


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































relinquishing control. The interrupt control circuitry of the system 
board prevents setting the controller to the edge-sensitive mode by 
blocking positive edge-sensitive commands to the interrupt 
controllers. 

Multitasking Provisions 

The BIOS contains a feature to assist multitasking implementation. 
"Hooks" are provided for a multitasking dispatcher. Whenever a 
busy (wait) loop occurs in the BIOS, a hook is provided for the 
program to break out of the loop. Also, whenever BIOS services an 
interrupt, a corresponding wait loop is exited, and another hook is 
provided. Thus a program can be written that employs the bulk of the 
device driver code. The following is valid only in the Real Address 
mode and must be taken by the code to allow this support. 

• The program is responsible for the serialization of access to the 
device driver. The BIOS code is not reentrant. 

• The program is responsible for matching corresponding Wait and 
Post calls. 

Warning: 32-bit operations to the video subsystem can cause a 
diskette overrun in the 1.44M mode because data width conversions 
may require more than 12 microseconds. If an overrun occurs, BIOS 
returns an error code and the operation should be retried. 

Interfaces 

There are four interfaces to be used by the multitasking dispatcher: 

Startup: First, the startup code hooks interrupt hex 15. The 
dispatcher is responsible to check for function codes of AH = hex 90 
or 91. The "Wait" and "Post" sections describe these codes. The 
dispatcher must pass all other functions to the previous user of 
interrupt hex 15. This can be done by a JMP or a CALL. If the 
function code is hex 90 or 91, the dispatcher should do the 
appropriate processing and return by the IRET instruction. 

Serialization: It is up to the multitasking system to ensure that the 
device driver code is used serially. Multiple entries into the code can 
result in serious errors. 
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Walt: Whenever the BIOS is about to enter a busy loop, it first issues 
an interrupt hex 15 with a function code of hex 90 in AH. This signals 
a wait condition. At this point, the dispatcher should save the task 
status and dispatch another task. This allows overlapped execution 
of tasks when the hardware is busy. The following is an outline of the 
code that has been added to the BIOS to perform this function. 

MOV AX, 90XXH ; wait code in AH and 
; type code in AL 

INT I5H ; issue call 
JC TIMEOUT ; optional: for time-out or 

; if carry is set. time-out 
; occurred 

NORMAL TIMEOUT LOGIC ; normal time-out 

Post: Whenever the BIOS has set an interrupt flag for a 
corresponding busy loop, an interrupt hex 15 occurs with a function 
code of hex 91 in AH. This signals a Post condition. At this point, the 
dispatcher should set the task status to "ready to run" and return to 
the interrupt routine. The following is an outline of the code added to 
BIOS that performs this function. 

MOV AX. 9IXXH 

INT I5H 

Classes 

; post code AH and 
; type code AL 
; issue call 

The following types of wait loops are supported: 

• The class for hex 0 to 7F is serially reusable. This means that for 
the devices that use these codes, access to the BIOS must be 
restricted to only one task at a time. 

• The class for hex 80 to BF is reentrant. There is no restriction on 
the number of tasks that can access the device. 

• The class for hex CO to FF is noninterrupt. There is no 
corresponding interrupt for the wait loop. Therefore, it is the 
responsibility of the dispatcher to determine what satisfies this 
condition to exit from the loop. 
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Function Code Classes 

Type Code (AL) 

OOH->7FH 

80H->OBFH 

OCOH->OFFH 

Description 

Serially reusable devices; the operating system 
must serialize access. 

Reentrant devices; ES:BX is used to distinguish 
different calls (multiple 1/0 calls are allowed 
simultaneously). 

Wait-only calls; there is no complementary Post 
for these waits--these are time-out only. Times 
are function-number dependent. 

Function Code Assignments: The following are specific assignments 
for the Personal System/2 BIOS. Times are approximate. They are 
grouped according to the classes described under "Function Code 
Classes." 

Type Code (AL) 

OOH 
01H 
02H 
OFCH 
OFDH 
OFEH 

TimeOut 

Yes (12 seconds) 
Yes (2 seconds) 
No 
Yes 
Yes (50Q-ms Read/Write) 
Yes (20 seconds) 

Figure 3. Functional Code Assignments 

Description 

Fixed Disk 
Diskette 
Keyboard 
Fixed Disk Reset 
Diskette Motor Start 
Printer 

The asynchronous support has been omitted. The serial and parallel 
controllers generate interrupts, but BIOS does not support them in the 
interrupt mode. Therefore, the support should be included in the 
multitasking system code if that device is to be supported. 

Time-Outs 

To support time-outs properly, the multitasking dispatcher must be 
aware of time. If a device enters a busy loop, it generally should 
remain there for a specific amount of time before indicating an error. 
The dispatcher should return to the BIOS wait loop with the carry bit 
set if a time-out occurs. 
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Machine-Sensitive Programs 

Programs can select machine-specific features, but they must first 
identify the machine and model type. IBM has defined methods for 
uniquely determining the specific machine type. The location of the 
machine model bytes can be found through interrupt 15 function code 
(AH) = hex CO. See the IBM Personal Systeml2 and Personal 
Computer BIOS Interface Technical Reference for a listing of model 
bytes for IBM Personal Computer and Personal System/2 products. 

Math Coprocessor Compatibility 

IBM systems use three math coprocessors: the 8088- and 8086-based 
systems use the 8087, the 80286-based systems use the 80287, and 
the 80386-based systems use the 80387. In the Real Address mode 
and Virtual 8086 mode, the 80386/80387 is upward object-code 
compatible with software for the 808618087 and 80286/80287 
Real-Address mode systems; in the Protected mode, the 80386/80387 
is upward object-code compatible with software for the 80286/80287 
Protected-mode systems. However, if a math coprocessor instruction 
other than FINIT, FSTSW, or FSTCW is executed by an 80386-based 
system without an 80387 present, the 80386 waits indefinitely for a 
response from the 80387. This causes the system to stop processing 
without providing an error indication. To prevent this problem, 
software should check for the presence of the 80387 before executing 
math coprocessor instructions. The BIOS equipment function should 
be used when possible as the method for detecting the presence of 
the math coprocessor. 

The only other differences of operation that may appear when 
8086/8087 programs are ported to a Protected-mode 80386/80387 
system (not using the Virtual 8086 mode), are in the format of 
operands for the administration instructions FLDENV, FSTEN, 
FRSTOR, and FSAVE. These instructions are normally used only by 
exception handlers and operating systems, not by application 
programs. 
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Operating Mode. Software Written for: 

8087 80287 
Real Real 

8087 Real Mode Yes Yes' 
80287 Real Mode Yes' Yes 
80387 Real Mode Yes*** Yes" 
80387 8086 Virtual Mode Yes*·* Yes" 
80287 Protected Mode No Yes" 
80387 Protected Mode No No 

• See "8087 to 80287 Compatibility." 
•• See "80287 to 80387 Compatibility." 

80287 
Protected 

No 
No 
No 
No 
Yes 
Yes" 

"'See "8087 to 80287 Compatibility" and "80287 to 80387 Compatibility." 

Figure 4. Math Coprocessor Software Compatibility 

Many changes have been designed into the 80387 to directly support 
the IEEE standards in hardware. These changes result in increased 
performance by eliminating the need for software that supports the 
IEEE standard. 

80287 to 80387 Compatibility 

The following summarizes the differences between the 80387 and 
80287 Math Coprocessors, and provides details showing how 80287 
software can be ported to the 80387 Math Coprocessor: 

Note: Any migration from 8087 directly to the 80387 must also take 
into account the differences between the 8087 and the 80287. 
This information is provided on page 25. 

• The 80387 supports only affine closure for infinity arithmetic, not 
projective closure. 

• Operands for FSCALE and FPATAN are no longer restricted in 
range (except ±oo); F2XM1 and FPTAN accept a wider range of 
operands. 

• Rounding control is in effect for FLO constant. 

• Software cannot change entries of the tag word to values (other 
than empty) that differ from actual register contents. 

• In conformance with the IEEE standard, the 80387 does not 
support special data formats pseudozero, pseudo-NaN, 
pseudoinfinity, and unnormal. 
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Exceptions 

When the overflow or underflow exception is masked, the only 
difference from the 80287 is in rounding when overflow or underflow 
occurs. The 80387 produces results that are consistent with the 
rounding mode. 

For exceptions that are not masked, a number of differences exist due 
to the IEEE standard and to functional improvements to the 
architecture of the 80387: 

• There are fewer invalid-operation exceptions due to denormal 
operands, because the instructions FSQRT, FOIV, FPREM, and 
conversions to BCO or to integer normalize denormal operands 
before proceeding. 

• The FSQRT, FBSTP, and FPREM instructions may cause 
underflow, because they support denormal operands. 

• The denormal exception can occur during the transcendental 
instructions and the FXTRACT instruction. 

• The denormal exception no longer takes precedence over all 
other exceptions. 

• When the operand is zero, the FXTRACT instruction reports a 
zero-divide exception and leaves -00 in ST(1). 

• The status word has a new bit (SF) that signals when 
invalid-operation exceptions are due to stack underflow or 
overflow. 

• FLO extended precision no longer reports denormal exceptions, 
because the instruction is not numeric. 

• FLO single/double precision when the operand is denormal 
converts the number to extended precision and signals the 
denormalized operand exception. When loading a signaling NaN, 
FLO singie/double precision signals an invalid-operation 
exception. 

• The 80387 only generates quiet NaNs (as on the 80287); however, 
the 80387 distinguishes between quiet NaNs and signaling NaNs. 
Signaling NaNs trigger exceptions when they are used as 
operands; quiet NaNs do not (except for FCOM, FIST, and FBSTP, 
which also raise IE for quiet NaNs). 
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• Most 80387 numeric instructions are automatically synchronized 
by the 80386. No explicit Wait instructions are required for these 
instructions. To mairitain compatibility with systems using the 
8087, an explicit Wait is required before each numeric instruction. 

• The FLDENV and FRSTOR instructions should be followed by an 
explicit Wait when used in the 80387 environment. An explicit 
Wait is not required after these instructions in the 80287 
environment. 

• The 80287 FSETPM (set Protected mode) instruction performs no 
useful purpose in the 80387 environment; if encountered, it is 
ignored. 

• The format of the FSAVE and FSTENV instructions is determined 
by the current mode of the 80386; the Real Address mode format 
is used when the 80386 is in the Real Address mode, and the 
Protected mode format is used when the 80386 is in the Protected 
mode. 

• The following applies only to the 81 stepping level 80386: An 
interrupt 9 does not occur for an operand outside a segment size; 
an interrupt 13 occurs. 

8087 to 80287 Compatibility 

The 80287 operating in the Real Address mode can execute 8087 
software without major modifications. However, because of. 
differences in the handling of numeric exceptions by the 80287 and 
the 8087, exception-handling routines may need to be changed. 

The following summarizes the differences between the 80287 and 
8087 Math Coprocessors, and provides details showing how 8087 
software can be ported to the 80287 Math Coprocessor. 

• The 8087 instructions FENl/FNENi and FDISI/FNDISI perform no 
useful function in the 80287 environment. If the 80287 encouriters 
one of these opcodes in its instruction stream; the instruction is 
effectively ignored; none of the 80287 internal states are updated. 
While 8086 code containing these instructions may be executed 
on an 80287, it is unlikely that the exception-handling routines 
containing these instructions will be completely portable to the 
80287. 
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• The ESC instruction address saved in the 80287 includes any 
leading prefixes before the ESC opcode. The corresponding 
address saved in the 8087 does not include leading prefixes. 

• In the Protected mode, the format of the 80287 saved instruction 
and address pointers is different from the format of the 8087. The 
instruction opcode is not saved in the Protected mode; exception 
handlers have to retrieve the opcode from memory if needed. 

• Interrupt 7 occurs in the 80286 when executing ESC instructions 
with either TS (task switched) or EM (emulation) of the 80286 
MSW set (TS = 1 or EM = 1). If TS is set, then a Wait instruction 
also causes interrupt 7. An exception handler should be included 
in 80286 code to handle these exceptions. 

• Interrupt 9 occurs if the second or subsequent words of a 
floating-point operand fall outside a segment size. Interrupt 13 
occurs if the starting address of a numeric operand falls outside a 
segment size. An exception handler should be included in the 
80286 code to report these programming errors. 

• Most 80287 numeric instructions are automatically synchronized 
by the 80286. The 80286 automatically tests the 'busy' signal from 
the 80287 to ensure that the 80287 has completed its previous 
instruction before executing the next ESC instruction. Explicit 
Wait instructions are not required to ensure this synchronization. 
An 8087 used with 8086 and 8088 system microprocessors 
requires explicit Waits before each numeric instruction to ensure 
synchronization. Although 8086 software having explicit Wait 
instructions executes perfectly on the 80286 without reassembly, 
these Wait instructions are unnecessary. 

The processor control instructions for the 80287 may be coded 
using either a WAIT or No-WAIT form of the mnemonic. The WAIT 
forms of these instructions cause the assembler to precede the 
ESC instruction with a microprocessor Wait instruction. 
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Diskette Drives and Controller 

The following figure shows the read, write, and format capabilities for 
each type of diskette drive. 

DllkaH. 
Drlv.Type 

5.25-lnch Diskette Drive: 
Single Sided (48 TPI) 
Double Sided (48 TPI) 

3.5-lnch Diskette Drive: 
720KB Drive 
1.44MB Drive 

R-Read W-Write F-Format 

180/180KB 320/380KB 
Mod. 

RWF 
RWF 

Mod. 

RWF 

1.44MB 720KB 
Mod. Mod. 

RWF 
RWF RWF 

Figure 5. Diskette Drive Read, Write, and Format Capabilities 

Notes: 

1. 5.25-inch diskettes designed for the 1.2M mode cannot be used in 
either a 1601180KB or a 320/360KB diskette drive. 

2. 3.5-inch diskettes designed for the 1.44M mode cannot be used in 
a 720KB diskette drive. 

Warning: 32-bit operations to the video subsystem can cause a 
diskette overrun in the 1.44M mode because data width conversions 
may require more than 12 microseconds. If an overrun occurs, BIOS 
returns an error code and the operation should be retried. 

Copy Protection 

The following methods of copy protection may not work on systems 
using the 3.5-inch 1.44M diskette drive. 

• Bypassing BIOS Routines: 

Data Transfer Rate: BIOS selects the proper data transfer 
rate for the media being used. 

Diskette Parameters Table: Copy protection, which creates 
its own Diskette Parameters table, may not work on these 
drives. 
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• Diskette Drive Controls: 

Rotational Speed: The time between two events on a diskette 
is a function of the controller. 

Access Time: Diskette BIOS routines must set the 
track-to-track access time for the different types of media 
used in the drives. 

Diskette Change Signal: Copy protection may not be able to 
reset this signal. 

• Write Current Control-Copy protection that uses write current 
control will not work because the controller selects the proper 
write current for the media being used. 

Detailed information about specific diskette drives is available in 
separate technical references. 

Fixed Disk Drives and Controller 

Reading from and writing to the fixed disk drive is initiated in the 
same way as with IBM Personal Computer products; however, new 
functions are supported. Detailed information about specific fixed 
disk drives and fixed disk adapters is available in system-specific 
technical references. 
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