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PREFACE 

This manual assumes that the MC68881/MC68882 is connected as a coprocessor 
to the MC68020/MC68030 microprocessor. If the MC68881/MC68882 is used in a 
system with a main processor other than the MC68020/MC68030, it is expected 
that the main processor emulates the M68000 Family coprocessor interface as 
required by the MC68881/MC68882. 

This manual is divided into two major parts. The first part, sections 2 through 8, 
describes the programmer's model of the MC68881/MC68882 and the floating- 
point instruction set that it implements. This part of the manual includes a detailed 
description of each instruction and a section on instruction timing that can be 
used for program optimization and to predict floating-point arithmetic perform- 
ance. 

The second part of the manual, sections 9 through 13, describes the hardware 
interface of the MC68881/MC68882 to the main processor, and is most pertinent 
to system hardware designers. Bus cycle timing diagrams, interface register ad- 
dressing, etc., are discussed from the viewpoint of the MC68020/MC68030 hard- 
ware conventions. A prior knowledge of the MC68020/MC68030 bus interface, 
particularly as it pertains to the M68000 Family coprocessor interface, is quite 
helpful in understanding the operation of the MC68881/MC68882 bus interface. 

Throughout this manual, M68000 or M68000 Family is used to refer to the family 
of devices that support the Freescale68000 Family architecture. A number that is 
preceded by MC, such as MC68020, MC68030, MC68881, or MC68882, refers to a 
specific part. A reference to MC68881/MC68882 or FPCP applies to either floating- 
point coprocessor, and a reference to MC68020/MC68030 or MPU applies to either 
main processor. 

The sections and appendices of the manual are: 
Section 1. General Description 
Section 2. Programming Model 
Section 3. Operand Data Formats 
Section 4. Instruction Set 
Section 5. Coprocessor Programming 
Section 6. Exception Processing 
Section 7. Coprocessor Interface 
Section 8. Instruction Execution Timing 
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Section 11. Interfacing Methods 
Section 12. Electrical Specifications 
Section 13. Ordering Information and Mechanical Data 
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SECTION 1 
GENERAL DESCRIPTION 

The MC68881 and MC68882 floating-point coprocessors (FPCP) both fully implement the 
IEEE Standard for Binary Floating-Point Arithmetic (ANSI-IEEE Std 754-1985) for use with 
the Freescale M68000 Family of microprocessors. The coprocessors are both implemented 
in VLSl technology to give system designers the highest possible functionality in a phys- 
ically small device. The MC68882 provides an increased level of performance in a copro- 
cessor that is fully compatible and physically interchangeable with the MC68881. 

Intended primarily for use as coprocessors to the MC68020/MC68030 32-bit microprocessor 
unit (MPU), the MC68881 and MC68882 provide a logical extension to the main processing 
unit integer data processing capabilities. These coprocessors provide a very high perform- 
ance floating-point arithmetic unit and a set of floating-point data registers utilized in a 
manner that is analogous to the use of the integer data registers. The MC68881/MC68882 
instruction set, a natural extension of all earlier members of the M68000 Family, supports 
all of the addressing modes of the host MPU. Due to the flexible bus interface of the M68000 
Family, the MC68881 or MC68882 can be used with any of the MPU devices of the family 
and may also be used as a peripheral to other processors. 

The major features of the MC68881 and MC68882 are: 

• Eight general-purpose floating-point data registers, each supporting a full 80-bit ex- 
tended precision real data format (a 64-bit mantissa plus a sign bit, and a 15-bit signed 
exponent). 

• A 67-bit arithmetic unit to allow very fast calculations, with intermediate precision 
greater than the extended precision format. 

• A 67-bit barrel shifter for high-speed shifting operations (for normalizing, etc.). 

• Forty-six instructions, including 35 arithmetic operations. 

• Full conformance to the ANSI-IEEE 754-1985 standard, including all requirements and 
suggestions. 

• Support of functions not defined by the IEEE standard, including a full set of trigon- 
ometric and transcendental functions. 

• Seven data formats: byte, word, and long word integers; single, double, and extended 
precision real numbers; and packed binary coded decimal string real numbers. 

• Twenty-two constants available in the on-chip ROM, including ~r, e, and powers of 10. 

• Virtual memory/machine operations. 

• Efficient mechanisms for exception processing, context switches, and interrupt han- 
dling. 

• Fully concurrent instruction execution with the main processor. 

• Use with any host processor, on an 8-, 16-, or 32-bit data bus. 
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In addition to these features, the MC68882 provides: 

• Concurrent execution of multiple floating-point instructions. 

• Special-purpose hardware for high-speed conversion of binary real memory operands 
to/from the internal extended format. 

• Simultaneous access to the floating-point registers by the MC68882's conversion and 
arithmetic processing units. 

• Reduced coprocessor interface overhead to increase throughput. 

1.1 THE COPROCESSOR CONCEPT 

The FPCP functions as a coprocessor in systems where the MC68020 or MC68030 is the 
main processor via the M68000 coprocessor interface. It functions as a peripheral processor 
in systems where the main processor is the MC68000, MC68008, or MC68010. 

The FPCP utilizes the M68000 Family coprocessor interface to provide a logical extension 
of the MPU registers and instruction set in a manner that is transparent to the programmer. 
The programmer perceives the MPU and FPCP execution model as if both devices were 
implemented on one chip. 

A fundamental goal of the M68000 Family coprocessor interface is to provide the pro- 
grammer with an execution model based upon sequential instruction execution by the 
MPU and the FPCP. For optimum performance, however, the coprocessor interface allows 
floating-point instructions to execute concurrently with MPU integer instructions. Concur- 
rent instruction execution is further extended by the MC68882, which can execute multiple 
floating-point instructions simultaneously. However, the coprocessor interface and the 
FPCP are designed to maintain a strictly sequential instruction execution model from the 
programmer's viewpoint. 

The FPCP is a non-DMA type coprocessor that uses a subset of the general-purpose co- 
processor interface supported by the MPU. Features of the interface implemented in the 
FPCP are as follows: 

• The main processor and the FPCP communicate via standard M68000 bus cycles. 

• Communication between the main processor and the FPCP is not dependent upon the 
architecture of the individual devices (e.g., instruction pipes or caches, addressing 
modes). 

• The main processor and the FPCP can operate at different clock speeds. 

• The FPCP instructions support all addressing modes provided by the main processor. 

• All effective addresses calculations and data transfers performed by the main processor 
at the request of the coprocessor. 

• Overlapped (concurrent) instruction execution enhances throughput while maintaining 
the programmer's model of sequential instruction execution. 

• Coprocessor detection of an exception that requires a trap to be taken is serviced by 
the main processor at the request of the FPCP. 

• Support of virtual memory/virtual machine systems is provided via the FSAVE and 
FRESTORE instructions. 
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• Up to eight coprocessors can reside in a system simultaneously. 

• Multiple coprocessors of the same type are allowed. 

• Systems can use software emulation of the FPCP without reassembling or relinking 
user software. 

1.2 HARDWARE OVERVIEW 

The MC68881 and MC68882 are high-performance floating-point devices designed to in- 
terface with the MC68020 or MC68030 as coprocessors. These coprocessors fully support 
the MPU virtual machine architecture and are implemented in HCMOS, Freescale's low- 
power, small-geometry process. This process allows CMOS and HMOS (high-density NMOS) 
gates to be combined on the same device. CMOS structures ere used where speed and 
low power are required, and HMOS structures are used where minimum silicon area is 
desired. As a result, HCMOS technology provides the combined advantages of high-per- 
formance and low-power consumption without enlarging the die size. 

In systems using the MC68000, MC68008, or MC68010 as the main processor, the MC68881 
or MC68882 functions as a peripheral processor. The configuration of the FPCP as a peripheral 
processor or coprocessor can be completely transparent to user software (i.e., the same 
object code can be executed in either configuration). 

,The architecture of the FPCP appears to the user as a logical extension of  the M68000 
Family architecture. Because of the coupling of the coprocessor interface~ the MPU pro- 
grammer can view the FPCP registers as though the registers were resident in the MPU. 
Thus, an MPU and FPCP device pair appears to be one processor that supports seven 
floating-point and integer data types with eight integer data registers, eight address reg- 
isters, and eight floating-point data registers. 

The FPCP programming model is shown in Figures 1-1 through 1-6 and consists of the 
following: 

• Eight 80-bit floating-point data registers (FP7-FP0). These registers are analogous to 
the integer data registers (D7-D0) and are completely general purpose (i.e., any in- 
struction may use any register). 

• A 32-bit control register that contains enable bits for each class of exception trap, and 
mode bits to set the user-selectable rounding and precision modes. 

• A 32-bit status register that contains floating-point condition codes, quotient bits, and 
exception status information. 

• A 32-bit instruction address register that contains the main processor memory address 
(virtual) of the last floating-point instruction that was executed. This address is used 
in exception handling to locate the instruction that caused the exception. 

The connection between the MPU and the FPCP is a simple extension of the M68000 bus 
interface. The FPCP is connected as a coprocessor to the MPU, and a chip-select signal 
(decoded from the MPU function codes and address bus)selects the FPCP. Figure 1-7 
illustrates the coprocessor/MPU configuration. 

As shown in Figure 1-8, the MC68881 is internally divided into two processing elements; 
the bus interface unit (BIU) and the arithmetic processing unit (APU). The BIU communicates 
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with the MPU, and the APU executes all MC68881 instructions. Though the BIU monitors 
the state of the APU closely, it operates independently of the APU. The APU operates on 
the command word and operands that the BIU passes to it. In return, the APU reports its 
internal status to the BIU. 

The BIU contains the coprocessor interface registers (CIRs). In addition to these registers, 
the CIR register select and DSACK timing control logic is contained in the BIU. Finally, the 
status flags used to monitor the status of communications with the main processor are 
contained in the BIU. 

The eight 80-bit floating-point data registers (FP7-FP0) and the 32-bit control, status, and 
instruction address registers (FPCR, FPSR, and FPIAR) are located in the APU. In addition 
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to these registers, the APU contains a high-speed 67-bit arithmetic unit used for both 
mantissa and exponent calculations, a barrel shifter that can shift from 1 bit to 67 bits in 
one machine cycle,and ROM constants (for use by the internal algorithms or user pro- 
grams). 

The control section of the APU contains the clock generator, a two-level microcoded se- 
quencer, the microcode ROM, and self-test circuitry. The built-in self-test capabilities of 
the FPCP enhance reliability and ease manufacturing requirements; however, these di- 
agnostic functions are not accessible outside of the special test environment supported by 
VLSI test equipment. 

In addition to the BIU and APU, as described for the MC68881 (refer to Figure 1-9), the 
MC68882 has a conversion unit (CU) that performs data format conversions to the internal 
extended format. The CU relieves the APU of a significant work load and allows the MC68882 
to execute FMOVE instructions concurrently with arithmetic or transcendental operations. 

1.2.1 Bus Interface Unit 

All communications between the MPU and the FPCP are performed with standard M68000 
Family bus transfers. The FPCP is designed to operate on 8-, 16-, or 32-bit data buses. 

The FPCP contains a number of coprocessor interface registers (CIRs), which are addressed 
by the main processor in the same manner as memory. The M68000 Family coprocessor 
interface is implemented as a protocol of bus cycles in which the main processor reads 
and writes to these registers. The MPU implements this general-purpose coprocessor 
interface protocol in hardware and microcode. 

When the MPU detects a FPCP general type instruction, the MPU writes the command 
word of the instruction to the memory-mapped command CIR, and reads the response 
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CIR. In this response, the BIU encodes requests for any additional service required of the 
MPU on behalf of the FPCP. For example, the response may request that the MPU fetch 
an operand from the evaluated effective address and transfer the operand to the operand 
CIR. Once the MPU fulfills the coprocessor request(s), the MPU is free to fetch and execute 
subsequent instructions. 

A key concern in a coprocessor interface that allows concurrent instruction execution is 
synchronization during main processor and coprocessor communication. If a subsequent 
instruction is written to the command CIR before the APU has completed execution of the 
previous instruction (in the case of the MC68881) or before the CU has passed its results 
to the APU (in the case of the MC68882), the response instructs the MPU to wait. Thus, 
the choice of concurrent or nonconcurrent instruction execution is determined on an in- 
struction-by-instruction basis by the coprocessor. 

The only difference between a coprocessor bus transfer and any other bus transfer by the 
MPU is that the function code issued by the MPU specifies the CPU address space during 
the cycle (the function codes are generated by the M68000 Family processors to identify 
one of eight separate address spaces). Thus, the memory-mapped coprocessor interface 
registers do not infringe upon instruction or data address spaces. The MPU places a co- 
processor ID field from the coprocessor instruction words onto three of the upper address 
lines during coprocessor accesses. This ID, along with the CPU address space function 
code, is decoded to select one of eight possible coprocessors in the system. 

Since the coprocessor interface protocol consists solely of bus transfers, the protocol is 
easily emulated by software when the FPCP is used as a peripheral with any processor 
capable of memory-mapped I/O over an M68000-style bus. When used as a peripheral 
processor with the 8-bit MC68008 or either the 16-bit MC68000 or MC68010, all FPCP 
instructions are trapped by the main processor to an exception handler at execution time. 
Trapping the instructions enables the software emulation of the coprocessor interface 
protocol to be totally transparent to the user. The FPCP can provide a performance option 
for MC68000-based designs by changing the main processor to an MC68020 or MC68030. 
The software migrates without change to the next generation equipment using the MPU. 

Since the bus is asynchronous, the FPCP need not run at the same clock speed as the main 
processor. Total system performance can therefore be customized. For a given CPU per- 
formance requirement, the floating-point performance can be selected to meet particular 
price/performance specifications, running the FPCP at slower (or faster) clock speeds than 
the CPU clock. 

1.2.2 Coprocessor Interface 

The M68000 Family coprocessor interface is an integral part of the FPCP and MPU designs. 
The interface partitions MPU and coprocessor operations so that the MPU does not have 
to completely decode coprocessor instructions, and the FPCP does not haveto duplicate 
main processor functions (such as effective address evaluation). 

This partitioning provides an orthogonal extension of the instruction set by permitting 
FPCP instructions to utilize all MPU addressing modes and to generate execution time 
exception traps. Thus, from the programmer's view, the MPU and coprocessor appear to 
be integrated onto a single chip. While the execution of the great majority of FPCP instruc- 
tions can be overlapped with the execution of MPU instructions, concurrency is completely 
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transparent to the programmer. The MPU single-step and program flow (trace) modes are 
fully supported by the FPCP and the M68000 Family coprocessor interface. 

While the M68000 Family coprocessor interface permits coprocessors to be bus masters, 
the FPCP never functions as  one. The FPCP requests that the MPU fetch all operands and 
store all results. In this manner, the MPU 32-bit data bus provides high-speed transfer of 
floating-point operands and results while reducing the pin count of the FPCP. 

Since the coprocessor interface consists solely of bus cycles (to and from the CPU space) 
and the FPCP never functions as a bus master, the coprocessor can be placed on either 
the logical or physical side of the system memory management unit (MMU) in an MC68020 
system. Since the MMU of the MC68030 is on-chip, the FPCP is always on the physical 
side of the MMU in an MC68030 system. 

The virtual machine architecture of the MPU is supported bythe coprocessor interface and 
the FPCP with the FSAVE and FRESTORE instructions. If the MPU detects a page fault and/ 
or a task timeout, the MPU can force the FPCP to stop whatever operation is in progress 
at any time and save the FPCP internal state in memory. During the execution of a floating- 
point instruction, the FPCP can stop at predetermined points as well as at the completion 
of the instruction. 

The size of the saved internal state of the FPCP is dependent upon the state of the APU at 
the time that the FSAVE is executed. If the MPU is in the reset state when the FSAVE 
instruction is initiated, only one word of state is transferred to memory. The stored word 
may be examined by the operating system to determine that the coprocessor programmer's 
model is empty. If the APU is in the idle state when the FSAVE instruction is decoded, only 
a few words of internal state are transferred to memory. If the APU is in the middle of 
executing an instruction, it may be necessary tO save the entire internal state of the machine. 
Instructions that can complete execution in less time than it would take to save the larger 
state in mid-instruction are automatically allowed to complete execution and then save 
the idle state. Thus, the size of the saved internal state is kept to a minimum. The ability 
to utilize several internal state sizes greatly reduces the average context switching time. 

The FRESTORE instruction permits reloading an internal state saved earlier and continues 
any previously suspended operation. Restoring the reset internal state re-establishes de- 
fault register values, a function identical to the FPCP hardware reset. 

1.3 OPERAND DATA FORMATS 

The FPCP supports the following data formats: 
Byte Integer (B) 
Word Integer (W) 
Long Word Integer (L) 
Single Precision Real (S) 
Double Precision Real (D) 
Extended Precision Real (X) 
Packed Decimal String Real (P) 

The capital letters within the parentheses denote suffixes added to mnemonics of the 
assembly language instructions to specify the data format to be used. 
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1.3.1 Integer Data Formats 

The three integer data formats (byte, word, and long word) are the standard twos com- 
plement data formats defined in the M68000 Family architecture. Whenever an integer is 
used in a floating-point operation, the integer is automatically converted by the FPCP to 
an extended precision floating-point number before being used. For example, to add an 
integer constant of five to the number in floating-point data register 3 (FP3), the following 
instruction can be used: 

FADD.W #5,FP3 
(The Freescale assembler syntax uses " # "  to denote immediate addressing.) 

The ability to effectively use integers in floating-point operations saves user memory since 
an integer representation of a number, if representable, is usually smaller than the equiv- 
alent floating-point representation. 

1.3.2 Floating-Point Data Formats 

The floating-point data formats, single precision (32-bits) and double precision (64-bits), 
are implemented in the FPCP as defined by the IEEE standard. These data formats are the 
main floating-point formats and should be used for most calculations involving real num- 
bers. Table 1-1 lists the exponent and mantissa sizes for single, double, and extended 
precision. The exponent is biased, and the mantissa is in sign and magnitude form. Since 
single and double precision require normalized numbers, the most significant bit of the 
mantissa is implied as a one and is not included, thus giving one extra bit of precision. 

Table 1-1. Exponent and Mantissa Sizes 

Data Exponent Mantissa 
Format Bits Bits 

Single 8 23(+ 1) 

Double 11 52( + 1 ) 

Extended 15 64 

The extended precision data format is also in conformance with the IEEE standard, but the 
standard does not specify this format to the bit level as it does for single and double 
precision. The memory format for the FPCP consists of 96 bits (three long words). Only 80 
bits are actually used; the other 16 bits are for future expandability and for long-word 
alignment of floating-point data structures in memory. Extended format has a 15-bit ex- 
ponent, a 64-bit mantissa, and a 1-bit mantissa sign. 

Extended precision numbers are intended for use as temporary variables, intermediate 
values, or where extra precision is needed. For example, a compiler might select extended 
precision arithmetic for evaluation of the right side of an equation with mixed sized data 
and then convert the answer to the data type on the left side of the equation. It is anticipated 
that extended precision numbers will not be stored in large arrays due to the amount of 
memory required by each value. 

1.3.3 Packed Decimal String Real Data Format 

The packed decimal data format allows packed BCD strings to be transferred to and from 
the FPCP. The strings consist of a 3-digit base 10 exponent and a 17-digit base 10 mantissa. 
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Both the exponent and mantissa have separate sign bits. All digits are packed BCD, and 
the entire string fits in 96 bits (three long words). As is the case with all data formats, when 
packed BCD strings are supplied to the FPCP, the strings are automatically converted to 
extended precision real values. This conversion allows packed BCD numbers to be used 
as inputs to any operation. For example: 

FADD.P #-6.023E + 24,FP5 

BCD numbers can be supplied by the FPCP in a format readily used for printing by a 
program generated by a high-level language compiler. For example: 

FMOVE.P FP3,BUFFER{#- 5} 
This instruction converts the contents of floating-point data register 3 (FP3) into a packed 
BCD string with five significant digits to the right of the decimal point (FORTRAN F format). 

1.3.4 Data Format Summary 

All data formats described in the preceding paragraphs are supported orthogonally by all 
arithmetic and transcendental operations and by all appropriate MPU addressing modes. 
For example, all of the following are valid instructions: 

FADD.B #0,FP0 
FADD.W D2,FP3 
FADD.L BIGINT, FP7 
FADD.S #3.14159,FP5 
FADD.D (SP)+ ,FP6 
FADD.X [(TEMP PTR,A7)],FP3 
FADD.P #1.23E25,FP0 

Most on-chip calculations are performed in the extended precision format, and the eight 
floating-point data registers always contain extended precision values. All operands are 
converted to extended precision by the FPCP before a specific operation is performed, and 
all results are in extended precision. This ensures maximum accuracy without sacrificing 
performance. 

Refer to Figure 1-10 for a summary of the memory formats for the seven data formats 
supported by the FPCP. 

1.4 INSTRUCTION SET 

The FPCP instruction set is organized into six major classes: 
1. Moves between the FPCP and memory or the MPU (to or from) 
2. Move multiple registers (to or from) 
3. Monadic operations 
4. Dyadic operations 
5. Branch, set, or trap conditionally 
6. Miscellaneous 

1.4.1 Moves 

On all moves from memory (or from an MPU data register) to the FPCP, data is converted 
from the source data format to the internal extended precision format. On all moves from 
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Figure 1-10. MC68881/MC68882 Data Format Summary 

the FPCP to memory (or to an MPU data register), data is converted from the internal 
extended precision format to the destination data format. 

Note that data movement instructions perform arithmetic operations, since the result is 
always rounded to the precision selected in the FPCR mode control byte. The result is 
rounded using the selected rounding mode and is checked for overflow and underflow. 

The syntax for the FMOVE instruction is: 
FMOVE.<fmt> <ea>,FPn Move to FPCP 
FMOVE.<fmt> FPm,<ea> Move from FPCP 
FMOVE.X FPm,FPn Move within FPCP 

where: 
<ea> is an MPU effective address operand 
.<fret> is the data format size 
FPm and FPn are floating-point data registers. 

1.4.2 Move Multiple Registers 

The floating-point move multiple instruction on the FPCP resembles its integer counterpart 
on the M68000 Family processors. Any set of the floating-point registers FPO through FP7 
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can be moved to or from memory with one instruction. These registers are always moved 
as 96-bit extended data with no conversion (hence no possibility of conversion errors). 
Some examples of the move multiple instruction a r e  as  follows: 

FMOVEM <ea>,FP0-FP3/FP7 
FMOVEM FP2/FP4/FP6,<ea> 

The move multiple instruction is useful during context switches and interrupts to save or 
restore the state of a program. It is also useful at the start and end of a procedure to save 
and restore the calling routine's register set. In order to reduce procedure call overhead, 
the list of registers to be saved or restored can be stored in a data register thus enabling 
run-time optimization by allowing a called routine to save as few registers as possible. 
Note that no rounding or overflow/underflow checking is performed by these operations. 

1,4.3 Monadic Operations 

A monadic operation has one operand. This operand may be in a floating-point data 
register, in memory, or in an MPU data register. The result is always stored in a floating- 
point data register. For example, the syntax for square root is any of the following: 

FSQRT.<fmt> <ea>,FPn 
FSQRT.X FPm,FPn 
FSQRT.X FPn 

The monadic operations available with the FPCP are as follows: 
FABS Absolute Value FLOG2 Log Base 2 
FACOS Arc Cosine FLOGN Log Base e 
FASlN Arc Sine FLOGNP1 Log Base e of (x+ 1) 
FATAN Arc Tangent FNEG Negate 
FATANH Hyperbolic Arc Tangent FSIN Sine 
FCOS Cosine FSINCOS Simultaneous Sine and Cosine 
FCOSH Hyperbolic Cosine FSINH Hyperbolic Sine 
FETOX e to the x Power FSQRT Square Root 
FETOXM1 e to the x Power -1  FI-AN Tangent 
FGETEXP Get Exponent FTANH Hyperbolic Tangent 
FGETMAN Get Mantissa FTENTOX 10 to the x Power 
FINT Integer Part FTST Test 
FINTRZ Integer Part (Truncated) FTWOTOX 2 to the x Power 
FLOG10 Log Base 10 

1.4.4 Dyadic Operations 

Dyadic operations have two operands each. The first operand is in a floating-point data 
register, memory, or an MPU data register. The second operand is the contents of a floating- 
point data register. The destination is the same floating-point data register used for the 
second operand. For example, the syntax for floating-point add is either of the following: 

FADD.<fmt> <ea>,FPn 
FADD.X FPm,FPn 

The dyadic operations available with the FPCP are as follows: 
FADD Add FREM IEEE Remainder 
F C M P  Compare FSCALE Scale Exponent 
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FDIV Divide FSGLDIV Single Precision Divide 
FMOD Modulo Remainder FSGLMUL Single Precision Multiply 
FMUL Multiply FSUB Subtract 

Assuming that operands are single precision, the FSGLMUL and FSGLDIV instructions 
round results as such while maintaining the range of extended precision. In special 
applications where multiply and divide performance are more important than loss of pre- 
cision, the FSGLMUL and FSGLDIV instructions can be used. 

1.4.5 Branch, Set, and Trap-On Condition 

The floating-point branch, set, and trap-on condition instructions implemented by the FPCP 
are similar to the equivalent integer instructions of the M68000 Family processors, except 
more conditions exist due to the special values in IEEE floating-point arithmetic. When a 
conditional instruction is executed, the FPCP performs the necessary condition checking 
and reports the result, true or false, to the MPU; the MPU then takes the appropriate action. 
Since the FPCP and MPU are closely coupled, the floating-point branch operations are 
quickly executed. 

The FPCP conditional operations are: 
FBcc Branch 
FDBcc Decrement and Branch 
FScc Set According to Condition 
FTRAPcc Trap-on Condition (with an Optional Parameter) 

where: 
cc is one of the 32 floating-point conditional test specifiers listed in 3.3 PACKED DECIMAL 

REAL DATA FORMAT. 

1.4.6 Miscellaneous Instructions 

Miscellaneous instructions include moves to and from the status, control, and instruction 
address registers. Also included are the virtual memory/machine FSAVE and FRESTORE 
instructions that save and restore the internal state of the FPCP. 

FMOVE <ea>,FPcr Move to Control Register(s) 
FMOVE FPcr,<ea> Move from Control Register(s) 
FSAVE <ea> Virtual Machine State Save 
FRESTORE <ea> Virtual Machine State Restore 

1.5 ADDRESSING MODES 

The FPCP does not perform address calculations. Thus, when the FPCP instructs the MPU 
to transfer an operand via the coprocessor interface, the MPU performs the addressing 
mode calculations requested in the instruction. In this case, the instruction is encoded 
specifically for the MPU, and the instruction execution by the FPCP is dependent only on 
the value of the command word written to the FPCP by the main processor. 

This interface is quite flexible and allows any addressing mode to be used with floating- 
point instructions. For the M68000 Family, these addressing modes include immediate, 
postincrement, predecrement, data or address register direct, and the indexed/indirect 
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addressing modes of the MPU. Some addressing modes are restricted for some instructions 
in keeping with the M68000 Family architectural definitions (e.g., program counter relative 
addressing is not allowed for a destination operand). 

The orthogonal instruction set of the FPCP, along with the flexible branches and addressing 
modes of the MPU, allows a programmer or a compiler writer to think of the FPCP as 
though it were part of the MPU. There are no special restrictions imposed by the copro- 
cessor interface, and floating-point arithmetic is coded exactly like integer arithmetic. 

1.6 MC68882 PROGRAMMING CONSIDERATIONS 

To exploit the enhanced performance of the MC68882 requires the programmer to be aware 
of the manner in which the coprocessor overlaps execution of instructions. Upgrading a 
system to use the MC68882 requires minor system software changes but no user software 
changes. To optimize applications code for the MC68882 may require reordering of floating- 
point instructions. SECTION 5 COPROCESSOR PROGRAMMING describes the concurrency 
capabilities of the MC68882, the required system software changes, and the optimization 
of existing software for the enhanced floating-point coprocessor. 
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SECTION 2 
P R O G R A M M I N G  MODEL 

This section describes the registers of the MC68881/MC68882 (FPCP) programming model. 
The notation used to refer to the registers conforms to the Freescale assembler syntax. 
The programming model for the MC68882 is identical to that for the MC68881. 

Figure 2-1 is a pictorial representation of the registers in the FPCP programming model, 
The following paragraphs describe each group of registers. 

2.1 FLOATING-POINT DATA REGISTERS 

The eight 80-bit floating-point data registers (FP7-FP0) are analogous to the integer data 
registers (D7-D0) of all M68000 Family processors. Floating-point data registers always 
contain extended precision numbers. The data format used is identical to the extended 
precision data format described in Table 3-3, except that the reserved (unused) 16 bits are 
deleted from the table. All external operands, regardless of the data format, are converted 
to extended precision values before being used in any calculation or stored in a floating- 
point data register. 

A reset function or a restore operation of the null state sets FP7-FP0 to positive nonsignaling 
not-a-numbers (NANs), described in 3.2.5 Not-A-Numbers. 
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Figure 2-1. MC68881/MC68882 Programming Model 
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2.2 FLOATING-POINT CONTROL REGISTER 

The 32-bit floating-point control register (FPCR) contains an exception enable byte that 
enables/disables traps for each class of floating-point exceptions and a mode byte that 
sets the user selectable modes. 

The control register can be read or written to by the user. Bits 31-16 are reserved for future 
definition by Freescale. These bits are always read as zero and are ignored during write 
operations (but should be zero for future compatibility). This register is cleared by the reset 
function or a restore operation of the null state. When cleared, this register provides the 
IEEE standard defaults. 

2.2,1 FPCR Exception Enable Byte 

One of the bits of the exception enable byte (ENABLE), Shown in Figure 2-2, corresponds 
to each floating-point exception class. The user can separately enable traps for each class 
of floating-point exceptions. 

If a bit in the status register exception byte is set by the FPCP and the corresponding bit 
in the control register ENABLE byte is also set, an exception is signaled. The address of 
the exception handler is derived from the vector address corresponding to the exception. 
When a user writes to the control register ENABLE byte that enables a class of floating- 
point exceptions, a previously generated floating-point exception does not cause a trap to 
be taken regardless of the value in the status register exception byte. 

The eight floating-point exception classes shown in Figure 2-2 are described in greater 
detail in SECTION 6 EXCEPTION PROCESSING. Note that the bits in the FPSR exception 
byte and the FPCR enable byte occupy the same positions within each byte. 

In a few cases, dual and triple exceptions can be generated by a single instruction execution. 
When multiple exceptions occur with traps enabled for more than one exception class, the 
highest priorityexception is reported; the lower priority exceptions are never reported or 
taken. The exception handler routine must check for multiple exceptions. The bits of the 
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Figure 2-2, MC68881/MC68882 FPCR Exception Enable Byte 
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ENABLE byte are organized in decreasing priority, left to right, i.e., BSUN is the highest 
priority, and INEXl is the lowest priority. The only multiple exception possibilities are: 

SNAN and INEXl 
OPERR and INEX2 
OPERR and INEXl 
OVFL and INEX2 and/or INEXl 
UNFL and INEX2 and/or INEXl 
INEX2 AND INEXl 

2.2.2 FPCR Mode Control Byte 

The mode control byte (MODE), shown in Figure 2-3, controls the user-selectable rounding 
modes and rounding precisions. A zero in this byte selects the IEEE defaults. 

The rounding mode specifies how inexact results are rounded. "Round to the nearest" 
specifies that the nearest number to the infinitely precise result should be selected as the 
rounded value. In case of a tie, the even result is selected. "Round towards zero" truncates 
the result. "Round towards plus infinity" always rounds numbers towards plus infinity. 
"Round toward minus infinity" always rounds numbers towards minus infinity. See 6.1.7 
Inexact Result for a detailed description of the rounding algorithm used. 

The rounding precision selects where rounding of the mantissa occurs. For extended pre- 
cision, the result is rounded to a 64-bit boundary. A single precision result is rounded to 
a 24-bit boundary, and a double precision result is rounded to a 53-bit boundary. 

The single and double rounding precisions are provided for emulation of machines that 
only support those precisions. When the FPCP performs any operation, the calculation is 
carried out using extended precision inputs and the intermediate result is calculated as if 
to produce infinite precision. After the calculation is complete, this intermediate result is 
rounded to the selected precision and stored in the destination. 

if the destination is a floating-point data register, the stored value is in the extended 
precision format rounded to the precision specified by the PREC bits. Thus, all mantissa 
bits beyond the selected precision are zero after the rounding operation. Also, if the single 

7 G 5 4 3 2 1 0 

1 ROUNDING MOOE: 
OQ TQ NEAREST 
01 TOWARO ZERO 
10 TOWARD MINUS INFINITY 
11 TOWARD PLUS INFINITY 

ROUNDING PRECISION: 
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10 DOUBLE 
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Figure 2-3. MC68881/MC68882 FPCR Mode Control Byte 
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or double precision mode is selected, the exponent value is in the correct range for the 
single or double precision format (although it is stored in extended precision format). An 
important exception to this rule is for the FSGLDIV and FSGLMUL instructions. Regardless 
of the precision specified by the PREC bits, these instructions round the result mantissa 
to single precision and generate an extended precision exponent which may be out of 
range for a single precision number. 

If the destination is a memory location, the PREC bits are ignored. In this case, a number 
in the extended precision format is taken from the source floating-point data register, 
rounded to the destination format precision, and written to memory. 

The execution speed of all instructions is degraded significantly when single and double 
precision rounding modes are used. Because these modes are intended to be used for 
emulation, this reduction is not detrimental. When operating in these modes, the FPCP 
produces the same result as any other machine that conforms to the IEEE standard without 
supporting extended precision calculations. However, the result obtained by performing a 
series of operations with single or double precision rounding may not be the same as the 
result of performing the same operations in extended precision and storing the final result 
in the single or double precision format. 

2.3 FLOATING-POINT STATUS REGISTER 

The floating-point status register (FPSR) contains a floating-point condition code byte, a 
floating-point exception status byte, quotient bits, and a floating-point accrued exception 
byte. All bits in the FPSR can be read or written by the user. Execution of most floating- 
point instructions modifies this register. 

The reset function or a restore operation of the null state clears the FPSR. 

2.3.1 FPSR Floating-Point Condition Code Byte 

The floating-point condition code byte (FPCC), shown in Figure 2-4, contains four condition 
code bits that are set at the end of all arithmetic instructions involving the floating-point 
data registers. The FMOVE FPm,<ea>, move multiple floating-point data register, and 
move system control register instructions do not affect the FPCC. 

The operation result data type determines how the four condition code bits are set. Table 
2-1 lists the condition code bit settings for each result data type. Because of the mutually 
exclusive nature of the data types described by the condition code bits, the FPCP generates 
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Figure 2-4. MC68881/MC68882 FPSR Condition Code Byte 
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Table 2-1. Condition Code versus Result Data Type 

N Z I NAN Result Data Type 

0 0 0 0 + Normalized or Denormalized 

1 0 0 0 - Normalized or Denormalized 

0 1 0 0 +0  

1 1 0 0 - 0  

0 0 1 0 + Infinity 

1 0 I 0 - Infinity 

0 0 0 1 + NAN 

1 0 0 1 - NAN 

only eight of the 16 possible combinations. Loading the FPCC byte with one of the other 
condition code bit combinations and executing a conditional instruction may produce an 
unexpected branch condition. 

The IEEE standard defines the following four conditions and only requires the generation 
of the condition codes as a result of a floating-point compare operation. In addition to this 
requirement, the FPCP can test these conditions at the end of any operation affecting the 
condition codes. 

EQ --Equal To 
GT --Greater Than 
LT --Less Than 
UN --Unordered 

An unordered condition occurs when one or both of the operands in a floating-point 
compare operation is a NAN. For purposes of the floating-point conditional branch, set 
byte on condition, decrement and branch on condition, and trap-on condition instructions, 
the FPCP logically combines the four condition codes to form the IEEE conditions according 
to the following equations: 

EQ =Z 
GT = NvNANvZ 
LT = NANANvZ 
UN = NAN 

where: 
"A" = Logical AND 
"v"  = Logical OR 

Note that the setting of the FPCP condition codes is independent of the operation executed; 
the condition codes only indicate the data type of the result generated. Unlike other M68000 
condition codes, the IEEE defined conditions can always be derived from the data type of 
the result, The setting of the M68000 integer condition codes is dependent upon the op- 
eration executed as well as the result. 

To aid programmers of floating-point subroutine libraries, the FPCP implements the four 
previously described floating-point condition code bits in hardware instead of the four IEEE 
defined conditions. The IEEE conditions are derived by an instruction when needed. For 
example, the programmer of a complex arithmetic multiply subroutine usually prefers to 
handle "special" data types such as zeros, infinities, or NANs, separately from "normal" 
data types. The FPCP condition codes allow users to efficiently detect and handle these 
"special" values. 
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2.3.2 FPSR Quotient Byte 

The quotient byte (see Figure 2-5) is set at the completion of the modulo (FMOD) or IEEE 
remainder (FREM) instructions. This byte contains the seven least significant bits of the 
quotient (unsigned) and the sign of the entire quotient. 

23 22 21 20 19 18 17 It] 

QUOTIENT 

Figure 2-5. MC68881/MC68882 FPSR Quotient Byte 
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The quotient bits can be used in argument reduction for transcendentals and other func- 
tions. For example, seven bits are more than enough to determine the quadrant of a circle 
in which an operand resides. The quotient bits remain set until they are cleared by the 
user, or until another FMOD or FREM instruction is executed. 

2.3.3 FPSR Exception Status Byte 

The exception status byte (EXC), shown in Figure 2-6, contains a bit for each floating-point 
exception that may have occurred during the most recent arithmetic instruction or move 
operation. This byte is cleared by the FPCP at the start of most operations; operations that 
cannot generate any floating-point exceptions (the FMOVEM and FMOVE control register 
instructions) do not clear this byte. This byte can be used by an exception handler to 
determine which floating-point exception(s) caused a trap. 

If a bit is set by the FPCP in the EXC byte and the corresponding bit in the ENABLE byte 
is also set, an exception is signaled to the main processor. When a floating-point exception 
is detected by the FPCP, the corresponding bit in the EXC byte is set, even if the trap for 
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Figure 2-6. MC68881/MC68882 FPSR Exception Status Byte 

FREESCALE 
2-6 

MC68881/MC68882 USER'S MANUAL 



that exception class is disabled. (A user write operation to the status register, which sets 
a bit in the EXC byte, does not cause a trap to be taken regardless of the value in the 
ENABLE byte.) 

Note that the bits in the status EXC byte and control ENABLE byte are in the same bit 
positions within each byte. The eight floating-point exception classes are described in 
greater detail in SECTION 6 EXCEPTION PROCESSING. 

2.3.4 FPSR Accrued Exception Byte 

The accrued exception byte (AEXC), shown in Figure 2-7, contains the five exception bits 
required by the IEEE standard for trap disabled operation. These exceptions are logical 
combinations of the bits in the EXC byte. The AEXC byte contains the history of all floating- 
point exceptions that have occurred since the user last cleared the AEXC byte. In normal 
operations, only the user clears this byte (by writing to the status register). The AEXC byte 
is cleared by the FPCP only by a reset or a restore operation of the null state. 
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Figure 2-7. MC68881/MC68882 FPSR Accrued Exception Byte 

Many users elect to disable traps for all or part of the floating-point exception classes. The 
AEXC byte is provided to make it unnecessary to poll the EXC byte after each floating- 
point instruction. At the end of most operations (all but the FMOVEM and FMOVE control 
register instructions), the bits in the EXC byte are logically combined to form an AEXC 
value that is logically ORed into the existing AEXC byte. This operation creates "sticky" 
floating-point exception bits in the AEXC byte that the user need poll only once (at the end 
of a series of floating-point operations, for example). 

The setting or clearing of bits in the AEXC byte does not cause the FPCP to take an exception, 
nor does it prevent taking an exception. The relationship between the bits in the EXC byte 
and the bits in the AEXC byte is shown by the following equations. These equations apply 
to setting the AEXC bits at the end of each operation that affects the AEXC byte: 

AEXC(IOP) 
AEXC(OVFL) 
AI~XC(UNFL) 
AEXC(DZ) 
AEXC(INEX) 

where: 
"v"  = Logical OR 
"A"  = Logical AND 

= AEXC(IOP)vEXC(BSU NvSNANvOPERR) 
= AEXC(OVFL)vEXC(OVFL) 
= AEXC(U NFL)vEXC(UNFLAINEX2) 
= AEXC(DZ)vEXC(DZ) 
= AEXC(INEX)vEXC(INEXlvlNEX2vOVFL) 
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2.4 FLOATING-POINT INSTRUCTION ADDRESS REGISTER 

A majority of the FPCP instructions operate concurrently with the MC68020/MC68030 (MPU). 
That is, the MPU can be executing instructions while the FPCP is simultaneously executing 
a floating-point instruction. Additionally, the MC68882 can execute two floating-point in- 
structions concurrently. As a result of this nonsequential instruction execution, the program 
counter value stacked by the MPU, in response to an enabled floating-point exception trap 
may not point to the offending instruction. 

For the subset of the FPCP instructions that generate floating-point exception traps, the 
32-bit floating-point instruction address (FPIAR) register is loaded with the logical address 
of an instruction before the instruction is executed (unless all arithmetic exceptions are 
disabled). This address can then be used by a floating-point exception handler to locate a 
floating-point instruction that has caused an exception. Since the FPCP FMOVE to/from the 
FPCR, FPSR, or FPIAR and FMOVEM instructions cannot generate floating-point exceptions, 
these instructions do not modify the FPIAR. These instructions can be used to read the 
FPIAR in the trap handler without changing the previous value. 

This register is cleared by the reset operation or a restore operation of the null state. 
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SECTION 3 
OPERAND DATA FORMATS 

The following paragraphs describe the MC68881/MC68882 (FPCP) operand data formats. 
Seven data formats are supported: three signed binary integer formats, three binary float- 
ing-point formats, and one packed binary-coded decimal (BCD) floating~point format. All 
data formats are supported uniformly by all arithmetic and transcendental instructions. 
These formats are as follows: 

Byte Integer (B) 
Word Integer (W) . 
Long Word Integer (L) 
Single Precision Real (S) 
Double Precision Real (D) 
Extended Precision Real (X) 
Packed Decimal Real (P) 

The capital letter in parentheses is the suffix added to an instruction in the assembly 
language syntax to specify the data format of operands external to the FPCP. All data 
formats are organized in memory consistently with the M68000 Family data organization, 
i.e., the most significant byte is located at the lowest address (nearest $00000000), with 
each successively less significant byte located at the next address (N + 1, N + 2, etc.). The 
least significant byte is located at the highest address (nearest $FFFFFFFF). 

Within the floating-point data formats, there are five types of numbers that can be 
represented: normalized numbers, denormalized numbers, zeros, infinities, and not-a- 
numbers (NANs). These data types are represented with special encodings corresponding 
to each data format. 

3.1 INTEGER DATA FORMATS 

The three signed (twos complement) integer data formats supported by the FPCP (byte, 
word, and long word) are identical to those supported by the M68000 Family architecture 
(see Figure 3-1). 
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Figure 3-1. Signed Integer Data Formats 
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Since all FPCP internal operations are performed in full extended precision format, signed 
integer operands are converted to extended precision values before the specified operation 
is performed. Thus, mixed mode arithmetic is implicitly supported. 

3.2 BINARY REAL DATA FORMATS 

Floating-point numbers can be encoded in any of three binary real data formats: single 
precision (32 bits), double precision (64 bits), and double-extended precision (96 bits, 80 
of  which are used). All three of these formats fully comply with the IEEE Standard for 
Binary Floating-Point Arithmetic. 

NOTE 

The single-extended precision data format defined in the IEEE standard is redun- 
dant in a device that supports the double-extended precision format. Thus, all 
references in this manual to extended precision imply double-extended precision 
as defined by the IEEE standard. 

Since all FPCP internal operations are performed in extended precision, single and double 
precision operands are converted to extended precision values before the specified operation 
is performed. Thus, mixed mode arithmetic is implicitly supported. The memory formats 
for the real data formats are shown in Figure 3-2. 

The exponent in all three binary formats is an unsigned binary integer with an implied 
bias added to it. The bias values for single, double, and extended precision are 127, 1023, 
and 16383, respectively. When the bias is subtracted from the value of the exponent, the 
result represents a signed twos-complement power of two that yields the magnitude of a 
normalized floating-point number when multiplied bythe mantissa. Since biased exponents 
are used, a program can execute an integer compare instruction (CMP) to compare floating- 
point numbers in memory (regardless of the absolute magnitude of the exponents). 
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Figure 3-2. Binary Real Data Formats 
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Data formats for single and double precision numbers differ slightly from the data formats 
for extended precision numbers in the representation of the mantissa. A normalized man- 
tissa, for all three precisions, is always in the range [1.0.. .  2.0). The extended precision 
data format explicitly represents the entire mantissa, including the explicit integer part bit. 
However, for single and double precision data formats, only the fractional portion of the 
mantissa is explicitly represented and the integer part, always one, is implied. 

The IEEE standard has created the term "significand" to bridge this difference and to avoid 
the historical implications of the term mantissa. The IEEE standard defines a significand 
as the component of a binary floating-point number that consists of an explicit or implicit 
leading bit to the left of the implied binary point. This'manual uses the terms mantissa 
and significand, defined as follows, interchangeably. 

Single Precision Mantissa = Single Precision Significand 
= 1.<23-Bit Fraction Field> 

Double Precision Mantissa = Double Precision Significand 
= 1.<52-Bit Fraction Field> 

Extended Precision Mantissa = Extended Precision Significand 
= 1.Fraction 
= <64-Bit Mantissa Field> 

NOTE 
Throughout this manual, ranges are specified using traditional set notation with 
the format "bound. . .  bound" specifyingthe boundaries of the range. The type 
of brackets enclosing the range defines whether the endpoint is inclusive or ex- 
clusive. A square bracket indicates inclusive, and a parenthesis indicates exclu- 
sive. For example, the range specification "[1.0...2.0]" defines the range of numbers 
greater than or equal to 1.0 and less than or equal to 2.0. The range specification 
"(0.0... + inf]" defines the range of numbers greater than 0.0 and less than or equal 
to positive infinity. 

Each of the three floating-point data formats can represent five unique floating-point data 
types: 

Normalized Numbers 
Denormalized Numbers 
Zeros 
Infinities 
Not-A-Numbers (NANs) 

The normalized data type never uses the maximum or minimum exponent value for a 
given format (except for the extended precision format, see following note). These exponent 
values in each precision are reserved for representing the special data types: zeros, infin- 
ities, denormalized numbers, and NANs. Details of each type of number for each format 
are shown in 3.6 DATA FORMAT DETAILS. 

NOTE 
There is a subtle difference between the definition of an extended precision num- 
ber with an exponent equal to zero and a single or double precision number with 
an exponent equal to zero. If the exponent of a single or double precision number 
is zero, the number is defined to be denormalized, and the implied integer bit is 
also a zero. However, an extended precision number with an exponent of zero 
may have an explicit integer bit equal to one, which results in a normalized number 
(even though the exponent is equal to the minimum value). 
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For simplicity, the following discussion treats all three real formats in the same manner, 
where an exponent value of zero identifies a denormalized number. However, it should be 
noted that the extended precision format may deviate from this rule. 

3.2.1 Normalized Numbers 

Normalized numbers encompass all representable real values between the overflow and 
underflow thresholds, i.e., those numbers whose exponents lie between the maximum and 
minimum values. Normalized numbers may be positive or negative. For normalized num- 
bers, the implied integer part bit in single and double precision is a one (1). In extended 
precision, the integer bit is explicitly a one (1). See Figure 3-3. 

I MIN < EXPONENT < MAX I MANTISSA = ANY BiT PAI'[ER,'I I 

I SIGN OF MANTISSA, 0 OR 1 

Figure 3-3. Format of Normalized Numbers 

3.2.2 Denormalized Numbers 

Denormalized numbers represent real values near the underflow threshold (underflow is 
detected for a given data format and operation when the result exponent is less than or 
equal to the minimum exponent value). Denormalized numbers may be positive or neg- 
ative. For denormalized numbers, the implied integer part bit in single and double precision 
is a zero (0). in extended precision, the integer bit is explicitly a zero (0). See Figure 3-4. 

I SIGN OF MANTISSA. 0 OR 1 

Figure 3-4. Format of Denormalized Numbers 

Traditionally, floating-point number systems perform a "flush-to-zero" when underflow is 
detected. This leaves a large gap in the number line between the smallest magnitude 
normalized number and zero. The IEEE standard implements gradual underflows: the result 
mantissa is shifted right (denormalized) while the result exponent is incremented until the 
result exponent reaches the minimum value. If all mantissa bits of the result are shifted 
off to the right during this denormalization, the result becomes zero. In many instances, 
gradual underflow limits the potential underflow damage to no more than a round-off 
error. (This underflow and denormalization description ignores the effects of rounding and 
the user selectable rounding modes.) Thus, the large gap in the number line created by 
"flush-to-zero" floating-point number systems is filled with representable (denormalized) 
numbers in the IEEE "gradual underflow" floating-point number system. 
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NOTE 

Since the extended precision data format has an explicit integer part bit, a number 
can be formatted with a nonzero exponent (less than the maximum value) and a 
zero integer bit, which is not defined by the IEEE standard. Such a number is 
called an unnormalized number. The MC68881 never generates an unnormalized 
number as the result of any operation. Unnormalized inputs are always converted 
to normalized or denormalized numbers or zero before being used. Thus, as 
required by the IEEE standard, the FPCP does not distinguish between redundant 
encodings of extended precision values. 

3.2.3 Zeros 

Zeros are signed (positive or negative) and represent the real values +0.0 and -0.0. See 
Figure 3-5. 

I 
EXPONENT = 0 I MANTISSA = 0 

SIGN OF MANTISSA, 0 OR 1 

Figure 3-5. Format of Zero 

3.2.4 Infinities 

Infinities are signed (positive or negative) and represent real values that exceed the overflow 
threshold. Overflow is detected for a given data format and operation when the result 
exponent is greater than or equal to the maximum exponent value. (This overflow description 
ignores the effects of rounding and the user selectable rounding modes.) See Figure 3-6. 
For extended precision infinities, the most significant bit of the mantissa (the integer bit) 
can be either one or zero. 

I I EXPONENT = MAXIMUM I MANTISSA = O* 
I 

SIGN OF MANTISSA. 0 OR I 

*For the extended precision format, the most significant bit of the mantissa (the integer bit) is a don't care. 

Figure 3-6. Format of Infinity 

3.2.5 Not-A-Numbers 

When created by the FPCP, not-a-numbers (NANs) represent the results of operations that 
have no mathematical interpretation, such as infinity divided by infinity. All operations 
involving a NAN operand as an input return a NAN result. When created by the user, NANs 
can protect against uninitialized variables and arrays, or represent user-defined special 
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number types. See Figure 3-7. For extended precision NANs, the most significant bit of 
the mantissa (the integer bit) can be either one or zero. 

]l EXPONENT=MAXIMUM ] MANTISSA = ANY NON-7~ RO I~T PATTEP='~ I 

~ -  SIGN OF MANTISS/~ 0 OR 1 

Figure 3-7. Format of Not-A-Numbers 

Two different types of NANs are implemented bythe FPCP. The value of the most significant 
bit (MSB) of the fraction identifies the type. The identifying bit is the MSB of the mantissa 
for single and double precision and the MSB of the mantissa minus one for extended 
precision. NANs with a leading fraction bit equal to one are nonsignaling NANs; NANs 
with a leading fraction bit equal to zero are signaling NANs (SNANs). A SNAN can be used 
as an escape mechanism for a user-defined non-lEEE data type. The FPCP never creates 
a SNAN as a result of an operation. 

The IEEE specification defines the manner in which a NAN is processed when used as an 
input to an operation. Particularly, if a SNAN is used as an input and the SNAN trap is not 
enabled, a nonsignaling NAN must be returned as the result. The FPCP accomplishes this 
by using the source SNAN, setting the most significant bit of the fraction, and storing the 
resultant nonsignaling NAN in the destination. Due to the IEEE formats for NANs, the result 
of setting the most significant fraction bit of a SNAN is always a nonsignaling NAN. 

When NANs are created by the FPCP, the NANs always contain the same bit pattern in the 
mantissa; for any precision, all bits of the mantissa are ones. When a NAN is created by 
the user, any nonzero bit pattern can be stored in the mantissa. 

3.2.6 Binary Real Data Summary 

Figure 3-6 presents a summary, for quick reference, of the five floating-point data types 
for the single, double, and extended precision formats, 

3.3 PACKED DECIMAL REAL DATA FORMAT 

The packed decimal floating-point data format consists of a 24 digit packed decimal string 
as shown in Figure 3-9. A decimal floating-point source operand is converted to an extended 
precision value before the specified operation is performed. Thus, mixed mode arithmetic 
is implicitly supported. 

The packed decimal representation for the special data types of zero, infinity, and NAN is 
described in 3.6 DATA FORMAT DETAILS, which also defines all possible data patterns in 
the packed decimal data format. 
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MIN < EXPONENT < MAX I SIGNIFICAND = ANY BIT PATfERN 

SIGN OF SIGNIFICANO, 0 OR 1 

EXPONENT = O [ 

SIGN OF SIGNtFICAND. 0 OR 1 

SIGNIFICAND = ANY NON-ZERO BIT PATTERN 

EXPONENT = 0 ] SIGNIFICANO = 0 

SIGN OF SIGNIFICAND, 0 OR 1 

J l EXPONENT = MAXIMUM J SIGNIFICANO = O" 
I 

SIGN OF SIGNIEICANO, O OR 1 

I [  EXPONENT = MAXIMUM ( SIGNIFICANO = ANY NON-ZERO BIT PA'I'rERN 

l - -  SIGN OF SIGNIFICAND. 0 OR 1 

*For the extended precision format, the moat significant bit of the significand (the integer bit) is a don't care. 

Figure 3-8. Binary Real Data Type Summary  

91 80 67 

~XPONENT [ [ 1 1 [ 1 
,~PUCIT OEaMAl ~01~ 

2 BITS. USED ONLY FGR _+INFINITY OR NAN(S), ZERQ OTHERWISE 
SIGN OF EXPONENT 

- -  SIGN OF MANTISSA 

0 

I'7-oIG,'T ', I I ; = " I PACKEBOECIMAL,E M,ANT~SS, A I I I I I I 

*Unless a binary-to-decimal conversion overflow occurs 

Figure 3-9. Packed Decimal Real Data Format 

3.4 INTERNAL DATA FORMAT 

AI] FPCP internal operations are performed in extended precision. All external operands, 
regardless of data format, are converted to extended precision values before the specified 
operation is performed, 

The format used in the eight floating-point data registers is identical to the extended 
precision data format described previously and in 3.6 DATA FORMAT DETAILS (with the 
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deletion of the 16 unused bits). The extended precision data format has a 15-bit biased 
integer exponent and a 64-bit mantissa. 

The format of an intermediate result is shown in Figure 3-10. The intermediate result 
exponent for some dyadic operations (multiply and divide) can easily overflow or underflow 
the 15-bit exponent. In order to simplify overflow and underflow detection, intermediate 
results in the FPCP mairltain a 17-bit twos-complement integer exponent. When an overflow 
or underflow intermediate result is detected, the intermediate 17-bit exponent is always 
converted into a 15-bit biased exponent before it is stored in a floating-point data register. 
Additionally, the mantissa is maintained internally as 67 bits for rounding purposes, but 
is always rounded to 64 bits (or less, depending on the selected rounding precision) before 
it is stored in a floating-point data register. 

J I I  17-BIT I I 63-91T 
EXPONENT ! ! FRACTION 1| 

LEAST SIGNIFICANT BIT OF FRACTION 

INTEGER BIT GUARD 8Fr 

OVERFLOW BIT ROUND BIT 

STICKY BIT 

Figure 3-10. Intermediate Result Format 

3.5 FORMAT CONVERSIONS 

Two cases of conversion between two data formats are: 

• Converting an operand in any memory data format to the extended precision data 
format and storing it in a floating-point data register, or using it as the source operand 
for an arithmetic operation. 

• Converting the extended precision value in a floating-point data register to any data 
format and storing it in a memory destination. 

3,5.1 Conversion to Extended Precision Data Format 

Since the internal data format used by the FPCP is always extended precision, all external 
operands, regardless of data format, are converted to extended precision values before 
the specified operation is performed. If the external operand, regardless of data format, is 
a denormalized number, the number is normalized before the specified operation is per- 
formed. Conversion and normalization apply not only to loading a floating-point data 
register but also to external operands involved in arithmetic operations. 

Since floating-point data registers arways contain extended precision data format values, 
an external extended precision denormalized number moved into a floating-point data 
register is stored as an extended precision denormalized number. In this case, the number 
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is first normalized and then denormalized before it is stored in the designated floating- 
point data register. This method simplifies the handling of all other data formats and types. 

If an external operand is an extended precision unnormalized number, the number is 
normalized before it is used in an arithmetic operation. If the external operand is an ex- 
tended precision unnormalized zero (i.e., with a mantissa of all zeros), the number is 
converted to an extended precision normalized zero before the specified operation is per- 
formed. This normalization and conversion applies not only to external unnormalized 
operands involved in arithmetic operations, but also applies to loading a floating-point 
data register. Note that the regular use of unnormalized inputs defeats the purpose of the 
IEEE standard and may produce gross inaccuracy in the results. 

3.5.2 Conversions to Other Data Formats 

Conversion from the extended precision data format to any of the other six data formats 
occurs when the contents of an FPCP floating-point data register are stored to memory or 
an MPU data register. Since no operation performed by the FPCP can create an unnor- 
malized result, the result of moving a floating-point data register to an extended precision 
external destination can never be an unnormalized number. 

3.6 DATA FORMAT DETAILS 

The following paragraphs provide the format specification details for the single (S), double 
(D), extended (X) precision binary real, and packed decimal (P) real string data formats. 
Refer to Tables 3-1 through 3-4 and Figure 3-11. 
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Table 3-1. Single Precision Binary Real Format 

Memory Format: 

Field Size (in Bits): 
s = Sign 
e = Biased Exponent 
f = Fraction 

Total 

Interpretation of Sign: 
Positive Mantissa, s = 
Negative Mantissa, s = 

Normalized Numbers: 
Bias of e 
Range of e 
Range of f 
Mantissa = Significand = 
Relation to Representation of Real Numbers 

Denormalized Numbers: 
e = Format Minimum = 
Bias of e 
Range of f 
Mantissa = Significand = 
Relation to Representation of Real Numbers 

Signed Zeros: 
e = Format Minimum = 
f = Mantissa = Significand = 

Signed Infinities: 
e = Format Maximum = 
f = Mantissa = Significand = 

NANs (Not-A-Number): 
s = 
e = Format Maximum = 
f =  
Representation of f 

XXXX.,. XXXX 
f When Created by the FPCP 

Ranges (Approximate): 
Maximum Positive Normalized 
Minimum Positive Normalized 
Minimum Positive Denormalized 

31 30 23 22 

I S [  BIASED 
EXPONENT 

FRACTION 

l 
8 
23 
32 

0 
1 

+ 127 ($7F) 
0 < e < 255 ($FF) 
Zero or Nonzero 
l.f 
( - 1 )  s x 2 e-127 x l.f 

0 (S~0) 
+ 126 ($7EJ 
Nonzero 
0.f 
( -1)s  x 2 -12B x O.f 

o (soo) 
O.f ~ 0.0 

255 ($FF) 
0.f = 0,0 

Don't Care 
255 ($FF) 
Non-Zero 
0.1xxxx... xxxx, Nonsignaling 
0.0xxxx... xxxx, Signaling 
Nonzero B~t Pattern 
.11111 . . .  1111 

3.4 x 1038 
1.2 x 10 s-3~ 
1.4 x 10 -45  

0 

J 
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Table 3-2. Double Precision Binary Real Format 

Memop/Format: 

Field Size (in Bits): 
s = Sign 
e = Biased Exponent 
f = Fraction 

Total 

Interpretation of Sign: 
Positive Mantissa, s = 
Negative Mantissa, s = 

Normalized Numbers: 
Bias of e 
Range of e 
Range of f 
Mantissa = Significand = 
Relation to Representation of Real Numbers 

Denormalized Numbers: 
e = Format Minimum = 
Bias of e 
Range of f 
Mantissa = Significand = 
Relation to Representation of Real Numbers 

Signed Zeros: 
e = Format Minimum = 
f = Mantissa = Significand = 

Signed Infinities: 
e = Format Maximum = 
f = Mantissa = Significand = 

NANs (Not-A-Number): 
S = 

e = Format Maximum = 
f =  
Representation of f 

XXXX... XXXX 

f When Created by the FPCP 

Ranges (Approximate): 
Maximum Positive Normalized 
Minimum Positive Normalized 
Minimum Positive Denormalized 

63 62 52 51 

S I BIASED I 
EXPONENT 

FRACTION 

+ 1023 
0 < e < 2047 ($7FF) 
Zero or Nonzero 
1.f 
( -1 )s  x 2e-1023 x l.f 

0 ($OOO) 

+ 1022 ($3FE) 
Nonzero 
g.f 
( -1 Is  x 2-1022 x O.f 

0 ($ool 
O.f = 0.0 

2047 ($7FF) 
O.f = 0.0 

DON't Care 

2047 ($TFF) 
Nonzero 
0.1xxxx... xxxx, Nonsignaling 
O.Oxxxx... xxxx, Signaling 
Nonzero Bit Pattern 
.11111 , . .  1111 

18 x 10307 
2.2 x 10 =308 
4.9 x 10 -324 

0 

I 
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Table 3-3. Extended Precision Binary Real Format 

Memory Format: 

Field Size (in Bits): 
s = Sign 
e = Biased Exponent 
u = Zero, Reserved 
j = Integer Part 
f = Fraction 

Total 

Interpretation of Unused Bits: 
Input 
Output 

Interpretation of Sign: 
Positive Mantissa, s = 
Negative Mantissa, s = 

Normalized Numbers: 
Bias of e 
Range of e 
j= 
Range of f 
j.f = Mantissa = Significand = 
Relation to Representation of Real Numbers 

Denormalized Numbers: 
e = Format Minimum 
Bias of e 
j= 
Range of f 
j.f = Mantissa = Significand = 
Relation to Representation of Real Numbers 

Signed Zeros: 
e = Format Minimum = 
j.f = Mantissa = Significand = 

Signed Infinities: 
e = Format Maximum = 
j= 
j.f = Mantissa = Significand 

NANs (Not-A-Numbers): 
e = 
j= 
e = Format Maximum = 
f =  
Representation of f 

xxx. . ,  xxxx 
f When Created by the FPCP 

Ranges (Approximate): 
Maximum Positive Normalized 
Minimum Positive Normalized 
Minimum Positive Denormalized 

95 94 80 79 64 62 0 

~ BIASEO l ZERO INTEGER PART ', 
EXPONENT FRACTION i 

1 
15 
15 
1 
63 
95 

Don't Care 
All Zeros 

0 
1 

+ 15383 ($3FFFI 
0 < = e < 32757 ($7FFF) 
t 
Zero or Nonzero 
l . f  
( -1)s  x 2e-16363 x j.f 

0 I$O0001 
+ 16363 ($3FFFI 
0 
Nonzero 
O.f 
{ -1 i s  x 2 -16383 x O.f 

0 ($00001 
0.0 

32767 (S7FFF) 
Don't Care 
j.O00... 0000 

Don't Care 
Don't Care 
32767 ($7FFF} 
Nonzero 
j . lxxx. . ,  x~c~x, Non-Signaling 
j.Ox~c(.., xxxx, Signaling 
Non-Zero Bit Pattern 
1.11111 ...111t 

6 × 104831 
8 x 10 -4933 
9 x 104952 
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Table 3-4. Decimal String Type Definitions 

Word 5 
O p e r a n d  15 14 13 12 

Type 
SM SE y y 

-~ INFINITY 0/1 1 1 1 

-+ NAN 0/1 I 1 1 

-+SNAN 0/1 1 1 1 

-+ ZERO O 011 x x 

- ZERO 1 011 x x 

+ In-Range 0 011 x x 

- In-Range 1 0/1 x x 

NOTES: 

11 . . . 0  

Word 4 

1 5 . . . 0  

1-Digit I n t e g e r  

Words 3-0 

16 -D ig i t  F rac t ion  3-Digit E x p o n e n t  

SFFF $xxx $00 . . .  00 

$FFF $xxxx Nonzero (see Note 1} 

$FFF Sxxxx Nonzero (see Note 1) 

$000-$999 $xxx0 $ 0 0 . . .  0O 

$000-$999 Sxxx0 $ 0 0 . . .  00 

$000-$999 Sxxx0-$xxx9 $ 0 0 . . .  01 -$99 . . .  $99 

$000-$999 $xxxO-$xxx9 $ 0 0  . . . 0 1 - $ 9 9 •  . . $ 9 9  

1. A decimal string with the SE and y bits set, an exponent of $FFF, and a nonzero 16-digit decimal fraction is a NAN. 
When this string is used by the FPCP, the fraction part of the NAN is moved bit-for-bit into the extended precision 
mantissa of a floating-point register. The exponent of the register is set to signify a NAN, but no decimal-to-binary 
conversion or any other conversion is performed. Therefore, the most significant bit of the most significant digit in the 
decimal fraction (most significant bit of MANT15) is a don't care (as in extended NANs), and the most significant bit 
minus one of MANT15 is the signaling NAN (SNAN) bit. If the NAN bit is a zero, then it is a SNAN. 

2. If a nondecimal digit [ $ A . . .  SF] appears in the exponent of a zero, the number is converted to a true zero. The FPCP 
does not detect nondecimal digits [ $ A . . .  $F] in the exponent, integer, or fraction digits of an in-range decimal string, 
These nondecimal digits are converted to binary in the same manner as decimal digits; however, the result is probably 
useless although it is repeatable. 

3. Since in-range numbers cannot overf low or underflow when converted to extended precision, normalized extended 
precision numbers are always produced by conversion from the decimal data format. 

o,u,, ur ~,~,,oo~ I _ _  0 = POSITIVE, 1 = NEGATIVE IMPLICIT DECIMAL POINT 
- -  SIGN OF EXPONENT J l i USED ONLY FOR +INFINITY QR NANtS) DON'T CARES 

, I 
I I 

I I YY EXP2 EXP1 EXPO ,EXP3, XXXX XXXX MANT,6 

MANT15 MANT14 MANT13 MANT12 MANT11 MANTI0 MANT9 MANT8 

MANT7 MANT6 MANT5 MANT4 MANT3 MANT2 MANT1 MANT0 

MANTn 
EXPn 

XXXX 

Is the nth digit of the mantissa. 
is the nth digit of the exponent. EXP3 is only generated during a move out operation if the source 
operand exponent exceeds the ~nagnitude of a three digit exponent; otherwise, it is a don't care. 
Only EXPO-EXP2 are used for input. 
Are  don't care bits, which ere zero when written and ignored when read. 

Figure 3-11. Packed Decimal Real Data Format Detail 
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SECTION 4 
INSTRUCTION SET 

This section describes the MC68881/MC68882 (FPCP) instruction set in detail, using the 
Freescale assembly language syntax and notation. As an introduction, a summary of the 
instruction set is presented, followed by a detailed description of each instruction. Also, 
included at the end of this section is a listing of the binary pattens of all of the instructions 
and an opcode map summary for use by assembler and compiler writers. 

4.1 INSTRUCTION DESCRIPTION CONVENTIONS 

The instruction 
notation: 

B,W,L 

S 

D 

X 

P 

FPm, FPn 

FPcr 

< e a >  

k 

CCC 

<list> 

<label> 

set is discussed in this section using functional grouping and the following 

The same size codes as all M68000 Family processors; specifies a signed 
integer data type (twos complement) of byte (8 bits), word (16 bits), or 
long word (32 bits) 

Single precision real data format (32 bits) 

Double precision real data format (64 bits) 

Extended precision real data format (96 bits, 16 bits unused) 

Packed BCD real data format (96 bits, 12 bytes) 

One of eight floating-point data registers 

One of the three floating-point system control registers (FPCR, FPSR, or 
FPIAR) 

Any valid MC68020/MC68030 (MPU) address mode 

A twos-complement signed integer ( - 64 to + 17) that specifies the format 
of a number to be stored in the packed decimal format 

An index into the FPCP constant ROM 

A list of floating-point data registers or control registers 

A relative label used by an assembler to calculate a displacement 

4.2 INSTRUCTION GROUPS 

The following paragraphs briefly describe each instruction group along with tables showing 
the Freescale syntax for each instruction. The FPCP instructions can be separated into the 
following groups: 

Data Movement 
Dyadic Operations 
Monadic Operations 
Program Control 
System Control 
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4.2.1 Data Movement Operations 

This group of instructions includes those that load or store the user-visible configuration 
of the FPCP and that move operands into, between, or out of the floating-point data reg- 
isters. Data format conversion functions are also implicitly supported since all external 
data formats are converted to extended precision for internal storage, and vice versa. 
Operations to move the system control registers into and out of the FPCP are also provided. 
The move constant ROM (FMOVECR) instruction allows floating-point data registers to be 
loaded quickly with commonly used constants such as ~, e, 0.0, 1.0, etc. Table 4-1 sum- 
marizes the data movement instructions that are available and the operand data formats 
supported. 

Table 4-1. Data Movement Operations 
Instruction Operand Syntax Operand Format Operation 

FMOVE FPm,FPn 
(ea>,FPn 
FPm,<ea) 
FPm,<ea){#k} 

' FPm,(ea){Dn} 
i (ea),FPcr 
i FPcr,(ea) 

X 
B,W,L,S,D,X,P 
B,W,L,S,D,X 
P 
P 
L 
L 

source 0 destination 

FMOVECR i #ccc,FPn X ROM constant 0 FPn 

FMOVEM (ea),(list) 1 L,X Listed register 0 destination 
(ea>,Dn X 
(list>l,(ea) L,X source I~ listed registers 
Dn,<ea) X 

NOTE: 
I,  The register list may include any combination of the eight floating-point data registers, or it may 

contain any combination of the three control register FPCR, FPSR, and FPIAR. If the register list 
mask resides in a main processor data register, only floating-point data registers may be specified. 

4.2.2 Dyadic Operations 

The dyadic floating-point instructions provide several arithmetic functions that require two 
input operands such as add, subtract, multiply, and divide. For these operations, the first 
operand may be located in memory, in an integer data register, or in a floating-point data 
register, and the second operand is always contained in a floating-point data register. The 
results of the operation are stored in the register specified as the second operand. With 
two exceptions, all operations support any data format and are performed to extended 
precision. The exceptions are the single precision multiply and divide instructions (FSGLMUL 
and FSGLDIV). These instructions support any precision inputs, but return results accurate 
only to single precision. These instructions provide very high-speed operations by sacri- 
ficing accuracy. The general format of the dyadic instructions is given in Table 4-2; the 
available operations are listed in Table 4-3. 

Table 4-2. Dyadic Operation Format 
Instruction Operand Syntax Operand Format Operation 1 

F(dop) (ea),FPn ' B,W,L,S,D,X,P FPn (function) source 0 FPn t 
, FPm,FPn IX t 

where: 
<dop> is any one of the dyadic operation specifiers. 
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Table 4-3. Dyadic Operations 
Instruction Function 

FADD Add 
FCMP Compare 
FDIV Divide 
FMOD Modulo Remainder 
FMUL Multiply 
FREM IEEE Remainder 
FSCALE Scale Exponent 
FSGLDIV Single Precision Divide 
FSGLMUL Single Precision Multiply 
FSUB Subtract 

4.2.3 Monadic Operations 

The monadic floating-point instructions provide several arithmetic functions that require 
only one input operand. Unlike the integer counterparts to these function (e.g., NEG <ea>),  
a source and a destination may be specified. The operation is performed on the source 
operand, and the result is stored in the destination, which is always a floating-point data 
register. When the source is not a floating-point data register, all data formats are sup- 
ported; the data format is always extended precision for register-to-register operations. 
The general format of these instructions is shown in Table 4-4, and the available operations 
are listed in Table 4-5. The form of the simultaneous sine and cosine instruction is given 
in Table 4-6. 

Table 4-4. Monadic Operation Format 
Instruction Operand Syntax Operand Format Operation 

F(mop~ <ea ) ,FPn  B,W,L,S,D,X,P source I) function 0 FPn 
FPm,FPn X 
FPn X FPn 0 function ~ FPn 

where: 
<mop> is any one of the monadic operation specifiers. 

Table 4-5. Monadic Operations 
Instruction Function 

F ABS Absolute Value 
FACOS Arc Cosine 
FASIN Arc Sine 
FATAN Arc Tangent 
FATANH Hyperbolic Arc Tangent 
FCOS Cosine 
FCOSH Hyperbolic Cosine 
FETOX e x 

FETOXM 1 e x - 1 

FGETEXP Extract Exponent 
FGETMAN Extract Mantissa 
FINT 

FINTRZ 

Extract Integer Part 

Extract Integer Part, Rounded-to-Zero 

Instruction Function 
FLOGN In(x) 

FLOGNP1 In(x + 1) 

FLOG 10 Log10(x) 

FLOG2 Log2(x) 

FNEG 

FSIN 

FSINH 

Negate 
Sine 
Hyperbolic Sine 

FSQRT Square Root 
FTAN Tangent 
FTANH Hyperbolic Tangent 
FTENTOX 10 x 

FTWOTOX 2 x 

MC68881/MC68882 USER'S MANUAL FREESCALE 
4-3 



4 

Instruction 
FSINCOS 

Table 4-6. Dual Monadic Operation Format 
Operand Syntax Operand Format Operation 

(ea),FPc:FPs B,W,L,S,D,X,P SIN(source) 0 FPs; 
FPm,PFc:FPs X COS(sou.rce) i FPc 

4.2.4 Program Control Operations 

The program control instructions provide a means of affecting program flow based on 
conditions present in the floating-point status register after any operation that sets the 
condition codes. In addition to allowing direct control of program flow with the branch 
conditionally (FPcc) and the decrement and branch conditionally (FDBcc) instructions, the 
set conditionally (FScc) instruction allows the user to set a Boolean variable based on the 
floating-point condition codes as an intermediate result in the evaluation of a complex 
Boolean equation. Also included is a test operand instruction (FTST) that sets the floating- 
point condition codes for use by the other program and system control instructions, and 
a no operation instruction (FNOP) that may be used to force synchronization of the FPCP 
with the main processor, Table 4-7 summarizes the program control instructions that are 
available. 

Table 4-7. Program Control Operations 
Instruction 

Fecc 

FDBcc 

FNOP 

FScc 

FTST 

Operand Syntax 
(label) 

Dn,(label) 

None 

(ea) 

Operand Format 
W,L 

W 

None 

B 

Operation 
If Condition True, 

Then PC+d I) PC 

If Condition True, Then No Operation; 
Else Dn-1 i) Dn; 

If Dn~ -1  
The PC + d 0 PC 

No Operation 

if Condition True, 
The l's $ Destination 
Else O's $ Destination 

(ea) B,W,L,S,D,X,P Set FPSR Condition Codes 
FPn X 

The FPCP supports 32 conditional tests that are separated into two groups--  16 that cause 
an exception if an unordered condition is present when the conditional test is attempted, 
and 16 that do not cause an exception if an unordered condition is present. (An unordered 
condition occurs when an input to an arithmetic operation is a NAN.) Table 4-8 lists the 
32 condition code mnemonics along with the conditional test function. Refer to 4.4 CON- 
DITIONAL TEST DEFINITIONS for a detailed description of the conditional equation used 
by each test. 

Table 4-8. Conditional Test Mnemonics 

GE 

GL 

GLE 

G:r 

Exception on Unordered . No Exception on Unordered 

Greater Than or Equal 

Greater Than or Less Than 

Greater Than or Less 

Greater Than 

OGE Ordered Greater Than or Equal 

OGL Ordered Greater Than or Less Than 

OR Ordered 

OGT Ordered Greater Than 
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Table 4-8. Conditional Test Mnemonics (Continued) 

Exception on Unordered No Exception on Unordered 

LE ,Less Than or Equal OLE Ordered Less Than or Equal 

LT 'Less Than OLT Ordered Less Than 

NGE Not (Greater Than or Equal) UGE Unordered or Greater Than Equal 

NGL Not (Greater Than or Less Than) UEQ Unordered or Equal 

NGLE Not (Greater Than or Less Then or Equal) UN Unordered 

NGT Not Greater Than UGT Unordered or Greater Than 

NLE Not (Less Than or Equal) ULE Unordered or Less Than or Equal 

NLT Not Less Than ULT Unordered or Less Than 

SEO Signaling Equal EQ Equal, 

SNE Signaling Not Equal NE Not Equal 

SF Signaling Always False F Always False 

ST Signaling Always True T Always True 

4.2.5 System Control Operations 

The system control instructions communicate with the operating system via a conditional 
trap instruction (FTRAPcc) and save or restore (FSAVE or FRESTORE) the nonuser visible 
portion of the FPCP during context switches in a virtual memory or other type of multi- 
tasking system. The conditional trap instruction uses the same conditional tests as the 
program control instructions and allows an optional 16- or 32-bit immediate operand to 
be included as part of the instruction for passing parameters to the operating system. Table 
4-9 summarizes the system control instructions. 

Table 4-9. System Control Operations 

Instruction Operand Syntax Operand Size Operation 

FRESTORE (ea) None State Frame t Internal Registers 

FSAVE (ea) None internal Registers ~ State Frame 

FTRAPcc None None If Condition True, 
#xxx W,L Then Take Exception 

4.3 COMPUTATIONAL ACCURACY 

Whenever an attempt is made to represent a real number in a binary format of finite 
precision, there is a possibility that the number cannot be represented exactly; this is 
commonly referred to as round-off error. Furthermore, when two inexact numbers are used 
in a calculation, the error present in each number is reflected and possibly aggravated in 
the result. 

One of the major reasons that the IEEE Standard for Binary Floating-PointArithmetic (ANSI/ 
IEEE Std. 754,1985) was developed is to define the error bounds for calculation of binary 
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