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The present invention relates in general to data processing systems, and in

particular, to instruction scheduling mechanisms in pipelined data processing

systems.

BACKGROUND INFORMATION

High performance processors currently used

in data processing systems

today may be capable of "superscalar" operation and may have "pipelined"

elements. A superscalar processor has multiple elements which operate in parallel

to process multiple instructions in a single processing cycle. Pipelining involves

processing instructions in stages, so that the pipelined stages may process a number

of instructions concurrently. In a typical first stage

, referred to as a "instruction

fetch" stage, an instruction is fetched from memory. Then, in a "dispatch" stage,

the instruction i1s decoded into different control bits

, which designate a type of



processing instructions in stages, so that the pipelined stages nmay process
a nunber of instructions concurrently. In a typical first stage, referred
to as a "instruction fetch" stage, an instruction is fetched from nmenory.
Then, in a "dispatch" stage, the instrugtion is decoded into different
control bits, which designate a type of

2 functional unit for perform ng the operations specified by the

i nstruction, source operands for the operation, and destination registers
for results of operations. The decoded instruction is dispatched to an

i ssue queue where instructions wait for data and an avail abl e execution
unit. Next, in the "issue" stage, an instruction in the issue queue is
issued to a unit having an "execution stage." The execution stage processes
the operation as specified by the instruction. Executing an operation
specified an instructi i ncl udes acceptin e nor e..oper ands and
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one or more results.

A "completion" stage addresses program order issues which arise from
concurrent instruction execution, wherein multiple, concurrently executed
instructions may deposit results in a single register. The completion stage also
handles issues arising from instructions dispatched after interrupted instruction
deposits results in a same destination registers. In the completion stage, an
instruction waits for the point at which there is no longer a possibility of an
interrupt before storing a data value, so that a depositing of a result will not violate
a program order. At this point, the instruction is considered"'complete.“ It should
be noted that buffers to store execution results before results are deposited into the
destination register and buffers to back up contents at specified checkpoints are
provided in the instance an interrupt reverts the register content to its
pre-checkpoint value. Either types of buffers may be utilized in a particular

implementation. At completion, the results of the execution buffer and the holding



destination register and buffers to back up contents at specified
checkpoints are provided in the instance an interrupt reverts the register
content to its pre-checkpoint value. Either types of buffers may be
utilized in a particular inplenentationg At conpletion, the results of the
execution buffer and the hol ding

3 buffer will be deposited into the destination register and the
back-up buffer will be rel eased. Pi pel i ned data processi ng systens
typically inplenent load instructions to |oad information froma storage

| ocation to a register in a pipelined fashion. Typically, such | oad

I nstructions execute in one cycle and, therefore, do not adversely affect
the timng associated with pipelined fl ow of the data processor. However,
under certain conditions, execution of the load instruction will take nore
t han one ciydfer witldbe téposited frdo therilesgination registérmedithe backoup hpffer wal kaver sel y
af f ect ed. Cﬂ§§%f the conditions which may require a |oad operation to
execute in® ‘t han one cycl e occurs when an address of the | oad

i nstruction nuspifagnéd a&a';ﬁé_&@sinﬂfwﬁt)tﬁi@ms:liaﬁl@ﬁbm@w mSGudion9@k- up and
address conpare operation using a translation |ookaside buffer (TLB). Wen
an addr essload anformatiom fropea atorage lonatiin/forgyregistirBniaspipglinedtfashioy. a dat a
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i s considered successful. However, if there is no correspondi & entry in
the TLB, tHewewer abller cenfialn eqnditinnspexdcutiompf thetload irstrubticn wilb takeunote
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One of the conditions which, may require a load operation to execute in more than
one cycle occurs when an address of the load instruction must be translated.
Address translation requires a look-up and address compare operation using a
translation lookaside buffer (TLB). When an address translation operation
involving a TLB is executed by a data processing system, an extra cycle is required
for control signals corresponding to the load instruction to access the TLB. If
there is a corresponding real address stored in the TLB, then the address translation
is considered successful. However, if there is no corresponding entry in the TLB,
then a table walk operation is initiated. Such a table walk operation requires all
page table entries to be fetched from a memory. The table walk operation
consumes a substantial number of cycles during execution of a load operation.

Additionally, a load operation may take more than one cycle when the load

instruction is made to an address which is not aligned. An address is not aligned

when data for that load instruction spans across the address boundary for which the



consunes a substantial nunber of cycles during execution of a |oad

oper ati on. Additionally, a |oad operation may take nore than one
cycle when the load instruction is made to an address which is not aligned.
An address is not aligned when data for 4hat | oad instruction spans across
t he address boundary for which the data processing system
Is designed. In this case, an additional cycle is required to assenble data
t hat spans the boundary of the fetch address. Unli ke a | oad operation which
requi res address translation and may take an undeterm ned nunber of cycles
to execute, an unaligned | oad operation only requires a fixed nunber of
addi ti onal cycles. During operation of a typical data processor, an
instruction issuing algorithmissues instructions with avail abl e operands
to execution units for execution. If a | oad executes, but its data is not
in the cacdiga pfdvessing bystem éndesigiredr Uatthisrcaseyancddddmnehcyobnist dequiredath

I nstruction are marked as not havi ng avail abl e gata'a%g'are a?t I ssued to
the executassemblgidata thet spansithe pagnsdareaf therfeich addeess.ndinlike @ilgadi s not in a
cache at the tine i Lan,: e kSSq" lts. A
cache m ss°poeﬁ%etf°£'t ‘l'v%{rzfﬂi ljﬁg'?igeast @s%}{sg g{ahflﬁté&fégxﬁ;ﬁﬁg ’t?\l%t anagrg(%gesrﬁgfezi ?4‘fo?t?né*a cache

menory whigfficyshes theexetite Kiny/ umlipasd dohd dffeedtion onde reuires s fixed utumbet b€
processor is forced to initiate-a nenory request for the |oad data. As
pr evi ous| yaddiignabgxeles.t hi s nenory request may take several cycles to

cor et ot Bhynb SRS CO0AD M resill hmaBiRELgP ool

"ready” f oglgerithai issmes. inviheations with available operands to execution units for
execution. If a load executes, but its data is not in the cache, then subsequent
instructions which depend on the load instruction are marked as not having
available data and are not issued to the execution unit. When data required for a '
load instruction is not in a cache at the time the load instruction executes, a "cache '
miss" results. A cache miss operation indicates that the data_is not accessible from:
a cache memory which may be quickly accessed. When a cache miss occurs, the
processor is forced to initiate a memory request for the load data. As previously
mentioned, this memory request may take several cycles to complete. However,
before the cache miss condition is detected, issued logic already marks the
instruction which depends on the load operation as "ready" for execution. When
the cache miss condition is reported, the issue logic must reset the mark made on
the instruction to indicate that the instruction that depends on the load is not ready
for execution. A reset operation typically takes several cycles to perform. This

reset operation is utilized even when the execution of the load instruction is

delayed by a cycle. That is, the issue logic does not distinguish a condition that



the cache mss condition is reported, the issue |logic nust reset the mark
made-on the instruction to indicate that the instruction that depends on
the load is not ready for execution. A reset operation typically takes
several cycles to perform This reset operation is utilized even when the
execution of the load instruction is delayed by a cycle. That is, the issue
| ogi ¢ does not distinguish a condition that causes a

mul tiple cycle delay for the data (i.e., a cache mss) froma condition
whi ch causes a single cycle delay (i.e., translation buffer access or an
unal i gned access). By not distinguishing the two conditions, the issue

| ogic forces all instructions that depend on the |oad that has del ayed a
cycle to incur the sane penalty as a | oad operation delayed for nore than
one cycle, due to the reset operation. Therefore, a need exists for

FeSour cos GRSEHS THRUBICTGEAIRn PralS Cah (hheh Cahe R (oM RORUERI ayed by 4
m ni um nughes, Qhs&YE Lf?@e cycle delay (i.e., translation buffer access or an unaligned

access). By not distinguishing the two conditions, the issue logic forces all

instructions that depend on the load that has delayed a cycle to incur the same

penalty as a load operation delayed for more than one cycle, due to the reset

operation.

Therefore, a need exists for a mechanism in a data processing system which
more efficiently utilizes the resources of the data processing system when an

instruction is delayed by a minimum number of cycles.



SUMVARY OF TE | NVENTI ON 6 The previously
menti'oned needs are fulfilled with the present invention. Accordingly,
there is provided, in a first form a data processing system The data
processing systemincludes a queue for gtoring a plurality of instructions
and a | ocal execution cluster for executing a first one of the plurality of
I nstructions, The | ocal execution cluster selectively asserts a first
control signal to indicate a first extended period of tine is required to
retrieve a first data value. A circuit 1is connected to the |ocal execution
cluster for providing a second control signal to enable the |ocal execution
cluster to maintain a current state for a preselected tinme period when the
first control signal is asserted. Addi tionally, there is provided,

in a second form a nethod for anticipating instruction execution in a data
processi ng des the steps of storing of plurality of
I nstructi o# . s irst one of the ' plurality of

i nstructions in a Iocal executlon cluster, and selectively asserting a
first control signal to indicate a first ext ended period of time as

requi red to retTheypevaously sientlanei nmldslard fulfiléipwitls ¢het present danention.of t he

first one of the pluyali.t str ddi ti onal | t he t hod
i ncl udes afSEUpL “B&»t I6\i$ BI9Y, gdeéiné‘éé Hﬂt HHtFQF@’@?F&?‘“gl%W‘& The &3yt to
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first extended period of time is required to retrieve a first data value. A state

machine is connected to the local execution cluster for providing a second control
signal to enable the local execution cluster to maintain a current state for a
preselected time period when the first control signal is asserted.

Additionally, there is prov1ded in a second form, a method for antlclpatmg
instruction execution in a data processing system. The method includes the steps
of storing of plurality of instructions in queue, executing a first one of the plurality
of instructions in a local execution cluster, and selectively asserting a first control
signal to indicate a first extended period of time as required to retrieve a first data
value in response to execution of the first one of the plurality of instructions.
Additionally, the method includes a step for providing a second control signal from
a state machine to enable the local execution cluster to maintain a current state for
a preselected time period when the first control signal is asserted.

Furthermore, there is provided, in a third form, a program storage device

readable by a machine, tangibly embodying a program of instructions executable

Sheet Has Been Replaced
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7 by the machine to performmethod steps for anticipating instruction
execution in a date processing system The nmethod steps include storing a
plurality of instructions in a queue, executing a first one of the
plurality of instructions in a |ocal exgcution cluster, and selectively
asserting a first control signal to indicate a first extended period of
time as required to retrieve a first data value in response to execution of
the first one of the plurality of instructions. The nethod al so includes

the step of providing a second control signal froma circuit to enabl e
the |l ocal execution cluster to maintain a current state for a presel ected
time period when the first control signal is asserted. These and

ot her features, and advantages, will be nore clearly understood fromthe
fol |l owi ng det ail ed description taken in conjunction with the accorrpanyi ng
dr awi ngs. S |nBortant to note the drawings are,not intended to

repr esent bm ghe maghingrte psrfofmanethod stepy for anticipating instruction execution in a

data processing system. The method steps include storing a plurality of
instructions in a queue, executing a first one of the plurality of instructions in a
local execution cluster, and selectively asserting a first control signal to indicate a
first extended period of time as required to retrieve a ﬁrst.d_ata value in response to
execution of the first one of the plurality of instructions. The method also includes
the step of providing a second control signal from a state maehine to enable the
local execution cluster to maintain a current state for a preselected time period
when the first control signal is asserted. |

These and other features, and advantages, will be more clearly understood
from the following detailed description taken in conjunction ;with the
accompanying d’rawings. It is important to note the drawings are not intended to

represent the only form of the invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andi ng of the present invention, and the advantages thereof,
reference is now nade to the foll owi ng descriptions taken in conjunction
wi th the acconpanying draw ngs, in whiah: FIGURE 1 illustrates, in
bl ock diagramform a data processing systemin accordance with one

enbodi nent of the present invention; FIGURE 2 illustrates, in block
diagramform a CPU in accordance with one enbodi nent of the present

i nventi on; FIGURE 3 illustrates, in block diagramform a |ocation
Wi thin a pre-execution gqueue of the present invention;- FI GURE 4
illustrates, in partial logic diagramform a control logic circuit in
accordance with one enbodi nent of the present invention; FI GURE 5
illustrates, in timng diagramform a first operation executed by the data

processi ng, ﬁgg—gfm{){lﬁ)ﬂr@pgg DR/ERINGR; _FIGURE 6 illustrates,
in timng eratl on executed by the data processing
systemin accordance with one enbodi nent of the present invention;

FIGURE 7 illustrates, in timng diagramform a third operati,on executed
by the data prdiasssmeE eQrmplsin ¥ e‘éﬁ%@?% e\af?Sﬁntowge'B}fr’E*oanﬁ of the

pr esent ia%&rﬂ&ée%%et%ﬂﬂ reference is now made to the following descriptions taken in 9

conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates, in block diagram form, a data processing system in
accordance with one embodiment of the present invention;

FIGURE 2 illustrates, in block diagram form, a CPU in accordance with
one embodiment of the present invention;

FIGURE 3 illustrates, in block diagram form, a location within a
pre-execution queue of the present invention,

FIGURE 4 illustrates, in partial logic diagram form, a control logic circuit
in accordance with one embodiment of the present invention;

FIGURE 5 illustrates, in timing diagram form, a first operation executed by
the data processing system of the present invention;

FIGURE 6 illustrates, in timing diagram form, a second operation executed
by the data processing system in accordance with one embocfiment of the present
invention; i
FIGURE 7 illustrates, in timing diagram form, a third operation executed

by the data processing system in accordance with one embodiment of the present

invention; and



FIGURE 8 illustrates, in timng diagramform an operation executed by a
prior art 'system 10

DETAI LED DESCRI PTI ON The present invention inplenments a data
processi ng system which indicates that an instructi on does not have
avai | abl e data because of a cache m ss or because of sone other reason to
an instruction issuing algorithm Wen the instruction is not able to
access the avail able data and a cache mss results, instructions which are
dependent on the issued |load instruction are not issued. However, if the

| oad execution is del ayed because of another reason, then the instructions
whi ch are dependent on the issued |load instruction are also issued in
anticipation of a successful load instruction execution in the next cycle.
Through the use of this issuing nmechanism the efficiency of the data
processi ng systE@URE ignitlusages] if infing Qiapeath iforin,Udi éparatidreéieentedtyeat o
utilize its pipeline. The foregoing description provided a brief
overvi ew gfioppersystesh of the present invention. However, the follow ng
description will provide nore detailed information regarding the
connectivity of the elements of the present invention, as



well as a nore detailed description of operation of the present invention.
Description of Connectivity One enbodi nent of the present invention
is illustrated in FIGURE 1. Referring first to FIGURE 1, an exanple is
shown of a data processing system 1001@hi ch may be used for the invention.
The system has a central processing unit (CPU) 110. The history buffer 228
Is included in CPU 110. The CPU 110 is coupl ed to various
ot her conponents by system bus 112. Read only nenory ("ROM') 116 is coupl ed
to the systembus 112 and includes a basic input/output system ("Bl OS")
that controls certain basic functions of the data processing system 100.
Random access nenory ("RAM') 114, |/O adapter 118, and conmuni cati ons
adapter 134 are also coupled to the systembus 112. |/O adapter 118 may be
a smal | conputer systeminterface ("SCSI") adapter that communicates with a
di sk storggggggﬁgﬁg) {36 ni cati ons adapter 134 interconnects bus 112
with an o etWOT K enabi I ng the data processing systemto

comuni cation with other such systens. |nput/Qutput devices are al so

connected to systembus 112 via user interface adapter 122.and .di spla
adapter 136. K@Edﬁ?%?niﬂme“f‘?%é‘?péﬁﬁml%g?m RERFES! %’Sr[fﬂhwi‘b 'I?gf’ca%B )altr e

all ‘inter g@ﬂi'lglcihgtﬁxétﬁnb&b%s hdLhiePavhiigble! daiaBedcatse oTdPdicRE misklor Bicamdeny

nmoni tor 1

of some other reason to an instruction issuing algorithm. When the instruction is
not able to access the available data and a cache miss results, instructions which
are dependent on the issued load instruction are not issued. However, if the load
execution is delayed because of another reason, then the instructions which are
dependent on the issued load instruction are also issued in anticipation of a
successful load instruction execution in the next cycle. Through the use of this
issuing mechanism, the efficiency of the data processing system is increased as an
execution unit is better able to utilize its pipeline.

The foregoing description provided a brief overview of operation of the
present invention. However, the following description will provide more detailed
information regarding the connectivity of the elements of the present invention, as
well as a more detailed description of operation of the present invention.

3

Description of Connectivity

One embodiment of the present invention is illustrated in FIGURE 1.

Referring first to FIGURE 1, an example is shown of a data processing system 100
which may be used for the invention. The system has a central processing unit

(CPU) 110. The history buffer 228 is included in CPU 110. The CPU 110 is



connected to system bus 112 by di splay adapter 136. In this manner, a user
I s capable of inputting to the systemthroughout the keyboard 124,

trackball 132 or nouse 126 and receiving output fromthe systemvia speaker
128 and display 138. Additionally, an gperating systemsuch as Al X ("Al X"
Is a trademark of the IBM Corporation) is used to coordinate the functions
of the various conponents shown in Fl GURE 1. Preferred

i npl ement ati ons of the invention include inplenentations as a conputer
system programmed to execute the nmethod or nethods described herein, and as
a conput er program product. According to the conputer-system

| npl enment ati on, sets of instructions for executing the nethod or nethods

are 12 resident in
t he random access nenory 114 of one or nore conputer systens confi gured

general ly as cribed a unti | h t t th

set of i nswg‘?qs@n‘éa“r?éﬂ? O%befscPB}PQBE% by g(%)trﬁ% 113 g%?%ﬁ%’ gﬁcﬁn?%@l (ra]manot ﬁer
conput er WM;') | 8 jsCeoRipRideio the sfhted tisi M8 alannélMésC&bﬁ&y ipdgbutgat a _
removabl e such as an optical disk or floppy disk for eventual use in

t he dijsk dsystm;] (“BY0S ") tiat lvontrols leertaionhasicefungtiang o the datd (precessing al so be
stored at another c ter and transni, Sk user's vvork
station byS¥st %ﬁ oxgyacgﬁsset}gfrgpwn{ quﬁ Adap ert]:]@ %‘E&er net .
skilled '“cérhﬁuﬂfaatlwaﬁpwn@a%@h&otd&bleﬁh@ thhyateabus 1 2.ag@ of the sets
of instructions physically changes the nedi umupon which it is stored so

that the nadipten H&rmay&sbemsmﬂi mmp@t&dayﬂtﬁn |1M¢d'a¢¢e(f'56ﬁl") TheptehtBhe may be
el ectrical éomm%rﬁ%a{es w&lp nalxs(ic storage PeVize %8 'Communications adapter 134

interconnects bus 112 with an outside network enabling the data processing system
to communication with other such systems. Input/Qutput devices are also
connected to system bus 112 \.ria user interface adapter 122 and display
adapter 136. Keyboard 124, track ball 132, mouse 126 and speaker 128 are all
interconnected to bus 112 via user interface adapter 122. Display monitor 138 is
connected to system bus 112 by display adapter 136. In this manner, a user is
capable of inputting to the system throughout the keyboard 124, trackball 132 or
mouse 126 and receiving output from the system via speaker 128 and display 138.
Additionally, an operating system such as AIX ("AIX" is a grademark of the IBM
Corporation) is used to coordinate the functions of the various components shown
in FIGURE 1. - .

Preferred implementations of the invention include implementations as a
computer system programmed to execute the method or methods described herein,
and as a computer program product. According to the computer system

implementation, sets of instructions for executing the method or methods are



physi cal change. Wiile it is convenient to describe the invention in terns
of instructions, synbols, characters, or the like, the reader should
remenber that all of these and simlar terns should be associated with the
appropri ate physical elenents. idot e that the invention describes
terms such as conparing, validating, selecting or other terns that could be
associated with a human operator. However, for at |east a nunber of the
operations described herein which formpart of the present invention, no
action by a human operator is desirable. The operations described are, in

| arge part, machi ne operations processing electrical signals to generate
ot her electrical signals. 13

One enbodi ment of the present invention is illustrated in FIGURE 2. FlI GURE
2 provides a block diagram of a pipelined CPU 110 in accordance with one

enbodi nent_ @ h ' | ' | ne &rgg,@' S an

I nstructi 5?\81%&3}&& tlE‘%]?aﬁl(a?w&%ﬁ%ﬂgwngﬁg&yé%u%s@gl%m I\/%S) Zifg‘? an

i nstruct i @anflisreatgrheraly tas (desdbe@ 2Bovea Untibteiquiyebby rthe comhput¢rsyisien42, and
an instruction execution unit (IEU)

C [ 250. | FU 202 canprises an
i nstruct ¢he é@@féﬂmﬂ(’aﬁ maﬁst?eriﬁ%rtefi@ﬁ aq‘ﬁ’é‘ll%'t‘trlwgrmroﬁﬂctilﬁsaf‘Pﬁ‘ffi on decode
ini ¢ 214, EIRGHY mEHGy dor BOihe IR diRtadICIa0 i idy PAISRREAOIBIE D
a bus i nt gnéme siichtas(aBl dpticaldisk bt Blappy diskdonevennial ugelin thendisk ses: a
1]: : 82% : gg %Cr)iivgtlzltj)?.i tFu?th(erlf ,F&?g cgrﬁgﬁte? pltclggfntl ippgdupc)toi:a?nt algou gg %togfe':f 9 an%ﬁ?ér and a
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computer and transmitted when desired to the user’s work station by a network or

by an external network such as the Internet. One skilled in the art would

appreciate that the physical storage of the sets of instructions physically changes

the medium upon which it is stored so that the medium carries computer readable

information. The change may be electrical, magnetic, chemical or some other

physical change. While it is convenient to describe the invention in terms of i

instructions, symbols, characters, or the like, the reader should remember that all of

these and similar terms should be associated with the appropriate physical

elements.

Note that the invention describes terms such as comparing, validating,

selecting or other terms that could be associated with a huma;n operator. However,

for at least a number of the operations described herein which form part of the

present invention, no action by a human operator is desirable. The operations

described are, in large part, machine operations processing electrical signals to

generate other electrical signals.



point unit 1 (FPl) 248. 1EU 250 conprises a plurality of fixed-execution
units, ExOE 252, ExOL 254, Ex1E 256, and Ex1L 258. It shoul d be noted that
each of the execution units | abel ed EXOE 252 and Ex1E 256 are referred to
as early execution units. Simlarly, tfse execution units |abeled ExOL 254
and Ex1L 258 are referred to as the |ate execution units. Additionally, |EU
250 conprises a store/conplex execution unit 260, a LO | oad (data cache)
unit 264, and a nenory managenent unit (MWJ) 262. IEU 250 is coupled to
transl ati on shadow array (TSA) 275 and a transl ation | ook-aside buffer
(TLB) 274. | DU 222 conprises a target identification (TID)
generation circuit 224, a plurality of general purpose registers (GPR)
226, a history buffer 228, a pre-execution queue (PEQ unit 230, a

store/ conpl ex pre-execution queue (SPEQ

14 t 232, .d t t
Addi tional | ;m I%(‘P Eﬁ‘fg 5 Cgégl Bllf?g?n%zle B‘?rlﬁﬁ 8?5%‘3; anl 5% 236, an

i nterruptigy 9t %r‘é%de@% maat Biaghdnd bf &ipigalinkd 2P uamch aco@rdme with
i dentification ) circuit 240. It should be noted that PEQ 230, SPEQ 232

and CRQ Zameemttbodxmnpt oS thequasent inviehtien. f B@phm&CPU 110 commeseqi 8Regoi ng
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greater det Durin he fol | ow ng descripti'on of the inplenmentation of
t he preserEXeCMnunmlﬁIEltfh%SQ erns "assert" and "negate" and various
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m xture of "act
an instruction decode (Idecode) circuit 208, a condition register unit 210, and a

branch (BR) unit 214. Memory subsystem 216 comprises a second level (L2)
cache 218, and a bus interface unit (BIU) 220. Floating point unit 242 comprises:a
floating point unit 0 (FPO) 244, a floating point queue (FPQ) 246, and a ﬂoatmg
point unit 1 (FP1) 248. IEU 250 comprises a plurality of ﬁxed-executlon units,
ExOE 252, ExOL 254, Ex1E 256, and Ex1L 258. It should be noted that each of
the execution units labeled ExOE 252 and Ex1E 256 are referred to as early
execution units. Similarly, the execution units labeled ExOL 254 and Ex1L 258 are
referred to as the late execution units. Additionally, IEU 25’0 comprises a
store/complex execution unit 260, a LO load (data cache) unit 264, and a memory
management unit (MMU) 262. IEU 250 is coupled to translation shadow array
(TSA) 275 and a translation look-aside buffer (TLB) 274.

IDU 222 comprises a target identification (TID) generation circuit 224, a
plurality of general purpose registers (GPR) 226, a history buffer 228, a

pre-execution queue (PEQ) unit 230, a store/complex pre-execution queue (SPEQ)



and "active low' logic signals. "Assert"” is used to refer to the rendering
of a logit signal or register bit intoits active, or logically true,
state. "Negate" is used to refer to the rendering of a | ogic signal or
register bit into its inactive, or logiiaally fal se state. Description of
Oper ati on To clearly point out novel features of the present

I nvention, the follow ng discussion omts or only briefly describes
conventional features of information processing systens which are apparent
to those skilled in the relevant art. It is assuned that those skilled in
the relevant art are famliar with superscal ar processors. In particular,
it is assunmed that those skilled in the art are famliar

15 Wi th processors which operate in an in-order dispatch

out - of -order execution, and in-order conpletion fashion. The

fol I owi ng \ise346 A &ﬁﬂ?ﬁdrpﬁé@s@eﬂ{&u@@l{@ 29y %&Eﬁbdﬂll | Iy goon a
pi pel i ned processor and circuitry used to control operation of this queue.

FI GURE 1 iddmyisenarsntarrupixbandlieg anechaiame236r ae egeirugibly sstuetiotaphd ch nay

be used to Ii’I[SpmrcuxtrEB 8O and %ngR'ggf) iden 1ﬁcatlonh(?}185 ecxsrgl?x 248 v ntt{o%?d be no?ed
that PEQ 230, SPEQ 232 and CRQ 234 each comprise some similar features.

The foregoing discussion provides a description of connécﬁvity of the

elements utilized in implementing one embodiment of the present invention. A
description of operation of each of these elements will subsequently be provided in
greater detail. During the following description of the implementation of the
present invention, the terms ;'asse " and "negate" and various grammatical forms
thereof, are used to avoid confusion when dealing with a mixture of "active high"
and "active low" logic signals. "Assert" is used to refer to the rendering of a logic
signal or register bit into its active, or logically true, state. “Negate" is used to
refer to the rendering of a logic signal or register bit into its inactive, or logically

false state.

Description of Operation

To clearly point out novel features of the present invention, the following
discussion omits or only briefly describes conventional features of information
processing systems which are apparent to those skilled in the relevant art. It is
assumed that those skilled in the relevant art are familiar with superscalar

processors. In particular, it is assumed that those skilled in the art are familiar



processi ng system 100 has a CPU 110, which is illustrated in greater detai
in FIGURE 2. It should be noted that CPU 110 is a pipelined nmachine.
Specifically, CPU 110 conprises various registers, buffers, nenories, and
other units formed by integrated circuitry. Furthernore, CPU 110 operates
according to reduced instruction set conputing (R SC) techniques.

Addi tionally, CPU 110 processes instructions according to processor cycles
whi ch are synchroni zed, in sonme aspects, to an internal clock (not
illustrated in detail herein). During operation, instructions are
processed in CPU 110 in a sequence of |ogical, pipelined stages, as has
been previously described. However, it should be well understood that the
functions of these stages, as inplenented in the preferred enbodi nent of

t he present invention may be nerged together. Therefore, this particular
di vi si on of t i u a

0 v 5190 o8 RGOSy Bl Bty b AL beachkesgsoauel

descri pti ofp- Qlfdepla@ﬂhgtdu@ﬁ fadhiéPU 110. During operat ion, a nenory, such as
i nstruction cache 204 or another nenory unit (nqt il]lust rlat Sd her ei n)
provi des i nst r udhedpliowing disauggon I43§F“bP§tacﬂ’i°'e§?°&B%“ gpeue utilized in a

16 Y Igf to PEQ 230 in

a "di spatcﬁl'a%ﬂbgé EP&FSS(@E)%{{%#%%%IJEE&I% st gr&?iglgpflﬁgtgl gﬁge and data to be
sent to each of FIGURE mrxuhsttagesoén example oba datal procesEn@Eyaem, 10which54, Ex1E
256, and Ex1L 258 It .Shoul d be noted, t hat e _execution uni descri bed
her ei n nay MY bg ysedda implementong| }rgent,gf ¢ BresEnt JuYQMHon. o i3 s es

. 3pécte§sm§§§g§elg 3903 By A% which is illustrated in greater detail in
FIGURE 2. It should be noted that CPU 110 is a pipelined machine. Specifically,

=

CPU 110 comprises various registers, buffers, memories, and other units formed by
integrated circuitry. Furthermore, CPU 110 operates according to reduced
instruction set computing (RISC) techniques. Additionally, CPU 110 processes
instructions according to processor cycies which are synchronized, in some aspects, -
to an internal clock (not illustrated in detail herein).

During operation, instructions are processed in CPU 110 in a sequence of
logical, pipelined stages, as has been previously described. However, it should be
well understood that the functions of these stages, as implemented in the preferred
embodiment of the present invention, may be merged togeth'er. Therefore, this
particular division of stages should not be taken as a limitation, unless such a
limitation is indicated herein.

Refer now to FIGURE 2 for a description of operation of CPU 110.

During operation, a memory, such as instruction cache 204 or another memory unit

(not illustrated herein) provides instructions to IQ 206 in a "fetch" stage of



Furthernore, the second cluster conprises the execution units |abel ed Ex1E
256 and Ex1L 258. Furthernore, in the first cluster, ExCE 252 is referred
to as an early unit of the first cluster. Additionally, EX1E 256 is
referred to as the early unit of the sggond cluster. Simlarly, ExOL 254 is
referred to as the late unit of the first cluster and Ex1L 258 is referred
to as the late unit of the second cluster. In both the first and
second clusters, it should be noted that the early unit in that cluster can
forward a result to the late unit in the sane cluster to be used in the
sanme cycle. For exanple, an instruction executing in early execution unit
ExCE 252, in cycle "n" can forward the result to late unit ExXOL 254 in the
sanme cluster, so that a dependent instruction may use that result and
execute in late unit ExOL 254 in the sanme cycle n. State another way, there

I s zero cypefatiof! VIS I 208, inbreudtivak areploridedno PEQ D30 axecdispaoh’uni t s
descri bed herein. Additionall ﬁ the late unit in a cluster can forward a
resul t to stags afoperation; (PEQ 23R storamrinstuetians and glatantabe seat faeapht of the

avai l abl e for.execution in i ri @l result
IS gener atpé‘dr.ahéi 3f§’&e°5ﬁ%? Hgfﬁ\%‘yg%#é%@sgghgqg%ggg’ %‘f\iﬁg}gufﬁg WI@ thin a
cluster. Rabuldtaiioted tigdt théexdcuiidon Qnitedeetbéd Berein hay be divitleditd tw04 i n

cycle n can forward the result to the early unit ExOE 252 in _the sane
cluster, odusters: Aqfirst cluster comprises execution ufits, ExOE 252 and ExOL 254. 17
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unit, Ex ng cycl e n¥l r iy uni n~a cluster
(local cl umdeER115258.f Purkiéshdrb cinthé first dlestérhExOB 2521ié edferded tsad an anot her

cluster (renote cluster) so that the result _is available for
early unit of the first cluster. Additionally, Ex1E 256 is referred to as the early
unit of the second cluster. Similarly, ExOL 254 is referred to as the late unit of the
first cluster and Ex1L 258 is referred to as the late unit of the second cluster.

In both the first and second clusters, it should be noted that the early unit in
that cluster can forward a result to the late unit in the same cluster to be used in
the same cycle. For example, an instruction executing in early execution unit
ExOE 252, in cycle "n" can forward the result to late unit ExOL 254 in the same
cluster, so that a dependent instruction may use that result and execute in late unit
ExOL 254 in the same cycle n. State another way, there is zero cycle forwarding
in the implementation of the execution units described herein. Additionally, the
late unit in a cluster can forward a result to the early unit in the same cluster so
that the result is available for execution in the early unit during tiae cycle after a
result is generated. Stated another way, there is one cycle forwarding within a
cluster. For example, an instruction executing in late unit EXOL 254 in cycle n can

fofward the result to the early unit ExOE 252 in the same cluster, so that a



execution in the renote cluster during a first cycle after the result is
gener ated. For exanple, an instruction executing in early execution unit
ExOE 252 of the first cluster in a first timng cycle n, can forward the
result to either early unit, EX1E 256 pf late unit Ex1L 258 of the second
cluster, so that a dependent instruction can use that result and execute in
ei ther of ExX1E 256 or Ex1L 258 in cycle n+1. Additionally, it
shoul d be noted that the late unit in a local cluster can forward the
result to the execution units of a renote cluster one cycle after the
result is generated. Therefore, there would be two-cycl-e forwardi ng between
clusters. For exanple, an instruction executing in late unit ExCOL 254 of
the first cluster in cycle n can forward the result to either early unit
Ex1E 256 or late unit Ex1L 258 of the second cluster, so that a dependent

' ' h I d | ' 258
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second cl us§st gsgaﬁ;gm@g @yélggim_ result to GPR 226 and PEQ 230 one cycle
after the result is generated. Furthermore, it should be noted that a | oad

i nstruction canTheeauy entriny ¢lustem@ocahclusign); eandprward the result to the For all
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uni ts execution in the remote cluster during a first cycle after the reb@lt is generatedvi t hi n and
bet ween the clusters when scheduling instructions tQ be sent to e?ch of the

clusters. For exigiple,can insEaetgoexeouting: neasly| exegition umsEXQR 253 9€ the Tigler ands

cluster in a first timing cycle n, can forward the result to either early unit,

Ex1E 256 or late unit Ex1L 258 of the second cluster, so that a dependent

instruction can use that result and execute in either of Ex1E 256 or Ex1L 258 in
| cycle n+1.

Additionally, it should be noted that the late unit in a local cluster can
forward the result to the execution units of a remote cluster one cycle after the
result is generated. Therefore, there would be two-cycle forwarding between
clusters. For example, an instruction executing in late unit ExOL 254 of the first
cluster in cycle n can forward the result to either early unit Ex1E 256 or late unit
Ex1L 258 of the second cluster, so that a dependent instruction can use that result
and execute in either Ex1E 256 or Ex1L 258 in cycle n+2. It should be noted that
all units in both the first and second clusters can forward their result to GPR 226
and PEQ 230 one cycle after the result is generated. Furthermore, it should be
noted that a load instruction can execute only in the late unit of a cluster.

For all execution units and the clusters to operate efficiently, PEQ 230 must

account for non-uniform forwarding of result data by each of the execution units



whi ch are available. It should be noted, however, that out-of-order issuing
s all owed. PEQ 230 nust al so provide a fast recovery nethod for
recovering when a specul ative execution is schedul ed, but aborted. For
exanpl e, instructions may be schedul ed;®n the assunption that a particul ar
branch instruction will take a certain path, and instead, the branch

I nstruction takes an alternative path. There is also the possibility that
an exception will occur between two schedul ed instructions. Furthernore,
PEQ 230 nmust only schedul e certain instructions, such as |oad instructions
into the late unit of a cluster. Lastly, -PEQ 230 nust i npl enent the above
operations in a sinplified manner to neet the cycle tinme requirenents of
CPU 110 and data processing system 100. During instruction queui ng
and issuing, PEQ 230 acts as a reservation station and holds instructions

and their Qﬁﬁlgr,f er% Pglp;je%ﬁ YRd F&&&é‘@h&d EcHed @ RORREENE td'BE 6ért t9TeadEE UL i ON

units. A set es inplenents a priority array (not illustrated
her ei n) t otier dastedshdnralditiony PEQ 230 ofust saiedule tonhyniwstructioEQop @perands

FI GURES 3 and _4 shows the fiel for each entry of P 3Q. Each entry
consi sts oWhigh ygayadablag Ibfh?é‘ﬁé%ﬂf’?eg} EO‘Q%F Py %‘%‘Z,‘SWﬁB data 324.
Bits that HMiSw sociated with each PEQ entry are as foll ows:

V. indicates €ther entry is valid. 19

L: indi cates wh®BEGE230 muist alsdiprovide adfastaacbviensmethotifonrecovering when a
speculative executidn is scheduled, but aborted. For example, instructions may be
scheduled on the assumption that a particular branch instruction will take a certain
path, and instead, the branch instruction takes an alternative path. There is also the
possibility that an exception will occur between two scheduled instructions.
Furthermore, PEQ 230 must only schedule certain instructions, such as load
instructions into the late unit of a cluster. Lastly, PEQ 230 must implement the
above operations in a simplified manner to meet the cycle time requirements of
CPU 110 and data processing system 100.

During instruction queuing and issuing, PEQ 230 acts as a reservation
station and holds instructions and their data to be issued to the first and second
clusters of execution units. A set of latches implements a priority array (not
illustrated herein) to track the relative ages of instructions in’ PEQ 230.

FIGURES 3 and 4 shows the fields for each entry of PEQ 230. Each entry
consists of an opcode and other controls 320, RA data 322, and RB data 324. Bits
that are associated with each ~PEQ entry are as follows:

. V: indicates whether entry is valid.



RT (instruction target is GPR): U indicates whether field is valid TID
indicates target ID of GPRto which instruction will be sent. TIDis the
pointer to be used for operand interlock. TID also is the instruction
identifier. RA (instruction source i $gGPR): DLO, DL1: indicates whether
the RA field to be accessed by the instruction is dependent on | oad data
fromcluster O or cluster 1, respectively. U indicates whether field is
valid W indicates whether RA field is loaded (if RAis not used, this bit
is set to 1 at dispatch). CO, Cl: indicates whether operand is dependent on
the instruction being executed in the late unit of the cluster (CO for
cluster zero, bit CL for cluster one). These bits are active for one cycle
to steer this instruction to the unit that has the data. CD (0:1): CO C1
bits delayed by a cycle. PEQ uses CD to reset the Whit if data is

(Z:Sncel ed. These,bits jangiRefel WhefldF if¥icfdF st load instruction.
. RT (instruction target is GPR):
U: indicates whether field is valid
TID: indicates target ID of GPR to which instruction will be sent.
TID is the pointer to be used for operand interlock. TID also is the

instruction identifier.

. RA (instrucﬁon source is GPR):

DLO, DL1: indicates whether the RA field to be accessed by the.
instruction is dependent on load data from cluster 0 or cluster' 1,

respectively. :

U: indicates whether field is valid

W: indicates whether RA field is loaded (if RA is not used, this bit
is set to 1 at dispatch).

C0, C1: indicates whether operand is dependent on the instruction
being executed in the late unit of the cluster (CO for cluster zero,
bit C1 for cluster one). These bits are active for one cycle to steer
this instruction to the unit that has the data.

CD (0:1): CO, C1 bits delayed by a cycle. PEQ uses CD to reset

the W bit if data is canceled. These bits are active for one cycle



unl ess they are forced to hold their value for one cycle by state machi ne
274. TID: 'the target ID of the GPR which will provide the necessary

oper and. RB (instruction source is GPR): DLO, DLI: indicates whether the
RB field to be accessed by the instrucb&-gn i s dependent on | oad data from

cluster O or cluster 1, respectively. i ndi cates whether field is valid.

W indicates whether RB field is |loaded (if RBis not used, this bit is set
to 1 at dispatch). CO, C: indicates that operand is dependent on the
instruction being executed in the late unit of the cluster (C0 for cluster
zero, Cl for cluster one). These bits are active for one cycle to steer
this instruction to the unit that has the data. CD(0:1): G0, Cl bits
del ayed by a cycle. PE( uses CDto reset Whit if data is cancel ed. These
bits are active for one cycle unless they are forced to hold their val ue
for one cycle by statumlésrcehsyngre Idrbed To Boldt theiyesalueDoobnt opclé&SBR sedie ch wi | |
provi de the necessary o%eran , '
21 machine 274,

TID: the target ID of the GPR which will provide the necessary

operand.

. RB (instruction source is GPR):
DLO, DL1: indicates whether the RB field to be accessed by the
instruction is dependent on load data from cluster 0 or cluster 1,
respectively.
U: indicates whether field is valid.
W: indicates whether RB field is loaded (if RB is not used, this bit
is set to 1 at dispatch). _
CO0, C1: indicates that operand is dependent on the instruction being
executed in the late unit of the cluster (CO for cluster zero, C1 for
cluster one). These bits are active for one cycle to steer this
instruction to the unit that has the data.
CD(0:1): CO, C1 bits delayed by a cycle. PEQ uses CD to reset W
bit if data is canceled. These bits are active for one cycle unless
they are forced to hold their value for one cycle l;y state machine
274,
TID: target ID of the GPR which will provide the necessary

operand.



FI GURE 4 al so shows the follow ng PEQ instruction state indicators, which
are the conbi nations of individual bits described above to specify the

state of each entry in PEQ Cl(O: indicates that
instruction is dependent on the instruci{on being executed in
a late unit 254. This bit is the "OR'" of the CO bits of t he
two oper ands. Cl(1): indicates that instruction is
dependent on the instruction being executed in the late unit
258. This bit is the "OR" of the Cl1 bits of the two operands.

RV: indicates that instruction is ready for execution. This bit is the
conbi nation of the two operand avail able bits Wqueue entry valid
bit V, and the two C bits (note that an instruction is not ready if it

Li T ndi cat oo UHBURRE s shows 16 Tallopis PEQ instuctopsialt feRod vhish | ne
c(o | j t
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i ndi cat es énbrgtintBEQj nstruction i s dependent on the inst ructi on bei ng
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. CI(0): indicates that instruction is dependent on the instruction being
executed in a late unit 254. This bit is the "OR" of the CO bits of
the two operands.

. CI(1): indicates that instruction is dependent on the instruction being
executed in the late unit 258. This bit is the "OR" of the C1 bits of
the fwo operands;

. RV: indicates that instruction is ready for execution. This bit is the
combination of the two operand available bits W queue entry valid
bit V, and the two C bits (note that an instruction is not ready if it
depends on operands that are being generated in both late units).

3

. LI: indicates that instruction is a load.
During operation, the CI(0) value indicates that the instruction is dependent
on the instruction being executed in late execution unit ExOL 254. Similarly, the

CI(1) bit indicates that the instruction is dependent on the instruction being



executed in late execution unit Ex1L 258. The RV bit indicates that the
i nstruction is ready for execution. It should be noted that an instruction

wi |l not be considered "ready" if the instruction depends on operands that
are being generated in both |ate executpgn units ExOL 254 and Ex1L 258. The
LI bit indicates that the instruction is a | oad operation. By using

the aforenentioned bits, PEQ 230 is able to designate characteristics about
each of the instructions dispatched thereto by 1Q 206. It should be noted

t hat when I Q 206 di spatches instructions to PEQ 230, the instructions are
di spatched in the order of oldest to newest and the order of all entries in
PEQ 230 is marked by a priority array (not illustrated herein).

Furthernore, the previously nmentioned priority array is set to reflect an

f th | '
Upan T ecor FRBiSdRRRPIRecilion WAt FAdk A% | TV dtinepeien SR ARE B0y of
char act er | &R:f&ﬁg% )&1‘6&&6 bﬁdshﬁﬁgi"% Hbtell tlEa%%HexﬁsttruEﬁoﬂ Wm AbhBE coidéred dat a

val ue 320, data value 324. |In one enbodi nent of
t he pr esent'reaﬂy'eﬁ‘tthe)msthEﬁbrﬂﬂapanﬂs loa cperands that etei tming pénchatete pebetd late a | oad

by asserting the DL, bif. en o] oRer gti.on, qr an ruction that
depends onelaequaaa unjfs ExQLt 2% ‘£§1‘15‘s§g§ p‘ﬁ‘ﬁghﬁ‘b‘ fca{eﬁéfgarﬁf\gms FP%h i s
conpar ed Wt hyalyl oaebﬁw | Ds of the operands in PEQ 230. The TID of that

|nstruct|on 'S pr by RT TID 336 of the issued instruction. It should
be noted that t By dsifp (hesafgesmentioned bitgrBEQ 23@ isvatileito desigiaté s uni que to the

assi gned TRRSTBRETIELS Ao eschaana sovoss dtnsrapotieany R ECH on
should be noted that when IQ 206 dispatches instructions to PEQ 230, the
instructions are dispatched in the order of oldest to newest and the order of all
entries in PEQ 230 is marked by a priority array (not illustrated herein).
Furthermofe, the previously mentioned priority array is set to reflect an age of the
instruction$ relative to other instructions in PEQ 230.

Upon receipt by PEQ 230, an instruction is marked to indicate a variety of
characteristics, as described above with respect to the other control data value 320,
RA data value 322, and RB data value 324. In one embodiment of the present
invention, PEQ 230 marks an instruction which depends on a load by asserting the
DL bit. When the load operation or an instruction that depends on a load
instruction is issued, the TID of that instruction is compared with all the TIDs of
the operands in PEQ 230. The TID of that instruction is provided by RT TID 336
of the issued instruction. It should be noted that the TID (target identifier) is a
value which is unique to the instruction and is assigned sequentially with respect to

previously assigned TID values in TID generator 224. Therefore, an instruction



23 can be uniquely identified by its TID and a sequence by which
the instructions are dispatched can be inferred froma conparison of the

TIDs of the instructions. It should be noted that the TIDw Il remain
associated with the assigned instructigg until the instruction is conpleted
and the TIDis retired. After the TIDs are conpared against all TIDs
of the operands stored within PEQ 230, if the TIDs match, then the W C,
and DL bits of the matching operand within PEQ 230 is asserted. When

an instruction is issued, a tw bit DL field is created. This DL field
subsequently "tags" along with the instruction. Thi-s field is referred to
as the "issue DL" field and is determned in the follow ng manner. If the
issuing instruction is a load instruction, then the DL bit 0 is asserted if
the load instruction is being issued to cluster 0. The DL bit 1 is asserted
if the | oadan Bétdnﬁkﬁidyoiﬂdnﬁﬁe@lbpgts! P @Ad hQeqlonst 6y whick tie! iaswuddions afd- bits
of the RA and RB operands are [ogically OR ed together bit by bit to form
an i ssue Ddispatshed cynba infearetifmmia eomparisen phthe %Blwfcﬂlpemtmtl@mﬁesltt he TID

of the RA Q filed, of an ry. W ithin PEQ 230..the issue DL field bits
are copi ed Sf’?,‘ﬁg bﬁLW?%g‘abE}le ?E[? ‘%‘P rteh@lwsg “f'fhe&’(ﬁ 38?@# _ elnég??tbo_élpondi ng
PEQ entry. uAtlHiHe inB@hdtion istohipléted khdiid PID id fefir&dor r esponding DL bits of
the RA and RB operands are asserted fromthe issue DL field. The issue DL

field "tags" al ohentheIDseare somparediagainsalt AEDs ok theenesands stared mithiexani ne
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i nstruct i ORyitfin PHEQ 2ROtHEssettedt | evel cache, a cache miss condition has

oceurr ed. When an instruction is issued, a two bit DL field is created. This DL field
subsequently "tags" along with the instruction. This field is referred to as the

"issue DL" field and is determined in the following manner. If the issuing
instruction is a load instruction, then the DL bit 0 is asserted if the load instruction
is being issued to cluster 0. The DL bit 1 is asserted if the load instruction is
being issued to cluster 1. Furthermore, DL bits of the RA and RB operands are
logically OR’ed together bit by bit to form an issue DL field. When the TID of
the issuing instruction matches the TID of the RA or RB filed of an entry within
PEQ 230, the issue DL field bits are copied into DLO and DL1 out of the RA or
RB field of the corresponding PEQ entry. Additionally, in t,his situation, the
corresponding DL bits of the RA and RB operands are asserted from the issue
DL field. The issue DL field "tags" along with the instruction so that execution
units may examine it to determine if the instruction should be aborted, as the
corresponding load data is not available. When a load data associated with the

load instruction is not in the first level cache, a cache miss condition has occurred.



24 This cache mss condition is signalled by the execution unit
negating'a data valid signal for the load instruction. It should be noted
that there are two valid signals, one for cluster 0 and one for cluster 1.
When the valid signals fromcluster O ajgd cluster 1 are negated, al

entries in PEQ 230 are exam ned for operands which have an asserted DLO bit
and a CO0 bit pair or an asserted DL1 bit and a CD1 bit. If the above
condition is satisfied, then the corresponding Wbhit is negated to indicate
that data is not available due to a cache m ss operation. Wien the Whit is
negat ed, dependent instructions wll -be bl ocked from being i.ssued to an
appropriate cluster for execution. Wien a load is executed and its data is
not available, but the data is predicted to be available in a next cycle, a
stretched execution operation occurs. Such a stretched execution operation

wi || subsecduf§thchelifiss @6AditibR G siBnflledayethe @REcktion uAfieiEg@HME HidaNvdlRl
stretched, the Whits of the dependent operands are not negated and the C

bits are coitgnaliforrthmloakinsiugsions kshowldibeaotedathet therecsretworialidisignalsie | oad
data wll be atvaiiagl % 'Ic'lhe V%lbif {egai ns asserted to indicates that the
dependent iWELPLEMER " B9 V% 1PA51E For i ssuing to an appropriate execution
unit as indicat e@hby tihe ¢alid SigRAS HioRd clustet D-and cluster 1l dresiegated d1Eemeieed t hat
the execution units indicate that a data retrieval operation will be

"stret ched'inREQ 230 rare axpraingd forcensrandgiuhich bavet s assenieshPhe bivanda GO 222.
Ihe oxecut oL o St B AR COTE N oS BB f iR
;nisl; mﬂne 27 4herFife coRfespB1ifX B¢ Bit i9 Repdted to MmlRate thatd 49 iy Rstvailible ddetexec
a cache miss operation. When the W bit is negated, dependent instructions will be
blocked from being issued to an approj:riate cluster for execution. When a load is
| executed and its c}ata is not available, but the data is predicted to be available in a
next cycle, a stretched execution operation occurs. Such a stretched execution -
ope;ration will subsequently be described in greater detail. When execution is
stretched, the W bits of the dependent operands are not negated and the C bits are
copied from the CD bits to indicate a cluster from which the load data will be
available. The W bit remains asserted to indicates that the dependent instruction is
available for issuing to an appropriate execution unit as indicated by a
corresponding C bit. ’
It should be noted that the execution units indicate that a data retrieval
operation will be "stretched" by asserting a Re-exec signal to ste;te machine 274 of
IDU 222. The execution unit ExOL 254 provides a Re-exec 0 signal to state
machine 274 and the execution unit Ex1E 256 provides a Re-exec 1 signal to state

machine 274. Each of the execution units asserts a corresponding Re-exec signal



25 when a | oad instruction is executed and the execution unit
determ nes that the load instruction needs extra cycles to execute. Such
extra cycles are required when a | oad operation is not able to access its
required data fromtranslation ShadOMIQﬁJay (TSA) 275. 1t should be noted
that translation shadow array 275 conpri'ses a table of previous address
transl ati ons which allows an execution unit to access a real address,

wi t hout performng a translation operation upon every access. However, when
an effective address does not exist in the TSA a full translation using a
transl ati on | ookasi de buffer (TLB) 274 nust be used. To performthis ful
address translation using TLB 274, an extra cycle is required. Therefore,
when TLB 274 is utilized to performan address translati on operation, one
extra cycle is required and a correspondi ng one of the execution units

per f or m ng vwitea d ad igdAlclbh 48 evddutedammiaht eredutiopaaitidetermires ahattthe Iéet exec
signals. Furthernore, it should be noted that ther? are ot her, conditions
for which fnsérustier needsrexsma eyclesda expaiiat Susn MR Biclestareredvdigdruieiope or

nore cycles. One ex I C C |14 | Walals)
operation. Toad OPCr%ggrpfoé%f%efs%h%ﬁ Si 1%8'% é{?(%égf;?det% ﬁ%g-f gQ@rlé&%ﬁS%P g?@ﬁa&fl y

executi on @PSARR7ONgt shoudld depiotsttiat transdationahadove airhy 295 rcainptisesa esbdé of
FI GURES 5-8. In the exanples illustrated in Fl GURES 5-8, assune that the

fol | owi ng SEdqiesiews sddressi translaiiens wbichiaflop\gniexgeution unit
Instructi O%dxaegg without performing a translation operation upon every access. However,

to access a repd g

when an effective address does not exist in the TSA, a full translation using a
translation lookaside buffer (TLB) 274 must be used. To perform this full address
translation using TLB 274, an extra cycle is required. Therefore, when TLB 274 is
utilized to perform an address translation operation, one extra cycle is required and
a corresponding one of the execution units performing the load operation will
assert a respective one of the Re-exec signals. Furthermore, it should be noted that
there are other conditions for which the execution of a load operation may be
stretched for one or more cycles. One example of such a condition is an unaligned
load operation.

Examples of handling expected data from stretched execution operations of
the present invention are illustrated in each of FIGURES 5-8. In the examples
illustrated in FIGURES 5-8, assume that the following sequence is being executed
by CPU 110 -

1. Load instruction; and



26 2. 1 (I nstruction which depends on the | oad
instruction. The instruction is stored in a first location
within PEQ 230, | abel ed PEQ 1). FIGURE 5 illustrates
a case in which a | oad operation executms successfully in one cycle. The

|l oad is represented by L within FIGURE 5. In FIGURE 5, the | oad instruction
is issued in cycle 1, executed in cycle 2, and data is available in cycle
3. The availability of data is indicated by the assertion of the Data Valid
signal. Furthernore, when the load instruction is issued in cycle 1, the W
bit of PEQL is asserted in cycle 2 to indicate the data for instruction |1
w |l be avail able. When the Whbit of PEQL is asserted, |1 may be sel ected
or issuing. Furthernore, the Cbit in PEQL is asserted to indicate that
instruction 11 is dependent on the instruction executing in cluster O.
Furthernore, the. DL hilt(Insrugtisemnthich depeRB Bn die BEQiMRBOction. | The cate that 11

is dependent on a | oad operation. Furthernore, in gy the CD O bit

associ ated with 11 iringpegonds é?é%flr:t"eﬁl ’é%qgcaﬁlégd‘flih"bﬁhé)%%i ng asserted in

a previous cycle. W | sserted, state machine 274 is signalled to
Japeig BECELT

check for Load Data provided fromcluster 0. The Load Data
Valid signal is asserted when the CD O value is asserted to indicate that

thi's o tuation, HIGURE B flopfaiens crier B wiisk o peivie scupodeesrly
negated.  jp one cycle. The load is represented by L within FIGURE 5. In FIGURE 5, the
load instruction is issued in cycle 1, executed in cycle 2, and data is available in
cycle 3. The availability of data is indicated by the assertion of the Data Valid
signal. Furthermore, when the load instruction is issued in cycle 1, the W bit of
PEQI is asserted in cycle 2 to indicate the data for instruction I1 will be available.
When the W bit of PEQ1 is asserted, I1 may be selected or issuing. Fﬁrthennore,
the C bit in PEQ]1 is asserted to indicate that instruction I1 is dependerit on the
instruction executing in cluster 0.

Furthermore, the DL bit is asserted in PEQ1 of PEQ 230 to indicate that 11
is dependent on a load operation. Furthermore, in cycle 3, the CD 0 bit associated
with I1 in PEQI is asserted as a result of CO being asserted in a previous cycle.
When CD 0 is asserted, state machine 274 is signalled to check for Load Data
Valid signal provided from cluster 0. The Load Data Valid signal is asserted when
the CD 0 value is asserted to indicate that the load successfully I-Jroduces data and
a W bit in a first PEQ entry. In this situation, the W bit in the first PEQ entry

does not need to be negated.



27 ) FIGURE 6 illustrates a | oad operation wherein the | oad
data is not stored in the first |evel cache and a cache m ss occurs. The

| oad instruction is issued in cycle 1, executed in cycle 2, and receives
information that data is not available iban cycle 3. The |1 instruction is

I ssued in cycle 2, but not executed in cycle 3, because the |load data is
not avail able. Subsequently, in cycle 3, the Wbhit of PEQ 1 is reset, since
its CD bit, which indicates that PEQ 1 is waiting for data in the unit that
the | oad executes, is active and the data valid bit is not active. The I1
Instruction is reissued in cycle n and executes in cycle n+l when data
cones back from nenory. FIGURE 7 illustrates the nmechani smof the
present invention. In FIGURE 7, the | oad operation requires an extra cycle

for performing a full address trans]ation operation, usj TLB 274. .

Addi tional |y, i tFISHERE S Baustigees 1?%@!)@5@%‘*’%&%8?6%9 ‘?’gﬁtﬁ RQt stqredh i
extra cycl i r L OR'hb Sad i.n 1, executed
in cycle ZSh%rk;lgs tggﬁi%:;g}?en%rfd g\?gﬁealgﬁé o?dﬁ&r%.yg‘lhgﬁ%éds Hoyﬁmgc\}igra,lggﬁlelngél- exec
signal is agtlevE éxacitid e cicle @, and receives infatmation thatedatd isomotuavailablaiich i s
executing the | oad instructi.on did not enﬁaou ter a cache .m ss ignal, but
does need &Hckxdr Aheyid|imstrustion s isseado oxcle 2.ud nehexecuted ip Y& hi ne 274

provi des c ' n&aagé' 3 : 0 @asei f the,
oper and da?%kims%lertggyydan %%(sst%ggg&r%g (aggﬂe)%taﬁée&% t‘a‘ﬂé’c‘?ﬁ?’t?‘? Io\téﬁ%l?%gt ate
machi ne 27 PREQdnisresetf sinceds B bitj whiech@ndisgtes that PEQs] ésxwaiting,fos dataannachi ne

Rt EITNENTY, = RNt MO
cluster O, hhfdhiohSs PE8@%E8%n FRVGY S elfddfielf SYEE n¥1 Wikh data comes back
from memory.
FIGURE 7 illustrates the mechanism of the present invention. In
FIGURE 7, the load operation requires an extra dycle for performing a full address
translation operation using TLB 274. Additionaliy, it should be noted that other :
operations require such an extra cycle. In FIGURE 7, a load instruction is issued
in cycle 1, executed in cycle 2, and data is not available in cycle 3. However, the
Re-exec signal is active in cycle 3 to indicate that the execution unit which is
executing the load instruction did not encounter a cache miss signal, but does need
an extra cycle for execution. In this case, state machine 274 provides control
information to PEQ 230, so that PEQ 230 acts as if the operand data is ready and
does not negate the W bit in cycle 3. State machine 274 examines the CD bits in
PEQ 230. In this example, state machine 274 detects that CD 0 associated with I1
in PEQ 1 is asserted in cycle 3. Subsequently, state machine 274 checks the Load

Data Valid signal from cluster 0, which is negated. However, the Re-exec signal



28 _ fromcluster O is asserted in cycle 3. Therefore, state nmachi ne

274 directs PEQ 230 to: 1. refrain fromnegating the associated W
bit; 2. assert the CO bit; and 3. prevent the CD 0O
val ue from bei ng negat ed. By exeegting these operations, state

machi ne 274 holds the state of 11 in PEQ 230 to reflect that the data
processing systemis waiting for confirmation of valid data fromthe | oad
instruction in cluster 0. PEQ 230 reissues |1 in cycle 3 and |1 executes in
cycle 4. Additionally, it should be noted that stretching the execution of
a load instruction is not restricted to one cycle. The execution unit can
stretch the execution of a load nore than one cycle if it is desirable.
FIGURE 8 is provided herein to illustrate a prior art result when a simlar
operation is executed, in a data processi ng system i ch dges not have the
met hod or &fspachistes G asseated 18 SYRle %nﬁ?ﬂe 05t Stakg mjac %t%qﬁtcgf?cfsn FIGURE 8, a
| oad operatlequggg&i res an extra timng cycle. In this case, the |oad
instruction 1S issued in cycle 1, executed in cycle 2, and it is determ ned
the data is not lavai lrefrain fromayephtingdthe/ussdciatech® bitction is issued in cycle
2, but not executed in cycle 3, because the |oad data is not available. In
cycle 3, the Wt ofas P4 bit; , since its CD bit, which indicates
that it is waiting f i i ai. .t ad executes, is asserted
and the data val3|r'|d bi re@*%%éggyegsaﬁgrt%%?@n% el{,yéﬁﬁg' Whit of PEQ is active
in cycle 5 as tBeekaatng tiese bpdratons; atasd miathine 274 folds the statecofl I in

instruction is %hen iﬁsued iﬂ? g cle 5. .It should be nofed that t hi% adds
two cycl es EQ 230 to reflect that the data processing system is waiting for confirmation o

valid data from the load instruction in cluster 0. PEQ 230 reissues I1 in cycle 3

[4]

and I1 executes in cycle 4. Additionally, it should be noted that stretching the
execution of a load instruction is not restricted to one cycle. The exebution unit
can stretch the execution of a load more than one cycle if it is desirable:

FIGURE 8 is provided herein to illustrate a prior art result when a similar
operation is executed in a data processing system, which does not have the method
or apparatus of the present invention. As illustrated in FIGURE 8, a load
operation requires an extra timing cycle. In this case, the load instruction is issued
in cycle 1, executed in cycle 2, and it is determined the data is not available in
cycle 3. An I1 instruction is issued in cycle 2, but not executed in cycle 3,
because the load data is not available. In cycle 3, the W bit of PEQ 1 is reset,
since its CD bit, which indicates that it is waiting for data in the unit that the load
executes, is asserted and the data valid bit is negated. Furthermore, the W bit of
PEQL1 is active in cycle 5, as the load executed successfully in cycle 4. The 11

instruction is then issued in cycle 5. It should be noted that this adds two cycles,



29 when conpared to the methodol ogy of the present invention. In
dat a"processi ng systens where pipelined processing is used to reduce an
anount of tinme required to execute instructions, a single cycle may have a
significant inpact on the performance gf a data processing system
As has been described herein, the data processing system and net hodol ogy of
the present invention inproves performance of a pipelined data processing
system by recogni zing that the probability that a load will execute
successfully in a next cycle after a TSA mi ss operation is very high.
Furthernore, the data processing system and net hodol ogy of the present
i nvention inproves performance of unaligned | oad operations. Wi | e
t here have been described herein the principles of the invention, it is to
be clearly understood to those skilled in the art that this descriptionis
nmade by wayyih @4 HeYmameddlepy a5 tie present fiviedtiod. Ot Bt PP6RSsiAf t he
invention. Accordingly, it is intended, by the appended clains, to cover
al | nodi fi eustewasvhste pipslined pracessingnisi used faarddueg amamounteof time reiired  and
scope of t Qg extoute, Er{s%btions, a single cycle may have a significant impact on the

performance of a data processing system. _

As has been described herein, the data processing system and methodology

of the present invention improves performance of a pipelined data processing

system by recognizing that the probability that a load will execute successfully in a

next cycle after a TSA miss operation is very high. Furthermore, the data

processing system and methodology of the present invention improves performance

of unaligned load operations. :

While there have been described herein the principles of the invention, it is

to be clearly understood to those skilled in the art that this description is made by

way of example only and not as a limitation to the scope of the invention.

Accordingly, it is intended, by the appended claims, to cover all modifications of

the invention which fall within the true spirit and scope of the invention.



30 WHAT IS CLAIMED | S: 1. A data processing system conprising:
a queue for storing a plurality of instructions, a | ocal execution
cluster for executing a first one of the plurality of

i nstructions, the |local execution cl us%(ﬁr sel ectumumlmnﬂurm first
control signal to indicate a first extended peri | mui red

toretrieve a first data val ue; and a cifcuitry doupletl to the

| ocal execution cluster for providing a second contr ol

signal to enable the |ocal execution cluster to maintain a
current state for a preselected tine period when the first. -
control signal is asserted. 2. The data processing system of
claiml1l wherein the circuitry provi des a third control signal to
the | ocal execution cluster to enable the |ocal execution cluster

to termnate execution of the first o@bABSt he plurality of
instructions when the first control signal is negated.

1. A data processing system, comprising:

a queue for storing a plurality of instructions;

a local execution cluster for executmg a first one of the plurallty of
instructions, the local execution cluster selectively assertmg a first
control signal to indicate a first extended period of time is required
to retrieve a first data value;and

a state machine coupled to the local execution cluster for providing a
second control signal to enable the local execution cluster to
maintain a current state for a preselected time period when the first

control siénal is asserted.

2. The data processing system of claim 1 wherein the data processing system

is pipelined.

3. The data processing system of claim 1 wherein the state machine provides a
third control signal to the local execution cluster to enable the local
execution cluster to terminate execution of the first one of the plurality of

instructions when the first control signal is negated.

heet Has Been Replaced
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31 3.  The data processing systemof claim1, further conprising:
a translation | ook-aside buffer for storing a first plurality of data
val ues; and a cache nenory for storing a second plurality of data
val ues. 4, The data processing systemof claim3 wherein the first

control signal is asserted when the first one Og/’ﬂ’m[ﬂ [ of
i nstructions accesses the transl ati on | ook-asi de's Il"’ﬂ/}g’l{”’
The data processing systemof claim3 wherein the first coftrbl i i s
negat ed when the first one of the plurality of instructions accesses the

cache menory. 6. The data processing systemof .claim1,
further conprising: -a register for storing a wite bit to indicate
avai lability of the first data val ue, wherein the wite bit
is asserted to indicate that the first data value is

avai | abl e 40or uTheidatacprecessingrsystemt ofclaim 41 fusther opmptising:

plurality of instructi.on nd.th ite bit is.negated ta .indicate that
the first data 9aTapsiaign M%ﬂ“iﬁ%%ﬂfgff‘fw St?é‘égianﬁ‘éggﬁ‘mqﬁ%ﬁ?éﬁpat Ut PE‘?
one of the pluraldtye Rfenloty ForUGbHiRAE 8 second plurality of data values.

5. The data processing system of claim 4 wherein the first control signal is
asserted when the first one of the plurality of instructions accesses the
translation look-aside buffer.

6. The data processing system of claim 4 wherein the first control signal is
negated when the first one of the plurality of instructions accesses the cache

memory.

7. The data processing system of claim 1, further comprising:

a register for storing a write bit to indicate availability of the first data
value, wherein the write bit is asserted to indicate that the first data
value is available for use in execution of the first one of the
plurality of instructions and the write bit is negated to indicate that
the first data value is unavailable for use in execution of the first

one of the plurality of instructions.

This Sheet Has Been Replaced
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32 7.  The data processing systemof claim6 wherein the <circuitry

enabl es the register to maintain the wite bit in a current state
when the first control signal is asserted. 8. The data

processi ng systemof claim 1, further 3(‘20ITpI‘I si ng a renote
execution unit for executing a second orie of the p“ﬂlﬂumlmmmumlu

I nstructions, wherein the second one of the plural ns

i s dependent on the first one of the plurality of i nstfucti 8ns® * The
data processing systemof claim8, further conprising: a reg| ster

for storing a dependent bit to indicate when the second one of the
plurality of instructions is dependent on the first one of the plurality
of instructions.

8. The data processing system of claim 7 wherein the state machine enables
the register to maintain the write bit in a current state when the first control

signal is asserted.

9. The data processing system of claim 1, further comprising:
a remote execution unit for executing a second one of the plurality of
instructions, wherein the second one of the plurality of instructions

is dependent on the first one of the plurality of instructions.

10.  The data processing system of claim 9, further comprising:
a register for storing a dependent bit to indicate when the second one of the
plurality of instructions is dependent on the first one of the plurality

of instructions.

This Sheet t Ha
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33 . . _Anethod for anticipating instruction execution in a data

processi ng system conprising the steps of: storing a plurality
of instructions in a queue, executing a first one of the plurality of
instructions in a |ocal execution cl uster; el tlvel
asserting a first control signal to |nd| cate a fluﬂmﬁmm ﬁﬂ ;Hﬁ

of tinme is required to retrieve a first data valu

~execution of the first one of the plurality of |nsfru‘bt|ons and

provi ding a second control signal to enable the |ocal.

execution cluster to maintain a-current state for .a preselected tine
period when the first control signal is asserted. 11. The nethod of
claim 10, further conprising the step of: providing a third control

Zngﬁlt i E)(rjl 1tcllhﬁslt Crg ltBog é?wéctx%atmg 1%&&1’&101? ngéuﬁgﬁ? atd%tagﬁx%?hsgixﬁ]f‘yskeﬂg,ﬁg of

the plurality oéomﬁsﬁﬁgjq{d 485 ofhen the first control signal is
negat ed. :

storing a plurality of instructions in a queue;

executing a first one of the plurality of instructions in a local execution
cluster;

selectively asserting a first control signal to indicate a first extended period
of time is required to retrieve a first data value in response to
execution of the first one of the plurality of instructions; and

providing a second control signal from a state machine to enable the local

execution cluster to maintain a current state for a preselected time

period when the first control sighal is asserted.
12,  The method of claim 11 wherein the data processing éystem is pipelined.

13. The method of claim 11, further comprising the step of:
providing a third control signal from the state machine to the local
execution cluster to enable the local execution:cluster to terminate
execution of the first one of the plurality of instructions when the

first control signal is negated.

This Sheet Has Been Replaced
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34 12 The nethod of claim 10, further conprising the steps of
storing a first plurality of data values in a translation | ook-aside
buffer; and storing a second plurality of data values in a cache

menory 13. The nethod of claim 1 further corrﬁu l] of :
asserting the first control signal v\,hg,\grfL the first o ,ﬂ”"ﬂm ﬁllm"gmty of
instructions accesses the translation | ook-aside buffer® " 14. s The method
of claim 10, further conprising the step of: negating the first
control signal when the first one of the plurality of

I nstructions accesses the cache nenory. 15. The net hod of clai m 10,
further conprising the steps of: storing a wite bit in a register
to indicate availability of the first data val ue, asserting the

wite bit toindicate that the first data value is ava}JIabIe for use

in executilbh ofT'_t“h@eFl_iqu‘P Bl_ﬁ’é“ dfl’ fq{g‘ebl"ﬁ‘iﬂaﬁ‘?‘fl%_t SeRYr uct i ons; and
resetting the wkgs Bifrst Prukdifly E)th%tat Vitestil G thdnsRiiof! Jok-AdeBufter; a?d

unavai |l abl e for e In execution of the first one of the
plurality of i nsbfitgiseosnd plurality of data values in a cache memory.

15.  The method of claim 14, further comprising the step of:
asserting the first control signal when the first one of the plurality of

instructions accesses the translation look-aside buffer.

16.  The method of claim 11, further comprising the step of:
negating the first control signal when the first one of the plurality of

instructions accesses the cache memory.

17.  The method of claim 11, further comprising the steps. of:
storing a write bit in a register to indicate availability of the first data value;
asserting the write bit to indicate that the first data value is available for use
in execution of the first one of the plurality of instructions; and
resetting the write bit to indicate that the first data value is unavailable for

use in execution of the first one of the plurality of instructions.

This Sheet S Been
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35 16. The nethod of claim 15, further conprising the step of
enabling the register to nmaintain the wite bit in a current state when the

first control signal is asserted. 17. The f claim 10, further
conprising the step of: executing a secon i% m lwgﬂ r ality of
instructions in a renote execution he second
one of the plurality of instructions is dependen’f on the
first one of the plurality of instructions. The net hod of claim 17,
further conprising the step of: storing a dependent bit in a
_register to indicate when the second one of the plurality of

I nstructions is dependent on the first one of the plurality
of instructions.

18.  The method of claim 17, further comprising the step of:
enabling the register to maintain the write bit in a current state when the

first control signal is asserted.

19.  The method of claim 11, further comprising the step of:
executing a second one of the plurality of instructions in a remote execution
unit, wherein the second one of the plurality of instructions is

dependent on the first one of the plurality of instructions.

20. The method of claim 19, further comprising the step of:
storing a dependent bit in a register to indicate when the second one of the
plurality of instructions is dependent on the first one of the plurality

of instructions.
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36 A program storage device readable by a nmachine, tangibly enbodying a
program of instructions executable by the machine to perform nethod steps
for anticipating instruction execution in a data processing system said
met hod steps conprising: storing a plygality of instructions in a queue;
executing a first one of the plurality of instructy ' r lggexecut i on
cluster; selectively asserting a first control si QAHI“HH’I“'IW‘ m%llg first
ext ended peri od of time is required to retrteve a Tmwmrst data val ue
in response to execution of the first one of the plurality of

I nstructions; and providing a second control signal to enable the |ocal.
execution cluster to maintain a current state for a preselected tine

period when the first control signal is asserted.

37 20. The nmethod steps of claim?2l, further conprisi ng the step of:
21. A program storage device readable by a machine, tangibly embodying a

program of instructions executable by the machine to perform method steps

for anticipating instruction execution in a data processing system, said

method steps comprising:

storing a plurality of instructions in a queue;

executing a first one of the plurality of instructions in a local execution
cluster;

selectively asserting a first control signal to indicate a first extended period
of time is required to retrieve a -ﬁrst data value in response to
execution of the first one of the plurality of instructions; and

providing a second control signal from a state machine to enable the local

execution cluster to maintain a current state fqr a preselected time

period when the first control signal is asserted.

22.  The program storage device of claim 21 wherein the data processing system

is pipelined.
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providing a third control signal to the | ocal execution
cluster to enable the | ocal execution cluster to term nate
execution of the first one of the plurality of instructions when the

first control signal is negated. 21,; The method steps of claim 19,
further conprising the steps of: stori rH“ﬂI mI“s“l"gl‘! 3|Lty of data
values in a transl ation | ook-aside buffer; and second
plurality of data values in a cache nenory. The et hod st eps of
claim21; further conprising the step of: asserting the first
control signal when the first one of the plurality of I nstructions
accesses the translation | ook-aside buffer. 23. The net hod steps of
claim19, further conprising the step of: negating the first

control signal when the first one of the plurality of

instructi ops acq‘ﬁsmhédlﬁepﬁchelarmrmr Yurther comprising the ste@4f: The met hod
steps of claim19, further rrgrls_in the steps of: storing a wite
bit in a regist provigjng r@cﬁhﬁétc@ obsigndifrom iheoﬁtatﬁﬁﬁa¢‘mesﬁ° thadecalal ue;

asserting the write RiLe 3 Mik&abenkbldtnd RZal ddetltidhPlifstéPlo fornfhafly 2! | 20! €

for use
execution of the first one of the plurality of instructions when the

first control signal is negated.

24,  The method steps of claim 21, further comprising the steps of:
storing a first plurality of data values in a translation look-aside buffer; and

storing a second plurality of data values in a cache memory.

25.  The method steps of claim 24, further comprising the step of’
asserting the first control signal when the first one of the pluralit’jr of

instructions accesses the translation look-aside buffer.

26. The method steps of claim 21, further comprising the step of:
negating the first control signal when the first one of the plurality of

instructions accesses the cache memory.
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I n execution of the first one of the plurality of instructions; and
resetting the wite bit to indicate that the first data value is
unavai l abl e for use in execution of the first one of the
plurality of instructions. met hod steps of claim24, further

25. T
conprising the step of: enabl ifig the regi smllmmmﬂﬂ | he vvr| te
bit in a current state when the
assert ed. 26. The net hod steps of claim19, further & corrprl Si ng the step

of : executing a second one of the plurality of instructions in a
renote execution unit, wherein the second one of the
plurality of instructions is dependent on the first one of
the plurality of instructions. 27. The net hod steps of claim 26,
further coq?r|3|ng the step of: storing. a dependent bit in a
register t% deb@n@thdeﬁemSh@f elaisn 34, Hidergorprising the steps of: plurality of

| nstructions is tgﬁ g %dv‘ér@{e 1919 u‘E Q GI\'eéljstels {0 ﬁ’lal%at%favaiha%ﬂ%tgﬁhé tﬁ¥st data value;

of instructions®
asserting the write bit to indicate that the first data value is available for use

in execution of the first one of the plurality of instructions; and
resetting the write bit to indicate that the first data value is unavailable for

use in execution of the first one of the plurality of instructions.

28.  The method steps of claim 27, further comprising the step of:
enabling the register to maintain the write bit in a current state when the

first control signal is asserted.

29.  The method steps of claim 21, further comprising the step of:
executing a second one of the plurality of instructions in a remote execution
unit, wherein the second one of the plurality of instructions is

dependent on the first one of the plurality of instructions.

30.  The method steps of claim 29, further comprising the step of:
storing a dependent bit in a register to indicate when the second one of the
plurality of instructions is dependent on the first one of the plurality

of instructions.
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