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Emulating the MC68020 es special co- 
to‘%$p The 16-bit 68000 pX’ chip, however, doesn’t 

~q> aBocate any CPU address space; instead, it identifies an 

processor instrzkctions @es yoti two ways t~~~~~~~~~ interrupt-acknowledge cycle with the equivalent func- 

l&k an &f(38&31 math c,?& and 16-~~~~~ 9_ tion code. Therefore, to properly control a 68881 chip in 

68000-family ClWs. You tisi ~a~~~~~~~~~~ 
sert coded routines in your ~~0~~~~~~~~~~0~ 
use a trap ro&ne that detects. ~~~~~~~rn~- 
lutes special math op &es. ~ r $ ,&*\;.*,t:S*\,“” i‘ :a\ ‘+f\ _ 
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a 68000-based computer, you must design the interface 
circuit to control the math chip as a peripheral device in 
the computer’s data-address block. 

Although it’s speci~~~:~~~~gned for use as a coproces- 
sor with the 3Z-bi~~~~~~ZO FP, the MC68881 floating- 
point math chi~~~~~~~erates with 16-bit 68000-family 
p.Ps. If you i&&%&e the 68881 chip to a computer as a 
peripher~~~~~~~rather than as a coprocessor, you get 

+,, & *a*> 
to cho~~~~lN$iireen two types of control software for the 
chip: ir@% &ode such as macros or trap and emulation 
routines?You can adapt the macros to many p,Ps, but 
the trap technique is specific to the 68000 family, which 
includes the MC68000, MC68008, MC68010, and 
MC68012 chips. 

When you use a 68881 math chip as a coprocessor in a 
68020-based computer system, the interface circuit 
places the math chip’s registers in the CPU’s address 
space. The 68020 p.P chip selects the CPU address 
space by setting its function-code output lines FCo-FC2 

When the 68881 math chip is available to your com- 
puter as a peripheral, you can write the control soft- 
ware in two ways. The first approach involves writing 
macros or in-line code that controls the math chip. You 
use standard 68000 op codes that treat the math chip as 
a peripheral device, transferring instructions and data 
to it and receiving flags and data from it. Each macro or 
section of in-line code acts as a driver routine that 
simulates one of the 68020’s special coprocessor op 
codes. If your software-development tools don’t sup- 
port macros, you can write subroutines instead. 

Trap routines decode op codes 

The second approach lets you include the 68020’s 
coprocessor op codes in your program along with the 
usual 68000 op codes. Although the 68000 family’s 16-bit 
CPUs don’t execute the coprocessor op codes, they do 
detect or trap them, forcing the CPUs into an exception 
state. While it’s in the exception state, a 68000 CPU 
transfers control to a routine that decodes the coproces- 
sor op code and emulates it with a series of 68000 
instructions that control the 68881 math chip. 

Each coprocessor op code contains bits that identify a 
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Macro routines let you insert 68881 control 
operations into your programs. 

general, branch, conditional, save, or restore opera- 
tion. The op code also contains three identification bits 
that let the computer select one coprocessor from as 
many as eight (Fig 1). After each coprocessor op code 
you’ll include as many as seven words that contain a 
coprocessor command. data, address, and extension 
information, depending on the type of op code. Keep in 
mind that the coprocessor op code simply signals the 
CPU that coprocessor information follows. The com- 
mand and data words that follow the op code control the 
coprocessor. 

Because the four most significant bits in each coproc- 
essor op code are set to a logic one, or hexadecimal F, 
programmers call the coprocessor instruction trap the 
F-line trap. Although using the F-line trap technique 
means you’ll have to write control routines that simu- 

larly, if you can include conditional-assen#@@&tives 
within the macros, the assembler will ~~~~~ bit fields 
in the math instructions to dete~i~~~~~~~t actions you 
want the final program to perfor&Bee&se the assem- 
bler does the parsing and ~~~~ as part of the 
program-development proce&&j$,*~at assembly time), 
the resulting program ru$&eft%!iently and quickly. 

How you define the ~~~~~~~acros for the 68881 math 
chip depends on yo&$$lication. Under ideal condi- 
tions, you’d pr~~~~~ macro for each 68881 math ~,\“~.A ,,A\*& 
operation using st@lard 68881 instruction mnemonics 
as the macr&&me. When you provide separate math- 
operatioy OS, the software is source-code compati- 
ble ~~~~~~~~020 FP chip; you simply reassemble the 
code‘-w&h a 68020 assembler. However, you’ll need a 
l&hyhbrary of macros for all combinations of 68881 

late the coprocessor instructions, there’s an advantage p’math operations, data types, and addressing modes. 
to using the trap technique if you plan to transfer your % / .? 
programs to a 68020 CPU. Because the 68020 exe~~~~~~~~str”~ti~~ groups save pregramming time 
the special coprocessor instructions without forcing_the 
CPU into an exception state, moving up $#a 68b20- 
based computer requires no software ch~r$es, You 
might, however, want to remove the c ” r in- 
struction-emulation subroutines fro~m&%u?+ pro- 
gram to save memory space. A ~s~~~~age of using 
the F-line trap technique in ~~~~~terns is that the 
exception processing takes ~~~~~~~~~~~e (the CPU must 
perform stack and vector * ions), and your subrou- 
tine must interpret th@ , instruction, data, and 
address info*atio~~.~~~~~llows each coprocessor op 

between the macro and instruction- 
invoIves program-execution time 
ach time you put a math-coproces- 
gram, you increase the program’s 
am still operates quickly. On the 
g emulation routines you save 
se you need only one routine per 

function. Emulation routines, however, require CPU 
time to perform internal operations and to decode the 
68881’s instructions. So if processing speed is of prime 
importance, use macros. 

By using macros, software-development systems will 
quickly insert the math-chip control steps into your 
program as you need them. If your assembler supports 
parameter manipulation within macros, use the assem- 
bler to parse the 68881 chip’s math instructions and to 
determine the proper addressing mode for them. Simi- 

With the exception of the Save and Restore instruc- 
tions, you can put similar instructions in groups and 
write generalized macros for each group. For example, 
all of the instructions that transfer data from memory 
into the 68881 chip operate in the same way. By 
grouping the instructions, you can write general 
macros that control each type of memory-to-68881 
transfer (these macros are known as “move-in” 
macros). Let the assembler decode the individual math 
operations and modify the main sequence of instruc- 
tions within the macro accordingly. Differences within 
a group of instructions occur in the math operation to 
be done (addition, subtraction, etc), the data’s type 
(precision and format), and the addressing mode. Al- 
though a smaller number of generalized macros simpli- 
fies your programming task, you must still give your 
macros the same information or parameters you’d find 
in the coprocessor instructions they replace. 

To pass parameters to a move-in macro, use the 
following general format: 

MACRONAME FUNCTION, SOURCE, 
DESTINATION 

MACRONAME specifies the method of data transfer 
and the data type, while FUNCTION tells the macro 
what type of general operation you want to simulate 
(Table 1). SOURCE and DESTINATION are memory 
or register pointers. The seven general move-in macros 
differ only in the precision of the information they 
transfer. The sample macro of Listing 1 ( pg 9 > serves 
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l&SIT COPROCESSOR OP CODE 

I Ooo - 101 RESERVED 
110 - 111 USER DEFINED 

I 

f@‘ -p\, 
“1 A&‘, -i 

000 - GENERAL 
* ‘$<\\ ‘> 

001 - CONDITIONAL 

&‘? s+,>- 
>&),,$ ” _. 
;y@” 

” 
“. 

010 - SHORT BRANCHES 

01 1 - LONG BRANCHES 

100 -SAVE 

101- RESTORE 

110 - RESERVED 

111 -NOT USED 

i USER-DEFINED N WORDS (O-N) > 

< WORD-LEN~~~~ DISPLACEMENT > 
R-s ..:, 

< LONG-~:~~NCH DISPLACEMENT > 

i& ‘P> 

\;$ - kr 
&tisER-DEFINED EXTENSION WORDS (O-N) > I 

-.,, 

*St? 

~;~~----------------------------------------- 

‘& EFFECTIVE ADDRESS EXTENSION WORDS (O-5) > 
---------~:~~-------------------------------------------- 

a&< “y& ~ .~u ” ~~~:, ,ts 

VT\, ~.<S cQ*\$, *” CI EFFECTIVE ADDRESS EXTENSION WORDS (0.5) z I 
--,~~~;~~-------------------------------------------------~ 

xy .i 

j+(b) 

GENERAL-CLASS 
INSTRUCTION 
FORMAT 

BRANCH-CLASS 
INSTRUCTION 
FORMAT 

CONDITIONAL-CLASS 
INSTRUCTION 
FORMA1 

SAVE-CLASS 
INSTRUCTION 
FORMAT 

RESTORE-CLASS 
INSTRUCTION 
FORMAT 

Fig I-C’oproceeeor op-code formate include nn F-km op code thnf idsntifins the wpr~tw,w~tr &wica (I tttl fhv tyjw of‘o~xvnfiott (a). As tt,ntfy a~ 
wven words, follow the op code (h), providing a co~occl.saor mwtntawl, dntcc, nddrw~~, or ofh.w itt,fhrttttrtiott. 



The F-line traps provide for upward com- 
patibility with 68020-based computers. 

.& i >\.~ak-:* 

‘,,S$, II 
‘“:, ‘“p*,\v 

TABLE l-INFORMATION AND CODES FOR THE MEMREGx M~~~~ 

SQUAREROOT 
LOG BASE (N+l) 

MODULO REMAINDER 

HYPERBOLIC ARC TAN 

SINGLE-PRECISION DIVIDE 

IEEE REMAINDER 

SCALE EXPONENT 

SINGLE-PRECISION MULTIPLY 

LOG BASE N 
LOG BASE 10 

SIMULTANEOUS SIN AND COS 

REGISTER DATA 

LOATING-POINT DATA REGISTER 1 
FLOATING-POINT DATA REGISTER 2 

FLOATING-POINT DATA REGISTER 3 

FLOATING-POINT DATA REGISTER 4 
FLOATING-POINT DATA REGISTER 5 

FLOATING-POINT DATA REGISTER 6 

FLOATING-POINT DATA REGISTER 7 

RESPONSE-INTERFACE REGISTER 

COMMAND-INTERFACE REGISTER 

OPERAND-INTERFACE REGISTER 
BASE ADDRESS OF MC66661 IN DATA SPACE 

“%$k&LUE IS SELECTED BY THE USER BASED ON SYSTEM 
.~r&‘J&&&JRATION. 
:t::. ~ \>a *s:b** 

<*,, 393 
“& * 
f DATA TYPES 

DESIGNATION DATA TYPE 
B BYTE-INTEGER 

W WORD-INTEGER 

L LONG WORD-INTEGER 

S SINGLE-PRECISION FLOATING POINT 
D DOUBLE-PRECISION FLOATING POINT 
X EXTENDED-PRECISION FLOATING POINT 

P PACKED BCD FLOATING POINT” 

‘BCD = BINARY-CODED DECIMAL. 
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as a prototype to use when you develop your own 
control software. 

All move-in macros operate in the following se- 
quence: Write the instruction or data into the proper 
68881 register; test the 68881 for a response; respond to 
a 68881 request; and release the processor for other 
tasks. During its sequence of operations, the 68881 chip 
puts information in its response register, forms a 
primitive instruction from that information, and passes 
that instruction to the CPU. The response register’s 
most significant bit represents a come-again (CA) flag 
that tightly couples.the 68881 coprocessor to the main 
CPU in a 68020-based computer. 

In computer systems that use the 68881 chip as a 
peripheral, the CPU treats the CA bit as a busy/ready 
flag that indicates the status of the 68881 chip. If the 
CA bit is set, the computer executes the primitive 
command (if any) in the 68881’s response register and 
then tests the CA bit again. When the CA bit is set and 
the response register doesn’t contain a specific service 
request, the computer continues to test the CA bit in a 
null-come-again loop: 

\2.-= ;““$$b, 
b?t;, ,i _ Q 

9 s+~~~h. 
\@NULREL TST.B MC&X431+RESPONSE ;TEST REG&t?$&“~~ 

BM1.S \@NULREL ;BRANC&&&,S 
,~Q,. ‘yh” 

After it completes a task, the 68881 ~~~~~~~~ts the 
CA bit, releases the computer from th@o@Q3and lets it 
go to the next program step. In ad~~~~~~~~ the CA bit, 
the response register contains ~~~,~~~~uests for CPU 
services or information that al&@&the CPU to error rest ‘*&*,$<‘ 
conditions in the 68881 chipc’$ *” 

,<$? “S,>* $ 

Flag bits detect erro@~~~~j~ 
“S,~ 

Because the ~~~~~~~~~~rnents IEEE Standard 754 
math operations, ~b~‘~~~~~ includes many error or excep- 
tion flags that ~~~‘such conditions as overflow and 
floating-poir&li$$$e-by-O. The 68881 lets you selective- 
ly enabI~~~~~~~~ble individual exception bits so your 
softw~~~~~~tors only the ones you choose. The chip’s 
defaul$$&idition disables all of the exception bits, 
which eliminates the need to test for their presence and 
process them in your software. Processing errors can 
still occur, however; you just won’t know they took 
place. To keep the macro examples simple, the error- or 
exception-processing steps aren’t included. Begin soft- 
ware development at a low level and increase its 
complexity later. Leave the exception bits disabled 

null-come-again or evaluate-effective-address&%@ 
transfer-data commands. The latter type of cafe 
directs the computer to transfer information~~~~‘~~-~~rn 
the 68881 chip. After you’re familiar wit~:~~~~~~~~o~es- 

sor’s op codes and instructions, YOU ca~:~~~~~~~ plan the 
flow of your macro routines. ,6 “-I ‘x” a*,> I SQ *q 
Start with sample macro ro~~~~~~~~~ 

The sample MEMREGW $&T&Listing 1) operates 
on a word-length value (l~~~~~~and illustrates how a 
typical macro routine acmes (Fig 2). The macro- 
routine call within yet&? main program takes the form ,” .p-“, ,!,kj.~-> \I~,,*, * 

MEMRI$@@JNCTION, EA, PPN .:?. b(-,\ %.b,..*,<,’ 
Within the &o routine, the computer equates each 
function ~@pe (&JNCTION) and internal 68881 register 
numb&@%9 with a specific bit pattern. The assem- 
ble~~~~~~~ines these bit patterns with the effective- 
a~~~~~ ” (EA) value to formulate the proper 68000 

“‘* 
- 

START 

1 

NULL-COME-AGAIN 
LOOP 

EVALUATE EFFECTIVE ADDRESS 

AND TRANSFER DATA 

TO COPROCESSOR - COME AGAIN 

NULL-COME-AGAIN 
LOOP 

t 
MAIN PROCESSOR 

RELEASED 

until you develop and test the main macros. Fig 2-The moue-in macros transfer information to the 68881 math 
If you disable the 68881’s exception and error flags, chip and monitor the come-again flag bit until it releases tk 

the only response-register commands the CPU gets are computer. 
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Protot@e macro and trap routines provide 
examples you can adapt to your computer. 

instructions that control the 68881 chip. 
The assembler accepts the parameters from the 

macro-calling line in your program in the order you list 
them. Within a macro routine, you note the first 
parameter as $1, the second parameter as @2, and so on. 
For example, line 69 in the macro listing contains the 
statement 

M0VE.W 
#$5000+((c3<<7)+@l,MC6888l+COMMAND 

which combines the third parameter (FPN), the first 
parameter (FUNCTION), and 5000,~ to form a 68881 
command word of the form F<OP>.W <EA>,FPN 
(Fig 2). The assembler directive $3~~7 shifts the 
floating-point register’s address left by seven bits to 
align it properly in the 16-bit instruction. The 
MC68831 +COMMAND operation sets up the absolute,x\. 
address for the 68881’s command register. In tl& 
M0VE.W command, the 68881’s base address is set tti-% 
83800016, while the command register is preseein t&e 
chip at address OAX. You can assign your 6~~~~.~~ip a 

68881 register-add 
After combining the function a 

tion, the MEMREGW macro use 
ter (EA) in the command at lin 

The MOVE. W comm 

register. Again the assembler 
se address with the operand 

rect-with-offset parameter (d(An,Rn) or d(Pc,Rn)) di- 
rectly to the macro. If you try to do so, the assembler 
finds the comma between An (or PC) and Rn and 
attempts to split the information into two parameters. 
To get the d(An,Rn) information to the macro, the 
software takes an indirect approach by using a condi- 
tional command in the macro routine and passing a 
fourth parameter to the macro. The IFC ‘(14’,” com- 
mand at line 68 in the MEMREGW macro lets the 
computer determine how to assemble the program 

RETURN FROM 
EXCEPTION 

Fig 3-The Filine trap routine requires extra instructions to locate 
the coprocessor op code, decode it, and perfom the control steps to 
emulate it. You’ll also need to odd routines if you want to be able to 
emulate 68881 -to-memory (move-out) and multiple-register instruc- 
tions. 

depending on whether or not you supply the fourth 
parameter. When you supply the fourth parameter, the 
macro’s instructions between lines 77 and 85 combine 
parameters 2 and 3 to reconstruct the effective address. 
The macro routine uses the command at line 82 to insert 
the comma between the parameters for proper assem- 
bly of the program. 
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Although the 68020 p,P chip provides instructions 
that directly handle packed-BCD (P), double-precision 
(D), and extended-precision (X) data types-all of 
which require more than 32 bits---the 68000 doesn’t 
offer you these instructions. Upon detecting one of 
these three data types, have the macro assemble the 
necessary instructions that transfer the multiple words 
of data to the 68881 chip. 

Macros provide 68020 upgrade path 

When you transfer programs containing math macro 
routines to a 68020-based PC system, you must change 
the macros. For example, the following macro assem- 
bles a floating-point byte move-in routine: 

MEMREGB MACRO 
\l.B 2, \3 
ENDM 

By providing an FADD code for the first parameter, 
you tell the assembler you want an addition operation to 
take place in the 68881 chip. The .B notation indicates& 

MEMREGB 

math instruction: 

within the macros. The modification involves changing 
the 68881 from a data-space to a CPU-space device in 
the 68020-based computer. You must also make the 
68000 math-operation macro library available to your 
software-development system. 

To maintain object-code compatibility when moving 
up to a 68020 CPU, consider using the F-line trap 
technique, which, as noted earlier, forces the 68000 
CPU into an exception state whenever it detects a 

coprocessor op code. First, use the math ~opro~e~~~~~~~~ 
op codes in your program as if you were writing>%,,fo@ 
68020 computer. Second, design the inte~ac~~~~~~~~o 
that the 68881 chip operates as a periphera&i&~~$68000 
supervisory program’s address space. .;$$ ‘*$ :.,\ye 

u*,.,qy -.I‘ 
You can use the F-line trap te~hn~~~~~~~ther your 

68000-family computer provideslu+gr “&@l supervisory 
address space or a combined ~~,~~ space., but you’ll 
need different software for ,~~~~‘~~ig 3 and Listings 2 
and 3). When you separatQ%e user and super - 
visor address spaces, ~~~~~~~0 operates in the 

protected mode. In #@&unp~otected mode, the comput- 
er allows you 

\\,,,.\bq ,,. 
to a@%$ the user’s address space from ,$‘. *$\\ ‘::A 

within the super&so$y program, ;The sample programs 
support all of$&e’niove-in transfer operations, but the 
routines #n’t check for errors or exceptions. If you 
need the$%perations, you can add them after you’re 
sure Qe Basic routines operate properly. 

,~~~~~~~‘~se the F-line trap routine to parse the 68881’s 
co$&essor instructions and to determine the address- 
i&g mode, you’ll slow the computer. To help overcome 
the overhead of fully decoding the addressing modes 
(ie, direct, indirect, indexed, displaced), the sample 
F-line trap routines let you use only the register- 
indirect addressing mode (AO). If you need more flex- 
ible addressing capabilities, load the effective address 
into the A0 register with an LEA EA,AO command 
before you execute a floating-point instruction. Keep in 
mind that the LEA instruction assumes its operand is 
in a data space when you use program-counter-relative 
(PC-relative) addressing in a computer system that 
divides address spaces. 

The F-line trap routines don’t check the response 
register’s contents for a null-come-again condition after 
they perform the final data transfer. The time the 
computer takes to execute a return-from-exception- 
condition (RTE) instruction is sufficient to ensure that 
no spurious protocol errors occur between sequential 
floating-point operations. 

Listings show key program steps 

When you use the unprotected version of the F-line 
trap routine (Listing 31, the CPU detects coprocessor 
op codes and then goes into an exception state. While 
entering an exception state, the CPU saves the pro- 
gram counter’s contents and processor status informa- 
tion on the stack. The trap routine then uses the 
program-counter value (PC). to locate the coprocessor 
instruction that caused the exception condition. 

The trap routine compares the coprocessor op code 
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,..*-A, “i3 

*’ .I%, ’ 

LISTING 1 
“\ ““> 

“q, “!if, ,.,“” u*; s _ ** 
gJ:>Jcq 

***tttt*********C**C***********~***~*~”~****************** ,-; .~- #V & & .\&V 
* “~?i~& \ 
* _ S&&f@’ 

MC68881 WORD IN MEMORY OR IN Dn TO FP-REG. OPERATION 
.& <:, ,& ‘b,$ - ;*I 

* MEMREGW FUNCTION,<EA>,FPN 
jt " 'b?, \ 

-I: ‘Lg*$,.' 
1 WHERE: FUNCTION= FP INSTRUCTION MNEMONIC (I.E. FADDl 

a;\ $0 
e"\,> vq 

t <EA>= SOURCE ADDRESSING MODE 
'\>".&:~>\ 

",. ">\, "@ 
* FPN= DESTINATION REGISTER 

,,;:a "-:v>;),& 
." >* "a+ 

* NO REGISTERS MODIFIED OR DESTROYED! 
*:*;*, ~ /:. \*\ "" ~4 '3. 

* 
A\\ ‘-.+ 

VALID ADDRESSING MODES: 
~ $&&$, 

f 
4 * "is 

DN, (AN), (AN)+, -(AN), D(AN), D(AN,IX) i>.: 
,;,<& ‘% 

l XXX.W, XXX.L, (D,PC), D(PC,IX) $,$Y' &$ .'.), ,&&~ 
t~*Rttt*~tt******Ct**.**~~**~~~~**~****~~~***~~~~~*~~~.~~~~~~ 

j\ w, 
kB +~ 

67 MEMREGW 
if; 

MACRO ,>l‘ "L, " 
68 IFC '\4"."' IS CEA>,%@DdECT WITH INDEXING 
69 M0VE.W #!35000+(\3<<7)+\1,MC6881+COM~ND~~~~ 
70 i0NULCA CMPI #@8900,MC68881+RESPONSE REABp‘&SPONSE REGISTER 
71 BE0.S \ONULCA REtiE$D'?JNTIL EVAL EA AND 
72 * ~~~~~~~~~ER DATA 
73 M0VE.W \Z,MC68881+OPER ~~~~~~~ DATA TO FP-REG. 
74 \ONULREL TST.B MC68881*RESPONSE %~&S RESPONSE NULL RELEASE? 
75 BM1.S \QNULREL et{,> BRANCH UNTIL NULL RELEASE h _ 
76 ENDC *& 
77 IFNC '\4'," 

'\ “~" I ,';K,\ "T$ IS <EA> NOT=INDIRECT WITH INDEXING 

79 \QNULCA READ RESPONSE REGISTER 
REREAD UNTIL EVAL EA AND 

81 * TRANSFER DATA 
82 M0VE.W \2,\3,M WORD DATA TO FP REG. 

IS RESPONSE NULL RELEASE? 
BRANCH UNTIL NULL RELEASE 

ON OF THE (AO) 

TED VERSION++*++ 

RMAT ERRORS OR 

t EXCEPTIONS! 
II 
t********************************************************* 

12 NUMREGS EOU 2 NUMBER OF SAVED REGISTERS 
13 
14 
15 MC68881 EOU $838000 ADDRESS OF MC68881 
16 OPERAND EPU SlO MC68881 OPERAND REGISTER 
17 COMMAND EQU SOA MC68881 COMMAND REGISTER 
18 RESPONSE EQU 900 MC68881 RESPONSE REGISTER 
19 
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-)-~~ ‘*&:“‘” 

a+ 

20 * FLINE ENTERS HERE... 
“, $&@~$> *’ 

~&CC. 'i , .$ 

21 FLINE M0VE.L Al,-(SP> SAVE Al 
", 

>$@ ‘"1, 
\v* .:**7> 

, \,,\ 
22 M0VE.L Dl, -(SP) SAVE Dl 

.&&+ " 
.,i' _ '~' 

23 M0VE.L NUMREGS+4+2(SP),Al Al=USER PC 
3% ?" / , ,*s s;*\ ':*. \ 

24 M0VE.W (Al>+,Dl 
'7:‘ " 

Dl = OPCODE WORD 
,.$ bjx* 3;s ;,,. 3‘"‘ &X ' .L&> -'" 

25 CMP.W #%1111001001000000,D1 
26 BHS NOTGEN BR IF NEITHER 

? CPID=l AND GENER&$$YPE 
W$, 1* 

27 
& <,, '*b\ _ $‘ -~*.*, 

28 * GENERAL INSTRUCTION 
‘we.\ ?b<~ '4: 

2 ~~f~l~~~* \a.% Jo 

29 M0VE.W (Al)+,Dl Dl = CP COMMAND WORD 
‘; .{, ,,\$ . 

30 M0VE.W 
~~~$*,~~~~~~~$~~ 

Dl,MC68881+COMMAND PASS TO '881 "~~~~~~~~~~ 
31 FGENWAIT CMP.W #S8900,MC68881+RESPONSE 
32 

? IS ssl~B&g 
BEG FGENWAIT 

33 ADD.W 
LOOP IF SO TILL ITS+&ADY 

Dl,Dl 
34 BCS GENlXX 

BREAK DOWN HIGH TW$@&$TS 

35 BPL GENOOX 
BR SPECIAL MOV& ‘2 

36 
BR REG-REG (MU@"'&? 000) 

D "$,& 

37 ADD.W Dl,Dl 
38 

TST NEXT By& 
8 

BMI GENOll 
39 

BR REG -~J$~;ab ‘% 
" ?;.. ~2.f 

40 * 
iis _ '?& .p 

IS A MOVE IN GENERAL INSTRUCTION~.~~~$R!!LUDING FMOVECR) 
41 R0L.W #5,Dl 

q*y*+ 3 eas ,,* 

42 AND.W #BOOOE,Dl 
SHIFT":$jYPE INTO WORD ACCESS POSITION 
ISOLATE"JUST TYPE FIELD*2 

43 M0VE.W SIZETBL(Dl&f?,D% OBTAIN SPECIAL TRANSFER SIZE CODE 
44 BM1.S 
45 

GENTSPC *iii*\, %&IF IS NONE, BYTE, OR WORD 
.$‘*e,.,~ '9 _ ‘~)~+~~~~~\,~ 

46 * TRANSFER THE COUNT OF~,$#@WORDS 
47 M6VE.L A0 
48 GENTINL M0VE.L 

,-s$S@&$ SAVE USER'S A0 
.C68881+DATA NEXT WORD IN 
INL LOOP TILL DONE 

RESTORE SAVED REGISTER 
EXIT AS WE ARE DONE 

52 
53 l SPECIAL CO MOVECR), BYTE OR WORD 

OFFSET TO -l,O,+l 
BR WORD TRANSFER 
BR FMOVECR (NO TRANSFER) 

<AO),MC68881+DATA STORE BYTE 

STORE WORD 

66 * SIZE TABLE-LONGWORDS TO COPY EXCEPT FOR NONE=-1 BYTE=-2 WORD=-3 
67 SIZETBL DC.W 0 .L 
68 DC.W 0 .S 
69 DC.W 2 .X 
70 DC.W 2 .P 
71 DC.W -3 .w 
72 DC.W 1 .D 
73 DC.W -2 .B 
74 DC.W -1 FWOVECR (NONE) 
75 
76 * UPDATE PC AND RETURN TO CALLER 
77 FIN1 N0VE.L Al,NUMREGS*4+2tSP) SAVE SCAN PC 
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“$ 
‘Tr:r\, 

&$ ~_ ‘>j 

\d& ‘“b j\ 
" v> 

78 M0VE.L (SP)*,Dl RESTORE WORK , ‘9‘ 
,‘?8$.* I 

.d~ \.. ,$ 
79 M0VE.L (SP)+,Al REGISTERS 

+*, ~ 
&Q>> * ‘&% ";%& 

a0 RTE RETURN TO INVOKER 2:' )j ~*;>& 3 " 
$q \\\ _,-. ") 

81 s&y I; :@tv *.\ "<‘ 
a2 s UNfLLUSTRATED CODE HANDLERS 

'y$ ,,\p" 

a3 G&NO11 EQU * 
<;““s,$$ ‘,?p 
.& ,S&.~, *T$ 

84 GENOOX EOU * s:, " '*> ,<?' 

85 GENlXX EPU * 
.h** ‘i$$ k-P‘\ \A 

86 NOTGEN EQU * 
+,, "-b '*$tk 
\ C,8<>,-\\ 

2 " .,* *:, :$,k 
a7 ,v*,,.,,>:. / 

aa END 
,$,,,, ~?y;& 

*&*yq ,u - ?**3$,, 
.a>,,‘ 1&b.;* 
,?<~, 

/_ && -8 
& c*.:, 

LISTING 3 
~%-;~a$* :*t\Naj v :cqq,> “t ” “p -; ‘<& 

******t***C**~****.****t”**t***C*******C*”*********~*~~~~~~~~* 
$$\ ,.,b 

l .;*<p 

c THIS CODE PERFORMS ONLY THE FUNCTION OF THE~&O)‘r'i+ 
* MACRO EQUIVALENT! I u4m 

‘"$J\ 

* 
""“~~>~ $ '.$\ 
)$ 2 

0 +*+++MC68010 PROTECTED VERSIONa+~~~~~~~~~~~~" 
0 ~~~g~~?&,, 

I) NO CHECKING IS DONE FOR ILLEGAL FORMAT &RORS OR 
* COPROCESSOR DETECTED EXCEPTIONS! 

11 NUMREGS 
12 UPAS 

ADDRESS OF MC6BBBf 
16 OPERAND EPU wxaaal OPERAND REGISTER 
17 COMliAdD w6aaai COMMAND REGISTER 
18 RESPONSE EQU NC68881 RESPONSE REGISTER 

FLINE ENTERS 
21 FLINE SAVE Al 

SAVE Dl 
NUMREGS*4+2(SP),Al Al=USER PC 

USER PROGRAM ACCESS 

USER DATA ACCESS 
M0VES.W (Al)+,Dl Dl = OPCODE WORD 

#%1111001001000000,D1 ? CPID=l AND GENERAL TYPE 
NOTGEN BR IF NIETHER 

32 “* GENERAL INSTRUCTION 
33 M0VES.W (Al)*,Dl Dl = CP COMMAND WORD 
34 M0VE.W Dl,MC6i3BBl+COMMAND PASS TO '881 
35 FGENWAIT CMP.W #sB900,MC6BBBl*RESPONSE ? IS aal Busy 
36 BE0 FGENWAIT LOOP IF SO TILL ITS READY 
37 ADD.W Dl,Dl BREAK DOWN HIGH TWO BITS 
38 BCS GENlXX BR SPECIAL MOVES 
39 BPL GENOOX BR REG-REG (MUST BE 000) 
40 
41 ADD.W D1,Dl TST NEXT BIT 
42 BMI GENOll BR REG-MEN 
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t&* 
‘-cc>, 

Q\*&& 

,<;*g -:. ii 
” 

43 

& +“‘-a 
%$, *, +& 

44 * IS A HOVE IN GENERAL INSTRUCTION (INCLUDING FHOVECR) 4,\.~*s 
*a+ ~f:~~*~c*$~, 
"-* 

45 R0L.W 65,Dl 
46 AND.W #BOOOE,Dl 

SHIFT TYPE INTO WORD ACCESS POSITIO~t'b~~"' 
ISOLATE JUST TYPE FIELD+2 *TV* .dP 

47 M0VE.W SIZETBL(Dl.W),Dl OBTAIN SPECIAL TRANSFER SI.~~~~~~~~ 
48 BH1.S GENTSPC BR IF IS NONE, BYTE, OR WORD 

'9;‘. *: 
"& ,\$ 

49 
a& ‘" "3, 

50 * TRANSFER THE COUNT OF LONGWORDS 
~342,*>~%> ",Q\:.- .l 

51 M0VEM.L D2/AO, 
,& _ +$* "k! 

-iSP) SAVE USER'S A0 AND A WORK>*RE@STER 
52 GENTINL M0VES.L (AO)+,DZ NEXT WORD IN 

~a\, .,i " >,a\\ y*, i *v' 
53 M0VE.L D2,MC68881+DATA 
54 DBRA 

NEXT WORD OUT ,~~~~~~~,~ 
Dl,GENTINL LOOP TILL DONE %C.b\ *_> 

‘";* 
55 M0VEN.L (SP)+,D2/AO RESTORE SAVED REG&&RS 
56 BRA FIN1 
57 

EXIT AS WE ARE ~~~~~~~ 
:q ‘3; I- 

*~>> "\ 
58 l SPECIAL COUNT OF NONE (FMOVECR), BYTE OR.#Q\R& 
59 GENTSPC ADD.B I2,Dl OFFSET TO -$t$$ 
60 BM1.S GENTW BR WORD TR@QFER‘ 
61 BNE.S FIN1 BR FMOVEC&$ND TRANSFER) 
62 

". u "-8;~ 
~qaL~ j '$\ ,y 

63 l MOVE BYTE IN a*,, x.Q 2 Y 

64 M0VES.B (AO),Dl 
+?a, " *$>, 

LOAD BYZE‘ 
65 M0VE.B 
66 BRA 

D1,MC68881+DATAp STORE BYTE 
FIN1 

67 
ji@I.T 

% 8. :*;> 

68 * NOVE WORD IN 
,<h,, ‘\?I$, 

u*g:i; t~:‘.si 
69 GENTW 

1 .-y; ii q;* 

70 
N0VES.W (AO),DQ$ ";,LOAD WORD 
M0VE.W STORE WORD 

71 BRA 
Dl l M~,~~~ +DATA 

F I~~;~~~~~~,'~. EXIT 
72 $ :'qb 
73 * SIZE TABLE-LONG~f&R~"YTO COPY EXCEPT FOR NONE=-1 BYTE=-2 WORD=-3 
74 SIZETBL DC.W p :~JQ& 

75 DC.W -,o>. D:.$ .S ,:*+ 
76 

,**> -ok p‘ 
DC . Wb 2 . X 

77 D~~~~~?~~ .P 
78 DC*. W$ -3 .W 
79 \s$~ PC ?# 1 . D 
80 ~~,~~~~~~?~ . W - 2 . B 

81 ~ s$* "$c . w +p& 
_ 1 FMOVECR (NONE) 

82 && ' $\, 
+$ 

83 ~@!$%TE PC AND RETURN TO CALLER 
84;&& -' M0VE.L Al,NUMREGS*4+2(SP) SAVE SCAN PC 
8%~ ‘$; ’ M0VE.L 

~~~~~~~~~ 
<SP)+,Dl RESTORE WORK 

M0VE.L (SP)+,Al REGISTERS 
rqp RTE RETURN TO INVOKER 
@58 

89 * UNILLUSTRATED CODE HANDLERS 
90 GENOll EOU * 
91 GENlXX EQU = 
92 GENOOX EOU * 
93 NOTGEN EQU * 
94 
95 END 
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