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1 S BRANCH HI STORY TABLE ECHNI CAl
FIELD ™ ® The present invention relates in general to datif&ﬂﬁ:e@@@
systens, and in particular, to a branch history table within a

m cr opr ocessor. BACKGROUND | NFORVATI ON A m croprocessor

I npl emented with a pipelined architecture enables the m croprocessor to
have nmultiple instructions in various stages of execution per clock cycle.
In particular, a mcroprocessor with a pipelined, superscalar architecture
can fetch nmultiple instructions frommenory and di spatch nultiple

I nstructions to various execution units within the m croprocessor for
execution in parallel. A problemw th such an architecture is that
t he program bei ng executed often contains branch instructions, which are
machi ne-1 evel instructions that transfer to another instruction, usually
based on sone condition (that is, it transfers if a specific

BRANCH HISTORY TABLE

The present invention relates in general to data proceésing systems, and in
Mcﬂm, to-a branch history table within a microprocessor.

BACKGROUND INFORMATION

A microprocessor implemented with a pipelined architecture enables the
microprocessor to have multiple instructions in various stages of execution per clock
cycle. In particular, a microprocessor with a pipelined, superscalar architecture can
fetch multiple instructions from memory and dispatch multiple instructions to various
execution units within the microprocessor for execution in parallel.

Aqmmbkmivﬁﬂlmxﬂlananmﬂmimbisﬂmt&m;nogmnlbdngexanwdioﬁen
contains branch instructions, which are machine-level instructions that transfer to
another instruction, usually based on some condition (that is, it transfers if a specific
condition is true or false). .-When a branch instruction encounters a data dependency,
ratﬂer than stalling instruction issue until the dependency is resolved, the
microprocessor predicts which path the branch instruction is likely to take, and
instructions are fetched and executed along that path. When the data dependency is



condition_is true or false). Wien a branch instruction encounters a data
dependency, rather than stalling instruction issue until the dependency is
resol ved, the mcroprocessor predicts which path the branch instruction is
likely to take, and instructions are fetched and executed al ong that path.
When the data dependency is

2 avail abl e for resolution of the aforenentioned branch, the branch
is evaluated. If the predicted path was corzect, programflow continues

al ong that path uninterrupted; otherw se, the processor backs up, and
program fl-ow resunes al ong the correct path. Branch prediction is
the key to enhance and exploit instruction |l evel parallelism There are two
mai n approaches to branch prediction: One is a static schenme which predicts
at conpile tinme, and the other is a dynam c schene, which uses hardware to
capture the dynam c behavi or of branches. The accuracy of the branch

predi ction can determ ne their performance on deeply pipelined, superscal ar
processors, since a mss in a branch prediction will incur a drain and

restart i myhilshie o rdsofatfdncof the Sif: o&d%ﬁ%ﬁ%% R Waled. If th

There are two cl asses of branch prediction and twool evel
schenes. Quedictedgath srasorreot; grogram flswcontinues akngrthatspdtlo unimenupted;o a

br anch i e A0S PiocgtoF becP b HdHPHENh QO SeES Al Be 9BSELRNEN: s of
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each i nst patallelism. VEhergdse thmammachnmmmam r Onelis actatic

therefore sheme which predicts at compile time, and the ofher is a dynamic scheme, which
‘uses hardware to capture the dynamic behavior of branches. The accuracy of the
bmmﬁhpmgﬁmhnlmulddwnnkm1hdrpmﬁnnmnmsandaqmypﬁwﬁmaLsmpmsmﬂmr
processors, since a miss in a branch prediction will incur a drain and restart in the
pipeline and thus causes a misprediction penalty.

Thete are two classes of branch prediction methods: one-level and two-level
schemes. One-level schemes use the instruction address to index into a branch history
table ("BHT"), which contains the predicted outcome of branch instructions. A small
Maﬁannuiﬁneis1med101n§hnethccxnmmnsofﬂu:BEﬂTuhammmmalnapchinsuucﬁon
is resolved.

In a machine with nﬁny instructions in process, it becomes costly to store the
address of each instruction. Methods that reduce this storage requirement are t-herefore
valuable. One scheme partitions the instruction address into a block instruction
address ("BIA") and an offset. The BIA may be the upper 58-bits of a.62-bit address,
for example, and the oﬁ’set_would then be the remaining 4 bits. Such a scheme
reduces the storage requirements because 16 consecutive instructions have addresses
represented by a single 58-bit address and 16 4-bit offset values instead of 16 62-bit
full addresses. Each unique BIA must be saved. A further storage saving can be



val uabl e. . One schenme partitions the instruction address into a bl ock
instruction address ("Bl A") and an offset. The BI A may be the upper 58-bits
of a 62-bit address, for exanple, and the offset would then be the

remai ning 4 bits. Such a schene reduces the storage requirenments because 16
consecutive instructions have addresses represented by a single 58-bit
address and 16 4-bit offset values instead of 16 62-bit full addresses.
Each uni que BI A nust be saved. A further starage saving can be

achieved if BlAs that differ by only one are not both stored. This
situation arises for sequences for instructions for which the offset
increments from16 to 0. Detection of this condition can elimnate the need
to separately save both Bl A and Bl A+1. The trade-of f that
acconpani es the reduced storage achi eved by partitioning addresses into a
Bl A and an offset is that the instruction address is not directly avail able
at the start of a cycle to access the BHT. Further, detecting whether to

use BI A or, +d . i u e e Bl edi cti
U8 L2 Cielohic i BYES B0 Wl o . B0 EREGEHRY 1
ready, ancedpinges foriigstridtions fopwhichothe @ffsetintenicntefrom Y656 0. Déiectiort 6ful t,
there is a need_jn the art, for_an inproved hranch_predictic ﬁgocess and
ar chi t ect g condition can eliminate the need to separately save both BIA and B1A+1.
Thehmde<ﬁfﬁmtauxnnpmd@sﬂMsgﬁMaulﬂMnm&zwhkwaiby;mnﬂhgﬁng
addresses into a BIA and an offset is that the instruction address is not directly
available at the start of a cycle to access the BHT. Further, detecting whether to use
BIA or BIA+1 takes some time. In such a case, the branch prediction process cannot
start until the decision signal choosing BIA or BIA+1 is ready, and thus a significant
portion of cycle time is wasted. As a result, there is a need in the art for an improved
branch prediction process and architecture.



4 SUVMARY COF THE | NVENTI ON The present invention addresses

t he fore90|ng need by providing a novel nenory organization within the BHT
whi ch provides for nmenory access to begin even though the final branch
address has not yet been determ ned. More particularly, the present

I nvention provides a nmethod within a data processing system which
conprises the steps of (1) fetching N (wherein Nis an integer greater than
zero) sequential instructions with an instryction address consisting of a
BIA and an offset, (2) storing the N sequential instructions within a
buffer, (3) scanning the buffer for a first branch instruction, (4) using
the BIA to access a branch history table, (5) conputing the offset
associated with the first branch instruction, (6) using this offset to also
access the branch history table, (7) deternlnlng an address partlcular to
the branch instruction, and (8) outputting fromthe branch history table a
prediction of whether or not the branch instruction will be taken, as a
functi on GUNMMARY OIS THECING IBONM t hin step 7. The accessing of t he
branch history table with the block instruction address can be performed at
t he beglnnlng of the branch prediction process, and perforned in paraIIeI

par i oul ar 'y asuRPpeY g ki belthe miReyl ep b i ilerd Bov

buffer. memoxy Jriganzatice Withixs thie BHIQ Mibch prodides mdnembgz mapbeghe :
menory arrays, in the first nenDry arra I n¢cl udes predictions$
aSSOC|atedWﬂPﬂNnE§éﬁ Address has not et @m@PHEE menory array has
predictions assgpiahatictiaty, ﬁﬁ%&%%&ﬂnﬁﬂ'%ﬁ%'a%ﬁ@ﬂfﬁmsa data
processing system, which comprises the steps of (1) fetching N (wherein N is an
‘integer greater than zero) sequential instructions with an instruction address consisting
ofa]&b&znulan(ﬁﬁwg(2)ﬁmnmgtheliseqwnﬁmﬂnmﬂnmhonsvwﬂnnaibuﬂbn
(3) scanning the buffer for a first branch mslmctloh, (4) using the BIA to access a
bnuuﬂlhuﬂaqruﬂﬂe,CD«xnnpuungthc<ﬁﬁwtwwocé&xlvnﬂ1ﬂusﬁn#lnanch
instruction, (6) usirig this offset to also access the branch history table, (7) determining
an address particular to the branch instruction, and (8) outputting from the branch
history table a prediction of‘yvhether or not the branch instruction will be taken, as a
function of the address determined within step 7. The accessing of the branch history
table with the block instruction address can be performed at the beginning of the
branch prediction process, and performed in parallel and independent of the
determination of the instruction address particularly associated with the first branch
instruction within the buffer.

~ The branch history table is divided into two separate memory arrays, wherein
the ﬁrst memory array includes predictions associated with even numbered addresses,
while the other memory array has predictions associated with odd numbered
instruction addresses.



The foregoigng has outlined rather broadly the features and technical

advant ages of the present invention in order that the detail ed description
of the invention that follows may be better understood. Additional features
and advantages of the invention will be described hereinafter which form
the subject of the clains of the invention.

6 BRI EF DESCRI PTI ON OF THE DRAW NG For a nore conplete

under standi ng of the present invention, and 8 he advant ages t hereof,
reference is now made to the follow ng descriptions taken in

The foregoing has ouflined rather broadly. the: features and technical advantages
of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention
will be described hereinafter which form the subject of the claims of the invention.



conjunction wth the acconpanying draw ngs, in which: FI GURE 1
illustrateS, in block diagramform a branch history table in accordance

with the present invention; FIGURE 2 illustrates a flow di agram of
the line crossing |ogic; FIGURE 3 illustrates a state di agram of
prediction bits within a branch history table; FIGURE 4 illustrates
use of a prediction by a state nmachi ne sequencer; FI GURE 5
illustrates a configuration of an address; g FIGURE 6 illustrates a
configuration of a branch history table; FIGURE 7 illustrates a flow
di agram of the present invention; FIGURE 8 illustrates a processor
configured in accordance with the present invention; and FI GURE 9

illustrates a data processing systemconfigured in accordance with the
present invention.

7 .In the foll ow ng description, numerous specific details
are set forth such as specific word or byte lengths, etc. to provide a

t hor ough mﬁgimrﬁfﬁﬁg SSRIAWIYgNt i on. However, it will be
obvi ous t ITiTed rntne art tnat the present :

~ For a more complete understanding of the present invention, and the

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 branch history table in
accordance with the present invention; ' '

FIGURE 2 illustrates a flow diagram of the line crossing logic;

FIGURE 3 illustrates a state diagfam of prediction bits within a branch history
table; .

FIGURE 4 illustrates use of a prediction by a\state machine sequenéer;

FIGURE § illustrates a configuration of an address;

FIGURE 6 illustrates a configuration of a branch history table;

FIGURE 7 illustrates a flow diagram of the present invention;

FIGURE 8 illustrates a processor configured in accordance with the present
invention; and
FIGURE 9 illustrates a data processing system configured in accordance with

the present invention.



|nvent|onrnay be practiced wi thout such specific details. In other

I nst'ances, wel |l -known circuits have been shown in block diagramformin
order not to obscure the present invention in unnecessary detail. For the
nost part, details concerning timng considerations and the |ike have been
omtted in as nmuch as such details are not necessary to obtain a conplete
under st andi ng of the present invention and are within the skills of persons
of ordinary skill in the relevant art. 7 Refer now to the draw ngs
wherein depicted el enents are not necessarily shown to scale and wherein
Like or simlar elenments are designated by the sane reference nunera

t hrough the several views. Referring to FIGURE 8, there is
illustrated processor 910 coupled to bus 912 conprising an address bus and
a data bus. Processor 910 nmay be any known central processing unit (e.g., a
Power PC processor made by IBM and includes sone of all of the circuitry
shown in FIGURE 8. Bus 912 is coupled to bus interface unit ("BlU") 80L.

I nstruction cache ("l-cache") 804 is coupled to BIU 801 and to instruction
fetch uni tDETAR SOSCRIPTIONe 804, which may include tag bits, is also
coupled to |nstruct|on menory managenent unit ("1-MW') 805,

Processor 910 al so contai ns branch proceSS|ng uni t ("BPU‘) 810, primary

i nstruction buf ! ! sétTotth(subds) 813.
8 IBSB?J%%‘EM (&g%ég&gganc o iC 811 br anch(saddr e?ss

gener at or spediftdNedrd Acibyte lehgths, etedtcBinlbvidwatho un&rstqum&bf present

TPl et 4 ention. However, it will b6 obvious to thoss sialled in thb art that the fSent
invention may be pracuced'vuthom such specific details. In other mstances,
well-known circuits have been shown in block diagram form in order not to obscure
ﬁe present,.invenﬁon in unnecessary detail. For the most part, details concerning
timing considerations and the like have been omitted inasmuch as such details are not
necessary to obtain a complete understanding of ﬁTent invention and are within
the skills of persons of ordinary skill in the relevant art.

Refer now to the drawings wherein depicted eléiﬂents are not necessarily

shown to scale and wherein like or similar elements are designated by the same

reference numeral through the several views.

Referring to FIGURE 8, there is illustrated processor 910 coupled to bus 912
comprising an address bus and a data bus. Processor 910 may be any known central
processing unit (e.g., a PowerPC processor made by IBM) and includes some of all of
the circuitry shown in FIGURE 8. Bus 912 is coupled to bus interface unit
("BIU") 801. Instruction cache ("I-cache") 804 is conpled to BIU 801 and to
instruction fetch unit (“IFU") 808. I-cache 804, which may include tag bits, is also
coupled to instruction memory management unit ("I-MMU") 805.

Processor 910 also contains branch processing unit ("BPU") 810, primary
instruction buffer ("PIB") 809, and instruction dispatch unit ("IDU") 813.



transferred through data cache ("D-cache") 802 to |oad-store unit ("LSU")
816. ‘| -cache 804 receives instructions from Bl U 801 and passes these on to
| FU 808. BPU 810 is operable for receiving branch instructions and
perform ng | ook-ahead operations on conditional branches to resolve them
early. PIB 809 receives instructions froml|FU 808 and passes these on to

I DU 813. IDU 813 is operable for dispatching instructions to any one of
several execution units, such as LSU 816, fgoating point unit ("FPU') 818,
and fixed point integer unit ("FXU') 814. These execution units are al so
coupled to conpletion unit 819, which tracks instructions f.rom di spatch

t hrough execution, and then retires, or "conpletes" themin program order.
Conpl etion unit 819 contains a queue of conpletion buffers. Conpletion unit
819 is also coupled to I FU 808. Al so coupled to FPU 818 is FPR file
and renane buffers 817. Coupled to FXU 814 is general pur pose
register ("GPR') file 815 and associ ated general purpose ("GP") renane

regi ster buffers. Al so coupled to BPU 810 is CR processing unit ("CRPU")
806. Pr BRY$10 inglndemihrapeh scan logiqpit; cbrmﬁ@édwpgmaﬂoa ("BRANCH or

capabl e of mul .t structions every cycle. During each clock
cycle, 6‘%’%@%@%% ]Eilge’fdé{"'ch several instructions at one tinme, using
the cur r ent Bl An3gpidal sfplembheition] dathlis Biclived ﬁdﬁtﬁ@dﬁmmwmnﬁkoa%aess

follow ng the lNast instruction fetched in the previo

cycl e. Hotsansferred throngh datacaghe (Hdicacha) W@baémelmnta("bsgnhﬁbﬁ branch is -

pacup b S0, e s g Bry ot e Fedf 82 ' HRY sbéc! V¢

BPU 810 is operable for receiving branch instructions and performing
look-ahead operations on conditional branches to resolve .thex'n early. PIB 809 receives
instructions from IFU 808 and passes these on to IDU 813. IDU 813 is operable for
dispatching instructions to any one of several execution units, such as LSU 816,
floating point unit ("FPU") 818, and fixed point iri’tg\g‘er unit ("EXU") 814. These
execution units are also coupled to completion unit 8\1_9, which tracks instructions from

dispatch through execution, and then retires, or "completes" them in program order.
Completion unit 819 contains a queue of completion buffers. Completion unit 819 is
also coupled to IFU 808.

Also coupled to FPU 818 is FPR file and rename buffers 817.

Coupled to FXU 814 is general purpose register ("GPR") file 815 and
associated general purpose ("GP") rename register buffers. Also coupled to BPU 810
is CR processing unit ("CRPU") 806.

Processor 910 may be a high-performance superscalar processor capable of
issuing multiple instructions every cycle. During each clock cycle, IFU 808 attempts
to fétch several instructions at one time, using the current BIA and offset. The default
BIA is the next sequential address following the last instruction fetched in the previous



to PIB 809 in sonme inplementations. Referring next to FIGURE 5, a
processor, such as the PowerPC processor, partitions address into a BIA
and an offset In the exanple shown, the Bl A consists of 58 bhits -
concatenated with a 4-bit offset. However, the present invention is not be
limted to this particular address structure. When | FU 808 fetches a nunber
of instructions froml-cache 804, N sequential instructions wll be
fetched. As a result, all that is needed toghe known by IFU 808 is the BIA
and the offset of the first instruction wthin the stream of sequenti al

i nstructions fetched froml-cache 804. As an_exanple, 8 instructions may be
fetched froml-cache 804 by |IFU 808 using the BI A and concat enat ed of f set
associated with the first instruction within the fetched stream of

i nstructions. Referring next to FIGURE 6, there is illustrated a
depiction of an exanple of a BHT. As can be seen, the BHT illustrated in

FI GURE 6 includes 256 entries of two bits each (D1, DO), where N designates

a prediction of "not taken," and T designates a prediction of "taken."
In the preeycle. Homaver,dhe Hmed:eahodiﬁed@&RHdm,iﬂemabbmbgdsithns

may be utiliz one.e €4 f ediction algorithmdepicted as a state
machi ne i nTEf MW%{%% state machine in FIGURE3iIIustrates
how the val ues Prddebsdrid10 Mayitdiudd Badkuy ihstiicliot bafer ("BIBY

updat ed once .a ‘branch has been resolved. This is shown by theé solid- Ilned
arrows. Foto BIB:8PP dn somefimplementations.

é(r)edi cti onp\?;][ Iuggfar a(il%%se S ’ fgr%ﬁ&ssgr,%g&(l)ooﬁwpt he &%g&tsm’
partitions addresses into a BIA and an offset. In the example shown, the BIA consists
of 58 bits concatenated with a 4-bit offset. However, the present invention is not be
Timited to this particular address structure. When IFU 808 fotches a number of
instructions from I-cache 804, N sequential instructions will be fetched. As a result,
all that is needed to be known by IFU 808 is the iam and the offset of the first
instruction within the stream of sequential instructions fetched from I-cache 804. As
an example, 8 instructions may be fetched from I-cache 804 by IFU 808 using the
BIA and concatenated offset associated with the first instruction within the fetched
ﬂn%mnofimﬂnmﬁdn&

Referring next to FIGURE 6, there is illustrated a depiction of an example of a
BHT. As can be seen, the BHT illustrated in FIGURE 6 includes 256 entries of two
bits éach (D1, DO), where N designates a prediction of "not taken," a,t_ld T designates a
prediction of "taken."

In the present invention, any one of various known prediction algorithms may
be utilized. In one example, a prediction algorithm depicted as a state machine in
FIGURE 3 is utilized. The state machine in FIGURE 3 illustrates how the values
within the branch history table shown in FIGURE 6 are updated once a branch has

been resolved. This is shown by the solid-lined arrows. For example, if for a



are TN, then when this branch history table is accessed for a prediction
for "dddr é$s 00000000, a prediction of "taken" will be made. Upon resol ution
of the branch associated with address 00000000, the table entries could be
updated to be IT if the branch was resolved to be "taken,"” while the table
entries could be updated to-be NT if this particular instruction is
resolved to be "not taken." As indicated in FIGURE 3, if for a
particular instruction address the table egries are NT or NN, the branch
history table will output a prediction of "not taken." If for a particular

I nstruction address the branch history table has an associ ated prediction
val ues of either TN or TT, then the branch history table; will output, a
predi ction of "taken." Returning to FIGURE 6, note that with a branch

hi story table having 256 entries, only 8 bits of an instruction address are
required in order to address the BHT. Naturally, there may be significantly
nore than 256 instructions stored within the data processing system This

may be easily seen_by noting-the bit structure of the address i strated
T i GUREPRiEalar aadsebe ot sddisss HODBOC, e prspent pisdigion wlngs (b BP) cet
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of f set pl 080000804 a préttictidn bf ttakén® wilbbe arde.t Upoddesvlutidmef fidlbrahsten t hough
ot ruct | Bwosiaah gddrsn ODAODNS e ble s poulihe Apaied  bg g 1f the
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if this particular instruction is resolved to be "not taken." :
As indicated in FIGURE 3, if for a particular instruction address the table
‘entries are NT or NN, the branch history table will output a prediction of "not taken."
Ifﬁnzlpmﬁbdhrhmuumﬁnlmkhmmthebmnmhhkﬂnytdﬂelms&namxmﬁmmf
prediction values of either TN or TT, then the brarigh history table, will output a
prediction of "taken."” \\
- Returning to FIGURE 6, note that with a brancﬁ-history table having 256
entries, only 8 bits of an instruction address are requfred in order to address the BHT.
Naturally, there may be significantly more than 256 instructions stored within the data
processing syStem. This may be easily seen by noting the bit structure of the address
illustrated in FIGURE 5. As a result of the limited size of the BHT, only the offset
plus a certain number of the least significant bits ("LSB") of the BIA are needed to
address the BHT. In the example shown in FIGURE 6, only the 4-bit offset plus the 4
LSBs of the BIA are used to address the BHT. Even though there is not a prediction
mnnaivﬁﬁﬁntheIﬂITibrgadhandtﬂmxyinmmmﬁhnladdmmsvﬁﬂﬁnthé(kﬁa
proéessing system, this type of architecture still results in a very good prediction

accuracy as has been proved by empirical results, which are not discussed herein. Of



course, if the size of the BHT is increased or decreased, then the nunber
of bits of the BIA utilized will be nodified accordingly. Referring
next to FIGURE 1, there is illustrated BHT 100 configured in accordance
with the present invention. Using as an exanple a 256-entry BHT as

descri bed above with respect to FIGURE 6, in which each entry has 2 bits
for prediction values, as described above with respect to FIGURES 3 and 6,
BHT 100 coul d be thought of as a snall 16xhkGx2 nenory device. A MIMW2
menory can be organi zed as 2 MKM subarrays, one on top of the other, each
of which provides one bit data for each nenory access. The present

I nvention provides a novel nenory organi zati on using such subarrays, which
allows for menory access to begin into BHT 100 even though the final branch
i nstruction address has not yet been determ ned. Typically, a group
.of N sequential instructions are fetched froml-cache 804 by IFU 808 into
PI B 809. Then, branch scan unit 811 within branch processing unit 810 wl |l
scan PIB 809 for the first branch instruction within the N sequenti al

i Rst ][ uct i cua»ms‘eem&m]ﬁéfﬂlﬁimrrd ilgencreag(b)%of chredsed,athénd mﬁi ﬁmhbesegggﬁbfdhdvi th
the first instructjon fetche y | FU and stored wthin PIB are
known. ThdBIA Pﬁhﬂﬂhwﬂib§ﬂmﬁh§ H“Fﬁgﬂﬂbbtlon scanned within PIB 809 is not

the first |nstr %ﬁé’? fs }Hqﬁ %I%arlgctlon
addr ess associ a e W hi's scanned Instruction w ave t eterm ned

in order tacodancswithithe Ppfestnt inventionli Usingras aﬁsemmpMaalsWBHH‘as ,
I nefficienf. The presen,t I nventiqn js caonfig d tp inprov ef“f I ci ency .
of a meno M"I"ﬁ r@d‘&é&r@ﬂ” ?‘s‘@ﬁg & PBr esent

i nvention [ tely
before the enti re§gﬁ"e£f1’cdﬁ |Ww r@E&tW%IGW3%ﬁ 6 BH‘Q‘EIUO@‘
12 could be thought of as a small 16xl6x2 memory device. A MxMx2 memory can be

oumnuwdas2ldkh[mﬂmnawgoneomtnpofﬁw«ﬁhx,awhofvﬂmd1pnwmks<nm
bit data for each memory access. The present :im(ention provides a novel memory
organization using such subarrays, which allows fc")‘x;' memory access to begin into
EHIP100eanxlﬂunquﬂnsﬁnalbnmmﬂlhmtmcﬁmnaaﬁmsshasnotyetbeen
determined.

Typically, a group of N sequential instructions are fetched from I-cache 804 by
IFU 808 into PIB 809. Thén, branch scan unit 811 within branch processing unit 810
will scan PIB 809 for the first branch instruction within the N sequential instructions
fetched. At this time, only the BIA and offset associated with the first instruction
fetched by IFU 808 and stored within PIB 809 are known. Thus, if the first branch
instruction scanned within PIB 809 is not the first instruction within ﬂie sequence
fetched, then the instruction address associated with this scanned instruction will have
to be determined in order to access BHT 100 for a prediction. As no'téd above, this is
inefficient. The present invention is configured to improve the efficiency of a memory
access in such a branch prediction scheme. What the present invention provides for is
that access of BHT 100 may be begin immediately before the entire branch instruction



address has been determ ned. This is acconplished by performng several
processes In parallel. In the present exanple, colums w thin BHT
100 are accessed using the 4-bit offset, while rows in BHT 100 are
accessed with the 4 LSBs of the BIA (bits 54...57). Since only 8

I nstructions have been fetched and stored within PIB 809, it is known that
the row address (bits 54...57) will be either BIA or Bl A+1l. In other words,
it is known that, with respect to the addrgss of the scanned branch

i nstruction, that the BIA portion of the instruction address will be equal
to the BIA of .the first instruction wthin the sequence fetched, which is
al ready known, or will be equal to BIA+1l, due to the fact that the
instructions fetched are in a sequential order. For exanple, if an
instruction within PIB 809 that is in the position right before the scanned
branch instruction has an offset of 1111, then the offset of the branch

I nstruction, which is the next instruction within the sequence fetched,

wi Il have of fset of ,Q000. seguent t Bl A.associated with the
ot anned bR hAEbed detimined TRRCH EPbuisted by Rt Rii seyebll stbldlscs it
one great n the BI A associated with the previous instruction having
an offset "of 1111. This is often referred to in the art as a |line

crossi ng. - In thapreseptexamplefcalwens withiuBRY 1) arecaccessed usingrthe 4-bit

equence, OrSh SRR rolk A AR e spBftd bhh Be 3 sralot e bl K955 Shd7Ec,
has Bl A oSifde’orily Shetrheticis liave bowh Fitchdd rid w6rea rvithih PIBE09; ¢ isdasova at ed
with this scapned branch jnstruction is also not known at the begjnning of

the predi &#atdhe ggw address (bitsat.--57) wHbA eitberiBia or RLAKY. dnotharrwetdsoit ishe
First |nStnbah' il Wit tdipbdt o His Hidreds 6 BE Sbdimed Braich ifiéfuctidl, HRAP v BRA' 2

predi ction _
portion of the instruction address will be equal to the BIA of the first instruction

within the sequence fetched, which is already known, or will be equal to BIA+1, due
to the fact that the instructions fetched are in a seci\;gnﬁal order. For example, if an
instruction within PIB 809 that is in the position nght before the scanned bra’nch
instruction has an offset of 1111, then the offset of the branch instruction, which is the
next instruction within the sequence fetched, will have an offset of 0000.
Consequently, the BIA associated with the scanned branch instruction having an offset
6f 0000 will have a value of one greater than the BIA associated with the previous
instruction having an offset of 1111. This is often referred to in the art as a line

crossing. . .
- As a result of the foregoing, since the branch instruction scanned is not within
the first position within the scanned sequence, it is not known whether or not this
- scanned instruction address has BIA or BIA+1 associated therewith. Furthermore, the
offset associated with this scanned branch instruction is also not known at the
beginning of the prediction cycle. All that is known is the BIA and the offset of the
first instruction within the queue. Therefore, before BHT 100 can output a prediction



for the scanned branch instruction, BPU 810 nust cal cul ate the offset and
det er’'m neé *whet her or not the scaned branch instruction has BIA or Bl A+1. |f
access of BHT 100 were to be delayed until this information is known, then
the prediction process will be delayed accordingly. As discussed above, the
present invention permts the access of BHT 100 to begin i medi ately during
the prediction cycle while independently and in parallel calculating the

of fset and maki ng the determ nation of Bl Ajgr Bl A+l. Pl ease note
that one skilled in the art would be able to design a systemin accordance
~with the present invention under circunstances where BHT 100 has a

di fferent nunber of nenory entries, the nunber of instructions fetched is
different than 8, and the instruction addresses are of a different |ength

t han described herein. It is possible that the present invention nay be

I npl emented so that a determ nation nust be nade between Bl A and severa
iterations of BIA+tM where Mis a positive or negative integer.

Since the row address can be either BIA or Bl A+l, the data in these two

rows can by e Ssamaed dtarichdnstaittion) BEU &llodnﬂstamlcaluteﬂreaﬁsuahdtdetem t he
deci si on 5|gnal determ ni ng whet her_ or not BIA associgted with

t he br anchwhetber oxnotstheissanned hiranchiinstractiop 110 WEFSHY or gani zed
into 4 qu rediclibgher
order bi taﬁiﬁ'n# ﬂgfbe%ﬁ?"ﬁg s%ﬂgw%en%c?@%&pw ower left
quadr ant (Jj;ﬁecmrwm b delayad acvordinglyi t ADdisvussdnd aboweeﬂm@tdseatmvelnhenupper '
ri ght quadrant 105 contal_ns_hi 3Ber order bi 1 Jﬁte chl ne %ﬁfe
with odd ceemitsdhe aecess of B dﬁglﬂq'%dém B i t
DO with ool gdiaesity aill i pardflef SiIGuiEing R OMEY artPhiBkifpdhé ax&réﬁﬂmbmoﬂ s an
X y. .
_BIA or BIA+L
Please note that one skilled in the art would be able to design a system in
accordance with the present invention under circumstances where BHT 100 has a
; different number of memory entries, the number o‘K instructions fetched is different
than 8, and the instruction addresses are of a dxffere}xt length than described herein. It
is possible that the present invention may be implemented so that a determination must

be made between BIA and several iterations of BIA+M, where M is a positive or

Y

negative integer. A
Since the row address can be either BIA or BIA+1, the data in these two rows
can be accessed at the same time, and a selection made later when the decision signal
determining whether or not BIA or BIA+1 is associated with the branch instrction is
ready. The memory within BHT 100 can be organized into 4 quadrants, in which the
upper left quadrant 104 contains higher order bit D1 of state machine status with even '
address, the lower left quadrant 106 contains lower order bit DO within even address,
the upper right quadrant 105 contains higher order bit D1 of state machine status with-
odd address, and the lower right quadrant 107 contains lower order bit DO with odd
address. With 256 entries, each of memory arrays 104-107 is an 8x16 array. Each



word line accesses four rows of data, two are D1 and DO on BI A address, and
the other are DL and DO on Bl A+1 address. For exanple, if BIAis 0011, both
the third and fourth rows of both DO and D1 sections are selected. The data
are then sensed and colum sel ected using the conputed offset as in a
traditional menory. As the decision signal determ ning whether or not the
branch instruction is associated with BIA or BIA+1 arrives fromlogic
circuitry 111, the correct prediction dataiaill be finally selected for

out put . Each cell within the nmenory arrays 104-107 has one read port
for branch prediction and two wite ports for status update. Since BHT 100
Is indexed directly fromBIA, only those |ocations that are branch

i nstructions are useful. Wen the program counter goes beyond (either
forward or backward) the range of what the branch table stores, the
contents of BHT 100 are not correct. They can at that tine either be
flushed with O or begun with the existing contents. Referring to

o1 0065S) , Ward linecisebeseh By ovBIof st 0 ETh R 3 Ct'ﬁaaﬁéﬁ%eiirséi%g “'JedN
of fsct o ofied up LA Wil DOYREPLELT JRHclS. FREGinilE, ERIAG COLTSbUMAN did”

i nstructi &ﬁﬂfbﬁﬁﬁh@dsamoﬂtmwmmemdasw@aemd cfihe datp. are thda semsed scan .
process as descrl bed abqve_ is_then perfornmed |n 704. Access of BHT 100
usi ng theand gelegted msing-the oo %é’leﬁésf‘bﬂr‘mg%@?ﬂf B8 of o

new branc %Eﬁgﬂlﬁﬁé ot A insBhet vggg& AtedQtHM t h
decoder Blfh gl#g{uhhe I nto~16- regl ster 1%% The c?jlglgoded 1Word l'ine
wi Il sel e®IAor BIAHrawﬂvmylogwamnﬂj)lmahe;oomMm data willhe of

ATAYS 0% nalty seleoted for output. o

Each cell within the memory arrays 104-107 has one read port for branch
prédiction and two write ports for status update. . Since BHT 100 is indexed directly
from BIA, only those locations that are branch instructions are useful. When the :
program counter goes beyond (either forward or ba&wmd) the range of what the
branch table stores, the contents of BHT 100 are not correct. They can at that time
either be flushed with 0 or begun with the existing contents. |

Referring to FIGURES 1 and 7 in parallel, in a branch prediction process
(read-only p'rét:ess), the process begins at step 701 and proceeds to step 702 where N
sequential instructions are fetched as described above using the BIA and offset of the
first instruction within the sequence. The N sequential instructions f¢_tched are stored
within PIB 809 (step 703).- A branch scan process as described above is then
performed in step 704. Access of BHT 100 using the BIA begins with step 705 where -
the four LSBs from 54 to 57 of a new branch instruction address (BI-A) are decoded
infé 16 word lines with decoder 102 and latched into 16-bit register 103. The decoded
word line will select 4 rows from memory arrays 104-107, i.e., a row from each of

arrays 104-107.



15 In step 706, the offset of the scanned branch instruction
i s comput €d and decoded in nuch the sane manner as the Bl A was decoded by
decoder 102, using a process well-known in the art. In step 707,
arrays 104-107 are columm accessed with this conputed offset. Now, there
are two sets of selected prediction status, one fromthe left hand arrays
104 and 106, and one fromthe right hand arrays of 105 and 107. The
ultimate selection is determ ned by the Ilgg cross signal fromlogic
circuitry 111 into multiplexers 108 and 10 Mul ti pl exer 108 receives the
selections fromarrays 104 and 105, which are the Dl _prediction bits for
Bl A and BI A+1, while nultiplexer 109 makes a sel ection between the DO | ower
order bits for BIA and Bl A+1, which are not needed for the prediction, but
are supplied to logic block 112, which is further discussed bel ow.

The line cross signal fromlogic signal is supplied fromlogic circuitry
111, which performs the step of deciding between BIA or BIA*tM (in this
exanple, M=1) as further illustrated in Fl GURE 2. In step 201, the
scanned branch [ mmeﬂsbtmfshescanpethbmmmsmmumu and shown) .

addr eo5 wedsoored /2 e e saing, T B8 thiyB LA e Serpded P GreatE 1% ot's o,
the st ?ﬁéﬁ#*ﬁ%&ws bt OB Ot 2 DT nch, the. process proceeds o ot ep
203 to deterni nmsteptmmmaymmoammlmmef shisicompytad offsats B A
T i n ot opNEw: s v o g S dElectid PEfcieL ngS TRcpldfs REpidl Himps 104, |
Phanced. pf@fﬁé@ ddfd éﬁeeﬁo&%etﬁglﬂ%ﬁam of 105 @507, ( The ulincitBSelotion ds
| determined by the line cross sxgnal from logic circuitry 111 into multiplexers 108 and
'109. Multiplexer 108 receives the selections from arrays 104 and 105, which are the
D1 prediction bits for BIA and BIA+1, while multiplexer 109 makes a selection
between the DO Iower order bits for BIA and BIA¥{, which are not needed for the
prediction, but are supplied to logic block 112, which is further discussed below.

The line_cross signal from logic signal is supplied from logic circuitry 111,
which performs the step of deciding between BIA or BIA+M (in this example, M=1)
as further illustrated in FIGURE 2.

In step 201, the scanned branch instruction address is updated into a register
(not shown). In step 202, it is determined whether or not this updated instruction
address was the result of a branch being taken in a previous instruction, or is merely
the result of the fetching of the next sequential address in the stream. If it is the result
of a branch, the process proceeds to step 203 to determine that the address associated
with this instruction is BIA, and therefore in step 204, signal line _cross is assigned a 0
value. ,

If in step 202, the updated instruction was not the result of a branch, the
process proceeds to step 205 to determine if bit a57 (see FIGURE 5) has changed. If



16 , not, then the updated instruction has an address of BIA and the

| ine _cross signal will have a value of 0 (steps 208 and 209). However, if
bit a57 has changed, then the updated instruction has an address of BIA+1 -
(step 206) and the line_cross signal will be given a value of 1 in step
207. If line cros =1, data fromthe Bl A+1 | ocation is selected, while if
the line_cross signal = 0, then data fromthe BIA |ocation is selected. The
hi gher order bit (Dl1) of the chosen status g sent out as the prediction of
ei ther "taken" or "not taken" (step 709). This prediction is anplified with
anplifier 110. The process then ends at step 710. Referring to
FIGURE 4, the prediction is provided to the control block of a state
machi ne sequencer. Acting on the prediction, |IFU 808 fetches instructions
at the branch target address and substitutes these for the sequenti al
instructions follow ng the branch instruction. The new instructions are
avai l abl e for dispatch and execution. These instructions are narked as
dependent on the final resolution of the branch instruction, and they may
be del et edpginthehthe ﬁlgﬂ&@é feisRICEOR had dArddicks b BIARdithé 1i88 @OSVESnalrvwilD .-

As any pendi ng branch instruction is resolvediggéégér "taken" or "not

taken"), thavegvalue ofisteps 208tand 208 Howeven . chagehanged; them thack to
oo b t - conart Petidion Sos HE AddrmRLoCRAKEY (et P0)anTte 1R, Bhes HoB DN -

3). bd tapvatuerof iinestep R0 NENlifie efoss ecl almdfrom the BiA-+iclotatiends ng
on the branch being "taken" or "nqt taken." After updated, the new status
of the Bl Asedocted, vhile if the fine srossHgnal 5~ @mle&_ée'.n fremithe BlAderatian i1 v | |
:/vlra]f: 9%0&2& esi gﬁ%%?ﬁ%% ﬁ%@%%t&ﬁmmﬂﬁe%emﬁon
of either "taken" or "not taken" (step 709). This prediction is amplified with
amplifier 110. The process then ends at step 710. '
Referring to FIGURE 4, the prediction is-provided to the control block of a
state machine sequencer. Acting on the predicﬁoxi,EU 808 fetches instructions at the
branch target address and substitutes these for the sequential instructions following the
branch instruction. The new instructions are available for dispatch and execution.
These instructions are marked as dependent on the final resolution of the branch
instruction, and they may be deleted and their consequences undone if the prediction
pnnesvnnng
As any pending branch instruction is resolved (either "taken" or "not taken"),
the corresponding status needs to be updated and written back to memory
arrays 104-107. As described above, a saturated, count up/down two-bit counter is
used as the update logic, or state machine (see FIGURE 3). '
.~ The state machine increments or decrements its value depending on the branch
being "taken" or "not taken." After updated, the new status of the BIA or BIA+] is
written back to BHT 100. -Logic circuitry 112 will include the state machine of

FIGURE 3 and write-back decoders of any well-known design in order to write the



17 resol ved prediction status bits into arrays 104-107 after the
branch instruction has been resolved. One skilled in the art should be able
to design the process within logic block 112 with the discussion provided
her ei n. A representative hardware environnment for practicing the
present invention is depicted in FIGURE 9, which illustrates a typical

har dware configuration of a workstation in accordance with the subject

i nvention having central processing unit (GPU) 910 and a nunber of ot her
units interconnected via system bus 912. The workstation shown in FIGURE 9
I ncl udes random access nenory (RAM 914, read only nepory (ROM 916, and

I nput/output (1/0O adapter 918 for connecting peripheral devices such as

di sk units 920 and tape drives 940 to bus 912, user interface adapter 922
for connecting keyboard 924, nouse 926, speaker 928, m crophone 932, and/or
ot her user interface devices such as a touch screen device (not shown) to
bus 912, commruni cation adapter 934 for connecting the workstation to a data
processi ng network, and di splay adapter 936 for connecting bus 912 to

di spl ay demﬁdnaﬁ@ﬁxhcuans&ﬁmNthanghuﬁUe19449%mﬁztﬂmdnumﬂnﬁuhucﬁmmhasbam1

o ouscrramane.” L. it e achaoRidbe ship i BoSin BecrobS BN Pl | hou
departing !flﬁmﬁf%ﬁ?kﬁd &smoﬁ(iﬁgﬁd&i ki, | nvention as defined by the
appended cl al ns. _

A representative hardware environment for practicing the present invention is
depicted in FIGURE 9, which illustrates a typical hardware configuration of &
workstation in accordance with the subject invention having central processing unit
(CPU) 910 and a number of other units interconnected via system bus 912. The
" workstation shown in FIGURE 9 includes random access memory (RAM) 914, read
only memory (ROM) 916, and input/qul;::ut (1/0). adapter 918 for connecting peripheral
devices such as disk vnits 920 and tape drives 940\o bus 912, user interface
mhpwr922ibrcamnmﬁngkﬁﬂmmni92£xﬂmse9m$§paﬂmm92&1nkmuﬁmme932,
and/or other user interface devices such as a touch screen device (not shown) to
bus 912, communication adapter 934 for connecting the workstation to a data
processing network, and ﬁé‘play adapter 936 for connecting bus 912 to display
device 938, _

Although the present invention and its advantages have been described in

detail, it shoﬁld be understood that various changes, substitutions and_alteratiohs can
be made herein without departing from the spirit and scope of the invention as defined
by the appended claims. '



18 CLAIMS 1. In a data
processi ng' system a method conprising the steps of: fetching N
-sequential instructions with an instruction address and a first offset,
storing said N sequential instructions in a buffer; scanni ng said
buffer for a first branch instruction; usin m mnMUlén
address to access a branch history table; cﬁ“ﬁﬂﬂ "L IOy of f set
of said first branch instruction; usgng sai d*sefont dtfset to access
said branch history table; ' determ ning an address particular to said
branch instruction; and outputting, fromsaid branch history table
as a function of said determ ned address particular to said branch

i nstruction, a prediction of whether or not said branch instruction will be
t aken. 2. The method as recited in claim1l, wherein said instruction
address and said first offset conprise an address of a first instruction in
said N sequential instructions. 3. The nmethod as recited in claim 2,
wherein said using and determ ning E?ﬁgfﬂﬁre performed substantially in
parall el . 4. The method as recited 1nh claim2, wherein said using and
determ ning steps are perforned independently from each other.

1. . Ina data processing system, a method comprising the steps of:

fetching N sequential instructions with an instruction address and a first offset;

storing said N sequential instructions in a buffer;

scanning said buffer for a first branch instruction;

using said instruction address to access a branch history table;

computing a second offset of said first branch instruction;

using said second offset to access said branch history table;

determining an address.particular to said branch instruction;. and -

outputting, from said branch history table as 3 function of said determined
address particular to said branch instruction, a prediction of whether or not said branch
instruction will be taken. .

\

2. The method as recited in claim 1, wherein said instruction address and said
first offset comprise an address of a first instruction in said N sequential instructions.
3. The method as recited in claim 2, wherein said using and detefnﬁning steps are
performed substantially in parallel.

4.  The method as recited in claim 2, wherein said using and determining steps are

performed independently from each other.



19 5. The nmethod as recited in claim2, wherein said using,
conputing, “and deternining steps are perforned substant lally in parallel.

6. The nethod as recited in claim3, wherein said determ ning step
further conprises the step of: determ ni ng”munmlIﬂﬁHMﬁMr ess
particular to said branch instruction is equal addr ess
or said instruction address pI us M wherein Mis ah inhtége™ I The
nmethod as recited in claim6, wherein M:L1. 8. The method as recited in
claim1l1, wherein said branch history table Eorrprl ses first and second

menory arrays, wherein said first nenory array is accessed by even nunbered
I nstruction addresses, and wherein said second nenory array is accessed by

odd nunbered instructi on addresses. 9. The nmethod as recited in claim
8, wherein said instruction address is used to access both of said first
and second nenory arrays. 10. The nethod as recited in claim9, wherein

said instruction address is used to access one of said first and second
menory arrays, and wherein said instruction

5. The method as recited in claim 2, wherein said using, computing, and
determining steps are performed substantially in parallel.”

6. The method as recited in claim 3, wherein said determining step further _

comprises the step of: '
determining whether said address particular to said branch instruction is equal

to said instruction address or said instruction address plus M, wherein M is an integer.

7. The method as recited in claim 6, whereix} M=1.

\
8.  The method as recited in claim 1, wherein said branch history table comprises
first and second memory arrays, wherein said first memory array is accessed by even
numbered instruction addresses, and wherein said second memory array is accessed by

odd numbered instruction addresses.

9. The method as recited in claim 8, wherein said instruction address is used to

access both of said first and second memory arrays.

10.  The method as recited in claim 9, wherein said instruction address is used to
access one of said first and second memory arrays, and wherein said instruction

address plus 1 is used to access the other one of said first and second memory arrays.



addr ess plus 1 is used to access the other one of said first and second
nennry arrays. 20
11. The nethod as recited in claim10, wherein said outputting step
further conprises the step of: sel ecting el)—a~frr“f”ﬁ?6676t|on
stored in said first nenory array and accessed by uctlon
address or said instruction address plus 1, or (2) gﬂ@l |on
stored in said second nenory array and acc§§§ed by re orte &6f said
i nstruction address or said instruction address plus 1, as a function of
sai d determ ning step. -

21

~11,- The method as recited in claim 10, wherein said outputting step further
comprises the step of:

- selecting (1) a first prediction stored in said first memory array and accessed
by one of said instruction address or said instruction address plus 1, or (2) a second
pmuﬁcﬁansknedin:ﬁhl&umndlneuumyanayandéoaxwedbwtheoﬂun«nﬁ:ofmﬁd
instruction address or said instruction address plus 1, as a function of said determining

. step.



12. A processor conpri sing: an instruction fetch unit for fetching
N seduentiral instructions with an instruction address and a first offset;
an instruction buffer for storing said N sequential instructions; a
branch scan unit for scanning said buffer for a first branch instruction;

circuitry for accessing a branch history table usi mmlﬂlmmm’ ML

addr ess; circuitry for accessing said bran l“ sing a
second of f set pertaining to said first bragqh i nst ruct®i oh circuitry
for determ ning an address particular to sa&id branch |nstruct|on, and
circuitry for outputting, fromsaid branch history table as a function of
sai d determined address particular to said branch instruction, a prediction
of whether or not said branch instruction will be taken. 13. The
processor as recited in claim112, wherein said instruction address and said
first offset conprise an address of a first instruction in said N

sequential instructions. 14. The processor as recited in claiml13,
wherein said circuitry for accessing said branch history table and said

czigt ermning,cir QUHJ&SSB‘F%%%E@?' r functions substantially in parallel.
an instruction fetch unit for fetching N sequential instructions with an
instrisction address and a first offset;
an instruction buffer for storing said N sequential instructions; i
a branch scan unit for scanning said buffer for a first branch instruction;
circuitry for accessing a branch history table using said instruction address;
| circuitry for accessing said branch history table usin_g‘a' second offset pertaining
to said first branch instruction;
circuitry for determining an address part:cuiar to said branch instruction; and
circuitry for outputting, from said branch hl\.itory table as a function of said
determined address particular to said branch mstructbm, a prediction of whether or not
said branch instruction will be taken.

13.  The processor as recited in claim 12, wherein said instruction address and said
first offset comprise an address of a first instruction in said N sequential instructions.

14.  The processor as recited in claim 13, wherein said circuitry for accessiilg said
branch history table and said determining circuitry perform their functions substantially
in parallel.



15. .The processor as recited in claim 14, wherein said determ ning
circuitry further conprises: circuitry for determ ning whether said
address particular to said branch instruction is—equal-—to said instruction
address or said instruction address plus M wherein Mis an integer. .16
The processor as recited in claim15, wherein saiH El ll : tabl e
conprises first and second nenory arrays, wherein il y array
is accessed by even nunbered instruction addresses, and wherein said second
menory array i s accessed by odd nunbered i n€fruction addresses. 17. The
processor as recited in claim16, wherein said instruction address is used
to access one of said first and second nenory arrays, and wherein said

i nstruction address plus Mis used to access the other one of said first
and second nenory arrays. 18. The processor as recited in claim17,
wherein said outputting circuitry further conprises: a nmul tipl exer
for selecting (1) a first prediction stored in said first nenory array and
accessed by one of said instruction address or said instruction address

plus 1, or (2) second prediction stor L n sai d.second. wer arr and
accessed byt heelz)‘ﬁ?é?"%ﬁ %’r’%ﬁ?‘ﬁ‘ﬁ-%‘ﬁﬂgﬁm‘i?@ﬂ ""é’éﬁ%‘ﬂ&?’rﬁg@%n
addr ess p|éb§nﬂﬁse'g§ a function of a signal received fromsaid determning
circuitry. . .
Y ‘circuitry for determining whether said address particular to said branch
instruction is equal to said instruction address or said instruction address plus M,

wherein M is an integer.

16.  The processor as recited in claim 15, wherein said branch history table
comprises first and second memory arrays, wherein said first memory array is
accessed by even numbered instruction addresses, and wherein said second memory
array is accessed by ddd numbered instruction ad&fisps’ses. '

17.  The processor as recited in claim 16, Wherein said instruction address is used to
access one of said first and- second memory arrays, and wherein said instruction
address plus M is used to atcess the other one of said first and second memory arrays.

18.  The processor as recited in claim 17, wherein said outputting circuitry further
comprises: . )

a multiplexer for selecting (1) a first prediction stored in said first memory
array and accessed by one of said instruction address or said instruction address plus

1, or (2) a second prediction stored in said second memory array and accessed by the
other one of said instruction address or said instruction address plus 1, as a function of

a signal received from said determining circuitry.



23 19. A data processing system conpri sing: a processor;

a nerfory; =and a bus coupling said processor to said nenory, wherein
sai d processor further conprises: an instruction fetch unit
for fetching fromsaid nmenory N sequenti al ___*___LD§LLQQLLQHS W th

an instruction address and a first offset, wherein said

I nstruction address and said first offset conpris ﬂ“ut “ first
instruction in said N sequential instructi ggs; Gﬂm“mmﬂﬂ truct | on
buffer for storing said N sequential instrdCtions; *

scan unit for scanning said buffer for a first branch |nstruct|on,
circuitry for accessing a branch history table using said instruction
address, wherein said instruction address is used to access one of said
first and second nenory arrays within said branch history table, and
wherein said instruction address plus Mis used to access the other one
of said first and second nenory arrays; circuitry for
accessing said branch history table using a second of fset

pertainin 0 sal %Vslﬂenh on circuitry for
determ ni %ggtv\/neth%r&{ %ﬁ% S partlﬁ&# to sai d branch

instruction is zegmbssot; said instruction address or said instruction
addr ess ds M wherein Mis an integer, wherein said
circuitry for aﬁ:@@&qrﬁgan sai d branch history table and said

determ ning ci ra?ﬂhé Eguﬂiﬁfgféﬁ@b%{orm said memory, functions subst anti ally

in parallel; an
wherein sald processor further comprises:

an instruction fetch unit for fetching from said memory N sequential
instructions with an instraction address and a first offset, wherein said
instruction address and said ﬁrst offset comprise an address of a first
1nﬂnmhon1nsmd1¢smpwmmﬂumnuMKm&
anlnﬂnumonbmﬂbrﬁmskmmgsmdﬂisuymmhd4nﬂnmhon&

a ‘branch scan unit for scanning said bﬁffe_r for a first branch instruction;
circuitry for accessing a branch history table using said instruction
address, wherein said instruction address is used to access one of said
first and secafnd memory arrays within said branch history table, and
wherein said instruction address plus M is used to access the other one
of said first and second memory arrays;

circuitry for accessing said branch history table using a second offset
pertaining to said first branch instruction;

circuitry for determining whether an address particular to said branch
instruction is equal to said instruction address or said instruction address
plus M, wherein M is an integer, wherein said circuitry for accessing
said branch history table and said determining circuitry perform their
functions substantially in parallel; and



24 - circuitry for outputting, fromsaid branch history table as a
functi‘on of said determi ned address particular to said branch instruction,
a prediction of whether or not said branch instruction will be taken.

L
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circuitry for outputting, from said branch history table as a function of
said determined address particular to said branch instruction, a
prediction of whether or not said branch instruction will be taken.



