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PREFACE

This user’s guide is intended to support the users of the KDJ11-A CPU module by providing them with
architecture, programming, diagnostic and configuration information. The architecture is described in
Chapter 1 and is supported by the functional theory description in Chapter 4. The diagnostics and booting
procedures are described in Chapter 9, and Chapter 3 provides the techniques used for on-line debugging
(ODT). The configuration requirements for both the module and system applications are described in
Chapter 2. Chapter 5 provides the information on the LSI-11 bus used in most system applications.

The KDJ11-A module uses the standard instruction set described in Chapter 6 and the floating-point
instruction set described in Chapter 7. Also described in Chapter 6 are addressing modes, which are
supported by the programming techniques given in Chapter 8. The detailed timing information is provided
in Appendix A and the differences between other LSI-11 and PDP-11 microprocessors are listed in
Appendix B. Appendix C includes configuration notes which must be observed when the floating-point
accelerator option (FPJ11-AA) is installed on the KDJ11-A module.
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CHAPTER 1
ARCHITECTURE

1.1 DESCRIPTION
The KDJ11-A is a dual-height processor module for LSI-11 type bus systems. It is designed for use in
high-speed, real-time applications and for multiuser, multitasking environments.

The KDJ11-A module executes the complete PDP-11 integer and FP-11 floating-point instruction sets.
Full 22-bit memory management is provided for both instruction references and data references in three
protection modes — kernel, supervisor, and user. The KDJ11-A module is fully downward compatible with
older PDP-11 models which have 18-bit memory management or no memory management.

The three protection modes provide the ability to implement layered software protection. Memory
management separately manages each mode, allowing each mode to access different sections of main
memory. Furthermore, each section can have different access protection rights. Each mode uses a separate
system stack pointer that offers an additional degree of isolation. The protection modes are organized so
that a higher protection mode can always enter a lower protection mode, while a lower protection mode
can never accidentally enter a higher protection mode. Kernel mode has full privileges and can execute all
instructions. Supervisor mode and user mode, the two lower privileged modes, cannot execute certain
instructions.

The module interfaces to the extended LSI-11 bus and can address up to 4 megabytes of main memory.
Block mode DMA transfers, which are allowed on the extended bus, are supported by the KDJ11-A. The
22-bit extended LSI-11 bus is fully downward compatible with the standard 18-bit LSI-11 bus.

The KDJ11-A module supports console emulation (micro octal debugging tool or ODT). This allows users
to interrogate and write main memory and CPU registers as if a console switch panel and display lights
were available.

The module contains an 8 Kbyte write-through direct map cache (set size one, block size one). The cache
is transparent to all programs and acts as a high-speed buffer between the processor and main memory.
The data stored in the cache represents the most active portion of the main memory being used. The
processor accesses main memory only when data is not available in the cache.

The user-visible registers are shown in Figure 1-1 and are classified as general purpose, system control,
memory system, floating point and memory management registers.

Self-diagnostic LEDs are provided on the KDJ11-A module and indicate the status of the module and
system when the module is powered-up. The LEDs aid in troubleshooting module failures.

The KDJ11-A module can run RT-11 V5.1, RSX-11M, RSX-11M PLUS, RSTS/E, UNIX, and micro-
power PASCAL operating systems.
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Figure 1-1 Programming Model

1.2 GENERAL PURPOSE REGISTERS

There arc 16 general purpose registers (GPR), as listed in Table 1-1, but only 8 are visible to the user at
any given time. All these registers can be used as accumulators, deferred addresses, index references,
autoincrement, autodecrement, and stack pointers.

1.2.1 Registers

There are two groups of six registers designated RO-RS and R0’-R5’. The group currently being used is
selected by bit 11 in the processor status word (PSW). When bit 11 is set (1), the RO’-RS’ group is
selected, and when bit 11 is cleared (0), the RO-RS5 group is selected.

Table 1-1 General-Purpose Registers

Register

Number Designation

0 RO RO’ -

1 R1 R’ -

2 R2 R2 -

3 R3 R% -

4 R4 R&4’ -

5 RS RS’ -

6 KSP SSP USP
7 PC - -
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1.2.2 Stack Pointer

Register six (R6) is designated as the system stack pointer. There are three stack pointers available, one for
each corresponding protection mode. However, only one is visible to the user at a given time. The
processor status bits 14 and 15 select the active stack pointer used for all instructions except MFPI,
MFPD, MTPI, and MTPD. When these instructions select R6 as the destination register, bits 12 and 13 of
the processor status word select the active stack pointer. In both cases, the 2-bit selection code is encoded
as described in Table 1-2 to select the active register.

Table 1-2 Stack Pointer (PSW 15, 14 or 13, 12)

Code Selected R6

00 Kernel stack pointer (KSP)

01 Supervisor stack pointer (SSP)

11 User stack pointer (USP)

10 Illegal — User stack pointer selected

1.2.3 Program Counter

The program counter (PC) contains the 16-bit address of the next instruction stream word to be accessed.
It is designated as R7 and controls the sequencing of instructions. The PC is directly addressable by single-
and double-operand instructions and is a general purpose register, although it is normally not used as an
accumulator.

1.3 SYSTEM CONTROL REGISTERS

The processor status word (PSW), program interrupt request (PIRQ), CPU error register, line clock
register, and the maintenance register are the system control registers. These registers are used by the
module to control system-oriented functions.

1.3.1 Processor Status Word (Address: 17 777 776)

The processor status word (PSW) contains the current and previous operational modes, the general
purpose register group being used, the current priority level, the condition code status, and the trace trap
bit used for program debugging. The PSW is initialized at power-up and is cleared with a console start.
The PSW register is defined in Figure 1-2 and is described in Table 1-3.

15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00

T T 7/ T T
0 0 PRIORITY T N 2 \Y C
_

CURRENT PREVIOUS PRIORITY TRACEBIT CONDITION
MODE MODE LEVEL CODES

GENERAL PURPOSE  SUSPENDED
REGISTER GROUP INFORMATION

MR-11042

Figure 1-2 Processor Status Register
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Table 1-3 Processor Status Bit Description

Bit Name Status Description

15, 14 Current mode R/W Indicates the current operating mode and is coded as follows.
Bits
15 14 Mode
0 0 Kernel
0 1 Supervisor
1 0 Illegal
1 1 User

13, 12 Previous mode R/W Indicates the previous operating mode and is coded the same as
bits 15, 14.

11 Register set R/W Selects the group of general purpose registers being used. When
the bit is set, the RO’-R 5’ group is selected and when cleared, the
RO-R5 group is selected.

10, 09 N/A R Not used. Reads as zero.

08 Suspended R/W Reserved.

information

07:05 Priority R/W Indicates the current priority level of the processor and is coded
as follows.
Bits
7 6 5 Priority Level
1 1 1 7
1 1 0 6
1 0 1 5
1 0 0 4
0 1 1 3
0 1 0 2
0 0 1 1
0 0 0 0

04 Trap* R/W The wap bit is inactive when it is cleared. When set, the proces-
sor traps to location 14 at the end of the current instruction. It is
useful for debugging programs and setting breakpoints.

03 Negative R/W Condition code N is set when the previous operation result was
negative.

02 Zero R/W Condition code Z is set when the previous operation result is
zero.

01 Overflow R/W Condition code V is set when the previous operation resulted in
an arithmetic overflow.

00 Carry R/W Condition code C is set when the previous operation caused a

carry out.

*

The T-bit cannot be set by explicitly writing to the PSW. It can only be changed by the RTI/RTT instructions.



1.3.2 CPU Error Register (Address: 17 777 766)

The CPU error register identifies the source of any trap or abort condition that caused a trap through
location 4. Six separate error conditions are identified in Figure 1-3 and are described in Table 1-4. The
register is cleared by any write reference, power-up, or by console start. It is not changed by the RESET
instruction.

ILLEGAL HALT
ADDRESS ERROR
NON-EXISTENT MEMORY
1/0 BUS TIMEOUT
YELLOW STACK VIOLATION
RED STACK VIOLATION

MR-9326

Figure 1-3 CPU Error Register

Table 1-4 CPU Error Register Bit Description

Bit Name Status Function

15:08 Not used - -

07 Illegal HALT Read only Set when execution of a HALT instruction is attempted in
user or supervisor mode, or in kernel mode if W5 is
removed.

06 Address error Read only Set when word access to an odd byte address or an instruc-

tion fetch from an internal register is attempted.

05 Nonexistent Read only Set when a reference to main memory times out
memory

04 I/0O bus timeout Read only Set when a reference to the 1/O page times out.

03 Yellow stack Read only Set on a yellow zone stack overflow trap. (Kernel mode
violation stack reference less than 400 octal).

02 Red stack Read only Set on a red stack trap — a kernel stack push abort during
violation an interrupt, abort, or trap sequence.

01, 00 Not used - -




1.3.3 Program Interrupt Request Register (Address: 17 777 772)

The program interrupt request register (PIRQ) implements a software interrupt facility. A request is
initiated by setting one of the bits <15:09>, which corresponds to a program interrupt request for priority
levels 7-1. Bits <07:05> and <03:01> are set by hardware to the encoded value of the highest pending
request set. When the interrupt is acknowledged, the processor vectors to address 240 for a service routine.
It is the responsibility of the service routine to clear the interrupt request. The PIRQ register is defined in
Figure 1-4 and is described in Table 1-5. The PIRQ register is cleared at power-up, by a console start, or

by the RESET instruction.

15

14

13

12 11

10 09

06 05 04 03 02 01 00

PIR7

PIR 6

PIR5

PIR4|PIR3

PIR2]PIR 1

(¥

REQUEST LEVELS J

PRIORITY ENCODED VALUE OF BITS 9-15

MR-9013

Figure 1-4 Program Interrupt Request Register (PIRQ)

\

Table 1-5 PIRQ Bit Descriptions

Bit . ~ Name Status Function

15 Level 7 Read/write Requests an interrupt priority of levei 7

14 Level 6 Read/write Requests an interrupt priority of level 6

13 Level § Read/write Requests an interrupt priority of level 5

12 Level 4 Read/write Requests an interrupt priority of level 4

11 Level 3 Read/write Requests an interrupt priority of level 3

10 Level 2 Read/write Requests an interrupE priority of level 2

09 Level 1 Read/write Requests an interrupt priority of level 1

07:05 Encoded value Read only Bits <07:05> represent the encoded value of highest priori-
ty level set in bits <15:09>

03:01 Encoded value Read only Bits <03:01> represent the encoded value of the highest
priority level set in bits <15:09>. Same as bits <07:05>.

08, 00 Not used - -
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1.3.4 Line Time Clock Register (Address: 17 777 546)

The line time clock register (LTC) controls the recognition of the LSI-11 bus BEVNTL signal. When bit
06 of the register is set (1), the BEVNTL signal can be recognized and will generate the highest possible
level 6 interrupt request through address location 100. The BEVNTL input is disabled when bit 06 of the
register is cleared (0). The BEVNTL input can be permanently disabled by installing the W9 jumper. The
register is defined in Figure 1-5 and is described by Table 1-6. The register is cleared at power-up, by a
console start, or by the RESET instruction.

f

BEVNTL ENABLE

MR-11043

Figure 1-5 Line Time Clock Register (BEVNT)

Table 1-6 Line Time Clock (LTC) Register Bit Descriptions

Bit Name Status Function
15:07 Not used - -
06 BEVNT ENABLE Read/write When this bit is set (1), the LSI-11 BEVNT L signal can

be recognized (unless W9 is installed).

05:00 Not used - -

1.3.5 Maintenance Register (Address: 17 777 750)

The maintenance register provides a way for software to determine the power-up options selected by the
user. It also indicates if the floating-point accelerator (FPJ11-AA) is available. The register is defined in
Figure 1-6 and is described by Table 1-7.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

T T T !
ol o] o 0 ol o | 1
] ] | ]
— ' ! ! — !
f FPJ11-AA HALT POWER
BOOT AVAILABLE OPTION oK
ADDRESS POWER UP (POK)
OPTION

MR-11044

Figure 1-6 Maintenance Register



Table 1-7 Maintenance Register Bit Description

Bit

Name

Status

Function

15:12

11:09

08

07:04

03

02, 01

00

Boot address

Not used
FPJ11-AA
available

Module ID

HALT option

Power-up

BPOK H

Read only

Read only

Read only

Read only

Read only

Read only

These bits read the user’s selected boot address. The
address is selected by jumpers, W1 (bit 15), W2 (bit 14),
W4 (bit 13) and W6 (bit 12). A “1” indicates the jumper is
inserted and a “0” indicates the jumper is removed.

The bit is set (1) if floating-point accelerator (FPJ11-AA)
is installed on the module.

The “0001” code identifies this module as a KDJ11-A
MiCroprocessor.

The option determines how the HALT instruction is used
in the kernel mode. If W5 is removed, the bit is set (1) and -
the processor traps through vector address 4. If W5 is
installed, the bit is cleared (0) and the processor enters
console ODT mode.

These bits read the power-up mode for the processor. Bit 2
is set (1) by removing jumper W3 and bit 01 is set (1) by
removing jumper W7. The following power-up options are
available.

Bit 02 Bit 01 Ontion

0 PC at 24, PS at 26

1 Micro-ODT, PS =0

0 PC = 173000, PS = 340
1 User Bootstrap, PS = 340

— O O

The bit is set (1) when the LSI-11 bus signal BPOK H is
asserted, indicating that the ac power is okay.

1.4 INTERRUPTS
The KDJ11-A supports a variety of trap, hardware, and software interrupts. They are described in Tables

1-8 and 1-9.
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Table 1-8 Asynchronous Interrupts

Internal

or Vector Priority
Interrupt External Address Level*
Red stack trap Internal 4 NM
(CPU error register, bit 02)
Address error Internal 4 NM
(CPU error register, bit 06)
Memory management violation Internal 250 NM
(MMRO, bits <13:15>)
I/0 timeout/nonexistent memory Internal 4 NM
(CPU error register, bits <04:05>)
Parity error External 114 NM
Trace (T-bit) trap (PSW, bit 04) Internal 14 NM
Yellow stack trap Internal 4 NM
(CPU error register, bit 03)
Power fail External 24 NM
Floating-point exception External 244 NM
PIR 7 (PIRQ, bit 15) Internal 240 7
IRQ 7 External User-defined 7
PIR 6 (PIRQ, bit 14) Internal 240 6
BEVNT External 100 6
IRQ6 External User-defined 6
PIR 5 (PIRQ, bit 13) Internal 240 S
IRQ S External User-defined 5
PIR 4 (PIRQ, bit 12) Internal 240 4
IRQ 4 External User-defined 4
PIR 3 (PIRQ, bit 11) Internal 240 3
PIR 2 (PIRQ, bit 10) Internal 240 2
PIR 1 (PIRQ, bit 09) Internal 240 1
Halt linet External None - places system

in console mode.

* NM = Nonmaskable

t The halt line usually has the lowest priority. However, it has highest priority during vector reads.
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Table 1-9 Synchronous Interrupts

Vector
Interrupt Address
FP instruction exception 244
TRAP (trap instruction) 34
EMT (emulator trap instruction) 30
IOT (1/0 trap instruction) 20
BPT (breakpoint trap instruction) 14
CSM (call to supervisor mode instruction) 10
HALT instruction* 4
WAIT (wait-for-interrupt instruction) Does not trap, but frees the bus when

waiting for external interrupt.

*  Execution of the HALT instruction performs different operations, depending on jumper W5 and the protection mode. Jumper
WS determines the operation of a HALT instruction in the kernel mode. If it is installed, the processor enters the ODT mode,
and, if it is removed, the processor traps to location 4. The HALT instruction in the supervisor or user mode is an illegal
instruction and the processor traps to location 4. This condition also sets bit 07 of the CPU error register.

1.5 MEMORY MANAGEMENT
The KDJ11-A provides memory management hardware that facilitates multiuser multiprogramming. The
KDJ11-A memory management allows a supervisory program to:

1. Control the execution of the various user programs
2. Manage the allocation of memory and peripheral device resources
3. Safeguard the integrity of the system as a whole by control of each user program.

In general, memory management provides the means for assigning memory pages to a user program and
preventing that user from making any unauthorized access to pages outside his assigned area. Thus, a user
can effectively be prevented from accidental or willful destruction of any other user program or the system
executive program.

The following are the basic characteristics of KDJ11-A memory management.

16 user mode memory pages

16 supervisor mode memory pages

16 kernel mode memory pages

8 pages in each mode for instructions

8 pages in each mode for data

Page lengths from 64 to 8192 bytes

Each page provided with full protection and relocation
Transparent operation

3 modes of memory access control

Memory access to 4 megabytes.

1.5.1 Memory Mapping
The processor can perform 16-bit, 18-bit or 22-bit address mapping. The I/O page, which is the uppermost
4 K words of memory, always uses the physical addresss locations 17 760 000 to 17 777 777.
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1.5.1.1 16-Bit Mapping — There is a direct mapping relocation from virtual to physical addresses. The
lowest 28 K virtual addresses are the same corresponding physical addresses. The 1/O page physical
addresses are located in the upper 4 K block as shown in Figure 1-7.

1.5.1.2 18-Bit Mapping — Each of the three modes; kernel, supervisor, and user, are allocated 32 K
words that are mapped into 128 K words of physical address space. The lowest 124 K words of physical
memory or the I/O page can be referenced as shown in Figure 1-8.

17777777
4K

17760000
177777
160000

00167777
VIRTUAL
(16 BITS) 28 K
000000 00000000
INCOMING PHYSICAL ADDRESS
ADDRESS SPACE (22 BITS)

MR-11045
Figure 1-7 16-Bit Mapping
17777777
4K

17760000

00757777
177777

124 K

VIRTUAL | o MEM
(16 BITS) MGMT
000000 00000000
INCOMING PHYSICAL ADDRESS
ADDRESS SPACE (22 BITS)

MR-11046

Figure 1-8 18-Bit Mapping



1.5.1.3 22-Bit Mapping - This mode uses the full 22-bit addresses to access all of the physical memory.
The upper 4 K block is still the I/O page as shown in Figure 1-9.

1.5.2 Compatibility

The operation of 16-, 18-, and 22-bit mapping can be used to provide compatibility among other PDP-11
computers. This means that software written and developed for any PDP-11 computer can be run on the
KDJ11-A without modification. Refer to Table 1-10.

17777777
4K
17760000
17757777
2044K
177777
VIRTUAL » MEM
(16 BITS) ‘ MGMT
000000 00000000
INCOMING PHYSICAL ADDRESS
ADDRESS SPACE (22 BITS)
MR-11047
Figure 1-9 22-Bit Mapping
Table 1-10 KDJ11-A Compatibility
Memory
Mapping Management System
16-bit Off PDP-11/05, 11/10, 11/15, 11/20, 11/03
18-bit On PDP-11/35, 11/40, 11/45, 11/50, 11/23
22-bit On PDP-11/70, 11/44, 11/24, 11/23 plus
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1.5.3 Virtual Addressing

When memory management is operating, the normal 16-bit address is no longer interpreted as a direct
physical address but as a virtual address containing information to be used in constructing a new 22-bit
physical address. The information contained in the virtual address is combined with relocation information
contained in the page address register to yield a 22-bit physical address as shown in Figure 1-10. Using
memory management, memory can be dynamically allocated in pages, each composed of from 1 to 128
integral blocks of 64 bytes.

The starting physical address for each page is an integral multiple of 64 bytes, and each page has a
maximum size of 8192 bytes. Pages may be located anywhere within the physical address space. The
determination of which set of 16 page registers is used to form a physical address is made by the current
mode of operation (i.e., kernel, supervisor, or user mode), and the reference type — instruction or data.

PHYSICAL
ADDRESS SPACE
PAGE 5
VIRTUAL
INSTRUCTION/DATA
ADDRESS SPACE PAGE 6
32K PAR 7
PAR 6
PAR 5 PAGE 7
PAR 4
PAR 3 \
PAR 2 PAGE 4
PAR 1
0 PAR 0 0
VIRTUAL ADDRESS PAGE ADDRESS REGISTERS PHYSICAL ADDRESS
(16 BITS) (22 BITS)

PAR = PAGE ADDRESS REGISTER

MR-11048

Figure 1-10 Virtual Address Mapping into Physical Address

1.5.4 Interrupt Conditions Under Memory Management Control

Memory management relocates all addresses. When it is enabled, all traps, aborts, and interrupt vectors
are mapped using the kernel mode data space mapping registers. Therefore, when a vectored transfer
occurs, the new program counter (PC) and processor status word (PS) are obtained from two consecutive
words physically located at the trap vector and are mapped using kernel mode data space registers.

The stack used for the “push” of the current PC and PSW is specified by bits 14 and 15 of the new PSW.
The PSW mode bits also determine the new mapping register set. This allows the kernel mode program to
have complete control over servicing all traps, aborts or interrupts. The kernel program may assign the
service of some of these conditions to a supervisor or user mode program by simply setting the mode bits of
the new PSW in the vector to return control to the appropriate mode.
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1.5.5 Construction of a Physical Address

All addresses with memory relocation enabled either reference information in instruction (I) space or data
(D) space. I space is used for all instruction fetches, index words, absolute addresses, and immediate
operands; D space is used for all other references. I space and D space each have eight page address
registers (PARs) in each mode of CPU operation (kernel, supervisor, and user). Memory management
register 3 can separately disable D space for each mode and map references (instructions and data)
through I space.

The basic information needed for the construction of a physical address comes from the virtual address,
which is illustrated in Figure 1-11, and the appropriate PAR set.

15 14 13 12 00
1 i 1 1 I 1 1 I T 1 1 I T 1
APF DF
1 ] ] | 1 b ] ) | | | i _ L
L VL — J
Y Y
ACTIVE PAGE DISPLACEMENT FIELD
FIELD
MR-11049

Figure 1-11 Interpretation of a Virtual Address

The virtual address consists of:

1.  The active page field. This 3-bit field determines which of 8 page address registers from the
PAR set (PARO-PAR7) will be used to form the physical address.

2.  The displacement field. This 13-bit field contains an address relative to the beginning of a page.
The longest page length is 8 Kbytes (213 = 8 Kbytes). The DF is further subdivided into two
fields as shown in Figure 1-12.
The displacement field consists of:

1. The block number. This 7-bit field is interpreted as the block number within the current page.

2.  The displacement in block. This 6-bit field contains the displacement within the block referred
to by the block number.

12 00
T T T T T T T T T T T
BN DiB
d 1 ! 1 ) ] 1 1 | ) 1
L - I\ J
\g Y
BLOCK NUMBER DISPLACEMENT IN BLOCK

MR-11050

Figure 1-12 Displacement Field of a Virtual Address



The remainder of the information needed to construct the physical address comes from the contents of the
PAR referenced by the page address field. This 16-bit register specifies the starting address of the memory
page. The PAF is actually a block number in the physical memory. For instance, PAF = 3 indicates a
starting address of 96 (3 X 32) words in physical memory.

The construction of the physical address is illustrated in Figure 1-13.

The logical sequence involved in constructing a physical address (PA) is as follows.

1.

Select a set of page address registers. This depends on the space being referenced,
MMR3<2:0>, and the protection mode being used.

The active page field of the virtual address selects one of eight page address registers
(PARO-PAR?7) from the appropriate set.

The page address field of the selected page address register contains the starting address of the
currently active page as a block number in physical memory.

The block number from the virtual address is added to the page address field to yield the
number of the block in physical memory. This is bits <21:06> of the physical address.

The displacement in block from the displacement field of the virtual address is concatenated to
the physical block number to yield a true 22-bit physical address.

15 00
T T T T T T T T T T T T T T
VIRTUAL ADDRESS
| i ] ] ] ] 1 ] | ] 1 ] ] ) ]
15 13
| p—
SELECT PAR
] ]
12 00
1 ) 1 1 I 1 1 ] L] 1 I T
OFFSET INTO
PAGE (VA) ] ] ] L ] ] ] ' ) ! !
15 14 13 05 04 03 02 01 00
T T T T T T T T
+PAF 3{
! ! ) | ] L1 ] 1
21 00

PHYSICAL ADDRESS

MR-11051

Figure 1-13 Construction of a Physical Address
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1.5.6 Memory Management Registers

Memory management implements 3 sets of 32 16-bit registers as shown in Figure 1-14. One set of registers
is used in kernel mode, another in supervisor mode, and the other in user mode. The protection mode in
use determines which set is to be used. Each set is subdivided into two groups of 16 registers. One group is
used for references to instruction (I) space, and one to data (D) space. The I space group is used for all
instruction fetches, index words, absolute addresses, and immediate operands. The D space group is used
for all other references, providing it has not been disabled by memory management register 3. Each group
is further subdivided into two parts of eight registers. One part is the page address register (PAR) whose
function was described previously. The other part is the page descriptor register (PDR). PARs and PDRs
are always selected in pairs by the top three bits of the virtual address. A PAR/PDR pair contains all the
information needed to describe and locate a currently active memory page.

The memory management registers are located in the uppermost 8 Kbytes of physical address space,
which is designated as the 1/O page. The addresses allocated to the memory management registers are
listed in Table 1-11.

PROCESS STATUS WORD ;

15 14
KERNEL (00) SUPERVISOR (01) USER (11)
PAR PDR PAR PDR PAR PDR
| SPACE
L y v v v v
PAR PDR PAR PDR PAR PDR
D SPACE
v ] ] Y )

MR-11062

Figure 1-14 Active Page Registers
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Table 1-11 Memory Management Register Addresses

Register Address Register Address
Memory management register 0(MMRO) 17 777 572 || Supervisor | space address register (SISARQ) 17 772 240
Memory management register 1(MMR1) 17 777 574 || . .
Memory management register 2(MMR2) 17 777 576
Memory management register 3(MMR3) 17 772 516 . .
Supervisor [ space address register (SISAR7) 17 772 256
User | space descriptor register (UISDRO) 17 777 600
. . Supervisor D space address register (SDSARO0) 17 772 260
User I space descriptor register (UISDR7) 17 777 616 | . .
Supervisor D space address register (SDSAR7) 17 772 276
User D space descriptor register (UDSDRO) 17 777 620
. . Kernel I space descriptor register (KISDRO) 17 772 300
User D space descriptor register (UDSDR7) 17 777 636 . .
Kernel T space descriptor register (KISDR7) 17 772 316
User | space address register (UISARO) 17 777 640
. . Kernel D space descriptor register (KDSDRO) 17 772 320
User I space address register (UISAR7) 17 777 656 . .
Kernel D space descriptor register (KDSDR7) 17 772 336
User D space address register (UDSARO) 17 777 660
. . Kernel I space address register (KISARO) 17 772 340
User D space address register (UDSAR7) 17 777 676 . .
Kernel 1 space address register (KISAR7) 17 772 356

Supervisor I space descriptor register (SISDRO) 17 772 200
. . Kernel D space address register (KDSARO) 17 772 360

Supervisor 1 space descriptor register (SISDR7) .17 772 216 || . .
' Kernel D space address register (KDSAR?7) 17 772 376
Supervisor D space descriptor register (SDSDR0) 17 772 220

Supervisor D space descriptor register (SDSDR7) 17 772 236
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1.5.6.1 Page Address Registers — The page address register (PAR) contains the page address field
(PAF), a 16-bit field that specifies the starting address of the page as a block number in physical memory.

The page address register (see Figure 1-15) contains the page address field that may be alternatively
thought of as a relocation register containing a relocation constant, or as a base register containing a base
address. These registers are not changed by either console starts or the reset instruction. They are
undefined at power-up.

15 00

MR-11053

Figure 1-15 Page Address Register (PAR)

1.5.6.2 Page Descriptor Register — The page descriptor register contains information relative to page
expansion, page length, and access control. The register is shown in Figure 1-16 and is described in Table
1-12.

15 14 0807 06 05 04 03 02 01 00
PAGE LENGTH FIELD (PLF) o | w| o o] eo ACF 0
| | { | 1 L }
T - v J T T
BYPASS PAGE ,_?ENGTH PAGE EXPANSION
CACHE FIELD WRITTEN DIRECTION
ACCESS

CONTROL FIELD

MR-8920

Figure 1-16 Page Descriptor Register (PDR)

1.5.7 Fault Recovery Registers

Aborts generated by the memory management hardware are vectored through kernel virtual location 250.
Memory management registers 0, 1, 2, and 3 are used to determine why the abort occurred and to allow
for program restarting.

NOTE
An abort to a location which is itself an invalid
address will cause another abort. Thus, the kernel
program must ensure that kernel virtual address 250
is mapped into a valid address; otherwise, a loop will
occur that will require console intervention.
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Table 1-12 Page Descriptor Bit Description

Bit

Name

Status

Function

15

14:08

07

06

05, 04

03

02, 01

00

Bypass cache

Page length
field

Not used

Page written

Not used

Expansion
direction

Access control
field

Not used

Read/write

Read/write

Read only

Read/write

Read/write

This bit implements a conditional cache bypass mechanism.
If the PDR accessed during a relocation operation has this bit
set, the reference will go directly to main memory. Read hits
result in invalidation of the accessed cache location.

This field specifies the block number which defines the page
boundary. The block number of the virtual address is compared
against the page length field to detect length errors. An error
occurs when expanding upwards if the block number is greater
than the page length field, and when expanding downwards if the
block number is less than the page length field.

The written into (W) bit indicates whether the page has been
written into since it was loaded in memory. When this bit is set, it
indicates a modified page. The W-bit is automatically cleared
when the PAR or PDR of that page is written.

This bit specifies in which direction the page expands. If ED = 0,
the page expands upward from block number O to include blocks
with higher addresses; if ED = 1, the page expands downward
from block number 127 to include blocks with lower addresses.

This field contains the access code for this particular page. The
access code specifies the manner in which a page may be accessed
and whether or not a given access should result in an abort of the
current operation. Implemented codes are:

00 Nonresident - abort all accesses

01 Read only - abort on write

10 Not used - abort all accesses

11 Read/write access
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1.5.7.1 Memory Management Register 0 (Address: 17 777 572) - Memory management register 0
(MMRO) provides memory management unit control and records memory management unit status. The
register contains abort and status flags as shown in Figure 1-17 and described in Table 1-13.

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

0 0 0 0 0 0

l‘ ABORT READ-ONLY N S .
ACCESS VIOLATION T
ABORT PAGE T
LENGTH ERROR PAGE MODE PAGE NUMBER
ABORT
NON-RESIDENT PAGE ADDRESS ENABLE RELOCATION
SPACE I/D

MR-8926

Figure 1-17 Memory Management Register 0 (MMRO)

Table 1-13 MMRO Bit Descriptions

Bit Name Status Function
15* Nonresident Read/write Bit 15 is set by attempting to access a page with an access control
abort - field key equal to O or 2. It is also set by attempting to use memory
relocation with a processor mode (PS<15:14>) of 2.
14* Page length Read/write Bit 14 is set by attempting to access a location in a page with a
abort block number (virtual address bits <12:06>) that is outside the

area authorized by the page length field of the page descriptor
register for that page.

13* Read only Read/write Bit 13 is set by attempting to write in a read-only page. Read-only
abort pages have access keys of 1.

12:07 Not used -

06, 05 Processor Read only Bits <06:05> indicate the processor mode (kernel, supervisor,
mode user, illegal) associated with the page causing the abort (kernel =

00, supervisor = 01, user = 11, illegal = 10). If the illegal mode is
specified, an abort is generated and bit 15 is set.

04 Page space Read only Bit 04 indicates the address space (I or D) associated with the page
causing the abort (0 = I space, 1 = D space).
03:01 Page number Read only Bits <03:01> contain the page number of the page causing the
abort.
00 Enable Read/write Bit 00 enables relocation. When it is set to 1, all addresses are
relocation relocated. When bit 00 is set to 0, memory management is inoper-

" ative and addresses are not relocated.

* Bits <15:13> can be set by an explicit write; however such an action does not cause an abort. Whether set explicitly or by an
abort, setting any bit in bits <15:13> causes memory management to freeze the contents of MMRO <06:01>, MMR1, and
MMR2. The status registers remain frozen until MMRO <15:13> is cleared by an explicit write.
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1.5.7.2 Memory Management Register 1 (Address: 17 777 574) - Memory management register 1
(MMR1) records any autoincrement or autodecrement of a general purpose register, including explicit
references through the PC. The increment or decrement amount by which the register was modified is
stored in 2’s complement notation. The lower byte is used for all source operand instructions and the
destination operand may be stored in either byte, depending on the mode and instruction type. The register
is cleared at the beginning of each instruction fetch. The register is defined in Figure 1-18.

15 1 10 08 07 03 02 00
L ) ) | | L | | 1 1 |
" " A " A v~ 4
AMOUNT CHANGED REGISTER AMOUNT CHANGED REGISTER
(2'S COMPLEMENT) NUMBER (2'S COMPLEMENT) NUMBER

MR-8924

Figure 1-18 Memory Management Register | (MMR1)

1.5.7.3 Memory Management Register 2 (Address: 17 777 576) — Memory management register 2
(MMR?2) is loaded with the program counter of the current instruction and is frozen when any abort
condition is posted in MMRO.

1.5.7.4 Memory Management Register 3 (Address: 17 772 516) — Memory management register 3
(MMR3) enables the data space for the kernel, supervisor, and user operating modes. It also selects either
18-bit or 22-bit mapping and enables the request for the supervisor macroinstruction (CSM). The register
is shown in Figure 1-19 and is defined in Table 1-14. MMR3 is cleared during power-up, by a console
start, or by a RESET instruction.

15 14 13 12 1 10 09 08 07 06 05 04 03 02 00
T il

0 0 0 0 0 0 0 0 0 0 MODE
L o

1]
UNINTERPRETED

ENABLE 22-BIT MAPPING ——

ENABLE CSM INSTRUCTION
ENABLE KERNEL DATA SPACE
ENABLE SUPERVISOR DATA SPACE
ENABLE USER DATA SPACE

MR-8925

Figure 1-19 Memory Management Register 3 (MMR3)
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Table 1-14 MMR3 Bit Description

Bit Name Status Function
15:06 Not used - -
05 Uninterpreted Read/write This bit can be set or cleared under program control, but it is not

interpreted by the KDJ11-A.

04 Enable 22-bit Read/write This bit enables 22-bit memory addressing (the default is 18-bit
mapping addressing).

03 Enable CSM Read/write This bit enables recognition of the call supervisor mode instruction.
instruction

02 Enable kernel Read/write This bit enables the data space mapping for the kernel operating mode.
data space

01 Enable supervisor Read/write This bit enables the data space mapping for the supervisor operating
data space mode.

00 Enable user Read/write This bit enables the data space mapping for the user operating mode.
data space

1.5.7.5 Instruction Back-Up/Restart Recovery — The process of “backing up” and restarting a partially
completed instruction involves the following.

1. Performing the appropriate memory management tasks to aiieviate the cause of the abort (e.g.,
loading a missing page).

2.  Restoring the general purpose registers indicated in MMRU to their original contents at the start
of the instruction by subtracting the “modify value” specified in MMRI1.

3.  Restoring the PC to the “abort-time” PC by loading R7 with the contents of MMR2, which
contains the value of the virtual PC at the time the “abort-generating” instruction was fetched.

Note that this back-up/restart procedure assumes that the general purpose register used in the program
segment will not be used by the abort recovery routine. This is automatically the case if the recovery
program uses a different general purpose register set.

1.5.7.6 Clearing Status Registers Following Abort — At the end of a fault service routine, bits <15:13>
of MMRO must be cleared (set to 0) to resume error checking. On the next memory reference following
the clearing of these bits, the various registers will resume monitoring the status of the addressing
operations. MMR2 will be loaded with the next instruction address, MMR1 will store register change
information, and MMRO will log memory management status information.

1.5.7.7 Multiple Faults - Once an abort has occurred, any subsequent errors that occur while the
memory management registers are frozen will not change MMRO, MMR1 or MMR2. The information
saved in MMRO through MMR2 will always refer to the first abort that it detected.

1.5.8 Typical Usage Examples
The memory management unit provides a general purpose memory management tool. It can be used in a

manner as simple or complex as desired. It can be anything from a simple memory expansion device to a
complete memory management facility.
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The variety of possible and meaningful ways to use the facilities offered by the memory management unit
means that both single-user and multiprogramming systems have complete freedom to make whatever
memory management decisions best suit their individual needs.

In most typical applications, the control over the actual memory page assignments and their protection
resides in a supervisory type program which operates in kernel mode. This program sets access keys in such
a way as to protect itself from willful or accidental destruction by other supervisor or user mode programs.

1.5.8.1 Typical Memory Page — When the memory management unit is enabled, the kernel mode
program, a supervisor mode program, and a user mode program each have eight active pages described by
the appropriate page address registers and page descriptor registers for data and eight pages for instruc-
tions. Each segment is made up of from 1 to 128 blocks and is pointed to by the page address field of the
corresponding page address register as illustrated in Figure 1-20.

VA 157777 PA 331777
BLOCK 177g (1271q)

BLOCK 176g (1264)

VA 144777 PA 316777
BLOCK 47g (391¢)
BLOCK 1
BLOCK O
PA 312000
PAR 6 3120
40000 PAF
VA1 3910
7
PDR 6 4781 /¢ 0|1
PLF w ED ACF

MR-11054

Figure 1-20 Typical Memory Page
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The memory segment illustrated in Figure 1-20 has the following attributes.

S L=

Page length: 40 blocks

Virtual address range: 140000-144777

Physical address range: 312000-316777

Nothing has been modified (i.e., written) in this page
Read-only protection

Upward expansion

These attributes were determined according to the following scheme.

1.

Page address register (PAR6) and page descriptor register (PDR6) were selected by the active
page field (APF) of the virtual address. (Bits <15:13> of the VA = 6g.)

The initial address of the page was determined from the page address field of PAR6 (312000 =

- 3120g blocks X40g (3219) words per block X 2 bytes per word).

NOTE
The PAR that contains the PAF constitutes what is
often referred to as a base register containing a base
address or a relocation register containing a reloca-
tion constant.

The page length (478 + 1 = 4019 blocks) was determined from the page length field (PLF)
contained in page descriptor register PDR6. Any attempts to reference beyond these 40;¢
blocks in this page will cause a “page length error,” which will result in an abort, vectored
through kernel virtual address 250.

The physical addresses were constructed according to the scheme illustrated in Figure 1-13.

The written (W) bit indicates that no locations in this page have been modified (i.e., written). If
an attempt is made to modify any location in this particular page, an access control violation
abort will occur. If this page were involved in a disk swapping or memory overlay scheme, the
W-bit would be used to determine whether it had been modified and, thus, required saving
before overlay.

This page is read-only protected; i.e., no locations in this page may be modified. The mode of
protection was specified by the access control field of PDRS6.

The direction of expansion is upward (ED = 0). If more blocks are required in this segment,
they will be added by assigning blocks with higher relative addresses.

The attributes which describe this page can be determined under software control. The parameters
describing the page are loaded into the appropriate page address register (PAR) and page descriptor
register under program control. In a normal application, the particular page, which itself contains these
registers, would be assigned to the control of a kernel mode program.
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1.5.8.2 Nonconsecutive Memory Pages — Higher virtual addresses do not necessarily map to higher
physical addresses. It is possible to set up the page address fields of the PARSs so that higher virtual address
blocks may be located in lower physical address blocks as illustrated in Figure 1-21.

Although a single memory page must consist of a block of contiguous locations, consecutive virtual
memory pages do not have to be located in consecutive physical address locations. The assignment of
memory pages is not limited to consecutive nonoverlapping physical address locations.

VA 037777 PA 467777
E
1
L
VA 020000 PA 460000
PAR 7 e
VA 017777 PA 560777
L
1
]
\
PAR 1 PAF
PAR 0 PAF VA 000000 PA 541000

MR-11065

Figure 1-21 Nonconsecutive Memory Pages
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1.5.8.3 Stack Memory Pages — When constructing programs, it is often desirable to isolate all program
variables from pure code (i.e., program instructions) by placing them on a register indexed stack. These
variables can then be “pushed” or “popped” from the stack area as needed. (See Chapter 6.) Since stacks
expand by adding locations with lower addresses, when a memory page which contains “stacked” variables
needs more room, it must “expand down,” i.e., add blocks with lower relative addresses to the current
page. This mode of expansion is specified by setting the expansion direction bit of the appropriate page
descriptor register to a 1. Figure 1-22 illustrates a typical stack memory page. This page will have the
following parameters.

PAR6: PAF = 3120

PDR6: PLF = 1758 or 125,9(12819—3)

ED =1

W=0or1l

ACF = nnn (to be determined by programmer as necessary)

NOTE
The W-bit will be set by hardware.

In this case the stack begins 128 blocks above the relative origin of this memcry page and extends
downward for a length of three blocks. A page length error abort will be generated by the hardware when
an attempt is made to reference any location below the assigned area, i.e., when the block number from
the virtual address is less than the page length field of the appropriate page descriptor register.

VA 157777 PA 331777
BLOCK 177g (1274¢)

BLOCK 176g (1261q)

BLOCK 175g (12510)

////

VA 157500 PA 331500

VA 140000 PA 312000

PDR 6 ////// SLF ED1

ACF

MR-11056

Figure 1-22 Typical Stack Memory Page
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1.5.9 Transparency

In a multiprogramming application, it is possible for memory pages to be allocated such that a program
appears to have a complete 64 Kbyte memory configuration. Using relocation, a kernel mode supervisory-
type program can perform all memory management tasks entirely transparent to a supervisor or user mode
program. In effect, a system can use its resources to provide maximum throughput and response to a
number of users, each of whom seems to have a powerful system “all to himself.”

1.6 CACHE MEMORY

The statistics from executing programs show that at any given moment, a program spends most of its time
within a relatively small section of code. The KDJ11-A cache memory exploits this phenomenon by using
a small amount of high-speed memory to store the most recently accessed memory locations. Cached code
will execute much faster than noncached code because of the large difference between the access times of
the cache memory and the LSI-11 bus main memory.

The following illustrates how the KDJ11-A cache is constructed. It is a direct map (set size one; block size
one), 8 Kbyte cache. Each physical address is logically subdivided into a 9-bit label, 12-bit index, and 1-bit
byte select field as shown in Figure 1-23.

21 13 12 01 00

BYTE SELECT —I

MR-11057

LABEL INDEX

Figure 1-23 Cache Physical Address

The index field is used to select the cache entry. The index is 12 bits long, selecting one of 4096 separate
cache entries. Each cache entry contains a 9-bit tag field (TAG), tag parity bit (P), tag valid bit (V), two
bytes of cache data (BO and B1) and two corresponding byte parity bits (PO and P1). (See Figure 1-24.)

08 , 00

P \Y TAG

15 08 07 00

P1 B1 PO BO

MR-11058

Figure 1-24 Cache Data Format
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Data is stored in the cache when the tag field of the cache entry specified by the index field equals the
label field, the valid bit is set, and no parity errors are seen. When a cache read hit occurs in physical
address <12:1> (i.e., the data is stored in the cache), B1 and BO are used as the source of the data. When a
cache read miss occurs (i.e., the data is not stored in the cache), main memory is accessed to obtain the
data.

Data is stored in the cache whenever the cache is allocated. To allocate the cache, the tag field of a cache
entry specified by the index field is set equal to the label field, the V-bit is set, Bl and BO are loaded with
the fresh data, and the parity bits are correctly calculated. This guarantees that the next access to this
address will report a cache hit. It should be noted that allocating the cache typically destroys a previously
allocated valid cache entry. The cache is allocated whenever a nonbypassed read miss or word write miss
occurs.

Write cycles are separated into word write and byte write operations. Main memory is always updated
during writes. A cache hit will cause the proper byte(s) to be written in both the cache and in main
memory. This is called writing through the cache. A cache miss during a word write will allocate the
cache; however, since two bytes are allocated together, a byte write only updates main memory. The cache
response matrix is summarized in Table 1-15.

The I/0 page (top 8 Kb) is never cached and therefore always reports misses. This is because the 1/O page
contains dynamic status registers which, when read, must always convey the latest information.

When the system is powered up, the cache is cleared and correct parity is written into each entry. This is

called flushing the cache. The cache is also flushed on a console start command. Reset has no effect on the
cache.

Table 1-15 Cache Response Matrix

DMA CPU
Operation Hit Miss Hit Miss
Read Read memory- Read memory- Read cached data Read memory-
no cache change no cache change allocate cache
Write word Invalidate cache— Update memory- Write through Write memory—
update memory no cache change cache to memory allocate cache
Write byte Invalidate cache- Update memory- Write through Write memory—

Read bypass

update memory

no cache change

cache to memory

Read memory-
invalidate cache

no cache change

Read memory-
no cache change

Read force - - Read memory- Read memory-

miss no cache change no cache change
Write force - - Write memory- Write memory—
miss no cache change no cache change
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A potential stale data problem can occur when a DMA device writes to a cached location. The overwritten
cache entry must be invalidated. To avoid this problem, the cache system monitors each DMA transaction
to determine when the DMA transaction invalidates the cache. This also includes block mode DMA which
is possible on the 22-bit LSI-11 bus.

For both diagnostic and availability reasons, it is important to be able to turn off the cache via software.
The cache is disabled by setting either of the force cache miss bits, 02 and 03, in the cache control register.
When disabled, all references are forced to miss the cache. That is, main memory is always accessed,
cache parity errors are ignored, and no cache allocation is performed. The cache is essentially removed
from the system. This is different than bypassing the cache. Bypass references access the main memory,
check cache parity, and invalidate the cache entry if previously allocated. Read references that bypass the
cache check for parity errors and will invalidate any address hits.

1.6.1 Parity

The KDJ11-A module has a main memory parity error detection mechanism. The BDAL<16> and <17>
data lines are sampled when BDIN L is negated. BDAL<16> is the parity error signal and the
BDAL<17> bit is the parity enable signal. A DAL parity error occurs when both are asserted.

The cache memory also has a parity error detection mechanism. The cache uses even parity for the even
data bytes stored in the cache memory and odd parity for the odd data bytes stored in the cache memory.
It also uses even parity for the tag field stored in the cache memory.

1.6.1.1 Parity Errors — A parity error indicates that a single bit error has occurred. Parity errors can
occur in either the main memory or the cache memory. A main memory parity error is always fatal since
the data stored in this memory is wrong and it cannot be restored. This type of parity error will always
cause an abort through virtual address 114 in kernel D space. Cache parity errors are not considered to be
fatal since the data in the cache memory can be updated with the correct data from the main memory.
When they occur, the KDJ11-A module will either abort, interrupt, or continue without an abort or
interrupt. The action is determined by the state of bits 07 and 00 in the cache control register as defined in
Table 1-16.

Table 1-16 Cache Parity Errors

CCR <07> CCR <00> Action

0 0 Update cache, interrupt through 114

0 1 Update cache only

1 X* Update cache, abort through 114 should only be used for diagnostics

* X = Either 1 or 0.
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1.6.1.2 Multiple Cache Parity Errors - If a cache parity error occurs while the error status from a
previous cache parity error is not cleared from the memory system error register, then no abort or
interrupt occurs. The main memory is accessed again to retrieve the correct data and the corrupted cache
entry data is updated with the correct data. This prevents a cache hardware failure from generating an
infinite series of interrupt or abort service loops.

1.6.2 Memory System Registers

The memory system registers ‘consist of the cache control register, the memory system error register, and
the hit/miss register. These registers are used by modules to control the memory system and report any
errors that occur.

1.6.2.1 Cache Control Register (Address: 17 777 746) — The cache control register (CCR) controls the
operation of the cache memory. The cache bypass, abort, and force miss functions can be controlled by
software via this register. The cache control register is shown in Figure 1-25 and is described in Table 1-17.
The register is cleared by either power-up or a console start. It is unaffected by the RESET instruction.

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
I

IODOUNNONN BN
WRITE WRONG / 3
TAG PARITY

UNCONDITIONAL
CACHE BYPASS

FLUSH CACHE

PARITY ERROR ABORT

WRITE WRONG DATA PARITY

UNINTERPRETED

FORCE CACHE MISS

DIAGNOSTIC MODE

DISABLE CACHE PARITY INTERRUPT

MR-11059

Figure 1-25 Cache Control Register (CCR)
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Table 1-17

Cache Control Register Description

Bit Name Status Function

15:11 Not used - -

10 Write wrong Read/write When set (1), this bit causes the cache tags to be written with wrong parity

tag parity on all update cycles. This will cause a cache tag parity error to occur on the
next access to that location.

09 Bypass cache Read/write When set (1), this bit forces all CPU memory references to go directly to
main memory. Read hits will result in invalidation of accessed locations in
the cache.

08 Flush cache* Write only When set (1), this bit causes the entire contents of the cache to be declared
invalid. Writing a 0 into this bit will have no effect.

07 Enable parity Read/write This bit is used with bit 0 to define the action taken as a result of a parity

error abort error. This bit is reserved for diagnostic purposes only.

06 Write wrong Read/write When set (1), this bit causes high and low parity bytes to be written with

data parity wrong parity on all update cycles. This will cause a cache parity error to
occur on the next access to that location.

05:04 Uninterpreted Read/write These bits can be set or cleared under program control, but are not inter-
preted by the KDJ11-A.

03:02 Force miss Read/write When either is set, they force all CPU memory references to go directly to
main memory. The cache tag and data stores are not changed. The parity is
not checked. When set (1) these bits remove the cache memory from the
system.

01 Diagnostic mode Read/write When set (1), all non-bypass and non-forced miss word writes will allocate
the cache, irrespective of nonexistent memory (NXM) errors. In addition,
NXM writes will not trap.

00 Disable cache Read/write Bits <07:00> specify the action to take following a cache parity error. If

parity interrupt

both bits are cleared (0) and a parity error occurs, an interrupt through
vector 114 is generated. If bit 07 is cleared and bit 00 is set, a cache parity
error neither aborts the reference nor generates an interrupt. In any case, all
cache parity errors force a memory reference and update the cache with the
fresh data.

* Tt takes approximately 1 millisecond to flush the cache. During this time DMA and interrupt requests are not serviced and no
data processing occurs.
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1.6.2.2 Hit/Miss Register (Address: 17 777 752) — The hit/miss register (HMR) records the status of
the most recent cache accesses. The HMR is a shift register that records a hit as a 1 and a miss as a 0 for
the most recent memory reads. A hit represents data located in the cache memory and a miss means the
data is located in the main memory. Bit 00 represents the most recent memory access and is shifted to the
left on successive memory access. The HMR is a read-only register and is shown in Figure 1-26.

1.6.2.3 Memory System Error Register (Address: 17 777 744) — The memory system error register
(MSER) is a read-only register that is cleared by any write reference. The register monitors parity error
aborts and records the type of parity error. The register is shown in Figure 1-27 and is described in Table
1-18. The memory system register is cleared by any write reference, during power-up, and by a console
start. It is unaffected by the RESET instruction.

15 14 13 12 1 10 09 08 07 06 05 00

MR-8899

Figure 1-26 Hit/Miss Register (HMR)

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

~T T T T T T T T T T
NOT USED NOT USED
1 ) ] ] ] ] ] ] ] L
PARITY PARITY T TAG
ERROR ERROR PARITY
ABORT HIGH ERROR
PARITY
ERROR
LOW
MR-11060
Figure 1-27 Memory System Error Register (MSER)
Table 1-18 Memory System Error Register
Bit Name Status Description
15 Parity error abort Read only This bit is set (1) when cache or memory parity error aborts on instruc-

tion. Parity aborts occur on all main memory parity errors and when bit
07 of the CCR s set. A cache parity error occurs on a non-prefetch bus

cycle.
14:08 Not used - -
07* Parity error high Read only This bit is set (1) when the parity error was caused by the high byte data.
06* Parity error low Read only This bit is set (1) when the parity error was caused by the low byte data.
05* Tag parity error Read only This bit is set (1) when the parity error was caused by the tag field.

04:00 Not used - -

* Bits <07:05> are individually set when a cache parity error occurs and CCR bit 07 is set. All three bits are set when the CCR
bit 07 is cleared and a cache parity error occurs irrespective of where the error occurred.
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1.7 SOFTWARE SYSTEMS

The KDJ11-A module can run the RT-11, RSX-11 V5.1, RSX-11 PLUS, RSTS/E, UNIX, and micro-
power PASCAL operating systems. These systems are described in the PDP-11 Software Handbook
(EB 18687-20/80).

Operating systems configuration notes that apply when the floating-point accelerator option (FPJ11-AA)
is present are included in Appendix C.
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION

This chapter discusses the considerations and requirements to configure and install a KDJ11-A module in
an LSI-11 system. The module can be installed in systems using the extended LSI-11 bus backplane as well
as existing systems that use one of the standard LSI-11 backplanes. The items that must be considered
before installing the module are as follows.

1.  Configuration of the user selectable features.
2. Selection of an LSI-11 compatible backplane and mounting box.
3. Selection of LSI-11 options compatible with the KDJ11-A.

4. Knowledge of system differences when replacing an LSI-11 processor with the KDJ11-A
module.

2.2 CONFIGURATION

The KDJ11-A has nine jumpers for the user selectable features. The locations of these jumpers are shown
in Figure 2-1 and their functions are described in Table 2-1. A jumper is installed by pushing an insulated
jumper wire (P/N 12-18783-00) onto the two wirewrap pins provided on the module.

Table 2-1 KDJ11-A Jumper Identification

Jumper Function

Wi Bootstrap address bit 15

w2 Bootstrap address bit 14

w3 Power-up option selection bit 02
w4 Bootstrap address bit 13

W5 HALT trap option bit 03

W6 Bootstrap address bit 12

w7 Power-up option selection bit 01
"% Wakeup disable

W9 BEVNT recognition
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2.2.1 Power-Up Options

There are four power-up options available for the user to select. These options are selected by jumpers W7
and W3. The bits are set (1) when the jumpers are removed. A power-up option is selected by configuring
W3 and W7, as described in Table 2-2. A description of each option is provided below.

Table 2-2 Power-Up Options

Option w3 w7 Power-Up Mode

0 Installed Installed PC at 24, PS = 26

1 Installed Removed Micro-ODT, PS =0

2 Removed Installed PC at 173000, PS = 340
3 Removed Removed Users bootstrap, PS at 340

2.2.1.1 Power-Up Option 0 — The processor reads physical memory locations 24 and 26 and loads the
data into the PC and PS, respectively. The processor either services pending interrupts or starts program
execution, beginning at the memory location pointed at by the PC.

2.2.1.2 Power-Up Option 1 - The processor unconditionally enters micro-ODT with the PS cleared.
Pending service conditions are ignored.

2.2.1.3 Power-Up Option 2 - The processor sets the PC to 173000 and the PS to 340. The processor
then starts program execution, beginning at the memory location pointed to by the PC. This option is used
for the standard bootstrap.

2.2.1.4 Power-Up Option 3 - The processor reads the four bootstrap address jumpers and loads the
result into PC<15:12>. PC<11:00> are set to zero, and the PS is set to 340. The processor then starts
program execution, beginning at the memory location pointed to by the PC.

2.2.2 HALT Option

The HALT option determines the action taken after a HALT instruction is executed in the kernel mode.
At the end of a HALT instruction, the processor checks the BPOK bit 00 before checking the HALT
option bit 03. If BPOK is set, the processor will recognize the HALT option, which is controlled by the W5
jumper. When the jumper is removed, bit 03 is set (1) and the processor will trap to location 4 in the
kernel data space and set bit 07 of the CPU error register. When the jumper is installed, bit 03 reads as a
zero and the processor enters the micro-ODT mode. If BPOK bit 00 is not set when the processor checks,
the option is not recognized and the processor loops until BPOK is asserted and the power-up sequence is
initiated.
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2.2.3 Boot Address

The boot address jumpers selects the starting address for the user’s bootstrap program when power-up
option 3 is selected. The state of the highest four bits, <15:12>, is determined by jumpers W1, W2, W4,
and W6, respectively. A bit will be set (1) when the respective jumper for that bit is installed and the bit
will be read as a zero when the jumper is removed. During the power-up sequence, the processor reads the
address determined by bits <15:12> and forces the remaining bits to read as zeros. Therefore, the user’s
bootstrap program can reside on any 2048 word boundary.

2.2.4 Wakeup Disable

The KDJ11-A module has an onboard wakeup circuit to properly sequence the BDCOK signal. When
jumper W38 is removed, the wakeup circuit is enabled and the module will properly sequence the BDCOK
signal. The wakeup circuit will be disabled when W8 is installed and external logic must be used to
properly sequence the BDCOK signal.

2.2.5 BEVNT Recognition

The LSI-11 bus signal BEVNT provides an external event interrupt request to the processor. This feature
is disabled when the W9 jumper is installed and disables the line time clock register. When the jumper is
removed, the BEVNT input is recognized and is under control of the line time clock register. Specifically,
the signal is recognized by the module when bit 06 of the line time clock register is set (1) and is disabled
when bit 06 is not set (0). The line time clock register address is 17 777 546 and is a read/write register.

2.2.,6 Factory Configuration

The factory or shipped configuration is described in Table 2-3. The user should review these features and
change them accordingly to match the requirements of the system using the module.

Table 2-3 Factory Configuration

Jumper Status Function

W1 Installed Bit 15 set (1)

w2 Installed Bit 14 set (1)

w3 Removed Selects power-up option 2

w4 Installed Bit 13 set (1)

W5 Installed HALT instruction halts in kernel mode
Wé Installed Bit 12 set (1)

W7 Installed Selects power-up option 2

W4 Removed Wakeup circuit is enabled

w9 Removed BEVNT register is enabled
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2.3 DIAGNOSTIC LEDS

The module has four LEDs that monitor the status of the module. The LEDs are designated as D1 through
D4 and are located on the edge of the module, as shown in Figure 2-1. The D1 LED is turned on only when
the module is operating in the micro-ODT mode. LEDs D2-D4 are used during the power-up sequence.
These LEDs are turned on at the beginning of the sequence and are turned off upon the successful pass of
the diagnostic. Each LED monitors a primary function of the module operation, as described in Table 2-4.
When troubleshooting the system, the LEDs indicate the most probable failure, as described in Table 2-5.

Table 2-4 LED Functions

LED On Test Conditions

Dl Micro-ODT is entered.

D2 Module could not do a write and read transaction to the CPU error register. Indicates the microcode is not
running.

D3 Module attempted to read location 0 and timed out or attempted to read location 17 777 700 and did not time
out. Indicates the memory system is not responding.

D4 Module attempted to read location 17 777 560 and timed out. Indicates SLU is not responding.

Table 2-5 Probable System Failure

LEDs

D1 D2 D3 D4 Probable Failure
X On On On CPU module

X Off On On LSI-11 bus

X On Off On CPU module

X Off Off On SLU module

X On On Off CPU module

X Off On Off Memory module
X On Off Off CPU module

X Off Off Off Console terminal
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Figure 2-1 KDJ11-A Jumper Locations
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24

MAINTENANCE REGISTER (ADDRESS 17 777 750)

The contents of the maintenance register is primarily determined by the user’s selection of jumpers W1
through W7. In addition to these, the register bit 00 monitors the status of the LSI-11 bus signal BPOK,
and bit 08 monitors the availability of a floating-point accelerator. The register is defined in Figure 2-2 and
its contents are described in Table 2-6. It is a read-only register.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T T '
0 0 0 0 0 0 1
— T R
FPJ11-AA HALT POWER
BOOT AVAILABLE OPTION oK
ADDRESS POWER UP (POK)
OPTION
MR-11044
Figure 2-2 Maintenance Register
Table 2-6 Maintenance Register Bit Description

Bit Name Status Function

15:12 Boot address Read only These bits read the user’s boot address selected by
jumpers W1, W2, W4, and W6. A 1 indicates the jump-
er is installed and a O indicates the jumper is removed.

11:09 Not used Read only Read as zeros

08 FPJ11-AA Read only A 1 indicates the presence of a floating-point accelerator

available and a 0 indicates that an accelerator is not installed.

07:04 Module ID Read only The 0001 code identifies to the microprocessor that this
is a KDJ11-A module.

03 HALT Read only This bit reads the status of the W5 jumper. A 1 indicates
the jumper is removed and a O indicates the jumper is
installed.

02:01 Power-up Read only These bits read the user’s power-up mode selected by
jumpers W3 and W7. A 1 indicates the jumper is
removed and a 0 indicates the jumper is installed.

01 POK Read only Reads as a 1 when BPOK H is asserted and the power

supply is okay.
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2.5 POWER-UP SEQUENCE
The power-up sequence for the module is shown in Figure 2-3.

L POWjR-UP ) A

TURN OFF D1

TURN ON D2, D3, D4 EXPLICITLY SET EXPLICITLY READ
I CCR<8> TO FLUSH MEMORY LOCATION
THE CACHE AND CLEAR 177700
ASSERT BINIT L CCR<15:9, 7:0>
WAIT 10 uS EXPLICITLY CLEAR
MSER

L 1

NEGATE BINIT L

NXM ABORT
YES

CLEAR PS
| I TURN OFF D3
CLEAR MMRO SET CPU ERROR REG
I TO 177766
EXPLICITLY READ
CLEAR MMR3 ! MEMORY LOCATION
T EXPLICITLY READ CPU 177560
ERROR REGISTER
WAIT 90 uS I
| CLEAR CPU ERROR REG NXM ABORT
EXPLICITLY CLEAR
PIRQ
NO

READ

!

NO

EQUAL
CLEAR FPS WRITTEN TURN OFF D4
READ JUMPERS TURN OFF D2
l POWER UP PC@24
OPTION O PS@26
CLEAR CPU ERROR REG BEGIN
EXPLICITLY READ EXECUTING
MEMORY LOCATION 0 CODE
BPOK H POWER UP MICRO-0DT
ASSERTED OPTION 1 PS=0
NXM ABORT
POWER UP PC = 173000
OPTION 2 PS = 340
BEGIN
EXECUTING
CODE

PC<15:12>= USER BOOT
PC<11:0>=0
PS =340

BEGIN EXECUTING CODE

MR-11062

Figure 2-3 KDIJ11-A Power-Up Sequence
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2.6 POWER-DOWN SEQUENCE
The power-down sequence for the module is shown in Figure 2-4.

2.7 EXIT MICRO-ODT SEQUENCE
The micro-ODT mode is exited by the G command and the module sequence is shown in Figure 2-5.

( POWER DOWN )

CLEAR POWER FAIL
FLIP-FLOP

i

TRAP THROUGH
VECTOR 24

CONTINUE EXEICUTING CODE
le

HALT
INSTRUCTION

EXECUTE
INSTRUCTION

READ JUMPER OPTIONS

KERNEL NO

wvivvce

SET CPU ERROR

REG<7>; TRAP

VECTOR 4

BPOK H
ASSERTED

INITIATE POWER UP
SEQUENCE

HALT
OPTION JUMPER
REMOVED

YES

ENTER MICRO-ODT

SET CPU ERROR
REG<7>; TRAP
VECTOR 4

MR-11063

Figure 2-4 KDJ11-A Power-Down Sequence
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C MICRO-ODT ‘G’ )

:

TURN OFF D1 CLEAR FPS
ASSERT BINIT L
READ JUMPERS

:

WAIT 10 uS

;

NEGATE BINIT L

:

CLEAR MMRO

i

CLEAR MMR3

:

WAIT 90uS

:

CLEAR CPU ERROR REG

BPOK H
ASSERTED

j/YES

EXPLICITLY SET
CCR<8> TO FLUSH
THE CACHE

:

!

EXPLICITLY CLEAR
PIRQ

EXPLICITLY CLEAR
MSER

I CLEARPS

BEGIN EXECUTING CODE

MR-11064

Figure 2-5 Micro-ODT Exit Sequence



2.8 MODULE CONTACT FINGER IDENTIFICATION

The LSI-11 type modules, including the KDJ11-A, all use the same contact (pin) identification system.
Figure 2-6 identifies the contacts used on a dual-height module. The LSI-11 bus signals are carried on rows
A and B, each with 18 contacts on the component side and the solder side. The KDJ11-A signals are
identified along with the LSI-11 bus signals in Table 2-7. The pins are identified as follows.

AE2 Module Side Identifier Side (solder side)
Pin Identifier (Pin E)
Row Identifier (Row A)
The positioning notch between the two rows of pins mates with a protrusion on the connector block for the

correct module positioning. A complete description of the backplane and bus operation is provided in
Chapter 5.
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MR-7177

Figure 2-6 KDJ11-A Module Contacts
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Table 2-7 KDJ11-A Module Signals

Component Side Solder Side

Pin LSI-11 Bus KDJ11-A Pin LSI-11 Bus KDJ11-A
AAl BIRQ 5L BIRQ 5L AA2 +5 +5

ABI BIRQ 6 L BIRQ 6 L AB2 -12 Not used
ACl BDAL 16 L BDAL 16 L AC2 GND GND

ADI BDAL 17 L BDAL 17 L AD2 +12 Not used
AE1 SSPARE 1 Not used AE2 BDOUT L BDOUT L
AF1 SSPARE 2 SRUN L* AF2 BRPLY L BRPLY L
AH1 SSPARE 3 Not used AH2 BDIN L BDIN L
AJl GND GND AJ2 BSYNC L BSYNC L
AK1 MSPARE A Not used AK2 BWTBT L BWTBT L
ALl MSPARE A Not used AL2 BIRQ 4 L BIRQ 4 L
AMI GND GND AM?2 BIAKI L Not used
ANI1 BDMR L BDMR L AN2 BIALO L BIAK L
AP1 BHALT L BHALT L AP2 BBS 7L BBS 7L
AR1 BREF L Not used AR2 BDMGI L Not used
AS1 +12 B Not used AS2 BDMGO L BDMG L
ATl GND GND AT2 BINIT L BINIT L
AUl PSPARE 1 Not used AU2 BDAL O L BDAL O L
AVl +5B Not used AV2 BDAL 1L BDAL 1L
BA1l BDCOK H BDCOK H BA2 +5 +5

BB1 BPOK H BPOK H BB2 -12 Not used
BC1 BDAL 18 L BDAL 18 L BC2 GND GND

BD1 BDAL 19 L BDAL 19 L BD2 +12 Not used
BE1 BDAL 20 L BDAL 20 L BE2 BDAL 2 L BDAL 2 L
BF1 BDAL 21 L BDAL 21 L BF2 BDAL 3 L BDAL 3 L
BHI SSPARE 4 Not used BH2 BDAL 4 L BDAL 4 L
BJ1 GND GND BJ2 BDAL 5 L BDAL 5 L
BK1 MSPARE B Not used BK2 BDAL 6 L BDAL 6 L
BL1 MSPARE B Not used BL2 BDAL 7 L BDAL 7L
BM1 GND GND BM2 BDAL 8 L BDAL 8 L
BN1 BSACK L BSACK L BN2 BDAL 9 L BDAL 9 L
BP1 BIRQ 7L BIRQ 7L BP2 BDAL 10 L BDAL 10 L
BR1 BEVNT L BEVNT L BR2 BDAL 11 L BDAL 11 L
BS1 PSPARE 4 Not used BS2 BDAL 12 L BDAL 12 L
BT1 GND GND BT2 BDAL 13 L BDAL 13 L
BU1 PSPARE 2 Not used BU2 BDAL 14 L BDAL 14 L
BV1 +5 +5 BV2 BDAL 15 L BDAL 15 L

* The SRUN L signal is primarily used to drive a panel run light indicator. It is used for BA11-N and later systems. It indicates

the processor is executing instructions.

2.9 HARDWARE OPTIONS
The KDJ11-A module can be configured into an operating system using a variety of backplanes, power
supplies, enclosures, and LSI-11 type modules.

2.9.1 LSI-11 Options
The LSI-11 options that are compatible with the KDJ11-A module are listed in Table 2-8. These options

meet the following requirements and may be used in any KDJ11-A system configuration.

The backplanes, memory, and 1/O devices must support 22-bit addressing.

These devices must use backplane pins BC1, BD1, BE1, BF1 and DC1, DD1, DE1, DF1, for the

BDAL bits <18:21> only.



Table 2-8 LSI-11 Compatible Options

Name Option Identification

Backplanes

H9275 4X9 LSI-11/LSI-11 backplane

H9276 4x%x9 LSI-11/CD backplane

Micro/PDP-11 4 %8 LSI-11/CD and 4 X 5 LSI-11/LSI-11 backplane

Memory

MCV11-D* M8631 CMOS nonvolatile memory

MSV11-D M8059 MOS memory

MSV11-P M8067 MOS memory

MXVI11-B M7915 Multifunction module

MRVI11-D M8578 PROM/ROM module

Options

AAV11-C A6008 D/A converter

ADV11-C A8000 A/D converter

AXV11-C A0028 D/A and A/D combination converter

DLVI11 M7940 Asynchronous serial line interface

DLVII-E M8017 Asynchronous serial line interface

DLV11-F M8028 Asynchronous serial line interface

DLV11-J M8043 Four asynchronous serial line interfaces (CS Rev. E or later, ECO
M8043-MRO002 installed)

DMV11-AC M8053-MA Synchronous communications interface

DMV11-AF M8064-MA Synchronous communications interface

DPV11 M8020 Programmable synchronous EIA line

DRVI11 M7941 Parallel interface

DRV11-J M8049 Parallel interface

DUV11 M7951 Programmable synchronous EIA Line

DZV11 M7957 4-line asynchronous EJA multiple

IBV11-A M7954 IEEE instrument bus interface

KPVI11-A M8016 Power-fail and LTC generator (KPV11-B and -C are not compatible)

KWV11-C A4002 Programmable real-time clock

LAV11 M7949 LA180 line printer interface

LPV11 M8027 LA180/LPO05 printer interface

RLVI2 M8061 RLO1/2 controller

RQDX1 M8639 MSCP controller for RX50 floppy disk and RD51 Winchester

RXVI11 M7946 RXO01 interface

TSVO05 M7196 Magnetic tape interface

Bus Cable Cards

M9404 Cable connector

M9404-YA Cable connector with 240 Q terminators

M9405 Cable connector

M9405-YA Connector with 120 Q terminators

Boot ROMs

MXV11-B2 Boot ROMs

*  Not supported if FPJ11-AA option is used.
+t Must be Rev. C or later to support FPJ11-AA. Refer to Appendix C.



2.9.2 Restricted LSI-11 Options

The LSI-11 options that are not compatible or restricted for use with the KDJ11-A module are listed in
Table 2-9. Backplanes, memories, or I/O devices that are not capable of 22-bit addressing may generate or
decode erroneous addresses if they are used in systems that implement 22-bit addressing. Memory and
memory-addressing devices which implement only 16- or 18-bit addressing may be used in a 22-bit
backplane, but the size of the system memory must be restricted to the address range of these devices (32
KW for systems with a 16-bit device, and 128 KW for systems with an 18-bit device).

Any device that uses backplarnie pins BC1, BD1, BE1, BF1 or DC1, DDI1, DE1, DF1 for purposes other
than BDAL <18:21> is electrically incompatible with the 22-bit bus and may not be used without
modification to the hardware.

NOTE
Eighteen-bit DMA devices can potentially work in
Q22 systems by buffering 1/0 in the 18-bit address
space.

Table 2-9 Restricted or Noncompatible LSI-11 Options

Name Option Identification
Backplanes
DDV11-B 6 X9 Backplane

(18-bit addressing only)
H9270 4 X4 Backplane

(18-bit addressing only)
H9273-A 4X9 Backplane

(18-bit addressing only)
H9281-A, -B, -C 2Xn Dual-height backplane n = 4, 8, and 12

(18-bit addressing only)
VT103 B.P. 4X4 Backplane (54-14008)

(18-bit addressing only)
Memories
MMVI11-A G653 Core memory

(16-bit addressing only, Q-Bus required on C/D backplane

connectors)
MRVI11-AA M7942 ROM

(16-bit addressing only)
MRVI11-BA M8021 UV PROM-RAM

(16-bit addressing only)
MRV11-C Mg048 PROM/ROM

(18-bit addressing only)
MSV11-B M7944 MOS

(16-bit addressing only)
MSV11-C M7955 MOS

(18-addressing only)




Table 2-9 Restricted or Noncompatible LSI-11 Options (Cont)

Name Option Identification
MSV11-D/E M8044/M8045 MOS
(18-bit addressing only)
MXV11-A M8047 Multifunction module
(18-bit addressing only on memory, the memory can be
disabled)
Options
AAVI11 A6001 D/A converter
(Use of BC1 for purposes other than BDAL 18)
ADVI1 AO12 A/D converter
(Use of BC1 for purposes other than BDAL 18)
BDV11 M8012 Bootstrap/terminator
(CS Revision D or later for use with KDF11-A, or KDF11-B,
EDD M8012-ML0002. CS Revision E or later for use in 22-
bit systems, ECO M8012-ML005)
DLV11-]) M8043 Serial line interface
(CS Revision E or later for use with KDF11-A, or KDF11-B,
ECO M8043-M8002)
DRVI11-B M7950 DMA interface
(18-bit DMA only)
KPV11-B, -C M8016-YB, -YC Power-fail /line-time clock terminator
(Termination for 18 bits only)
KUVI11 M8018 WCS
(For use with KD11-B and KD11-BA processors only)
KWVI1I1-A M7952 Programmable real-time clock
(Use of BCI for purposes other than BDAL 18)
REV11 M9400 Terminator, DMA refresh, bootstrap
(Bootstrap for use with KD11-F and KD11-HA processors
only. Termination for 18 bits only. DMA refresh may be
used in any system.)
RKV11-D M7269 RKO5 controller interface
(16-bit DMA only)
RLVI11 M8013 + M8014 RLO1, 2 controller
(18-bit DMA only, use of BC1 and BL1 for purposes other
than BDAL 18 AND BDAL 19, requires CD-interconnect
on backplane C/D connectors)
RXV21 M8029 RXO02 interface
(18-bit DMA only)
TEV11 M9400-YB Terminator
(Termination for 18 bits only)
VSVil1 M7064 Graphics display

(18-bit DMA only)




Table 2-9 Restricted or Noncompatible LSI-11 Options (Cont)

Name Option Identification

Bus Cable Cards

M9400-YD Cable connector
(18-bit bus only)

M9400-YE Cable connector with 240 Q terminators
(18-bit bus only)

M9401 Cable connector
(18-bit bus only)

Boot ROMs

MXVI11-A2 Boot ROMs

2.9.3 Enclosures
The KDJ11-A module may be installed in a variety of enclosures, including, but not limited to, the
following.

BA11-S Mounting Box — Contains the H9276 backplane and the H7861 power supply. It supports 22-bit
addressing for up to nine quad- or dual-height modules. The H7861 power supply provides 36 A at +5 V
and 5 A at +12 V.

BA11-N Mountin
addressing for up
and 11 A at +12

Rox — Contains the H9273

g Contains the H backplane and the H786 power supply. It supports 18-bit
to nine quad- or dual-height modules. The H786 power supply provides 22 A at +5 V
\

BA11-M Mounting Box - Contains H9270 backplane and the H780 power supply. It supports 18-bit
addressing for four slots, each of which may contain one quad- or two dual-height modules. The H780
power supply provides 18 A at +5 V and 3.5 A at +12 V.

Refer to the PDP-11/23B Mounting Box Technical Manual for a complete description of the BA11-S

mounting box and the Microcomputer Interfaces Handbook for a complete description of the BA11-N
and BA11-M mounting boxes.
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2.10 SYSTEM DIFFERENCES
The KDJ11-A module does not have a bootstrap loader, serial line interface, I/O bus map, real-time clock,
or memory. A complete listing of the differences between the module and other LSI-11 type processor
modules are listed in Appendix B.

Several key system differences between the KDF11-A and KDJ11-A modules are highlighted below.

1.

The KDJ11-A contains an on-board line time clock register (LTC). No LSI-11 bus cycle is
started when the LTC register is accessed at its bus address of 17 777 546. The access is
completely contained on board the KDJ11-A and does not use the LSI-11 bus. Therefore, an
LSI-11 bus option register addressable at 17 777 546 can never be accessed.

An example of a problem this causes with options can be found in the BDV11 option (M8012).
The BDV11 contains an LTC register which disables recognition of the LSI-11 bus signal
BEVNT by continually asserting BEVNT. Since only the negative edge of BEVNT triggers the
interrupt through location 100, recognition of BEVNT is disabled by this action. The LTC
register on the BDV11 powers-up with BEVNT disable and will only release its grip when a
programmer writes to the register. When the BDV11 is used with a KDJ11-A, the BDV11’s
copy of the LTC can never be written and, therefore, unless the BDV11 is configured with
switch BS in the off position, all BEVNT interrupts are forever blocked. Switch B5 disconnects
the BEVNT signal from the BDV11.

In general, no option should contain a register at address 17 777 546.

Bit 11 in the processor status (PS) word selects the alternate register set in the KDJ11-A. This
bit is not implemented in the KDF11-A.

Odd word addresses cause addressing error traps (through location 4) in the KDJ11-A. The
KDF11-A does not generate any error condition when word references are addressed with odd
addresses. Any existing code which generates odd word addresses will not work on the
KDJ11-A. The existing BDV11 has code that generates odd word addresses.

The BDV11 generates the error in the ROM diagnostics. The BDV11 can bypass the error code
if the diagnostics are eliminated (switches A1 and A2 off).

BDAL <21:13> are driven as “110000111” during I/O references (BBS7 asserted). The
KDF11-A drives these bits differently: “000000111” when memory management is turned off,
“000011111” when 18-bit memory management is selected, and “111111111” when 22-bit
memory management is selected.
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2.11 KDJ11-A SYSTEM

A KDJ11-A module can be installed to upgrade an existing Digital system or a custom-built system using
LSI-11 components. The existing system must be either a KDF11-A or KDF11-B processor. There are
three considerations that must be addressed to upgrade a system.

1.  The boot mechanism
2. 18- or 22-bit addressing system
3.  Single or multiple box system

If the system processor is not a KDF11-A or KDJ11-A, such as the 11/03 and 11/03L, it should not be
considered for upgrade.

In the following upgrade descriptions, the systems have been labeled as being field serviceable or not. A
system which is field serviceable has a bootstrap which meets Field Service requirements. However, there
is no guarantee that the overall system will be field serviceable.

NOTE
It is recommended that the ac and dc loading for the
final configuration be checked for conformance with
the Q-bus loading rules. It is also recommended to
check for overloading on the +5 V and +12 V power
supplies.

For each system upgrade, Table 2-10 lists the parameters for both the old system and the upgraded
system.

2.12 MODULE INSTALLATION PROCEDURE
Certain guidelines should be followed when installing or replacing a KDJ11-A module.

1. Verify dc power before inserting the module in a backplane.
2.  Ensure that no dc power is applied to the backplane when removing or inserting the module.
3. Verify the configuration of option jumpers.

4. Insert the KDJ11-A module into the first slot or position in the backplane with the component
side facing up.

5.  Ensure that either the module or the selected system components provide the power-up
protocol.

6.  Use a single switch to apply all power to the system.
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Table 2-10 Upgrade Choices

KDJ11-A/MXV11-B KDJ11-A
or MRV11-D w/B2 KDJ11-A/MXV11-A BDV11 (1)
ROM Field Not Field Not Field
Current System Serviceable Serviceable Serviceable
18-Bit Systems
Component upgrades
KDF11-A/MXVI11-A
1 box X X
Multibox X X
KDF11-A/BDV11
1 box X X(8) X
Multibox X(2) X(2) X(6)
PDP-11/23S system upgrades
KDF11-BA (boot on CPU)
1 slot required
1 box X X X
Multibox (3) X(2) X(2) X(6)

PDP-11/23A system upgrades
KDF11-A
Same as component upgrades

22-Bit Systems
Component upgrades
KDF11-A/MXV11-A (4)
1 box X X
Multibox (10)

PDP-11/23 PLUS or MICRO/PDP-11 (7, 9)
KDF11-B/BE (boot on CPU)
1 slot required
1 box X X(4) X(5)
Multibox (3, 10)

NOTES:
1. Disable the Processor and Memory test and also the BEVNT register on the BDV11.
2. Use BCVIA and BDVIB expansion cables.

3. It is not currently possible to expand out of the PDP-11/23-S or MICRO/PDP-11 box while maintaining FCC
compliance.

4. Memory must be disabled.
5. Must have BDV11 ECO M8012-MLO0O0S installed.

6. Use BCV2B cable set between the first and second box and BCV1A or BCV2B between second and third box. In a
3-box system, expansion cable set lengths must differ by 4 feet.

7. Neither the BDV11 nor the MXV11-A boot code support the RD51 (10 megabyte Winchester) or the RX50 5-1/4
inch diskettes.

8. Check ac loading, since termination was removed when the BDV11 was removed from the system.

9. The PDP-11/23 PLUS and MICRO/PDP-11 system upgrades will require an extra backplane slot to accommodate
the additional boot module.

10.  Not currently configurable with Digital equipment.
For further information regarding upgrade parts, contact your local Field Service Representative.
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2.13 SPECIFICATIONS
Identification

Size

Dimensions

Power Consumption

AC Bus Loads
DC Bus Loads
Environmental

Storage

Operating

Instruction Timing

DMA Latency

Interrupt Latency

M8192-YB, -YC
Dual

13.2 cm X 22.8 cm (5.2 in X 8.9 in)

+5V +5% at 4.5 A (maximum) with FPJ11-AA
+5V +5% at 4.0 A (maximum) without FPJ11-AA

3.4 unit loads

1 unit load

—40°C to 65°C (—40°F to 150°F) 10% to 90% relative humidity,
noncondensing

For ambient temperatures above 55°C, sufficient air flow must be
provided to limit the module temperature to less than 65°C. For
inlet temperatures below 55°C, air flow must be provided to limit
temperature rise across the module to 10°C.

nperature by 1°C (1.8°F)
m

Derate maximum ter ature by
(8000 ft).

(1000 ft) above 2440
See Appendix A.

DMA latency is defined as the time between receiving a DMA
request (MDMRL) and granting the request (BDMGO L). The
worst case DMA latency is 2.2 useconds.

10 useconds without floating-point instructions
20 useconds with floating-point instructions (no FPJ11-AA)
13 useconds with floating-point instructions (FPJ11-AA present)



CHAPTER 3
CONSOLE ON-LINE DEBUGGING TECHNIQUE (ODT)

3.1 INTRODUCTION

A portion of the microcode in the KDJ11-A module emulates the capability normally found on a
programmer’s console. Since the KDJ11-A does not have a programmer’s console (one with lights and
switches) or a console switch register at bus address 17777570, the terminal at the standard bus address of
17777560 is used to perform console functions. Communication between the processor and the user is via
a stream of ASCII characters interpreted by the processor as console commands. The console terminal
addresses 17777560 through 17777566 are generated in microcode and cannot be changed.

This feature is called the microcode on-line debugging technique, or micro-ODT. The KDJ11-A micro-
ODT accepts 22-bit addresses, allowing it to access 4088 Kbytes of memory, plus the 8 Kbyte 1/O page.
Micro-ODT provides a more sophisticated range of debugging techniques, including access of memory
locations by virtual address.

The differences in use of console ODT in the KDJ11-A as compared with that in the KD11-F (LSI-11) and
the KD11-HA (LSI-11/2) are listed in Appendix E.

3.2 TERMINAL INTERFACE

The KDJ11-A does not provide a serial line interface on the module. Therefore, the console must interface
with an LSI-11 serial line interface module connected into the backplane. This allows the console to
communicate with the KDJ11-A via the LSI-11 bus.

3.3 CONSOLE ODT ENTRY CONDITIONS
The ODT console mode can be entered by the following ways.

1.  Execution of a HALT instruction in kernel mode, provided the HALT TRAP jumper (W5) is
installed.

2. Assertion of the BHALT signal on the bus. Note that the 51gnal must be asserted lorg enough
that it is seen at the end of a macroinstruction by the service state in the processor. '
level-triggered, not edge-triggered. Typically, BHALT remains asserted until th 380
enters ODT.
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3. If power-up mode option 1 has been selected, ODT is entered upbn processor power-up.

NOTE

Unlike the KD11-F and KD11-HA, the KDJ11-A
does not enter console ODT upon occurrence of a
double bus error (for example, when R6 points to
nonexistent memory during a bus timeout trap). The
KDJ11-A creates a new stack at location 4 and
traps through 4. If a bus timeout occurs while get-
ting an interrupt vector, the KDJ11-A ignores it and
continues execution of the program, whereas in such
a case the KD11-F and KD11-HA enter console
ODT. Refer to Appendix E for a listing of the dif-
ferent ways certain processors interpret the same
console ODT commands.

ODT causes the following processor initialization upon entry.

1. Performs a DATI from RBUF (input data buffer at 17777562g) and then ignores the character
present in the buffer. This operation prevents the ODT from interpreting erroneous characters
or user program characters as a command.

2. Prints a carriage return <CR> and line feed <LF> on the console terminal.
3. Prints the contents of the PC (program counter R7) in six digits.

4.  Prints a <CR> and <LF>.

5. Prints the prompt character @.

6.  Enters a wait loop for the console terminal input. The DONE flag (bit 07) in the RCSR at
177775603 is constantly being tested via a DATI by the processor for a 1. If bit 07 is a 0, the
processor keeps testing.

3.4 ODT OPERATION OF THE CONSOLE SERIAL-LINE INTERFACE

The processor’s microcode operates the serial-line interface in half-duplex mode by using program I/O
techniques rather than interrupts. This means that when the ODT microcode is busy printing characters
using the output side of the interface, the microcode is not monitoring the input side for incoming
characters. Any characters coming in while the ODT microcode is printing characters are lost. Overrun
errors detected by the universal asynchronous receiver/transmitter (UART) will be ignored because the
microcode does not check any error bits in the serial-line interface registers.

Therefore, the user should not “type ahead” to ODT because those characters will not be recognized.
More importantly, if another processor is at the end of the serial line, it must obey half-duplex operation.
In other words, no input characters should be sent from the console terminal until the processor’s ODT
output has finished. This restriction does not pertain to echoed characters, however.



3.4.1 Console ODT Input Sequence
The input sequence for ODT follows. (Upon entry to ODT, the RBUF register at 17777562 is read, but

the character is ignored to prevent the character from being interpreted as a command by the console
ODT.)

1. Test RCSR bit 07 (DONE flag) of RCSR at 177775603 using a DATI bus cycle; if it is a 0,
continue testing.

2. If RCSR bit 07 is a 1, read the low byte of RBUF at 17777562g using a DATI bus cycle.

3.4.2 Console ODT Output Sequence
The output sequence of ODT is as follows.

1.  Test bit 07 (DONE flag) of the XCSR at 177775645 using a DATI bus cycle; if it is a 0,
continue testing.

2. If XCSR bit 07 is a 1, write to the XBUF at 177775663 using a DATO bus cycle. The desired
character is in the low byte. The data in the high byte is undefined and is ignored by the serial-
line interface.

If the interrupt enable (bit 06) in the XCSR is a 1, an interrupt will be created to the software when the
proceed (P) console ODT command is used. If a go (G) command is used, all interrupt enables in
peripherals are cleared and an interrupt will not occur.

3.5 CONSOLE ODT COMMAND SET

The ODT command set is listed in Table 3-1 and described in Paragraphs 3.5.1 through 3.5.9. The
commands are a subset of ODT-11 and use the same command characters. ODT has 10 internal states.
Each state recognizes certain characters as valid input and responds with a question mark (?) to all others.

Table 3-1 Console ODT Commands

Command Symbol Function

Slash / Prints the contents of a specified location.

Carriage return <CR> Closes an open location.

Line feed <LF> Closes an open location and then opens the next

contiguous location.

Internal register $orR Opens a specific processor register.
designator
Processor status S Opens the PS; must follow an $ or R command.

word designator

Go G Starts execution of a program.
Proceed P Resumes execution of a program.
Binary dump Control-shift-S Manufacturing use only.
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The parity bit (bit 07) on all input characters is ignored (i.e., not stripped) by console ODT and if the input
character is echoed, the state of the parity bit is copied to the output buffer (XBUF). Output characters
internally generated by ODT (e.g., <CR>) have the parity bit equal to 0. All commands are echoed except
for <LF>.

In order to describe the use of a command, other commands are mentioned before they have been defined.
For the novice user, these paragraphs should be scanned first for familiarization and then reread for detail.
The word location, as used in the following paragraphs, refers to a bus address, processor register, or
processor status word (PS).

The descriptions of the ODT commands include examples of the printouts that the processor will output to
the console terminal in response to the commands entered by the user. In the examples given, the processor
output is underlined.

3.5.1 / (ASCII 057) - Slash

This command is used to open a bus address, processor register, or processor status word and is normally
preceded by other characters that specify a location. In response to /, ODT will print the contents of the
location (six characters) and then a space (ASCII 40). After printing is complete, ODT will wait for either
new data for that location or a valid close command. The space character is issued so that the location’s
contents and possible new contents entered by the user are legible on the terminal.

Example: @00001000/012525 <SPACE>
where: @ = ODT prompt character.
00001000 = octal location in the Q-Bus address space desired by the user (leading
Os are not required).
/ = command to open and print contents of location.
012525 = contents of octal location 1000.
<SPACE> = space character generated by ODT.

The / command can be used without a location specifier to verify the data just entered into a previously
opened location. The / produces this result only if it is entered immediately after a prompt character. A /
issued immediately after the processor enters ODT mode will cause ? <CR>, <LF> to be printed because
a location has not yet been opened.

Example: @1000/012525 <SPACE> 1234 <CR> <CR> <LF>
@/001234 <SPACE>
where: first line = new data of 1234 entered into location 1000 and location closed
with <CR>.
second line = a / was entered without a location specifier and the previous

location was opened to reveal that the new contents was correct-
ly entered into memory.
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3.5.2 <CR> (ASCII 15) - Carriage Return

This command is used to close an open location. If a location’s contents are to be changed, the user should
precede the <CR> with the new data. If no change is desired, <CR> will close the location without
altering its contents.

Example: @R1/004321 <SPACE> <CR> <CR> <LF>

Processor register R1 was opened and no change was desired, so the user issued <CR=>. In response to the
<CR>, ODT printed <CR>,<LF>, and @.

Example: @R1/004321 <SPACE> 1234 <CR> <CR> <LF>
@

In this case, the user desired to change R1. The new data, 1234, was entered before the <CR>. ODT
deposited the new data into the open location and then printed <CR>,<LF>, and @. ODT echoes the
<CR> entered by the user before it prints <CR>, <LF>, and @.

3.5.3 <LF> (ASCII 12) - Line Feed
This command is used to close an open location and then open the next contiguous location. Bus addresses
and processor registers will be incremented by two and one, respectively. If the PS is open when an <LF>
is issued, it will be closed and <CR>, <LF>, @ will be printed; no new location will be opened. If the open
location’s contents are to be changed, the new data should precede the <LF>. If no data is entered, the
location is closed without being altered.

Example: @R2/123456 <SPACE> <LF> <CR> <LF>
@R3/054321 <SPACE>

In this case, the user entered <LF> with no data preceding it. In response, ODT closed R2 and then
opened R3. When a user has the last register, R7, open, and issues <LF>, ODT will “roll over” to the first
register, RO.

Example: @R7/000000 <SPACE> <LF> <CR> <LF>
@R0/123456 <SPACE>

Unlike other commands, ODT will not echo the <LF>. Instead, it will print <CR>, then <LF>, so that
teletype printers will operate properly. To make this easier to decode, ODT does not echo ASCII 0, 2, or
10, but responds to these three characters with 7 <CR>, <LF>, @.
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3.5.4 $ (ASCII 044), R (ASCII 122) or r (ASCII 162) - Internal Register Designator

The characters $, R or r, when followed by a register number (0 to 7) or PS designator (S), open the
processor register specified. The $ character is recognized to be compatible with ODT-11. The R character
was introduced for its being a one key stroke representation of its function.

Examples: @$0 /000123 <SPACE>

@R7/000123 <SPACE> <LF>
@R0/054321 <SPACE>

If more than one character (digit or S) follows the r, R or $§, ODT uses the last character as the register
designator.

3.5.5 S (ASCII 123) or s (ASCII 163) - Processor Status Word Designator
This designator is for opening the processor status word and must be used after the user has entered anr, R
or $ register designator. ’

Example: @RS/100377 <SPACE> 0 <CR> <CR> <LF>
@/000020 <SPACE>

Note that the trace bit (bit 04) of the processor status word cannot be modified by the user. This is to
prevent the PDP-11 program debugging utilities (e.g., ODT-11), which use the T-bit for single-stepping,
from being accidentally harmed by the user. If the user issues an <LF> while the processor status word is
open, the word is closed and ODT prints a <CR>, <LF>, @. No new location is opened in this case.

3.5.6 G (ASCII 107) or g (ASCII 147) - Go

This command is referred to as a console start and is used to start program execution at a location entered
immediately before the G or g. This function is equivalent to the LOAD ADDRESS and START switch
sequence on other PDP-11 consoles.

Example: @200 G <NULL> <NULL>

The ODT sequence for a G, after echoing the command character, is as follows.

1.  Print two nulls (ASCII 0) so the bus initialize that follows will not flush the G character from
the double buffered UART chip in the serial-line interface.

2. Load R7 (PC) with the entered data. If no data is entered, O is used. (In the above example, R7
will equal 200 and that is where program execution will begin.)

3.  The floating-point status (FPS) register and the PS will be cleared to 0.

4. The LSI-11 bus is initialized by the processor asserting BINIT L for 12.6 microseconds,
negating BINIT L, and then waiting for 110 microseconds.

5. The service state is entered by the processor. Anything to be serviced is processed. If the
BHALT L bus signal is asserted, the processor reenters the console ODT state. This feature is
used to initialize a system without starting a program (R7 is altered). If the user wants to
single-step a program, he/she issues a G and then successive P commands, all done with the
BHALT L bus signal asserted.
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3.5.7 P (ASCII 120) or p (ASCII 160) — Proceed
This command is used to resume execution of a program and corresponds to the CONTINUE switch on
other PDP-11 consoles. No machine state visible to the programmer is altered using this command.

Example: @P

Program execution resumes at the place pointed to by R7. After the P is echoed, the ODT state is left and
the processor immediately enters the state to fetch the next instruction. If a HALT request is asserted, it is
recognized at the end of the instruction (during the service state) and the processor will enter the ODT
state. Upon entry, the contents of the PC (R7) will be printed. In this fashion, a user can single-step
through a program and get a PC “trace” displayed on his/her terminal.

3.5.8 Control-Shift-S (ASCII 23) - Binary Dump

This command is used for manufacturing test purposes and is not a normal user command. It is intended to
display a portion of memory more efficiently than the / and <LF> commands do. The protocol is as
follows.

1.  After a prompt character, ODT receives a control-shift-S command but does not echo it.

2. The host system at the other end of the serial line must send two 8-bit bytes which ODT will
interpret as a starting address. These two bytes are not echoed. The first byte specifies starting
address <15:08> and the second byte specifies starting address <07:00>. Bus address bits
<21:16> are always forced to 0; the DUMP command is restricted to the first 32 K words of
address space.

3. After the second address byte has been received, ODT outputs 10g bytes to the serial line,
starting at the address previously specified. When the output is finished, ODT will print <CR>,
<LF>, @.

If a user accidentally enters this command, it is recommended that, in order to exit from the

command, two @ characters (ASCII 100) be entered as a starting address. After the binary
dump, the user will get the prompt character @.

3-7



3.6 KDJ11-A ADDRESS SPECIFICATION

The KDJ11-A micro-ODT accepts 22-bit addresses, allowing it to access 4088 Kbytes of memory, plus the
8 Kbyte I/O page. All I/O page addresses must be entered by users with a full 22 bits specified. For
example, if a user wishes to open the RCSR of the serial-line unit (SLU), he/she must enter 17777560, not
177560.

3.6.1 Processor I/0 Addresses

Certain processor and memory management unit registers have I/O addresses assigned to them for
programming purposes. If referenced in ODT, the PS responds to its bus address, 17777776.

The MMU status registers and PAR /PDR pairs can be accessed from ODT by entering their bus address.

Example: @17777572/000001 <SPACE>

In this case, memory management status register 0 is opened to show the memory management enable bit
set.

The FP11 accumulators cannot be accessed from ODT. Only FP11 instructions can access these registers.

3.6.2 Stack Pointer Selection

Accessing kernel and user stack pointer registers is accomplished in the following way. Whenever R6 is
referenced in ODT, it accesses the stack pointer specified by the PS current mode bits (PS<15:14>). This
is done for convenience. If a program operating in kernel mode (PS<15:14> = 00) is halted, and R6 is
opened, the kernel stack pointer is accessed.

Similarly, if a program is operating in user mode (PS<15:14> = 11), the R6 command accesses the user
stack pointer. If a different stack pointer is desired, PS<15:14> must be set by the user to the appropriate
value, and then the R6 command can be used. If an operating program has been halted, the original value
of PS<15:14> must be restored in order to continue execution.

Example: PS = 140000
@R6/123456 <SPACE>

The user mode stack pointer has been opened.

@RS/140000 <SPACE> 0 <CR> <CR> <LF>

@R6/54322 <SPACE> <CR> <CR> <LF>
@RS/000000 <SPACE> 140000 <CR> <CR> <LF>

@P

In this case, the kernel mode stack pointer was desired. The PS was opened and PS<15:14> was set to 00
(kernel mode). Then R6 was examined and closed. The original value of PS<15:14> was restored, and
then the program was continued using the P command.

3.6.3 Entering of Octal Digits

In general, when the user is specifying an address or data, ODT will use the last eight digits if more than
eight have been entered. The user need not enter leading Os for either address or data; ODT forces Os as
the default. If an odd address is entered, the low-order bit is ignored, and a full 16-bit word is displayed.



3.6.4 ODT Timeout
If the user specifies a nonexistent address, ODT will respond to the bus timeout by printing ?, <CR>,
<LF>, @.

3.7 INVALID CHARACTERS

In general, any character that ODT does not recognize during a particular sequence is echoed (with the
exception of ASCII codes 0, 2, 10, and 12 as noted earlier) and ODT will print ?, <CR>, <LF>, @. ODT
has 10 internal states, with each state having its own set of valid input characters. Some commands are
allowed only when in certain states or sequences; thus an attempt has been made to lower the probability
of a user’s unconsciously destroying data by pressing the wrong key. Table 3-2 defines the ODT states and
valid input characters.

Table 3-2 Console ODT States and Valid Input Characters

Example of
State Terminal Output Valid Input

1 @ 0-7
R, S
G
P
Control-shift-S

2 @R or @$ 0-7
S

3 @1000/123456 0-7
<CR>
<LF>

4 @R1/123456 0-7
<CR>
<LF>

5 @1000 0-7

/
G

6 @R1 or @RS 0-7
S
/

7 @1000/123456 1000 0-7
<CR>
<LF>

8 @R1/123456 1000 0-7
<CR>
<LF>

9* @ /

10 @ Control-shift-S 2 binary bytes

*Indicates previous location was opened.
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CHAPTER 4
FUNCTIONAL THEORY

4.1 INTRODUCTION

The KDJ11-A is a dual-height microprocessor module on a multilayer printed circuit board for use in an
LSI-11 type system. Figure 4-1 shows the interconnecting data paths between the major functional blocks
of the module which include the following.

the DCJ11 microprocessor

the cache data path and memory

the state sequencer

the input/output control circuits

the bus interface input/output transceivers

The module uses a DCJ11 microprocessor CMOS chip to execute the PDP-11 instruction set described in
Chapter 6, control the memory management, support the console micro-ODT and the other architectural
features described in Chapter 1. The DCJ11 initiates all the KDJ11-A data transfers and operations. The
KDJ11-A provides an interface between the DCJ11 and the LSI-11 bus via the A-bus and B-bus data
paths.

An on-board 8 Kbyte direct map cache memory is provided. The cache data path chip is a 68-pin gate
array that contains the control logic to support the cache memory. The cache memory is transparent to all
programs and is designed with high-speed RAM memory. The memory locations currently being accessed
from the system memory are automatically stored in the cache memory. The next time these locations are
accessed, the data is retrieved from the cache memory and eliminates the time-consuming LSI-11 bus
transaction. Full parity protection is provided for the cache memory and much of the parity calculations
are done by the cache data path chip. The KDJ11-A monitors DMA writes into the system memory to
ensure that the cache data does not become stale. Each DMA write address is checked to see if the address
is cached, and if it is, the cached data is invalidated.

There are four LEDs on the module that provide a visual indication and monitor the status of the module.
Three of the indicators are set during the power-up sequence to indicate when a hardware failure occurs.
The fourth indicator is set when the module is in the micro-ODT mode. There is also a 40-pin socket
provided on the module for the floating-point accelerator option.
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4.2 DCJ11 MICROPROCESSOR

The DCJ11 is a microprocessor contained on a 60-pin VLSI chip. The input/output pins are shown in
Figure 4-2 and the signals are described below.

MAIO<O0>H JAI0<O>H
MAIO<1>H AIO<1>H
MAIO<2>H AIO<2>H
PARITY L > MAIO<3>H AIO<3>H
MISS L EallShSS2d . I
. MALE L ALE L
BUFFER/
PE L ALE H
MINIT H FPAFPEL | MSCTL L oRIVERS  [EEH—e
RIRQ4 H MSTRB L m—
RIRQ5 H ’—D
RIRQS H | -
CLR PWR FAIL L RIRQG H MABORT L STRB H
— MPRDC L ABORT L
RIRQ7 H }---.
> SRUN L
= INIT L vean - —— _1_.__..
RPOK L PWR FAIL L [ DEITAC ENB
o MICRO PROCESSOR [OJENA

R HALT H
UPA H >

EVNT L
FPA STL H DV L

—_—
DMR L
RDMR H
MBS<0>H
CONTL ~ MBS<1>H
CONT L >
RRPLY H o M BUF CTL L
JCLK H
XTAL1
L ]
—
T XTALO

MR 12090

Figure 4-2 DCJ11-AC Microprocessor

4.2.1 Initialization (MINIT L)

The MINIT L input is asserted by the BDCOK bus signal, which must be asserted for a minimum of 1.5
microseconds. BDCOK H is asserted by the KDJ11-A during power-up when jumper W8 is removed. If
jumper W38 is inserted, BDCOK H must be asserted externally in order to start the KDJ11-A. The DCJ11
starts the power-up sequence (described in Chapter 2) after MINIT L is asserted. MINIT L also clears the
PWR FAIL circuit, initializes the state sequencer, asserts the LSI-11 bus initialization signal BINIT L,
and turns on the diagnostic LEDs.

4.2.2 OQutput Signals
The DCJ11 output signals control the various module functions and are described below.

4.2.2.1 Address Input/Output (AI0<03:00> H) — These four signals classify the current transaction as a

bus read, bus word write, bus byte write, GP read, GP write, interrupt acknowledge, or NOP as shown in
Table 4-1.
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Table 4-1 AIO Coding

AIO SIGNAL
» 3 2

—
<

Type of Transaction*

Non I/O (NOP)
General-purpose read

Interrupt acknowledge (read vector)
Instruction stream request read
Read-modify-write, no bus lock
Read-modify-write, bus lock
Data stream read

Instruction stream demand read
General-purpose word write
Bus byte write

- Bus word write

C OO —
CO—~O00O0O — — — —
O~ 000 —~—0O0 ~—~

' OO == -

* The NOP, IACK, bus a