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The present invention relates to a power management
architecture scheme in a computer system having a plurality
of bus masters and at least one bus slave both being
coupled to a system bus. More specifically, the present
invention relates to a shadow port and corresponding
register used for accessing data, address and status
information stored in a plurality of shadow registers
pertaining to a most recent input/output ("I/0") bus cycle
in order to enable a system management software application

to perform its intended purpose. -

BACKGROUND OF THE FIELD

It is a becoming a necessity for many companies to use
portable and laptop computers in their daily business
activities. As a result, the portable and laptop computer
markets are becoming quite profitable and highly
competitive within the computer industry. Since portable

and laptop computers are becoming more prevalent in the
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exists a crucial need for efficient power managenent architecture
schemes. This is daxkegpipee, therecexighs porrudiad aegd| Spr fiokeoters are

comonl . R
y - power management architecture schemes. This is due to the

fact that portable and laptop computers are commonly
powered by limited power sources (such as batteries) and
thus, power should be conserved wherever possible for

reliability and economic reasons.

Conventional power management schemes are generally
accomplished by monitoring and controlling power to bus
slaves. A bus slave is any type of device that receives,
but is incapable of initiating bus cycles, contrary to a
bus master which can gain control of the system bus and
also initiate bus cycles. Power management is mostly
directed toward I/0 bus slave devices since such devices
generally require a large amount of power to operate in IBM

PC/AT compatible computers.

- For example, it is comﬁonly known that power must be
supplied to an electric motor of a floppy disk drive for
the disk drive to operate. However, when the floppy disk
drive is not being utilized, the computer system is wasting
its limited power supply by unnecessarily powering the disk
drive motor. To minimize such waste, a conventional
computer system could be designed to discontinue supplying
power to the floppy disk drive motor. Unfortunately, such

a design would cause its software application to



powered by |imted power sources (such as batterieé)_and thus, power
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management, Intel developed an Intel Architecture
Microprocessor 1 comprising a central processing unit
("CPU") 2, a bus controller 3 and a power management macro
("PMM") 4, coupled together by an internal system bus 5 as
shown in Figure 1. The PMM 4 is a special hardware block
which provides 1/0 traps for trapping any access requests
by the CPU 2 to any I/O device 9a-9n which has been
powered-off and generates a System Management Interrupt
("SMI") signal by activating a SMI control signal line 8

being coupled between the PMM 4 into the CPU 2.

The PMM 4 is capable of generating two kinds of SMIs;
namely, a synchronous SMI and an asynchronous SMI. The
synchronous SMI occurs due to an internal interrupt, such
as a trap, while the asynchronous SMI occurs at any time
due to a spe;ific event that requires service before

proceeding.

In general, the PMM 4 is used to monitor the computer
system for events requiring a change in power status (i.e.,
whether an 1/0 device needs to be "powered-off" or

"powered-~on”). If such an event is detected, the PMM 4
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was " powered-of f". In response to the obvious need for effective
power managenent, Intel devel oped an Intel Architecture
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access requests Management Mode ("SMM"). SMM is a special mode allowing
the CPU 2 to operate in a special environment. completely
isolated from other software applications. Once the SMM
commenced, an internal software service routine,
hereinafter referred to as a "SMI handler routine",
services the SMI by either powering on or powering off the
I/0 device. The information necessary to determine whether
to “power-on" or “power—-off" the I/0 device is contained in
a SMM status register (not shown) within the PMM 4. After
the SMI handler routine has finished servicing the SMI, the

SMM would be exited to allow the software application to

continue.

The Intel Architecture Microprocessor 1 is coupled to
a plurality of Bus slaves, preferably I/0 devices %a-9n.
All of these devices are coupled together through a
peripheral component interconnect bus (the "PCI bus") 6.
The CPU 2 incorporated within the Intel Architecture
Microprocessor 1 includes a system management first-in last
out register (a “SMFILO register”) 7 operating in
accordance with a first-in, last-out storage scheme. The
SMFILO regiéter 7 keeps track of all the 1/0 cycles

generated by the CPU 2. The SMI handler routine reads the



by the CPU 2 to any I/0O device 9a-9n whi ch has been power ed- of f and
geper at es a-System-Manragerent | nt efdptee——ft—Sbda—si-gral—by activating a

SM control signal line 8 bei ng coupl ed between the PWM 4 into the CPU
2. wo sV 4 i s capabl e of generating two kinds eper/iahésiasos
namely, a synchronous SM and an asynchroQ%H§ SM. The synchronous SM
oceurs due to an internal interrupt, such as a trap, while the
asynchronous SM occurs at any tine due to a specific event that
requires service before pr oceedi ng. In general, the PW 4

i s*used to nmonitor the computer system for events requiring a change
in power statusSMFIEO registegdi pef Based Orddhec sonkedss tihar@ofponer ed- of f
or poweregéggr&inég ﬁﬁggﬂ ?90e g@icé éyahe%%%gbttggagﬁﬂgé%ed, what

data was being written, etc. Based on this information, it
can decide whether to re-start the I/0 bus cycle when the

particular I/0 device is accessible.

However, one problem associated with the conventional
PMM 4 is that it does not manage power consumption for I/O
devices being controlled by an alternate bus master 10, but
rather, for only 1/0 devices controlled by the CPU 2. As
shown in Figure 1, the SMFILO register 7 is incorporated
within the CPU 2 within the Intel Architecture
Microprocessor 1, and thus, the SMFILO register 7 does not
store any information pertaining to I/O bus cycles
generated by the alternate bus master 10 in the computer
system. As a result, if an 1/0 trap occurs for the
-alternate bus master 10, the SMI handler routine does not
have enough information about to the I/0 bus cycle to
reliably determine whether to re-start it. Such
unreliability has caused many software applications to
unnecessarily fail. Moreover, I/0 port émulation using

traps is not possible for alternate master accesses.
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| / O devi ces 9a-9n

capable of storing the contents of a bus cycle generated by

any bus master; namely, its data and address.

It is also an object of the present invention to
provide a power management scheme which is inexpensive to

implement.

It is another object of the present invention to
provide a power management scheme which would manage power
for each 1I/0 device on the system bus, regardless of which

bus master controls the system bus.

Yet it is another object of the present invention to
prevent unnecessary failure of a computer system's software

application.

These and other objects of the present invention are
provided by a shadow port and a corresponding register used
for transferring data, address and status information
concerning a preceding I/0 bus cycle before a system
management intefrupt is initiated. The shadow port is an
address loeation of a register having a predetermined

number of bits, wherein the register is capable of
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and based on the contents thereof, determ nes which I/0O device 9a-9n
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successive bus cycles.

The present invention further includes a method for
transferring data, address and status information
concerning a preceding I/0 bus cycle. Such method
primarily comprises four steps. A first_step is to unlock
memory space allocated to registers within the PMM (i.e,
the PMM register space) since the PMM register space is
normally locked for system security. A second step is to
read status information from at least one status register
within the plurality of system management shadow registers
in order to ascertain the cause of the system management
interrupt. Thereafter, the address information within the
system management shadow registers is read to find out
details pertaining to the trapped I/0 cycle, such as, for
example the CPU accessing a powered-off disk drive,
requiring the PMM to intervene. The final step is to
retrieve data from the system management shadow registers
one byte at a time. The reading of the status information,
address and data is accomplished by the corresponding
register repeatédly accessing the system management shadow

registers through the shadow port.



However, one problem associated with the conventional PW 4 is that it

does not manage power censthpti on fe+—/ O dewees being controlled by
an alternate bus master 10, but rather, for only 1/0O devices controlled
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I ncor por at ed wthin the CPU 2 within the__d_ntel Architecture

M croprocessor 1, and thus, the SMFILO regi ster 7 does not store any
information pertaining to I/O bus cycles generated by the alternate bus
master 10 in the conputer system As a result, if an I/Otrap occurs
for the al ternate bus naster he. does not
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invention will become apparent from the following detailed

description of the present invention in which:

FIGURE 1 is a block diagram of a conventional prior
art Intel Architecture Microprocessor comprising a CPU, a
memory controller and a bus contrcller, wherein the CPU

contains a SMFILO register.

FIGURE 2 is a block diagram of the present invention

featuring data and control lines.

FIGURE 3 is detailed view of System Management

Shadow Port register.

FIGURE 4 is a timing diagram of the operations of a
computexr system incorporating the system management shadow

port and the system management shadow port register.
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address, data and st atus

T , MBS System
managenent shadow regi sters through

The present invention relates to an apparatus and
method for managing power in a computer system. More
particularly, the present invention relates to a port and
corresponding register used to transfer data, address and
status information concerning a most recent 1/0 bus cycle
before initiating and servicing a system management
interrupt ("SMI"). 1In the following detailed description,
numerous specific details are set forth, such as a bit
width of the power management shadow port register. It is
apparent, however, to one skilled in the art that the
present invention may be practiced without incorporating
such details. In other instances, well known elements,
devices, process steps and the like are not set forth in
detail in order to avoid unnecessarily obscuring the
present invention. Moreover, while the present description
discusses monitoring I/0 bus cycles, it is also
contemplated that the present invention may be designed to
monitor memory bus cycles pertaining to memory devices such

as DRAM, SRAM, etc.

Referring to Figure 2, it illustrates a computer
system and a few of its associated data and control signal

lines incorporating a single chip integration 11 usable in



successi ve bus cycl es. The present invention further includes a

nmet hod for t r ans+er+-rg datas n
concerning a preceding I/0O bus cycle. Such nethod primarily conprises
four steps.wOsokhésmg sStep is to unlock menory space al Iporaisesiozos
registers wwthin the PW (i.e, the PI 1_register space) since the PM
regi ster space is normal |y | ocked for 'system security. A second step
is to read status information fromat |east one status register

within the plurality of system nmanagenent shadow registers in order to
ascertain the cause of the system nanagenent interrupt. Thereafter,

the address i nfalinaengaswpfportabde and Lymtefn GRIPYGERENES sHaHb RS ¥t er s
is read to find out details pertgining.to, th e l.e, such
as, for e%ﬁﬁﬁﬂ@sfﬁng?ﬂuﬁgfggkinShS H%r%8¥%F%E§B§kQ%¢é§%§*§a
requiring the fdgy g | B! GENSRP coltGchBa! 15] GferfpHdtal compEhéntve data
fromthe systenT nmanadenent s d%m/reglsters one byte at a tine. The
readi ng of the giwdrdéonneber (®¢ON, bus controller 14 and the Power
Management Macro ("PMM") 15. Each of the above are coupled

to an internal multi-master system bus 16.

The PCI bus controller 14 is further coupled to the
PCI bus 17 to enable communicationé between at least one
I/0 device 18 and one bus master, such as the CPU 12,
internal alternate bus master (e.g., memory controller 13)
or an external alternate bus master (e.g., an external DMA
Controller) 19, hereinafter generically referred to as a "
bus agent". Although the present disclosure discusses the
implementation of the single chip integration 11, it is
contemplated that the present invention may be practiced as
a combination of discrete components coupled together by a

bus in order to share information.

Accordingly, since both the CPU 12 and the internal
and external alternate bus masters are able to control the
internal system bus 16, the conventional architectural
scheme for monitoring bus cycles generated by the CPU 12,
as shown in Figure 1, would not be able to monitor a bus
cycle from the alternative bus master 19. However, the

present invention could monitor these bus cycles.



address and data is acconplished by the corresponding regi ster
repeat edly accessing the system nanagenent shadow——_regi sters through
t he shadow port. WO 96/ 26488
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DESCRI PTI ON OF THE DRAW NGS The objects, features andva vant ages
of the present invention will beconme apparent fromthe follow ng
detail ed description of the present invention in which:

FIGJRE 1 is a bl ock diagram of a conventional prior art Intel
Architecture M croprocessor conprising a CPU, a menory controller and

a bus controller, wher&¢ RERSegpUinventigmirgliages GRR LYIEY Seppagement

shadow port (not shown) residing in an address location in
the PMM's index address space. The shadow port enables a
corresponding register, namely, a system management shadow
port register (the "SM SHD PORT register”™) 21, to read or
store data, address and status information from a plurality
of system management shadow registers'(hereinafter referred
to as the "SM shadow registers”) 22 through successive read
and write cycles, respectively. As a result, the SM shadow
registers 22 can be accessed through a common port (i.e.,
the shadow port) rather than having to be individually

accessed through multiple ports.

The SM shadow registers 22 are a bank of transparent
latches with enables which are placed within the PMM 15,
The inputs of these latches are coupled to the internal
system bus 16, byte enable pins, etc. The latches are
enabled to capturé data address and status information at
the end of every I/0 cycle via internal logic. This is how
"shadows"” (i.e., copies of information) of subéequent I1/0

cycles are maintained.

When the SMI is generated, the internal control logic
does not enable the latches anymore. Thus, a shadow of the
I/0 cycle before the SMI is maintained for the SMI handler

routine to utilize. The latches can be re-enabled to



FIGURE 2 is a block diagramof the present invention featuring data

and conmtrot—++nes. ———— Fl GRE-S—ts—detattecd—vew-of—System
Managemnent Shadow Port register. FIGURE 4 is a timng

di agram of twesmwassti ons of a conmput er system i nCor popeiipSdiobids

syst em managenent shadow port and thg1§ysten1nanagenent shadow port
regi ster. WO 96/ 26488

PCT/ US95/ 02305 - 9- FI GURE 5
is a flowhart on the operations of the Syst em Managenent Shadow Port .

capture I/0 cycles after the SMI handler routine has

finished reading the SM shadow registers 22.

In the present embodiment, a PCI bus controlier 14
forwards any transactions found on the PCI bus 17 onto the
internal bus 16. Hence the SM shadow registers 22 can
latch data pertaining to any cycle from either the PCI bus
17 or the internal bus 16. Hence, the PMM 15 would be able

to monitor the bus cycles generated by every bus master.

Referring now to Figure 3, the SM SHD PORT register
21 is illustrated having a bit width of eight bits in order
to enable data, physical addresses and status information
to be stored therein. As previously stated above, the
SM_SHD PORT register 21 may be designed to be any bit width
or even a plurality of registers so as to be able to store
information concerning not only the most recent bus cycle,

but also a number of prior bus cycles.

As in conventional system management schemes, SM
shadow registers 22, such as the SMFILO register 7 shown in
Figure 1, continue capturing information pertaining to

most recent 1/0 bus cycle until the SMI is generated by the

PMM 15. The SMI is generated by activating a PSMI signal

line 23 coupled between the PMM 15 and the CPU 12 so as to

disable (i.e., freeze) the SM shadow registers 22 while the
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The present invention relates to an apparatus and nmet hod for nanagi ng
power in a CoRpYbRisess/Stem NMore particularly, the presepérishtsiok ON
relates to a port and correspondi ng regj ster used to transfer data,
address and status information concernThﬁ'a nost recent |1/0O bus cycle
before initiating and servicing a system nmanagenent interrupt ("SM").
In the follow ng detail ed description, nuner ous specific details are
set forth, such as a bit wi dt h of the power managenent shadow port
register. It is SMI hgpdemtroundnevis senyicangskhe | . n Thige SHEt handlen he

routine can then store such information in a System
Management Random Access Memory ("SMRAM™) 24, and allow the

software application to continue.

For each I/0 bus cycle captured, the SM shadow
registers 22 store seven bytes of information, including
(i) up to four bytes each having eight bits of data (DO-
D31), (ii) two eight-bit bytes of I/0 address (A0-Al5) and
(iii) a status byte which includes a valid bit, a plurality
of byte enable bits and a write/read bit. These shadow
registers are serially accessed through the SM_SHD PORT
register 21 one byte at a time during successive read

cycles.,

As illustrated in Figure 3, the status byte stored
in the SM shadow registers 22 is first read into the
SM_SHD_PORT register 21. The status byte is read first
because it contains information about which data bytes are
valid and if the particular I/0 cycle field is valid. The

bits are described as follows:

Bit 0 is a VALID bit 25 which indicates if this bus
cycle field contains valid data. The VALID bit 25 is set
to indicate that the SM shadow registers 22 contain valid

data, but is only set for 1/0 trap SMIs caused by CPU
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master bus cycle.

Bits 1-4 are four byte enable bits 26a - 26d referred

to as BE0O through BE3 respectively. The byte enable

bits 26a - 26d are designed to be active-low and are
primarily used to indicate whether data read from the SM
shadow registers 22 during each of a second, third, fourth
and fifth read cycle contained valid data. If any of these
bits are set to be logic "high", then its corresponding

data byte contains invalid data.

The sixth bit referred to as "Bit 5" is a read/write
bit 27 which indicates whether the stored I/0 bus cycle
generated by the bus master was a write or a read
instruction. 1In the present example, the read/write bit 27
is set when the I/0 bus cyclé was operating as a write
instruction but could easily be altered. Such "read"” or
"write” information is important because if the bus cycle
was a read bus cycle to a device which is powered-off, the
data is most likely invalid. Write instructions, however,

usually transfer valid data.

Bits 6-7 are reserved to be used in another unrelated

application.



end desktop conputers. The chip integration conprises a CPU 12, a
mendry controller 13, perpheral conponent -1 ntereonnect ("PCl") bus
controller 14 and the Power Managenent Macro ("PMM') 15. Each of the
above are coupwpdenssgs t0 an internal nulti-nmaster system buspéfm

The PQ bus controller 14 is further coupled, to the PCl bus 17 to
enabl e communi cati ons between at |east one |/ O device 18 and one bus
master, such as the CPU 12, internal alternate bus master (e.qg.
menory controller 13) or an external alternate bus master (e.g., an
ext ernal DVA Controller) 19, hereinafter generically referred to as a
bus agent". Although t¥RehitdieedyOdEERP 5aRIe diSsPyegEamped, all accesses
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I nformati on. ccordingly, since both the CPU 12 and the interna
particular device responds. The PMM 15 is able to
determine whether the CPU 12 controls the internal system
bus 16 at the time of the trap by sampling the Memory
Controller's Hold Acknowledge MHLDA 32 output. The ff&g&
signal 32 acknowledges that the CPU 12 has given up control
of the internal system bus 16. In the present
architecture, if the CPU 12 is not in control of the
internal system bus 16, any cycles currently on the
internal system bus 16 may be generated by any number of
other bus agents, including the external alternate bus

master 19.

If a bus cycle being trapped on the external system
bus 17 is generated by the external alternate master 19,
then the PCI bus controller 14 is notified by an active low
PMM select signal, referred to as the EEEE&EI signal 20 and
places the bus cycle onto the internal system bus 16 so
that the PMM 15 can shadow it. Thus, the PMM 15 can shadow
any 1/0 bus cycles within the computer system 10 in its SM
shadow registers 22. Since it also knows whether the
internal system bus 16 is contfolled by the CPU 12 or any

alternate bus master at the time of the trap, it can



and external alternate bus masters are able to control the i nt er nal

system bus—16; the cenventt+onal a _ Ri-toring
bus cycl es generated by the CPU 12, as shown in Figure 1, would not be
abl e to noDNIWOBG6/Z54881S cycle fromthe alternative bus npetogsosilsos
However, the present invention could,gpnitor t hese bus cycl es.
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-12- The present invention relates to a system nmanagenent
shadow port (not shown) residing in an address |l ocation in the PMWM s

i ndex address space. .The shadow port enaples a cor respondi register,
nanely, a syste ﬁng&ﬂ§i¥ﬂ§%§h§Bgmlvall ofitregle¥erthe I‘§ﬁP§%BPCRT

regi ster") 21, . o] r t us. J.nf. i on
froma plurali t3%8‘1{"%‘?%f(g‘a'[snysft:L W %aégbgﬁﬂ&e%e gg’gdg\?ﬁ?éég@s&e‘%se %}#é’?télﬁ%g%l'er
referred and decide whether or not to re-start the cycle. Only the

CPU 12 has automatic I/0Q re-start capability.

The following is a detailed description of the
operations of the power managemeht architecture scheme
trapping the internal system bus cycle pursuant to a
particular design of the embodiment in Figure 2 after the
PMM register space is unlocked. As illustrated in Figure
2 in combination with the timing diagram in Figure 4, to
commence the each bus cycle, either the CPU 12 or the

internal alternate bus master 13 asserts an address strobe

SADS 30 to initiate a cycle (Step 1). Concurrently, an

address of the I/0 device that the bus agent is attempting

to access is placed. on the internal system bus 16 (Step 2).

The address strobe signal SADS 30 simply affirms that the

address is valid. If the external alternate bus master 19

desires to initiate the bus cycle, it does not assert the

address strobe SADS 30; rather, it places an active FRAME
31 signal in combination with the address of the 1/0 device
onto the PCI bus 17 which, in turn, is placed on the

internal system bus 16 (Step 3).

After the I/0 trap mechanisms determine that the

address falls within one of the trap ranges {step 4), the




to as the "SM shadow regi sters") 22 through successive read and wite
cycles, respectively. As a resul+~—the SM shadow —egi sters 22 can be
accessed through a comon port (i.e., t he shadow port) rather than
having to be i W s2dess| | v accessed through nul tipl e ports.pcrusesnzses
The SM shadow registers 22 are a bank of traggparent | atches with
enabl es which are placed within the PWM 15. The inputs of these |atches
are coupled to the internal system bus 16, byte enable pins, etc. The

| at ches are enabled to capture data address and status i nformation at

(o copi o8 of PoFaer il shcBRE SR (FeP'SS - omRbatrenar ot AL

Wien the SM is gggegaidshs tmmmwal 1" %'5 Qﬂiéh wnerﬂg.%iloet enabl e
the | atches anynore. Thus, a shadow t O cycle before the SM is

mai nt ai ned for thdiSAblémrtHecbus agéﬂtltfftﬁn Tr.&eh\hthrél?y tdninat e AgStisd b
re-enabled to
cycle (Step 6). This guarantees that the bus agent will
not start a new cycle while the bus cycle is disabled.

Thereafter, the PMM 15 generates a SMI request signal which

is inputted into the CPU 12 through the PSMI signal 23 in

order to invoke the SMI handler routine (Step 7). At this
time, the PMM 15 disables the SM shadow registers 22 for

use by the SMI handler routine (Step 8).

After allowing enough time for the CPU 12 to recognize
the SM1, PMTRAPCYC signal 35 is deasserted and the bus
cycle is terminated (Step 9). This guarantees that the bus
agent does not start a new cycle before the SMI handler
routine commences; otherwise, if a new cycle is mistakenly

executed, then the shadowed data becomes invalid.

The SMI handler routine accesses information from the
plurality of SM shadow registers 22 through the system
management shadow port in combination with the SM_SHD PORT
register 21 by first reading status information from at
least one status register within thelplurality of SM shadow
registers 22 in order to ascertain the cause of the system
management interrupt (Step 10). Thereafter, address

information within the SM shadow registers 22 is read to
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-13- ————captture—++OS-eyetes af '
finished reading the SM shadow regi sters 22. In the present
enbodi nent, wole6hedssis controller 14 forwards any transagrivessesggund on
the PCI bus 17 onto the internal bus_1@. Hence the SM shadow registers
22 -can | atch data pertaining to any cyCle fromeither the PCl bus

17 or the internal bus 16. Hence, the PMM 15 woul d be abl e to nonitor
t he bus cycles generated by every bus master. Referring now to
Figure 3, the SM SHDPORT regi ster 21 is illustrated having a bit wdth
of eight bits |HEGPH@%“9 det%%}seﬁﬁﬁFélQ&ﬁgitﬂoﬁ?§|EﬁPPE%ﬂr%f- %ﬁﬁd SPgR s
information wﬂgiﬂ%&% ggsﬁbweﬁ £V(s43! !ﬁta‘éﬁe AbQYE, the

SM SHD PORT register gne e any- b
bytes are retrieved from the SM shadow registers 22

sequentially (Step 12). The reading of the status
information, .address and data is accomplished by the
SM_SHD PORT register 21 repeatedly accessing the SM shadow

registers through the system management shadow port.

Once the SMI has been serviced by the SMI handler

routine in order to "power-on" the selected I/0 device, the

selected 1I/0 device will generate a SRDY signal (Step 13).

‘However, if

the SRDY signal has not been returned within a

predetermined time period, the PMM 15 will generate the

SRDY signal, assuming that the selected device is

permanently powered-off or the like (Step 14).

The present invention described herein may be designed
in many different methods and using many different
components. While the present invention has been described
in terms of various embodiments, other embodiments may come
to mind to those skilled in the art without departing from
the spirit and scope of the present invention. The
invention should, therefore, be measured in terms of the

claims which follow.



or even a plurality of registers so as to be able to store I nformation

concerning not only the nost recent bus tycte, - -but also a nunber of

prior bus cycl es. i“’l'lﬂﬂ" i onal system nanagenent schenes,

SM - shadowwuoessredssr s lﬂlllﬁﬂllﬁﬁllﬂw LO register 7 shoishsnses

Figure 1, continue capturiig anbrﬂhtﬁon*pet&gLning to nmost recent 1/0

bus cycle until the SM is generated by the PMWAS—Hre—SM—+=s —

generated by activating a PSM si gnal i ne 23 ¢ouplREPILRCEEESHERTSW SG

15 and the CPU 12 so as to di sable (i.e., freezﬁg the SM shadow

registers 22 while the WO 96/ 26488 Description : paged ....... to paged ..7.

PCT/ US95/ 02305 SLAIME/. |CxClan®l haagiderad.. to paged .23

routine is servicing the SM. The SM handl er réﬁ b%irﬁ:%‘f' tpge:;}j SEOIE naned .=

such information in a System M M N
O Abstract @ paged ...5... to paged ...

What is claimed is:

1. A power management device operating in
combination with a software application for monitoring
access request signals on a system bus from a bus master to
a bus slave in order to trap a current bus cycle when the
bus slave is non-accessible and to store data, address and
status information of the current bus cycle, said device
comprising:

means for monitoring the access regquest signals

on the system bus and for generating an interrupt
signal to be inputted into the bus master in order to
discontinue operation of an application, said
monitoring and generatihg means includes

first means for reading and storing the
data, address and status information of the current
bus cycle, and

second means for subsequently reading and
storing said data, address and status inforﬁation

within said first reading and storing means.

This Sheet Has Been Replace
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Managenment Random Access Menory ("SMRAM') 24, and all ow the sof tware
appl|catr0ﬁ-fﬁ—eﬁﬁ%+ﬁue————————————4%ﬁ~1ﬁu#+++{kbus—syeLe_captured, the-SM —_

shadow regi sters 22 s of information, including (1)
up to four mwoes2essech h g mﬂj E of data (DO D3 errusdsiopaos WO
ei ght-bit bytes of 1/0 a resst (ii1) a status byte which
Includes a valid bit, a plurality of by%e enable bits and a wite/read
bit. These shadow regi sters are serially accessed through the SM
SHDPORT regi ster 21 one byte at a tinme during successive read

cycles As illustrated in Flgure 3, the status byte stored
in the SM shadow regfst er@®sevice; psto ding e Glapm 1 edipseRt

regi ster 21. Thf%,?%ﬁt}éﬁa‘%}ﬁ%aa{aé £€3§'1 m%tans fmgje.&é%? ea* 1330 Bl

i nformati on abou ytes ar e parylcularl
cycle field is ¥éfisterdRoupledi t& & éia%i@tnl bad.as fol |l ows:

3. The device according to claim. 2, wherein said.
second reading and storing means includes a port and
corresponding register for obtaining data, address and

status information from said reading and storing means,

4. The device according to claim 3, wherein said
corresponding register is capable of storing at least eight

bits of information for every read cycle.

) 5. The device according to claim 4, wherein said
corresponding register includes a bit indicating whether

each of said plurality of registers contain valid data.

6. The device according to claim 5, wherein said
corresponding register further includes a plurality of bits
containing information'regarding which bytes of data are

valid.

7. The device according to claim 3, wherein the
port resides in an address location with an index address

space of the monitoring and generating means.

This Sheet Has Been Reﬂlaced

AW




Bit O is a VALID bit 25 which indicates if thls bus cycle field
contains valid data. Th ——10 indicate that the SM

shadOM/reglsters 22 cont g" ta but is only set for I/Otrap
SM s caused byy T‘mm HM" ﬂ , PCT/US95/02308

PCT/U895/02305 -15- accesses. The

VALID bit 25 remains |nact|ve mhen the datazz_ stored in the SM shadow
registers 22 is froma non-CPU mast er bus cycl e. Bits 1-4
are four byte enable bits 26a - 26d referred to as BEO t hrough BE3
respectlvely The byte enabl e bits 26a - 26d are designed to be

a(r:]t i ve-1 ow aﬂddar e B.ori BRI p?"h%%c?‘t‘%?‘ﬂ%&ﬁcﬁ?ecm Har WBEFELIRERL f r om
t SM t 22 d f h
bna T11th rena oS EasBRraTRdretdeat 5RRtagy S IBETRdpu QLAY T

generating means.

9. A device operating in a power management scheme:
for monitoring access request signals on a system bus from
a bus master to a bus slave in order to trap a current bus
cycle when the bus slave is non-accessible and to store
data, address and status information of the current bus
cycle, the device comprising:

a power management macro being coupled to a
system bus to monitor said access request signals,
said power management macro including

a first plurality of registers for reading
and. storing said data, address and status
information placed on the system bus,

a port and corresponding register for
reading and storing data, address and status
information within the first plurality of
registers, the corresponding register having at
least eight bits, wherein

at least one of the at least eight
bits indicating whether the address and

data information is walid,

-
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bits are set to be logic "high", then Its correspondi ng data byte

contaims—nval i d data— Fhe—sid-h—bt— “Bit 5" isa
read/ wite bi t 27 ether the stored I/0O bus cycle

gener at ed bwdim;hus 'H'I Wor a read | NSt I piSin 2308 the
présent exanple, the rea ut i s set when the 1/ 0 bus cycle

was operating as a wite i nstruction But could easily be altered. Such
"read" or "wite" information is inportant because if the bus cycle

was a read bus cycle to a device which is pomered of f, the data i s nost
likely invalid. Wite instructions, howeve ly transfer valid

dat a. Bits 6-7 are reser?%EPtQ;lﬁ§ &§éﬂt|ﬂmﬁﬁdgﬁépeuﬁFeiﬁf%H

appl i cati on. eight bits indicating a corresponding byte
of data from the current bus cycle contains
valid data, and
at least one of the at least eight
bits indicating if the current bus cycle
was a write or read cycle, and
a control signal coupled toc the bus master

in order to interrupt the bus master.

10. A computer system capable of operating in a
power management scheme, said computer system comprising:

means for processing bus cycles;

means for receiving bus cycles;

bus means. for coupling said processing means and
said receiving means; and

means for monitoring at least one access request
signal placed on said bus means and for generating an
interrupt signal to be inputted into said processing
means in order to discontinue operations of the
computer system, said monitoring and generating means
includes
| first means for reading and storing data,

address and status information of a current bus

This Sheet Has Been Re|ilaced
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- 16- When the T7O trap range—i-s—progranmed, all accesses to

that range are trapped, ﬁ owner shi p. The I/ O trap range
i s a range of IwOeetkdssrss mnﬂ,ﬂm L'Hj”ﬂ partlcul ar device rﬁ_sﬂgﬁgmmehe
PM 15 is able to det et metr 12 controls the 1nterna
system bus 16. at the tine of the trap by mpl i ng the Menory
Controller's Hold Acknowl edge MHLDA 32 output. The NMHLDA signal 32
acknow edges that the CPU 12 has given up control of the internal
system bus 16. In the present architecture, if the CPU 12 is not in
control of .the i nt ernal SXGkeeMbEDsthe reaRiving BSaRErieMaty on t he

i nternal system bus 16 may be Jene ted_by any nunber of ot her bus
agents, including the exterrﬁﬁ &?ﬁat%“ us master 19. If a

bus cycl e being trapped on the e@e%aa' nS¥st OfBr subdeSuddely SERANA! 8HabY

the external alternate master 19,
storlng the data, address and status information

contained within the first reading and storing

means; and

software means executed by the processing means
for enabling the second reading and storing means to

read the first reading and storing means.

11. The computer system according to claim 10,
wherein the first reading and storing means includes a

plurality of registers coupled to the bus means.

12. The computer system according to claim 10,
wherein the second reading and storing means includes a
port and a corresponding register to obtain the data,
address and status information from said first reading and

storing means.

13. The computer system according to claim 12,
wherein the corresponding register is capable of storing at

least eight bits of information for every read cycle.

This Sheet Has Been Relilac
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then the PCl bus controller 14 is notified by an active | ow PMM sel ect
si gnal ,—referred to TYm s cycle—

; _ - -—29—&&é——-—4¥4xx¥;4JuLiuj.
Thus, the Phidabsas Syséﬁlgﬂmnmﬁingﬂuu.|||ﬁ bus Gyol €5 wi thi n t PoupemRs!
* Q)

system 10 in its SM . w megssters 22. Since it also knows et her

t he i nternal systembus 16 is cont r ol T& by the CPU 12 or any
alternate bus naster at the tine of the trap, it can WO 96/ 26488
PCT/ US95/ 02305 -17- accordingly set
the "Vvalid" bit. Now, the SM handl er routine can figure out where the
trapped cycl e ori gi rfigk-ed The computereSwitemhecherding it algimeldiart the
cycle. Only the CPU 12 has automatic 1/O re-start cagabilit :

wherein the corresponding register includes at least one

bit indicating whether the current bus cycle contains valid

data.

15. The computer system according to claim 14,
wherein said corresponding register further includes a
plurality of bits indicating whether successive bus cycles

contain valid bytes of data.

l16. The computer system according to claim 11,
wherein the monitoring and generating means is coupled to
the processing means through an interrupt signal line in
order to enable transmission of the interrupt signal from
the monitoring'andrdenerating.means:to the processing.

means.

17. The device according to claim 13, wherein the
corresponding register resides in said monitering and

generating means.

18. A computer system capable of operating in a
power management scheme, said computer system comprising:

a system bus;

This Sheet Has Been Replac
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The following is a detailed description of the operations of the power
managenent architecture schene trapping the 4nternal system bus cycle

pursuant to a particjuﬂ m enbodinent in Figure 2 after the
PMM regi ster sweeo6résss un! lm ﬂﬂlﬂ""ﬂ u at ed in Fi gure BCt/0595/02308
conmbi nation with the tim g di agram in gur? commence the each
bus ‘cycle, either the CPU 12 or the ° I nte ﬁal alternate bus nmaster 13
asserts an address strobe SADS 30 to initiate a cycle (Step 1).
Concurrently, an address of the I/O device that the bus agent is
attenpting to access is placed on the internal stem bus 16 (Step 2).
The address strobe signal SRADSEETal mpyeaﬂmrmntth ort RRntrolling &8s i s
valid. If the external alterqgte %% res tb J nltlatf é e
bus cycle, it does not S¥SE®Pt "ﬁ1e e 588?5@% %ﬁ"rc(?ﬁé"ggdé“%‘b S0 EPUPLE
places an active FRAVE, ﬁheﬁ%y %iLn conbi nation with the address of

the 1/0 device onto t which, in turn, is placed on the

internal system bus 16 (St e§n3élternat1_ve unff t S5 [dtkbDl i K@ HE GyateRs

determ ne that the address falls within one of the trap ranges (step

4), the bus, the alternative unit being coupled to the system
bus; and

a power management unit for monitoring at least
one access request signal placed on the system bus and
for generating an interrupt signal to be inputted into
the central processing unit in order to discontinue
operation of the computer system, the power management
unit including _

a first plurality of registers coupled to
the system bus for reading and storing data,
address and status information of a current bus .
cycle, and

a port and corresponding register for
reading and storing the data, address and status
information from the first plurality of
registers; and
a system management software application being

executed by the central processing unit in order to
enable the corresponding register to read the first

plurality of registers through the port.

s Sheet Has Been Reilaced
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asserts a PMIRAPCYC si en active, di sabl es the bus
agent from wmymassel rlﬁ'B:’\lmmm bus cycle (Step fornsesissos
guarantees that the bus-agen not.;tart a new cycle while the bus
cycle is disabl ed. Thereafter, the PNV 15 generates a SM request

si gnal whi ch is inputted into the CPU 12 through the PSM signal 23 in
order to invoke the SM handler routine (Step 7). At this time, the PWM
15°di sabl es the SM shadow regi sters 22 for use by the SM handl er
routine (Step 8). 19. A mehb?éerﬂ|mﬁmas§n9n5qgﬁrthﬁblmoﬁ CRBPYFRF 12 to

the SM ., PMIRAPCYC 35is d te the b
Cycl e i o ter m rHESE BELPS oo SR o RS A9 ¢ ReLH Bechod ® 7

comprising the steps of:
servicing a system management interrupt which

includes the steps of:

reading status information from a plurality
of system management shadow registers in order to
ascertain a reason for a system management interrupt,

reading said address information within the
plurality of system management shadow registers in
order to determine which device caused the trapped I/0
bus cycle, and

retrieving data sequentially from the
plurality of system management shadow registers by
repeatedly accessing .a system management shadow port
and a corresponding system management shadow port

register.

20. The method according to claim 19 including steps
prior to the step of servicing the system management
interrupt, wherein the method further comprises the steps
of:

placing an address of a selected I/0 device that
the bus agent is attempting to access onto an internal

system bus;

is Sheet Has Been R laced
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agent does not start a new cycle before the SM handl er routine
comrences; otherw se, I T a newcycteis—m-stakenly—.  executed, then the
shadowed data becones i ln The SM handl er routine accesses

i nformation frowmoshess r‘” "ﬂu’""mmm,ﬂﬂfhadow registers 22 pppeNedbaidic
system managenment shatdow pértminsc iI-natpon with the SM SHD PORT
register 21 by first reading status |nfornat n from at | east one
status register within the plurality of SM shadow regi sters 22 in order

to ascertain the cause of the system managenment interrupt (Step 10).

Thereafter, address informati on within the SM shadow regi sters 22 is
read to WO 96/ 26488 determining whether the address of the selected

PCT/ US95/ 02305 19- ernm ne details
pertaining to theI{PaﬂﬁE%F?/ﬁ?%}chéthéﬁc?lpredetermlned aadids? trap range;

disabling the bus agent from prematurely

terminating the I/0 .bus cycle;
generating the system management interrupt;

transmiting the system management interrupt into
a central processing unit through a system management
interrupt signal line in order to inwvoke a system

management interrupt service routine;

disabling the plurality of system management
shadow registers containing data, address and status
information of a current bus cycle for use by the system

management interrupt service routine; and

deasserting the trap signal allowing the bus
agent to terminate the bus cycle after a predetermined time

period.

21. The method according to claim 20 including steps
after the step of servicing the system management
interrupt, wherein the method further comprises the steps

of:

This Sheet Has Been Re;
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as, which device is powered-off (Step 11). Then, data bytes are
retri eved—fromtire—Swtshadow regrsters-22———soquentially (Step 12)  The

readi ng of the status address and data is acconplished by
t he SM Sr5gdss" eglilmm ““ummmmu |y accessing the SMM&M
registers through the system-mamagenment shadow port. ce the
SM has been serviced by the SM handl er routine in order to "power-on"
the selected I/ O device, the selected 1/O device wll generate a SRDY
signal (Step 13). However, if t he SRDY signal has not been returned
within a predetermnedtlrre period, the PM 15 will generate the SRDY .
signal, assumng that t h&eSELBERGRRIARtANe] Feady i)’&r}?dn%ﬁﬂ“ytb%wered of f or
thellke(Stepl e pr.esent ventlondscrl ey ei,n _may
e desi gned © SIECRER, TP FEYATR RERBELIG T NG AEISCHRT (b evLcs
conponents. Wi I;o% esghn venti on has been descri bed in ternms of
vari ous enbodi rr%efts gtgﬁe§ﬁ n%%&]dl nments nay cone to mnd to those
skilled in the art without departing from

generating the active ready signal if the active

ready signal has not been returned by the selected 1/0

device within a predetermined time period.
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the spirit and scope of the present invention. The i nvention shoul d,
therefore, be-neasured-in-terns of—the Sttt

- 20 - CLAI M5: 1 1. A power managenent device operating in
conbi nat i ORyWoiskags POVET 2 nmanagenent software routine POI/USASIORIDS access
request S|gn s for a bus 3 slave which are placed on a system bus by an
alternate bus master during a 4 current bus cycle the power nmanagenent
devi ce conpri sing: 5 first ne4for capturing data, address and
status information of the 6 current bus cycle, said first means is
tenporarily disabled from capturing 7 information pertaining to a bus
cycle immedi ately followi ng the current bus 8 cycle upon determ ning
that said address of the current bus cycle is
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9 directed to the bus slave when it is non-accessible; and 10

second _peans faor. subseguent| y accessrmg—sard—tata, address and status 11
information stored within said first neans through a single port, said 12
second ne i des a system managenent shadow port regP€&E RS is 13
accessi ble" 10 Sard power nmanagenent software routine. 1 2. The power
managenent devi ce according to claiml1, wherein said first 2 neans

i hcludes a plurality of registers cozlqud to the systembus said 3
plurality of registers are enabled by 't he power managenent software routine
4.  once the bus slave is accessible. 1 3. The power managenent device
according to claim2, wherein said system 2 nanagenent shadow port

regi ster stores at |least eight bits of information 3 for every read cycle
initiated by the system nmanagenent interrypt 4 managenent software
routine.

{

v_ 31 MALDA,32 |
' ‘F i +—>15 24
< > ?‘Z 22
cPU i 30 ) (N PMM
16 21
T | ]
A 4 7
@:‘1‘ mﬂ
Y
13 14 20
MEMORY BUS
CONTROLLER CONTROLLER |
A
\ | 18 4\
11 170 <>
9

EXTERNAL
ALTERNATE |

g2\ s

27———1 rZS

21~ 26a | 26b | 26¢| 26d

—

_

| Eig. 3




-21- 5 4. The power nanagenent device according to claim3, wherein upon

6 receiving statusdinforpati on fe=the—pttrigttty—of—regrsters,—sar d

system 7 nmnagenent shadow port register dedicates a bit to indicate
whet her ea%g‘{m‘& said plurality of registers contains VRI/GEIN02385 1
5. The power managenent device according to claim4, wherein said system 2
management shadow port register furthgé ;Ecludes a plurality of bits 3
deédi cated to indicate which bytes of / are valid. 1 6. The power
managenent device according to claim1l, wherein the single 2 port
resides in an address |location within an index address space of the 3
power managenent devi ce. 1 7. A device, operating in conjunction with a
power managenent software 2 routi ne, adapted to nonitor access request
signals for a bus slave placed 3 on a system bus by an alternate bus
master, the device conprising: 4 irsg pliural gty of registers
that capture dpata riess apd |status| 5 i1forn4ti01 of p current bus
cycle initiated]by |t hg |al t er patle bus jmast gr dald fiyst plurality of
registers are flisaljl ed from ¢apturingl i nf rogti pr |7 pertaining to a bus
cycle follow nglthe furyent bus| cycl e} aft erjdeterimining| B that the bus
slave is not afTe$si bl el and areg subsepguent!l y enphll gdj{to| P capture said
information fo bus| cycl ¢ once the bu$ slavpjig 10 |afcessible; and 11
a system manag shafdow port} regi ster o#glej tq $aid first plurality 12
i

of registers a ccess| ble o kthe poper gefgnt| $of fware routi ne, said
13 system man fen|{ sphadow(poft reg|stej CJqf|g$rec o0 obtain said
data, 14 addr angl statusjinformat|{on fir¢mthel fliqst |plurality of

regi sters upon '

 —
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- 22 - 15 request by the power nmanagenent software routine for use in

maki ng the bus 16 si-a#-e—ae-eessi bl-e- G- o ptt-er—systermrcapable—of

operating in a power managenment schene, said conputer system
conpri si Ng'weesdd gﬁcessor means for initiating bus cycles; HECT/USIS0230%r neans
for receiving sald bus cycles; 5 alternate nmeans for initiating bus

cycles; 6 bus neans for coupllng sald processor neans, said alternate:
means and said 7 receiver neans; t/ﬁrupt means for nonitoring at

| east one access request signal [ ) on said bus neans by said
alternate neans and for gefierating an inyerrupt 10 S|gngz:bo be genput t ed

into said processor neans sconti nue 11 of t he
conmput er system when sai d requires a 12 cha of power

status, said interrupt neans inclydes 13 first or capturing data,
address and status informationof a currenf bus cycle, said first neans
is tenporarily disabled fron CAPEMLIED 5 infernationyertaining to a bus

cycle imedi ately foll owwng th;\% é‘iﬁegtent bwos, 16] fpycl e upon detlerm ni ng t hat
said address of the curwem bus cycle is directed to t he Bus sl ave when
it is non-accessible, & g€cond neanp mﬁ’ ek rglpenF'TE?S’
accessing in serial thé data. adtkeSs and 19 st at us I HAEDOT ifon cont ai ned
within the fi r<t ﬂmmassmad second means 20 | ne+udes—a—syst+€m nmanagenent

shadow port redFRéMEpionelzadpiaces [accedsible by a 2{ “softvvaae means; and 22
said software rré'é\ sﬁg{é’ﬁﬁ&éﬁ’ by tRe processor 1’& ing the 23
a
S

second nmeans td obigiwmiube dgta, address and sfafus,lpiQLgRiidn from said

24 first nmeans ay,xépg e=grratttng sqid first nea t 0 rRRPtatiee dat rep %Idr ess
and - from the SM shadow
registers.
AsserisSADS
signal line. STEP 1 Vv
" Accessesaddress
Bus agent places an information STEP 11
address of a desired from the SM shadow
I/Odeviceontothe | STEP 2 registers.
systembus.
i
Accessesdata. -
information STEP 12
from the SM shadow
registers.
STEP 4
Waits for
\( PMM claims a READY signal STEP 13
device?
Assertsthe
PMTRAPCYC STEP 6
signal lines.
T PMM Internally
Y generates STEP 14
Asserts the PSMI the READY signal.
signal Iine. STEP 7
Y
. h 2
Disables the SM
shadow registers. STEP 8} (END)

N



=23- 25 status |nformat|on of a bus cycle foIIowr ng the current bus _cycle
after the 2 ssi bl e. 1 9. Th COI’RBMICEMHTEISHEEESrdrSi@

to claims8, neans 2 includes a plwmhdﬁpﬂoﬁf poggl .5 & paged .7
coupl ed to t i‘llm“i |I 'l 10. The conputer sySEFOARCHN di; @gggdowt@pag&, ,,,,,
in the s Went shadow port regi st ¢ DFAWIEE) ataiﬁ@as—t 1R ipagdd ..

brts of |nforrrat|on 3 for every read cycle. 1 1D};r?,§tr&qrrpu 8L BYSiS Paged
according to claim10, wherein upon receivigg 2 status I nf or mati.on from%

lurality of registers, the system managenent 3 sh PQLt L en 8}

gedi cat e)s/ atghz%ﬁ%one bit to indicate whether th Rﬁr&tn&é@gﬁyﬁﬂg&;ﬁg """
cont ai ns val ¢ 1 12. The conputer system according to claim 11,
wherein said system 2 nanagenent shadow port register further dedicates a
plurality of bits to 3 indicate whet her successive bus cycles contain

valid bytes of data. 1 13. The conputer system according to claimS8,
wher ei n the errup t_nea sS.coupl e a_t he progessor., neans through
an i nterruptis{\g?r%‘fv Bﬁ‘ftﬁ“iéire‘“c 01?%1' giﬁgﬂf‘ecoﬂl@ﬁ‘?ﬁp Wih 3 popez

[ nterrupt2 Si

14. The Conputer gLys etr;hgghc%g% % c ar %cce%éet%eﬁ{gc g’&/@eansus- .

3 slave which are placed on a system bus by an alternate bus master during a

current bus cycle the power management device comprising:
first means for capturing data, address and status information of the

current bus cycle, said first means is temporarily disabled from capturing -

4
5
6
7 information pertaining to a bus cycle immediately following the current bus
8 cycle upon determining that said address of the current bus cycle is

9 directed to the bus slave when it is non-accessible; and

0 second means for subsequently accessihg said data, address and status
11 information stored within said first means through a single port, said

12 second means includes a system management shadow port register that is

13  accessible to said power management software routine.

2. The power management device according to claim 1, wherein said first
means includes a plurality of registers coupled to the system bus said

plurality of registers are enabled by the power management software routine

AW N =

once the bus slave is accessible.

—d

3. The power management device according to claim 2, wherein said system
management shadow port register stores at least eight bits of information

for every read cycle initiated by the system management interrupt

REPLACEMENT SHEET
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management software routine.
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2 managenent shadow port——regitster—resides in said |nte$ A»(ﬁ%aﬁ*s*r e

- 24- 1 15 ‘A _ apabl e of operating in @ power

managemnent scherrgmlmnm[mmﬂgmsystem conprising: 3 s@ﬁ@ﬂr@é&%&, j4‘ a
central processing ufltL cauplsed+*to said system bus, saild lcentral....5
processing unit obtains control of the system bus by at
6 1/0Obus cycle; 7 a bus slave electrically coupled ¥
said bus slave is 8 configured to recgjve L/O bus cycles; 9 .an
alternate unit electrically coupled to said bus, said alternative unit 10
obt ai ns §ont4; Thegpowbe nwttigemdiitdevice &cteding @ dAirh/I)Whérefy tpdn 11 @
power managenent unit coupled to the system bus, the power managenent 12
uni t nonbt oreceivirigesiatusinformation fremubetplaraity of registeds] shidssystame pl aced
13 on the systembus by said alternate unit, the power manageénent unit 1 4
i ncl udes? 15 managementfshasiow portategistendedieates tachit to inghicatt whethut echtgfm
bus, the_first plurality of 16 registers capture data, address and status
i nf or mat 8on said plurality o registers confpinsevalid datat ed by said alternate unit and
becone di sabled by a 18 system managenent software routine after capturing
the data, address and 19 status information if said bus slave is

' | bl &, 20 . Shad [ : | ed
the {11 el pluTheiRGpen matpEéReRl deuie ACREIDg oS Aa BRI S AURIegDr {
bt ai h 22 d i nf ' the first

ol ura 18 ot Ridberpai RSl poRlfpeiirdt Biehd Blieny elisally SF B! ne (o make
sai d bus3sl @%ﬁ(ij%‘i&ﬁ& i&tea‘”ﬂi&ﬁbgggssofzga@a%r ghhrough whi ch said system

managenent shadow pori register sal ata, address and status
information fromsaid first plurality of 26 registers; and

| east requestin

1 6. The power management device according to claim 1, wherein the single
2  port resides in an address location within an index address space of the

3 power management device.

-t

7. A device, operating in conjunction with a power management software
routine, adapted to monitor access request signals for a bus slave placed
on a system bus by an alternate bus master, the device comprising;

a first plurality of registers that capture data, address and status
information of a current bus cycle initiated by the alternate bus master,
said first plurality of registers are disabled from capturing information
pertaining to a bus cycle following the current bus cycle after determining
that the bus slave is not accessible and are subsequently enabled to

capture said information for the bus cycle once the bus slave is

b

accessible; and

- O © OO N O O A WO N

-

a system management shadow port register coupled to said first plurality

-t
N

of registers and accessible to the power management software routine, said

ry
W

system management shadow port register is configured to obtain said data,

b
Y

address and status information from the first plurality of registers upon
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-25- 27 said system management software routine bein

central 28 ' gy | N order to .enable the systlem nanagenent |shadow
port 29 r4ﬂ!ﬂﬂ£ﬂﬁi“ﬂﬂﬁtg|“lhe first plurality of regi r@émjg atre
port. 1 . cA Deimo ef managi ng power within a c uter systeéem Reilng
controlled 2 by one of a processor or an alternate bus ; e ngt hod
conprising 3 the steps of: 4 - 28apturing datal address and statjus

information associated with a current 5 bus.cycle by a pluralt{y of

regi st ) i ssuing a _syste nagenent interrupt upon detectiny
o2 npuld ouFsiHest by fhetBve haBepbment sORAAL Fatting Brcias B oakins e Bus
current i | by 8 the alternate bus nmaster during a current bus
cycl e; é%d 9%%8%%a&gh§%Tvicing t he system managenent interrupt, said
servicing step includes 10 the steps of 11 readi ng status

I nformati on froma system nmanagenent shadow port 1 2 register 13 obtained

fromsai{d pku ' ' &&ﬁ{g' to ascertain 14 a
reason fgr ?‘hé@ﬁ?‘é%ﬁﬁ%ﬁﬁﬁ%%ﬁgﬁfupt, iii;aﬁbﬂfér readi ng address

i nformat2 on fr oMmygdiddefeeit Gehamen e8PEO mPhasiosyshithicoblprisiagt St er obt ai ned
fromthe plurality of registers in order to détermne 17 Wwhich of at |east
one |/ O 3levpescessoisarahs forsitttiatingbousgyolesf interrupt to 18 be issued, and

4  receiver means for receiving said bus cycles;

5 alternate means for initiating bus cycles;

6 bus means for coupling said processor-means, said alternate means and said
7  receiver means;

8 interrupt means for monitoring at least one access request signal placed

9 on said bus means by said alternate means and for generating an interrupt

0 signal to be inputted into said processor means in order to discontinue

11  operations of the computer system when said receiver means requires a

12 change of power status, said interrupt means includes

13  first means for capturing data, address and status information of a

14  current bus cycle, said first means is temporarily disabled from capturing

15 information pertaining to a bus cycle immediately following the current bus
16 cycle upon determining that said address of the current bus cycle is

17 directed to the bus slave when it is non-accessible, and

18 second means for subsequently accessing in serial the data, address and
19 status information contained within the first means, said second means

20 includes a system management shadow port register that is accessible by a

21 software means; and

22 said software means executed by the processor means, for enabling the
23 second means to obtain the data, address and status information from said

24  first means and re-enabling said first means to capture data, address and
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19 retrieving data sequentially fromsaid sy Rg@?i g@ﬁyﬂﬁhbﬁﬁ}ihh%dow
port 20 reg omthe plurality of regilsSters—by Tepeat e¢dity
acce35| ng 21mllmm'ltmum1,1'"|agemant shadow port regijs

- 1 17. Thet m? hdd according to claiml16, where Os(éAUG ng%l ng Ist ep

[ ncI udes 2 the steps of: 3 pl aci ng an addresg_of —a—seteeted | / O
device that the alternate bus master 4 is attenptinfj to access onto an
internal system bus; 5 detggig ni ng whet her the—address_0l the
selected 1/O device falls within a predet ermi ned address trap range; *7
di sabl i pg t heattlstififotfiatidiIof Abusycle follopringahe catnent busicyalel aftertthe 1 /O 8
bus cycle by asserting a trap signal; 9 generating the system
managengst ibuslaveis ackBssible. transnmitti ng the system nanagenent interrupt
into a central processing 11 wunit through a system managenent i nterrupt

signal line in order to invoke a 12 system managerrent I nterrupt service
routine; and 13 disabling the plurality of %bsters cont ai ni ng
data, addre<® Bredcomputer system miccpnéing do ClﬁmhscWhﬁéﬁm dirgt;@eansr om bei ng

witten into during the 15 system nana errent terru t service routine.
1 18. TRe mh&;sacphuahhgofitﬁgﬁﬁsﬁrﬁow eeh &o the lg}sél't‘ -after the step of 2
servicing the system managenent interrupt, wherein the nethod further 3
conprises the steps of: 4 receiving an active ready si gnal fromthe

p'mgtdda" %%tmpﬂ Hyefn 2eriisThe O DR S VB BERIER 7 acti ve
y Signa e@apﬁmgfgggqgw poit YeREthr Worel Gt 16lsE Gl Uit b fbRatibh

pr edet er

3 for every read cycle.

1 11. The computer system according to claim 10, wherein upon receiving

2 status information from the plurality of registers, the system management
3 shadow port register dedicates at least one bit to indicate whether the

4 current bus cycle contains valid data.

1 12. The computer system according to claim 11, wherein said system
2 management shadow port register further dedicates a plurality of bits to

3 indicate whether successive bus cycles contain valid bytes of data.

13. The computer system according to claim 8, wherein the interrupt means
is coupled to the processor means through an interrupt signal line in order

to enable transmission of the interrupt signal from the interrupt means to

WO N -

the processor means.

1 14. The computer system according to claim 10, wherein the system

2 management shadow port register resides in said interrupt means.

e,
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within a conputer

_ _ . pf‘ —
conprising the stIMlUWHilmmﬂﬂ'l" con;re(r){/: g?ngy'aasggtseﬁ]g}a agg%%“;

I nterrupt

status information froma plurality of system map
registers in order to ascerta_iﬁ a reason for a slys
i nterrupt, readi ng sa'ﬁ"adglress i nf or melLon w,thin the

pIuraIihy
determ ne
2

0O N O O A~ W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

S S " 19. A nethod for

whi ch “ ifAcltides the steps of:

S

. S SR AR SRR 85 s e om0
management scheme, said computer system comprising:

a system bus;

a central processing unit coupled to said system bus, said central

processing unit obtains control of the system bus by at least requesting an

I/Obus cycle;

a bﬁs slave electrically coupled to said system bus, said bus slave is

configured to receive I/O bus cycles;

an alternate unit electrically coupled to said bus, said alternative unit

obtains control of the system bus by requesting an I/O bus cycle;

a power management unit coupled to the system bus, the power management

unit monitors at least one access request signal for said bus slave placed

on the system bus by said alternate unit, the power management unit

includes

a first plurality of registers coupled to the system bus, the first plurality of
registers capture data, address and status information of a
current bus cycle initiated by said alternate unit and become disabled by a
system management software routine after capturing the data, address and
status information if said bus slave is inaccessible,

a system management shadow port register coupled to the first plurality
of registers, the system management shadow port obtains the data, address
and status information from the first plurality of registers for use by the
system management routine to make said bus slave accessible, and

| a port through which said system management shadow port register reads
said data, address and status information from said first plurality of

registers; and
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retrieving data seq1:115rrt‘r?rl—l—y—f—r—erlﬂlﬁr—t—lcu:,L plurality &‘* sysrem*s SHEE]

managenent shadow r repeat edl y accessi n}g 3 System il
rmnagenent shadOW p$ﬂlml m" HHW'EIJH Correspondl ng syste ? hddqy
po net hod accordin arm 11

|nclud|ng steps prlor to the step of servicing t he sypt

interrupt, wherein the nmethod further conprises the step of :

pl aci ng an address of a selected |/O devi & 4 hat t he bus agent 1s
attenpting to access onto an internal syst em bus; WO 96/ 26488

PCT/ US®7 0284id system management software routine beiig-executed by the central
28 processing unit in order to enable the system management shadow port

29 register to read the first plurality of registers through the port.

1 16. A method for managing power within a computer system being controlled
by one of a processor or an alternate bus master, said method comprising
the steps of:

capturing data, address and status information associated with a current

2
3
4
5 bus cycle by a plurality of registers;
6 issuing a system management interrupt upon detecting an input/output
7  access request for a selected I/O device that is currently inaccessible by
8 the alternate bus master during a current bus cycle; and
9 servicing the system management interrupt, said servicing step includes
10  the steps of
11 reading status information from a system management shadow port
12  register |
13  obtained from said plurality of registers via a port in order to ascertain
14  a reason for the system management interrupt,
15 reading address information from said system management shadow port
16 register obtained from the plurality of registers in order to determine
17  which of at least one I/O device caused the system management interrupt to
18 Dbeissued, and
19 retrieving data sequentially from said system management shadow port
20 register obtained from the plurality of registers by repeatedly accessing

21 said system management shadow port register.
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det er m ni ng f the sel ected | / O deyREBLAGEMENA SHEET
Y

a predeterm neI m : nge; _ disablir _ agen
from prenat ur el D mﬁmm&gﬂt he 1/ 0O bus cycl e; : g ln@dgl N
t he system man E L s ; transm ting the':)gfg‘t’r@??(}d

managenment interrupt into a central processing unit thrjolgh—a—system—
managenent Interrupt signal line in order to invoke a system

managenent interrupt service routine; 26 T di sablmg—theprurarity
of system managenent shadow regi sters contai ning data, address and status
i nf or maty on1PfThke enethedtacbxrling ¢b eldify 16,5whéiein Beidissting steprficiiesnt
I nterrupt service routine; and deasserting the trap signal
al | owi n@ t hthedsteps of:agent to terminate the bus cycle after a predeterm ned
time peri od. 21. The nethod according to claim 20 including
steps 3after tplacingpnaiddresswofa sejected Ié@sdesiricmgmghera}wmaté bus master
wherein the nethod further conprises the_ steps of :

is attempting to access onto an internal system bus;

determining whether the address of the selected I/O device falls within a
predetermined address trap range;

disabling the alternate bus master from prematurely terminating the 1/0
bus cycle by asserting a trap signal; |

©w o ~N O O,

generating the system management interrupt;

10 transmitting the system management interrupt into a central processing
11 unit through a system management interrupt signal line in order to invoke a
12 system management interrupt service routine; and |

13 disabling the plurality of registers containing data, address and status

14 information of a current bus cycle from being written into during the

16 system management interrupt service routine.

18. The method according to claim 17 including steps after the step of
servicing the system management interrupt, wherein the method further
comprises the steps of:

receiving an active ready signal from the selected I/O device indicating
that the selected I/O device is powered-on; and

generating the active ready signal if the active ready signal has not been

N o o AW -

returned by the selected I/O device within a predetermined time period.
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device indicating that the selected 1/0O device is powered-on,; #

generating the active ready signal if the active ready signal

returned by th ct ed |/ Qof@\irea etuhls I ned ti
urned by thepeye et ey
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