEST MEMERRoOO dMA-cycle ERR FAG vs. 
Scado 
Sosobo 
so,000 MRO TFo OPC TSTw a y F TEs sp NEXT woo vs 
soond 
Sogoto 
509000 MRO TF2 (OPc is TSTw w if TEST so Skip NEXT woR v 
sootno 
socio 
51200 MRO TINT (TCOMA) w TEST REs NT 00 RESUME INTERRUPT v 
son)0 
slao?)0 
55000 MRO TNA TCOM a y TEST NARSP000 NAx CATOR ME v. 
sono 
57000 
56000 MRO Nor TCOM is vTEST NOTSRs do NoNDATA Reuuest w 
590?o 
5200 
3200 MCRO TNBR (TCOMully W TEST NORGT3000 NO BUFFER REQUEST vs. 
s22Ono 
S23000 

MOde MOC-REW3L) Rt 6000 Fle ET Osor 203 PAGE: 13 
Reyls (Ni ooooo dictionARY SETON dOce: 

NE 
324Ono Mr RO TORh (TCOM/b) vTEST of RNG-OO offset RANGE STOR v v 
s2.sond 
5200 
527ono MoRo ToR2 (TCOMalog v TEST OFRGwn.00 OFFSET RAN6E ZERo vs. 
S200 
529,000 
53oDoo MRO TPTY TCDMald) v test BSPYckoo BUS PARTY CHEC v. 
sono 
532dio 
53.300 MRO TT COM 7 w Test esq.T000 p.T OUTPUT NE M 
Soo 
ss.so?o 
536,000 MRO TRE COM/08 y TEST REREQ00 chANNEL REQUEST W 
stoo 
3.3bno 
339000 MRO TRG2 TCOM lif v TEST EcoRXXX&od RANGE EVAS ZERO vi 
3400co 
54 (O 
54200 Mirro TRSP if com/c2) v TEST SRSVP.30 Bus RESPONSE REC v. 
Si3OO 
S4O60 
54500 MIrR0 TSAW if coMA 13) y Test spawr Poo SPA WRAPAROUND w 
C) 

strono 
s&eo?o Mr RO TSes TOMA 2) v. Test sessobSCO SING BYTE STOREd v 
sgoo 
ssoor 
55000 MRO TUBR COM 9 v. TEST Jeroxx 800s unsoleted ess Eu v. 
ss2000 
ss300 
5540no MoRo upi Roo UPCSO ove) v SET UPCS NORD bit oo FOR LRC v. 
55 sono 
5500 
55 Tono MCRO UPRol (uP50/1 v SET uPCS word 81T ol FOR LRC. v . 
sessoro 
sofo 
soono Micro uro2 (UPC.502 v SET UPCs word BT O2 FOR LRC \ . 
ses Oro 
s2O)0 
sono MoRo ui Roa upcSO3 vs. y SET UPS WORU T 03 FOR RC v. 5 
sofo 
saSO 
sooo MoRo up Ro4 uPCSO4 la) v SET upcs WOR is it (4 FOR LRC v 
567000 
Sisso?)0 
590 no Mao up R05 (up 505 v SET UPCs wored by US FOR LRC \ 
stood 
570 no 
572 ono Mr Ro uP Roe (uPCsoó i v SET ups word bit ob FOR LRc v 
sforo 
S400 
57sono McRo ului Rot upcSorll i v SET upcs (ORu b if O Fuk LRC v 
STOOC 
577 ?o 
578cr10 MRO Ukr uPSO8 w set ups worly 7 08 FR LRC v. 
sono 





Mod: McREW3) 
REW is of Odo do 

NE 
200 

sesofo 
68400 
esco 
sofo 
sofo 

bes Of O 
ba900 
9000 

69. Ofho 
92dio 
sco 

69&OO 
9sco 
900 

no 
89800 
99cco 

7 good 
700no 
72Ono 
700c 
7d Adro 
Tosono 
roo 
Toon 

V 

47 

Bus AddRES5 bit 

rosono skip HOF 

MODEL: MPOc-REW3D 
REvision 

NE 
Toon 
Tooto 
7 lo?o 
T 2rg 
Tono 
TAono 
Tlisono 
7,500 
Troco 
718Oro 
71 go?o 
7200c 
72000 
722Odo 
7230?o 
724 
7290cc 
720Od 
2700 
720? 
72900 
73oof 
sloyo 

T32Oro 
73300 
734 of 
735Oo 
7600 
7aTocho 
73cco 
739 
7400no 
7400 
42 obo 

Model: McREW3) 
Rewis in: 

LINE 
4 & O 
4500 
746,000 
7470 
foro 
74 song 
500?o 
75 loo 
200 

is 30?o 
754.00 
is sono 
7500 
57 no 

a 5800 
s90 ho 
bootho 
sofo 
food 
83000 
s& Occ 
root 
780?o 
77000 
reboro 
Too 
T700?o 
77 loo 
F7200 
73ono 

774,000 
FTsono 
Ty) 
77 on 

f78000 
7790?o 
Tooro 
78 loo 

00000 dTONARY SEON 

UEFINITION OF comTRol-BYTES MANTA NED FOR EAch of M 
w YHE Act we cAMNEs. 
w V 
M v 
y y 
V dMA FA BYTE V 
V DMA 3 V 
V v 

yde FINTON- Y 

W st 0 RESPONSE Required y 5 SET OR RESet Y HE M 
w Bus ReQUEs Routine Accord NG TO THE y 
w dRECTION st v 

V 

w 

0000 

w 
W 

T 

st 

sIt 

8T 

st 

Bf 

B r 

wef N if UN 

w 

w 

V 

Fe2Ono skip HoF 

t ) - 

8T 2 - 

NUSED 

MYAD2000 
MYAO2 000 
MYAD22800 
MY AD23 000 

Bdic chA MNet Nu's R 

BSAswl Co -4Ex 
aSASw2000 rex 
BSAS3000 EX 
SAswa 400 tex 
SASws OO -EX 
BSAsw8 OO HEX. 
35As woo HE), 

qT & Dw 
RTARY 
RTARY 
RARY 
RTARY 
RTARY 
RTARY 

R 6000 F - E) 
f) NARY air UN 

switch 
swiTCH 
SwiTCH 
swfc 
SwTC 
switchi 
switch 

M53 of AdApTER PORT NuMBER 
5B OF ADAPTER PORT NuMBER 
DRectoN of DATA TRANSFER O is NPut 

RTL 6000 FE edit 

4,159,532 

-continued 

s 

IMPLEd SEEK hit SET when PERFORMING A 
TRACK OR CYNDER LIN & ON A SEARCH OPERATUN v 

GNORE REAo ERRORS. This B IS 5ET M orde R 
TD READ PAcks FORMATEo wiTH THE HaTlib FoRMAT v. 

UNU5Ed 

UNUSED 

UNUSEd 

JNUSE 

chANNE MONITQR FACS 
(MNA) 

tly by UO F. Eut 
IONARY SECTION 

NTERRUPT PNCrics S SET BY THE NEKRJP y 
SUBROUTINE when AN INTERRUPT is NAk. w 

This BT S RESET HY THE RESUME INTERRUPT y 
SubRouTNE when THE INTERRUPT is Ack to W 

THIS EIT is Also RESET WHEN ExecuriN. A stori v 
w0 (IR WHEN N ANG V 

CHANNEL Busy S. Set By the Bus REquest w 
ROUT NE WHEN A START sup Function cude 
TASK) IS DETECTED 

This sit IS RESET by The INTERRUPT UR RES ME 
NTERRUPT SUBROUTINEs. 
TH5 BT 

O OR 

SOP wo 

THIS bit is RESET BY THE INTERRUPT kouTiNE 

WHEN NITIAlzng. 
5 Also RESE when executNG. A stop v. 

S SET BY THE BUS REQUEST ruTiN V 
w-EN A STOP 0 COMMAND S detected w 

w 
OR BY THE RE5uME INTERRUPT subRout NE WHEN 
T-E TERRUp is Acxvi. It is RESET Y. The w 
NTERRUPT ROUTINE F THE INTERRUPT level 5 w 

ZERO 

THIS IT IS ASO RESET WHEN INTAZING v 
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us us 
Luce P : 

Owl' 
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u () 
Cuc - 

4 bus PA: 

A 285 PAGE 

a bus ACE: 

8 

8 











Model M de-REV) 
Rev is Ni CoOOO 

NE 

72000 
17300 s 
174,000 
Tsooo s 
lood 
1770s 
7000 s 
79000 

lso 
leofo is 

200 
loo 
1490 is 

solo 
809 

1870cc s 
1800C 
1890 
190000 Skip HoF 

MODE MOc-REV3D 
REWSori codoo 

NE 
1900 s 
1920 
19360 
94.000 is 
99000 

1980?o 
900 
geomo 
99dfho 
2000 s. 
2060 
20200 
203000 s 
2042 
205oro 
12080?o s 
2dfod 
2000 

logono is 
2000 

22 cc 
2200 s 
23000 
24000 
2 solo s 
1200 
21 Toho 
280 s 
219000 
220,000 
22,000 
220) 

223o?o 
22400 s. 
2200 
2200 
12200 s 
220 
2.90 
23000 s. 
23 coo 
232Ono 
23300 s 
23.400 
2300 
2360no six p (OF 

Model M bloc-REw 3 
Rewi Sont doo. OC) 

NE 
1237oro 
23.80?o 
2300 
24 OOO 
2400 s. 
24.200 
243OO 
24400 s. 
so 

240 
i247000 is 
248) 
24906 
2900?o is 
250 
200 

233ofo is 
2540s 
2sso 
2500 s. 
257O?o 
2500 
259CO is 
2006 
2000 
26.2000 s. 
23 
264.000 s. 
2500 
2880? 
26700 s. 
2800 
12890 

4,159,532 
Ra's 300 FE Edit 
McRoPROGAM SEcton 

57 

SENCE issues 

XFB ABUS4 BAC). SRA 

vXFER SPA THRu AU. To WAid ATE 2 
x FA ASPA sRA 

vskip 1F Egz Flop 5ET ON PREvious TRANSFER M 
TFO. TEC2 

vKAT - SPA FAIRE V 
HLT s 

vMove Acu to SPA M 
x Fe ASPA BAcu sRA 

yNO OP FOR TMNG M 
NOP 

RTw8000 FE Ed 
MCROPROGRAM SECTION 

SEUENCE: ssJPS 
McLEAR AU M 
ASPA XOR BAcu 

MXFER Acu THR Au To Acu to WADATE ez M 
xF8 BACU 

WSK P F EQ Flop Set on PREvious TRANSFER w 
TFO. TEC 

v-A in ACU FAlure W 
f 

v Move SPA To Acu M 
ASPA xFA BA 

v Set 5PA EQuA To FF v 
XNR ASPA BAU SRA 

vNO OP FOR TIMING M 
NOP 

vXFER SPA THRU Alu To spa to y AldATE EF M 
xFA ASPA BACU SRA 

vSix P if spa EcuA FF M 
TFO. TEF 

whA, SA FAILURE V 
HT 

MSET 5PA EUA To ATA PATTERN W 
fe Aspa BAcu SRA 

v. No OP For TMN V 
MOP 

vSET ACU EQuA to FF v 
A5PA xNR 8Ac. 

vXFER ACU THRU ALU To Au TO WADATE EF V 
XFB BACV 

vsk P. F. Acu. Equal FF V 
Fo TEF 

RT tood FE, ELIT 
McROPRUG AM secTION 

-continued 

SERUENCE: issuCo 

NHA te Acu FAluRE 
HT 

vSE, ACV EQUA To CATA PATERN 
Aspa FA BAcu. 

vs SPA to do 
xOR ASPA BAU SRA 

ycOMPARE Acu with stoRE DATA PATTERN 
Asus4 xOR BAcu SRA 

vSKP if dATA S THE SAWE 
TFO. Teg 

MHA - Bus Reg FAURE 
HLT 

vsk. FT Acu. To NEXT dATA PAT reRN 
SK AACU BAcu 

vsic P TF At A PATTERN is Now to 
TFo TE2 

0 (self-REGTS 

vskiP F TEst is REAlly oweR 
FC A), O Abus 

v Alt - BUS REG FAURE 
HT 

2700 y END OF REGs TER rest 
2700 
27200 Skip HOF 

O32 

934 

38 

038 

AddRESS 
HEX. 

o39 

A 

Oc 

d 

G40 

042 

43 

04 

AURESS 
HEX. 

U 8 

49 

Ols 

Os 

05 

58 
usi O la bus Act: 3C 
uUCe di 

MAE 
(Ex: 

s 

887E. 

086 

O40 

888A 

OOU) 

Oswolf? 
DOCs: 

MAGE 
HEX. 

68l. A 

2 80s PAGE: 3. 

COb 

683. 

OOOO 

se 

COes 

A. 

8826 

CObs 

08 U 77 
JUC is 

MACE 
(HEX, 

2 bus PACE: 32 

63. 

8s. A 

COb 

OOsO 

6030 
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Mode. Pdt-REW3 RTL 8000 FE EdT ded 77 26s page 
REwiSON 00000 McRoPROGRAM section dUCA: Address MAe 
LAE SEQUENCE: SSUPCS (HEX) (HEX) 

30 
2740?o v THE FOLLOWNG TEST IS Used to VERIFY THE Ae TY To W 
27 song vdAid A RETURN AddREss. As WEL AS PROPERY RETURN V 
27,of 
1277000 selTMEXTOs woAd STARTING COUNT V 03 soo 
7000 cN AACU MST (07 

2.90c 
2000?o s v5ET RETURN ADDREss V 0.54 Eos 
200 RA (ss. Ta RAQoS 

2Of 
las2Ono s vSET RETURN ADDRESS V oss E5 Fd 
240-co RA star Ado-4) 
12890do 
28600d s v5ET RETURN ADDRESS w O36 E5Fc 

7000 RA iss-RAOo3. 
2800 
29000 s. y5ET RETURN ADDRESS V 0.57 E5F 
2000 RA (SelTa-RAoo2) 
29,000 1292000 starLRAO yRETURN WA RETURN sy. Acc N 08 coo 
2930?o RTN 
94.00 

299.000 s. whalf if RETURN FALs w 5 OOAO 
2900 Half 
27000 2900 s. VHAt F RETURN ONLY NOPs V Os A Coal 
2900 iT t 

000 
30,000 selTelraoos vdecreMENT Acu w ose bor 
Q2000 dec AACU 5RA 
sosoco 304000 s y Skip F Acu is O M OSc coes 
sosolo TFO fed 
soono lso Tofo is whAt F RET REG. Add FAURE V osd OQ40 
loo T 
O9000 
300?o v End of Return REGISTER TEST M 
isolo 
3200 5x P HOF s 

MODE. Mid-REW3L) RT booC FE Ed T C 77 A2, but AGE: 34 
ReWSON. DoOOO McROROGRAM Stic ON Uus g : Audit SS IMAGE 

NE Sequence: ssuPCS (hex. (hEx} 
3.300 340 y The Follow N TEST is used Tower FY THE PROPER y 
1350?o voPERATION OF THE OFFSET RANGE cou?i TER RANGE couNTER w 
3600 wAN. AddRtss court ER THIS Est. Also checks FOR v 
3rofo wROPER RESETTING OF THE OFFSET RANge flop AND THE M 
3 lo?so vcoRRECT OPERATION OF THE BYTE Flop V 
900 

320000 salt-NEXT06 HEX FF To Acu y Ose 83. 
3200 cN AACU CNS FF 
322dro 323000 s. voA OFF RANGE ow N O5F sce 
RAC Fe AU54 Au SRA s 

325,000 
2600 s vlo Ad OFF RANGE 4 v 06 scess 

32 Too xFB ABSA BAU SRA 
320?o 2900 s. vOAD RANGE Ow N 06 bb8 
300 fe ABUS BACU SRA 

33 looo 332000 s. woad RANGE - V 062 6.68 
333 OOO x Fe ABUS & Acu SRA 
334,000 3350 s writik rid O Au V 03 83E9 
336000 cN AACU CNST (Fo) 
3:Too 
3380?o is wo. Ad AddRESS did 08 sche 
33900 XFs ABUS4 BACU SRA 
340 34000 s v-Ex FF to Acu W CS 83E 
362do cN AAC CNSlf (FFA) 
sofo 

l34&000 is wOAd AdoRES5 Mid W OS 6 boss 
3490 XFB ABS4 BACU SRA 
400 

34.7000 s. wOAd AddRESS H. v 08 6C8B 
340) x FB ABUS& BAC SRA 
3490 39cobo is vsef OFFSET RNG CON5T ANd BYTE Mode V OS 8 Cs2O 
3sood LN AAU CNS (Os 
352000 39000 s. yload cycle ON BUS NTERFACE V Oes d20 
300 cy 
39000 shoc s WHEX FC To SPA w OA 83.9 
3.57000 cN ASPA MST (Fd 
358oto 339 oro s whec FF Tc. ACU A. 06B 83E3 
380000 cN CNst (FFA) 
300 
3b2Otho Six P HOF 

MODE MPDC-REvd Rt 6000 Fle ET 0807? 2b05 PAGe: 35 
REVISION Odo do MicroPROGRAM SECTION dOC : AURESS IMAGE 

NE as SEQUENCE: issuPs (HEX HEX. 
8300 

364,000 set-RANGO voecre MENT OFFSET RANGE w 06. 4040 
3 sofho dRC 
3800 

1367ono is y decreMENT FRMWARE cout V Oso bec 
l36000 OEc ASPA sRA 
390 
3 Tooto s vPROPAGATE CARRY v 06E OFC 
3roo dec AACU SRA coT 
37200 373d ?o s vski P if F:RMWARE COUNT ZERO V Q&F co&A 
340 TFZ Tco 
37500 



MODEl Moc-REw3D 
REW is doo. Oo 

NE 

37000 
Foo 

3 sono 
379000 
30000 
300 
13200 
3)3OO 
lessorbo 

o 
3000 
37000 
3e sofo 
3900 
300 
3900 
352Ono 

MODE: Midd-REW3 
Rewis) N. oocoo 

LINE 
394 of 0 
3300 
3900 
3970?o 
39000 
990c 
OOOO 
4000 
4200 

OU 
O&O?o 

LAOSO?)0 
40000 
of 00 
800 
900 

1 & 000 
400 
200 

& 3000 
a 400 

5000 
solo 

4 Tono 
400 
4900 
2000 
2000 

422000 
42300 
42400 
42 soro 
42,000 
42700 
280? 

& 2900 
AOCO 
4300 
4320?o 

self-RAMG02 

1433000 Skip HoF 

ME MocREW3 
REWSON i OOOOO 

- ie 
300 

43sofo 
4-3 OO 
437000 
143,000 
&3900 
440000 
A4000 
4200 
& 30to 
A400 
AsOd 
4400 
4 Oro 
&480?o 
44900 
so 

Assoc 
45200 
ass000 
44000 
4000 
4580)0 
45.70?o 
asso?o 
&990?o 
as OOO 
&es OO 
4000 

30 
is 4 OOC 
sessOfC 
88000 

disc? 
488 OC 
49000 
4000 
A 7. Or 
7200 

is 300C 
a T40cc 
Too 
to 

4770?o 
47800 
4900 
4000 veno OF Rus 

4,159,532 
61 

RT/6000 Filt Edit 
McRoPROGRAM SecTON 

AUdSS 
SEUME SPCs ME 

-continued 
gfo sel-Ta-RANgo 70 

vsk P F offset RANGE No Na2ER) V O 
TF2 Tor2 

y HALTs off RANGE count NCORRECT y 02 
HL 

wdECREMENT OFFSET RANGE y O3 
Rc s 

vskP F OFFSET RANGE ERD Y 974 
TFO TOR2 

vha as OFF RANGE couNT NicoRRET 75 
H 

RT booo Filt Edit 
McRoPRURAM section 

AdRESS 
SE3UENCE: ssukcs (hex. 

y HEX FF TO AC) V Us 
CN AACU crist (FF 
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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; 

b. 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 

d. second logic control means responsive to output 
register control signals of said predictor FIFO for 

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 

d load control signals to said predictor 
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 

50 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 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 
having a predictor FIFO, said controller communicat- 5 said main memory into said plural data FIFOs; 
ing asynchronously with said main memory on a com- d. repeating steps (a) through (e) if said input control 
mon communication bus, which comprises: signal indicates said plural data FIFOs shall have 
a generating a data request from said controller to the capacity to receive additional data; and 

said main memory; e, unloading said plural data FIFOs and said predic 
bloading said predictor FIFO with a control flag 10 FIFO if input onto signindicated 
byte upon issuing said data request to provide an plural data FIFOs shall not have the capacity to 
indication of the capacity of said plural data FIFOs receive additional data. 
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