BYTE SWAP | NSTRUCTI ON FOR MEMORY FORVAT CONVERSI ON W THIN A M CROPROCESSOR
FI ELD OF THE I NVENTION 5 The present invention relates to the field of

sem conduct or mi croprocessors. BACKGROUND OF THE | NVENTI ON 10 The present
invention covers a byte swapping instruction which may be inplenented
within the architecture of a mcroprpcessor. The m croprocessor utilized

with the present i nvewaﬁﬂﬁ%y ns'i@ﬁ? ¢S§a§w4ﬁwently-- [

referred to as the 48 roved
version of the Intel 803c6OMVERSIONMITHIN A MICROBRROGESSRR 386TM
processor. (Intel, 80386, 386, 80486 and 486 are trademarks of Intel

Cor poration). Generally information is stored 'in the nenory of a

m croprocessor SygFiEUDI OFIAHRE SINVEMTIGN Which typically vary anywhere
between 8 to 2§ 64-bits in length. In the 486 microprocessor a "word" is
defined to be 16-bits w de, while a doubl eword, or "dword", is 32-bits

wi de. Words are storedTh%PﬁﬁS”'dBH%@@ﬂt'P'@@séDBN fig)cliof SeMICORAMAON, Wit h t he

| ow order byte at n,;')_:yg I,&\gggé address and the higher-order byte at the

hi gher "addr ess. BrrEY ored in four consecutive bytes in nenory with
the |l oworder byte at 25 the |owest address and the high-order byte at a
hi ghest address. The address of a vvord or dvvord data itemw thin the

M Croprocessor i sEaketie ! 2} vt - order byte. This type of
addressing, p3Pticularly vvrth respect to.a dword data |tem i s known as the
"littl e-endian" net hod !riehéﬁr onivi¥iéh

byte. Al of Intel’ EEQP e?eﬁ“nggn ﬁ)vgésjsu% e thaeﬁialirfgtiltn end| an net hod
for storing data bbﬁmﬁleﬁémedawnmnnm arohitest tifson! athdmcesgorda’tha types within q

a nenory of a microprocessor is referred to as the " % g rmthod In
t he bi g- endi an microprocessor utilized with the present invention |st e Intel 0486

Microprocessor, frequently referred to as the 486T™™ Processor. The 486
15 processor is an improved version of the Intel 80386 microprocessor, also
known as the 386 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 doublewor&, er *dword", is 32-bits wide. Words are
stored in two consecutive 8-bit bytes in mémory 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 in memory with the low-order byte at
25 the lowest address and tﬁe 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 “little-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 stori‘ng data types.
The alternative method of storing data t;'pe_s within a memory of a

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



-2- nmethod, 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 ius sinply which byte of a
multiple byte quantity is assigned the | owest address, and which byte is
assigred the highest 5 address. In big-endian format, as the nane inplies,
the bjg bytes cone first; that is, the htgh-order bits are at | ower

addresses. The bi gnethefedataistierediwiththe high-ardenbitsyat timlowestapidressed bite.

Wotorol e o 1n Tk Mo B ¥Nen'tivaple SHoBRAE RS TRA BN AL TR oy
10 Very of t gistirktion etfwaishnahe feSis sifiply Which biité ofl @ nfultiphs Byt ity M xed

data nmenory formats.. Qther programmers frequently want to send data over a
network from one cigmssigaed Hie lowest:agideass; and-which bytecisiassigned thedvghesh f or mat

Therefore, at SoneodifE 'n P Ten HBArbe il Brdiodiet e B Ry (o
convert data stor efat i, qiwggeammﬁrm idwidr aB8re8E¥ The Big@ndfanthémory
envi ronment the conversion between nenory formats is strarghtforward. A

nunber of i nstructfoonat ianusedby iBMEBY0 line ol computats misiwellasithe 68¢00iinesefor t o
sinply rotate or exgchange 8-bit registers. . l.n other ros, the 8-Dj

Guant 11 65 that  f GRIGraRTacassarsman kGref by Mo 1ok P dskiione3en FIC 20
exchanged. Byte S%Bée%ﬁ‘ﬁ%@ﬁ?d-gﬁdiaﬁ‘% ~ of bits, say 32 or 64-bit
guantities, are nore problematic.” For exanple, one way that a prior art

m croprocessor10n ght paenpofter apeogmanmesdesres tecfoaniacdatabase Bivirg mixedem i s
to \i/rst execute a bzte swap of the |lower two bytes; then rotate. b
sixteen; then 25 SRR MATHATK @it OBYCPTONETMATS IMASININER! 19 SeRrcaly ouer

Hence, three 5eparéb@tﬂoﬁ?h&h\%{%ﬁ?ﬂ&ﬂﬂ%&%ﬁ? iu?tg?é’reéété’fﬁ B%%Si on - -

‘each instruction taking two ¢ to inple a tot f six clocks
for the entire confoemat toranothes computeawhieh storés integer dataiina litle-grediay al | y t wo
f't o three format. Thereforé,'at some point in time, a conversion needs to be

15 performed to convert data stored in one memory format to the other.

In a 16-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 daté item can simply be swapped or

.20 exchanged.

W, ' 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 operation 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. Hence, three
separate instructions are required to perform a conversion - - each
instruction takiné 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 great deal of code needs to be generatéd -- probably nine

30 instruction bytes -- for these three rotate instructions.

An alternative approach would be to have the mémory format



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 nenory format conversation
~take place in consecutive steps in mcrocode. However, using mcrocode
woul d still take six clocks or nore along with a Iarge nunber of .
I nstruction bytes. Consequently per fargriing nenory format conversions f7 of
bi g- endl an 1 Ocdrvbisafiof MlieBlaceln édndBeifve Weps/ IR MhRbdd HogeverTCNI nes
requires a sub ant1 al u I nt er nal rPe y space and a $ignificant

per f ormance pasing tmcroébdélwwd smttaamslxcmdkstohmorealomgadthta/laegytal n RISC
processors is referred to as "pin-strapping". Pin-strapping consists of
not hi ng nor e Rufakerof insiuctionsites, HCensequently,periarming-memaryJormat printed

circuit board r t ption forces
t he conputer ?JJ‘Q'F?%&% %@ea#@%&éﬁ?@%ﬁ?%ﬂ %r JQ% F‘Jﬁg'rﬁ' &%P.a R ei ther as
bi g- endi ars or mhbhihdEreriesa sibétamial amoust diatdmal mefhoppspaeadndhaias t he

obvi ous drawback in that it is static and therefore incapable of being

programred orsiguficantipegfarmgnaenpenalty.y by the i croprocessor or user. 15

2 singl e byte. owadk HTBtenL bRt gkis el By BRER HRE BRIk o dvor d 1o
a little-endi ayferkedf 188ds “pirétrappit®.’ Pﬁf-s:@ppnwang@& 6famwn%cﬁ.a&ethah@ bet ween
the two formats without addi ng any extra hardware or ormance cost. An

appr oxi mat el ystatioswitghcthat ed intp therprinted pmunzbzpar@ hougingthet hat make
lh;aﬁllyeazﬁ f bl. endl an ta .\ﬁ/%&n Eﬁ"#ﬁé"ﬁglﬁ a 48%r%t?eca %\Se%o U
" one fashlon or another i.e., either as big-endian or lmle-endlan format. This
_hard-wired approach has the obwous drawback i in that it is static and
therefore incapable of bemg programmed or oontro!led dynamlcally by the
MiICTOprocessor or user. _
15 As will be seen, the present invention replaces these past
approaches with a single b'_yte swap instruction capable of converting a
big‘-endian dword to a little-endian fb_rmat. This instruction provides rapid
conversion betwsen the two formats without adding any exira hardware or
performance cost. An appr'oximatefy 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 littie-endian machine). \J

Iy



A 'speci al i zed nicroprocessor instruction optinzed for performng an

i n-place byte swap on 32-bit data type is described. This byte swap 5
operation is especially useful in converting data stored in a big-endi an
menory format to a little-endian nenory format, or visa-versa. The

i nventd.on conprises a nodified barrel shifier-which includes a plurality of
mul tiplexers for QlSatagif! ¥eCq A [qTs L@ligy Fom one or nore i nput buses to
an output bus. Th& o te-trorvigual bit |ines of the data buses
is 10 arranged such that bits 0-7, 8-15, 16-23 and 24-31 of the input bus
are coupl ed to correspAnsgecigizedtmicidprotessottnst@ctidh dgtintizell for perforasimpani vel y.
Controllines connected to each of the nultiplexers provide a neans for

control ling the bjnrplacebygiswarssedbit 8ata type issassabad (Thiebyleiswa® byte swap

instruction al ko o) [ { fr | g-endi an
momory format Po- SPpiaeR B ESAREN i pbondehtig kafidiel 1f B db-ShiafC
incurring the per nfgnigh frmaead little-8ndian Afdntdng foriiat, Br isg-verdh C TR OCessoOr s.
In addition, this one Instruction reﬁu1res only one execution clock cycle

to performthe cofnventioroepmprises asmedified bafre! shiter whichdecludasa plyality0f v

require three instructions,an i X, C | EF CRI. PTI THE
DRAW NGS The. pr oo EIUHSSER oF SReRiveN Bblifista 1B asr e ot Fhes o
detai | ed descri pt pGfpubblis NTIREESUMIAGB1 the BIvIAGa! B HRSESIING Batabiusds RIS of the
5 preferred enbodi nent of the invention which, however should not be taken

to limt the iiAventranged suchithatditsd-7. 8-18n15>23 anth24:3dtof thecinput bus@Banat i on

d und di Ly, , Fi 1] i i ttle-endi d
b1 Geandi an 10 monGPPIY I BIHESPRRTRS RGO bt 808 B Rt ot i 1
correspondi ng MemMellitraidites e5Mvectdiftotidch BF HREMUNBlexerd PrdWdd & reaf f?r DIt 1S

shown as bit 31 while the lowest order bit is bit 0. Figure 2 is a block
di agram i | | ust r at contraling Hathyte swapping operatiorhe

The presently described byte swap instruction allows the programmer

15 o convert data from a big-endian memory format to a little-endian data
format, and back again, without incurring thé 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 .



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 the present invention. 20 Figure 4
shows the circuit schematic for the 4 x 4 nmultiplexer utilized within the
barrel shifter of Figure 3. -6- DETAI LED DESCRI PTION OF THE | NVENTI ON A ..
m cr opr ocessor corrprl sing a byte swapslnstructl on for converting the nenotry
data formats Bgf eStRI gpgccgbed. In the 5° foIIovvlngu‘
descri ption, NUMErous speC| S are set forth, such as bit |engths,
etc., in order to_‘prow de a thorough. underst andi n% of the pr esent

i nvention. It wil The@resent invent de undgrsined mare| ullydromtnmetaqlad that these

ific d d h '
T e bl i B R e 1B BB Rpthg e ot bB B O i
detail 10 g i mpraferdli gMfbodirlent oh BERPEtioNWIE hoWevérhobkiaRt bb tarmhent ion.

Figure 1 illustrates the differences bet ween .t he bi.g- endi an and

littl e-endi artorligitthe ifvention © thespeh&ﬁnetsbmam@mﬁeebgakplariatmﬂdndt s. In
Figure 1, for ngoth t@e i tIe endi an and bi g-endi an nenory formats, the
32-bits of ddiNgeLfan W|th the loworder bit numbered bit 0, the 15

hi gh-order bit nunbered bit 31, and the nenory addresses nunbered al ong the
top. As shown,  each 32-bit dword is partitioned into four 8-bit bytes.
These are denot ed Figureabist alcompatsansbetwben Hittisepdian dnd big-aridiar i t t | e- endi an

format. dwords d byt th
20 the |G PEEETIGTALE AL HILPH Tt o RN WARLET SRIRRRREIER Gt he
hi gh-or der - byhgmBRSddré¥288 ard bk ABmBRARE STheNighéat Brdef Bit s drbwn de!st rated iny
bit 31 while the lowest order bit is bit 0. | '

Figure 2 is a block diagrem iNustrating the data flow through the

15  barrel shifter of the invented microprocessor.

' Flgures 3A - 3L collectively compnse a circuit schematic of the
barrel shuﬂer utllrzed in the currently preferred embodiment of the present
invention. '

20
Figure 4 shows the circuit schematic for the 4 x 4 multiplexer utilized

within the barrel shifter of Figure 3.



Figure 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 M+rl, bits 16-22
are stored in menory address Mt2, and bits 24-31 are stored in menory 25
address Mt3. The address of a dword data itemin a little-endian format is-
the byte address of the |owest-order byte, (e.g., nenory address "M'). In
the big-endian nmempry data format. the bit€ are arranged in the opposite
order’. That is, bi tiakafidice I LAY S L IR ONII@Nor der bits at the
| owest address byte, and the | owest-order bits at the highest nenory 30
address byte. Therefore bgvdesd ' bRk G i i ts
0-7 are stored at mem)re ngg'g?ess ?\%%"E@?‘ﬂ‘ﬁa’]’%ég’?"gbg't‘%@g‘éég{&%ﬁ%&rﬂy'@
address Mr2; bits fHe m8maredata tormdtsdftormenetype dcldnather id/tdscrided. hithe 24- 31
are stored at nenory address M The address of a dword data itemin

bi g- endi an menoPy fAlilowing descption, pumeroys specific detajivarg sat dosth. spefeas Bitt e.  To

perform a conversi 0 1:Q- ' uq@gq . J - ] an,
the foll ow ng pr ocgs}'g_('#égltféb’ '98@’23‘%9'. | rs?\?%ﬁg%%%d'en# éféﬁég'\'/eegg# rom
menory to an | nter imventicrgi 1t Will be dividus However) ta one ekilleislitheg attahdtithese24- 31 i n

the big-endian format need to be transferred or swapped with the contents
of byte D correspoSBPGils dejails paedyot be yspd te,pragtice,\pepresent inygntion. ia ath@rpped

ith b . Thi ' (80 al i ' - -
e o8 Conan e PEASHRRRAPAREALEE 3 RIS Bl e,

execution unit10f imherder abRrMhesessarily fobseure \the phsetvinpgrttidndat a itemis
| atched into a t'errporar%i | atch or register to be subsequently witten back
t o tHe source desti natiDautechiliysteates feritigregceshatween the bigwndignangure .2, a

Block, a5 of e el bl Rkl rit S 22 Lo

barrel shifter 20 iFigure 9cior BothaReTRIBIendiancimd big-ehdian Mdmor iétmiats, thei cal
found in nost mcroprocessors. Barrel shifter 20 can shift/rotate a word of
data by N positi on82ibits 8! dataare shown with $e low-order bit numbered bit 0, the

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

the top.
As shown, each 32-bit dword is partitioned into fouf 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 positioned at the lowest address and the
High-order byte positioned at the highest address. This is illustrated in
Figure 1 where for a little-endian memory format, bits 0-7 are stored in
memory address 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, ke.g.. memory address “M").
_ in the big-endian memory data format, the bits are arranged in the
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 ngure 1, in big-endian format bits 0-7

are stored at mémory address M+3; bits 8-15 are stored at memory



-- Nranging fromO to the word size. Ordinarily, barrel shifter 20 is used
for 20 a variety of operations. For instance, barrel shifter 20 |Is used
for shift instructions, rotate instructions, bit scans, etc. In the ~’

_invented mcroprocessor, barrel shifter 20 is conprised of two parts: a -
matrix element 23 and a tree 24. Matrix 23 receives data inputs along

32-bit buses 21 and 22, | abelled dsma ard? dsnb, respectively. 25 ' !
General |y, theddmss M'b?)rhﬂisééaﬂemgﬁtmdalmomomaddressllmttl:aﬂd btw24.Be data '

lied bys d, rot at hi ft f
?igltog Qg vmolnl e’ scﬁ%g@?igyﬁ séch vé add(g ':%"fcég'é{g pot gé'ﬂiml peergr?ns a
shi ft operatlw-emanmé?h&mmwméb%%ﬁmés'oﬁ?e h@ﬂs? IHX&.[Sh'“ed by a

multiple of 4). In this way, the data’rs initial he first
stage of the shi ftTQQG”O(mBmUVQIHODWMIQ-BpﬂBB mém&y(fang;uo 4, 8,12,16,

o) e 945 | Brertiar. i BuNing brodush Bepd o oapur drish o dts ket D o
TTee 24 then gl ey Win Brtd b ReROp@IEL ilpBRled  ALU out pu

regi ster 27. Referring o Frgure schemati c
of the barrel bnamfaartnzm bbréndmdonmttmmwbeem‘nbterrbd%i'%%%bﬂfﬂpdi ment of

the present 5, inventio | 1ustrated. Barrel: shifter 20 conprises a
plurality of \%ﬁ?‘?’gﬁ?s EP |¢1ﬁﬂ't’°§ﬂ°ﬁg‘§gé%9ﬁgﬂ tjmijarhe badeB aeeds tous | i nes

21 and 22, re sed of
I ndi vi dual bi P B%@?@é’&}ﬂ 1 aﬁgts%g‘l\%g%q |n£8€%r§{$nn§h%‘£ﬂ%?ﬁ;ﬁé ®to the
i nputs of 18 phpeefaired 9mbbdmem nsihg the bares! shiftéolocated Withfh the i's coupled

to the 14 input %3 ggltl exors 42-49. ‘Also-included in Figures 3A-L W
are a plurali ¥ '°Hc5't"ft the.fnigiopracesser, Kinally the swapped data iterois al dat a bi t

I t it f
il ovcor o ey s gy 6 el ke e840y S B 01 | o
DSTO 31 and athe smmcedestaiatlm rigisteruh memokp. regi ster 27 as discussed in

connection with Fi Hure 2 (additional lines are
eferring now to Figure 2, a block dtagram of the data flow through

15 the barrel shnfter utilized to |mplement the byte swap instruction of the
present invention is shown. The barrel shifter 20 isa dewce commonly
known i in the ant, and is typical found in most macroproeessors Barrel
shifter 20 can shift/rotate a word of data by N positnons in a single operation
-- N ranging from 0 to the word size. Ordinarily. barrel shifter 20 is used for

20 avariety of operatuons For instance. barrel shxfter 20 is used for shift
mstmct:ons, rotate instmctnons. bit scans, etc _

In the invented rmcroprocessor barrel shtfter 20 is oomprised of two
parts: a matrix element 23anda tree 24. Matrix 23 recetves data inputs
along 32-b|t buses 21 and 22, labelled dsma and dsmb respectlvely

25 Generally, the data supplied along bus Ilne 21is identtcal to the data
supplied on bus Ilne 22. This faclhtates rapld rotation or shnftmg of data as
will be seen. Matnx 23 recelves these data mputs and performs a shift
operatlon ona nlbble granular bas:s (i. e the data i is shlfted by a multiple
of 4). In this way, the data is mitnally shn'ted inthe first stage of the shift

30 operatnon by multuples of 4 (e.g., 4, 8 12 16 etc.). Addmonal shnttmg by
anything less than 4 (i.e., 0-3) is pertormed in tree 24. Matnx 23 is coupled



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
myl tipl exers 42, 59, 68, 77, 86, 95, 104 and 113. Control is provided to
each of the nultiplexers of barrel shifter 20 via control lines |abelled 20

DSMCO.22. Each of the nultiplexers 41-119 (excluding devices 57, 66, 75,

ComprFie o marti pi GHS FhaPhGbpbas 1atalien DT aTee 2 neRprovdss an Biiptan put
in i.e., Ol- 044s. qé;%q ol [ : ' oper ati on, when the
glonfrg: | i ne of aﬂﬁ%gﬁ%iq% IGVI u‘gﬁbrrult?idﬁueg%‘?@rgglgégg?'?ed? theI | nput data

i nes are el ectrical | y Refenihg siotwctotFigure GARLEL, @adetailed ireuit Sshenwmtic of thexanpl e,
when the control input line to multiplexer 110 is asserted the data present
at input pin 11 (et?%’e,' shipiey utilized)in the Gurmently, prefaifpdambodipent of theprasent ]
(e.g., DSTO. | .Sl : : ' i ' ., 13,
and 14 (e.qg., [gl\/éf?é'g@k‘/gi!“B’gtgagg'ngtaggk%@&r%:%ﬁn?éigﬂﬂ r|£|isiy g‘ g,g[dF |§cal |y
coupl ed to out put gatasngd® linds3coupibdldd dshes and tsmb| bus(ineg 21 aRGP2, DST2, and
DST3, respectively). Thus, each -9- individual multiplexer within barrel

shifter 20 oper at ek@spectivelyyi there figtacinpuidines @omakawn eqmprised ! inslividual Biti nput s

Sohemmt 1o of t ha aie8DSAABY, andl b8, 1. eeen il dubled th g wpfis pr '
enbodi ment of the BLRHEGf 434 infuhgNéiePs) Fér example, dEML3T IBdduplRday Be MNApuIdes.

field-effect devices 120-123 which preferably conprise ordinary n-channel
MOS devi ces. TH gefimulliplexors 42:49.t hese fiel d-effect transistors is coupled

Longpntrol 1ine 120, T elhed i EROM:CT ] i 8o SF Bl g oY ©
transi stor 123 hasjrdss Thesé Abrizdhtal GatSIe irdé domprie BST Buseeslany arkuprd | 1
and its drain coupled to output |line 129 labell'ed OL. Wen control |ine 124
is asserted by takiorthe outputs of arpligtality of multiplexers. The individual bit lines of DST
bus 25 are shown labelled DS70-37 and are connected o ALU output
15 register 27 as discussed in connection with Figure 2 (additional lines 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
multiplexers 42, 59, 68, 77, 86, 95, 104 and 113. Control is provide:! 10
each of the multiplexers of barrel shifter 20 via control lines labelled
20 DSMCO-22. |
Each of the multiplexers 41-119 (excluding devices 57, 66, 75, 84,
93, 102 and 111 which are only used in conjunction with tree 24) comprise
a muttiplexer having four input pins (i.e., 11-14), four output pins (i.e., O1-
04), and a control pin (i.e.,C). During operation, when the control line of an
25 individual muftiplexer is asserted, the input data lines are eléclrica!ly
coupled 1o the output data lines. By way of example, when the control input
line to multiplexer 110 is asserted the data preseht at input pin Iy (e.g..
DSMBO) is electrically coupled to output pin 01 , (e.g., DST0). In a similar
manner, the data associated with pins Iz, I3, and l4 (e.g., DSMB1, DSMB2,
30 - and DSMBS3, respectively) is electrically Eoupled to output pins 02, 03 and
04, respectively (e.g., DST1, DST2, and DST3, respectively). Thus, each



positive potential, a conductive channel is fornmed between the source and
drain regions of devices 120-123. This conductive channel provides

el ectrical connection between the corresponding i nput and out put pins. 15
Thus, a high positive potential on control line 124 provides electrical
connection between lines 128 and 129, 127 and 130, 126 and 131, and 125 and
132. Barrel shifter 20 of the inventeli-nicroprocessor is sinilar to barjgl
shi fters foundnhdividyal multu;dmtermuthholpnrmlshmerso eperatesastdewildhi®s Wit h t he
exception that certain caontrol ‘gnals have been split to acconmpdate the

f or mat conver@fwrﬁﬁ"f‘m‘ﬁgm atninpyls ‘°W@°WPP§'P§QP‘%!‘W%{ cont r ol

signal DSMZ2 of th e ontr ol
signals, DSMC2a, D g&gﬁ%ﬁ%@%ﬁgﬁe ré‘p{oééheﬁﬁéﬁg{?e@é)%ecut i on cl ock
i mpl enent at i omuMipiéxee ubwmthmnéﬁﬁ\ﬂﬂbmdwmmd% pfésamt t he DSMC17
signal is shown SF| it into three si gnal s, .DSMCl7a-c. For ordi na%i

rged into

oper at i onsS5( elnseption ifgshowna pThig F’)eft‘ﬁféé@scﬁﬂﬂ'ﬁﬁd deyiees 12Q:1

their origina fﬂﬁ S s only
during execut Pv()'{l&{)ﬁe Ig%\%@ks H | on t@ﬁ?’?@% hé %‘g‘% lines
become i nport dath obthese ﬁeid-dﬁbcpﬁ%tdrsﬁé couptedEsadmirbimecizac krneycl e of the
BSWAP i nstruction, four of the matrix control signals are asserted. All

ot her control dgalg aad sourcetragions ofeachi transistor gea cqupipd tra-different pair of x cont rol

270 o 0 1 AR RS de et W R gl AR R BSRlde” 250 O ST
16- 23 of dqenb chhfedtéd {0 hputBinbS 28f labdiledi 1K aRd! t® diaid B6upiedto. olC 2b  ( MuXi ng

bits 8-15 of dsma bus 5 to bits 16-23 of matrix output bus DST) and </
dsnctl7c (nuxi fige 329 dabpligd Bj. U\QW&QMQ’OUWszﬁl'QQSS_MGQPYMK'MMd’Rhdﬂhput bus

T | P Bafuh pbaudhE B Bt PR BBl ShuBSSRLT bo
provi di ng appigedihiregiens of devices 120-123. This conductive channel provides
electrical connection between the corresponding input and ohtput pins.
15 " Thus, a high positive potential on control line 124 provides electrical
connection betwaen lines 128 and 129, 127 and 130, 126 and 131, and
125 and 132, ' o
~ Barrel shifter 20 of the ihvéhted microprocessor is similar to barrel
shifters found in prior art microprocessors such as the 80386 with the

20 exception that certain control signals have been split to accommodate the

format conversion .of the présén.t invention. The'-ori'ginal matrix control U

signal DSMC2 of the 386 processor has been split into three control
signals, DSMC2a, DSMC2b and DSMC2¢ in order to aid the one
‘@xecution clodk:implemem_at_ion of the byte su_iap (BSWAP) instruction.

25 Also, the DSMC17 signal is shown split into three signals, DSMC17a-c.
For ordinary operations (everything except a BSWAP) these control lines
are merged into their original form and barrel shifter 20 operates normally. It
is only during execution of the BSWAP instn':ctioﬁ that the separate split
lines become important. - ' |

30 In phase 1 of the execution clock' c‘ycle'of_the BSWAP instruction,

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



el'ectrical connection between the DSMA, DSMB buses and DST out put 10 _
lines. Therefore, the nenory itemdata format is automatically converted
fromeither big-endian to little-endian or fromlittle-endian to

bi g-endi an. The converted data output by the matrix proceeds through the
tree of the shifter without any additional shifts and is subsequently

| oaded ;i nto the ALU output latch 27. 15 I'n the currently preferred
enbod™ent, the BSRaYiX e nagateds nThesfoumplrix sentral pionqls wehigli arejassentastt i on

o e the | over £ oY, (i bR R APS B A8 Bug bt Bnghor
to participate in thgiesspaf LA DSTENBsmETRY (whkth MERABitsA8-33'¢ deansizito

invention is that the BSWAP 20 instruction acts as its own i nverse so that
a separ at e i nst r uctits 8-t5ofanatixoutputhuis DSTHndsmeabe (Mexing Yitsd 1§ of dsruia bus nat

[ y. | h he . d i de ' I, 21
and 22, may be BondEPREISE shmary w oo BSH pnd pamer A e G o5 g
the same instructi maNiRldAES bt 24§ bORatik BiBuft LR BEM A pRae’2'6rithen Proves

useful is in 25 1oad/store operations. Consider the case in which a user
wi shes to perform epecutionminckothedamet shitter achepth the data inputd aldeg the dsmpa

little-endian format. |f the user, perfaor a normel load, to a regi ster
fol lowed by a BOWASH S8 anc saps ha Bk SPH Ry BARLD SPRIA RIS | nt o
littl e-endi an auto ' Jcﬁ@ﬁ bad / h e on
it inmmediately (i.é@%d'g%!j%’y"s"ubtragﬁheggﬂwlt.‘fcﬂ?,smesg B .qﬁ'cﬁ?g{?mpﬁﬁéa&

conpl etion of dbl dnes.hTidretoreike memonsitert datafommat isvactomaticilly conertetie
ano{ber BSWAP fol |l gwed by a, nornal store‘ﬁi nory to restore the

data in its origindoM SHALDIG-ANGiUNIG Yille-gp g’é?f Hé‘“giﬁ@_’?'%ﬂ tochig-eagi@ience of
e "oy o Pl iR eORErPhest e ekl AR dhelSI ot ., o,
of the present invehiitepwithsut any additional shifts and is subsequently loaded into the ALU
output latch 27. |
15 In the currently preferred embodiment, 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
W :  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 fittle, or from little to big, using the same instruction.
Another operation where the BSWAP instruction provés useful is in
25 load/store operations. Consider the case in which a user wishes to perform
operations on a machine which stores all data in a little-endian format. If the
user performs a normal foad to a register followed by a BSWAP instruction,
the big-eﬁdian format is translated into little-endian automatically, théreby
enabling the processor to operate on it inmediately (i.e., add, subtract,
30 muliply, etc.). Following completion of a;ll arithmetic operations, the

programmer might execute another BSWARP followed by a normal store to



5 currently defined for 32-bit dwords, it also provides a basic building

bl ock for higher-order nenory format conversions (e.g., 64-bits and on). In
executing a 64-bit swap, the machine first |oads the 64-bit quantity into
two registers. Next, it executes BSWAPs on each of the registers. '
Afterwards, the processor sinply renanes the registers in reverse order., In
ot her words, 10 the regi:ster. containingiihe higher-order bits is renangg
as the | ower- S be _ de IS b WD € AQE Al  ng schene
b at es. 1 he e, BHSIEhe A e SAKRI Btnat 1p oo ACRIOHRTIE 19, or

conver si ons dHestitabséquence ohopérationst drea peiof ant microprocessor sasch agitheare

magni fied. 15 S, a byte swap instruction in a mcroprocessor for

Thus: _
converting be3Qa8Erakasansidesbly mere.tme and stosResamascr i bed. -12 - CLAIMS
1. Appar at us jf DM RD oL 1 VL Sl ' 2o i ata item stored
in a register of A“@P%Wé@gf&gééﬁ@&?g’i ( qg?)ggersg{'ﬁ@i%'gfgbgi ng i n response
to a singlse idifidnigdefiRedior @2thidwordsdt distipesvidesos basio bulkding dlogknpr i si ng:
coupling neans for coupling said data itemfromsaid register on a
plurality of fpnpinhedmdg' r memesy fosmat esveesigns{aon$4hitsrandion). 1 out put data

24731 of sar ceesp ity 8 YU g M BEHfin e loaB o 645 abandhy o 1d8 2715
and 0-7, respreglsters! NexRit exetule® BSWAPSISH aadh dfahe AdtfstereNAftatwarg®ans
responsi ve to sai d single instruction coupled to said coupling

means for cotherpoddassor siply renames thy registess i reyarse ordesr Inptheawerds,
10  the register containing the higher-order bits is renamed as the lower-order J

%
.

register, and visa-versa. Th_is type of réhaming scheme obviates the need
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 instruction in a'micfoprocessor for converting

between memory data formats has been described.



data item 2. The apparatus of Caiml1, further conprising a register
means coupled to said output data lines for storing said swapped data item
3.: The apparatus of Claim2, wherein said coupling neans conprises a

barrel shifter which includes a plurallty of multiplexers each coupling at
| east :qne bit of said data itemon said input data lines to sa

correé'f)ondl ng output data line. 4. The appar at us ,m im 2,
wher ef™ said i nstruction conprises two inst{faiction by’t ﬁmnﬂ“’m
apparatus according to Caim1l1, wherein said - * sviappi ngd of said

byte order is perforned in one execution clock cycle 6. In a conputer
systemreceiving a data itemat an input e&®&IM8 oducing a shifted or rotated
data itemat an output, apparatus for changing the format of a 32-bit data

itemfroma first.format to a second format, conprising: a shifter neans
including a plurbiity of Apparatusngorf swappingcithen byte apuderpef, a 32-

plurality of outgyg 4Iﬁaesitéﬁr SteRRRCCLA 08 Fegideldl ofUlMibroffdtedsor
prurality (0]

| exers, gu g exers el egt |caJJ¥
connecti ng order%ﬁﬁﬁﬁtssélq agpigatgg gergﬁ NG, 181 TEEPORSRy gle
format to correspesti-agtdofer estechted pasyt t i satd 2#widroproteszdr ifedrds

0-7, respectlvelgbmgglél g out put lines defining said second
coupling means for coupling said data item from
said register on a plurality of input data lines to a
U corresponding piurality 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
sa1d output data line; and
control means respons1ve to said single
instruction <coupled to said coupling means for
controlling said swapping of said byte order of said

data item.

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

3. The apparatus of Claim 2, wherein said coupling
means ‘cbmprises 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 according to Claim 2, wherein said
instruction comprises two instruction bytes.

5. The apparatus according to Claim 1, wherein said



format when said nultiplexers are enabl ed; and control neans coupled to
said plurality of nultiplexers for enabling said nultiplexers in response

to a single instruction executed by said conputer systemfor operating on _
said data item 7. The apparatus ' in which said -+~ °

instruction also changes the format of said d bt ' a‘wj second | -
format to said first format. 8. The apawm“ “ﬂmﬂ aim?7, :i
| S

wherein said first format is bi g- endi_an ,and sa condwfofmat is .
littl e-endian. 9. The apparat us . of daim8, wherein said
i nstruction conprises two instruction bytes. -14- 10. The apparat.us

of (dalmb, sWappiing Suel Y By SIGRASHC] YECSpELREEREAE MANS il
defining execution ™ clqck géples, and whereln "sal single instruction
for said ch&ﬁ&FH%*&“ OFK G¥Fd€s i s executed by said conputer systemin
one of said execution clock cycles. 11. In a m croprocessor having an
internal register s nd. _a barrel shifter, a nethod of cqnverting a data
i tem st oredgi'n a fi &t& %rrgr%qp%?e r FEED ZeCEAYARIEn Ao %ﬁ‘ri si ng
the steps ofinputpamnd pyosaicd ngaaa shiifednor satatedr datasHitereatalaong a
pair of inpgf, es; ﬁﬁgfg_"g I tRlalh. ral o Si ngct,ed,f.Q said
barrel shi fteFB!t&o%,'_i naitlat eéggcggﬁe%aglﬁ;q% the _!ESPELE YNGR

data item from a first format to a second format,

comprising:
' a shifter means including a plurality of input _
lines for connection to said input, a plurality of o |

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 format 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
multiplexers for enabling said multiplexers in response
to a single instruction executed by said computer system
for operating on said data item.

7. The '~ apparatus @ 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 _ g
little-endian. ' %
9. The - apparatus of Claim 8, wherein said f

instruction comprises two instruction bytes.



connecting the ordered bits 0-7, 8-15, 16-23 and 24-31 of said data item
al ong 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
produci ng a converted data item 12. The net hod of m"mm',mm

i ncludi.ng the step of | at ching said converted data ite ﬂﬂt["ﬂ

| ocatioff. 13. A net hod of converting a 32-bit data itemin

n cr opfocessor device froma first format T4 Second format, u5|ng a
single instruction execution, conprising the steps of: noving said data

itemfroma | ocati@n in \gf‘#o X a:gs' itemi >f | ncfﬂbﬁi f| rs&hé?&i’ﬁt ’sax% a

regl ster; and in respons ngl e i nstruct I On dl dm Cr opr ocessor

devi ce; -15 - canpyter) System cineludesf alacking ameﬁtem sften tdefiining
order ed bits 0-7.efisdidf- 221824 2eybidd, Sabfigdalyhdieln | Nsfital ldsrgfie
format correspond, to the pordere 05|t|ons 24-31, 16- 8-15 0-7
respectively, of NFtryeitert °§alﬂa§§apﬁﬁﬂnﬁéPﬁ |P€ﬁ1§éﬂ§g Foray séébnd
format. 14. ] '%Mbﬁﬁifwd of Ckaia1160mp?e?n|n?ystdmfogp?tfhefum&hgmald
;FEPQ:??; gf gL[g §§#¥1$¥réggéf dﬁﬁﬁ%¥;?nlsglg skggglnglstebnggngplsgs t he
steps of: _

' 11. In a microprocessor having an internal'register
set and a barrel shifter, a method of converting a data
item stored in a first memory format to a second memory

~/ format comprising the steps of: |
inputting said data item into said barrel
shifter along a pair of input buses;
i 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
W step of latching said converted data item into a storage
location.
| _ .
13. A method of converting a 32-bit data item in a

microprocessor device from a first format to a second
format, using a single instruction execution, comprising
the steps of: _

moving said data item from a location in which
said data item is in said first format, to a register;
and ' |

in response to said single instruction by said
microprocessor device; '



asserting control signals coupled to said barrel shifter to electrically./
connect. .the ordered bit positions 0-7, 8-15, 16-23 and 24-31 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. __"*Tﬁ‘“nerhod—ﬁ+—€}a|n113

wherein said swappi ng step occurs in one executi _ ﬁhe
method of Claim 15, wherein said flrst formnm ﬂmﬂw |an an(i"""*
said second format is big- endian. 17.1% = In a conputer aV|ng

cl ocking neans for defining repetitive execution clock cycles and havi ng

nmeans for executingngﬁgﬁgﬁélw%%rgi#gcgfagé °§a %P é} s&géhnglghdata

itemin big-endian n apparatus t|n dat a
itemto a | Fhate-ordenedt héﬁﬁry)‘ﬂor nBtl$n rlésﬁéns%n¢02&-§|lng¢§ saddof said

-16- i nstrueIatan&tea anS sashefti&gtOEomhé eesﬁfutsbeﬂa%aclehaysh:aareaal d
apparatus CcO ISIng_TI means for transf el’l’lrge% said data itens: tored in said

bi g- endi an R QRS 28 319t H&FS el Bieht 3Neln Z'fSFSEﬁﬁﬁﬁi"ﬁéYt'he byt e
order of sab# éammlﬁeQNStenuwsﬁid swappeddt datheitien dbeing int shdédendi an
menory for éc §S'§o§ﬂ@ p|ng means nmoving the ordered bits 0-7, 8 15,

16- 23, and 9 sal ‘data iteminto

14. 'The methbd of Claim 13, wherein said computer

further comprises a barrel shifter having a pluraiity of

input bit lines and a plurality of output bit_lines, and \_)

wherein said swapping step comprises the steps of: |
assertihg control signals coupled to said barrel -

shifter to  electrically connect the ordered bit

positions 0-7, 8-15, 16-23 and 24-31 of said ‘input bit

lines to the correspondlng ordered bit p051tlons 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. ' |

5. 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 éomputer system haVing'clocking'means for

definihg.repéti;ive execution clock cycles, and having
means for executing successive instructibns, said system
storing a data item in big-endian' memory format, an
apparat.:us' for converting said data item to a little-
endian memory format in response to a single one of said



the ordered bit positions 24-31, 16-23, 8-15, and 0-7, respectively of said
storage el enent. 18. A m croprocessor device, —conprisimgra uni t_for
recei vi.ng and executing instructions; apparatus re |on of
a single one of said instructions for receiving anjjﬂﬂntmm iﬂ“ﬂigm roma
IocatLQn In said device and swappi ng the byte order csau kNP ata item

to produce an output data item such that ordered bits 0-7, 8-15, 16-23, and
24- 3%%f said |nput data item correspond #016he ordered bi t posi tions

24-31, 16-23, 8-{p ctd sal u e
A devi ce accordi n %FQOKS é"(?‘s\/\ﬁe%é}"\ﬁ l)Séal%t‘l n%tf? éd)él%&) tet,&i’:ﬁﬁmtn 3%1%3%
data word. 20. cYclﬁﬁevﬁéédaEEB?E?hgst§D¥P§}ﬂ4n9- wherein said location is

a register. 21. A mﬁé@ﬂs%o@pefaﬁsf@rﬁm%@m EHES O{t EiRY | £€ored in
conprising the st recei ving and gxecut|€% uenti al Lnstructlons
a

o .
in response to e§%€§tpbﬂ’ﬁF i3 pErery toppat RYPXRIE cptementiei vi ng
an input data i tem f means a forc awappinyg el ldpwe cordafl ofaaity ddwa

byt e order of t u Q?; tem
such that order e%itﬁl ts Oﬂnqgf%g%al%? %# g‘%ﬁ gi‘ g’f %gaaila&c] ﬂ’{@#& falx
correspond to th@emnnré@mafc.po%aid oswappiBg, memnszanovgn%th&amrd@sd
respectlvely‘ obit8abd7QuUBRYE,dakazht €Ang 24-31 of said data item into

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 responsive 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
-/ 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 instructigns;
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



22. A nmet hod according-to Claim?2l1l, wherein said |ocation is a

register. 23. A processor conprising: a mechanism which decodes an’
instruction specifying a byte order reversal operation; a register which e
stores data consisting of a plurality of connectéd bytes, —and—a—thit

coupled to said register and said nechanlsn1mh| byt e order
reversal operation on said data stored in sai l’mmgdtm,rmjﬂores th&d-
resulting byte order reversed data in said register¢ apparatU&g
for swapping the byte order of a 32- QIH data item stored - in

regi ster of a mcroprocessor nmneans substantlally as herelnbefore

descrlbed with reference to the acconpanyi ng draw ngs."
said input data item to produce an output data item such

that ordered hits_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.

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

23. ‘A processor comprising:

a mechanism which decodes an instruction
specifying a byte order reversal operation;

a register which stores data consisting of a
plurality 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 substantially as hereinbefore
described with reference to the accompanying drawings.




