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present invention relates in general to a pipelined data proc\e@gr%ﬁd in
particular, to a pipelined data processor which perfornms out-of-order’
execution and specul ati ve execution of instructions. BACKGROUND

| NFORMATI ON As data processing systens have evol ved over tine, the
need for faster perfornmance has increased. Today, to inprove performance,
many data processing systens include pipglined processors. A pipelined
processor executes multiple instructions in a sinultaneous and overl appi ng
manner. By using such a technique,

DATA PROCESSING SYSTEM AND METHOD FOR
COMPLETING OUT-OF-ORDER INSTRUCTIONS

TECHNICAL FIELD

The present invention relates in general to a pipelined data processor, and in
 particular, to a pipelined data processor which performs out-of-order execution and

speculative execution of instructions.

i

BACKGROUND INFORMATION

As data processing systems have evolved over time, the need for faster
performance has increased. Today, to improve performance, many data processing
systems include pipelined processors. A pipelined processor executes multiple
instructions in a simultaneous and overlapping manner. By using such a technique,
the pipelined processor is able to process a greater number of instructions within a
given time, even though there is a slight increase in the execution time of an
individual instruction due to the added pipeline control. Typically, a pipelined

processor includes six stages for executing an instruction. The six stages include



t he pipelined processor is able to process a greater nunber of instructions
within a gtven tine, even though there is a slight increase in the
execution tinme of an individual instruction due to the added pipeline
control. Typically, a pipelined processor includes six stages for executing
an instruction. The six stages include

2 I nstruction fetching, instruction decoding, data nenory addresses
generation, processor resident operand fetching, instruction execution, and
results witing. Traditionally, ahl stages in a pipeline nust

proceed at a sanme tine. As g result, the tine required to nove an

I nstruction one step down the pipeline was determ ned by a sl owest pipe
stage. Therefore, in such traditional pipelines. processors, throughput of
the processor is determned and limted by the slowest pipe stage. To
conpensate for this limtation, current inplenentations of pipelined
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pipe siage. To compensate for this limitation, current implementations of pipelined
processor either used faster pipe stages or allowed functional units to execute
independently at their own pace.

However, by altowing the functional units to proceed independently at their
own pace, various pipezline hazards are introduced. When hazards are encountered,
the offending instructions and following instructions are flushed and refetched. An
example of a pipelined processor which utilizes such out of order execution is the
PentiumPro™ processor available from Intel Corporation. It should be noted that
PentiumPro™ is a trademark of Intel Corporation. The PentiumPro™
microprocessor allows memory read operations to be reordered ahead of some
write operations. To perform this reordering operation, a central processing unit of
the PentiumPro™ processor reorders read operations around the write operations,
but such reordering is not observable from a program point of view. For
information regarding the PentiumPro™, refer to "Intel’s...," Byte Magazine, by
Tom R. Halfell, April 1995, pp. 42-58. i



wite operations. To performthis reordering operation, a central
processing>unit of the PentiunPro[err] processor reorders read operations
around the wite operations, but such reordering is not observable froma
program point of view. For information regarding the PentiunPro[err], refer
to "Intel's...," Byte Magazine, by TomR Halfell, April 1995, pp. 42-58.

3 Additionally, the PowerP([err] 604 RI SC m croprocessor

avai lable fromIBM M croel ectronics al so perforns out of order instruction
execution. \Wile dispatching an instructgon, dispatch logic within the
Power PC err] 604 allocates instruction to an appropriate execution unit. It
shoul d be noted that PowerPC is a trademark of |BM Corporation. A reorder
entry in a special conpletion buffer is allocated for each instruction and
dependency checking is performed between the instructions in a dispatch
queue. Executed instructions are retired in the conpletion unit. In
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updates register files and control re isters in_ an appropriate manner.
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instructions in a dispatch queue. Executed instructions are retired in the
completion unit. In addition to storing the dispatched instructions, the completion

unit updates register files and control registers in an appropriate manner.
Furthermore, the completion unit guarantees sequential programming and only
retires an instruction from the completion buffer when all instructions ahead of it
h;a,ve been completed and the instruction itself has finished execution. Thus, the
completion unit, together with the reorder or completion buffer, ensure that
instructions that execute in an out-of-order manner are retired in the same order as
they were originally provided. While both the PowerPC™ 604 and PentiumPro™
microprocessor solutions provide‘ significant advantages over more traditional
pipelining implementations, the use of the completion buffer in the PowerPC™ 604
and a reorder buffer in the Intel PentiumPro™ require a specific table or memory
storage location to keep track of an original program order and require results to be
completed in order. Such strict ordering is required to ensure that instructions
which access the same resource of a data processor are correctly executed in an

original ordering so that a correct result is obtained. Thus, these implementations



pi pelining inplenentations, the use of the conpletion buffer in the
Power PCl er¢#] 604 and a reorder buffer in the Intel PentiunPro[err] require
a specific table or nmenory storage |location to keep track of an origi nal
programorder and require results to be conpleted in order. Such strict
ordering is required to ensure that instructions which access the sane
resource of a data processor are correctly executed in an original ordering
so that a correct result is obtained. Thus, these inplenentations

4 require the use of an extra table for perform ng such reordering
operations and are limted to conpletinginstructions in order, as well._
The use of the extra table requires additional circuit area overhead and,
therefore, increases the costs associated with the data processor.

In addition to using the conpletion buffer to track an original program
order, conpletion buffers typically have a conpl etion pointer which
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flexibility 3gfich resources should be released when an instruction is complete. As has been
previously discussed, a dispatched instruction may not execute for a significant
amount of time. In the interim, instructions which are found later in the program

~ sequence may be executed. Since the completion buffer tracks all instructions
which have been dispatched and since instructions are executed out-of-order, the
completion buffer may have to store many instructions. The design of such a large
completion buffer to meet cycle time and area requirements is difficult, at best.
Therefore, a need exists for a mechanism which reduces the complexity

associated with large completion buffers so that there is greater flexibility and

better use of resources within a data processing system.



better use of resources within a data processing system

5 " SUMWARY OF THE | NVENTI ON The previously nentioned needs are
fulfilled with the present invention. Accordingly, there is provided, in a
first form data processing system The data processing systemincludes a
target identification circuit for generating a plurality of target

i dentification values and a nenory for selectively storing a first portion
of the plurality of target identification values. Each of the plurality of
target identification values correspondssto an instruction. The data
processi ng system al so includes a conpletion control circuit for providing
a conpleting instruction pointer which selectively indicates a
predeterm ned storage | ocation in the nenory and an enpty nenory signal
when the nenory stores none of the plurality of target identification
values. A projection circuit is connected to the conpletion control circuit

for recei vi ngUNIOIAGOYOE MHIOINVENTION on pointer. The projection circuit
eval uates the conpreting 1nstruciiron pointer to generate a projected target

identification value and a projected target identification valid value. A
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- . processing system includes a target identification circuit for generating:a plurality
of target identification values and a memory for selectively storing a first portion
of the plurality of target identification values. Each of the plurality of target
identification values corresponds to an instruction. The data processing system also
includes a completion control circuit for providing a completing instruction pointer
which selectively indicates a predetermined storage location in the memory and an
empty memory signal when the memory stores none of the plurality of target
identification values. A projection circuit is connected to the completion control
circuit for receiving the completing instruction pointer. The projection circuit
evaluates the completing instruction pointer to generate a projected target
identification value and a projected target identification valid value. A select
generation circuit is connected to the oompletion control circuit for receiving the
empty memory signal and is connected to the pro}'ection circuit for receiving the
projected target identification value. The select circuit generates a first select
signal. A selector is connected to the select generation circuit to receive the first
select signal, connected to the projection circuit to receive the projected target
identification value and connected to the target identification circuit to receive a

preselected one of the plurality of target identification values. The selector



signal. A selector is connected to the select generation circuit to receive
the ffrst select signal, connected to the projection circuit to receive the
projected target identification value and connected to the target
identification circuit to receive a preselected one of the plurality of
target identification values. The sel ector

6 provi des one of the preselected one of the plurality of target
identification values and the projected target identification value as a
non-interruptible target identification yalue. Additionally, there

I's provided, in a second form a data processing system The data
processi ng systemincludes a nenory for selectively storing a portion of a
plurality of information values corresponding to a portion of a plurality
of instructions being executed in the data processing systemand a
projection circuit for providing a projected information value to indicate

a projected i@ds drieSofPthe g)?ésbie&‘te@foné 0f telshiralitySoft targee idenitfication vilues ng a
current timng cycle. The data processing systemalso i '(fl udes an

i denti fi cati andgtheqrajectod targetcidentificgtiony ¥aiue as # mgn-ant S8 one of the
plurality of ,infarmation values and a selection circuit. The selection
circuit sel edf§ W%S&Fﬁes one of the projected information value and the

presel ected one ofsddigomillyr fetd i prévitled, o BRbdond fuimh, Ledat provessing system.
non-interruptible 1nformation val'ue which corresponds to a,next instruction
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for providing a projected information value to indicate a projected one of the
plurality of instructions to be executed during a current timing cycle. The data
processing system also includes an identification generation circuit for generating a
preselected one of the plurality of information values and a selection circuit'. The
selection circuit selectively provides one of the projected information value and
the preselected one of the plurality of information values as a non-interruptible
information value which corresponds to a next instruction to be executed in the
data processing system. The selection circuit is connected to the projection circuit
for receiving the projected information value and is connected to the identification
generation circuit for receiving the preselected one of the plurality of information
values.
Furthermore, there is provided, in a third form, a method for completing
instructions in a data processing system. The method includes the steps of
generating a plurality of target identification values and selectively storing a first

portion of the plurality of target identification values. Each of the plurality of



val ues. Furthernore, there is provided, in a third form a nethod
for conpleting instructions in a data processing system The nethod

i ncludes the steps of generating a plurality of target identification

val ues and sel ectively storing a first portion of the plurality of target
identification values. Each of the plurality of t ar get
identification values corresponds to an instruction. A conpleting

i nstruction pointer which selectively indicates a predeterm ned storage

| ocation in the nenory and an enpty nenogy signal when the nenory stores
none of the plurality of target identification values are provided. The

mét hod al so includes the steps of evaluating the conpleting instruction
pointer to generate a projected target identification value and a projected
target identification valid value, generating a first select signal in
response to the enpty nmenory signal and the projected target identification
val ue, and prgyédidagifivation valubecarsspondsab an insteictidn. t Aeconipletingi ingtnationar get
identification values and the projected target identi{icatipn val ue as a
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represent the only formof the invention,
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evaluating the completing instruction pointer.to generate a projected target.. .

identification value and a projected target identification valid value, generating a
first select signal in response to the empty memory signal and the projected target
identification value, and providing one of the preselected one of the plurality of
target identiﬁcation values and the projected target identification value as a
non-interruptible target identification value.

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

represent the only form of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andt 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 which: 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
diagram form a pipelined data processor in accordance with one enbodi nent
of the present invention; FIGUREg3 illustrates, in block diagram
form a portion of an _interruptible instruction table in accordance with
one enbodi nent of the present invention; FIGURE 4 illustrates, in
bl ock diagramform a portion of a conpletion control logic circuit in
accordance with one enbodi nent of the present invention; FI GURE 5

illustrates, in block diagramform a portion of a target identification

gener ati on CBRIEF DHSTRPTIOMNOE THE DRAOWBNEGSbodi ment--of 't he present
i nventi on; GQURE 6 illustrates, in block diagramform a portion of
an occupi ed bank determ nation circuit in accordance with one enbodi nent of

e present | ven b lingh0 ol o el b AR i, ot 297
advantages thereof, reference is now made to the following descriptions taken in
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 pipelined data processor in
accordance with one embodiment of the present invention;

FIGURE 3 illustrates, in block diagram form, a portion of an interruptible” -
instruction table in accordance with one embodiment of the present invention;

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

FIGURE 5 illustrates, in block diagram form, a portion of a target '
identification generation circuit in accordance with one embodiment of the present
invention;

FIGURE 6 illustrates, in block diagram form, a portion of an occupied bank
determination circuit in accordance with one embodiment of the present invention;
and

FIGURE 7 illustrates, in logic diagram form, a portion of a selected circuit
of FIGURE 4. '



9 DETAI LED DESCRI PTI ON Pi pel i ned superscal ar data processors
oftenruse a techni que of specul ative execution to inprove performance. If a
data processor executes instructions speculatively, then the data processor
nmust have a nmechani smto cancel those speculative results. In addition, the
m croarchitecture of a data processor may require that certain instructions
have specific relationships to execution and conpletion points in the data
processor. For these and nmany ot her reasons, order determ nation can be
very inportant in data processors. g | n the present invention, each
Instruction is assigned a unique identifier, referred to as a target
identifier. Target identifiers (TID) are assigned in such a manner that
program order is ensured between instructions and that program order may be
determ ned through the use of TIDs. It is inportant to note that TIDs may
be divided into two banks, and that an attenpted entry into a bank can
cause an i ngHppPAILEOD EES(DKIFZHO‘N) stop. In the present invention, the two
banks are indicated by a nost significant bit of the identifier stored
therein. The first bank is referred to as Bank 0 and the second bank is
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i npl emented. It shoul d be noted that the ){loungest bank is t
speculatively, then the data processor must have 8 mechanism to cancel- those
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speculative results. In addition, the microarchitecture qf a data processor may
require that certain instructions have specific relationships to execution and
completion points in the data processor. For these and many other reasons, order
determination can be very important in data processors.

In the present invention, each instruction is assigned a unique identifier,
referred to as a target identifier. Target identifiers (TID) are assigned in sugh a
manner that program order is ensured between instructions and tha{ program order
may be determined through the use of TIDs. It is important to note that TIDs may
be divided into two banks, and that an attempted entry into a bank can cause an
instruction dispatch to stop. In the present invention, the two banks are indicated
by a most significant bit of the identifier stored therein. The first bank is referred
to as Bank O and the second bank is referred to as Bank 1. The identifier
assignment logic provides a global signal that indicates whether Bank O or Bank 1
is a youngest bank to a remaining portion of the data processor in which the
present invention is implemented. It should be noted that the youngest bank is the
bank which has most recently been cleared of all assignments, either through

instruction execution or cancellation. Furthermore, the identifier assignment logic



bank whi ch has nost recently been cleared of all assignnents, either

t hrough insStruction execution or cancellation. Furthernore, the identifier
assi gnment | ogic 10

i nhibits the dispatch of any instruction which will cause a first

i dentifier assignment into a bank of identifiers that has not been

conpl etely cleared. It should be noted that resources which are
nodi fied by an instruction will be identified with the first TID assigned
to the instruction. Furthernore, each inggpruction which can cause an
exception or initiates a speculative execution path will have a
corresponding TID placed in an interruptible instruction table. 1t should
be noted that instructions which allow for specul ati ve execution can

i nvol ve control flow predictions, such as predicted outconmes for branch
operations, or data flow predictions, such as predicted results such as bit
flags. inHibits thg digpatcht ofcanydfstruction mthéchrwibh ¢aubea finsttidendifieon t abl e, a
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The TID that serves the easl ng resour ces pri or
i nstructi ons shoutd (bbmoteddthamnmsumohslwhidtmm for ispeculative iexecation can ivelvel D
(NSNI -TID). The present jnventio

control flow predictions, sucf{' as predicted outcomes for branch operations, or data
flow predictions, such as predicted results such as bit flags.

During operation of the interruptible instruction table, a pointer, referred to

-"::’

as a completing instruction buffer entry pointer, points to a bottom of the
interruptible instruction table if that table includes any instruction. An entry at the
bottom of the interruptible instruction table is a next instruction to complete. It
should be noted that all instructions dispatched prior to this next instruction to
complete have been completed and resources held for those prior instructions
should be released. Therefore, the TID associated with the next instruction to
complete may be used to release resources held for all prior instructions. The TID
that serves the purpose of releasing resources held for prior instructions is referred
to as a "non-speculative-non-interruptible TID (NSNI-TID). The present invention
provides a methodology for generating the NSNI-TID.

For instance, because of stringent timing requirements, the TID associated

with the bottom entry in the interruptible instruction table cannot be determined



provi des a met hodol ogy for generating the NSN -TID. For instance,
because of *stringent timng requirenents, the TID associated with the
bottomentry in the interruptible instruction table cannot be determ ned
early enough in a timng cycle. Therefore, prediction of the bottomentry
must be used to formthe NSNI-TID. Additionally, it should be noted that
sonetines the interruptible instruction table is enpty and resources should
be rel eased as soon as possible. In this case, the NSNI-TID i s nore conpl ex
than just a TID associated with an instrycgtion at the bottom of the
interruptible instruction table. en the interruptible instruction
table is enpty, there is no specul ative execution being perforned by the -
data processing system of the present invention. Stated another way, since
there are no outstanding instructions which can cause interrupts or change
an execution path, then any executing instruction nust be on a commtted
path. There iearlyesmeghiiala filihg cyelecr Thatefore, psedictimpmadf tthelbdtom leatry nafst bet s a

conpletion point of th ocessi.n stemjn this, gsituatipn. Because
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execution being performed by the data processing system of the present invention.

Stated another way, since there are no outstanding instructions which can cause
interrupts or change an execution path, then any executing instruction must be on a
committed path. There is a special TID, referred to as a smart TID, that reflects a
completion point of the data processing system in this situation. Because TID
order determination del;ends on TID bank assignment, the smart TID is controlled
in the following manner:

1. If instruction dispatch is not interlocked due to the entry into a new

TID bank, then the smart TID is the next TID to be assigned; and

2. - If the instruction dispatch is interlocked due to entry into a new TID

bank, then the smart TID is the last TID that was assigned.

By correctly calculating the NSNI-TID, the present invention ensures that
order determination is preserved and provides a true speculative execution point,
which is required by most execution units in modern out-of-order pipelined data
processing systems. While the foregoing has provided a general description of

operation of the present invention, a following description will provide more



order determnation is preserved and provides a true specul ati ve execution
point: whith is required by nost execution units in nodem out - of -order

pi pel i ned data processing systens. Wi le the foregoing has provided a
general description of operation of the present invention, a follow ng
description will provide nore

12 detailed information regarding the connectivity of the el enents of
the present .invention, as well as a nore detail ed description of operation
of the present invention. Description1?f Connectivity One

enbodi nent of the present invention is iTlustrated in FIGURE 1. Referring
first to FIGURE 1, an exanple is shown of a data processing system 100

whi ch nmay be used for the invention. The system has a pipelined central
processing unit (CPU) 110. The history buffer of the present invention is
included in CPU 110. The pipelined CPU 110 is coupled to various other
conponent s byetaijal @forbtasiont Fégardiag dheocinpectivity rof tie' shanents of ehe presentipl ed t o

the system bus 112 and includes g basi¢ input/qutput s em ("B] OS") that
control s cerinypRHiqn, &8s well a3 BREe ﬁanf gt °Br°gé’8§'§?'?fbg€%%%§eﬁ)o. Random
access rrermr%llvg‘ M) 114, 1/0O adapter 118, and communi cati ons adapter 134

are al so cou 0 the systembus 112. 1/0O adapter 118 may be a small

computer systeminterface ("SCSI") adapter that communicates with a disk
storage device 120, '

Description of Connectivity _ o

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 pipelined central
processing unit (CPU) 110. The history buffer of the present invention is included
in CPU 110. The pipelined CPU 110 is coupled to various other components by
system bus 112. Read only memory ("ROM") 116 is coupled to the system
bus 112 and includes a basic input/output system ("BIOS") that controls certain
basic functions of the data processing system 100. Random access memory
("RAM") 114, I/O adapter 118, and communications adapter 134 are also coupled
to the system bus 112. I/O adapter 118 may be a small computer system interface
("SCSI") adapter that communicates with a disk storage device 120.
Communications adapter 134 interconnects bus 112 with an outside network
enabling the data processing system to communication with other such systems.
Input/Output devices are also connected to system bus 112 via 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



Communi cat i ons adapter 134 interconnects bus 112 with an outside network
enabl t ng the data processing systemto conmuni cation with other such
systens. |nput/CQutput devices are also connected to systembus 112 via user
i nterface adapter 122 and di spl ay adapter 136. Keyboard 124, track bal

132, nouse 126 and speaker 128 are all interconnected to bus 112 via user

I nterface adapter 122. Display nonitor 138 is connected to system bus 112
by di splay adapter 136. In

13 this manner, a user is capable ofhzinputting to the systemthroughout
t he keyboard 124, trackball 132 or nouse 126 and receiving output fromthe
system vi a speaker 128 and display 138. Additionally, an operating system
such as AIX ("AI X" is a trademark of the IBM Corporation) is used to

coordi nate the functions of the various conmponents shown in Fl GURE 1.
Preferred i npl enentations of the invention include inplenentations as a
conput er sy sghgymping 265&ds capablestinputting tarthiegstemrthronphmdshelescri bed
herein, and as a conputer program product. According to the conputer system
i mpl enent at ikﬁybogdt&omcmlr grgreusedi2o and seneiving Pyaw mdﬁe 8YStelRt hods

are resident_.in e_r Me®y: o] gl s

syst ens confvaﬁpgg(eﬁézg%ﬁﬂl&i%?sggs cﬁ%é@gb&? r'jtngl sy,;lgfélﬁﬁuﬁggy %}ﬁ{ he
conput er systanx® i$)g vadbmark offthé TBM Corporativy) Baised @ esdrdinate tiwfumoties
program product in another conputer m%f or exanple, in disk drive 120

(whi ch may iofctheveriguy eeropensnts shewniy FIGEREaL an optical disk or .fl oppy

di sk for event ual pype |y tlige dhd et A8GMion isbdeimplbllG GBS DT 007 am

product can al so _
' 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
resident in the random access memory 114 of one or more computer systems
configured generally as described above. Until required by the computer system,
the set of instructions may be stored as a computer program product in another
computer memory, for example, in disk drive 120 (which may include a removable
memory such as an optical disk or floppy disk for eventual use in the disk

drive 120). Further, the computer program product can also be stored at another
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

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



conputer and transmtted when desired to the user's work station by a
networ'k or *by an external network such as the Internet. One skilled in the
art woul d appreciate that the physical storage of the sets of instructions
physi cal |y changes the nedi um upon which it is stored so that the nmedi um
carries conputer readable information. The change may be el ectri cal
magnetic, chem cal or sone other physical change. While it is convenient to
describe the invention in ternms of instructions, synbols, characters, or
the like, the reader should renenber thatigall of

14 these and simlar terns should be associated with the appropriate
physi cal el enents. Note that the invention describes terns such as
conparing, validating, selecting or other terns that could be associ ated
wi th 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 oper at othesesardiesimilabtesms Shauld berasdociated witls thei dpprbpaiate, phiysichlar ge part,
machi ne operations processing electrical signals to generate other

el ectrical sigRRPYS. One enbodi ment of the present invention is

5557 o0 NS o G b RS gt g o'
Pi pel i ned CPLkelébﬁngmlotltbewrms thatsdouldche amsodisted withra hutﬁdd:hberﬁﬂﬂ Haweeerpr y
SubsySt oM (Rl o b 2mouba ottt Rt Wi Gozpt e 00,
conprises an LAght dijehidh, GoCdtEons B9 a Afinan operator is desirable. The operations

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

generate other electrical signals.

One embodiment of the present invention is illustrated in FIGURE 2.

FIGURE 2 provides a block diagram of a pipelined CPU 110 in accordance with

one embodiment of the present invention. Pipelined CPU 110 includes an

instruction fetch unit (IFU) 202, a memory subsystem (MSS) 216, an instruction

dispatch unit (IDU) 222, a floating poinf unit (FPU) 242, and an instruction

execution unit (IEU) 250. IFU 202 comprises an instruction cache 204, an

instruction queue (IQ) 206, 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 (FP0) 244, a floating point queue

(FPQ) 246, and a floating point unit 1 (FP1) 248. IEU 250 comprises a plurality

of fixed-point execution units, ExOE 252, ExOL 254, ExIE 256, and Ex1L 258.

Additionally, IEU 250 comprises a store/complex execution unit 260; a L0 load

(data cache) unit 264, and a memory management unit (MMU) 262,



I nstruction queue (1Q 206, an instruction decode (ldecode) circuit 208, a
condition register unit 210, and a branch (BR) unit 214. Menory subsystem
216 conprises a second |level (L2) cache 218, and a bus interface unit (BIU)
220. Floating point unit 242 conprises a floating point unit 0 (FPO) 244, a
floating point queue (FPQ 246, and a floating point unit 1 (FPl) 248. |IEU
250 conprises a plurality of fixed-point execution units, ExCE 252, ExQOL
254, Ex1E 256, and Ex1L 258. Additionally, |IEU 250 conprises a
store/ conpl ex execution unit 260, a LO 450ad (data cache) unit 264, and a
menory managenent unit (MW) 262.
15 | DU 222 conprises a target identification (TID) circuit 224,
a plurality of general purpose registers (GPR) 226, a history buffer 228, a
pre-execution (PEQ unit 230, a store/conplex pre-execution queue (SPQ
unit 232, and a condition register queue (CRQ 234. Additionally, 1DU 222
conprises an i nt elDUM22hcnsirisega targétadentificattm (TID) icivcwit 224 ta pluealithef r uct i on
table (I1I1T) circuit 238, and a group identificati G D) circul 0. IDU
222 al so conﬁﬂ@§@@6ﬁ%‘$ﬁﬁ&&é§rﬁ%?&%¥b“&%%’%plg‘?’.‘ecu on d’EéfGURE 4
illustrates a.. [ | t ' ] iofetail .
niP 250, £ BoRdicdtifIBL Ble SRR r%&he (@737, B b Bnitiof

Conpl etion c oglic ciIrcu res ottom TID progmict'ion
circuitry 40zsgister! qiicad (GRQ) 234 s eldaionally,CHDU 222 6omprisea an finté@spt handiegh 410,

and a nul tiplexer 412, A conpletjng instructio uf.f er inter signal is
provi ded to BEEhasismr ﬂ@ap#‘b}”é“é'ﬂpghpec‘mt&ﬁ‘ﬂ‘ F%%@IP)BB{%;%@% f?‘ﬁ?-&}- tion
circuitry 402l I : 4 t Vi | m TI D
Sianal Lot ehtiGAR @D} Qirb@t $40. 48Ut 22 QVécfpriRes s SoRplefion Bofttal
logic circuit 237. |
FIGURE 4 illustrates a portion of completion control logic 237 in greater
detail. Completion control logic circuit 237 comprises a bottom TID projection

circuitry 402, a latch 404, a select circuit 406, a latch 408, a latch 410, and a

multiplexer 412. A completing instruction buffer pointer signalfis provided to
bottom TID projection circuitry 402. Bottom TID projection circuitry 402 is
coupled to latch 410 to provide a projected bottom TID signal. Bottom TID
projection circuitry 402 is also coupled to select circuit 406 to provide a delayed
projected valid signal. A smart TID signal is coupled to latch 408 and a Port 0
input of mu'ltiplexer 412. Latch 408 is coupled to multiplexer 412 to provide a
delayed smart TID signal. Latch 410 is coupled to multiplexer 412 to provide a
delayed projected bottom TID signal. An IIT empty signal is provided to select
circuit 406 and latch 404. Latch 404 provides a delayed IIT empty signal to select
circuit 406. Select circuit 406 is coupled to multiplexer 412 to provide a plurality
of: select control signals, SO, S1, and S2. Multiplexer 412 provides an NSNI-TID

signal.



projection circuitry 402 is also coupled to select circuit 406 to provide a
del ayeéd prdjected valid signal. A smart TID signal is coupled to | atch 408
and a Port O input of multiplexer 412. Latch 408 is coupled to nultiplexer
412 to provide a delayed smart TID signal. Latch 410 is coupled to

mul ti pl exer 412 to provide a del ayed projected bottom TID signal. An IIT
enpty signal is provided to select circuit 406 and | atch 404. Latch 404
provides a delayed II1T enpty signal to select circuit 406. Select circuit
406 is coupled to nmultiplexer 412 to prggide a plurality of select control
signals, SO, S1, and S2. Multiplexer 412 provides an NSN -TID signal.

16 FIGURE 5 illustrates a portion of TID generation circuit 224
of FIGURE 2 in greater detail. TID generation circuit 224 conprises an
occupi ed bank determ nation circuit 502, an AND gate 504, an OR gate 506,
an inverter 508, an AND gate 510, a NOR gate 512, an AND gate 514, an

i ncrementer 516, FIGERE Sdllusidafes aporfibiDof) TIR geddatiom cirgit<X2drof PIGURE 2

et i ) IS v S e B el o g
(0, Lo o a3 808 Ay itk s0) DRl L S0 18,
is coupl ed t ANDItSID, i aINOR gdte ANE) anANDOSe S14\ddiihéremahtey S1®cacupi ed bank
determnation gircuit 502 is coupled tp a second input of AND gate 510 to
provi de a BaAk8§te %;ﬁﬂeél‘@ %E%,%rméﬁnﬁn InNEstes 224, E‘DHlVPEtg!c. 188d to a
first input QiR PRe%Hse and Gn AND YileP50. Dcdibled $RAE derbfnindtion circuit 502

provides a Bank 0 Occupied signal to a first input of AND gate 504. A

Next_TID(0) signal is coupled to inverter 508 and a first input of AND gate 510.

An output of inverter 508 is coupled to a second input of AND gate 504 .

" Additionally, occupied bank determination circuit 502 is coupled to a second input

of AND gate 510 to provide a Bank 1 Occupied signal. An output of AND

gate 504 is coupled to a first input of OR gate 506. An output of AND gate 510 is
coupled to a second input of OR gate 506. An output of OR gate 506 is coupled

to a first input of AND gate 514. A Next TID(1) bit is provided to a first input of
NOR gate 512, a Next_TID(2) bit is provided to a second input of NOR gate 512,

and a Next TID(3) bit is provided to a third input of NOR gate 512, a

Next_TID(4) bit is provided to a fourth input of NOR gate 512, and a

Next_TID(5) bit is provided to a fifth input of NOR gate 512. It should be noted

that the Next_TID(1-5) bits each represent a bit from the same TID value. An

output of NOR gate 512 is coupled to a second input of AND gate 514. An output

of AND gate 514 provides a Hold TID signal. '-



coupled to a second input of OR gate 506. An output of OR gate 506 is
coupled to*a first input of AND gate 514. A Next TID(1) bit is provided to
a first input of NOR gate 512, a Next TLD(2) bit is provided to a second

i nput of NOR gate 512, and a Next _TID(3) bit is provided to a third input
of NOR gate 512, a Next_TLD(4) bit is provided to a fourth input of NOR
gate 512, and a Next _TID(5) bit is provided to a fifth input of NOR gate
512. It should be noted that the Next _TID(1-5) bits each represent a bit
fromthe sanme TID val ue. An out put of gate 512 is coupled to a second

I nput of AND gate 514. An output of AND gate 514 provides a Hol dTID signal.
17 Additionally, the Bank O Occupied signal is provided to a
first signal of AND gate 520. Simlarly, the Bank 1 QOccupied signal is
provided to an input of inverter 526. An output of inverter 526 is coupled
to a first input of AND gate 530. Register 522 is coupled to a second input
of AND gate 520 aAdditionaliyithe Bank G\v@ecupied Sigaaltis pm\@@&dd@aalfﬁt 5igBalef si gnal

ﬁfﬂt put "of i I ghecs2q. Sl 4 Hepict”0Baind Mempl b BrBUeE R I RE ot put
AND 2
0 gate [\E‘%g“%‘s%a%% g?lﬁ%?@f‘gzé ﬁ%h?l@& t@fﬁﬁtxﬁgtﬁ?&‘m gate 528

provides a An out put o gate 528 is coupled to an
i nput of reggaééBOSZ&gxster 522 is bRk tc6a sedond inpait of ANI) gateiS3A astl apciapyi ed

bank dot or m PLENBRET VR BroBds o EIEERGk ieasir, &3 oipbt et KD AP A20dB2 on” R
gate 604, anghafed 3 HAkR iR of OR gate 528. An output of inverter 524 is coupled to a
second input AND gate 530. An output of AND gate 530 is coupled to a second
input of OR gate 528. OR gate 528 provides a Next TID_Bank signal. An output
of OR gate 528 is coupled to an input of register 522.
FIGURE 6 illustrates & portion of occupied bank determination circuit 502

-

in greater detail. The portion of occupied bank determination circuit 502
comprises a TID allocation array 602, an OR gate 604, and an OR gate 606.
Control signal labeled C, D and L for each of bits 0-31 are provided to an input of
OR gate 606. OR gate 606 provides the Bank 0 Occupied signal. Similarly,
control signals labeled C, D and L for bits 32-73 are provided as inputs to OR
gate 604. An output of OR gate 604 provides the Bank 1 Occupied signal.
FIGURE 7 illustrates a portion of select circuitry 406 of FIGURE 4. Select
circuitry 406 comprises a non-inverting buffer 702, an inverter 704, an OR
gate 706, an inverter 708, an inverter 710, an inverter 712, and an AND gate 716.
An IT empty signal is provided to non-inverting buffer 702 and an input of
inverters 704 and 712. An output of non-inverting buffer 702 provides the SO
signal. An output of inverter 704 is coupled to a first input of AND gate 714. An



Control signal labeled C, D and L for each of bits 0-31 are provided to an
I nput* of OGR gate 606. OR gate 606 provides the Bank 0 Gccupi ed signal.
Simlarly, control signals |labeled C, Dand L for bits 32-73 are provided
as inputs to OR gate 604. An output of OR gate 604 provides the Bank 1
QOccupi ed signal . FIGURE 7 illustrates a portion of select circuitry
406 of FIGURE 4. Select circuitry 406 conprises a non-inverting buffer 702,
an inverter 704, an OR gate 706, an inverter 708, an inverter 710, an
inverter 712, and an AND gate 716. An I#g‘enpty signal is provided to
non-inverting buffer 702 and an input of inverters 704 and 712. An out put
of non-inverting buffer 702 provides the SO signal. An output of inverter
704 is coupled to a first input of AND gate 714. An

18 out put of inverter 712 is coupled to a first input of AND gate 716.
A delayed 11T enpty signal is provided to a first input of %E qate 6 and
an input of ioutpstofinverer 7hd isceaupled tafa fisst/nputef AND gate I8 Actelys econd

i nput of AND gate .716.. A del.ayed s ' | is provided
to a third i A Senas Rpaad Be RS ik BRCRChisp ok ahd th SERE 0 B 0705
inverter 70. §niertef 710! h btpat SE@Oateri T1PUS cafplédRogpsecondmputiof ANIput of OR
gate 706 is coupled to a second iqr‘:'BUt of AND gate 714. An o tngut of AND

gate 714 progateetlé hd dlaysd projectedbettors vabid signelds pravided tora putot7 16

fescr i pti on- ANDARAALS gad gn ipoud AE REEER AT cRFER: AbeRbtHS Bofpled |
enbodi nent oftotat'@c&{@ﬁlgggeoi(e)ﬁe%é 906. An! iop OR0 gate 706 fecaipletocd each of

these elenments will s be provided in .

second input of gate 714. An output of AND gate 714 provides the S1
signal. Furthermore, an output of AND gate 716 provides the S2 signal.

The foregoing discussion provides a description of connectivity 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 ir;lplementation of the
present invention, the terms “assert" 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. Additionally, a symbol of "%" before a value indicates that the value is

in binary notation.



greater detail. During the follow ng description of the inplenentation of
the presemt invention, the terns "assert"” and "negate" and vari ous
granmatical forms thereof, are used to avoid confusion when dealing with a
m xture of "active high" and "active low' logic signals. "Assert"” is used
torefer to the rendering of a logic signal or register bit intoits
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. Additionally, a synbol of "% before a value indicates that
the value is in binary notation. 19 )

19 Description of Operation FI GURE 1 provides a general data
processi ng system which may i npl enent one enbodi nent of the present

i nvention. Referring to FIGURE 2, instructions for operating

pi pel i ne processor 210 are accessed frominstruction cache 204 or anot her

i nstructi on Pesuriptigmef Opetdtient rated in detail herein). The instructions

are stored in insty e} ueue 206, ere they are held until. the re
decoded by | decodglm{]i"%ﬂ}ﬁ?‘ a\JEOFT %temm%swysfaﬂwg’&ﬁm ’B‘?Igﬁ%ﬁ‘%i s
predicted, t ' r | provided to BRQ 214 to be stored
for later prgﬁig%‘?é‘gﬂ'%@gpg‘%ﬁgﬁh‘;ﬁ‘gﬁ’ﬁ@bn unit (not illustrated in detail
herein). After inRefemitg tnEIGIRE(2 tinstractions foriepspating, pipélmeipratessort2lOns are

provided to I DU 222. Upon_ recejving ipstructions, target identjfiers (TIDs)
are gener at e#regcessed Qﬁ’e%“é‘if'i“iﬂ‘?nc‘ia&l“u&f‘} or3pother 5?"3?@%0@”"?‘? O%or each of

the instruct{jpRcamd %Y 4ol Hefbid)PUrie instribtiol$ art 3i6ted i fstrétion tfieue 206,

where they are held until they are decoded by Idecode circuit 208, When a
conditional unresolved branch is predicted, these branch instructions are provided
to BRQ 214 to be stored for later processing by a branch execution unit (not
illustrated in detail herein). After instructions.are fetched and decoded, the
instructions are provided to IDU 222, Upon receiving instructions, target
identifiers (TIDs) are generated by TID generation circuit 224. TIDs are defined
for each of the instructions provided to IDU 222 in the same order as the
instructions themselves.

It should be noted that in pipelined CPU 110, a finite number of TIDs are
available to be assigned to instructions. In one embodiment of the invention
described herein, the number of TIDs available is divided into two banks. After a
first bank of TIDs has been assigned, IDU 222 begins to assign TIDs from the
second bank. When a last TID of the second bank is assigned, the present
invention implements a methodology for accessing the first bank of TIDs when all
o_f_'. the TID values stored therein is available for use. It should be noted, however,

that when TIDs are still outstanding in a last bank of TID values, a relative age



I nstructions thensel ves. It should be noted that in pipelined CPU
110, a fimte nunber of TIDs are available to be assigned to instructions.

I n one enbodi nent of the invention described herein, the nunber of TIDs
available is divided into two banks. After a first bank of TIDs has been
assigned, IDU 222 begins to assign TIDs fromthe second bank. Wen a | ast
TID of the second bank is assigned, the present invention inplenents a

met hodol ogy for accessing the first bank of TIDs when all of the TID val ues
stored therein is available for use. It,should be noted, however, that when
TIDs are still outstanding in a | ast bank of TID values, a relative age

20 between the | ast bank of TIDs and the new bank of TIDs nust be )
mai nt ai ned to ensure correct instruction ordering. In the present

i nvention, a bank bit is utilized to indicate when the Bank 0 of TID val ues
represents ol der instructions than a Bank 1 of TID val ues The val ue

of the TIDs hetvees $heytastibank ofUDsxnd the pew dankiet THmugbeomaigiainedso ¢ he

el enents of DU 222 wi l.l supsequently.b rQvi [.0...0 . hs | DU

225l spat chEUh ST PURERRT e o e ispieab BVsbart S bieiE blized | O
and f or var ds f BRatOWRER the?Barfk0 'of TTDAafes Yépreskitd Blden iinstrusticis than ExOE 252,
ExOL 254, ExX1E 256, or Ex1L 258, and their pre-execution queue designated

by PEQ 230. Bddk tli ofiEID} yalughu 222 assigns TIDs to each instruction and
"ot er rupti bl e 1 notLH b 10Dy afeysSigRloy fl) 25 A pbet legedh 86 o
in history byfdiesr #E&@ianéhts of IDU 222 will subsequently be provided in greater detail.

IDU 222 dispatches instructions from IQ 206. IDU 222 decodes the instructions

and forwards them towards an appropriate execution unit, such as ExOE 252,

ExOL 254, BxIE 256, or ExIL 258, and their pre-execution queue designated by

PEQ 230. Additionally, IDU 222 assigns TIDs to each instruction and maintains

the history of certain registers in history buffer 228 and interruptible instruction

table (IIT) 238. TIDs and the history information in history buffer 228 and

interruptible instruction table 238 are used to maintain a proper sequential

consistency of instruction flow and to help reconstruct a correct system state when
an interrupt, mispredicted branch, load and store misordering, or the like, occurs in
a pipelined CPU 110.

Interruptible instruction table 228 aids in the reconstruction of a system
state by storing TID values corresponding to all interruptible instructions executed
by pipelined CPU 110. It should be noted that a TID may be more specifically
designated as a unique instruction tag that is used to identify a target architected
facility of the instruction. It should be noted that a TID value may be used to

resolve operand dependencies or resource allocation dilemmas and to maintain an



interruptible instruction table 238 are used to maintain a proper
sequentiat consistency of instruction flow and to help reconstruct a
correct systemstate when an interrupt, mspredicted branch, |oad and store
m sordering, or the like, occurs in a pipelined CPU 110.

Interruptible instruction table 228 aids in the reconstruction of a system
state by storing TID values corresponding to all interruptible instructions
executed by pipelined CPU 110. It should be noted that a TID may be nore
specifically designated as a unique ingfruction tag that is used to
identify a target architected facility of the instruction. It should be
noted that a TID value may be used to resol ve operand dependenci es or
resource allocation dilemmas and to maintain an

21 i nstruction order. As previously nentioned, during operation, a TID

Is assigned,to all instructions as the instruyctions,are, dispatched, and
decoded, andn§tauction orderq AsRrgvionslymentioped, duting eperatan. étﬁbdﬁ(fsﬂ&?“éi Ras

; d t i é Ll . hat
150, SRS B e gl i, 1 2L

230) is utilthe atrucion isi cohepldte ald dataunb anived pethandchirpied dasilliyes or resource
al l ocation dil emms arg resol ved, and_instructions .are issued to the

appropri ate execdt shauld aisp bejngtedythat W) 222 sehedules the exseutiogrofsch

pr e- execut i - pld-&ekuti ' i r I Q 230)
accepts all qﬁ%@%ﬁ”ﬁ xg}(?: pol nt%‘ﬁla llietﬁﬁg%%ecﬁp%gtﬁ%%&f%ﬁsl lﬂ%gggiﬁgwg

condi tion r epesandrdepemiensies ot resourge aliecaficiRdiléinmas dreaesolved dndsihstrimtionns _
involving the alteration of the condjtion register (included within CRU

210) and corfpiissugdtor thg @ppropsiate gracution it JDU 222 comaprises firee sete of Ul queue

(SPQ 232) r F]‘)?g-iex&%ﬁ@ﬁ lquéﬁé%.r First, a fixed point pre-execution queue (PEQ 230) accepts
all load, fixed-point arithmetic instructions. Secondly, a condition register
pre-execution queue (CRQ 234) receives instructions involving the alteration of the
condition register (included within CRU 210) and compare instructions.
Aéditionally, the store pre-execution queue (SPQ 232) receiv'es all store
instructions and complex instructions, such as multiply, divide, and special purpose
register accesses.

As each instruction which is executed by pipelined CPU 110 must be
assigned a TID, generation of TIDs and the mechanisms for implementing those
assignments will subsequently be described in greater detail. To generate a TID
value, assume that an initial TID has a binary value of %000000. It should be
noted that the TID values which are assigned do not necessarily begin with a value
of %000000, but may be initialized at any starting address desired by a designer of
pipelined CPU 110. As TIDs are assigned sequentially, a TID assigned a value of
17 will appear'to be older than TID assigned values of 19 or 25. In an instance in



I nstructions and conpl ex instructions, such as multiply, divide, and
special, purpose register accesses. As each instruction which is
executed by pipelined CPU 110 nust be assigned a TID, generation of TIDs
and the nechanisns for inplenenting those assignnents will subsequently be
described in greater detail. To generate a TID value, assune that an
initial TID has a binary val ue of %900000. It should be noted that the TID
val ues which are assigned do not necessarily begin with a value of %%00000,
but may be initialized at any starting agldress desired by a designer of

pi pelined CPU 110. As TIDs are assigned sequentially, a TID assigned a

value of 17 will appear to be older than TID dassigned val ues of 19 or 25.
In an instance in 22
which all instructions which should have been assigned TIDs in one bank,

referred to as Bank 0, instructions are dispatched with TIDs from another
bank, ref err aghitlp alt $nsBaokiors. whbk sheuld hevebacn rgsigied THstin onetbank,ineferted Bank

from ?ﬁi;%QﬁM%ﬁ%@%%%&ﬁif %&%&iﬁﬁméo%“%bﬂggi Tored e Bank
0. A [ | Sy i h
Bank r1m;r 2”%%&3‘*‘24‘3% @E%hnagm gnec romhhﬁ% neV\Ay re ggeg?gﬁ gnmkt 0e

As Tl Ds have thgefor€ théreianeto addlﬁahilormsxto‘bblaﬁﬁtgﬁeﬂé‘;omﬂm Bank 1,zmpelinedt he
present invention will subsequently be i be Ref er nqw t.0o FI GURE 3
whi ch i | | ust rGREJ 19 meust geuse the,TTy #ssign Mgpa%@?cha‘ﬁr?‘@éf ar detail. It

o e out iipieiited £ Holifiral! Gt fﬁisrauﬁgﬁearﬁ&ﬂfeﬁeen&ﬁ@l e Aotk "bffer"
than TIDs assigned from the newly refeased Bank 0.
As TIDs have been explained, a method by which they are utilized in the
present invention will subsequently be described. Refer now to FIGURE 3 which
. {llustrates the interruptible instruction table in greater detail. It should be noted
that interruptiblé instruction table 238 is a first in/first out (FIFO) queue which
aides in the ordering of instructions. Each entry within interruptible instruction
table 238 comprises a TID value corresponding to the instruction which may be

h-

interrupted and a valid bit corresponding to the entry. The valid bit indicates
whether the entry is, indeed, valid and may be used for performing interrupt and
flushing operations. Furthermore, it should be noted that interruptible instruction
table 238 also comprises a completing instruction buffer entry pointer. As
previously mentioned, the completing instruction buffer entry pointer points to a
bottom of the interruptible instruction table if the interruptible instruction

table includes any instruction. Furthermore, the entry at the bottom of the
interruptible instruction table indicates the next instruction to complete. It should
be noted that all instructions dispatched prior to this next instruction to complete



aides in the ordering of instructions. Each entry within interruptible

I nstructien table 238 conprises a TID value corresponding to the

i nstruction which may be interrupted and a valid bit corresponding to the
entry. The valid bit indicates whether the entry is, indeed, valid and may
be used for performng interrupt and flushing operations. Furthernore, it
shoul d be noted that interruptible instruction table 238 al so conprises a
conpleting instruction buffer entry pointer. As previously nmentioned, the
conpleting instruction buffer entry poinggr points to a bottom of the
interruptible instruction table if the interruptible instruction table

i ncl udes any instruction. Furthernore, the entry at the bottom of the
interruptible instruction table indicates the next instruction to conplete.
It should be noted that all instructions dispatched prior to this next

I nstruction to conplete
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fact that sotketpresest inivention imnplempentd b,qmdlstimLmttcum whictopredicts wiviph entry
will become the bottom entry of the interruptible instruction table.
It should also be noted that the determination of the NSNI -TID is also
complicated by the fact that sometimes the interruptible instruction table is empty

IIIQ‘

which indicates that there is no speculative execution being performed by pipelined
CPU 110. In this situation, resources should be released as soon as possible and,
therefore, the NSNI-TID becomes more complex than the TID associated with the
completing instruction buffer entry pointer.

When the interruptible instruction table stores no TID values, then there is
no speculative execution. In this situation, a special TID, referred to as the smart
TID, reflects the completion point of the data processing system. Because TID
order determination depends on TID bank assignment, the smart TID is controlled
in the manner previously described. In this manner, the smart TID is the next TID
to be assigned when a dispatch is not interlocked due to the entry into a new TID
bank. Additionally, the smart TID is a last TID that was assigned when the



whi ch indicates that there is no specul ative execution being performed by
pi pelined ‘CPU 110. In this situation, resources should be rel eased as soon
as possible and, therefore, the NSNI -TID becones nore conplex than the TID
associated with the conpleting instruction buffer entry pointer.

When the interruptible instruction table stores no TID values, then there
IS no specul ative execution. In this situation, a special TID referred to
as the smart TID, reflects the conpletion point of the data processing
system Because TID order deterninationzgepends on TI D bank assignnent, the
smart TIDis controlled in the manner previously described. In this manner,
the smart TIDis the next TID to be assigned when a di spatch is not

i nterl ocked due to the entry into a new TID bank. Additionally, the smart
TIDis a last TID that was assi gned when the

24 dispatch is interlocked due to the entry into a new T|D bank, The
assi gnment  oflispatch issintérlogkedi due to theeniry inge axneat TH:bank. ‘The assigamentate to
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shoul d be noted that this nunber is known |ate in the given tine cycle.
circuitry 402. Bottom TID projection circuitry 402 generates a projected bottom

TID value by determining a number of consecutive instructions beginning from a
bottom entry of the interruptible instruction table which complete in a given time
cycle. It should be noted that this number is known late in the given time cycle.
The number may then be used to select a TID associated with an entry within
interruptible instruction table 238 which is the next to comple'te. Fér example, if
the bottom entry in IIT 238 is #5, and three interruptible instructions complete,
then the TID of entry #8 (5+3) should be the Projected Bottom TID value. The
selected TID is latched at the end of a timing cycle to generate a delayed projected
bottom TID signal for the next timing cycle. The projected bottom TID is
provided to latch 410. Additionally, a valid bit corresponding to the delayed
projected bottom TID signal is provided to select circuitry 406 as a projected
bottom valid delay signal. This valid bit indicates whether the projected bottom
TID value generated by bottom TID projected circuitry 402 is associated with an
occupied entry within interruptible instruction table (IIT) 238. If not, the projected



The nunber may then be used to select a TID associated with an entry within
interruptible instruction table 238 which is the next to conplete. For
exanple, if the bottomentry in IIT 238 is #5, and three interruptible

i nstructions conplete, then the TID of entry #8 (5+3) should be the
Projected Bottom TID value. The selected TIDis |atched at the end of a
timng cycle to generate a del ayed projected bottom TID signal for the next
timng cycle. The projected bottomTID is provided to |atch 410.
Additionally, a valid bit correspondi ngsgo the del ayed projected bottom TID
signal is provided to select circuitry 406 as a projected bottomvalid
delay signal. This valid bit indicates whether the projected bottom T TID

val ue generated by bottom TID projected circuitry 402 is associated with an
occupied entry within interruptible instruction table (I1T) 238. If not,

the projected 25
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val ue. However, the actual logic wll, subsequently degscrl bed.

Addi t i onal | yvalue, [Fiovegvst, the pefal logis will subseguently b§646§ggb ircuitry 406 from

circuitry (not ill | r ol

| ogi ¢ 237. The HI L@Wg’ Agﬁ;d&aﬂg céo?\l?l;a{s‘%' p\?\%]e#dlt{étsglre?ﬂp | e%g'(taﬁjct I on
tabl e 238 hagjréfitry ghoiillastcdted i A&sibbereing dvithid Sompletion coattiob logic 237.r Whei ons.
Additional ly, the I'lT enpty signal is latched within 404 for one _tl m ng

cycle. An ouﬂﬂ‘uomm signad fin mwpwbm easruptible ingpaigtion tebla gt °§r & o sel ect
oy U LY 08B ol Gt b AR kb ARSI I i
signal s, resperidhke withie o4 f&doﬂd)tnﬁﬁng@cle.SlAn Sutgutox. 1aﬁhaoscprmgwa
delayed IIT empty signal to select circuitry 406. Select circuitry 406 utilizes the
IIT empty, IIT émpty delay, and projected bottom valid delay values to generate
! the selected signals, respectively referred to as SO, S1, and §2. The SO signal
corresponds to the IIT empty signal. Therefore, when the IIT empty signal is
asserted, the SO signal is asserted, and when the IIT empty signal is negated, the
SO signal is negated. The S1 select signal provided by select circuitry 406 is
generated by a logical combination of the IIT empty signal, the IIT empty delay
signal, and the projected bottom valid delay signal. The logical relationship

required to generate the S1 signal is as follows:

S1 =TT empty AND (IIT empty delay OR projected bottom valid delay).

In addition to the SO and S1 signals, select circuitry 406 provides an S2
select signal to select projected bottom TID delay signal as the NSNI_TID value.
The S2 signal is generated by the following logical relationship:

52 = T empty AND IIT empty delay AND projected bottom valid delay.



corresponds to the Il T enpty signal. Therefore, when the IIT enpty signal
is asserted, the SO signal is asserted, and when the |IT enpty signal is
negated, the SO signal is negated. The Sl1 sel ect signal provided by sel ect
circuitry 406 is generated by a logical conmbination of the I T enpty
signal, the Il T enpty delay signal, and the projected bottomvalid del ay
signal. The logical relationship required to generate the S 1 signal is as
fol |l ows: S1 =IIT enpty AND (I1 T enpty delay OR projected bottom
val i d del ay). In addition to thg SO and S1 signals, select
circuitry 406 provides an S2 select signal to select projected bottom TID
delay signal as the NSNI _TID value. The S2 signal is generated by the

following logical relationship: S2 = 11T enpty AND II T enpty del ay AND
proj ected bottom valid del ay.

26 Ther efore, upon receipt of .the projected bottomvalid del ay
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i nstruction e cBfrect NSNI-TID in many different situations. In a first situation, assume that

the interruptible instruction table is empty and, therefore, the SO signal is asserted.

Bécause interruptible instruction table 238 is empty, a next instruction to be

dispatched is committed and the resources held with TIDs dispatched prior to the

smart TID should be released. If IIT 238 is empty, there is no speculative

execution. As previously mentioned, IIT 238 stores the TIDs of all instructions

that may cause speculative execution. If there is no speculative execution, all
execution results may be committed. Therefore, pipelined CPU 110 will never
have to recover to an earlier state. In this first case, then the NSNI-TID is equal to
the smart TID. It should be noted that a value of the smart TID has been
previously described and explained in greater detail.

In a second case, assume that interruptible instruction table 238 was empty
on a last timing cycle, but is not empty during this timing cycle, and, therefore, the
S1 signal is asserted. In this situation, bottom TID project circuitry 402 could not
predict what the bottom TID would be in the last timing cycle, because
interruptible instruction table 238 was empty. However, because intérruptible

instruction table 238 is not empty during the present timing cycle, the instruction at



di spatched is conmtted and the resources held with TIDs di spatched prior
to the snart TID should be released. If IIT 238 is enpty, there is no

specul ati ve execution. As previously nmentioned, IIT 238 stores the TIDs of
all instructions that may cause specul ative execution. If there is no
specul ati ve execution, all execution results may be commtted. Therefore,
pi pelined CPU 110 will never have to recover to an earlier state. In this

first case, then the NSNI-TID is equal to the smart TID. It should be noted
that a value of the smart TID has been previously described and expl ai ned
in greater detail. In a second c&%e, assune that interruptible

I nstruction table 238 was enpty on a last timng cycle, but is not enpty
during this timng cycle, and, therefore, the Sl signal is asserted. In
this situation, bottom TID project circuitry 402 could not predict what the
bottom TID would be in the last timng cycle, because interruptible

i nstructi on fheiYoeoRdhtaaptiblminytrudtionaatde 239 ehiohse poimter toupt cdmpetingst ruct i on

table 238 is not enpty during the present timng cyc the instruction at
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Therefore, it is guaranteed to be older than or the same age as any interruptible
instruction.
In a third case, assume that interruptible instruction table 238 was not

empty during a last timing cycle and is not empty during the current timing cycle

either and the projected bottom TID signa} was not valid during the last timing
cycle, therefore, the S1 signal is asserted. Because the projected bottom TID was
not valid last cycle means that all instructions in interruptible instruction table 238
completed during the last timing cycle. Furthermore, because the interruptible
instruction table 238 is not empty, a new instruction must have entered the
interruptible instruction table 238 during the last timing cycle. This new
instruction must have been assigned a TID equal to or subsequent to the smart TID
from the last cycle. Hence, the S1 select signal is asserted and the NSNI-TID is
the smart TID delay value.

It should be noted that the bottom entry is an entry after a last instruction to
complete, as determined by counting a number of instructions that complete in a

given cycle and then counting down that number of instructions from the



i nstruction. In a third case, assume that interruptible instruction
tabl e 238 ‘was not enpty during a last timng cycle and is not enpty during
the current timng cycle either and the projected bottom TID signal was not
valid during the last timng cycle, therefore, the Sl signal is asserted.
Because the projected bottom TID was not valid |last cycle neans that al
Instructions in interruptible instruction table 238 conpl eted during the

| ast timng cycle. Furthernore, because the interruptible instruction table
238 is not enpty, a new instruction nustghave entered the interruptible

I nstruction table 238 during the last timng cycle. This new instruction
must have been assigned a TID equal to or subsequent to the smart TID from
the last cycle. Hence, the Sl select signal is asserted and the NSNI -TDD is
the smart TID del ay val ue. It should be noted that the bottomentry
Is an entry after a last instruction to conplete, as determ ned by counting

a nunber of ¢ongpletieet buffe poidbr. CIfrthéretage inbredinSinutibnE iChe capletedan counting
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Next, in a fourth case when the S2 signal is asserted, assume that the
projected bottom valid delay signal is asserted to indicate that all instructions in
interruptible instruction table 238 were not completed during the last timing cycle.
This implies that IIT 238 was not empty during a last timing cycle and is not
empty this timing cycle. In this case, the projected bottom TID calculated during a
last timing cycle will become the TID on the bottom of the interruptible instruction
table 238 during the current cycle. Hence, the S2 select signal is asserted and the
NSNI-TID signal is the projected bottom TID delay value.

A logic implementation for illustrating one embodiment of the select
circuitry 406 which generates the SO, S1, and S2 signals is illustrated in
FIGURE 7.

FIGURE 5 illustrates TID generation circuit 224 in greater detail. During
operation, an initial TID is stored in register 518. Register 518 provides this TID
as the Next_TID (0:5) signal to a remaining portion of IDU 222, as well as logic
circuitry internal to TID generation circuit 224. The use of this Next TID (0:5)



I nval i d. Next, in a fourth case when the S2 signal is asserted,
assune that the projected bottomvalid delay signal is asserted to indicate
that all instructions in interruptible instruction table 238 were not
conpleted during the last timng cycle. This inplies that I T 238 was not
enpty during a last timng cycle and is not enpty this timng cycle. In
this case, the projected bottom TID cal cul ated during a last timng cycle
wi |l beconme the TID on the bottomof the interruptible instruction table
238 during the current cycle. Hence, thggS2 select signal is asserted and
the NSNI-TID signal is the projected bottom TID del ay val ue. A logic
I npl ementation for illustrating one enbodi nent of the select circuitry 406
whi ch generates the SO, S1, and S2 signals is illustrated in FI GURE 7.
FIGURE 5 illustrates TID generation circuit 224 in greater detail. During
operation, an initial TIDis stored in register 518. Register 518 provides
this TID as whiueNelltsubsdquetithe disgmed inogreatercdaaihi Hgoxpmrﬂlabdiscltssibﬁ)u 222, as
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I'n FI QURE 5, TtIﬁEBQﬂQ k1Bidenbrite 10 SBIBank signal, occupied bank determination
circuit 502 provides a Bank 0 Occupied signal to AND gate 520. Similarly,
occupied bank determination circuit 502 provides a Bank 1 Occupied signal to
inverter 526. The Bank 1 Occupied signal is inverted and provided to AND
gate 530. Additionally, register 522 stores a TID_Bank value which indicates
when TIDs assigned from Bank 0 are older or younger than TIDs assigned from
Bank 1. It should be noted that Next TID Bank differs from TID Bank as it
represents a future value of the bank bit. The Bank 0 Occupied signal indicates
when all TIDs within Bank 0 have been released and are no longer being used
during instruction execution. Similarly, the Bank 1 Occupied signal indicates when
all TIDs within Bank 1 have been released. By logically combining the TID Bank
signal, the Bank 0 Occupied signal, and the Bank 1 Occupied signal, the
Next_TID Bank signal is generated.
In addition to generating a Next TID Bank signal and a TID Bank signal,
TID generation circuit 224 generates a HOLD TID signal. The HOLD_TID signal
is-generated by providing the lower five bits of the Next TID value of NOR
gate 512. By utilizing this configuration, when the lower five bits of the



TI'D_Bank. To generate the TID Bank signal, occupied bank determ nation
circui't 502 provides a Bank 0 Cccupi ed si gnal to AND gate 520. Simlarly,
occupi ed bank determ nation circuit 502 provides a Bank 1 Cccupi ed signal
to inverter 526. The Bank 1 Cccupied signal is inverted and provided to AND
gate 530. Additionally, register 522 stores a TID Bank val ue which

I ndi cates when TIDs assigned from Bank O are ol der or younger than TIDs
assigned fromBank 1. It should be noted that Next TID Bank differs from
TID Bank as it represents a future val ugyof the bank bit. The Bank O
Cccupi ed signal indicates when all TIDs within Bank 0 have been rel eased
and are no |onger being used during instruction execution. Simlarly, the
Bank 1 Cccupied signal indicates when all TIDs within Bank 1 have been
rel eased. By |ogically conbining the TID Bank signal, the Bank O Gccupied
signal, and the Bank 1 Occupied signal, the Next TID Bank si gnal is
generated.  Next_TIDnvaluelhaveon lagic Ganlieast ouipet HYOR Pale $kenis aslogial and a
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pi pelined CPU 1 st
retired before that bank may be utilized. Occupied bank determination circuit 502
generates signals for determining when Bank 0 and Bank 1 are occupied.
* Next_TID(0) is inverted and logically AND’ed with Bank 0 Occupied signal to
indicate whether Bank 0 may be accessed during a subsequent TID assignment
operation. Similarly, the Next TID(0) Yalue is logically AND’ed with a Bank 1
Occupied signal to determine whether TIDs may be assigned from Bank 1.
Therefore, if an appropriate one of Bank 0 or Bank 1 is not occupied, and TIDs
are fo be assigned from a new bank, the HOLD_TID signal is modified in
accordance with the logical function performed by AND gate 514.
Occupied bank determination circuit 502 is illustrated in greater detail in
FIGURE 6. Occupied bank determination circuit 502 comprises a TID allocation

array which stores a plurality of control bits corresponding to each TID assigned
during operation of pipelined CPU 110. Each TID entry in TID allocation
array 602 comprises a data (D) bit, a complete (C) bit, and a CR logic (L) bit.
Each of the D, C, and L bits are set at assignment depending on an instruction

which is to be executed. The D bit indicates whether or not a result is available



determ ne that the bank which is to be entered and fromwhich TIDs are to
be assigned is clear and all TIDs and instructions associated therewith
have been retired before that bank nay be utilized. Occupied bank

determ nation circuit 502 generates signals for determ ning when Bank 0 and
Bank 1 are occupied. Next _TID(O) is inverted and logically AND ed wi th Bank
0O Cccupied signal to indicate whether Bank O may be accessed during a
subsequent TID assignnent operation. Simlarly, the Next TID(0) value is

|l ogically AND ed with a Bank 1 Occupi ed3signal to determ ne whether TIDs
may be assigned from Bank 1. Therefore, if an appropriate one of Bank O or
Bank 1 is not occupied, and TIDs are to be assigned froma new bank, the
HOLD TID signal is nodified in accordance with the |ogical function
perfornmed by AND gate 514. Qccupi ed bank determ nation circuit 502
Is illustrated in greater detail in FIGURE 6. Cccupi ed bank determ nation
circuit 502 ¢ouptieSiastnectibhD WhéPg aésultis pravaded Whl £ eslt BuSfrom thk Wkadukiby Of
control bits corresponding to each TID assigned during operation of
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broadcast to

determine whether a TID bank may be released for subsequent use. Therefore, if
-an instruction is interruptible, the C bit is be asserted. Conversely, if the
instruction to which the TID is not interruptible, the C bit is negated. Furthermore,
the L bit is used to indicate whether the instruction to which the TID is assigned
modifies a condition register. If any one of the 3 bits for each of the 32 TIDs
stored within a first bank are asserted, OR gate 606 asserts Bank 0 Occupied
signal. Similarly, if any of the 3 bits associated with each of 32 TIDs and Bank 1
is asserted, OR gate 604 asserts the Bank 1 Occupied signal.

Each of the Bank 0 Occupied and Bank 1 Occupied signals is provided to
an appropriate logic gate within the portion of TID generation circuit 224 of
FIGURE 5.

The methodology and data processing system described herein implement
an effective method for determining a non-speculative-non-interruptible TID which
may be used for releasing resources in a pipelined data processor. It should be
well-known however, to those with skill in the relevant art, that the embodiment of

the invention described herein is provided as an example. Additional



conponents within pipelined CPU 110, the D bit is not asserted.

Furthernore, the C bit indicates whether an instruction has conpl et ed.
Because a TID cannot be reused until an instruction has been conpl eted,
this bit nust be analyzed to determ ne whether a TID bank may be rel eased
for subsequent use. Therefore, if an instruction is interruptible, the C
bit is be asserted. Conversely, if the instruction to which the TID is not
interruptible, the Cbit is negated. Furthernore, the L bit is used to

i ndi cate whether the instruction to mhig% the TIDis assigned nodifies a
condition register. If any one of the 3"its for each of the 32 TIDs stored
within a first bank are asserted, OR gate 606 asserts Bank O Cccupied
signal. Simlarly, if any of the 3 bits associated with each of 32 TIDs and
Bank 1 is asserted, OR gate 604 asserts the Bank 1 Cccupi ed signal.

Each of the Bank O Occupied and Bank 1 Occupied signals is provided to an
appropri at e implemegtations\alid exist NEorpxaiple) theflodic Birgsio ased todmpldnienyi t 224 of
FI GURE 5. The net hodol ogy and_data processj ng .system descri bed
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i nvention described herein is, provided as an exanple. Additiopal

32 i npl emabslpgisgrus erdogicifalse, depending ap palesighar of pipelined (P 11Qised to
| i ement  COMPl et fie e Hive bOMH Bestibét héreifi He pALipIES BF ik Hhvehtidh) 4

circuitry 406 may
to be clearly understood to those skilled in the art that this description is made by

way of example only and not as a limited 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.



I npl emented using nultiple techni ques which performthe sanme function.
Additionaliy, logic used to inplenment each of the circuits of the present

i nvention may be logic true or logic fal se, depending on a desi gner of

pi pel i ned CPU 110. Wil e 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 nade by way of exanple only and
not as a limted to the scope of the invention. Accordingly, it is

i ntended, by the appended clains, to coyger all nodifications of the

I nvention which fall wthin the true spirit and scope of the invention.

33 WHAT IS CLAIMED I S: 1. A data processing system conprising:

a target identification circuit for generating a plurality of target
i dentification val ues; a nenory for sel ectlvm
portion of the plurality of target efrWI M ues
" EIE val ues
C

wher ei n eachWHATHES €L AIMED §S:0f t ar get

corresponds to an instruction; a conpl etion cont fol Lcim
provi ding a conpl eting i nstruction poi nt er whi ch selectlvely

an empty momiry - sTgudt PRl §ia, By | |0 o e
plurality of tar gettargeicidentificatioh @ircwit foregenerating a plurality of target :
identification values;

a memory for selectively storing a first portion of the plurahty of target
identification values, whgrem each of the plurality of target
identification values corresponds to an instruction;

a completion control circuit for providing a completing instruction pointer
which selectively indicates a predetermined storage location in the
memory and an empty memory signal when the memory stores none
of the plurality of target identification valueis;

a projection circuit coupled to the completion control circuit for receiving
the completing instruction pointer, the projection circuit evaluating
the completing instruction pointer to generate a projected target
identification value and a projected target identification valid value;

a select generation circuit coupled to the completion control circuit for
receiving the empty memory signal and coupled to the projection
circuit for receiving the projected target identification value, the
select circuit generating a first select signal; and

a selector coupled to the select generation circuit to receive the first select

signal, coupled to the projection circuit to receive the projected



a projection circuit coupled to the conpletion control circuit for

recei'ving- the conpleting instruction pointer, the projection
circuit evaluating the conpleting instruction pointer to
generate a projected target identification value and a
projected target identification valid val ue; a select generation

circuit coupled to the conpletion control circuit for

receiving the enpty nenory signal and coupled to the projection

circuit for receiving the projected tagget identification value, the
select circuit generating a first select signal; and Al““‘lﬂ&lﬂ&ﬂ“l““l |
coupled to the select generation circuit to receive the Sl Iy i
signal, coupled to the projection circuit to receive the 6rofecfeJ

target identification value and coupled to the target identification

circuit to receive a preselected one of the plurality of target |
i dentification val ues, target identification yalupvindi coypled to thre target ideatificationed

f th I lit f. t t iLdentificat] d j ected
Carget | denti 11 cati on Sedogecee basHEdH ok Sme Blutl of il 71 oot on
value. 2. The dat gepifaass ivgiﬁeé‘;)tﬁé Sdlecfdr prbvitiitg bneloEied Prekélécted

instruction is Interruptible

one of the plurality of target identification values and the projected

target identification value as a non-interruptible target identification

value.

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

interruptible.

3. The data processing system of claim 1 wherein the memory is a first-in,

first-out queue.

4, The data processing system of claim 1 wherein the non-interruptible target
identification value indicates a next instruction to be completed by the data

processing system.

5. The data processing system of claim 4 wherein a plurality of instructions

executed prior to the next instruction have been completed.



3. The data processing systemof claim1l wherein the nenory is a

first+in, first-out queue. 4, The data processing system of
claim1 wherein the non-interruptible target i dentification val ue

i ndicates a next instruction to be conpleted by the data processi ng
system 5. The data processing systemof claim4 wherein a plurality
of instructions executed prior to the next instruction have been
conpl et ed. 35 6.

The data processing systemof claim5 whgyein a plurality of resources
utilized by the plurality of instructions are rel eased t\jﬁmﬂmﬂmﬁmm
I nstruction is conpl eted. 7. The data processing s FRERI | m’
wherein the presel ected one. of the plurality of target Lob s
identification values indicates one of a next target identifier to
be assigned by the target identification generation circuit and a
| ast target bdent iTheelata probessiag sysieradfinjaimfewhereimed pluddity iof resauicen
generation Ql,r culi)t ) . . .

utilized by the plurality of instructions are released when the next

instruction is completed.

7. The data processing system of claim 1 wherein the preselected one.of the
plurality of target identification values indicates one of a next target
identifier to be assigned by the target identification generation circuit and a
last target identifier to be assigned by the target identification generation

circuit,

8. The data processing system of claim 1 wherein the select generation
circuitly'selectively logically combines the projected target identification
value and the empty memory signal to generate the first select signal.

9. The data processing system of claim 1, further comprising:
a latch for receiving the empty memory signal, for storing the empty
memory signal for a predetermined time period, and for providing a

delayed empty memory signal.



8. The data processing systemof claim1l wherein the select generation
circuirtry selectively logically conbines the projected target

i dentification val ue and the enpty nenory signal to generate the
first select signal. 9. The data processing systemof claim1, further
conpri si ng: a latch for receiving the enpty nenory signal, for
storing the enpty menory signal for a predetermned tine
period, and for providing a del ayed enpty nenory signal.

36 10. The data processing syste n%ﬁg claim9 wherein the Select _
generation circuit |l ogically co nes the proj eciﬂn"mllmmuum }
I dentification valid value, the enpty menory si ghHRE sl lyed

enpty nenory signal to generate the first sel ect Sighalt & sécohd
select signal, and a third select signal. 11. The data processing
system of claim 10 wherein the first select signal sel ects the
presel ected dfie ofl‘herdatqnpmcasing)systbmtdr@n’mQdﬁﬂteinfﬁheaeliectrgemataﬁes casuit

the non-interrupt ble%raqogqeb i dentif,ic alon Pt% t sel ect
signal is RS0e PLUL °§é’ t"a@f’g ;Y ects a

del ayed presel ect gflmg tﬁl)'napréﬁd%e H&l@yd&'éﬁipﬂr h{e}ho% sipREIE gehSaR thé ierd@t | on

val ues as the non-inte
select sxgnal a second select signal, and a third select signal.

11.  The data processing system of claim 10 wherein the first select signal
selects the preselected one of the plurality of target identification values as
the non-interruptible target identification value when the first select signal is
in-a first logic state, the second select signal selects a delayed preselected
one of the plurality of target identification values as the non-interruptible
target identification value when the second select signal is in a second logic
state, and the third select signal selects a delayed projected target
identification value as the non-interruptible target identification value when
the third select signal is in a third logic state.



target identification value when the second select signal is in a second

| -ogi €t - ' state, and the third select signal selects a del ayed projected
t ar get identification value as the non-interruptible target

i dentification value when the third select signal is inathird

| ogi c state. 37 12.

A data processing system conprising: a nenory for selectively
storing a portion of a plurality of information val ues

corresponding to a portion of a pluralg;ty of instructions being

executed in the data processing system a proj W\
providing a projected information value to indicate a

projected one of the plurality of instructions to be exHi ’] _
next timng cycle; an identification generation c Hm’ﬂ’{
generating a presel ected one of the plurality oft i Mfos on

val ues; andl2. A data processingasystein; comprifing: sel ectively providing one of the
DT or St oy o o momory S USERBhSRRAR 4 BBEoL L BUBRER S SRR
i nformation val ue whig¢lyes corresponding to £fUrfiGt BPR Purdlfty df Mvucliotdi Beggg | On o
be conpleted in the data processi ng system the selection

circuit being coupl edexecutefidn the data processing systefnpcti on circuit for receiving
the projected infornat.

i dentification gbR®¥ 8%‘\({"&'\1 5% ?r%?rgi[ingr %BﬁWﬁqénf°“%g&g§Vﬁ8gEA “e"%ﬁct@ 0a"®
presel ected one of thgoplctddanelof thé phudlity BRInsRfctioRs ¥ Be executed during a
next timing cycle;
an identification generation circuit for generating a preselected one of the
plurality of information values; and
a selection circuit for selectively providing one of the projected
information value and the preselected one of the plurality of
information values as a non-interruptible information value which
corresponds to a next instruction to be completed in the data
processing system, the selection circuit being coupled to the
projection circuit for receiving the projected information value and
being coupled to the identification generation circuit for receiving

the preselected one of the plurality of information values.



38 13. The data processing systemof claim 12, further conprising:

a conpletion control circuit for providing a conpleting instruction pointer
whi ch sel ectively indicates a predeterm ned storage |ocation in the

menory and an enpty nenory signal which indicates the nenory

stores none of the portion of the plurality of information val ues. 14.

The data processing systemof claim 13 wherein the selection circuit,

further conprises: a select generation circuit coupled to the

conpl etion control circuit for 38 receiving the enpty nenory

signal and coupled to the projection circuit fOL—LEQeLyiingi__~__
projected information valid val ue, the sel ect C

r Gilds
generating a first select signal; and a selector coupl edﬂ il .-
sel ect generation circuit for receiving the first ii’ ,m”m””m
signal, coupled to the projection circuit for receiving the s
proj ect ed i rif3or meFheodaty pracessirensysteaupf eldim 32.t fagtherdeomypirisingat i on

ol or mat i on-val udscORHESGLPRBIO) STED ARG ES G HPE FERAoR poiter”
information value and %ﬁ%h@él@&ﬂe%hﬁ%g&?%lﬁgéq i Wictagd bblcQtﬁon in the

i nformati on val ues as the non-1 nterruptil ntformati on” val ue.
memory and an empty memory signal which indicates the memory

stores none of the portion of the plurality of information values.

14.  The data processing system of claim 13 wherein the selection circuit,
further comprises:

a select generation circuit coupled to the completion control circuit for
receiving the empty memory signal and coupled to the projection
circuit for receiving a projected information valid value, the select
circuit generating a first select signal; and

a selector coupled to the select generation circuit for receiving the first
select .signal, coupled to the projection circuit for receiving the
projected information value, and coupled to the identification
generation circuit to receive the preselected one of the plurality of
information values, the selector providing one of the projected
information value and the preselected one of the plurality of

information values as the non-interruptible information value.

15.  The data processing system of claim 12 wherein the portion of the plurality

of instructions is interruptible instructions.



15. The data processing systemof claim 12 wherein the portion of the

plurality: of instructions is interruptible instructions.

39 16. The data processing systemof claim 12 wherein the nenory is a
first-in, first-out queue. 17. The data processi ng system of
claim 12 wherein a portion of the plurality of instructions executed
prior to the next instruction have been conpl et ed. 18. The data
processi ng system of claim 17 wherein a plurality of r ces

utilized by the portion of the plurality, of instruction e re
t he next instruction is conplete ﬂm’ ’" I"l

16.  The data processing system of claim 12 wherein the memory is a first-in,

first-out queue.

17.  The data processing system of claim 12 wherein a portion of the plurality
of instructions executed prior to the next instruction have been completed.

18.  The data processing system of claim 17 wherein a plurality of resources
utilized by the portion of the plurality of instructions are released when the

next instruction is completed.



40 19. A method for conpleting instructions in a data processing

system conpri si ng: generating a plurality of target

i dentification val ues; selectively storing a first portion of the
plurality of target identification val ues, wherein each of
the plurality of target identification val ues corresponds to
an instruction; providing a conpleting instruction pointer which
selectively indicates a predet erm ned storage | ocation in
the nenory and an enpty nenory 40 si gnal whepn-the nenpry stores
none of the plurality of target I dentificaty : ges:

eval uating the conpleting instruction pointer to generat edﬁ‘ﬁlﬁw c"ll”“"l
t ar get identification value and a projecte Noe e
identification valid val ue; generating a first select signal in
response to the enpty nenory signal and the projected target
identificatipp vahifead ¥ codifleting instrudtiofyindd G&ta prevesting Sistept,esel ect ed one
of the plurality of target identiflication val ues and the
proj ected target ¢aheprisiig:cati on value as a non-interruptible

ntruction i s | neeaerE4 pralies Of targek identRbAER Vihuok) 1 M 17 vherern the

selectively storing a first portion of the plurality of target identification
values, wherein each of the plurality of target identification:values
corresponds to an instruction;

providing a completing instruction pointer which selectively indicates a
predetermined storage location in the memory and an empty memory
signal when the memory stores none of the plurality of target '
identification values;

evaluating the completing instruction pointer to generate a projected target
identification value and a projected target identification valid value;

generating a first select signal in response to the empty memory signal and
the projected target identification valid value; and

providing one of the preselected one of the plurality of target identification
values and the projected target identification value as a

non-interruptible target identification value.

20. The method of claim 19 wherein the instruction is interruptible.



41 21. The nethod of claim 19 wherein the nenory is a first-in,
firstsgut squeue. 22. The met hod of claim 19 wherein the
non-interruptible target identification val ue i ndi cates a next

i nstruction to be executed by the data processing system 23.
The met hod of claim 19 wherein the preselected one of the plurality of
target identification values indicates one of a next target identifier to
be assigned by the target identification generation circuit and a

| ast target identifier to be asgjjgned by the__t_a.r_gel——l—eleﬂﬁ—ﬁ—cah on
generation circuit. 24. The net hod of claim 19, TGN t he
step of: selectively logically conbining the p g‘ﬂgﬂm ﬂn\“
identification valid val ue and the enp yn5|gnaﬁ to
generate the first select signal. 25. The nethod of claim 19, further
conprising the steps of: receiving the enpty nmenory signal;

storing the gnpt yTHE HehbdSofOElgim 19 whetoi the dieniorg ipa Enstiny fivstrout queme. peri od;
and provi ding a del ayed enpty nenory signal.

22.  The method of claim 19 wherein the non-interruptible target identification
value indicates a next instruction to be executed by the data processing

system. LR S

23.  The method of claim 19 wherein the preselected one of the plurality of
target identification values indicates one of a next target identifier to be
assigned by the target identification generation circuit and a last target
identifier to be assigned by the target identification generation circuit.

24.  The method of claim 19, further comprising the step of:
selectively logically combining the projected target identification valid value
and the empty memory signal to generate the first select signal.

25.  The method of claim 19, further comprising the steps of:
receiving the empty memory signal;
storing the empty memory signal in a latch for a predetermined time period;
and

providing a delayed empty memory signal.



42 26. The nethod of claim25, further conprising the step of:
| ogi call ysconbining the projected target identification valid value, the

enpty ~ menory signal, and the del ayed enpty nmenory signal to
generate the first select signal, a second select signal, and
a third sel ect si gnal . 27. The met hod of cl ai m 26,
further conprising the steps of: sel ecting the presel ected one of
the plurality of target identification val ues as the
non-interruptible target identification,yalue when the first

select signal is in a first logic state, sel ecting a del ayed .

presel ected one of the plurality of target identification

values as the non-interruptible target identification value when the
second select signal is in a second |ogic state; and selecting a
del ayed projected target identification value as the

non-i nterrupRébl eThamgsliod efeclainf 2§ Afurther somprisingiteerstepeft hird sel ect

signal is in a third lLogic stat
J logleallygoomblnmg the projected target identification valid value, the empty

memory signal, and the delayed empty memory signal to generate
the first select signal, a second select signal, and a third select

signal.

A

27.  The method of claim 26, further comprising the steps of:
selecting the preselected one of the plurality of target identification values
as the non-interruptible target identification value when the first
select signal is in a first logic state;
selecting a delayed preselected one of the plurality of target identification
values as the non-interruptible target identification value when the
second select signal is in a second logic state; and
selecting a delayed projected target identification value as the
 non-interruptible target identification value when the third select
signal is in a third logic state. |



43 28. In a data processor, wherein data processing operations are
perforged=in cycles, a nethod conprising the steps of:

di spatthing instructions in a sequence; storing in a correspondi ng
sequence in entries of a buffer, for such of the

I nstructions which are interruptible, indicia of the instructions;

mai ntai ning a status for such a buffer entry, indicating whether the
associ ated i nstruction has conpl et ed; identifying, during a certain
cycle, a next instruction to conplete, erein t he
identifying is in response tqo whether the buffer is enpty-and was

enpty in a preceeding cycle, and whether a predicted bottg

of the buffer is valid, so that resources may be rel eased gw IH!I“!!I
to the identified instruction. 29. The met hod of cl ai 423

the steps of: mai ntai ning a pointer, indicating which of the buffer
entries is for the nost recently conpleted one of the

i nteruptible instructjons; and ictin bottom ntr n
response to 2Re pdn atdafa BFﬁSesé"feb‘(h‘?’Ee“bfig t2 processin opera ion§ ﬁ?‘t?%@ﬁ%%én whi ch
conpl ete during tRe. Cert 3LMo§ ¥omprising the steps of:

dispatching instructions in a sequence;

storing in a corresponding sequence in entries of a buffer, for such of the _
instructions which are interruptible, indicia of the instructions;

maintaining a status for such a buffer entry, indicating whether the
associated instruction has completed;

identifying, during a certain cycle, a next instruction to complete, wherein
the identifying is in response to whether the buffer is empty and was
empty in a preceeding cycle, and Wh_ether a predicted bottom entry
of the buffer is valid, so that resources may be released in response

to the identified instruction.

29.  The method of claim 28, comprising the steps of:
maintaining a pointer, indicating which of the buffer entries is for the most
recently completed one of the interuptible instructions; and
predicting the bottom entry in response to the pointer and a count of '

instructions which complete during the certain cycle.



