EFFI CI ENT MEMORY H ERARCHY MANAGEMENT FI ELD [ 0001] The
present disclosure relates generally to techniques for
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instruction cache and a data cache and, nore
specifically, to an inproved approach for fetching an
instruction after a mss in the instruction cache by
directly fetching the instruction fromthe data cache
if the instruction resides there. BACKGROUND [ 0002]
Conmonl y portable products, such as cell phones,
| apt op conputers, personal data assistants (PDAs) or
the like, require the use of a processor executing
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For example, the instructions and data may be stored in a hierarchical memory
consisting of multi-levels of caches, including, for example, an instruction cache, a data
cache, and a system memory. The use of a separate instruction cache and a separate
data cache is known as a Harvard architecture. Since the Harvard architecture isolates
the instruction cache from the data cache, problems may arise when instructions are
stored in the data cache.
[0003] In general system processing with a Harvard architecture, there are situations
which arise in which instructions may be stored in the data cache. For example, if a
program is encrypted or in a compressed form, it must be decrypted/decompressed prior
to enabling the program to run. The decryption/decompression process treats the
encrypted/compressed program as data in order to process it and stores the

decrypted/decompressed instructions as data in a data cache, for example, a level 1 data

cache, on its way to system memory. The generation of instructions from Java byte



cache, on its way to system nenory. The generation of

instructions fromJava bytecodes is another situation
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that are stored using the data path, including the

data cache, to the systemnenory. The initial state of

a programin which programinstructions are being

treated as data creates a coherence problemw thin the

menory hierarchy, since at |egast sone parts of a

program may reside in the data cache prior to

execution of the program [0004] In order to resolve
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data cache prior to the program running on the processor.

SUMMARY
[0005] Among its several aspects, the present disclosure recognizes that the overhead of
dealing with instructions in a data cache may be limiting the performance of the
processor and possibly limiting the quality of service that may be achieved. The present
disclosure also recognizes that it may be desirable to access instructions that are
residing in a data cache.
[0006] Moreover, the present disclosure describes apparatus, methods, and computer
readable medium for directly fetching an instruction from a data cache when that
instruction was not found in the instruction cache, an instruction cache miss, and the

instruction is determined to be in the data cache. By fetching the instruction directly



instruction is determined to be in the data cache. By
fetching the instruction directlyfromthe data cache,
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performance may be inproved. [0007] To such ends, an
enbodi nent of the present invention includes a nethod
of finding an instruction in a data cache that is
separate froman instruction cache. In such a nethod,
it is determined that a fetch attenpt mssed in the
i nstruction cache for the instruction at an
instruction fetch address. The instruction fetch
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[0009] A more complete understanding of the present inventive concepts disclosed
herein, as well as other features, will be apparent from the following Detailed
Description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a block diagram of an exemplary wireless communication system in.
which an embodiment of the disclosure may be employed;
[0011] Fig. 2 is a functional block diagram of a processor and memory complex in
which data cache operation is adapted for memory efficient operations of instruction
fetching in accordance with an embodiment of the present invention;
[0012] Fig. 3 is a flow chart of an exemplary method for fetching an instruction stored

in a data cache, in order to reduce the miss handling overhead associated with the



in a data cache, in order to reduce the m ss handling

overhead associated with theinstruction initially
webtwe7ads|as data in the data cache in accor dancecwiusoo7/060815

the present disclosure; [0013] Fig. 4 is a functiona

bl ock di agram of a processor and nmenory conpl ex which

i ncludes an instruction page table in which data cache

operation is adapted for efficient instruction

fetching in accordance with yghe present disclosure;

[0014] Fig. 5is a flow chart of an exenplary nethod

for fetching an instruction stored in a data cache in
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digclogure are shown. The embodiment of this invention may, however, be embodied in

various forms and should not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclosure to those skilled in the
art.

[0017] It will be appreciated that the present disclosure may be embodied as methods,
systems, or computer program products. Accordingly, the present inventive concepts
disclosed herein may take the form of a hardware embodiment, a software embodiment
or an embodiment combining software and hardware aspects. Furthermore, the present
inventive concepts disclosed herein may take the form of a computer program product
on a computer-usable storage medium having computer-usable program code embodied
in the medium. Any suitable computer rea&able medium may be utilized including hard

disks, CD-ROMs, optical storage devices, flash memories, or magnetic storage devices.



in the nedium Any suitable conputer readable nmedi um
may be utilized including hard di sks, CD ROVs, optica
webter7agsridevi ces, flash nmenories, or nmagnetic BCOUSYD7T/060815
devi ces. [ 0018] Conputer program code which may be
conpi | ed, assenbl ed, and | oaded to a processor may be
initially witten in a progranmm ng | anguage such as C,
C++, native Assenbler, JAVA(r), Smalltalk,
JavaScript(r), Visual Basic(s), TSQ., Perl, or in
vari ous ot her programm ng | anguages in accordance wth
the teachi ngs of the present disclosure. Program code
UM E prbSAfARI R WEidh wily"tRf Rhspiled, sBehbRE, hhigudgEto a
[0@%%e suchsggaggject code a%%ge format is
preglq%gb%g mﬁ%u?xv&n&mcdeﬁ@g{ amrPRb MR € BRAC BT 5t Glative

| osure do not depend upon the|r i npl enent ati on

As\g%rggle? RAF A ®C YL 211k, 09l ABHHE8, VANGIURAS® WSOLPPAYIGRM various

'S executed, a new task which defines the

otl%g %rigrld 1&@ }{dhg%g%\% B 2bYrd R WRIPGE %cﬁﬂ%@ of theGire@hed.

an exenplary wreless

dl%;? S I ﬁro%rd%{] oot S&r%}rﬂp(?l@er é@ddggle%ecﬁﬁme&@?g {BAERIRE 14nBBage

osur nploye pur poses of

cofg 6uc%t :?g)tbliqgcg bocfe \9%10516 fépﬁ%s hﬁ&@r@taﬁ&zﬁﬁ’é By Q{iﬁ&&bg&o Software

and ase statlons 140.

U atlons RenDte units
130 d 1 0 I h d
pag%ﬂmérs%%%ﬁ mﬁé f%O o TDAE N o new task which
ts 125A, . 125C 125B , Wwhich
del%‘&x?ng&&gg’ﬁ?aé‘&ﬁﬁ%ﬁo%e%%ﬁﬁg? e SERIELENRLY "

dISCUSS?d further bel ow

f
(091 §ree sa PR TR e %‘ﬁ%‘%ﬁ%"f SRR 104 Byich an

units 120, 1 and 150, and rev e link si ] .
ebepenlndrgoni s o0 aﬁfer 2l o afistedSll i 1

stations 140. [0020]. 1n Fi nit
ShemGheES-IBO RIS 4 20 o) o A0 sk biavistotes 1 Liee

as a portable conputer, and rennte unlt 150 is d
regeEd eyPiSERYITelTST %’P@n’&ﬁ'ﬁ“’t’n P IEOSPE %%%T%OE%PH“S an

| oop system For exa he re te units may be ¢
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components, or both as represented by components 1254, 125C, and 125B,
respectively, which have been adapted to embody the disclosure as discussed further
below. Fig. 1 shows forward link signals 180 from the base stations 140 to the remote
units 120, 130, and 150 and reverse link signals 190 from the remote units 120, 130, and
150 to base stations 140.

[0020] In Fig. 1, remote unit 120 is shown as a mobile telephone, remote unit 130 is
shown as a portable computer, and remote unit 150 is shown as a fixed location remote
unit in a wireless local loop system. For example, the remote units may be cell phones,
handheld personal communication systems (PCS) units, portable data units such as
personal data assistants, or fixed location data units such as meter reading equipment.

Although Fig. 1 illustrates remote units according to the teachings of the disclosure, the



handhel d personal conmunication systens (PCS) units,

portable data units such as personal data assistants,
wonod7iogsd1] ocati on data units such as neter readrmg2007/060815

equi pnent. Although Fig. 1 illustrates renpte units

according to the teachings of the disclosure,

thedi sclosure is not limted to these exenplary

illustrated units. The disclosure may be suitably

enpl oyed in any device having a processor with an

i nstruction cache, a data cache, and a system nenory.
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employed in components 125A-C for executing program code that is stored in the
system memory 212.

[0022] In order to fetch an instruction in the processor and memory complex 200, the
processor 202 generates an instruction fetch address (IA) 214 of the desired instruction
and sends the instruction fetch address to the L1 instruction cache control unit 206. The
L1 instruction cache control unit 206 checks to see if the instruction is present in the L1
instruction cache 204. This check is accomplished, for example, through the use of an
internal content addressable memory (CAM) in an associative search for a match to the
supplied instruction fetch address. When the instruction is present, a match occurs and
the L1 instruction cache control unit 206 indicates that the instruction is present in the

instruction cache 204. If the instruction is not present, no match will be found in the



i nternal content addressable nenory (CAM in an

associ ative search for a match to the supplied
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present, a match occurs and the LI instruction cache

control unit 206 indicates that the instruction is

present in the instruction cache 204. |If the

instruction is not present, no match will be found in

t heCAM associ ati ve search ang the LI instruction cache

control unit 206 indicates that the instruction is not

present in the instruction cache 204. [0023] If the
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access to the Daddress bus 222 may be obtained. The approach taken to multiplex the
instruction fetch address 214 with the processor generated data address 223 may be
varied and is dependent upon the particular approach taken in the instruction cache and
data cache designs.

[0025] The L1 data cache control unit 210 checks to see if there is a hit in the L1 data
cache 208 at the supplied instruction fetch address, through an internal associative
search, for example, on the supplied instruction fetch address. A hit indicates there is
data present at the supplied instruction fetch address. This data is actually an
instruction and the data cache entry is fetched from the L1 data cache 208 and placed on

the data out bus 224. In order to supply the data fetched from the L1 data cache 208 as



cache 208 at the supplied instruction fetch address,

through an internal associative search, for exanple,
wonod7es|auppl i ed instruction fetch address. A RCI/US2007/060815

indicates there is data present at the supplied

instruction fetch address. This data is actually an

instruction and the data cache entry is fetched from

the LI data cache 208 and placed on the data out bus

224. In order to supply the gata fetched fromthe LI

data cache 208 asan instruction to the processor, a

mul ti pl exi ng el enent 226 may be suitably enpl oyed. The
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_instruction fetch address, the jnstructi,on is, not i{ 36 is
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sel¢psiontsigngpe33.0 | ocate the instruction in the data
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[0026] If it was determined there was a miss in the data cache at the supplied

instruction fetch address, the instruction is not in the data cache and the instruction is
fetched from the system memory 212. The hit signal (D$H=1) 230 is also sent to the L1
instruction cache control unit 206 to indicate by its inactive state that a miss occurred on
the attempt to locate the instruction in the data cache 208. Note that other signaling
means may be used to indicate that a miss occurred on the attempt to locate the
instruction in the data cache 208. Since the instruction is not in the instruction cache
204 and not in the data cache 208 it must be fetched from the system memory 212.
Once the instruction is obtained from the system memory 212 it is sent to the processor

202. Note, the paths from the system memory for supplying an instruction due to a miss



means nmay be used to indicate that a m ss occurred on
the attenpt to locate the instruction in the data
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i QW]EH dlioRlcHle drQiafd &Rhé ¥nd Fdritshpiging ddiedys ®seilss in the data
nnﬁ?%c osuPeF [5@27] Fig. 3 is an exenplary flow chart
callle e gﬁ{ HRI 3 Jrdd o dicaf§ tilstiagd GBipRGeANdikdsdurECt i on
I'n a data cache after having a msS in the instruction
AR A HEhEQy Fo SafCort B @YE 30686 GEIBADEEYEhing an
[Oggﬁgﬁgé%gdlﬁ%tﬁmkg%dllng‘%he |n§truct|on initrally
ine 594 tac Rafiaba HREC B RIGARBA Yache, in order to
lnééﬁégﬁgﬁéﬁgggégggﬁggnd?hg steps of ﬁig.13.and t he
mig |.neur£%r%%l§ oPdmEld 'onan&ﬁg b Qdiga %ﬁh kﬂﬁn&iﬁﬁfﬂhb bh R cAOWinitially
enents fromthe protessor and nmenory conpl ex 200 nmay
GSuitably . cooperat et o L8P ccMRANAE, 30k ig. 3
st sBylech i BRAE h o PRRR DR RShiD RoecthOREp kg
instruction fet addr. | LR shele394n
sngdfe e TipRe 1% 2Tad BUIGHS by SRRREE B LReTLEMc fhe processor
enerates an i ructi fetch fedl@Fih&Rbd 300.
and eePHTt ?oﬁpq%fhg& (Eslé]ﬁéﬂ & u]?%)ely i%é%ﬁfef %g? (|§ g%%?rg% g%%a%%r ess

[Oﬁéélpfrgqftggretpkletlc. ggté%sg&%ﬁxg aa%\?\lﬁse Cchont tgil la&&regsglg'geh&ated in step

er there s
I nstruction cache hit oy a.mss. For,gxanml iyl .
3o el 8 RS Crerbrs 4 PZB%GSE%e%sg%Wge’-‘a?S%S‘? &SFL‘%“"“ fotch
instruction is. present in the_ instructi ache .
addheserod e pire pRRC I psift epunisfibh HlgE Hid8s Dt o the 1
indicated as a hit, If the jnstructjon.i rese t he
inpigefise 3ot BroENEER0 dstans B ot 18 AGtep R R e PR o
_the instructjon fetch addreSf IS se| ected. Inhségg ller 206
ingtrectionrachakit pre pien Har cxample, thehbnsirpgiangehe pgytroller

exanpl e, the selected instruction is placed . .
clionks Fsskitbilic GRATUBHIEn BB B EOBoLiRR Cpis AD4s Jf the dastruction
t hrough nul tipl exing el ement 226

is present, its presence is indicated as a hit. If the instruction is present, the method 300
proceeds to step 312 and the instruction at the instruction fetch address is selected. In
step 316, the instruction is sent to the processor. For example, the selected instruction is
placed on instruction out bus 216 and sent to the processor 202 through multiplexing
element 226.

[0029] If the instruction is not present in the instruction cache as determined in step
308, an indication is given that a miss has occurred and an attempt is made to fetch the
instruction from the data cache in step 320. For example, the instruction fetch address
214 is sent through multiplexing element 220 as a data fetch address 222 to the data
cache 208. In step 324, a check is made, for example, by the L1 data cache controller

210 to see if there is valid data present at the supplied instruction fetch address. 1f there
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includes a processor 402, a level 1
[0031] Fig. 4 is a functional block dlagram of a processor and memory complex 400

which includes an instruction page table in which normal data cache operation is
adapted for efficient operation of instruction fetching in accordance with the present
disclosure. The processor and memory complex 400 includes a processor 402, a level 1
(L1) instruction cache 404, an instruction memory management unit (IMMU) and cache
control IMMU/$Control) 406, an L1 data cache 408, a data memory management unit
(DMMU) and cache control (DMMU/$Control) 410, a control section 411, and a
memory hierarchy 412. The IMMU/$Control 406 may include, for example, a virtual-
to-physical instruction address translation process. The control section 411 includes
multiplexing elements 432, 438, and 448, gating devices 428, 444, and 452, and an

inverter 454. Peripheral devices, which may connect to the processor complex, are not
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[0033] In order to fetch an instruction in the processor and memory complex 400, the
processor 402 generates an instruction fetch address (IA) 414 for the desired instruction
and sends the instruction fetch address to the IMMU/$Control 406. An appropriate
entry in an instruction page table, such as page table 416 located in the IMMU/$Control
406, is selected based on a supplied page number that is part of the 1A 414. The
instruction address based on the selected page table entry is combined with a page
address, also part of the TA 414, generating an instruction address (GA) 418 that 18
applied internally to the L1 instruction cache 404. The entry selected from the page
table 416 includes additional information stored with that entry. One of the additional
bits of information that may be stored with each page table entry is a check data cache

attribute, labeled as D bit 420.
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_instruction at the instruction fetch address |s. hit. If
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instruction is then sent on instruction out bus 4
the instruction is present, the instruction at the instruction fetch address is selected from

the instruction cache 404. The instruction is then sent on instruction out bus 422
through multiplexing element 438 to the processor 402. If the instruction is not present,
an indication is given by the IMMU/$Control 406 that a miss has occurred and an
instruction cache miss signal (I$M=1) 424 is set active indicating a miss has occurred.
[0036] Upon detecting a miss in the instruction cache in conjunction with the selected
D bit being set to a "1", the processor and memory complex 400 attempts to fetch the
desired instruction from the L1 data cache 408. This attempt may suitably be
accomplished, for example, by using the selected D bit in a gating function. The D bit
420 from the selected page table entry is output as D bit signal 426. The D bit signals

426 is, for example, ANDed, by AND gate 428, with the miss indication (I3M=1) 424.



through nmul tipl exi ng el enent 438 to the processor 402.
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address, the data actually is an instruction and the data cache entry is fetched from the
L1 data cache 408 and placed on the data out bus 436. In order to supply the data cache
entry as an instruction to the processor, a multiplexing element 438 is used, for
example. The multiplexing element 438 is enabled to pass the data out bus 436 onto the
processor’s instruction bus 440 when there is a miss in the instruction cache and the
selected D bit is set to a "1" followed by a hit in the data cache at the instruction fetch
address. The occurrence of the miss in the instruction cache, indicated by miss signal
(I$M=1) 424 being active high, and the D bit si gnal 426 set to a "1", followed by the hit
in the data cache at the generated instruction address, indicated by hit signal (DSH=1)
442 being active high, is logically represented by AND gate 444. The AND gate 444

output is the selection signal 446 for the multiplexing element 438. The instruction on



LI data cache 408 and pl aced on the data out bus 436.

In order to supply the data cache entry as an
woned7ogstiion to the processor, a multiplexi ng eCEMSmM07/060815
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processor's instruction bus 440 when there is a mss
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[0039] Fig. 5 is an exemplary flow chart of 2 method 500 for fetching an instruction in
a data cache after having a miss in the instruction cache and a check data cache attribute
indicates the data cache should be checked for the instruction. Exemplary relationships
between the steps of Fig. 5 and the elements of Fig. 4 are indicated by referring to
exemplary elements from the processor and memory complex 400 which may suitably
be employed to carry out steps of the method 500 of Fig. 5.

[0040] Tn order to fetch an instruction, an instruction fetch address for the desired
instruction is generated in step 502. For example, a processor, such as the processor
402 generates an instruction fetch address and sends the instruction fetch address 414 to

the L1 instruction cache controller 406. The instruction fetch address may be a virtual



and the processor enployed. [0039] Fig. 5 is an
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instruction fetch address is
selected. In step 516, the instruction is sent to the processor. For example, the selected

instruction is placed on instruction out bus 422 and sent through multiplexing element
438 to the instruction bus 440 of the processor 402.

[0043] If the instruction is not present in the instruction cache as determined in step
512, an indication is given that a miss has occurred and the method 500 proceeds to step
518. In step 518, the D bit that was selected in step 510 is checked to see if it issettoa
"1" indicating the data cache should be checked for the instruction. If the D bit was set
to a "1", the processor attempts to fetch the instruction from the data cache in step 520.
For example, the generated instruction fetch address 418 is sent as a data fetch address
434 to the data cache.

[0044] In step 524, the data cache checks to see if there is valid data present at the

supplied instruction fetch address. If there is valid data present at the supplied
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[0046] Fig. 6 is an exemplary flow chart of a method 600 for executing program code
that is generated as data and stored in a data cache. Program code following this
method may be executed on a processor and memory complex having an instruction
cache, a data cache, and a system memory, such as, those discussed in connection with
Figs. 2 and 4, and may be suitably employed in components 125A-C of Fig. 1.

[0047] In step 602, a program generates code. Such generation may occur, for
example, when a program generates executable code from a compressed program. The
generated code is initially treated as data and stored in a data cache after it is generated.
Prior to executing the program, an instruction cache is invalidated in step 604. The
invalidation step ensures there are no instructions at the same address as the generated

code. In step 606, the generated code is executed by the processor by fetching
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the data cache for execution on the processor. [0048]
Wil e the present disclosure has been disclosed in a
presently preferred context, it will be recognized
that the present teachings may be adapted to a variety
of contexts consistent with this disclosure and the
clains that follow CLAIMS W claim 1. A nethod of

finding an instruction in a data cache that is
separate from an



i nstruction cache, the nethod conprising: determ ning
that a fetch attenpt m ssed in the instruction cache
woaooTesrti nstruction at an instruction fetch a#Bdras007/060815
transformng the instruction fetch address to a data
fetch address; and nmaking a fetch attenpt in the data
cache for the instruction at the transforned data
fetch address. 2. The nethod of claim1 further
conprising: setting a check gata cache attribute
active when generating instructions that are stored as
data in the data cache. 3. The nethod of claim?2
further conprising: deterigpimasif a check data cache
attribute is active; and enabling the fetch attenpt in
wid bgifata cache for the instruction only if the check
data cache attribute is active. 4. The nethod of claim

2 wher J&%ﬁ@%@ﬁ%ﬁ@uﬁ@&&h@ ddth 9&3116 that i@sdPatate from an

storéd in an I nst tion page table. 5. The nethod of
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2. The method of claim 1 further comprising:

setting a check data cache attribute active when generating instructions that are
stored as data in the data cache.

3. The method of claim 2 further comprising:

determining if a check data cache attribute is active; and

enabling the fetch attempt in the data cache for the instruction only if the check
data cache attribute is active.

4. The method of claim 2 wherein the check data cache attribute is a bit stored
in an instruction page table.

5. The method of claim 1 wherein the step of transforming the instruction fetch
address further comprises:

multiplexing the instruction fetch address and a data fetch address; and

selecting the instruction fetch address for application to the data cache as the
transformed data fetch address, wherein the instruction fetch address is selected after

determining that the instruction fetch attempt missed in the instruction cache.



fetching the instruction fromthe data cache. 7. The

met hod of claim 1 further conprises: determ ning the
woebwsstiienpt in the data cache m ssed; and i REDMUSRBG060815

an instruction nmenory control that the fetch attenpt

in the data cache m ssed. 8. The nethod of claim?7

further conprising: fetching the instruction froma

system nenory. 9. A processor conplex conprising: an

instruction cache; a data caphe; and a first selector

to select an instruction fetch address or a data fetch

address based on a selection signal, the selection

si gRal TIAUSHBE of BRirh NSt hdien tRE sief lof Pkl ©fetchodttehiy® in the data
data fetch address to be applied to the data cache

, L istLdgsi ons or data may be sel ectively
co e (R

the data cache. 10. The processor conpl ex

of Cde@érmh%ng@ﬁﬁw%&m 1Rehest bon abghahdof the first

sel ector sefects the data fetch address in response to

a dggébﬁ§ﬁﬁ§§mggg-aihg  thd Hata HAEhPr OCessor conpl ex of
claim

ereirn the selection signal of the first

sel ert ol Sehealer LG 1| AshEHEhhaRdet ch address [ an
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instruction mss signal 1ndicates a mss has occurred

on ap instructign.f 90 JhB nhib&ql B&f ruction
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compricses.  a second sel + B £ dtfd UEiHeQRta cache

out]BhgnP?%ﬁ9Fﬁ§ugﬁ§irﬁ%@%ﬁﬁngggaglor 2 data out bus
fromthe data cache to be applied to a processor's

MSEEY ructi on bus input.13. The processor conpl ex of

claig1iﬁ mhﬁ{eug.%ge,fgg %gcgelggg r selects the data
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9. A processor complex comprising:

an instruction cache;

a data cache; and

a first selector to select an instruction fetch address or a data fetch address based
on a selection signal, the selection signal causing the instruction fetch address or the
data fetch address to be applied to the data cache whereby instructions or data may be
selectively fetched from the data cache.

10. The processor complex of claim 9 wherein the selection signal of the first
selector selects the data fetch address in response to a data access operation.

11. The processor complex of claim 9 wherein the selection signal of the first
selector selects the instruction fetch address if an instruction miss signal indicates a
miss has occurred on an instruction fetch operation in the instruction cache.

12. The processor complex of claim 9 further comprises:

a second selector to select an instruction out bus from the instruction cache or a

data out bus from the data cache to be applied to a processor's instruction bus input.



occurred in the data cache at the instruction fetch

address selected through the first selector. 14. The
wonrorassal conpl ex of claim 12 wherein the secea®/us2007/060815

sel ector selects the instruction out bus if a hit

occurs in the instruction cache. 15. The processor

conplex of claim9 further conprises: a third sel ector

to select a nmenory out bus froma systemnenory or a

data out bus fromthe data cache to be applied to the

i nstruction cache's instruction bus input. 16. The

processor conplex of claim15 wherein the third

Se' 98! Ahe$Rb&SES dohgpidab el St 1 DU efdi0thel seCorttbdotecomabizcts the
if a mss occurred in the instruction cache and a hit

da&g;gfé Bﬁbeﬂoir{‘thk hgt.08kAe §BGHRS BtcdrRA ih A8d mVehétwn dseh€ind a hit

ress selected through the first selector. 17. A

ocBRIA0H 00 EEEHH LNl H{sﬁg&ﬁm £RHE,JaRIPL18¢tB@ through the first
generating 1 nstructions which are stored as data in a

pgg cache; invalidating an instruction cache prior to
8¢l
executlon of the progran1code that uses the generated

' nsty I 0 n?w;é‘grd 1§J&‘ bﬂ&dﬁﬁ] 15 Rtef UG th LR cHhd §eq$dtcyr selects the

frOWItheﬁéé cac e instruction is not found in
t t h d
inf R Bt DR R I ol B0 A LoD S
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| oa BhaP T Hto ta cac 19. The
met ho

i nst¥ fSSF? g’é?ﬁéelfaﬁraterﬁgrlrmgo%ﬁug\g%kﬁgg%gt%méﬁ T ng onl dfta out

bqsrfg)trﬁl E}ac?a(tﬁ,] gac&eg b? %}pélgedtzta%eﬁi Pruc CO? § hﬁtrg@tﬁ%; squut

fart {]6e ' ocessslop gomplex of claim 15 wherein the third selector selects the

data out bus from the data cache if a miss occurred in the instruction cache and a hit
occurred in the data cache at the instruction fetch address selected through the first
selector.

17. A method for executing program code comprising:

generating instructions which are stored as data in a data cache;

invalidating an instruction cache prior to execution of the program code that
uses the generated instructions; and

fetching an instruction directly from the data cache if the instruction is not found
in the instruction cache, whereby the program code is executed.

18. The method of claim 17 wherein the generating instructions step includes
the operation of loading instructions into the data cache.

19. The method of claim 17 wherein the invalidating the instruction cache
further comprises:

invalidating only a portion of the instruction cache where the generated

instructions are stored.



setting a check data cache attribute on in an

instruction page table to indicate an instruction may
woeoi7vssthe data cache; and fetching the instrueCTms2007/060815

fromthe data cache if the instruction is not found in

the instruction cache and the check data cache

attribute is on.
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20. The method of claim 17 further comprising:

setting a check data cache attribute on in an instruction page table to indicate an
instruction may be in the data cache; and

fetching the instruction from the data cache if the instruction is not found in the

instruction cache and the check data cache attribute is on.



