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DYNAM C DEFERRED TRANSACTI ON MECHANI SM FI ELD OF THE | NVENTI ON

The present invention relates to a device for reducing |latency on a

CPU bus. More specifically, the present invention relates to _an apparatus
and met hod fWP¥@MIBating split or deferred transactions |H’C§"{58ﬂg\] Cr
system BACKGROUND OF THE | NVENTI ON Buses are
traditionally classified as CPU buses or I/0O buses. Processor buses
are short, generally high speed, and matched to the menory system so
as to maxi m ze nenory-processor bandwi dth. 1/0 buses, by contrast,
can be lengthy, can have many types of dewviltes connected to them and
of t.en have a wi de range in the data bandw dth of t he devi ces
connected to them |/ Y¥NAMIGIHBEFERREDIARANSACTION MECHANISMr ough a 1/0
bridge nenory controller or use the CPU bus to connect to nmenory.

A typical transa be broken down into sever al
phases. An agent 1 n processor or the 1/0 interface,
initiates a transacti dihetp}eseakxmgnheqmelstestma devige fargedmting tajenqgy on a

CPU bus. More specifically, the present invention relates to an apparatus
and method for regulating split or deferred transactions in a computer
system.

BACKGROUND OF THE INVENTION

Buses are traditionally classified as CPU buses or I/O buses.
Processor buses are short, generally high speed, and matched to the
memory system so as to maximize memory-processor bandwidth. 1/0
buses, by contrast, can be lengthy, can have many types of devices
connected to them, and often have a wide range in the data bandwidth of
the devices connected to them. I/0 buses may interface with memory
through a 1/0 bridge memory controller or use the CPU bus to connect
to memory.

A typical transaction on a CPU bus may be broken down into
several phases. An agent on the bus, either a processor or the 1/O
interface, initiates a transaction by making request for the bus. During an
arbitration phase, bus agents arbitrate amongst themselves to determine
the next owner of the bus. Once an agent has won arbitration during the
arbitration phase, it places a request on the bus in a request phase.
During an error phase of the transaction, all agents check the request for
correct parity and can signal a possible error. All processors check the
address of the request of the transactions against the contents of their
caches and indicate the results during a snoop phase of the transaction.
The snoop phase marks the point in the transaction where the ownership
of the cache data and the global observation point of the processor's
memory access is determined. The transaction then compietes with a
response phase where further information regarding the completion of
the transaction can be signaled. Based on the type of transaction a
request-initiated, response-initiated or snoop-initiated data phase can be
present in the transaction. '
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processor pipelined to issue consecutive transactions experience delay
when a processor transaction involving data transfers to external buses
are executed. For example, processor I/O access transactions normally
take several clock periods to complete. 1/0 access transactions include
accesses to I/0 devices such as data storage devices or memory on the
I/0 bus such as flash memory. During the period of time signals are
propagated to the 1/O device or data is retrieved from the 1/0O device,
the processor continues to hold the data bus lines. This prevents other
transactions from using the data bus lines and generates latency
problems.

Thus, what is needed is a method and apparatus for reducing

latency caused by bottle necking in the CPU bus by processor 1/O access
transactions.

SUMMARY OF THE INVENTION

A transaction deferral mechanism for regulating deferral of a
transaction issued on a bus by a processor is disclosed. A bus transaction
recorder is coupled to the bus for processing encoded signals from the
transaction issued on the bus. A transaction processor unit is coupled to
the bus transaction recorder and the bus. The transaction processor unit
defers the transaction issued on the bus when the transaction processor
unit receives an indication signal from the bus indicating that a pending
transaction is waiting to be issued on the bus and when the encoded
signals from the transaction issued on the bus indicates that the
transaction issued on the bus is a candidate for deferral.

A method for regulating deferral of a current transaction is
disclosed. First, determine whether a pending transaction exists. Next,
determine whether the current transaction is deferrable. Lastly, defer the
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Figure 1 illustrates an embodiment of the present invention as

implemented in a computer system.

Figure 2 illustrates a block diagram of one embodiment of a
transaction deferral unit according to the present invention.

Figure 3 illustrates one embodiment of a host bus transaction
recorder according to the present invention.

Figure 4 illustrates one embodiment of a transaction processor
according to the present invention.

Figure 5 illustrates one embodiment of a I/O bus interface
according to the present invention.

Figure 6a illustrates how transactions are issued in a conventional
computer system.

Figure 6b illustrates the penalty taken on a deferred transaction.

Figure 6¢ illustrates how deferred transactions are issued with a

HP—’

transaction deferral unit according to one embodiment of the present
invention.

Figure 7 is a flow chart illustrating a method for dynamically
deferring processor to 1/O access transactions according to one
embodiment of the present invention. |

DETAILED DESCRIPTION
A novel transaction deferral unit is disclosed. In the following
detailed description, numerous specific details are set forth in order to
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current transaction if the pending transaction exists and the current
transaction is deferrable. BRI EF DESCRI PTI ON OF THE DRAW NGS
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described in detail so as not to obscure the present invention.

Figure 1 illustrates in block diagram form a computer system of
one embodiment of the present invention. The computer system
comprises processor 101 for processing digital data. Processor 101 can be
a complex instruction set computing (CISC) microprocessor, a reduced
instruction set computing (RISC) microprocessor, a very long instruction
word (VLIW) microprocessor or other processor device. Figure 1 shows
one example of a single processor computer system which uses the
present invention. However, it is understood that the present invention
can also be implemented in a computer system having multiple
processors. Processor 101 is coupled to CPU bus 110 which transmits
signals between processor 101 and other components in the computer
system. Memory 113 is coupled to CPU bus 110 and comprises a
dynamic random access memory (DRAM) device, a static random access
memory (SRAM) device, or other memory devices. Memory 113 stores
information or other intermediate data during execution by processor
101. Bridge memory controller 111 is coupled to CPU bus 110 and
memory 113. Bridge memory controller 111 directs data traffic between
processor 101, memory 113, and other components in the computer
system and bridges signal from these components to high speed I/0 bus
120.

I/0 bus 120 supports peripherals operating at high data
throughput rates. Bus 120 can be a single bus or a combination of
multiple buses. As an example, bus 120 can comprise a Peripheral
Components Interconnect (PCI) bus, a Personal Computer Memory Card
International Association (PCMCIA) bus, a VL bus or other buses. Bus
120 provides communication links between components in the computer
system. Network controller 121 links a network of computers together
and provides communication among the machines. Display device
controller 122 is coupled to high speed I/O bus 120. Display device
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controller 122 allows coupling of a display device to the compdter system

system. Display device controller 122 can be a monochrome display
adapter (MDA) card, a color graphics adapter (CGA) card, enhanced
graphics adapter (EGA) card, multi-color graphics array (MCGA) card,
video graphics array (VGA) card, extended graphics array (XGA) card or
other display device controller. The display device can be a television
set, a computer monitor, a flat panel display or other display device. The
display device receives information and data from processor 101 through
display device controller 122 and displays the information and data to
the user of the computer system.

1/0 bus 130 is used for communicating information between
peripheral device which operate at lower throughput rates. 1/0 bus 130
can be a single bus or a combination of multiple buses. As an example,
bus 130 can comprise an Industry Standard Architecture (ISA) bus, an
Extended Industry Standard Architecture (EISA) bus or a Micro Channel
Architecture (MCA) bus. Bus 130 provides communication links
between components in the computer system. Keyboard interface 132
can be a keyboard controller or other keyboard interface. Keyboard
interface 132 can be a dedicated device or can reside in another device
such as a bus controller or other controller. Keyboard interface 132
allows coupling of a keyboard to the computer system and transmits
signals from a keyboard to the computer system. Mass storage device
131 can be a hard disk drive, a floppy disk drive, a CD-ROM device, a
flash memory device or other mass storage device. Audio controller 133
operates to coordinate the recording and playing of sounds is also
coupled to I/O bus 130. Bus bridge 123 couples bus 120 to bus 130. Bus
bridge 123 comprises a translator to bridge signals between bus 120 and
130.

In one embodiment of the present invention, bridge memory
controller 111 comprises a transaction deferral unit 112. Transaction
deferral unit 112 operates to defer a current transaction which is taking
more than a predetermined amount of time to complete when a pending
transaction is waiting to be issued. Transaction deferral unit 112 also
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may be practiced without these specific details. In other instances, well-
known net hods, procedures, conponents, and circuits have not been
described in detail so as not to obscure the present invention.

Figure 1 illustrates in block diagramforma conputer system of one
enbodi nment o esent invention. The conputer system ses
processor (*or p?ocessing digital data. Processor 101 cgﬁngj S0Thie
conpl ex instruct|on set conmputing (CLSC) m croprocessor, a reduced

i nstruction set conputing (R SC) m croprocessor, a very long instruction
word (VLIW m croprocessor or other processor device. Figure 1 shows

one exanple of a single processor conput er .system whi ch uses the

present invention. However, S understoga that the present i nvention

can al so be inplenented in er s nult .

pr ocessors. Prrgc RRETRtes I Iy caé%%’i%@c?r? sa;ﬁ%%atﬁg ﬂ%ﬁ%‘?ﬁ has

si gnal s bet ween rb&enw&rredbjmmphrfmmmceoﬁpmg\samamd)efemgm

system Menory 1 h'tﬁn &uﬁ&ﬂohea@&sby&emmavﬁa&amecm dynam c

random access rre vice, r andom

(SRAM) devi ce, 1pl6 apes with G FORTERIEALE pB.ote CPU bus a0 1ot | on
or other inter rrechta;hesameanm,rrlnmgleemhndlmnt dfithe poesentimvention, miliple Bri dge
mermory controller a’Ha s Irdy eUR lé?r&'é’!néo?é’ ]}r%%mmumca%fpmééi@

Bri dge nenory coritraq 11 S _dat bet ween rocessor
101, menory 113, '\arrfdﬁ&ﬁrzﬁ B FRORRED I Aetered e gransetion s brakeay B o
bri dges si gnal frmmamstnmanhmshataoinhagtsmrmidtew Goridred informatid®,0.

1/ 0 bus 120 suppoiifdaia meéa%@omeretdnaqa %%ats%ﬁ@a&m wmchtchﬁﬁi&%hput

rates. Bus 120 can_be a S or .a.cqQ | 0 L

buses. As an exand F}gssagﬁzonl%)p@gﬁss%wggﬁ %alb’é‘?xf‘ l}é\"glc’“het’an%ﬁﬂ?}gnents

| nt er connect ( PCl Thexesponsennessage mapdrerither theeﬂmtyampﬁon is completedsifat i onal
Associ ation ( PCMihlrahdsctich i¥lsubieSsfal, oewf&r;h&é%msmn, if the tragéhcR6RVI des

Networ k. cont ol | o Uik B BoRRR debsheioplS Sl amprped YT

provi des communi ctargesin ardergochmplete ithewerigingll s defeyr dus transacggm r oI | er

122 is coupl ed t Omdagés sfireads, théxdapsnsedPanshitidil Avo EMthiHe the data
requested. Each of the transactions are tagged in order for the processor
101 to identify the transactions. After the request transaction, the CPU
bus 110 is released. This frees up the CPU bus 110 during the period of
time the request transaction is propagated to the I/O device and allows
another requester to use the CPU bus 110. Typically, the data bus lines
on the CPU bus 110 is held by the processor during an I/O access even
when no actual data transfer is taking place. In split transactions, the
data bus lines on the CPU bus 110 are accessed again only after the
request transaction is completed for reads.

Split transactions increase the time of completing one transfer or
transaction. The CPU bus 110 must be acquired twice, once for the
request transaction and once for the response transaction. Split
transaction protocols are required to keep track of the other party ina
communication. The bridge memory controller 111 must contact the
requester to initiate the response portion of the bus transaction, so the
identity of the requester must be transmitted and retained by the
memory system. Transaction deferral unit 112 dynamically initiates split
transactions only when the split transaction can improve the effective
CPU bus 110 bandwidth for the entire computer system. Transaction



WO 97/11418

PCT/ US96/ 11716 - 5-

controller 122 allows coupling of a display device to the conputer system
and acts as an interface between the display device and the conputer
system Display device controller 122 can be a nonochrone displ ay

adapt er ( NDAVQH4183 col or graphi cs adapter (CGA) card, e /11716
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- latency timer 223, defer queue state machine 224, and I/O bus
mterface unit 225. Host bus transaction recorder unit 221 operates to
recorad transactions currently issued on the CPU bus 110. Line 231
couples host bus transaction recorder with CPU bus 110. In one
embodiment of the present invention, host bus transaction recorder 221
receives request group signals such as address signals, byte enable
signals, and cache coherency signals from the CPU bus 110. Host bus
transaction recorder 221 monitors the queue on the CPU bus 110 and
records information from transactions being issued on the CPU bus 110
according to the time which requests were made. Host bus transaction
recorder 221 processes the request group signals from the CPU bus 110
and outputs a dispatch control signal to transaction processor 222.

Transaction processor 222 is coupled to host bus transaction
recorder 221. Transaction processor 222 receives dispatch control signals
from host bus transaction recorder 221 through line 233. Transaction
processor 222 identifies the type of transaction currently issued on the
CPU bus 110 by reading the dispatch control signals from a transaction
queue in the host bus transaction recorder 221. Transaction processor
also receives signals directly from CPU bus 110 through line 232.
Transaction processor 222 determines whether there is a pending CPU
bus transaction waiting to be issued by processing the signals received
from the CPU bus 110. Transaction processor 222 operates to defer the
current transaction when there is a pending CPU bus transaction waiting
to be issued and when the current CPU bus transaction is a candidate for
deferral. Transaction processor 222 may be programmed to operate as a
filter to determine which transactions are candidates for deferral and
which transactions are not to be deferred. In one embodiment of the
present invention, processor I/O transactions are identified by a state
machine in transaction processor 222 as possible candidates for deferral.
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transactions which hold the data bus lines for a long period of time are
good candidates for deferral. Memory access transactions have a fixed
latency and generally take a short period of time to complete. Thus,
memory access transactions are not good candidates for split transactions
and are not deferred.

CPU latency timer 223 is coupled to transaction processor 222.

When a pending CPU bus transaction is waiting to be processed on the
data bus of the CPU bus 110 and the current transaction is a candidate for
deferral, transaction processor sends a signal through line 234 to start
CPU latency timer 223. CPU latency timer 223 operates to define the
amount of time given to the current transaction to complete before it is
deferred in the presence of another pending transaction. CPU latency
timer 223 can record the waiting time of several pending CPU bus
transactions simultaneously. After the waiting time of a pending CPU
bus transaction exceeds a predetermined set time, CPU latency timer 223
outputs a signal through line 234 to transaction processor 222 indicating
that the timer has expired.

I/0 bus interface unit 225 is coupled to transaction processor 222
through line 238 and to 1/O bus 120 though line 239. I/O bus interface
unit 225 receives requests from peripherals on I/O bus 120 for accessing
CPU bus 110 through line 239.

Transaction processor 222 receives information regarding whether
a pending CPU bus transaction exists from data from CPU bus 110,
whether the waiting time of a pending CPU bus transaction has exceeded
a predetermined set time from CPU latency timer 223, whether the
current CPU bus transaction is a candidate for a deferred transaction
from host bus transaction recorder 221, and whether a transaction on the
I/0 bus is targeting memory 113 from I/0 bus interface 225. Based on
the information received, transaction processor 222 determines whether




operates to indicate to the processor 101 that the current transaction has
been deferred by the performance of a split transaction. Deferring or
splitting transactions increases the effective bus bandw dth of the CPU
bus 110 when multiple parties wish to conmunicate on the CPU bus 110
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Transacti on def erbusi transactiorirecergien @2 cadcbrding to thetpresenpinvention. Host
bus transaction recorder comprises decoder unit 331, transaction queue
332, and bus tracker unit 333. Bus tracker unit 333 receives signals from
the CPU bus 110 through line 231 which indicate that a transaction has
been issued on the CPU bus 110. Bus tracker unit 333 generates a control
signal which it sends to transaction queue 332 instructing transaction
queue 332 to latch information such as address signals, byte enable
signals, and cache coherency signals from the CPU bus 110 through line
231. The control signal is sent through line 344. Decoder unit 331
operates to decode encoded information regarding destination of access
from the CPU bus 110. Decoder unit 331 sends this information to
transaction queue 322 through line 345. Transaction queue 332 is a
storage unit which stores information processed from decoder unit 331
and information retrieved from CPU bus 110 from each transaction.
Transaction queue 332 can be a storage unit which stores information
from a single transaction or a storage unit with multiple storage elements
such as a FIFO which stores information from multiple transactions.
Transaction queue 332 sends information regarding each transaction to
transaction processor 222 through dispatch bus 233 as dispatched control
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I nt ensi ve ang o) ?nten5| ve performance and benchmarks. Fi gure
2 illustrates one enbodi ment of the transaction deferral unit 112 of
t he present invention. Transaction deferral unit 112 conpri ses host
bus transaction recorder 221, transaction processor 222, CPU | at ency
timer 223, defer queue state machine 224, gnd 1/0O bus interface unit
225. Host bus transaction recorder unit 221 operates to record
transactions currently j.ssued on the CPU bus 0. Line 231 oupl es
host bus transactsf&ff?#eféﬁt&e‘fs Wﬁcweﬁ?@éﬂ#maﬂ a&“f?gbe 'mPlemSH‘SSE’Wnent of
t he present i nvertherkndwslogiceir¢cuitsnsacti on recorder 221 recei ves

request group signal s Fysele Fiflud@aies 8 DiskHizgram Hpdie @bddithentof Signal s,
and cache coherency sighals fro e %g#gggo 110. Host bu

bus .
transaction recortdr? RIAFETSEr £4¢ ACF the PisemiAy¢Rion Fansagtion
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according to the dyrmstabintdthiousXeteiVey iRfdTRtARionTegirdMis whesaCt i on
pending CPU bus transaction exists from data from CPU bus 110 from
line 232, whether the waiting time of a pending CPU bus transaction has
exceeded a predetermined set time from CPU latency timer 223 from line
234, whether the current CPU bus transaction is a candidate for a
deferred transaction from host bus transaction recorder 221 from
dispatch bus 233, whether a transaction on the I/0 bus is targeting
memory 113 from 1/O bus interface unit 225 from line 238, and whether
or not the pending transaction should be retried from defer queue state
machine 224 from line 237. Based on the information received,
disposition cycle state machine 432 determines whether to dynamically
defer a current transaction issued on the CPU bus 110 by issuing a split
transaction. Disposition cycle state machine 432 outputs a signal to
processor 101 through line 235 indicating that the current transaction will
be deferred. Disposition cycle state machine 432 outputs
microcommands to a data path and a DRAM controller through line 236.

In one embodiment of the present invention, disposition cycle

state machine 432 issues a split transaction only when the current
transaction is an I/O access transaction. 1/0 access transactions typically
take a long period of time to complete. When a transaction is split or
deferred, the processor 101 is allowed to use the data bus lines to perform
other transactions such as access memory 113. In another embodiment of
the present invention, disposition cycle state machine 432 issues a split
transaction when the current transaction is a processor I/O cycles,
processor interrupt acknowledge cycles, and processor to fast I/O bus
special cycles, and processor to fast I/O bus memory reads and writes
cycles when posting is disabled. In another embodiment of the present
invention, disposition cycle state machine 432 issues a split transaction
only when the current transaction is a candidate for deferral and a
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solely on the desnnauon of the transacnon regardless of whether there is
a pending CPU bus transaction at the CPU bus, the 1/O performance of
the system would be severely degraded in situations where a penalty is
taken unnecessarily. Disposition cycle state machine 432 issues a split
transaction only when the computer system conditions warrant it. The
decision is made based on monitoring the traffic on the CPU bus 110
through line 232.

In another embodiment of the present invention, disposition
cycle state machine 432 issues a split transaction only when the current
transaction is a candidate for deferral and a pending CPU bus transaction
has been waiting at the CPU bus queue for over a predetermined period
of time. In this embodiment of the present invention, disposition cycle
state machine 432 issues a split transaction only when CPU latency timer
223 records a waiting time of a pending CPU bus transaction which is
greater than a predetermined set time which causes the CPU latency
timer to expire. The predetermined set time may be a programmable
value or a hard coded value. The CPU latency timer allocates a given
amount of time for a transaction to complete before sending an
expiration signal to state engine 202. By increasing the time-out period,
I/0 cycles will be deferred less frequently which will result in lowering
the overall CPU to 1/0 access latency. By decreasing the time-out
period, CPU bus latency will be reduced. A programmable CPU latency
timer allows one to utilize transaction deferral unit 112 effectively in the
chosen computer system environment. For examples, desk top computer
systems access to I/O devices are more important whereas for processor
based servers a short latency on the CPU bus is more important. Thus,
the CPU latency timer 223 should be programmed to give more time for
completing an I/O cycle for a desk top computer system. On a computer
system server, there are typically several agents which access memory



- 8- I n anot her enbodi nent of the present invention, processor |/0O

cycl es, processor interrupt acknow edge cycles, and processor to fast
I/ O bus speci al cycles, and processor to fast 1/0O bus nmenory reads

and wites cycles when posting is disabled are identified by a state
machi ne in ransacti on processor 205 as possi’bl e candy

deferral. Tyg%%l*lflfhn trgnsactions whi ch Iﬁol d the dat ahgﬁ{sﬁ%{l%ﬁé for

| ong period of time are good candi dates for deferral. Menory access
transacti ons have a fixed | at ency and generally take a short period

of time to conplete. Thus, menory access transactions are not good
candi dates for split transactions ang,are not deferred.

CPU | atency tinmer 223 is coupled to transac?i on processor 222. When a
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outputs a signal DMLY JLansagHen, PrOCesion 2¢% BRRY gsgleduplemented by, cat i ng
that the tiner hastl_mrpq'noem logic circuits. /0O bus interface unit 225 is
coupl ed to transaction pFi%ﬁ?é§qus?r3?es a block dib a2 8hond fbadihedt 0f A ¢/d/ O bus
120 though line 239. . Itlgg us .| g&}er f a%ﬁe unit.225.r eCf/gﬁs requests
from peri pheral s GHS IMETAERURI 423 ancordipg Lo the present inveptipp.,) ¥ through
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timer 223, whet heacgeseto1/Obus 120 and to send a replies back to the CPU bus 110 when

the transactions have been completed. Target state machine 532 receives

requests from I/0 bus 120 to access CPU bus 110. Target state machine

532 operates to send the requests to transaction processor 222. Initiator

state machine 531 and target state machine 532 communicate with

transaction processor 222 via microcommands. Initiator state machine

531 also encodes information from CPU bus 110 to be sent to I/O bus

120. Target state machine decodes information from I/0 bus 120 to be

sent to CPU bus 110. Bus interface unit 225 may also be implemented by

other known logic circuits.

Figure 6a illustrates an example of how transactions are issued

on a CPU bus in a conventional computer system. In Figure 6a,

transaction X is requested at clock period 0. Transaction X is an external

bus transaction which accesses data from an 1/O device on an external

I/O bus. Since no other transactions are issued on the CPU bus at clock

period 0, transaction X completes its request phase and snoop phase

during clock periods 0-5. This is indicated by X1 time. After the snoop

phase, transaction X begins its data phase at clock period 6. During clock -

periods 6-36, transaction X hold the data bus lines on the CPU bus until

the processor receives the data requested. The time peripd which

transaction X holds the data bus lines is shown as X7’ time.



current CPU bus transaction is a candidate for a deferred transaction

from host bus transaction recorder 221, and whether a transaction on the
|/ODbus is targeting nmenory 113 from|1/O bus interface 225. Based on

the information received, transaction processor 222 determ nes whet her
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dynam cally defer a current transaction issued on the CPU bus 110 by
issuing a split transaction. Transaction processor 222 outputs a signal to
processor 101 through Iine 235 indicating that the current transaction wll

be deferred. Def er queue state nmachine 224 is coupled to
transacti on processor 222 through |i-he 237. Defer queue state machine
224 receives a record of the transactions currently issued on the CPU

bus 110 and on the |/ O Foansaction Y i99 niensonytaceess tansaatich sequestasbatsirckand
operates to qual iﬂéﬁm.cﬁt ek geriod 8 kA aEd P8 cdaBas therdgtiesthis Hies
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request phase and snoop phase. Y1* shows the time transaction Y is in

the data phase. Although memory access transaction can typically be

completed in a short period of time, transaction Y takes 44 clock periods

to complete when it is executed after a transaction directed to an 1/0 bus.

Additional time is required to complete transaction Y since it is required

to wait for transaction X to release the data bus lines on the CPU bus.

The wait is required because only one transaction can hold the data bus

lines at one time.

Figure 6b illustrates an example of how split transactions are

issued on a CPU bus and the penalty incurred for splitting the

transaction. In Figure 6b, transaction X is requested at clock period 0.

Transaction X is an external bus transaction which accesses data from an

1/0 device on an external I/O bus. Since no other transactions are issued

on the CPU bus at clock period 0, transaction X completes its request

phase and snoop phase during clock periods 0-5. This is indicated by X1

time. After the snoop phase, transaction X begins its data phase at clock

period 6. After the snoop phase, transaction X begins the data phase by

holding the data bus lines. At any time after the data phase begins,

transaction X may be deferred. In deferring, the processor is informed

that data is not currently available, but will be available at a later time. In

response to this, the processor releases the data bus lines on the CPU bus

and allows a subsequently requested transaction to be issued on the data

lines on the CPU bus. During the time when the data lines are made

available for other transactions, the bridge memory controller retrieves

the requested data from transaction X independently. The period of time

required by the memory controller to retrieve the requested data is

illustrated as X1’ time. After the bridge memory controller receives data

requested from transaction X, the memory controller issues a response on



| ssued. Figure 3 illustrates a bl ock di agram of one enbodi nent
of host bus transaction recorder 221 according to the present -
i nventi on. Host bus transaction recorder conprises decoder unit 331,
transacti on queue 332, and bus tracker unit 333. Bus tracker unit 333

receives sig m the CPU bus 110 through line 2 di cate
BBl | ifblrig

that a trans been i ssued on the CPU bus 11 & ker
unit 333 generates a control signal which it sends to transaction
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PCT/ US96/ 11716 Figure 6c illustrates an example of how deferred transactions
are issued with a transaction deferral unit according to one embodiment
of the present invention. In Figure 6c, transaction X is requested at clock
period 0. Transaction X is an external bus transaction which accesses
data from an I/O device on an external I/O bus. Since no other
transactions are issued on the CPU bus at clock period 0, transaction X
completes its request phase and snoop phase during clock periods 0-5.
This is indicated by X1 time. After the snoop phase, transaction X begins
its data phase at clock period 6. After the snoop phase, transaction X
begins the data phase by holding the data bus lines. This is indicated by
the solid lines in the X1' time region.

Transaction Y is memory access transaction requested at clock
period 8. Since the request bus lines and snoop bus lines are available,
transaction Y begins its request and snoop phases at clock period 8.
Although, transaction Y could complete its request and snoop phases by
clock period 14, because transaction X is holding the data phase line at
clock period 14, transaction Y is stalled at its snoop phase for additional
clock periods. The transaction deferral unit of the present invention
recognizes that transaction Y is a pending CPU transaction and that
transaction X is a I/O access transaction which is a candidate for deferral.
After transaction Y has been stalled in its snoop phase for a
predetermined amount of time, transaction X is deferred. Figure 3¢
shows that at clock period 18, transaction X is deferred. In deferring
transaction X, the transaction deferral unit informs the processor that
data is not currently available, but will be available at a later time. In
response to this, the processor releases the data bus lines on the CPU bus




-10- signals. Host bus transaction recorder 221 may al so be

I mpl ement ed by ot her known logic circuits. Fi gure 4

i ITustrates a bl ock di agiram of one enbodi nent of transaction
processor 222 according to the present invention. Transaction

processor 222 conprises disposition cycle state machine 432. Disposition
cycle state MQ¥IMIB8432 receives information regardi ng whetIayUS36/11716
pendi ng CPU bus transaction exists fromdata from CPU bus 110 from
line 232, whether the waiting time of a pending CPU bus transacti on has
exceeded a predeterm ned set tinme from CPU Iatency timer 223 fromline
234, whether the current CPU bus transaction is a candidate for a
deferred transaction from host bus transael3on recorder 221 from

di spatch bus 233, whether a transaction on the 1/O bus is targeting
menory 113 from ldrd &liows trarsdction Yitoibegitvits date phhsenen £@8CPU bas. Wheringr
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I n one enbodi nent an QoRtr e%ﬁ Ttx‘aﬂghc‘ﬁ%ﬁl)@thebndge state
machi ne 432 issues 1t tﬁansact | on o curr
transaction is aanm certrelierisiyes arespanse onot “Flt%ﬁ%‘éiz*ll\eons typically

take a | ong peri oxkquésted data to the pphaessor. Wepenodoéhmatqmmdmdwlcl’Uor
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dynarmcally deferring external bus transactions accordmg toone
embodiment of the present invention. First, determine whether there is a
pending bus transaction. This can be achieved be reading signals from a
CPU bus. This is shown in block 701. If no pending bus transaction
exists, go back to block 701. If a pending bus transaction exists,
determine whether the current requested transaction is a deferrable
transaction. This is shown in block 702. The identity of the current bus
transaction can be determined by reading recorded information in a
transaction recorder. In one embodiment of the present invention, a
transaction is deferrable if it is a processor I/O cycle, process interrupt
acknowledge cycle, processor to fast I/O bus special cycle, processor to
fast I/O bus memory read or write cycle when posting is disabled. If the
current bus transaction is not deferrable, complete the current transaction
without deferring it as shown in block 703. If the current CPU bus
transaction is deferrable, start a CPU latency timer. The CPU latency
timer times the amount of time the current bus transaction is taking to
complete. This is shown in block 704. Next, determine whether the CPU
latency timer has expired as shown in block 705. 1f the CPU latency timer
has expired, defer the current bus transaction as shown in block 706. If
the CPU latency timer has not expired, determine whether the pending
bus transaction is a fast I/O bus to memory access transaction waiting for
the data bus lines. This is shown in block 707. If thereis a fast /O bus to



transacti on when the current transaction is a processor 1/0 cycles,
processor interrupt acknow edge cycles, and processor to fast |/O-bus—-—-
speci al cycles, and processor to fast 1/0O bus nmenory reads and wites
cycl es when posting is disabled. In another enbodi nent of the present

invention, di,§B9sid On cycle state nmachine 432 issues a Splpbtx'/tfs%?ﬁ?ﬁ(:t I on
only when the current transaction is a candidate for deferral and
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pendi ng CPU bus transaction is at the CPU bus queue. Additional
overhead is incurred whenever a transactlcig_l s deferred because the
target is required to generate a deferred reply transaction in order to

complete the originally deferred CPU bus transaction. pi.c , the
penalty is 6 hosmwmwﬂwtwmséaem%fﬁ B“éeﬁ@fr%?’ based

sol el'y on the destirreat busirarisattien &3 stnsercin block 20fariftesperatingbes her there is
a pending CPU bu}%@&ﬁﬁ% PB& At /3936?{& R\éﬁxorg Eceké %R&achBﬁ @&Eﬁnﬁfe

t he system woul d severe In situatio
t aken unnecessar CBF’?BB bﬁﬁ%f’@“’é’c‘ét‘:@ ﬁ?ﬁéhmui'??&‘ég % épl i t

transacti on onl y théeurréteCRI0 bpﬂtmnsa:ﬁahésmmptité stanSthegiendirtg it . The
deci sion is made yRagsediddhs TBIhQh bIGLKIA8. Neit rbfurffo bidek 7Y Ritfie 110
current transaction is not complete, go back to start.

In the foregoing description, the invention is described with
reference to specific exemplary embodiments thereof. It will, however,
be evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention as
set forth in the appended claims. The specifications and drawings are,
accordingly, to be regarded in an illustrative rather than a restrictive
sense.

Whereas many alterations and modifications of the present
invention will be comprehended by a person skilled in the art after
having read the foregoing description, it is to be understood that the
particular embodiments shown and described by way of illustration are
in no way intended to be limiting. Therefore, references to details of
particular embodiments are not intended to limit the scope of the claims,
which in themselves recite only those features regarded as essential to
the invention.



t hrough i ne 232. I n anot her enbodi nent of the present
I nvention, disposition cycle state machine 432 issues a split
transaction only when the current ~ transaction is a candidate for

deferral and a pendi ng CPU m has been waiting at the
CPU bus queue for over a pr| ﬂlﬂlﬂﬂlml!ﬁmlm of tine. In this.
enbodi ment of W@AUIMIesent i nveriti 6n, *di3pdsition cycle PCTUSAI T chi ne
432 issues a split transaction only when CPU | atency timer 223
records a waiting tine of a pending CPU bus transaction which is

greater than a predetermi ned set tinme which causes the CPU | at ency

timer to expire. The predeterm ned set tine nay be a progranmabl e

val ue or a hard coded value. The CPU | atendy-timer allocates a given
amount of time for a transaction to conplete before sending an

expiration signal GLAERMSte engi ne 202. By increasing the tine-out period,
| /0O cycles will beyasfisrlafifed 85S frequently which will result in |owering
the overall CPUto I/O access | atency. By decreasing the time-out

period, CPU bus |atency will be reduced. A progranmable CPU | at ency
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PCT/ US96/ 11716 transaction issued on said bus when said transaction processor unit
receives an indication signal from said bus indicating that a pending
transaction is waiting to be issued on said bus and when said encoded
signals from said transaction issued on said bus indicate that said

transaction issued on said bus is a candidate for deferral.

2. The transaction deferral mechanism of claim 1, wherein said
transaction processor comprises a state machine programmed to
recognize that a I/O access transaction is said candidate for deferral.

3. The transaction deferral mechanism of claim 1, wherein said bus
transaction recorder comprises:

a decoder unit coupled to said bus for receiving said encoded
signals from said bus and decoding said encoded signals into destination
information readable by said transaction processor; and

a transaction queue coupled to said decoder unit for storing said
destination information.

4. The transaction deferral mechanism of claim 3, wherein said
transaction queue is a FIFO capable of storing a plurality of destination
information from a plurality of pending transactions.

5. The transaction deferral mechanism of claim 4, wherein said
transaction processor comprises a pointer for reading a first storage



-12- nore frequently than I/O devices. Thus, in server environments,
t he CPU | atency tinmer should be progranmed to give less tinme for
conpleting an I/O cycle. .. . _ I n anot her enbodi nent of the

present invention, disposit m “cycl'e state machine 432 issues a split
transaction urrent nsaction has b and
W{lf e J !H !, elml” "F menory 113. ansacﬁq

thereafter bus trans

processor 222 may al so be i npl errent ed by * ot her known logic circuits.
Figure 5 illustrates a bl ock diagram of one enbodiment of a I/0O bus
interface unit 225 according to the present invention. I/O bus

Interface unit 225 conprises initiator statg machi ne 531 and target state
machi ne 532. Initiator state machine 531 réfeives requests from CPU bus
110 to access 1/0O bus 120. Initiator state nachine 531 operates to obtain
access to |/ O buselemensinysaid REQ gtosingsaid destinadipninformationef $aid 110 when
the transactions Hanseadieflissbetdpngaibbuslar get state nmachi ne 532 receives
requests froml/O bus 120 to access CPU bus 110. Target state nachine
532 operates to send the requests to transactign processor 222. Initiator
state machi ne 5316and AdF¥sactiondeferralbmeshaniam foryegulatingdeferral of a

transaction procegansaction issuedonct ingsthyna pelscesson icbinprrisingst at e machi ne
531 al so encodes i nfor ggi id apﬂh }ég

120. Target state machl ne ecodes |ng())rrra ??%%idfgego}ﬁf%%

sent to CPU bus 1¢ncodsdsignalefromesaid Hapsartign issited o saiskbysip| enent ed by

ot her known | ogic ci rcalﬁPU latency timer for timing Baiduransaetian issietiron sasd Buas
exanpl e of how trapgadd &?ﬁxr\g‘apanbascﬁﬂﬁ‘?s wgmng oxpghxabgglgaﬂ“ts_l’i]ria@{kcy

conventional conmputer sys transactio
requested at cl ocBOMES W“g‘ﬁ“a‘ﬂ‘f‘a‘gf‘?%ﬁ‘gﬂq when said fransagtion takes more

than a predetermined amount of time to complete; and

a transaction processor unit coupled to said bus transaction
recorder, said bus, and said CPU latency timer, said transaction
processor unit deferring said transaction issued on said bus when said
transaction processor unit receives an indication signal from said bus
indicating that a pending transaction is waiting to be issued on said bus,
when said encoded signals from said transaction issued on said bus
indicate that said transaction issued on said bus is a candidate for
deferral, and when said CPU latency timer outputs said expiration signal.

7. The transaction deferral mechanism of claim 6, wherein said CPU
latency timer is a programmable timer.

8. The transaction deferral mechanism of claim 6 further comprising
a defer queue state machine for determining whether said pending
transaction may be issued on said bus.

9. The transaction deferral mechanism of claim 6, wherein said host
bus transaction recorder comprises:

a decoder unit coupled to said bus for receiving said encoded
signals from said bus and decoding said encoded signals into destination
information readable by said transaction processor; and

a transaction queue coupled to said decoder unit for storing said
destination information.



bus transacti on which accesses data froman 1/0O device on an external

I/ O bus. Since no other transactions are issued on the CPU bus at clock
period 0, transaction X conpletes its request phase and snoop phase

during clock periods 0-5. This is indicated by X err] time. After the snoop
phase, transaction X begins its dat a phase at clock period 6. During clock

peri ods 6- 36WO¥7dMIBCti on X hﬂm’mnﬂummr | i nes on t he ROMYSBEH7Imt i |

t he processor receives the da , ’mu time period which
transaction X holds the data bus finks s sshown as Xerr] time. WO
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Transaction Y is a nenory access transacti-th requested at cl ock

period 8. At clock period 8, transaction Y accesses the request bus |ines
and snoop bus lines on the CPU bus and begins its request and snoop

phases, Beoause H@nS K ballcliohHedtrdifedBhRabiS d g hamhe] gk per! od

6- 35, transaction s snoop egin its data
phase until cl ockirpRsacien issuedpnabusp, Vr?é’%’ﬁ@?ﬁgrm’?ﬁl% transaction Y is in

rﬁqugst phﬁse and snomnxslftb@&aerﬁﬁ[ee;ﬁs“&mqu\ﬁ)éatmbﬁsfapw@aﬁﬁgbfx.ébueg is in
t he data phase. Al can typically be
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conpleted in a sho ansaction Y takes 44 cl ock_peri ods
ming means for timing said transaction issued on said bus when

a pending transaction is waiting on said bus, said timing means timer
outputting an expiration signal when said transaction takes more than a
predetermined amount of time to complete; and

processor means coupled to said bus recorder means, said bus,
and said timing means, said processor means deferring said transaction
issued on said bus when said processor means receives an indication
signal from said bus indicating that a pending transaction is waiting to be
issued on said bus, when said encoded signals from said transaction
issued on said bus indicate that said transaction issued on said bus is a
candidate for deferral, and when said timing means outputs said
expiration signal.

11. A computer system comprising:

a bus providing links between components in said computer
system;

a processor coupled to said bus for processing digital data;

a display device controller coupled to said bus allowing coupling
of a display device to said computer system;

external memory coupled to said bus capable of storing
information; and

a transaction deferral mechanism for regulating deferral of a
transaction issued on said bus by said processor comprising a bus
transaction recorder coupled to said bus for processing encoded signals
from said transaction issued on said bus, a CPU latency timer for timing
said transaction issued on said bus when a pending transaction is waiting
on said bus, said CPU latency timer outputting an expiration signal when
said transaction takes more than a predetermined amount of time to
complete, and a transaction processor unit coupled to said bus



to conplete when it is executed after a transaction directed to an 1/0O bus.
Additional time is required to conplete transaction Y since it is required
to wait for transaction X to rel ease the data bus |ines on the CPU bus.
The wait is required because only one transaction can hold the data bus
lines at onewhioWiia1s ““‘“Hmmﬁng ‘j@ iIlustrates apcxageiihef how
split transactions are U bus and the penalty incurred
for splitting the t r Anshcth on. I n Fi gure 6b, transaction X is
requested at clock period O. Transaction X is an external bus
transacti on which accesses data from an |/ O device on an external
|/ O bus. Since no other transactions are igsued on the CPU bus at
clock period 0O, transaction X conpletes itS request phase and snoop

phase during clock perij ods O- Th s i.ndjc err| tinme.
After the snoop ﬁﬁﬂ%@c ‘?’f‘éﬁ?ﬁ’%@(’ %@%@g#ﬁgl@&éﬁgg?éc)b sgid | ock
period 6. After tienssoiborpppivesser unitalefaring saidXrirsgrioon issuedden saighbase by
hot di ng the data\PHén deﬂ?ﬁans@éucﬁ oEésQFr@mFéceith?aﬁﬁcﬁcﬁm [N

transaction X rrayse{ff deferred 41 def ernrin procgssor I nf.or med
that data is not P'é?\ﬂ aling; thahs pen ?Q“’BB ‘%\V&?q”&ﬁpé’eé?s“ﬁdl"é‘t er
time. In rsaibbus ovhen salid enchhé signalbsefsomorsaidetransaction issuethomséids | i nes

on_the CPU bus ~busindRAik hal 48 uinSiSA MERY ok SRANESE SahiRARAGE ON 10 D

i ssued on the dat nes rin tioe the
data lines are erral, and%ﬁaéﬂq:t{}qﬁﬁenﬂf HE‘F’ PPHH’stég‘l 58?12“3?%515?

menory controller retrieves the requested data fromtransacti on X

i ndependently. Thg, perA%btﬂédrdrrfsguxanngaefem%f@éummtmsaaim{y control | er
to retrieve the request.ed data is | lustrated as X[err] tinme. After

the bridge menor yO2RPBBI er receives data requested from
transaction X, the nermstsrmuiping whether a pendingdransagiionsaxists)

determining whether said current transaction is deferrable; and
deferring said current transaction if said pending transaction
exists and said current transaction is deferrable.

13. The method of claim 12, wherein determining whether said
pending transaction exists is achieved by processing signals directly from
a CPU bus.

14. The method of claim 12, wherein determining whether said
current transaction is deferrable is achieved by processing dispatch
control signals from a transaction recorder.

15. A method for regulating deferral of a current transaction
comprising:
determining whether a pending transaction exists;
determining whether said current transaction is deferrable;
determining whether said current transaction is taking longer than
a predetermined period of time to complete; and
deferring said current transaction if said pending transaction
~ exists, said current transaction is deferrable, and said current transaction
is taking longer than a predetermined period of time to complete.
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the CPU bus to send the requested data to the processor. The period of
time required on the CPU bus for generating a response is illustrated by

X2 time. Conmputer systens i ) |y defer CPU bus

transact i ons W¥idi4i8on t hemumlmunmll)ﬂ:ﬂllhe transacti on |iRMEMSIMYIpenal ty
of X err] tine regardl ess of whether® a spendi ng CPU bus transacti on needs to
use the CPU bus or not. Wen there is no pending CPU bus transaction
waiting to use the CPU bus, it is nore efficient to allow the existing CPU
bus transaction to be conpleted wi thout deferring it.

Figure 6¢c illustrates an exanpl e of how deRkrred transactions are
issued with a transaction deferral unit according to one enbodi nent

of the present inygntiThe mbtholidf¢l#mbIG, whefdifi deter@iniNg iwhetRétsasd ed at cl ock
period 0. Transaction X isS external bus.transaciion. wh ch. a S

ata from an 11 o g traniadibndi A2 londe? iand BRAMCERI fotidf GYiRe
transactions are tosompletgris aghieved byptiming said surreptiransgciion withasGBYi on X

conpletes its reqa pimdere and snoop phase during clock periods 0-5.
This is indicated by Xerr] tinme. After the snoop phase, transaction X

begi ns its data phase at clock period 6. After the snoop phase,
transaction X begi ns the data phase by hol ding the data bus I|ines.
This is indicated by the solid lines in the X err] tinme region.
Transaction Y is nenory access transaction requested at clock peri od

8. Since the request bus |ines and snoop bus |ines are avail abl e,
transaction Y begins its request and snoop phases at clock period 8.

Al t hough, transaction Y could conplete its request and snoop phases by
cl ock period 14, because transaction X is holding the data phase |ine at



clock period 14, transaction Y is stalled at its snoop phase for additional
cl ock periods. The transaction deferral unit of the present invention
recogni zes that tramsaction Y 1S a pending CPU transaction and that
transaction X is a |/ O access transaction which is a candidate for

deferral. After transaction Y has been stalled in its snoo hase
for a wovedeiser mi ned anount of tine, transaction X iﬂ@?"é‘r‘?’ég.
Figure 3c shows that at clock period 18, transaction X is deferred.
In deferring transaction X, the transaction deferral unit inforns

t he processor that data is not currently available, but will be
available at a later tine:. In respppase to this, the processor

rel eases the data bus |lines on the CPU bu WO 97/ 11418

PCT/ US96/ 11716 -15- and

allows transaction Y to begin its data phase on the CPU bus. During

the tinme when the data bus lines are nmade available for transaction Y, the
bri dge nenory controller retrirev requested data fromtransaction X

i ndependently. Y[err] shows thBRYGEEOBri od transaction Y is in the request
and snoop phase. Y[err] showsjthe tinefperiod transaction Y is in the data
phase. The period of tinme reqi biPif he bridge nenory controller to
retrieve the requested data is i) ¥strated as X/ err] tine. After the bridge

CPU BUS

{

BRIDGE/MEMORY

CONTROLLER <:> MEMORY
113

1w
BUS

120
NETWORK | I DISPLAY
CONTROLLER BUS BRIDG DEVICE
& CONTROLLER
BUS 150

DATA KEYBOARD AUDIO

STORAGE INTERFACE CONTROLLER
S ™S FIGURE 1




menory controller receives data requested fromtransaction X,

t he bridge

menory controller issues a response on the CPU bus to send the

requested data to the processor. The period of tinme required on the CPU
bus for generating a response is illustrated by X2 tine.

Figure 7 illustrates a flow chart
ext er nal

dynami cal |y d&¥Q¥/IAG
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f ast
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cycl e,
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menory access transaction waiting for the data bus |ines, defer the
current bus transaction as shown in block 706. If the pending bus
transaction is not a fast I/O bus to nenory access transaction, determ ne
if the curre/WOPWBUS transaction is conplete as shown in RFGHSEAHES | ¢
the current CPU bus transaction is conplete, start the pending
transaction as shown in block 709. Next, return to block 701. If the

current transaction is not conplete, go back to start. In
the foregoing description, the invention bi described with reference
to specific exenplary enbodi nents thereof: ?t will, however, be

evident that various nodifications and changes nay be nmade thereto
w t hout departing fromthe broader spirit and scope of the invention as
set forth in the appended clains. The specifications and draw ngs are,

accordingly, to be regarded in an illustrative rather than a restrictive
sense. Whereas nmany alterations and nodifications of the

pr esent invention will be conprehended by a person skilled in the art
after havi ng read the foregoing description, it is to be understood
that the particul ar enbodi nents shown and descri bed by way of
illustration are in no way intended togfbe limting. Therefore,
references to details of particul ar enpodgﬁents are not intended to
limt the scope of the clains, which iph thensel ves recite only those
features regarded as essential to t he nyzﬁtion.

Degoder ‘ Transaction i Bus Tracker
Unit Queue Unit
331 332 333

i e

233

<

FIGURE 3
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CLAI V5 What —Ts Cclai med 1s: 1. A transaction deferral

mechani sm for regulating deferral of a transaction i ssued on a bus by
a processor conprising: a bus transaction reﬁ%‘?ﬁs’ led to
sai d bus fow@suaerssi ng encoded signals from said transac??llﬁggpi ssued
on said bus; and a transaction processor unit coupled to said
bus transaction recorder and said bus, said transaction processor
unit deferring said transaction issued on said bus when said
transacti on processor unit recei vez‘%@tn i ndi cation signal fromsaid
bus indicating that a pending tran ion is waiting to be issued on
said bus and when sai d encoded signals fromsaid transaction issued
on said bus indicate that said transaction issued on said bus is a
candi date for deferral. 2. The transaction deferral nmechani sm of
claiml, wherein said transaction processor condrisesfa state machine
programed to 233 232

P

235
3 ° <o
234

Disposition Cycle State Machine 236

238

237 -}

FIGURE 4



recogni ze that a 1/0O access transaction is said candi date for deferral.

3. The transaction deferral mechanismof claiml1, wherein said bus
t+ansacti on recorder ToOnpri Ses. a decoder unit coupled to said
bus for receiving said encoded signals fromsaid bus and decodi ng
sai d encoded signals into destination i nformation readable Qy sai d
transacti on woevedsor; and a transaction queu ﬁﬁf tds to sai d
decoder unit for storing said destination informtion.

The transaction deferral mechanismof claim3, wherein said
transaction queue is a FIFO capable of storing a plurality of destination

information froma plurality of pending E# nsacti ons. 5. The
transacti on deferral nechani smof claim wherein said transaction
processor conprises a pointer for reading a first storage WO

97/ 11418

PCT/ US96/ 11716 - 18-

elenent in said FIFO storing said destination information of said
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238
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Initiator Target
State Machine State Machine
831 832
? 228
239
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transaction i ssued on said bus. 6. A transaction deferra
mechani sm for regulating deferral of a transaction i ssued on a bus by
a processor conprising a bus transaction recorder coupled to
said bus for processing encoded signals fromsaid transaction issued
on sai d bus; a CPU latency timer for timng said transaction

i ssued on saiW¥OBUL418 when a pendi ng transaction is waitrpanyusssisasd bus,
said CPU | atency timer outputting an expiration signal when said
transaction takes nore than a predeterm ned anmount of tinme to

a transaction processor unit coupled to said bus

conpl ete; and
transaction recorder, said bus, and gid CPU | atency tiner, said
transaction processor unit deferriné57 aid transaction issued on said

transacti on processor unit receives an indication

bus. when said
indicating that a pending transaction is waiting

signal from said bus
to be issued on said bus, & when said encodedfSrtgrals fromsaid
transaction i ssued on said bus i ndi cate tha} saijd transaction issued
on said bus is a candi date for® deferral, and whgn said CPU | at ency
tinmer outputs said expiration gignal. 7. Th¢ transaction deferra
mechani sm of claim6, wherein said CPU | atepcy ffimer is a
programuabl e timner. 8. & The transaction [defefral mechagl sm of
claim6 further conprising a defer queue stjte chine f
det er mi ni ng whet her sai d pendi¥g transaction may be iss erm~sai d
bus. 9. The transactd,on deferral mechanj sm ¢f clain1fllﬁﬁbrein
sai d host bus transacti oh recorder conprises: agllecoder
unit coupled to said bus for rgceiving said encodedo sig fromsaid
bus and decodi ng said encoded signals into destinat&oh i r&ation
readabl e by said transacti on @ocessor; and - atr QQ on
gueue coupled to said decoderggnit for storing sqi & <:, e
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10. A transaction deferral nmechanismfor regulating deferral of a

transaction i ssued on a bus by a processor conpri sing: bus

recorder neansg coupled to said bus for processing encoded signal s

fromsaid traN O # i ssued on said bus: ti m RETRESsI7i0r

timng said transaction issued on said bus when a pendi ng transaction

is waiting on said bus, said timng neans tiner out putting an

expiration signal when said transaction takes nore than a

predeterm ned anmount of tinme to conplete; 229 processor neans
4 and said timng neans,

coupled to said bus recorder neans, said b

sai d processor neans deferring said transaction

when sai d processor nmeans receives an indication

i ndicating that a pending transaction is waiting to be
bus, when said encoded signals fromsgjd transaction
bus -indicate that said transaction is$ued on said bus is a
for deferral, and when said tinmng megns outputs said

i ssued on said bus
signal from said bus
i ssued on said
i ssued on said
candi dat e
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A conputer system conpri sing:

expiration signal. 11.
a bus providing Iinks between conponents in said conputer system
a processor coupled to said bus for processing digital data; i
of a

di spl ay device controller coupled to said bus allow ng coupling
external menory

di splay devicg to said conputer system
coupled to sa?@%ﬂ%‘“ﬁapabl e of storing i nformati on; arRETAUSIE/11716

a transaction deferral nechanismfor regulating deferral of a
transaction i ssued on said bus by said processor conprising a bus
transaction recorder coupled to said bus for processing encoded signals

fromsaid transaction i ssued on said bus, CPU | atency tinmer for timng
ndi ng transaction is waiting

said transaction issued on said bus when &
on said bus, said CPU |latency tiner outputting an expiration signal when
said transaction takes nore than a predeterm ned anmount of tine to
conplete, and a transaction processor unit coupled to said bus WO
97/11418

-20-
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transaction recorder, said bus, and said CPU |atency tiner, said
transaction processor unit deferring said transaction issued on said bus
when said transaction processor unit receives an I ndication signal from
said bus indicating that a pending transaction is waiting to be issued on
sai d bus, when said encoded signals fromsaid transaction i ssued on said
bus indi cate YR d transaction i ssued on said bus is a PEWUBHAITGS O
deferral, and when said CPU |l atency tiner outputs said expiration signal.

12. A method for regulating deferral of a current transaction

conpri si ng: determ ni ng whet her a pendi ng transaction exists;
determ ni ng whet her said current transact&g is deferrable; and

deferring said current transaction if sai @%nding transaction

exi sts and said current transaction is deferrable. 13. The met hod
of claim 12, wherein determ ning whether said pendi ng transaction
exi sts is achieved by processing signals directly from a CPU bus.
14. The method of claim 12, wherein deternining whether said

current transaction is defe achi eved by processing di spatch

15. A net hod for
conprisjng:

control signals froma tran
regul ating deferral
det erm ni ng whet her determ ni ng
whet her sai d currentNd r gngs i det erm ni ng
whet her said curre 30 | onger than a
deflerring said
exi sts, |said current

current transaction if said e
transaction is deferrable, £ai Sescurrent transaction
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(57) Abstract

timer outputs the expiration signal.

(54) Title: DYNAMIC DEFERRED TRANSACTION MECHANISM

A method and apparatus for regulating the deferral of a transaction
issued on a bus by a processor in a computer system is disclosed. A bus
transaction recorder coupled to the bus processes encoded signals from
the transaction issued on the bus. A line coupled to the bus sends an
indication signal when a pending transaction request is issued on the bus.
A CPU latency timer times the current transaction on the bus when a new
pending transaction is waiting on the bus. The CPU latency timer outputs
an cxpiration signal when the transaction takes more than a predetermined
amount of time to complete. A transaction processor unit is coupled to
| the bus transaction recorder, the line, and the CPU latency timer. The
transaction processor unit defers the transactions issued on the bus when
the transaction processor receives the indication signal indicating that a
pending transaction is waiting to be issued on the bus, when the encoded
signals from the transaction issued on the bus indicate that the transaction
issued on the bus is a candidate for deferral, and when the CPU latency




