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Preface

The ECLIPSE MV/Family 32-Bit Systems Principles of Operation manual explains the
processor independent concepts, functions, and instruction set to an assembly language
programmer. Processor dependent information, available in machine-specific
supplements, complements this global manual.

A related manual, the ECLIPSE MV/Family Instruction Reference Booklet, provides a
brief summary of the instruction set and related information. The reference booklet lists
each instruction by assembler-recognizable mnemonic with a shorthand description of its
function.
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Manual Organization o~

This manual contains 11 chapters. Chapter 1 gives an overview of the 32-bit ECLIPSE
MV/Family system of computers as well as a hardware summary via the appropriate
machine~specific supplement.

Chapters 2 through 10 present, in a functional framework, processor independent (and
machine-specific dependent in machine-specific supplements) concepts, functions, and
instruction set. The chapters explain:

& Fixed-point computation

¢ Floating-point computation

® Stack management

® Program flow management

e Queue management

® Graphics management

® Device management

® Memory and system management

e ECLIPSE 16-bit compatible instructions

Chapter 11 provides the Instruction Dictionary.

Appendixes A through D in this global manual present information on:
® Register fields

® Fault codes

® Reserved memory locations

® ILoad Control Store instruction

Machine—specific supplements include Appendixes E through G that provide details on:
® Standard I/O device codes

® Context block formats

® Instruction execution times

A Glossary offers brief definitions of terms used to describe the features of ECLIPSE
MV/Family computer systems.
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Standard Symbols

The manual uses certain conventions and abbreviations.

[]

UPPERCASE

lowercase

ac

acs

acd

fac

facs

facd

The square brackets indicate an optional argument. Omit the square
brackets when you include an optional argument with an Assembler
statement.

or boldface characters indicate a literal and/or argument in an Assembler
statement. When you include a literal argument with an Assembler
statement, use the exact form.

or italic characters indicate a variable argument in an Assembler statement.
When you include the italic argument with an Assembler statement,
substitute a literal value for the variable argument.

An asterisk indicates multiplication. For instance, 2*3 means 2 multiplied by

The ac abbreviation indicates a fixed-point accumulator.

The acs abbreviation indicates a fixed-point accumulator called a source
accumulator.

The acd abbreviation indicates a fixed-point accumulator called a
destination accumulator.

The fac abbreviation indicates a floating—point accumulator.

The facs abbreviation indicates a floating~point accumulator called a source
accumulator.

The facd abbreviation indicates a floating—point accumulator called a
destination accumulator.
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Coordinating Machine-Specific Supplements

This revision of the ECLIPSE MV/Family 32-Bit Systems Principles of. Operation manual
supersedes all previous revisions and contains the most up-to—date information for the
ECLIPSE MV/Family computers. As such, certain revisions of the machine-specific
supplements contain information which may be disregarded when creating a
machine-specific manual.

The following table lists the various supplement revisions and the pages within those
supplements to be discarded. Note that the supplement revision number may be found on
the manual’s Notice page. (If your particular machine’s supplement or Functional
Characteristics manual is not listed, then that manual contains no pages to discard.)

Manual Ordering Revision Discard Pages
Number Number

ECLIPSE MV/2000 DC and 014-001203 00 7-9 through 7-12

DS/7500 Series Systems 7-21 through 7-24

Principles of Operation 11-511/11-512

11-521/11-522
11-529/11-530

01 None
ECLIPSE MV/7800 Series Systems 014-001180 00 Chapter 7
Principles of Operation 11-49/11-50
11-507 through 11-532
ECLIPSE MV/8000 II System 014-001227 00 7-9 through 7-12
Principles of Operation 7-21 through 7-24

11-511/11-512
11-521/11-522
11-529/11-530

ECLIPSE MV/10000 Class Systems 014-001228 00 7-9 through 7-12

Principles of Operation 7-21 through 7-24
11-511/11-512
11-521/11-522
11-529/11-530

ECLIPSE MV/20000 Series Systems 014-001169 00 D-1 through D-4
Principles of Operation D-9/D-10
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System Overview

The ECLIPSE 32-bit central processor —— hereafter called the processor —— provides

facilities to manage data, to access memory, and to control program flow. (See Figure
1-1.)

The processor can perform fixed-point or floating—point computation, as well as stack,
program, queue, device, system, and memory management. In addition, the processor
contains ECLIPSE compatible instructions for 16-bit program development and upward
program compatibility.

This chapter provides a brief description of the processor’s functional capabilities,
memory address space, and system protection capabilities. Machine-specific supplements
provide hardware summaries.
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Functional Capabilities

The following sections of this chapter describe the functional capabilities of ECLIPSE
MYV/Family computers.

Registers

All ECLIPSE MV/Family computers implement the following registers:

Four 64-bit floating-point accumulators
Four 32-bit fixed-point accumulators
One 16-bit processor status register
One 64-bit floating—point status register
Four 32-bit stack management registers
One 31-bit program counter

Eight 32-bit segment base registers

One 1-bit CARRY register

Fixed-Point Computation

Fixed-point computation uses fixed-point binary arithmetic with signed and unsigned
16-bit and 32-bit numbers. The processor also performs decimal arithmetic and logical
operations, and manipulates 8-bit bytes.

The processor contains five registers: four 32-bit fixed-point accumulators (AC0-AC3);

and a processor status register (PSR). The next two sections summarize these fixed-point

registers. Refer to the chapter “Fixed-Point Computing” for additional information.

NOTE: The lowest numbered bit of a register (such as bit 0) is the most significant

bit. The highest numbered bit (such as bit 31) is the least significant bit.

Fixed-Point Accumulators

Fixed-point accumulators are accessed with instructions that manipulate a bit, byte, word
(16 bits), or double-word (32 bits). (See Figure 1-2.)

The majority of operands smaller than the accumulator are right-justified within the
accumulator.

In addition to using an accumulator for fixed-point computation:

The processor returns state information in accumulators under certain conditions, such
as an error code after a fault occurs;

An instruction may be loaded or built in an accumulator, and then executed;

AC2 or AC3 may be used as index registers for addressing.
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Byte 0 Byte 1
0 7 8 15
Byte 2 Byte 3
16 23l 24 31
Word 0
0 15
Word 1
16 31
INT-00152

Figure 1-2 Fixed-point accumulator

Processor Status Register

The processor status register (PSR) contains status flags such as an overflow fault service
mask and a fixed-point overflow fault flag. The overflow fault service mask allows the
processor to service a fault. The processor sets the overflow fault flag when the results of
a fixed-point computation exceed the system’s ability to represent the result of the
compute. The remaining flags are processor-dependent.

You can access the PSR bits with instructions that set a bit or that test and skip on
condition of a bit. Refer to the chapter “Fixed-Point Computing” for additional
information.

Floating-Point Computation

Floating-point computation consists of floating-point binary arithmetic with signed,
single—precision (32-bit) and double-precision (64-bit) numbers.

The processor contains five registers: four 64-bit floating-point accumulators (FPACO-
FPAC3); and a floating-point status register (FPSR). The next two sections summarize
the floating-point registers. Refer to the chapter “Floating-Point Computing” for
additional information.

Floating-Point Accumulators

A floating—point accumulator is accessed with instructions that manipulate single- and
double-precision floating-point numbers. (See Figure 1-3.)

A single-precision number requires a double word (two consecutive words), while a
double-precision number requires two double words (four consecutive words).
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P, N
Double Word 0 (bits 0-15)
0 15
Double Word 0 (bits 16-31)
16 31
Undefined
32 47
Undefined
48 63
Double Word @ (bits 0-15)
0 15
Double Word 0 {bits 16-31)
16 31
Double Word 1 (bits 0~15)
a2 47
Double Word 1 (bits 16-31) T
48 63
INT-00153

Figure 1-3 Floating—point accumulator

Floating-Point Status Register

The floating—point status register contains exponent overflow and underflow fault flags,
fault service mask, input argument error flag, rounding flag, and processor status flags.

The processor sets an overflow or underflow fault flag when the result of a floating—point
computation exceeds the processor’s storage capacity. The fault service mask allows the
processor to service a fault. The remaining flags provide information on processor status.

You can access the contents of a register with instructions to initialize it or to test and
skip on a condition.

Stack Management

The processor has facilities for narrow and wide stack management. A stack is a series

of consecutive locations in memory. Typically, a program uses a stack to pass arguments

between subroutine calls and to save the program state when servicing a fault. After

executing a subroutine or handling a fault, the processor restores the program and

continues program execution. : N
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The narrow stack is a contiguous set of words that support ECLIPSE 16-bit program
development and upward program compatibility. Narrow stack management relies on
three 16-~bit narrow stack management parameters, per memory segment, which are
maintained in memory. Refer to the chapter “ECLIPSE 16-Bit Programming” for
additional information on the narrow stack.

The wide stack is a contiguous set of double words that support the 32-bit processor
programs. Wide stack management relies on four 32-bit wide stack management
parameters, for each memory segment. A memory segment is a logically addressable
subset of memory. Refer to the “Memory Management” section for additional
information on memory and segments.

Wide stack management for the current segment also includes four 32-bit wide stack
management registers. You access a stack management register with instructions that load
or store a register value. Refer to the chapter “Stack Management” for additional
information on the wide stack.

The following list summarizes the wide stack management registers.

® Wide stack base (WSB) defines the lower limit of the wide stack.

® Wide stack limit (WSL) defines the upper limit of the wide stack.

® Wide stack pointer (WSP) addresses the current top-most location on the wide stack.
® Wide frame pointer (WFP) defines a reference point in the wide stack.

Program Flow Management

In program flow management the processor controls program execution (such as calling a
subroutine) and handles faults. This section summarizes program control; the chapter
“Program Flow Management” provides additional information.

The processor controls program flow with a 31-bit program counter (PC). Figure 1-4
shows the format of the program counter.

Segment Logical Address

1 3 4 15

Logical Address

Figure 1-4 Program counter format
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In Figure 1-4,

Segment Bits 1-3 specify the current segment.
The processor provides specific procedures for modifying the
current segment field.

Logical Address Bits 4-31 specify a logical word address within the segment.
During normal program flow, the processor increments bits 4-31
of the program counter. Thus, address wraparound occurs within
the current segment.

Queue Management

In queue management, elements are inserted, deleted, and searched for in a queue. A
queue is a variable-length list of linked entries. Typically, an operating system uses
queues to track processes that it must perform, such as printing files on a line printer.

Refer to the chapter “Queue Management” for further information on the queue facilities
and management,

Graphics Management

The optional Graphics Instruction Set (GIS) performs high speed graphic functions in
ECLIPSE MV/Family systems. GIS supports windowing systems in which several programs

share one bitmap. The instruction set includes nonprivileged and privileged instructions.
Privileged instructions maintain the various databases. Nonprivileged instructions perform
operations such as reading or writing a single pixel, drawing lines, or filling in a bitmap

region with a solid color. i

Refer to the chapter “Graphics Management” for more detailed information on GIS as
well as the “Instruction Dictionary” for instruction specifics.

Device Management

In device management, the processor transfers data between memory and a device. The
processor transfers data in bytes, words, or blocks of words using three transfer facilities:
programmed input/output (I/O); data channel I/O (DCH); or high speed burst
multiplexor channel (BMC). The chapter “Device Management” summarizes the three
transfer facilities.

Programmed /O

Bytes or words may be transferred between an accumulator and a device with the
programmed I/O facility. The programmed I/O facility may be used to transfer data with
a slow speed device, or to initialize a data channel or a burst multiplexor channel
transfer.

Data Channel I/O

The data channel I/O initiates a transfer of words between memory and a device. The
data channel accesses memory directly, with or without a device map. Thus, the data
transfer bypasses the accumulators.

Burst Multiplexor Channel

The high speed burst multiplexor channel initiates a transfer of blocks of words between
memory and a device. Memory is directly accessed, with or without a device map, with
the burst multiplexor channel. Thus, the data transfer bypasses the accumulators.
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System Management

System management facilities determine processor-dependent configurations, such as
processor identification and size of the main memory.

Refer to the chapter “Memory and System Management” for additional information.

Memory Management

The processor provides a logical address space of 4 gigabytes (1 gigabyte equals 24,
bytes). The address space is divided into eight segments and rings, which facilitate
memory management. A segment is an addressable unit of memory that contains
programs and data. A ring is a collection of protection mechanisms, which safeguards
the contents of a segment.

As rings and segments are similar and inter-related, this manual uses the term segment to
indicate either term or both terms.

The processor addresses a segment through a 0-7 numbering system, and each segment
contains 512 Mbytes. Figure 1-5 illustrates the concept of the segments that contain

® Segment 0. The processor uses this segment to execute privileged and nonprivileged
instructions as the kernel operating system.

® Segments 1-7. The processor uses these segments to execute nonprivileged
instructions. Refer to the appropriate operating system programmer’s manual for
information on the implementation-dependent use of segments (typically, segments
1-3 are used by the operating system).

A from 7 to neg
8 through a gate delined in
segment 6.

Full access
from inner segments
to outer segments

—-Gate

Segment 7

INT-00151

Figure 1-5 Logical address space
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As the logical address space is larger than physical memory, the processor uses virtual
memory to provide the full range of logical addresses.

o —

® The virtual memory system translates logical addresses to physical addresses.

A logical address specifies a segment number and a logical location within the
segment. You write programs using these logical addresses. The processor converts
the logical addresses to physical addresses, and then accesses the contents of the
location specified.

® The operating system may store the virtual memory on disk in 2-Kbyte units called
pages.

When processing needs a page on disk, the operating system moves the page to
physical memory for manipulation. This page—-swapping system is called
demand-paging.

The hardware facilities for address translation include eight segment base registers
(SBR0-SBR?7), which define eight memory segments and their access protocols. The
processor’s address translation capability is explained in the section “Accessing Memory.”

Using a privileged instruction, you can load the contents of a segment base register.
Refer to the chapter “Memory and System Management” for additional information.

ECLIPSE 16-Bit Compatible Instructions

The processor contains an ECLIPSE compatible instruction set (and stack facilities) for
16-bit program development and upward program compatibility. Refer to the chapter "
“ECLIPSE 16-Bit Programming” for additional information.

This manual references ECLIPSE 16-bit instructions as ECLIPSE instructions, and
ECLIPSE MYV 32-bit instructions as MV instructions.

Accessing Memory

The processor addresses and accesses memory for an instruction or for an operand. To
address memory, the processor uses a 16-bit word as the standard unit of address.

NOTE: For most efficient performance, 32— and 64-bit data should be aligned on
double-word boundaries.

The instruction that the processor accesses can be a single word or multiple words. The
operand can be a bit, byte, word, double word, or multiple words (e.g., BLM). A
memory reference instruction specifies the address of the instruction or data.

A memory reference instruction refers to a class of instructions that accesses memory for
data or for another instruction. The memory reference instructions contain the
information for

® Determining the effective address of an operand.
The processor reads or writes an operand.
® Determining the effective address of the next nonsequential instruction. A

The processor modifies the program counter with the effective address, and then
executes the instruction that the prosram counter identifies.
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A memory reference instruction attempts to access memory in the current segment or
in another segment. The validity of the access depends on a comparison of the access
protocols permitted for the memory page and the type of access that the instruction
attempts to perform. The access protocols are explained in the next two sections
“Current Segment” and “Other Segments.”

Current Segment

When a memory reference instruction addresses the current segment, the processor
compares the page protocols with the type of access that the instruction requests,
determining the validity of the reference. The page protocols are identified as a valid
page, read access, write access, and execute access.

For instance, when loading a byte into an accumulator from the current segment, the
processor reads the byte from memory if it resides where the page protocols permit a
read access.

The processor also compares the segment field of every indirect address reference with
the current segment. For accessing data (read or write access), indirect addressing can
occur within the current segment or towards a higher numbered segment. For
transferring program control (execute access), indirect addressing must occur in the
current segment.

If a reference is invalid, the processor aborts the access and services the protection
violation fault. Refer to the chapter “Memory and System Management” for further
details on page access and the chapter “Program Flow Management” for more
information on protection violation faults.

Other Segments

When executing a memory reference instruction that addresses another segment,

® The processor compares the current segment with the destination segment to
determine the directional validity of the reference. The destination segment contains
the operand or nonsequential instruction.

Read or write access must be to the current segment or to a higher numbered
segment.

® The processor compares the segment and page protocols with the type of access that
the instruction requests to determine the access validity of the reference. The
processor first checks the segment protocols and then checks the page protocols.

If read or write access to a higher numbered segment is requested, the segment
protocol checks whether the segment is valid.

For instance, when loading a byte into an accumulator from a higher numbered
segment, the processor reads the byte only if it resides in a valid segment and page
protocols permit a read access.
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If the reference is invalid, the processor aborts the access and services the protection
violation fault. Refer to the chapter “Memory and System Management” for further
details on page accesses and the chapter “Program Flow Management” for more
information on protection violation faults.

Memory Reference Instructions

Figure 1-6 shows the typical memory reference instruction formats for word addressing.
Figure 1-7 shows the typical memory reference instruction formats for byte addressing.
The instruction formats for word addressing contain an indirect (@) field. The
instruction formats for word and byte addressing contain index and displacement fields,
and also an optional accumulator (ac) field. The optional accumulator field specifies a
source or destination accumulator in the range of zero to three.

For instance, if the ac field is equal to zero (ac = 0) for a load accumulator instruction,
the processor loads an operand from memory into the destination accumulator (ACO or
FPACO).

The combination of index, displacement, and indirect (@) fields specify the effective
address that contains the instruction or operand. To resolve the effective address, the
processor first identifies the addressing mode, then any indirect address(es), and finally
the effective address.

A typical instruction format with an 8-bit displacement

0 op ac @ index 8-Bit Displacement
o | 1 21lalasalslT el 71 & 15

A typical instruction format with a 15-bit displacement

1 index ac op 1 0 0 X

ol 1T 2Talals 1l 2l 13l 14l 15
@ 15-Bit Displacement

16 117 31

x = either a0 or 1

A typical instruction format with a 31-bit displacement

1 index ac op 1 0 0 1
0 11l 2Talals 1l 2l 14l s
@ 31-Bit Displacement

16 |17 31

31-Bit Displacement

a2 47

INT-00155

Figure 1-6 Memory reference instruction word addressing formats

LY
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A typical instruction format with a 16-bit displacement

1 Index ac op 1 o] 0 1

0 1T 213l als 11l 2l a3l 14l s

16-Bit Displacement

A typical instruction format with a 32-bit displacement

1 Index ac op 1 0 (o] 1

0 1T 213l 4ls 11l 2l 3] 14l 15

32-Bit Displacement

32-BIt Displacement

32 47

INT-00158

Figure 1-7 Memory reference instruction byte addressing formats

Address Modes

Using the index field (Table 1-1), the processor determines if the instruction specifies an
absolute or relative addressing mode. The Assembler (in conjunction with the
appropriate pseudo-op) produces object code with absolute or relative addressing.

Absolute Addressing

For absolute addressing, the displacement field contains an indirect or an effective
address. The address, expressed as an unsigned integer (8, 15, or 31 bits wide),
specifies an addressing range as shown in Table 1-1.

With a few exceptions (LDA, LDB, LDI, LDIX, LEF, LSN, and XOP0), an assembler
mnemonic of a memory reference instruction indicates the size and the range of the
displacement. For instance, a memory reference instruction

e Without the X or L prefix uses a standard displacement of 8 bits.

e With the X or E prefix uses an extended displacement of 15 bits.

® With the L prefix uses a long displacement of 31 bits.

NOTE: When using an 8— or 15-bit displacement in absolute addressing, the
processor zero—extends the displacement to 28 bits, and uses the current

segment for the 3 high-order bits of the effective address.

Thus, the displacement becomes an indirect address or an effective absolute address.
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Relative Addressing
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For relative addressing, the index field defines a register (Table 1-1) the contents of
which become a base address. The processor adds the base address to the displacement
(8-, 15—, or 31-bit two’s~complement integer). When using an 8- or 15-bit
displacement, the processor sign—extends the displacement to 31 bits.

In addition, if executing an instruction with an extended (15-bit) or long (31-bit)
displacement, the processor adds a constant to the sum for program relative addressing.
The additional increment adjusts the sum to address the first word of the displacement,
which begins following the word that contains the instruction opcode. An instruction with
an 8-bit displacement contains the displacement in the same word as the opcode.

Thus, the address becomes an indirect or effective relative address.

Indirect and Effective Addresses

When the indirect field equals zero, the absolute or relative address becomes the effective
address. The processor translates an effective address to a physical address, and accesses
the physical address.

When the indirect field equals one, the absolute or relative address becomes an indirect
address (or pointer). The processor translates the indirect address to a physical address
and uses the contents of that physical address as another indirect or direct address.

NOTE: For an ECLIPSE 16-bit compatible instruction, the processor accesses a
single word in memory as an indirect pointer; otherwise, the processor
accesses a double word. N

—
The processor tests bit 0 of the pointer contents, which defines additional (if any)
indirect addressing. '
® When bit 0 equals zero, the contents become the effective address.
The processor translates the effective address to a physical address and accesses it.
® When bit 0 equals one, the contents become another pointer.
The processor continues to resolve pointers until bit 0 equals zero.

The processor can resolve up to 1549 pointers. However, for an instruction that can
specify two indirect-addressing chains (such as WBLM), the total number of pointers
for the two chains must be equal to or less than 15.

NOTE: If the processor attempts to resolve more than 15 indirect addresses, a
protection violation occurs.
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Table 1-1 Effective addressing
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Intermediate
Address Index Logical Displacement Range
Mode Bits Address* Prefix** Octal Words (decimal)
Absolute 00 D 0 to 377
(0 to 255) (current ring)
D E or X 0 to 077777
{0 to 32,767) (current ring)
D L 0 to 17777777777
(0 to 2,147,483.647)
PC 01 PC+D - 200 to + 177
Relative (- 128 to + 127) (current ring)
PC+n+D E or X -~ 40000 to + 37777
(- 16,384 to + 16,383)
PC+n+D L -10000000000 to + 07777777777
(-1,073,741,824 to
1,073,741,823)
AC2 10 AC2+D - 200 to + 177
Relative (- 128 to + 127) (current ring )
AC2+D E or X - 40000 to + 37777
(- 16,384 to + 16,383)
AC2+D L -10000000000 to + 07777777777
(-1,073,741,824 to
+ 1.073,741,823)
AC3 11 AC3+D - 200 to + 177
Relative (- 128 to + 127) (current ring)
AC3+D E or X - 40000 to + 37777
(- 16,384 to + 16,383)
AC3+D L -10000000000 to + 07777777777
(-1,073,741,824 to +
1,073,741,823)

logical address.

The processor ignores bit 0 of PC, AC2, and AC3 when calculating the intermediate

X or L corresponds to the prefix of an instruction mnemonic, which identifies an

instruction containing an extended (X) or long (L) displacement field.

n The n variable in the PC relative addressing mode equals the number of words that
precede the first word of the displacement for the current instruction.

Operand Access

Before accessing a memory operand (for fixed— or floating—point computation), the
processor first resolves an effective address.

The processor accesses an operand as a bit, byte, several bytes, word, double word, or
several double words. Tables 1-2 and 1-3 show the relations between instructions that
load an accumulator with word-oriented and byte data, respectively. The following
sections explain the word, byte, and bit accesses. (To access several bytes, the processor
must first access a byte; to access several words or double words, it must first access a

word.)
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Table 1-2 Word-oriented data

|
Instruction Address Width Displacement Width
(Bits) (Bits)

LDA 16 8

ELDA 16 16

XNLDA 32 16

XWLDA 32 16

LNLDA 32 32

LWLDA 32 32

Table 1-3 Byte data
Instruction Address Width Displacement
(Bits) Width (Bits) Index =

STB 16 0 Byte address In any ac

ELDB 16 16 Word address (absolute,
PC-relative, AC-relative)

WSTB 32 0 Byte address In any ac

XSTB 32 16 Word address (absolute,
PC-relative, AC-relative)

LSTB 32 32 Word address (absolute,
PC-relative, AC-relative)

.

Word

The processor accesses a word operand for fixed-point computation. A fixed-point
instruction mnemonic with a prefix of N (such as NADD) indicates a narrow or one word
operand. An instruction that requests a word (such as XNLDA) supplies the effective
address parameters to the processor. The processor then resolves the effective address.

Double Word

The processor accesses a double word operand for fixed-point or floating-point
computation. A fixed—point instruction mnemonic with a prefix of W (such as WADD)
indicates a wide or two—word operand. A single-precision floating—point instruction
requires one double word, while a double-precision instruction requires two double
words.

An instruction that requests a double word (such as XWLDA) supplies the effective
address parameters to the processor. The processor then resolves the effective address,
which points to the first word of the double-word operand.

Byte
An instruction that requests a byte forms a byte pointer from the contents of an -
accumulator or from the contents of the index field and the 16— or 32-bit displacement.
(The accumulator specified by the index field holds word pointer.) A byte pointer
consists of an effective address and a byte indicator. The least significant bit of the byte T
pointer contains the byte indicator. i

NOTE: Byte addressing excludes indirect addressing.



System Overview 1-15

The processor identifies a byte as follows:
® 16-Bit displacement

For an instruction with a 16-bit displacement (such as XLDB), the processor extends
the displacement to 29 bits (absolute addressing) or 32 bits (relative addressing),
calculates the effective address, and then identifies the byte.

® 32-Bit displacement

For an instruction with a 32-bit displacement (such as LLDB), the processor
calculates the effective address, and then identifies the byte.

® Accumulator

For an instruction that requires a byte pointer in an accumulator, you must first use a
load effective byte address instruction (such as LLEFB). The load effective byte
address instruction calculates an effective byte address, and then loads it into an
accumulator.

Although identification of the bit numbers depend on the byte pointer location, the
format of a byte pointer remains identical, regardless of its location. Figure 1-8
shows the formats for a byte pointer.

16-bit Displacement

Word Address Bl

16 30 31

32-bit Displacement

Segment Word Address
16 18 I 3
Word Address BI
32 46 ' 47

AC Contents

Segment Word Address
0 2 I3 15
Word Address Bl
16 30 ' 3t

INT-00157

Figure 1-8 Byte pointer format
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In Figure 1-8, —
|
Segment The segment field identifies the current or an outward memory
segment.
Word Address The word address field identifies a 16-bit word in the
memory segment.
BI The BI field identifies the byte. When the BI field equals zero,
the processor accesses the most significant byte (bits 0-7). When
the BI field equals one, the processor accesses the least significant
byte (bits 8-15).
The processor accesses the word and then locates the byte as Figure 1-9 shows.
Segment 0
32-bit byte address 0 m Byte indicator specifies
A low order or high order
/ N 602354 byte.
|ooo| 0 I ooolooo | oool 11o|ooo |010|011 | 110 | 001 I 0 I 602355
0 2 30, 31 602356
AR T / ‘-E 602357 ___:)[ Y l
- 602360
e » 602361 ° re %
ins?ngg:re]g:y Word address specifies 502362 \ vV T
a word in memory 602363 \IJJJ‘ Word 602361
VAAAAAMA/
0 15
Words In memory
INT-00158
Figure 1-9 Byte addressing
Bit

An instruction that accesses a bit in memory (such as WBTO, WBTZ, WSNB, WSZB,
and WSZBO) forms a bit pointer from the contents of two accumulators. The bit pointer
is composed of a word pointer and a bit identifier. The word pointer consists of an
effective address (in the acs accumulator) and a word offset (in the acd accumulator).
The bit identifier is located in the least significant bits of the acd accumulator.

Figure 1-10 shows the accumulator formats for the WBTO, WBTZ, WSNB, WSZB, and
WSZBO instructions.
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ACS Contents

@ Segment

Word Address

3

Word Address

16

31

ACD Contents

Word Offset

Word Offset Bit identifier

16

27 28 31

INT-00160

Figure 1-10 Bit pointer format

In Figure 1-10,
@

Segment

Base Word Address

Base Word Offset

Bit Identifier

When the @ field equals one, it identifies an indirect address.
When the @ field equals zero, it identifies a direct address.

The segment field identifies the current or an outward memory
segment.

The word address field identifies a 16-bit word in the
memory segment.

The processor adds the word offset bits, an unsigned
integer, to the effective address and arrives at a final word
address (Figure 1-11).

The bit identifier field specifies the bit position (0-15)
in the final word.

The processor uses the acs accumulator contents to calculate an effective address. If a
bit instruction specifies the two accumulators as the same accumulator, then the base
word address is zero in the current segment.
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Segment 7
40056654
ACSI 0 | 111 Looo l 100[000'000] 101 | 110 | 110 | 110 | ooo| 20056655
0,1 3,4 31, 40056656
'T' I Y _ | 40056657
Indirect  Specifles Word address specifies | 40056660
bit segment 7 a word in memory I 40056661 -
40056662
i e b - 40056663
28-bit word offset 4-bit bit identifier 20056662
A 40056665
- LLE. 40056666
AcD | 0 | 000 [ 000 [ 000 | 000 [ 000 | 000 | 000 | 000 [ 010 [ 1101] 40056667
0 27 28 31 40056670 \I\PM
\AAAAANNS
0 15
l [T K
10 13 15
\'4
Word 40056662 INT-00159

Figure 1-11 Bit addressing

Protection Capabilities

While executing an instruction, the processor checks the validity of a memory reference
or an I/O operation (protection violation), a page reference (nonresident page), a stack
operation, a computation, and a data format. Table 1-4 lists the validity checks (or
faults) .

Table 1-4 Faults

Fault Type
Nonresident page Privileged
Protection violation Nonprivileged
Stack operation Nonprivileged
Fixed-point computation Nonprivileged
Floating-point computation Nonprivileged
Invalid decimal or ASCIl data format Nonprivileged
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If the processor detects an error, a nonprivileged or privileged fault occurs before the
next instruction is executed. A nonprivileged fault occurs when the processor detects a
computation error. The processor limits input/output (I/O) access on a per ring basis,
and it limits memory access using a hierarchical protection mechanism. For instance,

® Before executing an /O instruction, the processor checks the I/0 validity flag in the
current segment.

e Before executing a memory reference instruction, the processor checks the validity of
the reference.

The processor executes an I/O or memory reference instruction when validity checks
permit the access. Otherwise, the processor initiates a protection violation. Thus, an
operating system can restrict access to the devices to a specific segment or segments.

Accessing and changing a protection mechanism requires a privileged instruction
(executable only in segment 0) or data access. Either one is typically controlled by the
operating system. Refer to the chapter, “Program Flow Management,” for further details
on servicing a nonprivileged fault.

A vprivileged fault occurs when an operation is not permitted by the address translation
mechanism (page not resident, I/O protection) or by the ring structure (privileged
instruction, outward call). Refer to the chapters, “Memory and System Management” and
“Program Flow Management,” for further details on servicing a privileged fault.

ECLIPSE MV/20000 Series Hardware Summary

This summary describes the ECLIPSE MV/20000™ series computer systems and their
initial processor conditions.

The ECLIPSE MV/20000 series computers include the ECLIPSE MV/20000 Model 1
computer and the ECLIPSE MV/20000 Model 2 computer. When we refer to the
ECLIPSE MV/20000 series computer system within this manual, we include both systems.
We will differentiate between the systems as necessary.

® The ECLIPSE MV/20000 Mode! 1 computer is a single-CPU system supporting from
one to three input/output controllers (the third IOC supports only a data channel), an
optional hardware floating—point unit (FPU), and up to 64 megabytes of physical
memory.

® The ECLIPSE MV/20000 Model 2 computer is identical to the ECLIPSE MV/20000
Model 1 computer with an additional CPU and optional FPUs. (References in this
manual to multiple-processor systems denote only the ECLIPSE MV/20000 Model 2
computer.)

The following summarizes what each ECLIPSE MV/20000 series computer supports:

Components/ ECLIPSE ECLIPSE
Subsystems MV/20000 Model 1 MV/20000 Model 2
CPUs 1 2

FPUs 0or1 0 or2*

10Cs 1,2, 0r3 1,2, 0or 3

Memory 4-64 Mbytes 4-64 Mbytes

*If a customer chooses the hardware floating—point option, the Model 2 requires two
hardware floating—point units, one for each CPU.

014-001169




System Overview ECLIPSE MV/20000 Series

The ECLIPSE MV/20000 series computers are 32-bit data processing systems that retain
substantial hardware and software compatibility with 16-bit ECLIPSE® systems. (Kernel
16-bit operating system instructions such as SYC, VCT, and LMP are not supported.)

Main Systems

All ECLIPSE MV/20000 series systems incorporate five major elements as follows:

One or two central processing units
A memory system

An input/output system

A power system

A diagnostic remote processor

Figure 1-12 shows the major elements of the ECLIPSE MV/20000 series systems.

Central Processing Unit

The ECLIPSE MV/20000 series 32-bit central processing units (CPUs) execute
instructions, generate logical addresses, translate logical addresses to physical addresses,
and perform arithmetic and logical data manipulation. Refer to the chapter, “Device
Management,” for CPU programming information.

Each microcode—controlled central processing unit consists of the following:

An instruction processor for decoding and executing instructions

A microsequencer that manages the writable control store, which contains the
microinstructions

An address generator for logical address generation

An address translation unit for logical-to-physical address translation
An arithmetic logic unit for data manipulation

A data cache for high—-speed, temporary data storage

An optional floating—point unit for executing floating-point, integer multiply and
divide, and some decimal instructions

014-0011869
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Floating- Floating—
point paint
unit unit
W = F
L 4
MV /20000 MV /20000 Memory iy !
central central control ez’uI)ry
processing unit processing unit unit madules
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Figure 1-12 Major elements of the ECLIPSE MV/20000 series system
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Like all ECLIPSE MV/Family processors, the CPU’s subsystems work together to form a
pipeline for the instruction stream that speeds up execution performance.

The pipeline allows instructions to be decoded and executed simultaneously. Before an
instruction is executed, the appropriate starting microcode address must be found. And
typically, a logical address needs to be resolved or immediate data needs to be extracted.
Certain CPU subsystems are designated to perform these initial tasks; these subsystems
form the pipeline. Instructions move through the pipeline in various stages of decoding.
At the last stage of the pipeline, the preprocessing done by previous stages lets the CPU
execute the instructions in the smallest number of CPU cycles.

The ECLIPSE MV/20000 series computer system uses a four—stage instruction pipeline as
shown in Figure 1-13. As the first instruction executes, the second fetches its starting
microinstruction, a third decodes its opcode, and finally, a fourth comes into the
instruction queue.

CPU subsystems affected

Instruction N + 3 is brought

Stage 1 - Fetch into the instruction queue Instruction processor

Instruction N + 2 is separated

Stage 2 - Instruction cracking into a starting microcode address Instruction processor
and loglcal address displacement
Instruction N + 1 starting nicrocede | Instruction processor
word is fetched and any logical ;
Stage 3 - Address calculation address or immediate c:’a‘agis i Microsequencer
' i Address generator
calculated | Address transiation unit
Instruction N is executed ! Microsequencer
Stage 4 — Execute from microcode Arithmetic logic unit
Floating—point unit

INT00376

Figure 1-13 Four-stage instruction pipeline
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Instruction Processor

The instruction processor consists of two main components: the instruction cache and the
instruction queue. Besides providing a high-speed buffer for the CPU, the
1-kilobyte-by-32-bit instruction cache implements a look-ahead and look-behind
facility. This cache accelerates the execution of applications that contain program loops
and can reside within its storage boundaries.

As the entrance to the pipeline, the instruction cache prefetches the instruction stream
and feeds each instruction (in double words) through the decode logic of the instruction
queue. The decode logic supplies a starting address to the appropriate microroutines
located in the microsequencer’s writable control stores. As one instruction passes to the
microsequencer for the beginning of the execution phase, others are in various stages of
decoding. The instruction queue maintains a queue of the next six sequential words after
the current instruction.

The instruction cache monitors parity. One parity bit is maintained for each double word
in the cache. If a parity error is detected, the double word containing the error is
brought in again from main memory. If the error persists, the instruction cache can be
physically disabled.

Microsequencer

The microsequencer contains the writable control store, including the microinstructions
that drive the CPU. A portion of the writable control store holds the system microcode;
the remainder can hold any special microcode written by a user.

The writable control store is RAM-based and stores 6K microwords, 72-bits wide. At
system boot time, the writable control store’s random access memory (RAM) is loaded
from a peripheral. Loading from a peripheral simplifies microcode changes and updates.

The CPU operates at a microinstruction cycle time of 85 nanoseconds. As each
microinstruction executes, the output of its control fields drives the remaining CPU
subsystems to execute the originally fetched, assembly-level instruction and to keep the
pipeline operating.

Address Generator

When memory reference instructions are in the pipeline, the address generator calculates
their effective logical addresses. In turn, it passes the logical addresses to the address
translation unit, which converts logical addresses to physical addresses.

When the CPU accesses memory, the address generator provides an additional level of
pipelining. By computing the logical addresses, the address generator permits the CPU to
overlap operand fetches with instruction execution, which further accelerates the
execution process.

Address Translation Unit

The address translation unit (ATU) performs the logical-to-physical address conversion
process. To efficiently implement this process, the subsystem contains its own cache
together with protection and pagetable-access logic. The ATU performs all hardware
checks required by the protection system. Access, page, and ring-crossing validations are
among the types of hardware checks. If any of these checks fail, the address translator
initiates a protection fault to the operating system.
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The ATU cache stores the most recently used address translations along with the

page-relerenced bits used by an operating system for virtual memory management. The |
cache contains 256 address translations for segments 0 through 3 and 256 entries for

segments 4 through 7, in addition to associated protection information.

"~ As each conversion process transpires, the ATU traps the running microinstruction if the

needed translation information is not present in its cache. When this occurs, the
subsystem uses a pagetable look—up mechanism to access the physical address. Then it
loads the address into the ATU cache, and instruction execution proceeds.

The ATU cache monitors parity. One parity bit is maintained for each address in the
cache. If a parity error is detected, the ATU subsystem retranslates and reloads the
corresponding address. If the error persists, the ATU cache can be physically disabled.

Arithmetic Logic Unit

The arithmetic logic unit (ALU) performs the data manipulation required to execute most
arithmetic— and logic-class instructions that deal with fixed—point data, as well as those
required to translate and validate commercial data. It also supplies memory and 1/0O data
to executing programs via its accumulators.

The ALU itself is supported by three other units: the shifter, the decoder, and the
scratchpad. The shifter performs operations such as shift-and-rotate, byte swap, and sign
extend. The decoder interprets commercial data formats. The scratchpad is a high-speed
RAM used by the ALU to store constants and certain floating-point operations. It is
part of the ATU cache RAM and is accessed through the ATU.

The ALU contains the four 32-bit, fixed—point accumulators; the processor status |
register; the stack registers; and several general registers.

For floating-point calculations, the ECLIPSE MV/20000 series CPU either uses the
optional FPU or performs these calculations with special microcode routines. In either
case, the four 64-bit, floating—point accumulators and the floating-point status register
are available for use and are located on the FPU or the ALU (without the FPU option).
The execution speed differs between the FPU and microcode implementations.

Data Cache

The data cache provides a high-speed, temporary storage buffer for the CPU. Data is
read into the cache from main memory as it is called for by the program. The CPU then
executes programs directly using the cached data. Data can be read from the cache
within the 85-nanosecond CPU cycle time.

Within the data cache, memory is organized into 1,024 16-byte blocks. Each block
directly maps to a block in main memory, overlapping every 16 Kbytes. Two tag stores
contain the corresponding main memory address for each block. Each tag store contains
a validity flag indicating whether or not the data within the cache block is valid. One tag
store monitors access to cached data from within the CPU. The other tag store monitors
the system bus for memory access requests from other devices. Other devices can include
another CPU within the ECLIPSE MV/20000 series computer system.

The data cache uses a technique called write through. Whenever data in the cache is

modified by the CPU, the corresponding main memory location is also updated. This
procedure insures that other devices on the system bus will read only current data from '
main memory. If another device updates a main memory location that is also in the data
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cache, the tag store monitoring the system bus will invalidate the corresponding cache
block. When the CPU accesses data within that block, it will first read in the updated
block from main memory. '

Once data is brought into the cache, it remains there until invalidated or overwritten by
another block. This allows the same look-ahead and look-behind program acceleration
as that used by the instruction cache.

The data cache monitors parity. One parity bit is maintained for each byte of data in the
cache. If a parity error is detected, the cache block containing the error is brought in
again from main memory. If the error persists, the data cache can be physically disabled.

Floating-Point Unit

The floating-point unit (FPU) is a separate processor that interfaces directly with the
CPU. This processor executes single— and double-precision, floating-point instructions;
integer multiply and divide; intrinsic instructions; and some decimal instructions.

The FPU operates asynchronously with subsystems of the CPU. It is brought on line by
the microsequencer subsystem when an appropriate instruction appears in the pipeline.
Thus, this parallel processor frees the CPU to perform other tasks, providing substantial
throughput acceleration in compute~ and data-intensive environments.

The FPU contains four 64-bit, floating-point accumulators, along with the floating-point
status register. To increase the accuracy of floating—point operations, the FPU uses hex
guard digits while executing floating—point instructions. Then it truncates or rounds the
results, depending upon the state of a program-controlled flag.

Multiprocessor Operation

One major performance feature of the ECLIPSE MV/20000 Model 2 system that
distinguishes it from other ECLIPSE MV/Family systems is that the Model 2 has two
central processing units. The system architecture of the Model 2 was designed so that the
second CPU uses the minimum amount of overhead.

Both CPUs connect to the high-speed system bus. They have identical architecture,
features, options, and function, which make them independent of one another. Each has
its own set of caches and other hardware and software accelerators, including optional
FPUs. Because of the write~-through ability of the data caches, each processor always
contains current data, regardless of the action of the other CPU.

At system startup, one CPU is designated as the initial CPU, performing diagnostic
routines and initialization functions first. When the first CPU has passed all of its tests
and has loaded its own writable control store, it passes control to the other CPU, which
performs a similar initialization procedure. Once running, each CPU operates
independently, with its actions determined entirely by program control.

To support the dual-processor configuration, only a few new instructions were added to
the ECLIPSE MV/Family instruction set. These instructions allow for individual control of
the CPUs, status checks, and cross interrupts. Refer to the chapter, “Device
Management,” for multiple-processor programming information.
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Memory System

The main memory system of the ECLIPSE MV/20000 series computer system consists of
a memory control unit (MCU) and up to eight memory modules. Together, these
elements provide high-speed access to system memory for the CPUs and I/O system.
Further, using the error-detection bits of system memory and their supporting buses,
these elements continually check the integrity of all information entering, residing in, and
leaving system memory.

Memory Control Unit

The memory control unit detects, corrects, and logs errors, and it also conducts memory
integrity checks. The MCU continually monitors accesses to the memory modules that
make up main memory. It appends error-correction bits to memory data as it is written;
checks and corrects all single-bit and many double-bit errors as memory data is read;
and selectively performs an integrity check on the contents of memory during
memory-refresh operations. This latter process, called sniffing, prevents single-bit and
many double-bit errors from accumulating and destroying correctable data. If a memory
error occurs, the MCU stores both the address and a code indicating the type of error.

The MCU also monitors parity on the system address and system data buses. If a parity
error occurs on one of these, the CPU is informed through an instruction trap.

Memory Modules

The memory modules that compose the system’s main memory are available in
increments of 4 or 8 megabytes. The modules use 256-Kbit dynamic RAM elements.

The ECLIPSE MV/20000 Model 1 and 2 memory systems support up to eight memory
modules with a maximum memory capacity of 64 megabytes.

Input/Output System

The input/output (I/0) system for the ECLIPSE MV/20000 series computer system
handles all communications with the system peripherals. These communications take place
over either the standard ECLIPSE I/O bus or the burst multiplexor channel (BMC) bus.

External devices connect to the 1/0 buses; internal devices are found on various CPU
boards. External devices include communications and network processors, a variety of
peripheral devices, and the power supply controller. Internal devices include the
asynchronous interface for the system console, the real-time clock, and the
programmable interval timer.

The 1/0 system is program compatible and electrically compatible with ECLIPSE 16-bit
computers and the MV/Family of ECLIPSE 32-bit processors. This means that the
ECLIPSE MV/20000 series computers support all standard Data General peripherals.
Figure 1-14 shows the organization of the I/O system.
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One or, optionally, iwo or three I/O channel controllers (IOCs) provide the gateways
between peripherals and the system buses of the ECLIPSE MV/20000 series computers.

The ECLIPSE MV/Family I/O instructions allow communications with peripherals on the
I/0 channels—either individually on one I/O channel or simultaneously on all I/0
channels. For further information, refer to the chapter, “Device Management.”

Within the I/O system, there are two types of buses around which peripherals are
organized according to speed and priority: the burst multiplexor channel (BMC) and the

I/0 bus. Each of the three I/O channel controllers generates its own I/O bus. However,

only two (the primary and one optional) I/O channel controllers have the BMC facility.

The burst multiplexor channel supports high-speed devices, such as disks and tapes, with
direct-memory-access transfers of block-oriented data. The BMC operates at a
bandwidth of 14.5 megabytes per second for device input and 12.3 megabytes per second
for device output.

The I/0 bus supports medium—- and low-speed devices. It provides a data channel facility
to support medium-speed devices with direct-memory-access transfers of single words or
variable-length blocks of data. The data channel facility of the I/0 bus operates at two
different bandwidths: normal and extended. The normal bandwidth data channel operates
at 2.24 megabytes per second for input and 1.67 megabytes per second for output. The
extended bandwidth operates at 1.47 megabytes per second for input and 1.0 megabytes
per second for output. Data channel controller boards inserted into main chassis slots
designated I/O-only operate at normal bandwidth. Data channel controller circuit boards
inserted into main chassis slots designated as either I/O or bus repeater as well as boards
inserted into any slots of an expansion chassis operate at the extended bandwidth.

The I/0O bus provides a programmed I/O facility for low—speed transfers of single—word
information (instructions, commands, status, bytes, or characters) between a device and
an accumulator in the CPU. These transfers are instrumental in setting up the parameters
of the transfers for the higher speed channels. (Devices on the BMC bus also interface to
the I/0 bus for CPU control of device setup and data transfer initiation.) The ECLIPSE
MV/20000 series computers execute all ECLIPSE 16-bit programmed 1/0 instructions.
They execute them exactly as ECLIPSE 16-bit systems do.

For further information, refer to the chapter, “Device Management.”

I/0 Channel Controller

1/O channel controllers function much like a central processor, communicating with the
CPUs and memory via the system buses. The IOCs support data channel and BMC
devices with internal and external (to the I/O system) bus protocol transformations. They
maintain the maps that change data channel and BMC addresses to physical memory
addresses. IOCs allow intelligent device controllers to load their own memory maps while
maintaining protection bits that prevent errant devices from gaining access to protected
memory areas.
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Communications Controllers

The ECLIPSE MV/20000 series computers support a wide range of intelligent
communications and network controllers that function as full I/O processors. These
independent processors include the following:

e Intelligent asynchronous controllers

® Intelligent synchronous controllers

e Multi-communications processors

® Intelligent LAN controllers

e Intelligent computer-to—-PBX (private branch exchange) interfaces

Each controller is microprocessor based with local memory and industry-standard line
interfaces. I/O processors connect to the I/0 bus of the input/output system. These
processors use a cross—interrupt facility for direct communication with the ECLIPSE
MV/20000 series CPU. Data transfers take place to and from main memory via the data

channel facility. Refer to the appropriate communications controller manual for detailed
information.

Power System

The ECLIPSE MV/20000 series power system includes power supplies that provide
regulated dc voltage to the system, a battery back—up unit (BBU), and a
microprocessor—based controller. The ECLIPSE MV/20000 Models 1 and 2 intelligent
power supply controller (PSC) allow the CPUs to communicate with their power systems
through the diaghostic remote processor (DRP).

Each power supply controller brings up power to its system in a specified sequence and
then monitors and manages power parameters. Further, to prevent system failures
resulting from random ac-line dropout conditions, they supply a powerfail/auto-restart
facility that allows the system to recover gracefully. During power outages, the battery
back-up units supply dc power to the CPU chassis and the expansion chassis for up to
two minutes, giving the operating system time to prepare for an orderly shutdown.

During operations, the power supply controllers also check for blower failures and
excessive power supply and cabinet temperatures, and they can interrupt the CPU to
report critical failure conditions.

Refer to the chapter, “Device Management,” for further information.

Diagnostic Remote Processor

The diagnostic remote processor (DRP) is a dedicated processor that serves as the front
end to the ECLIPSE MV/20000 series computer systems. The DRP provides the line
interface to the system console. Further, the DRP connects to the major components of
the ECLIPSE MV/20000 series computer through the primary I/O channel controller.
The DRP performs the following major tasks:

® Supports system powerup and initialization
e Executes part of the system control program
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® Logs system errors

® Supports the system console

¢ Interfaces to the front panel switches and light-emitting diodes (LEDs)
® Interfaces directly to the power supply controller

® Provides the system clocks

® Supports diagnostic troubleshooting

® Provides ports for remote diagnostic communications

Refer to the chapter, “Device Management,” for further information.

Powerup and Initialization

At powerup, the DRP first checks its own hardware, and then resets the CPUs and other
system elements. Next, each CPU performs diagnostic routines that check for minimal
internal hardware integrity as well as I/O and microcode load paths. Upon successlul
completion of this testing, the CPUs begin initialization. Full system initialization includes
loading the ECLIPSE MV/20000 series microcode and the ECLIPSE MV/20000 series
bperating system.

The DRP monitors each step in the testing and initialization sequence. In dual-processor
configurations, the DRP synchronizes the CPUs. If an error occurs, the DRP responds by
displaying an error code indicating the faulty element.

The DRP includes two facilities for more maintenance-free initialization: a battery
backed-up time-of-day clock and a nonvolatile configuration RAM. The time-of-day
clock comes preset. It keeps the time of day for the operating system and for time
stamping messages in the error log. The configuration RAM contains the CPU, 10C, and
memory configurations for system configuration and testing. It also contains serial
numbers of parts and service contract numbers to aid field service personnel.

System Control Program

The system control program (SCP) is a ROM-based operating system that runs partly on
the DRP and partly on the main CPUs. During full operation, the SCP allows the system
operator to load, examine, and modify the main memory or the writable control store
and to step through the instructions of a program.

The portion of the SCP that runs on the ECLIPSE MV/20000 series CPUs is microcoded
and resides in read only memory (ROM) on the CPU boards. The remainder of the SCP
is macrocoded and is executed by the DRP directly from on-board ROM.
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Figure 1-15 Diagnostic remote processor

Before the SCP can become fully functional, the various system elements must be tested,
including the system buses and each CPU. Once the CPUs have verified that they can
load their writable control stores, the SCP operating system (SCPOS) microcode is
executed. However, if a system element fails a test before verification, a kernel system
identifies the faulty element.

Error Detection and Logging

Most errors are detected by the ECLIPSE MV/20000 series CPU. The CPU then passes
the error information to the DRP through programmed I/O commands. For correctable
errors, the CPU notifies the DRP and continues operation. For uncorrectable errors, the
CPU notifies the DRP, suspends normal operations, and enters into the SCP mode. The
SCP then attempts to display a message indicating the nature of the error.

When the DRP receives an error message, it records the message in battery backed-up
RAM. Each recorded error is time stamped from the time-of-day clock as it is logged.
In addition, the DRP keeps track of the frequency of certain correctable memory errors.
This logging procedure allows the ECLIPSE MV/20000 series operating system to track
correctable errors. It also provides troubleshooters with important information about both
correctable and uncorrectable errors.
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The error logging capability of the DRP takes full advantage of the integrity checks built
into the system hardware, including byte parity checks on all major system data paths.

System Console

The DRP provides the ECLIPSE MV/20000 series computer system with a direct-line
interface for the system console terminal through which the operator can control the
activities of the system. This asynchronous port is independent of any other asynchronous
communications controllers that may be present in the system.

Front Panel

The DRP directly interfaces with the front panel of the ECLIPSE MV/20000 series
computer. The DRP continually monitors the status of the switches on the front panel
and controls the state of the indicator LEDs and seven-segment displays. '

Power Supply Interface

The intelligent power supply controller is connected directly to the DRP. The CPU can
communicate with the controller through the DRP using standard I/O commands.

System Clock

The DRP supplies a free-running, 42.5-nanosecond clock to the ECLIPSE MV/20000
series computer. All clocks for the rest of the system (except the DRP’s time-of-day
clock) are derived from this system clock. The CPU, for example, uses the system clock
to generate an 85-nanosecond clock that provides its microinstruction cycle time. For
diagnostic purposes, the system clock can be margined 5 percent faster to 40.5
nanoseconds.

Diagnostic Troubleshooting

The DRP, in combination with diagnostic software, supplies system engineers and
troubleshooters with diagnostic capabilities. Since the DRP has its own separate processor,
it can perform certain diagnostic functions independent of the status of the CPUs.

During diagnostic testing, troubleshooters can margin the main power supply and system
clock frequency. These procedures stress the machine to isolate intermittent random
failures that are otherwise difficult to diagnose.

Remote Diagnostic Communications

The DRP supports remote diagnostics that allow Data General’s staff of system engineers
to diagnose hardware and software system problems off site.

In addition to the system console facilities, the DRP provides two other asynchronous
ports for diagnostic support. One of these is a modem interface, allowing remote access
to the DRP. The full set of system console functions is available over the modem, as well
as the ability to load each CPU’s writable control store.

The other asynchronous port can connect to both a user terminal and an intelligent
asynchronous controller, such as an TAC/16. This port enables the modem to
communicate with the CPU through a standard IAC connection. It also allows individuals
using the modem and the user terminal ports to send messages to each other.

014-001169



~

ECLIPSE MV/20000 Series System Overview 1-33

ECLIPSE 16-Bit Compatibility

The ECLIPSE MV/20000 series computers support the instruction mnemonics and binary
opcodes of most instructions implemented on ECLIPSE systems. This means that most
programs that execute on ECLIPSE 16-bit computers also execute on the ECLIPSE
MV/20000 series computers without program recompiling or reassembling.

Refer to the chapter, “ECLIPSE 16-Bit Programming,” for further information.

Initialization

The processor assumes the physical mode upon powerup or system reset.

When the processor first powers up (and the system microcode loads) or after a system
resets, the processor does the following:

e Disables the logical address translation, making logical and physical addresses equal
e Disables the logical address translation protection system
® Sets indeterminate values for referenced and modified bits

® Sets the processor status register and bits 0 through 9 of the floating—point status
register to 0

e Disables error reporting via the diagnostic remote processor

® Sets undefined contents for data channel maps

e Selects channel 0 as the default I/O channel

® (Clears bits 3, 4, 7, 8, and 14 of the I/O channel definition register

When in physical mode, effective address translation works as if logical address
translation were enabled. As the logical address space exceeds the physical address space,
the processor truncates a number of the 31 most significant bits in the logical address
before referring to memory. The number of bits truncated depends upon the amount of
physical memory available. The maximum length of the word address formed from this
procedure is 25 bits for 64 megabytes of physical memory.
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Using fixed-point computation the processor can add, subtract, muitiply, and divide 16-
and 32-bit signed (two’s—complement) and unsigned binary data. The processor can also
perform logical operations on 16— and 32-bit data.

In addition to binary arithmetic and logical operations, the processor can manipulate
8-bit bytes (as alphanumeric ASCII data) and can perform binary coded decimal (BCD)
arithmetic. The processor performs the byte manipulation with fixed-point operations,
and performs BCD arithmetic with fixed- and floating—point operations.

Following a computation, the processor can shift (arithmetically or logically) the contents
of an accumulator and can skip on a condition (the result of the computation and/or
shift). Finally, the processor can store the result in an accumulator or memory.

This chapter explains the various computations (binary, logical, decimal and byte) and
the processor status register.

The processor performs fixed—point binary arithmetic in the arithmetic logic unit (ALU).
Move, arithmetic, shift, and skip instructions control processor and arithmetic logic unit
operations.
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BINARY OPERATIONS

The processor performs fixed—point binary arithmetic in the arithmetic logic unit (ALU).
Move, arithmetic, shift, and skip instructions control processor and arithmetic logic unit

operations.

Data Formats

The majority of fixed-point arithmetic instructions require two’s—complement (signed)
binary numbers. For instance, the ADD instruction adds two 16-bit two’s—complement
binary numbers. The 16- and 32-bit numbers must begin on word boundaries. Figure
2-1 shows the fixed-point accumulator formats for the 16— and 32-bit two’s—complement

numbers.
16-Bit Fixed-Point Two’s-Complement Format
Zero or Sign Extend
0 15
S Two's-Complement Number
16 | 17 31
32-Bit Fixed-Point Two's-Complement Format
S Two's-Complement Number
1 15
Two's-Complement Number
16 31
INT-00161

Figure 2-1 Fixed-point two’s—complement data formats

In Figure 2-1,

Zero or Sign Extend

Two’s—Complement
Number

The zero or sign-extend bits contain 16 zeros or 16 ones.

For moving and computing narrow data (depending on the
instruction), the processor sign—extends narrow data when loading
it into an accumulator. The processor sign—extends narrow data
before or after narrow data operations, when converting it to wide
data.

The S bit equals the sign bit.

Bit 16 contains the sign bit for narrow data; bit 0 contains the
sign bit for wide data. The sign bit equals zero for a positive
number and equals one for a negative number.

The processor requires two’s—complement binary numbers for the
majority of fixed-point arithmetic computation. Table 2-1 shows
the precision of 16— and 32-bit two’s complement (signed) binary
numbers.
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Table 2-1 Range of 16~ and 32-bit fixed-point numbers

Form of Data 16-bit Precision 32-bit Precision
Signed -32,768 to -2,147,483,648 to
(two's complement) +32,767 +2.147,483.647

Unsigned 0 to 65,535 0 to 4,294,967,295

Table 2-2 lists the instructions that explicitly convert 16-bit data to or from 32-bit data.
Other tables in this chapter list the instructions that convert the precision before or after
another function. For instance, when loading narrow data (16-bit) from memory into an
accumulator, the processor sign extends the number before loading it. When executing a
narrow [ixed-point instruction (NADD), the arithmetic logic unit sign extends the result.

Table 2-2 Fixed-point precision conversion

Instruction Operation

CVWN Convert from 32-bit to 16-bit
SEX Sign extend 16-bits to 32-bits
ZEX Zero extend 16-bits to 32-bits

Move Instructions

Table 2-3 lists the load and store accumulator instructions.

The wide block move instruction (WBLM) requires an effective address in an
accumulator. Use a load effective address instruction to calculate and load the effective
address into an accumulator.

Table 2-3 Fixed-point data movernent instructions

Instruction Operation

BAM * (**) Block add and move

BLM * (**) Block move

ELDA * Extended load accumulator

ELEF * Extended load effective address

ESTA * Extended store accumulator

LDA * Load accumulator

LDATS Load accumulator with double word addressed by WSP
LEF * Load effective address

LLEF Load effective address (long displacement)
LNLDA Narrow load accumulator (long displacement)
LNSTA Narrow store accumulator {long displacement)
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Table 2-3 Fixed-point data movement instructions (contd)

o

Instruction Operation

LWLDA Wide load accumulator

LWSTA Wide store accumulator

MOV * Move and skip

NLDAI Narrow load immediate

STA * Store accumulator

STATS Store accumulator into double word addressed by WSP
WBLM ** Wide block move

WLDAI Wide load with wide immediate
WMOV Wide move

WXCIH Wide exchange accumulators
XCH * Exchange accumulators

XLEF Load effective address

XNLDA Narrow load accumulator
XNSTA Narrow store accumulator

XPEF Push effective address

XWLDA Wide load accumulator

XWSTA Wide store accumulator

LPEF Push address (long displacement)

* FCLIPSE compatible Instruction
** requires an effective address in an accumulator

Arithmetic Instructions

Tables 2-4 through 2-8 list the arithmetic instructions.

The ECLIPSE compatible instructions (such as, ADC, ADD, MUL, and DIVS) ignore
bits 0-15 of the source accumulator. The results of ECLIPSE compatible instructions
leave bits 0—15 of the destination accumulator undefined, except where noted otherwise.

Table 2-4 Fixed—-point addition instructions

Instruction Operation Operand Value
Source Destination Result

Accumulator to Accumulator

ADC * Add complement and skip u16 u16 uié
ADD * Add and skip U16 U116 uU16
NADD Narrow add S16 S16 832
WADC Wide add complement 832 S32 S32
WADD Wide add S§32 S32 832
ADDI * Extended add immediate S16 S16 S186

ADI * Add immediate 21 uU16 u1ie
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Table 2-4 Fixed-point addition instructions (contd)

2-5

instruction Operation Operand Value
Source Destination Result
Immediate to Accumulator
INC * Increment and skip 1 u1é u1e
NADDI Narrow extended add immediate S16 S16 832
NADI Narrow add immediate 21 S16 S32
WADDI Wide add with wide immediate 832 832 S32
WADI Narrow add immediate 2! 832 832
WINC Wide increment 1 u32 u32
WNADI Wide add with narrow immediate S16 832 832
Immediate to Memory
LNADI Narrow add immediate 21 S16 S16
LWADI Wide add immediate 21 832 S32
XNADI Narrow add immediate 21 S16 S16
to memory word
XWADI Add Immediate to 21 832 S32
memory double-word
Memory to Accumulator
LNADD Narrow add memory word S16 S16 S32
to accumulator
LWADD Wide add memory to accumulator S32 832 832
XNADD Narrow add memory to accumulator S16 S16 832
XWADD Wide add memory to accumulator S32 S32 832
816 = Signed 16-bit integer U32 = Unsigned 32-bit integer
U16 = Unsigned 16-bit integer 2] = 2-bit Integer inrange 1 to 4
S32 = Signed 32-bit integer * ECLIPSE compatible instruction
Table 2-5 Fixed-point subtraction instructions
Instruction Operation Operand Value
Source Destination Result
Accumulator to Accumulator
NSUB Narrow subtract S16 S16 S32
SUB * Subtract and skip u1ié U16 U116
WSUB Wide subtract 832 832 S32
Immediate from Accumulator
NSBI Narrow subtract immediate 21 U1é U32
SBI * Subtract immediate 21 U1eé U1é
WSBI Wide subtract immediate 21 U32 u32
Immediate from Memory
LNSBI Narrow subtract immediate 21 S16 S16
LWSBI Wide subtract immediate 21 S32 S32
XNSBI Narrow subtract immediate 21 Uie u1e
XWSBI Wide subtract immediate 21 u32 U32
Memory from Accumulator
LNSUB Narrow subtract memory S16 S16 832
immediate
LWSUB Wide subtract memory word 832 832 832
XNSUB Narrow subtract memory word S16 S16 S32
XWSUB Wide subtract memory 832 S32 832

§16 = Signed 16-bit integer

U32 = Unsigned 32-bit integer

U16 = Unsigned 16-bit integer 2l = 2-bit integer inrange 1 to 4
S§32 = Signed 32-bit integer * ECLIPSE compatible instruction
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Table 2-6 Fixed-point muitiplication instructions

Instruction Operation Operand Value
Source Destination Result

Accumulator to Accumulator

MUL * Unsigned multiply uté u1e u32

MULS * Signed multiply S16 S16 S32

NMUL Narrow sign extend S16 S16 832
multiply

WMUL Wide multiply 8§32 832 832

WMULS Wide signed multiply 832 832 S64

Accumulator by Memory

LNMUL Narrow wide multiply Si6 S16 832
memory word

LWMUL Wide muiltiply S32 S32 832
memory word

XNMUL Narrow multiply S16 S16 832
memory word

XWMUL Wide multiply S32 832 S32
memory word

S16 = Signed 16-bit integer U32 = Unsigned 32-blt integer

U16 = Unsigned 16-bit integer 2l = 2-bit integer inrange 1 to 4

832 = Signed 32-blt integer

* ECLIPSE compatible instruction

Table 2-7 Fixed-point division instructions

Instruction

Operation

Operand Value

memory double-word

Divisor Dividend Quotient/Remainder

Accumulator by Accumulator

DIV * Unsigned divide U16 U32 Ui6/U16

DIVS * Signed divide S16 S32 S16/816

DIVX * Sign extend S16 S16 S16/S16
and divide

HLV * Halve signed 2 S16 S16/—

NDIV Narrow sign S16 S16 S32/-~
extend divide

wWDIV Wide divide S32 S32 $32/-—-

WDIVS Wide signed S32 S64 S$32/832
divide

WHLV Wide halve 2 S32 S32/—-
signed

Accumulator by Memory

LNDIV Narrow divide S16 S16 8§32/--
memory word

LWDIV Wide divide S32 832 832/—-
memory word

XNDIV Narrow divide S16 S16 S32/--
by memory word

XWDIV Wide divide by S32 S32 S32/--

S16 = Signed 16-bit integer
U16 = Unsigned 16-bit integer

S$32 = Signed 32-bit integer

U32 = Unsligned 32-bit integer
* ECLIPSE compatible instruction

- .
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Table 2-8 Fixed-point increment or decrement value and skip instructions

Instruction Operation

DSZ * Decrement and skip if zero

DSZTS Decrement the double word addressed by WSP (skip
If zero)

EDSZ * Extended decrement and skip If zero

EISZ * Extended increment and skip if zero

ISZ * Increment and skip if zero

ISZTS Increment the double word addressed by WSP (skip if zero)

LNDSZ Narrow decrement and skip if zero

LNISZ Narrow increment and skip if zero

LWDSZ Wide decrement and skip if zero

LWISZ Wide increment and skip If zero

XNDSZ Narrow decrement and skip if zero

XNISZ Narrow Increment and skip if zero

XWDSZ Wide decrement and skip if zero

XWISZ Wide increment and skip if zero

All of the instructions above are atomic (if the wide operand is aligned on a double-word
boundary) with the exception of DSZTS and ISZTS. Note that in a multiple-CPU configuration, a
performance increase may be realized if instructions which are not atomic are used in place of
atomic ones, such as LWADI (Wide Add Immediate) instead of LWISZ,

* ECLIPSE compatible instruction

Carry Operations

For fixed-point arithmetic operations, the processor maintains a carry flag (CARRY).
CARRY contains a value of zero or one. For instance, if an instruction adds 16-bit
data, the carry occurs from bit 16. If an instruction adds 32-bit data, the carry occurs
from bit 0.

The value of CARRY can be initialized before a binary operation by executing an explicit
carry instruction. Table 2-9 lists the instructions that initialize CARRY. The processor
retains the value of CARRY for use with another instruction.

The processor changes the value of CARRY as a result of executing an MV/Family
arithmetic instruction or an ECLIPSE compatible fixed-point instruction. For an
MV/Family arithmetic instruction, the processor loads the result of carry into CARRY; it
is not relative to its former value (as it is with an ECLIPSE compatible instruction). For
an ECLIPSE compatible instruction, the processor complements the CARRY flag during

e Addition, when the mostsignificant bit of each operand and the CARRY from the
adjacent bit produce a carry;

e Subtraction, when borrowing from the most significant bit.
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Table 2-9 Carry initializing instructions

T
Instruction Operation
ADC * Add complement with optional CARRY inltialization
AND * AND with optional CARRY Initialization
ADD * Add with optlonal CARRY initialization
COM * One's complement with optional CARRY initialization
CRYTC Complement CARRY
CRYTO Set CARRY to one
CRYTZ Set CARRY to zero
INC * Increment with optional CARRY initialization
MOV * Move with optional CARRY Initialization
NEG * Negate with optional CARRY initialization
SUB * Subtract with optional CARRY initialization
* ECLIPSE compatible instruction
Shift Instructions
Wide arithmetic shift instructions (WASH and WASHI) move 32 bits of an accumulator’
left or right (0 to 31 bit positions), depending on an 8-bit two’s—complement number.
The 8 bits in the source accumulator for the WASH instruction or the 8 bits in the
immediate displacement of the WASHI instruction contain the 8-bit number.
® With an 8-bit positive number, the processor shifts from 0 to 31 bit positions to the
left, and zero—extends the vacated bit positions. A fixed-point overflow occurs if the
sign bit changes. o
[ e
NOTE: Shifting a negative number more than 31 bit positions to the left guarantees :
a fixed-point overflow.
¢ With an 8-bit number equal to zero, no shifting occurs.
® With an 8-bit negative number, the processor shifts from 0 to 31 bits to the right and
sign—extends the vacated bit positions. The processor drops the bits shifted from the
least significant bit position.
For instance, when the processor shifts +3 to the right one bit position, the result
yields +1; shifting +1 to the right one bit position yields 0.
The ECLIPSE compatible arithmetic instructions (ADC, ADD, AND, COM, INC, MOV,
NEG, and SUB) can shift an intermediate result one bit position or swap the two bytes
{Figure 2~2). Accumulator bit 31 is the least significant bit, and bit 16 is the most
significant bit. The shift can be
® One bit to the left.
CARRY assumes the state of the most significant bit, and the least significant bit
assumes the state of CARRY.
® One bit to the right.
CARRY assumes the state of the least significant bit, and the most significant bit
assumes the state of CARRY.
T

® A swap of the most significant byte with the least significantbyte.

The processor preserves the state of the CARRY flag.
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Direction Shifter Operation

Left Left rotate one place. Bit 16 is rotated into the
carry position, the carry bit into bit 31.

= <]

Right Right rotate one place. Bit 31 is rotated into the
carry position, the carry bit into bit 16,

16-31

Swap Swap the halves of the 16-bit result. The carry
is not affected.

[ ez | 24-31 |

| 623 | 2431 |

INT-00162

Figure 2-2 ECLIPSE compatible shift operations

Skip Instructions

In a skip instruction, the processor tests the result of an operation for a specific condition
and directs the processor to skip or execute the word after the skip instruction.

For an instruction that includes a skip option (such as ADD), the processor tests the
result during its temporary storage. The processor can then save the result of the
computation or ignore it. For an instruction that excludes a skip option (such as
NADD), the processor stores the result in memory or an accumulator. You can then test
the result with an explicit test and skip on condition instruction (such as skip on OVR
reset —~ SNOVR).

Table 2-10 lists the fixed—point skip on condition instructions. When a skip occurs, the
processor increments the program counter by one and executes the second word after the
skip instruction.

WARNING: Be sure that a skip does not transfer control to the middle of a 32-bit or
longer instruction.
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Table 2-10 Fixed-point skip on condition instructions

T
Instruction Operation
ADC * Add complement with optlonal skip
ADD * Add with optional skip
AND * AND with optional CARRY Initialization
CLM * Compare to limits
COM * One's complement with optional CARRY Initlalization
INC * Increment with optional skip
MOV * Move with optional skip
NEG * Negate with optional CARRY initialization
NSALA Narrow skip on all bits set in accumulator
NSALM Narrow skip on all bits set in memory location
NSANA Narrow skip on any bit set in accumulator
NSANM Narrow skip on any bit set in memory location
SGE * Skip if ACS greater than or equal to ACD
SGT * Skip if ACS greater than ACD
SNB * Skip on nonzero bit
SNOVR Skip on OVR reset
SUB * Subtract with optional skip
SZB * Skip on zero bit
SZBO * Skip on zero bit and set to one
WCI.M Wide compare to limits and skip
WSALA Wide skip on all bits set in accumulator
WSALM Wide skip on all bits set in double word memory location
WSANA Wide skip on any bit set in accumulator
WSANM Wide skip on any bit set in double word memory location
WSEQ Wide skip if ACS equal to ACD
WSEQI Wide skip if equal to immediate
WSGE Wide signed skip If ACS greater than or equal to ACD
WSGT Wide signed skip If ACS greater than ACD
WSGTI Wide skip if AC greater than immediate
WSKBO Wide skip on AC bit set to one
WSKBZ Wide skip on AC bit set to zero ey
WSLE Wide signed skip if ACS less than or equal to ACD
WSLEI Wide skip if AC less than or equal to immediate
WSLT Wide signed skip if ACS less than ACD
WSNB Wide skip on nonzero bit
WSNE Wide skip if ACS not equal to ACD
WSNEI Wide skip if AC not equal to immediate
WSZB Wide skip on zero bit
WSZBO Wide skip on zero bit and set bit to one
WUGTI Wide unsigned skip if AC greater than immediate
WULEIL Wide unsigned skip if AC less than or equal to Immediate
WUSGE Wide unsigned skip if ACS greater than or equal to ACD
WUSGT Wide unsigned skip if ACS greater than ACD

* ECLIPSE compatible instruction

Overflow Fault

The processor checks for a fixed-point overflow when attempting division or when
calculating a fixed-point result. An overflow occurs if the divisor is zero, or if the result
is too large to store in memory or in a fixed-point accumulator. At the end of the
current instruction cycle, the processor sets the overflow flag (OVR) to one. OVR
remains set until cleared by another instruction. The processor status register contains
the OVR flag. Refer to the chapter “Program Flow Management” for information on
fault handling.

™
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Processor Status Register

The processor contains a 16-bit processor status register (PSR), which retains information
about the status of fixed—point computations. You access the register with instructions
that test and set the register contents. Refer to the Skip section for a list of the
instructions that test the register contents. Table 2-11 lists the instructions that
manipulate the register contents.

Table 2-11 PSR manipulation instructions

Instruction Operation

BKPT Breakpoint

FXTD Disable fixed-point trap (resets OVK and disables trap)
FXTE Enable fixed-point trap (sets OVK and enables trap)
LCALL Call subroutine

LPSR Load PSR into ACO

PBX Pop block and execute

SNOVR Skip on OVR reset

SPSR Store PSR from ACO

WPOPB Wide pop block

WRSTR Wide restore

WDPOP Wide pop context block

WRTN Wide return

WSAVR Wide save and set OVK to zero

WSAVS Wide save and set OVK to one

WSSVR VWide special save and set OVK to zero

WSSVS Wide speclal save and set OVK to one

XCALL Call subroutine

XVCT Vector /0 interrupt

Figure 2-3 shows the format of the processor status register.

OVK | OVR|IRES | IXCT| FFP Reserved

0 1 2 3 4 S 15

INT-00163

Figure 2-3 Processor status register format

CAUTION: The IRES, IXCT and FFP bits are for hardware use. Do not modify the
state of these bits; otherwise, results are unpredictable.

NOTE: Refer to a machine-specific supplement for information on implemented bits.
In Figure 2-3,

OVK The OVK bit is an overflow mask.
To enable fixed-point overflow detection and servicing, set the
OVK mask to one. You can set the OVK mask to one with the
FXTE, SPSR, WSAVS, and WSSVS instructions (Table 2-11}).



OVR

IRES

IXCT
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The processor saves or restores the status of the OVK mask when —
going to or returning from a subroutine or fault handler. For the "
processor to detect and service an overflow fault, the OVK mask

must be set to one before the processor sets the OVR flag to one.

The OVR bit is an overflow flag.

The processor sets the OVR flag to one when it detects a
fixed—point overflow condition.

The processor detects a fixed—point overflow condition when the
result exceeds the 16-bit precision (for narrow data instruction)
or 32-bit precision (for wide data instruction).

The overflow condition (overflow) exists for the duration of the
fixed-point instruction that causes the overflow. The processor
saves the transient overflow condition by performing a logical
inclusive OR of overflow and the OVR flag before completing the
instruction.

The OVR flag remains set to one until any of the following events
occur:

® /O interrupt request acknowledged

Refer to the chapter “Device Management” for additional
details.

® Fault detection and servicing

Refer to the chapter “Program Flow” for additional details. l =
® Power up, 1/O reset, or system reset
® Processor executes an instruction listed in Table 2-11

The IRES bit is an interrupt resume flag.

The processor sets the IRES flag when it interrupts a resumable
instruction that requires the processor to save its state on the user
stack. For example, when the processor interrupts a wide edit
(WEDIT) instruction, the processor sets the IRES flag and saves
the microstate on the user stack.

When a resumable instruction begins execution, it first tests the
IRES flag. If the flag is 0, the instruction begins an initial
execution. If the flag is 1, the instruction restores the state, resets
the IRES flag to 0, and resumes execution.

NOTE: Although the processor can interrupt some instructions,
implementations may choose to run them through
completion. Refer to a machine-specific supplement for
additional information.

The IXCT bit is an interrupt—executed opcode flag.

When the processor executes the BKPT instruction, it pushes a

wide return block onto the current stack. Then, when returning e
program control, the PBX instruction (located at the end of the

breakpoint handler) pops the wide return block and continues the

normal program flow with the saved instruction in ACO.
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If an interrupt occurs while executing the saved instruction (PC
points to the BKPT instruction), the processor sets the IXCT flag
in the PSR and pushes the opcode of the saved instruction onto
the wide stack. Upon returning from the interrupt handler, the
BKPT instruction tests the IXCT flag. If the flag is set, the BKPT
instruction resets the flag to 0, pops the saved opcode of the
interrupted instruction off the wide stack, and executes it.

FFP The FFP bit is the floating—point fault pending flag.
This bit contains the state of the Trap Enable (TE) flag of the
Floating-Point Status Register (FPSR) only if the FPSR error bit
(ANY) is also set to indicate a floating-point error. The FFP bit
is applicable to systems with parallel floating-point units. The FFP
bit is valid only in the PSR within the context block.
Before handling either an Interrupt or Page Fault, the processor
must wait for any floating—point instruction executing in a parallel
floating—point unit (FPU) to complete.
To guarantee that any floating-point fault is serviced in the
proper context, the processor inhibits the floating-point trap until
the completion of the Page Fault or the Interrupt service. To
accomplish this, the processor sets bit 4 (FFP) of the PSR to
reflect the current value of the TE bit in the FPSR. The
processor then clears the TE bit of FPSR (if the FFP bit in the
PSR is set) to inhibit floating—point faults and services the page
fault or interrupt.
Upon return from the service routine, the processor restores the
FPSR TE bit from the PSR FFP bit and clears the PSR FFP bit.
If the restored FPSR TE bit is 1, the processor services any
pending floating-point traps after the next instruction boundary is
crossed, such as after a WDPOP or WRSTR instruction.

Reserved The processor sets the reserved bits to zero when storing them in
memory. The processor ignores the reserved bits when loading the
PSR.

CAUTION: Do not set the PSR bits 5 through 13 to store transient data

while they are in memory (such as in a return block); these
reserved bits must remain unused.

When stored in memory, bits 14 and 15 are reserved for Data
General software.

LOGICAL OPERATIONS

The processor performs fixed—point logical arithmetic in the arithmetic logic unit. You
control the processor and arithmetic logic unit operations with the move, logic, shift, and
skip instructions.

The processor performs the logical functions with ADC, AND, COM, IOR, and XOR
instructions. It can then store the result in memory or can test the result with a skip
instruction, which either continues normal program flow or changes it.

Data Formats

Fixed-point logical instructions require the binary data to begin on word boundaries. For
instance, an inclusive OR instruction (IOR) logically OR’s two 16-bit binary values; a
wide inclusive OR instruction (WIOR) logically OR’s two 32-bit binary values. Figure
2—4 shows the 16— and 32-bit formats.
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16-Bit Fixed-Point Loglical Format

Undefined

15

Logical Data

32-Bit Fixed-Point Logical Format

31

Logical Data

15

Logical Data

31

INT-00164

Figure 2-4 Fixed-point logical data forrnats

Logic Instructions

Table 2-12 lists the logical instructions. A wide set bit instruction (WBTO and WBTZ)
requires an effective address in an accumulator. Use a load effective address instruction
(LLEF or XLEF) to calculate and to load the effective address into an accumulator.

Table 2-12 Logical Instructions

Instruction Operation

ANC * AND with one's complemented source
AND * AND

ANDI * AND Immediate

COB * Count bits

COM * Complement (one’s complement)
IOR * Inclusive OR

IORI * Inclusive OR immediate

LOB * Locate lead bit

LRB * Locate and reset lead bit

WANC Wide AND with one's complemented source
WAND Wide AND

WANDI Wide AND immediate

WBTO ** Wide set bit to one

WBTZ ** Wide set bit to zero

WCOB Wide count bits

WCOM Wide complement {one’s-complement)
WIOR Wide inclusive OR

WIORI Wide inclusive OR immediate

WLOB Wide locate lead bit

WLRB Wide locate and reset lead bit
WXOR Wide exclusive OR

WXORI Wide exclusive OR immediate

XOR * Exclusive OR

XORI Exclusive OR immediate

* ECLIPSE compatibie instruction
** requires an effective address in an accumulator
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Table 2-13 lists the logical shift instructions. The processor can shift an intermediate
result as explained for the ADC, ADD, INC, MOV, NEG and SUB instructions.
Table 2-13 Logical shift instructions

instruction Operation
DHXL * Double hex shift left
DHXR * Double hex shift right
DLSH * Double logical shift
HXL * Hex shift left
HXR * Hex shift right
LSH * Logical shift
MOV * Move
WLSH Wide loglical shift
WLSHI Wide logical shift immmediate
WLSI Wide logical shift left immediate
WMOVR ‘Wide move right
* FECLIPSE compatible instruction
Skip Instructions
Table 2-14 lists the logical skip on condition instructions. When a skip occurs, the
£ ; processor increments the program counter by one, and executes the second word after

the skip instruction.

CAUTION: Verify that a skip does not transfer control to the middle of a 32-bit or

longer instruction,

Table 2-14 Fixed-point logical skip instructions

{nstruction

Operation

ADC *
AND *
COM *
NEG *
SNB *
SZB *
SZBO *
WSNB
WSZB
WSZBO

Add complement with optional skip
AND with optional skip

One’'s complement with optional skip
Negate with optional skip

Skip on nonzero bit

Skip on zero bit

Skip on zero bit and set to one

Wide skip on nonzero bit

Wide skip on zero bit

Wide skip on zero bit and set bit to one

* ECLIPSE compatible instruction

A wide skip on bit instruction (WSNB, WSZB, and WSZBO) requires an effective
address in an accumulator. A load effective address instruction may be used (LLEF or
XLEF) to calculate and to load the effective address into an accumulator.
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DECIMAL AND BYTE OPERATIONS

The processor performs decimal arithmetic (packed and unpacked) and 8-bit byte (or
ASCII) manipulation. You control the various operations with the move, arithmetic,
skip, and shift instructions. The move instructions include the instructions that convert,
compare, and insert data.

The decimal arithmetic operations consist of

e Converting and moving decimal numbers between a floating—point accumulator and
memory, and translating, scaling, and moving decimal strings between memory
locations.

The move instructions that convert one data type to another require an explicit data
type description.

® Performing floating-point computations on the converted decimal numbers.

Refer to the chapter “Floating-Point Computing” for information on the floating—point

arithmetic instructions.
The byte operations consist of
e Moving bytes from one memory location to another.
® Inserting bytes.

To insert one or more bytes into a string, move the beginning part of the string to
another location. Bytes to be inserted are moved to the other location, and finally, the
remainder of the string is moved to the other location.

® Deleting bytes.

To delete one or more bytes from a string, move the beginning part of the string to
another location. Then, skip the bytes to be deleted, and finally, move the remainder
of the string to the other location.

e Converting from one data type to another data type.

The move instructions that convert one data type to another require an explicit data
type description.

e Comparing one data type to another data type or searching the string for a specific
character.

The skip instructions include the byte compare instructions even though they do not
perform the skip function. A byte compare instruction stores the result of the
comparison in an accumulator. Use a skip on condition instruction to test the
comparison.

i N

/’[-\
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Data Formats

The processor must know the format of the data before accessing it. Most instructions
(such as fixed-point and floating-point instructions) imply a data format. However, for
packed decimal (BCD) and unpacked decimal (ASCII) arithmetic with certain
instructions (such as WEDIT, WLDI, WDMOYV), the processor requires (in AC0 and/or
AC1) an explicit data type indicator, as shown in Figure 2-5.

Scale Factor Software Reserved
0 71 8 15
Software Reserved Type Size
16 23 | 24 26 | 27 31
INT-00165

Figure 2-5 Explicit data type indicator
In Figure 2-5,
Reserved The reserved field indicates that DGC reserves bits 8-23 for future use.

Scale Factor The scale factor determines how the decimal integer in memory will be
interpreted by some instructions. Several decimal instructions ignore this
field.

The scale factor (sf) is interpreted as an 8-bit, two’s complement integer
in the range —128 <= sf <= 127. If the decimal integer represented in
memory is X, then the “scaled” decimal integer is equal to X * 10"-sf.

For example, if the decimal string in memory represents the number 932,
then the “scaled” decimal integer is equal to:

9320, if sf = -1;
932, if sf = 0;
93.2, if sf= 1,
.00932, if sf = S.
Type The type field identifies the type of data, as listed in Table 2-15.
Size The size field is interpreted as a 5-bit, unsigned integer in the range 0

<=size <= 31, and indicates the length of the integer data in memory.

For all commercial data types except 5, the size field is one less than the
number of bytes of memory occupied by the integer.

For data type 5, the size field is equal to the number of digits in the
integer. The processor expects an odd number for a size specification. If
an even size is specified, the processor adds one to it (to make the size
odd) and uses a zero for the most significant digit.

Refer to to Table 2—-15 for examples.
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Decimal strings in memory are either packed or unpacked (see Figure 2-6). An

unpacked decimal digit is the ASCII code for the digit that is represented (see Table —
2-17 for valid unpacked digits). An unpacked decimal string consists of a series of
unpacked digits and a sign, as follows:

Data types 0 and 1 combine the sign of the integer with one of the decimal digits. This
overpunched sign occupies one byte in the integer field in memory, and all other bytes in
the integer field consist of unpacked digits.

Data types 2 and 3 require an unpacked sign that occupies a separate byte in the integer
field. All other bytes in the integer field consist of unpacked digits. The unpacked sign
can be either the ASCII plus sign (+) —— 053g — or the ASCII minus sign (-) —— 055;.
Refer to Table 2-16 for a list of the sign—positioned ASCII characters. Table 2-17 lists
the nonsign—positioned ASCII characters.

A packed decimal string contains two BCD digits per byte (Figure 2-6). The lowest
order byte in the decimal string contains the least significant decimal digit packed with
the sign of the integer. The packed sign, which occupies four bits, can be either 145 or
17¢ (Cq46 or Fqg) for positive (+); or 155 (or Dyg) for negative ().

Table 2-15 on the following page gives examples of eight commercial data types.

71
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Table 2-15 Explicit data types
Characters in Each Byte Data Type
Data Declmal in Memory Indicator
Type Meaning Example (Octal) or [Hex] (Octal)
Unpacked decimal: -397 (063) (071) (120)
0 last byte combines [33] [39] [50] 000002
the sign and the +397 (063)  (071) (107)
last digit (33] [3s} [47]
Unpacked decimal. -397 (114) (071) (067)
1 first byte combines [40] [38] [37]
the sign and the +397 (103) (071) (0867) 000042
first digit [43]1 [39] [37]
Unpacked decimal: -397 (063) (071) (067) (055)
2 last byte contains [33] [39] [37] [2D]
the unpacked sign 000103
+397 (063) (071) (067) (053)
[33] [39] [37] [2BI
Unpacked decimal: -397 {055) (083) (071) (067)
3 first byte contains [2D} [33] [39] [37]
the unpacked sign 000143
+397 (053) (063) (071) (067)
[2B] [33] [39] [37]
Unpacked decimal: +397 (063) (071) (067)
4 and unsigned [33] [39] [37] 000202
Packed decimal: -397 {071) (175)
5 two BCD digits [39] [7D]
(or one digit and 000243
sign) per byte +397 (071) (174)
[39] [7C]
Two's complement: -397 [FE] [73] 000301
byte-aligned -397 [FF} [FE] [73] 000302
6 +397 [01] [8D] 000301
+397 [00] [01] [8D] 000302
Floating point: -397 [C3] [18] [DO] 000342
byte-aligned -397 [C3] [18] [DO] [00] 000343
7 +397 [43] [18] (DO} 000342
+397 [43] [18] [DO] [00] 000343
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Unpacked Decimal

/ 1
Leading sign: ﬁ é
14 f
t —~/ 7
ASCI . . .
r?presentatlon ASCI representation of decimal digits
of sign
—7 £
Training sign: é é
L4 s
\ / / T
ASCIl
ASCIl representation of decimal digits representation
of sign
— L
High order sign: é é
L4 !
T AN \/ /
ASCIl representation
gf é:;wr%z'tﬁ;?;ndg;l?ﬁgtas ASCIl representation of remaining decimal digits
decimal digit and sign
—/
Low order sign: f é
L4 f
N /4
ASCH representation of all AP hrepresentation
but last decimal digit

a combination of last
decimal digit and sign

of character: defined as

-/ £
Unsigned: éé
AN L /
ASCII representation of
decimal digits (assumed posltive)
Packed Decimal
/L
N\ 'é 'é /
BCD representation of decimal digits, Sign: + = 148. 178
extended by a leading 0('7), if necessary,
to an odd number of digits - =15
Each digit occupies 1/2 byte (4 bits).
INT-00166
Figure 2-6 Packed and unpacked decimal data

.
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Table 2-18 Sign and number combination for unpacked decimal

Digit ASCII Digit AscCll Digit ASCII
and Character and Character and Character
Sign (octal code) Sign (octal code) Sign (octal code)
0+ space (040) 5+ 5 {065) 1- J (112)
0+ + (053) 5+ E (105)
0+ { (173) 2- K (113)
0+ 0 (060) 6+ 6 (066)
6+ F (106) 3- L (114)
1+ 1 (061)
1+ A (101) 7+ 7 (067) 4- M (115)
7+ G (107)
2+ 2 (062) 5- N (116)
2+ B (102) 8+ 8 (070)
8+ H (110) 6- o (117)
3+ 3 {063)
3+ o (103) 9+ 9 (071) 7- P (120)
9+ I (111)
4+ 4 (064) 8- Q (121)
4+ D (104) 0- - (055)
0- }  (175) 9- R (122)
NOTE: Though all four forms of 0+ and both forms of 0- are accepted; brackets

(“{” or “}”) are always generated.

Table 2-17 Nonsign-positioned numbers for unpacked decimal

Digit ASCIl Character (octal code)

space (040)
{060)
(061)
(062)
(063)
(064)
(065)
(066)
(067)
(070)
(071)

© o NGB dwWN -~ O
© O ~NOoOO N A WD 4O

Move Instructions

Move instructions transfer formatted data between memory and a fixed-point
accumulator or floating-point accumulator (FPAC) or between two memory locations. In
addition to moving data, several instructions also convert, compare, or insert data.

Table 2-18 lists the instructions that move bytes of data. If an instruction loads a byte
into the least significant bits of a fixed-point accumulator, the processor zero—extends the
remaining bits. If an instruction stores a byte into memory, the processor changes the
addressed byte, but the other byte in the memory word remains intact.
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Table 2-18 Fixed-point byte movement instructions

e

Instruction Operation

LDB * Load byte

LLDB Load byte (long displacement)

LSTB Store byte (long displacement)

STB * Store byte

WCMT Wide character move until true
WCMV Wide character move

WCTR Wide character translate and compare
WDMOV Wide decimal move

WEDIT Convert and insert string of decimal or ASCI| characters
WLDB Wide load byte

WSTB Wide store byte

XL.DB Load byte

XSTB Store byte

* ECLIPSE compatible instructions

The decimal move and convert instructions

® Convert packed decimal data to floating—point format when storing a decimal number

in a floating—point accumulator.

® Convert floating—point data to packed decimal format when storing a decimal number

in memory.

Table 2-19 lists the move and convert decimal/floating—point instructions.

Table 2-19 Fixed-point to floating-point conversion and store instructions

g

Instruction Operation

LDI, WLDI Convert a decimal and load into FPAC

LDIX, WLDIX Convert a decimal, extend and load it into four FPACs
STI, WSTI Convert FPAC data and store into memory

STIX, WSTIX Convert the four FPACs' data and load into memory

Move instructions require an effective word address and/or an effective byte address.
Table 2-23 lists the instructions that calculate the address and store it in a fixed-point

accumulator.

The edit (WEDIT) instruction (with an edit subprogram) converts a decimal integer to a
string of bytes, moves a string of bytes, or inserts additional bytes. Table 2-20 lists the

edit subprogram instructions.
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Table 2-20 Edit subprogram instructions

Instruction Operation

DADI Add signed integer to destination Indicator

DAPS Add signed integer to opcode pointer if sign flag is zero
DAPT Add signed integer to opcode pointer if trigger Is one
DAPU Add signed integer to opcode pointer

DASI Add signed integer to source indicator

DDTK Decrement a word in the stack by one and Jump If word Is nonzero
DEND End edit subprogram

DICI Insert characters immediate

DIMC Insert character | times

DINC Insert character once

DINS Insert character-a or character-b depending on sign flag
DINT Insert character-a or character-b depending on trigger
DMVA Move | alphabetical characters

DMVC Move | characters

DMVF Move j float

DMVN Move j numbers

DMVO Move digit with overpunch

DMVS Move number with zero suppression

DNDF End float

DSSO Set sign flag to one

DSSZ Set sign flag to zero

DSTK Store in stack

DSTO Set trigger to one

DSTZ Set trigger to zero

Arithmetic Instructions

With the ECLIPSE compatible fixed-point add and subtract instructions, the processor
computes the sum or difference of two unsigned BCD numbers in bits 28-31 of two
accumulators. A carry, if any, is a decimal carry. With the wide decimal instructions,
the processor adds one to, or subtracts one from, a decimal string or compares two
decimal strings. Table 2-21 lists the arithmetic instructions.

Table 2-21 Arithmetic instructions

Instruction Operation

DAD * Decimal add

DSB * Decimal subtract
WDCMP Wide decimal compare
WDDEC Wide decimal decrement
WDINC Wide decimal Increment

* ECLIPSE compatible instruction
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Shift Instructions

With the ECLIPSE compatible hex shift instructions, the processor can move decimal
results (in bits 16-31 of a fixed-point accumulator) either to the left or to the right.
Table 2-22 list the hex shift instructions.

Table 2-22 Hex shift instructions

Instruction Operation

DHXL * Double hex shift left
DHXR * Double hex shift right
HXL * Hex shift left

HXR * Hex shift right

* ECLIPSE compatible instruction

Effective Address Instructions

Load effective address instructions (see Table 2-23) calculate a byte or word address that
can be used with other instructions to manipulate data. When the processor executes a
character manipulation instruction (such as WCMYV) with an illegal address, a protection
fault occurs.

Table 2-23 Load effective byte address instructions

Instruction Operation

ELEF * Extended load effective address

LEF * Load effective address

LLEF Load effective address (long displacement)
LLEFB Load effective byte address

LPEF Push address

LPEFB Push byte address

WMOVR Wide move right (convert byte pointer to word pointer)
XLEF Load effective address

XLEFB Load effective byte address

XPEF Push effective address

XPEFB Push effective byte address

* ECLIPSE compatible instruction

Skip Instructions

A skip instruction normally tests for a condition and then modifies the program counter.
When a skip occurs, the processor increments the program counter by one and executes
the second word after the skip instruction. However, the wide character compare
(WCMP), the wide character translate and compare (WCTR), and the wide load sign
(WLSN) instructions test for a condition, and then load a 0, -1, or +1 into AC1. You
can then use a Wide Skip If Accumulator Equal instruction (WSEQ and WSEQI) to test

the result.
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The Wide Character Scan until True instruction (WCST) searches a string of bytes for
one or more specified characters. When the instruction locates a byte, it stores the byte
address in an accumulator.

CAUTION: Be sure that a skip does not transfer control to the middle of a 32-bit or
longer instruction.

Data Type Faults

The processor checks for a valid decimal or ASCII data type and for valid data when
executing an instruction that requires an explicit data type description (such as WEDIT,
WCTR, WSTI, or WCST). If either the data type or the data is invalid, the processor

does not perform the instruction, but does service the fault before executing another

instruction.

Table 2-24 lists the decimal and ASCII fault codes.
the code that appears in AC1. The third column lists the type of return block pushed.
The fourth and fifth columns list instructions and conditions that can cause faults.

The first and second columns list

Refer to the chapter “Program Flow Management” for more information on fault

handling.

Table 2-24 Decimal and ASCII fault codes

Code Returned Return
in AC1 Block Faulting
Narrow Wide Type Instruction Meaning
000000 100000 2 EDIT, WEDIT An invalid digit or alphabetic character
encountered during execution of one of
the following subopcodes: DMVA,
DMVF, DMVN, DMVO,DMYS
000001 100001 1 LDIX, STIX Invalid data type (6 or 7)
3 EDIT, WEDIT, WLDIX, Invalid data type (6 or 7)
WSTIX, WDMOV,
WDDEC, WDINC,
WDCMP
000002 100002 2 EDIT, WEDIT DMVA or DMVC subopcode with
source data type 5; AC2 contains the
data size and precision
000003 100003 2 EDIT, WEDIT An invalid opcode; AC2 contains the
data size and precision
000004 100004 1 LDI, STI, STIX, Number too large to convert to specified
WLDI, WSTI, data type. |number|> (1016) - {
WSTIX, WLDIX Number too large to convert to specified
data type. Number > (10%2) - 1
000005 - 3 EDIT, LLDI, LDIX, Invalid microinterrupt return block.
STI, STIX (Applies only to ECLIPSE
interrupt-resumable instructions)
000006 100006 1 WLSN, WLDI, LSN, Sign code is invalid for this data type
LDI, LDIX, WLDIX for this data type
3 EDIT, WEDIT,WDINC,
WDMOV, WDCMP,
WDDEC
000007 100007 1 WLSN, WLDI, WLDIX, Invalid digit
LSN, LLDI, LDIX
3 WDMOV, WDCMP,
WDINC, WDDEC
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Decimal Arithmetic Example

Figure 2-7 illustrates an example of code written for execution under AOS/VS. The
program

1. Accepts the decimal number from a terminal (in ASCII format).
2. Converts it to single—precision floating-point format.

3. Performs the floating—point addition.

4. Converts the sum to ASCII format.

5. Displays it on the terminal.
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CON:
FCON:
IBUF:

CONSOLE:

START:

AGAIN:

:READ CONSOLE PACKET TO OPEN.

.TITL DECIMAL
.ENT START

.NREL

:CONSTANTS

.ENABLE SWORD

. TXT " *@CONSOLE" -
202

.BLK §

:PARAMETER PACKETS

.BLK 22

.LOC CONSOLE+?7ISTI
?RTDS+OFIO

.LOC CONSOLE+?ISTO
o}

.LOC CONSOLE+?IMRS
-1

.LOC CONSOLE+?IBAD

.LOC CONSOLE+?IRCL
-1

180.

.LOC CONSOLE+?IRNW
o]

.ENABLE DWORD

.LOC CONSOLE+?IDEL
-1
.LOC CONSOLE+?ETSP

0
.LOC CONSOLE+?ETFT
0
.LOC CONSOLE+?ETLT
0

:END OF CONSOLE PACKET

?0PEN CONSCLE

?READ CONSOLE

XNLDA 1.FCON

XNLDA 3.CONSOLE+?IBAD
WLDI 0

FAS 0,0

XNLDA 1.FCON

XNLDA 3.CONSOLE+?IBAD
WSTI 0

INC 1,1,8ZC

WBR AGAIN

?WRITE CONSOLE

?CLOSE CONSOLE
?RETURN

.END START

;GENERIC CONSOLE NAME

;TYPE 4 AND 3 DECIMAL DIGITS
; RESERVE 5 WORDS FOR NUMBER BUFFER

READ. & WRITE

;DATA SENSITIVE I/O

.?IBAD CONTAINS BYTE POINTER TO DATA PACKEZT

;OPEN CONSOLE TO READ AND WRITE

ACCEPT A NUMBER FROM THE KEYBOARD

yINIT FOR DATA TYPE 4

GET BYTEPTR FROM CONSOLE PKT

;SINGLE PRECISION FLOATING-POINT ADD

;INC BYTE COUNT AND SKIP IF WSTI TRUNCATES

;REPEAT WSTI

;DISPLAY THE SUM ON THE CONSOLE

;CLOSE THE CONSOLE

;RETURN TO CLI

INT-C0167

Figure 2-7 Decimal arithmetic example
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Using floating-point computation, the processor can add, subtract, multiply, and divide
32-bit (single—precision) and 64-bit (double~precision) sign magnitude data.

The optional Intrinsic Instruction Set (IIS), allows the processor to perform trigonometric
and logarithmic functions, exponentiation, and square root evaluation on 32-bit and
64-bit data.

Following a computation, the processor can convert a double~precision value to a single
precision value, or it can convert a single—precision value to a fixed—point or decimal
value. Then, the processor can test and skip on a condition that results from the
computation or conversion. Finally, the processor can store the result in an accumulator
Or memory.

This chapter explains the various computations (move, arithmetic, and skip), the Intrinsic
Instruction Set, and the floating—point status register (FPSR).
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Data Formats —

Floating-point arithmetic and intrinsic instructions require normalized, sign magnitude
numbers. You can use the Floating-point Normalize (FNOM) instruction to normalize
raw floating-point data, which may or may not be normalized.

In addition, if a mantissa equals zero, the processor expects it to equal true zero. A true
zero exists when the sign bit, exponent, and mantissa equal zero; that is, all bits equal
zero.

Single—precision numbers are most efficient when used with even-word boundaries, and
double—precision numbers are most efficient when used with double~word boundaries.
These numbers must be within the value range of 5.4(10-78) to 7.2(107%). Figure 3-1
shows the floating-point formats.

Single Precision Format

S Exponent Mantissa

0 1 7 8 15
Mantissa

16 31

Single Precision Format

.[/—\'.
Undefined i
32 47
Undefined
48 63
Double Precision Format (First Half)
S Exponent Mantissa (Most Significant Bytes)
0 1 7 8 15

Mantissa (Most Significant Bytes)
16 31

Double Precision Format (Second Half)
Mantissa (Least Significant Bytes)
32 47

Mantissa (Least Significant Bytes)
48 63
INT-00168

Figure 3~-1 Floating—point data formats
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S

Exponent

Mantissa
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The S bit equals the sign bit of the mantissa. The sign bit equals
a zero for a positive number, and equals a one for a negative
number.

The exponent, expressed as an unsigned integer, equals 6449
greater than the true value of the exponent (excess-64
representation). The following exponents illustrate excess—64
representation numbers.

True Value
Exponent of Exponent
0 -6449
644 0
12746 +6340

The mantissa, expressed as a fraction, implies that the location of
the binary point is between bits 7 and 8. For normalized
floating-point numbers,

the range of the mantissa for single—precision is

1/16 to 1-(2-2%)
the range for double-precision is

1/16 to 1-(2-56)

Table 3-1 lists the instructions that convert and move data between fixed-point and
floating-point accumulators, convert a mixed number to a fraction, and scale a
floating—point number.

Table 3-1 Floating—point binary conversion instructions

Instruction Operation

FEXP * Load exponent (ACO 17-23 to FPAC 1-7)
FAB * Compute absolute value (set sign of FPAC to zero)
FFAS * Fix to AC {FPAC to AC)

FINT * Integerize (FPAC)

FLAS * Float from AC (AC to FPAC)

FNEG * Negate

FNOM * Normalize (FPAC)

FRDS Floating-point round double to single

FRH * Read high word (FPAC 0-15 to ACO 16-31)
FSCAL * Scale floating point

WFFAD Wide fix from FPAC

WFLAD Wide float from AC

* ECLIPSE compatible instruction
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Table 3-2 lists the instructions that convert and move a fixed-point decimal between
memory and a floating—point accumulator. Refer to the chapter “Fixed-Point
Computing” for further information on the load and store integer instructions.

Table 3-2 Floating—point decimal conversion instructions

Instruction Operation

LDI, WLDI Convert a declmal and load It into FPAC

LDIX, WLDIX Convert a decimal, extend and load it into four FPACs
STI, WSTI Convert FPAC data and store it into memory

STIX, WSTIX Convert the four FPACs data and store them Into memory

Move Instructions

All single-precision operations that specify an accumulator fetch the most significant 32
bits of the floating-point accumulator and ignore the least significant 32 bits. Upon
completion of the specified operation, the processor returns the result to the most
significant portion of the floating—point accumulator. The processor loads the least
significant 32 bits of the floating-point accumulator with zeros. Table 3-3 lists the load
and store floating—point accumulator instructions.

Table 3-3 Floating—point data movement instructions

Instruction Operation

FLDD * Load floating-point double
FLDS * Load floating-point single
FMOV * Move floating point (FPAC to FPAC)
FPSH Narrow floating—point push
FPOP Narrow floating-point pop
¥STD * Store floating-point double
FSTS * Store floating-peint single
LFLDD Load floating—point double
LFLDS Load floating-polint single
LFSTD Store floating-point double
LFSTS Store floating-point single
WFPOP Wide floating-point pop
WFPSH Wide floating-point push
XFLDD L.oad floating-point double
XFLDS Load floating-point single
XFSTD Store floating-point double
XFSTS Store floating-point single

* ECLIPSE compatible instruction

TN
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Floating-Point Arithmetic Operations

To perform a floating—point arithmetic operation, the processor executes a floating—point
arithmetic instruction. In executing the instruction, the processor

1.  Appends guard digits.

2. Aligns the mantissas (for addition and subtraction).

3. Calculates and normalizes the result.

4.  Adjusts the result by truncating or rounding it.

5.  Stores the result in a floating-point accumulator or memory.

To increase the accuracy of the result, the processor appends guard digits to the operands
of both mantissas before performing the arithmetic calculations. A guard digit is one hex
digit (four bits) that initially contains a zero. The processor modifies the guard digits
during the arithmetic calculations, which increases the accuracy of the result.

Appending Guard Digits

The processor appends the one or two guard digits to the least significant hex digit of
both mantissas, depending on the RND flag (bit 8) in the floating-point status register.
Use the load floating—point status register instruction (LFLST) to change the RND flag.

NOTE: The floating—point conversion and single-precision store instructions (FINT,
FSCAL, LFSTS, WFFAD, WFLAD, and XFSTS) ignore the RND flag.
Refer to the individual instruction description in the chapter “Instruction
Dictionary” for further information.

When the RND flag equals zero, the processor appends one guard digit in preparation for
truncating the mantissa of the intermediate result. When the RND flag equals one, the
processor appends two guard digits in preparation for rounding the mantissa of the
intermediate result. An intermediate result includes the exponent and the mantissa.

Aligning the Mantissas

For floating—point addition and subtraction, the processor first aligns the smaller mantissa
to the larger mantissa. To align the mantissas, the processor takes the absolute value of
the difference between the two exponents. If the difference equals nonzero, the
processor shifts the mantissa with the smaller exponent to the right until the difference
equals zero or until the processor shifts out the significant digits of the mantissa. The
mantissas are aligned when the difference equals zero.

If the processor shifts out the significant digits, the operation is equivalent to adding zero
to the number with the larger exponent. To shift out the significant digits, the processor
must shift at least 7 or 8 hex digits for single precision (for truncating or rounding,
respectively) or shift at least 15 or 16 hex digits for double precision.
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Calculating and Normalizing the Result

The processor performs the floating—point arithmetic operation, uses algebraic rules to
determine the signs of the intermediate result, and then normalizes it. The processor
normalizes an intermediate mantissa by shifting it left one hex digit at a time until the
most significant hex digit represents a nonzero quantity. For each hex digit shifted left,
the processor decrements the intermediate exponent by one. The processor zero fills the
guard digit of the intermediate mantissa.

Truncating or Rounding the Result

As determined by the RND flag, the processor truncates or rounds the intermediate

mantissa. When the RND flag equals zero, the processor truncates the intermediate

mantissa by removing the guard digit. When the RND flag equals one, the processor
rounds the intermediate mantissa by removing and analyzing the two guard digits.

When the two guard digits are

® Within the range of 0 to 7F;¢ inclusive, the intermediate result becomes the final
result (without change).

® Equal to 804, the processor adds the least significant bitof the intermediate mantissa
to the intermediate mantissa.

The processor forces an even mantissa to be rounded down to the nearest integer and
an odd mantissa to be rounded up to the nearest integer. If the processor rounded
down or rounded up without an intermediate mantissa overflow, the operation
produces the final result.

® Vithin the range of 81,5 to FF4¢ inclusive, the processor adds 1¢ to the intermediate
mantissa.

If the processor rounded up the intermediate mantissa without an overflow, the operation
produces the final result.

If rounding up causes a mantissa overflow, the processor performs the following actions:

1. Shifts the intermediate mantissa right one hex digit.
2. Places 14g into the most significant hex digit.
3.  Adds one to the intermediate exponent.

4,  Truncates the rightmost hex digit so that the intermediate mantissa is 24 or 56 bits,
which becomes the final result.

Storing the Result

The processor stores the final result in the specified memory location or floating—point
accumulator. The processor then checks for a possible exponent underflow or overflow.
If no underflow or overflow exists, the instruction execution is complete. If an underflow
or overflow exists, the processor sets the appropriate error flag in the floating-point status
register. The value of the exponent is undefined.
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—~ Arithmetic Instructions

Floating—point arithmetic instructions perform single-— and double-precision addition,
subtraction, multiplication, and division. Unnormalized floating—point numbers may
produce undefined results (use FNOM to normalize floating—point numbers).

Addition

The processor adds the two mantissas together, producing an intermediate result. The
processor determines the sign of the intermediate result from the signs of the two
operands by the rules of algebra.

If the mantissa addition produces a carry out of the most significant bit, the processor
shifts the intermediate mantissa to the right one hex digit and increments the exponent by
one. If incrementing the exponent produces no exponent overflow and the intermediate
mantissa equals a nonzero, the processor normalizes the intermediate mantissa, rounds or
truncates it, and stores the final result in memory or in a floating—point accumulator.

If incrementing the exponent produces an exponent overflow, the processor sets the OVFE
error flag to one and terminates the instruction. If there is no mantissa overflow, but the
intermediate mantissa contains all zeros, the processor places a true zero in memory or in
a floating-point accumulator. Table 3-4 lists the floating-point add instructions.

Table 3-4 Floating-point addition instructions

Instruction Operation

FAD * Add double (FPAC to FPAC)
FAS * Add single (FPAC to FPAC)
FAMD * Add double (memory to FPAC)
FAMS * Add single (memory to FPAC)
LFAMD Add double {(memory to FPAC)
LFAMS Add single (memory to FPAC)
XFAMD Add double (memory to FPAC)
XFAMS Add single (memory to FPAC)

* ECLIPSE compatible instruction

Subtraction

For floating—point subtraction, the processor temporarily complements the sign of the
source mantissa and performs a floating—point addition. Upon completion, the difference
is stored in the destination floating-point accumulator. Also the source mantissa returns
to its original value when the source accumulator is different from the destination
accumulator (facs, facd). Table 3-5 lists the floating—point subtract instructions.
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Table 3-5 Floating—point subtraction instructions

Instruction Operation

FSD * Subtract double (FPAC from FPAC)
FSS * Subtract single (FPAC from FPAC)
FSMD * Subtract double (memory from FPAC)
FSMS *° Subtract single (memory from FPAC)
LFSMD Subtract double (memory from FPAC)
LFSMS Subtract single (memory from FPAC)
XFSMD Subtract double (memory from FPAC)
XFSMS Subtract single (memory from FPAC)

* ECLIPSE compatible instruction

Multiplication

For floating—point multiplication, the processor multiplies one floating-point mantissa by
the other floating—-point mantissa to produce an intermediate floating—point mantissa.

The processor adds the two exponents, subtracts 64,5 to maintain excess 64 notation, and
produces an intermediate floating-point exponent. The processor then normalizes the
intermediate mantissa, rounds or truncates it, and stores the final result. Table 3-6 lists
the floating—point multiplication instructions.

Table 3-6 Floating—-point multiplication instructions

Instruction Operation

FMD * Multiply double (FPAC by FPAC)
FMS * Multiply single (FPAC by FPAC)
FMMD * Mulitiply double (FPAC by memory)
FMMS * Multiply single (FPAC by memory)
LFMMD Multiply double (FPAC by memory)
LFMMS Multiply single (FPAC by memory)
XFMMD Multiply double (FPAC by memory)
XFMMS Multiply single (FPAC by memory)

* ECLIPSE compatible Instruction

Division
For floating—point division, the processor tests the divisor for zero. (The source location
contains the divisor and the destination location contains the dividend.) If the divisor is
zero, the processor sets the INV error flag to one, places error code zero in the INP bits
and the address of the instruction in the FPPC, and ends the instruction. If the divisor
is nonzero, the processor compares the two mantissas. If the dividend mantissa is greater
than or equal to the divisor mantissa, the processor aligns the two mantissas in the

following process:
1.  Shifts the dividend mantissa to the right one hex digit.
2. Places 0,5 in the most significant digit of the dividend mantissa.

3.  Adds one to the dividend exponent.

|
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When the dividend mantissa is less than the divisor mantissa, the processor performs the
following actions:

1.  Divides the mantissas to produce an intermediate floating—point mantissa.

2. Subtracts the divisor exponent from the dividend exponent, and adds 64,5 to the
difference (maintaining the excess 64 notation), which produces an intermediate
floating-point exponent.

3.  Normalizes and rounds or truncates the intermediate mantissa, which produces the
final result (exponent and mantissa).

4, Stores the final result in memory or a floating—point accumulator.

Table 3-7 lists the floating—point divide instructions.

Table 3-7 Floating-point division instructions

Instruction Operation

FDD * Divide double (FPAC by FPAC)
FDS * Divide single (FPAC by FPAC)
FDMD * Divide double (FPAC by memory)
FDMS * Divide single (FPAC by memory)
FHLV * Halve (FPAC/2)

LFDMD Divide double (FPAC by memory)
LFDMS Divide single (FPAC by memory)
XFDMD Divide double (FPAC by memory)
XFDMS Divide single (FPAC by memory)

* ECLIPSE compatible instruction

Skip Instructions

A skip instruction tests the result of an operation for a specific condition and (except for
FCMP) directs the processor to skip the word or to execute the word after the skip
instruction. The FCMP instruction compares two floating—point numbers and sets the Z
and N status flags reflecting the relationship. You can then use the FSGT, FSEQ, and
FSLT skip instructions to test the status flags.

Table 3-8 lists the floating—point skip on condition instructions. When a skip occurs, the
processor increments the program counter by one and executes the second word after the
skip instruction.

CAUTION: Be sure that a skip does not transfer control to the middle of a 32-bit or
larger instruction.
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Table 3-8 Floating—point skip on condition instructions

Instruction Operation

FCMP * Compare two floating-point numbers (set N and Z)

FSEQ * Skip on zero (Z = 1)

FSGE * Skip on greater than or equal to zero (N = 0)

FSGT * Skip on greater than zero (N and Z = Q)

FSLE * Skip on less than or equal to zero (N and Z = 1)

FSLT * Skip on less than zero (N = 1)

IFSND * Skip on no zero divide (DVZ = 0)

FSNE * Skip on nonzero (Z = 0)

FSNER * Skip on no error (ANY = 0)

FSNM * Skip on no mantissa overflow (MOF = 0)

FSNO * Skip on no overflow (OVF = 0)

FSNOD * Skip on no overflow and no zero divide (OVF and DVZ = 0)
FSNU * Skip on no underflow (UNF = D)

FSNUD * Skip on no underflow and no zero divide (UNF and DVZ = 0)
FSNUO * Skip on no underflow and no overflow (UNF and OVF = 0)

* ECLIPSE compatible instruction

Intrinsic Instruction Set

The optional Intrinsic Instruction Set (IIS) performs trigonometric and logarithmic
functions, exponentiation, and square root evaluation on single-precision and
double—precision data.

These instructions assume the argument to be operated on is in FPACO and the answer
will be returned to FPACO. For two-argument instructions (such as WFATN2 and
WFPWR), FPACI is used as the second argument. When the instruction completes, the
contents of the remaining floating-point accumulators are undefined.

All floating-point inputs are assumed to be normalized. Any input with a zero mantissa
is also assumed to have a zero sign bit and an all zero exponent (true zero).

The trigonometric instructions (sine, cosine, tangent) require a floating—point input in
radians while the inverse trigonometric instructions (arcsine, arccosine, arctangent) return
the result in radians. :

IIS instructions always update the Z and N flags of the FPSR so that they reflect the
result —— either zero or negative.

An IIS instruction can cause floating—point traps, if traps are enabled, for either invalid
input or for a result that overflows or underflows.

e If an invalid normalized number or an illegal argument is used as input to an IIS
instruction, a trap occurs. An illegal argument causes the processor to place the
instruction address in the FPSR floating—point program counter (FPPC), set the INV
bit in the FPSR to one and place an error code in FPSR bits 28-31 (INP). The error
code indicates what type of input erroroccurred. For example, a negative value input
to a square root (WFSQR) instruction causes an invalid input argument trap with the
error code two returned to the INP bits. The FPSR description in the section “Faults
and Status” of this chapter explains the various codes and their meanings.
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o If the result of an IIS instruction has overflowed or underflowed, a floating-point trap
occurs with the relevant error bits (OVF or UNF) updated in the FPSR. Overflow
and underflow errors behave identically to the standard floating—point instruction
errors.

The IIS instructions have a displacement coded with each instruction. The format for
these four-word instructions is:

Instruction Opcode

0 15
0 PC-Relative Displacement
16 17 31

PC-Relative Displacement

32 a7

Instruction Sub-opcode

48 63

Machines that implement these instructions in hardware ignore the displacement.
(Addresses must resolve to a valid word in the current ring.) The coded displacement is
a PC-relative, non-indirectable address of a routine in an optional run time library in the
current ring that does emulate the function of the instruction if hardware support does
not exist.

All IIS instructions are interruptible. Table 3-9 lists the intrinsic instructions.

Table 3-9 Floating-point intrinsic instructions

Instruction Function

WFACOSD Arccosine double

WFACOSS Arccosine single

WFASIND Arcsine double

WFASINS Arcsine single

WFATAND Arctangent double

WFATANS Arctangent single

WFATN2D Arctangent double (two-accumulator)
WFATN2S Arctangent single (two-accumulator)
WFCOSD Cosine double

WFCOSS Cosine single

WFEXPD Exponential double

WFEXPS Exponential single

WFLG2D Binary logarithm double
WFLG2S Binary logarithm single
WFLNGD Natural logarithm double
WFLNGS Natural logarithm single
WFLOGD Common logarithm double
WFLOGS Common logarithm single
WFPWRD Power double (two-accumulator)
WFPWRS Power single (two-accumulator)
WFSIND Sine double

WFSINS Sine single

WFSQRD Square root double

WFSQRS Square root single

WFTAND Tangent double

WFTANS Tangent single
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Faults and Status —.

The processor checks for a floating-point fault and for the mantissa status after executing
a floating—point instruction. The processor stores the result in a 64-bit floating-point
status register. When the processor detects a floating—point fault, it sets the appropriate
floating—point status register bits. FPSR bits are accumulative and remain set until they
are changed by another instruction.

The processor cannot service the fault unless it first determines the state of the trap
enable (TE) mask (bit 5 of the floating—point status register). If the TE mask equals
zero, the processor continues normal program execution with the next sequential
instruction. Program flow remains unchanged. If the TE mask equals one, the processor
disrupts normal program execution by performing an indirect jump to the floating—point
fault handler to service the fault. Refer to the chapter “Program Flow Management” for
further information on fault handling.

NOTE: FPSH, FSST, LFSST and WFPSH instructions store the FPSR, however,
they will not store a value with any combination of bit 5 and bits I to 4
concurrently set.

The FPSR is accessed with instructions that initialize the register or that test the register’s
bits. The section “Skip Instructions” in this chapter lists instructions that test the bits.
Table 3-10 lists the instructions that initialize the register and that store or load the
register contents.

Table 3-10 Floating-point status register instructions . -?’—\“
Instruction Operation
FCLE * Clear errors (FPSR)
FLST * Load FPSR
FPOP * Narrow floating-point pop
FPSH * Narrow floating—point push
FSST * Store FPSR
FTD * Floating—point trap disable (resets TE)
FTE * Floating-point trap enable (sets TE)
LFLST Load FPSR (long displacement)
LEFSST Store FPSR (long displacement)
WFPSH Wide push floating-point state
WFEFProp Wide pop floating-point state

* ECLIPSE compatible instruction

The floating-point status register contains flags indicating faults (ANY, OVF, UNF, INV,
MOF, and TE), mantissa status (Z and N), rounding (RND), floating-point identification
(ID), floating-point operation (PAR), invalid input argument indicator (INP), and the
floating—point program counter (FPPC). Figure 3-2 shows the format of the
floating—point status register.
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ANY|OVF|UNF| INV {MOF| TE | Z N |RND Reserved ID
0 1 3 4 [ 6 7 8 ] 11 12 15
Reserved PAR Reserved INP
16 21 1 22 | 23 27 | 28 31
0 Floating-Point Program Counter (MSB)
32 | 33 47
Floating-Point Program Counter (LSB)
48 63
INT-00169

Figure 3-2 Floating-point status register format

In Figure 3-2,

/-\ Bit

0

Name Contents or Function

ANY

OVF

UNF

INV

MOF

Error status flag.

The processor sets the ANY flag to one when it sets either the OVF,
UNF, INV, or MOF flag to one. ANY is never set from memory, but
is always recomputed from these bits.

Exponent overflow flag.

The processor sets the OVF flag while executing a floating—point
instruction, and an exponent overflow occurs. The result is correct
except the exponent is 128 too small.

Exponent underflow flag.

The processor sets the UNF flag while executing a floating—point
instruction, and an exponent underflow occurs. The result is correct
except the exponent is 128 too large.

Input argument error flag.

The processor sets the INV flag while attempting to execute an
instruction with an invalid argument as input. If the INV bit is one, the
INP bits further define the input error. The processor then aborts the
operation, the state of FPACO is undetermined, and the remaining
operands are unchanged.

NOTE: The previous definition of this flag, Divide by Zero, (DVZ) has
been expanded to include other input argument errors.

Mantissa overflow flag.

The processor sets the MOF flag while executing a floating-point
instruction when it detects a mantissa overflow. If it occurs during a
FSCAL instruction, the processor shifts out the most significant bit. If
it occurs during a FFAS, FFMD, or WFFAD instruction, the result is
too large and the processor truncates the result before storing it.
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5 TE Trap enable mask.

The processor or you enable floating—point fault detection and servicing
by setting the TE mask to one. The TE mask can be set to one with
the FTE instruction.

Unless your system runs with a parallel floating—point unit, the processor
does not save or restore the status of the TE mask when going to or
returning from a subroutine or fault handler. Refer to the “Processor
Status Register” description in the chapter “Fixed-Point Computing” for
further information.

The processor cannot detect and service a fault unless the TE mask is

set to one before the processor sets the ANY (lag to one. If TE is set
to one, a one in any of bits 1 through 4 results in a floating—point trap,
except where noted.

6 Z True zero flag.

The processor sets the Z flag if the result of executing a floating~point
instruction produces a true zero.

7 N Negative flag.

The processor sets the N flag if the result of executing a floating—point
instruction produces a value less than zero.

8 RND Round flag.

You set the RND flag (with the LFLST and WFPOP instructions) to
direct the processor to round (RND = 1) or to truncate (RND = 0) the
intermediate result of executing a floating—point instruction.

9-11 Reserved These reserved bits are ignored and returned as zero.

12-15 ID Floating-point identification code that reflects the floating—point
revision.

16-21 Reserved These reserved bits are ignored and returned as zero.
22 PAR Floating-point operation flag.

This bit is applicable only to processors which support a floating-point
unit capable of operating in both serial and parallel with the main CPU.
If the PAR bit is one, the floating—point unit operation is serial; if the
PAR bit is zero, the floating—point unit operation is parallel.

23-27 ReservedThese reserved bits are ignored and returned as zero.

28-31 INP INP bits contain an indicator for an invalid input argument. The
definition of the INP bits depends on the setting of the invalid input
argument (INV) bit.

If the INV bit is zero, the INP bits are undefined.

If the INV bit is one, the value contained in the INP bits indicates an
attempt to use an invalid input. A code value greater than zero applies
to the floating—point Intrinsic Instruction Set (IIS) option. The defined
values are listed below.

Code Instruction Description

(octal)

0 FDS, FDD, Attempt to execute a floating—point
FDMS, FDMD, divide instruction with a divisor
XFDMS, XFDMD, equal to O.

LFDMS, LFDMD

1 WFLOGS, WFLOGD FPACO contains a value less than
WFLG2S, WFLG2D or equal to zero.
WFLNGS, WFLNGD

2 WFSQRS, WFSQRD FPACO contains a value less than 0.
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Code Instruction
(octal)

3 WFASINS, WFASIND

Description

The absolute value of FPACO is

WFACOSS, WFACOSD greater than 1.

4 WFPWRS, WFPWRD

5 WFEXPS, WFEXPD

6 WFTANS, WFTAND

The value in FPACO is less than 0 and
the value in FPACI1 is not equal to 0, or
the value in FPACO is equal to 0, and
the value in FPACI is less than or equal
to 0.

The number in FPACO will cause an
overflow.

Special overflow for WFTAN (numbers
in FPACO, which are odd integer
multiples of values near PI/2, will cause
an overflow; even integer multiples of
PI/2 return ACO)

7 WFATN2S, WFATN2D The number in FPAC1 equals 0.

NOTES: If floating—point traps are disabled (TE bit equals 0), more
than one invalid input argument error may occur before
floating—point traps are again enabled. In this case, the
INP bits will contain the error code for the FIRST
instruction which caused an invalid input argument error.

When the processor detects an invalid input error, the state
of FPACO is undetermined, the contents of the remaining
Sfloating—point accumulators are unmodified, and CARRY
and overflow are unchanged.

Bit 32 is processor specific.

The floating—point program counter (FPPC) contains the address of

Program the first floating—point instruction to set an error bit in the FPSR
Counter (after an FCLE or IORST) unless specifically set by a Load
Floating—Point Status instruction. FPPC is undefined if ANY=0.
NOTE: All reserved bits in the FPSR must be zero. The OVF, UNF, INV, and

MOF status bits are cumulative.
which restore them, or the explicit clear instructions (such as FCLE).

These bits are only cleared by FPSR loads
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A stack is a series of consecutive locations in memory. In the simplest form, stack
instructions add items in sequential order to the top of the stack and retrieve them in the
reverse order. A program can access several stack areas, but can use only one stack
area at any time. The processor, using the push-down stack concept, pushes (stores)
data onto the stack (toward higher addresses) and pops (retrieves) data from it in the
reverse order (toward lower addresses).

For instance, the processor can push or pop the contents of up to four accumulators with
the WPSH or WPOP instruction. In addition, the processor can push a return block for
a subroutine call, an I/O interrupt request, or a fault. Then a return block would be
popped upon returning from the call, interrupt, or fault handler.

The 32-bit processor provides facilities for wide and narrow stack operations. The wide
stack, a series of double words, supports 32-bit programs. The system includes four
32-bit stack management registers to manage wide stack operations. The narrow stack, a
series of single words, supports 16-bit programs (for ECLIPSE program development and
upward program compatibility). The system uses three words per ring in reserved memory
to manage narrow stack operations.

This chapter presents the wide stack operations and instructions. Refer to the chapter
“ECLIPSE 16-Bit Compatibility” for further information on the narrow stack. The
chapter “Program Flow Management” presents wide and narrow stack fault handling.
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Wide Stack Operations

Each segment contains a set of wide stack parameters that the processor manages in the
current segment with four 32-bit stack registers. You can modify the contents of the
stack registers with instructions that move data between an accumulator and a stack
register.

When transferring program control to another segment, the processor stores the contents
of the stack registers in page zero of the current segment and initializes the contents of
the stack registers from page zero of the destination segment.

CAUTION: A program must not refer to or modify the stack parameters in page zero of
the current segment.

When a program executes in one ring, the stack must reside in that ring or a
higher ring and may span ring boundaries. Extreme care should be taken
when using a stack that crosses an upper ring boundary as certain locations,
such as page zero, may be affected (a ring crossing to that ring may then
produce undefined results). ‘

Figure 4-1 shows the four stack parameters. Items (1) and (2) identify the lower and
upper stack limits, which define the locations that the stack occupies. Items (3) and (4)
identify the wide stack pointer and the wide frame pointer, which address the data in the
stack.

P

(1) Referenced by WSB —— Rest of memory
PSR/argument count

Increasing
- addresses
/ {(double words)

L]
PSR/argument count
ACO
AC1
AC2
AC3
(4) Referenced by WFP ——— Carry and PC \IJJ‘P

(3) Referenced by WSP ——» Data word
VAAAAAAAAAAAS

—

Rest of memory

(2) Referenced by WSL. —»]

INT-00170

Figure 4-1 Typical wide stack

P
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Wide Stack Registers

For most efficient operation, the contents of the wide stack registers should be initialized
to address locations that are aligned on double-word boundaries (even addresses).

The processor accesses the stack management registers to save or restore them when
changing program flow between segments. Figure 4-2 shows the format of these registers.

X Segment Loglcal Address

0 1 3 4 15

Logical Address

16 31

INT-00171

Figure 4-2 Wide stack management register format
In Figure 4-2,

X Bit 0 must be zero, and in the stack limit is set to one when a stack
fault occurs.

Segment Bits 1-3 specify the segment location of the stack.

Logical Address Bits 4-31 specify a logical address within the segment.

Wide Stack Base

The wide stack base (WSB) defines the lower limit of the wide stack. When you
initialize a wide stack, the wide stack base should be one double word below the actual
address of the first double word in the wide stack.

The processor uses the contents of the wide stack base when it pops data from the wide
stack. For instance, when returning from a subroutine, the processor pops a wide return
block and then checks for a wide stack underflow. If the wide stack pointer value is less
than the wide stack base value, an underflow condition exists. Refer to the section
“Wide Stack Faults” for further information on handling an underflow fault.

Wide Stack Limit

The wide stack limit (WSL) defines the upper limit of the wide stack. When you
initialize a wide stack, the wide stack limit should be 16 double words below the actual
address of the last double word in the wide stack, so that there will be space for handling
a stack overflow if one occurs.

The processor pushes one or more double words onto the wide stack (such as a wide
return block when calling a subroutine), and then for most operations checks for a stack
overflow fault. (However, the processor checks for overflow before pushing data onto
the stack when using the wide save instructions (WSAVR, WSAVS, WSSVR, or WSSVS)
and when crossing to a subroutine in a lower-numbered segment.)
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To check for a wide stack overflow fault, the processor compares the wide stack pointer
contents to the wide stack limit contents. If the wide stack pointer contents are greater \
than the wide stack limit contents, an overflow condition exists. Refer to the section
“Wide Stack Faults” for further information on handling an overflow fault.

Wide Stack Pointer

The wide stack pointer (WSP) addresses the top location of the wide stack, either the
location of the last double-word placed on the stack (when adding data to the stack) or
the next double-word available from the stack (when removing data from the stack).
When initializing a wide stack, set the wide stack pointer so that it is equal to the address
in the wide stack base register.

To push a double word, the processor increments the wide stack pointer by two and
stores a double word onto the stack. A pop operation retrieves one or more double
words from the wide stack and decrements the wide stack pointer by two for each double
word it pops.

NOTE: The area between the wide stack pointer and the wide stack limit can be
modified by the processor. For example, the WEDIT instruction may
implicitly push and pop temporary WEDIT data.

Wide Frame Pointer

The wide frame pointer (WFP) —— unchanged by push and pop operations —— defines a
reference point in the wide stack. Setting up a wide stack, initialize the wide frame
pointer so that it has the same value as the wide stack pointer. This preserves the original
value of the wide stack pointer.

The processor stores and resets the value of the wide frame pointer when entering or
leaving subroutines. Thus, the wide frame pointer identifies the boundary between words
placed on the wide stack before a subroutine call, and between words placed on the wide
stack during a subroutine execution. Using the wide frame pointer as a reference, the
processor can move back into the wide stack and retrieve arguments stored there by a
preceding routine.

Wide Stack Register Instructions

The instructions listed in Table 4-1 load (or modify) a wide stack register with data from
an accumulator or store data in an accumulator from a wide stack register. In addition,
when the processor transfers program control to another segment, it initializes all four
wide stack registers (from reserved memory in page zero of the new segment).

Wide Stack Data Instructions

The wide stack data instructions access a double word or a block of double words. All
the wide stack data instructions increment or decrement the wide stack pointer.
Instructions that access a double word modify the wide stack pointer by two. Instructions
that access a block of double words modify the wide stack pointer by four or more
(depending upon the size of the data block or return block). The instructions in Table
4-2 access a double word or a block of double words.

T,
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Table 4-1 Wide stack register instructions

Instruction Operation

LCALL Call subroutine (return from cail with WRTN)
LDAFP Load accumulator with the WFP register contents
LDASB Load accumulator with the WSB register contents
LDASL t.oad accumulator with the WSL register contents
LDASP Load accumulator with the WSP register contents
STAFP Store accumulator in the WFP register

STASB Store accumulator In the WSB register

STASL Store accumulator in the WSL register

STASP Store accumulator in the WSP register

WMSP Wide modify WSP register

WRTN Wide return control from subroutine (LCALL, XCALL)
XCALL Call subroutine (return from call with WRTN)

Table 4-2 Wide stack double-word access instructions

Instruction Operation

DSZTS * Decrement the double word addressed by WSP (skip if zero)
ISZTS * Increment the double word addressed by WSP (skip if zero)
LDATS * Load accumulator with double word addressed by WSP
LPEF Push address

LPEFB Push byte address

LPSH] Push jump to subroutine (pop with WPOPJ)

NBStc * Narrow backward search queue and skip

NFStc * Narrow forward search queue and skip

STATS * Store accumulator into double word addressed by WSP
WBStc * Wide backward search queue and skip

WFPOP Wide floating-point pop

WFPSH Wide floating-polnt push

WPFSitc * Wide forward search queue and skip

WPOP Wide pop accumulators (push with WPSH)

WPOPJ Wide pop PC and jump (push with LPSHJ or XPSHJ)
WPSH Wide push accumulators (pop with WPOP)

XPEF Push address

XPEFB Push byte address

XPSHJ Push Jump to subroutine (pop with WPOP]J)

* |nstruction uses but does not modify WSP,



Stack Management

The instructions in Table 4-3 push or pop a return block. Although the return block

can take several forms, it usually consists of six double words. (See Table 4-4.) ™
Table 4-3 Wide stack return block instructions
Instruction Operation
BKPT Breakpoint handler (return from breakpolnt handler with PBX)
PBX Pop block and execute (return from breakpoint handler)
WPOPB Wide pop block
WRSTR Wide restore from an interrupt
WRTN Wide return via wide save (WSAVR, WSAVS, WSSVR, and WSSVS)
WSAVR Wide save (reset overflow mask), used with LCALL and XCALL
WSAVS Wide save (set overflow mask), used with LCALL and XCALL
WSSVR Wide special save (reset overflow mask), used with LJSR & XJSR
WSSVS Wide special save (set overflow mask), used with LISR & XJSR
wxor Extended operatlon (return with WPOPB; used to expand instruction set)
Table 4-4 Standard wide return block
Double Word Double Word 1T
Number in Block Number in
Block Pushed Block Popped Contents
1 6 PSR (bits 0-15)
All zeros or an argument count from LCALL
or XCALL (bits 16-31)
2 5 ACO
3 4 AC1
4 3 AC2
5 2 AC3 = Old WFP
6 1 Bit 0 = CARRY;
Bits 1-31 = PC return address

The chapter “Instruction Dictionary” presents the subroutine return block with a
subroutine instruction description. The chapter “Program Flow Management” identifies
the return blocks for the nonprivileged faults, while the chapter “Device Management”
presents the return block for an I/O interrupt. The chapter “Memory and System
Management” identifies the return blocks for privileged operations.
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Stack Management

Initializing A Wide Stack

Figure 4-3 illustrates assembler code for initializing a wide stack. The stack resides in
The processor detects a stack overflow 16 double words

before the actual end of the stack.

.NREL
BASE: .BLK
ENDZ: .BLK

XLEF
STASL
XLEF
STASB
STASP
STAFP

XPEFB

68. ;Reserve 66
32. ;Reserve 32

0,ENDZ ;Initialize
0 ; overflow
0,BASE-2

0 ;Initialize
o] ;Initialize
0 ;Initialize
BYTZ*2

words for the wide stack
words for wide stack end

WSL for a stack
when WSP = BASE+68

WSB
WSP
WFP

for BYTZ

aone

:Calculate and store the byte address

INT-00172

Figure 4-3 Sample code for initializing a wide stack

Figure 4-4 illustrates the result of executing the assembler code in Figure 4-3.

WPSH instruction calculates and pushes a byte address onto the stack.

354,

!

256.

WSP & WFP —3

WSP—»| Byte address

WFP —»

[§]

31 0

31

Wide stack after
intialization
(STAFP instruction)

Wide stack after
XPEFB instruction

INT-00173

Figure 4-4 Example of wide stack operations

The
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Wide Stack Faults

Stack overflow and underflow are stack faults. Stack overflow occurs when a program
pushes data into the area beyond that allocated for the stack. Stack underflow occurs
when a program pops data from the area beyond that allocated for the stack. Once
detected, the processor always processes a stack fault.

After pushing data onto the stack, the processor checks for a stack overflow by
comparing the value of the wide stack pointer to the value of the wide stack limit. If the
value of the wide stack pointer is greater, a stack overflow exists. Loading the value
37777777777 into the wide stack limit register disables wide stack overflow fault
detection.

After popping data from the stack, the processor checks for a stack underflow by
comparing the value of the wide stack pointer to the value of the wide stack base. If the
value of the wide stack pointer is less, a stack underflow exists. Loading the value
200000000004 into the wide stack base register disables wide stack underflow fault
detection.

Table 4-5 lists the instructions that push or pop one or more double words onto the wide
stack. Table 4-5 also lists the number of words required beyond the wide stack limit for
a stack fault return block. Refer to the chapter “Program Flow Management” for a
description of stack fault servicing.

Table 4-5 Instructions affecting the wide stack

Double Words
Instruction Description Pushed or Required Beyond
{Popped) WSL for Stack
Fault
BKPT Breakpoint handier 6 12
LCALL Subroutine call 1 7
LFAMD, etc. Arithmetic with TE enabled 0 12
LPEF Push address 1 7
LPEFB Push byte address 1 7
LPSHJ Push jJump 1 7
PBX Pop block and execute (6) 8
WADD, etc. Arithmetic with OVK enabled 0 12
WEDIT Wide edit 9 15
WFPOP Wide floating-point pop (10) 6
WFPSH Wide floating—point push 10 16
WPOP Wide pop accumulators (1-4) 6
WPOPB Wide pop block (6) 6
WPOP] Wide pop PC and Jump m 6
WPSH Wide push accumulators 1-4 10
WRSTR Wide restore (11) 6
WRTN Wide return (6) 6
WSAVR Wide save/reset OVK 5 11
WSAVS Wide save/set OVK 5 11
WSSVR Wide special save/reset OVK 6 12
WSSVS Wide special save/set OVK 6 12
wxorp Extended operation 6 12
XCALL Subroutine call 1 7
XPSHJ Push jump to subroutine 1 7
XVCT Vector on I/O interrupt 6 or 11 17
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This chapter explains program flow, related instruction groups, transferring program
control to another segment, and handling faults.

The program counter specifies the logical address of the instruction to execute. Thus, it
controls the execution sequence of instructions. Address wraparound occurs within the
current segment as only bits 4 through 31 are used to increment the program counter.

To address the next instruction (for normal program flow), the processor increments the

p
°
]
]

rogram counter

By one, when executing a one-word instruction (such as NADI).
By two, when executing a two-word instruction (such as NADDI).
By three, when executing a three-word instruction (such as LNADI).

By four, when executing a four-word instruction (such as LCALL).

Any of the following events alter the normal program flow.

Executing the XCT instruction.

Executing a jump instruction.

Executing a skip instruction.

Executing a subroutine call or return instruction.
Detecting a fault.

Detecting an I/O interrupt request.
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Related Instruction Groups —~

The next section explains related instruction groups such as the XCT, jump, skip, and
subroutine call or return instruction. Refer to the chapter “Device Management” for I/O
interrupt processing.

Execute Accumulator

The Execute Accumulator instruction (XCT) executes bits 16-31 of an accumulator as an
instruction. If these bits are the first 16 bits (word) of a multiword instruction, the
additional required words of the instruction are fetched from words immediately following
the XCT instruction. After executing the accumulator contents, program flow continues at
one of the following locations.

® The first location after the XCT instruction (assuming a 16-~bit instruction was
executed).

® The second location after the XCT instruction, if the contents of the accumulator is
the first of a two-word instruction.

® The effective address, if the accumulator contains a jump or skip instruction.

Jump

Skip

A jump instruction loads the effective address into the program counter. Program flow
continues at the effective address. A jump instruction does not save a return address. T
The jump instructions are listed in Table 5-1.

Table 5-1 Jump instructions

Instruction Operation

DSPA * Dispatch (with narrow displacement)
JMP * Jump (with narrow displacement)
LDSP Dispatch (with long displacement)
LIMP Jump (with long displacement)
WBR Branch (PC relative jump)

XIMP Jump (with extended displacement)

* ECLIPSE compatible instruction

A skip instruction jumps the first word aflter the skip instruction and executes the second
word as an instruction. To skip, the processor adds one to the program counter. During
most skip instructions, the processor first tests a machine condition or status, and on the

basis of test results, executes the first or second word as an instruction.

When using a skip instruction, verify that the skip does not transfer control to the middle
of a two (or more) word instruction. For instance, the first two lines of code in Figure
5-1 perform an undesired skip because the program counter contains the address of the
first word of the LFDMD two-word displacement. The last three lines of code in Figure
5-1 perform the skip properly.

-1
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FSEQ ;Skip on zero

LFDMD ©O.@OPAND ;Floating-point divide with a two-word displacment

FSNE ;Skip on nonzero and execute the LFDMD instruction

WBR NEXT ;Zero —— skip the LFDMD instruction

LFDMD O©O.@OPAND ;Floating-point divide with a two-word displacement

NEXT:

INT-00174

Figure 5-1 lilegal and legal skip instruction sequences

Certain skip instructions modify the program counter by other than one (or zero) word.
Table 5-2 lists these instructions.

Table 5-2 Skip instructions

Instruction Operation

FNS * No skip

FSA * Skip always

LLNDO Narrow do until greater than
LWDO Wide do until greater than
XNDO Narrow do until greater than
XWDO Wide do until greater than
NBStc Narrow search queue backward
NFStc Narrow search queus forward
WBStc Wide search queue backward
WFStc Wide search queue forward

* ECLIPSE compatible instruction
A DO-loop instruction (LNDO, LWDO, XNDO, and XWDO) increments a loop variable
by one and then compares it to a value in a specified accumulator. The processor

executes the

1.  First instruction in the DO-loop sequence when the incremented variable equals (or
remains less than) the value.

2. Instruction following the DO-loop sequence when the incremented variable becomes
greater than the value.

The processor skips the DO-loop sequence of instructions by

1. Adding one and the termination offset (for skipping the DO-loop sequence) to
the program counter value.

2. Loading the sum into the program counter.
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For example, the lines of code in Figure 5-2 perform a valid DO-loop sequence.

WSUB 0,0 ;Get a O
XNSTA 0O,INDEX ;Initialize the counter in memory
LOOP: NLDAI 5,0 iMaximum index value

XNDO 0,END -.,INDEX ;Start of the Do-loop
. ;New index value is in AC) and may be
;used by computations in the loop

WBR  LOOP
END: e . ;Loop was executed 5 times

INDEX: .WORD O ;Index value
INT-00175

Figure 5-2 DO-l/oop instruction sequence

A search queue instruction (NBStc, NFStc, WBStc, and WFStc) skips one, two, or three
locations when an explicit queue element exists. Refer to the chapter “Queue
Management” for more information on the search queue instructions.

In addition to the program flow and search queue instructions, additional skip instructions
are available for fixed-point, floating—point, and 1/O operations. For more information,
refer to the following chapters.

e “Fixed-Point Computing” for the fixed-point skip instructions (Tables 2-9 and 2-10).
¢ “Floating-Point Computing” for the floating—point skip instructions (Table 3-8).

& “Device Management” for the 1/O skip instructions (Tables 7-2 and 7-4).

Subroutine

A subroutine call sequence (except WEDIT) pushes a wide return block onto the wide
stack and loads the effective address into the program counter. Program flow continues
with the effective address in the program counter. (The WEDIT instruction transfers
control to an edit subprogram without changing the program counter.)

NOTE: To pass arguments to the subroutine, push the arguments onto the stack before
jumping to (LJSR or XJSR) or calling (LCALL or XCALL) the subroutine.

A subroutine return instruction (except WEDIT) pops the wide return block from the
wide stack, thus, restoring the CARRY bit, program counter, and accumulators. Program
flow continues with the instruction following the subroutine call. (A WEDIT subprogram
instruction returns program control to the instruction following the WEDIT instruction.)
Table 5-3 lists the subroutine, save, and return instructions. Table 5-4 illustrates the
relationships between the various subroutine instructions.
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Table 5-3 Subroutine instructions

Instruction Operation

BKPT Breakpoint handler

LCALL Call subroutine

LJSR Jump to subroutine

LPSH]J Push jump

PBX Pop block and execute

WEDIT Wide edit of alphanumeric

WPOPB Wide pop block

WPOP]J Wide pop PC and jump

WRTN Wide return

WSAVR Wide save/reset overflow mask
WSAVS Wide save/set overflow mask
WSSVR Wide special save/reset overflow mask
WSSVS Wide special save/set overflow mask
wWXOP Wide extended operation

XCALL Call subroutine

XJSR Jump to subroutine

XPSH]J Push jump

Table 5-4 Sequence of subroutine instructions

Call Instruction Segment Assoclated Return
or Sequence Crossing Save Instruction
Permitted Instruction

BKPT No PBX/WPOPB*
LCALL Yes WSAVR : WRTN
Yes WSAVS WRTN
LJSR No WSSVR WRTN
No WSSVS WRTN
LPSHJ No WPOP]J
WEDIT No DEND
wxor No WPOPB
XCALL Yes WSAVR WRTN
Yes WSAVS WRTN
XJSR No WSSVR WRTN
No WSSVS WRTN
XPSHJ No WPOPJ

# Use the BKPT/WPOPRB instruction sequence when removing the BKPT instruction before
returning from the breakpoint handler.

The Breakpoint (BKPT) instruction pushes a wide return block and transfers program

control to the breakpoint handler. The Pop Block and Execute PBX instruction returns
program control from the breakpoint handler.

Before executing BKPT, first save elsewhere in memory the one-word opcode from the
location that the BKPT instruction will occupy. Then, store the BKPT instruction in that

one-word location.
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When the processor executes the BKPT instruction, it pushes a wide return block onto
the current stack and jumps to the breakpoint handler. When returning program control,
the breakpoint handler must load the one-word opcode from memory into AC0. Then it
executes the PBX instruction, which temporarily

1.  Disables the interrupt system for one instruction execution;
2. Saves the one-word opcode in ACO bits 16-31 and performs a WPOPB;

3. Replaces the BKPT instruction with the temporarily saved one-word opcode and
then continues normal program flow.

If an interrupt occurs while the processor is executing the saved instruction (PC points to
the BKPT instruction), the processor sets the IXCT flag in the PSR and pushes the
opcode of the saved instruction on the wide stack. Upon returning from the interrupt
handler, the BKPT instruction tests the IXCT flag. If the flag is set, the BKPT
instruction resets the flag to 0, pops the saved opcode of the interrupted instruction off
the wide stack, and executes it.

A jump to a subroutine (LJSR or XJSR) instruction transfers program control to a
subroutine in the current segment. The LJSR or XJSR instruction stores the return
address and transfers program control to the effective address. As the first instruction of
the subroutine, a wide special save (WSSVR or WSSVS) instruction pushes a standard
wide return block onto the wide stack. As the last instruction of the subroutine, the
Wide Return (WRTN) instruction returns program control from the subroutine.

A push and jump to a subroutine (LPSHJ or XPSHJ) instruction pushes a return N
address onto the wide stack and transfers program control to the effective address in the !
current segment. As the last instruction of the subroutine, the WPOP]J instruction returns
program control from the subroutine.

A call to a subroutine (LCALL or XCALL) instruction transfers program control to a
subroutine in the current segment or in another segment and pushes (or copies) a double
word onto the destination wide stack. As the first instruction of the subroutine, a wide
save (WSAVR or WSAVS) instruction pushes a standard wide return block onto the wide
stack in the destination segment. As the last instruction of the subroutine, the Wide
Return (WRTN) instruction returns program control from the subroutine. (Refer to the
next section for a complete description of transferring program control to another
segment.)

Return Block

Although a wide return block can take several forms, it usually consists of six double
words, as shown in Table 5-5. The fifth double word contains the contents of AC3 (for
a BKPT or wxoP) or the previous wide frame pointer (for XCALL or LCALL and
WSAVS or WSAVR). Bit 0 of the sixth double word contains CARRY; bits 1-31 always
contain the contents of the program counter.
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Table 5-5 Standard wide return block

Word Number Word Number
in Block Pushed in Block Popped Contents

1 12 PSR
2 11 All zeros or an argument
count from LCALL or XCALL
3-4 9-10 ACO
5-8 7-8 AC1
7-8 5-6 AC2
9-10 3-4 AC3 or old wide frame pointer
11-12 1-2 Bit 0 = CARRY flag

Bits 1-31 = return address

Example With Wide Stack Operations

The following explanation illustrates the effects of a jump to subroutine (XJSR)
instruction on a wide stack. The jump occurs within the current segment. The routine
passes arguments to the subroutine by pushing the arguments onto the stack before
executing the XJSR instruction.

Figure 5-3 illustrates the two lines of processor-related assembler code for beginning and
ending a subroutine. The first instruction of the subroutine is a wide special save
instruction (WSSVS) and the last instruction of the subroutine is a Wide Return
instruction (WRTN). The second instruction of the subroutine (XPEF) further illustrates
wide stack operations.

SUB: WSSVS 0 ;Save a wide return block
HERE: XPEF HERE ;Calculate and push this address into the
. ;wide stack

WRfN ;Return from subroutine call

INT-00176

Figure 5-3 Subroutine code for XJSR

Figures 5-4 and 5-5 illustrate the result of executing the assembler code in Figure 5-3.
During the XJSR instruction, the processor stores the return address into AC3 and jumps
to the subroutine. With WSSVS as the first instruction of the subroutine, the processor
stores PSR, AC0-AC2, old WFP, the carry bit, (C) and AC3 (return address) into the
wide stack.

Although Figures 5-4 and 5-5 illustrate that the wide stack resides between 25644 and
35540, the wide stack can be of any size and can reside anywhere within the segment.
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354,

wsP—»{ Pushed words

WFP —»| Pushed words
\J
e

256. | Pushed words
0 31

Wide stack before
XJSR instruction

WS(I’D WSP —» Address pushed
al
er1=P—> C | PC return WFP—®» C | PC return
> Old WFP Old WFP
AC2 Return AC2 Return
block bilock
AC1 AC1
FP ACO ACO
PSR | 000000 PSRI 000000
3
Pushed words Pushed words
~J —
Pushed words WFP Pushed words
-~ o ~ ——
Pushed words Pushed words
0 31 0 31

Wide stack after
XJS

R and WSSVS

instructions

Wide stack after
XPEF instruction

INT-00177
Figure 5-4 Wide stack operations from XJSR and WSSVS instructions
354,
~— T —-_——T
wsp —»| Address pushed Registers reloaded Address pushed
WFP—»{ C | PC return > 0-C; 1-31-PC C | PC return
Oold WFP »> Old WFP-AC3 — Old WFP
AC2 > AC2 AC2
AC1 > AC1 AC1
ACO Lg ACO ACO
PSR I 000000 > Bits 0-15 to PSR PSR | 000000
Pushed words WSP—» Pushed words
‘J— -~ —
Pushed words —— WFP —»| Pushed words
b — -
Pushed words Pushed words
0 31 0 31

Wide stack events
while executing the
WRTN instructions

Wide stack after
executing WRTN
instruction

INT-00178

Figure 5-5 Wide stack operations from WRTN instruction
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~  Transferring Program Control To Another Segment

The instructions listed in Table 5-6 transfer program control to or from another segment.

Table 5-6 Segment transfer instructions

Instruction Operation

LCALL Call subroutine

WDPOP Wide return from pagse fault
WPOPB Wide pop block

WRTN Wide return

XCALL Call subroutine

WRSTR Wide restore from an /O interrupt

The LCALL and XCALL instructions initiate the transfer to another segment. The
WRTN instruction returns program control from the LCALL and XCALL instructions.
The WRSTR instruction returns program control from a base level I/O interrupt. The
WPOPB instruction returns program control from an intermediate-level I/O interrupt.
Refer to the chapter “Device Management” for a description of I/O interrupts.

The processor checks the direction of a transfer. A subroutine call must be inward
(towards segment 0) and a return (from a subroutine call or I/O interrupt) must be
~~ outward (towards segment 7).

NOTE: No segment crossing occurs with an interrupt request when the current segment
equals zero and the interrupt-servicing code resides in segment 0.

If the processor detects an invalid segment crossing, it does not execute the instruction;
instead, it initiates a protection fault in the source segment. The processor sets AC1 to 7
for an illegal outward subroutine call, or sets AC1 to 8 for an illegal inward return.

NOTE: The processor performs, without software assistance, all the functions necessary
Jor a segment crossing.

Subroutine Call

To transfer program control to another segment with the XCALL or LCALL instruction,
the processor

1.  Verifies that the instruction can access the destination segment.
2.  Validates the entry point through a gate array in the destination segment.
3. Redefines the wide stack and transfers the call arguments to it.

4,  Transfers program control.
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Gate Array —
A gate array is a series of locations that specify entry points (or gates) to the segment.
The processor accesses a gate array through a pointer in page zero of the destination
segment. Figure 5-6 shows the format of a gate array.
0 15 l 16 l17 31
Undefined 0 Max. Number of Gates
X Bracket Program Counter Offset Gate 0
- K
x |7 o117 » Program Counter Offset Gate 1
— —
X Bracket Program Counter Offset Gate 2
] °
[ ] [ ] Increasing
e o Addresses
. .
X Bracket Program Counter Offset Gate n-1 (n = Max. No.)
, 0 | 1 3ala 311
INT-00179
a
|
Figure 5-6 Gate array format
In Figure 5-6,
Undefined The processor ignores these undefined bits.
0 Always 0 (bit 16).
Maximum The maximum number of gates specifies the total number of gates.
Number of If the maximum number is zero, the destination segment cannot be the
Gates target of an inward segment crossing.
X The processor ignores this bit.
Bracket The bracket is the gate bracket.
The gate bracket is an unsigned integer in the range of zero to seven.
The bracket identifies the highest numbered source segment that can
use the gate. For instance, if the Gate 1 gate bracket contains 011, ,
only segments 0 through 3 can access the segment.
Program The program counter offset is the address of the first instruction of the
Counter Offset subroutine in the destination segment (target address).
Transfer T

Figure 5-7 shows how the processor interprets the effective address of the XCALL or
LCALL instruction.
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X Segment Unused

0 1 3 4 15

0 Gate Number

16 1 17 31
INT-00180

Figure 5-7 XCALL or LCALL effective address

In Figure 5-7,

X

Segment

Unused
0
Gate Number

or
Call Offset

This bit (bit 0) is ignored by the processor.

The segment bits (bits 143) specify the segment number of the
destination segment.

The unused bits (bits 4-15) are ignored by the processor.

Always 0 (bit 16).

If the segment bits (1-3) specify a destination segment less than the

current segment of execution, then the gate number (bits 17-31)
specified is a gate in the destination segment.

If the destination segment specified by bits 1-3 equals the current
segment of execution, then bits 17-31 do not indicate a gate number,
but target offset in the current ring to which control is transferred.

The processor uses the gate number as an index to an element (a gate)
in the gate array.

To perform a valid inward segment crossing, the processor

1.

Tests for a valid segment by checking the validity bit in the segment base register.

If the segment is accessible, the processor continues to the next step. If the segment
is not accessible, the processor aborts the call, sets AC1 to 3, and services the
protection fault.

Checks for a valid gate by

a. Comparing the gate number to the maximum number of gates.

If the gate number is less than the maximum number of gates, the segment
crossing continues.

b. Comparing the segment number to the gate bracket number of the indexed gate.

The segment number used for comparison is either the current segment of
execution (if there was no indirection) or the segment of the last indirect

address.

If the segment number is equal to or less than the value in the gate bracket, the
processor copies the segment number from the effective address to bits 1-3 of
the program counter. Next, the processor copies the program counter offset (bits
4-31 from the indexed gate) to the program counter bits 4-31, and continues to
the next step.

If a gate number or a gate bracket comparison fails, the processor aborts the call,
sets AC1 to 6, and services the protection fault. The protection fault occurs in the
source segment.



5-12

wn

Program Flow Management

Stores the wide frame pointer and wide stack pointer registers into page zero
locations of the source segment.

The values of the wide stack limit and wide stack base registers should be identical
to the values in reserved memory.

Redefines the wide stack for the destination segment by loading the wide stack
pointer, wide stack limit, and wide stack base registers from page zero locations of
the destination segment.

NOTE: Page zero must be memory resident. A page fault may not occur when
referencing these locations because an infinite page fault will be signaled
and the processor will halt.

The WSAVS or WSAVR instruction subsequently initialize the wide frame
pointer.

Checks for a potential destination stack overflow.

A parameter of the LCALL or XCALL instruction specifies the number of
arguments to copy. The processor uses the parameter to determine if the number
of arguments to copy exceeds the size of the wide stack.

If the processor detects a potential overflow, it does not copy the arguments. It sets
ACI1 to 2 and processes a stack fault in the destination segment. The program
counter word in the return block contains the address of the first instruction to
execute in the destination segment.

NOTE: Refer to the “Instruction Dictionary” for the LCALL and XCALL
argument count description.

Copies the arguments from the source stack to the destination stack, if no potential
overflow exists.

The order of the arguments in the destination stack matches the order of the
arguments in the source stack.

NOTE: The copying of arguments is interruptable.

Pushes a double word that contains the processor status register and the number of
arguments pushed.

Executes the first instruction of the subroutine.

A wide save instruction (WSAVR or WSAVS) should be the first instruction of the
subroutine. Either instruction would push a return block onto the destination wide
stack and load the wide frame pointer with the updated value of the wide stack
pointer.

P N
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Trojan Horse Pointers

When executing a subroutine in another segment, the processor uses the access privileges
of the destination segment to determine the validity of the reference. A trojan horse
pointer exists if one of the arguments passed from the source segment points to a location
in the destination segment (or a segment between the source and destination). A
privileged access fault would occur if a program refers to a location in a lower numbered
segment.

For example, a trojan horse pointer can exist when a program in segment 6 calls a
subroutine in segment 2, and one of the arguments passed is a pointer to information in
segment 2, 3, 4 or 5.

You can protect against a trojan horse pointer by using the Validate Word Pointer
(VWP) or Validate Byte Pointer (VBP) instruction to ensure that the destination segment
is greater than or equal to the source segment.

The processor protects against a trojan horse pointer when it executes a character move
instruction that moves data in descending order (such as WCMT and WCMV). The
processor checks each data transfer and ensures that the source segment and destination
segment remain the same.

Subroutine Return

As the last instruction of the subroutine, use the Wide Return instruction (WRTN) to
return program control from the LCALL or XCALL. The processor places the contents
of the wide frame pointer into the wide stack pointer. Then, the processor

1. Pops the six double-word return block.

The processor pushed the first five double words of the return block when it

executed the WSAVR or WSAVS instruction. The processor pushed the sixth
double word (processor status register and the number of arguments) when it

executed the LCALL or XCALL instruction.

The processor loads the program counter with the return address in the destination
segment, and checks for inward return.

2. Stores the updated wide frame pointer and updated wide stack pointer registers into
page zero locations of the source segment.

The values of the wide stack limit and wide stack base registers should be identical
to the values in reserved memory.

3.  Redefines the wide stack for the destination segment by loading the wide stack limit,
wide stack base, and wide frame pointer registers from page zero locations of the
destination segment.

NOTE: Page zero must be memory resident. A page fault may not occur when
referencing these locations because an infinite page fault will be signaled
and the processor will halt.

4,  Calculates the address of the double word that precedes the arguments of the calling
sequence and loads the wide stack pointer with the double word.

5. Executes program counter from return block (which may be instruction after
LCALL or XCALL).
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Fault Handling —~

While executing an instruction, the processor performs certain checks on the operation
and the data. If the processor detects an error, a privileged or nonprivileged fault occurs
before executing the next instruction. Table 5-7 lists these faults.

Table 5-7 Faults

Fault Type
Nonresident page Privileged
Protection violation Nonprivileged
Stack operation Nonprivileged
Fixed-point computation Nonprivileged
Floating-point computation Nonprivileged
Invalid decimal or ASCII Nonprivileged
data format

When the processor detects a fault, it pushes a return block onto the stack and jumps to
the fault handler through the indirect pointer in reserved memory. The initial and
indirect pointers to a fault handler (except to a page fault handler) are 16 bits. Levels of
indirection, if any, occur within the segment initially containing the pointer. A
nonprivileged fault pointer is located in page zero of the current segment. A privileged
fault pointer is located in page zero of segment 0.

If a privileged fault occurs while handling a nonprivileged fault, the processor suspends
acting on the nonprivileged fault and processes the privileged fault. Refer to the chapter
“Memory and System Management” for privileged fault handling.

To service a nonprivileged fault, the processor

1.  Sets AC1 to a value that identifies the fault when a stack fault, fixed-point fault or
a decimal/ASCII fault occurs.

Refer to the appendix “Fault Codes” for a listing of fault codes.
2. Pushes a fault return block onto the stack.

The fault return block contains the address of the instruction that the processor was
executing at the time the fault occurred.

3. Checks for stack overflow.

If a stack overflow occurs, the processor pushes a stack fault return block onto the
stack and processes the stack fault. The stack fault return block contains the
return address to the original fault.

If no stack overflow occurs, the processor continues to service the original fault.
4,  Jumps to the fault handler. .

The last instruction of a wide fault handler should be a WPOPB instruction so that
the processor can continue to execute the interrupted program.
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Execution of ECLIPSE instructions does not generate fixed—point faults. Certain
ECLIPSE arithmetic instructions (ADD, DIV, etc.) set the state of the carry bit. If
detection of the appropriate fault is desired, it is necessary to create a subroutine that
checks the state of the carry bit upon completion of these instructions. A carry—out from
accumulator bit 16 affects the system’s carry bit upon execution of these ECLIPSE
instructions. This manual’s “Instruction Dictionary” describes the ECLIPSE instruction
set and the instructions which affect the carry bit.

Protection Violations

The processor detects a protection violation for an invalid memory reference, invalid I/0
operation, or illegal instruction (such as a privileged instruction or an unimplemented
opcode). The section “Unimplemented Instructions” describes unimplemented opcodes;
the chapter “Memory and System Management” describes some of the fault conditions
listed in Table 5-8.

Since an operation could produce multiple protection violations, the processor imposes
priorities on the faults. When two or more faults occur simultaneously, the processor
services the highest priority fault and ignores lower priority faults. Table 5-8 lists the
protection violation faults in the order of priority. For instance, if writing to a
write—protected page in an inner ring, the processor services the inward ring reference
protection violation (with priority 2) and ignores the write protection violation (with
priority 4).

Table 5-8 Priority of protection violation faults

Level of Priority Fault Description

Privileged or 1/O instruction violation
Indirect addressing viclation

Inward reference violation

Segment validity violation

Page table validity violation

Read, write, or execute access violation
Segment crossing violation

~N o bh ON = O

Unimplemented opcode or instruction

When the processor detects a protection violation (Figure 5-8), it checks the contents of
reserved memory location 364 in the current ring for the protection fault handler. The
contents of this location contain a 16-bit indirectable pointer that determines in which
segment the protection fault will be serviced.

NOTE: Page zero for the current segment and segment zero must be memory resident.

® If this location is zero, no outer ring ® If this location is nonzero the current
protection fault handler has been defined, segment has a protection fault handler
and the processor performs the defined, and the processor performs the
following: following:
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1. Stores the contents of the wide

stack pointer and the wide frame
pointer into the page zero
locations of the current segment.

(The values of the stack limit
and stack base registers should
be identical to the values in
reserved memory.)

. Crosses to segment 0 (if the
current segment is 1 1o 7).

. Redefines the wide stack for
segment 0. The processor
initializes the wide stack
pointer, wide stack limit, and
wide stack base registers from
segment 0, page zero locations.

. Pushes a fault return block, as
shown in Table 5-9, onto the
segment 0 stack.

NOTE: If a protection violation
occurs while attempting to get
the segment O protection fault
handler (while pushing the fault
return block), an infinite
protection fault is generated
and the system halts.

. Sets the PSR to zero.

. Initializes ACO, AC1, and AC2.

Sets ACO equal to the address
of the instruction (offending
PC) causing the fault.

Sets AC1 equal to a value
identifying the fault. Table 5-10
lists the protection fault codes.

Sets AC2 equal to the specific
address (offending address)
that caused the reference
problem, if applicable. (Bit 0 is
undefined.). See Table 5-10.

1. Pushes a fault return block, as shown in

Table 5-9, onto the current segment's
stack.

NOTE: If a protection violation occurs
while attempting to get to the outer ring
protection fault handler, control is
transferred to the segment 0

protection fault handler.

. Sets the PSR to zero.

. Initializes ACO0, AC1, and AC2.

Sets ACO equal 1o the address of the
instruction (offending PC) causing the
fault.

Sets AC1 equal 1o a value identifying the
fault. Table 5-10 lists the protection
fault codes.

Sets AC2 equal to the specific address
(offending address) that caused the
reference problem, if applicable. (Bit 0
0 is undefined.) See Table 5-10.

. Checks for stack overflow.

If a stack overflow occurs, the processor
pushesa stack fault return block onto
the stack and processes the stack fault.
The stack fault return block contains the
return address to the protection

fault handler.

If no stack overflow occurs, the
processor continues to service the
protection fault.

. Jumps to the fault handler and executes

the first instruction. The current
segment’s reserved memory location 368
contains thel6-bit nonindirectible
starting address of the protection
violation fault handler.

NOTE: If a protection violation occurs
during execution of the outer ring
protection fault handlerroutine, the
same ouler ring protection fault routine
will handle the new protection fault.
Unless a protectionviolation is generated
while pushing a subsequent return
pushing a subsequent return block onto
the stack, an infinite loop is not an
infinite protection fault; it does not halt
the machine.

RS
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7. Checks for stack overflow. One method of avoiding the above
situation is to save reserved memory
If stack overflow occurs, the processor location 364, write zeroes to the
pushes a stack fault return block onto location, and then restore the
the stack and process the stack fault. location to the previously saved value
The stack fault return block contains before returning from the protection
the return address to the protection fault fault handler.

fault handler address.

If no stack overflow occurs, the processor
continues to service the protection fault.

8. Jumps to the fault handler and executes
the first instruction. Segment O reserved
memory location 364 contains the 16-bit
nonindirect starting address of the
protection violation fault handler.

Table 5-9 Fault return block

Double Word
in Block
Pushed Contents

PSR (Bits 0-15 contain the processor status register; bits 16-31 contain zeros)

ACO (Bits 0-31)

AC1 (Bits 0-31)

AC2 (Bits 0-31)

AC3 (Bits 0-31)

PC (Bit 0 contains CARRY; bits 1-31 equal the PC of execution if fault type Is
privileged or 1/0O, otherwise it is undefined.)

o O AW -

During the servicing of a protection violation:

e If an I/O interrupt request occurs, the processor executes thefirst instruction of the
protection violation fault handler before servicingthe interrupt request.

e If a protection violation fault occurs while handling any othertype of nonprivileged
fault, the processor aborts the first fault and processesthe protection violation fault.
The return block pushed onto the stack for theprotection violation fault is undefined,
as are the contents of ACO and ACI1.
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Table 5-1C Protection fault codes

Code Address Meaning Explanation
(octal) in AC2
0 Y Read violation Bit 2 of the specified PTE contains a zero
1 Y Write violation Bit 3 of the specified PTE contains a zero
2 Y Execute violation Bit 4 of the specified PTE contains a zero
3 Y Validity violation Bit 0 of the specified SBR or PTE contains a
(SBR or PTE) zero
4 Y Inward address  Attempted data access to a location in an
reference inner segment
5 Y Defer (indirect} More than 15 levels of indirection specified
violation
6 Y lilegal gate Gate number specified in an inward call is greater
than or equal to the maximum number of gates; or a
gate bracket access violation
7 Y Outward call Attempted transfer of control from the current
segment to another with an outward subroutine call
10 Y Inward return Attempted transfer of control from the current
segment to another segment with an inward return
from a subroutine
11 N Privileged Attempted use of a privileged instruction in a segment
instruction other than segment 0
violation
12 N 1/0O protection Attempted use of an I/O instruction when bit 3 of the
violation current segment’s SBR is set to zero
14 N Invalid Return block created during a micro-interrupt is
micro-interrupt  incorrect
return block
15 N Unimplemented Specified instruction opcode is not implemented on
instruction this machine
16 N Reserved Reserved
17 N Invalid form ID Specified form ID does not refer to a defined
(GIS) form.
20 N Invalid attribute Specified attribute index does not refer to a defined
index (GIS) attribute.
21 N Invalid CHARBLT Specified source form is not a one-bit-per-pixel
source (GIS) virtual form.

Unimplemented Instructions

The processor checks for a valid instruction opcode before executing an instruction. If
the instruction is implemented on your machine, the operation is performed by hardware.

If the instruction is not implemented or the opcode is invalid, the processor takes a
protection fault and reports the fault code for an unimplemented instruction.

NOTE:

Since an unimplemented instruction does not depend on the address translator,
the instruction can cause a protection fault when the machine is in physical

mode. In this case, the processor uses the protection fault handler specified in
physical location 36g.
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Fixed-Point Overflow Fault

The processor detects a fixed—point overflow when attempting division by zero or when
calculating a two’s complement number that is too large to store in memory or in a
fixed-point accumulator. The processor sets the overflow flag (OVR) to one.

For the processor to service the fixed-point fault (or trap), you must set the overflow
fault mask (OVK) to one before the processor sets the overflow flag. Use the FXTE
instruction to set OVK to one, and the FXTD instruction to set OVK to zero.

If the OVK mask equals zero when the processor sets the OVR flag to one, the processor
ignores the overflow. OVR, however, remains set to one until explicitly changed. The
processor continues normal program execution with the next sequential instruction.

If the OVK fault mask equals one, the processor initiates a fixed-point overflow fault at
the end of the current fixed—point instruction. The processor sets AC1, pushes a wide
return block, and jumps to the fault handler through the 16-bit indirect pointer in
reserved memory. Table 5-11 shows the fixed-point fault return block.

Table 5-11 Fixed-point fault return block

Double Word
in Block
Pushed Contents
1 PSR (Bits 0-15 contain the processor status register; bits 16-31 contain zeros)
2 ACO (Bits 0-31)
3 AC1 (Bits 0-31) P
4 AC2 (Bits 0-31) '
5 AC3 (Bits 0-31) -
6 PC (Bit 0 contains CARRY; blts 1-31 contain address of the instruction following
the fault-causing Instruction)

The PSR word in the return block contains OVR set to zero; OVK set to one; and IRES
unchanged. The return address is the address of the instruction the processor executes
after servicing the fault.

After the push, ACO contains the address of the instruction that caused the fault. The
processor sets the processor status register to zero and jumps to the fault handler through
the 16-bit indirect pointer in reserved memory.

Floating—Point Faults
The processor detects a floating—point error when
® Attempting division by zero
e Executing an IIS instruction with an invalid input argument
e Calculating a number too large to store in memory or in a floating—point accumulator.

The processor sets both the appropriate FPSR fault flag (OVF, UNF, INV, or MOF) and
the ANY flag to one. If the error is an invalid input argument, the processor also returns
a code to the FPSR INP bits.

For the processor to service a floating—point fault (or trap), you must set the
floating—point fault mask (TE) to one before the processor sets a floating-point fault {lag.
Use the FTE instruction to set TE to one and the FTD instruction to set TE to zero.
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If the TE fault mask equals zero when the processor sets a floating-point fault flag to
one, the processor ignores the fault. The processor centinues normal program execution
with the next sequential instruction.

If the TE fault mask equals one when the processor sets a floating-point fault flag to
one, the processor initiates a floating-point overflow fault at the end of the current
floating-point instruction. The processor clears the TE bit in the FPSR, and then jumps
to the fault handler through the 16-bit pointer in reserved page location 45g.

The processor services narrow and wide floating-point faults using the same pointer. If
the first word (instruction) of the fault handler contains bit 0 set to one and bits 12
through 15 set to 1001, the processor pushes a wide return block onto the wide stack.
Otherwise, the processor pushes a narrow return block onto the narrow stack. Table
5-12 describes the wide return block and Table 5-13 describes the narrow return block.

Table 5-12 Wide floating—point fault return block

Double Word
in Block
Pushed Contents
1 PSR (Bits 0-15 contaln the processor status register; bits 16-31 contain zeros)
2 ACO (Bits 0-31)
3 AC1 (Bits 0-31)
4 AC2 (Bits 0-31)
5 AC3 (Bits 0-31)
6 PC (Bit 0 contains CARRY: bits 1-31 contain address of the instruction following
the fault-causing Instruction)

Table 5-13 Narrow floating-point fault return block

Word in Block
Pushed Contents *

ACO (Bits 16-31)
AC1 (Bits 16-31)
AC2 (Bits 16-31)
AC3 (Bits 16-31)

PC (Bits 17-31 contain address of instruction following the fault-causing
Instruction)

W N -

* Bits 0-15 of a word correspond to bits 16-31 of a register
The return address in the return block is the address of the next instruction that the
processor executes after servicing the fault. Use a store floating—point status instruction
(LFSST or FSST) to determine the address of the floating—point instruction that caused
the fault.

After pushing the return block, the processor
1.  Sets the TE bit in the FPSR to zero.
2.  Sets the PSR to zero (for wide floating-point fault).

3.  Transfers program control to the floating—point fault handler.
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Decimal and ASCII Data Faults o

The processor checks for a valid decimal or ASCII data type and for valid data when
executing any decimal instruction which requires a decimal string as input. If either the
data type or the data is invalid, the fault occurs at the end of the current instruction.

The processor pushes a wide return block onto the wide stack if executing a 32-bit
instruction (such as WEDIT or WSTIX). The processor pushes a narrow return block
onto the narrow stack if executing a 16-bit instruction (such as ECLIPSE EDIT or
STIX).

The length and width of the return block depends on the fault that occurs and the
instruction that causes it. For example, the WEDIT instruction uses the wide stack for
temporary storage. When a fault occurs, the processor pushes the return block in
addition to the temporary words that the WEDIT instruction requires.

After pushing the return block, the processor sets the processor status register to zero and
places the fault code in AC1 bits 16-31. ACO contains the value of the program counter
for the instruction that caused the fault.

Program control jumps to the fault handler through the 16-bit indirect pointer in reserved
memory. Both the wide and narrow faults use the same fault pointer and handler.

Table 5-14 lists the decimal and ASCII fault codes. The first and second columns list
the code that appears in AC1. The third column lists the type of return block pushed.
The fourth and fifth columns list the instructions and conditions that caused the fault.

Table 5-14 Decimal and ASCII fault codes

Code Returned Return _
in AC1 Block Faulting T
Narrow Wide Type Instruction Meaning
000000 100000 2 EDIT, WEDIT An invalid digit or alphabetic character
encountered during execution of one of
the following subopcodes: DMVA,
DMVF, DMVN, DMVO,DMVS
000001 100001 1 LDIX, STIX Invalid data type (6 or 7)
3 EDIT, WEDIT, WLDIX, Invalid data type (6 or 7)

WSTIX, WDMOV,
WDDEC, WDINC,

WDCMP
000002 100002 2 EDIT, WEDIT DMVA or DMVC subopcode with
source data type 5; AC2 contains the
data size and precision
000003 100003 2 EDIT, WEDIT An invalid opcode; AC2 contains the
data size and precision
000004 100004 1 LDI, STI, STIX, Number too large to convert to specified
WLDI, WSTI, data type. |number|> (108) - 1
WSTIX, WLDIX Number too large to convert to specified
data type. Number > (10%2) - 1
000005 - 3 EDIT, LDI, L.DIX, Invalid microinterrupt return block.
STI, STIX (Applies only to ECLIPSE
interrupt-resumable instructions)
000006 100006 1 WLSN, WLDI, LSN, Sign code Is invalid for this data type
LDI, LDIX, WLDIX for this data type
3 EDIT, WEDIT,WDINC,
WDMOV, WDCMP,
WDDEC
000007 100007 1 WLSN, WLDI. WLDIX, Invalid digit -
LSN, LDI, LDIX N
3 WDMOV, WDCMP,

WDINC, WDDEC
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Wide Fault Return Blocks

Tables 5~15 through 5-17 list the contents and types of wide return blocks. After the
processor pushes a wide return block, the accumulators retain their original contents,
except that AC1 contains the fault code.

Table 5-15 Wide return block for decimal data (type 1) fault

Double Word

in Block

Pushed Contents

1 PSR (Bits 0-15 contain the processor status register; bits 16-31 contain zeros)

2 ACOQ (Bits 0-31 unchanged)

3 AC1 (Bits 0-31 contain original descriptor)

4 AC2 (Bits 0-31 contain origlnal source indicator —- destination indicator for WSTI
or STIX Iinstruction)

5 AC3 (Bits 0-31 undefined)

6 PC (Bit 0 contains CARRY; bits 1-31 contain 31-bit address of the decimal

instruction causing the fault)

Table 5-16 Wide return block for ASCII data (type 2) fault

Double Word

in Block

Pushed Contents

1 PSR (Bits 0-15 contaln the processor status register; bits 16-31 contain zeros)

2 ACO (Bits 0-31 contaln current value of P —— byte pointer to subopcode that
caused the fault)

3 AC1 (Bits 0-31 contain original descriptor)

4 AC2 (Bits 0-31 undefined)

5 AC3 (Bits 0-31 undefined)

6 PC (Bit 0 contains CARRY; bits 1-31 contain 31-bit address of the WEDIT
instruction causing fault)

Table 5-17 Wide return block for ASCl! data (type 3) fault

Double Word

in Block

Pushed Contents

1 PSR (Bits 0-15 contain the processor status register; bits 16-31 contain zeros)

2 ACO (Bits 0-31 contain original source descriptor for WDMOYV and WDCMP)

3 AC1 (Bits 0-31 contain original descriptor)

4 AC2 (Bits 0-31 contain original source pointer for WDMOYV and WDCMP)

5 AC3 (Bits 0-31 contain original destination pointer for WDMOV, WDCMP,
WDINC. and WDDEC)

6 PC (Bit 0 contains CARRY; bits 1-31 contain 31-bit address of the instruction
causing the fault)
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Narrow Fault Return Blocks

Tables 5-18 through 5-20 list the contents and types of narrow return blocks. After the
processor pushes a narrow return block, the accumulators retain their original contents,

except that AC1

contains the fault code.

Table 5-18 Narrow return block for decimal data (type 1) fault

Word Number

in Block

Pushed Contents

1 ACO (Bits 16-31 unchanged)

2 AC1 (Bits 16-31 contaln original descriptor)

3 AC2 (Bits 16-31 contain original source Indicator —— destination indicator for WST1I]
or STIX)

4 AC3 (Blts 16-31 undefined)

5 PC (Bit 16 contains CARRY; bits 17-31 contaln address of the decimal
instruction causing the fault)

Table 5-19 Narrow return block for ASCIl data (type 2) fault

Word Number

in Block

Pushed Contents

1-4 Reserved (for ECLIPSE compatibility)

ACO (Bits 16-31 contain current value of P —— byte pointer to subopcode that

caused the fault)

6 AC1 (Bits 16-31 contain orlginal descriptor)

7 AC2 (Bits 16-31 undefined)

8 AC3 (Bits 16-31 undefined)

9 PC (Bit 16 contains CARRY; bits 17-31 contain address of the decimal
instruction causing the fault)

Table 5-20 Narrow return block for ASCII data (type 3) fault

Word Number
in Block
Pushed Contents
1 ACO (Bits 16-31 unchanged)
2 AC1 (Bits 16-31 contain original descriptor)
3 AC2 (Bits 16-31 undefined)
4 AC3 (Bits 16-31 undefined)
5 PC (Bit 16 contains CARRY; bits 17-31 contain address of the decimal
instruction causing the fault)
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Stack Faults

The processor checks for a narrow stack fault after a narrow stack operation, and checks
for a wide stack fault after a wide stack operation. When stack overflow occurs, the
program overwrites the data in the area beyond the stack. When stack underflow occurs,
the program accesses incorrect information. Once detected, the processor always services
the narrow or wide stack fault.

Narrow Stack Faults

The narrow stack is a series of single words managed by three reserved memory words.
The narrow stack supports program development and upward program compatibility for
16-bit programs (such as the ECLIPSE).

Wide Stack Fault Operations

After a wide push operation, the processor compares the contents of the wide stack
pointer to the contents of the wide stack limit, If the wide stack pointer value is greater
than the wide stack limit value, the processor detects a wide stack overflow fault,

After a wide pop operation, the processor compares the contents of the wide stack
pointer to the contents of the wide stack base. If the wide stack pointer value is less
than the wide stack base value, the processor detects a wide stack underflow fault.

You can disable wide stack overflow fault detection by loading the value 377777777775
into the wide stack limit register, thus the wide stack limit is larger then the wide stack
pointer. You can disable wide stack underflow fault detection by loading the value
200000000004 into the wide stack base register.

When a wide stack fault occurs, the processor

1. For a wide stack underflow, sets the wide stack pointer equal to the wide stack
limit.

2.  Pushes a wide return block onto the wide stack. (See Table 5-21.)

The return address word in the wide return block points to the next instruction that
the processor executes after servicing the fault.

3.  Sets the OVK, OVR, and IRES flags (PSR flags) to zero.
4. Sets bit 0 of the wide stack pointer to zero.
5. Sets bit 0 of the wide stack limit to one.

6. Updates the wide stack pointer and reserved memory locations in the current
segment.

7. Loads ACO with the address of the instruction that caused the fault.
8. Loads AC1 with the code that describes the fault. (See Table 5-22.)

9.  Jumps to the wide stack fault handler through the 16-bit indirect pointer in page
zero of the current segment.
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AT
|
Double Word '
in Block
Pushed Contents
1 PSR (Bits 0-15 contain the processor status register; bits 16-31 contain zeros)
2 ACO (Bits 0-31)
3 AC1 (Bits 0-31)
4 AC2 (Bits 0-31)
5 AC3 (Bits 0-31)
6 PC (Bit 0 contains CARRY; bits 1-31 contain 31-bit address of the instruction
causing the fault if a type 1 fault, else, the instruction address of the next
executing instruction)
Table 5-22 Wide stack fault codes
AC1
Code Meaning
000000 Overflow on every stack operation other than SAVE, WMSP,
or segment crossing
000001 Underflow or overflow would occur if the instruction were executed —-
WMSP, WSSVR, WSSVS, WSAVR, WSAVS (PC in return block
refers tothe instruction that caused the stack fault.) —_—
000002 Too many arguments on a cross segment call !
000003 Stack underflow
000004 Overflow due to a return block pushed as a result of a microinterrupt
or fault
If you determine that you must write a wide stack fault handler, the handler must
1.  Determine the nature of the fault (underflow or overflow).
2.  Reset bit 0 of the wide stack pointer and the wide stack limit to the original values.
3.  Take other appropriate action, such as allocating more stack space or terminating
the program.
4. Use a WPOPB instruction as the last instruction of the fault handler.
Narrow Stack Fault Operations
After a narrow push operation, the processor compares the contents of the narrow stack
pointer to the contents of the narrow stack limit. If the stack pointer value is greater
than the stack limit value, the processor detects a narrow stack overflow fault.
After a narrow pop operation, the processor compares the contents of the narrow stack
pointer to 401g . If the stack pointer value is less than 400z and bit 0 of the narrow
stack limit is zero, the processor detects a narrow stack underflow fault.

Program Flow Management

Table 5-21 Wide stack fault return block

You can disable narrow stack overflow fault detection by setting bit 0 of the narrow stack
pointer to zero and bit 0 of the stack limit to one. You can disable narrow stack
underflow fault detection by '
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e Starting the narrow stack at a location greater than 401s.

If the narrow stack starts at location greater than 401g, underflow still occurs when the
value of the stack pointer becomes less than 400g. The processor can detect
underflow if a program pops enough words from the narrow stack to cause the narrow
stack pointer to wraparound.

e Setting bit 0 of either the narrow stack pointer or the narrowstack limit to one.

If bit 0 of the narrow stack pointer or narrow stack limit is set to one,either all or
part of the stack may reside in reserved memory page zero (0-377g ), or the stack
may underflow onto reserved memory page zero (0-377g ) without interference from
the narrow stack fault handler.

When a narrow stack fault occurs, the processor

1.  For narrow stack underflow, sets the narrow stack pointer equal to the narrow stack
base.

2. Sets bit 0 of the narrow stack pointer to zero and bit 0 of the narrow stack limit to
one.

Thus, the narrow stack limit is (temporarily) larger than the narrow stack pointer,
which disables overflow fault detection.

3. Pushes a narrow return block onto the narrow stack. (See Table 5-23.)

The return address word in the narrow return block points to the next instruction
the processor executes after servicing the fault.

4,  Jumps to the narrow stack fault handler through the 16-bit indirect pointer in page
zero of the current segment.

Table 5-23 Narrow stack fault return block

Word Number
in Block
Pushed Contents
1 ACO (Bits 16-31)
2 AC1 (Bits 16-31)
3 AC2 (Bits 16-31)
4 AC3 (Bits 16-31) .
5 PC (Bit 16 contains CARRY; bits 17-31 contain the instruction address causing
the fault)

If you determine that you must write a narrow stack fault handler, the handler must

1. Determine the nature of the fault {underflow or overflow).

2.  Reset bit 0 of the narrow stack pointer and the narrow stack limit to their original
values.

3. Take other appropriate action, such as allocating more stack space or terminating

the program.

4, Use a POPB instruction as the last instruction of the fault handler.
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A queue is a variable-length list of double-linked entries that has a beginning and an
end. The operating system uses queues to track processes that it must run (ready
queue), files that must be printed on the line printer, pages that are resident in physical
memory, and so on.

An entry in a queue is called a data element. Adding a data element to a queue is
called enqueuing. Removing a data element is called dequeuing. The beginning and end
of a queue are called the head and the tail, respectively. In a typical first in, first out
(FIFO) queue, data elements are enqueued at the tail and dequeued at the head.

One advantage of using a queue rather than a single threaded list is that queue data
elements refer to the data elements that precede and follow them. Data elements can be
enqueued anywhere in the queue, not just at the tail. Conversely, data elements can be
dequeued anywhere in the queue, not just at the head.

New entries are added to the queue when service (such as the name of a new file to be
printed) is required, and they are removed from the queue after they are of no further
use. A queue may be empty, it may have only one entry, or it may have many entries.
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Building a Queue —_

For the data elements to be linked together, each data element must contain two
addresses, called links. One of the links contains the effective word address of the
following data element in the queue: the forward link. The other link contains the
effective word address of the preceding data element in the queue: the backward link.

The forward and backward links do more than refer to the adjacent queue data
elements: they also indicate the elements that are currently at the head and tail of the
queue. If a data element’s forward link contains -1, then that data element is at the tail
of the queue. If a data element’s backward link contains -1, then that data element is
at the head of the queue. Note that a data element containing -1 in both its forward
and backward links is the only data element currently in the queue.

NOTES: Dequeing a data element sets both forward and backward links to —1. If the
same data element is dequeued twice, the forward and backward links in the
queue descriptor will also contain a ~1 which indicates an empty queue.

If a data element’s forward or backward link contains self-directed pointers, a
queue instruction will loop until interrupted.

A data element contains user information as well as the forward and backward links.
This user information can precede or follow the forward and backward links. (See Tables
6—1 and 6-2.) The user determines the structure and the meaning of the information.

Table 6-1 Data element with user data following links PEa
|
Position in Data Element Contents
First double word Forward link
Second double word Backward link
Next n double words User Information

Table 6-2 Data element with user data preceding links

Position Iin Data Element Contents

First n double words User Information
(n + 1)th double word Forward link

(n + 2)th double word Backward link

Also, note that the length of the user information in the data elements can vary, since
the links of each data element always refer to other links and not to user information.
The search queue instructions, however, do refer to the user information, so make sure
that any programs using these inst.uctions take the length of the user information into
account.
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~ Queue Descriptor

Each queue uses a queue descriptor that indicates the current head and tail of the queue.
A queue descriptor is two 32-bit words. The first double word contains the address of
the data element that is currently at the head of the queue: the second contains the
address of the data element that is currently at the tail of the queue. (See Figure 6-1.)

0 31

Address of Data Element at Head of Queue

Address of Data Element at Tail of Queue
0 31
INT-00182

Figure 6~1 Format of queue descriptor

Setting Up and Modifying a Queue

To define an emptly queue, create a queue descriptor that contains -1 in both of its
pointers. To enqueue a data element into the empty queue, load the address of the data
element into both double words of the queue descriptor (indicating a one-element queue)
and load -1 into the data element’s forward and backward links. To enqueue or
dequeue a data element anywhere in the queue, specify the queue descriptor and the

VY address of some data element in the queue. The descriptor and address specified act as

i ' reference points that the processor uses to enqueue the data element at the right point or
to dequeue the appropriate data element.

Examples

The examples below demonstrate how you can form queues, how enqueuing and
dequeuing works, and how the processor updates the various links and descriptors.

Queue Descriptor of an Empty Queue

Figure 6-2 shows the queue descriptor for an empty queue.

0 31
-1
-1
0 31
INT-00183

Figure 6-2 Queue descriptor for an empty queue
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Enqueuing a Data Element into an Empty Queue

Figure 6-3 illustrates how the processor enqueues a data element (at location A) into an
empty queue. After enqueuing, the processor updates the queue descriptor. The
descriptor shows that the queue has only one element, A. At location A, the first word
of the data element contains the forward link -1. The last word contains the backward

link of -1.
Queue
0 31 0 31
-1 -—
-1 -«
0 31
U
inforrs:z:tion Queue descriptor after
enqueuing a data element
at location A
0 31
Data element at
location A
INT-00184

Figure 6-3 Data element enqueued into an empty queue

Enqueuing a Data Element at the Head of a Queue

Figure 6-4 illustrates how the processor enqueues a data element (at location B) at the
head of the queue before data element A. After enqueuing, the processor updates the
queue descriptor to refer to the new head. It also changes the backward link of data
element A to refer to the preceding data element (B). The links of data element B show
that it is the head of the queue and that element A follows it.

Queue

A

Data element at -1

location B
j int Usert.
information 0 31
B

~N
-’
-1 A
0 31
B
Data element at < Queue descriptor after
location A enqueuing a data element
User at location B
information
~
0 31

INT-00185

Figure 6-4 Data element enqueued at head of queue
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Enqueuing a Data Element at the Tail of a Queue

Figure 6-5 illustrates how the processor enqueues a data element (at location C) at the
tail of the queue, after data element A. The -1 in data element B’s backward link
shows that B is the head of the queue. The -1 in data element C’s forward link shows
that C is the tail of the queue. The queue descriptor also indicates the queue’s new
head.

Queue

0 31
( A
Data element at -1
location B S
User
information
r
[¢]
B
Data element at B c
location A

. User
informatlon

-1
A
Data element at
location C
User
Information

Figure 6-5 Data element enqueued at tail of queue

Queue descriptor after
enqueuing a data element
at location C

INT-00186

The example below shows how an ENQT instruction may be used in a programming call.

;This subroutine moves an element from one queue to the end of

;another., It is the responsibility of the caller to set the

;transition bit, if necessary.

;Calling conventions: XJSR QMOVE

; <return>

; ACO = Source queue descriptor address

; ACl1 = Address of element to be moved

: AC2 = Destination queue descriptor address

: QMOVE : WSSVS 0 ;

NLDAI QLOCK, 3 ;Queue descriptor

;Lock offset,

:First, handle the source queue.

QLP1: WSZBO 0,3 ;Can we lock source?
WBR QSPIN1 ;No, wait.
DEQUE :Dequeue from source.
NoOP ;No-op.

WBTZ 0,3 :Unlock source lock.
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;Now, handle the destination queue. —
QLP2: WSZBO 2,3 :Can we lock g
;destination?
WBR QSPIN2 ;No, wait.
WMOV 2,0 ;Destination
;descriptor address.
WMOV i,2 ;Element to be
;dequeued.
WADC 1,1 ;At the end.
LENQT ;
Nor ;No—-op.
WBTZ 0,3 ;Unlock destination
; lock.
;All done — lights on and return.
WRTN ;
:Spin lock for the source queue.
QSPIN1: WSZB 0,3 ;Source unlocked yet?
WBEBR QSPIN1 ;No, wait.
WBR QLP1 ;Try to get source
; lock.
:Spin lock for the destination queue.
QSPIN2; WSZB 2,3 ;Destination unlocked
;yet?
WBR QSPIN2 ;No, wait.
WBR QLP2 ;Try to get
;destination lock.
o
|
Dequeueing a Data Element
Figure 6-6 illustrates how the processor dequeues data element B. After the dequeue,
the processor updates the queue descriptor to show the new head (A). A’s backward link
shows that it is the new head. C’s links remain unchanged, since C is still the tail of the
queue, and A is still the following data entry.
0 31
,
c
Data element at -1
location A <
infoyr?-leartion \
~ A
f -1
A Queue descriptor after
Datlgcealﬁlc-%erg at < enqueuai? o?: gtziléﬁ glement
infolrJr%E:tion
~ - -
0 31 INT-00187

Figure 6-6 Data element dequeued
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The following example shows how a DEQUE instruction may be used in a programming

call.

;iThis subroutine deques an element from a linked list queue. It is
;the responsibility of the caller to set the transition bit, if

jnecessary.
;Calling conventions: XJSR PDEQ
; ACl = Queue descriptor address
; AC2 = Element to be queued
PDEQ: WSSVR 0 ;Save return block on
;stack.
WMOV 1,0 iMove Queue address
;to ACO.
WMOV 2,1 iMove dequeueing
;element to AC1,
NLDAI QLOCK, 2 ;Queue descriptor
;lock offset.
PDEQ1: WSZBO 0,2 ;Can we lock it?
WBR PSPIN ;No, wait,
DEQUE ;
NOP ;No-op.
WBTZ 0,2 ;Unlock it.
WRTN ;And return to
;calling program.
PSPIN: WSZB 0,2 ;Unlocked yet?
WBR PSPIN ;No, wait.
WBR PDEQ1 ;Yes, grab it!

Queue Instructions

Table 6-3 lists the instructions for manipulating queues. ENQH and ENQT instructions
enqueue data elements onto queues, and the DEQUE instruction dequeues data
elements. The remaining instructions perform queue or queue-like searches.

NOTE: The WMESS instruction is a powerful instruction for indivisibly updating a
queue or automatically updating a data base without software locking.

Table 6-3 Queue instructions

Instruction Operation

ENQIH Enqueue towards the head; add a data element to queue
ENQT Enqueue towards the tail; add a data element to queue
DEQUE Dequeue a queue data element; delete a data element
NBSitc Narrow search queue backward; 16-bit test condition
NFStc Narrow search queue forward; 16-bit test condition
WBSic Wide search queue backward; 32-bit test condition
WFStc Wide search queue forward; 32-bit test condition
WMESS Wide mask, skip and store if equal
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The Graphics Instruction Set (GIS) performs high-speed graphic functions, directly
supporting windowing systems in which several programs share one bitmap. GIS allows
each program to have both a physical bitmap (such as a display screen) and a virtual
bitmap, which is used to store regions of the screen that have been taken over by
another program. GIS instructions can switch from one bitmap to the other in
midstream; the user’s program need not know which bitmap is being used; and the
operating system does not need to oversee every drawing operation to prevent one
program from overwriting another’s data.

The Graphics Instruction Set, as presented in this manual, is Data General’s GIS II for
ECLIPSE MV/Family systems. Information on GIS I may be found in the Data General
4000-Class Integrated Systems, Functional Characteristics manual (DGC No.
014-001066).
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Graphics Instruction Set —

GIS includes both privileged and nonprivileged instructions. Privileged GIS instructions
are used to maintain the various GIS databases discussed later in this chapter.
Nonprivileged instructions do the following:

® Read or write a single pixgl.

® Draw a line, or a series of connected lines.

® Fill a rectangular region of the bitmap with a solid color.
® Copy a rectangular region from one place to another.

® Write a text character or other symbol onto an image.

® Change a drawing attribute.

This section provides some general information about GIS instructions. The “Instruction
Dictionary” describes each instruction in detail. All GIS instructions are four words (64
bits) long, and have the following format: '

1 0 7 1 5 1
1 0 0 0 1 1 1 0 0 1 1 0 1 0 0 1
0 1 2 3 4 5 6 7 8 9 10 11 121 13 14 15
8 E 6 9 e
0 displacement (high order)
16 17 31

displacement (low order)

32 47

sub-opcode

48 63

Bits 0-15 of the instruction identify a GIS instruction; they always contain 1071514
(BE696).

Bits 16~-47 (displacement) are a routine’s address that you must provide to handle
instruction traps. These traps may be used to simulate additional instructions. If your
system currently does not support GIS microcode, the displacement is the
program-counter-relative address of a run—time routine that emulates the GIS instruction
functions.

P

Bits 48—63 are the sub—opcode, that identifies the particular GIS operation to perform. 1" Ty
The processor accepts only those values listed in Table 7-1. Other values will produce '
an instruction trap.
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Table 7-1 GIS instructions

7-3

Instruction Sub-opcode Type Description
Octal [hex}

WGBITBLT 30 [18] Nonprivileged Copies pixels to a form or location

WGCHRBLT 31 [19] Nonprivileged Writes a character into a form

WGLDCURS 34 [1C] Privileged Writes cursor block to cursor
descriptor memory

WGLFORM 20 [10] Privileged Loads a form into form cache
memory

WGPFORMS 21 [111 Privileged Removes form(s) from form cache

WGPLINE 27 [17] Nonprivileged Draws line segment(s) in a form

WGRDATTR 32 [1A] Nonprivileged Reads attributes of a form

WGRDPAL 22 [12] Privileged Reads a palette register

WGRDPIXL 24 [14] Nonprivileged Reads a pixel from a form

WGRFLOOD 26 [16] Nonprivileged Sets rectangle color

WGWRATTR 33 [1B] Nonprivileged Writes attribute of a form

WGWRPAL 23 [13]) Privileged Writes a palette register

WGWRPIXL 25 [15] Nonprivileged Writes a pixel into a form

Certain guidelines are consistent for each GIS instruction:

AC1 contains a form ID. The form ID, created by the operating system, references
the form descriptor of the form in which the instruction draws.

AC2 contains a pointer to an instruction packet (if such a packet is defined).

AC3 is not used by GIS instructions. This allows efficient invocation of GIS
subroutines from high-level languages that use AC3 to hold the frame pointer.

Attributes (such as line style, foreground color, etc.) are associated with the form be-
ing operated on.

The microcode for GIS instructions is designed to optimize its speed of execution if
certain conditions are met. General guidelines for faster execution of all GIS
instructions include:

~ Using combination rules that do not require both source and destination pixels.
(In the case of a virtual bitmap, the destination pixel will not be read from
memory to perform the combination if it is not needed.)

- Working with a rectangle list containing a single rectangle.

Any parameter, which requires an unsigned number, should have bit 0 of the 32-bit
value equal to 0. Entering a negative value (bit 0 equal to 1) where an unsigned num-
ber is called for, will give undefined resuits.

GIS instructions operate on forms. A form descriptor describes the form itself and points
to related databases, such as attributes and rectangle and cursor descriptors. The
following sections describe forms, data structures, the form cache, interrupts, and GIS
fault handling.
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Forms

The form is the basic unit of pixel space, the “paper” on which a picture is drawn. The
form is the object upon which all GIS operations are performed. Although the data
structures that define a form are complex, they combine to create the appearance of a
simple rectangular set of pixels.

Forms are managed by the operating system. Screens and bitmaps are considered to be
a system resource, like disk space, that must be shared by many programs and users.
The privileged GIS instructions create and delete forms, change their sizes, and move
them around on the screen.

Every GIS drawing instruction refers to a specific form with a form ID in ACl. When a
user program creates a form, the operating system must assign a form ID and pass it to
the program.,

The properties of a form are specified in a block of data called a form descriptor.
Figure 7-1 shows how the descriptor ties together all the data structures that define the
form. The “GIS Data Structures” section describes the various properties of the form in
detail.

Forms and Bitmaps

Every form is associated with one or two bitmaps. A physical bitmap is part of a display
device, and changes to this bitmap are immediately visible on the screen. A virtual
bitmap is placed in main memory; and changes to a virtual bitmap are not visible until
the pixels are copied to a physical bitmap. The origin of a bitmap is always the upper-left
corner of the bitmap (coordinates 0, 0).

Virtual bitmaps have two main purposes: to allow pictures to be created in main memory,
and moved later to the screen for display; to provide hardware support of windowing
systems, in which several forms may overlap on the screen. The size of a virtual bitmap
must be equal to or greater than the size of its associated form. The depth of a virtual
bitmap is limited only by the virtual address space available within the segment (to a
maximum of 228 - 1).

Figure 7-2 illustrates the following example. A program creates a form, called F1, that
has both a physical and a virtual bitmap. Initially the form is fully visible, and all
drawing takes place on the physical bitmap. Then another program creates a form, F2,
whose physical bitmap overlaps part of F1’s. The operating system must then handle this
conflict by copying the obscured part of F1 to the virtual bitmap, setting up its data
structures to indicate the change.

Since the GIS instructions know that F1 is now divided into several pieces, all drawing
operations automatically switch from one bitmap to the other. The first program is never
aware that part of its form is now on the virtual bitmap.
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