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EIELD OF THE INVENTION |
The present invention relates generally toa computer system
including a given microprocessor specifically designed to operate in a virtual
~ . operating mode that allows a software program previously written fdr an
10 earlier designed single programmed microprocessor to execute in a
protected, paged, multi-tasking environment under a particularly designed
host operating software program. The present invention relates more
particularly to an improvement in the way in which the given mncroprocessor
and its host operating software program handle software interrupt
15  instructions (INTn instructions) using emulation software forming part of the
host program in order to emulate the way in which those instructions would

have been executed by the earlier microprocessor.

A ROUND OF INVENTION ‘
20 In the discussion immediately above, reference was made to a given
- microprocessor, to a prevrously written software program, to an eariier

designed snng!e_ program microprocessor, and to a particularly designed
host operating software program. In thé actual practice of the present
invention, the given microprocessor specifically refers to an improvement to

25 | intel Corporation_‘s 80386-and 80486™ microprocessor, hereinafter merely
referred to as the 386 microprocessor since the invention is equally
applicable to both. The earlier designed single programmed
microprocessor refers to Intel Corporation's earlier desxgned single program _
8086 microprocessor. The prevnously written software program refers to any

30 of a number of different programs including specxf‘ca!ly DOS programs that. -
were previously written for the 8086 microprocessor. Finally, the host

operating software program refers to any suitable host or central oontrol



afd it's host operating software program handl e software interrupt 15
i nstructions (INTn instructions) using enulation software form ng part of

t he host programin order to enulate the way in which those
I nstructions would have been executed by the earlier mcroprocessor.
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operating software programrefers to any suitable . host or central control
: particular microprocessors, 10 those previously written software programs, or
to those particular central operating systems. 'With that understanding in
10 mind, a brief history of the 8086 énd the 386 microprocessors will
immediately follow. A more detailed discussion of those microprocessors as
they relate specifically to the present invention will be provided in the
DETAILED DESCRIPTION.
it can be stated, without reservation, that Intel Cbrporation's earlier
15 8086 microprocessor was so highly successful that there were many
software programs written for it Howeve;. given that this miéroproc_essor
was {0 be the first of a series of subsequintly improved microprocessors, it
did have its limitations. One in particular, although it was not necessarily
considered a limitation at the time, was the inability of the ﬁicrop'messor to
20 act on more than one software program at a time. This, of course; meant that
the program itself did not have to execute in a protected, paged, multi-
tasking environment. However, as the technology evolved, Intel Corporation
eventually developed its 386 microprocessor which, as stated previously, is
capable of running a number of programs using a more sophisticated central
25 operating system such as WINDOWS or UNIX. Atthe same time, the 386
' microprocessor was designed to operate in a virtual 8086 operating mode
that allowed multiple software programs previously written for the earlier
8086 microproceséor to _b.e used and specifically to execﬁte in a protected,
paged, mutti-tasking environment under the more sophisticated central
30 operating system, even though those eardier soﬂware.programs were not

intended to execute in that manner. There were just too many earlier



2 - operating system such as W NDOWNST[ err] software by M crosoft or

UNEX[ err] system software by AT&T, both witten specifically for the
gi ven m croprocessor so that the latter can operate in the virtual
oper ati ng node descri bed above. While the present invention will be
descri bed hereinafter 5 inrelation to3the Intel 386 (and 486[err]) and
8086 m croprocessors, the previously witten DOS prograns, and a

W NDOWS or UNI X operating . system it is to be understood that the
present invention is not limted to those . particul ar rri croprocessors

L e bt CHBb e LSO BB BR SR A0 g, whb el ORen gy el =
are made to successors of the 8086 microprocessor, compatibility with
earher 8086 software is always a conaderatnon _

‘While compatibility between Intel's present microprocessors and the
5 earlier written software is, indeed, important, there are instances in which
this objective compromises certain other operational aspects of the overall
computer system. Such is the case in the execution of softwafe interrupt
instructions (INTn instructions); As will be discussed in more detail
herginafter, the present 386 microprocessor is designed to execute all INTh
16 instructions using emulation software forming part of the host program in
order to emulate the wéy in which these instructions would have executed
by tﬁe earlier 8086 microprocessor. While the number of executions of
these particular instrﬂctions is a relatively small percentage of the total
mstructxons executed by means of emulation, they account for a relatively
1§ large amount of execution time. One parucular solution to this problem
which has been proposed heretofore is to allow all of the INTn instructions to
be executed by the software program itself in conjunction with the
microprocessor and its host operating program Qithout using the emulation
software, that is, without trapping the lNTn instructions in the host operating
20 program’s emulation software or emulator as it may be called. Applicants
have found that this prewous approach does save computmg time generally
(for the whole system) and emulation time in particular where the particular
INTn instruction is simple, for example asking for the time, or even somewhat
more complex, for example printing a character. However, Applicants have -
25 also discovered that for the more highly complex INTn instructions, for
example reading- a file, it is more efficient to allow those particular

instructions to be trapped in and executed by the emulation software.



I0 mind, a brief history of the 8086 and the 386 m croprocessors will
.imediately follow. A nore detail ed discussion of those m croprocessors as

they relate specifically to the present invention will be provided in the
DETAI LED DESCRI PTI ON. It can be stated, w thout reservation,
that Intel Corporation's earlier 15 8086 nicroprocessor was so highly
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10 8086 microprocessor, 10 execute in a protected, paged, multi-tasking

environment under a particularly designed host operating software program,

for example WINDOWS or UNIX. This system also includes means forming '

part of the given microprocessor and the host operating software program for

executing INTn instructions using emulation soﬂware forming part of the hbst : .
15 program in order to emulate the way in which the mstructlons would have

been executed by the earlier microprocessor.

In order to reduce the time it takes for the computer system generally
and the emulation software in particular to execute INTn instructions during
the virtual opera_ting mode of the computer system, means are provided for

20 causing certain ones of the INTn instructions to be executed by means of the
emulation software while allowing certain others of the INTn instructions to
be executed by means of the previously written program, but not b'y means
of the emulation software. In the specific embodiment disclosed herein, the
overall system is provided with a bit map includihg a series of bits, one for

25 .each of the INTn instructions. Each of these bits is placed in either an
emulating first state or a non-emulating second state. Means are also
provided for causing all of the INTn instructions associated with the

E em_ulating first state of the bit map to be executed by means of the emulation
software while allowing all of the INTn instructions associated with the non-

30 emulating second state of the bit map to be trapped in and.executed by the |

previously written program in cooperation with the given software in the host



30 operating system even though those earlier software prograns were not
i ntéended to execute in that manner. There were just too many earlier

-3 - prograns to allow themto becone obsol ete. Therefore,
whenever changes are made to successors of the 8086 microprocessor,
conpatibility wth earlier 8086 soPtware is always a consideration.

Wi le conpatibility between Intel's present m croprocessors and the 5

earlier witten software is, indeed, inportant, there are instances in
whi ch

operating software program, but not means of the emulation software. In
other words, the present invention provides for taking some but not all of the
INTn instructions out of the hands of the emulator. In that way, those INTn
instructions to be emulated and th_dse that are not to be emulated can be
5 preselecied depending upon the complexity of the particular insfructions so

as to minimize the overall time it takes to execute all of the instructions. This
is to be contrasted first with computer system including the existing 386
microprocessor which executes all ngn instructions by means of emulation
and seéond with the previously prof)osed modification to the 386 sy'siem

10 wh‘ich executes none of the INTn insiructions by means 6f emulation. The

present invention provides the best of both of these approaches as regards

the execution of INTn instructions.
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this obj ective conpromni ses certain other operational aspects of the overall
conputer system Such is the case in the execution of software interrupt

i.nstructions (INTn instructions). As will be discussed in nore detail

herei nafter, the present 386 m croprocessor is designed to execute all [INTn
10 instructions using enmulation softwarte Torm ng part of the host program
in order to enulate the way in which these instructions wuld have
execut ed by the earlier 8086 m croprocessor. \Wile the nunmber of
executi ons of these particular instructions is a relatively small
.percentage of the total instructions executed by nmeans of enul ation,

t hey account for a relatlvely 15 large anDunt of execution tinme. One
particul ar so N1 ] DF 38 has been pr oposed

heretofore.is to aélow al | f the | NTn i nstructions be executed by
the software progrdmerresant 'qvﬁ”%‘?ﬁ”ﬂmﬁ 1’%%’"9\?4 i Mo detai herejfiaeoibr ocessor
and its host o jng the enul ation sof t war e,
that is, wthol ﬁ%ﬁ%?‘ﬁéq%m‘m‘% nsetéiﬁcti ons in the host operating 20
programi s enul ati on software or enmulator as it nmay be called. Applicants
have found that this previous approach does save conputing time generally
(for the wbl e systRIGURENY diagrambiaticallyiifustratesperttincaspactsvdier gridr et

parti cul ar I NTn instruction is sinple, for exanple askl ng f.or the
tinme, or even SYRBMABSYstem inclyging theasias,B086 aHicroR®epssOTprinting a
character. However, Applicants have

FIGURE 2 is a similar view of a computer system including the
earlier 386 microprocessor, specifi cally illustrating the way in whnch it

10 executes lNTn instructions by means of emulation;

. FIGURE 3 is diagrammatic illustration of a computer system which

executes INTn instructions in accordance with the present invention; and

15 FIGURE 4 is a flow diagram depicting the way in which the computer
system illustrated in Figure 3 executes INTn instructions in aécordance with

the present invention.

This Sheet Has Been Re

I




25 also discovered that for the nore hi ghly conmpl ex I NTn instructions,

for exanple reading a file, it is nor e efficient to allow those
particul ar i nstructions to be trapped in and executed by the

ermul ati on sof tware. N _ -4
SUWARY OF THE | I‘n TView of the foregoing, it is a
primary object to actually reduce the tine

femof the type
Goscr | bed above - 5 Tuing Ak tee ﬁe%‘eﬂmﬁ%% ceq 1Y BigieR &r system
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386 m croprocessor, whi ch is specif esigned to ope
virtual operati ndpriomtart cdmputer system including the earher 8086 m»croprocessor The

5 overall computer system is generally indicated by the reference numeral 10.
While this particular system includes a number of components not illustrated,
it is specifically shown including an 8086 microprocessor 12 havihg an INTn
register 14, a single DOS software program 16 and a number of VO
peripherals 18, 20 and 22, for example a monitor, a disk drive and a

10 keyboard, respectively, although the present invention is not limited to these
particular /O devices. The INTn register 14 actually communicates.with an
address table (not shown) containing different execution addresses

“depending upon the pérticular INTn instruction in question. In system 10
there are 256 possible INTn instructions 0-255, each being characterized by i

15  a specific operand (n) for indexing into the table. Examples of DOS interrupt

vectors {n) include:

MS-DOS terminate process,
MS-DOS function dispatcher,
MS-DOS terminate address

20 - MS-DOS Ctrl-C handler address,
MS-DOS critical-error handler address,
MS-DOS absolute disk read,
MS-DOS absolute disk write,
MS-DOS terminate and stay resident,

25 MS-DOS idle interrupt,
MS-DOS reserved,

MS-DOS network redireétor-

This Sheet Has Been Re: ced
MS-DOS reserved
MS-DOS multiplex interrupt " ’"'" ,"' l, l’
30 MS-DOS reserved _

Having described computer system 10 thus far, attention is now

directed to the way in which this system handles INTn instructions from _
software program 16. Assume, for example, that prograrh 16 initiates INTn
instruction INTn 21. The operand 21 is placed into the INTn register 14

35  which is used to index the address table which contains the beginning



allows a software program for exanple a DOS program previously witten
for an earlier designed single programm croprocessor, for exanple the 1 0
8Q86 m croprocessor, to execute in a-protected, paged, multi-tasking

envi ronment under a particularly designed host. operating software program
for exanple WNDOWS or UNIX. This system&lso includes neans forning

f th i ' : . the .h i f |
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of the host 15 THEROIGHS thRough R micRofiBtbFrdrBalitth doRHRGH whl

I nstructions woul d have een execute y the earlrer mcro%’r"@&eessor.
In order to redub@Stgregramiesit takes for the conputer system generally
and the enul ation software in particular to execute INTn instructions
during ~ the vi rtTusming pew 4 Figyrend @teotfortindlirected do armergsadeamcedeans ar e

provi ded for 20 CaL{SJ ng. certajn ones @f, the INTn instructions to be
executed by meanMERUIRHSYStem which isgenarallyindicgted by dhe faterengs numeral 2er t ai n

or ovi ousl y wr i 10 amond Sl Bitefiied Setwgen i SR S Sl 1B e B2 n°
SYStom 5 Provided it e b e e Loy e di eRde sdgkble of operatii! 06
each of the | NTnsimudaneausiycrsmot@dban ohe Bbikwaretﬁrbgrahsinp!bdhgcbrd’:g‘raeist her an
previously written for th_e 8086 microprocessor, although only one such
10 'program.,'for example, the DOS program 1'6. is shown. As a result of this
ability to operate on multiple software programs simultaneously, and -the
desire to use 8086 software, the 386 'microprocessor was designed to
operate in a particular virtual operating mode, as stated previously, that is in
an operating mode that allows 8086 prog'rams, for example, DOS program
15 16, to execute in a protected, paged, multi-tasking environment under a host
operating system. As also stated previousiy, one such host or central
operating system is the previously recited WINDOWS or UNIX program
which is diagrammatiéally depicted at 32 in Figure 2. This program is written
to include 8086 emulation software, hereinafter sometimes referred to
20 merely as an emulator, for executing centain sensitive interrubt related
instructions including specifically software interrupt instructions (INTn
instructions) from the previously written program by means of the emuliation
- software in order to emulate the way in which the instructions would have
been executed by the earlier 8086 microprocessor. In this regard, system 24
25 includes an INTn register 34 corresponding in function to INTn register 14.
While not shown, system 24 would also include /O peripherals such as
those illustrated in Figure 1.
With computer system 24 de;c'ribed thus.far, attention is now'di.rected. '
to the way in which the system handles interrupts in its virtual operating

30 mode. Specifically, when a particular INTn instruction by one of the softwax._'e

programs béing operated upon, for example, program 186, it is delivered to
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émul at | ng first state or a non-enul ati ng second state. Means are al so
provided for causing all of the INTn instructions associated with the

emul ating first state of the bit map to be executed by neans of the
enul ati on software while allowing all of the INTn instructions

associated wth the non- 30 - emul ati n‘g9se'cond state of the bit map to be
trapped in and executed

Coapor a1 on wireEsien 34g e teerB ha satvie iR detcibh eé‘trfrfp% e’ "
'Sof5t \-Nar - orﬁ)ﬁa@% Rgﬁoégafrp%m §ﬁpégg%%@ nB ke BRkd Qﬁ t he . enul ati qn

resen i nventi o prOV| es for taking
some- but not 3l @fior E@nware in bhﬂémd EralIaIeahé Gay iowhicl theliestiag of the

enul ator. In that way, -those
would have been executed by the earlier 8086 microprocessor 12. All INTn
5 instructions are executed in this way.. This has been found to take a
dispr6portionate amount of the emulator’s execution time considering the
" rather small number of INTn instructions being executed. An approach )
which has previously been proposed to solve this problem has been to
e.l.irnina_te all trappings of INTn instructions in the emulator. Thus, according
10 to that proposal, all 256 INTn instructions are handled outside the emulator,
that is, by DOS program 16 itself in con;unctlon with microprocessor 26 and
the host operating program ' |
As indicated previously, while it is quité time consuming to trap and
emulate all INTn instrudtions, it could be even more time consuming to allow
15 . software program 16 and the other corresponding programs to execute all of
. the INTn instructions outside the emulator. Again, this is because some of
the INTn instructions may be so com'plex as to require the softwar_e programs
in .conjundlion with th; microprocessor and host operating program to carry
out additional subroutines not required by the emulator.' As will be seen
20 immediately below, the present invention eliminates the problem.
| Turning now to Figure 3, attention is directed to a further computer
system 36 and specifically one which is designed in acqordance with the |
present invention. System 36 includes a modified 386 microprocessor 26',
‘depicted in Figgre 3 as a 386" microprocessor. This microprocessor, like the
25 386 microprocessor shown in Figure 2, is specifically designed to operate in
a virtual operating mode that allows multiple previously written 8086
software programs including, for example, DOS program 16 tg execute in a
protected, paged, multr-taskmg environment under a pamcularly desngned
host operating software program 32' having its own 8086 emulation software
30 in the same manner as system 24. System 36 is also shown including

. corresponding INTn register 34 and, while not shown, includes VO
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|nstruct|ons to be emul ated and those that are not to be e%L%e&%a?F&nﬁe laced

.preselected dependi ng upon the conplexity of the part:ruI?r
as to mnimze the overall tine it takes to execute a o]

[ [ [ first with the
' ons. This is to be contrasted
: ﬂif Lglctnlg the existing 386 m cropr?r@essor whi ch executes all | NTn

o apose o e AR w1 el e of ‘Tt 1o
Pnsf ructions byinchedessa bit m%ﬁggi g?ep%s cafrzd“:%' B> Bhe kc?'he @@Qg@ﬁ%g\r/\ of
} Rﬁ.nb ?rs1tst ?Lc? ,Ohﬂgn msttrt].rgt?oensap ach bitis in either an emulating first state, designated for™ 6 -
example by a one, or a non-emulating second state de&gnated for example
5 byazero. Microprocessor 26' and host operating software program 32" are
designed to cause all of the INTn instructions associated with the emulating
first state to be executed by means of the emulation software while allowing
all of the INTn instructions associated with the non-emulating second state to
be executed by means of the previously wntten DOS program 16 in
10 cooperation with the mrcroprocessor and host operating software program,
but not by means of the emulation software. Each of the other software
programs corresponding to DOS program 16 may include its own bit map.
~ - Whether a particular bit within bit map 38 is in its emulating first staié
orits non-emulatmg second state is determined by the programmer and
15 incorporated into the host operating software program. This determmatron is
based on the complexity of each of the INTn instructions. As a general rule,
those instructions that are so complex that they would take longer to execute
-outside the emulator, for example disk 1/0, are allowed to trap within the
emulator in the same manner as system 24. On the other hand, the simpler
20  INTn instructions can be executed outssde the emulator faster than they can
by means of emulation and therefore are executed by means of the
_previously written software sy.stem in cooperation with the microprocessor
and host operating program. While this is generally the criteria for setting
the various bits in bit map 38, it should be apparent that the programmer
25 ° could take into account other criteria. The point of the present invention is
that the programmer is given this flexibility.
- Having described computer system 36 and the way in which it differs
" from system 24 and the previous proposal for modlfymg System 24, itis to be
underslood that the present invention is not limited to Intel Corporataon s 386
30 mncroprocessor and its assocsated components, its 486™ mlcroprocessor or.

any related microprocessor, although the present invention is espeocally



BRI EF DESCRI PTI ON OF THE DRAW NGS _ The present inyentian ﬁl\,ﬁ

described in nore detail hereinafter in . conjunction wit

wher ei n: 5 FIGURE 1 diagrammatically illustrates cer

of a prior art conputer systemincluding the earlier 80

m Cr opr ocessor ; - FIGURE 2=ikla-simlar view of a corrputer
system i ncl udi ng the earlier 386 m croprocessor, specifically

or et o o ot g ol Mol BPMd Bt o o1
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the way in whi dNToliestructiprg and that onlytsdsefealuraishdval Ssbd Jedarigege 3 executes
| NTn instructions in accordance with
: _ Obviously, each of the systems illustrated includes other components not
5 perﬁhent'tq the present invention. Those components and any component
not shown but necessary to the way in which the systems operate to handle
INTn instructions would be obvious to one with ordinary skill in the art. |
Having described the way in which computer system 36 handles INTn
instructions and its advantages over the prior art and the previously
10 proposed system, attention is directed to Figure 4. This figure depicts a flow
chart of the way in which system 36 'selecti'v"ely hancles INTn instructions in |
the manner described previously. In view of this particular flow chart and the
teachmgs herem one with ordinary skill in the art could readnly practlce the
invention.
15 Turning now to Figure 4, a flow chart is :llustrated there, depicting the
way in which computer system 36 shown in Figure 3 handles INTn
instructions in accordance with the present invention, while the flow chard
should be self-explanatory, a brief description will be provided here. As
seen there, the first decision to be made for a particular INTn instruction is to
20  determine from the bit map if “n” has been assignedatora0. Hf*n"isai,
then the instruction is executed by means of emulation and the process

ends. If “n”is a 0, then the instruction is executed by the microprocessor

(ihcludihg its microcode) as in the 8086 prccessor and the process ends.



t he present invention.

DETAI LED DESCRI PTI ON Turning now to the drawings, Jmﬂﬂrm"m"l"m " |||| |
fi.rst directed to Figure 1 whi ch, as indicated above, i c N RS
diagrammatic illustration of certain aspects of a prior art conputer
systemincluding the earlier 8086 m cr'oﬂfzoc‘essor. The 5 overall conputer
systemis generally indicated by the reference nuneral 10. Wiile this
particul ar systemincludes a nunber of conponents not illustrated, it

is specifically shown including an 8086 m croprocessor 12 having an | NTn
regi ster 14, a single DOS software progran1§ggﬁpd a nunber of 1/0
peripherals 18, 20 and 22, for exanple a , a disk drive and a 10
keyboard, respectively, although the present invention is not linmted to

t hese particultar | InCadompotes syStem inbliging @agisée mickdprRebssdr Which
conmmuni cates wi_ith an :
is specifically designed to operate in a virtual operating mode that allows a
software program previously written for an earlier designed single program
microprocessor to execute in a protected, paged, multi-tésking environment
under a particularly designed host operating software program, said system
further including means forming par of said given microprocessor and said
host operating software program for executing software interrupt instructions
~ (INTn instructions) using emulation software forming part of said host
‘program'in order to emulate the way in which said instructions would have
been executed by said earlier microprocessor, the improvement comprising:
(a) means for causing certain ones of the INTn instructions to
be executed by means of said previously written program in cobperati'on
with said givén microprocessor and said host operating software p'rogram
but not means of said emulation software.
2. In a computer system including a given microprocessor which
is specifically designed to operate in a virtual operating mode that allows a
software program previously written for an earlier designed single program
microprocessor to execute in a protected, paged, multi-tasking environment
under a particularly designed host operating software program, said system
further including means forming part of said given microprocessor and said
host operating software program for executing software interrupt instructions
(INTn instructions) using emulation software forming part of said host
program in order to emulate the way in which said instructions would have
been eie_cuted by said earli_er microprocessor, the improvemeni comprising:
| (a) a bit map including a series of bits, one for each of said
INTn instructions, each of said bits being placed in either an emulating first -

state or a non-emulating second state; and

This Sheet Has Been Reﬂlaced

VAR BT




dependi ng upon the particular INIn instruction in question. EIHHI'I)" l!ll
t.here are 256 possible INTn instructions 0-255, each being ehakac

15 a specific operand (n) for indexi nig |nto the table. Exanples of DGCS

I nterrupt vectors (n) include: . V5- DOS
terminate process, -(b) means for causing cerlain\dnda@H tﬁé'mTh ﬂﬂtrg Lgher,

M5- DOS term nat e address 20 andl er
address, be 9X9°Ut9d by means of saigsprasusly Mnttealpregnam nmmeﬁt.@ddr ess,

MB- DOS absol ut e, ﬂl MB- DOS absol ute di sk
wite, said 9“’9" MICroprocRasg5&sd;saidhost cperingofiyvare prageam. 25

MS-DOS idle |nb MS- DOS reserved,
VB DOB net vor K fdéir neans. of said emulation software. VE- DOS reser ved

MS- DOS mul ti pl ex i ngerrypta math eserved
fa M8thod of operanng 2 acrompuﬁre HF%RQEC{‘.

Havi ng descri bed conputer system 10 't hus .
directed to theicrapracessdrivettich iy spes:mhw&wﬁbqa dpbifdle i atvimgd)i ons from

operating mode that allows a software program previously written for an

address table (not shown) containing different execution a !lm

earlier designeg! single program microprocessor to execute in a protected,
paged, multi-tasking environment under a particularly designed host
operating software program, said system further including means forming
part ,qf said given microprocessor and said host operating software program
for executing software interrupt instructions (INTn instructions) using
emulation software forming part of said host program in order to emulate the
way in which said instructions would have been executed by said eérliér
microprocessor, the improvement comprising the step of:

" (a) executing certain ones of said INTn instructions by means
of said emulation software and executing certain others of the INTn
instructions by means of said previously written program in cooperation with

said given microprocessor and said host operatmg software program but not
by means of said emulation software.

4, in @ method of operating a computer system including égiven
microprocessor which is specifically designed to operate in a virtual
operating mode that allows a software pfo'gram préviouély written for an
earlier designed single program microprocessor 1o execute in a protected,

- paged, multi-tasking environment under a particularly designed hdst
operating software program, said system further including means forming
part of said given microprocessor and said host operating software program
for executing software interrupt instructions (INTh instructions) using
emulation software forming part of said host program in order to emulate the

way in which said instructions would have been executed by said earlier

microprocessor, the improvement comprising the steps of :
This Sheet Has Been Repl!
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sof t war e program 16. Assune, for exanple, that program 16 init}]
i nstruction INTn 21. -The operand "21" is placed into the INTnI ;D "“"
35 which is used to index the address table mhich-contains

- 8 - address of a particul ar execution routine associ ated W|th that

I nstruction. This is done through tlHe -m croprocessor hardware in
conjunction with the single DOS program 16. Turning now to
Figure 2, attention is directed to a nore advanced 5 conmput er system
which is generally indicated by the reference nuneral 24. Anong ot her
di fferences between this system and system 10, system 24 I ncl udes the

i mul t ancously on more  nPRidEd A s RAARS SeretohBheichs oreach

D car o For” SR 10T AR B0 56Nl ARSI ol 885
emulating first state or a non-emulating second state: and

(b) executing all of the INTn instructions associated with said

emulating first state by means of said emulation software and executing all
of the INTn instructions associated with said non-emulating second 'state by
means of said previously written program in cooperation with said given
microprocessor and said host operaling software program but not by means

of said emulation software.
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ability to operate on multiple software prograns sinultaneously, and the
desire to use 8086 software, the 386 m croprocessor was designed to
operate in a particular virtual operating node, as stated previously, that

IS an operating node that allows 8086 prograns, for exanple, DOS
program 15 16, to execute in a protected, paged, nulti-tasking

-envi ronnent under a host operating/gsystem As also stated previously,
one such host or central operating systemis the previously recited

W NDOWS or jchis diag+azﬂlg! : epicte 32 in
Figure 2. Thi;jggojigig=g-up+4:iL toin ejgggg:gﬁuka%i of t war e
33 hereinafter sonmetimes referrgd to 20 nerelygas an enulator 33 for
executing c l\@ai.g eniﬂfive intefrupt related o instruction%?hncl i ng
specificall dt re ynte ons (1 ructi dhs rom
t he previouslz it t hs @Bet he

33 sof t we [

h | ot bt g n

woul d have been CeSSOr . BQ this
regard, system 24 25 anfﬂﬁﬁn regi bt ey in
function to I|yFAa”register 4 Whi | g , System 24" woul d al so

i nclude 1/0 peripherals sych pes t hpse gpgd ugt rat ed &p Figure 1

W t-h conputer system 24 dgscribed tfihus f ion is néd& directed

to the way in which thegsystienthahdl es interruatg inits virtual operating
Barthcul ar INTn-id8truction in one of the

30 node. Specifically, whaela—p4
sof twar e pr ogr ans iéﬂﬂéﬂyéﬂlperated upon, for exanple, program 1
6,its operand is delivered™To 1_

207 22

TN

==

26’ 32

| 34
S / INTh REG
8086 n /
386" EMULATION 3 .
| SOFTWARE -
[ r___’
‘ 11
16
DOS I 4 2|0
3lo|
38—~ 4 |1
567 5|1
L~
S READ BITMAP ENTRY"n"
) YES
_EXECUTION BY THE MICROPROCESSOR TRAP FOR -
(AS IN THE 8086) EMULATION

e ) |




register 34. Fromthere, the software interrupt instruction

~9 -7 is
trapped in the emul ator 33 of the host operating program 32 and

execut ed by neans of the enmul ation software 33 in order to enmulate the
way in which the instructions woul d have been executed by the earlier
8086 m croprocessor 12. Al INTn 5 instructions are executed in this way.
This has been found to take a di sproportionate anount of the .
enul ator's execution tine consideri n%gs cr . rat her small nunber of | NTn
l.nstructions being executed. An appr “whi ch has pr eﬁ"E"iQ#ﬁJey een
proposed to sol veAtGMBUTERO BY STRMNEAY ING SOFTWARE INTERRUPT {@airmn)al I~ tTappi'ngs of

| NTn i nstructi onsINSTRUGEIONAUSELECTIVERY OPERATINGCINDACVIRTUAD Mape. t hat proposal ,

all 256 INTn instructions are handl ed outside the enmul at or é,

t hat

i's, by DOS program AGompgfbf sydtefPy dl?&bééﬁ‘hﬂe}nhini:m%inrg g'gloggcesser 26 and

10

microprocessor speciﬁcaﬂy designed to operate in a virtual operating mode
that allows a software program previously written for an earlier designed
single prbgram microprocessor to execute in a protected, paged, multi-
tasking environment_ under a particularly designed host operating software
program. The system also includes méans for executing software intermpt
(INTn) instructions, using emulation software forming part of the host
program in order to emulate the way in which these instructions would have
been executed by the earlier microprocessor. As a unique improvement to
thi.s overall computer system, certain ones of the INTn instructior;s are -
executed by means of emulation software while others are executed by
means of the previously written program in cooperation with the given

microprocessor and its host operating software program.
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t he host operating program 32. “» Asi'ndi cated previousl y,"“\’/\’ﬁiﬁ e

It is quite tinme consumng to t/rap and .- éﬁhl-at-;e--.al__{ I:NTn instructions,
it scoul d be even nore time confum ng to allowd5  software program 16 and
t he other corresponding prograns to execute all -of... . tthe | NTn

i nstructions outside the emul afor 33. Agaj n.- thi-s i.s because sonme of
the INTn instructions may be so conplex as to regui re theisoftware prograns

in conjunction w th oprocessor 26 and t®#'host opérating program
32, to carry R i YAl EMUBAING SO ROV ARE) INTER RYPT heNTAY| at or
33. As will be seen 20 i ANSdI | SELEGRVELYSCOPERAANG On el i m nates
the problem Tur ni ng nw&wlﬁ%tent ion is directed to
" accor dance: wi ¢ B-SpMPUTER SYSTEE A pkrod riie B0 NG ivBRIiEE"
modi fied 386 nfcroprocessor NEFRUCTIONS INCEWE: ORERATING MODESs a 386'

m cr oprocessor. Tg |like the 25 386 m croprocessor

shown in Figure 2 ) A THE HydBeligned to operate in : a virtual
operti ng, mode et ARl Aol R Bl ' St e
Post oper &t 1 ng ST Tuar S proat i op Cpese speciaRy e SRl to e A Pl e o
33, 30 in the seRAfalRgmede that eflowe mswaBymbgramdfrelisusty soitteh®MyH Ncl udi ng
correspondi ngy g NTg,, figr%e%sg%gd%?ngqg% rrlt%ct:rogr%%\ggs’oritg gxgcdu?: inl é ©

protected, paged, multi-tasking environment under a particularly designed

host operating software program. T_he present invention relates more
particularly to an improvement in the way in which the given rhicroprocessor
and its host operating software program handle software interrupt

15 instructions (INTn instructions) using emulation software forming part of the
host program in order to emulate the way in which those instructions would

have been_executed by the earlier microprocessor.

K E VENTI
20 In the discussion immediately above, reference was made to a given '
microprocessor, to a previously written software program, to an earlier
designed single program microprocessor, and to a particularly designed
host operating software program. in thé actual practice of the present
| invention, the given microprocessor specifically refers to an improvement to
25 Intel Corporation’s 80386 and 80486™ microprocessor, hereinafter merely
referred to as the 385 microprocessor since the invention is equally
applicable to both. The earlier designed single,%%g.r—'mg-;:meé
microprocessor refers to Intel Corporation's earlier designed single program
8086 microprocessor. The previously written software program refers to any
30 of a number of ditferent programs including specifically DOS programs that
were previously written for the 808§ microprocessor. Finally, the host' -

operating software program refers to any suitable host or central control



- 10 -~ peripherals in the same manner as system 10. In addition,

syst_eh1 36 I ncl udes a bit nmap 38 containing a series of 256 bits, one
forr each of the 256 I NTn instructions. Each bit is in either an
enul ating first state, designated for exanple by a one, or a

non-enul ati ng second state designated for exanple 5 by a zero.
M croprocessor 26 and host operating sof ®ware program 32' .are

designed to cause all.of the INTn instructions associated with the
emul ati ng '

33 first state to be executed by neans of the emul ati on software 33
whil e al | owi ng call of the INTp inskyuctigns associated with the

non- emul ati ng sepYating:seftware program, b%%m&@ﬁ%‘*fﬁ@éﬁ@ %qﬁ‘lwfaﬁ% E}evi ously
witten DOS pro

m 16, i e e . . i 2 10
cooper ati on Wi tﬁ{!\%ﬁg"%‘e‘cﬂ&?r&%@é%‘?&nﬂ%ﬂ Broyides for tc?’ﬁ'é‘?asto fnr?gbuég?tta\‘/va?féh%r ogram

I?’ﬁ ‘he but  nQ¥n MénIRRARS obf oftthe handd 6fthe BnRmiteran ﬁwaﬁ&ayfﬁhesdamp 38 is
instructions to be emulated and those that are not to be emulated can be
5 preselected depending upon the complexity of the particular instructions so

as o minimize the overall time it takes to execute all of the instructions. This
is to be contrasted first with%o%mputer system including the existing 386

- microprocessor which executes all INTn instructions by méans of emulation
and second with the previously proposed modification to the 386 sy.siem

10  which executes none of the INTn insiructions by means 6f emulation. The
~ present invention provides the best of both of these approaches as regards

~ the execution of INTn instructions.
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host. operating sortware program host operating software program
Wiet her a particular bit within bit map 38 is.inits emulating first state
or cits non-emnul ati ng second state is determ ned by the programer. and 15
incorporated into the host operating software program 32. This
determnation is based on the conplexity of each of the INTn
instructions. As a general rule, t RoSe instructions that are so
conpl ex that they woul d take | onger to execute 33
outside the enul ator 33, for exanple disk 1/0, are allowed to trap within
t he enul ator 33 in the sane manner as system24. On the other hand,
the sinpler 20 |INTn instructirons can be executed outside the enul ator 33
faster than the ' by neans of enulatlon and therefore are
execut ed by nea RYYINGED sof tware systemin

cooperation with t he, i cro [ DCESS0r host ratjn rogram 32.
Wiile this is gener ip?ﬁ"e{sﬁ oyeaugn Wi ﬂﬁggrdeég?qq‘ﬁa more de?é) '9'&?&%’% bits in
bit map 38, it QR PRIt HRAESW: programer 25 could take into
account ot her cn@dwoa T e pm%t %ésb%gwgfesent invention is that the
programer is given this flexibility. | Havi ng descri bed

conputer system 36 and the way in which it differs
5 FIGURE 1 d‘agrammatxcal!y illustrates certain aspects of a prior an

computer system including the earlier 8086 microprocessor,;

FIGURE 2 is a similar view of a computer system including the
earlier 386 microprocéssqr. specifically illustrating the way in which it

10 executes INTh instructions by means of emulation;

a :
FIGURE 3 is Adiagrammatic illustration of a computer system which

executes INTn instructions in accordance with the present invention; and

15 FIGURE 4 is a flow diagram depicting the way in which the computer

system illustrated in Figure 3 executes INTn mstructlons in accordance with |
the present mventlon

REPLACEMENT SHEET

22 JUL 1998
N




from system 24 and the previous proposal for nodifying system24, it is to
be understood that the present invention is not limted to Intel
Corp'oratlon s 386 30 m croprocessor and its associ ated conponents, its
1486 mi croprocessor, or any related m croprocessor, although the
present invention is especially applicable to such

m cr oprocessors. Myreover, it should be Epparent from t he foregoing
that the present DERAMEDDESCRIBTIQNecifically to the handling of

LT LISt UGt ON 2Ny ot B o R B SRR < ot o
pertinent to- t heywidhS8eindicaledEto98; |sgq&§§ramﬁqﬂ§§r§n% RRYInCPREH
a prior art computer system including the earfier 8086 mncroprocessor. The
5 overall computer system is generally indicated by the reference numeral 10.
While this particular system.includes a number of components not illustrated,
it is specifically shown including an 8086 microprocessor 12 having an INTn
register 14, a single DOS software program 16 and a number of VO
peripherals 18, 20 and 22, for example a monitor, a disk drive and a
10  keyboard, respectively, although the present invention is not limited to these
particular /O devices. The INTn register 14 actually communicates with an
address table (not shown) containing different execution addresses
depending upon the pérticular INTn instruction in question. In system 10
there are 256 possible INTn instructions 0-255, each being characterized by |

15  a specific operand (n) for indexing into the table. Examples of DOS interrupt
vectors {n) include:
' - MS-DOS terminate process,

‘MS-DOS function dispatcher,
MS-DOS terminate address

20 MS-DOS Ctrl-C handler address,
MS-DOS critical-error handler address,
MS-DOS absolute disk read,
MS-DOS absolute disk write,
MS-DOS terminate and stay residenﬁ,_

25 MS-DOS idle interrupt, REPLAGEMENT SHEET _1
MS-DOS reserved, " ;
MS-DOS network redirector 22 JUL 1998 ‘

- MS-DOS reserved

e

————

MS-DOS muttiplex interrupt e
30 . MS-DOS reserved e

Having described computer system 10 thus far, attention is now
directed to the way in which this system handles INTn instructions from
software program 16. Assume, foglgﬁmple, that program 16 initiates INTn
instruction INTn 21. The operand,2+ is placed into the INTn register 14

35 which is used to index the address table which contains the beginning



| NTn i nstructions woul d be obvious to one with ordinary skill
Having described the way in which conmputer system 36 handl es {Nfn
instructions and its advantages over the prior art and the préviods2 Wii01998
proposed system attention is directed to Figure 4. This figugejdepicts a
fl ow chart of the way in which sysBem 36 sel ectively hapdl €5 TNTh
instructions in ' i L.ousl. vy .S e
parti cul ar 11 owGHEes oL gelREArExdtingh oA s SRl whn il b5
skill in the ar t‘[h?@?d'déné‘ﬂﬂﬂb?ﬁ’thﬁrrﬁi@?dp‘f’&:és%r hardward i\@Ajunétien With,single
Turni ng now to Fi gurpgtogdrani 16] ow chart is illustrated there, depicting the
way in which coigd® erogramitln 36 shown in Figure 3 handl es | NTn,
instructions in accor dance with the present .invention, while the flow chart
shoul d be sel f - expl aRBfHGNOWtofigwe ﬁé%'f‘“%‘t'ﬁ@’ﬂe%eglm BaNYRAGVaRGEthere. As

o 20 - Bt crprbter EReM gl (b ks TooiPhind bUhe heleBbs Rl 23, O "

If "n" is a l, Among étherdifiér@ndddtetwedn s systehi andispstemy OT%?_ﬂémOéA emul ati on
and the process ends. If "n" is a 0, then the instruction is executed
by the m cr-opr odeclsdes the 386 nficmplogeésty indisated at 268 add)s aapable ohepedatity
processor and the process ends. ) . '
simultaneously on more than one software program including programs

not shown but necessary to the way in which the systens operafje ; ”
RELALEURYT ke
[

previously written for th.e 8086 microprocessor, élthough bnly one such
10 program, for example, the DOS program 1.6, is shown. As a result of this
ability to- operate on multiple software programs simultaneously, and 'the
desire to use 8086 soﬂw;re. the 386 'microprocessor was designed to
opérate in a particular virtual operating mode, as stated pr_evioUsly, that is i~
an operating mode that aliows 8086 programs, for example, DOS program
15 1.6. to execute in a protected, paged, multi-tasking environment under a host
oberating system. As also stated previously, ohe such host or central
operating system is the previously recited WINDOWS or UNIX program
which is diagrammaﬁéany depicted at 32 in Figure 2. This program is written
- to include 8086 emulation softwarqf%ereinaﬁer sometimes referred to
20 qme_rely as an emulatorﬂ for executing certain sensitive interrupt related
instructions including specifically software interni%t instructions (INTn
instrucli%n3s) from the previously written program,by means of the emulation
software jn order to emulate the way in which the instructions would have
been executed by the earlier 8086 microprocessor. In this regard, system 24
25 includes an INTn register 34 corresponding in function to INTn register 14.
While not shown, system 24 would also include VO peripherals such as
those illustrated in Figure 1.
With computer system 24_ de;c'ribed thus far, attention is now directed
to the way in which the system handles interrupts in its virtual operating
30 mode. Specifically, when a particular INTn instrué:tion,\lb!;.one of the software

its operang

15
programs being operated upon, for example, program 16,’-\& is delivered to

HEET |



12 - d ai ns 1 1. In a net OBE@A%M@N&S!'L%T
a conputer systemincluding a 2 m cr opr ocessor which &p rat es in a
vi etual operating node that allows an 3 existing progra 20&@;_3993
witten for an earlier mcroprocessor to execute in a 4 protecte
paged, nulti-tasking environment under aghost operating sofjt ware

program said host operating software prdgram having emnul agi on softvvare for

6 enulating thgisterga] Prérhiithegth, the BdftWark MemuRlihQARLIDN iSPagpedXd thel NY
program woul d  emdlato 3y efbgRn execut ed by said earlier mcroprocessor, an.

i npr ovenent corgmume&g# host&p?granhg peagegrs Jafand executed by means of the
emulation. software in order to emulate the way in which the instructions
would have t;een executed by the earlier 8086 microproceésor 12. All INTn

5 instructions are executed in this way. This has been found to take a

disproportionate amount of the emulator's execution time considering the

" rather small number of INTn instructions being executed. An approach
whuch has previously been proposed to solve this problem has been to
eliminate all trappings of INTn instructions in the emu!ators" Thus, according

10 to that proposal, all 256 INTn instructions are handled outsxde the emulatorss.

that is, by DOS program 16 stself in coruunchon wnth,m;croprocessor 26 and
the host operating program‘

As indicated previously, while it is quite time consuming to trap and
emulate all INTn instl;uctions, it could be even more time consuming to allow

15 software program 18 and the other corresgnding programs to execute all of
- the INTn instructions outside the emulatog, Again, this is because some of
_ the INTn instructions may be so complex as to require the software programs
in conjunction thh the mnefepfeee::if—regg haéns(% ogeratmg programe'tz 0 carry
-out additional subroutines not required by the emulatof. As will be seen
20 immediately below, the present invention eliminates the prdblem.

Tumning now to Figure 3, attention is directed to a further computer
system 36 and specifically one which is designed in acqordance with the
present invention. System 36 includes a modified 386 microprocessor 26°,
‘depicted in Figure 3 as a 386" microprocessor. This microprocessor, like the

25 386 microprocessor shown in Figure 2, is specifically designed to operate in
a virtual operating mode that allows multiple previously written 8086
software programs including, for example, DOS program 16 to execute in a
protected, paged, multi-tasking environment under a particularly designed
host operating software program 32° having its own 8086 emulation soﬂwarpn
30 in the same manner as system 24. System 36 is also shown including

corresponding INTn register 34 and, while not shown, includes VO



9 . (a) providing a user progamuabl e node bit map resié ﬁtfmrn sa?lja 3 EFT
host 10 operating software program said node bit map ingl |1d| ng a "
seri‘es of node bits 11 corresponding to said I NTn instryctfi @El

node bits designating at |east one 12 of an enulating fifrdt sta"ge an

a non-enul ati ng second st ate; 13 (b) I f said | NTn{i frstruett+on

desi gnates said emulating first state, = ther executing daid I NTn

i nstruction using.sai Lgn_software 15 ... c)L. IT sard I'NTh
i nstruction desf gﬁﬁ?'lggs ?gﬁégﬁt‘ﬁ JR3RNesas ﬁbgtg'égg dn&pedtign. syfga(m hen .
executing said jhéides 8Bit sy BE’EOIWaHP@LE sélEelofb56 Bits, onk for each of te 256 A
conputer system conprising o
13 INTn instructions. Each bit is in either an emulatmg first state, designated for

example by a one, or a non-emulating second state designated for example

5§ byazero. Microprocessor 26' and host operating software program 32’ are
designed to cause all of the INTn instructions associéted with the emulating
33

first state to be executed by means of the emulation software while allowing

all of the INTn instructions associated with the non-emulating second state to

be executed by means of the previously writlen DOS program 16 in

32
10 cooperation with the mncroprocessor,\and hgt operatmg soﬂware progran},

but not by means of the emulation software Eac ©
OSt operatin sortware IO ram

- Whether a particular bit within bit map 38 Is in its emulating first state

or its non-emulating second state is determined by the grogrammer and

15 incorporated into the host operating software program. This determination is
based on the complexity of each of the INTn instructions. As a general rule,
those instructions thastsare S0 complex that they would take longer to execute.
outside fsh_se emu!ato;:Tor example disk 1/0, are allowed to trap within the
emulator,in the same manner as system 24. On the other hand, the simpler

20 INTn instr_uclions can be executed outside the emulato?ﬁaster than they can
by means of en;nulation and therefore are executed by means of the
previously written software .?Zstem in cooperation with the microprocessor,
and host operating program;—While this is generally the criteria for setting
the various bits in bit map 38, it should be apparent that the programmer

25 ' could take into account other criteria. The point of the present invention is
that the programmer is given this flexibility.

Having described computer system 36 and the way in which it differs
from system 24 and the previous proposal for modifying system 24, it is {o be
understood that the present invention is not limited to inte! Corporanon s 386

30 microprocessor and its associated components, its? ﬁ_&g‘“ microprocessor, or

any related microprocessor, although the present invention is especially



2 - a mcroprocessor of a first type, operable in a first node a

second 3 mode said first node capable of executing a set of
I ngtructi ons executable on a 4 m cr opr ocessor of a second type; and
a user programable bit map including a series of node bits 6

corresponding to said instructions, said node bits designating whether a
7 respective instruction of said set of instructions is emul ated when

execut ed on 8 sai d m croprocessor of said first type, or non-emul ated
when executed on sai crogroces r of sgi q\afigst tgé)e. ¢ 1
3. The co@ﬁi“éﬁrb'%%ﬂ% HICIoRroressors. \Mareaver dahgquidhe gpPRrRat oMy i ons

2 consi st of -1 nh el HBEink Wt tHE bted8iit invention refates specifically to the handling of

INTn instructions and that only those features have been described.
Obviously, each of the systems illustrated includes other components not
5 penihent'tq the present invention. Those components and any component
not shown but necessary to the way in which the systems operate to handle
INTn instructions would be obvious to one with ordinary skill in the art.
Having described the way in which computer system 36 handies INTn

instructions and its advantages over the prior art and the previously

10 proposed system, attention is directed to Figure 4. This figure depicts a flow
chart of the way in which system 36 szlectively handles INTn instructions in
the manner described pn;eviously. In view of this particular flow chart and the
teachihgs herein, one with ordinary skill in the art could readily practice the
invention. | -

15 Turning now to Figure 4, a flow chart is illustrated there, depicting the

\ ' way in which computer system 36 shown in Figure 3 handles INTn chart

instructions in accordance with the present invention, while the flow,ehard.
should be self-explanatory, a brief description will be provided here. As
seen there, the first decision to be made for a particular INTn instruction is to

20 determine from the bit map if “n" has been assigneda1ora0. lf“n"isa 1,
then the instruction is executed by means of emulation and the process
ends. If “n"is a 0, then the instruction is executed by the microprocessor

(including its rhicrocode) as in the 8086 processor and the process ends.
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moroprocessor of 3 "SlY Seodnd Tine' & an'ear V6 G TNIMMEILINN

m croprocessor with respect to said 3 microprocessor of s

1 5. The conputer systerm2of claim4, further including a

host 2 operating software having an enul ator for enul ati ng execution of
14

sai d set of

Claims ) .
1 1 " -7 Inamethod of operating a éo:npdter smﬁ.ﬁdudmo 3
microprocessor which operates in a virtual oPF,ranng mode that allows an .
existing program prev:ously written for an ea:her mzcroprocessor to execute in a
protected, paged, mults-taskfng envxmnment under a host operating software
prograw, said host operating soﬁware prog:am havmg emulatwn software for .' '
emulatmg the way interrupt (lN'rn) instructmm in saxd exxstmg program woul&
have been executed by said earher m:cmprocessor, an mp:ovement compnsmg

thestePSOf ’ - Do 1 } _".-.-_

>
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(a) ‘providing a user prognmmable mode bif: map resxdent in sald host

10 operating software program, said mode bit map mc]udmg C aenes of mode bits

11 correspondmg to said INTn i mstruchons, said. mc'.)de bits des;gnanng at least one"

12  ofan emulatmg first state and a non—emulatmg second state, ; ‘--f -
13 (b) i said INTn instruction desngnates said emula*mg fu.-s‘ state, then B

14 execuhng said INTn instruction’ usmg said emulaz ion software, and

18 Q) if said INT instruction designates said non-emulating second state,

i§ then executmg said INTn instruction wnthcut mulauon '

L 2 R A computer system comprising of:
ey ACEMENT SHEET \
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3 instructions when executed on said mcroprocessor of said f| rst t
said 4 instructions woul d be executed on said m CI’OpI’OCﬁH m Hi‘ fllll”"l
seeond type. 1 6. The conputer syste

wherein said conputer system 2 is cdfable of executing in a mu tltaSkI ng
envi ronment . 1 7. The conputers systemof claim

6, wherein said first node is a 2 virtual node, and said second node is
a protected node. 1 8. A conputer system conprising of: 2
a first type of mcroprocessor operable in a first node and a second node,
3 said first node capable of executing a set of instruction witten for a
second type 4 of m croprocessor; and a user progranmabl e bit

map i ncluding a node bits

2 . @ microprocessor of a fiest type, operable in a firstmode:and a'sécond
mode. said first mode capable of executing a set of mstruchons executable ona

m:croprocessor of a'second type, and - -

»

'a user programmable bit map mcludmg a senes o‘ mode btts;
correspondmg to said msh-ucuons, smd mode bits desxgnatmg whether a —
| respectwe mst-uchon of saud set of mstructxon.s is emulated when executed. on
said zmcmpmcessor of said first- type, or non-emulated when executed on saxd

xmcroprocessor of said first type

© ® Ny & o

1. iy - : ' . |
3., The computer system of clazm 2 ‘whiérein said set of mstrucncns '
2 consist ©of interrupt mstruchons '

1 4. . ,
| 4 " The computer system of claim 3; wherem said xmcmprocessor of.

2 said sécond type is an éarlier designed mlcroprocessor mth respec* to said .
3 microprocessor of said first type. '

1 R
5. :. % " The compute: System of claim 4, further including a host

2  oOpera
op . tmg software having an emulator for emulating execution of said set of
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6 carresponding to said instructions, said node bits designa

7 respective instruction of said set of "instructions is tom mm’m EHIII
when executed 8 on said first type of mcroprocessor in said

said respective 9 instruction would hdade been executed on said second type

of m croprocessor, or

3 | instructions when ¢ executed on ‘said mzcrop:ocessur of $aid first type as saLd

4
' in_struchons would be executed on sa;d nucroproceqeor of sazd secozxd type

1 g |
T 'Ihe computer system of clalm 5, wherem saxd ccmpute: syatem

2 is ca.pable of executing m a mulntaskmg envzronment.

Do e

_7- The compute: system of c!aun 6 wherem saud .ﬁrst mode is a-
2 virtual moae, and said secona mode is a protecbed mode '

e D
. <. -

-

oy

1. 8. . & computer system compnsmg n!
2 -4 first type of m:croproces%r operable in a ﬁrst mode and a second 'n;ode ‘
3 . said frst modé capable of executmg a 8¢t of mst'ucuons wntten fo: 3 second type |
4 of xruc..-oprocessor, and oo

\ § a user programmable bit map. mcludmg a serles of "mode bits -
: correspondmg to said instructions, said ‘mode bits des:gnanng whethera

T
. esPectwe instruction of said set of instructions is to be emulated when executed |

8 onsaid
first type of rmcroprocssor in said first mode, as said respective

8 mstru
| chon would have been executed on said'second type of nucroproceS%m- or
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10 non-enul ated when executed on said first type of m'cropro
first: 11 node. 1 9. A conput er system§ (! JIIII
e a SeCcOo$

2 .- afirst type of mcroprocessor operable in a first no

node, 3 said first node capable of e&cuting a set of instructions
witten for a seccond type 4 of m croprocessor; an emnul at or
for enul ati ng execution of said set of instructions when 6 executed on
said first type of mcroprocessor, as said instructions would be 7 :
executed on said second type of m croprocessor; and a user
programmabl e bit map including a series of node bits, each of said 9 node
bits corresponding to at | east one instruction of said set of instructions,
sai d 10 node bit designating whether a corresponding instruction of
said set of 11 instructions is to be a enul ated when executed on said
first type of mcroprocessor 12 in said first node, or executed w thout
enmul ati on when executed on said first 13 type of m croprocessor in said

first node.

.-

10 - non-eznulated when executed 'on said’ first type ¢ of nucropmcessor in saxd flrs:
11 mode

——

. ——

T P9 A compuher sysﬁem compnsmz of
2. a first type of m:cmprocaso:, operable in a, fu'st quc and-a second mode.

2
3 smd first mode canable of executmg a set of i mstrucnons wnf.-ten for a sccond pe

o, -

- of microprocessor, L.

§ an emulator for emulanng execuhon of sa;d set of mstrucuons when

6 g -executed 6n said fust type of microprocessm, as said instrucuons would be .

7 executed an’said second type of 1 mxcroprocessor. and . | :

'8‘ ‘a user prog:ammable bit map mduamg a serles of mode b;ts each of s;xd |
)

“mode bits correspondmg to at least one: instruction of said set of mstructzom., saxd
10 N mode bits designahng whether a corxespondmg mSt;uchon of said sat of

LRI mstructxons 18t be emulated when executed on said first type of mtcroproc.esso;
12' _in said first mode, or executed without emu.latzon whm executed On saxd f‘rst

13 - type of i nucroprocessor in said first mode | '
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ABSTRACT

R VING SOFTWARE INI'ERRUPI' (I\Tn)
INSTRUCTIONS SELECTIVELY 0P

A_COMPUTER SYSTEM AND METHOD FOR EXECUTING

INTERRUPT INSTRUCTIONS IN

A computer system +s-d+selesed—he+e+n including a given
microprocessor specifically designed to operate in a virtual operating mode
that allows a software program previously written for an earlier designed
single prf:grarn microproéessor to execute in a protected, paged, mutti-
tasking environment under a particularly designed host operating software
program. The system also includes meahs for executing software interrupt
(INTn) instruction's, using emulation software forming part of the host
program in order to emulate the way in which these instructions would have
been executed by the earlier microprocessor. As a unique improvement to
this overall computer system, certain ones of the INTn instructions are
executed by means of emulation software while others are executed by
means of the previously written program in cooperation with the given
microprocessor and its host operating software program. |
(Figure 3)
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