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-1- BYTE SWAP | NSTRUCTI ON FOR MEMORY FORMAT CONVERSI ON W THI N A

M CROPROCESSOR FI ELD OF THE I NVENTION 5 The present invention relates to
the field of sem conductor mcroprocessors. BACKGROUND OF THE |.NVENTI QN 1.0
The present invention covers a byte swapping instruction which nmay be

i mpl emented within, the architecture of a m croprocessor. The |, :
m croprocessor utilized with thé present invention is the Intel 80486TM

M croprocessor, frBYTENSWAPcINSTRUCTION: ROR MEMORN FORMAT The 486 1 5
processor is an i npr cGONVERSION WITHIR W MICROPROCESSOROPr ocessor, al so
known as the 386TM pr otessor~—ttntet—86386—386;—86486—andc—486 are
trademarks of Intel Corporation). CGenerally, information is stored in the

menory of a mmﬂ: data structures which typically vary
anywher e b§t =1t l ength. In the 486 mi croprocessor a
"word" is defined to be 16-bits wi de, while a doubleword, or "dword", is
32-bits wide. VOr deheaprasertanvshtion réli@s 46 BeRdid bl sarficiiductiFt €s in menory
with the | ow order byte at the | owest address and the higher-order byte at
t he hi gher adOVQrORrocBRanrsls are stored in four consecutive bytes in nenory
with the low order byte at 25 the | owest address and the high-order byte
at a highest address. The address of a word or dword data itemw thin the
m croprocessoMﬁPp%g_e%ﬂgg_nMﬂomst-order byte. This type of
addressingg particularly wth respect to a dword data item is known as the
“little-endian" nmethod for storing data types that are |arger than one
byte. Al of IntelThe REgentinyentiogEovaisi byt swappingdnstructionr whichi may net hod

Chrory o <Ok TobHARhe IRl e BBl T Ve

the bi g-endi amicroprocessor utilized with the present invention is the Intel 80486TM

_Microprocessor, frequently referred to as the 486 Processor. The 486
15 processor is an improved version of the Intel 80386T™ microprocessor, also
known as the 386T™ processor. (Intel, 80386, 386, 80486 and 486 are
trademarks of Intel Corporation). _
Generally, information is stored in the memory of a microprocessor
- system in data structures which typically vary anywhere between 8 to
20 64-bits in length. In the 486 microprocessor a “word” is defined to be
~ 16-bits wide, while a ddubleword. or “dword", is 32-bits wide. Words are
stored in two consecutive 8-bit bytes in memory with the low-order byte at
the lowest address and the higher-order byte at the higher address. Dwords
are stored in four consecutive bytes ih memory with the low-order byte at
25 the lowest addfess and the high-order byte at a highest address. The
address of a word or dword data item within the microprocessor is the byte
address of the lowest-order byte. This type of addressing, particularly with
respect to a dword data item, is known as the “littie-endian” method for
storing data types that are larger than one byte. All of Intel's x86 family
30 members use the little-endian method for stor{ng data types. |
The alternative method of storing data t;pes Within a memory of a

microprocessor is referred to as the “big-endian® method. in the big-endian



-2- nethod, data is stored with the high-order bits at the | owest addressed
byte. _Thus; the big-endian format is opposite to the little-endian
-counterpart. The distinction between the two is sinply which byte of a
mul tiple byte quantity is assigned the | owest address, and which byte is
assigned the highest 5 address. In big-endian format, as the nane inplies,
the big bytes cone first; that is, the high-order bits are at | ower

addr esses. The nintipd: datapis stared with ther high-order bite dt the Idviddét addré8sdd yte.of
conputers as \Aq_}‘l ag hew?pgoo | ine of mcroprocessors nmanufactured by

Mot orol a, |nc. TPHS-408°g- ,'a'hgﬂya'RFS@?ﬁ'@é% ftle-gadiap cRuMe@aBndifgn f or mat .
10 Very 4k ] | : r j ng m xed
data nenory ford‘r%wfgbg!anmg%rpgrgrﬁgﬁyﬁ@gﬁgﬁaf{?mﬂ@&?o@ﬁuﬁy a over a
net wor k from olscassignedtthe lowest hddrbss, andiwHictoeyte dsassignedahéhighestdi an f or mat
to anot her conputer which stores integer data in a little-endian format.
Therefore, 8t &OA©SHoIMmpigiendianjgrmal, ségh%éF@Pé'ﬁp\'ﬂﬁeH‘?‘{'ﬂ)bﬂésPQmeﬂ'ﬁforrred to
convert data Siﬁ '

anvi ronnent th 15§ the'nigR% rHﬂE%rJ_Q{IHREré@g@&%;oﬁsrbia-bﬁhi%hh@gﬂ cd A

conver sron between nenory mats i s ral

nunber of i nst farpat W \isedty IBRIE3AU line o \CBmpaidreasivbilag the 6B0DDMRAB@EESSOr to
sinply rotate or exchange 8-bit registers. In other words, the 8-bit -

quantities thamicroprocessors maputactusadby Metarelaningi ip lagditien,samypBEGr 20

exchanged. Byte swaps of higher-qorder nynber of bits, say 32 or 64-bit
quantities, ar Q%Fg‘”ﬁl“'&&wé%g i %'al'—‘gf’méé\iarrpl e, one way that a prior art

m croproceggor M ghieryastien’dProsrammbs dasiFedAB 6P a dataBas8hadingmiked Itemis
0 first execute a byte swap of the |lower two bytes; then rotate b :
%t een; then 2ata pempborformatscOthet prgrarmers foequently wantatorsend dateoveyt es.

cach | nstr uct | SRR GBS EPBE" PHen Riehinitoct Bl lieRgRC, ¢ ol ook

for the format to another computer which stores integer data in a little-endian

format. Therefore, at some point in time, a conversion needs to be
15 performed to convert data stored in one memory format to the other.
Ina 1é-bit environment the conversion between memory formats is
 straightforward. A number of instructions are generally available within a
microprocessor to simply rotate or exchange 8-bit registers. in other words,
the 8-bit quantities that form the 16-bit data item can simply be swapped or
20 | exchanged. ,

Byte swaps of "'higher-order number of bits, say 32 or 64-bit
quantities, are more problematic. For example, one way that a prior art
microprocessor might perform this byte swap opei'ation on a 32-bit item is to
first execute a byte swap of the lower two bytes; then rotate by sixteen; then

25 perform a second bye swap on the remaining two bytes. Henge. three
separate instructions are required to perfoim a conversion - - each
instruction taking two clocks to implement for a total of six clocks for the
entire conversion. Also, because each instruction is generally two to three
bytes in length, a greét deal of code needs to be generated -- probably nine

30 instruction bytes - for these three rotate instructions. .

An alternative approach would be to have the memory format



entire conversion. Al so, because each instruction is generally two to three
bytes in length, a great deal of code needs to be generated -- probably_
nine 30 instruction bytes -- for these three rotate instructions. An. , »
alternative approach would be to have the nmenory format conver sati on>*
take place in consecutive steps in mcrocode. However, using m crocode
woul d still take six clocks or nore alongawth a | arge nunber of
instruction byt envé/RfGHItaRBIace iRUohSEdTivE s{BPETH Ynibrabsdd. REWEWIrsi ons from
big-endian to little-endian, or visa-versa, in prior art 5 machines

requi res a substusitg micreoodewould stilitake sizlclocksor mosmpaloag with adargegni f i cant
performance penalty. A different app{oach that is used by certain Rl SC
processors is r beg gf f"ﬁIrﬁgm"B’fyf'ﬂsgﬁ%{ﬁﬁﬂ‘l'Pd“Y' ‘H'ﬁ’"?t"ﬂdﬁ#% ¥R sts of
oL NN or @ ! 1 briferSiofs tfont bigh SRl ®! il NElAR. g vicivdeBh.Gn 6 B Nt 0
circuit board housing the 1 m Cr opr ocessor. e pin-strap option forces
t he conputer 8 o rhachiiesmequires a sulsstantiabaiount of internal memoryi space and Bher as

bi g-endian or little-endian format. This hard-w red approach has the

obvi ous dr awbac keignificanh perfermance®aPally-and t heref ore i ncapabl e of being
programed or controlyl o ' Iy er. 15

As will be seen, theAp@gesrgﬁf rg\slgérﬂ?%ﬁ¥Pég?ggggﬁ@ﬁggé?ggesgérSﬁaches wth
a single byte sweferiedbrasChincsirappinghl Rincstrapping cohsists ot nbibingemoieathasiaor d t o
alittle-endian format. This.lnstruction provides rapid conversion between

the two formats Setindniichdhat Isdaghyired inte theprinted eirqyit board Beusingdbecost . An
i mat el y, 109 - j | | "
hoavy use oMb JHIGTREbsshl? LAY In'sfad BB Btk Mo GonpdlbWIRRE miibhy ™S

little-endian megHy fastiion or another, i.e., either as big-endian or little-endian format. This /

hard-wired approach has the obvious drawback in that it is static and
“therefore incapable of being programmed or controlled dynamically by the
microprocessor or user. | "

15 ~ As will be seen; the present invention replaces these past
approaches with a single byte swap instructién- capable of converting a
big.-endia'n dword to a little-endian format. This instruction provides rapid
conversion between the two formats without adding any ext_ra hardware or
performance cost. An apprdxima{e!y 10% speed increase is reported for

20 programs that make heavy use of big_-endian data.when executing on a 486

processor (e.g., a little-endian machine). - J

[}



" -4 SUMVARY OF THE | NVENTI ON A speci al ized nicr oprocessor instruction

optim zed for performng an in-place byte swap on 32-bit data type is

> descyi,bed. This byte swap 5- operation is especially useful in converting
data stored in a big-endian nenory format to-a little-endian nenory fornmat,
or visa-versa: The Invention conprises a,nmodified barrel shifter which

includes a plurality of multijplexers f sel ectively coupling data from one
or nore i nput mmm&m coupling of the individual bit

lines of the data buses is 10 arranged such that bits 0-7, 8-15, 16-23 and
24-31 of the input A’)gﬁe%%lﬁe&?ﬁ\i&:oﬁﬁcbé’sd?%dirﬁémEbtiﬂﬂzdafoﬁ?%rﬁﬂng db- 23, 8-15

and 0-7, respectivel ntro nes connected to each of the multiplexers
provi de a nmeanm-place bytetswablan@R-bih dataytype svdespribed. ofhis byte SwapThe presently
descri bed byte swap instruction gllows th r.ogr ( 15, to,convert data
froma bi g- 8ndPBeFaHM g,sppglp%psqa}gl | @FYﬁﬁﬁgﬂgim‘a’f Qi_f%ﬂlfﬂ " and back
agai n, w thout rﬂdﬁfd& Héﬂg%fot?litﬁf-ﬁﬁﬁéﬂﬁibﬁf‘ori’%hﬂ bfsalvéres! thed W th past

m croprocessors. In” addition, I'S one Instruction requires only one

execut i on cl oclnveptidrecémprises faomodifiént bamel\shifter whichiircludes gplutality-0ft

m'croprocessors typically require three ingtructions and six clocks .
BRI EF DESCRI PTF@{I?/NP‘OWQ—E’ m&m@wa@%@ghm ?MHP?'SA"RM% PS50 8der st ood

nmore fully fromth et.al Dt ' he
acconpanyi ng dPHMB&'oﬁ% %@Jpﬁ%%ﬁ&? te‘#%%ﬂe'ég@aﬁ%ﬂ& g?‘gt%t{ggfnrﬁ/enti on

whi ch, howgger asangddisuthithiebifsad«8-15, 16-23 andl 2¢-31ruf et inpot bus aree speci fic
enbodi nent but are for explanation and understanding only. Figure 1 is a
conpari son bet woupled ite cowespoaring bitsR4:3 - nel h15.en W?%gﬂ&t s. Both

ReDr O T B o 8o B0 PR S 5o and b
controlling the byte swapping operation. :
The pfesently’ described byte swap instruction allows the programmer
15 to convert daia from a bigfendian memory format to a little-endian data
| format, and back agal.n. without incurring the performance penalties
associated with past microprocessors. In addition, this one instruction
requires only one execution clock cycle to perform the conversion whereas

prior art microprocessors typically require three instructions and six clocks .



bit 31 while the lowest order bit is bit 0. Figure 2 is a block diagram
illustrating the data flow through the 15 barrel shifter of the invented
m croprocessor. Figures 3A - 3L collectively conprise a circuit schematic:"
.of the barrel shifter utilized in the currently preferred enbodi nent of he
present invention. 20 Figure 4 shows the circuit schematic for the 4 x 4
mul tiplexer utilized within the barrel shifter of Figure 3. -6- DETAI LED
DESCRI PTI ON OF BSiEF\\GESCRIPFION OF THE CDBAWINGE

instruction for converting the nenory data formats from one type to anot her
is described. In the_5 follow ng description, nunerous specific details
are set forth, such &8¢ praseptdavaniion will be understopd more fully frem the detailedr ough

under st andi ng of tyd i t, Wi e obvio wever, to one
ki |1 od T 1 . Sepeibyh SBR el BBl s tetahobarbig RémAgE of B 'Co or act ce
the present ignvejiéfertdd ehiboimunt of thalilvention wikth! héWeVer should Abt b takeRd
circuits have not been shown in detail 10 in order not to unnecessarily
obscure the predelfimititha/iamention. to theyspesific embogimen butsarpHer eXplanatienand bet ween
t he bi g-endi an an Iitr{#e-er}di an menory formats for dwords having a length
of 32-bits. In MNGRMEANEING ABlYY i L the Tittle-endian and big-endi an nemory
formats, the 32-bits of data are shown wth the [loworder bit nunbered bit
0, the 15 high-order bit nunbered bit 31, and the nmenory addresses

nunber ed al ong t he t blgurad israepmparison itween litievendian angzig-endianed i nt o

four 8-bit tes. These are oted by capital lett A-Din Figure 1. In

the little- Rai e ?V’#%rﬂ@ MY JRemafs Are s with heigorre i ve

bytes in menory marhéry addresses and bit numbering. The highest order bit is shown as -
bit 31 while the lowast order bit is bit 0. '

3

Figure 2 is a block diagram iilustrating the data flow through the

15  barrel shifter of the invented microprocessor.

Flg'ures 3A - 3L collectively comprise a circuit schematic of the
barrel shifter utilized in the currently preferred embodiment of the present
invention. | |

20_ _
Figure 4 shows .the circuit schematié for the 4'x 4 mUItipIe_xer utilized
within the barrel shifter of Figure 3. | o



20 the | oworder byte being positioned at the | owest address and the

hi gh-arder byte positioned at the highest address. This i's illustrated in
“Figurg: 1 where for a little-endian nenory format, -bits 0-7 are stored in
menory. address M bits 8-15 are stored in nenory address Mtl, bits 16-22
are stored in‘'nmenory address M+2, and bits 24-31 are stored in nenory 25
address Mt3. The address of a dword dat@-itemin a little-endian format is
the byte addreSEPAILE® DESTHIPTION HE (INENTIBHNOr Y address "M'). In
t he bi g-endian nenory data fornat, S are arranged in the opposite
order. That is, bit-endian data is stored with the high-order bits at the
| owest address byt e A BIRIORrACSSSBXRAMPrising-a byle swam insthuction doreconvestingr y 30

dd b N f in Fi 1, .in, bjg-end f bi
07 are st or ed e TRIRLY yeTafa o bnoisheL S ool s Bedediict Htheremor - 7.
address Mr2:s bifbfowifg déscHplion, iinfifoud spdeiiie dbtaid &rs Sat ghﬁ suthGsif S 24-31

are stored at nenory address M The address of a dwor ata itemln
bi g- endi an nmendengthsirata in arderto poguide adhbreugh udderstanding btthe-preskat byte. To
performa conversion fro i g-endi an nenory forpat . to 5 littl e-endian,
the foll ow ng ﬂ?ﬁ@igg' hé'ghgegB“BE%E?WeWﬂ'T'Qt","et%"?ﬁHI’g‘eiac"eﬁ’?ﬁ e®ved from
menory Lo an i nigRkiialdetaRginabd hot tFdded 19 pcie /o O 1Pbthgr 24-31 1 n
t he bi g-endi anrgfpgr'mat need to be tr—ans? rreﬁeoﬁggﬁ%gﬁwv?\'nﬂ?ﬁ '!rﬁg&‘(a:{)ntents
of byte D cor r degianchs,sellknbwi strictires Sindi dicuits have/hat tideneshdwntio detailswapped
with byte C_This t e swappi hg operation is performed in the 10
preferred éfbodh ”1?&?%5%?@9 Y elyscurg Wd?’g?%éﬁ"éﬂ“%'thi n the integer
xecution unit of t ) QI see Pl Qn‘di% itemis.-
ﬁa{ched into a temgggﬁ/qligﬁﬁﬁgﬁﬁ€ggﬂe§n§%ltbé*%eteehgﬂi‘s‘@guen 'fg’;‘\%. tten back
‘to the source ditig-emdian memorgfosmats fomdword® havingRafiegth ot32bie.t in Fi gure 2, a
bl ock diagram of the data flow through 15- the barrel shifter utilized to

. [ 19 . .
i npl ement  t he - Hy8¥ednder hoth the jitde-endidy andhig-endian memory formats, the
32-bits of data are shown with the low-order bit numbered bit 0, the

15 high-order bit numbered bit 31, and the memory addresses numbered along
 thetop. | | | |

As shown, each 32-bit dword is partitioned into four 8-bit bytes.
These are denoted by capital letters A-D in Figure 1. In the little-endian
memory format, dwords are stored in four consecutive bytes in memory with

20 the low-order byte being pos’itioned'at the lowest address and the
high-order byte positioned at the highest addre;s. Thié is illustrated in
Figure 1 where for a little-endian memory format, bits 0-7 are stored in
memory addréss M, bits 8-15 are stored in memory address M+1, bits 16-22
are stored in memory address M+2, and bits 24-31 are stored in memory

25 address M+3. The address of a dword data item in a little-endian format is
the byte address of the lowest-order byte, '(e.g.. memory address “M").

In the big-endian memory data format, the bits are arranged inthe -
opposite order. That is, bit-endian data is stored with the high-order bits at
the lowest address byte, and the lowest-order bits at the highest memory

30 address byte. Therefore, as shown in Figure 1, in big-endian format bits 0-7
are stored at memory address M+3; bits 8-15 are stored at memory. |



present invention is shown. The barrel shifter 20 is a device comonly
, and is typical found In nobst m croprocessors. Barrel: _
shifter 20 can shift/rotate a word of data by N positions in .a single

operation N ranging fromO to the word size. Ordinarily, barrel shifter

known in the art

is used for 20
used for shift i

| nvent ed mi cr opr addressoM+2bits 18-23 Arel $tered 20 niemary mddiess M+df, ahdbitp24-88: a

a variety of operations. For Instance, barrel shifter

-

v

nstructions, rotate Instrudcti-ons, bit scans, etc. In the

matri x el ement 23 and

e 24, trj 3 i dat a i t |
Do bit buses 21 aratored al MBBORLACASsAMS TS seiess PL8 GBRrd Gatpfomis . 0

General |y, the gl aidnhafinAbhti IfS tyé'Saddsd 5t hd Rilbesedrabrbyhde dat 2

suppl i ed on bus

acllitates rapi rotation or s

i ng

of

data as will be seen.Td\erform e2énversiniesm bigesndiahamemoryfoimatand per f or ns a
on a ni bbl efqranul ar basi s, gi..e., the data is shifted by a
5 /

shift operation
nul tiple of 8.
stage of the shi
Addi tional shift

litle-eRdian, the folloming progesssnaeds

IS rBR @b o(ah ffbiral Aol sk tireda codesgindo 12

? 9Pquf. SHirstitbe dale itemist j r st

etc.).

in

20 Is

tree 24. Matrix Bifs 263¢ iihedsig-endian formatndel 1 i ganférrethor b@WitRST. Tree

24 then provides an output on.32-bit bus 26 | abelled DSL to

U out put

regi ster 27. Refergontentoof byte P earrespending to bits 0- % Simmilasiy, byte Bineeds thenat i ¢

i_ment of

The present 5 1 P EREPER Wb by, Tio b® lob'onkrefoRe b atmpl i el

a

plurality ofyyer piefertedi@hBodimbit using'he barepitabriiccatsdwithin thelintegebus | i nes

21 and 22, respectively. These data input

i nes are shown conprised of

i ndi vi dual bit | exasutigsnpitotthe micropswesse: Finally/the iswapped dataiteatist o t he
Bt gPlAr S et S SRy o SR

3A-L

I nputs of a plur
to the 14 i nput
are a plurality

15

s 25 and are coupl _
- Referring now to Figure 2, a block dia_gram of the data flow through

the barre! shifter utilized to implement the byte swap instruction of the

présent invention is shown. The barrel shifter 20 is a device commonly

known in the art, and is typical fo'und in most microprocessors. Barrel

20

shifter 20 can shift/rotate a word of data by N positiods in a single operation
- N ranging fl_'dr_n 0 to the word size. Ordinarily, barrel shifter 20 is used for.
a variety of operations. For instance, barrel shifter 20 is used for shift
instructions, rotate Instructions, bit scans, etc.

" In the invented microprocessor, barrel shifter 20 is comprised of two
parts: a matrix element23 and a tlféé 24. Matrix 23 receives data inputs

 along 32-bit buses 21 and 22, labell'e.d dsma and dsmb, respectively.

25

30

Generally, the data supplied along_ bus line 21 is identical to the data
supplied on bus line 22. This facilitates rapid rotation or shifting of data as
will be seen. Matrix 23 receives these data inputs and performs a shift '
operétioﬁ on a nibble granular basis, (i.e., the data is shifted by a muttiple
of 4). In this way, the data is initially shifted in4he first stage of the shift
operation by multiples of 4 (e.g., 4, 8,_12. 16, etc.). Additional _shiﬂing by
anythinglless than 4 G.e.. 0-3) is performed in tree 24. Matrix 23 is coupled

%%ﬁ;&g@é&iﬁétidﬁ%ais@mp%"{dmes. These horizontal data bit
| i nes conprise DST bu ed

v



to the outputs of a plurality of nultiplexers. The individual bit |ines of
DST bus' 25 are shown | abelled DSTO 31 and are connected to ALU output 15
‘ regi_ﬁfer 27 as discussed in connection with Figure 2 (additional |ines are
shown, e.g., DST35, -but these are not germane to the invention; therefore,
they will not-be discussed). For instance, DST31 is shown connected to
-~ mul tiplexers 42, 59, 68, 77, 86, 95, 104~ &nd 113. Contrel is proovi ded to
each of the nulWitfRe34kalongbus @b labelledDETe Tren24 than@oonidas an outpyt drabel | ed 20

DSMCO- 22.. Each,of.. the.oultiplexers 41-119. (excl uding devices 57, 66, 75,
84, 93, 102 andaﬁgli%%?%bghlgd Pé?“;"’gfii‘h‘)‘g'ﬂl_’tc,’Sﬂ'F{ﬁﬁg%'i on with tree 24)
conprise a mul tipl eWerhﬁthGtB;F(iHure?ﬁut?wg%giﬂed&mui@che%ﬂcw% out put

pins (i.e., 01- 04), and a cont p (1. ring operation, when the
control |ine ofbartrel 3biftet 20 itilizéddn therduriepthepreferied emshodirhent of thecpresgntit - dat a

| “electricall I t output data |i B f | e,

when t e co r overons figsEated, Bl Sitar b Compriees a shiaieel vABGAa: o pr ovent
toi t [ . I i |- t put i

Per P (B g, L oGt gt fos Sieficho bl 8R4 bl g InGY BY B0, 011 B P

[er]r (e.g., DSidspectvelyBXhesé dataidpindivies are elsgyarctomprisey of indidual bitcal | y

coupled to output pins 02. 03 and 04, respectively (e.g., DST1, DST2, and
DST3, respect i viNgs)DSMAB:3? anct RSMBO-3tyi \Eiagh dine i caupledd die ipputsioh avar r el

shifter 20 oper i gti?? ] .sﬂ&u f a inputs
to correspondi n@hgﬁmt&fﬁﬂeﬁsﬁ 'hﬁéié%ﬁ‘tebrilecdggﬁg\%” 0 ?g’gﬁgﬁ‘fo' 46‘19@‘Prcui t
schemati c ofQ t het Mulipléxorel4Rigg.exer. used in the currently preferred

enbodi nent of the present 5 invention is shown. This multiplexer includes

Kiel d- ef f ect devi ceddlspincluded imFigures-3A-brase @yplusality of berizanta! data outpethannel

Yo controt i1 noEla hese nRZihel seld 6 fndsicSmpySe PET e 2 3 08 BubiB; *ar o
coupl ed to a di{ofths diiputtddfra Biliralitylds imutiplexevs. PTHe ihdividbal biines BEDBTCE, =
transistor 123 has its source

bus 25 are shown labelled DS70-37 and are connected to ALU output.

15 register 27 as discussed in connection with Figure 2 (additional lines are
shown, e.g., DST35, but these are not germane 1o the invention; therefore,
they will not be discussed). For instance, DST37-is shown connected to
multiplexers 42, 59, 68, 77, 86. 95, 104 and 113. Control is provided o
each of the multiplexers of barrel shifter 20 via control lines labelled

20 DSMCo-22.. .

Each of the multiplexers 41-119 (excludiﬁg devices 57, 66, 75, 84,

93, 102 and 111 which are only used in conjunction with tree 24) compﬁse
a muftiplexer having four input pins (i.e.. i11-14), four output pins (i.e., 01-

" 0O4), and a control pin {i.e.,C). During operation, when the control line of an

25 individual multiplexer is 'asserte_cl. the input data lines are electrically -
coupled to the output data lines. By way of example, when the control input
line to muitiplexer 110 is asserted the data present at input pin | (e.g.,
DSMBO) is electrically coupled to output pin 01, (e.g., DSTO0). In a similar
manner, the data associated with pins Iz, I3, and 14 (e.g., DSMB_1_, DSMB2, -

30 and DSMBS3, respectively) is _electrically coupled t'o output pins" 02, 03 and
04, respectively (e.g., DST1, DST2, and DST3, reseectively). Thus, each



10 connected to input line 128 | abel | ed [err] and its drain coupled to
output line 129 |labelled [err]. Wen control line 124 is asserted by taking
it to a high positive potential, a conductive channel is formed between the -

source and drain regions of devices 120-123. This conductive channel A
provi des el ectrical connection between the corresponding i nput and out put
pins. 15 Thus, a high positive potent+rd -on control |ine 124 provides

el ectri cal connedrdividuab atultipdexer within @@ shilerl20opetdlés asc sMithing26 and 131,
and 125 and 132. Barrel shifter 20 of the invented m'cré)éroces,sor S

Similar to barrcPiegN CRRRSCHBERIPUPS O IR InBHIP T FaTaSPRRIRG CUIPUT W8S o the
80386 with the 20 exﬁ/ﬂﬂtrb@l;hrfcg%qurﬁi@ra4c9%6eﬂscpbﬁ%§ftﬂa‘ﬁex?_een split

to accommodat e the format conversion ol thé présent |nvention. The original

matri x control simutiplexsBiEsd infthé baré&illy prefered smbodiaentelthe prdseht i nto t hree
control signals, DSMZ2a, DSMC2h_and DSMC2c In order to aid the one
execution cl oBk iNWeNtoRIS: showm This mudtiniaxeg inclydes fipidvetiert devicas (20183 25

xecuti o oron i ! oy
or i hary.opor at | STEH eRra] KR b el MO Belipet’ o Bl -7

nerged i nto thei ipagh ofiihaseé fiéld-eNedrvanditerelis Sdiipiddad contréimne akas Ther mal ly. It
I's only during execution of the BSWAP instruction that the separate split

| i nes becore i np&raingnd sgurce regions of eachdeansistor areeoupledda @ differentorair efycl e of

t he BSWAP i nstructi four t 1X £ o] PR | s are asserted. ‘Al
other control si- é‘?gh‘&?"mm"s- %{@?{édﬁétﬁ%&%&r&%&%ﬁt@gg@ﬁe four matrix
control signaps \wohAdtted  iRpRGInNeAISi 1aEIIBE ¢y BSdELdraln\Eduplod e degputi t s 24- 31

of dsnb bus to bits 0-7 of the matrix output bus DST), dsncl 7b (which - -
nuxes bits 16-23lioe 1288 iabelled 01.0When<oatraldingfi 2dis asserted by taking it taoshigh dsnc 2w
(rmuxing bits 8-15 o [t of J’rgétrix %Jetggt bus,DST)

and dsmcl 7¢ (mux ipﬁaitimd ?agngﬂgabi? 51%&&?6“99 t¢:l$aanln_(?)e'l ?sgformg ween urce and
drain regions of devices 120-123. This conductive channel provides -
electrical conn.e_ction between th__e corresponding input and output pins.

15 Thus, a high positive potential on control line 124 provides electrical
connection between lines 128 and 129, 127 and 1.30.' 126 and 131, and
125and 132. | |

Barrel shifter 20 of the invented microprocessor is similar to barrel
shifters found in prior art microprocessors such as the 80386 with the

20 | exception that certéin control signals have been split to accommodate the
format converéion of the present inveh‘tion.'_ The original matrix control
signal DSMCZ' of the 386 processor has been split .into three control
signals, DSMC2a, DSMC2b and DSMC2c in order to aid the one -

. @xecution clock implementation of the byte swap (BSWAP) instruction.

25 Also, the DSMC17 signal is sh_own_ split iht_o three signals, DSMC17a-c. |
For ordinary operations (everything except a BSWA_P) these control lines
are merged into their original form and barrel shiﬂe.r 20 operates normally. It
is only'.during execution of the BSWA‘P instruction that the séparate' split
lines become ilﬁportant. ' o | '-

30 : lh phase 1 of the execution clock cycle of the BSWAP instrudion,

four of the matrix control signals are asserted. All other control signals of the



dsma bus onto bits 24-31 of ‘matrix output bus DST). In phase 2 of the
execution clock, the barrel shifter accepts the data inputs along the dsnma
<and dsfb buses and swaps the bytes sinply by providing appropriate

el ectrical connection between -the DSVA, DSMB buses and DST output 10 _
| ines. Therefore, the nenory item data forr[ai[J i s autonatically converted
fromeither big-endian to little-endian or fromlittle-endian to

bi g- endi an. The matixdare sgoated.aTbe fqunmalnix controlsignalswhichy arecassertbd ough t he

tree of the shifter Eany, addition hifts.and is subsequently

loaded into the 'hﬁt’ﬂ%@%’g’g‘?; I(HF_%H"W_ _eskgs QA'_S? o f’ﬂ"?ﬁ@s Eqﬁ'?secﬁ?li referred
enbodi ment, the ﬁﬁeﬁmutwuﬁbwo_srrprasm%mrmmbﬁﬁﬂ.xaybﬁm&a Bt HsrhBBls tCt | ON
bytes. Thirteen of the bits of the instruction are defined as the opcode

whi | e the | ower bitsi-150ot matsix output bes: DST), idsme2s [imokihg bit$\8-15afidsmabushat i's
to participate in.th eratigon. One i tant , aspect of, the present

i nvention is %ehaPP bﬂtﬁgs X °ﬁ'tﬂgftet?‘|§§)§'ér?" dsaci Zc (muxipg fits a\7<a‘?fse so t hat
a separate instr ' yeRY . f _ ' ted format

I S unnecessary. 'thcrqﬁéot rseé'ﬁaggﬂs%@t ﬁgaﬁgltxg ro%ﬁggﬂéﬁ*{ﬁ?%&?%% buses 21
and 22, may be oexecatidreciodk, tive bareel shifter addepts the datadnputs along the dbing, usi ng
the sanme instruction. Another operatjon where the BSWAP i nstruction proves

useful is in 25 anddsmapuses wansJdhe bytes simple by pravidingepRrepiat® ch a user

‘Wi shes to perfor &ﬁ&él?:?hﬁ%%ioﬂ%eﬁvm Fg'ﬁsmi, sats Cﬂuﬁéosagﬁégégf ?g{.&ﬂg?er

littl e-endian forna user pertorns a'nornal

foll owed by 0 BIHRE. Thetsfore] themerhdry itempatafbnnat is autthaticallyldoavenref ed i nto
little-endian automatically, thereby enabling the processor to operate on
i\—i mredi at el y (from eitherdeig-eadian te Hitle-eadian s fionpiitije-eadian Yo bigeandian. ng

COTD! et 00, PR OR B PRR A et ok BB TR HECT S ¢ e
data in its ori GdHidr withoUBany dudWRNBS shifts"dnY 18\sub&bquBHRty loaded into the ALU -
| output latch 27. |
15 In the currently preferred embodime_nt, the BSWAP instruction is
comprised by two 8-bit instruction bytes. Thirteen of the bits of the
instruction are defined as the opcode while the lower four bits of the second |
byte specify the register that is to participate in the operation.
One important aspect of the present invention is that the BSWAP
20 instruction acts as its own inverse so that a separate instruction to convert
. . back from a previously converted format is unnecessary. In other words,
' the data provided on data input buses 21 and 22, may be converted from
big to little, or from little to big, using the same instruction.
Another operation where the BSWAP instruction proves useful is in
25 load/store operaﬁons. Consider the case in which é user wishes to perform
operations on a machine which stores all data in a little-endian format. if the
user performs a normal Ioad to a register followed by a BSWAP- instruction,
the big-endian format is translated into little-endian automatically, thereby
enabling the processor to operate on it immediately (i.e., add, subtract,
30 multiply, etc.). Foilowing completion of all arithmetic operations, the

programmer might execute another BSWAP followed by a normal store to



i denti cal sequence of operations on a pfior art mcroprocessor such as the
80386 takes considerably nore tinme and storage area. Al though the byte swap
i nstruction-of the present invention is 5 currently defined. for 32-bitL§’
dwords, it also provides a basic building block for higher-order nenory-~+
format conversions (e.g., 64-bits and on). In executing a 64-bit swap, the
machine first |loads the 64-bit quantity iqitto 4w registers. Next, it

execut es BSWAPsmgoRAfe/Testord 1he datdlinSisUriginaMohRaMiA ntmory NAcRiBRRG AP Si NPl y
renames the registers in reverse order. In other words, 10 the register.
cont ai ni ng t he idenfical sequesce iof pperationscomapdonart mieroprosessorisdeh as the st er

and vi sa-ver sa. %s e of. renam rg%_sc-hege obvi at.es the need to :
physical I'y swapB35e takey cnside! hER time ap ‘&tq_’?ﬂf B®/versions of 64-bits and
e ot 2 PEr{ Of Mokl gN o B SRS RBoABHAthe Brbsofinvention is TTUS. 2 byte

swap instruction in a mCroprocesso or convert “between nenory data
formats has $eecurrertiyrdelined for 32-bifldwordsLifalb ptovides a basip duiding bfogk swappi ng
the byte order of a 32- bit data itemstored in a register of

ni cropr ocessor 9EBigher-erde mamosy farmat epnveesiangdegn G4itsANGOMo Il singl e

mans for coupt Psotng § YN 1P RALATE ffot EARTE BB baifly SRR ' 07
i nput data | i nefgisters. Naxt, Rsgxeoutes BSWAPSON bachodf thel reyisterda iattelwdras, t he

coupling swapping the byte order of bits 0-7, 8-15, 16- 23 and 24-31 of
sai d data it em the progassapsimplyrrgnames fesegistensinraverse onder. in Ofbeilﬂomsd 0-7,

respectivel ’YO_ Qihesrg.bigte?%aﬁfnir%afhg Hi&ﬂl?—br@e@%ﬂs is renamed as the lower-order

register, and visa-versa. This type of renaming scheme obviates the need \J

s

to physically swap the registers. When utilized for conversions of 64-bits
and higher, the performance cost savings are magnified.

15 Thus, a byte swap iﬂstm’ctibn in a microprocessor for converting

between memory data formats has been described.



control means responsive to said ° single instruction coupled to
said. coupling neans for controlling said swapping of said byte order of

: saidkgata item 2. The apparatus of Caim'l, further conprising a
regi ster neans coupled to said output data lines for storing said swapped
data item 3.° The apparatus of Caim 2, wherein said coupling neans

conprises a barrel shifter which includes a plurality of nultiplexers each’
coupling at |east one bit of said data ijlsem on said input data lines to
sai d correspondi ng output data line. 4. The apparatus according to
Claim 2, wherein said instruction conprises two instruction bytes. 5.

The apparatus according .to Caim1l, WgILAIMS said - 13 - swapping of said
byte order is perforned in one execution clock cycle. 6. In a conputer
systemreceiving a data itemat an input and producing a shifted or rotated
data item at lan out plAppayakusitfor f swvappingi thet lhytieoronrdeniof 3232+t dat a

tem froma st ghenmiedip 88P6AN%H OhMHeq IGREY | 8ENdiickopiddedsdieans

including a plurality of I nput |nes onn ction to said’input,
plurality of RRANRM $4#f%saPB?r%‘H1‘ﬁle‘BP?’€ﬁ\t Ws%ﬁ‘drﬁﬁPBBFeaﬁ& oy ﬁ%ﬂg&l ty
of mul ti pligetructiorai dxecuted!t i [Nyexessidal enficropkbgessorec eansor der ed

bits 0-7, 8- %%m:¥%sf%g-

coupling means for coupling sald data item from
said register on a plurality of input data lines to a
corresponding plurality of output data 1lines, the
coupling swapping the byte order of bits 0-7, 8-15, 16-
23 and 24-31 of said data item to corresponding bit
positions 24-31, 16-23, 8-15 and 0-7, respectively, of
said output data line; and _
_ control means responsive to said single
instruction coupled to said «coupling means for
controlling said swépping of said byte order of said

data item.

2. The apparatus. of Claim 1, further comprising a
register means coupled to said output data 1lines for
storing said swapped data item. ' '

3. The apparatus of Claim 2, wherein said coupling
means comprises a - barrel shifter which includes a

plurality of multiplexers each coupling at least one bit

of said data item on said input data lines to said

corresponding output data line. '

4. The apparatus_accofding to Claim 2, wherein said
instruction comprises two instruction bytes.

5. The apparatus according to Claim 1, wherein said

R
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and 24-31 defining said first format to borresponding ordered bit -
positions 24-31,  16-23, 8-15, 0-7, respectively, of said output Ilnes
defining said second format when said nultiplexers are enabl ed; and conty gl
means coupled to said plurality of nultiplexers for enabling said ¥
mul ti pl exers in response to a single instruction executed by said conputer

system for operating on said data item 7. The appar at us of
Claim6 in which said instruction also chppges the format of said data
itemfromsaid second format to said first format. 8. The  apparatus

of Claim7, wherein said first format is big-endian and sai-d second for nmat

is little- emﬁéﬁh pPing ofThQalappﬁyﬁbUSorder ﬂH eﬁﬂBrﬂdeWEﬁelanéald
i nstruction co rses two truction bytes. - 10. The

appar at us ?Htf?%|ﬁ+%gﬁmﬁ%? #h said computer systenllncludes cl ocki ng
means for defining execution clock cycles, and wherein said single

I nstruction fqg sai d cfgnglgggﬁﬁté %Yéfg$n£§c%§yf%8cgt&thylégﬁd £ogRuter

system in one Of said &xecu M Cr oprocessor
havi ng an i nt einpiit rand spredueingnd %hb@te@losrw¢ta¢edadmt¢hbuemfat an

converting a qii@pht &Ma ﬁa&s@uw fort | ERANGEAY’ ¥hkO FBY A0 B£S YOS PREOIY
f or mat conpr|5|n the s |ngutt|ng said data item _.into said
barr el a itenm from a irst format to a second format,
comprising:
a shifter means including a plurality of input
lines for connection to said input, a plurality of
output 1lines for connection to said output and a
plurality of multiplexers, said multiplexers
electrically connecting ordered bits 0-7, 8-15, 16-23,
and 24-31 defining said first-fofmat to corresponding
ordered bit positions 24-31, 16-23, 8-15, 0-7,
respectively, of said output lines defining said second
format when said multiplexers are enabled; and
control means coupled to said plurality of.
multlplexers for enabling said multiplexers in response
to a single 1nstruction executed by said computer system

for operating on said data item.
7. The epparatus . of Claim 6 in which said
instruction also changes the format of said data item

from said second format to said first format.

8. " The. apparatus of Claim 7, wherein said

first format is big-endian and said second format is
‘little-endian.
9. The apparafus - of Claim. 8, wherein saiad

instruction comprises two instruction bytes. "

ARER ) R



shifter along a pair of input buses; asserting certain control signals

connected to said barrel shifter to initirate a conversion; connecting the
. ordered bits 0-7, 8-15, 16-23 and 24-31 of said data |ten1along sai d i nput

buses*t o the_correspondlng ordered bit positions 24-31, 16-23, 8-15 and
0-7, respectively, of said output data bus, thereby producing a converted .
data item 12. The nmethod of Claim1ll further I ncl udi ng the step of
| at ching said converted data iteminto a?%torage | ocation. 13. A et hod
?LrCOPVSFtIng a 33 bit data itemin a m croprocessor deV|ce froma first

ma 0 a secon t, I ngl e inpst ong risin

the steps of: fﬁbwn iga (ﬁgiggﬁégﬁfron1a q%cggg%% i %ésal at a ?te%
is in said fcomputerns&ystam ainedudesr ;clecking r@@ﬂ(b‘ﬁsef?ﬁ s‘%ﬁfdl%’rﬂﬁgl e

instruction b cr SS | Cegq wa t :
order_ of sai dx’éa?{é Ftem g}cﬁ ha%o?éd%red Rldts w}?%reaéﬁ Ba1gg él?-;]d 24 31
of sai.d data imskrugtiand fPFststﬁnthEBB BgpoRE tﬁaé#b<fhﬁﬂé§f

posi tions 24-glecdfed3. bg- 15aaad Gofputespeeslyistemy, imf &majraiysﬁaﬁd sai d
swapped data item being a egond format. 14. The neth i
13, wherei n sSKECEEHB: GO efeiés ° method of Gaim

11. In a microprocessor having an internal register
set and a barrel shifter, a method of éonverting a data
jtem stored in a first memory format to a second memory
o/ : format comprlslng the steps of:

inputting said data item into said barrel
shifter along a pair of input buses;

asserting certain control signals connected to
said barrel shifter to initiate a conversion;

connecting the ordered bits 0-7, 8-15, 16-23 and
24-31 of said data item along said input buses to the
corresponding ordered bit positions 24-31, 16-23, 8-15
~and 0-7, respectively, of said output data bus, thereby
producing a converted data item. :

12. The method of Claim 11 further including the
step of latching said converted data item into a storage
location. ' '

13. - A method of converting a 32-bit data item in a
microproéessor device from a first format to a second
format, using a single instruction execution, comprising
the steps of: _

mov1ng said data item from a location in which
said data item is in said first format, to a register;
and : _ :
in response to said singlée instruction by said

microprocessor device;

L



further conprises a barrel shifter héving a plurality of input bit Irnes
and a plurality of output bit |lines, and wherein said swapping step:
conprises the steps of: asserting control signals coupled to said barrel“
shifter to electrically connect the ordered bit positions 0-7, 8-1%;
16-23 and 24-31 of said input bit lines to the corresponding ordered bi t
positions 24-31, 16-23, 8-15 and 0-7, respectively, of said output bit
lines; and reading said data item onto, _said .input bit |ines. 15.

The nethod of Cl aim 13, wherein said sWépb?db.step occurs in one execution
cl ock cycle. 16. The method of Caim 15, wherein said first fornmat

islittle-endian and s n 0 ndi a 17. . In a

conput er system havi ngé"é?%@g&i gﬁéarir’gﬂreor"srf?gn?ﬁ s?%ﬁef’??’?v@%cﬁﬂ‘?’bn

cl ock cycl es, thﬂﬁgeﬁeénsts oP-2xed@rtlShg t6rc2Psande 24rs31 uofi wmid sai d

system stori nm@téaiéemtﬁméﬁ&'ﬂiﬁ@'m&:? ém#d tSERP R R f OF
r

converting said, data ié a - _endian_nmenm ormat 1 n response to
a single one ditaPasitiq ’ﬁ134ﬂlilisﬂillﬁﬂélﬂ‘ﬁf’* » respectivelyy s
* - 16 - i rof reaidopegistersi sglid awapPedaddeexiteni beiagodh wwies,

sai d appar at us ééggﬁlfﬁ{ghtneans for transferring said data itens stored I n

14. '~ The method of Claim 13, wherein said computer
further comprises a barrel shifter having a plurality of
input bit lines and a plurality of output bit lines, and - ‘;)
wherein said swapping step comprises the steps of:

asserting control.signals coupled to said barrel
shifter to electrically connect . the ordered ‘bit
positions 0-7, 8-15, 16-23 and 24-3i:of said input bit
lines to the corresponding ordered bit positions 24-31,
16-23, 8-15 and 0-7, respectively, of said output bit
lines; and _ |

reading said data item onto said input bit

lines.
- 15. The method of Claim 13, wherein said swapping
step occurs in one execution clock cycle.
16. " The method of Claim 15, wherein said first
‘format is little-endian and said second format is big-
endian. '
17. In a coﬁputer system having clocking means for

defining repetitive execution clock cycles, and having
means for~executing'successive instructions, said system
storing a data item in big~endian memory format, -an
apparatus for convertlng said data 1tem to a little-
endian memory format in response to a 51ng1e one of said _

* [ L M H *



sai d big-endian nenory format to a storage el enent; neans for swapping the .
byte.qrder of said data itemto convert said data iteminto said

’ I|tt|g endi an nmenory format, said swappi ng neans noving the ordered bits
0-7, é 15, 16-23, and 24-31 of said data iteminto the ordered bit
p05|t|ons 24-31, 16-23, 8-15, and 0-7, respectively of said storage.

el ement. 18. A m croprocessor device, conprising: a unit for receiving
and executing instructions; .apparatus «asensi ve to execution of a single

; d ; Vi . q . : I :
'nsai d devi APSTRECSAINR ng - ByRE8 athe oPYs S phPCRELER; RS | "
produce an ommﬂ;es:l.at%ald apmmus]anonpm:m-bl ts 0-7, 8-15, 16-23, and

24-31 of said input ggd étf‘&cﬁfé i ?dcedqcté%é dt¥dd 978
24-31, 16-23, 8-15, an 7, respectively, of sai d out put, data item 19.

A devi ce acccﬁ%ﬁqng%%‘@‘%ﬂ#ﬁ meenne forpatite g mhorpge, ekananty o 32-bit
data word. 20. A:ﬂ@aﬂs:efaﬁcehdpﬁhgo'cﬂealuyt@ ovlier ebp waiid laadalion is

a register. of_.ope pro |
conpri si ng tH't]et en che SPnVFEg‘els\ﬁ g%%ﬁﬁb 3&3§n ’eﬁ& ft’ﬁ}@ﬂ ons;
in response tmemxerufoomat{ ®aidigswappingf meand imovingt tbhes ondegwd/i ng an

| nput data i tepdrery 2 40¢8! 1 98-53, Sahd JEY5EC0R a4 RAILA0 il Bt Or der
the ordered bit positions 24-31, 16-23, 8-15, and 0-7,
respectively of said storage element.
— 18. A microprocessor device, comprising:
a unit for receiving and executing instructions;
apparatus respons_ive to execution of a single
one of said instructions for receiving an input data
item from a location in said device and swapping the
byte order of said input'data item to produce an output
data item such that ordered bits 0-7, 8-15, 16-23, and
24-31 of said input data item correspond to the ordered
bit positions 24-31, 16-23, 8~15, and 0—7, respectively,
of said output data item.

19. A device according to Claim 18, wherein said
W ~ input data item is a 32-bit data word.
~ 20. A device according to Claim 19, wherein said

 location is a register.

21. A method of operating a microprocessor device,
comprising the steps of, |

receiving and executing sequential 1nstruct10ns,

- in response to execution of a single one of said

instructions, receiving an input data item from a

location in said device and swapping the byte order of

) O S



said input data itemto produce an output data item such that ordered bits
0-7, 8-15, 16-23, and 24-31 of said input data itemcorrespond to the «+ . .
ordered bit positions 24-31, 16-23, 8-15, and O0-7, respectively, ;:f? .
said output data item 22. A met hod according to C aim 21, wherein §§$d
| ocation is a register. 23. A processor conprising: a mnechanism which
decodes an instruction specifying a byte order reversal operation; a '
regi ster which stores data consisting of a plurality of connected bytes;
and a unit coupled to said register and.saghd-nechani sm which executes
said byte order reversal operation on said data stored in said register
and stores the resulting byte order reversed data in said register. 24.
An appar at us fsaiawaaphmgdhha Hitem todprodiice 3f- butputddasa itemmsuehored
in a registe cessor S an |1 hegg e fore
descri bed with{"PQF é@eer?‘% ?gggagcgﬁpadg;?g ;fjélgﬁ 35}13 2-%1 6t —

. input data item correspond to the ordered bit positions

24-31, 16-23, 8-15, and 0—7; respectively, of said
output data item. ' '

22, - A method according to Ciaim 21, wherein said
location is a register.

23. A processor comprising: B o, T\
a mechanlsm which decodes an instruction
specxfylng a byte order reversal operation,_
~a register which stores ‘data consisting' of a
plurallty of connected bytes, and
, a unit coupled to said register and said
mechanism which executes said byte order reversal
operation on said data stored in said register and
_ stores the resulting byte order reversed data in said
register.

24. An apparatus for swapping the byte order of a
32-bit data item stored in a register of a
microprocessor means .substaﬁtially as hereinbefore
described with reference to the accompanying drawings.

O



