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CHAPTER 1
INTRODUCTION

1.1 SCOPE

This manual describes the KD11-A Processor which is the basic component of the PDP-11/35 and PDP-11/40
computer systems. The processor is connected to the Unibus as a subsystem and controls time allocation of the
Unibus for peripherals, and performs arithmetic and logic operations through instruction decoding and execution.
The information contained in this manual pertains primarily to the processor itself, however, certain processor

options are also described (KY11-D, KJ11-A, KM11-A, and KW11-L).

Table 1-1 lists the other manuals that are necessary for a complete understanding of the basic PDP-11/35 or
PDP-11/40 system.

Table 1-1
Related Documents

Title Document Remarks
Number
PDP-11/35 (BA11-DA, EK-11035-TM-001 Describes overall PDP-11/35 system and includes sections
DB 10-1/2" Mounting on installation, operation, and programming,

Box) System Manual

PDP-11/40, PDP-11/35 EK-11040-TM-002 Describes overall PDP-11/40 system and includes sections
System Manual (217 on installation, operation, and programming.

Chassis)

KE11-E & KE11-F EK-KE11E-TM-002 Covers the KE11-E Extended Instruction Set and KE11-F
Instruction Set Floating Instruction Set processor options.

Options Manual

KT11-D Memory EK-KT11D-TM-002 Covers the KT11-D Memory Management Option.
Management Option
Manual

1.2 ORGANIZATION
The description of the KD11-A Processor is divided into four major sections: microprogramming (Chapter 2), block
diagram (Chapter 3), flow diagrams (Chapter 4), and logic diagrams (Chapter 5).

Chapter 2 first discusses the processor and briefly covers the conventional method of implementing the instruction
set. The remainder of the chapter is devoted to a discussion of microprogrammed implementation, the basic
microprogram memory, and the structure of the microprogram word.
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Chapter 3 describes the processor at a block diagram level and introduces the processor architecture by describing
the basic block diagram which illustrates all of the major logic elements and interconnections within the processor.
The narrative in this chapter is summarized by a table that lists each functional block on the diagram, describes the
block, and lists inputs and outputs to and from that block.

Most of the information required to follow a sequence of machine states on a flow diagram is contained in the flow
diagram itself. Chapter 4 is, therefore, divided into two major parts: The first part explains the format of the flow
diagram, and the second part provides examples of tracing instruction operations through the flow diagrams.

Chapter 5 is the last section covering the KD11-A Processor. It provides a description of the processor logic and
includes an explanation of print set conventions.

Chapter 6 of this manual provides a complete description of the KY11-D Programmer’s Console, with the exception
of operating procedures which are covered in the PDP-11/40, PDP-11/35 System Manual (21" Chassis),
EK-11040-TM-002.

Chapter 7 describes three of the internal processor options that may be used with the KD11-A. These options
are: the KW11-L Line Frequency Clock, the KJ11-A Stack Limit Register, and KM11-A Maintenance Console. The
other available processor options (KE11-E, KE11-F, and KT11-D) are included in the manuals listed in Table 1-1.

A complete drawing set is supplied with this manual in a companion volume entitled PDP-11/40 System Engineering
Drawings. The drawing set includes the basic block diagram, microword format, function tables, flow diagrams, and
logic diagrams. Familiarity with the ISP notation (Paragraph 4.2 of the PDP-11/40 System Manual) as well as the
print format (Paragraph 5.2 of this manual) will aid in understanding the prints.
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CHAPTER 2
MICROPROGRAMMING

2.1 SCOPE

This chapter provides a general introduction to the microprogramming techniques used in the KD11-A Processor.
Because microprogramming is the key to KDI11-A Processor operation, it is essential to understand the basic
techniques before attempting to use the block diagram, flow diagrams, and logic diagrams. This chapter first
describes the basic processor and briefly covers the conventional method of implementing the instruction set. An
introduction into microprogrammed implementation is then covered. The remainder of the chapter is devoted to a
discussion of the basic microprogrammed memory and the structure of the microprogrammed word.

2.2 BASIC PROCESSOR

A computer system must be capable of manipulating, storing, and routing data. The component of a computer that
operates on the data is the processor. Although the processor is designed to effect complicated changes to the data
that it receives, it actually consists of elements making only simple changes. The complex data manipulations are
achieved by combining a large number of these simple changes in a variety of ways.

The processor consists of logical elements, each element designed to perform a specific function. For example, some
elements store data, some read data from another part of the computer, and others perform simple modifying
functions such as complementing the data or combining two operands by either addition or by logical ANDing.
These simple basic operations can be combined into functional groups known as instructions. An instruction can
include a number of operations so that data can be combined, changed, moved, or deleted. The instructions can be
further combined into programs which use a number of instructions to construct even more complex operations.

The basic logical elements of a processor can perform only a small number of operations at one time. Therefore, to
combine a number of these operations into an instruction, the instruction must be divided into either a series of
sequential steps or into groups of functions that can be performed simultaneously. One method of describing the
procedure the processor uses to execute an instruction is to call each operation (or group of operations) a machine
state. An instruction then becomes a sequence of machine states which the processor always enters in a specific,
predetermined order, depending on the individual instruction.

The processor can be divided into three general functional parts: the INTERFACE section, which exchanges data
with devices external to the processor; the DATA PATHS section, which performs data handling functions; and the
MICROCONTROL section, which includes the logic that determines which operations are to be performed during a
particular state and what the next machine state should be. (These sections of the processor and their component
elements are shown on the KD11-A Processor Block Diagram, drawing B-BD-KD11-A-BD.) The INTERFACE section
consists basically of logic necessary for transferring data between the processor, the Unibus, and the programmer’s
console. The DATA PATH and MICROCONTROL sections interact to perform the three main processor functions
of data storage, modification, and routing.

2-1



In order for the processor to combine data operands, it must be capable of storing data internally while
simultaneously reading additional data. The processor often stores information about the instruction being executed,
about the program from which the instruction was taken, and about the location of the data being handled, in
addition to storing a number of data operands. When the processor must select some of this internally stored data, or
store new data, the MICROCONTROL section provides the required control signals to initiate appropriate actions
within the data storage section.

Data manipulation is performed both on data that remains within the processor and on data being transferred
between the processor and the rest of the system. In some instances, the data remaining within the processor is used
to control the processor by providing inputs to the sensing logic in the MICROCONTROL section. The various logic
elements that actually modify data are controlled by signals from the MICROCONTROL section which selects the
particular operation to be performed.

Interconnections between the logic elements that store data and the logic elements that manipulate data are not
fixed; they are established as required by the specific machine state. The MICROCONTROL section generates signals
that cause data routing logic elements to form appropriate interconnections within the processor and between the
INTERFACE and DATA PATHS sections of the logic.

2.3 CONVENTIONAL IMPLEMENTATION

Before attempting to understand the microprogramming implementation of the MICROCONTROL section, which is
the key to the KD11-A Processor, it is advantageous to reveiw the conventional method of implementation which
uses combinational logic networks to produce the necessary control outputs.

In a conventional processor, each control signal is the output of a combinational network that detects all of the
machine states, as well as other conditions, for which the signal should be asserted. The machine state is represented
by the contents of a number of storage elements (such as flip-flops) which are loaded from signals that are, in turn,
outputs of combinational networks. The inputs to these networks include: the current machine state, sensed
conditions within the processor, and sensed external conditions.

The number of logical elements in a conventional processor is often reduced by using logic networks to generate
intermediate signals that can be used to produce a variety of control signals and/or machine states. Unfortunately,
while this sharing of logic reduces processor size, it increases the complexity and makes it more difficult to
understand the processor logic because it is no longer obvious what conditions cause each signal. In addition, the
distinction between sequence control and function control is often lost, making it more difficult to determine
whether improper operation is caused by a faulty machine state sequence or by erroneous control signals within an
otherwise correct machine state.

A simplified block diagram of a conventional control section of a processor is shown in Figure 2-1. The Instruction
Register (IR) and associated decoding logic determine the logic function (instruction) that is to be performed. The
major and minor state identification logic serves as a sequence control to determine the order of functions to be
performed. The major state logic selects the major operation to be performed, such as Fetch (obtain an instruction),
Source (obtain the source operand), Destination (obtain the destination operand), Execute (perform the action
specified by the instruction), or Service (handle required interrupts, traps, etc.).

Within each major state, the processor MICROCONTROL section must perform several minor operations. For
example, the Fetch major state obtains an instruction from core memory. Minor states during Fetch
include: retrieve the instruction from memory, update the Program Counter, load the Instruction Register, and
decode the instruction.

Finally, a set of subcommands must be generated to perform the elemental operations required by a minor state.

The subcommand set that is selected is dependent on which major and minor states have been selected by the state
control logic.
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The sequence control of the processor (major state, minor state, and subcommand set logic) is practical only if a
well-defined set of elementary operations is generated. This is the function of the state control logic shown in Figure
2-1. The state control consists of a complex array of combinational logic that monitors the output of the IR decoder
which defines the instruction, the current machine states (major and minor), and external sources (state of Processor
Status Register, console switches, Unibus signals, etc.) to set the required major and minor machine states at the
occurrence of each system clock pulse. It should be noted that the state control logic selects the next elementary
operation as a function of the current operation and external conditions.

Although the KD11-A Processor does not employ the type of MICROCONTROL section discussed in this paragraph,
the concepts presented serve as a review of conventional control and are a desirable starting point from which to
discuss the principles of microprogramming. In both cases, the prime function of the MICROCONTROL section is
the same; only the hardware implementation differs.

ON:‘ } TIMING
OFF CLOCK >0

A
IDENTIFICATION

IR MACHINE |
STATE MAJOR I
—= |—- STATE !
: L IDENTIFICATION] !
i sus
1 IR STATE SUB [

—= cOMMAND | ! COMMAND
~: DECODE CONTROL SOMMAND. | ser
| —0
' l MINOR |5
' STATE ;

IS

HISTORY

1-1656

Figure 2-1 Conventional Control Section, Simplified Block Diagram

2.4 MICROPROGRAMMED IMPLEMENTATION

When the control system is implemented by microprogramming techniques, each control signal is completely defined
for every machine state. The section of the processor that selects the control signals can thus be implemented as a
storage device (read-only memory). This memory is divided into words; there is a separate word for each machine
state. Each word, in turn, contains a bit for every control signal associated with the related machine state. During
each machine state, the centents of the corresponding word in the read-only memory is transmitted on the control
lines. For most control signals, the output of the memory is the control signal and no additional logic is required.

The heart of the microprogrammed processor is the read-only memory (ROM) which stores a copy of the required
control signals for each machine state and a list of the machine states to follow the current state. Each word in the
ROM defines an elementary operation and the bit pattern within the word corresponds to subcommands. All that is
required to generate a unique set of subcommands is to read out the contents of a location in the ROM. To generate
a sequence of elementary operations, the address input to the ROM is changed with each system clock pulse. Some
of the bits in the ROM are used to define the next location to be read, often depending on conditions sensed by the
processor,

Each microprogram word that defines an elementary operation or machine state is referred to as a microword

(sometimes referred to as a microinstruction). Sequences of microwords are referred to as microroutines. The
register that defines which microword is to be read is referred to as the microprogram pointer.
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An instruction fetched from core memory is loaded into the Instruction Register, decoded, and used in generating a
microprogram address that points to the starting location of a group of microroutines stored in the ROM. When the
microroutines are executed, the required subcommand sets are produced to activate other elements within the
processor, such as DATA PATHS or Unibus control in the INTERFACE section.

The microprogram may be viewed as a group of hardware subroutines carefully designed to implement the
PDP-11/40 instruction set and permanently stored in the ROM,

In order to maintain proper sequencing of a microroutine, each microword contains an address field for the next
microword. However, provisions are made to modify this address when it is required to branch to other microwords
or microroutines because of conditions sensed within the processor (e.g., instruction, address mode, interrupt flag,
etc.).

A simplified block diagram of the microprogrammed control logic is shown in Figure 2-2. As can be seen on the
diagram, the instruction loaded into the Instruction Register (IR) from core memory is decoded to provide a ROM
address. This address causes a specified control word (microword) to be retrieved from the ROM and loaded into a
Buffer Register. This microword contains the control fields used by the processor to perform the selected function.
The microword also contains a next address field and a branch test field which are fed back to the ROM Address
Generator to select the next microword in the sequence. The microword present in the Buffer Register operates on
the machine while the next microword in the sequence is being fetched.

MACHINE
STATES

| IR
DECODE | l

ROM
ADDRESS
GENERATOR

BRANCH TEST
FIELD

NEXT ADDRESS
FIELD

ROM
ADRS
REGISTER
oN CONTROL
CLOCK
OFF —= M

CONTROL WORD REGISTER
1 1 1

REG FIELD

CONTROL FIELDS 1=168T

Figure 2-2 Microprogrammed Control Section, Simplified Block Diagram
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The combination of the next address field and the branch test field controls the sequence of microroutines. The next
address field provides a base address which selects the next microword to be used in the normal sequence. However,
this base address can be modified prior to being loaded into the microprogram Address Register.

Before discussing the address modification, it is important to understand that modification occurs prior to storage in
the ROM ADRS Register and, therefore, is performed on the subsequent next address (the next, next address). For
example, microword 1 in the sequence contains an address pointing to microword 2, and microword 2 contains an
address pointing to microword 3. When microword 1 is being operated on, the next address field (microword 2) is
already present in the ROM ADRS Register and, therefore, cannot be modified. However, when word 1 is being used
and the address for word 2 is in the ROM ADRS Register, the address for word 3 can be modified between the ROM
output and the ROM ADRS Register.

The branch test field of the microword specifies conditions to be tested and controls when the test is to occur; the
conditions determine to what location the microprogram is to branch. Logic within the processor permits testing of
the Instruction Register, flags, and other internal and external conditions to determine if branching is required. If a
branch is necessary, processor logic modifies the address of the next ROM microword. After the modified address
has been loaded into the ROM ADRS Register, a branch occurs to the new location and the specified microword is
retrieved from the ROM.

2.5 BASIC READ-ONLY MEMORY (ROM)

The microprogram read-only memory (ROM) contains 256 56-bit words. During each processor cycle, one word is
fetched from this ROM and stored in a Buffer Register. The outputs of the Buffer Register are transmitted to other
sections of the processor to act as control signals or to be used as the address of the next microword. The first eight
bits of every microword (07:00) are used to hold the address of the next microword to be used. The remaining bits
(56:09) are control bits. (Bit 08 is reserved for use with extended ROM addresses for Extended Instruction Set
options.)

Figure 2-3 illustrates the basic structure of the microwords in the ROM. The detailed format of the microword is
shown in print D-BD-KD11-A-BD and in Figure 24. Note that this format is identical for all 256 microwords in the
ROM. The function of each bit position in the microword is described in Table 2-1.

NOTE
In the KD11-A Processor documentation, the prefix MICRO
(from the Greek Mu) is abbreviated as U (similar to u). The U
abbreviation appears in the names for the microword buffer (U
WORD), in the ROM ADRS (Microprogram Pointer, UPP), and
in other logic block names and signal names.



DETAILED FORMAT OF THE
56~-BIT MICROWORD IS
SHOWN IN FIGURE 2-4

|CLK | WR | CLKS| BUS | DAD | SPS |sALU | sBC |sD.SB| UBF | SR | RIF | UPF |
I |
FORMAT 56 1 1 | | | | | | | | | I 00
000
MICROWORD
ADDRESS 001
(OCTAL)
002
| 1
| 1
| I
: |
: 256 56-BIT
| MICROWORDS
) I
I
H I
| |
| 1
1
375
376
377
56 00
n-z2124

Figure 2-3 Basic ROM Structure
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Table 2-1
Function of Microword Bits (U WORD)

U Bit Mnemonic Meaning and Function
56 CLKLI Clock length control. Permits the microprogram to select one of three clock
35 CLKLO lengths.
54 CLKOFF Permits the microprogram to turn off the processor clock.
53 CLKIR Permits clocking Unibus data into the Instruction Register (IR).
52 WRH Permit writing the Data Multiplexer data into the general registers. WRH writes
51 WRL the high-order byte; WRL writes the low-order byte.
50 CLKB Permits clocking the entire Data Multiplexer (full word) into the B Register.
49 CLKD Permits clocking the ALU output into the D Register.
48 CLKBA Permits clocking the Bus Address Register.
47 C1BUS Specify the type of data transfer on the Unibus.
46 COBUS
45 BGBUS Initiates data transfer on the Unibus.
44 DAD3 Discrete alteration of data. Permit the microprogram to alter operation of the
43 DAD2 data path. For example, modifying the Arithmetic Logic Unit (ALU) operation
42 DADI1 as a function of the Instruction Register.
4] DADO
40 SPS2 Select loading and clocking situations on the Processor Status (PS) word.
39 SPS1
38 SPS0
37 SALUM Selects the mode of ALU operation (mode can be either arithmetic or logical).
36 SALU3 Select the operation to be performed by the ALU, such as add, subtract, etc.
35 SALU2 This selection can be modified by the DAD code noted above.
34 SALUIL
33 SALUOQ
32 SBC3 Permit the microprogram to specify the constants to be inserted into the B input
31 SBC2 of the ALU by way of the B Multiplexer.
30 SBCI
29 SBCO
28 SBMHI1 Select the inputs of the high-order byte of the B Multiplexer.
27 SBMHO
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Table 2-1 (Cont)
Function of Microword Bits (U WORD)

U Bit Mnemonic Meaning and Function

26 SBML1 Select the inputs of the low-order byte of the B Multiplexer.

25 SBMLO

24 SDM1 Select the inputs of the D Multiplexer.

23 SDMO

22 SBAM Selects the inputs of the Bus Address Multiplexer.

21 UBF4 Represent microbranch field. Select the microbranch condition to be tested.

20 UBF3 This test is referred to as the Branch Microprogram Test (BUT).

19 UBF2

18 UBF1

17 UBFO

16 SRS Permits bits (8:6) of the Instruction Register to be used as the source of the
general register address.

15 SRD Permits bits (2:0) of the Instruction Register to be used as the source of the
general register address.

14 SRBA Permits bits (3:0) of the Bus Address Register to be used as the source of the
general register address.

13 SRI Enables RIF (3:0) of the microword for general register address.

12 RIF3 Permit microprogram to specify general register address, provided these bits are

11 RIF2 enabled by SRI (bit 13).

10 RIF1

09 RIFO

07 UPF7 Represent an 8-bit next address field that is used to specify the address of the

06 UPF6 next microinstruction to be executed. However, it may be modified as the result

05 UPF35 of a BUT. The U08 bit is for UPF8 and is provided for the KE11-E option.

04 UPF4

03 UPF3

02 UPF2

01 UPF1

00 UPFO
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CHAPTER 3
BLOCK DIAGRAM DESCRIPTION

3.1 SCOPE

This chapter introduces the KD11-A Processor architecture by describing the basic block diagram which illustrates
all of the major logic elements and interconnections within the processor.

The block diagram (drawing D-BD-KD11-A-BD) has been divided into three major functional groupings:
INTERFACE, DATA PATHS, and MICROPROGRAM CONTROL. All of the components in each of these segments
are covered in detail in succeeding paragraphs. Paragraph 3.5 contains a tabular listing of all components on the
block diagram and includes a brief physical description as well as related inputs and outputs. This abbreviated
summary can be used as a quick reference once the more detailed description of the block diagram is understood, or
it can be used for a quick overview of the KD11-A Processor by those who are already familiar with PDP-11
processors and microprogramming techniques.

The block diagram format provides blocks with major functions titled, and with major data and control
interconnections, as well as specific clock and microcontrol signals indicated. In the lower right hand corner of each
block is a K- reference which indicates the module schematic or schematics on which the contents of the block can
be found. For example, K1-7 indicates sheet 7 of the K1, or M7231 module print; K2 indicates several sheets on the
K2, or M7232 module print. The details of logic operation are contained in Chapter 5.

3.2 INTERFACE

The first section of the processor shown on the block diagram is the INTERFACE section which is used to
interconnect the KD11-A Processor with other components of the PDP-11/40 system. Each of the functional blocks
shown on the INTERFACE portion of the block diagram is covered in the following discussion.

3.2.1 KY11-D Programmer’s Console

The KY11-D Programmer’s Console is an integral part of the PDP-11/40 system and provides the programmer with a
direct system interface. The console allows the user to start, stop, load, modify, or continue a program. Console
displays indicate data and address flow for monitoring processor operations. The console control logic is part of the
processor INTERFACE section, while the Switch Register, the DATA display, and the ADDRESS display are part of
the KY11-D console.

The Switch Register is located on the KY11-D console and consists of the manually-operated switches with resistor
pull-ups gated through 8881 drivers to the Unibus. During console operation, the Switch Register is addressed on the
Unibus via a microroutine. When the Switch Register address is decoded, the driver gates are enabled, allowing the
contents of the Switch Register to appear on the Unibus.
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