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Preface:

PREFACE

THE PRODUCT

This manual describes the instruction set, the trap-handling system
and the memory management system of the central processing unit of the

ND-500 series computer systems and the ND-5000 series computer
systems.

The ND-5000 CPU has a completely new and unique physical
implementation, but is based on the ND-500 systems architecture. The
ND-5000 uses the same instructions as the ND-500 .

THE READER

The ND-500 CPU reference manual is intended for anybody wusing the
ND-500 assembler and for system programmers needing to know the exact
format of the generated code.

Programmers making advanced use of the memory management system for
segmenting, or writing their own trap-handling routines will find
detailed information in this manual.

PREREQUISITE KNOWLEDGE

No previous knowledge of the ND-500 or the ND-5000 is required, but
assembly programming experience is desirable. Understanding the memory
management system, making programs that handle communication between
the I/0 processor and the ND-500 or the ND-5000 and the inner kernel
of the operating system requires a more detailed description of both
ND-500 , or ND-5000 , and ND-100 hardware. This can be found in

ND-5000 Hardware Description - ND-05.020
ND-500/2 Hardware Description - ND-05.015
ND-100 Functional description - ND-06.026

Use of the ND-500 assembler and how to link and load an ND-500 program
is described in the manuals

ND-500 Assembler Reference manual - ND-60.113
ND-500 Loader Monitor - ND-60.136
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THE MANUAL vi

This manual is organized as a reference manual. It is intended for
looking up the exact syntax of machine instructions and hardware
details relevant to software. Each chapter is independent and can be
understood without reading previous chapters.

This manual is valid for both the ND-500 and the ND-5000 computer
systems. When the manual uses the name ND-5000 this is also valid fore
the ND-500 .

The chapters are organized as follows:

PART I General design

Chapter 1: A general introduction to the ND-5000 system
Chapter 2: The register block

Chapter 3: Stack and heap management

Chapter 4: Memory management system

Chapter 5: Cache memory system

Chapter 6: The trap system

Chapter 7: Data types handled by the CPU

Chapter 8: Operand specifiers and addressing

Chapter 9: Instruction formats

PART II Instruction set

Chapter 10: Data transfer and logical instructions
Chapter 11: Arithmetical instructions

Chapter 12: Mathematical functions

Chapter 13: Control instructions

Chapter 14: String instructions

Chapter 15: Miscellaneous instructions

Chapter 16: Special instructions

Chapter 17: Packed decimal instructions (Option)

Part II 1is organized in a logical way. You find related instructions
when leafing through the neighbouring pages to a specific lookup.

The appendices contain tables of address codes, instructions, cross
references, and notational conventions.

NEW INSTRUCTIONS

A number of new instructions are introduced with the ND-5000 . These
instructions also run on computer systems with the ND-500/1 and the
ND- 500/2 CPUs. The instructions are labelled: ('87 extension).

CPU - I/0 PROCESSOR

The term 'CPU' is used for the ND-500/ND-5000 processor throughout
this manual. Whenever the I/0 processor is mentioned, this means the
ND-100/ND-110 processor.
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EXAMPLES USED IN THIS MANUAL vii

Due to the 1large number of instruction formats and address modes
available, it is not possible to illustrate more than a small fraction
of the legal combinations. An attempt has been made to show the use of
each format and mode at least once.

Numeric quantities are presented in decimal, octal and/or hexadecimal
format. Octal numbers are followed by a 'B' and hexadecimal numbers by
an 'H'. Hexadecimal numbers must always start with a decimal number to
avoid confusion with identifiers (that is, FFH must be written as
OFFH). In this manual hexadecimal numbers are always preceded by a
zero.

Absence of a following letter indicates decimal number.

When reading examples containing word and halfword quantities
displayed as octal bytes, the values in the upper bytes have to be
shifted. Example:

Binary pattern: 00010000000010000100100101010010
Displayed as: Four octal bytes: 020B 010B 111B 122B
Two octal halfwords: 010010B O44522B
Octal word: 02002044522B

Hexadecimal numbers require no shifting; the hexadecimal digits can be
concatenated as they are, two digits per byte.

The term WORD always refers to 32-bit words. 16-bit data items (ND-100
words) are referred to as HALFWORDS. The term BYTE refers to 8-bit
bytes.

In the figures, address values increase downwards.
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ND-500 Reference Manual 5
INTRODUCTION

-1 INTRODUCTION

1.1 CPU Architecture and CPU Implementation

By introducing the ND-5000 systems, Norsk Data also introduces the ND-
5000 CPU. This is the third generation of jimplementations of the ND-
500 CPU architecture.

The CPU software architecture is still named ND-500, while the new
systems, with the ND-5000 CPU implementation, are named the ND-5000
series computer systems. The concepts software architecture and
implementation are outlined in table 1.

CPU- Name Systems
software instruction set ND-500 All
architecture register set

addressing modes
trap system

physical ND-500/1 ND-520/540/560
implementation

ND-500/2 ND-510/530/550/

560/570/580

ND-5000  ND-5X00

Table 1. CPU Architecture and CPU Implementation

The ND-5000 CPU runs the same instruction set, uses the same register

set and the same addressing modes as the ND-500/1 and the ND-500/2
CPUs.

1.2 System configuration

The ND-5000 central processing unit is part of the ND-5000 computer
system. This system is a combination of an I/0 processor, an ND-5000
CPU and a shared memory, see figure 1. Until now the I/0 processor has
been an ND-100, but when the DOMINO I/0 system is introduced, other
types of I/0 processors will be possible.

THE I/0 PROCESSOR:

- Supervises the CPU

- Runs the I/0 system, file system, operating system and job
scheduling

Norsk Data ND-05.009.03 EN



6 ND-500 Reference Manual
INTRODUCTION

- Runs local I/0-processor jobs

THE ND-500 type CPU:
- 32-bit logical address
- Addressing system implemented twice by the memory management system
to allow user programs of 4 gigabytes of instructions and b

gigabytes of data

- CPU shared by many user programs through efficient use of the
memory management system

- Operations on data units ranging from 1 to 64 bits

- Byte-oriented instructions designed for efficient execution of
high-level language programs

- Cache memory employing a forward fetch mechanism for main memory
access

- Main memory access up to 16 bytes wide, eliminating the memory
bandwidth bottleneck

- Two independent but identical cache systems, one for instructions
and one for data

- The majority of machine level instructions requiring only one basic
cycle

- Asynchronous floating point arithmetic for increased instruction
execution speed

- Instruction and data pipelining techniques employed to optimize
execution speeds

- Specialized high-speed hardware for 32/64-bit floating point
multiplication and division

- Optional BCD hardware for operations on packed binary-coded decimal
numbers.

MEMORY :

- Multi Function Bus main memory with direct access for the ND-5000
CPU, the I/0 processor CPU and DMA transfer devices

- Physical main memory up to 32 Mbytes
- Virtual memory management system
- Memory fully or partially shared between the I/0 processor and

ND-500 type CPU.
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ND-5000 CPU

Shared memory |[I/0
proces-
sor
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Figure 1. The ND-5000 computer system
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1.3 Communication between the I/0 Processor and the CPUs

All or part of the memory can be shared between the CPU, the I/0
processor and associated I/0 devices. This allows for easy access and
control by all components of the system.

The communication between the I/0 processor and the CPU is set up as a
mailbox and DMA transfer system. The mailbox contains 3 registers:

- Control register: For the I/0 processor to give the CPU a
command

- Status register: For the CPU to give the I/0 processor status

- Address register: A pointer to where in the I1/0-processor
memory a chain of message buffers will be found. Message
buffers may contain commands or data from the I/0 processor
to the CPU or may be used by the CPU for storing extended
status information

Some examples of commands to the CPU are context switch, reset, wait
or data transfer.

The status information returned to the I/0 processor reports that a
job is finished, the reason for the CPU termination and the type of
possible CPU malfunctions.

The CPU microprogram initiates and controls the DMA access channel to
the I/0-processor memory. The communication channel is also used
extensively for diagnostic and test program information. The I/O-
processor is used as a diagnostic vehicle for the CPU.
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1.4 Domains, segments and processes

The memory in an ND-500 type system is logically structured into
DOMAINS. A domain has one 32-bit address area (4 gigabytes) for
executable code (the program domain) and another one for data (the
data domain).

Each domain is divided into SEGMENTS, with up to 32 per domain. A
segment can be up to 128 Mbytes, which is equivalent to 27 address
bits. The smallest unit for access protection (write and parameter
access protection) is a segment. An instruction segment may access any
data segment in the domain.

Two (or more) domains may have segments in common in order to share
code or data.

A sequence of operations requiring no parallel execution is called a
PROCESS. A process is carried out sequentially in the CPU, but several
processes started at different times may, in effect, run concurrently.
The processes, however, are "time-sliced".

A process may refer to up to 256 domains of data and instructions.
These are connected in a tree stucture called a domain tree, specified
by the process description kept by the memory management system. The
links between the domains are determined at the creation of each
domain. The domain closest above (that is, closer to the root) a
domain D is the mother of D, and D is the child. D may itself be the
mother of other child domains.

Control can be switched from one domain to another by calling a
routine in the other domain, or by causing an error situation (trap
condition) not taken care of by a routine in the current domain. A
routine may access data in the domain from which it was called through
an address prefix (ALT).

Within a domain, routines are called directly by address. Routines in
other domains are called through their routine number, not by address.

Communication between processes is possible through monitor calls or
through a shared data segment.
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2 THE REGISTER BLOCK

The ND-500 type CPU has four registers for program and data
addressing. These are the program counter P, the L (link) register
containing the subroutine return address, the local variable base
register B, and the record base register R.

The four 32-bit general registers, I1, I2, I3, and I4, may be used as
integer accumulators or as index registers. They are used for both
word and partial word operations (halfword, byte, bit and bit field).

The Al, A2, A3, and Al registers are 32-bit floating-point
accumulators used for real number arithmetic. Each floating point
accumulator may be extended with a 32-bit Extension register (El, E2,
E3 and E4), making four 64-bit floating point accumulators for double
precision arithmetic.

The ND-5000 also has several special purpose registers:

ST Status register

OTE Own trap enable register

CTE Child trap enable register
MTE Mother trap enable register
TEMM Trap enable modification mask

Table 2. 64-bit Special Purpose Registers

TOS Top of stack register

LL Low limit trap register

HL High limit trap register

THA Trap handler address register

Table 3. 32-bit Special Purpose Registers

The ST, OTE, CTE, MTE and TEMM registers are treated as two 32-bit
registers when referenced in instructions. The least significant parts
(bits 0:31) are called ST1, OTE1l, CTEl1, MTEl and TEMMl1l. The most

significant parts (bits 32:63) are called ST2, OTE2, CTE2, MTE2 and
TEMM2.
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The memory management system utilizes a number of registers accessible
only to the microprogram. These include:

CED Current executing domain register
CAD Current alternative domain register
PS Process segment register

PSTP Physical segment table pointer

Table 4. Memory Management Utilized Registers

Each process in the system has its own copy of the CED, CAD and PS
registers. PSTP is one global register for the whole system.

The context block is made up from these registers except from PSTP. In
addition, it contains scratch registers named 'mic'. These are
registers accessable from microprogram only, for use in
macroinstructions that may be interupted while operating on more data
than are handled by the general registers.
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The registers are numbered according to the table below. Note that 6k4-

bit registers are given consecutive numbers.

arg

O O~I Ul W

Trapping P argl? :
18
19 :
20 :

P
L

B

R

I1
12
13
14
Al
A2
A3
Al
E1
E2

E3

21

22 :
23 :
24
25 :
26 :
27 :
28 :
29 :
30 :
31 :
32 :

E4
ST1
ST2
PS
TOS
LL
HL
THA
CED
CAD
mic
mic
mic
mic
OTE1l
OTEZ2

arg33 :

35
36 :
37 :
38 :
39 :
40 :
41-50:

CTEl
CTE2
MTE1
MTEZ2
TEMM1
TEMM2
mic

mic
copy of
program
memory

Table 5. Register Numbers
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0

P Program counter

L Link (subroutine return address)

B local variable Base

R Record base

TOS Top Of Stack register

LL Low Limit trap register

HL High Limit trap register

THA Trap Handler Address register

I1
Integer accumulators

12 or Index registers

13 The In accumulators are named
BIn, BYn, Hn and Wn when used

14 for BIt, BYte, Halfword or Word

operations (n=1,2,3,4).

Floating point accumulators
Al El and Extension registers
A=E= 32 bits, D=A+E= 64 bits
A2 E2
The An accumulators are named Fn when
A3 E3 used as single-precision floating point
registers. The (An, En) register
Al El4 pair is named Dn when used as double-
precision floating-point registers.
ST1 ST2 STatus register
OTE1 OTE2 Own Trap Enable register
MTE1 MTEZ2 Mother Trap Enable register
CTEl CTEZ2 Child Trap Enable register
TEMM1 TEMMZ2 Trap Enable Modification Mask

Figure 2. The Register Block
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3 STATIC DATA, STACK AND HEAP

When a subroutine is called, space is required to store return
information and local variables. This space may be allocated

- in a fixed location in memory, referenced relative to the B
register or by absolute address (static allocation)

- on a stack growing from low to high memory, referenced
relative to the B register

- in a block released from a freelist. The block may be
anywhere in otherwise unused memory, referenced relative to
the B register.

Static or dynamic allocation of the local data area of a routine is
determined by the kind of entry point instruction, and a program
system may contain a mixture of procedures with statically and
dynamically allocated data areas.

The initialization of the header of the local data area is in most
respects equivalent for static, stack and heap allocation. Usually,

the calling procedure need not be concerned with the allocation
strategy used.

3.1 Static allocation

Data allocated in fixed locations may be addressed by a full 32-bit
address referencing any segment within the domain. Statically
allocated data are not released during program execution for other

use, and local variables in routines keep their values from one call
to the next.

Routines with static data areas are entered through an ENTF or ENTEN
instruction. Such routines are by definition non-reentrant and cannot
be called recursively , but in other respects they behave like other
routines. The fixed local data area is initialized as shown in figure
3. The B register is updated to point to the local data area and data
references may be addressed relative to the B register, as with stack
routines, and may also be addressed directly.

Trap handlers always have a fixed local data area which has a special
layout discussed in chapter 6.
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3.2 Stack allocation

A stack is initialized through the INIT or ENTM instruction, either
one can declare the lowest stack address and its maximum extent. When
a stack is initialized, the TOS register is loaded with the address of
the first free location beyond the stack's maximum extent. TOS serves
to prevent the stack from growing too large, and as a pointer to the
variables describing the heap. The first free location beyond the
current extent of the stack is pointed to by the B.SP location.

A new data block on the stack is allocated by executing an ENTS or
ENTSN instruction. On routine entry the data block is automatically
initialized as follows:

B — previous stack pointer (extent of stack)

PREVB previous value of B register

RETA current return address

SP stack pointer
(first free location)

AUX/LOG auxiliary location for language
processors or buddy subroutines

N number of arguments
argl

arg2 .
. addresses of arguments

local variable area
(uninitialized)

Stack pointer (B.SP)

Figure 3. Local Data Area Layout

If the number of arguments supplied exceeds the maximum allowed by the
ENTSN entry point instruction, only the maximum allowed number of
argument addresses will be put on the stack and the N location will
contain the value of the "maximum number of arguments" operand. (This
also applies to the ENTFN instruction.)

The INIT instruction initializes the stack in a similar way, but the
PREVB and RETA will be zeroed, so that an attempt to link downwards
beyond the lower stack address will cause an Address Zero or Stack
Underflow trap.

The ENTM instruction initializes a new stack starting from a specified
address, giving the TOS register a new value. If the module called is

within the current domain, the old TOS value is saved on the current
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top of the old stack, pointed to by B.SP. Initialization of the new
stack is the same as for a routine entry; the base address of the
previous stack block is saved in PREVB. If the module is in another
domain, TOS, PREVB and RETA are stored in the domain information table
and restored on return.

The ENTM is typically used for initializing a stack for the routines
on a segment, being called from other segments in the same domain or
from other domains. Executing the same ENTM instruction twice will
overwrite the old initial values, possibly destroying the return
address and other information.

Stack space is released through the RET or RETK instructions. The B
register is loaded from the PREVB location. On exit from a module (a
subroutine entered through ENTM) in the current domain, the TOS
register is not updated; this must be done explicitly. After a domain
call, TOS is restored from the domain information table.

Stack displacements (relative to the B register) are always non-
negative, the displacement being the number of bytes to add to the B
register. The symbols PREVB, RETA, SP, AUX and N are predefined as O,
4, 8, 12 and 16 respectively.
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3.3 Heap allocation

When running several routines "concurrently" (see section 1.4), stack
allocation of local data areas will cause problems if the routine
finishing first is not the one with its data area on top of the stack.

Complex data strﬁctures like trees, lists and networks, may grow and
shrink dynamically, and elements acquired during the execution of a
procedure should not be released upon exit.

For both these uses, data elements may be allocated from a pool of
unreserved space called the heap. The heap is described by a set of
heap variables pointed to by the TOS register. The heap variables are
the MAXL, STAH and ENDH locations and an array of pointers to linked
lists of free elements, each block size has its own free list. The
first word of an element contains the address of the next element in
the list, zero indicating the end of the list. The block size is
always a power of two and is indicated by the logarithm to the base
two (the "log size") of the number of words.

MAXL, the first location beyond the stack, is pointed to by the TOS
register and contains the maximum size of elements to be allocated.
The next two locations, STAH and ENDH, are reserved for the lower and
upper address limits of the pool respectively. Beyond these two
locations is the array of pointers, FLOGO to FLOG<MAXL).

TOS -> MAXL Max log size of elements allowed

STAH Start of heap

ENDH End of heap

FLOGO Head pointers for freelists of
elements of the different log sizes.

FLOG1 The freelist pointers have the value
O if no element of the log size

FLOG2 is available.

FLOG3

FLOG<MAXL>

Figure 4. Layout of heap variables

The heap variables must be initialized by the user program and the
user is responsible for building the lists. The STAH and ENDH
variables are not used by the heap instructions, but are available for

a heap administration routine implemented as a trap handler for the
stack overflow trap.
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A local area for use by a subroutine may be allocated by executing the
ENTB instruction. This contains an indication of the required block
size. On routine entry, the address of the allocated block is loaded
into the B register, and the block size is stored in the AUX/LOG
location. In all other respects the local data area is initjalized as
for a stack routine.

A data element is allocated by the GETB instruction, which specifies
the size of the desired element. The address of the element is loaded
into the specified register.

If a block of the requested size is available, it is unlinked from the
list. If the list head is zero, indicating that the list is empty,
lists representing larger blocks are examined. If a larger block is
available, it is split in halves and one half is left in the
appropriate freelist. The block may have to be split several times
before an element of the requested size can be given to the program.
If no larger element is available, or if the requested size is larger
than the MAXL value, a stack overflow trap condition occurs.

A routine entered through ENTB may release its local data area by
returning through the RETB or RETBK instruction. An element acquired
by the GETB may be released by the FREEB instruction.

A released element will be linked to the appropriate freelist
according to the size of the