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This manual provides extensive information for assembly 
language programmers working with 16-bit real-time 
ECLIPSE ® computers. It explains the 16-bit processor
independent concepts, functions, and instruction set. The 
processor-dependent information can be found in a com
panion manual - a processor-specific assembly language 
programming manual. 

Organization 
J6-Bit Real-Time ECLIPSE Assembly Language Pro
gramming contains eight chapters and one appendix. 

Chapter I, "System Overview," explains the system 
components and functions of interest to programmers of 
16-bit real-time ECLIPSE computers. 

Chapter 2, "Memory Access and Stack Management," 
t:xplains memory referencing and stack operation and 
summarizes stack instructions. 

Chapter 3, "Fixed-point Computation," gives fixed-point 
data formats, explains fixed-point operations, and sum
marizes the fixed-point instructions. 

Chapter 4, "Floating-point Computation," gives floating
point data formats, explains floating-point operations, 
and summarizes the floating-point instructions. 

Chapter 5, "Program Flow Management," explains pro
gram flow, and fault handling and summarizes the 
instructions that alter program flow. 

Chapter 6, "Device Management," explains the 
ECLIPSE I/O interrupt system, summarizes the general 
I/O and interrupt system instructions, and discusses 
interrupts and interrupt handling. 

Chapter 7, "Memory and System Management," de
scribes the 16-bit ECLIPSE translation facilities and 
memory protection features and summarizes their instruc
tions for the operating system designer. It also discusses 
the special system functions for the operating system 
designer. 

Chapter 8, "Instruction Dictionary," explains each in
struction. Dictionary entries are organized alphabetically 
by assembler mnemonic. 

Preface 

Appendix A, "Commercial Instructions," presents the 
instructions that differentiate the commercial ECLIPSE 
(C-series) computers from the real-time ECLIPSE (S
series) computers. 

Conventions and Abbreviations 
This manual uses the following conventions and abbrevia
tions to present assembler statements for instructions. 

UPPERCASE Uppercase characters indicate a literal 
argument (command mnemonic) in an 
assembler statement. When you include a 
literal argument with an assembler state
ment, use the exact form. 

variable Lowercase italic characters indicate a vari
able argument in an assembler statement. 
When you include the argument with an 
assembler statement, substitute a literal 
value for the variable argument. 

[variable] Italicized square brackets indicate an op
tional argument. Omit the square brackets 
when you include an optional argument 
with an assembler statement. 

ac The abbreviation ac indicates a fixed-point 
accumulator. 

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

acd The abbreviation acd indicates a destina
tion fixed-point accumulator. 

fpac The abbreviation fpac indicates a floating
point accumulator. 

facs The abbreviation facs indicates a source 
floating-point accumulator. 

facd The abbreviation facd indicates a destina
tion floating-point accumulator. 

In addition, diagrams in the following format show the 
arrangement of the 16 bits in a word or fixed-point 
accumulator. 

BIT FORMAT 

o 6 16 
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The heart of a 16-bit real-time ECLIPSE computer is its 
processing system - hereafter called the processor -
which accesses memory, manages data, and controls 
program flow. 

The processor performs fixed-point computation in all 
ECLIPSE computers and floating-point computation in 
most ECLIPSE computers. It also manages stacks, pro
gram flow, peripheral devices, and memory. The processor 
performs these tasks using the facilities of the memory 
and I/O systems as shown in Figure 1.1. The memory 
system provides main memory and the facilities for 
managing main memory and maintaining its integrity. 
The I/O system provides facilities for servicing 
NOV A/ECLIPSE peripheral devices. 

Memory Access 
The processor uses a 15-bit address to access memory. 
The program can specify an address either absolutely by 
giving the actual address or relatively by giving a 
displacement relative to the contents of the program 
counter or an accumulator. In addition, the program can 
also use the address indirectly as a pointer to a memory 
location containing yet another address. 

Chapter 2, "Memory Access and Stack Management," 
summarizes addressing concepts and provides information 
on memory reference instructions. 

Chapter 1 

System Overview 

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 
fault handler, the processor restores the program state 
and continues program execution. 

The processor manages the stack with three 16-bit 
parameter registers: 

• Stack limit which defines the upper limit of the stack; 
• Stack pointer which addresses the current location on 

the stack; 
• Frame pointer which defines a reference point within 

the stack. 

The format of these registers is diagrammed and ex
plained in the next section. 

Stack Management Register Format 

o 

Logical Address 

15 

NOTES: @ (bit 0) is the indirect address bit. 

The lowest numbered bit of a register (such as bit 0) is 
the most significant bit. The highest numbered bit (such 
as bit /5) is the least significant bit. 

The processor accesses these stack management registers 
to save and restore stack parameters when changing 
program flow. The program accesses them with instruc
tions that load or store a register value. 

Chapter 2, "Memory Access and Stack Management," 
summarizes stack concepts and provides information on 
stack instructions. 
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Figure 1.1 Functional components of a typical 16-bit real-time ECLIPSE computer system 
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Fixed-point Computation 
Fixed-point computation consists of 

• Fixed-point binary arithmetic with signed and un
signed 16-bit and 32-bit numbers; 

• Logical operations with 16-bit or 32-bit binary data; 

• Decimal arithmetic with unsigned 4-bit packed deci
mal numbers; 

• Character manipulation with 8-bit bytes. 

To facilitate fixed-point computation, the processor con
tains four 16-bit fixed-point accumulators, ACO through 
AC3. The format of fixed-point accumulators are dia
grammed and explained in the next section. 

Fixed-point Accumulator Formats 

Word I 
0 15 

Byte 0 Byte 1 I 
0 8 15 

A program accesses a fixed-point accumulator with 
instructions that manipulate a bit, byte, word, or double 
word. A word or double word operand must begin on a 
word boundary (bit 0); a byte must begin on a byte 
boundary (bit 0 or bit 8). 

Chapter 3, "Fixed-point Computation," provides addi
tional information. 

In addition to using an accumulator for fixed-point 
computation, the program can 

• Use AC2 or AC3 in relative memory addressing in 
place of the program counter. 

• Load or build an instruction in an accumulator and 
execute it. 

Chapter 2, "Memory Access and Stack Management," 
provides additional information on addressing modes; 
Chapter 5, "Program Flow Management," provides addi
tional information on instruction execution. 

Floating-point Computation 
Floating-point computation consists of floating-point bi
nary arithmetic with signed single-precision (32-bit) and 
double-precision (64-bit) numbers. 

To facilitate floating-point computations, the processor 
contains four 64-bit floating accumulators, FPACO 
through FPAC3, and a floating-point status register, 
FPSR. The formats of floating-point accumulators are 
diagrammed below. 

Floating-point Accumulator Formats 
Single Precision 

Word 1 

o 15 

Word 2 

16 31 

Undefined 

32 47 

Undefined 

48 63 

Double Precision 

Word 1 

0 15 

I Word 2 

16 31 

I Word 3 

32 47 

I Word 4 I 
48 63 

A program accesses a floating-point accumulator with 
instructions that manipulate single- and double-precision 
numbers. A single-precision number requires two consec
utive words; a double-precision number requires four 
consecutive words. 

Chapter 4, "Floating-point Computation," provides addi
tional information. 

The 32-bit floating-point status register contains the 
following flags: 

overflow and underflow fault flags, 
mantissa status flag, 
divide-by-zero flag, 
fault service (trap) mask, 
processor status flags. 

The processor sets an overflow fault, underflow fault, or 
mantissa status flag when the result of a floating-point 
computation exceeds the processor storage capacity. The 
divide-by-zero flag indicates an attempt to divide a 
number by zero. The fault service mask determines 
whether or not the processor can service a fault. The 
remaining flags provide processor status. 

The program can access the contents of the register with 
instructions to initialize it or to test a flag and skip on a 
condition. Chapter 4, "Floating-point Computation," pro
vides further information on the floating-point status 
register and the instructions that access it. 
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Program Flow Management 
Program flow management consists of controlling pro
gram execution - calling a subroutine, for instance -
and handling faults. The processor controls program flow 
with a I5-bit program counter (PC) which holds the 
logical address of the executing instruction. During 
normal program flow the processor increments the pro
gram counter. Thus address wraparound can occur. The 
format of the program counter is diagrammed below. 

Program Counter Format 

Logical Addres. 

15 

Device Management 
Device management involves transferring data between 
memory and a device. The processor can transfer data -
bytes, words, or blocks of words - with the programmed 
I/O (PIO) and data channel (DCH) facilities. Some 
processors can also transfer data with a high-speed burst 
multiplexor channel facility. Common to all three facili
ties are the I/O instructions, address translation, and the 
interrupt system. 

Chapter 6, "Device Management," provides additional 
information on the interrupt facility and I/O instructions; 
Chapter 7, "Memory and System Management," provides 
additional information on address translation. 

Using the programmed I/O facility, the program transfers 
bytes or words between a fixed-point accumulator and a 
device. The program uses the programmed I/O facility to 
transfer data with a slow speed device such as a terminal, 
or to set up a data channel or burst multiplexor channel 
transfer. 

Using the data channel facility, the program sets up a 
transfer of words between memory and a device; the 
device initiates the transfer of each word. The data 
channel accesses memory directly (with or without ad
dress translation). Thus, the data transfer bypasses the 
accumula tors. 

Using the burst multiplexor channelfacility, the program 
sets up a transfer of blocks of words between memory and 
a device; the device initiates the transfer of each block. 
Like the data channel, the burst multiplexor channel 
accesses memory directly (with or without address trans
lation). Thus, the data transfer bypasses the accumula
tors. 
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Memory Management 
Programs use logical addresses to access locations in 
physical memory. The processor supports a logical address 
space of 64 Kbytes and from 64 Kbytes to 2048 Kbytes of 
physical memory, depending on the memory system. Both 
logical and physical address spaces are organized into 
pages of 2 Kbytes. 

In systems with more than 64 Kbytes of physical memory, 
physical memory is greater than logical memory. In these 
systems, the processor uses address translation to convert 
(map) a logical page address into a physical page address. 

The hardware facilities for address translation include 
several map tables that store information indicating where 
logical pages reside in physical memory. Each map table 
contains thirty-two program-accessible registers (entries), 
one register (entry) for each logical page. The hardware 
facilities also contain a program-accessible address trans
lation status register that selects a map table for initializa
tion or translation and provides memory access protection 
to improve memory integrity. By manipulating the con
tents of these registers, the operating system software can 
allocate physical memory to various software functions 
and define memory restrictions. 

In addition to the memory access protection, most memory 
systems also provide an error checking and correction 
facility to improve memory integrity. When enabled, this 
facility calculates and writes a check code to memory 
when data is written to memory. When the data is read 
from memory, the facility recalculates the check code 
and compares it to the original code to determine if the 
data was read correctly. 

Chapter 7, "Memory and System Management," provides 
additional information on address translation and error 
checking and correction. 

System Management 
The processor provides several special functions for system 
management. Some functions are provided by all I6-bit 
real-time ECLIPSE processors, others are provided only 
by specific types of processors. Refer to the Chapter 7, 
"Memory and System Management," for additional infor
mation. 



Chapter 2 

Memory Access and Stack Management 

Memory Access Overview 
The processor addresses and accesses memory for an 
instruction or for an operand. The program specifies the 
address of the instruction or operand with a memory 
reference instruction. 

The instructions that the processor accesses can be single
or double-word. The operand can be a bit, byte, word, a 
double word, or two double words. A I6-bit word is the 
standard unit of address for all memory access, regardless 
of the size of the unit. 

Memory reference instructions are a class of instructions 
that access memory for another instruction or an operand. 
Each instruction contains information for determining 
the effective (logical) address of an operand or the next 
nonsequential instruction. After determining the effective 
address of an operand, the processor reads or writes the 
operand. In the case of the next nonsequential instruction, 
the processor loads the effective address into the program 
counter and then executes the instruction that the pro
gram counter identifies. 

A memory reference instruction attempts to access memo
ry in the user's 64 Kbyte logical address space. If user 
address translation is disabled, access to any address is 
valid. If user address translation is enabled, the validity 
of the access depends on the page protection features 
defined for the addressed page by the user's map table. 
These features can provide valid page protection, write 
protection, I/O access protection, and indirect protection. 
If these features are violated, the processor aborts the 
access and services the protection violation fault. 

Refer to Chapter 7, Memory and System Management, 
for further details on memory reference protection. 

Typical memory reference instruction formats are dia
grammed below. These formats contain the following 
fields: 

op code (OP), 

index 

displacement 

optional indirect (@) 

accumulator (AC or FPAC) 

The op code field (OP) defines the operation that the 
instruction performs. Operations include load and store 
accumulator, add, subtract, multiply, divide two numbers, 
etc. 

The combination of the index, displacement, and indirect 
fields specify parameters of the effective (logical) address 
for the instruction or operand. Except for instructions 
which address bits, all memory reference instructions use 
either an 8-bit (short) or a I5-bit (extended) displacement 
field. If the mnemonic for a memory reference instruction 
has an E or F prefix, the instruction uses a 15-bit 
displacement; all other memory reference instructions 
use the standard 8-bit displacement. 

In the diagrams below, the accumulator field specifies a 
source or destination accumulator ranging from 0 to 3. 
For instance, when the ac field for a load accumulator 
instruction, is 0 (ac = 0) the processor loads an operand 
from memory into the destination fixed-point accumulator 
(ACO) for a fixed-point instruction or into the destination 
floating-point accumulator (FPACO) for a floating-point 
instruction. 

Typical Fixed-point Instruction Format 
(8-Bit Displacement) 

Word I 

OP AC I @ I Index 8-Bit Displacement 

o 2 3 4 5 6 8 

Typical Fixed-point Instruction Format 
(IS-Bit Displacement) 

Word I 

Word 2 

15-Bit Displacement 

t6 17 

15 

31 
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Typical Floating-point Instruction Format 
(I5-Bit Displacement) 

Word 1 

FPAC OP 

o 2 3 4 5 9 10 11 12 13 14 15 

Word 2 

15-Bit Displacement 

16 17 31 

Effective Addresses 
To resolve the effective address, the processor first 
identifies the addressing mode, then any indirect ad
dress(es), and finally the effective address. 

Addressing Modes 

Using the index field defined in Table 2.1, the processor 
determines if the instruction specifies an absolute or 
relative addressing mode. The DGC assembler in conjunc
tion with the appropriate pseudo-op produces object code 
with absolute or relative displacements. 

For absolute addressing, the unmodified displacement 
field contains an indirect or an effective address. The 
address, expressed as an 8-bit or 15-bit unsigned integer, 
specifies an addressing range as shown in Table 2.1. 

Addreseing index Inlermedia_, .. ' ·D.ispIGfiem..nt 
Mode Field . Logical Addt.ss t 1..ngth 

Absolute 00 Di.splaci!Hnent Sbits 
Displacement· 15.blts 

PC Relative 01 PC +1...". abita 
Displacement 

PC +1+1- 15 bits 
OisPlacement 

AC2 Relative 10 AC2+t"': J3blts 
DisP,acement 

AC2+r-' 15blls 
Dlsptacement 

AC3 RelatIVe 1 1 AC3 +1- 8 bits 
Displacement '. 

AC3,+I- 15blt8 
Displacement 

Table 2.1 Effective Addressing Ranges 

IThe processor ignores bit 0 of PC. AC2. and AC3 when calculating the 
intermediate logical address. 
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For relative addressing, the index field specifies either 
the program counter, AC2, or AC3, the contents of which 
become a base address. The processor adds the base 
address to the displacement, which is expressed as a 
signed 8-bit or 15-bit integer, to obtain an indirect or 
effective address. Before adding an 8-bit displacement, 
the processor sign extends it to 15 bits. When executing 
an instruction with a 15-bit displacement, the processor 
adds one to the sum for program-counter relative address
ing. This additional increment adjusts the sum to address 
the displacement, which is in the word after the word 
containing the instruction op code. An instruction with 
an 8-bit displacement contains the displacement in the 
same word as the op code. 

Lower Page Zero 

Regardless of the addressing mode, any memory reference 
instruction can address the first 4008 (25610) locations in 
page 0 of the logical address space. For this reason, these 
locations have special significance: they are collectively 
referred to as lower page zero. Locations 0 through 478 
are reserved for special purposes. Certain of these reserved 
locations serve the same purpose in all 16-bit processors. 
Table 2.2 lists these locations and their functions. 

The functions of the other reserved locations vary with 
the processor. For more information on these locations, 
refer to the assembly language programming manual for 
the specific computer. The remaining locations in lower 
page zero comprise a common storage area for items used 
throughout a program. 

Displacement Ranges (WordS) 
Octal . ' .. Decimal 

oto 371 ot0255 
oto 77777 oto~.767 

'-200 to + 177 ~12$to +127 

-40000 to + 37777 -'1~.3&4.to + 18.383 

'"""200 to +177 71'28 to +127. 

-:40000 to + 37771 "";:1$.384 to +1$,383 

-200 to +177 -128to+127 

~40000to +3777'1 . -18;384 to 16.383 



Location Name Function 
(octal) 

0 flO return Return address from 1/0 interrupt. 
Also address of first instruction of 
autorestart routine. 

1 1/0 handler Address of the 110 interrupt handler. 

2 System call Address of the system call instruc-
handler tion handler. 

3 Protection fault Address of the protection fault han-

handler dler. 

4 Vector stack Address of the top of the vector 

pOinter stack. 

5 Current mask Current interrupt priority mask. 

6 Vector stack Address of the last normally useable 

limit location in the vector stack. 

7 Vector stack Address of the vector stack fault 

fault handler handler. 

20-27 Autoincrement In the earlier computers. the con-
tents of any of these locations are 
automatically incremented by one 
when the location is indirectly refer-
enced. 

30-37 Autodecrement In the earlier computers. the con-
tents of any of these locations are 
automatically decremented by one 
when the location is indirectly refer-
enced. 

40 Stack pointer Address of top of stack. 

41 Frame pointer Address of frame reference within 
the stack. 

42 Stack limit Address of the last normally usable 
location in the stack. 

43 Stack fault Address of the stack fault handler. 
handler 

44 XOP table Address of the beginning of the 
extended operation table. 

45 Floating-point Address of the floating-point fault 
fault handler handler. 

Table 2.2 Standard functions of reserved memory locations in 
lower page zero. 

Indirect Addresses 

When the indirect field is 0, the absolute or relative 
address becomes the effective address. In systems with 
address translation, the user address translation facility 
converts the effective address (the logical address) into a 
physical address which the processor accesses. In systems 
without address translation, or with user address transla
tion disabled, the effective address is the physical address. 

When the indirect field is I, the absolute or relative 
address becomes an indirect address or pointer. The user 
address translation facility converts the address to a 
physical address and uses the contents of that physical 
address as another indirect or direct (effective) address. 

The processor tests bit 0 of pointer contents, which defines 
any additional indirect addressing. 

• When bit 0 is 0, the contents are the effective address, 
which is translated into physical address and accessed. 

• When bit 0 is 1, the contents are another pointer. In 
this case, the processor continues to resolve pointers 
until it reaches one with bit 0 equal to O. 

Most processors can resolve only a limited number of 
pointers when address translation is enabled. An attempt 
to resolve more results in protection violation. For more 
information on indirect addressing for a particular proces
sor, refer to the assembly language programming manual 
for that processor. 

Operand Access 
Before accessing an operand in memory, the processor 
first resolves the effective address. The processor accesses 
the operand as a bit, byte, word, or double word. 

Word/Double-Word Access 

The processor accesses a word operand for fixed-point 
computation. An instruction that requests a word, such 
as Load Accumulator (LDA), supplies the effective 
address parameters to the processor. The processor then 
resolves the effective address and accesses the addressed 
word. 

The processor accesses a double word operand for 
floating-point computation. A single precision floating
point instruction requires one double word and a double
precision instruction requires two double words. All 
floating-point mnemonics have an F prefix; those with an 
S suffix are single-precision instructions; those with a D 
suffix are double-precision instructions. 

An instruction that requests a double word, such as Load 
Floating-Point Single (FLDS), 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 Access 

An instruction that requests a byte forms a byte pointer 
from the contents of an accumulator. A byte pointer 
consists of the effective address of the word containing 
the byte and a byte indicator (BI) as diagrammed below. 

Byte Pointer Format 

Word Address 

o 14 15 

If the byte indicator is 0, the most significant byte (bits 
0-7) is accessed. If it is 1, the least significant byte (bits 
8-15) is accessed. 

Using the byte pointer, the processor accesses the word 
and then the byte, as shown in Figure 2.1. 

NOTE: Indirect addressing cannot be used for byte 
access. 
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Bit Pointer Format 

Byte pOinter ACS 
o 1415 

000 0 0 0 0 0 1 000 1 0 1 1 Base Word Address 

o 15 

Byte NOTE: @ (bit 0) is the indirect address bit. 

indicator ACD 

1 Addressed byte I 

1 Byte 0 1 Byte 1 I 

110011011102110311041105110611071110111111121 
Words in memory 

Figure 2.1 Byte addressing 

Bit Access 

10·00412 

An instruction that accesses a bit, such as a Set Bit to 
One (BTO), forms a word pointer and a bit indicator 
from the contents of two accumulators (ACS and ACD). 
The word pointer consists of a base word address in ACS 
and a word offset in ACD as diagrammed below. The bit 
indicator is located in the least significant bits of ACD as 
shown in the diagram. 

Word Ollset Bit Indicator 

o 11 12 15 

The processor calculates the value of the word pointer by 
adding the word offset (an unsigned integer) to the base 
word address. This value is the effective address of the 
desired word. If the indirect bit (bit 0 of ACS) is one, the 
base word address is an indirect address and the processor 
resolves the indirect chain before adding the word offset. 

Using this effective address, the processor accesses the 
word and locates the bit using the bit indicator, as shown 
in Figure 2.2. The bit indicator specifies the bit position 
(0-15). 

If the instruction specifies ACS and ACD as the same 
accumulator, the processor assumes the base word address 
is zero and uses the word offset as the absolute (direct) 
address of the word. 

01 150 111215 
1010;0;0;0;0;0;0;0;1;0;0;0;0;0;110;0;0;0;0;0;0;0;0;0;1;110;1;0;11 

, _ ' , , , , , , ' ," i ,'" " , , " " ~,'" ~ , ,'" " ' ' "'," " 

Figure 2.2 Bit addressing 

Base 
word 
address 

Word 
offset 
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Memory Protection 
While executing a memory reference instruction in com
puters with address translation, the processor checks for 
indirect addressing violations and for the validity of the 
memory reference. 

If the processor detects such an error, an indirect or (1) Stack 
protection fault occurs before the execution of the next limit 
instruction. For details on the protection mechanisms and 
fault servicing, refer to Chapter 7, "Memory and System 
Management." (3) Stack 

Stack Management 
A stack is a series of consecutive locations in memory. In 
the simplest form, stack instructions add items in sequen
tial 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 anyone time. The 
processor, using the push-down stack concept, pushes 
(stores) data onto the stack and pops (retrieves) data 
from it in the reverse order. 

For example, the program can store the contents of up to 
four fixed-point accumulators on a stack with the Push 
Accumulator (PSH) instruction or restore the contents 
of the accumulators with a Pop Accumulator (POP) 
instruction. Other instructions allow the program to store 
a return block on the stack for a subroutine call, an I/0 
interrupt request, or a fault. Still other instructions 
retrieve the return block from the stack upon return from 
the call, interrupt, or fault handler. 

Stack Operations 
The processor manages the stack parameters for the 
current user process with three reserved memory locations 
(408 through 428). The program can modify the contents 
of the stack parameters with instructions that move data 
between an accumulator and the appropriate reserved 
location. 

Figure 2.3 shows the stack parameters. Items (1) and 
(2), respectively, identify the upper stack limit and the 
stack base, which define locations that the stack occupies. 
Items (3) and (4), respectively, identify the stack pointer 
and the frame pointer, which address the data in the 
stack. 

Stack Base 
The stack base is the address of the first word in the 
stack and thus defines the lower limit of the stack. When 
the program sets up a stack, it must set the stack pointer 
to the word below the stack base. The standard stack 
base is 4008 since processors that detect stack underflow 
use this address to define a stack underflow condition. 

Refer to the subsequent section "Stack Protection" for 
more information on stack underflow. 

pointer 

(4) Frame 
pOinter 

(2) Stack 
base 

Figure 2.3 Parameters for a typical stack 

Stack Limit 

Increasing 
addresses 
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The stack limit defines the upper limit of the stack. To 
ensure that stack overflow protection functions correctly, 
the program must set the stack limit to a given number of 
words below the address of the last word in the stack. 
Reserved location 428 contains the value of the stack 
limit. 

Adhering to the following rules will ensure proper over
flow protection: 

• For programs using floating-point instructions, set the 
stack limit to 23 less than the address of the last 
location in the stack. 

• For programs not using floating-point instructions, set 
the stack limit to 10 less than the address of the last 
location in the stack. 

The processor uses the stack limit to detect stack overflow 
conditions. Refer to the subsequent section "Stack Protec
tion," for more information on stack overflow. 
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Stack Pointer 
The stack pointer addresses the highest location that the 
stack thus far has reached. Reserved location 408 contains 
the current value of the stack pointer. When the program 
sets up a stack, it must set the stack pointer's value to one 
less than the stack base's value. After the stack pointer's 
value has been set, each time the processor pushes a word 
onto the stack, it increments the stack pointer by one; 
each time the processor pops a word from the stack, it 
decrements the stack pointer by one. Thus, the stack 
pointer always points to the last element pushed on the 
stack. 

Frame Pointer 
The frame pointer defines a reference point in the stack 
that is unchanged by push and pop operations. When a 
program sets up a stack, it should initialize the frame 
pointer with the same value as the stack pointer to preserve 
the original value of the stack pointer. 

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

Stack Parameter Instructions 
The instructions listed in Table 2.3 load (initialize) a 
memory location reserved for a stack parameter with 
data from an accumulator or store data into an accumula
tor from a memory location reserved for a stack parame
ter. 

Mnemonic Name Action 

LOA Load Accumulator Copies a word from memory into 
an accumulator 

MSP Modify Stack Changes the value of the stack 
Pointer pOinter and tests for potential 

overflow 

STA Store Accumulator Copies the contents of an accu-
mulator into memory 

Table 2.3 Stack parameter Instructions 
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Stack Data Instructions 
The stack data instructions access a word or block of 
words. All stack instructions increment or decrement the 
stack pointer. Instructions that access a word modify the 
stack pointer by one. Instructions that access a block of 
words modify the stack pointer by two or more, depending 
upon the size of the data block or return block. 

The instructions in Table 2.4 access a word or block of 
words and the instructions in Table 2.5 access a return 
block. Although a return block can take several forms, it 
usually consists of the five words for fixed-point returns 
(Table 2.6) or eighteen words for floating-point returns 
(Table 2.7). 

Mnemonic 

POP 

POPJ 

PSH 

PSHJ 

Name 

Pop Multiple 
Accumulators 

Pop PC and Jump 

Push Multiple 
Accumulators 

Push Jump 

Action 

Pops one to four words off the 
stack and places them in accu
mulators. Used with PSH. 

Pops the top word off the stack 
and places it in the program 
counter. Used with PSHJ. 

Pushes the contents of one to 
four accumulators onto the stack. 
Used with POP. 

Pushes the address of the next 
sequential instruction onto the 
stack and loads an address into 
the program counter. Used with 
POPJ. 

Table 2.4 Stack word access instructions 



Mnemonic Name Action 

FPOP Pop Floating-point Pops a standard floating-point 
State return block off the stack. Used 

with FPSH. 

FPSH Push Floating- Pushes a standard floating-point 
point State return block onto the stack. Used 

with FPOP. 

POPB Pop Block Pops a standard fixed-point re-
turn block off the stack. Used 
with XOP or XOP 1. 

RSTR Restore Pops a standard fixed-point re-
turn block plus stack parameters 
off the stack. Used with VCT. 

RTN Return Pops a standard fixed-point re-
turn block off the stack to return 
control from subroutines using 
SAVE at their entry pOints. 

SAVE Save Pushes a standard fixed-point re-
turn block onto the stack and 
saves more stack storage space. 
Used with RTN. 

VCT Vector on Returns the device code of an 
Interrupting interrupting device and uses that 
Device code as an index into a vector 

table. In certain modes, also 
pushes a standard fixed-point re-
turn block onto the stack. Used 
with RSTR. 

XOP Extended Pushes a standard fixed-point re-
Operation turn block onto the stack and 

transfers control to a routine. 
Used with POPB. 

XOPl Alternate Pushes a standard fixed-point re-
Extended turn block onto the stack and 
Operation transfers control to a routine. 

Used with POPB. 

Table 2_5 Stack return block instructions 

Word Number In .8lock 

Pushed Popped Contents 

1 5 ACO 

2 4 AC1 

3 3 AC2 

4 2 AC3 ~r frame pointer 

5 BilO = Carry 
Bits 1-15 == PC 
(return address) 

Table 2_6 Standard fixed-point return block 

Word Number In Block 

Pushed Popped Contents 

1-2 17-18 FPSR 

3-6 13-16 FPACO 

7-10 9-12 FPACl 

11-14 5-8 FPAC2 

15-18 1-4 FPAC3 

Table 2.7 Standard floating-point return block 

Stack Initialization 
The program must initialize the stack parameters before 
performing the first stack operation. The rules for initial
ization follow. 

1. Initialize the stack pointer to the starting address of 
the stack minus 1. For underflow protection, start the 
stack at 401 8 and initialize the stack pointer to 4008, 

Otherwise, start the stack at a location greater than 
401 8, Note that starting a stack at a location greater 
than 401 8 does not completely disable underflow 
protection since it is always possible to pop enough 
words of the stack to cause stack underflow. To 
completely disable underflow protection, set bit 0 of 
both the stack pointer and the stack limit to 1. This 
allows all or a portion of the stack to reside in lower 
page zero (locations 0-4008), 

2. Initialize the stack limit to a value greater than the 
stack pointer. For overflow protection, initialize the 
stack limit as follows. 

• 

• 

For programs not using floating-point instruc
tions, set the the stack limit to at least 1010 less 
than the last allocated stack address. 

For programs using floating-point instructions, 
set the stack limit to at least 23 10 less than the 
last allocated stack address. 

To place all or a portion of the stack in lower page 
zero, set bit 0 of both the stack limit and the stack 
pointer to 1. 

3. Initialize the stack fault address (contents of location 
438) to the address that contains the routine to handle 
stack faults. 

4. Initialize the frame pointer to the same value as the 
stack pointer to preserve the original value of the 
stack pointer. 

Figure 2.4 shows sample Data General assembler code 
for initializing a stack. The stack resides in locations 
25610 through 355 10, The processor detects a stack 
overflow 12 words before the actual end of the stack. 
Figure 2.5 illustrates the result of executing the assembler 
code in Figure 2.4. 
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.NREL 

BASE: .BLK 88. 

ENDZ: .BLK 12. 

LEF O,BASE-l 

STA 0.40 

STA 0.41 

LEF O,ENDZ 

STA 0,42 

PSH 2,3 

; Reserve 88 words for the stack 

; Reserve 12 words for the stack end 
; zone 

; Initialize 

; stack pointer SP and 

; frame painter FP 

; Initialize stack limit SL for stack 

; overflow when SP = BASE + 88 

; Store AC2 and AC3 on stack 

Sample code for initializing a stack 
OG·25396 

Figure 2_4 Sample code for initializing a stack 

Stack Protection 
All 16-bit ECLIPSE processors provide stack overflow 
protection; most provide stack underflow protection. 

Stack Overflow 

Stack overflow occurs when a program pushes data into 
the memory area outside that allocated for the stack. If 
stack overflow occurs, data may be pushed into areas 
which are reserved for other purposes, possibly overwrit
ing other data or instructions. 

Stack pOinter a 
frame pointer 

355 

nd 256 

/ Q 
'17 

/ 
/ 
/ 
'/ 
/ 

~ 
V 

~ 
Stack after initialization 
(last STA instruction) 

Figure 2.5 Stack operations example 
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The processor checks for overflow during each operation 
that pushes one or more words onto the stack. In most 
cases, the processor checks for overflow conditions after 
pushing the data onto the stack. However, for a few types 
of instructions that use the stack (such as SA VE), certain 
processors check for a possible stack overflow before 
pushing the data onto the stack. 

To check for stack overflow, the processor compares the 
stack pointer contents to the stack limit contents. If the 
stack pointer contents are greater than the stack limit 
contents, an overflow condition exists. Chapter 5, "Pro
gram Flow Management," describes the servicing of an 
overflow fault. 

Stack Underflow 

Stack underflow occurs when a program pops data from 
the memory area outside that allocated for the stack. If 
stack underflow occurs, the program is operating with 
incorrect and unpredictable information, and data in
structions may be destroyed. 

The processor checks for stack underflow after each 
operation that pops one or more words off the stack. To 
check for underflow, the processor compares the the stack 
pointer contents to 4008' If the stack pointer contents are 
less than 4008 and bit ° of the stack limit is 0, an underflow 
condition exists. Refer to Chapter 5, "Program Flow 
Management," for information on servicing underflow 
faults. 

355 

AC3 

AC2 

Frame pOinter 

Stack after PSH instruction 
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Alll6-bit real-time ECLIPSE computers can manipulate 
data using fixed-point operations. With these operations, 
the processor can add, subtract, multiply and divide 
fixed-point data. Following the operation, the processor 
can shift the contents of a fixed-point accumulator and 
then skip on a condition that results from the computation 
or shift. Finally, the processor can store the result in a 
fixed-point accumulator or memory. 

Data Formats 
Although the processor does not intrinsically distinguish 
one data type from another, the fixed-point instructions 
require different types of data as operands. Fixed-point 
instructions operate on four basic data types -- arithme
tic, logical, decimal, and byte. Each data type has its own 
format. 

Arithmetic Data 

Fixed-point arithmetic instructions operate on arithmetic 
data expressed as two's complement binary integers. 
These integers can be signed or unsigned 16-bit (single
precision) or 32-bit (double-precision) numbers. 

An unsigned integer uses all the bits to represent the 
magnitude. A signed integer uses two's complement 
numbers to distinguish between positive and negative 
values. In a two's complement number, the left most or 
most significant bit is used as the sign bit (S). If the sign 
bit is 0, the number is positive. If the sign bit is I, the 
number is negative. Table 3.1 gives the ranges of these 
numbers. 

Table 3.1 Range of single- and double-precision numbers 

Chapter 3 

Fixed-point Computation 

The accumulator formats for arithmetic binary data are 
diagrammed below. 

Unsigned Single-precision Format 

Word 

Unsigned Magnitude 

o 

Unsigned Double-precision Format 

Word I 

Unsigned Magnitude 

o 

Word 2 

Unsigned Magnitude 

o 

Signed Single-precision Format 

Two's Complement Magnitude 

o 

Signed Double-precision Format 

Word I 

Two's Complement Magnitude 

o 

Word 2 

Two's Complement Magnitude 

o 

Logical Data 

15 

15 

15 

15 

15 

15 

The fixed-point logical instructions operate on data that 
are 16-bit or 32-bit unstructured binary quantities. These 
quantities must begin on word boundaries. The accumula
tor formats for logical data are diagrammed below. 

16-bit Logical Format 

Logical data 

o 15 
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32-bit Logical Format 

Word 1 

o 

Word 2 

o 

Decimal Data 

Logical Data 

15 

Logical Oala 

15 

The decimal instructions handle unsigned decimal num
bers one digit at a time. They require decimal numbers 
expressed as unsigned packed decimals. For a packed 
decimal, each digit of the decimal number is expressed as 
a 4-bit binary coded decimal (BCD). The accumulator 
format for a BCD decimal digit is diagrammed below. 

Binary Coded Decimal (BCD) Format 

Unused BCD Number I 
o 11 12 15 

Byte Data 

The byte instructions operate on either single 8-bit binary 
quantities or strings of 8-bit binary quantities (byte 
strings). Byte strings must start on a word or half-word 
boundary (bit 8 of the word). The accumulator format 
for single bytes is diagrammed below. 

Byte Format 

Unused Byte 

o 8 15 

Common Operations 
Many of the fixed-point arithmetic, logical, and decimal 
instructions provide optional operations that the processor 
and arithmetic logic unit perform before or after the 
computation. These common operations can manipulate 
the carry, shift results, and skip a word on a condition. 

Carry Operations 

For fixed-point computations, the processor maintains a 
Carry flag (carry). The Carry flag contains a value of 0 
or 1. The carry occurs from the most significant bit (bit 
0). 

The processor changes the value of the Carry flag as a 
result of executing a fixed-point computation instruction. 
Before computing the result, the processor initializes the 
Carry flag as specified by the instruction's carry option. 
The carry option leaves the carry unchanged, sets the 
carry to 0 or 1, or complements the carry. 

During an add operation, the processor complements the 
Carry flag when the addition produces a carry out of the 
most significant bit. During a subtract operation, the 
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processor sets the Carry flag to 1 when borrowing from 
the most significant bit. After the computation, the 
processor modifies the Carry flag, depending on the 
magnitude of the result, and retains the value of the 
Carry flag for use with another instruction. 

NOTE: The decimal add and subtract instructions use 
the Carry flag; however. they do not have the carry 
option. To initialize the Carry flag before a decimal add 
or subtract operation. the program must use the carry 
option of an arithmetic instruction. 

Table 3.5 in the subsequent "Arithmetic Instructions" 
section lists the instructions that initialize the Carry flag. 

Shift Operations 

The fixed-point arithmetic instructions and some logical 
and decimal instructions can shift the result. 

For the arithmetic instructions, the shift option can shift 
the intermediate result one bit position or swap the two 
bytes. As shown in Figure 3.1, the arithmetic shift can be 

• One bit to the left with the Carry flag assuming the 
value of the most significant bit and the least significant 
bit assuming the value of the Carry flag; 

• One bit to the right with the Carry flag assuming the 
value of the least significant bit and the most significant 
bit assuming the value of the the Carry flag; 

• A swap of the most significant and the least significant 
bytes with the Carry flag remaining unchanged. 

Direction 

Left 

Right 

Swap 

Operation 

Left rotate one place. Bit 0 is rotated into 
the carry postion; the carry bit into bit 15. 

~~ _____ O_'1_5 ____ ~~ 
Right rotate one place. Bit 15 is rotated into 
the carry postion; the carry bit into bit O. 

~~ ____ ~_15 ____ ~~ 

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

10-00416 

Figure 3.1 Arithmetic shift operation 



Table 3.6 in the subsequent "Arithmetic Instructions" 
section lists the arithmetic shift instructions. 

Except for the AND and Complement (COM) instruc
tions, the logical and decimal instructions do not have a 
shift option. Instead, the program can shift logical and 
decimal data using several logical and decimal instruc
tions whose sole function is to shift data. The shift 
operations performed by these instructions leave the Carry 
flag unchanged. 

The logical shift instructions can shift the data one or 
more bit positions. As shown in Figure 3.2, the logical 
shift can be 

• One to sixteen bits to the right or left for 16-bit data; 
• One to thirty-two bits to the right or left for 32-bit 

data. 

All vacated bits assume a 0 value and all bits shifted out 
are lost. Table 3.9 in the subsequent "Logical Instruc
tions" section lists the logical shift instructions. 

The decimal shift instructions can shift the data one or 
more hex digit positions (4 bits). As shown in Figure 3.2, 
the decimal shift can be one to four hex digits to the right 
or left. As with the logical shift, all vacated bits assume a 
o value and all bits shifted out are lost. Table 3.10 in the 
subsequent "Decimal Instructions" section lists the deci
mal shift instructions. 

Direction 

left 

Operation 

left rotate one place. Vacated bits are 
filled with zeros. 

Right Right rotate one place. Vacated bits are 
filled with zeros. 

o ~~"~~~"_""~"~~~"L~ 'o-11S,! 
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Figure 3.2 logical shift operation 

Skip Operations 

With a skip instruction or the skip option of an arithmetic 
or logical instruction, the processor tests the result of an 
operation for a specific condition and skips the word or 
executes the word after the skip instruction. 

For an instruction with a skip option, the processor tests 
the result of the computation during its temporary storage. 
The processor can then save the result of the computation 
or ignore it. For fixed-point computation instructions 
without skip options, the processor stores the result in an 
accumulator. The program can then test the result with 
an explicit test and skip on condition instruction. 

Whenever a skip occurs, the processor increments the 
program counter by one and executes the second word 
after the skip instruction. The program must not use a 
skip option or instruction to transfer control to the middle 
of a 32-bit instruction. 

Table 3.7 in the subsequent "Arithmetic Instructions" 
section lists the fixed-point skip instructions. 

Move Instructions 
Table 3.2 lists the fixed-point data movement instructions. 
With these instructions the program can 

• Move 16-bit or 32-bit fixed-point data between the 
fixed-point accumulators and memory; 

• Move or exchange data between fixed-point accumula
tors; 

• Move blocks of data between memory locations. 

Mnemonic Name Action 

BAM Block Move and Copies words from one location 
Add in memory to another, adding a 

constant to each. 

BlM Block Move Copies words from one location 
in memory to another. 

ElOA Extended Load Copies a memory word to an 
Accumulator accumulator. 

ESTA Extended Store Copies an accumulator's con-
Accumulator tents to memory. 

lOA Load Accumulator Copies memory word to an accu-
mulator. 

MOV Move Copies one accumulator's con-
tents to another accumulator. 

PSH Push Multiple Stores the contents of one to four 
Accumulators accumulators on the stack. 

POP Pop Multiple Removes one to four words from 
Accumulators the stack and places them in 

accumulators. 

STA Store Accumulator Copies an accumulator's con-
tents to memory. 

XCH Exchange Swaps the contents of two accu-
Accumulators mulators. 

Table 3_2 Fixed-point data movement instructions 

Arithmetic Instructions 
Tables 3.3 through 3.6 list the fixed-point arithmetic 
instructions. These instructions allow the program to 

• Add, subtract, multiply, and divide arithmetic data 
(Tables 3.3 and 3.4), 

• Initialize the Carry flag (Table 3.5), 
• Shift a word right, left, or swap bytes (Table 3.6), 
• Skip a single-word instruction on a condition (Table 

3.6). 
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Mnemonic Name Action 

ADC Add Complement Adds the logical complement of 
an unsigned 16-bit integer in an 
accumulator to the unsigned 
16-bit integer in another accumu
lator. 

ADD Add Adds an unsigned 16-bit integer 
in an accumulator to an unsigned 
16-bit integer in another accumu
lator. 

ADDI 

ADI 

BAM 

INC 

SBI 

SUB 

Extended Add 
Immediate 

Add Immediate 

Block Move and 
Add 

Increment 

Subtract 
Immediate 

Subtract 

Adds a signed 16-bit integer to 
an accumulator's contents. 

Adds an integer from 1 to 4 to an 
accumulator's contents. 

Copies words from one memory 
location to another, adding a con
stant to each. 

Increments an accumulator's con
tents by 1. 

Subtracts an integer from 1 to 4 
from an accumulator's contents. 

Subtracts an unsigned 16-bit inte-
ger in an accumulator from an 
unsigned 16-bit integer in another 
accumulator. 

Table 3.3 Fixed-point addition and subtraction instructions 

Mnemonic Name 

DIV Unsigned Divide 

DIVS Signed Divide 

Action 

Divides an unsigned 32-bit inte
ger in two accumulators by an 
unsigned 16-bit integer in a third 
accumulator. 

Divides a signed 32-bit integer in 
two accumulators by a signed 
16-bit integer in a third accumula
tor. 

DIVX Sign Extend and Extends the sign of one accumu-
Divide lator into a second accumulator 

and then performs a DIVS (Signed 
Divide) on the result. 

HL V Halve Divides a signed 16-bit integer in 
an accumulator by 2. 

MUL Unsigned Multiply Multiplies an unsigned 16-bit inte-

MULS Signed Multiply 

ger in an accumulator by an un
signed 16-bit integer in another 
accumulator and adds the result 
to an unsigned 16-bit integer in a 
third accumulator. 

Multiplies a signed 16-bit integer 
in one accumulator by a signed 
16-bit integer in another accumu
lator and adds the result to a 
signed 16-bit integer in a third 
accumulator. 

Table 3.4 Fixed-point multiplication and division instructions 
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Mnemonic Name Action 

ADC Add Complement Optionally initializes carry and 
adds the complement of an un
signed 16-bit integer in an accu
mulator to an unsigned 16-bit inte
ger in another accumulator. 

ADD Add Optionally initializes carry and 
adds an unsigned 16-bit integer 
in an accumulator to an unsigned 
16-bit integer in another accumu
lator. 

AND AND 

COM Complement 

INC Increment 

MOV Move 

NEG Negate 

SUB Subtract 

Optionally initializes carry and 
forms the logical AND of the con
tents of two accumulators. 

Optionally initializes carry and 
forms the logical complement of 
an accumulator's contents. 

Optionally initializes carry and in
crements an accumulator'S con
tents by 1. 

Optionally initializes carry and 
copies an accumulator's con
tents to another accumulator. 

Optionally initializes carry and 
forms the two's complement of 
an accumulator's contents. 

Optionally initializes carry and 
subtracts an unsigned 16-bit inte
ger in an accumulator from an 
unsigned 16-bit integer in another 
accumulator. 

Table 3.5 Fixed-point initialize carry instructions 



Mnemonic Name Action 

ADC Add Complement Adds the logical complement of 
an unsigned 16-bit integer in an 
accumulator to an unsigned 
16-bit integer in another accumu-
lator and optionally shifts and / or 
skips. 

ADD Add Adds an unsigned 16-bit integer 
in an accumulator to a 16-bit 
integer in another 16-bit accumu-
lator and optionally shifts and / or 
skips. 

DSZ Decrement and Decrements a memory word's 
Skip if Zero contents by 1 and skips if the 

value is O. 

EDSZ Extended Decrements a memory word's 
Decrement and contents by 1 and skips if the 
Skip if Zero value is O. 

EISZ Extended Increments a memory word's con-
Increment and tents by 1 and skips if the value 
Skip if Zero is O. 

INC Increment Increments an accumulator's 
contents by 1 and optionally 
shifts and / or skips. 

ISZ Increment and Increments a memory word's con-
Skip if Zero tents by 1 and skips if the value 

is O. 

MOV Move Copies an accumulator's con-
tents to another accumulator and 
optionally shifts and / or skips. 

NEG Negate Forms the two's complement of 
an accumulator's contents and 
optionally skips. 

SGT Skip if ACS is Skips if the signed two's com ple-
Greater than ACD ment in the source accumulator 

is greater than the signed two's 
complement in the destination ac-
cumulator. 

SGE Skip is ACS is Skips if the signed two's comple-
Greater than or ment in the source accumulator 
Equal to ACD is greater than or equal to the 

signed two's complement in the 
destination accumulator. 

SUB Subtract Subtracts two unsigned 16-bit in-
tegers, both in accumulators, and 
optionally shifts and / or skips. 

Table 3.6 Fixed-point shift and skip instructions 

Logical Instructions 
Tables 3.7 and 3.8 list the logical instructions. With these 
instructions the program can 

• Perform logical computations (Table 3.7), 
• Logically shift data (Table 3.8), 
• Skip a single-word instruction on a condition 

(Table 3.8), 

Mnemonic Name Action 

ANC AND with ANDs the logical complement of 
Complemented an unsigned 16-bit integer in an 
Source accumulator to an unsigned 

16-bit integer in another accumu-
lator. 

AND AND Logically ANDs the contents of 
two accumulators. 

ANDI AND Immediate Logically ANDs an accumulator's 
contents with a 16-bit number. 

COB Count Bits Counts the number of ones in an 
accumulator and adds it to the 
contents of another accumulator. 

COM Complement Logically complements an accu-
mulator's contents. 

DLSH Double Logical Logically shifts the 32-bit con-
Shift tents of two accumulators left or 

right. 

lOR Inclusive OR Inclusively ORs the contents of 
two accumulators. 

IORI Inclusive OR Inclusively ORs an accumulator's 
Immediate contents with a 16-bit number. 

LOB Locate Lead Bit Counts the number of most signifi-
cant zeros in an accumulator and 
adds it to the contents of another 
accumulator. 

LRB Locate and Reset Sets the leading one bit (most 
Lead Bit significant one bit) in an accumu-

lator to 0 and performs an LOB 
operation. 

LSH Logical Shift Logically shifts the contents of 
an accumulator left or right. 

NEG Negate Forms the two's complement of 
an accumulator's contents. 

SNB Skip on Nonzero Skips if the addressed bit is 1. 
Bit 

SZB Skip on Zero Bit Skips if the addressed bit is O. 

SZBO Skip on Zero bit If the addressed bit is 0, sets it 
and Set to One to 1 and skips. 

XOR Exclusive OR Exclusively ORs the contents of 
two accumulators. 

XORI Exclusive OR Exclusively ORs an accumula-
Immediate tor's contents with a 16-bit num-

ber. 

Table 3.7 Logical instructions 
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Mnemonic Name Action 

AND AND Logically AN Os the contents of 
two accumulators and optionally 
shifts and I or skips. 

COM Complement Logically complements an accu-
mulator's contents and optionally 
shifts and I or skips. 

DLSH Double Logicsl Logically shifts the 32-bit con-
Shift tents of two accumulators left or 

right. 

LSH Logicsl Shift Logically shifts the contents of 
an accumulator left or right. 

NEG Negste Forms the two's complement of 
an accumulator's contents and 
optionally shifts and I or skips. 

SNB Skip on Nonzero Skips if the addressed bit is 1. 
Bit 

SZB Skip on Zero Bit Skips if the addressed bit is O. 

SZBO Skip on Zero Bit If the addressed bit is 0, sets it 
snd Set to One to 1 and skips. 

Table 3.8 Logical shift and skip instructions 

Decimal/Byte Instructions 
Tables 3.9 and 3.10 list the decimal and byte instructions. 
These instructions allow the program to 

• Add and subtract decimal numbers (Table 3.9): 
• Shift a single or double word to the right or left (Table 

3.9). 
• Transfer bytes between fixed-point accumulators and 

memory (Table 3.10); 
• Move strings of bytes between memory locations with 

various control options (Table 3.10). 
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Mnemonic Name 

DAD Decimal Add 

Action 

Adds a 4-bit binary coded deci
mal in one accumulator to a 4-bit 
binary coded decimal in another 
accumulator. 

DSB Decimal Subtract Subtracts a 4-bit binary coded 

DHXL 

DHXR 

HXL 

HXR 

Double Hex Shift 
Left 

Double Hex Shift 
Right 

Hex Shift Left 

Hex Shift Right 

decimal in one accumulator from 
a 4-bit binary coded decimal in 
another accumulator. 

Logically shifts the 32-bit con
tents of two accumulators left 1 
to 8 hex digits. 

Logically shifts the 32-bit con
tents of two accumulators right 1 
to 8 hex digits. 

Logically shifts an accumulator's 
contents left 1 to 4 hex digits. 

Logically shifts an accumulator's 
contents right 1 to 4 hex digits. 

Table 3_9 Decimal and hex shift Instructions 

Mnemonic Name Action 

ELDB Extended Load Copies a byte from memory to an 
Byte accumulator. 

ESTB Extended Store Copies a byte from an accumula-
Byte tor to memory. 

LOB Load Byte Same as ELDB, except with a 
shorter displacement for specify-
ing the memory address. 

STB Store Byte Same as ESTB, except with a 
shorter displacement for specify-
ing the memory address. 

CMP Character Compares two strings of bytes in 
Compare memory. 

CMT Character Move Copies a string of bytes from one 
Until True memory area to another until a 

delimiter is encountered. 

CMV Character Move Copies a string of bytes from one 
memory area to another. 

CTR Character Translates a string of bytes from 
Translate and one data representation to anoth-
Move or Compare er and either copies the string to 

another memory area or com-
pares it with a second translated 
string. 

Table 3.10 Byte movement instructions 



Chapter 4 

Floating-point Computation 

Most 16-bit real-time ECLIPSE processors can manipu
late data using floating-point operations. With these 
operations the processor can add, subtract, multiply and 
divide floating-point data. Following the computation, 
the processor can convert a floating-point value to a 
different data format and skip on a condition that results 
from the computation or conversion. Finally, the processor 
can store the result in a floating-point accumulator or 
memory. 

Floating-point Data 
Floating-point instructions require normalized, signed 
magnitude numbers. The numbers contain either 32 bits 
(single precision) or 64 bits (double precision). They must 
begin on word boundaries and be within the value range 
of 5.4xlO-78 to 7.2x1075• 

A floating-point number consists of the following three 
fields: 

• Sign bit which is 0 for a positive number and 1 for a 
negative number. 

• 7-bit exponent which is an unsigned integer equal to 
6410 greater than the true value of the exponent 
(excess-64 representation). Thus, if the exponent field 
is zero, the true value of the exponent is -6410; if the 
exponent field is 6410, the true value of the exponent is 
0; and if the exponent field is 12810, the true value of 
the exponent is 6410, 

• 24-bit (single precision) or 56-bit (double precision) 
mantissa which is an unsigned fraction. For a normal
ized number, the range of the mantissa is 

1/16 to 1_2-24 for single precision 

1/16 to 1-2-56 for double precision 

The floating-point Normalize (FNOM) instruction nor
malizes raw floating-point data, which mayor may not 
be normalized. In addition, if a mantissa equals 0, the 
processor expects it to be a true zero. A true zero exists 
when the sign bit, the exponent, and the mantissa all 
equal O. (All 32 or 64 bits equal 0.) 

The accumulator formats for floating-point numbers 
follow. 

Single-precision Format 

Word 1 

I s I Exponent Mantissa 

o 8 15 

Word 2 

Mantissa 

o 15 

Double-precision Format 

Word 1 

I s I Exponent Mantissa 

o 7 8 15 

Word 2 

Mantissa 

o 15 

Word 3 

Mantissa 

o 15 

Word 4 

Mantissa 

o 15 

Floating-point Operations 
The processor performs a floating-point computation by 
executing a floating-point instruction. In executing the 
instruction, the processor 

• Appends a guard digit to each operand; 

• Aligns the mantissas for addition and subtraction; 

• Calculates the intermediate result and normalizes it; 

• Truncates the intermediate result; 

• Stores the final result in a floating-point accumulator 
or memory. 
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Guard Digits 

To increase the accuracy of the result, the processor 
appends a guard digit to the operands of both mantissas 
before performing any arithmetic calculations. A guard 
digit is one hex digit (four bits) that initially has a zero 
value. 

Mantissa Alignment 

Before performing a floating-point addition or subtraction 
operation, the processor aligns the mantissas of the 
operands. The processor aligns the smaller mantissa to 
the larger mantissa by taking the absolute value of the 
difference between the two exponents. If the difference is 
nonzero, the processor shifts the mantissa with the smaller 
exponent right one hex digit at a time until the difference 
equals zero or until all the significant digits of the 
mantissa have been shifted out. The mantissas are aligned 
when the the difference between exponents is zero. 

If the processor shifts out the significant digits, the 
operation is equivalent to adding a zero to the number 
with the larger exponent. To shift out the significant 
digits, the processor must shift at least 7 hex digits for 
single precision and at least 15 digits for double precision. 

Calculation and Normalization 

The processor performs the floating-point arithmetic 
operation, determines sign of the intermediate result using 
the rules of algebra, and then normalizes the result. The 
processor normalizes the intermediate mantissa by 
shifting it left one hex digit (four bits) at a time until the 
most significant hex digit has a nonzero value. 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 as hex digits are 
shifted left. 

Truncation and Storage 

After normalizing the intermediate result, the processor 
truncates it by removing the guard digit. The processor 
stores the truncated (final) result in the specified memory 
location or floating-point accumulator and then checks 
for possible exponent underflow or overflow. If no 
underflow or overflow exists, instruction execution ends. 
If an underflow or overflow exists, the value of the 
exponent is either 128 10 too large (underflow) or 12810 
too small (overflow), and the processor sets the appropri
ate error flag in the floating-point status register. 

Data Conversion Instructions 
Table 4.1 lists the floating-point conversion instructions. 
With these instructions, the program can convert and 
move data between fixed-point and floating-point accu
mulators, convert a mixed number to a fraction, and 
scale a floating-point number. 
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Mnemonic Name Action 

FAB Absolute Value Forms the absolute value of the 
contents of a floating'point accu· 
mulator. 

FEXP Load Exponent Loads an exponent from a fixed· 
point accumulator into a floating· 
point accumulator. 

FFAS Fix to AC Converts the integer portion of 
the contents of a floating' point 
accumulator to a signed integer 
and copies it to a fixed·point 
accumulator. 

FFMD Fix to Memory Converts the integer portion of 
the contents of a floating' point 
accumulator to a signed integer 
and copies it to memory. 

FINT Integerize Converts the contents of a 
floating'point accumulator to an 
integer and normalizes the result. 

FLAS Float from AC Converts a signed integer from a 
fixed·point accumulator to 
floating'point format and copies 
it to a floating'point accumulator. 

FLMD Float from Converts a 32·bit signed integer 
Memory in memory to floating'point format 

and copies it to a floating·point 
accumulator. 

FNEG Negate Changes the sign of the contents 
of a floating-point accumulator. 

FNOM Normalize Normalizes the contents of a 
floating-point accumulator. 

FRH Read High Word Copies the most significant word 
from a floating-point accumulator 
to a fixed-point accumulator. 

FSCAL Scale Floating- Shifts the mantissa of the con-
point tents of a floating-point accumu-

lator and and replaces its expo-
nent. 

Table 4.1 Floating-point to binary conversion operations 

Move Instructions 

Table 4.2 lists the floating-point data movement instruc
tions. With these instructions the processor can move 

• Single- or double-precision floating-point data between 
floating-point accumulators and memory. 

• Data between accumulators 

All single-precision operations that specify an accumula
tor 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. 



Mnemonic Name Action 

FLDD Load Floating- Copies four memory words to a 
point Double floating-point accumulator. 

FLDS Load Floating- Copies two memory words to a 
point Single floating-point accumulator. 

FMOV Move Floating- Copies the contents of one 
point floating-point accumulator to an-

other. 

FSTD Store Floating- Copies the contents of a floating-
point Double point accumulator to memory. 

FSTS Store Floating- Copies the most significant two 
point Single words of a floating-paint accumu-

lator to memory. 

Table 4.2 Floating-point data movement instructions 

Addition and Subtraction 
Instructions 
Table 4.3 lists the floating-point addition and subtraction 
instructions. With these instructions, the program can 
perform single and double-precision addition and subtrac
tion as described below. 

Addition 

For floating-point addition, the processor first aligns the 
mantissas of the two operands. After mantissa alignment, 
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 using 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 has 
a nonzero value, the processor normalizes and truncates 
the intermediate mantissa to produce the final result. The 
processor stores this result in the destination floating-point 
accumulator and leaves the contents of the source accu
mulator unchanged. 

If incrementing the exponent produces an exponent 
overflow, the processor sets the Exponent Overflow flag 
(OVF) in the floating-point status register to one and 
terminates instruction execution. If there is no mantissa 
overflow, but the intermediate mantissa contains all zeros, 
the processor stores a true zero in memory or in a 
floating-point accumulator. 

Subtraction 

For floating-point subtraction, the processor temporarily 
complements the sign of the source mantissa and then 
performs a floating-point addition. Upon completion, the 
processor stores the final result in the destination floating
point accumulator and leaves the contents of the source 
location unchanged. 

Mnemonic Name Action 

FAD Add Double Adds two 64-bit floating-point 
(FPAC to FPAC) numbers that reside in floating-

point accumulators. 

FAS Add Single Adds two 32-bit floating-point 
(FPAC to FPAC) numbers that reside in floating-

point accumulators. 

FAMD Add Double Adds one 64-bit floating-paint 
(memory to FPAC) number in memory to another 

64-bit floating-paint number in a 
floating-paint accumulator. 

FAMS Add Single Adds one 32-bit floating-point 
(memory to FPAC) number in memory to another 

32-bit floating-point number in a 
floating-point accumulator. 

FSD Subtract Double Subtracts two 64-bit floating-
(FPAC from FPAC) point numbers that reside in 

floating-point accumulators. 

FSMD Subtract Double Subtracts a 64-bit floating-point 
(memory from number in memory from a 64-bit 
FPAC) floating-paint number in a 

floating-point accumulator. 

FSMS Subtract Single Subtracts a 32-bit floating-point 
(memory from number in memory from a 32-bit 
FPAC) floating-point number in a 

floating-paint accumulator. 

FSS Subtract Single Subtracts two 32-bit floating-
(FPAC from FPAC) point numbers that reside in 

floating-paint accumulators. 

Table 4.3 Floating-point addition and subtraction instructions 

Multiplication and Division 
Instructions 
Table 4.4 lists the floating-point multiplication and 
division instructions. With these instructions the program 
can perform single- and double-precision multiplication 
and division as described below. 

Multiplication 

For floating-point multiplication, the processor multiplies 
one floating-point mantissa by the other floating-point 
mantissa, producing an intermediate mantissa. The pro
cessor adds the two exponents, subtracts 6410 to maintain 
excess 64 notation, and produces an intermediate floating
point exponent. The processor then normalizes the inter
mediate mantissa, truncates it, and stores the final result. 
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Division 

For floating-point division, the source location contains 
the divisor, and the destination location contains the 
dividend. The processor tests the divisor for zero. If the 
divisor is zero, the processor sets the Divide by Zero flag 
(DVZ) to one in the floating-point status register, 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. 

When the mantissas align, the processor performs the 
following actions. 

• Divides the mantissas, producing an intermediate 
mantissa; 

• Subtracts the divisor exponent from the dividend 
exponent, and adds 6410 to the difference, maintaining 
the excess 64 notation and producing an intermediate 
exponent; 

• Normalizes and truncates the intermediate mantissa, 
producing the final exponent and mantissa (final 
result). 

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

Skip Instructions 
Table 4.5 lists the floating-point skip instructions. These 
instructions allow the program to test the result of a 
floating-point operation for a specific condition and 
(except for the Floating-point Compare instruction, 
FCMP) to skip or execute the word after the skip 
instruction. 

With the FCMP instruction, the program can compare 
two floating-point numbers and set the Zero or Nonzero 
flags in the floating-point status register to reflect the 
relationship. The program can then use the FSGT, FSEQ, 
and FSL T skip instructions to test the status flags. 

When a skip occurs, the processor increments the program 
counter by one and executes the second word after the 
skip instruction. The program must not use a skip 
instruction to transfer control to the middle of a 32-bit 
instruction. 
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Mnemonic Name Action 

FDD Divides Double Divides a 64-bit floating-point 
(FPAC by FPAC) number in a floating-paint accu-

mulator by another 64-bit floating 
point number in a floating-paint 
accumulator. 

FDS Divide Single Divides a 32-bit floating-point 
(FPAC by FPAC) number in a floating-paint accu-

mulator by another 32-bit 
floating-point number in a 
floating-point accumulator. 

FDMD Divide Double Divides a 64-bit floating-paint 
(Memory by FPAC) number in memory by another 

64-bit floating-point number in a 
floating-paint accumulator. 

FDMS Divide Single Divides a 32-bit floating-paint 
(Memory by number in memory by another 
FPAC) 32-bit floating-point number in a 

floating-paint accumulator. 

FHLV Halve Divides a 64-bit floating-paint 
number in a floating-paint accu-
mulator by 2. 

FMD Multiply Double Multiplies two 64-bit floating-
(FPAC by FPAC) point numbers that reside in 

floating-paint accumulators. 

FMMD Multiply Double Multiplies a 64-bit floating-paint 
(Memory by FPAC) number in memory by a 64-bit 

floating-point number in a 
floating-point accumulator. 

FMMS Multiply Single Multiplies a 32-bit floating-point 
(Memory by FPAC) number in memory by a 32-bit 

floating-paint number in a 
floating-point accumulator. 

FMS Multiply Single Multiplies two 32-bit floating-
(FPAC by FPAC) point numbers that reside in 

floating-paint accumulators. 

Table 4.4 Floating-point multiplication and division instructions 



Mnemonic Name Action 1 

FCMP Compare Floating- Compares the contents of two 
point floating-point accumulators and 

updates the Negative (N) and 
Zero (Z) flags of the floating-paint 
status register. 

FNS No Skip Executes the next sequential 
word. 

FSA Skip Always Skips the next sequential word. 

FSEQ Skip on Zero Skips if the Zero (Z) flag of the 
floating-paint status register is 1. 

FSGE Skip on Greater Skips if the Negative (N) flag of 
than or Equal to the floating-paint status register 
Zero is O. 

FSGT Skip on Greater Skips if both the Zero (Z) and 
than Zero Negative (N) flags of the floating-

point status register are O. 

FSLE Skip on Less than Skips if either the Zero (Z) or 
or Equal to Zero Negative (N) flag of the floating-

point status register is 1. 

FSLT Skip on Less than Skips if the Negative (N) flag of 
Zero the floating-paint status register 

is 1. 

FSND Skip on No Zero Skips if the Divide by Zero (DVZ) 
Divide flag of the floating-paint status 

register is O. 

FSNE Skip on Nonzero Skips if the Zero (Z) flag of the 
floating-point status register is O. 

FSNER Skip on No Error Skips if the Any (ANY) flag of the 
floating-point status register is O. 

FSNM Skip on No Skips if the Mantissa Overflow 
Mantissa flag (MOF) of the floating-point 
Overflow status register is O. 

FSNO Skip on No Skips if the Exponent Overflow 
Overflow (OVF) flag of the floating-point 

status register is O. 

FSNOD Skip on No Skips if both the Exponent Over-
Overflow and No flow (OVF) and the Divide by Zero 
Zero Divide (DVZ) flags of the floating-point 

status register are O. 

FSNU Skip on No Skips if the Exponent Underflow 
Underflow (UNF) flag of the floating-point 

status register is O. 

FSNUD Skip on No Skips if both the Exponent 
Underflow and No Underflow (UNF) and the Divide 
Zero Divide by Zero (DVZ) flags of the 

floating-paint status register are 
O. 

FSNUO Skip on No Skips if both the Exponent 
Underflow and No Underflow (UN F) and the Expo-
Overflow nent Overflow (OVF) flags of the 

floating-paint status register are 
O. 

Table 4.5 Floating-point skip Instructions 

J Refer to the next section, "Status and Faults", for information on the 
floating-point status register. 

Status and Faults 
The processor checks for a floating-point fault and 
mantissa status after executing a floating-point instruc
tion and stores the result in a 64-bit floating-point status 
register (FPSR). The format of the floating-point status 
register is diagrammed below. 

When the processor detects a floating-point overflow or 
underflow fault, it sets the appropriate bits in the status 
register. At the start of the next floating-point instruction, 
the processor examines the Trap Enable (TE) flag in the 
floating-point status register. 

If the TE flag is 0, the processor continues normal 
program execution with the next sequential instruction, 
and program flow remains unchanged. If the TE flag is 1, 
the processor disrupts normal program execution to 
service the routine by performing an indirect jump to the 
floating-point fault handler. Refer to Chapter 4, "Pro
gram Flow Management," for further information on 
fault handling. 

Floating-point Status Register Format 

FPID 

o 2 3 456 8 11 12 15 

Floating'point Program Counter 

16 17 31 

Bits Name Contents or Function 

0 Any If 1, one or more of bits 1-4 are set to 1. 

OVF Exponent Overflow flag. If 1, exponent over-
flow occurred. The result is correct except 
that the exponent is 128 too small. 

2 UNF Exponent Underflow flag. If 1, exponent 
underflow occurred. The result is correct 
except that the exponent is 128 too large. 

3 DVZ Divide by Zero flag. If 1, division by zero 
was attempted. The division operation was 
aborted and the operands remain un-
changed. 

4 MOF Mantissa Overflow flag. If 1, a mantissa 
overflow occurred. 

5 TE Trap Enable flag. If 1, floating-point traps 
are enabled and the setting of any of bits 
1-4 to 1 causes a floating-paint fault. 

6 Z Zero flag. If 1, the result is zero. 

7 N Negative flag. If 1, the result is negative. 

8-11 Reserved for future use. 

12-15 FPID Floating-point identification code that iden-
tifies the floating-point unit. 

16 Reserved for future use. 

17-31 Floating- Floating-point program counter. In the event 
paint of a floating-point fault, these bits are the 

logical address of the floating-point instruc-
tion that caused the fault. 
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Status Instructions 
Table 4.6 lists the instructions that allow the program 
access to the floating-point status register. With these 
instructions the program can initialize and read the 
register. The program can test the register bits using the 
skip instructions listed in Table 4.5. 

Mnemonic Name 

FCLE Clear Errors 

FLST 

FPOP 

FPSH 

FSST 

FTD 

FTE 

Load Floating· 
point Status 

Pop Floating-point 
State 

Push Floating-
point State 

Store Floating-
point Status 

Floating-point 
Trap Disable 

Floating-point 
Trap Enable 

Action 

Sets the fault flags (bits 0-4) of 
the floating-point status register 
to o. 
Copies two words from memory 
to the floating-point status regis
ter. 

Pops a standard floating-point 
return block off the stack. 

Pushes a standard floating-point 
return block on the stack. 

Copies the contents of the 
floating-point status register to 
memory. 

Disables traps on floating-point 
faults. 

Enables traps on floating-point 
faults. 

Table 4.6 Floating-point status register instructions 
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Chapter 5 

Program Flow Management 

Programs consist of instruction sequences that reside in 
main memory. The order in which the processor executes 
these instructions depends on the 15-bit logical address 
stored in the program counter (PC). During program 
execution, the processor fetches and executes the instruc
tion at this logical address. 

To address the next instruction for sequential program 
flow, the processor increments the program counter by 

• One when executing a one-word instruction, such as 
ADD; 

• Two when executing a two-word instruction, such as 
ADDI. 

Any of the following events alter sequential program 
flow: 

Executing an Execute instruction (XCT), 

Executing a jump instruction, 

Executing a skip instruction, 

Executing a subroutine call or return instruction, 

Trapping on a fault, 

Detecting an I/O interrupt request. 

The following sections describe the XCT, jump, skip, 
extended operation, and subroutine call or return instruc
tions; and fault handling. Refer to Chapter 5, "Device 
Management," for I/O interrupt processing. 

Execute Instruction (X CT) 
The Execute instruction (XCT) executes the contents of 
a fixed-point accumulator as an instruction. If the accu
mulator does not contain another XCT instruction, after 
executing the accumulator contents, program flow contin
ues with one of the following logical addresses: 

• First address after the XCT instruction if the accumu
lator contains a single word, nonjump, or nonskip 
instruction; 

• Second address after the XCT instruction if the 
accumulator contains the first word of a two-word 
nonjump instruction; 

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

If the accumulator contains another XCT instruction, the 
processor waits for an interrupt, provided the accumulator 
specified by the instruction differs from the accumulator 
containing the instruction. If the accumulators are the 
same, then the processor will/oop, continually executing 
the second XCT instruction., 

Jump Instructions 
A jump instruction loads the effective address into the 
program counter. Thus, program flow continues at the 
effective address. A jump instruction does not save a 
return address. Figure 5.1 illustrates how a jump instruc
tion alters program flow. Table 5.1 lists the jump instruc
tions. 

Mnemonic Name Action 

DSPA Dispatch Conditionally transfers control to 
an address selected from a table. 

EJMP Extended Jump Loads an effective address into 
the program counter. 

JMP Jump Loads an effective address into 
the program counter. 

Table 5.1 Jump Instructions 

Skip Instructions 
A skip instruction jumps the first word after the skip 
instruction, and executes the second word as an instruc
tion. To perform the skip, the processors adds two to the 
program counter. For most skip instructions, the processor 
first tests a machine condition or status, and based on the 
test result, it executes the first or second word following 
the word that contains the skip instruction. Figure 5.1 
illustrates how a skip instruction alters program flow. 

When using a skip instruction, be sure that the skip does 
not transfer control to the middle of a two-word instruc
tion. For example, the first two lines of code in Figure 5.2 
perform an illegal skip because the program counter 
contains the address of the FDMD displacement (the 
second word of the FDMD instruction). The last three 
lines of code in Figure 5.2 perform the skip properly. 
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Main program 

Subroutine call 

Instruction I--------Y 

execution 

Jump 

Skip 

Figure 5.1 Program flow 

Skip instructions are available for fixed-point, floating
point, and I/O operations. For more information, refer to 

Chapter 3, "Fixed-point Computation," for the fixed
point skip instructions; 

Chapter 4, "Floating-point Computation," for the 
floating-point skip instructions; 

Chapter 6, "Device Management," for the I/O skip 
instructions. 
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Subroutine 
program 
flow 

FSEQ ; Skip on zero result 

FDMD O.@OPAND ; Floating-point divide with one 

; word displacement instruction 

10·00418 

FSNE ; Skip on nonzero result and execute 
;FDMD 

; instruction 

JMP NEXT ; Zero result - skip FDMD instruction 

NEXT: 

FDMD O.@OPAND ; Floating-point divide with one 

; word displacement 

Figure 5.2 Illegal and legal skip instruction sequences 
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Subroutine Calls and Returns 
The Push Jump (PSHJ), Extended Operation (XOP, 
XOPl), and System Call (SYC) instructions either push 
a return address or return block onto the stack. Thus, to 
pass arguments to a subroutine called with one of these 
instructions, the program should push the arguments onto 
the stack before calling the subroutine. All subroutine 
call instructions load the effective address of the subrou
tine into the program counter. Program flow continues 
with the effective address in the program counter. Figure 
5.1 shows how subroutine calls and returns alter program 
flow. 

A subroutine return instruction pops a return address or 
return block off the stack, thus restoring the program 
counter (return address) or the program counter together 
with the carry and the accumulators (return block). In 
either case, program flow continues with the instruction 
following the subroutine call. 

Table 5.2 lists the subroutine call, save, and return 
instructions and Table 5.3 illustrates the relationships 
between these instructions. Figure 5.3 illustrates the stack 
operations from the JSR, SAVE, and RTN instructions. 
Refer to Chapter 2, "Memory Access and Stack Manage
ment," for information on stacks and return blocks. 

Mnemonic Name Action 

DSPA Dispatch Transfers control to an address 
selected from a dispatch table if 
the contents of an accumulator 
are within specified limits. 

EJSR Extended Jump to Increments and stores the value 
Subroutine of the program counter in an ac-

cumulator and then places a new 
address in the program counter. 

JSR Jump to Same as EJSR, except with 
Subroutine shorter displacement for specify-

ing new address. 

POPB Pop Block Returns control from a procedure 
called by a XOP or XOP1 instruc-
tion or from an 110 interrupt han-
dier that does not use the stack 
change facility of the Vector 
(VCT) instruction. 

POBJ Push Block Pops the top word off the stack 
and places it in the program 
counter. 

PSHJ Push Jump Pushes the address of the next 
sequential instruction on the 
stack and places a new address 
in the program counter. 

RTN Return Returns control from a subroutine 
that issues a Save instruction 
(SAVE) at its entry point. 

SAVE Save Saves information required by the 
Return instruction (RTN). 

SYC System Call Pushes a return block onto the 
stack and places the address of 
the system call handler in the 
program counter. 

XOP Extended Pushes a return block onto the 
Operation stack and transfers control to one 

of 32 procedures by indexing an 
extended operation table. 

XOP1 Alternate Same as XOP, but allows transfer 
Extended to 16 additional procedures. 
Operation Used in some processors to enter 

writeable control store, WCS. 
(Not supported by some l6-bit 
real-time ECLIPSE processors.) 

Table 5.2 Subroutine Instructions 

Call 

DSPA 

EJSR, JSR 

PSHJ 

XOP, XOP1 

Save 

SAVE 

Return 

RTN 

POPJ 

POPB 

Table 5.3 Sequence and types of subroutine Instructions 
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Programming Examples 
The four examples that follow show various ways of using 
the subroutine instructions to link a subroutine program 
to the main program. 

Example 1 

The following routine uses the DSPA instruction to 
process a number of one-letter commands from a user's 
terminal. The program calls the subroutine with one 
ASCII character already in bits 8-15 of ACO. CMDTB is 
the address of a 26-word table in main memory which is 
preceded by limit words containing the codes for A and 
Z. ILLCH is the address of a routine to be executed if the 
user types some character other than a letter. BADCM is 
the address of a routine to be executed if the user types a 
letter which has no command function. Command letters 
may be scattered randomly through the alphabet. 

CMOTB: 

; Character now in ACO 

OSPA O,CMOTB ; Go to proper routine if user types a 
; letter 

JMP IILCH 

101 

132 

ACOMO 

BCOMO 

BAOCM 

BAOCM 

ECMO 

ZCOMO 

; or here if user did not type ; letter 

; Lower limit - octal ASCII code for 
; "A" 
; Upper limit - octal ASCII code for 
; "B" 

; The dispatch table follows 

; Address of routine for "A" command 

; Address of routine for "B" command 

; "C" is not a legal command 

; "0" is not a legal command 

; Address of routine for "E" command 

; Address of routine for "Z" command 
; - the last command 

With the Dispatch instruction, only a single instruction is 
needed to analyze the character. Without this instruction, 
testing each letter for validity requires a large number of 
comparison operations. Although the Dispatch instruction 
requires additional memory for the dispatch table, it saves 
a considerable amount of time. 
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Example 2 

The following example shows the simplest method of 
calling a subroutine - using the JSR or EJSR instruction. 
This instruction increments the contents of the program 
counter, loads it into AC3, and jumps to the specified 
address. Thus, AC3 contains the address of the instruction 
following the JSR or EJSR instruction (the return 
address). The subroutine returns by executing a jump to 
the return address in AC3. 

The program can pass in-line arguments to the subroutine 
by placing the values to be passed in the words following 
the JSR or EJSR instruction. The subroutine can access 
these words by using AC3 as an index register. 

The example calls a subroutine FUNC that reads the 
number stored in-line as the first argument, performs 
some functions on it, and places the result in the address 
specified by the second argument. Note that FUNC must 
add 2 to AC3 before returning to avoid jumping back 
into the arguments. 

ANSWR: 

; Main program code 

JSR FUNC ; Call subroutine FUNC 

NUMBR ; Number to use 

ANSWR ; Address of place for storing result 

; Rest of main program 

; Place for storing result 

FUNC: LOA 0,0,3 ; Load argument into ACO 

; Process it and place result in AC2 

STA 2,@1,3 ; Store result back in calling program 

AOI 2,3 ; Adjust return address 

JMP 0,3 ; Return to calling program 

The subroutine linkage with the main program is simple 
and fast, but it does not support nesting of subroutines or 
recursive subroutines. While the subroutine does not use 
any local memory, it does require that AC3 be reserved 
for the return address. 



Example 3 

The following example uses the stack facility to improve 
the efficiency of the subroutine linkage with the main 
program in several ways. If the program does not need to 
preserve the accumulators, it can use them to pass 
arguments, and use the PSHJ instruction to call subrou
tines and the POPJ instruction to return. Nesting and 
recursion are possible with the PSHJ/POPJ sequence 
since the last-in/first-out operation of the stack preserves 
the return addresses. 

This example performs a factorial function for 16-bit 
unsigned integers using a recursive technique. The first 
part of the subroutine calls itself recursively, storing data 
in the stack which the second part uses to calculate the 
factorial value. The maximum input value that does not 
cause an overflow is 8. 

PSHJ FACT 

FACT: MOVZR# O,O,SNR 

JMP LTTLE 

PSH 0,0 

SBI 1,0 

PSHJ FACT 

POP 2,2 

SUB 0,0 

MUL 

MOV# O,O,SNR 

SUB 1,1 

POPJ 

LTTLE:SUBZL 1,1 

POPJ 

Example 4 

; Input argument N in ACO 

; Call subroutine FACT which 
; outputs result in AC 1 

; (result = ° if overflow occurs) 

; Does input argument = ° or 1? 

; Yes, output is 1 

; No, output=N'(N-l)! so store N in 
; stack 

; Decrement argument by 1 

; Loop around to put proper 
; information on the stack 

; Get argument from stack 

; Clear ACO for integer multiply 

; Multiply N'(N-l)1 

; Overflow? (If ACO is not 0) 

; Yes, signal overflow with ° result 

; Return to next address in stack 

; Put 1 in AC1 

; Return to next address in stack 

The following example uses the SAVE and R TN instruc
tions with the JSR instruction to provide a powerful 
routine linkage with the calling program that supports 
nesting and recursion with local variables stored on the 
stack, and automatic saving of accumulators. 

This example uses the SAVE instruction to save the 
accumulators on the stack and reserve five words of the 
stack for local variables. It then loads the words pointed 
to by two in-line arguments into the first two words of the 
local memory. The subroutine returns to the calling 
program with a RTN instruction, which restores the 
original condition of the accumulators and the stack. 

SUBRT: 

JSR SUBRT ; Call subroutine SUBRT 

SAVE 5 

LDA 2,0,3 

LDA 1,@0,2 

STA 1,1,3 

LDA 1,@1,2 

STA 1,2,3 

LDA 1,0,3 

ADI 2,1 

STA 1,0,3 

RTN 

; Save ACs, reserve 5 words for local 

; storage. (AC3 now points to the last 

; word pushed onto the stack.) 

; Load address of arguments into AC2 

; Get first argument 

; Store it into first local variable 

; Get second argument 

; Store it into second local variable 

; Get return address 

; Add two because of in-line arguments 

; Place correct address in frame 
; pointer 

; Return to calling program 

Fault Handling 
While executing an instruction, the processor performs 
certain checks on the operation and the data. If the 
processor detects an error, then a protection, stack, or 
floating-point fault occurs. 

When the processor detects a protection or stack fault, it 
pushes a return block onto the stack and jumps to the 
fault handler through the indirect pointer in reserved 
memory. 

If a protection fault occurs while the processor is handling 
another fault, the processor aborts the current fault and 
processes the protection fault. Refer to Chapter 7, "Mem
ory and System Management," for protection fault han
dling. 

If an I/O interrupt occurs after detecting a stack or 
floating-point fault, the processor pushes a fault return 
block onto the stack, updates the program counter to the 
first instruction ofthe fault handler, and then services the 
I/O interrupt. Upon returning from the I/O interrupt, 
the processor services the stack or floating-point fault. 

To service a stack or floating-point fault, the processor 

1. Depending on the fault, adjusts 

• The stack pointer and stack limit to identify the 
fault when a stack fault occurs. (The subsequent 
"Stack Faults" section describes these adjust
ments.) 
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• Adjusts the error flags in the floating-point status 
register to identify the fault when a floating-point 
fault occurs. (The subsequent "Floating-point 
Faults" section describes these adjustments.) 

2. Pushes a fault return block onto the stack. The 
program counter in the fault return block usually is 
the address of the instruction causing the fault or 
points to the instruction immediately following the 
stack instruction that caused the fault. 

3. Checks for stack overflow. If 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 proces
sor continues to service the original fault. 

4. Jumps to the fault handler. The last instruction of the 
fault handler should be a POPB instruction for the 
processor to continue executing the interrupted pro
gram. 

Stack Faults 

A stack operation fault results from a stack underflow or 
overflow. When a stack overflow occurs, the program 
overwrites the data in the area beyond the stack. When a 
stack underflow occurs, the program accesses incorrect 
information. Once detected, the processor always services 
the stack fault. 

NOTE: Most 16-bit real-time ECLIPSE computers 
detect both stack overflow and underflow; however, some 
only detect overflow. 

After a stack push operation, the processor compares the 
contents of the stack pointer to the contents of the stack 
limit. If the stack pointer value is greater than the stack 
limit value, the processor detects a stack overflow fault. 
The program can disable stack overflow detection by 
setting bit 0 of the stack pointer to 0 and bit 0 of the stack 
limit to 1. 

After a stack pop operation, the processor compares the 
contents of the the stack pointer to 4008, If the stack 
pointer value is less than 4008 and bit 0 of the stack limit 
is 0, the processor detects a stack underflow fault. The 
program can disable stack underflow protection by 

• Starting the stack at a location greater than 401 8, If 
the stack starts at a location greater then 401 8, 

underflow still occurs when the value of the stack 
pointer becomes less than 4008, The processor can 
detect underflow if a program pops enough words from 
the stack to cause the stack pointer to wrap around. 

• Setting bit 0 of either the stack pointer or stack limit 
to 1. If bit 0 of the stack pointer or stack limit is set to 
1, either all or a part of the stack may reside in lower 
page zero (the first 25610 locations), or the the stack 
may underflow onto lower page zero without interfer
ence from the stack fault handler. 

32 Program Flow Management 

When a stack fault occurs, the processor 

1. Sets the stack pointer equal to the stack limit for 
stack underflow. 

2. Sets bit 0 of the stack pointer to 0 and bit 0 of the 
stack limit to 1. Thus, the stack limit is temporarily 
larger than the stack pointer, which disables overflow 
fault detection. 

3. Pushes a standard fixed-point return block onto the 
stack. The program counter in the return block points 
to the next instruction the processor executes after 
servicing the fault. 

4. Jumps to the stack fault handler through the indirect 
pointer in reserved memory location 438, 

If an I/O interrupt occurs before the processor executes 
the first instruction of the fault handler, the program 
counter word in the return block points to the first 
instruction of the fault handler. Thus, an I/O interrupt 
waits until the processor pushes the return block and 
updates the program counter. 

The stack fault handler should 

I. Determine the exact nature of the stack fault by 
examining the contents of the stack pointer and the 
stack limit. Three conditions can occur: 
• If the address in the stack pointer is not greater 

than the address in the stack limit, the fault is 
an overflow resulting from a SAVE instruction. 

• 

• 

If the address in the stack pointer exceeds the 
address in the stack limit by more than five, the 
fault is an overflow resulting from a nonSA VE 
stack instruction. 

If the address in the stack pointer exceeds the 
address in the stack limit by exactly five, then 
the fault is an underflow. 

2. Reset bit 0 of the stack pointer and stack limit to 
their original values. 

3. Take any other appropriate action, such as allocating 
more stack space or terminating the program. 

4. Use a POPB instruction as the return instruction. 

Table 5.4 lists the instructions that push or pop one or 
more words onto the stack and gives the number of words 
required beyond the stack limit for a stack fault return 
block. 



Instruction 

Mnemonic Name 

FPOP Floating-point Pop 

FPSH Floating-point Push 

MSP Modify Stack Pointer 

POP Pop Multiple Accumulators 

POPS Pop Block 

POPJ Pop Program Counter and 
Jump 

PSH Push Multiple Accumulators 

PSHJ Push Jump to Subroutine 

PSHR Push Return Address 

RSTR Restore 

RTN Return 

SAVE Save 

Number of Words 

Pushed 
or 

Popped 

18 

18 

1-4 

5 

1-4 

Beyond 
Stack 
Limit 

5 

23 

5 

5 

5 

6-9 

6 

6' 

9 5 

5 5 

5 10 

Table 5_4 Words required beyond stack limit for stack fault 
return block 

Floating-point Faults 

A floating-point fault results from a floating-point over
flow or underflow condition that occurs when the proces
sor attempts division by zero or calculates a number that 
is too large to store in memory or in a floating-point 
accumulator. The processor sets both the appropriate 
fault flag (OVF, UNF, DVZ, or MOF) and the ANY 
flag to I in the floating-point status register. Refer to 
Chapter 4, "Floating-point Computation," for informa
tio'n on these flags, 

For the processor to service a floating-point fault, the 
program must set the floating-point Trap Enable (TE) 
flag to 1 in the floating-point status register before the 
processor sets a floating-point fault flag. The program 
can use the Floating-point Trap Enable instruction (FTE) 
to set the TE flag to 1 and the Floating-Point Trap 
Disable instruction (FTD) to set the TE flag to O. 

If the TE flag is 0 when the processor sets a floating-point 
fault flag to 1, the processor ignores the overflow or 
underflow and continues normal program execution with 
the next sequential instruction. 

If the TE flag is 1 when the processor sets a floating-point 
fault flag to 1, the processor initiates a floating-point 
overflow or underflow fault at the start of the next 
floating-point instruction. In this case, the processor 

1. Pushes a floating-point return block onto the stack. 
(The contents of the program counter in the return 
block are the logical address of the floating-point 
instruction that caused the fault.) 

2. Sets the TE flag to O. 

3. Transfers program control to the floating-point fault 
handler by jumping through the indirect pointer in 
reserved memory location 458, 

The floating-point fault handler should 

1. Determine the nature of the fault by examining the 
floating-point status register. 

2. Take any appropriate action. 

3. Set the TE flag to 1 to reenable servicing of floating
point faults. 

4. Use a Pop Block (POPB) instruction as the return 
instruction. 
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All 16-bit real-time ECLIPSE processors support devices 
that transfer data using slow and medium transfer rates. 
With a programmed I/O facility, the processor transfers 
a word of data between a device and an accumulator. 
With a data channel I/O facility, the processor transfers 
blocks of words between a medium speed device and 
memory. Most processors can also support devices that 
transfer data using a high-speed transfer rate. With an 
optional burst channel I/O facility, the processor transfers 
blocks of words between a high-speed device and memory. 

For instance, an asynchronous line controller transfers 
data with the programmed I/O facility. Medium speed 
devices, such as line printers, magnetic tape drives, and 
disks, transfer data with the data channel I/O facility. 
High-speed disks transfer data with the burst multiplexor 
channel. 

Operating systems usually access a device through a 
system call that invokes a device handler. This chapter 
presents basic information for writing an interrupt han
dler or a device driver, which the program invokes with a 
system call. 

Device Access 
The processor accesses a device through any of the I/O 
facilities with address translation enabled or disabled. 
For the processor to access a device with address transla
tion enabled, the LEF (Load Effective Address) flag and 
the I/O Protect flag in the user/DCH address translator 
status register must be set to o. 
The LEF flag specifies how the processor interprets LEF 
and I/O instruction opcodes. For instance, in a program 
module where the processor is executing LEF instructions, 
this flag must be set to 1 - selecting LEF mode. Thus, 
the processor interprets and executes the I/O and LEF 
instructions as LEF instructions. Conversely, in a program 
module where the processor executes I/O instructions, 
the LEF flag must be set to 0 - selecting the I/O mode. 
Thus, the processor interprets I/O and LEF instructions 
as I/O instructions. Executing I/O instructions requires 
an additional interpretation of the I/O Protect flag. 

The I/O Protect flag enables or disables I/O instruction 
execution. For instance, in a program module where the 
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processor executes I/O instructions, the I/O Protect flag 
must be set to o. If this flag is 1, the processor detects a 
protection violation when attempting to execute an I/O 
instruction. Refer to Chapter 7, "Memory and System 
Management," for protection fault handling. 

Before the processor can access a device with the data 
channel or burst multiplexor channel facility, the program 
must initialize the device. To do this, the program must 
specify to the device driver and the device 

• The direction of the transfer (read or write); 

• The address of the first word to be transferred. The 
device transmits a word address to a device map table 
(device address translation table). A device map table 
is a set of registers that control memory addressing for 
the data transfer. 

• The total number of words to transfer. 

The data channel uses the device map table in either 
mapped mode (address translation enabled) or unmapped 
mode (address translation disabled). In unmapped mode, 
the processor passes the word address directly to memory 
as a physical address. 

In mapped mode, the processor uses the device map table 
and the word address (logical address) to translate the 
most significant bits of the logical address (word address) 
to a physical page number. The processor then combines 
the physical page number with the 10 least significant 
bits of the logical address to form the physical address. 

Once the program initializes the device, the transfer takes 
place in two phases. 

1. First, the device driver initializes the device with the 

• Starting word address of the block or subblock to 
transfer, 

• Number of words to transfer, 

• Direction of transfer. 

2. Second, the data channel or burst multiplexor channel 
facility transfers the data between the device and 
memory. 

For large transfers, the program can repeat the two phases 
until the processor transfers the total number of words. 
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Refer to Chapter 7, "Memory and System Management," 
for information on the instructions that manipulate device 
maps. For detailed information on the map registers (map 
table entries), refer to the assembly language program
ming manual for the specific processor. 

General I/O Instructions 
The program controls the devices with I/O instructions. 
A general set of I/O instructions provide device
independent operations. When issued to a specific device 
code, these instructions communicate with the specified 
device to set up data transfers, perform special operations, 
read status, and initialize and test the device's Busy and 
Done flags. 

The general I/O instructions have the format dia
grammed below. Table 6.1 lists the general I/O instruc
tions. 

General I/O Instruction Format 

034 5 

Bits Name 

0-2 

3-4 AC 

ForT Device Code 

B 9 10 

Contents 

011, the binary code indicating an I I 0 
instruction. 

15 

AC field indicating a fixed· point accumulator 
(0·3). The accumulator contains the data to 
send or receive from a device. 

5· 7 Opcode Opcode field identifying the I I 0 instruction 
operation. (Table 6.1 lists the 1/0 instruc
tions.) 

8-9 for t f identifies the device flag to change as 
defined in Table 6.2. 

10-15 Device 
Code 

t identifies the device flag to test as defined 
in Table 6.3. 

Device code field identifying a unique de
vice controller I interface to send or receive 
data. With this 6-bit code, the of the inter
rupt system processor can communicate 
with up to 6410 device controllers. Data 
General's assembler translates a standard 
three-, four-, or five-letter device mnemonic 
into a device code. Refer to the assembly 
language programming manual for a.specific 
processor for a complete list of standard 
device mnemonics for the corresponding 
device code. 
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Mnemonic 

DIA[f] 

DIB[f] 

DIC[f] 

DOA[f] 

DOB[f] 

DOC[f] 

NIO[f] 

SKPt 

Name 

Data in A 

Data in 8 

Data in C 

Data out A 

Data out 8 

Data out C 

No liD Transfer 

liD Skip 

Action 

Transfers data from the A buffer 
of an 1/0 device to an accumula
tor 

Transfers data from the B buffer 
of an 1/0 device to an accumula
tor 

Transfers data from the C buffer 
of an 1/0 device to an accumula
tor 

Transfers data to the A buffer of 
an 1/0 device from an accumula
tor 

Transfers data to the B buffer of 
an 1/0 device from an accumula
tor 

Transfers data to the C buffer of 
an 1/0 device from an accumula
tor 

Changes the state of a device's 
Busy and Done flags without per
forming any other operation 

Tests a device's Busy and Done 
flags and skips on a condition 

Table 6_1 General 110 instructions 

I The [f] or t defines optional device flag handling as summarized in Tables 
6.2 and 6.3, respectively. 

Table 6_2 Device flags for general devices 

J ION is the Interrupt Onj1ag of the interrupt system. 

Table 6.3 Device flags for skip instruction 

J ION is the Interrupt On flag of the interrupt system. 



The device's Busy and Done flags indicate the device 
state to a device driver. When both flags are 0, the device 
is idle. To start a device, the device driver issues an I/O 
instruction to the device with the device flag that sets the 
Busy flag to 1 and the Done flag to 0. When the device 
finishes the operation and becomes ready to start another 
operation, the device sets the Busy flag to ° and the Done 
flag to 1. 

The Interrupt On (ION) flag controls the device interrupt 
system. When the ION flag is 0, the processor ignores 
interrupt requests. When the ION flag is 1, the processor 
services interrupt requests. 

The Powerfail flag indicates the power status to the 
interrupt system driver. When the Powerfail flag is 0, the 
processor has detected the proper power voltage ranges. 
When the Powerfail flag is 1, the processor has detected a 
powerfail condition. 

Interrupt System 
The processor and operating system maintain the I/O 
facilities through a priority interrupt system. Any pro
gram can initiate an I/O operation by requesting a data 
transfer to or from a device. The program transmits the 
request through an I/O system call, which initializes the 
device and transfers data by invoking the interrupt system. 

NOTE: The interrupt system. often referred to as the 
"CPU device." has the mnemonic CPU and the device 
code 778. 

The operating system controls the interrupt system by 
manipulating an Interrupt On (ION) flag, interrupt 
mask, and device flags. The Interrupt On flag enables or 
disables all interrupt recognition. The interrupt mask 
enables or disables selective device interrupt recognition. 

The device flags reside in the device controller. They 
provide the interrupt communications link between the 
central processor and the device. By manipulating the 
flags and the interrupt mask, the operating system can 
cause the processor to ignore all interrupt requests or to 
service certain interrupt requests selectively. 

Interrupt System Instructions 
The interrupt system responds to I/O instructions issued 
to the processor. The assembler interprets these instruc
tions using either the standard or special I/O instruction 
format. Device flags cannot be appended to the special 
format of an interrupt system instruction. Table 6.4 lists 
both formats of these instructions; the standard format is 
given in parentheses. 

Mnemonic 1 

INTA 
(DIB [f] ac.CPU) 

INTDS 
(NIOC CPU) 

INTEN 
(NIOS CPU) 

10RST 
(DIC[f] ac.CPU) 

MSKO 
(DOB[f] ac.CPU) 

(SKPt CPU) 

RSTR 

VCT 

Name 

Interrupt 
Acknowledge 

Interrupt 
Disable 

Interrupt 
Enable 

110 Reset 

Mask Out 

CPU Skip 

Restore 

Vector On 
Interrupting 
Device 

Action 

Returns the device code of the 
highest priority device re-
questing service. 

Disables interrupt system. 

Enables interrupt system. 

Resets the I/O system. 

Specifies the interrupt priority 
mask. 

Tests the ION or Powerfail flag 
and skips on a condition. 

Returns control from an I/O 
service routine called by a 
Vector On Interrupting Device 
(VCT) instruction. 

Returns the device code of the 
interrupting device and uses 
that code as an index into a 
vector table. 

Table 6.4 Interrupt system Instructions 

J Standard mnemonics are given in parentheses. The ['1 or t in the mnemonics 
defines device handling as summarized in Tables 6.2 and 6.3. respectively. 

Interrupts 
If the Interrupt On flag and the interrupt mask enable 
processor recognition of the interrupt request, the proces
sor services the interrupt. The processor recognizes inter
rupt requests from devices in order of their priority on the 
I/O bus. In most cases, I/O bus priority is determined by 
physical proximity to the processor, with the device 
controller closest to the processor having the highest 
priority. To service the interrupt, the processor first 
determines the action to take on the currently executing 
instruction, then redefines the interrupt mask, and finally 
services the interrupt request. 

Instruction Interruption 

Most instructions are non interruptible because they re
quire only a minimum of processor execution time. For 
instructions that require more time, such as the Block 
Move (BLM) instruction, the processor interrupts the 
executing instruction to service the interrupt. After 
servicing the interrupt, the processor either restarts or 
resumes the interrupted instruction. Refer to the assembly 
language programming manual for a specific processor 
for further information on interruptible, restartable, and 
resumable instructions. 
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Interrupt Mask 

A device is associated with one of 16 bits in the interrupt 
mask. When the bit is 1, the mask blocks an interrupt 
request to the processor from the device associated with 
that bit. When the bit is 0, the processor services an 
interrupt request from the device, provided the interrupt 
system is enabled. (ION flag is 1.) Since the processor 
can address more than 16 device controllers, a bit in the 
interrupt mask can be associated with two or more devices, 
usually with similar transfer rates. Some devices - the 
CPU device and the address translators, for instance -
are not maskable. 

Interrupt Level 

The operating system should maintain an interrupt-level 
count which equals 

• Zero for a base-level state - the state when no I/O 
device interrupts are masked out and no interrupts are 
being serviced. (User programs run in this state.) 

• Nonzero for a non-base-Ievel state - the state when 
some I/O interrupts are masked out or interrupts are 
being being processed. (Interrupt handlers operate in 
this state.) 

Each time the processor responds to an interrupt, the 
interrupt handler should increment this count by 1 
and each time the interrupt handler finishes servicing 
an interrupt, it should decrement this count by 1. 

Interrupt Servicing 
In response to an interrupt request, the processor 

1. Sets the ION flag to 0 so that no devices can interrupt 
the first part of the service routine. 

2. Disables the address translation (MAP) facilities, if 
they are enabled. Refer to Chapter 7, "Memory and 
System Management," for information on the address 
translation facilities. 

3. Places the contents of the updated program counter 
into physical location O. 

4. Jumps indirectly through location 1 to the the first 
instruction of the interrupt handler. Location 1 should 
be the address of the interrupt handler. 

The interrupt handler should be re-entrant so that if a 
device routine is interrupted by a higher priority device, 
the handler does not lose the information needed to restore 
the state of the machine. To be re-entrant the interrupt 
handler must save the contents of location 0 (the return 
address) and the current priority mask each time it is 
entered at a higher level. 
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The interrupt handler should also 

1. Check the current interrupt level count. If the count 
is 0 (base-level state), the interrupt handler should 
save the user stack parameters and define a stack of 
its own. 

2. Save the state of the processor -- accumulators, carry, 
program counter (return address). 

3. Transfer control to the interrupting device's service 
routine. Before servicing the device, this routine 
should 

• Save the current priority mask and establish a 
new one. 

• Dismiss the interrupt it is servicing by setting the 
device's Done flag to O. 

• Enable interrupts. 
After servicing the device, the routine should 

• Disable interrupts. 
• Decrement the interrupt level count by 1 and, if 

the result is 0 (base-level), restore the user stack. 

• Store the priority mask to the condition it was in 
when the routine was entered. 

• Restore the state of the processor. 

• Enable interrupts. 
• Return control to the interrupted program (to the 

return address). 

Instead of working with the user stack, the interrupt 
handler should define its own stack for itself for the 
following reasons: 

• A user stack may not always be defined. 
• The user stack pointer may rest just below the stack 

limit, in which case the interrupt handler would 
overflow the user stack. 

The interrupt handler should change the stack environ
ment whenever a transition is made from base level to 
non-base level or vice versa. If the interrupt handler is 
processing an interrupt when another interrupt occurs, 
the stack environment should not change since it already 
changed for the first interrupt. The interrupt handler can 
always push information, which it requires for an easy 
return to processing the first interrupt, onto the new 
stack before processing the second interrupt. 



Vector Interrupt Processing 
The Vector on Interrupting Device Code (VCT) instruc
tion simplifies the design of an interrupt handler. It 
streamlines numerous steps into one instruction with five 
modes, each suited for a different circumstance. 

The simplest mode, similar to the Interrupt Acknowledge 
(INT A) instruction, executes rapidly and does not save 
information about the processor state at the time of the 
interrupt. In contrast, the most complex mode executes 
more slowly than simpler modes and 

saves information about the state of the machine upon 
interruption, 

stores the user stack parameters, 

creates a new stack, 
resets the priority mask. 

The mode used in a particular situation depends on the 
importance of such capabilities as saving the machine 
state, creating a separate vector stack, and changing the 
priority mask, as compared to the additional time required 
for processing the interrupt. 

Mode A is for devices that require immediate interrupt 
service; i.e., unbuffered devices with very short latency 
times or real-time processes requiring immediate access. 
This mode executes rapidly and does not save data on the 
machine state at interruption. 

Modes B through E each create a priority structure that 
permits a device needing immediate service to interrupt 
the servicing of certain other devices. These modes execute 
more slowly than mode A. 

Modes D and E should be used by the interrupt handler 
only when operating at base level (not while processing 
interrupts), since these modes create a new vector stack. 
The instruction stores the (old) user stack parameters on 
the new stack. In mode E, it also pushes a return block 
onto the vector stack to facilitate return to the base level. 
Once the vector stack has been created, the interrupt 
handler should not attempt to recreate it if a new interrupt 
occurs before the one in progress is completely serviced. 
The interrupt handler can use modes Band C during 
non-base level operations (while processing other inter
rupts), since these modes do not create a new stack. 
Mode C pushes a new return block onto the stack to 
facilitate return to the previous level. 

Refer to the VCT instruction description in Chapter 8, 
"Instruction Dictionary," for more information. 

Device Management 39 





Chapter 7 

Memory and System Management 

The processor supports memory management and system 
management facilities for an operating system. Memory 
management facilities provide 

• Memory allocation and protection by translating logi
cal addresses into physical addresses and controlling 
access to physical memory, 

• Memory integrity by checking and correcting the 
contents of physical memory. 

System management facilities provide 

• Information about system status and service faults, 
• Special system functions. 

Memory Allocation and Protection 
The 16-bit real-time ECLIPSE processors support a 
logical memory size of 64 Kbytes and a physical memory 
size which varies from 64 Kbytes up to 2048 Kbytes, 
depending on the memory system. All processors that 
support more than 64 Kbytes of physical memory also 
use address translation to store 2 Kbyte pages of each 
logical memory space in the physical memory. 

Address Translation 
To access a memory word, the processor translates the 
logical address of the word into a physical address and 
accesses the physical page, which contains the word. To 
facilitate the translation operation and indicate the loca
tion of logical addresses in physical memory, the processor 
uses map tables in the address translation facility. 

A map table contains one entry (map) for each 2 Kbyte 
logical page in the address space for a process. This entry 
indicates whether or not the process is allowed to access 
the page and gives information for logical-to-physical 
address translation. 

When address translation is enabled, the processor uses 
the currently selected map table to translate the logical 
page address (most significant bits of the logical address) 
to a physical page address. The processor then combines 
the physical page address with the least significant 10 
bits ofthe logical address to form the full physical address. 
Figure 7.1 illustrates this translation operation. 

The translation facility contains separate map tables for 
user processes and data channel processes. The number 
of user and data channel map tables stored by the 
translation facility varies with the processor type. The 
stored map tables are referred to as user map table A, B, 
C, ... , and data channel map table A, B, C, .... In computers 
with a burst multiplexor channel, the translation facility 
also includes a map table for processes using this I/O 
channel. 

Each user requires a separate map table. While most 
translation facilities can store more than one user map 
table, the operating system's memory supervisor selects 
only one map table at a time for address translation. 
Similarly each data channel device requires a separate 
map table. However, unlike the case with user map tables, 
the interrupt service routine for the device controller 
requesting data channel service selects the data channel 
map table. Those controllers without an instruction 
capable of selecting map tables use data channel map A 
by default. The supervisor can enable or disable user or 
data channel mapping by manipulating bits in the 
user /DCH address translator's status register. Refer to 
the following "Status Registers" section for more informa
tion. 

The basic formats for the user, data channel (DCH), and 
burst multiplexor channel (BMC) map table entries are 
diagrammed below. Refer to the specific assembly lan
guage programming manual for possible variations. 
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Logical address 

o 1 5 6 

10 I Table entry 

Selected map table 

® 

The logical address to be translated has the format shown in the diagram. Bit 0 
of the address (the indirection bit) is 0 because any indirection is resolved 
before address translation. Bits 1-5 of the address specify one of 32 map table 
entries (map regisers). Note that these bits are the logical address of a 
2- Kbyte page (logical page). The processor uses the contents of these bits to 
access an entry in the user or data channel map table currently selected by the 
address translator's status register. This entry is labeled "Table entry N." 

Bits 6-15 of Table entry N, the physical page, become bits 0-9 of the physical 
page address. The page offset field specified in bits 6-15 of the logical 
address becomes bits 10-19 of the physical address. This is the 20-bit physical 
address translated from the original logical address. In processors that 
support less than 2 Mbytes of physical memory, the full 20-bit address is 
not used. 

Page offset 

15 

10·00420 

Figure 7.1 Address translation 

User JOCH Map Table Entry Format 

o 

Bits 

o 

1-5 

6-15 

Logical Page Physical Page 

5 6 15 

Name Contents or Function 

WP User Write Protect flag for the physical 
page addressed by bits 6-15. (Write protec
tion is only available for user processes. 
See the following "Protection'· section.) 

Logical 
Page 

Physical 
Page 

I! 0, allows user write access to the page. 

I! 1, denies user write access to the page. 

Logical address of a page in the address 
space of a process. 

Physical address of the page with the 
logical address specified by bits 1-5. 

42 Memory and System Management 

BMC Map Table Entry Format 

I v I 0 I 0 I 0 I 0 I 0 I Physical Page 

o 1 2 3 4 5 6 15 

Bits Name Contents or Function 

o V Validity (access) Protect flag for the page 
addressed by bits 1-15. 

1-5 

6-15 

Must be O. 

Physical Physical page address. 
Page 

A special register, the page 31 register, allows any 
program, including the supervisor, to access any part of 
physical memory when user address translation is disabled 
(unmapped mode). In unmapped mode, 

• Addresses in logical pages 0 to 30 are identical to the 
corresponding addresses in physical pages 0 to 30. 

• Addresses in logical page 31 ~ addresses from 760008 
to 777778 - are translated by a special map table 
entry stored in the page 31 register. 



Protection 
The address translation facilities also provide protection 
functions that enhance system integrity by preventing 
unauthorized access to certain parts of memory or I/O 
devices. Four types of protection are provided in systems 
with address translation facilities: 

validity, 
write, 
indirection, 
I/O. 

Validity Protection 

Validity protection protects a process' memory space from 
inadvertent access by another process, thereby preserving 
the integrity and privacy of the process' memory space. 
The supervisor should invalidate all logical pages 
unneeded by a process to ensure that mistaken references 
to unneeded paged do not result in unwanted access to 
another process' memory space. For example, if a user 
process needs only 12 pages (24 Kbyte), then logical 
pages 12 through 30 should be invalidated. To invalidate 
a page, the supervisor must set all the physical page bits 
to 1 and either the Write Protect flag (user/DCH map 
processes) or the Validity Protect flag (BMC processes) 
to 1. When address translation is disabled for a process, 
all logical pages are valid. 

NOTE: Most J6-bit real-time ECLIPSE processors do 
not provide validity protection for data channel 
processes. 

Validity protection is automatically enabled in systems 
with address translation facilities when user address 
translation is enabled. So, whenever the processor exe
cutes an instruction that references memory, it first checks 
the validity of the reference. If the reference is valid, the 
processor can access the page to read or write data, or to 
execute an instruction. If the reference is invalid, the 
processor aborts the executing memory reference instruc
tion and services the protection violation. So the supervi
sor's responsibility for validity protection is limited to 
declaring the appropriate logical pages invalid. 

Write Protection 

Write protection permits user processes to read data 
from, but not write data to, protected memory pages. 
This provides the supervisor with a way of protecting the 
integrity of common areas of memory. To write-protect a 
page in a user's address space, the supervisor must set the 
Write Protect flag to 1 in the map table entry addressed 
by the logical page and enable write protection. When 
user address translation is enabled, the supervisor can 
enable or disable write protection at any time by manipu
lating the Write Protect Enable flag in the user /DCH 
address translation facility's status register. When user 
address translation is disabled, no write protection is 
provided. 

Whenever the processor executes an instruction that 
references memory while user address translation and 
write protection are enabled, the processor checks for 
write protection before writing data into the addressed 
location. If the page containing the address is write 
protected, a protection fault occurs. The processor aborts 
the operation and services the protection violation. 

Indirection Protection 

An indirection loop occurs when the effective address 
calculation follows a chain of indirect addresses and never 
finds a direct address (one without bit 0 set to 0). Without 
indirection protection in such a case, the processor would 
never proceed to any further instructions and, thus, would 
effectively halt the system. 

With indirection protection enabled, a specified number 
of indirect references (usually 16) causes a protection 
fault. The supervisor can enable or disable indirection 
protection at any time by manipulating the Indirection 
Protect Enable flag in the user/DCH address translation 
facility's status register. 

I/O Protection 

I/O protection protects the I/O devices in the system 
from unauthorized access. In many systems, all I/O 
operations are performed through operating system calls. 
In these systems, permitting individual users to execute 
I/O instructions is undesirable, since this would interfere 
with the operating system's handling of I/O devices. 
When a user process with I/O protection enabled attempts 
to execute an I/O instruction, a protection fault occurs. 
The processor does not execute the instruction, but 
services the protection fault. The supervisor can enable or 
disable I/O protection at any time by manipulating the 
I/O protection bit in the user /DCH address translator's 
status register. 

Protection Fault Handling 
Whenever a protection fault occurs, the processor inhibits 
access to the protected page. 

In response to a user protection fault (validity, write, 
indirection, or I/O violation), the processor also 

1. Disables user address translation. 

2. For non-validity violations, sets the appropriate fault 
flag to 1 in the user /DCH address translator status 
register. 

3. Pushes a fault return block onto the stack. 

4. Checks for stack overflow. If 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 of the 
original fault. If no stack overflow occurs, the proces
sor continues to service the original fault. 
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5. Jumps to the protection fault handler by an indirect 
jump through memory location 3, which should 
contain the protection fault handler routine address. 

Responding to a burst multiplexor channel protection 
fault (validity violation), the processor sets the Validity 
Protect flag to 1 in both the BMC status register and the 
status register of the device that caused the fault. 

The protection fault handler can determine the type of 
fault that occurred by reading the appropriate status 
register. 

Address Translator Status 
The user /DCH address translator contains a status 
register that controls the operation of the translator and 
provides information about protection violations. Various 
flags and fields in the status register 

• Enable or disable user address translation; 

• Enable or disable data channel address translation; 

• Select the next user or data channel map table to be 
loaded; 

• Select the next user map table to be used for address 
translation when user address translation is enabled; 

• Enable or disable write protection, indirection protec
tion, or I/O protection; 

• Place the translator in LEF (Load Effective Address) 
mode; 

• Indicate whether the last protection fault was a write, 
indirection, or I/O violation. 

In computers with a burst multiplexor channel (BMC), 
information about the status of the BMC address transla
tor is contained in the BMC status register. Various flags 
and fields in this register 

• Specify the next BMC map table transfer operation 
(load or dump). 

• Indicate that a BMC validity protection violation, 
address parity, or a data parity fault has occurred 
during data transfer between the BMC device and the 
BMC channel facility. 

Tables 7.1 and 7.2 in the next section list the instructions 
for accessing these status registers. 

Address Translator Instructions 
Although they are functionally part of the memory 
system, the address translators are actually devices on 
the I/O bus and respond to the I/O instructions. The 
user /DCH address translator also responds to a special 
instruction (LMP). Tables 7.1 and 7.2 list the instructions 
for the user/DCH address translator and the BMC 
address translator, respectively. 
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Mnemonic Name Action 

DIA MAP Read UserlDCH Returns translator status. 
Translator Status 

DIC MAP Page Check Returns the physical address and 
some characteristics of the logi-
cal page specified by the preced· 
ing DOC MAP instruction. 

DOA MAP Load UserlDCH Specifies the operation of the 
Translator Status address translator. 

DOB MAP Translate Page 31 When user address translation is 
disabled, selects the page 31 
register as the map table entry 
for translating addresses in logi-
cal page 31. 

DOC MAP Initiate Page Specifies the map table entry for 
Check a Page Check (DIC MAP) instruc-

tion without changing the other 
status of the translator. 

IORST 110 Reset Disables user address transla-
tion and clears certain bits in the 
translator's status register. 

LMP Load UserlDCH Loads map table entries from 
Map Table memory into the translator. 

NIOP MAP Translate Single Translates one memory reference 
Cycle using the last selected map table. 

NIOP MAP Disable User Disables user address transla-
Translation tion. 

Table 7_1 User lOCH address translator instructions 

Mnemonic Name Action 

DIC BMC Read BMC Status Returns translator and BMC facili-
ty status. 

DOA BMC Specify Initial Specifies the least significant 
Address bits of the physical address of 

the first memory location to be 
accessed during the next map 
table transfer. 

DOBBMCI Specify BMC Map Enables a map table transfer and 
Table Transfer specifies the most significant bits 

of the physical address of the 
first memory location to be ac-
cessed during the transfer. 

DOBBMCI Select Initial BMC Selects the first map table entry 
Map Entry to be accessed during the next 

map table transfer. 

DOC BMC Specify BMC Map Specifies the number of map ta-
Entry Count ble entries to be loaded or 

dumped during the next map 
transfer. 

IORST 110 Reset Clears certain flags in the BMC 
status register. 

Table 7_2 BMC address translator instructions 

I Action depends on the contents of the specified accumulator. 



Error Checking and Correction 
In addition to the protection features provided by the 
address translator, most 16-bit real-time ECLIPSE com
puters have an error checking and correction (ERCC) 
facility to enhance memory integrity. 

During memory write operations, the ERCC facility 
generates and sends a multiple bit check code along with 
the word or double word written to memory. The number 
of bits in the check code depends on the organization of 
the particular memory system. In a memory system 
organized around single words (16 data bits), the check 
code contains 5 check bits; in a system organized around 
double words (32 data bits), the check code contains 7 
bits. When enabled, the ERCC facility corrects all 
single-bit errors and detects multiple-bit errors in data 
read from memory. It also stores the address of the faulty 
data and a syndrome code which identifies the error. The 
memory supervisor can access this information for error 
logging and servicing. 

ERCC Instructions 
Although functionally part of the memory system, the 
ERCC facility is actually a device on the I/O bus and 
responds to I/O instructions. Table 7.3 lists the instruc
tions for controlling the ERCC facility. 

Mnemonic Name 

DOA ERCC Enable ERCC 

DIA ERCC Read Memory 
Fault Address 

DIB ERCC Read Memory 
Fault Code and 
Address 

Table 7.3 ERCC Instructions 

Action 

Selects functions of the error 
checking and correction (ERCC) 
facility. 

Reads the least significant bits 
of the address of the erroneous 
data. 

Reads the fault (syndrome) code 
and the most significant bits of 
the address of erroneous data. 

System Status and Special 
Functions 
System management facilities are processor dependent. 
Most 16-bit real-time ECLIPSE processors have facilities 
that allow the operating system to perform the following 
special functions: 

Halt program execution, 
Transfer program control to a system call handler, 
Read the virtual console data switch register. 

Some 16-bit real-time ECLIPSE processors have a central 
processor identification register that stores information 
about the type of processor, the processor's microcode 
revision level, and the size of memory. For details on a 
processor's system management facilities, refer to the 
assembly language programming manual for the proces
sor. 
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ADC 
Add Complement 

ADe[e} Ish} [#} aes,aed[,skip} 

I I A~S I A~D I 10 10 1 S,H I ~ 1#1 SKIP 

o 1 2 3 4 5 6 7 S 9 10 11 12 13 15 

Adds the logical complement of an unsigned integer to 
another unsigned integer. 

Initializes carry to the specified value; adds the logical 
complement of the unsigned 16-bit number in ACS to the 
unsigned 16-bit number in ACD; and places the result in 
the shifter. The instruction then performs the specified 
shift operation and loads the result of the shift into ACD 
if the no-load bit is O. If the skip condition is true, the 
next sequential word is skipped. 

NOTE: If the number in ACS is less than the number in 
A CD, the instruction complements carry. 

Options 

Ie] 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opcode). The following list gives the values of e and bits 
10 and 11 and describes the operation. 

Symbol [c} 

Ish] 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

00 

o 1 

1 0 

1 1 

Leaves carry unchanged 

Initializes carry to 0 

Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits one bit position to the left or right or swap 
the two bytes. The following list gives the values of sh 
and bits 8 and 9 and describes the shift operation. 

Chapter 8 

Instruction Dictionary 

Symbol [sh} Bits 8-9 Shift Operation 

Omitted o 0 Does not shift the result 

L o 1 Shifts left 

R 1 0 Shifts right 

S 1 1 Swaps the two 8-bit bytes 

1#] 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option permits you to test the 
result of the instruction operation without destroying the 
destination accumulator contents. The following list gives 
the values of the no-load option and bit 12 and describes 
the operation. 

Symbol [#} 

Omitted 

# 

Bit 12 

o 

Operation 

Loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that the ADC 
instruction cannot end in 10002 or 10012, 
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[skip] 

The processor can skip the next instruction if the test 
condition is true. The following list gives the test condi
tions and the values of bits 13 to 15 and describes the 
operation. 

Symbol {skip] Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR 100 Skips if the result is 0 

SNR 101 Skips if the result is not 0 

SEZ 1 1 0 Skips if either carry or the result 
is 0 

SBN 1 1 1 Skips if both carry and the result 
are not 0 

When the instruction performs a skip, it skips the next 
sequential 16-bit word. Make sure that a skip does not 
transfer control to the middle of an instruction that is 32 
bits long. 

Examples 

ADC 1,0 

Adds the complement of ACI to ACO. The parameters of 
the operation for two different sets of accumulator values 
follow. 

Parameter 

ACO 

AC1 

Carry 

Parameter 

ACO 

AC1 

Carry 

Before 

0003458 

010101 8 

o 

Before 

010101 8 

0003458 

o 
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After 

1702438 

010101 8 

o 

After 

0075338 

0003458 

ADD 
Add 

ADD(c}[shj (# j acs,acd(,skipj 

I I A~S I A~D I I I 0 I SoH I c I # I SKIP 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 15 

Performs unsigned integer addition and complements 
carry if appropriate. 

Initializes carry to the specified value; adds the unsigned 
16-bit number in ACS to the unsigned 16-bit number in 
ACD; and places the result in the shifter. The instruction 
then performs the specified shift operation and places the 
result of the shift in ACD if the no-load bit is O. If the 
skip condition is true, the next sequential word is skipped. 

NOTE: If the sum of the two numbers being added is 
greater than 65,535, the instruction complements carry. 

Options 

[e] 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opcode). The following list gives the values of e and bits 
10 and 11 and describes the operation. 

Symbol {c] 

ish] 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 Leaves carry unchanged 

o 1 Initializes carry to 0 

1 0 Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits one bit position to the left or right or swap 
the two bytes. The following list gives the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol Ish] 

Omitted 

L 

R 

S 

Bits 
8-9 

o 0 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8-bit bytes 



(#] 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option permits you to test the 
result of the instruction operation without destroying the 
contents of the destination accumulator. The following 
list gives the values of the no-load option and bit 12 and 
describes the operation. 

Symbol [#) 

Omitted 

# 

Bit 12 Operation 

o Loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that the ADD 
instruction cannot end in 10002 or 1001 2. 

(skip] 

The processor can skip the next instruction if the test 
condition is true. The following lists gives the test 
conditions and the values of bits 13 to 15 and describes 
the operation. 

Symbol [skip) Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR o 0 Skips if the result is 0 

SNR o 1 Skips if the result is not 0 

SEZ 0 Skips if either carry or the result 
is 0 

SBN Skips if both carry and the result 
are not 0 

When the instruction performs a skip, it skips the next 
sequential 16-bit word. Make sure that a skip does not 
transfer control to the middle of an instruction that is 32 
bits long. 

Examples 

ADD 1,0 

Adds ACI to ACO. The parameters of the operation for 
three different sets of accumulator values follow. 

Parameter 

ACO AC1 

Carry 

Parameter 

ACO 

AC1 

Carry 

Parameter 

ACO 

AC1 

Carry 

Before 

0003458 010101 8 

0 

Before 

0777778 

0000018 

0 

Before 

1777778 

0000018 

o 

After 

0104468 010101 8 

0 

After 

1000008 

0000018 

0 

After 

0000008 

0000018 
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ADDI 
Extended Add Immediate 

ADDI i,ac 

o 2 3 5 6 8 9 10 11 12 13 14 15 

IMMEDIATE FIELD I 
16 31 

Adds a signed integer in the range of - 32,768 to + 32,767 
to the contents of an accumulator. 

Treats the contents of the immediate field as a signed 
16-bit two's complement number and adds it to the signed 
16-bit two's complement number contained in the speci
fied accumulator, placing the result in the same accumula
tor. Carry remains unchanged. 

Examples 

ADDI 303,1 

Adds 3038 to ACl. The parameters of the operation 
follow. 

Parameter Before After 

AC1 0003458 0006508 

ADDI -1,1 

Adds 1777778 to ACl. The parameters of the operation 
follow. 

Parameter Before After 

AC1 1777778 1777768 

ADDI 77777,1 

Adds 777778 to ACl. The parameters of the operation 
follow. 

Parameter Before After 

AC1 1777778 077778 
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ADI 
Add Immediate 

ADI n,ac 

111 N I A,C 10101010101010111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Adds an unsigned integer in the range 1-4 to the contents 
of an accumulator. 

Adds the contents of the immediate field N plus 1 to the 
unsigned 16-bit number in the specified accumulator, 
placing the result in the same accumulator. The carry bit 
remains unchanged. 

NOTE: DGC assemblers take the coded value nand 
subtract 1 from it before placing it in the immediate 
field. Therefore, you should code the exact value that is 
to be added. 

Examples 

ADI 3,2 

Adds 3 to AC2. The parameters of the operation follow. 

Parameter Before After 

AC2 0000508 0000538 

ADI 4,2 

Adds 4 to AC2. The parameters of the operation follow. 

Parameter Before After 

AC2 1777758 0000018 



ANC 
AND with Complemented Source 

ANC acs,acd 

Logically ANDs the contents of an accumulator with the 
logical complement of another accumulator. 

Forms the logical AND of the logical complement of the 
contents of ACS and the contents of ACD and places the 
result in ACD. The instruction sets a bit position in the 
result to 1 if the corresponding bits in ACS and ACD 
contain 0 and l, respectively. The contents of ACS remain 
unchanged. 

Example 

ANC 0,1 

ANDs the complement of ACO with ACl. The parameters 
of the operation follow. 

Parameter 

ACO 

AC1 

Before 

1777758 

0001128 

After 

1777758 

0000028 

AND 
AND 

AND[cJ[shJ[#} acs,acd[,skip} 

111 ACS I ACD 1111111 SH I ~ 1#1 SKIP 

o 2 3 4 5 6 8 9 10 11 12 13 15 

Logically ANDs of the contents of two accumulators. 

Initializes carry to the specified value. Places the logical 
AND of the contents of ACS and ACD in the shifter. 
Each bit placed in the shifter is 1 only if the corresponding 
bits in both ACS and ACD are 1; otherwise, the resulting 
bit is o. The instruction then performs the specified shift 
operation and places the result in ACD if the no-load bit 
is O. If the skip condition is true, the next sequential word 
is skipped. 

Options 

[e] 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opcode). The following list gives the values of e and bits 
10 and 11 and describes the operation. 

Symbol [ej 

[sh] 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 

o 1 

1 0 

1 1 

Leaves carry unchanged 

Initializes carry to 0 

Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits one bit position to the left or right or swap 
the two bytes. The following list gives the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol [shj 

Omitted 

L 

R 

S 

Bits 
8-9 

o 0 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two a·bit bytes 
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[#] 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option permits you to test the 
result of the instruction operation without destroying the 
destination accumulator contents. The following list gives 
the values of the no-load option and bit 12 and describes 
the operation. 

Symbol [#} 

Omitted 

# 

Bit 12 

o 

Operation 

Loads the result into ACO 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that AND 
instruction cannot end in 10002 or 1001 2. 

[skip] 

The processor can skip the next instruction if the test 
condition is true. The following list gives the test condi
tions and the values of bits 13 to 15 and describes the 
operation. 

Symbol [skip} Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR 100 Skips if the result is 0 

SNR o 1 Skips if the result is not 0 

SEZ 1 1 0 Skips if either carry or the result 
is 0 

SBN 1 1 1 Skips if both carry and the result 
are not 0 

When the instruction performs a skip, it skips the next 
sequential 16-bit word. Make sure that a skip does not 
transfer control to the middle of an instruction that is 32 
bits long. 
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ANDI 
AND Immediate 

ANDI i,ac 

1111101 A,C 11111111111111111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 IMMEDIATE FIELD 1 

18 31 

ANDs the contents of an accumulator with the contents 
of a 16-bit number contained in the instruction. 

Places the logical AND of the contents of the immediate 
field and the contents of the specified accumulator in the 
specified accumulator. Carry is unchanged. 



BAM 
Block Add and Move 

Moves memory words from one location to another, 
adding a constant to each one. 

Moves words sequentially from one memory location to 
another, treating them as unsigned 16-bit integers. After 
fetching a word from the source location, the instruction 
adds the unsigned 16-bit integer in ACO to it. If the 
addition produces a result that is greater than 32,768, no 
indication is given. 

Bits 1-15 of AC2 contain the address of the source 
location. Bits 1-15 of AC3 contain the address of the 
destination location. The address in bits 1-15 of AC2 or 
AC3 is an indirect address if bit 0 of that accumulator is 
1. If the address is an indirect address, the instruction 
follows the indirection chain before placing the resultant 
effective address in the accumulator. 

The unsigned 16-bit number in ACI is equal to the 
number of words moved. This number must be greater 
than 0 and less than or equal to 32,768. If the number in 
ACI is outside these bounds, no data is moved, and the 
contents of the accumulators remain unchanged. 

For each word moved, the count in ACI is decremented 
by one and the source and destination addresses in AC2 
and AC3 are incremented by one. Upon completion of 
the instruction, ACI contains zeroes, and AC2 and AC3 
point to the word following the last word in their respective 
fields. The contents of ACO remain unchanged. 

Words are moved in consecutive ascending order accord
ing to their addresses. The next address after 777778 is 0 
for both fields. The fields can overlap in any way. 

NOTES: Because of its potentially long execution time, 
this instruction is interruptible. If a Block Add and 
Move instruction is interrupted, the program counter is 
decremented by one before it is placed in location 0 so 
that it points to the interrupted instruction. Because the 
addresses and the word count are updated after every 
word is stored, any interrupt service routine that returns 
control to the interrupted program via the address stored 
in memory location 0 will correctly restart the Block 
Add and Move instruction. 

When updating the source and destination addresses, 
the Block Add and Move instruction forces bit 0 of the 
result to O. This ensures that upon return from an 
interrupt, the Block Add and Move instruction will not 
try to resolve an indirect address in either AC2 or AC3. 

Example 

BAM 

Moves 208 words from locations 777708+ to locations 
344508 +, adding 328 to each word. The parameters of 
the operation follow. 

Parameter 

ACO 
AC1 
AC2 
AC3 

Before 

0000318 

0000208 

0777708 

0344508 

After 

0000318 

0000008 

0000118 

0344718 
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BLM 
Block Move 

Moves memory words from one location to another. 

The Block Move instruction is the same as the Block Add 
and Move instruction in all respects except that no 
addition is performed and ACO is not used. 

NOTE: The Block Move instruction is interruptible in 
the same manner as the Block Add and Move instruction. 

Example 

BlM 

Moves a block of 208 words from locations 777708 + to 
locations 344508 +. The parameters of the operation 
follow. 

Parameter 

ACl 
AC2 
AC3 

Before 

0000208 

0777708 

0344508 
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After 

0000008 
0000108 

0344708 

BTO 
Set Bit to One 

BTO acs,acd 

11 1 A~S 1 A~D 1 1 1 0 1 0 1 0 1 0 1 0 1 0 I 1 1 0 1 0 1 0 1 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sets the specified bit to 1. 

Forms a 32-bit bit pointer from the contents of both ACS 
and ACD. ACS contains the most significant 16 bits and 
ACD the least significant 16 bits of the bit pointer. If 
ACS and ACD are specified as the same accumulator, 
the instruction treats the accumulator contents as the 
least significant 16 bits of the bit pointer and assumes the 
most significant 16 bits are 0. 

The instruction then sets the addressed bit in memory to 
1, leaving the contents of ACS and ACD unchanged. 

The IS-bit effective address generated by this instruction 
is an indirect address if bit 0 of the bit pointer is 1. 

Example 

BTO 1,0 

Sets the bit addressed by the bit pointer in ACI and ACO 
to 1. The parameters for setting bit 7 at location 234568 
follow. 

Parameter Before After 

Location 0101038 0105038 
234568 

ACO 0234508 0234508 

ACl 0001478 0001478 



BTZ 
Set Bit to Zero 

BTZ acs,acd 

Sets the addressed bit to O. 

Forms a 32-bit bit pointer from the contents of both ACS 
and ACD. ACS contains the most significant 16 bits and 
ACD contains the least significant 16 bits of the bit 
pointer. If ACS and ACD are specified as the same 
accumulator, the instruction treats the accumulator con
tents as the least significant 16 bits of the bit pointer and 
assumes the most significant 16 bits are o. 
The instruction then sets the addressed bit in memory to 
0, leaving the contents of ACS and ACD unchanged. 

The IS-bit effective address generated by this instruction 
is an indirect address if bit 0 of the bit pointer is 1. 

Example 

BTZ 1,0 

Sets the bit addressed by the bit pointer in ACI and ACO 
to o. The parameters for setting bit 7 at location 234568 
follow. 

Parameter Before After 

Location 0105038 0101038 
234568 

ACO 0234508 0234508 

AC1 0001478 0001478 

eLM 
Compare to Limits 

eLM acs,acd 

Compares a signed integer with two other integers and 
skips if the first integer is between the other two. The 
accumulators determine the location of the three integers. 

Compares the signed 16-bit two's complement integer in 
ACS to two signed 16-bit two's complement limit values, 
Land H. If the number in ACS is greater than or equal 
to L and less than or equal to H, the next sequential word 
is skipped. If the number in ACS is less than L or greater 
than H, the next sequential word is executed. 

If ACS and ACD are specified as different accumulators, 
the address of the limit value L is contained in bits 1-15 
of ACD. Bit 0 of ACD is ignored. The limit value H is 
contained in the word following L. 

If ACS and ACD are specified as the same accumulator, 
then the integer to be compared must be in that accumula
tor, and the limit values Land H must be in the two 
words following the instruction. L is the first word and H 
is the second word. The next sequential word is the third 
word following the instruction. 

Example 

elM 1,0 

Compares the number in ACI to the low limit in the 
location addressed by ACO and the high limit addressed 
by ACO+ 1. Because the number is between the limit 
values, the processor skips the next sequential word after 
the word containing the CLM instruction. The parameters 
of the operation follow. 

Parameter Before After 

ACO 0012348 0012348 

AC1 0003318 0003318 

Location 0000178 0000178 
0012348 
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CMP 
Character Compare 

111110111111111111101110111010101 
o 3 4 6 8 9 10 11 12 13 14 15 

Under control of the four accumulators, compares two 
strings of bytes and returns a code in A C I reflecting the 
results of the comparison. 

The instruction compares the strings one byte at a time. 
Each byte is treated as an unsigned 8-bit binary quantity 
in the range 0-255 10, If two bytes are not equal, the 
string whose byte has the smaller numerical value is, by 
definition, the lower valued string. Both strings remain 
unchanged. 

The four accumulators define the operation as follows: 

ACO specifies the length and direction of comparison 
for string 2. If the string is to be compared from its 
lowest memory location to the highest, ACO contains 
the unsigned value of the number of bytes in string 2. 
If the string is to be compared from its highest memory 
location to the lowest, ACO contains the two's comple
ment of the number of bytes in string 2. 

AC 1 specifies the length and direction of comparison 
for string 1. If the string is to be compared from its 
lowest memory location to the highest, ACI contains 
the unsigned value of the number of bytes in string 1. 
If the string is to be compared from its highest memory 
location to the lowest, ACI contains the two's comple
ment of the number of bytes in string 1. 

AC2 contains a byte pointer to the first byte compared 
in string 2. When the string is compared in ascending 
order, AC2 points to the lowest byte. When the string 
is compared in descending order, AC2 points to the 
highest byte. 

AC3 contains a byte pointer to the first byte compared 
in string 1. When the string is compared in ascending 
order, AC3 points to the lowest byte. When the string 
is compared in descending order, AC3 points to the 
highest byte. 

The strings can overlap in any way. Overlap will not 
affect the results of the comparison. 
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After completion of the character compare operation, the 
contents of the accumulators follow. 

ACO contains the number of bytes left to compare in 
string 2. 

ACI Return code as shown in the list below. 

AC2 contains a byte pointer either to the failing byte 
in string 2 (if an inequality were found) or to the byte 
following string 2 (if string 2 were exhausted). 

AC3 contains a byte pointer either to the failing byte 
in string 1 (if an inequality were found) or to the byte 
following string 1 (if string 1 were exhausted). 

Code Comparison Result 

- 1 string 1 < string 2 

o string 1 = string 2 

+ 1 string 1 > string 2 

NOTE: If ACO and ACI both contain 0 (both string 1 
and string 2 have length zero), the instruction compares 
no bytes and returns 0 in ACI. If the two strings are of 
unequal length, the instruction pads the shorter string 
with space characters <0408> and continues the 
comparison. 

Example 

CMP 

Compares the byte string at locations 0003458 through 
0004008 to the byte string starting at location 0111238, 

from lowest to highest location. The parameters of the 
operation follow. 

Parameter Before After 

ACO 0000668 0000008 

AC1 0000668 Return code 

AC2 0007138 001001 8 

AC3 0222478 0223358 



CMT 
Character Move Until True 

111111101111111111101110111010101 
o 2 3 4 5 6 6 9 10 11 12 13 14 15 

Under control of the four accumulators, moves a string of 
bytes from one area of memory to another until either a 
table-specified delimiter character is encountered or the 
source string is exhausted. 

The instruction copies the string one byte at a time. 
Before it moves a byte, the instruction uses that byte's 
value to determine if it is a delimiter. It treats the byte as 
an unsigned 8-bit binary integer (in the range 0-255 10) 

and uses it as a bit index into a 256-bit delimiter table. If 
the indexed bit in the delimiter table is 0, the byte pending 
is not a delimiter, and the instruction copies it from the 
source string to the destination string. If the indexed bit 
in the delimiter table is 1, the byte pending is a delimiter; 
the instruction does not copy it and the instruction 
terminates. 

The instruction processes both strings in the same direc
tion, either from lowest memory locations to highest 
(ascending order) or from highest memory locations to 
lowest (descending order). Processing continues until 
there is a delimiter or the source string is exhausted. 

The four accumulators define the operation as follows: 

ACO contains the address (word address), possibly 
indirect, of the start of the 256-bit (16-word) delimiter 
table. 

A C 1 specifies the length of the strings and the direction 
of processing. If the source string is to be moved to the 
destination field in ascending order, ACI contains the 
unsigned value of the number of bytes in the source 
string. If the source string is to be moved to the 
destination field in descending order, ACI contains 
the two's complement of the number of bytes in the 
source string. 

AC2 contains a byte pointer to the first byte to be 
written in the destination field. When the process is 
performed in ascending order, AC2 points to the lowest 
byte in the destination field. When the process is 
performed in descending order, AC2 points to the 
highest byte in the destination field. 

AC3 contains a byte pointer to the first byte to be 
processed in the source string. When the process is 
performed in ascending order, AC3 points to the lowest 
byte in the source string. When the process is per
formed in descending order, AC3 points to the highest 
byte in the source string. 

When the source and destination addresses are the same 
(AC2 equals AC3), no bytes are moved, and the string is 
scanned for the delimiter. Any other type of overlap may 
produce unusual side effects. 

After completion of the character move operation, the 
accumulators are as follows: 

ACO contains the resolved address of the translation 
table, and ACI contains the number of bytes that 
were not moved. 

AC2 contains a byte pointer to the byte following the 
last byte written in the destination field. 

AC3 contains a byte pointer either to the delimiter or 
to the first byte following the source string. 

NOTES: If ACI contains the number 0 at the beginning 
of this instruction, no bytes are fetched and none are 
stored. The instruction becomes a No-Op. 

Example 

GMT 

Checks the 428 byte string beginning at location 0011328 
for a delimiter, beginning at the string's lowest byte. The 
parameters of the operation follow. 

Parameter Before After 

ACO 0102038 0102038 

AC1 0000428 0000008 (no delimiter found) 

AC2 0022658 0023378 (no delimiter found) 

AC3 0022658 0023378 (no delimiter found) 
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CMV 
Character Move 

111110111011111111101110111010101 
o 3 4 5 6 7 8 9 10 11 12 13 14 15 

Under control of the four accumulators, moves a string of 
bytes from one area of memory to another and returns a 
value in carry reflecting the relative lengths of the source 
and destination strings. 

The instruction copies the source string to the destination 
field, one byte at a time. The four accumulators define 
the operation as follows: 

ACO specifies the length and direction of processing 
for the destination field. If the field is to be processed 
from its lowest memory location to the highest, ACO 
contains the unsigned value of the number of bytes in 
the destination field. If the field is to be processed 
from its highest memory location to the lowest, ACO 
contains the two's complement of the number of bytes 
in the destination field. 

ACI specifies the length and direction of processing 
for the source string. If the string is to be processed 
from its lowest memory location to the highest, ACI 
contains the unsigned value of the number of bytes in 
the source string. If the field is to be processed from its 
highest memory location to the lowest, ACI contains 
the two's complement of the number of bytes in the 
source string. 

AC2 contains a byte pointer to the first byte to be 
written in the destination field. When the field is 
written in ascending order, AC2 points to the lowest 
byte. When the field is written in descending order, 
AC2 points to the highest byte. 

AC3 contains a byte pointer to the first byte copied in 
the source string. When the field is copied in ascending 
order, AC3 points to the lowest byte. When the field is 
copied in descending order, AC3 points to the highest 
byte. 

The fields can overlap in any way. However, the instruc
tion moves bytes one at a time, so certain types of overlap 
may produce unusual side effects. 
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After completion of the character move operation, the 
accumulators are as follows: 

ACO contains 0, and ACI contains the number of 
bytes left to fetch from the source field. 

AC2 contains a byte pointer to the byte following the 
destination field. 

AC3 contains a byte pointer to the byte following the 
last byte fetched from the source field. 

NOTES: If ACO contains the number 0 at the beginning 
of this instruction, no bytes are fetched and none are 
stored. If ACI is 0 at the beginning of this instruction, 
the destination field is filled with space characters 
<0408>, 

If the source field is longer than the destination field, 
the instruction terminates when the destination field is 
filled and sets carry to I. In every other case, the 
instruction sets carry to O. If the source field is shorter 
than the destination field, the instruction pads the 
destination field with space characters <0408>, 

Example 

CMV 

Moves a string of bytes starting at location 0033218 to 
the location starting at 001111 8, The string being moved 
is 308 bytes long and the destination string is 408 bytes 
long, and both are to be processed in ascending order. 
Because the source string is shorter than the destination 
string, the last 108 bytes of the destination string are 
filled with space characters and the carry is set to O. 

The parameters of the operation follow. 

Parameter Before After 

ACO 0000408 0000008 

AC1 0000308 0000008 

AC2 0022238 0022638 

AC3 0066438 0066738 

Carry Unknown 0 



COB 
Count Bits 

COB acs,acd 

Counts the number of ones in an accumulator. 

Adds a number equal to the number of ones in ACS to 
the signed 16-bit two's complement in ACD. The contents 
of ACS remain unchanged. 

NOTE: If ACS and ACD are specified to be the same 
accumulator, the instruction functions as described 
above, except the contents of ACS will be changed. 

Example 

COB 1,0 

Adds a number equal to the number of ones in AC1 to 
the signed number in ACO. The parameters of the 
operation follow. 

Parameter 

ACO 

AC1 

Before 

1234508 

0001038 

After 

1234538 

0001038 

COM 
Complement 

COM[c} [sh} [#} acs,acd[,skip} 

I I A~S I A~D 10 10 10 1 SoH I ~ 1#1 SKIP 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 15 

Logically complements the contents of an accumulator. 

Initializes carry to the specified value, forms the logical 
complement of the number in ACS, and performs the 
specified shift operation. The instruction then places the 
result in ACD if the no-load bit is O. If the skip condition 
is true, the next sequential word is skipped. 

Options 

[e] 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opcode). The following list gives the values of e and bits 
10 and 11 and describes the operation. 

SymbolIc} 

[sh] 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 Leaves carry unchanged 

o 1 Initializes carry to 0 

1 0 Initializes carry to 1 

1 1 Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits one bit position to the right or left or swap 
the two bytes. The following list gives the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol Ish} 

Omitted 

L 

R 

S 

Bits 
8-9 

o 0 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8-bit bytes 
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[#} 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option permits you to test the 
result of the instruction operation without destroying the 
destination accumulator contents. The following list gives 
the values of the no-load option and bit 12 and describes 
the operation. 

Symbol [#] 

Omitted 

# 

Bit 12 

o 

Operation 

Loads the result into ADC 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns of these combinations are used to define 
other types of instructions. This means that the COM 
instruction cannot end in 10002 or 10012, 

[skip} 

The processor can skip the next instruction if the test 
condition is true. The following list gives the test condi
tions and the values of bits 13 to 15 and describes the 
operation. 

Symbol [skip] Bits 
13-15 

Omitted 000 

SKP 001 

SZC 010 

SNC o 1 1 

SZR 100 

SNR 101 

SEZ 1 1 0 

SBN 1 1 1 

Operation 

Never skips 

Always skips 

Skips if carry is 0 

Skips if carry is not 0 

Skips if the result is 0 

Skips if the result is not 0 

Skips if either carry or the result 
is 0 

Skips if both carry and the result 
are not 0 

When the instruction performs a skip, it skips the next 
sequential 16-bit word. Make sure that a skip does not 
transfer control to the middle of an instruction that is 32 
bits long. 
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CTR 
Character Translate 

111111101011111111101110111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Under control of the four accumulators, translates a string 
of bytes from one data representation to another and 
either moves it to another area of memory or compares it 
with a second translated string. 

The instruction operates in two modes: translate and 
move, and translate and compare. 

Translate and Move Mode 

Translate and move mode is specified by a 1 in bit 0 of 
AC1. In this mode, the instruction translates each byte in 
string 1 and places it in a corresponding position in string 
2. Translation is performed by using each byte as an 8-bit 
index into a 256-byte translation table. The byte ad
dressed by the index then becomes the translated value. 

The accumulators define the operation as follows: 

ACO specifies the address, either direct or indirect, of 
a word that contains a byte pointer to the first byte in 
the 256-byte translation table. 

ACI specifies the length of the two strings and the 
mode of processing. It contains the two's complement 
of the number of bytes in the strings. Both strings are 
processed from lowest memory address to highest. 

NOTE: Because bit 0 of ACI contains a I, the maximum 
number of bytes to be moved is 32,767/0. 

AC2 contains a byte pointer to the first byte in string 
2. 
AC3 contains a byte pointer to the first byte in string 
1. 

Upon completion of a translate and move operation, the 
accumulators are as follows: 

ACO contains the address of the word that contains 
the byte pointer to the translation table, and ACl 
contains O. 

AC2 contains a byte pointer to the byte following 
string 2. 

AC3 contains a byte pointer to the byte following 
string 1. 



The fields can overlap in any way. However, processing is 
done one character at a time, so unusual side effects may 
be produced by certain types of overlap. 

Translate and Compare Mode 

Translate and compare mode is specified by a 0 in bit 0 of 
A C 1. In this mode, the instruction translates each byte in 
string 1 and string 2 as described above and compares the 
translated values. Each translated byte is treated as an 
unsigned 8-bit binary quantity in the range 0-25510. If 
two translated bytes are not equal, the string whose byte 
has the smaller numerical value is, by definition, the 
lower valued string. Both strings remain unchanged. 

The accumulators define the operation as follows: 

ACO specifies the address, either direct or indirect, of 
a word which contains a byte pointer to the first byte 
in the 256-byte translation table. 

AC 1 specifies the length of the two strings and the 
mode of processing. It contains the unsigned value of 
the number of bytes in the strings. Both strings are 
processed from lowest memory address to highest. 

AC2 contains a byte pointer to the first byte in string 
2. 

AC3 contains a byte pointer to the first byte in string 
1. 

After completion of a translate and compare operation, 
the accumulators are as follows: 

ACO contains the address of the word that contains 
the byte pointer to the translation table. 

ACI contains a return code as calculated in the list 
below. 

AC2 contains a byte pointer to either the failing byte 
in string 2 (if an inequality were found) or the byte 
following string 2 (if the strings were identical). 

AC3 contains a byte pointer to either the failing byte 
in string 1 (if an inequality were found) or the byte 
following string 1 (if the strings were identical). 

Code Result 

- 1 Translated value of string 1 < translated value of 
string 2 

o Translated value of string 1 = translated value of 
string 2 

+ 1 Translated value of string 1 > translated value of 
string 2 

If the lengths of both string 1 and string 2 are 0, the 
compare option returns a 0 in AC1. 

The fields can overlap in any way. However, processing is 
done one character at a time, so unusual side effects may 
be produced by certain types of overlap. 

Example 

eTR 

In translate and move mode: translates a 50-byte string 
starting at location 010321 8 using a predefined translation 
table and returns the string to its original location. The 
source string will be overwritten and its locations filled 
with the translated string. The parameters for the opera
tion follow. 

Parameter Before After 

Location Byte pOinter to Byte pOinter to 
0021238 translation table translation table 

ACO 0021238 0021238 

AC1 1777168 0000008 

AC2 0206438 0207258 

AC3 0206438 0207258 
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DAD 
Decimal Add 

DAD acs,acd 

o 3 4 5 6 8 9 10 11 12 13 14 15 

Performs decimal addition on 4-bit binary coded decimal 
(BCD) numbers and uses carry for a decimal carry. 

Adds the unsigned decimal digit contained in bits 12-15 
of ACS to the unsigned decimal digit contained in bits 
12-15 of ACD. Carry is added to this result. The 
instruction then places the least significant decimal digit 
of the final result in bits 12-15 of ACD and the decimal 
carry in carry. The contents of ACS and bits 0-11 of 
ACD remain unchanged. 

NOTE: No validation of the input digits is performed. 
Therefore, if bits 12-15 of either ACS or ACD contain a 
number greater than 9, the results will be unpredictable. 

Example 

DAD 2,3 

Adds AC2 (which contains 910) to AC3 (which contains 
78), The parameters of the operation follow. 

Parameter 

AC2, bits 12-15 

AC3, bits 12-15 

Carry 

Before 

9 1O( 1 001 2) 

7 10(0111 2) 

o 
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After 

9 10(1001 2) 

6 10(01102) 

DHXL 
Double Hex Shift Left 

DHXL n,ac 

Shifts the 32-bit contents of two accumulators left 1 to 4 
hex digits. 

Shifts the 32-bit number contained in AC and AC+ 1 
left a number of hex digits depending upon the immediate 
field N. The number of digits shifted is equal to N + 1. 
Bits shifted out are lost, and the vacated bit positions are 
filled with zeros. 

NOTES: If AC is specified as AC3, then AC+ I is ACO. 

DGC assemblers take the coded value ofn and subtract 
one from it before placing it in the immediate field. 
Therefore, the programmer should code the exact 
number of hex digits to be shifted. 

If n is equal to 4, the contents of AC+ I are placed in 
AC, and AC+ I is filled with zeros. 

Example 

DHXL 1,0 

Shifts the 32-bit number contained in ACO (most signifi
cant bits) and ACI (least significant bits) left one hex 
digit. The parameters for the operation are as follows: 

Parameter 

ACO 

AC1 

Before 

0011608 

0500108 

After 

0234058 

0002008 



DHXR 
Double Hex Shift Right 

DHXR n,ac 

Shifts the 32-bit contents of two accumulators right 1 to 
4 hex digits, depending on the value of a 2-bit number in 
the instruction. 

Shifts the 32-bit number contained in AC and AC+ 1 
right a number of hex digits, depending upon the immedi
ate field N. The number of digits shifted is equal to 
N + I. Bits shifted out are lost and the vacated bit positions 
are filled with zeros. 

NOTES: If AC is specified as AC3, then AC+ 1 is ACO. 

DGC assemblers take the coded value ofn and subtract 
one from it before placing it in the immediate field. 
Therefore, the programmer should code the exact 
number of hex digits to be shifted. 

If n is equal to 4, the contents of AC are placed in 
AC+ I, and AC is filled with zeros. 

Example 

DHXR 2,0 

Divides the number in ACO and ACI by 25610, that is, 
shifts the number right two hex digits. The parameters of 
the operation follow. 

Parameter 

ACO 

AC1 

Before 

0011608 

0500108 

After 

0000028 

0701208 

DIA 
Data In A 

DIA !f} ac,device 

o 2 3 4 5 6 7 8 9 10 15 

Transfers data from the A buffer of an I/O device to an 
accumula tor. 

The contents of the A input buffer in the specified device 
are placed in the specified accumulator. After the data 
transfer, the Busy and Done flags are set according to the 
function specified by f 

DIA ERCC 
Read Memory Fault Address 

DIA!f} ac,ERCC 

o 2 3 4 5 6 8 9 10 11 12 13 14 15 

In computers with error checking and correction (ERCC), 
reads the least significant bits of the memory fault 
address. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DIA MAP 
Read User JDCH Translator (MAP) Status 

DIA ac,MAP 

In computers with address translation, supplies the status 
of the user /DCH address translator. 

For more information, refer to the assembly language 
programming manual for the specific computer. 
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DIB 
Data In B 

DIB [fl aC,device 

o 2 3 4 5 6 7 8 9 10 

DEVICE CODE 

15 

Transfers data from the B buffer of an I/0 device to an 
accumulator. 

Places the contents of the B input buffer in the specified 
device in the specified accumulator. After the data 
transfer, sets the Busy and Done flags according to the 
function specified by f 

DIB ERCC 
Read Memory Fault Code and Address 

DIB[fl aC,ERCC 

o 2 3 4 5 6 8 9 10 11 12 13 14 15 

In computers with error checking and correction (ERCC), 
reads the fault code and the most significant bits of the 
memory fault address. 

For more information, refer to the assembly language 
programming manual for the specific computer. 
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DIC 
Data In C 

DIC [fl ac,device 

o 2 3 4 5 6 8 9 10 

DEVICE CODE 

15 

Transfers data from the C buffer of an I/O device to an 
accumulator. 

Places the contents of the C input buffer in the specified 
device in the specified accumulator. After the data 
transfer, sets the Busy and Done flags according to the 
function specified by f 

DIC BMC 
Read BMC Status 

DIC[fl aC,BMC 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

In computers with a burst multiplexor channel (BMC), 
returns the status of the BMC address translator and the 
BMC facility. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DIC MAP 
Page Check 

DIC aC,MAP 

In computers with address translation, returns the physi
cal address and the state of the Write Protect flag for the 
logical page specified by the preceding Initiate Page 
Check instruction (DOC ac,MAP). 

For more information, refer to the assembly language 
programming manual for the specific computer. 



DIV 
Unsigned Divide 

111110111011111111111010111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Divides the unsigned 32-bit integer in two accumulators 
by the unsigned contents of a third accumulator. The 
quotient and remainder each occupy one accumulator. 

Divides the unsigned 32-bit number contained in ACO 
and ACI by the unsigned 16-bit number in AC2. The 
quotient and remainder are unsigned 16-bit numbers and 
are placed in ACI and ACO, respectively. Carry is set to 
O. The contents of AC2 remain unchanged. 

NOTE: Before the divide operation takes place, the 
number in ACO is compared with the number in AC2. If 
the contents of ACO are greater than or equal to the 
contents of AC2, an overflow condition is indicated. 
Carry is set to 1, and the operation is terminated. All 
operands remain unchanged. 

Examples 

DIV 

Four different DIV examples are given below. The first 
example divides 6 by 2. The parameters of the operation 
follow. 

Parameter Before After 

ACO 0000008 0000008 
AC1 0000068 0000038 
AC2 0000028 0000028 

Carry 0 0 

Divides 77776000018 by 0777778, The parameters of the 
operation follow. 

Parameter Before After 

ACO 0377778 0000008 
AC1 0000018 0777778 
AC2 0777778 0000028 

Carry 0 0 

Divides 37777400018 by 1777778, An overflow results. 
The parameters of the operation follow. 

Parameter Before After 

ACO 1777768 1777768 
AC1 0000018 0000018 

AC2 0777778 0777778 
Carry 0 1 

Divides 7 by 2. A remainder of 1 results. The parameters 
of the operation follow. 

Parameter Before After 

ACO 0000008 0000018 

AC1 0000078 0000038 
AC2 0000028 0000028 

Carry 0 0 
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DIVS 
Signed Divide 

111110111111111111111010111010101 
o 2 3 4' 5 6 8 9 10 11 12 13 14 15 

Divides the signed 32-bit integer in two accumulators by 
the signed contents of a third accumulator. The quotient 
and remainder each occupy one accumulator. 

Divides the signed 32-bit two's complement contained in 
ACO and ACI by the signed 16-bit two's complement in 
AC2. The quotient and remainder are signed 16-bit 
numbers and occupy ACI and ACO, respectively. The 
sign of the quotient is determined by the rules of algebra. 
The sign of the remainder is always the same as the sign 
of the dividend; however, a 0 quotient or a 0 remainder is 
always positive. Carry is set to O. The contents of AC2 
remain unchanged. 

NOTE: If the magnitude of the quotient is such that it 
will not fit into ACI, an overflow condition is indicated. 
Carry is set to I, and the operation is terminated. The 
contents of ACO and ACI are unpredictable. 

Examples 

DIVS 

Four different DIVS examples are given below. The first 
example divides 6 by 2. The parameters of the operation 
follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000008 

0000068 

0000028 
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After 

0000008 

0000038 

0000028 

Divides 77776000018 by 0777778. The parameters of the 
operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0377778 

0000018 

0777778 

After 

0000008 

0777778 

0777778 

Divides 1 by - 1. A remainder of - 1 results. The 
parameters of the operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000008 

0000018 

1777768 

After 

0000008 

1777778 

1777768 

Divides -7 by - 2. A remainder of -1 results. The 
parameters of the operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

1777778 

1777778 

1777768 

After 

1777778 

0000038 

1777768 



DIVX 
Sign Extend and Divide 

Extends the sign of one accumulator into a second 
accumulator and performs a Signed Divide on the result. 

Extends the sign of the 16-bit number in ACI into ACO 
by placing a copy of bit 0 of ACI in each bit of ACO. 
After extending the sign, the instruction performs a DIVS 
(Signed Divide) operation. 

DLSH 
Double Logical Shift 

DLSH acs,acd 

111 A~S I A~D 10111011111010111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Logically shifts the 32-bit contents of two accumulators 
left or right, depending on the contents of a third 
accumulator. 

Shifts the 32-bit number contained in ACD and ACD+ 1 
left or right, depending on the number contained in bits 
8-15 of ACS. The signed 8-bit two's complement con
tained in bits 8-15 of ACS determines the direction of 
the shift and the number of bits to be shifted. If the 
number in bits 8-15 of ACS is positive, the shift is to the 
left; if the number in bits 8-15 of ACS is negative, the 
shift is to the right. If the number in bits 8-15 of ACS is 
zero, no shifting is performed. Bits 0-7 of ACS are 
ignored. 

AC3 + 1 is ACO. The number of bits shifted is equal to 
the magnitude of the number in bits 8-15 of ACS. Bits 
shifted out are lost, and the vacated bit positions are 
filled with zeros. The contents of ACS remain unchanged. 

NOTE: If the magnitude of the number in bits 8-15 of 
ACS is greater than 31/0. all bits of ACD are set to O. 
Carry and ACS remain unchanged. 

Example 

DLSH 0,1 

Two different DLSH 0, 1 examples are given below. This 
first example shifts left one bit. The parameters of the 
operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000018 

0123458 
0543218 

After 

0000018 

0247128 

1306428 

Shifts right one bit. The parameters of the operation 
follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0003778 

0247128 

1306428 

After 

0003778 

0123458 

0543218 
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DOA 
Data Out A 

DOA device 

o 2 3 4 5 6 6 9 10 15 

Transfers data from an accumulator to the A buffer of an 
I/O device. 

Places the contents of the bits of the specified accumulator 
in the A output buffer of the specified device. After the 
data transfer, sets the Busy and Done flags according to 
the function specified by f The contents of the specified 
accumulator remain unchanged. 

The number of data bits moved depends upon the size of 
the buffer and the mode of operation of the device. 

DOA BMC 
Specify Initial Address; 
Specify Low-Order Address 

DOA!!] aC,BMC 

o 3 4 5 6 8 9 10 11 12 13 14 15 

In computers with a burst multiplexor channel, specifies 
the least significant address bits of the first memory 
location of supply or receives a word during the next map 
transfer (load or dump) operation. 

For details, refer to the assembly language programming 
manual for the specific computer. 

DOA ERCC 
Enable ERCC 

DOA!!] aC,ERCC 

In computers with error checking and correction (ERCC), 
selects functions of the ERCC facility. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DOA MAP 
Load User /DCH Translator (MAP) Status 

DOA aC,MAP 

In computers with address translation, specifies the 
operation of the user/data channel address translator. 

For more information, refer to the assembly language 
programming manual for the specific computer. 
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DOB 
Data Out B 

DOB device 

o 2 3 4 5 6 8 9 10 15 

Transfers data from an accumulator to the B buffer of an 
I/O device. 

Places the contents of the specified accumulator in the B 
output buffer of the specified device. After the data 
transfer, sets the Busy and Done flags according to the 
function specified by f The contents of the specified 
accumulator remain unchanged. 

The number of data bits moved depends upon the size of 
the buffer and the mode of operation of the device. 

DOB BMC 
Specify BMC Map Table Transfer; 
Specify Operation and High-Order Address 

or 

Select Initial BMC Map Entry; 
Specify Initial Map Register 

DOB!!] aC,BMC 

o 3 4 5 6 8 9 10 11 12 13 14 15 

In computers with a burst multiplexor channel (BMC), 
this instruction performs one of the following two func
tions: 

• specifies the BMC map table transfer operation (load 
or dump) and the most significant address bits of the 
first memory location to supply or receive a word 
during the operation 

• selects the first BMC map table entry to receive or 
supply a word during the next map table transfer (load 
or dump) operation 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DOB MAP 
Translate Page 31; 
Map Supervisor Page 31 

DOB aC,MAP 

1 0 11 11 1 A,C 11 1 0 1 0 1 0 / 0 / 0 /0 / 0 1 0 /1 11 1 

o 3 4 5 6 7 8 9 10 11 12 13 14 15 

In computers with address translation, supplies the physi
cal address for the translation of user memory references 
to logical page 31 when user mapping is disabled. 

For more information, refer to the assembly language 
programming manual for the specific computer. 



DOC 
Data Out C 

DOC device 

1011111 A,C 1111101 F DEVICE CODE I 
o 2 3 4 5 6 7 8 9 10 15 

Transfers data from an accumulator to the C buffer of an 
I/0 device. 

Places the contents of the specified accumulator in the C 
output buffer of the specified device. After the data 
transfer, sets the Busy and Done flags according to the 
function specified by f The contents of the specified 
accumulator remain unchanged. 

The number of data bits moved depends upon the size of 
the buffer and the mode of operation of the device. 

NOTE: DGC assemblers reserve the DOC O,CPU 
instruction (Halt) for stopping the processor. 

DOC BMC 
Specify BMC Map Entry Count 

DOC!!! aC,BMC 

o 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

In computers with a burst multiplexor channel (BMC), 
specifies the number of BMC map table entries to be 
loaded or dumped during the next map table transfer 
operation. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DOC MAP 
Initiate Page Check 

DOC aC,MAP 

In computers with address translation, selects a map table 
and specifies a table entry. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

DSB 
Decimal Subtract 

DSB acs,acd 

111 A~S I A~D 10101011111010111010101 
o 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

Performs decimal subtraction on 4-bit binary coded 
decimal (BCD) numbers and uses carry as a decimal 
borrow. 

Subtracts the unsigned decimal digit contained in bits 
12-15 of ACS from the unsigned decimal digit contained 
in bits 12-15 of ACD. Subtracts the complement of carry 
from this result. Places the least significant decimal digit 
of the final result in bits 12-15 of ACD and the 
complement of the decimal borrow in carry. In other 
words, if the final result is negative, the instruction 
indicates a borrow and sets carry to O. If the final result is 
positive, the instruction indicates no borrow and sets carry 
to 1. The contents of ACS and bits 0-11 of ACD remain 
unchanged. 

Example 

DSB 3,2 

Subtracts AC3 (which contains 710) from AC2 (which 
contains 910), The parameters of the operation follow. 

Parameter 

AC2, bits 12-15 

AC3, bits 12-15 

Carry 

Before 

910(1001 2) 

710(0111 2) 

o 

After 

910(1001 2) 

210(00102) 
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DSPA 
Dispatch 

DSPA ac[@}displacement[,index} 

o 2 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT I 
16 17 31 

Conditionally transfers control to an address selected from 
a table. 

Computes the effective address (E ). This is the address 
of a dispatch table. As shown in Figure 8.1, the dispatch 
table consists of a table of addresses. Immediately before 
the table are two signed 16-bit two's complement limit 
words, Land H. The last word of the table is in location 
E+H-L. 

.-. E 

(start of ta blel 

Figure 8.1 Dispatch table 

~ ,/ 

L 

H 

Jump Address 

r 

Jump Address 

DG·01127 

Compares the signed two's complement contained in the 
specified accumulator to the limit words. If the number 
in the accumulator is less than L or greater than H, 
sequential operation continues with the instruction imme
diately after the Dispatch instruction. 

If the number in the specified accumulator is greater 
than or equal to L and less than or equal to H, the 
instruction fetches the word at location E - L + number. 
If the fetched word is equal to 1777778, sequential 
operation continues with the instruction immediately after 
the Dispatch instruction. If the fetched word is not equal 
to 1777778, the instruction treats this word as the 
intermediate address in the effective address calculation. 
After the indirection chain, if any, has been followed, the 
instruction places the effective address in the program 
counter and sequential operation continues with the word 
addressed by the updated value of the program counter. 
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Figure 8.2 shows the dispatch operation. 

Calculate 

effective address 

Get word at 

IE-Ll + 

IE-U + number 
in AC= intermediate 

address 

Fetch intermediate 

address 

Figure 8.2 Dispatch operation 

Yes 

Yes 

Yes 

Go to next 

instruction 

foliowing DSPA 

instruction 

Yes 

Load effective 

address into PC 
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DSZ 
Decrement and Skip if Zero 

DSZ [@}displacement[,index} 

DISPLACEMENT 
o 1 2 3 4 5 6 7 6 15 

Decrements the addressed word; skips if the decremented 
value is O. 

Computes the effective address (E). Decrements by one 
the word addressed by E and writes the result into that 
location. If the updated value of the location is 0, the 
instruction skips the next sequential word. 

EDSZ 
Extended Decrement and Skip if Zero 

EDSZ [@}displacement[,index} 

11 I 0 I 0 11 11 11 IIN~EX I 0 I 0 11 11 11 I 0 I 0 I 0 I 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISPLACEMENT 
16 17 31 

Decrements the addressed word; skips if the decremented 
value is O. 

Computes the effective address (E). Decrements by one 
the contents of the location addressed by E and writes 
the result into memory at the same address. If the updated 
value of the word is 0, the instruction skips the next 
sequential word. 

EISZ 
Extended Increment and Skip if Zero 

EISZ [@}displacement[,index} 

11101011101111N~EX 10101111111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISPLACEMENT 
16 17 31 

Increments the addressed word; skips if the incremented 
value is O. 

Computes the effective address (E). Increments by one 
the contents of the location specified by E and writes the 
result into memory at the same address. If the updated 
value of the location is 0, the instruction skips the next 
sequential word. 

EJMP 
Extended Jump 

EJMP [@}displacement[,index} 

16 17 31 

Loads an effective address into the program counter. 

Computes the effective address (E), and places it in the 
program counter. Sequential operation continues with 
the word addressed by the updated value of the program 
counter. 

EJSR 
Extended Jump to Subroutine 

EJSR [@}displacement[,index} 

11 I 0 I 0 I 0 11 11 IIN~EX I 0 I 0 11 11 11 I 0 I 0 I 0 I 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

I @ I DISPLACEMENT I 
16 17 31 

Increments and stores the value of the program counter 
in an accumulator, then places a new address in the 
program counter. 

Computes the effective address (E). Places the address of 
the next sequential instruction (the instruction following 
the EJSR instruction) in AC3 and E in the program 
counter. Sequential operation continues with the word 
addressed by the updated value of the program counter. 

NOTE: The instruction computes E before it places the 
incremented program counter in AC3. 
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ELDA 
Extended Load Accumulator 

ELDA ac{@jdispiacement{,indexj 

16 17 31 

Copies a word from memory to an accumulator. 

Calculates the effective address (E). Places the contents 
of the location addressed by E in the specified accumula
tor. The contents of the location addressed by E remain 
unchanged. 
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ELDB 
Extended Load Byte 

ELDB ac,dispiacement{,indexj 

1 1 1 0 1 0 1 A,C 11 IIN~EX 1 0 11 11 11 11 1 0 1 0 I 0 I 
o 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 

16 31 

Copies a byte from memory into an accumulator. 

Forms a byte pointer from the displacement in the 
following way: shifts the I6-bit number contained in the 
displacement field to the right one bit, producing a IS-bit 
address and a I-bit byte indicator. Uses the value of the 
index bits to determine an offset value. Adds the offset 
value to the IS-bit address produced from the displace
ment to give a memory address. The byte indicator 
design a tes which byte of the addressed word will be loaded 
into bits 8-15 of the specified accumulator. The instruc
tion sets bits 0-7 of the specified accumulator to O. 

The instruction destroys the previous contents of the 
specified accumulator, but it does not alter either the 
index value or the displacement. 

The argument index selects the source of the index value. 
Its values can range from 0 to 3. The following list gives 
the meaning of each value. 

Index Bits Index Value 

o 0 0 

o 1 Address of the displacement field (word 2 of this 
instruction) 

1 0 Contents of AC2 

1 1 Contents of AC3 

Example 

ELDB 1,740 

Places the low byte of location 0007408 into ACI. The 
parameters of the operation follow. 

Parameter 

Location 

00007408 

AC1 

Before After 

0167538 0167538 

0000008 0003538 



ELEF 
Extended Load Effective Address 

ELEF ac!@]displacement!,index] 

16 17 31 

Places an effective address in an accumulator. 

Computes the 15-bit effective address and places it in 
bits 1-15 of the specified accumulator. Sets bit 0 of the 
accumulator to O. 

Examples 

ELEF O,TABLE 

Places the address of TABLE in ACO. The parameters of 
the operation follow. 

Parameter 

ACO 

ELEF 1,-55,3 

Before 

Unknown 

After 

Logical address 
01 TABLE 

Subtracts 0000558 from the unsigned integer in AC3 and 
places the result in AC1. The parameters of the operation 
follow. 

Parameter 

ELEF 

AC1 
AC3 

0,.+0 

Before 

Unknown 

0001766 

After 

0001218 

0001768 

Places the address of this ELEF instruction in ACO. The 
parameters of the operation follow. 

Parameter Before 

ACO Unknown 

After 

Logical address 
01 this ELEF 
instruction 

ESTA 
Extended Store Accumulator 

ESTA ac!@]displacement!,index] 

11 11 I 0 I AC 11 IIN~EX I 0 I 0 11 11 11 I 0 I 0 I 0 I @ I 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 
16 31 

Stores the contents of an accumulator in memory. 

Calculates the effective address (E). Places the contents 
of the specified accumulator in the word addressed by E. 
The previous contents of the location addressed by E are 
lost. The contents of the specified accumulator remain 
unchanged. 

Example 

ESTA 1,1123 

Stores the contents of AC1 in location 0011238. The 
parameters of the operation follow. 

Parameter 

AC1 
Location 
0011238 

Before 

010101 8 

Unknown 

After 

010101 8 
0101018 
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ESTD 
Extended Store Byte 

ESTB ac,displacement [,index j 

DISPLACEMENT 

16 31 

Stores in memory the byte contained in an accumulator. 

Forms a byte pointer from the displacement as follows: 
shifts the 16-bit number contained in the displacement 
field to the right one bit, producing a 15-bit address and 
a I-bit byte indicator. Uses the value of the index bits to 
determine an offset value. Adds the offset value to the 
15-bit address produced from the displacement field to 
give a memory address. The byte indicator determines 
which byte of the addressed location will receive bits 
8-15 of the specified accumulator. 

The argument index selects the source of the index value. 
Its values can range from 0 to 3. The following list gives 
the meaning of each value. 

Index Bits Index Value 

o 0 0 

o 1 Address of the displacement field 
(word 2 of this instruction) 

1 0 Contents of AC2 

1 1 Contents of AC3 
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FAD 
Absolute Value 

FAB jpac 

11 11 I 0 I FP~C 11 11 I 0 I 0 I 0 11 I 0 11 I 0 I 0 I 0 I 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Forms the absolute value of the signed number in a 
floating-point accumulator (FPAC). 

Sets the sign bit of the specified FPAC to o. Sets the 
exponent to 0 if the mantissa is 0; otherwise, leaves bits 
1-63 of the FPAC unchanged. Updates the Zero (Z) and 
Negative (N) flags in the floating-point status register to 
reflect the new contents of the FPAC. 

FAD 
Add Double (FPAC to FPAC) 

FAD jacs/acd 

11 I FAICS I FAlCO I 0 I 0 I 0 I 0 11 11 I 0 11 I 0 I 0 I 0 I 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Adds two 64-bit floating-point numbers that reside in 
floating-point accumulators (FACD, FACS); normalizes 
the result. 

Adds the 64-bit floating-point number in F ACS to the 
64-bit floating-point number in FACD. Places the nor
malized result in FACD. Leaves the contents of FACS 
unchanged and updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of FACD. 



FAMD 
Add Double (Memory to FPAC) 

FAMD !pac[@}displacement[,index} 

1 IIN~EX 1 FP~C 1 0 1 1 0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 @ 1 DISPLACEMENT 1 
16 17 31 

Adds one 64-bit floating-point number in memory to 
another 64-bit floating-point number in a floating-point 
accumulator (FPAC) and normalizes the result. 

Computes the effective address (E). Uses E to address a 
double-precision (four-word) operand. Adds this 64-bit 
floating-point number to the 64-bit floating-point number 
in the specified FPAC. Places the normalized result in 
the specified FPAC. Leaves the contents of the source 
location unchanged and updates the Zero (Z) and Nega
tive (N) flags in the floating-point status register to reflect 
the new contents of the FPAC. 

FAMS 
Add Single (Memory to FPAC) 

FAMS !pac[@}displacement[,index} 

11 IIN~EX 1 FP,AC 1 0 11 1 0 1 0 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 3 4 5 6 8 9 10 11 12 13 14 15 

1 @ 1 DISPLACEMENT 

16 17 31 

Adds one 32-bit floating-point number in memory to 
another 32-bit floating-point number in a floating-point 
accumulator (FPAC) and normalizes the result. 

Computes the effective address (E). Uses E to address a 
single-precision (double-word) operand. Adds this 32-bit 
floating-point number to the floating-point number in 
bits 0-31 of the specified FPAC. Places the normalized 
result in the specified FPAC. Leaves the contents of the 
source location unchanged and updates the Zero (Z) and 
Negative (N) flags in the floating-point status register to 
reflect the new contents of the FPAC. Sets bits 32-63 of 
FPAC to O. 

FAS 
Add Single (FPAC to FPAC) 

F AS !acs,facd 

11 1 FA,CS 1 FA,CD 1 0 f 0 1 0 1 0 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Adds two 32-bit floating-point numbers that reside in 
floating-point accumulators (FACS, FACD); normalizes 
the result. 

Adds the 32-bit floating-point number in bits 0-31 of 
FACS to the 32-bit floating-point number in bits 0-31 of 
FACD. Places the normalized result in FACD. Leaves 
the contents of F ACS unchanged. Sets bits 32-63 of 
FACD to 0 and updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of F ACD. 
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FCLE 
Clear Errors 

111110111011111011111110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sets bits 0-4 of the floating-point status register (FPSR) 
to O. 

NOTES: The 110 Reset (fORST) instruction also sets 
these bits to o. 

FCMP 
Compare Floating-Point 

FCMP jacs,facd 

11 1 FA,CS 1 FA,CO 11 11 11 1 0 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Compares two 64-bit floating-point numbers that reside 
in floating-point accumulators (FACS, FACD). 

Algebraically compares the floating-point numbers in 
F ACS and F ACD to each other. Updates the Zero (Z) 
and Negative (N) flags in the floating-point status register 
to reflect the result. The contents of FACS and F ACD 
remain unchanged. The following list gives the results of 
the comparison and the corresponding flag settings. 

z 

o 
o 

N Result 

o FACS=FACD 

FACS>FACD 

o FACS<FACD 

NOTE: Unnormalized operands give unspecified results. 
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FDD 
Divide Double (FPAC by FPAC) 

FDD jacs,facd 

11 1 FA,CS 1 FA,CD 1 0 1 0 11 11 11 11 1 0 11 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 8 9 10 11 12 13 14 15 

Divides a 64-bit floating-point numbers in a floating-point 
accumulator (FPAC) by a 64-bit floating-point number 
in another FPAC; normalizes the result. 

Divides the 64-bit floating-point number in FACD by the 
64-bit floating-point number in FACS. Places the normal
ized results in FACD. Destroys the previous contents of 
F ACD. Leaves the contents of F ACS unchanged and 
updates the Zero (Z) and Negative (N) flags in the 
floating-point status register to reflect the new contents 
of FA CD. 

FDMD 
Divide Double (FPAC by Memory) 

FDMD jpac!@]displacement!,index] 

o 1 2 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 1 

16 17 31 

Divides a 64-bit floating-point number in a floating-point 
accumulator (FPAC) by a 64-bit floating-point number 
in memory and normalizes the result. 

Computes the effective address (E). Uses E to address a 
double-precision (four-word) operand. Divides the 64-bit 
floating-point number in the specified FPAC by this 
64-bit floating-point number. Places the normalized result 
in the specified FPAC. Leaves the contents of the source 
location unchanged and updates the Zero (Z) and Nega
tive (N) flags in the floating-point status register to reflect 
the new contents of the FPAC. 



FDMS 
Divide Single (FPAC by Memory) 

FDMS jpac!@}displacement!,index} 

11 IIN~EX 1 FP~C 1 0 11 11 11 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 3 4 5 6 B 9 10 11 12 13 14 15 

DISPLACEMENT 

16 17 31 

Divides a 32-bit floating-point number in a floating-point 
accumulator (FPAC) by a 32-bit floating-point number 
in memory and normalizes the result. 

Computes the effective address (E). Uses E to address a 
single-precision (double-word) operand. Divides the 
floating-point number in bits 0-31 of the specified FPAC 
by this 32-bit floating-point number. Places the normal
ized result in the specified FPAC. Leaves the contents of 
the source location unchanged and updates the Zero (Z) 
and Negative (N) flags in the floating-point status register 
to reflect the new contents of the FPAC. Sets bits 32-63 
of FACD to O. 

FDS 
Divide Single (FPAC by FPAC) 

FDS jacs,facd 

11 1 FA,CS 1 FA,CD 1 0 1 0 11 11 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 3 4 5 6 7 B 9 10 11 12 13 14 15 

Divides a 32-bit floating-point number in a floating-point 
accumulator (FPAC) by a 32-bit floating-point number 
in another FPAC; normalizes the result. 

Divides the floating-point number in bits 0-31 of FACD 
by the floating-point number in bits 0-31 of FACS. Places 
the normalized result in FACD. Destroys the previous 
contents of FACD. Leaves the contents of FACS un
changed and updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of FACD. Sets bits 32-63 of FACD to O. 

FEXP 
Load Exponent 

FEXP jpac 

1 1 1 0 11 1 FP,AC 11 11 1 0 1 0 11 11 1 0 11 1 0 1 0 1 0 1 
o 1 2 3 4 6 7 B 9 10 11 12 13 14 15 

Loads an exponent into a floating-point accumulator 
(FPAC). 

Places bits 1-7 of ACO in bits 1-7 of the specified FPAC. 
Ignores bits 0 and 8-15 of ACO. Leaves bits 0 and 8-63 of 
FPAC and the contents of ACO unchanged. Sets bits 0-7 
(sign and exponent) to 0 if bits 8-63 (mantissa) of FPAC 
are O. If FPAC contains true zero, the instruction does 
not load bits 1-7 of the FPAC. 
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FFAS 
Fix to AC 

FFAS ac,fpac 

Converts the integer portion of a 64-bit floating-point 
number in a floating-point accumulator (FPAC) into a 
signed two's complement integer. 

Forms the absolute value of the integer portion of the 
floating-point number in the specified FPAC. Extracts 
the 15 least significant bits from this value and, if the 
number in FPAC is negative, forms the two's complement 
of the integer. Places the result in the specified accumula
tor and sets the Zero (Z) and Negative (N) flags in the 
floating-point status register to O. The contents of the 
FPAC remain unchanged. 

If the number in FPAC is less than -32,768 or greater 
than + 32,767, this instruction sets the Mantissa Overflow 
(MOF) flag in the floating-point status register to 1. 

NOTE: If the least significant 15 bits of the integer 
formed from the number in the FP AC are all 0, the sign 
bit of the result will be 0, regardless of the sign of the 
original number, unless the number is equal to - 32,768. 
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FFMD 
Fix to Memory 

FFMD !pac!@]displacement!,index] 

11 IIN~EX I FP~C 11 I 0 11 11 11 11 I 0 11 I 0 I 0 I 0 I 
o 1 2 3 4 5 6 B 9 10 11 12 13 14 15 

I @ I DISPLACEMENT I 
16 17 31 

Converts the integer portion of a floating-point number 
in a floating-point accumulator (FPAC) into a signed 
two's complement integer; stores the result in memory. 

Forms the absolute value of the integer portion of the 
floating-point number in the specified FPAC. Extracts 
the 31 least significant bits from this value and, if the 
number in FPAC is negative, forms the two's complement 
of the integer. Then calculates the effective address (E) 
and stores the result in the memory locations addressed 
by E. Sets the Zero (Z) and Negative (N) flags in the 
floating-point status register to O. The contents of the 
FPAC remain unchanged. 

If the number in FPAC is less than -2,147,483,648 or 
greater than +2,147,483,647 this instruction sets the 
Mantissa Overflow (MOF) flag in the floating-point 
status register to 1. 

NOTE: If the least significant 31 bits of the integer 
formed from the number in the FP AC are all 0, the sign 
bit of the result will be 0, regardless of the sign of the 
original number, unless the number is equal to 
- 2,147,483,648. 



FHLV 
Halve 

FHLV jpac 

Divides a 64-bit floating-point number in a floating-point 
accumulator (FPAC) by 2 and normalizes the result. 

Shifts the mantissa contained in the specified FPAC to 
the right one bit position. Fills the vacated bit position 
with a zero and places the bit shifted out in the guard 
digit. Normalizes the number and places the result in the 
FPAC. Updates the Zero (Z) and Negative (N) flags in 
the floating-point status register to reflect the new 
contents of the FPAC. 

If underflow occurs, sets the Exponent Underflow (UNF) 
flag in the floating-point status register to 1. In this case, 
the mantissa and sign in the FPAC are correct, but the 
exponent is 128 too large. 

FINT 
Integerize 

FINT jpac 

Converts a 64-bit floating-point number in a floating
point accumulator (F APC) into an integer and normalizes 
the result. 

Zeros the fractional portion (if any) of the number 
contained in the specified FPAC. Normalizes the result. 
Updates the Zero (Z) and Negative (N) flags in the 
floating-point status register to reflect the new contents 
of the specified FPAC. 

NOTE: If the absolute value of the number contained in 
the specified FP AC is less than I, the specified FP AC is 
set to true zero. 

FLAS 
Float From AC 

FLAS acjpac 

Converts a two's complement ranging from -32,768 to 
+ 32,767, inclusive, to floating-point format. 

Converts the signed two's complement contained in the 
specified accumulator to a single-precision floating-point 
number. Places the result in the most significant 32 bits 
of the specified FPAC. Sets the least significant 32 bits 
of the FPAC to O. Updates the Zero (Z) and Negative 
(N) flags in the floating-point status register to reflect 
the new contents of the FPAC. The contents of the 
specified accumulator remain unchanged. 

FLDD 
Load Floating-Point Double 

FLDD jpac[@}displacement[.index} 

11 IIN~EX I FP,AC 11 I 0 I 0 I 0 11 11 I 0 11 I 0 I 0 I 0 I 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISPLACEMENT I 
16 17 31 

Moves four words out of memory and into a floating-point 
accumulator (FPAC). 

Computes the effective address (E). Fetches the double
precision floating-point number at the address specified 
by E and places it in the specified FPAC. Sets the sign 
and exponent to 0 if the mantissa is O. Updates the Zero 
(Z) and Negative (N) flags in the floating-point status 
register to reflect the new contents of the FPAC. 
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FLDS 
Load Floating-Point Single 

FLDS jpac!@jdisplacement!,indexj 

16 17 31 

Moves two words out of memory into a floating-point 
accumulator (FPAC). 

Computes the effective address (E). Fetches the single
precision floating-point number at the address specified 
by E. Places the number in the FPAC. Sets the sign and 
exponent to 0 if the mantissa is O. Updates the Zero (Z) 
and Negative (N) flags in the floating-point status register 
to reflect the new contents of the FPAC. 

FLMD 
Float From Memory 

FLMD jpac!@jdisplacement!,indexj 

11 IIN~EX I FP~C 11 I 0 11 I 0 11 11 I 0 11 I 0 I 0 I 0 I 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 
18 17 31 

Converts the contents of memory locations into floating
point format. 

Computes the effective address (E). Converts the 32-bit 
signed two's complement addressed by E to a double
precision floating-point number. Places the result in the 
specified FPAC. Updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of the FPAC. 

The range of numbers you can convert is - 2,147,483,648 
to + 2, 147,483,64 7, inclusive. 
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FLST 
Load Floating-Point Status 

FLST !@jdisplacement!,indexj 

DISPLACEMENT 
16 17 31 

Moves two words out of memory into the floating-point 
status register (FPSR). 

Computes the effective address (E). Places the 32-bit 
operand addressed by E in the FPSR and sets the 
condition codes to the values of the loaded bits. 

NOTE: Bits 12-15 of the FPSR are not set from memory. 
These bits are the floating-point identification code and 
cannot be changed. For the specific code, refer to the 
assembly language programming manual for the 
particular computer. 

FMD 
Multiply Double (FPAC by FPAC) 

FMD jacs,facd 

11 I FA~S I FA~D I 0 I 0 11 I 0 11 11 I 0 11 I 0 I 0 I 0 I 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Multiplies two 64-bit floating-point numbers, both of 
which reside in floating-point accumulators, and normal
izes the result. 

Multiplies the 64-bit floating-point number in F ACD by 
the 64-bit floating-point number in F ACS. Places the 
normalized result in FACD. Leaves the contents of FACS 
unchanged and updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of FACD. 



FMMD 
Multiply Double (FPAC by Memory) 

FMMD jpac[@]displacement[,index] 

11 1 INDEX 
o 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 
16 17 31 

Multiplies one 64-bit floating-point number in a floating
point accumulator (FPAC) by another 64-bit floating
point number in memory and normalizes the result. 

Computes the effective address (E). Uses E to address a 
double-precision (four-word) operand. Multiplies this 
64-bit floating-point number by the 64-bit floating-point 
number in the specified FPAC. Places the normalized 
result in the specified FPAC. Leaves the contents of the 
source location unchanged and updates the Zero (Z) and 
Negative(N) flags in the floating-point status register to 
reflect the new contents of the FPAC. 

FMMS 
Multiply Single (FPAC by Memory) 

FMMS jpac[@]disp/acement[,index] 

111IN~EXIFP,AClolllolollollololol 
o 1 2 3 4 5 6 8 9 10 11 12 13 14 15 

DISPLACEMENT 
16 17 31 

Multiplies a 32-bit floating-point number in a floating
point accumulator by a 32-bit floating-point number in 
memory and normalizes the result. 

Computes the effective address (E). Uses E to address a 
single-precision (double-word) operand. Multiplies this 
32-bit floating-point number by the floating-point number 
in the specified FPAC. Places the normalized result in 
the specified FPAC. Leaves the contents of the source 
location unchanged and updates the Zero (Z) and Nega
tive (N) flags in the floating-point status register to reflect 
the new contents of the FPAC. 

FMOV 
Move Floating-Point 

FMOV jacs,facd 

I 1 FA,CS I FA,CO 1 1 1 1 0 1 1 1 0 1 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 8 9 10 11 12 13 14 15 

Moves the 64-bit contents of one floating-point accumula
tor into another. 

Places the contents of F ACS in F ACD. Sets the sign and 
exponent to 0 in FACD if the mantissa in F ACS is O. 
Updates the Zero (Z) and Negative (N) flags in the 
floating-point status register to reflect the new contents 
of F ACD. The contents of F ACS remain unchanged. 

NOTE: This instruction will move unnormalized data 
without change, but the Z and N flags will be undefined. 

FMS 
Multiply Single (FPAC by FPAC) 

FMS jacs,facd 

11 1 FA,CS 1 FA,CO 1 0 1 0 11 1 0 1 0 11 1 0 11 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 8 9 10 11 12 13 14 15 

Multiplies two 32-bit floating-point numbers that reside 
in floating-point accumulators; normalizes the result. 

Multiplies the 32-bit floating-point number in FACS by 
the 32-bit floating-point number in FACD. Places the 
normalized result in FACD. Leaves the contents of F ACS 
unchanged. Updates the Zero (Z) and Negative (N) 
flags in the floating-point status register to reflect the 
new contents of F ACD. 

Instruction Dictionary 81 



FNEG 
Negate 

FNEG jpac 

Changes the sign bit of a 64-bit number in a floating-point 
accumulator (FPAC). 

Inverts bit 0 (sign bit) of the specified FPAC and leaves 
bits 1-63 of the FPAC unchanged. Sets the sign and 
exponent to 0 if the mantissa is O. Updates the Zero (Z) 
and Negative (N) flags in the floating-point status register 
to reflect the new contents of the FPAC. 

If the FPAC contains true zero, leaves the sign (bit 0) 
unchanged. 

FNOM 
Normalize 

FNOM jpac 

Normalizes the floating-point number in a floating-point 
accumulator (FPAC). 

Sets a true zero in the specified FPAC if all the bits of 
the mantissa are zero. Updates the Zero (Z) and Negative 
(N) flags in the floating-point status register to reflect 
the new contents of the FPAC. 

If an exponent underflow occurs, sets the Exponent 
Underflow (UNF) flag in the floating-point status regis
ter. In this case, the mantissa and the sign of the number 
in the FPAC are correct, but the exponent is 128 too 
large. 

FNS 
No Skip 

111010101011111011101110111010101 
o 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

Executes the next sequential word. 
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FPOP 
Pop Floating-Point State 

111111101111111011111110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Pops the state of the floating-point processor off the stack. 

Pops an 18-word return block off the stack and loads the 
contents into the floating-point status register (FPSR) 
and the four floating-point accumulators (FPACs). The 
format of the I8-word block is shown in Figure 8.3. 

NOTES: Because of the potentially long time required 
to perform some floating-point instructions in relation 
to I/O interrupt requests, these instructions are 
interruptible. Because the F A CD, stack pointer, and 
program counter are not updated until the completion of 
these instructions, any interrupt service routines that 
return control to the interrupted program via the 
program counter stored in location 0 will correctly restart 
these instructions 

Stack Pointer /.. ~ 
after FPOP --. ~ - I.; 

1 ~---Bi-ts-O--1-5--~~1.; FPSR 
Bits 16-31 I.; 

FACO 
{ 

--------1--. 
1--------"" 
1----------

:~~elr::~e~ FAC1 { r----------~ __________ i,... 

1-_______ 1--' 

L,.. 

FAC2 
{ 

-------- '" 

--------1.-I-----___ i,..-
"" 

'''3 { 
Stack Pointer 

_______ i.---

-------~ .. _______ k 

before FPOP -+- - _-_ -.". 

Figure 8.3 Format of 18-word return block 
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FPSH 
Push Floating-Point State 

111111101011111011111110111010101 
o 2 3 4 5 B 7 B 9 10 11 12 13 14 15 

Pushes the state of the floating-point processor on the 
stack. 

Pushes an IS-word floating-point return block onto the 
stack, leaving the contents ofthe floating-point accumula
tors and the floating-point status register (FPSR) un
changed. The format of the IS words pushed is illustrated 
in Figure S.4. 

Stack Pointer _ ~_ ---,. 

before FPSH ~ ~ ~ 

1 Bits 0-15 ~ 
FPSR 

Bits 16-31 

.. w{ 

~~~elr::~:~ FAC1 { 

_______ 1-' 

------_1.' 
-------~, 

L...o 

~------ ' 
I--_____ ~. 

-------, 
t....o 

f -------1.' 
FAC2 >-------

L ~------ ~ 

{ ~------.' 
Stack P:::: == == = = I~ 
after FPSH ~ _______ ... 1 .... 

DG·OO604 

Figure 8.4 Format of 18-word return block pushed on stack 

FRH 
Read High Word 

FRH jpac 

Moves the most significant 16 bits from a floating-point 
accumulator (FPAC) to an accumulator. 

Places the most significant 16 bits of the specified FPAC 
in ACO. The FPAC and the floating-point status register 
remain unchanged. 

FSA 
Skip Always 

Skips the next sequential word. 
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FSCAL 
Scale 

FSCAL jpac 

Shifts the mantissa of the 64-bit floating-point number in 
a floating-pont accumulator (FPAC) and replaces its 
exponent. 

Subtracts the exponent in bits 1-7 of the specified FPAC 
from the exponent in bits 1-7 of ACO. The difference 
between the exponents specifies D, a number of hex digits. 

If D is 0, the instruction stops. 

If D is positive, the instruction shifts the mantissa of the 
number contained in the FPAC to the right by D digits. 

If D is negative, the instruction shifts the mantissa of the 
number contained in the FPAC to the left by D digits. 
Sets the Mantissa Overflow (MOF) flag to 1 in the 
floating-point status register. 

After the shift, the instruction loads the contents of bits 
1-7 of ACO into the exponent field of the FPAC. Bits 
shifted out of either end of the mantissa are lost. If the 
entire mantissa is shifted out of the FPAC, the instruction 
sets the FPAC to true zero. The instruction updates the 
Zero (Z) and Negative (N) flags in the floating-point 
status register to reflect the new contents of the FPAC. 
ACO remains unchanged. 

FSD 
Subtract Double (FPAC From FPAC) 

FSD jacs,facd 

11 1 FAICS 1 FAlCO 1 0 1 0 1 0 11 11 11 1 0 11 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

Subtracts a 64-bit floating-point number in a floating
point accumulator (FPAC) from a 64-bit floating-point 
number in another FPAC; normalizes the result. 

Subtracts the 64-bit floating-point number in FACS from 
the 64-bit floating-point number in F ACD. Places the 
normalized result in FACD. Updates the Zero (Z) and 
Negative (N) flags in the floating-point status register to 
reflect the new contents of F ACD. The contents of F ACS 
remain unchanged. 
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FSEQ 
Skip on Zero 

Skips the next sequential word if the Zero (Z) flag of the 
floating-point status register is 1. 

FSGE 
Skip on Greater Than or Equal To Zero 

Skips the next sequential word if the Negative (N) flag 
of the floating-point status register is O. 

FSGT 
Skip on Greater Than Zero 

Skips the next sequential word if both the Zero (Z) and 
Negative (N) flags of the floating-point status register 
are O. 

FSLE 
Skip on Less Than or Equal To Zero 

Skips the next sequential word if either the Zero (Z) or 
Negative (N) flag of the floating-point status register is 
1. 

FSLT 
Skip on Less Than Zero 

111011101011111011101110111010101 
o 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

Skips the next sequential word if the Negative (N) flag 
of the floating-point status register is 1. 



FSMD 
Subtract Double (Memory From FPAC) 

FSMD jpac[@}displacement[,index} 

11 IIN~EX 1 FP~C 1 0 11 1 0 11 11 11 1 0 11 1 0 1 0 1 0 1 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 @ 1 DISPLACEMENT 1 
16 17 31 

Subtracts a 64-bit floating-point number in memory from 
a 64-bit floating-point number in a floating-point accumu
lator (FPAC) and normalizes the result. 

Computes the effective address (E). Uses E to address a 
double-precision (four-word) operand. Subtracts this 
64-bit floating-point number from the 64-bit floating
point number in the specified FPAC. Places the normal
ized result in the specified FPAC. Leaves the contents of 
the source location unchanged and updates the Zero (Z) 
and Negative (N) flags in the floating-point status register 
to reflect the new contents of the FPAC. 

FSMS 
Subtract Single (Memory From FPAC) 

FSMS jpac[@}displacement[,index} 

INDEX 1 FP~C 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISPLACEMENT 

16 17 31 

Subtracts a 32-bit floating-point number in memory from 
a 32-bit floating-point number in a floating-point accumu
lator (FPAC) and normalizes the result. 

Computes the effective address (E). Uses E to address a 
single-precision (double-word) operand. Subtracts this 
32-bit floating-point number from the floating-point 
number in the specified FPAC. Places the normalized 
result in the specified FPAC. Leaves the contents of the 
source location unchanged and updates the Zero (Z) and 
Negative (N) flags in the floating-point status register to 
reflect the new contents of the FPAC. 

FSND 
Skip on No Zero Divide 

111110101111111011101110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Skips the next sequential word if the Divide by Zero 
(DVZ) flag of the floating-point status register is O. 

FSNE 
Skip on Nonzero 

Skips the next sequential word if the Zero (Z) flag of the 
floating-point status register is O. 

FSNER 
Skip on No Error 

111111111111111011101110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Skips the next sequential word if bits 1-4 of the floating
point status register are all O. 

FSNM 
Skip on No Mantissa Overflow 

Skips the next sequential word if the Mantissa Overflow 
(MOF) flag of the floating-point status register is O. 

FSNO 
Skip on No Overflow 

111111101011111011101110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Skips the next sequential word if the Exponent Overflow 
(OVF) flag of the floating-point status register is O. 
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FSNOD 
Skip on No Overflow and No Zero Divide 

Skips the next sequential word if both the Exponent 
Overflow (OVF) flag and the Divide By Zero (DVZ) 
flag of the floating-point status register are o. 

FSNU 
Skip on No Underflow 

1'1'101'101'1'101'101'101'1010101 
o 2 3 4 5 6 7 8 9 '0 " '2 '3 '4 '5 

Skips the next sequential word if the Exponent Underflow 
flag (UNF) of the floating-point status register is O. 

FSNUD 
Skip on No Underflow and No Zero Divide 

1'1'101'1'1'1'101'101'101'1010101 
o 2 3 4 5 6 8 9 '0 " '2 '3 '4 '5 

Skips the next sequential word if both the Exponent 
Underflow (UNF) flag and the Divide by Zero (DVZ) 
flag of the floating-point status register are o. 

FSNUO 
Skip on No Underflow and No Overflow 

1'1'1' 1'1 01'1'1 01'1 01'1 0 1'1 0 I 0 I 0 I 
o 2 3 4 5 6 7 8 9 '0 " '2 '3 '4 '5 

Skips the next sequential word if both the Exponent 
Underflow (UNF) flag and the Exponent Overflow 
(OVF) flag of the floating-point status register are o. 
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FSS 
Subtract Single (FPAC from FPAC) 

FSS Jacs,facd 

o 2 3 456 8 9 '0 " '2 '3 '4 '5 

Subtracts a 32-bit floating-point number in a floating
point accumulator (FPAC) from a 32-bit floating-point 
number in another FPAC; normalizes the results. 

Subtracts the 32-bit floating-point number in F ACS from 
the 32-bit floating-point number in F ACD. Places the 
normalized result in FACD. Updates the Zero (Z) and 
Negative (N) flags in the floating-point status register to 
reflect the new contents of F ACD. The contents of F ACS 
remain unchanged. 

FSST 
Store Floating-Point Status 

FSST [@]displacement[,index] 

o 3 4 5 6 8 9 10 " '2 '3 '4 '5 

DISPLACEMENT 

'6 17 3' 

Moves the contents of the floating-point status register 
(FPSR) to memory. 

Computes the effective address (E) of two sequential 
16-bit locations in memory. Stores the contents of the 
FPSR in these locations. 



FSTD 
Store Floating-Point Double 

FSTD !pac[@]displacement[,index] 

I' IIN~EX 1 FP~C I' 1 0 1 0 I' I' I' 1 0 I' 1 0 1 0 1 0 1 
o , 2 3 4 5 6 7 6 9 '0 " '2 '3 '4 '5 

1 @ 1 DISPLACEMENT 1 

'6 17 3' 

Stores the 64-bit contents of a floating-point accumulator 
(FPAC) in memory. 

Computes the effective address (E). Places the floating
point number contained in the specified FPAC in memory 
beginning at the location addressed by E. Destroys the 
previous contents of the addressed memory location. The 
contents of the FPAC and the condition codes in the 
FPSR remain unchanged. 

FSTS 
Store Floating-Point Single 

FSTS !pac[@]displacement[,index] 

I' IIN~EX 1 FP~C I' 1 0 1 0 I' 1 0 I' 1 0 I' 1 0 1 0 1 0 1 
o 2 3 4 5 6 7 8 9 '0 " '2 '3 '4 '5 

DISPLACEMENT 
'6 17 3' 

Stores 32 bits of a floating-point accumulator (FPAC) in 
memory. 

Computes the effective address (E). Places the 32 most 
significant bits of the specified FPAC in memory begin
ning at the location addressed by E. Destroys the previous 
contents of the addressed memory location. The contents 
of the FPAC and the condition codes in the FPSR remain 
unchanged. 

FTD 
Trap Disable 

1'1'10101'1'1'101'1'1'101'1010101 
o 2 3 4 5 6 7 8 9 '0 " '2 '3 '4 '5 

Disables traps on floating-point faults. 

Sets the Trap Enable (TE) bit of the floating-point status 
register to O. 

NOTE: The 1/0 Reset (fORST) instruction also sets 
this bit to O. 

FTE 
Trap Enable 

Enables traps on floating-point faults. 

Sets the Trap Enable (TE) bit of the floating-point status 
register (FPSR) to 1. 

NOTES: When this instruction is used to cause a 
floating-point trap. the floating-point program counter 
field (FPPC) of the FPSR contains the address of the 
instruction to cause a fault. 

When a floating-point fault occurs and the TE flag is I. 
the processor sets the TE flag to 0 before transferring 
control to the floating-point fault handler. The fault 
handler should set the TE flag to 1 before normal 
processing is resumed. 
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HALT 
Halt 
DOC!f} ac,CPU 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Stops program execution. 

The DOC mnemonic sets the Interrupt On (ION) flag 
according to the function specified by f and then stops the 
processor. You must specify an accumulator with this 
mnemonic, even though its contents are ignored. 

DGC assemblers recognize the HALT mnemonic as 
equivalent to DOC 0, CPU. 
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HLV 
Halve 

HLV ac 

Divides the contents of an accumulator by 2 and rounds 
the result toward O. 

Divides the signed, 16-bit two's complement in the 
specified accumulator by 2. Rounds the result toward 0 
and stores it in the specified accumulator. 

Examples 

HLV 0 

Divides the contents of ACO by 2. The parameters of the 
operation follow. 

Parameter Before After 

ACO 0045238 002251 8 

HLV 

Divides the contents of AC1 by 2. The parameters of the 
operation follow. 

Parameter Before After 

AC1 1777768 1777778 



HXL 
Hex Shift Left 

HXL n,ac 

Logically shifts the contents of an accumulator left 1 to 4 
hex digits. 

Shifts the contents of the specified accumulator a number 
of hex digits to the left. The number of digits shifted 
depends on the immediate field N and equals N + 1. Bits 
shifted out are lost, and the bit positions vacated are 
filled with zeros. If N equals 3, then all the bits in the 
specified accumulator are shifted out and set to O. 

NOTE: DGC assemblers subtract one from the coded 
value of n before placing it in the immediate field. 
Therefore, you should code the exact number of hex 
digits you want shifted. 

Example 

HXL 2,1 

Shifts the number in ACl left 2 hex digits. The parame
ters of the operation follow. 

Parameter Before After 

AC1 0045238 0514008 

HXR 
Hex Shift Right 

HXR n,ac 

Logically shifts the contents of an accumulator 1 to 4 hex 
digits right. 

Shifts the contents of the specified accumulator a number 
of hex digits to the right. The number of digits shifted 
depends on the immediate field N and equals N + 1. Bits 
shifted out are lost, and the bit positions vacated are 
filled with zeros. If N equals 3, then all bits in the 
specified accumulator are shifted out and set to O. 

NOTE: DGC assemblers subtract one from the coded 
value of n before placing it in the immediate field. 
Therefore, you should code the exact number of hex 
digits you want shifted. 

Example 

HXR 2,1 

Shifts the number in ACl right 2 hex digits. The 
parameters of the operation follow. 

Parameter Before After 

AC1 0045238 0000118 
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INC 
Increment 
INC(c] (sh] (#] acs,acd(,skip] 

Increments the contents of an accumulator. 

Initializes carry to the specified value. Increments the 
unsigned, 16-bit number in ACS by one and places the 
result in the shifter. If the result of the incrementation 
exceeds 32,768, the instruction complements the carry 
bit. Performs the specified shift operation and loads the 
result of the shift into ACD if the no-load bit is O. If the 
skip condition is true, the next sequential word is skipped. 

Options 

[e] 

The processor determines the effect of carry (e) on the 
old value of Carry before performing the operation 
(opeode). The following table lists the values of e and bits 
10 and 11 and describes the operation. 

Symbol [c] 

Ish] 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 Leaves carry unchanged 

o Initializes carry to 0 

1 0 Initializes carry to 1 

1 1 Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits left or right one bit position, or it can swap 
the two bytes. The following table lists the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol Ish] 

Omitted 

L 

R 

S 

Bits 
8-9 

00 

o 1 

10 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8-bit bytes 
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[#] 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option is useful to test the 
result of the instruction operation without destroying the 
destination accumulator contents. The following table 
lists the values of the no-load option and bit 12 and 
describes the operation. 

Symbol [#] 

Omitted 

# 

Bit 12 

o 

Operation 

Loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You can not combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that the ADC 
instruction cannot end in 10002 or 10012, 

[skip] 

The processor can skip the next instruction if the condition 
test is true. The following table lists the test conditions 
and the values of bits 13-15 and describes the operation. 

Symbol [skip] Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR 100 Skips if the result is 0 

SNR o 1 Skips if the result is not 0 

SEZ 1 0 Skips if either carry or the result 
is 0 

SBN Skips if both carry and the result 
are not 0 

When the instruction skips, it skips the next sequential 
16-bit word. Be certain that a skip does not transfer 
control to the middle of an instruction that is 32-bits 
long. 



INTA 
Interrupt Acknowledge 

INTA ac 
DIBff} ac,CPU 

Places a 6-bit device code in bits 10-15 of the specified 
accumulator. This device code identifies the highest 
priority device currently requesting an interrupt. The 
value of bits 0-9 of the specified accumulator depend on 
the specific computer. 

After the transfer, the DIB mnemonic sets the Interrupt 
On (ION) flag according to the function specified by f 
The INTA mnemonic does not affect the ION flag when 
it places the device code into bits 10-15 of the specified 
accumulator. 

INTDS 
Interrupt Disable 

INTDS 
NIOCCPU 

Disables interrupt facility. 

Sets the Interrupt On (ION) flag to O. 

INTEN 
Interrupt Enable 

INTEN 
NIOSCPU 

101111101010101010111111111111111 
o 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

Enables the interrupt facility. 

Sets the Interrupt On (ION) flag to one. 

If the instruction changes the state of the ION flag, the 
processor allows one more instruction to execute before 
the first I/O interrupt can occur. However, if the instruc
tion is interruptible, then interrupts can occur as soon as 
the instruction begins to execute. 

lOR 
Inclusive OR 

lOR acs,acd 

Inclusively ORs the contents of two accumulators. 

Forms the logical inclusive OR of the contents of ACS 
and the contents of ACD, and places the result in ACD. 
Sets a bit position in the result to 1 if the corresponding 
bit position in one or both operands contains a 1; otherwise, 
the instruction sets the result bit to O. The contents of 
ACS are unchanged. 

Example 

lOR 0,1 

Inclusively ORs the contents of ACO with the contents of 
ACl. The parameters of the operation follow. 

Parameter 

ACO 

AC1 

IORI 

Before 

0022458 

0101338 

Inclusive OR Immediate 

IORI i,ac 

After 

0022458 

0123778 

IMMEDIATE FIELD 

18 31 

Inclusively ORs the contents of an accumulator with a 
number in the instruction. 

Forms the logical inclusive OR of the contents of the 
immediate field and the contents of the specified accumu
lator, and places the result in the specified accumulator. 
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IORST 
I/O Reset 

IORST 
DIC!!} ac,CPU 

o 2 3 4 6 8 9 10 11 12 13 14 15 

Resets the I/O system. 

Sends a reset signal to all devices to clear their states. 
Sets device Busy and Done flags to 0. 

The 10RST mnemonic sets the Interrupt On (ION) flag 
and the l6-bit priority mask to 0. 

DGC assemblers recognize the mnemonic 10RST as 
equivalent to DICC O,CPU. The DIC mnemonic sets the 
ION flag according to the function specified by fand sets 
the 16-bit priority mask to 0. When using this mnemonic, 
you must code an accumulator to avoid an assembly 
error, even though the accumulator is ignored. 

ISZ 
Increment and Skip if Zero 

ISZ !@}displacement!,index} 

DISPLACEMENT 

o 234 5 6 7 8 15 

Increments the addressed word, then skips if the incre
mented value is 0. 

Computes the effective address (E). Increments the word 
addressed by E by 1 and writes the result back into 
memory at the addressed location. If the location's 
updated value is 0, the instruction skips the next sequential 
word. 
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JMP 
Jump 

JMP !@}displacement!,index} 

I 0 I 0 I 0 I 0 I 0 I @ IIN~EX I DISPLACEMENT 

o 2 3 4 5 6 8 15 

Loads an effective address into the program counter. 

Computes the effective address (E) and places it in the 
program counter. Sequential operation continues with 
the word addressed by the updated value of the program 
counter. 

JSR 
Jump to Subroutine 

JSR !@}displacement!,index} 

DISPLACEMENT 

o 1 234 5 6 7 8 15 

Increments and stores the value of the program counter 
in an accumulator and then places a new address in the 
program counter. 

Computes the effective address (E), places the address of 
the next sequential instruction in AC3, and places E in 
the program counter. Sequential operation continues with 
the word addressed by the updated value of the program 
counter. 



LDA 
Load Accumulator 

LDA ac{@}displacement{,index} 

DISPLACEMENT 

o 234 5 6 8 15 

Copies a word from memory to an accumulator. 

Calculates the effective address (E) and places the word 
addressed by E in the specified accumulator. The contents 
of the location addressed by E are unchanged. 

LDB 
Load Byte 

LDB acs,acd 

111 A~S I A~D 11101111111010111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Stores in memory a byte contained in an accumulator. 

Places the 8-bit byte addressed by the byte pointer 
contained in ACS into bits 8-15 of ACD. Sets bits 0-7 of 
ACD to O. The contents of ACS remain unchanged unless 
ACS and ACD are the same accumulator. 

LEF 
Load Effective Address 

LEF ac{@}displacement{.index} 

DISPLACEMENT 

o 234 5 6 7 8 15 

Places an effective address in an accumulator. 

Computes the effective address (E), places It III the 
specified accumulator, and sets bit 0 of the accumulator 
to O. The previous contents of the AC are lost. 

The LEF instruction can be executed only when the user 
address translator is enabled and the LEF flag in the 
address translator's status register is set to 1. In any other 
situation, the processor checks the I/O Validity flag in 
the address translator's status register. If this flag is set 
to 1 or user address translation is disabled, the processor 
executes the LEF instruction as an I/O instruction. 
Otherwise, a protection violation occurs. 

Examples 

LEF O,TABLE 

Places the address of TABLE in ACO. The parameters of 
the operation follow. 

Parameter 

AGO 

LEF 1,-55,3 

Before 

Unknown 

After 

Logical address of 
TABLE 

Subtracts 0000558 from the unsigned integer in AC3 and 
places the result in AC 1. The parameters of the operation 
follow. 

Parameter 

AG1 

AG3 

LEF 0,.+0 

Before 

Unknown 

0001768 

After 

0001218 

0001768 

Places the address of this LEF instruction in ACO. The 
parameters of the operation follow. 

Parameter Before 

AGO Unknown 

After 

Logical address of 
this ELEF 
instruction 
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LMP 
Load User/DC" Map Table 
(Load Map) 

111010111011111110101010111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

In computers with address translation, loads successive 
words from memory into the selected user or data channel 
map table. 

For details, refer to the assembly language programming 
manual for the specific computer. 

LOB 
Locate Lead Bit 

LOB acs,acd 

111 A~S 1 A~D 11101110101010111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Counts the number of most significant zeros in an 
accumulator. 

Adds a number equal to the number of most significant 
zeros in the contents of ACS to the signed, 16-bit, two's 
complement contained in ACD. The contents of ACS 
and carry are unchanged. 

NOTE: If ACS and ACD are specified as to the same 
accumulator, the instruction functions as described 
above, except that the contents of ACS are changed. 

LRB 
Locate and Reset Lead Bit 

LRB acs,acd 

111 A~S I A~D 11101110111010111010101 
o 1 2 3 4 5 6 6 9 10 11 12 13 14 15 

Performs a Locate Lead Bit instruction and sets the lead 
bit to 0. 

Adds a number equal to the number of most significant 
zeros in the contents of ACS to the signed, 16-bit, two's 
complement contained in ACD. Sets the leading 1 in 
ACS to 0. 

NOTE: If ACS and ACD are specified are the same 
accumulator, then the instruction sets the leading 1 in 
that accumulator to 0 and no count is taken. 
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LSH 
Logical Shift 

LSH acs,acd 

Logically shifts the contents of an accumulator left or 
right. 

Shifts the contents of ACD to the left or right, depending 
on the number contained in bits 8-15 of ACS. The signed, 
8-bit two's complement contained in bits 8-15 of ACS 
determines the direction of the shift and the number of 
bits to be shifted. If the number in bits 8-15 of ACS is 
positive, contents shift left; if the number in bits 8-15 of 
ACS is negative, contents shift right. If the number in 
bits 8-15 of ACS is 0, contents do not shift. Bits 0-7 of 
ACS are ignored. 

The number of bits shifted is equal to the magnitude of 
the number in bits 8-15 of ACS. Bits shifted out are lost 
and the bit positions vacated are filled with zeros. Carry 
and the contents of ACS are unchanged. 

NOTE: If the magnitude of the number in bits 8-15 of 
ACS exceeds 15, all bits of ACD are set to O. Carry and 
the contents of ACS remain unchanged. 

Examples 

LSH 0,1 

Shifts the contents of ACl. The two different LSH 0,1 
examples are given below. The first example shifts the 
contents of ACl left one bit. The parameters of the 
operation follow. 

Parameter 

ACO 
AC1 

Before 

0000018 

0123458 

After 

0000018 

0247128 

Shifts the contents of AC 1 right one bit. The parameters 
of the operation follow. 

Parameter 

ACO 
AC1 

Before 

0003778 

0247128 

After 

0003778 

0123458 



MOV 
Move 

MOV[cJ[shJ[#j acs,acd[,skipj 

I I A~S I A~D 10 1 10 1 S,H I ~ 1#1 SKIP I 
o 1 2 3 4 5 6 7 6 9 10 11 12 13 15 

Moves the contents of an accumulator into another 
accumulator. 

Initializes carry to the specified value. Places the contents 
of ACS in the shifter. Performs the specified shift 
operation and loads the result of the shift into ACD if the 
no-load bit is o. If the skip condition is true, the instruction 
skips the next sequential word. 

Options 

{e} 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opeode). The following table lists the values of e and bits 
10 and 11 and describes the operation. 

Symbol [c} 

Ish} 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 Leaves carry unchanged 

o 1 Initializes carry to 0 

o Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits left or right one bit position, or it can swap 
the two bytes. The following table lists the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol [sh} 

Omitted 

L 

R 

S 

Bits 
8-9 

00 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8-bit bytes 

{#} 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option is useful to test the 
result of the instruction operation without destroying the 
destination accumulator's contents. The following table 
lists the values of the no-load option and bit 12 and 
describes the operation. 

Symbol [#} 

Omitted 

# 

Bit 12 Operation 

o Loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that the MOV 
instruction cannot end in 10002 or 10012. 

{skip} 

The processor can skip the next instruction if the test 
condition is true. The following table lists the test 
conditions and the values of bits 13 - 15 and describes the 
operation. 

Symbol [skip} Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR o 0 Skips if the result is 0 

SNR o 1 Skips if the result is not 0 

SEZ 1 1 0 Skips if either carry or the result 
is 0 

SBN 1 1 Skips if both carry and the result 
are not 0 

When the instruction performs a skip, it skips the next 
sequential 16-bit word. Make sure that a skip does not 
transfer control to the middle of an instruction that is 
32-bits long. 
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MSKO 
Mask Out 

MSKO ac 
DOB!!! ac.cpU 

Specifies the I/O interrupt priority mask. 

Places the contents of the specified accumulator in the 
priority mask. After the transfer, sets the Interrupt On 
(ION) flag according to the function specified by f The 
contents of the specified accumulator remain unchanged. 

NOTES: A 1 in any bit disables interrupt requests for 
those devices which use that bit as a mask. 

Do not use this instruction when interrupts are enabled. 
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MSP 
Modify Stack Pointer 

MSP ac 

Changes the value of the stack pointer and tests for 
potential overflow. 

Adds the signed two's-complement in the specified accu
mulator to the value of the stack pointer and places the 
result in location 40. The instruction then checks for 
overflow by comparing the result in location 40 with the 
value of the stack limit. If the result in location 40 is less 
than the stack limit, then the instruction ends. 

If the result exceeds the stack limit, the instruction 
restores the value of location 40 (its original contents 
before the add) and pushes a standard return block onto 
the stack. The program counter in the return block 
contains the address of this MSP instruction. 

After pushing the return block, the program counter 
contains the address of the stack fault routine. The stack 
pointer is updated with the value used to push the return 
block and control transfers to the stack fault routine. 



MUL 
Unsigned Multiply 

111110101011111111111010111010101 
o 2 3 4 5 8 7 8 9, 10 11 12 13 14 15 

Multiplies the unsigned contents of two accumulators 
and adds the result to the unsigned contents of a third 
accumulator. 

Multiplies the unsigned, 16-bit number in ACI by the 
unsigned, 16-bit number in AC2 to yield an unsigned, 
32-bit intermediate result. The unsigned, 16-bit number 
in ACO is added to the intermediate result to produce the 
final result. The final result is an unsigned, 32-bit number 
which occupies both ACO and ACI. Bit 0 of ACO is the 
most significant bit of the result; bit 15 of ACI is the 
least significant bit. The contents of AC2 are unchanged. 

Because the result is a double-length number, overflow 
cannot occur. 

Examples 

MUL 

Four MUL examples are given below. The first multiplies 
3 by 2. The parameters of the operation follow. 

Parameter Before After 

ACO 0000008 0000008 

AC1 0000038 0000068 

AC2 0000028 0000028 

Multiplies 0777778 by 0777778, The parameter of the 
operation follow. 

Parameter 

ACO 

AC1 

AC2 

Before 

0000008 

0777778 

0777778 

After 

0377778 

0000018 

0777778 

Multiplies 1777778 by 1777778, The parameters of the 
operation follow. 

Parameter 

ACO 

AC1 

AC2 

Before 

0000008 

1777778 

1777778 

After 

1777768 

0000018 

0777778 

Multiplies 3 by 2 and adds a remainder of 1. The 
parameters of the operation follow. 

Parameter Before After 

ACO 0000018 0000008 
AC1 0000038 0000078 

AC2 0000028 0000028 
, , 
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MULS 
Signed Multiply 

111110101111111111111010111010101 
o 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

Multiplies the signed contents of two accumulators and 
adds the result to the signed contents of a third accumula
tor. 

Multiplies the signed, 16-bit two's complement in ACI 
by the signed, 16-bit two's complement in AC2 to yield a 
signed, 32-bit two's complement intermediate result. The 
signed, 16-bit two's complement in ACO is added to the 
intermediate result to produce the final result. The final 
result is a signed, 32-bit two's complement which occupies 
both ACO and AC1. Bit 0 of ACO is the sign bit of the 
result and bit 15 of ACI is the least significant bit. The 
contents of AC2 remain unchanged. 

Because the result is a double-length number, overflow 
cannot occur. 

Examples 

MULS 

Four MULS examples are given below. The first multiples 
3 by 2. The parameters of the operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000008 

0000038 

0000028 
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After 

0000008 

0000068 

0000028 

MUltiplies 0777778 by 0777778. The parameters of the 
operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000008 

0777778 

0777778 

After 

0377778 

0000018 

0777778 

Multiplies -1 by -1. The parameters of the operation 
follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

0000008 

1777778 

1777778 

After 

0000008 

0000018 

1777778 

Multiplies 3 by - 2 and adds a remainder of -1. The 
parameters of the operation follow. 

Parameter 

ACO 
AC1 
AC2 

Before 

1777778 
0000038 

1777768 

After 

1777778 

1777718 
1777768 



NEG 
Negate 

NEG(cJ!shJ(#J acs,acd(,skipJ 

I I ACS I ACD 10 10 1 I SH I ~ 1#1 SKIP I 
a 2 3 4 5 6 6 9 10 11 12 13 15 

Forms the two's complement of an accumulator's con
tents. 

Initializes carry to the specified value. Places the two's 
complement of the unsigned, 16-bit number in ACS in 
the shifter. If the negate operation produces a carry of 1 
from the most significant bit, the instruction complements 
carry. Performs the specified shift operation and places 
the result in ACD if the no-load bit is O. If the skip 
condition is true, the instruction skips the next sequential 
word. 

NOTE: If ACS contains 0, the instruction complements 
carry. 

Options 

/c} 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opeode). The following table lists the values of c and bits 
10 and 11 and describes the operation. 

Symbol [e} 

/sh} 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 leaves carry unchanged 

o 1 Initializes carry to 0 

o Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits left or right one bit position, or it can swap 
the two bytes. The following table lists the values of sh 
and bits 8 and 9 and describes the shift operation. 

Symbol Ish} 

Omitted 

l 

R 

S 

Bits 
8-9 

o 0 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8-bit bytes 

/#} 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option is useful for testing the 
result of the instruction operation without destroying the 
destination accumulator's contents. The following table 
lists the values of the no-load option and bit 12 and 
describes the operation. 

Symbol [#} 

Omitted 

# 

Bit 12 Operation 

o loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for the combinations are used to define 
other types of instructions. This means that the NEG 
instruction may not end in 10002 or 1001 2, 

/skip} 

The processor can skip the next instruction if the condition 
test is true. The following table lists the test conditions 
and the values of bits 13 to 15 and describes the operation. 

Symbol [skip} Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR 100 Skips if the result is 0 

SNR 101 Skips if the result is not 0 

SEZ 1 1 0 Skips if either carry or the result 
is 0 

SBN 1 1 1 Skips if both carry and the result 
are not 0 

When the instruction skips, it skips the next sequential 
16-bit word. Be certain that a skip does not transfer 
control to the middle of an instruction that is 32-bits 
long. 
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NIO 
No I/O Transfer 

NIO Ifl device 

o 2 3 4 5 6 7 8 9 10 15 

Changes the state of the Busy and Done flags without 
performing any other operation. 

Sets the Busy and Done flags in the specified device 
according to the function specified by f 

NIOP MAP 
Translate User Single Cycle 
(Map Single Cycle) 

or 

Disable User Translation 
(Disable User Mode) 

101111101010101011111010101011111 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

In a computer with address translation, performs one of 
the following operations: 

• Translates one user memory reference if issued while 
user address translation is disabled. 

• Disables user address translation if issued while user 
address translation is enabled and both LEF mode and 
I/O protection are disabled. 

For more information, refer to the assembly language 
programming manual for the specific computer. 

100 Instruction Dictionary 

POP 
Pop Multiple Accumulators 

POP acs,acd 

Pops one to four words off the stack and places them in 
accumulators. 

The set of accumulators from ACS through ACD is filled 
with words popped from the stack. The words are popped 
in descending order, starting with ACS and ending with 
ACD and wrapping around if necessary, with AC3 
following ACO. If ACS equals ACD, only one word is 
popped, and it is placed in ACS. 

The stack pointer is decremented by the number of 
accumulators popped; the frame pointer is unchanged. 

Example 

POP 3,1 

Pops three words off the stack and loads them into 
accumulators AC3 through ACl. The parameters of the 
operation follow. 

Parameter Before After 

ACO Unknown Unchanged 

AC1 Unknown Third word popped 

AC2 Unknown Second word 
popped 

AC3 Unknown First word popped 



POPB 
Pop Block 

Returns control from an extended operation (XOP or 
XOP1), system call routine (SYC), or an I/O interrupt 
handler that does not use the stack change facility of the 
Vector instruction (VCT). 

Five words are popped off the stack and placed in 
predetermined locations. The words popped and their 
destinations are as follows. 

Word Popped Destination 

2 

3 

4 

5 

Bit 0 is loaded into carry; 
bits 1- 15 are loaded into the PC 

AC3 
AC2 
AC1 
ACO 

Sequential operation continues with the word addressed 
by the updated value of the program counter. The frame 
pointer remains unchanged. 

POPJ 
Pop PC And Jump 

Pops the top word off the stack and places it in the 
program counter. Continues execution with the word 
addressed by the updated program counter. 

Decrements the stack pointer by 1. The frame pointer 
remains unchanged. 

PSH 
Push Multiple Accumulators 

PSH acs,acd 

Pushes the contents of one to four accumulators onto the 
stack. 

Pushes the set of accumulators from ACS through ACD 
onto the stack in ascending order. The accumulators are 
pushed starting with ACS and ending with ACD and 
wrapping around if necessary, with ACO following AC3. 
The contents of the accumulators are unchanged. If ACS 
equals ACD, only ACS is pushed. 

Increments the stack pointer by the number of accumula
tors pushed. The frame pointer remains unchanged. A 
check for overflow is made only after the entire push 
operation is finished. 

PSHJ 
Push Jump 

PSHJ [@}displacernent[,index} 

11 1 0 1 0 1 0 1 0 11 IIN~EX 11 1 0 11 11 11 1 0 1 0 1 0 1 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISPLACEMENT 

16 17 31 

Pushes the address of the next sequential instruction onto 
the stack and loads the program counter with an effective 
address. 

Pushes the address of the next sequential instruction onto 
the stack, computes the effective address (£), and places 
it in the program counter. Sequential operation continues 
with the word addressed by the updated value of the 
program counter. 
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PSHR 
Push Return Address 

111010101011111111111010111010101 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Pushes the address of this instruction plus 2 onto the 
stack. 

READS 
Read Switch Register 

READS ac 
DIAlf] ac,CPU 

o 2 3 4 5 6 8 9 10 11 12 13 14 15 

Places the contents of the switch register in an accumula
tor. 

For more information, refer to the assembly language 
programming manual for the specific computer. 
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RSTR 
Restore 

111111101111111111111010111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Returns control from certain types of I/O interrupts. 

Pops nine words off the stack and places them in 
predetermined locations. The popped words and their 
destinations are as follows. 

Word Popped Destination 

2 

3 

4 

5 

Bit 0 is loaded into carry; 
bits 1-15 are loaded into the PC 

AC3 

AC2 

AC1 

ACO 

6 Stack fault address 

7 Stack limit 

8 Frame pointer 

9 Stack pointer 

Sequential operation continues with the word addressed 
by the updated value of the program counter. 

NOTE: Use the Restore instruction to return control to 
the program only if the I/O interrupt handler uses the 
stack change facility (Mode E) of the Vector on 
Interrupting Device Code instruction (VeT). 



RTN 
Return 

111011101111111111111010111010101 
o 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

Returns control from subroutines that issue a Save 
instruction at their entry points. 

The Save instruction loads the current value of the stack 
pointer into the frame pointer. The Return instruction 
uses this value of the frame pointer to pop a standard 
return block off of the stack. The format of the return 
block is as follows. 

Word Popped Destination 

Bit 0 is loaded into carry; 
bits 1-15 are loaded into the PC 

2 AC3 

3 AC2 

4 

5 

AC1 

ACO 

After popping the return block, the Return instruction 
loads the decremented value of the frame pointer into the 
stack pointer and the popped value of AC3 into the frame 
pointer. 

Sequential operation continues with the word addressed 
by the updated values of the program counter. 

SAVE 
Save 

SAVE 

111111101011111111111010111010101 
o 2 3 4 5 6 8 9 10 11 12 13 14 15 

IMMEDIATE FIELD 

16 31 

Saves information required by the Return instruction. 

Using the current stack pointer, pushes a 5-word return 
block onto the stack and places the current value of the 
stack pointer (the old stack pointer value plus five) into 
the frame pointer and AC3. Adds the immediate field to 
the stack pointer. The contents of ACO, ACl, AC2, and 
the carry bit are unchanged 

The following table shows the format of the 5-word return 
block. 

Word Popped Destination 

1 ACO 

2 AC1 

3 AC2 

4 Frame pointer before the save 

5 Bit 0 = carry bit; 

bits 1-15 = bit 1-15 of AC3 

The Save instruction allocates a portion of the stack for 
use by the procedure which executed the Save. The value 
of the frame size, contained in the immediate field, 
determines the number of words in this stack area. This 
portion of the stack is not normally accessed by push and 
pop operations but is used by the procedure for temporary 
storage of variables, counters, etc. The frame pointer acts 
as the reference point for this storage area. 

If a stack overflow condition exists, the Save instruction 
transfers control to the stack fault handler. For informa
tion on exactly when overflow is checked, refer to the 
assembly language programming manual for the specific 
computer. 

Use the Save instruction with the Jump to Subroutine 
(JSR) instruction which places the return value of the 
program counter in AC3. Save then pushes the return 
value (contents of AC3) into the fifth word pushed. 
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SBI 
Subtract Immediate 

SBI n,ac 

Subtracts an unsigned integer in the range 1 to 4 from 
the contents of an accumulator. 

Subtracts the value N+ 1 from the unsigned 16-bit 
number in the specified accumulator and places the result 
in the accumulator. 

NOTE: DGC assemblers subtract 1 from the coded value 
ofn before placing it in the immediate field. Therefore. 
you should code the exact value to be subtracted. 

Example 

581 4,2 

Subtracts 4 from the contents of AC2. The parameters of 
the operation follow. 

Parameter 

AC2 

Carry 

Before 

0000038 

o or 1 
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After 

1777778 

Unchanged 

SGE 
Skip if ACS Greater than or Equal to ACD 

SGE acs,acd 

Compares two signed integers in two accumulators and 
skips if the first is greater than or equal to the second. 

Algebraically compares the signed two's complements in 
ACS and ACD. If the number in ACS is greater than or 
equal to the number in ACD, the next sequential word is 
skipped. The contents of ACS and ASD remain un
changed. 

NOTE: The Skip if ACS Greater than ACe (SGT) and 
Skip if ACS Greater than or Equal to ACe (SG£) 
instructions treat the contents of the specified 
accumulators as signed. two's complement integers. To 
compare unsigned integers. use the Subtract (SUB) or 
Add Complement (ADC) instruction. 

SGT 
Skip if ACS Greater than ACD 

SGT acs,acd 

I 1 I A~S I A~D I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Compares two signed integers in two accumulators and 
skips if the first is greater than the second. 

Algebraically compares the signed, two's complements in 
ACS and ACD. If the number in ACS is greater than the 
number in ACD, the next sequential word is skipped. The 
contents of ACS and ACD remain unchanged. 

NOTE: The Skip if ACS Greater than ACe (SGT) and 
Skip if ACS Greater than or Equal to ACe (SG£) 
instructions treat the contents of the specified 
accumulators as signed, two's complement integers. To 
compare unsigned integers. use the Subtract (SUB) or 
Add Complement (ACD) instruction. 



SKP 
I/O Skip 

SKPt device 

T DEVICE CODE 

0234587 B 9 10 15 

Tests the Busy and Done flags of a device. 

Skips the next sequential word if the test condition 
specified by t is true for the device specified by the device 
code. The following table lists the test t conditions and 
values and describes the operation. 

Symbol t Value Test 

SNH 

ON 

OZ 

DN 

DZ 

Skip on Nonzero Bit 

SNB acs,acd 

o 0 Skips on Busy = 1 

o 1 Skips on Busy = 0 

1 0 Skips on Done = 1 

1 1 Skips on Done = 0 

Skips the next sequential word if the addressed bit is set 
to l. 

Forms a bit pointer from the contents of ACS and ACD. 
ACS contains the most significant 16 bits and ACD 
contains the least significant 16 bits of the bit pointer. If 
ACS and ACD are specified as the same accumulator, 
the instruction treats the accumulator contents as the 
least significant 16 bits of the bit pointer and assumes 
that the most significant 16 bits are o. 
If the addressed bit in memory is 1, the next sequential 
word is skipped. The contents of ACS and ACD remain 
unchanged. 

STA 
Store Accumulator 

STA ac!@]displacement!,index] 

DISPLACEMENT 

o 2 3 4 567 B 15 

Copies the contents of an accumulator into memory. 

Calculates the effective address (E) and places the 
contents of the specified accumulator in the word ad
dressed by E. The previous contents of the location 
addressed by E are lost. The contents of the specified 
accumulator remain unchanged. 

STH 
Store Byte 

STB acs,acd 

111 A7S I A7D 11111010101010111010101 
o 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

Copies a byte from an accumulator into memory. 

Places bits 8-15 of ACD in the byte addressed by the 
byte pointer contained in ACS. The contents of ACS and 
ACD remain unchanged. 
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SUB 
Subtract 

SUB[e} [sh} [#} aes,aed[,skip} 

/1/ A~S / A~D /110111 ~ I ~ 1#1 SKIP 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 15 

Performs unsigned integer subtraction and complements 
carry if appropriate. 

Initializes carry to its specified value. Subtracts the 
unsigned, 16-bit number in ACS from the unsigned, 16-bit 
number in ACD by taking the two's complement of the 
number in ACS and adding it to the number in ACD. 
Places the result of the addition in the shifter. Comple
ments carry if the result is greater than 32,768. Then 
performs the specified shift operation and places the result 
of the shift in ACD if the no-load bit is O. If the skip 
condition is true, skips the next sequential word. 

NOTE: If the number in ACS is less than or equal to the 
number in ACD, the instruction complements carry. 

Options 

[e} 

The processor determines the effect of carry (e) on the 
old value of carry before performing the operation 
(opeode). The following table lists the values of e and bits 
10 and 11 and describes the operation. 

Symbol/c} 

[sh} 

Omitted 

Z 

o 
C 

Bits Operation 
10-11 

o 0 Leaves carry unchanged 

o 1 Initializes carry to 0 

o Initializes carry to 1 

Complements carry 

The processor shifts carry and the 16 data bits after 
performing the instruction operation. The processor can 
shift the bits left or right one bit position, or it can swap 
the two bytes. The following table lists gives the values of 
sh and bits 8 and 9 and describes the shift operation. 

Symbol/sh} 

Omitted 

L 

R 

S 

Bits 
8-9 

o 0 

o 1 

1 0 

1 1 

Shift Operation 

Does not shift the result 

Shifts left 

Shifts right 

Swaps the two 8·bit bytes 
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[#} 

Unless you use the no-load option (#), the processor loads 
the result of the shift operation into the destination 
accumulator. The no-load option is useful for testing the 
result of the instruction operation without destroying the 
destination accumulator contents. The following table 
lists the values of the no-load option and bit 12 and 
describes the operation. 

Symbol/#} 

Omitted 

# 

Bit 12 Operation 

o Loads the result into ACD 

Does not load the result; restores 
the carry bit 

NOTE: You cannot combine the no-load option (#) with 
either the never skip or always skip option because the 
bit patterns for these combinations are used to define 
other types of instructions. This means that the 
instruction cannot end in 10002 or 1001 2, 

[skip} 

The processor can skip the next instruction if the test 
condition is true. The following table lists the test 
conditions and the values of bits 13-15 and describes the 
operation. 

Symbol/skip} Bits Operation 
13-15 

Omitted 000 Never skips 

SKP 001 Always skips 

SZC 010 Skips if carry is 0 

SNC o 1 1 Skips if carry is not 0 

SZR o 0 Skips if the result is 0 

SNR o 1 Skips if the result is not 0 

SEZ 1 1 0 Skips if either carry or the result 
is 0 

SBN 1 1 1 Skips if both carry and the result 
are not 0 

When the instruction skips, it skips the next sequential 
16-bit word. Be certain that a skip does not transfer 
control to the middle of an instruction that is 32-bits 
long. 



SYC 
System Call 
SYC acs,acd 

Pushes a return clock onto the stack and transfers control 
to the system call handler. 

Disables user address translation, pushes a standard 
return block onto the stack, and jumps indirect through 
location 2. The source and destination accumulators 
(ACS and ACD) remain unchanged. If both accumula
tors are specified as ACO, no return block is pushed onto 
the stack and ACO remains unchanged. 

The program counter in the return block contains the 
address of the instruction immediately following the SYC 
instruction. 

I/O interrupts cannot occur between the execution of the 
SYC instruction and the execution of the next instruction. 

NOTE: DGC assemblers recognize the mnemonics SCL 
as equivalent to SYCl,l and SVC as equivalent to 
SYCO,O. 

SZB 
Skip on Zero Bit 

SZB acs,acd 

111 A~S I A~D 11101011101010111010101 
o 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

If the addressed bit is 0, the next sequential word is 
skipped. 

Forms a bit pointer from the contents of ACS and ACD. 
ACS contains the most significant bits and ACD contains 
the least significant bits of the bit pointer. If ACS and 
ACD are specified as the same accumulator, the instruc
tion treats the accumulator contents as the least signifi
cant 16 bits of the bit pointer and assumes the most 
significant 16 bits are 0. 

If the addressed bit in memory is 0, the next sequential 
word is skipped. The contents of ACS and ACD remain 
unchanged. 

SZBO 
Skip on Zero Bit and Set to One 

SZBO acs,acd 

If the addressed bit is 0, sets the bit to 1 and skips the 
next sequential word. 

Forms a bit pointer from the contents of ACS and ACD. 
ACS cOhtains the most significant bits and ACD contains 
the least significant bits of the bit pointer. If ACS and 
ACD are specified as the same accumulator, the instruc
tion treats the accumulator contents as the least signifi
cant 16 bits of the bit pointer and assumes the most 
significant 16 bits are 0. 

The contents of ACS and ACD remain unchanged. 

NOTE: This instruction facilitates the use of bit maps 
for such purposes as allocating facilities (memory 
blocks, I/O devices, etc.) to several processes or tasks 
that interrupt one another or run in a multiprocessor 
environment. 
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veT 
Vector on Interrupting Device 

VeT [@}displacement[,index} 

I 0 11 11 I 0 I 0 I 0 11 11 11 11 11 11 11 11 11 11 I 
o 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

I S I DISPLACEMENT I 
o 15 

Returns the device code of the interrupting device and 
uses that code as an index into the vector table. 

Depending on the mode, uses the indexed entry in the 
vector table in one of ways listed below: 

Mode A Uses the entry as the address of the 
appropriate interrupt handler. 

Modes B-E Use the entry as a pointer into a device 
control table (OCT), which contains the 
address of the appropriate interrupt han
dler as well as a new interrupt priority 
mask. 

Depending on the mode, the instruction can also save the 
state of the computer by pushing certain information 
onto the stack, creating a new vector stack, setting up a 
priority interrupt structure, and enabling interrupts. 

First Word 
of VCT Instruction 

Second Word of 
VCT Instruction 

~ 
Other 
Instructions 

0111'1010101111 '1'111'111'1'1' 
sl Displacement 

7 Other 
Instructions Displacement + 

Three control bits determine the mode of the VCT 
instruction: 

1. Stack change bit (S) which is bit 0 of the second word 
of the VCT instruction. 

2. Direct bit (D) which is bit 0 of the selected vector 
table entry. 

3. Push bit (P) which is bit 0 of the first word of the 
selected device control table. 

The value of these bits collectively determine the mode as 
follows. 

Direct 

o 

Stack 

o 
o 

Push 

o 
1 

o 

Mode 

A 

B 

C 

o 
E 

Figure 8.5 provides an overview of the VCT instruction; 
Figure 8.6 presents a detailed view of the VCT instruction. 

Device Control Table Interrupt handler 

D = 1 Modes 8-E 
~ ) I Address of Start of 

P interrupt handler r- interrupt handler 
Information used 

Vector to load new mask 
Table 

D=O 

Device COd~ 

D ISome table entry I----" Mode A 
Notes: 

S = Stack change bit 
D = Direct bit 
P = Push bit 

~ 

DG'05741 
Figure 8.5 Overview of the Vector instruction 
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Common Process 

All modes perform the same initital steps which begin 
when the instruction returns the interrupting device code. 
The instruction adds the device code to the address of the 
start of the vector table (the displacement specified by 
the instruction). The result is the address of an entry 
within the table. The instruction then fetches the contents 
of this vector table entry and examines bit 0 of the entry 
(the direct bit). If the direct bit is 0, mode A is selected; 
otherwise, one of the other modes (B-E) is selected, 
depending on the values of the stack and push bits. 

Mode A 

The direct bit is 0 for mode A and the values of the other 
control bits do not matter. In mode A, the instruction 
uses bits 1-15 of the fetched vector table entry as the 
address of the interrupt handler for the interrupting 
device. Control transfers immediately to this interrupt 
handler with all interrupts disabled. 

Modes B Through E 

The direct bit is 1 for modes B through E and the value of 
the other control bits determine which of the four modes 
will control the operation. The action of these modes can 
be divided into two parts: part 1, during which action 
varies from mode to mode; and part 2, during which 
action for all four modes is the same. In the following 
paragraphs, part 1 is discussed separately for each mode. 
The final paragraph in this section describes the common 
part 2. 

Mode B. Part 1. Both the stack change bit and the push 
bit are 0 for mode B. In this mode, the instruction uses 
the vector table entry as the address of the device control 
table (DCT) for the interrupting device. Bits 1-15 of the 
first word of the DCT contain the address of the desired 
interrupt handler. The second word of the DCT contains 
information used to construct a new interrupt priority 
mask. Succeeding words (if any) contain information to 
be used by the device interrupt handler. 

Mode C. Part 1. The stack change bit is 0 and the push 
bit is 1 for mode C. In this mode, the instruction performs 
the same functions as mode B. In addition, it pushes a 
standard 5-word return block onto the standard stack. 
The return block contains the contents of the four 
accumulators, the value of carry, and the contents of 
physical location 0 (the program counter return value). 

Mode D. Part 1. The stack change bit is 1 and the push 
bit is 0 for mode D. In this mode, the instruction performs 
the same functions as mode B. In addition, it establishes 
a new stack for the interrupt handler (using the contents 
of locations 4, 6, and 7) and pushes the old contents of 
physical locations 408-438 (the user stack control words) 
onto the new stack. 

Mode E. Part 1. The stack change bit and the push bit 
are both 1 for mode E. In this mode, the instruction 
combines the functions of modes C and D. That is, it 
performs the functions of mode B, establishes a new 
stack, and pushes both a 5-word return block and the old 
stack control words onto the new stack. 

Modes B Through E. Part 2. Modes B through E perform 
the same procedure to complete the execution of the VCT 
instruction. During this procedure, the instruction pushes 
the current interrupt priority mask (location 5) onto the 
stack. Next, the instruction updates location 5 and 
performs the functions of a MSKO instruction, using the 
logical OR of the current mask and the second word of 
the DCT. The instruction then sets the Interrupt On 
(ION) flag to 1 and passes control to the selected device 
interrupt handler. Note that one or more instructions 
execute before the next I/O interrupt can occur. 

Returns from VCT routines may be accomplished as 
follows. 

Mode Return Instruction 

A JMP@O 

S JMP@O 

c POPS 

D Restores saved stack parameters, JMP @O 

E RSTR 
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A 

Fetch the second word of the VCT 
instruction. Bit 0 is the "stack 
change bit". Bits 1-15 contain 
the address of the beginning of 
the vector table. 

Return device code. 

Add the code returned above to 
the address of the vector table 
(displacement field) and fetch the 

word at that location. Bit 0 is 
the "direct bit." 

Yes 

Modes B. C. O. E 

Bits 1-1 5 of the fetched vector 

table entry contain the address of 

the OCT. 

No 

Modes B. C 

Place contents of location 4 in 
stack pointer. Place contents of 
location 6 in stack limit. Place 
contents of location 7 in stack 
fault. Note: Frame pointer is de
stroyed and the contents are un
predictable. 

Push old contents of locations 
40-43 8 onto stack. 

Figure 8.6 Operation of the Vector instruction 
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Mode A 

Bits 1-15 of the fetched vector 

table entry contain the address 

of the device interrupt routine. 

Transfer control to the device 
interrupt routine by placing bits 

1-15 of the fetched vector table 
entry in the program counter. 

10·00224 



Modes B, D 

All modes 

Fetch the first word of the DCT. 
Bit 0 is the "push bit." Bits 1-15 

contain the address of the device 
interrupt routine. 

No 

Modes C, E 

Push standard return block onto 

stack. Bits 1-15 of last word 

pushed contain bits 1-15 of physical 

location O. 

Place the address of the DCT 
in AC2. 

Modes B, C, D, E 

Push the current interrupt mask 

(location 5) onto the stack. 

Place the logical OR of the current 
interrupt mask and the second 

word of the DCT in ACO. 

Place the contents of ACO in the 
current interrupt mask (location 5). 

Do a mask out from ACO and 
enable interrupts. 

Place contents of AC2 (address 
of device interrupt routine) in program 
counter. 

Yes 

Continue sequential operation 
with the word addressed by the 

program counter. 

End of VCT instruction 

Transfer control to stack fault 

routine. 
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XCH 
Exchange Accumulators 

XCH acs,acd 

111 A7S I A7D 10101111111010111010101 
o 2 3 4 5 6 6 9 10 11 12 13 14 15 

Exchanges the contents of two accumulators. 

Places the original contents of ACS into ACD and the 
original contents of ACD in ACS. 
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XCT 
Execute 

XCT ac 

o 3 456 8 9 10 11 12 13 14 15 

Executes the contents of an accumulator as an instruction. 

Executes the instruction contained in the specified accu
mulator as if it were in main memory in the location 
occupied by the Execute instruction. 

If the instruction in the specified accumulator is an 
Execute instruction that specifies the same accumulator, 
the processor is placed in a one-instruction loop. Because 
of this possibility, the instruction is interruptible. An I/O 
interrupt can occur immediately prior to each execution 
of the instruction in the accumulator. If an I/O interrupt 
does occur, the program counter in the return block 
pushed on the system stack points to the Execute instruc
tion in main memory. This capability to execute an 
Execute instruction gives you a Wait for I/O Interrupt 
instruction. 

NOTES: If the specified accumulator contains the first 
word of a 2-word instruction, the word following the 
XCT instruction is used as the second word. Normal 
sequential operation then continues from the second word 
after the XCT instruction. 

Do not use the XCT instruction to execute an instruction 
that requires allfour accumulators, such as CMV, CMT, 
CMP, CTR, or BAM. 

The results of XCT are undefined if the specified 
accumulator contains an instruction that modifies that 
same accumulator. 



XOP 
Extended Operation 

XOP acs,acd,operation # 

11 I A~S I A~D I OPERATION # 

o 2 3 4 5 9 10 11 12 13 14 15 

Pushes a return block onto the stack and transfers control 
to an extended operation procedure. 

Pushes a standard return block onto the stack. Places the 
ACS's stack address in AC2 and ACD's stack address in 
AC3. Reserved memory location 448 must contain the 
XOP origin address which is the starting address of the 
3210 word table of addresses. These addresses are the 
starting locations of the various XOP operations. 

Adds the operation number in the XOP instruction to the 
XOP origin address to produce the address of a word in 
the XOP table. Fetches and treats that word as the 
intermediate address in the effective address calculation. 
After the indirection chain, if any, has been followed, the 
instruction places the effective address in the program 
counter. The contents of ACO, AC1, and the XOP origin 
address are unchanged. 

The XOP procedure can return control to the calling 
program via the Pop Block (POPB) instruction. 

XOPI 
Alternate Extended Operation 

XOPI acs,acd,operation # 

11 I A~S I A~D I 0 I O~ERA~ION ,# 11 11 11 I 0 I 0 I 0 I 
o 2 3 4 5 6 9 10 11 12 13 14 15 

This instruction operates like the XOP instruction except 
that it adds 3210 to the operation number before it adds 
the operation number to the XOP origin address. In 
addition, the XOPI table can contain only 16 addresses; 
the XOP table can contain 32 addresses. 

XOR 
Exclusive OR 

XOR acs,acd 

IIA~SIA~DI01011011010111010101 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Exclusively ORs the contents of two accumulators. 

Forms the logical exclusive OR of the contents of ACS 
and the contents of ACD and places the result in ACD. 
Sets a bit position in the result to 1 if the corresponding 
bit positions in the two operands differ; otherwise, the 
instruction sets the result bit to O. The contents of ACS 
remain unchanged. 

Example 

XOR 0,1 

Exclusive ORs the contents of ACO with the contents of 
ACl. The parameters of the operation follow. 

Operation 

ACO 

AC1 

XORI 

Before 

0031568 

020701 8 

After 

0236578 

020701 8 

Exclusive OR Immediate 

XORI i,ac 

IMMEDIATE 
16 31 

Exclusive ORs the contents of an accumulator with the 
contents of a 16-bit number in the instruction. 

Forms the logical exclusive OR of the contents of the 
immediate field and the contents of the specified accumu
lator and places the result in the specified accumulator. 
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Appendix A 

Commercial Instruction Set 

The 16-bit real-time ECLIPSE (S-series) processors 
execute the same instructions as the 16-bit commercial 
ECLIPSE (C-series) processors except for the commer
cial instructions. Only the C-series processors execute the 
commercial instructions. 

Data Formats 
Unlike fixed-point and floating-point instructions, the 
commercial instructions do not imply a data format. As a 
result, the processor requires the program to specify an 
explicit data type indicator in ACl, as diagrammed below. 

Explicit Data Type Indicator Format 

~~~~~~~~ ____ ~4-~T_yp_e~41 ____ ~~si_ze.-=:=J 
o 

Blt8 

0·7 

8·10 

11-15 

7 S 10 11 15 

Name Meaning 

Reserved for future use. 

Type Identifies type of data as categorized in 
Table A.1. 

Size An unsigned integer indicating the length of 
the data. The following list explains the data 
type and its corresponding size. 

Data Size 
Type 

o or 1 Two less than the number of deci· 
mal digits and sign. 

2 or 3 One less than the number of deci· 
mal digits and sign. 

4 One less than the number of deci
mal digits. 

5 One less than the number of deci
mal digits and sign. With data type 
5, the processor expects an odd 
number for a size. When an even 
size is specified, the processor 
adds 1 to it (to make the size odd) 
and appends a 0 digit to the most 
significant digit. 

6 The number of bytes in the two's 
complement number. Two bytes is 
the minimum size. 

7 The number of bytes in the floating-
point number. Four bytes is the 
minimum size. 

An unpacked decimal string contains one ASCII charac
ter in each byte. (See Figure A.I.) Depending upon the 
data type and character location, the ASCII character 
represents a decimal digit, a sign, or a digit and a sign: 

Types 0 and 1 Combine the sign with a character. 
Refer to Table A.2 for a list of the 
sign-positioned ASCII characters. Table 
A.3 lists the nonsign-positioned ASCII 
characters. 

Types 2 and 3 Require the sign as a separate byte. The 
separate sign byte can be either the 
ASCII plus sign ( + , ASCII code 0538) 
or the ASCII minus sign (-, ASCII 
code 0558). Table A.3 lists the nonsign
positioned ASCII characters. 

A packed decimal string contains two BCD digits per 
byte. (See Figure A.l.) The most significant digit contains 
a 0 if the decimal string contains an odd number of digits. 
The last byte must contain the least significant digit and 
the sign. 158 (or D16) represents the minus sign (-); 148 
or 178 (C16 or F16) represent the plus sign (+). 
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Data Meaning 
Type 

o Unpacked decimal - last byte combines 
the sign and the last digit 

Decimal 
Example 

-397 

+397 

Characters in Each Byte Expressed 
in (Octal) or [Hex) 

3 (063) 9 (071) P (120) 

Unpacked decimal- first byte combines -397 

3 (063) 9 (071) G (107) 

L (114) 9 (071) 7 (067) 

2 

3 

4 

5 

6 

7 

the sign and the first digit 

Unpacked decimal - last byte contains the 
sign 

Unpacked decimal - first byte contains the 
sign 

Unpacked decimal - and unsigned 

+397 C (103) 9 (071) 7 (067) 

-397 

+397 

-397 

+397 

397 

3 (063) 9 (071) 7 (067) . (055) 

3 (063) 9 (071) 7 (067) + (070) 

- (055) 3 (063) 9 (071) 7 (067) 
+ (070) 3 (063) 9 (071) 7 (067) 

3 (063) 9 (071) 7 (067) 

Packed decimal - and BCD digits (or sign) -397 
per byte 

39 (071) 7 - (175) 
39 (39) 7 - [70) 

Two's complement - byte·aligned 

Floating point - byte·aligned 

+397 39 (071) 7+ (177) 
39 [39] 7 + [7F) 

-397 ( -615) = (176) (163) = (177163) 

+397 (+615) "" (001) (215) = (000615) 

-397 (06771630000) 
[37] (E7] {30] (00] 

+397 (06706150000) 
[37] [18] [DO] [00] 

Table A.l Explicit data types 

Digit and 
Sign 

ASCII 
Character 

(octal code) 

space 

+ 
1 
o 
1 

A 

2 

B 

3 

C 

4 

Digit and ASQlI Character 
Sign (octal code) 

8. 

H 
9 

Digit ASCII Character 
(octal code) 

space (040) 

o 0 (060) 

1 1 (061) 

2 2(062) 

33 (063) 

4 4 (064) 

5 5 (065) 

6 6 (06e) 

7 7 (067) 

8. 8 (070) 

9 9 (07t} 

Data Type 
Indicator 

(000002) 

(000042) 

(000103) 

(000143) 

(000202) 

(000243) 

(000302) 

(000344) 

0+ 

0+ 

0+ 
0+ 

1+ 

1+ 
2+ 

2+ 

3+ 

3+ 

4+ 

4+ 

5+ 

5+ 

&+ 
6+ 

7+ 

7+ 

o 

(040) 

(053) 

(173) 

(060) 

(061) 

(101) 

(062) 

(102) 

(063) 

(103) 

(064) 

(104) 

(065) 

(105) 

(066) 

(106) 

(087) 

(107) 

s+ 
8+ 
9+ 

9+ 

0-
0-' 
1-

2-
3.-

4-
5-

8-

7-
S..,., 

9.". 

J 

K 

L 

M 
til 

o 
P 
Q 

(070) 

(HO) 

(071) 

(111) 

(055) 

(175) 

(112) 

(113) 

(114) 

(115) 

(116) 

(11) 

(120) 

(120 

(122) 

Table A.3 Nonsign-posltloned numbers for unpacked decimal 

5 

E 

6 R 

F 

7 

G 

Table A.2 Sign and number combination for unpacked decimal 

IOc/af code 
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UNPACKED DECIMAL 

Leading sign 

ASF.~P'~S."'~';: 
representation of decimal digits 
of sign 

Trailing sign 

'----------~---------
ASCII representation 
of decimal digits 

High order sign 

representation 
of sign 

I:pl fBI;ll 
t ~----------~---------~ 

ASCII representation ASCII representation of 
of character; defined remaining decimal digits 
as a combination of first 
decimal digit and sign 

Low order sign 

~J ......... ---.1.0...01' .......... a...;;wIJ r f· fl··· 

'------------~---------~ t 
ASCII representation 
of character; defined 

ASCII 
representation 
of all but last 
decimal digits 

as a combination of last 
decimal digit and sign 

PACKED DECIMAL 

I r It,ll t;l \,...,.'_.rt ....... · •. _F-.-· _, · . ..,.....J~g...,....ll 
'------------y-- - I 

BCD representation of decimal Sign: + = 448 
digits, extended by a leading = 158 
0, if necessary, to an odd 
number of digits. 
Each digit occupies 1/2 byte (4 bits). 

Figure A.1 Packed and unpacked decimal data 

10·00421 

Move and Sign Instructions 
Commercial instructions allow the program to 

• Convert and insert a string of decimal or ASCII 
characters; 

• Evaluate the sign of a decimal number; 
• 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 A.4 lists these instructions. Detailed descriptions 
of each instruction follow. 

Mnemonic Name 

EDIT Edit 

LDI 

LDIX 

LSN 

STI 

STIX 

Load Integer 

Load Integer 
Extended 

Load Sign 

Store Integer 

Store Integer 
Extended 

Action 

Converts a decimal integer to a 
string of bytes, moves a string of 
bytes, or inserts additional bytes 
under the control of an edit sub· 
program. Table A.5 lists the edit 
subprogram instructions. 

Translates a decimal integer in 
memory to floating'point format 
and places the result in a floating· 
point accumulator. 

Distributes a decimal integer of 
data type 0 . 5 into the four 
floating'point accumulators. 

Identifies the sign of a decimal 
number. 

Converts the contents of a 
floating'point accumulator to a 
specified format and places it in 
memory. 

Converts the contents of four 
floating'point accumulators to an 
integer of data type 0 • 5 and 
uses the least significant eight 
digits of each to form a 32·digit 
integer. 

Table A.4 Commercial Instructions 
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Mnemonic Name Action 

DADI Add to DI Adds a signed integer to the 
destination indicator. 

DAPS Add to P Adds a signed integer to the 
Depending on 5 opcode pointer if the Sign flag is 

O. 

DAPT Add to P Adds a signed integer to the 
Depending on T opcode pOinter if the significance 

Trigger is 1. 

DAPU Add to P Adds a signed integer to the 
opcode pointer. 

DASI Add to 51 Adds a signed integer to the 
source indicator. 

DDTK Decrement and Decrements a word in the stack 
Jump if Nonzero by one and jumps if the word is 

nonzero. 

DEND End Edit Ends the edit subprogram. 

DICI Insert Characters Inserts characters into a string. 
Immediate 

DIMC Insert Character J Inserts a character into a string a 
Times specified number of times. 

DINC Insert Character Inserts a character into a string 
Once once. 

DINS Insert Sign Inserts character-a or character-
b depending on the Sign flag. 

DINT Insert Character Insert character-a or character-b 
Suppress depending on the significance 

Trigger. 

DMVA Move Alphabetics Moves a specified number of al-
phabetic characters. 

DMVC Move Characters Moves a specified number of 
characters. 

DMVF Move Float Moves a specified number of 
floating-point numbers. 

DMVN Move Numerics Moves a specified number of nu-
merics. 

DMVO Move Digit with Moves a digit plus overpunch. 
Over punch 

DMVS Move Numeric with Moves numerics and suppresses 
Zero Suppress zeros. 

DNDF End Float Ends floating-point. 

DSSO Set Sign to One Sets Sign flag to 1. 

DSSZ Set 5 to Zero Sets Sign flag to O. 

DSTK Store in Stack Stores a byte on the stack. 

DSTO Set Tto One Sets the significance Trigger to 
1. 

DSTZ Set Tto Zero Sets the significance Trigger to 
O. 

Table A.S Edit subprogram Instructions 
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EDIT 
Edit 

111111111011111111101110111010101 
o 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

Converts a decimal number from either packed or un
packed form to a string of bytes under the control of an 
edit subprogram. This subprogram can perform many 
different operations on the number and its destination 
field, including leading zero suppression, leading or 
trailing signs, floating fill characters, punctuation control, 
and insertion of text into the destination field. If data 
type 4 is specified, the instruction also performs operations 
on alphanumeric data. 

The instruction maintains two flags and three indicators 
or pointers. 

The flags are the significance Trigger (1') and the Sign 
flag (S). T is set to 1 when the first nonzero digit is 
processed, unless otherwise specified by an edit opcode. 
At the beginning of an Edit instruction, T is set to O. S is 
set to reflect the sign of the number being processed: if 
the number is positive, S is set to 0; if the number is 
negative, S is set to 1. 

The three indicators are the Source Indicator (SI), the 
Destination Indicator (DI), and the opcode Pointer (P). 
Each is 16 bits wide and contains a byte pointer to the 
current byte in each respective area. At the beginning of 
an Edit instruction, SI is set to the value contained in 
AC3. DI is set to the value contained in AC2, and P is set 
to the value contained in ACO. At this time, the sign of 
the source number is also checked for validity. 

The subprogram consists of 8-bit opcodes followed by one 
or more 8-bit operands. P, a byte pointer, acts as the 
program counter for the Edit subprogram. The subpro
gram proceeds sequentially until a branching operation 
occurs-much the same way programs are processed. 
Unless instructed otherwise, after each operation the Edit 
instruction updates P to point to the next sequential 
opcode. The instruction continues to process 8-bit opcodes 
until directed to stop by the DEND opcode. 

The subprogram can modify S, T, SI, DI and P, and also 
test Sand T. 

The accumulators define the Edit operation as follows: 

ACO contains a byte pointer to the first opcode of the 
Edit subprogram. 

ACl contains the data-type indicator describing the 
number to be processed. 

AC2 contains a byte pointer to the the first byte of the 
destination field. 

AC3 contains a byte pointer to the first byte of the 
source field. 



The fields may overlap in any way. However, the instruc
tion processes characters one at a time, so certain types of 
overlap may produce unusual side effects. 

Upon successful completion, the carry and accumulators 
are as follows: 

Carry contains the significance Trigger (n. 
ACO contains a byte pointer (P) to the next opcode to 
be processed. 

ACI is undefined. 

AC2 contains a byte pointer (DI) to the next destina
tion byte. 

AC3 contains a byte pointer (SI) to the next source 
byte. 

NOTES: If SI is moved outside the area occupied by the 
source number. zeros will be supplied for numeric moves. 
even if SI is later moved back inside the source area. 

Some opcodes move characters from one string to another. 
For those opcodes which move numeric data, special 
actions may be performed. For others which move non
numeric data, characters are copied literally to the 
destination. 

The Edit instruction places information on the stack. 
Therefore, the stack must be set up and contain at least 
nine words available for use. 

If the Edit instruction is interrupted, it places restart 
information on the stack and places 1777778 in ACO. If 
the initial contents of ACO equal 1777778, the Edit 
instruction assumes it is restarting from an interrupt; 
therefore, the program should not allow this to occur 
under any other circumstances. 

In the description of some of the Edit opcodes, the symbol 
j denotes how many characters a certain operation should 
process. When its most significant bit is 1, j's meaning is 
different: it points to a word in the stack that denotes the 
number of characters the instruction should process. So, 
in those cases where the most significant bit of j is 1, the 
instructions interpret j as an 8-bit, two's complement 
number pointing into the stack. The number on the stack 
is at the address 

stack pointer + 1 + j. 

The operation uses the number at this address as a 
character count instead of j. 

An Edit operation that processes numeric data (e.g., 
DMVN) skips a leading or trailing sign code it encounters; 
similarly, such an operation converts a high-order or 
low-order sign to its correct numeric equivalent. 

DADI 
Add to DI 

DADI pO 

pO 

o 1 234 5 6 7 8 15 

Adds the 8-bit two's complement integer specified by pO 
to the Destination Indicator (01). 

DAPS 
Add to P Depending on S 

DAPS pO 

pO 

o 1 234 5 6 7 8 15 

If Sis 0, the instruction adds the 8-bit two's complement 
integer specified by pO to the opcode Pointer (P). Before 
the add is performed, P points to the byte containing the 
DAPS opcode. 

DAPT 
Add to P Depending on T 

DAPT pO 

pO 

o 1 2 3 456 7 8 15 

If Tis 1, the instruction adds the 8-bit two's complement 
integer specified by pO to the opcode Pointer (P). Before 
the add is performed, P points to the byte containing the 
DAPT opcode. 

DAPU 
Add to P 

DAPU pO 

pO 

o 1 2 3 4 5 6 7 8 15 

Adds the 8-bit two's complement integer specified by pO 
to the opcode Pointer (P). Before the add is performed, P 
points to the byte containing the DAPU opcode. 

DASI 
Add to SI 

DASI pO 

pO 

o 1 2 3 4 5 6 7 8 15 

Adds the 8-bit two's complement integer specified by pO 
to the Source Indicator (SI). 
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DDTK 
Decrement and Jump if Nonzero 

DDTK k,pO 

I 0 I 0 I 0 I 0 I 0 I 0 I I I 
K 

o 2 3 4 568 15 

I pO I 
16 23 24 31 

Decrements a word in the stack by 1. If the decremented 
value of the word is nonzero, the instruction adds the 
8-bit two's complement integer specified by pO to the 
opcode Pointer (P). Before the add is performed, P points 
to the byte containing the DDTK opcode. 

If the 8-bit two's complement integer specified by k is 
negative, the word decremented is at the address, 

stack pointer+ 1 + k 

If k is positive, the word decremented is at the address, 

frame pointer+ 1 + k. 

DEND 
End Edit 

DEND 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 

o 2 3 4 5 6 7 8 

Terminates the Edit subprogram. 

DIeI 
Insert Characters Immediate 

DICI j,pO[,pI, ... ,p(j-I)} 

o 1 234 568 

I pO I 
16 23 24 

p2 ... pO-l) 

32 

15 

15 

p1 

31 

47 

Inserts j characters from the opcode stream into the 
destination field beginning at the position specified by 
DI. Increases P by j+2 and increases DI by j. 

DIMe 
Insert Character j Times 

DIMC j,pO 

pO 

012345678 15 16 23 

Inserts the character specified by pO into the destination 
field a number of times equal to j, beginning at the 
position specified by DI. Increases DI by j. 
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DINe 
Insert Character Once 

DINC pO 

pO 

03456 8 15 

Inserts the character specified by pO in the destination 
field at the position specified by DI. Increments DI by 1. 

DINS 
Insert Sign 

DINS pO,pI 

pO p1 

012345678 15 16 23 

If the Sign flag (S) is 0, the instruction inserts the 
character specified by pO in the destination field at the 
position specified by D I. If S is 1, the instruction inserts 
the character specified by pJ in the destination field at 
the position specified by DI. Increments DI by 1. 

DINT 
Insert Character Suppress 

DINT pO,pI 

pO p1 

012345678 15 16 23 

If the significance Trigger (1) is 0, the instruction inserts 
the character specified by pO in the destination field at 
the position specified by DI. If T is 1, the instruction 
inserts the character specified by pJ in the destination 
field at the position specified by DI. Increments DI by 1. 

DMVA 

Move Alphabetics 

DMVA j 

03456 8 15 

Moves j characters from the source field (beginning at 
the position specified by SI) to the destination field 
(beginning at the position specified by DI). Increases 
both SI and DI by j. Sets T to 1. 

Initiates a commercial fault if the attribute specifier word 
indicates that the source field is data type 5 (packed). 
Initiates a commercial fault if any ofthe characters moved 
is not an alphabetic. (Alphabetic characters are A-Z, 
a-z, or space). 



DMVC 
MOle Cbaracters 

DMVC j 

o 234 5 6 7 6 15 

Increments SI if the source data type is 3 and j>O. The 
instruction then moves j characters from the source field 
(beginning at the position specified by SI) to the destina
tion field (beginning at the position specified by DI). 
Increases SI and DI by j. Sets T to 1. 

Initiates a commercial fault if the attribute specifier word 
indicates that the source is data type 5 (packed). Does 
not check the validity of the characters. 

DMFV 
MOle Float 

DMVF j,pO,pl,p2 

10 1 0 I 0 I 1 I 0 I 1 I 0 I 0 I 
0 2 3 4 5 6 7 

pO I 
16 23 

I p2 I 
32 39 

I 
6 15 

pI 

24 31 

40 47 

If the source data type is 3,j>O, and SI points to the sign 
of the source number, the instruction increments SI. Then 
for j characters, the instruction either (depending on 1) 
places a digit substitute in the destination field (beginning 
at the position specified by DI) or moves a digit from the 
source field (beginning at the position specified by SI) to 
the destination field. 

When T changes from 0 to I, the instruction places both 
the digit substitute and the digit in the destination field. 
SI increases by j and D I increases by j + 1. When T does 
not change from 0 or I, DI increases by j. 

When T is I, the instruction moves each digit processed 
from the source field to the destination field. When Tis 0 
and the digit is a zero or space, the instruction places pO 
in the destination field. When T is 0 and the digit is a 
nonzero, the instruction sets T to 1 and the characters 
placed in the destination field depend on S. If Sis 0, the 
instruction places pI in the destination field followed by 
the digit. If S is I, the instruction places p2 in the 
destination field followed by the digit. 

If the source data type is 2, the state of SI is undefined 
after the least significant digit has been processed. 

The instruction initiates a commercial fault if any of the 
digits processed is not valid for the specified data type. 

DMVN 
MOle Numerics 

DMVN j 

o 1 2 3 4 5 6 7 6 15 

Increments SI if the source data type is 3 and j>O. The 
instruction then moves j characters from the source field 
(beginning at the position specified by SI) to the destina
tion field (beginning at the position specified by DI). 
Increases both SI and DI by j and sets T to 1. 

For data type 2, the state of SI is undefined after the 
least significant digit has been processed. 

Initiates a commercial fault if any of the characters moved 
is not valid for the specified data type. 

DMVO 
MOle Digit witb OlerpuDcb 

DMVO pO,pi,p2,p3 

pO 

o 1 2 3 456 7 8 15 

pI p2 

16 23 24 31 

p3 

32 39 40 47 

Increments SI if the source data type is 3 and SI points to 
the sign of the source number. The instruction then either 
places a digit substitute in the destination field (at the 
position specified by DI) or moves a digit plus overpunch 
from the source field (at the position specified by SI) to 
the destination field (at the position specified by DI). 
Increases both SI and DI by 1. 

If the source data type is 2, the state of SI is undefined 
after the least significant digit has been processed. 

Table A.6 summarizes the effects of DMVO. 

Digit 

Oorspace 

s 

o 
1 

o 

1 

ValUes 

Action 

Places pO in desfinatlonfield 

Placesp t .11'1 de.stlnation field 

Adds peto the. digit and places the result 
in the destInation fieldt 

AddS p3 lothe digit and places the result 
In the destination fleld1 

.Sets no 1 

Table A.6 Results of DMVO 

1 The instruction assumes that p2 and p3 are ASCII characters. 

The instruction initiates a commercial fault if the charac
ter is not valid for the specified data type. 
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DMVS 
Move Numeric with Zero Suppression 

DMVS j.pO 

o 1 234 5 6 7 6 15 

I pO I 
16 23 24 31 

Increments SI if the source data type is 3, j>O, and SI 
points to the sign of the source number. The instruction 
then moves j characters from the source field (beginning 
at the position specified by SI) to the destination field 
(beginning at the position specified by DI). Moves the 
digit from the source to the destination if Tis 1. Replaces 
all zeros and spaces with pO as long as T is O. Sets T to 1 
when the first nonzero digit is encountered. Increases 
both SI and DI by j. 

If the source data type is 2, the state of the SI is undefined 
after the least significant digit has been processed. 

This opcode destroys the data type specifier. 

Initiates a commercial fault if any of the characters moved 
is not numeric (0-9) or space. 

DNDF 
End Float 

DNDF pO.p] 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 
pO 

o 234 5 6 7 6 15 

pI 

16 23 24 31 

If T is 1, the instruction places nothing in the destination 
field and leaves DI unchanged. If T and S are both 0, the 
instruction places pO in the destination field at the position 
specified by DI. If Tis 0 and S is 1, the instruction places 
pI in the destination field at the position specified by DI. 
Increases D I by 1 and sets T to 1. 

DSSO 
Set S to One 

DSSO 

o 1 234 5 6 7 6 15 

Sets the Sign flag (S) to 1. 
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DSSZ 
Set S to Zero 

DSSZ 

I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 

o 1 2 345 6 7 6 

Sets the Sign flag (S) to O. 

DSTK 
Store In Stack 

DSTK k.pO 

I 0 I 0 I 0 I 0 I 0 I 0 I 
1 

I 0 I 

0 2 3 4 5 6 7 

pO 
I 

16 23 

6 

24 

15 

k I 
15 

I 
31 

Stores the byte specified by pO in bits 8-15 of a word in 
the stack. Sets bits 0-7 of the word that receives pO to O. 
If the 8-bit two's complement integer specified by k is 
negative, the instruction addresses the word receiving pO 
by 

stack pointer+ 1 + k. 

If k is positive, then the instruction stores pO at the 
address, 

frame pointer+ 1 + k. 

DSTO 
Set Tto One 

DSTO 

o 1 234 5 6 6 15 

Sets the significance Trigger (n to 1. 

DSTZ 
Set Tto Zero 

DSTZ 

o 1 234 5 6 7 6 15 

Sets the significance Trigger (n to O. 



LDI 
Load Integer 

LDI jpac 

Translates a string of bytes from memory to (normalized) 
floating-point format and places the result in a floating
point accumulator. 

Under the control of accumulators ACl and AC3, 
converts a string of bytes to floating-point form, normal
izes it, and places it in the specified FPAC. The instruction 
updates the Zero (Z) and Negative (N) flags in the 
floating-point status register to reflect the new contents 
of the specified FPAC. Leaves the decimal number 
unchanged in memory and destroys the previous contents 
of the specified FPAC. 

Two accumulators define the operation as follows: 

• ACl contains the data-type indicator describing the 
number. 

• AC3 contains a byte pointer which is the address of 
the high-order byte of the number in memory. 

Numbers of data type 7 are not normalized after loading. 
By convention, the first byte of a number stored according 
to data type 7 must contain the sign and exponent of the 
floating-point number. The exponent must be in "excess 
64" representation. The instruction copies each byte 
(following the lead byte) directly to the mantissa of the 
specified FPAC. It then sets to zero each low-order byte 
in the FPAC that does not receive data from memory. 

Upon successful completion of the load operation, the 
four accumulators and carry are as follows: 

• ACO and ACl are unchanged. 
• AC2 contains the original contents of AC3. 
• AC3 is undefined. 
• Carry is unchanged. 

NOTE: An attempt to load a minus 0 sets the specified 
FP AC to true zero. 

LDIX 
Load Integer Extended 

LDIX 

Distributes a decimal integer of data type 0, l, 2, 3, 4, or 
5 into the four floating-point accumulators (FPACs). 

Extends the integer with high-order zeros until it is 32 
digits long. Divides the integer into four units of eight 
digits each and converts each unit to a floating-point 
number. Places the number obtained from the eight 
high-order digits into FPACO; the number otained by the 
next eight digits into FPACl; the number obtained from 
the next eight digits into FPAC2; and the number 
obtained from the eight low-order digits into FPAC3. 
The instruction places the sign of the integer in each 
FPAC unless that FPAC has received eight digits of 
zeros, in which case the instruction sets the FPAC to true 
zero. The Zero (Z) and Negative (N) flags in the 
floating-point status register are unpredictable. 

Two accumulators define the operation as follows: 

• ACl contains the data type indicator describing the 
integer. 

• AC3 contains a byte-pointer which is the address of 
the high-order byte of the integer. 

Upon successful completion of the operation, the four 
accumulators and carry are as follows: 

• ACO and AC3 are undefined. 
• ACl is unchanged. 
• AC2 contains the original contents of AC3. 
• Carry is unchanged. 
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LSN 
Load Sign 

LSN 

111111111111111111101110111010101 
o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Under control of accumulators ACl and AC3, evaluates 
a decimal number in memory and returns in ACl a code 
that classifies the number as zero or nonzero and identifies 
its sign. The instruction leaves the number in memory 
unchanged. The meaning of the return code is as follows: 

Value of Number Code 

Positive nonzero +1 

Negative nonzero -1 

Positive zero 0 

Negative zero -2 

Two accumulators define the operation as follows: 

• ACl contains the data type indicator describing the 
number. 

• AC3 contains a byte pointer which is the address of 
the high-order byte of the number. 

Upon successful completion of the operation, the accumu
lators and carry are as follows: 

• ACO is unchanged. 
• ACl contains the value code. 
• AC2 contains the original contents of AC3. 
• AC3 is unpredictable. 
• Carry is unchanged. 
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STI 
Store Integer 

STI jpac 

Converts the contents of a floating-point accumulator 
(FPAC) to a specified format and stores it in memory. 

Under the control of accumulators ACl and AC3, 
translates the contents of the specified FPAC to the 
specified data type and stores it, right-justified, in memo
ry, beginning at the specified location. The instruction 
leaves the floating-point number unchanged in the FPAC 
and destroys the previous contents of memory at the 
specified location(s). Two accumulators define the opera
tion as follows: 

• AC 1 contains the data type indicator describing the 
integer. 

• AC3 contains a byte-pointer which is the address of 
the high-order byte of the destination field in memory. 

After successful completion of the operation, the accumu
lators are as follows: 

• ACO and ACl are unchanged. 
• AC2 contains the original contents of AC3. 
• AC3 contains a byte pointer which is the address of 

the next byte after the destination field. 

NOTES: If the number in the specified FPAC has any 
fractional part, the result of the instruction is undefined. 
Use the Integerize instruction (FlNT) to clear any 
fractional part. 

If the destination field is not large enough to contain the 
number being stored, the instruction disregards 
high-order digits until the number will fit. The 
instruction stores the low-order digits remaining and 
sets carry to 1. 

If the number being stored will not fill the destination 
field, the instruction sets the high-order bytes to O. 



STIX 
Store Integer Extended 
STIX 

111110101111111111101110111010101 
o 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

Converts the contents of four floating-point accumulators 
(FPACs) to an integer of data type 0, 1,2,3,4, or 5, and 
uses the low-order eight digits of each to form a 32-digit 
decimal integer. 

The instruction stores this integer, right-justified, in 
memory beginning at the specified location. The sign of 
the integer is the logical OR of the signs of all four 
FPACs. The previous contents of the addressed memory 
locations are lost, and the condition codes in the floating
point status register are unpredictable. 

Two accumulators define the operation as follows: 

• ACI contains the data type indicator describing the 
integer. 

• AC3 contains a byte-pointer which is the address of 
the high-order byte of the destination field in memory. 

After successful completion of the operation, the accumu
lators are as follows: 

• ACO is undefined. 
• ACI is unchanged. 
• AC2 contains the original contents of AC3. 
• AC3 contains a byte pointer which is the address of 

the next byte after the destination field. 

NOTES: If the number in the specified FPAC has any 
fractional part, the result of the instruction is undefined. 
Use the Integerize instruction (FINT) to clear any 
fractional part. 

If the destinationfield is not large enough to contain the 
number being stored, then for data types 0 through 6, 
the high-order digits are discarded until the number fits 
into the field. The remaining low-order digits are stored 
and carry is set to 1. For data type 7, the low-order 
digits are discarded. 

If the number being stored will not fill the destination 
field, then for data types 0 through 5, the high-order 
bytes are set to 0 until the number fits. For data type 6, 
the sign bit is extended to the left to fill the field. For 
data type 7, the low-order bytes are set to O. 
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Within the index, the letter "f' following a page number 
indicates "and the following page or pages"; a boldface 
page number identifies a dictionary entry. 

A 

Abbreviations i 
Absolute Value (FAB) instruction 74 
Absolute, addressing 6 
Access 

bit 8 
byte 7f 
device 35f 
word 7 

Accumulator formats 3 
Accumulator-relative addressing 6 
Add (ADD) instruction 48£ 
Add Complement (ADC) instruction 47£ 
Add Double, FPAC to FPAC (FAD) instruction 74 
Add Double, Memory to FPAC (FAMD) instruction 75 
Add Immediate (ADI) instruction 50 
Add Single, FPAC to FPAC (FAS) instruction 75 
Add Single, Memory to FPAC (FAMS) instruction 75 
Add to DI (DADI) instruction 119 
Add to P (DAPU) instruction 119 
Add to P Depending on S (DAPS) instruction 119 
Add to P Depending on T (DAPT) instruction 119 
Add to SI (DASI) instruction 119 
Addition 

instruction lists 
fixed-point 16 
floating-point 21 

operations, floating-point 21 
Address translation. See Address translator. 
Address translator 

fault handling 43f 
instruction lists 44 
map table 4lf 
memory management 4 
page 31 register 42 
protection 43 
status 44 

Address, effective 6f 

Index 

Addressing 
absolute 6 
accumulator-relative 6 
bit 8 
byte 7f 
indirect 7 
logical 4 
lower page zero 6f 
modes 6f 
physical 4 
program-counter-relative 6 
translation 41f 
word 7 

Alternate Extended Operation (XOPl) instruction 113 
AND (AND) instruction 5lf 
AND Immediate (ANDI) instruction 52 
AND with Complemented Source (ANC) instruction 

51 
Arithmetic 
data formats 

fixed-point 13 
floating-point 19 

instruction lists 
fixed-point 16 
floating-point 2lf 

B 

Binary coded decimal. See Decimal. 
Bit 
accessing 8 
addressing 8 
pointer format 8 

Block Add and Move (BAM) instruction 53 
Block Move (BLM) instruction 54 
Burst multiplexor channel (BMC) 4, 41f 
BMC address translation 
instruction list 44 
map table 4lf 

Byte 
accessing 7 f 
addressing 7f 
data format 14 
instruction list 18 
pointer format 7 
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c 
Carry 

instruction list 16 
operations 14 

Character Compare (CMP) instruction 56 
Character Move (CMV) instruction 58 
Character Move Until True (CMT) instruction 57 
Character Translate (CRT) instruction 60f 
Clear Errors (FCLE) instruction 76 
Commercial instructions 115f 

data formats and type indicators 115f 
edit subprogram instructions 118f 
instruction lists 117f 

Compare Floating-Point (FCMP) instruction 76 
Compare to Limits (CLM) instruction 55 
Complement (COM) instruction 59f 
Computation 

fixed-point 3, 13f 
floating-point 3, 19f 

Conventions i 
Count Bits (COB) instruction 59 

D 

Data channel 4 
Data conversion, instruction list 20 
Data formats, 
byte 14 
commercial 115f 
decimal 14 
fixed-point 13f 
floating-point 19 
logical 13f 

Data in A (DIA) instruction 63 
Data in B (DIB) instruction 64 
Data in C (DIC) instruction 64 
Data movement instruction lists 
fixed-point 15 
floating-point 21 

Data Out A (DOA) instruction 68 
Data Out B (DOB) instruction 68 
Data Out C (DOC) instruction 69 
Data type indicator 115f 
Decimal Add (DAD) instruction 62 
Decimal Subtract (DSB) instruction 69 
Decimal 
data formats 14 
instruction lists 18 
packed 116f 
unpacked 116f 

Decrement and Jump if Nonzero (DDTK) instruction 
120 

Decrement and Skip if Zero (DSZ) instruction 71 
Device 
access 35f 
flags 36f 
management 4, 35f 

Disable User Mode (NIOP MAP) instruction 100 

1"'0 

Disable User Translation (NIOP MAP) instruction 100 
Dispatch (DSPA) instruction 70 
Displacement, memory reference 5 
Divide Double, FPAC by FPAC (FDD) instruction 76 
Divide Double, FPAC by Memory (FDMD) instruction 

76 
Divide Single, FPAC by FPAC (FDS) instruction 77 
Divide Single, FPAC by Memory (FDMS) instruction 
77 
Division 

instruction lists 
fixed-point 16 
floating-point 22 

operation, floating-point 22 
Double Hex Shift Left (DHXL) instruction 62 
Double Hex Shift Right (DHXR) instruction 63 
Double Logical Shift (DLSH) instruction 67 
Double word access 7 
Double-precision data formats 
fixed-point 13 
floating-point 19 

E 

Edit (EDIT) instruction 118f 
Edit subprogram instructions 118f 
Effective address 6f 
Enable ERCC (DOA ERCC) instruction 68 
End Edit (DEN D) instruction 120 
End Float (DNDF) instruction 122 
ERCC. See Error checking and correction. 
Error checking and correction 

instruction list 45 
memory 4 

Exchange Accumulators (XCH) instruction 112 
Exclusive OR (XOR) instruction 113 
Exclusive OR Immediate (XORI) instruction 113 
Execute (XCT) instruction 25, 112 
Extended Add Immediate (ADDI) instruction 50 
Extended Decrement and Skip if Zero (EDSZ) 

instruction 71 
Extended Increment and Skip if Zero (EISZ) instruction 

71 
Extended Jump (EJMP) instruction 71 
Extended Jump to Subroutine (EJSR) instruction 71 
Extended Load Accumulator (ELDA) instruction 72 
Extended Load Byte (ELDB) instruction 72 
Extended Load Effective Address (ELEF) instruction 
73 
Extended Operation (XOP) instruction 113 
Extended Store Accumulator (ESTA) instruction 73 
Extended Store Byte (ESTB) instruction 4 

F 

Faults 
floating-point 23, 33 
handling 31 f 
stack 12, 32f 



Fix to AC (FF AS) instruction 78 
Fix to Memory (FFMD) instruction 78 
Fixed-point computation 13f 
accumulator formats 3 
common operations 14f 

shift 14f 
skip 15 

data formats 13f 
Float from AC (FLAS) instruction 79 
Float from Memory (FLMD) instruction 80 
Floating-point computation 19f 
accumulators formats 3 
data formats 19 
fault handling 33 
faults 23 
instruction lists 23 
operations 19f 

addition 21 
calculation 20 
data storage 20 
division 22 
guard digits 20 
mantissa alignment 20 
multiplication 21 f 
normalization 20 
subtraction 21 
truncation 20 

status 23 
status register format 23 

G 

Guard digits 20 

H 

Halt (HALT) instruction 88 
Halve (FHLV) instruction 79 
Halve (HL V) instruction 88 
Hex Shift Left (HXL) instruction 89 
Hex Shift Right (HXR) instruction 89 

I 

I/O Protect flag 35 
I/O Reset (lORST) instruction 92 
I/O Skip (SKP) instruction 105 
I/O. See Input/output. 
Inclusive OR (lOR) instruction 91 
Inclusive OR Immediate (IORI) instruction 91 
Increment (INC) instruction 90 
Increment and Skip if Zero (ISZ) instruction 92 
Indexing 5 
Indirect addressing 7 
Indirection protection 43 
Initiate Page Check (DOC MAP) instruction 69 

Input/output 
facilities 4 
general instructions 

device flags 36£ 
format 36 
instruction list 36 
protection 43 

system 2 
Insert Character Once (DINC) instruction 120 
Insert Character Suppress (DINT) instruction 120 
Insert Characters Immediate (DICI) instruction 120 
Insert Characters j Times (DIMC) instruction 120 
Insert Sign (DINS) instruction 120 
Instruction interruption 37 

I 

Instruction lists 
address translator 44 
commercial 117f 
error checking and correction 45 
fixed-point 
addition 16 
byte 18 
data movement 15 
decimal 18 
division 16 
initialize carry 16 
logical 17f 
multiplication 16 
shift 17f 
skip 17f 
subtraction 16 

floating-point 
addition 21 
data conversion 20 
data movement 21 
division 22 
multiplication 22 
subtraction 21 

general I/O 36 
interrupt system 37 
jump 25 
stack IOf 
subroutine 27f 

I 

Instruction fields 
accumulator (AC, FPAC) 5 
displacement 5 
index 5 
indirect (@) 5 
op code 5 

Instructions 
Absolute Value (FAB) 74 
Add (ADD) 48f 
Add Complement (A DC) 47f 
Add Double, FPAC to FPAC (FAD) 74 
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Instructions 
Add Double, Memory to FPAC (FAMD) 75 
Add Immediate (ADI) 50 
Add Single, FPAC to FPAC (FAS) 75 
Add Single, Memory to FPAC (FAMS) 75 
Add to DI (DADI) 119 
Add to P (DAPU) 119 
Add to P Depending on S (DAPS) 119 
Add to P Depending on T (DAPT) 119 
Add to SI (DASI) 119 
Alternate Extended Operation (XOPl) 113 
AND (AND) 5lf 
AND Immediate (ANDI) 52 
AND with Complemented Source (ANC) 51 
Block Add and Move (BAM) 53 
Block Move (BLM) 54 
Character Compare (CMP) 56 
Character Move (CMV) 58 
Character Move Until True (CMT) 57 
Character Translate (CRT) 60f 
Clear Errors (FCLE) 76 
Compare Floating-Point (FCMP) 76 
Compare to Limits (CLM) 55 
Complement (COM) 59f 
Count Bits (COB) 59 
Data in A (DIA) 63 
Data in B (DID) 64 
Data in C (DIC) 64 
Data Out A (DOA) 68 
Data Out B (DOB) 68 
Data Out C (DOC) 69 
Decimal Add (DAD) 62 
Decimal Subtract (DSB) 69 
Decrement and Jump if Nonzero (DDTK) 120 
Decrement and Skip if Zero (DSZ) 71 
Disable User Mode (NIOP MAP) 100 
Disable User Translation (NIOP MAP) 100 
Dispatch (DSPA) 70 
Divide Double, FPAC by FPAC (FDD) 76 
Divide Double, FPAC by Memory (FDMD) 76 
Divide Single, FPAC by FPAC (FDS) 77 
Divide Single, FPAC by Memory (FDMS) 77 
Double Hex Shift Left (DHXL) 62 
Double Hex Shift Right (DHXR) 63 
Double Logical Shift (DLSH) 67 
Edit (EDIT) 118f 
Enable ERCC (DOA ERCC) 68 
End Edit (DEND) 120 
End Float (DNDF) 122 
Exchange Accumulators (XCH) 112 

Instructions 
Exclusive OR (XOR) 113 
Exclusive OR Immediate (XORI) 113 
Execute (XCT) 112 
Extended Add Immediate (ADDI) 50 
Extended Decrement and Skip if Zero (EDSZ) 71 
Extended Increment and Skip if Zero (EISZ) 71 
Extended Jump (EJMP) 71 
Extended Jump to Subroutine (EJSR) 71 
Extended Load Accumulator (ELDA) 72 
Extended Load Byte (ELDB) 72 
Extended Load Effective Address (ELEF) 73 
Extended Operation (XOP) 113 
Extended Store Accumulator (EST A) 73 
Extended Store Byte (ESTB) 74 
Fix to AC (FF AS) 78 
Fix to Memory (FFMD) 78 
Float from AC (FLAS) 79 
Float from Memory (FLMD) 80 
Halt (HALT) 88 
Halve (FHL V) 79 
Halve (HL V) 88 
Hex Shift Left (HXL) 89 
Hex Shift Right (HXR) 89 
I/O Reset (lORST) 92 
I/O Skip (SKP) 105 
Inclusive OR (lOR) 91 
Inclusive OR Immediate (IORI) 91 
Increment (INC) 90 
Increment and Skip if Zero (ISZ) 92 
Initiate Page Check (DOC MAP) 69 
Insert Character Once (DINC) 120 
Insert Character Suppress (DINT) 120 
Insert Characters Immediate (DICI) 120 
Insert Characters j Times (DIMC) 120 
Insert Sign (DINS) 120 
Integerize (PINT) 79 
Interrupt Acknowledge (lNT A) 91 
Interrupt Disable (INTDS) 91 
Interrupt Enable (lNTEN) 91 
Jump (JMP) 92 
Jump to Subroutine (JSR) 28f, 92 
Load Accumulator (LDA) 93 
Load Byte (LDB) 93 
Load Effective Address (LEF) 93 
Load Exponent (FEXP) 77 
Load Floating-Point Double (FLDD) 79 
Load Floating-Point Single (FLDS) 80 
Load Floating-Point Status (FLST) 80 
Load Integer (LDI) 123 
Load Integer Extended (LDIX) 123 
Load Map (LMP) 94 
Load Sign (LSN) 124 
Load User /DCH Map Table (LMP) 94 



Instructions 
Load User /DCH Translator Status (DOA MAP) 68 
Locate and Reset Lead Bit (LRB) 94 
Locate Lead Bit (LOB) 94 
Logical Shift (LSH) ) 94 
Map Single Cycle (NIOP MAP) 100 
Map Supervisor Page 31 (DOB MAP) 68 
Mask Out (MSKO) 96 
Modify Stack Pointer (MSP) 96 
Move (MOV) 95 
Move Alphabetics (DMV A) 120 
Move Characters (DMVC) 121 
Move Digit with Overpunch (DMVO) 121 
Move Float (DMFV) 121 
Move Floating-Point (FMOV) 81 
Move Numeric with Zero Suppression (DMVS) 122 
Move Numerics (DMVN) 121 
Multiply Double, FPAC by FPAC (FMD) 80 
Multiply Double, FPAC by Memory (FMMD) 81 
Multiply Single, FPAC by FPAC (FMS) 81 
Multiply Single, FPAC by Memory (FMMS) 81 
Negate (FNEG) 82 
Negate (NEG) 99 
No I/O Transfer (NIO) 100 
Normalize (FNOM) 82 
No Skip (FNS) 82 
Page Check (DIC MAP) 64 
Pop Block (POPB) 101 
Pop Floating-Point State (FPOP) 82 
Pop Multiple Accumulators (POP) 100 
Pop PC and Jump (POPJ) 101 
Push Floating-Point State (FPSH) 83 
Push Jump (PSHJ) 101 
Push Multiple Accumulators (FPSH) 101 
Push Return Address (PSHR) 102 
Read BMC Status (DIB BMC) 64 
Read High Word (FRH) 83 
Read Memory Fault Address (DIA ERCC) 63 
Read Memory Fault Code and Address (DIB ERCC) 

64 
Read Switch Register (READS) 102 
Read User /DCH Translator Status (DIA MAP) 63 
Restore (RTSR) 102 
Return (RTN) 28f, 103 
Save (SAVE) 28f, 103 
Scale (FSCAL) 84 
Select Initial BMC Map Entry (DOB BMC) 68 
Select Initial Map Register (DOB BMC) 68 
Set Bit to One (BTO) 54 
Set Bit to Zero (BTZ) 54 
Set S to One (DSSO) 122 
Set S to Zero (DSSZ) 122 
Set T to One (DSTO) 122 
Set T to Zero (DSTZ) 122 

Instructions 
Sign Extend and Divide (DIVX) 67 
Signed Divide (DIVS) 66 
Signed Multiply (MULS) 98 
Skip Always (FSA) 83 
Skip if ACS Greater than ACD (SGT) 104 
Skip if ACS Greater than or Equal to ACD (SGE) 104 
Skip on Greater Than or Equal To Zero (FSGE) 84 
Skip on Greater Than Zero (FSGT) 84 
Skip on Less Than or Equal To Zero (FSLE) 84 
Skip on Less Than Zero (FSLT) 84 
Skip on No Error (FSNER) 85 
Skip on No Mantissa Overflow (FSNM) 85 
Skip on No Overflow (FSNO) 85 
Skip on No Overflow and No Zero Divide (FSNOD) 
86 

Skip on No Undeflow (FSNU) 86 
Skip on No Undeflow and No Zero Divide (FSUD) 86 
Skip on No Undeflow and Overflow (FSNUO) 86 
Skip on No Zero Divide (FSND) 85 
Skip on Nonzero (FSNE) 85 
Skip on Nonzero Bit (SNB) 85 
Skip on Zero (FSEQ) 84 
Skip on Zero Bit (SZB) 107 
Skip on Zero Bit and Set to One (SZBO) 107 
Specify BMC Map Entry Count (DOC BMC) 69 
Specify BMC Map Table Transfer (DOB BMC) 68 
Specify Initial Address (DOA BMC) 68 
Specify Low-Order Address (DOA BMC) 68 
Specify Operation and High-Order Address (DOB 

BMC) 68 
Store Accumulator (ST A) 105 
Store Byte (STB) 105 
Store Floating-Point Double (FSTD) 87 
Store Floating-Point Single (FSTS) 87 
Store Floating-Point Status (FSST) 86 
Store in Stack (DSTK) 122 
Store Integer (STI) 124 
Store Integer Extended (STIX) 125 
Subtract (SUB) 106 
Subtract Double, FPAC from FPAC (FSD) 84 
Subtract Double, Memory from FPAC (FSMD) 85 
Subtract Immediate (SBI) 104 
Subtract Single, FPAC from FPAC (FSS) 86 
Subtract Single, Memory from FPAC (FSMS) 85 
System Call (SYC) 107 
Translate Page 31 (DOB MAP) 68 
Translate User Single Cycle (NIOP MAP) 100 
Trap Disable (FTD) 87 
Trap Enable (FTE» 87 
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Instructions 
Unsigned Divide (DIV) 65 
Unsigned Multiply (MUL) 97 
Vector on Interrupting Device (VCT) 39, 108f 

Integerize (FINT) instruction 79 
Interrupt Acknowledge (INT A) instruction 91 
Interrupt Disable (INTDS) instruction 91 
Interrupt Enable (INTEN) instruction 91 
Interrupt On flag 36f 
Interrupt system 

instruction list 37 
Interrupt On flag 36f 
interrupts 37f 
instruction interruption 37 
level 38 
mask 38 
servicing 38 
vector interrupt processing 39 

ION flag. See Interrupt On flag. 

J 

Jump (JMP) instruction 92 
Jump instructions 25 
Jump to Subroutine (JSR) instruction 28f, 92 

L 

LEF flag. See Load Effective Address flag. 
Load Accumulator (LDA) instruction 93 
Load Byte (LDB) instruction 93 
Load Effective Address flag 35 
Load Effective Address (LEF) instruction 93 
Load Exponent (FEXP) instruction 77 
Load Floating-Point Double (FLDD) instruction 79 
Load Floating-Point Single (FLDS) instruction 80 
Load Floating-Point Status (FLST) instruction 80 
Load Integer (LDI) instruction 123 
Load Integer Extended (LDIX) instruction 123 
Load Map (LMP) instruction 94 
Load Sign (LSN) instruction 124 
Load User /DCH Map Table (LMP) instruction 94 
Load User /DCH Translator Status (DOA MAP) 

instruction 68 
Locate and Reset Lead Bit (LRB) instruction 94 
Locate Lead Bit (LOB) instruction 94 
Logical Shift (LSH) instruction 94 
Logical 
data formats 13f 
instruction lists 17f 

Lower page zero 6f 

M 

Management 
device 4, 35f 
memory 4, 41 f 
program flow 4, 25f 
stack I 
system 4, 45 
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Mantissa alignment 20 
MAP. See Memory allocation and protection 
Map Single Cycle (NIOP MAP) instruction 100 
Map Supervisor Page 31 (DOB MAP) instruction 68 
Map table entry formats 4lf 
Mask Out (MSKO) instruction 96 
Memory reference instruction format 5f 
Memory 
access 1, 5f 
alloca tion and protection 41 
fault handling 43f 
management 4, 41 f 
protection 9, 43 
reserved locations 6f 
system 2 

Modify Stack Pointer (MSP) instruction 96 
Move (MOV) instruction 95 
Move Alphabetics (DMV A) instruction 120 
Move Characters (DMVC) instruction 121 
Move Digit with Overpunch (DMVO) instruction 121 
Move Float (DMFV) instruction 121 
Move Floating-Point (FMOV) instruction 81 
Move Numeric with Zero Suppression (DMVS) 
instruction 122 
Mover Numerics (DMVN) instruction 121 
Move 
instruction lists 

commercial 117 
fixed-point 15, 18 
floating-point 21 

Multiplication 
instruction lists 

fixed-point 16 
floating-point 22 

operation, floating-point 21 
Multiply Double, FPAC by FPAC (FMD) instruction 

80 
Multiply Double, FPAC by Memory (FMMD) 

instruction 81 
Multiply Single, FPAC by FPAC (FMS) instruction 81 
Multiply Single, FPAC by Memory (FMMS) 

instruction 81 

N 

Negate (FNEG) instruction 82 
Negate (NEG) instruction 99 
No I/O Transfer (NIO) instruction 100 
Normalization 20 Normalize (FNOM) instruction 82 
No Skip (FNS) instruction 82 

o 
Op code field 5 
Operand accessing 7f 
Operations 

floating-point 19f 
stack 9f, 12, 28f 



p 

Page 31 register 42 
Page Check (DIC MAP) instruction 64 
Pop Block (POPB) instruction 101 
Pop Floating-Point State (FPOP) instruction 82 
Pop Multiple Accumulators (POP) instruction 100 
Pop PC and Jump (POPJ) instruction 101 
Priority interrupt mask 38 
Processor 2 
Program counter 4 
Program-counter-relative addressing 6 
Program flow 4, 25f 
Programmed I/O 4 
Protection 

fault handling 43f 
indirection 43 
input/output 43 
memory 9, 43, 45 
stack 11 f 
validity 43 
write 43 

Push Floating-Point State (FPSH) instruction 83 
Push Jump (PSHJ) instruction 101 
Push Multiple Accumulators (PSH) instruction 101 
Push Return Address (PSHR) instruction 102 

R 

Read BMC Status (DIB BMC) instruction 64 
Read High Word (FRH) instruction 83 
Read Memory Fault Address (DIA ERCC) instruction 

63 
Read Memory Fault Code and Address (DIB ERCC) 

instruction 64 
Read Switch Register (READS) instruction 102 
Read User /DCH Translator Status (DIA MAP) 

instruction 63 
Register formats 

accumulator 3 
floating-point status 23 
map table entries 41 f 
page 31 42 
program counter 4 
stack parameters 9f 

Reserved memory locations 6f 
Restore (RSTR) instruction 102 
Return block 11 
Return (RTN) instruction 28f, 103 

s 
Save (SAVE) instruction 28f, 103 
Scale (FSCAL) instruction 84 
Select Initial BMC Map Entry (DOB BMC) instruction 

68 
Select Initial Map Register (DOB BMC) instruction 68 
Set Bit to One (BTO) instruction 54 
Set Bit to Zero (BTZ) instruction 55 

Set S to One (DSSO) instruction 122 
Set S to Zero (DSSZ) instruction 122 
Set T to One (DSTO) instruction 122 
Set T to Zero (DSTZ) instruction 122 
Shift 

instruction lists 17f 
operations 14f 

Sign Extend and Divide (DIVX) instruction 67 
Sign instructions 117 
Signed Divide (DIVS) instruction 66 
Signed Multiply (MULS) instruction 98 
Single-precision data formats 

fixed-point 13 
floating-point 19 

Skip Always (FSA) instruction 83 
Skip if ACS Greater than ACD (SGT) instruction 104 
Skip if ACS Greater than or Equa\ to ACD (SGE) 

instruction 104 
Skip on Greater Than or Equal To Zero (FSGE) 

instruction 84 
Skip on Greater Than Zero (FSGT) instruction 84 
Skip on Less Than or Equal To Zero (FSLE) instruction 

84 
Skip on Less Than Zero (FSL T) instruction 84 
Skip on No Error (FSNER) instruction 85 
Skip on No Mantissa Overflow (FSNM) instruction 85 
Skip on No Overflow (FSNO) instruction 85 
Skip on No Overflow and No Zero Divide (FSNOD) 

instruction ~ 
Skip on No Undeflow (FSNU) instruction 86 
Skip on No Undeflow and No Zero Divide (FSUD) 

instruction 86 
Skip on No Undeflow and Overflow (FSNUO) 

instruction 86 
Skip on No Zero Divide (FSND) instruction 85 
Skip on Nonzero (FSNE) instruction 85 
Skip on Nonzero Bit (SNB) instruction 105 
Skip on Zero (FSEQ) instruction 84 
Skip on Zero Bit (SZB) instruction 107 
Skip on Zero Bit and Set to One (SZBO) instruction 

107 
Skip 

instruction lists 17f, 23 
legal and illegal instruction sequences 26 
operations 15 

Specify BMC Map Entry Count (DOC BMC) 
instruction 69 

Specify BMC Map Table Transfer (DOB BMC) 
instruction 68 

Specify Initial Address (DOA BMC) instruction 68 
Specify Low-Order Address (DOA BMC) instruction 

68 
Specify Operation and High-Order Address (DOB 

BMC) instruction 68 
Stack faults. See Stack protection. 
Stack 

fault handling 32f 
initialization Ilf 
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instruction lists 
return block 11 
word access 10 
parameter 10 

management 1 
operations 9f, 12, 28f 
parameters 9f 
frame pointer 10 
base 9 
limit 9 
pointer 10 

protection 11 f 
return block 11 

Status 
address translator 44 
floating-point 23 
system 45 

Store Accumulator (STA) instruction 105 
Store Byte (STB) instruction 105 
Store Floating-Point Double (FSTD) instruction 87 
Store Floating-Point Single (FSTS) instruction 87 
Store Floating-Point Status (FSST) instruction 86 
Store in Stack (DSTK) instruction 122 
Store Integer (STI) instruction 124 
Store Integer Extended (STIX) instruction 125 
Subroutines 

examples 30f 
instruction list 27f 
instruction sequence and types 27f 
returns 27f 

Subtract (SUB) instruction 106 
Subtract Double, FPAC from FPAC (FSD) instruction 

84 
Subtract Double, Memory from FPAC (FSMD) 

instruction 85 
Subtract Immediate (SBI) instruction 104 
Subtract Single, FPAC from FPAC (FSS) instruction 

86 
Subtract Single, Memory from FPAC (FSMS) 

instruction 85 
Subtraction 

instruction lists 16, 21 
operations, floating-point 21 

System Call (SYC) instruction 107 
System 

block diagram 2 
functions 45 
input/output 2 
memory 2 
overview If 
status 45 

1'JA 

T 

Translate Page 31 (DOB MAP) instruction 68 
Translate User Single Cycle (NIOP MAP) instruction 

100 
Trap Disable (FTD) instruction 87 

Trap Enable (FTE) instruction 87 
Truncation 20 

u 
Unsigned Divide (DIV) instruction 65 
Unsigned Multiply (MUL) instruction 97 

v 
Validity protection 43 
Vector interrupt processing 39 
Vector on Interrupting Device Code (VCT) instruction 

39, 108f 

W 

Word access 7 
Write protection 43 
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