APPARATUS AND METHOD FOR POSI Tl VELY AND SUBTRACTI VELY
DECODI NG ADDRESSES ON A BUS The invention relates to
adaptivel y decodi ng addresses on a conputer bus and nore 5 particularly to
an apparatus and nethod for positively and subtractively decodi ng addresses
on a conputer bus, especially the peripheral conmponent interconnect
(PCl) bus, when the decoding is dete¥m ned based upon conputer
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memory systems have resulted in computers so powerful that they are now capable of performing

tasks that before could only be performed by large mainframe computers. Technological change
is especially exemplified in the area of portable computers where power consumption efficiency
15 is balanced against features, cost, size, weight and performance. This is especially challenging |
since many computer users desire the portable computer to provide nothing less than what a
desktop unit can provide. In this specification, the term “portable computer” is used broadly here
to denote the class of computers powered by battery or solar power. Those familiar with portable
computers will recognize labels such as: portable, luggable, laptop, notebook and handheld which
20 are used to designate certain marketing segments of the larger portable computer market,

Many options are available to the computer system designer, While simply designing
around the highest performance processor available will go a long way towards providing a high
performance product, in todays competitive market it is not enough. The processor must be
supported by high performing components including a high performance or mezzanine

25 input/output (I/O) bus. Several standardized I/O buses are available to the system designer
including: ISA (Industry Standard Architecture); EISA -(Extended Industry Standard
Architecture); and PCI (Peripheral Component Interface). Today's computers are typically
designed with some combination of the three to provide the user with the performance of PCI and
backward compatibility to ISA. These three buses are familiar to those skilled in the art.



designed with sone conbination of the three to provide the user with the
performance of PCl and backward conpatibility to | SA. These three buses
are famliar to those skilled in the art.
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such as a sspacel aAdﬂressrmwdx@oxbme PChbiis is distributed; i.e. each device coupled to the PCI bus
performs address decoding. The PCI specification defines two styles of address decoding:
25 positive and subtractive. Positive decoding is faster since each PCI device is looking for accesses

in the address range(s) the device has been assigned. Subtractive decoding can be implemented
by only one device on the PCI bus since the subtractive decoding device accepts all accesses not
positively decoded by some other agent. This decode mechanism is slower since it must give all
other bus agents a “first right of refusal” on the access before it is claimed by the subtractive
30 decoding device. However, it is very useful for an agent such as a standard expansion bus that
must respond to a highly fragmented address space. More details on the PCI bus and particularly
PCI addressing are found in the PCI Local Bus Specification, Production Version, Revision 2.1,
dated June 1, 1995, which is published by the PCI Special Interest Group of Hillsboro, Oregon.



must respond to a highly fragnented address space. Mre details on the PCl
bus and particularly PCl addressing are found in the PCl Local Bus
Speci fication, Production Version, Revision 2.1, dated June 1, 1995,
whi ch S publ i shed by the PCl Special Interest Goup of Hillsboro, O egon.
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resi des beﬂmpmmopbaserﬂnﬂr al conponent I nterconnect (PCl) bus and a
first industry standard architecture (ISA) bus. In the expansion 20 base,
a second bridge resides between the PCl bus and a second | SA bus. The PCl
bus in the expansi on base is connected to the PCl bus of the |aptop
conmput er when docked. In this configuration, when docked, each bridge
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expansion base is connected to the PCI bus of the laptop computer when docked. In this

configuration, when docked, each bridge receives cycles on the PCI bus for decoding and
possibly passing to its ISA bus.
The bridge also includes configuration registers and internal devices, such as an interrupt
25  controller, which are addressable at an input/output address without passing the cycle from one
bus to another. The internal devices are configurable for use in the laptop computer or expansion
base or sometimes both, _
The decode logic is configured according to an input pin defining its use and the
configuration registers. Use in either the laptop computer or the expansion base defines a certain
30  set of internal devices for decoding. The configuration registers may also define address ranges
of external devices residing on the first or second ISA buses.
The decode logic decodes PCI accesses for claiming bus cycles according to PCI
conventions. Ifthe laptop computer is undocked, the first bridge is configurable
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30 set of internal devices for decoding. The configuration registers may

al so define address ranges of external devices residing on the first
or second | SA buses. The decode | ogi ¢ decodes PCl accesses for
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the preferred enbodi t | S sidered in conjunction with the foll ow ng 15
dr aw ng%é3 i&ﬁ%ﬁ?osg‘%{;adud&%%‘ﬁglsﬁten} is a block diagramillustrating the
| apt op conputer system L and correspondi ng expansi on base unit E of
the preferred enbodi nent; FIG 2 is a block diagram

illustrating a nobile integrated systemcontroller (M SC) according to

the preferred e b ; . | S. > aqr i | ng
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bl ock di agrans il Just.rati.ng L.oqgic .for generating certain control
signals of the ldlécidﬁ @otfl?l‘f?(né‘agﬁmt pstea ér"?‘g’ble g?fﬁ%faﬁeﬁéﬁ-‘if?m controller (MISC)
according to the preferred embodiment; |
20 FIG. 3 is a block diagram illustrating a portion of MISC for handling address decode

according to the preferred embodiment;

FIG. 4 is a timing diagram illustrating a conventional PCI bus transaction;
FIGs. 5A-I are block diagrams illustrating logic for decoding a certain device select
signals according to the preferred embodiment;
25 FIG. 6 is a block diagram illustrating logic for decoding direct memory access (DMA)
- cycles according to the preferred embodiment;
FIGs. 7A-G are detailed block diagrams illustrating logic for generating certain control
signals of the MISC according to the preferred embodiment;
FIG. 7H is a block diagram illustrating a state machine of the MISC according to the
30 preferred embodiment; and
FIG. 7Lis a block diagram illustrating logic for generating certain PCI bus control signals.



FIG 7His a block diagramillustrating a state nmachine of the M SC
according to the 30 preferred enbodi nent; and FIG 71 is a
bl ock diagramillustrating logic for generating certain PCl bus control
si gnal s. The follow ng applications are hereby
I ncor porated by reference: U.S. Application Serial No.
087684, 486, entitled "BUS SYSTEM FOR SHADOW NG REAQ STERS, " by Dwi ght
D. Riley and David J. Maguire, filed concurrently herewith;, 5

U S. Application Serial No. 08/684,412, entitled "CIRCU T FOR HANDLI NG

DI STRI BUTED ARBI TRATI ON I N A COVPUTER SYSTEM HAVI NG MULTI PLE

ARBI TERS," by Dwight D. R ley, Janmes R Edwards, and David J. Maguire,
filed concurrentThe following applications fe hereby incorporated by téfi@encéppl i cati on Seri al
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Dwi ght D. RARBHm&dbﬁmmguﬂ Riléy) famesd R. Ediivhrds, andDav:dIcMagwerﬁadbguchﬁﬂm th;
U S. Appli cg lon Serial No. 08/684, 490, entitled "RECONFI GURABLE DUAL
MASTER | DE SACE, " by G egory N. Santos, David J. Maguire, WIlliamC.

Hal lovel |, 20 U Sarsbpliadih SRraERucss)ess 485! e&ﬂé@rﬂz RATENTS SNTERRUPT
U. S. pl i cat | n e| aI No 08/ 684255 3 “entitled "COMPUTER SYSTEM

| NCORP . RETEROBBMNG, f b Davig FHdaguire and James R.
REQUI RI NG Ag §i@§§§\l‘% " by Richard S. Lin, David J. Mguire,
Janes R Ed war ds aneéicﬁaw I e, filed concurrently herewith; all of
whi ch are assi gntd. 2Bpplicatidno Seriut NGS(DsJGHeVIOi ehtitled 1SERIALI BUS SYSTEM FOR
Referring n [ LS 1Ll ustrated. a bl ock diagr a conputer
system g%%wn#@rﬁ%es tb %‘\“‘ Wﬁegﬁ%&%fﬁ% a@%ﬁgwg’%hom
di vi ded i nt gergwitgpt op portion L (here| nafter |aptop conputer L) and

an expani on base unit portion E (hereinafter expansion base
15 U.S. Application Sepial No. 08/671,316, entitled "TWO ISA BUS CONCEPT," by

Gregory N. Santos, David J. Maguire, Dwight D. Riley, and James R. Edwards, filed
concurrently herewith;
U.S. Application Serial No. 08/684,490, enmtitled "RECONFIGURABLE DUAL
MASTER IDE INTERFACE," by Gregory N. Santos, David J, Maguire, William C. Haillowell,
20 and James R. Edwards, filed concurrently herewith; and
U.S. Application Seriai No. 08/684,255, entitled “COMPUTER SYSTEM
INCORPORATING HOT DOCKING AND UNDOCKING CAPABILITIES WITHOUT
REQUIRING A STANDBY OR SUSPEND MODE,” by Richard S. Lin, David J, Maguire,
Tames R. Edwards and David J, Delisle, filed concurrently herewithy all of which are assigned
25 to the assignee of this invention,
Referring now to FIG. 1, there is illustrated a block diagram of a computer system
utilizing the present invention. The computer system is shown divided into a Japtop portion L
(hereinafter laptop computer L) and an expanion base unit portion E (hereinafter expansion base
E). The laptop computer L is an operationally autonomous apparatus which is detachable from
30 the expansion base E for remote computing operations. While the laptop computer L is docked
into the expansion base E, the laptop computer L operates on AC power, and while the computer




E). The laptop conputer L is an operationally autononous apparatus which is
det achabl e from 30 t he expansi on base E for renote conputing
operations. Wile the |laptop conmputer L is docked i nto the expansion
base E, the | aptop conputer L operates on AC power, and while the conputer
-6- L is detached fromthe expansign base E the laptop conputer L
operates.frombattery power. Mechani'sns are al so provided to operate
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signals to the MOB 104. The interface also allows read ahead operations for
t hose PCl maior mstional intesfpces: p prasessor/edche interBasrarsistemimentery interface,fand 8 PAY| ows

MPC 108 t oy@Gkterface. The MDB 104 is responsible for buffering data between the three interfaces while
the MPC 108 is responsible for handling addressing, command and control. Each of these
interfaces operates independantly from the other and includes queues for read and write posting

25 between any two of the three interfaces. The processor/cache interface allows the CPU 100 to
pipeline cycles into read cycles and allows snoop accesses to the tag RAM to occur while the
pipeline cycles are executing. The memory interface controls the system memory 106 and
generates control signals to the MDB 104. The interface also allows read ahead operations for
those PCI masters issuing a read multiple command. The PCI interface allows MPC 108 to act

30 as a PCI master when the CPU 100 is accessing the PCI bus 112, or as a PCI slave when a PCI
device accesses system memory 106,

The PCI bus 112 provides 2 communications conduit between the laptop computer L and
the expansion base E. A portion 112a of the PCI bus 112 resides in the laptop computer L and



30 as a PCl nmaster when the CPU 100 is accessing the PCI bus 112, or as a
PCl sl ave when a PCl devi ce accesses system nenory 106.

The PCI bus 112 provides a comuni cations conduit between the | aptop
conputer L and t he expansion base E. A portion 112a of the PCl bus 112
resides in the | aptop conputer L and .
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pul | ed 15owindubtey sthiiliard drhitestore (ISAY bus1882% 140 pandidn Sitegrated Bhive gloctsonias\(IDE) SC
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synbol at the. | I IR inC . i ' I%ﬁ ate
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e L, S nell e B 8 bt AR o LS
si mpli ci ty potidR VDB Crie RuSE-1 49 A the Souplell tOHhe intdrhal ISA bus 138 while the MISC-E is
coupled to the external ISA bus 140. The reader is assumed to be familiar with the ISA bus.
A "_" or "#" symbol at the end of a signal name indicates that the signal’s active state
25  occurs whenit is at a low voltage. The absence of the "_" or "#" symbol indicates that the signal
is active at a high voltage.
As the general functionality of the MISC-L 118a and the MISC-E 118b are very similar,
at this point they are discussed together for simplicity. The MISC 118 bridges the PCI bus 112
to the ISA bus 138/140 and acts as both a master and slave on the PCI bus 112 and a bus
30 controller on the ISA buses 138 and 140, The MISC 118 further includes a PCI bus arbiter, an
ISA bus arbiter, 8237 compatible direct memory access (DMA) controllers, an enhanced DMA
controller for fast IDE hard drives, 8254 compatible timers, an 8259 compatible interrupt

controller, hot docking support logic, system power managment logic, and plug and play support



to the I SA bus 138/ 140 and acts as both a nmaster and sl ave on the PCl bus
112 and a bus 30 controller on the I SA buses 138 and 140. The M SC 118
further includes a PCl bus arbiter, an | SA bus arbiter, 8237
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stereo spe S In the expansion base E, three | SA expansion slots 142
are provid standard | SA cards. 25 Now referring to FIG 2

there igil ' ust Wm%%he ﬁl‘axﬂ'aﬁ&ib%@h?ﬂer&l ﬁﬁsﬁ%b ?ovxded anll BbilLL ed

system control l er ( M SC 118 incl udes PCl terface | ogi ¢ 200
for adeithg ISA Im;tﬁsa Thes medenn aod shdio efiphegal A28 mludes rostangddrd hephony

interface Zg%mugxc ﬂ 14 coupﬁng to a telephone T, and an interface for coupling to a pair of
stereo speakers S. In the expansion base E, three ISA expansion slots 142 are provided for
standard ISA cards,

25 Now referring to FIG. 2 there is illustrated a detailed block diagram of the mobile
integrated system controller (MISC) 118. The MISC 118 includes PCI interface logic 200 for
acting as both a master and slave in a PCI bus 112 and ISA interface 202 for acting as a bus
controller on ISA buses 138 and 140. The MISC 118 further includes a PCI bus arbiter 204, and
ISA bus arbiter 206, a write post buffer 208, a read ahead buffer 210, and a write assembly latch

30 212. The MISC 118 further includes: internal PCI master/slave logic; an enhanced direct
memory access (DMA) controller 214 including PCI write posting and EDMA write buffers 220;
ISA bus master logic 216; and a retry engine 218 for supporting distributed DMA. The retry
engine causes cycles intended for the DMA controllers to retried as distributed DMA cycles. The




controller on |I SA buses 138 and 140. The M SC 118 further includes a PCl
bus arbiter 204, and | SA bus arbiter 206, a wite post buffer 208, a
read ahead buffer 210, and a wite assenbly latch 30 212. The M SC 118
further includes: internal PCl master/slave |ogic; an enhanced direct
menory access (DMA) controller 214 incluging PCl wite posting and EDVA
witTe buffers 220; | SA bus nmaster logic 216; and a retry engi ne 218
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-10- A list of the MISC 118 configuration registers according to-thgprefeqred embodiment is found
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PCl CONFI G R/ W REG STER NAME REG 5

01-00 R Vendor | D Register 03-02 R
Device I D Register 05- 04 R'W Command Regi ster
07-06 RFW  Status Register -10. 08 R
ReviSion I D Register 10 09- OB R Cl ass Code
Regi st er CE Tab@l Header Type Regi ster
40 R'W PCl Control Register - 41 R'W
PCl Control Register 2 MISC PCI CONFIGURAAHO%REGISTERSN PCl /| SA Hol e
Regi ster 15 RLW L SA-Address—Decoder—Gont r ol
Regi ster 1 PCICONFIG. A8/W REGIS’M/NAMSA Addr ess Decoder| Contr ol
Regi ster 2 4 R'W M nimm G ant Regl st er
52-53 R'W —Regi-at-er 61
R PCl /35S Hol e Regi st0ar020 R VendorlD Register RW Refrlesh
Count Val ue Regi st —69 ) RAW—AddrtTon
M ni num Grant Regilst er 03-02 R Dewcel]BB.eglster R'W Gant NC Fix
Enabl e Regi ster G KW MSC Test Nbde Jenabl e
Regi st er 05-04 7¢. 'SR/& °Wd388‘é§?ﬁel 1 | DE Tining Hegister
25 74- | DE Ti m ng Regi ster
78 RRW | zﬁf)‘lp Re IRQM r gpa%xsrfégls%er 79, R W
| DE Channel 1 Base| Addrggs Regil|st I | Revisi Registe: 7A R W
| DE Channel 2 Basep-Ade+ess—RegHster ovision ID Register +S R'W
M SC Opti®n Regi ster 3@9-0B R Class Code Register R'W Internal J/0
Positive Decode Engbte Regrster
0E R | Header Type Register
40 R/W | PCI Control Register 1
41 R/W | PCI Control Register 2
44-45 R/W | PCUISA Hole Register
15 48 R/W | ISA Address Decoder Control Register 1
49 R/W | ISA Address Decoder Control Register 2
4A-4B R/W | Minimum Grant Register
52-53 R/W | Top of Main Memory Register
60-61 R | PCHIS Hole Register
20 68 R/W | Refresh Count Value Register
69 R/W | Additional Minimum Grant Register
6B R/W | Grant NIC Fix Enable Register
6C-6F R/W | MISC Test Mode Enable Register
70-73 R/W | Channel 1 IDE Timing Register
25 74-77 R/W | Channel 2 IDE Timing Register
78 R/W | IDE Enable Register
79 R/W | IDE Channel 1 Base Address Register
7A R/W | IDE Channel 2 Base Address Register
| 7C R/W | MISC Option Register
30 7TE R/W |} Internal I/O Positive Decode Enable
Register




80- 83 R'W External 1/0O Positive Decode Enabl e Reg.

84- 87 R'W Progranmable |/O Positive Decode

Regi st er 8A RW MSCL Gant Tinmer

Regi st er 8B RW MSCE Gant Tiner

Regi ster 5. 8C- 8F -11-RW  DVA Master Configuration
Regi st er , 90- 9F R'W DVA Slave Configuration
Regi st ers ACAD RA-W— DR vtsTeftanequs

Regi st er 80-83 h R/W Extemal RORositive Becodet EnableRegRedi st er

AF- R'W [ Int pt M | ste BO

R'W Interrupt $eria Congflg{]r é}pi/?)e?osmveDecode B2- B3
R'W Interrupt Bl ocking Regi fter B4- B6 R'W
DVA DAK Assi gnent I ste . B/ RIW  PCl
Err OPRgtI at us Regl ot or Elxg R/'W MISC-LGIgngmerReglsterR, W___\ERAPI O
Configuration Redisterggb R/W | MISPSE Gthnt a6 Reépfser! 001 C 232 ]i's

i ncl uded for conpr+-eat+rRg—tetthe—h ' lus 152.
Serial isterrupt [l ogi 8C-3B4 i s| /W iDMALMMerf(IDTxﬁgmmmemerng i ntlerrupts
bet ween t he MSCE J.J.8D nd_the M SC- T rI8a over_the sertat |i nterrupt
bus 144. 1SA plud and®@8y | ofiRW DM@a%avequnﬁsmramRmtereonf i gdring plug
and play conpatifgle | evi ce .SA s 13 and 20 140. Hach of
these internal functi éq?ncl wtﬁl & BRlfSters. A lilst of the
M SC 118 i nternal /O regi r he preferred gmbodi ment
Is found in Tabl Ah' S—Ro W %éﬁﬁ&’ﬂaa&éé&&érmm st-e+s—are-{assi gned
to the MSC-L 114a or Afe M S _ﬁMJahterm{wMep@gm@st@gl sters are

di stri but ed bet wgermrthe—mMSC+ 118 amd—t e MSEFE—118t—=amd—stTt1 ot her
regi stel® are shdred BO by | RWV|IdaetruptiSesiabBus Configiation Regitah .| The
arrangenent is bdsed nin 70 25 pQSI { ve decode enabl €
configuration redist eﬁ?’]ﬁhi ) Mt 5%‘ ¥eT n the figurfes as

configuration red

qi st epa gt anfl RS rlbﬂ?ﬁﬁ)kﬁ/ﬂ&? |ASsigment Register
B7 R/W | PCI Error Status Register
B8 R/W | MSBGPIO Configuration Register
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Serial interface logic 232 is included for communicating to the MSIO 124 over the serial
bus 152. Serial interrupt logic 234 is also included for communicating interrupts between the
MISC-E 118b and the MISC-L 118a over the serial interrupt bus 144. ISA plug and play logic
236 is included for configuring plug and play compatible ISA devices on the ISA bus 138 and

20

140. Each of these internal functions includes a number of /O registers. A list of the MISC 118

internal I/O registers according to the preferred embodiment is found in Table 2. It is noted that
certain registers are assigned to the MISC-L 118a or the MISC_E 118b, while other registers are
distributed between the MISC-L 118a and the MISC_E 118b and still other registers are shared
by the MISC-L 118a and the MISC_E 118b. The arrangement is based on an internal I/O

configuration register 224 and described in Table 3.

positive decode enable configuration register. This register is represented in the figures as

aaporres -
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M SC | NTERNAL |/ O REGQ STERS

Tabl e 2.
I/0O

M SC ADDRESS R/ W REG STER NAME Devi ce
5 00h- OFh R'W DWMA Channel 0-3 Registers M SC- L
Dist. - 10h RI'W  Sof t warje- SM  Regi st er
M SC- L 11h R'W SM Data Register
M SC- L 20h- 21h RI'W  Mastal 2 nterrupt Controller Registers
M SC- L 40h- 43h W stem TI mer Regi st ers
MSC-L 10 61h MISG/WN AQ@HQBEGJ§
M SC- L 70h W—Nvt—EmabtefrBrsabte"R Brt—
M SC- L /0 ol y) SCh R W
DVA Page Regi st ers |ADDRESS| R'W | REGIKTER NAME Device
D st. ACT- AN R WSt ave Tnterrupt ComtT ot HerRegrstjer s
MSCGL 3 00ke0Fh EFR/WR DMA Chuoneh@3Reigistery  Regi st [@MESC-L
M SC- L Dist. Di st
15 E6h R/ W] _Power Ivana%errent Caprop rndex M SCHL
Reg. istex pansi on | M SC-E
E8h-EBh R W  Powgr L op ters MSC-L
Ech-EFh R'W  Pous Kﬁﬂm CBRC s i Kebidey™ ° (oo p | MISCL
FCOh R'W NCP Erfo sit ( 40Bh
Pch RW NCPE S0 R Phastér (ot ConfbifiCRegRs | MISCL
Reg. 400430 | RWV | Systeni Tiawk Regged-evel Contrjobgsc,  |[M SC-L
4D1h Regi gters 4D6H W 5
Ext ended 10bde M| SC6lh R/W | NMI Status Register MISC-L
70h R/W | NMI Enable/Disable Reg. (Bit 7 MISC-L
Only)
80h-8Fh | R/W | DMA Page Registers MISC-L
Dist.
AOh-A1h | R/W | Slave Interrupt Controller Registers MISC-L
COh-DFh | R/W | DMA Channel 4-7 Registers MISC-L
Dist
15 E6h R/W | Power Management Laptop Index MISC-L
Reg.
E7h R/W | Power Mngmt Expansion Index Reg. | MISC-E
E8h-EBh | R/W | Power Mngmt Laptop Data Registers | MISC-L
Ech-EFh { R/W | Power Mngmt Expansion Data Reg. | MISC-E
FOh R/W | NCP Error Register (Bit 7 Only) MISC-L
20 40Bh W | DMA Channe! 0-3 Extended Mode MISC-L
Reg.
4DOh- | R/W | Interrupt Edge/Level Control MISC-L
4D1h Registers
4D6h W | DMA Channel 4-7 Extended Mode MISC-L
Reg. Dist
800-83F* | R/W | Distributed DMA Channel 1/0 MISC-L/E
Registers 0-3
25 850-87F* | R/W | Distributed DMA Channel /O MISC-L/E
Registers 5-7




Reg. Di st 800-83F* R'W
Di stributed DVA Channel 1/0 M SC-L/ E
Regi sters 0-3 25 850-87F* R/'W Distributed DVA Channel 1/0
M SC-L/ E Regi sters 5-7
- 13- C10h- RI'W  EDVA_{zaptop Data Registers
M SC- L C13h Cl4h R'W EDMA Laptop | ndex
Regi st er M]E\(ﬁ,- C CIBN-CIB R W [E nsi on
Data Registers Clppsc|R/W | EDMA Laptop DatgRegisters i/ v | MEMELEX pansi on
| ndex Regi ster CMbsCE C48h R'W }{ Plug-n-Play Slot
Speci fi ¢ AEN Reg. C B . PLug-n-Pl ay Ri se
Ti me Measur ement l\% R/W | EDMA Laptop In(%:gi{'egster %‘%Le Reg.
C4Ah R Pl _RhaY We : M. SC- B
Val ue Reg. fe18h &8 @I@’% £Registts M*—Regi ster
m ggf 16 CICH 6 R/W @Mﬁﬁaﬁsﬁﬁ&ﬁ@ést&' ay m e M SC
~ ]d.UI C
| NTERNAL |/ O PGSI TI VEASbECOIRVWENRRg-n-BlyslatiSpecificoAEN Reg. "MISCE
REG STER 15 BI| T T PITON 7-4,2-1
N A capn | Wy Mg—sawﬁ& i Msausermert MISC-E
1 MSC will becomt the sultract|iBnabla®egder on
t he PCl bus SC w cycles only
on positively C4Ah R Plug-ni-flaleseTlmel\J}/l %edwgss?s
0 R'W ~ M SL Decode EndnY#eeRes 1 M SC
will positively decaggey / P @4 |a8A%kpansion Wait Delay Register | MISC-E
10 C6Dh | R/'W | ISA Laptop Wait Delay Register MISC-L
Table 3,
MISC INTERNAL I/O POSITIVE DECODE ENABLE CONFIGURATION
REGISTER
15 BITS R/W | DESCRIPTION
7-4,2-1 N/A
3 R/W | Subtractive Decode Enable
1 MISC will become the subtractive decoder on
the PCI bus
0 MISC will accept cycles only on positively
decoded addresses
0 R/W | MISC-L Decode Enable
1 MISC will positively decode I/Q addresses
mapped to MISC-L
0 MISC will not positively decode I/O addresses
mapped to MISC-L
20 In the internal 1/O positive decode enable configuration register, a MISC-L decode enable
bit is incladed to disable positive decoding of 1/Q addresses in the MISC 118, as shown in Table
3. Software sets bit 0 in the MISC-L 118a upon initialization of the computer system C so that
the MISC-L 118a will positively decode /O addresses mapped to the MISC-L. This bit is
cleared in the MISC-E 118b, so that the MISC-E will not positively decode I/O addresses mapped
25 tothe MISC-L 118a.



mapped to M SC-L 0O MSCw il not
positively decode |/ O addresses mapped
to M SC-L 20 In the internal 1/0O positive decode enable
configuration register, a MSC L decode enabl e bit is included to

di sabl e positive decoding of 1/0 addressgg.in the M SC 118, as shown in
Tabl e . 3. Software sets bit 0O inthe MSC L 118a upon initialization of

the conputer sy¥oPPCEiniutdd PO cydes M@gzt#wﬂﬂ&éod%% 1RPsidkesy ) %eé&@fi%g&

| /O addresses_mapped to the MSC L. Thi's I's cleared int
118b, so t Hbe VOreyclkiso a infetrial MISC HEstegister; laydistiimbeicDMAJ/Qaegistersrso mepyiexd 25
to the MS

124" M Smappdd Bfto the 154 pus 138,qr 140, K thePCT intiated 1O gy is diracted gy distemtes o

the 1/ 0 addpMsrepiste] ahedisribeted DMA 8rotbéb_¥ islinifiated 6y the MISCIL 3184 AHAFRSRMISAIESC
I/Oregister, a distributed DVA I/O register or to a device mapf)gd
g to

ont o t hed | 48y Merpginformation on distrihutepEIMA is fouad dr) Ui 3. @atept ppplicationi $

a distribut ' ' ' LS Rhtdat ed
by the' M s 70304, Gl ARTERFACTROHIRELE LENQRY ACCBCHRIACES 7d ANOR:
di stri but edSBNBUS' ahd hereby incdrp&iated by esferenqep |If the PCD mitiesd IAD céde is directed to a
08/ 570, 394,, entitled "I REACI.NG Dl RECT MEMORY SS_DEVI CES.TO A NON-
| SA BUS", é’ﬁﬂﬁ%@%&“ﬂ@%&é&’%@&f Eﬁ‘/ﬁ%féf@ﬁ‘é‘@.hdfs%%ﬂésw MISCE Hisbgassen
cycle is di ] ] ﬂ)‘%ﬂd : qal he
respective M C?%%gghcﬁ nme%gsgg g% passéggaﬁm%cﬁsg&ctsmég%ﬁta{ﬁg& ﬁg[EAbus.
The M St L bys 438 ande ifyhelMES(erEs] 18D & net presensomayalsdcsubteantively dpmde the YGaddress. bus

138 and, if - ' sent. .ma t.i yel y, decode
the 110 aadf SMISCE b ibteldy; (he RGBT s HEMSOT LR 3 8 stoEhi <.,
C, the M S@etodelagentiand talveays subtrasivelyvdecodes I/OIgestes RGRmicesmapprl W& it ISA bus
subtractivel ecodes, | / O, accesses to devices mapped to its | SA bus

140. To unil§lelty uniguely;set the subteactive decodeagent assheMISG-L; orthgMISCLE, bit 3 inghe

regrater | 2R ORE St R e R L A e
eref ot®, MK ' af aptop oompiter L khy .
docked oo e croateson bace g deconngeal [ deices Te,
dupl i cate loBfhed MIST | T8 Eevitk. Th@dﬁﬂl&e%\&% ﬁﬁﬁﬁ@:ﬁ%f%esﬂngg-’lﬂﬁlkzoand MISEM: ¢85 are

sel ectably enabled for use on the | SA bus 138 or | SA bus

An_ext er naldeices aspislactably enalietifor usrcast the EohbusgiiBar ISh bueliGter in the M SC
118, select ve, Y gk iy BooRPBub S EEHS e By PR
r egi st €20 224ntréls| the tposifive dewde of severd! dxtethad A0 addressanaggss. | Thik qegister B also
Tabl o 4. The external L/O positive decofe enable contisuration fegister is
Table 4. The external I/O positive decode enable configuration register is enabled in the MISC-L
118a when bit 0 of the internal I/O positive decode configuration register of the MISC-L is set.
This bit is cleared in the MISC-E 118b at initialization, thereby disabling positive decoding of
25 these external I/O address ranges in the MISC-E 118b. Thus, extémal 1/0 devices not enabled
in the external I/O positive decode enable configuration register of the MISC-L 118a are
subtractively decoded by the MISC-E 118b and passed to ISA bus 140. |
Therefore, of particular interest to the MISC 118 is the address decoding mechanism for
PCI address which includes the PCI interface 200, a positive decoder 238, the configuration
30 registers 224, and the retry engine 218.




11 8a when bit 0 of the internal I/0O positive decode configuration register
of the MSC-L is set. This bit is cleared in the MSC-E 118b at
initialization, thereby disabling positive decoding of 25 these external
|/ O address ranges in the M SC-E 118b. Thus, external 1/0 devices not

enabl ed -in the external 1/0 positives decode enabl e configuration

regi ster ,of the MSC-L 118a are subtractively decoded by the M SC-E
118b and passed to | SA bus 140. of particul ar

Ther ef or e,
interest to the MSC 118 is the addr essﬁ'éfbdi ng mechani sm f or PCl

address whi ch includes the MISOEXTERNAL PODEEODEMARe decoder 238, the
configuration 30 pegtsters—224—eaRt—the—retry—engtHhe23S-
-15- Tabl e 4. ADDRESS
M SC EXTERNAL |/ @ IRFDEVICRAP MISC MAPPING RANGE
ADDRESS o DEVCE™ =S¢
RANGE 55 Keybgasdar d MISC-L M'.BC6Qh, 64h, 65h | 60h, 64h,
65h M SC-T 70h-77h
Port 92 % lﬁICC M SC- || MISC-L or MISC-Eg bh 7(§ﬁ-77h ESS
Audi o Sof t war e M SC- L El h
Configuration 10 Port 92 MSLO-L | ng %Ac&gﬁ'i‘ & hsc
E2h- E3h ESS AWdi@Software MBI gigeLndex AddregsEsh
M SC- E io Dat a VBl O L/ BGL/ Audi o
M SC- L FoR—BR—35 Corf-—gH-at-+-oh
MBI O E/ BRGL/ Audi 0 | MSIO-L Index Addrdsh &C- MISGL Fdh{ FFhE2h-E3h
Confi guration Data First Mbdem M SC-L or N1 SC-E
130h- 131h ——WU‘I‘E—A«'CIT'U———M—SC?L—m‘—M-S&—E
134h-137h 20 MSIO-E dadexrutldrgss &m MISC-E M S{- L B4h-ESISC-
140h- 141h Data
MSIO-L/BGL/Audio MISC-L FSh-FBh
15 Configuration
MSIO-E/BGL/Audio MISC-E Fdh-FFh
Configuration
First Modem MISC-L or MISC-E 130h-131h
Primary UTE Audio MISC-L or MISC-E 134h-137h
20 Second Modem MISC-L or MISC-E 140h-141h
IDE Channel 2 (Secondary) | MISC-L or MISC-E | Programmable
(Default 170h-
177h, 376h)
IDE Channel 1 (Primary) MISC-L or MISC-E | Programmable
(Default 1FOh-
1F7h, 3F6h)
Joystick MISC-L or MISC-E 201h
Secondary UTE Audic MISC-L or MISC-E 208h-20Bh
25 ESS Audio Register 1 MISC-L or MISC-E 220h-22Fh
ESS Audio Register 2 MISC-L or MISC-E 230h-23Fh
ESS Audio Register 3 MISC-L or MISC-E 240h-24Fh
ESS Audio Register 4 MISC-L or MISC-E 250h-25Fh
Third Modem MISC-L or MISC-E 260h-261h
30 Fourth Modem MISC-L or MISC-E 270h-271h




| DE Channel 2 (Secondary) M SC-L or MSC-E Progranmabl e
(Default 170h-
177h, 376h) | DE Channel 1 (Primary) MSC-L or MSCE
Pr ogr ammabl e
(Default I FOh- -16-
1F7h, 3F6h) Joysti ck M SC-L or MSCE
201h 3condary UTE Audi DT M SC- E
208h- 20Bh 25 LP1Z  ESS Audio Reqi MISCL o MISGESE. | 278h-FiFec. o
220h- 22Fh ESS Audi o Regi SC EZ
220n-22Fh com4 . MiSc s or MisCECL Lo MR
240h- 24Fh COM2 ESS Audi 0 Reqi g€t -1%or MISC-E" :C— bfggrzmsc- E
250h' 25Fh IIII I u :\VdeIII IVI \.)_1 E UI :\vll SC L:
260h-261h 30 First AudioMRUh40bdem | MISC-L or MISOVES(C- L300h-3016C- H
270h-271h —14-
LPT2 Second Audio MRS o MISfELeor MISC-E p78A1GIF3h
cowv4 . . ] -L of ~E E8h-
o Third Audio MPH 43T | ] ﬂéﬂlﬁﬁlﬁu MISC-E- Fo Nagth-shh
First Audio MPU 4 @'@aurthAudxoMMJ%@l'— ol E)rMISC-ﬁO )h- 2%_ 3151
Second Audi o MPUH64 Sc——o6+ "" STe ‘
Third Audi o MPU 40PT1 M SC— L or M MGBEL or MISGEOD- 3378h-37Fh
Fourth Audi o MPU{Z0T MSCtor— i sSCE 330i=383th
LPT1 Audio FM SynthgsisseC- | o MISIGLEr MISC-E 378588h738Bh
Audi o FM Synt hesi M SC-L or M ah-3
LPT3 t 113 M SC- L o 1}3&@@ MISGEE | 3 h-3BER
covs M SC- L of 3E8h ﬁﬁﬂ
ey Floppy DISOM o DS or MiscE3 8 i Jg
3F7h PrimfaSNBloppy Disk MISC-L M5C-| O3p3NL3pShE
3F8h- 3FFh IipPTZ Ext endégd M SGggor MISCE
678H 6Ah
COoM1 MISC-L or MISC-E 3F8h-3FFh
LPT2 Extended MISC-L or MISC-E 678H-6Ah
15 LPT1 Extended MISC-L or MISC-E 778h-77Ah
Programmable I/O MISC-L or MISC-E Soft.
Decode 1 Programmable
Programmable I/0 MISC-L or MISC-E Soft.
Decode 2 Programmable
20 General Purpose I/O 15 MISC-L or MISC-E Hard.
Decode Programmable

Before addressing further details of the present invention, a brief discussion of PCI
transactions is deemed appropriate. Briefly referring to FIG. 3, there is illustrated a PCI read

25

30

agent. A requesting PCI agent is known as an initiator, such as the CPU 100 or the MISC 118
acting as a bus master; and the addressed PCI agent is known as a target, such as when the CPU

transaction. The signal names for FIG. 3 are generic signal names according to PCI bus
convention. Every transaction begins with an address phase, during which the address/data pins
(AD) transfer the address and the command/byte enable (C/BE ) transfer the instruction code.
One or more data phases follow the address phase, during which the same AD pins transfer data
and the C/BE _ signals transfer the byte enable information. In a burst cycle, multiple data phases
can follow a single address phase. In PCI terminology, a device on the PCI bus is called an



15 LPT1 Extended MSCL or MSCE 778h-77Ah

Progranmable 1/ 0 M SC-L or MSCE Soft.

Decode 1 Pr ogr ammabl e
Programmble I/0O MSC-L or MSCE Soft.

Decode 2 ' -17- Programmuabl e 20
CGeneral PRurpose I/0 15 M SC-L or MSCE Har d.

Decode 100 writes to the MISC 118. Every transfer starts with the asSér@éH GFRFRANIE s1gnal Al
Bef ore addressing further details of the present invention, a brief

di scussi on devicgson the PCI bmddgde@qdeﬂy addreamdé@s eqrpnassk andthe a@ﬁseedeISCI target
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acting as gahdastismlester, and the addressed PCI agent is known as a target,
such as, when the CPU_ | o . .
-17- 10 100 Wow referring thEIG43bere igillustiated a sections pfcthe MISC; k18 pespeonsible for

he. adar e Sclng fileses Bl pchbug 112, THIBCY Y87 B0tc 00 rdched it sonfiE 3
cycle by asiwePClng 142 DEVSH inteingad 83 themsaﬂsgﬁbludmgllﬂsﬁcbﬁlv&ﬁong&!ﬂlgﬂ&ﬁzslt0
recei ve or r t asser a_tar rea

In additi obifs qwl(ﬁm%d[arﬁ%m s%lata, ?Qﬁtlgl_ﬁpl }é %\’é@kﬂiﬁf@gf@ﬁDG
target by pggepbmndbits H-bi g@rcm@lb DS PP Yds SbiidMd afid ARt enable bghTRDY

conpl et es when data I1s transferfed, which occurs when both | RDY
are MBE&EOBhPCh&msamnall(hERAwgg PWmnd)esxgmb(I Ilﬁ)YiQaBSIede\mt seleotai t

cycle is i t .0 S Ml vvhen RDY _i
adserted cARAMERE N J 8RR ook il HORCTIGKI 3 oy obedk Bk 48 o 1B PO o
Now r ef er r big theMBCI 184p1‘bbﬂé@cekﬁml signbts td the PCT BusSEIQ! inchuding: dhb PCMidficelséRct
responsi bl e, for decodi ng addresses fromthe PCl bus 112. The PCl sl ave

| ogi ¢ 200 Ageai{QDEVSEL ) p RCE fageat ready signal (O_TRPK); p a BGE step 5igasl(Q_SFQP ).
TS 10, B iy S
| at ched20v e fromo theadonfiguration registers 224, and various other signals for generating address decode
signals. The retry engine 218 receives DMA and floppy decode signals and filters the decode
signals for distributed DMA purposes and generates corresponding decode signals. The PCI
slave logic 200 receives the decode signals, decode enables from the configuration registers 224
and an internal configuration (I LAP_EXP ) signal from a MISC 118 input pin for generating
25 a PCI device select (O_DEVSEL ) signal, a target ready (O_TRDY_ ) signal, and a stop
(O_STOP_) signal. The MISC-L decode enable (MISCL_DEC_EN) signal and the subtractive
decode enable (SUB_DECODE_EN) signal are software configurable bits from the internal /O
positive decoder enable register of the MISC 118. The MISCL_DEC_EN bit, if set, will cause
the MISC 118 to positively decode 1/O addresses mapped to the MISC 118, and if cleared, the
30 MISC 118 will not positively decode these I/O addresses. Preferably, software will set this bit
inthe MISC-L 118b and clear this bit in the MISC-E 118b. The SUB_DECODE_EN bit, 1f set,
will cause the MISC 118 to become the subtractive decoder on the PCI bus 112, and if cleared,
will cause the MISC 118 to accept cycles only on positively decoded addresses. This bit is



PCl command bits 3-0 (PCI_CM) 3:0]); PClI bus command and byte enable bit
3-0 15 (1_CBE[3:0]); PG frame signal (I_FRAVE ); PCl ready signal

(I _IRDY_); PCl device select signal (I _DEVSEL ); and PCl |ock signal
(1 _PCILOCK_. When acting as a slave on the PCl bus, the M SC 118
pravi-des certain signals to the PCl bus %32, including: the PCl device
select ~ signal (ODEVSEL_); a PCl target ready signal (O TRDY_); and a

PCl stop sigp® softw: r t he
PCl address, ak(rl)l ur th oafe gepen 3%’#5%@“2?‘5%5"%% W%Lgfg&ﬁﬁ%%%e
confi gur at i @pansiegbase Br 3t dtekled, thedbitisset inthe MISEFE $13prantl slefred imthe MISC-D @184,
addr ess deco The, r e |ne 218 receives DVA and fl oppy
decode si gn%géf'g’r‘?&"lfe\%f I‘i@glﬁ% “d@?:@ﬁéé a‘SI gnal's for distributed DVA
pur poses and ge t \/)
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i nvention 5 Is d a. ROM.chi

decoder SOCPY\HWIW’B“&?&O‘*F(S%@ gmlf{"ﬂi%? %@Hé‘?g‘%‘ﬁégiifs En
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for the decoded nmenory regi on, but preferrably not both. A nunber of
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bottom 64k block (OOOEOOOOh-OOOEFFFFh) is software enabled via a ROM chip select enable
(ROMCS_EN) signal from the configuration registers 224. Either the MISC-L 118a or the
25 MISC-E 118b can be setup to decode this memory region, but not both.

In addition to the 128k defined above, the MISC 118 provides an additional 128k decode
region located at FFFC0000h to FFFDFFFFh which is software enabled via an alternate ROM
chip select enable (A_ROMCS_EN) signal from the configuration registers 224. Fither the
MISC-L 118a or the MISC-E 118b can be setup to decode this memory region, but not both.

30 Now referring to FIG. 5B there is illustrated serial port decode logic 304 for accessing
the standand asynchronous communications ports, also known as COM1 and COM2. PCI
address signals are received into a pair of address comparators 306 for indicating when a COM
port is addressed. COM1 is accessed at I/O addresses 3F8-3FFh and COM2 is accessed at /O

w




menory cycles are positively decoded and passed to the internal |SA bus 138
behind the M SC-L 118a or are subtractively decoded and passed to the
| SA bus 140 behind the M SC-E 118b. A 15 ROM chip select (ROMCS) signal
is positively decoded and asserted during nenory read and wite cycles
to/fromthe address range O000EO000h to QQ@FFFFFh and aliased at FFFEOOOOh
to FFFFFFFFh. The ROM chi p sel ect decode for the aliased 128k

( FFFEOOOOh- gfkh 15 ore S ys
enabl ed an %g%gﬁbﬂ Lo%lg fﬁ %@al ‘%‘f %&)b a!ril) E&ai?’g&f ﬁ@)sp er Sl%%?

( ARB_NASTERJOMIIgREC dndo@OM2eDECNfrogde tei sebcmagmdﬂcﬁbs 82 ports\GOMP and CORIM SC
118 is reset, the state of the I _LAP_EXP_ signal causes the MSC-L 118a to
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enabl e (A TEMSLEBARY0 e o6 6 ARL N CR1 sipffl i B DIE? 53 HehliGh: e

M SC-L 118a or C-E 118 e setup C I'S nemrory region
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comuni cat i"GFR ﬁ’ﬁg’?}§8&§fs§8 %gﬁga?sa %&ﬂ&gﬁﬂwg 58 programmy ddreghal s
are recei VRHARD hrid BARY)! TheNISEHI8 Siippot® FRATTHE aiaﬁné%rhg'io foﬂiﬂnsﬂhw&swﬁ ¢h @
cov port is addressed. COML i'§ accessed at |/O addresses 3F8-3FFh and

COMR i s acchanselis spftware enabled by the IDE1_PIO_EN signal and IDE2_PIO_EN signal respectively.

found in e SRRl brdurabighf Jubf aRfersd o RgRd ol e, eleefon o1,

i ndi cat b¥ s régistery 2241 S’hélw&lﬂeﬁd ad@iss for chantiet $ mﬁmo-lﬂhymth status being at 3F6RNOThe
referring to Flﬁ S{ re is illustrated hard drive decode |ogic 308 and

310 of the deggult q&?an&@é’e’éé}’%én}h‘@t%ﬁt&tﬁﬂh‘?‘@g #X78Br at ed drive
el ectronics (I Dﬁoﬂ"&?&nﬁ%@"ﬁ% 3D %nék ﬂ‘?ﬂus&éﬁ% geﬁo&%upiugaéﬁﬁfﬂgﬁsdmwse

decoder 308 provides a si gnal
accessi ng Iaéﬂﬂecglms Befmhmndirecjzedm'lhbietiefbr mpreﬁmiﬁdd:stmgcnﬂ&hrdahoessan&l/ﬂ

Ui and el ool by he tiehek SF R SR aPEctte 't iafged Haboudrst 7Tt
decoder2B1@ewite3\istéd $n ’liaHl&E@adE%&véd gt sigidllwhith E%@%t@'aﬁ oR gefté’BZOl Orable

accessi ng I devi ces on channel 2. A nunber of address conparators 314

provi de an Silis@i3dleviges with eachdevice haxingeicomenponding HGadiirsss(B) Sorcompatisonawith
(h17x and R378) PeT adirBlsHRE f‘ml (ﬁlaﬁ?ﬁ%ﬁpﬂf énable signal (C). These device mumbers are

assigned for explanatory convenience only. The logic for comparing and qualifying the select

signals is abreviated in FIG. 5D for simplicity. Devices 0-33 are decoded by the logic with
25 reference to Table 5.

' The keyboard decode logic is offered as an example. A comparator 316_0 receives PCI
address bits 31:0 for comparison with /O address 60h. An output of the compartor 316 _0 is
received into a two input AND gate 318_0 for qualification with the MISC 118 decode enable
(MISCL_DEC_EN) signal. The output of the AND gate 318 0 is provided to the OR gate 320.

30 Devices 1-33, represented as # directly below, are similarly decoded with their outputs provided
to the OR gate 320. The devices listed are decoded by an address comparator 316_# where a PCI
address A# is compared to a fixed address B#. The output of the equal comparator 316_# is
received into one input of the AND gate 318_#. A second input of the AND gate 318 _# receives

-



(BAR2 and BAR3). The M SC 118 supports two | DE channels for up to four IDE
devi ces. Each channel is software enabled by the | DE1_PI O EN si gnal
and I DE2_PI O EN signal respectively. The enabl e signals and
programmabl e base addresses are provided fromthe configuration 15
regi sters 224. The default |/O address f_?@_ channel 1 is 1F0-1F7h with

O

status being at 3F6h. The defaul t | address for channel 2 is
170- 177N Wig &aBfedtodf) (3O R corfifiltation registers 224. TROYGt | Rt
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according to thghﬁgé?*é%éﬁgﬁﬁ'ifa’ueﬁé‘nff ur e°‘%°°°a%\?188%‘§’ PF'I’;“%{‘BE the, E%#ES’S
each have aDE¢! €81, IDRINGS3, WMDENCE 8, IDE2ECS$ dighdlé. OTRCORIBEE anilcoiebbec

5 lists 34 devices with each device having a corresponding |/O addr&ss (B)
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conpartor 316 received into a tw input AND gate 318
qual i fi¥hat mdicates armemary lor FO apesative dobring-peafored on the uPH2. A owtpuprofithe The

out put oft e 0_i r.ovi.d t e. te 320. 30. Devices
1-33, repr Mggﬁggg ?cfgéiﬁ?se%'{WS&@S&,&&@@&&%@“&%@%&} AR teng) or
out put's pr exteflADISA I/O régistérie dédddght € 320. The devices |isted are decoded by
an address conparator 316 # where a PCl address A# is conpared to a

fixed address B#teMRC Halsaproyiesiaracchanium for gnpetemelrievise 6o request the MISG S ved
into one i ppybsiiRfely dEoddNPPERbE thahSaction Shd SR th HBRSA bl A%@ne’.%ﬁ?u%ggiyﬁﬁ@—#

receives
an enablde gingiPIO153¢ inkerpatiytcoanectedito g iaputaf a flipsfley 324by2ind. GFIG{15)dignat. THe t he
AND gate 3 dinto the multiple |npyt

The OR gat gg'@{‘ff%%@f’\ﬂééﬁ&’eé)f{‘gfsam? tOADIBRHE oL é{‘l’qm:ﬂg 5%, elhe

ROMCS, I GPIOT1 $1Signal 9fbnva, enhiifdvit-2 'GPTODS DEE RN signall ffom e WC
and COM_DEC 5 signals are ANDed with software tonfsi%guraglle er?ab e

si gnal s, Cuogistersi224 pnd claimed with megiivue desade timingfviaoaMBIksignahf Tha GBIQ 1Srinput pin

o0 SEer, W SO Yl B8P 50 FY e w R B B
a PM.| Q0 sbeyiaB, Agesral pGipbsalidpudiptn, GPIOH is alkb éntEiehllyNbAnctkaltala D gicsttaclipt hat
T2 The ARy g OO andh, B Quomemicnt phosme Mop 33 carpestedic abepHtor
perfornmed @frdehut AND!3EE 3301 ZFhe AGPIGT PAY sighbl it Bftware enabled via a GPIO14 DEC_EN
signal from the configuration registers 224 and claimed with medium timing via the MED signal.
The GPIO14 input pin allows the MISC 118 to override any of the address ranges represented
25 by the output of the OR gate 320. Logic (not shown) external to MISC 118 can assert a signal
onto either of the general purpose input pins to cause MISC to positively claim the cycle for its
respective ISA bus.




AND gate 322 provides an | SA decode (I SA DEC) signal for indicating that an

I nternal or external 1SA 1/O register is decoded. The M SC
118 al so provides a nechanismfor an external device to request the M SC
118- - to positively decode a PCl bus transaction and pass it to the I SA
bus. A general purpose input 15 pin GPIOL5 is internally connected to a D
input of a flip-flop 324 by an | GPIJ 15] &lignal. The Q out put of the
flip-flop 324 is connected to an input of a three input AND gate 326. The
| _GPIJ 15] signal habl ed[ Vi GPIOIq_DHC_EN Ssfgnqr_fromr t e
configuration 1 aphd wift h |medy unf degod¢ tijm g (i a
a MED signal. Thg DI N ws |t hg MISC 4 to|pogitipvelly
decode the currer jﬁ)ﬁ% i% t:gr(%gh oA iz RAUSZ138.| A
general purpose i zgé llfé t i | Bl n% th8, [ Mput
of a flip- f | aodl ] %o D tQd Q
. . e A
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Now referring to FIG 5E there is illustrated power nmanagenent decode | ogic
for accessing the power managenent logic in the MSC-L 118a and the

M SC-E 118b. A power managnment decode (PM DECODE) signal indicates
when the power managenent logic in the Q(ISC 118 is being accessed. A
nunber of address conparators 340 conpare fé%ed 1/ 0O addresses 5 tothe PCl
address. The M SCL DEC EN signal fromthe configuration registers 224
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(I NT_DECCDE) or tiner registers (TMR 40_DECODE) are being accessed.

- 24- Thus, both the M SC-L 118a and M SC-E 118b contain the
above described address decode | ogic for decoding cycles intended for
internal and external /O registers. Al though each M SC 118 contai ns

i dentical logic, software configures the #/ISC—L 118a and M SC-E 118b so
that each has onI y certain functions ena% ed. The enabl e signals fromthe

configuration r 02 gggﬁ

Now referring to hié g gts%eflg}'iési}el ustm'];l"r"t";é;l "T’ql(;:e%lt elgmr
control | er saceéging tie power ntanagehieaplogicdi the MISC/E 118a mdmemgwmm Agoode
Sk i B it W b e
any of the VB 138 Rbein@iccishd. AMRRPbE Mdk&S c&ﬁp’arﬁax% 336 ¢6R ﬁ&d lElI/O addresses

LDVA DEC 4: 0] bus 10 i ndicates the register,” otherw se I ndi cates t
i dl e st al e tothedCInddnoss The MISCIDEGEN| signkl fia the conﬁgtmtmn\rwsteﬂsézpqnahﬁes

A 31:2 3 MJ O
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regi sters Qf | stributed DVA controllers 222, a DDVA

bus i ndi cat’%gletwqul@? e?her@;@ffeml\é%sqatllﬁswﬂ positively decada &/Q %ﬂdéessqsama@pe
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FLOPPY_DEC[.4..0 Jeqister otherw se it _jndicates the
il e staretnand iR IS, B M iSY, Boves menagment rairesentneMSEH SR e
LDVA DEC[4n81a&6§slbléah%e?ﬂlsmm4xc§beﬂ§&'5 and the FLOPPYDEC]4:0] bus to
performdistributed DVA operations. A DDVA CHN WORKI NG si gnal

i ndi cat es when Now rgfaing toFiG FFthese istilustrated thei interrispt controller deneide dngictand the

bus 140 boki R e ARTT RERY IR dpaft et beat R mP bl s

si gnal 315 reddnftiom ahd anieT IDEGOM?M @?jl@atemhdnahhé ﬁterﬂlggcdhixbg& 1§~/g Writtén
S T N T N ST
Co Fia | yatTRa QRIhainp deoling3e B’Q"W&Cﬁ“%’m%" engbfeB 308 pO el WlcbFy It | N0
recei vi ng ahesMISEL Ilrsdlamédlsabépd/ﬂaelheMSCWSNIbus i s ready (El SA . READY). An

i nverted input e ves a SA cycle art
(PCl_START) si ghg™ mg%“‘ig ﬁ’oﬁ&? Rgﬁﬁ’?'& “EF&H D7ROS @é@?ﬁq@“&ﬁ? E’él Sfl
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Now referring to FIG 7B there is illustrated ? for indrcating when a
retry or alfQtadgresses 60 or 92 are being accessed, partlculary for reset operations, when the

GPIO15_DEC signal is asserted or when a NO_POST_EN signal is enabled via the configuration
registers 224.
Now referring to FIG. 5H there is illustrated decode logic 348 for the enhanced DMA

25 controller 214. An EDMA_DECODE signal indicates when the enhanced DMA controller is
being accessed. An EDMA DECODE EN signal enables the decode logic and the
MISCL_DEC_EN signal causes the MISC-L 118a to positively decode the EDMA at addresses
C14h and C1h,00xxb; and causes the MISC-E 118b to positively decode the EDMA at addresses
C1Ch and C1h,10xxb.

30 Now referring to FIG. SI there is illustrated logic 350 for indicating when the MISC 118
I/O registers are accessed. A MISC_IO_DEC signal indicates when the enhanced DMA registers
(EDMA_DECODE), power managment registers (PM_DECODE), interrupt controller registers
(INT_DECODE) or timer registers (TMR_40_DECODE) are being accessed.




configuration operation is performed. An AND gate 504 has an i nput
connected to a : - 25-
CLOCKSLOW MASK si gnal and an inverted input connected to a CPUOMER si gnal
and an out put connected to an input of an OR gate 510. The CLOCKSLOW
MASK-si gnal masks non- CPU cycles apd.forces a retry. The CPU_OMER
signal indicates when the CPU owns the bus cycle. An AND gate 506 has

an input connecriafd, béthahé MISCS 1 V83 s MIST-EL1N8b Béataih She<above dederibbd Addedtt

signal, a second.input connected to a | ocked cycle (LOCKED) signal and its

out put  corfeerdedagic for decording eyclesintendeddpr igtemal e KQoegisters. s0thonglseagh

I nverted im& : 3 . [?95 E ' |

connected 10 anrse?or esﬁqﬁ%ﬁgﬁﬁoe%%gs wssq%ngﬁgmwﬁlrlgbﬁput
connect ed that esch HabbfilpCiitais fimotidns 2fisbledn The epable signals fropnehe cosfiguraaion irépdssérs Of
the OR gate 510...The IBE SD GNT sjgnal indicates when theEDVA 10 214 owns

the | SASpu&4d : whigly funCtion§ 3 ¢mabled.c 0 ¢ he above- descri bed signal s al ready

recei ved [ mﬁwg . ' bﬂl‘ Iggﬁ%gﬂg[lﬁ

signal, int errurgk%vpcont ol Ter ’%%gm&r{tg‘”ﬁggggﬁ%{@%gna and an é)nzvmexrlted
addr ess | ahefloppndisk driveN30\L B) legaicy PMA deade bloek ¥elireceives thé1BCI_ADDKR1 @hbus, 510.
An out put of the at Y retr I gnal .

An R gat o SEoteF DN Jau (MASERLDVER. 5p! sl o Bol VT8 saal ke BMLIO_
inverted iggwk Hany Res 6fahd DRIANSakrolérd28 lard 4tcesséd) d WDMA PECES:0]bus
configuratign cycle (RETRYCONFI G wreferring to

| . No
FI G 7&0t Hadigates hejrpgistar, ptheawiseit Bzdéfet@s Q@Zﬁlggt?% A digtsibyted DMA deeide block 402
d/ byt.e.: i : - andi h . signal
and pr odur s e L ADBTS|) b o' RELINTA SBRS B5 BEO0 1t B Bl

t he NO BE isdigatalg arwhethepduthes dis@ibutedy n@MANnOghanviels si are ( fochlD BIr) . rémddef | i p
flop 518 r L V. e <LNLLT3Lo dy, .si gnal (L_I'RDY) and produces
a synchr on@i@‘\vﬁég}’gnsgﬁ ~§’ﬁg’b)-s?’§ﬁéq 5’%%9 corresponds to any\gegisters afrlogal ¢ o
FI G 7D t hfig@ibied DNMASdohi: i PDEC49) | Gthesisd !
(S_I DSEL) hS!iot_?iméltggod_i ng PC?E%%%%?S(&???{AW cygl@]eg‘?s %&@ﬁiﬁ%%&%ﬁéﬂ,g zergw?nput
connectléd indicates the idle statp. dfopnysdecpde Block 404nmcéiods]the 6 ADDRES 1:2]hws, the

GOt o G A S BN il o8 o Fe s et ey o PO gt
AD flip flfeppyZdntrolteri conthiried 6n MSIOU124)fa FDOPPYXDBC ¢ bhshdicitescthe irbgster,

synchronous, I D, sel ection, | signal (S_IDSEL)~ Now referring
to FIG 7eotherwise it indicates the jdle gafehuf fering | ogi ¢ 524 and 526 for producing

a right/read( P\’ﬁﬂi}e@bg e Q’ﬂg /@yttﬂgw ek (%Jae%t_ixe Sfllﬁﬁi'_nht‘f%*b%év& hgé

ver sions of the PCl conman enabl e si
r ef er r 28g POMAl DEC[4:Q]lbas; andithe FLOPRY REE 0] bys to genforr distribated MMAheperations.

ComLy T oA Boma, cHIS SWORIaNG, Bos Salicats whetr The“aisifbired B’ Site sthe'iS
ruming. A DDMA_CHN_BTRDY signal blocks TRDY_ until cycles are spawned on the ISA
bus 140 behind the MISC-E 118b. A DDMA_MST DEC signal and a DDMA_ISA_DEC signal
indicate when the master DMA controller 222 of the MISC-L is accessed. A DDMA_CHN_DEC

25 signal indicates when a distributed DMA channel is accessed.
FIGs. 7A-7G contain miscellaneous circuitry used in the positive and subtractive
decoding. Now referring to FIG. 7A there is illustrated a D flip flop 500 and an AND gate 502
receiving a signal indicating when the EISA bus is ready (EISA_ READY). An inverted input
of the AND gate 502 receives a PCI to EISA cycle start (PCI_START) signal and a non-inverted
30 input receives the output of the flip flop 500. The AND gate 502 produces a data valid signal
(EDAYV). _ _
Now referring to FIG. 7B there is illustrated logic for indicating when a retry or a retry
configuration operation is performed. An AND gate 504 has an input connected to a



PCI command signals (PCl_CVD [3:1]) and indicates a configuration conmand

- 26- (CONFI G CMD) when bits 3:1 are equal to 1:0:1. A conparator 530
receives the PCl address bits 1-0 (PCl _ADDR [1:0]) and provides an
output to a AND gate 532 when bits 1 and 0 are both equal to 0. The
AND-gat e 532 al so receives the CONFI G_ CMx.si gnal and provides a

CONFI G_CYCLE signal. 5 Now referring to FIG 7G there is illustrated

| ogi ¢ 534 WoUK iSLOW STAISKAdignét ghdlinRftbd Rﬂumonnected t%(ﬂﬁ? Q?W’N@R GEAPAd N9
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i s descri bechnected dbl the LOCKED signal, a seomdrdpmgcmmecthé teG rsﬁ:ahlliulctaeqlmst
t he device 1.0 SEL# e dr or three
cl ocks fol K%ﬁé‘lﬁ@‘pﬁ 6‘0#"35% *grﬁégut( °9)b 5%“%?1%#?"@ i FePHiPses
the si gnal gornéstelito MERp @mtﬂ@(\@a@mhmmw S0 GNT & Fnzirl]ﬁldidafék%kﬁtﬁéﬁmim

timng shoul d apply to the O DEVSEL_ signal. 0 agent asserts |

DEVSEL M t RVnown# @é ISADuRd3%pr HNE addition to féﬁ abmne-dw@e¢_81mmmadme®®@

18 a5, >Uihb s ONEpAES3H°s RIS gl pRAIR BRI ST AGhM, i cBATRE e
Forndi carina tbat M oC g““ﬂ“‘f‘“g g o R B WA e v 1 ng.Tor
a responsebkag%%gﬁ) r’gh t@i‘ﬁﬁ@gﬂt%ﬁlgﬁ&“ des a petfy m (PCl %USY)
signal; a PCl bpg Orekhts. sﬁBEéE&‘&s &bgﬁ@u t FBRdn@ AND YR BOE %@Eﬂ%@ﬁiﬁ)

si gnal for indicating that th DVA 214 must~give up the
becauselSa Pameetpd tathesN AliFesigual fio producingra reSpconfiguragion eycl@@RETRY_CONBIG)

referring to aIfIG 71 there is illustrated | ogic for responding to addresses
on the PCl® bus and claimng cycles. An AND gate 550 has a first

inverted input Nean tt@ FIBE 7C there! is filtAed 1a0BBLI 584 SR FockitesCthb SECT
| nput connected to an | &?nal a third inverted input connect ed

to a DDvA cemmanddyte enag heﬂsnalﬁ [ CBE[3:Q1hfor apding tagether these slglalss aod producivg a
o 071 hitecleTSCRBEI Yl A BB el RO Bl pnd 20N
out put 200 SYthnonpmﬂ vearsiom () NO iBE)f | AfD FlipiflopA\§18 receivesthe PCI initinop wéad@fsighsle D
]; lel:gi I/Iegp asﬁug{(fi\(ﬂlﬁﬁ’es t he o %%w%@mfmgg&)@? sq‘?o?a:)?of_;?gi ng an
output to an i Ny referrmg to FIG. 7D there is illustrated logic for producing the ID selection signal
(S_IDSEL) for decoding PCI configuration cycles. A mux 520 has a zero input connected to the
PCI address bit 30 (I_AD [30]) and a one input connected to the PCI address/data signal 31
25 (I_AD [31)), and a selection input connected to the laptop/expansion input pin (I_LAP_EXP ).
AD flip flop 522 receives the output of the mux 520 and produces the synchronous ID selection
signal (S_IDSEL).
Now referring to FIG. 7E there is illustrated buffering logic 524 and 526 for producing
aright/read (PW_R ) signal and a memory/IO (PM_IO ) signal from latched versions of the PCI
30 command/byte enable signals.

Now referring to FIG 7F there is illustrated logic for indicating when a configuration
command is present and when a configuration cycle is occurring. A comparator 528 receives the
PCI command signals (PCI_CMD [3:1]) and indicates a configuration command

oy



of aAND gate 558. An input of an AND gate 560 and a second input of the AND
gate 558 are -27-
connected to an MED signal. A second input of the AND gate 560 is connected
to the DDVA MST DEC signal. The outputs of AND gates 558 and 560 are
provi ded to irnputs of an OR gate 56z The OR gate 562 al so receives

t he RETRY. S|gnal t he DATA RDY signal, a WAI T sighal and a SLV_PRE

si gnal for (@ORFIG ICMDPRLGHIRYLT i€ e \%?toq bqp%c%aﬁa‘gg%g rgée%sﬁlgi’CI addre

inverted output of the flip flop 5 provi des evi ce select signal
( O_DEVSEL _pits 14:(PCLADDRI[1:QJpand pEyles e eitpatsto nANIDAZ SRDWhe bitsl amiart Ibeth

DDVA CHN B ign |d|n an,o L f aDflip
lop o8 T do Juctner ARcat (P Bl t55ohsgeeng LR 8D sl anorchiden o
ready si gn@ONmI'BYCIEsxgnal The M SC 118 asserts O DEVSEL
positively or subtract veléggo claima PClI 10 transaction. \Wen the M SC

118 asseérts o errj 7ﬁc§herm§glats§at)edt9gm§éﬂwm@h ip essentially heollectxon of

transacti ogyge Jo%agﬁé thg'ﬁilléigm ?géﬁ%o n'ee as’t tﬁ@&&%g]a%
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cgent by, e S| Rl A Bt i A0 58 oSS T e
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there i s agreenent by wa i nt erna posi
confi gukdat %mn i signals qod ouipst signalsoof FIGE. SA-6F aqddﬁGt 6,3 showh in

docked 1 nt BT @e%‘f@%a %ﬁ*&s“é’%@oﬁcﬁe oy e PELP BB ciatont & Beat,,

bot h posi t intéfses 206 dlohg aithiaiRxfaae tHdidtion (D) 1 th@ﬁgéttcﬁftﬁe flip ﬂop 542t ThE State
devi ces and devices on the_internal |SA bus 138 Now referring

to tabl e 6machips ef next gate dogia 49 is describedin Tebled conditions for the next state

540, whi ch conprroeaietd tPCl Sl P I8k eckfifon M DEVSELH el b sy ©

above. TBheoné, $woiob thresiclauits folloying the address phase (FIG 6) t Thepreferred ermbesliménmn Ii]ses

Sl fve | og: 1= Bedats RaST Mg ent SEOW el kTR 71, o i M G ROIG AR o

over the P¢d the\® DIVSEI Zsigr dfehohiget als % h I dFRR AN SH)
signal to indicate to the PCl sloa\ge Io&lk"%qcb 5 %Higrﬁm%ﬁgﬂoglgbstrl but ed DVA

transfer i itherMESerl. 1)8apoy BESCHE 1§8lgma|subtsacas@dmoéd WnWﬂhelalm and Rsyert

1o 0 S UDEVSRE . kil roipd i hed e Rl ARG gh RICOIDAE) BB ke o

O par t20c uindmungwhatm Bus ig itile; Suhit (WsAllT)/ﬁgraDﬂ)r ﬁﬂﬁ:hﬁﬁg/tﬁaﬂﬁm mmmblaﬂigs m
of the pre 6%13@ nvention is the use of the subtractive decode

(SUB_DE dﬂ%‘e WAG T9E A Tespense; hdata ready (RATARDY)/sanplpa .Pﬂlxbes syode
enabl e coNnfpcyBESY)MEni AP RS retry (RETRYS 33hal! sdiSifle Breehipflos {1V PRE) signat

for indicating that the EDMA 214 must give up the ISA bus because a PCI cycle is attempting
an ISA bus cycle.

25 Now referring to FIG. 7I there is illustrated logic for responding to addresses on the PCI
bus and claiming cycles. An AND gate 550 has a first inverted input connected to the
I FRAME _ signal, a second inverted input connected to an I_RDY signal, a third inverted input
connected to a DDMA_CHN_BTRDY signal and a fourth input connected to a DATA RDY
signal for providing an output to one input of an OR gate 552, A second input to the OR gate 552

30  receives the RETRY signal and provides an output to the input of a D flip flop 554. An inverted
output of the D flip flop 554 provides the PCI stop signal (O_STOP ). An OR gate 556 receives
aDDMA_CHN_DEC and DDMA_CHN_WORKING signals for providing an output to an input
ofa AND gate 558. An input of an AND gate 560 and a second input of the AND gate 558 are

-



machi ne to produce the signals received by the logic of FIG 71 so that the
O DEVSEL  si gnal Is asserted to subtractively claima cycle. If a
cycle is not positively clainmed with FAST, MeD

- 28- or SLONtimng, the MSC 118 with subtractive decodi ng enabl ed
will- subtractively claimthe cycle. a7, Therefore, when the

| apt op conputer L is undocked, the M SC-L 118a will be configured to

perf or m bokSnResld! toVen MED Sighlll & tée&&d@ﬁﬁ&g&ﬁl\‘/liﬂ% éf{lsrlkfgeh%d BPARe R fRr L
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a otnher cycles. - -

Tabl e 65 Aninverted output of the flip flog $dprovides sheiPCT devist splechsignal{Q- DEVSEL ). An
STATE NEXNE% Bate 566 1eots the DATA RDY signal and the f)BkEAGW signal Kr

(('l _FRAME > N
( START_PCI piaviding dn output to an input of a D flip flop368. Thé-butput of the B fliieflop 568 provides

FAST. goto thl;% (RLtJaSr\g/et N .yfsig(n g &B\@[\I,RID [%L_()?YCL E) +

The MISC 118 asserts O_DEVSEL_ positively or subtractively to claim a PCI

10 transaction. When the MISC 118 asserts O_DEVSEL , it does not negate O_DEVSEL,_ until

the transaction ends on the PCI bus 112. The PCI specification indicates the device select signal

can be asserted to meet fast, medium, slow or subtractive decode timing. If a cycle has not been

claimed by a PCI agent by the slow sampling time, the MISC 118 can assert O_DEVSEL _to

subtractively claim the cycle for the ISA bus 138 or 140. If both the MISC-L 118a and the

15 MISC-E 118b are present on the PCI bus 112, then there is agreement by way of the internal /O

positive decode enable configuration register on which agent is responsible for positive and

subtractive decoded regions. However, if the laptop computer L is not docked into the expansion
base E, then the MISC-L is responsible for both positive and subtractive decoding of its registers,
internal devices and devices on the internal ISA bus 138.

20 Now referring to table 6, there is described the transition conditions for the next state
logic 540. Except for a certain few signals, the inputs to next state logic 540, which comprise the
CONDITION column of table 6, are described above. The distributed DMA logic includes
certain start and stop signals, such as a start (START_PCI_SLV) signal to indicate to the PCI
slave logic 200 that a distributed DMA channel is beginning a DMA transfer over the PCI bus

25  112; and a distributed DMA channe! finish (DC_FINISH) signal to indicate to the PCI slave logic
200 when the distributed DMA transfer is finished. A PCI_SD_GNT signal is asserted when the
PCI slave 200 owns the ISA bus 138 or 140. A RE_RETRY signal is an internal MISC 118
signal to signify that MISC-L 118a should retry the current cycle.

Of particular importance to the subtractive and positive decode mechanism of the present

30 invention is the use of the subtractive decode (SUB_DECODE_EN) signal provided from the
internal I/O positive decode enable configuration register. This signal is used by the state
machine to produce the signals received by the logic of FIG. 7I so that the O_DEVSEL _ signal
is asserted to subtractively claim a cycle. If a cycle is not positively claimed with FAST, MED



(Il _DEVSEL_) + ( CONFI G_CMD *

(! CONFI G_CYCLE + | S I DSEL)))
goto RETRY else if ((SIDSEL *

CONFI G_CYCLE * RETRY CONFIG) +
(M SC 10 DEC * RETRY *

| CONFI G CYCLE) + (1 NT_READ_DEC *
REFRY * -28- | CONFI G_CYCLE))

goto WAIT* else if

' NO_BE *
| NT_READ DEt SLOW timing, tge MISC 118 with subtractive decoding enabled wilbspltracivelx ¢laim the

goto DATAD@XE else if ((NOBE *
) |

| NT_READ
(S_TDSEL

(M SC_ | O DEC) +
Therefore, when the laptop computer L is undocked, the MIST-LAC3Tixill be configured

| RETRY_CONFI G) ), 10

MED: go t

o tp@ﬁ\lfggxsbpth pos;it'ive(qnfi sphtrastive decg(grtlgo %Egl the laptop co%llp%?er L is docked into

O_DEVSELs) the gxpansion base E, the MISGE1 139%%‘5’5%@;‘2\ prEitci:@é}ys%cbaRe EcletiNT idertfat £

I NO BE *

PCl ET

+ (1 RE RETHYO+registers and those ISA deyie kmewn Beexist on its ISA bus Y238 by way of the
| DDVA | SA

o NBT_B%%umﬁon registers. When @%@Q‘é@%@?ﬁ?ﬂﬂéﬁ@m to positively decode

DEC +

cycles to its internal and external I/O registers and subtractively decode all other cycles.



DDVA CHN DEC) * RETRY
I DDI\/A | SA DEC *

* RETRY)) goto MED
DDVA_MST_DEC *

(DDIVA CHN_DEC *

I DC F
DDI\/A | SA DEC) +

NI SH)) goto SLV_PRE

*1 DDMACHN_WORKI NG *
| CONFI G_CYCLE) +

else if ((! RE_RETRY *
| DDVA | SA DEC
| START_PCl

* S_
_SLV *
el se i f((!PCl_SB.GNT *

( DDMA_CHN_DEC *

(1 SA_DEC

| RDY_) +

! DDI\/A | DS DEC * START_PGhpfalgy *
I PCI SD GNT) + (RE_RETR DDVA MST _DEC *
| DDMA_| SA DEC * STATE MACHINESYRANSISION EABLE +
(1 SA DEC + ! PCI _SD GNT *I'S NOBE)) goto WAIT el se if
(( DDVA_CHN_DEC * STATE NEXTSBRTEPC! _SLEONDITION
PCl _SD GNT) + (RE_RETRY *—DDVA_NVBT_DEC™
| DDMA_| SA_DEC * IDLE: gotoFASTSD GNT * ifflj RRAME_*
'S NO BE) + (1 SA DEC * (! PW RO+FRAMBS) ) *
PCI_SD GNT * |S NO BE) + (! CQEIARTCYOIESEVY)NO_BE
* PCl SDGNT * DDVA | SA DEC * - I RETRY))
5 goto IDLE else
FAST: goto PCI BUSY if (INVALID_CYCLE) +
(1_DEVSEL ) +
(CONFIG_CMD *
(1ICONFIG_CYCLE +
IS IDSEL)))
goto RETRY else if ((S_IDSEL *
CONFIG CYCLE *
RETRY_CONFIG) +
(MISC_IO _DEC * RETRY *
ICONFIG_CYCLE) +
(INT_READ_DEC * RETRY *
ICONFIG_CYCLE))
goto WAIT else if (INO_BE *

10

goto DATA_RDY

goto MED
MED: go to PCIBUSY

INT_READ_DEC *
ICONFIG_CYCLE)

else if (NO_BE *

INT READ DEC) +
(MISC_IO_DEC) + (S_IDSEL
* CONFIG_CYCLE *
IRETRY_CONFIG))

else

if (I DEVSEL_*
O_DEVSEL )
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(NO_BE * DDMA_| SA DEC)
*

got 0 DATA RDY

! DDVA_| SA DEC *

PCl _SDGNT) + -
(DDIVA MST_DEC +

| DDMA | SA DEC ) +
((PWR_ *

S NO BE)))

SLON goto RETRY
RETRY)

' RETRY) * (1 S_NO _BE*
*('PWR +

got o DATA RDY
'RETRY) ((PWR_*
PCI _SD GNT) +
goto SLV PRE el se i f(SUB_DECODE_EN)
el se if (SUB _DECODE_EN)
("I _DEVSEL )

(1 PWR_

goto DATA RDY else if(PC
(! PW R _+NO POST +

goto SLVPRE el se

'l NT_READ DEC) +

-30-

goto RETRY

goto SLOW
I f (SUB_DECODE_EN *
goto WAI'T

el se if (SUB_DECODE_EN*

SLV PRE: goto WAIT

_SD_GNT)

goto MED

goto SLV_PRE

goto WAIT

else if ((DC_FIN SH) +

+ ( RE_RETRY
DDVA MSTDEC *

((PWR_ *
S NO BE)) + (NO BE*

DDVA_CHN_DEC) *

| SA DEC *
else if {(}RONIIC D GNT) +
INO_BE %£PEE SD_GNT *
DDMA ISA _DEC * RETRY)

+ (IBRESRETRY(*SUB_DECODE_EN *
DDMA MST DEC* PCl _SD GNT
IDDMA( IR 5peT+* ! PMLIO)) 5
IS [RDY )+ (RE_RETRY *

DDMA_MST %a&'\'o )POST *
E
{
IDDMA_ ISA. » goto | OLE

IDDMA TSA DECT—
ICONFIG_CYCLE) +RE_NO_POST)
WAI T:  got @SABCRIRETRYY) (( EDAV*

else if ('IRE_RETRY *
DDMA_MST DEC *
IDDMA ISA DEC*
S IRDY )+
(DDMA_CHN_DEC *
ISTART PCI_SLV *
IDC_FINISH))

else if ((tPC1_SD_GNT *
DDMA_ISA_DEC) +
(DDMA. CHN_DEC *
IDDMA_IDS_DEC *
START PCI SLV *
IPCI_SD_GNT) +

RETRY *
DDMA_MST DEC *
IDDMA_ISA_DEC *
IPCI_SD_GNT * IS NO_BE)
+(ISA_DEC + IPCI_SD_GNT
* 1S NO_BE))

else if (DDMA_CHN_DEC *
START PCIL SLV *
PCI_SD_GNT) + (RE_RETRY
* DDMA_MST _DEC *
IDDMA _ISA DEC *
PCI_SD_GNT * [PW R_*

IS NO_BE) + (ISA_DEC *
("PW_R_+NO_POST) *
PCI_SD_GNT * IS_NO_BE) +
(ICONFIG_CYCLE * INO_BE
* PCI_SD_GNT *
DDMA_ISA_DEC *
IRETRY))



| NT_READY) goto WVAIT el se

DATA RDY: goto MED i f ( DDVA+_ CHN DEC *

DDVA_CHN_WORKI NG * ' DC_FI NI SH)

- 32- goto RETRY else if (II
FRAME: * : 31- L'l _I RDY)

goto I DLE - el se if(l_FRAME *

'l _IRDY_*PWR) got o PCl BUSY else if
)| _FRAME_* goto DATA RDY else if (DC_FINISH) +

Il IRDY_*! PWR) (NQABE* DDMARISA_DEC) el se 5
RETRY: goto PCl BUSY i f (I _FRAME ¥ (RE_RETRY *

got o RETRY el se PCDDRUSWISTADBC *DLE

if (I _FRAME *| | RDY)) IDDMA_ISA@EC PCl _BUSY

el se 10 The foregoing disclosure an«P“ERCI‘*IMII SD gfq'p)lq,e I nvention
are illustrative and expl anatory t her eof , sq@@' @ewges in the
size, shape, materials, conponents, circuit e

connections and contacts, as well as in the |,.,I | ustrated
circuitry and construction and met hod of i Qe made wi t hout

Ejggfirtl ng fromthe spirit of the invention. (ISA_DEC*((PW_R_*
INO_POST * PCI_SD_GNT) +

S_NO_BE)))
goto SLOW else .
SLOW: goto RETRY if (SUB_DECODE_EN *
RETRY)
goto WAIT else if (SUB_DECODE_EN *

IRETRY) * (IS_NO BE *
PCI_SD_GNT * (IPW R_+
(NO_POST * {PM_IO_ )))

5 goto DATA RDY else if (SUB_DECODE_EN *
'RETRY) (PW_R_*
INO_POST * PCI_SD_GNT) +

S NO BE)
goto SLV_PRE else if (SUB_DECODE_EN)
goto IDLE else if (ISUB_DECODE_EN)
goto PCI_BUSY if (I_DEVSEL )
SLV_PRE: goto WAIT if PCI_SD_GNT) * (IPW_R_
+NO_POST +RE_NO_POST)
10 goto DATA RDY else if (PCI_SD_GNT) *
I('PW _R_+NO POST +
RE_NO _POST)
goto SLV_PRE else

WAIT: goto DATA RDY  if (EDAV *
IINT READ DEC) +

INT READY)
goto WAIT else
DATA_RDY: goto MED if (DDMA_CHN DEC *

DDMA,_CHN_ WORKING *
IDC_FINISH)



CLAI M5 . VWhat is clainmed is: 1 1. A conputer system

conprising:. 2 a processor for providing bus cycles; 3 a
nmezzani ne bus coupled to said processor for carrying the bus cycles; 4
a first input/output bus; 5 a first bridge coupled between said

mezzani ne bus and said first input/outpugabus, said 6 first bridge having
a first address decoder which positively decodes and clainms a bus cycle 7

intended for said first input/o t_bus, said fjrst addrgss decoder

further including the capabilgfﬂi"t}h’;p Yto sel ix _§R§09%ractively decode

and claima bus cycle; 9 a second TABBY dut put bus; and 10

a second bridge coupl ed betmee@, id nmezzani pe. ) sgi d second

i nput/out put bus, 11 said &% ri dge hﬁzf pitety; addr ess decoder
T e

whi ch positively decodes and clains a bus rtehded for said

second i nput/output bus, said & nﬂU§eres§$Q

o gr kher including 13
the capability to selectively subtractively %Eg%e qgﬁin1a bus cycl e,
14 wherein said first bridge subtracti«velry-de %e and cl ai ns bus
cycles if said first bridge géfo DARRIRDY | Vegdecoding is enabled and said
second bridge subtractive decoding iS disabled, and 16 wherein said
first br§dge does notRETBRYm igow RGICBESYnot [ibdi FRAMIEY) decoded and said

second 17 bridge subtractively decodes and clains bus cycl es not
positively decoded i f said s&WRERYdge 1&lsesubtractive decoding is

enabl ed and sai d fig.§t We[o) ctive de i | i d. 1

2. The conputerP&;é?@ﬁygfggéggﬁéq, mherefﬁaggggwwégggﬁgggfbus i's
conprised of a 2 first por?bﬁrp@nﬂUgYsecor@seporti on, said first and
second portions being connectable by a 3 connector, said first portion
bei ng coupled to said processor, and wherein said first bridge is 4

coupl edig o sai dmefd o?gmsmauammrﬁtﬁ%pﬂﬁmmmu&%m&gdéﬁ!ﬁ%ﬂf

second portion, sai conput er system further conprising:

nmeans for deareef; andovaimusncheages in thesizeashape awtanialspeompiooents, sireuitdements, axicing 7

wherein if ﬁﬁgi | \ | AINcon said fir.st

bri dge su btc/rg ac |°¥1/Ae+@ tw@’mgﬂég g%g gs gﬁéé %ﬁqglﬁn@ hﬁd@m@%& ? g@&%]@ﬁc@gsm&gn and
wherei n i f pwthal dfioperfationsiay bemade withiout departingdroadthe spiticsf thebventidae of sai d
first and second 10 bridges subtractively decodes and clains bus cycles.

1 3. The conputer systemof claim2, further conprising:




-34- 2 ———f+Tst—TTnput/out put device coupled to said first
I nput / out put  busiyaifa __-'ﬁHﬂLl“i_‘mut/out put 3 device being addressable at a
u:: |

first address r b g ! a second i nput/output device coupled to
sai d second, inp’: outl put sbus, said second 5 input/output device being
addressabl e at a second address range, Q33. wherein said first and
second bridges each include configuration registers for selectively 7

enabl i ng tggéggg$ding of addresses to said first and second address ranges.
1 . he conputer systemof claim3, wherein said first and
second i nput/ ouMpatiszlaiteedises are identical at an identical address range.
1 5 TheAponDuter stemof claim1l, further conprising: 2

a first ¥nput/obt put AFXAPRET DSTERE SOUPUSINE, 4 first input/output bus, said

first input/out ag}ooassdﬁmr?ﬁwmms@gaés@ssabl e at a first address range; and
4 a second i nput/output device coupled to sajd second input/output
bus, said secona@zmtbpﬁ)ﬁﬂl}?&dtﬂé%‘dé@c%P r garpingdhe scysles;a second

addr ess jange, ein said first and second bridges each

i ncl ude Jconf [ gurgg{slt(l)nﬁuyglgpst ers for selectively 7 enabling the decodi ng of
addresses to sandirtibtidge engpledcheowmetn aaid meezzanirerbye and said first input/outpit. bus, saiihe

conput er_ syste f .claimp, rein said. first,.and second | nput/ out put 2
devi ces G&r r§td&$é)ge(’1§ym§ta X@ﬁ?ﬁ.(@%ﬂ%&@@&%ﬁ&é‘mﬂei and glgxms a bys °y°l°_ The
conput er7 S yidndéN fof said Adstinput/otiiitht Bis) sad birkt bddrsss dadesRARGIndMditiIRE cARABRIRI N @

2 configuration bit for enabling subtractive decoding, said first and
second &&idteseectively subtractivelyudscodeoand clainy abusepgleng addr esses when said bit

i ndi cat subtr i ve.degodi is. gnabled, said 4 first and second address

decoder ggsonly p%gﬁo}ggg} b éu@g’luﬁ’gangddr esses when said bit indicates 5

subtractg ve decadedcopdibsidge Sotipledbetweed said mezzanine Bus and sdid@econtpuebutpiictivem of
nezzani ne bus is a peripheral,k 2 conponent

claiml1, wherein sai, ] .
i nt er cohhe&#id serond %5836. having a second addregs decodenyhichpsitively despdesandeplains abws 1,
wher ei ny$aiggol idicilded s sSAGEQd HPRNDABHE 4L sdH'SESnd address decoder further including

13 the capability to selectively subtractively decode and claim a bus cycle,

14 wherein said first bridge subtractively decodes and claims bus cycles if said first bridge
15 subtractive decoding is enabled and said second bridge subtractive decoding is disabled, and
16 wherein said first bridge does not claim bus cycles not positively decoded and said second

17 bridge subtractively decodes and claims bus cycles not positively decoded if said second bridge
18 subtractive decoding is enabled and said first bridge subtractive decoding is disabled.

2. The computer system of claim 1, wherein said mezzanine bus is comprised of a
first portion and a second portion, said first and second portions being connectable by a
connector, said first portion being coupled to said processor, and wherein said first bridge is
coupled to said first portion and said second bridge is coupled to said second portion, said
computer system further comprising:

means for detecting when said first and second portions are connected,

wherein if said first and second portions are unconnected, said first bridge subtractively
decodes and claims bus cycles, and

O 0 -3 O v B W N e

wherein if said first and second portions are connected, only one of said first and second

j—y
(=

bridges subtractively decodes and claims bus cycles.

1 3. The computer system of claim 2, further comprising:



2 are industry standard architecture (ISA) buses.
- 35- 1 1; m W"’m system conprising: 2 an i nput
device for receivi ' ’Hmser; 3 Tids $heo HeszerRepladed

provi ding buys cycles to sai d i Aput device; 4 A bus
coupl ed .to said processor for carrying tRg bus cycle | a first

| nput/out put bus; 6 a first bridge coupled nmezzani ne
bus and gai d fi 6 ifdtHRoatphPilide¢eupl&fioGaid firdtis 1‘3&@, ' Yo y

addr ess decoder which pos?tt}bihvely decpodes g‘néircl aﬁﬁr{g@‘gﬁ us %@:ﬁr’g t}?j{ﬁ{pg{nded
for sai oB f idegice beipgiaddsessahln atin fisst addiess thingesandaddr ess decoder furt her

i ncluding the cgpahili gl ectively sybtractiv decode and clajm a
bus cyclg; 10 WPitbid ﬁli‘%ﬂ(’z‘é@grﬁ%“?%%ﬁp)%ﬁﬁﬁ? SEPLE g OXT'P evice, saic,sesphchn

bridge chuphma/obmputdevicedeing adiressable Bca oenddddressdadggecond i nput/out put bus,
nd address decoder which positivel

12 said second brid e&tsl‘ggi ng a secg, V ] y
decodes &nd cl ai"fP§“’g“ rst and segond drifges eaghnclpds configuration registers fouselestinabut
bus, sai %&ﬁﬁ | ' e capability to
sel ecti v’gl y suEgrﬂgegd. Ive %/ eco %wg&n%ﬁ{%tl %&L%&ggggrg%sémée% wherein

said input device is attachable to said first and second buses, 16

wherein said first bridge subtractivel y.decodes. and, ¢l ai bus cycles if
said fi rét bri dde 1§‘Jh°g‘i9ml’r'?£13¥%$“énd’g gwisméh%m gﬁﬂtaﬁnasgc&rle ipuy/enigut
bri dge s21btdedigds ar@iddacaPatas idchtichl Sdt8 danggNd 18 wherein said first

bri dge does not claimbus cycles not positively decoded and said second 19
bridge subtractively decodes and cl ai ns bus cycles not positively decoded

o on o end, 3 ST SomHEL 80 o Bl Wl kSRR 00 21 520 11T
system & cl ai mad first wipat/outputsdevide 0Bupledto Raid Bt inpat/ GRPR DS, 88idFrst Inpat/bhpst
porti ona,ﬁng a sgcond Oé’i’h on, said first and second portions being
connect abl ewegeny. ?%l?ﬁf _W,aﬁ&ﬂéd%@rféﬂgﬁ;gﬂi d first bridge is coupled to
sal d T it _port bQRediChabRlclust BBA GRRE To bid docoh b B6bR A, SEFQtha

portion, said conputer Syst er - conpri sing means
det ecti iy vputoutphtidevice deing addressatdeat azecdndaddress mngspnnect ed; 6

wherein jf said_first a segond r.tions  ar ncopnect ed, .said fiyst

bri dge séubt ract Wg{eﬂf Sf’%@'&’o@é?@ﬁ@%&?ﬁﬁ% E‘g‘“@fé’ ; t&’i‘d"%sters(%m sefe%‘f@}yei n
i f said 7i eaibliagthesiecouinh ¢rakitieades tidahl frNUNB SRR aitbsé ritigRs Of said first and
second 9 bridges subtractively decodes and cl ai ns bus cycl es.

1 6. The computer system of claim 5, wherein said first and second input/output
2 devices are identical at an identical address range.

7. The computer system of claim 1, wherein said first and second bridges contain a
configuration bit for enabling subtractive decoding, said first and second address decoders
subtractively decoding addresses when said bit indicates subtractive decoding is enabled, said
first and second address decoders only positively decoding addresses when said bit indicates
subtractive decoding is disabled.

B A W N
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8. The computer system of claim 1, wherein said mezzanine bus is a peripheral
2 component interconnect (PCI) bus,

1 9. The computer system of claim 1, wherein said first and second input/output buses
2  are industry standard architecture (ISA) buses.



1 12. _The conputer—system of claim 11, further conprising:

-36- 2 a flrst devi ce coupled to said first
I nput/out put bus, i@ mﬂmi‘ “‘Wout put 3 device being addressable at a
first address rang *+ a second input/output device coupled to

sai d second |nput/out put bus sar d secongk 5 i nput/output device being

addressabl e at a second address range, 6 wherein said first and
second RQridges ggch j E;}}.{U}ﬂ‘ regi sters for selectively 7

enabl i ng t he degodl ng%gwgﬁdr eSSeés tgﬁs% d first and second address ranges.
1 2 13. aniﬁhetdaswpﬁtreeceiwgiapmrﬁfommem 12, wherein said first and
second input/out ut 2 Vi ces.. ar.e |d nt.i cal | dentical address range.
1 3 proYjding hus gxg ‘E?ftoc??’gmw&%“cf'urther conprising: 2
first 'rwutlout amezﬂﬂiﬂe%ass&pmdeds&& foRbsdor fof Sdrryi liklt{y@! bus, said
first input/output 3 device being addressable at a fir dress range;
and 5 a first xnput/output bus;

Plrjr;utAf/ OLﬁ put bug sar é&%ﬁg@%npu?ﬂ?ﬁz&@f&g’g\gr ce %EI ngk“gag‘ﬁje*g@;tﬁ'? é{t a

second amldrﬁeasbﬁdyegﬁmng a first address Weeudet whivhi pbsitivelp tdeamds ard elaitnshd belgerlecach
I ncl ude confi uratlo regi sters for selectively 7 en i ng.t ecod of
addr essés for saic st 15 %L , 3¢ fuest address decoder further mclu£ng g sapabiif o

CorpuL s 4y SpARAY G Bl hd o second |t o put 2
10 a second mput/output bus; and
11 a second bridge coupled between said mezzanine bus and said second input/output bus,
12  said second bridge having a second address decoder which positively decodes and claims a bus
13 cycle intended for said second input/output bus, said second address decoder further including
14 the capability to selectively subtractively decode and claim a bus cycle,
15 wherein said input device is attachable to said first and second buses,
16 wherein said first bridge subtractively decodes and claims bus cycles if said first bridge
17 subtractive decoding is enabled and said second bridge subtractive decoding is disabled, and
18 wherein said first bridge does not claim bus cycles not positively decoded and said second
19 bridge subtractively decodes and claims bus cycles not positively decoded if said second bridge
20 subtractive decodirlg is enabled and said first bridge subtractive decoding is disabled.

11.  The computer system of claim 10, wherein said mezzanine bus is comprised of
a first portion and a second portion, said first and second portions being connectable by a
connector, and wherein said first bridge is coupled to said first portion and said second bridge is
coupled to said second portion, said computer system further comprising:

means for detecting when said first and second portions are connected;

wherein if said first and second portions are unconnected, said first bridge subtractively
decodes and claims bus cycles, and

wherein if said first and second portions are connected, only one of said first and second

O 0 N N W b W

bridges subtractively decodes and claims bus cycles.

1 12.  The computer system of claim 11, further comprising:



1 16. The conputer—system of claim 10, wherein sald first and

Zecogd bri dgez ](c:ont ain co Hﬁt | ondbl tdf or grﬁg h@g{é 4dved
ecodi ng, sai irs m\l ess decoders S ecodi ng
addr esses when sai d ““ “ btractive decod| said 4

first and second addr'es$ decoder s only pggitively de es when
said bit indicates 5 subtractive decodi ng is disabl ed.

The computer sygi #@ Rbutfdiiulddfce G Hﬁft@ per al
2 conponent inter conneI(J:t lﬁ% f)e Beﬁwsg@ﬁ& %E'%gﬁ%gﬁp Sstem
of claim 1deww119nialadd®$ablefataﬁtstadddessmnge;chndnput/out put buses 2 are

I ndustry, standard architecture .

a7 B & Syl o FRisBhdeieP oo fosidfecondinmtiaytevt deviet seid sesead ng:
2 5 n@uﬂ@ﬁ@t%ﬁé@%néﬁ?@ﬁble%gse&nd addressrange, video display system
1 20. A conputer system conprising: a nobile portion

includi ig: 3 Wherein said first and segopd brisiges.each itml'ﬂdp p@nﬂguratlgn gistery for electively
t f t
e 0 i YA et B AT o5 o o

sai d nmezzanine bus and said first input/output bus, 7 said first bridge

havi ng first ddre_f)qse decoder whic ql} sitively, decodes and cl ains a bus
cycle i nt en COMRYLer; Ssystem; ﬁgﬂmdat prherein, said frgh apds secand impet/cuipnt

decoder of uamgafqugnﬁgﬂqg &t&i‘lﬁﬁhﬁ%& fadige @ 1O selectively subtractively

decode and claima bus cy an expansi on base portion
connectable to said nobile portlon i ncluding: 11 a

nmezzani ne exten us. conpected to,sai zani ne .bus when said nobile
12 pOI‘?I onis Onne@{ ed’ﬁ{}u'”gx mlgngﬁg IEOFBRAG . 13

a second i nput / fiiret fapittoitpud devicelcbupled to said ﬁrst input/ou ?uﬁ&fsoﬁﬂd brst Hggysupptr! ed
bet ween _sai d zzani ne expansion bus and said secon i nput / out put bus,

sai d sedondevife; addressable at afisbardressiange andiecoder whi ch positively decodes
4 a second input/output device coupled to said second input/output device, said second

5 input/output device being addressable at a second address range,
6 wherein said first and second bridges each include configuration registers for selectively
7 enabling the decoding of addresses to said first and second address ranges.

15.  The computer system of claim 14, wherein said first and second input/output

==Y

2 devices are identical at an identical address range.

16.  The computer system of claim 10, wherein said first and second bridges contain
a configuration bit for enabling subtractive decoding, said first and second address decoders
subtractively decoding addresses when said bit indicates subtractive decoding is enabled, said
first and second address decoders only positively decoding addresses when said bit indicates
subtractive decoding is disabled.
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17.  The computer system of claim 10, wherein said mezzanine bus is a peripheral
2 component interconnect (PCI) bus.

18.  The computer system of claim 10, wherein said first and second input/output buses
2  are industry standard architecture (ISA) buses.



16 and cl ai s a~bus—eyele-intended for said second input/output bus, said

second address decoggg, further including the capability to selectively
subtractively decoﬁﬂm&mmmums cycl e. 1 21. The conputer
system of claim 20, s A M nobile portion is connected to 2 said
expansi on base, said first briage does ngf- cl ai m bus cycl es not positively
decoded and said 3 second bridge subtractively decodes and cl ai ns bus

cycles, pnd whenoj n iThe séhphtérapstbd opElaitd 10) fistthet Mchiiggnnect ed to said
expansi on base, said first bridge subtractively decodes and clains bus 5

cycles. 2 1 a maspstorage syt @Abut er syst em of clai m 20, wherein said

nmezzani bus i ' 2 conponent interconnect (PCl) bus. 1
23. Tﬁ conput%evr?deg?iglpfe&&% claim 20, wherein said first and second

i nput/out put buses 2 are industry standard architecture (ISA) buses.

1 24. met hod of decodi ng addresses in a conputer system the
comput er! syst em?d- igc‘f"mﬂ%sﬁ?%é’g’é‘g’éﬁ?g'for provi di ng bus cycles; a

nmezzani ng bus cauiitae pbRickMcthdiigocessor for 3 carrying the bus cycles; a
first input/output bus; a first "bridge coupled between said nezzanine 4

bus and ¥ai d first i apoecessor fonprayiding busicyclés; r st bri dge having a first
address decoder which 5 0sitivel geco es and clains a bus cycle intended
for said first input F&ﬁzﬁﬁ‘fmﬁ’ﬂyo"g’gﬁd O fHP PIOCE*SOL ddr ess decoder furt her

i ncl udi ngy t he capabi hiﬂryixﬁpafjsabgqjuk;v@ay subtractively decode and claima 7
bus cycle; a second input/output bus; and_ a second bridge coupl ed between

sai d mez2ani ne bus 8afighbridga renpledbstyreen spid trestaning busand said first input/enpuibusd ge
havi ng S : | | 1] l1al
bus. cycl b AR AHEE AAiAiCE RREkads Gbboder BAEh phaflcly HE6R4SH Aty SR e
addr ess 8lednteiled fon sdidh rst input/autput bus, said diesp addresstdgcdder fuetherdncludihg the capability
subtractjively decade and.claima 1 bus .cycl e, the nethod conprising the
steps ofé 13"%“"“9‘“’3‘3'85%!#)’ %ﬁ”@%‘f‘"é W_é‘tb“gﬂcgegém{]o_ performpositive
decodi ngoonl y; %3 expansion b&ezsbﬁwcbﬁ&cﬁme% §484 MOBildYorfGE jdcRidit@! f or m posi tive
and subtractive decoding; 1 . said processor providing a bus cycle to
a devicél a mezzanine extension bus connected to said mezzanine bus when said mobile

12 portion is connected to said expansion base portion;

13 a second input/output bus; and

14 a second bridge coupled between said mezzanine expansion bus and said second

15 input/output bus, said second bridge having a second address decoder which positively decodes

16 and claims a bus cycle intended for said second input/output bus, said second address decoder

17 further including the capability to selectively subtractively decode and claim a bus cycle.

1 21.  The computer system of claim 20, wherein if said mobile portion is connected to
2 said expansion base, said first bridge does not claim bus cycles not positively decoded and said
3 second bridge subtractively decodes and claims bus cycles, and wherein if said mobile portion
4 is unconnected to said expansion base, said first bridge subtractively decodes and claims bus
5 cycles.

1 22,  The computer system of claim 20, wherein said mezzanine bus is a peripheral

2 component interconnect (PCI) bus.

23.  The computer system of claim 20, wherein said first and second input/output buses
2 are industry standard architecture (ISA) buses.



15 said first bridge decoding and claimng said bus cycle only if
said device is coupled to t6——sard—f+rst bus; and 17 sai d second

bri dge decodi ng and qlpaiug g cycle if said device is coupled to
- said 18 second bri damwuﬂmgﬂﬂmﬁgﬂbrl dge does not claimthe bus cycle.

1 . 25. The net*hod o alsm £4, £38-t her conprising the steps of 2
configuring said first bridge to perform positive and subtractive decodi ng;
3 di sabling said second bridge; 4 providing a bus cycle to a
device; and 5 said first brid decodi ng and cl ai m ng said bus
cycle. 11 24. 5A methgd, of degodiae $ i & £Ompyter Bystees AhejcompeysEmy s

ot hot Of - S ne S BRERRH fof AR LS, b iezsantibus coubled o sad pidesor RIS
i ndust ry stamyieg thedos bydesca firse inpiitBApUl besis: first bridge coupled between said mezzanine

4 bus and said first input/output bus, said first bridge having a first address decoder which
positively decodes and claims a bus cycle intended for said first input/output bus, said first
address decoder further including the capability to selectively subtractively decode and claim a

bus cycle; a second input/output bus; and a second bridge coupled between said mezzanine bus
and said second input/output bus, said second bridge having a second address decoder which
positively decodes and claims a bus cycle intended for said second input/output bus, said second
10 address decoder further including the capability to selectively subtractively decode and claim a

LI - L

11  bus cycle, the method comprising the steps of:

12 configuring said first bridge to perform positive decoding only,
13 configuring said second bridge to perform positive and subtractive decoding;
14 said processor providing a bus cycle to a device;
15 said first bridge decoding and claiming said bus cycle only if said device is coupled to
16 said first bus; and .
17 said second bridge decoding and claiming said bus cycle if said device is coupled to said

18 second bridge or said first bridge does not claim the bus cycle.

25.  The method of claim 24, further comprising the steps of:
configuring said first bridge to perform positive and subtractive decoding;
disabling said second bridge;

providing a bus cycle to a device; and

th H W N -

said first bridge decoding and claiming said bus cycle.

)

26.  The method of claim 24, wherein said mezzanine bus is a peripheral component
2 interconnect (PCI) bus.

2T The method of claim 24, wherein said first and second input/output buses are
2  industry standard architecture (ISA) buses.



