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BACKGROUND OF THE | NVENTION Fi el d of the Invention 20 Thi s
invention generally relates to conputer software and, nore particularly, it
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virtualization services in a DOS-based operating system environnent. - 2-
Description of the Prior Art M5-DOS is Mcrosoft's 16-bit operating system
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Figure 1 shows a nmenory area 110 containing 640 kil obytes (K) of
conventional nenory. Because M5-DOS is designed for nmanagi ng this _
convent i onal WRAYE44 an additional nenory 30 manager is not ré’(ﬁ}‘i"r’%qa’.z‘%ﬁ
M5- DOS based prograns require conventional nenory. The renai nder of the
standard 1 MB is referred to as the upp®r-nenory area 112 which conpri ses
384K of nenory above the 640K of conventional nenory. The upper nenory 35
area 112 i s pesexiptionsof hesPrdem Akdware, such as a di splay adapter.

Unused parts of the u r nor rea 1 are .called u r,_menory bl ocks
(UNBs).Io On any PC, UIo - g% 15}1@91‘:850%3(%3 ﬁgf'%ﬁ'ﬁnﬁpﬁgggé\ﬂgc«fyf\r‘ﬁ%uérs and
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region, slig , above the 1 MB boundary that can be 10
accessed by meflenfde &g vavhehedTiexorrogiessost hamdligea Mearyom 1 ®000h

t hrough 10ff 1Ny AP Wilh exbandad-FRERing Wi kdeld RrBFgimmeman
install M5-DOS to runm in the HVA 116. This provides nore convent |é>nal
nmenory to be idyhigl PHAFTIRHEAS Yeaﬁr%ﬁﬁsaﬁé{s% memory and anot her

type of NEODRhpMY IR, dsrideedn | NtFigumetkd ithatnawalaswseparised
menory. An expande nor oar tal Rs addi L1 I at
sonme Ms- DOS p qe@aﬁo%nén%&%%éss)ef.e%&%%g ?lf?)l naalas g{oetr‘rdpou erea éorxn?%gat e
expanded nenuyy protEotdesh.renory is installed 20 on an expanded nenory

board 118 and requires ﬁhﬁ@%ﬁggﬁﬁxwmﬁ%wﬁ RN RS re

sof tware progranms use expa menory 6 essing a part of
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Menory mMe¥i0ejo 44 ¢/.C SRt GRSt i, a dlilTidredinan tir tafarve drediieimgy at a
time, using expanded nengpry |sQ§f?ICower t han, ysi ng . extended nenmory. A
convent i onal ﬁ\/ﬁ%ﬁ‘@ﬂi‘%&ﬂr@arﬁ h‘%kﬁ%&@é carf REHBRIE red menory
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remains in megpsyerh Qeddite slurididi crial e pratdeesised ain King, A.,
"Inside Windows 95", Microsoft Press, pp. 33-43, 1994, which
is herein incorporated by reference). '

25 A typical memory configuration of a personal
computer is shown in Figure 1. The memory configuration of
‘Figure 1 shows a memory area.1ll1l0 containing 640 kilobytes
(K) of conventional memory. Because MS-DOS is desigmned for
managing this conventional memory, an additional memory

30 manager is not required. All MS-DOS based programs require
conventional memory.

The remainder of the standard 1 MB is referred to
as the upper memory area 112 which comprises 384K of memory
above the 640K of conventional memory. The upper memory

35 area 112 is generally used by system hardware, such as a
display adapter. Unused parts of the upper memory area 112
are called upper memory blocks (UMBs). On any PC, UMBs can
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-4- As rrenthgfgg y30b4ye device driver can deal directly with thepdwusbsmser2of

a particular device. The device driver is capable of responding to hardware
and software interrupts and interfacingstQ the operating systemthrough an

5 established Ms-DOS devi ce drlver prot ocol in order to serve as an

i nterface be weern Juad %L‘gﬂ 1 em

(descri bed i g%?é;h%n i er s &{;Fcroso fcl%sr%%%tlon pp.
87-89, 1993, pandramiscias d%ﬂmb%ié&ﬂlqmcorporat ed by reference). It shoul d
be noted 10 that devic ré:&&f‘érﬁié& SRy aladns) IdEd£N i 56 ZRehOrPaK bytes.

In addition to device drivers, I"'so uses nenory-resident software
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opti m zi ng r%%%e@ﬁ%r § 0k 154! Chle BASp NBPOGL SR &aﬂ ihs@am detBokstar eun

provided in i de, beglnnlng on .In fo this case,
the driver oATTSRe\dA P pl abRif | HFEVides u‘B‘bg? F@Prﬁ? tippal Mempryhte

link to its Iwav&m@p@eﬂormtﬂﬂ@r%@&mepfogﬁamsnemry 110 to indicate
its menory |location in the u

y area 112 mr and
nore devi- drivers anm m%a‘aécf“?tﬁ?ﬁy §%}§Pnfet h§s3§ﬁ?ram %ﬁlm
al | owabl e rrermrguﬁ B, fis hoDDSpregpamded dnemery - andnTSRpandedapeuyy

d d. To f. t t t t h
RE_ lé)(ég de8| gagr %ﬁthé)uﬁfa{rg V\go%@glﬁgnﬁaifﬂfbnéf ﬁéﬂorﬁ Eﬁh@ L.-Bﬂ%t Vgﬁle)@fshe

ur es
evol uti on, fmeﬁ fapplicabionsrapacRsGe, @@gtnaeﬁaow%hcw@ugpr@ nal

MB- DCS r eal - rlgﬁe(dé&él”@ﬁaaﬂ&ea%éﬁxs nt aﬁaéarﬂemaﬁyslﬁ ahkewined or
protect ed- node and DOS extenders ;e ﬂﬂﬁ t he functiona

i nterrel 229 orfFhi s SHAPAEH ‘P?‘aﬁ%sbﬁa’?ﬁrBﬁéhaﬁéaFg%%F?skﬁBV\ﬁsts8cﬁﬁ5§g of
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ext enders an
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(1992); whi Créﬁs J@ﬁéﬁ’é@d memory manager gives access to a limited amount
25 of- expanded memory at' a time, using expanded memory is
slower than us:Lng extended memory. A conventional software
program such as EMM386 can simulate expanded memory using
extended memory for programs that require it.
" As MS-DOS matured ‘through the 1980s, much of its
20 functionality was added in the form of device drivers. As

—

. set forth in the Encyclopedia of Computer Science, Third
i~ Rdition, IEEE Press (1993), which is hereby incorporated by
= reference, a device driver is a program or subprogram that
is written to control either a particular hardware device or
35 another software routine. This low-level software program
is loaded into memory after the operating system boots and
remains in memory for the duration of the operating session.




i ncorporated by reference for its teaching of DOS extenders and associ at ed
aspects relevant herein. 15 Figure 2 shows a bl ock diagramof a .
convent i onal WOR98pMati ng environment with no nmenory managensiGT/G88{26¢2s .
This operating environnent is simlar to that used in the 8086- and
8088-based PCS. The hardware 210 sends &n-interrupt request, represented by
the dotted line 20 211, to the DOS operating system 212 which is initially
servi ced by txe tﬁ@ﬁ:idﬁh@dr ugite \@extice Thhilver kn Bhsed d]rrédtayemres:lim

nkerupt Veek ol bl ooE oAU R ST e ALV, a0 (e

i nterrupts 25capaizlated WSMWMQMermd:@mm mnmms upt

Vect or Tabl e 213 { Tﬂﬂ'ﬁ% ve, wWith the
r el ease of nore power{fj’t ?%@}%gﬁiﬁlﬁg t%%t{@ﬁ‘ 1980s, qshpem al
" ext ensi on8" Qs;tqbﬁel%l@%d%np% GRS & Bk Ve RERRGRMWEE Iulare @ R o

al | ow M5- DOS g Q&Eaf&&té@fseélwcmsenmmwaf@m YsdftHard Wrl e
ot herw se be addressabl e usi ngfréeea - fe cod e These extensions (r e.,

devi ce driver?PeXRLIPE FYRIE MiRERRQde Mi-00% 6 User's’
prot ect ed- nodsui@at prescobssiie @@@cﬁraotrme,sqsps shid®, aldomyi rehdVerHXdh tis 35

continue execujing in.real e driwvers

ni mm . mench Y heRsb et ERr e ERd L S I TR B i
These ser¥Dceshat | dewios tduivers aye geneprally toivited amdizs teetK ar ge
anounts of daf S)gt%% gomthe menmory pool above the 1 MB boundary. However, they
do not all ow war e program; to occupy this nenory for execution

pur poses. The wel | knowk pr@dtahn pFVifEre AN %S 063 1PAD a1A0 aKi8d this

functional i tm&ﬁérfafégﬂdéﬁmfﬁy&@%w Bfcedi Miarrediyma bl ock
di agram of a conventi onal af envi ronrren{ wi t.h cggra/ent I onal
menory nanageR@RHIIRREGT 7RI %'?L%Ylﬁ%?la‘#?rgh BIRITARS ot TR S he SRIRFOIrams

m%m)rybarmg ldde iﬁeeuoe@rhikem@rmal ot Wates mcmgzl-aﬁs,t outhagfueed in
80286- based PCS thro Pent e ure..3

pr ot ect ed- mod&S ’5‘8@?3?9%% s%s#%?nég%g exe((:%ef e@ﬁrm r@a:&% mpsé:rag,[lfer% :'System
212. An int ermemporyeinesrdst itganenited andfof ssemmt:e)rlmﬂwqmm first
into 15 the péBfﬁﬁ&fQ Eﬁ&'érﬁ?ﬁﬁé‘“ nﬁsﬁy%améﬁébaiﬂ d QFidH level

managenent . e Interru uest 311, base on entrl es I n an
Interrupt Des@PPFRBLNFaBYSLERDIN ee%emr §RFRr LWt 'Y K9 dOt YRS hRe
directed o nBoOUHYSNBERYEEEALi 66t HESSoSdR., to the Virtual Control Program

20 Interface (VCPlI) 314 he. de ult DOS ser e via the | nt ery.upt
Vector Table 213, or t he ﬁ‘% SVIEE; Jf‘ﬁ%r%%rﬂﬁ 'i(%i?)ﬁ)%e 9@ ?‘i)
t he prot ect ednodeecaiei avdudesidaein Eﬁe@dﬁy dwelat | tlaes MS-(DDIS P MB Adidnit onal
details of th t f 8sYCRL ‘pg‘%l _:}]ea‘# nt r ol
25 Programin e(r]'ﬂ g g%%%lgf [ {E':gtlson I‘SI on ﬁf% 9@5% %éﬂdeco
within the conventional 640K of memory which is- normally
25 used by MS-DOS to load and execute programs. As mentioned
above, they may reside above the conventional 640K in the

upper memory area 112 when, for example, a memory optimizing
routine is executed such as MemMaker (additional details are
provided in MS-DOS User's Guide, beginning on page 131). In
30 this case, the driver or TSR would be placed into the upper
memory area 112 with a link to its location placed in the
640K conventional memory 110 to indicate its memory location
in the upper memory area 112. Even so, as more and more
device drivers and TSRs are loaded into a system, the
35 maximum allowable memory area for MS-DOS programs, drivers
" and TSRs is rapidly reduced.
' To further illustrate the functional inter-



I's herein inc r d by reference for its teachings regardin
operation of g‘?f‘%ﬁ%.&ﬁ@ncurrent wi th the devel opnent of these ggﬁgﬁstsmon

extensions was the devel opment of DOS e&%enders Figure 4 30 shows a bl ock
di agram of a conventional DOS operating nvi ronnent with nenory nmenagenent
services 312 installed and a_DOS extender 410_runni ng DOS extenders are
| ow | evel sof¥rehrbieBrBinenes Mﬁa?o%lI%ﬁ?b?%g¢5ﬁ¥e¥%rbﬁaﬁ@%%ﬁ?edeFﬁ '

prolt ectted modﬁl 85 b’stﬁ)E&lgﬁh@ ﬁﬁi%f@@%hé%?%u@%nﬁ%%ﬁtQCtted modg
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DOS ext ender sthah thepﬁuactiynebpynEQEEGLabiensbu@Siﬁh@wmhéneRisudea Benory
area for purpﬂﬁrﬁu@ﬁ EXQEchQE% E@%%#pea tho 'BPdlhégf sk?fﬂeine héts

in extended nEND Even so exten ers | OW pro 10 app
much sinpl er any ﬁn@hwﬁ%ledpéuﬁﬁnﬁﬁdp@%gvgkﬁ?n@hﬁﬁaﬁpreDGEa@&tﬁhﬂerg 16

achi eve thel Mok kb?ieﬁwyt eegaglﬁé& prﬁcﬂ§§8rcbﬂbﬁeﬁéﬁéf@éeéréﬁéﬂe%' be
runni ng

he SW t t he ocessor back ¢ -node when 't he
progran1c$9p|@9gsex ﬁBdEES %Q&eﬁﬁg} gg E%PFC%StRE°B+§%éS%BrD?Hc§Hd95ut
of real -node gyri ngxtreepENEGIDES) eAePhbgﬁﬂmmBEmsN@nEE@ to6 Puptkteag-moae to
be called, or mhen device drivers or TSRs need to run. To do this, the DOS
ext ender nustDEE,landoﬁéléieneoﬁ@@bSObfwﬁﬁbexyéléﬂi)Thﬂblcb hevherein

prot ect ed- node_oper at | viropnent is.crea

Phown i n Fi guraeaTbiraliauPy ERRAFRhen, SPECEER . HoHEhbRY OBk, L0F petendets
envi r onment candtadsbylabedtﬁﬁpextenﬂeleuaﬂt|heteﬁns its own | DT 418 and
GDT 420. I S not ed, raS to
r eal nndei%t t hen uses ¥§§§%1?E#ﬁéﬁﬁhgﬂ%i§§§5§§?§fﬁﬁ3§§ IﬁbéggﬁélgﬂgKth
menory nmanageRBAt opazBLétg eBVLEOBHENR VALK parwemgrEnganagenentevi ce

drivers that pppyi@dest he‘i‘ﬁl§ebl\géﬁsﬁlﬁgeéﬁelkbﬁmén@"‘i‘s pé%@faﬁdtavéﬁat
envi ronnent and al read

qgs ﬁg as_a |rtua)|r1 8 real - node
t ask. TherefoFE?dtHEyté?ogpﬁé cBRteAPBBRR ﬁgggﬁﬁnt ThehaesvebenddBti at e
nmenory al | ocagenfsaad tndersuptchbeggest, beépeesehhedsbyveneaﬂdtm line

extenders, . This.c pteptio | e manager s
t oday V|a29heb%&P nghe ﬂogaeggﬁ eﬁd§¥55§8 gg?eﬁﬁfaésﬁfhé?l 312 S
present in a sesvéged byutbe DﬁEsInhearﬁHCeVeotarqmabbe|233proBeseédonDde

context and t 89 REgekt n”9ﬂ68§§?§ EPEBQ @56@% !E?Suéhgrﬁhéékgﬂbprogram

nmost cases, exten er 41 ocates a i ts requir
nmenory, througﬁqpﬁgtvgpp hegdirected to the DOS OS 212, device drivers

214, TSRs 216, etc. Slmllarly, software 1nterrupts

25 generated by programs 218 are serviced by the DOS Interrupt
Vector Table 213 and directed as appropriate.

As mentioned above, with the release of more
powerful Intel processors in. the late 1980s, special
‘nextensions" to the standard MS-DOS operating system were

30 developed to allow MS-DOS programs to easily access computer
memory that would not otherwise be addressable using real-

- "mode code. These extensions (i.e., device drivers) to the
=opérating system take advantage of the protected-mode
features of the 80X86 processors while allowing MS-DOS to

35 continue executing in real-mode. These device drivers
xmplement, as a minimum, memory management services referred
“ “to as BMS and XMS services. These services allow software




8 Wth this evolution in mnd, as available nmenory, as well as processing
power, continue to increase, it is desirable to nmake efficient use of these
conputing respybee4i 0 provi de device virtualization, thereby remuUsssng®he
5 anount of hardware necessary to provide desirable features. The 80386 and
| at er. processors do generally provide-fgr-hardmare virtualization by

al | owi ng certain I nstructions to be "trapped." Specifically, if a program

execut es an. hhfo e ggr" ORI N SERHOINRN 1 2 SO R ) T el is9onfaul

handl er can Ee eci de whether or not  to let the | NN OQUT execute
and/ or whet htheomereoryt PoSHuRRY S frdiep e dBhbOURdadyhe ROMENETe. BRRY: 99/ 0

Tr appi ng" Caﬂolﬂeaﬁﬂ@w' b iriradity gif de%ﬁrﬁs rwmdwﬂ@elmsommgorfwl vi | ege
| evel (or ring) 0. Unfortunately G’?ﬁ 15 ext enders Ratloigfg% st ems’

DOS4GW f or e%&#&ﬂé}%ﬁ’u&?%% 0. &PoyL B9 &Y 80386
|/ O trappiggMiRehaicntd ringddiramn thd o HurRA3/maliBy reaepiced et IRIMEMA  at

| east one har re has used a conbi nati on of 20 external

har dwar e i nt §%ﬁ§ﬁ@%@%%e to replace the functions of nore costly
har dware. Specifically Fl@méecsl@wa/las mmmwrmmuaqmmmmﬂbu nes
a Non- Naskab?%tsecrﬁ%%rrra p‘#ow ehoR drirefiddip 2R war e.

Al t hough thi ni-que har ware virtualization for 25
appl i cat i ons revagemens |ﬂ¢1’r'\§dqe—srr@dé’- instgddehdioprenaging rttrlﬁalﬁ}%‘%ﬁr}c%ﬁ@for

appl i catigp g@ﬂﬁ{:ﬁ} jﬂaa{”ﬂ@ﬁf a % %éf&iﬂrn Sérﬁﬁﬂ:dﬂi@rﬁ: lis MPimilar to
met Ho

predetermne for the operati i rect the

services of thatpasesighfih28 ased BCY % it %‘ﬂ‘é:}a <%elgéotéj‘r edts
need to provigiwi 13{ fFigwﬁfﬁ 3/va>a @rdnﬁdmdnmitgiedmpmnmrrg lB#StZém i 30 whi ch
is al so accessi bl t.en RY I NTI

i nvention i n\?aﬁq}:ié’gtegt chvrﬁ %355 2l ng}’ evi céﬁé\?l rtuall zaetﬁt“ﬁlgn a

DOS based opefesfuesr Wi rgmmarﬂtedlalrucnhngﬁ ténev stepeendf Re@RRSR i figrsth into

applicati rPLESSON oW il #bt N1 gh
DCS- base operﬁ pﬁlé envi ronrrent cﬁ?ﬁmre t%e ap‘?ﬁl catlon e&‘%ﬁcu es W thi ne%
pr ot ect ed- rod@vaintmanagenented A% SHVIDOSRS tlefh%@?r‘% 193193t 2kt ed- node

context inclydas Ao NdAF Fikd ﬂesa:ﬂlniﬁérﬁ;;s@hb@s&xbiﬂﬂorﬁrﬁmeem
interrupt is generated when the %fefhﬁi&v@ addresl_?es a red ter m ned
address rel atRFFGReR AW TRy Y DRI t‘bottﬂ%mory
processor i Nigdriatfdmertt) SeavipEs a3m,eruasyt1ne1 Vihetwdll GostocohtRoogeah t he
protected?- %co ext P\f{i%ﬂ e&? ’ﬁé r{wfi I C dapse
with the (ﬂ‘\; qeolﬂ"ta‘f%e ender %‘Idééa&f e% at” run- t‘lplng ‘t&gévector
to device Interrupt Vector Table 213, or the like, as in the Figure 2
type systems. As shown, the protected-mode OS includes the
IDT 318 as well as a GDT 320. Additional details of the
' operation of the VCPI aré described in the Virtual Control
25 Program Interface specification, Version 1.0, (1989), which

is herein incorporated by reference for its teachings
regarding the operation of a VCPI.
Concurrent with the development of these memory
extensions was the development of DOS extenders. Figure 4
-30 shows a block diagram of a conventional DOS operating
- environment with memory management services 312 installed
....-~and a DOS extender 410 running. DOS extenders are low-level
software components that allow programs to be executed in .
protected-mode under MS-DOS. The DOS extender 410 allows
35 protected-mode applications 412‘to communicate with hardware
fe::- and the operating system and vice versa.
' s These programs can use. the vast amount of memory




enul ation software. thereby allow ng the processor to execute de
designed to e‘HﬂI’%‘g“f he devi ce even though the DOS extender vvageﬁ]gft&zg%sggnt
at boot tine. 15 The IDT is patched at run-tine in accordance
with the invention by intercepting VCPl far-calls or, in a presently
preferred enbodi nent, by also intercepting the VCPI "Switch to_Protected
Mbde" cal|. labpeetl MBaFO eXPEW-&SRSQUr3S cvebt 2RetPnIERTPoARANTEFELSTE

Int 67h hand';éu?.o CRbISvEF O RODOS réxén8O86 doeabt malkpwsekenatablel nt
67h handl er, function deOch, is the VCPI,"Switch to Protgﬁgeg de" call
T

which is madecofie 1R PeEnaReRREE Teftde | 10 UePTY «3PO¥E nftPng under
the systen s po@hdeted ﬂ@dﬁiﬂpﬂﬁm.switd:]siangriaqtlesprbteatetiemags,exgiender
asking the_25 VCPI to switch_t j.n e

appl vt ho BRI SFHEPasED, Srbct S RERe. ConeoRy EaeEhEmETLr EolBT Rl o
driver al so i#&kesndpdsmeiGPryfaregafts pyrposesorfngxeautson, hiugl vpon
function de0Ol which.js t . t e v Ca 0

I n accor dance’%ﬂ‘ﬁﬁ%gﬁbﬁpf eggn%{%i%?%{érgégégﬁbggi grr/ggts né?ﬁt ﬁ%ﬁieﬁgént :Elgr?ns t he
DOS ext ender smkethe ROYORPKEeRdRrEhalbowr BYegrans6aeaPRAY SCBRCH SEEE:

Mode | nterfacgnaCahibei fibraYpbABYEARI prbgRRfnIAGYbIELS abbE! ekbahadys ng
the normal execution of the protected, nbde 35 ﬁgpl I cation rynni ng under the

DOS ext end@r . aghtavieethRdr DERSEXP¥NEWItFRIBGKFRG PRECGEEPT d™5Fpiy a new

EBOt ect ed mdﬁré@@&géarm_baé Mléxi'ﬁﬁﬁﬁfé%lmdhé pebgrtalgle HBB| swhaichtiimef ( the -
- context Ts, and so_it, passes_the a t her t t_the

fol | owi ng: phBEPESFSQTAPREY gf’ Fﬁaiﬁﬁaged”Pé’c’E?ggg, ngﬁer%%“ %88‘#’3%3%@ si ze
of the DOS extender's QrfieaDOSt betBOScest ahdor sSWikph, thedpricseisisicr. ithand
argunents tell the.5 C LV t i Walg) i bhe wiHER gyester ' s
G and ToT aPBE 5 Fenborane! Bhrth Kie B e .
t he- VI VO ds&i vénnchmhonecneedt ke bescakiefdeprsV, Seyiss: SFiVeTH OF tIRKs

appropriate Vﬁ%&@r t%oé{lﬂe. strgr gg eRuLat tAR podeext@nder must bd fAn
particular, the VIVO driver of the_invention pegorms the foll ow ng, steps
to patch the PemPeRtengerty¥olpPiyEPPN§YRLRT:| me S & DeW, PTARFS T HITIRee

ijnt ercepa s | nbpé%ﬁtiﬁgnéhiv@.&oﬁﬁﬂﬂh ﬁS\I\f'cﬁreb(tj:bd pyotiet @bsTedeendEre. VIALD
river then swtches the processor' s _page directaor t hat e 15 DCS
ext ender, whi %%sl%géﬂﬁfgdiby%%en%éyeffgﬁg T %r’ftot eé%&ﬂogae}ql . This

al | ows theoVl ¥pedating eaviropeeny srested by DO® ShScrddensiegDRIthd | DT at
run-time. The; 556{99%;5' (el bgggzﬁezﬁgemdse;%? f4|zfot.s 19T i@Ntidress,hwever,

al ready been & nto the extender's | DT, so, It checks to see if

the 20 sel ect hasnwhen fhenPOSOSxEendede svdtobes RACat 16% Ittt at e

entry in the PREnewkeRdel stefPIpThaKe ahe syiteat @DTYY. i ncl udes the GDT
entries that get installéd into the, ext ender's CGDT V\he%r}l%{rf VCPI get
I

protected node int er f acdl SYSHIME] MESEE Sanagrsent S e Dos

25° shown ‘in Figures 3 and 4, the device drivers that provide
these services create their own protected-mode environment
and already have MS-DOS running as a (virtual 8086) real-
mode task. fherefore, theyiprcvide_contention management
‘services to negotiate memory allocation and mode switching

30 between themselves and DOS extenders. This contention
management is implemented by all memory wmanagers today via
the VCPI 314. If a DOS extender 410 determines that a VCPI
314 is present in a system, it uses this interface to

___acquire its protected-mode context and to perform its mode

35 switching (real versus protected). In most cases, the DOS
extender 410 also allocates all of its required program

- . memory through the VCPI 314.
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25 extender's IDT entry does not exist, or the selector entry does not

mat ch the DOS extender's QDT entry, the VIVO driver's code searches the DOS
ext ender's GYD 93024ind out what sel ector val ue corresponds toPCREISIB/R&I72
enul ati on code and then nmakes the appropriate DOS extender |DT entry using
30 the selector value. The VIVO driver 8hen switches the processor page
directory back to that of the systemls protected nbde context and junps to
the real VCPI switch cwtikth thie pabihedoRObfnewmiaddens! Bradaublewnemaryed to
enmul ate the device.that_cau .the interruy be _35.generated., - 11 -
At e e AT L
and advant agéestbfabhe toveakeorfditiehecose aﬁreheppacemputunglmbsources
fol l owing detgi gfsv.d;aacalagal—,gnv%tﬁailhmgh OPnedbpy HRERLIG Qe 1 15 a

bl ock di agram of "a conventi onal nmenory con uration‘o na
conput er . 5Fi guwpung p§ éaﬁﬂyﬁrBeVGFESEREVlEﬁaprﬁwédﬁ deadramler fgatures.

conventional DOS oper athBggeR¥Er ARREDhtetOprocessors db Geherally 2
hi gh-1evel functignal bl ock diagram of g cgﬁSeﬁflgﬁg Efggo eratln

envi ronnent REENiRENSPF R&HQU@ nVlgsvéiéégtFﬁ§t9V1é&lowpgar@exﬁaéna
hi gh-1evel fuangtirgealohkoels dbagtaappéda"COBpé&htEQ&&tIJ?QSlQDQF Pirioddam

i t ill t 15 I wi.t h
managenont sEKGFOEEEAAE DA oRFendlrs. (78Ur SP8EFUCE LRRanS G5B Rdnct onal
bl ock di agr aProteatbO8 Fpuist hagdéevi cannbat iavokedr tbatlesitie ahethenplary
enbodi ment ofokNEoP gehel BYGRIOLeBAce ang/or wHELBULEOR bibedd oW

diagram of the-inrtialization operation q ary
enbodi ment ofmubatper shenPrEAEESE Of. spmguhérdwayea fEBWSdWédpaﬁt@ppmng

operation of e derbodihirept heuRh run tinme,
25 to prOV|dga§oBéa?? Q&E éEB i QEE5°§%F§n ers%ﬁ?”?ﬁ?%&ﬁ%%??%gs%%bl far
|

call's. Fi gurBravi eSefﬂGWe é&FaﬁFBH)tﬁe oPBEQLtYRAELLY  pPOSENDOP pref erred
enbodi meats okxtBadpiesRhtiBwant S9Brefk ' DOSRGWE £okr0 eﬁdaexpuée giPaly [ird y

with DOS extenders b 0 |nterc pt.i V " cted .Mode”,
call's. DETAl PEDCBRECKPBY E“Eiﬁﬁgp kﬂv%a@?f%% B Pe
nment i oned abm&ehanlsMe Background section, device virtualization, in

general , is known. Unf ert upalichky 23 YRENabYER BP0 R-HppiEe hbthatls A0S

ext ender s (e.g., Rati
at least one hardware manufacture has used a combination of

20 external hardware interrupts and software to replace the
functions of more costly hardware. Specifically, Advanced
Gravis has used a technique which combines a Non-Maskable
Interrupt (NMI) and a DOS TSR to virtualize hardware.
Although this technique provides hardware virtualization for

25 applications executing in real-mode, it does not proﬁide
virtualization for applications executing under a DOS
extender, since there is no predetermined method for the
operating system to direct the interrupt services of the DOS
extender. .

30 There is, therefore, a real need to provide an

'+ efficient way of performing device virtualization which is

i% - also accessible by DOS extenders.

SUMMARY OF TEE INVENTION

The present invention involves a technique for
35 providing device virtualization in a DOS based operating
enviromment including the steps of executing an application,



Syst ens' devi ce drivers cannot take advantage of the ng
oo il 1 ey

mechani sm n ey t ake advant age of Advanced G avis tech
menti oned above in the Background sect|3$ Because many present day
applications use DOS 5 extenders for various reasons, a device
virtualization technique shoul d be accessible b Ilcatlons runnlng under
DOS ext ender ¥ndeshé A5, eXGRNRTs SR aerﬂ%‘Pl‘t’?%ﬁ"g’ﬁ FRAR e R@S-based
virtualizati gRert i3y mm@é‘:ﬁd Qﬂ%ﬁéltfﬂge%yplmai‘mén &ye&@téaywmfzh&n
i nterrupt request (e.'g.. non: nas |nterrq$ %%ﬁ aggéacat runnlng
with or mnth6u9§9q§§§%kﬂﬁﬁﬁér EN%Eﬁﬁﬁ % $T e 8nds
its device vthgu§ﬁﬁﬁ§dﬁ§a4mﬂﬂﬁndaﬁtexttIneammesaamohntennupngdesdfmpﬁﬁﬁ
ext enders by | rc N cat e nd
The Vom & FARIA @D JrR S (FurLEEEE Le o Rt gee A kR e
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the interrupBSragte evi ce V|rtu fion code
particul ar demmaxnngtbéﬂhdﬁﬁ%ﬁﬁF%ﬁ&?e%@%UYeHneWQﬁ IBF appPréatednyith

runni ng undeg LEEN  Smodd  dSnPekedot hehe DOSt ERtEXQEP! 25y enbodi nent,
t he present |nve |on relies on the presence o or an

eqU|vaIeﬂﬂ’tmﬁﬁﬁﬁenQQﬁfncﬂﬂcﬁF?Qﬁd ?ﬁl%ﬁ?? B?%t%ﬁY%ﬁtﬁﬁﬂe gﬂ%rQPan 25
gnvu r onrrelnlt @3@-_!%@@- éh heD'B yid egsml;fHealnaitsyﬁﬁﬁﬁiﬁghoFvguterStosdevblbeck
iagramillus t|n t unctional relati i ween na
ope?atlng sy g 9&% Ware ?9%¥§3¥ ﬁggéftﬁgngﬁ?oﬁﬁgﬁg §Q ggcribed I n
t he Backgroum&enune(nbmputereéedendesigneﬂ EogemeiaRet bheudgbvicendvies an
exenpl ary entq BLESEAL:| UEThOPToreReRRoNE BOF! Buke 51 1he

present inventl or uné%lonal represents a n unctrona er workin
conj unctiln with the prBeciRl- W deabpkedt phgrypstéme3in. aQS°¥ﬁﬁ§cﬁeWﬂnger

is referred tge fOlvaW DO Sy Oinﬁétéeﬁﬂﬁﬁgfvcﬁil ear-a581VkVerdr iyen 510.
Essentially, the VIVC)drl%g becoges ap @ on,of the groteﬁbﬁg node
- 13 - oper aRGRFR Y ERE ?rE eFUPe mﬁ/B—D(%ya SPOENERFERBELRT| fEfead of
si nply becomvupnn"wwmlw Efoﬁ@eBéB Mbdelf cadd.i sThhparateudhth st aesar d
devi ce driver d, TSRs. t p

mvent i on, || PR GBS 9B WO APEREFoY SRRFERBRE Par a7 heRATLy,

desi gned 2@) p:adhllsiefrtbm mSlv::erWaluaOBQat(raﬁlsmpdao\,esofa‘NIVO TSRE5B0hH s
provided to he. ggfa Si t ek by At I ver
510 for use vm d{kﬂg'ext en erg g% EHThggpgggeQ?P?nvgﬁgﬁgﬁ %ﬁc? g§¥ﬁﬁgglng
protected- 10Modg .eskturhbrl dsd@adenbyulibRgPas PrterAgkt wBeRyite 18odd ne

and devi ce vigdamlmeaé| opusRitg uﬁaerrrerrer }éys&éﬁk'enbebt&@tEHem@E%OCl at ed

interrupt service vector directly into pr gt egted- node perat i;n
system s intéf QQRﬁxBescinfﬁr tﬁ%gges rom the®BbE” eXRERal ing the

- 257 VCPI to switch the DOS extender into protected mode and to

apply the DOS extender's protected mode context to the
system. The VIVO driver also intercepts VCPI far calls by
' monitoring Int 67h handler, function de0lh, which is the
_ VCPI "Get Protected Mode Inéerface" call.
30 In accordance with the presently preferred
embodiment of the invention, the DOS extender makes the VCPI
- "Switch to Protected Mode" and "Get Protected Mode
Interface" calls at system startup and many times after that
during the normal execution of the protected mode
35 application running under the DOS extender. Because the DOS
extender is asking the VCPI to apply a new protected mode
context, the DOS extender must tell the VCPI what that




(1DT) 318. The use of IDTs is well known and additional 15 details of
descri ptor addressing are described begi nning on page 41 of the Wndows '95
reference i nopypes@ued herein. Additional teachings on the usBCHUSPERNXan
be found in Mcroprocessors, Intel (1989), which is also herein

I ncorporated by reference. Briefly, theggr-otected-node |DT 20 318

determ nes interrupt vectoring instead of the DOS Interrupt Vector Table
213 even when dfier AClafl BRa10pAALLNEREY LM 3dfohg bunakBy keal - mde
code. In many cases, such _as Ms- gtl n ste? ﬁ hB ser?{_rl ces

i ndi cated by Le@st sheefiqllewing | physisa 85 \5/559 cHREr ?935 6 SEHE

real - lmlodg Ee&‘i'rfé%% 'zmix?efstsefédw stgize BESthat BOSUpkterdeer st @breantatheer e
installe y M5 _ e|n r nor.e Lclent qn

real - mode ,np@,a@aqtqy% sIDaIfls gr"g?ect &e%dég%ﬁ‘gﬁg treE thSe

services of tyry@rASandr iol ald mmmm:o.m whemel theaDaFB| eskendert's GIEE

syst em whet her runni d e
[ %vent i on, Wdafﬂﬁ e Vi O%%?%ﬁé's%&’gﬁ:ﬁeag%Ptﬁgérogrggtsggﬁ%@r?g(?e
I nterface' r mlr—euhie:}c,altthe( va%ﬁrlvfeanwmoﬂcdi@@l?h)ih@r DPfeewcendegilist dPT o

Protected 35 o & &He @ HatbluRelicer 880€R: keorkiser cept
VCPI calls to patc%éﬁe%exteﬁdelrpyr? alnltlally, the strategy was to
force all of emdladOE@ERer's 410 - 14 - subsequent VCPI 314

protectedrgode "far calgsg” atletldaﬁ&s:tftwgﬁva ﬁ&‘l\éle‘ioodr It‘her lm,ntlﬁiﬂfe t he

o pe A % 0L 02 108985, Attt

these far caldw$ring w@s-tinmn) ng.?:umter thee VIO @beti vl meemmﬂ dmteré &,

pr ot ect ed- mdré‘lré‘lg)tfe’z%t‘ Ic?%)ﬁté rg IP'EO4&)§:.O‘:§2'E %ZQQQdéﬁt t RS ,drtlhpelyl VO

driver 510 i F'upt  servi ce vect I'nto the extender's
| DT 418 mak| ngmma;vmmes i thee ' profesd sy 50 pAge l@nez:mrcm teethiate of fiheabl e

to the £ &de £ anghi &iF AP 4l FORRY) Bildre Dost %Edf‘éi'ﬁie&s in the

However, |n accor ance wth a presently preferréd enbodi nent qf

t he
i nvention, tHECREreakly f%hlmlrwet Hdie MY drver &9 BF9 ¥ 1REGREE
extender’ s | hd18os Sexteidande GoRaierIghalt Qatmmm@ t heHeOS 1a ehrlisrés

the i nt er cept P FRSGRP ERFEEHLE oL GHEh it Ao hvs Pt ee diadd o1
deOch). I n thistdashe oDOS agptender o FDDYr s smnrmmg:hﬁﬂi@r oS extidhddre
pr ot cct oa? ot Bt E Bt BRG kng/ T 10 ST PR e S e o csent
i nvention is apprgpetate ep@rntknu@iﬁ@%ﬁx%ﬁﬂd@ﬁ‘t%ﬁ%t whsfredthe t he
exenpl ary 25|\f Qét NEnelyt PEcPEGSE End NYENtd M Use T Hate g -ivasteEbl ed
'nterrupt (N into theeDé)gtgarctr:gx%eéequgDS{‘ wzr?éntt-[rlxqu\%ﬂf gget: protected mode
interface is called by t;he DOS extender. If either the DOS
25 extender's IDT entry doés not exist, or the selector entry
does not match the DOS extender's GDT entry, the VIVO
driver's code searches the DOS extender's GDT to find out
what selector value corresponds to the VIVO emulation code
and then makes the appropriate DOS extender IDT entry using
30 the selector value. The VIVO driver then switches the
o processox page directory back to that of the system's
protected mode context and jumps to the real VCPI switch
call. The patched DOS extender IDT way now be used to
emulate the device that caused the interrupt to be
© 35 generated.

e



devi ce V|rtuaI|zat|on routine. It is noted that, historically, the NM
been used bwgﬁg’?% not herboard logic to notify the operati nd’%@?%ﬁf?ﬁ a
RAM (menory) 30 parity error, or by I/Q devices to notify the operating
system of sone "unrecoverable" error” 1I30d'ay, however, the RAM parity no

| onger exists and |/ O devi ces do not 1i:]‘g'PI ement NM generat ion. A typical
DOS extender's NM handI er BREBRRESCRIREIQM A rEEE pREFIRERI |y how to handl e

such an 35 event, ) rat her, than aSSI -down" the

interrupt to the curr Qﬁnsﬁa%&g’%ﬂ%%ﬁl AR | a\ﬁb‘ﬁp ith a

norrral i Nt eadvantafes efbrihe ljpwelm:l@u‘hmll bectime wnioxiee esﬁr\ﬁms an
| Nter T URh oS PR ddih LY At igide, BES vl %EOH kQey be

|gnored by an app cat’i runni ng under ext en scrlptlon of
Exenpl ar b Evddihrent s 5 Al t hough i1l ust rat ed and descri bed bel ow

with reference to cert@igmnsPeciild @ TR MBRlghan b @lr eoeenitR\ReAhI on 1S
at

neverthel ess not intended to be limted to the details shown er,
vari ous nodMEMeIY SeRiHgRmRtifet & DeFseRadi ICOMRULSh t he scope and range

OL equi val ent's (E)L t he ﬁ@@@lm&@?dn#ghh%b@vgiewwt;ﬁgfaaombm \%i'afgxtat@f

the inventio r er at t he enbodi nent of Figure 5, en an

i nt errupt I’Q&J oﬁ’%%& al;iiqs)oé’ EERERG RV G- node | DT 318

di rects athe fl ow of o[RiratrerB tic tehéribh-d@vedprburicr ivevall & ocklidikevased
on the entr| the ejn h t r the VI VO
driver 510, e’ rﬁ eJrnréulpt% d§| ?asseéngﬁt etr}p}:tft?gﬁ“t?g&ng'llt

oper ati on. mmmmenmaem&e\ﬁ V@Sd:ralﬂ@ld 510 of the present 20 |nvent|on i's
present with a DOS exiynpdate 4104 WHR%- 18R HideiPingi WIS o iilan

passed directly to the ext ender 4 e iInt errup equest
i s intendedfor mmn?e%lvao%mertaﬁéna \?@vafrtomereleléets§ra’»;nme the

request 1 r egfdtiordl tha dt8@RGtigss PO DOOfritdhe mémdPydav@gembhit 25 then
control is passed to ”}f I@ %rajer 410, and the ext ender 410 handl es
it inits nGFASRY R St&-, in the exenplary embodi ment of the
present invention, beafal@a:é e idMa |tag}ns—a(évet3hefxﬂmﬂmali bloak ZiiIaigamncan
be performe%f A e fta r&%t %tlon 30 gn t he
i nstructi on whic cau eé: ‘ﬁ'e gﬁﬁ’ﬁg ur ni nglét eregleneer At on - afd plary
installati orﬁn&foamqm exfertihg mrassndn inylendriarhe conputer code enbodyi ng
the presgnt invention gigufd td &b atfllo%: eq@gﬂagﬂ/oas%@b'ﬁita%qleb#&% 'n

t he exenplary enbadi nent”, _as zer,0 address-bas non-r el ocat

f1 at - model , OPRARHL QoA RAPTTd®D0RE. ath eXeTRIADT eRsimensd@ing
present | nvgﬁes@’nﬁ Srv@aition.

Figure 7 is a flow diagram of the operation of an

exemplary embodiment of the present invention, at run time,

25 to provide compatlblllty with DOS extenders. by 1ntercept1ng
VCPI far calls.

_ Figure 8 is a flow diagram of the operation of a
'présently preferred'embodimeqt'of the present invention, at
run time, to provide compatibility with DOS extenders by

30 intercepting VCPI "Switch to Protected Mode" calls.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Overview
As mentioned above in the Background section,
device virtualization, in general, is known. Unfortunately,
35 when running in the context of DOS extenders (e.g., Rational

R L. .



- 16 - saved as a standalone binary file. It is noted that, in preparing
the conmputer code enbodying the present invention, protected-node code is
required (at Mame30241 the NM service entry point) since the ppPOI/Es:sas0Ttode
| DT' s. vectoring 5 nmechani sm does not allow vectoring to real -node (or
virtual 8086) code. It is also noted the2,-al though sone real -node code is
requi red, the exenplary enbodi nent of the present invention is inplenented
act or g A e o e conml et oy | bkated, i 1 okt e
vectoring and execution 10, and can he conplete ocated in extende
menory, there%t}eaxlzq d??@ﬂ%r@g‘ﬁlﬁﬁ%}‘" rré"'ﬁryﬁt?ey ftﬁqﬁ &ﬂe"‘faﬁﬁs‘_’fge of
Basical |y, tmaxaieadrdyeris ifedchmigicke snerite admd aborre tivm | tilmatBankgxasiend or
enul ating the rticul ar - | (1. J C, r o]
recei ve, at rﬁ&f}%‘,' ta%%gaie‘)ééercgr-‘a&[wéic'{eeéﬁqf ;&% %5%‘1%%% qboé

Prot ect ed Sboeitemddss f fom vaw RCE xeasonr 4 Bevitae meika-udia zedpirapr i at e

entries int . , ]g:?g] Syt tJ -l
i ncl udes theh?%%ﬁgﬁﬁ}%a% er& \c/&ﬁpﬁ&i‘ S us?{el tkﬁpragi:fle{bfea%éhg?i/%%qlé{eq Urkder
Pr ot ect ed- ModeO$ nexten@derscal | return or the 20 VCPlI "Switch to Protected

Mode" call return into g&bgerdMY THRS e AhteXB R Yorl PHAPRIEAIdBH o a
VI VO driver 510 which mtercg&s a "Swtch to Protected Mde", call (Int

67h, functi onVHEPRRILIZREACR 3 MSHW IARRY IMIFIERE S rqmpntsy Py
fﬁnct i on QeOl‘),ayhoﬁcmrmi@ﬁmpl bt Fréqwsﬁse(r%.lg/. Aowprmed sicateie ettt ) of
the present ipvention.,is included as ndi x A An. .exe r

I npl enmentati o o:&a;ap&%:&ﬁl@@?u&:&ﬁ%ﬁm i é‘flctébcf%t oh {Bﬁ{‘h%meéqer.

Prot ect ed ModEhé prefent"imentiomtdsrnidalilg iexteiuls ts gdevictaided as
Appendi x At s appl i j : Pﬁ;ﬁta‘{?ﬂ' [ Q0 Ser .30
08/ 712, 363, ?Kgépg%%?{e% sl%F mi%hel%er%e y n(r:iocr pora%%ﬂ%ﬁ&rgan%%? The

i nstal |'ati on 208 epeendesy by inkeygeRicny ¢arEmnisat one heturan e DOS

reference;t0 bheehh@NCHREt Shd WEDDWES 1B i, ShaWpdrt FhallL, Ghel an
boot-tine, in the 35 exeﬁg&g\zgn’oodl nment of .the present invention,

an
MB- DCS i ni t | af¥KSERFHRI p Y TeqGHS [ RYmUas | et R2TEIFTERA er ni ned
anount of thede¥ieaded. geporyquesnind 4 gamdetermiddd -1 /0 eadddedsl)s, usi ng an
extended nenory (XMS) interface reference, at step 610. An exenplary
i mpl enent at i CRX@FSSEPFI INESFIIRE tERALT orig FeNRTFH-te pPHESKIRPORRRHEPON i S

i ncl uFled asnbA@Hénﬂht;SeB?u%@er&&@é@frtmé\Q%ﬁ@ n}iﬁ%m_ Uiorf5 d%cﬂ:lé gszao% .
exenpl ary odl nment O e presen I nventi on | S e lze O e -
rot ot c2Rodehabaper e SR IRETERR 99 %, Satedsad g et denien her
al | ocat ed nenmapplisatibdnsy timenind/bgabest O EKiandedden, It hiss atdtoadt eidat,
menory, using.ih L0, Chrind $: e YRI r Ny
saved. Subs eqﬁénﬁl%ﬂ\@f & g%%’z %P%é)%lydl‘%gé(’t ﬂ:e}?é]pg%%}ﬁ?&? n%ﬁ%%ﬁ&?sxe%f%p%%d&g
into the allotheeprasertenchfa cperonieduanager, or an equivalent thereof,

to provide for a primary protected-mode operating

_)—1

25 environment including the system IDT and system GDT.
Figure 5 is a block diagram illustrating the
functional relationship between conventional operating
system components in a typical MS-DOS environment as
described in the Background section with reference to
30 PFigures 2 through 4 and is an exemplary embodiment of the
present invention.

' As shown in Figure 5, the present invention .
functionally represents a new functional layer working in
conjunction with the protected-mode operating system 310.

35 This new layer is referred to, for purposes of this
.. specification, as VIVO driver 510. Essentially, the VIVO
driver 510 becomes an extension of the protected-mode



menory, at s . Appropriate entries are nmade into the pr fpsle
Faflta, o P8

system | DT 3 em GDT 320 to allow 15 the associ at ed ware or
software interrupt to vector directly the 32-bit service entry point(s)
in extended nmenory, at step 614. It i's™Mot'ed that since the interrupt

vectoring is done at the protected-node level _the_32-Nhi ervices. are

al ways avai | %ﬁ@a’éhagcﬁ)ﬁsgﬁmi hPeFafUBeRYiERE 55'5’5& é@geﬁ?pﬁo(?é‘t&ﬁ@rezﬁﬁ ng
system 310f V\ﬁ_ﬁlgleéadeésﬁl isiigplly bgebmiﬁ'gngnaéxtéhle&oﬁogfuM'Sr-}@oia)de:sa/ﬁﬂ chasg.
More specifica , steps a 14 .ar.e_acconpl.i oWs: o T

pr ot ect ed- no#€ Eé@eCPFgeWéﬁﬁoﬁg?ﬁgafﬂedﬁy Egng%}%’%ri%n\?gﬁt itlgjrlllsl's c%%le@de and
a 1 k-byte pextinplagi ehboddmentsofoatiedpiresentodavemiony. im addition
exenpl ary _enpod] t .of e esent, i ' t Qi ! st t he
code i o 1 5adEd Beud.gatybe, R0, ftky BUBRRkRRce | Brivey, diidddh To

pr edet er ni negro¥fidet shehdemicenvankyada zasionnisesyiges30 a MY TEge B0

| oadi ng t he o] . g fLgu i : aSva4 3 SR}
“Sui toh to PRGt BEPLioRAdse 3R &gl R e 5o The
VCPI "Get Prbyethed VIN@edravers 548" £ox nse) ity ROS $rEEIeTRdB0is 35

i nvoked. Three sel ect ghgs phrdsenteAhkrnkaon! ifidisded Aodditg Grot¥ciedt ed
Mbde Interface" call are returned. .The three sel,ectors and the ent r@’u@fﬁgt

of fset ald cHPPedexgcytable codg, iBCiHdingnfmed A IPY PGS
portion of tRadpEekeekesirmuddicatdon Aose, timtcsegmenty arhdfdemribga

portion of the M5-DOS.initiall i N ' [ ray ned
offset in th&gﬁ P?tsoﬁéﬁﬁgn%gfté%%g%%r %t%ggrtlé%- Sr’%?é‘%%oé{éwyﬁ e%gnced
portion of tperovBche8-modei aperatiog cydsend sailmd arinde fesgiiptehctaBl®0S
initializati g aRd er mepat ang t I3 d GRfIE addi

exenpl ary en‘gg'gi&ﬂe%tlfe w%%ng%& {6 g kI%v?/p \x?r%te?)e%tliqt 'S ec,auseaﬁh%is}%lal
essenti allsy detiadded ofatessFipteFeaddyrassdng woerGRsibgd PRIIIRIRG o7

driver 510 tg geMHNiIFABe MOHGoWshe o5 relF i@ideon iforidiraed avdestinnde
code i s copi 3 i.nt,o the allgcated extended nenpr e.d., ,usi an XM

i nterface) ahddifderade tp@.g?u@gst P& ﬁﬁﬁ &S ® %cfgaéi é‘?ﬁ)o%a'f’h% tHhe
present i nventic@ibprodedioat, Tnredxt@sded ,1whimtoris ial dderessein manner .
Next, the linear addresses for the protected-node system | DI 318 and system

GDT 320 and tmsoxppxiaced R¥dreference he BRGE 10ir s MFRRTIRA SPAHaFd 386
i NSt ruct iQNSh 13 @etidriiined antesangt vadidiien) ethymsiad idE tiled iD@Si on
program 20 (e.g., a DOS4GWN execut.abl )3 I S sr%avl\_/]\ned nd thel_eﬁk%s'ga daddress
of the alloc R JEF ,er'i{Iaarﬁi’q T AGTh S Rifesse® 28%el | as
the Page Di r egjedfat iphy Sycaleraddoesis mmmipas seshlt-tmodd ccode. exBmphany
i npl enent-ation of th Gp%_)ﬂ%félt 0] r W t § gsgnt
25 invention ‘i%ﬂ%clﬁﬁ{fﬁs pendioﬁ({%aﬂé aéi}seté‘? ca‘rffs, the SrPiees
indicated by the IDT entries in IDT 318 simply pass control
'35 to the real-mode services: indicated by the DOS interrupt
wvector table that were installed by MS-DOS. As well as
being faster and more efficient than real-mode interrupt
handlers, using the protected-mode IDT 318 makes the
services of the present invention unconditionally available
30 to the system whether it is running in real- or protected-

- mode.
FEDRY The present invention, by way of the VIVO TSR 520,
- uses the VCPI “Get Protected-mode Interface' real-mode call
S— (Int 67h, function de0lh) or the VCPI “Switch to Protected
35 Mode' real-mode call (Int 67h, function deOch) to intercept
VCPI calls to patch the DOS extender's IDT. Initially, the
= 'gtrategy was to force all of the DOS extender's 410




The functions of the protected-node initialization program in the

exenpl ary enbodi nent of |oading the present invention, are to: 1) Make
three entri eswatogisbgyit op of the 30 protected node operating syRCEHSS 26072
320. The first entry is a 32-bit code selector wth a |linear address based
at the beginning of the allocated Extenglgd-Menory. The second entry is
a--data selector to alias the first entry. The third entry is a 32-bit data

sel ector thatsé{ é}g}%] cﬁﬁ 114 o@é@k&f&n&&@”@é@%ﬂl@wdﬂlmﬁa# (or
limt). 2) ave ese ect or base of the entrletjﬂ gs;e

st.e
- 3)  Make dhnougly"ithe YR pc?’ﬁ%‘é%’fe%l%d@?ﬁ% %qﬁ"’?ﬁ%efor
vector 02h (tﬂﬁ;é\}%ac\!@ﬁ@éé uJé'dS:yQﬁtms U§:et5ertd[a: seimcztmrsﬁmmpmd above
with an of fset of zeroé ((? r@ enbodi éﬁlee d‘%.r,\yeé nt
in the 32-bi AYBHSS &) rog%ﬂ% HeF=Y nt a6t ore é?fﬂ
Make an ergrylngﬁﬁcéjﬂeewrﬁheseeﬁhnnmmﬁrmlmsr;itsmreIn$ uriie3 tthe or vect or
67h (the Int vect or) Y e t above
10. with an qurg\'e Bfoé Eﬁ%%—h??% &F %ﬁ%élj’ﬁ %aépﬁté%%eﬁ%%%% int in
the 32-bit cosiedte6) (IDThehs, réRTr428bnt rdt this Heoiw: Ddhe ﬁﬂvﬁi 82\ L2319
program (Appenfy Xlﬁétaﬂgé' ¥ iﬂeeéﬁxgpsséfviéél x'réétt.é:.@rh.r&f&%l?énﬂ@s

term nates, |@avin atively snal € g“amln a% referredto

above as the aAtERASR' 52EDT THES g‘éﬂ’é%‘aﬁ THR B VR i HYECTSR i n menory

upon initiglig :&Lt&&wﬁ&eiam ééfﬁi@élt 50811 8bReed | t ko OMOS teethuridipte 400t hose
of ordinary skil[ in the of _the Int 67h handl er

y
entry, the VI (&n¢rivEraBe 1F§t?'?’ﬁ§édu?ﬁﬂ) f‘% t%ﬁ‘r“i'é?% ce/ control chain
via the |IDT 318 for Intgbwupérfﬂhnsactbadanbe whth sa apeegentntpfeferhed

present invention.to ext g d al 410 en
they initial j Soog{m FE‘ 8? Eh%ha{luggkw{}ér{r:%gt gg’i% %1( ?%%gttﬁér% n%u%l)é\% on
interface to ab'euﬂ/Bpaﬁ;ehaauthinBQ4th¢hD§SI mié?n@%t-‘ 7P Radt® eks (VI VO
driver 51 T ag p f t S € saggntrol
Fo. the nothal CHatayS, poRabRBFAEhptipRCbEha| LG DORCexBafads s BoToas
operating sys@@mngoany VCPI fap: CFM-S:LBBFHFePFhetB?oB%E?]%dlﬁD’El‘éwoperat| ng

S|Y|Stem |310 118 p&PpbiadacdrsYaB thekrhapeveEetuer VORE zaww@hlk soavabtabtedt o
a r eal - node rora a ere 0 ace to
all ow for the Q?engggﬁ ggntg‘hg);gevrgﬁc\t';??flugﬁﬁfgk ) on?rslv\%ﬁl E?%ﬂlgl’

applications appbiegtiodeprdgr@s exnehdgr snder DESnexbendems,are the
exenpl ary p?ﬁ%' {EALeA" L8R BeRICLihgY /bl 2B1a E%&hQHQQrH?ﬁtQ()Qféei}r enBut

in place extensron’ of
sw1tch to protected mode but before any VCPI far calls are

made .
Although the present invention is designed to
- operate using most any interrupt request, the exemplary

25 embodiment of the present invention uses the non-maskable
interrupt (NMI) as the interrupt request for triggering the
device virtualization routine. It is noted that,
historically, the NMI haé been used by system motherboard
logic to notify the operating system of a RAM (memory)

30 parity error, or by I/0 devices to notify the operating
system of some "unrecoverable" error. Today, however, the
RAM parity no longer exists and I/0 devices do not implement
NMI generation. A typical DOS extender's NMI handler,
however, not knowing specifically how to handle such an

35 event, simply re-boots the system rather than "passing-down"

the interrupt to the currently installed DOS handler as it

would do with a normal interrupt. Therefore, unlike other

i



- 20 - virtualization services to applications running under %&ﬁ rs
I s-conpl et ed WM ime. This is an | nportant aspect of the Ergeié‘z t %jﬁ

i nvention beconmes it allows the present, invention to avoid many of the
drawbacks of the 5 prior art techni qu'esl.5 IT is noted that, although the
above-described initialization process iis performed using a conbination of
the MS DOS i dintiextupd iSRTVHCRFamta ANl RRLETEURS SRTIEE HAULS zat i on

program in “‘3&&%&@@&&@@%%1@%5@ 11fkelife Hé”'lifgrfﬂzielﬁlbgmaﬁ unctions
performed by the DOS initialization program car?:1 be perfornmed by the
protect ed- ne@Pligatian 2NN eI D?% g¥t&rdate M5 DOS
initialization program (e.g., Appendix B) needs to pass an extra paraneter
to the protected-node initializafjon 15 program The extra paraneter is the
real -node address of the SREFetEeth-Spatt=WtHH—Tte S=t1frtialization
program ‘The way in whigh hem/IMQuERda s bl RIARGAhdd ldw Ry R4 ends
Its functionality to extenders via the Interrupt 67h handler is

descri bed wi tiefeTERGE ¢ (SRR FRECHIdTa IO LNE R freShe RRPIENG 1 2

fir stt‘-) | _errtr)logi riﬁﬁ}e\x/flﬁvigm%é g&gﬁﬁmlm Mrﬂé:@zﬁdﬂ"tﬁ) be afingﬁrtémvu'hdngtD%es
est abl i shed the V L is triggere ,_agt. run ti t he

ext ender 410 98haidls r%*%| '@%’oﬁ?ﬁ%&‘ﬁﬂ@%ﬁ%ﬁ%‘ Wﬁ? Jipdgin
step 25 712, tHed detaildh . widthirithepaicvipe tand RERgx tafhderuididl ents tofl tlyei n
real - node, . expects tQ ' I.Qt. - fals I point to

t he VCPI %‘14. s éﬂil&ﬁ;@g{oﬁ{é r%ﬂ%é%é?‘%%%?é‘r%?‘fﬁ e%leﬁﬂmodér%%é/er ating

syst em cr eat eidiventtiin .DOS ext ender 410 to comunicate directly with the

VCPI 30 314 without inygidy MR YL HEP s i DU Bl g to
real node. However, the VIVO TSR 520 of the present invention, "having been

passed cont r othemdin dath§ETURE tFRAVASIO i - 1.0, MR t3F LRI MthYyi ves t he
DOS ext ender 410 an ent ' t O. 41 var, 35
is noted t hat?rcf%cf%?d;'tﬁeér/%%ﬁﬂr)rfe n:{fbof&%%e\eét:)ér etggntéionv\%]e% |%§1e§%t§{eblgllj% %?2
520 rel i es5 orappeomrisstmcentice oMt baged gt vehergnt e dtherein.

cooperation wg hy05, S ¢ bt intergled £ R IRY dXdyextengler 410
with an entr\),/iépro# nt ﬁ‘%% t e VI'VO dril\}lere 510 rather than the actual VCPI

entry point, then ki dateeidery i Rassebwhi e ARMAhEMWEEri ver 510
on subsequentgpdyEtLah] s. " Wien the DOS extender 5 410 nakes these VCPI

"far calls," the systemis in th DC§ex r.s. | DT/ (OT ected no
context As such, when tTH&SNSO cﬁf%r rﬁé&\&eé}%’e‘ﬁg ﬁ‘?’e %h? a?l-%gﬂdlg, i t
makes it s20wninvérrioptiy epreserentwitls a4 MaS tdet B4 Ehdaunsing, the

pr ot ect ed- Mg, ORELHL el €M d Hodt hadlla dftheddfy dO eh'DE LRcbhbbr.

whi ch was dorie e nalive protec ..
410. Rather, if the interrupt request is intended for the

- VIVO driver 510, the VIVO driver 510 acts on the request
-'directiy. If the request is not for the VIVO driver 510,
25 then control is passed to the DOS extender 410, and the DOS
extender 410 handles it in its normal way. It is noted
" .that , in the exemplary embodiment - of the present invention,

because the NMI is used, the device virtualization can be
performed immediately following the "faulting” instruction
30 (i._e., the instruction which caused the NMI).

. Turning to the generation and installation of the
u éfeseﬁt invention, after the computer code embodying the
present invention is written, it is compiled/assembled and
linked, in the exemplary embodiment, as zero address-based,
35 'gpnfrelocatable, flat-model, 32-bit protected-mode code.
' “The computer code embodying the present invention is then




operating system 310. After making the appropriate entries, the VIVO driver
510 then passes control to the actual VCPI 314 via the previously saved
VCPI protect swbpgsbessf ar-call entry point, at step 718. 15 PCT/US98/2b4T2 €
specifically, steps 714, 716 and 718 are acconplished as follows: The VIVO
driver 510 intercepts the Get Protecteds Mdde Interface call at the Int 67h
entry point (all other Int 67h calls are passed through to the default

handl er) . ZOséR?&:\éé/Cédétaﬁaaﬁéﬁesayﬁsryhﬁueal medgsrﬁbuéa gedeesgnfor the
DOS extender 410 ipto the shared data_space. es the real -node

return addnﬁ%?R%ﬁ%ﬂ%dt%ﬂ EAEPYFBE SRR %TBElegﬁ Fﬁﬁt ERtt ABVEREIQR.
VCPI servi cprsygtité@smodoOntode nslteqa$3ea0(abel§hﬁf)iSRtﬁéoNMSOseﬁﬁlce

essentlall all o Int. 67h calls ces ,Lhe _default handl er
excopt a * CEEGuRRY \iiacs Fhe RedEtcbrR BadEc DY 5 TREFREEE (he
real-nDdeSremamhazmmﬂneéeesb@othelxbwmwdctoelnglap peahrmbdebébngvﬁrnuaised
by the defa . 3P te r
eﬁbodlnent L%¢|§?0n6$lon }%t%%%gp??%éd eQ?nlg%gFBF g?ﬂacgk%ifﬁgﬁgthe
DOS ext endercai® h%yr%@u£@¢¢orﬁbé ﬁyemmgﬁrﬂsﬁmbgdlm¢nﬁsOﬁayhﬁeppﬁéﬁnénat|c,

however, becgusen e weuﬁpféﬂeﬁtéavsgih§nawa.s,tuaﬂﬁr p#ofBBREY -fBAAJET
such as QEMM by Quarterdeck 35 S the nmenpry nmanager does not

pass the VCHC ?ﬂs¥ﬁ¢FC%FI%Stﬂ?ﬁﬁgﬁg?ﬁéxﬁﬁg FAreVRGEPTVRE: BRATEREEULAGR
rat her, ioeﬂéﬁdaéén\6ENcbmpléEélpalbeatedpiﬁteﬁteﬂdéadmembay, the2éby the

| DT 318. As h F ! t " Pr ot ect ed- Mbd

I nterface” 6%Y$i n I 8¥§ ?ﬁ%ﬁg% §§§§a§§1 Si a&ﬁPﬁ% Serforﬁs Its
service. The VCPI 3;4-Easkcalhg,cbh&rﬁIVOvdalth BaW detlndeadthesdeviiget he
VI'VO TSR 520v%f¥uéiﬁéa9#%9t ?& p% %‘%ggiSEEHQLEEE Bégaﬁﬁﬁﬂa§ehﬂglbg thg DOS

extender's data space es-addi tional page entries
so that the i Virelpdes the P@anﬂﬁﬁeﬁFFﬁYnt?hﬁeEEBVQXtéﬁd§ﬂﬂstlme: the

pr ot ect efls Mogle- gPRESXdA Therté(QéO 3R b2PitBRNLE0PrBEekRRA! RbAR "S@healOr S
bei ng passed_back to the er 410 into tﬂe shared data s

nel 1020 he XRan vhe 0S| SEheRdor! f1h, TonBRkS ERE SPOEOPSRAbS0SRBELES 1<
own t hree setmcﬁmésImvesmslbaﬂdabovpassnbOnthelDGB ext ehdeNvCeIr gttur.n dat a

whioh 15t her o obicEuagS, HAE Thp, B7h HaRalBE | uhifyl 58 Bp8h £87kekIeth
i ntercept. an@IVQPlufGeétBrnEeeéﬁﬂrUpdeoInherﬁacgPngalaexetn@ueorethen

address b heydkP exyeadR! cd1ftopavedaangueri BatlierabaradidebaraBagevo2
At this poi VCPI far cal extender 410 now pass

cont r ol tC)tTﬁR\ﬁ%@)dr?@e?xﬁTﬁlﬁFYh?WP%ﬁéeEBHPé?? 8f Ah¥IPRsAEiVErdEA0s new
pr ot ect ed- nogei epeintépgepyst anvswhieer eal bsotaetudeMalieocahnng (gxteaded

function delOch) and a "Get Protected Mode Interface" call
(Int 67h, function deOlh)}in accordance with a presently

25 preferred embodiment of the present invention is included as
Appendix A. An exemplary implementation ‘of a VIVO driver
510 which intercepts only the "Get Protected Mode Interface"
call -(Int 67h, function dé01h) is included as Appendix A to
the parent application, U.S. Patent Application Serial No.

30 98/712,363, the contents of which are hereby incorporated by

reference.

_ The installation and operation of the present

1nvent10n is described with reference to the flowcharts in

Figures 6-8. As shown in Figure 6, at boot-time, in the

35 exémplary embodiment of the present invention, an MS-DOS

T 1n1t1allzatlon program (e.g., ssinit.com) allocates a

LN

predetermlned amount of the extended memory area 114 above




menory- for the DOS extender application and (tenporarily) 25 sw tching back
to real - nodeW98824}i ce DOS i nterrupts and DOS operating systgﬁ?‘@ﬁ’f@% 2
Whenever a VCPI far call is nade, an interrupt entry is nade in | DT 418 by
VIVO driver 510. Wth this conpl etedr #&vice virtualization (e.g., 30
hardware virtualization) services are available to the DOS extender's

pr ot ect ed- notlhe alPhi t36 i WRipg P Extanded Inemory {(¥MShokmeerB@eer eal - node

prograns (i. driyvegL, |6 ac ' &hen hR0sgnder DOS
ext ender), afeg?%%ﬂggo_é§5étéﬁobiéi za?ﬁéggg§g£%%f$§§%refe%%ggbgn%gdinent
of the invenssinittaemsspitalple fEPT HES il thChR (REPSPRE cCHIERREYORNES t he

DOS ext endery 181 Iggg@;ggcbfromé dersd rmined 28mouESSE | eflowit h
respect to F%§%¥§H$4 %ﬁé%%ad of Iching??%%ﬁDCéngﬁ?zndergg | DT 418 gﬁg}ng
any VCPI Barimafhe; frefRERTY © HeRh 9% FRR(REGSTRY  HRYRUELPR hgS the

i ntercept of g§he YEPLhe SYR it t protetiesd atbdddesdeatilél ntaddbribnatiion -
deOch). 5 In,the Figure enbodi men t he V]l V! Lhterc | nt
67h calls tolﬁoﬁp?ogx%ﬁﬁiaEYd?&hggﬂ%??%1t h%y§1%$g$%§%rﬁ%§o#£eféngigw

Prot ect ed MotRel at MeGabyeé bauhdary. pdEiseémg thée¢ alhecated| membryct bging t he
default VCPI n r [ r danc | e 1

enbodi nent (Eﬁ%ugggﬁ?{%ﬁ%é‘g‘r , f%‘hgo%% %%%e%?%tygﬁ%s‘;?%%stgﬁegﬁsw tch
to Protedledsawed: call. If this call is nade, the DOS extender |DT 418 is

pat ched then, and cont gghsbgueaespd tRe t B6a&ckybay VaE thangkesentn the
Figure 7 enbodi nent, the .extender's DI 15 4%& was gatc gd durlgg VCP
B2’ BOBF

far calls si AR¥ePEiQRSIRNEARLIEAI AL RRP LR PRCPEJSHEEREN! ext
woul d be i nvpkdrg, hBestepeensd.t heppebpridiéoshunpeel yret Radenyanbotheas

exoout e codcPEPLEFEENERENF: EHEL R b0 of of X Bd RERE baP T oer or EOaRy L0CRI 1 ar
call's arasnmatbe AssacieteftharfeaDOorxseftears éppertaptopocUebuoggnerate
an 1/0 re'atﬁﬁrkg%§$rEBttﬁ¥995-9§€9&%r%ﬂ8e¥%ﬂ%%??§§§ﬂﬁ%§§.5§ﬁ8#¥?ﬁ§%8 DOS

extender | DT pa n-accordance with the inv .Accor
accordance winemorie ahbstERehl425 BF Ipgneeed thak gipcecbhe wRkeyTups

dynami ¢ DCS gykeBdehg! P @8hehabetréepibeetteaimsub! Chve®, PERECGRERDdE.
It will be appreciate ose skilled. in the ar

: d by. th t. that.the ext ender
nmust nmake a SS%WPEﬁStérPrBiﬂeYédaﬁﬁa ablg) png; cpR ke 6ﬁﬁﬁlBEg§§BYéﬁ§mbf t he

DOS ext emder progecapd-modei opecattngusgstéthen10heibhbuexespliécities this

call, it is exeguting in Vi | e A systeml s protected
node contextpﬁfg?rgfgg e ggggzcgggﬁggggtﬁ%agmﬁpgﬁaP%ﬂghe DOS extender's
prot ected node, the DOBozget epgeiféaaliyt het&pp| 61At anflaéd4vRiel nt 67h

(function 35 deQeh) 1 sBbashePsB8izowand provides the VCPl interface with a

list of paraneterS that i|Indicate what the DOS extender's. .,
The protected-mode code file embodying the present

25 invention is opened ard a 1 k-byte portion of the code is
loaded into local memory. In the exemplary embodiment of
the present invention, this first portion of the code is

~ loaded because it has variables that need to be initialized
at predetermined offsets which can only be determined at

30 this stage of loading the program (e.g., configuration

parameters) .

. Next, the VCPI "Switch to Protected Mode" call

(Int 67h handler, function deOch) and the VCPI "Get

Protected Mode-Interface" call (Int 67h, function deOlh) is
35 invoked.: Three selectors and an entry point offset for the

"Get Protected Mode Interface" call are returned. The three

selectors and the entry point offset are copied into a

e e



protected node context is to be and where to begin executing - 24 -

prot ect ed node code under the DOS extender's protected nbde context, at
step 814. Morwospsriérfically, the DOS extender provides to thePQTRISIBR&Page
Directory address, GDT and | DT addresses, LDT address, TSS (Task State
Segnent), and 5 protected node programidxecution address. This is all the

i nformation that the VIVO Int 67h intercept code needs to be able to
successful ly E%Ei%'&e&rh&n@@soﬁfbeﬂdm ShéDflﬂslB pbrsien 6ﬁ6thef pretetteder

t t t ted d Th VCP
dontrol ot sPeBeseedht: cPLES FRE TRURFRRt ~RInoPRPercap: & BREYi8hLEE, the,
the DOS ext emgepDOS h.BItnalpxzapeohycpdechsdcow.eﬂ inte eopp&éebarmdaﬁﬂce

[ | [ d ' bl
virtalizatl gaelg, 5P0g§£txgg§§tv bbLUabhZgE! PR BELYLEESa2hSEaBVRLLAR! € 1O

the DOS extef applcalonBogramaswe as to the
nor mal DOS r Salismreferencedgpartion. ef theWMSdPP§einitbalizatdessicode by

programs rungifg ;yadel LDaenexhepder fheafdssbéﬁ §ﬁ@t15ﬁ]1§9€1§ﬁbega@9m of

Figure. 8, because the extender is askin

to ap a_new
prot ect ed nDdSIAEHEELS, aPﬁetBGSPEQFEHHEQ‘WBg? F@flP tF@ o g%éﬁ‘Pltaﬁ'Xt 20
context is. Agfpidiedicy, will 1paseastbhrn¥ePvheraong 9khbeshuse hieadis the

foll h | d f th Di t
o P el lans SnarenSpEadssPan fERal by ohaRTvBLASR B2t §ifl tep
814. Thegg angeTmive Gelilvetrn10l ¥6 dommenichtehe invention where 25 the

ext ender's GDT and IDTN%I%C%'V%S gggg&ag 5:\‘.18\0{' thtggeb%%ggﬁeggs %Dd#e

Directory at step 816 FrVver=can access exten er's
and patch it is tdopiled dmioophieardlocated estended: memar¥Fmilcadi-on UEddE ath

particul ar, the VIVOdr| r of e _Figure 8 30 _engbodi nent perfor t he

fol | owing st &¥S AntE cé tﬁgﬂ"htﬁﬁe TREE Oft gﬁ&eprg ) g (r,aset €48 vo
driver intenumﬁaayﬂﬁgtfﬂe ﬁhwmmmndnﬂeﬁcho@smﬁtcbphedpuntecEx&andﬁ@ t he
VI VO dr|v t hen svvltcr%%‘%!f %ﬁep&g §§or s page directory to that of the DGOS

extender MRS e DOS extender 35 in the VCPI call. Thi s
allows the VIVO driver Neaqor@p@rllynee@eegdmeseesf@m shecProteptesmadsr a

run-tine. Th%%t%%%@/%r é'te *&%fa %%%& EDT582 0l fanat &nb%n%tlr as atam&ss

al ready een nm I nto DOS extender' s it checks

to see i f thdoke|ths cﬁa%t]%?qcﬁotrﬂe B@Sn@xtséﬁ‘&@f”rg P8 lll"?&l% are
appropri ate eiBtairdn tdiR Vet endpir'ct e GREA-widideh ind ttiha 1GAT ient prddrsm

Todo 1 nt 65 acte 1% ot (F Y EHEERTIR iderPATog ERGr e PSS T e nder s
| DT entry dO%&%s@Bétuhé)raltﬂ&a%@de%&ren@@as Megorfat Tt RedDIB XL Hriwker ' S
GDT entry, the VIVO driver's code seFrch hveical address
addresses, as well as the Page Directory phy ’
are passed thereto. An exemplary implementation of the
DOSAGW executable suitable’ for use with the present
25 invention is included as Appendix C.

The functions of the protected-mode initialization
program, in the exemplary embodiment of loading the present
invention, are to:

1) Make three entries at the top of the

30 protected mode operating system's GDT 320. The first entry
is a 32-bit code selector with a linear address based at the
.bééinning of the allocated Extended Memory. The second
entry is a—-data selector to alias the first entry. The
third entry is a 32-bit data selector that is based at

35 liﬁear address 0 and has a maximum size (or limit).

e 2) Save the selector base of the entries made in
step 1.




the DOS extender's GDT to find out what sel ector value 10 corrgﬁw%ﬁ
t he VI VO enuMQ $¥¥028ode and then makes the appropriate DOS ext

entry using the selector value. The VIVO driver then switches the processor
page directory back to that of the systdns protected node context and
junps to the real VCPI switch call (step 818). The patched 15 DOS ext ender
| DT may now be used at3jtepMske ap entiyt dntie tihey inrotaatedt MEAR t he
interrupt to b nera hus i e ¢ QlidrRit el anebS) . t he
startup of ac?&gggﬁénégrgti%g rllgmlrngg':gl y~de$]g§ct ed Eoyﬁ{mdrﬁ%rb?% 7'\{he V%PI

cal | s and dyTaiscuetyopauseen§hehsebectoy dasen&aved |Ia3pevheRi @ st art up

i's detected. CgEdapes Wihhthiae esahpdiafntendfodinttite, &HARMED deneAY,
t he VI VO dri?/%fsggn ?nges t\(l)er,ecei ve t he \?gln far calls even though it does

not pat ch5t pobes &Rt ERBeP2sPABTCPER)at the time of the far call. This is
necessary 25 because thg DOSav¥! ehdebrdeiindlnarsel T diand Y8 wattoes) when

t he DOS ext ender makes_t he M%EIF ta%teggl%%%{tgoda ede é@ee{gg&echggl | . A far

call is still necessar? SO arantee a ~nhonme" in the
DOS ext ender opeEBtiAg0sysitent'ise IDT SaBofor odatawté Be (ke etht n6The DOS 30
extender's GDI 420, th P | Gatd VESLEE to
the stored d¥9FEETAmul %Q%v%’é&.g@gﬁ]sce} t esescé?'e %%%ﬂ% et edpr o%ect ed
node " poilot ewitht ant béfeeri ©f ehdhdt i Ghecdnt GhdEnrdkeDONESY epRer eptry

given these Le§ndiReNg RS ¢ @adrotected Mode Interface” call, the 35
DOS ext enderﬁggﬁgotinbg grevent ed frc??; calling the VIVO driver when it
I

thinks it is making VCA) farfhes| Feiugmeontrahdterehte MRdPbodi nent, the
VI VO TSR 5204 0piikais20aidh progrd -(Agpedds te. to Protected Mode" and
"Get Protected-Mde | n%erf e" | | ids ;E&;-SFVJ VQ: drj ver 5112 é’f: %Pgmpr esent

i nvention, like other déVi&eYdri =Y SRt 23ERTR BEP9ETe services
5 for handwakerimiingtiespt lemnirgy a HeldatEivelihesmalD program5ie memory --
accordance with the present | t, S r i rent t S V5- DOS
devi ce dri veF?Qgﬁ:&rePSﬁ?. o"r"legx\légsprrp‘%l’ie)&f1 \{%eéjrr{é%r%rssfé 'esihglg?lt%&ggg%gt abl e code
of the VI VO teicharighe0 off ltdsering:sefSR e memery anpper Fahbral §ZrE3PHe

above the 1 W3 10T Y5 Sl DY chiin HMcRASque Ao StEBset Be V1 VO

driver 510 d - conpete for valuable nenory space with standard Ms-DOS
prograns andosgi@aryedkdd krity e At TSRs. Moreover, the VIVO driver 510
is not liggted to the @dKwHstsf aiheorTmd &7hypandledegnteydr ther vavbow ng

Lsef ul when, SEdeh aal s o PRI Tepe i ar corhvatal SouPRR Eedh, Ko
Conmmer ci al  Enthedi 30318 clowrelntt et repth &7 mese thatctbedhnokswerk presgot
o Erors. | B et pE R Lt Ldn SUNGRCaRE £ct) conbRtonaldcd ¥ vos
extenders 410 when they }nitialize. It is noted that
25 Interrupt 67h is a contrpl function interface to the EMS 118
and VCPI 314. This Intefrupt 67h handler (VIVO driver 510)
and VIVO TSR 520 act upon VCPI functions, and then pass
' control to the normal Interrupt 67h handler installed by the
protected-mode operating system.
30 At this point, the protected-mode operating system
310 is configured such that hardware virtualization is
~available to all real-mode programs and drivers. There are
also now hooks in place to allow for the extension of the
device virtualization service to applications running under
35 DOS extenders. It is noted that, in the exemplary
embodiment of the present invention, although the hooks are
-: put_in place during boot time, the extension of the device

piS



I's used to performthe function of hardware which previously existed on a
sound card. By replacing the hardware with a VIVO driver, thepbgﬂfs@smlm
consuned and‘%%g?/ G# the sound card 25 are si gnificantly reduced. In
operation, when an application requests access to the sound card, the
request is directly processed by the VIO driver and the functionality of
that hardware elenent is performed in softﬁre rat her than har hi s

war T
i s possi bl e, viiertpadd zatd ofe S8 e SONBPHLAERELPBR FIBPIPPLBESS! @Oﬁe. g.,
Pentium are.ge-paweil ls idaaiplidted bypiraattymbaveThdssideaablimpodtenti me .
whi ch can be used to execute the VLVO driver wh{[%h ggpgi Ewlsi %ﬁean
appl i cati on, afPeREuCEa PEESSNE JOVEPCLRNPREPTREC 4SS r% processing. This
is only one grauphe Ghvemwidm tdve aveddomaayVb¥Otlei deawpacksdof Sbestanti al
advantages to not anly optimn zi conventional nenory space but al so -
27 - optim zquhgrﬁyfg%z’ﬁ?@&%g of an auxiliary conputer card. In
particular, in the comigr disnafiefodihasnt althoaghashe akovendgscEdped to

address the rd s e dr 653 nePacCeombenhakkilon 220h
t hrough 22f h?%g‘%q?%qls%%gﬁe%t ed%%oA?eg:jerég%I t, t ﬁngI V8 dri verl erforns

functional enleaMSOPQF indrticid 2afi@RaPEogral 04 FheePratRGE MR8 ar d

(e.g., the Squpd iBliaSIRdod HFRARMSEH anl A0 rernate 2ntboddwenty @it aifn |/ O
reads, the handler alters th

r e hardware 1/0 return valu I Ot I ntel 386,
regi ster @X)thelewlﬁfld&a‘i’cP%?{ﬂ%tém&s ﬁ%‘ﬁ?&ﬁ%?%?h%r g@eﬁ?& of the
hardwar e in tikf tSat et i9m qerddmne arare bel glerdorodidnioyt thie protgctednt
i nvention optionally. . alters the C or egist S emd hHeS necessary
that the NV MBS (it R AR AR RRGIEEM: 4 15 S y%rPd| }tg‘vtﬁ r’”fg fbk(ljessfaul ting 1/0
instruction. ifitialization Abxduxagh (&Jgst Aprenddad Ele@sdseFaBP@FS @1 h
reference to certain specific ean?di nents,. esent_.inventi.on is

the
nevert hel ess 8363 RIFRRFED 1R %H@Petdtﬁ:etcﬂé“ AP AR A her
various npsli fhesgraans e hextrpal epdranidtedeitsidhe widdli-made akdyessamf range
of equivalents of .the 20. claj . A rt s rs : Idd f
the inventi or@"?iogrh%&%‘ipq%?at cl:é;\l\r}'sejln |10I{]nq}r#§y e tltrﬂll;%éi{rlelggbttyﬂﬁiaﬁmcgﬁea“gr
software interrupts. ThegayPRENGIDC) the VIVO code of the pxesqnt 997

Ensoni q ; Thi C ' i il o | dPrriRptdhe
Dee and wn ciEilen SOREAE 0 e A e o Lot he
envi ronment . INVREGRE 6 ThArandler | 18RI IIRS WiddhI BEEEEERAT (8 ¢ and

DVA handl £§S #D5wd¥Erts SSHPFiGoEEs W Nauf@DRE, | NCLUDE v i nc
In a first embodiment of the invention, as shown
in Figure 7, after having established the VIVO TSR 520, it
is triggered when, at run time, the DOS extender 410 calls
' the VCPI "Get Protected-Mode Interface" function, at step
25 712, via Int 67h. At tﬁis point, the DOS extender 410,
initially in real-mode, expects to acquire the protected-
mode far-call entry point to the VCPI 314. This entry point
is used by the protecteé-mode operating system created by
the DOS extender 410 to communicate directly with the VCPI
30 314 without invoking software interrupts and without
switching to real mode. However, the VIVO TSR 520 of the
"~ present invention, having been passed control indirectly, by
‘the VIVO driver 510, at this point gives the Dqghextender
410 an entry point to the VIVO driver 510, at step 714. It
35 is noted that, in this embodiment of the present invention,
" the VIVO TSR 520 relies on the presence of a VCPI 314, or
““equivalent thereof, for cooperation with DOS extenders 410.




| NCLUDE debug.inc | NCLUDE vpicd.inc | NCLUDE vdmad. i nc | NCLUDE sndsc%% 4rm

EXTERN gpSS| ‘WOMBB4EXTERN HARDWARE PhysMemiite: NEAR EXTERN PCT/US98/26072

Di sabl eBusMast er: NEAR EXTERN Enabl eBusMast er: NEAR PUBLI C Active Count

PUBLI C NM Servi ce PUBLI C | RQServi ce PuBREC-Pi cFl ags PUBLI C DmaFl ags PUBLI C

DacFl ags PUBLI C Shl Fl ags PUBLI C MouFl ags PUBLI C Shl Stereo PUBLIC Shl TC ELSE
. MODEL fl at | FDEF DOS_DEBUS-dRling DirE teSxtfiRieC SoPPuwrileh FQJBLEPIU-UﬁFB@SQt

b %%&%&“‘%m & AR sy Ve ety

_synth_set Nrpaﬁnwmemrextemﬁnc@& w@mm sYirough dere: VREAR

EXTERN _synt t%ﬁ? &t B  MISR) s BY TR B DOS extender
num active_ ces éﬁﬁi?ggﬁéﬁ?nlarray BYTE | FNDEF W N,_CODE = TEXT

SEGVENT ASSUME.G gnalics e se SYCRA O fares) koot Hres EXBFER | FRDEE YR PPPE
;NMentry poiple{igde s tHFPCOY ré'@@c@éddw@d@ @@ﬂtegtanzxisswbhdawnenmw

|nsert any co data before this C|e nt
67h entry poﬁmvché??élvelék?botﬁnf'?gcég'?%mrc?ée VéE@Qfar Mest hakes itg

own interrupt vector entries into the DOS extender's

protected-mode operating system IDT 418, at step 716,

10 similar to that which was done for the native protected-mode
operating system 310. After making the appropriate entries,
the VIVO driver 510 then passes control to the actual VCPI
314 via the,previousl& saved VCPI protected-mode far-call
entry point, at step 718.

15 More specifically, steps 714, 716 and 718 are
accomplished as follows: '

The VIVO driver 510 intercepts the Get Protected-
Mode Interface call at the Int 67h entry point (all other
Int 67h calls are passed through to the default handler).

20 The VIVO driver 510 saves the real-mode return address for
the DOS extender 410 into the shared data space. It then
changes the real-mode return address (stored on the
processor stack) so that; when the actual VCPI service
completes, control will pass to the VIVO TSR 520. So,

25 'éSséntialiy, all Int 67h calls still get processed by the
default handler except a "Get Protected-Mode Interface" call
causes the changé of the real-mode return address, by the
VIVO driver 510, prior to being processed by the default
handler. - )

30 It is noted that, in an alternate embodiment, the

. function of intercepting the initial Int €7h call from the

. DOS extender 410 may be performed by VIVO TSR 520. This may

., be problematic, however, because when the present invention
. " runs under a memory manager, such as QEMM by Quarterdeck .

35 Office Systems, the memory manager does not pass the VCPI

~ Int 67h calls through the DOS Interrupt Vector Table, but
rather, fields all VCPI Int 67h calls in protected mode via

oA




jmp INT67Service ALIGN 4 ; VCPI entry point here - skip to its service jnp
Vcpi Service ALIGN 4 jnp DebugService ; VCPI and hardware conflg dat a her
all other damosaesmsd ALI GN 4 PUBLI C _programap_map_ptr CTIOS9828072°

_progranmap_map_ptr DD ? PUBLI C drunmmap_map_ptr _drummap_nap_ptr

DD ? -PUBLIC _programmap_array_ptr _prodeam map_array_ptr DD ? PUBLIC
_drummap_array_ptr _drummap_array_ptr DD ? PUBLIC

_program arr ghePtipT @i®ram array _ptr DD ? PUBLIC ws_array_ptr
_Ws_array_ptr As shdgm) ’-’%@lﬂ{g@mﬂa&e%{yﬁr@gg@t& the "Get

_category_array_ptr chelcksum arra
_checksum ar p&y:trddted -Mode mt:mﬂa&e’t calalve Grerohdex t'ahmayp@wed to

_wave_desc_i g 5;19; vggf&;l ; WRVE SOSEL kP! OrTIRE INAYR Pt 514
wave descrlpt array BLIC waveData ptr__\WaveData ptr
DD ? Dired Amnmonmll RN tt1e MY T ddress, ogp thophdr TeR

DD ? PT1GPtr 2 tr 5
Pshar edDat a > ,)A\;gg&@ PR a}@af@ﬁ@(@@ﬁ/m%rwén EB:6p DLR( ?)

v
DD ? VB6Fi x the DOS mn@mqﬁqﬁf% %D\B{ﬁ@%%% 5200k 00,20 VeSpguent
67Uk ad#i A BRLGAGE entridf o \ARENtny VIVO &ADEAr FYCROLNEUAL IS

sect i one. - #ithin TRERAS preendsils pioreltedihodPEOM Sl (7 one vIyo

?, ?, 7, 0 TSK,52) ther?, cépies the three-selectors- belng paaaeqﬂoback to

separ ate the%% S%é Uk ender 410° 1Y L RVBs Kred DBafa space as well as
the VCPI far call entry offset. Next, the VIVO TSR 520
copies its own three selectors (described above) into the
DOS extender's return data space. It then alters the VCPI

15 entry offset (in register ebx) to 16, which is the offset
into the VIVO driver 510 for the VCPI far can intercept.
Finally, it returns control to the original real-mode return
address (the DOS extender 410) saved above in the shared
data space.

20 At this p01nt all VCPI far calls made by the DOS
extender 410 now pass control to the VIVO driver 510 within
the context of the DOS extender's new protected-mode
operating system. These calls include allocating extended
memory for the DOS extend?r application and (temporarily)

25 switching back to real-mode to service DOS interrupts and
DOS operating system calls. Whenever a VCPI far call is
made, an interrupt entry is made in IDT 418 by VIVO driver
510. :

With this completed, device virtualization (e.g.,

‘30 hardware virtualization) services are available to the DOS
. extender s protected-mode application program as well as to
the normal DOS real-mode programs (i.e., VIVO driver 510 is

accessible by programs running under DOS extender), at step
720.

'35 In a presently preferred embodiment of the

B 1nvent10n, the strategy for making the actual patch entry

A - _..—,o

into the DOS extender's IDT 41B is changed from that just

&
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Wavel RQvect or DB ? WaveSpecEQ DB ? ENDIF ; the NM ISR

front - end/ backO8%&2bde . . . NM Service: push ecx ;Psf"é'{//‘ésgrsggos-',z
setup ds and dfg ptr push ds nov ecx, cs add ecx, 08h nov ds, ecx push
ebx -30- push edx push esi nmov - é%,~eax nov EaxSave, eax nov

esi, gpSSI SAVE_FRAME EQJ 20 ; Read the NM-status port. The format of thls
WORD T egi st erdéseribadwi Bl Tespectpig EigureAlprR Gstepd ofypatching the

STATUS ;
S s iafos}\%,g,ged;ée[st Ofb0% 137 iy DYt Eha0Qanl shiledodpd?, DI

s the dévi encode,
of fset, : w ithe ipatgh tis awétsé%%aq |P£@-’f°&'m$d ag & gt%éql?ﬁréﬁ%ﬁn ‘?@gl
flag. mov  d¥gydEst - é&lﬂﬂ%&g@mm@aml adsht 6fih, cm@ww FLIKFF

; read the status reg)ster cal sabl eB

Ve in ax,
Enabl eBusMBstd the(Figxs 1/ emb"%lment the %tﬁ;o cioed:? & ay&rlmrf?gts
SHORT NM Exi typt 67h calls to ivormimee; WoE1 stambup srbieidy by

é)| fgpénﬁt atus rl%%g% ©%e Siget Proteqted Made Intezéfdérée'd eé(ngncodle

non ess/ Its and
eax, 0000001cf‘pa351ng all othemﬁﬁd:]csf fdimeetday tonddue dgfianlipWCPEax,

De TabI _FMQ%E
X Jvurrp Sge?)ﬁb’%ﬁ%prl ajfe serw C%Q’E( Hﬁl&f‘e ?%dém ['es] . ssi X [eax+edx]

w OAddr es3Conemvodimert (wm@wmcafﬁwmtﬂthe VIVO 'cqds kiR Wakches

assertion Outjforﬁ(’j,x%ea*swftch &b . Pﬁi&bcted Mode" call. If tneseetcaystem NM
| at ch and

out 3h
nov eax, Ea&%vethe DOS extenc?er IDT 41§e’s§ (;?%:&é%@a\'r}&p Igcgtc?)la rol a
edx is passed to the default VCPI handler.

In the Figure 7 embodiment, the DOS extender's IDT
15 418 was patched during VCPI far calls since it was known
that the DOS extender's'protected mode context would be
invoked at the time of the call. Uqfortunately, the
inventor has found that, under some circumstances, the DOS
extender's application can execute code after the switch to
20. protected mode but before any VCPI far calls are made. As a
result, the DOS extender's application could generate an I/0
related interrupt event before the VIVO ccde makes its
dynamic DOS extender IDT batch in accordance with the
invention. Accordingly, in accordance with the embodiment
25 of Figure 8, the VIVO code makes. its dynamic DOS extender
IDT patch before the first switch to protected mode.
It will be appreciated by those skilled in the art
'thét-the DOS extender mu%; make a "Switch to Protected Mode"
call at least once before any of the DOS extender's
30 .application code runs. When the DOS extender makes this
:_ call, it is executing in virtual 8086 mode and under the
o _system's protected mode context (IDT 318, GDT 320). To make
”,'thé switch to the DOS extender's protected mode, the DOS
" extender calls the VCPI interface via Int 67h (function
'35 deOch), at step 812, and provides the VCPI interface with a
-~ list of parameters that indicate what the DOS extender's,
'_p;thcted mode context is to be and where to begin executing




pop ebx pop ds pop ecx iretd MpubDataR LABEL NEAR nov al , MouDat a nov
BYTE PTR EaxSave, al btr MouFl ags, MPU _FLAG DPEND j c SHORT mdrno or
MpuSt at , 80h W 99/30341 Exi t ndr no: nov al , MouTenp-cal |  MpuPutHoIVEs9s2REe72

NM Exit MouDat aW LABEL NEAR ; nov ah, Odh ;nmov al,cl ;call DbPutl1l6 bt

MpuFl ags, MPUFLAGDQUT j nc ndwexit ;- parse MDI data here and accunul ate a
nmessage -31- test «cl, 80h jnz mdwst at cnp BYTE PTR M di Message,

OFCh jae ”ﬁ&%%bbtéarmod@d&oaéxuﬁaér tﬂé ﬁbﬁ'@kﬁéﬁﬁgEV g?XEECBEB mode
M di Message[ edx], cl c dl
0lh ; At thi§° FﬁF mé—h§§épa@&ﬁnuI§PE8 ﬁPPEFFlﬁPEﬂYWEEESQQOS p¥tendern eax

“and Sass it b@o&ﬁﬂe&YﬁbhthEhVCPQgggb Phgk Derects addresd31G§@4and IDT
d23-d16
DATAL - d%f&?éés ot Rg8F$8€buﬂ?Bzg%aﬁFsStagﬁuﬁﬁaﬁgnEbu EEQG SYNTHON

jc SHORT pirdtekcitedomode puogzeni egcvotien, 2ddeekk. SyhtkOismadtakhe nov
ecx, ds MoV s i3RLhSi oS RnlRY theSoR0bThe" 69R TRYercBB: CBEETLeBhECKoR™Y
ss, ecx push “eS mov €s, ecx ¢

able to successfully patch the DOS extender's IDT 418 at

step 816 before it ever gets into protected mode. The real

VCPI switch handler is only given control at step 818 after

10 the VIVO Int 67h intercept code is sure that the DOS
extender's IDT is pro?erly patched. With this completed,
device virtualization (e.g., hardware virtualization)

services are available to the DOS extender's protected-mode
application program as -well as to the normal DOS real-mode
15 programs (i.e., VIVO driver 510 is accessible by programs

running under DOS extender), at step 820.
_ . In the embodiment of Figure 8, because the DOS
extender is asking the VCPI to apply a new protected mode
context, the DOS extender must tell the VCPI what that
20 context is. Accordingly, it passes the VCPI (among others)
at least the following: physical address of the Page
Directory, linear address and size of the DOS extender's GDT
and the DOS extender s IDT, and the like, at step 814.
These arguments tell the VIVO driver of the invention where
25 the DOS extender's GDT and IDT are. By temporarily
switching the processor's Page Directory at step 816, the
VIVO driver can access the DOS extender's IDT and patch it
with the appropriate vector to the stored emulation code.
In particular, the VIVO driver of the Figure 8
30 'embodiment performs the following steps at step 816 to patch
_'the DOS extender's IDT. Once the VIVO driver intercepts Int
67h, function deOch (switch to protected mode), the VIVO
driver then switches the processor's page directory to that
of the DOS extender, which was speéified by the DOS extender
35 in the VCPI call. This allows the VIVO driver to properly
' “aécess the DOS extender's GDT and IDT at run-time. The VIVO
driver then checks to see if its IDT entries have already




push NIlebssa e ca _synth_process_M DI add esp,4 pop 'éﬁd§a¥ﬁW¥&it

esp, SpSave J EX|t nmdwnor e: inc dl nmov M di CurrC, dl

; got a M DI status byte . . . ndwstat: cnp cl,O0f Oh jae SHORT mdwsyst
mov  BYTE PTR M di Message, cl m)v -M2§ CurrC, 01h mov  al,02h mov  dl, cl
and dl, CeCh cnp dl,CcOnh jn SHORT ndwncf x dec al mdwncfx: nov

M di Dat aC, al beep magdl EREP hﬁﬁs?@ﬁ exfigndey|' soffldT | adf SSGHORE RIVRSHE WV

BYTE PTR M d s | R
Wpustat nEve LBVTRELFRIEETCE ehtpy, 1BILRE DO i"ﬁt@@%ﬁ%q%ﬁrﬁw EXEEL

NEAR . mov ahingépatesythe aPPTOPXRALELPALIYs 1&11‘}“& 085 7% nr s
or NbuStat 8QRhibhr is MiaFGags elPyFLAGLDEENR HM@taﬂmnﬂqxntbPﬁﬂélﬁmﬁB DOUT
bt r MouFl ags, MPU FLAG_UART_ | aI
MpuPut Dat & newkgRAST' BOGQ'yrnf’Hegh&P&om @F\Iﬁn P(?ro%e@%? &difdirace is
called by the DOS extender. If either the DOS extender's
IDT entry does not exist, or the selector does not match the
DOS extender's GDT entry, the VIVO driver's code searches
the DOS extender's GDT to find out what selector value
10 corresponds to the VIVO emulation code and then makes the
appropriate DOS extender IDT entry using the selector value.
The VIVO driver then switches the processor page directory
back to that of the system’s protected mode context and
jumps to the real VCPI switch call (step 818). The patched
15 DOS extender IDT may now be used at step 820 to emulate the
device that caused the interrupt to be generated.

Thus, in the embodiments of Figures 7 and 8, the
startup of a DOS extender is dynamically detected by
monitoring the VCPI calls and dynamically patching the DOS

20 extender's IDT when such startup is detected.

In accordance with the embodiment of Figure 8
(Appendix A), the VIVO driver continues to receive the VCPI
far calls even though ft does not patch the DOS extender's
IDT 418 at the time of the far call. This is necessary

25 because the DOS extendgr gets the selectors (GDT entries)
when the DOS extender makes the VCPI "Get Protected Mode
Interface” call. A far call is still necessary so that the
selectors are guaranteed a "home" in the DOS extender's GDT
420. If the selectors could not be placed in the DOS

30 extender's GDT 420, the DOS extender's application could
never vector to the stored device emulation code since these

~selectors are the protected mode "pointers" to the device
emulation code. Since the DOS extender is given these
entries during the "Get Protected Mode Interface" call, the

35 -DOS extender cannot be prevented from calling the VIVO
driver when it thinks it is making VCPI far calls. Hence,
in the preferred embodiment, the VIVO TSR 520 monitors both




gDv y ecx, ds nov Ssof fset, esp nov Sssel ector, ss nov esp, OFFSET

t ackTop nov Ss, ecx push es nov es,ecx cld push Of fffff s9%,
_synth_all nW ’%’H add esp, 4 nov ActiveCount, O btr b 6072
MpuFl ags, MPU_FLAG _SYNTHON cal | Syntthf caII _synth_relnit_voices pop

es |ss esp, SpSave j np NM Exit ncwnd: ~ MpuFl ags, MPU_FLAG UART | nc

SHORT ntcwi nt j np NM EXit ncwnt: | handle intelligent no C nds her
- ack first vbe "SwitghegocBrrtefpaputedes Eﬁﬂ "GEFggFﬂtFﬁg d'%gggT WDMNes

bt s MpuFl %ﬁteyggcghAgay@aT ncwdoe: bts MpuFl ags, MPU_FLAG DOUT bts

MpuFl ags, FLAG_SYNTHON N n1act|ve Vol e no
Act i veCount , 400 cal | N@ﬁo %%1veﬂwg%§|9f"§ﬁeP 9§VS§5§%n dixe
SHORT ncwr evoﬂ‘ﬁér dh‘btﬁ%ﬁﬂrﬂz’éhsbhad Tm;sFl aggleMEUtELAMNDeJ ﬁprVJ-NHSEm t

VP FLAG, BPERBY] HAEvREAHRE SRER FURRES - CFoBPURE(ppbie YRV BrivER! 5180,

ncwdoe jnp ifMaExotcdance with the present 1nvent10n is dlfferent than
gtandard MS-DOS device drivers and TSRs. For example, the

memory-resident, executable code of the VIVO driver 510 of
the present invention can permanently reside above the 1 MB

10 wmemory boundary and above the HMA 116. As such, the VIVO
driver 510 does not compete for valuable memory space with
standard MS-DOS programs and other device drivers and TSRs.
Moreover, the VIVO driver 510 is not limited to the 64K
restriction of a typical device driver allowing for

15 applications significantly larger than 64K which is
particularly useful when, for example, one desires to
emulate hardware with software.

Commercial Embodiment
A commercial embodiment in accordance with the
20 present invention is the Ensoniq® Soundscape™ sound card
VIVO drivers. In this commercial embodiment, a VIVO driver
 is used to perform the function of hardware which previously
existed on a sound card. By replacing the hardware with a
VIVO driver, the space consumed and cost of the sound card
25 are significantly reduced. In operation, when an
application requests access to the sound card, the request
is directly processed by the VIVO driver and the
functionality of that hardware element is performed in
software rather than hardware. This is possible, in part,

"

30 because present generation mit¢roprocessors (e.g., Pentium)

are so powerful that they typically have considerable idle

time which can be used to execute the VIVO driver, which

appears like an application, without a noticeable delay in

other necessary processing. This is only one example of how
35 the use of a VIVO driver provides substantial advantages to
- nBELénly optimizing conventional memory space but also




-33- HostStatR LABEL NEAR nov  BYTE PTR EaxSave, 02h jnp  NM Exj drR
LABEL NEAR MRP944! odaddr mov  BYTE PTR- EaxSave, al | np Nké@%”% dr W
LABEL NEAR and cl,O0fh mov  QdAddr,cl_jmp NMExit QdDataR LABEL NEAR

nmov  al, OdAddr odr03: cnp al,03h Jr& -~ SHORT odr04 nov cl,

[esi.55| _Cdi eDVA] j np SHORT odrex odr04: cnp al , 04h jne SHORT odr 06
mov [eeptsaiztugethﬁ Sie angHOREto@feRTodBE:1 iRy CoNPWEH j¢rrd.
SHORT odr XX _nov g@@fﬂzu 1PHERE Qbnfne RA2MX emi¥dimeiit Cli OHEX:
nov BYTE PTR EaxSave c NM'Ex;i t CdDa M/LAB%% NEAR ,mov ah QdAddr
odw03: cnp aPHH1655¥Pﬁeatt§ﬂ©§F(5$M§§QE§F b the j np

NM EXi t OdV@ﬂocéﬁﬁor alyO4dgrieess spEddd] Qﬁb&@t& 22d1€8:lhﬁ'5i1 IQhZﬁIEr,] ,agl
JOan/ex NMsEX\.!ﬂtvx Ods gener;%tedah Q;Gha) Q:eesul%,l:”{n Piver per? ngél cl

functional emulation of various hardware previously -residing
on the card (e.g., the Sound Blaster) in response to I/0

writes and, during certain I/0 reads, the handler alters the
hardware I/0 return value (in the Intel 386, register EAX)

10 in order to emulate or virtualize the presence of the
hardware in the system. Since the commercial embodiment of
the present invention optionally alters the processor
register state, it is necessary that the NMI service routine
execute immediately following the faulting I/O instruction.

15 | Although illustrated and described above with
reference to certain specific embodiments, the present
invention is nevertheless not intended to be limited to the
details shown. Rather, various modifications may be made in
the details within the scope and range of equivélents of the

20 claims and without departing from the spirit of the
invention. For example, the invention may be triggered by
hardware or software interrupts.
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jmp NM Exit AdAddr R LABEL NEAR nov al , AdAddr nov BYTE Pﬁﬁ@@?ﬁ’\ﬁ al

j mp NM ExiwO 23034k W LABEL NEAR and cl, 7fh -34- test

SHORT aawns aawnt: ; node change bit is clear test AdAddr, 40h nov
AdAddr, cl jz NM Exit ; new node change cI ear btr

DacFl ags, DAC_FLAG ADPEND j nc NM Exit | rrp 8- ADDACStart aawns: ; node

change bit is set test AdAddr, 40h nov AdAddr, cl jnz NM Exi vo7 BEVL A
change enabl e | FNDEF WN CODE cal | OXEPBEEARO ENDIF cal | DACEPdp “Fes e
AdPi nCt1, 02h jnz NM Exit btr DacFLags, DAC- FLAG | NTENA j np NI\/I Exi t
AdDat aR LABEL NEAR npDWhis mpdudel Adulrainndhe I4p vOFtnaiiagten wlersaf-orom’fhj ne
SHORT adr 07 nov

b alANA , O7h | ne
SHORT adr 08 cnp AﬁDﬁég% g&g;ﬁeﬂi%ﬁ?q o‘é@lﬁaﬁ‘; EchiobR: 950 j ne
SHORT adrrc bts Drra fhbad}sr DB BOAG MASK adrrc: nov , AdDACVol R j nmp

SHORT adr ex adr 08: .586p

IFDEF WIN_CODE
INCLUDE vmm.inc
INCLUDE debug.inc
INCLUDE vpicd.inc
INCLUDE vdmad.inc
INCLUDE sndscape.inc

EXTERN gp5SI: DWORD

EXTERN HARDWERE_PhysMemwrite: NEAR
EXTERN DisableBusMaster: NEAR
EXTERN EnableBusMaster: NEAR

PUBLIC Active Count
PUBLIC NMIService
PUBLIC IRQService
PUBLIC PicFlags
PUBLIC DmaFlags
PUBLIC DacFlags
PUBLIC SblFlags
PUBLIC MpuFlags
PUBLIC SblStereo
PUBLIC SblTC
ELSE
.MODEL flat
IFDEF DOS_DEBUG
PUBLIC DbPuts8
PUBLIC DbPutlé
PUBLIC DbPut32
ENDIF¥
ENDIF

INCLUDE conc.inc
INCLUDE iohndlrs.inc

EXTERN _synth init: NEAR

EXTERN _synth process MIDI: NEAR
EXTERN _synth_all_notes_off: NEAR
EXTERN _synth_set MI32: NEAR
EXTERN _fm process: NEAR

EXTERN _synth update: NEAR
EXTERN _synth reinit_voices: NERR
EXTERN _MI32: BYTE

BXTERN _num_active voices: BYTE
EXTERN _fm array: BYTE

IFNDEF WIN_CODE
_TEXT  SEGMENT
ASSUME fs:NOTHING

ELSE
VxD_LOCKED_CODE_SEG
ENDIF

IFNDEF WIN_CODE

;NMI entry point here -~ jump over the hardware config and stub data
;DO NOT insert any code or data before this, dammit.
jmp NMISercie

ALIGN 4 ’
; Int 67h entry point here - skip to its service
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cnp OBthfgmz@HCRT adr09 nov  cl,AdFormat jnp  SHORT BGFESISZEPTO:

cnp 09h HORT adr Oa nov cl,AdConfig jnp SHORT adrex adr Ca:
chp I ,Oah j ne SHORT adr xx nov cl, AdPinCtl jnp SHORT adr ex adr xx:
xor . cl,cl adrex: nov BYTE PTR EaxSave, G19-j np NM Exit AdDat awW LABEL
NEAR nov al , AdAddr -35- and al,0f h adwo2: cnp al , 02h jne SHORT
adwo3 mov  AdCDVol Ljmgl nmmeé7seaticel shl al, 2 not al and al,7fh call
Set CDVol | np NM Exit advaS cnp al, 03h jne SHORT adwo6 nov AdCDVol R, cl
jmp NM Exit adwoé: ciy dode ﬂmsw@z iapGesdicObf h nov AdDAcVol L, cl
&R/IVE;E(‘!{ cl and al, 80hisp cpe,iae, igeot cl and cl,7fh or al,cl call SetDACVol jnp
i _
ALIGN 4

jmp DebugService

; VCPI and hardware config data here . . . all other data at end

ALIGN 4
PUBLIC _programmap_map __ptr
_programmap_] map_ptr DD ?
PUBLIC _drummap map_ptr
_drummap_! map_ptr DD ?
PUBLIC _program map_array ptr
_program map_array _ptr DD ?

PUBLIC _drummap_array __ptr
_drummap_array ] ptr DD
PUBLIC _program array _ptr
_program array _ptr DD
PUBLIC _ws_array ptr
_ws_array ptr DD ?
PUBLIC _category_array _ptr
_category_ array | ptr DD
PUBLIC _checksum array _ptr
_checksum_array /_ptr DD ?
PUBLIC _wave_desc_index array ptr
_wave_desc__ index_array _ptr DD ?
PUBLIC _wave_descriptor_array_ ptr
_wave descr:Lptor array ptr DD ?
PUBLIC _WaveData ptr
_WaveData_ptr DD ?

DirectAccess DD
PCIIRZVectoff DD
EMMPageDir DD
XMspaddrLo DD
PT1GPtr DD
ConcGentries DD 6 DUP(?}
VepiGentries DD 6 DUP (?)
PsharedData DD ?

o n) g e )

V8 6Gpmi LABEL QWORD

vVgoffset oD ?

VGSegment DD ? b

VBEFix LABEL QWORD g

VFoffset DD ? 4

VFSegment DD ?

Int67Link DF ?

DebugLink DF ?

VcpiEntry LABEL FWORD

VEoffset DD ? i

VEselector bW ? o

; --~do not separate these sectiong---—-=—===--=
HWconfig HW-CONF1G < OFFSET SynthBuffer, 2, 2, 2, 2, 2, 2, 2, 2, 2, %+ %

2, 2, 2?2, 2?2, 2>

; do not separate these sections~=----——-==
WaveIRQOMask DB

?
waveIRQVector DB ?
WaveSpecEOI DB ?
ENDIF
; the NMI ISR front-end/back-end code . . .
NMIService:
push = ecx ;save regs, setup ds and dfg ptr
push ds .
mov ecx,cs

add ecx,08h
mov ds, ecx
push ebx
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adwo7: cnp al,07h jne SHORT adw08 and cl, Obf h nov AdDACVol R, cl nB
NM Exit adwo@o smpzaal , 08h j ne SHORT adw09 test AdAddr,40h jz mﬂé? 6472 |
DACSt op nov AdFormat, cl nov Sbl TC, O0ffh and [esi.ssi_bSerFnt), Of 3h test

cl,10h jz SHORT adwfns or [esi.ssi_bSerFm],04h adwfins: test cl,40h jz
SHORT adwf nb or [esi.ssi_bSerFnt), 08h3&dwf nb: nov dx,

[esi.ssi_ W OAddressConcert] add dl , CONC_bSERFMI_OFF nov

al ,[esi.ssi_bSerFnt t *#x, al ; xor edx, edx mov dl,cl and dl, Of h shl
edx, 1 nov ax, AdFr abﬁg’[,egpg] call DACSetRate jnp NM Exit adw09: cnp

al , 09h j ne ad\/\,Oa t estv Addddve, 481 | nz adwem ; -36- and AdConfi g, Of ch
and cl,03h or Wﬁaj g%t est cl,01lh jnz SHORT adwcon cal |
DACPause | np SK C2dtcon: bt DacFl ags, DAC_FLAG _RUNNI NG

Read the NMI-status port. The format of this WORD register is:
NULL BITS DEVICE ADDR OFFSET W/~R INT STATUS

15 14 13 12 11 10 0% 08 Q07 06 O0S 04 03 02 01 0O
11111D2D1D0A4 A3 A2 A A0WO ~1I

where DX is the device encode, Ax is address offset,

w is the write access flag, and ~I is the inverted NMI status flag.

EPRE Y VI P

T

r
nov dx, [esi.ssi_wlOAddressConcert]
add  dl, CONC wNMISTAT OFF ; read the status register
call DisableBusMaster _
in ax,dx
call EnableBusMaster
test al,0lh .
inz SHORT NMIExit

-

test for our NMI
if none, bail

~. N

14
mov edx, eax
shr eax, 6

copy status regqg
shift-down dev encode bits
and edx, 0000007£fh mask-off non address/W bits
and eax, 0000001ch mask-off non dev encode bits
mov eax, DevTablefeax] ; get the device table base
jmp DWORD PTR [eaxtedx) : jump to the appropriate service
NMIExit:
mov dx, [esi.ssi_wlOAddressConcert]
add dl, CONC wNMISTAT _OFF ;7 ¢lear our NMI assertion
out dx, al
[
in al, 6élh ; reset system NMI latch
and al, 0fh
or al, 0ch
out 61h, al
and al, 03h
out 61lh, al

e e Wy N

mov eax, BaxSave ; restore regs
pop esi

pop edx .

pop ebx :

pop ds ;

pop ecx '

iretd

MpuDataR LABEL NEAR

mov al,MpubData
nov BYTE PTR EaxSave, al
btr MpuFlags, MPU_FLAG DPEND
jc SHORT mdrmo
or Mpustat, 80h
jmp NMIExit
mdrmo: -- :
mov al,MpuTemp
call MpuPutData
jmp NMIExit

MpuDataW LABEL NEAR ——

;mov ah, 0dh

;mov al,cl

;scall DbPutlsé
bt MpuFlags, MPU_FLAG DOUT
jne mdwexit

; parse MIDI data here and accumulate a message
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j ¢~ NM Exitwoxesoze1DacFl ags, DAC FLAG PAUSE | c SHORT PCTASOE6072
ADDACSt art: bts DacFl ags, DAC_ FLAG AUTO xor eax, eax nov ax, DACCount

i nc eax test [esi.ssi_bSerFnt), 04h jz SHORT adwnob shl eax, 1
adwnos: test [esi.ssi_bSerFnt],08h jz -BHORT adwnob shl eax, 1 adwnob:
dec eax nov DACCount, ax call DACStart jnp NM Exit adwcre: call
DACResune j np NM E£2% &dwd® mov  AdConfig,cl test «cl,01lh jz NM Exi t

bt s DacFl ags, DAC I%QZ\G mh’ﬁ%ﬁ - WO N, CODE push  ebx mov bl Ol1h
call DebugCtl pop jaeebxddNDEF | np M Exi't adwOa: cnp al , 0ah jne
SHORT adwl0e mov  AdPinCil,cl btr DacFl ags, DAC_FLAG | NTENA t est cl, 02h
jz NMExit bts PRcFISRYSI DAG FLAG | NTENA adwOe: cnp  al, Oeh jne

SHORT adwOf nov  B¥d&E PE @Mmﬁm;s,aghehmd NM Exit adwof: cnp  al, Ofh
j ne NM Exit nov @TEGPF@&MUM ~cl jp NM Exi t
SHORT mdwmore
mov Midicurrc, 01h

At this point we have accumulated a full MIDI message . .
put it in eax and pass it to the synth. The format will be.
eaxs: d31-d24 d23-d16 d15-d08 d07-d00
MIDI: ZERO DATA2 DATAl STATUS

AT TR T

mov ActiveCount, 400
bts MpuFlags, ¥PU_FLAG_SYNTHON

je SHORT midcal]
mov _num_active voices, 24
call Ssynthon
mideall:
mov ecx,ds

mov Ssoffset, esp
mov Ssselector, ss
mov esp,OFFSET StackTop

mov ss,ecx
push es

mov es, ecx
cld

push MidiMessage
call _synth process_MIDI

add esp, 4
pop es
1ss esp, SpSave

jmp NMIExit

mdwmore:
inc di
nov Midicurrc,dl
jmp NMIExit

i got a MIDI status byte . . .
mdwstat: -
cmp cl,0£0h .
jae SHORT mdwsyst
nov BYTE PTR md:LMessage, cl
mov MidicCurrc, 01h
mov al,02h
mov di,cl . :
and dl, OeOh ) L -
cmp dl, 0cOh .- :
jne SHORT mdwncfx

dec al
mdwncfx:
mov MidiDataC,al
j NMIExit
mdwsyst:

cmp cl,0£f8h

jae SHORT mdwexit

mov BYTE PTR MidiMessage,cl
mdwexit:

jmp NMIExit

MpuStatR LABEL NEAR
mov al,Mpustat

mov BYTE PTR BaxSave,al
jmp NMIExit
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AdSt at usR LABEL NEAR xor al,al bt Pi cFl ags, PI C_FLAG VI RQ j nc SHORT
asrni or WO @130241 -37- asrni: nov BYTE PTR EaxSave, al | T/USRHACRL; ¢

AdSt at usW LABEL NEAR | FNDEF W N _CODE call KillVIRQ ELSE call Virtl RQC ear
ENDI F j np NM Exit Sbl M xAddr W LABEL NEAR nov Sbl M xAddr, cl jnp

NM Exit Sbl M xDat aR LABEL NEAR nov al , sbl #-xAddr ; get
current m xer address cnp al , 30h ; check for out of
bounds jae  SARSRIMGIARTY NERR  if too high, return NULL val ue
shr eax, 1 imov al, cl . shift out alias bit and eax, 0000001fh
; mask of f gar bagelinpheut | , Sbl M xer [ eax] ; get mxer data byte
mov_ BYTE PTR EaxSag®, ?ﬁ;}gfﬁc - and return it jmp NMExit smdrx: nov

BYTE PTR EaxSave, Of fi;& Mpus,ta{,agﬁurrsn NULL j mp NM Exit Shl M xDat aW LABEL NEAR
; nmov ah, Sbl M xAddrytr noMpuglags|Mpu_mak|peB¥rPut 16 nov al , Sbl M xAddr

. get current m xer PHr e’%‘g 'ﬁﬁgam%%‘?"i ; check for
out of bounds jae EXYRont comap - AR , if too high, do nothing
shr eax, 1 mov al,0feh ; shift-out alias bit and eax, 0000001f h

; mask-of f garbage ofall MpyeutDeha ; add-in fixed bits nov

edx, OFFSET Sbl ®M“kaf: | SR j dat.a_nov [ edx+eax], cl

; store m xer byte clhgi'}o syﬁﬁéﬁL_&%ﬁ%&ég&ﬁf’é’ gng—KRT smdwse nov al , 99h
nov [ edx+SBL_M X MASTER}sofbset, espedx+SBL_M X DAC], al nov

[edx+SBL_M X M DI, ﬁgz mo selﬁtor,js%?cqupv [ edx+SBL_M X M (], al

esp,OFFSET
mov ss,ecx
push es
mov es,ecx
cld

push Offffffffh _

call _synth_all notes_off

add esp,4 .

mov ActiveCount, 0

btx MpuFlags,MPU _FLAG SYNTHON
call Synthoff

call _synth_reinit_voices

Pop es

1ss esp, SpSave
Ijmp NMIExit
mewnrs:
bt MpuFlags, MPU_FLAG UART

jne SHORT mcwint
jmp NMIEXit
mewint:
; handle intelligent mode commands here - ack first
mov al, 0feh
call MpuPutData
cmp cl,3th
jne SHORT mcwver
. bts MpuFlags, MPU_FLAG UART
mcwdoe: ; .
bts  MpuFlags, MPU_FLAG_DOUT
bts MpuFlags, MPU_FLAG_SYNTHON
jc NMIExit
mov _nhum active voices,20
mov ActiveCount, 400
call synthon :
Jjmp NMIExit
mcwver:
cmp cl,0ach
jne SHORT mcwrev
mov MpuTemp, 15h
bts  MpuFlags, MPU_FLAG_DPEND
Jjmp NMIExit
mcwrev: .
cmp cl,0adh
jne SHORT mcwdxx _
nov MpuTemp, 01h - _—
bts MpuFlags, MPU_FLAG~DPEND
Jmp NMIExit
mewdxx: -
and cl,0£f0h
cmp cl, 0d0h
je mcwdoe
Juop NMIExit

o . L
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mov [ edxyaBboddady SOURCE], al nov - [edx+SBL_M X_CD], al noRCT/US98/26072

[ edx+SBL_M X LI NE], al nov [ edx+SBL_M X STEREQ , al cal |  Sbl Set For mat

call Sbl Set DACvol call Sbl Set SynthVol call Sbl Set CDVol jnp NM Exi t

sndwse: cnp al , SBL_M X _STEREO | ne SHOR3- sndwda and

[esi.ssi_bSerFm] ,0f3h test Shl Stereo,02h jz SHORT snst e0 or

[ esi. ssi bSerErsttﬁateémBEL NEZZ8- snsteQ nov dx,

[esi.ssi_w OAddressConce d , C_ bSERFMT OFF nov al ,

[esi.ssi_bSerFnt] o éﬁfé rr%vsgleaizqggll ByteRate test Sbl Stereo, 02h jz

SHORT snstel shr ax 1 smstel call DACSetRate jnp NM Exit sndwda: cnp
al , SBL_M X_DA®iaddeR I-’*@I‘i@ﬁ“’l"“srrdwsy mov al,cl call Shl Set DACVol jnp

NM Exit smdwsy: CNPge, al 3 SBkadMeX M DI | ne SHORT sndwcd nov al,cl call

Sbl Set Synt hVol j np nolNM ExaEt PIRAERMS 8lve, £1TD al,SBL_M X CD j ne NM Exit nov

al,cl call Sbl Set Cwol [#E*it NM Exit Sbl Set DACVol PROCC nov  al, Shl M xer

SBL_M X_DAC spL, sarfhaskrX@ar  al , 630

and cl,0fh
mov 0dAddr, cl
imp NMIExit

o0dDataR LABEL NEAR

mov al, odaddr
odr03:
cmp al,03h
jne. SHORT odr04
mov cl, {esi.ssi_OdieDMA]
jmp SHORT odrex
odr04:
cmp al,04h
jne SHORT odr0é6
mov cl, [esi.ssi_OdielINT]
jmp SHORT odrex

odx06:
cmp al,06h
jne SHORT odrxx
mov cl,0dieCDCEg
Jmp SHORT odrex
odrxx:
xor cl,cl
odrex:

mov BYTE PTR EaxSave,cl
jmp NMIExit

i
OodDataW LABEL NEAR

mov zh, OdAddr

odw03: P
T emp ah,03h -

jne SHORT odw04
mov [esi.ssi_OdieDMA),cl
jrmp NMIExit

odw04
cmp  ah,04h t
jne SHORT odw06 ;
mov [esi.ssi od:.INT],cl
jmp NMIExit

odw06:
cmp ah,06h
jne SHORT odwex
mov odieCnCfg, cl

Odwex:

jmp NMIExit
AdRddrR LABEL NEAR
mov al,Adaddr
mov BYTE PTR EaxSave,al
jmp NMIExit
AdJAdArW LABEL NEAR

and cl,7fn
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bt Shl Fl ags, SBL_FLAG _SPKRON r ¢ SHORT ssdnm or al, 80h ssdnm call
Set DACVol r ey fe41DACVol ENDP Sbl Set Synt hvVol PROC nov PCT/US98/26072
al-, Sbl M xer+SBL_M X M DI shr al ,-3 xor al , 63h sub al , 08h call

Set Synt hVol ret sbhl Setsynt hVol ENDP Sbl Set CDVol PROC nov al , Sbl M xer +
SBL M X CD shr al , 3 xor al ,63h call Ses&DVol ret Sbl Set CDVol ENDP

Sbl Set For mat PROC and esi.ssibSerFnm],0f3h test Sbl Stereo, 02h - 39-
jz SHORT ssfnsOt8ft < 4%Bsi.ssi_bSerFnt], 04h ssfnsQ nov

dx, [esi.ssi W OAddr 888 Cornlert F**88d ~ dl , CONC_bSERFMI_OFF nov

al , (esi.ssi_bSeumfcat ]; Mdde chaflye 8it AD\1ear ax, Sbl Byt eRate test Sbl Stereo, 02h

jz SHORT ssf nsl ts%lﬁr %Mmdj%;}obsf nsl; call DACSetRate ret Sbl Set For nat
ENDP Sbl Reset W LABEF°NEA| ah, 06h ; nmov al, cl ; call DbPut 16
test cl,0lh jnz IZ—KRTm&g[ éﬁgi_,e shlsresO: nov al , 0aah call Sbl Put Dat a

j np NM Exi t btr DacFlags, DAC_FLAG ADPEND

jnec NMIExit
Imp ADDACStart

‘aawms: ; mode change bit is set
test AdAddr, 40h
nov AdAddr, cl
jnz NMIExit
; new mode change enable
IFNDEF WIN_CODE .
call ClearPCIIRQ
ENDIF
call DACStop
test AdPinCtl, 02h
inz NMIExit
btr DacFlLags, DAC-FLAG INTENA
jmp NMIExit -

AdDataR LABEL NEAR

nov al,AdAddr

and al,0fh
adr06:

cmp al, 06h

jne SHORT adr07

mov cl, AdDACVolL

Jnp SHORT adrex

adr07:

cmp al,07h

jne SHORT adro8

cmp AdDACVolL, 0aah

jne SHORT adrrc

cmp AdDACVolR, 95h

jne SHORT adrrc

bts DmaFlags,DMA FLAG MASK
adrre: - - .

- mov cl, AdDACVolR

Jmp SHORT adrex
adro8g; .

cmp al,08h

jne SHORT adr09

mov cl,AdFormat

jmp SHORT adrex
adr09:

cmp al,0%h

jne SHORT adrOa

mov cl,AdConfig

jmp SHORT adrex

adrOa:
cmp al,0ah
jne SHORT adrxx
mov cl,AdPinctl
Jjmp SHORT adrex
adrxx:
Xor cl,cl
adrex:

mov BYTE PTR EaxSave,cl
jmp NMIExit

AdDataW LABEL NEAR
mov al,Adaddr
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btr WeBY3M4Ls SBL FLAG HI SPEED jnc  SHORT sblres calboruséésionn

shl resl :
nov Sbhl Pr oc, OFFSET

btr DacFl ags, DAC- FLAG_RUNNI NG j np NM Exit sblres:
Sbl Par se nov Shbl Fl ags, 0000h cal |  Sbl Set DACVol bts
DaFl ags, DMA_FLAG MASK | FNDEF W N_CODE cal | -3®l ear PCI | RQ cal | KillVIRQ

ELSE call Virtl RQO eaq ENQl, Ggov DacFl ags, 0000h OR (I SHL
Sbl Xor Pat , 96h

DAC_FLAG | NTENAydwitdy Sbl TC, Offh nov Sbl Accum Oaah nov

call DACStop nov A& esii- §§1 W OAddressConcert] add dl , CONC bSERCTLOFF
and [esi.ssi_bser 33, N qp" r [esi.ssi_bSerCti],02h nov

al ,[esi.ssi_bSerctl] st a1g¥ a Add dl, CO\IC_bSERFMI’_CFF - CONC bSERCTL
OFF and [esi.ssi _b®érFME 2, OF3h test ShlStereo,02h jz SHORT srl nos
or [ esi.ssi bSerI'—jﬂﬁ] , aq4 srl nos: nov al, [esi.ssi_bSerFnt] out

dx, al | FNDEF W N C@Eapysrget %1 MOV bl , 01h 40- call DebugCl pop ebx
ENDI F j np NM Exit SwbDatiReEAdiABEL NEAR nov al , Sbl Data nov - BYTE PTR
EaxSave, al btr 2| Iﬂmags §B';3hFLAG DPEND | ¢ SHORT sdrnpo and Sbl Rxr, NOT

80h jnp NM Exi t jne  SHORT adwo06
mov AdCDVolR, cl
Jmp NMIExit

adw06:
cmp al,06h
jne SHORT adw07
and cl,0bfh
mov AdDACVolL, cl
mov al,cl
and al,80h
shl cl,l
not cl
and cl,7fh
or al,cl
call SetDACVol
jmp NMIExit
adw07:
cmp al,0%7n
jne SHORT adw08
and cl, Obfh
mov AdDACVOIR, cl
Jmp NMIExit
adw08:
cmp al ’ 08h
jne SHORT adw09%
test AdAddr, 40h
jz NMIExit
call DACStop
mov AdFormat, cl
mo'g SblTC,0ffh
an [esi.ssi _bSer
test «¢l1,10h Fel. Of3h
jz SHORT adwfns
or esi.s
adbifnss { si_bSerFmt], 04h
test «cl,40h
jz SHORT adwfnb
. or esi i
A {esi.ssi_bSerFmt), 08h
nov dx, [e31 ssi
add di , CONC bsnni;goggdresscmcen}' .
mov a esi.ssi
mov 3 zE _bS erFmtJ
xor edx, edx
mov dl,cl
and dl, 0fh
shl edx, 1
nmov ax,AdFreqTable [edx)
gall DACSetRate
jmp  NMIExit ) .
adw09: )

E-'mp al ’ 0 gh

Jne adwla

test AdAddr, 40h
inz adwem
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sdrno: nov , SBL_VER_M NOR cal | Sbl PutData jnp NM Exit sbl Txr R LABEL
NEAR bt DacEg %mDAC FLAG RUNNI NG j ¢ SHORT strrun nov pdiViisos268%2
EaxSave, 7f h j Exit strrun: bt Sbl Fl ags, SBL_FLAG H SPEED | c

SHORT strhsp nov , Sbl Toggl e or al, 7fh add Sbl Toggl e, 20h nov BYTE
PTR EaxSave, al jnp NM Exit strhsp: npv BYdf PTR EaxSave, O fh jnp

NM Exit Sbl CndW LABEL NEAR ; nov ah, Och ; nov al,cl ;call DbPutl6 ;junp
to the current SB coggganoaders¥a@3%ch This will be either the ;command parser
or a handler for a camrand oxt a byte. jnp Sbl Proc Sbl Parse: spcO0O:

First dol/O DAC - gof% gﬁéﬁ'Cﬂast cnp cl,SBL.CMD_| ODAC jne  spcOl nov
Sbl Proc, OFFSET Sbl Ge ﬁz RT BRCk! ags, DAC FLAG | ODAC jcC NM Exit | FNDEF
W N CODE nov Sbl | fif, ﬁ@gﬂ-ﬁQSOh ELSE nov

edx, [ esi . ssi _| pDVABuftrer L*‘ﬁé’&lrt] mov  DWORD PTR] edx], 80808080h ENDI F nov
ax, 44100 cal | BC®Rt pate 5%1”5%%;@;\@&{,,& eV

dx, [ esi.ssi_w OAddr ess Conmeekit ad dl, CONC_ bMEMPAGE_OFF nov  al ,
CONC_DACCTL_PACGE out bt dXDi!lel‘ﬁdd Dﬂ‘F F%@IH’BACPADDR OFF - CONC_bMEMPAGE_OFF
| FNDEF W N_CODE_nmy. 3¢ eax; mPaddraLSc’fdd eax, OFFSET Sbl | OBuff ELSE

bts DacFlags,DAC_FLAG _AUTO

xor eax,eax
mov ax, DACCount
inc eax
test {esi.ssi_bSerFmt),04h
jz SHORT adwnob
shl eax, 1
adwnos: .
test (esi.ssi_bSerFmt],08h
iz SHORT adwnob
shl eax, 1
adwnob:
dec eax

mov DACCount,ax

call DACStart

jmp NMIExit
adwcre:

call DACResume

jmp  NMIExit
adwem:

mov AdConfig,cl

test cl,01lh

Jjz NMIExit

bts DacFlags,DAC_FLAG-ADPEND

I

IFNDEF WIN_CODE
push ebx
mov b1,01h
call DebugCtl

pop ebx ) *
ENDIF . =
Jmp NMIExit
adwla:
cmp al,0ah
jne SHORT adwOe
mov AdPinCtl,cl
btr DacFlags,DAC FLAG INTENA
test cl,02h :
jz NMIEx:Lt
bts DacFlags, DAC-FLAG-INTENA
adwle:
cmp al,Oeh
jne SHORT adwOf
mov BYTE PTR DACCount+l,cl
Jmp NMIExit
adwoOf:

cnp al,0fh

jne NMIExit

mov BYTE PTR DaCCount, cl
jmp NMIExit

AdstatusR LABEL NEAR

xor al,al

bt PicFlags,PIC_FTLAG-VIRQ
jnec SHORT asrni
or al,01h
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-41- nov

dl°, CONC_ WDACFC_OFF -
dl , CONC_wDACI C_OFF -
dl , CONC_bSERFMI_OFF - CONC WDACI C_OFF and
[esi.ssi_bSerFnt] out
CONC_bSERFMT_OEEF"3hd

al ,

CONC- d DACPADDROFF xor
CONC_WDACFC_OFF nov

dx, al add
Si_bSerctl],

eawp Paead1ssi _| pDVABUT f er Phys] ENDI F out
eax, eax out

ax,
370 esi.ssi_bSerFnt],
dl , CONC bSERCTL_OFF -

NOT 52h nov

dx, eax pg¢ns9s26072
dx, eax add
dx, ax add

of 7h nov

Of fffh out

al ,

. _ [ el
[esi.ssi_bSerCtl] oubny d%?fg;‘igd’aaxswap?l CONC_bDEVCTL_OFF - CONC_bSERCTL_OFF

or

[ esi.ssi_bDev
hi - speed si ngl BdS¥ReRsWIRBEL §PARands cnp

] out dx,al jnp

NM Exit spcOl1: ;
cl, SBL- CVD_SDACH j ne
Sbl C ear SHH j nmp

Next, check for
SHORT spcOla
Sbl SDACH spcOla:

bts sbl Fl ags,. wik Azl SPEED cal |

cnp cl, SBL_CVD_SADed 1) ngi1aviRgORT spc02 bts DacFl ags, DAC_ FLAG ADC bts

Sbl Fl ags, SBLFLRSEH SPEED cal |  Sbl Set SHH j np Sbl SDACH spc02: ; Next,
check for |o- S%ﬁﬁi sFHgl eViFStRCERE cnp ¢l , SBL- CMDSDAC jne  SHORT spcQ2a
call Sbl d ear MYmp SRlBR%:Cc, OFFSET. Sbl Get DacL j np NM Exit spcO2a: cnp

cl, SBL_CVD_SADC
DacFl ags, DAC_Ff%
cl, SBL_CVD_SI LENCE spimixadar, c1

chp

gle SHORT spc02b cal l

jmp NMIExit

SblMixDataR LABEL NEAR

mov al, sbiMixAddr
cmp - al,30h
jae SHORT smdrx
shr eax,1
and eax, 0000001fh
nov al,SblMixer[eax]
mov BYTE PTR EaxSave,al
jmp NMIExit
smdrx:
mov BYTE PTR BaxSave, 0ffh
Jjmp NMIExit

SblMixDataW LABEL NEAR

;7 mov ah, SblMixAddr
; mov al,cl
; call DbPutls

mov al, Sb1lMixAddr
cmp al,30h
jae NMIExit
shr eax,1
and eax,0000001fh
or ¢l,1lh
mov edx, OFFSET SblMixe
nov [edxteax],cl W
cmp al,SBL MIX RESET ?
jne SHORT smdwse
mov al,sSh
mov [edx+SBL_MIX MASTER])
mov [edx+SBL_MIX_DAC] , al
mov  [edx+SBL MIX MIDI], al
mov  al, 1ilh - F
mov [edx+SBL_MIX_ MIC},al
mov [edx+SBL_MIX_S OURCE], al
mov [edx+SBL_MIX cD},al
mov  [edx+SBL_MIX_LINE},al
mov {edx+SBL_MIX STEREO],al
call SblSetFormat
call sSblSetDACVol
call sblsetSynthVol
call sSblSetCDVol
Jjmp NMIExit
smdwse:
cmp  al,SBL MIX_STEREO
jne SHORT smdwda
and {esi.ssi_bSerFmt] ,0£3h
t.:est Sblstereo, 02h
Jjz SHORT smste0
or (esi.ssi_bSerFmt}, 04h

L YIIE PUNL P VR R TR

LT TR N L I T

' Sbl Set SHH bt s
$RBECFABEL NBBR Pr oc, OFFSET Sbl Get DacL j np

NM Exit spc02B:

get current mixer address
check for out of bounds

if too high, return NULL value
shift out alias bit

mask off garbage

get mixer data byte

and return it

return NULL

-

get current mixer address
check for out of bounds
if too high, do nothing
shift-out alias bit
mask-off garbage

add-in fixed bits

point to mixer data
store mixer byte
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] ne SHORT spcQ2c btr DmaFl ags, DMA_FLAG _AUTO nov DmaAddr , 0000h nov
DmaAddr Cur r yA99ése2sov  DmaCount , Offffh nov  DmaCount Cur r, OPETUS985R6072
DmaFl ags, DVA_ FLAG MASK cal |  Sbl Set SHH mov Sbl Proc, OFFSET Sbl Get DacL j np
NM Exit spcO2c: cnp cl, SBL_CVD _SADPCM j ne SHORT spc02d call  Shl Set SHH
nov-  Sbl Proc, OFFSET Sbhl Get DaCL j np NM E38-t spc02d: cnp

cl, SBL_CVD _SADPCMR | ne SHCRT spc03 42- call Sbl Set SHH nov

Sbi Pr oc, OFFSEms8t:Get DaCL | NM EX|t spc03: ; Next, check for the Tconst
command cnp  cl, B’E""CN[?’EE@?@ @:’* “HEY4 nmov  Sbl Proc, OFFSET
Sbl Get TC | np NM E,axavt sPCO0dsiTsshasbrrmeheck for a halt cnp

cl,SBL_CVD HALT j neout SHBRAL spc05 call DACPause jmp NM Exit spc05:
Next, check for aut®ev: %tog@ IY"ERQF" SBL_CMD ASTOP jne  SHORT spc06 btr
DacFI ags, DAC FLAG NEH6RT s esi.ssi _w OAddressConcert] add

dl , CONC_bSERCTL_ OFFstar ax,l[e5| SSI _bSerCt1], 40h nov al ,

[eS| ssi bSeréRsltflout Jrrp NM Exit spc06: ; Next, check for a
resune cnp cl, SBLS ] ne SHORT spc07 call DACResune

smdwda:
cmp al,SBL_MIX DAC
jne SHORT smdwsy
mov al,cl
call SblsSetDACVol
jmp NMIExit
smdwsy:
- cmp al, SBL_MIX MIDI
jne SHORT smdwed
mov al,cl
call SblSetsynthvol
jmp NMIExit
smdwcd:
cmp al,sSBL MIX CD
jne NMIExit
mov al,cl
call SblSetCDVol
imp NMIExit

ShlSetDACVol PROC

mov al,SblMixer + SBL_MIX_DAC

shr al,3

xor al, 63h

bt SblFlags, SBL_FLAG SPKRON
rc SHORT ssdnm

or al,80h

ssdnm:
call SetDACVol
ret

SblSetDACVol ENDP
SblsetsynthVol PROC

mov al, ShlMixer+SBL_MIX MIDI
shr al,3

xor al,63h

sub al, 08h

call SetSynthVol

ret

SbhlsSetSynthVol ENDP
SblSetCDVol PROC
mov al,SblMixer + SBL MIX CD
shr al,3
xoxr al, 63h
call SetCDhVol -
ret
SblSetCDVol ENDP
SbhlSetFormat PROC

and [esi.ssi_bSerFmt),0£3h
test ShlStereo,02h
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jnmp NM Exi twepeRaz4: ;
] ne SHORT spc08 nov
hi - speed/ | o- speed auto DAC cnp

Next, check for

SHORT spc08a bts
spauto spc08a: cnp cl,
SHORT spaut o sj

sbl A ear SHH | np

spc08d bts SbI'Ff a05vSB

spc08d: cnp

Sbl Fl ags, SBL_FLAG_HI SPEERgcal |
SBL_CMD_ADAC |j ne
08bhSERFstnyd | SBL CMVD AADPCI\/IJ ne
s Pt T isPren il Bip
LaFl 6. b&ﬁeﬁﬁ@dﬁkémc&'} Set SHH j mp
SBLac@ND NAQ@V’?.F{%ERFMEHERT spc09 cal |
(S DacH-BHEPPAC FLAG | NTENA nov

DacFl ags, DAC FLAG Al

[esi.ssi_w OAddresstcergj sgﬁ}tegaqg CONC_bSERFMI_OFF
NEEt085blsbareo, @b, [esi. .ssi_bSerFnt] out

[ esi.ssi bSerFrrt]
SpeRry? sstpgxt, check for forced int command cnp

NM BExdz

DACStart jnp

Next ,

Check for auto block cnp
Sbl Proc, OFFSET Sbl Get Bl kl j

SHORT spc08b cal l
, SBL_CMD_AADCH | ne

-43- and

cl , SBL pCrRsHb22
NM EXit spec08: ;
cl, SBL_CVD_ADACH j ne
Sbl C ear SHH j np SHORT
Sbl O ear SHH
SHORT spc08c cal l
SHORT
SHORT spaut o

Sbl Set SHH spaut o:

cal l

cl, SBL_CMVD Foagg,g{[ e % spcoa bts DacFl ags, DAC_FLAG | NTENA
I FNDEF W N_CODE call DACSetRate
ret )
SblSetFormat ENDP
SblResetW LABEL NEAR
; mov ah, 0Oéh
; mov al, cl
; call -DkPutlé
test ¢1,01h
jnz SHORT sblresl
shlres(:
mov al, 0aah
call SblPutData
Jmp NMIExit
sblresl:
btr sblFlags, SBL _FLAG - HISPEED
jnc SHORT sblres
call DACStop
btr DacFlags, DAC-FLAG RUNNING
Jmp NMIExit
sblres:
mov SblProc, OFFSET SblParse
mov SblFlags, 0000h
call SblSetDACVol
bts DmaFlags, DMA_FLAG MASK
IFNDEF WIN CODE
call ClearPCIIRO
call KillVIRQ
ELSE
call VirtIRQClear.
ENDIF
mov DacFlags,0000h OR {1SHL DAC PLAG , _INTENA)
mov SblTC,0f£h
mov SblAccum, 0aah
mov SblXoxrPat, 96h
call DACStop %
mov. dx, [esi.ssi wIOAddressConcert]
add dl, CONC_bSERCTL_OFF
and fesi.ssi bSerctll NOT S0h
or [esi.ssi_bSerctl}, 02h
mov al, [esi.ssi bSerctl]
out dx,al
add dl, CONC ._DbSERFMT" - OFF - CONC bSERCTL OFF
and [es:. ssi bSerFMT] ,0£3n
test SblStereo,02h
jz SHORT srlnos
or [esi.ssi_bSerfmt}, 04h
srlnos:
mov al, [esi.ssi_bSerFmt]
out dx,al
IFNDEF WIN | CODE
el push “ebx
mov bl,01h

w33, SUBSTITUTE SHEET (RULE 26)



call AssertWavl RQ ELSE cal |
check for thewgséomgdier cnp cl, SBL_CVD_SCRAMBLE | ne
Sbl Proc, OFFSET Sbl Get Scr jnp
order isn't all
mov - al,
NM Exit spcOc:
Sbl Proc, OFFSET Sbl Set‘:‘ﬂan
SHORT spcOe nov
cl, SBL_CMD_ INVERT ] rjﬁp $kfRT+ spcOf nov

SBL_CMD_SPKRON j ne

NM Exi t spcOf
EPAaCVol jmp

SBL_FLAG_SPK

that inportant cnp cl, SBL_CVD DSPVER | ne
SBL_VER NA]CR cal |
, SBL_CMD_SETTAG j ne
$gg9°tNM Exit spcOd: cnp cl,SBL_CVD GETTAG j ne

chp

RO Sagg

cl, SBL_CVD_SPKROFF | Rgv

e S0l

Virtl RQSet ENDIF jnp NM Exit spcCa: ; Next,

SHORT pefasios/peay2
the cnmd eval
SHORT spcOc
Sbl Fl ags, SBL_FLAG DPEND j np
SHORT spcO0d nov

NM EXit spcOb: ; After this,

Sbl Put Dat a bt s40-

call SblPutData jnp

Shbl Proc,
SHORT spcl0 bts

NM Exit spclO: cnp
Sbl Fl ags, SBL_FLAG_SPKRON cal |

NM Exit spcCe: cnp
OFFSET Sbl I nvert jnp
Sbl Fl ags,

agmatgpc 11 btr

Shi Set DACVO! jmp NWbEX | BYSE @R Eaxsape,al ¢l , SBL_CVD GETSPKR j ne SHORT
spcl 2 xor al bt;?z’ sﬁﬁlﬁf&g&ﬁﬁ& P{Eﬂ@ SPKRON j nc SHORT sgsof f dec
al and  SE1Rxr,NOT 80h

Jmp NMIExit

sdrmo:

mov  al,SBL_VER_MINOR

call sblPutbata

jmp  NMIExit

sblTxrR LABEL NEAR

bt DacFlags,DAC_FLAG_RUNNING
je SHORT strrun -

mov BYTE PTR EaxSave,7fh

jmp  NMIExit

strrun:
bt SblFlags, SBL_FLAG HISPEED
jc SHORT strhsp
mov al, SblToggle
or al, 7fh
add SblToggle, 20h
mov BYTE PTR EaxSave,al
jmp NMIExit
strhsp:

mov BYTE PTR EaxSave, 0ffh
Jmp NMIExit

Sb1CmdW LABEL NEAR

imov  ah,0ch
imov al,cl
;call DbPutlsé
;jump to the current SB command process. This will be either the
icommand parser or a handler for a command data byte
. jmp SbhlProc
SblPax:se
spc00:
i First dol/0 DAC -~ gotsta happen fast
cmp cl, SBL_CMD_IODAC
jne spc0l
nov SblProc, OFFSET SblGetIO
bts DACFlags,DAC_FLAG_IODAC
je NMIExit
IFNDEF WIN_CODE
mov SblIOBuff,80808080h
ELSE
oV edx, [esi.ssi_lpDMABufferLinear)
mov DWORD PTR{edx],B80808080h
ENDIF
mov ax, 44100
call DaCSetRate
mov sblTc, 0ffh
mov dx, [esi.ssi_wIOAddressConcert]
add dl,CONC_bMEMPAGE OFF
mov al, CONC _DACCTL PAGE
out dx, al
add dl,CONC_dDACPADDR_OFF - CO!
IFNDEF Win " copE NC bmAGE OFF
mov eax, XMSPaddrl.o
add eax, OFFSET SblIOBuff

ELSE
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sgsoff: cal | woidiggedaData jnp. NM Exit spcl2: jnp NMExit PCT/A§98/26072
Sbl Get1 O nov Sbl Proc, OFFSET Sbl Par se nov ch, cl nov eax, ecx shl

eax, 16 nov ax, cx | FNDEF W N_CODE nov Sbl | OBuf f, eax ELSE nov edx,
[esi. ssi_| pDMABuff erLi near] nov [edx],eaRlENDIF jnp NM Exit

Sbl Get DacL: nov Sbl Proc, CFFSET Shl Get Dacu_nov BYTE PTR DACCount,cl jnp
NM Exi t sbl Get %gg i Ry (I RERESSP se nov  BYTE PTR

DACCount +1, cl DAGH Dbh#, eax DacFl ags, DAC_FLAG _AUTO bt s

DacFl ags, DAC_FLAG | NEBENA bl,rconc WercFt_2gs -DASC FDAGADDCOFC SHORT sgdoit bt
DmaFl ags, DVA_FLAG NASN'J ceax, e3'3‘I—|CRT sgdoit xor eax, eax nov dx, [esi.ssi_

DMAPageReg] i n Z& §T con@@ﬁfm%@ o?P\L cou@&m Curr mov  edx, eax mov
al,80h nov  ecx,l ca&d ¥¥,ioeefPRys sgdoit: nov  dx, [esi . ssi
wl OAddr essOoncert] ad@: el*'a@O\IC- bSEREMI _COFF a esi.ssi_ bSerFnt], NOT
08h nmov  al, [esi.s§fs b%f&f@l gy € ,,%?f"cff'gﬁm CStart jnp  NMExit
Shl Get Tc: mov  al, [esi.ssi_bSerFmt)
out dx,al

add dl, CONC bSERC‘I‘L OFF - CONC bSERFMI OFF
and fesi.ssi bSerctl], NOT S2h

mov al, fesi.ssi_bSerCtl]

out dx,al

add dl, CONC_DbDEVCTL ,_OFF ~ CONC_] bSERCTL OFF
or [esi.ssi bDethl]

out dx, al

jmp NMIExit

specll:
P ; Next, check for hi-speed single mode DAC conmands
cmp cl,SBL-CMD_SDACH
jne SHORT spclla
bts sblFlags, SBL_FLAG_HISPEED
call SblClearSHH
jmp SblSDACH
spclla:
cmp cl, SBL_CMD_SADCH
jne SHORT spc02
bts DacFlags,DAC_FLAG_ADC
bts SbiFlags, SBL E’LAG HISPEED
call SblSetSHH
jmp SblSDACH
spcl02:

3 Next, check for lo-speed single mode DAC
cmp cl, SBL~CMD_SDAC
jne SI-IORT spc02a
call SblClearSHH
MoV SblProc, OFFSET.ShlGetDacL
jmp NMIExit
spcl2a:
cmp cl,SBL_CMD_SADC
jne SHORT spc02b -
call ShlSetSHH &
bts DacFlags,DAC_FLAG ADC
nov SblProc,OFFSET SblGetDacL
jmp  NMIExit
spc02B:
cmp cl,SBL_CMD_SILENCE
ine SHORT spcl2c
btr DmaFlags,DMA FLAG AUTO
mov DmaAddr, 0000k
mov DmaAddrCurr, 0000h
mov DmaCount, 0f£££fh
mov DmaCountCurr, 0Of£f£fh
btr DmaFlags,DMA_FLAG MASK
call SblSetSHH
mov SblProc,OFFSET SblGetDacL
jmp NMIExit
spc02c:
cmp  cl,SBL_CMD_SADPCM
jne SHORT spc02d
call SblSetSHH
mov SblProc, OFFSET SblGetDaCL
jmp NMIExit
spc02d: ]
cmp cl, SBL,_CMD_ SADPCMR .
jne SHORT spc03 R
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nmov  Sbl ProcOFFSET Sbl Parse cnp cl, Sbl TC ;o if it's

al ready set, t here cnp cl,ShlTc je NM Exi t nov )

; ,storg new t\gﬁgggé)i;lét not cl : ; derl\%&rl}gsgmo

di vi der and ecx, 000000ffh inc ecx nov eax1000000 xor edx, edx div
ecx nov Sbl Byt eRat e, ax cal | Shl Set For mat | NM Exit Sbl Get Bl kL: nov
Sbl Proc, OFFSET Sbl Get Bl ku nov BYTE PTR DACCount,cl jnp NM Exi t

Sbl Get Bl ku: nov ShlcRrioc st¥debbsl Sbl Par se nov BYTE PTR DACCount +1,cl jnp
NM Exi t 45- Sbl GemS¢r : Sh¥RFoc, OBHIERPr $a¢«BRSET Shl Par se xor cl , Sbl Xor Pat
add , Sbl Ac%kjﬁgrm\?mp SHMEFEEm cl ror  Sbl XorPat,2 xor  eax, eax nmov

dx, [eS| ssi ageRagt, icReck féd tEXr&dake cofafdla 16 OV ax, DmaAddr Curr nov
edxeax mov mowp @tbéBlL @@ JeTTdN i t ePhys i nc DreAddr Curr dec

DrmaCount Cur r rmv aIj esrS H%@ﬁ - set term nal
condi tion or DmatSf_,n . rw w?c%l Set Tag: mov  Sbl Proc, OFFSET

sbl Parse nov s&hl4Tag, cI J rrp NM Exit Sbllnvert: nov Sbl Proc, OFFSET
. Nex ck for a halt
Sbl Par se not cl oy A alcbeFBL g
jne SHORT spc0S
call DACPause
jmp NMIExit

spcl5:
¢ Next, check for auto stop
cnp cl, SBL_CMD_ASTOP
jne SHORT spc06
btr DacFlags,DAC_FLAG_AUTO
mov dx, [(esi.ssi onAddressconcert]
add dl, CONC bSERCTL OFF
or [es:. ssi bSerctl], 40h
mov al, [esi.ssi_bSerctl]
out dx, al
Jmp NMIExit

spc06:
; Next, check for a resume
cmp  cl,SBL_CMD RESUME
jne SHORT spc07
call DACResume
imp NMIExit

spc07:

7 Next, Check for auto block
cmp cl,SBL_CMD SETAC
jne SHORT spc08
mov SblProc,OFFSET SblGetBlkl
Jjnmp NMIEXit

spec(O8:
7 Next, check for hi-speed/lo-speed auto DAC
cmp cl,SBL_CMD_ADACH
Jjne SHORT spc0Ba
bts SblFlags, SBL_FLAG HISPEED
call SbiClearSHH
Jmp SHORT spauto

spcl8ac:
cmp cl, SBL_CMD_ADAC
jne SHORT spc08b
call sSblClearSHH
jmp SHORT spauto

spc08hb:
cmp cl SBL_CMD_AADPCM
jne SHORT spcOBc
call sblClearSHH
imp SHORT spauto

spc08c:
<mp cl,SBL_CMD_AADCH
jne SHORT spcoBad
bts SblFlags, SBL._FLAG HISPEED
call SblsetSHH
Jmp SHORT spauto

spc08d:
cmp  cl, SBL_CMD_ARDC
Jne SHORT spc9
call sSblsetSHH

spauto:
bts DacFlags, DAC_FLAG_AUTO
bts DacFlags,DAC _FLAG _INTENA
mov dx, ([esi.ssi wIOAddressConcert]
add dl, CONC_bLSERFMT_OFF

5,3_1'_.3_':-._.' s 3‘3};.\%%—& B
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cal |  Sbl PuvBmpmsopdtp - NM Exit Shl Rxr R LABEL NEAR ; bt PCT/US98/26072

Pi cFl ags, PI C FLAG VI SR ;jnc SHORT nostat :;nov ax, 22eh ;call DbPut 16
nostat: | FNDEF WN CODE call KillVIRQ ELSE call Virtl RQd ear ENDI F srrex:
nov al , Sbl Rxr nov BYTE PTR EaxSave, al -43sp NM Exit | FNDEF W N _CCDE ;
Mast er control | er data read M cDataR LABEL NEAR cnp M cCmd, Gah j ne

SHORT ndrisr bt ap cFI[fﬁﬁsﬂ-@ %%WRFQBPHC NMExit jnp  SHORT mdrvim
mdrisr: bt Pi ch“@gs @ NMExit mdrvim cnp

[esi.ssi_blRQ, 08hcpre PAGHORT ndr vins or cl, Wavel RQvask nov BYTE PTR
EaxSave, cl j 05 NEEX i MY ms: or , 04h -46- nov  BYTE PTR
EaxSave, cl %Bc :

NM Jf¢de t cheMeforgquHto Lrﬁa gommand wite M cCmdW LABEL

NEAR ; see |f we gehpancE,@bL  FONCEIOF go to EO sequence nov

al,cl and Ob8kne np SHORE| sp20h £ ~ SHORT m:vaO| ;- if it's the init
command byt e Hﬁ%ﬁ@&h C%ﬁlf‘%’ Wre"PELINGER test  cl, 10h jz ncweonO v
M cSkip,3 jnp [ Assertwavirg
ELSE
call VirtIRQSet
ENDIF
jmp NMIExit
spcla:
+ Next, check for the scrambler
cmp cl,SBL_CMD_SCRAMBLE
jne SHORT spcOb .
mov SblProc, OFFSET SblGetScr
jmp NMIEXit
spcOb:
; After this, the cmd eval order isn't all that important
cmp cl,SBL_CMD _DSPVER
jne SHORT spclc
mov al,SBL_VER_MAJOR
call SblPutbata
bts  SblFlags,SBL_FLAG DPEND
jmp NMIExit
spclc:
¢cmp  cl,SBL_CMD_SETTAG
jne SHORT spcOd
mov SblProc,OFFSET SblSetTag
jmp NMIExit
spcld:
cmp  cl,SBL_CMD GETTAG
jne SHORT spcOe
mov al,SblTag
call sblPutData
jrp NMIExit
spcle: :
cmp cl, SBL_CMD_INVERT
ine SHORT spcif
mov SblProc, OFFSET SbllInvert
jmp ~ MNMIExit .
spcOf: :
cmp ¢l, SBL_CMD SPKRON
jne SHORT spclO
bts SblFlags, SBL_FLAG SPKRON
call SblSetDACVol
Jmp - NMIExit
spcl0: ) :
cmp  cl, SBL , CMD_SPKROFF
jne SHORT spcll
btr SblFlags, SBL_FLAG - _SPKRON
call SblSetDACVol
jmp NMIExit
specll:
cmp cl, SBL_CMD_GETSPKR
jne SHORT spcl2
xor al,al
. - sblFlags, SBL _FLAG_SPKRON
inc SHORT sgsoff
dec al
sgsoff:
call sblPutbata
jmp MMIBxit
spcl2:

jrp NMIExit
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ncweonO: ; check for reg-read commands that we need to store nov al , cl
and  al, Of ehwgeBmezaftl - Cah jne NMExit nov  McCnd, cl jnp pduKbsEsR6072

here we got an EQ: there are several ways to deal with this... MwEQ:

see if we need to wait for the last EO bt Pi cFl ags, PI C_FLAG WAIT j nc
mewcon2 ; here we're waiting for the |ast E@ nov al , Gbh ;

get in-service reg out

20h,al in al ,21h in al , 20h nov ah, al nn@

al , M cCnd ; $bde¢rd@Pe | ast reg-read conmand out 20h, al or ah, ah

, if any phys in-ser¥fce,
chain - we need to sge if

SOREFC FETETnERF2%Az  NM Exit ; last EO in the

eakfecw@s a real -node EQ btr

Pi cFl ags, Pl C_FLAG WAIhT noeax,léeax, ss | ar eax, eax test eax, 00400000h j nz

to try again... ;eErapw ;

SHORT ntwsok and Y)%p?‘(g%ﬁ;fffh ncwsok: test DWORD PTR
[esp+SAVE_FRAI\/E+8t]Ff" QUORsph fauee,@EWdi s ; not a v86 EA - re-assert PCl |RQ
nov eax, Of fffffffh ; call DbPut32 and DWORD

PTR [esp+SAVE_FRANE§§, NC{%OGG@EG%lEWUff%EWCI IRQjmp NMExit nmcwdis:
ck

, it was real - nodgy,

¥ 985 return stack to di spat ch servi ce nov

RegSave, es nov eaxjmpS adnexiteax, 10h nov es, eax nov

eax, [ esp+SAVE_ FRANPEadI2]
iret frame sub eaﬁi@

jmp

sblGetDhacU:
mov
mov

SblSDACH:
btr
bts
btr
jnc
bt
jc
xor
mov.
in
shl
mov
mov
mov
mov
call

sgdoit:
MoV
add
and
mov
out

.call

J
SblGetTc:
mov
cmp
cmp
je
mov
not
and
inc
mov
xor
div
mov
call

jmp
- SblGetBlkL:
mov

mov

jmp

SblGetBlku:

mov

mov

jmp

\ ..
T o b AR L
RV TR

asrllﬁl Lax OToggffffh ; grow v86 stack by an
Shipepc. QERPET SICRUBOSAVE FRAME=12], eax

ount,
NMIExit

SblProc,OFFSET SblParse
BYTE PTR DACCount+l,cl

DacFlags,DAC_FLAG_AUTO
DacFlags,DAC_FLAG INTENA
DacFlags, DAC_FLAG_ADC
SHORT sgdoit
DmaFlags,DMA_FLAG MASK

" SHORT sgdoit

eax,eax

dx, [esi.ssi_ DMAPageRegq]
al,dx .

eax, 16

ax,DmaAddrCurr

edx, eax

al,s80h

ecx,1

WritePhys

dx, [esi.ssi_ wIOAddressConcert}
dl,CONC-bSERFMT_pFF

{esi.ssi_ bSerFmt],NOT 08h

al, [esi.ssi_ bSerFmt]

dx,al 4

DACStart 3

NMIExit f

SblProc,OFFSET SblParse

cl,sblTC ; if it’s already set, get off here
cl,SblTc :
NMIExit

SblTC,cl - store new time const
cl derive rate divider
ecx,000000£ffh

ecx

eax1000000

edx, edx

ecx

SblByteRate, ax

SblsetFormat

NMIExit

e e

SblProc, OFFSET SblGetBlku
BYTE PTR DACCount,cl
NMIEXit

SblProc,OFFSET SbiParse
BYTE PTR DACCount +1,cl
NMIExit
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mov  edx, [ Qapgsadyh FRAVE+16] and  eax, 0000ffffh . cr e RGI/VSYIBE72

pointer to new stack top shl edx, 4 add edx, eax nov eax,

[ esp+SAVE_FRAMVE+0] nov es: [edx], ax ; copy return frane to new
stack area nov eax, [ esp+SAVE_FRAME+4] nov-45-es: [edx+2], ax nov eax
[ esp+SAVE_FRAMVE+8] nov es: [edx+4] ax xor eax, eax ; nmod

return frane tsplcRScvect ow m S #R('t)\/ector shI eax, 2 nov eax, es:
[eax] mov [ esp+SAYE. Réﬁ\}ég Lop eax, 16 nov [ esp+SAVE_FRAVE+4] ,

ax nov al, Of f h out ada 21k} ablAtcan P| cFl ags, PI C FLAG VI SR. nov

es, RegSave jrrp NM & t ﬁb%emel, this could be the EO fromthe

di spatched handl er bEf: %?Eﬁ s PI C_FLAG VI SR jnc  SHORT nctwcon3 nov
al , M cMask out 21hm§ﬁ {edd, sﬁblﬁMpageua.hPl Cjnp NM Exit ncweon3:

th| s could be a specikO witdie | RQ masked - if so kill VIRQ VIRR cnp

[esi.ssi_blRQ, 08h j&& RM'EZ)M cl, WaveSpecEO jne NMExit call

O ear PCITRQ cal | Ki FES R ais Exit : Master controller mask read

M cMaskR LABEL NEAR hbv Pi @F.Idags Pl C_FLAG VI SR j nc NM Exit cnp

[esi.ssi_blIRJ, 08h ]n eﬁ’frrllsl mv al, McMsk nov  ah, Wavel RQvask

not ah or tjg'ﬁbv[,maA Y _PTR EaxSave, al jnp NMExit mrisl: mov

al, 0f fh nov BYTE Pk Eaximsentthcr

mov al, [esi.ssi_DmaTCMask] ; set terminal condition
or DmaStatus, al
jmp NMIEXit

sblsetTag: .
mov SblProc¢, OFFSET sblParse
mov SblTag,cl
jmp NMIExit

sbl.‘{hvert :
mov SblProc, OFFSET SblParse
not cl

mov al,cl
call SblPutData
Fmp NMIExit

SblRxrR LABEL NEAR

:bt PicFlags,PIC_FLAG VISR
;jnc SHORT nostat
;mov ax, 22eh
:call DbPutle
nostat:
IFNDEF WIN_CODE
call KillViRQ

ELSE
call VirtIRQClear
ENDIF .-
srrex: : =
mov al,SblRxr «

mov BYTE PTR EaxSave,al
Jmp NMIExit

IFNDEF WIN_CODE
; Master controller data read
M:LcDataR LABEL NEAR .

cmp MicCmd, Oah
jne SHORT mdrisx _
bt PicFlags,PIC_FLAG VIRR
jnec NMIExit
jmp SHORT mdrvim
mdrisr:
. bt PicFlags,PIC_FLAG VISR
. jnc NMIBXit -
mdrvim:
cp [esi.ssi_bIRQ},08h
jae SHORT mdrvms
ox cl,WavelRQMask
movw BYTE PTR EaxSave,cl
Jmp NMIExit

‘or cl,04h

1, SUBSTITUTE SHEET, (RULE 26) Ly e




] mp NM Exit ; Master controller nask wite M cMaskw LABEL NEAR ; if it's
an init cnd szﬁﬂf%§5 pit. cnp M cSkip, O -48- je SHORBcTRsspied72dEeC
|{1 ;i f

McSkip jnp mmacon0: bt PicFl ags, PIC _FLAG VI SR
unmasking is allowed jnc SHORT mmanr m ; skip to nornal
sequence nov al, Ofh ; edgse, remask master PIC out

21h, al cnp [esi.ssi_birQ, 08h jae NM Exit nov al , Wavel RQVvask
; apply only Wave | RQokaskeybk teTh@hxsavélc1and M cMask, al and
cl, Wavel RQvask or M civask,MIE4¥ifp NM Exit mmwmnrm nov M cMask, cl

, save mask state bt , uaﬁieP'ﬂo@&%iﬁerﬁJﬁ%@_ﬂ%NP , got a request pending?
Jnc NM EXit MiccmdWw LABEL NEAR ; 1t not, we're done cnp

[esi.ssi_birQ, 08h . are we on the master PIC? jae SHORT mmacas
* if not, skip to cas;%@ffelgé’gu%’ﬁc"é‘ FUsPE 2pY 398 e Rske to EOL sequence . g
our | RQ unmasked? jnzang NNiERsh ; 1 f not, we're done btr

Pi cFl ags, PI C_FLAG PEMp ;alcta®ar pending status call ForcePCl|RQ
- force the interrupt3§ np SHORMPEEPT nmmwcas: test cl, 04h

, is cascade | RQ unmasked?j Rke indWVbdmhda byte, flag mask-write and;geitfouQOt , we're

done nov al, SicMasdest c1,10n ; get slave controller mask state
test al, Wavel RQvask 32 ’“‘?“’.‘:)‘:’,10 . is our IRQunmasked? Jnz  NMEXit

; if not, we're done JFr Bl iBthgs, PIC_FLAG PEND ; clear pending status
call ForcePCl | dono: ; force the interrupt jnmp NM Exit ;

sl ave control |l er data resed ircBateRd [CABERINEAR gepeed th espressi bl RQ, 08h

. if we're not on sl df¥, dnSk.,bother jb NMExit cnp  SicOnd, Oah jne

SHORT sdrisr bt PicFlags, Ri{sdlAG VIRR j nc NM Exit jnp SHORT sdrvim
jne NMIExit

mov MicCmd, cl
jmp NMIExit

; here we got an EOI: there are several ways to deal with this...
McwEOI:

; see if we need to wait for the last EOI

bt PicFlags,PIC_FLAG WAIT

jne mewcon2

+ here we’re waiting for the last EOI

mov al, Obh ; get in-service reg
out 20h, al
in al,21lh

in al,20h

mov ah,al

mov al,MieCmd ; restore last reg-read command

out 20h,al :

or ah,ah ; if any phys in-service, wait for next
jnz NMIExit

/ last EOI in the chain - we need to see if it was a real-mode EOT
btr PicFlags,PIC_FLAG_WAIT
oV eax, ss
lar eax, eax
test eax,00400000h
jnz SHORT mcwsok
and esp, 0000£££fh
mcwsok: i
test DWORD PTR [esp+SAVE_FRAME+8],ZOOOOh
jnz mewdis
# not a v86 EOI - re-assert PCI IRQ to try again...
; apw
¢ mov eax, Off£££EFfh
; call DbPut32 ’
and DWORD PTR [esp+SAVE_FRAME+8) ,NOT00000200h
call ForcePCIIRQ
jmp NMIExit
mewdis: -
¢ it was real-mode,whack the v86 return stack €6 dispatch service
mov RegSave, es
mov eax,cs
add eax,10h
mov es, eax

mov eax, [esp+SAVE_FRAME+12) :
and eax, 0000££f£fth { grow v86 stack by an iret frame
sub eax, 6

e - .
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sdrisr: bt wdbgdohsgs, Pl C FLAG VISR jnc  NM Exit sdrvim or PCT/US98/26072

cl, Wavel RQvask nov BYTE PTR EaxSave,cl jnp NM Exit ; Slave controller
command wite SicCrdW LABEL NEAR ; if it's the init command byte, flag
mask-wite and get out test «cl,10h jz SHERT scwcon0 nov SicSkip,3 jnp
NM Exit scwconO: cnp [esi .ssi_bIRQ, 08h ; 1f we're not on sl ave,
don't bot her j b NM Bevt ; [echE@KEFRAMEFE]- reedd comuands that we need to store
mov  al, -49 0d Rl Qbgsha Ale 0ah jne  SHORT scwonl mov

Si cOnd, cI |:—§°,ut Sé‘a\awmbffffh IS eﬂutd 1Dea2 foeer RO ndt sdddr doRQ
masked - |f so k| II ébillRQ’é@!hcm cnp cl, WaveSpeckEQ | ne NM Exit call

Kill VIRQ jmp NM Bxddg : a3 control I er mask wite SicMaskw LABEL NEAR ;
if it's aninit cnd ,,\Q,Qrd,easxkldgsg,ﬁsammﬁ}csm p,0 je SHORT smamconO dec
SicSkip jnp NM Exidovs rrvmn[hdxn,mp [esépyssdtutyl Redme d8iew stack ;ared vve re

not on slave, don't ™Yt het2Xy dx ] FRRMEDY  Si cMask, cl
save nmask state bt ’,:gzPi ci—j,‘( ’E.kﬁ@iﬁEND ; got a request pendi ng’? j nc

NM Exi t mov  es;: [efdxmtax we' re done test , Wavel RQVask

; 1s our IRQ unmasked? jnz NM Exi t - . 1f not, we're done
test McMask, 04h 200 (P o0t povebih,t e fRSTRF™ I5Fif‘ecﬁ“sz%1%§°‘ifnrras ked? jnz
NM Exi t shl eax,2f not, we're done btr Pi cFl ags, PI C_FLAG_PEND
; cl ear pending statmey ca¢alx,e=|:o_f@ePCI | RQ . force the

interrupt jmp  NM BN (o opesave rraME+0), ax

shr eax, 16
mov {esp+SAVE _FRAME+4], ax

mov al,0ffh
out 21lh,al
bts PicFlags, PIC_FLAG VISR .

mov es,RegSave
jmp NMIExit
mcwecon2 ¢
; this could be the EOI from the dispatched handler
btr PicFlags,PIC_FLAG VISR
jnc SHORT mcwcon3
mov al,MicMask
out 21h,al
call DisableVirtualPIC
Jmp NMIExit
mcwcon3:

; this could be a spec EOI w/the IRQ masked - if so kill VIRQ/VIRR
cmp [esi.ssi_bIRQ],08h

jae NMIEXit

cmp cl,WaveSpecEOI

Jjne NMIExit

call ClearPCIIRQO

call KillVIRQ

Jmp NMIExit

: Master controller mask read
MicMaskR LABEL NEAR

bt PicFlags,PIC_FLAG VISR

jne NMIExit - -

cmp [esi.ssi_bIRQ)}, 08h -

jae mmrisl

mov al, MicMask

mov ah, WaveIRQMask

not ah

or al, ah

mov BY’IE PTR EaxSave, al

. e ., Jmp NMIExit

mnrisl:
mov al,0ffh
mov BYTE PTR EaxSave,al - —
Jmp NMIExit

;7 Master controller mask write
MicMaskw LABEL NEAR

ek 7 Af it's an init cmd word, skip it.
R cmp  MieSkip, 0
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ENDI F DmaMbdeW LABEL NEAR nov al,cl and al,03h cnp al ,[esi.ssi_bDVA]
] ne NM EXi ty, gg&gm‘pl , 10h | nz SHORT dmnaon btr DmaFl ags, darnided@sosTO
jmp Nm Exit dmaaon: bts DmaFl ags, DVA_FLAG _AUTO j np Nm Exit DmaMaskW
LABEL NEAR nov al,cl and al,03h cnp al ,[esi.ssi_bDWVA] jne NM Exi t
test- cl,04h jnz SHORT dmasm btr DmaFl agg, DVMA_FLAG MASK j nc NM Exi t
btr DmaFl ags, DVA FLAG DRQ j nc NM Exit btr DacFl ags, DAC_FLAG PEND j nc
SHORT dnres call DASGoDasroRt mpwgen0 NM Exit dnres: call DACResune jnp

NM Exit dmasm - 5¢re ptMicSkipgpF| ags, DVA FLAG MASK jc¢ ~ NMExit bt

DacFl ags, DAC_FAG,RUNRI NG"I'HE™® NM Exit cal | DACPause bts

DmaFl ags, DVA_FLAG DRQ jpigriagdVbicxFiacDnmk| opW kAR INEAR: btat1ddeaFl ags,

DVA FLAG FLOP jnp 34 Ex$&°RD|der R LABEL NEK#R b4 mormal sequence

DneFl ags, DVA_FLAG FLX¥ ffPesi . ssi _bDVA]’%H%-e s asbpRRddrRS mp  NM Exi t

h
Dmal Addr R LABEL NEA tc [esli)ralflﬁg@, A FLAG FLOP cnp [esi.ssi-bDVA], 1
jae NMIExit .
mov al,WaveIRQMask ; apply only Wave IRQ mask bit
not al
and MieMask, al
and ¢cl,WaveIRQMask
or MicMask,cl
jmp NMIExit

TOWRXm:
mov MicMask,cl ; save mask state
bt PicFlags,PIC_FLAG PEND ; got a regquest pending?
Jnc NMIExit ;7 if not, we’re done
cmp [esi.ssi_birQ],08h ; are we on the master PIC?
jae SHORT mmwcas ¢+ 1f not, skip to cascade segquence
test cl,WavelRQMask ; is our IRQ unmasked?
jnz NMIExit ; i1f not, we’'re done
btr PicFlags, PIC_FLAG PEND ; clear pending status
call ForcePCIIRQ ; force the interrupt
Jmp NMIExit

ramwcas :

test ¢l,04h

inz NMIExit

mov al,SicMask

test al,WaveIROMask

nz MMIExit

btr PicFlags, PIC_FLAG_PEND
call ForcePCIIRQ

jmp NMIExit

is cascade IRQ unmasked?

if not, we’re done

get slave controller mask state
is our IRQ unmasked?

if not, we’re done

clear pending status

force the interrupt

e Ne Ny ve e we v

; slave controller data read
SicbhataR LABEIL NEAR

cmp [esi.ssi_bIRQ),08h ; if we're not on slave, don’t bother
jb NMIExit
cmp . SicCmd,Qah . -
jne | SHORT sdrisr
bt PicFlags, PIC_FLAG VIRR
jne NMIExit
jmp SHORT sdrvim

sdrisr:
bt PicFlags,PIC FLAG VISR
jnc NMIExit :

sdrvim:
or cl,WaveIRQMask
mov BYTE PTR EaxSave,cl
jmp NMIExit

;7 Slave controller command write
SicCmdW LABEL NEAR

# if it’s the init command byte, flag mask-write and get out
test «¢l,10h
jz SHORT scwcon0
mov SicSkip,3
Jmp NMIExit
scweond:

cmp (esi.ssi_bIRQ],08h ; if we're not on slave, don’t bother
jb NMIExit

i check for reg-read commands that we need to store
mov al,ecl
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je DVAAddw&eg/mg241 NM Exi t. Dma3Addr R LABEL NEAR btc  DaFIRGRUSBRBTZLAG
FLOP cnp [esi.ssi_ bDVA],3 je- DVAAdAr R j nmp NM Exit DnaAddr R bt
DmaFl ags, DVA FLAG_ FLOP jc SHORT dar | ow nov cl, BYTE PTR DmaAddr Curr +1
nov"- BYTE PTR EaxSave, cl jnp NM Exit da#$-ow. bt

DacFl ags, DAC_FLAG RUNNING j ¢ SHORT dar der bt DacFl ags, DAC_FLAG PAUSE
jc SHORT dar der §a¥p alSPEgQT darget darder: mov  c¢x, DmaAddr nov dx,
[esi.ssi_ w Mddrga%%oncﬁgﬁ; gdd, dl, CONC_bEMPAGE_OFF nov al , CNC_DACCTL_PAGE
out dx,al add dl, r WORGEkR cOFF - CONC _bMEMPAGE OFF cal |l Di sabl eBusMast er
in ax, dx callg%%%&eﬁwswamléﬁtshl eax, 2 add cx, ax nov ax, DmaAddr add

ax, braCount c fax., i Sjg—pgl v ,ax.dastaqr: no

DmaAddr Curr, cx dar ggéhkﬁgl%ﬁi@&cﬁﬁg%zéf&%en%é P a>’<‘ alv‘e’TRa v}errlp

NM Exi t -51- Drafkdddr WIEABEL NEAR btc DmaFl ags, DVA_ FLAG FLOP cnp
[esi.ssi_bDWVA], 0 jEALl WMFrWjnp  NM Exit Dmal Addr WLABEL NEAR btc
DnaFl ags, DVA FLAG FI'®P cnp — [esi.ssi_bDWA], 1

; Slave controller mask write
SicMaskw LABEL NEAR

; if it’'s an init cmd word, skip it

cmp Sicskip, 0

je SHORT smwcon0

dec Sicskip

jrup NMIEXit

smwcon0:
cnp [esi.ssi_bIRQ], 08h ; if we’re not on slave, don’t bother
b NMIExit .
mov SicMask,cl ? save mask state
bt PicFlags,PIC_FLAG PEND got a request pending?

jnc NMIExit
test cl,WavelRQMask
jnz NMIExit
test MicMask,04h
jnz NMIExXit .
btr PicFlags,PIC_FLAG PEND
call ForcePCIIRQ
Fmp NMIEXit
ENDIF

if not, we’re done

is our IRQ unmasked?

if not, we’re done

is the master PIC cascade unmasked?
if not, we’re done

clear pending status

force the interrupt

L T N T R

DmaModeW LABEL NEAR

mov al,cl

and al, 03h

cmp al, {esi.ssi_bDMA}

jne NMIExit

test «¢l1,10h

jnz SHORT dmwaon

btr  DmaFlags,DMA_FLAG_AUTO

jmp NmiExit : )
dmwaon: .
bts DmaFlags,DMA _FLAG AUTO
Jjmp NmiExit

DmaMaskW LABEL NEAR

mov al,cl
and al,03h
cmp al, {esi.ssi_bDMA]
jne NMIExit
test «cl,04h
inz SHORT dmwsm
btr  DmaFlags,DMA FLAG MASK
jnc NMIExit
btr  DmaFlags,DMA_FLAG DRO
jnc NMIExit
- Jbtr  DacFlags,DAC_FLAG PEND
jnc SHORT dmres
call DACGoDammit
- jmp NMIExit
dmres:
call DACResume
jmp NMIExit
dmwsm:
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je DMAAddr W j np

NM Exit Dma3Addr W LABEL NEAR bt c

DraFl ags, DVA_ Wa\@&/3624P cnp [esi.ssi_ bDWVA],3 je

DVAAddAr W bt
DmaAddr, cl npv

PTR DmaAddr +1, cl nov BYTE PTR DmaAddr Curr +kgcl

LABEL NEAR bt c
DMACount R j np

FLOP cnp [esi. SSi _pb

LABEL NEAR btc
DVACount R j np

SHORT dcr | ow nov m
jmp NM Exit dcrl ow Bt DacFI ags,

bt DACFI ags, ERCPY ILABRAY jc DrmaCount
, eax xor , € Ve X
xor | gax B kit W BARCIRENPAGE OFF

DneFl ags, DMA_FLAG FLCP j nc
BYTE PTR DmaAddr Curr,cl jnp

DmaFl ags, DI\/A FLAG FLOP cnp

NM Ex’?"cs ﬁtWJ.mBEMEAR bt ¢
a,c 9 unt R jmp

DA
DmaHnags, mﬁMkt E:‘

DMAAddr W j
SHORT dawupp nov

JP% NM Exi t

NM Exit dawupp: nov BYTE

[ esi.

[esi.

NM E>§tll DriRCRawse R bt DmaFl ags,

wl OAddr essConcert]  jmp52

DmaOAddrR LABEL NEAR

btec DmaFlags DMA, . FLAG  _FLOP
cmp [esi.ssi bDMA] 0

je DMAAddArR

Jmp NMIExit

DmalAddrR LABEL NEAR

btc  DmaFlags, DMA FLaG ,_FLOP
cmp [esi.ssi_bDMA], 1

je DMAAdAYR

imp NMIExit

Dma3AddrR LABEL NEAR

btc DmaFlags, DMA . FLAG  FLOP
cmp [esi.ssi bDMA],

je DMAAdArR

Jwp NMIExit

DmaAddrR:
bt DmaFlags, DMA . FLAG  FLOP
je SHORT darlow
mov €l,BYTE PTR DmaAddrCurr+l
mov BYTE PTR EaxSave,cl
Jmp NMIExit

darlow:
bt DacFlags,DAC_FIAG _RUNNING
jec SHORT darder
l?t . DacFlags, DAaC _FLAG_PAUSE
je SHORT darder ~
Imp SHORT darget

darder:
mov cx, DmaAddr

RESMOLBUr r +1 nov

DAC FLAG RUNNI NG j ¢
— SHORT dcrget derder:

[ esi.

nov

mov dx, [esi. ssi_ onAddr.essconcert]

add dl,conNc bMEMPAGB _OFF
_mov al,CNC_DACCTL PAGE
out dx, al

add dl,CONC_wDACCFC  OFF - conc _bMEMPAGE _OFF

call D:LsableBusMaste
in ax,dx
callEnableBusMaster
shl eax, 2
add cx,ax
mov ax, DmaAddr
add ax,Dmacount
cmp cx,ax
jbe SHORT dastor
mov cX,ax
dastor:
mov DmaAddrCurr, cx
darget:
mov ax, DmaAddrCurs
mov BYTE PTR EaxSave,al
Jmp NMIExit

j mp

ssi

DnaFl ags,

NM Exit DmaOCount R

bDVA],0 je

DVA FLAG

NM Exit Dma3Count R

Ssi

bDVA], 3 je

DMA_FLAG FLCP jc
BYTE PTR EaxSave, cl

SHORT dcrder jnp

dx,

SINRCTITIITE L 0 = oy

SHORT dcr der

Ssi _



CO\IC bI\/EI\/PAG_gtgé%EgaI I

eax, 2 sub
SHORT dcr si ng add
dcrsto: nov
EaxSave, al
DVA FLAG FLOP cnp
Drmal Count W LABEL N
bDVA], 1 je
DMA_FLAG_FLCP cnp
DMACount W bt
DmaCount , cl nov

PTR DmaCount +1, cl nDWFC

DVA_FLAG SCOUNT j np SUBN
DVA FLAG Dhg
BYTE PTR EaxSave cl

DnaFl ags,
dsrnop: nov

kr PAGE out
Di sabl eBusMast er
ecx, eax jnc
cx, DmaCount | np
DmaCount Curr, cx dcrget:
j MEmaoAREELPBELDIR®Count W LABEL NEAR bt c

DMACouqm W j
impesi?
lrags, neWA FLAG FLOP | nc
BYTE PTR DmaCount Curr, cl

dx, al add dl

in ax, dx call
SHORT dcrsto bt

nov

BthpvA], 3 j e

j mp

B EL 4 1PN ﬁ-P’Curr+1 cl btr
M EE LTt dt uSR LABEL NEAR or
| neMrexiSHORT dsrnop or cl, esi.

Pma3AddrW LABEL N

btec
cmp
je

Jmp

DMAAdArW:
bt
jnc
nov
mov
jmp

dawupp:
mov
mov

jmp

DmaFlags,DMA FLAG FLOP
{esi.ssi_ bDMA],3
DMARAAIW

NMIExit

DmaFlags,DMA_FLAG FLOP
SHORT dawupp

BYTE PTR DmaAddr,cl
BYTE PTR DmaAddrCurr, cl
NMIExit

BYTE PTR DmaAddr+1,cl
BYTE PTR DmaAddrCurr+l,cl
NMIExit

DmaOCountR LABEL NEAR

btc
cmp
je

jmp

DmaFlags,DMA_FLAG FLOP
[esi.ssi_ bDMA]), 0
DMACountR

NMIExit

DmalCountR LABEL NEAR

DmaFlags, DMA, | FLAG FLOP

btc
cmp [esi.ssi_ bDMA] 1
je DMACountR
Jmp MMIExit
Dma3CountR LABEL NEAR 5
btc DmaFlags, DMA FLAG FLOP
cnp [esi.ssi_ bDMA],3
je DMRCountR
jmp NMIExit
DmaCountR:
bt DmaFlags, DMA FLAG FLOP
je SHORT dcrlow _
mov cl, BYTE PTR DmaCountCurr+l
mov BYTE PTR EaxSave,cl
Jnp NMIExit
dcrlow: . F
bt DacFlags, DAC_FLAG RUNNING
je SHORT dcrder
bt DACFlags, DAC_FLAG_PAUSE
je SHORT dcrder
jmp SHORT dcrget
derder:
xor eax, eax
Xor ecx, ecx
mov cx,DmaCount
mov dx, [esi.ssi_ wIOAddressConcert]

B
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, CONC_WDACCFC_OFFCT/US98/26072
Enabl eBusMast er
DmaFl ags, DMA_FLAG_AUTO | nc
SHORT-5tkcr st o dcrsi ng: nmov
ax, bmaCount Cur r

cx, 0ffffh
BYTE PTR
DmaFl ags,
esi j DVACount W j np
“bt c?ﬁfiﬁ?%‘%ms o'DEJI{'/ﬁP FLAG FLOP cnp
drfM Exit Dma3Count W LABEL NEAR btc
DVMACount W j np -
SHORT dcwupp nov
NM Exi t- dcwupp: nov
DmaFl ags,
cl, DmaSt at us bt

_ DmaDRQVASK]

DmaFl ags,

BYTE PTR



nmov al, [esi.ssi_ DmTCvask] not al and DmaSt at us, al jnp NM Exi t
Opl St at R LAB -53- nov al, Opl Stat nov BYTE PTR EpgBa)ses/26D72bt r
%W‘K}DET

MouFl ags, MPU j nc SHORT osrex bts MpuFl agsMPU FLAG SYNTHON j ¢

SHORT osrex nov _num active_voices, 12 nov ActiveCount, 400 call Synthon

osrex; jnp NM Exit Opl Addr W LABEL NEAR npw,;. Opl Addr,cl jnp NM Exi t

Opl Dat aW LABEL NEAR xor edx, edx ; OPL data reg wite

nov dl , Opl Addr m)Vadd le,a:ION@ySMl{MP Bog orH ; fill-in FM data array

cnp dl,01h je DWL PAER, dl and dh, 0f Oh cnp  dh, ObOh

. need to process FIVI°§ Fpg}'rf%&EtbuﬂﬁﬂA@BGrr nov

Acti veCount, 400 bts D agﬁ,st SYNTHON | ¢ SHORT fntall nov
_num active_voi ces, edx caI I Synt hOn pop edx fntall: nov

eax,ds nov  SSof f%]étE humsater : switch to local stack nov

SSseI ector, ss - nov zﬁb eslacbéE,SET St ackTop nov Ss, eax push es nov
es,eax cld ; push edxc calsHorr ' dayepr ocess add esp, 4
DmaFlags, DMA_FLAG _AUTO
)m: SHORT dcrsing
add cx, DmaCount
Jmp SHORT dcrsto
dcrsing:
nov cx,0f£ffh
dcrsto:
nov DmaCountCurr, cx
dcrget:
mov ax, DmaCountCurr
mov BYTE PTR BaxSave,al
jmp NMIExit

DmalOCountW LABEL NEAR

btc DmaFlags, DMA FLAG FLOP
cmp [esi.ssi_ bDMA],0

je DMACountWw

jmp NMIExit

DmalCountW LABEL NEAR

btc DmaFlags, DMA_FLAG FLOP
cmp [esi.ssi_ bDMR],1

je DMACountW

jmp NMIExit

Dma3CountW LABEL NEAR

btc PmaFlags, DMA FLAG FLOP
cmp {esi.ssi_bDMA},3

je DMACountiW

jmp  NMIExit

DMACountW: : .
bt DmaFlags, DMA _FIAG_FLOP
jnec SHORT dcwupp
mov BYTE PTR DmaCount,cl
mov BYTE PTR DmaCountCurr,cl
Imp NMIExit . .
dewupp: : ' o g B
mov BYTE PTR DmaCount+l,cl
nov BYTE PTR DmaCountCurz+l,cl
btr  DmaFlags, DMA_FLAG_SCOUNT
Jmp NMIExit

DmaStatusR LABEL NEAR

or cl,DmaStatus

bt DmaFlags, DMA_FLAG DRQ

jnc SHORT dsmop

or cl, esi.ssi DmaDRQMask]
dsrnop:

mov BYTE PTR BaxSave,cl

mov al, [esi.ssi_ DmaTCMask}

not al

and Dmastatus, al

jmp NMIExit

OplStatR LABEL NEAR

QUIRCTTITIITE covrrmmman /i se we wme



;. pop es | §o 9981 SpSave jnp  NMExit fntdet: cnp Opl AddrGTIUS98/26072
; -test for tinmer detection jne NMExit fndtl: test c¢l, T1. TRIG |z
SHORT fndt2 or Opl Stat, T1_IRQ or FM I RQ bts MpuFl ags, MPU_FLAG_FMDET
frmdt2: test «cl, T2 TRIGjz SHORT fmdnil ors3. Opl Stat, T2_I RQ or FM I RQ
bts MpuFl ags, MPU_FLAG FMDET frdm : test «cl,T1 _MASK jz SHORT f ndn®
-54- and Opl Stat, NOT T1 IRQ fndnR: test «cl, T2 MASK jz SHORT fndtr
and Opl St at, NOT T2m1>‘RQ phadpEsStat est | Stat, TL IRQ or T2 IRQ jnz

NM Exit and  Opl St afioNOT B PG Ve%M it loNul| LABEL NEAR jnp

NM Exit Sbl Set SHH P bt suort &SlbragsTSBL Fl ag_SPKRON j nc SHORT sssof f
bts Sbl FlI ags, SBL_BtAG Mlmm’“ _BIAGVEUSIN Or al , 80h call Set DACVol

sssof f: ret sbl Set SHf ENDPH [ SHH PROC btr Shl Fl ags, SBL_FLAG SHH j nc
SHORT scsoff bt EﬁiFl gg.gsme ‘ﬁf&,& & 'SPKRON j nc SHORT scsof f nov
al , DACvol and al , 7t&1calsimthSet DACVoI
osxex:

jmp NMIExit
OplAddrW LABEL NEAR

mov Opladdr,cl
jmp NMIExit

OplDataW LABEL NEAR

xor edx, edx ; OPL data reg write

mov dl,0plAddr

mov _fm_array_ ({edx],cl ¢ fill-in FM data array
cmp dl,01hn

je SHORT opleng !

mov dh, dl

and dh, 0£0nh

cmp dh, 0bOh ; need to process FM notes?

jne SHORT fmtdet
opleng: :
mov ActiveCount, 400
bts MpuFlags, MPU_FLAG_SYNTHON

je SHORT fmcall
nov _num_active voices,12
push edx
call SynthOn
pop edx
fmcall:
mov eax,ds
mov SSoffset, esp ; switch to local stack

nmov SSselector, ss - .
mov esp, OFFSET Stack’l‘op

mov ss,eax
push es
mov es,eax o -
cld ' T -
push edx
call _fm process
add esp, 4
r
pop . es
lss °© esp,SpSave
jnp NMIExit
fmtdet:
cmp Oplhddr, 4 ; test for timer detection
jne . NMIExit
fmdtl:
test «cl,T1_TRIG
jz SHORT fmdt2
or Oplstat,Tl_IRQ or E"M | IRQ
bts MpuFlags, MPU _FLAG FMDET
fmdt2: : ' e
test «cl,T2_TRIG
jz SHORT fmdml
or Oplstat,T2_IRQ or FM IRQ
bts MpuFlags,MPU_FLAG_ FMDET
fmdml

test ¢l1,T1_MASK
jz SKORT "~ frdm2




scsof f: ret IWPGPRWABHH ENDP Sbl Put Data PROC nov  Sbl Dat a, al R§A/US98/26072
Sbl'Rxr, 80h ret Sbl Put Data ENDP MouPut Dat aPROC nov MouDat a, al and

MouSt at , NOT 80h ret MuPutData ENDP | FNDEF W N CODE ; this process asserts -
the virtual Wave | RQ AsssertWavel RQ PROC bt -3¢  DacFl ags, DAC FLAG | NTENA j ¢
SHORT awi cO ret aw cQ; . bt PicFl ags, PIC FLAG VIRQ ; assert virtual IRQ
j nc SHORT awiggdm dha gpIStat'INgf;Ti'r baI ready asserted, bail ret aw cl:
-55- call Enabl eVirteal PeChtysk Pi cFl ags, Pl C FLAG VI RR ; assert

virtual IRR cnp [é’s{; : sgﬁg‘s‘gbﬂﬂ’?’q b08h ; are we on the master PIC?
jae  SHORT awigghey. 7 piStat,NOT T2£IRQot, skip to slave sequence nov

al , M cMask test oplsged, tiARb &y I eadgrask state test al, Wavel RQvask

. is.our | RQ masked?iphz NMIBMORT awi.pnd ~ ; If so, do pend
sequence jnp  SHORTY 'fﬁfﬁ‘iii?“ﬂ FM_IRQ' - g|se, skip to force PC |RQ

awi sl v: nov al , Si cNBsk _ ;  get slave PIC nask state test
al, Wavel RQVask IoMull LABEL NEAR; | S our | RQ masked? jnz SHORT aw pnd

; if so, do pend seq enceytest, M cMask, 04h ;i's the cascade
I'RQ masked? j nz SHgﬁl awmirc; if so, do pend sequence jnp SHORT awi frc;
esle, force it sensepssd: PROCS Pi cFl ags, PIC_FLAG PEND ; flag irqgq pending
ret awifrc: call FoggePCL}lﬁ%Zé ; force PCl ITRQ ret

AssertWavel RZ ENDP 5.4 hi Spdak Gt avgelt® he physical PCl 1 RQ For cePCl | RQ
PROC nov dx, [esibssi_shEhdd]sssfopcait ]; assert PCl | RQ add dl, CONC

bNM CTL OFF mov al,DACVol
or al,8dh
o call SetDACVol
sssoff:
ret

sblSetSHH ENDP -
SblClearSHH PROC

btxr SbiFlags, SBL FLAG SHH
jnec  SHORT scsoff
bt SblFlags, SBL_FLAG SPKRON
inc SHORT scsoff -
mov al,bDACVol
and al,7fth
call SetDACVol
scsoff:
ret

SblClearSHH ENDP

SblPutData PROC

mov Sblbata,al
ox SblRxr,80h
ret

SblPutData ENDP

MpuPutDataPROC
mov MpuData,al
and Mpustat,NOT 80h
ret

MpuPutData ENDP
IFNDEF WIN_CODE

: this process asserts the virtual Wave IRQ
AssertWaveIRQ PROC

bt DacFlags, DAC_FLAG_INTENA
- jc SHORT awicO -
ret
awicO:
bts PicFlags, PIC_FLAG VIRQ ; assert virtual IRQ
122 SHORT awicl ; if already asserted, baii
awicl:
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or [esi. g% godadW Ot 1], 01h mov  al, [esi.ssi_bNM Q1] out PCTHRI§F607%¢
ForcePCl I RQ ENDP ;this process clears physical PCl | RQ O earPCl I RQ PROC nov
dx, [esi.ssi_w QAddressConcert) ;assert PCH |RQ add dl, CONC- bNM CTL_OFF
and - [esi.ssi_ bNM Ctl], NOT 01h nov a5 [esi.ssi_bNMCtl] out dx, al
ret O earPCl I RQ ENDP ELSE Virtl RQSet PROC bt S Pi cFl ags, PI C FLAG VI RQ nov
exc,ds nov  SSof f seqaléspan a"“;‘;%g g .SS. v . esp, OFFSET StackTop
nmov: ss, ecx push chés ﬁé Vi ssi CBrRoF ConCl d m) Yee we e master PIC?
[ esi . ssi dvvl RQ@Hand| ejaenDVsHoRT e&abe;v[ esi . ssi _dwRORRECOMIer U s]avixagaddce
VPl CD_Set | nt _Requestov; p@pmcnafé‘s | ss e ey 8IC mask Sgate

Pi cFI'ag"PT

Vi rt| RQSet ENDP Virt Iné;?] %g;:m GoERas YRRV ecx, ds

nov SSof f set , esp Iaemcer SS nov ; &Sk, GEE§EEF fS'ﬁ:aacba'npR@Dv
SS, ecx push essimbx es, ecx cld nov eax, [eS| SSi RQHandl e] nov
ebx, [esi.ssi dmcaiigggm%rgiﬂ’;m xDCal | vﬁ@?_ﬁgﬁ?gﬁf SREYfuest ; pop

es |ss esp, SpSave;,,{z SHORT awipnd
test MicMask,04h
jnz SHORT awifrc
jmp SHORT awifrc

if so, do pend sequence
is the cascade IRQ masked?
if so, do pend sequence
esle, force it

~a e wa My e Ne

awipnd:
bts PicFlags,PIC_FLAG PEND ; flag irg pending
ret

awifre: :
call ForcePCIIRQ ; force PCI IRQ
ret

AssertWavelRZ ENDP

; this process asserts the physical PCI IRQ
ForcePCIIRQ PROC

mov dx, [esi.ssi_wIOAddressConcert); assert PCI IRQ
add dl, CONC_] bNMICTL OFF

or [esi. .ss:l. bNMICE1l}, 01h

mov  al, [esi.ssi_bNMICtl]

out dx,al

ret

ForcePCITRQ ENDP

; this process clears physical PCI IRQ
CleaxrPCIIRQ PROC

nov dx, ([esi.ssi_wIOAddressConcert] ; assert PCI IRQ
add dl, CONC-bNMICTL OFF

and [es:. ssi_ bNMICtl], NOT 01lh

mov al, [esi.ssi bNMIctl]

out dx, al

ret

ClearPCIIRQ ENDP
ELSE
'V:LrtIRQSet PROC .

bts PlcFlags PIC E’LAG _VIRQ
mov exc, ds

nov SS5offset,esp

nov SSselector,ss

mov esp,OFFSET StackTop
mov s8,ecx

push es
mov es,ecx
cld

;— et e

mov eax, [esi.ssi_dwIRQHandle]

mov ebx, [esi.ssi_dwCODECOwnerCur)
VxDCall VPICD_Set_Int_Request

,

pop es

1lss esp, SpSave .
ret
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Virtl RO ear Wb F WitePhys PROC | FNDEF W N CODE push @&Trusess6072
ebx, cs add ebx, 10h nov es, ebx wphyl p: nov es:[edx],al inc edx | oop
wphyl p pop es ELSE nov ebx, ds nov SSof f set, esp nov SSsel ector, ss
nov esp, OFFSET StackTop nov ss, ebx pus#6- es nov es, ebx cld call
HARDWARE _Phy s Mg & 48 - RQP es |ss esp, SpSave ENDIF ret WitePhys ENDP
DACSet Rat e PROC xor ecx, ecx nov CX, ax nov 4 eax, 22572)2(02/r 2djx9rsub

edx div VERSERGHear PROEX, | j nC SHORT cradj inc e ;
ggi: 2 nmov dx,[esi.g '_V\/LiggggrseéssConcertg add dl , CONC WDACRATE OFF and
[ esi.ssi_WDACRat e] , 0ORHD0N.&T a5 ' €SP -SER WDACRat €] ax -57- nov
ax, [ esi.ssi _WDACRat ehowout ssofelsetaespr et DACSet Rat e ENDP Synt hOn PROC xor

v Ss i
. ssf IegﬂMNBa#fer Li near 3]
eax, eax nov edx, [eﬁiv &sp,OFFSET StackTop

mov ss,ecx

push es
mov es, ecx

clad
mov eax, [esi. ssi_ dwIRQHandle)
mov ebx, [esi. ssi_ dwCODECOwWnerCur)

VxDCall VPICD_Clear_Int_ Request
;

pop es

lss esp, SpSave

ret

VirtIRQClear ENDP
ENDIF

WritePhys PROC

IFNDEF WIN_CODE

push es

mov ebx, cs

add ebx, 10h

mov es, ebx
wphylp:

mov es5:[edx},al

inc edx

loop wphylp

pop es

ELSE

mov ebx,ds

mov SSoffset, esp

nov SSselector, ss

mov esp,OFFSET StackTop

nov 35,ebx

push es

mov es,ebx

cld

call HARDWARE_PhysMemWrite
pop es

1ss. esp, SpSave

ENDIF

ret

WritePhys ENDP
DACSetRate PROC

xor ecx, ecx

mov cX, ax

mov eax, 22579200/8

xor edx, edx

div ecx

shr eax, 1

jnc SHORT cradj N

inc eax T
cradj:

sub eax, 2 ’

mov dx, [esi. ssi_wIOAddres sConcert)

add dl,CONC_wDACRATE OFF -

and [esi.ssi_wDACRate], 0e000h

or {esi. ssi_wDACRate] ,ax
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mov  ecx, Sk emoksr: nov  [edx],eax add edx,4 |oop socl rPGR{YS98/26072
dx, [esi.ssi_wW OAddressConcert] add dl , CONC_bMEMPAGE _OFF nov

al , CONC_SYNCTL_PAGE out  dx,al add dl, CONC dSYNPADDR OFF -
CONC_bMEMPAGE_COFF nov  eax, [ esi.ssi | pDMABUF f er Phys3] out dx, eax add
dl , CONC_WSYNFC_OFF - CONC dSYNPADDR OFF nov eax, 511 out dx, eax add

dl, CONC_WSYNI C_OFF TOCONEF[SYNPEHPERAR)  ax, 255 out  dx, ax add

dI CONC_bSERFMT C]:Fre»c _WSYNI C OFF or [esi.ssi_bSerFm], 03h nov

,[esi.ssi_bSerFnt] out dx, al add dl., CONC_bSERCTL_OFF -
CO\IC_bSERFIVﬂ'_@qSe%e ENPRsi . ssi_bSerct1], NOT 28h or

[ esi.ssi_bSer (Yl a03RedOV al , [esi. ssi _bSer 1] out dx, al add
dl , CONC_bDEV! OFF - CONC_ bSERCTL OFF or [ esi.ssibDevCtl], 40h nov

al ,[esi.ssi_bDevCt| kemut eax,¢%% al | FNDEE W N_CODE. push ebx . nov bl , 01h
cal | DebugCtl pop ™¥bx ﬁ!{l@)ﬁ—* PE W‘ﬁ&r’ﬁﬁﬁf” kill the synth machine
Synt hO f PROCgzpmy. dx, [eS| ssi W QAddr essConcert] add
dl , CONC_bDEVCTL OFFmend fedxdgeaxssi bDevCt | ], NOT 40h nov

al, [esi.ssi_bDevCt | pddut sd%dx, al ret Synt hOFf ENDP startup the DAC (or
def er startup if the \?DM&?: I's masked). DACStart PROC - 58-

mov dx, [esi.ssi_wIOAddressConcert]

add  dl,CONC_bLMEMPAGE_OFF

mov  al,CONC_SYNCTL_PAGE

out dx,al

add dl,CONC_dSYNPADDR_OFF - CONC_bLMEMPAGE OFF

mov  eax, [esi.ssi_lpDMABufferPhys3}

out dx, eax

add  dl,CONC_wSYNFC_OFF - CONC_dSYNPADDR_OFF

nov eax, 511

ocut dx,eax

add dl,CONC_wSYNIC_OFF - CONC_wSYNFC_OFF

mov ax, 255

out dx,ax

add dl, CONC_DbSERFMT_OFF - CONC 1 WSYNIC OFF

or [esi.ssi bSerFmt] 03h

mov al, [esi.ssi_bSerFmt]

out dx,al

add dl,CONC_bSERCTL_OFF - CONC_bSERFMT_OFF
and [esi.ssi_bSerCtl},NOT 28h

or {esi.ssi_bSerCtl},Olh

mov al, {esi.ssi_bSerctl}

out dx,al

add dl,CONC_bDEVCTL OFF ~ CONC bSERCTL QOFF
or (esi.ssi bDethl ,40h

mov al, [esi.ssi_bDe tl]

out dx,al

IFNDEF WIN_CODE
push ebx
mov  bl,01h
call DebugCtl
pop ebx

b ot

ENDIF
ret

.454_?..

SynthOn ENDP

+ kill the synth machine
sSynthOff PROC

mov dx, [esi.ssi_wIOAddressConcert)
add dl,CONC_bDEVCTL_OFF

and {esi.ssi_bDevCtl],NOT 40h

mov  al, {esi.ssi_bDevCtl]

out dx,al

ret

SynthOff ENDP

¢ startrup the DAC (or defer startup if the vDMAC is masked) .
DACStart PROC

5..SUBSTITUTE SHEET (RULE 25)




. this is a wowBBIstartup ... need to kill DAC ? test DacFPSGH&SP826874
DAC FLAG PAUSE) OR (1 SHL DAC FLAG | ODAC) jz  SHORT dsnokill and
DacFl ags, NOT ((1 SHL DAC FLAG PAUSE) R (1 SHL DAC FLAG | ODAC)) nov

dx, [esi.ssi_w OAddressConcert] add , CON&-bDEVCTL_OFF and
[esi.ssi_bDevCtl], NOT 20h nov DAC [e5| SSi bDeth g%lllog% dxal dsnokill:
bt DnaFl ags, DVA_F E ret
dsdefer: bts DmaFIJa;gs @%@%ﬁgﬁ’@e ags lDi\% EMt;)et

DACSt art ENDP DACGo & DadPREN3, NOTC I(elasaqoemiwmg; fAuags obt 11 SHL DAC_. FI.AG ,_TODAC))

DacFl ags, DAC_FLAG_Pa bt‘f {es C‘F‘E?K‘?DRQ derive the skip counts
nov al, 08h test sfggl‘ 10 SHCRT dgnot 16 shl eax, |

dgnot 16: nov Norrr&{oSkl pl,ales:msvl bna}cr.EYTE PTR DmaAddr and al , 03h nov
StartSkip,al npv . _g#ut03H*<db al,StartSkip sub al, BYTE PTR DreCount and

al , 03h. add a‘?snﬁilé?’gtSkl Bmggqggs D@(tt.m%ﬁs al shl  eax, 3 add
al Normal Ski p nov Bd Skisporal dsdeflSY | v& some ot her count varibal es xor

eax, eax xor ecx, ecselk oPACGopygitdx nov ax, DraCount nov cx, DACCount nov
dl , ExtraByt es Agg ré X inc ecx add edx, eax test [esi .ssi_bSer Fnt), 04h
of's

jz SHORT dgn ‘bts DmaFlags,DMA_FIAG DRO
bts DacFlags,DAC | FLAG PEND
ret

DACStart ENDP
DACGoDammit PROC

; clear pending flags
btr DacFlags,DAC_FLAG_PEND
btr DmaFlags,DMA FLAG DRQ

; derive the skip counts
mov al,08h
test (esi.ssi_bSerFmt],08h
jz SHORT dgnotlé
shl eax,
dgnotlé:
mov  NormalSkip,al
mov al,BYTE PTR Dmalddr
and al,o3h
mov StartsSkip,al
mov al,03h
sub al,startskip
sub al,BYTE PTR DmaCount
and al,03h
add al,startskip
mov  ExtraBytes,al
shl eax,3
add al, Normalsklp
mov  Endskip,al

; derive some other count varibales
xor eax, eax
xor ecx, ecx
xXorxr edx, edx
mov ax, DmaCount
mnov cx, DACCount
mov dl,ExtraBytes
inc eax
ine ecx
add edx, eax
test [esi.ssi_bSerFmt),04h
iz SHORT dgnots
shr eax,1
shr ecx, 1
dgnots:
test [esi.ssi_bSerFmt),08h
jz SHORT dgnotw
shr eax, 1
shr ecx, 1l
dgnotw:
SR 4 eax, eax
jz SHORT dgnod0
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shr eax, 1 whyoosoRgX, 1 dgnots: test [esi.ssi_bSerFnt], 08h j PCT/USEMREN
dgnot w shr eax, | shr ecx,| dgnotw or eax, eax |z SHORT dgnodO
-59- dec eax donodO: nov DVACount Sanpl es, ax or ecx, ecx jz SHORT
dgnodl dec ecx dgnodl: nov DACCount Sampi%s, cx shr edx, 2 or edx, edx
]z SHORT dgnod2 dec edx dgnod2: nov DVACount DWbr ds, dx ; Now, see if
we have to sto%%g &¢% ea®™®- r unni ng DAC bt DACFlags, DAC FLAG RUNNI NG j nc
SHORT dgdosta V mov dXmfaB&intSsdp1 M, QAddr essConcer t] add
dI CONC_bDEVCTL_OFFoand ecxj&si . ssi_bDevCt|], NOT 20h nov

, [ esi. ssi bDeth|]JzOUt5H°R'H)99§.?d1 test for special case - was running, got
new DAC count .of E cnp™ DACCount Sanpl es, 0000h jne  SHORT dgdostart btr
DacFl ags, - DAC_ SERE > RN e dotoiN Slkpa W N xCODE cal | Assert\avel RQ ELSE cal |

Virtl RQSet ENDIF reshdgdest.@rt: ; Finally we're starting this thing - first
flag it bts  DacFl &§s, Dﬁé\gng’AgCg‘e NNI NG ; setup the upper portion of the
32-bit host addressgg&)r ed€£aX, €ax nov dx [ esi.ssi _DVAPageReg] in al , dx
shl eax, 16 dgnod2:

mov DMACountDWords, dx

; Now, see if we have to stop an already-running DAC
bt DACFlags, DAC_FLAG_RUNNING

jnc SHORT dgdostart

mov dx, [esi.ssi_wIOAddressConcert)

add  dl,CONC_bDEVCTL_OFF

and {esi.ssi_bDevCtl],NOT 20h

mov  al,[esi.ssi_bDevCtl]

out dx, al

; test for special case - was running, got new DAC count of ZERO
cmp  DACCountSamples, 0000h
jne  SHORT dgdostart
btr  DacFlags,-DAC_FLAG RUNNING
IFNDEF WIN_CODE
call AssertWaveIRQ
ELSE
call VirtIRQSet
ENDIF
ret

dgdostart:
; Finally we're start:mg this thing - first flag it
bts DacFlags,DAC_FLAG_RUNNING

; setup the upper portion of the 32-bit host address
xor eax, eax

mov  dx, [esi.ssi_DMAPageReg]

in al,dx

shl eax, 16

7 get our I/0 address$, pause, and write DMA addr .
mov . dx, [esi.ssi_wIOAddressConcert]
mov ecx, 400

call DisableBusMaster

dgwait:

.in al,dx
loop dgwait »

call EnableBusMaster
add dl, CONC_bMEMPAGE _OFF
MoV al, CONC_] ' DACCTL PAGE
out dx, al
add dl, CONC dDACPADDR OFF - CORC_] bMEMPAGE OFF
mov ax, DmaAddr
out dx, eax

; program DMA count (if necessary)
add dl,CONC_wDACFC_OFF ~ CONC _ADACPADDR OI:"F
btxr DmaFlags DMA FLAG SCOUNT
jc SHORT dgdcw
Xor eax,eax
mov ax, DMACountDWords
ocut dx, eax

dgdcw:

7 now test the DAC mode and go to the proper startup sequence
bt DacFlags,DAC_FLAG_AUTO
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: get our |/Cwveddsess, pause, and wite DVA addr nov PCT/US98/26072
dx, [esi.ssi_wW OAddressConcert] nov ecx, 400 call D sabl eBusMaster dgwait:
in al ,dx loop dgwait call Enabl eBusMaster add dl , CONC_bMEMPAGE _OFF

mov © al . CONC_DACCTL_PAGE out  dx,al add -8, CONC_dDACPADDR OFF -
CONC_ bNENPAGE CFF rmv ax DmaAddr out dx, eax ; program DVA count (if
necessary) add C PBEEC ORRae GRNG_dDACPADDR OFF bt r

DmaFl ags, DVA FLAG S NT mdsmzmt HORT dgdcw xor eax, eax nov
ax, DMACount DWor ds out dx, eax dgdcw. ; now test the DAC node andwgo to the

proper startup sequ AcBiptis 2 TeRl FIRAle AT SEITAEP AUTOYL® PABo=iyete P paaut o
bt DmaFl ags, AG AL 5@, of££MGSI mAuto ; This is a real si ngl e- node
startup - single DACxosi negxeedVA DGSi ngl e: nov | perBuf f,O0f fffh xor

eax, eax Xxor ecx, ecX°Rpvec*, Count Curr nov cx, DACCount inc ecx sub

eax, ecx jnc  SHORT &8%noff BiREomd per Buff, 0000h cnp  ax,Offffh je  SHORT
dgsn00 nov ax, Of f f fibc bt éex DacFl ags, DAC FLAG | NTENA dgsrrOO nov
DmaTer mCount , ax nov Sukx, E%?o‘a%ntojrr sub  ecx, eax add cx, DmaAddr Curr
mov  DmaTer mAddr, cx 3881d ot 2888G,DAC C_OFF - CONC_WDACFC_OFF nov
ax, DACCount Sanpl es  cmp ax,0ffffh

je SHORT dgsm00

mov  ax,0ffffh
btr DacFlags,DAC_FLAG_INTENA

dgsm00:
mov DmaTermCount, ax
mov cx, DmaCountCurr
sup ecx, eax
add c¢X, DmaAddrCurr
mov DmaTermAddr, cx
add dl,CONC_wDACIC_OFF - CONC_wDACFC_OFF
mov ax,DACCountSamples
out dx,ax
dgrips:

; single mode - let it rip

mov dx, [esi.ssi_wIOAddressConcert]

add dl,CONC_bSKIPC_OFF

mov al, SstartSkip

out dx, al

add  dl,CONC_bSERCTL_OFF - CONC_bSKIPC_OFF
and [esi.ssi_bSerCtl},NOT 10h

or [esi.ssi_bSercCtl],4zh

mov al, [esi.ssi_bSercCtl]

out dx,al

add dl, CONC bDEVCTL OFF - CONC bSERCTL OFF
or [esi. ssi bDevctl] 20h

mov al, [esi.ssi_bDevCtl]

out dx, al

ret

- ; This is simulated auto-mode startup-single DAC, auto DMA
DGSimAuto:
mov ax, DACCount
<mp ax,DmaCount

ja dgsa02

dgsal0: .
; this would be the “normal” sim-auto case -~ DAC is <= DMA count
bts DmaFlags,DMA_FLAG SCOUNT
mov  IPerDisp,0
mov IPerDispCurr, 0
mov  IperBuff,0ffffh
xor eax, eax
xXor ecx, ecx
mov ax, DmaCountCury
mov cX,DACCount
inc ecx
sub eax, ecx -
jnc SHORT dgsa0l
mov IperBuff, 0
add ax, DmaCount
inc eax

dgsall:
-, e MOV DmaTermCount, ax
mov cx, DmaCountCurr
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out  dx, ax wigeé/prRal ; single node - let it rip nov dx, PCT/US98/26072

[[esi.ssi_wW QAddressConcert] add dl , CONC_bSKI PC_OFF nov al, Start Ski p out

dx,al add dl, CONC_bSERCTL_OFF - CONC_bSKI PC_OFF and

[esi.ssi_bSerCtl), NOT 10h or [esi.ssi_b&erCtl], 42h nov

al ,[esi.ssi bSerCtI] out dx aI add dl , CONCbDEVCTLOFF - CONCbSERCTLOFF
or [esi. ssi 1,20 ,[esi.ssi_bDevCtl] out dx, al ret
This is sinulat ed \p 1fcggp singl.e DAC, auto DVA DGSi mAuto: mov
ax, DACCount cnp ax, DmaCount a dgsa02 dgsaOO ; this would be the
"normal " simauto cadse dlESl@SCJ.W@AQE @IW: EFNrrPASTS OFFaFl ags, DVMA FLAG SCOUNT
mov | PerDi sp, O mo{oy |?e§f15|°%“66ﬂ“? 9 mov  IperBuff,0ffffh xor eax, eax
xor ecx, ecx nov 31@9( LFadzeunt Curr nov cx, DACCount i nc ecx sub

eax, ecx jnc SHORT dgsa0l nov | perBuff, 0 add ax, DmaCount inc eax
dgsa01l: nov Tef MEBUHHaR* NP  cx, DmCount Curr -61- sub  ecxeax
add CX, DrraAa T foUTOVax, prd&uker mAddr , cx add dl , CONC wDACI C OFF -
CONC_WDACFC_OFF novmov amm@ﬁ@@(-mnt@anpl es out dx,ax jnmp  dgrips ;

simauto, big DAC dBga0oZ*Duahecs

cmp ExtraBytes,0
jne dgsa03

; sim-auto, big DAC, aligned

mov  IPerDisp,0

mov IPerDispCurr,0

mov IPerBuff,0

add 41, CONC _WDACIC_OFF - CONC_wDACFC_OFF
mov  ax,DACCountSamples

out dx,ax

Jmp dgrips

dgsal3:

; sim-auto, big DAC, unaligned

Xor  eax,eax

Xor edx, edx

xor ecx, ecx

mov ax,DACCount

inc eax

mov cx, DmaCount

inc ecx

div  ecx

dec eax

mov IperDisp,ax

mov  IperDispCurr, ax

mov  IPerBuff,0 } '

mov dx, {esi.ssi_wIOAddressConcert]

add dl,CONC wDACIC _OFF

mov  ax, DMACountSamples 3

out dx, ax =

jmp  dgripa 'f

; This is real auto-mode startup - auto DAC, auto DMA
DGAauto:

;7 two sub-cases arise here ... DACCount <= DmaCount or >,

; if > is the case, welrd ahgmnent will need special treatment
mov ax, PACCount

cmp ax, DmaCount

Jjbe dgam01

; Auto Big DAC case here

;7 check for weird alignment
cmp  ExtraBytes,00h
jne  SHORT dgam00

;s this is the Auto Big DAC, normal case
mov  IperBuff,0

mov  IperBuffCury, 0

mov IperDisp,0

mov  IperDispCurr,0

add dl,CONC_wDACIC OFF - CONC_wWDACFC_OFF
mov ax,DACCountSamples

%



mov  ax, Dn¥DWH24lov  DmaTer mCount, ax nov  ax, DmaAddr nov PCT/US98/26072
DmaTer mAddr, ax cnp ExtraBytes, 0 jne dgsa03 ; simauto, big DAC, aligned
nov . | PerDisp, 0 nov | Per Di spCurr, 0 nov | Per Buff, 0 add

dl , CONC WDACI C OFF - CONC WDACFC OFF nov -6, DACCount Sanpl es out dx, ax
jmp dgrips dgsa03:O X simauto, big DAC, unaligned xor eax, eax xor

A dx, ax . .
edx, edx xor 08CX nov ‘aX, DACCount inc eax nov cx, DbmaCount i nc

ecx div ecx dec  ©&isTDy the lbpewRESPnAXgHEAVcase | DEER SR pBX biE2Y
| Per Buff, 0 nov dx,%%ﬁsi Ipeypulfl. OAddr essConcert] add  dl , CONC_ WDACI C_OFF

mv  ax, DMACount Saffiies BT QH " ™R, ax jnp  dgripa ; This is real

eax .
aut o-node startup - st 0ebibecx aut o DMA DGAut 0: ; two sub-cases arise here

... DACCount <= DnaGoant e®r. e : if > is the case, weird alignment wll
need special treatméiff ngdf PAXIDACCoUnt cnp  ax, DnaCount jbe  dgan®1 ;

Aut o Bi g DAC case he9 ; cg}bﬁg&uﬁgr weird alignment cnp Ext raByt es, 00h | ne
SHORT dganD0 ; thisins thkex Auto Big DAC, normal case nov | per Buff, 0 nov

| perBuf f Curr, 0 nov %iFpefrt sp, 0 nov | per Di spCurr, 0 add
de X

dl , CONC_WDACI C_OFF —oCONERSMRAGEG, OFF mov  ax, DACCount Sanpl es
nov IperDispCurr, ax
mov dx,[esi.ssi_wIOAddressConcert]
add dl,CONC_wDACIC OFF
mov  ax,DMACountSamples
out dx,ax
jmp SHORT dgripa

dgam01:
; small DAC ... derive ints per butt
xor eax, eax
Xor ecx, ecx
Xor edx, edx
mov ax, DmaCount
inc eax .
mov cxX, DACCount
inc ecx
div ecx
dec eax
mov IperBuff, ax
mov IperBuffcurr, ax
’
mov IperDisp,0
nov Iperbispcurr, 0
r
7 program the interrupt count
mov dx, (esi.ssi wIOAddressConcert]
add  dl,CONC_wDACIC OFF
mov  ax,DACCountSamples
out dx, ax

dgripa: 1

' ; auto mode - let it rip
mov dx, [esi.ssi-wIOAddressConcert)
add  dl,CONC_bSKIPC OFF
mov  al,NormalSkip ~
cmp IpexrBuff, 0
jne SHORT dgnoes

) ov al,Endskip
dgnoes: ?

or al,startskip

out dx,al

add  dl,CONC_bLSERCTL _OFF - CONC_bSKIPC OFF
and (esi.ssi_bSerctl),NOT 50h -
or (esi.ssi_bSerCitl],02h

mov al, [esi.ssi_bSerctl]

out ax,al .

add dl,CONC_hDEVCTL_OFF - CONC bSERCTL OFF
or [esi.ssi_bDevCtl]},20h - -
mov  al,{esi.ssi bDevCtl]}

out dx,al

ret

DACGoDammit ENDP

DACStop PROC

... SUBSTITUTE SHEET (RULE 286)




-62- out  dyoa¥sedan00: ; this is the big DAC, unaligned casBCT/USBI607nt

per DMVA buff nov | per Buff, 0 nov | per Buf f Curr, 0 xor eax, eax xor
ecx, ecx xor edx, edx nov ax, DACCount i nc eax nmov cx, DmaCount inc
ecx div ecx dec eax nov | per Di sp, ax M3y | per Di spCurr,ax ; nov

dx,[esi.ssi_Ww OAddressConcelrt] %dd dl , CONC_wDACI C_OFF nov
ax, DMACount Sanpl es BeM DPaghklagx Q0AQR OR SHORY MG FPp§ WEBWO1: ; small DAC ...
derive ints per but Qg:’i(ori’l‘ifgéxzjé O%e’scéﬁl%ié x xor  edx, edx nov
ax, DmCount inc  e@Xa Mjesi.GX HIbkra®YMorid0e ecx div  ecx dec  eax nov
| per Buf f, ax nov I pe;r Bug,‘(%ﬁiréaxbmmtl | perDi sp, 0 nov | perDi spCurr, 0 ;
programthe interru co X, eSi A 5¥\4 essConcert] add
dl , CONC whAcl C_OFF 8;%3/ @i‘jﬁ%&éﬁ%ﬁ%&f@%ﬁé—ou F%&%?ax dgripa: ; auto node
- let it rip nov  day[esl (esisu DRdcriassConcert] add  dl, cONC_bSKI PC_OFF
nov al , Nor mal Ski pegfp ¢ #berBuff, 0 j ne SHORT dgnoes nov al , EndSki p
dgnoes: or al , St 8F% ski p

DACStop ENDP

DACPause PROC

btr DmaFlags,DMA FLAG DRQ
btr DacFlags,DAC_FLAG PEND
bt DacFlags,DAC_FLAG_RUNNING
jnec  SHORT dpexit
bt DacFlags,DAC_FLAG PAUSE
jc SHORT dpexit
¢
mov  dx, {esi.ssi wIOAddressConcert]
add dl,CONC_wDACIC_OFF

call DisableBusMaster
in ax,dx

call EnableBusMaster
cwp  ax,0001h
ja SHORT dpdoit
mov ecx,1000h

call DisableBusMaster

dpwz:

in ax, dx
or ax, ax
loopnx SHORT dpwz

call EnableBusMaster

-
’

mov ecx, 1000h
call DisableBusMaster
dpwnz:
in ax,dx
or ax,ax
. loopz SHORT dpwnz
call EnableBusMaster
; .
bt DacFlags, DAC_FLAG_AUTO
jnc  SHORT dpexit

dpdoit:
btr DacFlags, DAC_FLAG RUNNING
bts DacFlags,DAC_FLAG PAUSE
add dl,CONC_bSERCTL_OFF -~ CONC_wDACCIC_OFF
or [esi.ssi_bSerCtl}, 10h
mov al, [esi.ssi_DbSerCtl]
out dx, al
dpexit:

ret
DACPause ENDP
DACResume PROC

bt DacFlags,DAC_FLAG PAUSE
jnc SHORT drexit
bt DmaFlags, DMA_FLAG MASK
jnc SHORT drdoit
bts DmaFlags,DMA_FLAG DRQ
ret

drdoit:
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out dx, al a¥® 99/3841CONC_bSERCTL_OFF - CONC _bSKI PC_OFF and  perusess26072

[esi.ssi_bSerCtl], NOT 50h or [eSi.ssi_bSerCtl], 02h nov

al ,[esi.ssi_bSerCtl] out dx, al add dl , CONC bDEVCTL_OFF -
CONC_bSERCTL_OFF or [esi.ssi_bDevCtil], 20k4n0V al ,[esi.ssi_bDevCtl] out
dx, al ret DACGoDanmm bLe ENDRPACSt op PROC - -63- nov DacFl ags, 0000h OR (1
SHL DAC FLAG | NTENA) pepVv Dacg&ggg(%@;;g%%@ddr essConcert] add
dl , CONC_bSERFMI_OFF &hdl Dec@bigs I s Rk NOT 40h nmov

al ,[esi.ssi_bSerFnt] ’;‘%Jt dx'§%1a$5ia!d@A¢E:¢G@iG_eb{?EVCTL_O:F - CONC_bSERFMT_OFF
and [esi.ssi_bDevCiid , NQI; 206 Fo0Fd| [gsi.ssi_bDevCQtl] out  dx, al ret
DACSt op ENDP DACPauser PRO@sbissi bs 'g8ls, \ FLAG DRQ btr

DacFl ags, DAC FLAG PERFY btal. [espaoE] tmgsstDAC FLAG RUNNI NG j nc SHORT dpexit

bt DacFl ags ofAG FUAG PRUSE | ¢ SHORT dpexit nov
dx, [ esi.ssi_w OAddr esaConcert] add dl CONC WDACI C OFF cal |
ax, dx call Enabl eBusMaster cnp ax, 0001h ja

Di sabl eBusI\/astgArCRi n

SHORT dpdoit nov - &&X"H0ooh cal | Di sabl eBusMaster dpwz: in ax, dx or
ax, ax | oopnx SHeBAcvdpwaocal | Enabl eBusMaster nov ecx, 1000h cal |

D sabl eBusMaster dpwnz: in ax, dx

mov  DACVol,al
mov ah,al

and  ah,80h
and al,7fh
shr al,2

FMP al,06h
jb SHORT sdvok
sub al, 06h

sdvok:
not al
and al,1lfh
or al,ah

mov ah, 02h
call CODECWrite
mov ah, 03h
call CODECWrite
ret

SetDACVol ENDP
SetMasterVol PROC
mov  MasterVol,al
mov  ah,al .

and ah, 80h
and al,7fh

shr al,2
not al

and al,1fh
or al,ah

mnov ah, O0h
call CODECWrite
mov ah, 01h
call CODBECWrite
ret

SetMasterVol ENDP
SetSynthVoel PRoC

and  al,7fh
nov Synthvol, al

shr al,2
cmp  al,06h
jb SHORT ssvok
sub  al,06h
ssvok:
not af ****
and al,1fh

mov ah,04h
call CODECWrite
nov ah, 05h
call CODECWrite
ret

«:.. SUBSTITUTE SHEET (RULE 28)

. WG ME e L L adh e .
-Fﬁfﬂiﬁﬁﬁ‘ e t:}em_ i




or ax, ax haepe3e2kiORT. dpwnz cal | Enabl eBusMast er bt PCT/US98/26072
DacFl ags, DAC_FLAG_AUTO j nc SHORT dpexit dpdoit: btr

DacFl ags, DAC_FLAG RUNNI NG bt s DacFl ags, DAC_FLAG PAUSE add

dl , CONC bSERCTL_OFF - CONC WDACCI C OFF or  -65tesi.ssi_bSerCtl], 10h nov

al ,[esi.ssi_bSerCl] out dx, al dpexit: ret DACPause ENDP DACResune PRCC
bt DacFl ags sSAGTVAGERRUSE | nc SHORT drexit bt

DmaFl ags, DVA Fgﬁbgg%sgkd e SHORT drdoit bts DmaFl ags, DVA_FLAG DRQ r et
drdoit: DmaFl ags, DVA_FLAG DRQ btr DacFl ags, DAC_FLAG PAUSE
bt s DacFl ags DAC_FLASRUNNI RIEB Jov dx, [esi.ssi _w OAddressConcert] add
dl , CONC bSERCTL_OFF &@p ’T’E 1ssi _bSerCt1], NOT 10h or

[eS| ssi_bSerttl1], 025m1£TDVa16} sf esi.ssi_bSerCtl] out dx,al drexit: ret
DACResune ENDP Set DAGNYol fRRCsgoek  DACVol, al nov ah, al and ah, 80h and
al, 7fh shr al ,2 cnp® afl-88h jb SHORT sdvok sub  al, 06h sdvok: not
al and I fAEKE__al, gh nov ah, 02h cal | CODECWite

and al,lfh
mov ah,06h
call CODECWrite
mov ah,07h
call CODECWrite
ret

SetCDVol ENDP
CODECWrite PROC

mnov dx, [esi.ssi_wIOAddressConcert]
5 add dl,CONC_bCODECSTAI_OFF
push eax
nov ecx,100h
call DisableBusMaster
cwrlp:
in al,dx
test al,0lh
loopnz cwrlp
call EnableBusMaster
pop eax
add dl,CONC_wCODECCTL_ OFF - CONC_hCODECSTAE_OFF
out dx,ax
ret

CODECWrite ENDP
IFNDEF WIN_CODE .
ISRAssertWaveIRQ PROC

bt DacFlags,DAC_FLAG_INTENA
jc SHORT iawcO .

ret
iawc0:
bts PicFlags,PIC_FLAG VIRQ ;assert virtual IRQ
jnc SHORT iawcl ; if already asserted, skip
ret
iawel:

call EnableVirtualPIC
bts PlcFlags PIC_FLAG VIRR
cmp [esi.ss] bIRQ] osh
jae SHORT iawslv
mov  al,MicMask
test al,WaveIRQMask
jnz SHORT iawpnd
jmp  SHORT iawdis
jawslv:
mov al,SsicMask
test al,WaveIROMask
inz SHORT iawpnd
test MicMask,04h
jnz SHORT iawpnd
Jjmp SHORT iawdis
jawpnd:
bts  PicFlags,PIC_FLAG_PEND
ret

assert virtual IRR

are we on the master PIC?

if not, skip to slave sequence
get master PIC mask state

is our IRQ masked?

if so, re-assert pend

else, skip to dispatch -

~e

N Wy We wa Wy Ny

get slave PIC mask state
is our IRQ masked?

if so, re-assert pend

is the cascase IRQ masked?
if so, re-assert pend
else, do it

A

ws e N

a

flag irq pending.
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mov ah, 03h Cybé oofdeliECW i te ret Set DACVol ENDP Set Mast er Vol PROT/U$B#26072
Mast er Vol al nmov ah, al and ah, 80h and al, 7fh shr al , 2 not al and

al, 1fh or al , ah nov ah,OOh cal| CODECWite rov ah, 01h call CODECWite
ret SetMasterVol ENDP Set Synt hVol PROC and -66al 7f h nov Synt hVol , al shr
al,2 cnp al,06h jb SHORT ssvok sub 06h not al and al, 1fh nov

h, 04h [ CI]@EWQAF
ENDP Se;:gDVO| PROC *afié oY F]ﬁgﬁ P(:}§rh.gg _&{W%% vzrtua* sirvuzg q.%%%éﬂt Jh?)/ol

SHORT scvok sub al , t5h scvok: not al and al, |l fh nov ah,06h cal l
CODECW i t e nov IsRrslheXPhveidd ENDECODECW ite ret Set CDVol ENDP

ENDIF
IRQService PROC

test bl,80h ; forced int?
jz SHORT iswave
IFNDEF WIN_CODE
bts PicFlags,PIC_FLAG_WAIT
ELSE
bts PicFlags,PIC_FLAG_VIRQ ; assert virtual IRQ
mov eax, [esi.ssi_dwIRQHandle]
mov  ebx, {esi.ssi_dwCODECOwnerCur)
VxDCall VPICD_Set_Int Reguest

ENDIF
ret
iswave:
test bl,02h ; wave int?
jz issynt ; if not, test synth int

; here we go - wave IRQ, case it out ..
bt DacFlags DAC_FLAG AUTO
jec IsAauto
bt DmaFlags,DMA_FLAG | AUTO
jc ISSimAuto
ISsingle:
btr DacFlags,DAC_FLAG | RUNNING
btr SblFlags, SBL _FLAG ]  HISPEED
mov  dx, [esi.ssi wIQAddressConcert]
add dl, CONC bSBRFMT OFF
or [e51 ssi bSerFmt] 40h
mov  al, (esi.ssi_bSerFmt]
out dx,al
add dl, CONC_bDEVCTL_OFF - CONC _bSERFMT_¢ OFF
and [esi.ssi bDethl] NOT 20h
mov al, [esi.ssi bDethl]
out dx,al
add dl,CONC_bSERCTL_OFF - CONC _bDEVCTL_OFF
and [esi.ssi bSerCtl} NOT 02h
mov al, [esi.ssi bSerCtl}
out dx,al
or [esi.ssi bSerCtlﬁ 02h
mov al,[esi.ssi bSerCtl]
out dx,al
mov  ax,DmaTermAddr
mov DmaAddrCurr, ax
mov  ax,DmaTermCount 4
mov  DmaCountCurr,ax :
cmp IperBuff, 0000h
jne SHORT issm00
movwv al, (esi.ssi_DmaTCMask]
R or DmaStatus,al
issm00:
. jmp ISDisp
ISSimAuto: g
mov ax,DACCount
cmp ax, DmaCount
jbe 1ISSingle
cnp ExtraBytes,00h
je Issingle

; sim-auto, big DAC, unaligned ...
mov dx, [esi.ssi wIOAddressConcert]
add dl, CONC bSERCTL _OFF

sub IPerDispCurr, 1l
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CODECW it e PR{dodidsr dx, [esi.ssi_w OAddressConcert] add PCT/US98/26072
dl., CONC_bCODECSTAT_COFF push eax nov ecx, 100h call D sabl eBusMaster
cwr | p: in al , dx test al ,01h I oopnz cwlp call Enabl eBusMaster pop
eax add dl, CO\IC_WCODECCTL_O:F - CONC_bCCODEGSTAT _OFF out dx, ax ret
CODECWite ENDP | FNDEF W N CODE | SRAssert Wavel RQ PROC bt

DacFl ags, DAC_FLAG | NTENA ?HERT 1S%PDQT iawcO ret iawQO bts

Pi cFl ags, PI C_FLAG VI3 Tiabséit g@crchu%h | RQ jnc  SHORT iawcl

. if already assabéed, skip ret—iawcl: call EnableVirtual PIC bts

Pi cFl ags, PI C_ FLAG VI &R Lesasfrs&rbﬁenﬁrtllt yer 02FRR cnp [esi.ssi_blRJQ, 08h

; are we on the mast&Y P a?ﬁ’ée”l 2SERSSH) | aws v . if not, skip
to sl ave sequence m)yr esMseMaskrcey), 02h ; get master PIC nask
state test al, Wavel R@Vﬁs&d fesi.ssi_bsexctlli s our | RQ nasked? jnz SHORT

i awpnd ouy f &¥pal re-assert pend jnp  SHORT iawdi s

, else, skip tg)”qb§p§?ch iawslv: nmov  al, Si cMvask , get

sl ave PI C nask st at ebtzestuacviagMelfﬁ@/hmh«ms ; is our | RQ masked?

jnz  SHORT iawpnd btr Sblflags SBL |FLAG HISRERD gsser t Qend test M cMask, 04h

. is the cascase | REFhskR¢FY ;ibz;em— oW REF T LOFF . if so,

re-assert pend jnp m ,[éls $3_bSerFmt) ; else, do it iawpnd: bts
Pi cFl ags, PI C_ FLAG_PEMD dxlﬂ ] pend| ng ret -66- iawdis: bts

Pi cFl ags, Pl C_FLAG_WARS fTa TR OENCce ret

| SRAsser t Wavel RQ ENDE, jEN[ﬁngdsR%erweeal

out dx,al
add dl,CONC bSERCTL OFF - CONC bDEVCTI. OFF
and [e51 ssi- BSerCtl] NOT 02h
mov al, [esi,ssi_bSexctl}
out dx,al
or (esi.ssi_bSerCtl],02h
mnov al, [esi.ssi_bSerCtl]
out dx,al
mov ax,DmaTermAddr
mov DmaAddrCurr, ax
mnov ax, DmaTermCount
mov DmaCountCurr, ax
mov al, (esi.ssi_DmaTCMask]
or DmaStatus,al
Jmp ISDisp
Isauto:
mov  dx, [esi.ssi_wIOAddressConcert]
add dl,CONC_bSERCTL_pFF
and [esi.ssi bSerCtl] NOT 02h
mov al, {esi.ssi bSerCtll
out dx,al
or [esi.ssi_bSerCtl),02h
mov al, {esi.ssi_bSerctl)
out dx,al
14
cmp IperBuff, 0
je SHORT isam0l
; adjust buffer count
sub IperBuffCurr,1
jc SHORT isam00
jnz SHORT isam02 e .
; setup end skip - F
add dl,CONC bSKIPC _OFF - CONC bSERCTI. OFF
mov al,Endskip
out dx,al
: jmp SHORT isam02
isam00: ; restore end skip
mov ax, IperBuff
mov  IperBuffCurr,ax
... add ~ dl,CONC_bSKIPC_OFF - CONC_bSERCTL_OFF
‘mov  al,NormalSkip
out dx,al
isam0l: ; setup DMA TC statua
mov al, [esi.ssi_DmaTCMask]
or Dmastatus,al
isam02: ; evaluate int dispatch
cmp IperDisp,0
je ISDisp
sub IperDispCurr, 1

P
-
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test bl , 80hwo 99730241 ; forced int? jz SHORT i sSWRGT/USHRESLET2
W N_ CODE bts Pi cFl ags, PI C_ FLAG WAI T ELSE bts - PicFl ags, Pl C FLAG VI RQ
assert virtual |RQ nov eax, [ esi.ssi_dw RQHandl e] nov

ebx, [ esi.ssi _dwCODECOwer Cur] VxDCal | VPI ClggSet | nt _Request ENDI F ret

| swave: test bl,02h ; wave int? jz I ssynt

; i f not, test syntbmpntlsamwere we go - wave IRQ case it out ... bt
DacFl ags, DAC_FLAG _ AEH’O j ?‘elgiigﬁﬁgt DmaFl ags, DMA_FLAG AUTO j ¢
| SSi mAut o | SSi ngl e: r s ags, AC FLAG_RUNNI NG bt r

Sbl Fl ags, SBL_ EkA@sHI ;SREED quota hex@x J-esi.ssi_w OAddressConcert] add

dl , CONC_bSERFMI. OFF 8% [esi.ssi_bSerFnt], 40h nov ,[esi.ssi_bSerFm

out dx, al &ampw « CONG RRENGRE_#RE murieNC_DSERFMT_ CFF and

[esi.ssi_bDevCil], N@KeZOknommsnodaE [esi.ssi_bDevCtl] out dx, al add

dI CONC bSERCTL OFRMEF (RINCISPEVCTL OFF _and [esi.ssi_bSerCtl], NOT 02h nov
,[esi.ssi_bSer g.%gcab]ut ISRASSEEETaVEIRe  [esi.ssi_bSerctll1], 02h nov

aI,[esi ssi _bSer Q1 ptout picriagsadrcniune viax, DiabgereAdibtuslDYRe DmaAddr Curr,

nmov  ax, DmaTer nCoumev rmg;x' %@@G&tﬂwmpnﬁ%‘}&} | per Buf f, 0000h j ne
SHORT i ssnD0 nov sij’r’g DmaSt at us, al i ssnD0: jnp
| SDi sp | SSi mAut omm?\gnéa? ACCoant ~ ax, DmaCount | be | SSi ngle cnp
Ext r aByt es, OOhispa@iis: LSSI ngI e

re

btr SblFlags, SBL_FLAG HISPEED

bt DmaFlags,DMA FLAG_AUTO ; 1f DMA in auto, skip
jc SHORT isdmaa .

bts DmaFlags,DMA_FLAG MASK # auto-mask controller

isdmaa:
mov  DmaCountCurr,Offffh ; expire DMA count
mov al, [esi.ssi_DmaTCMask] ; set terminal condition
or DmasStatus, al
btr DacFlags,DAC_FLAG RUNNING
mov dx, (esi.ssi wIOAddressConcert]
add dl, CONC_] bSERFMT OFF
or [esi.ssi_bSerFmt),éOh ;7 no zerosi!!
mov al, [esi.ssi_bSerPFmt]
out dx,al
add  dl,CONC_bDEVCTL_OFF - CONC_bSERFMT_OFF
and [esi.ssi_bDevCtl],NOT 20h
mov al, [esi.ssi_bDevCtl) ; turn DAC off
out dx,al
mov dx, [esi.ssi_wIOAddressConcert] ; re-arm int
add dl,CONC_] bSERCTL _OFF '
and [esi.ssi bSerCtl] NOT 02h
nov al, {esi.ssi_bSerctl]
out dx,al
or [esi.ssi_bSerCtl}, 02h
mov al,[esi.ssi bSerCtl]
out dx,al
isfdis:

bt DacFlags,DAC_FLAG_INTENA
jnc SHORT issynt
IFNDEF WIN_CODE
call ISRAssertWaveIRQ
ELSE '
bts  PicFlags,PIC_FLAG VIRQ ; assert virtual IRQ
mov eax, [esi.ssi_dwIROHandle]
mov  ebx, {esi.ssi_dwCODECOwnerCur]
VxDCall VPICD_ Set Int_ Request

ENDIF
issynt:
test bl,04h ; got a synth int?
jz SHORT isexit ; if not, we’re outta here

mov dx, [esi.ssi_wIOAddressConcert] ; reset synth DAC count
add  dl,CONC_] bSERCTL OFF

and {esi.ssi bSerCtl] NOT Olh ; re-arm int

mov al, [esi.ssi_bSercCtl]

out dx,al

oxr (esi.ssi_bSerCtl},0lh

mov al, [esi.ssi_bSerCtl]

out dx,al
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. si maut o,wbiegzd4C, unaligned ... nov  dx, [esi.ssi_w OAddrREHUSHASPTY add
.dl , CONC_bSERCTL_OFF sub | Per Di spCurr, 1 -67- jcC SHORT issall jnz
SHORT i ssa00 or [esi.ssi_bSerctl],40h issa00: and

[esi.ssi_bSerCtl], NOT 02h rmv al ,[esi.s$P-bSerCtl] out dx, al or
[esi.ssi_bSerCl], 02h nov ,[esi.ssi_bSerctl] out dx,al ret issa01l:

btr  DacFl ags, DAC' }Agé@%%gf bl AL o AGH SPEED add

dI,CC]\lC b SERFMI ffesi.ss1_bSer Fnt], 40h nov
, [ esi.ssi_bSer Frninjt ouix,ald§< al add dl , CONC_bDEVCTL_OFF -

CO\IC bSERFMI_OFF Cs‘??“"EE)eQFCt‘I F°W%h5—crﬁ?ﬁ" al,[esi.ssi.bDevCtl]
out  dx,al add® “ L_OFF - CONC_bDEVCTL_OFF and
[ esi.ssi- BSerCt&a]lll\iaIbﬂB&bmver ,[esi,ssi_bSerCtl] out dx, al or
[esi.ssi_bSerCtl],®h msv'lesmss{.ésvm@sﬂfebls@ueeﬁll] out dx, al nmov
ax, DmaTer mAddr rmv""mp g G (305, ax nov  ax, DmaTer mCount nov
DmaCount Curr, ax rTDQdd addx[ #3986 sSi _DmaTCMVask] or DmaStatus,al jnp
| SDi sp | SAut Dsdonmtv dx, [ esi.ssi_w OAddressConcert] add
dI CONC_bSERCTL OFE“PanogHOR;[ESg"l?"s' _bSerct!], NOT 02h nov
,[esi.ssi bSerCt c OUctiv [esi.ssi_bSerCl],02h nov

,[esi.ssi_bSer Ctpyshoudax dx, al ;

call synth update
add esp,4

isexit:
ret

iskill:
push OQffffffffh
call _synth all notes_ off
add esp,4
mov  ActiveCount, 0
btr MpuFlags,MPU_FIAG_SYNTHON
call Synthoff
call _synth reinit_voices
ret

IRQService ENDP

IFNDEF WIN_CODE
Vepiservice:
cnp ax, 0deOch ;7 handle goto v86 mode separately
e VsSGovVE6

The following sequence handles all protected mode VCPI far-calls
with the exception of the switch-to-vEB6-mode call.

Here we have intercepted the far call and must translate it to the
real EMS VCPI handler whose selectors were stored at init time.

- DO NOT trash the eax or edx register entry values.

- Restore ALL registers before returning.

LTRE YRR T W B

N N W Ye W

pushfd : o ; no'ints!
cli ' ’
push ecx ; save minimum regs

mov  ecx,cs
add ecx, 08h

push ds
mov  ds,ecx o
mov SSoffset esp i switch to local stack -

mov  esp,OFFSET Stack‘l‘op

mov  SSselector,ss

mov  ss,ecx

push es ; setup global data selector
 add  ecx,08h

mov  es,ecx
. push ebx

~e

- save some working regs

mov  ecx,0008h
mov ebx, cs

’ " cmp ebx, 0020h
jae SHORT csok
mov ecx, ebx
add ecx,0018h

find a GDT patch entry

.

csok:

mov  VEselector,cx 7 note GDT entry for call
sgdt ClientTab
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cnp | perBuvo@spmi  SHORT isanDl ; adjust buffer count subPCT/US98/26072
I-perBuffCurr,1 jc SHORT i sanD0 | nz SHORT isanD2 ; setup end skip add
dl , CONC bSKI PC_OFF - CONC bSERCTL_OFF nov al , EndSki p out dx,al jnp
SHORT isanD2 i sanD0: ; restore end skip nov?0- ax, | perBuff nov

| perBuf f Curr,ax add dl, CONC bSBI PC_OFF - CONC_bSERCTL_OFF nov

al , Nor mal Ski p out ’;‘E% aliii'w: © setup DRIPFEE SPER GEieAbFable

al ,[esi.ssi_DmaTCMVas or- DmaStatus,al isanD2: ; evaluate int dispatch
cnp | perDi sp, 0 | emov | 8B sp [s00h]| per Di SpGiave , chrrent-G8riesnc i sanD3 nov
ax, | perDisp mov | BeY Di $EET et °|§‘pe°x | SDi sp isanD3: ; we're outta here
ret |SDisp: bt DAY g IUCHI MG NTENA jnc SHORT isnodi's | FNDEF

W N_CODE cal | | SRAsaerd ke RQeixk8h) bt S Pi cFl ags, PIC_FLAG VIRQ ; assert
virtual IRQ nov eBxy [&ypeapdrisdii®Rp@ndl e] nov

ebx, [ esi . ssi _dwOODEREInel Tkl [SRXEN 1 _ (Pl CD_Set _I nt _Request ENDIF i snodi s:
ret btr Sbl Fl ags, a8k FiAGe 4l SRk bt DmaFl ags, DVA_ FLAG AUTO ; if DMA
in auto, skip jc - »SHORRVEGWwREeshi®, ecxDnaFl ags, DVA FLAG MASK  ; aut o- nask

control l er i sdmaa: QEY gmmﬁﬁr Qf fffh ~ - ; expire DVA count nov
S

. . . & ..
al ,[esi.ssi_DmaTCwva ; set term hal" conditi on

mov ecx,VcpiGentries+00h ; patch w/saved VCPI entries
mov es: [ebx+00h}, ecx

mov ecx,VcpiGentries+04h

mov es: [ebx+04h],ecx

mov ecx,VcpiGentries+08h

mov es: (ebx+08h), ecx

mov ecX,VepiGentries+0ch

mov es:! (ebx+0ch],ecx

mov ecx,VcpiGentries+10h

mov es: [ebx+10h],ecx

mov ecx,VepiGentries+14h

mov es: {ebx+14h),ecx

«

!

call VcpiEntry ; make the real VCPI call

;

mov  ecx,SaveGentries+00h . ; restore original client entries

mov es: [ebx O0Oh],ecx

mov  ecx,SaveGentries+04h
mov es: [ebx+04h],ecx

mov ecx,SaveGentries+08h
mov es: {ebx+08h),ecx

mov ecx,SaveGentries+0ch
mov es: [ebx+0ch],ecx

mov ecx, SaveGentries+10h
mov es:[ebx+10h], ecx
mov ecX,SaveGentries+l4h
mov es: (ebx+14h],ecx

pop ebx i + restore working regs -

- pop es : : 7+ restore global selector
1ss esp, SpSave ; restore stack
pop ds
pop ecx
popfd ; restore other stuff
retf '

/ This is the intercept of the VCPI Client’s protected-mode

# {USE32) far call to the switch-to-v86-mode function.
VSGovE6:
we can use eax here as long as we explicitly restore it to
xxxxdeOch when we=re done (or just save/restore it). In any case,
its probably not save to grow the client stack for this call,
i.e., don’t push anything.
we. can completely trash first 8 bytes of the stack for temp
storage since neither we nor the real VCPI Server will be
performing a USE32 far return to the VCPI client.
All segment registers can be trashed except ds.

~ v e W

e v uy

N vy

mov [esp),ebx ; save some regs
nov (esp+4],ds
mov eax,cs ; setup seg registers
add eax, 08h
- mov - ds,eax ; ds is for our data

add eax, 08h
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or  DmaStat woedabdr . DacFl ags, DAC_FLAG RUNNI NG mov PCT/US98/26072
dx, [ esi.ssi_wW OAddressConcert] add dl , CONC_ bSERFMT OFF or

[esi.ssi_bSerFm], 40h ; no zeros!!! nov ,[esi.ssi_bSerFnt] out
dx,al add dl, CONC_bDEVCTL_OFF - CO\IC bSERFIW-_O:F and
[ esi.ssi bDeth 11, NOT 20h nov ,[esi.ssi_bDevCtl] ; turn DAC off

out dx,al mov  dx,¥si .$st*w OAddressConcer tep is Ze%ethy Anilnlingdy space

dl CONC_ bSERCTL OFF apdiere 8 Sieed $b_faErGL |V]CPNQIngt}1€chall to return
,[esi.ssi_bSerCtl] oub ourdwgéatoderinsteadest tiss klfahersCt $ve Oa &MRV¥nt' s
,[esi.ssi_bSerCct|] ougsé reRxnafddresedis theyshared peftyagercBAR FLA@E NTENA | nc

SHORT i ssynt | FNDEF W N° BOOE ERPIT A 8RS, F\dbel RQ ELSE bt s

Pi cFl ags, PI C_FLAG_VI R@v ;eagSieepidioyi rtual | RQ Ve c188¥%,v86 destination

[esi.ssi_dw RQHandl e]®qypv ax, @bk‘fﬂl[me& SSi dWCODECONner Cur] VxDcCal |

VPI CD_Set _I nt _Request™ENDIE MBS aTe e::';f‘est , 04h . got a
synth int? jz SHCRI’lsexM ;‘if not, we're outta here ;
nov dx, [esi.ssi_wW Wdr@sswmfept ; reset: synithoRAG € estinaden

dI CONC _ bSERCTL _COFF IfY I: §§FntbSerCtl] NOT 0lh ; re-armint nov
,[esi.ssi_bSerCtl] gt e [esi.ssi_bSerCl],0lh nov
,[esi.ssi_bSerCil] rouwt ead.)@sal -69- ; add dl , CONC_bMEMPAGE _OFF -

CONC bSERCTL_OFF mov m°"igl é"?‘%%g NETL_PAGE out notqjxeleﬁctmlaor far call

dl , CONC_WSYNCFC_OFF _OFF cal | Dig B t X, dX
cal | Enabl eBusMast er add  ebx, eax _ Prll EPUENGS !B éaQCh ené¥y

mov Ctladdr, ebx ; save GDT entry laddr for later fixup
mov eax,crld ; save client’s cr3

mov ClientCr3,eax

’

mov eax,VecpiGentries+00h ;7 copy-in the real VCPI GDT entries
mov es: [ebx+00h], eax

mov  eax,VcpiGentries+04h

mov es: {ebx+04h}, eax

mov eax,VcepiGentries+08h

mov  es:[ebx+08h}; eax

mov eax,VcpiGentries+0ch

mov  es:[ebx+0ch],eax

mov eax,VepiGentries+10h

mov es: {ebx+10h}, eax

mov eax,VcpiGentries+l4h

mov es: {ebx+14h], eax

I

mov ds, [esp+4]

mov ebx, [esp] . /i restore regs

mov eax, 0000del0ch ' :

jmp cs:VcpiEntry / go to the real VCPI switch handlex
DebugService: ' i

push ecx i

mov  ecx,cs

add ecx, 08h

push ds

mov  ds,ecx

mov ecx,dr6

test ecx,08h -

jz dsexit

push eax

push edx

push esi

mov esi, gpsSsSI
and ecx, NOT 08h
mov dr6, ecx

cmp KBLastByte, 0elh
nov KBLastByte, al
jne SHORT dskbex
cmp al,30h

je SHORT dsvup
cmp al,2eh

je SHORT dsvdn
cmp al,20h

je SHORT dsvmu
jmp  SHORT dskbex

- p e



mov  edx, [egpoeHo2dipDMABUSfferLinear3] cnp  ax, 256 jae  SHORTTIUSER2A972add
edx, 4*256 i sdoup: cnp ActiveCount, 0 je SHORT iskill dec Act i veCount

push edx call _synth_update add esp, 4 isexit: ret iskill: push
offffffffh call _synth_all _notes_off add e®’p, 4 nov ActiveCount, Q0 btr
MouFl ags, MPU_FI AG_SYNTHON call Synthoff call _synth_reinit_voices ret

| RQSer vi ce ENDRsYYPNDEF W CCDCE V(ipi Service: cnp ax, 0deOch

; handl e goto v86 nodg;se };@ﬁ S e VSGoV86 ; The fol | owi ng sequence
handl es all protectedmpoder, ¥&R4 far-calls ; with the exception of the

swi tch-to-v86-node cdkl . SHORBrdskdw® have intercepted the far call and nust

1 .ad l[
translate it to the ,cagleage Q@ey‘gil handl er whose sel ectors were stored at

init tinme. - DO NOT Ghashsddie RRde00r edx register entry values. - Restore
ALL registers kevore returning. pushfd : no intsl!
cli push ecx moy alMaster¥dve ninimumregs mov  ecx, cs add

ecx, 08h push ds m)vi’,?l dsigqx nov SSof f set, esp ; switch to | ocal

stack nov esp, OFFSER St stoRT o33 xaE0V SSsel ect or, ss nov Ss, ecx push es

; setup global data sgbecthwd add . ecx, 08h nov es,ecx push ebx -

. save some working s BV sceks 0008h . find a GDT patch entry
nov ebx, cs crgvmu:ebx, 0020h | ae SHORT csok nov ecx, ebx add ecx, 0018h

mov al,MastervVol

Xor al,80h

call setMastervVol

; jmp SHORT dskdod
dskdo0: )

mov eax,ss

larx eax, eax

test eax,400000h

jnz  SHORT dsspok

and exp, 0Of££fh

dsspok:

mov BYTE PTR (esp+8],0
dekbex:

pop  esi

pop  edx

pop eax

Pop ds

pop ecx

iretd
dsexit:

mov ecx,cr3
and ecx, Of££££000n
cmp ecx, EMMPageDir

pop ds

pop  ecx

je SHORT dsisemm
iretd

dsisemm:
imp cs:DebuglLink

Inté7Service:
; Switch to protected mode call - make sure we’re properly
; patched before linking to the VCPI Server’s handler.

3
[

cmp ax,0delch 7/ switch call ?
jne  ie7tfix

This is the switch to protected mode by the DOS extender.
Since it’s telling us all of it’s protected mode context,
patch its IDT now.

b % N Ny e

mov  eax,cs

push ebx

add eax,08h
push ecx

mov  ds,eax

add eax, 08h
mov es, eax

test PatchFlags,000lh
jz ié7prs

mov  eax,cr3
mov CR3Save, eax
and eax, 0fffh
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csok: nov Yo ed/shpor ,.Ccx : ; note GDT entry for c&CIASGEL6072
ClientTab -70- nov ebx, CTl addr ; point into client
tabl e add ebxecx nov ecx, es: [ ebx+00h] ; save current entries
nov = SaveGentri es+00h, ecx nov ecx, es: [ eb#304h] nov

SaveCent ri es+04h, ecx rmve ecx, es: [ ebx+08h] nov SaveGent ri es+08h, ecx nov
ecx, es: [ ebx+0ch] nover ?@éhh"ﬂeswch ecx nov ecx, es: | ebx+10h] nov
SaveGentri es+10h, ecx'“%v I3, es: [ ebx+14h] WXt RIRFeTBATS FRE#14h, ecx oV
ecxVecpi Gentri es+00h xor eax,eﬁﬁtCh w saved VCPI entries nov

es: [ ebx+00h], ecx novmov ecekxwe ie€erdiri es+04h nIRF bigeendualix+04h] , ecx mov
ecx, Vcpi Gent ri es+08h°"f’?0v sﬂo%ﬁi so89nP2PEEY nov  ecx, Vepi Gentri es+0ch nov
es: [ebx+Och] ecx nov; mov €CX¥x gtri es+10h nov es: [ ebx+10h], ecx nov
ecx, Vcpi Gentrl es+14hoxrov eﬁ:ﬁbx ebx+14h] ecx s deal IoT adptEntry

: make the real VCPIi%all$ n +00h . restore
original client ent rfﬁs rﬁ"’i’; 165 4 ej 25*’"“%?% 5°°Ep 1reag9>&,a§§,\égGent ri es+04h
nov es: [ ebx+04h] , esov m\*,es eeb&f@ave@ntrl es+08h nov es: [ ebx+08h], ecx

MoV ecx, SaveGent r i ®48+0 ‘ﬁ [ ebx+0ch], ecx nov
ecx, SaveGent ri es+10hgffov o.* 10h] , ecx nﬁ?};reﬁgﬁtﬁéfémﬁ 88%14h nov
es: [ ebx+14h], ecx popja etsnon'r 167psg ; restore working regs
pop es mov ebmeslebxﬁl restore %I obal selector |ss esp, SpSave
. restore stack pop ;"“ngds gﬁ%@g {sBpireg+1-4) . 00de9300h
restore other séygtf

mov ebx, es:[esi+8] ; set int 6e == our PCI IRQ
cmp WORD PTR es:[ebx],77h*8+7
jb SHORT i67prx

mov evx, es:[ebx+2]

nov eax,es; [ebx+6eh*8)
mov ecx, es:[ebx+éeh*B8+4]
add ebx, PCIIRQVectOff
mov es: [ebx] ,eax.

mov es: [ebx+4],ecx

i67prx:
mov eax,CR35ave
mov cr3, eax
i67prs:
rop ecx
pop ebx
mov eax, OdeOch
jmp cs:Int67Link
ié7psg:
xor ecx,ecx }find out GDT entries
mov ebx, es: [esi+4]
mov cx,ex: [ebx]
sub ecx,-1+03h*8
shr ecx,3
mov eax,01lh*8
mov ebx, es: [ebx+2}
ie7psl:
cmp DWORD PTR es:[ebxteax+02h*8+4], 00de930Ch
je SHORT i67ppi
add eax, 8
loop 1i67psl
j SHORT i67PEX
i67ppi: ' T
shl eax,16 . ;7 now patch the IDT

mov ebx, es:[esi+8]
mov cx, es: {ebx]
mov ebx, es: [ebx+2]
mov es: [ebx+02h*8], eax
add eax, 18h
mov es: (ebx+01h+*8]), eax
oV es: [ebx+02h*844], 00008eleh
mov es: [ebx+01h*8+4), 00008eleh
Jmp ie7pex - _
;This is a call from the v86 code to restore the VCPI client’s
;GDT entries after a switch-to-V86-~mode VCPI far call.
i67tfix:
cmp ax.0deeCh
jne SHORT i67tgp

-
’
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retf : This weobBe4intercept of the VCPI dient's protected- REFASISRITE3?)

far call to the switch-to-v86-node function. VSGoV86: ; we can use eax here
as long as we explicitly restore it to ; xxxxdeOch when we=re done (or just
save/restore it) . In any case, ; its probdbly not save to grow the client

stack for this call, ; i.e., don't push anything. ; we can conpletely trash

first 8 bytes of th ‘;gta§.for tenp ; ‘SEBTAGE since neither we nor the real
VCPI Server will bemov pekifesi ng a USE32 far return to the VCPI client. ;
Al'l segnent regi sterdd camabh@sitrashed except ds. nov [ esp] , ebx

, save SOme regs rm%)‘ov [égﬁ?ﬁ ds nov eax, Cs ;. setup
seg registers add m 2oV ds, eax ; ds is for
our data add eax, B8h  eax, é#3 nov es, eax , ; es is for
the full |inear spagev ; FE?SeVWWSed to te]l_ the VCPI rmde switch call to
return ; to our v86°Fhde SEHSEEREAr thip §,’ﬁt e“'gacﬁﬁ PHEtgldsent's ; v86
return address in the shared menory space So our v86 ; code can eventually
return to it. nov meax, [cebFHEGRr ; save client v86 destination
v ax, [esp+8] Moy, ey, RIDALAIMRL ROV LS Leidl Sax, Bl

eax, VFoffset mov  es:(esHbH), My V86 destination mov esp+8], eax nov

eax, VFsegnent nov mpesp+ifComarntginstes+@4iX, CS NDV VEsel ect or, ax
. note selector for™ar E&ajle :’?:@éﬁlriaeﬂ jent Tab mov  ebx, CTl addr
; point to client (ﬁi‘vpateg?t ebx, eax ; nov Ct | addr, ebx
; save GDT entry | achdv f@ax,lcaztcséntﬁ:ieenghrmv eax, cr3
save client's cr3 migv x[(-g *@F‘Qt, B, oV eax, Vcpi Gentri es+00h ;
copy-in the real VCQ@ a nes es: [ebx+00h] eax nmov
eax, Vcpi Gentri es+04lmom)v eax,esnc{cemtimm)h eax nov eax, Vcpi Gentri es+08h nov
es: [ ebx+08h], eax nowovV e&%: \WepiléEne¥ es+0ch nov  es: [ebx+Och] , eax mov
eax, Vepi Gentri es+10H, 0V cay 885d:60Xx+10N] , eax

mnov cr:li,eax

pop esi

pop eax

iretd

; This is us intercepting the VCPI v86 get-protected-mode-interface
; call. We will make the VCPI hanlder return to our v86 code

;7 for return value meds. Our v86 handler will then return

: control to the original v86 return destination.

i67tgp:
cmp ax,0de0lh : VCPI GetPMI call?
jne SHORT i67tcmd
s
push eax
mov eax,cs
add eax, 08h
mov ds,eax
add eax, 08h
nov es,eax t
mov eax, ss
lar eax, eax ;7 validate stack pointer
test eax, 00400000h
inz SHORT 167s32
and esp, 0000££££fh
167s32:
mov ebx, pSharedbData ;setup es: [ebx] for shared data
mov es: [ebx+12],di ;save init di to shared space
mov eax[esp+6] ;ysave vB86 return to shared space
mov ax, (esp+4]
mov es: [ebx+8},eax
mov eax,VGoffset ;force vB6 ret to vivo gpmi code
mov [esp+4], eax .
mov eaX, VGsegment
mov [esp+8]), eax
’ .
or PatchFlags,0001h ~
pop eax :
Imp Inté7Link ;1link to normal PM handler
i67tcmd:

cnp ax, 0deelh
je SHORT ib67cmdh
jmp cs:Int671link
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nmov eax, chl%se o%‘?les+14h mov  es:[ebx+14h],eax ; nov ds,fg&sﬁf’zf‘fm

ebx, [ esp] ; restore regs nov eax, 0000deOch jnp
cs: Vcpi Entry , go to the real YCPI sw tch handler
DebugServi ce: push ecx nov ecx cs add ecx, 08h push ds nov ds, ecx
nov ecx, dr 6 isesddh: ecx, 08h jz dsexit push eax push edx push esi nov
esi, gpSSI and ecx, %ﬁa drmsvmman@imnd;@x <np regKBhwaat Byt £, 0eOh nov

ne

KBLast Byt e, aI 5@@2&"% °"é{_larg & mode GLBRT dsvup cnp
a ’

al,2eh je dsvnu jnp SHORT dskbex
-72- dsvup: rmv aIPMalfst eirSVoI and al 7f h cnp al,127-4 ja SHORT
dskdoO add %‘EI selFast er Vol Jrrp SHORT dskdoO dsvdn: nov

al , Mast er Vol and v 7T ks (o8 al,4 jb SHORT dskdoO sub al, 4 call

Set Mast er Vol | np SPIORT sdsfitde0 ds@vrru. nov al , Mast er Vol

mov SSelector, ss
mov esp,OFFSET StackTop
mov ss,ecx

push es

mov es,ecx
push eax
push edx

push esi
mov esi,gpssI

cld
i67c00:
cmp bh, 00h
jne SHORT 167c01
push ebx
call TIRQService
pop ebx
Jmp i67cex
i67c01:

cmp bh,01h

jne SHORT i67c04

call LoadshadowRegs

mov SblTC, 0£fh

mov AdFormat,08h

i

mov eax, XMSPaddrlo

add eax, OFFSET SynthBuffer
mov {esi. ssi_lpDMABufferPhys3] , eax
mov ActiveCount, 0

CALL _synth init i

IFNDEF WIN-CODE
push ebx
mov bl,01h !
call DebugCt] '
pop ebx

ENDIF
I
jmp i67cex

i67c04:

- cap bh04h H
jne SHORT i67c05 -
and bl,7fh
mov MI32Enable, bl
push ebx
call _synth _set MT32

dee<n.add  Esp, 4. -
- i67cex

o Ry

cmp bh, 05h

] jne SHORT 167c06

— nov bl,MT32Enable
jmp i67cex
i67c06: '

cmp bh, 06h
jne SHORT 167C07
mov al,bl
call SsetSynthvol




xor al , 80h weabdzo2set Mast er Vol ; jnp SHORT dskdoO dskdoO nov PCTAiS928/36072 ar
eax, eax test eax, 400000h jnz SHORT dsspok and exp, 0 fffh dsspok: nov
BYTE PTR [ esp+8], 0 dekbex: pop esi pop edx pop eax pop ds pop ecx
iretd dsexit: nov ecx, cr3 and ecx, O ffff7€&00h cnp ecx, EMVWPageDi r pop
ds pop ecx je SHORT dsisemmiretd dsisemm |np cs: DebuglLi nk
Int67Service: .9 |1 &P t 0*PF6t ect ed node call - make sure we're properly :
pat ched before ?i nki Bgp t opk,faen VCPI Server's handler. cnp ax, 0deOch

; switch call ? jne jnd 6784aRR i67dU8is is the switch to protected node by the

DOS extender. ; Sinc&VYt' Eé;tsé‘l‘th"?ig us all of it's protected node context, ;
patch its | DT pgwpe MMV  &aX,cs push ebx add eax, 08h push ecx mov

ds, eax add eax, O8hctpv bh,@8h eax test Pat chFl ags, 0001h jz i 67prs nov
eax,cr3 nov  CR3SavineaxSHoRA 167efdx, OFff h -73- or eax, es:[esi] nov

cr 3, eax e iYSBse extender's page tabl es

call .SetDACVol
Jmp i67cex

167c09:
cmp bh, 0%h
jne SHORT i67cla
mov bl, DACVol
test bl,80h
jz SHORT ié67nom
xor bl,bl
i67nom:
jmp i67cex
i67cola:
cmp bh, 0ah
jne SHORT i67c0b
mov al,bl
call SetCDVol
Jmp i67cex
i67cOb:
cmp bh, Obh
jne SHORT i67c0c
mov bl,Cbvol
imp i67cex
i67cOc:
cmp bh, Och
jne SHORT i67c¢0d
not bl
Jmp i67cex
i67c0d:
cmp bh, 0dh .
jne SHORT 67cOe
call LoadShadowRegs
mov  Sb1TC,O0ffh
mov AdFormat, 08h
mov eax,cs
add eax, 0010h
oV es,eax
mov esi,pSharedData .
mov eax,cs
add eax,0010h
mov es,eax
mov esi,pshareData
mov eax,es: [esi] } Get Wave Phys
and eax, 0£LL£f000N ; Align
mov al,67h ;7 and add page table attribs
mov edx, PT1GPtr :
mov ecx,3*0400h
i167mwv:

mov [edx], eax -
add edx, 4

add eax, 1000h

loop i67mwv

mov eax,cr3 s Flush TLB
mov cr3,eax

~
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xor  eax, ea¥O0MP0241epxes: [ esi +8] ; 1 DT bi g enough?cavgses2étfiRD
PTR es: [ ebx],02h*8+7 jb SHORT i 67prx nov ebx, es: [ ebx+2] or ebx, ebx
does I DT exist? jz SHORT i 67prx cnp DWORD PTR

es: [ ebx+02h*8+4] , 00008el eh | ne SHORT i 67p8% ; is it already
pat ched? nov ax, es; ebx+02h* 2 add eax, 8+8+7 nov ebx, es: [ esi +4]
; make sure out sel gg orgagr ax, es: [eb gqéWaVe Phys ; where we

thing they are ja an®HOREx,46 Emgo}m)v ebx e§ b?tﬁ gg" 3D PTR

es: [ ebx+eax+1- 4], 0GHR93G8H JMpRadIzISHORT psgemﬁe?peggc mf;:ép Ves: [ esi +8]
. set int 6e == our’;ﬁ | HRICHT-PEMeRD PTR ésardebavie, 77h*8+7 ib SHORT

i 67prx nov ee2epeeS: [ ebx+2] nov eax, es: [ ebx+6eh*8] nov ecx,

es: [ ebx+6eh* 8+4] addmp ebk,OeE'CIIRQ\/ectO‘f nov es: [ ebx], eax. nov

es: [ ebx+4], ecx i67pg 92’;{ 3Save mov - cr3, eax i 67prs: pop  ecx

pop ebx mov eax e0¢ sdbﬁfii/ut&a SNt 67Li nk i 67psg: xor  ecx, ecx
;find out GDT _entri ésp nDué7cegbX, es: [ esi +4] nov cX, ex:[ebx] sub

ecx, - 1+03h*8 &HI9F: ecx 3 eax, 01h*8 nov  ebx, es:[ebx+2] i67psl: cnp
DWORD PTR es: [ ebx+eaxs +02§E§Y§ﬁge7cgode9300h je SHORT i67ppi add eax, 8 | oop

i 67psl jnp SHORT call DpebuigbAPEX i 67ppi: shl eax, 16 ; NOw
patch the |DTig];(():Y°' Jmbx, tekeetesi +8] nov cXes: [ebx] nov ebx, es:[ebx+2]

cnp bh, 10h

jne SHORT I67cll
mov al,bl

call SetMasterVol
Jmp i67cex

i67cll:
cmp bh,1llh
Jjne SHORT i67cex
mov bl,MasterVol
and bl,7fth
ié7cex:
pop esi
pop edx
pop eax
pop es
iss esp, SpSave
pop ds
Pop ecx
iretd

Debugctl PROC
or bl,bl
jnz SHORT dcon
mov eax,dr?7
and eax NOT 80h
mov dr7,eax

ret

dcon: .
mov -~ eax,crd
or eax, 08h
mov cr4, eax

noev eax,dr?7

and eax, NOT 0cOh
mov dr7,eax |

mov eax, 60h

mov dr3, eax

xor eax, eax

mov dré, eax

mov eax,dr7

and eax, NOT 0£0000080h
or eax,20000280h
nov dr7,eax

mov KBLastByte, 00h
ret

DebugCtl ENDP

; this funct loads the shadow registers from the IC

Loadshadowkegs PROC

mov dx.[381,ssi_yIOAddressConcertl
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mov  es: [ ebxiPeimhddl, eax add  eax, 18h nov  es:[ebx+01h* 8], e®LTHSI8/26072.
es: [ ebx+02h*8+4], 00008el eh nov es: [ ebx+01h*8+4], 00008el eh jnp i 67pex
;This is a call fromthe v86 code to restore the VCPI client's ; GDT entries

after a switch-to-V86-node VCPI far call. i8%fix: cnp ax.COdeeCh jne
SHORT i 67t gp -74- push eax ;save regs push esi nov
eax, cs add eax, 08hadspy 41, QgNCebBEV%Rid OFFeax, 08h nov es, eax nov eax,
cr3 nov RegSave, e k“m)va ’ : need client's page

cont ext nov cr3, eaggdd éiséoﬁégﬁigﬁ&m db%e rohak deeti|l restored ; nov
esi, CTl addr nov eaiy . Conc@ent r| es+00h "7 restore client GDT.entries
nov es: [ esi +00h], e'egv no 5 g?ﬁ v es: [ esi +04h], eax
nmov eax, ConcGentr rges+0 dgov é+§§ "Fﬁc}% E-r?gg

eax, ConcCGentri es+0chesOV al, esn[e5| +(kahe} ,neamafmv eax ConcCentri es+10h nov

es: [e5| +10h] , eax nDVMOV eaksEh ' esi +14h], eax nov
eax, RegSave nov gﬁ %l §&F bsmé?f"r B%Fp"com Wlf"ﬁl‘e?F ; This is us

i ntercepting the VCPbutv86d,gei protected-node-interface call. W wll nake
the VCPI hanl der retwwn tbeseu#ﬂy@@rmdieal for return value nods. Qur v86
handler will then refdftn §§W‘F&P%‘ﬁ“¢?‘t&°’f‘he TR EETYEE return destinati on.

i 67tgp: cnp ax, h [351 ssi_bserct¥§PlaiGet PM cal I ? jne SHORT i 67tcnd
push eax nov _ eax, e&

LoadShadowRegs ENDP

;7 kill the wvirtual :Lnterrupt request
killVIRQ PROC

btr PicFlags,P IC _FLAG _VIRQ
jnc SHORT kvgcl

mov al,MicMask

cmp [esi,ssi_bIRQ]), 08h

ib SHORT kvqcel

mov al,SicMask

kvgel:
test al,waveIRQMask
Jjz SHORT kvgcl
bt PicFlags, PIC_FLAG_VISR
ic SHORT kvgcl
call DisableVirtualPIC
kvgel:

btr PicFlags, PIC_FLAG VIRR

btr PicFlags,PIC FI.AG PEND

ret H
killVIRQ ENDP

senable PIC 1/0 trapping |

H
EnableVirtualPIC PROC E
in al,21ih
mov MicMask,al
in al,0alh
mov SicMask,al
mov dx, [esi.ssi_wl dressConcert)

add dl,CONC bN’MIEN : OFF
mov al,7fh

out dx,al

ret

EnablevVirtualPIC ENDP

IFDEF WIN_CODE
;disable PIC I/0 trapping
Disablevirtual PIC PROC

mov dx, [esi, ssi_wIOAddressConcert)
add dl, CONC_bNMIENA OFF

mov al,z2th

out dx,al

ret

DisableVirtual PIC ENDP
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add eax, 08W@8¥3024Hs, eax add eax, 08h nov. es, eax nov FOLOSV8R 6072
eax, eax ; validate stack pointer test eax, 00400000h jnz
SHORT i 67s32 and esp, 0000ffffh i 67s32: nov ebx, pShar edDat a ; setup es:
[ ebx] for shared data nov es: [ ebx+12],di -79-;save init di to shared space
nov eax|[ esp+6] e ;save v86 return to shared space nov ax, [ esp+4]
nov es: [ ebx+8], eax VR3S eax, VCof f set ;force vB6 ret to vivo gpm
code nov [ esp+4] , edsabiVbus mdpi¥| n [esp+8], eax ; or

Pat chFl ags, . 00Bisab}rBpsMast@aRRICNP ﬁ? gl(?Eﬁi ‘IFIOI?QP&/SP aee ;link to normal PM
handl er i 67tcnd: cnp__ ax,QOdeelh je SHORT 1 67cnmdh jnp  cs:Int67link
-75- i 67cndh: ;propr?gzt ar?ﬁ%@%’h'?’uandl er = no regs saved yet... ;this
hadl er is invoked ontet fromv86 node with ;int 67, ax=deel, bh=cnd,

bl =arg/return &tﬂ‘gp ecx push ds nov ecx, cs add ecx, 08h mov ds, ecx
nov SSof fset, €SP HRY eaxoel ector, ss nov esp, OFFSET StackTop nov

Ss, ecx push es nov pusas, &xx push eax push edx push esi nov esi, gpSSl
cld i 67c00: cnp qugph fhédWhSHCRT i 67c01

ax,DirectAccess
out dx, eax
add dl, 4
nov ax,0101hn
out dx, ax

pop edx
pop eax
ret

DisableBusMaster ENDP

N 7enable bus mastering in PCI confi
EnableBusMaster PROC 8 space

cmp DirectAccess, 0
Jjne SHORT ebmok

ret

ebmok:
push eax
push edx

mov dx, O0cfsh

mov eax,DirectAccess
out dx, eax

add dl, 4

mov ax, 0105h

out dx, ax

pop edx
pop eax
ret

EnableBusMaster ENDP
ENDIF

IFDEF WIN_CODE
IFDEF DOS_DEBUG
PUBLIC DbPuts
DbPut8 PROC

push ebx
push ecx
push edx
push ds
push es

mov ecx, cs
add ecx, 08h
mov ds,ecx
add ecx, 08h
mov es, ecx

mov ebx, DebugPtr
mov ecx, 2

dsl:

rol al, 4

mov edx, eax

and edx, 0Ofh .

cmp edx, Oah RS




push ebx cal WO 99R@8ar vi ce pop ebx jnp i 67cex i167c01: cnp PCTUSIBRHO7Rne
SHORT 1 67c04 call LoadShadowRegs nov Sbl TC, Of f h nov AdFor mat , 08h nov

eaxXMsPaddr Lo add

eax, OFFSET Synt hBuf fer nov

[ esi.ssi | pDMABUf f er Phys3], eax nov Active@®unt, 0 CALL _synth_init

| FNDEF W N- CODE push
i 67cex 167c04: cnp

MI32Enabl e, bl push q

i 67¢c05: cnp b§205h
i 67¢c06: cnp bla; 06h

ebx nov b1, 01h call DebugCt] pop ebx ENDIF ; jnp
A I‘Zh He®? SHORT i 67co5 and  bl, 7fh mov
erawnth set _Mr32 add esp,4 j mp i 67cex
jn SHORT i 67c06 nov bl , MI32Enabl e jnp i 67cex
aj"i’le sd@RT $4%7C07 nov  al, bl call Set Synt hvol

-76- jnp i 67CceX | 64eP7: SNMbx], Qp 07h | ne SHORT i 67¢c08 nov bl , Synt hVol

jmp i 67cex i S7c08:

dsnwl:

d8nw2:

DbPutsg

DbPutls

dlél:

dl62:
dl63:

Dlénwl:

agap ebkl2, 08h
cmp ebx, DEBUG_END
jb d8nwl

mov ebx, DEBUG_START
loop SHORT d8l

mov BYTE PIR es:[ebx], '

add ebx,2
cmp ebx, DEBUG_END
jb d8nw2

mov ebx, DEBUG_START

mov BYTE PTR es:{ebx], “*/
mnov DebugPtr, ebx

pop es
pop ds
pop edx
pop ecx
pop ebx
ret

ENDP
PUBLIC DbPutlé
PROC
push ebx
push ecx
push edx
push ds
push es

mov ecx,cs
add ecx, 08h
mov ds, ecx
add ecx, 08h
mov es,ecx

mov ebx, DebugPtr
mov ecx, 4

rol ax, 4

mov edx, eax
and edx, 0fh
cmp edx, Oah
jae dl62

add edx, 0"
jmp SHORT 4163

add edx,’A’ - 0Oah

mov es: [ebx],dl

add ebx,2

cmp ebx, DEBUG_END
jb _ diénwi

mov ebx, DEBUG_START

loop di161
mov BYTE PTR es:[ebx),’ °

add ebx, 2
cmp ebx, DEBUG_END
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SHORT i¥W9998024by - al ,bl and al,7fh call SetDACVol j rUSRAE6

j ne

i 67¢09: cnp bh, 09h | ne SHORT i 67cCa nov bl , DACVol test bI 80h | Z

SHORT i 67nom xor bl ,bl i67nom jnp i 67cex i67cOa: cnp bh, 0ah j ne

SHORT i 67c0b nov al , bl caII Set CDVoI j mp81- i 67cex i 67cOb: cnp bh, Obh

j ne SHORT i 67c0c v CDVoI i 67cex i167c0c: cnp bh, Och | ne

SHORT i 67c0d not ovj rrpebx %?,ﬁ?&g&#mcm cnp bh, 0dh | ne SHORT 67c0e
Sbl TE; h nov AdFor mat , 08h nov eax, cs add

cal |l LoadShadénsRegs nov
eax, 0010h nov es, Y NRXTE PERies piSharedDat a nov eax, cs add eax, 0010h
Get

mv  es, eax nov é%w pEREEeE* oV eax, es: [ esi ] ,
i al , 67h

Wave Phys and eax,dpf f fds000h ; Align nmov
; and add page tabl eontt rdsbs nov edx, PTI GPtr nov  ecx, 3*0400h i 67mw:

mov [ edx] , eax adtt"P edfs4 add  eax, 1000h | oop i67mw

Pop ebx
ret

DbPutl6 ENDP

PUBLIC DbPut32
DbPut32 PROC

push ebx
push ecx
push edx
push ds
push es

mov ecx,cs
add ecx, 08h
mov ds,ecx
add ecx,08h
mov es,ecx

mov ebx, DebugPtr
mov ecx, 8
dp321p:

rol eax, 4

mov edx, eax

and edx, 0fh

cmp  edx,Oah

jae  SHORT dp32hx

add edx,’0"'

jmp  SHORT dp32
dp32hx: piowr

add edx, {‘A’ - 0azh)-
dp32wr: ! ah)i

mov es: {ebx],dl

add ebx, 2

cmp  ebx,DEBUG_END -
ib SHORT dp32na
mov  ebx,DEBUG START

dp32na: -
loop dp321p

mov BYTE PTR es:{ebx],’ *
add ebx, 2 [ ,] :
cmp ebx, DEBUG_END
ib dp32nb
mov ebx, DEBUG _ST.

dp32nb: AR

© o mov BYTE PTR es: [ebx},r**
mov  DebugPtr, ebx

pop es
pop ds
pop edx
Pop. ecx
pop ebx
ret
DbPut32 ENDP

ENDIF

ELSE

IFDEF DEBUG



NV eax, §Wg09/30241 . Flush TLB mov  cr3, eax PCUYS9826%2

eax es: [eS|] ; Get Wave Phys and eax, 00000f ffh

; extract page hangover and eax, 40000000h ; Add to Linear
address (1G sub eax, XMsPaddr Lo -82-; Derive | ogical pointer nov
_WaveDat a_ptr, eax ; and save jnp | 67cex 167c0e: cnp bh, Oeh | ne

SHORT i 67c0f mov _ FRWBEIagRPutBD00h call DisableVirtual PIC jnp i67cex

i 67c0f : cnp ??ﬁ?bafzgpigﬁe SHORT i67c10 call DebugCtl jnp i67cex i67c10:
cnp bh, 10h j ne dd&x/asll nov al,bl call SetMasterVol jnp i67cex

| 67c11l: cnp bh, llhm vne SSoSEERTesP67cex rmv bl , Mast er Vol and bl , 7fh

i 67cex: pop  esi 6% bmg{egw es | ss esp, SpSave pop ds pop ecx
iretd Debugctl PROC ng bl s8%ct Nz dcon nov eax, dr7 and eax NOT 80h nov
dr7,eax ret dcon: nopush eax,cr4 or eax, 08h

mov es,ecx
Trace_Out “IOHNDRLS: #EAX”

pop es
1ss esp, SpSave
pop ecx
-ret

DbPut32 ENDP

ENDIF
ENDIF

IFDEF WIN_CODE
VxD_LOCKED_CODE_ENDS

VxD_LOCKED_DATA_SEG
ENDIF

ALIGN 4

IFNDEF WIN_CODE

DevTable IABEL DWORD
DD MpuTable, WssTable, SblTable, MpuTable
DD MicTable, MdcTable, SicTable
ELSE
DevTable LABEL DWORD -
DD MpuTable, WssTable, SblTable, MpuTable
DD O, MdcTable

ENDIF

MpuTable LABEL DWORD

DD MpuDataR, MpubDataW, MpuStatR, MpuCmdw
DD HostStatR, 1IoNull, IoNull, IoNull
DD 0daddrR, OdAddrW, OdDataR, OdDataW
DD IoNull, IoNull, IoNull, Ionull
DD OplStatR, OplAaddrw, IoNull, OplDatawW
DD IoNull, IoNull, IoNull, IoNull
WssTable LABEL DWORD
DD IoNull, IoNull, IoNull, IoNull
DD IoNull, IoNull, IoNull, IoNull
DD AdAddrR, AdAddrw AdDataR, AdDatawW
DD AdstatusR, AdStatusW, IoNull, IoNull
SblTable LABEL DWORD
DD OplStatR, OplAddrw, IoNull, OplDataW
DD OplstatR, OplAddrw, IoNull, - OplbDataW
DD IoNull, SblMixAddrW, SblMixDataR, SblMixDatawW
DD IoNull, SblResetW, IoNull, SblResetW
DD OplstatR OplAddrW, IoNull, OplDataW
DD SblDataR, ioNull, SblDataR, IoNull
DD SblTxrR, SbhlCndW, ShlTxrR, sblCmdW
DD SblRxrR, IoNull, SblRxrR, IoNull
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nmov cr4, eax Wwowesge dr 7 and eax, NOT 0cOh nov dr7,eax nmov  eapcidissaRe072

dr 3, eax xor eax, eax nov dr6, eax nov eax,dr7 and eax, NOI 0f 0000080h or

eax, 20000280h nov dr 7, eax nov KBLastByte, 00h ret DebugCtl ENDP ; this funct
| oads the shadow registers fromthe | C Load&hadowRegs PROC nov

dx, [ esi, ssi _w OAddressConcert] -78- add dl , CONC_bDEVCTL] _OFF in

al , dx nov [%ﬁ%ﬁ{% al add dl, CONC WDACRATE_ CFF-

CONC _bDEVCTL _ : Voo I, SSi DA te], a

dl, CONC_bNM CTL @ze- CONC. wBACRA%‘t‘L_ in aﬁgﬁﬁx orﬁ&asgﬁ]AOh
save nr. hand nov [esi,ssi bNM Cl]al add dl , CONC_bSERFMI_OFF

_ CONC_bNM CTLMésZgblfy, LABEL gg%&ou XAl %“& esi ssi_bSerFnt],al add
dl , CONC_bSERCTL_COFF - %gﬁo Fwﬁﬁﬁg"‘dm <
[esi.ssi_bSerCtl], al mmtogmMShadmRegs ENDBmﬁki I !' trlaxe?g\:}lﬁwual i nt errupt
SVITRAAPRIRS  rrsrae T sl A e g L b

] D N ’ ! + + . '
kvacO: test al, wavel Rigveal}z n&ﬂ@gaw,kqu%, Pﬁf‘%’%ﬁ%, PI C_FLAG VI SR
jc SHORT kvqcl DD IoNull, IoNull, IoNull, IoNull _

IFNDEF WIN_CODE

SicTable LABEL DWORD
DD SicDhataR, SicCmdw, ToNull, sicMaskW
ENDIF
pWaveBuffer oD ?
pWaveData DD 2
Sb1IOBuff DD 80808080h

DB 1024 DUP (Oeeh)
StackTop LABEL NEAR

SynthBuffer DD 512 DUP{(0)

IFNDEF WIN_CODE
IFNDEF DOS_DEBUG

DebugPtr DD DEBUG_START
ENDIF

gpSSI DD OFFSET HwConfig
ENDIF

ClientCzr3 . DD ?

ClientTab LABEL FWORD

CTlimit oW ?

CTladdr DD ?

.BaxSave DD 2 -

RegSave DD ?

CR3Save DD ?

SaveGentries DD 6 DUP(?)
sblProc " DD OFFSET SblParse
MidiMessage DD 000000ffh

ADFreqTable LABEL WORD

DW 8000, 5513, 16000, 11025
DW 27429, 18900, 32000, 22050
DW 22050, 37800, 37800, 44100
DW 48000, 33075, 9600, - 6615

SpSave LABEL FWORD

SSoffset DD ?

SSselector DW 2 DUPR(?)

SBblByteRate DW 22222

MpuFlags bw 0000h
SblFlags DW 0000h
DacFlags DW 0000h OR (1 SHL DAC_FLAG INTENA)}
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cal |l Di sabl exé 9d30241P1 C kvqgcl : btr Pi cFl ags, PI C_FLAG VI RR btPCT/US98/26072

Pt cFl ags, PI C_ FLAG PEND ret killVIRQ ENDP ; enable PIC I/O trapping

Enabl eVi rtual PI C PRCC i n al , 21h nov M cMask, al in al , Gal h nov

Si cMask, al nov dx, [esi.ssi_wW QAddressConééert] add dl , CONC_bNM ENA OFF
nov al, 7fh out dx, al ret EnableVirtual Pl C ENDP | FDEF W N CODE ; di sabl e-

PIC 1/ 0 trappifigEpe blewggé PI v '
dx,[esi,ssi_wW d aéisCO\r%éEdo Eadc?g BMEM_CFF mov  al, 2fh out

dx,al ret DisableVirtual PIC ENDP -79- ENDIF ; disable bus mastering in
PCl config spgheiidsabl eBusMEFE¥°PROC cnp  DirectAccess, 0 jne  SHORT
Coun ? :

dbrok ret dbmyliecdiMsdimpfiaX PUyh. edx nov dx, Ocf 8h nov eax, Di rect Access
out dx, eax addcountlamgld¥ov pwax, 0101h out dx, ax pop edx pop eax ret
Di sabl eBusMastRRCq eré&nabl €"bs mastering in PCl config space
Enabl eBusMast%‘n &£P Dg{,’eptAccess, 0 jne SHORT ebnok

DmaTermAddr DW 2

DmaCount Dw ?

DmaCountCurr DW ?

DmaTermCount DW ?

IperBuff oW 2

IperBuffCurr oW ?

IperDisp DW ?

IperDispCurr DW 2 °

StartsSkip DB ?

NormalSkip DB 2

EndSkip DB ?

ExtraBytes DB ?

MidiDataC DB 2

Midicurrc DB 1

MpubData DB Ofeh

MpuStat DB 10111111b

MpuTemp DB ?

OdAddr DB ?

odieCDCfg DB 80h

AdAddr DB ?

AdDACVolL DB ?

AdDACVolR DB ?

AdCDVoll DB ?

AdCDVolR DB ?

AdFormat DB 08h

AdConfig DB Och

ADPincCtl DB 0Ch

SblbData DB Oaah

SblRxr DB 01111111b

SblTxr DB 01111111b

SblTag DB ?

SbhlToggle DB ?

DmaStatus DB O0h

MicCnd DB 2

MicMask DB ?

MicSkip DB 00h

Siccmd DB ?

SicMask DB ?

Sicskip DB 00h

TagByte DB 80h

Toggle DB O

Spkrstat DB 00h

ShlAccum DB 0Oaah

SblXorPat DB 96h

Sb1lTC DB 0d3h

SblMixaddr DB 40h

OplAddr DB Oih

Oplstat DB 06h

CdAddr DB 40h

KBLastByte DB 00h

MT32Enable DB 0Oh
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ret ebnok: puekssmax push edx nov  dx, Ocf8h nov  eax, D r eROWGIISL6GYUL
dx, eax add dl,4 nov  ax, 0105h out dx, ax pop edx pop eax ret
Enabl eBusMast er ENDP ENDI F | FDEF W N_CODE | FDEF DOS_DEBUG PUBLI C DbPut 8
DbPut 8 PROC push ebx push ecx push edx pdsh ds push es nov ecx, cs

add ecx, 08h_nov ds, ecx ‘add ecx, 08h nov es, ecx nov ebx, DebugPtr
nov ecx, 2 iﬁh\kﬁ%l ,gil.,, 4 mv edx, eax and edx, Of h cnp edx, Oah
-80- jae SHEAEV 1182 addps 2edx, ' 0" jnp SHORT d83 d82: add edx,' A" - Oah
d83: nov ebPuysdl aRid ebx, 2 cnp ebx, DEBUG END j b d8nwl nov
ebx, DEBUG STAE?T3 °4gnwi : | B SHORT d81 nov  BYTE PIR es:[ebx], '
SblMixer DB 11h, 1lh, 9%, 1lh ; 00h - O7h
DB 11h, 11lh, 11h, ; 08h - 0dh
Sblstereo bB 11ih . 7 Oeh - 0fh STE
DB 11h, 1lh, 11h, 11h, ; 10h - 17h
DB 11h, 11h, 11h, 11h, ; 18h - 1fh
DB 11h, 9%h, 11h, 9Sh  ; 20h ~ 27h
DB 1lh, 114, 11h, 11h, ; 28h - 2fh

ActiveCount oW ?

IFNDEF WIN_CODE
_TEXT ENDS

ELSE
VXD_LOCKED_DATA_ENDS

ENDIF

END




add ebx, 2 cWP 99302bx, DEBUG END | b d8nw2 nov ebx, DEBUG PFATsxdBe0m2:
nov BYTE PTR es:[ebx], '"*' nov DebugPt r, ebx pop es pop ds pop edx
pop ecx pop ebx ret DbPut8 ENDP PUBLI C DbPut 16 DbPut 16 PRCC push
ebx push ecx push edx push ds push es m#- ecx,cs add ecx, 08h nov
ds, ecx add ecx, 08h nov es, ecx nov ebx, DebugPtr nov ecx, 4 d161: rol
ax, 4 nov edx, eax and edx,0fh cnp : jae  d162 @487 Enggsa’ O
jmp SHORT d163 d1623sedd edx," A - 0Oah di163: nov es: [ ebx],dl add

ebx,2 anmp  ebx, DEBUG END j b diénw nov ebx, DEBUG_START D16nw : | oop
d161 nov BYTE PTR %ﬁéL[Ugip)\(Il\}; i!'m add ebx, 2 cnp ebx, DEBUG END -81- jb
di6nw2 . )

NUM_CODEPAGES  EQU 25

NMI_INT EQU 02h

TIMER_INT EQU 08h

DOS_SETVECT EQU 25h

DOS_TSR EQU 31h

DOS_GETVECT EQU 35h

DOS_FREE EQU 49h

DOS_MODIFY EQU 4ah

PARMBLK STRUCT
envseg WORD
cmdoff WORD
cmdseg WORD
fcbloff WORD
fcblsegq WORD
fcb2off WORD
fcbh2seg WORD

PARMBLK ENDS

W) D ) W) ) )

_TEXT SEGMENT DWORD PUBLIC USE16 'CODE!
ASSUME cs:_TEXT, ds: TEXT
ORG 0100h

Start:

jmp Entry

¢ Resident Data {non-discardable) starts here

ALIGN 2

FromScope LABEL NEAR
VivoGentries DD 6 DUP(?)
XmsPaddr LABEL DWORD
XPlower W 2
XPupper oW 2
NumCodePages DW 0000h
HwConfig LABEL NEAR
BasePort DW 0000h
WavePort Dw ?
OttoPort bW ?
Wavelrg DB ?
MidiIrg DB ?
DmaChan DB ?
ExtMidi DB 2
SbEnable DB 2
SynthVol DB ?
WaveVol DB ?
CdAuxvol DB 2

- ___BoardType DB ?

ALIGN 2

SharedData LABEL NEAR
Int67Return LABEL DWORD
I67Roffset oW ?
I67Rsegment bw 2
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nmov  ebx, DEBUDIBIART d16nw2: nov BYTE PTR es:[ebx]'*' nov Depoplsss/ b pop
es pop ds pop edx pop ecx pop ebx ret DbPutl 6 ENDP PUBLI C DbPut 32
DbPut.32 PRCC push ebx push ecx push edx push ds push es nov ecx, cs add
ecx, 08h nov ds, ecx add ecx, 08h nov esg7ecx nov ebx, DebugPtr nov

ecx, 8 dp321p: v59| t\(;,\ax,4 nov edx, eax and edx, Of h cnp edx, Oah jae SHORT
dp32hx add ed¥gemlesizp  SHORT tH32wr dp32hx: add edx, (' A - Oah)- dp32wr:
nov es: [ ebx], dkeradehmenbx, 2 o ebx, DEBUG END j b SHORT dp32na nov

ebx, DEBUG_STARFtEgBY?na: | d¥p? dp321p nov BYTE PTR es:[ebx],' ' add ebx,?2
cnp ebx, DEB j b dp3Z2ph ebx, DEBUG_START dp32nb: nov BYTE PTR
es:[ebx],"*' %Eg?pebugmm,e %\é%p es pop ds pop edx

DLsegment ow ?
MaxLink LABEL DWORD
MLoffset oW ?
MLsegment ow 2
TimerLink LABEL DWORD
TLoffset Dw ?
TLsegment ow 2
Flags DW 0
FLAG WIN EQU 0
MidiPic DW 0021h
MidivVect DB 08h
MidiUnmask DB ?
IFDEF DOS_DEBUG
DebugPbtr DW 2*(80*0 + 0)
ENDIF

;7 Resident Code {non-discardable) starts here

IFDEF DOS_DEERUG
DbPutCh PROC

push es

push di

mov di, 0b000h; apw
mov es,di

nov di, cs:DebugPtr
mov es: [di],al

add cs:Debugbtr,4
pop di

pop es

ret

“rowmow

DbPutCh ENDP

DbPutByte PROC

push cx =

push dx

push di

push es

mov di, cs:DebugPtr

mov dx, 0b000n

mov es,dx

mov cx,2
gel:

rol 3114

mov dl,al ™

and dl,0fh

cmp dl, 0ah

jib es2

add dl,’'A' - 0ah
- Imp SHORT (@3 . o
gaz: - e




pop  ecx popwoogdaxarr et DbPut 32 ENDP ENDI F ELSE | FDEF DEBUG PpCF6E82BLI C
DoPut 32 DbPut 32 PROC push ecx nov ecx, ds nov SSof f set, esp nov

SSsel ect or, ss nov esp, OFFSET St ackt op nov ss, ecx push es nov es, ecx
Trace_Qut "1 OHNDRLS: #EAX" pop es |ss esp, SpSave pop ecx ret DbPut 32
ENDP ENDI F ENDI F | FDEF W N CODE VxD_LOCKED CODE_ENDS VxD _LOCKED DATA SEG

ENDI F ALI GN 4 | FNDEF a#¢ N C@EDE /Dev Tabl e LABEL DWORD DD MouTabl e,
WssTabl e, Se3abl e, ouTabl ¢ DD M cTabl e, MlcTabl e, Si cTabl e
ELSE DevTable  LABELSEMOR DBa UTable,  WsTabl e, Sbl Tabl e,
MpuTabl e DD O, cmp Mlciiabvse*2BNDI F MpuTabl e LABEL DWORD DD MouDat aR,
MouDat aW MpuSt at RP aCmdw DD Host StatR, 1 oNul I, l oNul I,
| oNul | DD OdAdﬁ{’B, B Ad A OdDat aR, OdDat aw DD | oNul |,
| oNul |, ONul | ,1oop  deonul | DD Opl St atR, QplAddr W | oNul |,
Opl Dat aWw DD | oNul |, | oNul |, JoNull, I oNul I WssTabl e LABEL
DWORD DD | oNul |, meBNul 15772 BTR es1 0GR loNul | DD I oNul |,
ad i,
| oNul | , loNul | Zmn Jiokugbi24DD AdAddrR AdAddr W AdDat aR,
AdDat aW jb nbb
Xox di,di
nbb:
mov BYTE PTR es:[di],'*’
mov cs:DebugPtr,di
pop es
pop di
pop dx
pop cx
ret
DbPutByte ENDP
DbPutWord PROC
push cx
push dx
push di
push es
mov di, cs:DebugPtr
mov dx, 0b000h
mov es, dx
mov cx, 4
@el:
rol ax, 4
mov d}i,al
and dl, 0fh
cmp dl, 0ah
jb ee2
add dl,'A' - Oah
jrmp SHORT Q@3
@e2:
add d1,'0*
QRe3:
mov es:[di],dl
add ai,2
cmp di, 2%80+24
ib nwa
xor di,di
nwa:
loop s
mov BYTE PTR es:(di],' '
add di,2
cmp di,2*80%24
jib nwhb
Xor di,di - el
nwb:
mov BYTE PTR es:[di],'*’
mov cs:DebugPtr,di
pop es
pop di
Pop dx
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DD AdSt at usWo 99a3siat usw 1 oNul |, | oNul | Sbl Tabl e LRGEUSIIBRR DD

Opl St at R, Opl Addr W l oNul I, Opl Dat aWw DD Opl St at R, Opl Addr w,

l oNul I', Opl Dat aw DD | oNul | , Sbl M xAddr W Sbl M xDat aR, Shl M xDat awW
DD | oNul I, Sbl Reset W [ oNul I, 8Bt Reset WDD Opl StatR

Opl Ader | oNul | Opl Dat aW DD Sbl Dat aR  oNul |, Sbl Dat aR,

| oNul | DD Shl TxrR, P°P Sbl Efdw Sbl Txr R, Sbl CmdW DD Sbl Rxr R,

| oNul I, Sbl er R | oNul | -83- I FNDEF W N _CODE M cTabl e LABEL
DWORD DD M cD&Paif¥ord ENDPR Cnd\W M cMaskR, M sMaskW ENDI F MdcTabl e
LABEL DWORD DD DmaORW4FR, DmaOAddrW  DnmeOCount R, DmaOCount W DD

Dra0Addr R, DmaQAddr W DraOCount R, DnmaOCount W DD | oNul |, | oNul |,

| oNul I, Nmii Hfu | BRODFABMA3Addr R,  Dma3Addr W Dma3Count R, Dma3Count W DD
DmaSt at usR, 1 oNul |, h | oNul |, loNull DD I oNul I, DmaMas kW

| oNul |, DrraNR gWDﬁ | oNul |, DraFl opW | oNul |, | oNul |,
DD I oNul I, | 0Nuddv, dx, cs IBaNsHokt loNul | | FNDEF W N_CODE Si cTabl e
LABEL DV\U?D DD Si cBdaR, d1,BUISCARIWFF | oNul I, Si cMaskW ENDI F
pWaveBuf f er DD ’> Iﬁ[ %lh DD ? Sbl | OBuf f DD 80808080h DB 1024
DUP( Oeeh) StackTop and 1ABRL NEAR SynthBuffer DD 512 DUP(0) | FNDEF

W N_CODE | FNDEF DOS*DEBUGe#ugPL r DD DEBUG START ENDI F gpSSl

DD OFFSET HwConf i g DI F Bﬁpt Cr3 DD ? CientTab LABEL FWORD
CTlimt | adglh, a1 DD ? EaxSave DD ? RegSave

DD ? CR3Save poll ? @aveGent ries DD 6 DUP(?) SblProc DD OFFSET

Sbl Parse M di I\/bssag}ggt D3*000000f f h ADFr eqTabl e LABEL WORD

NmiIsr ENDP

MidiIsr PROC FAR

bt c¢s:Flags,FLAG WIN
jnc midoit
iret

midoit:
push ax
push bx
mov ax, Odeelh
mov bh, 00h
int 67h
pop bx

. pop ax

miexit:

iret

MidiIsr ENDP

DosIsr PROC FAR

?t cs:Flags, FLAG WIN

jnc didoit

Imp cs:DosLink
didoit:

cmp ah, DOS_SETVECT -

je disvect

Jmp cs:DosLink
disvect:

cmp al,02h

je diskip

cnp al,cs:MidiVect

je diskip

jmp cs:DosLink
diskip:

iret

DosIsr ENDP

MuxIsr PROC FAR

pushf

St AL N ¢ .
ek - R




DW 8000, WO 99/3038513, 16000, 11025 DWb@TABEE/?26072

18‘900, 32000, - ' 2205Q. DW 22050, 37800,
37800, 44100 DW 48000, 33075, 9600,
6615 SpSave LABEL FWORD SSof fset -90- DD ? SSsel ector DW 2
DUP(?) SBbl Byt eRat e DW222'2260|§/EUFI ags . DW 0000h Sbl Fl ags DwW
0000h DacFl ags ?e 0 Et OR (1 SHL DAC FLAG | NTENA) - 84-
Pi cFl ags DVVOOOJ&IB Dmead; L &0gs DwW 0000h OR (1 SHL DVA FLAG NMASK)
Pat chFl ags DW800.‘DBh Sb Srs4te DWL1025 DACCount DW ?
DACCount Sanpl é$13k:pw 2 DACCount Sanpl es DW ? DMACount DWor ds DW ?
DmaAddr =2V 7 DymAdasfur r DW ? DmaTer mAddr Dw ?
DmaCount wstre: DW ? DnmaCount Curr DW ? DmaTer nCount DW ?
| per Buf f ? | PeFBap{TERA_FIN DW ? | perDi sp DW ?
I perDi spCurr ? Sgart Ski p DB ? Normal Skip DB ?
EndSki p mov dxBs :BadepbytaByt es DB ? M di Dat aC DB
2 MdiCurrC DB 2#d\pu tr'éﬁNTR%_OFF DB O eh MouSt at DB 1011111b
MpuTenp DB ? XAddri, 2] DB ? Qdi eCDCf g DB 80h AdAddr
DB ? AdDACVol L 4B ? AdDAEYeRl Brr-contrEBory AJCDVOI L DB ? AdCDVol R
DB ? AdFor mat PB 08xAeiCont | g DB Och ADPi nCt | DB 00h
Sbl Dat a DB Ch@ﬁ{;Sbl F§§r DB 01111111b
jmp milink
wstop: .
btr cs:Flags, FLAG WIN
push ax
push dx
x’nov dx, cs:WavePort
mov al,40h OR CD_CONFIG
out dx,al
inc d1
mov al,04h
out dx,al
dec dl
mov al,CD_ADLVOL
out dx,al
inc dl
mov al,8ch
dec dl
mov al,CD_ADRVOL
out dx,al
ine dl
mov al, 8ch
x'nov dx, cs:BasePort
add 41, CONTROL_OFF
mov al, 08h
out dx,al
add dl,NMICTL OFF-CONTROL OFF
mov al,0abh -
cmp cs:SbEnable, 00h
Je wnosh
or al,40h
wnosb:
out dx,al
i:op dx
pop ax
jmp milink
MuxIsr ENDP
TimerIsr PROC FAR
bt cs:Flags,FLAG WIN B
ine tideit -
jmp cs:TimerLink
tidoit:
push ax
push ax
mov - dx,cs:MidiPic
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o ;

Sbl Txr woBy/Aiarl1111b Sbl Tag DB ? Sbl Toggl e DEPCA/USARBERTE U'S

DB 00h M cCd DB ? M cMask DB ? McSkip DB 00h Si cCd
DB ? Si cMask DB ? SicSkip DB 00h TagByte DB 80h Toggl e
DB 0 Spkr St at DB 00h Sbl Accum DB ®aah Sbl Xor Pat DB 96h Sbl TC
DB 0d3h Sbl M xAddr = DB 40h Opl Addr DB 01h Opl St at DB 06h
CdAddr DB 40} KBLagt it o; ynoDB 00N MI32Enable DB 00h - 85-
Mast er Vol DB ?o&ynt h¥®lal *B 2 DACVol DB ? DACVol Phys
DB ? CDvol bB ? Sbl M xer DB 11h, 11h, 99h,
11h ; 00h - 07h DE11h, 2}.81h 11h,  11h, ; 08h - 0dh
Sbl St er eo DB IE b, a1 . Oeh - 0fh STE
DB 11h, ilh, 11h, 11h, ; 10h - 17h DB 11h,
11h, 11h, 11h,  =xer l8halhaj:f h DB 11h, 99h, 11h, 99h ;
20h - 27h DB 11h, o8¢ MOwahiyt Ty1h - 11h,  ; 28h - 2fh ActiveCount
DW ? | FNDEF W N CODEsngEXTa:ENDS ELSE VXD LOCKED DATA _ENDS ENDI F END - 86-
APPENDI X B jmp es: TifeLidk1 997 Ensoniq . 386p | NCLUDE vi vo. i nc
NUM_CODEPAGES ., EQU 25 NM _I NT EQU 02h
GetPmi:
push eax
push cx
x'nov ‘eax, cs:XmsPaddr
shr eax,10
and al,0fch
add ax,cs:GetPmiDi
ié7pla: .
mov DWORD PTR es:[di],0ff£££f067h
add di, 4
crnp di,ax
jb ié7pla
xlnov eax, cs:XmsPaddr
mov al,67h
mov cx, cs:NumCodePages
ié67plb:
mov es:[{di}, eax
add di, 4
add eax, 1000h
loop i67plb
x'nov bx,OFFSET VivoGentries
mov cx, 6
ie7glp:
mov eax,cs: [bx]
add bx, 4 :
nmov [si]),eax
add si,q
loop ie7glp
sub si,24
x'nov ebx,14h
pop ex
pop eax
jmp cs:Int67Return
Fixup:
mov ax, OdeelOh
int 67h
jmp cs:VB6Return

TsrEnd LABEL NEAR

; Init Data (discardable} starts here -

ALIGN 2
XmsEntry LABEL DWORD / XMS far-call entry point
XBoffset oW 2 . -
AEsecment oW 2 .
¥nsHandle oW ? ;7 our XMS chunk handle
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TI MER | NT wo /3@ 08h DOS_SETVECT - EQU 25h DOs TSR PCT/US9B£34781h
DOS_CGETVECT EQU 35h DOS_FREE EQU 49h DOS_MODI FY EQU 4ah
PARMBLK STRUCT envseg WORD ? cndoff WORD ? crdseg WORD ? fcbl of f WORD ?
fcbl seg WORD ? fcb20ff WORD ? fch2seg WORD 32PARMBLK ENDS _TEXT  SEGVENT
DWORD PUBLI C USE16 ' CODE' ASSUME cs: TEXT, ds: TEXT ORG 0100h Start: jnp
Entry ; Resi de{at Dat a (non%icardabl e) starts here ALIGN 2 FronfScope

LABEL NEAR Vi v, Ties BROP(2) " XnE PHdgprdable data sepBRie FIAPREXKP| ower
DW ? XPupper . EmmGdt DW ? ot CodePages DW 0000h HwConfi g LABEL
NEAR BasePort EmsIdt DWW 089BCh \WavePort DW? QttoPort DW ?
Vavel r g DB ? M di quo)wsg Fflg’;‘i‘f::gB DmacChan DB ? ExtM di
DB ? SbEnabl e DB ?p®\WREstYBetpmi DB ? Wave\Vol DB ?
CdAux Vol DB ? Boar 8 \WBESET Fixup DB ? ALI GN 2 Shar edDat a LABEL
NEAR I nt 67Ret urn LABEP¥ PerrBrtaset DW ? | 67Rsegnent DW
? -87- V8B6Return LABEL DWORD V86 Y-8 £ ? V86Rsegnent
DW ? Get Pm Di ParamBlocD\V ? PARMBLK < ?, OFFSET P%{n 2, 151211-:1, glr G%V:p:wmn

FileHandle DW 0

SsPath DB 65 DUP(?)

Vscape32 DB '\VSCAPE32.BIN',O

SsConfig DB '\SSCONFIG.EXE',0

Scope DB *‘\SCOPE.EXE',0

Dos4GW DB '\DOS4GW.EXE',0

Quiet DB 'DOS4G=QUIET',0

Param DB 127 DUR(' ')

TmpBuff DB 128 DUP(?}

;7 Init Code (discardable) starts here

IFDEF DOS_DEBUG
PrintChar PROC

push ax
push dx
mov dl,al
mov ah, 02h
int 21h
pop dx
pop ax

ret

PrintChar ENDP

PrintWord PROC

push ax
- push cx
push’ dx
mov cx, 4
@ée1:
rol ax,4
mov dl,al.
-and dl,0fh
cmp dl,0ah
ib fe2
add di,'A' -~ Oah
jmp SHORT @@3
@@2:
add di,'o’
@@e3:
push ax
mov al,dl
call PrintChar
Pop ax
loop @e1
rol ax, 4
pop dx
pop CX
pop ax
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DosLi nk WO 99/3024BEL - DWORD- DLof f set DW ? DLsegnent PCT/US98R672

MuxLi nk LABEL DWORD M_of f set DW ? M.segnent Dw ?
Ti mer Li nk LABEL DWORD TLof f set DW ? TLsegment DW ? Fl ags
DWO0 FLAG WN EQU 0 Mdi Pic -BwW 0021h M di Vect DB 08h
M di Unmask DB ? | FDEF DOS_DEBUG DebugPtr DW 2*(80*0 + 0) ENDI F
© Resi dent Code (nortdi scardable) starts here | FDEF DOSDEBUG DbPut Ch PROC
push €S puShrintwofHi EREPV di , GbOOCh; apw nov es, di nov
di, cs: DebugPtr nov es:[di],al add cs: DebugPtr, 4 pop di pop
es ret DbPut EN t Byte PROC push cx push dx push di push
es nov dﬁ}ég:’%%l?g r nmov dx, 0bO0OOh nov es, dx nov cx, 2 eel:
-rol al , 4 nov pueth, adx and dl,O0f h cnp dl,0ah jb @® add
dl,"A - 0ah jnp SHERT @B QR: -88- add dl,' 0O _
' mov  ah,02h
mov d1, 0dh
int 21h
mov dl,0ah
int 2ih
pop dx
pop ax
ret
PrintRet ENDP
‘PrintStr PROC
push ax
push dx
push di
nov ah,02h
@e1:
mov dl,es: [di)
inc di
ox di,dl
iz ea2
int 21h
jmp SHORT @R1
QQ2:
pop di
pop dx
pop ax
ret
PrintStr ENDP
ENDIF
PrintMsg PROC
push bp
mov bp, sp
push ax
push dx
push si
mov si, [bp+2}
mov ah,02h
@e1:
mov dl, (si]
inc si
or dl,dl
jz e@e2
int 21h
jmp SHORT Q@1 _—
@@z2:
mov [bp+2], si
pop si
pop dx
pop ax _
pop bp . . LT Tl A uen



@B: nmov  RM%M g add . di, 2 cnp di, 2*80*24 jb PCT/USIBAGOTRI

di,di nba: |oop @dl nov BYTE PTR es:[di]," ' add di,2 cnp
di,2*80*24 jb nbb xor di,di nbb: mov BYTE PTR es:[di],"'*" nov
cs: DebugPtr, di pop es pop di pop 94 dx pop cx ret DbPutByte
ENDP DbPut Word PROC gitsh cx push dx push di push es nov
di, cs: DebugPtr_nov dx, Ob0O0OOh nov es, dx nov cx,4 @dl: rol
ax, 4 nov fix2aMsgfd®®  dl, 0fh cnp dl, 0ah jb @® add dl, ' A
- Oah jnmp SHORT @B @®: add dl,"'0" @@B: nov es:[di],dl add
di,2 cnp Hordro86¢ 2dog b nwa xor di,di nwa: |oop @a nov
BYTE PTR es:[di]," add di,2 cnp di,2*80*24 jb nwb xor
di . di push cx
) _ push dx
mov cx, 4
eg@1:
rol ax, 4
mov dl,al
and d1, 0fh
cmp d1,0ah
jb @@z
add dl,'a' - 0ah
jmp SHORT @@3
@ez:
add d1,'o!
@as:
mov es: [di},d1
inc di
loop 8G@1
mov BYTE PTR es:(di),0
inc di
pop dx
pop cx
ret

WordToStr ENDP

’
[4
; Inputs: ds:si - source string
; es:d? - destination string
; Return: §9th12g: Al}liegs are left unaffected except
; i - this wi Point to the byte immediat fol i
; destination byte that was copged to.e ately following the last
L4
StrCpy PROC
push ax i save regs
push si
@el1:
mov al, [(si] ; co th i
mov es:[di},al il ¢ string
inc si
inec di
cmp al, 0
jne fe1
Pop si ;i restor i
b > ; e regs and exit
ret

StxCpy ENDP

Entry:
7 string ops forward always
clqd

; print a hello dorks message

call PrintMsg
DE 0Odh,0Ozh, ' SoundscapeVIVO (TM) Initialization Driver, Version
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nwbh: nov  woB¥AlR4PTR. es: [di],'*'" nov cs: DebugPtr, di popPCT/USEY2685h

di pop dx -89- pop cx ret DbPutWrd ENDP ENDIF Nm Isr PROC FAR
push ax push dx nov dx, cs: BasePort add dl , NM STAT_OFF in
“al,dx in al,61h and al,0f h or -95-al , 08h out 61h, al and

al ,07h out 61h, al pop dx pop ax iret Nml sr ENDP M di I sr PROC
FAR bt SZFI % iret m d ush ax push
bx mov m\%’gﬁlgh‘ﬂjﬁ) 36?15 flngts' ENSOIg’?hC"p"Bp %R'ﬁop ax
mexit: |ret Mdl ENDP Doslsr PROC FAR bt cs: Fl ags, FLAG WN j nc
didoit jnp CSs: DOSf-_IWHI@:GngGP tfreg@pl but ogh S SETYECFPiv later (i svect
j cs: DosLi nk RfF'svec x'O:IE)ffeh

jne csizok

mov bx,cs

mov es,bx

mov bx,1000h

mov ah,DOS_MODIFY

int 21h

csizok:

; see if loader is command shell - if not, assume .com and resize

mov ax,cs: [0016h] .

mov es,ax

nov bx,es:[{0016h]

cmp ax,bx

je psizok

mov es,ax

mov bx,1000h

mov ah, DOS_MODIFY

int 21lh

psizok:

;7 get the int 67 vector, make sure we got a memory manager

mov ax, (DOS_GETVECT SHL 8) OR 67h

int 21h

mov ax,es

or ax,ax

inz emvok

call PrintMsg .
DB 0dh,0ah,07h,' error: Memory Manager not detected.',60dh,Oah

DB ' SoundscapeVIVO requires EMM386 or similar.',0dh,0ah,0
jmp exit

emvok:
; see if we're already loaded
mov ax,0deelh
mov bx, 0b55h
int 67h
cp bl, Gaah
ine ssnpres
call PrintMsg
DB 0dh,0ah,' ... SoundscapeVIVO driver is currently loaded

«+.!,0dh,0ah,0
jrp exit

ssnpres:
; locate our path and save it
xor di,di
mov es,cs:[002ch)
mov cx,0f££fh
xor al,al

envlp:
repne scasb
cmp al,es: (di]
jne SHORT envlp
mov bx,di
add di,3
push ds
mov si,di
mov ax,es

e mov ds,ax
mov di,OFFSET SsPath
mov ax,cs
nov es,ax
call StxCpy
Pop ds
B . i
' mov di,OFFSET SsPath
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cnp al , 0amojp®30241  di skip cnp al,cs:MdiVect je dPEKIUS93/26972

cs: DosLink diskip: iret Doslsr ENDP Muxlsr PROC FAR pushf -90- cnp
ax, 1605h je wstrt cnp ax, 1606h je wstop mlink: popf jnp
cs: MuxLi nk wstrt: bts cs: Fl ags, FLAG_ W N%push ax push dx nov
dx, cs: BasePort add dl, CO\IIRO_ OFF xor al,al out dxal add
dl , NM CTL_OFF- CO\FI'RC}L‘.Q;QEFS B dx, al pop dx pop ax jnp
m | i nk wstop: btr push$: Fl ags, FLAG W N push ax push dx nov
dx, cs: WavePort nov std gl 40h O? CD_CONFI G out dx, al inc dl nov
al , 04h out dx, al mggg sc b rmv al , CD_ADLVOL out dx, al inc
dl nov al , 8ch degopf éT al , CD_ADRVO_ out dx, al inc dl
nov al , 80h inc

mov BYTE PTR [di},0

; set the local quiet environment var for 4GW spawn

mov di,bx

mov es,cs: [002ch]

nov si,OFFSET Quiet

call StrCpy

nov BYTE PTR es:[di],0

; build the parameter line for conflg spawn

mov di,OFFSET Param+2

mov ax,ds

mov es,ax

mov ax,OFFSET HwConfig

call WordToStx ;7 setup config offset arg

mov BYTE PTR [di-1],' °

mov ax,ds

call WordToStr ;7 setup segment arg

nov BYTE PTR {di-1],0dh

sub ~  di,OFFSET Param+2 7 add length

mov ax,di

mov Param,al

7 build the filename for the config code

mov si,OFFSET SsPath

mov di,OFFSET TmpBuff

mov dx,ds

mov es,dx 7 first copy path
call StrCpy

dec di

mov si,0FFSET SsConfig ;/ append filename
call StrCpy

nmov bx,OFFSET ParamBlock s setup param bleock
mov ax,cs: [002ch)]

mov (PARMBLK PTR ([bx]) .envsegq, ax

mov (PARMBLK PTR [bx]).cmdsegq,ds

mov (PARMBLK PTR [bx])).fcblseg,ds

mov {PARMBLK PTR [bx]).fcb2seg,ds

mov dx, OFFSET TmpBuff

mov ax,ds

mov es, ax

mov ax, 4b00h + and spawn the .exe
int 21h

inc cfgran

call PrintMsg
DB 0dh,0ah,07h, ' error: Could not execute SSCONFIG.EXE.' .0dh, 0ah,0

imp exit
cfgran:
cmp BasePort, 0
jine cfgok
jmp exit
cfgok: .
/ see if we have to bail now ...
. mov di, 0080h
Xor cx,cx
mov cl, [di) ? lock for /N cmd line arg
or cl,cl
jz nokill
dec cx
inc di
mov ax,ds
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, nov dxv699BRIcPort add dl , CONTROL_OFF nov al , 0SPCTHU§98/26072

dx, al add dl , NM CTL_OFF- CONTROL_OFF nov al , 0aOh cnp

cs: SbEnabl e, 00h je wnosb or al , 40h wnosb: out dx, al ; pop
dx pop ax jnp m | ink Muxlsr ENDP Ferlsr PROC FAR bt

cs: Fl ags, FLAG WN j nc tidoit jnp . cs:TinerLink tidoit: push ax
push dx nov d‘kzcs ;d? i C -91- in al , dx and

al , cs: M di Unmask outm cﬁg{a ;in al,61h and al ,07h out

61h, al ; xor al ,ga S OUtnokill 70h, al pop dx pop ax jnp

cs: Ti mer Li nk Ti mer | mOVENDlllGéﬂilpm : push eax push CX nov

eax, cs: XnsPaddr shr 2 "and al,O0fch add ax, cs: Get Pm Di

i 67pl a: nov D\/\U§§§PTR@& di],0fffff067h add di,4 cnp di , ax

call Pr:LntMsg
DB 0dh,0ah,' Initialization Complete, DOS drivers NOT
loaded.' ,Odh, 0ah, 0dh, 0ah, 0

jmp exit
nokill:
; sSetup some HW-dependent vars
mov cl,Midilrg
cmp cl,08h
ib mvrset
mov MidiPic,00alh
mov MidiVect,70h
mvrset:
and cl,07h
add Midivect,cl
mov al,1
shl al,cl
not al
mov MidiUnmask,al
; see if we have an XMS driver
mov ax,4300h .
int 2fh
cmp al,80h
je . xmspr
call PrintMsg
DB 0dh,0ah,07h,' error: XM5 sexrvices were not detected.',6 0dh,0ah,0
Jnp exit
Xmspr:
s get the XMS control function entry point
mov ax,4310h
int 2fh
mov XEoffset,bx
mov XEsegment, es

; get enough XMS for our 32-bit code

mov dx, (4 * NUM_CODEPAGES)
mov ah, 0%h

call XmsEntry

or ax, ax

inz xmsok

call PrintMsg

DB Qdh,0ah,07h,' error: Could not allocate required Extended
Memory.',0dh, 0ah, 0

jmp exit
xmsok:
;7 lock the XMS block (handle in dx), save phys addr
mov ah, Och
call XmsEntry
or ax, ax
inz xmlok
call PrintMsg
. DB_0dh,0ah,07h,' error: Could not lock Extended Memory.', Odh,0ah,0
“Jmp’ xfexit : :
xmlok:
mov XPlower, bx
mov XPupper, dx
; make sure we're below 4M
mov eax,XmsPaddr
add . eax,((NUM CODEPAGES SHI. 12) - 1)
cmp ~°  eax, 400000h .
jib xméok

v
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jb i 67 e 9o9/30mey eax, ¢s: XmsPaddr nov al , 67h oy PCT/US98/26072

€X, ¢s: NunCodePages i 67pl b: nov es:[di], eax add di, 4 add

eax, 1000h | oop i 67pl b ; nov bx, OFFSET Vi voGentries nov cX, 6

i 67gl p: nov eax CS' [ bx] add bx, 4 m§$- [si], eax add si,4 | oop
1 67gl p sub [ ; nov ebx, 14h pop CX pop eax jnp

cs: Int67Return F| XU PrintM quee h. i nt 67h \V/ t,urn
}J'E 07 8 nded MeGSryVBARE 4
TsrEnd LABEL NMEAR bo@ o ggyd’esrcar 1El)llld1 c’tstaleiLrots here. E\LIMe 2 XnsEnt ry

LABEL DWORD DB XVB f @Ky Cahding SSENI TP e £)Ee0 SNARERRV . EXE ", 0dh[AAh70
XEsegment Exexiipy 2 XnEHa}(ng’ll DW ? . our XMS chunk
handl e -92- TESCBB% b LABEL NEAR ; discardabl e data

sent to SCOPE. Erfmgac3the EMU386 enBRorheftmilidata for scope.ddE ? Emm dt
DF ? DW OFFSET FronBewpe B#CEFSET HaConfig DW OFFSET Get pma DW OFFSET

Fi xup DW OFFSET Shaf&liDat gutk>: *Par am struct for . EXE spawni ng Par anBl ock

PARMBLR < ?, G:FSET af amemzatSch, ?, 6¢ch, ? > Fil eRandl e DW 0 SsPat h
DB 65 DUP(?)

; build the parameter line for scope spawn

nov di,OFFSET Param+2

nov ax,ds

mov es,ax

mov si,0FFSET SsPath ; setup fpath and fname for DOS4GW

call StrCpy

dec di

mov si,OFFSET Scope

call strCpy

mov BYTE PTR {di-1],' *

mov BYTE PTR [di),0

mov ax,OFFSET ToScope

call WordToStr ; setup data-out offset arg

mov BYTE PTR {di-1},' '

nov ax,ds

call WordToStr ; setup segment arg

mov BYTE PTR {di-1],0dh

sub di,OFFSET Param+2 ; add length

mov ax,di

mov Param, al

; build the filename for the scope {DOSAGW) code

mov si,OFFSET SsPath

00V di,OFFSET TmpBuff R

nov dx,ds

mov es,dx ; first copy path
call sStrlpy -

dec di

mov si,OFFSET Dos4GW ; append filename
call StrCpy

mov’ bx, OFFSET ParamBlock ; setup param block
mov dx, OFFSET TmpBuff

nov ax,ds

mov es,ax

nov ax, 4b00h ; and spawn the .exe
int 21h

jnc scpran

call PrintMsg
DB 0dh,0ah,07h,' error: Could not execute SCOPE.EXE.',0dh,0ah,0

jmp fxexit

scpran?
cmp NumCodePages, 0
je scpok
Jmp Exexit

scpok:

: mov dx, OFFSET Nmilsr install NMI service
mov ax, (DOS_SETVECT SHL 8) OR 02h
int 21h
nov dx, OFFSET Midilsr ; install MIDI IRQ._service
mov al,Midivect
int 21h
mov ax, (DOS_GETVECT SHL 8) OR 21h
int 21ih ; save DOS vector
mov DLoffset,bx
mov DLsegment, es
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Vscape32 wo 99/B%41 \ VSCAPE32. BIN ,0 SsConfig DB '\ SSCORIS98260%F" | 0

Secope DB '\ SCOPE. EXE' , 0 -Dos4GW DB '\ DOS4GW EXE' , O
Qui et ' DB ' DOS4AG=QUI ET' , 0 Param DB 127 DUP(' ') TnpBuff
DB 128 DUP(?) ; Init Code (discardable) staﬁ?-s here | FDEF DOS_DEBUG
Pri nt Char PROC push ax push dx_nov nmov ah, 02h i nt
21h pop dx pop DV ax g m;@;@gﬁr ENDP? F’r‘ﬁsh‘t]W)?‘H PO issh ax push
cx push dx nmov  intX, znol ax, 4 nov dl ,al and dl,0f h cnp
dl,0ah jb @® add dl," A - Oah SHO?T@@B add dl,' 0O
@®: push ax mov TV g] aif‘ﬂ‘besaﬂ:m“ P?”rﬁ CRadfhpq ax | oop @ rol
int 02 Yk *%r 5V
ax, 4 pop dX pop mov CXMiMHeset,bx X - 93¢ | rd ENDP Pri nt Ret
PROC push ax pushmov dX Mneegment, esah, 02h mov , 0dh int 21h
mov dx, OFFSET MuxIsr ; 1nstall our Mux service
mov ah, DOS_SETVECT
int 21h
mov ax, (DOS_GETVECT SHL 8) OR TIMER INT
int 21h ; save timer vector
mov TLoffset,bx :
mov TLsegment, es
mov dx, OFFSET TimerIsr ; install our timer service
mov ah,DOS_SETVECT
int 21h
¢ call synth-init and enable otto ints
mov ax,0deelh
nov bh,01h
int €7h
mov dx,BasePort
add dl,CONTROL_OFF
mov al,08h
out dx, al
; wait, then un-mute the synth
mov dx, BasePort
add dl, ODADDR_OFF
. mov cx,000fh
umwtlpo:
push cX
nov cx, 0f£ffh
umwtlpi:
in al,dx
loop umwtlpi
pop 3 4
loop umwtlpo
crp BoardType, 00h
jne unmver
mev dx, cs:WavePort
mov al,CD_PINCTL
out dx,al
ine dx
in al,dx
or al, 40h
out dx, al
jmp unmdone
unmver:
mov dx, cs:WavePort
mov ah, Synthvol
gor ah, 7fh
shr ah, 2
mov al,CD LINELVOL
out dx, al”
inc dx
mov al,ah
out dx,al - _
dec dx -
mov al,CD_LINERVOL
out dx, al
inc dx
mov al,ah
out dx, al
unmdone:
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nmov dl, 0a¥0P930241  21h pop dx pop ax ret PrintRet pisoBréors St r

PROC push ax push dx push d! nov ah302h @al: nov
dl esl:o[di ] inc di or dl,dl jz @ int 21h jnp SHORT
@@. @®: pop di pop dx pop ax r-80-PrintStr ENDP ENDI F Print Msg
PROC push bp nov l:ip ax push dx push si nov _
si, [bp+2] nov ahi 0oR° @.St {7’“ th"(’jl"l["gll‘fﬁl nc si_or di,dl jz
@a® int 21h jnp and SHERD3n @Al @R: NDV EN[DtF))p\J;VZ)] d'sl'l S'P(r)pP ;Lsﬁop
or al,0Qy - PrintMs rdTo ROC
dx pop ax pop outbp sm,g}f' ret g
CX . Xor al,al
out 70h, al
mov dx, BasePort
add dl, NMICTL_OFF
mov al,0a0h
cmp SbEnable, 0
je sbldon
or al,40n
sbldon:
. out dx,al
TandSR:

call PrintMsg
DB 0dh,0ah,' Initialization Complete.',b 0dh, 0ah, O0dh, Cah, 0

mov es,cs: [002ch) ; free our local environment seg
mov ah,DOS_FREE '
int 21h

mov dx, (OFFSET TsrEnd + 000fh) ; terminate / stay resident
shr dx, 4

mov ax, (DOS_TSR SHL 8)

int 21h

xuexit: ; unlock XMs memory block
’ mov dx,XmsHandle

mov ah, 0dh

call XmsEntry
xfexit: ; free XMS memory block

mov dx, XmsHandle
mov ah, 0ah
call XmsEntry
exit: ? get outta here
ret
_TEXT ENDS
END Start
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push @Pﬁ’%@ﬂcx’*ll @ad:. rol ax, 4 nov dl ,al and pcTMIBIBR6AT2Cp

dl , Oah j b add dl,"A - Oah jnp SHORT @@ add dl,'o
nov es:[di],dl inc di | oop @@ nov BYTE PTR es:[di],0 inc

di pop dx pop cx ret WordToStr ENDR1; StrCpy ; ; Inputs: ds:si -
source string ; es:di - destination string ; Return: Nothing. Al
regs are |left unaffect ed except ; appENDIMIC - this w || Q@8PhiEnstamighe byte
i mMedi ately follo I ast ; destination byte that was copied
to. ; StrOpy 21 mepj% b, h>ax ; save regs push si @al:
mov , [ &ilnklude <1es n>, copy the string nmov es:[di],al inc

i nc store

regs and eX| deﬁﬁ’pfe ‘é?PlEFﬁBS Str % I'—L'Il.ilD?ijﬁ‘E Py 4% PP | 9553 58 hfyo‘F:%a dire /

al ways cld Vp 1ilin@ dafld 0 dorks message cal |’ Pri nt Msg DB 0dh, Oah,

SoundscapeVi &g I niti %I | zation Dr |/ver Versi on -95- 3.22.',0dh, Oah DB
Copyr i ght(cz zggszn‘iggnﬁed %S‘Gﬂ;gcd'r p., All Rights

typedef unsigned short WORD;
typedef unsigned long  DWORD;

/* The following structure is the data passed in from SSINIT */
typedef struct {

DWORD CR3; /* EMM's CR3 =/

WORD GdtLimit; /* EMM's GDT limit, linear address */

DWORD GdtLaddr;

WORD IdtLimit; /* EMM's IDT limit, linear address */

DWORD IdtLaddr;

WORD DoOffset; /* output data offset */

WORD HwOffset; /* HW config data offset */

WORD GetPmiOff; /* offset of v86 get PMI return handler */

WORD FixupOff; /* offset of w86 switch return handler */

WORD Sharedoff; /* offset to v86/V32 shared data area */
) DATA_IN;

/* The following structure points to SSINIT's resident data area */
typedef struct (
DWORD VvivoGentries([6]; /* VIVO GDT entries for VCPI get PMI */

DWORD XmsPaddr; /* phys addr of Extended Mem */
WORD NumCodePages; /* number of 4k v32 code pages */
) DATA_RES;

/* The following structure is SSINIT's HW config data */
typedef struct {

WORD BasePort; /* Gate Array base port */
WORD WavePort; /* CoDec base port */
WORD SynthPort; /* Otto base pert */

BYTE Wavelrq; /* CoDec/SB IRQ */

BYTE Midilrg; /* Synth IRQ */

BYTE DmaChan; /* CoDec/SB DMA channel */
BYTE ExtMidi; © /* External MIDI enable */
BYTE SbEnable; - /* SB emulation enable */
BYTE Synthvol; /* Synth volume */

BYTE WaveVol; /* Wave volume */

BYTE CdAuxvVol; /* CD/Aux volume */

BYTE BoardType’ /* Vivo rev number */

} HW_CONFIG:

/* The following structure is the config data at the top of the V32 code */
typedef struct {

BYTE JumpTable [0x1c]; /* jump instr's for multiple entry pts */

DWORD VivoGentries(6); /* the VIVO VCPI Get PMI GDT entries */

DWORD VepiGentries{6); /* the real VCPI Get PMI GDT entries */

DWORD SharedDataP; © J* linear addr of v86/V32 shared data */

DWORD MidivVectOff; /* IDT MIDI vect offset from NMI */

DWORD GetPmiOfE; /* OWORD far ptr to vB6 Get PMI handler */

DWORD - GetPmiSeg;

DWORD FixupOff; /* QWORD far ptr to v86 switch fixup handler */
N —— DWORD FixupSeg;

DWORD I167LinkOfEf; /* PM link to the real Int 67 handler */

WORD I67LinkSel;

DWORD VepiEntryOf£; /* PM entry point to the real VCPI handler */

WORD VcpiEntrySel;

WORD HardwareOptions; /* bit field for board type */

rorsn WORD | BasePort; . :/* duplication of hardware config for V32 */
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Reserved.',Owo®aig4 : if we need to, free all but our 64k sPSEVEERYawn

| at er nov axsp cnp ax, 0Of ffeh jne csi zok nov bx, cs nov
esbx nov bx, 1000h nov ah, DOS_MODI FY i 21h csizok: ; see if
| oader is conmand sheII - if not, assume dB?n and resi ze nov

axcs: [0016h] nov o B pToV. bx, es: [0016h] cnp ax, bx je

psi zok nov eswoﬁg m) Symm,oﬁx 1000h nov ah, DOS_MODI FY i nt 21h
psi zok: ; get thesyret 6%avaeor, make sure we got a menory manager nov
ax, (DCs_ GETVECT SHEE8) CRAFFR i nt 21-h nmov ax, es or ax, ax jnz
emvok cal | %g%g B5Hah 0ah, 07h,' error: Menory Manager not

det ect ed , 0dh, 0 synth\rolL,SoundscapeVI VO requires EMVB86 or

simlar. Odh OamY@E synthVedd:t envok: ; see if we're al ready | oaded nov
ax, Odeel h' moy } V32_G9R 6555h i nt 67h cnp bl , Oaah jne ssnpres cal |l
PrintMsg DB Odh, Q@Jﬁfonomng%mggap@\zhé/@o%w%ea $n GHE RBE lo¥e Ipadash «/

, 0dh, Oah, Otypaqet struexl(t ssnpres: ; locate our path and save it xor
di,di nov es, k& R% gzﬁ@{g’;““lex of fffh xor al ,al. envlp: repne
scasb cnp’ al , di Ty e Faea s SHORT. @nvl p mov bx, di

} DOS_MEM;
DWORD DosMalloc (DWORD size);
void DosFree (WORD selector);
DWORD GetGDT () ;
DWORD GetVcpi (WORD dmseg),
DWORD GetCR3 ()¢ ) /* This function returns the 386 CR3 value */
#pragma aux GetCR3 = \
“mov eax,cr3" \

value {eax]:

void FlushTLB (void) ; /* This function flushes the page table TLB */
#pragma aux FlushTLB = \ .

"mov eax,cr3" \

"mov cr3, eax" \

modify [eax]:

void Setl (void); - /* This function disables interrupts */
fpragma aux SetI = \

trsti"’.
void Clrl (void); /* This function enables interrupts */
$#pragma aux ClrI = \ )

"cliny

void main(int argc, char *argv(]} (

#ifdef DEBUG :
FILE *fd; i

$#endif
FILE *fp = 0;
DATA_IN *pdi;
DATA_RES *pdr;
HW_CONF1G *phw; ;
V3Z_CONFIG *pv32; !
DosS_MEM far *pdm;
DWORD *pddg0, *pxms, *pgdt, *pidt, *ppdir;
DWORD volatile *pptab;
DWORD twmps
WORD dioffset, dooffset, dsegment;
WORD i, j, dmseg, dmsel = 0;
BYTE midivect;
char *pe;
static char fname{128];
) static DWORD TrpBuff(1024];

$#ifdef DEBUG
fd = fopen("SCOPE.DBG", "w");
$endif

/* make sure we got the right arg count, make pointers and midivect */
if( arge < 3 )
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add di , vypusivzer ds nov . si,di nov ax, es nov dRCHUSS$76072

di , OFFSET SsPat h nov ax, cs nov es, ax ‘cal | StrCpy pop ds ;
nov di , OFFSBT SsPat h -96- xor al ,al repne scasb pushf std nov
al,"\" repne scasb popf inc di nov -1OB¥TE PTR [di],0 ; set the |ocal
qw et environnment var for 4GW spawn nov , bx nov es, cs: [002ch] nov

turn; , _ .
, OFFSET Qui et caIJIe urn; géckgg%trtoultarqv f%é}'s s:[di],0 ; build the

par ameter |ine f i @fJ (argv(Z ;Param+2 nov ax, ds nov

es, ax nov aXp SharaHNConf (|(go ) dsegmwﬂ da‘@St# dioffset) ;

config of fset ara%rnf)\lDMA R@YTE( 1 ent' <qyply + pdi-pBoofEset ] |
P p(@

; setup

Vor dToSt r w = (HW_CONFIG 1), gt msvd * PRYVHECHTRdi - 1], odh
sub di , OFFSEE ¢Radcanat Jphw->Midi1sg adds legogt: ho)eey + phw-s.adizgiov _
Par am al ; buiikdktt PEBUGI | enane ftor the\qconf i g code nov si, OFFSET SsPat h
nmov , OFFS 'f N inters qy. v es dx :
first copy pat h%ﬁtf(fd’&o %‘,‘a“ Foale §l qg gdx), , OFFSET SsConfig

£G&081x\n Byo
; append fil enanspresdfl(fd, "SvBECNY ¥P8Yx\n", p ,,CFFSET Par anBl ock
par am bl ock fprintf (£d, "\nEMM context ...\n");
fprintf (£4, "CR3 $08lx\n", pdi~>CR3);
fprintf (£d, "GDT %08lx %04x\n", pdi->GdtLaddr, pdi->GdtLimit);
fprintf (£d, "IDT $08lx %04x\n", pdi->IdtLaddr, pdi->IdtLimit)};
#endif

; setup

/* setup the DOS4GW page table-zero-pointer */
pd4g0 = (DWORD *) (GetCR3() & OXEf£ffO0Q0UL);
pd4g0 = (DWORD *) (*pdd4g0 & Oxf£L££f000UL);

/* setup laddr 0x180000 for EMM page dir, O0x181000 for var page tab ptr */
* (pd4g0 + O0x0180) = (pdi->CR3 & OxELLE£FfO00UL) | Ox67U;

ppdir = (DWORD *) 0x180000UL;

pptab = (DWORD volatile *) 0x181000UL;

/* point pptab at EMM's page table for the GDT, create a ptr */

*{pd4g0 + 0x0181}) = *(ppdir + (pdi->GdtLaddr >> 22)}:

FlushTLB();

/* setup page table and pointer for EMM's GDT */

+{pd4g0 + 0x0182) = *(pptab + ({pdi->GdtLaddr >> 12) & 0x000003££fUL)) |
0x67U;

* {pd4g0 + 0x0183) = *(pd4g0 + 0x0182) + 0x1000U;

pgdt = (DWORD *) (0x182000UL | {pdi->GdtLaddr & 0x00000££fUL));

/* point pptab at EMM's page table for the IDT, create a ptr */

* (pddg0 + 0x0181) = *(ppdir + (pdi->IdtLaddr >> 22)):

FlushTLB(};

/* setup page table and pointer for EMM's IDT */

*{pddg0 + 0x0184) = *{pptab + ((pdi->IdtLaddr >> 12} & 0x000003££UL)) |
0x67U;

+{pdd4g0 + 0x0185) = *(pd4g0 + 0x01B4) + 0x1000U;

pidt = (DWORD *) (0x184000UL | (pdi->IdtLaddr & Ox00000L£ffUL});

/* open the code file in ¢urrent .exe's directory */
strcpy(fname, argv(0]):
pc = fname;
while( *pc++ ) 7
while( *--pc != ‘'\\' ) ;
*+4pc = '\0'; :
streat (fname, "VSCAPE32.BIN");
if{ !(fp = fopen(fname, “"rb"}) ) (
printf {"\007 error: could not open file \"%s\".\n", fname};
goto exit;
SRS
/* get the DOS memory for the GetPMI call, setup far ptr */
( {{tmp = DosMalloc(5*1024UL)) )} {
‘printf ("\007 error: could not alocate DO5S memory.\n"):
, goto exit;

}

dmsel = (WORD) (tmp >> 16);
dmseg = (WORD) tmp;

* {DWORD *) &pdm = OUL:

* {(WORD *) &pdm + 2) = dmsel;

tsmios :.em. b, get the first chunk of our file */
E3ELET be® %ad(Tmef, 1, 1024, fp);:
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mov ax, Cswpb@gadeh] nov (PARMBLK PTR [bx]) .envseg, ax M&JF/US9I826072

(PARMBLK PTR [bx]) . cndseg, ds nov (PARMBLK PTR [ bx]).fcbl seg, ds nov
(PARMBLK PTR [bx]).fcb2seg, ds nov dx, OFFSET TnpBuff nov ax, ds nov
es, ax nov ax, 4b00h ; and0spawn the .exe int 21h jnc
cfgran call Print Msg DB Odh, Oah, O7h," error: Coul d not execute
SSCONFI G EXE. ' Odh Oah ra BasePort, 0 jne
cfgok jmp : eX| kﬁ%méfé %m@ﬁ,ﬁgx ?o bail now ... nov di , 0080h
xor CX, CX m)V ; look for /Ncnd line arg
or clel j Z /* m 1 call, C ROBYNYCPI datgjingg,y32 confég *ds -97- nov
es, ax nov ?Z;z >V§°¢ﬁ’éfryo Gﬁwcﬁ am3ed) fioki | | nov ,[di] and
al,dfh cnp N 3zmcpisencmmel[lll _c;anhL>ch1d'e’ﬁ1txﬁteNBg, DB Odh, Oah,
Initialization Oo Iseeie EOS dri ve(ris Iégggzid dagg_g Oslaypﬁ)ogh Oah,0 jnp
exit nokill: ; setlu -
cl,08h jb % se%pdgmz‘ivosﬁjgﬁ ‘% mﬁméi‘iﬂ MGET.vm%f%ﬁ%? CetT and
cl,07h add M dim}e< t(pdxd->¥msPaddr & OxffOOOOOOUL) |

( (pdr->XmsPaddr >> 16) & O0x000000ffUL) | 0x004£9300UL;
pv32~>VivoGentries[1) pdr->VivoGentries{1) tmp | 0x00000800UL;

pv32->VivoGentries[3] = pdr->VivoGentries[3] = tmp,
pv32->VivoGentries(4) = pdr~>VivoGentries(4] = 0x0000f£fffUL;
pv3z->VivoGentries[S) = pdr->VivoGentries(5] = 0x00cf9300UL:

/* £ill out the rest of the V32 config memory */
pv32->SharedDataP = ((DWORD} dsegment << 4) + pdi->SharedOff;
pv32->MidivectOff = (DWORD) (midivect - 2} << 3;
pv32->GetPmiOff = (DWORD) pdi->GetPmiOff;
pv32->FixupOff = (DWORD) pdi->FixupOff;
pv32->GetPmiSeg = pv32->FixupSeg = (DWORD) dsegment;
pv32->I67LinkOff = (*(pidt + (0x67U << 1) + 1) & Oxf££f0O000UL) |
(* (pidt + (067U << 1)) & Ox0000f££££fUL);
pv32->I67LinkSel = (WORD) (*(pidt + (0x67U << 1}) >> 16):
pv32->HardwareOptions = 1 << phw->BoardType;
pv32->BasePort = phw->BasePort;
pv32->WavePort = phw->WavePort;
pv32->SynthPort = phw->SynthPort;
pv3i2->Wavelrq = phw->Wavelrq;
pv32->Midilrq = phw->Midilrqg;
pv32->DmaChan = phw->DmaChan;
pv32~->ExtMidi = phw->ExtMidi & Ox7f;
if ( phw~>BoardType == 0x00 )
pv32->SynthVolLl = pv32->SynthVolR
else
pv32->SynthVoll .= pv32->SynthVolR
#ifdef DEBUG
fprintf (fd, "\nV32 Data ...\n");
fprintf (£fd, "VIVO GDT 0 2081lx %081ix\n", pv32->VivoGentries{0], pv32-
>VivoGentries[1]);
fprintf (£d, "VIVO GDT 1 %08lx %081x\n", pv32->VivoGentries(2], pv32-
>VivoGentries[3)); , ’
fprintf (fd, "VIVO GDT 2 %08lx %081lx\n", pv32->VivoGentries[4], pv32-"~
>VivoGentries (5]}
fprintf (fd, "VCPI GDT 0 %08lx %08lx\n", pv32->VcpiGentries(0], pv32-
>VcpiGentries(1]}; )
fprintf(fd, "VCPI GDT 1 %08lx %08lx\n", pv32->VcpiGentries[2], pv32-
>VcpiGentries[3]);
fprintf (fd, "VCPI GDT 2 %081x %08lx\n”, pv32->VcpiGentries(4], pv32-
SVepiGentries(5));
fprintf (fd, "SharedDataP %081x\n", pv32->SharedpataP);
fprintf (fd, "MidivectOff $£081lx\n", pv32->MidiVectOff):
fprintf (fd, "v86GetPMI %081lx %081x\n", pv32->GetPniSey, pv32->GetPmioOff);
fprintf (fd, "vB6Fixup %081x %081x\n", pv32->FixupSeg, pv32->FixupOff);
fprintf (f4, "INT67 Link %04x %081x\n", pv32->I67LinkSel, pv32->I67LinkOff};
fpxintf (£d, "VCPI Entry %04x %081x\n", pv32->VcpiEntrySel, pv32-
>VepiEntryoff) ;
fprintf (£d, "Hardware Opts %04x\n", pv32->HardwareOptions);
fprintf (fd, "Ports %04x %04x %04x\n", pv32->BasePort, pv32->WavePort, pv32-
>SynthPort) ;
fprintf (£d, "IRQS %02x %02x\n", pv32->Wavelrq, pv32->Midilrqg):
fprintf (fd, "DMA %02x\n", pv32->DmaChan);
#endif

phw->SynthVol & Ox7f;

ox7£;

/* make entries in page table at 0x200000+ for our code, make pointer
*/
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nov al, | Hbompzes al , I not al nov M di Unmask, al ; pereussBrens2
have an XNB rrver nov ax, 4300h i nt 2fh cmp al,80h je

xnmspr call Print Msg DB Odh,Oah,O?h,' error: XMS services were not
detected.', 0dh, Oah,0 jnp exit xmspr: ; 4@ the XM5 control function
entry point nov ax, 4310h i nt 2fh nmov XEof f set, bx nov
XEsegnent, es ; geforriol :XNB’ Fofpdswms?zdﬂmﬁ 0xEHEFELIAGYL) | OXG’X'(: (4 *

NUM CODEPAGES) nov * $ ‘ﬁ%— i +§¥|‘;§?ﬂt+r‘ yogPo%  ax, ax jnz x s ok
cal | Print Msg DanOdhw@esh) 9)7hpxzoecrdb01: ) Hlﬂmmadxaklam@doefﬁeﬂw red

Ext ended Menory 0dh, Oah, 0 j exit xnsok: ; lock the XM5 bl ock
(handl e in dx) sévé”@hf% %fdﬂﬁ' gﬁ\f‘" up tonExSErMieg dfepory /XmsEnt ry or

ax, ax jnz G Jml.s++ = P,ﬁgg fM DB 0dh, 0Oah, 07h,"' error: Could not

| ock Ext ended annry d 0dh, Oah, 0 j xfexit xm ok: mov XPI ower , bx
nmov XPupper , d)(* DHeeE 25<Fl;1Fe“‘- '°Fe"hbé1°6?/vfﬂ1\ﬂ WV / eax XnmsPaddr add
eax, ((( NUM_ CODEPAGEY ad'{TmioLuﬁm 1024ez§§), 409099!1 xmiok - 98-
cal | Print Msg -DB dh(@ahoeﬁh<3,eﬁﬁor Coul d not aIIocate Ext ended Menory
bel ow 4 Moyte boundary PRI o FREBBEE (117 Try | oadi ng SSI NI T. COM bef or e
SMARTDRV. EXE' , Odh Oah, 0 fxexit:

/* The next section will fill-in unused entries in the DOS4GW */
/* page table at lin-addr 0x180000+ and setup some pointers to allow */
/* us to access the page table, GDT, and IDT of the EMM. */

/* £ill in the EMM's page-table-zero with our XMS entries */

* (pd4g0 + 0x0181) = *ppdix;

FlushTLB () ;

for{ i = (WORD) (pdr->XmsPaddy >> 12), tmp = pdr->XmsPaddr | 0x67U;
i < (WORD) (pdr->XmsPaddr >> 12) + 25; ++i, tmp += 0x1000U )
* (pptab + i) = tmp;

/* find a GDT space to patch starting from top */

for( i = ((pdi->GdtLimit + 1) >> 2) - 2y i >=2; i ~= 2 )
if( f(*(pgdt + i + 1)) )
break:

if(i<2) {
printf ("\007 error: could not install service vectors.\n"):
return;

}
i-=4;

#ifdef DEBUG
fprintf (fd, "\nBase Selector %04x\n", i << 2):
#endif
/* patch the GDT with our three service entries */
*({pgdt + i) = *{(pgdt + i + 2} = pdr->VivoGentries[0];
*(pgdt + i + 1} = pdr->VivoGentries(1):;
*(pgdt + i + 3) pdr->VivoGentries(3];
*{pgdt + i + 4} pdr->VivoGentries(4];
*(pgdt + 1 + 5) pdr->VivoGentries[S]:;

[ ]

/* initialize some hardware ... */
inp (phw->BasePort + 0x08); // TMI clx

outp {phw->BasePort + 0x02, 0x03}:; // UART reset

outp {phw->BasePort + 0x02, 0x00);

outp (phw~>BasePort + 0x08, 0x00); // no otto ints vet
outp {phw->BasePort + 0x08, Oxfe):

outp {phw->BasePort + 0x09, Oxaa):;

outp {(phw->BasePort + 0x0a, 0x08);

outp (phw->BasePort + 0xD4, 0x03);

outp (phw->BasePort + 0x05, 0x80 | (phw->DmaChan << 4))};
outp {phw->BasePort + 0x04, 0x04);

outp(phw—>BasePort + 0x05,

0x08)

{phw->Wavelrg == 9 7 0x00 : phw->Wavelrqg == 5 ? 0x04 : }
: 7 ? 0x02 : 0x03));

{(phw->MidiIrq == 9 ? 0x00 : phw->Midilrq ==
outp {phw->BasePort + 0x04, 0x06);
outp {phw->BasePort + 0x05, 0x00);

outp {phw->WavePort, 0x0c);
outp (phw~->WavePort + 1, 0x50);
outp {phw~->WavePort, 0x49);
outp {(phw->WavePort + 1, 0x04);
outp {phw->WavePort, 0x48):
outp (phw->WavePort + 1, 0x00):

1z SUBSTITUTE SHEET (RULE 25)




jnmp  xuexi VORI - get the EMMVB86 environnent and data f oPCEUSHA68Re

nov eax, cr3 nov EmTCr 3, eax sgdt EmmGdt  si dt Emm dt ; build
the paraneter line for scope spawn nov di , OFFSET Par ant+2 nov ax, ds
nmov es, ax nov i , OFFSET SsPat h 1065 setup fpathI ?nd fgarrecpf or
DOS4GW cal | Str g‘egw gsf% , OFFSET Scope ca tr Cpy nov
BYTE PTR [di-1]," out yw-m::,'z E..%??%,Jgglj'] 0 nov ax, OFFSET ToScope call
WordToSt r outp(phw->Wa\&ebnt ©abl- out of fset arg nov BYTE PTR
[di-1]," ' nov % 2 :“ "c}/‘b(r);lﬂ@))St r ; setup segnent
arg nov BYTE @3 g gﬁ{ 5@533;(80) i, OFFSET Par am+2 . add
| engt h nov ax odt p(W)WaveP ‘bui I d the filename for the scope
(DOS4GWN code nov°“tP(Pb‘f'§WSE'F BP0 oV di , OFFSET TnpBuff nov
dx, ds nov es @gtP‘PhW‘ wavePort, 0x00); - first copy path call StrCpy dec
hw->WavePort + 1, 0x8¢&) \
di nov [ g’ms—él “erort, 0x0i); append filenane call Str Cpy nov
bx, OFFSET Par arrBI oete (Phw->WayePens par am:ﬁb)l-ock nov dx, OFFSET TnpBuff nov

ax,ds mov es, :’W““’e 4 O ., and spawn the .exe
i nt 21h jnc %tﬁgm‘}.éﬁiﬁ {go PHUKRG BB “o§HIdaR, B7h, ' error; Coul d
not execut e SCOPEcEXHphw-OWHY, eeah 01j I’T@hw->WawfeXfel(l"t omprxanl) cnp

NunCodePages, 0 Jegﬁnggh:;@ RRTT ﬁ'p °"°2" xexit scpok iy, dx, OFFSET Nnmi | sr
- install NM seryg pﬁmy;qaveporex pg,ﬁ@ SR TV IS "Qf ER d2h i nt 21h

outp (phw->WavePort + 1, (phw—>CdAnxVol ~ Ox7E) >> 2):

/* now create the IDT entries for our NMI, MIDI, DOS and Inté7 services */
ClrI(}:
tmp = (DWORD} i << 18;

*(pidt 4 (0x02U << 1)) = tmp;

*(pidt + (0x02U << 1) + 1) = 0x00008e00UL;

*(pidt + ((WORD) midivect << 1)) = tmp | 0x0004U;
*(pidt + {(WORD) midivect << 1) + 1) = 0x00008e00UL;
*{pidt + (0X67U << 1)} = tmp | 0x000cU;

*{pidt + (0x67U << 1) + 1} = 0x0000ee0QUL;

SetI{):;

#ifdef DEBUG
fprintf (£d, "\nv86 Resident Data ...\n");
fprintf (£fd, "VIVO GDT O %081x ﬁoslx\n", pdr->VivoGentries [0}, pdr-
>VivoGentries[0]);
fprintf (fd, *VIVO GDT 1 %081lx $081lx\n", pdr->VivoGentries[2], pdr-
>VivoGentries[1]):
fprintf (fd, "VIVO GDT 2 %081x $£081lx\n", pdr->VivoGentries({4), pdr-
>VivoGentries[2]);
fprintf (fd, "XMS Paddr $081x\n", pdr->XmsPaddr);
fprintf{fd, "Num Code Pages %04x\n", pdr->NumCodePages) ;
#endif
* fill-out the rest of the resident data struct */
pdr->NumCodePages = NUM_CODEPAGES;
exit: C
if( dmsel )
DosFree {dmsel) ;
if{ fp }
fclose (£p);
#ifdef DEBUG
fclose(£d);
#endif

return;

/* This function invokes the DPMI INT-31h call for allocating DOS memory. */

DWORD DosMalloc(DWORD size) (
union REGS x;
r.w.bx = (WORD) ((size + 15) >> 4);
r.w.ax = 0x0100;
int386(0x31, &r, &r);

if( r.w.cflag )
return OUL;
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nov dx, ORreRF3dgkxdi | sr ; install MD |RQ service nmRCT/US98/26072

al-, M di Vect int 21h nov ax, (DOS_GETVECT SHL 8) OR 21h int 21h
; save DOS vector nov DLof f set bx nov DLsegnent, es -99- nov

dx, OFFSET Dosl sr ; install our DOCS-#8rvice nov ah, DOSSETVECT

i nt 21h nov ax, (DOS_GETVECT SHL 8) OR 2fh int 21h

; save Mix vector moy_ . I\/Lof%set,bx mov  Msegnent, es nov

dx, OFFSET Mixlsr  =*® CPHSPAIT 8Ur! MI%*¥er vi ce nov ah, DOS_SETVECT
i nt 21h nov ax, (DOS_GETVECT SHL 8) OR TIMER INT int 21h

. save tinmer v?ct or mov . TLoffset,bx nov - TLsegnent, es nov

dx, OFFSET Ti mef] §p*s function jnqyefes) phe DRMI; INFa3lhoealy| {08 FRSGIRY DOSQMBOSSETX/ECT
i nt 21h ; Gakl posyrdelwdrbi de1adtdrennabl e otto ints nov ax, 0Odeel h nov
bh, 01h i nt 67h nov dx, BasePort ~add dl, CONTROL_OFF nov

al , 08h out dx, al WiRdiEFS tfen un-nmute the synth nov dx, BasePort add
dl , ODADDR_OFF nov r.Cdx QOQH beyawt | po:  push cx nmov . cx,0ffffh

umm I pi: in al , dw.hoepoxoloumm | pi pop cx | oop umat | po ; -cnp

Boar dType, 00h jne  IntdRtifE3l.nbv &) dx, cs: WavePort nov al , CDPI NCTL out

dX’ al return;
}

/* This function invokes the -DOS-mode VCPI INT-67h call fér acquiring the */
/* protected-mode interface. */

DWORD GetVcpi (WORD dmseg)

union REGS r;

struct SREGS s;

static struct (
DWORD edi;
DWORD esi;
DWORD ebp;
DWORD zero;
DWORD ebx;
DWORD edx;
DWORD ecx;
DWORD eax;

WORD flags;
WORD es;
WORD ds;
WORD fs;
WORD gs:
WORD ip;
WORD cs;
WORD sp¢
WORD ss;

} RmRegs = { OUL, 0x1000UL, OUL, 0UL, OUL, OUL, OUL, 0x0000de0lUL,
0x3000, ou, 0U, OU, OU, 0U, 0U, 0x1400U, OU};

RmRegs.ds
RmRegs.es
RmRegs.ss

dmseg;
drseg;
dmsegqg;

segread (&s) ;

r.w.ax = 0x0300;

r.w.bx 0x0067;

r.w.cx 0:

r.x.edi = {DWORD) &RmRegs;
_ s.es = s.ds; . .
- int386x(0x31, &r, &r, s&s);

return RmRegs.ebx;
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i nc dx in al , dx or al , 40h out dx, al jnp égﬁ?%ﬁ% 6072

unmver: mov  WOMRML: wavePort nov -3lpgSynt hM
ah, 2 nov al , CD_LI NELVOL out dx, al inc dx nov ) out
dx, al dec dx nov al , CD_LI NERVCL out
al , ah out dx, al unndone; -100- ; enable Jmﬂ”rmw”mgmpvo NM in
al ,61h and Whai igaglaimed: 5| 04h out 61h, al ‘xot *#
70h al nov dx, BasePort add dl , N\M CTL_OFF nov al , 0a0Oh cnp
SbEnabIe,O je sbldon or al 40h sbl don: out dx, al _TandSR: cal

Print Msg DB 0dh, Oah, ﬂnltlélm@&Ppén°€DE§P§F@1n90§ﬁVO§ﬁ vantoahigafrden

es, cs: [ 002ch lication rlih88ngUinkesak 9031 tesm@aatersagtﬁan a
ah. DOS._FREE }tr?t ap, ppplication runs ng Hngesde oon term nate / s g?'m

resi dent shr PERLECKHER-FL nf'SﬁtSHEeéj:eFinthﬂﬁa%Ge?Ptg ex‘:ﬁﬁfi&?k
menory bl agk {0\ DOS-Basdds dpedhe ifgY systetheBfironment of a processor

at run-time, said protected-mode context created for said
DOS extender including an interrupt descriptor table for
said DOS extender (DOS extender IDT), comprising the steps
of: .
10 storing device emulation code at'a predetermined
address in a memory accessible to said processor;
detecting a request from said DOS extender to
switch to protected-mode;
upon detection of said request by said DOS
15 extender, patching said DOS extender IDT, at run-time, to
include a vector to said device emulation code for a
predetermined interrupt; and
when said processor detects said predetermined
interrupt during execution of said application, said
20 processor referencing said vector to said device emulation
code patched into said DOS extender IDT.

2. The method of claim 1, wherein said
predetermined address is in extended memory addressable by
said processor, and said storing step comprises the step of

25 storing said device emulation code at said predetermined
address at boot-time.

3. The method of claim 1, wherein said DOS-based
operating system environment includes a virtual control
program interface (VCPI) through which said DOS extender

30 acquires said protected-mode context, said detecting step
- comprising the steps of:

intercepting communications between said DOS
extender and said VCPI during said execution of said
application; and
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cal l XnmsEntry xfexit: ; free XM5 nmenory bl ock nov dx, XnsHandl e nov

ah,Oah call WOMMRHiry exit: ; get outdga here ret TEXT  ENIST/ESS2673 t
-101- APPENDI X C [err] 1 Ensoni g #i ncl ude <stdi o. h>
#i nclude <stdlib. h> #include <i 86. h> #defi ne NUM_CODEPAGES 25 /*

nunmber of 4k pages occupi ed by v32 code*/ //#define DEBUG /* Sone standard
typedefs... */ typedef A8RSF§ABY SkartupBefEsaddnOOS axtsingiead vadimor ta WORD;

typedef unsi gag@uh®BatioRVERBn &4 18N80E0kLeWHRE 1S ki Gaiie VT hes i
passed in fromSSINIT */ typedef struct { DWRD CR3; /*

EMWM s CR3 */TS@RESt tOGHVEERP; fo protectedrmofem s GDT |imit, |inear
address */ DWORD G&dt Laddr; WORD [dtLimt; /[* EMM s | DT
limt, linear address */ D dt.Laddr; \OR DoCX f set; /*
output data offset */ fhorD TH® Fﬁé‘?gep, claify 2, whergin. faddy ke off f set
*/ WORD 5 Eetlningfsaid DOS exténdbisaDTofinedGdget thd steigy pfhandl er */

WORD Fi xupOFf; . *.0f fset .0 W, t ch, _r. ndl er, */ WORD
Shar edOf f ; /*18FF§8F£’F68,8%%%7§2&$§§?§§ 65 2R By et
fol | owi ng sttacpuptepbedtmods, SSRARTrequesitddncluding ee pagepadafecttomet  (
DWORD Vi v L5kepb8] extehge¥: VO GDT entries for VCPI get PH */ DWORD
XnmsPaddr ; S ?* pﬁxseadgr "of Ext ended Mem */ WORD NuntCodePages;
/* nunber of -4k v32 coé@léagéélg*ﬁ PABRTAIREStORY Pie 3 Frahwiaredmads ure is

SSINIT" s1bW egntegt datasaial preeeksoks vel shi¥l0BHge diBRTRRRN. 'of said Dog!/”
Gate Array base ggrt */ WORD WavePort ; [* CoDéc base port */
WORD SynthEBREeT /* Ctto base port */ BYTE Wavel rq;

/* CoDec/ SB | RQ */ BYT&ccesshhdi badd DOS extendel” IyMtehd BRAYCHBKEE for
/" External FFE ZRGEPE EP Beid BEViGgERARatioR Foce: 1 o'l ot on
enabl e */ BYTE Synifiveaid DOS extenferSypfhdeoelsumet* AnBYT8e saidveVol ;
I Vﬁve Y8l UPBcEbr to said device emulation code, searching a global
descriptor table of said DOS extender (DOS extender GDT) to
determine what selector value corresponds to said device
emulation code and then entering said selector value for
said device emulation code into said DOS extender IDT;

20 switching said page directory back to said page
directory of said protected mode context of said processor;
and

jumping to said VCPI to execute said request to
switch to protected-mode.

25 - 5. The method of claim 1, wherein said
predetermined interrupt is a non-maskable interrupt which is
generated when said application attempts to address a
predetermined address related to the device to be emulated.

Sl . 6. A system which provides device virtualization
30 to an application running under a DOS extender in a DOS-
based operating system environment of a processor, said DOS
extender executing within a piotected-mode context created
- for said DOS extender within said DOS-based operating system




BYTE CdAuxVol ; [* CD/ Aux volunme */ BYTE Boay

[* Vivo rev n’mrmeZ#l/ } HW.CONFI G /* The foll ow ng structuref &@%Sﬁsézsggnflg
data at the top of the V32 code */ typedef struct { BYTE

JunpTabl e[ Ox1c] ; [* junp instr's for nultiple entry pts */ DWORD
VivoGentries[6]; /* the VIVO VCPI Get PM CDT entries, */_ DWORD
Vepi Gentri es{nﬁ]i,e conhtepdte creaitedChPrGEaiPMPOEAXERRAPESIRELEERD an
SharedDataP’lnterrup& d@s@%%?t@@dEaBieV§§£V3§1§h§®§deﬂ@éﬁdéf BYERD

M di Vect O f; vect offset fromNM */ DWORD Get Pmi O‘f

/* QAORD far eiﬁtﬁnﬁ@’—’vg@'r@et SPN;’Id RYFGPE, COMPHWERES:  Get Pni Seg; DWORD

EI XUDg f RO I/6 ;Ld@-l)@alakqffe@matliohowaa s:nfotﬁh &t xappheddtermihe@WORD
| XupSegq; I n ILnk.to t I nt 67

handl er *B weRaress Agya REgoTY 59\6&551{31%EAPEH?FQOPF"QSSES%'/* PM entry
point to the real VCPI ah@mtlemtrbh pPeBPram whidphEdeteSel; aVioRuest from

Hardvvarertlons f f t * 2 Por t
[* duplicati 5 15 q‘# treéld((:%ng QE% eggg #B‘Stecli% a8 S\(7\191\(3rePort

WORD Synt hPort ; BY‘aEdrlvamwbrml} op¥TEtes im gRidgprevected-mp@achan:
BYTE Qx[ &Y-B":f saldsﬁﬁsh\éﬁlthndgpgnd wh@éﬂt hg%bﬁ dété@@l@ﬁ’\'ﬁya I
Thefollovmngs TUcture 1S mem used PM__cal |

t ypedef std useid Mtlomm%f’(gxﬁ%é] reSHBQB frchﬁPEQnPPF‘es[ 6] ; BYTE
Dos St ack[ 0x043Q ena¥iblto }svﬁQ&HVEM p@‘é@@ted modalyapheehB¥OBRi&i Peg; void

DosFr ee( WORD sel ect or) dmse
DWORD CefEander ]'JDT' at /wnl'lrn:"g‘ef u;&:’) P‘BﬁD\‘{\ag[F)uP‘ngegﬁgﬁgg Eﬁé val ue ’93
#pragnma aux fa%tv% %tt\uI'arm\on codiex for3'a predetermihedxintevicdpt,

Fl ushTLB(voi ‘&, e%v e, fs%q.cé @%cfe{slé,%l}eﬁettlé%t@agﬁlﬁagkgda:égnlﬁnga{ agma

aux FlushTLB eax,
voi d 1ssemz(nemxm)pt: during /exemtgom &t isad ddpppBicatinter ﬁasfis * |

#pragma aux %&tdceséor references said vector to said device emulation
code patched into said DOS extender IDT by said driver.

7. The systém of claim 6, wherein said
predetermined address is in extended memory addressable by
20 said processor, and said device emulation code is stored at
said predetermined address at boot-time.

8. The system of claim 6, wherein said DOS-based
operating system environment includes a virtual control
program interface (VCPI) through which said DOS extender

25 acquires said protected-mode context, and said detection
program is a terminate-and-stay-resident (TSR) program which
intercepts communications between said DOS extender and said
VCPI during said execution of said application, said
detection program detecting startup of said DOS extender

"'30 when a communication from said DOS extender to said VCPI is
""said request to switch to protected-mode.

9. The system of claim 8, wherein said driver

installs its interrupt vectors into the DOS extender IDT
" upon detection of said request to switch to protected-mode
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"sti"; void CIrI(void) [* This function enables interrupts */

#pragm aux WQ99/38241 “cli"; void main(igyargc, char *argv[]) PCTA 26072
DEBUG FI LE *fd; #endif FILE *fp = 0; DATA IN

*pdi ; DATA RES pdr HW CONFI G *phw, V32 _CONFI G *pv32;
DOS _MEM far . *pdm  DWORD *pd4g0, *pxms, *pgdt, *pidt, *ppdir;

DWORD vol at Erem* ppidh DOS\WeRbender to saitdrrﬂcmald interruptdiveidtzats

doof f set, dSEﬂE&ﬂhm\QOBQm vector to IS'aﬁ.Id’ RS e‘flﬁﬁ‘iﬁfégfm co g'):fo

m di vect; cha
Tanuff[1024preﬁleF9§m1Deguen1t&r% eS@QyEWBBGnS swl)d d;aernaﬁef /* make

sure we got Eh@1kkddh @ro@ecrawratnamléeu@,o's&tﬁr @o@n IQLSClangy gl fgi argc < 3
-103- retu segnent =

) i{ di,of fget = %St rtoul %ﬁgmt)e ULL 16

(WORD) st Pt oBPPALGREIPR NIBLI?al px xt ofoRBLddPO§ent <<
4) + diof f seextepder=s ( DATA _RES *) (((DV\O?D) dsegrrent << 4) +

pdi - >DoCOf fset); phw = (H\NCO\IFIG*) (((DWORD) dsegnent << 4) +

pdi - >HAVOF f set) ; m di vect (phw->M dilrq < 8 ? 0x08 : 0x68) + phw->Mdilrq;
#i f def DEBUG fprintf(fao. \ﬁ]h@ System of\ wlaint @r,i lwfhfe(rbd.n ‘sB:MBGJOIS;On res
%981x\ n" pd f v Q81 p r| nt f fd P v86
HW %08 1x{ n" Q‘ﬁ\?‘*’%?n tsfegh% rsé‘ld‘ PR A A rerf (19; pr] SEChE fi(Q

%981x\ n' 10deaﬂ=@R§FPIf BT Wﬁ@ﬁ@ st@lytumaml mxnndurp@g E@@tcuadm of

di - >CGdt Li f E ,
DG o1t L i £y L Apicadon EEEMWWQ‘%‘M PR SRl 2aid L) g0

a
= (DWORD *) FEEPERS( )1n§16‘>@F“F’Ef PGoé@E‘)S poglewmpajra(neﬁ@x@o &
Oxf f f f f 000ULY hyéic&&t afdiregddr ofx h8EAGR mﬁ_»eewrpaaelddlar 1iQeh$180R 4oy var
nd

page tab ptr ng 5489498 2 BHE0kyt BT THR a8a0% HhLEAROYE) 1o
15 table of said DOS extender.

11. The system of claim 6, wherein said
predetermined interrupt is a non-maskable interrupt which is
generated when said application attempts to address a
predetermined address related to the device to be emulated.



ppdir = (DW¥¥3%28<180000UL; pptab = (DWORD vol atile *) 0x18EE0FOH2607%
point pptab at EMM s page table for the GDT, create a ptr */ *(pd4g0 +
0x0181) = *(ppdir + (pdi->GdtLaddr >> 22)); FlushTLB(): /* setup page table
and pointer for EMMs QDT */ *(pd4g0 + Dk®182) = *(pptab + ((pdi->CdtLaddr
>> 12) & 0x000003ffUL)) | Ox67U; *(pd4g0 + 0x0183) = *(pd4g0 + 0x0182) +
0x1000U; pgdt = (DWORD *) (0x182000UL | (pdi->CGdtLaddr & Ox00000fffUL)); /*
point pptab at EMM s page table for the IDI, create a ptr */ *(pd4g0 +
0x0181) = *(ppdir + (pdi->ldtLaddr >> 22)); FlushTLB(); /* setup page table
and pointer for EMM s IDT */ *(pd4g0 + 0x0184) = *(pptab + ((pdi->IdtLaddr
>> 12) & 0x000003ffUL)) | Ox67U; *(pd4g0 + 0x0185) = *(pd4g0 + 0x0184) +
0x1000U; pidt = (DWORD *) (0x184000UL | (pdi-=>IdtLaddr & Ox00000fffUL)); /*
open the code file in current .exe's directory */ strcpy(fnane, argv[O0]);
pc = fnane; V\:hl|e( F% ; V\/nile( *--pc !="\\") ; *++pc = "\0"; -

strcat (f nane, Oi f( '(fp = 1open(fnarre, "rb")) ) (
printf("\007 error coul d not open file \" \n", fnane); goto exit; ) /*
get the DCS nenory for the GetPM call, sef up Mér ptr */ if( !'(tnp =
DosMal | oc(5*1024UL)) ) ( printf("\007 errop.~could not al ocate DOS i
menory.\n"); goto exit; )}dnsel = (WORD) (“§np >> 16); dnseg = (WORD) tnp; *
(DWORD *) &pdm = OUL; * ([WORD *) &pdm + 2 dnsel ; /: get the first chunk

f\

of our file */ fread(TnpBuff, 1, 1024, fp) © -104- /* setup v32 config
data pointer */ pv32 = (v g 6§$p uff; /* make the Get PM call,
copy VCPI data into v32 cp M cpi EntryO>rf = Get Vepi (dnse “8 for(
i =0; i <6; ++ ) pv32- >ch| )es[l] pdm>ch| Gentries[i]; Set up
the VIVO GDT entries in vB2 and (@@} out nt/ pv : =

pdr->VivoGentries[0] = pvB2->Vi vo ntr| es[2] = pdra';\/i \/ofi’entr4.é-s[‘2] =

------

(pdr->XnsPaddr << 16) | OkffffuU, tnp = (pdT-_>Xm3P d&P:NBEBfﬁgagsgﬁJL) |
.-~‘:.'-:f'-'°"'.(EM3)' HiaE
N
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(( pdr - >Xs Pawdre9se2416) & 0x000000f f UL) | 0x004f 9300UL; PCT/US98/26072
pv-32->Vi voCGentries[1l] = pdr->VivoGentries[1l] = tnp | 0x00000800UL;
pv32->VivoCGentries[3] = pdr->VivoGentries[3] = tnp; pv32->VivoGentries[4] =
pdr->Vi voGentries[4] = 0x0000ffffUL; pe3®->VivoCentries[5] =
pdr->VivoGentries[5] = 0x00cf9300UL; /* fill out the rest of the V32 config
menory */ pv32->Shar edDat aP = ((DWORD) dsegient << 4) + pdi->SharedOf;
pv32->M di Vect O f = (DWORD) (m di vect - 2) << 3; pv32->GetPmi O f = ( DWORD)
pdi - >Get Pm O f; pv32->Fi xupO f ( DWORD) pdl >Fi xupO‘f pv32->Cet Pm Seg =
pv32- >Fi xupSeg _=_( DWORD) ds.eg.ne.n.t._p-u&——j RO (pi dt + (Ox67U <<
1) +1) & 0xff1f0000 L) | {(*(pidt + (0x67U << 1)) & 0x0qooffffUL);

pv32->1 67Li nkSgl (WORD) j(*(pidt + (0x67U << 1)) >> 16)[; 9242

pv32- >Har dware)atl ondg=—pl << phwDOB ISy pe ;4 pv32- >BaseRopt "=

phw >BasePort ; {pv32- Y\Wavekor t phw >WavePordt; pv32->Sy@hPort =

phw >Synt hPort pv32-{>Wavgl rq phw >Wavel rq; pv3z- >Mdillrqg = phw>Mdilraq;
pv32- >DnaChan phvv- DmaChiers pr Extivt u!, =pnhw SExt Midi & Ox7f; if(

phw- >Boar dType {== 0xq0 ) hve pR234- >Synt hVo] R = phw >Synt hVol
& Ox7f; else pv32 >Syint thI[QEVIQQ/@ﬂVﬂﬁ Vol R = Ox7f; # fdef DEBUG
fprintf(fd, "\ndv32 DAt An"); fphi ntf(fd, "VIVO GDT 0] %981x %©81x\ n",
pv32->\ﬁvoGentriHa[d3] < A=r-- et [1]) fprintf(fd, "VIVO GDOT 1
Y0B1x DBLX\N" .| \Welle: Vi vdcontrosts \/voGentrl bs[3]); fprintf(f
"VI VO GDT 2 9%98lx %08 s \rﬁyc-ép «3 pv32- | >Vi voGent ri es[ 5]
fprintf(fd, "VQPl GDT} U 01x x\i v 32- >ch| Gentri es[0], pv32-
>Vepi Gentri es[ 1) ; fpfintfifes 1 9%981x %©81x\n],

pv32- >\Vcpi Gent es[ 2]} pv3R- >Vcpi rt;'rles[B]) fprintf(qd, "VCPI GDT 2
%081x %081x\ n",} pv32- pA4Ni Genu ' >ch| Gentri @s[5]); fprintf(fd,
" Shar edDat aP %)81x\ n"{ pv3p->3hPE rintf(fd, "Mdi VectOF f

%981x\ n", pv32-pM di L) -Jpi- £&d-=358t PM %081x %©81x\n",

pv32- >Cet Pm Seg{ pv32}>Cet Pm Cff\}'#q?r-t '%(f m@ p{%081x %©81x\n",
pv32- >Fi xupSeg, | pv32- +Fi xupor f ) VEFHA #’ d, ? NSk looax 9o81x n-
pv32->1 67Li nkSef, pv3%} Y Li neo—f-pr-rmtft1d, "VCPI Erftry %04x %)81x\ n"
pv32->Vcpi Entrypel , py32- ,>ch?ﬁ yO‘f) fprl nt}(fd "Hgr dware Opts

%04x\ n", pv32- >Hapfinald eOpt iLans P -el rts—90Ax %04x Y04x\ n"

pv32- >BasePort, fv32->WavePort, pv32 >SynthP/U fprintf(fd, "IRQ %)Zx
%02x\ n", pv3 ;15 Avel rq, pv32- >M dilrq); fpry f(fd "DVA %92x\ n",

pv32- >DnmaChaft)';” #endif /* make entries in ;%;1 e table at 0x200000+ for our
code, make pointer
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tnp = (pdr->XnsPaddr & OxfffffOOOUL{C
tnmp += 0x1000u) *(pd4g0 + 0x0200 + i) =
(DWORD *) (0x200000UL | (pdr->XnBPaddr & 0x00000f ffUL));
chunk up to Extended Menory */ for( i 3/8 i < 256; ++i ) *pxns
TrpBuff[i]; /* now copy the rest of the code file up */ whil e(
(j = (fread(TnpBuff, 1, 1024, fp) + 3) >> 2; for( i = 0; |
*pxnme++ = TnpBuff[i]; /* The next section will fill-in unused e
the DOS4GW */ [* page table at
to allow */ /* us to access the
fill in the EMM s page-ta

= *ppdir; Flus ; forté151

* | - 105- WQP9R0241 - o
NUM CODEPAGES + 1; ++i,

e tabl e, GOT, and | DT of the

<j;

S */ *(pd4
VCED) P o sy -

T/US98/26072

0x67; 1 <
tnp; -pxms =

/* copy first file

++ =
I'feof (fp) )
++i )
ntries in

| i n-addr 0x180000+ and setup sone pointers

'*/ /-k
g0 + 0x0181)

EMM

pdr->anPaddr Y 4 A\ORD) (pdi ageT P> 12) + 25; p+i, tnp +=
0x1000U *(pptap + i) )= ==t Trd=q1 b patch start ng fromtop
[ for( i = ((pdi-> Wt Prut)edediModez.g >=[ZT-~&g2 11 (|!(*(pgdt + i
+ 1)) ) break; }if( i (ogintf ("\007 %r?or “ﬂ%ﬂldl ga5n;tall service
vectors.\n"); fdeturn; —t Madt, * sb Segegt or
uax\n", i << 2); * patch the GDT wth by

*(pgdt + i) = *%(pgdt B i ->V'voGEntr|e
' dt +[Dg$ = pdr{>Viv

pdr->Vi voGentriles][ 1] h

4) = pdr->VivoGentriegs[4];} *(pgdt + | + 5) £ pdr >V‘v&b ntrles
initialize sone */ inp(phMF>Ba§e rtt + 0Ox

NM clr out p(ph —F OX0Z, UX03), il RT re et

+%BasePoEﬂ2+

out p( phw >BaseHR

out p( phw >BaseH 0x00) - ot 6, OX

Qto ints yet g

Oxaa) ; outp(phwaﬁ
out p( phw >BaseHar't*
+ 0x04, 0x04); a

TSRs

/
8

ol e e o @ o= —

JSPort tngo )xﬂe) :
(phw >BasePort + (x04, 0x03);
r an << 4)); outp(%hm+>BasePort
| ;

ee servi ntries */
‘{ ; pgdt +’P/; 1) =
nt 3[3] (pgdt + i +

5]; /*
11
00); /'l no
ort + 0x09

21 DOSvlnterrupt
jo—> Vect/or Table
21 3/ Programs
/ S/
/ /
210 218
FIGURE 3
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out p( phw >Baee@moer 0x05, (phw >Wavelrq == 9 ? 0x00 : phw >v&9’é1PF%f”5‘m5 ?
0x04 0x08) | (phw>Mdilrq == 9 7 0x00 : phw>Mdilrq == 7 ? 0x02 :
0x03)); outp(phw >BasePort + 0x04, 0x06); outp(phw >BasePort + 0x05, 0x00);
outp (phw >WavePort, 0x0c); outp(phw >WuePort + 1, 0x50); outp

(phw >WavePort, 0x49); outp(phw >WavePort + 1, 0x04); outp(phw >WavePort,
0x48); out p(phw >WavePort + 1, 0x00); -106- out p(phw >WavePort, 0x0a);
out p( phw >WavePort + 1, 0x80); outp(phw >WavePort, O0x1b);

out p( phw >WavePort + 1, 0x08); Op( phw >YéxePosg , 0x10);
out p( phw >WaveP 1, 0x80)/0 ;
out p( phw >Wavelpor t 1, )ch out p(phWﬁa’M feﬁqf-t730¥00 ;

1 .

+
out p( phw >Wavelport + 1, mumbwvvf W I
out p( phw >WavelPor t +‘I',"W)x T out p( phw >V\ﬁ\/ﬁé}h‘f i 0x06
out p( phw >WaveRort +

1, ¢phw >WaveVol 7 0x7f)M ],)vcwtg(aﬂ\%/- >WavePort,
- >\WavePor | + 1, ( phw >WaveVol S\f@(?f) >>A1)
t

0x07); outp(ph
phw >WavePor 1,} (phw{>

out p( phw >WaveRort ,
>> 2); out p(phy >Vave
Ox7f) >> 2); /* now
services */ drfl ();

*(pidt + (0x02 << 1

= tnp I 0x0004Y, *(p
*(pidt + (0x67Y 15541
0x0000eeO0UL,; S%fr@ ‘
Co\n"): fprintf(RE | 1N9We'§g®?°te$ﬁ/
>VivoGentries[0O]); f f(fdysrd VO ¢ —a Mode
pdr->VivoGentrils[2]} pdr}- >VivoCentrijes[ 1] )\ " V| ﬂl’ 81x
%081x\ n", pdr->Mi voGgntrijes| 4], pg/ >Vi voCGen f‘b"rﬁ‘#rf b e e 13
Paddr %081x\n",| pdr-3XnmsHaddr) ; 24g Protected-Mode
410 Application
V4
Programs
o
/ Z
7 /
210 218

' FIGURE 4
(PRIOR ART)

SUBSTITUTE SHEET (RULE 26)

EAATs _A-,z.{,:s_«.,.:r_s_;. o .. as wm AL et B Py




fprintf(fd, wosssoZade Pages %04x\n", pdr->NunCodePages); #ené’ﬁ”qsg?llz?ol?out
the rest of the resident data struct */ pdr->NunCodePages = NUM CODEPAGES;
exit: if( dmsel ) DosFree(dmsel); if( fp ) fclose(fp); #ifdef DEBUG
fclose(fd); #endif return; /* This funétiBon i nvokes the DPM | NT-31h call
for allocating DOS nenory. */ DWORD DosMal | oc(DV\OQD size) ( union REGS r;
r.w.bx = (WORD) ((size + 153) >> 4); r.w ax = 0x0100; int386(0x31, &, &r);
if( r.owcflag ) return OUL,; Ngz return (r.x.edx << 16) | r.w ax; /*
This function i nvokes the DQIW I % Q|| for froai Ae S menory. */ void

DosFr ee( WORD sET- éni on rVIN@RIveE el ectof ; r.w. ax =
0x0101; int386 This functioq i b9 t he DOS- node
VCPI INT-67h c tFﬁ‘S the >/ [ rmgheqt ed- mpde”fnterface. */
DWORD Get Vepi ( unl on REGS M tstrlu‘dCP!S EGS|s; static struct
DWORD  edi; ; ebp; Eygang o; [Dwasmory anshx;
DWORD edx; _ cx DV% eax WORD fI gs: |VEwizhing CestroloRD
ds; WORD fg; g0 A | WORD E 314 c Jo—> |
]
| = ¥
a«—> Device Dnver.'a/ [ VIVO TSR B
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WORD sp; VWORMO993023: 1 RnRegs = ( OUL, 0x1000UL, OUL, OUL, OpbTARbAZeTE

OUL, 0x0000deO1UL, 0x3000, OU, OU, OU, O0OU, OU, 0OU, 0x1400U, 0U); RnRegs.ds
= dnseg; RmRegs.es = dnseg; RnRegs.ss = dnseg; segread(&s); r.w ax

0x0300; r.w bx = 0x0067; r.w.cx = 0; r.x.egyg= (DWORD) &RmRegs; s.es =
s.ds; int386x(0x31, &, &, &s); return RmRegs. ebx; -108- What is
clainmed: 1. A net hod of providing device virtualization to an application
runni ng under a DOS extender within a protected-npbde context created for
said DOS extender within 5 in a DOS-based operating system environnment of a
processor at run-time, said protected-node context created for said DOS

extender including a rl@ma Tﬂ@B& Torn allocates & P%ﬂm e ce? 6995

extender |DT), conprifsi
emul ati on code at a e@gﬁsnde&dnaﬂﬂmgﬁs in a menory accessible tgAsaid
reguest fromsaid DOS extender tao switch to

processor; detecting
prot ect ed- node; upon detection of said requept by said DOS 15 extender,

pat chi ng said DOS extender IDT, at run-tinme,jto include a vector to said
device enul ation code for a predeterm ned injerrupt; and when said
processor detects said predetermned interrugt during execution of saio612
application, said 20 | PT 0B Egtﬁé q
enul ati on code patche in ﬁ@ﬁggﬁgqgggﬁg ulU 8 ﬂh’%ﬁgﬁﬁé
1, { wherein said prede i dbl e by
sald processor, and sald storlng step conprl.es the step of 25 storing said
devi ce enul ati on code at said predeterm ned fddress at boot-tine. 3. The
nmet hod of claim 1, wherein said DOS-based opgrating system environnent
includes a virtual control programinterfaceg(VCPIl) through whi ch said DOS

d 30 [
Conpr i 51 ng the St eps bf Sa'AP%'gP??*?ﬁfgﬁm%%mﬁgé%g xﬁe Eﬁ*és%‘? gy 614
Ry o1d

eﬁtender and said VCP

0
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-109- detecti NP ¥ 4up of said DOS extender when a conmuni cat POTYURISEEIRAI d
DOS extender to said VCPI is said request to switch to protected-node. 4.
The nethod of claim 1, wherein said step of 5 patching said DOS extender

| DT i ncludes the steps of: intercepting B8 d request to said VCPI to switch
to protected-node, said request including a page directory of said DOS
extender; switching a page directory of a protected-node 10 context of said
processor to said page directory of said DOS extender; accessing said DOS
extender |1 DT and searching for said vector to said device enul ati on code;

if said DOS extender IDT does not |ncI ude said 15 vector to sal d devkgér

enul ati on code, sea : orv - , , /e

(DCS extender GDT) |to ¥e P pgr ponds t¥ said
devi ce enul ation cgde eaited IW]D@SE@XWE!@I’ d sel ect or vaI ue for 4% d device
enul ati on code int &—s® PES—e FOTT20 Swtching said
page directory back to said page d| rector of said protected node context
of said processor; and jurrpi ng to said V b to execute said reguest to

switch to protected=TDge; fclalmL, wherein

net
sai d predeterm nedji ntEXtQIkﬂei' Sbﬁlﬁﬁ\mﬁtgﬁm Bolnﬁt&{}w genqiat ed
when said applicatijon gnd&fiVO driverdaves thereakVER fmelcatldress /é?at ed
to the device to b r%llggsﬂb 2 A system whi ch provides devi cy/
virtualization 30 o _a |9tion runni ng_under a DOS extender in a DOS-
based operating system environnent of a prjpcessor, said DOS extender
executing within a protected-node context kreated for said DOS extender

wi thin said DOS-bas or at
run-time, said protjected- -110- node context created for said

ext ender including{an TheeVOMfaj-e@a"s m'ermtew@tedrbya]l&m)os ext ¢nder (DCS
extgn?er lDsz 5sazjc syaﬁgé}wg%,g grg_ﬁ)te?@ édﬁt e stor¢d FH&
redet erm ne address,| aCCESs a Sor ;

get ection program jhi Rt zh@ g’@&\ﬁ@ 6?5%03193 M%jﬁgﬁder

to protected-node; {and a driver which operates in said protected-
context of said DOS extender and which, l::fn detection by 10 said detection

program of said request from said DOS extehder to switch to protected-node,
pat ches said DOS extender |IDT, at run-ti to include a vector to said
device enul ation cqde Tor a predeterm ned I nterrupt,

Control is passed to the normal VCPI handler /718
via the previously saved VCPI entry point y,

VIVO code now available to the DOS extender's

application program and to the normal DOS 720
real-mode programs

% /
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wher eby, wherw@a$sp2pr ocessor detects said predeterm ned 15 i ntRETVURS26RT2 | ng
execution of said application, said processor references said vector to
sai d device enul ati on code patched into said DOS extender |IDT by said
driver. 7. The system of claim®6, wherg/8 said predeterm ned address is
in extended nenory addressable by 20 said processor, and said device

enmul ation code is stored at said predeterm ned address at boot-tine. 8.

The system of claim6, wherein said DOS-based operating system environnent

i ncludes a virtual control programinterface (VCPI) through whi ch sai d DOS
ext ender 25 acquires said( Ot eC | etection

programis a terninate- ar;dIGB}Smrmdmto( mtezmdaMQde jg1ier cept s

cxecuton of sard apol | CANSLERY HI08 EXSBAKRY o cet ol no st artup o

execution of said applicg

sai d DOS extender 30 wher nder to said
VCPI is said request to swtch to protectéd-node. 9. The system of claim
8, wherein said driver installs its interfjupt vectors into the DOS extender
| DT upon detection of said.request fo s bde -111-

from sai d DOS extender t( LI tors i ncluding said
vector to said device em|3?9&l¥g¥‘j§‘ fB&Pﬁ Pté?&?ﬁﬂ'ﬁn ned]i ghgrrupt,

t her eby maki ng sai d devi ¢ aﬁm@tgrs:qré&]ated Itd)DOS) sai d/éOS ext ender
and said 5 application if ald Lot ¢ xt, of sald DOS extender.
10. The systemof claim £xxﬁé{) 9rf §a§5°glé§e@£%d%ends said request to
switch to protected-node t@gftextd VCPI at system startup and again during
execution of said applicdation running under said DOS extender, said request
including at | east the foll ow ng paranetens: physical address of a Page
Directory and a |linear address and size off the DOS extender |IDT and a

gl obal descriptor 15 table of said DCS e der. 11. The system of claim6,
wherein said predeterm ng erTupt 1s a non-naskapl e rTnterrupt which is

generat ed when said appl &élVQl Drmpmahe&jmbel;ruptr edef egpi ned addr ess
related to the device to %Ef&'raéﬁ‘ines into the DOS /

Extender’s Protecied-Mode IDT

|

—

Control Passed to normal /818
VCPI1 handler after IDT is

patched .

VIVO Code now available to the
DOS Extender’s Application /820
Program and to the normal
DOS Real-Mode Programs
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environment and, when the application attempts to address the device to be emulated, causing a processor interrupt to occur. In response
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