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A SHARED FI ELD OF THE | NVENTI ON The present
invention relates to the field of conputer-systens. Mre particul arly,
t he present i NMETHOD OAND apmmuswmemmssimeioensxémsi;%swsmm LINE
shared line in a conputer system BACKGROUND OF THE 1 NVENTI ON

M croprocessors, controllers and other sem conductor conponents
conmuni cat e tmﬁgmmmNW@N ernal devices through pins. In :
tradi tional conpu -architectur each signal,. i | | ocat.ed a separate pin
to the comoneﬁhemtmgqggnﬁgfﬁtﬁseggt&? fé%é@?ﬁﬁ?‘geﬁw nal°r new
pi n has t (particalidly) theprésentinveatientrelitéeto thectransmissionndfesigndls pives a
reaches a sﬁg{.éda'- W'gt&sﬁlspﬁtgtesfﬁféﬁi ng die size of the sem conductor

u

conponent can no onger pport alT of the pins. At that point, the die
size of the conponent has to be increased to acconmpdate the additional
pi ns. However B AORGROL] FTHE INVENTPIG | eads to higher fabrication

costs because [ f produced, froma given wafer size
decreases. The i ncrMigreprocegsarsseonirellers and othep semicongugtarrcompenentsi on

costs because cofftmuinitate &5 eA@06ther dnd to RRITAR] 88¢ices through pins. In
traditional computer architecture, each signal is allocated a separate pin to the
component. Thus, when a new design specifies a new signal, a new pin has
to be added to the component. When the total number of pins reaches a
certain number, the existing die size of the semiconductor component can no
longer support all of the pins. At that point, the die size of the component has
to be increased to accommodate the additional pins. However, the increase in
die size leads to higher fabrication costs because the number of components
produced from a given wafer size decreases. The increase in die size also
leads tdhig_her fabrication costs because the yield as measured by percentage
of acceptable components decreases with increasing die size.

'For semiconductor components with high market values, the
additional fabrication costs incurred by use of a larger die size is not
significant. However, for semiconductor components with lower market
values, the additional fabrication costs from a larger die size has a more
significant impact in proportional terms.

, ) Thus, what is needed is a method and apparatus which allows for
sharing of a pin between different functions to reduce the total number of
pins required and thus eliminating the need for a larger die size. What is also
needed is a method and apparatus which also allows the pin to transmits
signals of different types thus reducing the total number of pins required and
eliminating the need for a larger die size.



of acceptabl e corrponents decreases with increasing die siz For
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oF e @%ﬁi‘?wm' componient comprises of a first SigNAL EETARE PPARIe S o1 1 boa

The seni Cmdmg)a signal of a first type over a shared line and a second srgnal
generator capable of sending a 51gna1 of a second type over the shared line. It
also comprises of a first loglc device capable of controllmg the first signal
generator and a second log1c device capable of controlhng the second signal
generator. The sxgnal of a first type can. bea command status, address or
data signal and the srgnal of a second type can also be a command status,
address or data signal. Under an altematwe embodrment, the semiconductor
component can also include a first receiver capable of receiving the sxgnal ofa
first type over the shared line and a second receiver capable of receiving the
signal of a second typeo over the shared line. In addmon, the semiconductor

. component can include an arbxter capable of arbztratmg access to the shared
line. Moreover, the semiconductor component caninclude a sxgnal generator
or receiver for a completron signal that indicates the complehon of a previous
transfer. Furthermore, the semiconductor component can also include a
signal generator or a receiver for a command indication slgnal indicating the
transmission of a command signal over the shared line.



conponent Wwoespsedd e of controlling transm ssion of infornat i POTNSYS084368 a
plurality of sem conductor conponents in a conputer system The

sem conduct or conponent conprises of a first signal generator capabl e of
sending a signal of a first type over a shifed line and a second signal
generator capable of sending a signal of a second type over the shared
line. It al so conprises of a first |ogic device capable of controlling

the first si ngDB%mg @hmm%l c device capabl e of

e a command, st at (e EAFREVERton 5 flystrat cbnmw%xﬂi“w‘%fme;‘afahﬁfétb?@azond
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second type 0‘6?\5 esefit tion). the sem conductor
conponent can |nc e an ar |t£'capa of a,r bitrating access to the
shar ed l'ine. Se4 is 2 bl é%@'&ﬁbl % -systemiafdhea si gnal

gener at or s@éod@ﬁﬁbbﬂknéﬁfoﬁﬁﬁcﬁﬁhéﬁﬂmﬂeﬁngﬂ.a' t hat Indl cates the
conpletion of a pr

F th Ih ' t
conponent can al so %’éaaﬂowaﬂgtdﬂ‘eﬁ 31 n&r’g@m’é‘%rogg&%? ?grog

conmand i ndi ceﬁibmhmm_a_! thepresent iiwehhen. transmni ssi on of a command
E'C%]./n ‘3'59278 2; 4gge sh %ﬁflgrel 4% timing Egg%%ggxotgﬁer illustrating the operations of the
fourth embodiment of the present invention.
Figure 5 is a table illustrating the protocol used in the fifth .
embodiment of the present invention.
Figure 6 is a block diagram illustrating controllers of the sixth
embodiment of the present invention.
Figure 7 is a state diagram illustrating the operation of the arbiter of
Figure 6.
Figure 8 is a state diagram illustrating the operation of a master state
machine of Figure 6.
Figure 9 is a timing diagram xllustratxng the operation of a slave state
machine in Figure 6.
. Figure 10 is a timing diagram illustrating the operation of a master
’ state machine of Figure 6.
' Figure 11 is a state diagram illustrating the operation of a slave state
machine of Figure 6.
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I nvent ivgﬂ9§g§°ﬁzl ustrated by way of exanple, and not by Wﬁi@%“
limtation, in the figures of the acconpanyi ng drawi ngs and in which like
reference nunerals refer to simlar elenments and in which:

Figure 1 is a block diagramillustrat i"ffg‘ a sem conduct or conponent 'of
one enbodi nent of the present invention. - Figure 2 is a block

di agrami | ! Efﬂ EEE | r system of the. second enbodi nent of t he
present | %&WH gure 3 is a flowchart illustrati ng the
gperat I Zns of Eﬂ@tokrbl gshtrollexfaﬁmdiﬁmm lfclsxfcdxftﬁomh &?ﬁh-amnﬁs%mﬁ@f o

i gure a |m i a il ustratin e. ope i on e
fourthe %;ﬁg'é‘é%{l CBE%IO ’g‘tfi% *a table
il lustrat |hgheMlMg)dedcnpmm thehim&mhtxbdescnlmd)wdthteﬁerenbew\e present -
I nventi on. u trollers

'S cexe:rg:ogf}lnen finkaﬁtsath r?c[%&ér ﬁée@fde'nq tﬁé’tg

of the siX N resen I nve i gure 7

is a stat evamagrlaﬁquaagmandrc@anggs BRrbe madedherete withoutdeparting ~Fi gur e -
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master state C|n

appendedrgi1 e spec%xcahons and drawings are, accordmgly, tobe
regarded in an xllush'atxve rather than a restrictive sense.

Fxgure 1is a block diagram illustrating a semiconductor component of

* one embodiment of the present invention. Semiconductor component 103 is
coupled to semiconductor component 104 via link 106. Both component 103
and component 104 reside in a single computer system. -Component 103
transmits a plurality of different signal types to component 104 on link 106.
Component 104 also transmits a plurality of different signal types on link 106.
The different signal types can include address signals, command signals,
status signals and data signals. Link 106 is coupled to lirie 169. Link 169 can
be a dedicated line specifically dedicated for transmitting signals between
‘component 103 and component 104 or line 169 can be a shared line used for
other purposes as well. In this embodiment, line 169 is a shared line. In
addition to transmitting a plurality of signal types between component 103
and component 104, line 169 also acts as an address line for address signals
transmitted between component 101 and component 103. It will be
appreciated that line 169 could also act as partof a command line or data line
or status line between component 101 and component 103. 1t will also be
appreciated component 101, component 103 and component 104 can be a
microprocessor, microcontroller, bus controller, memory controller or the like.

Figure 2 is a block diagram illu'Strating a computer system of the

second embodiment of the present invention. In this computer system,
component 103 is a bus controller controlling the transmission of signals on
bus 105. Component 104 is also a bus controller but it controls the
transmission of signals on a separate bus, bus 133. Component 101 is a
processor coupled to yet another bus, bus 102 which is in turn is coupled to



Figure 9 iy l(_765,5;2k¢5’gzng diagramillustrating the operation of ap, fﬁggs,&;‘ 3¢ €

machi ne in Fi'gure 6. Figure 10 is a timng dlagraml l'ustrating
t he operation of a naster state machi ne of Figure 6. Fi gure
11 is a state diagramillustrating the operation of a slave state

machi ne of Figure 6. WO 95/ 26002
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drawi ngs are, oo el Funekdn performed by iR 108 the contputer system needs to <"
arbitrate access to link 106. Consequently, in this embodiment, controller 103
also has an arbiter for link 106. It will be appreciated that the arbiter can be
located elsewhere, for instance, on processor 101 or controller 104.

In this embodiment, controller 103 and controller 104 are also coupled
together by four separate dedicated lines carrying four unique sideband
signals. Request line 124 transmits an active low request signal (LREQ#)
between controller 103 and controller 104. Grant line 125 transmits an active
low grant signal (LGNT#) between controller 103 and controller 104.
Command indication line 126 transmits an active low command indication
signal (CMDV#) between controller 103 and controller 104. Finally, idle line
127 transmits an active low completion signal between (SIDLE#) between
controller 103 and controller 104. CMDV# can be transmitted by controller
103 when it is the link master or by controller 104 when it is the link master.
Likewise; SIDLE# can be transmitted by controller 103 when it is the link
slave or by controller 104 when it is the link slave.

- The LREQ#, LGNT#, CMDV# and SIDLE# signals used in this

embodiment can be further described as follows. The LREQ# signal is a

’ signal used by controller 104 to requeét access to link 106. Before controller
104 attempts to initiate a read or write cycle over link 106, it asserts LREQ#
for access. When controller 103 is ready to grant access to controller 104, it
asserts LGNT#. Thus, the LGNT# signal is a signal used by controller 103 to
grant access to link 106. It will be appreciated that controller 104 will not
initiate a read or write cycle over link 106 until controller 103 asserts LGNT#.

In addition, the CMDV# signal is a signal used by controller 103 or
controller 104 to indicate when it is transmitting a command signal.
Controller 103 or controller 104 asserts CMDV# when it sends the first
command packet and deasserts CMDV# after it sends the last command
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coupl ed to sem conductor conponent 104 via |link 106. Both conponent 103
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command packet is transmitted. The assertion indicates avaxlabxhty of the

slave to process a transaction. The slave deasserts SIDLE# on the clock edge

that the second command packet is received. SIDLE# remains deasserted

until the requested read or write cycle is completed, or until the ABORT

command is delivered. On aread cycle, the reassertion of SIDLE# occurs

during the same cycle that the low order word is driven on link 106. The high

order word always follows the low order word. For write cycles, the

reassertion of SIDLE# indicates_completion-of the write on the destination

bus.

'Figure 3 is a flowchart illustrating the operation of the third
embodiment of the present invention. In this example, for ease of .
explanation, only write cycle operations are illustrated. It will be appreciated
that read cycle operations are similar except that any GO or ABORT
commands are transmitted after command and address signals but before
data signals. In this embodlment, processor 101 is a central processing unit
(CPU). Assuch, CPU 101 is the master and in default owns the address lines
to controller 103. Thus, when the computer system is poivered up, CPU 101
owns the address lines to controller 103 as shown in block 207. Because
address line 169 from CPU 101 to controller 103 forms a part of the
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controller 103. Controller 103 and controller 104 are coupl ed toget her by
i nk 106 and line 169. In this enbodingnt, as descri bed above, |line 169
perfornms a dual function. It transmits ‘Conmand, address and data

si gnal s bet ween control l'er 103 and control | er 104 through link 106. It
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i ndi cati on unt:l CPU 101 has finished transmitting the current address over the address
line (block 211). When transmission is completed, CPU 101 asserts a hold
acknowledge signal (HLDA) as shown in block 212 and floats the address
line. On the other hand, when controller 104 initiates the transmission {block
228), the initial steps differ. In default, when CPU 101 does not have access to
the address line, controller 103 owns link 106 and both LGNT# and LREQ#
are deasserted. Thus, prior to gaining access to link 106, controller 104 asserts
a request signal (LREQ#) over the LREQ# line 124 as shown in block 229. In
response to the LREQ# signal, controller 103 asserts a hold signal (HOLD) to
CPU 101 as shown in block 230. Controller 103 and controller 104 wait until
CPU 101 has finished transmitting the current address over the address line
(block 231). When CPU 101 has finished, it asserts a hold acknowledge
(HLDA) signal to controller 103 as shown in block 232. CPU 101 also floats
the address line. Upon receipt of the HLDA signal by controller 103,
controller 103 asserts a grant signal (LGNT#) signal over LGNT# line 125 to
’ controller 104 (block 233). It will be appreciated that only controller 103
asserts LGNT# and only controller 104 asserts LREQ# in this embodiment. It
will also be appreciated that access to link 106 is arbitrated. Thus, only
controller 103 or controller 104 can transmit at any given time. Consequently,
link 106 is a half duplex link.
The initial steps also differ if CPU 101 initiates the transmission instead
of controller 103 or controller 104 (block 208). When CPU 101 transmits to
controller 103, no transmission over link 106 is necessary and thus CPU 101
does not have to relinquish the address line to controller 103. However, when
CPU 101 transmiits to controller 104, the transmission must first go through
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bet ween controller 103 and controller 104. CVDV# can be transmtted by
controller 103 when it is the link master or by controller 104 when it
Is the link nmaster. Li kewi se, SIDIf#* can be transmtted by controller
103 when it is the link sl ave or by controller 104 when it is the link
sl ave. The LREQ#, LGNT#, CMDV# and SIDLE# signals used in this

enbodi ment coniroer 103 arkthetdlateri predeed ovet linkd06 ¥heontrblier hMgrialthtss a
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transmitted from CPU 101 to controller 103. Because of the latch in controller
103, CPU 101 can float the address line after it receives the address hold sxgnal
(AHOLD) from controller 103 without loss of information.
- When controller 104 transmits the write cyc_le, controller 103 then
asserts the idle signal (SIDLE#) as shown in block 234 The assertion of
SIDLE# signal is an indication from controller 103 to controller 104 that it is
available to receive a transmission from controller 104. Controller 104 must
sample SIDLE# active before it transmits a command. After controller 103 _
asserts the SIDLE# signal to controller 104, controller 104 asserts a command
indication signal (CMDV#) and at the same time transmits command signals
and address signals (block 235). The CMDV# signal is an indication from
controller 104 to controller 103 that command signals are being sent over link
106. While controller 103 is still receiving command and address signals from
controller 104, it does not process the command or address signals. Thus,
controller 103 is still available and keeps the SIDLE# signal asserted while it is
still receiving the command and address signals. When controller 103 has
received all the command and address signals, it deasserts the SIDLE# signal
. (block 236) because it starts to process the command and address signals and

is no longer available. Controller 104 also deasserts the CMDV# signal

“ because it has completed transmission of the command signals and the
command signals are no Ionger on link 106. Controller 104 then begins
transmitting data sxgnals After controller 103 has completed processing the
write cycle, it asserts the SIDLE# signal as shown in block 237.
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fol | owed G0 or ABORT packet, it asserts CVMDV# during the duration
of the three packets On the other hand, if controller 103 sends two
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controller 104 is still available and keeps the SIDLE# signal asserted while it is
still receiving the command and address signals. When controller 104 has
received all the command and address signals, it deasserts the SIDLE# signal
because it starts to process the command and address signals and is no longer
available. Controller 103 also deasserts the CMDV# signal because it has
completed transmission of the command signals and the command signals
are no longer on link 106. In addition, controller 103 begins transmitting data
signals. During the time it sends data signals, controller 103 makes a
determination whether to have controller 104 continue processing the address
and data just transmitted (block 217). That determination is based on
whether controller 104 or any component on bus 133 is the destination for
data. If controller 104 or a component on bus 133 is the destination for data,

’ controller 104 continues processing the address and data transmitted from
controller 103. On the other hand, if neither controller 104 nor any
components on bus 133 is the destination for data, controller 104 ceases
processing of address and data transmitted from controller 103. Controller
103 causes controller 104 to continue processing of the transmitted address
and data by asserting a CMDV# signal and then trénsmitting a go command
(GO) as shown in block 218. Controller 104 then completes processing of the
address and data. It asserts SIDLE# upon completion (block 219). Controller
103 causes controller 104 to cease processing of the transmitted address and
data by asserting a CMDV# signal and then transmitting an abort command



reassertion of SIDLE# indicates conpletion of the wite on the destination
bus. WO09526002 Figure 3 is a flowhart illustrating thePEEAISISPMR6 of t he
third enbodi ment. of the present invention. In this exanple, for ease of
expl anation, only wite cycle operatig&g are illustrated. It wll be

appr eci at ed that read cycle operatidns are simlar except that any GO
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It would be apprecxated that the GO command and the ABORT
_command allows controller 103 to transnut command address and data -
sxgnals to controller 104 before decodmg the destination of the command,
address and data sxgnals Tlus feature is beneﬁclal because it allows

~ controller 104 to begm processmg of the command and address signals by

setting up the bus 133 address while controlier 103 is deter:nuung the
destination of the mformatzon In this embodiment of the present invention,
controller 103 determmes the destination of the mformatxon by a subtractive
decode operanon It makes an inquiry on bus 105. An individual component

“on bus 105 will respond if itiis the desnnanon of the mfonnauon ‘Aftera
certain specxfied time, when controller 103 recewes no responses from the
‘components on bus 105, it assumes that the destmauon is on bus 133 and
issizes a GO command. 'On the other hand, ifa component onbus105
responds to the inquiry by controller 103, controller 103 knows that the
destination of the information is not on bus 133 and 1ssues an ABORT
command. . L .

Upon the assertion of SIDLE# as shown in block 219, 221 or 237,
controller 103 and conu'oller 104 completes the wnte cycle operation as
follows. If LREQ# is asserted (block 222) mdxcanng a write cycle initiated by
controller 104, controller 104 deasserts LREQ#. Controller 103 then deasserts

'LGNT# and HOLD (block 225). CPU deasserts HLDA and the system returns

o block 207 where the CPU owns the link again. On the other hand, if HOLD
is asserted (block 223) xndlcatmg a write cycle mitxated by controller 103,
controller 103 deasserts HOLD, CPU deasserts HLDA (block 226) and the
system returns to block 207. Fmally, ifa AHOLD is asserted indicating a



bet ween controller 103 and controller 104, CPU 101 nust reli
address | i WOBB®™ntrol I er 103. The initial steps to cause CB%W‘%?S”{’%‘%

relinqui sh the address line is dependent on the conponent initiating

t he transm ssion. When controller 103 jnitiates the transm ssion to
controller 104 (block 227), it first a%gerts a hold signal (HOLD) as
shown in block 210. Controller 103 waits until CPU 101 has fini shed
transmtting the current addge qQver t address .. |i (bl ock 211).
Wien transni s¥rig cysledpitinted &@Lﬁ%&s’@g’t W??&wgf%ﬂ‘i&ﬁﬂﬁﬁé“

si gnal (HLDA) ratansd@y®lock 20¥.0ck 212 and floats t he address line. On the

ot her hand, when c rﬁeglrdus %‘04F| nII{I te té;gsgs{r%géi bI Oéﬁ%f' %09 228),
the initial steps ctess to
the address | will nottransmiit any i:@de@umentroﬂér 106 untiliitivonip

are deasserte t n 104
asserts aﬂ1r eé&gé Sl cﬁf:lle %E&E@}' 81?%5‘1%9& ‘gﬁimho

bl ock 229. | nto controlier fdlth@ﬂ_ﬁlﬂgﬁ@dgﬂeﬂoskﬁbﬁydeﬂer 103 asserts a
hol d si gnal (HOLD) meaor.v:m@mme& D $ignlseddR Anisafibb aichgie A3 and

addr oos 3593013‘9“’6" aglsmheneas?l o%»%foar%eﬁ@ S vigaal tsa signal sskiried Moo,
:tn glsggrkt 333 I o §cozéth‘bwf)u§hﬁﬁiﬁsxdrphﬁ%d pled to LI 261. ShO\t/\ﬂe
HLDA si gnal bﬁ#ﬂé :?‘ signal aéﬁ?ﬁ?‘g PV%?@HEQ@PFQEER@{ i;ﬁhas 2#06
(LGNT#) sig nathmmsrhﬁ!ﬂ#h linexe THEHEARHOLD signaifis @l sigmal Hddertdd bylcofidller | t
cont rorl of - 10305kEletp BRlRY 3??%&94%%‘%‘%1%3 l{mﬂ?ﬁgﬁ@ﬁm%a@m ot
appr eci at ed t fges notrespond Wlthla HDPA signabi Insteash it floats address line 169 in
gggts reg'u'egg | ;%&m&%&&'m 1 orif AicatFthe Bddrts BRYs Shd 8Beé hBEfloat
' command or data lines. In addition, the GO command is a command used by
controller 103 to instruct controlier 104 to continue processing of previously
transmitted information. On the other hand, the ABORT command isa
command used by controller 103 to instruct controller 104 to terminate
processing of previously transmitted information.

Figure 4 is a timing diagram illustrating the operations of the fourth
embodiment of the present invention. When CPU 101 engages in a write
cycle through controller 103 to controller 104, it begins by asserting a ADS#
signal. The ADS# signal indicates that the address and bus definition signals

’ from CPU 101 are valid. At the same time, it begins transmitting command,
status, address and data information to controller 103. After controller 103
receives the address over the address line between CPU 101 and controller
103, it asserts the AHOLD signal. When CPU 101 receives the AHOLD signal,
it floats the address line within one clock cycle. At this point, link 106 is
available for use by controller 103. Controller 104 asserts the SIDLE# signal
to indicate its readiness for receiving information. Controller 103 responds by
asserting the CMDV# signal and transmitting the command, status and
address signals. When the command, status, and address signals have been
transmitted, controller 103 deasserts the CMDV# signal and controller 104

Lh



link 106 is a half duplex |ink. The initial steps also differ if.

_ CPU 101"9#!5’?608% es the transnission instead - of controlREUIH3EH6 -
controller 104 (block 208). Wien CPU 101 transmits to controller 103,

no transmission over link 106 is necessamy and thus CPU 101 does not

have to relinquish the address |line to controller 103. However, when

CPU 101 transmits to controller 104, the transm ssion nust first go through

WO 95/ 26002
PCTI US95/ 0dersserts the SIDLE# signal. Controller 103 then transmits the daapackets

controller andhit afd 104. In
this c%gtg;t@&i&?gg U?F?I Z ar%\lmﬁ %@ ?ﬁ%‘i nqul sh
contr ol ofﬁmﬁa%ﬁ? mﬁ iﬁ'éﬁﬁﬁ‘l‘ﬁtl ng to

cont rol | erfifisked Protesdihg mecbmmhna;aam,hadréﬁamfdu agsertotheont rol | er

105 ool SRR Ll a1 i 6 S R R SRR B -
| at ch coupthedequested transaction.| Coatroller 163 alsoRi¢asserts the AHOLDwsignal@@U 101
Stored by SonRREiRERsIHGe iy Ve by CRURS | 22, |17C"C 203 12l o Tor use’
‘one clock cycl eFigured alsp Blustrates thesequence of events when CPU 101 initiates

a read cycle through controller 103 to controller 104. CPU 101 begins by

asserting the ADS# signal and at the same time transmitting command and

address signals to controller 103. When controller 103 receives the address

over the _addi'ess' line, it asserts the AHOLD signal and in response; CPU 101

floats the address line. Controller 104 then asserts the SIDLE# signal,

followed by controller 103 asserting the CMDV# signal. At that point,

controller 103 transmits over link 106 command, status and address signals.

When controller 104 has received all of the command, status and address

signals, it deasserts the SIDLE# signal. However, controller 103 keeps the

CMDV# signal asserted and transmits a GO command. Controller 103 then

deasserts the CMDV# signal. When controller 104 has retrieved the data

requested by CPU 101, it asserts the SIDLE# signal and transmits the data

over link 106. Because controller 104 has put the data requested by CPU 101

over link 106, it is now available to process the next transaction and

consequently it asserts the SIDLE# signal. When controller 103 receives the

data, it deasserts the AHOLD signal and transmits the data back to CPU 101.

Moreover, Figure 4 also illustrates sequence of events whena

component on bus 105 or controller 103 initiates a write cycle across link 106

to controller 104. Controller 103 initiates the sequence by asserting a HOLD

signal to CPU 101. When CPU 101 has completed the transmission of the

current address, it asserts a HLDA signal to controller 103 and floats the

address line. Controller 104 then asserts the SIDLE# signal indicating it is

ready to receive a transmission over link 106. Upon receipt of the SIDLE#

signal, controller 103 asserts the CMDV# signal indicating that it is

~ transmitting command signals over link 106.- At the same time, controller 103



transmtte@v(tmg} U 101 to controller 103. Because of the latch in
cantrol |l er CPU 101 can float the address |line after ?rfpé??@%s

t he address hol d si gnal (AHOLD) fromcontroller 103 w thout |oss of

i nformati on. When controller 10414tansnmits the wite cycle,
controller 103 then asserts the idle signal (SIDLE#) as shown in block
234. The assertion of SIDLE# signal is an indication fromcontroller

103 t troll 104 t hat | abl ' t | SSi
O o oot S iy RSB WL 511
Lgﬁ[‘fg}lts algzéﬁmuierdmﬁas%ﬁ{ @kﬁ&?e%smsx@ﬁﬁr&mgﬁdsé@h%aﬁdgnﬂ to
er ontr. asSse I nal na
o o oL, ks O gnd i el

si gnal s (bl ockh2SHPLE#sighdlD\CGorsroiter 103sthen tra:ﬁm&ﬂwﬂéta@verhnkcwstmol | er

106. i 10 cortIOs; 1ES AR IHRRAL LM Anfld Ko Pf%“%ﬁi’]b%%%s?é%?‘%kgnal :

(( )'_Jﬂ

from cont reMIaY# stgnahan mis a GO comman dQS’MB@

signals. Thus QUDV# I DLE#
si gnal asserteg m? Eéliﬂdaﬁéss@t%tlhé I’ECYEI \%@ﬂtge conman % anc?‘tgga ress
signal s. \Wen pregessing thg§ommanécs$at}§da dress gad datagignalndt aseeriess

tSI gnals, i tt ﬁ&héSQDLE#téi gnall Riorttrolle 3 deassérbéafém s%ﬁ@ g CPUSIOL' S
Control o 10/ he HETIA erel hrsbad.ygfeipitiated A for ﬁa&viﬁéﬁét ed
transm ssi on airddmoibmiﬂadtalsgﬂhlharmd. ﬂmﬂlbe appredatidsthgo ther
onseon el B P g G0 M B e TR Mg |
it asserts theexcepiiow thatnontroller §ﬁ3mserts o HGLDzbgnal and waits for a HLDA
signal instead of asserting a AHOLD signal.
Furthermore, Figure 4 also illustrates the sequence of events when
controller 104 transmits a write cycle over link 106 to controller 103.
Controller 104 first asserts a LREQ# signal to controller 103 requesting access
to link 106. In response to the LREQ# signal, controller 103 asserts a HOLD
signal to'CPU 101. When CPU 101 has finished transmitting the current
address over the address lines, it asserts a HLDA signal and floats the address
lines. Upon receipt of the HLDA signal, controller 103 then asserts a LGNT#
signal to controller 104 granting controller 104 access to link 106. Controller
103 asserts the SIDLE# signal over link 106 indicating its availability.
’ Controller 104 then asserts the CMDV# signal indicating that it is
transmitting command signals over link 106 at the same time it transmits the
command, status and address signals. When it has completed transmitting
the command, status and address signals, controller 104 deasserts the
CMDV# signal and controller 103 deasserts the SIDLE# signal. It then
transmits the data signals in the form of packets. When the data signals have
been transmitted, controller 104 deasserts the LREQ# signal. Controller 103
then responds by deasserting the LGNT# signal. It also deasserts the HOLD
signal which causes CPU 101 to deassert the HLDA signal. In this manner
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When controller 103 or the CPU transnits the wite cycle, controller
104 then asserts the idle signal (SID.g4%) as shown in block 214. The
assertion of SIDLE# signal is an indication fromcontroller 104 to
controller 103 that it is available to receive a transm ssion from

controller 103. raller, 103 acti,ve before, it
Cransni t 5 reoMeR 0t raiagisRen oL gk 08 ard, O 01 fegaint epRmdlotynal 1 o
control | erthe@ddress'lineol | er 103 asserts a comand I ndi cation signal
CVDV# d at d add _
Cignalb (b ook DatyesTa ERANd & PRIBRY BeR e ftgy, " “Sont ol ler

103 to cormbodmenm&te@remwmmtgrm&membbdimgnsénﬂcmﬁer li nk

106. Wil I I
from %ﬁ?"‘ﬁ? fo%%éé Tt sha 8 th eIV RO g o dihgoye, one!

si gnal s. Tthisprotocolceammand, status, address and data signals %’ﬁ@mﬁeﬁlhe S| DLE#
si gnal asseHal§ over lidk 106 if five sepakite paeketsy T ThisiAaRASr Bdi eSS

Si gnal <, m%@&r Pt copan fig#r&?‘fsel 535%%@3; s”é‘ﬁ?drﬁs%?ﬁﬂéiis

t he conmarphcketiforttatds theprototol wsed fos anveritexyate. 1mt1ateaWy aabirporieawt rol | er

103 al so o%ﬁﬁ? ib§ ctoﬁgoﬁi)\{ﬁs 8r &?’ﬂl 16‘? S\argrsﬁnk tll)g' afn the first packet, the C1
packet, the first thirteen lines (0:12) are used to transmit address signals to
controller 104. Line 13 is used to transmit a W/R# signal which indicates

- whether the cycle is a read or write cycle. Line 14 i$ used to transmita D/C#
signal which indicates whether the write cycle. contams data or control
signals. Line 15 of the first packet is used to transmit a M/I1O# signal which
indicates whether the write cycle is to memory or input-output component.
The second packet, the C2 packet is transmitted after the C1 packet. In the C2
packet, the first twelve lines:(0:11) is used to trans:mt address signals. The
remaining four lines (12:15) is used to transmit byte enables. Byte enable
signals indicate active bytes during read and write cycles. When the byte
. enable is active for a particular byte, the data transmitted is valid. In the third

packet, the D1 packet, all sixteen lines (0:15) is used to transmit data.
Similarly, in the fourth packet the D2 packet, : all sixteen lines are used to
transmit data. In the fifth packet, the first twelve hnes (0:11) are reserved
The remaining four lines (12:15) are used to transmit the GO command or the
ABORT command. Figure 5 also illustrates the protocol used when controller
103 or CPU 101 initiates a read cycle over link 106. The: read cycle protocol is
similar to the write cycle protocol initiated by controller 103 or CPU 101.
Controller 103 transmits the M/IO# signal, D/C# signal, W/R# signal, byte
enables, and address signals in the same manner as described above.
However, the third packet instead of being a data packet, contains the GO
command or the ABORT comimand. The fourth packet is a data packet, the
D1 packet with all sixteen lines (0:15) transmitting data signals to controller



conpl et ed wpaspsgaezsi on of the command signal s and the conmangcgiughsdase
are no longer on link 106. In addition, controller 103 begins transmtting
dat a signals. During the time it sends data signals, controller 103
nmakes a det erm nati on whet her to have-gsntroll er 104 conti nue

processi ng the address and data just transmtted (block 217). That
determ nation is based on V\/net her controller 104 or any conponent on

bus 133 is th | dofle @%ﬂpﬂ SRt
on bus 133 |sqt eT&estl n 3‘1f§t§pal:i<etggnmi?§|}% erel COII’I'[I nues
processi ng 't h&0:& e%sn&h&g Qﬁ%ﬁ%ﬂﬁ@l’[mﬁ from cont roI ler 103. On the

other hand, if nei fRrpro@ticl AldoThclidesaipedit] formatRIMATRMI bus 133 is

t he destinati o for data r .104 “ceas sin of addr ess
and data tran IFPP&‘P& Illbg?”l'ﬁgw Hﬁf"’éil% ti‘edgf @%é@%
controller 10ihfomxamm Ured g thespeciabforindtithe fimsp patkdtds aadeimand packet)d

(& 2% Shown ol T R bRl 2olp BB helvs
address and diines (0:11) LSentrelles I08EtransmitscoWH R# signal bverthexhinteerdbdine| | er
103 couses, SoBhAtLSnidd 107 aifoge RIOREES e, s 9)Sebsansal, o addnen
command Packet/is gbg@ command packet the C2 packet. Controller 103 transmits
PCT/ US95/ 0343@ddress signals over the first six lines (0:5). It also transmits encoded selects
over the next six lines (6:11) and transmits byte enables over the last four lines
(12:15). The encoded selects indicates actual destination in terms of the
specific function block in controller 104. The third packet is used to transmit a
GO or ABORT command which is transmitted over four lines (12:15). The
fourth and fifth packets, the D1 and D2 packets respectively are used to
transmit data signals. Controller 103 transmits data signals over all sixteen
lines (0:15). In a write cycle, the third packet is the D1 packet, the fourth
packet is the D2 packet and the fifth packet is the GO or ABORT packet.
Under this protocol, when controller 104 instead of controller 103
initiates a read cycle or a write cycle, the format is similar to the read cycle
and write cycle format described above with the exception that the packet
containing the GO or ABORT command does not exist. As such, a read or
write cycle initiated by controller 104 only has four packets instead of five
’ packets. |
It will be appreciated that the protocol described allows link 106 to
transmit signals of different types over a single linein a link 106. As a result,
the number of lines needed to transmit the same information decreases when
compared to systems utilizing lines that transmit only one signal type. In this
example, link 106 only requires 16 lines because of the transmission of
multiple signal types. Traditional systems on the other hand, would require
at least 37 lines to transmit the same amount of information. Thus, use of
lines which transmit different signal types and the protocol to support the use
saves at least 21 lines. This line savings results in similar savings of 21 pins.



-10- séABCRT) as shown in block 220. Controller 104 tern nat
process‘fvf?g9 ftp2 asserts SIDLE# (block 221). Wen cont r BHT/LP95{43436
transmts an ABORT command, controller 104 has one cycle to decode the
ABORT and drives SI DLE# on the next16+ock edge. In this enbodi nent, the
format for the GO command i s 0000h and the format for the ABORT conmand
FOOOh. The GO or ABORT command may be sent any tine after the

transm ssion of _fhe two ta pac . | t ul.d _be appreciated
that the GO co efs W@‘lggﬁﬁgmh‘{?m%@ﬁs%ﬁ%W%r 103 to
transnit cembuodimentddf despresentinivention. Algraigh onlydour lines are shgwhdhor e

Foatur o’ Lﬁi‘&?&??tfé#“%#i%%e%z@ﬁ?@%&@e actual} {BgiR a%?agas%ﬁa%'é e

processi nghnEsthﬂcewase;mnmﬂeréﬂﬁlhasameg\mdewmmumnumﬁdmss he bus 133
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?gggsrsr;t i O#ﬁaﬁ?ﬁ#ﬂ&%ﬂg?ahﬁr@?éﬁﬁ@d’&reseneﬁalﬁ\%mﬁ%b&% con %I ?er

103 det er nsixéeen ned mtmmaéld,#ddmst atpsogmlbmg::hnkd

decode opewbbﬂ&onglmré@w%ﬁw@ #} gnent
on bus 105 wll res f It Iﬁ/ﬁ {1&) estlnatlon n OI‘ITB.tIOI‘] After
a certeﬁF‘W‘@BE Gentrefler, PGPNP“SPE e1633, éﬂ?léelpﬁ?’ﬁses

fromthe mastarmam&una stzsanacaave StatemiacRine! 429( Gd”tﬁrél@é't’lﬂlat ionis on
pus 105 CompriseR B BpeSasroein IR sigf el 03 anBdava s ARERIICS | 00
that the 632 Decoder 633 decodes addresses transmitted by CPU 101, a component
on bus 105 or controller 103. Arbiter 630 arbitrates access to link 106 and the
address lines to processor 101. Decoder 664 decodes addresses transmitted
by a component on bus 133 or controller 104. Master state machine 628
transmits command, address and data signals over link 106 to controller 104.
Slave state machine 629 receives command, address and data signals over link
106 from controller 104. - Master state machine 631 transmits command,
address and data signals over link 106 to controller 103 and slave state
machine 632 receives command, address and data sig'ﬁals over link 106 from
controller 103. o o
Figure7isa state diagram illustrating the: operation of the arbiter of
Figure 6. When the computer system is turned on, arbiter 630 powers up in
the RESET mode as shown in state 733. Arbiter 630 transitions to the IDLE
mode shown in state 734 and remains in the IDLE mode until one of three
events occurs. The first event is a signal (HATCOMIO) from decoder 633
indicating a write or read cycle from CPU 101 to controller 104 over link 106.
~ Upon receipt of the signal, arbiter 630 transitions to state 735 where it asserts
an AHOLD signal to CPU 101. When CPU 101 floats the address lines in
response to the AHOLD signal, arbiter 630 transitions to state 736 where it
transmits a signal (HDONE) to slave state machine 632 in controller 104. The
signal instructs slave state machine 632 to assert a SIDLE# signal. Arbiter 630
then transitions to a wait state while controller 103 performs the read or write
cycle as shown in state 737. When master state machine 628 in controller 103



destinati ¢ information is not on bus 133 and issues 436
conmmand. CWO%IZM‘} Upon the assertion of SIDLE# as shown inﬁg-]roc 219, 221

or 237, controller 103 and controller 104 conpletes the wite cycle
operation as follows. If LREQ# is assgpted (bl ock 222) indicating a
wite cycle initiated by controller 104, controller 104 deasserts
LREQ#. Controller 103 then deasserts LGNT# and HOLD (bl ock 225). CPU

deasserts HL a St emar.et.ur. . K 2 wns
the link agaiDﬁa.s %ﬁ%@ﬁe&gﬁéﬁm qﬁ&f’lﬂ{ gsst&'?’(s\a %{é‘gérmﬁﬁ)% ka%

i ndi cati ng a 630. (Gpay veceiptoft this signal; athiterr630 transiians to state)738 wihere it103
deasserts ltlng 2 A¥itiofR8ba ns
to bl ock 207. |%§Jlt#§@|¥ af'%d&—%gﬂitg assieirofg'ed ing?g%dt?ﬁ%‘gaﬁyﬁ VO S% 26002
PCT/ US95/ 034 PLE staté 734. S11- wite

cycle initiated byThébbcondévedit caiisihgarBiR@s630 fostraniilion il of idlestste T3y
returns to bl.,ock,207 this enb&)dl ment , cir ct ordering is

preser ved. Cdﬁlars&gxpael;frq@:gécoder Gég] gfcficatmg aread or write <:yS e from a
component on bus 105 or controller 103 over link 106. Upon receipt of this

signal (PSUBDEC), arbiter 630 transitions to state 739 where it asserts a
HOLD signal to CPU 101. Arbiter 630 then transitions to wait state 740 where
it remains until CPU 101 asserts a HLDA signal. Upon receipt of the HLDA
signal, arbiter 630 transmits a signal to slave state machine 632 in controller
104 as shown in state 741. The signal instructs slave state machine 632 to
assert a SIDLE# signal. Arbiter 630 then transitions to a wait state as shown
in state 742 while controller 103 performs the write or read cycle. When
controller 103 has completed the write or read cycle, master state machine 628
in controller 103 asserts a signal (LDONE) back to arbiter 630. Upon receipt
of this signal, arbiter 630 transitions to state 743 where it deasserts the HOLD
signal to CPU 101. CPU 101 in turn deasserts the HLDA signal and arbiter
630 transitions back to IDLE state 734.

The third event causing arbiter 630 to transition out of idle state 734 is
the assertion of a LREQ# by controller 104. Upon receipt of the LREQ#
signal, arbiter 630 transitions to state 744 where it asserts a HOLD signal to
CPU 101. Arbiter 630 then transitions to wait state 745 where it remains until

, CPU 101 asserts a HLDA signal. Upon receipt of the HLDA signal from CPU
101, arbiter-630 asserts a LGNT# signal to controller 104 as shown in state 746.
Arbiter 630 then transitions to wait state 747 where it remains until controller
104 has completed the read or write cycle. When controller 104 has
completed the read or write cycle, it deasserts the LREQ# signal. At that
point, arbiter 630 transitions to state 748 where it deasserts the LGNT# signal.
Arbiter 630 also deasserts the HOLD signal as shown in state 743. CPU 101
responds by deasserting the HLDA signal and arbiter 630 transitions back to
idle state 734. It will be appreciated that the third event is a read or write
cycle from a component on bus 133 or controller 104 over link 106.



will not transm't any cycle to controller 104 until it conpletes all cycles .
post edWO 9512600% r ont of that cycle. Simlarly, controller PEFISINIG0t | ssue
a LGNT# si gnal to controller 104 until it has conpleted all posted

cycl es. The HOLD, HLDA andwigi_QD signals used in this enbodi nent
can be further described as follo The HOLD signal is a signal
asserted by controller 103 requesting control of transm ssion |ines
coupled to CPU 101. .. The HLDA signal is a signal asserted by CPU 101

i ndi cati ng t haFigure!gis afstatetdidgram illusiratingthe epemﬁomof@.smaMSﬂtﬂ_D si gnal
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The ADS# SHQRE# signalcomaster state macéu@m trgnamnsmg state 835 wheredt gnal s

from CPU AGbr@’SCXNADVE sighalldil ﬁ'ﬁ‘ﬁﬁnitb'iﬁeﬁi-ét ORUnARd g&némclt)' Nagteymand,

" st at us, address nd I nf or magt i “to cqQntrol ontroller
103 mﬁrpﬁe@%%w thesean @Wﬁﬁéﬂsﬁzﬁb@? @sshewn angd

control | etn state 8583, Thé neststifeperiaméd bpnidstacdtate ihachidelé28Wependsi ves the
AHOLD si g 8R'whether the cycle performed over link 106 i$ a write cycle or a read cycle.
During a write cycle, master state machine 628 then transitions to state 857
where it deasserts the CMDV# signal. It then transmits the first data packet
{(D1) as shown ini state 858. After the D1 packet, master state machine 628
transmits the second data packet (D2) as shown in state 859. Master state
machine 628 then transitions to state 863 where it asserts the CMDV# signal.
If controller 103 has completed the St.ibtrac'tive:' decode of the address, master
state machine 628 transitions to GO state 870 when the address indicates a
component off of bus 133 including controller 104. Master state machine 628
transitions to ABORT state 868 when the address _mdxcates a destination other
than a componenton bus 133. If controller 103 has not completed the
- subtractive decode of the address, master state machine 628 transitions to
wait state 862 and remains in the wait state until controller 103 has completed
the subtractive decode. Master state machine 628 then transitions to ABORT
state 868 or GO state 870 as described above. - -

- When CPU 101 or controller 103 transmits a read cycle over link 106,
master state machine 628 does not transmit the first and second data packets
after the first and second command packets. Instead, master state machine
628 transitions to abort state 868 when controller 103 has completed the
subtractive decode and when the address indicates a destination other than a



|t floats W%S?% ‘%2 ss line within one dock cycle. At this po?&wggk{aﬁﬁg%
0

aval | r use by controller 103. Controller 104 asser
SI DLE# si gnal to indicate its readiness for receiving information.
Controll er 103 responds by asserting thhe-CVMDV# signal and transmitting
t he command, status and address signals. Wien the command, status, and
address signals have been transmtted, controller 103 deasserts the
ggTDYﬁSSE?Bg%%%%\fgz{]etx{ Vni tis 1887 1t transiffond 10 003 ate 870 when contgoller 103 has

deasserts the &h@hl%&ﬁwmib&ﬁﬁne idecdbde afidThe laddréssdndivdates 4 destiisdtion of a

ackets. t

CVDV# si gnal A

C S Pordift iy 19 SCRRERE SO REoUER ThE b Hinsttin R Waliheird b2
gont roller 104vhemcontrol‘lemmawms notoomspieted thaesuhhmnmdecodemd remains én and
ata, it asser hp&&?{, &nﬁ*? t he
next transact |“Erél E 8ﬁ2u§ S er (ﬁgé{ég%iﬁéa%sact | on troller
103 al so deas ?"s %%ﬁagmstactemaéﬂwé% 8 traasiipns e ABO Rg%‘ie% by
CPU 101. or GO stdteBT0asdedtrilbed hbowd.r at es t he sequence of events when

CPU 101 Initiates . ABORT state 868, master state machine 628 asserts an ABORT
command to controller 104 and slave state machine 632. The ABORT
command causes controller 104 to cease processing of previous commands
and data transmitted to it by master state machine 628.. Master state machine
628 then transitions to state 867 where it deasserts the CMDV# signal. It then
transitions to state 861 where it asserts a signal to arbiter 630 indicating that it
has completed the cycle. Master state machine 628 then transitions to wait
state 851. |

In GO state 870, master state machine 628 transmits a GO command to
controller 104 and slave state machine 632. The GO command causes
controller 104 to complete processing of the commands and data previously
transmitted by master state machine 628. Master state machine 628 then
transitions to state 865 where it deasserts the CMDV# signal. In a write cydle,
master state machine 628 then transitions to wait state 866 where it remains
until the write operation is completed. Master state machine 628 then asserts
a signal to arbiter 630 as shown in state 861. It then transitions to wait state

, 851. On the other hand, in a read cycle, master state machine 628 transitions
to wait state 860 where it remains until controller 104 transmits the first data
packet (D1). Master state machine 628 then transitions to state 854 where it
receives the first data packet. It then transitions to state 853 where it receives
the second data packet (D2). After the D2 packet, master state machine 628
asserts a signal to arbiter 630 as shown in state 852 and transitions to wait
state 851. - _

Figure 9 is a timing diagram illustrating the operation of a slave state

machine in Figure 6. When the computer system is turned on, slave state

machine 632 powers up in RESET state 971. It then transitions to IDLE state




a read cycle through controller 103 to controller 104. CPU 101 begi ns by
assertivﬁé 9PREOADSH si gnal and at the.sanme tine transmtti mﬂ# and
address signals to controller 103. Wen controller 103 receives the address
over the address line, it asserts the ApglLD signal and in response, CPU 101
floats the address line. Controller 104 then asserts the SIDLE# signal,

fol l owed by controller 103 asserting the CVDV# si gnal . At that point,

oL oo AR Hatapd S LT S Rl i e TRt igg 507 =

signal s, i tledsserted, slaveistaténpadhine @zuans}unmmrwmratma?ar Whoenislayies t he

ggg\s/ﬁeﬂ gngkatamﬁgﬁgfngﬁédﬁ%en gﬁﬁéﬁ @?ﬂ?}?gggﬂas Tetri evedﬁ@ﬁ %ﬁl‘

request ed t&;sbpmmstateﬁ?ésé@heamm the dat a
over link k %@é@ﬂt@ﬂﬁkﬁﬁié@&%lﬁé&ﬁ%h&@ﬂ%éﬁ%@ﬁbwﬂw CPU 101

o cuon 179t onhgiane Bacel (ST e pRoSor oh SR 76 A 18RS s ¢ ne
data, it dmmdmmm@daegm)mwwmummmmmmm@u 101.

on bus. 105 WRShTHE pRefelionisd iRt FIRBGRSH Siaté pphNd et BRaters thBC™ "l

control | er QIDVisignad!- Slave steteimachiine 632 then ._ ctbelﬁysm&arpaCkgt a HOLD

ghgpglnttgd regag P? assesg{ggwIWI 10" controﬁggﬁalg?a?hﬁg oats t he

addr ess [ i ras showm irostate %ﬁm&rﬁéf@rméchlﬁeﬁﬁﬂ_@ﬁ@%ﬁB@R icating it
E rea%nﬂmahacgwesﬁté ﬁw&méesp&aﬁsiﬁbnh it® kta%@ém LHQﬂaét@?@h?é of the

,Sl D:' SE # ns %e 628 %‘atnrs?rltl%:sea go%%saer{ lave stgt\éD macﬁmgné%z tlralxgs:xggrtle o hat
state 980. If master state machine 628 transmits neither a ABORT command
nor a GO command, slave state machine 632 transitions to WAIT state 979
where it remains until master state machine 628 transmits a ABORT
command or a GO command. L

On the other hand when the operahon isa read cycle, slave state
machine 632 does not receive the first data packet and the second data packet
after the first and second command packets.. Instead after it receives the
second command packet and deasserts the SIDLE# signal in state 976, it
transitions to state 981 if master state machine 628 transmits a ABORT
command. Alternatively, slave state machine 632 transitions to state 980 if
master state machine 628 transmits a GO command. When master state
machine 628 transmits neither a ABORT command nor a GO command slave
state machine 632 transitions to WAIT state 979 where it remains until master
state machine 628 transmits a ABORT or a GO command It then transitions
to state 981 for a ABORT command or state 980 for a GO command

In state 981, slave state machine 632 processes the ABORT command
transmitted by master state machine 628. It causes controller 104 to cease all
processing of prior commands and data transmitted by master state machine
628. Slave state machine 632 then asserts a SIDLE# signal as shown in state
982 and transitions back to WAIT state 973.




transmtting command signals over link 106. At the sane tinme,_.controller
103 V\DV%B?%‘@% PCT/US95/03436
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transmts command, st atus, and address si gnE s do link 106. When

controller 103 has conpleted the transm sSfbn of command, status, and
address signals, it deasserts the CVDV# signal and controller 104 deasserts
the SIDLE# signal. Controller, 103 then transnits the data over link 106 to
control ler 104. Af tlastate880a31aVe state machine 632 prasasssithe GQ oommandt s t he

CMDV# si gnal %shhﬁ'&afﬂy‘ fhasterstie Wn@&&“‘ﬂ@@ﬁcﬁ%ﬁm c@fses controller
assert’s the CVDV#, sSi controller 104 hagtpflby

Pl Shed br oo A0t GORAIe® RFIGRRANG oF coRMarifs AR A4 A PTeToNaly Sranet
asserts t hrastbiitate maghitle 6280 Thraoivrite cél8, slevsstatd machind€32thengnal and
comonent o' fatetiba SIOLER SRR R ASROG N refbiFb AR lo AT, o
appreci at ed t istate973. Qrutheoytherhand, in a rdad dyxle, slaverstateraching 632cl e over
. 1l 0, e SRS g whEteabrilhd 8 QA felaBinsser L
si gnal . ready. At that point, slave state mac!%ne 632 asserts the SIDLE# signal as
shown in state 984. It then transmits the first data packet (D1) as shown in
state 985 and transmits the second data packet (D2) as shown in state 986.
Finally, slave state machine 632 transitions back to WAIT state 973.
Figure 10 is a timing diagram illustrating the operation of a master
state machine of Figure 6. Master state machine 631 is located in controller
104 and controls the transmission of signals over link 106 during a read cycle
or a write cycle initiated by controller 104. When the computer system is
turned on, master state machine 631 powers up in RESET state 1087. Master
state machine 631 then transitions to IDLE state 1088 where it remains until it
receives a signal from decoder 664 in controller 104 indicating a read or write
cycle initiated by controller 104 or another component on bus 133. Upon
receipt of the signal, master state machine 631 asserts the LREQ# signal as
shown in state 1089. It then transitions to WAIT state 1090 where it awaits a
LGNT# signal from arbiter 630. Upon the receipt of the LGNT# signal,
master state machine 631 enters WAIT state 1091 where it remains until slave
’ state machine 629 and controller 103 asserts the SIDLE# signal. After receipt
of the SIDLE# signal, master state machine 631 asserts the CMDV# signal and
transmits the first command packet (C1) as shown in state 1092. Master state
machine 631 then transmits the second command packet (C2) as shown in
state 1093. At the end of the second command packet, master state machine
631 deasserts the CMDV1# signal as shown in state 1094. In a write cycle
operation, master state machine 631 then transmits the first data packet (D1)
as shown in state 1095 and transmits the second data packet (D2) as shown in
state 1096. It then transitions to WAIT state 1097 where it remains until the




Furthernore, Figure 4 also illustrates the sequence of events
cont r ol WOOSR6M2¢ r ansnits a wite cycle over |ink 106 to c%ﬁ{’pﬁ?q’q;f"’“l%
Controller 104 first asserts a LREQ# signal to controller 103 requesting

access to link 106. In response tov\zg_e LREQ# signal, controller 103
asserts a HOLD signal to CPU 101 en CPU 101 has fi ni shed
transmtting the current addr ess over the address lines, it asserts a

HLDA signal and floats the address i nes. Upon_recejpt of the HLDA
si gnal , . colperatianyisromp tad-aésﬂnt?omtmserts the IREQ# signal as shewn 104

granting cenkiage 1698 ﬂx@&u%ﬁﬁﬂf&xs%ck'tﬁml.%tamo' I er 103 asserts the -
SIDLE# signhal o link 106 i.ndi ca ts avajl abili raoll er 104
then asserts th&m&&ggﬁﬁ ??éf&éﬁ?ﬂﬁ? ation, Fgastexy t?ﬁfﬂé%‘?‘ﬁq%g
command si gramsitionsdtomi stkteJIDMab wdiestateP099 wheré itrenradns tntil tontroller

he comrands LBl ERtataditie, N80 dohiRaRRIRbat adialpl ||

CVDV# si gnatammo:tscmtsmell@ﬂl wikiere dtreceives the firstidatapacker (1), itthenen

t t %g{;@é |
h;\?gsm Sbgen ?@ans tte 3a #}% tEﬁ’Tiéjé}\ aglggfﬁt s%ﬁ% % Eﬁe?\e?na >
Cont r ol | er maghine 63 ente the LREQsignal agshown ixstate 3 1 |t also

deasserts fd‘ﬁsf@r@backté'mstﬂémcauses CPU 101 to deassert. the HLDA
signal. Inthis WO,.9
pC‘gr/ US95/ 03436 1gure e 11 is a state dlagram xl?ustratmg the operation of a slave state

machine of Figure 6. Slave state machine 629 is located in controller 103.
When the computer system is turned on, slave state machine 629 powers up
in RESET state 1103. It then transitions to IDLE state 1104 where it remains
while the LGNT# is deasserted. When arbiter 630 asserts the LGNT# signal,
slave state machine transitions to WAIT state 1105 where it remains until it
receives a signal from arbiter 630 indicating a read or write cycle initiated by
controller 104. Slave state machine 629 then a_s_se_rts-la_ SIDLE# signal as shown
in state 1106. Master state machine 631 responds by asserting a CMDV#
signal and transmitting the first command packet (C1). Slave state machine
629 receives the first command packet as shown in 'st_a-te 1107. It then receives
the second command packet (C2) and deasserts the SIDLE# signal as shown
in state 1108. In a write cycle operation, master state machine 631 deasserts
the CMDV# signal. Slave state machine 629 receives the first data packet (D1)
and receives the second data packet (D2) as shown in states 1109 and 1110. It
then processes the write cycle as shown in state 1111. When the write cycle
operation is completed, slave state machine 629 asserts the SIDLE# as shown
in state 1112 and transitions back to wait state 1105. | :

. On the other hand, in a read cycle operation, master state machine 631
deasserts the CMDV# signal and slave state machine 629 transitions to WAIT
state 1113 where it remains until the data requested is ready. When the data
is ready to be transmitted back to controller 104, slave state machine 629
asserts the SIDLE# signal as shown in state 1114. It then transmits the first



- 14- wiPddeaed er 104 relinquishes control of link 106 ansgeraiddsh9dse
regai ns control of the address |ine. Figure 5is a table

illustrating the protocol used in the fifth enbodi mrent of the present

i nvention. In this enbodinment, |ink 106 conprises of 16 separate |ines
and thus can transmt 16 bits at one tine. P this protocol, conmmand,
status, address and data signals are transmtted serially over link 106

can tranam ¢ SUTREARED) el 3o R Ghta bAkeY (D7 A in praped 1115nd °°

packet fornmat 1136¢ Shvprameanaduae 629 then transitionsyback torwait stage| 1195.a

conponent on bg 'ﬁ; ,%{g, ﬂ&?\H ;.‘ ﬁﬂexlfo.’; he
first packet, , the first t teen 3‘8 e used
to transnmit a ng’oé‘e"yc@dﬁﬁﬁﬁtéﬂ@ﬂ ﬂavays
transmt a W%tﬁﬂ vd\BIDDE#MWQ%&&tconﬁ«dMHMm mzt@di:a bé dtsor

wite cycle.

el o oAl AR B Bt LR i, S0
the first paclawaysduived low atrtha emdtofea Pouestes fymasactiohdy controliet 103tars
second packet PRsTES 184 TabS, FERihdhead B phll OBl sOLERRE
packet, the f |thebegxmungofa@sle( O 11) is used to transnit address signals.
ey o 'S Do VNG AA T i 0L
the byte asserting and deasserting S\e vanous contro signals allows a link to be

coupled to a line used for a particular purpose. Thus, a line used for one

purpose (i.e. transmitting address signals between CPU 101 and controller

103) can also serve a second purpose (i.e. forming a part of link 106 to

transmit command, status, address and data between controller 103 and

controller 104). Coupling the link to a line already needed for a particular

purpose allows the link to utilize the pin connected to the line instead of

utilizing a separate pin. Thus, pin savings are achieved. In the example of a

link with 16 lines coupled to 16 address lines, the link utilizes the 16 pins used

by the address lines instead of additional pins. Consequently, 16 pins are

saved in addition to the 21 pins saved as described previously.



enable is active for a particular byte, the data transm | ¥ lid. In
the t Y9 §sr6002 packet, the D1 packet, all sixteen |lines . 95{0343%sed to
transmt dat a. Simlarly, in the fourth packet, the D2 _packet, all
sixteen lines are used to transnmit data. In the fiftl”l ﬂ““mmﬁ m' t
twelve lines (0:11) are reserved. -24lhe remaining four ! ' ',Z
used to transmt the GO conmmand or the ABORT conmand. Figuré 5 al®so*
illustrates the protocol used when controller 103 or CPU 101 initiates
a read cyebAIMBer |ink 106. The read cycle protocol is sinmilar to the
wite cyoqhhaPisélaimedigiitiated by controller 103 or CPU 101. - Controller

103 trangmts the I signal.... D C& signal , R# signal,,, byte enabl es, -
and address si ﬁﬁ?@q q@?&ﬁ@%'ﬂ@”‘%&’ﬂ FERa ngya/f However, the
third pademicbndu&d'toﬁ?hném@mpdnemsﬁndmnpumtsysm tbmpesing theommand or
t he ABORT, ngnd. The fourth packet is a data packet, the - D1 packet
with all én lines (0:15) transnitting data signals to controller

WD 95/ 26002  sending a signal of a first type over a first line. coupled to a first.

PCT/ US95/ nent and 2 second component in said computer system w} erelR said
The f|fth_§a_ et 1s also a data ackggi, t he gacfg‘t! wth all sixteen
lines  firsthneds alsp canpected tg asgean n@m@d +a {izd component in
' said computer system and wherein said first line is capable of transmitting
signals between said first component and said second: component;
sending a signal of a second type over said first line; |
arbitrating access to said first line between said first component, said
second component and said third component. -

104.

2. Themethod of claim 1 wherein said first line is an address line capable
of transmitting address signals between said first component and said second
component. B - ' ' - '

3.  The method of claim 2 wherein said first component is a processor and
said second component is a bus controller.

4  Themethod of claim 1 wherein said signal of said first type is a
command signal and said signal of said second type is a data signal.

5.  The method of claim 1 wherein said signal of said first type is an
address signal and said signal of said second type is a data signal.

6. The method of claim 1 further comprising the steps of:
sending a request signal for requesting access to said first line; and

sending a grant signal for granting access to said first line.

7. The method of claim 1 further comprising the steps of:



The pr ot ocQb 9g8hsgzi Ncl udes a special format for transmtti ngPCT,U595,03436
information to controller 104 where controller 104 is the destimation

t he i nformation. Under the special format, the first p
command packet, the Cl packet. Controtdser 103 transrﬁt?ﬂﬁ%ﬂ"“ﬂygﬂ}ﬂﬂ"
over the first twelve lines (0:11). Controller 103 transm

signal over the thirteenth |line and transmts a 101 over the last three

the' G2 packet,' Cont Sl P ppPEFRSHptal for iRAGHEL tomplatiudof EBRRPRUELT (G,

six lines (O: )msﬁt al so transmts encoded sel ects over the next six
lines (6:11) and transnmts byte enables over the last four lines

(12:15). The gnco sel S i dlc actual destination jn terms of the
specific func iondﬁﬂ% iﬁﬁé@é g‘l‘“&%"@“‘?ﬁé‘s’c’\ﬁ#‘& * is used to

Er ansm’)t ah dﬁ@?&mmddnd&uaﬂbmﬁgz?]ﬂéosmdxtsmd g thee txﬁnsumsk sioreof
12:15). The the D1 and D2 packets
respectively %F%m&g%fiigigigfjo%lfséﬁ%ﬁ?%@% a signals. Controller 103
transmts data signals over all sixteen lines (0:15). In a wite cycle,
the third pacget i$p %16@;5 t he D2 packet
and the fi ft?pacﬁg Eﬁeh@éd%ﬁr A%&P&x{z@nmng@é SbisUnder this
protocol, when co eaﬂsﬁiatm&mad EQSS ﬁlm roller 103 initiates a
read cycie or a Wsé:ﬁm%@ﬂ}ﬁurélh?df%fdméssﬁ Algidver siid fiftelingaghdyc e

and wite cycle format,, descrihed t he exceptl on that the packet
cont ai ni ng t he GO ¥ISEHERFAN %ﬁ%ﬁ?}@éé@ét exi st. such, a read or
wite cycle initiated by controller 104 only has four packets i nst ead of
five packgd s. [ £ .\ reciated th ne protocol
descri bed all |Thﬁ“1€5%°?8fc}a‘m§h@ﬁ$‘fg@“§ﬁsﬁﬁ s&%ﬁ%‘g}ent types over a
single line in a |dedsseing a\bhokd sigpal;t

sending a plurality of address signals over said first line; and

asserting a hold signal.

11.  The method of claim 1 further comprising the steps of:
sending a go command to continue processing of said signal of said
first type and said signal of said second type.

"



the nunber. of lines needed to transmt the same information decreases when-
conpar W@ 2526882st ens utilizing lines that transnit only oRETHISEHEM3¢ype. In
this exanple, link 106 only requires 16 |lines because of the

transm ssi on of mul tiple signal types. Traditional ﬁmﬁ ot her
hand, woul d require at least 37 |iT#s to transnmit t mm 3“ :
I nformati on. Thus, use of lines which transmt diffeterft &i ghalstypes

and the protocol to supdp_ort the use ~saves at least 21 lines. This line
savi ngs rd2ul t SThetmethnd ef clgimilfysther comprising the steppafs/ 26002

PCT/ US95/ 03436 sendf(n%_an abort command to terminate processing of satdlﬁgnal of
| oc I Xt h

Figure 6 is, a, lagram. il lustrating conttoll ers”of the
enmbodi nenﬁa*ﬁaquﬁm%a%ﬁﬁnﬁ%ﬂq’éﬁﬂéﬁ? gPenly four Iines are shown in
link 106 for ease of illustration, link 106 actually conprises of 16 '
separate lipes. .Likew,se, controller,l103, has si.xteen nodes I ch
transmit dddr e smm%@%pﬂ?%%@}ﬁ%%ﬁ’ﬁ8§%%ﬂ%&} si gnal s
f r om pr oc énformativh bétieeen a phiralitycof semtiesndiistor comporentsimaeomputerdr ess
and data %8%;0&&#‘# nk 106 to controller 104 and receive conmand,
address a ata_skgnals over link 106 . fromcontroller 104. Controller
103 al so conpr iasfirst signat generataapablerf sanding a signal of a first type over a
shared line; ; '
a first logic device capable of controlling said first signal generator;
a second signal generator capable of sending a signal of a second type
over said line; and
a second logic device capable of controlling said second signal
generator. | |

14. The conipor_tent of claim 13 wherein said component further comprises
a bus controller device capable of controlling a bus. ' '

15. The component of claim 13 wherein said signal of said first type is a
command signal and said signal of said second type is a data signal.

16.  The component of claim 13 wherein said signal of said first type is an
address signal and said signal of said second type is a data signal.



mast er st yne 628 and slave state machine 629. Contr bf’b
conpri ses%§ %@gder 664, master state machine 631 and sl a,vce)i,s a?e machl ne

632. Decoder 633 decodes addresses transmtted by CPU 101, a conponent
on bus 105 or controller 103. Arbiter 630a¢ bltrat es acc Elll ’Tiu M”ﬂ"{nd
t he address lines to processor 101. Decoder 664 deco

transmtted by a conponent on bus 133 or controller 104. I\/aster st at'e
machi ne 628 m ts ¢ n, ignals over link 106
to controll er17104 Mﬁ&?ﬁ%ﬁé‘% ' rc‘:sg?g‘es command, address

and data signals oaén‘silnenmvercapaiﬂebfmungmidaignabofsaidsfiretm@r

machi ne 631 tg %gzﬁqt onmmrand, address and data signals over |ink 106

to.controller ahd sl ave state .chi ne 632 receives comman addr ess
and data signals o@&ecandhreceiner capable of reegiving said signal of said second typeure 7
is a state di ggdrag®iid linestrati ng the operation of the arbiter of Fi gure
6. -Wen the conputer systemis turned on, arbiter 630 powers up in t he

RESET node as shown in state 733. Arbiter 630 transitions to the |DLE
node shown i n1&t at%éaénmeheﬁﬁdaﬁmmﬁmﬂ\drlab gfﬁ until one of three
°8%‘§

events occurs. The_fi r na rom decoder 633
indicating a wi teaﬁlar a&%’ eegffarrgfsﬁr% Té? lﬂﬁ | er 104 over |ink

106. Upon recei pt of the Si gnal arbiter 630 transitions to state 735

where it assefg¢s i CPU 101 floats the

address i nesiéln E%B ﬁonse to Qﬁhﬁﬁl&sﬁc&#&ﬁ bl ter 630 transitions

to state 736 WnereaF‘P eco@ﬂ%mﬂélﬁlesqa@ﬁble Qﬁmlmbg§m ignakeisaidchi ne

632 in Controfii‘ﬁwg@énd&ﬁl si ﬁﬂa sbésrd esoﬁér%‘éﬁiﬁhét&hé?é‘iﬁ'sﬂﬂiﬁ@aeto
<3p3

assert a Sl DLE;P %MS?%&%‘S@%&!‘%P?W@MH sax% it sstc?te

whil e control
second type over said line.

20. The component of claim 13 further comprising:
a third signal generator capable of sending a request signal for
requesting access to said line.

21.  The component of claim 13 further comprising:
an arbiter capable of receiving a request signal for requesting access to
said line.

" 22.  The component of claim 13 further comprising:
' an arbiter capable of sending a grant signal for granting access to said
line.



“cycle as_sh in state 737. Wen master state machine 6 ol l er
103 Wopsddin oo Fetbsssnibds

PCT/ US95/ 03436 -17- has

conpl eted the read or wite cycle, it _ggserts a signal “mmm er
630. ‘Upon receipt of this signal, arbiter 630 tran5|t|u ﬂﬁ“”ﬁ“‘
where it deasserts the AHOLD signal to CPU 101. Arbttet 630"t hé&n *
transitions back to | DLE, st at The second event causing

e 734, ..
arbiter 638to Wﬁﬁﬁmoé‘ﬁnBGfC@mllélfgrgleBF@ng' is a signal from

decoder 633 i ndj ¢édeivét capabRCofdecdiviriga yanissighal Fr tirt® BB@RS 16 said bus
105 or confroller 103 over link 106. Upon receipt of this si gnal

( PSUBDEC) , ?blter 630 transitions to state 739 where it asserts a HOLD
signal to CPU 101. Arbiter 630 then transitions to wait state 740 where )

It remains Hnti %W}‘ %m i on recei pt of the HLDA

si.gnal , ar |terlrg eﬁ??ﬁ&éﬁgﬁ3 e?gS}Q%/e S ate machi ne 632 in .
control | er a third signal generaterx Gﬁ}@bhﬂ!f semdingiageaanpletionsignal forave state
machi ne 63 diSatin S%caﬁ pRitiorfofd %ﬁ 7494% erArbiter 630 then transitions to

a wait state as In s |Ie controller 103 performs the
wite or read cycle. Wen

25. The component of claim 13 further comprising:
a receiver capable of receiving a completion signal for indicating
completion of a previous transfer. -

26.  The component of claim 13 further -comprisihg: ,
a third signal generator capable of sending a.command indication
signal for indicating the transmission of said command signal over said line.

27.. The component of claim 13 further comprising: |
a receiver capable of receiving a command indication signal for
indicating the transmission of said command signal over said line.

28.  The component of claim 13 further comprising:
a third signal generator capable of sending a go command to continue
processing of said signal of said second type.

29.  The component of claim 13 further comprising:
a receiver capable of receiving a go command to continue processing of
said signal of said second type.

30. The component of claim 13 further comprising:
a third signal generator capable of sending an abort command to

- terminate processing of said signal of said second type.

31.  The component of claim 13 further comprising:



controller 103 has conpleted the wite or read cycle, master state nachine
628 i nWOM2YP er 103 asserts a signal (LDONE) back to arBFFEROS366
Upon..recei pt of this signal, arbiter 630 transitions to state 743 where

it deasserts the HOLD . signal to CPU 101, CPU 101 in t I lH“F
HLDA si gnal ‘and arbiter 630 transitions ‘back to | DLEl@P" Mlmr““
The third event causing arbiter 630 to transition out of idle stat® 784 1s

the assertion of a LREQY by %Qgtrol | er, 104. Upon receipt. of the LREQ#
signal, arbiter 6308Tecgivgriqapableof receivingan ahprtconithanddeterminatey D si gnal

to CPU 101Praﬁé§§ilﬁgbf§ﬁgﬁgﬂﬂdfrsa{&§éd@@ty&ﬁ. wait state 745 where it
remai ns unti | CPU 101 asserts a HLDA signal. Upon receipt of the HLDA

signal from CPU 101, arbiter.630 asserts a LGNT# signal to controller
104 as shown i32.st aAcorrsuter systétrbedmprisit{g:t hen transitions to wait state

747 where it remain . S nmpl eted the read or
wrirte cycle. Wen c%ﬁ#%ﬁrgg&%éégﬁgleOfPE%‘rO%fQ%e%&?he read or wite cycle,
E[t dtea?ser7 'Z ; ;[Aﬂe L Rmem: &ngmle¢to saidtmicroprasiessqr capebiecof satingrdataii t i ons
0 state ere gfésg scoyvﬁ,@ Qnﬁ.hﬁa
deasserts the HOLD é'isxlsana agn%hg ?%@gﬁgzh%gkrogﬁogf%hg?ﬁpon S B§
deasserting t rRN afdyess froma saidanigropreeasse0 transiti ons back to idle
state 734. It will HPEnRRBUPIEEECEHIE Addrédididi rd event is a read or wite

cycle froma compongpl P iontioller 2ouplad fo said address e and SSupled to said
microprocessor, wherein said first bus controller capable of receiving an
address from said microprocessor over said address line, wherein said first
bus controller capable of sending a signal of a first type and a signal of a
second type over said address line and over said link.

a second bus controller coupled to said link capable of receiving said

signal of said first type and said signal of said second type from said first bus
controller.

33.  The computer system of claim 32 wherein said computer system
further comprises a first bus coupled to said first bus controller.

34. The computer system of claim 32 wherein said link is a half duplex
link.

35. The computer system of claim 32 wherein said computer system
further comprises a second bus coupled to said second bus controller.

36. The computer system of claim 32 wherein said first bus controller
further comprises a signal generator capable of sending a go command when
a destination of data is on said second bus.
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" Fi gure 8 is a state diagramillustrating the operation of a master state

machine of Figure 6. Wen the conputer_,gystemis turne e
machi ne 628 and controller 103 powers 39 I n reset. statﬂlmulmm”ﬁumﬂmte
machine 628 then transitions to idl e state 850. Wien thd LGNt# & ghal *is
deasserted, naster state nachi ne 6 itio it state,851. It
remains  37-in {;\B ¢ compater %iex{}rﬂf&a‘%{ﬂff’@? %a?!{% leranT# or
until sl avm&tétcem risesRCSignal gatibratoreapablel df@enaﬁfg &ﬁ%bbiﬁ:ddiﬁlaﬁﬁDL E#

si gnal . fat.e ¢hi ne nses the assertion of the LGNT#
si gnal |t ?‘%&a&'ﬂmd{ xsonpﬂﬁg,@tréfgpé 850. On the other hand, if _
sl ave state rrachl ne 632 asserts the - SIDLE# signal, master state machine

628 transiigd ons ¢ %W %ﬁ’er and :
transnts The fvlrfrxgtcac n er%ﬁst%icgfd%? ?ﬁ{g&ﬁd state mac Ihe 628 then .

transmts ﬁnﬂt@@@mm'imfmmar biter sapylleof asbgtmsaccessww 56. The

next state performed by rraster state nmachi ne 628 depends on whet her the
cycle performed_gover |ink 10 cle or,a yead, c Duri ng
O e o e rulir & ol b 46 iileref, S b Sy elaef 055"
where it dsetﬁﬁgh grahesighhMo ?nmabcessttoshdnmkansmts the first data
packet (D1) as shown in state 858. After the D1 packet, nmaster state
machi ne 628 transmts the second data packet (D2) as shown in state

859. Mast e40.st aThe computehsystedadf dldien39 metverein said secorxd bus cofitollerise i t
asserts thg, (MVEs §érﬂﬂﬁb a request sxgnal fo request access to said link.

41. The computer system of claun 32 wherein said first bus controller
further comprises of a signal generator capable of sending a command
indication signal to indicate a transmission of a command signal.

42.  The computer system of claim 32 wherein said second bus controller
further comprises of a signal generator capable of sending a completion
indication signal to indicate completion of a previous transfer.

43. . The computer system of claim 32 wherein said second bus controller
further comprises of a signal generator capable of sending a command:
indication signal to indicate a transmission of a command signal.

44. The computer system of claim 32 wherein said first bus centreller
further comprises of a signal generator capable of sending a completion
indication signal to indicate completion of a previous transfer.



If control]e has conpl eted the subtractive decode of S,
WG JFEfoRREs

mast er machi ne 628 transitions to GO state 870 e address

i ndi cates a conponent off of bus 133 including controller 104. Master
state machi ne 628 transitions to ABORT state 868 when the address

i ndi cates a destination other t hqry B2 conponent on bus 133. |[f
controller 103 has not conpleted the subtractive decode of the address,
master state nachine 628 transitions to wait state 862 and renmains in
the wait state until controller 103 has conpl eted t he subtractive
decode. Master state nmachine 628 then transitions to ABORT state 868 or
Q0O state 870 as described above. When CPU 101 or controller 103
transmts a read cycle over |ink 106, master state machine 628 does not
transmt the first and second data packets after the first and second
command packets. |nstead, mgster—state_nnpchine 628 transitions to abort
state 868 when controller 133 has conpl efed the subtracti ve decode and
when t he address indicates g dEMPONENT on| ot her. than a WO 95/ 26002

PCT/ US95/ 03436 101 -19-

conponent on bus 133. It trgnsitions to 3O state 870 when controller 103
has '

LINE UNK 106

169

COMPONENT COMPONENT
103 104

FIG. |

PROCESSOR
101
BUS 102
LINE LINK 106
169 |
CONTROLER  Hoii—23-  CONTROLLER
103 | CMDV#Z_126 104
DLE# 127
BUS 105 BUS 133

FIG. 2
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conpl eted _the subtractive decode and the address indicates

a co 104.

state 862

bus 133 including controller
when controll er
and renmai ns in wait state 862 until
subtractive decode. After wait s
transitions to ABORT state 868 or
In ABORT state 868, nmaster
to controller JLMEFne sl ave state machi ne
control ler 104 t =";se proce55|ng of pre
transmtt ¢d = =

controller
¥2 862, naster

iy

o
A

where it asserts a signal t
as conpleted the cycle. Mast

867 mhere it deasserts t he CMDV# si gnal

a _desti nat

't tr RIS

i on of
0 wait

103 has not conpleted the subtractive decode
103 has conpl eted the

state nmachi ne 628

BORT
nds

conmand
and data

as -

|t
o arbiter 630
er state machi ne

state 870 as descri bed above.

state machi ne 628 asserts an ABORT conmand

causes

t Hen

62

state mac sl ety
processin TR
state machi 0 state
865 mhere p pster state
machi ne 628 then R ansitions to maig,ftate 866 where |t re ayY'ns untiI
the witelopera ol ol et ed NMpsiie 2. machi.ne l‘l a ts
a signal {p éﬁSEﬂTt‘@PRféﬁs Ok k5 hjowAS$ERT §9 FOME1 | 1t tHe td wait
state B51. t her| hiand, i r{HQ ead cy Ie raste$m§§ chijne 628
transiti ohk t al at el 860 _whef enhi ns until aoller 104
transmts{the firstt data ASSERT HOLD SIGNAL
(HOLD)
WAT UNTIL CPU IS 230
FINISHED TRANSMITTING ]
ADDRESS WAIT UNTIL CPU IS
211 FINISHED TRANSMITTING
ADDRESS
231
I
ASSERT HOLD ACKOWLEDGE
ASSERT HOLD SIGNAL_(HLDA)
ACKNOWLEDGE SIGNAL 232
(HLDA) L
212 ASSERT LINK GRANT SIGNAL
(LONT #)
233
ASSERT COMMAND
INDICATION SIGNAL
103 OR CPU N\ CONTROLLER | (CMOV#)
TRANMITTING? OR | TRANSMIT COMMAND
15 SIGNAL
CONTROLLER 104
TRANITING? TRANSMIT ADDRESS
SIGNAL
CONTROLLER 103 215
OR CPU |
ASSERT IDLE SIGNAL ASSERT IDLE SIGNAL
(SIDLE #) (SIDLE ##)
214 234
1 - A
ASSERT COMMAND ASSERT COMMAND
INDICATION SIGNAL INDICATION SIGNAL
(CMOV #) (CMDV #)
TRANSMIT COMMAND SIGNAL TRANSMIT COMMAND SIGNAL
TRANSMIT ADDRESS SIGNAL TRANSMIT ADDRESS SIGNAL
215 235
NN ro =
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packet (Dl). Master state machine 628 then transitions to state 854 where

it r e WRS0B2he first data packet. It then transiti onsPEHUSIAPE6353
where it receives t he second data packet (D2). After the D2 packet,
master state nmachine 628 asserts a signal to arbiter 630 as shown in
state 852 and transitions to wait /qbate 851 Figure 9 is a
timng diagramillustrating the operation of a slave state machine in
Figure 6. Wien the conputer systemis turned on, slave state machi ne
632 powers up in RESET state 971. It then transitions to IDLE state WO
95/ 26002
PCT/ US95/03436 972
where it fermains if the LGNTH#SI I~ asserted. | S
deassertefl, slave state machi ID B to s YWen
sl ave state machi ne 632 }r s Il from dl DR Nf‘l' gsserts
a S| DLE# ki gnal as showy in stap Wien na g 628
asserts the CVDV# si ghallb—sdave—stateachi ne B3 3 state
975 wherelit receives the first ¢command packet (Cl).
transitiophs to state 976 where it receives t he second and packet
(C2) and phere it deasser the SIDLE#, signal .
ASSERT CMDV # SIGNAL ASSERT SIDLE #
TRANSMIT ABORT SIGNAL
COMMAND (ABORT) 237
DEASSERT CMDV # SIGNAL
220
ASSERT
CMDV # SIGNAL
TRANSMIT GO COMMAND
(60)
DEASSERT CMDV # SIGNAL
218
PROCESS ADDRESS AND DATA TERMINATE PROCESSING
ASSERT SIDLE # SIGNAL ASSERT SIDLE #* SIGNAL
218 221

DEASSERT LREQ#

DEASSERT LONT#

DEASSERT HOLD
225 .

DEASSERT HOLD
DEASSERT HLDA |
226

ASSERTED?
223

DEASSERT AHOLD
224

FIG. 38
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When the operation is a wite cycle, master state nmachi ne 628 deasserts the
CMDV# si griéP 95088 e state rmachine 632 then receives the fi PEIEYB4Hacket
(D1) as shown in state 977. Afterwards it receives the second data packet

(D2) as shown in state 978. If nmaster state nmachine 629 transmts a
ABORT command, sl ave state nachi il 3] 2332 transitions to state 981. |If
master state machl ne 628 transmts a @GO command, sl ave state machi ne
632 transitions to state 980. |If master state rrachl ne 628 transmts
nei t her a ABORT conmand nor a GO command, sl ave state nachi ne 632
transitions to WAIT state 979 where it remains until master state
machi ne 628 transmts a ABORT command or a GO conmand. On
the other hand, whep the op¢rat|on is a read cycl e, slave state rachi ne
5 1

632 does Bﬁ{ reqgei e th

'm - g Ol d p' ke
after the (= o4 Ohed c dandipacldet s | st edo mthe
second conman et h .aLLé_Lh.&'ﬁLq.E#JJ_Q.DiL_m.ﬂ.aEL&'?G, [t
tran5|t|oABS#tq sta'ie oy1 |ﬂ mast er istatie meghi néa 628 ttdnsnits a:ABCRT
commnd Al terinative y sl ave gtatg machi ne{ 632itramsitjions ito skatei 980 if
mast er %@Pr{achlpe ig THansST TS T o comamd W#dmﬁzfte !
machi ne 6 i ther @ ABQRT clommand négr at!GO ¢ , Iavp
state nmachi ne M%WW' LemBi-as untj |
master  CMDMkiat e imach| ne 628 f ABORT icommiand.i It fhen

transitions i __tio sthte 981 flor d ABGRT commahd of s te 980 for al GO
comrand. SIDLE# | I staje $81, 4l ave state machi me pr:oces«ses ihe
ABORT cormand' trapsmiteany (aste;r state [T‘BChIl ne ¢ ause

controll eHM:LlU?g to lc

transmtted by, nasf

-
% —m

o - ) 1 (
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G J | U A s s s s L | W

} | S SR NP NN SN S S R
AHOLD | / { | toA i A i i

] . ! { ) i : i v T

! I [} ] ] ] 1 [} 1 ] {

| 1 ] ) 1 B | i 1 i 1 1 |

f r ] | i |~ f——t ! {
cMDw#! L U T T B B B :

{ 1 i } i i : ! i i | i

[ =’ 1 ] ] | ] | i 1
g o s N N oy W N S O T
HM’NK 1 § 1! ! Jr + i L] ] ]

—H(_jeru ; ot X c2] Xao Aot [X(o2 ) ; iCPU |

! b bl bbb b b b b
W L T T T YT L

I i rE ': E i E rLi i J{ { 1

t | J 1 T T H mar R Y T T
HLDA | : I{ H i i i { : | | t \_ CONTROLLER

| TR T T S N N T A )
CMDV# | od N W S B p T

I W d 1 1 ] | ' ] 1
SIDLE# | ! AR IR Y e aclan W N N A

T T T T S A N T
HAILINK _(f (o N ,

e o F—HC X ez @D Ao o2 ——

! i { i i i i i ' { i |

S A

SUBSTITUTE SHEET (RULE 26)



(0]
= — n un mn._ m
— (ol M - @. O m o
— T c 2€ahnM =" ET 3
Co OV~ 0M-C On.— =z P-4
> == N Q.— m oc (&) (&
£ SEQyesrcoi-- A — A
O 0. _— O H ~C XD llllﬁlllll!lilll......lllllllllilill(!l(llu llllllllllllllllllllllll D -
c o o Ulldunmc
T 0N o [3) Q ()] —
f c e s .m a NPN7,) Py Y Rt hehs Ruialashedesindnds Rately fatnr’ plachateded: Satedelede J'll..l llllllllllll W s g e s e . ot Ay e iy oAl Y P o s it ll.lJl.-l'l.
N > - - @) = o 0 eam—m—— i (SNSRI GRS NN SYNpEINE DU, S PO U B eenfigy IS f—~===- e e o e
O © > . LT L~ tw 1 ]
— O O O — — O X QN (7]
© N %) - o c ol 8> mmms B ettt (o e S B el BRSSP LU Pl Sobl B gl q-~-—-- i miniey
C - © S —_ 0w O e
on @ c o we- o I e TN DUSE SRR e e b Jom iy i DI
o m sed 9 0 7
S S b
m ) - <l o~ © m llllll N (RSN . Sty PN PP SRR PR g SRR L llllllllllll -
3+ L O O = © ) @©
L - O D..V l..bul.. o~ i R It M_ﬂ tttttt IR fa Rty --F-~—=——--}--1--- ) USR J 4 ..o..Hﬂ..!J ——
n s, (o . { o [ SNV b
a AR Jpua s N % SO MU DU &hs s NS oS SN -~ S i s 3 + SO B R Po B
— —_ T pt
» O O~ i~y Tl PycRI TV INPSRERRR R SR R S [V -y RSNSOI P ) SUNS SEDURRY [ U NS —
c . oc_ . dopFodoc o 3 o a
(90] O oT_ > a1 c r ] | A
S 7 O 2 n - d' 'q.' llllllllllllllllll e o s G W v e (e A QY Vot Sk daw p P s st o w— v =t Ty i duy W g . it Y — i S Y—— ﬁ.-.‘ oy A = —— i Y -_—— — Al 2 -—
N e)! e (O c C O
nrp o o6 =~ n‘w- 0...hh. i~ e Y e o m llllllllll SPNSYy TN RV g llllllllll ole mini e e | DI P [ . -
0 O [&] +— b2
oo ~BIFTRoFLceofd | LI ) DU IR . IR N I I ——g et
a® o ooy 2 B RSl [ e St ety -
G OO . Q 2] Q
7 Pagl = Sl piiit: TSy PP PO N B U IO IS S S e I O SESEY JRVVEY SRR — - N
S o= O T BE | \ )
] cc o, g B SR - S S P, St Iy W DU «oufIGN EU N DU STt U o e i N —— e
c_ .~GCO TE® k) @ © - - i i
~ (&) r.m-l I.laﬂ. -y .Ih"vl..ﬂv.wu‘e o - @ lllllllll e s e - e e e v e 4 llllll b e o e okt et v s e e e e o P el d T (5 PRI, — i ol o -
o Lo MRS ST =70 N Is-. VRO NN S a— RS VRNEOUN NS VU SR — SN UG, W -
© o - S| >0 unw_|>5 i
L @© C = © [«lN7) Re)]
DX 4o Tt It Sl m ) I L N e {--F~--- § UV DR IR QUPENEUUVIREDUY U SEPIDUNNE SRS NEVOVSRES BO Y PR
c o SR — n -
- — a ) S hu! . v )y Pkt STl e e ol e et [ s S e et B i s e e e .‘t.J llllllllllll SRRy R T e ﬁ - —— e ol = e s e o e it vt ol e o s oy
O n - o ° - — —
(@] [P S] — +— w» —
m 2 O = O s et ey Bl et e Abnitt Eidetlely Rt 111" St Satmbadetelebbodatnd dedetein -=1-r----1-1Tr1--"
% M 0N . wks <t ¢ n |
Cd e afl el e o st ) e ittt v [ ke e r e o e o e e e et R e v ot o i et et o e e e ol 2y e e e et g o e s e 0 g e it e e e e At o e ot ol v n o =
(- M— m o c oW .m 1 i
B0 ¥ = 2- m}t: o © - - ke 44
— e ﬂl —— .I.llllll.Kll lllllllllllllll s s B vy i gy v —— - A 'Ilw llllllllllllllllll #' K
SN M Qoo @ — » i * ap: 2 i &z
ves < O Iegmfwhﬁe Z. 0 =5 S Q « ...M 2 W £ O Q £ E a w:..w
BT 0D T m..[ D+ =0 A M w o 9 s ) M w O o & = £
PLooovE® . &F @S .S B T o r 3 S S » T = E T S S » T
S -~ - O 4 TM O —_OmMmC
B WOV M~M_Locwnoowhk~o
NcHBE O o _ . -
aUtste.resv:m (GG
. - 0 C - O - C T — o
82_0 <t v »n © © ©'O © © O
AN 00 C 0O m N4 -0 C - O
oo _ - C Vi = V. N O

FIG. 4B

SUBSTITUTE SHEET (RULE 26)



state nachlne of Figure 6. Master state machine 631 is located in

control | eWO92608 and controls the transnission of signal SIS 106
during a read cycle or awite cycle initiated by controller 104. Wen
t he conputer systemis turned on, master state machine 631 powers up in
RESET state 1087. Master state ngchjpe 631 then transitions to |DLE
state 1088 where it remains until it receives a signal from decoder 664
in controller 104 indicating a read or wite cycle initiated by
controller 104 or another conponent on bus 133. Upon recei pt of the
signal, master state machine 631 asserts the LREQ# signal as shown in
state 1089. It then transitions to WAIT state 1090 where it awaits a

LGNT# signal fromarbiter 630. Upon the receipt of the LGNT# signal

master state machine 631 enters WAIT state 1091 where it remains until

sl ave state machi ne 629 and controller 103 asserts the SIDLE# signal.
Aft-er recei pt of the SIDLE# signal, naster state machine 631 asserts
t he CVDV# sign and nsmips t first conmand packet (Cl 03as shown
in state 10Qg ﬁ/hs PI|4Qtr [3’:1 ‘?mrhlhﬁlp 631 thepn tr angm fs .t (hp )qp ond
command pack ) f n st at t the end of the|sggond
command pac Mﬂ%nﬂ%@#ﬂn gial as
shown in stpBY TEDENABREa wite cylcle ADDRE®S on, master state|nGaAi ne
631 then trphRsrts—the—first—datalpacket Lfﬂ\ as—showA—in—stale 1095
and transmts the second dat a packdBAHﬁb) as shown in state 1596M It
t hen transi pFroms—to WA —state 1697 where—tt—remars—umt+—the
D2
GO/ABORT ) RESERVED
15 14 3 2 (1 o
M/TO§ | DIC# |WIRH ADDRESS al
BYTE ENABLE ADDRESS c2
GO/ABORT RESERVED
DATA Di
DATA D2
15 4 13 2 i o)
} 0 I | WIR# ENCODED SELECTS Ci
BYTE ENABLE ENCODED SELECTS ADDRESS c2
GO/ABORT RESERVED
DATA Dl
DATA D2

FIG. 5
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operation is conpleted. At that point it deasserts the LREQ# signal as
shown in state 1098 and transitions back to IDLE state 1088.

On the other hand, in a read cycle ogerggion, nmaster state nmachine 631
transitions fromstate 1094 to wait state 1099 where it remains until

controller 103 transmits the first datepacket—At—tt=at poi ni
state machi ne 631 transitions to statg 1001 where itgr¢gceive
data packet (Dl1l). It then receives the second data [fchet (Db
in state 1002. Master state machi ne 631 then deassems|the L
as shown in state 1098 and trangpti ong back to IDLESt ate 10
Figure 11 is a state diagramillustr@ting| ationéf a_sla
machine of Figure 6. Slave state macgi ne 629,it8 | gcatedgnjcontr
When the conputer systemis turned , sl aee 2 ¢ nachige {629 p
in RESET state 1103. It theq TTansitTons t{& @q;tate 04—whery
remai ns while the LONT#|i s (leasserted- anbi t er ¥3Q_ass
LGNT# si gnal , (Pave statje machiine_t 1 ans+++6hs WA T gtate
it remains until | recei ve$ a isijgnal g r 630 ji ndi c
read or wite cyc initiatgd by cont 1 %ave state
629 then asserts | DLE# silgnall as Shd)lfﬂ-(gi— i) 1104. Mast
machi ne 631 respopgs by assgrting 4 CMDY# |SNs |O
3 30| (3%
o|—>LuJ
B35S
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signal and transmtting the first conmmand packet (Cl). Sl ave chi ne
629 recew@2s5260@ first conmand packet as shown in state 1f5§msé§§&§?§ﬁ
receives t he second command packet (C2) and deasserts the SIDLE# signal
as shown in state 1108. In a wite cycle operation, nmaster state
machi ne 631 deasserts the CMDV#ggijgnal . Sl ave state machine 629
receives the first data packet (Dl) and recei ves the second data packet
(D2) as shown in states 1109 and 1110. It t hen processes the wite
cycle as shown in state 1111. Wen the wite cycle operation is

conpl eted, slave state nmachine 629 asserts the SIDLE# as shown In state
1112 and transitions back to wait é@ﬂf%‘f@bS. On the ot her hand,
in a read cycle operation, master spate—sachine 631 deasserts the
CNVDV# signal and sl ave state machi e iv ansitions to WAIT state
1113 where it remains until the data~gautsted is ready. Wien the data
Is.ready to be transmtted back to conflroller 104, slave state nachine 629
asserts the SIDLE# signal as s in#Hate 1114. It then transmts the

first WD 95/ 26002
CONTROLLER 104 ASSERTS.LREQ# dat a

PCT/ US95/ 03436
packet (Dl) and the hown in states 1115 and

econgd dat a pdcket

“BQ

ﬁfgfg ASSERT\ DECODER
735 ) SGNAL| HOLD
DROM  \_ 739

DECODER
633

TRANSMIT SIGNAL
TO CONTROLLER 104
SLAVE STATE
MACHINE
736

CPU
ASSERTS

TRANSMIT HLDA
SIGNAL TO
CONTROLLER 104
SLAVE STATE : ?_SSGNE-P;
MACHNE
141

CONTROLLER 104
CONTROLLERT? cogei?-}'omsm 03 PERFORMS WRITE
ST TATE | WRITE OR READ OR READ CYCLE
ASSERTS CYCLE
SIGNAL 742 CONTROLLER 104 ,
CONTROLLER 103 MASTER DEASSERTS LREQ
STATE MACHNE
ASSERTS SIGNAL
DEASSERT
AHOLD

738
- (( DEASSERT LONT#
CPU DEASSERT 743 o 748
HLDA
FIG. 7
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1116. Sl ave state machine 629 then transitions back to wait state 1105.
Under a sgy9gidgoembodi ment of the present invention, cont PSH{USPS/A3436

will float CMDV# on the cycle it activates LGNT#. Controller 103 w |

al ways initially drive SIDLE# | ow so that controller 104 may

I medi ately begin its transactign/ y t hout waiting to sanple a valid
SIDLE#. In addition, SIDLE# is Iva\z%s driven low at the end of a
requested transaction by controller 103 or controller 104. Thus, there
is no need to signal QONROHERVES SLAVEaSTATK MAGHING G283 At t he beginning of a
cycl e. It '§d) be appgRErated that the nmethod and apparatus '
descri bed for asserti'ng and dg erting the various control signals
allows a link to be coupl ed™ g | i ne use a rticular purpose.
Thus, a line used for one purdese (i.e. tm,tt g address signals
bet ween CPU 101 and controller 4@, can al so serve a second purpose
(i.e. formng a part of link 106 transmt conmand, status, address
and data between controller 1 and GNT# control l er 104). Coupling the |ink
to a line already needeggNigs par | DEASSERTED purpose allows the link to
utilize the pin connect gskerm@D i he Ig ne instead BTassert Nt igPERATIOND a separate
pin. Thus, pin savings are achhegvet~| r£_h_L_eangmtp\lanLof ZOMPLETEDI nk with 16
| ines coupled to 16 address |i [ '

" > nk Ut iTOiARBIFER AT pia sed
by the address lines insteggt of aggtti onal pins, o/ pins are
saved in addition to the Z1 pins shved as descri bed evi ous\ y®
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CLAI MS: 1. A conput er system conpri Sing: a processo

menory coW@95@640% t he processor, a plurality of conpoHE ﬁ*%nfﬁupled
to a first bus; a plurality of conponents coupled to a second bus;

a first conponent controlling transm ssion of signals on the first bus, t he
first conponent coupled to the first pq? and coupled to the processor by a
dual function line, the dual functi g ne carrying a plurality of types of
i nformati on; a sec%%@g_gﬁ)meg;wg:gﬂw QAEHINED g ansmi ssion of signals
on the second bus, the se y apponent being coupled to the second bus, to
the first conponent by a p of signal lines, and to the dual
function line by a |link whi es signals betmeen the first conponent,
the second conponent and the prjocessor, an arbitration circuit
coupled to the dual function Lile fior arbitrating access to the Iink such
that the second conmponent ac 3
reguest signal to the firs stsenent over one of the plurality of
LGNT =

LGNT & DEASSERTED

ASSERTED
SIGNAL FROM ASSERT SIDLE =
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‘WAIT
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signal Iines. 2. The conputer systemof claim1, where| Sodve!
functi on WOAR2®hpri ses address |ines and wherein the arbitration circuit

further arbitrates access to the address |ines. 3. The conputer system
of claim1l, wherein the first conponent conprises:
2 a first master state machjngcoupled to the arbitration circuit

for sending signals to and receiving signals fromthe arbitration circuit,
and for transmtting conmand, address and data signals over the |ink and

over the plurality of sj [ onponent ; a first
g ’ fdoﬁﬁ@éﬂ%,ﬂ %L‘}r%ﬁ? ﬁmégsgg gﬁd dat a

sl ave state machine fo 1B

SIGNAL FROM
DECODER 664

FIG. 10
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signals over the link and over the plurality of signal lines fromthe

second cONP8H2 and a first decoder for decodi ng BfddyEs93a36
transmtted by the processor, the second conponent, and the plurality of
conponents on the first bus. 4. The conputer systemof claim3, wherein
t he second conponent conpri ses: 12712 second naster state nmachine for
transmtting command, address and data signals over the |ink and over the
plurality of signal lines to the first conponent; a second sl ave

state machine for receiving command, address and data signals over the |ink

and over the pluralityCOMROLLFRNAS SLAVEESTATErMACHINDI@2d | r st conponent; and
a second decoder for dgstdi n esses transmtted by the first conponent
v

and the plurality of conpon h t he second bus. 5. The conput er

systemof claim4, wherein thepirality of signal lines conprise an idle
signal line for carrying a sigyal
transaction, a command |ine

i ndi cating the conpletion of a

LEarryi ng a signal indicating a conmand
signal is being sent over t ﬁokn a link request line for carrying a link
request signal fromthe se dednponent requesting access to the link, and

a link grant line for carrfying j t signal fr e figst conponent
i ndi cating t he UGNT¥R ASSE e. TG’&]J”DKSS%&&B FIG [ |l
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3 6. The conputer system of erein the f ir

nmachi ne transnits conmand, address and dﬂww'”mr "ﬂ ul he | RARLAGEWENT GHEET
the determ nation of a destination, and er stdtSEP 1997
machi ne i ssues a GO command to the second slave state rrachl ng| RAGHR -t-he- e
destination is deternmined to be a conponent on the second bus, The GO —
command directing.the second sl ave machine to continue processing t he

comand, address agg%gggs;signals. 7. The conputer systemof claim®6
wherein the first state nmachi ne i ssues an ABORT conmand to the

second sl ave machine when it determ nes that the destination is a conponent
on the first bus, the ABORT conmand directing the second slave machine to

stop processifg t ha conipatersysteds eompnsingrat a si gnal s.

a processor;

a memory coupled to the processor;

a plurality of components coupled to a first bus;

a plurality of components coupled to a second bus;

a first component controlling transmission of signals on the first bus, the
first component coupled to the first bus and coupled to the processor by a dual
function line, the dual function line carrying a plurafity of types of information;

a second component controlling transmission of signals on the second
bus, the second component being coupled to the second bus, 1o the first
component by a plurality of signal lines, and to the dual function line by a link
which carries signals between the first component, the second component and
the processor; -

an arbitration circuit coupled to the dual function line for arbitrating
access 1o the link such that the second component accesses the link only after
sending e link request signal to the first component over one of the plurality of

signal lines.
2. The computer system of claim 1, wherein the dual function line comprises
address lines and wherein the arbitration circuit further arbitrates access to the

address lines.,

3. The computer system of claim 1, whereln the first component comprises:

r
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a first master state machine coupled to the arbitration circuit for sending

signals to and receiving signals from the arbitration circuit, and for transmitting

command, address and data signals over the fink and over the plurality of signal

lines to the second component;

a first slave state machine for receiving command, address and data
signals over the Jink and over the plurality of signal lines from the second
component; and

a first decoder for decoding addresses transmitted by the processor, the
second component, and the plurality of components on the first bus.

4. The computer system of claim 3, wherein the second component
comprises:

a second master state machfne for transmitting command, address and
data signals over the link and over the plurality of signal lines to the first
component;

a second slave state machine for receiving command, address and data
signals ovér the link and over the plurality of signal lines from the first
component; and

a second decoder for decoding addresses transmitted by the first

component and the plurality of components on the second bus.

5. The computer system of claim 4, wherein the plurality of signal lines
comprise an idle signal line for carrying a signal indicating the completion of a
transaction, a command line for carrying a signal indicating a command signal
is being sent over the link, a link request line for carrying a link request signal

from the second component requesting access to the link, and a link grant line

for carrying a link grant signal from the first component indicating the link is free.

i
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6. The computer system of claim 5, wherein the first master state machine
transmits command, address and data signals over the link prior to the
determination of a de_stinétlon, and wherein the first master state machine
issues a GO command 1o the second slave state machine when the destination
is determined 1o be a component on the second bus, the GO command directing
the second slave machine to continue processing the command, address and

data signals.

7. . The computer system of claim 6, wherein the first master state machine
issues an ABORT command to the second slave machine when it determines
that the destination is a component on the first bus, the ABORT command
directing the second siave machine to stop processing the command, address

and data signals.

8. The computer system of claim 1, wherein the first component and the .

second component comprise bus controllers.

o
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